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(57) Abstract: The present invention is directed compositions for targeted
delivery of RNA interference (RNA1i) polynucleotides to hepaiocytes in vivo.
Targeted RNAi polynucleotides are administered together with co-targeted
melittm dehvery peptides. Dehvery peptides provide membrane penetration
faction for movement of the RNAI polynucleotides from outside the cell to
inside the cell. Reversible modification provides physiological responsive-
ness to the delivery peptides.
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Peptide-Based In Vivo siBNA Delivery Systam

BACEGROUND OF THE [HVENTION
The delivery of polynucleotide and other substantially coll membrane Impermeable
5 compounds ints a living cslf is highly restricted by the complex membrane system of the cell,
Dirugs used in antisense, RNAIL andd gene therapics are relatively largs hydrophilic polymers
and are frequently highly negatively charged. Both of these physical charactesistics seversly
restrict their divect diffusion across the cell membrane, For this reason, the major baier to
molynucleotide defivery is the delivery of the polynucleotide across a cell membrane to the

i cell oyvioplasm or nuclous.

Cine means thay has been used to deliver small nucleic scid in vive hag been (o attach the
nucleic acid to sither a small targeting molecule or & lipid or sterol. While some defivery and
activity has been observed with thess conjugates, the very large nucleic acid dose required

15 with these methods 5 impractical.

Mumerpus transfection reagenis have also been developed that achieve rassonably efficient
detivery of polynusieotides to cells 1 vitro, However, in vive delivery of polynucleotides
using these same transiection reapents is complicaied and rendered ineffoctive by 0 vive
20 toxicity, adverse serum interactions, or poor targeting. Transfection reagents that work well
in vitro, cationie golymers and Hpids, typioally form large cationic electrostatic particles and
destabitize cell membranes. The positive charge of in vitre trancfection reagents faciitates
association with nucleie acid via charge-charge {slectrostatic} interactions thus forming the

nucleic acidfransfection reggent complex. Positive charge is also bensficial for nonspecific

bl
L

kinding of the vehicle to the cell and for membrane fusion, destabilization, or disruption.
Destabilization of membranes facilitates delivery of the substantislly ecell membrane
impermeable polynucieotide across a cell membrane. While these properties facilitate nusleic
acid teansfer in vitre, they cause toxicity and neffective targeting in vive, Cationic charge
rasults in interaction with sevum components, which causes destabilization of the
3 polynucleotide-transfection reagent intersction, poor bioavailahility, and poor targeting.
Membrane activity of tansfection reagents, which can be effective in virre, often leads to

toxicity i vive,
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For in vive delivery, the vehicle {nuclsis scid and associated delivery agent) should be small,
leas than 104 nm in diameter, and preforably lese than 50 . Bven amaller complaxes, less
that 20 nm or less than 10 nm would be more useful yet. Delivery vehickes targer than 100
nm have very little access 1o cells other than blood vessel cells & vive. Complexes formed by
5 slscirostatic interastions tend to aggrezate or fall apant when exposed to physiclogieal sale
crncEntrations or serum components, Further, catlonic charge on i vive delivery vehicles
leads to adverse serum interactions and therefure poor bisavailability, Interestingly, high
negative charge can abse inhiblt targeted fr vive delivery by interfering with literactions
necessary for targeting, Le binding of targeting ligands o cellular recepiors. Thus, nsar
1 neutral vehicles are desired for i vive distribution and targeting, Without careful regulation,
mentbrane disruption or destabilization activities are foxic when used i vivo. Halanuing

vehicle toxicity with nuclelc acid delivery Is more easily attained in vifro than i wive.

Rozema e al, in U5, Patent Publication 20040162260 demonstrated a means to reversibly

1S repulate membrane disruptive activity of & membrane active polyamine. The membrane
active polvamine provided & means of disrupting cell membranes. pH-dependent reversible
regulation provided a means fo fimit activity to the endosomes of target cells, thus limiting
toxricity, Their method relied on modification of amines on a polyswdine with 2-propionic-3-
mathyimaleic anhy dnde.
PN W
&x\ P o R S
\'7//\‘\ Gy
! N ™
i f
Yy
0 © o

This modification converted the polycation to a polyanion viz conversion of primary amines
to pairs of carboxyl groups (B carboxy! and v carboxyl) and reversibly inhibited membrane
activity of the polyaming, Rozema et al. {Bloconjugate Chem, 2003, 14, 51-57) reported that
the [ carboxy! did not exhibit a full apparent negative charge and by Hself was not able o
2% indhvibit membrane activity, The addition of the v carboxy] group was reported 16 be neceasary
for effective membrane activity inhibition. To enable co-delivery of the nucleic acid with the
delivery vehicle, the rueleic acid was covalently finked to the delivery polymer. They were
able to show defivery of polynucleotides to cells fn vitre using their biologically labile

conjugate delivery system, However, because the vehicle was highly negatively charged, with
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both the nucleic acid and the modified polymer having high negative charge density, this
system was not efficient for in vivo delivery. The negative charge likely inhibited cell-

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

Rozema et al., in U.S. Patent Publication 20080152661, improved on the method of U.S.
Patent Publication 20040162260 by eliminating the high negative charge density of the
modified membrane active polymer. By substituting neutral hydrophilic targeting (galactose)
and steric stabilizing (PEG) groups for the y carboxyl of 2-propionic-3-methylmaleic
anhydride, Rozema et al. were able to retain overall water solubility and reversible inhibition
of membrane activity while incorporating effective in vivo hepatocyte cell targeting. As
before, the polynucleotide was covalently linked to the transfection polymer. Covalent
attachment of the polynucleotide to the transfection polymer was maintained to ensure co-
delivery of the polynucleotide with the transfection polymer to the target cell during in vivo
administration by preventing dissociation of the polynucleotide from the transfection
polymer. Co-delivery of the polynucleotide and transfection polymer was required because
the transfection polymer provided for transport of the polynucleotide across a cell membrane,
either from outside the cell or from inside an endocytic compartment, to the cell cytoplasm.
U.S. Patent Publication 20080152661 demonstrated highly efficient delivery of
polynucleotides, specifically RNAi oligonucleotides, to liver cells in vivo using this new

improved physiologically responsive polyconjugate.

However, covalent attachment of the nucleic acid to the polyamine carried inherent
limitations. Modification of the transfection polymers, to attach both the nucleic acid and the
masking agents was complicated by charge interactions. Attachment of a negatively charged
nucleic acid to a positively charged polymer is prone to aggregation thereby limiting the
concentration of the mixture. Aggregation could be overcome by the presence of an excess of
the polycation or polyanion. However, this solution limited the ratios at which the nucleic
acid and the polymer may be formulated. Also, attachment of the negatively charged nucleic
acid onto the unmodified cationic polymer caused condensation and aggregation of the
complex and inhibited polymer modification. Modification of the polymer, forming a

negative polymer, impaired attachment of the nucleic acid.

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

20080152661, in U.S. Patent Publication 20110207799. In U.S. Patent Publication
3
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20110207799, Rozema et al. demonstrated that, by carefully selecting targeting molecules,
and attaching appropriate targeting molecules independently to both an siRNA and a delivery
polymer, the siRNA and the delivery polymer could be uncoupled yet retain effective
targeting of both elements to cells in vivo and achieve efficient functional targeted delivery of
the siRNA. The delivery polymers used in both U.S. Patent Publication 20080152661 and
U.S. Patent Publication 20110207799 were relatively large synthetic polymers, poly(vinyl
ether)s and poly(acrylate)s. The larger polymers enabled modification with both targeting
ligands for cell-specific binding and PEG for increased shielding. Larger polymers were
necessary for effective delivery, possibly through increased membrane activity and improved
protection of the nucleic acid within the cell endosome. Larger polycations interact more

strongly with both membranes and with anionic RNAs.

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

and therefore a wider therapeutic window.

SUMMARY OF THE INVENTION
In a preferred embodiment, the invention features a composition for delivering an RNA
interference polynucleotide to a liver cell in vivo comprising: a) an asialoglycoprotein
receptor (ASGPr)-targeted reversibly masked melittin peptide (delivery peptide) and b) an
RNA interference polynucleotide conjugated to a hydrophobic group containing at least 20
carbon atoms (RNA-conjugate). The delivery peptide and the siRNA-conjugate are
synthesized separately and may be supplied in separate containers or a single container. The

RNA interference polynucleotide is not conjugated to the delivery peptide.

In another preferred embodiment, the invention features a composition for delivering an RNA
interference polynucleotide to a liver cell in vivo comprising: a) an ASGPr-targeted reversibly
masked melittin peptide (delivery peptide) and b) an RNA interference polynucleotide
conjugated to a galactose cluster (RNA conjugate). The delivery peptide and the siRNA-
conjugate are synthesized separately and may be supplied in separate containers or a single

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

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

a melittin peptide reversibly modified by reaction of primary amines on the peptide with
4

CA 2816042 2019-01-21
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ASGPr ligand-contalning masking agents. An amine is reversibly modified if cleavage of the
modifying group restores the amine. Reversible modification of the mehittin peptide with the
masking agents disclosed herein reversibly inhibits membrane sctivity of the melittin peptide,
In the masked state, the reversibly wnasked melittin peptide doss not exhibit membrane
& disruptive activity, Reversibe modification of more than 0%, or more than 30%, of the
amines on the melittin peptide is required to inhibit membrane activity and provide cell

targeting function, Le. form a reveraibly masked melittin peptide.

A preferred ASOPr Hgandecontaining masking agent has 3 neutral charge and comprises &

i) galactosamine or galactosamine derivative having a disubstitded ronleic anhydride amine-
reactive group. Ancther preferred ASGPr Hgand-coniaining masking agent comprises a
galactosaming or galactosamine derivative having a peptidase cleavable dipeptide-p-
amidobenzyl aniine reactive carbonate detivative, Resction of the amine reastive carbonate
with an amine reversibly modifies the amine 1o form an arnidobenzy! carbamate linkage.

i3

In a preferred embodiment, 2 melinin peptide comprises an Apis florea (little or dwarf honey
bee) melittin, Apis mellifers (western or Buropean or big honey hee), Apis dorsata {glant
honey bes), Apls cerana {oriental honey bee) or derivatives thereof. A prefemed melitin
peptide comprises the seguence: Kas-Haas- Laay-Ala-Kaas-Leu-Xaar-Val-Leu-Xaa - Xaay-
30 Waap-Leu-Fro-Xaas-Lew-Xag,+Xaa; - Trp-Xane Xagy - Koty Xaayy- Xaaze-Xaggs Koz

wherein:

Xaa, is leucing, D-leucine, isoleucing, norlencine, tyrosine, wyptophan, valine, alanine,

dimethylgiyeing, ghyeine, histidine, phenylalaning, or Cysteing,

Hasy Is isolsucing, leucing, norleucine, or valing,

23 Kaxs is glycing, leucine, or valing,
Haas 18 woleucing, leucing, norleucine, or valing,
¥Kaas is Iysine, sering, asparagine, alaning, argining, o histiding,
Haage is alaning, threonine, or leucing,
Kag,y i threpnine or cysieine,
36 Kaayr s glveine, leucine, or iryplophan,

Haus is threonine or alanine,
Xaa;: is isolousine, leucine, notlsucing, or valine,
Haay i sering or cysieing,

Xaagn 18 isoleucine, foucing, norlsucing, or valine,
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Kaayy is lysine or alaning,
Kaar; in asparsgine or arginine,
Haay is iysine or alaning,
Kagzg ig acginine or fysing,
5 Haay is lysine, alanine, or glinamine,
Kams is optional and if present 15 glulamine, cysteive, ghutamine—NH,, or cysieine-NHy;
and,

and at beast twao of Xaay, Xaaw, and Xaz: ars lysine.

10 A more proferred melitiin comprises the sequence: Xas-Xaar-Xaay-Ale-Nags-Leu-Naap-Val-
Leu-Man e Xaar - Xan - Leu-Pro-Naaps-Leu-Xaa - See-Trp-Xaagwe-Lys-Xatre-Lys-Arg-Lys-
Hanyg wherein:

Xaz; is isucine, D-leucine, norleucine, of yrosine,
¥aa. is isoleucine, lsucine, norleucine, or valing,
15 Kaas s glyeine, leucing, or valing,
¥mas is isolsucing, valine, leusing, or norleucing,
Xaay is lysine, serine, asparagine, alaning, arginine, or histiding,
¥aaw is alanine, threonine, or leucine,

Kaaq is theeonine, or Cysteine,

[
w2

Xaapn is ghyeine, leucine, or tryptophan,
Kags ¢ threonine, or alamine,

Saayy s isolegcing, leucing, oy norlsucine,
Katne is isoleucing, leucine, or norleucing,

Haar: 13 asparagine or argining, and

Bend
(=]

Nazsg is glutamine or cysieing,

A most preferred melittin comprises the sequance: Kaa-Xang-Gly-Ala-Kaas-Low-Lys-Yab
Leu-Ala-¥asy~Gly-Leu-Pro-TheLeo-Xaa, - Ser-Trp-Xaan-Lys-Xags-Lys-Arg-Lys-Xads
wherein:
30 Kawy, Xaaz, Nass, Xuar and Xams are independently isofeucine, lencine, or norleucine,
Xaay, is threonine or oysiging,
Xazy is Asparagine or arginine, and

Haae is glutamine or oysteine,
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A preferred masking sgent comprises 3 nousral hydrophilic disubstitnied alkyimalele
anbvdride:
{
SR
o |
x,
~
i atkyt
&
?
whersin R1 comprises 2 ceil targsting group. A preferred alkyl group is a methyl or sthyl
S group. A preferrad targeting group comprises an asigloglycoprotein receptor ligand, An
example of a substituted alkylmaleic anlydride consiste of a Z-proplonic-3-alkyimaleic
anhydride derivative. A newtral hydrophific 2-propionie-3-atkylmaleic anhydride dervative is
formed by atachment of a newwral hydrophilic group fo a Zeproplonic-3-alkylmaleic

anfydride through the 2-proplonic-3-alkylmaleic anhydride y-carboxyl groag

o {3
o~
ol 4
&

i
wherein R comprises a neutral ASGPr Higand and nov f or 1L In one embodimeny, the ASGPr

ligand is linked to the srhydride via 2 short PEG linker

A preferred masking agent comprises 8 hydrophilic peptidase {protease) cleavalde dipeptide-

15 peamidobenzyl wmine reactive carbonumte derivative. Enzyme cleavable linkers of the
inverdtion employ a dipeptide connected to an amidobenzyl activaled carbonate moiety, The
ASGPr Hgand is atiached to the amine terminus of a dipeptide. The amidobenay! astivated
carbonate molely Is at the carboxy terminus of the dipeptide. Peptidease cleavable Hikers
suitable for use with the invention have the structure:

£33 H &

20
wherein B4 comprises an ASGPr lgand and R3 comprises an amine reactive carbonate
smoiety, and RY and B2 are aming acld B growps. A prefirred activated carbonate s a para-

nitrophenol. However, other amine reactive carbonates kmown in the art are readily
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substituted for the para-nitrophenol. Reaction of the activated carbonate with a melittin amine
connects the targeting compound, the asialoglycoprotein receptor ligand, to the melittin
peptide via a peptidase cleavable dipeptide-amidobenzyl carbamate linkage. Enzyme
cleavage of the dipeptide removes the targeting ligand from the peptide and triggers an

elimination reaction which results in regeneration of the peptide amine.

