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COMPLEMENT COMPONENT C5iRNA COMPOSITIONS AND
METHODS OF USE THEREOF

Related Applications

This application claims the benefit of U.S. Provisional Patent Application
No.:61/782,531, filed on March 14, 2013, U.S. Provisional Patent Application
No.:61/837,399, filed on June 20, 2013, and U.S. Provisional Patent Application
No.:61/904,579, filed on November 15, 2013, U.S. Provisional Patent Application
No.:61/912,777, filed on December 6, 2013, and U.S. Provisional Patent Application
No.:61/942367, filed February 20, 2014. The entire contents of each of the foregoing
provisional patent applications are hereby incorporated herein by reference.

Sequence Listing
The instant application contains a Sequence Listing which has been submitted
electronically in ASCH format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on March 10, 2014, is named 121301-00520_SL.txt and is 734,486

bytes in size.

Background of the Invention

Complement was first discovered in the 1890s when it was found to aid or
“complement” the killing of bacteria by heat-stable antibodies present in normal serum
(Walport, M.J. (2001) N Engl J Med. 344:1058). The complement system consists of more
than 30 proteins that are either present as soluble proteins in the blood or are present as
membrane-associated proteins, Activation of complement leads to a sequential cascade of
enzymatic reactions, known as complement activation pathways, resulting in the formation of
the potent anaphylatoxins C3a and C5a that elicit a plethora of physiological responses that
range from chemoattraction to apoptosis. Initially, complement was thought to play a major
role in innate immunity where a robust and rapid response is mounted against invading
pathogens. However, recently it is becoming increasingly evident that complement also plays
an important role in adaptive immunity involving T and B cells that help in elimination of
pathogens (Dunkelberger JR and Song WC. (2010) Cell Res. 20:34; Molina H, et al. (1996)
Proc Natl Acad Sci U § A. 93:3357), in maintaining immunologic memory preventing
pathogenic re-invasion, and is involved in numerous human pathological states (Qu, H, e al.
(2009) Mol Immunol. 47:185; Wagner, E. and Frank MM. (2010) Nat Rev Drug Discov.
9:43).

Complement activation is known to occur through three different pathways: alternate,

classical, and lectin (Figure 1), involving proteins that mostly exist as inactive zymogens that



10

15

20

30

35

are then sequentially cleaved and activated. All pathways of complement activation lead to
cleavage of the C5 molecule generating the anaphylatoxin C5a and, C5b that subsequently
forms the terminal complement complex {C5b-9). C5a exerts a predominant pro-
inflammatory activity through interactions with the classical G-protein coupled receptor
C3aR (CD§8) as well as with the non-G protein coupled receptor CSL2 (GPR77), expressed
on various immune and non-immune cells. C5b-9 causes cytolysis through the formation of
the membrane attack complex (MAC), and sub-lytic MAC and soluble C5b-9 also possess a
multitude of non-cytolytic immune functions. These two complement effectors, C3a and
C5b-9, generated from C5 cleavage, are key components of the complement systemn
responsible for propagating and/or initiating pathology in different diseases, including
paroxysmal nocturnal hemoglobinuria, rheumatoid arthritis, ischemia-reperfusion injuries and
neurodegenerative diseases.

To date, only one therapeutic that targets the C5-C5a axis is available for the
treatment of complement component C5-associated diseases, the anti-C5 antibody,
eculizumab {Soliris®). Although eculizumab has been shown to be effective for the
treatment of paroxysmal nocturnal hemoglobinuria (PNH) and atypical hemolytic uremic
syndrome (aHUS) and is currently being evaluated in clinical trials for additional
complement component (5-associated diseases, eculizumab therapy requires weekly high
dose infusions followed by biweekly maintenance infusions at a yearly cost of about
$400,000. Accordingly, there is a need in the art for alternative therapies and combination

therapies for subjects having a complement component C5-associated disease.

Summary of the Invention

The present invention provides iRNA compositions which effect the RNA-induced
silencing complex (RISC)-mediated cleavage of RNA transcripts of a C5 gene. The C5 gene
may be within a cell, e.g., a cell within a subject, such as a human. The present invention
also provides methods and combination therapies for treating a subject having a disorder that
would benefit from inhibiting or reducing the expression of a C5 gene, e.g., 2 complement
component C3-associated disease, such as paroxysmal nocturnal hemoglobinuria (PNH) and
atypical hemolytic uremic syndrome (aHUS) using iRNA compositions which effect the
RNA-induced silencing complex (RISC)-mediated cleavage of RNA transcripts of a C5 gene
for inhibiting the expression of a C5 gene.

Accordingly, in one aspect, the present invention provides a double-stranded
ribonucleic acid (dsRNA) agent for inhibiting expression of complement component C5,
wherein the dsRNA comprises a sense strand and an antisense strand, wherein the sense
strand comprises at least 15 contiguous nucleotides differing by no more than 3 nucleotides

from the nucleotide sequence of SEQ ID NO:1 and the antisense strand comprises at least 15
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contiguous nucleotides differing by no more than 3 nucleotides from the nucleotide sequence
of SEQ ID NO:5.

In another aspect, the present invention provides a double-stranded ribonucleic acid
{dsRNA) agent for inhibiting expression of complement component C5, wherein the dsSRNA
comprises a sense strand and an antisense strand, the antisense strand comprising a region of
complementarity which comprises at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from any one of the antisense sequences listed in any one of Tables 3, 4, 5,
6, 18, 19, 20, 21, and 23.

In one embodiment, the sense and antisense strands comprise sequences selected from
the group consisting of A-118320, A-118321, A-118316, A-118317, A-118332, A-118333,
A-118396, A-118397, A-118386, A-118387, A-118312, A-118313, A-118324, A-118325, A-
119324, A-119325, A-119332, A-119333, A-119328, A-119329, A-119322, A-119323, A-
119324, A-119325, A-119334, A-119335, A-119330, A-119331, A-119326, A-119327, A-
125167, A-125173, A-125647, A-125157, A-125173, and A-125127. In another
embodiment, the sense and antisense strands comprise sequences selected from the group
consisting of any of the sequences in any one of Tables 3, 4, 5,6, 18, 19,20, 21, and 23. In
one embodiment, the dsRNA agent comprises at least one modified nucleotide.

