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[TLE
CONSERVED HBV AND HCV SEQUENCES USEFUL
FOR GENE SILENCING
. FIELD OF THE INVENTION

This invention relates to methods and compositions utilizing
conserved genetic sequences of known hepatitis B viral (HBV) strains and
known hepatitis C viral (HCV) strains {o modulate the expression of HBV
and/or HCV in mammalian cells, via double-stranded RNA-mediated gene

10 stlencing, including post-transcriptional gene silencing (PTGS) and

transcriptional gene silencing (TGS).

BACKGROUND OF THE INVENTION
Human hepatitis C (HCV) is a major public health problem with an

15 estimated 200 million persons worldwide infected. The number of new
iInfections per year in the United States is estimated to be about 25,000 in
2001. This number has declined from an estimated 240,000 new cases
per year in the 1980’s due to blood donor screening. Nevertheless, an
estimated 3.9 million (1.8%) Americans have been infected with HCV, of

20 whom 2.7 million are chronically infected. Hepatitis C shows significant

genetic variation in worldwide populations, evidence of its frequent rates of
mutation and rapid evolution. There are six basic genotypes of HCV, with
15 recorded subtypes, which vary in prevalence across different regions of
the world. Each of these major genotypes may differ significantly in their

25 biological effects - in terms of repliCation, mutation rates, type and severity
of liver damage, and detection and t;'eatment options - however, these

differences are not yet clearly understood.
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There is currently no vaccine against HCV and available drug
therapy, including ribavirin and interferon, is only partially effective. It is
estimated that 75-85% of infected persons will develop a chronic infection,
with 70% of chronically infected persons expected to develop chronic liver
disease including hepatocellular carcinoma. Chronic HCV related liver
disease is a leading indication for liver transplant.

Although a human hepatitis B vaccine has been available since
1982, it is estimated that 350 million persons worldwide are chronically
infected with HBV. While the number of new infections per year in the
United States has declined from an average of 260,000 in the 1980s to
about 78,000 in 2001, there are an estimated 1.25 million hepatitis B
carriers, defined as persons positive for hepatitis B surface antigen
(HBsAg) for more than 6 months. Such carriers of HBV are at increased
risk for developing cirrhosis, hepatic decompensation, and hepatocellular
carcinoma. Although most carriers do not develop hepatic complications
from chronic hepatitis B, 15% to 40% will develop serious sequelae during
their lifetime, and ndeath from chronic liver disease occurs in 15-25% of
chronically infected persons.

There is a need for improved therapeutic agents effective in
patients suffering from HBV and/or HCV infection, especially chronic
infection, which together are estimated to account for 75% of all cases of
liver disease around the world. There is also an extreme need for
prophylactic methods and agents effective against HCV.

Nucleic acids (e.g., DNA, RNA, hybrid, heteroduplex, and modified
nucleic acids) have come to be recognized as extremely valuable agents
with significant and varied biological activities, including their use as
therapeutic moieties in the prevention and/or treatment of disease states in
man and animals. For example, oligonucleotides acting through antisense
mechanisms are designed to hybridize to target mRNAs, thereby
modulating the activity of the mRNA. Another approach to the utilization of
nucleic acids as therapeutics is designed to take advantage of triplex or

triple strand formation, in which a single-stranded oligomer (e.g., DNA or
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RNA) is designed to bind to a double-stranded DNA target to produce a

desired result, e.qg., inhibition of transcription from the DNA farget. Yet
another approach to the utilization of nucleic acids as therapeutics is
designed to take advantage of ribozymes, in which a structured RNA or a
5 modified oligomer is designed to bind to an RNA or a double-stranded
DNA target to produce a desired result, e.q., targeted cleavage of RNA or
the DNA target and thus inhibiting its expression. Nucleic acids may also
be used as immunizing agents, e.g., by introducing DNA molecules into
the tissues or cells of an organism that express proteins capable of
10  eliciting an immune response. Nucleic acids may also be engineered to
encode an RNA with antisense, ribozyme, or triplex activilies, or to
produce RNA that is translated to produce protein(s) that have biological
tunction.
More recently, the phenomenon of RNAIi or double-stranded RNA
15 (dsRNA)-mediated gene silencing has been recognized, whereby dsRNA
complementary o a region of a target gene in a cell or organism inhibits

expression of the target gene (see, e.qg., WO 99/32619, published 1 July
1999, Fire et al.; and U.S. 6,506,559: "Genetic Inhibition by Double-

