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(57) ABSTRACT 

The present invention relates to novel cationic lipids, trans 
fection agents, microparticles, nanoparticles, and short inter 
fering nucleic acid (siNA) molecules. The invention also 
features compositions, and methods of use for the study, 
diagnosis, and treatment of traits, diseases and conditions that 
respond to the modulation of gene expression and/or activity 
in a Subject or organism. Specifically, the invention relates to 
novel cationic lipids, microparticles, nanoparticles and trans 
fection agents that effectively transfect or deliver biologically 
active molecules, such as antibodies (e.g., monoclonal, chi 
meric, humanized etc.), cholesterol, hormones, antivirals, 
peptides, proteins, chemotherapeutics, Small molecules, Vita 
mins, co-factors, nucleosides, nucleotides, oligonucleotides, 
enzymatic nucleic acids, antisense nucleic acids, triplex 
forming oligonucleotides, 2.5-A chimeras, dsRNA, alloZ 
ymes, aptamers, decoys and analogs thereof, and Small 
nucleic acid molecules, such as short interfering nucleic acid 
(siNA), short interfering RNA (siRNA), double-stranded 
RNA (dsRNA), micro-RNA (miRNA), short hairpin RNA 
(shRNA), and RNAi inhibitor molecules, to relevant cells 
and/or tissues, such as in a Subject or organism. Such novel 
cationic lipids, microparticles, nanoparticles and transfection 
agents are useful, for example, in providing compositions to 
prevent, inhibit, or treat diseases, conditions, or traits in a cell, 
Subject or organism. The compositions described herein are 
generally referred to as formulated molecular compositions 
(FMC) or lipid nanoparticles (LNP). 
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LPDNANOPARTICLE BASED 
COMPOSITIONS AND METHODS FOR THE 
DELIVERY OF BIOLOGICALLY ACTIVE 

MOLECULES 

0001. This application claims priority under 35 U.S.C. 
S119 to U.S. application Ser. No. 1 1/586,102 filed Oct. 24, 
2006 which is a continuation-in-part of U.S. patent applica 
tion Ser. No. 1 1/353,630, filed Feb. 14, 2006, which claims 
the benefit of U.S. Provisional patent application No. 60/652, 
787, filed Feb. 14, 2005, U.S. Provisional patent application 
No. 60/678,531, filed May 6, 2005, U.S. Provisional patent 
application No. 60/703.946, filed Jul. 29, 2005, and U.S. 
Provisional patent application No. 60/737,024, filed Nov. 15, 
2005. These applications are incorporated by reference herein 
in their entirety including the drawings. 

FIELD OF THE INVENTION 

0002 The present invention relates to novel particle form 
ing delivery agents including cationic lipids, microparticles, 
and nanoparticles that are useful for delivering various mol 
ecules to cells. The invention also features compositions, and 
methods of use for the study, diagnosis, and treatment of 
traits, diseases and conditions that respond to the modulation 
of gene expression and/or activity in a subject or organism. 
Specifically, the invention relates to novel cationic lipids, 
microparticles, nanoparticles and transfection agents that 
effectively transfect or deliver biologically active molecules, 
Such as antibodies (e.g., monoclonal, chimeric, humanized 
etc.), cholesterol, hormones, antivirals, peptides, proteins, 
chemotherapeutics, Small molecules, vitamins, co-factors, 
nucleosides, nucleotides, oligonucleotides, enzymatic 
nucleic acids, antisense nucleic acids, triplex forming oligo 
nucleotides, 2.5-A chimeras, allozymes, aptamers, decoys 
and analogs thereof, and Small nucleic acid molecules, such 
as short interfering nucleic acid (siNA), short interfering 
RNA (siRNA), double-stranded RNA (dsRNA), micro-RNA 
(miRNA), and short hairpin RNA (shRNA) molecules, to 
relevant cells and/or tissues, such as in a subject or organism. 
Such novel cationic lipids, microparticles, nanoparticles and 
transfection agents are useful, for example, in providing com 
positions to prevent, inhibit, or treat diseases, conditions, or 
traits in a cell. Subject or organism. 

BACKGROUND OF THE INVENTION 

0003. The present invention relates to the delivery of bio 
logically active molecules to cells. Specifically, the invention 
relates to compounds, compositions and methods for deliv 
ering nucleic acids, polynucleotides, and oligonucleotides 
such RNA, DNA and analogs thereof, peptides, polypeptides, 
proteins, antibodies, hormones and Small molecules, to cells 
by facilitating transport across cellular membranes in, for 
example, epithelial tissues and endothelial tissues. The com 
pounds, compositions and methods of the invention are useful 
in therapeutic, research, and diagnostic applications that rely 
upon the efficient transfer of biologically active molecules 
into cells, tissues, and organs. The discussion is provided only 
for understanding of the invention that follows. This sum 
mary is not an admission that any of the work described below 
is prior art to the claimed invention. 
0004. The cellular delivery of various therapeutic com 
pounds, such as antiviral and chemotherapeutic agents, is 
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usually compromised by two limitations. First the selectivity 
of a number of therapeutic agents is often low, resulting in 
high toxicity to normal tissues. Secondly, the trafficking of 
many compounds into living cells is highly restricted by the 
complex membrane systems of the cell. Specific transporters 
allow the selective entry of nutrients or regulatory molecules, 
while excluding most exogenous molecules Such as nucleic 
acids and proteins. Various strategies can be used to improve 
transport of compounds into cells, including the use of lipid 
carriers, biodegradable polymers, and various conjugate sys 
temS. 

0005. The most well studied approaches for improving the 
transport of foreign nucleic acids into cells involve the use of 
viral vectors or cationic lipids and related cytofectins. Viral 
vectors can be used to transfer genes efficiently into Some cell 
types, but they generally cannot be used to introduce chemi 
cally synthesized molecules into cells. An alternative 
approach is to use delivery formulations incorporating cat 
ionic lipids, which interact with nucleic acids through one end 
and lipids or membrane systems through another (for a review 
see Felgner, 1990, Advanced Drug Delivery Reviews, 5, 162 
187: Felgner 1993, J. Liposome Res., 3.3-16). Synthetic 
nucleic acids as well as plasmids can be delivered using the 
cytofectins, although the utility of Such compounds is often 
limited by cell-type specificity, requirement for low serum 
during transfection, and toxicity. 
0006 Another approach to delivering biologically active 
molecules involves the use of conjugates. Conjugates are 
often selected based on the ability of certain molecules to be 
selectively transported into specific cells, for example via 
receptor-mediated endocytosis. By attaching a compound of 
interest to molecules that are actively transported across the 
cellular membranes, the effective transfer of that compound 
into cells or specific cellular organelles can be realized. Alter 
nately, molecules that are able to penetrate cellular mem 
branes without active transport mechanisms, for example, 
various lipophilic molecules, can be used to deliver com 
pounds of interest. Examples of molecules that can be utilized 
as conjugates include but are not limited to peptides, hor 
mones, fatty acids, vitamins, flavonoids, Sugars, reporter mol 
ecules, reporter enzymes, chelators, porphyrins, intercalca 
tors, and other molecules that are capable of penetrating 
cellular membranes, either by active transport or passive 
transport. 
0007. The delivery of compounds to specific cell types, for 
example, cancer cells or cells specific to particular tissues and 
organs, can be accomplished by utilizing receptors associated 
with specific cell types. Particular receptors are overex 
pressed in certain cancerous cells, including the high affinity 
folic acid receptor. For example, the high affinity folate recep 
tor is a tumor marker that is overexpressed in a variety of 
neoplastic tissues, including breast, ovarian, cervical, col 
orectal, renal, and nasoparyngeal tumors, but is expressed to 
a very limited extent in normal tissues. The use of folic acid 
based conjugates to transport exogenous compounds across 
cell membranes can provide a targeted delivery approach to 
the treatment and diagnosis of disease and can provide a 
reduction in the required dose of therapeutic compounds. 
Furthermore, therapeutic bioavailability, pharmacodynam 
ics, and pharmacokinetic parameters can be modulated 
through the use of bioconjugates, including folate bioconju 
gates. Godwin et al., 1972, J. Biol. Chem., 247, 2266-2271, 
report the synthesis of biologically active pteroyloligo-L- 
glutamates. Habus et al., 1998, Bioconjugate Chem., 9, 283 
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291, describe a method for the solid phase synthesis of certain 
oligonucleotide-folate conjugates. Cook, U.S. Pat. No. 6,721, 
208, describes certain oligonucleotides modified with spe 
cific conjugate groups. The use of biotin and folate conjugates 
to enhance transmembrane transport of exogenous mol 
ecules, including specific oligonucleotides has been reported 
by Low et al., U.S. Pat. Nos. 5,416,016, 5,108,921, and Inter 
national PCT publication No. WO 90/12096. Manoharan et 
al., International PCT publication No. WO99/66063 describe 
certain folate conjugates, including specific nucleic acid 
folate conjugates with a phosphoramidite moiety attached to 
the nucleic acid component of the conjugate, and methods for 
the synthesis of these folate conjugates. Nomura et al., 2000, 
J. Org. Chem., 65, 5016-5021, describe the synthesis of an 
intermediate, alpha-2-(trimethylsilyl)ethoxycarbonyl folic 
acid, useful in the synthesis of certain types of folate-nucleo 
side conjugates. Guzaev et al., U.S. Pat. No. 6,335,434. 
describes the synthesis of certain folate oligonucleotide con 
jugates. Vargeese et al., International PCT Publication No. 
WO 02/094185 and U.S. Patent Application Publication Nos. 
2003O130186 and 200401 10296 describe certain nucleic acid 
conjugates. 
0008. The delivery of compounds to other cell types can be 
accomplished by utilizing receptors associated with a certain 
type of cell. Such as hepatocytes. For example, drug delivery 
systems utilizing receptor-mediated endocytosis have been 
employed to achieve drug targeting as well as drug-uptake 
enhancement. The asialoglycoprotein receptor (ASGPr) (see 
for example Wu and Wu, 1987, J. Biol. Chem. 262, 4429 
4432) is unique to hepatocytes and binds branched galactose 
terminal glycoproteins, such as asialoorosomucoid (ASOR). 
Binding of Such glycoproteins or synthetic glycoconjugates 
to the receptor takes place with an affinity that strongly 
depends on the degree of branching of the oligosaccharide 
chain, for example, triatennary structures are bound with 
greater affinity than biatenarry or monoatennary chains 
(Baenziger and Fiete, 1980, Cell, 22, 611-620; Connolly et 
al., 1982, J. Biol. Chem., 257,939-945). Lee and Lee, 1987, 
Glycoconjugate J., 4, 317-328, obtained this high specificity 
through the use of N-acetyl-D-galactosamine as the carbohy 
drate moiety, which has higher affinity for the receptor, com 
pared to galactose. This “clustering effect has also been 
described for the binding and uptake of mannosyl-terminat 
ing glycoproteins or glycoconjugates (Ponpipomet al., 1981, 
J. Med. Chem., 24, 1388-1395). The use of galactose and 
galactosamine based conjugates to transport exogenous com 
pounds across cell membranes can provide a targeted delivery 
approach to the treatment of liver disease such as HBV and 
HCV infection or hepatocellular carcinoma. The use of bio 
conjugates can also provide a reduction in the required dose 
of therapeutic compounds required for treatment. Further 
more, therapeutic bioavailability, pharmacodynamics, and 
pharmacokinetic parameters can be modulated through the 
use of bioconjugates. 
0009. A number of peptide based cellular transporters 
have been developed by several research groups. These pep 
tides are capable of crossing cellular membranes in vitro and 
in Vivo with high efficiency. Examples of Such fusogenic 
peptides include a 16-amino acid fragment of the home 
odomain of ANTENNAPEDIA, a Drosophila transcription 
factor (Wang et al., 1995, PNAS USA., 92, 3318-3322); a 
17-mer fragment representing the hydrophobic region of the 
signal sequence of Kaposi fibroblast growth factor with or 
without NLS domain (Antopolsky et al., 1999, Bioconi. 
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Chem., 10, 598-606); a 17-mer signal peptide sequence of 
caiman crocodylus Ig(5) light chain (Chaloin et al., 1997, 
Biochem. Biophys. Res. Comm., 243, 601-608); a 17-amino 
acid fusion sequence of HIV envelope glycoprotein gp41 14, 
(Morris et al., 1997, Nucleic Acids Res., 25, 2730-2736); the 
HIV-1 Tata-9-57 fragment (Schwarze et al., 1999, Science, 
285, 1569-1572); a transportan A achimeric 27-mer con 
sisting of N-terminal fragment of neuropeptide galanine and 
membrane interacting wasp venom peptide mastoporan 
(Lindgren et al., 2000, Bioconjugate Chem., 11, 619-626); 
and a 24-mer derived from influenza virus hemagglutinin 
envelop glycoprotein (Bongartz et al., 1994, Nucleic Acids 
Res., 22, 4681-4688). These peptides were successfully used 
as part of an antisense oligodeoxyribonucleotide-peptide 
conjugate for cell culture transfection without lipids. In a 
number of cases, such conjugates demonstrated better cell 
culture efficacy then parent oligonucleotides transfected 
using lipid delivery. In addition, use of phage display tech 
niques has identified several organ targeting and tumor tar 
geting peptides in vivo (Ruoslahti, 1996, Ann. Rev. Cell Dev. 
Biol., 12. 697–715). Conjugation of tumor targeting peptides 
to doxorubicin has been shown to significantly improve the 
toxicity profile and has demonstrated enhanced efficacy of 
doxorubicin in the in vivo murine cancer model MDA-MB 
435 breast carcinoma (Arap et al., 1998, Science, 279, 377 
380). 
0010. Another approach to the intracellular delivery of 
biologically active molecules involves the use of cationic 
polymers. For example, Ryser et al., International PCT Pub 
lication No. WO 79/00515 describes the use of high molecu 
lar weight lysine polymers for increasing the transport of 
various molecules across cellular membranes. Rothbard et 
al., International PCT Publication No. WO 98/52614, 
describes certain methods and compositions for transporting 
drugs and macromolecules across biological membranes in 
which the drug or macromolecule is covalently attached to a 
transport polymer consisting of from 6 to 25 subunits, at least 
50% of which contain a guanidino or amidino side chain. The 
transport polymers are preferably polyarginine peptides com 
posed of all D-, all L- or mixtures of D- and L-arginine. 
Rothbard et al., U.S. Patent Application Publication No. 
20030082356, describes certain poly-lysine and poly-argin 
ine compounds for the delivery of drugs and other agents 
across epithelial tissues, including the skin, gastrointestinal 
tract, pulmonary epithelium and blood brain barrier. Wendel 
et al., U.S. Patent Application Publication No. 20030032593, 
describes certain polyarginine compounds. Rothbard et al., 
U.S. Patent Application Publication No. 2003.0022831, 
describes certain poly-lysine and poly-arginine compounds 
for intra-ocular delivery of drugs. Kosak, U.S. Patent Appli 
cation Publication No. 20010034333, describes certain 
cyclodextran polymers compositions that include a cross 
linked cationic polymer component. Beigelman et al., U.S. 
Pat. No. 6,395,713; Reynolds et al., International PCT Pub 
lication No. WO99/04819; Beigelman et al., International 
PCT Publication No. WO99/05094; and Beigelman et al., 
U.S. Patent Application Publication No. 20030073640 
describe certain lipid based formulations. 
0011. Another approach to the intracellular delivery of 
biologically active molecules involves the use of liposomes or 
other particle forming compositions. Since the first descrip 
tion of liposomes in 1965, by Bangham (J. Mol. Biol. 13, 
238-252), there has been a sustained interest and effort in the 
area of developing lipid-based carrier systems for the delivery 
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of pharmaceutically active compounds. Liposomes are attrac 
tive drug carriers since they protect biological molecules 
from degradation while improving their cellular uptake. One 
of the most commonly used classes of liposome formulations 
for delivering polyanions (e.g., DNA) is that which contains 
cationic lipids. Lipid aggregates can be formed with macro 
molecules using cationic lipids alone or including other lipids 
and amphiphiles Such as phosphatidylethanolamine. It is well 
known in the art that both the composition of the lipid formu 
lation as well as its method of preparation have effect on the 
structure and size of the resultant anionic macromolecule 
cationic lipid aggregate. These factors can be modulated to 
optimize delivery of polyanions to specific cell types in vitro 
and in vivo. The use of cationic lipids for cellular delivery of 
biologically active molecules has several advantages. The 
encapsulation of anionic compounds using cationic lipids is 
essentially quantitative due to electrostatic interaction. In 
addition, it is believed that the cationic lipids interact with the 
negatively charged cell membranes initiating cellular mem 
brane transport (Akhtar et al., 1992, Trends Cell Bio., 2, 139: 
Xu et al., 1996, Biochemistry 35, 5616). 
0012 Experiments have shown that plasmid DNA can be 
encapsulated in Small particles that consist of a single plasmid 
encapsulated within a bilayer lipid vesicle (Wheeler, et al., 
1999, Gene Therapy 6, 271-281). These particles typically 
contain the fusogenic lipid dioleoylphosphatidylethanola 
mine (DOPE), low levels of a cationic lipid, and can be 
stabilized in aqueous media by the presence of a poly(ethyl 
ene glycol) (PEG) coating. These particles have systemic 
applications as they exhibit extended circulation lifetimes 
following intravenous (i.v.) injection, can accumulate prefer 
entially in various tissues and organs or tumors due to the 
enhanced vascular permeability in Such regions, and can be 
designed to escape the lyosomic pathway of endocytosis by 
disruption of endosomal membranes. These properties can be 
useful in delivering biologically active molecules to various 
cell types for experimental and therapeutic applications. For 
example, the effective use of nucleic acid technologies Such 
as short interfering RNA (siRNA), antisense, ribozymes, 
decoys, triplex forming oligonucleotides, 2-5A oligonucle 
otides, and aptamers in vitro and in Vivo may benefit from 
efficient delivery of these compounds across cellular mem 
branes. Lewis et al., U.S. Patent Application Publication No. 
2003.0125281, describes certain compositions consisting of 
the combination of siRNA, certain amphipathic compounds, 
and certain polycations. MacLachlan, U.S. Patent Applica 
tion Publication No. 20030077829, describes certain lipid 
based formulations. MacLachlan, International PCT Publica 
tion No. WO 05/007196, describes certain lipid encapsulated 
interfering RNA formulations. Vargeese et al., International 
PCT Publication No. W02005007854 describes certain poly 
cationic compositions for the cellular delivery of polynucle 
otides. McSwiggen et al., International PCT Publication Nos. 
WO 05/01.9453, WO 03/70918, WO 03/74654 and U.S. 
Patent Application Publication Nos. 2005.0020525 and 
20050032733, describes short interfering nucleic acid mol 
ecules (siNA) and various technologies for the delivery of 
siNA molecules and other polynucleotides. 
0013. In addition, recent work involving cationic lipid par 

ticles demonstrated the formation of two structurally differ 
ent complexes comprising nucleic acid (or other polyanionic 
compound) and cationic lipid (Safinya et al., Science, 281: 
78-81 (1998). One structure comprises a multilamellar struc 
ture with nucleic acid monolayers sandwiched between cat 
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ionic lipid bilayers (“lamellar structure') (FIG. 7). A second 
structure comprises a two dimensional hexagonal columnar 
phase structure (“inverted hexagonal structure') in which 
nucleic acid molecules are encircled by cationic lipid in the 
formation of a hexagonal structure (FIG. 7). Safinya et al. 
demonstrated that the inverted hexagonal structure transfects 
mammalian cells more efficiently than the lamellar structure. 
Further, optical microscopy studies showed that the com 
plexes comprising the lamellar structure bind stably to 
anionic vesicles without fusing to the vesicles, whereas the 
complexes comprising the inverted hexagonal structure are 
unstable and rapidly fuse to the anionic vesicles, releasing the 
nucleic acid upon fusion. 
0014. The structural transformation from lamellar phase 
to inverted hexagonal phase complexes is achieved either by 
incorporating a suitable helper lipid that assists in the adop 
tion of an inverted hexagonal structure or by using a co 
Surfactant, Such as hexanol. However, neither of these trans 
formation conditions are suitable for delivery in biological 
systems. Furthermore, while the inverted hexagonal complex 
exhibits greater transfection efficiency, it has very poor serum 
stability compared to the lamellar complex. Thus, there 
remains a need to design delivery agents that are serum stable, 
i.e. stable in circulation, that can undergo structural transfor 
mation, for example from lamellar phase to inverse hexagonal 
phase, under biological conditions. 
0015 The present application provides compounds, com 
positions and methods for significantly improving the effi 
ciency of systemic and local delivery of biologically active 
molecules. Among other things, the present application pro 
vides compounds, compositions and methods for making and 
using novel delivery agents that are stable in circulation and 
undergo structural changes under appropriate physiological 
conditions (e.g., pH) which increase the efficiency of delivery 
of biologically active molecules. 
0016 Various lipid nucleic acid particles and methods of 
preparation thereof are described in U.S. Patent Application 
Publication NoS. 20030077829, 20030108886, 
20060051405, 20060083780, 20030104044, 20060051405, 
20040142025, 200600837880, 20050064595, 2005/ 
0175682, 2005/0118253, 20050255153 and 20050008689; 
and U.S. Pat. Nos. 5,885,613; 6,586,001; 6,858,225; 6,858, 
224; 6,815,432: 6,586.410; 6,534,484; and 6,287,591. 

SUMMARY OF THE INVENTION 

0017. The present invention features compounds, compo 
sitions, and methods to facilitate delivery of various mol 
ecules into a biological system, such as cells. The com 
pounds, compositions, and methods provided by the instant 
invention can impart therapeutic activity by transferring 
therapeutic compounds across cellular membranes or across 
one or more layers of epithelial or endothelial tissue. The 
present invention encompasses the design and synthesis of 
novel agents for the delivery of molecules, including but not 
limited to Small molecules, lipids, nucleosides, nucleotides, 
nucleic acids, polynucleotides, oligonucleotides, antibodies, 
toxins, negatively charged polymers and other polymers, for 
example proteins, peptides, hormones, carbohydrates, or 
polyamines, across cellular membranes. Non-limiting 
examples of polynucleotides that can be delivered across 
cellular membranes using the compounds and methods of the 
invention include short interfering nucleic acids (siNA) 
(which includes siRNAs), antisense oligonucleotides, enzy 
matic nucleic acid molecules, 2.5'-oligoadenylates, triplex 
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forming oligonucleotides, aptamers, and decoys. In general, 
the transporters described are designed to be used either indi 
vidually or as part of a multi-component system, with or 
without degradable linkers. The compounds of the invention 
(generally shown in the Formulae below), when formulated 
into compositions, are expected to improve delivery of mol 
ecules into a number of cell types originating from different 
tissues, in the presence or absence of serum. 
0018. The compounds, compositions, and methods of the 
invention are useful for delivering biologically active mol 
ecules (e.g., siNAs, siRNAs, miRNAs, siRNA and miRNA 
inhibitors, nucleic acids, polynucleotides, oligonucleotides, 
peptides, polypeptides, proteins, hormones, antibodies, and 
small molecules) to cells or across epithelial and endothelial 
tissues, such as skin, mucous membranes, vasculature tissues, 
gastrointestinal tissues, blood brain barrier tissues, opthamo 
logical tissues, pulmonary tissues, liver tissues, cardiac tis 
Sues, kidney tissues etc. The compounds, compositions, and 
methods of the invention can be used both for delivery to a 
particular site of administration or for systemic delivery. 
0019. The compounds, compositions, and methods of the 
invention can increase delivery or availability of biologically 
active molecules (e.g., siNAs, siRNAs, miRNAs, siRNA and 
miRNA inhibitors, nucleic acids, polynucleotides, oligo 
nucleotides, peptides, polypeptides, proteins, hormones, anti 
bodies, and Small molecules) to cells or tissues compared to 
delivery of the molecules in the absence of the compounds, 
compositions, and methods of the invention. As such, the 
level of a biologically active molecule inside a cell, tissue, or 
organism is increased in the presence of the compounds and 
compositions of the invention compared to when the com 
pounds and compositions of the invention are absent. 
0020. In one aspect, the invention features novel cationic 
lipids, transfection agents, microparticles, nanoparticles, and 
formulations thereof with biologically active molecules. In 
another embodiment, the invention features compositions, 
and methods of use for the study, diagnosis, and treatment of 
traits, diseases, and conditions that respond to the modulation 
of gene expression and/or activity in a Subject or organism. In 
another embodiment, the invention features novel cationic 
lipids, microparticles, nanoparticles transfection agents, and 
formulations that effectively transfect or deliver small nucleic 
acid molecules, such as short interfering nucleic acid (siNA), 
short interfering RNA (siRNA), double-stranded RNA 
(dsRNA), micro-RNA (miRNA), and short hairpin RNA 
(shRNA) molecules, and inibitors thereof (RNAi inhibitors); 
to relevant cells and/or tissues. Such as in a Subject or organ 
ism. Such novel cationic lipids, microparticles, nanoparticles, 
transfection agents, and formulations are useful, for example, 
in providing compositions to prevent, inhibit, or treat dis 
eases, conditions, or traits in a cell, Subject or organism as 
described herein. 

0021. In one aspect, the instant invention features various 
cationic lipids, microparticles, nanoparticles, transfection 
agents, and formulations for the delivery of chemically-modi 
fied synthetic short interfering nucleic acid (siNA) molecules 
and/or RNAi inhibitors that modulate target gene expression 
or activity in cells, tissues, such as in a subjector organism, by 
RNA interference (RNAi). The use of chemically-modified 
siNA improves various properties of native siRNA molecules 
through increased resistance to nuclease degradation in Vivo, 
improved cellular uptake, and improved pharmacokinetic 
properties in vivo. The cationic lipids, microparticles, nano 
particles, transfection agents, formulations, and SiNA mol 
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ecules and RNAi inhibitors of the instant invention provide 
useful reagents and methods for a variety of therapeutic, 
Veterinary, diagnostic, target validation, genomic discovery, 
genetic engineering, and pharmacogenomic applications. 
0022. In one aspect, the invention features compositions 
and methods that independently or in combination modulate 
the expression of target genes encoding proteins. Such as 
proteins associated with the maintenance and/or development 
of a disease, trait, or condition, Such as a liver disease, trait, or 
condition. These genes are referred to herein generally as 
target genes. Such target genes are generally known in the art 
and transcripts of Such genes are commonly referenced by 
Genbank Accession Number, see for example International 
PCT Publication No. WO 03/74654, serial No. PCT/USO3/ 
05028, and U.S. patent appliation Ser. No. 10/923,536 both 
incorporated by reference herein). The description below of 
the various aspects and embodiments of the invention is pro 
vided with reference to exemplary target genes and target 
gene transcripts. However, the various aspects and embodi 
ments are also directed to other target genes, such as gene 
homologs, gene transcript variants, and gene polymorphisms 
(e.g., single nucleotide polymorphism, (SNPs)) that are asso 
ciated with certain target genes. As such, the various aspects 
and embodiments are also directed to other genes that are 
involved in pathways of signal transduction or gene expres 
sion that are involved, for example, in the maintenance and/or 
development of a disease, trait, or condition. These additional 
genes can be analyzed for target sites using the methods 
described for target genes herein. Thus, the modulation of 
other genes and the effects of such modulation of the other 
genes can be performed, determined, and measured as 
described herein. 

0023. In one embodiment, the invention features a com 
pound having Formula CLI: 

CLI 

wherein each R1 and R2 is independently a C1 to C10 alkyl, 
alkynyl, or aryl hydrocarbon; R3 is a C9-C24 aliphatic satu 
rated or unsaturated hydrocarbon, L is a linker, and R4 is 
cholesterol, a cholesterol derivative, a steroid hormone, or a 
bile acid. In one embodiment, R1 and R2 each independently 
is methyl, ethyl, propyl, isopropyl, or butyl. In one embodi 
ment, R3 is linoyl, isostearyl, oleyl, elaidyl, petroselinyl, 
linolenyl, elaeoStearyl, arachidyl, myristoyl, palmitoyl, or 
lauroyl. In one embodiment, R4 is cholesterol. In one 
embodiment, L is a C1 to C10 alkyl, alkyl ether, polyether, or 
polyethylene glycol linker. In another embodiment, L is an 
acetal, amide, carbonyl, carbamide, carbamate, carbonate, 
ester (for example, monoester, diester), or Succinyl linker. In 
one embodiment, R1 and R2 are methyl, R3 is linoyl, L is 
butyl, and R4 is cholesterol, which compound is generally 
referred to herein as CLinDMA or 3-Dimethylamino-2- 
(Cholest-5-en-3?-oxybutan-4-oxy)-1-(cis,cis-9,12-octa 
decadienoxy)propane. 
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0024. In one embodiment, the invention features a com 
pound having Formula CLII: 

CLII 

0025 wherein each R1 and R2 is independently a C1 to 
C10 alkyl, alkynyl, or aryl hydrocarbon; R3 is a C9-C24 
aliphatic Saturated or unsaturated hydrocarbon, L is a linker, 
and R4 is cholesterol, a cholesterol derivative, a steroid hor 
mone, or a bile acid. In one embodiment, R1 and R2 each 
independently is methyl, ethyl, propyl, isopropyl, or butyl. In 
one embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, 
petroselinyl, linolenyl, elaeoStearyl, arachidyl, myristoyl, 
palmitoyl, or lauroyl. In one embodiment, R4 is cholesterol. 
In one embodiment, L is a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker. In another embodi 
ment, L is an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester) or Succinyl linker. In 
one embodiment, R1 and R2 are methyl, R3 is linoyl, L is 
butyl, and R4 is cholesterol. 
0026. In one embodiment, the invention features a com 
pound having Formula CLIII: 

CLIII 

0027 wherein each R1 and R2 is independently a C1 to 
C10 alkyl, alkynyl, or aryl hydrocarbon; R3 is a C9-C24 
aliphatic Saturated or unsaturated hydrocarbon, L is a linker, 
and R4 is cholesterol, a cholesterol derivative, a steroid hor 
mone, or a bile acid. In one embodiment, R1 and R2 each 
independently is methyl, ethyl, propyl, isopropyl, or butyl. In 
one embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, 
petroselinyl, linolenyl, elaeoStearyl, arachidyl, myristoyl, 
palmitoyl, or lauroyl. In one embodiment, R4 is cholesterol. 
In one embodiment, L is a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker. In one embodiment, 
L is an acetal, amide, , carbonyl, carbamide, carbamate, car 
bonate, ester (i.e., monoester, diester), or Succinyl linker. In 
one embodiment, each R1 and R2 are methyl, R3 is linoyl, L 
is butyl, and R4 is cholesterol. 
0028. In one embodiment, the invention features a com 
pound having Formula CLIV: 

CLIV 

0029 wherein each R1 and R2 is independently a C1 to 
C10 alkyl, alkynyl, or aryl hydrocarbon; R3 is a C9-C24 
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aliphatic Saturated or unsaturated hydrocarbon, L is a linker, 
and R4 is cholesterol, a cholesterol derivative, a steroid hor 
mone, or a bile acid. In one embodiment, R1 and R2 each 
independently is methyl, ethyl, propyl, isopropyl, or butyl. In 
one embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, 
petroselinyl, linolenyl, elaeoStearyl, arachidyl, myristoyl, 
palmitoyl, or lauroyl. In one embodiment, R4 is cholesterol. 
In one embodiment, L is a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker. In another embodi 
ment, L is an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, each R1 and R2 are methyl, R3 is linoyl, 
L is butyl, and R4 is cholesterol. 
0030. In one embodiment, the invention features a com 
pound having Formula CLV: 

CLV 

0031 wherein each R1 and R2 is independently a C1 to 
C10 alkyl, alkynyl, or arylhydrocarbon; and each R3 and R4 
is independently a C12-C24 aliphatic hydrocarbon, which 
can be the same or different. In one embodiment, R1 and R2 
each independently is methyl, ethyl, propyl, isopropyl, or 
butyl. In one embodiment, R3 and R4 each independently is 
linoyl, isostearyl, oleyl, elaidyl, petroselinyl, linolenyl, elaeo 
Stearyl, arachidyl, myristoyl, palmitoyl, or lauroyl. In one 
embodiment, R1 and R2 are methyl, and R3 and R4 are oleyl, 
this compound is generally referred to herein as DMOBA or 
N,N-Dimethyl-3,4-dioleyloxybenzylamine. 
0032. In one embodiment, the invention features a com 
pound having Formula CLVI: 

CLVI 

0033 wherein each R1 and R2 is independently a C1 to 
C10 alkyl, alkynyl, or aryl hydrocarbon; R3 is a C9-C24 
aliphatic Saturated or unsaturated hydrocarbon, L is a linker, 
and R4 is cholesterol, a cholesterol derivative, a steroid hor 
mone, or a bile acid. In one embodiment, R1 and R2 each 
independently is methyl, ethyl, propyl, isopropyl, or butyl. In 
one embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, 
petroselinyl, linolenyl, elaeoStearyl, arachidyl, myristoyl, 
palmitoyl, or lauroyl. In one embodiment, R4 is cholesterol. 
In one embodiment, L is a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker. In another embodi 
ment, L is an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R1 and R2 are methyl, R3 is linoyl, L is 
butyl, and R4 is cholesterol. 
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0034. In one embodiment, the invention features a com 
pound having Formula CLVII: 

CLVII 
O-L-R 

R5 O-R 

0035 wherein each R1 and R2 is independently a C1 to 
C10 alkyl, alkynyl, or aryl hydrocarbon; R3 is a C9-C24 
aliphatic Saturated or unsaturated hydrocarbon, L is a linker, 
and R4 is cholesterol, a cholesterol derivative, a steroid hor 
mone, or a bile acid. In one embodiment, R1 and R2 each 
independently is methyl, ethyl, propyl, isopropyl, or butyl. In 
one embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, 
petroselinyl, linolenyl, elaeoStearyl, arachidyl, myristoyl, 
palmitoyl, or lauroyl. In one embodiment, R4 is cholesterol. 
In one embodiment, L is a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker. In another embodi 
ment, L is an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R1 and R2 are methyl, R3 is linoyl, L is 
butyl, and R4 is cholesterol. 
0036. In one embodiment, the invention features a com 
pound having Formula CLVIII: 

CLVIII 
O-R 

R 

R.-le 
O-R 

R 

0037 wherein each R1 and R2 is independently a C1 to 
C10 alkyl, alkynyl, or arylhydrocarbon; and each R3 and R4 
is independently a C12-C24 aliphatic hydrocarbon which can 
be the same or different. In one embodiment, R1 and R2 each 
independently is methyl, ethyl, propyl, isopropyl, or butyl. In 
one embodiment, R3 and R4 each independently is linoyl, 
isostearyl, oleyl, elaidyl, petroselinyl, linolenyl, elaeoStearyl, 
arachidyl, myristoyl, palmitoyl, or lauroyl. In one embodi 
ment, each R1 and R2 are methyl, and R3 and R4 are linoyl. 
0038. In one embodiment, the invention features a com 
pound having Formula CLIX: 

CLIX 
O-R 

R 

R-se O-L-R 
R 

0039 wherein each R1 and R2 is independently a C1 to 
C10 alkyl, alkynyl, or aryl hydrocarbon; R3 is a C9-C24 
aliphatic Saturated or unsaturated hydrocarbon, L is a linker, 
and R4 is cholesterol, a cholesterol derivative, a steroid hor 
mone, or a bile acid. In one embodiment, R1 and R2 each 
independently is methyl, ethyl, propyl, isopropyl, or butyl. In 
one embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, 
petroselinyl, linolenyl, elaeoStearyl, arachidyl, myristoyl, 
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palmitoyl, or lauroyl. In one embodiment, R4 is cholesterol. 
In one embodiment, L is a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker. In another embodi 
ment, L is an acetal, amide, carbonyl, carbamate carbamide, 
carbamate, carbonate, ester (i.e., monoester, diester), or Suc 
cinyl linker. In one embodiment, each R1 and R2 are methyl, 
R3 is linoyl, L is butyl, and R4 is cholesterol. 
0040. In one embodiment, the invention features a com 
pound having Formula CLX: 

CLX 
O-L-R 

R 

R-se O- R3 
R 

0041 wherein each R1 and R2 is independently a C1 to 
C10 alkyl, alkynyl, or aryl hydrocarbon; R3 is a C9-C24 
aliphatic Saturated or unsaturated hydrocarbon, L is a linker, 
and R4 is cholesterol, a cholesterol derivative, a steroid hor 
mone, or a bile acid. In one embodiment, R1 and R2 each 
independently is methyl, ethyl, propyl, isopropyl, or butyl. In 
one embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, 
petroselinyl, linolenyl, elaeoStearyl, arachidyl, myristoyl, 
palmitoyl, or lauroyl. In one embodiment, R4 is cholesterol. 
In one embodiment, L is a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker. In another embodi 
ment, L is an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, each R1 and R2 are methyl, R3 is linoyl, 
L is butyl, and R4 is cholesterol. 
0042. In one embodiment, the invention features a com 
pound having Formula CLXI: 

CLXI 
R 
v 

/N O-R 
R 

R 

/ 
R 

0043 wherein each R1 and R2 is independently a C1 to 
C10 alkyl, alkynyl, or aryl hydrocarbon; R3 is a C9-C24 
aliphatic Saturated or unsaturated hydrocarbon, L is a linker, 
and R4 is cholesterol, a cholesterol derivative, a steroid hor 
mone, or a bile acid. In one embodiment, R1 and R2 each 
independently is methyl, ethyl, propyl, isopropyl, or butyl. In 
one embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, 
petroselinyl, linolenyl, elaeoStearyl, arachidyl, myristoyl, 
palmitoyl, or lauroyl. In one embodiment, R4 is cholesterol. 
In one embodiment, L is a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker. In another embodi 
ment, L is an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, each R1 and R2 are methyl, R3 is linoyl, 
L is butyl, and R4 is cholesterol. 
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0044. In one embodiment, the invention features a com 
pound having Formula CLXIIa or CLXIIb: 

CLXIIa 

O 

CLXIIb 

0045 wherein R0 and each R1 and R2 is independently a 
C1 to C10 alkyl, alkynyl, or arylhydrocarbon; R3 is a C9-C24 
aliphatic Saturated or unsaturated hydrocarbon, L is a linker, 
and R4 is cholesterol, a cholesterol derivative, a steroid hor 
mone, or a bile acid. In one embodiment, R1 and R2 each 
independently is methyl, ethyl, propyl, isopropyl, or butyl. In 
one embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, 
petroselinyl, linolenyl, elaeoStearyl, arachidyl, myristoyl, 
palmitoyl, or lauroyl. In one embodiment, R4 is cholesterol. 
In one embodiment, L is a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker. In another embodi 
ment, L is an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, each R1 and R2 are methyl, R3 is linoyl, 
L is butyl, and R4 is cholesterol. 
0046. In one embodiment, the invention features a com 
pound having Formula CLXIII: 

R 
Y. O O-R 

R^ D N1 
R YN o1 No-L-R, 
/ 
R 2 

CLXIII 

0047 wherein each R1 and R2 is independently a C1 to 
C10 alkyl, alkynyl, or aryl hydrocarbon; R3 is a C9-C24 
aliphatic Saturated or unsaturated hydrocarbon, L is a linker, 
and R4 is cholesterol, a cholesterol derivative, a steroid hor 
mone, or a bile acid. In one embodiment, R1 and R2 each 
independently is methyl, ethyl, propyl, isopropyl, or butyl. In 
one embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, 
petroselinyl, linolenyl, elaeoStearyl, arachidyl, myristoyl, 
palmitoyl, or lauroyl. In one embodiment, R4 is cholesterol. 
In one embodiment, L is a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker. In another embodi 
ment, L is an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
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In one embodiment, each R1 and R2 are methyl, R3 is linoyl, 
L is butyl, and R4 is cholesterol. 
0048. In one embodiment, the invention features a com 
pound having Formula CLXIVa and CLXIVb: 

CLXIV a 

CLXIVb 

0049 wherein R0 and each R1 and R2 is independently a 
C1 to C10 alkyl, alkynyl, or arylhydrocarbon; R3 is a C9-C24 
aliphatic Saturated or unsaturated hydrocarbon, L is a linker, 
and R4 is cholesterol, a cholesterol derivative, a steroid hor 
mone, or a bile acid. In one embodiment, R1 and R2 each 
independently is methyl, ethyl, propyl, isopropyl, or butyl. In 
one embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, 
petroselinyl, linolenyl, elaeoStearyl, arachidyl, myristoyl, 
palmitoyl, or lauroyl. In one embodiment, R4 is cholesterol. 
In one embodiment, L is a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker. In another embodi 
ment, L is an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, each R1 and R2 are methyl, R3 is linoyl, 
L is butyl, and R4 is cholesterol. 
0050. In one embodiment, the invention features a com 
pound having Formula CLXV: 

0051 wherein each R1 and R2 is independently a C1 to 
C10 alkyl, alkynyl, or aryl hydrocarbon; L is a linker, and 
each R3 is independently cholesterol, a cholesterol deriva 
tive, a steroid hormone, or abile acid. In one embodiment, R1 
and R2 each independently is methyl, ethyl, propyl, isopro 
pyl, or butyl. In one embodiment, R3 is cholesterol. In one 
embodiment, L is a C1 to C10 alkyl, alkyl ether, polyether, or 
polyethylene glycol linker. In another embodiment, L is an 
acetal, amide, carbonyl, carbamide, carbamate, carbonate, 
ester (i.e., monoester, diester), or Succinyl linker. In one 
embodiment, each R1 and R2 are methyl, R3 is cholesterol, 
and L is butyl. 
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0.052. In one embodiment, the invention features a com 
pound having Formula CLXVI: 

CLXVI 
R 

Y O O-L-R R? N1 
R YN o1 No-L R3 
M 
R 

0053 wherein each R1 and R2 is independently a C1 to 
C10 alkyl, alkynyl, or aryl hydrocarbon; each L is a linker 
whose structure is independent of the other L, and each R3 is 
independently cholesterol, a cholesterol derivative, a steroid 
hormone, or abile acid. In one embodiment, R1 and R2 each 
independently is methyl, ethyl, propyl, isopropyl, or butyl. In 
one embodiment, R3 is cholesterol. In one embodiment, L is 
a C1 to C10 alkyl, alkyl ether, polyether, or polyethylene 
glycol linker. In another embodiment, L is an acetal, amide, 
carbonyl, carbamide, carbamate, carbonate, ester (i.e., 
monoester, diester), or Succinyl linker. In one embodiment, 
each R1 and R2 are methyl, R3 is cholesterol, and L is butyl. 
0054. In one embodiment, the invention features a com 
pound having Formula CLXVII: 