Dipeptides Glu-Gly, Ala-Cit, Phe-Cit ("Cit" is the amino acid citrulline) are shown in

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

A preferred masking agent provides targeting function through affinity for cell surface
receptors, i.e. the masking agent contains a ligand for a cell surface receptor. Preferred
masking agents contain saccharides having affinity for the ASGPr, including but not limited
to: galactose, N-Acetyl-galactosamine and galactose derivatives. Galactose derivatives
having affinity for the ASGPr are well known in the art. An essential feature of the reversibly
modified melittin is that more than 80% of the melittin amines (in a population of peptide)
are modified by attachment of ASGPr ligands via physiologically labile, reversible covalent
linkages.

In another embodiment, the melittin peptides of the invention are further modified, at the
amino or carboxyl termini, by covalent attachment of a steric stabilizer or an ASGPr ligand-
steric stabilizer conjugate. The amino or carboxy terminal modifications may be linked to the
peptide during synthesis using methods standard in the art. Alternatively, the amino or
carboxy terminal modifications may be done through modification of cysteine residues on
melittin peptide having amino or carboxy terminal cysteine residues. A preferred steric
stabilizer is a polyethylene glycol. Preferred polyethylene glycols have 1-120 ethylene units.
In another embodiment, preferred polyethylene glycols are less than 5 kDa in size. For
ASGPr ligand-steric stabilizer conjugates, a preferred steric stabilizer is a polyethyleneglycol

having 1-24 ethylene units.

In another embodiment, there is provided a conjugate delivery system composition for
delivering an RNA interference polynucleotide to a liver cell in vivo comprising:
RNAi-A and Melittin—(L—-Gal)x

wherein,

CA 2816042 2019-01-21
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Melittin is a melittin peptide of: SEQ ID NO. 1, SEQ ID NO. 7, SEQ ID NO. 11, SEQ ID
NO. 51, SEQ ID NO. 57, SEQ ID NO. 58, SEQ ID NO. 92, or SEQ ID NO. 96,

L is physiologically labile reversible linkage wherein cleavage of L-Gal restores an amine
on Melittin,

Gal is an Asialoglycoprotein Receptor (ASGPr) ligand,

X is an integer having a value greater than 80% of primary amines of Melittin,

RNAI is an RNA interference polynucleotide, and

A is either a hydrophobic group having at least 20 carbon atoms or a molecule comprising

two to four terminal galactose derivatives.

In another embodiment, there is provided a method of manufacturing an RNA interference

polynucleotide delivery composition comprising:

a) forming a melittin peptide of: SEQ ID NO. 1, SEQ ID NO. 7, SEQ ID NO. 11, SEQ
ID NO. 51, SEQ ID NO. 57, SEQ ID NO. 58, SEQ ID NO. 92, or SEQ ID NO. 96;

b) forming a plurality of uncharged masking agents each comprising an
Asialoglycoprotein Receptor (ASGPr) ligand covalently linked to a disubstituted
maleic anhydride or a dipeptide amidobenzy! amine reactive carbonate;

¢) modifying greater than 80% of primary amines on a population of melittin peptides
with the masking agents of step b,

d) linking the RNA interference polynucleotide to a hydrophobic group having at least
20 carbon atoms or a galactose trimer;

f) providing the RNA interference polynucleotide and the modified melittin peptide in

solution suitable for administration in vivo.

The RNAI polynucleotide conjugate and delivery peptide are administered to a mammal in
pharmaceutically acceptable carriers or diluents. In one embodiment, the delivery peptide and
the RNAI polynucleotide conjugate may be combined in a solution prior to administration to
the mammal. In another embodiment, the delivery peptide and the RNAi polynucleotide

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

8a
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embodiment, the delivery peptide and the RNAi polynucleotide conjugate may be
administered to the mammal sequentially. For sequential administration, the delivery peptide
may be administered prior to administration of the RNAi polynucleotide conjugate.
Alternatively, for sequential administration, the RNAi polynucleotide conjugate may be

administered prior to administration of the delivery peptide.

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

detailed description when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES
FIG. 1 Table listing melittin peptides suitable for use in the invention.
FIG. 2. Drawing illustrating linkage of GalNAc cluster to RNA.
FIG. 3. Graph illustrating (A) blood urea nitrogen (BUN) levels and (B) creatinine levels in
primates treated with reversibly modified melittin siRNA delivery peptides and siRNA-
cholesterol conjugates.
FIG. 4. Graph illustrating (A) aspartate aminotransferase (AST) levels and (B) alanine
transaminase (ALT) levels in primates treated with reversibly modified melittin siRNA
delivery peptides and siRNA-cholesterol conjugates.
FIG. 5. Graph illustrating knockdown of endogenous Factor VII levels in primates treated

with reversibly modified melittin siRNA delivery peptides and siRNA-cholesterol conjugates.

DETAILED DESCRIPTION OF THE INVENTION
Described herein is an improved method for delivering RNA interference (RNAI)
polynucleotides to liver cells in a mammal in vivo. We describe an in vivo RNA]
polynucleotide delivery system employing a small delivery peptide, melittin, derived from
bee venom peptide and an independently targeting RNAi polynucleotide. By using liver
targeted RNAI polynucleotide conjugate molecules and asialoglycoprotein receptor targeted
reversibly inhibited melittin peptides, efficient RNAi polynucleotide delivery to liver is

observed.

Because the melittin and RNAi polynucleotide are independently targeted to hepatocytes, the
concentration of the melittin and polynucleotides and the ratio between them is limited only
by the solubility of the components rather than the solubility of the associated complex or

ability to manufacture the complex. Also, the polynucleotide and melittin may be mixed at
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anyibne prior o administration, or even administerad separately, thus allowing the

components 1o be stored separately, efther insolution or dry.

The invention includes conjugate delivery systems of the compositom

Y—-Rielittin-{ L~} plus N-T,

i

whargin N s 2 ANAIL polynuclsotide, T i5 2 polynucleotide targeting mniety {either 2
hydrophobic group having 20 or mose carbon atoms or a galaciose cluster), Melittin is a bee
venom melittin peptide or a derivative as desoribe herein, and masking sgend M containg an
ASGPr ligand as described herein covalently linked to Melittin via a physiclogically labile
10 reversible linkage L. Cleavage of L restores an unmodified amine on Melittin. Y is optional
and if present comprises 3 polyethyleneglycol (PEG) or o ASGPy lgand-PEG comjugate
Haked to the amino terminas, the carboxy terminus, or an aming or carboxy wrminal cysieine
of Melittinn Altzchment of ¥ to the amino lerminus or an amino terminal cysieine is
preferred. x is an integer greater than 1. In Its vamodified state, Melittin is membrane active,
15 However, delivery peptide Melittie—{L-BM), 5 not membrare active, Reversible
modification of MsHitin primary amines, by auachment of M reversibly inhibils or
inactivates membrane activity of Melittin, Sufficient percentage of Melittin primary amines
are modified o inhilkit membrans acthity of the polymer and provide for hepatoeyte
targeting. Preferably x has a value greater than §0%, and more prefembly greater than 50%,
2 of the primary amines on Melittin, as determined by the quantity of amines on Mebittin in
the shsence of any masking agents. Maore specifically, ¥ has a value greater than 30% and up
o 100% of the primary amines on Melitthe. & is noted that melitin typically contains 3-3
primary antines {the amino termines (if unmodified) and typieally 2-4 Lysine residuesy

Therefore, modification of a percentags of amings is meant o reflect the modification of a

3
(%4

percentage on antnes in a population of melitin peptides. Upeon cleavage of reversible
linkagss L, unmodified amines are restored thereby revenring Mellitin to s unmodified,
membrane active state. A preferred reversible linkage i a pH labile linkage. Ansther
prefarred reversible linkage is a protesse cleavable linkage. Melitfin{L~M},, an ASGFr
targeted reversibly masked membrane active polymer (delivery peptide}, and TN, a
30 polynucleotide-conjugate, are synthesized or manufaciurad sepavately. Meither T nor N are
covalently Hnked directly or indirectly to Melittin, L, or M. Electrostatic or hydrophobic
association of the polynusleotide or the polynuslectide-conjugate with the masked or
gurnacked polymer is not required for i vive liver delivery of the polynuclectide. The

masked polymer and the polynucieotides conjugats can be supplied in the same sontainer or in
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separate containers. They may be combined prior to administeation, co-administered, or

administerad sequentially.

Hydrophific groups indicate In gustitstive terms that the chemical melety is water-preferring,
Tymically, such shemical groups are water acluble, and are hydrogen bond donors or
accepiors with water. A hydrophilic group can be charged or uncharged, Charged groups can
be pesitively charged {anionle) or negatively charged {cationic) or both {(mwitterionich.
Examples of hydrophilic groups include the following chemical moieties: carbohydrates,
poivoxyethviens, certain peptides, oligmuecleotides, amines, amides, alkoxy amides,

carboxylic acids, sulturs, and hydronyls.

Hudranhohic groups indicats in qualitative terma that the chernical molety is water-avoiding,
Typically, such chemical groups are not water soluble, and tond noet o fonn hydrogen bonds,
Lipophilic groups dissolve in fais, oils, lipids, and non-polar selvenis and have litde to no
cepacity & form hydrogen bonds. Hydrcarbons containing two {2} or more carbon atoms,
certain substituted hvdrocarbons, cholesterol, and cholesterol dertvatives are examples of

hydraphobic groups and compounds,

Hydrophobie groups are preferably hydrocarbons, containing only carbon and hydrogen
gtoms, However, non-polar substitutions or nonepolar  helersatoms  which  maintain
hydrophobicity, and include, for example fuorine, may be permitted. The term includes
aliphatic groups, aromatic groups, acyl groups, atkyl groups, alkenyi groups, alkymyl groups,
aryl groups, aralkyl groups, aratkenyl groups, and aralkynyl groups, each of which resy be
lineny, branched, or ayche. The term hydrophobic group alse includes: sterols, steroids,

cholesterol, and steroid snd cholestgrol derivatives.

As used hevein, membrang cofive peptides are surface active, amphipathic peptides that are
able to induce one or more of the following offects upon & Bbological membrane: an alteratdon
or disruption of the membrane that allows nen-membrane permeable molecules to snter a cell
or gross the membrane, pore formation in the membrane, fission of membranes, or disrupiion
or dissolving of the membrane, As used hersin, & membrane, or cell merbrane, comprises a
lipid bllayer. The aiteration or disruption of the membrans can be functionally defined by the
peptide’s activity in at least one the fellowing assays: red blood cell lysis (hemalysis),

liposome leakage, Hposoms fusion, cell fusion, cell fysis, and endosomal relsase. Membrane

il
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active peptides that can cause fysis of cell membranes are also termed membrane lytie
peptides. Peptides that preferentislly cause disruption of endosomes or lysosomes over
plasma membranss are considered sndostmolytie. The affect of merbrane active peptides on
a celf membrans may be transient. Membrane astive peptides possess affinity Jor the

menbrane and eause @ dengturation or defvrmation of bilayer structures,

Delivery of a polynuclestide to a cell is medinted by the melittin peptide disrupting of
destabilizing the plasma membrane or an internal vesicle membrane {such a8 an endosome 03
fysosome), including forming a pore in the membrane, or disrupting endosomal or lysosomal

vesicles thereby permitting relesse of the contents of the vesicle into the cell cytoplasm.

Endosomolvtic peptides  are peptides thas, in response o an  endosomal-specifie
environmental factors, such as reducad pH or the prasence of lytic enzymes {proteases), are
able o cause disruption ov lysis of an endosome or provide for release of 2 normally cell
membrane impsrmenble compound, such as a polynusleotide or protein, from a cellular
internal membrane-snclosed vesicle, such as sn endosores or lysosome. Endosomaolytic
polymers andergo a shift in their physico-chernical properties in the endosome, This shift can
he a change in the polymer's sofubility or ability o intersct with other compounds or
membranes a5 a result in 3 shift in charge, hvdrophobicity, or hydrophilicity, Exemplary
endosomolytic peptides have pH-labile or snzymatic-sensitive groups or bonds, A reversibly
masked membrane sctive peptide, wherein the masking agents are attached o the polymer via

pH tabiie bonds, can therefore be considersd te be an endesomolytic polymer.

Meditiin, 55 used hersin, is a small smphipathic membrane sctive peptide, comprising about
23 to abowt 32 amine acids, derived from the neturally oocurring in bes venom pepiide
melittin, The naturally cccurring melittin contains 26 aming acids and is predominantly
hvdrophobie on the amino terminal end and predominantly hydrophilic (cationie on the
carbowy terminal end. Melittin of the fnvention can be isolated from a biological source or it
can be synthetic, A synihetic polymer is formulated or manufactured by a chemical process
“by man” and 15 not created by a naturally oecwring blological process. As used hersin,
melittin encompasses the naturally occurring bee venom peplides of the melittin family that
can be found in, for example, venom of the species: Apis florea, Apis mellifera, dpls verana,
Apis dorsata, Vespula mocwiifons, Vesps mognifica, Vespa veluting, Polisies sp. HQL-2001,

and Polisies hebraeus. As used herein, melitin also encompasses synthetle peptides having
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aming ackd sequence identical io or similar to naturally occurring melittin peptides.
Spscifically, melittin amine acld sequence encompass those shown in FIG | In addition to
the aming acids which relain melittin’s inherent high membrane activiyy, 1-8 amino acids can
be added to the aming or carbony terminal ends of the peptide. Specifically, oysteine residuss
can be added to the amino or carboxy termind, The list In FIG. | is not meant t© be
sxhaustive, ae other conservative amine seld substingtinng are readily envisionsd. Synthetic
melittin peptides can contain naturally occurring L form aming acids or the enantiomeric B
form amino acids (inverso) However, & melittin peptids should sither contain essentially all
L. form or all D form amino acids but may have amine acids of the opposite stercocenter
appended at either the amine or carboxy termini. The melittin amino acid sequence can also
be reversed {retre). Retro melittin can have L form aming acids or D form amino acids
{retroinversa). Two melittin peptides van aiso be sovalently hinked to form a melitdn dimer,
Melittin can have modifving groups, other that masking agents, that enhance Hasue targsting
or facilitate in vivo circulation stiached io either the aming terminal or carboxy terminal ends
of the peptide. However, as used herein, melittin dees not include chains or polymers
comtaining more than two melitin peptides covalently linked fo one another other of w

another polymer or scaffold,

Fasking
The melittin peptides of the Invention comprise reversibly modified melittin peptides wherein
reversible modification inhiblts mersbrans activity, neutralizes the melittin to reduce positive
charge and form a near neutral charge pelymer, and provides sefi-type specific targeting. The
melittin is reversibly modified through reversible modification of primary amings on the

peptids,

The melittin peptides of the invention are capable of disrupting plasma membranes or
fysosomatfendocytic membranss, Membrane activity, however, leads to toxicity when the
peptide ia admiristered fn wivo, Thessfors, reversible masking of membrane aolivity of
melittin is neoessary for fn ywivo use. This masking is accomplished through reversible
attachment of masking agents to meBitin 0 form 8 reversibly masked melittin, Le. a delivery
peptide. In addition to inhibiting membrane activity, the masking agents provide eeib-specitic

mteractinns, Le. largeting.

]
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Tt iz an esseminl feature of the macking agents that, in aggregaie, they inhibit membrane
activity of the polymer and provide i vive hepatooyie targeting, Melitin i membrane active
irs the unmodified {unmaskad) state and not mambrane active (nactivated) in the modified
(masked) state. A sufficient number of masking agsnts are linked to the pepiids 1o achieve the
desired level of inactivation. The desired level of modification of melittin by aftachment of
masking agent(s} i readily determined using appropriate peptide activity assays. For
exarnple, if melittin possesses membrane activily in a given assay, a sufficient level of
masking agent is linkad to the peptide to achieve the destred level of inhibition of membrune
activity in that assay. Modification of 280% or 290% of the primary amine groups on a
population of melittin peptides, as determined by the gquantiyy of primary amines on the
peptidas in the absence of any masking agents, s prefesred. It is alse a preferred
characteristic of masking agents that their attachment to the peptide reduces positive charge
of the polymer, tus forming a more neutral defivery peptide. It is desirable that the masked

pepiide retain agueous solubility.