Stranded RNA;” WO 00/63364: “Methods and Compositions for Inhibiting

20  the Function of Polynucleotide Sequences,” Pachuk and Satishchandran:
and PCT publication WO/2004/035765). dsRNA-mediated gene

silencing, utilizing compositions providing an at least partially double-

stranded dsRNA, is expected to provide extremely valuable therapeutic

and/or prophylactic agents against viral infection, including HBV and/or

25  HCV, including in the extremely difficult problem of chronic HBY and/or
HCV infection.

SUMMARY OF THE INVENTION

Applicants' invention provides a method for inhibiting expression of

30 a polynucleotide sequence of hepatitis B virus in an in vivo mammalian cell

comprising administering to said cell a double-stranded RNA effector

molecule comprising an at least 19 contiguous base pair nucleotide
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sequence from within a sequence selected from the group consisting of
SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,
SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID
NO:10: wherein U is substituted for T. In a preferred embodiment of the
method, effector sequences from more than one SEQ ID sequence may
be administered to the same cell, and/or more than one effector sequence
from within the same SEQ ID sequence may be administered to the same
cell.

Applicants' method further provides a method for inhibiting
expression of a polynucleotide sequence of hepatitis C virus in an in vivo
mammalian cell comprising administering to said cell a double-stranded
RNA effector molecule comprising comprising an at least 19 contiguous
base pair nucleotide sequence from within a sequence selected from the
group consisting of SEQ ID NO:11 and SEQ ID NO:12; wherein U is
substituted for T. In a preferred embodiment of this aspect of the methoq,
effector molecules from both SEQ ID NO:11 and SEQ ID NO:12 may be
administered to the same cell: and/or more than one effector molecule
from within the same SEQ ID NO may be administered to the same cell.

Applicants' method further provides A method for inhibiting
expression of both a polynucleotide sequence of hepatitis B virus and a
polynucleotide sequence of hepatitis C virus in the same in vivo
mammalian cell, comprising administering to said cell a double-stranded
RNA effector molecule comprising a first at least 19 contiguous base pair
nucleotide sequence from within a sequence selected from the group
consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9,
and SEQ ID NO:10; wherein U is substituted for T; and a double-stranded
RNA effector molecule comprising a second at least 19 contiguous base
pair nucleotide sequence from within a sequence selected from the group
consisting of SEQ ID NO:11 and SEQ ID NO:12; wherein U is substituted
for T. In preferred embodiments of this aspect of the invention, effector
molecules from more than one of SEQ ID NO:1 through SEQ ID NO:10

PCT/US2004/019229
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may be administered to the same cell; and/or effector molecules from both
SEQ ID NO:11 and SEQ ID NO:12 may be administered to the same cell,
and/or more than one effector molecules from within the same SEQ ID NO
may be administered to the same cell.

Applicants' invention further provides a composition for inhibiting the
expression of a polynucleotide sequence of hepatitis B virus in an in vivo
mammalian cell comprising a double-stranded RNA effector molecule
comprising an at least 19 contiguous base pair nucleotide sequence from
within a sequence selected from the group consisting of SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:10; wherein
U is substituted for T. Preferred embodiments of the composition include
wherein effector molecules from more than one of SEQ ID NO:1 through
SEQ ID NO:10 are present in the composition; and/or wherein more than
one effector molecule from within the same SEQ ID NO is present in the
composition.