CLXVII 
R 
v 

/N O-R 
R 

R 
YN O-R 
M 
R 

0055 wherein each R1 and R2 is independently a C1 to 
C10 alkyl, alkynyl, or aryl hydrocarbon and R3 is a C9-C24 
aliphatic Saturated or unsaturated hydrocarbon. In one 
embodiment, R1 and R2 each independently is methyl, ethyl, 
propyl, isopropyl, or butyl. In one embodiment, R3 is linoyl, 
isostearyl, oleyl, elaidyl, petroselinyl, linolenyl, elaeoStearyl, 
arachidyl, myristoyl, palmitoyl, or lauroyl. In one embodi 
ment, each R1 and R2 are methyl and R3 is linoyl. 
0056. In one embodiment, the invention features a com 
pound having Formula CLXVIII: 

R 
Y O O-R 

R? D N1 
R Y o1 No-R, 
W 
R 2 

CLXVIII 

0057 wherein each R1 and R2 is independently a C1 to 
C10 alkyl, alkynyl, or aryl hydrocarbon; R3 is a C9-C24 
aliphatic Saturated or unsaturated hydrocarbon. In one 
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embodiment, R1 and R2 each independently is methyl, ethyl, 
propyl, isopropyl, or butyl. In one embodiment, R3 is linoyl, 
isostearyl, oleyl, elaidyl, petroselinyl, linolenyl, elaeoStearyl, 
arachidyl, myristoyl, palmitoyl, or lauroyl. In one embodi 
ment, each R1 and R2 are methyl and R3 is linoyl. 
0058. In one embodiment, the invention features a com 
pound having Formula CLXIX: 

CLXIX 

0059 wherein each R1 and R2 is independently a C1 to 
C10 alkyl, alkynyl, or aryl hydrocarbon; R3 and R4 are each 
individually a C9-C24 aliphatic saturated or unsaturated 
hydrocarbon, which can be the same or different. In one 
embodiment, R1 and R2 each independently is methyl, ethyl, 
propyl, isopropyl, or butyl. In one embodiment, R3 and R4 
each individually is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R3 or R4 is cholesterol, a 
cholesterol derivative, a steroid hormone, or a bile acid. 
0060. In one embodiment, the invention features a com 
pound having Formula CLXX: 

CLXX 
O-R 

R 
() 

R-N 
O-R 

R 

0061 wherein each R1 and R2 is independently a C1 to 
C10 alkyl, alkynyl, or aryl hydrocarbon; R3 and R4 are each 
individually a C9-C24 aliphatic saturated or unsaturated 
hydrocarbon, which can be the same or different. In one 
embodiment, R1 and R2 each independently is methyl, ethyl, 
propyl, isopropyl, or butyl. In one embodiment, R3 and R4 
each individually is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R3 or R4 is cholesterol, a 
cholesterol derivative, a steroid hormone, or a bile acid. 
0062. In one embodiment, the invention features a com 
pound having Formula CLXXI: 

CLXXI 

wherein each R1 and R2 is independently a C1 to C10 alkyl, 
alkynyl, orarylhydrocarbon; R3 and R4 are each individually 
a C9-C24 aliphatic saturated or unsaturated hydrocarbon, 
which can be the same or different. In one embodiment, R1 
and R2 each independently is methyl, ethyl, propyl, isopro 
pyl, or butyl. In one embodiment, R3 and R4 each individu 
ally is linoyl, isostearyl, oleyl, elaidyl, petroselinyl, linolenyl, 
elaeostearyl, arachidyl, myristoyl, palmitoyl, or lauroyl. In 
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one embodiment, R3 or R4 is cholesterol, a cholesterol 
derivative, a steroid hormone, or abile acid. 
0063. In one embodiment, the invention features a com 
pound having Formula CLXXII: 

CLXXII 

wherein each R1 and R2 is independently a C1 to C10 alkyl, 
alkynyl, orarylhydrocarbon; R3 and R4 are each individually 
a C9-C24 aliphatic saturated or unsaturated hydrocarbon, 
which can be the same or different. In one embodiment, R1 
and R2 each independently is methyl, ethyl, propyl, isopro 
pyl, or butyl. In one embodiment, R3 and R4 each individu 
ally is linoyl, isostearyl, oleyl, elaidyl, petroselinyl, linolenyl, 
elaeostearyl, arachidyl, myristoyl, palmitoyl, or lauroyl. In 
one embodiment, R3 or R4 is cholesterol, a cholesterol 
derivative, a steroid hormone, or abile acid. 
0064. In one embodiment, the invention features a com 
pound having Formula CLXXIII: 

CLXXIII 
O-L-R3 

wherein each R1 and R2 is independently a C1 to C10 alkyl, 
alkynyl, or aryl hydrocarbon; R3 is a C9-C24 aliphatic satu 
rated or unsaturated hydrocarbon, and L is a linker. In one 
embodiment, R1 and R2 each independently is methyl, ethyl, 
propyl, isopropyl, or butyl. In one embodiment, R3 and R4 
each individually is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R3 or R4 is cholesterol, a 
cholesterol derivative, a steroid hormone, or abile acid. In one 
embodiment, L is a C1 to C10 alkyl, alkyl ether, polyether, or 
polyethylene glycol linker. In another embodiment, L is an 
acetal, amide, carbonyl, carbamide, carbamate, carbonate, 
ester (i.e., monoester, diester), or Succinyl linker. 
0065. In one embodiment, the invention features a com 
pound having Formula CLXXIV: 

CLXXIV 

wherein each R1 and R2 is independently a C1 to C10 alkyl, 
alkynyl, or aryl hydrocarbon; R3 is a C9-C24 aliphatic satu 
rated or unsaturated hydrocarbon, and L is a linker. In one 
embodiment, R1 and R2 each independently is methyl, ethyl, 
propyl, isopropyl, or butyl. In one embodiment, R3 and R4 
each individually is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
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or lauroyl. In one embodiment, R3 or R4 is cholesterol, a 
cholesterol derivative, asteroid hormone, or abile acid. In one 
embodiment, L is a C1 to C10 alkyl, alkyl ether, polyether, or 
polyethylene glycol linker. In another embodiment, L is an 
acetal, amide, carbonyl, carbamide, carbamate, carbonate, 
ester (i.e., monoester, diester), or Succinyl linker. 
0066. In one embodiment, the invention features a com 
pound having Formula CLXXV: 

CLXXV 
O-L-R3 

wherein each R1 and R2 is independently a C1 to C10 alkyl, 
alkynyl, or aryl hydrocarbon; R3 is a C9-C24 aliphatic satu 
rated or unsaturated hydrocarbon, and L is a linker. In one 
embodiment, R1 and R2 each independently is methyl, ethyl, 
propyl, isopropyl, or butyl. In one embodiment, R3 and R4 
each individually is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R3 or R4 is cholesterol, a 
cholesterol derivative, asteroid hormone, or abile acid. In one 
embodiment, L is a C1 to C10 alkyl, alkyl ether, polyether, or 
polyethylene glycol linker. In another embodiment, L is an 
acetal, amide, carbonyl, carbamide, carbamate, carbonate, 
ester (i.e., monoester, diester), or Succinyl linker. 
0067. In one embodiment, the invention features a com 
pound having Formula CLXXVI: 

CLXXVI 

R R4 

wherein each R1 and R2 is independently a C1 to C10 alkyl, 
alkynyl, orarylhydrocarbon; R3 and R4 are each individually 
a C9-C24 aliphatic saturated or unsaturated hydrocarbon, 
which can be the same or different. In one embodiment, R1 
and R2 each independently is methyl, ethyl, propyl, isopro 
pyl, or butyl. In one embodiment, R3 and R4 each individu 
ally is linoyl, isostearyl, oleyl, elaidyl, petroselinyl, linolenyl, 
elaeostearyl, arachidyl, myristoyl, palmitoyl, or lauroyl. In 
one embodiment, R3 or R4 is cholesterol, a cholesterol 
derivative, a steroid hormone, or a bile acid. 
0068. In one embodiment, the invention features a com 
pound having Formula CLXXVII: 

CLXXVII 
O-L-R 

R 
G) 

R-N 
O-L-R4 

R 

wherein each R1 and R2 is independently a C1 to C10 alkyl, 
alkynyl, orarylhydrocarbon; R3 and R4 are each individually 
a C9-C24 aliphatic saturated or unsaturated hydrocarbon, and 
L is a linker. In one embodiment, R1 and R2 each indepen 
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dently is methyl, ethyl, propyl, isopropyl, or butyl. In one 
embodiment, R3 and R4 each individually is linoyl, isos 
tearyl, oleyl, elaidyl, petroselinyl, linolenyl, elaeoStearyl, 
arachidyl, myristoyl, palmitoyl, or lauroyl. In one embodi 
ment, R3 or R4 is cholesterol, a cholesterol derivative, a 
steroid hormone, or abile acid. In one embodiment, L is a C1 
to C10 alkyl, alkyl ether, polyether, or polyethylene glycol 
linker. In another embodiment, L is an acetal, amide, carbo 
nyl, carbamide, carbamate, carbonate, ester (i.e., monoester, 
diester), or Succinyl linker. 
0069. In one embodiment, the invention features a com 
pound having Formula CLXXVIII: 

CLXXVIII 
R3 

R 
G) 

R-N 
R4 

R 

wherein each R1 and R2 is independently a C1 to C10 alkyl, 
alkynyl, orarylhydrocarbon; R3 and R4 are each individually 
a C9-C24 aliphatic saturated or unsaturated hydrocarbon, 
which can be the same or different. In one embodiment, R1 
and R2 each independently is methyl, ethyl, propyl, isopro 
pyl, or butyl. In one embodiment, R3 and R4 each individu 
ally is linoyl, isostearyl, oleyl, elaidyl, petroselinyl, linolenyl, 
elaeostearyl, arachidyl, myristoyl, palmitoyl, or lauroyl. In 
one embodiment, R3 or R4 is cholesterol, a cholesterol 
derivative, a steroid hormone, or a bile acid. 
0070. In one embodiment, the invention features a com 
pound having Formula CLXXIX: 

CLXXIX 
R 

R2 

wherein each R1 and R2 is independently a C1 to C10 alkyl, 
alkynyl, orarylhydrocarbon; R3 and R4 are each individually 
a C9-C24 aliphatic saturated or unsaturated hydrocarbon, 
which can be the same or different. In one embodiment, R1 
and R2 each independently is methyl, ethyl, propyl, isopro 
pyl, or butyl. In one embodiment, R3 and R4 each individu 
ally is linoyl, isostearyl, oleyl, elaidyl, petroselinyl, linolenyl, 
elaeostearyl, arachidyl, myristoyl, palmitoyl, or lauroyl. In 
one embodiment, R3 or R4 is cholesterol, a cholesterol 
derivative, a steroid hormone, or abile acid. 
0071. In one embodiment, the invention features a com 
pound having Formula CLXXX: 

Clu 
O 

L O-L-R 

CLXXX 

wherein R3 is a C9-C24 aliphatic saturated or unsaturated 
hydrocarbon, each L is independently a linker, and R4 is 
cholesterol, a cholesterol derivative, a steroid hormone, or a 
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bile acid. In one embodiment, R3 is linoyl, isostearyl, oleyl, 
elaidyl, petroselinyl, linolenyl, elaeoStearyl, arachidyl, 
myristoyl, palmitoyl, or lauroyl. In one embodiment, R4 is 
cholesterol. In one embodiment, each L is independently a C1 
to C10 alkyl, alkyl ether, polyether, or polyethylene glycol 
linker with or without a disulphide linkage. In another 
embodiment, each L is independently an acetal, amide, car 
bonyl, carbamide, carbamate, carbonate, ester (for example, 
monoester, diester), or Succinyl linker. In one embodiment, 
R3 is linoyl and R4 is cholesterol. 
0072. In one embodiment, the invention features a com 
pound having Formula CLXXXI: 

CLXXXI 

0073 wherein R3 is a C9-C24 aliphatic saturated or unsat 
urated hydrocarbon, each L is independently a linker, and R4 
is cholesterol, a cholesterol derivative, a steroid hormone, or 
abile acid. In one embodiment, R3 is linoyl, isostearyl, oleyl, 
elaidyl, petroselinyl, linolenyl, elaeoStearyl, arachidyl, 
myristoyl, palmitoyl, or lauroyl. In one embodiment, R4 is 
cholesterol. In one embodiment, each L is independently a C1 
to C10 alkyl, alkyl ether, polyether, or polyethylene glycol 
linker with or without a disulphide linkage. In another 
embodiment, each L is independently an acetal, amide, car 
bonyl, carbamide, carbamate, carbonate, ester (i.e., 
monoester, diester) or succinyl linker. In one embodiment, R3 
is linoyl, L is butyl, and R4 is cholesterol. 
0074. In one embodiment, the invention features a com 
pound having Formula CLXXXII: 

CLXXXII 
R O-R 

R2 2 NS u? 
o L O-L-R 

N 

(0075 wherein each R1, R2 and R5 is independently 
hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, R3 is a 
C9-C24 aliphatic saturated or unsaturated hydrocarbon, each 
L is independently a linker, and R4 is cholesterol, a choles 
terol derivative, a steroid hormone, or a bile acid. In one 
embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R4 is cholesterol. In one 
embodiment, each L is independently a C1 to C10 alkyl, alkyl 
ether, polyether, or polyethylene glycol linker with or without 
a disulphide linkage. In one embodiment, each L is indepen 
dently an acetal, amide, carbonyl, carbamide, carbamate, car 
bonate, ester (i.e., monoester, diester), or Succinyl linker. In 
one embodiment, R3 is linoyl and R4 is cholesterol. 
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0076. In one embodiment, the invention features a com 
pound having Formula CLXXXIII: 

R O-L-R 

R 2na - 
I O-R 

NF 

0077 wherein wherein each R1, R2 and R5 is indepen 
dently hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, 
R3 is a C9-C24 aliphatic saturated or unsaturated hydrocar 
bon, each L is independently a linker, and R4 is cholesterol, a 
cholesterol derivative, a steroid hormone, or abile acid. In one 
embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R4 is cholesterol. In one 
embodiment, each L is independently a C1 to C10 alkyl, alkyl 
ether, polyether, or polyethylene glycol linker with or without 
a disulphide linkage. In another embodiment, each L is inde 
pendently an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R3 is linoyl and R4 is cholesterol. 
0078. In one embodiment, the invention features a com 
pound having Formula CLXXXIV: 

CLXXXIV 

0079 wherein wherein each R1 and R2 is independently 
hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, each R3 
and R4 is independently a C12-C24 aliphatic hydrocarbon, 
which can be the same or different, and each L is indepen 
dently a linker, which can be present or absent. In one 
embodiment, R3 and R4 each independently is linoyl, isos 
tearyl, oleyl, elaidyl, petroselinyl, linolenyl, elaeoStearyl, 
arachidyl, myristoyl, palmitoyl, or lauroyl. In one embodi 
ment, each L is independently a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker with or without a 
disulphide linkage. In another embodiment, each L is inde 
pendently an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R3 and R4 are oleyl. 
0080. In one embodiment, each R1 and R2 is indepen 
dently hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, 
R3 is a C9-C24 aliphatic saturated or unsaturated hydrocar 
bon, each L is independently a linker, and R4 is cholesterol, a 
cholesterol derivative, a steroid hormone, or abile acid. In one 
embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R4 is cholesterol. In one 
embodiment, each L is independently a C1 to C10 alkyl, alkyl 
ether, polyether, or polyethylene glycol linker with or without 
a disulphide linkage. In another embodiment, each L is inde 
pendently an acetal, amide, carbonyl, carbamide, carbamate, 
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carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R3 is linoyl, L is butyl, and R4 is cho 
lesterol. 
0081. In one embodiment, the invention features a com 
pound having Formula CLXXXV: 

CLXXXV 

I0082 wherein wherein each R1 and R2 is independently 
hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, each R3 
and R4 is independently a C12-C24 aliphatic hydrocarbon, 
which can be the same or different, and each L is indepen 
dently a linker, which can be present or absent. In one 
embodiment, R3 and R4 each independently is linoyl, isos 
tearyl, oleyl, elaidyl, petroselinyl, linolenyl, elaeoStearyl, 
arachidyl, myristoyl, palmitoyl, or lauroyl. In one embodi 
ment, each L is independently a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker with or without a 
disulphide linkage. In another embodiment, each L is inde 
pendently an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R3 and R4 are oleyl. 
I0083. In one embodiment, each R1 and R2 is indepen 
dently hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, 
R3 is a C9-C24 aliphatic saturated or unsaturated hydrocar 
bon, each L is independently a linker, and R4 is cholesterol, a 
cholesterol derivative, asteroid hormone, or abile acid. In one 
embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R4 is cholesterol. In one 
embodiment, each L is independently a C1 to C10 alkyl, alkyl 
ether, polyether, or polyethylene glycol linker with or without 
a disulphide linkage. In another embodiment, each L is inde 
pendently an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R3 is linoyl, L is butyl, and R4 is cho 
lesterol. 
0084. In one embodiment, the invention features a com 
pound having Formula CLXXXVI: 

L R3 

N No1 R \-N 
L-R 

R2 

I0085 wherein wherein each R1 and R2 is independently 
hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, each R3 
and R4 is independently a C12-C24 aliphatic hydrocarbon, 
which can be the same or different, and each L is indepen 
dently a linker, which can be present or absent. In one 
embodiment, R3 and R4 each independently is linoyl, isos 
tearyl, oleyl, elaidyl, petroselinyl, linolenyl, elaeoStearyl, 
arachidyl, myristoyl, palmitoyl, or lauroyl. In one embodi 
ment, each L is independently a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker with or without a 

CLXXXVI 
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disulphide linkage. In another embodiment, each L is inde 
pendently an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R3 and R4 are oleyl. 
I0086. In one embodiment, each R1 and R2 is indepen 
dently hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, 
R3 is a C9-C24 aliphatic saturated or unsaturated hydrocar 
bon, each L is independently a linker, and R4 is cholesterol, a 
cholesterol derivative, a steroid hormone, or abile acid. In one 
embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R4 is cholesterol. In one 
embodiment, each L is independently a C1 to C10 alkyl, alkyl 
ether, polyether, or polyethylene glycol linker with or without 
a disulphide linkage. In another embodiment, each L is inde 
pendently an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R3 is linoyl, L is butyl, and R4 is cho 
lesterol. 

0087. In one embodiment, the invention features a com 
pound having Formula CLXXXVII: 

L 

X YR, N 

)-- L-R 
R 

CLXXXVII 

0088 wherein wherein each R1 and R2 is independently 
hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, each R3 
and R4 is independently a C12-C24 aliphatic hydrocarbon, 
which can be the same or different, and each L is indepen 
dently a linker, which can be present or absent. In one 
embodiment, R3 and R4 each independently is linoyl, isos 
tearyl, oleyl, elaidyl, petroselinyl, linolenyl, elaeoStearyl, 
arachidyl, myristoyl, palmitoyl, or lauroyl. In one embodi 
ment, each L is independently a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker with or without a 
disulphide linkage. In another embodiment, each L is inde 
pendently an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R3 and R4 are oleyl. 
0089. In one embodiment, each R1 and R2 is indepen 
dently hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, 
R3 is a C9-C24 aliphatic saturated or unsaturated hydrocar 
bon, each L is independently a linker, and R4 is cholesterol, a 
cholesterol derivative, a steroid hormone, or abile acid. In one 
embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R4 is cholesterol. In one 
embodiment, each L is independently a C1 to C10 alkyl, alkyl 
ether, polyether, or polyethylene glycol linker with or without 
a disulphide linkage. In another embodiment, each L is inde 
pendently an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R3 is linoyl, L is butyl, and R4 is cho 
lesterol. 
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0090. In one embodiment, the invention features a com 
pound having Formula CLXXXVIII: 

L 

X- YR N 
N-N )- SL-R, 

CLXXXVIII 

0091 wherein wherein each R1 and R2 is independently 
hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, each R3 
and R4 is independently a C12-C24 aliphatic hydrocarbon, 
which can be the same or different, and each L is indepen 
dently a linker, which can be present or absent. In one 
embodiment, R3 and R4 each independently is linoyl, isos 
tearyl, oleyl, elaidyl, petroselinyl, linolenyl, elaeoStearyl, 
arachidyl, myristoyl, palmitoyl, or lauroyl. In one embodi 
ment, each L is independently a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker with or without a 
disulphide linkage. In another embodiment, each L is inde 
pendently an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R3 and R4 are oleyl. 
0092. In one embodiment, each R1 and R2 is indepen 
dently hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, 
R3 is a C9-C24 aliphatic saturated or unsaturated hydrocar 
bon, each L is independently a linker, and R4 is cholesterol, a 
cholesterol derivative, asteroid hormone, or abile acid. In one 
embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R4 is cholesterol. In one 
embodiment, each L is independently a C1 to C10 alkyl, alkyl 
ether, polyether, or polyethylene glycol linker with or without 
a disulphide linkage. In another embodiment, each L is inde 
pendently an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R3 is linoyl, L is butyl, and R4 is cho 
lesterol. 

0093. In one embodiment, the invention features a com 
pound having Formula CLXXXIX: 

L R 

X- No1 3 N 

Y-Ns 
L-R 

R2 

CLXXXIX 

0094 wherein wherein each R1 and R2 is independently 
hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, each R3 
and R4 is independently a C12-C24 aliphatic hydrocarbon, 
which can be the same or different, and each L is indepen 
dently a linker, which can be present or absent. In one 
embodiment, R3 and R4 each independently is linoyl, isos 
tearyl, oleyl, elaidyl, petroselinyl, linolenyl, elaeoStearyl, 
arachidyl, myristoyl, palmitoyl, or lauroyl. In one embodi 
ment, each L is independently a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker with or without a 
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disulphide linkage. In another embodiment, each L is inde 
pendently an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R3 and R4 are oleyl. 
0095. In one embodiment, each R1 and R2 is indepen 
dently hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, 
R3 is a C9-C24 aliphatic saturated or unsaturated hydrocar 
bon, each L is independently a linker, and R4 is cholesterol, a 
cholesterol derivative, a steroid hormone, or abile acid. In one 
embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R4 is cholesterol. In one 
embodiment, each L is independently a C1 to C10 alkyl, alkyl 
ether, polyether, or polyethylene glycol linker with or without 
a disulphide linkage. In another embodiment, each L is inde 
pendently an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R3 is linoyl, L is butyl, and R4 is cho 
lesterol. 

0096. In one embodiment, the invention features a com 
pound having Formula CLXXXX: 

CLXXXX 

0097 wherein wherein each R1 and R2 is independently 
hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, each R3 
and R4 is independently a C12-C24 aliphatic hydrocarbon, 
which can be the same or different, and each L is indepen 
dently a linker, which can be present or absent. In one 
embodiment, R3 and R4 each independently is linoyl, isos 
tearyl, oleyl, elaidyl, petroselinyl, linolenyl, elaeoStearyl, 
arachidyl, myristoyl, palmitoyl, or lauroyl. In one embodi 
ment, each L is independently a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker with or without a 
disulphide linkage. In another embodiment, each L is inde 
pendently an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R3 and R4 are oleyl. 
0098. In one embodiment, each R1 and R2 is indepen 
dently hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, 
R3 is a C9-C24 aliphatic saturated or unsaturated hydrocar 
bon, each L is independently a linker, and R4 is cholesterol, a 
cholesterol derivative, a steroid hormone, or abile acid. In one 
embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R4 is cholesterol. In one 
embodiment, each L is independently a C1 to C10 alkyl, alkyl 
ether, polyether, or polyethylene glycol linker with or without 
a disulphide linkage. In another embodiment, each L is inde 
pendently an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R3 is linoyl, L is butyl, and R4 is cho 
lesterol. 
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0099. In one embodiment, the invention features a com 
pound having Formula CLXXXXI: 

CLXXXXI 
O-R 

N R \-N 
L O-L-R 

R2 

0100 wherein wherein each R1 and R2 is independently 
hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, each R3 
and R4 is independently a C12-C24 aliphatic hydrocarbon, 
which can be the same or different, and each L is indepen 
dently a linker, which can be present or absent. In one 
embodiment, R3 and R4 each independently is linoyl, isos 
tearyl, oleyl, elaidyl, petroselinyl, linolenyl, elaeoStearyl, 
arachidyl, myristoyl, palmitoyl, or lauroyl. In one embodi 
ment, each L is independently a C1 to C10 alkyl, alkyl ether, 
polyether, or polyethylene glycol linker with or without a 
disulphide linkage. In another embodiment, each L is inde 
pendently an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R3 and R4 are oleyl. 
0101. In one embodiment, each R1 and R2 is indepen 
dently hydrogen, methyl, ethyl, propyl, isopropyl, or butyl, 
R3 is a C9-C24 aliphatic saturated or unsaturated hydrocar 
bon, each L is independently a linker, and R4 is cholesterol, a 
cholesterol derivative, asteroid hormone, or abile acid. In one 
embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R4 is cholesterol. In one 
embodiment, each L is independently a C1 to C10 alkyl, alkyl 
ether, polyether, or polyethylene glycol linker with or without 
a disulphide linkage. In another embodiment, each L is inde 
pendently an acetal, amide, carbonyl, carbamide, carbamate, 
carbonate, ester (i.e., monoester, diester), or Succinyl linker. 
In one embodiment, R3 is linoyl, L is butyl, and R4 is cho 
lesterol. 
0102. In one embodiment, the invention features a com 
pound having Formula CLXXXXII: 

0103 wherein R3 is a C9-C24 aliphatic saturated or unsat 
urated hydrocarbon, L is a linker, and R4 is cholesterol, a 
cholesterol derivative, asteroid hormone, or abile acid. In one 
embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R4 is cholesterol. In one 
embodiment, L is a C1 to C10 alkyl, alkyl ether, polyether, or 
polyethylene glycol linker. In another embodiment, L is an 
acetal, amide, carbonyl, carbamide, carbamate, carbonate, 
ester (i.e., monoester, diester), or Succinyl linker. In one 
embodiment, R3 is linoyl, L is butyl, and R4 is cholesterol. 
0104. In one embodiment, any of compounds CLI 
CLXXXXII include a biodegradable linkage as L, for 
example a disulphide linkage such as: 

CLXXXXII 
O-L-R 

O-R 
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Kll CC 
-C 

l, CC 
-C 

0105. In one embodiment, the invention features a com 
pound having Formula NLI: 

NLI 

0106 wherein R1 is H, OH, or a C1 to C10 alkyl, alkynyl, 
or aryl hydrocarbon or alcohol; R3 is a C9-C24 aliphatic 
saturated or unsaturated hydrocarbon, L is a linker, and R4 is 
cholesterol, a cholesterol derivative, a steroid hormone, or a 
bile acid. In one embodiment, R1 is OH, methyl, ethyl, pro 
pyl, isopropyl, or butyl or its corresponding alcohol. In one 
embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R4 is cholesterol. In one 
embodiment, L is a C1 to C10 alkyl, alkyl ether, polyether, or 
polyethylene glycol linker. In another embodiment, L is an 
acetal, amide, carbonyl, carbamide, carbamate, carbonate, 
ester (for example, monoester, diester), or Succinyl linker. In 
one embodiment, R1 is OH, R3 is linoyl, L is butyl, and R4 is 
cholesterol. 

0107. In one embodiment, the invention features a com 
pound having Formula NLII: 

NLII 
O-L-R 

O-R 

0108 wherein R1 is H, OH, or a C1 to C10 alkyl, alkynyl, 
or aryl hydrocarbon or alcohol; R3 is a C9-C24 aliphatic 
saturated or unsaturated hydrocarbon, L is a linker, and R4 is 
cholesterol, a cholesterol derivative, a steroid hormone, or a 
bile acid. In one embodiment, R1 is methyl, ethyl, propyl. 
isopropyl, or butyl or its corresponding alcohol. In one 
embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
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or lauroyl. In one embodiment, R4 is cholesterol. In one 
embodiment, L is a C1 to C10 alkyl, alkyl ether, polyether, or 
polyethylene glycol linker. In another embodiment, L is an 
acetal, amide, carbonyl, carbamide, carbamate, carbonate, 
ester (i.e., monoester, diester) or Succinyl linker. In one 
embodiment, R1 is OH, R3 is linoyl, L is butyl, and R4 is 
cholesterol. 
0109. In one embodiment, the invention features a com 
pound having Formula NLIII: 

NLIII 

0110 wherein R1 is H, OH, a C1 to C10 alkyl, alkynyl, or 
aryl hydrocarbon or alcohol; and each R3 and R4 is indepen 
dently a C12-C24 aliphatic hydrocarbon, which can be the 
same or different. In one embodiment, R1 is methyl, ethyl, 
propyl, isopropyl, or butyl or its corresponding alcohol. In 
one embodiment, R3 and R4 each independently is linoyl, 
isostearyl, oleyl, elaidyl, petroselinyl, linolenyl, elaeoStearyl, 
arachidyl, myristoyl, palmitoyl, or lauroyl. In one embodi 
ment, R1 is OH, and R3 and R4 are oleyl, this compound is 
generally referred to herein as DOBA or dioleyloxybenzyl 
alcohol. 
0111. In one embodiment, the invention features a com 
pound having Formula NLIV: 

NLIV 
O- R3 

(O112 wherein R1 is H, OH a C1 to C10 alkyl, alkynyl, or 
aryl hydrocarbon or alcohol; R3 is a C9-C24 aliphatic satu 
rated or unsaturated hydrocarbon, L is a linker, and R4 is 
cholesterol, a cholesterol derivative, a steroid hormone, or a 
bile acid. In one embodiment, R1 is methyl, ethyl, propyl, 
isopropyl, or butyl or its corresponding alcohol. In one 
embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R4 is cholesterol. In one 
embodiment, L is a C1 to C10 alkyl, alkyl ether, polyether, or 
polyethylene glycol linker. In another embodiment, L is an 
acetal, amide, carbonyl, carbamide, carbamate, carbonate, 
ester (i.e., monoester, diester), or Succinyl linker. In one 
embodiment, R1 is OH, R3 is linoyl, L is butyl, and R4 is 
cholesterol. 
0113. In one embodiment, the invention features a com 
pound having Formula NLV: 
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0114 wherein R1 is H, OH a C1 to C10 alkyl, alkynyl, or 
aryl hydrocarbon or alcohol; R3 is a C9-C24 aliphatic satu 
rated or unsaturated hydrocarbon, L is a linker, and R4 is 
cholesterol, a cholesterol derivative, a steroid hormone, or a 
bile acid. In one embodiment, R1 is methyl, ethyl, propyl. 
isopropyl, or butyl or its corresponding alcohol. In one 
embodiment, R3 is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R4 is cholesterol. In one 
embodiment, L is a C1 to C10 alkyl, alkyl ether, polyether, or 
polyethylene glycol linker. In another embodiment, L is an 
acetal, amide, carbonyl, carbamide, carbamate, carbonate, 
ester (i.e., monoester, diester), or Succinyl linker. In one 
embodiment, R1 is OH, R3 is linoyl, L is butyl, and R4 is 
cholesterol. 
0115. In one embodiment, the invention features a com 
pound having Formula NLVI: 

wherein R1 is H, OH, a C1 to C10 alkyl, alkynyl, or aryl 
hydrocarbon or alcohol; R3 is a C9-C24 aliphatic saturated or 
unsaturated hydrocarbon, and each L is a linker. In one 
embodiment, R1 is methyl, ethyl, propyl, isopropyl, or butyl 
or its corresponding alcohol. In one embodiment, R3 and R4 
each individually is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R3 or R4 is cholesterol, a 
cholesterol derivative, a steroid hormone, or abile acid. In one 
embodiment, each Lindependently is a C1 to C10 alkyl, alkyl 
ether, polyether, or polyethylene glycol linker. In another 
embodiment, each L independently is an acetal, amide, car 
bonyl, carbamide, carbamate, carbonate, ester (i.e., 
monoester, diester), or Succinyl linker. 
0116. In one embodiment, the invention features a com 
pound having Formula NLVII: 

NLVII 

wherein R1 is independently H, OH, a C1 to C10 alkyl, 
alkynyl, or aryl hydrocarbon or alcohol; R3 and R4 are each 
individually a C9-C24 aliphatic saturated or unsaturated 
hydrocarbon, which can be the same or different. In one 
embodiment, R1 is methyl, ethyl, propyl, isopropyl, or butyl 
or its corresponding alcohol. In one embodiment, R3 and R4 
each individually is linoyl, isostearyl, oleyl, elaidyl, petroseli 
nyl, linolenyl, elaeostearyl, arachidyl, myristoyl, palmitoyl, 
or lauroyl. In one embodiment, R3 or R4 is cholesterol, a 
cholesterol derivative, a steroid hormone, or a bile acid. 
0117. In one embodiment, each O—R3 and/or O—R4 of 
any compound having Formulae CLI-CLXIV, CLXVII 
CLXXII, CLXXVI, and CLXXVIII-CLXXXIX further com 
prises a linker L (e.g., wherein—O—R3 and/or —O—R4 as 
shown above is —O-L-R3 and/or —O-L-R4), where L is a C1 

Feb. 25, 2010 

to C10 alkyl, alkyl ether, polyether, polyethylene glycol, 
acetal, amide, Succinyl, carbonyl, carbamide, carbamate, car 
bonate, ester (i.e., monoester, diester), or other linker as is 
generally known in the art. 
0118. In one embodiment, a formulation of the invention 
(e.g., a formulated molecular compositions (FMC) or lipid 
nanoparticle (LNP) of the invention) is a neutral lipid having 
any of formulae NLI-NLVII. 
0119 Examples of a steroid hormone include those com 
prising cholesterol, estrogen, testosterone, progesterone, glu 
cocortisone, adrenaline, insulin, glucagon, cortisol, Vitamin 
D, thyroid hormone, retinoic acid, and/or growth hormones. 
0.120. In one embodiment, the invention features a com 
position comprising a biologically active molecule (e.g., a 
polynucleotide such as a siNA, miRNA, RNAi inhibitor, anti 
sense, aptamer, decoy, ribozyme, 2-5A, triplex forming oli 
gonucleotide, other nucleic acid molecule or other biologi 
cally active molecule described herein), a cationic lipid, a 
neutral lipid, and a polyethyleneglycol conjugate. Such as a 
PEG-diacylglycerol, PEG-diacylglycamide, PEG-choles 
terol, or PEG-DMB conjugate. In another embodiment, the 
composition further comprises cholesterol or a cholesterol 
derivative. The compositions described herein are generally 
referred to as formulated molecular compositions (FMC) or 
lipid nanoparticles (LNP). In some embodiments of the 
invention, a formulated molecular composition (FMC) or 
lipid nanoparticle (LNP) composition further comprises cho 
lesterol or a cholesterol derivative. 

I0121 Suitable cationic lipid include those cationic lipids 
which carry a net negative charge at a selected pH. Such as 
physiological pH. Particularly useful cationic lipids include 
those having a relatively small head group, such as a tertiary 
amine, quaternary amine or guanidine head group, and steri 
cally hindered asymmetric lipid chains. In any of the embodi 
ments described herein, the cationic lipid can be selected 
from those comprising Formulae CLI, CLII, CLIII, CLIV. 
CLV, CLVI, CLVII, CLVIII, CLIX, CLX, CLXI, CLXII, 
CLXIII, CLXIV, CLXV, CLXVI, CLXVI, CLXVII, CLX 
VIII, CLXIX, CLXX, CLXXI, CLXXII, CLXXIII, CLXXIV, 
CLXXV, CLXXVI, CLXXVII, CLXXVIII, CLXXIX, 
CLXXX, CLXXXI, CLXXXII, CLXXXIII, CLXXXIV, 
CLXXXV, CLXXXVI, CLXXXVII, CLXXXVIII, 
CLXXXIX, CLXXXX, CLXXXXI, CLXXXXII CLXXXX, 
CLXXXXI, CLXXXXII: N,N-dioleyl-N,N-dimethylammo 
nium chloride (DODAC), N,N-distearyl-N,N-dimethylam 
monium bromide (DDAB), N-(1-(2,3-dioleoyloxy)propyl)- 
N.N.N-trimethylammonium chloride (DOTAP), N-(1-(2,3- 
dioleyloxy)propyl)-N.N.N-trimethylammonium chloride 
(DOTMA), N,N-dimethyl-2,3-dioleyloxy)propylamine 
(DODMA), 1,2-Dioleoyl-3-Dimethylammonium-propane 
(DODAP), 1,2-Dioleoylcarbamyl-3-Dimethylammonium 
propane (DOCDAP), 1,2-Dilineoyl-3-Dimethylammonium 
propane (DLINDAP), Dioleoyloxy-N-(2-sperminecarboxa 
mido)ethyl-N,N-dimethyl-1- 
propanaminiumtrifluoroacetate (DOSPA), 
Dioctadecylamidoglycyl spermine (DOGS), DC-Chol, 1.2- 
Dimyristyloxypropyl-3-dimethyl-hydroxyethyl ammonium 
bromide (DMRIE), 3-Dimethylamino-2-(Cholest-5-en-3- 
beta-oxybutan-4-oxy)-1-(cis,cis-9, 1 2-octadecadienoxy) 
propane (CLinDMA), 2-5'-(cholest-5-en-3?-oxy)-3-oxap 
entoxy)-3-dimethy-1-(cis,cis-9', 12-octadecadienoxy) 
propane (CplinDMA), N,N-Dimethyl-3,4- 
dioleyloxybenzylamine (DMOBA), 1,2-N,N'- 
Dioleylcarbamyl-3-dimethylaminopropane (DOcarb)AP), 
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and/or a mixture thereof, as well as other cationic lipids 
sharing similar properties. The above cationic lipids can 
include various differing salts as are known in the art. Non 
limiting examples of these cationic lipid structures are shown 
in FIGS. 1-5 and FIG. 19. 

0122. In some embodiments, the head group of the cat 
ionic lipid can be attached to the lipid chain via a cleavable or 
non-cleavable linker, such as a linker described herein or 
otherwise known in the art. Non-limiting examples of Suit 
able linkers include those comprising a C1 to C10 alkyl, alkyl 
ether, polyether, polyethylene glycol, acetal, amide, carbo 
nyl, carbamide, carbamate, carbonate, ester (i.e., monoester, 
diester), or Succinyl. 
0123 Suitable neutral lipids include those comprising any 
of a variety of neutral uncharged, Zwitterionic or anionic 
lipids capable of producing a stable complex. They are pref 
erably neutral, although they can alternatively be positively or 
negatively charged. In any of the embodiments described 
herein, suitable neutral lipids include those selected from 
compounds having formulae NLI-NLVII, dioleoylphosphati 
dylethanolamine (DOPE), palmitoyloleoylphosphatidyl 
choline (POPC), egg phosphatidylcholine (EPC), dis 
tearoylphosphatidylcholine (DSPC), 
dioleoylphosphatidylcholine (DOPC), dipalmitoylphos 
phatidylcholine (DPPC), dioleoylphosphatidylglycerol 
(DOPG), dipalmitoylphosphatidylglycerol (DPPG), -phos 
phatidylet-hanolamine (POPE) and dioleoyl-phosphatidyle 
thanolamine 4-(N-maleimidomethyl)-cyclohexane-1-car 
boxylate (DOPE-mal), cholesterol, as well as other neutral 
lipids described herein below, and/or a mixture thereof. 
0.124 Suitable polyethyleneglycol-diacylglycerol or 
polyethyleneglycol-diacylglycamide (PEG-DAG) conju 
gates include those comprising a dialkylglycerol or dialkylg 
lycamide group having alkyl chain length independently 
comprising from about C4 to about C40 Saturated or unsat 
urated carbon atoms. The dialkylglycerol or dialkylglycam 
ide group can further comprise one or more Substituted alkyl 
groups. In any of the embodiments described herein, the PEG 
conjugate can be selected from PEG-dilaurylglycerol (C12), 
PEG-dimyristylglycerol (C14), PEG-dipalmitoylglycerol 
(C16), PEG-disterylglycerol (C18), PEG-dilaurylglycamide 
(C12), PEG-dimyristylglycamide (C14), PEG-dipalmitoylg 
lycamide (C16), and PEG-disterylglycamide (C18), PEG 
cholesterol (1-8'-(Cholest-5-en-3?-oxy)carboxamido-3',6'- 
dioxaoctanylcarbamoyl-()-methyl-poly(ethylene glycol), 
and PEG-DMB (3,4-Ditetradecoxylbenzyl-co-methyl-poly 
(ethylene glycol) ether). 
0125. In one embodiment, the invention features a com 
position comprising a biologically active molecule (e.g., a 
polynucleotide such as a siNA, miRNA, RNAi inhibitor, anti 
sense, aptamer, decoy, ribozyme, 2-5A, triplex forming oli 
gonucleotide, or other nucleic acid molecule) fomulated as 
L051, L053, L054, L060, L061, L069, L073, L077, L080, 
L082, L083, L086, L097, L098, L099, L100, L101, L102, 
L103, L104, L105, L106, L107, L108, L109, L110, L111, 
L112, L113, L114, L115, L116, L117, L118, L121, L122, 
L123, L124, L130, L131, L132, L133, L134, L149, L155, 
L156, L162, L163, L164, L165, L166, L167, L174, L175, 
L176, L180, L181, and/or L182 herein (see Table IV). 
0126. Other suitable PEG conjugates include PEG-cho 
lesterol or PEG-DMB conjugates (see for example FIG. 24). 
In one embodiment, PEG conjugates include PEGs attached 
to Saturated or unsaturated lipid chains such as oleyl, linoleyl 
and similar lipid chains. 
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0127. In one embodiment, the invention features a com 
position comprising a biologically active molecule (e.g., a 
polynucleotide such as a siNA, miRNA, RNAi inhibitor, anti 
sense, aptamer, decoy, ribozyme, 2-5A, triplex forming oli 
gonucleotide, or other nucleic acid molecule), a cationic lipid 
having any of Formulae CLI-CLXXXXII, a neutral lipid, and 
a PEG-DAG (i.e., polyethyleneglycol-diacylglycerol or poly 
ethyleneglycol-diacylglycamide), PEG-cholesterol, or PEG 
DMB conjugate. In another embodiment, the composition 
further comprises cholesterol or a cholesterol derivative. In 
another embodiment, the composition is formulated as L051, 
L053, L054, L060, L061, L069, L073, L077, L080, L082, 
L083, L086, L097, L098, L099, L100, L101, L102, L103, 
L104, L105, L106, L107, L108, L109, L110, L111, L112, 
L113, L114, L115, L116, L117, L118, L121, L122, L123, 
L124, L130, L131, L132, L133, L134, L149, L155, L156, 
L162, L163, L164, L165, L166, L167, L174, L175, L176, 
L180, L181, and/or L182 herein (see Table IV). 
0128. In one embodiment, the invention features a com 
position comprising a biologically active molecule (e.g., a 
polynucleotide such as a siNA, miRNA, RNAi inhibitor, anti 
sense, aptamer, decoy, ribozyme, 2-5A, triplex forming oli 
gonucleotide, or other nucleic acid molecule), a cationic lipid 
comprising 3-Dimethylamino-2-(Cholest-5-en-3-beta-ox 
ybutan-4-oxy)-1-(cis,cis-9,12-octadecadienoxy)propane 
(CLinCMA), a neutral lipid comprising distearoylphosphati 
dylcholine (DSPC), a PEG-DAG comprising PEG-n-dimyri 
stylglycerol (PEG-DMG), and cholesterol. In one embodi 
ment, the molar ratio of CLinDMA:DSPC:cholesterol:PEG 
DMG are 48:40:10:2 respectively, this composition is 
generally referred to herein as formulation L051. 
0129. In one embodiment, the invention features a com 
position comprising a biologically active molecule (e.g., a 
polynucleotide such as a siNA, miRNA, RNAi inhibitor, anti 
sense, aptamer, decoy, ribozyme, 2-5A, triplex forming oli 
gonucleotide, or other nucleic acid molecule), a cationic lipid 
comprising N,N-Dimethyl-3,4-dioleyloxybenzylamine 
(DMOBA), a neutral lipid comprising distearoylphosphati 
dylcholine (DSPC), a PEG-DAG comprising PEG-n-dimyri 
stylglycerol (PEG-DMG), and cholesterol. In one embodi 
ment, the molar ratio of DMOBA:DSPC:cholesterol:PEG 
DMG are 30:20:48:2 respectively, this composition is 
generally referred to herein as formulation L053. 
0.130. In one embodiment, the invention features a com 
position comprising a biologically active molecule (e.g., a 
polynucleotide such as a siNA, miRNA, RNAi inhibitor, anti 
sense, aptamer, decoy, ribozyme, 2-5A, triplex forming oli 
gonucleotide, or other nucleic acid molecule), a cationic lipid 
comprising N,N-Dimethyl-3,4-dioleyloxybenzylamine 
(DMOBA), a neutral lipid comprising distearoylphosphati 
dylcholine (DSPC), a PEG-DAG comprising PEG-n-dimyri 
stylglycerol (PEG-DMG), and cholesterol. In one embodi 
ment, the molar ratio of DMOBA:DSPC:cholesterol:PEG 
DMG are 50:20:28:2 respectively, this composition is 
generally referred to herein as formulation L054. In another 
embodiment, the composition further comprises a neutral 
lipid, such as dioleoylphosphatidylethanolamine (DOPE), 
palmitoyloleoylphosphatidylcholine (POPC), egg phosphati 
dylcholine (EPC), distearoylphosphatidylcholine (DSPC), 
cholesterol, and/or a mixture thereof. 
0.131. In one embodiment, the invention features a com 
position comprising a biologically active molecule (e.g., a 
polynucleotide such as a siNA, miRNA, RNAi inhibitor, anti 
sense, aptamer, decoy, ribozyme, 2-5A, triplex forming oli 
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gonucleotide, or other nucleic acid molecule), a cationic lipid 
comprising comprising 3-Dimethylamino-2-(Cholest-5-en 
3-beta-oxybutan-4-oxy)-1-(cis,cis-9,12-octadecadienoxy) 
propane (CLinDMA), a cationic lipid comprising N,N-Dim 
ethyl-3,4-dioleyloxybenzylamine (DMOBA), a neutral lipid 
comprising distearoylphosphatidylcholine (DSPC), a PEG 
DAG comprising PEG-n-dimyristylglycerol (PEG-DMG). 
and cholesterol. In one embodiment, the molar ratio of 
CLinDMA:DMOBA:DSPC:cholesterol:PEG-DMG a 

25:25:20:28:2 respectively, this composition is generally 
referred to herein as formulation L073. 

