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Peptsde-Based In Vivo siRNA Delivery System 

BACKGROUND OF THE INVENTEON 

The delivery of polynucleotide and other substantially ceil membrane impermeable 

5 compounds into a living cell is highly restricted by the complex membrane system of the cell 

Drugs used in antisense, RNAi, and gene therapies are relatively large hydrophilic polymers 

and are frequently highly negatively charged. Both of these physical characteristics severely 

restrict their direct diffusion across she cell membrane, For this reason, the major barrier to 

polynucleotide delivery is the delivery of the polynucleotide across a cell membrane to the 

10 cell cytoplasm or nucleus. 

One means that has been used to deliver small nucleic acid in vivo has been to attach the 

nucleic acid to either a small targeting molecule or a lipid or sterol While some deliver)' and 

activity has been observed with these conjugates, the very large nucleic acid dose required 

15 with these methods is impractical, 

Numerous transfection reagents have also been developed that achieve reasonably efficient 

delivery of polynucleotides to cells in vitro, However, in vivo delivery of polynucleotides 

using these same transfection reagents is complicated and rendered ineffective by in vivo 
20 toxicity, adverse serum interactions, or poor targeting. Transfection reagents that work well 

in vitro, cationic polymers and lipids, typically form large cationic electrostatic particles and 

destabilize cell membranes. The positive charge of in vitro transfection reagents facilitates 

association with nucleic acid via charge-charge (electrostatic) interactions thus forming the 

nucleic acid/transfeetion reagent complex. Positive charge is also beneficial for nonspecific 

25 binding of the vehicle to the cell and for membrane fusion, destabilization, or disruption, 

Destabilization of membranes facilitates delivery of the substantially cell membrane 

impermeable polynucleotide across a celi membrane. While these properties facilitate nucleic 

acid transfer in vitro, they cause toxicity and ineffective targeting in vivo, Cationic charge 

results in interaction with serum components, which causes destabilization of the 

30 pclynucleotide-trarisfection reagent interaction, poor bioavailability, and poor targeting. 

Membrane activity of transfection reagents, which can be effective m vitro, often leads to 

toxicity in vivo, 
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For m vivo delivery, the vehicle (nucleic acid and associated deliver}' agent) should be small 

less than 100 nm in diameter, and preferably less than 50 nm. Even smaller complexes, less 

that 20 nm or less than 10 nm would be more useful yet Delivery vehicles larger than 100 

nm have very little access to cells other than blood vessel cells in vivo. Complexes formed by 

5 electrostatic interactions tend to aggregate or fall apart when exposed to physiological salt 

concentrations or serum components. Further, cationic charge on in viva delivery vehicles 

leads to adverse serum interactions and therefore poor bioavailability, Interestingly, high 

negative charge can also inhibit targeted in vivo delivery by interfering with interactions 

necessary for targeting, i.e. binding of targeting (igands to cellular receptors. Thus, near 

10 neutral vehicles are desired for in vivo distribution and targeting. Without careful regulation, 

membrane disruption or destabilization activities are toxic when used in vivo. Balancing 

vehicle toxicity with nucleic acid delivery is more easily attained in vitro than in vivo. 

Rozema et a!,, in U.S. Patent Publication 20040162260 demonstrated a means to reversibly 

IS regulate membrane disruptive activity of a membrane active polyamine. The membrane 

active poly amine provided a means of disrupting cell membranes, pH-dependent reversible 

regulation provided a means to limit activity to the endosomes of target cells, thus limiting 

toxicity. Their method relied on modification of amines on a polyamine with 2-propionic-3-

methylmafeic anhydride. 
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This modification converted the polycation to a poiyanion via conversion of primary amines 

to pairs of carboxyl groups (p carboxyl and y carboxyl) and reversibly inhibited membrane 

activity of the polyamine. Rozema et al, (Bioconjugate Chem, 2003, 14, 53-57) reported that 

the p carboxyl did not exhibit a full apparent negative charge and by itself was not able to 

25 inhibit membrane activity. The addition of the y carboxyl group was reported to be necessary 

for effective membrane activity inhibition. To enable co-delivery of the nucleic acid with the 

deliver}' vehicle, the nucleic acid was covalentlv linked to the delivery polymer. They were 

able to show delivery of polynucleotides to cells in vitro using their biologically labile 

conjugate delivery system. However, because the vehicle was highly negatively charged, with 
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both the nucleic acid and the modified polymer having high negative charge density, this 

system was not efficient for in vivo delivery. The negative charge likely inhibited ceH-
speciftc targeting and enhanced non-specific uptake by the retlculoentothelial system (RES). 

5 Rozema et al, in U.S. Patent Publication 20080152661, improved on the method of U.S. 

Patent Publication 20040162260 by eliminating the high negative charge density of the 

modified membrane active polymer. By substituting neisiral hydrophiHc targeting (galactose) 

and steric stabilizing (PEG) groups for the y est boxy i of 2-propionie-S~methyimaleic 

anhydride, Rozema et al. were able to retain overall water solubility and reversible inhibition 

10 of membrane activity while incorporating effective in vivo hepatocyte ceil targeting. As 

before, the polynucleotide was covaiently linked to the transfection polymer. Covalent 

attachment of the polynucleotide to the transfection polymer was maintained to ensure co-

delivery of the polynucleotide with the transfection polymer to the target cell during in vivo 

administration by preventing dissociation of the polynucleotide from the transfection 

IS polymer, Co-delivery of the polynucleotide and transfection polymer was required because 

the transfection polymer provided for transport of the polynucleotide across a cell membrane, 

either from outside the cell or from inside an endocytic compartment, to the ceil cytoplasm. 

LIS. Patent Publication 20080152661 demonstrated highly efficient deliver)' of 

polynucleotides, specifically RNAi oligonucleotides, to liver cells in vivo using this new 

20 improved physiologically responsive poly conjugate. 

However, covalent attachment of the nucleic acid to the polyamine carried inherent 

limitations. Modification of the transfection polymers, to attach both the nucleic acid and the 

masking agents was complicated by charge interactions. Attachment of a negatively charged 

25 nucleic acid to a positively charged polymer is prone to aggregation thereby limiting the 

concentration of the mixture. Aggregation could be overcome by the presence of an excess of 

the polycation or poiyanion. However, this solution limited the ratios at which the nucleic 

acid and the polymer may be formulated. Also, attachment of the negatively charged nucleic-

acid onto the unmodified cationic polymer caused condensation and aggregation, of the 

30 complex and inhibited polymer modification. Modification of the polymer, forming a 

negative polymer, impaired attachment of the nucleic acid. 

Rozema et al. further improved upon the technology described in U.S. Patent Publication 

20080152661 s in U.S. Provisional Application 61/307,490. In U.S, Provisional Application 

3 
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61/307,490, Rozema et al. demonstrated that, by carefully selecting targeting molecules, and 

attaching appropriate targeting molecules independently to both an siRNA and a delivery 

polymer, the siRNA and the delivery polymer could be uncoupled yet retain effective 
targeting of both elements to cells in vivo and achieve efficient functional targeted delivery of 

5 the siRNA. The delivery polymers used in both U.S. Patent Publication 20080152661 and 

U.S. Provisional Application 61/307,490 were relatively large synthetic polymers, poly(vinyl 

efher)s and poly(acryiate.)s, The larger polymers enabled modification with both targeting 

iigands for cell-specific binding and PEG for increased shielding. Larger polymers were 

necessary for effective delivery, possibly through Increased membrane activity and improved 

10 protection of the nucleic acid within the cell endosome. Larger polycations interact more 

strongly with both membranes and with anionic RNAs. 

We have now developed an improved siRNA delivery system using a much smaller delivery 

peptide. The Improved system provides for efficient siRNA delivery with decreased toxicity 

15 and therefore a wider therapeutic window. 

SUMMARY OF THE INVENTION 

in a preferred embodiment, the invention features a composition for delivering an RNA 

interference polynucleotide to a liver cell in vivo comprising: a) an asialogiycoprotein 

20 receptor (ASGPrj-targeted reversibly masked meiittin peptide (delivery peptide) and b) an 

RNA interference polynucleotide conjugated to a hydrophobic group containing at least 20 

carbon atoms (RNA-conjugate). The delivery peptide and the siRNA-conjugate are 
synthesized separately and may be supplied in separate containers or a single container. The 

RNA interference polynucleotide is not conjugated to the delivery peptide. 

25 
In another preferred embodiment, the invention features a composition for delivering an RNA 

interference polynucleotide to a liver cell in vivo comprising: a) an ASGPr-targeted reversibly 

masked meiittin peptide (delivery peptide) and b) an RNA interference polynucleotide 

conjugated to a galactose cluster (RNA conjugate). The delivery peptide arid the stRNA-
30 conjugate are synthesized separately and may be supplied in separate containers or a single 

container. The RNA interference polynucleotide is not conjugated to the polymer. 

In a preferred embodiment, an ASGPr-targeted reversibly masked meiittin peptide comprises 

a meiittin peptide reversibly modified by reaction of primary amines on the peptide with 

4 
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ASGPr ligand-containing masking agents. An amine is reversibly modified if cleavage of the 

modifying group restores the amine. Reversible modification of the meiittin peptide with the 

masking agents disclosed herein reversibly inhibits membrane activity of the meiittin peptide, 

In the masked state, the reversibly masked meiittin peptide does not exhibit membrane 

5 disruptive activity. Reversible modification of more than 80%, or more than 90%, of the 

amines OH the meiittin peptide is required to inhibit membrane activity and provide cell 

targeting function, i.e. form a reversibly masked meiittin peptide. 

A preferred ASGPr ligand-containing masking agent has a neutral charge and comprises a 

SO galactosamirse or galactosemias derivative having a disubstituted rrsaleie anhydride amine-

reactive group. Another preferred ASGPr ligand-containing masking agent comprises a 

galactosamirse or galactosamine derivative having a peptidase cleavahle dipeptide-p-

amidobenzvl amine reactive carbonate derivative. Reaction of the amine reactive carbonate 

with an amine reversibly modifies the amine to form an amidobenzyl carbamate linkage. 

15 

In a preferred embodiment, a meiittin peptide comprises an Apis florea (little or dwarf honey 

bee) meiittin. Apis rnellifera (western or European or big honey bee), Apis dorsata (giant 

honey bee). Apis cerana (oriental honey bee) or derivatives thereof. A preferred meiittin 

peptide comprises the sequence; XaarXaa}-Xaa3-Ala-Xaas-Leu-Xaa?~Val-Leu-Xaaj6-Xaau-

20 Xaat2-Leu-Pro-Xaai5-Leu-Xaai7-Xaai8-Tq3-XM2o-Xaa2i-Xaa22-Xaa23-Xaa24-Xaa2r^aaj6 
wherein: 

Xaaj is leucine, D-leucine, isoieucine, norieucine, tyrosine, tryptophan, valine, alanine, 
dimethyigiycine, glycine, hislidine, phenylalanine, or cysteine, 

Xaaz is isoieucine. leucine, norieucine, or valine, 

25 Xaas is glycine, leucine, or valine, 

Xaaj is isoieucine, leucine, norieucine, or valine, 

Xaa? is lysine, serine, asparagine, alanine, arginine, or hisddine, 

Xaajo is alanine, threonine, or leucine, 

Xaaj * is threonine or cysteine, 

30 Xaan is glycine, leucine, or tryptophan, 
Xaais is threonine or alanine, 

Xaa.j7 is isoieucine, leucine, norieucine, or valine, 

Xaaj# is serine or cysteine, 

Xaa^o is Isoieucine, leucine, norieucine, or valine, 

5 
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Xaazi is lysine or alanine, 

Xaar? is asparagine or arginine, 

Xaajs is lysine or alanine, 

Xaa?4 is arginine or lysine, 

5 Xaa^j is lysine, alanine, or glutamine, 

Xaaj.fi is optional and if present is glutamine, cysteine, glutamine-NHi, or cysteine-NHi: 

and, 

and at lease two of Xaa^ j, Xaa^, and Xaa;?s are lysine, 

10 A more preferred meiittin comprises the sequence: XaarXaa2-Xaaj-Ala-Xaas-Lea-Xaa7-Vai-

Leu-XaajcrXaan-Xaau-Leu-Pro-Xaais-Leu-XaairSer-Trp-XaaxrLys-Xaasj-Lys-Afg-Lys-

Xaajs wherein: 

Xaai is leucine, D-Ieucine, norieucine, or tyrosine, 

Xaaj is isoieucine, leucine, norieucine, or valine, 

15 Xaaj is glycine,, leucine, or valine, 

Xaaj is isoieucine, valine, leucine, or norieucine, 

Xaa? is lysine, serine, asparagine, alanine, arginine, or histidine, 

Xaa;o is alanine, threonine, or leucine, 

Xaau is threonine, or cysteine, 

20 Xaa32 is glycine, leucine, or tryptophan, 

Xaas5 :-'i threonine, or alanine, 
Xaa^ is isoieucine, leucine, or norieucine, 

Xaajo is isoieucine, leucine, or norieucine, 

Xaa;> is asparagine or arginine, and 

25 Xaa26 is glutamine or cysteine, 

A most preferred meiittin comprises the sequence: XaarXaarGly-Als-Xaas-Leu-Lys-Vai-

Leu-ASa-XaairGty-Len-Pro-Thr-Leu-XaatT-Ser-Irp-Xaaso-Lys-XaaarLys-Arg-Lys-Xaaj^ 

wherein: 
30 Xaas, Xaa2, Xaaj, Xaai? and Xaa23 are independently isoieucine, leucine, or norieucine, 

Xaan is threonine or cysteine, 

Xaa>2 is Asparagine or arginine, and 

Xaaj6 is glutamine or cysteine, 
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A preferred masking agent comprises a neutral hydrophilic disubstituted alkylmaleic 
anhydride: 

wherein Ri comprises a cell targeting group. A preferred alky 1 group is a methyl or ethyl 

group. A preferred targeting group comprises an asialoglycoprotein receptor ligand. An 

example of a substituted alkylmaleic anhydride consists of a 2-propiomc~3-alkylmaleic 

anhydride derivative. A neutral hydrophilic 2-propionic-3-alkylmaieic anhydride derivative is 

formed by attachment of a neutrai hydrophilic group to a 2"propionic-3-aikylmaleic 

anhydride through the 2~propionic~3-alkyImaleic anhydride y-carboxyi group: 

o 

wherein Rl comprises a neutral ASGPr ligand and n 0 or 1. In one embodiment, the ASGPr 

ligand is linked to the anhydride via a short PEG linker. 