Applicants' invention further provides a composition for inhibiting the
expression of a polynucleotide sequence of hepatitis C virus in an in vivo
mammalian cell comprising a double-stranded RNA effector molecule
comprising an at least 19 contiguous base pair nucleotide sequence from
within a sequence selected from the group consisting of SEQ ID NO:11
and SEQ ID NO:12; wherein U is substituted for T. Preferred
embodiments of the composition include wherein effector molecules from
both SEQ ID NO:11 and SEQ ID NO:12 are present in the composition;
and/or wherein more than one effector molecule from within the same
SEQ ID NO may be present in the composition.

Applicants' invention further provides a composition for inhibiting the
expression of both a polynucleotide sequence of hepatitis B virus and a
polynucleotide sequence of hepatitis C virus in a single /n vivo mammalian
cell comprising a double-stranded RNA effector molecule comprising a first
at least 19 contiguous base pair nucleotide sequence from within a
sequence selected from the group consisting of SEQ ID NO:1, SEQ ID
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NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:10; wherein U is
substituted for T; and a double-stranded RNA effector molecule
comprising a second at least 19 contiguous base pair nucleotide sequence
5 from within a sequence selected from the group consisting of SEQ ID

NO:11 and SEQ ID NO:12; wherein U is substituted for T. Preferred
embodiments of the composition include wherein effector molecules from
more than one of SEQ ID NO:1 through SEQ ID NO:10 are present in the
composition; and/or wherein effector molecules from both SEQ ID NO:11

10 and SEQ ID NO:12 are present in the composition; and/or wherein more
than one effector sequence from within the same SEQ ID NO may be
present in the composition.

In particularly preferred embodiments of the above methods and
compositions of the invention, the polynucleotide sequence is RNA, and

15 the mammalian cell is a human cell.

Further provided are compositions for inhibiting the expression of a
polynucleotide sequence of hepatitis B virus and/or a polynucleotide
sequence of hepatitis C virus in mammalian cells, wherein said
compositions comprise an at least 19 contiguous nucleotide sequence

20 selected from within SEQ ID NO:1 through SEQ ID NO:12, the
complement sequences of SEQ ID NO:1 through SEQ ID NO:12, and
mixtures of these sequences. In this embodiment of the invention, the "an
at least 19 contiguous nucleotide sequence” is preferably DNA, and the
mammalian cell is preferably human. Also provided are expression

25  constructs comprising any of the aforementioned compositions and a
mammalian cell comprising said expression constructs.

Another aspect of the invention provides for a polynucleotide
sequence comprising a sequence selected from SEQ ID NO:14 through
SEQ ID NO:26. Another aspect of the invention provides for

30 polynucleotide sequence comprising nucleotides 1-19, 1-20, 1-21, 2-20, 2-
21, or 3-21 of a sequence selected from SEQ ID NO:14 through SEQ ID
NO:26. Another aspect of the invention provides for a polynucleotide
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sequence comprising an at least 19 contiguous base pair nucleotide sequence
from within a sequence selected from SEQ ID NO:27 through SEQ ID NO:44.

Another aspect of the invention provides a composition for inhibiting
the expression of a polynucleotide sequence of hepatitis C virus in a mammalian
cell, comprising a double-stranded RNA effector molecule comprising an at least
19 contiguous base pair nucleotide sequence from within SEQ ID NO:27;

wherein U Is substituted for T.
The present invention as claimed relates to:

- an in vitro method for inhibiting expression of a polynucleotide
sequence of hepatitis B virus in a mammalian cell, comprising providing to said cell a
double-stranded RNA effector molecule comprising an at least 19 contiguous base
pair nucleotide sequence from within the sequence set forth in SEQ ID NO:10;

wherein U 1s substituted for T;

- an in vitro method for inhibiting expression of both a polynucleotide
sequence of hepatitis B virus and a polynucleotide sequence of hepatitis C virus In
the same mammalian cell, comprising providing to said cell a double-stranded RNA
effector molecule comprising a first at least 19 contiguous base pair nucleotide
sequence from within the sequence set forth in SEQ 1D NO:10; wherein U is
substituted for T; and a double-stranded RNA effector molecule comprising a second
at least 19 contiguous base pair nucleotide sequence from within a sequence
selected from the group consisting of SEQ ID NO:11 and SEQ ID NO:12; wherein U