0132. In one embodiment, the invention features a com 
position comprising a biologically active molecule (e.g., a 
polynucleotide such as a siNA, miRNA, RNAi inhibitor, anti 
sense, aptamer, decoy, ribozyme, 2-5A, triplex forming oli 
gonucleotide, or other nucleic acid molecule), a cationic lipid 
comprising comprising 3-Dimethylamino-2-(Cholest-5-en 
3-beta-oxybutan-4-oxy)-1-(cis,cis-9,12-octadecadienoxy) 
propane (CLinDMA), a neutral lipid comprising dis 
tearoylphosphatidylcholine (DSPC), a PEG comprising 
PEG-Cholesterol (PEG-Chol), and cholesterol. In one 
embodiment, the molar ratio of CLinDMA:DSPC:choles 
terol:PEG-Cholare 48:40:10:2 respectively, this composition 
is generally referred to herein as formulation L069. 
0133. In one embodiment, the invention features a com 
position comprising a biologically active molecule (e.g., a 
polynucleotide such as a siNA, miRNA, RNAi inhibitor, anti 
sense, aptamer, decoy, ribozyme, 2-5A, triplex forming oli 
gonucleotide, or other nucleic acid molecule), a cationic lipid 
comprising comprising 1.2-N,N'-Dioleylcarbamyl-3-dim 
ethylaminopropane (DOcarbCAP), a neutral lipid compris 
ing distearoylphosphatidylcholine (DSPC), a PEG-DAG 
comprising PEG-n-dimyristylglycerol (PEG-DMG), and 
cholesterol. In one embodiment, the molar ratio of DOcarb 
DAP:DSPC:cholesterol:PEG-DMG are 30:20:48:2 respec 
tively, this composition is generally referred to herein as 
formulation TO18.1. 

0134. In one embodiment, the invention features a com 
position comprising a biologically active molecule (e.g., a 
polynucleotide such as a siNA, miRNA, RNAi inhibitor, anti 
sense, aptamer, decoy, ribozyme, 2-5A, triplex forming oli 
gonucleotide, or other nucleic acid molecule), a cationic lipid 
comprising comprising N,N-dimethyl-2,3-dioleyloxy)pro 
pylamine (DODMA), a neutral lipid comprising dis 
tearoylphosphatidylcholine (DSPC), a PEG-DAG compris 
ing PEG-n-dimyristylglycerol (PEG-DMG), and cholesterol. 
In one embodiment, the molar ratio of DODMA:DSPC:cho 
lesterol:PEG-DMG are 30:20:48:2 respectively, this compo 
sition is generally referred to herein as formulation T019.1. 
0135. In one embodiment, the invention features a com 
position comprising a biologically active molecule (e.g., a 
polynucleotide such as a siNA, miRNA, RNAi inhibitor, anti 
sense, aptamer, decoy, ribozyme, 2-5A, triplex forming oli 
gonucleotide, or other nucleic acid molecule), and a cationic 
lipid comprising a compound having any of Formula CLI, 
CLII, CLIII, CLIV, CLV, CLVI, CLVII, CLVIII, CLIX, CLX, 
CLXI, CLXII, CLXIII, CLXIV, CLXV, CLXVI, CLXVII, 
CLXVIII, CLXIX, CLXX, CLXXI, CLXXII, CLXXIII, 
CLXXIV, CLXXV, CLXXVI, CLXXVII, CLXXVIII, 
CLXXIX, CLXXX, CLXXXI, CLXXXII, CLXXXIII, 
CLXXXIV, CLXXXV, CLXXXVI, CLXXXVII, CLXXX 
VIII, CLXXXIX, CLXXXX, CLXXXXI, CLXXXXII 
CLXXXX, CLXXXXI, or CLXXXXII. In another embodi 
ment, the composition further comprises a neutral lipid, Such 
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as dioleoylphosphatidylethanolamine (DOPE), palmitoylo 
leoylphosphatidylcholine (POPC), egg phosphatidylcholine 
(EPC), distearoylphosphatidylcholine (DSPC), cholesterol, 
and/or a mixture thereof. In another embodiment, the com 
position further comprises a PEG conjugate. In yet another 
embodiment, the composition further comprises cholesterol 
or a cholesterol derivative. 

0.136. In one embodiment, the invention features a com 
position comprising a biologically active molecule (e.g., a 
polynucleotide such as a siNA, miRNA, RNAi inhibitor, anti 
sense, aptamer, decoy, ribozyme, 2-5A, triplex forming oli 
gonucleotide, or other nucleic acid molecule), and a cationic 
lipid comprising 3-Dimethylamino-2-(Cholest-5-en-3-beta 
oxybutan-4-oxy)-1-(cis,cis-9, 1 2-octadecadienoxy)propane 
(CLinlMA). In another embodiment, the composition fur 
ther comprises a neutral lipid, Such as dioleoylphosphatidyle 
thanolamine (DOPE), palmitoyloleoylphosphatidylcholine 
(POPC), egg phosphatidylcholine (EPC), distearoylphos 
phatidylcholine (DSPC), cholesterol, and/or a mixture 
thereof. In another embodiment, the composition further 
comprises a PEG conjugate (i.e., polyethyleneglycol diacylg 
lycerol (PEG-DAG), PEG-cholesterol, or PEG-DMB). In yet 
another embodiment, the composition further comprises cho 
lesterol or a cholesterol derivative. 

0.137 In one embodiment, the invention features a com 
position comprising a biologically active molecule (e.g., a 
polynucleotide such as a siNA, miRNA, RNAi inhibitor, anti 
sense, aptamer, decoy, ribozyme, 2-5A, triplex forming oli 
gonucleotide, or other nucleic acid molecule), and a cationic 
lipid comprising N,N-Dimethyl-3,4-dioleyloxybenzylamine 
(DMOBA). In another embodiment, the composition further 
comprises a neutral lipid, Such as dioleoylphosphatidyletha 
nolamine (DOPE), palmitoyloleoylphosphatidylcholine 
(POPC), egg phosphatidylcholine (EPC), distearoylphos 
phatidylcholine (DSPC), cholesterol, and/or a mixture 
thereof In yet another embodiment, the composition further 
comprises the cationic lipid CLinDMA. In another embodi 
ment, the composition further comprises a PEG conjugate. In 
yet another embodiment, the composition further comprises 
cholesterol or a cholesterol derivative. 

0.138. The term “biologically active molecule' as used 
herein refers to compounds or molecules that are capable of 
eliciting or modifying a biological response in a system. 
Non-limiting examples of biologically active molecules 
include antibodies (e.g., monoclonal, chimeric, humanized 
etc.), cholesterol, hormones, antivirals, peptides, proteins, 
chemotherapeutics, Small molecules, vitamins, co-factors, 
nucleosides, nucleotides, oligonucleotides, enzymatic 
nucleic acids, antisense nucleic acids, triplex forming oligo 
nucleotides, 2.5-A chimeras, siNA, siRNA, miRNA, RNAi 
inhibitors, dsRNA, allozymes, aptamers, decoys and analogs 
thereof. Biologically active molecules of the invention also 
include molecules capable of modulating the pharmacokinet 
ics and/or pharmacodynamics of other biologically active 
molecules, for example, lipids and polymers such as 
polyamines, polyamides, polyethylene glycol and other poly 
ethers. In certain embodiments, the term biologically active 
molecule is used interchangeably with the term “molecule' or 
"molecule of interest herein. 

0.139. In one embodiment, the invention features a com 
position comprising a siNA molecule, a cationic lipid having 
any of Formulae CLI-CLXXXXII, a neutral lipid, and a poly 
ethyleneglycol-diacylglycerol or polyethyleneglycol-dia 
cylglycamide (PEG-DAG) conjugate (i.e., polyethylenegly 
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col diacylglycerol (PEG-DAG), PEG-cholesterol, or PEG 
DMB). These compositions are generally referred to hereinas 
formulated SiNA compositions. In another embodiment, a 
formulated siNA composition of the invention further com 
prises cholesterol or a cholesterol derivative. 
0140. In one embodiment, the siNA component of a for 
mulated siNA composition of the invention is chemically 
modified so as not to stimulate an interferon response in a 
mammalian cell, Subject, or organism. Such siNA molecules 
can be said to have improved toxicologic profiles, such as 
having attenuated or no immunostimulatory properties, hav 
ing attenuated or no off-target effect, or otherwise as 
described herein. 
0141. In one embodiment, the invention features a com 
position comprising a miRNA molecule, a cationic lipid hav 
ing any of Formulae CLI-CLXXXXII, a neutral lipid, and a 
polyethyleneglycol-diacylglycerol or polyethyleneglycol 
diacylglycamide (PEG-DAG) conjugate (i.e., polyethyleneg 
lycol diacylglycerol (PEG-DAG), PEG-cholesterol, or PEG 
DMB). These compositions are generally referred to hereinas 
formulated miRNA compositions. In another embodiment, a 
formulated miRNA composition of the invention further 
comprises cholesterol or a cholesterol derivative. 
0142. In one embodiment, the miRNA component of a 
formulated miRNA composition of the invention is chemi 
cally modified so as not to stimulate an interferon response in 
a mammalian cell, Subject, or organism. Such miRNA mol 
ecules can be said to have improved toxicologic profiles. Such 
as having attenuated or no immunostimulatory properties, 
having attenuated or no off-target effect, or otherwise as 
described herein. 

0143. In one embodiment, the invention features a com 
position comprising a RNAi inhibitor molecule, a cationic 
lipid having any of Formulae CLI-CLXXXXII, a neutral 
lipid, and a polyethyleneglycol-diacylglycerol or polyethyl 
eneglycol-diacylglycamide (PEG-DAG) conjugate (i.e., 
polyethyleneglycol diacylglycerol (PEG-DAG), PEG-cho 
lesterol, or PEG-DMB). These compositions are generally 
referred to herein as formulated RNAi inhibitor composi 
tions. In another embodiment, a formulated RNAi inhibitor 
composition of the invention further comprises cholesterol or 
a cholesterol derivative. 

0144. In one embodiment, the RNAi inhibitor component 
of a formulated RNAi inhibitor composition of the invention 
is chemically modified so as not to stimulate an interferon 
response in a mammalian cell, Subject, or organism. Such 
RNAi inhibitor molecules can be said to have improved toxi 
cologic profiles, such as having attenuated or no immuno 
stimulatory properties, having attenuated or no off-target 
effect, or otherwise as described herein. In one embodiment, 
the invention features a composition comprising: (a) a cat 
ionic lipid having any of Formulae CLI-CLXXXXII; (b) a 
neutral lipid; (c) a polyethyleneglycol-diacylglycerol (PEG 
DAG) conjugate (i.e., polyethyleneglycol diacylglycerol 
(PEG-DAG), PEG-cholesterol, or PEG-DMB); and (d) a 
short interfering nucleic acid (siNA) molecule that mediates 
RNA interference (RNAi) against RNA of a target gene, 
wherein each strand of said siNA molecule is about 18 to 
about 28 nucleotides in length; and one strand of said siNA 
molecule comprises nucleotide sequence having Sufficient 
complementarity to the target gene RNA for the siNA mol 
ecule to mediate RNA interference against the target gene 
RNA. In one embodiment, the target RNA comprises RNA 
sequence referred to by Genbank Accession numbers in Inter 
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national PCT Publication No. WO 03/74654, serial No. PCT/ 
US03/05028, and U.S. patent appliation Ser. No. 10/923,536 
both incorporated by reference herein. In another embodi 
ment, the composition further comprises cholesterol or a cho 
lesterol derivative. 

(0145. In one embodiment, the invention features a com 
position comprising: (a) a cationic lipid having any of For 
mulae CLI-CLXXXXII; (b) a neutral lipid; (c) a polyethyl 
eneglycol-diacylglycerol (PEG-DAG) conjugate (i.e., 
polyethyleneglycol diacylglycerol (PEG-DAG), PEG-cho 
lesterol, or PEG-DMB); and (d) a miRNA molecule that 
mediates RNA interference (RNAi) against RNA of a target 
gene, wherein each strand of said miRNA molecule is about 
18 to about 40 nucleotides in length; and one strand of said 
miRNA molecule comprises nucleotide sequence having Suf 
ficient complementarity to the target gene RNA for the 
miRNA molecule to mediate RNA interference against the 
target gene RNA. In one embodiment, the target RNA com 
prises RNA sequence referred to by Genbank Accession num 
bers in International PCT Publication No. WO 03/74654, 
serial No. PCT/US03/05028, and U.S. patent appliation Ser. 
No. 10/923,536 both incorporated by reference herein. In 
another embodiment, the composition further comprises cho 
lesterol or a cholesterol derivative. 

0146 In one embodiment, the invention features a com 
position comprising: (a) a cationic lipid having any of For 
mulae CLI-CLXXXXII; (b) a neutral lipid; (c) a polyethyl 
eneglycol-diacylglycerol (PEG-DAG) conjugate (i.e., 
polyethyleneglycol diacylglycerol (PEG-DAG), PEG-cho 
lesterol, or PEG-DMB); and (d) a RNAi inhibitor molecule 
that modulates RNA interference (RNAi) activity of a 
miRNA or siRNA target, wherein said RNAi inhibitor mol 
ecule is about 15 to about 40 nucleotides in length; and said 
RNAi inhibitor molecule comprises nucleotide sequence 
having sufficient complementarity to the target siRNA or 
miRNA for the RNAi inhibitor molecule to modulate the 
RNAi activity of the target siRNA or miRNA. In one embodi 
ment, the miRNA or siRNA target comprises RNA sequence 
comprising a portion of RNA sequence referred to by Gen 
bank Accession numbers in International PCT Publication 
No. WO 03/74654, serial No. PCT/US03/05028, and U.S. 
patent appliation Ser. No. 10/923,536 both incorporated by 
reference herein. In another embodiment, the composition 
further comprises cholesterol or a cholesterol derivative. 
0.147. In one embodiment, the invention features a com 
position comprising: (a) a cationic lipid having any of For 
mulae CLI-CLXXXXII; (b) a neutral lipid; (c) a polyethyl 
eneglycol-diacylglycerol (PEG-DAG) conjugate (i.e., 
polyethyleneglycol diacylglycerol (PEG-DAG), PEG-cho 
lesterol, or PEG-DMB); and (d) a short interfering nucleic 
acid (siNA) molecule that mediates RNA interference 
(RNAi) against a Hepatitis Virus RNA, wherein each strand 
of said siNA molecule is about 18 to about 28 nucleotides in 
length; and one Strand of said SiNA molecule comprises 
nucleotide sequence having Sufficient complementarity to the 
Hepatitis Virus RNA for the siNA molecule to mediate RNA 
interference against the Hepatitis Virus RNA. In one embodi 
ment, the Hepatitis Virus RNA is Hepatitis BVirus (HBV). In 
one embodiment, the Hepatitis Virus RNA is Hepatitis C 
Virus (HCV). In one embodiment, the siNA comprises 
sequences described in U.S. Patent Application No. 
60/401 104, Ser. No. 10/667,271, and Ser. No. 10/942,560, 
which are incorporated by reference in their entireties herein. 
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In another embodiment, the composition further comprises 
cholesterol or a cholesterol derivative. 

0148. In one embodiment, the invention features a com 
position comprising: (a) a cationic lipid having any of For 
mulae CLI-CLXXXXII; (b) a neutral lipid; (c) a polyethyl 
eneglycol conjugate (i.e., polyethyleneglycol diacylglycerol 
(PEG-DAG), PEG-cholesterol, or PEG-DMB); and (d) a 
short interfering nucleic acid (siNA) molecule that mediates 
RNA interference (RNAi) against Protein Tyrosine Phos 
phatase 1B (PTP1B) RNA, wherein each strand of said siNA 
molecule is about 18 to about 28 nucleotides in length; and 
one Strand of said SiNA molecule comprises nucleotide 
sequence having sufficient complementarity to the PTP1B 
RNA for the siNA molecule to mediate RNA interference 
against the PTP1B RNA. In one embodiment, the siNA com 
prises sequences described in U.S. Patent Application Publi 
cation Nos. 20040019001 and 200500704978, which are 
incorporated by reference in their entireties herein. In another 
embodiment, the composition further comprises cholesterol 
or a cholesterol derivative. 

0149. In one embodiment, the invention features a com 
position comprising: (a) a cationic lipid having any of For 
mulae CLI-CLXXXXII; (b) a neutral lipid; (c) a polyethyl 
eneglycol conjugate (i.e., polyethyleneglycol diacylglycerol 
(PEG-DAG), PEG-cholesterol, or PEG-DMB); and (d) a 
short interfering nucleic acid (siNA) molecule that mediates 
RNA interference (RNAi) against Transforming Growth Fac 
tor beta (TGF-beta) and/or Transforming Growth Factor beta 
Receptor (TGF-betaR) RNA, wherein each strand of said 
siNA molecule is about 18 to about 28 nucleotides in length; 
and one Strand of said SiNA molecule comprises nucleotide 
sequence having Sufficient complementarity to the TGF-beta 
and/or TGF-betaR RNA for the SiNA molecule to mediate 
RNA interference against the TGF-beta and/or TGF-betaR 
RNA. In one embodiment, the siNA comprises sequences 
described in U.S. Ser. No. 11/054.047, which is incorporated 
by reference in their entireties herein. In another embodi 
ment, the composition further comprises cholesterol or a cho 
lesterol derivative. 

0150. In one embodiment, the invention features a com 
position comprising: (a) a cationic lipid having any of For 
mulae CLI-CLXXXXII; (b) a neutral lipid; (c) a polyethyl 
eneglycol conjugate (i.e., polyethyleneglycol diacylglycerol 
(PEG-DAG), PEG-cholesterol, or PEG-DMB); and (d) a 
short interfering nucleic acid (siNA) molecule that mediates 
RNA interference (RNAi) against cholesteryl ester transfer 
protein (CETP) RNA, wherein each strand of said siNA mol 
ecule is about 18 to about 28 nucleotides in length; and one 
Strand of said siNA molecule comprises nucleotide sequence 
having sufficient complementarity to the CETP RNA for the 
siNA molecule to mediate RNA interference against the 
CETP RNA. In one embodiment, the siNA comprises 
sequences described in U.S. Ser. No. 10/921,554, which is 
incorporated by reference in its entirety herein. In another 
embodiment, the composition further comprises cholesterol 
or a cholesterol derivative. 

0151. In one embodiment, the invention features a com 
position comprising: (a) a cationic lipid having any of For 
mulae CLI-CLXXXXII; (b) a neutral lipid; (c) a polyethyl 
eneglycol conjugate (i.e., polyethyleneglycol diacylglycerol 
(PEG-DAG), PEG-cholesterol, or PEG-DMB); and (d) a 
short interfering nucleic acid (siNA) molecule that mediates 
RNA interference (RNAi) against Gastric Inhibitory Peptide 
(GIP) RNA, wherein each strand of said siNA molecule is 
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about 18 to about 28 nucleotides in length; and one strand of 
said SiNA molecule comprises nucleotide sequence having 
sufficient complementarity to the GIP RNA for the siNA 
molecule to mediate RNA interference against the GIPRNA. 
In one embodiment, the siNA comprises sequences described 
in U.S. Ser. No. 10/916,030, which is incorporated by refer 
ence in its entirety herein. In another embodiment, the com 
position further comprises cholesterol or a cholesterol deriva 
tive. 

0152. In one embodiment, the invention features a com 
position comprising: (a) a cationic lipid having any of For 
mulae CLI-CLXXXXII; (b) a neutral lipid; (c) a polyethyl 
eneglycol conjugate (i.e., polyethyleneglycol diacylglycerol 
(PEG-DAG), PEG-cholesterol, or PEG-DMB); and (d) a 
short interfering nucleic acid (siNA) molecule that mediates 
RNA interference (RNAi) against Stearoyl-CoA Desaturase 
(SCD) RNA, wherein each strand of said siNA molecule is 
about 18 to about 28 nucleotides in length; and one strand of 
said SiNA molecule comprises nucleotide sequence having 
sufficient complementarity to the SCD RNA for the siNA 
molecule to mediate RNA interference against the SCD RNA. 
In one embodiment, the siNA comprises sequences described 
in U.S. Ser. No. 10/923,451, which is incorporated by refer 
ence in its entirety herein. In another embodiment, the com 
position further comprises cholesterol or a cholesterol deriva 
tive. 

0153. In one embodiment, the invention features a com 
position comprising: (a) a cationic lipid having any of For 
mulae CLI-CLXXXXII; (b) a neutral lipid; (c) a polyethyl 
eneglycol-diacylglycerol conjugate (i.e., polyethyleneglycol 
diacylglycerol (PEG-DAG), PEG-cholesterol, or PEG 
DMB); and (d) a short interfering nucleic acid (siNA) mol 
ecule that mediates RNA interference (RNAi) against Acetyl 
CoA carboxylase (ACACB) RNA, wherein each strand of 
said siNA molecule is about 18 to about 28 nucleotides in 
length; and one Strand of said SiNA molecule comprises 
nucleotide sequence having Sufficient complementarity to the 
ACACB RNA for the SiNA molecule to mediate RNA inter 
ference against the ACACB RNA. In one embodiment, the 
siNA comprises sequences described in U.S. Ser. No. 10/888, 
226, which is incorporated by reference in its entirety herein. 
In another embodiment, the composition further comprises 
cholesterol or a cholesterol derivative. 

0154. In one embodiment, the invention features a com 
position comprising: (a) a cationic lipid having any of For 
mulae CLI-CLXXXXII; (b) a neutral lipid; (c) a polyethyl 
eneglycol conjugate (i.e., polyethyleneglycol diacylglycerol 
(PEG-DAG), PEG-cholesterol, or PEG-DMB); and (d) a 
short interfering nucleic acid (siNA) molecule that mediates 
RNA interference (RNAi) against apolipoprotein RNA (e.g., 
apo AI, apo A-IV, apo B, apo C-III, and/or apo E RNA), 
wherein each strand of said siNA molecule is about 18 to 
about 28 nucleotides in length; and one strand of said siNA 
molecule comprises nucleotide sequence having Sufficient 
complementarity to the apolipoprotein RNA for the siNA 
molecule to mediate RNA interference against the apolipo 
protein RNA. In one embodiment, the siNA comprises 
sequences described in U.S. Ser. No. 11/054.047, which is 
incorporated by reference in their entireties herein. In another 
embodiment, the composition further comprises cholesterol 
or a cholesterol derivative. 

0.155. In one embodiment, the invention features a com 
position comprising: (a) a cationic lipid having any of For 
mulae CLI-CLXXXXII; (b) a neutral lipid; (c) a polyethyl 
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eneglycol conjugate (i.e., polyethyleneglycol diacylglycerol 
(PEG-DAG), PEG-cholesterol, or PEG-DMB); and (d) a 
short interfering nucleic acid (siNA) molecule that mediates 
RNA interference (RNAi) against VEGF and/or VEGF-re 
ceptor RNA (e.g., VEGF, VEGFR1, VEGFR2 and/or 
VEGFR3 RNA), wherein each strand of said siNA molecule 
is about 18 to about 28 nucleotides in length; and one strand 
of said SiNA molecule comprises nucleotide sequence having 
sufficient complementarity to the VEGF and/or VEGF-recep 
tor RNA for the siNA molecule to mediate RNA interference 
against the VEGF and/or VEGF-receptor RNA. In one 
embodiment, the SiNA comprises sequences described in 
U.S. Ser. No. 10/962,898, which is incorporated by reference 
in their entireties herein. In another embodiment, the compo 
sition further comprises cholesterol or a cholesterol deriva 
tive. 

0156. In one embodiment, the invention features a com 
position comprising: (a) a cationic lipid having any of For 
mulae CLI-CLXXXXII; (b) a neutral lipid; (c) a polyethyl 
eneglycol conjugate (i.e., polyethyleneglycol diacylglycerol 
(PEG-DAG), PEG-cholesterol, or PEG DMB); and (d) a 
short interfering nucleic acid (siNA) molecule that mediates 
RNA interference (RNAi) against IL4-receptor RNA, 
wherein each strand of said siNA molecule is about 18 to 
about 28 nucleotides in length; and one strand of said siNA 
molecule comprises nucleotide sequence having Sufficient 
complementarity to the IL4-receptor RNA for the siNA mol 
ecule to mediate RNA interference against the IL4-receptor 
RNA. In one embodiment, the siNA comprises sequences 
described in U.S. Ser. No. 11/001,347, which is incorporated 
by reference in their entireties herein. In another embodi 
ment, the composition further comprises cholesterol or a cho 
lesterol derivative. 

O157. In one embodiment, the invention features a com 
position comprising: (a) a cationic lipid having any of For 
mulae CLI-CLXXXXII; (b) a neutral lipid; (c) a polyethyl 
eneglycol conjugate (i.e., polyethyleneglycol diacylglycerol 
(PEG-DAG), PEG-cholesterol, or PEG DMB); and (d) a 
short interfering nucleic acid (siNA) molecule that mediates 
RNA interference (RNAi) against Hairless RNA, wherein 
each strand of said siNA molecule is about 18 to about 28 
nucleotides in length; and one strand of said siNA molecule 
comprises nucleotide sequence having Sufficient comple 
mentarity to the Hairless RNA for the siNA molecule to 
mediate RNA interference against the Hairless RNA. In one 
embodiment, the SiNA comprises sequences described in 
U.S. Ser. No. 10/919,964, which is incorporated by reference 
in their entireties herein. In another embodiment, the compo 
sition further comprises cholesterol or a cholesterol deriva 
tive. 

0158. In one embodiment, the invention features a com 
position comprising: (a) a cationic lipid having any of For 
mulae CLI-CLXXXXII; (b) a neutral lipid; (c) a polyethyl 
eneglycol conjugate (i.e., polyethyleneglycol diacylglycerol 
(PEG-DAG), PEG-cholesterol, or PEG DMB); and (d) a 
short interfering nucleic acid (siNA) molecule that mediates 
RNA interference (RNAi) against a target RNA, wherein each 
strand of said siNA molecule is about 18 to about 28 nucle 
otides in length; and one strand of said SiNA molecule com 
prises nucleotide sequence having Sufficient complementar 
ity to the target RNA for the siNA molecule to mediate RNA 
interference against the target RNA. In one embodiment, the 
target RNA comprises RNA sequence referred to by Genbank 
Accession numbers in International PCT Publication No. WO 
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03/74654, serial No. PCT/US03/05028, and U.S. patent 
appliation Ser. No. 10/923,536 both incorporated by refer 
ence herein. In another embodiment, the composition further 
comprises cholesterol or a cholesterol derivative. 
0159. In one embodiment, the cationic lipid component 
(e.g., a compound having any of Formulae CLI-CLXXXXII 
or as otherwise described herein) of a composition of inven 
tion comprises from about 2% to about 60%, from about 5% 
to about 45%, from about 5% to about 15%, or from about 
40% to about 50% of the total lipid present in the formulation. 
0160. In one embodiment, the neutral lipid component of 
a composition of the invention comprises from about 5% to 
about 90%, or from about 20% to about 85% of the total lipid 
present in the formulation. 
0.161. In one embodiment, the PEG conjugate (i.e., PEG 
DAG, PEG-cholesterol, PEG-DMB) of a composition of the 
invention comprises from about 1% to about 20%, or from 
about 4% to about 15% of the total lipid present in the for 
mulation. 
0162. In one embodiment, the cholesterol component of a 
composition of the invention comprises from about 10% to 
about 60%, or from about 20% to about 45% of the total lipid 
present in the formulation. 
0163. In one embodiment, a formulated siNA composition 
of the invention comprises a cationic lipid component com 
prising from about 30 to about 50% of the total lipid present 
in the formulation, a neutral lipid comprising from about 30 to 
about 50% of the total lipid present in the formulation, and a 
PEG conjugate (i.e., PEG DAG, PEG-cholesterol, PEG 
DMB) comprising about 0 to about 10% of the total lipid 
present in the formulation. 
(0164. In one embodiment, a formulated molecular com 
position of the invention comprises a biologically active mol 
ecule (e.g., a polynucleotide such as a siNA, miRNA, RNAi 
inhibitor, antisense, aptamer, decoy, ribozyme, 2-5A, triplex 
forming oligonucleotide, or other nucleic acid molecule), a 
compound having any of Formulae CLI-CLXXXXII, DSPC, 
and a PEG conjugate (i.e., PEG-DAG. PEG-cholesterol, 
PEG-DMB). In one embodiment, the PEG conjugate is PEG 
dilaurylglycerol (C12), PEG-dimyristylglycerol (C14), PEG 
dipalmitoylglycerol (C16), or PEG-disterylglycerol (C18). In 
another embodiment, the PEG conjugate is PEG-dilaurylgly 
camide (C12), PEG-dimyristylglycamide (C14), PEG-di 
palmitoylglycamide (C16), or PEG-disterylglycamide (C18). 
In another embodiment, the PEG conjugate is PEG-choles 
terol or PEG-DMB. In another embodiment, the formulated 
molecular composition further comprises cholesterol or a 
cholesterol derivative. 

0.165. In one embodiment, a formulated molecular com 
position of the invention comprises a biologically active mol 
ecule (e.g., a polynucleotide such as a siNA, miRNA, RNAi 
inhibitor, antisense, aptamer, decoy, ribozyme, 2-5A, triplex 
forming oligonucleotide, or other nucleic acid molecule), a 
compound having Formula CLI, DSPC, and a PEG conju 
gate. In one embodiment, the PEG conjugate is PEG-dilau 
rylglycerol (C12), PEG-dimyristylglycerol (C14), PEG-di 
palmitoylglycerol (C16), or PEG-disterylglycerol (C18). In 
another embodiment, the PEG conjugate is PEG-dilaurylgly 
camide (C12), PEG-dimyristylglycamide (C14), PEG-di 
palmitoylglycamide (C16), or PEG-disterylglycamide (C18). 
In another embodiment, the PEG conjugate is PEG-choles 
terol or PEG-DMB. In another embodiment, the formulated 
molecular composition further comprises cholesterol or a 
cholesterol derivative. 



US 2010/0048888 A1 

0166 In one embodiment, a formulated molecular com 
position of the invention comprises a biologically active mol 
ecule (e.g., a polynucleotide such as a siNA, miRNA, RNAi 
inhibitor, antisense, aptamer, decoy, ribozyme, 2-5A, triplex 
forming oligonucleotide, or other nucleic acid molecule), a 
compound having Formula CLV, DSPC, and a PEG conju 
gate. In one embodiment, the PEG conjugate is PEG-dilau 
rylglycerol (C12), PEG-dimyristylglycerol (C14), PEG-di 
palmitoylglycerol (C16), or PEG-disterylglycerol (C18). In 
another embodiment, the PEG conjugate is PEG-dilaurylgly 
camide (C12), PEG-dimyristylglycamide (C14), PEG-di 
palmitoylglycamide (C16), or PEG-disterylglycamide (C18). 
In another embodiment, the PEG conjugate is PEG-choles 
terol or PEG-DMB. In another embodiment, the formulated 
molecular composition further comprises cholesterol or a 
cholesterol derivative. 
0167. In one embodiment, a composition of the invention 
(e.g., a formulated molecular composition) further comprises 
a targeting ligand for a specific cell of tissue type. Non 
limiting examples of Such ligands include Sugars and carbo 
hydrates such as galactose, galactosamine, and N-acetyl 
galactosamine; hormones Such as estrogen, testosterone, 
progesterone, glucocortisone, adrenaline, insulin, glucagon, 
cortisol, Vitamin D, thyroid hormone, retinoic acid, and 
growth hormones; growth factors such as VEGF, EGF, NGF, 
and PDGF; cholesterol; bile acids; neurotransmitters such as 
GABA, Glutamate, acetylcholine; NOGO; inostitol triphos 
phate; diacylglycerol; epinephrine; norepinephrine; Nitric 
Oxide, peptides, vitamins such as folate and pyridoxine, 
drugs, antibodies and any other molecule that can interact 
with a receptor in vivo or in vitro. The ligand can be attached 
to any component of a formulated siNA composition of 
invention (e.g., cationic lipid component, neutral lipid com 
ponent, PEG-DAG component, or siNA component etc.) 
using a linker molecule. Such as an amide, amido, carbonyl, 
ester, peptide, disulphide, silane, nucleoside, abasic nucleo 
side, polyether, polyamine, polyamide, peptide, carbohy 
drate, lipid, polyhydrocarbon, phosphate ester, phosphorami 
date, thiophosphate, alkylphosphate, or photolabile linker. In 
one embodiment, the linker is a biodegradable linker. 
0.168. In one embodiment, the PEG conjugate of the inven 

tion, such as a PEG-DAG, PEG-cholesterol, PEG-DMB, 
comprises a 200 to 10,000 atom PEG molecule. 
0169. In one embodiment, the compositions of the present 
invention, e.g., a formulated molecular composition, com 
prise a diacylglycerol-polyethyleneglycol conjugate, i.e., a 
DAG-PEG conjugate. The term “diacylglycerol refers to a 
compound having 2-fatty acyl chains, R1 and R2, both of 
which have independently between 2 and 30 carbons bonded 
to the 1- and 2-position of glycerol by esterlinkages. The acyl 
groups can be saturated or have varying degrees of unsatura 
tion. Diacylglycerols have the following general Formula 
VIII: 
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0170 wherein R1 and R2 are each an alkyl, substituted 
alkyl, aryl, Substituted aryl, lipid, or a ligand. In one embodi 
ment, R1 and R2 are each independently a C2 to C30 alkyl 
group. In one embodiment, the DAG-PEG conjugate is a 
dilaurylglycerol (C12)-PEG conjugate, a dimyristylglycerol 
(C14)-PEG conjugate, a dipalmitoylglycerol (C16)-PEG 
conjugate, a disterylglycerol (C18)-PEG conjugate, PEG 
dilaurylglycamide (C12), PEG-dimyristylglycamide (C14), 
PEG-dipalmitoylglycamide (C16), or PEG-disterylglycam 
ide (C18). Those of skill in the art will readily appreciate that 
other diacylglycerols can be used in the DAG-PEG conju 
gates of the present invention. 
0171 In one embodiment, the compositions of the present 
invention, e.g., a formulated molecular composition, com 
prise a polyethyleneglycol-cholesterol conjugate, i.e., a PEG 
chol conjugate. The PEG-chol conjugate can comprise a 200 
to 10,000 atom PEG molecule linked to cholesterol or a 
cholesterol derivative. An exemplary PEG-chol and the syn 
thesis thereof is shown in FIG. 24. 

0172. In one embodiment, the compositions of the present 
invention, e.g., a formulated molecular composition, com 
prise a polyethyleneglycol-DMB conjugate. The term 
“DMB” refers to the compound 3,4-Ditetradecoxylbenzyl-3- 
methyl-poly(ethylene glycol) ether. The PEG-DMB conju 
gate can comprise a 200 to 10,000 atom PEG molecule linked 
to DMB. An exemplary PEG-DMB and the synthesis thereof 
is shown in FIG. 24A. 