A preferred masking agent comprises a hydrophilic peptidase (protease) cleavabie dipeptide-

p-amidobenzyl amine reactive carbonate derivative. Enzyme cleavabie linkers of the 

invention employ a dipeptide connected to an amidobenzy] activated carbonate moiety, The 

ASGPr ligand is attached to the amino terminus of a dipeptide. The amidobenzy! activated 

carbonate moiety is at the carboxy terminus of the dipeptide. Peptidease cleavabie linkers 

suitable for use with the invention have the structure: 

wherein R4 comprises an ASGPr ligand and R3 comprises an amine reactive carbonate 

moiety, and Rl and R2 are amino acid R groups. A preferred activated carbonate is a para-

nitrophenol. However, other amine reactive carbonates known in the art are readily 

O 

O 
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substituted for the para-nitrophenol. Reaction of the activated carbonate with a meiittin amine 

connects the targeting compound, the asialoglycoprotein receptor ligand, to the meiittin. 

peptide via a peptidase cleavabie dipeptide-amidobenzyl carbamate linkage. Enzyme 

cleavage of the dipeptide removes the targeting ligand from the peptide and triggers art 

5 elimination reaction which results in regeneration of the peptide amine, 

Dipeptides Glu-Gly, Ala-Cit, Phe~€it ("Cit" is the amino acid dtrulline) are shown in 

Example 3. While charged amino acids also permissible, neutral amino acids are preferred, 

10 A preferred masking agent provides targeting function through affinity for ceil surface 

receptors, i.e. the masking agent contains a ligand for a cell surface receptor. Preferred 

masking agents contain saccharides having affinity for the ASGPr, including but not limited 

to: galactose, "N~Acety 1-galactosamine and galactose derivatives. Galactose derivatives 

having affinity for the ASGPr are well known in the art. An essential feature of the reversibly 

15 modified meiittin is that more than 80% of the melitdn amines (in a population of peptide) 

are modified by attachment of ASGPr ligands via physiologically labile, reversible covalent 

linkages. 

In another embodiment, the meiittin peptides of the invention are further modified, at the 

20 amino or carboxyl termini, by covalent attachment, of a steric stabilizer or an ASGPr ligand-

steric stabilizer conjugate. The amino or carboxy terminal modifications may be linked to the 

peptide during synthesis using methods standard in the art. Alternatively, the amino or 

carboxy terminal modifications may be done through modification of cysteine residues on 

meiittin peptide having amino or carboxy terminal cysteine residues, A preferred steric 

25 stabilizer is a polyethylene glycol. Preferred polyethylene glycols have 1-120 ethylene units, 

In another embodiment, preferred polyethylene glycols are less than 5 kDa in size. For 

ASGPr iigand-steric stabilizer conjugatess a preferred steric stabilizer is a polyetbyleneglycol 

having 1-24 ethylene units. 

30 The RNAi polynucleotide conjugate and delivery peptide are administered to a mammal in 

pharmaceutical^' acceptable carriers or diluents. In one embodiment, the delivery peptide and 

the RNAi polynucleotide conjugate may be combined in a solution prior to administration to 

the mammal. In another embodiment, the delivery peptide and the RNAi polynucleotide 

conjugate may be co-administered to the mammal in separate solutions. In yet another 

8 
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embodiment, the delivery peptide and the RNAi polynucleotide conjugate may be 

administered to the mammal sequentially. For sequential administration, the delivery peptide 

may be administered prior to administration of the RNAi polynucleotide conjugate. 

Alternatively, for sequential administration, the RNAi polynucleotide conjugate may be 

5 administered prior to administration of the delivery peptide. 

Further objects, features, and advantages of the invention will be apparent from the foHowiog 

detailed description when taken in conjunction with the accompanying drawings, 

10 BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 Table listing meiittin peptides suitable for use in the invention. 

FIG. 2. Drawing illustrating linkage of GaiNAc cluster to RNA. 

FIG. 3. Graph illustrating (A) blood urea nitrogen (BUN) levels and (B) creatinine levels in 

primates treated with reversibly modified meiittin siRNA delivery peptides and siRNA-

15 cholesterol conjugates. 

FIG. 4, Graph illustrating (A) aspartate aminotransferase (AST) levels and (B) alanine 

transaminase (ALT) levels in primates treated with reversibly modified meiittin siRNA 

delivery peptides and siRNA-eholesterol conjugates. 
FIG, 4. Graph illustrating knockdown of endogenous Factor VII levels In primates treated 

20 with reversibly modified meiittin siRNA deliver)? peptides and siRNA-eholesterol conjugates. 

DETAILED DESCRIPTION OF THE INVENTION 

Described herein is an improved method for delivering RNA interference (RNAi) 

polynucleotides to liver cells in a mammal in vivo. We describe art in vivo RNAi 

25 polynucleotide delivery system employing a small delivery peptide, meiittin, derived from 

bee venom peptide and an Independently targeting RNAi polynucleotide. By using liver 

targeted RNAi polynucleotide conjugate molecules and asialoglycoprotein receptor targeted 

reversibly inhibited meiittin peptides, efficient RNAi polynucleotide delivery to liver is 

observed, 

30 

Because the meiittin and RNAi polynucleotide are independently targeted to hepatocytes, the 

concentration of the meiittin and polynucleotides and the ratio between them is limited only 

by the solubility of the components rather than the solubility of the associated complex or 

ability to manufacture the complex. Also, the polynucleotide and meiittin may be mixed at 

9 
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anytime prior to administration, or even administered separately, thus allowing the 

components to be stored separately, either in solution or dry. 

The invention includes conjugate delivery systems of tine compositon: 

5 plus N-T, 

wherein M is a RNAi polynucleotide, T is a polynucleotide targeting moiety (either a 

hydrophobic group having 20 or more carbon atoms or a galactose cluster), Meiittin is a bee 

venom meiittin peptide or a derivative as describe herein, and masking agent M contains an 

ASGPr ligand as described herein covaiently linked to Meiittin via a physiologically labile 

10 reversible linkage L, Cleavage of L restores an unmodified amine on Melsttiis. Y is optional 

and if present comprises a polyethyleneglycol (PEG) or a ASGPr Iigand»PEG conjugate 

linked to the amino terminus, the carboxy terminus, or an amino or carboxy terminal cysteine 

of Meiittin, Attachment of Y to the amino terminus or an amino terminal cysteine is 

preferred, x is an integer greater than 1. In its unmodified state, MeUttin is membrane active, 

15 However, delivery peptide Melsttm-(L™M)X is not membrane active. Reversible 

modification of Meiittin primary amines, by attachment of M reversibly inhibits or 

inactivates membrane activity of Meiittin. Sufficient percentage of Meiittin primary amines 

are modified to inhibit membrane activity of the polymer and provide for hepatoeyte 

targeting. Preferably x has a value greater than 80%, and more preferably greater than 90%, 

20 of the primary amines on Melittm, as determined by the quantity of amines on Meiittin in 

the absence of any masking agents. More specifically, x has a value greater than 80% and up 

to 100% of the primary amines on MeEittm. It is noted that meiittin typically contains 3-5 

primary amines (the amino terminus (if unmodified) and typically 2-4 Lysine residues). 

Therefore, modification of a percentage of amines is meant to reflect the modification of a 

25 percentage on amines in a population of meiittin peptides. Upon cleavage of reversible 

linkages L, unmodified amines are restored thereby reverting MeMtm to its unmodified, 

membrane active state. A preferred reversible linkage is a pH labile linkage. Another 

preferred reversible linkage is a protease cleavabie linkage, MelittisWL-M},;, an ASGPr-

targeted reversibly masked membrane active polymer (delivery peptide), and T~N, a 

30 polynucleotide-conjugate, are synthesized or manufactured separately. Neither T nor N are 

covaiently linked directly or indirectly to Mditlim, L, or M. Electrostatic or hydrophobic 

association of the polynucleotide or the polynucleotide-conjugate with the masked or 

unmasked polymer is not required for in vivo liver delivery of the polynucleotide, The 

masked polymer and the polynucleotide conjugate can be supplied in the same container or in 

10 
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separate containers. They may be combined prior to administration, co-administered, or 

administered sequentially. 

Hydrophiik groups indicate in qualitative terms that the chemical moiety is water-preferring. 
5 Typically, such chemical groups are water soluble, and are hydrogen bond donors or 

acceptors with wafer. A hydrophilic gronp can be charged or uncharged. Charged groups can 

be positively charged (anionic) or negatively charged (cationic) or both (zwitterionic). 

Examples of hydrophilic groups include the following chemical moieties: carbohydrates, 

polyoxyethylene, certain peptides, oligonucleotides, amines, amides, alkoxy amides, 

10 carboxy lie acids, sulfurs, and hydroxy Is. 

Hydrophobic groups indicate in qualitative terms that the chemical moiety is water-avoiding. 
Typically, such chemical groups are not water soluble, and tend not to form hydrogen bonds. 

Lipophilic groups dissolve in fats, oils, lipids, and non-polar solvents and have little to no 

15 capacity So form hydrogen bonds. Hydrocarbons containing two (2) or more carbon atoms, 

certain substituted hydrocarbons., cholesterol, and cholesterol derivatives are examples of 

hydrophobic groups and compounds. 

Hydrophobic groups are preferably hydrocarbons, containing only carbon and hydrogen 

20 atoms, However, non-polar substitutions or non-polar heteroatoms which maintain 

hydrophobicity, and include, for example fluorine, may be permitted. The term includes 

aliphatic groups, aromatic groups, acyl groups, alky! groups, alkenyl groups, alkynyt groups, 

aryl groups, aralkyl groups, aralkenyl groups, and araikynyl groups, each of which may be 

linear, branched, or cyclic. The term hydrophobic group also includes: sterols, steroids, 

25 cholesterol, and steroid and cholesterol derivatives. 

As used herein, membrane active peptides are surface active, amphipathic peptides that are 

able to induce one or more of the following effects upon a biological membrane: an alteration 

or disruption of the membrane that allows non-membrane permeable molecules to enter a ceil 

30 or cross the membrane, pore formation in the membrane, fission of membranes, or disruption 

or dissolving of the membrane. As used herein, a membrane, or ceil membrane, comprises a 

lipid bilayer. The alteration or disruption of the membrane can be functionally defined by the 

peptide's activity in at least one the following assays: red blood cell lysis (hemolysis), 

liposome leakage, liposome fusion, cell fusion, cell lysis, and endosomal release. Membrane 

11 
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active peptides that can cause lysis of cell membranes are also termed membrane lytic 

peptides. Peptides that preferentially cause disruption of endosornes or lysosomes over 

plasma membranes are considered endosomolytie. The effect of membrane active peptides on 

a cell membrane may be transient. Membrane active peptides possess affinity for the 

5 membrane and cause a denaturation or deformation of bilayer structures. 

Delivery of a polynucleotide to a cell is mediated by the meiittin peptide disrupting or 

destabilizing the plasma membrane or an internal vesicle membrane (such as an endosome or 

iysosome), including forming a pore in the membrane, or disrupting ertdosomai or lysosomal 

10 vesicles thereby permitting release of the contents of the vesicle into the cell cytoplasm. 

Endosomofytic peptides are peptides that, in response to an endosoma!-,specific 

environmental factors, sueh as reduced prl or the presence of lytic enzymes (proteases), are 

able to cause disruption or lysis of an endosome or provide for release of a normally cell 

; 5 membrane impermeable compound, such as a polynucleotide or protein, from a cellular 

internal membrane-enclosed vesicle, such as an endosome or lysosome. Endosornolytic 
polymers undergo a shift in their physico-chemical properties in the endosome. This shift can 

be a change in the polymer's solubility or ability to interact with other compounds or 

membranes as a resuit in a shift in charge, hydrophobicity, or hydrophilicity. Exemplary 

20 endosornolytic peptides have pH-iabile or enzymatic-sensitive groups or bonds. A reversibly 

masked membrane active peptide, wherein the masking agents are attached to the polymer via 

pH labile bonds, can therefore be considered to be an endosornolytic polymer. 

Meiittin, as used herein, is a small amphipathic membrane active peptide, comprising about 

25 23 to about 32 amino acids, derived from the naturally occurring in bee venom peptide 

meiittin. The naturally occurring meiittin contains 26 amino acids and is predominantly 

hydrophobic on the amino terminal end and predominantly hydrophilic (cationic) on the 

carboxy terminal end, Meiittin of the invention can be isolated from a biological source or it 

can be synthetic, A synthetic polymer is formulated or manufactured by a chemical process 

30 "by man" and is not created by a naturally occurring biological process. As used herein, 

meiittin encompasses the naturally occurring bee venom peptides of the meiittin family that 

can be found in, for example, venom of the species: Apis fiorea, Apis meHifera, Apis csrana, 

Apis dorsata, Vespula maculifrom, fespa magnified, Vespa velutina, Polistes sp. HQL-2001, 
and Polistes hebraeus. As used herein, meiittin also encompasses synthetic peptides having 

12 
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amino acid sequence identical to or similar to naturally occurring meiittin peptides. 

Specifically, meiittin amino acid sequence encompass those shown in FIG 1. In addition to 
the amino acids which retain melittin's inherent high membrane activity, ] -g amino acids can 

be added to the amino or carboxy terminal ends of the peptide. Specifically, cysteine residues 

5 cars be added to the amino or carboxy termini. The list in FIG. 1 is not meant to be 

exhaustive, as other conservative amino acid substitutions are readily envisioned. Synthetic 

meiittin peptides can contain naturally occurring t form amino acids or the enantiomeric D 

form amino acids (inverse). However, a meiittin peptide should either contain essentially all 

L form or ail D form amino acids but may have amino acids of the opposite stereocenter 

10 appended at either the amino or carboxy termini, The meiittin amino acid sequence can also 

be reversed (retro). Retro meiittin cart have L form amino acids or D form amino acids 

(retroinverso). Two meiittin peptides cars also be covalentJy linked to form a meiittin (inner, 

Meiittin can have modifying groups, other that masking agents, that enhance tissue targeting 

or facilitate In vivo circulation attached to either the amino terminal or carboxy terminal ends 

15 of the peptide. However, as used herein, meiittin does not include chains or polymers 

containing more than two meiittin peptides covalentiy linked to one another other or to 

another polymer or scaffold. 