In one aspect, the present invention provides a double-stranded ribonucleic acid
(dsRNA) agent for inhibiting expression of complement component C5, wherein the dsRNA
agent comprises a sense strand and an antisense strand, wherein the sense strand comprises
the nucleotide sequence AAGCAAGAUAUUUUUAUAAUA (SEQ ID NO:62) and wherein
the antisense strand comprises the nucleotide sequence
UAUUAUAAAAAUAUCUUGCUUUU (SEQ ID NO:113). In one embodiment, the dsRNA
agent comprises at least one modified nucleotide, as described below.

In one aspect, the present invention provides a double stranded RNAi agent for
inhibiting expression of complement component C5 wherein the double stranded RNAI agent
comprises a sense strand and an antisense strand forming a double-stranded region, wherein
the sense strand comprises at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the nucleotide sequence of SEQ ID NO:1 and the antisense strand
comprises at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
nucleotide sequence of SEQ ID NO:5, wherein substantially all of the nucleotides of the
sense strand and substantially all of the nucleotides of the antisense strand are modified
nucleotides, and wherein the sense strand is conjugated to a ligand attached at the 3°-
terminus.

In one embodiment, all of the nucleotides of the sense strand and all of the nuclectides
of the antisense strand comprise a modification.

In one embodiment, substantially all of the nucleotides of the sense strand are

modified nucleotides selected from the group consisting of a 2”-O-methyl modification, a 2’-
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fluoro modification and a 3’-terminal deoxy-thymine {dT) nucleotide. In another
embodiment, substantially all of the nucleotides of the antisense strand are modified
nucleotides selected from the group consisting of a 2’-O-methyl modification, a 2'-fluoro
modification and a 3'-terminal deoxy-thymine {dT) nucleotide. In another embodiment, the
modified nucleotides are a short sequence of deoxy-thymine (dT) nucleotides. In another
embodiment, the sense strand comprises two phosphorothioate internucleotide linkages at the
5'-terminus. In one embodiment, the antisense strand comprises two phosphorothiocate
internucleotide linkages at the 5 -terminus and two phosphorothioate internucleotide linkages
at the 3’-terminus. In yet another embodiment, the sense strand is conjugated to one or more
GalNAc derivatives attached through a branched bivalent or trivalent linker at the 3’-
terminus,

In one embodiment, at least one of the modified nucleotides is selected from the
group consisting of a 3’-terminal deoxy-thymine (dT) nucleotide, a 2'-O-methyl modified
nucleotide, a 2'-fiuoro modified nucleotide, a 2'-deoxy-modified nucleotide, a locked
nucleotide, an abasic nucleotide, a 2’-amino-modified nucleotide, a 2’-alkyl-modified
nucleotide, a morpholine nucleotide, a phosphoramidate, a non-natural base comprising
nucleotide, a nucleotide comprising a 5'-phosphorothioate group, and a terminal nucleotide
linked to a cholesteryl derivative or a dodecanoic acid bisdecylamide group.

In another embodiment, the modified nucleotides comprise a short sequence of 3°-
terminal deoxy-thymine (dT) nucleotides.

In one embodiment, the region of complementarity is at least 17 nucleotides in length,
In another embodiment, the region of complementarity is between 19 and 21 nucleotides in
length.

In one embodiment, the region of complementarity is 19 nucleotides in length.

In one embodiment, each strand is no more than 30 nucleotides in length.

In one embodiment, at least one strand comprises a 3’ overhang of at least 1
nucleotide. In another embodiment,at least one strand comprises a 3° overhang of at least 2
nucleotides.

In one embodiment, the dsRNA agent further comprises a ligand.

In one embodiment, the ligand is conjugated to the 3” end of the sense strand of the
dsRNA agent.

In one embodiment, the ligand is an N-acetylgalactosamine (GalNAc) derivative,

In one embodiment, the ligand is
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In one embodiment, the dsRNA agent is conjugated to the ligand as shown in the

following schematic
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and, wherein X is O or S.

In one embodiment, the X is G.

In one embodiment, the region of complementarity consists of one of the antisense
sequences of any one of Tables 3, 4, 5, 6, 18, 19, 20, 21, and 23.

In one embodiment, the dsRNA agent is selected from the group consisting of AD-
58123, AD-38111, AD-58121, AD-58116, AD-58133, AD-58009, AD-58088, AD-58642,
AD-58644, AD-58641, AD-58647, AD-58645, AD-58643, AD-38646, AD-62510, AD-
62643, AD-62645, AD-62646, AD-62650, and AD-62651.

In another aspect, the present invention provides a double-stranded ribonuacleic acid
{(dsRNA) agent for inhibiting expression of complement component C5, wherein the dsSRNA
agent comprises a sense strand and an antisense strand, wherein the sense strand comprises
the nucleotide sequence AAGCAAGAUAUUUUUAUAAUA (SEQ ID NO:62) and wherein
the antisense strand comprises the nucleotide sequence
UAUUVAUAAAAAUAUCUUGCUUUUTAT (SEQ ID NO:2859).

In another aspect, the present invention provides a double-stranded ribonucleic acid
(dsRNA) agent for inhibiting expression of complement component C5, wherein the dsRNA
agent comprises a sense strand and an antisense strand, wherein the sense strand comprises
the nucleotide sequence asasGfcAfaGfaUfAfUfuUfuuAfuA fauall96 (SEQ ID NO:2876) and
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wherein the antisense strand comprises the nucleotide sequence
usAfsUfuAfuaAfaAfavalUfeUfuGfeoususudTdT (SEQ ID NO:2889).

