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TREATING AND PREVENTING HEPATITIS C VIRUS INFECTION USING

C-RAF KINASE ANTISENSE OLIGONUCLEOTIDES

CROSS-REFERENCES TO RELATED APPLICATIONS

This application claims the benefit under 35 U.S.C. § 119(e) of U.S.

Provisional Patent Application No. 61/31 1,710 filed March 8 , 2010; U.S.

Provisional Patent Application No. 61/332,582 filed May 7 , 2010; and U.S.

Provisional Patent Application No. 61/353,997 filed June 11, 2010, where these

(three) provisional application are incorporated herein by reference in their

entireties.

STATEMENT REGARDING SEQUENCE LISTING

The Sequence Listing associated with this application is provided in

text format in lieu of a paper copy, and is hereby incorporated by reference into the

specification. The name of the text file containing the Sequence Listing is

480231_409PC_SEQUENCE_LISTING.txt. The text file is 10 KB, was created on

March 7 , 201 1 and is being submitted electronically via EFS-Web.

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to compositions and methods for modulating

expression of raf genes, using antisense oligonucleotides directed to raf mRNAs.

This invention is also directed to methods for inhibiting viral replication, and related

methods of treating and preventing viral infection, particularly HCV infection, using

raf antisense oligonucleotides, optionally in combination with other anti-viral, e.g.,

anti-HCV, drugs.



Description of the Related Art

Chronic infection with hepatitis C virus (HCV) is a major health

problem associated with liver cirrhosis, hepatocellular carcinoma, and liver failure.

Infection by HCV is insidious in a high proportion of chronically infected (and

infectious) carriers who may not experience clinical symptoms for many years.

Liver cirrhosis can ultimately lead to liver failure, and liver failure resulting from

chronic HCV infection is now recognized as a leading cause of liver

transplantation.

HCV is a member of the Flaviviridae family of RNA viruses that affect

animals and humans. The genome is a single, about 9.6-kilobase strand of RNA,

and consists of one open reading frame that encodes for a polyprotein of about

3000 amino acids flanked by untranslated regions at both 5' and 3' ends (5'- and

3'-UTR). The polyprotein serves as the precursor to at least 10 separate viral

proteins critical for replication and assembly of progeny viral particles. Because the

replicative cycle of HCV does not involve any DNA intermediate and the virus is

not integrated into the host genome, HCV infection can theoretically be cured.

Standard treatment for chronic HCV includes interferon alpha (IFN-

alpha) or pegylated IFN-alpha in combination with ribavirin, often involving at least

six (6) months of treatment. Treatment of HCV with interferon has frequently been

associated with adverse side effects such as fatigue, fever, chills, headache,

myalgias, arthralgias, mild alopecia, psychiatric effects, autoimmune phenomena

and thyroid dysfunction. Ribavirin, an inhibitor of inosine 5'-monophosphate

dehydrogenase (IMPDH), enhances the efficacy of IFN-alpha in the treatment of

HCV. However, a number of patients still have significant side effects due to

ribavirin. For example, ribavirin causes significant hemolysis in 10-20% of patients

treated at currently recommended doses, and the drug is both teratogenic and

embryotoxic. Even with recent improvements, a substantial fraction of patients do

not respond to conventional HCV treatment with a sustained reduction in viral load.



A number of alternative approaches are being pursued to combat

HCV. These include, for example, application of antisense oligonucleotides or

ribozymes for inhibiting HCV replication. In addition, low-molecular weight

compounds that directly inhibit HCV proteins and interfere with viral replication are

considered as attractive strategies to control HCV infection. Among the viral

targets, the NS3/4a protease/helicase and the NS5b RNA-dependent RNA

polymerase are examples of viral targets against which new drugs are being

developed. Besides targeting viral genes and their transcription and translation

products, antiviral activity can also be achieved by targeting host cell proteins that

are necessary for viral replication, such as cyclophilin inhibitors and TLR7

agonists.

Despite these developments, there remains an important unmet need

for improved compositions and methods for treating and preventing HCV infection,

as well as improved delivery devices and methods relating to the same. The

present invention meets these needs and offers other related advantages.

BRIEF SUMMARY OF THE INVENTION

The present invention relates generally to compositions and methods

for modulating HCV viral replication, and treating HCV infection in a patient, using

raf antisense oligonucleotides, optionally in combination with one or more

additional anti-HCV agents.

Therefore, according to one aspect of the present invention, there is

provided a method of treating or preventing HCV infection comprising

administering to a patient or cells thereof a therapeutically effective amount of an

oligonucleotide, which is targeted to mRNA encoding human c-raf (SEQ ID NO:

28), wherein said oligonucleotide inhibits expression of human c-raf. In certain

embodiments, the oligonucleotide is 8 to 50 nucleotides in length.

In particular embodiments, the oligonucleotide is a modified

oligonucleotide comprising or consisting of a sequence 100% complementary to a



region of mRNA encoding human c-raf (SEQ ID NO: 28). In particular

embodiments, the oligonucleotide targeted to mRNA encoding human c-raf is a

modified oligonucleotide comprising or consisting of a sequence 100%

complementary to nucleobases 2771 to 2790 of SEQ ID NO:28. In certain

embodiments, the modified oligonucleotide comprises: a gap segment consisting

of linked deoxynucleosides; a 5' wing segment consisting of linked nucleosides;

and a 3' wing segment consisting of linked nucleosides; wherein the gap segment

is positioned between the 5' wing segment and the 3' wing segment; and wherein

each nucleoside of each wing segment comprises a modified sugar. In particular

embodiments, the modified oligonucleotide consists of 20 nucleobases.

In certain embodiments, the modified oligonucleotide comprises: a

gap segment consisting of eight linked deoxynucleosides; a 5' wing segment

consisting of six linked nucleosides; and a 3' wing segment consisting of six linked

nucleosides; wherein the gap segment is positioned between the 5' wing segment

and the 3' wing segment; wherein each nucleoside of each wing segment

comprises a 2'-O-methoxyethyl sugar; wherein each internucleoside linkage is a

phosphorothioate linkage; and wherein each cytosine is a 5-methylcytosine. In

certain embodiments, the oligonucleotide comprises or consists of the sequence,

UCCCGCCTGTGACAUGCAUU (SEQ ID NO:29).

In one specific embodiment of this aspect of the invention, the raf

antisense oligonucleotide is a full phosphorothioate analog consisting of the

sequence, TCCCGCCTGTGACATGCATT (SEQ ID NO:8), with 2'-O-methoxyethyl

substitutions at positions 1-6 and 15-20, and wherein residues 7-14 are unmodified

2'-deoxy. In a highly related embodiment, the raf antisense oligonucleotide is a full

phosphorothioate analog consisting of the sequence,

UCCCGCCTGTGACAUGCAUU (SEQ ID NO:29), with 2'-O-methoxyethyl

substitutions at positions 1-6 and 15-20, and wherein residues 7-14 are unmodified

2'-deoxy.



In certain embodiments, in addition to administering raf antisense

oligonucleotides, the method further comprises a step of administering an anti-

HCV agent, such as an HCV polymerase inhibitor, an HCV protease inhibitor, an

HCV life cycle protein inhibitor, an immunomodulatory agent, an antiviral agent, or

any other agent having activity against HCV. In particular embodiments, the raf

antisense oligonucleotide and the anti-HCV agent are administered concomitantly

or are co-administered.

In one illustrative embodiment, the anti-HCV agent is an

immunomodulatory agent selected from the group consisting of a-interferon, β-

interferon, γ-interferon, o-interferon, Intron® A , Roferon® A , Canferon®-A300,

Advaferon®, Infergen®., Humoferon®., Sumiferon® MP, Alfaferone®, IFN-β® ,

Feron®, polyethylene glycol derivatized (pegylated) interferon compounds, PEG

interferon-a-2a (Pegasys®), PEG interferon-a-2b (PEG-lntron®) and pegylated

IFN-a-con1 .

In another illustrative embodiment, the anti-HCV agent is an antiviral

agent selected from the group consisting of ribavirin, amantadine, viramidine,

nitazoxanide, telbivudine; NOV-205, taribavirin; VX-950, VX-497, VX-148, and VX-

944.

In yet another illustrative embodiment, the anti-HCV agent is an HCV

polymerase inhibitor selected from the group consisting of NM283 (valopicitabine),

R803, JTK-109, JTK-003, HCV-371 , HCV-086, HCV-796 and R-1479.

In still another illustrative embodiment, the anti-HCV agent is an HCV

protease inhibitor selected from the group consisting of BILN-2061 , VX-950

(Telaprevir), GS-9132 (ACH-806), SCH-503034 (Boceprevir) and SCH-6.

In another illustrative embodiment, the anti-HCV agent is an HCV life

cycle protein inhibitor selected from the group consisting of a NS3 helicase

inhibitor, a metallo-protease inhibitor, and an alpha glucosidase inhibitors.



In another illustrative embodiment, the anti-HCV agent is selected

from the group consisting of an antisense oligonucleotide inhibitor, a siRNA

inhibitor, a short hairpin RNA (shRNA) inhibitor, and a ribozyme inhibitor

In a more specific embodiment of the invention, the anti-HCV agent

is selected from the group consisting of a-interferon, pegylated a-interferon,

ribavirin, or a combination thereof.

According to another aspect of the present invention, there is

provided a pharmaceutical composition comprising a physiologically acceptable

carrier, a therapeutically effective amount of at least one raf antisense

oligonucleotide, as described herein, and at least anti-HCV agent, as described

herein.

In another aspect, the present invention provides an oligonucleotide

targeted to mRNA encoding human c-raf (SEQ ID NO: 28), wherein said

oligonucleotide inhibits expression of human c-raf, for use, or prepared for use, in

treating or preventing HCV infection in a patient, e.g., by administering to the

patient or cells thereof a therapeutically effective amount of the oligonucleotide. In

particular embodiments, the oligonucleotide is 8 to 50 nucleotides in length.

In a related aspect, the present invention further provides an

oligonucleotide targeted to mRNA encoding human c-raf (SEQ ID NO: 28),

wherein said oligonucleotide inhibits expression of human c-raf, for use, or

prepared for use, in treating or preventing HCV infection in a patient in combination

with an anti-HCV agent, such as an HCV polymerase inhibitor, an HCV protease

inhibitor, an HCV life cycle protein inhibitor, an immunomodulatory agent, an

antiviral agent, or any other agent having activity against HCV, e.g., by

administering to the patient or cells thereof therapeutically effective amounts of the

oligonucleotide and anti-HCV agent. In particular embodiments, the

oligonucleotide is 8 to 50 nucleotides in length.

In another aspect, the present invention provides an oligonucleotide

targeted to mRNA encoding human c-raf (SEQ ID NO: 28), wherein said



oligonucleotide inhibits expression of human c-raf, for use in the manufacture of a

medicament for treating or preventing HCV infection in a patient, e.g., by

administering to the patient or cells thereof a therapeutically effective amount of

the oligonucleotide. In particular embodiments, the oligonucleotide is 8 to 50

nucleotides in length.

In a related aspect, the present invention further provides an

oligonucleotide targeted to mRNA encoding human c-raf (SEQ ID NO: 28),

wherein said oligonucleotide inhibits expression of human c-raf, for use in the

manufacture of a medicament for treating or preventing HCV infection in a patient

in combination with an anti-HCV agent, such as an HCV polymerase inhibitor, an

HCV protease inhibitor, an HCV life cycle protein inhibitor, an immunomodulatory

agent, an antiviral agent, or any other agent having activity against HCV, e.g., by

administering to the patient or cells thereof therapeutically effective amounts of the

oligonucleotide and anti-HCV agent. In particular embodiments, the

oligonucleotide is 8 to 50 nucleotides in length.

In particular embodiments of the above aspects of the invention, the

oligonucleotide is a modified oligonucleotide comprising or consisting of a

sequence 100% complementary to a region of mRNA encoding human c-raf (SEQ

ID NO: 28). In particular embodiments, the oligonucleotide targeted to mRNA

encoding human c-raf is a modified oligonucleotide comprising or consisting of a

sequence 100% complementary to nucleobases 2771 to 2790 of SEQ ID NO:28.

In certain embodiments, the modified oligonucleotide comprises: a gap segment

consisting of linked deoxynucleosides; a 5' wing segment consisting of linked

nucleosides; and a 3' wing segment consisting of linked nucleosides; wherein the

gap segment is positioned between the 5' wing segment and the 3' wing segment;

and wherein each nucleoside of each wing segment comprises a modified sugar.

In particular embodiments, the modified oligonucleotide consists of 20

nucleobases.



In certain embodiments, the modified oligonucleotide comprises: a

gap segment consisting of eight linked deoxynucleosides; a 5' wing segment

consisting of six linked nucleosides; and a 3' wing segment consisting of six linked

nucleosides; wherein the gap segment is positioned between the 5' wing segment

and the 3' wing segment; wherein each nucleoside of each wing segment

comprises a 2'-0-methoxyethyl sugar; wherein each internucleoside linkage is a

phosphorothioate linkage; and wherein each cytosine is a 5-methylcytosine. In

certain embodiments, the oligonucleotide comprises or consists of the sequence,

UCCCGCCTGTGACAUGCAUU (SEQ ID NO:29).

In specific embodimens of these aspects of the invention, the raf

antisense oligonucleotide is a full phosphorothioate analog consisting of the

sequence, TCCCGCCTGTGACATGCATT (SEQ ID NO:8), with 2'-0-methoxyethyl

substitutions at positions 1-6 and 15-20, and wherein residues 7-14 are unmodified

2'-deoxy. In highly related embodiments, the raf antisense oligonucleotide is a full

phosphorothioate analog consisting of the sequence,

UCCCGCCTGTGACAUGCAUU (SEQ ID NO:29), with 2'-0-methoxyethyl

substitutions at positions 1-6 and 15-20, and wherein residues 7-14 are unmodified

2'-deoxy.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 provides a graph showing the HCV titer (RNA copies/ml)

measured in supernatants from cells transfected with the indicated amounts of c-

raf antisense oligonucleotide at the indicated times post transfection, which

demonstrates that treatment with raf antisense oligonucleotides resulted in a dose

dependent reduction in virus titers (RNA copies/ml) in HCV-infected cells.

Figure 2 provides a graph showing the amount of c-Raf protein

(normalized to actin protein) measured in cells transfected with the indicated

amounts of c-raf antisense oligonucleotide at the indicated times post transfection,



which demonstrates that treatment with raf antisense oligonucleotides resulted in a

dose dependent reduction in c-Raf expression.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is based, in part, on the identification that

antisense oligonucleotides targeting a raf gene, e.g., a c-raf gene, are effective in

inhibiting viral replication, including HCV replication. The present invention is

further based, in part, on the identification of novel combinations of therapeutic

agents that exhibit an enhanced ability to treat, prevent, inhibit, or reduce infection

by viruses, including HCV. These combinations include at least one raf antisense

oligonucleotide, which modulates expression of a raf gene, as well as one or more

additional therapeutic agents having activity against HCV. In addition, the present

invention contemplates the use of a raf antisense oligonucleotide to treat, prevent,

inhibit, or reduce infection by viruses, including HCV.