Masking 
20 The meiittin peptides of the invention comprise reversibly modified meiittin peptides wherein 

reversible modification inhibits membrane activity, neutralizes the meiittin to reduce positive 

charge and form a near neutral charge polymer, and provides cell-type specific targeting. The 

meiittin is reversibly modified through reversible modification of prsmar)' amines on the 

peptide, 
25 

The meiittin peptides of the invention are capable of disrupting plasma membranes or 

iysosomal/endocytk. membranes. Membrane activity, however, leads to toxicity when the 

peptide is administered in vivo. Therefore, reversible masking of membrane activity of 

meiittin is necessary for in vivo use. This masking is accomplished through reversible 

30 attachment of masking agents to meiittin to form a reversibly masked meiittin, i.e. a delivery 

peptide. In addition to inhibiting membrane activity, the masking agents provide cell-specific 

interactions, i.e. targeting. 
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It is an essential feature of she masking agents that, in aggregate, they inhibit membrane 

activity of the polymer and provide in vivo hepatccyte targeting. Meiittin is membrane active 

in the unmodified (unmasked) state and not membrane active (inactivated) in the modified 

(masked) state. A sufficient number of masking agents are linked to the peptide to achieve the 

5 desired level of inactivation, The desired level of modification of meiittin by attachment of 

masking agent(s) is readily determined using appropriate peptide activity assays. For 

example, if meiittin possesses membrane activity in a given assay, a sufficient level of 

masking agent Is linked to the peptide to achieve the desired level of inhibition of membrane 

activity in that assay. Modification of >89% or >90% of the primary amine groups on a 

10 population of meiittin peptides, as determined by the quantity of primaty amines on the 

peptides in the absence of any masking agents, is preferred. It is also a preferred 

characteristic of masking agents that their attachment to the peptide reduces positive charge 

of the polymer, thus forming a more neutral delivery peptide. It is desirable that the masked 

peptide retain aqueous solubility. 

15 

As used herein, meiittin is masked if the modified peptide does not exhibit membrane activity 

and exhibits cell-specific (i.e. hepatocyte) targeting in vivo. Meiittin is reversibly masked if 

cleavage of bonds linking the masking agents to the peptide results in restoration of amines 

on the peptide thereby restoring membrane activity, 

20 

It is another essential feature that the masking agents are covalerttiy bound to meiittin through 

physiologically labile reversible bonds. By using physiologically labile reversible linkages or 

bonds, the masking agents can be cleaved from the peptide in vivo, thereby unmasking the 

peptide and restoring activity of the unmasked peptide. By choosing an appropriate reversible 

25 linkage, it is possible to form a conjugate that restores activity of meiittin after it has been 

delivered or targeted to a desired cell type or cellular location. Reversibility of the linkages 

provides for selective activation of meiittin. Reversible covalent linkages contain reversible 

or labile bonds which may be selected from the group comprising: physiologically labile 

bonds, cellular physiologically labile bonds, pH labile bonds, very pB labile bonds, extremely 

30 pH labile bonds, and proetease cleavabie bonds. 

As used herein, a masking agent comprises a preferably neutral (uncharged) compound 

having an ASGPr ligand and an amirte-reactive group wherein reaction of the amine-reactive 

group with an amine on a peptide results in linkage of the ASGPr ligand to the peptide via a 
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reversible physiologically labile covalent bond. Amine reactive groups are chosen such the 

cleavage hi response to m appropriate physiological condition (e.g., reduced pH such as in an 

endosotrte/lysosoro e, or enzymatic cleavage such as In an endosome/lysosome) results in 

regeneration of the meiittin amine. An ASGPr ligand is a group, typically a saccharide, 

5 having affinity for the asialoglycoprotein receptor. Preferred masking agents of the invention 

are able to modify the polymer (form a reversible bond with the polymer) in aqueous 

solution, 

A preferred amine-reactive group comprises a disubstituted maieic anhydride. A preferred 

10 masking agent is represented by the structure: 

O 

KxR1 
O ll 

o 
wherein in which Rl comprises art asialoglycoprotein receptor (ASGPr) ligand and R2 is art 

alky I group such as a methyl (-CH3) group, ethyl (-CH2CH3) group, or propyl 

(-CHjCH-iCHj) group. 

IS 

In some embodiments, the galactose ligand is linked to the amine-reactive group through a 

PEG linker as illustrated by the structure: 

wherein n is an integer between I and 19. 

20 
Another preferred amine-reactive group comprises a dipeptide-armdobenzyl amine reactive 

carbonate derivative represented by the structure: 

15 
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10 

wherein: 

Rl is the R group of amino acid 1, 

R2 is the R group of amino acid 2, 

R3 is ~CH2~0"• C{0}-O""Z, wherein Z is 
halsde, 

o 

I 

\ 
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/ \ 
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R2 M O 
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and R4 comprises the ASGPr ligand. 

Reaction of the activated carbonate with a meiittin amine connects the ASGPr i.igand to 

meiittin peptide via a peptidase cleavabie dipepiide-aniidobertzyi carbamate, linkage. 

R2 H O 

R4x /=\ ^ J* 
N M "" Y N —(\ /)—^"rf ^"Meiittin 

\ !J H O R1 H O 
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Enzymatic cleavage of the dipeptide removes the targeting ligand from the peptide and 

triggers an elimination reaction which results in regeneration of the peptide amine. While the 

structure above shows a single masking agent linked to a meiittin peptide, in practice, several 

masking agents are linked to the meiittin peptide; preferably such that more than 80% of the 

5 amines on a population of meiittin peptides are modified. 

Dspeptides Glu-Oiy, Ala-Ci't, Phe-Cit ("Cit" is the amino acid citrulSine) are .shown in 

Example 3. With respect lo the above structure, Giu-Gly, Ala-Cit, Phe-Cit represent R2-R1. 

While charged amino acids are permissible, neutral amino acids are preferred. Other amino 

10 acid combinations are possible, provided they are cleaved by an endogenous protease. In 

addition, 3-5 amino acids may be used as the linker between the amido benzyl group and the 

targeting ligand. 

As with maleic anhydride-based masking agents, the ASGPr ligand can be linked to the 

15 peptidase cleavabie dipeptide-amidobenzyl carbonate via a PEG linker. 

The membrane active polyamine can be conjugated to masking agents in the presence of an 

excess of masking agents. The excess masking agent may be removed from the conjugated 

delivery peptide prior to administration of the delivery peptide. 

20 

In another embodiment, the meiittin peptides of the invention are further modified, at the 

amino or carboxyl termini, by covalent attachment of a steric stabilizer or an ASGPr ligand-

steric stabilizer conjugate, Modification of the hydrophobic terminal end is preferred: the 

amino terminal end for meiittin having "normal sequence" and the carboxyl terminal end for 

25 retro-meSittin. A preferred steric stabilizer is a polyethylene glycol. The amino or carboxy 

terminal modifications may be iinked to the peptide during synthesis using methods standard 

in the art. Alternatively, the amino or carboxy terminal modifications may be done through 

modification of cysteine residues on meiittin peptides having amino or carboxy terminal 

cysteine residues. Preferred polyethylene glycols have 1-120 ethylene units. In another 

30 embodiment preferred polyethylene glycols are less than 5 kDa in size. For ASGPr ligand-

steric stabilizer conjugates (NAG-PEG modification), a preferred steric stabilizer is a 

poly«thy!e«egIycol having 1-24 ethylene units. Terminal PEG modification, when combined 

with reversible masking, further reduces toxicity of the meiittin delivery peptide. Terminal 

NAG-PEG modification enhances efficacy. 
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Steric Stabilizer 

As used herein, a steric stabilizer is a non-ionic hydrophilic polymer (either natural, synthetic, 

or non-natural) that prevents or inhibits intramolecular or intermoleeular interactions of a 

5 molecule to which it is attached relative to the molecule containing no steric stabilizer, A 

steric stabilizer hinders a molecule to which it is attached from engaging in electrostatic 

interactions. Electrostatic interaction is the non-covaSent association of two or more 

substances due to attractive forces between positive and negative charges, Steric stabilisers 

can inhibit interaction with blood components and therefore opsonization, phagocytosis, and 

10 uptake by the reticuloendothelial system. Steric stabilizers can thus increase circulation time 

of molecules to which they are attached. Steric stabilizers can also inhibit aggregation of a 

molecule, A preferred steric stabilizer is a polyethylene glycol (PEG) or PEG derivative. PEG 

molecules suitable for the invention have about 1-120 ethylene glycol monomers. 

15 ASGPr Ligand 

Targeting moieties or groups enhance the pharmacokinetic or biodistribution properties of a 

conjugate to which they are attached to improve cell-specific distribution and cell-specific 

uptake of the conjugate. Galactose and galactose derivates have been used to target molecules 

to hepatocytes in vivo through their binding to the asialoglycoprotein receptor (ASGPr) 

20 expressed on the surface of hepatocytes. As used herein, a ASGPr ligand (or ASGPr ligand) 

comprises a galactose and galactose derivative having affinity for the ASGPr equal to or 

greater than that of galactose. Binding of galactose targeting moieties to the ASGPrfs) 

facilitates cell-specific targeting of the delivery peptide to hepatocytes and endocytosis of the 

delivery peptide into hepatocytes. 

25 
ASGPr ligands may be selected from the group comprising: lactose, galactose, N-

acetylgalactosamine (GaiNAc), gaiactosamine,, N -fo rmy Igal actosam ine, N-acetyl-

galactosarnine, N-propionyigalactosamme, N-n-butanoylgalactosamine, and N-iso-butanoyl-

gaiactosamine (lobst, S.T. and Drickamer, K. J.B.C. 1996, 27 L 6686), ASGPr ligands can be 

30 monomeric (e.g., having a single gaiactosamine) or multimeric (e.g., having multiple 

galactosamir.es). 

In one embodiment, the meiittin peptide is reversibly masked by attachment of ASGPr ligand 

masking agents to >80% or >90% of primafy amines on the peptide, 
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Labile Linkage 
A linkage or linker is a connection between two atoms that [inks one chemical group or 

segment of interest to another chemical group or segment of interest via one or more covalent 

5 bonds. For example, a linkage can connect a masking agent to a peptide. Formation of a 

linkage may connect two separate molecules into a single molecule or it may connect two 

atoms in the same molecule. The linkage may he charge neutral or may bear a positive or 

negative charge, A reversible or labile linkage contains a reversible or labile bond. A linkage 

may optionally include a spacer that increases the distance between the two joined atoms. A 

10 spacer may further add flexibility and/or length to the linkage. Spacers may include, but are 

not be limited to, alkyl groups, alkenyl groups, alkynyi groups, aryl groups, aralkyl groups, 

araikenyl groups, araikynyl groups: each of which can contain one or more heteroatoms, 

heterocycles, amino acids, nucleotides, and saccharides. Spacer groups are well known in the 

art and the preceding, list is not meant to limit the scope of the invention, 
15 

A labile bond is a covalent bond other than a covalent bond to a hydrogen atom that is 

capable of being selectively broken or cleaved under conditions that will not break or cleave 

other covalent bonds in the same molecule. More specifically, labile bond is a covalent bond 

that is less stable (thermodynamically) or more rapidly broken (kinetically) under appropriate 

20 conditions than other non-labile covalent bonds in the same molecule. Cleavage of a labiie 

bond within a molecule may result in the formation of two molecules. For those skilled in the 

art, cleavage or lability of a bond is generally discussed in terms of half-life (t;>j of bond 

cleavage (the time required for half of the bonds to cleave). Thus, labile bonds encompass 

bonds that can be selectively cleaved more rapidly than other bonds a molecule, 
25 

Appropriate conditions are determined by the type of labile bond and are well known in 

organic chemistry, A labile bond can be sensitive to pH, oxidative or reductive conditions or 

agents, temperature, salt concentration, the presence of an enzyme (such as esterases, 

including nucleases, and proteases), or the presence of an added agent. For example, 

30 increased or decreased pH is the appropriate conditions for a pH-labife bond. 

The rate at which a labile group will undergo transformation can be controlled by altering the 

chemical constituents of the molecule containing the labile group. For example, addition of 
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particular chemical moieties (e.g., electron acceptors or donors) near the labile group can 

affect the particular conditions (e.g., pH) under which chemical transformation will occur. 

As used herein, a physiologically labile bond is a labiie bond that is cleavabie under 

5 conditions normally encountered or analogous to those encountered within a mammalian 

body. Physiologically labile linkage groups are selected such -hat they undergo a chemical 

transformation (e.g., cleavage) when present in certain physiological conditions. 

As used herein, a cellular physiologically labile bond is a labile bond that is cleavabie under 

10 mammalian intracellular conditions. Mammalian intracellular conditions include chemical 

conditions such as pH, temperature, oxidative or reductive conditions or agents, and salt 

concentration found in or analogous So those encountered in mammalian cells. Mammalian 

intracellular conditions also include the presence of enzymatic activity normally present in a 

mammalian cell such as from proteolytic or hydroiytic enzymes, A cellular physiologically 

15 labile bond may also be cleaved in response administration of a pharmaceutical^ 

acceptable exogenous agent. Physiologically labile bonds that are cleaved under appropriate 

conditions with a half Fife of less than 4S min, are considered very labile. Physiologically 

labile bonds that are cleaved under appropriate conditions with a half life of less than 15 mirs 

are considered extremely labile. 
20 

Chemical transformation (cleavage of the labile bond) may be initiated by the addition of a 

pharmaceutically acceptable agent to the cell or may occur spontaneously when a molecule 

containing the labiie bond reaches an appropriate intra-and/or extra-cellular environment. For 

example, a pH labile bond may be cleaved when the molecule enters an acidified endosome. 

25 Thus, a pH labile bond may be considered to be an endosomal cleavabie bond. Enzyme 

cleavabie bonds may be cleaved when exposed to enzymes such as those present in an 

endosome or lysosome or in the cytoplasm, A disulfide bond may be cleaved when she 

molecule enters the more reducing environment of the cell cytoplasm. Thus, a disulfide may 

be considered to be a cytoplasmic cleavabie bond. 

30 

As used herein, a pH-!ahiie bond is a labile bond that is selectively broken under acidic 

conditions (pH<7). Such bonds may also be termed endosomally labile bonds, since ceil 

endosonies and lysosomes have a pH less than 7. The term pH-labiie includes bonds that are 

pH-labile, very pH-labile, and extremely pH-Iabile. 

20 
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10 

Reaction of an anhydride with an amine forms an amide and an acid. For many anhydrides, 

the reverse reaction (formation of an anhydride and amine) is very slow and energetically 

unfavorable. However, if the anhydride is a cyclic anhydride, reaction with an amine yields 

an amide acid, a molecule In which the amide and the acid are in the same molecule. The 

presence of both reactive groups (the amide and the carboxylic acid) in the same molecule 

accelerates the reverse reaction. In particular, the product of primary amines with maJeic 

anhydride and maieie anhydride derivatives, maleamic acids, revert back to amine and 
anhydride 1x 10° to I * 10° times faster than its noncyclic analogues (Kirhy i 980). 

