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Peptide-Based In Vive siRNA Delivery Syséem

BACKGROUND OF THE [MVENTION

The delivery of polynuclectide and other substantially cell membrane Impermeable

Lh

compounds intg a living call iz highly restricted by the complex membrane system of the cell,
Druga used in antisense, RNAL and gene therapies are relatively large hyvdrophilic polymers
and are frequently highly negatively charged. Both of these physicaf characteristics severaly
restrict their divect diffusion across the cell membrane, For this reason, the roajor barrler to

polynuciectide delivery is the delivery of the polymucleotide across a cell membrane to the
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cell evioplasm or nucleus.

(e means thay has been used to deliver small nucleie acid in vive hag beon (o attach the
nucleic acid to sither a small targeting molecule or 3 Hpld or sterol. While some delivery and
activity has been observed with these conjugates, the very large nucleic acid dose required

15 with these methods i impracileal,

Mumerous ransfection reagents have also been developed that achiove reasonably sfficient
delivery of polynuclectides to cells in vitro, However, in vive delivery of pelynucleotides
psing these same twansfection reagents i3 complicated and rendered ineffoctive by in vive
20 toxicity, adverse serum inleractions, or poor targeting. Transfection reagents that work well
in vitrg, cationic polymers and lipids, typically form large cationio slecirostatic particles and
destabilize cell membrangs. The positive charge of in vitro transfection reagents faciiltates
asasciation with nucleic acid via charge-charge {slectrostatic} interactions thus forming the

nucieie acidfransfection reagent complex. Positive charge is also bensficial for nonspesific
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hinding of the vehicle to the pell and for membrane fusion, destabilization, or disruption.
Diestabilization of mombranes freilitates delivery of the substantially eell membrane
impermeable polynucleotide across 2 cell membrane. While these properties facilitate nucleic
acid transfer in vitre, they cause toxicity and ineffective targeting in wve, (ationic charge
resulls in inferaction with serum  components, which causes destabilization of the
3 polynucleotide-transfection reagent interschion, poor Dicavailability, and poor targeting.
Membrane activity of transfection reagents, which can be effective i vire, often leads

toxicity dn vive,
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For in vive delivery, the vehicle {nuclely soid and assosiated delivery agent) should be small,
less than 100 nim in dlameter, and preferably lese than 50 nm. Bven amaller complexes, less
that 20 nm or less than 10 nm would be more usefud yet. Delivery vehicles farger than 100
nm have very Hitde access 1o cells other than blood vessel cells in vivo. Complenes formad by
slzcirostatic interactions tend o aggregate or fall apart when exposed to physiological sakt
cuncentrations or serum components, Further, catlonie chargs on in wvo delivery vehicles
leads o adverse serum interaciions and therefore poor bivavailability, interestingly, high
negative charge can also inhibit targeted i vive delivery by interfering with interactions
necessary for targsting, L binding of targeting ligands to cellular receptors. Thus, near
neutral vehicles are desirad for @ vive distribution and targeting. Without careful regulation,
membrane distuption or destabilization activities are foxic when used in vive. Balancing

vehicle toxicity with nucleie acid delivery Is more easily atiained in virre than in wive.

Rozema et al, in U8, Patent Publication 20040162260 demonstrated 3 means 1o reversibly
regulaie membrane disruptive activity of a membrane active peolyamine. The membrane
active polyamine provided a means of disrupting cell membranes. pH-dependent reversible
regulation provided 2 means 1o limi activity 1o the endosomes of target cells, thus Hmiting
toxicity. Thelr method relied on modification of amines on & polyamine with Z-propionie-3-

methyimaleic anhydride.
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This modification converted the pelycation to a polyanion vig conversion of primary amines
o pairs of carboxyl groups {f carboxyl and v carboxyl) and reversibly inhibited membrane
getivity of the polyaming. Rozema et al. {Biovoniugate Chern, 2043, 14, 51-57) reported that
the B carboxy! did not exhibit a full apparent negative charge and by Hsell was not able o
inhibit membrane activity. The addition of the v carboxy! group was reporied 1o be necessary
for effective mombrane activity inhibition. To enable co-defivery of the nucleie acid with the
delivery vehicle, the nuecleie acid was covalently linked to the delivery polymer. Thay were
able to show defivery of polynucieotides to cells in virrp 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
systermn was not efficient for & wive delivery. The negative charge likely inhibited cell

specific targeting and enhanced nonespecific uptake by the reticuloentothelial system (RES).

Rozema ot al, in ULS, Patent Publication 20080152681, improved on the method of UL,
Patent Publication 20040163280 by eliminating the high negstive charge demsity of the
modified membrans active polymer. By substituting neuiral hydrophilic targeting {galaciose}
and steric stabilizing (PEG) groups for the v carboxyl of Z-propionic-I-methylmalsic
anhydride, Rozerma of &l were able fo retain overall water solubility and reversible inhibiton
of membrane activity while incorporating effective in wive hepatocyte cell targeting As
before, the polynuclsotide was covalently Hnked to the transfoction polymer. Covalent
sttackment of the polynucleotide o the wansfection polymer was maintained © ensure co-
defivery of the polynuciestide with the transfection polymer to the target cell during fn vive
administration by preventing dissociation of the polynuclectide from the transfection
polymer, Co-delivery of the polynuclestide and transfection polymer was required because
the transfection polymer provided for transport of the polynuclsotide across a cell membrane,
either from outside the cell or from inside an endocytie compartmerd, to the oelf eytoplasm.
(LS. Patent Publication 20080152661 demonsirated highly efficient delivery of
polynucleotides, specificaily RNAI oligonucieotides, to Hver cells i vivo using this new

improved physiclogically responsive polyconjugate,

However, covalent attechment of the nucisic acid to the polvamine caried inherent
limitations. Modification of the transfection polymers, o attach both the nucleic anid and the
masking agenis was complicated by charge interactions. Attaschment of a negatively charged
nucleic acid to 8 positively charged pobymer is prone o aggregation thereby Hmiting the
coneeniration of the mixture. Aggregation could be overcome by the presence of an excess of
the polycation or polyanion. However, this solution limited the ratios at which the nuclsic
acid and the pobymer may be formulated. Also, attachment of the negatively charged nucleic
acid onto the unmoedified cationic polymer caused condensation and aggregation of the
complex and inhibited polvmer modification. Modification of the polymer, forming 2

negative polymer, impaired attachment of the nucleic acid.

Rozema ef al. further improved upon the technology deseribed in ULS. Patent Publication

JIRGIS266T, in UL, Provisional Application §1/307,490, In U5, Provisional Application
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17307 490, Rozema of al, demonstrated that, by carefully selecting targeting molecules, and
attaching appropriate targeting molecules independently o both an siENA and a delivery
polymer, the siBNA and the delivery polymer could be uncoupled vet retain effective
targeting of both elements o cells 21 vive and achieve efficient functional targeted delivery of
the siRMA. The delivery polvmers used in both U8, Patent Publication 20080152661 and
LLS, Provisional Application 61/307 490 were relatively large synihetic polymers, poly(vinyl
stheris and poly(acrviatels. The larger polymers enabled modification with both targeting
Hgands for cellspecific binding and PEG for increased shisiding. Largesr polymers were
necessary for effective delivery, poasibly through nersased membrane activity and improved
protection of the nucleie acld within the cell endosome, Larger polyeations inigract more

strongly with both mombranes and with anionie RKAs.

We have now developed an improved siRNA delivery aystem using a muoch smaller delivery
peptide. The improved system provides for efficient siRMA delivery with decreased toxicity

and therefore a wider therapeutic window.

SUMMARY OF THE INVENTION
In a weforred embodiment, the nvention features a composition for delivering an ENA
interference polynucieptide o a Hver cell in wivo comprising: a) an asialoglycoprotein
recepior (ASGPri-targeted reversibly masked melittin peptide {delivery peptide} and b) an
ENA mrerfergnce polynuclectide conjugated to s hydrophebie 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 polynuclestide is not conjugated to the delivery peptids.

I ancther preferred soibodiment, the invention features a cmposition for delivering an RNA
interfersnce polynucleotide to a liver cell in vive comprising: 8} an ASGPr-targetad reversibly
masked meliftin peptide {delivery peptide) and b) an RNA interference polynuclectide
conjugated to a galactose cluster {RNA conjugate). The delivery peplide and the siRNA-
conjugate are synthesized separately and may be supplisd in separate containers or a single

container. The ANA interforence polynuclestide is not conjugated 1o the palymer.

In a preferred embodiment, an ASGPr-targeted reversibly masked melittin peptide compriges

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

PCT/US2011/065525
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ABGPr ligand-containing masking agents, An amine is reversibly modified if clesvage of the
moditying group restores the amine, Reversible modification of the melittin peptide with the
masking agenis disclosed hersin reversibly inhibits membrane activity of the melittin peptide,
In the masked state, the reversibly masked meliitin peptide does not exhibit membrane
disruptive activity., Reversible modification of more than 80%, or more than %0%, of the
amines on the melittin peptide is required to Inhibit membrane activity and provide cell

targeting function, Le. form a reversibly masked mehttin peptide,

A preferred ASBGPr Hgand-vontaining masking agent has a neuiral charge and comprises a
galactosamine or galactosamine derivative having a disubstituted maleic anhydrids amine-
reactive group. Another preferred ASGPr Hgand-containing masking agent comprises a
galactosamineg or galactosarnine derlvative baving a peptidase cleavable dipeptide-p-
amidobenzyl aming reactive carbonate derivative, Resction of the amine reactive carbonate

with an amine reversibly modifies the amine 1o form an amidobenzy! carbamate inkage.

in a preferred embodiment, a melittin peptide comprises an Apis florea {ittle or dwarf honey
bee) melittin, Apis medlifera (western or European or big heney bee), Apls dorsata {giant
horey bes), Apis cerana {(oriental honey bee) or derivatives thereof, A preferred meliftin
pepiide comprises the sequence: Xan;~Xaa.-Xagy-Ala-Kaas-Leu-Xaar-Val-Lew-XaaeXaan-
Haap-Leu-Pro-Xaags-Leu-Xag,Xaaa-Trp-Xange Xaz - Kagre-Xaay-Xaaze-Xags-Xaas
whersin:

Xaz;y is leucine, Deleucine, isolsucing, norleucine, tyrosine, wyplophan, valine, alanine,

dimethyigheing, glveine, histidine, phenylislanine, or cysieing,

Xaay is isoleucing, loucine, norleucine, or valing,

Kaaa is glycing, leucine, or valine,

Haas is isoleucine, leucine, norlencine, or valing,

Kags is bysing, serine, aspavagine, alanine, arginine, or histiding,

Hazgg 1s alaning, threoning, or leucine,

Xagyy is threonine or cysteineg,

Xaars is glveine, leucine, of irypiophan,

azs is threonine or alanine,

Kaayr 15 isoleucine, leucine, norleucine, or valine,

Haag is serine or oysieing,

Kaaae is isoleucine, {2ucine, norleucing, or valine,
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Kaagy i lysine or alanine,
Kagp is asparagine or arginine,
Xagy is bysine or alanine,
Kaggy is arginine or lysing,
g Xazys 1s Ivsine, alaning, ov gluiamine,
Kaags is opticnal and if present is glulamine, cysteine, ghuamine~NH,, or cysieine—MH;;
and,

and at least vwe of Xaay,, Xaamn, and Xaag: are lvsine.

10 A more preferved melittin comprises the sequencs: XanyNaar-Xsay-Ala-Xaas-Leu-Haay-Val-
Leu-NameXaay-San-Leu-Pro-Naas-Lew-Xaag-Ser-Tro-Xaaw-Lys-Xame-Lys-Arg-Lys-
Aaayg wherein:

Kaq is lsucing, D-leucing, norleusing, or tyrosine,

¥aas 15 isokeucing, lsucine, norleucine, or valine,

i
wh

Kaay is glyeine, leucine, or valing,

¥aas is isoleucing, valing, leucine, or norleucing,

Xaay is lysine, serine, asparagine, alaning, argining, or histidine,
Xaawg is alanine, threonine, or leucine,

Kaas ig threonine, or gysteine,

26 Xaayp, is glycineg, loucine, or tryptophan,

Kaays is threonine, or alaning,

Haayy is soleucing, leucing, or novleucing,

Kasgg is soleucine, leusine, or norleucing,

Xaayy is asparaging or argining, and

o]
Lh

Naugs s glutamine or cysiging,

A rost preferred melittin comprises the sequencer Xaa-XaspGly-Ala-Kaas-Lew-Lys-Val-
Leu-Ala-Xaz, ~Gly-Leu-Pro-The-Leu-Xaa - 3ee-Trp-Kagag-Lys-Xagyy-Lys-Arg-Lys-Xadps
wherein:
34 Kaay, Xaag, Nass, Xaayr and Xaagy are independently isoleucine, leucine, or norleucine,
¥aay is threonine or gyaieineg,
Xagy; is Asparagine or argining, and

Xaase 15 ghutamine or gysteing.

&
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A preferred masking sgent comprizses a neuwal hydrophilic disubstinnted alkvimalele

anbvdride:
0
W R
o |
i Tatkp
O

wherein R comprises a cell targeting group. A preferred alkyl group is a mesthyl or sthyl
group. A preferred targeting group comprises an asisloglyveoprotein receptor ligand. An
sxample of a substibged alkyimaleic anlydride consists of a Zepropionic-3-alkyimalaic
anhydride derivative. A neutral hydrophilic 2-propionic-3-alkylmaleic anhvdride derivative is
formed by auachment of a neuwtral hydrophilic group o a Z-proplonic-3-alkyimaleic
anhydride through the 2-proplonic-3-alkyimaleic anhydride v-rarboxyl groum

i f\’j

e

whereln 1 comprises a neutral ASGPr figand and nos for 1L In one embodimeny, the ASGPr

4

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

A preferred masking agent comprises 3 hydrophilic poptidase {protease) cleavalde dipeptide-
peamidobenzyl amine reactive carbonate derivative. Enzyme cleavabls Hnkers of the
invention employ & dipeptide connscted 1o an amidobenzyl activated carbonate motety, The
ASGPr ligand is attached to the amine terminus of 3 dipeptide. The amidobenzy! activated
carbonate molely is at the carboxy terminus of the dipeptide, Peptidease cleavable Hinkers

suttable for uge with the invention have the structure:

22 T ]
Ré_ /L N, JE —
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wherein B4 comprises an ASGPr ligand and B3 comprises an amine reactive carbonate
moiety, and RY and B2 sve aming acid R groups. A preferred activated carbonate i5 a para-

nitrophencl. However, other amine reactive carhonates known in the art are readily
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substituted for the pava-nifrophenol. Reaction of the activated carbonste with 8 melittin amine
connects the tarpsting compound, the asialoglycoprotsin receptor Hgand, fo the melittin
peptide viz a peptdase cleavable dipeptide-amidobenzy! carbamate linkage. Enzyme
cleavage of the dipeptide removes the targeting Hgand from the peptide and triggers an

elimination reaction which resulis in regeneration of the peptide aming,

Dipeptides Glu-Gly, Ala-Ch, Phe-Clt {"Cit" is the amino acid ciirulling) are shown in

Example 3. While charged aming acids alse permissible, neotral amino acids ave preferred.