Definitions

Unless specific definitions are provided, the nomenclature utilized in

connection with, and the procedures and techniques of, analytical chemistry,

synthetic organic chemistry, and medicinal and pharmaceutical chemistry

described herein are those well known and commonly used in the art. Standard

techniques can be used for chemical synthesis, and chemical analysis. To the

extent permitted, all patents, applications, published applications and other

publications, GENBANK Accession Numbers and associated sequence

information obtainable through databases such as National Center for

Biotechnology Information (NCBI) and other data referred to herein are hereby

incorporated by reference in their entirety.

Unless otherwise indicated, the following terms have the following

meanings:



"2'-0-methoxyethyl" (also 2'-MOE, 2'-0-(2-methoxyethyl) and 2'-

0(CH 2 ) 2-OCH3) refers to an O-methoxy-ethyl modification of the 2' position of a

furosyl ring. A 2'-0-methoxyethyl modified sugar is a modified sugar.

"2'-0-methoxyethyl nucleoside" means a nucleoside comprising a 2'-

O-methoxyethyl modified sugar moiety.

"3' target site" refers to the nucleotide of a target nucleic acid which is

complementary to the 3'-most nucleotide of a particular antisense compound.

"5' target site" refers to the nucleotide of a target nucleic acid which is

complementary to the 5'-most nucleotide of a particular antisense compound.

"5-methylcytosine" means a cytosine modified with a methyl group

attached to the 5' position. A 5-methylcytosine is a modified nucleobase.

"Administered concomitantly" refers to the co-administration of two

agents in any manner in which the pharmacological effects of both are manifest in

the patient. Concomitant administration does not require that both agents be

administered in a single pharmaceutical composition, in the same dosage form, at

the same time or by the same route of administration.

"Administering" means providing a pharmaceutical agent to an

individual, and includes, but is not limited to, administering by a medical

professional and self-administering.

"Ameliorate" means to make better or improve the symptoms of a

condition or disease in a subject.

"Animal" refers to human or non-human animals, including, but not

limited to, mice, rats, rabbits, dogs, cats, pigs, horses and non-human primates,

including, but not limited to, monkeys and chimpanzees.

"Antisense compound" means an oligomeric compound that is

capable of undergoing hybridization to a target nucleic acid through hydrogen

bonding.

"Antisense inhibition" means reduction of target nucleic acid or

protein levels in the presence of an antisense compound complementary to a



target nucleic acid compared to target nucleic acid or protein levels in the absence

of the antisense compound.

"Antisense oligonucleotide" means a single-stranded oligonucleotide

having a nucleobase sequence that permits hybridization to a complementary

region or segment of a target nucleic acid.

"Bicyclic sugar" means a furosyl ring modified by the bridging of two

non-geminal ring atoms. A bicyclic sugar is a modified sugar moiety.

"Cap structure" or "terminal cap moiety" means a chemical

modification, which has been incorporated at a terminus of an antisense

compound. An antisense compound can have both termini "capped".

"Chimeric antisense compounds" means antisense compounds that

have at least 2 chemically distinct regions, each region includes a plurality of

subunits.

"Co-administration" means administration of two or more agents to

an individual. The two or more agents can be in a single pharmaceutical

composition, or can be in separate pharmaceutical compositions. Each of the two

or more agents can be administered through the same or different routes of

administration. Co-administration encompasses administration in parallel or

sequentially.

"Complementarity" means the capacity for pairing between

nucleobases of a first nucleic acid and a second nucleic acid.

"Comprise," "comprises" and "comprising" are to be understood to

imply the inclusion of a stated step or element or group of steps or elements but

not the exclusion of any other step or element or group of steps or elements.

"Contiguous nucleobases" means nucleobases immediately adjacent

to each other.

"Cross-reactive" means an oligomeric compound targeting one

nucleic acid sequence can hybridize to a different nucleic acid sequence. For

example, in some instances an antisense oligonucleotide targeting human c-raf



can cross-react with a murine c-raf. Whether an oligomeric compound cross-

reacts with a nucleic acid sequence other than its designated target depends on

the degree of complementarity the compound has to the nucleic acid sequence.

The higher the complementarity between the oligomeric compound and the non-

target nucleic acid, the more likely the oligomeric compound will cross-react with

the nucleic acid.

"Cure" means a method that restores health or a prescribed

treatment for an illness.

"Deoxyribonucleotide" means a nucleotide having a hydrogen atom

at the 2' position of the sugar portion of the nucleotide. Deoxyribonucleotides can

be modified with any of a variety of substituents.

"Designing" or "Designed to" refer to the process of designing an

oligomeric compound that specifically hybridizes with a selected nucleic acid

molecule or portion thereof.

"Diluent" means an ingredient in a composition that lacks

pharmacological activity, but is pharmaceutically necessary or desirable. For

example, in drugs that are injected, the diluent can be a liquid, e.g. saline solution.

"Dose" means a specified quantity of a pharmaceutical agent

provided in a single administration, or in a specified time period. In certain

embodiments, a dose can be administered in two or more boluses, tablets, or

injections. For example, in certain embodiments, where ocular administration is

desired, the desired dose may require a volume not easily accommodated by a

single injection. In such embodiments, two or more injections can be used to

achieve the desired dose. In certain embodiments, a dose can be administered in

two or more injections to minimize injection site reaction in an individual. Doses

can be stated as the amount of pharmaceutical agent per hour, day, week or

month.

"Dosage unit" or "unit dosage form" means a form in which a

pharmaceutical agent is provided, e.g., pill, tablet, or other dosage unit known in



the art. In certain embodiments, a dosage unit is a vial containing lyophilized

antisense oligonucleotide. In certain embodiments, a dosage unit is a vial

containing reconstituted antisense oligonucleotide.

"Duration" means the period of time during which an activity or event

continues. In certain embodiments, the duration of treatment is the period of time

during which doses of a pharmaceutical agent are administered.

"Effective amount" in the context of modulating an activity or of

treating, preventing, or inhibiting a condition means the administration of that

amount of active ingredient to a subject in need of such modulation, treatment or

prophylaxis, either in a single dose or as part of a series, that is effective for

modulation of that effect, or for treatment or prophylaxis or improvement of that

condition. The effective amount will vary depending upon the health and physical

condition of the subject to be treated, the taxonomic group of subjects to be

treated, the formulation of the composition, the assessment of the medical

situation, and other relevant factors. In addition, the effective amount may vary

when used in combination with another active ingredient. For example, when an

raf antisense oligonucleotide is used in combination with another anti-HCV agent,

the effect amount of one or both of the raf antisense oligonucleotide or anti-HCV

agent may be reduced. "Therapeutically effective amount" or "effective amount"

also includes an amount of a pharmaceutical agent that provides a therapeutic

benefit to an individual.

"Efficacy" means the ability to produce a desired effect.

"Expression" includes all the functions by which a gene's coded

information is converted into structures present and operating in a cell. Such

structures include, but are not limited to, the products of transcription and

translation.

"First agent" or "first therapeutic agent" means an agent that can be

used in combination with a "second agent". In certain embodiments, the first agent



is any antisense compound, oligonucleotide or composition that inhibits c-raf

described herein.

"Fully complementary" or "100% complementary" means each

nucleobase of a first nucleic acid has a complementary nucleobase in a second

nucleic acid. In certain embodiments, a first nucleic acid is an antisense compound

and a target nucleic acid is a second nucleic acid. In certain such embodiments, an

antisense oligonucleotide is a first nucleic acid and a target nucleic acid is a

second nucleic acid.

"Gapmer" means an antisense compound in which an internal

position having a plurality of nucleotides that supports RNaseH cleavage is

positioned between external regions having one or more nucleotides that are

chemically distinct from the nucleosides of the internal region. A "gap segment"

means the plurality of nucleotides that make up the internal region of a gapmer. A

"wing segment" means the external region of a gapmer.

"Gap-widened" means an antisense compound has a gap segment of

12 or more contiguous 2'-deoxyribonucleotides positioned between and

immediately adjacent to 5' and 3' wing segments of from one to six nucleotides

having modified sugar moieties.

"Hybridization" means the annealing of complementary nucleic acid

molecules. In certain embodiments, complementary nucleic acid molecules

include, but are not limited to, an antisense compound and a nucleic acid target. In

certain embodiments, complementary nucleic acid molecules include, but are not

limited to, an antisense oligonucleotide and a nucleic acid target.

"Immediately adjacent" means there are no intervening nucleotides

between the immediately adjacent elements. For example, between regions,

segments, nucleotides and/or nucleosides.

"Induce", "inhibit", "potentiate", "elevate", "increase", "decrease" or

the like, e.g., denote quantitative differences between two states. For example, "an

amount effective to inhibit the activity or expression of c-raf means that the level of



activity or expression of c-raf in a treated sample will differ from the level of c-raf

activity or expression in untreated cells. Such terms are applied to, for example,

levels of expression, and levels of activity. "Inhibiting the expression or activity"

refers to a reduction, blockade of the expression or activity of the target and does

not necessarily indicate a total elimination of expression or activity.

"Internucleoside linkage" refers to the chemical bond between

nucleosides.

"Linked nucleosides" means adjacent nucleosides which are bonded

together. "Mismatch" refers to a non-complementary nucleobase within a

complementary oligomeric compound.

"Modified internucleoside linkage" refers to a substitution and/or any

change from a naturally occurring internucleoside bond (i.e. a phosphodiester

internucleoside bond).

"Modified nucleobase" means any nucleobase other than adenine,

cytosine, guanine, thymidine, or uracil. An "unmodified nucleobase" means the

purine bases, adenine (A) and guanine (G), and the pyrimidine bases, thymine (T),

cytosine (C) and uracil (U).

"Modified oligonucleotide" means an oligonucleotide comprising a

modified internucleoside linkage, a modified sugar, and/or a modified nucleobase.

A modified oligonucleotide can also have a nucleoside mimetic or nucleotide

mimetic.

"Modified sugar" refers to a substitution and/or any change from a

natural sugar.

"Modulation" means a perturbation of function, for example, one

associated with either an increase (stimulation or induction) or a decrease

(inhibition or reduction) in expression.

"Monomer" refers to a single unit of an oligomer. Monomers include,

but are not limited to, nucleosides and nucleotides, whether naturally occuring or

modified.



"Motif means the pattern of unmodified and modified nucleosides in

an antisense compound.

"Naturally occurring internucleoside linkage" means a 3' to 5'

phosphodiester linkage.

"Natural sugar" means a sugar found in DNA (2'-H) or RNA (2'-OH).

"Nucleic acid" refers to molecules composed of monomeric

nucleotides. A nucleic acid includes, but is not limited to, ribonucleic acids (RNA),

deoxyribonucleic acids (DNA), single-stranded nucleic acids, double-stranded

nucleic acids, small interfering ribonucleic acids (siRNA), and microRNAs

(miRNA).

"Nucleobase" means a heterocyclic moiety capable of pairing with a

base of another nucleic acid.

"Nucleobase complementarity" refers to a nucleobase that is capable

of base pairing with another nucleobase. For example, in DNA, adenine (A) is

complementary to thymine (T). For example, in RNA, adenine (A) is

complementary to uracil (U). In certain embodiments, complementary nucleobase

refers to a nucleobase of an antisense compound that is capable of base pairing

with a nucleobase of its target nucleic acid. For example, if a nucleobase at a

certain position of an antisense compound is capable of hydrogen bonding with a

nucleobase at a certain position of a target nucleic acid, then the position of

hydrogen bonding between the oligonucleotide and the target nucleic acid is

considered to be complementary at that nucleobase pair.

"Nucleobase sequence" means the order of contiguous nucleobases

independent of any sugar, linkage, and/or nucleobase modification.

"Nucleoside" means a nucleobase linked to a sugar.

"Nucleotide" means a nucleoside having a phosphate group

covalently linked to the sugar portion of the nucleoside.

"Nucleoside mimetic" includes those structures used to replace the

sugar or the sugar and the base and not necessarily the linkage at one or more



positions of an oligomehc compound such as, for example, nucleoside mimetics

having morpholino, cyclohexenyl, cyclohexyl, bicyclo o tricyclo sugar mimetics,

e.g. non furanose sugar units.

"Nucleotide mimetic" includes those structures used to replace the

nucleoside and the linkage at one or more positions of an oligomeric compound

such as for example peptide nucleic acids or morpholinos (morpholinos linked by -

N(H)-C(=0)-0- or other non-phosphodiester linkage).

Oligomeric compound" means a polymer of linked monomeric

subunits which is capable of hybridizing to at least a region of a nucleic acid

molecule.

Oligonucleotide" means an oligomer or polymer of linked nucleoside

or nucleotide monomers each of which can be modified or unmodified,

independent one from another. The term "oligonucleotide" includes oligomers

comprising non-naturally occurring monomers, or portions thereof. Such modified

or substituted oligonucleotides are often preferred over native forms because of

properties such as, for example, enhanced cellular uptake and increased stability

in the presence of nucleases.

"Parenteral administration," means administration by a manner other

than through the digestive tract, e.g., through topical administration, injection or

infusion. Parenteral administration includes, but is not limited to, subcutaneous

administration, intravenous administration, and intramuscular administration.

"Pharmaceutically acceptable carrier" or "Pharmaceutically

acceptable diluent" means a carrier or diluent that does not interfere with the

structure of the oligonucleotide. Certain of such carries enable pharmaceutical

compositions to be formulated as, for example, tablets, pills, dragees, capsules,

liquids, gels, syrups, slurries, suspension and lozenges for the oral ingestion by a

subject. For example, a pharmaceutically acceptable carrier can be a sterile

aqueous solution.



"Pharmaceutically acceptable salts" means physiologically and

pharmaceutically acceptable salts of antisense compounds, i.e., salts that retain

the desired biological activity of the parent oligonucleotide and do not impart

undesired toxicological effects thereto.

"Pharmaceutical composition" or "composition" means a mixture of

substances suitable for administering to an animal. For example, a composition

can comprise one or more antisense oligonucleotides and a sterile aqueous

solution.

"Phosphorothioate internucleoside linkage" or "phosphorothioate

linkage" means a linkage between nucleosides where the phosphodiester bond is

modified by replacing one of the non-bridging oxygen atoms with a sulfur atom. A

phosphorothioate linkage is a modified internucleoside linkage.

"Portion" means a defined number of contiguous (i.e., linked)

nucleobases of a nucleic acid. In certain embodiments, a portion is a defined

number of contiguous nucleobases of a target nucleic acid. In certain

embodiments, a portion is a defined number of contiguous nucleobases of an

antisense compound.

"Prevention" or "preventing" refers to inhibiting, delaying or

forestalling the onset or development of a condition or disease, e.g., HCV infection,

for a period of time from hours to days, preferably weeks to months to years or

permanently. It can also mean reducing the likelihood that a condition or disease

will occur during a period of time.

"Prodrug" means a therapeutic agent that is prepared in an inactive

form that is converted to an active form (i.e., drug) within the body or cells thereof

by the action of endogenous or non-endogenous enzymes or other chemicals

and/or conditions.

"Region" is defined as a portion of the target nucleic acid having at

least one identifiable structure, function, or characteristic.



"Ribonucleotide" means a nucleotide having a hydroxy at the 2'

position of the sugar portion of the nucleotide. Ribonucleotides can be modified

with any of a variety of substituents.

"Salts" mean physiologically and pharmaceutically acceptable salts of

antisense compounds, i.e., salts that retain the desired biological activity of the

parent oligonucleotide and do not impart undesired toxicological effects thereto.

