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(57) Abstract: The invention relates to a doubleOstranded ribonucleic acid (dsRNA) for inhibiting the expression of the IKK-B gene, 
Comprising an antisense strand having a nucleotide sequence which is less that 30 nucleotides in length, generally 19-25 nucleotides 

in length, and which is substantially complementary to at least a part of the IKK-B gene. The invention also relates to a pharmaceu
tical composition comprising the dsRNA together with a pharmaceutically acceptable carrier; methods for treating diseases caused 
by the expression or activation of the IKK-B gene using the pharmaceutical composition; and methods for inhibiting the expression 
of the IKK-B gene in a cell.
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SPRINHIBTNG EXPRESSION OF IKK-B GENE 

Field of the Invention 

Thisinvention relates to double-stranded ribonucleic acid (dsRNA), raid its use in 
mcdiating RNA interference to inhibit the expression of the IKK-B gene and the use of the 

5 dsRNA to treat inflamnmatuon 

Background of the Invention 

Tumor Necrosis Factor (TN F) and interleukin- I (IL- ) have been associated with a wide 

range of biological process, including inflammation. Kcruitment of immun cells to sites of 
injury involves the conceded interactions of a large number of soluble medators, ad several 

10 cytokines appear to play key roles in these process, particularly IL-1 and TNE Both of these 
eytinres are derived froi tnanonuclear cells and nmcrophages, along wth oter cell types, Il 

an TNI produce many of the same proinflanmatory response s; including fexcr, sleep and 

anorexia, moibiiization and activation of polymoorphonuclear ieukocytes, induction of 

yclooxygenase an-id ipoxygenase enzymes. increase in adhesion inolec eNprssion, activation 
15 of B-cells T-cells and nawral killer cells, and stimulation of production f other cytokines. L-I 

and TNF also contribute to the tissue degeneration arising from chronic inflannmatory conditions, 
such as stimulation of fibrmbast proliferation and induction of colhgenase. These cytokines have 
also been implicated in the process of bone resorption and adipose t'issuc reguaion. Thus, 11,1 
and TNF play key roles in a large number of pathological conditions, including rheunatoid 

20 arthritis, inflammatory bowel disease, diabetes, obesity, bon e mass loss, cancer, neurologica.  
conditions such as ischemic stroke or closed head injuries 

NF-kappa jis a hetcrodmeric transcription transcription factor regulating the expression 
of m uhiple inflammatory genes. The expression of more than 70 known proteins is 

transcriptionally regulated by the binding of NFkappa.s to specific sequence elements in the 
25 prom-oter region of these. genes (Baeuere and Baichwal, Advance in Immunology 65:1-13 

1997) NF -kappajt has been implicated in many pathophysiologic Processes including 

angiogenesis (Koch et al., Nature 376:517-519, 1995), atherosierosis (Brand e al_ J Cin Inv, 

I
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97:1715-1722, 1996), endotoxic shock and sepsis (Bohrcr et al., . Clin, d . 100: 972-985, 

1997) inflammatory bowel disease (Panes et at, Am I Physio: 269;H1955H1964, 1995 

ischemiareperfusion injury CZwacka et at, Nature Medicine 4: 698-,04 1998 and allergic lng 
inflammation (Gosset e al InI Arch Allergy Immunol. 106' 69-77, 1995), Many itmmule and 

5 inflammatory mediators mlcuding 'INF.as lipopolysaccharide (LPS), IL-L anti-CD28, CD40L, 
FasL, viral infection, and oxidative stress have been shown to lead to NFkappa3 actntion.  

Because of the central role of NF-.kappajp in inflammatory disease, inhibition of NF-.kappa3fi by 
targeting regulatory proteins in the NF-.kappa, activation pathway represents an attractive 

strategy for generating anti-inflammatory therapeutics.  

t) The identification and characterization of kinases that phosphorylate kappa ls has led to 
a better understanding of signaling pathways involving NF-kappa. activation. Several different 
subtypes of IKK have been identified thus far, IKKa was initially identified as an LkappafI 
[kinase induced by TNRa stnadation in HeLa cells (DiDonato et al, (1997) Nature 388, 548
554). Another Lkappa.fp kinase homologous to IKKa was identified, termed IKKJ[ and 

15 determined to be thc major Ikappa.03 kinase induced following TNFct stimulation (Takeda et al., 
(1999) Science 284 313-316; Hu et at, (1999) Science 284 316-320; Li et aL. (1999) Science 

284, 321325; Pot et at, (2O0) U.Sc Pat. No, 6,030834; Woronies & Goeddel (1999) US Pat, 

No. 5,939302), KK-[K and IKK4i have an overall homology of 52% and a 65% homology in the 
kinase domain (Zandi et al (1997) Cell 91, 243-252), 

20 Lkappaji protein kinases (IKKs) phosphorylate Lkappa.fs at specific serine residues. For 
example theyspe-fically phosphorylate serines 32 and 36 of Lkappa- ffc(Traenckner et al.  
(1995) EMBO . 14, 2876-2883; DiDonato et aL, (1996) MoL Cell. Biol. 16, 1295-1344).  
Phosphorylation of both sites is required to efficiently target 1.kappajla for degradation.  

Furthermore, activation of IKK.a and IKK.4 is usually in response to NF-.kappaup activating 

25 agents and mutant [KKfi and IKK.Ji, which are catalytically inactive, can be used to block NF
.kappa.] stimulation by cytokines such as TNRa and IL-I (Rgnier et al., (1997) Ccli 90, 373
383; Delhase ct al, (1999) Science 284. 309-313). Lkappajp protein kinases are therefore 

essential in the regulation of NF-.kappa.p activation processes.
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IKKtA and IKK.j have distinct structural motifs including an amino terminal sernne 

threonine kinase domain separated from a carboxyl proximal belixloopyhelix(HtLf) domain 
by a lecinQe zipper domain. These structural characteristics are unlike otner kinases, and the non
etcalytic domains are thought to be involved in protein-protein interactions. Proteins which bind 

5 to IKKs nay therefore be capable of regulating the activity of NF-.kappaf (Marcu et al., (1999) 

UI Pia. No. 5.9^72,655) and potential regulating downstream events such as induction of NF
kappa, p 

Inflammation is defined as the reaction of vascularized living tissue to injury. As such, 
inflammaton is a fundamental, stereotyped complex of cytologic and chemical reactions of 

10 affected blood vessels and adjacent tissues in response to an injury or abnormal stimulation 
caused by a physical, chemical or biological agent hiflamrnation usually leads to the 

accumulation of fluid and blood cells at the site of injury and is usually a healing process.  
However, inflammation sometimes causes harm, usually tirough a dysfunction of the normal 
progress of inflammation. Inflammatory diseases are those pertaining to, characterized by, 

15 causing, resulting from, or becoming affected by inflammation. Examples of inlammatory 

diseases or disorders include, without imitation, asthma, lung inflammation, chronic 

granulomats diseases such as tuberculosis, leprosy, sarcoidosis, and s snephritis, 
amyloidosis, rheumatoid arthritis. ankylosing spondylitis, chronic bronchiis, scleroderma, lupus, 
polymnyositis, appendicitis, inflammatory bowel disease., ulcers. Sjorgen s syndrone, Reiters 

20 syndrome, psorasi s, pelvic inflammatory disease, orbital inflammiimatorv disease, thrombotic 
dii ease, and inappropriate allergic resnises to iln L stimali suci as poison ivy, Pollen, 

insect stings and certain foods, including atopic dermatitis and contact dermatitis.  

Inflammatory diseases present a worldwide problem. Studies of disease burden have re
affirmed that tuberculosis is among the top 10 causes of death in the world. Asthma affects 5% of 

25 the adult population and 10-- 15% of the population of children (Armetti and Nicosia (1999) Boll 
Chim., Farm. 13S(1 1): 599). Asthma is a chronic inflammatory disease that is associated with 
widespread but variable airflow obstruction.  

Sepsis is Yet another inflammation disorder and is caused by the presence of various pus

formning and other pathogenic microbes, or their toxins, in the blood or tissues of a subject.  

3
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Sepsis is characterized by a systemic inflammatory response to bacterial products during 

infection. The symptoms of sepsis, such as fever, are caused at least in part by the inflammatory 

response of the body to the infecting agent.  

Because of the important role played by TNF and IL-I in many pathological conditions, 

5 and the involvement of IKK.c and IKK.p in the signal transduction of both TNF and IL-I, there 

is a need for compounds that potently and selectively inhibit either of these IKK kinases, as well 

as treatments or therapies using such compounds. The present invention satisfies these needs.  

Recently, double-stranded RNA molecules (dsRNA) have been shown to block gene 

expression in a highly conserved regulatory mechanism known as RNA interference (RNAi).  

0 WO 99/32619 (Fire et al.) discloses the use of a dsRNA of at least 25 nucleotides in length to 

inhibit the expression of the IKK-B gene in C. elegans. dsRNA has also been shown to degrade 

target RNA in other organisms, including plants (see, e.g., WO 99/53050, Waterhouse et al.; and 

WO 99/61631, Heifetz et al.), Drosophila (see, e.g., Yang, D., et al., Curr. Biol. (2000) 10:1191

1200), and mammals (see WO 00/44895, Limmer; and DE 101 00 586.5, Kreutzer et al.). This 

5 natural mechanism has now become the focus for the development of a new class of 

pharmaceutical agents for treating disorders that are caused by the aberrant or unwanted 

regulation of a gene.  

Despite significant advances in the field of RNAi and advances in the treatment of 

inflammation, there remains a need for an agent that can selectively and efficiently silence the 

20 IKK-B gene using the cell's own RNAi machinery that has both high biological activity and in 

vivo stability, and that can effectively inhibit expression of a target IKK-B gene for use in 

treating inflammation.  

Summary of the Invention 

The invention provides the following items (1) to (3 1): 

4 
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(1) A double-stranded ribonucleic acid (dsRNA) for inhibiting the expression of a 

human IKK-B gene, wherein said dsRNA comprises a sense strand and an antisense strand and a 

duplex structure between 15 and 30 base pairs in length, the antisense strand comprising at least 

17 contiguous nucleotides of the nucleotide sequence of SEQ ID NO:24.  

(2) The dsRNA of item (1), wherein said dsRNA comprises at least one modified 

nucleotide.  

(3) The dsRNA of item (2), wherein said modified nucleotide is chosen from the 

group of a 2'-O-methyl modified nucleotide, a nucleotide comprising a 3'-phosphorothioate 

group, and a terminal nucleotide linked to a cholesteryl derivative or dodecanoic acid 

bisdecylamide group.  

(4) The dsRNA of item (3), wherein said modified nucleotide is chosen from the 

group of a 2'-deoxy-2'-fluoro modified nucleotide, a 2'-deoxy-modified nucleotide, a locked 

nucleotide, an abasic nucleotide, 2'-amino-modified nucleotide, 2'-alkyl-modified nucleotide, 

morpholino nucleotide, a phosphoramidate, and a non-natural base comprising nucleotide.  

(5) A cell comprising the dsRNA of item (1).  

(6) A pharmaceutical composition for inhibiting the expression of the IKK-B gene, 

comprising the dsRNA of item (1) and a pharmaceutically acceptable carrier.  

(7) A method for inhibiting the expression of the IKK-B gene in a cell, the method 

0 comprising: 

(a) introducing into the cell the dsRNA of item (1); and 

(b) maintaining the cell produced in step (a) for a time sufficient to obtain degradation of the 

mRNA transcript of the IKK-B gene, thereby inhibiting expression of the IKK-B gene in the cell.  

4a 
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(8) A method of treating; inflammation comprising administering to a patient in need 

thereof a therapeutically effective amount of the dsRNA of item (l).  

(9) Use of the dsRNA of item (1) in the manufacture of a medicament for treating 

inflammation.  

(10) A vector for inhibiting the expression of the IKK-B gene, said vector comprising a 

regulatory sequence operably linked to a nucleotide sequence that encodes at least one strand of 

the dsRNA of item (1).  

(11) A cell comprising the vector of item (10).  

(12) The dsRNA of item (1), wherein the sense strand comprises at least 15 contiguous 

nucleotides of the nucleotide sequence of SEQ ID NO:23.  

(1 3) The dsRNA of item (12), wherein the antisense strand comprises the nucleotide 

sequence of SEQ ID NO:24 and the sense strand comprises the nucleotide sequence of SEQ ID 

NO:23.  

(14). The dsRNA of item (12), wherein said sense strand consists of SEQ ID NO:23 

5 and said antisense strand consists of SEQ ID NO:24.  

(15). The dsRNA of item (1), wherein the antisense strand comprises at least 17 

contiguous nucleotides of the nucleotide sequence CCCUGAUCCmAGCUCCUUGGTT (SEQ 

ID NO: 30) wherein the trailing lower case "m" denotes a nucleotide containing a 2'O-Methyl 

substitution and the last "T" has a phosphorothioate-modification.  

0 (16). The dsRNA of item (1), wherein the antisense strand comprises the nucleotide 

sequence CCCUGAUCCmAGCUCCUUGGTT (SEQ ID NO: 30) wherein the trailing lower 

4b 
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case "m" denotes a nucleotide containing a 2'O-Methyl substitution and the last "T" has a 

phosphorothioate modification.  

(17) The dsRNA of item (1), wherein the antisense strand consists of the nucleotide 

sequence CCCUGAUCCmAGCUCCUUGGTT (SEQ ID NO:30) wherein the trailing lower case 

5 "m" denotes a nucleotide containing a 2'O-Methyl substitution and the last "T" has a 

phosphorothioate modification.  

(18). The dsRNA of item (1), wherein the sense strand comprises at least 15 contiguous 

nucleotides of the nucleotide sequence CmCmAAGGAGCmUmGGAUmCmAGGGTT (SEQ ID 

NO:29) wherein a trailing lower case "m" denotes a nucleotide containing a 2'O-Methyl 

0 substitution and the last "T" has a phosphorothioate modification.  

(19) The dsRNA of item (1), wherein the sense strand comprises the nucleotide 

sequence CmCmAAGGAGCmUmGGAUmCmAGGGTT (SEQ ID NO:29) wherein a trailing 

lower case "m" denotes a nucleotide containing a 2'O-Methyl substitution and the last "T" has a 

phosphorothioate modification.  

15 (20) The dsRNA of item (I), wherein the sense strand consists of the nucleotide 

sequence CmCmAAGGAGCmUmGGAUmCmAGGGTT (SEQ ID NO:29) wherein a trailing 

lower case "m" denotes a nucleotide containing a 2'O-Methyl substitution and the last "T" has a 

phosphorothioate modification.  

(21). The dsRNA of item (1), wherein the antisense strand comprises the nucleotide 

20 sequence CCCUGAUCCmAGCUCCUUGGTT (SEQ ID NO:30) and the sense strand comprises 

4c 
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the nucleotide sequence CmCmAAGGAGCmUmGGAUmCmAGGGTT (SEQ ID NO:29) 

wherein in both the sense and antisense sequences, a trailing lower case "m" denotes a nucleotide 

containing a 2'0-Methyl substitution and the last "T" has a phosphorothioate modification.  

(22) The dsRNA of item (1), wherein the antisense strand consists of the nucleotide 

sequence CCCUGAUCCmAGCUCCUUGGTT (SEQ ID NO:30) the sense strand consists of the 

nucleotide sequence CmCmAAGGAGCmUmGGAUmCmAGGGTT (SEQ ID NO:29) wherein 

in both the sense and antisense sequences, a trailing lower case "m" denotes a nucleotide 

containing a 2'0-Methyl substitution and the last "T" has a phosphorothioate modification.  

(23) The dsRNA of item (1), wherein said dsRNA, upon contact with a cell expressing 

) said IKK-B, inhibits expression of said IKK-B gene by at least 25%.  

(24) The dsRNA of item (1), wherein said dsRNA, upon contact with a cell expressing 

said IKK-B, inhibits expression of said IKK-B gene by at least 40%.  

(25) The dsRNA of item (1), comprising at least one 2'-0-methyl modified nucleotide.  

(26) The dsRNA of item (1), comprising at least one single-stranded nucleotide 

5 overhang of I to 4 nucleotides.  

(27) The dsRNA of item (1) conjugated to at least one non-ligand group.  

(28) The pharmaceutical composition of item (6), wherein the carrier is a lipid carrier.  

(29) The dsRNA of item (1), wherein the antisense strand comprises at least 18 

contiguous nucleotides of the nucleotide sequence of SEQ ID NO:24.  

0 (30) The dsRNA of item (1), wherein the antisense strand comprises at least 19 

contiguous nucleotides of the nucleotide sequence of SEQ ID NO:24.  

4d 
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(31) The dsRNA of item (1), wherein the antisense strand comprises at least 20 

contiguous nucleotides of the nucleotide sequence of SEQ ID NO:24.  

The invention provides double-stranded ribonucleic acid (dsRNA), as well as 

compositions and methods for inhibiting the expression of the IKK-B gene in a cell or mammal 

using such dsRNA. The invention also provides compositions and methods for treating 

pathological conditions and diseases caused by the expression of the IKK-B gene, such as in 

4e 
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inflammation.  

The dsRNA described herein comprises an RNA strand (the antisense strand) having a 

region which is less than 30 nucleotides in length, generally 19-24 nucleotides in length, and is 

substantially complementary to at least part of an mRNA transcript of the IKK-B gene.  

Described herein are double-stranded ribonucleic acid (dsRNA) molecules for inhibiting 

the expression of the IKK-B gene. The dsRNA comprises at least two sequences that are 

complementary to each other. The dsRNA comprises a sense strand comprising a first sequence 

and an antisense strand comprising a second sequence. The antisense strand comprises a 

nucleotide sequence which is substantially complementary to at least part of an mRNA encoding 

) IKK-B, and the region of complementarity is less than 30 nucleotides in length, generally 19-24 

nucleotides in length. The dsRNA, upon contacting with a cell expressing the IKK-B, inhibits the 

expression of the IKK-B gene by at least 25%, and preferably by at least 25%, or preferably by at 

least 40%.  

For example, the dsRNA molecules described herein can be comprised of a first sequence 

5 of the dsRNA that is selected from the group consisting of the sense sequences of Tables 1, 4 and 

6 and the second sequence is selected from the group consisting of the antisense sequences of 

Tables 1, 4 and 6. The dsRNA molecules can be comprised of naturally occurring nucleotides or 

can be comprised of at least one modified nucleotide, such as a 2'-O-methyl modified nucleotide, 

a nucleotide comprising a 5'-phosphorothioate group, and a terminal nucleotide linked to a 

20 cholesteryl derivative or dodecanoic acid bisdecylamide group. Alternatively, the modified 

nucleotide may be chosen from the group of: a 2'-deoxy-2'-fluoro modified nucleotide, a 2'

deoxy-modified nucleotide, a locked nucleotide, an abasic nucleotide, 2'-amino-modified 

nucleotide, 2'-alkyl-modified nucleotide, morpholino nucleotide, a phosphoramidate, and a non

natural base comprising nucleotide. Generally, the first sequence of said dsRNA is selected from 

25 the group consisting of the sense sequences of Tables 1, 4 and 6 and the second sequence is 

selected from the group consisting of the antisense sequences of Tables 1, 4 and 6.  

5 

603409_ (GHMattes)



14174-136WO1 / ALN-039PC 

6 

In another embodiment, the invention provides a cell comprising one of the dsRNAs of 

the invention. The cell is generally a mammalian cell, such as a human cell.  

In another embodiment, the invention provides a pharmaceutical composition for 

inhibiting the expression of the IKK-B gene in an organism, comprising one or more of the 

dsRNA of the invention and a pharmaceutically acceptable carrier.  

Described herein is a method for inhibiting the expression of the IKK-B gene in a cell, 

comprising the following steps: 

(a) introducing into the cell a double-stranded ribonucleic acid (dsRNA), wherein the 

dsRNA comprises at least two sequences that are complementary to each other.  

The dsRNA comprises a sense strand comprising a first sequence and an antisense 

strand comprising a second sequence. The antisense strand comprises a region of 

complementarity which is substantially complementary to at least a part of a 

mRNA encoding IKK-B, and wherein the region of complementarity is less than 

30 nucleotides in length, generally 19-24 nucleotides in length, and wherein the 

dsRNA, upon contact with a cell expressing the IKK-B, inhibits expression of the 

IKK-B gene by at least 25%, or preferably by at least 40%; and 

(b) maintaining the cell produced in step (a) for a time sufficient to obtain 

degradation of the mRNA transcript of the IKK-B gene, thereby inhibiting 

expression of the IKK-B gene in the cell.  

0 In another embodiment, the invention provides methods for treating, preventing or 

managing inflammation comprising administering to a patient in need of such treatment, 

603409_1 (GHMatters)
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prevention or management a therapeutically or prophylactically effective amount of one or more 

of the dsRNAs of the invention.  

In another embodiment, the invention provides vectors for inhibiting the expression of the 

IKK-B gene in a cell, comprising a regulatory sequence operably linked to a nucleotide sequence 

that encodes at least one strand of one of the dsRNA of the invention.  

In another embodiment, the invention provides a cell comprising a vector for inhibiting 

the expression of the IKK-B gene in a cell. The vector comprises a regulatory sequence operably 

6a 
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linked to a nucleotide sequence that encodes at least one strand of one of the dsRNA of the 

mnvention.  

Brief Description of the Figures 

FK'L ! shows tntswsr ts deonstratin specific reductionin IKK-B protein (and not in 

5 IKK-A or beta-actin proteins) over tiefollowing in vitro transfection of htmanA549 cells with 
siRNA to KKLB,.  

FIG. 2 shows quantitation of specific decrease in IKK-B protein levels over time (and not 
IKK-A protein) following transfection of human. A549 cells with siRNA to IKK.B, 

FIC(- 3 shovs recduction in IKK-B mRNA and protein levels foiowi in vitro 

10 mtansfection of prmarv human airway smooth muscle cells with siRNA to IKK-B.  

FIG, 4 shows reduction in IKK-B mRNA following in vitro transfection of rat L2 

epithelial cells with siRNA to IKK-B.  

FTI 5 shows reduction in IKK-B mRNA following in vivo administration of sIRNA to 
IKKB.  