IS substituted for T;

-a composition for inhibiting the expression of a polynucleotide
sequence of hepatitis B virus in an in vivo mammalian cell, comprising a carrier or
diluent and a double-stranded RNA effector molecule comprising an at
least 19 contiguous base pair nucleotide sequence from within the sequence set forth
in SEQ ID NO:10: wherein U Is substituted for T;
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- a composition for inhibiting the expression of both a polynucleotide
sequence of hepatitis B virus and a polynucleotide sequence of hepatitis C virus in
a single in vivo mammalian cell, comprising a double-stranded RNA effector
molecule comprising a first at least 19 contiguous base pair nucleotide sequence
from within the sequence set forth in SEQ 1D NO:10; wherein U is substituted for
T; and a double-stranded RNA effector molecule comprising a second at least 19
contiguous base pair nucleotide sequence from within a sequence selected from
the group consisting of SEQ ID NO:11 and SEQ ID NO:12; wherein U is
substituted for T,

- a composition for inhibiting the expression of a polynucleotide
sequence of hepatitis B virus in a mammalian cell, comprising a carrier or diluent and
a double-stranded RNA effector molecule comprising an at least 19 contiguous base
pair nucleotide sequence from within a sequence selected from the group consisting
of: (a) SEQ ID NO:10; and (b) a mixture of (a) and any of: 1) SEQ ID NO:1;

2) SEQ ID NO:2; 3) SEQ ID NO:3; 4) SEQ ID NO:4; 5) SEQ ID NO:5;
6) SEQ ID NO:6; 7) SEQ ID NO:7: 8) SEQ ID NO:8; and 9) SEQ ID NO:9; wherein U

IS substituted for T;

- a composition for inhibiting the expression of a polynucieotide
sequence of hepatitis B virus and a polynucleotide sequence of hepatitis C virus in
the same mammalian cell, comprising a first double-stranded RNA effector molecule
comprising an at least 19 contiguous base pair nucleotide sequence from within the
sequence set forth in SEQ ID NO:10, and a second double-stranded RNA effector
molecule comprising an at least 19 contiguous base pair nucleotide sequence from
within the sequence set forth in SEQ ID NO:11 or 12; wherein U is substituted for T;

- an isolated polynucleotide comprising the sequence set forth In
SEQ ID NO:18;
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- use of a double-stranded RNA effector molecule comprising an at
least 19 contiguous base pair nucleotide sequence from within the sequence set forth
In SEQ 1D NO:10; wherein U Is substituted for T, for inhibiting expression of a

polynucleotide sequence of hepatitis B virus in a mammalian cell; and

- use of a double-stranded RNA effector molecule comprising a first at
least 19 contiguous base pair nucleotide sequence from within the sequence set forth
iIn SEQ ID NO:10: wherein U is substituted for T; and a double-stranded RNA effector
molecule comprising a second at least 19 contiguous base pair nucleotide sequence
from within a sequence selected from the group consisting of SEQ ID NO:11 and
SEQ ID NO:12; wherein U is substituted for T, for inhibiting expression of both a
polynucleotide sequence of hepatitis B virus and a polynucleotide sequence of

hepatitis C virus in the same mammalian cell.

BRIEF DESCRIPTION OF THE SEQUENCES

SEQ ID NO:1 through SEQ ID NO:10 represent conserved regions of

the hepatitis B genome.

SEQ ID NO:11 and SEQ ID NO:12 represent conserved regions of the

hepatitis C genome.

SEQ ID NO:13 represents the nucleotide sequence of human UG

promoter.

SEQ ID NO:14 and SEQ ID NO:15 represent eiIRNAs that have HBV
sequences mapping within SEQ ID NO:5.