"Second agent" or "second therapeutice agent" means an agent that

can be used in combination with a "first agent". In certain embodiments, a second

therapeutic agent can be any agent that inhibits or prevents HCV replication. A

second therapeutic agent can include, but is not limited to, an siRNA or antisense

oligonucleotide.

"Segments" are defined as smaller, sub-portions of regions within a

target nucleic acid. "Shortened" or "truncated" versions of antisense

oligonucleotides or target nucleic acids taught herein have one, two or more

nucleosides deleted.

"Side effects" mean physiological responses attributable to a

treatment other than desired effects. In certain embodiments, side effects include,

without limitation, injection site reactions, liver function test abnormalities, renal

function abnormalities, liver toxicity, renal toxicity, central nervous system

abnormalities, and myopathies. For example, increased aminotransferase levels

in serum can indicate liver toxicity or liver function abnormality. For example,

increased bilirubin can indicate liver toxicity or liver function abnormality.

"Single-stranded oligonucleotide" means an oligonucleotide which is

not hybridized to a complementary strand. "Single-stranded modified

oligonucleotide" means a modified oligonucleotide which is not hybridized to a

complementary strand.

"siRNA" is defined as a double-stranded compound having a first and

second strand and comprises a central complementary portion between said first

and second strands and terminal portions that are optionally complementary



between said first and second strands or with a target mRNA. In one non-limiting

example, the first strand of the siRNA is antisense to the target nucleic acid, while

the second strand is complementary to the first strand. Once the antisense strand

is designed to target a particular nucleic acid target, the sense strand of the siRNA

can then be designed and synthesized as the complement of the antisense strand

and either strand can contain modifications or additions to either terminus.

"Sites," as used herein, are defined as unique nucleobase positions

within a target nucleic acid.

"Slows progression" means a decrease in the development of a

disease, condition or symptom.

"Specifically hybridizable" means an antisense compound that

hybridizes to a target nucleic acid to induce a desired effect, while exhibiting

minimal or no effects on non-target nucleic acids.

"Subject" means a human or non-human animal selected for

treatment or therapy.

"Targeted" or "targeted to" means having a nucleobase sequence

that will allow specific hybridization of an antisense compound to a target nucleic

acid to induce a desired effect.

"Target nucleic acid," "target RNA," "target RNA transcript" and

"nucleic acid target" all mean a nucleic acid capable of being targeted by antisense

compounds.

"Targeting" means the process of design and selection of an

antisense compound that will specifically hybridize to a target nucleic acid and

induce a desired effect.

"c-raf nucleic acid" means any nucleic acid encoding c-Raf. For

example, in certain embodiments, a c-raf nucleic acid includes, without limitation, a

DNA sequence encoding c-Raf, an RNA sequence transcribed from DNA encoding

c-Raf, and an mRNA sequence encoding c-Raf. "c-raf mRNA" means an mRNA

encoding a c-Raf protein.



"Therapeutically effective amount" or "effective amount" means an

amount of a pharmaceutical agent that provides a therapeutic benefit to an

individual. "Effective amount" in the context of modulating an activity or of treating

or preventing a condition means the administration of that amount of active

ingredient to a subject in need of such inhibition, treatment or prophylaxis, either in

a single dose or as part of a series of doses, that is effective for inhibition of that

effect, or for treatment or prophylaxis or improvement of that condition. The

effective amount will vary depending upon the health and physical condition of the

subject to be treated, the taxonomic group of subjects to be treated, the

formulation of the composition, the assessment of the medical situation, and other

relevant factors.

"Treatment" refers to administering a composition of the invention to

effect an alteration or improvement of a disease, condition or symptom.

"Unmodified nucleotide" means a nucleotide composed of naturally

occuring nucleobases, sugar moieties and internucleoside linkages. In certain

embodiments, an unmodified nucleotide is an RNA nucleotide (i.e., β-D-

ribonucleosides) or a DNA nucleotide (i.e., β-D-deoxyribonucleoside).

"Wing segment" means a plurality of nucleosides modified to impart

to an oligonucleotide properties such as enhanced inhibitory activity, increased

binding affinity for a target nucleic acid, or resistance to degradation by in vivo

nucleases.

Methods of Treating and Inhibiting Viral Infection

The present invention provides methods for treating, preventing or

inhibiting viral infection, e.g,. hepatitis C virus (HCV) infection using

oligonucleotides that target c-raf. As described herein, these methods may be

used to inhibit viral replication and thereby treating, preventing, or inhibiting viral

infection in a subject or patient. The methods and compositions of the present

invention may be used to treat infection from any viral-mediated disease or



disorder that benefits from reduced raf expression. Although certain particular

embodiments of the present invention described herein refer to the treatment,

prevention or inhibition of HCV infection, it is understood that they could be also be

used to treat, prevent or inhibit other viral infections.

Thus, in one embodiment, the present invention includes a method of

treating, preventing, or inhibiting HCV infection, comprising administering to a

subject, or cells thereof, a therapeutically effective amount of an oligonucleotide 8

to 50 nucleotides in length which is targeted to mRNA encoding human c-raf (SEQ

ID NO: 28), wherein said oligonucleotide inhibits expression of human c-raf.

In a related embodiment, the present invention includes a method of

treating, preventing, or inhibiting the replication of HCV in a subject, comprising

administering to a subject, or cells thereof, a therapeutically effective amount of an

oligonucleotide 8 to 50 nucleotides in length which is targeted to mRNA encoding

human c-raf (SEQ ID NO: 28), wherein said oligonucleotide inhibits expression of

human c-raf.

In a related embodiment, the present invention includes a method of

inhibiting or reducing the replication of HCV in cells, e.g., in vitro, comprising

administering to the cells an effective amount of an oligonucleotide 8 to 50

nucleotides in length which is targeted to mRNA encoding human c-raf (SEQ ID

NO: 28), wherein said oligonucleotide inhibits expression of human c-raf.

In certain embodiments, methods of the present invention comprise

administering a c-raf antisense oligonucleotide (e.g., an oligonucleotide 8 to 50

nucleotides in length which is targeted to mRNA encoding human c-raf) in

combination with one or more additional anti-HCV agents, including but not limited

to any of those described herein.

According to the present invention, the raf antisense oligonucleotide

reduces raf expression in a subject or cell, e.g., a subject or cell infected with HCV.

Therefore, in particular embodiments, methods of the present invention

contemplate contacting a subject or cell with a raf antisense oligonucleotide in



combination with an anti-HCV agent that directly targets HCV, thereby inhibiting

the HCV by inhibiting both cellular processes involved in HCV replication and viral

processes involved in HCV replication. In particular embodiments, the raf

antisense oligonucleotide and the additional anti-HCV agent act synergistically to

inhibit HCV.

Thus, in one embodiment, the present invention includes a method of

treating, preventing, or inhibiting HCV infection, comprising co-administering to a

subject, or cells thereof, both a therapeutically effective amount of an

oligonucleotide 8 to 50 nucleotides in length which is targeted to mRNA encoding

human c-raf (SEQ ID NO: 28), wherein said oligonucleotide inhibits expression of

human c-raf, and a therapeutically effective amount of an anti-HCV agent.

In a related embodiment, the present invention includes a method of

treating, preventing, or inhibiting the replication of HCV in a subject, comprising co

administering to a subject, or cells thereof, a therapeutically effective amount of an

oligonucleotide 8 to 50 nucleotides in length which is targeted to mRNA encoding

human c-raf (SEQ ID NO: 28), wherein said oligonucleotide inhibits expression of

human c-raf, and a therapeutically effective amount of an anti-HCV agent.

In a related embodiment, the present invention includes a method of

inhibiting or reducing the replication of HCV in cells, e.g., in vitro, comprising co-

administering to the cells an effective amount of an oligonucleotide 8 to 50

nucleotides in length which is targeted to mRNA encoding human c-raf (SEQ ID

NO: 28), wherein said oligonucleotide inhibits expression of human c-raf, and a

therapeutically effective amount of an anti-HCV agent.

In certain embodiments, an anti-HCV agent is selected from the

group consisting of an HCV polymerase inhibitor, an HCV protease inhibitor, an

inhibitor of another target in the HCV life cycle, an immunomodulatory agent, an

antiviral agent, or a combination thereof.

Raf antisense oligoncleotides, alone or in combination with another

anti-HCV agent, may be delivered to any subject in need thereof, including a



subject determined to be infected with HCV or a subject considered to be at risk of

developing an HCV infection. Subjects may be any animal, including a mammal,

such as a human.

Raf Antisense Oligonucleotides

In certain embodiments, the present invention employs

oligonucleotides targeted to nucleic acids encoding a raf family member, which

modulate raf gene expression. In various embodiments, the oligonucleotides

target c-raf (raf-1 ) ; however, compositions and methods for modulating expression

of other forms of raf are also contemplated. In particular embodiments, the

oligonucleotides target human c-raf. In particular embodiments, the

oligonucleotide comprises a sequence complementary to a raf mRNA sequence,

e.g., a human c-raf mRNA sequence.

Oligonucleotides that target a nucleic acid encoding a raf family

member include any and all polynucleotide complexes, polynucleotides, and

oligonucleotides comprising one or more sequences capable of hybridizing to a raf

nucleic acid and modulating raf gene expression. The oligonucleotides may

comprise various structures, including, e.g., a traditional single-stranded antisense

oligonucleotide structures and various RNA interference (RNAi) agents, such as

small interfering RNA (siRNA), short hairpin RNA (shRNA), and dicer substrates.

Thus, oligonucletoides that target a raf mRNA or gene may be, e.g., either single-

stranded or double-stranded, or comprise both single-stranded and double-

stranded regions, and they may, e.g., comprise DNA, RNA or both.

In various embodiments, oligonucleotides used according to the

present invention comprise RNA, DNA, or peptide nucleic acids, or a combination

of any or all of these types of molecules. In addition, the oligonucleotides may

comprise modified nucleic acids, or derivatives or analogs of nucleic acids.

General examples of nucleic acid modifications include, but are not limited to,

biotin labeling, fluorescent labeling, amino modifiers introducing a primary amine



into the polynucleotide, phosphate groups, deoxyuridine, halogenated nucleosides,

phosphorothioates, 2'-0-Methyl RNA analogs, chimeric RNA analogs, wobble

groups, universal bases, and deoxyinosine.

In certain embodiments, the oligonucleotides of the present invention

are single-stranded. In particular embodiments, the oligonucleotides comprise one

or more double-stranded regions. An oligonucleotide comprising a double-

stranded region may consist of one, two or more individual strands, each having a

5' and 3' end. For example, an oligonucleotide comprising a double-stranded

region may consist of a single oligonucleotide with a self-complementary region,

which hybridizes to itself, and which may form a stem loop structure. In other

embodiments, an oligonucleotide comprising a double-stranded region may

comprise two strands with regions complementary to each other, which hybridize

to form a double-stranded structure. An oligonucleotide comprising a double-

stranded region may be entirely double-stranded or partially double stranded. For

example, an oligonucleotide may be entirely double-stranded and have two blunt

ends. In another example, an oligonucleotide may include one or more double-

stranded regions and have one or more 5' or 3' single-stranded overhangs, e.g., of

two to four nucleotides.

In particular embodiments, the oligonucleotides in accordance with

this invention are from about 8 to about 50 nucleotides in length, whether single-

stranded or comprising a double-stranded region. In the context of this invention, it

is understood that this encompasses non-naturally occurring oligomers as herein

before described, having 8 to 50 monomers. In further embodiments, the

oligonucleotides comprise from about 8 to about 30 nucleobases (i.e., from about 8

to about 30 linked nucleosides).

In particular embodiments, raf antisense oligonucleotides are used to

reduce or inhibit the expression of the targeted raf family member. Raf antisense

oligonucleotides are single-stranded oligonucleotide having a nucleobase

sequence that permits hybridization to a complementary region or segment of a raf



nucleic acid. Exemplary raf antisense oligonucleotides that may be used

according to the present invention are described herein and also in U.S. Patent

Nos. 5,563,255, 5,952,229, 6,358,932, 5,656,612, 5,919,773, 6,410,518, and

6,806,258, the contents of which are incorporated herein by reference in their

entireties.

In the context of this invention, the term "oligonucleotide" refers to an

oligomer or polymer of nucleotide or nucleoside monomers consisting of naturally

occurring bases, sugars and intersugar (backbone) linkages. The term

"oligonucleotide" also includes oligomers comprising non-naturally occurring

monomers, or portions thereof, which function similarly. Such modified or

substituted oligonucleotides are often preferred over native forms because of

properties such as, for example, enhanced cellular uptake and increased stability

in the presence of nucleases.

A "subunit" of a polynucleotide or oligonucleotide refers to one

nucleotide (or nucleotide analog) unit. The term may refer to the nucleotide unit

with or without the attached intersubunit linkage, although, when referring to a

"charged subunit", the charge typically resides within the intersubunit linkage (e.g.,

a phosphate or phosphorothioate linkage or a cationic linkage). A given raf

antisense oligonucleotide may utilize one or more different types of subunits and/or

intersubunit linkages, mainly to alter its stability, Tm, RNase sensitivity, or other

characteristics, as desired. For instance, certain embodiments may employ RNA

subunits with one or more 2'-0-methyl RNA subunits.

It is not necessary for all positions in a given compound to be

uniformly modified, and in fact more than one of the aforementioned modifications

may be incorporated in a single compound or even at a single nucleoside within an

oligonucleotide. Certain oligonucleotides of this invention are chimeric

oligonucleotides. "Chimeric oligonucleotides" or "chimeras", in the context of this

invention, are oligonucleotides which contain two or more chemically distinct

regions, each made up of at least one nucleotide. These oligonucleotides typically



contain at least one region of modified nucleotides that confers one or more

beneficial properties (such as, for example, increased nuclease resistance,

increased uptake into cells, increased binding affinity for the RNA target) and a

region that is a substrate for RNase H cleavage. In one embodiment, a chimeric

oligonucleotide comprises at least one region modified to increase target binding

affinity, and, usually, a region that acts as a substrate for RNAse H. Affinity of an

oligonucleotide for its target (in this case a nucleic acid encoding raf) is routinely

determined by measuring the Tm of an oligonucleotide/target pair, which is the

temperature at which the oligonucleotide and target dissociate; dissociation is

detected spectrophotometrically. The higher the Tm, the greater the affinity of the

oligonucleotide for the target.

The relationship between an oligonucleotide and its complementary

nucleic acid target to which it hybridizes is commonly referred to as "antisense."

"Targeting" an oligonucleotide to a chosen nucleic acid target, in the context of this

invention, is a multistep process. The process usually begins with identifying a

nucleic acid sequence whose function is to be modulated. This may be, as

examples, a cellular gene (or mRNA made from the gene) whose expression is

associated with a particular disease state, or a foreign nucleic acid from an

infectious agent. In the present invention, the target is a nucleic acid encoding raf;

in other words, the raf gene or mRNA expressed from the raf gene. The targeting

process also includes determination of a site or sites within the nucleic acid

sequence for the oligonucleotide interaction to occur such that the desired effect-

modulation of gene expression-will result. Once the target site or sites have been

identified, oligonucleotides are chosen which are sufficiently complementary to the

target, i.e., hybridize sufficiently well and with sufficient specificity, to give the

desired modulation.

Raf antisense oligonucleotides inhibit or reduce expression of the raf

cDNA, mRNA, and protein. Inhibition of raf expression can be measured in ways

which are routine in the art, for example by Northern blot assay of mRNA



expression or Western blot assay of protein expression using methods well known

in the art.