Reaction of an amine with an anhydride to form an amide and an acid. 

H O O 
O 

O o || | 
RlXN' ^R^orR^ + HQ "R orR '[ R2 O XR4 I 3 4 HO RJosk« 

' R> 

Reaction, of an amine with a cyclic anhydride to form an amide acid. 

/ jT OH 
R- NH. * O I 

If XR2 H 7f 
is do 

Cleavage of the amide acid to form an amine and an anhydride is pH-dependent and is greatly 

accelerated at acidic pH. This pH-dependerct reactivity can be exploited to form reversible 

pH-labile bonds and linkers. Cis-acomtie acid has been used as such a pH-sensitive linker 

20 molecule. The y-carboxylate is first coupled to a molecule. In a second step, either the a. or (5 

carboxyiate is coupled to a second molecule to form a pH-sensitive coupling of the two 

molecules. The half life for cleavage of this linker at pH 5 Is between 8 and 24 b. 
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Structures of cis-aconitic anhydride and maleic anhydride. 

HO 
YV-VV.O 
/ 
)=x R2, ,,R3 

0-»»vP «>•••••. o >===< 

H H 0 0 -

aconitic acid rrsaleic anhydride 

The pH at which cleavage occurs is controlled by the addition of chemical constituents to the 

5 labile moiety. The rate of conversion of maleamic acids to amines and maleic anhydrides is 

strongly dependent on substitution (R2 and R3) of the maleic anhydride system. When R2 is 

methyl, the rate of conversion is 50-fold higher than when R.2 and R.3 are hydrogen. When 

there are alkyl substitutions at both R2 and R3 (e.g., 2,3 -d i met hy I ma leicanhy dride) the rate 

increase is dramatic: 10,000-foSd faster than non-substituted maleic anhydride. The 

10 ma! earn ate bond formed from the modification of an amine with 2,3-djmethylmaleic 

anhydride is cleaved to restore the anhydride and amine with a half-life between 4 and 10 min 

at pH S. It is anticipated that if R2 and R3 are groups larger than hydrogen, the rate of amide-

acid conversion to amine and anhydride will be faster than if R2 and/or R3 are hydrogen. 

! 5 Very pH-labile bond: A very pH-labile bond has a half-life for cleavage at pH 5 of less than 

45 min. The construction of very pH-labile bonds is well-known in the chemical art, 

Extremely pH-labile bonds: An extremely pH-labile bond has a half-life for cleavage at pH 5 

of less than 15 min. The construction of extremely pH-labile bonds is well-known in the 

20 chemical art. 

Disubstituted cyclic anhydrides are particularly useful for attachment of masking agents to 

meiittin peptides of the invention, They provide physiologically pH-labile linkages, readily 

modify amines, and restore those amines upon cleavage in the reduced pH found in cellular 

25 endosomes and lysosome. Second, the it or [3 carboxy lie acid group created upon reaction 

with an. amine, appears to contribute only about 1/20'" of the expected negative charge to the 

polymer (Rozema et al. Bioconjugate Chemistry 2003). Thus, modification of the peptide 

with the disubstituted maleic anhydrides effectively neutralizes the positive charge of the 
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peptide rather than creates a peptide with high negative charge. Near neutral delivery peptides 
are preferred for in vivo delivery. 

RNAi Polynucleotide Conjugate 

5 We have found that conjugation of an RNAi polynucleotide to a polynucleotide targeting 

moiety, either a hydrophobic group or to a galactose cluster, and co-administration of the 

RNAi polynucleotide conjugate with the delivery peptide described above provides for 

efficient, functional delivery of the RNAi polynucleotide to liver cells, particularly 

hepatocytes, in vivo. By functional delivery, it is meant that the RNAi polynucleotide is 

10 delivered to the cell and has the expected biological activity, sequence-specific inhibition of 

gene expression. Many molecules, Including polynucleotides, administered to Use vasculature 

of a mammai are normally cleared from the body by the liver. Clearance of a polynucleotide 

by the liver wherein the polynucleotide is degraded or otherwise processed for removal from 

the body and wherein the polynucleotide does not cause sequence-specific inhibition of gene 

15 expression is not considered functional delivery. 

The RNAi polynucleotide conjugate is formed by covalently linking the RNAi 

polynucleotide to the polynucleotide targeting moiety. The polynucleotide is synthesized or 

modified such that it contains a reactive group A, The targeting moiety is also synthesized or 

20 modified such that it contains a reactive group B. Reactive groups A and B are chosen such 

that they can be linked via a covalent linkage using methods known in the art. 

The targeting moiety may be linked to the 3' or the 5' end of the RNAi polynucleotide. For 

siRNA polynucleotides, the targeting moiety may be linked to either the sense strand or the 

2,5 antisense strand, though the sense strand is preferred, 

In one embodiment, the polynucleotide targeting moiety consists of a hydrophobic group 

More specifically, the polynucleotide targeting moiety consists of a hydrophobic group 

having at least 20 carbon atoms. Hydrophobic groups used as polynucleotide targeting 

30 moieties are herein referred to as hydrophobic targeting moieties. Exemplary suitable 

hydrophobic groups may he selected from the group comprising: cholesterol, dieholesterol, 

tocopherol, ditocopherol didecyl, didodecyl, dioctadecyl, didodecyi, dioctadecyl, isoprenoid, 

and choleamide, Hydrophobic groups having 6 or fewer carbon atoms are not effective as 

polynucleotide targeting moieties, while hydrophobic groups having 8 to 18 carbon atoms 
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provide increasing polynucleotide delivery with increasing size of the hydrophobic group (i.e. 

increasing number of carbon atoms). Attachment of a hydrophobic targeting moiety to art 

RNAi polynucleotide does not provide efficient functional in vivo delivery of the RNAi 

polynucleotide in the absence of co-adnsinistralioo of the deliver}' peptide. While siRNA-
5 cholesterol conjugates have been reported by others to deliver siRNA (siRNA-choiesterol) to 

liver cells in vivo, in the absence of any additional delivery vehicle, high concentrations of 

siRNA are required and delivery efficacy is poor. When combined with the delivery peptides 

described herein, delivery of the polynucleotide is greatly improved. By providing the 

siRNA-choiesterol together with a delivery peptide of the invention, efficacy of siRNA-

10 cholesterol is increased about 100 fold. 

Hydrophobic groups useful as polynucleotide targeting moieties may be selected from the 

group consisting of; alkyl group, alkenyl group, alkynyi group, aryl group, aralkyl group, 

aralkenyl group, and aralkynyl group, each of which may be linear, branched, or cyclic, 

15 cholesterol, cholesterol derivative, sterol, steroid, and steroid derivative. Hydrophobic 

targeting moieties are preferably hydrocarbons, containing only carbon and hydrogen atoms. 

However, substitutions or heteroatoms which maintain hydrophobicity, for example fluorine, 

may be permitted. The hydrophobic targeting moiety may be attached to the 3' or 5! end of 

the RNAi polynucleotide using methods known in the art. For RNAi polynucleotides having 

20 2 strands, such as siRNA, the hydrophobic group may be attached to either strand. 

In another embodiment, the polynucleotide targeting moiety comprises a galactose cluster 

(galactose cluster targeting moiety). As used herein, a galactose cluster comprises a molecule 

having two to four terminal galactose derivatives. As used herein, the term galactose 

25 derivative includes both galactose and derivatives of galactose having affinity for the 

asialoglycoprotein receptor equal to or greater than thai of galactose. A terminal galactose 

derivative is attached to a molecule through its €~! carbon, The asialoglycoprotein receptor 

(ASGPr) is unique to hepatocytes and binds branched galactose-termirsal glycoproteins, A 

preferred galactose cluster has three terminal galactosamines or gaiactosamine derivatives 

30 each having affinity for the asialoglycoprotein receptor, A more preferred galactose cluster 

has three terminal N-acetyl-galactosamines, Other terms common in the art include tri-

antennary galactose, trs-valent galactose and galactose trimer. it is known that tri-antennary 

galactose derivative clusters are bound to the ASGPr with greater affinity than bi~antennary 

or rnono-antennary galactose derivative structures (Baenziger and Fiete, \9$0, Cell, 22, 611-
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620; Connolly et ah, 1982, J, Biol Chero., 257, 939-945), Mulivalency is required to achieve 

nM affinity. The attachment of a single galactose derivative having affinity for the 

asialoglycoprotein receptor does not enable functional delivery of the RNAi polynucleotide 

to hepatocytes/« vivo when co-administered with the delivery peptide. 
& 

5 0H 

galactose 

A galactose cluster contains three galactose derivatives each linked to a central branch point. 

The galactose derivatives are attached to the centra? branch point through the C-l carbons of 

10 the saccharides. The galactose derivative is preferably linked to the branch point via linkers 

or spacers. A preferred .spacer is a flexible hydrophilic spacer (U.S. Patent 5885968; Btessen 

et al X Med. Chem. 1995 Vol. 39 p, 1538-1546), A preferred flexible hydrophilic spacer is a 

PEG spacer. A preferred PEG spacer is a PEGj spacer. The branch point can be any small 

molecule which permits attachment of the three galactose derivatives and further permits 

15 attachment of the branch point to the RNAi polynucleotide, An exemplary branch point group 

is a dMysine, A di-lysine molecule contains three amine groups through which three 

galactose derivatives may be attached and a carboxyl reactive group through which the di-

lysine may be attached to the RNAi polynucleotide. Attachment of the branch point to the 

RNAi polynucleotide may occur through a linker or spacer, A preferred spacer is a flexible 

20 hydrophilic spacer. A preferred flexible hydrophilic spacer is a PEG spacer, A preferred PEG 

spacer is a PEG3 spacer (three ethylene units). The galactose cluster may be attached to the 3' 

or 5' end of the RNAi polynucleotide using methods known in the art. For RNAi 

polynucleotides having 2 strands, such as siRNA, the galactose cluster may be attached to 

either strand, 

25 

A preferred galactose derivative is an N-acetyl-galactosamine (GalNAc), Other saccharides 

having affinity for the asialoglycoprotein receptor may be selected from the list comprising: 

galactose, gaiactosamine, N-formyigalactosarnine, N-aeefyIgalaetosamine, N-propionyi-

galactosamine, N-n-butanoylgalactosamine, and N-Sso-butanoylgalactos-amine. The affinities 

30 of numerous galactose derivatives for the asialoglycoprotein receptor have been studied (see 
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for example: lobst, SX and Drickamer, K. J.B.C. 1996, 271, 6686) or are readily determined 

using methods typical in the art. 
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One embodiment of a Galactose cluster 
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Galactose cluster with PEG spacer between branch point and nucleic acid 

The term polynucleotide, or nucleic acid or polynucldc acid, is a term of art that refers to a 

polymer containing at least two nucleotides. Nucleotides are the monomeric unite of 

polynucleotide polymers. Polynucleotides with less than 120 monomeric units are often 

called oligonucleotides. Natural nucleic acids have a deoxyrihose- or ribose-phosphate 
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backbone, A non-natural or synthetic polynucleotide Is a polynucleotide that is polymerised 

in vitro or in a cell free system and contains the same or similar bases but. may contain a 

backbone of a type other than, the natural ribose or deoxyribose-phosphate backbone. 

Polynucleotides can be synthesized using any known technique in the art, Polynucleotide 

5 backbones known hi the art include: FN As (peptide nucleic acids), phosphorothioates, 

phosphorodiamidates, morpholinos, and other variants of the phosphate backbone of native 

nucleic acids. Bases include purines and pyrimidines, which further include the natural 

compounds adenine, thymine, guanine, cytosine, uracil inosine, and natural analogs. 

Synthetic derivatives of purines and pyrimidines include, but are not limited to, modifications 

10 which place new reactive groups on the nucleotide such as, but not limited to, amines, 

alcohols, thiols, carboxylates, and alkylhatides. The term base encompasses any of the known 

base analogs of DMA and RNA. A polynucleotide may contain ribonucleotides, 

deoxyrihonucleotides, synthetic nucleotides, or any suitable combination. Polynucleotides 

may be polymerized in vitro, they may be recombinant, contain chimeric sequences, or 

15 derivatives of these groups. A polynucleotide may include a terminal cap moiety at the 5' -

end, the 3' -end, or both the 5' and 3' ends. The cap moiety can be, but is not limited to, an 

inverted deoxy a basic moiety, an inverted deoxy thymidine moiety, a thymidine moiety, or 3' 

glyceryl modification, 

20 An RNA interference (RNAi) polynucleotide is a molecule capable of inducing RNA 

interference through interaction with the RNA interference pathway machinery of 

mammalian cells to degrade or inhibit translation of messenger RNA (mRN A) transcripts of a 

transgene in a sequence specific manner. Two primary RNAi polynucleotides are small (or 

short) interfering RNAs (siRNAs) and micro RNAs (miRNAs). RNAi polynucleotides may 

25 be selected from the group comprising: siRNA, microRNA, double-strand RNA (dsRNA), 

short hairpin RNA (shRNA), and expression cassettes encoding RNA capable of inducing 

RNA interference. siRNA comprises a double stranded structure typically containing 15-50 

base pairs and preferably 21.-25 base pairs and having a nucleotide sequence identical 

(perfectly complementary) or nearly identical (partially compl&mcritary) to a coding sequence 

30 in an expressed target gene or RNA within the cell. An siRNA may have dinucleotide 3' 

overhangs. An siRNA may be composed of two annealed polynucleotides or a single 

polynucleotide that forms a hairpin structure. An siRNA molecule of the invention comprises 

a sense region and an antisense region, In one embodiment, the siRNA of the conjugate is 

assembled from two oligonucleotide fragments wherein one fragment comprises the 
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nucleotide sequence of the asrtisense strand of the siRNA molecule and a second fragment 

comprises nucleotide sequence of the sense region of the siRNA molecule. In another 

embodiment, the sense strand is connected to the antisense strand via a linker molecule, such 

as a polynucleotide linker or a non-nucleotide linker, MicroRNAs (miRNAs) are small 

5 noneoding RNA gene products about 22 nucleotides long that direct destruction or 

transnational repression of their mRNA targets. If the complementarity between the mi RNA 

and the target mRNA is partial, translation of the target mRNA Is repressed. If 

complementarity is extensive, the target mRNA is cleaved. For rniRNAs, the complex binds 

to target sites usually located in the 3' UTR of mRNAs that typically share only partial 

10 homology with the miRNA. A "seed region" ~ a stretch of about seven (7) consecutive 

nucleotides on the 5' end of the miRNA that forms perfect base pairing with its target - plays 

a key role in miRNA specificity. Binding of the RISC/miRNA complex to the mRNA can 

lead to either the repression of protein translation or cleavage and degradation of the mRNA. 