A preferred masking agent provides targeting function through affinity for cell surface
seoeptons, Le. the masking agent containg 2 ligand for a soll surface recepior. Preferred
masking agenis contain saccharides having affinity for the ASGPy, including but not limited
s galacioss, N-Acetyl-galactosamine and galactose derivatives. Galaciose derivatives
having affinity for the ASGPr are well known in the arl, An exsential feature of the reversibly
modified melittin is that more than 0% of the melittin amines (In a population of pepiide)
are modified by attachment of ASGPr Higands via physiologically labile, reversible covalent

Hnkagss.

b4

in snother embodiment, the melittin peptides of the invention are further modified, at the
aming or carboxyl termind, by covalernt attachment of a steric stabilizer or an ASGPr ligand-
sterie stabilizer comjugate. The aming or carbony jerminal modifications may be finked to the
peptide during synthesis using methody standard in the art. Alternatively, the amine or
carhoxy terminal modifications may be done through modification of cysteins residues on
mefittin peptide having amine or carboxy tesminal cysteine residhies. A preferred steric
stabilizer is a polyethylene glves!. Preferred polysthylene glycols have 1-120 sthylene uniis.
In ansther embodiment, preferred polvethylene glycols are less than 3 kDa in size. For
ARGPr ligand-steric stabilizer conjugates, 5 preferred steric stabilizer s a polyethviensglycol

having 1-24 sthylene units.

The RNAI podynuclzotide conjugate and delivery peptide are sdministersd to a mammal in
pharmaceutically acceptable narriers or diluents. In one embaodiment, the delivery peplide and
the BMAI polynucleatide conjugate may be combined in & solution prior to adminisiration fo
the mammal. In another embodiment, the delivery peptide and the RMAI polynucieotide

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

PCT/US2011/065525
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smbodiment, the delivery peptide and the RNAD polynucieotide conjugate may be
administered to the mammal sequentially. For sequential administration, the delivery paptide
may be administered prior to administration of the BNAP polynuclestide conjugate.
Alernatively, for sequentisl administration, the RNAL polynucleotide conjugate may be

administered prior to administration of the dellvery peptide.

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

detailed deseription when taken in conjunction with the accompanying drawings.

Brapr DESCRIFTION OF THE FIGURES
Fik. 1 Table listing melittin peptides suitable for use in the invention.
FIG, 2. Drawing illustrating linkage of GalMAc cluster to RMNAL
FIG, 3. Graph Hustrating (A} Mood urea nitrogen (BUN) levels and (B) creatinine levels in
primates treated with reversibly moedified melittin 3IRNA delivery peptides and siRNA-
cholesteral conjugates,
FIG. 4. Graph illustraling (A) aspartate aminotransferase (AST} levels and (B} alanine
ansaminase {ALT) levels in primates treated with reversibly modified melittin siRNA
delivery pentides and siRNA-cholesterol conjugates.
FIG, 4. Graph illustrating knockdown of endogenous Factor VI levels In primates treated

with reversibly modified melittin SiIRNA delivery peptides and siRMA-~cholesterol eonjugates.

DETALED DESCRIFTION OF THE INVENTION
Diescribed herein i an toproved method for delivering RNA  inwrference (RNAD
polynuclestides o liver calls in a marnmal i vive, We describe an v vive BNAJ
polynucleotide delivery system smploying a small delivery peptide, melittin, derived from
bee venom peptide and an independently targeting RNAL polynuclestide. By ucing liver
targeted RNAT polynucleotide conjugate molecules and ssialoglycoprotein receptor targeted
reversibly inhibited melittin peptides, efficient RMAIL polynuclectide delivery to lver is

phservad,

Because the melittin and RNAIL polynucleotide are independently targeted 1o hepatocyies, the
concentration of the meliftin and polynucieotides and the ratic between them iy Hmited only
by the solubility of the components rather than the solubility of the assoclated complex or

ability to manufacture the complex. Also, the poelynuclentide and meliitin may be mixed at
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anvibne prior fo administration, or even administered separately, thus allowing the

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

The mvention includes conjugate delivery systems of the compositom
3 Y-Melbithn-{ L3y, plus N-T,
wherein N is a BNAIL polynucleotide, T is 2 polynucleotide targeting molety {sither a
hydrophobic group having 20 or more carbon atoms or a galaciose clustery, Melittin is a bes
venom melittin peptide or a derfvative as desoribe herein, and masking agent M containg an
ASGPr ligand as deseribed hersin covalently linked to Melittin via a physiologically labile
P} reversible linkage L. Cleavage of L restores an unimodified amine on Melittin, Y is optional
and if present comprises a polysthyleneglysol (PEG) or o ASGPr lgand'PEG comjugate
tinked to the amine termings, the carboxy terminus, or an aminge or carboxy terminal eysteine
of Melittin, Attachment of Y 1o the amino terminus ¢ sn amino lerminal cysieine is
preferred. ¥ is an integer greater than 1. In its unmodified state, Malittln is membrane active,
{3 However, delivery peptide Melittin~{L~-M)y, & pol membrane active. Reversible
modification of Mslittin primary amines, by atiachment of M reversibly inhibits or
inactivates membrane activity of Melittin, Sufficient percentage of Muelittin primary amines
gre modified o inhibit membrang activity of the polymer and provide for hepatnovie
targeting. Preferably x has a value greater than §0%, and more preferally grester than 90%,
20 of the primary amines on Melittin, as determined by the quantity of amines on Melittin in
the absence of any masking agents, More specifically, ¥ has a value greater than 80% and up
o 100% of the primary amines on Melittin, B is noted that melittin typically containg 3-3
primary amines {the amino terminus (f unmodified) and wpically 2-4 Lysine residues).
Therefore, modification of a percentage of amines is meant to reflect the modification of a
25 percentage on amings in a population of melittin peptides. Upom cleavage of reversible
linkages L, unmodified amines are restored thereby reverting Mellitin to ity unmodifiad,
membrane active state. A preferred reversible linkage iz a pH labile linkage. Another
preferred reversible linkage is 8 protease cleavable Hnkage. Melitn~{1-M},, an ASGPr.
targeted reversibly masked membrane sctive polymer {delivery peptide), and T-N, 2
30 polynucleotide-conjugate, are synthesized or manufaciurad sepavately. Meither T nor N are
covalently linked directly or indirectly to Melittin, L. or M. Electrostatic or hydrophobie
association of the polvnucleotide or the polynucleotide-conjugate with the masked o
anmasked polynier is not requived for i vive liver delivery of the polynuclectide. The

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

18
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ssparate containers. They may be combined prior to administration, co-adminisiered, or

administerad sequentially.

Hydrophific growps indicate in qualitative terms that the chemical medely {5 water-prefirring,
Typically, such chomical groups are water soluble, and are hydrogen bond donors or
aoeepiors with water. A hydrophilic group can be charged or uncharged, Charged groups can
be positively charged (anionic) or negatively charged {cationic) or both {awitterionic).
Bxamples of hydrophilic groups include the following chemical moleties: carbohydrates,
polvoxvethylens, certain peptides, oligonuclentides, amines, amides, alkowy amides,

carboxyic acids, sulfurs, and hydroayls

Hydrophobic groups indicats In qualitative terms that the chemical wmolety is water-aveiding,
Typically, such chemical groups arg not water soluble, and fend not to form bydrogen bonds,
Lipophilic groups dissolve in ibis, oils, lipids, and now-polar solvents and have ligle o no
capacity o form hydrogen bonds, Hydrocarbons containing two {2 or more carbon atoms,
cortain substituied hydeocarbons, cholesterl, and cholesters! derivatives argy exaraples of

hydrophobic groups and compounds,

Mydrophobic groups ave preferably hydrocarbons, containing only carbon and hydrogen
stoms, However, non-polar sebstitutions or nonepolar  heleroatoms  which  maintain
hydrophobicity, and inchude, for example fluorine, may be permitted. The term includes
aliphatie groups, aromatic groups, acy! groups, allyl groups, atkenyl groups, alkymyl grouss,
aryl groups, aralky! groups, sralkeny! groups, and srallovny! groups, each of which may be
linesr, branched, or cychis., The term hydrophobic group alse includes: sterols, steroids,

cholesterel, and steroid and cholesterol derivatives,

As used herein, membrans aciive peptides are surface astive, amphipathic peptides that are
able to induce one or more of the following effects upon a bolegical membrane: an alteration
or disruption of the membrane that allows non-membrane permeabls molecules to enter a cell
or eross the membrane, pore formation in the membrane, fission of membranes, or dissuption
or dissalving of the membrane, As used herein, a membrane, or cell merobrane, comprises a
Hipid bilayer. The alteration or distuption of the membrans can be functionally defined by the
peptide’s activity in at least one the fidlowing assaya: red blood celt lysis (bemolysis),

lipesome leakage, Hiposoms fusion, cell fusion, cell lysis, and endosomal release. Membrane

i1
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active peptides that can cause lysis of cell membranes are also termed membrane Ivtic
peptides. Peptides that preferentislly csuse disruption of endosomes or lysesomes over
plasma membranes are considerad sndosomolyiic, The effect of membrane active peptides on
a cell membrane may be ltransient. Membrans active pepitides possess affinity for the

membrane and cause 3 densturation or deformation of bilayer structures.

Delivery of a polynuclestide to a cell is mediated by the melittin peptide disrupting or
destabilizing the plasma membrane or an internal vesicle membrane {(such g8 an endosome or
fysasome), including forming a pore in the membrane, or disrupting endosomal or lysesomal

vesicles thereby permitting relesse of the contents of the vesicls into the ¢ell cytoplasm.

Endosomolytic peptides  are peptides that, in response to an  endosomalb-specific
spvironmenial faciors, such as reduced pH or the presence of lytic enzymes (protoases), are
able to cause disruption or lysis of an endosome or provide for release of a normally cell
membrane impermesble compound, such as a polynusleotide or protein, from a cellular
internal membrane-snclossd vesicle, much ay sn endosome or lysosoms. Endosomolytic
polymers underge a shift in thelr physico-chemical properties in the endosoerne. This shifl can
be a change In the polymer’s solubility or ability (o interact with other compounds or
membranes a8 a resuit in a shift in charge, hvdrophobicity, or hydrophilicity., Exemplary
endosomelytic peptides have pH-labile or enzymatic-sensitive groups or bonds, A reversibly
masked membrane active peptide, wherein the masking sgents are attached ® the polymer via

pH lablle bonds, can thersfore be considersd to be an endosomotytic polymer,

Melitin, 8s used hersin, is a small amphipathic membrane sctive peptide, comprising about
23 to abowt 32 aming aclds, derived from the naturally occurring in bee venom peptide
melittin, The naturally ocourring melittio containg 28 amdng acids and s predominantly
hvdrophobic on the amino terminal end and predominantly hydrophilic (cationie) on the
carboxy terminal end. Melittin of the Invention can be isplated from a biological source or it
can be synthetic, A synthetic polymer is formulated or manufactyred by 2 chenucal process
“by man” and is not created by a naturally occurring biological process. As used hereln,
melitin encompasses the naturally ocourring bee venom peplides of the meligtin family that
can be found in, for exarnple, venom of the species: Apis florea, Apis mellifera, Apls cerona,
Apis dorsata, Vesprda moculifrons, Vespn magnifica, Vespa veluting, Pollstes sp. HQL-2001,

and Polisies hebraeus. As used hersin, melittin also encompusses synthetie peptides having
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amine acid seguence identical fo or similar to paturally ocourring melittin peptides.
Speciiically, melittin amino acid sequence ensompass those shown in FIG | In addition to
the aming acids which retain melittin's inherent high membrane activily, 1-8 amino acids can
be added to the aming or carboxy terminal ends of the peptide. Specifically, oysteine residogs
can be added o the aming or carboxy termini, The list in FIG. | is nol meant o be
exhaustive, a8 other conservative amine acid substitutions are readily envisionsd. Synthetic
melittin peptides can contain naturally ocourring L form amino acids or the enantiomeric D
form amino acids (inverso) Howgver, a melittin peplide should sither contain essentially all
L form or all I form amine acids but may have anine scids of the opposite stercocenter
appended at efther the amine or carboxy termini. The melittin amino acid sequence can also
be voversed {retro). Relro melillin can have L forn amine scids or D form amino acids
{retrednverso). Two melittin peptides can also be covalently linked to form a melittin dimer,
Meligtin can have modifving groups, other that masking agents, that enhance tissue targeting
or facilitate in vivo circulation sttached to either the amine terminal or carboxy terminal ends
of the peptide. However, as used herein, mehitin dees not include chaing or polymers
containing more than two melittin peptides covalently linked o one another other or o

another polymer or scaffold.

Masking
The meliitin peptides of the Invention comprise reversibly modified melittin peptides wherein
reversible modification inhibits membrane activity, neutralizes the melittin to reduce positive
charge and form a near newtral charge polymer, and prbvides sell-type specific targeting. The
melittin is reversibly modified through reversible modification of primary amings on the

peptida,

The melittin peptides of the Invention are capable of disrupting plasma mernbranes o
fysosomallendocytic membranes, Membrane activity, however, leads to toxicity when the
peptide is admiristered fn wivo., Thersfors, reversible masking of membrane asotivity of
melittin is necessary for iz vivo use. This masking is accomplished through reversible
attachment of masking agents to melittin to form 8 reversibly masked melittin, Le. a delivery
peptide. In addition to inhibiting membrane activity, the masking agents provide ceilospecific

interactions, L.e. targeting.