SEQ ID NO:16 and SEQ ID NO:17 represent eiRNAs that have HBV
sequences mapping within SEQ ID NO:4.

SEQ ID NO:18 represents elRNA that has an HBV sequence mapping
within SEQ ID NO:10.
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SEQ ID NO:19 through SEQ ID NO:22 represent eiRNAs that have
HBV sequences mapping within SEQ ID NO:3.

SEQ ID NO:23 and SEQ ID NO:24 represent eiRNAs that have HBV
sequences mapping within SEQ ID NO:2.

SEQ ID NO:25 and SEQ |ID NO:26 represent eiIRNAs that have HBV
sequences mapping within SEQ ID NO:1.

SEQ ID NO:27 represents the "X" region of the HCV 3'UTR.

SEQ ID NO:28 through SEQ ID NO:36 represent siRNAs mapping to
the HCV 3'UTR.
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SEQ ID NO:37 through SEQ ID NO:44 represent siRNAs mapping to the
“X" region of the HCV 3'UTR.

SEQ ID NO:45 represents an siRNA mapping to the HCV core.

SEQ ID NO:46 represents an siRNA mapping to lamin.

SEQ ID NO:47 represents the T7 RNA polymerase gene.

SEQ ID NO:48 represents a T7-based eiRNA vector encoding a hairpin
RNA.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 depicts a vector illustrating placement of the T7 RNA

polymerase promoter and T7 RNA polymerase, showing inclusion of

hairpin eiRNA sequences.

Figure 2 is a graph showing HBsAg inhibition corresponding to data
found in Table 2.

Figure 3 is a graph showing HBsAg inhibition corresponding to data
found in Table 3.

Figure 4 is a graph showing HBsAg inhibition corresponding to data
found in Table 4.

Figure 5 is a graph showing HBsAg inhibition corresponding to data
found in Table 5.

Figure 6 is a graph showing HBsAg inhibition corresponding to data
found in Table 6.

Figure 7 is a graph showing HBsAg inhibition corresponding to data
found in Table 7.

PCT/US2004/019229



CA 02528510 2005-12-06

WO 2005/014806 PCT/US2004/019229

10

15

20

25

30

9

Figure 8 is a graph showing HBsAg inhibition corresponding to data
found in Table 8.

Figure 9 is a drawing depicting effective HBV-AYW shRNA inserts.

Figure 10 is a graph showing HBsAg inhibition corresponding to
data found in Table 9.

Figure 11 is a bar graph showing downregulation of HBV RNA by
Northern Blot analysis.

Figure 12 is a graph showing showing HBsAg inhibition
corresponding to data found in Table 12.

Figure 13 is a Western Blot showing levels of HCV NSSA protein at
(1tor) 0, 9, and 20 pmole of the identified siRNAs, as described in more

detail in Experiment 1 of Example 2.

Figure 14 is a Western Blot showing levels of HCV NS5A protein at
(I1tor) 0, 9, and 20 pmole of the identified siRNA, and 0, 3, and 9 pmole of
the “core” positive control siRNA, as described in more detail in

Experiment 2 of Example 2.

DETAILED DESCRIPTION OF THE INVENTION
RNA interference (RNAI) is the process of sequence-specific, post-

transcriptional gene silencing or transcriptional gene silencing in animals
and plants, initiated by double-stranded RNA (dsRNA) that is homologous

~in sequence to the silenced gene. Since RNA interference acts in a

sequence specific manner, the RNAi molecule used as a drug must be
specific to its target. Viral genomes are variable to accommodate
resistance to changes in the environment. While HBV and HCV are very

desirable viral targets for RNAI, the variability and mutability of the viruses
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and the high rates of transcription of the viruses make HBV and HCV very
challenging targets for any therapeutic and/or prophylactic approach. In
order to knock down viral genome replication using RNAI there is a need
to identify conserved and unique regions in the viral genome. At that
same time, it is very important in order {o avoid toxicity that any sequences
selected for gene silencing be absent from the human genome.