0173. In one embodiment, the compositions of the present 
invention, e.g., a formulated molecular composition, com 
prise a polyethyleneglycol-DMG (PEG-DMG) conjugate. 
The term “PEG-DMG” can refer to the compound 1-8-(1, 
2-Dimyristoyl-3-propanoxy)-carboxamido-3',6'-dioxaocta 
nylcarbamoyl-co-methyl-poly(ethylene glycol). The PEG 
DMG conjugate can comprise a 200 to 10,000 atom PEG 
molecule linked to DMG moiety. In one embodiment, PEG is 
a polydispersion represented by the formula PEG, where 
n=about 33 to 67 for a 1500 Dato 3000 Da PEG, average=45 
for 2KPEG/PEG2000. An exemplary PEG-DMG and the 
synthesis thereof is shown in FIG. 24B. 
0.174. The term “ligand refers to any compound or mol 
ecule. Such as a drug, peptide, hormone, or neurotransmitter 
that is capable of interacting with another compound, such as 
a receptor, either directly or indirectly. The receptor that 
interacts with a ligand can be present on the Surface of a cell 
or can alternately be an intercellular receptor. Interaction of 
the ligand with the receptor can result in a biochemical reac 
tion, or can simply be a physical interaction or association. 
Non-limiting examples of ligands include Sugars and carbo 
hydrates such as galactose, galactosamine, and N-acetyl 
galactosamine; hormones Such as estrogen, testosterone, 
progesterone, glucocortisone, adrenaline, insulin, glucagon, 
cortisol, Vitamin D, thyroid hormone, retinoic acid, and 
growth hormones; growth factors such as VEGF, EGF, NGF, 
and PDGF; cholesterol; bile acids; neurotransmitters such as 
GABA, Glutamate, acetylcholine; NOGO; inostitol triphos 
phate; diacylglycerol; epinephrine; norepinephrine; Nitric 
Oxide, peptides, vitamins such as folate and pyridoxine, 
drugs, antibodies and any other molecule that can interact 
with a receptor in vivo or in vitro. The ligand can be attached 
to a compound of the invention using a linker molecule. Such 
as an amide, amido, carbonyl, ester, peptide, disulphide, 
silane, nucleoside, abasic nucleoside, polyether, polyamine, 
polyamide, peptide, carbohydrate, lipid, polyhydrocarbon, 
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phosphate ester, phosphoramidate, thiophosphate, alkylphos 
phate, or photolabile linker. In one embodiment, the linker is 
a biodegradable linker. 
(0175. The term “degradable linker” as used herein, refers 
to linker moieties that are capable of cleavage under various 
conditions. Conditions Suitable for cleavage can include but 
are not limited to pH, UV irradiation, enzymatic activity, 
temperature, hydrolysis, elimination, and Substitution reac 
tions, and thermodynamic properties of the linkage. 
(0176) The term “photolabile linker” as used herein, refers 
to linker moieties as are known in the art that are selectively 
cleaved under particular UV wavelengths. Compounds of the 
invention containing photolabile linkers can be used to 
deliver compounds to a target cellor tissue of interest, and can 
be subsequently released in the presence of a UV source. 
0177. The term “lipid as used herein, refers to any lipo 
philic compound. Non-limiting examples of lipid compounds 
include fatty acids and their derivatives, including straight 
chain, branched chain, Saturated and unsaturated fatty acids, 
carotenoids, terpenes, bile acids, and steroids, including cho 
lesterol and derivatives or analogs thereof. 
0178. In addition to the foregoing components, the com 
positions of the present invention can further comprise cat 
ionic poly(ethylene glycol) (PEG) lipids, or CPLs, that have 
been designed for insertion into lipid bilayers to impart a 
positive charge (see for example Chen, et al., 2000, Bioconi. 
Chem. 11, 433-437). Suitable formulations for use in the 
present invention, and methods of making and using Such 
formulations are disclosed, for example in U.S. application 
Ser. No. 09/553,639, which was filed Apr. 20, 2000, and PCT 
Patent Application No. CA 00/00451, which was filed Apr. 
20, 2000 and which published as WO 00/62813 on Oct. 26, 
2000, the teachings of each of which is incorporated herein in 
its entirety by reference. 
0179. In one embodiment, the compositions of the present 
invention, i.e., those formulated molecular compositions con 
taining PEG conjugates, are made using any of a number of 
different methods. In one embodiment, the present invention 
provides lipid-nucleic acid particles produced via hydropho 
bic polynucleotide-lipid intermediate complexes. The com 
plexes are preferably charge-neutralized. Manipulation of 
these complexes in either detergent-based or organic solvent 
based systems can lead to particle formation in which the 
nucleic acid is protected. 
0180. In one embodiment, the present invention provides a 
serum-stable formulated molecular composition (e.g., com 
prising a biologically active molecules such as polynucle 
otides including siNA, miRNA, RNAi inhibitor, antisense, 
aptamer, decoy, ribozyme, 2-5A, triplex forming oligonucle 
otide, or other nucleic acid molecules) in which the biologi 
cally active molecule is encapsulated in a lipid bilayer and is 
protected from degradation (for example, where the compo 
sition adopts a lamellar structure). Additionally, the formu 
lated particles formed in the present invention are preferably 
neutral or negatively-charged at physiological pH. In one 
embodiment, for in vivo applications, neutral particles can be 
advantageous, while for in vitro applications the particles can 
be negatively charged. This provides the further advantage of 
reduced aggregation over the positively-charged liposome 
formulations in which a biologically active molecule can be 
encapsulated in cationic lipids. 
0181. In addition, the present invention provides serum 
stable formulated molecular compositions that undergo a 
rapid pH-dependent phase transition. The pH-dependent 
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phase transition results in a structural change that increases 
the efficiency of delivery of a biologically active molecule, 
Such as a polynucleotide, into a biological system, Such as a 
cell. The structural change can increase the efficiency of 
delivery by, for example, increasing cell membrane fusion 
and release of a biologically active molecule into a biological 
system. Thus, in one embodiment, the serum-stable formu 
lated molecular composition is stable in plasma or serum (i.e., 
in circulation) and stable at physiologic pH (i.e., about pH 
7.4) and undergoes a rapid pH-dependent phase transition 
resulting in a structural change that increases the efficiency of 
delivery of a biologically active molecule into a biological 
system. In one embodiment, the pH dependent phase transi 
tion occurs at about pH 5.5-6.5. In one embodiment, the 
serum-stable formulated molecular composition undergoes a 
structural change to adopt an inverted hexagonal structure at 
about pH 5.5-6.5. For example, the serum-stable formulated 
molecular composition can transition from a stable lamellar 
structure adopted in circulation (i.e., in plasma or serum) at 
physiologic pH (about pH 7.4) to a less stable and more 
efficient delivery composition having an inverted hexagonal 
structure at pH 5.5-6.5, which is the pH found in the early 
endosome. The serum-stable formulated molecular composi 
tions that undergo a rapid pH-dependent phase transition 
demonstrate increased efficiency in the delivery of biologi 
cally active molecules due to their stability in circulation at 
physiologic pH and their ability to undergo a pH dependent 
structural change that increases cell membrane fusion and 
release of a biologically active molecule into a biological 
system, Such as a cell. 
0182. The serum-stable formulated molecular composi 
tion that undergoes a rapid pH-dependent phase transition 
comprises a biologically active molecule (e.g., a polynucle 
otide such as a siNA, miRNA, RNAi inhibitor, antisense, 
aptamer, decoy, ribozyme, 2-5A, triplex forming oligonucle 
otide, other nucleic acid molecule or other biologically active 
molecule described herein), a cationic lipid, a neutral lipid, 
and a polyethylene conjugate such as a polyethyleneglycol 
diacylglycerol, polyethyleneglycol-diacylglycamide, poly 
ethyleneglycol-cholesterol or polyethylene-DMB conjugate. 
In another embodiment, the composition further comprises 
cholesterol or a cholesterol derivative. Examples of suitable 
cationic lipids, neutral lipids, and PEG conjugates are pro 
vided herein. 

0183. In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is CLinDMA, the 
neutral lipid is distearoylphosphatidylcholine (DSPC), and 
the PEG conjugate is PEG-DMG. In another embodiment, the 
composition further comprises cholesterol or a cholesterol 
derivative. This is known as formulation L051 (see Table IV). 
0184. In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is DMOBA, the 
neutral lipid is distearoylphosphatidylcholine (DSPC), and 
the PEG conjugate is PEG-DMG. In another embodiment, the 
composition further comprises cholesterol or a cholesterol 
derivative. This is known as formulation L053 or L054 (see 
Table IV). 
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0185. In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is CLinDMA, the 
neutral lipid is distearoylphosphatidylcholine (DSPC), and 
the PEG conjugate is 2KPEG-cholesterol. In another embodi 
ment, the composition further comprises cholesterol or a cho 
lesterol derivative. This is known as formulation L069 (see 
Table IV). 
0186. In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is pCLindMA or 
CLinDMA and DMOBA, the neutral lipid is distearoylphos 
phatidylcholine (DSPC), and the PEG conjugate is PEG 
DMG. In another embodiment, the composition further com 
prises cholesterol or a cholesterol derivative. This is known as 
formulation L073 (see Table IV). 
0187. In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is eCLinDMA, the 
neutral lipid is distearoylphosphatidylcholine (DSPC), and 
the PEG conjugate is 2KPEG-cholesterol. In another embodi 
ment, the composition further comprises cholesterol or a cho 
lesterol derivative. This is known as formulation L077 (see 
Table IV). 
0188 In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is eCLinDMA, the 
neutral lipid is distearoylphosphatidylcholine (DSPC), and 
the PEG conjugate is 2KPEG-DMG. In another embodiment, 
the composition further comprises cholesterol or a choles 
terol derivative. This is known as formulation L080 (see Table 
IV). 
0189 In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is pCLinDMA, 
the neutral lipid is distearoylphosphatidylcholine (DSPC), 
and the PEG conjugate is 2KPEG-DMG. In another embodi 
ment, the composition further comprises cholesterol or a cho 
lesterol derivative. This is known as formulation L082 (see 
Table IV). 
0190. In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is pCLinDMA, 
the neutral lipid is distearoylphosphatidylcholine (DSPC), 
and the PEG conjugate is 2KPEG-cholesterol. In another 
embodiment, the composition further comprises cholesterol 
oracholesterol derivative. This is known as formulation L083 
(see Table IV). 
0191 In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
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PEG-conjugate, in which the cationic lipid is CLinDMA, the 
neutral lipid is distearoylphosphatidylcholine (DSPC), and 
the PEG conjugate is 2KPEG-DMG. In another embodiment, 
the composition further comprises cholesterol or a choles 
terol derivative and Linoleyl alcohol. This is known as for 
mulation L086 (see Table IV). 
0.192 In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is DMLBA, the 
neutral lipid is cholesterol, and the PEG conjugate is 2KPEG 
DMG. This is known as formulation L061 (see Table IV). 
0193 In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is DMOBA, the 
neutral lipid is cholesterol, and the PEG conjugate is 2KPEG 
DMG, and the nitrogen to phoshpate (N/P) ratio of the for 
mulated molecular composition is 5. This is known as formu 
lation L060 (see Table IV). 
0.194. In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is DMLBA, the 
neutral lipid is cholesterol, and the PEG conjugate is 2KPEG 
DMG. This is known as formulation L097 (see Table IV). 
0.195. In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is DMOBA, the 
neutral lipid is cholesterol, and the PEG conjugate is 2KPEG 
DMG, and the nitrogen to phoshpate (N/P) ratio of the for 
mulated molecular composition is 3. This is known as formu 
lation L098 (see Table IV). 
0196. In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is DMOBA, the 
neutral lipid is cholesterol, and the PEG conjugate is 2KPEG 
DMG, and the nitrogen to phoshpate (N/P) ratio of the for 
mulated molecular composition is 4. This is known as formu 
lation L099 (see Table IV). 
0.197 In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is DMOBA, the 
neutral lipid is DOBA, and the PEG conjugate is 2KPEG 
DMG (3%), and the nitrogen to phoshpate (N/P) ratio of the 
formulated molecular composition is 3. This is known as 
formulation L100 (see Table IV). 
0.198. In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is DMOBA, the 
neutral lipid is cholesterol, and the PEG conjugate is 
2K-PEG-Cholesterol. This is known as formulation L101 
(see Table IV). 
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0199. In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is DMOBA, the 
neutral lipid is cholesterol, and the PEG conjugate is 
2K-PEG-Cholesterol, and the nitrogen to phoshpate (N/P) 
ratio of the formulated molecular composition is 5. This is 
known as formulation L 102 (see Table IV). 
0200. In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is DMLBA, the 
neutral lipid is cholesterol, and the PEG conjugate is 
2K-PEG-Cholesterol. This is known as formulation L103 
(see Table IV). 
0201 In one embodiment, the invention features a serum 
stable formulated molecular composition comprising a bio 
logically active molecule (e.g., a siNA, miRNA, or RNAi 
inhibitor molecule), a cationic lipid, a neutral lipid, and a 
PEG-conjugate, in which the cationic lipid is CLinDMA, the 
neutral lipid is distearoylphosphatidylcholine (DSPC), and 
the PEG conjugate is 2KPEG-cholesterol. In another embodi 
ment, the composition further comprises cholesterol or a cho 
lesterol derivative and Linoleyl alcohol. This is known as 
formulation L 104 (see Table IV). 
0202 The invention additionally provides methods for 
determining whether a formulated molecular composition 
will be effective for delivery of a biologically active molecule 
into a biological system. In one embodiment, the method for 
determining whether a formulated molecular composition 
will be effective for delivery of a biologically active molecule 
into a biological system comprises (1) measuring the serum 
stability of the formulated molecular composition and (2) 
measuring the pH dependent phase transition of the formu 
lated molecular composition, wherein a determination that 
the formulated molecular composition is stable in serum and 
a determination that the formulated molecular composition 
undergoes a phase transition at about pH 4 to about 7, e.g., 
from 5.5 to 6.5, indicates that the formulated molecular com 
position will be effective for delivery of a biologically active 
molecule into a biological system. In another embodiment, 
the method further comprises measuring the transfection effi 
ciency of the formulated molecular composition in a cell in 
vitro. 

0203 The serum stability of the formulated molecular 
composition can be measured using any assay that measures 
the stability of the formulated molecular composition in 
serum, including the assays described herein and otherwise 
known in the art. One exemplary assay that can be used to 
measure the serum stability is an assay that measures the 
relative turbidity of the composition in serum over time. For 
example, the relative turbidity of a formulated molecular 
composition can be determined by measuring the absorbance 
of the formulated molecular composition in the presence or 
absence of serum (i.e., 50%) at several time points over a 24 
hour period using a spectrophotometer. The formulated 
molecular composition is stable in serum if the relative tur 
bidity, as measured by absorbance, remains constant at 
around 1.0 over time. 

0204 The pH dependent phase transition of the formu 
lated molecular composition can be measured using any 
assay that measures the phase transition of the formulated 
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molecular composition at about pH 5.5-6.5, including the 
assays described herein and otherwise known in the art. One 
exemplary assay that can be used to measure the pH depen 
dent phase transition is an assay that measures the relative 
turbidity of the composition at different pH over time. For 
example, the relative turbidity of a formulated molecular 
composition can be determined by measuring the absorbance 
over time of the formulated molecular composition in buffer 
having a range of different pH values. The formulated 
molecular composition undergoes pH dependent phase tran 
sition if the relative turbidity, as measured by absorbance, 
decreases when the pH drops below 7.0. 
0205. In addition, the efficiency of the serum-stable for 
mulated molecular composition that undergoes a rapid pH 
dependent phase transition as a delivery agent can be deter 
mined by measuring the transfection efficiency of the 
formulated molecular composition. Methods for performing 
transfection assays are described herein and otherwise known 
in the art. 
0206. In one embodiment, the particles made by the meth 
ods of this invention have a size of about 50 to about 600 nm. 
The particles can be formed by either a detergent dialysis 
method or by a modification of a reverse-phase method which 
utilizes organic Solvents to provide a single phase during 
mixing of the components. Without intending to be bound by 
any particular mechanism of formation, a molecule (e.g., a 
biologically active molecule Such as a polynucleotide) is con 
tacted with a detergent solution of cationic lipids to form a 
coated molecular complex. These coated molecules can 
aggregate and precipitate. However, the presence of a deter 
gent reduces this aggregation and allows the coated mol 
ecules to react with excess lipids (typically, noncationic lip 
ids) to form particles in which the molecule of interest is 
encapsulated in a lipid bilayer. The methods described below 
for the formation of formulated molecular compositions 
using organic solvents follow a similar scheme. 
0207. In one embodiment, the particles are formed using 
detergent dialysis. Thus, the present invention provides a 
method for the preparation of serum-stable formulated 
molecular compositions, including those that undergo pH 
dependent phase transition, comprising: (a) combining a mol 
ecule (e.g., a biologically active molecule such as a poly 
nucleotide, including siNA, miRNA, RNAi inhibitor, anti 
sense, aptamer, decoy, ribozyme, 2-5A, triplex forming 
oligonucleotide, or other nucleic acid molecules) with cat 
ionic lipids in a detergent solution to form a coated molecule 
lipid complex; (b) contacting noncationic lipids with the 
coated molecule-lipid complex to form a detergent Solution 
comprising a siNA-lipid complex and noncationic lipids; and 
(c) dialyzing the detergent solution of step (b) to provide a 
solution of serum-stable molecule-lipid particles, wherein the 
molecule is encapsulated in a lipid bilayer and the particles 
are serum-stable and have a sizeoffrom about 50 to about 600 

0208. In one embodiment, an initial solution of coated 
molecule-lipid (e.g., polynucleotide-lipid) complexes is 
formed, for example, by combining the molecule with the 
cationic lipids in a detergent Solution. 
0209. In these embodiments, the detergent solution is pref 
erably an aqueous solution of a neutral detergent having a 
critical micelle concentration of 15-300 mM, more preferably 
20-50 mM. Examples of suitable detergents include, for 
example, N,N'-((octanoylimino)-bis-(trimethylene))-bis-(D- 
gluconamide) (BIGCHAP); BRIJ 35; Deoxy-BIGCHAP: 
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dodecylpoly(ethylene glycol) ether; Tween 20; Tween 40; 
Tween 60; Tween 80; Tween 85; Mega 8: Mega 9; Zwitter 
gent(R) 3-08; Zwittergent(R) 3-10; Triton X-405; hexyl-, hep 
tyl-, octyl- and nonyl-beta-D-glucopyranoside; and heptylth 
ioglucopyranoside; with octyl B-D-glucopyranoside and 
Tween-20 being the most preferred. The concentration of 
detergent in the detergent solution is typically about 100 mM 
to about 2 M, preferably from about 200 mM to about 1.5M. 
0210. In one embodiment, the cationic lipids and the mol 
ecule of interest (e.g., a biologically active molecule Such as 
a polynucleotide, including siNA, miRNA, RNAi inhibitor, 
antisense, aptamer, decoy, ribozyme, 2-5A, triplex forming 
oligonucleotide, or other nucleic acid molecules) will typi 
cally be combined to produce a charge ratio (+) of about 1:1 
to about 20:1, preferably in a ratio of about 1:1 to about 12:1, 
and more preferably in a ratio of about 2:1 to about 6:1. 
Additionally, the overall concentration of siNA in solution 
will typically be from about 25 ug/mL to about 1 mg/mL, 
preferably from about 25 ug/mL to about 500 ug/mL, and 
more preferably from about 100 ug/mL to about 250 ug/mL. 
The combination of the molecules of interest and cationic 
lipids in detergent solution is kept, typically at room tempera 
ture, for a period of time which is sufficient for the coated 
complexes to form. Alternatively, the molecules of interest 
and cationic lipids can be combined in the detergent Solution 
and warmed to temperatures of up to about 37° C. For mol 
ecules (e.g., certain polynucleotides herein) which are par 
ticularly sensitive to temperature, the coated complexes can 
be formed at lower temperatures, typically down to about 4° 
C 

0211. In one embodiment, the siNA to lipid ratios (mass/ 
mass ratios) in a formed formulated molecular composition 
range from about 0.01 to about 0.08. The ratio of the starting 
materials also falls within this range because the purification 
step typically removes the unencapsulated siNA as well as the 
empty liposomes. In another embodiment, the formulated 
siNA composition preparation uses about 400g siNA per 10 
mg total lipid or a siNA to lipid ratio of about 0.01 to about 
0.08 and, more preferably, about 0.04, which corresponds to 
1.25 mg of total lipid per 50 lug of siNA. A formulated 
molecular composition of the invention is developed to target 
specific organs, tissues, or cell types. In one embodiment, a 
formulated molecular composition of the invention is devel 
oped to target the liver or hepatocytes. Ratios of the various 
components of the formulated molecular composition are 
adjusted to target specific organs, tissues, or cell types. 
0212. In one embodiment, the invention features a method 
for delivering or administering a biologically active molecule 
to a cell or cells in a Subject or organism, comprising admin 
istering a formulated molecular composition of the invention 
under conditions suitable for delivery of the biologically 
active molecule component of the formulated molecular com 
position to the cell or cells of the Subject or organism. In one 
embodiment, the formulated molecular composition is con 
tacted with the cell or cells of the subject or organism as is 
generally known in the art, Such as via parental administration 
(e.g., intravenous, intramuscular, Subcutaneous administra 
tion) or pulmonary administration of the formulated molecu 
lar composition with or without excipients to facilitate the 
administration. 

0213. In one embodiment, the invention features a method 
for delivering or administering a biologically active molecule 
to liver or liver cells (e.g., hepatocytes) in a Subject or organ 
ism, comprising administering a formulated molecular com 
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position of the invention under conditions suitable for deliv 
ery of the biologically active molecule component of the 
formulated molecular composition to the liver or liver cells 
(e.g., hepatocytes) of the Subject or organism. In one embodi 
ment, the formulated molecular composition is contacted 
with the liver or liver cells of the subject or organism as is 
generally known in the art, Such as via parental administration 
(e.g., intravenous, intramuscular, Subcutaneous administra 
tion) or local administration (e.g., direct injection, portal vein 
injection, catheterization, stenting etc.) of the formulated 
molecular composition with or without excipients to facilitate 
the administration. 

0214. In one embodiment, the invention features a method 
for delivering or administering a biologically active molecule 
to kidney or kidney cells in a Subject or organism, comprising 
administering a formulated molecular composition of the 
invention under conditions suitable for delivery of the bio 
logically active molecule component of the formulated 
molecular composition to the kidney or kidney cells of the 
Subject or organism. In one embodiment, the formulated 
molecular composition is contacted with the kidney or kidney 
cells of the Subject or organism as is generally known in the 
art, such as via parental administration (e.g., intravenous, 
intramuscular, Subcutaneous administration) or local admin 
istration (e.g., direct injection, catheterization, Stenting etc.) 
of the formulated molecular composition with or without 
excipients to facilitate the administration. 
0215. In one embodiment, the invention features a method 
for delivering or administering a biologically active molecule 
to tumor or tumor cells in a subject or organism, comprising 
administering a formulated molecular composition of the 
invention under conditions suitable for delivery of the bio 
logically active molecule component of the formulated 
molecular composition to the tumor or tumor cells of the 
Subject or organism. In one embodiment, the formulated 
molecular composition is contacted with the tumor or tumor 
cells of the Subject or organism as is generally known in the 
art, such as via parental administration (e.g., intravenous, 
intramuscular, Subcutaneous administration) or local admin 
istration (e.g., direct injection, catheterization, Stenting etc.) 
of the formulated molecular composition with or without 
excipients to facilitate the administration. 
0216. In one embodiment, the invention features a method 
for delivering or administering a biologically active molecule 
to CNS or CNS cells (e.g., brain, spinal cord) in a subject or 
organism, comprising administering a formulated molecular 
composition of the invention under conditions suitable for 
delivery of the biologically active molecule component of the 
formulated molecular composition to the CNS or CNS cells 
of the Subject or organism. In one embodiment, the formu 
lated molecular composition is contacted with the CNS or 
CNS cells of the Subjector organism as is generally known in 
the art, such as via parental administration (e.g., intravenous, 
intramuscular, Subcutaneous administration) or local admin 
istration (e.g., direct injection, catheterization, Stenting etc.) 
of the formulated molecular composition with or without 
excipients to facilitate the administration. 
0217. In one embodiment, the invention features a method 
for delivering or administering a biologically active molecule 
to lung or lung cells in a Subject or organism, comprising 
administering a formulated molecular composition of the 
invention under conditions suitable for delivery of the bio 
logically active molecule component of the formulated 
molecular composition to the lung or lung cells of the Subject 
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or organism. In one embodiment, the formulated molecular 
composition is contacted with the lung or lung cells of the 
Subject or organism as is generally known in the art, such as 
via parental administration (e.g., intravenous, intramuscular, 
Subcutaneous administration) or local administration (e.g., 
pulmonary administration directly to lung tissues and cells) 
of the formulated molecular composition with or without 
excipients to facilitate the administration. 
0218. In one embodiment, the invention features a method 
for delivering or administering a biologically active molecule 
to vascular or vascular cells in a subject or organism, com 
prising administering a formulated molecular composition of 
the invention under conditions suitable for delivery of the 
biologically active molecule component of the formulated 
molecular composition to the vascular or vascular cells of the 
Subject or organism. In one embodiment, the formulated 
molecular composition is contacted with the vascular or vas 
cular cells of the Subject or organism as is generally known in 
the art, such as via parental administration (e.g., intravenous, 
intramuscular, Subcutaneous administration) or local admin 
istration (e.g., clamping, catheterization, stenting etc.) of the 
formulated molecular composition with or without excipients 
to facilitate the administration. 

0219. In one embodiment, the invention features a method 
for delivering or administering a biologically active molecule 
to skin or skin cells (e.g., dermis or dermis cells, follicle or 
follicular cells) in a Subject or organism, comprising admin 
istering a formulated molecular composition of the invention 
under conditions suitable for delivery of the biologically 
active molecule component of the formulated molecular com 
position to the skin or skin cells of the Subject or organism. In 
one embodiment, the formulated molecular composition is 
contacted with the skin or skin cells of the Subjector organism 
as is generally known in the art, Such as via parental admin 
istration (e.g., intravenous, intramuscular, Subcutaneous 
administration) or local administration (e.g., direct dermal 
application, iontophoresis etc.) of the formulated molecular 
composition with or without excipients to facilitate the 
administration. 

0220. In one embodiment, the invention features a method 
for delivering or administering a biologically active molecule 
to the eye or ocular cells (e.g., macula, fovea, cornea, retina 
etc.) in a subject or organism, comprising administering a 
formulated molecular composition of the invention under 
conditions suitable for delivery of the biologically active 
molecule component of the formulated molecular composi 
tion to the eye or ocular cells of the Subjector organism. In one 
embodiment, the formulated molecular composition is con 
tacted with the eye or ocular cells of the subject or organism 
as is generally known in the art, Such as via parental admin 
istration (e.g., intravenous, intramuscular, Subcutaneous 
administration) or local administration (e.g., direct injection, 
intraocular injection, periocular injection, iontophoresis, use 
of eyedrops, inplants etc.) of the formulated molecular com 
position with or without excipients to facilitate the adminis 
tration. 

0221. In one embodiment, the invention features a method 
for delivering or administering a biologically active molecule 
to the ear or cells of the ear (e.g., inner ear, middle ear, outer 
ear) in a subject or organism, comprising administering a 
formulated molecular composition of the invention under 
conditions suitable for delivery of the biologically active 
molecule component of the formulated molecular composi 
tion to the ear or ear cells of the Subject or organism. In one 
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embodiment, the administration comprises methods and 
devices as described in U.S. Pat. Nos. 5,421,818, 5,476,446, 
5,474,529, 6,045,528, 6,440,102, 6,685,697, 6,120,484; and 
5,572.594; all incorporated by reference in their entireties 
herein and the teachings of Silverstein, 1999, Ear Nose Throat 
J., 78, 595-8, 600; and Jackson and Silverstein, 2002, Oto 
laryngol Clin North Am., 35, 639-53, and adapted for use the 
compositions of the invention. 
0222. In one embodiment, the invention features a formu 
lated siNA composition comprising a short interfering 
nucleic acid (siNA) molecule that down-regulates expression 
ofa target gene, wherein said SiNA molecule comprises about 
15 to about 28 base pairs. 
0223. In one embodiment, the invention features a formu 
lated SiNA composition comprising a double stranded short 
interfering nucleic acid (siNA) molecule that directs cleavage 
of a target RNA via RNA interference (RNAi), wherein the 
double stranded siNA molecule comprises a first and a second 
strand, each strand of the siNA molecule is about 18 to about 
28 nucleotides in length, the first strand of the siNA comprises 
nucleotide sequence having Sufficient complementarity to the 
target RNA for the siNA molecule to direct cleavage of the 
target RNA via RNA interference, and the second strand of 
said SiNA molecule comprises nucleotide sequence that is 
complementary to the first strand. 
0224. In one embodiment, the invention features a formu 
lated SiNA composition comprising a double stranded short 
interfering nucleic acid (siNA) molecule that directs cleavage 
of a target RNA via RNA interference (RNAi), wherein the 
double stranded siNA molecule comprises a first and a second 
strand, each strand of the siNA molecule is about 18 to about 
23 nucleotides in length, the first strand of the siNA molecule 
comprises nucleotide sequence having Sufficient comple 
mentarity to the target RNA for the siNA molecule to direct 
cleavage of the target RNA via RNA interference, and the 
second strand of said siNA molecule comprises nucleotide 
sequence that is complementary to the first strand. 
0225. In one embodiment, the invention features a formu 
lated SiNA composition comprising a chemically synthesized 
double stranded short interfering nucleic acid (siNA) mol 
ecule that directs cleavage of a target RNA via RNA interfer 
ence (RNAi), wherein each strand of the siNA molecule is 
about 18 to about 28 nucleotides in length; and one strand of 
the SiNA molecule comprises nucleotide sequence having 
sufficient complementarity to the target RNA for the siNA 
molecule to direct cleavage of the target RNA via RNA inter 
ference. 

0226. In one embodiment, the invention features a formu 
lated SiNA composition comprising a chemically synthesized 
double stranded short interfering nucleic acid (siNA) mol 
ecule that directs cleavage of a target RNA via RNA interfer 
ence (RNAi), wherein each strand of the siNA molecule is 
about 18 to about 23 nucleotides in length; and one strand of 
the SiNA molecule comprises nucleotide sequence having 
sufficient complementarity to the target RNA for the siNA 
molecule to direct cleavage of the target RNA via RNA inter 
ference. 

0227. In one embodiment, the invention features a formu 
lated SiNA composition comprising a siNA molecule that 
down-regulates expression of a target gene, for example, 
wherein the target gene comprises target encoding sequence. 
In one embodiment, the invention features a siNA molecule 
that down-regulates expression of a target gene, for example, 



US 2010/0048888 A1 

wherein the target gene comprises target non-coding 
sequence or regulatory elements involved in target gene 
expression. 
0228. In one embodiment, a siNA of the invention is used 
to inhibit the expression of target genes or a target gene 
family, wherein the genes or gene family sequences share 
sequence homology. Such homologous sequences can be 
identified as is known in the art, for example using sequence 
alignments. SiNA molecules can be designed to target Such 
homologous sequences, for example using perfectly comple 
mentary sequences or by incorporating non-canonical base 
pairs, for example mismatches and/or wobble base pairs that 
can provide additional target sequences. In instances where 
mismatches are identified, non-canonical base pairs (for 
example, mismatches and/or wobble bases) can be used to 
generate siNA molecules that target more than one gene 
sequence. In a non-limiting example, non-canonical base 
pairs such as UU and CC base pairs are used to generate siNA 
molecules that are capable of targeting sequences for differ 
ing targets that share sequence homology. As such, one 
advantage of using siNAS of the invention is that a single siNA 
can be designed to include nucleic acid sequence that is 
complementary to the nucleotide sequence that is conserved 
between the homologous genes. In this approach, a single 
siNA can be used to inhibit expression of more than one gene 
instead of using more than one siNA molecule to target the 
different genes. 
0229. In one embodiment, the invention features a formu 
lated siNA composition comprising a siNA molecule having 
RNAi activity against a target RNA, wherein the siNA mol 
ecule comprises a sequence complementary to any RNA hav 
ing target encoding sequence. Examples of siNA molecules 
suitable for the formulations described herein are provided in 
application Ser. No. 04/106390 (WO 05/19453), which is 
hereby incorporated by reference in its entirety. Chemical 
modifications as described in PCT/US 2004/106390 (WO 
05/19453), U.S. Ser. No. 10/444,853, filed May 23, 2003 U.S. 
Ser. No. 10/923,536 filed Aug. 20, 2004, U.S. Ser. No. 
1 1/234,730, filed Sep. 23, 2005 or U.S. Ser. No. 1 1/299,254, 
filed Dec. 8, 2005, all incorporated by reference in their 
entireties herein, or otherwise described herein can be applied 
to any siNA construct of the invention. In another embodi 
ment, a siNA molecule of the invention includes a nucleotide 
sequence that can interact with nucleotide sequence of a 
target gene and thereby mediate silencing of target gene 
expression, for example, wherein the siNA mediates regula 
tion of target gene expression by cellular processes that 
modulate the chromatin structure or methylation patterns of 
the target gene and prevent transcription of the target gene. 
0230. In one embodiment, siNA molecules of the inven 
tion are used to down regulate or inhibit the expression of 
target proteins arising from target haplotype polymorphisms 
that are associated with a disease or condition (e.g. alopecia, 
hair loss, and/or atrichia). Analysis of target genes, or target 
protein or RNA levels can be used to identify subjects with 
Such polymorphisms or those Subjects who are at risk of 
developing traits, conditions, or diseases described herein. 
These subjects are amenable to treatment, for example, treat 
ment with siNA molecules of the invention and any other 
composition useful in treating diseases related to target gene 
expression. As such, analysis of target protein or RNA levels 
can be used to determine treatment type and the course of 
therapy in treating a subject. Monitoring of target protein or 
RNA levels can be used to predict treatment outcome and to 
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determine the efficacy of compounds and compositions that 
modulate the level and/or activity of certain target proteins 
associated with a trait, condition, or disease. 
0231. In one embodiment, a siNA molecule of the inven 
tion comprises an antisense strand comprising a nucleotide 
sequence that is complementary to a nucleotide sequence or a 
portion thereof encoding a target protein. The siNA further 
comprises a sense Strand, wherein said sense strand com 
prises a nucleotide sequence of a target gene or a portion 
thereof. 

0232. In another embodiment, a siNA of the invention 
comprises an antisense region comprising a nucleotide 
sequence that is complementary to a nucleotide sequence 
encoding a target protein or a portion thereof. The siNA 
molecule further comprises a sense region, wherein said 
sense region comprises a nucleotide sequence of a target gene 
or a portion thereof. 
0233. In another embodiment, a siNA of the invention 
comprises a nucleotide sequence in the antisense region of the 
siNA molecule that is complementary to a nucleotide 
sequence or portion of sequence of a target gene. In another 
embodiment, a siNA of the invention comprises a region, for 
example, the antisense region of the siNA construct that is 
complementary to a sequence comprising a target gene 
sequence or a portion thereof. 
0234. In one embodiment, a siNA molecule of the inven 
tion comprises an antisense Strand having about 15 to about 
30(e.g., about 15, 16, 17, 18, 19, 20, 21, 22,23,24,25,26, 27, 
28, 29, or 30) nucleotides, wherein the antisense strand is 
complementary to a RNA sequence or a portion thereof 
encoding a target protein, and wherein said siNA further 
comprises a sense strand having about 15 to about 30 (e.g., 
about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 
or 30) nucleotides, and wherein said sense Strand and said 
antisense Strand are distinct nucleotide sequences where at 
least about 15 nucleotides in each strand are complementary 
to the other strand. 

0235. In another embodiment, a siNA molecule of the 
invention comprises an antisense region having about 15 to 
about 30 (e.g., about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 
26, 27, 28, 29, or 30) nucleotides, wherein the antisense 
region is complementary to a RNA sequence encoding a 
target protein, and wherein said SiNA further comprises a 
sense region having about 15 to about 30 (e.g., about 15, 16, 
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30) 
nucleotides, wherein said sense region and said antisense 
region are comprised in a linear molecule where the sense 
region comprises at least about 15 nucleotides that are 
complementary to the antisense region. 
0236. In one embodiment, a siNA molecule of the inven 
tion has RNAi activity that modulates expression of RNA 
encoded by a target gene. Because target genes can share 
Some degree of sequence homology with each other, siNA 
molecules can be designed to target a class of target genes or 
alternately specific target genes (e.g., polymorphic variants) 
by selecting sequences that are either shared amongst differ 
ent targets or alternatively that are unique for a specific target. 
Therefore, in one embodiment, the siNA molecule can be 
designed to target conserved regions of target RNA sequences 
having homology among several target gene variants so as to 
target a class of target genes with one siNA molecule. Accord 
ingly, in one embodiment, the siNA molecule of the invention 
modulates the expression of one or both target alleles in a 
subject. In another embodiment, the siNA molecule can be 
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designed to target a sequence that is unique to a specific target 
RNA sequence (e.g., a single target allele or target single 
nucleotide polymorphism (SNP)) due to the high degree of 
specificity that the siNA molecule requires to mediate RNAi 
activity. 
0237. In one embodiment, a siNA molecule of the inven 
tion is double-stranded. In another embodiment, the siNA 
molecules of the invention consist of duplex nucleic acid 
molecules containing about 15 to about 30 base pairs between 
oligonucleotides comprising about 15 to about 30 (e.g., about 
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30) 
nucleotides. In yet another embodiment, siNA molecules of 
the invention comprise duplex nucleic acid molecules with 
overhanging ends of about 1 to about 3 (e.g., about 1, 2, or 3) 
nucleotides, for example, about 21-nucleotide duplexes with 
about 19 base pairs and 3'-terminal mononucleotide, dinucle 
otide, or trinucleotide overhangs. In yet another embodiment, 
siNA molecules of the invention comprise duplex nucleic 
acid molecules with bluntends, where both ends are blunt, or 
alternatively, where one of the ends is blunt. 
0238. In one embodiment, siNA molecules of the inven 
tion have specificity for nucleic acid molecules expressing 
target proteins, such as RNA encoding a target protein. In one 
embodiment, a siNA molecule of the invention is RNA based 
(e.g., a siNA comprising 2'-OH nucleotides) and includes one 
or more chemical modifications, such as those described 
herein. Non-limiting examples of Such chemical modifica 
tions include without limitation phosphorothioate internucle 
otide linkages, 2'-deoxyribonucleotides, 2'-O-methyl ribo 
nucleotides. 2'-deoxy-2'-fluoro ribonucleotides, “universal 
base' nucleotides, “acyclic nucleotides, 5-C-methyl nucle 
otides, and terminal glyceryl and/or inverted deoxy abasic 
residue incorporation. These chemical modifications, when 
used in various siNA constructs, (e.g., RNA based siNA con 
structs), are shown to preserve RNAi activity in cells while at 
the same time, dramatically increasing the serum stability of 
these compounds. Furthermore, contrary to the data pub 
lished by Parrish et al., Supra, applicant demonstrates that 
multiple (greater than one) phosphorothioate Substitutions 
are well-tolerated and confer Substantial increases in serum 
stability for modified siNA constructs. 
0239. In one embodiment, a siNA molecule of the inven 
tion comprises modified nucleotides while maintaining the 
ability to mediate RNAi. The modified nucleotides can be 
used to improve in vitro or in vivo characteristics Such as 
stability, activity, and/or bioavailability. For example, a siNA 
molecule of the invention can comprise modified nucleotides 
as a percentage of the total number of nucleotides present in 
the siNA molecule. As such, a siNA molecule of the invention 
can generally comprise about 5% to about 100% modified 
nucleotides (e.g., about 5%, 10%, 15%, 20%, 25%, 30%, 
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 
85%, 90%. 95% or 100% modified nucleotides). The actual 
percentage of modified nucleotides present in a given siNA 
molecule will depend on the total number of nucleotides 
present in the siNA. If the siNA molecule is single stranded, 
the percent modification can be based upon the total number 
of nucleotides present in the single stranded siNA molecules. 
Likewise, if the siNA molecule is double stranded, the percent 
modification can be based upon the total number of nucle 
otides present in the sense Strand, antisense strand, or both the 
sense and antisense Strands. 

0240. One aspect of the invention features a formulated 
siNA composition comprising a double-stranded short inter 
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fering nucleic acid (siNA) molecule that down-regulates 
expression of a target gene. In one embodiment, the double 
Stranded SiNA molecule comprises one or more chemical 
modifications and each strand of the double-stranded siNA is 
about 21 nucleotides long. In one embodiment, the double 
Stranded SiNA molecule does not contain any ribonucle 
otides. In another embodiment, the double-stranded siNA 
molecule comprises one or more ribonucleotides. In one 
embodiment, each strand of the double-stranded siNA mol 
ecule independently comprises about 15 to about 30 (e.g., 
about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 
or 30) nucleotides, wherein each strand comprises about 15 to 
about 30 (e.g., about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 
26, 27, 28, 29, or 30) nucleotides that are complementary to 
the nucleotides of the other strand. In one embodiment, one of 
the strands of the double-stranded siNA molecule comprises 
a nucleotide sequence that is complementary to a nucleotide 
sequence or a portion thereof of the target gene, and the 
second strand of the double-stranded siNA molecule com 
prises a nucleotide sequence Substantially similar to the 
nucleotide sequence of the target gene or a portion thereof. 
0241. In another embodiment, the invention features a for 
mulated SiNA composition comprising a double-stranded 
short interfering nucleic acid (siNA) molecule that down 
regulates expression of a target gene comprising an antisense 
region, wherein the antisense region comprises a nucleotide 
sequence that is complementary to a nucleotide sequence of 
the target gene or a portion thereof, and a sense region, 
wherein the sense region comprises a nucleotide sequence 
Substantially similar to the nucleotide sequence of the target 
gene or a portion thereof. In one embodiment, the antisense 
region and the sense region independently comprise about 15 
to about 30 (e.g. about 15, 16, 17, 18, 19, 20, 21, 22,23, 24, 25, 
26, 27, 28, 29, or 30) nucleotides, wherein the antisense 
region comprises about 15 to about 30 (e.g. about 15, 16, 17. 
18, 19, 20, 21, 22,23, 24, 25, 26, 27, 28, 29, or 30) nucleotides 
that are complementary to nucleotides of the sense region. 
0242. In another embodiment, the invention features a for 
mulated SiNA composition comprising a double-stranded 
short interfering nucleic acid (siNA) molecule that down 
regulates expression of a target gene comprising a sense 
region and an antisense region, wherein the antisense region 
comprises a nucleotide sequence that is complementary to a 
nucleotide sequence of RNA encoded by the target gene or a 
portion thereof and the sense region comprises a nucleotide 
sequence that is complementary to the antisense region. 
0243 In one embodiment, a siNA molecule of the inven 
tion comprises blunt ends, i.e., ends that do not include any 
overhanging nucleotides. For example, a siNA molecule 
comprising modifications described in U.S. Ser. No. 10/444, 
853, filed May 23, 2003, U.S. Ser. No. 10/923,536 filed Aug. 
20, 2004, or U.S. Ser. No. 1 1/234,730, filed Sep. 23, 2005, all 
incorporated by reference in their entireties herein, or any 
combination thereof and/or any length described herein can 
comprise bluntends or ends with no overhanging nucleotides. 
0244. In one embodiment, any siNA molecule of the 
invention can comprise one or more blunt ends, i.e. where a 
blunt end does not have any overhanging nucleotides. In one 
embodiment, the bluntended siNA molecule has a number of 
base pairs equal to the number of nucleotides present in each 
strand of the siNA molecule. In another embodiment, the 
siNA molecule comprises one bluntend, for example wherein 
the 5'-end of the antisense strand and the 3'-end of the sense 
Strand do not have any overhanging nucleotides. In another 
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example, the siNA molecule comprises one blunt end, for 
example wherein the 3'-end of the antisense strand and the 
5'-end of the sense Strand do not have any overhanging nucle 
otides. In another example, a siNA molecule comprises two 
blunt ends, for example wherein the 3'-end of the antisense 
strand and the 5'-end of the sense strand as well as the 5'-end 
of the antisense strand and 3'-end of the sense strand do not 
have any overhanging nucleotides. A blunt ended siNA mol 
ecule can comprise, for example, from about 15 to about 30 
nucleotides (e.g., about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24. 
25, 26, 27, 28, 29, or 30 nucleotides). Other nucleotides 
present in a blunt ended siNA molecule can comprise, for 
example, mismatches, bulges, loops, or wobble base pairs to 
modulate the activity of the siNA molecule to mediate RNA 
interference. 

0245. By “blunt ends' is meant symmetric termini, or 
termini of a double stranded siNA molecule having no over 
hanging nucleotides. The two strands of a double stranded 
siNA molecule align with each other without over-hanging 
nucleotides at the termini. For example, a blunt ended siNA 
construct comprises terminal nucleotides that are comple 
mentary between the sense and antisense regions of the siNA 
molecule. 

0246. In one embodiment, the invention features a formu 
lated SiNA composition comprising a double-stranded short 
interfering nucleic acid (siNA) molecule that down-regulates 
expression of a target gene, wherein the siNA molecule is 
assembled from two separate oligonucleotide fragments 
wherein one fragment comprises the sense region and the 
second fragment comprises the antisense region of the siNA 
molecule. The sense region can be connected to the antisense 
region via a linker molecule. Such as a polynucleotide linker 
or a non-nucleotide linker. 