In one aspect, the present invention provides a double stranded RNAi agent capable
of inhibiting the expression of complement component C35 in a cell, wherein the double
stranded RNAJ agent comprises a sense strand complementary to an antisense strand, wherein
the antisense strand comprises a region complementary to part of an mRNA encoding C5,
wherein each strand is about 14 to about 30 nucleotides in length, wherein the double

stranded RNAI agent is represented by formula (III):

sense: =Ny (XX X)-Np-YY Y -Ny-(Z Z7Z);-N,- ng 3'
antisense; 30 Ny -(X'K XNy - Y'Y YN “(ZZZ0-N,- ng' 5 (I
wherein:

1, j, k, and 1 are each independently 0 or 1;
p, P, . and g’ are each independently 0-6;
each N; and N, independently represents an oligonucleotide sequence comprising 0-
25 nucleotides which are either modified or unmodified or combinations thereof, each
sequence comprising at least two differently modified nucleotides;
each N;, and N, independently represents an oligonucieotide sequence comprising 0-
10 nucleotides which are either modified or unmodified or combinations thereof:
each ng, np’, 1y, and nq’, each of which may or may not be present, independently
represents an overhang nucleotide;
XXX, YYY, ZZZ, X'X'X', Y'Y'Y', and 222 each independently represent one
motif of three identical modifications on three consecutive nucleotides;
modifications on Ny, differ from the modification on Y and modifications on Ny’
differ from the modification on Y"; and
wherein the sense strand is conjugated to at least one ligand.
In one embodiment, 1is0;jis O;iis 1;jis 1; bothiand j are O; or bothi and j are 1.
In one embodiment, kis 3; 1is O; kis 1;1is 1; both k and § are ; or both k and 1 are 1.
In one embodiment, XXX is complementary to X'X'X', YYY is complementary to
Y'Y'Y', and ZZZ is complementary to Z'Z"Z'.
In one embodiment, the YY'Y motif occurs at or near the cleavage site of the sense
strand.
In one embodiment, the Y'Y'Y' motif occurs at the 11, 12 and 13 positions of the
antisense strand from the 5'-end.
In one embodiment, the Y’ is 2-O-methyl.
In one embodiment, formula (IIT) is represented by formula (Ila):
sense: 5np-Na-YYY -No-ng 3
antisense: 3 np-No- YY'Y'-No-ng 5 (IHa).
In another embodiment, formula (IIF) is represented by formula (Ilib):
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sense: Snp,-No-YYY -N,-ZZZ-N;-ng 3

antisense: 3 np-No- YYNY'-Np-Z'Z'Z'- Ny-ng 5° - (1}

wherein each Ny and Ny’ independently represents an oligonucleotide sequence comprising 1-
5 modified nucleotides,

In yet another embodiment, formula (III) is represented by formula (Ic):

sense: 3'np Ny =X XX-Np-YYY-No-ng 3

antisense: 3 np-Na- XXX -Ny- YY'Y- Ne-ng 5' (Hle)

wherein each Ny, and N, independently represents an oligonucleotide sequence comprising -
5 modified nucleotides.

In another embodiment, formula (111} is represented by formula (I1d):

sense: 50, Ny -XXX-Np-YYY-Ny-ZZZ-N,-ng 3

antisense: 3 np-Ny- XXX Np-Y'Y YNp-Z'Z"2'- No- g 5
(HId)

wherein each Ny, and Ny’ independently represents an oligonucleotide sequence
comprising 1-5 medified nucleotides and each N, and N’ independently represents an
oligonucleotide sequence comprising 2-10 modified nucleotides.

In one embodiment, the double-stranded region is 15-30 nucleotide pairs in length.

In one embodiment, the double-stranded region is 17-23 nucleotide pairs in length. In
another embodiment, the double-stranded region is 17-23 nucleotide pairs in length, In
another embodiment, the double-stranded region is 23-27 nucleotide pairs in length. In yet
another embodiment, the double-stranded region is 19-21 nucleotide pairs in length. In
another embodiment, the double-stranded region is 21-23 nucleotide pairs in length.

In one embodiment, each strand has 15-30 nucleotides.

In one embodiment, the modifications on the nucleotides are selected from the group
consisting of LNA, HNA, CeNA, 2'-methoxyethyl, 2"-O-alkyl, 2"-O-allyl, 2’-C- allyl, 2'-
fluoro, 2'-deoxy, 2’-hydroxy!, and combinations thereof.

In one embodiment, the modifications on the nucleotides are 2'-O-methyl or 2'-fluoro
modifications. ,

In one embodiment, the ligand is one or more GalNAc derivatives attached through a
bivalent or trivalent branched linker.

In one embodiment, the ligand is
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In one embodiment, the higand is attached to the 3" end of the sense strand,
] <)

In one embodiment, the RINAI agent is conjugated to the ligand as shown in the following
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In one em‘sjﬁdimizm, the agent further comprises at least one phosphorothicate or
methylphosphonate internucleotide linkage.

In one embodiment, the phosphorothioate or methylphosphonate internucleotide linkage
15 af the 3 -terminus of one strand.

in one embodiment, the strand is the antisense strand. In another embodiment, the strand
is the sense strand.

In one embodiment, the phosphorothioate or methyiphosphonate mternueleotide linkage
is al the 5 -terminus of one strand,

In one enmbodiment, the sirand is the antisense strand, In another embodiment, the strand
i the sense sirand,

n one embodiment, the phosphorothicate or methyIphosphonate internncleotide linkage
is at the both the 57- and ¥ -termunus of one strand.

It one embodiment, the strand s the antisense strand,
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in one enibodiment, the base pair at the 1 position of the 5'-end of the antisense strand of
the doplex s an AU base pair.

In one ewmbodiment, the Y nucleotides contain a 2"-fluore modification.

In one embodiment, the Y nucleotides contain a 2-O-methyl modification,

In one embodiment, p>0.

In one embodiment, p=2.

I one embodiment, g’=0, p=0, g=0, and p” overhang nuclectides are complementary to
the target mRNA,

In one embodiment, g’=0, p=0, g=0, and p’ overhang nucleotides arc non-complementary
to the tareet mENA.