15 FiGs. 6A-C show the effect of in vivo administration of siRNA to IKK-B on TNF. 1-1 
and i-NGS expressn, 

Detailed Description of the nvention 

Theiivention provides double-stranded ribonucleic acid (dsRNA, as wel as 

compositions and methods for inhibiting the expression of the IIKK-B gene in a cell or mammal 

2D using the dsRNA. The invention also provides compositions and methods for treating 

pathological conditions and diseases in a mammal caused by the expression of the IKK-B gene 
using dsRNA. dsRNA directs the secquence-specific degradation of maRNA through a process 
known as RNA interference (RNAi), The process occurs in a wide variety oforganisms, 
including rammals and other vertebrates.
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The dsRNA described herein comprises an RNA strand (the antisense strand) having a 

region which is less than 30 nucleotides in length, generally 19-24 nucleotides in length, and is 

substantially complementary to at least part of an mRNA transcript of the IKK-p gene. The use 

of these dsRNAs enables the targeted degradation of mRNAs of genes that are implicated in 

inflammation response in mammals. Using cell-based and animal assays, the present inventors 

have demonstrated that very low dosages of these dsRNA can specifically and efficiently mediate 

RNAi, resulting in significant inhibition of expression of the IKK-B gene. Thus, the methods 

and compositions described herein comprising these dsRNAs are useful for treating 

inflammation.  

The following detailed description discloses how to make and use the dsRNA and 

compositions containing dsRNA to inhibit the expression of a target IKK-B gene, as well as 

compositions and methods for treating diseases and disorders caused by the expression of IKK-B, 

such as inflammation. The pharmaceutical compositions described herein comprise a dsRNA 

having an antisense strand comprising a region of complementarity which is less than 30 

nucleotides in length, generally 19-24 nucleotides in length, and is substantially complementary 

to at least part of an RNA transcript of the IKK-B gene, together with a pharmaceutically 

acceptable carrier.  

Accordingly, certain aspects of the invention provide pharmaceutical compositions 

comprising the dsRNA of the invention together with a pharmaceutically acceptable carrier, 

.0 methods of using the compositions to inhibit expression of the IKK-B gene, and methods of 

using the pharmaceutical compositions to treat diseases caused by expression of the IKK-B gene.  

1. Definitions 

For convenience, the meaning of certain terms and phrases used in the specification, 

examples, and appended claims, are provided below. If there is an apparent discrepancy between 
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the usage of a term in other parts of this specification and its definition provided in this 

section, the definition in this section shall prevail.  
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N"G~ "C," "A" and "UI each generally stand for a nuceotde that contains guanne; 

cvtosine, adenine. and uracil as a base, respectively. However it will be understood that the term 
"ribonucleotide" or "nucleotide" can also refer to a modified nucleotde, as further detailed 
below, or a surrogate replacement moiety The skilled person is well aware that gtumine, 
cytosine. aen'm; and uraci may be replaced by other moienes without substantially altering the 
base pairing properties of an oligonucleotide comprising a nucicotide bearing such replacement 
moiety. For example, without limitation, a nucleotide comprising iosine as its base may base 
pair with nucleonides containing adenine, cytosine, or uracil. Hence. nucleotidcs containingii 
uracil, guanine. or adenine may be replaced in the nucleotide sequences of the invention by a 

10 nucleotide containing for example, inosine, Sequences comprising such replacement moieties 
are embodiments of the invention.  

By "IKK-B" as used herein is meant, the inhibitor of kappa light polypeptide gene 
enhancer in B-celis, RefSeq I) number NM-000660 as well as the IKK-B mRNA protein.  
peptide, or polypeptide. The term "IKK-B" is also known in the art as kinase beta, IKKJIK l1-K2, 

15 NFKB.KBNCBI GenelID551 and HONC ID: HONC:5960.  

As used herein, "target sequence" refers to a contiguous portion of the nucleotide 
sequence of an mRNA molecule formed during the transcription of the IKK- gene, including 
m-RNA that is a product of .RNA processing of a primary transcription product.  

As used herein, the term "strand comprising a sequence" refers to an oligonucleotide 
20 comprising a chain of nucleotides that is described by the sequence referred to using the standard 

nucleotide nomenclature.  

As used herein, and unless otherwise indicated, the term "conpeementary when used to 
describe a First nuclsotide sequence in relation to a second nucleotide sequece, refers to the 
ability of an Oligonucleoti de or polynuc leotide comprising the first nucleotide sequence to 

25 hybridize and form a duplex structure under certain conditions with an oligonucleotide or 
polynucleotide comprising the second nucleotide sequence, as will be understood by the skilled 
person. Such conditions can, for example, be stringent conditions, where stringent conditions 
may include: 400 mM NaC, 40 mM PIPES pH 6.4, 1 mM EDTA, 50"C or 70*C for 1 2-1.6 hours 

9
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followed by washing. Other conditions, such as physiolocicaly relevant conditions as may be 
encountered inside an organism, can apply, The skilled person will be able to determine the set 
of conditions most appropriate for a test of complementarity of two sequences in accordance with 
the ultimate apphcation of the hybridized nucleotides.  

5 This inchides base-pairing of the oligonucleotide or polynucleotide compri sing the first 
nucleotide sequence to the oligonucleotide or polynucleoide co uprising the second nucleotide 
sequence over the entire length of the first and second nucleotide sequence. Such sequences can 
be referred to as "fully complementary" with respect to each other herein. However, where a first 
sequence is referred to as "substantia~ly complementary' with respect to a second sequence 

10 herein, the two sequences can be fully complementary, or they may form one or more, but 
generally not more than 4, 3 or 2 mismatched base pairs upon hybridization, while retaining the 
ability to hybridize under the conditions most relevant to their ulti mate application. However, 
where two oligonucleotides are designed to form. upon hybridization, one or more single 
stranded overhangs, such overhangs shall not be regarded as mismatches with regard to the 

15 detemination of complementarity, For example, a dsRNA comprising one oligonucleotide 21 
nucleotides in length and another oligonucleotide 23 nucleotides in length, wherein the longer 
ohigonucleotde comprises a sequence of 21 nucleotides that is fully complementary to the shorter 
oligonucleotide may yet be referred to as "fully complementary" for the purposes of the 

invention 

20 "Complementary" sequences, as used herin, may also include, or be formed entirely 
from, non-Watsonnrick base pairs and/or base pairs formed from nonnatural and modified 
nucieotides in as far as the above requirements with respect to their ability to hvbridize are 

The terms "complementary" "fully complementary" and "substantially complementary" 
25 herein may be used with respect to the base matching between the sense strand and the antisense 

strand of a dsRNA, or between the antisense strand of a dsRNA and a target sequence, as will be 
understood from the context of their use.  

10
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As used herein, a polynuleotide which is "substan ally conplememary to at least part 
of" a messenger RNA (aRNA) refers to a polynucicotide which is substantially complementary 
to a contiguous portion of te muRNA of interest (egencoding IKK-B). For exanmpe. a 
polynucleotide is complenentary to at least a part of a IKK-B mRNA if the sequence is 
substantial y complementary to a non-interrupted portion of a mRNA encodi ng IKK-B.  

The term "double-stranded IR-NA" or "dSRNA", as used herein, refers to a ribonueleic 
aid molecule. or complex of ribonucleic acid molecules, having a duplex structure compri sing 
two anti-parallel and substantially complementary, as defined above, nucleic acid strands. The 
two strands forming the duplex structure may be different portions of one larger RNA molecule 

10 or they may be separate RNA molecules. Where the two strands are part of one larger molecule.  
and therefore are connected by an uninterrupted chain of nucleotides between the 3-end of one 
strand and the 5'end of the respective other strand forming the duplex structure, the connectn g 
RNA chain is referred to as a "hairpin loop". Where the two strands are connected covalently by 
means other than an uninterrupted chain of nucleouides between the '-end of one strand and the 

15 'nd of the respective other strand forming the duplex structure, the connecing structure is 
rtierred to as a "linker", The RNA strands may have the same or a different number of 
nucleotides Th aximm number of base pairs is the number of nucleotides in the shortest 
strnd of the dsRNA. In addition to the duplex structure, a dsRNA may compose one or more 
nucleotide overhangs.  

20 As used herein, a "nucleotide overhang" refers to the unpaired nucleotide or nucleotides 
that protrude from the duplex structure of a dsRNA when a 3-end of one strand of the dsRNA 
extends beyond the S-end of the other strand, or vice versa. "Blunt" or "blunt end" means that 
there are no unpaired nucleotides at that end of the dsRNA. ie, no nucleotide overhang. A 
"blunt ended" dsRNA is a dsRNA that is doublestranded over its entire length. i.e. no 

25 nucleotide overhang at either end of the molecule.  

The term "antisense strand" refers to the strand of a dsRNA which includes a region that 
substantially to a target sequence. As used herein, the term "region of 

comlementarity" refers to the region on the antisense strand that is substantially complementary 

11
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to a sequence, for ex ample a1 target sequence, a defined herein. Where the ionpkm. of 

Comprnlemnentarity is not fully complementary to the target sequence the mismatches are most 
tirated in the tenrina regions and, if present, are generally in a terminal region or regions, e.g, 
within 6, 5, 4,3, or2 nucleotides of the 5' and/or 3 terminus.  

5 The term "sense strand," as used herein, refers to the strand of a dsRNA that includes a 
Vgnofl that is substantially compleetary to a rgion of the artisense strand.  

Introducing into a cell", when referring to a dsRNA, means facilitating uptake or 
absorption into the cells is understood by those skilled in the art. Absorption or uptake of 
dsR.NA can occur through unaided diffusive or active cellular processes, or by auxiliary agents or 

10 devices. The meaning of this term is not limited to cells in vitro; a dsRNA max' also be 
"introduced into a cell" wherein the ce11 is part of a iving organism. In such instance, 
introduction iJnto the cell will include the delivery to the organism. For example. for in vi vo 
deli very, dsRNA c an be injected into a tissue site or administered systemically. In vitro 

introduction into a cell includes methods known in the art such as electroporation and 
15 l ipofeetion.  

The terms "silence" and "inhibit the expression ofT', in as far as they reer to the IKK-B 

gene, herein refer to the at least partial suppression of the expression of the IKK-B gene, as 
manifested by a reduction of the amount of mRNA transcribed from the IKK-B gene which may 
be isolIted from a first cell or group of cells in which the 1KK-B gcne is tanscribed and which 

20 has or have been treated such that tie expression of the [KK-B gene is inhibited, as compared to 
a second cell or group of cells substantially identical to the first cell or group of ceils but which 
has or have not been so treated (control cells), The degree of inhibition is usually expressed in 
terns of 

(nRNA in control cells)- (mRNA in treated cells) 
-.100% 

(imRNA in control cells) 

25 Ahternativey the degree of inhibition may be given in terms of a reduction of a parameter 
that is functionally linked to IKK 3 gene transcription, ear. the amount of protein encoded by the 

12
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1K.K-B gene which 1s secreted by a ciL or the number of cells displaying a certain phenotype, e 
apoptosis. In principle.1KK-B gene silencing iay be determined in an cell expressing the 
target, either constitutively or by genomic ennneerin, and by an p i a Howev 

when a reference is needed in order to determine whether a given siRNA. inhibits the expression 
5 of the IK -B gene by a certain degree and therefore is encompassed by the instant invention, the 

assays provided in the Examples below shall serve as such reference.  

For example, in certain instances, expression of the IK K-B gene s suppressed by at least 
about 20, 25% %, 40% or 50% by administration of the double-stranded ol igonucieotide of 
the invention. In a preferred embodiment, the IK-K-B gene is suppressed by at least about 60%, 

10 70%, or 80% by administration of the double-stranded oligonucleotide of the invention, I a 
more preferred embodinent, the IKK-B gene is suppressed by at least about 85%., 90%,. or 95% 
by administration of the double-stranded oligonucleotide of the invention.  

The terms treatyt", "treatment", and the like, refer to relief from or alleviation of 
Inflammation. In the context of the present invention insofar as it relates to any of the other 

15 conditions recited herein below (other than inflammation), the terms "treat", "treatment", and the 
like mean to relieve or alleviate at least one symptom associated With such condition, or to slow 
or reverse the progression or such condition.  

As used herein, the term "IKK-mediated condition or disease" and related terrns and 
phrases refer to a condition or disorder characterized by inappropriate, e.g. less than or greater 

20 than normal, IKK activity. Inappropriate IKK functional activity might arise as the result of 1K 
expression in cells which normally do not express IKK increased 1KK expression (leading to, 
e'g inflannmatory and h-ninunoreogulatory disorders and diseases) or decreased .KK expression.  
An 1KK--mediated condition or disease may be completely or partially mediated by inappropriate 
EKK functional activity. However, an IKK-mediated condition or disease is one in which 

25 modulation of 1KK results in some effect on the underlying condition or disorder (e.ga, an IKK 
inhibitor results in some improvement in patient weiheing in at least some patients).  

As used herein, the phrases therapeuticallyy effective amount" and "rophylactically 

effective amount refer to an amount that provides a therapeutic benefit in the treatment 

I3
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prevention, or m anagentm of inflammation or an overt, symptom of' intlanimationi 'The specific 
amount that is therapeutically effective can be readily determined by ordinary medical 

pr'titioner,0 and may vary depending on factors known in the art. such as e g the type of 

inflanmmnation, the patient's history and age, the stage of inflammation, and the administration of 

D other antiinflamnation ag cents.  

As used nerein, a "pharmaceutical composition" comprises a pharmacologica ly effective 
amount of a dsRNA and a pharmaceutically acceptable career. As used herein, 

pharnmacologicaily effective amount," "therapeutically effective amount" or simply "effective 

amount" refers to that amount of an RNA effective to produce the intended pharmacological, 

10 therapeutic or preventive result. For example, if a given clinical treatment is considered effective 
when there is at least a 25% reduction in a measurable parameter associated with a disease or 
disorder, a therapeutically effective amount of a drug for the treatment of that disease or disorer 

is the amount necessary to effect at least a 25% reduction in that parameter 

The term "pharmaceutically acceptable carrier" refers to a carrier for administration of a 
15 the-apeutic agent. Such carriers include, but are not limited to. saline. buffered saline, dextose.  

water, glycerol. ethanol, and combinations thereof. The term specifically excludes cell culture 

medium. For administered orally, pharmaceutical acceptable carriers include, hut are not 
limited to pharmaceutically acceptable excipients such as inert diluents, disintegrating agents, 

binding agents lubricating agents, sweetening agents. flavoring a colorig agents and 

20 preservatives, Suitable inert diluents include sodium and calcium carbonate, sodium and calcium 
phosphate, and lactose, while corn starch and alginic acid are suitable disintegrating agents, 
Binding agents my include starch and gelatin, while the lubricating agent, if present, will 

generally he magnesium stearate, stearic acid or talc. If desired, the tablets may be coated with a 
mnateru such as glyceryl nonostearate or glyceryl distearate, to delay absorption in the 

25 gastrointestinal tract.  

As used herein, a "transformed cell" is a cell into which a vector has been introduced 

from which a dsRNA molecule may be expressed, 

14
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11. Double-stranded ribonucleic acid (dsRNA) 

Described herein are double-stranded ribonucleic acid (dsRNA) molecules for inhibiting 

the expression of the IKK-B gene in a cell or mammal, wherein the dsRNA comprises an 

antisense strand comprising a region of complementarity which is complementary to at least a 

part of an mRNA formed in the expression of the IKK-B gene, and wherein the region of 

complementarity is less than 30 nucleotides in length, generally 19-24 nucleotides in length, and 

wherein said dsRNA, upon contact with a cell expressing said IKK-B gene, inhibits the 

expression of said IKK-B gene by at least 25%, or preferably by at least 40%. The dsRNA 

comprises two RNA strands that are sufficiently complementary to hybridize to form a duplex 

structure. One strand of the dsRNA (the antisense strand) comprises a region of complementarity 

that is substantially complementary, and generally fully complementary, to a target sequence, 

derived from the sequence of an mRNA formed during the expression of the IKK-B gene, the 

other strand (the sense strand) comprises a region which is complementary to the antisense 

strand, such that the two strands hybridize and form a duplex structure when combined under 

suitable conditions. Generally, the duplex structure is between 15 and 30, more generally 

between 18 and 25, yet more generally between 19 and 24, and most generally between 21 and 23 

base pairs in length. Similarly, the region of complementarity to the target sequence is between 

15 and 30, more generally between 18 and 25, yet more generally between 19 and 24, and most 

generally between 21 and 23 nucleotides in length. The dsRNA described herein may further 

0 comprise one or more single-stranded nucleotide overhang(s). The dsRNA can be synthesized by 

standard methods known in the art as further discussed below, e.g., by use of an automated DNA 

synthesizer, such as are commercially available from, for example, Biosearch, Applied 

Biosystems, Inc. In a preferred embodiment, the IKK-B gene is the human IKK-B gene. In 

specific embodiments, the antisense strand of the dsRNA comprises the sense sequences of 

5 Tables I, 4 and 6 and the second sequence is selected from the group consisting of the antisense 

sequences of Tables 1, 4 and 6.  

15 
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In further embodiments, the dsRNA comprises at least one nucleotide sequence selected 

from the groups of sequences provided in Tables 1, 4 and 6. In other embodiments, the dsRNA 

comprises at least two sequences selected from this group, wherein one of the at least two 

sequences is complementary to another of the at least two sequences, and one of the at least two 

sequences is substantially complementary to a sequence of an mRNA generated in the expression 

of the IKK-B gene. Generally, the dsRNA comprises two oligonucleotides, wherein one 

oligonucleotide is described as the sense strand in Tables 1, 4 and 6 and the second 

oligonucleotide is described as the antisense strand in Tables 1, 4 and 6 

The skilled person is well aware that dsRNAs comprising a duplex structure of between 

20 and 23, but specifically 21, base pairs have been hailed as particularly effective in inducing 

RNA interference (Elbashir et al., EMBO 2001, 20:6877-6888). However, others have found 

that shorter or longer dsRNAs can be effective as well. In the embodiments described above, by 

virtue of the nature of the oligonucleotide sequences provided in Tables 1, 4 and 6, the dsRNAs 

described herein can comprise at least one strand of a length of minimally 21 nt. It can be 

reasonably expected that shorter dsRNAs comprising one of the sequences of Tables 1, 4 and 6 

minus only a few nucleotides on one or both ends may be similarly effective as compared to the 

dsRNAs described above. Hence, dsRNAs comprising a partial sequence of at least 15, 16, 17, 

18, 19, 20, or more contiguous nucleotides from one of the sequences of Tables 1, 4 and 6, and 

differing in their ability to inhibit the expression of the IKK-B gene in a FACS assay as described 

0 herein below by not more than 5, 10, 15, 20, 25, or 30 % inhibition from a dsRNA comprising 

the full sequence, are contemplated by the invention.  

In addition, the RNAi agents provided in Tables 1, 4 and 6 identify a site in the IKK-B 

mRNA that is susceptible to RNAi based cleavage. As such the present invention further 

includes RNAi agents that target within the sequence targeted by one of the agents of the present 

5 invention. As used herein a second RNAi agent is said to target within the sequence of a first 

RNAi agent if the second RNAi agent cleaves the message anywhere within the mRNA that is 

complementary to the antisense strand of the first RNAi agent. Such a second agent will 
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generally consist of at least 15 contiguous nucleotides from one of the sequences provided in 

Tables 1, 4 and 6 coupled to additional nucleotide sequences taken from the region contiguous to 

the selected sequence in the IKK-B gene. For example, the last 15 nucleotides of SEQ ID NO: I 

combined with the next 6 nucleotides from the target IKK-B gene produces a single strand agent 

of 21 nucleotides that is based on one of the sequences provided in Tables 1, 4 and 6.  
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The dsRNA oil the invention can contain one or more mismatches to the target sequence, 

In a preferred embodiment, the dsRNA of the invention contains no more than 3 mi smatehes. if 
the antisense strand of the dsRNA contains mismatches to a target sequence it is preferable that 

the area of nisnmtch not be located in the center of the regJon of comleenta th 

5 antisense strand of the dsRNA contains mismatches to the target sequence, it is preferable that 

the mismatch be restricted to 5 nucleotides from either end, for example 5, 4, 3. 2, or I 

nucleonde from either the 5' or 3' end ofthe region of comlpementarity For example, for a 23 
nucleotide dsRN.A strand which is complementary to a region of the IKK-4B gene, the dsRNA 

generally does not contain any mismatch within the central 13 nucleotides. The methods 

10 described within the invention can be used to determine whether a dRNA containing a mismatch 
toa target sequence is effective in inhibiting the expression of the IKK-13 gene. Consideration of 
the efficacy of dsRNAs with mismatches in inhibiting expression of the 1KK-B gene is 
important, especially if the particular region of complementarity in the IKK--B gene is known to 
have polyorphic sequence variation within the population.  

15 In one embodiment, at least one end of the deRNA has a singie-stranded nucleotide 

overhang of I to 4, generally I or 2 nucleotides, dsRNAs having at least one nueleotide 

overhang have unexpectedly supenor inhibitory properties than their bhtnt-ended counterparts.  

Moreover, the present inventors have discovered that the presence of only one nucleotide 

overhang strengthens the interference activity of the dsRNA. without affecting its overall 

20 stability; dsRNA having only one overhang has proven particularly stable and effective in vivo.  
as well as in a vaietv of cells cell culture mediums, blood, and serum. Generally, the single

stranded overhangs' located at the 3'terminal end of the antisense strand or, alternatively, at the 

3 -terminal end of the sense strand, The dsRNA may also have a Hunt end, general ly located at 

the 5-end of the antisense strand. Such dsRNAs have improved stability and inhibitory activity, 

25 thusowin administration at low dosages. ie., less than 5 mg/kg bodly weight of the recipient 

per day, Generally, the antisense strand of the dsRNA has a nueleotide overhang at the 3-end, 
and thle 5'-end is tiunt. hr another embodiment, one or more of the nucleotides in the overhang 

is replaced with a nucleoside thiophosphate.  

17
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In yet another embodiment, the dsRNA is chemrically modified to enhance stability, The 
nucleic acids of the invention may be synthesized and/or modified by methods well established in 
the. art, such as those described in "Cu-rent protocols in nucleic acid chemistry", BeauageeS.L 
et a. (Edrsj, John Wiley & Sons, inc., New York, NY, USA, which is hereby incorporated 

5 herein by reference. Specific examples of preferred ds RNA compounds useful in this invention 
include dsRNAs containing modified backbones or no natural Internucleoside linkages. As 
defined in this specification, dsRNAs havirg 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 iii the art modified dsRNAs 

10 that do not have a phosphorus atom in their internucleoside backbone can also be considered to 
be oligonucieosides.  

Preferred modified dsRNA backbones include. for example phosphorothioates; chiral 
phosphorothioates. phosphorodi thioates, phosphotriesters, aminoalkylphosphotriesters, methy9 
and other alkyl phosphonates including 3'-alkylene phosphonates and chiral phosphonates, 

r5 phosphinates, phosphoramidates. including 3namino phosphoramidate and 

arminoalkylI phosphoramidates, I hionophosphorami dates, thonoalkvlphosphonates, 

thionoalkyiphosphotriesters and boranophosphates having normal 35' linkages, 25' linked 
analogs of these, and those) having inverted polarity wherein the adjacent pairs of nucleoside 
units are linked 3--5. to 53wr 2'-5'to 52' Various salts rixed salts and free acid forms are also 

20 included.  