0247. In one embodiment, the invention features a formu 
lated SiNA composition comprising a double-stranded short 
interfering nucleic acid (siNA) molecule that down-regulates 
expression of a target gene, wherein the siNA molecule com 
prises about 15 to about 30 (e.g. about 15, 16, 17, 18, 19, 20, 
21, 22, 23, 24, 25, 26, 27, 28, 29, or 30) base pairs, and 
wherein each strand of the siNA molecule comprises one or 
more chemical modifications. In another embodiment, one of 
the strands of the double-stranded siNA molecule comprises 
a nucleotide sequence that is complementary to a nucleotide 
sequence of a target gene or a portion thereof, and the second 
strand of the double-stranded siNA molecule comprises a 
nucleotide sequence Substantially similar to the nucleotide 
sequence or a portion thereof of the target gene. In another 
embodiment, one of the strands of the double-stranded siNA 
molecule comprises a nucleotide sequence that is comple 
mentary to a nucleotide sequence of a target gene or portion 
thereof, and the second strand of the double-stranded siNA 
molecule comprises a nucleotide sequence Substantially simi 
lar to the nucleotide sequence or portion thereof of the target 
gene. In another embodiment, each strand of the siNA mol 
ecule comprises about 15 to about 30 (e.g. about 15, 16, 17. 
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30) nucle 
otides, and each strand comprises at least about 15 to about 30 
(e.g. about 15, 16, 17, 18, 19, 20, 21, 22,23,24,25,26, 27, 28, 
29, or 30) nucleotides that are complementary to the nucle 
otides of the other strand. 

0248. In any of the embodiments described herein, a siNA 
molecule of the invention can comprise no ribonucleotides. 
Alternatively, a siNA molecule of the invention can comprise 
one or more ribonucleotides. 
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0249. In one embodiment, a siNA molecule of the inven 
tion comprises an antisense region comprising a nucleotide 
sequence that is complementary to a nucleotide sequence of a 
target gene or a portion thereof, and the siNA further com 
prises a sense region comprising a nucleotide sequence Sub 
stantially similar to the nucleotide sequence of the target gene 
or a portion thereof. In another embodiment, the antisense 
region and the sense region each comprise about 15 to about 
30(e.g. about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 
28, 29, or 30) nucleotides and the antisense region comprises 
at least about 15 to about 30 (e.g. about 15, 16, 17, 18, 19, 20, 
21, 22, 23, 24, 25, 26, 27, 28, 29, or 30) nucleotides that are 
complementary to nucleotides of the sense region. The target 
gene can comprise, for example, sequences referred to by 
Genbank Accession Nos. in PCT Publication No. WO 
03/74654, serial No. PCT/US03/05028 or U.S. Ser. No. 
10/923,536. In another embodiment, the siNA is a double 
stranded nucleic acid molecule, where each of the two strands 
of the siNA molecule independently comprise about 15 to 
about 40 (e.g. about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 
26, 27, 28, 29, 30, 31, 23, 33, 34, 35,36, 37, 38, 39, or 40) 
nucleotides, and where one of the strands of the siNA mol 
ecule comprises at least about 15 (e.g. about 15, 16, 17, 18, 19. 
20, 21, 22, 23, 24 or 25 or more) nucleotides that are comple 
mentary to the nucleic acid sequence of the target gene or a 
portion thereof. 
(0250. In one embodiment, a siNA molecule of the inven 
tion comprises a sense region and an antisense region, 
wherein the antisense region comprises a nucleotide 
sequence that is complementary to a nucleotide sequence of 
RNA encoded by a target gene, or a portion thereof, and the 
sense region comprises a nucleotide sequence that is comple 
mentary to the antisense region. In one embodiment, the siNA 
molecule is assembled from two separate oligonucleotide 
fragments, wherein one fragment comprises the sense region 
and the second fragment comprises the antisense region of the 
siNA molecule. In another embodiment, the sense region is 
connected to the antisense region via a linker molecule. In 
another embodiment, the sense region is connected to the 
antisense region via a linker molecule, such as a nucleotide or 
non-nucleotide linker. The target gene can comprise, for 
example, sequences referred to in PCT Publication No. WO 
03/74654, serial No. PCT/US03/05028 or U.S. Ser. No. 
10/923,536 or otherwise known in the art. 
0251. In one embodiment, the invention features a formu 
lated SiNA composition comprising a double-stranded short 
interfering nucleic acid (siNA) molecule that down-regulates 
expression of a target gene comprising a sense region and an 
antisense region, wherein the antisense region comprises a 
nucleotide sequence that is complementary to a nucleotide 
sequence of RNA encoded by the target gene or a portion 
thereof and the sense region comprises a nucleotide sequence 
that is complementary to the antisense region, and wherein 
the siNA molecule has one or more modified pyrimidine 
and/or purine nucleotides. In one embodiment, the pyrimi 
dine nucleotides in the sense region are 2'-O-methyl pyrimi 
dine nucleotides or 2'-deoxy-2'-fluoropyrimidine nucleotides 
and the purine nucleotides present in the sense region are 
2'-deoxy purine nucleotides. In another embodiment, the 
pyrimidine nucleotides in the sense region are 2'-deoxy-2'- 
fluoro pyrimidine nucleotides and the purine nucleotides 
present in the sense region are 2'-O-methyl purine nucle 
otides. In another embodiment, the pyrimidine nucleotides in 
the sense region are 2'-deoxy-2'-fluoro pyrimidine nucle 
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otides and the purine nucleotides present in the sense region 
are 2'-deoxy purine nucleotides. In one embodiment, the pyri 
midine nucleotides in the antisense region are 2'-deoxy-2'- 
fluoro pyrimidine nucleotides and the purine nucleotides 
present in the antisense region are 2'-O-methyl or 2'-deoxy 
purine nucleotides. In another embodiment of any of the 
above-described siNA molecules, any nucleotides present in 
a non-complementary region of the sense Strand (e.g. over 
hang region) are 2'-deoxynucleotides. 
0252. In one embodiment, the invention features a formu 
lated SiNA composition comprising a double-stranded short 
interfering nucleic acid (siNA) molecule that down-regulates 
expression of a target gene, wherein the siNA molecule is 
assembled from two separate oligonucleotide fragments 
wherein one fragment comprises the sense region and the 
second fragment comprises the antisense region of the siNA 
molecule, and wherein the fragment comprising the sense 
region includes a terminal cap moiety at the 5'-end, the 3'-end, 
or both of the 5' and 3' ends of the fragment. In one embodi 
ment, the terminal cap moiety is an inverted deoxy abasic 
moiety or glyceryl moiety. In one embodiment, each of the 
two fragments of the siNA molecule independently comprise 
about 15 to about 30 (e.g. about 15, 16, 17, 18, 19, 20, 21, 22, 
23, 24, 25, 26, 27, 28, 29, or 30) nucleotides. In another 
embodiment, each of the two fragments of the siNA molecule 
independently comprise about 15 to about 40 (e.g. about 15, 
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 23, 
33,34,35,36, 37,38,39, or 40) nucleotides. In a non-limiting 
example, each of the two fragments of the siNA molecule 
comprises about 21 nucleotides. 
0253. In one embodiment, the invention features a formu 
lated SiNA composition comprising a siNA molecule com 
prising at least one modified nucleotide, wherein the modified 
nucleotide is a 2'-deoxy-2'-fluoro nucleotide. The siNA can 
be, for example, about 15 to about 40 nucleotides in length. In 
one embodiment, all pyrimidine nucleotides present in the 
siNA are 2'-deoxy-2'-fluoro pyrimidine nucleotides. In one 
embodiment, the modified nucleotides in the siNA include at 
least one 2'-deoxy-2'-fluoro cytidine or 2'-deoxy-2'-fluoro 
uridine nucleotide. In another embodiment, the modified 
nucleotides in the siNA include at least one 2'-fluoro cytidine 
and at least one 2'-deoxy-2'-fluoro uridine nucleotides. In one 
embodiment, all uridine nucleotides present in the siNA are 
2'-deoxy-2'-fluoro uridine nucleotides. In one embodiment, 
all cytidine nucleotides present in the siNA are 2'-deoxy-2'- 
fluorocytidine nucleotides. In one embodiment, alladenosine 
nucleotides present in the siNA are 2'-deoxy-2'-fluoro 
adenosine nucleotides. In one embodiment, all guanosine 
nucleotides present in the siNA are 2'-deoxy-2'-fluoro gua 
nosine nucleotides. The siNA can further comprise at least 
one modified internucleotidic linkage, such as phospho 
rothioate linkage. In one embodiment, the 2'-deoxy-2'-fluo 
ronucleotides are present at specifically selected locations in 
the siNA that are sensitive to cleavage by ribonucleases, such 
as locations having pyrimidine nucleotides. 
0254. In one embodiment, the invention features a method 
of increasing the stability of a siNA molecule of the invention 
against cleavage by ribonucleases comprising introducing at 
least one modified nucleotide into the siNA molecule, 
wherein the modified nucleotide is a 2'-deoxy-2'-fluoro 
nucleotide. In one embodiment, all pyrimidine nucleotides 
present in the siNA are 2'-deoxy-2'-fluoropyrimidine nucle 
otides. In one embodiment, the modified nucleotides in the 
siNA include at least one 2'-deoxy-2'-fluoro cytidine or 
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2'-deoxy-2'-fluoro uridine nucleotide. In another embodi 
ment, the modified nucleotides in the siNA include at least 
one 2'-fluoro cytidine and at least one 2'-deoxy-2'-fluoro uri 
dine nucleotides. In one embodiment, alluridine nucleotides 
present in the siNA are 2'-deoxy-2'-fluoro uridine nucle 
otides. In one embodiment, all cytidine nucleotides present in 
the siNA are 2'-deoxy-2'-fluoro cytidine nucleotides. In one 
embodiment, all adenosine nucleotides present in the siNA 
are 2'-deoxy-2'-fluoroadenosine nucleotides. In one embodi 
ment, all guanosine nucleotides present in the siNA are 
2'-deoxy-2'-fluoro guanosine nucleotides. The siNA can fur 
ther comprise at least one modified internucleotidic linkage, 
Such as phosphorothioate linkage. In one embodiment, the 
2'-deoxy-2'-fluoronucleotides are present at specifically 
selected locations in the siNA that are sensitive to cleavage by 
ribonucleases, such as locations having pyrimidine nucle 
otides. 

0255. In one embodiment, the invention features a formu 
lated SiNA composition comprising a double-stranded short 
interfering nucleic acid (siNA) molecule that down-regulates 
expression of a target gene comprising a sense region and an 
antisense region, wherein the antisense region comprises a 
nucleotide sequence that is complementary to a nucleotide 
sequence of RNA encoded by the target gene or a portion 
thereof and the sense region comprises a nucleotide sequence 
that is complementary to the antisense region, and wherein 
the purine nucleotides present in the antisense region com 
prise 2'-deoxy-purine nucleotides. In an alternative embodi 
ment, the purine nucleotides present in the antisense region 
comprise 2'-O-methyl purine nucleotides. In either of the 
above embodiments, the antisense region can comprise a 
phosphorothioate internucleotide linkage at the 3' end of the 
antisense region. Alternatively, in either of the above embodi 
ments, the antisense region can comprise a glyceryl modifi 
cation at the 3' end of the antisense region. In another embodi 
ment of any of the above-described siNA molecules, any 
nucleotides present in a non-complementary region of the 
antisense Strand (e.g. overhang region) are 2'-deoxy nucle 
otides. 

0256 In one embodiment, the antisense region of a siNA 
molecule of the invention comprises sequence complemen 
tary to a portion of a target transcript having sequence unique 
to a particular target disease related allele. Such as sequence 
comprising a single nucleotide polymorphism (SNP) associ 
ated with the disease specific allele. As such, the antisense 
region of a siNA molecule of the invention can comprise 
sequence complementary to sequences that are unique to a 
particular allele to provide specificity in mediating selective 
RNAi against the disease, condition, or trait related allele. 
0257. In one embodiment, the invention features a formu 
lated SiNA composition comprising a double-stranded short 
interfering nucleic acid (siNA) molecule that down-regulates 
expression of a target gene, wherein the siNA molecule is 
assembled from two separate oligonucleotide fragments 
wherein one fragment comprises the sense region and the 
second fragment comprises the antisense region of the siNA 
molecule. In another embodiment, the siNA molecule is a 
double stranded nucleic acid molecule, where each Strand is 
about 21 nucleotides long and where about 19 nucleotides of 
each fragment of the siNA molecule are base-paired to the 
complementary nucleotides of the other fragment of the siNA 
molecule, wherein at least two 3' terminal nucleotides of each 
fragment of the siNA molecule are not base-paired to the 
nucleotides of the other fragment of the siNA molecule. In 
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another embodiment, the siNA molecule is a double stranded 
nucleic acid molecule, where each strand is about 19 nucle 
otide long and where the nucleotides of each fragment of the 
siNA molecule are base-paired to the complementary nucle 
otides of the other fragment of the siNA molecule to form at 
least about 15 (e.g., 15, 16, 17, 18, or 19) base pairs, wherein 
one or both ends of the siNA molecule are bluntends. In one 
embodiment, each of the two 3' terminal nucleotides of each 
fragment of the siNA molecule is a 2'-deoxy-pyrimidine 
nucleotide, Such as a 2'-deoxy-thymidine. In another embodi 
ment, all nucleotides of each fragment of the siNA molecule 
are base-paired to the complementary nucleotides of the other 
fragment of the siNA molecule. In another embodiment, the 
siNA molecule is a double stranded nucleic acid molecule of 
about 19 to about 25 base pairs having a sense region and an 
antisense region, where about 19 nucleotides of the antisense 
region are base-paired to the nucleotide sequence or a portion 
thereof of the RNA encoded by the target gene. In another 
embodiment, about 21 nucleotides of the antisense region are 
base-paired to the nucleotide sequence or a portion thereof of 
the RNA encoded by the target gene. In any of the above 
embodiments, the 5'-end of the fragment comprising said 
antisense region can optionally include a phosphate group. 
0258. In any of the embodiments described herein, a siNA 
molecule of the invention can comprise one or more of the 
stabilization chemistries shown in Table I or described in 
PCT/US 2004/106390 (WO 05/19453), U.S. Ser. No. 10/444, 
853, filed May 23, 2003 U.S. Ser. No. 10/923,536 filed Aug. 
20, 2004, U.S. Ser. No. 1 1/234,730, filed Sep. 23, 2005 or 
U.S. Ser. No. 11/299,254, filed Dec. 8, 2005, all incorporated 
by reference in their entireties herein. 
0259. In one embodiment, the invention features a formu 
lated SiNA composition comprising a double-stranded short 
interfering nucleic acid (siNA) molecule that inhibits the 
expression of a target RNA sequence (e.g., wherein said target 
RNA sequence is encoded by a target gene involved in the 
target pathway), wherein the siNA molecule does not contain 
any ribonucleotides and wherein each strand of the double 
stranded siNA molecule is about 15 to about 30 nucleotides. 
In one embodiment, the siNA molecule is 21 nucleotides in 
length. Examples of non-ribonucleotide containing siNA 
constructs are combinations of Stabilization chemistries 
described in PCT/US 2004/106390 (WO 05/19453), U.S. Ser. 
No. 10/444,853, filed May 23, 2003 U.S. Ser. No. 10/923,536 
filed Aug. 20, 2004, U.S. Ser. No. 1 1/234,730, filed Sep. 23, 
2005 or U.S. Ser. No. 1 1/299,254, filed Dec. 8, 2005, all 
incorporated by reference in their entireties herein. 
0260. In one embodiment, the invention features a formu 
lated SiNA composition comprising a chemically synthesized 
double stranded RNA molecule that directs cleavage of a 
target RNA via RNA interference, wherein each strand of said 
RNA molecule is about 15 to about 30 nucleotides in length; 
one strand of the RNA molecule comprises nucleotide 
sequence having Sufficient complementarity to the target 
RNA for the RNA molecule to direct cleavage of the target 
RNA via RNA interference; and wherein at least one strand of 
the RNA molecule optionally comprises one or more chemi 
cally modified nucleotides described herein, such as without 
limitation deoxynucleotides. 2'-O-methyl nucleotides, 
2'-deoxy-2'-fluoro nucleotides. 2'-O-methoxyethyl nucle 
otides etc. 

0261. In one embodiment, the invention features a com 
position comprising a formulated SiNA composition of the 
invention in a pharmaceutically acceptable carrier or diluent. 
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0262. In one embodiment, the invention features a double 
stranded short interfering nucleic acid (siNA) molecule that 
inhibits the expression of a target RNA sequence, wherein the 
siNA molecule does not contain any ribonucleotides and 
wherein each strand of the double-stranded siNA molecule is 
about 15 to about 30 nucleotides. In one embodiment, the 
siNA molecule is 21 nucleotides in length. Examples of non 
ribonucleotide containing siNA constructs are combinations 
of stabilization chemistries shown in Table I in any combina 
tion of Sense/Antisense chemistries, such as Stab 778, Stab 
7/11, Stab 8/8, Stab 1878, Stab 18/11, Stab 12/13, Stab 7/13, 
Stab. 18/13, Stab 7/19, Stab 8/19, Stab 18/19, Stab 7/20, Stab 
8/20, Stab 18/20, Stab 7/32, Stab 8/32, or Stab 18/32 (e.g., any 
siNA having Stab 7, 8, 11, 12, 13, 14, 15, 17, 18, 19, 20, or 32 
sense or antisense strands or any combination thereof). 
Herein, numeric Stab chemistries can include both 2'-fluoro 
and 2'-OCF3 versions of the chemistries shown in Table I. For 
example, “Stab 7/8” refers to both Stab 7/8 and Stab 7F/8F 
etc. In one embodiment, the invention features a chemically 
synthesized double stranded RNA molecule that directs 
cleavage of a target RNA via RNA interference, wherein each 
strand of said RNA molecule is about 15 to about 30 nucle 
otides in length; one strand of the RNA molecule comprises 
nucleotide sequence having Sufficient complementarity to the 
target RNA for the RNA molecule to direct cleavage of the 
target RNA via RNA interference; and wherein at least one 
strand of the RNA molecule optionally comprises one or 
more chemically modified nucleotides described herein, such 
as without limitation deoxynucleotides. 2'-O-methyl nucle 
otides. 2'-deoxy-2'-fluoro nucleotides. 2'-O-methoxyethyl 
nucleotides, 4'-thio nucleotides. 2'-O-trifluoromethyl nucle 
otides. 2'-O-ethyl-trifluoromethoxynucleotides. 2'-O-difluo 
romethoxy-ethoxy nucleotides, etc. 
0263. In one embodiment, the invention features a chemi 
cally-modified short interfering nucleic acid (siNA) molecule 
capable of mediating RNA interference (RNAi) inside a cell 
or reconstituted in vitro system, wherein the chemical modi 
fication comprises one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, or more) nucleotides comprising a backbone modi 
fied internucleotide linkage having Formula I: 

Z 

R-X-P-Y-R 

W 

0264 wherein each R1 and R2 is independently any nucle 
otide, non-nucleotide, or polynucleotide which can be natu 
rally-occurring or chemically-modified, each X and Y is inde 
pendently O, S, N, alkyl, or substituted alkyl, each Zand W is 
independently O, S, N, alkyl, substituted alkyl, O-alkyl, 
S-alkyl, alkaryl, aralkyl, or acetyl and wherein W, X, Y, and Z 
are optionally not all O. In another embodiment, a backbone 
modification of the invention comprises a phosphonoacetate 
and/or thiophosphonoacetate internucleotide linkage (see for 
example Sheehan et al., 2003, Nucleic Acids Research, 31, 
4109-4118). 
0265. The chemically-modified internucleotide linkages 
having Formula I, for example, wherein any Z, W, X, and/or 
Y independently comprises a Sulphur atom, can be present in 
one or both oligonucleotide strands of the siNA duplex, for 
example, in the sense Strand, the antisense strand, or both 
strands. The siNA molecules of the invention can comprise 
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one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) 
chemically-modified internucleotide linkages having For 
mula I at the 3'-end, the 5'-end, or both of the 3' and 5'-ends of 
the sense Strand, the antisense Strand, or both strands. For 
example, an exemplary siNA molecule of the invention can 
comprise about 1 to about 5 or more (e.g., about 1, 2, 3, 4, 5, 
or more) chemically-modified internucleotide linkages hav 
ing Formula I at the 5'-end of the sense strand, the antisense 
Strand, or both strands. In another non-limiting example, an 
exemplary siNA molecule of the invention can comprise one 
or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) 
pyrimidine nucleotides with chemically-modified internucle 
otide linkages having Formula I in the sense strand, the anti 
sense Strand, or both Strands. In yet another non-limiting 
example, an exemplary siNA molecule of the invention can 
comprise one or more (e.g., about 1,2,3,4,5,6,7,8,9, 10, or 
more) purine nucleotides with chemically-modified inter 
nucleotide linkages having Formula I in the sense Strand, the 
antisense strand, or both Strands. In another embodiment, a 
siNA molecule of the invention having internucleotide link 
age(s) of Formula I also comprises a chemically-modified 
nucleotide or non-nucleotide having any of Formulae I-VII. 
0266. In one embodiment, the invention features a chemi 
cally-modified short interfering nucleic acid (siNA) molecule 
capable of mediating RNA interference (RNAi) inside a cell 
or reconstituted in vitro system, wherein the chemical modi 
fication comprises one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, or more) nucleotides or non-nucleotides having 
Formula II: 

wherein each R3, R4, R5, R6, R7, R8, R10, R11 and R12 is 
independently H, OH, alkyl, substituted alkyl, alkaryl or 
aralkyl, F, Cl, Br, CN, CF3, OCF3, OCN, O-alkyl, S-alkyl, 
N-alkyl, O-alkenyl, S-alkenyl, N-alkenyl, SO-alkyl, alkyl 
OSH, alkyl-OH, O-alkyl-OH, O-alkyl-SH, S-alkyl-OH, 
S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, ONO2, NO2, N3, 
NH2, aminoalkyl, aminoacid, aminoacyl, ONH2. O-ami 
noalkyl, O-aminoacid, O-aminoacyl, heterocycloalkyl, het 
erocycloalkaryl, aminoalkylamino, polyalklylamino, Substi 
tuted silyl, or group having Formula I or II: R9 is O, S, CH2, 
S—O, CHF, or CF2, and B is a nucleosidic base such as 
adenine, guanine, uracil, cytosine, thymine, 2-aminoadenos 
ine, 5-methylcytosine, 2,6-diaminopurine, or any other non 
naturally occurring base that can be complementary or non 
complementary to target RNA or a non-nucleosidic base Such 
as phenyl, naphthyl, 3-nitropyrrole, 5-nitroindole, nebu 
larine, pyridone, pyridinone, or any other non-naturally 
occurring universal base that can be complementary or non 
complementary to target RNA. In one embodiment, R3 and/ 
or R7 comprises a conjugate moiety and a linker (e.g., a 
nucleotide or non-nucleotide linker as described herein or 
otherwise known in the art). Non-limiting examples of con 
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jugate moieties include ligands for cellular receptors, such as 
peptides derived from naturally occurring protein ligands; 
protein localization sequences, including cellular ZIP code 
sequences; antibodies; nucleic acid aptamers; vitamins and 
other co-factors, such as folate and N-acetylgalactosamine; 
polymers, such as polyethyleneglycol (PEG); phospholipids; 
cholesterol; Steroids, and polyamines, such as PEI, spermine 
or spermidine. 
0267. The chemically-modified nucleotide or non-nucle 
otide of Formula II can be present in one or both oligonucle 
otide strands of the siNA duplex, for example in the sense 
strand, the antisense strand, or both strands. The siNA mol 
ecules of the invention can comprise one or more chemically 
modified nucleotides or non-nucleotides of Formula II at the 
3'-end, the 5'-end, or both of the 3' and 5'-ends of the sense 
Strand, the antisense strand, or both Strands. For example, an 
exemplary siNA molecule of the invention can comprise 
about 1 to about 5 or more (e.g., about 1, 2, 3, 4, 5, or more) 
chemically-modified nucleotides or non-nucleotides of For 
mula II at the 5'-end of the sense strand, the antisense strand, 
or both strands. In anther non-limiting example, an exemplary 
siNA molecule of the invention can comprise about 1 to about 
5 or more (e.g., about 1, 2, 3, 4, 5, or more) chemically 
modified nucleotides or non-nucleotides of Formula II at the 
3'-end of the sense strand, the antisense strand, or both 
Strands. 

0268. In one embodiment, the invention features a chemi 
cally-modified short interfering nucleic acid (siNA) molecule 
capable of mediating RNA interference (RNAi) inside a cell 
or reconstituted in vitro system, wherein the chemical modi 
fication comprises one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, or more) nucleotides or non-nucleotides having 
Formula III: 

wherein each R3, R4, R5, R6, R7, R8, R10, R11 and R12 is 
independently H, OH, alkyl, substituted alkyl, alkaryl or 
aralkyl, F, Cl, Br, CN, CF3, OCF3, OCN, O-alkyl, S-alkyl, 
N-alkyl, O-alkenyl, S-alkenyl, N-alkenyl, SO-alkyl, alkyl 
OSH, alkyl-OH, O-alkyl-OH, O-alkyl-SH, S-alkyl-OH, 
S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, ONO2, NO2, N3, 
NH2, aminoalkyl, aminoacid, aminoacyl, ONH2. O-ami 
noalkyl, O-aminoacid, O-aminoacyl, heterocycloalkyl, het 
erocycloalkaryl, aminoalkylamino, polyalklylamino, Substi 
tuted silyl, or group having Formula I or II: R9 is O, S, CH2, 
S—O, CHF, or CF2, and B is a nucleosidic base such as 
adenine, guanine, uracil, cytosine, thymine, 2-aminoadenos 
ine, 5-methylcytosine, 2,6-diaminopurine, or any other non 
naturally occurring base that can be employed to be comple 
mentary or non-complementary to target RNA or a non 
nucleosidic base such as phenyl, naphthyl, 3-nitropyrrole, 
5-nitroindole, nebularine, pyridone, pyridinone, or any other 
non-naturally occurring universal base that can be comple 
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mentary or non-complementary to target RNA. In one 
embodiment, R3 and/or R7 comprises a conjugate moiety and 
a linker (e.g., a nucleotide or non-nucleotide linker as 
described herein or otherwise known in the art). Non-limiting 
examples of conjugate moieties include ligands for cellular 
receptors, such as peptides derived from naturally occurring 
protein ligands; protein localization sequences, including cel 
lular ZIP code sequences; antibodies; nucleic acid aptamers; 
Vitamins and other co-factors, such as folate and N-acetylga 
lactosamine; polymers, such as polyethyleneglycol (PEG); 
phospholipids; cholesterol; steroids, and polyamines, such as 
PEI, spermine or spermidine. 
0269. The chemically-modified nucleotide or non-nucle 
otide of Formula III can be present in one or both oligonucle 
otide strands of the siNA duplex, for example, in the sense 
strand, the antisense strand, or both strands. The siNA mol 
ecules of the invention can comprise one or more chemically 
modified nucleotides or non-nucleotides of Formula III at the 
3'-end, the 5'-end, or both of the 3' and 5'-ends of the sense 
Strand, the antisense strand, or both Strands. For example, an 
exemplary siNA molecule of the invention can comprise 
about 1 to about 5 or more (e.g., about 1, 2, 3, 4, 5, or more) 
chemically-modified nucleotide(s) or non-nucleotide(s) of 
Formula III at the 5'-end of the sense strand, the antisense 
Strand, or both Strands. In anther non-limiting example, an 
exemplary siNA molecule of the invention can comprise 
about 1 to about 5 or more (e.g., about 1, 2, 3, 4, 5, or more) 
chemically-modified nucleotide or non-nucleotide of For 
mula III at the 3'-end of the sense strand, the antisense strand, 
or both strands. 
0270. In another embodiment, a siNA molecule of the 
invention comprises a nucleotide having Formula II or III, 
wherein the nucleotide having Formula II or III is in an 
inverted configuration. For example, the nucleotide having 
Formula II or III is connected to the siNA construct in a 3'-3', 
3'-2', 2'-3', or 5'-5' configuration, such as at the 3'-end, the 
5'-end, or both of the 3' and 5'-ends of one or both siNA 
Strands. 
0271. In one embodiment, the invention features a chemi 
cally-modified short interfering nucleic acid (siNA) molecule 
capable of mediating RNA interference (RNAi) inside a cell 
or reconstituted in vitro system, wherein the chemical modi 
fication comprises a 5'-terminal phosphate group having For 
mula IV: 

wherein each X and Y is independently O, S, N, alkyl, sub 
stituted alkyl, or alkylhalo; wherein each Zand W is indepen 
dently O, S, N, alkyl, substituted alkyl, O-alkyl, S-alkyl, 
alkaryl, aralkyl, alkylhalo, or acetyl; and wherein W, X,Y and 
Zare not all O. 
0272. In one embodiment, the invention features a siNA 
molecule having a 5'-terminal phosphate group having For 
mula IV on the target-complementary Strand, for example, a 
strand complementary to a target RNA, wherein the siNA 
molecule comprises an all RNA siNA molecule. In another 
embodiment, the invention features a siNA molecule having a 
5'-terminal phosphate group having Formula IV on the target 
complementary strand wherein the SiNA molecule also com 
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prises about 1 to about 3 (e.g., about 1, 2, or 3) nucleotide 
3'-terminal nucleotide overhangs having about 1 to about 4 
(e.g., about 1,2,3, or 4) deoxyribonucleotides on the 3'-end of 
one or both strands. In another embodiment, a 5'-terminal 
phosphate group having Formula IV is present on the target 
complementary strand of a siNA molecule of the invention, 
for example a siNA molecule having chemical modifications 
having any of Formulae I-VII. 
0273. In one embodiment, the invention features a chemi 
cally-modified short interfering nucleic acid (siNA) molecule 
capable of mediating RNA interference (RNAi) inside a cell 
or reconstituted in vitro system, wherein the chemical modi 
fication comprises one or more phosphorothioate internucle 
otide linkages. For example, in a non-limiting example, the 
invention features a chemically-modified short interfering 
nucleic acid (siNA) having about 1, 2, 3, 4, 5, 6, 7, 8 or more 
phosphorothioate internucleotide linkages in one siNA 
Strand. In yet another embodiment, the invention features a 
chemically-modified short interfering nucleic acid (siNA) 
individually having about 1, 2, 3, 4, 5, 6, 7, 8 or more phos 
phorothioate internucleotide linkages in both siNA strands. 
The phosphorothioate internucleotide linkages can be present 
in one or both oligonucleotide strands of the siNA duplex, for 
example in the sense strand, the antisense Strand, or both 
strands. The siNA molecules of the invention can comprise 
one or more phosphorothioate internucleotide linkages at the 
3'-end, the 5'-end, or both of the 3'- and 5'-ends of the sense 
Strand, the antisense strand, or both Strands. For example, an 
exemplary siNA molecule of the invention can comprise 
about 1 to about 5 or more (e.g., about 1, 2, 3, 4, 5, or more) 
consecutive phosphorothioate internucleotide linkages at the 
5'-end of the sense strand, the antisense strand, or both 
Strands. In another non-limiting example, an exemplary siNA 
molecule of the invention can comprise one or more (e.g., 
about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more) pyrimidine phos 
phorothioate internucleotide linkages in the sense Strand, the 
antisense Strand, or both Strands. In yet another non-limiting 
example, an exemplary siNA molecule of the invention can 
comprise one or more (e.g., about 1,2,3,4,5,6,7,8,9, 10, or 
more) purine phosphorothioate internucleotide linkages in 
the sense Strand, the antisense strand, or both Strands. 
0274. In one embodiment, the invention features a siNA 
molecule, wherein the sense Strand comprises one or more, 
for example, about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more 
phosphorothioate internucleotide linkages, and/or one or 
more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) 2'-deoxy, 
2'-O-methyl. 2'-deoxy-2'-fluoro. 2'-O-trifluoromethyl, 2'-O- 
ethyl-trifluoromethoxy. 2'-O-difluoromethoxy-ethoxy and/or 
about one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or 
more) universal base modified nucleotides, and optionally a 
terminal cap molecule at the 3'-end, the 5'-end, or both of the 
3'- and 5'-ends of the sense strand; and wherein the antisense 
strand comprises about 1 to about 10 or more, specifically 
about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more phosphorothioate 
internucleotide linkages, and/or one or more (e.g., about 1, 2, 
3,4,5,6,7,8,9, 10 or more) 2'-deoxy. 2'-O-methyl. 2'-deoxy 
2'-fluoro. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, 
2'-O-difluoromethoxy-ethoxy, 4'-thio and/or one or more 
(e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) universal base 
modified nucleotides, and optionally a terminal cap molecule 
at the 3'-end, the 5'-end, or both of the 3'- and 5'-ends of the 
antisense Strand. In another embodiment, one or more, for 
example about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more, pyrimidine 
nucleotides of the sense and/or antisense siNA strand are 
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chemically-modified with 2'-deoxy. 2'-O-methyl. 2'-O-trif 
luoromethyl, 2'-O-ethyl-trifluoromethoxy. 2'-O-difluo 
romethoxy-ethoxy, 4'-thio and/or 2'-deoxy-2'-fluoro nucle 
otides, with or without one or more, for example about 1,2,3, 
4, 5, 6, 7, 8, 9, 10, or more, phosphorothioate internucleotide 
linkages and/or a terminal cap molecule at the 3'-end, the 
5'-end, or both of the 3'- and 5'-ends, being present in the same 
or different strand. 

0275. In another embodiment, the invention features a 
siNA molecule, wherein the sense strand comprises about 1 to 
about 5, specifically about 1, 2, 3, 4, or 5 phosphorothioate 
internucleotide linkages, and/or one or more (e.g., about 1, 2, 
3, 4, 5, or more) 2'-deoxy. 2'-O-methyl, 2'-deoxy-2'-fluoro, 
2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy. 2'-O-dif 
luoromethoxy-ethoxy, 4'-thio and/or one or more (e.g., about 
1, 2, 3, 4, 5, or more) universal base modified nucleotides, and 
optionally a terminal cap molecule at the 3-end, the 5'-end, or 
both of the 3'- and 5'-ends of the sense strand; and wherein the 
antisense strand comprises about 1 to about 5 or more, spe 
cifically about 1, 2, 3, 4, 5, or more phosphorothioate inter 
nucleotide linkages, and/or one or more (e.g., about 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10 or more) 2'-deoxy. 2'-O-methyl. 2'-deoxy-2'- 
fluoro. 2'-O-trifluoromethyl, 2'-O-ethyl-trifluoromethoxy, 
2'-O-difluoromethoxy-ethoxy, 4'-thio and/or one or more 
(e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) universal base 
modified nucleotides, and optionally a terminal cap molecule 
at the 3'-end, the 5'-end, or both of the 3'- and 5'-ends of the 
antisense Strand. In another embodiment, one or more, for 
example about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more, pyrimidine 
nucleotides of the sense and/or antisense siNA strand are 
chemically-modified with 2'-deoxy. 2'-O-methyl. 2'-O-trif 
luoromethyl, 2'-O-ethyl-trifluoromethoxy. 2'-O-difluo 
romethoxy-ethoxy, 4'-thio and/or 2'-deoxy-2'-fluoro nucle 
otides, with or without about 1 to about 5 or more, for example 
about 1, 2, 3, 4, 5, or more phosphorothioate internucleotide 
linkages and/or a terminal cap molecule at the 3'-end, the 
5'-end, or both of the 3'- and 5'-ends, being present in the same 
or different strand. 

0276. In one embodiment, the invention features a siNA 
molecule, wherein the antisense Strand comprises one or 
more, for example, about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more 
phosphorothioate internucleotide linkages, and/or about one 
or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) 
2'-deoxy. 2'-O-methyl, 2'-deoxy-2'-fluoro. 2'-O-trifluorom 
ethyl, 2'-O-ethyl-trifluoromethoxy. 2'-O-difluoromethoxy 
ethoxy, 4'-thio and/or one or more (e.g., about 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10 or more) universal base modified nucleotides, and 
optionally a terminal cap molecule at the 3'-end, the 5'-end, or 
both of the 3'- and 5'-ends of the sense strand; and wherein the 
antisense Strand comprises about 1 to about 10 or more, 
specifically about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more phospho 
rothioate internucleotide linkages, and/or one or more (e.g., 
about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) 2'-deoxy. 2'-O- 
methyl. 2'-deoxy-2'-fluoro. 2'-O-trifluoromethyl. 2'-O-ethyl 
trifluoromethoxy. 2'-O-difluoromethoxy-ethoxy, 4'-thio and/ 
or one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) 
universal base modified nucleotides, and optionally a termi 
nal cap molecule at the 3'-end, the 5'-end, or both of the 3'- and 
5'-ends of the antisense strand. In another embodiment, one or 
more, for example about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more 
pyrimidine nucleotides of the sense and/or antisense siNA 
strand are chemically-modified with 2'-deoxy. 2'-O-methyl, 
2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy. 2'-O-dif 
luoromethoxy-ethoxy, 4'-thio and/or 2'-deoxy-2'-fluoro 
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nucleotides, with or without one or more, for example, about 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more phosphorothioate inter 
nucleotide linkages and/or a terminal cap molecule at the 
3'-end, the 5'-end, or both of the 3' and 5'-ends, being present 
in the same or different strand. 

(0277. In another embodiment, the invention features a 
siNA molecule, wherein the antisense Strand comprises about 
1 to about 5 or more, specifically about 1, 2, 3, 4, 5 or more 
phosphorothioate internucleotide linkages, and/or one or 
more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) 2'-deoxy, 
2'-O-methyl. 2'-deoxy-2'-fluoro. 2'-O-trifluoromethyl, 2'-O- 
ethyl-trifluoromethoxy, 2'-O-difluoromethoxy-ethoxy, 
4'-thio and/or one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9. 
10 or more) universal base modified nucleotides, and option 
ally a terminal cap molecule at the 3'-end, the 5'-end, or both 
of the 3'- and 5'-ends of the sense strand; and wherein the 
antisense strand comprises about 1 to about 5 or more, spe 
cifically about 1, 2, 3, 4, 5 or more phosphorothioate inter 
nucleotide linkages, and/or one or more (e.g., about 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10 or more) 2'-deoxy. 2'-O-methyl. 2'-deoxy-2'- 
fluoro. 2'-O-trifluoromethyl, 2'-O-ethyl-trifluoromethoxy, 
2'-O-difluoromethoxy-ethoxy, 4'-thio and/or one or more 
(e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more) universal base 
modified nucleotides, and optionally a terminal cap molecule 
at the 3'-end, the 5'-end, or both of the 3'- and 5'-ends of the 
antisense Strand. In another embodiment, one or more, for 
example about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more pyrimidine 
nucleotides of the sense and/or antisense siNA strand are 
chemically-modified with 2'-deoxy. 2'-O-methyl. 2'-O-trif 
luoromethyl, 2'-O-ethyl-trifluoromethoxy. 2'-O-difluo 
romethoxy-ethoxy, 4'-thio and/or 2'-deoxy-2'-fluoro nucle 
otides, with or without about 1 to about 5, for example about 
1, 2, 3, 4, 5 or more phosphorothioate internucleotide link 
ages and/or a terminal cap molecule at the 3'-end, the 5'-end, 
or both of the 3'- and 5'-ends, being present in the same or 
different strand. 

0278. In one embodiment, the invention features a chemi 
cally-modified short interfering nucleic acid (siNA) molecule 
having about 1 to about 5 or more (specifically about 1, 2, 3, 
4, 5 or more) phosphorothioate internucleotide linkages in 
each strand of the siNA molecule. 