Recent data indicate that mRNA cleavage happens preferentially if there is perfect homology 

15 along the whole length of the miRNA and its target instead of showing perfect base-pairing 

only in the seed region (Filial et al 2007), 

RNAi polynucleotide expression cassettes can be transcribed in the cell to produce small 

hairpin RNAs that can function as siRNA, separate sense and anti-sense strand linear 

20 siRNAs, or miRNA. RNA. polymerase 111 transcribed DNAs contain promoters selected from 

the list comprising: U6 promoters, HI promoters, and tFlNA promoters, RNA polymerase II 

promoters include UL, U2, U4S and US promoters, snRNA promoters, microRNA promoters, 

and mRNA promoters, 

25 Lists of known miRNA sequences can be found iu databases maintained by research 

organizations such as Wellcome Trust Sanger Institute, Penn Center for Bioinformatics, 

Memorial Sloan Kettering Cancer Center, and European Molecule Biology Laboratory, 

among others. Known effective siRNA sequences and cognate binding sites are also well 

represented in the relevant literature. RNAI molecules are readily designed and produced by 

30 technologies known in the art, In addition, there are computational tools that increase the 

chance of finding effective and specific sequence motifs (Fes et al. 2006, Reynolds et al. 

2004, Khvorova et al. 2003, Schwarz et al, 2003, Ui-Tei et al. 2004, Heale et al, 2005, Chalk 

et ai. 2004, Amarzguioui et al. 2004). 
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The polynucleotides of the invention can be chemically modified. Non-limiting examples of 
such chemical modifications include: phosphorothioate internucleotide linkages, 2-Q-methyl 

ribonucleotides, 2'~deoxy-2~fluoro ribonucleotides, 2'-deoxy ribonucleotides, "universal 

base" nucleotides, 5-C-methyl nucleotides, and inverted deoxyabasic residue incorporation. 

5 These chemical modifications, when used in various polynucleotide constructs, are shown to 

preserve polynucleotide activity in cells while at the same time increasing the serum stability 

of these compounds. Chemically modified siRNA can also minimize the possibility of 

activating interferon activity in humans. 

10 in one embodiment, a chemically-modified RNAi polynucleotide of the invention comprises 

a duplex having two strands, one or both of which can be chemically-modified, wherein each 
strand is about 19 to about 29 nucleotides. In one embodiment, an RNAi polynucleotide of 

the invention comprises one or more modified nucleotides while maintaining the ability to 

mediate RNAi inside a cell or reconstituted in vitro system. An RNAi polynucleotide can be 

15 modified wherein the chemical modification comprises one or more (e.g., about 1, 2, 3, 4, 5, 

6, 7, 8,. 9, 10, or more) of the nucleotides. An RNAi polynucleotide of the invention can 

comprise modified nucleotides as a percentage of the total number of nucleotides present in 

the RNAi polynucleotide. As such, an RNAi polynucleotide of the invention can generally 

comprise modified nucleotides from about 5 to about 100% of the nucleotide positions (e.g., 

20 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 

85%, 90%, 95% or 100% of the nucleotide positions), The actual percentage of modified 

nucleotides present in a given RNAi polynucleotide depends on the total number of 

nucleotides present in the RNAi polynucleotide. If the RNAi polynucleotide is single 

stranded, the percent modification can be based upon the total number of nucleotides present 

25 in the single stranded RNAi polynucleotide. Likewise, If the RNAi polynucleotide is double 

stranded, the percent modification can be based upon the total number of nucleotides present 

in the sense strand, antisense strand, or both the sense and antisense strands. In addition, the 

actual percentage of modified nucleotides present in a given RNAi polynucleotide can also 

depend on the total number of purine and pyriroidine nucleotides present in the RNAi 

30 polynucleotide. For example, wherein all pyrutiidine nucleotides and/or all purine nucleotides 

present in the RNAi polynucleotide are modified. 

An RNAi polynucleotide modulates expression of RNA encoded by a gene. Because multiple 

genes can share some degree of sequence homology with each other, an RNAi polynucleotide 
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can be designed to target a class of genes with sufficient sequence homology. Thus, an RNAi 

polynucleotide can contain a sequence that has complementarity to sequences that are shared 

amongst different gene targets or are unique for a specific gene target. Therefore, die RNAi 

polynucleotide can be designed to target conserved regions of an R.NA sequence having 

5 homology between several genes thereby targeting several genes in a gene family (e.g., 

different gene isoforms. splice variants, mutant genes, etc.). In another embodiment, the 

RNAi polynucleotide can be designed to target a sequence that is unique to a specific RNA 

sequence of a single gene. 

10 The term complementarity refers to the ability of a polynucleotide to form hydrogen bond(s) 

with another polynucleotide sequence by either traditional Watson-Crick or other non-

traditional types. In reference to the polynucleotide molecules of the present invention, the 

binding free energy for a polynucleotide molecule with its target (effector binding site) or 

complementary sequence is sufficient to allow the relevant function of the polynucleotide to 

15 proceed, e.g., enzymatic mRNA cleavage or translation inhibition. Determination of binding 

free energies for nucleic acid molecules is well known in the art (Frier et al. 1986, Turner et 

al 1987). A percent complementarity indicates the percentage of bases, in a contiguous 

strand, in a first polynucleotide molecule which can form hydrogen bonds (e.g., Watson-

Crick base pairing) with a second polynucleotide sequence (e.g., 5, 6, 7, 8, 9, 10 out of 10 
20 being 50%, 60%, 70%, 80%, 90%, and 100% complementary). Perfectly complementary 

means that all the bases in a contiguous strand of a polynucleotide sequence wili hydrogen 

bond with the same number of contiguous bases in a second polynucleotide sequence. 

By inhibit, down-regulate, or knockdown gene expression, it is meant that the expression of 

25 the gene, as measured by the level of RNA transcribed from the gene or the level of 

polypeptide, protein or protein subunit translated from the RNA, is reduced below that 

observed in the absence of the blocking polynucleotide-conjngates of the invention. 

Inhibition, down-regulation, or knockdown of gene expression, with a polynucleotide 

delivered by the compositions of the invention, is preferably below that level, observed in the 

30 presence of a control inactive nucleic acid, a nucleic acid with scrambled sequence or with 

inactivating mismatches, or in absence of conjugation of the polynucleotide to the masked 

polymer. 
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In Vivo Administration 
In pharmacology and toxicology, a route of administration is the path by which a drag, fluid, 

poison, or other substance is brought into contact with the body. In general, methods of 

administering drugs and nucleic acids for treatment of a mammal are well known in the art 

5 and can be applied to administration of the compositions of the invention, The compounds of 

the present invention can be administered via any suitable route, most preferably parenteral!)', 

in a preparation appropriately tailored to that route. Thus, the compounds of the present 

invention can. be administered by injection, for example, intravenously, intramuscularly, 

intracutaneous!)', subcutaneousiy, or intraperitoneally. Accordingly, the present invention 

10 also provides pharmaceutical compositions comprising a pharmaceutical^ acceptable carrier 

or exespient. 

Parenteral routes of administration include intravascular (intravenous, intraarterial), 

intramuscular, intraparenchymal, intradermal, subdermal, subcutaneous, imratumor, 

15 intraperitoneal, intrathecal, subdural, epidural, and intralymphatic injections that use a 

syringe and a needle or catheter. Intravascular herein means within a tubular structure called 

a vessel that is connected to a tissue or organ within the body. Within the cavity of the tubular 

structure, a bodily fluid flows to or from the body part. Examples of bodily fluid include 

blood, cerebrospinal fluid (CSF), lymphatic fluid, or bile. Examples of vessels include 

20 arteries, arterioles, capillaries, venules, sinusoids, veins, lymphatics, bile ducts, and ducts of 

the salivary or other exocrine glands. The intravascular route includes delivery through the 

blood vessels such as an artery or a vein. The blood circulatory system provides systemic 

spread of the pharmaceutical. 

25 The described compositions are injected in pharmaceutically acceptable carrier solutions, 

Pharmaceutically acceptable refers to those properties and/or substances which are acceptable 

to the mammal from a pharmacological/toxscological point of view. The phrase 

pharmaceutically acceptable refers to molecular entities, compositions, and properties that are 

physiologically tolerable and do not typically produce an allergic or other untoward or toxic 

30 reaction when administered to a mammal. Preferably, as used herein, the term 

pharmaceutically acceptable means approved by a regulator}' agency of the Federal or a state 

government or listed in the U.S. Pharmacopeia or other generally recognized pharmacopeia 

for use in animals and more particularly in humans. 
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The RNAi palynucleotide-targeting moiety conjugate is co-administered with the delivery 

peptide, By co-administered it is meant that the RNAi polynucleotide and the delivery 

peptide are administered to the mammal such that both are present in the mammal at the same 

time. The RNAi poiysnjcieotide-target'mg moiety conjugate and the delivery peptide may be 

5 administered simultaneously or they may be delivered sequentially. For simultaneous 

administration, they may be mixed prior to administration, For sequential administration, 

either the RNAi polynucleolide-targeting moiety conjugate or the deliver}' peptide may be 

administered first, 

10 For RNAi polynucleotide-hydrophobic targeting moiety conjugates, the RNAi conjugate may 

be administered up to 30 minutes prior to administration of the delivery peptide. Also for 

RNAi polynucleotide-hydrophobic targeting moiety conjugates, the delivery peptide may be 

administered up to two hours prior to administration of the RNAi conjugate, 

15 For RNAi polynucleotide-galactose cluster targeting moiety conjugates, the RNAi conjugate 

may be administered up to 15 minutes prior to administration of the delivery peptide. Also for 

RNAi polynucleotide-galactose cluster targeting moiety conjugates, the delivery peptide may 

be administered up to 15 minutes prior to administration of the RNAi conjugate. 

20 Therapeutic Effect 

RNAi polynucleotides may be delivered for research purposes or to produce a change in a 

ceil that is therapeutic, hi vivo delivery of RNAi polynucleotides is useful for research 

reagents and for a variety of therapeutic, diagnostic, target validation, genomic discovery, 

genetic engineering,, and pharmacogenomic applications. We have disciosed RNAi 

25 poiynucieotide delivery resulting in inhibition of endogenous gene expression in hepatocytes. 

Levels of a reporter (marker) gene expression measured following delivery of a 

polynucleotide indicate a reasonable expectation of similar levels of gene expression 

following delivery of other polynucleotides. Levels of treatment considered beneficial by a 

person having ordinary skill in the art differ from disease to disease. For example, 

30 Hemophilia A and B are caused by deficiencies of the X-lmked clotting factors VIII and IX, 

respectively. Their clinical course is greatly influenced by the percentage of normal serum 

levels of factor VIII or IX: < 2%, severe; 2-5%, moderate; and 5-30% mild. Thus, an increase 

from \% to 2% of the normal level of circulating factor in severe patients can be considered 

beneficial. Levels greater than 6% prevent spontaneous bleeds but not those secondary to 
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surgery or injury. Similarly, inhibition of a gene need not be 100% to provide a therapeutic 

benefit. A person having ordinary skill in the art of gene therapy would reasonably anticipate 

beneficial levels of expression of a gene specific for a disease based upon sufficient levels of 

marker gene results. In the hemophilia example, if marker genes were expressed to yield a 

5 protein at a level comparable in volume to 2% of the normal level of factor VIII, it can be 

reasonably axpactsd that the gene coding for factor VIII would also be expressed at similar 

levels, Thus, reporter or marker genes serve as useful paradigms for expression of 

intracellular proteins in general. 

10 The liver is one of the most important target tissues for gene therapy given its central role in 

metabolism {e.g., lipoprotein metabolism in various hypercholesterolemias) and the secretion 

of circulating proteins (e.g.. clotting factors in hemophilia}. In addition, acquired disorders 

such as chronic hepatitis {e.g. hepatitis B virus infection) and cirrhosis are common and are 

also potentially treated by polynucleotide-based liver therapies, A number of diseases or 

15 conditions which affect or are affected by the liver are potentially treated through knockdown 

(inhibition) of gene expression in the liver. Such liver diseases and conditions may be 

selected from the list comprising: liver cancers (including hepatocellular carcinoma, HOC), 

viral infections (including hepatitis), metabolic disorders, (including hvperlipidemia and 

diabetes), fibrosis, and acute liver injury, 
20 

The amount (dose) of delivery peptide and RNAi-polynucleotide-conjugate that is to be 

administered can be determined empirically. We have shown effective knockdown of gene 

expression using 0.1-1 Q rng/kg animal weight of siRNA-eonjugate and 5-60 mg/kg animal 

weight delivery peptide. A preferred amount in mice is 0,25-2.5 mg/kg siRNA-conjjugate and 

25 10-40 mg/kg delivery peptide. More preferably, about 12.5-20 mg/kg delivery peptide is 

administered. The amount of RNAi polynucleotide-conjugate is easily increased because it. is 

typically not toxic in larger doses. 

As used herein, in vivo means that which takes place inside an organism and more 

30 specifically to a process performed in or on the living tissue of a whole, living multicellular 

organism (animal), such as a mammal, as opposed to a partial or dead one, 
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EXAMPL.ES 

Example 1. Meliitin synthesis. All meiittin peptides were made using peptide synthesis 

techniques standard in the art. Suitable meiittin peptides can be all L-form amino acids, all D-

fbnr) amino acids (inverse). Independently of L or D form, the meiittin peptide sequence can 
5 be reversed (retro). 

Example 2, Meiittin modification, 
Amino terminal Modification of Meiittin Derivatives. Solutions of CKLK-Melittin (20 

mg/ml), TCEP-HCI (28.7 rug/ml. JOOmM), and MES-Na (2].7mg/'ml, 1 GOmM) were 

10 prepared in dHjG. In a 20 stii scintillation via!, CKLJC-Melittin (0.030 mmol, 5ml) was 

reacted with 1,7 molar equivalents TCEP-HCI (0.051 mmol. 0.51ml) and left to stir at room 

temperature for 30 min. MES-Na (2 ml) and Water (1.88 ml) were then added in amounts to 

yield final concentrations of 10 mg/ml Meiittin and 20 mM MES-Na. The pH was checked 

and adjusted to pH 6.5-7. A solution of NAG-PEGa-Br (300 mg/ml) was prepared in dHjO. 