In one embhodiment, the sense strand has 2 total of 21 nnclectides and the antisense strand
has 2 total of 23 nuclectides.

In one embodiment, at least one iy’ is linked to a neighboring nucleotide via a
phosphorothioate linkage.

I one cmbodiment, all ny' are lnked to neighboring nucleotides via phosphorothioate
timkapges.

In one embodiment, the RNA1 agent is seiected from the group of RN A agents listed in
Table 4, Table 18, Table 19, or Table 23. In another embodiment, the RNAI agent is selected
from the group consisting of AD-58123, AD-58111, AD-58121, AD-58116, AD-58133, AD-
SB099, ADSROBR, AD-5R642, AD-58644, ADX-58641, AD-58647, ADD-58645, AD-38643, AD-
58646, AD-62510, AD-62643, AD-62645, AD-62646, AD-62650, and AD-62651.

I one aspect, the present invention provides a double stranded RNAI agent capable of
inhibiting the expression of complement component C5 in a cell, wherein said double stranded
RINAI agent comprises a sense strand complementary to an antisense strand, wherein said
antisense strand comprises a region complementary o part of an mBRNA encoding complement
component TS, wherein each strand is about 14 to abowt 30 nucleotides n length, wherem said
double stranded RNAI agent is represented by formula (1)

sense: SNy (XXX} -No-Y Y Y -Np-{Z Z 2% -Ny~ 15 3
antisense: 3 g NS X e Ny - Y Y Y N 20Ny 5 (D
whercin:

i, 1, It, and | are each independently G or §;

0,9, 4, and ¢ are each independently 0-6;

each N, and N, independently represents an oligonucleotide sequence comprising 0-23
nucleotides which are etther modified or unmodified or combinations thereof, each sequence
comprising & keast two differently modified nucleotides;



10

15

a2
o)

Lok
14

each Ny and Ny independently represents an oligonucleotide sequence comprising 0-10
nucieotides which are either modificd or vnmodified or combinations thereof
each n, 0y, ng, and 0y, each of which may or may not be present independently
represents an overhang nucleotide;

OOLYYY, 222, XKXK,YY'Y', and 27272 each independently represent one motif
of three identical modifications on three consecntive nueleotides, and wherein the modifications
are 2'-O-methyl or 2'-flucro modifications;

maodifications on Ny differ fom the moedification on Y and modifications on Ny differ
Fromm the modification on Y and

wherem the sense strand is conjugated to at least one ligand.

In another aspect, the present invention provides a double stranded RNAT agent capable
of inhibiting the expression of complement component C5 in a cell, wherein said dooble stranded
RNAIL agent comprises a sense strand complementary to an antisense sirand, wherem said
antisense strand comprises a region comyplementary 1o part of an mRNA encoding complement
cormponent C§, wherein each strand is about 14 to about 30 nucleotides in length, wherein said

double stranded RINA{ agent is represented by formmia (111

sense: 5" 1 N, X X X} N oY Y Y No~(Z 2 2 Ny - g 3
antisense: 3 oy NN - N Y'Y Y DN AN v 5 (T
wherein:

i, 1, k, and l are each independently O or 1,
each vy, vy, and ng, each of which may or may sot be present, independently represents
an overhang nucleotide;
p. g, and q' are gach independently 0-6;
n, >0 and at least one 1y is Hinked 1o a neighboring nucleotide via a
phosphorothioate linkage;
sach N, and N, independently represents an oligonuclectide sequence comprising 0-25
nucleotides which are either modified or unmodified or combinations thereof, cach sequence
comprising at least two differently modified nuecleotides;

each Ny and Ny’ independently represents an oligonucleotide sequence comprising 0-10
rucleotides which are either modificd or unmodified or combinations thercof,

XOLYYY, ZZE XXX, Y'Y, and 27277 cach independently represent one motif
of three identical modifications on three consecutive aucleotides, and wherein the modifications
are 2"-C-methyl or 2'-fluoro modifications;

modifications on Ny differ from the modification on Y and modifications on Ny, differ
from the modification on Y and

wherein the sense strand 18 conjugated to at least one lgand,

10
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In another aspect, the present invention provides a double stranded RNAI agent capable
of inhibiting the expression of complement component €3 in a cell, wherein said double stranded
RMNAI agent comprises a sense strand complementary 1o an antisense strand, wherein said
antisense sivand comprises a region complementary to part of an mRNA encoding complement
component C5, wherein cach strand is about 14 to about 30 nucleotides in length, wherein said
double stranded BRNAI agent is represented by formuda (1)

SETHE: Sy Ny (XK XY -Np-Y Y Y -Ny-(ZZZ) -No-ng 3

antisense: 3oy NS AKX K - Ny - YYY NS (22200 5 (D

wherein:
i, |, k, and { are each independently ¢ or 1;

each ny, ng, and 1y, each of which may or may not be present, independently represents
an overhang nocleotide;

p. Q. and g are cach independently 6-6;
1, >0 and at least one n,' is linked to a neighboring nucleotide via a
phosphorothioate linkage;
each N, and N, independently represents an oligonucleotide sequence comprising (-25
nicleotides which are either medified or unmodified or combinations thereof, each seguence
comprising at least two differently modified nuclestides;
each Ny and Ny independently represents an ofigonucleotide scquence comprising 0-10
nucieotides which are either modified or unmodified or combinations thereof;

XEXYYY, 222, XXX, Y'Y, and 2727 each independently represent one
motif of three identical modifications on three consecutive nucleotides, and wherein the
modifications are 2"-Q-methy! or 2"-fluere moditications;

moedifications on Ny differ from the modification on Y and modifications on Ny differ
from the modification on Y'; and

wherein the sense strand 1s conjugated to at least one ligand, whergin the ligand is one
or more (GalNAc derivatives attached through a bivalent or trivalent branched linker.