As used hergin, melittin is masked if the modified peptide does not exhibit membrane sotivity
and exhibits eell-specific (L. hepatocyte) targeting i vive. Melittin is reversibly masked if
cleavage of bonds linking the masking agents to the peptide results In restoration of amines

on the peptide thereby restoring membrane aotivity,

it is another essential {eature that the masking agents are covalently bound o melittin through
physiclogieally labile reversible bonds. By using physiologically labile reversible linkages or
bonds, the masking agents can be cleaved from the peplide in vivo, thereby unmasking the
peptide and restoring activity of the unmasked peptide. By choosing an appropriate reversible
linkage, it is possible to form 2 conjugate that restores activity of melittin after it hay been
delivered or targeted to a desired cell type or cellular location. Reversibility of the linkages
provides for selestive activation of melittin, Reversible covalent linkages contain reversible
or labile bonds which may be selected from the group comprising: physioligically labilke
bonds, cellubar physiniogically labile bonds, pH labils bonds, very pH labile bonds, extremely

pH labile bonds, and proetease cleavable bonds,

As used herein, a masking agen) comprises a prefesrably neutral (uncharged) compound
having sn ASGPr Higand and an amine-resctive group wherein reactisn of the amine-reactive

group wih an amine on a peptids resulis in linkage of the ASGPr ligand to the peptide via a

4
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reversible physiologically fabile covalent bond. Amine reastive groups are chasen such the
cleavage in responss 1o an appropriste plvsiclogical condition (e.g., reduced pH such as in an
endosome/ysesame, or enzymatic cleavage such a8 in an endosome/lysosome) results in
regenaration of the melitin amine. An ASGPr ligand s a group, typically a saocharide,
5 having affinity for the asialoglycopratein receptor. Proferred masking agents of the invendion
are zble to modify the polymer (form a reversible bond with the polymer) In aguesus

solution,

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

0 masking agent is representsd by the structurs:

wherein in which RI comprizes an asialogiyeoproiein receptor {ASGP) ligand and R2 s an
alieyl group such sy a methyi (~CHi) group, ethyl (~CHCHi) group, or propyl
{~CHRCHOHs) group,

In seme embodiments, the galactose Hpand is linked o the amine-reactive group through a

PEG lnker as Hustrated by the structure:

O
H i
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whersin n i an integer between | and 18
20
Another praferred amine-reactive group comprises o dipeptide-amidobenzy! aming reactive

carbonate derivative representsd by the strocture:
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and R4 comprizes the ASGPr ligand.
Reaction of the activated carbonaie with a reclittin amine connects the ABGPr ligand to the
melittin peptide via a peptidase clesvable dipeptide-amidobenzy! carbamate linkage,
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Enzymatic cleavage of the dipeptide removes the targsting ligand from the peptide and
triggars an olimination reaction which results in regeneration of the peptide aming. While the
structuse above shows a single masking ageni linked to 3 melittin peptide, in practics, soveral
masking agents are linked to the melittin peptide; preferably such thal mors than 80% of the

amines on a population of melittin peptides are modified.

Dipeptides Glu-Gly, Al-Clt, Phe-Clt ("Cit" Iz the amine acid citrulling) are shown
Example 3. With respect to the above structure, Glu-Gly, Ala-Cit, Phe-Cit represent RZ-R 1
While charged amino acids are permiasible, neutral amino acids are preferved. Other aming
acid combinations are possible, provided they are clsaved by an endogenocus proteass. In
adilition, 3-3 amine acids may be used as the linker between the amido benzyl group and the

targeting hgand.

As with maleic anhydride-based masking agents, the ASGPr ligand o be finked w0 the

peptidass cleavable dipeptide-numidebenzy! carbonate via a FEG Haker

The membrane active pelyamine van be conjugated o musking agents in the presence of an
excess of masking agents. The excess masking agent may be removed from the conjugsted

delivery peptide prior to adminisiration of the delivery peptids,

In another embodiment, the meliftin peptides of the invention are finther modified, at the
amine or carboxyl tevmini, by covalent anachment of a sterie stabilizer or an ASGPr Higand-
sterie stabilizer conjugate. Modification of the hydrophobic lerminal end is prefemed; the
amino torminal end for meliitin having "normal sequence” and the carboxyl terminal end for
retro-melittin, A preferred sieric siabilizer is a polysthylene glycol The amino or carboxy
terminat modifications may be Hnked to the peptide during synthesis using methods standard
in the art. Altematively, the aming or carboxy termina! modifications may be done through
modification of cysteine residues on melittin peptides having aming or carboxy lerminal
cysteine residuss. Preferred polyethylene glycols have {-120 ethylene umits. In another
embodiment, preferred polyethylene glyools are less than § kDa in size. For ASGPr ligand-
steric stabilizer conjugates {NAG-FEG modification), a preferred steric stabilizer is a
polyethyleneglveo! having 1-24 sthylene units, Terminal PEG modification, when combined
with reversible masking, fusther reducss toxicity of the melitiin delivery peptide. Terminal

NAG-PES modification enhances efficany,

17
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Sterie Stabilizer
As used herein, a steric siabifizer is a non-lonis hydrophilic polymer {either natural, synthetic,
or non-natural) that prevents or inhibie Intramelecalar or intermolecular interactions of 2
molecule t which it is stached relative to the molecule containing no sterte stabilizer. A
sterie stabilizer hinders a molecule @ which it is attached from engaging in electrostatic
interactinng. Electrostatic inferaction v the non-covalent asseciation of two or more
substances dus to atiractive forcss betwesn positive and negative charges, Reric stabilizers
gan inhibit interaction with blood components and therefore opsonization, phagocyinsis, and
uptake by the reticulosndothelial system. Steric stabilizers can thus increase civeulation time
of molecuies o which they are attached. Steric stabilizers can also indubit aggregation of a
molecule, A preferred steric stabilizer is a polyethylene glyeod (FEG) or FEG derivative. PEG

molscules suitable for the nvention have about 1-120 athylene glycol monomers.

ASGPr Ligand
Targeting moisties or groups enhance the pharmacokingtic or biodistribution properties of a2
conjugate o which they are attached o improve celbapecific distribution and cell-specific
uptake of the conjugate, Galactose and galactose derivates have been used 1o target molecules
to hepatocytes i vive through their binding o the asialoglycopraiein receplor (ASGPY}
expressod on the surfaoe of hepatocytes. As used herein, a ASGPr ligand {or ASGPr ligand}
COMEIsNs g;aiactose and galaciose derfvative having affinity Jor the ASGPr squal o or
greater than that of galsctose. Binding of galactose turgeting mioleties o the ASGPHs)
facilitates celi-specific targeting of the delivery peptide to hepatosytes and endosytosis of the

defivery peptide inlo hepalocytes,

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

acstyigalsctosaming  (OaiNAc),  gelaciosaming, Neformylgalactosamine, Ne-acetyl

galaciosaming, M-propionyizalactosamine, M-n-butancyigaisctosamine, and Nelso-butanoyl-

galactosamine (fobst, §.7. and Drickamer, KA B.C 1996, 27/, 66863 ASGPr ligands can be
.

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

galaciosamines).

In one ernbodiment, the melittin peptide is reversibly masked by attachment of ASGPr higand

masking agents to »80% or >90% of primary amines on the peptide.
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Lahile Linkage
A linkage or linker is g connection between two atoms that Hnks one chernisal group o
segment of interest 1o another chemisal group or segment of interest via one or more covalent
bonds. For example, 3 finkage can connect & masking agent 1o 2 peptide. Formation of a
linkage may connect two separate molesules into a single moleculs or It may eonnect two
stoms in the sams moleeule. The linkage may be charge neutral or may hear a pusitive or
negative charge. A reversible or fabile linkage contains a reversible or labile bond. A linkage
may optienally include a spacer that increases the distance between the two joined stens. A
spacer may furthsr add flexibility andfor length to the linkage. Spacers may include, but are
it be limited to, alky] groups, atkenyl groups, alkynyl groups, aryl groups, aralky! groups,
aralkeny! groups, arslkyny! groups; each of which can contain one or move heteroatoms,
heterocvcles, amine asids, nuclestides, and saccharides. Spacer groups are well known in the

art and the preceding fist is not meant to Hmit the scope of the Invention,

& labile boned is 2 covalent hond other than a covalent bond to a hydrogen atom that &5
sapable 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 less stable {thermadynamicallyy or more rapidiy broken (kinstieally) under appropriate
conditions than other non-labile covalent bonds in the same molecule, Cleavage of a labile
tond within a2 molecule may result in the formation of two molecules. For those skilled in the
art, cisavage or lability of a bond is generally discussed in terms of hatf-life () of bond
cleavaps {the time requived for hall of the bonds w cleave) Thus, labile bends encompass

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

Appropriate conditions are determined by the type of labile bond and are well known in
organic chemistry. A labile bond can be sensitive to pH, oxidative or yeductive gonditions or
agerds, temperature, sali concentration, the presence of an enzyme {such as ssterases,
including nuclesses, and proteases), or the presence of an added agent. For example,

increased or decreased pH i3 the appropriate conditions for a pH-labile bond.

The rate at which » labile group will undergo ransformation can be controlied by slering the

chemical constituents of the molecuie containing the labile group. For example, addition of
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particubar chemical moleties (e.g,, electron acceptors o donors) near the labile group can

atfect the particular conditions {e.g., pb) under which chemical transformation will ogour.

As used hercin, a physiclogically labile bond is o labile bond that s cleavable under
5 conditions normally sncountered or snalogous to those encountered within a mammalian
body. Physiologically labile linkage groups are selected such that they undergo a chenuical

transformation (e.g., cleavage) when present in ceriain physielogival conditions.

As uzed herein, a cellular physioiogizally labile bond is a labile bond that is cleavalde under

10 mammalian intrseetiular conditions, Mammalian intracefiular conditions include chemical
conditions such as pH, temperature, oxidative or reductive conditions or agents, and salt
concentration found in or snslogous 1o those encountered in manumalian cells. Mammalian
intracetlular conditions alse include the presence of enzymatic activity normally present in s
mammalian celf such ss from protesiyiic or hydrolvtic enzymes. & cellular physiologically

15 lsbile bond may alse be cleaved in response to administration of a pharmaceuticatly
acceptable exogenous agent. Physiclogically labile bonds that are cleaved under appropriate
conditions with & half Efe of less than 4§ min. are considerad very isbile. Physiologically
fabile bonds that are eleaved under appropriate conditions with a halt life of less than 15 min
are considerad extremely labile

)
Chemical transformation {cleavage of the labile bond) may be butiated by the addiion of 2
sharmaceutically accspiable agent to the cell or may ocetr spontaneously when a molecule
containing the labile bond reaches an appropriate intra-and/or exira-cellutar environment. For

example, 2 pH labile bond roay be cleaved when the molecule entars an acidified endosome.

25 Thus, o pH labile bond may be considered to be an endosomal clzavable bond. Enzyme
cleavable honds may be cleaved when exposed 10 enzymes such as those present In an
endosome of lysosome or in the cytoplasm. A diseifide bond may be cleaved when the
molesule enters the more reducing environment of the cell evtoplasm. Thus, a disulfide may
b considerad to be a oyvoplasniie cleavable bond.

30

As used herein, & pH-labile bond is g labile bond that is selectvely broksn under acidio
conditions {pH<71. Such bonds may alse be termed sndosorsally labile bonds, since cell
endosomes and lvscsomes have a pH less than 7. The term pH-labile includes bonds that are

pH-labile, very pH-labile, and extramely pH-labile.
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Reaction of an anhyvdride with an amine forms an amide and an acid. For many anbydrides,
the reverse reaction (formation of an anhydride and amine) s very slow and energetically
unfavorable, Howsever, if the anliydride is a oyelic anhydride, reaction with an arine yields
5 an amide acid, s molecule in which the amide and the zeld are In the same molecule. The
presence of both reactive groups (the amide and the carhoxylic acid) in the same molecule
accelerates the reverse reaction. In particular, the product of primary mmines with maleic
anhydride and maleic anhydride derivatives, malesmic scids, revert back to aming and

antydride 133107 1o 110" tmes faster than its noneyelic analogues (Kirby 1980).

in
Rezction of an amine with an anliydride to [orm an amide and an acid.
3
! & N I
SN § ﬁ\ — N SRRy T /i]\
Rif RZ R'{f *-gf R4 § & 4 HO R:/,QTR,Q
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Reaction of an amine with a oyclic snhydride to form ar amide acid,
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Cleavage of the amide acid to form an amine and an anhydride is pH-dependent and iy greatly
acveferated st asidic pH. This pH-dependent mactivity can be exploited to form reversible
pH-labile bonds and lnkers. Cis-aconitie acid has been used as such a phi-semsitive linker
20 melesule. The v-carboxylate is first coupled to a molende. In a sceond step, sither the o or
carboxylste is coupled 1o & second molecule to form a pHesensitive coupling of the two

molecules. The halt life for cleavage of this finker at pH 5 is betwesn B and 24 b,
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20

Structures of cis-aconilie anhydride and maleis anhydride.

HO

s

5,

}\\ Rg\ I{RE
aoonitic acid malelc ankydride

The pH at which cleavage scewrs is controlled by the addition of chernival constituers to the
iabile moiety. The rate of conversion of maleamic asids 10 amines and maleic anbydrides i
astrongly dependent on substitution (R2 and R3) of the maleic anhydride system. When R2 is
methyl, the rate of conversion is 50-fold higher than when B2 and R3 are hydrogen. When
there are alky] substitutions at both R2 and R3 {eg, 33-dimethyimaleicanhydride) the rate
incresse 1 dramatic: 10,000-fold faster than non-substituted malsic anhvdride. The
malzamate bond formed from the modification of an amine with 2, 3-dimethylmaleic
anhydride is cleaved © restors the anhydride and amine with a half-life between 4 and 1 min
at pH S, It is snticipated that i B2 and R3 sre groups larger than hydregen, the rate of amide-

acid conversion to amine and anhydride will be faster than WR2 andfor R3 are hydrogen,

Yery pHelabile bord A very pi-labile bond has a half-life for cleavage at pH 5 of less than

45 min. The sonstruction of very pH-labile bonds is well-known in the chemical arl.

Extremely pH-labile bonds: An extremsly pH-labile bond has a half-lite for cleavage at pH 5
of less than 1S min, The construction of extremely pH-labile bonds 13 well-known in the

chemical art.

[Hsubstitated cyclic anhvdrides are particularly usefsl for attachmant of masking agens o
melittin 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 lyscaome. Second, the e or B carboxylic acid group created upon reaction
with an amine, appears {0 eontribute only about 1/20% of the expected negative charge 1o the
pirlvmer (Rezema ef al. Bioconjugate Chemistry 2003}, Thus, modification of the peplide

with the disubstituted maleic anbyvdrides effectively newiralizes the positive charge of the



CA 02816042 2013-04-24
WO 2012/083185 PCT/US2011/065525

peptide rather than crestes a peptide with high negative charge. Mear neutral dedivery peptides

are preferred Tor in vive delivery.