]
Tap it
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t is an essemial feature of the masking agents that, in aggregate, they inhibit membrang
scitvity of the polymer and provide in vivo hepatooyte targeting. Melittin is membrane active
in the unmodified (unmasked) state and not mambrane active (inactivated) in the modified
{masked) state. A sufficient number of masking agents are linked to the peptide 1o achisve the
5 desired level of inactivation. The desired level of modification of meliftin by attachment of
masking agent(s} s readily determined using appropriate peptide activity assays. For
example, if melittin possesses membrane activily in a given assay, a sufficient level of
masking sgent is linked 1o the peptide  schiove the desired lovel of inhibition of membrane
activity in that assay, Modification of 280% or >00% of the primary amine groups on 8
10 population of melittin peptides, as determined by the guantity of privary amines on the
peptides in the absence of any masking agents, is preferred. it is alse a preferred
characteristic of masking agenis that their attachment to the peptide reduces positive charge
of the polymer, thus forming 2 more neutral delivery peptide. It is desirable that the masked

pepiide relaln squeous solubility.

{8
As uged herein, melittln s masked if the modified peptide does not exhiblt membrane aotivity
and exhibits cell-spesific (Lo hepatocyie) targeting in vive. Melittin is reversibly masked if
cleavage of bonds Hnking the masking agents o the peptide resulis In restoration of amines
on the peptide thereby restoring membrane activity.

20

it is another sssential feature that the masking agents are covalently bound 1o melittin through
physivlogioatly labile reversible bonds. By using physiclogically iabile reversible linkages or
bonds, the masking ageris can be cleaved from the peptide én vivo, thereby unmashing the
peptide and restoring activity of the unmasked peptide. By choosing an appropriate reversible
25 linksge, it is possible (o form 2 conjugate that restores activity of melittin after it has been
delivered or targeted o a desirad cell type or cellular location. Raversibility of the Hnkages
pravides for selective activation of melittin, Reversible covalent linkages contain reversible
or labile bonds which may be celected from the group comprising: physiolugically labile
bords, cellular physintogically labile bonds, pH lakile bonds, very pH lsbile bonds, sxtremely

30 pH labile bonds, and prostease cieavable bonds,

As uged herein, & masking agent comprises 3 preferrably neutral {uncharged) compound
having an ASGPr ligand and an amine-resctive group wherein resction of the amine-reactive

group with an aming on a peptide resubts in linkage of the ASGPr ligand to the peptide via &

£
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reversible physiologically labile covalent bond. Amine reactive groups are chosen such the
cleavage in responss 10 an appropriste physiological condition (s, reduced pH such as inan
erlosomeddysosome, or snzymatic cleavage such as in an endosome/lysosome) resulis in
regenération of the melitlin amine. An ABGPr ligand is a group, typleally » saccharide,
5 having affinity for the asialoglycoprotein recepior. Preferred masking agents of the invention
are able to modify the polymer (form a reversilble bond with the polymer) in aguecus

solution,

A preferred amine-reaclive group comprises 2 disubstituted malels anhydride. A preferred

0 masking agent is represented by the structurs;

9
W R
rd ¥
o
\'..f"“’"\,\
7 Tre
O

wherein in which Ri comprises an astaloglycoprowein receptor {ASGP) ligand and B2 is an
alkyl group such as 2 methyl (~CHi group, ethyl (~CH:CH:p group, or propyl
{(~CHROHCH) group,

i
in some embodiments, the galactose Hgand 15 linked 1o the amine-reactive group through &
PEG Hinker as iHustrated by the structure:
HO W\ 7
mx>“ﬁ 0 : Pridh A
Ay o PP Pl
HOw( R SN 1 :ﬂ °
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whersin n is an infeger belween | and 15
25

Another preferred amine-reactive group comprises 3 dipeptide-amidobenzyl amine reactive

carbonate derivative represented by the strocturg:
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R1 s the R group of amino acid 1,
R2 is the B group of amino achd 2,
5 B3 s ~CH OO0 02, wherein £ is
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and R4 comprises the ASGPr ligand.
Reaction of the activated carbonate with 2 melitin aming connects the ASGPr ligand to the
melittin peptide via a peptidase cleavable dipeptide-amidobenzyl carbamats linkage.
F‘z H O
H
R NN
‘ﬂ/ 7// N "'“"{\ /f“““‘”‘ W Madittin
I
15
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Enzymatic cleavage of the dipeptide removes the targsting 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 hnked to a melittin peptide, in practics, several
masking ageres are finked to the melitiin peptide; preferably auch that mors than 80% of the

5 amings on a popelation of melittin peptides are modifisd.

Dipeptides Glu-Gly, Ala-Cit, Phe-Cit ("Cit" is the amino acid ¢itrulling} are shown in
Example 3. With respect o the shove siructure, Gla-Gly, Ala-Clt, Phe-Cit represent R2-R1L
While charged amino acids are permnissible, neutral amino seids are preferred. Other aming
H} acikd combinations are possible, provided they are cleaved by an endogencus protease. In
addition, 3-3 amino acids may be uged as the inker between the amido benzyl group and the

targating Higand.

Az with maleic anhydride-based masking agents, the ASGPr Hgand can be linked o the

15 peptidass cleavable dipeptide-amidobenzyl carhonate via a PEG linker.

The membrane active polyamine can be conjugated o masking agents in the presence of an
excess of masking agents. The excess masking agent may be removed from the conjugated
delivery peptide prioy to administration of the delivery peptide.
20

In another embodiment, the melittin peptides of the invention are further modified, at the
aming or carboxyl termind, by covalent attachment of a steric stalilizer or an ABGPr Hgand-
sterie stabilizer conjugate. Modification of the hydrophoble lerminal end 15 preferred; the
aming terminal end for melittin having "normal sequence” and the carboxy! terminal end for

e

retrosmelitting & preforred steric stabilizer i5 a polysthylene glycoll The amino or carboxy

[
LAt

terminal modifications may be linked to the peptide during synihesis using metheds standard
in the art. Alternatively, the aming or carboxy terminal modifications may be dons through
modification of cysteine residues on melittin peptides having aming or carboxy termina
cystaine residuss. Praferred polyethylene glycols have {-128 ethylene umits. In ancther
30 embodirnent, preferred polvethylene glycols are less than § kDa in size. For ASGPr ligand-
steric siabilizer conjugates {(NAG-PEG modification), a preferred steric stabilizer is a
polvethyleneglyeo having 1-24 sthylene units, Terminal PEG modification, when combined
with reversible masking, further reduces toxicity of the melitiin delivery peptide. Terminal

MNAG-PEC modification enhances efficacy.

17
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Sterls Siabilizer
As used herein, a steric stabilizer is a non-lonic hydrophilie polymer {either natural, synthetic,
or nor-natural) that prevents or inhibis intramolecular or intermodesular interactions of a2
molesule v which it is atached rvelative to the molecule containing no steric stabnlizer. A
sterie stabilizer hinders 2 molecule to which it is aftached from engaging in elecirostatic
interactions. Elocirostatic inderaction iz the non-covalent association of two or more
substances due to atiractive forces betwesn positive and negative charges. Steric stabilizers
can inhibit interaction with Mood components and therefore opsonization, phagosytosis, and
uptake by the reticulosndothelial system. Steric stabilizers can thus increase circulation tims
of molecules to which they are altached. Steric stabilizers can alzo inhibit aggregation of a
molecule, A preferred steric stabilizer is a polysthylene glyeod (PEG) or PFEG denvative, PEG

moleeules suitable for the invention have about |-128 ethylene glyeol monamers.

ASGPr Ligand
Targeting moisties or groups enhance the pharmacekinetic or blodistribution properties of a
conjugate 1o which they are attached to improve cslb-specific distribution and cell-specific
uptake of the conjugate. Galactose and galactose derivates have been used o target molecules
to hepatocytes i vive through thelr binding o the asialoglycoproiein recepior {ASGPr)
expressed on the surface of hepatocytes, As used herein, 8 ASGPr lgand {or ASGPr ligand)
comprizes & galaciose and galactose derfvative having affinity for the ASGPr equal o o
greater than that of galscioge. Binding of gelaciose targeting mioieties o the ASGPNs)
factiitates coll-speaific targeting of the delivery peptide to hepatocyies and endocytosis of the

debivery peptide inio hepatocyiss.

ASGPr ligands may be selected from the group comprising: laciose, galaciose, M-
acetylgalactosaming  (DalNAc),  galzciosaming,  Neformyigalactesamine, N-acetyl
galactosamine, M-propionylgalactosamine, M-n-butanoyigalactosaming, and N-iso-butanoyl-
galactosamine {lobst, §.7. and Urickamer, K. A 8.C 1996, 27/, 6686 ASGPr ligands can be

monomeric {e.g., having a single galaciosaming) or multimeric  {e.g, having muitiple

galaciosamines).

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

masking agents to »80% or 290% of primary amines on the peptide.

i8
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Labile Linkage
A linkage or linker i3 g connection between two atoms that links one chemical group o
segment of intevest 1o another chemical group or segment of interest via one or more covalent
bonds. For example, 8 linkage can connect g masking agent io 2 poptide. Formation of a
linkage may connsct fwo separate molecules into a single molecule or it may connent two
atoms in the samse moelecule. The Hokasge may be charge newtral or may bear a pesitive or
negative charge. A reversible or {abile linkage contains a reversible or labile bhond. A linkage
may optionally include a spacer that increases the distance between the twir joined gtoms. A
spacer may further add flexibility andfor length o the linkage. Spacers may include, but are
vt be limited to, alkyl groups, alkenyl groups, alkynyl groups, aryl groups, aralky! groups,
araikeny! groups, arslkyny! groups; esch of which can contain one or more heteroaloms,
heterocycles, aming acids, nuclestides, and saocharides. Spacer groups are well known in the

art and the preceding Hat i3 not meant to Hmit the acops of the yvention,

A labils bond 15 2 covalent bond other than a covalent bond v 2 hydrogen stom that is
vapable of being selectively broken or cleaved under conditions that will not bresk or cleave
other covalent bonds in the same molecule, More specifically, labile bond is a covalent bond
that is fess stable {thermodynamicallyy or move rapidly broken (kinstically) under appropriate
conditions than other non-labile covalant bonds in the same molecule, Cleavage of a labile
bond within a molecule may result in the formation of two molecules. For those skilled in the
art, cleavags or labiliy of a bond iy generally discussed in terms of half-life (1) of bond
cleavaps {the time required for half of the bonds w cleave). Thus, labile bonds encompsses

bonds that can be selectively cleaved more rupidly than other bonds a molecule.

Appropriate conditions are determined by the type of labile bond and are well kaown in
organic chemistry. A labile bond van be sensitive o pH, oxidative or reductive conditions or
agerds, lemperature, salt concentration, the presencs of an enzyme {such as ssterases,
including nuclesses, and proteases), or the presence of an added apent. For example,

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

The rate at which a labile group will undergo transformation san be controlied by altering the

chemical constituents of the molecule containing the labile group. For example, additon of

PCT/US2011/065525
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particular chemical moleties (e.g., electron scoeptors o donors) near the labile group can

affect the panticular conditions {e.g., pH) under which chemical transformation will ocear.

As used herein, & physivlogically labile bond is a labile bond that is cleavable under

LA

conditions nermally encountered or analogous to those encountersd within a mammalian
body. Physiologically labile linkage groups ave selected such that they undergo s chemical

transformation {e.g., cleavags) when present in ceniain physiologieal conditions.

As used herein, a cellolar physiologivally labile bond is & labils bond that is cleavable under

10 mammalian intraceliular conditions, Mammalian inracelivlar conditions include chemical
conditions such as pH, iemperature, oxidative or reduciive conditions or agents, and salt
concenteation found in or anaslogous to those encountersd in manumabian cells. Mammalian
intraceliular conditions alse include the presence of enzymatic activity normally presentin a
mammalian cell such as from protesiviic or hydrolytic enzymes. A cellular physiologically

15 lsbile bond may also be cleaved in responge to administration of a pharmaceutically
sceeptable exogenous agent. Physiologically labile bonds that are cleaved under appropriate
conditions with a half life of less than 45 min, are considered very labile. Physiclogically
labile bonds that are cleaved under appropriate conditions with a half life of less than 15 min
are considered extremely labile

A}
Chemical transformation {cleavage of the labile bond) may be initated by the additien of 2
pharmacsutically acceptable sgent o the cell or may ocour spontansously when 2 molecule
containing the labile bond reaches an appropriate intra-andfor exira-ceilular envivenment. For

example, a pi labile bond may be cleaved when the moleculs enters an acidified endosome,

25 Thus, s pH labile bond may be considersd to be an endosomal cleavable bond, Bazyme
clesvable bonds may bes clsaved when exposed io enzimes such as those present in an
endosome or lysosome or in the cytoplasm. A disulfide bond may be cleaved when the
mislecule enters the more reducing environment of the cell cytoplasm. Thus, & disulfide may
be considersd 1 be 2 cytoplasnie cleavable bond.

30

As used herein, a pH-labile bond i g labile bond that s selectively broken under acidic
conditions {pH<?1 Such bonds may alse be termed sndosomally labile bounds, since cgli
endosomes and lysosomes have a pH less than 7. The term pH-labile includes bonds that are

pH-labile, very pH-labile, and extremely pH-labile.
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Reavtion of an anhydride with an swmine forms an amide and an acid. For many anhydrides,
the reverse reaction (formation of an anhydride and amine) is very slow and energetically
unfavorable, Howsever, if the anbydride is a cvclic anhydride, reaction with an amine yields
an amnde acid, s moleculs in which the amide and the scid are in the same molecule. The
presence of both reactive groups {the amide and the carboxyhie acid) In the same moleculs
accelerates the reverse reaction. In pasticular, the product of primary amines with maleic
anhydride and maleic anhydride derivatives, maleamic scids, revert back to amine and

anhydride 1310 10 1210" times faster than ts noneyclic analogues (Kirby (980}

Reaction of an amine with an anhydride (o {orm an amide and an acid,

8
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Reaction of an amine with a oyclic anhiydride to form an spude acid
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{leavage of the amide acid 1o form an amine and sp anhydride is pH-dependent and is greatly
accelerated at acidic pH. This pH-dependent reactivily can be exploited to form reversible
pH-labile bonds and linkers, Cls-aconitic acid has been used as such a pH-sensitive linker
malecule. The y-carboxylate §s {irst coupled to 3 molecule. In a second step, sither the o or B
carboxylate is coupled 1o 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 betwesn B and 24 b,
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Structures of cis-aconitic anhydride and malele anhydride.