"Hybridization," in the context of this invention, means hydrogen

bonding, also known as Watson-Crick base pairing, between complementary

bases, usually on opposite nucleic acid strands or two regions of a nucleic acid

strand. Guanine and cytosine are examples of complementary bases which are

known to form three hydrogen bonds between them. Adenine and thymine are

examples of complementary bases which form two hydrogen bonds between them.

"Specifically hybridizable" and "complementary" are terms which are

used to indicate a sufficient degree of complementarity such that stable and

specific binding occurs between the DNA or RNA target and the oligonucleotide. It

is understood that an oligonucleotide need not be 100% complementary to its

target nucleic acid sequence to be specifically hybridizable. An oligonucleotide is

specifically hybridizable when binding of the oligonucleotide to the target interferes

with the normal function of the target molecule to cause a loss of utility, and there

is a sufficient degree of complementarity to avoid non-specific binding of the

oligonucleotide to non-target sequences under conditions in which specific binding

is desired, i.e., under physiological conditions in the case of in vivo assays or

therapeutic treatment, or, in the case of in vitro assays, under conditions in which

the assays are conducted.

In certain embodiments of this invention, oligonucleotides are

provided which are targeted to mRNA encoding c-raf, B-raf or A-raf. In

accordance with this invention, persons of ordinary skill in the art will understand

that mRNA includes not only the coding region which carries the information to

encode a protein using the three letter genetic code, but also associated

ribonucleotides which form a region known to such persons as the 5'-untranslated

region, the 3'-untranslated region, the 5' cap region, intron regions and intron/exon

or splice junction ribonucleotides. Thus, oligonucleotides may be formulated in

accordance with this invention that are targeted wholly or in part to these



associated ribonucleotides as well as to the coding ribonucleotides. In certain

embodiments, the oligonucleotide is targeted to a translation initiation site (AUG

codon) or sequences in the 5'- or 3'-untranslated region of the human c-raf mRNA.

The functions of messenger RNA to be interfered with include all vital functions

such as translocation of the RNA to the site for protein translation, actual

translation of protein from the RNA, splicing or maturation of the RNA and possibly

even independent catalytic activity which may be engaged in by the RNA. The

overall effect of such interference with the RNA function is to cause interference

with raf protein expression.

In particular embodiments, an oligonucleotide of the present

invention targets a human c-raf polynucleotide or mRNA, e.g., the oligonucleotide

is fully complementary to a region of a human c-raf mRNA. The sequence of an

exemplary human c-raf mRNA is provided in SEQ ID NO:28, which corresponds to

the sequence provided at GenBank Accession No. NM_002880.3.

In particular embodiments, an oligonucleotide of the present

invention comprises one or more modifications. It is not necessary for all positions

in a given compound to be uniformly modified, and in fact more than one of the

modifications described infra may be incorporated in a single compound or even at

a single nucleoside within an oligonucleotide. Certain oligonucleotides of this

invention are chimeric oligonucleotides. "Chimeric oligonucleotides" or "chimeras",

in the context of this invention, are oligonucleotides which contain two or more

chemically distinct regions, each made up of at least one nucleotide. These

oligonucleotides typically contain at least one region of modified nucleotides that

confers one or more beneficial properties (such as, for example, increased

nuclease resistance, increased uptake into cells, increased binding affinity for the

RNA target) and a region that is a substrate for RNase H cleavage. In one

embodiment, a chimeric oligonucleotide comprises at least one region modified to

increase target binding affinity, and, usually, a region that acts as a substrate for

RNAse H. Affinity of an oligonucleotide for its target (in this case a nucleic acid



encoding raf) is routinely determined by measuring the Tm of an

oligonucleotide/target pair, which is the temperature at which the oligonucleotide

and target dissociate; dissociation is detected spectrophotometrically. The higher

the Tm, the greater the affinity of the oligonucleotide for the target.

In certain embodiments, the oligonucleotides, e.g., raf antisense

oligonucleotides, are modified to increase RNA binding affinity. In one

embodiment, the region of the oligonucleotide which is modified to increase raf

mRNA binding affinity comprises at least one nucleotide modified at the 2' position

of the sugar, e.g., a 2'-0-alkyl, 2'-0-alkyl-0-alkyl or 2'-fluoro-modified nucleotide.

Such modifications are routinely incorporated into oligonucleotides and these

oligonucleotides have been shown to have a higher Tm (i.e., higher target binding

affinity) than 2'-deoxyoligonucleotides against a given target. The effect of such

increased affinity is to greatly enhance antisense oligonucleotide inhibition of raf

gene expression. RNAse H is a cellular endonuclease that cleaves the RNA

strand of RNA:DNA duplexes; activation of this enzyme therefore results in

cleavage of the RNA target, and thus can greatly enhance the efficiency of

antisense inhibition. Cleavage of the RNA target can be routinely demonstrated by

gel electrophoresis.

In other embodiments, the oligonucleotides, e.g., raf antisense

oligonucleotides, are modified to enhance nuclease resistance. Cells contain a

variety of exo- and endo-nucleases which can degrade nucleic acids. A number of

nucleotide and nucleoside modifications have been shown to make the

oligonucleotide into which they are incorporated more resistant to nuclease

digestion than the native oligodeoxynucleotide. Nuclease resistance is routinely

measured by incubating oligonucleotides with cellular extracts or isolated nuclease

solutions and measuring the extent of intact oligonucleotide remaining over time,

usually by gel electrophoresis. Oligonucleotides which have been modified to

enhance their nuclease resistance survive intact for a longer time than unmodified

oligonucleotides. A variety of oligonucleotide modifications have been



demonstrated to enhance or confer nuclease resistance. In one embodiment, the

oligonucleotide contains at least one phosphorothioate modification. In one

embodiment, the oligonucleotide is fully phosphorothioate modified. In some

cases, oligonucleotide modifications which enhance target binding affinity are also,

independently, able to enhance nuclease resistance.

In particular embodiments, the oligonucleotides in accordance with

this invention are from about 8 to about 50 nucleotides in length. In the context of

this invention it is understood that this encompasses non-naturally occurring

oligomers as herein before described, having 8 to 50 monomers. In further

embodiments, the oligonucleotides comprise from about 8 to about 30

nucleobases (i.e., from about 8 to about 30 linked nucleosides).

As is known in the art, a nucleoside is a base-sugar combination.

The base portion of the nucleoside is normally a heterocyclic base. The two most

common classes of such heterocyclic bases are the purines and the pyrimidines.

Nucleotides are nucleosides that further include a phosphate group covalently

linked to the sugar portion of the nucleoside. For those nucleosides that include a

pentofuranosyl sugar, the phosphate group can be linked to either the 2', 3' or 5'

hydroxyl moiety of the sugar. In forming oligonucleotides, the phosphate groups

covalently link adjacent nucleosides to one another to form a linear polymeric

compound. In turn the respective ends of this linear polymeric structure can be

further joined to form a circular structure; however, open linear structures are

generally preferred. Within the oligonucleotide structure, the phosphate groups

are commonly referred to as forming the internucleoside backbone of the

oligonucleotide. The normal linkage or backbone of RNA and DNA is a 3' to 5'

phosphodiester linkage.

Specific examples of oligonucleotides, e.g., raf antisense

oligonucleotides, useful in this invention include oligonucleotides containing

modified backbones or non-natural internucleoside linkages. As defined in this

specification, oligonucleotides having modified backbones include those that retain



a phosphorus atom in the backbone and those that do not have a phosphorus

atom in the backbone. For the purposes of this specification, and as sometimes

referenced in the art, modified oligonucleotides that do not have a phosphorus

atom in their internucleoside backbone can also be considered to be

oligonucleosides.

Modified oligonucleotide backbones include, for example,

phosphorothioates, chiral phosphorothioates, phosphorodithioates,

phosphotriesters, aminoalkylphosphotri-esters, methyl and other alkyl

phosphonates including 3'-alkylene phosphonates and chiral phosphonates,

phosphinates, phosphoramidates including 3'-amino phosphoramidate and

aminoalkylphosphoramidates, thionophosphoramidates, thionoalkylphosphonates,

thionoalkylphosphotriesters, and boranophosphates having normal 3'-5' linkages,

2'-5' linked analogs of these, and those having inverted polarity wherein the

adjacent pairs of nucleoside units are linked 3'-5' to 5'-3' or 2'-5' to 5'-2'. Various

salts, mixed salts and free acid forms are also included.

Representative United States patents that teach the preparation of

the above phosphorus-containing linkages include, but are not limited to, U.S. Pat.

Nos. 3,687,808; 4,469,863; 4,476,301 ; 5,023,243; 5,177,196; 5,188,897;

5,264,423; 5,276,019; 5,278,302; 5,286,717; 5,321 ,131 ; 5,399,676; 5,405,939;

5,453,496; 5,455,233; 5,466,677; 5,476,925; 5,519,126; 5,536,821 ; 5,541 ,306;

5,550, 111; 5,563,253; 5,571 ,799; 5,587,361 ; and 5,625,050, the contents of which

are incorporated herein by reference.

Certain modified oligonucleotide backbones that do not include a

phosphorus atom therein have backbones that are formed by short chain alkyl or

cycloalkyl internucleoside linkages, mixed heteroatom and alkyl or cycloalkyl

internucleoside linkages, or one or more short chain heteroatomic or heterocyclic

internucleoside linkages. These include those having morpholino linkages (formed

in part from the sugar portion of a nucleoside); siloxane backbones; sulfide,

sulfoxide and sulfone backbones; formacetyl and thioformacetyl backbones;



methylene formacetyl and thioformacetyl backbones; alkene containing

backbones; sulfamate backbones; methyleneimino and methylenehydrazino

backbones; sulfonate and sulfonamide backbones; amide backbones; and others

having mixed N, O, S and CH.sub.2 component parts.

Representative United States patents that teach the preparation of

the above oligonucleosides include, but are not limited to, U.S. Pat. Nos.

5,034,506; 5,166,315; 5,185,444; 5,214,134; 5,216,141 ; 5,235,033; 5,264,562;

5,264,564; 5,405,938; 5,434,257; 5,466,677; 5,470,967; 5,489,677; 5,541 ,307;

5,561 ,225; 5,596,086; 5,602,240; 5,610,289; 5,602,240; 5,608,046; 5,610,289;

5,618,704; 5,623,070; 5,663,312; 5,633,360; 5,677,437; and 5,677,439, the

contents of which are incorporated herein by reference.

In other oligonucleotide mimetics, both the sugar and the

internucleoside linkage, i.e., the backbone, of the nucleotide units are replaced

with novel groups. The base units are maintained for hybridization with an

appropriate nucleic acid target compound. One such oligomeric compound, an

oligonucleotide mimetic that has been shown to have excellent hybridization

properties, is referred to as a peptide nucleic acid (PNA). In PNA compounds, the

sugar-backbone of an oligonucleotide is replaced with an amide containing

backbone, in particular an aminoethylglycine backbone. The nucleobases are

retained and are bound directly or indirectly to aza nitrogen atoms of the amide

portion of the backbone. Representative United States patents that teach the

preparation of PNA compounds include, but are not limited to, U.S. Pat. Nos.

5,539,082; 5,714,331 ; and 5,719,262, the contents of which are incorporated

herein by reference. Further teaching of PNA compounds can be found in Nielsen

et al. (Science, 1991 , 254, 1497-1500).

Certain embodiments of the invention are oligonucleotides, e.g., raf

antisense oligonucleotides, with phosphorothioate backbones and

oligonucleosides with heteroatom backbones, and in particular -CH 2-NH-O-CH 2-

- , -CH 2-N(CH 3) -O-CH 2- [known as a methylene (methylimino) or MMI



backbone], -CH 2-0-N(CH 3) -CH 2- , -CH2-N(CH 3)-N(CH 3) -CH 2- and -O-

N(CH3) -CH 2-CH 2- [wherein the native phosphodiester backbone is represented

as -O-P-O-CH 2- ] of the above referenced U.S. Pat. No. 5,489,677, and the

amide backbones of the above referenced U.S. Pat. No. 5,602,240. Other

embodiments are oligonucleotides having morpholino backbone structures of the

above-referenced U.S. Pat. No. 5,034,506.

Modified oligonucleotides, e.g., raf antisense oligonucleotides, may

contain one or more substituted sugar moieties. Certain oligonucleotides comprise

one of the following at the 2' position: OH; F; O-, S-, or N-alkyl, O-alkyl-O-alkyl, O-,

S-, or N-alkenyl, or O-, S- or N-alkynyl, wherein the alkyl, alkenyl and alkynyl may

be substituted or unsubstituted C i to C 10 alkyl or C2 to C 10 alkenyl and alkynyl.

Particularly preferred are O[(CH2)nO]mC H3, O(CH2)nOCH 3, O(CH2)2ON(CH 3)2,

O(CH2)nNH2, O(CH2)nC H3, O(CH2)nONH 2, and O(CH2)nON[(CH 2)nCH3)]2, where n

and m are from 1 to about 10. Other oligonucleotides comprise one of the

following at the 2' position: C i to C 10 lower alkyl, substituted lower alkyl, alkaryl,

aralkyl, O-alkaryl o O-aralkyl, SH, SCH3, OCN, CI, Br, CN, CF3, OCF3, SOCH3,

SO2CH3, ONO2, NO2, N3, NH2, heterocycloalkyl, heterocycloalkaryl,

aminoalkylamino, polyalkylamino, substituted silyl, an RNA cleaving group, a

reporter group, an intercalator, a group for improving the pharmacokinetic

properties of an oligonucleotide, or a group for improving the pharmacodynamic

properties of an oligonucleotide, and other substituents having similar properties.

One modification is 2'-methoxyethoxy (2'-O-CH 2C H2OCH3, also

known as 2'-O-(2-methoxyethyl) o 2'-MOE) (Martin et ai, Helv. Chim. Acta 1995,

78, 486-504) i.e., an alkoxyalkoxy group. Other modifications include

2'-dimethylaminooxyethoxy, i.e., a O(CH2)2ON(CH 3)2 group, also known as 2'-

DMAOE, and 2'-dimethylaminoethoxyethoxy (2'-DMAEOE) as described in

examples herein below. Other modifications include 2'-methoxy (2'-O~CH 3) , 2'-

aminopropoxy (2'-OCH2C H2CH2NH2) and 2'-fluoro (2'-F). Similar modifications

may also be made at other positions on the oligonucleotide, particularly the 3'



position of the sugar on the 3' terminal nucleotide or in 2'-5' linked oligonucleotides

and the 5' position of 5' terminal nucleotide.

The oligonucleotides, e.g., raf antisense oligonucleotides, may have

sugar mimetics such as cyclobutyl moieties in place of the pentofuranosyl sugar.

Representative United States patents that teach the preparation of such modified

sugars structures include, but are not limited to, U.S. Pat. Nos. 4,981 ,957;

5,1 18,800; 5,319,080; 5,359,044; 5,393,878; 5,446,137; 5,466,786; 5,514,785;

5,519,134; 5,567,81 1; 5,576,427; 5,591 ,722; 5,597,909; 5,610,300; 5,627,053;

5,639,873; 5,646,265; 5,658,873; 5,670,633; and 5,700,920, the contents of which

are incorporated herein by reference.