0279. In another embodiment, the invention features a 
siNA molecule comprising2'-5' internucleotide linkages. The 
2'-5' internucleotide linkage(s) can be at the 3'-end, the 5'-end, 
or both of the 3'- and 5'-ends of one or both siNA sequence 
strands. In addition, the 2'-5' internucleotide linkage(s) can be 
present at various other positions within one or both siNA 
sequence Strands, for example, about 1,2,3,4,5,6,7,8,9, 10. 
or more including every internucleotide linkage of a pyrimi 
dine nucleotide in one or both strands of the siNA molecule 
can comprise a 2'-5' internucleotide linkage, or about 1, 2, 3, 
4, 5, 6, 7, 8, 9, 10, or more including every internucleotide 
linkage of a purine nucleotide in one or both Strands of the 
siNA molecule can comprise a 2'-5' internucleotide linkage. 
0280. In another embodiment, a chemically-modified 
siNA molecule of the invention comprises a duplex having 
two strands, one or both of which can be chemically-modi 
fied, wherein each strand is independently about 15 to about 
30(e.g., about 15, 16, 17, 18, 19, 20, 21, 22,23,24,25,26, 27, 
28, 29, or 30) nucleotides in length, wherein the duplex has 
about 15 to about 30 (e.g., about 15, 16, 17, 18, 19, 20, 21, 22, 
23, 24, 25, 26, 27, 28, 29, or 30) base pairs, and wherein the 
chemical modification comprises a structure having any of 
Formulae I-VII. For example, an exemplary chemically 
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modified siNA molecule of the invention comprises a duplex 
having two strands, one or both of which can be chemically 
modified with a chemical modification having any of Formu 
lae I-VII or any combination thereof, wherein each strand 
consists of about 21 nucleotides, each having a 2-nucleotide 
3'-terminal nucleotide overhang, and wherein the duplex has 
about 19 base pairs. In another embodiment, a siNA molecule 
of the invention comprises a single stranded hairpin structure, 
wherein the siNA is about 36 to about 70 (e.g., about 36, 40, 
45, 50, 55, 60, 65, or 70) nucleotides in length having about 15 
to about 30 (e.g., about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24. 
25, 26, 27, 28, 29, or 30) base pairs, and wherein the siNA can 
include a chemical modification comprising a structure hav 
ing any of Formulae I-VII or any combination thereof. For 
example, an exemplary chemically-modified siNA molecule 
of the invention comprises a linear oligonucleotide having 
about 42 to about 50 (e.g., about 42, 43,44, 45,46, 47, 48, 49. 
or 50) nucleotides that is chemically-modified with a chemi 
cal modification having any of Formulae I-VII or any com 
bination thereof, wherein the linear oligonucleotide forms a 
hairpin structure having about 19 to about 21 (e.g., 19, 20, or 
21) base pairs and a 2-nucleotide 3'-terminal nucleotide over 
hang. In another embodiment, a linear hairpin siNA molecule 
of the invention contains a stem loop motif, wherein the loop 
portion of the siNA molecule is biodegradable. For example, 
a linear hairpin siNA molecule of the invention is designed 
such that degradation of the loop portion of the siNA mol 
ecule in vivo can generate a double-stranded siNA molecule 
with 3'-terminal overhangs, such as 3'-terminal nucleotide 
overhangs comprising about 2 nucleotides. 
0281. In another embodiment, a siNA molecule of the 
invention comprises a hairpin structure, wherein the siNA is 
about 25 to about 50 (e.g., about 25, 26, 27, 28, 29, 30, 31, 32, 
33,34,35,36, 37,38, 39, 40, 41, 42, 43,44, 45,46, 47, 48,49, 
or 50) nucleotides in length having about 3 to about 25 (e.g., 
about 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 
20, 21, 22, 23, 24, or 25) base pairs, and wherein the siNA can 
include one or more chemical modifications comprising a 
structure having any of Formulae I-VII or any combination 
thereof. For example, an exemplary chemically-modified 
siNA molecule of the invention comprises a linear oligo 
nucleotide having about 25 to about 35 (e.g., about 25, 26, 27. 
28, 29, 30, 31, 32, 33, 34, or 35) nucleotides that is chemi 
cally-modified with one or more chemical modifications hav 
ing any of Formulae I-VII or any combination thereof, 
wherein the linear oligonucleotide forms a hairpin structure 
having about 3 to about 25 (e.g., about 3,4,5,6,7,8,9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25) base 
pairs and a 5'-terminal phosphate group that can be chemi 
cally modified as described herein (for example a 5'-terminal 
phosphate group having Formula IV). In another embodi 
ment, a linear hairpin siNA molecule of the invention contains 
a stem loop motif, wherein the loop portion of the siNA 
molecule is biodegradable. In one embodiment, a linear hair 
pin siNA molecule of the invention comprises a loop portion 
comprising a non-nucleotide linker. 
0282. In another embodiment, a siNA molecule of the 
invention comprises an asymmetric hairpin structure, 
wherein the siNA is about 25 to about 50 (e.g., about 25, 26, 
27, 28, 29, 30, 31, 32,33, 34,35, 36, 37,38, 39, 40, 41,42, 43, 
44, 45, 46, 47, 48, 49, or 50) nucleotides in length having 
about 3 to about 25 (e.g., about 3, 4, 5, 6,7,8,9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25) base pairs, and 
wherein the siNA can include one or more chemical modifi 
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cations comprising a structure having any of Formulae I-VII 
or any combination thereof. For example, an exemplary 
chemically-modified siNA molecule of the invention com 
prises a linear oligonucleotide having about 25 to about 35 
(e.g., about 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, or 35) 
nucleotides that is chemically-modified with one or more 
chemical modifications having any of Formulae I-VII or any 
combination thereof, wherein the linear oligonucleotide 
forms an asymmetric hairpin structure having about 3 to 
about 25 (e.g., about 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 23, 24, or 25) base pairs and a 
5'-terminal phosphate group that can be chemically modified 
as described herein (for example a 5'-terminal phosphate 
group having Formula IV). In one embodiment, an asymmet 
ric hairpin siNA molecule of the invention contains a stem 
loop motif, wherein the loop portion of the siNA molecule is 
biodegradable. In another embodiment, an asymmetric hair 
pin siNA molecule of the invention comprises a loop portion 
comprising a non-nucleotide linker. 
0283. In another embodiment, a siNA molecule of the 
invention comprises an asymmetric double stranded structure 
having separate polynucleotide Strands comprising sense and 
antisense regions, wherein the antisense region is about 15 to 
about 30 (e.g., about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 
26, 27, 28, 29, or 30) nucleotides in length, wherein the sense 
region is about 3 to about 25 (e.g., about 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25) 
nucleotides in length, wherein the sense region and the anti 
sense region have at least 3 complementary nucleotides, and 
wherein the siNA can include one or more chemical modifi 
cations comprising a structure having any of Formulae I-VII 
or any combination thereof. For example, an exemplary 
chemically-modified siNA molecule of the invention com 
prises an asymmetric double stranded structure having sepa 
rate polynucleotide Strands comprising sense and antisense 
regions, wherein the antisense region is about 18 to about 23 
(e.g., about 18, 19, 20, 21, 22, or 23) nucleotides in length and 
wherein the sense region is about 3 to about 15 (e.g., about 3, 
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15) nucleotides in length, 
wherein the sense region the antisense region have at least 3 
complementary nucleotides, and wherein the siNA can 
include one or more chemical modifications comprising a 
structure having any of Formulae I-VII or any combination 
thereof. In another embodiment, the asymmetric double 
stranded siNA molecule can also have a 5'-terminal phos 
phate group that can be chemically modified as described 
herein (for example a 5'-terminal phosphate group having 
Formula IV). 
0284. In another embodiment, a siNA molecule of the 
invention comprises a circular nucleic acid molecule, 
wherein the siNA is about 38 to about 70 (e.g., about 38, 40, 
45, 50, 55, 60, 65, or 70) nucleotides in length having about 15 
to about 30 (e.g., about 15, 16, 17, 18, 19, 20, 21, 22, 23, 24. 
25, 26, 27, 28, 29, or 30) base pairs, and wherein the siNA can 
include a chemical modification, which comprises a structure 
having any of Formulae I-VII or any combination thereof. For 
example, an exemplary chemically-modified siNA molecule 
of the invention comprises a circular oligonucleotide having 
about 42 to about 50 (e.g., about 42, 43,44, 45, 46, 47, 48, 49. 
or 50) nucleotides that is chemically-modified with a chemi 
cal modification having any of Formulae I-VII or any com 
bination thereof, wherein the circular oligonucleotide forms a 
dumbbell shaped structure having about 19 base pairs and 2 
loops. 
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0285. In another embodiment, a circular siNA molecule of 
the invention contains two loop motifs, wherein one or both 
loop portions of the siNA molecule is biodegradable. For 
example, a circular siNA molecule of the invention is 
designed Such that degradation of the loop portions of the 
siNA molecule in vivo can generate a double-stranded siNA 
molecule with 3'-terminal overhangs, such as 3'-terminal 
nucleotide overhangs comprising about 2 nucleotides. 
0286. In one embodiment, a siNA molecule of the inven 
tion comprises at least one (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9. 
10, or more) abasic moiety, for example a compound having 
Formula V: 

wherein each R3, R4, R5, R6, R7, R8, R10, R11, R12, and 
R13 is independently H, OH, alkyl, substituted alkyl, alkaryl 
or aralkyl, F, Cl, Br, CN, CF3, OCF3, OCN, O-alkyl, S-alkyl, 
N-alkyl, O-alkenyl, S-alkenyl, N-alkenyl, SO-alkyl, alkyl 
OSH, alkyl-OH, O-alkyl-OH, O-alkyl-SH, S-alkyl-OH, 
S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, ONO2, NO2, N3, 
NH2, aminoalkyl, aminoacid, aminoacyl, ONH2. O-ami 
noalkyl, O-aminoacid, O-aminoacyl, heterocycloalkyl, het 
erocycloalkaryl, aminoalkylamino, polyalklylamino, Substi 
tuted silyl, or group having Formula I or II: R9 is O, S, CH2, 
S—O, CHF, or CF2. In one embodiment, R3 and/or R7 com 
prises a conjugate moiety and a linker (e.g., a nucleotide or 
non-nucleotide linker as described herein or otherwise known 
in the art). Non-limiting examples of conjugate moieties 
include ligands for cellular receptors, such as peptides 
derived from naturally occurring protein ligands; protein 
localization sequences, including cellular ZIP code 
sequences; antibodies; nucleic acid aptamers; vitamins and 
other co-factors, such as folate and N-acetylgalactosamine; 
polymers, such as polyethyleneglycol (PEG), phospholipids; 
cholesterol; Steroids, and polyamines, such as PEI, spermine 
or spermidine. 
0287. In one embodiment, a siNA molecule of the inven 
tion comprises at least one (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9. 
10, or more) inverted abasic moiety, for example a compound 
having Formula VI: 

wherein each R3, R4, R5, R6, R7, R8, R10, R11, R12, and 
R13 is independently H, OH, alkyl, substituted alkyl, alkaryl 
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oraralkyl, F, Cl, Br, CN, CF3, OCF3, OCN, O-alkyl, S-alkyl, 
N-alkyl, O-alkenyl, S-alkenyl, N-alkenyl, SO-alkyl, alkyl 
OSH, alkyl-OH, O-alkyl-OH, O-alkyl-SH, S-alkyl-OH, 
S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, ONO2, NO2, N3, 
NH2, aminoalkyl, aminoacid, aminoacyl, ONH2. O-ami 
noalkyl, O-aminoacid, O-aminoacyl, heterocycloalkyl, het 
erocycloalkaryl, aminoalkylamino, polyalklylamino, Substi 
tuted silyl, or group having Formula I or II: R9 is O, S, CH2, 
S—O, CHF, or CF2, and either R2, R3, R8 or R13 serve as 
points of attachment to the siNA molecule of the invention. In 
one embodiment, R3 and/or R7 comprises a conjugate moiety 
and a linker (e.g., a nucleotide or non-nucleotide linker as 
described herein or otherwise known in the art). Non-limiting 
examples of conjugate moieties include ligands for cellular 
receptors, such as peptides derived from naturally occurring 
protein ligands; protein localization sequences, including cel 
lular ZIP code sequences; antibodies; nucleic acid aptamers; 
Vitamins and other co-factors, such as folate and N-acetylga 
lactosamine; polymers, such as polyethyleneglycol (PEG); 
phospholipids; cholesterol; steroids, and polyamines, such as 
PEI, spermine or spermidine. 
0288. In another embodiment, a siNA molecule of the 
invention comprises at least one (e.g., about 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, or more) substituted polyalkyl moieties, for example 
a compound having Formula VII: 

-8-8s, 
wherein each n is independently an integer from 1 to 12, each 
R1, R2 and R3 is independently H, OH, alkyl, substituted 
alkyl, alkaryl or aralkyl, F, Cl, Br, CN, CF3, OCF3, OCN, 
O-alkyl, S-alkyl, N-alkyl, O-alkenyl, S-alkenyl, N-alkenyl, 
SO-alkyl, alkyl-OSH, alkyl-OH, O-alkyl-OH, O-alkyl-SH, 
S-alkyl-OH, S-alkyl-SH, alkyl-S-alkyl, alkyl-O-alkyl, 
ONO2, NO2, N3, NH2, aminoalkyl, aminoacid, aminoacyl, 
ONH2, O-aminoalkyl, O-aminoacid, O-aminoacyl, heterocy 
cloalkyl, heterocycloalkaryl, aminoalkylamino, polyalkly 
lamino, Substituted silyl, or a group having Formula I, and R1, 
R2 or R3 serves as points of attachment to the siNA molecule 
of the invention. In one embodiment, R3 and/or R1 comprises 
a conjugate moiety and a linker (e.g., a nucleotide or non 
nucleotide linker as described herein or otherwise known in 
the art). Non-limiting examples of conjugate moieties include 
ligands for cellular receptors, such as peptides derived from 
naturally occurring protein ligands; protein localization 
sequences, including cellular ZIP code sequences; antibod 
ies; nucleic acid aptamers; vitamins and other co-factors, 
Such as folate and N-acetylgalactosamine; polymers, such as 
polyethyleneglycol (PEG); phospholipids; cholesterol; ste 
roids, and polyamines, such as PEI, spermine or spermidine. 
0289. By “ZIP code” sequences is meant, any peptide or 
protein sequence that is involved in cellular topogenic signal 
ing mediated transport (see for example Ray et al., 2004, 
Science, 306(1501): 1505) 
0290. In another embodiment, the invention features a 
compound having Formula VII, wherein R1 and R2 are 
hydroxyl (OH) groups, n=1, and R3 comprises O and is the 
point of attachment to the 3'-end, the 5'-end, or both of the 3' 
and 5'-ends of one or both strands of a double-stranded siNA 
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molecule of the invention or to a single-stranded siNA mol 
ecule of the invention. This modification is referred to herein 
as “glyceryl'. 
0291. In another embodiment, a chemically modified 
nucleoside or non-nucleoside (e.g. a moiety having any of 
Formula V. VI or VII) of the invention is at the 3'-end, the 
5'-end, or both of the 3' and 5'-ends of a siNA molecule of the 
invention. For example, chemically modified nucleoside or 
non-nucleoside (e.g., a moiety having Formula V. VI or VII) 
can be present at the 3'-end, the 5'-end, or both of the 3' and 
5'-ends of the antisense Strand, the sense Strand, or both anti 
sense and sense strands of the siNA molecule. In one embodi 
ment, the chemically modified nucleoside or non-nucleoside 
(e.g., a moiety having Formula V. VI or VII) is present at the 
5'-end and 3'-end of the sense strand and the 3'-end of the 
antisense strand of a double stranded siNA molecule of the 
invention. In one embodiment, the chemically modified 
nucleoside or non-nucleoside (e.g., a moiety having Formula 
V, VI or VII) is present at the terminal position of the 5'-end 
and 3'-end of the sense strand and the 3'-end of the antisense 
strandofa double stranded siNA molecule of the invention. In 
one embodiment, the chemically modified nucleoside or non 
nucleoside (e.g., a moiety having Formula V. VI or VII) is 
present at the two terminal positions of the 5'-end and 3'-end 
of the sense strand and the 3'-end of the antisense strand of a 
double stranded siNA molecule of the invention. In one 
embodiment, the chemically modified nucleoside or non 
nucleoside (e.g., a moiety having Formula V. VI or VII) is 
present at the penultimate position of the 5'-end and 3'-end of 
the sense strand and the 3'-end of the antisense strand of a 
double stranded siNA molecule of the invention. In addition, 
a moiety having Formula VII can be present at the 3'-end or 
the 5'-end of a hairpin siNA molecule as described herein. 
0292. In another embodiment, a siNA molecule of the 
invention comprises an abasic residue having Formula V or 
VI, wherein the abasic residue having Formula VI or VI is 
connected to the siNA construct in a 3'-3', 3'-2', 2'-3', or 5'-5' 
configuration, such as at the 3'-end, the 5'-end, or both of the 
3' and 5'-ends of one or both siNA strands. 
0293. In one embodiment, a siNA molecule of the inven 
tion comprises one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9. 
10, or more) locked nucleic acid (LNA) nucleotides, for 
example, at the 5'-end, the 3'-end, both of the 5' and 3'-ends, 
or any combination thereof, of the siNA molecule. 
0294. In one embodiment, a siNA molecule of the inven 
tion comprises one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 8, 9. 
10, or more) 4'-thionucleotides, for example, at the 5'-end, the 
3'-end, both of the 5' and 3'-ends, or any combination thereof, 
of the siNA molecule. 

0295. In another embodiment, a siNA molecule of the 
invention comprises one or more (e.g., about 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, or more) acyclic nucleotides, for example, at the 
5'-end, the 3'-end, both of the 5' and 3'-ends, or any combi 
nation thereof, of the siNA molecule. 
0296. In one embodiment, the invention features a chemi 
cally-modified short interfering nucleic acid (siNA) molecule 
of the invention comprising a sense region, wherein any (e.g., 
one or more orall) pyrimidine nucleotides present in the sense 
region are 2'-deoxy-2'-fluoro pyrimidine nucleotides (e.g., 
wherein all pyrimidine nucleotides are 2'-deoxy-2'-fluoro 
pyrimidine nucleotides or alternately a plurality of pyrimi 
dine nucleotides are 2'-deoxy-2'-fluoro pyrimidine nucle 
otides), and wherein any (e.g., one or more or all) purine 
nucleotides present in the sense region are 2'-deoxy purine 
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nucleotides (e.g., wherein all purine nucleotides are 2'-deoxy 
purine nucleotides or alternately a plurality of purine nucle 
otides are 2'-deoxy purine nucleotides). 
0297. In one embodiment, the invention features a chemi 
cally-modified short interfering nucleic acid (siNA) molecule 
of the invention comprising a sense region, wherein any (e.g., 
one or more orall) pyrimidine nucleotides present in the sense 
region are 2'-deoxy-2'-fluoro. 4'-thio. 2'-O-trifluoromethyl, 
2'-O-ethyl-trifluoromethoxy, or 2'-O-difluoromethoxy 
ethoxypyrimidine nucleotides (e.g., wherein all pyrimidine 
nucleotides are 2'-deoxy-2'-fluoro. 4'-thio. 2'-O-trifluorom 
ethyl, 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy pyrimidine nucleotides or alternately a 
plurality of pyrimidine nucleotides are 2'-deoxy-2'-fluoro, 
4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 
2'-O-difluoromethoxy-ethoxy pyrimidine nucleotides), and 
wherein any (e.g., one or more or all) purine nucleotides 
present in the sense region are 2'-deoxy purine nucleotides 
(e.g., wherein all purine nucleotides are 2'-deoxy purine 
nucleotides or alternately a plurality of purine nucleotides are 
2'-deoxy purine nucleotides), wherein any nucleotides com 
prising a 3'-terminal nucleotide overhang that are present in 
said sense region are 2'-deoxynucleotides. 
0298. In one embodiment, the invention features a chemi 
cally-modified short interfering nucleic acid (siNA) molecule 
of the invention comprising a sense region, wherein any (e.g., 
one or more orall) pyrimidine nucleotides present in the sense 
region are 2'-deoxy-2'-fluoro. 4'-thio. 2'-O-trifluoromethyl, 
2'-O-ethyl-trifluoromethoxy, or 2'-O-difluoromethoxy 
ethoxypyrimidine nucleotides (e.g., wherein all pyrimidine 
nucleotides are 2'-deoxy-2'-fluoro. 4'-thio. 2'-O-trifluorom 
ethyl, 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy pyrimidine nucleotides or alternately a 
plurality of pyrimidine nucleotides are 2'-deoxy-2'-fluoro, 
4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 
2'-O-difluoromethoxy-ethoxy pyrimidine nucleotides), and 
wherein any (e.g., one or more or all) purine nucleotides 
present in the sense region are 2'-O-methyl purine nucleotides 
(e.g., wherein all purine nucleotides are 2'-O-methyl, 4'-thio. 
2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O- 
difluoromethoxy-ethoxy purine nucleotides or alternately a 
plurality of purine nucleotides are 2'-O-methyl, 4'-thio. 2'-O- 
trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy purine nucleotides). 
0299. In one embodiment, the invention features a chemi 
cally-modified short interfering nucleic acid (siNA) molecule 
of the invention comprising a sense region, wherein any (e.g., 
one or more orall) pyrimidine nucleotides present in the sense 
region are 2'-deoxy-2'-fluoro. 4'-thio. 2'-O-trifluoromethyl, 
2'-O-ethyl-trifluoromethoxy, or 2'-O-difluoromethoxy 
ethoxypyrimidine nucleotides (e.g., wherein all pyrimidine 
nucleotides are 2'-deoxy-2'-fluoro. 4'-thio. 2'-O-trifluorom 
ethyl, 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy pyrimidine nucleotides or alternately a 
plurality of pyrimidine nucleotides are 2'-deoxy-2'-fluoro, 
4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 
2'-O-difluoromethoxy-ethoxy pyrimidine nucleotides), 
wherein any (e.g., one or more or all) purine nucleotides 
present in the sense region are 2'-O-methyl, 4'-thio. 2'-O- 
trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy purine nucleotides (e.g., wherein all 
purine nucleotides are 2'-O-methyl, 4'-thio. 2'-O-trifluorom 
ethyl, 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy purine nucleotides or alternately a plural 
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ity of purine nucleotides are 2'-O-methyl, 4'-thio. 2'-O- 
trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O- 
difluoromethoxy-ethoxy purine nucleotides), and wherein 
any nucleotides comprising a 3'-terminal nucleotide over 
hang that are present in said sense region are 2'-deoxynucle 
otides. 

0300. In one embodiment, the invention features a chemi 
cally-modified short interfering nucleic acid (siNA) molecule 
of the invention comprising an antisense region, wherein any 
(e.g., one or more orall) pyrimidine nucleotides present in the 
antisense region are 2'-deoxy-2'-fluoro. 4'-thio. 2'-O-trifluo 
romethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxypyrimidine nucleotides (e.g., wherein all 
pyrimidine nucleotides are 2'-deoxy-2'-fluoro. 4'-thio. 2'-O- 
trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy pyrimidine nucleotides or alternately a 
plurality of pyrimidine nucleotides are 2'-deoxy-2'-fluoro, 
4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 
2'-O-difluoromethoxy-ethoxy pyrimidine nucleotides), and 
wherein any (e.g., one or more or all) purine nucleotides 
present in the antisense region are 2'-O-methyl, 4'-thio. 2'-O- 
trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy purine nucleotides (e.g., wherein all 
purine nucleotides are 2'-O-methyl, 4'-thio. 2'-O-trifluorom 
ethyl, 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy purine nucleotides or alternately a plural 
ity of purine nucleotides are 2'-O-methyl, 4'-thio. 2'-O- 
trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O- 
difluoromethoxy-ethoxy purine nucleotides). 
0301 In one embodiment, the invention features a chemi 
cally-modified short interfering nucleic acid (siNA) molecule 
of the invention comprising an antisense region, wherein any 
(e.g., one or more orall) pyrimidine nucleotides present in the 
antisense region are 2'-deoxy-2'-fluoro. 4'-thio. 2'-O-trifluo 
romethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxypyrimidine nucleotides (e.g., wherein all 
pyrimidine nucleotides are 2'-deoxy-2'-fluoro. 4'-thio. 2'-O- 
trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy pyrimidine nucleotides or alternately a 
plurality of pyrimidine nucleotides are 2'-deoxy-2'-fluoro, 
4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 
2'-O-difluoromethoxy-ethoxy pyrimidine nucleotides), 
wherein any (e.g., one or more or all) purine nucleotides 
present in the antisense region are 2'-O-methyl, 4'-thio. 2'-O- 
trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy purine nucleotides (e.g., wherein all 
purine nucleotides are 2'-O-methyl, 4'-thio. 2'-O-trifluorom 
ethyl, 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy purine nucleotides or alternately a plural 
ity of purine nucleotides are 2'-O-methyl, 4'-thio. 2'-O- 
trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O- 
difluoromethoxy-ethoxy purine nucleotides), and wherein 
any nucleotides comprising a 3'-terminal nucleotide over 
hang that are present in said antisense region are 2'-deoxy 
nucleotides. 

0302. In one embodiment, the invention features a chemi 
cally-modified short interfering nucleic acid (siNA) molecule 
of the invention comprising an antisense region, wherein any 
(e.g., one or more orall) pyrimidine nucleotides present in the 
antisense region are 2'-deoxy-2'-fluoro. 4'-thio. 2'-O-trifluo 
romethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxypyrimidine nucleotides (e.g., wherein all 
pyrimidine nucleotides are 2'-deoxy-2'-fluoro. 4'-thio. 2'-O- 
trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
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romethoxy-ethoxy pyrimidine nucleotides or alternately a 
plurality of pyrimidine nucleotides are 2'-deoxy-2'-fluoro, 
4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 
2'-O-difluoromethoxy-ethoxy pyrimidine nucleotides), and 
wherein any (e.g., one or more or all) purine nucleotides 
present in the antisense region are 2'-deoxy purine nucle 
otides (e.g., wherein all purine nucleotides are 2'-deoxy 
purine nucleotides or alternately a plurality of purine nucle 
otides are 2'-deoxy purine nucleotides). 
0303. In one embodiment, the invention features a chemi 
cally-modified short interfering nucleic acid (siNA) molecule 
of the invention comprising an antisense region, wherein any 
(e.g., one or more orall) pyrimidine nucleotides present in the 
antisense region are 2'-deoxy-2'-fluoro. 4'-thio. 2'-O-trifluo 
romethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxypyrimidine nucleotides (e.g., wherein all 
pyrimidine nucleotides are 2'-deoxy-2'-fluoro. 4'-thio. 2'-O- 
trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy pyrimidine nucleotides or alternately a 
plurality of pyrimidine nucleotides are 2'-deoxy-2'-fluoro, 
4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 
2'-O-difluoromethoxy-ethoxy pyrimidine nucleotides), and 
wherein any (e.g., one or more or all) purine nucleotides 
present in the antisense region are 2'-O-methyl, 4'-thio. 2'-O- 
trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy purine nucleotides (e.g., wherein all 
purine nucleotides are 2'-O-methyl, 4'-thio. 2'-O-trifluorom 
ethyl, 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy purine nucleotides or alternately a plural 
ity of purine nucleotides are 2'-O-methyl, 4'-thio. 2'-O- 
trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O- 
difluoromethoxy-ethoxy purine nucleotides). 
0304. In one embodiment, the invention features a chemi 
cally-modified short interfering nucleic acid (siNA) molecule 
of the invention capable of mediating RNA interference 
(RNAi) inside a cell or reconstituted in vitro system compris 
ing a sense region, wherein one or more pyrimidine nucle 
otides present in the sense region are 2'-deoxy-2'-fluoro, 
4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 
2'-O-difluoromethoxy-ethoxy pyrimidine nucleotides (e.g., 
wherein all pyrimidine nucleotides are 2'-deoxy-2'-fluoro, 
4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 
2'-O-difluoromethoxy-ethoxy pyrimidine nucleotides or 
alternately a plurality of pyrimidine nucleotides are 2'-deoxy 
2'-fluoro. 4'-thio. 2'-O-trifluoromethyl, 2'-O-ethyl-trifluo 
romethoxy, or 2'-O-difluoromethoxy-ethoxy pyrimidine 
nucleotides), and one or more purine nucleotides present in 
the sense region are 2'-deoxy purine nucleotides (e.g., 
wherein all purine nucleotides are 2'-deoxy purine nucle 
otides or alternately a plurality of purine nucleotides are 
2'-deoxy purine nucleotides), and an antisense region, 
wherein one or more pyrimidine nucleotides present in the 
antisense region are 2'-deoxy-2'-fluoro. 4'-thio. 2'-O-trifluo 
romethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxypyrimidine nucleotides (e.g., wherein all 
pyrimidine nucleotides are 2'-deoxy-2'-fluoro. 4'-thio. 2'-O- 
trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy pyrimidine nucleotides or alternately a 
plurality of pyrimidine nucleotides are 2'-deoxy-2'-fluoro, 
4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 
2'-O-difluoromethoxy-ethoxy pyrimidine nucleotides), and 
one or more purine nucleotides present in the antisense region 
are 2'-O-methyl, 4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-tri 
fluoromethoxy, or 2'-O-difluoromethoxy-ethoxy purine 
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nucleotides (e.g., wherein all purine nucleotides are 2'-O- 
methyl, 4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluo 
romethoxy, or 2'-O-difluoromethoxy-ethoxy purine nucle 
otides or alternately a plurality of purine nucleotides are 
2'-O-methyl, 4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluo 
romethoxy, or 2'-O-difluoromethoxy-ethoxy purine nucle 
otides). The sense region and/or the antisense region can have 
a terminal cap modification that is optionally present at the 
3'-end, the 5'-end, or both of the 3' and 5'-ends of the sense 
and/or antisense sequence. The sense and/or antisense region 
can optionally further comprise a 3'-terminal nucleotide over 
hang having about 1 to about 4 (e.g., about 1, 2, 3, or 4) 
2'-deoxynucleotides. The overhang nucleotides can further 
comprise one or more (e.g., about 1, 2, 3, 4 or more) phos 
phorothioate, phosphonoacetate, and/or thiophosphonoac 
etate internucleotide linkages. In any of these described 
embodiments, the purine nucleotides present in the sense 
region are alternatively 2'-O-methyl, 4'-thio. 2'-O-trifluorom 
ethyl, 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy purine nucleotides (e.g., wherein all 
purine nucleotides are 2'-O-methyl, 4'-thio. 2'-O-trifluorom 
ethyl, 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy purine nucleotides or alternately a plural 
ity of purine nucleotides are 2'-O-methyl, 4'-thio. 2'-O- 
trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O- 
difluoromethoxy-ethoxy purine nucleotides) and one or more 
purine nucleotides present in the antisense region are 2'-O- 
methyl, 4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluo 
romethoxy, or 2'-O-difluoromethoxy-ethoxy purine nucle 
otides (e.g., wherein all purine nucleotides are 2'-O-methyl, 
4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 
2'-O-difluoromethoxy-ethoxy purine nucleotides or alter 
nately a plurality of purine nucleotides are 2'-O-methyl, 
4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 
2'-O-difluoromethoxy-ethoxy purine nucleotides). Also, in 
any of these embodiments, one or more purine nucleotides 
present in the sense region are alternatively purine ribonucle 
otides (e.g., wherein all purine nucleotides are purine ribo 
nucleotides or alternately a plurality of purine nucleotides are 
purine ribonucleotides) and any purine nucleotides present in 
the antisense region are 2'-O-methyl, 4'-thio. 2'-O-trifluorom 
ethyl, 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy purine nucleotides (e.g., wherein all 
purine nucleotides are 2'-O-methyl, 4'-thio. 2'-O-trifluorom 
ethyl, 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy purine nucleotides or alternately a plural 
ity of purine nucleotides are 2'-O-methyl, 4'-thio. 2'-O- 
trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O- 
difluoromethoxy-ethoxy purine nucleotides). Additionally, in 
any of these embodiments, one or more purine nucleotides 
present in the sense region and/or present in the antisense 
region are alternatively selected from the group consisting of 
2'-deoxynucleotides, locked nucleic acid (LNA) nucleotides, 
2-methoxyethyl nucleotides, 4'-thionucleotides. 2'-O-trif 
luoromethyl nucleotides. 2'-O-ethyl-trifluoromethoxy nucle 
otides. 2'-O-difluoromethoxy-ethoxy nucleotides and 2'-O- 
methyl nucleotides (e.g., wherein all purine nucleotides are 
selected from the group consisting of 2'-deoxy nucleotides, 
locked nucleic acid (LNA) nucleotides. 2'-methoxyethyl 
nucleotides, 4'-thionucleotides. 2'-O-trifluoromethyl nucle 
otides. 2'-O-ethyl-trifluoromethoxynucleotides. 2'-O-difluo 
romethoxy-ethoxy nucleotides and 2'-O-methyl nucleotides 
or alternately a plurality of purine nucleotides are selected 
from the group consisting of 2'-deoxy nucleotides, locked 
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nucleic acid (LNA) nucleotides. 2'-methoxyethyl nucle 
otides, 4'-thionucleotides. 2'-O-trifluoromethyl nucleotides, 
2'-O-ethyl-trifluoromethoxy nucleotides. 2'-O-difluo 
romethoxy-ethoxynucleotides and 2'-O-methyl nucleotides). 
0305. In another embodiment, any modified nucleotides 
present in the siNA molecules of the invention, preferably in 
the antisense strand of the siNA molecules of the invention, 
but also optionally in the sense and/or both antisense and 
sense Strands, comprise modified nucleotides having proper 
ties or characteristics similar to naturally occurring ribo 
nucleotides. For example, the invention features siNA mol 
ecules including modified nucleotides having a Northern 
conformation (e.g., Northern pseudorotation cycle, see for 
example Saenger, Principles of Nucleic Acid Structure, 
Springer-Verlag, ed., 1984). As such, chemically modified 
nucleotides present in the siNA molecules of the invention, 
preferably in the antisense strand of the siNA molecules of the 
invention, but also optionally in the sense and/or both anti 
sense and sense Strands, are resistant to nuclease degradation 
while at the same time maintaining the capacity to mediate 
RNAi. Non-limiting examples of nucleotides having a north 
ern configuration include locked nucleic acid (LNA) nucle 
otides (e.g., 2'-O, 4'-C-methylene-(D-ribofuranosyl) nucle 
otides); 2'-methoxyethoxy (MOE) nucleotides; 2'-methyl 
thio-ethyl. 2'-deoxy-2'-fluoro nucleotides. 2'-deoxy-2'-chloro 
nucleotides, 2’-azidonucleotides. 2'-O-trifluoromethyl nucle 
otides. 2'-O-ethyl-trifluoromethoxynucleotides. 2'-O-difluo 
romethoxy-ethoxy nucleotides, 4'-thio nucleotides and 2'-O- 
methyl nucleotides. 
0306. In one embodiment, the sense strand of a double 
stranded siNA molecule of the invention comprises a terminal 
cap moiety, such as an inverted deoxyabaisc moiety, at the 
3'-end, 5'-end, or both 3' and 5'-ends of the sense strand. 
0307. In one embodiment, the invention features a chemi 
cally-modified short interfering nucleic acid molecule (siNA) 
capable of mediating RNA interference (RNAi) inside a cell 
or reconstituted in vitro system, wherein the chemical modi 
fication comprises a conjugate covalently attached to the 
chemically-modified siNA molecule. Non-limiting examples 
of conjugates contemplated by the invention include conju 
gates and ligands described in Vargeese et al., U.S. Ser. No. 
10/427,160, filed Apr. 30, 2003, incorporated by reference 
herein in its entirety, including the drawings. In another 
embodiment, the conjugate is covalently attached to the 
chemically-modified siNA molecule via a biodegradable 
linker. In one embodiment, the conjugate molecule is 
attached at the 3'-end of either the sense strand, the antisense 
strand, or both strands of the chemically-modified siNA mol 
ecule. In another embodiment, the conjugate molecule is 
attached at the 5'-end of either the sense strand, the antisense 
strand, or both strands of the chemically-modified siNA mol 
ecule. In yet another embodiment, the conjugate molecule is 
attached both the 3'-end and 5'-end of either the sense strand, 
the antisense strand, or both Strands of the chemically-modi 
fied siNA molecule, or any combination thereof. In one 
embodiment, a conjugate molecule of the invention com 
prises a molecule that facilitates delivery of a chemically 
modified siNA molecule into a biological system, such as a 
cell. In another embodiment, the conjugate molecule attached 
to the chemically-modified siNA molecule is a ligand for a 
cellular receptor, such as peptides derived from naturally 
occurring protein ligands; protein localization sequences, 
including cellular ZIP code sequences; antibodies; nucleic 
acid aptamers; vitamins and other co-factors, such as folate 
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and N-acetylgalactosamine; polymers, such as polyethyl 
eneglycol (PEG); phospholipids; cholesterol; steroids, and 
polyamines, such as PEI, spermine or spermidine. Examples 
of specific conjugate molecules contemplated by the instant 
invention that can be attached to chemically-modified siNA 
molecules are described in Vargeese et al., U.S. Ser. No. 
10/201,394, filed Jul. 22, 2002 incorporated by reference in 
its entirety herein. The type of conjugates used and the extent 
of conjugation of siNA molecules of the invention can be 
evaluated for improved pharmacokinetic profiles, bioavail 
ability, and/or stability of siNA constructs while at the same 
time maintaining the ability of the siNA to mediate RNAi 
activity. As such, one skilled in the art can screen siNA con 
structs that are modified with various conjugates to determine 
whether the siNA conjugate complex possesses improved 
properties while maintaining the ability to mediate RNAi, for 
example in animal models as are generally known in the art. 
0308. In one embodiment, the invention features a short 
interfering nucleic acid (siNA) molecule of the invention, 
wherein the siNA further comprises a nucleotide, non-nucle 
otide, or mixed nucleotide/non-nucleotide linker that joins 
the sense region of the siNA to the antisense region of the 
siNA. In one embodiment, a nucleotide, non-nucleotide, or 
mixed nucleotide/non-nucleotide linker is used, for example, 
to attach a conjugate moiety to the siNA. In one embodiment, 
a nucleotide linker of the invention can be a linker of 22 
nucleotides in length, for example about 3, 4, 5, 6, 7, 8, 9, or 
10 nucleotides in length. In another embodiment, the nucle 
otide linker can be a nucleic acid aptamer. 
0309. In yet another embodiment, a non-nucleotide linker 
of the invention comprises abasic nucleotide, polyether, 
polyamine, polyamide, peptide, carbohydrate, lipid, polyhy 
drocarbon, or other polymeric compounds (e.g. polyethylene 
glycols such as those having between 2 and 100 ethylene 
glycol units). Specific examples include those described by 
Seela and Kaiser, Nucleic Acids Res. 1990, 18:6353 and 
Nucleic Acids Res. 1987, 15:3113: Cload and Schepartz, J. 
Am. Chem. Soc. 1991, 113:6324; Richardson and Schepartz, 
J. Am. Chem. Soc. 1991, 113:5109; Ma et al., Nucleic Acids 
Res. 1993,21:2585 and Biochemistry 1993, 32:1751; Durand 
et al., Nucleic Acids Res. 1990, 18:6353; McCurdy et al., 
Nucleosides & Nucleotides 1991, 10:287: Jschke et al., Tet 
rahedron Lett. 1993, 34:301: Ono et al., Biochemistry 1991, 
30:9914; Arnold et al., International Publication No. WO 
89/02439; Usman et al., International Publication No. WO 
95/06731; Dudycz et al., International Publication No. WO 
95/11910 and Ferentz and Verdine, J. Am. Chem. Soc. 1991, 
113:4000, all hereby incorporated by reference herein. A 
“non-nucleotide further means any group or compound that 
can be incorporated into a nucleic acid chain in the place of 
one or more nucleotide units, including either Sugar and/or 
phosphate Substitutions, and allows the remaining bases to 
exhibit their enzymatic activity. The group or compound can 
be abasic in that it does not contain a commonly recognized 
nucleotide base. Such as adenosine, guanine, cytosine, uracil 
or thymine, for example at the C1 position of the Sugar. 
0310. In one embodiment, the invention features a short 
interfering nucleic acid (siNA) molecule capable of mediat 
ing RNA interference (RNAi) inside a cell or reconstituted in 
vitro system, wherein one or both strands of the siNA mol 
ecule that are assembled from two separate oligonucleotides 
do not comprise any ribonucleotides. For example, a siNA 
molecule can be assembled from a single oligonucleotide 
where the sense and antisense regions of the siNA comprise 

40 
Feb. 25, 2010 

separate oligonucleotides that do not have any ribonucle 
otides (e.g., nucleotides having a 2'-OH group) present in the 
oligonucleotides. In another example, a siNA molecule can 
be assembled from a single oligonucleotide where the sense 
and antisense regions of the siNA are linked or circularized by 
a nucleotide or non-nucleotide linker as described herein, 
wherein the oligonucleotide does not have any ribonucle 
otides (e.g., nucleotides having a 2'-OH group) present in the 
oligonucleotide. Applicant has Surprisingly found that the 
presense of ribonucleotides (e.g., nucleotides having a 2'-hy 
droxyl group) within the siNA molecule is not required or 
essential to support RNAi activity. As such, in one embodi 
ment, all positions within the siNA can include chemically 
modified nucleotides and/or non-nucleotides such as nucle 
otides and or non-nucleotides having Formula I, II, III, IV. V. 
VI, or VII or any combination thereof to the extent that the 
ability of the siNA molecule to support RNAi activity in a cell 
is maintained. 

0311. In one embodiment, a siNA molecule of the inven 
tion is a single stranded siNA molecule that mediates RNAi 
activity in a cell or reconstituted in vitro system comprising a 
single stranded polynucleotide having complementarity to a 
target nucleic acid sequence. In another embodiment, the 
single stranded siNA molecule of the invention comprises a 
5'-terminal phosphate group. In another embodiment, the 
single stranded siNA molecule of the invention comprises a 
5'-terminal phosphate group and a 3'-terminal phosphate 
group (e.g., a 2',3'-cyclic phosphate). In another embodiment, 
the single stranded siNA molecule of the invention comprises 
about 15 to about 30 (e.g., about 15, 16, 17, 18, 19, 20, 21, 22, 
23, 24, 25, 26, 27, 28, 29, or 30) nucleotides. In yet another 
embodiment, the single stranded siNA molecule of the inven 
tion comprises one or more chemically modified nucleotides 
or non-nucleotides described herein. For example, all the 
positions within the siNA molecule can include chemically 
modified nucleotides such as nucleotides having any of For 
mulae I-VII, or any combination thereof to the extent that the 
ability of the siNA molecule to support RNAi activity in a cell 
is maintained. 