MO
)\\ R:«Z,\ [,’RZ%
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A8 07N o
aconitic acid maleic anhydride

The pH at which cleavage ocours 15 controtled by the addition of chemival constituends to the
labile modety. The rate of conversion of maleanic acids o amines and maleic anhydrides &
strongly dependent on substitution (R2 and R3) of the malelc anhydride system. Whan R2 s
methyl, the rate of conversion is 50-fuld higher than when B2 and R3 are hydrogen. When
there are alkyi substitutions & both R2 and R3 {e.g, 2.3-dimethyimaleicanbydride} ihe rate
incresse 15 dramatier 10,000-fold fister than non-substitited malsic anhvdnide. The
maleamate bond formed from the modification of an amine with 2,3-dimethyimaleic
snhydride is cleaved to restore the anhydride and amine with & half-life between 4 and 10 min
at pH S, It is anticipated that if B2 and R3 sre groups larger than hydrogen, the rate of amide-

acid conversion to amine and anhydride will be faster than IR2 andfor R3 are hydrogen.

Yery pH-labile bond: A very pHelabile bond has a half-life for cleavage at pH 3 of less than

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

Extremely pH-labile bonds: An extremsly pH-labile bond has a half-life for cleavage at pH §
of less than 15 min. The construction of exiremsly pH-labile bonds i3 well-known in the

chemical art,

Dgubstituted oyclie anhvdrides are particularly useful for aftachmant of masking agents to
malittin 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
endosomes and lysosome, Second, the @ or B carboxylic acid group created upon reaction
with an amine, appears (o contribute only about 1/20™ of the expected negative charge 1o the
polymer {Rozema et al. Bioconjugate Chemistry 2003). Thus, modification of the peptide

with the disubstituted maleic anhvdrides effectively newtralizes the positive charge of the

PCT/US2011/065525
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peptide rather than crestes a peptide with high negative charge. Near neutral delivery peptides

are preferred for in vive delivery.

RNAI Polynucleotide Conjugate
5 We have found that conjugation of an EMNAI pobynucleotide o 2 polyvaucieotide targeting
moiety, either s hydrophobie group o o a galactoss cluster, and co-adminisivation of the
ENAL polynuclestide conjugate with the delivery peplide described above provides for
efficient, functional delivery of the BNAI polymuciectide o liver cells, particularly
hepatocytes, i vive., By functionsl delivery, it iz meant that the RNAIL polynucleotide is
10 deliversd to the cell and has the expected biological activity, sequence-specific inhibition of
gene expression. Many molecoles, including polynuclestides, administerad 1o the vasculature
of a maromal are normally cleared from the body by the liver, Clearsnce of a polynuciestide
by the liver wherein the polynuclestide is degraded or otherwise processed for removal from
the body and whersin the polyvnuclentide doss not cause sequence-specific inhibition of gene

{5 expression s not considered functional delivery,

The ERMAL polynuclestide conjugale i formed by covalently laking the RNAY
polynucieotide 1o the polynuciestide targeting molety, The polynucleotide is synthesized or
modified such that it containg a reactive group &, The largeting moiety s also synthesized or
20 mwodified such that it containg a reactive group B. Reactive groups & and B are chosen such

that they can be Hnked via a covalent inkage using methods known in the art.

The targeting moiety may be linked 16 the 3 or the & ond of the BNAT polynuclentide. For
SIENA polvnucleotides, the targeting moiely may be linked to either the sense strand or the

25 ardisense strand, though the sense strand is preferred.

In one embodiment, the polynucieotide targeting molsty consists of a hydrophobic group
dore specifically, the polynucleotide targsting molety consists of a hydrophobic group
having at least 20 carbon atoms. Hydrophobie groups used as polynucleotide targsting
3 moleties ave herein referred 1o a3 hydrophobic targeting moieties, Evemplary suitable
hydrophobic groups may be selected from the group comprising: cholesterad, dicholesterol,
tocopherol, ditocophernl, didesyl, didodecyl, divatadecyl, didodesyl, dicctadecyl, isoprenoid,
and choleamide, Hydrophobic groups having § or fewer carbon atoms are not effective as

polynucleotide targeting moisties, while hydrophobic groups baving 8 1o 1§ carbon atoms

ad
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provide increasing polynucleotide delivery with increasing size of the hydraphobic group (e,
incressing number of carbon atoms). Attachment of a hydrophobic targeting molety 1o an
RMNAL polynucleatide does not provide efficient functional / vive delivery of the RNAG
polynucleciide in the absence of co-administralion of the delivery peptide. Whils siRNMA-
cholesterel conjugates have been reported by others to defiver siEMA GiBNA-cholosterel) to
Hver cells i vive, In the absence of any additional delivery wvehicle, hugh concentrations of
SiRNA are required and delivery efficacy is poor. When combined with the delivery peptides
desvribed hereln, delivery of the polynuclestide is greatly improved. By providing the
siRNA-cholesterol fogether with a delivery pepiide of the lnvention, afficacy of siRNA-

chiodesiarel is increased about 10 fuld,

Hydrophobic groups usefil as polynuclentide targeting moistias may be selected from the
group consisting oft alinel group, alkenyl group, alkyny! group, aryl group, arsbkyl group,
aralkeny! group, and avalkynyl group, each of which may be linear, branched, or eyclic
cholestered, cholesterol derivative, sterol, sternid, and stercid derivative. Hydrophoabie
targeting moisties arg preferably hydrocarbons, containing only carbon and hydrogen atoma.
Howsver, substitotions or hetercatomns which maintain hydrophobicity, for example fluerine,
may be pernitied. The hydrophobic targeting moiety may be attached to the 3" or § end of
the RMAI polynucieotide using methods known in the art. For RMAIL polynuclentides having

2 strands, such ag sIRNA, the hydrophobic group may be atiached o either strand.

In another embodiment, the polvnuclestide targeting motety comprises a galactose cluster
{zalactose cluster targeting molety). As used herein, 3 galactose eluster comprises a molecule
having two {0 four terminal galactose derlvatives. As used herein, the term galactose
derivative includes both galactose and derivatives of galaciose having affinity for the
asialoglycoprotein receptor equal 10 or greater than that of galactose. A terminal galactose
dervative is attached o @ molecule through s C-1 carbon. The asialoglycoprotein receplor
{ASGP) is unigue 1o hepatooyies snd binds branched galactose-terminal glycoproteins. A
preferred galactose cluster has three terminal galactosamines or galactosamine derivatives
each having affinity for the asisloglyeoprotein receptor, A more preferred galactose clusier
has three terminal Neagstyb-galactosamines, Other lepms commen in the at include ti-
antennary galactoes, fri-valent galsctose and galactose trimer, Bt is knwvwn that tri-antennary
galactose derivative clusiers ave bound to the ASGPr with greater affinity than bi-antennary

ot mono-antennary galactose derivative structures (Baenziger and Fiete, 1980, Cell, 22, 611+
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620; Connolly et al, 1982, § Biol Che., 257, 939945}, Malivalency is required to ashiove
abd affinity. The attachment of 3 single galactose derivative having affinity for the
asialoglveoprotein recepior does not enable functional delivery of the RNAI polynucizotide

10 hepatocytes fn vive when co-administersd with the delivery peptide.

&

G, O

HO Jem B

Jou N,

4 galactose cluster containg thres galactose derivatives esch linked to a contral branch point.
The galaciose derivatives are attached 10 the central branch point through the O-1 carbons of
10 the saccharides. The galactose derivative s preferably linked to the branch point via linkers
or spacers. A preferred spacer 15 2 fexible hydrophilic spacer (U5, Patent 3853968; Biessen
et al. I, Med, Chem. 1995 Vol 39 p. 1538-1546). A preferred flexible hydrophilic spacer iz a
PEG spacer. A preferred PEG spacer is & PEG; spacer. The branch point can be any small

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

et
1]

attachment of the branch point w0 the RMA polynucleotide. An exemplary branch polnd group
is & di-lvsine. A di-lysine molecule contalns three amine groups through which three
galactoss derivatives may be altached and 3 carboxyl reactive proup theough which the di-
lysing may be attached to the ENAT polynuclestide. Attachment of the branch puint to the
RMAL polynucieotide may oogur through a linker or spacer. A preferred spacer 5 1 flexible
20 hydrophilic spacer. A preferved flaxible hvdrophilic spacer is a PEG spacer. A preferred PFEG
spacer is a PEGy spacer {three sthylene units}. The galaciose cluster may be attached to the ¥
or 3 end of the RNAI polynuciectide wsing methods known in the art. For EMAI
nolynucleniides having 2 strands, such as siENA, the galactose cluster may be attached to

bl

sither sirand.

-
k%3]

A preferred galactose dertvative is an Nescstyl-galactosamine {GalNAc) Other saccharides
having affinity for the asialoglycoprotein receptor may be selected from the list comprising:
galaciose, galactosamine, N-formyigalaciosamine, Ne-acetylgalactosamine, N-proplonyl-
galactosaming, N-n-butanoylgalactosamine, and N-iso-butanoylgalactos-amine. The affinities

30 of nunmerous galactose derivatives for the asialoglycoprotein receptor have been studied (see

23



WO 2012/083185 PCT/US2011/065525

for example: lobst, 3.7, and Dvickamer, K. A B.C 1998, 277, 6688) or are readily determined

using methods typical in the art.
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Cialactose cluster with PEG spacer between branch paint and nucleic acid

16 The term polyvnucleotide, or nuclele acid or polynuelele acid, ls a term of art that refers o a
polymer containing at least dwo nuclectides. Mucleotides are the monomeric wnits of
polynucheotide polymers. Polynueclestides with less than 120 monomeric unlis are offen

cafled oligonuclectides. Matural nucleic acids have a dsoxyribose- or ribose-phosphate
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backbone. A non-natural or synthetic polynuclsotide Is 2 polynuclestide that is polymerized
i ovitro or in a cell free systemn and containg the same or similar bases byt may contain 2
backbone of a type other than the natural ribose or deoxyribose-phosphate backbone.
Polynucleniides can be synthesized using any known technique in the arl. Polynucleatide
5 backbones known in the ant includer PNAs {peptide nucleic acids), phosphorothioates,
phosphorodiamidates, morphelines, and other variants of the phosphate backbone of native
mucleic acids., Bases include purines and pyriroidines, which futher include the natural
compounds adenine, thyming, guanine, cylosine, wracil, nosine, and natural snalogs.
Synthetic derivatives of purines and pyrimidines include, but are not Himited to, modifications
10 which place new reactive groups on the nuclestide such as, but not himdied fo, amines,
alechols, thiods, carboxylates, and alkythalides. The term base encompasses any of the known
base analogs of DNA and RNA. A polynucleotide may contain ribonucleotides,
deoxyribonucleotides, synthetic nucleotides, or any suitable combination. Polynucleotides
may be polymerized i virre, they may be recombinant, contaln chimeric seguences, oF
15 derivatives of these groups, A polynueleotide may include 5 terminal cap molety al the 57 -
end, the 3" -end, or both the 5 and 3" ends. The cap moiety gan be, but is not Hmited 1o, an
inverted deoxy abasic maoiety, an inverted deoxy thymiding meiety, a thymidine molsty, or 3

glyceryl mndification.

20 An BNA interfovence (BNAGL polymuclectide 5 a molecule capable of inducing BNA
interference through irderaction with the RNA  isferfersnce pathway machinery of
manunatian cells o degrade or inhibit translation of messenger RMNA {mRNA) transcripts of 8
transgene in a sequence specific manner. Twa primary KMAL polyruciestides are small {or

short) interfering RMNAs (siRNAs) and micre BNAs (miMAsg) ENAT polynucieotides may

[
LA

be selecied from the group comprising: sIENA, microRNA, doublestrand RNA {deBNA),
short hairpin RNA (shRNA), and expression casssties encoding RNA capable of inducing
RNA interference. siRNA comprises a double stranded structure typically contairdng 15-50
base pairs and preferably 21-25 base pairs and having a nucleotide sequence identical
{perfectly complementary or nearly identical {pardally complementary} o 2 soding sequense
30 in an expressed targst gene or RNA within the el An siRNA may have dinuclestide 3
gverhangs. An siRMNA may be composed of two annealed polynucieotides or a single
polvnucieotide that forms a hairpin structure, An siRMA molecule of the invention comprises
& sense region and an antisense region. In one embadiment, the siRNA of the conjugate is

assembled from two oligonucisotids fragmenis wherein one fragment comprises the
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nucleotide sequence of the antisense sivand of the siRNA molscule and a second fragmend
comprises pucleotide sequence of the sense region of the siRMNA molecule. In ancther
embodiment, the sense strand 18 connecied to the anlisense strand via a Hinker molecule, such

as & polynucleotide linker or a nonenuclestide Huker, MicroRNAs {miRNAs) are small

5 noncoding RMA gene producis abowt 22 nucleotides long that divect destruction or
translational repression of their mRNA torgets. I the complementarity between the miRNA

and the target mRNA i3 pertial, twanslation of the target mRNA is repressed. Y
complementarity is extensive, the target mRNA is cleaved. For miRNAs, the complex binds

1o target sites usually locsted in the 3 UTR of mRNAs that typically share only partial

10 bhomology with the miENA. A “seed reglon” — a stratch of about seven {7) conssoutive
nuclestides on the & end of the miRNA that forms perfect base pairing with #ts target — plays

g key role in miRNA specificity. Binding of the RIBOUmIRNA complex @ the mRNA can

tead to either the repression of protein translation or cleavage mnd degradation of the mRNA.
Recent data indicate that mBNA cleavage happens preferentially if theee is perfect homology

15 afong the whole length of the miRNA and s target instead of showing perfect base-pairing

enly in the seed region (Pillat ot ab. 20073

RNAI polynucleotide expression cassefies can be transcribed in the cell to produce small
hairpin RMAg that can function as <iRNA, separate sense and anti-cense strand linear
o siRNAs, or miRNA, BRNA polymerase HE transeribed DNNAS contaln promoters selecied from
the list comprising: LS promoters, H1 prometers, and tRNA promoters. RMNA polymerase I
promters include U1, U2, U4, and US promoters, snBNA promooters, microRNA promotars,

and mRNA promoters,

o
(941

Lists of known miBNA ssquences can be fund in databases mainiained by ressarch
organizations such as Wellcome Trust Sanger Instiiule, Penn Center for Bioinformatics,
Memorial Sloan Kettering Cancer Center, and BEuropean Molecule Biology Laboratory,
among others. Known effective siRNA sequences and cognate binding sites are alsn well

represenied i the relevant Hterature, RMAL molecules are readily designed and produced by

tad
<

technoldogies known in the art, In addition, thers are compuiational tools that increase the
change of finding effective and specific sequence molifs {Pel et al. 2006, Reynolds ot al.
2004, Khvorova et al. 2003, Schwarz ot al. 2003, Ui-Tel st al. 2004, Heale et 2, 2003, Chalk

et al, 2004, Amarzguioui et al. 2004}

e
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The polynuclestides of the invendion can be chemically modified. Non-limiting examples of
such chemical modifications include: phosphorothinate intemuclestide finkages, 2-Owmathyl
ribonucieptides, 2-deoxy-2-fluore ribonuclentides, 2'-deoxy ribonuclestides, "universal
base” nucleotides, 5-Comethyl nucleotides, and Inverted deoxyabasic residue incorporation.
These chemical modifications, when used in various polynuclentide consiructs, are shown
preserve polypucleotide activity in celle while at the same time increasing the serum stability
of thess compounds. Chemically modified siBNA can slse minimize the possibility of

activating interferon activity in humans.