In vet another aspect, the present invention provides a double stranded RNAG agent
capable of inhibiting the expression of complement component C35 in a cell, wherein said double
stranded RINA1 agent comprises a sense strand complementary to an antisense sirand, wherein
said antisense strand comprises a region complementary to part of an mRNA encoding
complement comaponent €5, wherein each strand is about 14 to about 30 macleotides in length,

wherein said double stranded RNAL agent 18 represented by formola Iy

sense: F Ny XXX - No-Y Y Y -Ny (£ 2 2} -Na-ng 3'
antisense: 3 XX e NG Y Y'Y SN E DN v 5 (D
wherein:

11
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i, 1. k, and { arc cach independently G or 1;
each ng, 0y and 0y, each of which may or may not be present, independently represents
an overhang nuclectide:
0, g, and g are each independently 0-6;
n,' >0 and at least one ny' is linked to a neighboring nucleotide via a
phosphorothicate linkage;

each N, and N, independently represents an oligonucleotide sequence comprising 0-25
nucleotides which are either modified or unmeodified or combinations thereof, cach sequence
comprising at least two differontly modified nucleotides;

each Ny and Ny independently represents an oligonucieotide sequence comprising 0-10
nucleotides which are either modified or unmoditied or combinations thereof:

XEIYYY, 222, XXX Y'Y, wnd 27277 each independently represent one
motif of three identical modifications on three conseoutive nucleotides, and wherein the
modifications are 2°-O-methyvl or 2’'-fluoro modifications;

modifications on N, differ from the medification on Y and modifications on Ny differ
from the modification on Y,
wherein the sense strand comprises at least one phosphorothioate linkage; and
wherein the sense strand 1s conjugated to at least one Hgand, wherein the lgand is
one or more GallNAc derivatives attached through a bivalent or trivalent branched linker.

In another aspect, the present invention provides a double stranded RNAJ agent capable
of inhibiting the expression of complement component C5 in a cell, wherein said double strandad
RINAI agent comprises a sense strand complementary to an antisense strand, wherein said
antisense strand comprises a region complemeniary to part of an mRMNA encoding complement
component C§, wherem cach strand is about 14 o about 30 nucleotides in length, wherein said

double stranded RINAT agent is represented by formula (1)

sense: Sop-MNa =YY Y -Na-ng ¥
antisense: 30 NS YYYS NSy 5 ()
wherein:

each np, 1y, and g, each of which may or may wot be present, independently represents
an overhang macleootide;
p. q, and ¢’ are cach independently 0-6;
1, >0 and at least one ny' 18 lnked to a neighboring nucleotide viz a
phosphorothioate linkage;
each N, and N, independently represents an oligonucleotide secquence comprising 0-23
nucleotides wiuch are either modified or unmodified or combinations thereof, cach sequence

comprising at ieast two differently modified nucleotides;
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YYY and Y'Y each independently represent one motif of three identical
modifications on three consecutive nucleotides, and wherein the modifications are 2°-O-methyl
or 2°-fluorm modifications;

wherein the sense strand comprises at least one phosphorothivate linkage; and
wherein the sense strand is conjugated to at feast one Iigand, wherein the ligand is one or
more GalNAc derivatives attached throngh a bivalent or trivalent branched tinker.

In one aspect, the present invention provides a double stranded RNAI agent for inhibiting
expression of complement component C5, wherein the double stranded RNAI agent comprises 2
sense strand and an antisense sivand fornung a double stranded region, wherein the sense strand
comprises at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
nucieotide sequence of SEQ ID NO:T and the antisense strand comprises af least 15 contigaous
mucleotides differing by no more than 3 nucleotides from the nucleotide sequence of SEQ D
NO:5, wherem substantially all of the nuclestides of the sensce strand comprise a modification
selected from the group consisting of a 27-O-methy! modification and a 2"-fnoro modification,
wherein the sense strand comprises two phosphorotitioate internuclectide linkages at the 5°-
termvings, wherein substantially all ofthe nucleotides of the antisense sivand comprise a
modification seleoted from the group consisting of & 2°-O-methyl modification and a 2 -fluoro
muodification, wherein the antisense strand comprises two phosphorothioate infernyeleotide
linkages at the 5'-terminus and two phosphorothicate internucleotide linkages at the 3 -ferminus,
and wherein the sense stvand is conjugated to one or more GalNAc derivatives attached through
a branched bivalent or trivalent linker at the 3 -terminus.

Inn one embodiment, all of the nucleotides of the sense strand and all of the nucleotides of
the antisense strand are modified nucleotides. In another embodiment, each strand has 19-30
irucleotides.

In one aspect, the present invention provides a cell contaming a dsRNA agent of the
invention,

In one aspect, the present invention provides a vector encoding at least one strand of a
dsRNA agent, wheren the dsRNA agent comprises a region of complementarity to at least a part
of an mRNA enceding complement component C5, wherein the dsRNA is 30 base pairs or less
in length, and wherein the dsRNA agent targets the mRNA for cleavage.

In one embodiment, the region of complementarity is at least 15 nucleotides n length, In
another embodiment, the region of complementarity is 19 {0 21 nucleotides n length. In another
embodiment, cach strand has 19-30 nucleotides.

In one aspeet, the present mvention provides a cell comprising a vector of the invention.

In one aspect, the present invention provides a pharmaceutical composition for inhibiting

expression of a complement component 3 gone comprising a dsRNA agent of the invention.
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in one embodiment, the RNAI agent is admmistered in an unbuffered solution.

In one embodiment, the unbuffered solution is saline or water.

In ome exwbodiment, the RNA# agent is admindstered with a buffer solution,

I one embodiment, the bafler solution comprises acetate, citrate, prolamine, carbonate,
or phosphate ot any combination thereof,

[ another embodiment, the buffer solution is phosphate butfered saline (PRS).