The oligonucleotides, e.g., raf antisense oligonucleotides, may also

include nucleobase (often referred to in the art simply as "base") modifications or

substitutions. As used herein, "unmodified" or "natural" nucleobases include the

purine bases adenine (A) and guanine (G), and the pyrimidine bases thymine (T),

cytosine (C) and uracil (U). Modified nucleobases include other synthetic and

natural nucleobases such as 5-methylcytosine (5-me-C or m5c), 5-hydroxymethyl

cytosine, xanthine, hypoxanthine, 2-aminoadenine, 6-methyl and other alkyl

derivatives of adenine and guanine, 2-propyl and other alkyl derivatives of adenine

and guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, 5-halouracil and

cytosine, 5-propynyl uracil and cytosine, 6-azo uracil, cytosine and thymine, 5-

uracil (pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl

and other 8-substituted adenines and guanines, 5-halo particularly 5-bromo, 5-

trifluoromethyl and other 5-substituted uracils and cytosines, 7-methylguanine and

7-methyladenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine and 7-

deazaadenine and 3-deazaguanine and 3-deazaadenine. Further nucleobases

include those disclosed in U.S. Pat. No. 3,687,808, those disclosed in the Concise

Encyclopedia Of Polymer Science And Engineering 1990, pages 858-859,

Kroschwitz, J. I., ed. John Wiley & Sons, those disclosed by Englisch et al.

(Angewandte Chemie, International Edition 1991 , 30, 613-722), and those



disclosed by Sanghvi, Y . S., Chapter 15, Antisense Research and Applications

1993, pages 289-302, Crooke, S. T. and Lebleu, B., ed., CRC Press. Certain of

these nucleobases are particularly useful for increasing the binding affinity of the

oligomeric compounds of the invention. These include 5-substituted pyrimidines,

6-azapyrimidines and N-2, N-6 and 0-6 substituted purines, including 2-

aminopropyladenine, 5-propynyluracil and 5-propynylcytosine. 5-methylcytosine

substitutions have been shown to increase nucleic acid duplex stability by 0.6-

1.2.degree. C. (Sanghvi, Y . S., Crooke, S. T. and Lebleu, B., eds., Antisense

Research and Applications 1993, CRC Press, Boca Raton, pages 276-278). In

certain embodiments, 5-methylcytosine substitutions are present in combination

with 2'-0-methoxyethyl sugar modifications.

Representative United States patents that teach the preparation of

certain of the above noted modified nucleobases as well as other modified

nucleobases include, but are not limited to, U.S. Pat. Nos. 3,687,808, 4,845,205;

5,130,302; 5,134,066; 5,175,273; 5,367,066; 5,432,272; 5,457,187; 5,459,255;

5,484,908; 5,502,177; 5,525,71 1; 5,552,540; 5,587,469; 5,594,121 , 5,596,091 ;

5,614,617; and 5,681 ,941 , the contents of which are incorporated herein by

reference.

Oligonucleotides provided herein may comprise one or more peptide

nucleic acid (PNAs) subunits. Peptide nucleic acids (PNAs) are analogs of DNA in

which the backbone is structurally homomorphous with a deoxyribose backbone,

consisting of N-(2-aminoethyl) glycine units to which pyrimidine or purine bases

are attached. PNAs containing natural pyrimidine and purine bases hybridize to

complementary oligonucleotides obeying Watson-Crick base-pairing rules, and

mimic DNA in terms of base pair recognition (Egholm, Buchardt et al. 1993). The

backbone of PNAs is formed by peptide bonds rather than phosphodiester bonds,

making them well-suited for antisense applications (see structure below). A

backbone made entirely of PNAs is uncharged, resulting in PNA/DNA or PNA/RNA



duplexes that exhibit greater than normal thermal stability. PNAs are not

recognized by nucleases or proteases.

PNAs may be produced synthetically using any technique known in

the art. PNA is a DNA analog in which a polyamide backbone replaces the

traditional phosphate ribose ring of DNA. Despite a radical structural change to

the natural structure, PNA is capable of sequence-specific binding in a helix form

to DNA or RNA. Characteristics of PNA include a high binding affinity to

complementary DNA or RNA, a destabilizing effect caused by single-base

mismatch, resistance to nucleases and proteases, hybridization with DNA or RNA

independent of salt concentration and triplex formation with homopurine DNA.

Panagene™ has developed its proprietary Bts PNA monomers (Bts;

benzothiazole-2-sulfonyl group) and proprietary oligomerisation process. The PNA

oligomerisation using Bts PNA monomers is composed of repetitive cycles of

deprotection, coupling and capping. Panagene's patents to this technology include

US 6969766, US 721 1668, US 7022851 , US 7125994, US 7145006 and US

7179896. Representative United States patents that teach the preparation of PNA

compounds include, but are not limited to, U.S. Pat. Nos. 5,539,082; 5,714,331 ;

and 5,719,262, each of which is herein incorporated by reference. Further

teaching of PNA compounds can be found in Nielsen et al., Science, 1991 , 254,

1497.

Also included are "locked nucleic acid" subunits (LNAs). The

structures of LNAs are known in the art: For example, Wengel, et al., Chemical

Communications (1998) 455; Tetrahedron (1998) 54, 3607, and Accounts of

Chem. Research (1999) 32, 301 ) ; Obika, et al., Tetrahedron Letters (1997) 38,

8735; (1998) 39, 5401 , and Bioorganic Medicinal Chemistry (2008)16, 9230.

Polynucleotides and oligonucleotides may incorporate one or more

LNAs; in some cases, the compounds may be entirely composed of LNAs.

Methods for the synthesis of individual LNA nucleoside subunits and their

incorporation into oligonucleotides are known in the art: U.S. Patents 7,572,582;



7,569,575; 7,084,125; 7,060,809; 7,053,207; 7,034,133; 6,794,499; and 6,670,461 .

Typical intersubunit linkers include phosphodiester and phosphorothioate moieties;

alternatively, non-phosphorous containing linkers may be employed. One

embodiment includes an LNA containing compound where each LNA subunit is

separated by a RNA or a DNA subunit (i.e., a deoxyribose nucleotide). Further

exemplary compounds may be composed of alternating LNA and RNA or DNA

subunits where the intersubunit linker is phosphorothioate.

Certain polynucleotides or oligonucleotides may comprise

morpholino-based subunits bearing base-pairing moieties, joined by uncharged or

substantially uncharged linkages. The terms "morpholino oligomer" or "PMO"

(phosphoramidate- or phosphorodiamidate morpholino oligomer) refer to an

oligonucleotide analog composed of morpholino subunit structures, where (i) the

structures are linked together by phosphorus-containing linkages, one to three

atoms long, preferably two atoms long, and preferably uncharged or cationic,

joining the morpholino nitrogen of one subunit to a 5' exocyclic carbon of an

adjacent subunit, and (ii) each morpholino ring bears a purine or pyrimidine or an

equivalent base-pairing moiety effective to bind, by base specific hydrogen

bonding, to a base in a polynucleotide.

Variations can be made to this linkage as long as they do not

interfere with binding or activity. For example, the oxygen attached to phosphorus

may be substituted with sulfur (thiophosphorodiamidate). The 5' oxygen may be

substituted with amino or lower alkyl substituted amino. The pendant nitrogen

attached to phosphorus may be unsubstituted, monosubstituted, or disubstituted

with (optionally substituted) lower alkyl. The purine or pyrimidine base pairing

moiety is typically adenine, cytosine, guanine, uracil, thymine or inosine. The

synthesis, structures, and binding characteristics of morpholino oligomers are

detailed in U.S. Patent Nos. 5,698,685, 5,217,866, 5,142,047, 5,034,506,

5,166,315, 5,521 ,063, and 5,506,337, and PCT Appn. Nos. PCT/US07/1 1435



(cationic linkages) and US08/012804 (improved synthesis), all of which are

incorporated herein by reference.

In certain embodiments, the oligonucleotides, e.g., raf antisense

oligonucleotides, comprises a cap structure" or "terminal cap moiety.

Another optional modification of the oligonucleotides, e.g., raf

antisense oligonucleotides, involves chemically linking to the oligonucleotide one

or more moieties or conjugates which enhance the activity, cellular distribution or

cellular uptake of the oligonucleotide. Such moieties include but are not limited to

lipid moieties such as a cholesterol moiety (Letsinger et al., Proc. Natl. Acad. Sci.

USA 1989, 86, 6553-6556), cholic acid (Manoharan et al., Bioorg. Med. Chem.

Lett. 1994, 4 , 1053-1059), a thioether, e.g., hexyl-S-tritylthiol (Manoharan et al.,

Ann. N.Y. Acad. Sci. 1992, 660, 306-309; Manoharan et al., Bioorg. Med. Chem.

Let. 1993, 3 , 2765-2770), a thiocholesterol (Oberhauser et al., Nucl. Acids Res.

1992, 20, 533-538), an aliphatic chain, e.g., dodecandiol or undecyl residues

(Saison-Behmoaras et al., EMBO J. 1991 , 10, 1111-1 118; Kabanov et al., FEBS

Lett. 1990, 259, 327-330; Svinarchuk et al., Biochimie 1993, 75, 49-54), a

phospholipid, e.g., di-hexadecyl-rac-glycerol o triethylammonium 1,2-di-O-

hexadecyl-rac-glycero-3-H-phosphonate (Manoharan et al., Tetrahedron Lett.

1995, 36, 3651-3654; Shea et al., Nucl. Acids Res. 1990, 18, 3777-3783), a

polyamine or a polyethylene glycol chain (Manoharan et al., Nucleosides &

Nucleotides 1995, 14, 969-973), o adamantane acetic acid (Manoharan et al.,

Tetrahedron Lett. 1995, 36, 3651-3654), a palmityl moiety (Mishra et al., Biochim.

Biophys. Acta 1995, 1264, 229-237), or an octadecylamine or hexylamino-

carbonyl-oxycholesterol moiety (Crooke et al., J. Pharmacol. Exp. Ther., 1996,

277, 923-937).

Representative United States patents that teach the preparation of

such oligonucleotide conjugates include, but are not limited to, U.S. Pat. Nos.

4,828,979; 4,948,882; 5,218,105; 5,525,465; 5,541 ,313; 5,545,730; 5,552,538;

5,578,717, 5,580,731 ; 5,580,731 ; 5,591 ,584; 5,109,124; 5,1 18,802; 5,138,045;



5,414,077; 5,486,603; 5,512,439; 5,578,718; 5,608,046; 4,587,044; 4,605,735;

4,667,025; 4,762,779; 4,789,737; 4,824,941 ; 4,835,263; 4,876,335; 4,904,582;

4,958,013; 5,082,830; 5,1 12,963; 5,214,136; 5,082,830; 5,1 12,963; 5,214,136;

5,245,022; 5,254,469; 5,258,506; 5,262,536; 5,272,250; 5,292,873; 5,317,098;

5,371 ,241 , 5,391 ,723; 5,416,203, 5,451 ,463; 5,510,475; 5,512,667; 5,514,785;

5,565,552; 5,567,810; 5,574,142; 5,585,481 ; 5,587,371 ; 5,595,726; 5,597,696;

5,599,923; 5,599,928 and 5,688,941 , the contents of which are incorporated herein

by reference.

In certain embodiments, an oligonucleotide used according to the

present invention has a structure as described in PCT Application Publication No.

WO2009/1 02427, PCT Application Publication No. WO201 0/001 1346, or PCT

Application Publication No. WO201 0/033246. WO2009/1 02427 describes, e.g.,

double-stranded RNA (dsRNA) constructs of 12- 49 (preferably 19-49) nucleotides

in length, for inhibiting expression of a target gene, said dsRNA comprising: ( 1) a

sense strand having a 5'-end and a 3'-end, wherein one or more nucleotides at

each of said 5'- and 3'-ends of said sense strand have 2'-modified ribose sugars,

and, (2) an antisense strand having a 5'-end and a 3'-end, which hybridizes to said

sense strand and to mRNA of said target gene, wherein said antisense strand

includes a 2'-modified ribose sugar at the 2nd nucleotide from the 5'-end of the

antisense strand, wherein (a) said dsRNA is resistant to cleavage by Dicer, (b) the

antisense strand associates with RISC, and (c) the dsRNA inhibits expression of

the target gene in a sequence-dependent manner. WO201 0/01 1346 describes,

e.g., a polynucleotide construct comprising two identical single-stranded

polynucleotides, each of the single-stranded polynucleotide comprising a 5 '-stem

sequence having a 5 '-end, a 3 '-stem sequence having a 3 '-end, and a linker

sequence linking the 5'-stem sequence and the 3'-stem sequence, wherein: ( 1 ) the

5'-stem sequence of a first single-stranded polynucleotide hybridize with the 3 '-

stem sequence of a second single- stranded polynucleotide to form a first double-

stranded stem region; (2) the 5'-stem sequence of the second single-stranded



polynucleotide hybridize with the 3 '-stem sequence of the first single-stranded

polynucleotide to form a second double-stranded stem region; and, (3) the linker

sequences of the first and the second single-stranded polynucleotides form a loop

or bulge connecting the first and the second double-stranded stem regions,

wherein the 5 '-stem sequence and at least a portion of the linker sequence form a

guide sequence complementary to a transcript of a target gene, wherein the

polynucleotide construct mediates sequence-dependent gene silencing of

expression of the target gene. WO20 10/033246 describes, e.g., a double stranded

nucleic acid molecule comprising a guide strand, with a minimal length of 16

nucleotides, and a passenger strand forming a double stranded nucleic acid,

having a double stranded region and a single stranded region, the double stranded

region having 8-15 nucleotides in length, the single stranded region having 4-12

nucleotides in length, wherein position 1 of the guide strand is 5' phosphorylated or

has a 2' O-methyl modification, wherein the passenger strand is linked to a

lipophilic group, wherein at least 40% of the nucleotides of the double stranded

nucleic acid are modified, and wherein the double stranded nucleic acid molecule

has one end that is blunt or includes a one nucleotide overhang.

In certain embodiments, an oligonucletoide used according to the

present invention is a Dicer substrate. In other embodiments, it is not processed

by Dicer but is incorporated into RISC. Chemical modification of RNA duplexes

can provide practical advantages for RNA interference (RNAi) triggering molecules

including increased stability, safety and specificity. It is known that dsRNAs >/=25

bp are processed by Dicer to create classic 19-bp siRNAs with 3'-end overhangs.

The impact of nucleotide modifications on Dicer processing, RISC loading and

RNAi-mediated mRNA cleavage were investigated with duplexes >/=25 bp in

length by Salomon, W. and Bulock, et al. They demonstrated that the presence of

minimal modification configurations on longer RNA duplexes can block Dicer

processing and result in the loading of the full-length guide strand into RISC with

resultant mRNA cleavage at a defined site. These longer, modified duplexes can



be highly potent gene silencers, with EC50s in the picomolar concentration range,

demonstrating that Dicer processing is not required for incorporation into RISC or

potent target silencing. (Salomon, W. et al. (201 0). "Modified dsRNAs that are not

processed by Dicer maintain potency and are incorporated into the RISC." Nucleic

Acids Res. 2010, 1-9). In particular embodiments, an oligonucleotide used

according to the present invention has a structure as described in this article.