RNAI Polvnucleotide Conjugate
5 We have found that conjugstion of an BMAI pelynucleatide to a polynucleotide targeting
moiety, either & hydrophobic group or 0 a galectose chister, and co-administration of the
BMNAL polynuclestide conjugate with the delivery peptide described above provides for
efficient, functional delivery of the BNAL polymuclectids io Hver cells, partonlarly
hepatocytes, in vive, By fumctional delivery, §t is meant that the RNAL polynucleotide is
10 delivered to the cell snd has the expected biological activity, sequence-specific inhibition of
gene expression. Many molecules, including polynuclestides, administerad io the vasculature
of a mammal ars normally cleared from the body by the lver. Jlearance of a polynucleotide
by the liver whersin the polynuclentide is degraded or otherwise processed for remaovsl from
the body and wherein the polyvnuclentide doss not cause sequence-spacific inhibition of gene

15 expression is not considered functionsl delivery,

The RMAL polyruciestide conjugaie i Tormed by covalemtly Haking the RNAS
polynuclestide 1o the polynuclentide targeting molety, The polynucicotide 15 synthesized or
modified such that It containg 2 reactive group &, The iargeting moiety is also synthesized or
20 modified such that it contains a reactive group B. Reactive groups 4 and ¥ are chosen such

that they can be Hoked via a covalent Unkage using methods known in the an

The targsting melety may be linked 10 the 3" or the § end of the ENAI polynuclentide. For
siRNA polynucleotides, the targeting molely may be linked to either the sense strand or the

ardisense strand, though the sengs strand is preferred.

b3
L

in one embodiment, the polynucieotide targeting molsty consists of a hydrophobic group
More specifically, the polynucleotide targeting molety consists of a hydrophobic group
having at least 20 carbon stoms. Mydrophoble groups uwsed as polynuclectide targsiing
A0 moleties are herein referred to a5 hydrophobic targeting moletiss, Exermplary suitable
hydrophobic groups may be selected from the group comprising: chelesterol, dicholesterol,
tocopherel, ditocopherol, didenyl, didndecyl, divetadecy!, didodesyl, dioctadecyl, isoprencid,
and choleamide, Hydrophobic groups having § or fewsr carbon atoms are not effective as

polynuclentide targeting moieties, while hydrophobic groups baving 8 to 18 carbon atoms
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provide increasing polynucleotids delivery with increasing size of the hydrophobic group (L.
increasing mumbsr of carbon atoms). Attachment of a hydrophobic targeting molety to an
RNAL pofynuclectide does not provide efficient funstional i vive delivary of the RNAI
poiviuciestide in the absence of co-administration of the delivery peptide. While siRMA-
cholestere] conjugates have been reportad by others jo deliver siRNA (3IRNA-cholesterol) to
tiver cells i vive, In the sheence of any additional delivery vehicle, high concentrations of
SIRNA are required and delivery efficacy fa poor. When combined with the delivery peptidas
described herein, delivery of the polvnucleotide iy greatly improved. By providing the
siRNA-cholesterol together with a delfivery peptide of the Invention, efficacy of siRNA-

chilesterst is increased about 1B fold

Hydrophobic groups useful as polynuclentide targeting moletias may be selected from the
group consisting oft aliyl group, alkenyl group, alkyny! group, aryl group, rafky! group,
aralkeny! group, and aralkynyl group, each of which may be lnear, branched, or sycHe,
cholestersl, cholesterol derivative, sterol, sterpid, snd steroid derivative, Hydraphobie
targeting moieties ars preferably hydrocarbons, cortalning ondy carbon and hydrogen atoms.
Howsver, substitutions or hetercatims which maintain hydrophobicity, for example flucrine,
may be permitted, The hydrophobic targeting molety may be attached to the 3 or ¥ end of
the RNAI polynucleotide using methods known in the art. For RMNAI polynucientides having

2 strands, such se sIRNA, the hydrophobie group may be attached to elther strand.

In another embodiment, the polynuclentide targeting molety comprises a galactose cluster
{galactose cluster targeling molety )k As used hereln, a galactose cluster comprises a molecule
having two to four termingl galactose derfvatives. As used herein, the termy galactoss
derivative includes both galactose and derivatives of galactose having affiniy for the
asialoglycoprotein receptor equal 1o or greater than that of galactose. A serminal galactose

glycopratein recepior

&

derivative is atiached to 2 molecule through #s C-1 carbon, The asialo
{ASGP is unigue 1o hepatorytes snd binds branched palactose-termunal ghycoproteins. A
preferred galactose cluster has three tenminal galactosamines o galaciosamine derivaitves
each having affinity for the asisloglyesprotein reseptor. A move preferved galactose cluster
has three termingl N-acstyl-gatactosamines, Other torms common in the art inelude -
antennary palactose, tri-valent galectose and galactose triner. It is known that fri-aniannary
galactose derfvative chusters are bound to the ASGPr with greater affinity then b-aniennary

or mono-antennary galactose derivative structuses (Baenziger and Flete, 1980, Cell, 22, 611
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£20; Connolly ot al, 1982, J, Biol, Chemn,, 257, 9390458}, Mulivalency is required to achisve
nhd affinity. The attachment of & single galactose derivative having affinity for the
asialogiveoproteln receptor does not enable functional delivery of the RNAL polynusleotide
10 hepatooytes fa vive when co-administersd with the delivery peptide.

&

Cr,OH

HO fo
HLoH Y

galactose

A galsctose cluster contalng thres galactose derivatives each Hnked to 8 central branch point,
The galaciose derivatives are attached 1o the central branch point through the G- sarbons of
10 the saccharides. The galastose derivative is preferably linked to the branch polnt vis linkers
or spacers. A preferred spacer is a flexible hydrophilic spacer (U.S. Patent 5885968, Diessen
et al. J, Med, Chem. 1995 Vol 39 p. 1538-1548) A preferred flexible hydrophilic spager iz a
BEG spacer. A praferred PEG spscer is » FEG; spacer. The branch point can be any small

molecule whish permits attachment of the thres galaciose derivatives and further permits

[
L]

astachment of the branch point to the RMA! polynucisotide. An sxemplary branch poind group
i5 & di-lysine, A di-lysine molecule comains three amine groups through which three
galactose derivatives may be attached and a carboxy! reactive group through which the di-
lysine may be attached 1o the RMATL polynuclectide. Attachmesnt of the branch puint to the
RNAI polynuciestide may oecur through a linker or spacer. A preforred spacer is a flexible
20 hydrophilic spacer. A prefarved flaxible hvdeophilic spaser is a PEG spacer. A preferred FEG

spacer is a PEG; spacer {thres etiylene units). The galactose cluster may be attached to the ¥
ar 5 end of the RNAQ polynucleotide wsing methods known in the art. For RMAi
polynecleatides having 2 sirands, such as siRNA, the galsciose cluster may be attached to

t=d

etther strand.

A preferred galactoss derivative is an Neacety-galactosaming {GalNAc) Other saceharides
having affinity for the asialoglycoprotein receptor may be selected from the list comprising:
galactose, galactosmming, N-formylgalaciosamine, N-acotylgalactosamine, N-proplonyl-
galactosaming, N-n-butenoyligalaciosaming, and N-jso-butanoylgalactos-amine, The affinities

30 of mumerous galactose derivatives for the asialoglycoprotein receptor have been studied {see

25
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for example: lobst, 5.7, and Dvickamer, K..AR.C 1996, 2771, 6680) or are readily determined

using methods typical in the ant,
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(ialactose cluster with PEG spacer between branch puint and nucleio acid

19 The term polynucleotide, or nucleic ackd or polynucleie acid, Is a term of art that refers 1o &
polymer sontaining &t least bwo nuclectides. Mucleotides are the monomerie units of
polynucieotide polymers. Polynucleotides with less than 120 monormeric uniis are often

calied oligomuslectides. Matural nuclels acids have a deowyribose- or ribose-phusphate

26
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backbone, A nor-natural or synthetic polynucisotide s a polynucleotide that is polymerized
in vizro or in & cell free syaters and contains the same or similar bases bul may oontain 2
backbone of a type other than the natural ribose or deoxyribose-phosphate backbone.
Polynuclentides can be synthesized using any known technigue in the arl. Polynucleotide
backbones known in the art include: PNAs {(peptide nucleic acids), phosphoroihicates,
phosphorodiamidates, morpholines, and other variants of the phosphate backbone of native
nuclele acids. Bases include purines and pyrimidines, which further include the natural
compounds adenine, thymine, guanine, cytosine, wracil, inosine, and natural analogs.
Synthatic derivatives of purines and pyrimidines include, but are not Himited to, modifications
which place new reactive groups on the nuclestide such as, but not limited to, amines,
alochols, thiols, carbaxylates, and alkythalides. The term base encompasses any of the known
base analogs of DNA and RNA. A& polynucleotide may contain  ribonucleotides,
deswyribenucisotides, synthetic nucleotides, or any suitable combination. Polynudleotides
may be polymerized in wie, they may be recombinant, contaln chimers sequences, of
derivatives of these groups. A polynucizotide may include s terminal cap moiety at the 37 -
snd, the 3 -end, or both the § and 3" ends. The cap moiely can be, but is not lmited to, an
inverted deoxy abasic moiety, an inveried deoxy thymidine molety, a thymidine molety, or 3

giyceryl modificstion.

An BNA interference (RMAD polymuclestide 5 & molecule capable of inducing ENA
imterforence  through inderastion with the RNA imterforence pathway machinery of
manynatian cells to degrade or inhibit transiation of messenger RNA (mBNA) transuripts of 3
transgene n a sequence specific manner. Two priveary RMAE polynuclectides are small {or
short) imterfering RMNAs (siRNAs) and micro RNAg (milMAg) RNAI pelynucieotides may
be selacted from the group comprising: sIENA, microRMA, double-strand RNA& (deBNA},
short hairpin RNA (shRNA), and expression casseties encoding RNA capable of inducing
RMNA interference. SiRNA comprises a double stranded structurs typically containing 15-50
base pairs and preferably 21-25 base pairs and having a nusleotide sequence identical
{perfectly complernentary} o nearly identical {partially complementary} fo a coding sequence
in an expressed targst gene or RNA within the cell. An siRNA may bave dinuclestide ¥
sverhangs. An siRNA may be compesed of two annealed polynuciectides or a siagle
palvoucieotide that forms 2 halrpin structure, An siBMA molecule of the invention somprises
a sense region and an antisense region. In one erabodiment, the siRNA of the conjugate i

assembled from twe oligonucisotids fragmenws wherein one fragment comprises the

PCT/US2011/065525



CA 02816042 2013-04-24
WO 2012/083185 PCT/US2011/065525

nuclentide sequencs of the antisense sirand of the siRMA molecule and a second fragmend
comprises nuclectide sequence of the sense region of the siRNA molecule. In another
embodiment, the sense strand s connecisd to the anlisense strand via a linker molecule, such
as a polynuclestide linker or a norepuclestide lnker MicroRMAs {miRNAs) are small
5  noncoding BEMA gene products abowt 22 nucleotides long that direct destruction or
translational repression of their mBNA targets. I the complementarity betwesn the miRNA
and the target mRNA I pertial, tanslation of the target mRNA s repressed. I
complementarity is eatensive, the target MRNA is cleaved. For miRNAs, the complex binds
1o target sites usually located in the 3'UTR of mRNAs that typically share only partial
10 homology with the miNA. A “seed region” — a siretech of about seven {7) congecutive
nuclestides on the & end of the miRNA that forms pertect base pairing with ity target — plays
a key role in niRNA specificity. Binding of the RIBC/miRNA complex o the mRNA can
fead to elther the repression of protein translation or cleavage and degradation of the mRNA.
Recent data indicate that mRNA cleavage happens preferentially if there Is perfect homotogy
15 along the whols Jength of the miRNA and bs target instead of showing perfect base-palring

ordy in the seed region (Pillad et al. 2007}

RNAL polynucleotide expreasion casseiies can be transcribed in the sell to produce emall
hairpin KMAg that can function as siRNA, separmte sense and snti-sense sirand Hoear

o siRNAg or miRNA. BNA polymerase [ vansceribed DNAS contain promoters selected from
the list comprising: UJ§ promoters, H1 promoters, and t(RNA promaoters, RMNA polymerase I
prometers inelude UL U2, U4, and WS promoters, snRNA promolers, misroRNA promoters,

and mRNA promoters,

25 Lists of known miRNA sequences can be found in databases mmintaiped by research
organizations such as Wellcoms Trust Sanger Instilute, Penn Center for Bioinformatics,
Memorial Sloan Kettering Cancer Center, and BEuropean Molecule Biology Labomtory,
among others. Known effective siRNA sequences and cognate binding sites are ales well

represented in the relevant Hierature, RMAI molecules are readily designed and produced by

b
<

sechnplogies known in the an. In addition, thers are compulational tools that increase the
chance of finding effective and specific seguence motifs {Pel et al. 2006, Heynolds ef all
2004, Khvorova st al. 2003, Sshwarz of ab 2003, Ui-Tei st al. 2004, Hesle of al. 20603, Chalk

gt al, 2004, Amarzguiow et al. 2004
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The polynucieotides of the invention can be chemically modified. Non-limiting examples of
such chemical modifications include: phosphorothivate intermucleotide binkages, 2-O-mathyl
ribonuciestides, 2-deoxy-2-flunro ribonuclentides, -deoxy ribonuclestides, “universal
hase” nucleotides, 5-Comethy] nuclectides, and inverted deoxyabasic residue incorporation.
Thase chemical modifications, when used in vartows polynuclestide constructs, are shown
preserve polynucleotide activity in cells while at the same time incressing the serum stability
of these compounds. Chamically modified SIRNA can alsn minimize the possibility of

activating interferon activity in bumans.

n one embodiment, a chemisally-modified RNAIL polvnucieotide of the invention comprises
a dupiex having two strands, one or both of which can be chemicaliy-modified, whersin each
strand is absuit 19 to about 29 nucleotides. In one embodiment, an RMAL polynucleotide of
the invention comprises one o mors modified nuclestides while muintaining the abiliyy to
mediate RNAT inside a cell or reconstitutad fr vitro systenn, An RNAIL polynucleotide can be
modifisd whersin the chemical modificstion comprises one or more {a.g, abmint 1, 2,3, 4, 5,
8,7, & 9, 18, or more) of the nuclectides. An RNAI polynuclectide of the invention can
pomprise modified nuclzotides as a percentage of the wotal number of nuclentides present in
the KMNAG pobynuclentide. As such, an BMAL polynucicotide of the invention can generally
comprize modified nuclestidas from about 3 1o about 100% of the nucleotide positions {e.g.,
55 10%, 15%, 20%, 25%, 0%, 35%, 40%, 45%, S0%, 55%, 60%, 65%, T0%, V5%, 80%,
B5%, 90%6, 999 or 10096 of the nuclentide positions), The aciual percentage of modified
nuckeotides present in a given RNAI polynuclectide depends on the wtal number of
nuclentides present in the HNAI pelynuclestide. If the RNAI pelynuclestide i3 single
siranded, the percent modification can be based upon the total number of nuclentides present
in the single stranded RNAG polynuclestide, Likewise, If the RMAL polynucieotide is double
stranded, the percent modification can be based upon the total number of nuclestides present
in the sense strand, antisense strand, or both the sense and antizense strands. Tn addition, the
actual percentage of modified nuclectides present in g given RNAI polynuclectide can also
depend on the total number of purine and pyrimidine nucleotdes present in the RNAJ
polynucientide. For example, whereln all pyrimidine nucleotides and/or all purine nucikeotides

presentt in the RNAT polynuclestide are modified,

An BNAL polvnucicotide modulates exprassion of RINA encoded by a gene. Because multipls

genes can share some degree of sequence iomology with aach other, an RMAT polynuclentide

48



20

e
£

WO 2012/083185

CA 02816042 2013-04-24

can be designed o target & class of genes with sufficient sequence homolegy. Thus, an RMNAG
polvnucleotide can contain & sequence that bas complementarity 1o sequences that are shared
amongst different gene targets or are unique for a specific gene targer. Therefore, the RNAI
pilynuclestide can be designed to target conserved regions of an RNA sequence having
homology between several genes thereby targsting several genes in a gens family {e.g.,
different zene iscforms, spiice varianty, smutant genes, sie.) In another ewbodiment, the
RMAL polynucleotide can be designed 10 target 2 sequence that is uniqus to a specific RNA

sequencs of a single gene,

The term complementarity refors to the ability of a polynuclestide to form hydrogen bond(s)
with anether pelynuciectide sequence by either traditional Watson-Crick or other non-
traditional types. In reference to the polynuclectide molecules of the pressnt invention, the
binding fres energy for a polynuclectide molecule with iis target (effector binding sitej or
somplementary sequence is sufficient to allow the relevant function of the polynuclentide to
proceed, g, enzymatic mRMA cleavage or translation inhibition. Determination of hinding
ree energies for nucleic acid molecules is well known in the art (Frier et al. 1986, Tumer et
al, 19871 A percent complementarity indicates the percerstage of bases, in a contiguous
sivand, in a first polynuclectide molecule which can form hydrogen bonds {e.g, Watsone
Crick baze pairing) with a second polynuclestide sequence (e.g, §, 6, 7, §, %, 1D out of 18
being 0%, 60%, 709, 80%, 50%, and 100% complementary). Perfectly complementary
means that ail the bases in 3 contipuoue strand of a polynucieotide sequence will bydrogen

borud with the same pumber of contiguous bases in a second polynuciectide sequence,

By inhibit, down-regulate, or knockdown gene expression, i is meant that the exprassion of
the gene, as measured by the level of RMA ifrarecribed froan the gene or the lovel of
polypeptide, prolein or protein subunit wanslated from the RKNA, is reduced below that
ohserved in the sheence of the Blocking polynucleotide-conjugates of the imvention.
Inhibition, downeregulation, or knockdown of gene expression, with s polynuckeotids
delivered by the compositions of the Invention, is preferably below that level obeerved in the
prazence of a control nactive puclele acid, 2 nucleic ackd with scrambled sequence o with
inactivating mismatehss, or in absence of conjugation of the polynuclentide to the masked

polymer.