In another aspect, the present invention provides a pharmacentical composition
comprising a double stranded RNA{ agent of the mvention and a lipid formulation,

In one embodirnent, the lipid formulation comprises a LNP, In another embodiment the
fipid formuiation comprises a MC3.

n one aspect, the present invention provides a composition comprising an antisense
polynucleotide agent selected from the group consisting of the sequences listed in any one of
Tables 3,4, 5,6, 19, 18, 20, 21, and 23,

in another aspect, the present invention provides a composition cbmprisir;.g a sense
polynucleotide agent selected from the group consisting of the sequences fisted in any one of
Tubles 3,4, 5,6, 19, 18, 20, 21, and 23,

In vet another aspect, the present invention provides @ modified antisense polynucleotide
agent selected trom the group consisting of the antisense sequences listed in any one of Tables 4,
6,18, 19, 21, and 23,

In a fusther aspect, the present invention provides a modified sense polynucleotide agent
selected from the group consisting of the sense sequences listed in any one of Tables 4, 6, 18, 19,
21, and 23.

In one aspeet the present invention provides methods of treating a subject having a
disease or disorder that would benefit from reduction in complement component C5 exprossion.
The methods include administering to the subject a therapeutically effective amount of a dsRNA
agent compnsing a sense strand and an antisense strand, wherein the sense strand coniprises at
least 15 contignous nucleotides differing by no more than 3 nucleotides from the nueleotide
sequence of SEQ ID NG:T and the antisense strand comprises at feast 13 contiguous nucleotides
differing by no more than 3 nucleotides from the nucleotide sequence of SEQ ID NO-3, thereby
treating the subject.

in another aspect, the present invention provides methods of preventing at least one
symptom in a subject having a discase or disorder that would benefit from reduction in
complement compenent C3 expression. The methods include administering to the subject a
therapentically effective amount of a dsRNA agent comprising a sensc strand and an antisense
strand, wherein the sense strand comprises at least 15 contiguous nucleotides differing by no

more than 3 nueleotides from the nucleotide seguence of SEQ 1D NO:1 and the antisense strand
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comprises at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
nucleotide seguence of SEQ ID NG5, thereby preventing at least one symptom in the subject
having a disorder that would benefit from reduction in 5 expression.

In another aspect, the present mvention provides methods of treating a subject having a
discasc o1 disorder that would benefit from reduction in complement component £S5 expression,
The methods include administering to the subject a therapeutically effective amount of a dsRNA
agent comprising a sense strand and an antisense strand, the antisense strand comprising a region
of complementarity which comprises at least 18 contiguous nucleotides differing by no more
than 3 nucleotides from any one of the antisense sequences listed in any one of Tables 3, 4, 5, 6,
18, 19,20, 21, 23, thereby treating the subject.

In yet another aspect, the present invention provides methods of preventing at least one
symptom in a subject having a disease or disorder that would bepefit from reduction m
complement component 5 expression. The methods include administering to the subiect a
prophylactically effective amount of a dsRNA agent comprising 2 sense strand and an antisense
strand, the aptisense strand comprising a region of complementarity which comprises at least 15
contiguous nucleotides differing by no more than 3 nucleotides from any one ofthe antisense
sequences listed in any one of Tablez 3,4, 5, 6, 18, 19, 20, 21, and 23, thereby proventing at least
one symptom in the subject having a disorder that would benefit from reduction in C5
CRPTRLSion.

In one aspect, the present invention provides methods of treating a subject having a
disease or disorder that would benefit from reduction in complement component C3 expression
which inclode administering to the subicct a therapeutically effective amount of a double
stranded RINAL agent, wherem the double stranded RNAT agent comprises a sense strand and an
antisense strand forming a double stranded region. wherein the sense strand comprises at east 15
contiguous nucleotides differing by no wore than 3 nucleotides from the nuclestide sequence of
SEQ ID NO:T and the antisense strand comprises at least |5 contigoous nucleotides differing by
no more than 3 nucleotides from the nuclectide seguence of SEQ 1D NG!S, wherein substantially
all of the nucleotides of the antisense strand and substantially all of the muelestides of the sense
strand are modified nucleotides and, wherein the sense strand is conjugated to one or more
ligands at the 3 -terminus,

In one embodiment, all of the nucleotides of the sense strand and all of the nuclectides of
the antisense strand are modified nucleotides,

In one embodinent, the admunistration 1 subesiancous administration.

In one embodiment, substandally all of the nocleotides of the sense strand are modified
nucleotides selected from the group consisting of a 2°-C-methyl modification, a 2°-fluoro

modification and & 3 -terminal AT nucleotide. In another embodiment, substantially all of' the
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nucleotides of the antisense strand are modified nucleotides selecied from the group consisting of
a 2"-O-methyl modification, a 2’-finoro modification and a 3 -terminal d7 nucleotide. In another
embodiment, the modified mucleotides are a short seguence of deoxy-thymine (7)) micleotides,
In another embodiment, the sense strand comprises two phosphorothioate internncleotide
linkages at the 5'-terminus. In one embodimenst, the antisense strand corpprises two
phosphorothicate internucleotide linkages at the 5’ -terminus and two phosphorothioate
internucleotide linkages at the 3'-terminus. In yet another embodiment, the sense strand s
conjugated to one or more GalNAc derivatives attached through a branched bivalent or trivalent
linker at the 3" -terminus.

In another aspect, the present invention provides methods of preventing at least one
symptom in a subject having a disease or disorder that would benefit from reduction i
complement component CF expression which include administering to the subject a
prophviactically effective amount of a donble stranded RINAJ agent, wherein the double stranded
RINAI agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the sense strand comprises at least 15 contignous nucleotides differing by no more than
3 mucleptides fom the nucleotide sequence of SEG 1D NG:{ and the antisense strand coraprises
at least 13 contiguous nucleotides differing by no more than 3 nucleotides from the nucleotide
sequence of SEGQ 1D NG5, wherein substantially all of'the nucleotides of the antisense strand
and substantially all of the nucleotides of the sense strand are modified mucleotides and, wherein
the sense strand is coningated to a Hgand at the 3 -terminus.