Representative US. patents that teach the preparation of the above phosphons-containing 

linkages include, but are not limited to, IS. fPat. Nos. 3,687,808: 4.469,863; 4,476,301: 
5,023,243; 5,77 195; 5,188897; 5,264,423; 5,276,019; 5,278,302; 5,286,717; 5,321,131; 

.399,676- 5,405 939: 5453496 5, 455,233- 5,466,677; 5,476,925; 5,519j 26; 5,536,821; 

25 5,541316; 5,550 i11; 5,563,253; 5,571 799; 5,587,361; and 5,625.050, each of which is herein 

incorporated by reference 

Preferred modified dsRNA backbones that do not include a phosphorus atom therein have 
backbones that are formed by short chain alkyl or cycloalkvl intemucleoside linkages, mixed 
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heteroatoms and alkyl or eyeloalkyl intern ucleoside linkages or ore or more short chain 

heteroatomic or heterocyci' intermuceoside linkages. These include those having morphoino 

linkages (formed in par from the sugar portion of a nucleoside); siloxane backbones; sulfide, 

sulfoxide and sulfone backbones; formacetyl and thioformacetyl backbones; nethylenC 
5 fornacety] and hi otornacetyl backbones; alkene containing backbones; sulfarmate backbones; 

methvieneini no and .methylenehydrazino backbones; sulfonate and sulfonamide backbones; 

aide backbones; and others having mixed N, 0, S and CH2 component parts.  

Representative U.S. 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; 

10 5,216 141; 5,235,033; 5,64,562; 5,264,564: 5,405,938; 5,434,257; 5,466.677; 5,470,967; 

5489,677; 5,541,307; 5,561,225; 5,596086; 5,602;240; 5 6081046; 5,610,289; 5,618,704; 

5,623,070; 5,6633 12; 5,633,360; 5.677.437; and, 5,677,439, each of which is herein 

incorporated by referenrce.  

In other preferred dsRNA mimeties, botli the sugar and the intemucleosie linkage i.e.  
15 the backbone, of the nucleotide units are replaced with novel groups. The base units are 

maintained for hybridizatio.n with an appropriate nucleic acid target compound. One such 

oligomeric compound, an dsRNA mimetic that has been shown to have excellent hybridization 
nc, is iDMAIfrre to. zis i p--n~rd the 

propYeesis referred to asa peptide nucleic acid (PNA), In PNA co ond th sugar 

backbone of an dsRNA is replaced with an aide containing backbone. in particular an 
20 aminoethvlglcne backbone. 'he nucleobases are retained and are bound directly or indirectly to 

aza nitrogen atoms of the aide portion of the backbone. Representative US, patents that teach 
the preparation of PNA compounds include, but are not limited to. U.S. Pat. Nos. 5,539,082; 

5.14.331; and 5,719/,262, each of which is herein incorporated by reference Further teaching of 
PNA compounds can be found in Nielsen et at. Science, 1991, 254, 1497-1500.  

25 Most preferred embodinents of the invention are dsRNAs with phosphorothioate 

backbones and oligonueleosides with heteroatom backbones, and in particular -CHsub2-N 

CHsub.2--, --CIR.sub.2-N(C-H.sib.3)O-CH.sub 2-[known as a methvlene (methylimnino) or 

MMI backbone -CHsub.2---N(CHsub.3).CHsub.2-, -CHsub.2.N(CHsub,3)
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N(G~subS3 y-CR sub.2- and --N(CHsub.3 )-CH .sub,2-CR sub. 2-wherein the native 

phosphodiester backbone is represented as --O-P-4--CR sub,2-] of the aovereferenced 1.  
Pat. No. 5,489.677 and the aide backbones of the above-referenced U.S, Pat, No. 5,602 240.  
Also preferred are dsRNAs having morpholino backbone structures of the above-referenced U S 

5 Pat. No, 5,034,506.  

Modified dsRNAs may also contain one or more substituted sugar moieties. Preferred 
dsRNAs comprise one of the following at the 2 position: OH; P; (-, 8-. or N-alkyl; 0- S - or N
aikeny; 0-, S- or N-alkynyl; or Oalkyl.O-alky, wherein the alky . alkenyl and aikynyl may be 
substituted or unsubstituted C-sub,1 to C.sub.10 alkyl or Csub.2 to C-sub.10 alkenyl and alkyniy.  

10 Particularly preferred are O[(CH.isub.2).sub.nO.sub.inmCl-sLsub.3, 0(CH sub 2).subinOCsub.  

O(CHtsub.2),sub~nNH~sub.2, 0(C~su.2)sub.nCHisub.3, O(CH.sub,2).sub.nON'H.sub.2, and 

(C b)b N H ) b.3)j.sub.2, where n and mn are from I to about 
10, Other preferred dsRNAs Compnse one of the following at the 2 position: C.sub,I to C-sub10 
lower alkysubstituted lower aikyl alkaryl, aralkyl, O-alkaryl or O-aralkyl, SI, SCHsub.3, 

15 OCN, Cl 1Br, CN CKsub.3, OCF.sub3, SOCHsub;3, SO.sub.2CHsub3, ONO.sub.2, 
NO s ub.2, N-sub.3, N~sb.2 heterocycloalkyi heterocycloalkaryl, aminoalkylannino 

pol yalkyiamino substituted silyl. an RNA cleaving group, a reporter group, an inLtercalator, a 
group for proving the pharmacokmetie properties of an dsRNA, or .a group for improving the 
pharmnacdiynaric properties of an dsRNA, and other subsituents having similar properties, A 

2.0 preferred modification includes 2-methoxyethoxy (2-O-Clksub.2CHsub;2OCisub3, also 

known as 2'O-2-meihoxyethyl) or 25-MOE) (Martin et al. Heiv. Chim. Acta 1995, 78486
504)ie, an alkoxy-alkoxy group A further preferred. modification includes 2'
dinmethyaminooxyethoxyi~e.a O(CM sub2).sub.ON(Clsub,).sub,2 group, also known as 2'
DMAOE, as described in examples hereinbelow, and 2tdimethyamninoethoxyethox (also 

25 known in the art as 2 'O-dimethlaminoethoxyethyi or 2'-DMAEOE), ie. 2C Lsub.-

CTsub;2--N(CHsub.2 sub. 2, also described in examples hereinbelow, 

Other preferred modifications include 2-methoxy (2-OCHsub.3) 2-aninopropoxy (2'
OCi sub. 2C sub2CH sub;2N1sub2) and 2T-fluoro (2'-F). Similar modifications may also be 
made at other positions on the dsRNA, particularly the 3 position of the sugar on the 3' erminal 

20
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nucleotide or in 2W-S linked dsRNAs and the 5 position of 5' terminal nucieotide. DsRNAs may 

also have sugar nimnetics such as cyclobutyl moieties in place of the pentofuranosy su'ar; 
Representative R S. patents that teach the preparation of such modijfied sugar stmtures include 

but are not hnmted o, US, Pat, Nos, 4,981,957; 5,118,800; 5,319,080 5;359,044 5439, 478 
5 5,446.J37 5,466786; 5,514,785; 5,519,134; 5,567,811; 5,576,427; 5,591,722 5,597,909; 

5,610,300; 527,053' 5,63'9,873; 546,265; 5,658,873; 5,670.633; and 5700,920, certain of 

which are commonly owned with the instant application, and each of which is herein 

incorporated by reference in its entirety.  

DsRNAs may also include nucleobase (often referred to in the art simply as "base") 

10 modifications or substitutions. As used herein, unmodified or "natural" nucleaIscs 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

methyleytosine (5-me-C) 5-hydroxymethyl cytosine, xanthine. hypoxanthine, 2-and noadenine.  

6-methyl and other alkyl deiivatives of adenine and guanine. 2-propyl and other alkyl derivatives 

15 of adenine and guani ne 2thiouracil 2thiothymine and 2-thiocytosine, 5-halouraciI and 

eytosine 5-propyy uracil and cvtosine, 6-azo uracil, cvtosine and thvmine, 5-uracil 

(pseudouracil). 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalky 8-Ihydroxyl anal other 8
substituted adenines and guanines, 5-halo, particularly 5-bromo, 5-tifuoromethyl and other 5
substituted uracils and cytosin es, 7-methylguanine and 7-methyladenine, 8-azaguanine and 8

20 azaadenine, 7-deazaguanine and. 7-daazaadenine and 3-deazaguanine and 3-deazaadenine, 

Further nucloba'ses include those disclosed in U.S. Pat No. 3 687808, those disclosed in The 

Concise Encvclopedia Of Polymer Science And Engineering, pages 858-859, Kroschwitz, L, 
ed, John Wiley & Sons, 1990, these disclosed by Englisch et a. Angewandte Chemie, 

International Edition, 1991, 30, 613, and those disclosed by Sanghvi, Y S_ Chapter 15, DsRNA 

25 Research and Applications, pages 289-302, Crooke, S. T and Lebieu B Ed., CRC Press, 1.993.  

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

oli gonmeric compounds of the in ovention. These include 5-substituted pyrimidines. 6

azapyrimidines and N-2- N-6 and 0-6 substituted purines. including a.5 

propynyhirac I and 5-propynyicytosine. 5-methylcytosMne substitutions have been shown to
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increase nucleic acid duplex stability by 0.6 1 2.degree C. (Sanghvi S, Y Crooke, S and 

Lebieu, B, Eds.DRNA Research and Applicatons, CRC Press, Boca Raton, 1993, pp, 276
278) and are presently preferred base substitutions, even more particularly when coinbied with 
2 -tOnethloxyethy sugar modificaions, 

Representative U.S, 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, the 
above noted U.S. Pat. No, 3.687 808, as well as US, Pat Nos, 4,845,205; 5 30,30; 5,134,066 
5, 175273 5,367,066; 5,432.272; 5,457,187; 5,459.255; 5,484,908; 5,502 177; 5,525,711; 
5.552,540; 5,587,469; 5,594 121, 5,596j 91; 5.614,617; and 5,681,941, each of which is hremin 

10 incorporated by reference, and U.S. Pat. No. 5,750692, also herein incorporated by reference.  

Anotheroindification of the dsRNAs of the invention involves chemically linking to the 
dsRNA one or more moieties or conjugates which enhance the activity, cellular distribution or 
cellular uptake of the dsRNA, Such moieties include but are not limited to lipid moittie s such as 
a cholesterol moiety (Letsinger et al.. Proc. NaLAcid, Sci. USA, 199, 86, 6553-6556), cholic 

15 acid (Manoharan et t Biorg. Med, Chem, Let. 1994 4 1053-1060). a thioether eg. behryl-S
triuLylthiol (Manoaran et aL.. Ann. N.Y. Acad. Sci., 1992. 660, 306-309; Manoharn e a Bior.  

Med. Chem. Let., 1993, 3, 2765-2770), a thiocholesterol (Oberhauser etaL. Nucl Acids Res..  
1992,20, 533-538) alipbatic chain, .g, dodeandiol or undecyl residues (Saison-Behmoaras 

et aL, EMBO 3, 1991, 10, 1111-1118; Kabanov et aL FEBS Lett, 1990 259 327-330; 
20 Svia archuk et al, Biochimie, 1993, 75t 49-541 a phospholipid, eg, di-hexadecy-rac-glycerol or 

triethy-ammonium 1,2 di-O-hexadecylrac-giycero-3-Hphosphonate (Manoharan et al..  
Tetrahedron Let., 1995, 36, 36512654; Shea et at, NucL Acids Res, 1990, 18, 3777-3783), a 
polyarnine or a polyethylene glycol chain (Manoharan et aL, Nucleosides & Nucleotides, 1995, 
14, 969--973), or adamantane acetic acid (Manoharan et al., Tetrahedron Lett, 1995, 36, 3651

25 3654) a palmityl moiety (Mishra et a, Biochim. Biophys. Acta, 1995, 1264, 229-237).or an 
ociadecylamine or hexylamino-carbonyloxycholesterol moiety (Crooke et a. J, Pharnacol. Exp.  
There, 1996, 277, 923-937).  

22
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Representative U.S. patents that teach the preparation of such dsRNA conjugates include, 

hut are not limited to, 11. Pat. Nos. 4,828,979; 4,948,882: 5,218,105; 5,525,465; 5,541,313; 

5,54 730 55'2,538; 5,78,717, 5580;731; 5,591584 5,109,1'24; 5 3 5 

5,414 1077; 5;486,603; 5 512,439; 5,578,18; 5,608) 46; 4,587 (Vf4 4,605;735; 4,667,025: 

5 4;762 779; 4;789237: 4.824.941: 4,835,263; 4,876.335: 4.904;582; 4,958,013 5J)82,830; 

511 963'; 5214,136; 55082.830; 5,112,963: 57214,136: 5245,022; 5254A69 5,258,506; 

5;2625 526 ; 250; 5 292 873; 5,317.098; 55371,241. 5, 391;723 4,203u5l45L463: 

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; 5,597696; 5,599,923; 5,599,928 and 5,688,941, each of which is herein incorporated 

10 by reference.  

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 dsRNA. The present invention also includes 
dsRNA compounds which are chimeric compounds. Chimeric" dsRNA compounds or 

15 "chimeras," in the context of this invention, are dsRNA compounds, particulary dsRNAs, which 

contain two or more chemically distinct regions, each made up of at least one monomer unit, i.e..  

a nucleotide in the case of an dsRNA compound, These dsRNAs typically contain at least one 

region wherein the dsR.NA is modified so as to confer upon the dsR.NA increased resistance to 

nuclease degradation, increased cellular uptake. and/or increased binding affinity for the target 

2.0 nucleic acid. An additional region of the dsRNA may serve as a substrate for enzymes capable of 

cleaving RNA:DNA or RNA:RNA hybrids. By way of example, RNase 11 is a cellular 

endoriuclase which cleaves the RNA strand of an RNA:DNA duplex. Activation of RNase H 
therefore. results in cleavage of the RNA target, thereby greatly enhancing the efficiency of 

dsRNA inhibition of gene expression. Consequently, comparable results can often be obtained 

25 with shorter dsRNAs when chimenc dsRNAs are used, compared to phosphorothioatc 

deoxydsRNAs hybridizing to the same target region. Cleavage of the RNA target can be 

routinely detected by gel electrophoresis and, if necessary, associated nucieic acid hybridizaton 

tchniques known in the art, 
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In certain ins t ances the dsRNA may be modified by a non-ligand group. A number of 

non-higand molecules have been conjugated to dsRNAs in order to enhance the activity, cellular 

distribution or cellular uptake of the dsRN Aand procedures for performing, such coonjugauons 

are available in the scientific literature. Such noni-hgand moieties have included lipid moieties, 

5 such as cholesterol (Letsinger et al, Proc. Natl. Acad. Sci. USA, 1989, 86:6553), cholic acid 

(Manoharan et aL. Bloorg. Med. Chem. Lett. 1994, 4: 1053) a thioether., e.g., hexyS-tritylthiol 

(Manoharan et al, Ann. N.Y, Acad Sci., 1992, 66036 Manoharan et aL, Bioor, Med. Chem 

Let, 1993, 3:2765), a thiochotestero (Oberhauser et al., Nucl Acids Re-, 1992 20:533) an 

aliphatic chain. ei.. dodecandiol or undecyl residues (Saison-Behmoaras et al. EMBO J., 1991, 

10 10:111; Kabanov et al. FEBtS Lett, 1990, 259:327; Svinarchuk et at, Biochiine, 1993, 75:49), a 

phospholipid e.g , di-hexadecyrac-glycerol or triethylammronium L2-di-O.hexadecylrac
glyccro - phosphonate (Manoharan et al, Tetrahedron Lett., 1995, 36:3651; Shea et at, Nuci.  

Acids Res 190, 18:3777), a polyamine or a polyethylene glycol chain (Manoharan et al.  

Nucleoside & Nucleotides, 1995, 14:969). or adamantane acetic acid (Mamoharan et al 

15 Tetrahedron LetL 1995, 36:3651), a paLniLyl moiety (Misbra etal., Biochim. Biophys. Acta, 

1995, 1264:229), or an octadecvlamine or hexylamino-carbonyboxycholesterol moiety (Crooke 

et at, J. Pharmacol Exp. Ther., 1996, 277:923), Representative United States patents that. teach 

the preparation of such dsRN A con jugates have been listed above. Typical congation protocols 

involve the synthesis of d-sR NAs bearina an aminolinker at one or more positions of the 

20 sequence. The amirno group is then reacted with the molecule being conjugated using appropriate 
coupling or activating reats. The conjugation reaction may be performed either with the 

dsRNA still bound to the solid support or following cleavage of the dsRNA in solution phase 

Purification of the Us RNA conjugate by HPLC typically affords the pure conjuaate. The use of a 

cholesterol con jugate is parniculady preferred since such a moiety can increase targeting vaginal 

25 epithelium celIs, a site of IKK-B expression expression.  

Vector encoded RNAi agents 

The dsRNA of the invention can also be expressed from recoinani viral vectors 

intracellularly in vivo. The recombinant viral vectors of the invention comprise sequences 

encoding the dsRNA of the invention and any suitable promoter for expressing the dsRNA 
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sequtces. Suitable promoters include, for example, the U6 or H I RNA pcl III promoter 

sequences anidith cytornegalovirus promoter. Selection of otner suitable promoters is within the 

skill in the art. The recombinant viral vectors of the invention can also comprise inducible or 

regulatable promoters for expression of the dsRNA in a particular tissue or in a particular 

s intracellular environment The use of recombinant viral vectors to deliver dSRNA of the 

invention to cells in vivo is discussed in more detail below, 

dsR.NA of the invention can be expressed from a reconibinant viral vector either as two 

separate, complementary RNA nolecuies, or as a single RNA molecule with two complemetary 

regions, 

10 Any viral vector capable of accepting the coding sequences for the dsRNA molecule(s) to 

be expressed can be used, for example vectors derived from adenovirus (AV); adeno-associated 

virus (AAV); retroviruses (e.g lentiviruses (LV), Rhabdoviruses, murine leukemia virus); herpes 

virus, and the like. The tropisn of viral vectors can be modified by pseudotyping the vectors with 

envelope proteins or other surface antigens from other viruses, or by substituting different viral 

15 capsid proteins, as appropriate.  

For example. lentiviral vectors of the invention can be pseudoty ped with surface proteins 

ron vesicular stonatitis virus (VSV), rabies, Ebola, Mokola, and the like. AAV vectors of the 

invention can be made to target different cells by engineering the vectors to express different 

capsid protein serotypes. For example, air AAV vector expressing a serotype 2 capsid on a 

20 serotype 2 genone is called AAV 212. This serotype 2 capsid gene in the AAV 2/2 vector can be 

rpiaced by a serotype 5 capsid gene to produce an AAV 2/5 vector. Techniques for constructing 

AAV vectors which express different capsid protein seroty es are within the skill in the art; see, 

e. Rzabinowitz J E eta. (2002),3 Virol 76:791-801., the entire disclosure of which is herein 

incorporated by reference.  

25 Selection of recombinant viral vectors suitable for use in the invention, methods for 

inserting nucleic acid sequences for expressing the dsRNA into the vector, and methods of 

delivering the viral vector to the cells of interest are within the skill in the art, See for example., 

25
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Domburg R (1995), Gene Therap. 2: 301-310; Eglitis M A (1988), 3ijotechniques 6: 608,614; 

Miller A D (1990), Hun Gene Therap. 1: 5-14; Anderson W F(I 1998). Naturm 392: 25-30; and 

Rubinson D A et a, Nat, Genet. 33:401-406, the entire disclosures of which are herein 

incorporated by reference.  

Preferred viral vectors are those derived from AV and AAV. In a partivulady preferred 

embodiment, the dsRNA of the invention is expressed as two separate, cornpnlementary singl
stranded RN A molecules from a recombinant AAV vector comprising, for ex ample, either the 
U6 or 1-1-I RNA promoters, or the cytomegalovirus (CMV) promoter.  

A suitable AV vector for expressing the dsRNA of the invention, a method for 
10 constructing the recombinant AV vector, and a method for delivering the vector into target cells.  

are described in ia. H It al. (2002), Nat; Biotech. 20: 106-1010, 

Suitable AAV vectors for expressing the dsRNA of the invention, methods for 

constructing the recombinant AV vector, and methods for delivering the vectors into target cells 

are described in Samuiski R et al. (1987), 1. Virok 61: 3096-3101 Fisher K J ct al (1996),.1.  
.15 Virol, 0: 520/532; Samulski R et at (1989), J. ViroL 63: 3822-826; Pat.No 5,252,479;' 

U.S. Palt. No. 5,139,941; international Patent Application No. WO 94/13788; and international 

Patent Application No.O 93/24641, the entire disclosures of which are herein incorporated by 
reference.  

LE Pharmaceutical compositionsrcomisin dsRNA 

20 In one embodiment, the invention provides pharmaceutical compositions comprising a 

dsRNA, as described herein, and a pharmaceutically acceptable carrier. The pharmaceutical 

composition comprising the dsRNA is useful for treating a disease or disorder associated with the 

expression or activity of the IKK B gene, such as pathological processes mediated by IKK-B 
expression. Such pharmaceutical compositions are formulated based on the mode of delivery.  

25 One example is compositions that are formulated for systemic administration via parenteral 

deli very.
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The pharnaceutical coipositons of the invention are administered in dosages sufficient 

to inhibit expression of the IKK-B gene. The present inventors have found that, because of their 

improved efficienc, compositions comprising the dsRNA of the invention can he administered 

at surpnsinglyilow dosages, A inaximlm dosage of 5 m dsRNA per kilogram body weight of 

5 recipient per day is sufficient to inhibit or completely suppress expression of the IKK-B gene.  

In general, a suitable dose of dsRNA will be in the range of 001 to 5.0 mdaligrams per 
kilograrn body weight of the recipient per day, generally in the range of 1 microgram to I mg per 

kilogram body weight per day. The pharmaceutical composition may be administered once daily, 

or the ds.RNA may be administered as two, three, or more sub-doses at appropriate i nterval s 
10 throughout the day or even using continuous infusion or delivery through a controlled release 

formulation. In that case, the dsRNA contained in each sub-dose must be correspondingly 

smnad ler in order to achieve the total daily dosage. The dosage unit can also be compounded for 

delivery over several days, eg, using a conventional sustained release formulation which 

provides sustained release of the dsRNA over a several day period, Sustained release 

15 fomiulations are well known in the art and are particularly useful for vaginal delivery of agents, 

such as could be used with the agents of the present invention, in this embodiment, the dosage 

unit contains a corresponding multiple of the daily dose,.  