St
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I Fivo Administration
I pharmacology and toxicclogy, a route of administration is the path by which a drug, fleid,
poisen, or other substance is brought inte condact with the body. In general, methods of
adminfsiering drugs and nocleic acids for teatment of & mammal are well known in the at
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 & proparation appropriately tailored fo that route. Thus, the compounds of the present
invention can be sdministered by injection, for example, muravenously, intramuscularly,
intracutaneously, suboutancously, or intraperitongally. Accordingly, the pregent invention
10 aleo provides pharmaceutical compositions comprising a pharmacsutically acceptabde carvier

or sxcipient,

Parerteral routes of administration include intravascular (intravenocus, intraavterial),
intrgmuscular,  intrapavenchymal,  iswradermal, subdermal,  subcutaneous, intratismo,
15 intraperiioneal, intrathecal, subdursl, epidural, and intralymphatic Injections that use a
syringe and a neadle or catheter. Intravascuiar herein means within a tlubular structure called
a vessel that is connectsd to a Hesue or organ within the body. Within the cavity of the bular
structure, @ bodily fluid flows o or from the body paet. Examples of bodily fluid mclude
blond, cersbrospinal fluid (OSF), lymphatic fluid, or bile. Examples of vessels inchude
3 arieries, arterioles, capiliaries, venules, sinuscids, veins, lymphaties, bile duets, and ducts of
the salivary or cther exocrine glands, The intravascular rowte includes delivery through the
blood vessels such as an artery of a vain, The blond circulatory system provides systemic

spread of the pharmaceutical.

25 The described compositions are injected in pharmaceutically accaptable carrier solutions.
Pharmaceutically acceptable refirs to those properties and/or substances which are acceptable
o the mammal from a pharmacologicalfioxicnlogical point of view, The phrase
pharmaceutically acceptable refers o molecular entities, compositions, and properties that are
phyziologically tolerable and do not typically produce an allergic or other untoward o X
3 reaction when administersd to & mammmal. Preferably, as used hereln, the lenm
pharmaceutically acceptable means approved by a regulatory agency of the Faderal or 2 state
government of Hsted in the LLS. Pharmacopeia or other gensrally recognized pharmacopeia

for use in animals and more particularly in humans,
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The BMNAL polynucieotide-targeting molety conjugate s co-administered with the delivery
peptide. By co-adminisiered it is meant that the RNAL polynuciestide and the delivery
peptide are administersd o the manmal such that both are present in the maromal st the same
tiene. The RMAI polynuciectide-targeting molety conjugate and the delivery peptide may be
administerad shmultanscusly or they may be deliversd sequentially. For simultancous
administration, they may be mixed prior to adminisration. For sequerdial administration,
gither the RNAI pelynuclectide-targsting moiety conjugate or the delivery peptide may be

administerad first

For RNAI polynucieotide-hydrophobic targeting moiety conjugates, the RNAT conjugate may
be administersd up to 30 minutes prior 1 administration of the delivery peptide. Also for
RNA} polynuclestide-fiydrophobic targeting molsty conjugates, the delivery peptide may be

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

For KA polynucleotide-galactoss cluster sargeting molety conjugates, the RMAL conjugate
may be administered up o |5 minudes prior to administration of the delivery peptide, Alse for
BNAI polynucieotide-galactose cluster largeting moisty conjugates, the delivery pepiide may

be adminiziered up to 15 mimstes prior o administration of the RMNAI conjugate.

Therapeutic Effect
RMNAT polynuclectides may be delivered for research purpuses or to produce a change in 3
cell that is therapeutic, fr vive delivery of RNAL polynuclestides iz useful for research
reagents and for a variety of therapeutic, diagnostic, target validation, genomic discovery,
genctic engineering, and pharmacogenomic applications. We have discloved RMAL
polvnucicotide debivery resulting in inhibition of endogenous gene expression in hepatorytes.
Levels of s reponer (marker) gene expression measured following defivery of a
polvaucleotide indicate a reasonable expectation of similar lovels of gene expression
following defivery of sther polynuclentides. Levels of treatioent considered beneficial by a
person having ordinary skill in the art differ from disesse o disease. For example,
Hemophilia A and B ave caused by deficiencies of the K-finked clotting factors Vil and IX,
respectively, Their clinical sowrse Is greatly influenced by the percentage of normal serum
levels of factor W1 or I < 7%, severe; 2-5%, moderate; and 5-30% mild. Thus, an increase
fron 1% 1o 3% of the normal level of circulating facter in severe patients can be considered

beneficial. Levels greater than 6% prevent spontanecus biseds but not those secondary 1o
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surgery of injury, Similarty, inhibition of a gene need not be 100% to provide a therapeutic
benefit. A person having ordinary skill in the art of gene therapy woukd reasonsbly anticipate
benaficial levels of expression of a gene specific for a disease based upon sufficlent levels of
marker gene results. In the hemophilia sxample, if marker genes were expressed to vield a
$  protein 3t g level comparable in volume to 2% of the normal tevel of factor VI it can be
reassmably expected that the gene coding fur factor VIHl would also be expressed at similer

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

intracetiuiar proteins in general.

1) The lver is one of the most mportant target tissues for gene therapy given its central role in
metabolism (.., lipoprotein metabolism in various hypercholesterolemiae) and the secretion
of circulsting proteins {e.g., choiting faciors in hemophilia) In addition, scquired disorders
such a3 chronic hepstiths (2.2, hepatitis B virus infection) and civhosis are common and are
aleo prtentially trested by polynucicotide-based fiver therapies. A number of dissases or

15 conditions which affect or are affected by the liver are potentially treated through knockdown
{inhibiton) of gene expression in the liver. Such liver diseases and conditions may be
sedected from the Hst comprising: Hver cancers {inchuding hepatocelinlar carcinoma, HUC),
viral nfections (including hepatits), metabolic disorders, (including hyperlipidemia and

diabetes), fibrasis, and acute liver injury,

0
The amount (dose) of delivery peptide and ENAlpolynuclestide-conjugate that is to be
sdministered can be determined empirically, We have shown effective knockdown of gene
expression using 0.1-10 mp/kg animal weight of siMA-conjugate and 3-60 rag/kyg anbral
weight delivery peptide. A preferred amount in mice Is §.25-2.5 gk siRNA-conjugate and
75 1040 mg/kg delivery peptide. More preferably, abowt 12.5-20 mghg delivery peptide i

administered, The amount of ENAT polynuciestide-coniugate is easily increased because i i3

rypically not toxic in larger doses.

As used herein, in vive msans that which iakes place insils an organism and more
30 specifically to a process performed in or on the Hving tissue of 2 whole, living mudticellelar

organism {animal}, such a5 & mammal, a5 opposed to a partial or dead one.

Sy
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EXAWMPLES
Fxample §. Melittin nywibesis, AlL meliitiv poptides were made wsing pepiide synthesis
technigues standard in the art. Sultable melitin peplides can be all L-form amino acids, all D-
form anine acids (nverse). Independerntty of L or I form, the melittin peptide sequence cap

5 bereversed (retro}.

Example 2. Mellttin modification.
Aming terminal Modification of Melitiin Derivatives. Bolutions of UKLK-Melitin (20
mg/mby, TCERHCO (287 mgiml, 100mM), and MES-NMNa (21.7mgfml, 100mM)} were
1 prepaved in dHROL Inoa 20 mi scindllation vial, CKLE-Melittin (Q.030 punol, Smi} was
reacted with 1.7 molar equivalents TCER-HCT (0.05Tmmal, §.51ml) and lefl to stiv at room
temperature for 30 min, MES-Na (2 mi} and Water {1.58 mi) were then added in amounié o
yield final concentrations of 10 mgfmi Melitln and 20 mM MES-Na. The pH was checked
and adiusted to pH 6.5-7. A solution of NAG-PEG,-Br {100 mg/ml} was prepared in dHath,
1S NAG-PEG-Br (4.75 5q, 0,142 sunol, 0.61 ml) was added, and the selution was left to stiv at

rpom temperature for 48 h

Alernatively, in a 20 mi scintillation vial, Cys-Maetittin {0.006 mmol, Tml} was reasted with
1.7 molar equivalents TCEP-HC! (0010 mmel, 100 pl} and Jeft to stir at room lemperature
30 for 30 min. MES-Na (400 ) and water {390 ul) were added in amounts to yield final
concentrations of 10 mp/mi Melittin and 20 mM MES-Na. The pH was shecked and adjustad
1o pH 6.3-7. & solution of NAG-PEGe-Matetmide (100 mg/ml} was prepared in dHp0, NAG-
PEGs-Maleimide (2 eg, 0.012 mmol, 119 ul) was added, and the soluion was feft 1o stir al

oo lemperature for 48 b

3
La

Kamples were purified on a Luna 10 C18 1004 21.2x250mm column. Buffer A: HaQ 0.1%
TFA and Buffer B MeCH, 10% Isopropy! Aleohol, 8.1% TFA. Flow rate of 13 mli/min, 35%

Ao §2.5% B in 20oun.

30 Other amine terminal modiffeations wers made using similar means. Carboxyl terminal
modifications were made substiuting welittin peptides having carboxy! terminal gysteines for

melitting having amine terminal cysteings,



CA 02816042 2013-04-24

WO 2012/083185 PCT/US2011/065525

Compounds used o modified Cys-Malittin or Melittin-Cya
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PEG maleimide

o is an ineger from 1 to 120 (PEG moleoudar weight ap to about 3 kbDa)
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i M-MAG-PES bromo acetimide
Peptides having acetyl, dimethyl, stearoyvl, myristoyl, and PEG amine or carboxyl terminal
modifications, but not tenminal cysteine residues, were generated on resin during peptide
synthesis using methods typical in the an,
)

Example 3. Masking agenis synthesis,

A, pH labile masking agenits: Steric stabifizer CDM-PEG and ravgeting group CDM-NAG

iNegeandt galactosamingt syntheses. To a solution of CDM {300 myg, 0.16 mmel} in 30 mi

methyiens chiovids was added oxalyl chioride (2 g, 10 wi eq.) and dimsthyHormamide (5
20 ul). The reaction was allowed to procsed overnight, afier which the excess oxalyl chioride

and methylens chioride were removed by rotary evaporation to yield the CDM acid chloride,

35
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The acid chioride was dissolved in | mLl of methylene chioride. To this solution was added
1.1 molar equivalents polyethylene glveol monomethy! ether (MW average 550) for CIIM-
PEG or {amincethony ethoxy-2-{acetvlaming}-2-deoxy-B-Dgalaciopyranoside {le amine
bisethoybethyl NAG) for COM-NAG, and pyridine (200 gl 1.5 2g) in 10 mbl of methylens
chioride, The solution was then stirred 1.5 h. The solvent was then removed and the resulting
sobid was dissolved inte 5 mbL of water and purified using reverss-phase HPLO using &

0.1% TF A& water/acetonitrile gradient,

a o]
\“)?'K”N J
v N g

o ]
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Generic Disubstitited Maleis Anbydride Masking Agent

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

vy LL
}»3\5 PN ,C,A{’\\ fq}\
Df' g TR
\ s
\
J
o

COM-FPEG
R is & methy! or ethiyl, and n i an integer from 2 to 100, Freferably, the PEG contains from 3
to 20 sthylene units {n is an integer from 5 1o 200 More prefersbly, PEG comains 10-14
sthylene units (n is an integer from 10 1o 14). The PEG may be of variable Jength and bave 2
mean length of 5220 or 10-14 ethylene units. Alternatively, the PEG may be monodisperse,

uniform or discrete; having, for example, exactly 11 or 13 ethylene units.
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COM-NAG

n is an integer from 1 to 10, As shown above, a PEG spacer may be positioned between the

5 anhydride group and the ASGPr ligand. A preferred PEG spacer containg 1-10 ethylens unite,
Aliernatively an alkyvl spacer may be used betwesn the amhydride and the N-
Acetvigalaciosaaing,

Ok
\ M / -
} - N o~ O
/ T ™ ’ﬁ\’{ %’f ~a f{\
¢ H it s
AN N o
}/«rf . NHAC iy
/
o
PG COM-NAG (alky! spaces)

nis g infeger from $ i &

Crther spacers or linkers may be wsed bet between the ashydride and the N-Acetyl-
galrctosamine. Howsver, a hydrophilie, neatral {preforably uncharged) spacer or brker is

£5 preferred)

B. Protease {Pepridase} Cleavable Masking Agenss. Melittin peptide ean also be reversibly
modified using specialized enzyme cleavable finkers. These enzyms cleavable linkers employ
a dipeptide connectad o an amidobenzyl activated carbonate meiety. Reaction of the
36 setivated carbonate with a peptide amine compects @ fargeting compound, such as
asialoglyceprotein recepior ligand, to the melittin peptide via a peptidase cleavable dipeptide-

amidobenzy! carbamate finkage. Enzyme cleavage of the dipeptide removes the iargsting
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MAG-PEGT-Phe-Cit-PABC-PMHP

Dipeptides Glu-Gly, Ala-Cit, Phe-Cit are shown ("Cit" is the smine aoid citrulling). Other
5 amdng acid combinations are permissible, fn addition, 3-5 amine scids may be used as the
Hinker hetween (he amide benzyl group and the targsting lgand. Further, other astivated
carbonales known in the ant sre readily substimted for the pars-nitrophenod used in the abive

compounds.