Human Hepatitis B Virus (HBV) Hepatitis B virus belongs to the
family of hepadnaviruses. The HBV genome is a relaxed circular, partially
double stranded DNA of approximately 3,200 base pairs. There are 4
partially overlapping open reading frames encoding the envelope (pre-
S/S), core (precore/core), polymerase, and X proteins. The pre-S/S open
reading frames encodé the large (L), middle (M), and small (S) surface
glycoproteins. The precore/core open reading frame is translated into a
precore polypeptide, which is modified into a soluble protein, the hepatitis
B e antigen (HBeAg) and the nucleocapsid protein, hepatitis B core
antigen. Mutations in the core promoter and precore region have been
shown to decrease or abolish HBeAg production. The polymerase protein
functions as a reverse transcriptase as well as a DNA polymerase. The X
protein is a potent transactivator and may play a role in
hepatocarcinogenesis.

The replication cycle of HBV begins with the attachment of the
virion to the hepatocyte. Inside the hepatocyte nucleus, synthesis of the
plus strand HBV DNA is completed and the viral genome is converted into
a covalently closed circular DNA (cccDNA). Most antiviral agents that have
been examined so far have little or no effect on cccDNA, which accounts
for the rapid reappearance of serum HBV DNA after cessation of antiviral
therapy. The aims of treatment of chronic hepatitis B are to achieve
sustained suppression of HBV replication and/or expression of HBV
antigens and remission of liver disease.

In GenBank version 132.0 there are more then 4500 HBV
sequences and 340 HBV complete genome sequences (317 Human

isolates, 22 isolates from other primates and one woodchuck HBV isolate).
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This variability constitutes a serious challenge for sequence-specific
pharmaceutical approaches such as RNAi. In order to identify conserved
sequences suitable for RNAIi applications, a comparison between all the
complete genomes was carried out using a modified version of ClustalVV.
Two multiple alignment schemes were generated: the first included all 339
HBV complete genome sequences and the second was limited to all
Human HBYV isolates. The multiple alignment resuits were parsed and a
table that included scores for sequence conservation at each position In
the HBV genome was generated. A sliding window search to identify the
longest region of sequence conservation larger then 19 nt in length was
created. Three major conserved regions were identified and mapped to
GenBank accession no.: AF090840, a Human HBYV isolate. The conserved
HBV sequences were screened against Genbank sequences of both
human genomic and cDNA libraries (Human chromosomes database). It
was found that the identified conserved viral sequences are unique from
21 nt up. For human therapeutic purposes, assuring that homologous
human sequences are not inadvertently silenced is as important as
selecting conserved viral sequences for RNAIL

Human Hepatitis C Virus HCV is a small (40 to 60 hanometers in
diameter), enveloped, single-stranded RNA virus of the family Flaviviridae
and genus hepacivirus. The genome is approximately 10,000 nucleotides
and encodes a single polyprotein of about 3,000 amino acids, which is
post-transcriptionally cleaved into 10 polypeptides, including 3 major
structural (C, E1, and E2) and multiple non-structural proteins ([NS] NS2 to
NS5). The NS proteins include enzymés necessary for protein processing
(proteases) and viral replication (RNA polymerase). Because the virus
mutates rapidly, changes in the envelope proteins may help it evade the
immune system. There are at least 6 major genotypes and more than 90
subtypes of HCV. The different genotypes have different geographic
distributions. Genotypes 1a and 1b are the most common in the United

States (about 75 % of cases). Genotypes 2a and 2b (approximately 15%)
and 3 (approximately 7%) are less common.



WO 2005/014806

10

15

20

25

30

CA 02528510 2005-12-06

PCT/US2004/019229
12

There is little difference in the severity of disease or outcome of
patients infected with different genotypes. However, patients with
genotypes 2 and 3 are more likely to respond to interferon treatment. The
virus replicates at a high rate in the liver and has marked sequence
heterogeneity. The main goal of treatment of chronic hepatitis C Is to
eliminate detectable viral RNA from the blood. Lack of detectable hepatitis
C virus RNA from blood six months after completing therapy is known as a
sustained response. Studies suggest that a sustained response is equated
with a very favorable prognosis and that it may be equivalent to a cure.
There may be other more subtle benefits of treatment, such as slowing the
progression of liver scarring (fibrosis) in patients who do not achieve a
sustained response.