The skilled artisan will appreciate that certain factors may influence the dosage and 
timing required to effectively treat a subject, including but not limited to the severity of the 

20 disease or disorder, previous treatments, the general health and/or age of the subject, and other 

diseases present. Moreover, treatment of a subject with a therapeutically effective amount of a 

composition can include a single treatment or a series of treatments. Estimates of effective 

dosages and im vivo half-lives for the individual dsRNAs encompassed by the invention can be 

made using conventional methodologies or on the basis of in vivo testing using an appropriate 

25 animal model, as described elsewhere here.  

Advances in mouse genetics have generated a number of mouse models for the study of 

various human diseases such as pathological processes mediated by IKK-B expression. Such 

models are used for in vivo testing of dsRNA, as well as for determining a therapeutically 

effective dose.  
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The present invention also includes pharmaceutical compositions and forrnlations which 

include the dsRNA compounds of the invention. The pharmaceutical CoIpositions of the present t 

nventon may be administered in a number of ways depending upon whether local or systemic 

treatment is desired and upon the area to be treated. Administration may be topical, pulmonary, 
eg~ by inhalation or m suffiation of powders or aerosols, includirig by nebulizer; intratracheal, 

intranasal, epidermii and transdermal), oral or parenteral. Admininstration may also be designed 

to result In prfeirntial localization to partic Ular tissues through local delivery, e g. by direct 

intraarticular miection into joints, by rectal administration for direct deliveryto the gut and 

intestines, by intravaginal administration for delivery to the cervix and vagina, by intravitreal 

10 administration for delivery to the eye. Parenteral administration includes intravenous, 
inaarterial. intraarticular. subcutaneous, intraperitoneal or intramuscular injecti on or infusion; 

or intracranial, eg., intrathecal or intraventricular, administration.  

Pharmaceutical compositions and formulations for topical administration may iMclude 

transdermnal patches ointments, lotions, creams, gels, drops. suppositories, sprays, liquids and 

15 powder. Conventional pharmaceutical carriers, aqueous, powder or oily bai thickeners an~d 
the like may be necessary or desirable. Coated condoms, gloves and the like may also be usefuL 

Preferred topical formulations include those in which the dsRN.As of the invention are in 

admixture with a topical delivery agent such as lipids, iposomesat i, fatty acdt esters, 

steroids, cheating agents and surfactants. Preferred lipids and liposomes include neutral (et.g 

20 dioleoyiphosphatidyl DOPE ethanolamine, dimyristoylphosphatidyi choline DMPC, 
di searolyphosphatidyl choline) negative (e g. dimyristoyiphosphati dy glycerol DMPG) and 
cationic (eg. dileoyl tetramethylaminopropyl DOTAP and dioieovphosphatidyl ethanolamine 

DOT'MA)f DsRNAs of the invention may be encapsulated within hposornes or may form 

complexes thereto, in particular to cationic liposomes. Alternatively. dsRNAs may be complexed 

25 to lipids, in particular to cationic lipids. Preferred fatty acids and esters include ie but are not 

limited arachidoni acid, ole.ic acid, cicosanoic acid, lauric acid, caprylic acid, capric acid, 

mnyristic acid. pamintic acid. steari acid, liioleic acid, linolenic acid, dicaprate, tricaprate.  

monoolein, dilaurin, glveeryi -monocaprate-dodecylazacycloheptan-2-one, an acylcamitine.  

an oClChoine, or a C, aikyl ester (e.g. isopropylmyristate [PM), nonoglyceride, diglyceride or 

30 pharmaceutically acceptable salt thereof. Topical formulations are described in detail in UAS 
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patent application Ser. No 09/315,298 filed onMay 20, 1999 which is incorporated herein by 

reference in its entirety.  

Comrpositiions and formulations for oral admiIstration include powders or granules, 

niiopardcultes. nanoparticulaaes, suspensions or soImions in water (or nonaqueous Iedia.  

5 capsules, gel capsuies sachets tablets or minitablets iThikeners flavoring agents, diuens, 

emlsifiers dipersing aids or binders may be desirable. Preferred oral formulations are those in 

which dsRNAs of he invention are adninistered in conjunction with one or more penetration 

enhancers surfacrants and chelators. Preferred surfactants include fatty acids and/or esters or salts 

thereof, bile acids and/or salts thereof, Preferred bile acids/salts include chenodeoxycholic acid 
10 (CDCA) and ursodeoxvchenodeoxychoe. acid (UDCA). cholic acid, dehydrcAholic acid, 

dcoxycholic acid, glucholic acid, glycholic acid glycodeoxycholic acid, taurochoic acid, 

turodeoxychoic acid, sodium taurm. 24;25-dihydoofusidte and sodium gcodihydrofsdate.  

Precerred fatty acids include arachidonic acid, undecanoic acidl olei acid aunic acid, caprylie 

acrd, caprice acid, myristic acid, palmitic acid, stearic acid, linoleic acid, linolenic acid, dicaprate, 
15 trIcaprate, mlonwlein, dilauin, glycerol 1-moiocaprate, 1-d1decylazacycloheptan-2-one an 

acylcaiti ne, an acylcholine; or a monoglvceride. a diglyeeride ora ph-armaceutically acceptable 

salt thereof leg sodiimr), Also preferred are combinations of Penetration enhances, for example, 

fatty acids/salis in combination with bile acids/salts. A particularly preferred combination is the 

sodiumn salt of lairic acid, capric acid and U;DCA\ Further- penetration enhancers include 

20 polycxyehyiene-9-liury eUhr, polyoxyethylen20-cetyil ether DsRNAs of the invention may be 

delivered orafly, in granular form including sprayed dried particles, or complexed to form micro 

or nanopaticler.s, DsRNA comnplexing agents include poly-amino acids; polyimines; 

polyacrylates; polyalkylacrylates; polyoxethanes, polyakylcyanoaryles: catienized gelatins, 
aumins, saruhies, acrylatesP polyethyleneglycols (PE)c and starchesales: 

25 DEAE-dri vatized polyinen"'s, pollulans, celluloses and starches Particularly preferred 

comlplexing agents include chitosan., N-trimethylchitosan, poly-.ysine, polyhistidine, 

polyornithin p 'iyspermUnes, protanine, polyvinylpvridi ne, poidiethy ainomethyel vI ine 

P(TDAE ), polvaminostyrene (e-g p-minol poly(mrethiyicyanoacyate) 

polyethvicvanoacrylate). poly(butyleyanoacrylateL poly(isob utylyanoacrylt 

30 polyisobexyleynaoacrylate, DEAE-methaerviateDEA E-hexylacrylate. DEAE-acrylamide, 
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DEA&albunin and DEAE-dextran, po1ymethylacrylate, polyhexylacry ate.poiy(D actic 

acid), poly(DUIactic-cotilcolic acid (PLGA\ alginate. and poiyethyleneglycol (PEG). Oral 

formuations for dsRNAs and their preparation are described in detail in AIS. application. Ser.  

No, 0886,829 (filed Jul. 1, 1997), Ser No. 09/108,673 (filed Jul 1 1998), Ser, No. 09/256;515 

5 (filed Feb. 2 1999) Scr No, 091082,624 (filed May2. 1998) and Ser. No. 09/315 298 (filed 

May 20, 1999), each of which is incorporated herein by reference in their entirety 

Compositions and formulations for parenteral, intrathecal or intraventricular 

administration n may include sterile aqueous solutions which may also contain buffers, diluents 

and other suitable additives such as, but not limited to, penetration enhances, carrier compounds 

10 and other pharmaceutically acceptable capers or excipients.  

Pharmaceutical compositions of the present invention include, but are not limited to, 

solutions, emulsions, and Iiposome-containing formulations. These composi tons may be 

generated from a variety of components that include, but are not limited to, preformed liquids.  
seif-emulsifying solids and self-emulsifying semisolids.  

15 The pharmaceutical formulations of the present invention, which may con veniently be 

presented in unit dosage forin, may be prepared according to conventional techniques well 

known in the pharmaceutical industry. Such techniques include the step of bringing into 

association the active ingredients with the pharmaceutical carriers) or excipient(s) in general.  

the formulations arc prepared by uniformly and intimately bringing into association the active 

20 ingredients with liquid carriers or finely divided solid carriers or both, and then, if necessary.  

shaping the product.  

The compositions of the present invention may be formulated into any of many p 

dosage forms such as, but not limited to, tablets, capsules, gel capsules, liquid syrups, soft gels, 

suppositories, ad enemas. The compositions of the present invention may also he formulated as 

25 suspensions mi aqueous, non-aqueous or mixed media. Aqueous suspensions may further contain 

substances which increase the viscosity of the suspension including for example., sodium 

carboxymethyeiuilose, sorbitol and/or dextran The suspension may also contain stabilizers.  

30
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i one entbodi meant of the present invention the pharmacetcal cm oins may be 
fornu1lated and used as foams. Pharmaceutical foams include formulations such as, bt -not 
limited to. emulsions, microemulsions, creams, Jellies and liposomes. While basically simiar in 

nature these fomulations vary in the COmltpolents and the consistency of the ufial product. The 

preparation of such compositions and formulations is generally known to those skilled in the 

pharniaceutical and formulation arts and may be applied to the formulation of the compositions 

of the present invention.  

Emulsions 

The Compositions of the present invention may be prepared and formulated as emulsions.  

T0 Emulsions are typically heterogenous systems of one liquid dispersed in another in the form of 

droplets usually exceeding .nu.rm in diameter Odson, in Pharmaceutical Dosage Forms, 

Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, NY. volume l, p.  
199; Rosoff. in Pharmaceutical Dosage Forms, Liebernan, Rieger and Banker (Eds) 1988, 

Marcel Dekker, Inc,, New York, N.Y., Volume 1, p. 245; Block in Pharmaceutical Dosage 
15 Forms. Lieberman. Rieger and Banker Eds.), 1988, Marcel Dekker, Inc New York, N..  

volume 2 p. 335; 1iguchi et al in Remington's Pharmaceutical Sciences, Mack Publishing Co, 

Easton, Pa. 1985, p. 301). Emulsions arc often biphasic systems comprising two immiscible 

liquid phases intimately m-iixed and dispersed with each other, In general, emulsions may be of 

either the water-inmoil (w/o) or the oiinaver (o/w) variety. When an aqueous phase is finely 

20 divided into and dispersed as minute droplets into a bulk oily phase, the resulting composition is 

called a waterin-oil (w/o) emulsion. Alernatively, when an oily phase is finely divided into and 

lipersed as min-te droplets iit a bulk aqueous phase, the resulting composition is calIed an oil

in-water (o/w) emulsion. Emulsions may contain additional cofmnucnts in addition to the 

dispersed phases, and the active drug which may be present as a solution in either the aqueous 

25 phase, oily phase or itself as a separate phase Pharmaceutical excipients such as emulsifiers, 

stabilizers. dyes, and anti-oxidants may also be present in emulsions as needed. Pharmaceutical 

emulsions may also be multiple emulsions that are comprised of more than two phases such as, 

for example, in the case of oil-in-water-in-oil (oiw/o) and water-In-oil-in-water (w/o/w) 

emnulsions. Such complex formulations often provide certain advantages that simple binary 
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emu1lsiOnS do not. Multiple emulsions in which individual oil droplets of an o/w enuls 'on 
enclose small water droplets Constitute a w/o/w enulsion. Likewise a system of oil droplets 

enclosed in globules of water stabilized in an oily continuous phase provides an o/w/o emuIston.  

Emiulsions are characterized by little or no thermodynamic stability. Often, the dispersed 

5 or discontinuous phase of the emulsion is well dispersed into the extemal or continuous phase 

and maintained in this form through the means of emulsifiers or the viscosity of the formulation.  

Either of the phases of the emulsion may be a semisolid or a solid, as is the case of emulsion

stvle ointment bases and creams. Other means of stabilizing emulsions entail the use of 

emulsifiers that may be incorporated into either phase of the emulsion. Emuisifers may broadly 
10 be classified into four categories: synthetic surfactants, naturally occurring emulsifiers, 

absorption bases, and finely dispersed solids (Idson in Pha.naceutical Dosage Forms, 
Lieberman Rieger and Banker (Eds.). 1988, Marcel Dekker, Inc. New York, N.Y., volume 1, p, 

199), 

Synthetic surfactants. also known as surface active agents, have found wide applicability 

15 in the formulation of emulsions and have been reviewed in the literature (Rieger, in 

Pharmaceutica Dosag. Forms, Lieberman, Riego'er and Banker (Eds.). 1988, Marcel Dekker, Inc., 

New York, N Y., volume , p 285; Idson, in Pharmaceutical Dosage Forms, Liebernan. Rieger 

and Banker (Eds. ), Marcei Dekker, Inc., New York, N.Y. 1988, volume 1, p. 1 99i. Surfactants 

are typically amnphiphilic and comprise a hydrophilic and a hydrophobic portion. The ratio of the 
20 hydrophilic to the hydrophobic nature of the surfactant has been termed the hydrophile/lipophile 

balance (ILB) and is a valuable tool in categorizing and selection surfactants in the operation 

of formulati ons. Surfactants may be classified into different classes based on the nature of the 

hydrophilic group noonic, anionic, cationic and aniphoteric (Rieger, in Pharmaceutical Dosage 

Forms, ieberman. Rieger and Banker (Eds.) 1988, Marcel Dekker, Inc., New York, N.Y., 

25 volume 1, p. 285), 

Naturally occurring emulsifiers used in emulsion formulations include lanolin, beeswax, 

phosphatides, lecithin and acacia. Absorption bases possess hydrophilic properties such that they 
can soak up water to form w/o emulsions yet retain their semisolid consistencies, such as 

anhydrous lanolin and hydrophilic petrolatun. Finely divided solids have also been used as good 
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emiulsifiers especially in combination with surfactants and in viscous preparatons. These include 

polar inorganic solids, such as heavy metal hydroxides, nonswelling clays such as bentonite, 

attapulgite. hectorite, kaolin, montmorillonite, colloidal aluminum silicate and colloidal 

magnesium aluminum silicate, pigments and nonpolar solids such as carbon or glycery 

5~ tristearate.  

A large variety of non-emulsifying materials are also included in emusion formulations 

and contribute to the properties of emulsions. These include fats, oils, waxes, faity acids, fatty 

alcohols, fatty esters, humecrants. hydrophiiic coloids, preservatives and antioxidants (Block, in 

Pharmaceutical Dosage Formis, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc_ 

10 New York, N.Y., volume 1, p. 335; Idson, in Pharnaceutical Dosage Forms iebeman, Rieger 
and Banker (Eds.), 1988, Marcel Dekker. Inc, New York, N.Y., volume 1, p. 199).  

IHydrophilic colloids or hvdrocolloids include naturally occuma nggumns and synthetic 

polymers such as polysaccharides (for example, acaciaag, ar, alginic acid- carrageenan, guar gum, 

karaya gum, and tragaanth) cellulose derivatives (for example, carboxymethylceilulose and 

15 carboxypropylcel I u lose), and synthetic polymers (for example., carbomers, cellulose ethers, and 

carboxyvinyl polymers) Those disperse or swell in water to form colloidal solutions that stabilize 

emulsions by forming strong. interracial films around the dispersed-phase droplets and by 

increasing the viscosity of the external phase, 

Since emulsions often contain a number of ingredients such as carbohydrates, proteins, 

20 sterols and phosphatides that may readily support the growth of microbes, these formulations 

often incorporate preservatives. Commonly used preservatives included in emulsion formulations 

include methyl paraben. propyl paraben, quatemary annonium salts, benzalkonium chlori de 

esters of p-hydroxybenzoic acid, and boric acid. Antioxidants are also commonly added to 

emulsion formulations to prevent deterioration of the formulation. Antioxidants used may be free 

.25 radical seavcngers such as tocopherols, alkyl gailates, butylated bydroxyanisole. butylated 

hydroxytol ene or reducing agents such as ascorbic acid and sodium metabisulfiteand 

antioxidant syncrgists such as citric acid, tartaric acid, and lecithin.  
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The application of emulsion formulations via deinatological oral and narenteral routs 

and methods for their manufacture have been reviewed in the literature (ldson. in Pharmaceutic.a 

Dosage Forms, Lieberman, Rieger and Banker (Eds). 1988. Marcel Dekker hic. New York, 
NY., volume l. p. 199). Emulsion formulations for oral delivery have been very wide used 

s because of ease of formulanion. as well as efficacy from an absorption and bioavailabiltyv 
standpoint (Rosoff, in Pharmaceutcal Dosage Forms, Lieberman, Rieger and Banker Eds.), 
1988 MareetDekker, Inc. New YorkN.Y volume 1, p. 245; idson in Pharmaceutcal Dosage 

Forms, Lieberman Rieger and Banker (Eds) 1988, Marcel Dekker, na, New York. N. Y..  
volume 1. p 199) Mineral-oil base laxatives. oilhsoluble vitamins and hifg rat nutritive 

10 preparations are among the materials that have commonly been adnnistered orally as o/w 
emulsions.  

in one embodiment of the present invention, the compositions of dsRNAs and nucleic 
acids are formulated as Microemisions. A microemulsion may be defined as a system of water 
oil and amphiphile which is a single optically isotropic and thermodynamically stable liquid 

15 solution (Rosoff In Pharmacedti D osage Forms; Lieberman, Riger and Banker ds 988 
Marcel Dekker, Inc., New York, N.Y., volume 1, p. 245). Typically microemuisions are systems 
that are prepared by first dispersing an oil in an aqueous surfactant solution and then adding. a 
sufficient amount of a fourth component, generally an intermediate chin-length alcohol to form 
a transparent system. Therefore, microemnuisions have also been described as thermodynamically 

20 stable, i sotropicaly clear dispersions of two immiscible liquids that are stabilized by interfacil 
films of surface-active molecules (Leung and Shah, in: Controlled Release of Drugs Polymers 
and Aggregate Systems, Rosoff. M, Ed, 1989, VCH Publishors, New York, pages i85-215}, 

Microemulsions commonly are prepared via a combination of three to five components that 

include oil, water, surfactant; cosurfactant and electrolyte. Whether the microenudsion is of the 
25 water-in-oil (wio) or an oil-in-water (01w) type is dependent on the properties of the oil and 

surfactant used and on the structure and geometric paking of the polr heads and, hydrocarbon 

tails of the surfactant molecules (Schott, in Remington's Pharmaceutical Sciences IMack 
Publishing Co. Easton, Pa., 1985, p. 271).  
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The phenomenoiogical approach utilizmg phase diagrams has been extensively studied 

and has fielded a comprehensive knowledge , to one skilled in the art, of how to fornulate 

m icrocImulsion s (Rosoff, in Pharmaceutical Dosage Forms, Li eberman, Rigoer and banker 

(Edsi), 1988. Marcel Dekker, Inc., New York, N.Y,, volume 1. p. 245: Block, in. Pharmaceutical 

5 Dosage Forms, iecerman, Rieger and Banker (Eds.), 1988, Marcel Dekker, [nc. New York, 

N Y. volume l, p. 335), Compared to conventional emulsions, microcsislons offer the 

advantage of soi h izing water-insoluble drugs in a formulation of thermodynamnically stable 

droplets that are formed. spontaneously.  

Surfactants used in the preparation of microemuisions include, but are not lrmited to, 
10 ioic surfactants, non-ionic surfactants, Brij 96, polyoxyethylene oleyl ethers, polyglycero Ifatty 

aci esters. tetragyceral monola urate (ML3 10), tetraglycerol monooleate (AO310), hexaglycerol 

mionooleate (P0310), hexaglycerol pentaoleate (PO500), decaglycerol nionocaprate (MCA750), 

decaglyccrol inonooleate (MO750), decaglycerol sequioleate (S0750), decaglycerol decaolkate 

(DAO750), alone or in combination with cosurfactants. The cosurfactant, usually a short-chain 

15 alcohol such as ethanol, I <propanol and I-butanol. serves to ictease the interfacial fluidity by 

penetrating into the surfactant film and consequently creating a disordered filn because of the 

void space generated among surfactan t molecules. Microemulsions may, however, be prepared 

without the use of cosurfactants and alcohol-ftree self-emuisifying microemusion systems tare 

known in the art. The aqueous phase may typically be, but is not limited to, water, an aqueous 
20 solution of the drug, glycerol, PEG300, PEG400, polyglyoerois p glycols. and 

derivatives of ethylene glycol. The oil phase may include, but is not limited to, materials such Is 

Captex 00 apt.x 355, Capmuil MCN fatty acid esters, medium chain (C8-C12) mono, di and 

tri - gycerides, poyoxyethylated glyceryl fatty acid esters. fatty alcohols, polyglycolized 

glycerides, saturated polyglycolizod C8C10 cglyceides, vegetable oils and silicone oil.  

.25 Mirioemulsions are particularly of interest from the standpoint of drug solubilization and 

the enhanced absorption of drugs, Lipid based microemalsions (both 0/w and w/o) have been 

proposed to enhance the oral bioavailability of drugs, including peptides (Constantinides et at, 

Pharmaceutical Research, 1994, 11, 13851390; Ritschel, Moth. Find. Exp. Clin, Pharmacol 

1993, 3,205). Microemulsions afford advantages of improved dog solubilzation, protection of 
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drug from enzyratic hydrolvsis. possible enhancement of drug absorptIon due to surtactant

Induced alterations in membrane fluidity and perreability, ease of preparation, ease of oral 

administration over solid dosage forms, improved clinical potency, and decreased toxi city 

(Constantinides et at Pharmaceutical Research, 1994, 11, 1385; Ho et al, J, Pharm. Sci., 1996, 
5 85. 138-143). Often nicroemulsions may form spontaneously when their components are 

brought together at ambient temperature. This may be paVrticuilaryadvantageous when.  

formulating thermolabile drugs, peptides or dsRNAs, Microenadsions have also been effective in 

the transdermai delivery of active components in both cosmetic and pharmaceutical applications.  

It is expected that the mncroemulsion compositions and formulations of the present invention wili 

10 facilitate the increased systemic absorption of dsRNAs and nucleic acids from the 

gastrointestinal tract, as well as improve the local cellular uptake of dsRNAs and nucleic acids 

within the gastrointestinal tract, vagina, buccal cavity aid other areas of administration.  

Microemuisions of the present invention may also contain additional components and 

additives such as sorbitan monostearate (Grill 3), Labrasol, and penetration enhances to improve 

15 the properties of the formulation and to enhance the absorption of the dsRNAS and nucleic acids 

of the present invention. Penetration enhancers used in the microemulsions of tile present 

invention may be classified as belonging to one of -five broad categories-sudactants, fatty acids, 

bile salts, cheating agents, and non-chelating non-surfacetants (Lee et al, Critical Reviews in 

Therapeutic Drug Carrier Systems, 1991, p. 92). Each of these classes has been discussed above.  