0312. In one embodiment, a siNA molecule of the inven 
tion is a single stranded siNA molecule that mediates RNAi 
activity in a cell or reconstituted in vitro system comprising a 
single stranded polynucleotide having complementarity to a 
target nucleic acid sequence, wherein one or more pyrimidine 
nucleotides present in the siNA are 2'-deoxy-2'-fluoro, 
4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 
2'-O-difluoromethoxy-ethoxy pyrimidine nucleotides (e.g., 
wherein all pyrimidine nucleotides are 2'-deoxy-2'-fluoro, 
4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 
2'-O-difluoromethoxy-ethoxy pyrimidine nucleotides or 
alternately a plurality of pyrimidine nucleotides are 2'-deoxy 
2'-fluoro. 4'-thio. 2'-O-trifluoromethyl, 2'-O-ethyl-trifluo 
romethoxy, or 2'-O-difluoromethoxy-ethoxy pyrimidine 
nucleotides), and wherein any purine nucleotides present in 
the antisense region are 2'-O-methyl, 4'-thio. 2'-O-trifluorom 
ethyl, 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy purine nucleotides (e.g., wherein all 
purine nucleotides are 2'-O-methyl, 4'-thio. 2'-O-trifluorom 
ethyl, 2'-O-ethyl-trifluoromethoxy, or 2'-O-difluo 
romethoxy-ethoxy purine nucleotides or alternately a plural 
ity of purine nucleotides are 2'-O-methyl, 4'-thio. 2'-O- 
trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, or 2'-O- 
difluoromethoxy-ethoxy purine nucleotides), and a terminal 
cap modification that is optionally present at the 3'-end, the 
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5'-end, or both of the 3' and 5'-ends of the antisense sequence. 
The siNA optionally further comprises about 1 to about 4 or 
more (e.g., about 1, 2, 3, 4 or more) terminal 2'-deoxynucle 
otides at the 3'-end of the siNA molecule, wherein the termi 
nal nucleotides can further comprise one or more (e.g., 1,2,3, 
4 or more) phosphorothioate, phosphonoacetate, and/or thio 
phosphonoacetate internucleotide linkages, and wherein the 
siNA optionally further comprises a terminal phosphate 
group, Such as a 5'-terminal phosphate group. In any of these 
embodiments, any purine nucleotides present in the antisense 
region are alternatively 2'-deoxy purine nucleotides (e.g., 
wherein all purine nucleotides are 2'-deoxy purine nucle 
otides or alternately a plurality of purine nucleotides are 
2'-deoxy purine nucleotides). Also, in any of these embodi 
ments, any purine nucleotides present in the siNA (i.e., purine 
nucleotides present in the sense and/or antisense region) can 
alternatively be locked nucleic acid (LNA) nucleotides (e.g., 
wherein all purine nucleotides are LNA nucleotides or alter 
nately a plurality of purine nucleotides are LNA nucleotides). 
Also, in any of these embodiments, any purine nucleotides 
present in the siNA are alternatively 2'-methoxyethyl purine 
nucleotides (e.g., wherein all purine nucleotides are 2'-meth 
oxyethyl purine nucleotides or alternately a plurality of 
purine nucleotides are 2'-methoxyethyl purine nucleotides). 
In another embodiment, any modified nucleotides present in 
the single stranded siNA molecules of the invention comprise 
modified nucleotides having properties or characteristics 
similar to naturally occurring ribonucleotides. For example, 
the invention features siNA molecules including modified 
nucleotides having a Northern conformation (e.g., Northern 
pseudorotation cycle, see for example Saenger, Principles of 
Nucleic Acid Structure, Springer-Verlag, ed., 1984). As such, 
chemically modified nucleotides present in the single 
stranded siNA molecules of the invention are preferably resis 
tant to nuclease degradation while at the same time maintain 
ing the capacity to mediate RNAi. 
0313. In one embodiment, a siNA molecule of the inven 
tion comprises chemically modified nucleotides or non 
nucleotides (e.g., having any of Formulae I-VII. Such as 
2'-deoxy. 2'-deoxy-2'-fluoro. 4'-thio. 2'-O-trifluoromethyl, 
2'-O-ethyl-trifluoromethoxy. 2'-O-difluoromethoxy-ethoxy 
or 2'-O-methyl nucleotides) at alternating positions within 
one or more strands or regions of the siNA molecule. For 
example, such chemical modifications can be introduced at 
every other position of a RNA based siNA molecule, starting 
at either the first or second nucleotide from the 3'-end or 
5'-end of the siNA. In a non-limiting example, a double 
stranded siNA molecule of the invention in which each strand 
of the siNA is 21 nucleotides in length is featured wherein 
positions 1, 3, 5, 7, 9, 11, 13, 15, 17, 19 and 21 of each strand 
are chemically modified (e.g., with compounds having any of 
Formulae I-VII, such as such as 2'-deoxy. 2'-deoxy-2'-fluoro, 
4'-thio. 2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy, 
2'-O-difluoromethoxy-ethoxy or 2'-O-methyl nucleotides). 
In another non-limiting example, a double stranded siNA 
molecule of the invention in which each strand of the siNA is 
21 nucleotides in length is featured wherein positions 2, 4, 6, 
8, 10, 12, 14, 16, 18, and 20 of each strand are chemically 
modified (e.g., with compounds having any of Formulae 
I-VII, such as such as 2'-deoxy. 2'-deoxy-2'-fluoro. 4'-thio. 
2'-O-trifluoromethyl. 2'-O-ethyl-trifluoromethoxy. 2'-O-dif 
luoromethoxy-ethoxy or 2'-O-methyl nucleotides). Such 
siNA molecules can further comprise terminal cap moieties 
and/or backbone modifications as described herein. 
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0314. In one embodiment, the invention features a method 
for delivering or administering a biologically active mol 
ecule. Such as a polynucleotide molecule (e.g., siNA, 
miRNA, RNAi inhibitor, antisense, aptamer, decoy, 
ribozyme, 2-5A, triplex forming oligonucleotide, or other 
nucleic acid molecule) of the invention to a cell or cells in a 
Subject or organism, comprising administering a formulated 
molecular composition of the invention underconditions Suit 
able for delivery of the polynucleotide component of the 
formulated molecular composition to the cell or cells of the 
Subject or organism. In separate embodiments, the cell is, for 
example, a lung cell, liver cell, CNS cell. PNS cell, tumor cell, 
kidney cell, vascular cell, skin cell, ocular cell, or cells of the 
Ca 

0315. In one embodiment, the invention features a method 
for delivering or administering a biologically active mol 
ecule. Such as a polynucleotide molecule (e.g., siNA, 
miRNA, RNAi inhibitor, antisense, aptamer, decoy, 
ribozyme, 2-5A, triplex forming oligonucleotide, or other 
nucleic acid molecule) of the invention to liver or liver cells 
(e.g., hepatocytes) in a Subject or organism, comprising 
administering a formulated molecular composition of the 
invention under conditions suitable for delivery of the poly 
nucleotide component of the formulated molecular composi 
tion to the liver or liver cells (e.g., hepatocytes) of the subject 
or organism. 
0316. In one embodiment, the invention features a method 
for modulating the expression of a target gene within a cell 
comprising, introducing a formulated molecular composition 
of the invention into a cell under conditions suitable to modu 
late the expression of the target gene in the cell. In one 
embodiment, the cell is a liver cell (e.g., hepatocyte). In other 
embodiments, the cell is, for example, a lung cell, CNS cell, 
PNS cell, tumor cell, kidney cell, vascular cell, skin cell, 
ocular cell, or cells of the ear. In one embodiment, the formu 
lated molecular composition comprises a polynucleotide, 
such as a siNA, miRNA, RNAi inhibitor, antisense, aptamer, 
decoy, ribozyme, 2-5A, triplex forming oligonucleotide, or 
other nucleic acid molecule. 

0317. In another embodiment, the invention features a 
method for modulating the expression of more than one target 
gene within a cell comprising, introducing a formulated 
molecular composition of the invention into the cell under 
conditions suitable to modulate the expression of the target 
genes in the cell. In one embodiment, the cell is a liver cell 
(e.g., hepatocyte). In other embodiments, the cell is, for 
example, a lung cell, CNS cell. PNS cell, tumor cell, kidney 
cell, vascular cell, skin cell, ocular cell, or cells of the ear. In 
one embodiment, the formulated molecular composition 
comprises a polynucleotide, such as a siNA, miRNA, RNAi 
inhibitor, antisense, aptamer, decoy, ribozyme, 2-5A, triplex 
forming oligonucleotide, or other nucleic acid molecule. 
0318. In one embodiment, the invention features a method 
for treating or preventing a disease, disorder, trait or condition 
related to gene expression in a Subject or organism compris 
ing contacting the Subject or organism with a formulated 
molecular composition of the invention underconditions Suit 
able to modulate the expression of the target gene in the 
Subject or organism. In one embodiment, the formulated 
molecular composition comprises a polynucleotide, such as a 
siNA, miRNA, RNAi inhibitor, antisense, aptamer, decoy, 
ribozyme, 2-5A, triplex forming oligonucleotide, or other 
nucleic acid molecule. In one embodiment, the reduction of 
gene expression and thus reduction in the level of the respec 
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tive protein/RNA relieves, to some extent, the symptoms of 
the disease, disorder, trait or condition. 
0319. In one embodiment, the invention features a method 
for treating or preventing cancer in a subject or organism 
comprising contacting the Subject or organism with a formu 
lated molecular composition of the invention under condi 
tions suitable to modulate the expression of the target gene in 
the Subject or organism whereby the treatment or prevention 
of cancer can be achieved. In one embodiment, the formu 
lated molecular composition comprises a polynucleotide, 
such as a siNA, miRNA, RNAi inhibitor, antisense, aptamer, 
decoy, ribozyme, 2-5A, triplex forming oligonucleotide, or 
other nucleic acid molecule. In one embodiment, the inven 
tion features contacting the Subject or organism with a for 
mulated molecular composition of the invention via local 
administration to relevant tissues or cells, such as cancerous 
cells and tissues. In one embodiment, the invention features 
contacting the Subject or organism with a formulated molecu 
lar composition of the invention via systemic administration 
(such as via intravenous or Subcutaneous administration of 
the formulated molecular composition) to relevant tissues or 
cells. Such as tissues or cells involved in the maintenance or 
development of cancer in a subject or organism. The formu 
lated molecular composition of the invention can be formu 
lated or conjugated as described herein or otherwise known in 
the art to target appropriate tissues or cells in the Subject or 
organism. 
0320 In one embodiment, the invention features a method 
for treating or preventing a proliferative disease or condition 
in a Subject or organism comprising contacting the Subject or 
organism with a formulated molecular composition of the 
invention under conditions Suitable to modulate the expres 
sion of the target gene in the Subject or organism whereby the 
treatment or prevention of the proliferative disease or condi 
tion can be achieved. In one embodiment, the formulated 
molecular composition comprises a polynucleotide. Such as a 
siNA, miRNA, RNAi inhibitor, antisense, aptamer, decoy, 
ribozyme, 2-5A, triplex forming oligonucleotide, or other 
nucleic acid molecule. In one embodiment, the invention 
features contacting the Subject or organism with a formulated 
molecular composition of the invention via local administra 
tion to relevant tissues or cells, such as cells and tissues 
involved in proliferative disease. In one embodiment, the 
invention features contacting the Subject or organism with a 
formulated molecular composition of the invention via sys 
temic administration (such as via intravenous or Subcutane 
ous administration of the formulated molecular composition) 
to relevant tissues or cells, such as tissues or cells involved in 
the maintenance or development of the proliferative disease 
or conditionina Subject or organism. The formulated molecu 
lar composition of the invention can be formulated or conju 
gated as described herein or otherwise known in the art to 
target appropriate tissues or cells in the Subject or organism. 
0321. In one embodiment, the invention features a method 
for treating or preventing transplant and/or tissue rejection 
(allograft rejection) in a subject or organism comprising con 
tacting the Subject or organism with a formulated molecular 
composition of the invention under conditions suitable to 
modulate the expression of the target gene in the Subject or 
organism whereby the treatment or prevention of transplant 
and/or tissue rejection (allograft rejection) can be achieved. 
In one embodiment, the formulated molecular composition 
comprises a polynucleotide, such as a siNA, miRNA, RNAi 
inhibitor, antisense, aptamer, decoy, ribozyme, 2-5A, triplex 
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forming oligonucleotide, or other nucleic acid molecule. In 
one embodiment, the invention features contacting the Sub 
ject or organism with a formulated molecular composition of 
the invention via local administration to relevant tissues or 
cells, such as cells and tissues involved in transplant and/or 
tissue rejection (allograft rejection). In one embodiment, the 
invention features contacting the Subject or organism with a 
formulated molecular composition of the invention via sys 
temic administration (such as via intravenous or Subcutane 
ous administration of the formulated molecular composition) 
to relevant tissues or cells, such as tissues or cells involved in 
the maintenance or development of transplant and/or tissue 
rejection (allograft rejection) in a Subject or organism. The 
formulated molecular composition of the invention can be 
formulated or conjugated as described herein or otherwise 
known in the art to target appropriate tissues or cells in the 
Subject or organism. 
0322. In one embodiment, the invention features a method 
for treating or preventing an autoimmune disease, disorder, 
trait or condition in a Subject or organism comprising con 
tacting the Subject or organism with a formulated molecular 
composition of the invention under conditions Suitable to 
modulate the expression of the target gene in the Subject or 
organism whereby the treatment or prevention of the autoim 
mune disease, disorder, trait or condition can be achieved. In 
one embodiment, the formulated molecular composition 
comprises a polynucleotide, such as a siNA, miRNA, RNAi 
inhibitor, antisense, aptamer, decoy, ribozyme, 2-5A, triplex 
forming oligonucleotide, or other nucleic acid molecule. In 
one embodiment, the invention features contacting the Sub 
ject or organism with a formulated molecular composition of 
the invention via local administration to relevant tissues or 
cells, such as cells and tissues involved in the autoimmune 
disease, disorder, trait or condition. In one embodiment, the 
invention features contacting the Subject or organism with a 
formulated molecular composition of the invention via sys 
temic administration (such as via intravenous or Subcutane 
ous administration of the formulated molecular composition) 
to relevant tissues or cells, such as tissues or cells involved in 
the maintenance or development of the autoimmune disease, 
disorder, trait or condition in a Subject or organism. The 
formulated molecular composition of the invention can be 
formulated or conjugated as described herein or otherwise 
known in the art to target appropriate tissues or cells in the 
Subject or organism. 
0323. In one embodiment, the invention features a method 
for treating or preventing an infectious disease, disorder, trait 
or condition in a Subject or organism comprising contacting 
the Subject or organism with a formulated molecular compo 
sition of the invention under conditions suitable to modulate 
the expression of the target gene in the Subject or organism 
whereby the treatment or prevention of the infectious disease, 
disorder, trait or condition can be achieved. In one embodi 
ment, the formulated molecular composition comprises a 
polynucleotide, such as a siNA, miRNA, RNAi inhibitor, 
antisense, aptamer, decoy, ribozyme, 2-5A, triplex forming 
oligonucleotide, or other nucleic acid molecule. In one 
embodiment, the invention features contacting the Subject or 
organism with a formulated molecular composition of the 
invention via local administration to relevant tissues or cells, 
Such as cells and tissues involved in the infectious disease, 
disorder, trait or condition. In one embodiment, the invention 
features contacting the Subject or organism with a formulated 
molecular composition of the invention via systemic admin 
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istration (such as via intravenous or Subcutaneous adminis 
tration of the formulated molecular composition) to relevant 
tissues or cells, such as tissues or cells involved in the main 
tenance or development of the infectious disease, disorder, 
trait or condition in a subject or organism. The formulated 
molecular composition of the invention can be formulated or 
conjugated as described herein or otherwise known in the art 
to target appropriate tissues or cells in the Subject or organ 
1S 

0324. In one embodiment, the invention features a method 
for treating or preventing an age-related disease, disorder, 
trait or condition in a Subject or organism comprising con 
tacting the Subject or organism with a formulated molecular 
composition of the invention under conditions suitable to 
modulate the expression of the target gene in the Subject or 
organism whereby the treatment or prevention of the age 
related disease, disorder, trait or condition can be achieved. In 
one embodiment, the formulated molecular composition 
comprises a polynucleotide, such as a siNA, miRNA, RNAi 
inhibitor, antisense, aptamer, decoy, ribozyme, 2-5A, triplex 
forming oligonucleotide, or other nucleic acid molecule. In 
one embodiment, the invention features contacting the Sub 
ject or organism with a formulated molecular composition of 
the invention via local administration to relevant tissues or 
cells, such as cells and tissues involved in the age-related 
disease, disorder, trait or condition. In one embodiment, the 
invention features contacting the Subject or organism with a 
formulated molecular composition of the invention via sys 
temic administration (such as via intravenous or subcutane 
ous administration of the formulated molecular composition) 
to relevant tissues or cells, such as tissues or cells involved in 
the maintenance or development of the age-related disease, 
disorder, trait or condition in a Subject or organism. The 
formulated molecular composition of the invention can be 
formulated or conjugated as described herein or otherwise 
known in the art to target appropriate tissues or cells in the 
Subject or organism. 
0325 In one embodiment, the invention features a method 
for treating or preventing a neurologic or neurodegenerative 
disease, disorder, trait or condition in a Subject or organism 
comprising contacting the Subject or organism with a formu 
lated molecular composition of the invention under condi 
tions suitable to modulate the expression of the target gene in 
the Subject or organism whereby the treatment or prevention 
of the neurologic or neurodegenerative disease, disorder, trait 
or condition can be achieved. In one embodiment, the formu 
lated molecular composition comprises a polynucleotide, 
such as a siNA, miRNA, RNAi inhibitor, antisense, aptamer, 
decoy, ribozyme, 2-5A, triplex forming oligonucleotide, or 
other nucleic acid molecule. In one embodiment, the inven 
tion features contacting the Subject or organism with a for 
mulated molecular composition of the invention via local 
administration to relevant tissues or cells. Such as cells and 
tissues involved in the neurologic or neurodegenerative dis 
ease, disorder, trait or condition. In one embodiment, the 
invention features contacting the Subject or organism with a 
formulated molecular composition of the invention via sys 
temic administration (Such as via catheterization, osmotic 
pump administration (e.g., intrathecal or Ventricular) intrave 
nous or Subcutaneous administration of the formulated 
molecular composition) to relevant tissues or cells, such as 
tissues or cells involved in the maintenance or development of 
the neurologic or neurodegenerative disease, disorder, trait or 
condition in a Subject or organism. The formulated molecular 
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composition of the invention can beformulated or conjugated 
as described herein or otherwise known in the art to target 
appropriate tissues or cells in the Subject or organism. In one 
embodiment, the neurologic disease is Huntington disease. 
0326 In one embodiment, the invention features a method 
for treating or preventing a metabolic disease, disorder, trait 
or condition in a Subject or organism comprising contacting 
the Subject or organism with a formulated molecular compo 
sition of the invention under conditions suitable to modulate 
the expression of the target gene in the Subject or organism 
whereby the treatment or prevention of the metabolic disease, 
disorder, trait or condition can be achieved. In one embodi 
ment, the formulated molecular composition comprises a 
polynucleotide, such as a siNA, miRNA, RNAi inhibitor, 
antisense, aptamer, decoy, ribozyme, 2-5A, triplex forming 
oligonucleotide, or other nucleic acid molecule. In one 
embodiment, the invention features contacting the Subject or 
organism with a formulated molecular composition of the 
invention via local administration to relevant tissues or cells, 
Such as cells and tissues involved in the metabolic disease, 
disorder, trait or condition. In one embodiment, the invention 
features contacting the Subject or organism with a formulated 
molecular composition of the invention via systemic admin 
istration (such as via intravenous or Subcutaneous adminis 
tration of the formulated molecular composition) to relevant 
tissues or cells, such as tissues or cells involved in the main 
tenance or development of the metabolic disease, disorder, 
trait or condition in a subject or organism. The formulated 
molecular composition of the invention can be formulated or 
conjugated as described herein or otherwise known in the art 
to target appropriate tissues or cells in the Subject or organ 
1S 

0327. In one embodiment, the invention features a method 
for treating or preventing a cardiovascular disease, disorder, 
trait or condition in a Subject or organism comprising con 
tacting the Subject or organism with a formulated molecular 
composition of the invention under conditions Suitable to 
modulate the expression of the target gene in the Subject or 
organism whereby the treatment or prevention of the cardio 
vascular disease, disorder, trait or condition can be achieved. 
In one embodiment, the formulated molecular composition 
comprises a polynucleotide, such as a siNA, miRNA, RNAi 
inhibitor, antisense, aptamer, decoy, ribozyme, 2-5A, triplex 
forming oligonucleotide, or other nucleic acid molecule. In 
one embodiment, the invention features contacting the Sub 
ject or organism with a formulated molecular composition of 
the invention via local administration to relevant tissues or 
cells. Such as cells and tissues involved in the cardiovascular 
disease, disorder, trait or condition. In one embodiment, the 
invention features contacting the Subject or organism with a 
formulated molecular composition of the invention via sys 
temic administration (such as via intravenous or Subcutane 
ous administration of the formulated molecular composition) 
to relevant tissues or cells, such as tissues or cells involved in 
the maintenance or development of the cardiovascular dis 
ease, disorder, trait or condition in a Subject or organism. The 
formulated molecular composition of the invention can be 
formulated or conjugated as described herein or otherwise 
known in the art to target appropriate tissues or cells in the 
Subject or organism. 
0328. In one embodiment, the invention features a method 
for treating or preventing a respiratory disease, disorder, trait 
or condition in a Subject or organism comprising contacting 
the Subject or organism with a formulated molecular compo 
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sition of the invention under conditions suitable to modulate 
the expression of the target gene in the Subject or organism 
whereby the treatment or prevention of the respiratory dis 
ease, disorder, trait or condition can be achieved. In one 
embodiment, the formulated molecular composition com 
prises a polynucleotide, such as a siNA, miRNA, RNAi 
inhibitor, antisense, aptamer, decoy, ribozyme, 2-5A, triplex 
forming oligonucleotide, or other nucleic acid molecule. In 
one embodiment, the invention features contacting the Sub 
ject or organism with a formulated molecular composition of 
the invention via local administration to relevant tissues or 
cells, such as cells and tissues involved in the respiratory 
disease, disorder, trait or condition. In one embodiment, the 
invention features contacting the Subject or organism with a 
formulated molecular composition of the invention via sys 
temic administration (such as via intravenous or Subcutane 
ous administration of the formulated molecular composition) 
to relevant tissues or cells, such as tissues or cells involved in 
the maintenance or development of the respiratory disease, 
disorder, trait or condition in a Subject or organism. The 
formulated molecular composition of the invention can be 
formulated or conjugated as described herein or otherwise 
known in the art to target appropriate tissues or cells in the 
Subject or organism. 
0329. In one embodiment, the invention features a method 
for treating or preventing an ocular disease, disorder, trait or 
condition in a Subject or organism comprising contacting the 
Subjector organism with a formulated molecular composition 
of the invention under conditions suitable to modulate the 
expression of the target gene in the Subject or organism 
whereby the treatment or prevention of the ocular disease, 
disorder, trait or condition can be achieved. In one embodi 
ment, the formulated molecular composition comprises a 
polynucleotide, such as a siNA, miRNA, RNAi inhibitor, 
antisense, aptamer, decoy, ribozyme, 2-5A, triplex forming 
oligonucleotide, or other nucleic acid molecule. In one 
embodiment, the invention features contacting the Subject or 
organism with a formulated molecular composition of the 
invention via local administration to relevant tissues or cells, 
Such as cells and tissues involved in the ocular disease, dis 
order, trait or condition. In one embodiment, the invention 
features contacting the Subject or organism with a formulated 
molecular composition of the invention via systemic admin 
istration (such as via intravenous or Subcutaneous adminis 
tration of the formulated molecular composition) to relevant 
tissues or cells, such as tissues or cells involved in the main 
tenance or development of the ocular disease, disorder, traitor 
condition in a Subject or organism. The formulated molecular 
composition of the invention can beformulated or conjugated 
as described herein or otherwise known in the art to target 
appropriate tissues or cells in the Subject or organism. 
0330. In one embodiment, the invention features a method 
for treating or preventing a dermatological disease, disorder, 
trait or condition in a Subject or organism comprising con 
tacting the Subject or organism with a formulated molecular 
composition of the invention under conditions suitable to 
modulate the expression of the target gene in the Subject or 
organism whereby the treatment or prevention of the derma 
tological disease, disorder, trait or condition can be achieved. 
In one embodiment, the formulated molecular composition 
comprises a polynucleotide, such as a siNA, miRNA, RNAi 
inhibitor, antisense, aptamer, decoy, ribozyme, 2-5A, triplex 
forming oligonucleotide, or other nucleic acid molecule. In 
one embodiment, the invention features contacting the Sub 
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ject or organism with a formulated molecular composition of 
the invention via local administration to relevant tissues or 
cells. Such as cells and tissues involved in the dermatological 
disease, disorder, trait or condition. In one embodiment, the 
invention features contacting the Subject or organism with a 
formulated molecular composition of the invention via sys 
temic administration (such as via intravenous or Subcutane 
ous administration of the formulated molecular composition) 
to relevant tissues or cells, such as tissues or cells involved in 
the maintenance or development of the dermatological dis 
ease, disorder, trait or condition in a Subject or organism. The 
formulated molecular composition of the invention can be 
formulated or conjugated as described herein or otherwise 
known in the art to target appropriate tissues or cells in the 
Subject or organism. 
0331. In one embodiment, the invention features a method 
for treating or preventing a liver disease, disorder, trait or 
condition (e.g., hepatitis, HCV. HBV, diabetes, cirrhosis, 
hepatocellular carcinoma etc.) in a Subject or organism com 
prising contacting the Subject or organism with a formulated 
molecular composition of the invention underconditions Suit 
able to modulate the expression of the target gene in the 
Subject or organism whereby the treatment or prevention of 
the liver disease, disorder, trait or condition can be achieved. 
In one embodiment, the formulated molecular composition 
comprises a polynucleotide, such as a siNA, miRNA, RNAi 
inhibitor, antisense, aptamer, decoy, ribozyme, 2-5A, triplex 
forming oligonucleotide, or other nucleic acid molecule. In 
one embodiment, the invention features contacting the Sub 
ject or organism with a formulated molecular composition of 
the invention via local administration to relevant tissues or 
cells, such as liver cells and tissues involved in the liver 
disease, disorder, trait or condition. In one embodiment, the 
invention features contacting the Subject or organism with a 
formulated molecular composition of the invention via sys 
temic administration (such as via intravenous or Subcutane 
ous administration of the formulated molecular composition) 
to relevant tissues or cells, such as tissues or cells involved in 
the maintenance or development of the liver disease, disorder, 
trait or condition in a subject or organism. The formulated 
molecular composition of the invention can be formulated or 
conjugated as described herein or otherwise known in the art 
to target appropriate tissues or cells in the Subject or organ 
1S 

0332. In one embodiment, the invention features a method 
for treating or preventing a kidney/renal disease, disorder, 
trait or condition (e.g., polycystic kidney disease etc.) in a 
Subject or organism comprising contacting the Subject or 
organism with a formulated molecular composition of the 
invention under conditions Suitable to modulate the expres 
sion of the target gene in the Subject or organism whereby the 
treatment or prevention of the kidney/renal disease, disorder, 
trait or condition can be achieved. In one embodiment, the 
formulated molecular composition comprises a polynucle 
otide, such as a siNA, miRNA, RNAi inhibitor, antisense, 
aptamer, decoy, ribozyme, 2-5A, triplex forming oligonucle 
otide, or other nucleic acid molecule. In one embodiment, the 
invention features contacting the Subject or organism with a 
formulated molecular composition of the invention via local 
administration to relevant tissues or cells, such as kidney/ 
renal cells and tissues involved in the kidney/renal disease, 
disorder, trait or condition. In one embodiment, the invention 
features contacting the Subject or organism with a formulated 
molecular composition of the invention via systemic admin 
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istration (such as via intravenous or Subcutaneous adminis 
tration of the formulated molecular composition) to relevant 
tissues or cells, such as tissues or cells involved in the main 
tenance or development of the kidney/renal disease, disorder, 
trait or condition in a subject or organism. The formulated 
molecular composition of the invention can be formulated or 
conjugated as described herein or otherwise known in the art 
to target appropriate tissues or cells in the Subject or organ 
1S 

0333. In one embodiment, the invention features a method 
for treating or preventing an auditory disease, disorder, traitor 
condition (e.g., hearing loss, deafness, etc.) in a subject or 
organism comprising contacting the Subject or organism with 
a formulated molecular composition of the invention under 
conditions suitable to modulate the expression of the target 
gene in the Subject or organism whereby the treatment or 
prevention of the auditory disease, disorder, trait or condition 
can beachieved. In one embodiment, the formulated molecu 
lar composition comprises a polynucleotide. Such as a siNA, 
miRNA, RNAi inhibitor, antisense, aptamer, decoy, 
ribozyme, 2-5A, triplex forming oligonucleotide, or other 
nucleic acid molecule. In one embodiment, the invention 
features contacting the Subject or organism with a formulated 
molecular composition of the invention via local administra 
tion to relevant tissues or cells, such as cells and tissues of the 
ear, innerhear, or middle ear involved in the auditory disease, 
disorder, trait or condition. In one embodiment, the invention 
features contacting the Subject or organism with a formulated 
molecular composition of the invention via systemic admin 
istration (such as via intravenous or Subcutaneous adminis 
tration of the formulated molecular composition) to relevant 
tissues or cells, such as tissues or cells involved in the main 
tenance or development of the auditory disease, disorder, trait 
or conditionina Subject or organism. The formulated molecu 
lar composition of the invention can be formulated or conju 
gated as described herein or otherwise known in the art to 
target appropriate tissues or cells in the Subject or organism. 
0334. In one embodiment, the invention features a method 
for treating or preventing a disease or condition as described 
herein in a Subject or organism, comprising administering to 
the Subject or organism a formulated molecular composition 
of the invention; wherein the formulated molecular compo 
sition is administered under conditions Suitable for reducing 
or inhibiting the level of target gene expression in the Subject 
compared to a subject not treated with the formulated 
molecular composition. In one embodiment, the formulated 
molecular composition comprises a lipid nanoparticle and a 
siNA molecule of the invention. 

0335. In one embodiment, the invention features a method 
for treating or preventing a disease or condition as described 
herein in a Subject or organism, comprising administering to 
the Subject a formulated molecular composition of the inven 
tion; wherein (a) the formulated molecular composition com 
prises a double stranded nucleic acid molecule having a sense 
Strand and an antisense Strand; (b) each Strand of the double 
stranded nucleic acid molecule is 15 to 28 nucleotides in 
length; (c) at least 15 nucleotides of the sense strand are 
complementary to the antisense Strand (d) the antisense 
strand of the double stranded nucleic acid molecule has 
complementarity to a target RNA; and wherein the formu 
lated molecular composition is administered under condi 
tions suitable for reducing or inhibiting the target RNA in the 
subject compared to a subject not treated with the formulated 
molecular composition. In one embodiment, the formulated 
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molecular composition comprises a lipid nanoparticle and a 
siNA molecule of the invention. 

0336. In one embodiment, the invention features a method 
for treating or preventing a disease or condition as described 
herein in a Subject or organism, comprising administering to 
the Subject a formulated molecular composition of the inven 
tion; wherein (a) the formulated molecular composition com 
prises a double stranded nucleic acid molecule having a sense 
Strand and an antisense Strand; (b) each Strand of the double 
stranded nucleic acid molecule is 15 to 28 nucleotides in 
length; (c) at least 15 nucleotides of the sense strand are 
complementary to the antisense Strand (d) the antisense 
strand of the double stranded nucleic acid molecule has 
complementarity to a target RNA; (e) at least 20% of the 
internal nucleotides of each strand of the double stranded 
nucleic acid molecule are modified nucleosides having a 
chemical modification; and (f) at least two of the chemical 
modifications are different from each other, and wherein the 
formulated molecular composition is administered under 
conditions suitable for reducing or inhibiting the level of 
target RNA in the subject compared to a subject not treated 
with the formulated molecular composition. In one embodi 
ment, the formulated molecular composition comprises a 
lipid nanoparticle and a siNA molecule of the invention. 
0337. In any of the methods of treatment of the invention, 
the formulated molecular composition can be administered to 
the Subject as a course of treatment, for example administra 
tion at various time intervals, such as once per day over the 
course of treatment, once every two days over the course of 
treatment, once every three days over the course of treatment, 
once every four days over the course of treatment, once every 
five days over the course of treatment, once every six days 
over the course of treatment, once per week over the course of 
treatment, once every other week over the course of treat 
ment, once per month over the course of treatment, etc. In one 
embodiment, the course of treatment is once every 1, 2, 3, 4, 
5, 6, 7, 8, 9, or 10 weeks. In one embodiment, the course of 
treatment is from about one to about 52 weeks or longer (e.g., 
indefinitely). In one embodiment, the course of treatment is 
from about one to about 48 months or longer (e.g., indefi 
nitely). 
0338. In one embodiment, a course of treatment involves 
an initial course of treatment, such as once every 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10 or more weeks for a fixed interval (e.g., 1x, 2x, 
3x, 4x, 5x, 6.x, 7.x, 8x. 9x, 10x or more) followed by a 
maintenance course of treatment, Such as once every 4, 6, 8, 
10, 15, 20, 25, 30, 35, 40, or more weeks for an additional 
fixed interval (e.g., 1x, 2x, 3x, 4x, 5x, 6.x, 7.x, 8x. 9x, 10x or 
more). 
0339. In any of the methods of treatment of the invention, 
the formulated molecular composition can be administered to 
the subject systemically as described herein or otherwise 
known in the art. Systemic administration can include, for 
example, intravenous, Subcutaneous, intramuscular, catheter 
ization, nasopharangeal, transdermal, or gastrointestinal 
administration as is generally known in the art. 
0340. In one embodiment, in any of the methods of treat 
ment or prevention of the invention, the formulated molecular 
composition can be administered to the Subject locally or to 
local tissues as described herein or otherwise known in theart. 
Local administration can include, for example, catheteriza 
tion, implantation, osmotic pumping, direct injection, der 
mal/transdermal application, Stenting, earleye drops, or por 
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tal vein administration to relevant tissues, or any other local 
administration technique, method or procedure, as is gener 
ally known in the art. 
0341. In one embodiment, the invention features a com 
position comprising a formulated molecular composition of 
the invention, in a pharmaceutically acceptable carrier or 
diluent. In another embodiment, the invention features a phar 
maceutical composition comprising formulated molecular 
compositions of the invention, targeting one or more genes in 
a pharmaceutically acceptable carrier or diluent. In another 
embodiment, the invention features a method for diagnosing 
a disease or condition in a Subject comprising administering 
to the subject a formulated molecular composition of the 
invention under conditions suitable for the diagnosis of the 
disease or condition in the Subject. In another embodiment, 
the invention features a method for treating or preventing a 
disease, trait, or condition in a subject, comprising adminis 
tering to the Subject a formulated molecular composition of 
the invention under conditions suitable for the treatment or 
prevention of the disease, trait or condition in the Subject, 
alone or in conjunction with one or more other therapeutic 
compounds. 
0342. In one embodiment, the method of synthesis of 
polynucleotide molecules of the invention, including but not 
limited to siNA, miRNA, RNAi inhibitor, antisense, aptamer, 
decoy, ribozyme, 2-5A, triplex forming oligonucleotide, or 
other nucleic acid molecules, comprises the teachings of 
Scaringe et al., U.S. Pat. Nos. 5,889,136; 6,008,400; and 
6,111,086, incorporated by reference herein in their entirety. 
0343. In another embodiment, the invention features a 
method for generating formulated polynucleotide (e.g., to 
siNA, miRNA, RNAi inhibitor, antisense, aptamer, decoy, 
ribozyme, 2-5A, triplex forming oligonucleotide, or other 
nucleic acid molecule) compositions with increased nuclease 
resistance comprising (a) introducing modified nucleotides 
into a polynucleotide component of a formulated molecular 
composition of the invention, and (b) assaying the formulated 
molecular composition of step (a) under conditions Suitable 
for isolating formulated polynucleotide compositions having 
increased nuclease resistance. 