In one embodiment, all of the nucleotides of the sense strand and all of the nucleotides of
the antisense sirand arc modified nucicotides.

in one embodiment, the administration is subcutaneous administration,

I one embodiment, substantially all ofthe nueleotides of the sense strand are modified
nucleotides selected from the group consisting of a 2°-0O-methyl modification, a 2°-fluore
modification and a 3" -terminal dT nucleotide. In another embodiment, substantially all of the
nucleotides of the antisense strand are modifted nuclectides sclected from the group consisting of
a 2°-O-methyl modification, a 2”-fluore modification and a 3’-terminal dT nnclectide. In another
embodiment, the modified nucleotides are s short seguence of deoxy-thymine (dT) nucleotides.
In ancther embodiment, the sense strand comprises two phosphorothioate internuclestide
linkages at the 5"-terminns. In one embediment, the antisense strand comprises (wWo
phosphorothicate internucleotide linkages at the 5" -terminus and two phosphorothioate
internucleotide linkages at the 3'<terminus. Tn yet another embodiment, the sense strand s
conjugated to one or more GalNAc derivatives attached through a branched bivalent or trivalent
linker at the 3 -torminus.
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In one aspect, the present invention provides methods of treating a subject having a
disease or disorder that would benefit from reduction in complement component C5 expression.
The methods include administering fo the subject a therapeutically cffective amount of a dsRNA
agent comprising a sense strand complemeniary to an antisense strand, wherein the antisense
strand comprises 4 region complementary 1o part of an mRNA encoding €5, wherein each strand
is about 14 fo abeut 30 mucleotides in length, wherein the double stranded RNA! agent is

represented by formula (T

sense: SNy (XXX M- Y Y Y -No~{Z Z ) -Ng-1q 3
antisense: 3 a, NN YYY Ny 2N v 50 (T
wherein:

i, }, k, and ! are each independently G or 1;

.17, g, and g are each independently 0-6;

cach N, and N," independently represents an oligonucleotide sequence comprising 0-25
nucleotides which are either modified or unmodified or combinations thereof, each seguence
comprising at least two differently modified nocleotides;

each Ny and Ny independently represents an oligonucleotide sequence comprising 0-10
micleotides which are either modified or nnmedified or combinations thereof

each Np, 115, g and 1, cach of which may or may not be present, independently
represents an overhang nucleotide;

XXX,YYY, ZZZ, XKX'KL Y'Y, and Z'2'Z" each independently represent one motif
of three identical modifications on three consecutive nuclentides;

medifications on Ny, differ from the modification on Y and modifications on Ny’ differ
froim the modification on Y'; and

wherein the sense strand 18 conjugated to at least one ligand, thereby treating the
subject, thereby weating 2 subject baving a disease ov disorder that would benefit from reduction
in complement component C35 expression.,

In another aspect, the present invention provides methods of preventing at least one
symptom in a sulyject having a disease or disorder that would benefit from reduction i
complement component C5 expression. The methods include administering to the subject a
prophylactically effective amount of a dsBNA agent comprising a sense strand complementary {o
an antisense strand, wherein the antisense strand comprises a region complementary to part of an
mRNA encoding €3, wherein each strand s about 14 to about 30 mucleotides in length, wherein

the deuble smanded RINAS agent is represented by formula (1)

sense: SR X XX eNe-Y Y Y -No-{Z 2 2% -Na-ng 3
antisense; 3 a NN W YYY SN 222N g 3 (1D
wherem:
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i, 1. k, and | arc cach independently § or 1,

p, 1, 4, and ¢ are cach independently 0-6;

cach N, and N, independently represents an oligonucleotide sequence comprising .25
nuctectides which are either modified or unimodified or combinations thersof, each sequence
comprising at least two differently modified nucleotides;

cach Ny, and Ny independently represents an cligonuncleotide sequence comprising 0-10
mucieotides which are either modified or unmeodified or combinations thereof

each ng, iy, Ng, and 0y, cach of which may or may not be present, ndependently
represents an overhang nucleotide;

XXX, YYY, 222, XXX, Y'Y'Y', and Z'Z2" each independently represent one motif
of three identical modifications on three consecutive nucleotides:

modifications on Ny, differ from the modification on Y and modifications on Ny’ differ
from the modification on Y, and

wherein the sense strand is conjugated 1o at least one ligand, thereby preventing at least
one symptom in the subject having a disorder that would benefit from reduction in €5
expression, thereby preventing at least one symptom i a subject having a disease or disorder that
would benefit from reduction in complement component C8 expression,

In one embodiment, the administration of the dsRNA to the subject causes a decrease in
intravascular hemolysis, a stabilization of hemoglobin levels and/or a decrease in C5 protein
accnmtlation,

In one embodiment, the disorder 19 a complement component CS-associated disease. In
onc embodiment, the complement component CS-associated discase is selected from the group
consisting of paroxysmal nocturmal hemoglobinuria (PNH). atypical hemolytic uremic syndrome
(aHUS), asthma, rheumatoid arthritis (RA); antiphospholipid antibody syndrome; hupus
nephritis; ischemia-reperfusion mjury; typical or infectious hemolytic uremic syndrome (tFUS);
dense deposit disease (DDID); nevromyelitis optica (NMO); multifocal motor neuropathy
{(MMN}; multiple sclerosis (MS); macular degeneration {e.g., age-related macular depeneration
{AMD}); hemolysis, elevated liver enzymes, and low platelets (HELLP) syndrome; thrombotic
thrombocytopenic purpura {TTP); spontancous fotal loss; Pauct-immune vasculitis,
epidermolysis bullosa; recurrent fotal loss; pre-eclampsia, traumatic braip injury, myasthenia
gravis, cold agglutinin discase, demmatomyositis bullous pemphigoid, Shiga toxin £. colfi-related
hemolytic aremic syndrome, 3 nephropathy, anti-neutrophil cytoplasinic antibodv-associated
vasenlitis, humoral and vasenlar transplant rejection, graft dysfunction, myoeardial infarction, an
allogenic {ransplant, sepsis, Coronary artery disease, dermatomyositis, Graves' disease,
atherosclerosis, Alzheimer's disease, systeinic inflammatory response sepsis, septic shock, spinal