1 Exgmiple 4. Reversible modification/masking of melittin.
A Madification with malele griydvide-based masking agenis. Priot w modification, 5% mg
of disubstituted malelc anhydride masking agent {e.g. CDM-NAG) was Iyophilized from 2
{1.1% aqueous solution of glacial acetic acid. To the dried disubstituted maleis anhydride
masking agent was added a solution of ¥ mg melittin in 0.2x mL of Isotonic ghuoose and 1

15 mg of HEPES free bage. Following complets digsolution of anhydride, the sodupion was
incubated for at least 30 min &t RT prior to animal administration, Reaction of disubstituted
maleie anhydride masking azent with the peptide yiglded:

R g\ ?

}';\N .,v-‘uu‘\[/\\/f S

MO N

~

2

o

B

wherein R is melittin and B] comprises a ASGPr ligand (e.g. NAG) The anhydride carboxyl
30 produced in the reaction betwsen the anhydride and the pelymer aming exhibits ~1720% of the
expected charge {Rozersa et al. Bioconjugate Chemistry 2003} Therefore, the membrans
sctive polymer iy effectively neviralized rather than being converted to a highly negatively

chargad polyanion.

L 5%
i
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B Modificasion with protease oleavable wasling agests. 1x mg of peptide and 185 mg
MEPES base at 1-10 mg/mi peptide was masked by addition of 2-6% mg of aming-reantive
pentftrophenyl carbonate or Nehydroxysuccininide carbonate derivatives of the MNAG-
sontaining protease cleavable substrate. The solution was then incubated at least | k ot room

3 temperature {RT) before Injection int animals,

Exennple 5. siBNA4y The siRMAs had the following sequences:
Factor VI - rodend
senae: {Chol3 GloAfa ARG G RGCiARULAT ivedTY 3 (Seg I 97

10 antisense; 5 pdTORaGRe Gl ARGRCRURGTdTsdT 3 (Beg (D 9B)

or
SEHSE 3 GOATHCTAUICAHCIAAGURNTUURACHT ST 37 (Beg 1D 9%
antizsenss 5 GIAAGACIUANGAGAUIGAURCICHT:AT 37 (Seq 1D 100}

Factor Wil = primate
15 Sense {chol5 auAGGRURGRGRATGIATCRCHRGInvdT 3' (8eq 1D 101
Antizense 3 pCHUfgAfeC aCR AU ARCRAfCd TsdT 3 (Seq HY 102)

ApcB siRMA:
SERSC {cholCESSCE 5 GUAAUCHAuABGAUCcASA § (Seq 1D 103}
antisenss F 3G ALIAA AvAsAAG AU CoscsU ¥ (Beg 11 HM)

20 «LUC

sense {chal} 3-uAnCRUfaCfgCRGRGRARURCTIgAR InvdT)- ¥ (Seq 1D 183}
antisenss FU G HAREURCRCHRGRGRABGRTT-3 (Seq 1D 108}

lower case = 2-{0-UH, substiition

25 5= phosphorothicate linkage

{ afier nucleotids = 2°-F substitution

d befors nucleotide = 2'-denxy

BNA synthesis was performed on solid phass by conventional phosphoramidite chernistry on
3 an AKTA Olgopilot 100 (OF Healthcare, Freiburg, Geormany) and controlled pore glass

{2P3) as solid support,
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Ewompde 6, si8NA-wwrgeting molecule confugares.
A. Synihesis of GalNdc cluster, & GalNAc chuster polynucleotids targeting Hgand was

synthazized as described in US Patent Publication 20015207769,

SN Chiral
“‘t"’
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5 B OuiNde cluster-siRNA conjugates. The GeiNAc clester of Example 64 above was
conjugatad o sIRNA as shown In FIG. 2 and as deseribed below.

{1 Compound {150 me, 082 mmol, FIG, 2) was dissolved in dry methanol (3.5 mi} and

432 ul. sodimm methy late were added (25% solution in MeQOH). The mixture was stirred under

an argon atmosphers for 2 b at RT. An equal amounst of methanel was added as well as

13 portions of an anionic exchange material Amberlite 1R-120 10 generate 8 pH ~7.0. The

Amberlite was removed by filtration. The solution was dried with NayS0,, and the solvent

was removed under reduced pressure. Compound 2 was obtained in gquantitative yield a5 &
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30

white foam. TLC (310, dichloromethane (DOMYMe0H 511 + 0.1% CHC00HY Re2 =
0.63; for detection a solution of sulfurie acid (5%) in MeQH was used followsd by heating.

ESI-ME, divect injection, negative maode; IAHT ot 14527 IH1 ressured: 14525,

{2} Compouwnd I (20 mg, 0.014 mmel, FIG, 2 was co-evaporsted with pyridine and
dichloromsthane. The residus was dissolved n dry DMF (0.9 mi} snd a sohuion of
N-Hvdrogvsuecintmide (INHS) in DMF (1.6 mg, 0.014 mmol} was added while stirring under
an argon atmosphere. At (°C g solution of NN-Dicyclohexylcarbodiimide (DCC) m DM
{3.2 rog, 0.018 mmol) was slowly added. The reaction was allowed to warm to RT and stirred

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

(3) Rynthexis of amine-modified RNA. RNA squipped with a C-6-amine finker at the 5-end of
the sense strand was produced by standard phosphoramidite chemistry on sofid phase at &
seale of 1215 umeol wsing an AKTA Ofigopilot 104 (GE Healtheare, Freiburg, Germany) snd
controlied pore plass zs solid support, RNA comaining 2-Oemethyl nuclectides were
generated employing the corresponding phosphoramidites, 2%C-methyl phosphoraraidites
and TFA-hexylaminolinker amidite, Cleavage and deprotection sy well as purification was

achieved by methods known in the field (Wincott FL, e of, NAR 1895, 23,14, 2677843

The amino-modificd RNA was charactarized by anion sxchange HPLO {purity: 896.1%%) and
identity was confirmed by BRIMS {EM*xH}“ creatneds 09374, MR P sannd. 5380
Saquence: 5N TOOGAAUChAnAmeGAUCeASA-D ) ue 27-Oemethyl nucleotides of
corresponding basss, st phosphorothivate.,

&3} Confugation of GalNdc Cluster to RNA RMNA (2.54 pmol} squipped with a C-8 aming
linker at the $-snd was vophilized and disselved in 250 ul sodium borate buffer (&1 mol/L,
sedivm borate, pH 8.5, §.1 melL KCB and 10 mbl DMSO. After addition of Bul
N N-Dhisopropyletiylamine {DIFEA), a solution of compound 3 (theoretically 0.014 mmol,
FiG. 2) in DMF was slowly added under continuous stirring to the RNA sclution, The
regclion mixiure was agilated at 35°C overnight. The reaction was monitored using RP-
HPLC (Resource RPD 3 mi, buffer: A: 100 mM Triethylammonium acetate (TEAA, 2.0 M,
pH 7.0) in water, By 100 mM TEAA in 85% scetontirile, gradient: 3% B 10 22% B in 20 CV).
After precipitation of RMA using sodium acetate {3 M) in EDH at -20°C, the ENA

coniugate was purified using the conditions described above. The purs fractions were pocled,
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arsl the desired conjugate compound 4 was precipiiated using sodivm aserate/FiOH o give
the pure EMA conjugate. Conjugate 4 has been isolated in 59 % yield (1,50 umol}. The purity
of conjugate 4 was analyzed by anion exchange HPLC {purity: 83.5 %4} and identity was

confirmed by ESE-MS (IMHHTY ucaned: 8374.4; [MART uawmat 837600

v

{3} Comjugate 4 (sensa strand) was annealed with an 2-O-methyl-modified antivense strand.
The siRNA conjugate was generated by mixing an squimolar solution of complemenary
strands in annealing butfer (20 mM sodium phosphate, pH 6.8; 100 mM sodium chloride),
heated in & waler bath 8t 85-90°C for 3 min, and cocled to RT over a period of 3-4 b, Duplex

10 formation was confirmed by native gel electrophoresis,

O Hydraphobic group-sIRNA confugates.

1) sIRNA conjugation fo alf! groups. A Y-CIG-NHS ester modified sense strand of SIRNA

(MHSC10-aiRNA, or COCOSIRNAY was prepared employing 5-Carboxy-Medifier CI0
15 amidite from Glen Research {Virginia, USAY The activated RNA, still sitachad to the solid

suppirt was used for conjugation with Hpophilic amines listed in Table T below. 100 mg of

the sense strand CPG (oading 60 pmolig, 0.6 pmol RMAY were mixed with 825 mnad of the

corresponding amine obtained from, Sigma Aldrich Chernie GiobH (Tautkirchen, Germany}

or Fluka (Bigma-Aldrich, Buchs, Switzerland)

24
Tabbe 1. Lipophilic amines used in forming hydrophobic group-siRNA conjugates
Wr {Lipophilic Amine mg | mmol [solverd
2 IneHexylaming 25 025 i mi CHLCly
3 iDodeoyiamine 3 1 025 1055 mL CHACN, 045 ml CHCh
4 Ociadecyiamine &7 3,25 11 mb CHLCh
5 Didecviamine T4 325 i1 mb CHCL
& {Didodecylamine 5% (3,25 mb CHCh
T iDioctadecylamine &7 (.12 1345 mL CHuCly, 0.45 mL Cyelohexan
The mixiurs was shaken for 15 h at 40°C. The RNA was cleaved from the solid suppmt and
deprotecied with an aqueous ammonium hydroxide solution (MH;, 33 %6} at 45°C overmght.
The 2-protecting group was removed with TEAXIHF at 63°C far 3.5 b The crude
35 oligoribonucicotides were purified by RP-HPLO (Resource RPC 3 mil, buffer: A: 100 mM

. 4
R
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TEAA in water, B 100 mbM TEAA in 95% CHON

except for Mr 70 gradient from 3% B I00% B in 1S OV

pradiens 3% B o T0% B in 13 OV,

3

To generate siBNA from RMA single strand, squimolar amounia of complementary sense and
8 antisense strands were mixed in annsaling buffer (20 mM sodium phosphate, pH 6.5, 100
mib sodivm chloride), heated at 86°C for 3 min, and cooled 1o BT over g poried of -4 b, The
SiRMA, which are directed against facter VH mBNA were characterized by gel

siegtrpphoresis.

W (2} siRNA confugation fo cholesterel — siRNA~cholesters! conjugates were synthesized using
methods standard in the art. Cholestersl can be attached 0 the 3 or 3’ tevmini of the sense or
antisense strand of the sIRNA. A preferred sttachment s to the 5 end of the sense strand of
the sIRNA. siRMA-Chalesters] can abso be made post siRMNA synthesis using RNA strande

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

Jir Vive siBNA Drelivery
Example 7. ddministeation of RNAD polynuclectides n vive, and delivery (o hepatocytes.
RMAL polvnucleotide conjugates and masked melittin peptides were synthesized as described
above, Six to aight week old mice {strain CSTBL/A or ICR, ~18-20 g sach) were obtained
20 from Harlan Sprague Dawley (Indianapolis IN) Mice were housed at least 2 days prior to
injection. Feeding was performed ad Sbifian with Harlan Tellad Rodent Diet (Hardan,
Madison Wi Mice were injected with 0.2 b solution of delivery peptide and 0.2 mbL
SHNA conjugstes into the il vein. For simultancous injection of delivery peptide and
SIRNA, the siRNA-~conjugate was added to modified peptide prior to injection and the entive
25 amount was injected. The composition was soluble and nonsggregating in physiclogical
conditions, Solutions were injected by infusion into the 1ail veln. Injection into other vessels,

e.g. retro-orbital injection, are predisted o be equally effactive,

Wistar Han vats, 175-200g wers obiained from Charles River {Wilmington, MA). Rats wers

360 housed at least 1 weel prior to injection, Injestion volume for rats was typically 1 ml

Serwm ApoB fevels determinarion. Mice were fasted for 4 h (36 b for rats} before serum
collection by submandibular bleeding. For rats blood was eollected from the jugular vein.

Serum Apel protein levels were determined by standard sandwich ELISA methods, Briefly,
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a polyclonal goat anti-mouse ApeB antibody and a rabbit anti-mouse ApoB antibody
{Bisdesizn International) were used & capture and detsction antibodies respectively. An
HRP-conjugated goat antirabbit IgG antibody (Sigma} was applied afterwards to bind the
ApoB/antibody complex. Absorbance of tetramethyl-benzidine {TMB, Sigma} colorimetric
developrmert was then measured by a Tecan Safire? {Ausiria, Europs) microplate reader af

430 nim.

Plasmea Factor VI (FT) activity measurements. Plasiea sarmples from animals were prepared
by collacting blood (9 volumes) (by submandibular bleeding for mice or from jugular vein for
rats) o microcentrifuge tubes containing 0.16% molL sodium citrate anticoagulant (1
volume) following standsed procedures. F7 astivity in plasma iz measured with a
chromogenic method wsing a BIOPHEN VI kit (Hyphen BinMed/Antara, Mason, O}
following manufacturer’s recommendations. Absorbance of colorimetric development was

measured using 2 Tecan Safired microplate reader at 405 am,

Example 8 In vivo fnackdown of ersdogenous ApoB levels following delivery of ApoB $iRNA
with melitin delivery pepiide - Does vesponse of melittin peptide. Melithn was reversibly
modified with COM-NAG a3 described above. The indicated amount of melittin was then ¢o-
injected with the 200 pg ApoB siRNA-cholesterol conjugate. Effect on ApoB levels were

determined as deseribed above,

Table 2. Inhibition of ApeB activity 1a normal liver cells in mice freated with
ApoB-siRNA-cholesteral  conjugate  and CDM-NAG  wve. COM-FEG

reversibly inhibited Melittin peptide.

Peptide Name Modification s HE %o
P ‘ SiIRNA  peptide  knockdown®

Ex CDM-FEG 200 00 {

50 10 25

Apis florea (Seq 1D 1) 260 200 51

L form Sx CDM-NAG 200 A00 7%

200 &00 #£7

208 {200 84

* Knockdown relative to lsotonie ghueose injected animals
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Euample 3. & vive wockdown of endogenous Faoror VI levels following defivery of Apod
SIRNA with mefitin delfvery popride i rats. The indicated meliitin was reversibly madified
with $x CDM-NAG as Jdescribed shove, The indicated amount of melittin, in mg per kg

animal weight, was then co-injested with the 3 my/kg cholesterod- Factor VI siRNA, Effect
. LApe'S

3 on Factor Vi lavels wers determined a3 desoribed sbove.
Yeble 3. Inhibition of Factor V11 activity in normal Hver cells in rats treated with
Factor Vi-siRMA-cholesterol conjugate and CDMINAG reversibly  inhiblied
mekin,
o T _— HE Faceor VIE
Seq 1 Peplide peptide” | knockdown”
i 36
O e 3 g3
GIGATLKVLATGLPTLISWIKNKREQ " o
20 35
! 93
i YIGAILKVLATGLPTLIS WEINKRED - o
3 £
1@ * mig peptide per kilogram animal weight

¥ Knockdown relative to sotonis glucose injected animals

Example 10, I vive knockdown of endogencus ApaB levels following delivery of ApeB siENA
with mefiztin defivery pepiide in mice, L-form ve. Dform melitin, Melittin was reversibly
15 modified with COM-NAG as desoribed above. The indicated amount of melittin was then oo~
injecied with 50 pg ApoB siBNA-chelestero! conjugate. Effect on ApceB levels were

determined as described above,

S8
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Table 4. Inhibiton of ApoB scuivity in normal lver cells i mice treated with
Apsﬂ&siiﬁz\fsﬁ\ cholesterol conjugate and the indicmted CDM-NAG revarsibly

hibited melittin peptide.