In one embodiment, a chemically-mndified REAL polvnucieatide of the invention comprises
a duplex having two strands, ons or both of which can be chemicallv-modified, whersin each
strand s about 19 to about 29 muclestides. In one embodiment, an RNAL polynucleotide of
the invention conprises one or more modified noclestides while muintaining the abillty o
mediate RNAT inside a cell or reconstituted & virro system. An RNAT polynucleotide can be
modified whergin the chemical modification comprises one or mare {ag., about 1, 2, 3, 4, 5,
&, 7, 8, 9, 10, or more of the nuclectides. An RNAI polynuclectide of the invention can
pomprise modified nucleotides as a percentage of the total nmumber of nucleotides present in
the RMNAL polynucientide. As such, an EMAI polynuclectide of the invention can generally
comprise modified nuclestides fram about 5 to about 100%% of the nuelecotide pusitions {e.g.,
S5, 109, 15%, 20%, 25%, 30%, 35%, 40%%, 45%, 50%, 55%, &0%, 63%, 70%, V3%, 80%,
B3%, 90%5, 95% or 10096 of de nucleotide positions}). The actual percentage of modified
nucleotides present in a given RNAI pobypucleotide depends on the total number of
nuclentides present in the EMAI polymuclectide, IF the RNAI polynucieotide 5 singie
stranded, the percent modification can be based upon the total number of pucleotides present
in the single stranded RNAI polvnucleotide, Likewise, if the RWNAI polynucieotide s doubde
stranded, the pereent modification can be based vpon the total number of nuclectides prasent
in the sense sirand, antisense strand, or both the sense and anlisense strands. in addition, the
actial percentage of modified nucicotides present in 4 given RNAIL polynucleatide can also
depend on the tolal number of purine and pyrimidine nucleotides present In the RNAJ
polviucientide. For example, wherein all pyrimidine nucleotides andfor all purine nutleotides

present in the RNAT polynuciestide are modified,

An BMAG polynucisotide modulates exprassion of RNA encoded by a gene. Because multiple

genes can share some degree of sequence homotogy with sach other, an RNAT polynuclentide

pat
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can be designed 1o target a class of genes with sufficient sequence homology. Thus, an RNAI
polvnucleotide can contain a sequence that has complementarily 1o sequences that are shared
amongs!t different gene targets or are unigue for a specific gene target. Thereforg, the RNAI
polynuclestide can be designed to targst conserved regions of an RMNA sequence having
homology between several genes thereby targeting several genes in a gens family {e.g.,
different gens isoforms, splice variants, muofant genes, sic) In another embodiment, the
RMNAL polynucieotide can be deafgned 1o target a sequence that is undqus t© a specific RNA

sequence of a single gene.

The term complementarity refers o the ability of a polynuclestide to form hydrogen bond(s)
with anether pelynucieotide sequence by elther traditional Watson-Crick or other pon-
traditional fyvpes. In reference to the polynucleotide molecules of the present invention, the
binding free energy for 8 polynuclestide molecule with iis target {effector binding site) or
complementary sequence 13 sufficient to allow the relevant function of the polynuclentide 1o
proceed, .., enzymatic mRNA cleavage or trandation inhibition. Determination of binding
fres energies for nuclele acid molecules s well known in the art {Frier et al. 1986, Tumer et
al, 19871 A percent complementarity indicates the percentage of bases, in a contiguous
strand, in a first pelynuciectide molesule which can form hydregen bonds {eg, Watsone
Crick base pairing) with a second pobynuclentide sequence {eg., 5,6, 7, & %, 1D oot of 10
heing 30%, 50%, 70%, 80%, 0%, and 100%% complementary). Perfecily complementary
means that all the bases in a contipuous sivand of a polynucleotide sequence will hydrogen

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

By inhibit, down-regulate, or knockdown gene expression, it is meant that the expression of
the gens, as measured by the level of EMNA iranscribed from the gene or the level of
polvpeptide, prolein or prodein subunit ransiated from the RNA, is redused below that
ohsarved 1 the absence of the blocking polymucleotide-conjugates of the invention
Inhibition, downeregulation, or knockdown of gene expression, with a polymucleotide
delivered by the compositions of the Invention, is preferably below that level ebserved in the
presence of 2 contrel inactive nucleic acid, a nucleic acid with serambled sequence or with
mactivating mismatches, or in abssnce of conjugation of the polvnucleniide to the masked

palymer.

i
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I Fivo Administration
In pharmasology and toxicelogy, & route of administration is the path by which a drug, fluid,
poison, or other subatance i3 brought into contact with the body. In general, methods of
adminisiering drugs and nucleic acids for veatment of & mammal are wall 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 parenterally,
in a preparation appropristely taillored to that route. Thus, the compounds of the present
invention can be administered by injection, for example, nravenously, inframuscularly,
intracutaneously, subouwtancously, or intraperitoneally. Accordingly, the present vention
10 also provides pharmaceutics! compositions comprising 2 pharmacsutically acceptalde carrier

or excipient.

Parerteral routes of administration include intravasscelar (intravencus, intraarvierial},
intramuscular,  intrapavenchymal,  intradermal, subdermal, subcutanecus,  Iniratuinor,
15 intraperifoneal, infrathecal, subdural, epidural, and intralymphatic injections that use a
syringe and a neadle or catheter. Irdravascular herein means within a lubular structure called
a vessel that is connected to g Hssue or organ within the body. Within the cavity of the tubular
structure, & bodily fluid flows © or from the body part. Examples of bodily fluid include
blood, cersbrospingl fluid (OSF), lymphatic fluid, or bile. Examples of vessels include
3 arteries, arterioles, capillarics, venules, sinusoids, veins, lymphatics, bile ducts, and duets of
the salivary or other exocrine glands, The intravascular route includes delivery twough the
blood vessels such as an ariery or a vein. The blond circulatory system provides systemic

sproad of the pharmacentical.

25 The described compositions are inpected in pharmaceutically acceptable carrier solutions.
Pharmaceutically acceptable refers to those properties andfor substances which are accepiable
o the mammal from a pharmacologicalftoxionlogical point of view., The phrase
pharmacemtically aceeptable refers o melscular entities, compositions, and proparties that are
physiologically tolerable and do not typically produce an allsrgic or other undoward or Wi
3 resction when administered to g mammal Preferably, as used herein, the term
pharmaceutically acceptable means approved by a regulatry agency of the Federal or a state
government or Hsied in the U5, Pharmacopeia or other generally recognized pharmacopeia

for use in animals and more particularly in humans,
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The RMNAL polynuclectide-targeting miety conjugaie is co-adminisiersd with the delivery
peptide, By co-administered 3t s meant that the RNAIL polynuclestide and the delivery
peptide ave administered o the mamunal such that both are present in the marmmal st the same
time. The RNAG polynucieotide-targeting molsty conjugate and the delivery peptide may be
sdministerad shmultansously or they may be deliversd seguentially. For simultansous
adminisiration, they may bs mixed prior to administration. For sequential administration,
gither the RNAY polynuclentide-targeting moiety conjugate or the delivery peplide may be

administered first,

For RNAI polynuciestide-hydrophobic targeting motety conjugates, the RNAT conjugate may
be administerad up o 30 minues prior 1o admindstration of the delivery peptide. Also for
RMNAI polynuclentide-hydrophobic targeting molsty conjugates, the delivery peptide may be

administered up to two hours prior 1o adminisiration of the RNAIL conjugate.

For RNAT polynucleotide-galacioss cluster targeting moisty conjugales, the RMNAT conjugats
may be administered up 1o 15 minules prior tr administration of the delivery peptide. Also for
RNAT polynucieotide-galactose cluster targeting molety conjugates, the delivery peptide may

be administered up 1o 135 minustes prior to administration of the RNAI conjugate.

Therapeutis Effect
REMAL polynueclestides may be deliversd for research purposes or to produce a changs in 3
celt that is therapeutic, M vivo delivery of RNAI polvnuclectides is usefd for research
reagents and for @ variety of therapeutic, diagnostic, targel validation, genomic discovery,
genctic engineering, and pharmacogenomic applications. We have disclosed RMA
polvnucieotide delivery resulting in inhibition of endogenous gene expression in hepatocytes.
Levels of a reporter {muarkerd gene expression messured following delivery of a
polynucisotide indicate a reasonasble sxpectation of similar levels of gene expression
following delivery of sther polynucleotides. Levels of treatment considered beneficial by a
person having ordinary skill in the art differ from disease to disease. For sxample,
Hemophilia A and B are caused by deficiencies of the X-linked clotting factors VI and IX,
respectively. Thelr clinical courss Is greatly influenced by the percentage of normal serum
fevels of factor VI or 1N « 2%, severg; 2-5%, moderate; and 5-30% mild. Thus, an increase
from 1% 1o 2% of the normal tevel of circulating facior in severe patisnts can be considered

beneficial. Levels greater than 6% prevent spomtanecus bleeds but not those secondary ©

32
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surgery or injury, Sirmilarly, inhibition of 3 gene need not be 100% to provide a therapeutic
benefit. A person baving ordinary skill in the art of gene therapy would reasonably anticipate
benaficial lovels of sxpression of a gene specific for a disease based upon sufficient levels of
marker gens results. In the hemophilia sxample, i marker genes were expressed fo yield a
5 protein st g level comparable fn volume o 2% of the normal level of factor VIEL # can be
reascnably expected that the gene coding for factor VI would also be expressed af similar
tevels, Thus, reporter or marker genes serve ay usefl paradigms for expression of

intracetiular profeins in general,

0 The Hver is ons of the most important target tssues for gene therapy given its central role in
metabolism (e.g., lipoprotein metabolism in various hypercholesterolemiag) and the secretion
of circulating proteins {e.g., cholting faciors in hemophilia) In addition, acquired disorders
such as chronic hepatitls {e.g. hepatitis B virus infection) and cinthosis are covwnon and are
also podentially treated by polynucleotide-based liver theraples. 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 DLver. Such liver diseases and conditions may be
sedected from the Hst coamprising: Hver cancers {including hepatocelivlar carcinoma, HUC),
viral infections (including hepatitis), metabolic disorders, (including hyperlipidemia and

disbetes), fibrosis, and acute Hver injury,

24
The amount (dose) of delivery peptide and EMAl-polynuclestide-conjugate that s o be
administered can be determined empirically. We have shown affective knockdown of gene
expression using 0.1-10 mpfkg animal weight of sifMA-conjugate and 3-60 mgfkg animal
weight delivery peptide. A preferred amount in mice is §.25-2.5 mgkg siBNA-conjugate and
25 10-40 mg/kg delivery peptide, More preferably, abowt 12.5-20 mgfkg delivery peptide is

administersd. The amount of RNAT polynuciestide-vonjugate is easily increased because it is

vypically not toxic in larger doses,

As used hersln, 0 wive means that which takes place inside an organism and more
3G specifically to a process performed in or on the living tissue of & whols, living mudticellular

organism {animal}, such a5 2 mammal, as oppoasd to a partial or dead one,

Sag
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EXAMPLES
Example I Melittin yynihesis, Al mellitin peptides were made using peptide synthesis
technigues standard in the art. Seitable melittin peptides can be all L-form amine scids, sff -
form aming acids {lnverso). Independently of L or D form, the melittin peptide sequence can

be reversed {retrol.

Example 2. Melittin modification.

Amino fermingl Modification of Melittin Derivatives. Bolutions of CRLK-Melitin (20
mgfmi), TCERHC 287 mgmi, 100mM), snd MES-MNa E17mgial, 100md) were
prepared in dHLO. In a2 230 mi scindliation vial, CKLEMelittin {0.030 mmol, Smi} was
veacted with 1.7 molar equivalents TCEP-HCI (G.05Tmmel, £.51mi) and lefl o stiv & room
temperature for 30 min, MES-Na (2 mi} and Water {1.88 mi) were then added in amounis 1o
yield final concentrations of 10 mgfmi Mehttin and 20 mM MES.Na, The pH was checked
and adiusted to pH .57, A solution of NAG-PEG-Br (100 mp/miy was prepared in dH0.
NAG-PEG-Br (4.75 eq, 0.142 mmol, .01 mi) was added, and the solution was Jeft o stir at

rpom temperature for 48 h

Ahernatively, In a 20 mi scintillation vigl, Cys-Mehitin {0,006 mmel, Tmd) was reacted with
1.7 molar equivalents TCEP-HC (00610 mmeol, 100 plt and left to stir &t room lerperature
for 30 min. MES-Ma Q00 ul) and water {390 b were added in amounis to yield final
concentrations of 18 mg/mi Melittin and 20 mM MES-Na. The pH was checked and adiustad
10 pH 6.5-7. A sohgion of NAG-PEGe-Maleimide {100 myg/mi} was prepared in dH,0. NAG-
PEGs-Maleimide (2 eg, 0.012 mumed, 110 ul} was added, and the solution was left to stir al

room: lemperature for 48 k.