The oligonucleotides used in accordance with this invention may be

conveniently and routinely made through the well-known technique of solid phase

synthesis. Equipment for such synthesis is sold by several vendors including

Applied Biosystems. Any other means for such synthesis may also be employed;

the actual synthesis of the oligonucleotides is well within the talents of the

routineer. It is also well known to use similar techniques to prepare other

oligonucleotides such as the phosphorothioates and alkylated derivatives. It is

also well known to use similar techniques and commercially available modified

amidites and controlled-pore glass (CPG) products such as biotin, fluorescein,

acridine or psoralen-modified amidites and/or CPG (available from Glen Research,

Sterling, VA) to synthesize fluorescently labeled, biotinylated or other modified

oligonucleotides such as cholesterol-modified oligonucleotides.

The oligonucleotides, e.g., raf antisense oligonucleotides, of the

present invention modulate raf gene expression. In certain embodiments, they

inhibit c-raf gene expression. In particular embodiments, they target a

polynucleotide having a sequence set forth in SEQ ID NO: 28 (GENBANK

Accession No. NM_002880).

In certain embodiments, selection of a sequence region

complementary to a target gene (or gene) is based upon analysis of the chosen

target sequence and determination of secondary structure, Tm, binding energy, and

relative stability and cell specificity. Such sequences may be selected based upon

their relative inability to form dimers, hairpins, or other secondary structures that

would reduce structural integrity of the polynucleotide or prohibit specific binding to



the target gene in a host cell. For example, target regions of the target gene or

mRNA may include those regions at or near the AUG translation initiation codon

and those sequences that are substantially complementary to 5' regions of the

gene or mRNA. These secondary structure analyses and target site selection

considerations can be performed, for example, using v.4 of the OLIGO primer

analysis software and/or the BLASTN 2.0.5 algorithm software (Altschul et al.,

Nucleic Acids Res. 1997, 25(17):3389-402) or Oligoengine Workstation 2.0, as

well as other algorithms available in the art to identify target sequences within an

mRNA.

The sequences of exemplary c-raf antisense oligonucleotides that

may be used according to the methods and compositions of the present invention

are shown in Table 1. The sequences of exemplary c-raf antisense

oligonucleotides that may be used according to the methods and compositions of

the present invention are shown in Tables 1-4. The antisense oligonucleotides

listed in the tables target human c-raf of SEQ ID NO: 28 (GENBANK Accession

No. NM_002880). Target start position' indicates the 5'-most nucleotide to which

the antisense oligonucleotide is targeted. Target stop position' indicates the 3'-

most nucleotide to which the antisense oligonucleotide is targeted. Sequences are

shown 5' - 3'.



Table 1. Human c-raf Kinase Antisense Oligonucleotides

Exemplary 2'-modified c-raf antisense oligonucleotides comprising

either phosphodiester (P=O) or phosphorothioate (P=S) backbones and uniformly

substituted at the 2' position of the sugar with either a 2'-O-methyl, 2'-O-propyl, or

2'-fluoro group are shown in Table 2 .



Table 2 . Uniformly 2' Sugar-modified c-raf Oligonucleotides

Exemplary chimeric oligonucleotides having SEQ ID NO: 8 and

having central "gap" regions of 6 , 8 , or 10 deoxynucleotides flanked by two regions

of 2'-O-methyl modified nucleotides are shown in Table 3 . Backbones may be

uniformly phosphorothioate. Additional chimeric oligonucleotides having one or

more regions of 2'-O-methyl modification and uniform phosphorothioate backbones

are shown in Table 3 . All are phosphorothioates; bold regions indicate 2'-O-

methyl modified regions.



Table 3. Chimeric 2'-0-methyl P = S c-raf oligonucleotides

Additional exemplary chimeric oligonucleotides with various 2'

modifications are shown in Table 4 . All are phosphorothioates; bold regions

indicate 2'-modified regions.

Table 4 . Chimeric 2'-modified P = S c-raf oligonucleotides

Exemplary chimeric oligonucleotides with 2'-0-propyl sugar

modifications and chimeric P=0/P=S backbones are shown in Table 5 , in which

italic regions indicate regions which are both 2'-modified and have phosphodiester

backbones.



Table 5 . Chimeric 2'-modified P=S/P=0 c-raf oligonucleotides

It is understood that for any of the oligonucleotides described herein

may include one or more uridine residues instead of one or more thymidine

residues. In addition, 2'-methoxyethyl-5-methyluridine (2'MOE MeU) nucleosides

are also sometimes designated as 2'-methoxyethylribothymidine (2'-MOE T).

In particular embodiments, a raf antisense oligonucleotide of the

present invention has a "gapmer" or "gap-widened" structure, which is an

antisense compound in which an internal sequence (or region) having a plurality of

nucleotides that supports RNaseH cleavage is positioned between external

sequences (or regions) having one or more nucleotides that are chemically distinct

from the nucleosides of the internal region. A "gap segment" means the plurality of

nucleotides that make up the internal region of a gapmer. A "wing segment"

means the external region of a gapmer. In particular embodiments, a gap segment

includes 4 , 5 , 6 , 7 , 8 , 9 , 10, 11, or 12 nucleotides. In certain embodiments, an

oligonucleotide comprises a gap segment of 10 nucleotides flanked by two wing

segments of 5 nucleotides each. In certain embodiments, an oligonucleotide

comprises a gap segment of 8 nucleotides flanked by two wing segments of 6

nucleotides each.

In one embodiment, a c-raf antisense oligonucleotide is a full

phosphorothioate analog consisting of the sequence,

TCCCGCCTGTGACATGCATT (SEQ ID NO:8), with 2'-0-methoxyethyl

substitutions at positions 1-6 and 15-20, and wherein residues 7-14 are unmodified

2'-deoxy. In a highly related embodiment, a c-raf antisense oligonucleotide is a full

phosphorothioate analog consisting of the sequence,



UCCCGCCTGTGACAUGCAUU (SEQ ID NO:29), with 2'-0-methoxyethyl

substitutions at positions 1-6 and 15-20, and wherein residues 7-14 are unmodified

2'-deoxy, which may also be depicted as 5'-

MeUMeCMeCMeCGMeCCTGTGACA MeUGMeCAMeUMeU-3' (SEQ ID NO:29), wherein

the underlined residues are 2'MOE nucleosides.

In certain embodiments, methods of the present invention utilize a

modified c-raf antisense oligonucleotide comprising or consisting of a sequence

100% complementary to nucleobases 2771 to 2790 of SEQ ID NO:28. In one

embodiment, the modified oligonucleotide comprises or consists of the nucleobase

sequence of SEQ ID NO:29.

In certain embodiments, the modified oligonucleotide comprises: a

gap segment consisting of linked deoxynucleosides; a 5' wing segment consisting

of linked nucleosides; and a 3' wing segment consisting of linked nucleosides;

wherein the gap segment is positioned between the 5' wing segment and the 3'

wing segment; and wherein each nucleoside of each wing segment comprises a

modified sugar. In particular embodiments, the modified oligonucleotide consists

of 20 nucleobases. In certain embodiments, the modified oligonucleotide

comprises: a gap segment consisting of eight linked deoxynucleosides; a 5' wing

segment consisting of six linked nucleosides; and a 3' wing segment consisting of

six linked nucleosides; wherein the gap segment is positioned between the 5' wing

segment and the 3' wing segment; wherein each nucleoside of each wing segment

comprises a 2'-0-methoxyethyl sugar; wherein each internucleoside linkage is a

phosphorothioate linkage; and wherein each cytosine is a 5-methylcytosine.

In certain embodiments, the c-raf antisense oligonucleotide

comprises or consists of the sequence, UCCCGCCTGTGACAUGCAUU (SEQ ID

NO:29). In particular embodiments, the oligonucleotide is a full phosphorothioate

analog. In additional embodiments, this oligonucleotide comprises one or more 2'-

O-methoxyethyl substitutions. In one embodiment, the oligonucleotide comprises

or consists of the sequence, UCCCGCCTGTGACAUGCAUU (SEQ ID NO:29),



wherein the oligonucleotide is a full phosphorothioate analog, wherein the

oligonucleotide comprises 2'-0-methoxyethyl substitutions at positions 1-6 and 15-

20, and wherein residues 7-14 are unmodified 2'-deoxy.

The present invention further includes salt forms of the raf antisense

oligonucleotides, such as, e.g., nonadecasodium salts. In one embodiment, the raf

antisense oligonucleotide is a nonadecasodium salt of a c-raf antisense

oligonucleotide that is a full phosphorothioate analog consisting of the sequence,

UCCCGCCTGTGACAUGCAUU (SEQ ID NO:29), with 2'-0-methoxyethyl

substitutions at positions 1-6 and 15-20, and wherein residues 7-14 are unmodified

2'-deoxy, which has a molecular formula of C234H3 i o 680 i26 i9S i 9Nai9.

The above oligonucleotides may be prepared by methods known in

the art. In one embodiment, they are synthesized by a multi-step process that may

be divided into two distinct operations: solid phase synthesis and downstream

processing. In the solid-phase synthesis operation, the nucleoside sequence is

assembled by a computer controlled solid-phase synthesizer. The downstream

process includes deprotection, reverse-phase chromatographic purification,

isolation, and lyophilization.

The present invention contemplates the use of any and all raf

antisense oligonucleotides comprising or consisting of one or more of these

exemplified sequences, in addition to any other raf antisense oligonucleotides or

other oligonucletoides capable of modulating raf gene expression. In particular

embodiments, a raf antisense oligonucleotide or other oligonucleotide of the

present invention selectively modulates expression of one raf gene, while in other

embodiments, a raf antisense oligonucleotide of the present invention modulates

expression of two or more raf genes.

Anti-HCV Agents

In certain aspects, raf antisense oligonucleotides as described above

are used in combination with one or more other anti-HCV agents. In fact, the



present invention contemplates that essentially any type of agent or treatment

having a desired activity against HCV may be used in combination with the raf

antisense oligonucleotides provided herein. Such agents may include any of a

variety of different types of molecules, including, but not limited to, peptides,

polypeptides, polynucleotides, antisense oligonucleotides, siRNA's, short hairpin

RNA (shRNA), DNAzymes, ribozymes, antibodies, small organic compounds,

metals, small inorganic molecules, radionuclides and the like.

In certain embodiments, an anti-HCV agent is selected from the

group consisting of an HCV polymerase inhibitor, an HCV protease inhibitor, an

inhibitor of another target in the HCV life cycle, an immunomodulatory agent, an

antiviral agent, or a combination thereof.

Exemplary immunomodulatory agents include, but are not limited to;

natural and recombinant interferon isoform compounds, a-interferon, β-interferon,

γ-interferon, o-interferon, Intron® A , Roferon® A , Canferon®-A300, Advaferon®,

Infergen®, Humoferon®, Sumiferon® MP, Alfaferone®, IFN-β® , Feron®,

polyethylene glycol derivatized (pegylated) interferon compounds, PEG interferon-

-2a (Pegasys®), PEG interferon - -2b (PEG-lntron®), and pegylated IFN - -con1

and the like; long acting formulations and derivatizations of interferon compounds

such as the albumin-fused interferon albuferon -a and the like; and compounds that

stimulate the synthesis of interferon in cells, such as resiquimod and the like.

Other exemplary immunomodulatory agents can include, for

example, interleukins; compounds that enhance the development of type 1 helper

T cell response, such as SCV-07 and the like; other cytokines; CpG

oligonucleotides; TOLL-like receptor agonists such as CpG-10101 (actilon),

isatoribine and the like; thymosin a -1; ANA-245; ANA-246; histamine

dihydrochloride; propagermanium; tetrachlorodecaoxide; ampligen; IMP-321 ; KRN-

7000; antibodies, such as civacir, XTL-6865 and the like; and prophylactic and

therapeutic vaccines such as InnoVac C, HCV E 1E2/MF59 and the like.



Illustrative antiviral agents include, but are not limited to, ribavirin,

amantadine, viramidine, nitazoxanide, telbivudine, NOV-205, taribavirin, inhibitors

of internal ribosome entry, broad-spectrum viral inhibitors, such as IMPDH

inhibitors (e.g., compounds of U.S. Pat. No. 5,807,876, U.S. Pat. No. 6,498,178,

U.S. Pat. No. 6,344,465, U.S. Pat. No. 6,054,472, WO97/40028, WO98/40381 ,

WO00/56331 , and mycophenolic acid and derivatives thereof, and including, but

not limited to VX-950, merimepodib (VX-497), VX-148, and/or VX-944); or

combinations of any of the above.

Illustrative HCV polymerase inhibitors useful according to the present

invention include, but are not limited to, NM283 (valopicitabine), R803, JTK-109,

JTK-003, HCV-371 , HCV-086, HCV-796 and R-1479.

Illustrative inhibitors of HCV proteases (e.g., NS2-NS3 inhibitors and

NS3-NS4A inhibitors) include, but are not limited to, compounds described in

WO02/18369. Other illustrative agents include BILN-2061 , VX-950, GS-9132

(ACH-806), SCH-503034, and SCH-6. Still other illustrative agents include those

disclosed in WO98/17679, WO00/056331 , WO 98/22496, WO 99/07734, WO

2005/073216 and WO 2005073195.

Exemplary inhibitors HCV life cycle targets can include NS3 helicase

inhibitors, metallo-protease inhibitors, alpha glucosidase and the like.

In one specific embodiment of the invention, the anti-HCV agent

used in combination with a raf antisense oligonucleotide is a-interferon, pegylated

a-interferon, ribavirin, or a combination thereof.

Pharmaceutical Compositions

The present invention further provides pharmaceutical compositions

and formulations comprising an oligonucleotide that targets a raf nucleic acid, e.g.,

a raf antisense oligonucleotide, in combination with another anti-HCV agent. For

example, in one illustrative embodiment, raf antisense oligonucleotides of the

present invention are used in combination with one or more anti-HCV agents to



provide increased or synergistic improvement in treating HCV infection based, for

example, on mechanism of action and non-overlapping toxicity profiles.

The oligonucleotide(s) that targets a raf nucleic acid, e.g., a raf

antisense oligonucleotide, may be administered prior to, subsequent to, or

simultaneously with one or more anti-HCV agents. In addition, the

oligonucleotide(s) that targets a raf nucleic acid, e.g., a raf antisense

oligonucleotide, may be delivered in a separate formulation or in the same

formulation as the additional anti-HCV agent(s). Furthermore, where

oligonucleotides of the present invention are administered in a drug delivery

device, including those described herein, the second therapeutic agent may be

delivered independently or may also be included in the drug delivery device.

Oligonucleotides that target a raf nucleic acid, e.g., raf antisense

oligonucleotides, and anti-HCV agents of the invention may be formulated as

pharmaceutical compositions suitable for delivery to a subject. The

pharmaceutical compositions will often further comprise one or more buffers {e.g.,

neutral buffered saline or phosphate buffered saline), carbohydrates (e.g., glucose,

mannose, sucrose, dextrose or dextrans), mannitol, proteins, polypeptides or

amino acids such as glycine, antioxidants, bacteriostats, chelating agents such as

EDTA or glutathione, adjuvants (e.g., aluminum hydroxide), solutes that render the

formulation isotonic, hypotonic or weakly hypertonic with the blood of a recipient,

suspending agents, thickening agents, preservatives and the like. Alternatively,

compositions of the present invention may be formulated as a lyophilizate. Of

course, it will be understood that the pharmaceutical compositions may further

comprise any additional agents necessary or desired for any of a variety of

reasons, including increasing efficacy, reducing undesirable side effects, etc.