Peptides Name Modifeation ¢ ”{}iz\ peiﬁde mmzﬁi@wa‘a

50 75 s

o 30 ” 6
§’¢‘1“§“’§3§§§;§é;i&q BT soopMNAG 50 100 50
50 200 "

Af 4833 o0

56 25 3

Leu 'ﬁ“;;‘g‘f’e‘“ B sccomnan 50 50 80
s6 100 56

3
Example 17, fn vivo &nockdown of sndogencus Apol levels following delivery of Apol 2iRNA
with mefivin delivery peptide in mice, novmal vs. reversed (rotra} sequence. Melitiin was
reversibly modified with CDM-NAG (5%} as deseribed above, The indicated amouwnt of
meliztin was then oo-injested with the Indicated amoumt of ApoB siRNA-cholesterc
o conjugate. Effect on ApeB levels were determined as deseribed sbove,
Table 8. Inhibition of ApoB activily in normal Hver cells in mice treated with ApoB-siiNA
cholesters conjugate and the indicated COM-NAG reversibly inhibited Malittin peptide.
D . . reroent
Seg 3 modification Feptide sIRNA ? -
knockdown
- 200 ug S0
f GIGAILKVEATGLPTLIEWIKNERKD
00 ug R
~- Retrobnversg® B TRIRTY s A EATE. U v )
s - QORKRKIWSILAALGTTLYKLVAGIONH, 30 mefkg 38
Mathony -
: : R oy T VR AN e 20 R i
9% retroinverse OOBEKRKIWSILAPLGTTLVRELV AGIC-NH, -
20 mgdky 84
&5 retroinverss QORERKIWSHAALGTTLVELVAGICNM, 20 mgikg 91
43 refroinversn QUOKEKKIWSHLAPLOTTLVELYAGIC-NH: 20 m}ﬁkg G
86 rRlrOinverse ORBENKIWSILTPLOTALVRLIAGIG-NH, 20 mg/kg 36
~ petroinverse = normal meliitin amine acid sequence {s reversed and all amins acids are
1§ Deform aming acids (Glyeine (B is achiral}

E2R
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Exswnple 12, I vive knockdown of endogenous ApoB levels following delivery of Apall 5IRN4
with mefittin delivery pepiide In mice, melitiin modification favel, Melittln was reversibly
modified with the indivated amount of COM-NAG as desoribed above. 50 pg melittin was
then co-injectad with the 100 pg ApoB siRNA-cholestersd conjugate. Effect on ApoB levels

were determined as deseribed shove.

L

Percent melittin amine modification was determined by TNBS Assay for freg amines on the
peplide. 20 ug peptide was pipetted into 96 well clewr plate (MUNC 96} containing 190 pb
S0madd BORAX buffer {(pH 9) and 16 pg THNRS. Sample were allowed to react with THBS
B3 for ~15 minutes at RT and then the Ay i measured on 2 Safire plate reader. Calculate the %
amines modified as bllows: (A~ Asamps F{ Asenwet = Aptan} ¥ (00, Modification of more

than 80% of amines provided optimal melittin masking and activiry.

Table 6, Inhibition of ApoB activity in normal Hver cells in mice treated with ApoB-siRNA

15 cholestersl conjugate and Melitin reversibly mwdifted at the indicated levels with UDM-

MNAG,
ot Nweren fention ug ug %% BVUDES %%
Fepride Name Modification  ipvia, peptide  modified®  knockdown
. . 1= COMWKNAG 104G 56 £8 74
L"’“”""ie‘;“,éj;_ﬁﬁq BT sccpmNas 100 5 88 88
o Sx CDM-NAG 0 50 % 82

® determined by THBS assay

Example I3 in vive knockdown of endogenous ApoB levels following delivery of Apo8 si8NA
20 with meliiin delivery peptide in mice, melinin pepride derivatives. Melittin peptides having
the indicated sequence were reversibly modified with COM-NAG {$¥) as desoribed above,
The indicated amoun of melitin was then co-injected with the indicated amount of Apol

siRNA-chobesterol conjugate. Bffect on ApoB levels were determinad a3 degoribed above.
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Table 7. Inhibition of ApoB activity in aormal liver cells in mioe treated with Apel-

SIRMA cholesters! confugate and the Indicated CDM-NAL revergibly inbiblied Melittin

peptide,

Peptids Name pepéiigde : m?\‘i\gﬂﬁ’ kniiiagzim
CRZ-Mel {Seq i3 1) 100 HO 95
Mel-NH; (8eg 1D D) 30 160 36

Acetyb-aMel-NH, {Seq 13 1) 190 190 89
1A (Seg 1 2} 100 140 #8
GIC (Geq i3 100 RS 37
GEF dMel (82q 1D §) 1650 56 94
{G1H (Seq 10 5} 400 130 74
Gidb (D form Die at ¥ position, Seq 1D 8§) 54 1L 34
GIL ¢Mel (Beq 1D T 50 100 o1
GIL d(1-11-412-26) (Seq 1D 7) o 160 7
GYNIe (Seq 1D 8 100 100 96
GIV (Beq ID S G P 21
GIW (Seq D 10 208 25 95
1Y dbdel {Seq 3 11 HEY S0 25
GUY-Mel-NHy (Beg IDT 200 200 94
GIEL (Seg 1D 13 80 ey 5
GIZW (Seq 1D 14} 80 10¢ 31
NE2T Mel-NH; Seq 1D 15 S0 100 34
GEY, K7H {Seq 1D 16) 80 100 0
GHY, K7A (Seq ID T 400 100 %3
GHL KT8 Beg 1D IR 10 100 89
GiL, K7R (Seq 1D 19 100 106 )
GIL, K7H Seq 1D 20} 106G G o7
GHL, THC ddlel (Seq 1D 21} 106 50 81
GIL. GIZL (Seq 1D 22 400 100 g3
L, TISC dMel (Seq 1D 24) 100 100 95
GIL, S18C (Seq 183 25} 104G i a3
GIL, K21A (8eq 1D 28 106 100 95
GIY, K33A (Beq 1D 29 G 100 42
1L, R24A (Seq 1D 30 100 UL %7
GUY, K25A (Beq i 3D } 3 10 77
G1Y, G260 (Seq 1D 32) 100 {00 93
G1Y, K74, K21A {Seq 1D 3%) 100 100 14
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GIL, THC, S18C dMel (Seq 1D 38}
THG, TISG, S18G (Seq 12 39
TIHA, TISA, 5184 (Req 1D 4
GIL, 12L, 15, HITL, 1206 (Seq 13 45
GiL, [2Nke, 15hle, 117NIs, 120Ne (Seg 1D 443
GiL, 12V, 15%, 117V, 130V (Seg 1D 43)
dimethyl-dMel B20, B8L, THC, 117, [20L dbat
{Seq {1 46}
dimethyl-dMel P2Mle, I5Ne, T11C, [17Ne, 120Nk
dbdet (Seq 1D 4T
Apis Mellifers (Big Honey Bes; Seq 1D 50)
Cobdal GIL (Beq 1D 513
Cedbdel GiNle (Seq HI 52)

Dinethy! G-Mel GIL (Seq 1D 53}
FEGOKWKLE-dMel G1Y {Seg 13 36}
CRLE-Mel G (Seq 1D 57}
myyristoyNORELR-Med G0 (Beg 1D 537)
CRLK-dMsl G1iMie (Seq 13 38}

Aoty FOKELK dhel Gidle (Beq 1B 38}
PEG24-GKLE-Mel G1L {Seq H2 393
Mal-Oye Seq 1D 60
GIL Mel-Cys {Seg 1D 83}

G 1L dbel-C (Seq 103 63}

GiNle Mel-C (Seg 1D 64
GE Mel-KLEC (3aq 1D 65}

GEY Meb-PLOIAGOQC (Seq 1D 66}

G1L, MebKKKKK {Seq ID 67)

O ddiel-GFRGT (Bag H2 58)
CFR-GLL dielC {Beq 1D 6%)

GHE Mel {1-23) (Seq 1D 71}

L, L3V, ATET, TISA Mael {1-23) {(Beg 1D 72}
GIL, LAY, ATOT, TISA, N22G, KI3E dMel £1-23)
{Seq 1D 73}

GL retroMel-KLE-Btearovi (Beq D 75)
G1L retroMel-Biearov! {Seqg D 74)

GiL vetro~dbel-HLK-PEG{ 3k} {Seg 1D 75}
QORKRKIWSILAPLOTTLVRLYAGIC-
{(M-POP-PEY-NH; diel (Seg 1D 92
{PE = dioleoly-phosphatidyl
gthanclamine}
Ac-CIGAVLEVLITTOLPALISWIK REROO-NHL

50

100
50
50
460
PO
HEY

HOD

400
LG
18G
00
300
130
&0

104}
50
400
400
56
4450

100
S0
400
104G
400
405
400

404
400
100
400

464

100
10
1060
166
Bl
130

HEy

100
160
100
10
160
100
106G
100
300
100
0
O
100
56
HO
HEY
100
100
HEEE
{00
100
140

10¢
100
100

200}

200
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{Seqg 10 903
(Ac-CIGAVLKVLTTGLPALISWIKEKROO-NH b,
{Seq 1D O
*ug peptide per mouse

4{K2 280 4

L4

P ug siRNA per mouse

dhiel = Melittin peptide having D-form amino acids

Example 14 I vivo knockdows of endogenous ApoB levels folipwing delivery of ApoB siRNA

L

with melittin delivery peptide in mice, enzymarically clecvabie masking agents. Melittin was
reversibly modifisd with the indicated amount of snzymaticatly cleavable masking agents as
described above, 200-300 uz masked melittin was then co-injected with the 50-100 ng ApoB
siBNA-cholesterol conjugate. Effect on ApoR levels were determined as deseribed above.
10 Peptidase cleavable dipeptide-amidobenzy] carbamale modified melittin was an effective
sIBNA delivery peptide. The use of D-from melittin petide is prefecred In combingtion with
the enzymatically cleavable masking agents. While more peptide was required for the same
level of target gens knockdown, becauss the peptide masking was more steble, the
therapeutic index was sither not aliered or improved {compared to masking of the sams

I3 pepiide with CDM-NAG)

Table 8. Inhibition of Factor VI activity in normal Hver cells in mice treuted with
Factor Vi-siRMA cholesterol conjugate and GI1L-Melittin (I fwm) (Seg 1B 7

revarsibly inhibited with the indicated enzymatically cleavable masking agent.

NAG-Hinkage ug ug poreent
Paptids amount tYpe peptide  sIRNA  knockdows
5% CDM-MAG e 166 a5
§x NAG-Alallit pets 56 46
ax HAG-GluGly 204} 50 g4
C1L d-Mel :fx NAG—PE}G;«?%‘;@C%& 200 :‘50 94
(Seq 1D 7) S NAG-PEG-PheCit 200 50 85
) ’ 5x COM-NAG 340 30 28
ix NAG-GluGly 300 50 835
4x NAG-GhuGly 360 54 83
g NAG-OluGly 308 54 £2
H ® Amount of masking agent per Melittin amine used in the magking reaction,

Example 13 In vive knockdown of endogenous ApoB levels following delivery of ApoB siRNA

with malittin delivery pepfide in mive, aming modifisd melittin peptides. Meliuin peptides
3 pep 4 f
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containing the indleated PEG amine terminal modifications were synthesized a8 deseribed
above. The PEG amine wrminal modifisd melittin peptides were then reversibly modifisd
with 5x CDRMNAG a¢ desoribed above, The indicated amount of Melittin was then oge
injented with the 100-200 pg ApoB siRNA-chalesteral corjugate. Effect on ApoR levels
were determined as described ghove, Addidon of PEG lesg than § kD in size decreased
towicity of the melttin pestides. Amine terminal modification with PEG greater than 5 kDa

resulted in decreased afficacy (data not shownl
¥ L )

Table @ Inhibiden of ApaB astivity in normal Hver cells in mice rested with ApoB-siBNA

cholesiers! conjugate and the indicatsd CDM-NAG reversibly inhibited Melittin peptide.

. NAG I ug by ereent

Peptide amount FEU gts*pgck si.ggxtx knia:kdawn
A [RLY; &
L (Seq ID ) §x a0 100 72
100 e 4
5 153G HEY i
4} 00 wy
U 150 1
&x NAGPEGH 50 (60 23
CRLE-Mel GIL 25 FG0 38
(Req 1D $T) 5% NAG-(PECH 50 100 &1
HID FO0 84
25 FOG .
&x NAG-{PEGH 50 106G 88
100 103 84
pp s
Acety hCKLK-GMe GINIe igg féi ;:f
(Seq 1 58) PEG (IR 56100 &3
CRLR-Mal ax PEG {1k TG0 100 93
TR FR-Mel Bx PEG (K O 100 §1
CRLKMel GIL (Seq ID ST 5# PEG (510 10 100 40

Fxample 16 vher melittin derivative sequences knows 1o have membraie aofivity,

Table 10, Melittin peptides having membrans activity,

Seq iy Seguence Peptide Name
7% GIGAVLKVUTTOLPALISWISRKKRQQ '“;aj;f{\ o i L
77 GIGARLKVLTTOLIR IBWIKRERQD IR, ’E;ERTQE;}}MM
73 GIGAILKVLSTOLPALISWIKRKRGE A0S, 113 g\;zi;m K25,

0
(e
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= s
¥ GIGAVLEVLTTOLPALIGWIKRKROD > ‘iéi“ggié:“ $13G,

80 GIGAVLKVLATGLPALISWIKRKROO i< JTISA, N22R, K250
81 GIGAVLEVLSTOLPALISWIKRKRQO mz;g A, N2ZR,
82 GIGATLRVLATOLPTLISWIKNKR K1Y KIR

53 CIGAILKVLATGLPTLISWIKRKRKG N2IR

84 GIOAILKVLATOLPTLIS WIKKKE OO NITK. R2AK, K250

55 | GIGAILEVLATOLPTLIS WIENKREQUSKKKK Mal-GSKKKK

86 CEGIOAILEVLATOLPTLISWIKNKRKD KMol

57 GIGAILEVEATOLPTLISWIKNKREG KTE Met

8% CIGAVLEYETTGLEALISWIKRER TSV, TISA, NIZR, 25-254
80 CIGAVLEVLTTOLPALISWIKR (5Y. T15A, M2IR, 23-26A
08 | OKRKNKIWSILTPLOTALVKLIAGIS N, 35K reverse Mel

Example 17, Facwor VI knockdown in Primate following Factor VII siRNA deltvary by
meliftin delivery peptide. MAG-PEG2-GIL meliitin was masked by reaction with 10» CDM-

NAG as desoribed above, GIL melittin was masked by reaction with S CDM-NAG as

’-,'L
'Sh
2
=5

pedd

ibed above. On day 1, | mp/g masked NAG-PEGR-GIL melittin, | mgfkg masked GIL

melittin, or 3 mgfg mesked G1L melittin wers co-injected with 2 mghky chob-Factor VI

SIRNA o Cynomelgis masaque (Macaca fascicularis) primates (male, 3.0 to 8.0 kg 2

mifkz was injected inte the saphenous vein using & 22 fo 2§ gauge intravenous caiheter, As a

’}

‘.;.’

controd, another set of primaies were co-injected with 10 mp/kg G1L melittin and $ mpfkg
a control $IRNA, chol-Luciferasr siRNA, At the indicated time points {indieated in FIG. 35},

blood samples were drawn and analyzed for Factor VI and wxicity markers. Blood was
sallected from the fomoral vein and primates are fasted overnight before all blood collections
slood tests for blood wrea wnivogen (BUIN), alanine transmminase (ALT), sspartate
aminotrassferase (ASTYL and creatinine were performed on a Cobas Integra 400 (Roche

CHagroatiss) according to the manuficturer’s recommendations. Factor VH levels wen

o

determined as described ahove, Significant knockdowsn of Factor VI was obaerved at less

#

than I mgkg

e

peptide dose, Mo significant toxicity was observed at a dose of 10 mgkg

pepiide. Thus, the masked melittin peptides have a therapeutic index of 818,

Example 18, Apal knockdown in Primate following ApoB si8NA delivery by melitin delivery
pepride. GiL melittin was masked by resction with 5x COM-NAG as deseribed above. On

day |, 2 mgfke masked 011 mekttin was co-injentad with 2 mgfg chol-ApoB siRNA inte

L
Led
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Cynomolgus mascaque (Masasa fascioniarls) primates. A the indicated thne polnts {Table
113, bloud samnples were drawn and anabyzed for ApoB protein levels and toxdelty markers.
Blood tests for blood uren nltrogen (BUN), alenine transanunsse (ALT), aspartate
arinotransferase (ASTY, and creatinine were performed on g Cobas Intepra 400 {Roche

P

[Hagnosties) according to the menuficturer’s recommendations. Apoed levels were
determined as described above. No increases in BUN, Creatinine, or AST wers observed.
Only 3 transient, minor elevation in ART was obssrved on day 2 {1 day after injection).