0344. In another embodiment, the invention features a 
method for generating polynucleotide (e.g., to siNA, miRNA, 
RNAi inhibitor, antisense, aptamer, decoy, ribozyme, 2-5A, 
triplex forming oligonucleotide, or other nucleic acid mol 
ecule) molecules with improved toxicologic profiles (e.g., 
having attenuated or no immunistimulatory properties) com 
prising (a) introducing nucleotides having any of Formula 
I-VII (e.g., siNA motifs referred to in Table I) or any combi 
nation thereof into a polynucleotide molecule, and (b) assay 
ing the polynucleotide molecule of step (a) under conditions 
Suitable for isolating siNA molecules having improved toxi 
cologic profiles. 
0345. In another embodiment, the invention features a 
method for generating formulated SiNA compositions with 
improved toxicologic profiles (e.g., having attenuated or no 
immunistimulatory properties) comprising (a) generating a 
formulated SiNA composition comprising a siNA molecule of 
the invention and a delivery vehicle or delivery particle as 
described herein or as otherwise known in the art, and (b) 
assaying the SiNA formulation of step (a) under conditions 
Suitable for isolating formulated siNA compositions having 
improved toxicologic profiles. 
0346. In another embodiment, the invention features a 
method for generating siNA molecules that do not stimulate 
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an interferon response (e.g., no interferon response or attenu 
ated interferon response) in a cell. Subject, or organism, com 
prising (a) introducing nucleotides having any of Formula 
I-VII (e.g., siNA motifs referred to in Table I) or any combi 
nation thereof into a siNA molecule, and (b) assaying the 
siNA molecule of step (a) under conditions suitable for iso 
lating siNA molecules that do not stimulate an interferon 
response. 
0347 In another embodiment, the invention features a 
method for generating formulated SiNA compositions that do 
not stimulate an interferon response (e.g., no interferon 
response or attenuated interferon response) in a cell, Subject, 
or organism, comprising (a) generating a formulated SiNA 
composition comprising a siNA molecule of the invention 
and a delivery vehicle or delivery particle as described herein 
or as otherwise known in the art, and (b) assaying the siNA 
formulation of step (a) under conditions Suitable for isolating 
formulated SiNA compositions that do not stimulate an inter 
feron response. In one embodiment, the interferon comprises 
interferon alpha. 
0348. In another embodiment, the invention features a 
method for generating siNA molecules that do not stimulate 
an inflammatory or proinflammatory cytokine response (e.g., 
no cytokine response or attenuated cytokine response) in a 
cell. Subject, or organism, comprising (a) introducing nucle 
otides having any of Formula I-VII (e.g., siNA motifs referred 
to in Table I) or any combination thereof into a siNA mol 
ecule, and (b) assaying the SiNA molecule of step (a) under 
conditions suitable for isolating siNA molecules that do not 
stimulate a cytokine response. In one embodiment, the cytok 
ine comprises an interleukin Such as interleukin-6 (IL-6) and/ 
or tumor necrosis factor alpha (TNF-C.). 
0349. In another embodiment, the invention features a 
method for generating formulated SiNA compositions that do 
not stimulate an inflammatory or proinflammatory cytokine 
response (e.g., no cytokine response or attenuated cytokine 
response) in a cell. Subject, or organism, comprising (a) gen 
erating a formulated SiNA composition comprising a siNA 
molecule of the invention and a delivery vehicle or delivery 
particle as described herein or as otherwise known in the art, 
and (b) assaying the siNA formulation of step (a) under con 
ditions suitable for isolating formulated siNA compositions 
that do not stimulatea cytokine response. In one embodiment, 
the cytokine comprises an interleukin Such as interleukin-6 
(IL-6) and/or tumor necrosis alpha (TNF-C.). 
0350. In another embodiment, the invention features a 
method for generating siNA molecules that do not stimulate 
Toll-like Receptor (TLR) response (e.g., no TLR response or 
attenuated TLR response) in a cell, Subject, or organism, 
comprising (a) introducing nucleotides having any of For 
mula I-VII (e.g., siNA motifs referred to in Table I) or any 
combination thereof into a siNA molecule, and (b) assaying 
the siNA molecule of step (a) under conditions suitable for 
isolating siNA molecules that do not stimulate a TLR 
response. In one embodiment, the TLR comprises TLR3, 
TLR7, TLR8 and/or TLR9. 
0351. In another embodiment, the invention features a 
method for generating formulated SiNA compositions that do 
not stimulate a Toll-like Receptor (TLR) response (e.g., no 
TLR response or attenuated TLR response) in a cell, subject, 
or organism, comprising (a) generating a formulated SiNA 
composition comprising a siNA molecule of the invention 
and a delivery vehicle or delivery particle as described herein 
or as otherwise known in the art, and (b) assaying the siNA 
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formulation of step (a) under conditions Suitable for isolating 
formulated siNA compositions that do not stimulate a TLR 
response. In one embodiment, the TLR comprises TLR3, 
TLR7, TLR8 and/or TLR9. 
0352. By “improved toxicologic profile', is meant that the 
polynucleotide, formulated molecular composition, siNA or 
formulated siNA composition exhibits decreased toxicity in a 
cell. Subject, or organism compared to an unmodified poly 
nucleotide, formulated molecular composition, siNA or for 
mulated siNA composition, or siNA molecule having fewer 
modifications or modifications that are less effective in 
imparting improved toxicology. In a non-limiting example, 
polynucleotides, formulated molecular compositions, siNAS 
or formulated siNA compositions with improved toxicologic 
profiles are associated with reduced immunostimulatory 
properties. Such as a reduced, decreased or attenuated immu 
nostimulatory response in a cell, Subject, or organism com 
pared to an unmodified polynucleotide, formulated molecular 
composition, siNA or formulated SiNA composition, or poly 
nucleotide (e.g., siNA) molecule having fewer modifications 
or modifications that are less effective in imparting improved 
toxicology. Such an improved toxicologic profile is charac 
terized by abrogated or reduced immunostimulation, such as 
reduction or abrogation of induction of interferons (e.g., 
interferon alpha), inflammatory cytokines (e.g., interleukins 
such as IL-6, and/or TNF-alpha), and/or toll like receptors 
(e.g., TLR-3, TLR-7, TLR-8, and/or TLR-9). In one embodi 
ment, a polynucleotide, formulated molecular composition, 
siNA or formulated siNA composition with an improved toxi 
cological profile comprises no ribonucleotides. In one 
embodiment, a polynucleotide, formulated molecular com 
position, siNA or formulated siNA composition with an 
improved toxicological profile comprises less than 5 ribo 
nucleotides (e.g., 1, 2, 3, or 4 ribonucleotides). In one 
embodiment, a siNA or formulated siNA composition with an 
improved toxicological profile comprises Stab 7, Stab 8, Stab 
11, Stab 12, Stab 13, Stab 16, Stab 17, Stab 18, Stab 19, Stab 
20, Stab 23, Stab 24, Stab 25, Stab 26, Stab 27, Stab 28, Stab 
29, Stab 30, Stab 31, Stab 32, Stab 33, Stab 34 or any com 
bination thereof (see Table I). Herein, numeric Stab chemis 
tries include both 2'-fluoro and 2'-OCF3 versions of the chem 
istries shown in Table IV. For example, “Stab 7/8” refers to 
both Stab 7/8 and Stab 7F/8F etc. In one embodiment, a siNA 
or formulated siNA composition with an improved toxico 
logical profile comprises a siNA molecule as described in 
United States Patent Application Publication No. 
20030077829, incorporated by reference herein in its entirety 
including the drawings. 
0353. In one embodiment, the level of immunostimulatory 
response associated with a given polynucleotide, formulated 
molecular composition, siNA molecule or formulated siNA 
composition can be measured as is described herein or as is 
otherwise known in the art, for example by determining the 
level of PKR/interferon response, proliferation, B-cell acti 
Vation, and/or cytokine production in assays to quantitate the 
immunostimulatory response of particular polynucleotide 
molecules (see, for example, Leifer et al., 2003, J Immu 
nother 26, 313-9; and U.S. Pat. No. 5,968,909, incorporated 
in its entirety by reference). In one embodiment, the reduced 
immunostimulatory response is between about 10% and 
about 100% compared to an unmodified or minimally modi 
fied siRNA molecule, e.g., about 10%, 20%, 30%, 40%, 50%, 
60%, 70%, 80%, 90% or 100% reduced immunostimulatory 
response. In one embodiment, the immunostimulatory 
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response associated with a siNA molecule can be modulated 
by the degree of chemical modification. For example, a siNA 
molecule having between about 10% and about 100%, e.g., 
about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or 
100% of the nucleotide positions in the siNA molecule modi 
fied can be selected to have a corresponding degree of immu 
nostimulatory properties as described herein. 
0354. In one embodiment, the degree of reduced immuno 
stimulatory response is selected for optimized RNAi activity. 
For example, retaining a certain degree of immunostimula 
tion can be preferred to treat viral infection, where less than 
100% reduction in immunostimulation may be preferred for 
maximal antiviral activity (e.g., about 10%, 20%, 30%, 40%, 
50%, 60%, 70%, 80%, or 90% reduction in immunostimula 
tion) whereas the inhibition of expression of an endogenous 
gene target may be preferred with siNA molecules that posess 
minimal immunostimulatory properties to prevent non-spe 
cific toxicity or off target effects (e.g., about 90% to about 
100% reduction in immunostimulation). 
0355. In one embodiment, a formulated siNA composition 
of the invention is designed such that the composition is not 
toxic to cells or has a minimized toxicicological profile Such 
that the composition does not interfere with the efficacy of 
RNAi mediated by the siNA component of the formulated 
siNA composition or result in toxicity to the cells. 
0356. The term “formulated molecular composition” or 
“lipid nanoparticle', or “lipid nanoparticle composition' or 
“LNP as used herein refers to a composition comprising one 
or more biologically active molecules independently or in 
combination with a cationic lipid, a neutral lipid, and/or a 
polyethyleneglycol-diacylglycerol (i.e., polyethyleneglycol 
diacylglycerol (PEG-DAG), PEG-cholesterol, or PEG 
DMB) conjugate. A formulated molecular composition can 
further comprise cholesterol or a cholesterol derivative (see 
FIG. 5). The cationic lipid of the invention can comprise a 
compound having any of Formulae CLI, CLII, CLIII, CLIV. 
CLV, CLVI, CLVII, CLVIII, CLIX, CLX, CLXI, CLXII, 
CLXIII, CLXIV, CLXV, CLXVI, CLXVII, CLXVIII, 
CLXIX, CLXX, CLXXI, CLXXII, CLXXIII, CLXXIV, 
CLXXV, CLXXVI, CLXXVII, CLXXVIII, CLXXIX, 
CLXXX, CLXXXI, CLXXXII, CLXXXIII, CLXXXIV, 
CLXXXV, CLXXXVI, CLXXXVII, CLXXXVIII, 
CLXXXIX, CLXXXX, CLXXXXI, CLXXXXII, N,N-dio 
leyl-N,N-dimethylammonium chloride (DODAC), N,N-dis 
tearyl-N,N-dimethylammonium bromide (DDAB), N-(1-(2, 
3-dioleoyloxy)propyl)-N.N.N-trimethylammonium chloride 
(DOTAP), N-(1-(2,3-dioleyloxy)propyl)-N.N.N-trimethy 
lammonium chloride (DOTMA), N,N-dimethyl-2,3-dioley 
loxy)propylamine (DODMA), 1,2-Dioleoyl-3-Dimethylam 
monium-propane (DODAP), 1,2-Dioleoylcarbamyl-3- 
Dimethylammonium-propane (DOCDAP), 1,2-Dilineoyl-3- 
Dimethylammonium-propane (DLINDAP), 
3-Dimethylamino-2-(Cholest-5-en-3-beta-oxybutan-4-oxy)- 
1-(cis,cis-9,12-octadecadienoxy)propane (CLinDMA), 
2-5'-(cholest-5-en-3-beta-oxy)-3-oxapentoxy)-3-dimethy 
1-(cis,cis-9,12-octadecadienoxy)propane (Cpl in DMA), 
N,N-Dimethyl-3,4-dioleyloxybenzylamine (DMOBA) and/ 
or a mixture thereof. The neutral lipid can comprise dio 
leoylphosphatidylethanolamine (DOPE), palmitoylo 
leoylphosphatidylcholine (POPC), egg phosphatidylcholine 
(EPC), distearoylphosphatidylcholine (DSPC), cholesterol, 
and/or a mixture thereof. The PEG conjugate can comprise a 
PEG-dilaurylglycerol (C12), a PEG-dimyristylglycerol 
(C14), a PEG-dipalmitoylglycerol (C16), a PEG-disterylg 
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lycerol (C18), PEG-dilaurylglycamide (C12), PEG-dimyri 
stylglycamide (C14), PEG-dipalmitoylglycamide (C16), 
PEG-disterylglycamide (C18), PEG-cholesterol, or PEG 
DMB. The cationic lipid component can comprise from about 
2% to about 60%, from about 5% to about 45%, from about 
5% to about 15%, or from about 40% to about 50% of the total 
lipid present in the formulation. The neutral lipid component 
can comprise from about 5% to about 90%, or from about 
20% to about 85% of the total lipid present in the formulation. 
The PEG-DAG conjugate (e.g., polyethyleneglycol diacylg 
lycerol (PEG-DAG), PEG-cholesterol, or PEG-DMB) can 
comprise from about 1% to about 20%, or from about 4% to 
about 15% of the total lipid present in the formulation. The 
cholesterol component can comprise from about 10% to 
about 60%, or from about 20% to about 45% of the total lipid 
present in the formulation. In one embodiment, a formulated 
molecular composition of the invention comprises a cationic 
lipid component comprising about 7.5% of the total lipid 
present in the formulation, a neutral lipid comprising about 
82.5% of the total lipid present in the formulation, and a PEG 
conjugate comprising about 10% of the total lipid present in 
the formulation. In one embodiment, a formulated molecular 
composition of the invention comprises a biologically active 
molecule, DODMA, DSPC, and a PEG-DAG conjugate. In 
one embodiment, the PEG-DAG conjugate is PEG-dilaurylg 
lycerol (C12), PEG-dimyristylglycerol (C14), PEG-dipalmi 
toylglycerol (C16), or PEG-disterylglycerol (C18). In 
another embodiment, the formulated molecular composition 
also comprises cholesterol or a cholesterol derivative. In one 
embodiment, the formulated molecular composition com 
prises a lipid nanoparticle formulation as shown in Table IV. 
0357 The term “formulated siNA composition” as used 
herein refers to a composition comprising one or more siNA 
molecules or a vector encoding one or more siNA molecules 
independently or in combination with a cationic lipid, a neu 
tral lipid, and/or a polyethyleneglycol-diacylglycerol (PEG 
DAG) or PEG-cholesterol (PEG-Chol) conjugate. A formu 
lated siNA composition can further comprise cholesterol or a 
cholesterol derivative. The cationic lipid of the invention can 
comprise a compound having any of Formulae CLI, CLII, 
CLIII, CLIV, CLV, CLVI, CLVII, CLVIII, CLIX, CLX, 
CLXI, CLXII, CLXIII, CLXIV, CLXV, CLXVI, CLXVII, 
CLXVIII, CLXIX, CLXX, CLXXI, CLXXII, CLXXIII, 
CLXXIV, CLXXV, CLXXVI, CLXXVII, CLXXVIII, 
CLXXIX, CLXXX, CLXXXI, CLXXXII, CLXXXIII, 
CLXXXIV, CLXXXV, CLXXXVI, CLXXXVII, CLXXX 
VIII, CLXXXIX, CLXXXX, CLXXXXI, CLXXXXII, N,N- 
dioleyl-N,N-dimethylammonium chloride (DODAC), N.N- 
distearyl-N,N-dimethylammonium bromide (DDAB), N-(1- 
(2,3-dioleoyloxy)propyl)-N.N.N-trimethylammonium 
chloride (DOTAP), N-(1-(2,3-dioleyloxy)propyl)-N,N,N-tri 
methylammonium chloride (DOTMA), N,N-dimethyl-2,3- 
dioleyloxy)propylamine (DODMA), 1,2-Dioleoyl-3-Dim 
ethylammonium-propane (DODAP), 1,2-Dioleoylcarbamyl 
3-Dimethylammonium-propane (DOCDAP), 1,2-Dilineoyl 
3-Dimethylammonium-propane (DLINDAP), 
3-Dimethylamino-2-(Cholest-5-en-3-beta-oxybutan-4-oxy)- 
1-(cis,cis-9,12-octadecadienoxy)propane (CLinlDMA), 
2-5'-(cholest-5-en-3-beta-oxy)-3'-oxapentoxy)-3-dimethy 
1-(cis,cis-9,12-octadecadienoxy)propane (Cpl in DMA), 
N,N-Dimethyl-3,4-dioleyloxybenzylamine (DMOBA) and/ 
or a mixture thereof. The neutral lipid can comprise a com 
pound having any of Formulae NLI-NLVII, dioleoylphos 
phatidylethanolamine (DOPE), 
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palmitoyloleoylphosphatidylcholine (POPC), egg phosphati 
dylcholine (EPC), distearoylphosphatidylcholine (DSPC), 
cholesterol, and/or a mixture thereof. The PEG conjugate can 
comprise a PEG-dilaurylglycerol (C12), a PEG-dimyristylg 
lycerol (C14), a PEG-dipalmitoylglycerol (C16), a PEG-dis 
terylglycerol (C18), PEG-dilaurylglycamide (C12), PEG 
dimyristylglycamide (C14), PEG-dipalmitoylglycamide 
(C16), PEG-disterylglycamide (C18), PEG-cholesterol, or 
PEG-DMB. The cationic lipid component can comprise from 
about 2% to about 60%, from about 5% to about 45%, from 
about 5% to about 15%, or from about 40% to about 50% of 
the total lipid present in the formulation. The neutral lipid 
component can comprise from about 5% to about 90%, or 
from about 20% to about 85% of the total lipid present in the 
formulation. The PEG-DAG conjugate can comprise from 
about 1% to about 20%, or from about 4% to about 15% of the 
total lipid present in the formulation. The cholesterol compo 
nent can comprise from about 10% to about 60%, or from 
about 20% to about 45% of the total lipid present in the 
formulation. In one embodiment, a formulated siNA compo 
sition of the invention comprises a cationic lipid component 
comprising about 7.5% of the total lipid present in the formu 
lation, a neutral lipid comprising about 82.5% of the total 
lipid present in the formulation, and a PEG-DAG conjugate 
comprising about 10% of the total lipid present in the formu 
lation. In one embodiment, a formulated siNA composition of 
the invention comprises a siNA molecule, DODMA, DSPC, 
and a PEG-DAG conjugate. In one embodiment, the PEG 
DAG conjugate is PEG-dilaurylglycerol (C12), PEG-dimyri 
stylglycerol (C14), PEG-dipalmitoylglycerol (C16), or PEG 
disterylglycerol (C18). In another embodiment, the 
formulated SiNA composition also comprises cholesterol or a 
cholesterol derivative. 

0358. The term “formulated miRNA composition” as used 
herein refers to a composition comprising one or more 
miRNA molecules or a vector encoding one or more miRNA 
molecules independently or in combination with a cationic 
lipid, a neutral lipid, and/or a polyethyleneglycol-diacylglyc 
erol (PEG-DAG) or PEG-cholesterol (PEG-Chol) conjugate. 
A formulated miRNA composition can further comprise cho 
lesterol or a cholesterol derivative. The cationic lipid of the 
invention can comprise a compound having any of Formulae 
CLI, CLII, CLIII, CLIV, CLV, CLVI, CLVII, CLVIII, CLIX, 
CLX, CLXI, CLXII, CLXIII, CLXIV, CLXV, CLXVI, CLX 
VII, CLXVIII, CLXIX, CLXX, CLXXI, CLXXII, CLXXIII, 
CLXXIV, CLXXV, CLXXVI, CLXXVII, CLXXVIII, 
CLXXIX, CLXXX, CLXXXI, CLXXXII, CLXXXIII, 
CLXXXIV, CLXXXV, CLXXXVI, CLXXXVII, CLXXX 
VIII, CLXXXIX, CLXXXX, CLXXXXI, CLXXXXII, N,N- 
dioleyl-N,N-dimethylammonium chloride (DODAC), N.N- 
distearyl-N,N-dimethylammonium bromide (DDAB), N-(1- 
(2,3-dioleoyloxy)propyl)-N.N.N-trimethylammonium 
chloride (DOTAP), N-(1-(2,3-dioleyloxy)propyl)-N,N,N-tri 
methylammonium chloride (DOTMA), N,N-dimethyl-2,3- 
dioleyloxy)propylamine (DODMA), 1,2-Dioleoyl-3-Dim 
ethylammonium-propane (DODAP), 1,2-Dioleoylcarbamyl 
3-Dimethylammonium-propane (DOCDAP), 1,2-Dilineoyl 
3-Dimethylammonium-propane (DLINDAP), 
3-Dimethylamino-2-(Cholest-5-en-3-beta-oxybutan-4-oxy)- 
1-(cis,cis-9,12-octadecadienoxy)propane (CLinDMA), 
2-5'-(cholest-5-en-3-beta-oxy)-3-oxapentoxy)-3-dimethy 
1-(cis,cis-9,12-octadecadienoxy)propane (Cpl in DMA), 
N,N-Dimethyl-3,4-dioleyloxybenzylamine (DMOBA) and/ 
or a mixture thereof. The neutral lipid can comprise a com 
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pound having any of Formulae NLI-NLVII, dioleoylphos 
phatidylethanolamine (DOPE), 
palmitoyloleoylphosphatidylcholine (POPC), egg phosphati 
dylcholine (EPC), distearoylphosphatidylcholine (DSPC), 
cholesterol, and/or a mixture thereof. The PEG conjugate can 
comprise a PEG-dilaurylglycerol (C12), a PEG-dimyristylg 
lycerol (C14), a PEG-dipalmitoylglycerol (C16), a PEG-dis 
terylglycerol (C18), PEG-dilaurylglycamide (C12), PEG 
dimyristylglycamide (C14), PEG-dipalmitoylglycamide 
(C16), PEG-disterylglycamide (C18), PEG-cholesterol, or 
PEG-DMB. The cationic lipid component can comprise from 
about 2% to about 60%, from about 5% to about 45%, from 
about 5% to about 15%, or from about 40% to about 50% of 
the total lipid present in the formulation. The neutral lipid 
component can comprise from about 5% to about 90%, or 
from about 20% to about 85% of the total lipid present in the 
formulation. The PEG-DAG conjugate can comprise from 
about 1% to about 20%, or from about 4% to about 15% of the 
total lipid present in the formulation. The cholesterol compo 
nent can comprise from about 10% to about 60%, or from 
about 20% to about 45% of the total lipid present in the 
formulation. In one embodiment, a formulated miRNA com 
position of the invention comprises a cationic lipid compo 
nent comprising about 7.5% of the total lipid present in the 
formulation, a neutral lipid comprising about 82.5% of the 
total lipid present in the formulation, and a PEG-DAG con 
jugate comprising about 10% of the total lipid present in the 
formulation. In one embodiment, a formulated miRNA com 
position of the invention comprises a miRNA molecule, 
DODMA, DSPC, and a PEG-DAG conjugate. In one embodi 
ment, the PEG-DAG conjugate is PEG-dilaurylglycerol 
(C12), PEG-dimyristylglycerol (C14), PEG-dipalmitoylg 
lycerol (C16), or PEG-disterylglycerol (C18). In another 
embodiment, the formulated miRNA composition also com 
prises cholesterol or a cholesterol derivative. 
0359. The term “formulated RNAi inhibitor composition” 
as used herein refers to a composition comprising one or more 
RNAi inhibitor molecules or a vector encoding one or more 
RNAi inhibitor molecules independently or in combination 
with a cationic lipid, a neutral lipid, and/or a polyethyleneg 
lycol-diacylglycerol (PEG-DAG) or PEG-cholesterol (PEG 
Chol) conjugate. A formulated RNAi inhibitor composition 
can further comprise cholesterol or a cholesterol derivative. 
The cationic lipid of the invention can comprise a compound 
having any of Formulae CLI, CLII, CLIII, CLIV. CLV. CLVI, 
CLVII, CLVIII, CLIX, CLX, CLXI, CLXII, CLXIII, CLXIV, 
CLXV, CLXVI, CLXVII, CLXVIII, CLXIX, CLXX, 
CLXXI, CLXXII, CLXXIII, CLXXIV, CLXXV, CLXXVI, 
CLXXVII, CLXXVIII, CLXXIX, CLXXX, CLXXXI, 
CLXXXII, CLXXXIII, CLXXXIV, CLXXXV, CLXXXVI, 
CLXXXVII, CLXXXVIII, CLXXXIX, CLXXXX, 
CLXXXXI, CLXXXXII, N,N-dioleyl-N,N-dimethylammo 
nium chloride (DODAC), N,N-distearyl-N,N-dimethylam 
monium bromide (DDAB), N-(1-(2,3-dioleoyloxy)propyl)- 
N.N.N-trimethylammonium chloride (DOTAP), N-(1-(2,3- 
dioleyloxy)propyl)-N.N.N-trimethylammonium chloride 
(DOTMA), N,N-dimethyl-2,3-dioleyloxy)propylamine 
(DODMA), 1,2-Dioleoyl-3-Dimethylammonium-propane 
(DODAP), 1,2-Dioleoylcarbamyl-3-Dimethylammonium 
propane (DOCDAP), 1,2-Dilineoyl-3-Dimethylammonium 
propane (DLINDAP), 3-Dimethylamino-2-(Cholest-5-en-3- 
beta-oxybutan-4-oxy)-1-(cis,cis-9,12-octadecadienoxy) 
propane (CLinlMA), 2-5'-(cholest-5-en-3-beta-oxy)-3'- 
oxapentoxy)-3-dimethy-1-(cis,cis-9,12-octadecadienoxy) 
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propane (Cpl in DMA), N,N-Dimethyl-3,4- 
dioleyloxybenzylamine (DMOBA) and/or a mixture thereof. 
The neutral lipid can comprise a compound having any of 
Formulae NLI-NLVII, dioleoylphosphatidylethanolamine 
(DOPE), palmitoyloleoylphosphatidylcholine (POPC), egg 
phosphatidylcholine (EPC), distearoylphosphatidylcholine 
(DSPC), cholesterol, and/or a mixture thereof. The PEG con 
jugate can comprise a PEG-dilaurylglycerol (C12), a PEG 
dimyristylglycerol (C14), a PEG-dipalmitoylglycerol (C16), 
a PEG-disterylglycerol (C18), PEG-dilaurylglycamide 
(C12), PEG-dimyristylglycamide (C14), PEG-dipalmitoylg 
lycamide (C16), PEG-disterylglycamide (C18), PEG-choles 
terol, or PEG-DMB. The cationic lipid component can com 
prise from about 2% to about 60%, from about 5% to about 
45%, from about 5% to about 15%, or from about 40% to 
about 50% of the total lipid present in the formulation. The 
neutral lipid component can comprise from about 5% to about 
90%, or from about 20% to about 85% of the total lipid 
present in the formulation. The PEG-DAG conjugate can 
comprise from about 1% to about 20%, or from about 4% to 
about 15% of the total lipid present in the formulation. The 
cholesterol component can comprise from about 10% to 
about 60%, or from about 20% to about 45% of the total lipid 
present in the formulation. In one embodiment, a formulated 
RNAi inhibitor composition of the invention comprises a 
cationic lipid component comprising about 7.5% of the total 
lipid present in the formulation, a neutral lipid comprising 
about 82.5% of the total lipid present in the formulation, and 
a PEG-DAG conjugate comprising about 10% of the total 
lipid present in the formulation. In one embodiment, a for 
mulated RNAi inhibitor composition of the invention com 
prises a RNAi inhibitor molecule, DODMA, DSPC, and a 
PEG-DAG conjugate. In one embodiment, the PEG-DAG 
conjugate is PEG-dilaurylglycerol (C12), PEG-dimyristylg 
lycerol (C14), PEG-dipalmitoylglycerol (C16), or PEG-dis 
terylglycerol (C18). In another embodiment, the formulated 
RNAi inhibitor composition also comprises cholesterol or a 
cholesterol derivative. 
0360. By "cationic lipid as used herein is meant any 
lipophilic compound having cationic change. Such as a com 
pound having any of Formulae CLI-CLXXXXII. 
0361. By “neutral lipid as used herein is meant any lipo 
philic compound having non-cationic change (e.g., anionic or 
neutral charge). 
0362 By “PEG” is meant, any polyethylene glycol or 
other polyalkylene ether or equivalent polymer. In one 
embodiment, the PEG is a PEG conjugate which can com 
prise a 200 to 10,000 atom PEG molecule linked to, or 
example, a lipid moiety of the invention. In one embodiment, 
the PEG is a polydispersion represented by the formula PEG, 
where n=about 33 to 67 for a 1500 Da to 3000 Da PEG, 
average=45 for 2KPEG/PEG2000. 
0363. By “nanoparticle' is meant a microscopic particle 
whose size is measured in nanometers. Nanoparticles of the 
invention typically range from about 1 to about 999 nm in 
diameter, and can include an encapsulated or enclosed bio 
logically active molecule. 
0364. By “microparticle' is meanta is a microscopic par 
ticle whose size is measured in micrometers. Microparticles 
of the invention typically range from about 1 to about 100 
micrometers in diameter, and can include an encapsulated or 
enclosed biologically active molecule. 
0365. The terms “short interfering nucleic acid”, “siNA', 
“short interfering RNA”, “siRNA”, “short interfering nucleic 
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acid molecule”, “short interfering oligonucleotide mol 
ecule', and “chemically-modified short interfering nucleic 
acid molecule' as used herein refer to any nucleic acid mol 
ecule capable of inhibiting or down regulating gene expres 
sion or viral replication by mediating RNA interference 
“RNAi or gene silencing in a sequence-specific manner (see 
PCT/US 2004/106390 (WO 05/19453), U.S. Ser. No. 10/444, 
853, filed May 23, 2003 U.S. Ser. No. 10/923,536 filed Aug. 
20, 2004, U.S. Ser. No. 1 1/234,730, filed Sep. 23, 2005, U.S. 
Ser. No. 1 1/299,254, filed Dec. 8, 2005, or PCT/US06/32168, 
filed Aug. 17, 2006, all incorporated by reference in their 
entireties herein). These terms can refer to both individual 
nucleic acid molecules, a plurality of such nucleic acid mol 
ecules, orpools of such nucleic acid molecules. The SiNA can 
be a double-stranded nucleic acid molecule comprising self 
complementary sense and antisense regions, wherein the anti 
sense region comprises nucleotide sequence that is comple 
mentary to nucleotide sequence in a target nucleic acid 
molecule or a portion thereof and the sense region having 
nucleotide sequence corresponding to the target nucleic acid 
sequence or a portion thereof. The siNA can be assembled 
from two separate oligonucleotides, where one strand is the 
sense Strand and the other is the antisense Strand, wherein the 
antisense and sense Strands are self-complementary (i.e., 
each strand comprises nucleotide sequence that is comple 
mentary to nucleotide sequence in the other strand; Such as 
where the antisense strand and sense strand form a duplex or 
double stranded structure, for example wherein the double 
stranded region is about 15 to about 30, e.g., about 15, 16, 17. 
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 base pairs; 
the antisense Strand comprises nucleotide sequence that is 
complementary to nucleotide sequence in a target nucleic 
acid molecule or a portion thereof and the sense Strand com 
prises nucleotide sequence corresponding to the target 
nucleic acid sequence or a portion thereof (e.g., about 15 to 
about 25 or more nucleotides of the siNA molecule are 
complementary to the target nucleic acidora portion thereof). 
Alternatively, the siNA is assembled from a single oligo 
nucleotide, where the self-complementary sense and anti 
sense regions of the siNA are linked by means of a nucleic 
acid based or non-nucleic acid-based linker(s). The siNA can 
be a polynucleotide with a duplex, asymmetric duplex, hair 
pin or asymmetric hairpin secondary structure, having self 
complementary sense and antisense regions, wherein the anti 
sense region comprises nucleotide sequence that is 
complementary to nucleotide sequence in a separate target 
nucleic acid molecule or a portion thereof and the sense 
region having nucleotide sequence corresponding to the tar 
get nucleic acid sequence or a portion thereof. The siNA can 
be a circular single-stranded polynucleotide having two or 
more loop structures and a stem comprising self-complemen 
tary sense and antisense regions, wherein the antisense region 
comprises nucleotide sequence that is complementary to 
nucleotide sequence in a target nucleic acid molecule or a 
portion thereof and the sense region having nucleotide 
sequence corresponding to the target nucleic acid sequence or 
a portion thereof, and wherein the circular polynucleotide can 
be processed either in vivo or in vitro to generate an active 
siNA molecule capable of mediating RNAi. The siNA can 
also comprise a single stranded polynucleotide having nucle 
otide sequence complementary to nucleotide sequence in a 
target nucleic acid molecule or a portion thereof (for example, 
where such siNA molecule does not require the presence 
within the siNA molecule of nucleotide sequence corre 
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sponding to the target nucleic acid sequence or a portion 
thereof), wherein the single stranded polynucleotide can fur 
ther comprise a terminal phosphate group. Such as a 5'-phos 
phate (see for example Martinez et al., 2002, Cell., 110, 
563-574 and Schwarz et al., 2002, Molecular Cell, 10, 537 
568), or 5',3'-diphosphate. In certain embodiments, the siNA 
molecule of the invention comprises separate sense and anti 
sense sequences or regions, wherein the sense and antisense 
regions are covalently linked by nucleotide or non-nucleotide 
linkers molecules as is known in the art, or are alternately 
non-covalently linked by ionic interactions, hydrogen bond 
ing, Van der waals interactions, hydrophobic interactions, 
and/or stacking interactions. In certain embodiments, the 
siNA molecules of the invention comprise nucleotide 
sequence that is complementary to nucleotide sequence of a 
target gene. In another embodiment, the siNA molecule of the 
invention interacts with nucleotide sequence of a target gene 
in a manner that causes inhibition of expression of the target 
gene. As used herein, siNA molecules need not be limited to 
those molecules containing only RNA, but further encom 
passes chemically-modified nucleotides and non-nucle 
otides. In certain embodiments, the short interfering nucleic 
acid molecules of the invention lack 2'-hydroxy (2'-OH) con 
taining nucleotides. Applicant describes in certain embodi 
ments short interfering nucleic acids that do not require the 
presence of nucleotides having a 2'-hydroxy group for medi 
ating RNAi and as such, short interfering nucleic acid mol 
ecules of the invention optionally do not include any ribo 
nucleotides (e.g., nucleotides having a 2'-OH group). Such 
siNA molecules that do not require the presence of ribonucle 
otides within the siNA molecule to support RNAi can how 
ever have an attached linker or linkers or other attached or 
associated groups, moieties, or chains containing one or more 
nucleotides with 2'-OH groups. Optionally, siNA molecules 
can comprise ribonucleotides at about 5, 10, 20, 30, 40, or 
50% of the nucleotide positions. The modified short interfer 
ing nucleic acid molecules of the invention can also be 
referred to as short interfering modified oligonucleotides 
“siMON. As used herein, the term siNA is meant to be 
equivalent to other terms used to describe nucleic acid mol 
ecules that are capable of mediating sequence specific RNAi. 
for example short interfering RNA (siRNA), double-stranded 
RNA (dsRNA), micro-RNA (miRNA), short hairpin RNA 
(shRNA), short interfering oligonucleotide, short interfering 
nucleic acid, short interfering modified oligonucleotide, 
chemically-modified siRNA, post-transcriptional gene 
silencing RNA (ptgsRNA), and others. Non limiting 
examples of siNA molecules of the invention are shown in 
U.S. Ser. No. 1 1/234,730, filed Sep. 23, 2005, incorporated by 
reference in its entirety herein. Such siNA molecules are 
distinct from other nucleic acid technologies known in the art 
that mediate inhibition of gene expression, Such as 
ribozymes, antisense, triplex forming, aptamer, 2.5-A chi 
mera, or decoy oligonucleotides. 
0366 By “RNA interference” or “RNAi is meant a bio 
logical process of inhibiting or down regulating gene expres 
sion in a cell as is generally known in the art and which is 
mediated by short interfering nucleic acid molecules, see for 
example Zamore and Haley, 2005, Science, 309, 1519-1524; 
Vaughn and Martienssen, 2005, Science, 309, 1525-1526: 
Zamore et al., 2000, Cell, 101, 25-33; Bass, 2001, Nature, 
411, 428-429: Elbashir et al., 2001, Nature, 411, 494-498: 
and Kreutzer et al., International PCT Publication No. WO 
00/44895; Zernicka-Goetz et al., International PCT Publica 
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tion No. WO 01/36646; Fire, International PCT Publication 
No. WO99/32619; Plaetincket al., International PCT Publi 
cation No.WO 00/01846; Mello and Fire, International PCT 
Publication No. WO 01/29058: Deschamps-Depaillette, 
International PCT Publication No. WO99/07409; and Li et 
al., International PCT Publication No. WO 00/44914; 
Allshire, 2002, Science, 297, 1818-1819; Volpe et al., 2002, 
Science, 297, 1833-1837; Jenuwein, 2002, Science, 297, 
2215-2218; and Hall et al., 2002, Science, 297, 2232–2237; 
Hutvagner and Zamore, 2002, Science, 297, 2056-60; 
McManus et al., 2002, RNA, 8,842-850; Reinhartet al., 2002, 
gene & Dev., 16, 1616-1626; and Reinhart & Bartel, 2002, 
Science, 297, 1831). In addition, as used herein, the term 
RNAi is meant to be equivalent to other terms used to describe 
sequence specific RNA interference, such as post transcrip 
tional gene silencing, translational inhibition, transcriptional 
inhibition, or epigenetics. For example, siNA molecules of 
the invention can be used to epigenetically silence genes at 
both the post-transcriptional level or the pre-transcriptional 
level. In a non-limiting example, epigenetic modulation of 
gene expression by siNA molecules of the invention can 
result from siNA mediated modification of chromatin struc 
ture or methylation patterns to alter gene expression (see, for 
example, Verdel et al., 2004, Science, 303, 672-676; Pal 
Bhadra et al., 2004, Science, 303, 669-672; Allshire, 2002, 
Science, 297, 1818-1819; Volpe et al., 2002, Science, 297, 
1833-1837; Jenuwein, 2002, Science, 297, 2215-2218; and 
Hall et al., 2002, Science, 297, 2232–2237). In another non 
limiting example, modulation of gene expression by siNA 
molecules of the invention can result from siNA mediated 
cleavage of RNA (either coding or non-coding RNA) via 
RISC, or alternately, translational inhibition as is known in 
the art. In another embodiment, modulation of gene expres 
sion by siNA molecules of the invention can result from 
transcriptional inhibition (see for example Janowski et al., 
2005, Nature Chemical Biology, 1, 216-222). 
0367 By “asymmetric hairpin' as used herein is meant a 
linear siNA molecule comprising an antisense region, a loop 
portion that can comprise nucleotides or non-nucleotides, and 
a sense region that comprises fewer nucleotides than the 
antisense region to the extent that the sense region has enough 
complementary nucleotides to base pair with the antisense 
region and form a duplex with loop. For example, an asym 
metric hairpin siNA molecule of the invention can comprise 
an antisense region having length sufficient to mediate RNAi 
in a cell or in vitro system (e.g. about 15 to about 30, or about 
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 
nucleotides) and a loop region comprising about 4 to about 12 
(e.g., about 4, 5, 6, 7, 8, 9, 10, 11, or 12) nucleotides, and a 
sense region having about 3 to about 25 (e.g., about 3, 4, 5, 6, 
7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 
or 25) nucleotides that are complementary to the antisense 
region. The asymmetric hairpin siNA molecule can also com 
prise a 5'-terminal phosphate group that can be chemically 
modified. The loop portion of the asymmetric hairpin siNA 
molecule can comprise nucleotides, non-nucleotides, linker 
molecules, or conjugate molecules as described herein. 
0368. By “asymmetric duplex' as used herein is meant a 
siNA molecule having two separate Strands comprising a 
sense region and an antisense region, wherein the sense 
region comprises fewer nucleotides than the antisense region 
to the extent that the sense region has enough complementary 
nucleotides to base pair with the antisense region and form a 
duplex. For example, an asymmetric duplex siNA molecule 

Feb. 25, 2010 

of the invention can comprise an antisense region having 
length sufficient to mediate RNAi in a cell or in vitro system 
(e.g. about 15 to about 30, or about 15, 16, 17, 18, 19, 20, 21, 
22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides) and a sense 
region having about 3 to about 25 (e.g., about 3, 4, 5, 6, 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 
25) nucleotides that are complementary to the antisense 
region. 
0369. The term “polynucleotide' or “nucleic acid mol 
ecule' as used herein, refers to a molecule having nucleotides. 
The nucleic acid can be single, double, or multiple stranded 
and can comprise modified or unmodified nucleotides or non 
nucleotides or various mixtures and combinations thereof. 

0370. By “RNAi inhibitor” is meant any molecule that can 
down regulate, reduce or inhibit RNA interference function or 
activity in a cell or organism. An RNAi inhibitor can down 
regulate, reduce or inhibit RNAi (e.g., RNAi mediated cleav 
age of a target polynucleotide, translational inhibition, or 
transcriptional silencing) by interaction with or interfering 
the function of any component of the RNAi pathway, includ 
ing protein components such as RISC, or nucleic acid com 
ponents such as miRNAs or siRNAs. A RNAi inhibitor can be 
a siNA molecule, an antisense molecule, an aptamer, or a 
small molecule that interacts with or interferes with the func 
tion of RISC, a miRNA, or a siRNA or any other component 
of the RNAi pathway in a cell or organism. By inhibiting 
RNAi (e.g., RNAi mediated cleavage of a target polynucle 
otide, translational inhibition, or transcriptional silencing), a 
RNAi inhibitor of the invention can be used to modulate (e.g., 
up-regulate or down regulate) the expression of a target gene. 
In one embodiment, a RNA inhibitor of the invention is used 
to up-regulate gene expression by interfering with (e.g., 
reducing or preventing) endogenous down-regulation or inhi 
bition of gene expression through translational inhibition, 
transcriptional silencing, or RISC mediated cleavage of a 
polynucleotide (e.g., mRNA). By interfering with mecha 
nisms of endogenous repression, silencing, or inhibition of 
gene expression, RNAi inhibitors of the invention can there 
fore be used to up-regulate gene expression for the treatment 
of diseases, traits, or conditions resulting from a loss of func 
tion. In one embodiment, the term "RNAi inhibitor” is used in 
place of the term “siNA’ in the various embodiments herein, 
for example, with the effect of increasing gene expression for 
the treatment of loss of function diseases, traits, and/or con 
ditions. 

0371. The term “enzymatic nucleic acid molecule' as used 
herein refers to a nucleic acid molecule which has comple 
mentarity in a Substrate binding region to a specified gene 
target, and also has an enzymatic activity which is active to 
specifically cleave target RNA. That is, the enzymatic nucleic 
acid molecule is able to intermolecularly cleave RNA and 
thereby inactivate a target RNA molecule. These complemen 
tary regions allow sufficient hybridization of the enzymatic 
nucleic acid molecule to the target RNA and thus permit 
cleavage. One hundred percent complementarity is preferred, 
but complementarity as low as 50-75% can also be useful in 
this invention (see for example Werner and Uhlenbeck, 1995, 
Nucleic Acids Research, 23, 2092-2096; Hammann et al., 
1999, Antisense and Nucleic Acid Drug Dev. 9, 25-31). The 
nucleic acids can be modified at the base, Sugar, and/or phos 
phate groups. The term enzymatic nucleic acid is used inter 
changeably with phrases such as ribozymes, catalytic RNA, 
enzymatic RNA, catalytic DNA, aptazyme or aptamer-bind 
ing ribozyme, regulatable ribozyme, catalytic oligonucle 
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otides, nucleozyme, DNAZyme, RNA enzyme, endoribonu 
clease, endonuclease, minizyme, leadzyme, oligozyme or 
DNA enzyme. All of these terminologies describe nucleic 
acid molecules with enzymatic activity. The specific enzy 
matic nucleic acid molecules described in the instant appli 
cation are not limiting in the invention and those skilled in the 
art will recognize that all that is important in an enzymatic 
nucleic acid molecule of this invention is that it has a specific 
Substrate binding site which is complementary to one or more 
of the target nucleic acid regions, and that it have nucleotide 
sequences within or Surrounding that Substrate binding site 
which impart a nucleic acid cleaving and/or ligation activity 
to the molecule (Cechet al., U.S. Pat. No. 4,987,071; Cechet 
al., 1988, 260 JAMA 3030). Ribozymes and enzymatic 
nucleic molecules of the invention can be chemically modi 
fied as is generally known in the art or as described herein. 
0372. The term “antisense nucleic acid', as used herein, 
refers to a non-enzymatic nucleic acid molecule that binds to 
target RNA by means of RNA-RNA or RNA-DNA or RNA 
PNA (protein nucleic acid; Egholm et al., 1993 Nature 365, 
566) interactions and alters the activity of the target RNA (for 
a review, see Stein and Cheng, 1993 Science 261, 1004 and 
Woolf et al., U.S. Pat. No. 5,849,902). Typically, antisense 
molecules are complementary to a target sequence along a 
single contiguous sequence of the antisense molecule. How 
ever, in certain embodiments, an antisense molecule can bind 
to substrate such that the substrate molecule forms a loop, 
and/or an antisense molecule can bind Such that the antisense 
molecule forms a loop. Thus, the antisense molecule can be 
complementary to two (or even more) non-contiguous Sub 
strate sequences or two (or even more) non-contiguous 
sequence portions of an antisense molecule can be comple 
mentary to a target sequence or both. For a review of current 
antisense strategies, see Schmajuket al., 1999, J. Biol. Chem. 
274, 21783-21789, Delihas et al., 1997, Nature, 15, 751-753, 
Stein et al., 1997, Antisense N. A. Drug Dev. 7, 151, Crooke, 
2000, Methods Enzymol., 313, 3-45: Crooke, 1998, Biotech. 
Genet. Eng. Rev., 15, 121-157, Crooke, 1997, Ad. Pharma 
col., 40, 1-49. In addition, antisense DNA can be used to 
target RNA by means of DNA-RNA interactions, thereby 
activating RNase H, which digests the target RNA in the 
duplex. The antisense oligonucleotides can comprise one or 
more RNAse H activating region, which is capable of activat 
ing RNAse H cleavage of a target RNA. Antisense DNA can 
be synthesized chemically or expressed via the use of a single 
stranded DNA expression vector or equivalent thereof. Anti 
sense molecules of the invention can be chemically modified 
as is generally known in the art or as described herein. 
0373 The term “RNase H activating region' as used 
herein, refers to a region (generally greater than or equal to 
4-25 nucleotides in length, preferably from 5-11 nucleotides 
in length) of a nucleic acid molecule capable of binding to a 
target RNA to form a non-covalent complex that is recog 
nized by cellular RNase H enzyme (see for example Arrow et 
al., U.S. Pat. No. 5,849,902: Arrow et al., U.S. Pat. No. 5,989, 
912). The RNase H enzyme binds to the nucleic acid mol 
ecule-target RNA complex and cleaves the target RNA 
sequence. The RNase H activating region comprises, for 
example, phosphodiester, phosphorothioate (preferably at 
least four of the nucleotides are phosphorothiote substitu 
tions; more specifically, 4-11 of the nucleotides are phospho 
rothiote substitutions); phosphorodithioate, 5'-thiophos 
phate, or methylphosphonate backbone chemistry or a 
combination thereof. In addition to one or more backbone 
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chemistries described above, the RNase H activating region 
can also comprise a variety of Sugar chemistries. For example, 
the RNase H activating region can comprise deoxyribose, 
arabino, fluoroarabino or a combination thereof, nucleotide 
Sugar chemistry. Those skilled in the art will recognize that 
the foregoing are non-limiting examples and that any combi 
nation of phosphate, Sugar and base chemistry of a nucleic 
acid that supports the activity of RNase H enzyme is within 
the scope of the definition of the RNase H activating region 
and the instant invention. 
0374. The term “2-5A antisense chimera' as used herein, 
refers to an antisense oligonucleotide containing a 5'-phos 
phorylated 2'-5'-linked adenylate residue. These chimeras 
bind to target RNA in a sequence-specific manner and acti 
vate a cellular 2-5A-dependent ribonuclease which, in turn, 
cleaves the target RNA (Torrence et al., 1993 Proc. Natl. 
Acad. Sci. USA 90, 1300; Silverman et al., 2000, Methods 
Enzymol. 313, 522-533; Player and Torrence, 1998, Phar 
macol. Ther. 78,55-113). 2-5A antisense chimera molecules 
of the invention can be chemically modified as is generally 
known in the art or as described herein. 
0375. The term “triplex forming oligonucleotides” as used 
herein, refers to an oligonucleotide that can bind to a double 
Stranded DNA in a sequence-specific manner to form a triple 
strand helix. Formation of such triple helix structure has been 
shown to inhibit transcription of the targeted gene (Duval 
Valentinet al., 1992 Proc. Natl. Acad. Sci. USA 89,504; Fox, 
2000, Curr. Med. Chem., 7, 17-37; Praseuth et. al., 2000, 
Biochim. Biophys. Acta, 1489, 181-206). Triplex forming 
oligonucleotide molecules of the invention can be chemically 
modified as is generally known in the art or as described 
herein. 
0376. The term “decoy RNA' as used herein, refers to a 
RNA molecule or aptamer that is designed to preferentially 
bind to a predetermined ligand. Such binding can result in the 
inhibition or activation of a target molecule. The decoy RNA 
or aptamer can compete with a naturally occurring binding 
target for the binding of a specific ligand. For example, it has 
been shown that over-expression of HIV trans-activation 
response (TAR) RNA can act as a “decoy’ and efficiently 
binds HIV that protein, thereby preventing it from binding to 
TAR sequences encoded in the HIV RNA (Sullenger et al., 
1990, Cell, 63, 601-608). This is but a specific example and 
those in the art will recognize that other embodiments can be 
readily generated using techniques generally known in the 
art, see for example Gold et al., 1995, Annu. Rev. Biochem. 
64, 763; Brody and Gold, 2000, J. Biotechnol. 74, 5; Sun, 
2000, Curr. Opin. Mol. Ther. 2, 100; Kusser, 2000, J. Bio 
technol. 74,27; Hermann and Patel, 2000, Science, 287,820; 
and Jayasena, 1999, Clinical Chemistry, 45, 1628. Similarly, 
a decoy RNA can be designed to bind to a receptor and block 
the binding of an effector molecule or a decoy RNA can be 
designed to bind to receptor of interest and prevent interaction 
with the receptor. Decoy molecules of the invention can be 
chemically modified as is generally known in the art or as 
described herein. 

0377 The term “single stranded RNA (ssERNA) as used 
herein refers to a naturally occurring or synthetic ribonucleic 
acid molecule comprising a linear single strand, for example 
a ssRNA can be a messenger RNA (mRNA), transfer RNA 
(tRNA), ribosomal RNA (rRNA) etc. of a gene. 
0378. The term “single stranded DNA (ssDNA) as used 
herein refers to a naturally occurring or synthetic deoxyribo 
nucleic acid molecule comprising a linear single strand, for 






















































































