20 Liposomes 

There are many organized surfactant structures besides nicroemuisions that have been 

studied and used for the formulation of drugs. These include monolayersimice bilaye and 

vesicles. Vesicles, such as liposomes, have attracted great interest because of their specificity and 

the duration of action they offer from the standpoint of drug delivery. As used in the present 

25 invention, the term "liposome" means a vehicle composed of amphiphilie lipids arranged in a 

spherical bi layer or bilayers.  

Liposomes are unilamellar or muliilamellar vesicles which have a membrane formed 

from a lipophilic material and an aqueous interior. The aqueous portion contains the composition 
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to be delived. Cationic liposomes possess the advantage of being able to fuse to the cell wall 

Non-cationic liposomes, although not able to fuse as efficiently with the cell wall, are taken up 

bv macrophages in vivo, 

in order to cross intact mammalian skin, lipid vesicles roust pass through a series of fine 

5 pores, each w h a diameter less than 50 nm under the influence of a suitable transdermal 
gradient. Therefore it is desirable to use a liposome which is high ly deforrable and able to pass 

through such fine pores.  

Further advantages of liposomes include; liposomes obtained from natural phospholipids 

are biocompatibie and biodegradable; liposomes can incorporate a wide range of water and lipid 

l0 soluble drugs; hposomes can protect encapsulated drgs in their intemal compartments from 

metabolism ard degradation (Rosoff' in Pharmaceutical Dosage Forms, Lieberman Rieger and 

Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 245). Important 

considerations in the preparation of liposome formulations are the lipid surface charge, vesicle 

size and the aqueous volume of the liposomes, 

15 Liposomes arc useful for the transfer and delivery of active ingredients to the site of 

action Because the liposomal membrane is sicturally similar to biological memobranes. when 

liposores are applied to a tissue, the liposomes start to merge with the cellular membranes and 

as the merging of the liposome and cell progresses, the liposomal contents are emptied into the 

cell where the active agent may act.  

20 Liposomnal formulations have been the focus of extensive investigation as the mode of 

delivery for rmany drugs. There is growing evidence that for topical administration, liposomes 

present several advantages over other formulations. Such advantages include reduced side-effects 

rel ated to high systemic absorption of the administered drug, increased accunmlation of the 

administered drug at the desired target, and the ability to administer a wide variety of drtgts, both 

25 hydrophilic and hydrophobic, into the skin.  

Several reports have detailed the ability of liposomes to deliver agents including high

molecular weight DNA into the skin, Compounds including anal gesies, antibodies, hormones and 
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high-molectdar weight DNAs have beer administered to the skin, The majority of applicaotis 

resuled in the targeting of the upper epidermis 

Liposomes all into two broad classes. Cationic liposomes are positively charged 

liposomes which interact with the negatively charged DNA molecules to form a stable complex.  

5 The positivey charged DNA/liposome complex binds to the negatively charged cell surface and 

is internalized in an endosome Due to the acidic pH within the endosorne, the liposomncs are 

ruptured, releasing their contents into the cell cytoplasm (Wang et al., Biochem-i .Biophys. Res, 

Comnmun, 1987 147, 980-985), 

Liposones which are pH-sensitive or negatively-charged, entrap DNA rather than 

10 complex with i. Since both the DNA and the lipid are similarly charged, repulsion rather than 

complex foriation occurs Nevertheless, some DNA is entrapped within the aqueous interior of 

these liposomeN pH-sensitive liposomes have been used to deliver DNA encoding the thymidine 

kmase gene to cell .monoiavers in culture. Expression of the exogenous gene was detected in the 

target cells (Zhou et al., Journal of Controlled Release, 1992., 19, 269-274), 

15 One major type of liposomal composition includes phospholipids other than naturally

der ved phosphatidyicholine. Neutral liposome compositions, for example, can be formed ftrom 

dimyri stoyl phosphatidylcholine (DMIPC) or dipalmitoy phosphatidyicholine (DPPC. Anionic 

liposome coimpositions generally are formed from dimyristoyl phosphatidylglycerol, while 

anionic fusogenc liposomes are formed primarily from dioleoyi phosphatidylethanol anuine 

20 (DOPE), Aiother type of liposomal composition is formed from phosphatidykcholine (PC.) such 

as, for example, soybean PC, and egg PC. Another type is formed from mixtures of phospholipid 

and/or phosph ai dylholine and/or cholesteroL 

Several studies have assessed the topical delivery of liposomal drug formulations to the 

skin. Application of liposomes containing interferon to guinea pig skin resulted in a reduction of 

25 skin herpes sores while delivery of interferon via other means (e.g. as a solution or as an 

emulsion) were ineffective (Weiner et al., Journal of Drug Targeting, 1992, 2, 405-410). Further, 

an additional study tested the efficacy of interferon administered as part of a liposomal 

formulation to the administration of interferon using an aqueous system, and concluded that the 
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liposomal formnul ation was superior to aqueous administration (du Plessis et a, Antiviral 

Research, 1992, 18, 259-265).  

Non-ionic liposomal systems have also been examined to determine their utility in the 

delivery of drugs to the skin in particular systems comprising non-ionic swfctant and 

5 cholesteroL Non-ionic liposomai formulations comprising Novasome . I (lyceryI 

dilaurate/choiesterol/po- lyoxycth yiene-10-stearyl ether) and NovasomtT M Il(glyceryl 

distearte/choesterol/poiyoxyethylene- 10-stearylether) were used to deliver cyclosporin-A into 

the dernis of mouse skin. Results indicated that such non-ionic liposomai systems were effective 

in facilitating the deposition of eylosporin-A into different layers of the skin (Hu et at 

10 S .Pharma. Sci, 1994, 4, 6, 466).  

Liposomesalso include "sterically stabilized" liposomes, a term which as used herein, 

refers to liposomes comprising one or more specialized lipids that, when incorporated into 

liposomes, result in enhanced circulation lifetimes relative to hiposoines lacking such specialized 

ipids. Examples of sterically stabilized liposomes are those in which part of the vesicle-foring 
J5 lipid portion of the liposome (A) comprises one or more glycolipids such as 

mOnOsialogangliosi1e Gtsub.M1, or (B) is derivatized wih one or more hydrophilic polymers.  

such as a p.ioletyne glycol (PEG) moiety, While not wishing to be bound by any particular 

theory, it is thought in the art that, at least for sterically stabilized liposones containing 

gangiosides, sphingomyelin, or PEG-derivatized lipids, the enhanced circulation half-life of 

20 these sterically stabilized liposomes derives from a reduced uptake into cells of the 

reticuloendotheiai system (RES) (Allen et at FEBS Letters, 1987. 2235 42 Wu et al., Cancer 

Research 1993, 53, 3765).  

Various liposomes comprising one or more glycolipids are known in the art.  

Papahadjopoulos et at (Ann. N.Y. Acad. Sci, 1987, 507, 64) reported the ability of 

25 monosialoganglioside G3sub.M1, galactocerehroside sulfate and phosphatidylinosito to improve 

blood half-lives of liposomes. These findings were expounded upon by Gabizon et aL (Proc.  

Natt Acad. Sci. U.S.A., 1988, 85, 6949). U.S. Pat. No. 4§837,028 and WO 88/04924, both to 

Allen et al. disclose liposoines comprising (1) sphingomyelin and (2) the ganglioside G1sub M1 

or a galactocerebroside surfate ester. U.S Pat, No. 5543J 52 (Webb et at) discloses liposomes 
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compsmng sphingoyel in Liposomes comprising 1 2-sn-dinvristoylphosphat idcone are 

disclosed in WO 97/13499 (Lim t al), 

Many liposomes comprising ipids derivatized with one or more hydrophilic polymers.  

and methods of preparation thereof, are known in the art. Sunanoto I atL (Bdull Chem. Soc. Jpn..  

5 1980, 53, 2778) described liposomes comprising a noionic deterrent, 2C.sub 12150. that 
Cown PXSmoiety. Ilium c. al Kbn T ha ivr contains a PEG m l al (FEBS Lett- 1984, 16779) noted thatjbydrophitic coAting of 

polystyrene particles with polymeric glycols results in slantly enhanced half- Ives.  

Synthetic phospholipids modified by the attachment of carboxylic groups of polyalkylenc glycols 

(eg, PEG) are described by Sears (U S, Pat, Nos. 4,426,330 and 4s534;899). Khbanov et alt 

10 (FEBS Let 1990 268, 235) described experiments demonstrating that liposomes comprising 

phosphatidylethanolamine (PE) derivatized with PEG or PEG stearate have significant increases 

in blood circulation half-liveS. Mne et al. (Biochimica et Biophysica Acta 1990, 1029, 91) 

extended such observations to other PEG-derivatized phospholipids, e.g DSPE-PEG, formed 

from the combination of distearolphosphatidylethanoiamine (DSPE) and PEG. Liposomes 

15 having covalently bound PEG moieties on their external surface are described in European Patent 

No. EP 0 445 1.31 B and WO 90/04384 to FisherLiposome compositions containing 1-2O1 mole 

per cent of PE derivatized with PEG, and methods of use thereof, are described by Woodle et al, 

(US. Pat. Nos. 5,013,556 and 5,356,633) and Martin et al. (US, Pat No. 5,213804 and 

European Patent No. EP 0 496 813 B 1). Liposomes comprising a number of other lipid-poIymer 

20 corngates are disclosed in WO 91/05545 and U.S, Pat, No, 5,225,2 12 (both to Martin et ak) and 

in WO 94/20073 (Zalipsky ei at) Liposomes comprising PEImuodified ceramide lipids are 

described in WO 96/10391 (Choi et a.), US. Pat, No. 5,540,935 (Miyazaki et a)L and ItS. Pat, 

N-o. 5,556,948 (Tagawa et at) describe PEG-containing liposones that can be further derivadized 

with functional moieties on their surfaces.  

25 A limited number of liposomes comprising nucleic acids are known in the art WO 

96/40062 to Thierry et at. discloses methods for encapsulating high molecular weightt nucleic 

acids in liposomes. ItS. Pat. No, 5264,221 to Tagawa et aL discloses protein-bonded liposo-mtes 

and asserts that the contents of such liposornes may include an dsRNA RNA. U -S. Pat, No.  

5,665.710 to Rahman et at describes certain methods of encapsulating olgodeoxynacleotdes in 
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hlposones. WO 97/04787 to Love et al. discloses lhposomcs compnsing dsRNA dsRNAs 

targeted to the raf gene.  

TIransfersomes are yet another ipc of liposomes, and are highly defomnable lipid 

aggmgates which ar attractive candidates for drug delivery vehicles Transfersomes may be 

S described as lipid droplets wich are so highly defolrahe that they are easily able to penetrate 

through pores which are smaller than the droplet. Transfersomes are adaptable to the 

environment in which they are used, eg. they are sCf-Optimiing (adaptive to theshape of pores 

in the skin), self-rpairing; frequently each their targets without fragmenting, and often self

3oding' To make transfersomes it is possible to add surface edge-activators usually surfactans, 

10 to a standard iposomal composition. Transfersomes have been used to deliver serum albumin to 

the skin. T he transfersome mediatd delivery of serum albumin has been shown to be as effective 

as subcutaneous inection of a solution Containing serum albumino 

Surfactants find wide application in formulations such as emulsions (including 

microenulsions) and iposomres. The most common way of classifying and ranking the groperties 

15 of the many different types of surfactants, both. natural and synthetic, is by the use of the 

hydrophile/lipophile balance (HLB). The nature of the hydrophilic group (also known as the 

head") provides the most useful means for categorizing, the different surfactants used in 
formu actions (Rieger, in Pharmaceutical Dosage Forms, MatceeDekker, Inc- New York, N 

1988, p. 285) 

20 If the surfactant nolecule is not ionized, it is classified as a nomome surfatant. Nonionic 

surfactants ind wide application in pharmaceutical and cosmetic products and are usable over a 
wide range of pH values, In general their HLB values range from 2 to about 18 depending on 

their structure. Nonionic surfactants include nonionic esters sucb as ethylene glycol esters, 

propylene glyeol esters, glyceryl esters, polyglyceryI esters; sorbitan esters, sucrose esters and 

25 ethoxy-ated esters. Nonionic alkanolanmides and ethers such as fatty alcohol ethoxvlates.  

propoxyxl ated alohols, and ethoxyl atedlpropoxylated block polymers are also included in this 

clais. The polyoxyethylene surfactants are the most popular members of the nonionic surfactant 
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If the surfactant molecule carries a negative charge when it is dissolved or dispersed in 
water, the surfactant is classified as anionic. Anionic surfactants includeL carboxylates such as 
soaps acy lacivates, acyl aides of amino acids, esters of sulfuric acid such as alkyl sulfates 
and ethoxyhed alkyl sulfates. sulfonates such as alkyl benzene sulfonatcs, acyl isethionates, acyl 

5 taurates and sulfosucesand phosphates. The most important members of the amnonic 
surfactant class are the alkyl sulfates and the soaps.  

if the surfactant rolecule carries a positive charge when it is dissolved or dispersed in 
water, the surfactant is classified as cationic. Cationic surfactants include quatemary anonium 
salts and ethoaviated amines, The quaternary anmonium salts are the most used members of this 

10 class.  

If the surfactant molecule has the ability to carry enher a positive or negative charge, the 
surfactant is classified as amphotenic. Amphoteric surfactants include acrylic acid derivatives., 
substituted alkylamides, N.alkylbetaines and phosphatides.  

The use of surfactants in drug products, formulations and in emulsions has been reviewed 
15 (Riegery in Pharmaceutical Dosage Forms, Marcel Dekker Inc., New York, N.Y. 1988, p, 285), 

Penetration Enhancers 

in one embodiment, the present invention employs various penetration enhances to effect 
the efficient delivery of nucleic acids, particularly dsRNAs, to the skin of animals, Most drugs 
are Present in solution in both ionized and nonionized forms. However, usually only lipid soluble 

20 or lipophilic drugs readily cross cell membranes. It has been discovered that even non-lipophilic 
drugs may cross cell meinbranes if the membrane to be crossed is treated with a penetration 
enhancer In addition to aiding the diffusion of nondipophilic drugs across cell membranes, 
Penetration enhances also enhance the permeability of lpophilic drugs, 

Penetration enhances may be classified as belonging to one of five broad categories, ie, 
25 surfactants, fatty acids, bile salts, chelating agentsand non-chelating non-surfactants (Lee et aL, 

Critical Reviews in Therapeutic Drug Carrier Systems, 1991, p92). Each of the above mentioned 
classes of penetration enhances are described below in greater detail 
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Surfactants: In connection with the present invention. surfactants (or "surface-active 

agnts") are chemical entities which, when dissolved in an aqueous sohntion, reduce the surface 

tension of he solution or the interracial tension between the aqueous solution and another liquid, 

With the resub that absorption of dsRNAs through the mucosa is enhanced, In addition to bile 

5 salts and fatt acids, these penetration enhancers include, for example, sodium lauryl sulfate, 

polyoxyethlenie9-lauryl ether and polyoxethylene-20-c ether) (Lee et at., Critical Revws 

in Therapeuic Drug Carrier Systems, 1991, p.9 2 ); and perfluorochemical emulsions, such as FC

43. Takahashi et aL L. Pharm. Pharmacol., 1988, 40, 252), 

Fitty acids; Various fatty acids and their derivatives which act as penetration eninners 

10 include, for example, oleic acid, lauric acid, capric acid (n-decanoic acid), myristic acid, palniitic 

acid, stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein (1-monooleoyl

rac-glycerol), dilaurin. caprylic acid, arachidonie acid, glycerol 1-monocaprate. 1

dodecylazacycloheptan-2one, acylcamitines, acylcholines Csub.1-10 alkyl esters thereof (e.g, 

methyl, isopropyl and t-butyl), and mono- and di-glycerides thereof (i.e., oleate, laurate. caprate, 

15 myristate, palmitate, stearate, 1inoleate, etc.) (Lee et al, Critical Reviews in iTherapeutc Drug 

Carryiter Systenis, 1991, p,92; Muranishi, Critical Reviews.-, in Therapeutic Drug Carrier Systems.  

1990, 7 1-33; ELI Hariri et a._ J, Pharm. Pharmacol 19921 44, 651-654).  

Bile salts: The physiological role of bile includes the facilitation of dispersion and 

absorption of ipids and fat-soluble vitamins (BmLniton, Chapter 38 in: Goodman & Gilman's The 

20 Pharmacological Basis of Therapeutics, 9th Ed., Hardman et al. Eds., McGraw-Hill, New York, 
1996, pp. 934-935, Various natural bile salts, and their synthetic derivatives, act as penetration 

enhancers. Thus the term "bile salts" includes any of the naturally occurring components of bile 

as well as any of their synthetic derivatives. The bile salts of the invention include, for example, 

cholic acid (or its phariaceutically acceptable sodium salt, sodium cholate), dehydrocholic acid 

25 (sodium dehydrocholate), deoxycholic acid (sodium deoxycholate), glucholic acid (sodium.  

glueholate), glvholic acid (sodium glycocholate) glycodeoxycholic acid (sodium 

glycodeoxycholate), taurocholic acid (sodium taurochoate), taurodeoxychoiic acid sodiumm 

taurodeoxychoIate) nchenodeoxycholic acid (sodium chenodeoxycholate), ursodeoxycholic acid 

(UDCA), sodium tauro-24;25-dih ydro-fusidate (STDHF), sodium glycodihydroftsidate and 
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polyoxyethviene-9-lauryl ether (POE) (Lee etat., Critical Reviews in Therapeutic ruLg Carrier 
Systems, 1"'99 f1, page9;ate 9I- n n Ste 92; Swinvard, Chapter 39 in: Remin-tonS Pharmaceutical Sciences, 18th 
Ed,, Gennaro, od., Mack Publishing Co., Easton, Pa., 1990, pages 7823- , Muanish:Critical 

Reviews in Therapeutic Drug Carrier Systems; 1990, 7, 1-33; Yamamoto et al. J Pharm. Exp 
5 Thor,, 1992,263, 25; Yarnashita e al., J Pharm, Sci, 1990, 79, 579-583) 

Chelating Agents: Chelating agents, as used in connection with the present invention. can 

be defined as compounds that remove metallic ions from solution by forming complexes 

therewith, with the result that absorption of dsRNAs through the mucosa is enhanced. With 
regards to their use as penetration enhances in the present invention, cheating agents have the 

10 added advantage of also serving as DNase inhibitors, as most characterized DNA nueleases 
require a divalent metal ion for catalysis and are thus inhibited by chelating agents (Jarrett, I 
ChroTmatogr,. 1993, 618,315-339), Chelating agents of the invention include butare not limited 
to disodium ethyienediamiietetraacetate (EDTA), citric acid, sahicylates (c g sodium salicylate, 
5nethoxysalicyiate and homovanilate). N-acy derivatives of collagen, Iaureth-9 and N-amino 
5 av derivatives of beta-diketones (enamines)(Lee et aL. Critical Reviews in Therapeutic Drug 

Carrier Systems, 1991, page 92; Muranishi, Critical Reviews in Therapeutic Drug Can-ier 
Systems, 1990. 7, 1--33: Biur et a.3 Control Ret, 1990, 144351).  

Non-chelating non-surfactants: As used herein non-chelating non-surf actant penetration 
enhancing compounds can be defined as compounds that demonstrate insignificant activity as 

20 chelating agents or as surfactants but that nonetheless enhance absorption of dsRNAs through the 
alimentary mucosa (Muranishi, Critical Reviews in Therapeutic Drug Carier Syvstems, 1990. 7, 
1-3)n This- class of penetration enhancers include, for example, unsaturated cycle ureas, I -alkyl
and I alkenylazacyclo-alkanone derivatives (Lee et al , Critical Reviews in Therapeutic Drug 
Carrier Systens, 1 991, page 92); and non-steroidal anti-inflammatory agents such as diclofenac 

25 sodium, indoniethacin and phenvlbutazone (Yamashita et al., .Pharm. Pharmacol., -1987, 39, 
621 -626).  

Agents that enhance uptake of dsRN.As at the cellular level may also be added to the 
pharmaceutical and other compositions of the present invention, For examplee, cationic lipids, 
such as lipofectin (Junichi ct al, U.S. Pat. No. 5,705,188), cationic glycerol derivatives, and 
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polycationc molecules, such as polylysifle (Lollo et aL, PCT ApplicaUtio-n WO 97/30731i) are 
also known to enhance the cellular uptake of dSRNAs.  

Other agents may be utilized to enhance the penetration of the administered nucleic acids.  
includingyCols such as ethylene glycol and propylene glycol pyrrols such as 2-pyrro azones, 

5 and terpenes such as himonene and menthone.  

Carriers 

Certain composite ions of the present invention also incorporate carrier corpounds in the 
formulation. As used herein, "carrier compound" or "carrier" can refer to a nucleic acid, or analog 
thereof, which is inert (i.e, does not possess biological activity per se) but is recognized as a 

10 nucleic acid by in vivo processes that reduce the bioavai lability of a nucleic acid having 
biological activity by, for example, degrading the biologically active nucleic acid or promoting 
ts removal from cIrculation. The coadministration of a nudeic acid. and a carrier compound, 

typically with an excess of the latter substance, can result in a substantial reduction of the amount 
of nucleic acid recovered in the liver, kidney or other extracirculatory reservoirs, presumably due 

15 to competition between the carrier compound and the nucleic acid for a comnnon receptor. For 
example, the recovery of a partially phosphorothioate dsRNA in hepatic tissue can be reduced 
when it is coadministered with polyinosinic acid, dextran sulfate, polycytidic acid or 4
acetamido-4'isohiocyanostil bene-2.2-disulfonic acid (Miyao et al, DsRNA Res. Dev., 1995, 5, 
115121 Takakura et al, DsRNA & Nucl. Acid Drug Dev., 1996,6, 177-183.  