Suitable formulations for use in the present invention can be found,

e.g., in Remington's Pharmaceutical Sciences, Mack Publishing Company,

Philadelphia, PA, 17 th Ed. (1985). Often, intravenous compositions will comprise a

solution of the therapeutic agent in an acceptable carrier, such as an aqueous



carrier. Any of a variety of aqueous carriers can be used, e.g., water, buffered

water, 0.4% saline, 0.9% isotonic saline, 0.3% glycine, 5% dextrose, and the like,

and may include glycoproteins for enhanced stability, such as albumin, lipoprotein,

globulin, etc. Often, normal buffered saline (135-150 mM NaCI) or 5% dextrose

will be used. These compositions can be sterilized by conventional sterilization

techniques, such as filtration. The resulting aqueous solutions may be packaged

for use or filtered under aseptic conditions and lyophilized, the lyophilized

preparation being combined with a sterile aqueous solution prior to administration.

The compositions may also contain pharmaceutically acceptable auxiliary

substances as required to approximate physiological conditions, such as pH

adjusting and buffering agents, tonicity adjusting agents and the like, for example,

sodium acetate, sodium lactate, sodium chloride, potassium chloride, calcium

chloride, etc.

The compositions and formulations of the invention may be

administered by essentially any suitable means, illustrative examples of which

include parenteral, intravenous, systemic, local, oral, intratumoral, intramuscular,

intraocular, eye drops, subcutaneous, intraperitoneal, inhalation, or any other

suitable method of delivery.

In one embodiment, the therapeutic agents of the present invention

are administered parenterally, i.e., intraarticular^, intravenously, intraperitoneal^,

subcutaneously, or intramuscularly. In a more specific embodiment, they are

administered by intravenous infusion or intraperitoneally by a bolus injection. For

example, in one embodiment, a patient is given an intravenous infusion of one or

more raf antisense oligonucleotides and/or anti-HCV agents through a running

intravenous line over, e.g., 5-10 minutes, 15-20 minutes, 30 minutes, 60 minutes,

90 minutes, or longer. In one embodiment, a 60 minute infusion is used. In other

embodiments, an infusion ranging from 6-10 or 15-20 minutes is used. Such

infusions can be given periodically, e.g., once every 1, 3 , 5 , 7 , 10, 14, 2 1, or 28

days or longer.



In another more specific embodiment, the therapeutic agents of the

present invention are administered subcutaneously, e.g., on a weekly basis. They

may alternatively be administered subcutaneously more or less frequently, e.g.,

once every 3-5 days, once every two weeks, or once every four weeks for a period

of time. In particular embodiments where a therapeutic agent of the present

invention is used in combination with another anti-HCV agent, both agents may be

administered subcutaneously, e.g., once a week, once every 3-5 days, once every

two weeks, or once every four weeks for a period of time,

Formulations for topical administration may include, for example,

ointments, lotions, creams, gels, drops, suppositories, sprays, liquids and powders.

Conventional pharmaceutical carriers, aqueous, powder or oily bases, thickeners

and the like may be necessary or desirable.

Formulations for oral administration may include, for example,

powders or granules, suspensions or solutions in water or non-aqueous media,

capsules, sachets, or tablets. Thickeners, flavorings, diluents, emulsifiers,

dispersing aids or binders may also be desirable.

Formulations for parenteral administration may include, for example,

sterile aqueous solutions which may also contain buffers, diluents and other

suitable additives.

In addition to such pharmaceutical carriers, cationic lipids or other

agents may be included in the formulations to facilitate oligonucleotide uptake.

One such composition shown to facilitate uptake is LIPOFECTIN (a 1: 1 liposome

formulation of the cationic lipid N-[1-(2,3-dioleyloxy)propyl]-N,N,N-

trimethylammonium chloride (DOTMA) and dioleoyl phosphatidylethanolamine

(DOPE)) (BRL, Bethesda Md.).

Dosing is generally dependent on severity and responsiveness of the

condition to be treated, with a typical course of treatment lasting from several days

to several months or until a cure is effected or a diminution of disease state is

achieved. Optimal dosing schedules can be calculated from measurements of



drug accumulation in the body or at a localized site or based upon a patient's

response. Persons of ordinary skill can easily determine optimum dosages, dosing

methodologies, and repetition rates. Optimum dosages may vary depending on

the relative potency of individual oligonucleotides, and can generally be estimated

based on EC50's in in vitro and in vivo animal studies.

Routes of administration and dosages can be readily determined by

the skilled artisan upon considering the particular disease and, if present, drug

delivery device used. For example, anti-HCV agents used according to the

present invention may be administered using conventional doses and routes of

administration known to those having skill in the art.

The formulation of therapeutic compositions and their subsequent

administration is within the skill in the art. In general, for therapeutics, a patient

suspected of needing such therapy is given an oligonucleotide in accordance with

the invention, commonly in a pharmaceutically acceptable carrier, in amounts and

for periods which will vary depending upon the nature of the particular disease, its

severity and the patient's overall condition.

As note above, the pharmaceutical compositions and formulations of

the present invention can be used in methods for inhibiting the replication of HCV

and thereby treating or preventing HCV infection in a patient. The methods may

also be used to treat infection from any viral-mediated disease or disorder that

benefits from reduced raf expression.

In certain embodiments of the present invention, pharmaceutical

compositions comprising an oligonucleotide that targets a raf nucleic acid, e.g., a

raf antisense oligonucleotide, and/or one or more of the additional HCV therapeutic

agents are administered to a patient so as to achieve systemic delivery of the

agents. In certain embodiments of the present invention, pharmaceutical

compositions comprising an oligonucleotide that targets a raf nucleic acid, e.g., a

raf antisense oligonucleotide, and/or one or more of the additional HCV



therapeutic agents are administered to a patient so as to achieve local delivery of

the agents.

In certain other embodiments, pharmaceutical compositions

comprising oligonucleotides that targets a raf nucleic acid, e.g., raf antisense

oligonucleotides, and/or one or more of the additional HCV therapeutic agents are

provided to a patient in a drug delivery device, typically to achieve prolonged

delivery over a relatively long time period. In certain embodiments, this time period

is at least one week, at least two weeks, at least three weeks, at least one month,

at least two months, at least three months, at least four months, at least six

months, at least nine months, or at least one year.

As described herein, oligonucleotides targeted to portions of the c-raf

mRNA are particularly useful for inhibiting raf expression and for interfering with

HCV replication. In certain embodiments of the methods of the invention, tissues

or cells are contacted with the compositions and formulations of the invention. In

the context of this invention, to "contact" tissues or cells means to add the

oligonucleotide(s) and/or the anti-HCV agent(s), usually in a liquid carrier,

pharmaceutical composition, and/or drug delivery device, to a cell suspension or

tissue sample, either in vitro or ex vivo, or to administer the oligonucleotide(s)

and/or the anti-HCV agent(s) to cells or tissues within an animal, again, typically in

a pharmaceutical formulation or drug delivery device.

According to various embodiments of the methods of the present

invention, the oligonucleotide that targets a raf nucleic acid, e.g., a raf antisense

oligonucleotide, is delivered prior to, concurrently with, or after delivery of the one

or more additional anti-HCV agents used in the combination therapy. One or more

of the oligonucleotide that targets a raf nucleic acid, e.g., a raf antisense

oligonucleotide, and one or more additional therapeutic HCV agents may be

delivered using a single drug delivery devices, or, alternatively, they may be

delivered in separate drug delivery devices. Of course, in particular embodiments,



none, one or some of the therapeutic agents are delivered using a drug delivery

device.

The present invention further includes kits comprising one or more

pharmaceutical compositions of the present invention. In particular embodiments,

a kit of the present invention comprises a pharmaceutical composition comprising

a raf antisense oligonucleotide and a pharmaceutical composition comprising an

additional therapeutic agent, such as an anti-HCV agent described above.

Delivery Devices

The present invention further includes drug delivery devices

comprising an oligonucleotide that targets a raf nucleic acid, e.g., a raf antisense

oligonucleotide, optionally further comprising one or more additional anti-HCV

agents, as described herein. The drug delivery devices of the present invention

are particularly well-suited for the administration and controlled release of

therapeutic agents over a prolonged time-course. Accordingly, they offer

significant advantages over other methods of administration, such as, e.g.,

systemic intravenous delivery, since they require only a single injection or surgical

implantation of the drug delivery device comprising a raf antisense oligonucleotide,

as compared to the multiple intraocular or periocular injections of raf antisense

oligonucleotides or multiple intravenous administrations required when the raf

antisense oligonucleotide is not in a drug delivery device. Drug delivery devices

according to the present invention are typically biocompatible.

Drug delivery devices according to the present invention include

microcapsules. In certain embodiment, an oligonucleotide of the present invention

is entrapped in a microcapsule prepared, for example, by coacervation techniques

or by interfacial polymerization, for example, hydroxymethylcellulose or gelatin-

microcapsules and poly-(methylmethacylate) microcapsules, respectively; in

colloidal drug delivery systems (for example, liposomes, niosomes, albumin

microspheres, microemulsions, nano-particles and nanocapsules) or in



macroemulsions. Such techniques are disclosed in Remington's Pharmaceutical

Sciences 16th edition, Osol, A . Ed. (1980). Other microcapsules include, e.g.,

nanoparticles and microparticles.

In one embodiment, a drug delivery device of the present invention

comprises a sustained-release preparation of an oligonucleotide that targets a raf

nucleic acid, e.g., a raf antisense oligonucleotide, optionally further comprising one

or more other anti-HCV agents. Suitable examples of sustained-release

preparations include semipermeable matrices of solid hydrophobic polymers

containing the antagonist, which matrices are in the form of shaped articles, e.g.

films, or microcapsules. Examples of sustained-release matrices include

polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate), or

poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), copolymers of L-

glutamic acid and ethyl-L-glutamate, non-degradable ethylene-vinyl acetate,

degradable lactic acid-glycolic acid copolymers such as the LUPRON DEPOT.TM.

(injectable microspheres composed of lactic acid-glycolic acid copolymer and

leuprolide acetate), biocompatible polymers, and poly-D-(-)-3-hydroxybutyric acid.

In additional embodiments, drug delivery devices according to the

present invention comprise a biocompatible matrix. Biocompatible matrices of the

present invention may comprise, e.g., collagen, metal, hydroxyapatite, bioglass,

aluminate, bioceramic materials, and purified proteins.

In one particular embodiment, the drug delivery device comprises

Atrigel™ (QLT, Inc., Vancouver, B.C.). The Atrigel ® drug delivery system consists

of biodegradable polymers dissolved in biocompatible carriers. Pharmaceuticals

may be blended into this liquid delivery system at the time of manufacturing or,

depending upon the product, may be added later by the physician at the time of

use. When the liquid product is injected into the subcutaneous space through a

small gauge needle or placed into accessible tissue sites through a cannula, water

in the tissue fluids causes the polymer to precipitate and trap the drug in a solid



implant. The drug encapsulated within the implant is then released in a controlled

manner as the polymer matrix biodegrades with time.

In certain embodiments, the present invention provides a drug

delivery device suitable for ocular administration of an oligonucleotide that targets

a raf nucleic acid, e.g., a raf antisense oligonucleotide, alone or in combination

with one or more additional therapeutic agents. In one embodiment, the drug

delivery device comprises an erodable polylacticglycolic acid (PLGA) matrix, such

as that used in the Posurdex® system (Allergan, Irvine, CA). Posurdex® is a

bioerodable extended release implant that delivers dexamethasone to the targeted

disease site at the posterior-segment of the eye.

In another embodiment, a drug delivery device of the present

invention comprises a polymer. Polymers such as poly(lactic acid) or poly(glycolic

acid) undergo hydrolytic degradation in the body and become monomers of lactic

acid or glycolic acid. These monomers can be metabolized and eliminated from

the tissues. It is possible to incorporate drugs in the matrix of these polymers.

The polymer containing the drug releases the drug for a sustained period and

undergoes degradation simultaneously. These polymers have been used as

materials of absorbable surgical sutures for many years and proved to be safe and

biocompatible.

Particularly suitable drug delivery devices of the present invention

provide prolonged delivery of the oligonucleotide that targets a raf nucleic acid,

e.g., a raf antisense oligonucleotide, and/or one or more additional therapeutic

agents, as compared to the duration of delivery in the absence of the drug delivery

device. In preferred embodiments, a drug delivery device increases the

pharmacokinetics, e.g., half-life, of the oligonucleotide by at least two-fold, at least

five-fold, or at least ten-fold as compared to in the absence of the drug delivery

device.



EXAMPLES

EXAMPLE 1

REDUCTION OF HCV TITERS BY TREATMENT WITH RAF ANTISENSE

In order to demonstrate that c-raf antisense oligonucleotides can

inhibit HCV viral replication, human hepatocyte cells (HuH7.5) were transfected

with varying concentrations (0-500 nM) of an illustrative raf antisense

oligonucleotide compound of the invention. The raf antisense oligonucleotide

compound used in the experiments was a full phosphorothioate analog consisting

of the sequence, UCCCGCCTGTGACAUGCAUU (SEQ ID NO:29), with 2'-0-

methoxyethyl substitutions at positions 1-6 and 15-20, and wherein residues 7-14

are unmodified 2'-deoxy. The U nucleosides are also sometimes designated as T.

HuH7.5 cells were cultured in complete medium in the absence of

antibiotics for one week. The cells were then plated on a 12 well plate at 20%

density, one day prior to transfection, to achieve 30-40% density on the day of

transfection. Prior to transfection, the complete medium was removed and

replaced by OptiMEM medium (Gibco, Invitrogen Corp., Carlsbad, CA, USA;

reduced serum medium). Transfection (day - 1) was performed according to

instructions provided by the manufacturer, with the exception that 1.5 µ Ι

oligofectamin (Invitrogen Corp., Carlsbad, CA, USA) per 100 µ Ι volume was used

regardless of the amount of oligonucleotide being transfected. In each experiment,

transfection with a control sequence (200 nM) and transfection with a fluorescent

oligonucleotide (200 nM, Trackit; Gibco, Invitrogen Corp., Carlsbad, CA, USA) was

performed to assess transfection efficiency. After four hours, an equal volume of

DMEM containing 20% serum was added, and the cells were further incubated

overnight. The following day, the cells were washed and transfection efficiencies

were estimated under the fluorescence microscope. Following about 16 hours of

exposure to the compound, the cells were infected with HCV on Day 0 for four

hours and further cultured in DMEM containing 10% FBS. Cell viability was



assessed daily using a conventional microscope. Medium was collected at given

days for determining HCV viral production until Day 6 .

HCV titers were determined by quantitative RT-PCR. First, RNA was

extracted from the cell culture medium by using a Roche High Pure Viral nucleic

acid kit according to the instructions provided with the kit (Roche Applied Science,

Indianapolis, IN, USA). cDNA was then produced from the RNA template using

Superscript III reverse transcriptase (Invitrogen Corp., Carlsbad, CA, USA),

according to the instructions provided. An HCV specific primer (5'-

AGGTTTAGGATTCGTGCTCAT) was used. Quantitative PCR was then

performed using an Applied Biosystems/Taqman Real Time PCR system (Life

Technologies Corp., Carlsbad, CA, USA) and Taqman chemistry, with all

measurements determined in duplicate. 6-FAM-

CACCCTATCAGGCAGTACCACAAGGCC-TAMRA was used as the HCV specific

detection probe, and a primer set detecting the conserved 5'UTR region of HCV

(5'-TGCGGAACCGGTGAGTACA, 5'-AGGTTTAGGATTCGTGCTCAT). For

absolute quantitation, a standard curve of known dilutions of a plasmid containing

the sequence for HCV variant H77c (pCV-H77c) was created.