In GenBank version 134.0 there are more then 20,000 HCV
sequences and 93 HCV complete genome sequences. A comparison
between all the complete genomes was carried out using a modifiea
version of ClustalWW. The multiple alignment result was parsed and a table
that included scores for sequence conservation at each position in the
HCV genome was generated. A sliding window search to identify the
longest region of sequence conservation larger then 19 nt in length was
created. Three major conserved regions were identified and mapped to
GenBank RefSeq (reference sequence) accession no.: NC_004102 this is
GenBank annotated HCV complete genome. The conserved sequences
were screened against Genbank sequences of both human genomic and
cDNA libraries (human chromosomes database), and those sequences

unique from 21 nt up were identified.

Non-Homology with Human Sequences
It is equally important to ensure that conserved viral sequences

targeted for silencing according to the invention be substantially non-
homologous to any naturally occurring, normally functioning, and essential
human polynucleotide sequence, so that the dsRNA molecule does not

adversely affect the function of any essential naturally occurring
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mammalian polynucleotide sequence, when used in the methods of this
invention. Such naturally occurring functional mammalian polynucleotide
sequences include mammalian sequences that encode desired proteins,
as well as mammalian sequences that are non-coding, but that provide for
essential regulatory sequences in a healthy mammal. Essentially, the RNA
molecule useful in this invention must be sufficiently distinct in sequence
from any mammalian polynucleotide sequence for which the function is
intended to be undisturbed after any of the methods of this invention are
performed. Computer algorithms may be used to define the essential lack
of homology between the RNA molecule polynucleotide sequence and the
normal mammalian sequences.

Since the length of a contiguous dsRNA sequence capable of
association with and activation of RISC (RNA-induced silencing complex),
is generally considered to be 19-27 base pairs, the identified conserved
HBV and HCV sequences were compared with both human genomic
libraries and, perhaps even more importantly, with human cDNA libraries.
Since human cDNA libraries represent expressed :sequences that appear
in mMRNAs, such mRNA sequences would be especially vuinerable to
silencing by homologous dsRNA sequences provided to a cell.

Accordingly, the conserved HBV and HCV sequences were
compared with human genomic and cDNA sequences. No human cDNA
library matches to the HBV or HCV conserved sequences were identified.
(Although there were some matches that were ultimately identified as HBV
contamination in the cDNA library.) A comparison with human genomic
library sequences revealed no match of any sequence of 21 nts or more,
one match of 20 nucleotides, and one match of 19 nucleotides. These
matches were in non-coding regions, and likely do not appear in mRNA
since cognates were not turned up in the cDNA library. Therefore, they are

considered unlikely to be a safety risk, but could be excluded if desired.
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Conserved sequences from HBV and HCV

HBV Conserved Region 1

GAACATGGAGA[A(89%)/G(11%)]CA[T(76%)/C(24%)][C(78
%)IA(20%)/T(2%)[A(78%)/G(21%)/T(1%)ICATCAGGA[T(65%)/c(35%)1TC
CTAGGACCCCTGCTCGTGTTACAGGCGG[G(88%)/t(12%)IGT[T(89%)/G
(11%)]TTTCT[T(94%)/C(6%)|GTTGACAA[G(64%)/A(36%)]AATCCTCACA
ATACCI[A(56%)/G(43%)/T(1%)JCAGAGTCTAGACTCGTGGTGGACTTCT
CTCAATTTTCTAGGGG[G(92%)/A(5%)/T(3%)IA[A(41%)/G(30%)/T(18%)/
C(11%)][C(20%)/T(10%)]