20 Excipienss 

In contrast to a caricr compound, a "pharmaceutical car ier" or "excipient" is a 
pharmaceutically acceptable solvent, suspending agent or any other pharmacologically inert 
vehicle for delivering one or more nucleic acids to an animal. The excipiem may be liquid or 
solid and is selected, with the planned manner of administration in mind, so as to provide for the 

25 desired bulk, consistency, etc.. when combined with a nudic, acid and the other components of a 

given pharmaceutical compos ition. Typical pharmaceutical carriers include. but are not limited 
to, binding agents (e.g., pregelatinzed maize starch., polyvinylpyrrolidone or hydroxypropyl 
methylceliuiose etc.); fillers (eg lactose and other sugars, microcrystalline cellulose, pectin, 
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gelatin, calcium sulfutec thyl cellulose, polyaervlates or calcium hydrogen phosphate, etc.: 

lubricants (e cg grnesium stearate, talc. silica, colloidal silicon dioxide stearc acid, metallic 
Stearates, hydrogenated veg table oils, corn starch, polyethylene glycols, sodium benzoate, 
sodium acetate, etc disintegrants (e~g starch, sodium starch glycolate, etc ; and wetting agents 

5 (e., sodium lauryl suiphate, etc); 

Pharmaceuicaly acceptable organic or inorganic excipiejt suitable for non-parenteral 
administration which do not deleteriously react with nucleic acids can also be used to formulate 
the compositions of the present invention, Suitable pharmaceutically acceptable carriers include, 
but are not ntJted to, water, salt solutions. alcohols, polyethylene glycols, geltin, lactose, 

10 amylose, magnesium stearate, taic, silicic acid, viscous paraffin, hydroxymethylcelkuose.  

polyvinylpyrroidone and the like.  

Formulations for topical administration of nucleic acids may include sterile and non
sterile aqueous solutions, non-aqueous solutions in common solvents such as alcohols, or 
solutions of the nuleic acids in liquid or solid Oil bases. The solutions may also contain buffers, 

15 diluents and other suitable additives, Pharmaceutically acceptable organic or inorganic excipients 

suitable for non- parenteral administration which do not deleteriously react with nucleic acids can 
be used.  

Suitable pharmaceutically acceptable excipients include, but are not limited to, water. sit 
solution, alcohol, polvethylene glycols, gelatin lactose, anivlose, magnesia ur stearate, talc, 

20 silicic acid, viscous paraffin, hydroxymethylceliMose, polyvinypyrrolidon arid the like.  

Other Components 

The con posi tions of the present invention may additionally contain other adjunct 
components conventionally found in pharmaceutical compositions, at their established usage 
levels. Thus, for example. the comipositions may contain additional compatible.  

25 pharmaceuticaiiy-active materials such as, for example, antip-uritics, astringents, local 
anesthetics or anti-in amatory agents, or may contain. addiLional materials usefuI in physically 
formulating various dosage forms of the compositions of the present invention, such as dyes, 
flavoring agents, preservatives, antioxidants, opacifiers, thickening agents and stabilizers.  
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However, such materials, when added, should not unduly interfere with the, biological activities 

of the components of the compositions of the present invention. The formulations can be 

sterilized and, if desired, mixed with auxiliary agents, e.g., lubricants, preservatives, stabilizers, 

wetting agents, emulsifiers, salts for influencing osmotic pressure, buffers, colorings, flavorings 

5 and/or aromatic substances and the like which do not deleteriously interact with the nucleic.  

acid(s) of the formulation.  

Aqueous suspensions may contain substances which increase the viscosity of the 

suspension including, for example, sodium carboxymethylcellulose, sorbitol and/or dextran. The 

suspension may also contain stabilizers.  

10 Certain embodiments of'the invention provide Oharmaceutical compositions containing 

(a) one or more antisense compounds and (b) one or more other chemotherapeutic agents which 

function by a non-antisense mechanism. Examples of such chemotherapeutic agents include but 

are not limited to daunorubicin,.daunomycin, dactinomycin, doxorubicin, epirubicin, idarubicin, 

esorubicin, bleomycin, mafosfamide, ifosfamide, cytosine arabinoside, bis-chloroethylnitrosurea, 

15 busulfan, mitomycin C, actinomycin D, mithramycin, prednisone, hydroxyprogesterone, 

testosterone, tamoxifen, dacarbazine, procarbazine, hexamethylmelamine, pentamethylmelamine, 

mitoxantrone, amsacrine, chlorambucil, methylcyclohex ylnitrosurea, nitrogen mustards, 

melphalan, cyclophosphamide, 6-mercaptopurine, 6-thioguanine, cytarabine, 5-azacytidine, 

hydroxyurea, deoxycoformycin, 4-hydroxyperoxycyclophosphor- amide, 5-fluorouracil (5-FU), 

20 5-fluorodeoxyuridine (5-FUdR), methotrexate (MTX), colchicine, taxol, vincristine, vinblastine, 

etoposide (VP-16), trimetrexate, irinotecan, topotecangemcitabine, teniposide, cisplatin and 

diethylstilbestrol (DES). See, generally, The Merck Manual of Diagnosis and Therapy, 15th Ed.  

1987, pp. 1206-1228, Berkow et al., eds.,.Rahway N.J. When used with the-conmpounds of the 

invention, such chemotherapeutic-agents may be used individually (e.g., 5-FU and 

25 oligonucleotide), sequentially (e.g., 5-FU and oligonucleotide for a period of time followed by 

MTX and oligonucleotide), or in combination with one or more other such chemotherapeutic 

agents (e.g., 5-FU, MTX and oligonucleotide, or 5-FU, radiotherapy and oligonucleotide). Anti

inflammatory drugs, iricluding-but not.limited to nonsteroidal anti-inflammatory drugs and 

corticosteroids, and-antiviral drugs, including but not limited to ribivirin, vidarabine, acyclovir 
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and ganciclovir, may also be combined in compositions of the invention. See, generally, The 

Merck Manual of Diagnosis and Therapy, 15th Ed., Berkow 6t al., eds., 1987, Rahway, N.J., 
pages 2499-2506 and 46-49, respectively). Other non-antisense chemotherapeutic agents are also 

within the scope of this invention. Two or more combined compounds may be used together or 

5 sequentially.  

Toxicity and therapeutic efficacy of such compounds can be determined by standard 

pharmaceutical procedures in cell cultures or experimental animals, egg., for determining the 

LD5.Q (the dose lethal to 50% of the population) and the ED50 (the dose therapeutically effective 

in 50% of the population). The dose ratio between toxic and therapeutic-effects is the therapeutic 

10 index and it can be expressed as the ratio LD50/ED50. Compounds which exhibit high 

therapeutic indices are preferred.  

The data obtained from cell culture assays and animal studies can be used in formulation 

a range of dosage for use in humans. The dosage of compositions of the invention lies generally 

within a range of circulating concentrations that include the ED50 with little or no toxicity. -The 

15 dosage may vary within this range depending upon the dosage form employed and the route of 

administration utilized. For any compound used in the method of the invention, the 

therapeutically effective dose can be estimated initially from cell culture-assays. A dose maybe 

formulated in animal models to achieve a circulating plasma concentration range of the 

compound or, when appropriate, of the polypeptide product of a target sequence (e g., achieving 

20 a decreased concentration of the polypeptide) that includes the IC50 (i.e., the concentration of the 

test compound which achieves a half-maximal inhibition of symptoms) as determined in cell 

culture. Such information can be used to more accurately determine useful doses in humans.  

Levelsin plasma may be measured, for example, by high performance liquid chromatography.  

In addition to their administration individually or as a plurality, as discussed above, the 

25 dsRNAs of the invention can be administered in combination with other known agents effective 

in treatment of pathological processes mediated by IKK-B expression. In any event, the 
administering physician can adjust the amount and timing of dsRNA administration on the basis 

of results observed using standard measures of efficacy known in the art or described herein.  
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Methods for treating diseases caused by expression of the .IKK-B gene 

In one embodiment, the:invention provides a method for treating a subject having a.  

pathological condition mediated by the expression-of the IKK-B gene; such as inflammation. In 

this embodiment, the dsRNA acts as a therapeutic agent for dontrolling the expression of the 

5 IKK-B protein. The method comprises administering a pharmaceutical composition of the 

invention to the patient (e.g., human), such that expression of the IKK-B gene is silenced.  

Because of their high specificity, the dsRNAs of the invention specifically target mRNAs of the 

[KK-s gene.  

As used.herein, the term "IKK-mediated condition or disease" and related terms and 

10 phrases refer to acondition or disorder characterized by inappropriate, e.g., less than or greater 

than normal, IKK activity. Inappropriate IKK functional activity might arise as the result of IKK 

expression in cells which normally do not express IKK, increased IKK expression and/or activity 

(leading to, e.g., inflammatory and immunoregulatory disorders and diseases) or decreased IKK 

expression and/or activity:.AnMKK-mediated condition or disease. may be completely or partially 

15 mediated by inappropriate IKK functional activity which may result by way of inappropriate 

activation of IKK. Regardless, an 1KK-mediated condition or disease is one in which modulation 

of IKK via RNA interference results in some effect on the underlying condition or disorder (e.g., 

an IKK inhibitor results in some improvement in patient well-being in at least, some patients).  

The anti-inflammatory compounds of the present invention may be used to modulate 

20 inflammation and treat or diagnose an inflammatory disorder in a subject., The methods include 

administering to-a subject an anti-inflammatory compound of the invention in an amount 

.effective to treat an inflammatory disorder.  

As used herein, an "inflammatory disorder'! is intented to include a disease or disorder 

characterized by, caused by, resulting from, or becoming affected. by inflammation. An 

25 inflammatory disorder may be caused by or be associated with biological and pathological 

processes associated with IKK-J3 function and activity and/or wiih NF-.kappa.B mediated 

processes. Examples of inflammatory diseases or disorders include, but not limited to, acute and 

chronic inflammation disorders:such as asthma, psoriasis, rheumatoid arthritis, osteoarthritis, 
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psoriatic arthritis, inflammatory bowel disease (Crohn's disease, ulcerative colitis), sepsis, 

vasculitis, and bursitis; autoimmune diseases such as Lupus, Polymyalgia, Rheumatica, 

Sclieroderma, Wegener's granulomatosis, temporal arteritis, cryoglobulinemia, and multiple 

sclerosis; transplant rejection; osteoporosis; cancer, including solid tumors (e.g., lung, CNS, 

5 colon, kidney, and pancreas); Alzheimet's disease; atherosclerosis; viral (e.g., HIV oi- influenza) 

infections; chronic viral (e.g., Epstein-Barr, cytomegalovirus,. herpes simplex virus) infection; 

and ataxia telangiectasia.  

Pathological processes refer to a category-of biological processes which produce -a 

deleterious:effect. For example, unregulated expression of NF-.kappa.B is associated with pro

10 inflammatory processes underlying certain pathological processes. As used. herein, an anti

inflamrmatory compound is said to modulate a pathological process when the compound reduces 

the degree or severity of the. process. For instance, pro-inflammatory responses may be prevented 

or pathological processes modulated by the administration of anti-inflammatory compounds 

which reduce, promote or modulate in some way the expression or at least one activity fKK-p 

15 The anti-inflaminatory compounds of the present invention may, therefore, be used to 

treat diseases with an NF-.kappa.B inflamrnmatorytcomponent. Such diseases include, but are not 

limited to, osteoporosis, rheumatoid arthritis, atherosclerosis, asthma (Ray &Cohn, (1999) J.  

Clin. Invest. 104, 985-993; Christman et al., (2000) Chest 117, 1482-1487) and Alzheimer's 

disease. For a review of diseases with an NF-.kappa.B inflammatory component, see Epstein, 

20 (1997) New Eng. J. Med. 336,1066-1071; Lee et al., (1998) J. Clin. Pharmacol. 38, 981-993; 

Brand et al., (1997) Exp. Physiol. 82, 297-304.  

Pathological processes associated With a pro-inflammatory response in which the anti

inflammatory compounds of the invention would-be useful for treatment include, but are not 

limited to, asthma, allergies such as allergic rhinitis, uticaria, anaphylaxis, drug sensitivity, food 

25 sensitivity and the like; cutaneous inflammation such as dermatitis, eczema, psorisis, contact 

dermatitis,.sunburn, aging, and the like; arthritis such as osteoarthritis, psoriatic arthritis, lupus, 

spondylarthritis and the like. Anti-inflammatory compounds are also useful for treating chronic 

obstruction pulmoary disease and chronic inflammatory bowel disease. The anti-inflammatory 

compounds of the present invention may further be used to replace corticosteroids in any 
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application in which corticosteroids are used including immunosuppression in transplants and 

cancer therapy. The invention thus provides the use of an anti-IKK-B dsRNA administered to a 

human, particularly by intraveneous administration, for the treatment of inflammatory conditions.  

The pharmaceutical compositions encompassed by the invention may be administered by 

5 any means known in the art including, but not limited to oral or parenteral routes, including 

intravenous,, intramuscular, intraarticular, intraperitoneal, subcutaneous, intravitreal, transdermal, 

airway (aerosol), nasal, rectal, vaginal and topical. (including buccal and sublingual) 

administration, and epidural administration. In preferred embodiments, the pharmaceutical 

compositions are administered intraveneously by infusion or injection.  

10 Methods for-inhibiting expression of the IKK-B gene 

In yet another aspect, the invention provides a method for inhibiting the expression of the 

IKK-B gene in a mammal. The method comprises administering a composition of the invention 

to the mammal such that expression of the, target IKK-B gene is silenced. Because of their high 

specificity, the dsRNAs of the invention specifically target RNAs (primary or processed) of the 

15 target IKK-B gene. Compositions and methods for-inhibiting the expression of these. IKK-B 

genes using dsRNAs can be performed as described elsewhere herein.  

In one embodiment, the method comprises administering a composition comprising a 

dsRNA, wherein the dsRNA comprises a nucleotide sequence which is complementary to at least 

:a part of an RNA transcript of the IKK-B gene of the mammal to be treated. When the organism 

20 to be treated is a mammal such as a human, the composition may be administered by any means 

known in the art including, but not limited to oral or parenteral routes, including intravenous, 

intramuscular, intraarticular, intracranial, subcutaneous, intravitreal, transdermal, airway 

(aerosol), nasal, rectal, vaginal and topical (including buccal and sublingual) administration. In 

preferred embodiments, the compositions are administered by intraveneous infusion or injection.  

25 Unless otherwise defined, all technical and scientific terms used herein have the same 

meaning as commonly understood by one of ordinary skill in the art to *Which this invention 

belongs. Although methods and materials similar or equivalent to those described herein can be 

used in the practice or testing of the invention, suitable methods and materials are described 
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below. All publications, patent applications, patents; and other references mentioned herein are 

incorporated by reference in 'their-entirety. In case of conflict, the present specification, including 

definitions, will control. In addition, the matdrials.,methods, and examples are illustrative only 

and not intended to be limiting.  

5 EXAMPLES 

Gene Walking of the IKK-B gene 

siRNAs were identified in a multi step sequence analysis process in order to design 

siRNAs targeting.the KK-B gene. The selected siRNAs are provided in Table 1.  

Table 1: Sense and anti-sense strand of 12 different IKK2 siRNA. Combination of one 
10 sense strand (eg. AL7282, SEQ ID No.1) with its complementary antisense strand (eg.  

AL7283, SEQ ID No. 2) results in formation of a perfectly base-paired 19 nt duplex with 2 
base pair overhangs (eg. ALDP-4613). Phosphorothioate modifications are denoted by 
underlining 
Sense strand Anti-sense strand 

SEQ Duplex 
ID SEQ ID 

Name sequence (5-' -3') NO: Name sequence (5-3) NO: fier 
AL-DP

AL7282 ccucaauaauuuaacaguT1r . acuguuaagauuauuggggTT 2 7282 
AL-DP

:AL7284 augguacggcugcugcuuITr 3 AL7285 *gaagcagcagccguaccau7i 7284 
AL-VP

-AL7286 cccaauaaucuuaacagugrT 5 AL7287 cacuguuaagauuauiiggTT 6 7286 
AL-VP

AL7288 agagcaggcagcgagcr 7 AL7289 qCuCqCugucccugcuqcaTT 8 7288 
AL6VP

AL7290 uuucucuuugacacaguaTl_ 9 AL7291 uacuguugucaaagagaaar 10 7290 
AL-VP

AL7292 ucucuuugacaaaguaaaTT 11 AL7293 uuuacuguugucaaagagaTT 12 7292 
Al,-VDP

AL7294 gacuacu9gagcuucggcaTT 13 A0295 ugccgaagcuccaguaruCTT 14 7294 
AL-VP

AL7296 aaggagcuggaucagggcaTT 15 AL7297 ugcccugauccaqcucCUUTT 16 7296 
AL -VP 

AL7298 .aggagcuggaucagggcagTf 17 AL7299 'ugcccuguCcagcuccuTT 18 7298 
,AL-VP 

AL'300 uacuggagcuucggcacccTT 19 AL7301 gggugccgaagcuccauaTT 20 7300 
AL-DP

AL7302 agugycagcuguaucuucTT 21 AL7303 gaagjauacgcujacacuTT 22 7302 
AL- DP

AL7 04 ccaaggagcuggaucagggTT 23 AL7305 cccugauccagcuccuuggTT 24 7304 
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dsRNA synthesis 

Source of reagents 

Where the source of a reagent is not specifically given herein, such reagent may be 

obtained from any supplier of reagents for molecular biology at a quality/purity standard for 

5 application in molecular biology.  

siRNA synthesis 

Single-stranded RNAs were produced by solid phase synthesis on a scale of I mole 

using an Expedite 8909 synthesizer (Applied Biosystems, Applera Deutschland GmbH, 

Darmstadt, Germany) and controlled pore glass (CPG; 500A, Proligo Biochemie GmbH, 

10 Hamburg, Germany) as solid support. RNA and RNA containing 2'-O-methyl nucleotides were 

generated by solid phase synthesis employing the corresponding phosphoramidites and 2'-O

methyl phosphoramidites, respectively (Proligo Biochemie GmbH, Hamburg, Germany). These 

building blocks were incorporated at selected sites within the sequence of the oligoribonucleotide 

chain using standard nucleoside phosphoramidite chemistry such as described in Current 

15 protocols in nucleic acid chemistry, Beaucage; S.L. et al. (Edrs.), John Wiley & Sons, Inc., New 

York, NY, USA. Phosphorothioate linkages were introduced by replacement of the iodine 

oxidizer solution with a solution of the Beaucage reagent (Chruachem Ltd, Glasgow, UK) in 

acetonitrile (1%). Further ancillary reagents were obtained from Mallinckrodt Baker (Griesheim, 

Germany).  

20 Deprotection and purification of the crude oligoribonucleotides by anion exchange HPLC 

were.carried out according to established procedures. Yields and concentrations were determined 

by UV absorption of a solution of the respective RNA at a wavelength of 260 nm using a spectral 

photometer (DU 640B, Beckman Coulter GmbH, Unterschleiheim, Germany). Double stranded 

RNA was generated by mixing an equirmolar solution of complementary strands in annealing 

25 buffer (20 mM sodium phosphate, pH 6.8; 100 mM sodium chloride), heated in a water bath at 

85 - 90*C for 3 minutes and cooled to room temperature over a period of 3 - 4 hours. The 

annealed RNA solution was stored at -20 *C until use.  
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Forthe synthesis of 3'-choleste-oi-conjugated siRNAs (herein referred to as -Chol-3'), an 

appropriately modified solid support was used for RNA synthesis. The-modified solid support 

was prepared as follows: 

Diethyl- 2-azabutane-1,4-di.carboxylate AA 

O 

H 0 
5 AA 

A 4.7 M aqueous solution of sodium hydroxide (50 mL) was added into a stirred, ice

cooled solution of ethyl glycinate hydrochloride (32.19 g, 0.23 mole) in water (50 mL). Then, 

ethyl acrylate (23.1 g, 0.23 mole) was added and the mixture was stirred at room temperature 

until completion of the reaction was ascertained by TLC. After 19 h the solution was partitioned 

10 -with dichloromethane (3 x 100 mL), The organic layer was dried with anhydrous sodium sulfate, 

filtered and evaporated. The residue was distilled to afford AA (28.8;g, 61%).  

3-{Ethoxycarbonylmethyl-[6-(9Hfluoren-9-ylmethoxycarbonyl-amino)-hexanoyl]

amino}-propionic acid ethyl ester AB 

0 

FmocHN 0 

15 AB 

Fmoc-6-amino-hexanoic acid (9.12 g, 25.83 mmol) was dissolved in dichloromethane (50 

mL) and cooled with ice. Diisopropylcarbodiimde (3.25 g, 3.99 mL, 25.83 mmol) was added to 

the solution at 0*C. it was then followed by the addition of Diethyl-azabutane-1,4-dicarboxylate 

(5 g, 24.6 mmol);and dimethylamino pyidine (0.305 g, 2.5 mmol). The solution was brought to 

20 room temperature and stirred further for'6 h. Completion of the reaction was ascertained by TLC.  

The reaction mixture was concentrated under vacuum and ethyl acetate was added to precipitate 

diisopropyl urea. The suspension was filtered. The filtrate was washed with 5% aqueous 
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hydrochloric acid, 5% sodium bicarbonate and water. The coinbined organic layer was dried over 

sodium sulfate and concentriated to giye the crude product which waspurified bywcolumn 

chromatography (50 % EtOAC/Hexanes) to yield 11.87 g (889%) of AB.  

3-[(6-Amino-hexanoyl)-ethoxycarbonylmethyl-amino)-propionic acid ethyl ester AC 

0 

5 H2N O0 

AC 

3-{Ethoxycarbonylmethyl-[6-(9H-fluoren-9-ylmethoxycarbonylamino)-hexanoyl]

amino}-propionic acid ethyl esterAB (1.5:g, 21.3 mmol) was dissolved in 20% piperidine in 

dimethylformamide at 0C. The solution was continued stirring for I h. The reaction mixture was 

10 concentrated under vacuum, water, was added to the residue, and the product was extracted with 

ethyl acetate. The-crude product was purified by conversion into its hydrochloride salt.  

3-({6-['17-(1 ,5-Dimeithyl-hexyl)-10,13-dimethyl-2,3,4,7,8,9,10,11,12,13,14,15,1617

tetradecahydro-1.H-cyclopenta[a]phenanihren-3-yloxycarbonylamino]

hexanoyl }ethoxycarbonylmethyl-amino)-propionic acid ethyl ester AD 

0 

O N" H 
0 O, N O 0 

0 

15 

AD 

The hydrochloride salt of 3-[(6-Amino-hexanoyl)-ethoxycarbonylmethyl-amino]

propionic acid ethyl ester AC (4.7g, 14.8 mmol) was taken up in dichloromethane. The, 

suspension was cooled to 04C on ice. To the suspension diisopropylethylamine (3.87 g, 5.2 mL, 
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30 mmol) was added. To the resulting solution cholesteryl chloroformate (6.675 g, 14.8 mmol) 

was added. The reaction mixture was stirred overnight. The reaction mixture was diluted with 

dichloromethane and washed with 10% hydrochloric acid. The product was purified by flash 

chromatography (10.3 g, 92%).  