15 NAG-PEG;- ?.?!' (4.75 eq, 0,142 mmol, 0,61 ml) was added, and the solution was left to stir at 

room temperature for 48 h. 

Alternatively, in a 20 ml scintillation vial. Cys-Melittin (0.006 mmol 1 ml) was reacted with 

1,7 molar equivalents TCEP-HCi (0,010 mmol, 100 p.!) and left to stir at room temperature 

20 for 30 min. MES-Na (400 pi) and water (390 pi) were added in amounts to yield final 

concentrations of 10 nigim\ Meiittin and 20 mM MES-Na. The pH was cheeked and adjusted 

to pH 6.5-7. A solution of MAG-PEGs-Mateimide (100 mg/ml) was prepared in dH^O. NAG--

PEGyMaleimide (2 eq, 0.012 snmol, 110 |xl) was added, and the solution was left to stir at 

room temperature for 48 h. 
/• 

Samples were purified on a Luna lOp C18 100A 21.2><250mm column. Buffer A: H?0 0.1% 

TFA and Buffer B: jVteCN, 10% Isopropyl Alcohol, 0,1% TFA. Flow rate of 15 ml/min, 35% 

A to 62.5% B in 20mm. 

30 Other amino terminal modifications were made using similar means. Carboxyl terminal 

modifications were made substituting meiittin peptides having carboxyl terminal cysteines for 

meliltins having amino terminal cysteines. 
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Compounds used to modified Cys-Melittin or Melittin-Cys: 

G 

o. 

T o 

/ 

PEG maleimide 

n is an integer from ! to 120 (PEG molecular weigh i isp to about 5 kDa) 

OH 
O O J/\ 

O" 

Y VN 
O 

1 > 
-N-i 

O 

NAG-PEG maieimide 

10 

OH 
L^o o-

HO'' "Y 

X"N, JsL 
T 
O 

5^ 0 

W-MAG-PEG bromo aceiimide 

15 

Peptides having acetyl, dimethyl, stearoyl myristoyl, and PEG amino or carboxyl terminal 

modifications, but not terminal cysteine residues, were generated on resin during peptide 

synthesis using methods typical in the art. 

Example 3. Masking agents synthesis. 
A. pH labile masking agents: Steric stabilizer CDM-PEG and targeting group CDM-NAG 

(N-acetyi gaiactosamine) syntheses. To a solution of CDM (300 mg, 0.16 mmol) in SO mL 

methylene chloride was added oxalyl chloride (2 g, 10 wt eq.) and diniethylformamide (5 

20 The reaction was allowed to proceed overnight, after which the excess oxalyl chloride 

and methylene chloride were removed by rotary evaporation to yield the CDM acid chloride, 
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The acid chloride was dissolved in 1 mL of methylene chloride. To this solution was added 

1.1 molar equivalents polyethylene glycol monomethyl ether (MW average 550) for CDM-

PEG or (aminoethoxy)ethoj£y-2-{acetyIamino)-2-deoxy-P-D-galactopyranoside (i.e. amino 

bisethoxyl-ethyl NAG) for CDM-NAG, and pyridine (200 JAI, 1.5 eq) in 10 mL of methylene 

5 chloride, The solution was then stirred 1,5 h. The solvent was then removed and the resulting 

solid was dissolved into 5 mL of water and purified using reverse-phase HPLC using a 

0.1% TFA water/acetonitrile gradient. 

10 CDM 

o 
W 
/ 

%NRI 

V \ a 
Generic Dlsubstituted Maleic Anhydride Masking Agent 

Rl comprises a neutral ASGPr ligand. Preferably the Masking Agent in uncharged. 

15 

CDM-FEG 

R is a methyl or ethyl, and n is an integer from 2 to 100. Preferably, the PEG contains from 5 

to 20 ethylene units (n is an integer from 5 to 20). More preferably, PEG contains 10-14 

20 ethylene units (n is an integer from 10 to 14). The PEG may be of variable length and have a 

mean length of 5-20 or 10-34 ethylene units. Alternatively, the PEG may be rnonodisperse, 

uniform or discrete; having, for example, exactly 11 or 13 ethylene units. 
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O o o 

0 
H \ 
H 0 ) / 

NHAc OH 

OH 

OH 

O 

EI is an integer 

anhydride group 

CDM-NAG 
1 to 10. As shown above, a PEG spacer may be positioned between the 

the ASGPr ligand. A preferred PEG spacer contains 1-10 ethylene units. 

Alternatively an alky) spacer may be used between the anhydride and the N-

Acety Igaiactosam i Etc, 

10 

n is a integer from 0 to 6, 

NHAc OH 

CDM-NAG (alkyl spacer) 

Other spacers or tinkers may be used bet between the anhydride and the N-Aeetvl-

galactosarrsine, However, a hydrophilic. neutral (preferably uncharged) spacer or linker is 

I 5 preferred) 

B. Protease (Peptidase) Cleavabie Masking Agents. Meiittin peptide can also be reversibly 

modified using specialized enzyme cleavabie linkers. These enzyme cleavabie linkers employ 

a dipeptide connected to an amidobenzyl activated carbonate moiety. Reaction of the 

20 activated carbonate with a peptide amine connects a targeting compound, such as 

asialoglycoprotein receptor ligand, to the meiittin peptide via a peptidase cleavabie dipeptide-

amidobenzy! carbamate linkage. Enzyme cleavage of the dipeptide removes the targeting 
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ligand from the peptide and triggers an elimination reaction which results its regeneration of 

the peptide amine. The following ertzymatically cleavabie linkers were synthesized: 

HO. 

(L/ 
NHAc 

0 j 0 
.--k, NH^ .A. NH" "V' "'NH—f 

°~W 
'NAG-Ala-Cit-PABC-PNP 

o v >-NOJ 

NAG-Glu-Giy-PABC-PNF 
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>.:r\ Ci O 

V~ NOj 

0=^ 

NAG~PEG7-Phe-Cit-PA8C~PNP 

Dipeptides Giu-Gly, Aia-Cit, Phe-Cit are shown ("Cit" is the amino acid citrulline). Other 

5 amino acid combinations are permissible, In addition, 3-5 amino acids may be used as the 

linker between the aroido benzyl group and the targeting ligand. Further, other activated 

carbonates known in the art are readily substituted for the para-r.itrophenoi used in the above 
compounds, 

10 Example 4. Reversible modification/masking of meliitin. 

A. Modification with maleic anhydride-based masking agents. Prior to modification, 5* rag 

of disubstituted maleic anhydride masking agent (e.g. CDM-NAG) was lyophilized from a 

0.1% aqueous solution of glacial acetic acid. To the dried disubstituted maleic anhydride 

masking agent was added a solution of x mg meiittin in 0.2* mL of isotonic glucose and 10* 

15 mg of HEPES free base. Following complete dissolution of anhydride, the solution was 

incubated for at least 30 min at RT prior to animal administration, Reaction of disubstituted 

maleic anhydride masking agent with the peptide yielded: 

wherein R. is meiittin and Rl comprises a ASGPr ligand (e.g. NAG), The anhydride carboxyl 

20 produced in the reaction between the anhydride and the polymer amine exhibits -~I/2Gih of the 

expected charge (Rozema et al. Bsoconjugate Chemistry 2003). Therefore, the membrane 

active polymer is effectively neutralized rather than being converted to a highly negatively 

charged poiyanion. 

r% Q 

O 
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B. Modification with protease cleavabie masking agents, lx mg of peptide and 10x mg 

HEPES base at 1-10 mg/mL peptide was masked by addition of 2-6* rag of amine-reactive 

p-nitrophenyl carbonate or N-hydroxysuecinimide carbonate derivatives of the NAG-

containing protease cleavabie substrate. The solution was then incubated at least I h at room 

5 temperature (Rl ) before injection into animals. 

Example 5. ssRNAs. The si RNAs had the following sequences: 

Factor VII •• rodent 

sense: (ChoIVS' GfcAfaAfgGfcGfuGfcCfaAfcUfcAflmvdT) 3' (Seq IP 97) 

10 antssense: 5' pdTsGfaGfuUfgGfcAfcGfcCfuUfuGfcdTsdT 3' (Seq ID 98) 

or 
sense S' GGAUfCfAUfCfUfCfAAGUfCfUfUfACfdTsdT 3' (Seq ID 99) 

aotisense 5' GUfAAGACfliflifG AGAUfGAUfCfCfdTsdT 3' (Seq ID 100) 

Factor VII = primate 

15 Sense (chol)-5' uuAGGfuUfgGmGfaAfuGfgAfgCfuCfaGflinvdT) 3' (Seq ID 101) 

Antisense 5' pGfsUfgAfgCfuCfcAfuUfcAfcCfaAfcdTsdT 3' (Seq ID 102) 

ApoB siRNA: 
sense (cholC6SSC6>5' GGAAUCuuAuAuuuGAUCcAsA 3' (Seq ID 103) 

aotisense 5' uuGGAUcAAAuAuAAGAuUCcscsU 3' (Seq ID 104) 

20 si LUC 
sense (choi) 5'-uAuCfuUfaCfgCfuGfaGfuAfcUfoCfgAf(invdT)-3' (Seq ID 105) 

antisense 5'-UfcGfaAfgUfaCfuCfaGfcGfuAfaGfdTsdT~3'(Seq ID i 06) 

lower case = 2-O-CHj substitution 

25 •" phosphorothioate linkage 

f after nucleotide2'-F substitution 

d before nucleotide - 2'-deoxy 

RNA synthesis was performed on solid phase by conventional phosphoramidite chemistry on. 

30 an AKTA OHgopilot 100 (GE Healthcare, Freiburg, Germany) and controlled pore glass 

(CFG) as solid support. 
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Example 6. siRNA-targeting molecule conjugates. 

A. Synthesis of GaiNAc duster. A GaiNAc cluster polynucleotide targeting ligand was 

synthesized as described in US Pa tent Publication 20010207799, 

f° 
) 1 A 

KiM 

B. GaiNAc ciuster-siRNA conjugates. The GaiNAc cluster of Example 6A above was 

conjugated to siRNA as shown in FIG. 2 and as described below, 

(1) Compound 1 (150 mg, 0.082 mmol, FIG, 2} was dissolved in dry methanol (5.5 ml) and 

42 M-l- sodium methyiate were added (25% solution in fVleOH). The mixture was stirred under 

an argon atmosphere for 2 h at RT. An equal amount of methanol was added as well as 

portions of an anionic exchange material Amberlite 1R-120 to generate a pH -7,0. The 

Amberlite was removed by filtration. The solution was dried with NajSOd, and the solvent 

was removed under reduced pressure. Compound 2 was obtained in quantitative yield as a 
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white foam, TLC (SiCh, dichloromethane (DCM)/MeOH 5:1 -f- 0.1% CHjCOOH): Rt-2 ~ 

0 03. for detection a solution of sulfuric acid (5%) in MeOH was used followed by heating. 

ESI-MS, direct injection, negative mode; 1452.7; [M-H}i"'messure<s: 1452,5, 

5 (2) Compound 2 (20 mg, 0.034 mmol, FIG. 2) was co-evaporated with pyridine and 

dichloromethane. The residue was dissolved in dry DMF (0.9 ml) and a solution of 

N-Hydroxvsuccinimide (NHS) in DMF (1,6 rug, 0.014 mmol) was added while stirring under 

an argon atmosphere. At 0°C a solution of N,N'-Dicyclohexyiearbodiimide (DCC) in DMF 

(3.2 mg, 0.016 mmol) was slowly added. The reaction was allowed to warm to RT and stirred 

10 overnight. Compound 3 was used without further purification for conjugation to RNA. 

(3) Synthesis of ammo-modified RNA. RNA equipped with a C-6-amino linker at the 5'-end of 

Che sense strand was produced by standard phosphorairsidite chemistfy on solid phase at a 

scale of 1215 umol using an AKTA Oligopilot 100 (GE Healthcare, Freiburg, Germany) and 

15 controlled pore glass as solid support. RNA containing 2'~G-methyl nucleotides were 

generated employing the corresponding phosphoramidites, 2'~0-methyl phosphoramsdites 

and TFA-hexylaminolinker amidite. Cleavage and deprotection as well as purification was 

achieved by methods known in the field (Wincott F., ei as\ NAR : 995, 23,14, 2677-84). 

20 The amino-smodified RNA was characterized by anion exchange HPLC {purity: 96.1%) and 

identity was confirmed by ESI-MS {[M+H]l+ 6937,4; [M+H] !~tre:asumf 6939,0. 

Sequence: 5 '-(NH2C6)GGAAUCuuAu AuuuGAUCcAs A-3u,c: 2'-0-methyl nucleotides of 

corresponding bases, s: phosphorothioate. 

25 (4) Conjugation of GaiNAc Cluster to RNA. RNA (2,54 ixmol) equipped with a C~6 amino 

linker at the S'~end was lyophilized and dissolved in 250 uL sodium borate buffer (0.1 mol/L 

sodium borate, pH 8,5, 0.1 mol/L KC1) and 1.1 mL PMSO. After addition of 8 pL 

AyV-Piisopropylethylamsne (DfPEA), a solution of compound 3 (theoretically 0.014 mmol, 

FIG. 2) in DMF was slowly added under continuous stirring to the RNA solution. The 

30 reaction mixture was agitated at 35aC overnight. The reaction was monitored using RP-

HPLC (Resource RFC 3 mi, buffer; A: 100 mM Triethyiammonium acetate (TEAA, 2.0 M( 

pH 7.0) in water, B: 100 mM TEAA in 95% acetonitrile, gradient; 5% B to 22% B in 20 CV). 

After precipitation of RNA using sodium acetate (3 M) in EtOH at -20°C, the R.NA 

conjugate was purified using the conditions described above, 'The pure fractions were pooled, 
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and the desired conjugate compound 4 was precipitated using sodium aeetate/EtOH to give 

the pure RNA conjugate. Conjugate 4 has been isolated in 59 % yield (1,50 jumol). The purity 

of conjugate 4 was analyzed by anion exchange HFLC (purity: 85.S %) and identity was 

confirmed by ESI-MS ([M+H]H .;aira!El)Sij: 8374.4; 8376.0. 
5 

(5) Conjugate 4 (sense strand) was annealed with an 2'-0-methyl-modified aniisense strand. 
The siRNA conjugate was generated by mixing an equimolar solution of complementary 

strands in annealing buffer (20 mM sodium phosphate, pH 6.S; 100 mM sodium chloride), 

heated in a water bath at 85~90°C for 3 min, and cooled to RT over a period of 3-4 h. Duplex 

10 formation was confirmed by native gel electrophoresis. 