Samples were purified on a Luna 10 C18 1004 21.2x250mm column. Buffer A: HaD 01%
TFA and Buffer B: MeCN, 10% Isopropy! Aleohol, §,1% TFA, Flow rate of 15 ml/min, 35%

A 1o 62.5% B in 20man.

Other amine termunal modifioations wers made using shnilar means. Carboxy! terminal
modifications were made substituting melittin peptides having carboxy! terminal cysteines for

mediiting having aming ferming! cysteines.

PCT/US2011/065525
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Compounds used to modified Cys-Melittin or Melittin-Cys:
O

N
{ . > W,“‘\WAV,I Jj\/

&

4 o e

PEG malsimide

n is an integer from 1o 120 (PEG molscular weight up to about 5 ks)

3
. (::}a‘..":--.-.»-""is
OH TN
T T
HO™ \; TN
NAG-FEG malelmide
O
L O\. - { PN /Jr '\\,\4/ \\, T 8
Y
HO ““*f’ "N
O . /LQ\\Q
b3 M-MNAG-PED rome acetimide
Peptides having scetyl, dimethyl, stearoyl, myristoyl, and PEG amine or carboxy! terminal
modifications, but not terminal cvsteine residues, were generated on resin during peptide
svirthesis using methods typical in the an
P8

Example 3. Masking agenis synthesiz,
A pH labils masking agemis: Steric stobilizer COM-PEG and rargeting growp CIDM-NAG
iNegeaivl galaciosamingl syntheses. To a solution of CDM (300 myg, 0.16 mmol} in 36 ml,
methylene chioride was added oxalyl chloride {2 g, 10 wi eq.) and dimethylfonmamide (3
2 ub. The reaction was allowed to proceed overnight, after which the excess oxalyl chioride

arud methylene chioride were removed by rotary evaporation to vield the CDM acid ehlorule,

33
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The acid chioride was dissoived in | bl of methylene chioride. To this solution was added
1.1 molar equivalents polvethylene glvest monomethy! ether (MW average 5363 for TDM-
PEG or {anuincethoxy Jethoxy-2-{acetviaming}-2-deoxy-§-D-galaciopyranoside {Le. amino
bisethoniyl-ethyl NAG) for CDM-NAG, and pyridine (200 pl, 1.5 2g) in 10 mL of methylens
3 chioride. The solution was then stirred 1.5 h. The solvent was then removed and the rosulting
sobid was digsolved into § ml of water and purified using reverse-phase HPLC using 3

0.1% TFA water/acetonitrile gradient,

L4 0M

o

D\}f E};
§
i
Generic Disubstinnied Maleio Anhydride Masking Agent

R1 comprises a neutral ASGPr ligand. Preferably the Masking Agent in uncharged.

15
o
“’f‘ i~ k £ Q]
/‘):1“"~ e g )\S\R
{
4 i\\
J
&
COM-PEG

R is a methyl or ethyl, and n is an integer from 2 to 100, Preferably, the PEG contains from 3
to 20 sthylens units {n is an integer from 5 io 200 More preferably, PEG contains 10-14
20 sthylene uniis {n is an integer from 180 to 14). The PEG may be of variable length and bave a
mean length of 5-30 or 10-14 ethylene units. Alernatively, the PEG may be monodisperss,

uniform or discrete; having, for example, exactly 11 or 13 ethylene units,
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}\ "\) & #"\\f 9\/’\ B‘"“OH

COM-NAG

nis an integer from 1w 10 Ag shown above, a PEG spacer may be positioned between the

& anhydride group and the ASGPr ligand. A preferred PEG spacer containg 1+10 ethylens units,
Alternatively an alkyl spacer may be used betwesn the anbydride and the N-
Acetyigalaciosaming,

O
Q‘S‘ L
- O
/ ﬁ\’{/&/ﬂ\ WJ\
9\ -,,
/7/ e NHAe  OH
o

iy COM-MNAG (alky] spacer)
nis g integer fom $ o &,

Other spacers or linkers may be used bet between the arhydride and the N-Aceivi-
galactosamine. However, a hydrophilic, neutral (preferably uncharged) spacsr or Hinker is
£5 preferred}

B. Protegse {Pepridase) Cleavable Masking dgents. Melittin peptide can also be reversibly
modified using specialized enzyme clesvable linkers. These enzyms cleavable linkers employ
a dipeptide connected to an amidobenzy! activated carbonste meisty. Reaction of the
2% asetivated carbonate with a peptide amine conpects a targeting compound, such as
asialoglycoprotein receptor Higand, to the melittin peptide via a poptidase cleavable dipeptide-

amidobenzyl carbamate linkage. Enzyme cleavage of the dipeptide removes the targsting
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NMAG-PEGT-Phe-Cit-PABC-PNP

Dipeptides Glu-Gly, Al-Cit, Phe-Cit are shown ("Ci” 15 the amino acid citruiline), Other
5 amine acid combinations are permissibie, In addivion, 3-8 amino scids may be ussed as the
linker between the amide benzyl group and the rargeting ligand, Further, other astivated
carbonales known i the ant are readily substituted for the para-nitropheno! used in the above

compounds,

Wy Example 4. Reversible modificadion/marking of melitiin,
A Modificasion with maleic andwdride-based masking agenis. Prior w modification, 5% mg
of disubstituied maleic anhydride masking agent {e.g. COM-NAG) was lyvophilized from a
.1% aqueous solution of glacial acetic scid. To the dried disubsiitvted malels anhydride
masking agent was added a solation of ¥ mg melittin in 8.2 mL of lsotonic ghicose and 10
15 mg of HEPES free bage. Following complete dissolution of anhydride, the solution was
incubated for &t least 30 win &t RT prior to animal administration. Reaction of disubstituted
maleie snhydride masking agent with the peptide yistded:
G 9

B3 H
,,.ﬁ o, ,v’/\\v ./fh\

Ewi\i\i' \ft
e ‘\"

o
wherein R is melittin and BRI comprises a ASGPr ligand {e.g. WAGY The anhydride carboxyl

R
O

20 produced in the reaction betwsen the anhydride and the pelymer amine exhibits ~ 120" of the
expected charge {Rozema e al Bioconjogate Chemistry 20033 Therefore, the membrane
active polymer 5 effectively neoutralized rather than heing converted fo 2 highly negatively

charged polyanion.

<, 3
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B Modification with protecse clegvable masking agents, 1% mg of peptide and 10% mg
HEFPES base at 1-10 mg/mbl peptide was masked by addition of 2-6x mg of amine-reactive
penitrophenyl carbonate or MN-hydroxysuccininnde carbonate derivatives of the NAG-
containing protease cleavable substrate. The solution was then incubated at least | b st room

5 temperature {RT) before injection into snimals,

Fxample 5. gIRN4s. The siRMAs had the following sequences:
Factor VIE - roderg
sense {Choli-8' Gl AfaAfgGieG R loCHATRUERAN vedT) 3" (Seq 13 97
1 antisense: 3" pdTeGiaGRAURGRARGHRECRURGRdTSIT 3 (Beg 1D 98)

or
sense SGGALHCTAURCANCIAAGURCTUTURACH T AT 37 (Seq 1D 5%
antisense § GUIAAGACTUAHBAGAUIGAUICICHTdT 3 (Seq HD 100}

Factor ¥YH = primate
[ Sense {chol-3 uAGGRUHGRGHRARGHEARRCRCHRGInvdT) 3 (8xq 1D 101}
Anfisenss 5 pCisUfsAfpCloCleAfuUfcARRC Afod TodT 3 (Seq 10 102)

ApcB aiEMA;
sense {cholCeSS6 15 GEAAUCHAvABmGAUCcASA 3 {Seg 1D 103)
Antisenss 5 uuGGAUAAALABAAGABUTCesesU 37 {Seq 1D 1(4)

26 mluC

sense {chob) $tuAuCRlifaCfgCluaGaGiuafoUCligA R nvd T3 (Seg 12 105}
anlisenss SeUfeGRaARURCACHEGRGARGHTAT-3 (8eq 1D 108}

fower case = 2-0-CH5 substitution

A
L

3 = phosphorathioate linkage
{ after nucleotids = 2°-F substifution

d before nucleotide = 2'-denxy

RNA synthesis was performed on solid phase by conventional phosphoramidite chernisiry on
3 an AKTA Oligopilot 100 (GE Healthcare, Freiburg, Germany) and controlled pore ghass

{2P(G) as solid support.
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Bxample 6. siRNA<targeting molecule confugates.
A. Synthesis of GallAc cluster. A GalNAc cluster polynucleotide targeting ligand was

gynthesized as described in US Patent Publication 200182077989

g Chiral
{
(7
! O
{,15’\\,%?}*%“{/}“‘!@
© ; \W*\D"’“’\WD
~ ~Nome0
& © M
.
O S\ )
Ome”Q ﬁ
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o
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3

NH
YO A
o) ]

S 8 GalNdc cluster-siRNA comjugates. The GalNAc cluster of Example 64 above was
conjugated o siIBNA as shown in FIG. 2 and as deseribed below.

{1 Compownd ¥ {150 myg, 0.082 mmeol, FIG. 2) was dissolved in dry methanol (3.5 mi) and

42 ul. sodium methylate were added (25% soiution in MeOH). The mixture was stirred under

an argon atmosphere for 2 h al RT. An equal amount of methane! was added as well as

13 portions of an anionic exchange malerial Amberlite IR-120 10 generate 3 pH ~7.0. The

Amberhite was remuved by filtration, The solution was dried with NaSOs, and the solvent

was removed under reduced pressure. Compound 2 was obiained in quantitative yield a5 a
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white foam, TLC (810, dichloromethane (DOCMYMeOH 5:1 + 0.1% CHLCOOHY: Re2 =
(.03; for detection s solution of sulfuric scid (3%) in MeQH was used followed by heating.

ESI-MS, divect injsction, negative mode; IM~HT sicaaets 14527 [M=H1" resuree: 1452.5,

{2} Compownd 3 (30 mg, 0.014 mmeol, FIG 2} was co-evaporated with pyridineg and
dichloromethane, The residue was dissolved i dry DMF (0.¢ mi) snd a sohution of
N-Hydroxysuccinimide (NHE) in DMF (1.6 mg, {.014 mmol} was added while stirring under
an argon atmosphere, At 0°C a solution of NN -Dievelohexyicarbodiimide {(DCT) in DMF
{3.2 mg, 0.016 mmol) was slowly added. The reaction was allowed 1o warm 10 RT and stirved

overnight. Compound 3 was used without further purification for conjugation to RNA,

{3) Byntheris of anino-modified RNA. RNA squipped with a C-6-amino linker at the 5-end of
the sense strand was produced by standand phosphoramidite chemistey on sofid phase at a
scale of 1215 umol using an AKTA Oligopilot 100 (GE Healtheare, Freiburg, Germany) and
gontrolied pore plass as solid supprrt. RNA comtaining 2-Oemethyl nuclestides were
generated eraploying the corresponding phosphoramidites, 2-C-methyl phosphoramidites
and TFA-hexylaminolinker amidite. Cleavage and deprotection ss well as purification was

achisved by methods known in the field (Wingott F., e of, NAR 1995, 23,14, 2677-84%

The amino-modified RNA was characterized by anion exchange HPLC {purity: 96.1%%) and
identity was confirmed Iy ESIMS {ENHH}“ caieutnreds 69374, MM “mgagmd: £335.6.
Sequence: 5-INHCOOGAAUCAnAnwGAUCeAsA-3 ;) uo 27-C-methyl nucleotides of

corrssponding basss, @ phosphorothinate,

{4} Confugation of GalNde Cluster to RNA RNA (2,54 pmol) equipped with a C-6 aming
{inker af the S-end was Ivophilized and dissolved in 250 b, sodium borate buffer (001 sl
sodium borate, pH 8.5, 0.1 mol/L KCD and 11 mbl DMSD. After addition of 8 ul
N N-Diisopropyletiviamine {DIPFEA), & solution of compound 3 (theoratically 8.014 mmol,
FIG. 2) in DMF was slowly added under continuous stirring to the RMNA aclution. The
reaclion mixivre was agitated at 35°C overnight. The reaction was monitored using RP-
HPLEC (Resource RPC 3 ml, buffer A 100 mM Tricthylammonivm scostate (TEAA, 20 M,
pH T.0) in water, B: 100 mM TEAA in 95% acetonitrile, gradient: 3% B 0 22% B in 20 CV).
After precipitation of EMA using sodium acetate {3 M) in EtOH at —20°C, the BNA

conjugate was purified using the conditions described above, The pure fraciions were posled,

42
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and the desived conjugate compound 4 was precipitated gsing sodium asetatieE10H o give
the pure BNA comjugate. Conjugate 4 has been 1solated in 59 % yield {1.50 pymol). The purity
of conpugate 4 was analyzed by anion exchange HPLOC {purity: 855 %4) and identity wag

confirmed by ESEMS ([MHHT" Gionues: B374.4; MHHT et 83760,

{3} Conjugnie 4 (sense stvand) was anpealed with an 2-0O-methyl-modified antivense strond,
The stRNA conjugate was generated by mixing an squmodar sohution of complemeniary
strands in annealing butfer (20 mM sodium phosphate, pH 6.%; 100 mM sodium chioride),

heated in a water bath st 85-90°C for 3 min, and cooled oy RT over a period of 3-4 h, Duplex

13 formation was confirmsd by native gel electrophoresis.

O Hydraphobic group-siRNA conjugates.

{3} SIRNA conjugation io ol groups. A F-CHO-NHS ester modified sense strand of sifNA

{MHSCI0-aiRNA, or COCSIRNAY was prepared employing 5-Carboxy-Medifier C10
15 amidite from Glen Research {Virginda, USAY The activated RNA, still altached o the solid

support was used for conjugation with Hpophilic amines listed in Table | below. 100 mg of

the sense strand CPG {loading 60 pmolg, 8.6 umol RNAY were mixed with (.28 mumad of the

corresponding amine obtained from, Sigma Aldrich Chernie GmbR {Tautkirchen, Germany}

or Fluka Sigma-Aldrich, Buchs, Switzerland).