5 1.-{6-[17-(1,5-Dimethyl-hexyl)-10,13-dimethyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17

tetradecahydro- IH-cyclopenta[a] phenanthren-3-yloxycarbonylamino]-hex anoyl} -4-oxo

pyrrolidine-3-carboxylic acid ethyl ester AE 

0 

H OZ O 
N 

.0 

AE 

10 Potassium t-butoxide (1. 1 g, 9.8 imol) was slurried in 30 mL of dry toluene. The mixture 

was cooled to 0*C on ice and 5 g (6.6 mmol) of diester AD was added slowly with stirring within 

20 mins. The temperature was kept below 5*C during the addition. The stirring was continued for 

30 mins at 0*C and I mL of glacial acetic. acid was added, immediately followed by 4 g of 

NaH2PO4 H20 in 40 mL of water The resultant mixture was extracted twice with 100 mL of 

15 dichloromethane each and the combined organic extractswere washed twice with 10 mL of 

phosphate buffer each, dried, and evaporated to dryness. The residue was dissolved in 60 mL of 

toluene, cooled to 0*C and extracted with three 50 mL portions of cold pH 9.5 carbonate buffer.  

The aqueous extracts were adjusted to pH 3 with phosphoric acid, and extracted with five 40 mL 

portions of chloroform which were combined, dried and evaporated to dryness. The residue was 

20 purified by column chromatography using 25% ethylacetate/hexane to afford 1.9 g of b-ketoester 

(39%).  
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[6-(3-Hydroxy-4-hydroxymethyl-pyrrolidin-1-yl)-6-oxo-hexyl]-carbamic acid 17-(1,5

dimethyl-hexyl)-10,13-dimethyl-2,3,4,7,8,9,10,1.1,12,13,14,15,16,17-tetradecahydro-1H

cyclopenta[alphenanthren-3-y ester AF.  

HO OH 

N 

0 

5 AF 

Methanol (2 mL) was added dropwise over a period of I h to a refluxing mixture of b

ketoester AE (1.5 g, 2.2 mmol) and sodium borohydride (0.226 g, 6 mmol) in tetrahydrofuran ('10 

mL). Stirring was continued at reflux temperature for 1 h. After cooling to room temperature, I N 

HCI (12.5 mL) was added, the mixture was extracted with ethylacetate (3 x 40 mL). The 

10 combined ethylacetate layer was dried over anhydrous sodium sulfate and concentrated under 

vacuum to yield the product which was purified by column chromatography (10% 

MeOH/CHC13) (89%).  
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(6-{3-[Bis-(4-methoxy-phenyl)-phenyl-methoxymethy]-4-hydroxy-pyrrolidin- I-yl }-6

oxo-hexyl)-carbamic acid 17-(1,5-dimethyl-hexyl)-10,1.3-dimethyl

2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-IH-cyclopenta(a]phenanthren-3-yl ester AG 

OCH 3 

HO O \/ 

N 

0 O NOCH 3 
0 

5 AG 

Diol AF (1.25 gm 1.994 mmol) was dried by evaporating with pyridine (2 x 5 mL) in 

vacuo. Anhydrous pyridine (10 mL) and 4,4'-dimethoxytritylchloride (0.724 g, 2.13 mmol) were 

added with stirring. The reaction was carried out at room temperature overnight. The reaction 

was quenched by the addition of methanol. The.reaction mixture was concentrated under vacuum 

10 and to the residue dichloromethane (50 mL) was, added. The organic layer was washed with IM 

aqueous sodium bicarbonate. The organic layer was dried over anhydrous sodium sulfate, filtered 

and concentrated. The residual pyridine was removed by evaporating with toluene. The crude 

product was purified by column chromatography (2% MeOH/Chloroform, Rf = 0.5 in 5% 

MeOH/CHCl3) (1.75 g, 95%).  
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Succinic acid mono-(4-[bis-(4-methoxy-phenyl)-phenyl-methoxymethyl]-1-164[17-(1,5

dimethyl-hexyl)-10,13-dimethyl 2,3,4,7,8,9,10,11,12,13,14,15,16,1.7-tetradecahydro-IH 

cyclopenta[a]phenanthren-3-yloxyarbonylamino]-hexanoyl) -pyrrolidin-3-yi) ester AlH 

H3CO 

O 

HO 0 CH20N \ 

07 OCH3 N 

O - HN O 

O 0 

5 AH 

Compound AG (1.0 g, 1.05 mmol) was mixed with succinic anhydride (0.150 g, 1.5 

mmol) and DMAP (0.073 g, 0.6 mmol) and dried in a vacuum at 40*C overnight. The mixture 

was dissolved in anhydrous dichloroethane (3 mL), triethylamine (0.318 g, 0.440 mL, 3.15 

mmol) was added and the solution was stirred at room temperature under argon atmosphere for 

10 16 h. Itwas then diluted with dichloromethane (40 mL) and washed with ice cold aqueous citric 

acid (5 wt%, 30 mL) and water (2 X 20 mL). The.organic phase was dried over anhydrous 

sodium sulfate and concentrated to dryness. The residue was used as such for the next step.  

Cholesterol derivatised CPG Al 

H 3CO 

Q HN O H20 

N 0OCH 3 

OHN Oj~ 

0 

15 Al 
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Succinate AH (0.254 g; 0.242 mmol) was dissolved in a mixture of 

dichloromethane/acetonitrile (3:2,3 mL). To that solution DMAP (0.0296 g, 0.242 mmol) in 

acetonitrile (1.25 iL), 2,,2" Dithio-bis(5-nitropyridine) (0.075 g, 0.242 mmol) in 

acetonitrile/dichloroethane (3:1, 1.25 mL) were added successively. To the resulting solution 

5 triphenylphosphine (0.064 g, 0.242 mmol) in aceionitrile (0.6 ml) was added. The reaction 

mixture, turned bright orange in color: The solution was agitated briefly using a wrist-action 

shaker (5 mins). Long chain alkyl amine-CPG (LCAA-CPG) (1.5 g,,61 mM) was added. The.  

suspension was agitated for 2 h. The CPG was filtered through a sintered funnel and washed with 

acetonitrile, dichloromethane and ether successively. Unreacted amino groups were masked using 

10 acetic anhydride/pyridine. The achieved loading of the.CPG was measured by taking UV 

measurement (37 mM/g).  

The synthesis of siRNAs bearing aS-12-dodecanoic acid bisdecylamide group (herein 

referred to as "5'-C32-") or a 5'-cholesteryl derivative group (herein referred to as "5'-Chol-") was 

performed as described in WO -2004/065601, except that, for the cholesteryl derivative, the 

15 oxidation step-was performed using the Beaucage reagent in order to introduce a 

phosphorothioate linkage at the5-end of the nucleic acid oligomer.  

Nucleic acid sequences are represented below using standard nomenclature, and 

specifically thd abbreviations of Table 2.  

Table 2: Abbreviations of nucleotide monomers 'used in nucleic acid sequence 
20 representation. It will be understood that these monomers, when present in an 

oligonucleotide, are mutually linked by 5'-3'-phosphodiester bonds.  

Abbreviation" Nucleotide(s) 
A, a 2'-deoxy-adenosine-5'-phosphate, adenosine-5'-phosphate 
C, c 2'-deoxy-cytidine-5'-phosphate, cytidine-5.'-phosphate 
G ,g 2'-deoxy-guanosine-35'-phosphate, guanosineI' -phosphate 
T, t 2'-deoxy-thymidine-5'-phosphate, thymidine-5'-phosphate 
U, u 2'-deoxy-uridine-:5'-yhosphate, uridine-5'-phosphate 
N, n any 2'-deoxy-iiucleotide/nucleotide;(G, A, C, or T, g, a, c or u) 
Am 2 '-0-methyladenosine-5'-phosphate 
Cm 2 '-O-methylcytidine-5'-phosphate 
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Abbreviation Nucleotide(s) 
Gm 2'-O-methylguanosine-5'-phosphate 
Tm 2'-0-methyl-thymidine-5'-phosphate 
Um 2'-O-methyluridine-5'-phosphate 
Af 2'-fluorq-2'-deoxy-adenosine-5 '-phosphate 
Cf 2'-fluoro-2'-deoxy-cytidine-5'-phosphate 
Gf 2'-fluoro-2'-deoxy-guanosine-5'-phosphate 
Tf 2'-fluoro-2'-deoxy-thymidine-$5'-phosphate 
Uf 2'-fluoro-2'-deoxy-uridine-5'-phosphate 
A, CG, T, U,a, underlined: nucleoside-5'-phosphorothioate 
c, g, t, p_ 

am, cm, gm, t, underlined: 2-O-methyl-nucleoside5'-phosphorothioate 
um 

capital letters represent 2'-deoxyribonucleotides (DNA), lower case letters represent ribonucleotides (RNA) 

dsRNA expression vectors 

In another aspect of the invention, IKK-B specific dsRNA molecules that modulate IKK

B gene expression activity are expressed from transcription units inserted into DNA or RNA 

5 vectors (see, e.g., Couture, A, et al., 77G. (1996), 12:5-10; Skillern, A., et al., International PCT 

Publication No. WO 00/22113, Conrad, Intei-national PCT Publication No. WO 00/22114, and 

Conrad, US Pat. No. 6,054,299). These transgenes can be introduced as a linear construct, a 

circular plasmid, or a viral vector, which can be incorporated and inherited as a transgene 

integrated into the. host genome. The transgene can also be constructed to permit it to be inherited 

10 as an extrachromosomal plasmid (Gassmann, et al., Proc. NatIl. Acad. Sci. USA (1995) 92:1292).  

The individual strands of a dsRNA can be transcribed by promoters on two separate 

expression vectors and co-transfected into a target cell. Alternatively each individual strand of 

the dsRNA can be transcribed by promoters both of which are located on the same expression 

plasmid. In a preferred embodiment, a dsRNA is expressed as an inverted repeat joined by a 

15 linker polynucleotide sequence such that the dsRNA has.a stem and loop structure.  

The recombinant dsRNA expression vectors are generally DNA plasmids or viral vectors.  

dsRNA expressing viral vectors can be constructed based on, but not limited to, adeno-associated 
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virus (for a review, see Muzyczka, et al, Curr. Topics Micro. Immnnunol. (1992) 158:97-129)); 

adenovirus (see, for example, Berkner, et al., BioTechniques (1998) 6:616), Rosenfeld et al.  

(1991, Science 252:431-434), and;Rosenfeld et al. (1992), Cell 68:143-155)); or alphavirus as 

well as others known in the art. Retroviruses.have been used to introduce a variety of genes into 

5 many different cell types, including epithelial cells, in vitro and/or in vivo (see, e.g., Eglitis., et 

al., Science (1985) 230:1395-1398; Danos and Mulligan, Proc. Nat. Acad. Sci. USA (1998) 

85:6460-6464; Wilson dt al, 1988, Proc. NatI. Acad. Sci. USA 85:3014-3018; Armentano et al., 

1990, Proc. NatI. Acad. Sci. USA 87:61416145; Huber et al., 1991, Proc. Natl. Acad. Sci. USA 

88:8039-8043; Ferry et al., 1991, Proc. NatL Acad. Sci. USA 88:8377-8381; Chowdhury et al., 

10 1991, Science 254:1802-1805; van Beusechem. et al., 1992, Proc. Nad. Acad. Sci. USA 89:7640

19; Kay et al., 1992, Human Gene Therapy 3:641-647; Dai et al., 1992, Proc. Natl.Acad. Sci.  

USA 89:10892-10895; Hwu et al., 1993, J. Immunol. 150:4104-4115; U.S. Patent No. 4,868,116; 

U.S. Patent No. 4,980,286; PCT Application WO 89/07136; PCT Application WO 89/02468; 

PCT Application WO 89/05345; and PCT Application WO 92/07573). Recombinant retroviral 

15 vectors capable of transducing and expressing genes inserted into the genome of a cell can be 

produced by transfecting-the recombinant retroviral genome into suitable packaging cell lines 

such as PA317 and Psi-CRIP (Comette et al., 1991, Human Gene Therapy 2:5-10; Cone et al., 

1984, Proc. Nat]. Acad. Sci. USA 81:6349). Recombinant adenoviral vectors can be used to 

infect a wide variety of cells and tissues in susceptible hosts. (e.g., rat, hamster, dog, and 

20 chimpanzee) (Hsu et al., 1992,. Infectious Disease, 166:769), and also have the advantage of 

not requiring mitotically active cells for infection.  

The promoter driving dsRNA expression in either a DNA plasmid or viral vector of the 

invention may be a eukaryotic RNA polymerase I (e.g. ribosomal RNA promoter), RNA 

polymerase II (e.g. CMV early promoter or actin promoter or Ul snRNA promoter) or generally 

25 RNA polymerase III promoter (e.g. U6 snRNA or 7SK RNA promoter) or a prokaryotic 

promoter, for example the T7 promoter, provided the expression plasmid also encodes T7 RNA 

polymerase required for-transcription from a T7 promoter. The promoter can also direct 

transgene expression to the pancreas (see, e.g. the insulin regulatory sequence for pancreas 

(Bucchini et al., 1986, Proc. Nat). Acad. Sci. USA 83:2511-2515)).  
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In addition, expression of the transgene can be precisely regulated, for example, by using 

an inducible regulatory sequence and expression systems such as a regulatory sequence that is 

sensitive, to certain physiological regulators, e.g., circulating glucose levels, or hormones 

(Docherty et al., 1994, FASEB J. 8:20-24). Such inducible expression systems, suitable for the 

5 control of transgene expression in cells or in mammals include regulation by ecdysone, by 

estrogen, progesterone, tetracycline, chemical inducers of dimerization, and isopropyl-beta-DI 

thiogalactopyranoside (EPTG). A person skilled in the art would be able to choose the 

appropriate regulatory/promoter sequence based on the intended use-of the dsRNA transgene.  

Generally, recombinant vectors capable of expressing dsRNA molecules are delivered as 

10 described below, and persist in target cells. Alternatively, viral vectors can be used that provide 

for transient expression of dsRNA molecules. Such vectors can be repeatedly administered as 

necessary. Once expressed, the dsRNAs bind to target RNA and modulate its function or 

expression. Delivery of dsRNA expressing vectors can be systemic, such as by intravenous or 

intramuscular administration, by administration to target cells ex-planted from the patient 

15 followed by reintroduction into the patient, or by any other means that allows for introduction 

into a desired target cell.  

dsRNA.expression DNA plasmids are typically transfected into target cells.as a complex 

with cationic lipid-carriers (e.g. Oligofectamine) or non-cationic lipid-based carriers (e.g. Transit

TKO TM). Multiple lipid transfections for dsRNA-mediated knockdowns targeting different 

20 regions of a single IKK-B gene or multiple IKK-B genes over a period of a week or more are also 

contemplated by the invention. Successful introduction of the vectors of the invention into host 

cells can be monitored using various known methods. For example, transient transfection. can be 

signaled with a reporter, such as a fluorescent marker, such as Green Fluorescent Protein (GFP).  

Stable transfection. of ex vivo cells can be ensured using markers that provide the transfected cell 

25 with resistance to specific environmental factors (e.g., antibiotics and drugs), such as hygromycin 

B resistance.  

The IKK-B specific dsRNA molecules can also be inserted into vectors and used as gene 

therapy vectors for human patients. Gene therapy vectors can be delivered to a subject by, for 

example, intravenous injection, local administration (see U.S. Patent 5,328,470) or by 
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stereotactic injection (see e.g., Chen et a]. (1994) Proc. Nati. Acad. Sci. USA 91:3054-3057). The 

pharmaceutical preparation of the gene therapy vector can include the gene therapy vector in an 

acceptable diluent, or can comprise a slow release matrix in which the gene delivery vehicle is 

imbedded. Alternatively, where the complete gene delivery vector can be produced intact from 

5 recombinant.cells, e.g., retroviral vectors, thezphaimaceutical preparation can include one or 

more cells which produce the gene delivery system.  

Potency of 12 siRNA targeting IKK2 mRNA in A549 pulmonary epithelial cells 

Low passage A549 cells (>95) were maintained in complete DMEM (DMEM 

supplemented with 10% FCS, penicillin, streptomycin and amphotericin). Cells were split at 

10 regular intervals to maintain exponential growth. 24 hours prior to transfection 70 to 80% 

confluent cells were trypsinised, harvested by centrifugation (800g, 5 minutes) counted and re

suspended at 2.5x10 5 cells per ml in complete DMEM. 2 ml of the cell suspension was then 

added to each well of a 6 well plate, cells were then incubated overnight and the confluence 

checked. Immediately prior to transfection the cells were rinsed with I ml of OptiMEM and then 

15 over-laid with 2ml of OptiMEM. 20sM stocks of siRNA were stored as 20gl aliquots at -20*C.  

Transfections were carried out using Oligofectamine in accordance with the protocols of Elbashir 

et al 2002 and Invitrogen product literature. Cells were transfected with 100, 10, 0.1 or 0.0.1 nM 

of siRNA at a fixed ratio of oligofectamine to siRNA (30pM siRNA per si of oligofectamine) in 

2400p] of OptiMEM per well.'At 24 hours post transfection the cells were visually checked for 

20 viability and frozen prior to being harvested for RNA using TRIreagent. The RNA was then 

quantified by spectrophometry and used as a template for cDNA-synthesis. LKK-2 mRNA levels 

were determined by Taqman realtime PCR analysis of the cDNA and normalised with respect to 

18S RNA levels.  

Table 3 provides a summary of the results obtained. The data provided has identified five 

25 siRNAs which give a greater than 65% knockdown of IKK2 mRNA in A549 cells (AL-DP-4613, 

AL-DP-4617, AL-DP-4619, AL-DP-4623 and AL-DP-4624). A further four siRNAs give 

between 40.2% and 56.5% knockdown of IKK-2 mRNA and three siRNAs have no effect on 

IKK2 mRNA levels. All the knockdowns were concentration dependent further indicating that 
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the effect is due to the siRNA. The level of IKK1, a kinase with significant sequence homology 

to IKK2, was checked to confirm that the specificity of the siRNAs and no significant effects on 

IKK1 mRNA were detected. Visual checking of the cells showed that there was no obvious loss 

of viability with any of the siRNAs at any concentration.  

5 Table 3: Percentage of IKK2 mRNA reduction achieved with 100 nM of the indicated IKK2 
siRNA 24 hours following transfection into A549 pulmonary epithelial cells. Expression of 
IKK2 mRNA in IKK2 siRINA-transfected cells is expressed as percentage relative to mock
transfected cells. Results (n=3) are expressed as mean ± SEM.  

siRNA Percent inhibition at 1OOnM 
AL-DP-4613 69 ± 3 
AL-DP-4614 40± 5 
AL-DP-4615 57,± 11 
AL-DP-4616 0 
AL-DP-4617 66± 5 
AL7DP-4618 50 ±12 
AL-DP-4619 73 6 
AL-DP-4620 54 6 
AL-DP-4621 0 
AL-DP-4622 0 
AL-DP-4623 72± 4 
AL-DP-4624 68± 7 

10 Three of the most potent IKK2 siRNA (AL-DP-4619, AL-DP-4623, and AL-DP-4624) 

were designed and synthesized containing internal 2 O-methyl chemical modifications (Table 4).  

These chemically modified siRNA (AL-DP-4440, AL-DP-4441, and AL-DP-4442) and -their 

"parent" siRNA were tested for in vitro silencing activity in variety of cells.  
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Table 4: Sense and anti-sense strand of 3 different chemically modified IKK2 siRNA.  
Combination of one sense strand (eg. AL3375, SEQ ID No.25) with its complementary 
antisense strand (eg. AL3376, SEQ ID No. 26) results in formation of a perfectly base
paired 19 nt duplex with 2 base pair overhangs (eg. AL-DP-4440). AL-DP-4440, AL-DP

5 4441, and AL-DP-4442 are 2' 0-methyl-containing versions of AL-DP-4619, AL-DP-4623, 
and AL-DP-4624, respectively. Nucleotides containing 2' 0-Methyl substitutions are 
denoted by a trailing lower case "m"and phosphorothioate modifications are denoted by 
underlining.  

Sense Strand Anti-Sense Strand Duplex 
identi.
fier 

Name sequence (5'-3') SEQ Name sequence (5'-3) SEQ 
ID ID 
NO. NO.  

AL3375 gacmuinacmumggagcmumumcmggmaTTl 25 AL3376 ugccgaagcuccmgumagucTT 26 AL-DP
4440 

AL3377 agumgumcmagcmumgumaumcmcmumumc 27 AL3378 .gaaggaumacmagcugacmacuTT 28 AL-DP
trT 4441 

~i37i cmmaggagmumggauxncmagggTT 29 AL3380 cccugauccmagcuccuuggTT 30 AL-DP
_ 1__ 1_ 4442 

10 Low passage A549 cells (>95) were maintained in complete DMEMI (DMEM 

supplemented with 10% FCS, penicillin, streptomycin and amphotericin). Cells were split at 

regular intervals to maintain exponential growth. 24 hours prior to transfection 70 to 80% 

confluent cells were trypsinised, harvested by centrifugation (800g, 5 minutes) counted and re

suspended at 2.5x10 cells per ml in complete DMEM. 2 ml of the cell suspension was then 

15 added to each well of a 6 well plate, cells were then incubated overnight and the confluence 

checked. Immediately prior to transfection the cells were rinsed with 1 ml of OptiMEM and then 

over-laid with 2ml of OptiMEM. 2mM stocks of 2' 0-methyl chemically-modified IKK2 siRNA 

(AL-DP-4440, AL-DP-4441, AL-DP-4442) were stored as 2pl aliquots at -20*C and 20pM 

stocks of the "parental" IKK2 siRNA (AL-DP-4619, AL-DP-4623, AL-DP-4624) were stored as 

20 2041 aliquots at -200C. Transfections were carried out using Oligofectamine in accordance with 

the protocols of Elbashir et al 2002 and Invitrogen product literature. Cells were transfected with 

100 nM of siRNA at a.fixed ratio of oligofectamine to siRNA (3OpM siRNA per Rl of 

oligofectamiie) in 2400pl of OptiMEM per well, and cells collected after 6, 12, 24, 48 and 72 

hours. In addition AL-DP-46.19, AL-DP-4623 and AL-DP-4624 were transfected at IOOnM and 

25 cells collected after 72 hours. Time matched vehicle controls were carried out at each time point.  

Two wells of a 6 well plate of each treatment group were frozen prior to being harvested for 

RNA using TRIreAgent. The. RNA was then quantified by spectrophometry-and used as a 
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template for cDNA synthesis. IKK-2 mRNA level' were determined by Taqman realtime PCR 

analysis of the cDNA and normalised with respect to 18S RNA levels. One well of a 6 well plate 

of each treatment group was scraped and resuspended in 50pl of lysis buffer [Tris-HCI pH6.8 

(50mM); NaCl (150mM); Triton-X-100 (1%); SDS (0.1%); deoxycholic acid (0.5%); EDTA 

5 (0.0 1M)] containing protease and phosphatase inhibitors [Aprotinin (25 g/inl); Leupeptin 

(10gg/ml); Pepstatin A (10pg/ml); DTT (5mM); PMSF (0.5mM); sodium orthovandate (2mM); 

sodium fluoride (1.25mM); sodium pyrophosphate (1mM)]. IKK1, IKK2 and actin protein levels 

were, then determined by western blotting analysis. Identical transfection procedures and assay 

protocols were carried out when assessing activity of IKK2 siRNA using rat epithelial L2 cells or 

10 primary human airway smooth muscle cells.  