C. Hydrophobic group-siRNA conjugates. 

(1) siRNA conjugation to alky! groups. A 5'~C10~NH5 ester modified sense strand of siRNA 
(NHSClO-siRNA, or COC9-siRNA) was prepared employing S'-Carboxy-Modifier C10 

15 amidite from Glen Research (Virginia, USA), The activated RNA, still attached to the solid 

support was used for conjugation with lipophilic amines listed in Table 1 below, 100 mg of 

the sense strand CPG (loading 60 uruoi/g, 0.6 ptrtoi RNA) were mixed with 0.25 mmol of the 

corresponding amine obtained from, Sigma Aldrich Chernie GmbH (Tautkirchen, Germany) 

or Fluka (Sigma-Aidrich, Buchs, Switzerland). 

20 

Table 1. Lipophilic amines used in forming hydrophobic group-siRNA conjugates 

"Nr Lipophilic Amine m mmol solvent 
2 N-Hexv famine 1 25 

I V* O
 

3 jDodecylamine 1 50 [ 0.25 
4 jQctadecykmine | 67 | o'ii Ti''r;;l'cHCi-. 
5 jDidecy famine jrT" | 0.2s fTaZahCh 
6 Didodecy famine | S8 | 0.25 iTrZcibCi;; 
7 Dioctadecylamine 1 67 0.12 ]oAViT;L^ 

The mixture was shaken for 18 h at 40°C. The RNA was cleaved from the solid support and 

deprotected with an aqueous ammonium hydroxide solution (NHj, 33 %) at 45°C overnight. 

The 2'-protecting gronp was removed with TEAx3HF at 65°C for 3.5 h. The crude 

25 oligoribonucieotides were purified by RP-HPLC (Resource RFC 3 ml, buffer: A: 100 mM 
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TEAA in water B: 100 mM TEA A in 95% CH3CN, gradient: 3% B to 70% 8 in 15 CV, 

except for Nr 7 : gradient from 3% B to 100% B in 15 CV). 

To generate siRNA from RNA single strand, equimolar amounts of complementary sense and 

5 aniisenss strands were mixed in annealing buffer (20 mM sodium phosphate, pH 6.8; 100 
mM sodium chloride), heated at S0°C for 3 min, and cooled to RT over a period of 3-4 h. The 

siRNA, which are directed against factor VII mRNA were characterized by gel 

electrophoresis. 

10 (2) siRNA conjugation to cholesterol - siRNA-cholestero! conjugates were synthesized using 

methods standard in the art. Cholesterol can be attached to the 5' or 3' termini of the sense or 

antfsense strand of the siRNA. A preferred attachment is to the 5' end of the sense strand of 

the siRNA. siRNA-Cholesterol can also be made post siRNA synthesis using RNA strands 

containing a reactive group (e.g. thiol, amine, or carboxyl) using methods standard in the art, 

15 

In Vivo siRNA Delivery 

Example 7. Administration of RNAi polynucleotides in vivo, and delivery to hepatocytes. 
RNAi polynucleotide conjugates and masked meiittin peptides were synthesized as described 

above. Six to eight week old mice (strain C57BL/6 or ICR, -18-20 g each) were obtained 

20 from Harlan S prague DawSey (Indianapolis IN). Mice were housed at least 2 days prior to 

injection. Feeding was performed ad libitum with Harlan Tekiad Rodent Diet (Harlan, 

Madison Wi). Mice were injected with 0.2 mL solution of delivery peptide and 0.2 mL 
siRNA conjugates into the tail vein. For simultaneous injection of delivery peptide and 

siRNA, the siRNA-conjugate was added to modified peptide prior to injection arid the entire 

25 amount was injected. The composition was soluble and nonaggregating in physiological 

conditions. Solutions were injected by infusion into the tail vein. Injection into other vessels, 

e.g. retro-orbital injection, are predicted to be equally effective. 

Wistar Han rats, 175-200g were obtained from Charles River (Wilmington, MA), Rats were 

30 housed at least 1 week prior to injection, Injection volume for rats was typically 1 ml 

Serum ApoB levels determination, Mice were fasted for 4 h (16 h for rats) before serum 

collection by submandibular bleeding. For rats blood was collected from the jugular vein. 

Serum ApoB protein levels were determined by standard sandwich EL1SA methods. Briefly, 
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a polyclonal goat anti-mouse ApoB andbodv and a rabbit anti-mouse ApoB antibody 

(Biodesigrs International) were used as capture and detection antibodies respectively. An 

HRP-conjugated goat anti-rabbit IgG antibody (Sigma) was applied afterwards to bind the 

ApoB/antibody complex. Ahsorbance of tetramethy i-benzidine (TMB, Sigma) colors metric 
5 development was then measured by a Tecan Safire2 (Austria, Europe) microplate reader at 

450 nm. 

Plasma Factor VII (F7) activity measurements. Plasma samples from animals were prepared 

by collecting blood (9 volumes) (by submandibular bleeding for mice or from jugular vein for 

10 rats) into microcentrifuge tubes containing 0.109 mol/L sodium citrate anticoagulant (1 

volume) following standard procedures. F7 activity in plasma is measured with a 

chromogenic method using a BIOPHEN VII kit (Hyphen BioMed/Aniara, Mason, OH) 

following manufacturer's recommendations, Ahsorbance of colorimetric development was 

measured using a Tecan Safire2 microplate reader at 405 nm, 

IS 

Example 8. In vivo knockdown of endogenous ApoB levels following delivery of ApoB siRNA 

with meiittin delivery peptide - Does response of meliitin peptide. Meiittin was reversibly 

modified with CDM-NAG as described above. The indicated amount of meiittin was then co-

injected with the 200 fig ApoB siRNA-choiesteroI conjugate. Effect on ApoB levels were 

20 determined as described above. 

Table 2. Inhibition of ApoB activity in normal liver cells in mice treated with 

ApcB-siRNA-cholesterol conjugate and CDM-NAG vs. CDM-PEG 

reversibly inhibited Meiittin peptide. 

25 a Knockdown relative to isotonic glucose injected animals 
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Example 9, In vivo knockdown of endogenous Factor VII levels following delivery of ApoB 

siRNA with meiittin delivery peptide in rats. The indicated meiittin was reversibly modified 

with 5* CDM-NAG as described above. The indicated amount of meiittin, la's mg per kg 

animal weight, was then co-injected with the 3 mg/kg cholesterol- Factor VII siRNA, Effect 

S on Factor Vli levels were determined as described above. 

Table 3, Inhibition of Factor VII activity In normal liver cells in rats treated with 

Factor VII-siRN A-choleslerol conjugate and CDM-NAG reversibly inhibited 

meiittin. 

10 a mg peptide per kilogram animal weight 
b Knockdown relative to isotonic glucose injected animals 

Example 10. In vivo knockdown of endogenous ApoB levels following delivery of ApoB siRNA 
with meiittin delivery peptide in mice, L-form vs. D-form meiittin. Meiittin was reversibly 

15 modified with CDM-NAG as described above. The indicated amount of meiittin was then co-

injected with 50 ug ApoB siRNA-eholesterol conjugate. Effect on ApoB levels were 

determined as described above. 
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Table 4, Inhibition of ApoB activity in norma! liver cel ls in mice treated with 

ApoB-siRNA cholesterol conjugate and the indicated CDM-NAG reversibly 
inhibited meiittin peptide. 

Peptide Name Modification siRNA 
M-g 

peptide 
% 

knockdown 

50 25 15 

Leu-Meiittin (Seq ID 7) 
L form 

SO so 70 
Leu-Meiittin (Seq ID 7) 

L form 5x CDM-NAG 50 100 90 Leu-Meiittin (Seq ID 7) 
L form 

SO 200 90 
50 400 90 

Leu-Melittin (Seq ID 7) 
D form 

SO 25 30 
Leu-Melittin (Seq ID 7) 

D form 5* CDM-NAG 50 50 80 Leu-Melittin (Seq ID 7) 
D form 

SO 100 90 

Example II. /» vivo knockdown of endogenous ApoB levels following delivery ofApoB siRNA 
with meiittin delivery peptide in mice, normal vs. reversed (retro) sequence. Meiittin was 

reversibly modified with CDM-NAG (5*) as described above, 'The indicated amount of 

meiittin was then co-injected with the indicated amount of ApoB siRNA-eholesterol 
10 conjugate. Effect on ApoB levels were determined as described above. 

Table 5. Inhibition of ApoB activity in norma! liver cells in mice treated with ApoB-siRNA 
cholesterol conjugate and the indicated CDM-NAG reversibly inhibited Meiittin peptide. 

f O
 

modification Peptide siRNA percent 
knockdown 

t GIGA1LKVLATGLPTLISWIKNKRKQ 
200 |ig 90 

t GIGA1LKVLATGLPTLISWIKNKRKQ 
400 jig 80 

95 Retroinverso" 
Methoxy QQRKRKlWSILAALGTTLVKL,VAGIC-NHj 30 mg/kg 39 

92 reiromverso QQRKRKIWS1LAPLGTTL"VKLV AGIC-N H2 
400 ji.g 85 

92 reiromverso QQRKRKIWS1LAPLGTTL"VKLV AGIC-N H2 
20 mg/kg 94 

95 reiromverso QQRKRKIWS1LAALGTTLVKLVAG!C-NH2 20 mg/kg 91 

93 retroinverso QQKKK.KIWSILAPLGTTLVKLVAGIC-NH; 20 mg/kg 70 

96 reiromverso QKRKNKIWSILTPLGTALVKLlAGiG-NHj 20 mg/kg 70 
* ~ retroinverso«* normal meliitin amino acid sequence is reversed and all amino acids are 

15 D-form amino acids (Glycine (G) is achiral) 
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Example 12. In vivo knockdown of endogenous ApoB levels following delivery of ApoB siRNA 
with meiittin delivery peptide in mice, melitiin modification level. Meiittin was reversibly 

modified with the indicated amount of CDM-NAG as described above. 50 meiittin was 

then co-Injected with the 100 ug ApoB ssRlMA-choIesteroI conjugate. Effect on ApoB levels 

5 were determined as described above. 

Percent meiittin amine modification was determined by TNBS Assay for free amines on the 

peptide. 20 jig peptide was pipetted into 96 weii clear plate (NUNC 96) containing 190 ML 

50mM BORAX buffer (pH 9} and 16 pg TNBS. Sample were allowed to react with TNBS 

10 for-15 minutes at RT and then the A,©) Is measured on a Satire plate reader. Calculate the % 

amines modified as follows: (Acomrai - Arampse)/(AComros - Aw^k) x 100. Modification of more 

than 80% of amines provided optimal meiittin masking and activity. 

Table 6, Inhibition of ApoB activity in normal liver cells in mice treated with ApoB-siRNA 

IS cholesterol conjugate and Melktin reversibly modified at the indicated levels with CDM-

NAG. 

3 determined by TNBS assay 

Example 13. In vivo knockdown of endogenous ApoB levels following delivery of ApoB siRNA 
20 with melitiin delivery peptide in mice, meiittin peptide derivatives. Meiittin peptides having 

the indicated sequence were reversibly modified with CDM-NAG (5*) as described above. 

The indicated amount of meiittin was then co-injected with the indicated amount of ApoB 

siRNA-eholesterol conjugate. Effect on ApoB levels were determined as described above. 
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Table 7. Inhibition of ApoB activity in normal liver cells in mice treated with ApoB-

siRNA cholesterol conjugate and the indicated CDM-NAG reversibly inhibited .Meiittin 

peptide. 

Peptide Name ug 
peptide8 

Mg h siRNA 
percent 

knockdov 

CBZ-Mei (Seq ID S) 100 80 96 
Mel-NHh (Seq ID 1) 50 100 86 

AcetyI-dMel-NH2 (Seq ID 1) 100 100 89 
G! A (Seq ID 2) 100 100 88 
G1C (Seq ID 3) 100 100 37 

GfFdMel (Seq ID 4} 100 50 94 
G1H (Seq ID 5) 400 100 78 

Gldl (D form lie at Is' position, Seq ID 6) 50 100 34 
GILd-Mel (Seq ID 7) 50 100 91 

GIL d(l-l 1)-1( 12-26) (Seq ID 7) 100 100 70 
GINle (Seq ID 8) 100 100 96 
GIV (Seq ID 9} 100 100 91 

G1W (Seq ID 10) 200 200 96 
GIY dMe! (Seq ID 11) 100 so 95 

G1Y-Mel-NH2 (Seq 10 11) 200 200 94 
G12L (Seq ID 13) 80 100 58 
G12W (Seq ID 14) 80 soo 51 

N22T Mel-NH2 (Seq ID 15) SO 100 34 
GfY, K7N (Seq ID 16) 80 100 32 
G1Y, K7A (Seq ID 17} 400 100 83 
GIL, K.7S (Seq ID 18) 100 100 89 
GIL, K7R (Seq ID 19) 100 100 92 
GIL, K7H (Seq ID 20) 100 100 97 

GIL, TUCdMel (Seq ID 21) 100 so 81 
GIL, G12L (Seq ID 22) 400 100 93 

GIL, T15C dMel (Seq ID 24) 100 100 95 
GIL, SI8C (Seq ID 25) 100 100 9.3 
GIL, K21.A. (Seq ID 28) 100 100 95 
G3 Y, K23A (Seq ID 29) 100 100 42 
GIL, R24A (Seq ID 30) 100 100 87 
G1Y, K25A (Seq ID 31) 100 100 77 
G1Y, Q26C (Seq ID 32) 100 [00 93 

G1Y, K7A, K21A (Seq ID 35) soo 100 14 
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| GIL TUG, SISC dMel (Seq ID 38) 300 100 88 
TUG, T15G, S38G (Seq ID 39} 50 3 00 32 
T11A.T15A, SISA (Seq ID 40) 50 100 38 

GIL, 12L, 15L, 317L, I20L (Seq ID 43) 400 100 96 
G1L, I2Nle, ISWle, HTNte, I20Nle (Seq ID 44) 100 100 99 

G1L, 12V, ISV5I17V? 120V (Seq ID 45) 100 100 24 
dimethyl-dMel 12L,I5L, Tl IC, 117L, I20L dMel 

(Seq ID 46) 100 100 87 

dimethyl-dMe! l2Nle, ISNle, Tl IC; H7NIe, I20'Nle 100 100 78 dMel (Seq ID 4?) 100 100 78 

Apis Mellifera (Big Honey Bee; Seq ID 50) 400 100 72 
C-Me! GIL (Seq ID 51) 100 100 89 