24
Table 1. Lipophilic amines used in forming hydrophobic group-siRNA conjugatss
My {Lipophilic Amine mg | mmol [solverd
2 iN-Hexylamine 25 425 11 ml CHLCL
3 iDodecylamine 54 $.25 10,55 mL CHaOM, 045 mb CHCh
4 {Octadecylamine &7 $.25 11 ml CHCl
3 |Didesviamine T4 25 1 ml CH.CL
& iDidodecylamine 83 0,28 11 mb CHCh
7 iDipetadesyiamine &7 .12 {45 mb CHLChy, .45 miL Cyeichexan
The mixture was shaken for 18 b at 40°C. The RNA was clesved from the solid support and
deprotected with an aqueocus ammeniurn hydroxide solution (MH;, 33 96 at 45°C overnight,
The 2-protecting group was removed with TEASHF at 65°C fwr 3.5 h. The crude
25 oligoribonuciestides were purified by RP-HPLC (Resource BPC 3 mil, buffer: Ar 100 mM

e,
T
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TEAA in water, B 100 mM TEAA in 95% CH.UN, gradient: 3% B o 70% B in 15 OV,

except for Nr 7 gradient from 3% B o 100 B in 1S CVL

To generate siBNA from RMNA single strand, equimelar anmounis of complementary sense and
3 antisense sirands were mixed in annealing buffer (20 mM sodiure phosphate, pH 6.8; 1D
mM sodivm chloride), heated at 80°C for 3 min, and cooled 1o BT over g peried of 3-4 b, The
siRNA, which are directed against factor VI mRNA were charsoterized by gel

slectrophoresis.

Wy (2} SIRNA conjugation fo cholesterol — siRMA-cholesters! conjugates were synthesized using
methods standard in the art. Cholestersl can be attached to the 3" or 3 termint of the sense or
antisense strand of the siRNA. A preferred attachment is to the 5 end of the sense strand of
the siRNA. sIRMA-Cholesters! can also be made post siRNA synthesis using RNA strands

cordaining a reactive group {&.g. thiol, amine, or carboxy!} using methods standard in the art,

I Vive siBNA Deltvery
Example 7. ddminisivevion of ENA polymsclectides in vive, and delivery i0 hepatocyies.
EMAI polvnucieotide conjugates and masked melittin peptides were synthesized as described
above, 3ix W oight week old mice {strain CS7BL/S or ICR, ~18-20 g zach} were obtained
20 frow Harlan Sprague Dawley {Indianapolis IN} Mice were housed at least 2 days prior o
injection. Feeding was performed ad Hbisn with Harlan Tellad Rodent DHet (Harlan,
Madison Wi Mice wers injected with 0.2 ml sohation of delivery peptide snd 0.2 mL
siRMA conjugstes into the tail vein, For simullansous injection of delivery peptide and
SIRNA, the siRNA-conjugate was added o madified peptide prior to injection and the entive
2% amount was injestad. The composition was soluble and nonsggregating in physiological
conditions, Solutions were injected by infusion inte the 18 vein. Injection into other vessels,

8.g. retro-orbital injection, ave prediciad o be equally effective,

Wistar Han rats, 173-200g wers oltained from Charles River {Wilmington, MA). Rats were

3 housed at least 1 week prior to injection. bjection volume for rats was typically T ml

Serum ApoB levels decerminarion. Mice were fasied for 4 h {16 h for rats) before serum
eotlection by submandibolar bleeding. For rats blood was eollected from the jugular vein.

Serum ApeB protein levels were determined by standard sandwich ELISA methods. Briefly,
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a polyclonal goat anti-mouse ApoB antibody and a rabbit anti-mouse ApoB antibody
{Bivdesign International} were used ss capture and detsetion antibodies respectively. An
HREP-conhugated goat anti-rabbit IgG antibody (Sigma) was applied afterwards to bind the
ApoBiantibody complex. Absorbance of tetramethyl-beneidine {TMB, Sigma) eolorimetric
§  developmend was then measured by a Tecan Safire? {Ausinia, Europs) microplate reader at

430 nm.

Fiasma Factor VIE (F7) aceivity measurements. Plasma samples from animals were prepared
by collecting blood (9 volumes) (by submandibular bleeding for mice or from jugulsr vein for
i0 0 rais) inlo microcentrifuge tubes coniaining 0.10% moll sodium citrate anticeagulant
volume} following standard procedures. F7 oactivity in plasma is measured with a
chromogenic method using a BIOPHEN VI kit (Hyphen BioMed/Aniara, Mason, OH)
following manufactures’s recommendations. Absorbance of colorimetric development was

measured using a Tecan Safired micropiate reader at 405 nm.

Example 8 In vivo bockdown of endogenous ApoB levels joliowing delivery of ApoB siRNA
with melivtin delivery pepiide - Does response of melittin peptide. Meilitlly was reversibly
modified with COM-NAG as described above. The indicated amount of melittin was then co-
injected with the 200 pg ApoB siRNA-cholgsierol conjugate. Effect on ApoB levels were

23 determined as desoribed above,

Tabie 2. inhibition of ApeB actvity in normal liver cells in mice treated with
ApoB-siRNA-cholesteral  conjugate  and CDM-NAG  wvs, CDM-FEG

reversibly inhibited Melittin peptide.

e e e ug ug %%
Peptide Name Modification siR’fz A pept? de knockdown®
§x COM-PEG 200 8O b
REE 110 25
Apis florea (Seq ID D 260 200 31
L form $¢ CDM-NAG 260 400 78
200 &G0 &7
200 {260 o4
25 * Knockdown relative to isotonie ghueose injected animals
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Example & I vive knockdown of endagenows Factor VIT levels following delivery of Apof
SIRNA wirh mefinin delivery peptide in rats. The indicated melitin was reversibly modified
with 5 CDM-NAG sz described above. The indicated amount of melittin, in mg per kg
animal weight, was then co-injected with the 3 mg/'kg cholesterols Faclor VI siRNA, Effect

on Facior VH lavelds were determined as described above.

Yable 3. Inhibition of Pactor VI activity in normal Hver cells in rats treated with

Factor VH-siENA-cholsstero!l conjugate and CDM-NAG reversibly  imbubited

mehittin,

T o B Factor VH
Seg 1D Peptide peptide” | knockdown®

i 30

.. . L - 3 83

H GIGATLEVLATGLPTLISWIKMNKRES 10 9%

) a5

o o H a3

ii YIGAILKVLATGLPTLISWIKNERKDG " 57

3 i

* g peptide per kilogram animal weight

¥ Knockdown relative to isetonic glucose injected animals

Example 10, In vive knockdown of endogenous ApoB levels following delivery of ApoB siRN4
with melinin delivery peptide in mice, L-form ve, Defors melitting Melittin was reversibly
rnodified with CDM-NAG as desoribed above. The indicated amount of melitiin was then co-
imjecied with 58 uy ApeB siRNA-cholesters! comjugate. Effect on ApoB levels were

determined as described above.

6
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Tabie 4, Inhibitlon of ApoB acuvity In normal lver celly in mice reated with
Apsﬁ%»»siii‘a\fs% cholesterol conjugate and the indicated CDM-NAG reversibly

nhibited melittin peptide.

BE e e

Peptide Name Madification GRNA pepride  knoskdown

50 25 s

S0 S0 Fit

Lewdelitin BeqiB T} o nopiag 50 100 50

L form

S0 200 %

50 400 a0

56 23 3

eu-Melitin (3eq 07 o a0 5 40

D form

A

Example 11 Invivo dnockdown of endogencus Apol fevels following delivery of dpof si8N4

L

with mefitin delivery peptide in mice, novmal ve, reversed (retro) seguence, Melittin was

reversibly maodified with CDM-NAG (3%} ag deseribed above. The indicaled amount of

melitin was then oo-ijested with the indicated amount of ApoB siRNA-cholestercl

0 conjugate, Effect on ApoB levels were determined as desoribed above,

Table 5. Inhibition of ApoB activity in normal Hiver cells in mice treated with ApoB-siRNA

cholesters! conjugate and the indicated COM-NAG reversibly inhibited Melitiin peptide.

T . . . . vereent
Seg 1D mndification Peptide siRNA kiﬁ? ;\wn
RO DANRS 2
] . 200 g S0
£ GIGAILKVLATGLPTLISWIKNERRQ e
480 ug R4

gy REEDIVEISGT o r oS AALGTTLVKLVAGICNE, 30 mafke 39
Methoxy e &G

) ) ‘ 400 ug 83
93 refroinverss QURKRKIWSILAPLOTTLVELYAGIC-NH,
W mgtkg 84

85 retrofrverss QOREREKIWSILAALGTTLVKLVAGICNM, 20 mglkg 21

93 retroinverse QUREKKIWSILAPLGTTLVELVAGIC-NH: 20 mg'kg it
96 TRIPOIVETSe GREENKIWSILTPLOTALVRLIAGIGNH: 20 mgikg 0

— patrainverso = normal melittin amine acid sequence s reversed and all amine acids are

(%1

De-form aming acids {Gycine {G) is achiral)

g
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Example 12, In vive knockdown of endogenous ApoB levels following delivery of Apol sIRNA
with mefitiin delivery peptide In mice, melittin modifivation fevel Malittin was reversibly
modified with the indicated amount of CIIM-NAG as deacribed above, 30 ug melittin was
then co~injected with the 100 pg ApoB siRNA-cholesterol conjugate. Effect on ApoB levels

5 were determined as deseribed above.

Percent melitiin amine modification was determined by TNBS Assay for free amines on the
peptide. 20 ug peptide was pipetted into 96 well clear plate (NUNC 98} containing 190 pL
Smb BORANX buffer (pH 9) and 16 pg TNBS. Sample were allowed to react with THBS
o for 15 minutes at BT and then the Auy is measured on a Safive plate reader. Caloulate the %
amines modified a5 follows! (Acomrot— Asamgs F{ Sconnal ~ Apteni) X 100, Modification of more

than 80% of amings provided optimal meliitin masking and activity.

Table 6. Inhibition of ApoB aciivity in normal Hver cells in mice treated with ApoB-siRNA

15 cholesterol conjugate and Melittin reversibly modified st the indicated levels with UDM-

NAG,
o v o ug ug %% amines %
Fepride Name Madification  ania peptide  modified®  knockdown
N I« COM-NAG 100 30 68 74
LowMelitn 8o 10T pccomnac 100 50 88 83
) Sx CDM-NAG 1D 50 a5 82

® determined by TMES assay

Example I3 in vive knockdows of endogenous Apo8 levels following delivery of ApoB sIRNA
20 with melitin delivery peptide in mice, melittin peptide derivatives. Mellttin peptides having
the indicated sequence were reversibly modified with COM-NAG (8%} as describad above,
The indicated amount of melittin was then co-injected with the indicated amount of ApoBl

siRNA-cholestero! conjugate. Effect on ApoB levels were determined as degeribed above.
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Table 7. Inhibition of ApoB activity In normal liver cells in mice treated with Apol-

siHMA cholesterol conjugate and the Indivated CDMONAG reversibly inhibiled Melittin

pepiide,

Peptide Name ;3(—:5%%@ ® si?éﬁi&b hniiiﬂgg‘tm
CBZ-Mel {Seq 1D 1) HAE 80 95
Mel-NH; (Beq 1D 1) 30 10 86

Acetyl-dMel-NH; {Seq 1D 1} HEE 100 8¢
GiA {Seq 2} 160 160 28

GIC (Seq 1D D 100 163 37

GHF dMel (Seq 1D 4} 14 5 4
i {Seq 1 8} 4630 100 78

G1df (D form e at 1% position, Seq 1D §) 54 FOG 34
GIL d-Mel (Seq 1D T 50 HEY 21
GUL @111 0H12-26) (Seq 1D 7} HIO H0 70
GiNle (Seq 1D &) I HES 46

GIV (Beq D W {30 FO{ @1

G1W (Seg 1D 1) 204 D 85

G1Y dMel {Seq 10 11} HO S0 g3
GIY-bMel-NH, (Seq [ 11 200 248 o4
G2 (Seq 1D 13) 80 160 38
GI12W (Seqg 1D 14) &0 160 5
N22T Mel-NH; (8eq 1D 15 S0 Y 34
GLY, K7W {Seg D 183 86 HUE R
GIY, K78 (Seg IDIT 4G40 136 &3
GIL, K78 Beg ID 1B} 1 100 8%
GIL, KTR (Seg ID 19y 100 100 Gz
GIL, K7H (Beq 1D 2H) 100 14 o7
GHL, THC dMel Seq ID 2D 140 30 81
G1IL, G125 {Seq i 22} 400 100 !
3L, TS dMel (Seq 1D 24 100 100 935
GIL, S18C (Seq [D2 25} 130 Hi0 23
GiL, K21A {Saq 13 28} 10 O a5
GIY, KE3A (8eq 1D 28) 100 100 z
G1L, RZ4A (Seg 1D 30 (GO HOE 87
GIY, K254 Beq I 31 E HAD TE
G1Y, Q280 (Beq 1D 32} REN (00 83
GIY K74, K2TA (Seq 12 35 100 L 14