Table 5 provides a summary of the results with respect to reductions in IKK2 mRNA and 

protein, levels. in IKK2 siRNA-transfected cells versus mock-transfected cells. The data provided 

demonstrated that two of the three modified siRNA oligos (AL-DP-4441 and AL-DP-4442) give 

a similar level of knockdown of IKK2 as the respective more unmodified "parental"siRNA 

15 oligos (AL-DP-4623 and AL-DP-4624) at both the protein and mRNA level in A549 cells. In 

contrast the level of knock, down achieved by AL-DP-4440 did not appear to be similar to the 

"parental" siRNA duplex AL-DP-4619 at either the protein or the mRNA level. This loss in 

activity in AL-DP-4440 versus AL-DP-4619 is not surprising, and likely due to the fact the 

location of the 2' O-Methyl substitutions were not well tolerated in this instance. The mRNA 

20 data would suggest that the most effective siRNA oligo is AL-DP-4442. However, the level of 

protein knock down appears to be similar for both AL-DP-4441 and AL-DP-4442.  

We then investigated the temporal reduction in IKK2 mRNA and protein in A549 cells 

using the two most potent chemically modified IKK2 siRNA (AL-DP-4441 and AL-DP-4442).  

Silencing of the protein was observed as early as 6 hrs after transfection and resulted in marked 

25 reductions in IKK2 protein at 48 and 72 hrs (Figures 1 and 2). Less-modified versions of AL

DP-4441 and AL-DP-4442 were also tested (AL-DP-4623 and AL-DP-4624, respectively) and 

these gave a- similar level and time course of IKK2 silencing. All 4 of these I.KK2 siRNA 

demonstrated no inhibitory effect on IKK1 protein levels at any time point (Figures 1 and 2).  

The most potent of these, IKK2 siRNA (AL-DP4442) .was also tested for silencing in primary 
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human airway epithelial cells and demonstrated robust silencing of IKK2 mRNA and protein 72 

hours after transfection as compared to mock transfected cells., (Figure 3). A control mismatch 

siRNA for AL-DP-4442 was also used in these studies and showed no silencing effect on IKK2 

mRNA or protein (Figure 3). The AL-DP-4442 mismatch siRNA (AL-DP-1976 (mismatches to 

5 AL-DP-4442 are bold): sense: 5'-cmcmaaggacmgumcmgaumcmacmggTT-3' (SEQ ID NO: 31), 

anti-sense 5'-cegugaucmgacguccuuggTf-3' (SEQ ID NO: 32)) contains 4 mismatches to the 

IKK2 target mRNA (4 nucleotide pairings have the sense strand and anti-sense strands 

nucleotides inverted) but is otherwise identical to AL-DP-4442 in general nucleotide 

composition .and chemistry. Lastly, in these experiments, no inhibitory effect on either IKKI 

10 mRNA or protein expression was seen with AL-DP-4442 (data not shown).  

Lastly, three chemically-modified IKK2 siRNA that showed activity against human IKK2 

were also tested for activity in a rat L2 epithelial cell line (Figure 4) Of the three modified 

siRNA tested, one (AL-DP-4441) possesses 2 mismatches to the rat IKK2 mRNA sequence. As 

expected due to its 2 mismatches to rat IKK2, AL-DP-4441 showed reduced IKK2 silencing in 

15 rat cells.relative to what was seen in human A549 cells. The two siRNA (AL-DP-4440 and AL

DP-4442) that had 100%, conserved target identity against rat and human IKK2 showed the 

expected reductions in IKK2 mRNA, with AL-DP-4442 showing more robust silencing. As a 

result of these studies, AL-DP-4442 and its mismatched control siRNA were evaluated in vivo in 

a rat LPS-induced model of lung inflammation.  
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Table 5: Potency of 2' 0-methyl -modified IKK2 siRNAs (AL-DP-4440, AL-DP-4441 and 
AL-DP-4442) and their respective "parental" IKK2 siRNAs (AL-DP-4619, AL-DP-4623 
and AL-DP-4624) in reducing IKK2 mRNA and protein levels in A549 pulmonary 
epithelial cells. Level of IKK2 silencing is expressed as compared to mock-transfected 

5 A549 cells.  

siRNA IKK2 mRNA IKK2 protein 
inhibition (%) inhibition (%) 

L-DP-4440 46 44 
(2' OMe modified version of AL-DP-4619) 
AL-DP-4619 86 76 
AL-DP-4441 52 86 
(2' OMe modified version of AL-DP-4623) 
AL-DP-4623 52 87 
AL-DP-4442 81 75 
(2' Obe modified version of AL-DP-4624) 
AL-DP-4624 75 84 

In Vivo Activity of siRNAs in lung inflammation model 

Rat LPS Model of Lung Inflammation 

The rat LPS model of lung inflammation was carried out as described previously (Birrell, 

10 M.A., et al., (2006) Mol Pharmacol). Briefly, male Wistar rats (200-230 g) were purchased from 

Harlan-Olac (Bicester, UK) and allowed to acclimatize for at least 5 days before use. Food and 
water were supplied ad libitum. Rats were challenged with aerosolised endotoxin free saline (30 
minutes) or LPS (1 mg/mi, Escherichia coli serotype 01 11:B4 from Sigma, UK). Groups 

received vehicle or siRNA 72, 48 and 24 hr before aerosolised challenge (n = 8). Another 
15 satellite group of animals (groups 1 and 6, n =6) were sacrificed 6 hours after the first dose of 

vehicle or siRNA - these groups are present to assess any direct inflammatory effect siRNA 
delivery. Budesonide (from Sigma, UK) was included as a positive control and orally dosed one 

hour before and 2 hours afterichallenge.  
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Treatment groups: 

Group Number Challenge Drug Treatment 

1 Saline Vehicle (1 mI/kg, i.t.) 
2 Saline AL-DP-4442 (0.5 mg/kg) 
3 LPS Vehicle (Iml/kg, i.t.) 
4 LPS AL-DP-4442 (0.005 mg/k) 
5 LPS AL-DP-4442 (0'05 mg/kg) 
6 LPS AL-DP-4442 (0.5 mg/kg) 
7 LPS Mis-match IKK2 siRNA control 

(AL-DP-1976; 0.5 mg/kg) 
8 LPS Budesonide (3 mg/kg) 

Target and Inflammatory mRNA expression in lung 

The excised lungs from all animals were flash frozen in liquid nitrogen for gene 

5 expression assessment of target mRNA silencing (IKK-2) as well as for inflammatory biomarker 

expression (TNFa, IL-11$, INOS). mRNA levels were determined using TaqMan real-time PCR 

using methods previously described (Birrell, M.A., et al., (2005b). Am JRespir Crit Care Med.  

172:74-84). Briefly, total cellular RNA was isolated from rat lungs using Tri Reagent (Sigma).  

The purity and integrity of the RNA samples were assessed by A260/A280 spectrophotometric 

10 measurements on the GeneQuant RNA/DNA quantifier (Amersham Pharmacia Biotech, UK).  

RNA samples (1 I.g) were reverse-transcribed on a Perkin Elmer 480 thermal cycler (Boston, 

MA). Samples were then stored at -20*C until required for analysis. Transcriptional expression 

of target mRNA transcripts in cDNA samples was detected by polymerase chain reaction (PCR) 

amplification and quantified by 5'-nuclease assay using fluorescent labeled Taqman probes 

15 (TaqMan; Applied Biosystems, Foster City, CA) and analyzed using real-time quantitative PCR 

with the ABI PRISM 7700 Sequence Detection System (Perkin-Elmer, PE Applied Biosystems, 

Tokyo, Japan). Oligonucleotide primers and TaqMan probes for target genes (IKK-2, iNOS) 

were designed from published GenBank databases of mRNA sequences, using the Primer 

Express version LO software (Perkin-Elmer, PE Applied Biosystems); TNF-a and IL- 1p were 

20 pre-determined assay reagents (PDARs) from Applied Biosystems. The primers for the target 
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gene used for real-time;PCR were located in two different exons of each gene. to avoid 

amplification of any contaminating genomic DNA. The TaqMan probe had a fluorescent reporter 

dye (FAM) covalently linked to its 5'-end and a downstream quencher dye (TAMRA) linked to 

its 3'-end. Fluorescence quenching depends on the spatial proximity of the reporter and quencher 

5. dyes. Reactions were internally controlled with the 18 s rRNA internal control (Perkin-Elmer, PE 

Applied Biosystems). Amplification and detection of specific products were performed in an ABI 

PRISM 7000 sequence detection system (Perkin-Elmer, PE Applied Biosystems). Results were 

analyzed using the Sequence Detection Software (Perkin-Elmer, PE Applied Biosystems), and 

the relative amount of target gene transcript was normalized to the amount of 18 s internal 

10 control transcript in the same cDNA sample. The data were then compared with levels in the 

saline/vehicle control group and are presented as fold increase over this group. Results are 

expressed as mean ± s.e.mean.  

Results: 

IKK2 m7RNA reduction 

15 Local lung delivery resulted in a dose-dependent decrease in IKK2 mRNA expression.  

Non-LPS exposed animals receiving one 0.5 mg/kg intratracheal administration of IKK2 siRNA 

demonstrated. a. 33% decrease in IKK2 mRNA expression relative to non-LPS-treated rats 

receiving vehicle only. As expected, LPS challenge in rats did not significantly increase fKK2 

mRNA levels, although this has previously been shown to increase NF-cB activation. Rats 

20 receiving three daily 0.5 mg/kg intratracheal administrations of IKK2 siRNA followed by an LPS 

challenge demonstrated a 54% decrease in IKK2 mRNA expression vs. vehicle-treated rats 

similarly exposed to LPS. This effect was specific as a mismatch control for IKK2 siRNA given 

under the.same conditions did not result in significant reduction in IKK2 mRNA (20% inhibition 

vs. vehicle-treated LPS-exposed rats). The inhibitory effect on IKK2 mRNA expression with the 

25 IKK2 siRNA was also demonstrated to be dose-dependent with reductions in IKK2 mRNA of 

54% and 13% at 0.5 mg/kg and 0.05 mg/kg; no reduction was seen when the IKK2 siRNA were 

given at a dose of 0.005 mg/kg (Figure 5).  
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Inflanmatory Mediator mRNA levels 

Administration of IKK2 siRNA to naive rats did have an inhibitory effect on levels of 

TNF, ILA1 and iNOS mRNA (59%, 70% and38% respectively). As expected, mRNA levels 

TNF, IL-I andiNOS were increased following LPS administration (Figure 6 a-c).  

5 Follow-up Gene walk 

Additional siRNAs were identified in a multi step sequence analysis process in order to 

design siRNAs targeting the IKK-B gene. The selected siRNAs are provided in Table 6. These 

siRNAs were assayed as described below with the results provided in Table 6.  

Luciferase reporter assay protocol 

10 Low passage A549/NFkB-luc cells (from Panomics, cat# RC0002) were maintained in 

complete. MEM. Complete DMEM is DMEM (Gibco cat# 11995-065) supplemented with 10% 

FCS, penicillin and streptomycin (Gibco) at 100units/ml, and 100ug/ml Hygromycin B (Roche 

cat# 10-843-555-001). Cells were split at regular intervals to maintain exponential growth. 24 

hours prior to transfection 70 to 80% confluent cells were trypsinised, harvested by 

15 centrifugation (800g, 5 minutes) counted and re-suspended at 15x105 cells per ml in 

DMEM/10% FBS (no antibiotics, "transfection media"). 100ul of the cell suspension was then 

added to each well of a 96 well plate. Cells were then incubated overnight and the confluence 

checked. Desired confluence was -70%. Immediately prior to transfection the transfection media 

was: aspirated off and 40ul of fresh transfection media DMEM was added to each well.  

20 Transfections were carried out using Lipofectamine 2000 (Invitrogen) in accordance with the 

Invitrogen product literature. Briefly, cells were transfected with OOnM of siRNA and 

Lipofectamine 2000 was used at a concentration of 0.5ul per well. siRNA and LF2000 were 

diluted in OptiMEM at 5 fold the desired final concentration (500nM). loul of 

siRNA/LF2000/OptiMEM mix was then added on top of the 40ul of DMEM growth media. At 

25 24 hours post transfection the cells were visually checked for viability and 50ul of transfection 

media DMEM was added to each well (total well volume now 100ul). At 42 hours post 

t'ansfection (6hrs prior to Luciferase assay read-out) cells were stimulated with 50ng/ml of 

human TNFa (Sigma) in DMEM (no serum or antibiotics). Some wells were left unstimulated 
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(no TNFa, DMEM only) to determine background levels. At.48hrs, cells were washed once with 

DMEM without phenol red. 100u] of DMEM without phenol red was then added to each well 

and Luciferase levels were determined using the Bright-Glo assay system as described in the 

product literature (Promega cat#E2620).  

5 bDNA protocol 

Low passage A549 cells were maintained in complete F-12K (F12K media from ATCC, 

cat# 30-2004, supplemented with 10% FCS, penicillin and streptomycin (Gibco) at 100units/ml).  

Cells were. split at regular intervals to maintain exponential growth. 24 hours prior to transfection 

70 to 80% confluent cells were trypsinised, harvested by centrifugation (800g, 5 minutes) 

10 counted and re-suspendediat L5x10 cells: per ml in complete DMEM/10% FBS (no antibiotics, 

"transfection media"). 100 ul of the cell suspension was then added to each well of a 96 well 

plate. Cells were then incubated overnight and the confluence checked. Desired confluence was 

-70%. Immediately prior to transfection the growth media was aspirated off and 40ul of fresh 

"transfection media" DMEM was added to each well. Transfections were carried out using 

15 Lipofectamine 2000 (Invitrogen) in accordance with the Invitrogen product literature. Briefly, 

cells were ti-ansfected with 1OOnM of siRNA and Lipofectamine 2000 was used at a 

concentration of 0.5ul per well. siRNA and LF2000 were diluted in OptiMEM at 5 fold the 

desired final concentration (500nM). 10ul of siRNA/LF2000/OptiMEM mix was then added on 

top of the 40ul of DMEM "transfection media". At 24 hours post transfection the cells were 

20 visually checked for viability and 50ul of complete DMEM was added to each well (total well 

volume now 100ul). At 48 hours post transfection, cells were lysed and mRNA was quantified as 

described in the literature. for the Panomics Quantigene Assay System (IKK bDNA assay,,order 

no. PA-10270).  

Discussion of results: 

25 A larger series of IKK2 siRNA were screened With many showing inhibitory activity as 

measured by reductions in IKK2 mRNA levels (Table 6). Control siRNA (irrelevant or mis

match controls) showed no reduction of IKK2 mRNA levels. In addition, IKK2 siRNA were 
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tested in a functional assay for their ability to inhibit NF-kB activity in a NF-kB luciferase 

reporter assay.  
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In the claims which follow and in the preceding description of the invention, 

except where the context requires otherwise due to express language or necessary implication, 

the word "comprise" or variations such as "comprises" or "comprising" is used in an inclusive 

sense, i.e. to specify the presence of the stated features but not to preclude the presence or 

addition of further features in various embodiments of the invention.  

It is to be understood that a reference herein to a prior art document does not 

constitute an admission that the document forms part of the common general knowledge in the 

art in Australia or any other country.  
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The claims defining the invention are as follows: 

I. A double-stranded ribonucleic acid (dsRNA) for inhibiting the expression of a 

human IKK-B gene, wherein said dsRNA comprises a sense strand and an antisense strand and a 

duplex structure between 15 and 30 base pairs in length, the antisense strand comprising at least 

17 contiguous nucleotides of the nucleotide sequence of SEQ ID NO:24.  

2. The dsRNA of claim 1, wherein said dsRNA comprises at least one modified 

nucleotide.  

3. The dsRNA of claim 2, wherein said modified nucleotide is chosen from the 

group of a 2'-O-methyl modified nucleotide, a nucleotide comprising a 3'-phosphorothioate 

group, and a terminal nucleotide linked to a cholesteryl derivative or dodecanoic acid 

bisdecylamide group.  

4. The dsRNA of claim 3, wherein said modified nucleotide is chosen from the 

group of a 2'-deoxy-2'-fluoro modified nucleotide, a 2'-deoxy-modified nucleotide, a locked 

nucleotide, an abasic nucleotide, 2'-amino-modified nucleotide, 2'-alkyl-modified nucleotide, 

morpholino nucleotide, a phosphoramidate, and a non-natural base comprising nucleotide.  

5. A cell comprising the dsRNA of claim 1.  

6. A pharmaceutical composition for inhibiting the expression of the IKK-B gene, 

comprising the dsRNA of claim I and a pharmaceutically acceptable carrier.  

7. A method for inhibiting the expression of the IKK-B gene in a cell, the method 

comprising: 

(a) introducing into the cell the dsRNA of claim 1; and 

(b) maintaining the cell produced in step (a) for a time sufficient to obtain 

degradation of the mRNA transcript of the IKK-B gene, thereby inhibiting expression of the 

IKK-B gene in the cell.  

2504187_1 (GHMatters) 
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8. A method of treating; inflammation comprising administering to a patient in need 

thereof a therapeutically effective amount of the dsRNA of claim 1.  

9. Use of the dsRNA of claim I in the manufacture of a medicament for treating 

inflammation.  

10. A vector for inhibiting the expression of the IKK-B gene, said vector comprising a 

regulatory sequence operably linked to a nucleotide sequence that encodes at least one strand of 

the dsRNA of claim 1.  

1H. A cell comprising the vector of claim 10.  

12. The dsRNA of claim 1, wherein the sense strand comprises at least 15 contiguous 

nucleotides of the nucleotide sequence of SEQ ID NO:23.  

13. The dsRNA of claim 12, wherein the antisense strand comprises the nucleotide 

sequence of SEQ ID NO:24 and the sense strand comprises the nucleotide sequence of SEQ ID 

NO:23.  

14. The dsRNA of claim 12, wherein said sense strand consists of SEQ ID NO:23 and 

said antisense strand consists of SEQ ID NO:24.  

15. The dsRNA of claim 1, wherein the antisense strand comprises at least 17 

contiguous nucleotides of the nucleotide sequence CCCUGAUCCmAGCUCCUUGGTT (SEQ 

ID NO: 30) wherein the trailing lower case "m" denotes a nucleotide containing a 2'O-Methyl 

substitution and the last "T" has a phosphorothioate-modification.  

16. The dsRNA of claim 1, wherein the antisense strand comprises the nucleotide 

sequence CCCUGAUCCmAGCUCCUUGGTT (SEQ ID NO: 30) wherein the trailing lower 

case "m" denotes a nucleotide containing a 2'O-Methyl substitution and the last "T" has a 

phosphorothioate modification.  
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17. The dsRNA of claim I, wherein the antisense strand consists of the nucleotide 

sequence CCCUGAUCCmAGCUCCUUGGTT (SEQ ID NO:30) wherein the trailing lower case 

"m" denotes a nucleotide containing a 2'O-Methyl substitution and the last "T" has a 

phosphorothioate modification.  

18. The dsRNA of claim 1, wherein the sense strand comprises at least 15 contiguous 

nucleotides of the nucleotide sequence CmCmAAGGAGCmUmGGAUmCmAGGGTT (SEQ ID 

NO:29) wherein a trailing lower case "m" denotes a nucleotide containing a 2'O-Methyl 

substitution and the last "T" has a phosphorothioate modification.  

19. The dsRNA of claim 1, wherein the sense strand comprises the nucleotide 

sequence CmCmAAGGAGCmUmGGAUmCmAGGGTT (SEQ ID NO:29) wherein a trailing 

lower case "m" denotes a nucleotide containing a 2'O-Methyl substitution and the last "T" has a 

phosphorothioate modification.  

20. The dsRNA of claim 1, wherein the sense strand consists of the nucleotide 

sequence CmCmAAGGAGCmUmGGAUmCmAGGGTT (SEQ ID NO:29) wherein a trailing 

lower case "m" denotes a nucleotide containing a 2'O-Methyl substitution and the last "T" has 

aphosphorothioate modification.  

21. The dsRNA of claim 1, wherein the antisense strand comprises the nucleotide 

sequence CCCUGAUCCmAGCUCCUUGGTT (SEQ ID NO:30) and the sense strand comprises 
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the nucleotide sequence CmCmAAGGAGCmUmGGAUmCmAGGGTT (SEQ ID NO:29) 

wherein in both the sense and antisense sequences, a trailing lower case "m" denotes a nucleotide 

containing a 2'O-Methyl-substitution and the last "T" has a phosphorothioate modification.  

22. The dsRNA of claim 1, wherein the antisense strand consists of the nucleotide 

sequence CCCUGAUCCmAGCUCCUUGGTT (SEQ ID NO:30) the sense strand consists of the 

nucleotide sequence CmCmAAGGAGCmUmGGAUmCmAGGGTT (SEQ ID NO:29) wherein 

in both the sense and antisense sequences, a trailing lower case "m" denotes a nucleotide 

containing a 2'O-Methyl-substitution and the last "T" has a phosphorothioate modification.  

23. The dsRNA of claim 1, wherein said dsRNA, upon contact with a cell expressing 

said IKK-B, inhibits expression of said IKK-B gene by at least 25%.  

24. The dsRNA of claim 1, wherein said dsRNA, upon contact with a cell expressing 

said IKK-B, inhibits expression of said IKK-B gene by at least 40%.  

25. The dsRNA of claim 1, comprising at least one 2'-O-methyl modified nucleotide.  

26. The dsRNA of claim 1, comprising at least one single-stranded nucleotide 

overhang of I to 4 nucleotides.  

27. The dsRNA of claim I conjugated to at least one non-ligand group.  
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28. The pharmaceutical composition of claim 6, wherein the carrier is a lipid carrier.  

29. The dsRNA of claim 1, wherein the antisense strand comprises at least 18 

contiguous nucleotides of the nucleotide sequence of SEQ ID NO:24.  

30. The dsRNA of claim 1, wherein the antisense strand comprises at least 19 

contiguous nucleotides of the nucleotide sequence of SEQ ID NO:24.  

31. The dsRNA of claim 1, wherein the antisense strand comprises at least 20 

contiguous nucleotides of the nucleotide sequence of SEQ ID NO:24.  
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