Cell lysates obtainined on given days were used for determination of

cRaf and actin levels by western blot. Total protein levels were determined by

Lowry protein assay.

As shown in Figure 1, treatment with the raf antisense

oligonucleotide compound resulted in a dose dependent reduction in HCV titers

measured in the cells, with a moderate reduction in viral titers at 200 nM (60%)

and 80-95% at higher concentrations (300-500 nM), in cells transfected the

oligonucleotide, compared to cells transfected with a control antisense molecule.

The suppressing effect was short-lived at lower concentrations, but sustained for

up to 8 days post infection at higher concentrations (single dose). The maximum

effect was observed at four to 6 days post treatment. HCV core protein showed a



similar trend as HCV titers, and NS3 protein levels were less affected by iCo-007

treatment (data not shown).

Transfection efficiency was typically >90%. As shown in Figure 2 , c-

Raf protein levels in cells transfected with a single dose of 200-500 nM

oligonucleotide were reduced by up to 95%, for up to 5 days post transfection.

The maximum effect was seen at four days post treatment. Inhibition at a higher

concentration resulted in a longer suppression of c-Raf expression. C-Raf

suppression did not result in reduced cell growth, and at lower concentrations

(100-200 nM), it appeared to have a slightly stimulating effect on cell growth.

These data demonstrate that raf antisense oligonucleotides efficiently

inhibit viral production in a tissue culture model of HCV infection, supporting their

use to treat HCV infection in patients.

All of the above U.S. patents, U.S. patent application publications,

U.S. patent applications, foreign patents, foreign patent applications and non

patent publications referred to in this specification and/or listed in the Application

Data Sheet, are incorporated herein by reference, in their entirety.

From the foregoing it will be appreciated that, although specific

embodiments of the invention have been described herein for purposes of

illustration, various modifications may be made without deviating from the spirit

and scope of the invention. Accordingly, the invention is not limited except as by

the appended claims.



CLAIMS

1. A method of treating or preventing HCV infection comprising

administering to a subject, or cells thereof, a therapeutically effective amount of an

oligonucleotide 8 to 50 nucleotides in length which is targeted to mRNA encoding

human c-raf (SEQ ID NO: 28), wherein said oligonucleotide inhibits expression of

human c-raf.

2 . The method of claim 1, wherein the oligonucleotide is a modified

oligonucleotide 100% complementary to nucleobases 2771 to 2790 of SEQ ID NO:28.

3 . The method of claim 2 , wherein the modified oligonucleotide

comprises:

a gap segment consisting of linked deoxynucleosides;

a 5' wing segment consisting of linked nucleosides; and

a 3' wing segment consisting of linked nucleosides;

wherein the gap segment is positioned between the 5' wing segment and

the 3' wing segment, and wherein each nucleoside of each wing segment comprises a

modified sugar.

4 . The method of claim 3 , wherein the modified oligonucleotide

consists of 20 nucleobases.

5 . The method of claim 4 , wherein the modified oligonucleotide

comprises:

a gap segment consisting of eight linked deoxynucleosides;

a 5' wing segment consisting of six linked nucleosides; and

a 3' wing segment consisting of six linked nucleosides;



wherein the gap segment is positioned between the 5' wing segment and

the 3' wing segment; wherein each nucleoside of each wing segment comprises a 2'-0-

methoxyethyl sugar; wherein each internucleoside linkage is a phosphorothioate

linkage; and wherein each cytosine is a 5-methylcytosine.

6 . The method of any one of claims 1-5, wherein the oligonucleotide

comprises the nucleobase sequence of SEQ ID NO:8 or SEQ ID NO:29.

7 . The method of claim 6 , wherein the oligonucleotide is a full

phosphorothioate analog consisting of the sequence, TCCCGCCTGTGACATGCATT

(SEQ ID NO:8) or UCCCGCCTGTGACAUGCAUU (SEQ ID NO:29), with 2'-0-

methoxyethyl substitutions at positions 1-6 and 15-20, and wherein residues 7-14 are

unmodified 2'-deoxy.

8 . The method of any one of claims 1-7, further comprising a step of

administering an anti-HCV agent to the subject.

9 . The method of claim 8 , wherein the anti-HCV agent is selected

from the group consisting of an HCV polymerase inhibitor, an HCV protease inhibitor,

an HCV life cycle protein inhibitor, an immunomodulatory agent and an antiviral agent.

10 . The method of claim 3 , wherein the anti-HCV agent is an

immunomodulatory agent selected from the group consisting of a-interferon, β-

interferon, .γ-interferon, o -interferon, Intron® A , Roferon® A , Canferon®-A300,

Advaferon®, Infergen®., Humoferon®., Sumiferon® MP, Alfaferone®., IFN-β®.,

Feron®, polyethylene glycol derivatized (pegylated) interferon compounds, PEG

interferon-a-2a (Pegasys®), PEG interferon-a-2b (PEG-lntron®) and pegylated IFN-a-

con



11. The method of claim 8 , wherein the anti-HCV agent is an antiviral

agent selected from the group consisting of ribavirin, amantadine, viramidine,

nitazoxanide; telbivudine; NOV-205; taribavirin; VX-950, VX-497, VX-148, and VX-944.

12. The method of claim 8 , wherein the anti-HCV agent is an HCV

polymerase inhibitor selected from the group consisting of NM283 (valopicitabine),

R803, JTK-109, JTK-003, HCV-371 , HCV-086, HCV-796 and R-1479.

13. The method of claim 8 , wherein the anti-HCV agent is an HCV

protease inhibitor selected from the group consisting of BILN-2061 , VX-950, GS-91 32

(ACH-806), SCH-503034, and SCH-6.

14. The method of claim 8 , wherein the anti-HCV agent is an HCV life

cycle protein inhibitor selected from the group consisting of a NS3 helicase inhibitor; a

metallo-protease inhibitor and an alpha glucosidase inhibitors.

15. The method of claim 8 , wherein the anti-HCV agent is selected

from the group consisting of an antisense oligonucleotide inhibitor, an siRNA inhibitor, a

short hairpin RNA (shRNA) inhibitor and a ribozyme inhibitor

16. The method of claim 8 , wherein the anti-HCV agent is selected

from the group consisting of a-interferon, pegylated a-interferon, ribavirin, or a

combination thereof.

17. A pharmaceutical composition comprising a physiologically

acceptable carrier, a therapeutically effective amount of at least one oligonucleotide 8 to

50 nucleotides in length which is targeted to mRNA encoding human c-raf (SEQ ID NO:

28), wherein said oligonucleotide inhibits expression of human c-raf, and at least one

additional anti-HCV agent.



18. The pharmaceutical composition of claim 17, wherein the

oligonucleotide is a modified oligonucleotide 100% complementary to nucleobases 2771

to 2790 of SEQ ID NO:28.

19. The pharmaceutical composition of claim 18, wherein the modified

oligonucleotide comprises:

a gap segment consisting of linked deoxynucleosides;

a 5' wing segment consisting of linked nucleosides; and

a 3' wing segment consisting of linked nucleosides;

wherein the gap segment is positioned between the 5' wing segment and

the 3' wing segment, and wherein each nucleoside of each wing segment comprises a

modified sugar.

20. The pharmaceutical composition of claim 19, wherein the modified

oligonucleotide consists of 20 nucleobases.

2 1. The pharmaceutical composition of claim 20, wherein the modified

oligonucleotide comprises:

a gap segment consisting of eight linked deoxynucleosides;

a 5' wing segment consisting of six linked nucleosides; and

a 3' wing segment consisting of six linked nucleosides;

wherein the gap segment is positioned between the 5' wing segment and

the 3' wing segment; wherein each nucleoside of each wing segment comprises a 2'-0-

methoxyethyl sugar; wherein each internucleoside linkage is a phosphorothioate

linkage; and wherein each cytosine is a 5-methylcytosine.

22. The pharmaceutical composition of any one of claims 17-21 ,

wherein the oligonucleotide comprises the nucleobase sequence of SEQ ID NO:29.



23. The pharmaceutical composition of claim 17, wherein the

oligonucleotide is a full phosphorothioate analog consisting of the sequence,

TCCCGCCTGTGACATGCATT (SEQ ID NO:8), with 2'-0-methoxyethyl substitutions at

positions 1-6 and 15-20, and wherein residues 7-14 are unmodified 2'-deoxy.

24. The pharmaceutical composition of any one of claims 17-23,

wherein the anti-HCV agent is selected from the group consisting of an HCV

polymerase inhibitor, an HCV protease inhibitor, an HCV life cycle protein inhibitor, an

immunomodulatory agent and an antiviral agent.

25. The pharmaceutical composition of any one of claims 17-23,

wherein the anti-HCV agent is an immunomodulatory agent selected from the group

consisting of a-interferon, β-interferon, γ-interferon, o-interferon, Intron® A , Roferon® A ,

Canferon®-A300, Advaferon®, Infergen®., Humoferon®., Sumiferon® MP,

Alfaferone®., IFN-β®., Feron®, polyethylene glycol derivatized (pegylated) interferon

compounds, PEG interferon-a-2a (Pegasys®), PEG interferon-a-2b (PEG-lntron®) and

pegylated IFN-a-con1 .

26. The pharmaceutical composition of any one of claims 17-23,

wherein the anti-HCV agent is an antiviral agent selected from the group consisting of

ribavirin, amantadine, viramidine, nitazoxanide; telbivudine; NOV-205; taribavirin; VX-

950, VX-497, VX-148, and VX-944.

27. The pharmaceutical composition of any one of claims 17-23,

wherein the anti-HCV agent is an HCV polymerase inhibitor selected from the group

consisting of NM283 (valopicitabine), R803, JTK-109, JTK-003, HCV-371 , HCV-086,

HCV-796 and R-1479.



28. The pharmaceutical composition of any one of claims 17-23,

wherein the anti-HCV agent is an HCV protease inhibitor selected from the group

consisting of BILN-2061 , VX-950, GS-9132 (ACH-806), SCH-503034, and SCH-6.

29. The pharmaceutical composition of any one of claims 17-23,

wherein the anti-HCV agent is an HCV life cycle protein inhibitor selected from the

group consisting of a NS3 helicase inhibitor; a metallo-protease inhibitor and an alpha

glucosidase inhibitors.

30. The pharmaceutical composition of any one of claims 17-23,

wherein the anti-HCV agent is selected from the group consisting of an antisense

oligonucleotide inhibitor, an siRNA inhibitor, a short hairpin RNA (shRNA) inhibitor and a

ribozyme inhibitor

3 1 . The pharmaceutical composition of any one of claims 17-23,

wherein the anti-HCV agent is selected from the group consisting of a-interferon,

pegylated a-interferon, ribavirin, or a combination thereof.

32. A kit comprising a first pharmaceutical composition comprising a

physiologically acceptable carrier and a therapeutically effective amount of at least one

oligonucleotide 8 to 50 nucleotides in length which is targeted to mRNA encoding

human c-raf (SEQ ID NO: 28), wherein said oligonucleotide inhibits expression of

human c-raf, and a second pharmaceutical composition comprising a physiologically

acceptable carrier and a therapeutically effective amount of at least one additional anti-

HCV agent.

33. The kit of claim 32, wherein the oligonucleotide is a modified

oligonucleotide 100% complementary to nucleobases 2771 to 2790 of SEQ ID NO:28.



34. The kit of claim 33, wherein the modified oligonucleotide comprises:

a gap segment consisting of linked deoxynucleosides;

a 5' wing segment consisting of linked nucleosides; and

a 3' wing segment consisting of linked nucleosides;

wherein the gap segment is positioned between the 5' wing segment and

the 3' wing segment, and wherein each nucleoside of each wing segment comprises a

modified sugar.

35. The kit of claim 34, wherein the modified oligonucleotide consists of

20 nucleobases.

36. The kit of claim 35, wherein the modified oligonucleotide comprises:

a gap segment consisting of eight linked deoxynucleosides;

a 5' wing segment consisting of six linked nucleosides; and

a 3' wing segment consisting of six linked nucleosides;

wherein the gap segment is positioned between the 5' wing segment and

the 3' wing segment; wherein each nucleoside of each wing segment comprises a 2'-0-

methoxyethyl sugar; wherein each internucleoside linkage is a phosphorothioate

linkage; and wherein each cytosine is a 5-methylcytosine.

37. The kit of any one of claims 32-36, wherein the oligonucleotide

comprises the nucleobase sequence of SEQ ID NO:29.

38. The kit of claim 32, wherein the oligonucleotide is a full

phosphorothioate analog consisting of the sequence, TCCCGCCTGTGACATGCATT

(SEQ ID NO:8), with 2'-0-methoxyethyl substitutions at positions 1-6 and 15-20, and

wherein residues 7-14 are unmodified 2'-deoxy.



39. The kit of any one of claims 32-38, wherein the anti-HCV agent is

selected from the group consisting of an HCV polymerase inhibitor, an HCV protease

inhibitor, an HCV life cycle protein inhibitor, an immunomodulatory agent and an

antiviral agent.

40. The kit of any one of claims 32-38, wherein the anti-HCV agent is

an immunomodulatory agent selected from the group consisting of a-interferon, β-

interferon, γ-interferon, o-interferon, Intron® A , Roferon® A , Canferon®-A300,

Advaferon®, Infergen®., Humoferon®., Sumiferon® MP, Alfaferone®., IFN-β®.,

Feron®, polyethylene glycol derivatized (pegylated) interferon compounds, PEG

interferon-a-2a (Pegasys®), PEG interferon-a-2b (PEG-lntron®) and pegylated IFN-a-

con

4 1. The kit of any one of claims 32-38, wherein the anti-HCV agent is

an antiviral agent selected from the group consisting of ribavirin, amantadine,

viramidine, nitazoxanide; telbivudine; NOV-205; taribavirin; VX-950, VX-497, VX-148,

and VX-944.

42. The kit of any one of claims 32-38, wherein the anti-HCV agent is

an HCV polymerase inhibitor selected from the group consisting of NM283

(valopicitabine), R803, JTK-109, JTK-003, HCV-371 , HCV-086, HCV-796 and R-1479.

43. The kit of any one of claims 32-38, wherein the anti-HCV agent is

an HCV protease inhibitor selected from the group consisting of BILN-2061 , VX-950,

GS-9132 (ACH-806), SCH-503034, and SCH-6.

44. The kit of any one of claims 32-38, wherein the anti-HCV agent is

an HCV life cycle protein inhibitor selected from the group consisting of a NS3 helicase

inhibitor; a metallo-protease inhibitor and an alpha glucosidase inhibitors.



45. The kit of any one of claims 32-38, wherein the anti-HCV agent is

selected from the group consisting of an antisense oligonucleotide inhibitor, a siRNA

inhibitor, a short hairpin RNA (shRNA) inhibitor and a ribozyme inhibitor

46. The kit of any one of claims 32-38, wherein the anti-HCV agent is

selected from the group consisting of -interferon, pegylated α-interferon, ribavirin, or a

combination thereof.
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