HBV Conserved Region 2
TGGATGTGTCT[G(99%)/A(1%)ICGGCGTTTTATCAT

HBV Conserved Region 3

AAGGCCTTTCT[A(43%)/G(43%)/C(14%)][T(56%)/A(37%)/C
(7%)GTIA(87%)/C(13%)JAACAJA(S7%)/G(43%)ITA[T(59%)/C(41%)][C(59
%)IA(41%)]TG[A(92%)/C(8%)][A(93%)/C(7%)ICCTTTACCCCGTTGC|T(5
4%)/C(46%)][C(92%)/A(8%)|GGCAACGG[C(74%)/T(24%)]C[A(50%)/T (43
%)/c(7%)GG[T(87%)/C(13%)]CT[G(70%)/C(19%)/T(7%)/A(4%)]TGCCAA
GTGTTTGCTGACGCAACCCCCACTGG[C(48%)/T(38%)/A(14%)TGGCGEG
CTTGG[C(84%)/T(16%)][C(84%)/T(12%)/G(4%)IATIA(47%)/T(23%)/G(17
%)/C(13%)]GGCCATC[A(83%)/G(17%)][G(92%)/C(8%)|CGCATGCGTGG
AACCTTT[G(84%)/C(13%)/T(3%)][T(92%)/A(4%)/C(3%)/G(1%)]G[G(78%)
[T(22%)]CTCCTCTGCCGATCCATACTGCGGAACTCCTI[A(88%)/T(9%)/G
(1%)/C(1%)]GC[C(57 %)/ A(35%)/T(6%)/G(2%)]GC[T(92%)/C(7%)/G(1%)]T
GTTT[T(88%)/C(12%)]GCTCGCAGC[C(64%)/A(36%)IGGTCTGGIA(87%)/
G(13%)]GC

HBV Conserved Region 4
[C(62%)/T(38%)JACTGTTCAAGCCTCAAGCTGTGCCTTGG

GTGGCTTT[G(88%)/A(12%)]|GG[G(92%)/A(8%)]CATGGACATTGAC[C(9
2%)/A(8%)IC[T(65%)/G(35%)TATAAAGAATTTGGAGCTIA(65%)/T(35%)]
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CTGTGGAGTTACTCTC[G(62%)/T(35%)/A(3%)[TTTTTGCCTTC[T(92%)/
C(8%)]GACTT[C(92%)/T(8%)]TTTCCTTC

HBV Conserved Region 5

[C(69%)/del(31%)][G(69%)/del(31%)]A[G(85%)/T(11%)/C(4
%)]GCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCAGACGIC(61
%)IA(39%)IG[A(62%)/G(38%)]TCTCAATCG[C(88%)/A(12%)]CGCGTCGC
AGAAGATCTCAATI[C(92%)/T(8%)]TCGGGAATCT[C(88%)/T(12%)]JAATG
TTAGTAT

HBV Conserved Region 6

TTGG[C(84%)/t(16%)]I[C(84%)/t(12%)/g(4%)IATIA47%)1(23
%)/g(17%)/c(13%)|GGCCATCIA(83%)/g(17%)1[G(92%)/c(8%)ICGCATGC
GTGGAACCTTT[G(84%)/c(13%)/t(3%)][T(92%)/a(4%)/c(3%)/g(1%)]1G[G(7
8%)/t(22%)JCTCCTCTGCCGATCCATACTGCGGAACTCCT[A(88%)/t(9%)
19(1%)/c(1%)]GC[C(57 %)/a(35%)/t(6%)/g(2%)IGC[T(92%)/c(7%)/Ig(1%)]T
GTTT[T(88%)/c(12%)]|GCTCGCAGC[C(64%)/a(36%)|GGTCTGGI[A(87%)/
g(13%)]1GC

HBV Conserved Region 7

CTGCCAACTGGAT[C(86%)/T(10%)/A(4%)]CT[C(69%)/T(25
%)/A(6%)|CGCGGGACGTCCTTTGT[T(75%)/C(25%)ITACGTCCCG<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>