C-dMel GINIe (Seq ID 52) 100 100 84 
Dimethyl G-Mel GIL (Seq ID 53) 100 100 91 

PEG(5k)-KLK-dMe! G1Y (Seq ID 56) 300 100 72 
CKLK-Mei GIL (Seq ID 57) 150 100 91 

myristoyl-CKLK-Mel GIL (Seq ID 57) 80 300 96 
CKLK-dMel GINle (Seq ID 58) 200 100 S4 

AcetyLCKLK-dfvie! GINle (Seq ID 58) 100 200 97 
PEG24-GKLK-Mel GIL (Seq ID 59) 50 100 85 

Mel-Cys (Seq ID 62) 400 100 83 
GIL Mel-Cys (Seq ID 63) 400 100 82 
GIL dMei-C (Seq ID63) 50 100 93 
GINle Mel-C (Seq ID 64} 400 50 89 

GIL Mel-KLKC (Seq ID 65} 100 100 97 
GIY Mel-PLGIAGQC (Seq ID 66) 100 100 79 

GIL, MeS-KKKKK (Seq ID 67) 400 100 96 
GIY dMel-GFKGC (Seq ID 68) 400 100 96 
GFK.-G1L dMel-C (Seq ID 69) 100 100 79 
GIL Met (1-23) (Seq ID 71) 400 100 69 

GIL, L5V, A10T, T15A Mel (1-23) (Seq ID 72) 400 100 69 
GIL, L5V, AIOT, TI5A, N22G, K23E dMel (1-23) 

(Seq ID 73) 400 100 92 

GIL reiroMel-KLK-Stearoyl (Seq ID 75} 400 100 50 
GIL rctroMel-Stearoyi (Seq ID 74} 400 100 56 

GIL refro~dMe!-KLK~PEG(5k)(Seq ID 75) 100 100 32 
QQ RKRKIWSIL AP LGTTL V KL VAG1C-

(N-PDP-PEJ-NFh dMel (Seq ID 92} 
(PE = dioleolyl-phosphatidyl- 400 200 55 

ethanolamsne) 
Ac-CIGAVLKVLTTGLPAL1SWIKRKRQQ-NH2 400 200 85 
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(Seq ID 90) 
(Ac-CIGAVLKVLTTGLPAL3SWiKRKRQQ-NH2)2 

(Seq ID 90) 400 
8 |ig peptide per mouse 
b ug siRNA per mouse 

dMel ~ Meiittin peptide having D-form amino acids 

5 Example 14. In vivo knockdown of endogenous ApoB levels following delivery ofApoB siRNA 

with meiittin delivery peptide in mice, emymaiicalfy cleavabie masking agents. Meiittin was 

reversibly modified with the indicated amount of enzymatically cleavabie masking agents as 

described above. 200-300 ug masked meiittin was then co-injected with the 50-100 jig ApoB 

siRNA-choiestero! conjugate. Effect on ApoB levels were determined as described above. 

10 Peptidase cleavabie dipeptide-amidobenzyl carbamate modified meiittin was an effective 

siRNA delivery peptide. The use of D-from meliitin pelide Is preferred in combination with 

the enzymatically cieavable masking agents, While more peptide was required for the same 

level of target gene knockdown, because the peptide masking was more stable, the 

therapeutic index was either not altered or Improved (compared to masking of the same 

15 peptide with CDM-NAG). 

Table 8. Inhibition of Factor VII activity In normal liver cells in mice treated with 

Factor Vll-sIKNA cholesterol conjugate and GIL-Melittin (D form) (Seq ID 7) 

reversibly Inhibited with the indicated enzymatically cieavable masking agent. 

8 Amount of masking agent per Meiittin amine used in the masking reaction. 20 

Example IS. In vivo knockdown of endogenous ApoB levels following delivery of ApoB siRNA 
with meiittin delivery peptide in mice, amine modified meiittin peptides-. Meiittin peptides 
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containing the indicated PEG amino terminal modifications were synthesized as described 

above. The PEG amino terminal modified meiittin peptides were then reversibly modified 

with 5* CDM-NAG as described above. The indicated amount of Meiittin was then co-

injected with the 100-200 fig ApoB siRNA-eholesterol conjugate. Effect on ApoB levels 
5 were determined as described above. Addition of PEG less than 5 kDa in size decreased 

toxicity of the meiittin peptides, Amino terminal modification with PEG greater than 5 kDa 

resulted in decreased efficacy (data not shown). 

Table 9. Inhibition of ApoB activity in normal liver cells in mice treated with ApoB-siRNA 
10 cholesterol conjugate and the indicated CDM-NAG reversibly inhibited Meiittin peptide. 

Peptide NAG 
amount PEG Mg 

peptide 
pg 

siRNA 
percent 

knockdown 
25 100 0 

GIL {Seq ID 7} 5x 50 
100 

100 
100 

72 
94 

5* ISO 
400 

100 
too 

91 
97 

5* NAG-(PEG)2 25 
50 

100 
100 

15 
83 

CKLK-Mei GIL 25 100 58 
(Seq ID 57) 5* NAG~(PEG)4 50 

100 
100 
100 

81 
94 

25 100 58 
5* NAG-(PEG)8 50 

100 
100 
100 

89 
96 

Acetvl-CKLK-dMel GINle 
(Seq ID 58) S* 

100 
200 

200 
100 

90 
90 Acetvl-CKLK-dMel GINle 

(Seq ID 58) 
PEG (Ik) 150 100 93 

CRLR-Mei 5x PEG (Ik) 100 100 93 
CKFR-Mei 5* PEG {Ik- 100 100 81 

CKLK-Mei GIL (Seq ID 57) 5 K PEG (5k) 100 100 90 

Example 16. Other msliitin derivative sequences known to have membrane activity. 

Table 30. Meiittin peptides having membrane activity. 

Seq ID Sequence Peptide Name 

76 GIGAVLKVLTTGLPALISW1SRKKRQQ 15V, A10T, TI5A, N22R, 
R24K, K.25R Mel-Q 

77 GfGARLK VLTTGLPR IS WiKRKRQQ I5R, A10T, T15R, L16A, 
N22R, K2.5Q 

78 GIGA1LKVLSTGLPAL1SWIKRKRQE A1 OS, T15A, N22R, K2SQ, 
026E 
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79 G1GAVLKVLTTGLPALIG WIKRKRQQ 15 V, A10T, T15 A, S18G, 
N22R, K25Q 

80 GrGAVLKVLATGLPALIS WIKRKRQQ 15'V, Tl 5A, N22R, K25Q 

81 GI GAY LK VLS T G LP A LI S WIKRKRQQ lf-V, A10S, T15A, N22R, 
K2SO 

82 G10 AILRVLATGLPTLISWI KNKRK.Q K7R 
83 GIGAILKVLATGLPTLISWIKRKRKQ N22R 
84 GIGAILKVLATGLPTLISWIKKKKQQ N22K, R24K, K25Q 
85 GIGAiLKVLATGLPTLISWIKNKRKQGSKKKK Mel-GSKKKK 
86 K.KGIGAILKVLATGLPTLISWIKNKRKQ KK-Mel 
87 GIGA 1LEVLATG LPTLIS WI KNK RfCQ K7E Mel 
88 GIGAVLKVL1TGLPALISW1KRKR 15V, Tl 5A, N22R, 25-26A 
89 GIG A V LK V LTTG L PA LIS WI K R 15V, Tl 5A? N22R, 23-26A 
94 QKRKMK1WSILTPLGTALVKLIAGIG-NH2 Q25K reverse Mel 

Example 1 7. Factor VII knockdown in Primate following Factor VII siRNA delivery by 
meliitin delivery peptide. NAG-PEG2-G1L meiittin was masked by reaction with 10* CDM-

NAG as described above. GIL meiittin was masked by reaction with 5:»: CDM-NAG as 
5 described above. On day !s i mg/kg masked NAG-PEG2-G1L meiittin, 1 mg/kg masked GIL 

meiittin, or 3 mg/kg masked GIL meiittin were co-injected with 2 mg/kg ehol-Factor VII 
siRNA into Cynomolgus macaque (Macaca fascicularis) primates (male, 3.0 to 8.0 kg), 2 
mi/kg was injected into the saphenous vein using a 22 to 25 gauge intravenous catheter. As a 

control, another set of primates were co-injected with 10 mg/kg GIL meiittin and 2 mg/kg of 
10 a control siRNA, chol-Luciferasr siRNA. At the indicated time points (indicated in FIG. 3-5), 

blood samples were drawn and analyzed for Factor VII and toxicity markers. Blood was 
collected from the femoral vein and primates are fasted overnight before all blood collections. 
Blood tests for blood urea nitrogen (BUN), alanine transaminase (ALT), aspartate 

aminotransferase (AST), and creatinine were performed on a Cobas Integra 400 (Roche 

15 Diagnostics) according to the manufacturer's recommendations. Factor VII levels were 
determined as described above. Significant knockdown of Factor VII was observed at less 
than I mg/kg peptide dose. No significant toxicity was observed at a dose of 10 mg/kg 

peptide. Thus, the masked meiittin peptides have a therapeutic index of 5-30. 

20 Example 18. ApoB knockdown in Primate following ApoB siRNA delivery by meiittin delivery 

peptide. GIL meiittin was masked by reaction with 5* CDM-NAG as described above. On 
day I, 2 mg/kg masked GIL meiittin was co-injected with 2 mg/kg chol-ApoB siRNA into 
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Cynomolgus macaque (Macaca fascicularis) primates. At the indicated time points {Table 
11), blood samples were drawn and analyzed for ApoB protein levels and toxicity markers. 
Blood tests for blood urea nitrogen (BUN), alanine transaminase (ALT), aspartate 
aminotransferase (AST), and creatinine were performed on a Cabas Integra 400 (Roche 
Diagnostics) according to the manufacturer's recommendations. ApoB levels were 
determined as described above. No increases in BUN, Creatinine, or AST were observed. 
Only a transient, minor elevation in AST was observed on day 2 (1 day after injection). 
Knockdown of ApoB reached nearly 100% at day 11 and remained tow for 31 days. 

Table 11. Inhibition of ApoB activity in normal liver cells in primate treated with ApoB-
siRNA cholesterol conjugate and CDM-NAG masked GIL meiittin. 

i day 1 ^ 4 8 31 15 38 25 31 
IBUN (tng/'dl) ! 21 26 23 •N •>-

ji> / ">7 28 22 22 1 

(Creatinine 
Kme/dO 0.8 0.9 0.9 0.7 0,8 0.8 0.9 0.9 0.9 0.9 

|AST(U/L) 25 27 7i 30 37 27 32 29 39 50 
|ALT(U/L) 34 33 58 49 50 46 46 43 39 44 1 
japoB (srsg/dl) 1.072 1234 198 23 4 0 34 43 76 
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Claims; 

1, A conjugate deliver}'' system composition for delivering an RNA interference 
polynucleotide to a liver cell in vivo comprising: 

RNA1-A Melittia-(L~Gal)s 
wherein, 

Melittm is a meiittin peptide 

L is physiologically labile linkage, 

C»al is an Asialoglycoprotein Receptor (ASGPr) ligand, 

x is an integer having a value greater than 80% of primary amines of Meiittin, 

RNAs is an RNA interference polynucleotide, and 

A is either a hydrophobic group having at least 20 carbon atoms or a galactose cluster, 

2, The composition of claim t wherein the RNA interference polynucleotide is selected 

from the groups consisting of: DNA, RNA, dsRNA, siRNA, and microRMA. 

3, The composition of claim 1 wherein the liver cell consists of a hepatocyte. 

4, The composition of claim 1 wherein the ASGPr ligands are reversibly linked to at least 

90% of the amines on a plurality of meiittin peptides, 

5, The composition of claim 1 wherein the Meiittin peptide is selected from the list 

consisting of: Seq, ID I, Seq, ID 7, Seq. ID 11, Seq. ID 51, Seq, ID 57, Seq. ID 58, Seq. 

ID 92, and Seq. ID 96. 
6, The composition of claim 1 wherein the Meiittin peptide consists of D-forrn amino acids, 

7, The composition of claim 1 wherein L is a disubstituted maleaniate, 

8, The composition of claim I wherein L is a amsdobenzyi carbamate. 

9, The composition of claim 7 further comprising a poiyelhyleneglycol (PEG) covalentlv 

linked to the amino terminus of the meiittin peptide, 

10, The composition of claim 7 further comprising an ASGPr ligand-PEG conjugate 

covalentlv linked to the amino terminus of the meiittin peptide. 

11, The composition of claim 8 further comprising a poiyethyleneglycol (PEG) covalently 

linked to the amino terminus of the meiittin peptide, 

12, The composition of claim 8 further comprising an ASGPr ligand-PEG conjugate 

covalently linked to the amino terminus of the meiittin peptide. 

13, The composition of claim 1 wherein the ASGPr ligand is selected from the group 

consisting of lactose, galactose, ^acetylgalactosamine (GaiNAc), gaiactosamine, N-

formyi gaiactosamine, N-acety i-galactosamine, N-propionyigalactosamine, N-rt-

butanoylgalactosamine, and N-iso-butanoyl-galactosamine. 
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14. The composition of 1 wherein RNAs is linked to A via a physiologically labile linkage 

L2, 

15. The composition of 14 wherein L2 is orthogonal to L, 

36. The composition of claim 1 wherein the galactose cluster consists of an 

N-acetylgalactosamine trimer, 

3 7. The composition of claim 1 wherein the hydrophobic group consists of cholesterol. 

38. The composition of claim 1 wherein the composition is provided in a pharmaceutically 

acceptable carrier or diluent. 

39. A method for inhibiting expression of a gene expressed in a liver cell of a mammal 

comprising: 

a) forming an RNAi polynucleotide having sequence identical or nearly identical to a 

portion of sequence of said gene; and, 

a) injecting into a vessel in said mammal a composition of claim 1. 

20. A method of manufacturing an RNA interference polynucleotide delivery composition 

comprising: 

a) forming a meiittin peptide; 

b) forming a plurality of uncharged masking agents each comprising an ASGPr ligand 

covalently linked to a dishustituted maleic anhydride or a dipeptide amindobenzyl 

amine reactive carbonate; 

c) modifying greater than 80% of primary amines on a population of meiittin peptides 

with the masking agents of step b, 

d) linking the RNA interference polynucleotide to a hydrophobic group having at least 

20 carbon atoms or a galactose trimer; 

f) providing the RN A interference polynucleotide and the modified meiittin peptide in 

solution suitable for administration in vivo. 