Kaockdown of ApoB reached nearly 10056 at day 11 and remained low for 31 davs

Table 11. Inhibition of ApoB activity in nommal liver cells In primate wested with ApoB-

SiRMA cholesterol conjugate and COM-MNASD magked GIL melitdn,

day 4 L 1 |z | & ©os ap b5 a8 |oas 4o
BUN@ngid) | 21 26 22 %3 27027 W’ 22 m AW
68 0% 0% 07 08 08 09 05 0% 05
=m§§f'-§}
AST(UAY | 25 27 71 30 37 27 32 2% 39 50
ALT(UA) | 33 33 38 4% 50 46 46 41 38 44
apoB {mg/dly | 1072 1234 198 23 4 6 34 43 6184

ly
G



Claims:

1.

10.

11.

A conjugate delivery system composition for delivering an RNA interference polynucleotide
to a liver cell in vivo comprising:
RNAI-A and Melittin—(L—Gal)x

wherein,

Melittin is a melittin peptide of: SEQ ID NO. 1, SEQ ID NO. 7, SEQ ID NO. 11, SEQ ID
NO. 51, SEQ ID NO. 57, SEQ ID NO. 58, SEQ ID NO. 92, or SEQ ID NO. 96,

L is physiologically labile reversible linkage wherein cleavage of L-Gal restores an amine on
Melittin,

Gal is an Asialoglycoprotein Receptor (ASGPr) ligand,

X is an integer having a value greater than 80% of primary amines of Melittin,

RNAI is an RNA interference polynucleotide, and

A is either a hydrophobic group having at least 20 carbon atoms or a molecule comprising
two to four terminal galactose derivatives.

The composition of claim 1 wherein the RNA interference polynucleotide is RNA, dsRNA,

siRNA, or microRNA.

The composition of claim 1 or 2 wherein the liver cell consists of a hepatocyte.

The composition of any one of claims 1 to 3 wherein x is an integer having a value greater

than 90% of primary amines of Melittin.

The composition of any one of claims 1 to 4 wherein the Melittin peptide consists of D-form

amino acids.

The composition of any one of claims 1 to 5 wherein L is a disubstituted maleamate.

The composition of any one of claims 1 to 5 wherein L is a amidobenzyl carbamate.

The composition of claim 6 further comprising a polyethyleneglycol (PEG) covalently linked

to the amino terminus of the melittin peptide.

The composition of claim 6 further comprising an ASGPr ligand-PEG conjugate covalently

linked to the amino terminus of the melittin peptide.

The composition of claim 7 further comprising a polyethyleneglycol (PEG) covalently linked

to the amino terminus of the melittin peptide.

The composition of claim 7 further comprising an ASGPr ligand-PEG conjugate covalently

linked to the amino terminus of the melittin peptide.

55
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12.

13.

14.

15.

16.

17.

18.

The composition of claim 1, 6, or 7, wherein the ASGPr ligand is lactose, galactose, N-
acetylgalactosamine (GalNAc), galactosamine, N-formylgalactosamine, N-acetyl-
galactosamine, N-propionylgalactosamine, N-n-butanoylgalactosamine, or N-iso-butanoyl-
galactosamine.

The composition of any one of claims 1 to 12 wherein RNAIi is linked to A via a

physiologically labile linkage.

The composition of claim 13 wherein RN A1 is linked to A via a physiologically labile

linkage that is orthogonal to L.

The composition of any one of claims 1 to 14 wherein the molecule comprising two to four

terminal galactose derivatives consists of an N-acetylgalactosamine trimer.

The composition of any one of claims 1 to 15 wherein the hydrophobic group consists of

cholesterol.

The composition of any one of claims 1 to 16 wherein the composition is provided in a

pharmaceutically acceptable carrier or diluent.

A method of manufacturing an RNA interference polynucleotide delivery composition

comprising:

a) forming a melittin peptide of: SEQ ID NO. 1, SEQ ID NO. 7, SEQ ID NO. 11, SEQ ID
NO. 51, SEQ ID NO. 57, SEQ ID NO. 38, SEQ ID NO. 92, or SEQ ID NO. 96;

b) forming a plurality of uncharged masking agents each comprising an Asialoglycoprotein
Receptor (ASGPr) ligand covalently linked to a disubstituted maleic anhydride or a
dipeptide amidobenzyl amine reactive carbonate;

¢) modifying greater than 80% of primary amines on a population of melittin peptides with
the masking agents of step b,

d) linking the RNA interference polynucleotide to a hydrophobic group having at least 20
carbon atoms or a galactose trimer;

¢) providing the RNA interference polynucleotide and the modified melittin peptide in

solution suitable for administration in vivo.

56
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FIG. 1. Mehutin peptide sequences,
Seg 11 Melittin Seguenes Name

GIGAILKVEATGLPTLISWHONKRKQ

Apis forea

AIGATLKVLATGLPTLISWIKNKRK G

GLA

CIGAILEVLATGLPTLISWIKNERKQ

GiC

EREEoLR LI RS LB B3-S 5 FR

FIGATLKVEATOLPTLISWIKNKRK G GiF
HIGATLKVLATGLPTLISWIKNKRK O GiR
HOAILKVLATGLPTLISWIKNEREKD Gl
AGAILKVEATGLETLIS WIKNKRKG GiL

§  INIIGAILKVLATGLPTLISWIKNKRKS {3INle

9 IVIGAILKVLATGLPTLISWIKNKRKD iV

) OOWIGAILKVEATGLPTLISWIKNKRKD GiW

1T YIGAILKVLATGLPTLISWIKNKRKD Gty

12 GIGAILRYLACGLPTLIS WIKNKRKD THC dhigd

3 AGIGAILKVLATLLETLISWIKNKRED S12L

14 GIGAILKVLEATWLPTLISWIKNKRK G GI2W

13 GIGAILKVEATCGLPTLISWIKTKRK( N22T

16 IVIGAILNVLATGLPTLISWIKNKRKG Gy, KVN

YIGAILAVLATGLPTLISWIKNKRKG

GV, K7A

LIGAILSVLATGLPTLISWIKNKRKG

GIL, KT§

18 HLIGAILRVLATGLPTLISWIKNKRKS GiL, KTR

26 ILIGAILHVLATGLPTLISWIKNKREO GiL, KTH

21 LIGANLKVLACGLPTLISWIKNERKQ GiL, THC

22 LIGAILKVLATLLPTLISWIKNERKO GiL, Gi2L

23 IWWIGAILKVLATGLLTLISWIENKRKQ Gy, Pidl

24 ILIGAILKVLATOLPCLISWIKNERKQ GiL, TisC

25 LIGAILKVLATGLPTLICWIKNKRKG GIL, S18C

28 IWIGAILKVLATGLPTLISAIKNKRKQ 1Y, WIBA
27 HHGAILKVLACGLPTLISWLKKNKRKS THC, 260

28 WIGALLKVLATGLPTLISWIANKRKD GIY, K21IA

29 IWIGAILKVLATGLPTLISWIKNARKD GlY, K234

30 LIGAILRKVLATGLPTLISWIKNKARQ GiL, R244A

31 OIWHGALKVLATGLPTLISWIKNKRAD G1Y, K254
32 IYIGAILKVLATGLPTLISWIKNKRKC 1Y, (26C

33 LLGAILKVLACGLPTLISWIKMNKRKG GIHL, BBL THC
34 LICALLEVLACGLPTLISWIKNKRKD GHL, BSL VIO
35 IWIGAILAVEATGLPTLISWIANKRK G GIY, K74, K21A
36 IYIGAILAVLATGLPTLISWIKNARKD GIY, K74, K234
37 LIGAILKVEACGLPTLLEWIKNKRKG GHL, TG, TTT9L

GIL, T1i, Q180
TG, T15G, 518G
T11A, T154, S18A

GIV. K7A, K21A, K23A

3§ LIGAHLRKVLACGIPTLICWIKNKRED
39 GIGAILEVLACGLPGLIGWIKNKREK G
40 GIGAILEVLACGLPALIA WIKNERKQ
41 IYIGAILAVLATGLPTLISWIANARKD

FiG T

1/8
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Melittin Seqguence Name
YIAATLKVLAAALATLISWIKNKREQ GHY, “3;&;; ;;ﬁ A GI24,

LLGALLEKVLATGLPTLLSWLKNKREQ

G1L, 125, 184, TITL, 126

LNIeGANELKVLATCGLPTLNIeS WHIeKNKRKG

€31L, [2Nle, ISNe, HTNIe,
20Nls

LYGAVERVLATGLPTLVSWVENKREQ

GIL, I3V, I8V, 119V, 120V

GLOALLKVLACGLPTLLSWLKNERKD

RLSL THC, HTL, 2OL

GNIeGANRLEVEACGUPTLNIS WiIe KNKRKG

I2Nle, 1SNle, THIC, 117Nle,
120Nl

CEDDLLLGANLKVLATGLPTLISWIKNERKD

CEDDL-Met GHL, 2L

Hin § o
e

CLYVLIVVARLKVYLATOGLPTLISWIKNERKG

CLYVL-Mel GIL 12V, GIY

A%
Cerd

GIGAVLEVLTTGLPALISWIKRKRGO)

Apis mellifera

HOCLIGAILKVLATGLPTLISWIKNKRED C-Mel GIL
2 ONIGAILKVLATGLPTLISWIENKREKG C-Mel Gidle

>4

[ %)

GLIGAILKVLATGLPTLISWIKNERKQ

G-Mel GIL

§4 LLIGATLKVLATGLPTLISWIKNERKQ L-Mel GIL
35 KLKLIGAILKVLATGLPTLISWIKNEKRKQ KLK-Mel GIL
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GLY Mel-GFRGC

CFRLIGAILEVLATGLPTLISWIKNKRKQC
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LIGATLXVLATGLPTLISWIKNK

GIE Mel (1223

LIGAVLKVLTTGLPALISWIK

(1L, LSV, A10T, T15A Mel
(1-23)

LIGAVLKVLTTGLPALISWIKGE

GIL, LSV, ATOT, T1SA,
NIIG, K23E Mel €1-23)

GERRKNKIWSILTPLGTALVKLIAGIL

GiL retroMel

KLEKOKREKNKIWSILTPLOTALYKLIAGIL

GIL retroMelKLK

GIGAVLKVLTTGLPALISWISREKKROG

BV, ANT, TISA, N22R,
R24K, K28R Mel-Q
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Seq 1D Melittin Sequence Name
I P — o SR, AIOT, TISE, L16A
7 / KVLTTGLPR IBWIKERE 3 ' e *
7 GICARLKVLTTOLFR ISWIKRKRQO N22R K250
T S IRA, NIOR, B350
78 |GIGAILKVLSTOLPALISWIKRKROE AL TS éipﬁgmi‘ @
e vt AT T T B AT Y R R e {5V, AT0T, TI3A, 818G,
% GIGAVLKVLTTOLPALIGWIKRKROO Nk Kosh
B O AVLEVLATOL AT S WIKREROO TSV T84, M2OR, K250
7 AT0S, TISA, N22R,
§1  GIGAVLKVLSTOLPALISWIKRKROO Eﬁ“”s‘ii}iﬁif*\ %,
& CIGAT FVLATOLPTLISWIKNKRKO IR
T IOA LK VLA TOLPFTLISWIKRKRKO) N
84 TGIOATLKVLATOL FTLISWIK KKK OO WOE R4, K250
85 TGO AT KV ATOLFTLISWIKNK RN OGSKER K Mok GOK KK
26 TRRGIOAILKVLATOLPTLISWIKNERKD KMol
I OIGALEVLATOLPILISWIKNKRKG E Mel
88 TOIOAVLE VL TTOLPALIS WIKRKR TSV TISA, NIZR, 25064
20 IGIOAVLE VL TTOLPALISWIKR TSV TTSA, NOOR, 23064
50 ICIGAVERVLITGLPALISWIKRKROO ETETTEL. T15A, NIIR
2 T Ti15 W3
51 QORKRKIWSILAFLGTTLVELVAGIG ISV, AIOT, 1154, NZZR
retrobied
92 ICORKRKIWSILAPLGTTLVELVAGIC GIC, 13V, ATOT, TISA, N2IR
refrohicl
P | ETE TRV ATOT, T15A, NAIR
o KX ; ¥ .-'*“*..y\'g; ~ 2 ) . 3 H x
93 |QOKKKKIWSHLAPLGTTLYKLVAGIC A
B R AR NE I We I TPLOTAL VRLIAGHS SI5K reverse Mal
85 ONRKRKIWSILAALGTTLVKLVAGIC GIC, 13V, AIOT, P134, T34,

NIIR retroMel

dMiel = Melittin peptide having D-form aming acids

FiG. 1 cont
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wegon T migdkg NAGS-PEGR-GIL
pdedivtin {10x COM-NAG),
SEY

1 vigfky GIE Malittin (5%
CRM-NAG); siF7

pgfdi

s 3 rngfig GIL Melittin {5
CEA-NAGY sIF7

4 st 10y GAL Madittin {$x
ot

COM-NAGH; siluc conty

2 mgfky chol-giBNA

~ivesd gk NAG-PEG2-GIL
Relittin {L0x COM-NAG),
SHFF
1 mgfkg GIL Melittin {Sx
COM-NAGE siF?

L Bbalittin {5x

g 3 Mgl 91
G siF7

CHM-NA

<3 mgfle S MeiRtin {Bx
CRM-NAGY silue
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2 mglkg chal-si8NA

s mgfkg NAG-REGE-GIL
pAelittin {10x COM-NAGY;
siFF

1 mgfkg Gk dMelittin {5x
COR-NAGY siFT

Life

e 3 mngfhe GIL Melittin {5
CDM-NAGE siF7

w3 mgdke GAL Melittin (5x
COB-NAGY sihuc

2 gy chob-siRNA
z

------- e b ngfkg MAG-PEGI-GIL
Mealittie {10 COM-NAGY
siF¥

w1 mgdhg QAL Melittin {5x

COM-RAG) SiFF

e 3 i kg GAL Melittin {5x
COM-NAGY, siFT

<10 mgfhe GIL Malittin {5x
CORA-MAGY; silun
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3 mgdkg cholaiBNA

w1 migfhp MAG-PEGZ-GILL
Melittin {10x COM-NAG)

1 mgfhe GIL Malittin Sx COMM-

NAG)

e 3 mgfkg GIL Malittn {5x TOR-
NaG)

percent relative 1o untreated

s 10 gy GIL Melittin (5x
CUM-MAGH
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