49
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G, THC, SI8C dbet (Seq 3 38) 100 HEEY 88
THIG, TISG, S18G {Seg IR 39) 54 10 32
THA, TISA, 5184 {Seq D 4 50 106 38
GIL, 120, 180 TE7L, 1200 (Seq 1 43 400 106 26
G, [2NEe, I5Nle, TITNIe, [20Nle (Seq 1D 44} 10 100 a%
GIL, 12V, I8V, 117V, 130V (Seg D 45) T 130 24
; ~dMiet D, IS THIE BTLL I &
dimethyl-dbiel ihg-ggi;?{é L};;, 171, I20L dMsl (00 003 27
; » ~ 5 SETS e, 20N
dimethyl-dMel Eﬁiéz} f%ﬁf:éeig ,i:;:'{; [17Nie, I20NIe L0 {00 73
Apis Mellifers {(Big Honey Bes; Seq 1D 58) 400 e T3
Cepel GIL (3eq 1D 51 L0 160 89
Codpdel GINle {Seq 1 52) 100 R A4
Dimethyl G-bel GIL (829 1D 53} 100 106 21
PEGOKKLK-dMst G1Y {Seg 1D 563 304 100 72
CRLE-Mel GIL {Seq 153 57} 156 100 Gf
myristoy FCKLE-Mel GIL (Seq ID 37) 8¢ 104G G5
CRLK-dhst Gidile (Seqg 1D 58) 200 106 84
AcetyFCK LR -dMel GiNle (Seq 1D 58} 10 3060 o7
PEG24-GKLE-Mel G1L (Seq 13 59 3 100 &S
Mel-Uys {(Seq D 63 400 HG 23
GHL Mel-Cys (Beg 1D 63} 400 H §2
GiL dMel-C {Seq I3 63) 3G REY 23
G INle Mel-C (Seq 1D 64} 400 Rt 3
GIL Mel-KLEC (32q D2 65 160 ZEY &7
GEY Mel-PLGIAGQC (Soq 1D 86} 166 HG0 79
GIL, MelKKKKK {Seq 1B 6T 4400 100 i
31Y dhdel-FRGE (Seg 12 88) 480 Hue a5
CFR-GTL dddel-C (Seq 1D 69) 100 104 74
GIL Mael {120 Beq ID T 440 10 69
GEHL, LSV, ATOT, TISA Mel {1-23) Seg 1D 72} 404 100 &9
~ , oo gmn IR
GIL, LSV, ATOT, {{Esaﬁ::,igﬁ;}s, K23E dMel {1-23} 490 140 5
G1L retroMel-KLK-Btearoyl (Seq 1D 75} A 100 50
(1L retroMel-Stearovl {Seq 1D 74) 400 104 56
GHL retro~dMel-KLK-PEG{3K} {Seg 13 75} 1O e 32
QORKEKIWSILAPLGTTLYVELYVAGIC.
P = diaisay) phosphaidyt 0 s
sthanolamine}
Ac-CIGAVLEVLTTSLPALISWIKRRROO-NH 4650 200 83

50
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{Seq 1D 90}
(Ac-CIGAYLKVLTTGLPALISWIKRKROGO-NH b,
(Seq 1T 90)
*ug peptide per mouse

A48 200 4

LA

®ug siRNA ey mouse

diviel = Melittin peptide having D-form amino acids

Example 14, In vivo dnockdown of endogencus ApoB levels following delivery of Apo8 siRNA

5

with melitiin defivery peptide in mice, enzymatically cleavable masking agents. Melinin was
reversibly modified with the indicated amount of snzymatically cleavable masking agents as
described above. 200-300 pg masked melittin was then co-injected with the 50-100 ug ApoB
siBNA-cholesterol conjugate. Effect on ApoB levels were determined as described above,
10 Peptidase cleavable dipeptide-smidobenzyl carbamate modified melittin was an effectve
SiIRNA delivery peptide. The use of Defrom melittin petide is preferred in combination with
the enrvmatically clesvable masking agents. While more peptide was required for the same
level of target gens knockdown, becauss the peptide masking was more stable, the
therapeutie index was sither not aliered or improved {compared to masking of the sams

15 peptide with COM-NAG),

Tabde 8. Inhibition of Factor VH activity in normal Bver cells in mice treated with

Factor VH-siRMA cholesterol conjugate and GiL-Melittin (I formy (Seq D 7

reversibly inhibited with the indicated enzymatically cleavable masking agent.
NAG-Hnkage HE "y pereent
Peptide amount’ type peptide  siRMWA - knockdown
Sx CIM-NAG 0 169 o7
Gx NaAG-Alali 20 S G6
Sx MNAG-GluGly 200 50 G6
3% NAG-PEG:-PheCit 208 50 94

G d-Mel

(Seq 1D 7) §x NAG-PEG-PheCit 200 50 85
; ’ Sx COM-NAG 300 30 28
ax NAG-GluGly 300 50 35
4x NAG-GuGly 300 ME 83
§x NAG-GluGly 308 3¢ 52
G * Amount of masking agent per Melittin amine used in the masking reaction.

Example 13 In vive knockdown of endogenous Apol levels following delivery of Apod siRNA

with melistin delivery peptide in mive, amineg modified melitiin pepiides. Melittin peptides
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containing the indicated PEG amine terminal modifications were synthesized a3 desoribed
above. The PEG aming ternminal modifisd melittin peptides were then reversibly modified
with 53x CDM-NAG as deseribed above, The indicated amount of Melittin was then co-
tiected with the 10200 pg ApoB siRNA-cholesterol m:snjuga.tﬂ Effect on ApoB levels
§  were determined as described ghove., Additon of PEG lesg ¢ 3 kB in size decreased
toxicity of the melittin peptides, Amino lerminal modiffeation with PEG greater than 5 kg

resuited In desreased efficacy {data not shown)

Table 9. Inhibitden of ApsB activity in normal Hver cells in mice wreated with ApoB-siBNA

Hr cholesierol conjugate and the Indicated COM-NAG reversibly inhibited Melittin peptide.

NAG ug ug pereent
; > A A L
Feptide amount PR peptide  siRMA  keockdown
25 166 4
GIL (Seg 1D T 5x 58 180 72
100 Ay 04
. 150 130 51
X
i 400 100 @7
. . 235 {60 ig
5x NACW PR
Sx NAG{PEG) s 150 -
CRLE-Mel GIL 25 REE 58
{(Seq I 5T 5x NAG-PEGH 50 130 &1
130 100 24
25 10¢ 58
Gx NAG-{PEGHR 50 EEE 89
100 () 86
C e . 100 200 Q3
Acety-OKLK-dMel GiNie ,, . o |
(Seq 1D 58) §x 200 130 G
SRq OB PEG (11} 150 100 93
CRLR-Mei ax PEG IR Rl 104 w3
CRFR-Mel Sx PEG (1) O 140 g1
CRLK-Mel GIL {(Seq I §7) 3« PEG {3k} 1O HES 90
Example 16, Qiber melitsin derivarive seguences knows 1o have membrane soiivity.
Table 10, Melittin paptides having membrane activity.
Seq i Sequence Peptide Name
O © D BT B e ISV, AROT, TISA, MEZR,
i ST N 1 AR LT ! v * * ; *
S GIGAVLEVLTTGLPALISWISRKKROQO R24K. KI5R Mele0d
o fr T T §E ST L £ L EL g ISH, ATOT, TISR, L1844,
77 CGIGARLKVLTTOLAR ISWIKRKROQOQ : 2R, K250
A0S, A, NIZR, K25Q,
7% GIGAILKVLSTOLPALISWIKRKROE ALOS, T13 g 2? R, K234,

(¥
[
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79 GIGAVEEVLTTGLPALIGWIKRKRQQ Y ”élié'j Ri}éib}f 1S,
3¢ GIGAVLEKVLATGLPALISWIKRKROO ISV, TISA, N22R, K250
$1 GIGAVLEVLSTOLPALISWIKRKRQD BY, ’“‘“K;g‘“m
83 GIGAILRVLATOLPTLIS WIENKRKD K75

53 GIGAILK VLATOLPTLIS WIKRKRKQ N2IR

R4 GIGAILKVLATOLPTLISWIKEKEGO NI, R24K, K250
85 OIGAILKVLATOLPTLIS WINKRIQUGRKKKE Mel-GSEEKK

R& KKGIGAILKVLATGLPTLISWIKNKRKD Y

87 GHGAILEVLATGLPTLISWIKNKREG K7E Mel

85 GIGAVLEVLTTGLPALISWIKRER ISV, TISA, N22R, 25284
&S GIGAVLEVLTTGLPALISWIKR 15V, T19A, N2IR, 23-264
a4 OKREKMKIWSILTPLOTALVELIAGI N, (328K reverse Mel

Exconple 17, Factor VI kaockdown in Primave following Facror VI siRNA delivery by
melistin defivery pepside. NMAG-PEG2-GIL melittin was masked by reaction with 107 CDM-
NAG as deseribed above. GIL meliitin was masked by reaction with 5 CDIM-NAG as
described above. On day 1, | mgfg masked NAG-PEGI-GIL melittin, | mgfky masked GIL
meltittin, or 3 mgfky masked GIL melitin were co-injected with 2 mgdkyg ched-Factor VT
SiBNA fio Cynomolgus macaque {Macaca fascicularis) primates (male, 3.0 o 80 kg 2

midkg was injected into the saphenous veln using a 22 to 2§ gauge intravenous catheter, As a

F
A

contral, another set of primates were co-injected with 10 mp/kg GIL melittin and 2 mg/kg of
a control SiRNA, chol-Luciferasy sSIRNA. At the indicated time points {indicated in FIG. 3-8}
blood samples were drawn and analyzed for Factor VI and toxicity markers. Blood was
gollecied from the fomoral vein and primates are fasted overnight before alf blood coliections.
Blood testa for blond urea nitrogen (BUN), alanine transaminase {ALT), aspartate
aminotransferase (AST), and creatinine were performed on 8 Cobas Integra 400 (Roche
CHagnostiss) according to the manufacturer’s recommendations, Factor VI levels were
determined as described shove. Significant knockdowsn of Factor Wi was observed at less
than | mg/ke peptide dose. No significant toxicity was observed at a dose of 10 mgikg

peptide. Thus, the masked melittin peptides have a therapeutic index of 518,

Fxample 18, Apef bnockdown in Primate following dpol siBNA defivery by melittin delivery

sepiide. G1L melittin was masked by reaction with 5x COM-NAG as deseribed above. On

N

day 1, 2 megfkg masked G1L mebittin was co-injectad with 2 mgfky chol-ApoB siRNA inte

o

L
ted
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Cynomolgus macaque (Macaca fascionlaris) primates, AT the indicated time polnts (Table
113, blood samples were drawn and analyzed for ApoB protein levels and toxdciny markers,
Blood tests for blood wrea nitrogen (BUN), alanine transaminzse (ALT), aspartate
aminotransferase (AST), and crealinine were performed on a Cobas Integra 400 (Roche
S dagnosiics) sccording o the manufreturer’s recommendations. ApoeB levels  wers
determined as described above, Mo increases in BUN, Creatinine, or AST wars observed.
Only a transient, minor elevation in AST was observed on day 2 {1 day afler injection)

Kanckdown of ApoB reached nearly 100% at day 1 and remained low for 31 days.

it Table 11 Inhibition of ApoB activity In novmal Bver cells in primate treated with ApoB-

siRNA cholesterol conjugate and CDM-NAG masked GIL melittin,

day 4 1 2 4 8 SRR I 25 1 3
BUN (mgidly | 21 N T Y A - T T
et Ty i e . S
LISAURINE g8 09 08 07 08 8% 4G9 0% 08 9
{muefdh
AST (U 35 27 TE 3% 3T 97 3 3% 3 50
ALT (U 34 33 58 4% 30 48 46 41 39 A4
apolt {me/diy | 1072 1234 188 23 4 6 3¢ 43 76 184

e
B
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{Zlairos:
L A conjugste delivery system composttion for delivering an RNA interference
polynucieatide 1o 3 liver cell i vive comprising:

ENARA + Melittin~{L~Gal)
whersin,

Blelittin iv & melittin peptide

L is physiclogically lahile Hinkags,

{ral is an Asialoglycoprotein Recsptor (ASGPr) ligand,

¥ is an integer having a value greater than 30% of primary smines of Melittin,

KNAL iz an RNA interforence polynuclentide, and

& is elther a hydrophobic group having at feast 20 carbon atoms or a galactose cluster,
The composition of claim 1 whersin the RNA interference polynucientide s selected

from the groups eonsisting of: DNA, RNA&, dsRNA, siBRNA, and microRNA.

ke

The composition of claim 1 wherein the liver cell consists of a hepatooyte.
4, The composition of claim 1 wherein the ARSGPy ligands are reversibly linked w0 af least

0% of the amines on a plerality of meliitin peptides,

el

The composition of claim 1 wherein the Melittin pptide is selected from the list

cansisting of! Seq. 1D 1, Seq. 1D 7, Seq. 1D 11, Seqg. 13 51, Seq. 1D 57, Seq. 1D 38, Beq.

1D 92, and Seq. 1D 96

6. The compasition of claim | whersin the Melittin peptide consists of O-form amino acids.

7. The composition of claim | wherein L is a disubstituted maleamate.

8. The composition of claim 1 wherein L is a amidobanzy! carbamate.

8, The composition of claim 7 further comprising a polyethyvlenegiven! (PEG) covalently
finked to the aming terminus of the melittin peptide,

{0, The composition of ¢laim 7 further comprising an ASGPr ligand-PEG conjugate
eovalently linked 1o the amine termious of the melittin peptide.

11, The composition of claim § further comoprising 3 polyethyleneglveol (PEG) covalently
linked to the amine terminus of the melittin peptide,

12, The compasition of slaim § further comprising an ASGPr igand-PEG conjugate

sovalently Hnked to the amino terminus of the meliltin peptide.

Y
sk

. The composition of elaim | wherein the ASGPr figand s selected from the group
consisting of laciose, galactnse, MN-scetylgalactosamine (GalNAc), galactosaming, M-
formylgalactosaming, Meacetyl-galactosamine, M-propionylgalactosamine, Mon-

butanoyigalactosaming, and N-iso-butanoyl-galactosamine.
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14, The cmposition of 1 whersin BRNAG s linked 10 A via 3 phyziologically labile linkage

L

15. The cumpasition of 14 wherein L7 is orthogonat 1o L,
15, The composition of claim | wherein the galactose cluster consists of an

M-gestylpslactosamineg (rimer,

17. The commposition of olaim | wherein the hydrophobic group consisis of cholesterol,

18, The composition of claim 1 wherein the composition iz provided in a pharmaceutically
aecepiable carrier or diluent.

19. A method for inhibiting expression of a gene expressed in a liver cell of 2 mammal

COMIpriRing:

3} forming an RNAI polynucleotide having sequence identical or nearly wdentical toa
portion of sequence of sald gene; and,

a} injecting into a vessel in said mammal 3 composition of claim 1

20, A methed of manufaciuring an RNA interference polynucieotide delivery composition
conprising:

2} forming a melittin peptide;

b} forming a plurslity of uncharged masking agents sach comprising an ASGPr ligand
covalenily linked to 2 disbustituted maletc anhydride or 2 dipeptide amindobenzyl
amine reactive carbonate;

o)y modifying greater than 0% of primary amines on a populstion of melittin peptides
with the masking agents of step b,

d} lhinking the RMA mterference polynuclentide to g hydrophebic group having at lgast

20 carbon atoms of 4 zalaciose frimer;

f) providing the RNA Interference pelynuclkeotide and the modified melhinin peptide in

solution suitable for administration in vive.
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