cord injury, glomerlovephritis, Hashimoto's thyroiditis, type [ diabetes, psoriasis, pemphigus,
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autoimmune hemolviic ancmia (AIHA), TP, Goodpasture syndrome, Degos disease,
antiphospholipid syndrome (APS), catastrophic APS (CAPS), a cardiovascular disorder,
myocarditis, a cerchrovascular disorder, a peripheral vascular disorder, a renovasonlar disorder, a
mesenteric/enteric vascular disorder, vasculitis, Henoch-Schénlein purpura nephnitis, systenuc
lupus erythematosus-associated vasculitis, vasculitis associated with rhevmatord arthiitis
immune complex vasculitis, Takayasu's disease, dilated cardiomyopathy, diabetic angiopathy,
Kawasaki's disease {arteritis}, venous gas embolus (VGE), and restenosis following stent
placement, rotational atherectomy, membranecus nephropathy, Guillam-Bame syndrome, and
percutancous ransiuminal coronary angioplasty (PTCAY. In another embodiment, the
complement component C5-assoctated disease is paroxysmal noctirnal hemoglobinuria {PNH).
In et another ermbodiment, the complement component CS-asseciated disease is atvpical
hemolytic uremic syndrome (aHUS).

In onc embodiment, the subject is human.

In another embodiment, the methods of the invention further include administering an
anti-complement component C5 antibody, ot antigen-binding fragment thereof, to the subject.

In one embodiment, the antibody, or antigen-bindmg fragment thereof, mhibitg cleavage
of complement compoenent C5 nto fragments C3a and C5b, In another embodiment, the anti-
complement component 8§ antibody 1s coulizumab,

in aneother embodiment, the methods of the invention fiurther include administering a
meningococeal vaceine 1o the subject.

In one embodiment, eculizumab is administered to the subject weekly at a dose less than
about 600 myg for 4 weeks followed by a fifih dose at about one week later of less than about 900
mg, followed by a dose less than about 900 ing about every two weeks thereafler,

In another embodiment, eculizumab is administered fo the subject weekly at a dose less
tham aboui 800 mg for 4 weeks followed by a §fth dose at about one week later of less than abowt
1200 me, followed by a dosc less than about 1200 mg about every two weeks thereafter.

In one embodiment, the subject is less than 18 years of age and cculizumab is
administered to the subject weekly at a dose less than about 900 myg for 4 weeks followed by
fitth duse at about one week latey of jess than about 1200 my, folHlowed by a dose less than about
1204 mg about every two weeks thereafter.

In another embodiment, the subject is less than 18 years of age and eculizumab is
administered o the subject weekly at a dose less than about 600 me for 2 weeks followed by a
third dose at about one week later of less than about 500 mg, followed by 2 dose less than about
900 mg about every two weeks thereafler.

In another cmbodiment, the subiect is less than 18 years ofage and eculizuman is

administered to the subject weekly at a dose less than about 600 myg for 2 weeks followed by a
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third dose at about one week later of less than about 600 mg, followed by a dose less than about
600 mg about every two weeks thereafter.

I yet another embodiment, the subject is less than 18 vears ofage and eculizomal is
admimistered to the subject weekly at a dose less than about 600 myg for 1 week followed by a
second dose at about one week later of less than about 300 mg, followed by a dose less than
about 300 myg about every two weeks thereaftor.

In one embodiment, the subioct is less than 18 vears of age and ecolizumab is
administered to the subject weekly at a dose less than about 300 myg for | week followed by a
second dose at ahout one week later of less than about 300 me, followed by a dose less than
about 300 mg about every two weeks thereafter.

In another embodiment, the methods of the invention further include plasmapheresis or
plasmma exchange in the subject. In one such embodiment, eculizumab is adminisiered 1o the
subject at a dose less than about 600 mg or at a dose less than about 300 mg.

In a further embodiment, the methods of the invention farther include plasma infhision in
the subjest. In one such embodiment, cculizumab 15 administored to the subject at a dose Jess
than about 300 mg.

In one embodiment, conlizomab is adrinistered to the subject at a dose of sbout
0.01 mg/kg to about 10 mg/kg or about 0.5 mg/ke to about 15 mg'kg, In another embodiment,

&
H

eculizumab is administered 1o the subject at a dose of about 5 mg/ke to about 15 mg'ke.

In one embodiment, eculizumab is administered to the subject at a dose selected from the
group consisting of 0.5 me/ke, I mghke, 1.5 me/ke, 3 mg'ke, § mgikg, 7 mg/kg, 10 mgke, and
15 mefkg,

in one embodiment, eculizumab 15 administered 1o the subject via an intravenous
infusion.

In another embodiment, eculizumaly 15 administered fo the subject subcutancously,

In one embodiment, the dsRNA agent is administered at a dose of about 0.01 mp/kg to
about 10 mg/kg or about 0.5 mg/kg to about 30 mg/ky.

In another embodiment, dsRNA agent is administered at a dose of about 10 mg/ke to
about 30 mg'ke.

In one embodmment, the dsRINA agent is admunistered at a dose selected from the group
consisting of 0.5 me/kg | mg/kg, 1.5 me/ke, 3 mg/ke, 5 me/ke, 10 mg/kg, and 30 meg/ks,

b one embodiment, the dsBRNA agent is adminisiered o the subject once a week, In
another embodiment, the deRNA agent is adnumistered to the subicet twice a week. In snother
embodiment, the dsRNA agent is administered @ the subject twice a month.

In one embodiment, the dsRNA agent is administerced to the subject subcutancousty.

20



1¢

15

20

a2
)

Lok
e

In one embodiment, the dsRNA agent and the cculizumab are administered to the subject
subcutaneously. In another embodiment, the dsRNA agent and the ceulizumab are administered
to the subject shmultaneously.

In one embodiment, the dsRNA agent is administered (o the subjact first for a period of
time sufficient to reduce the levels of complement component C5 in the subject, and eculizumab
is administered subsequently at a dose less than about 600 mg.

In one embodiment, the levels of complement component C3 in the subject are reduce
by at least about 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%. 85%, or 90%.

In one embodiment, eculizomab is administered at a dose of gbout 100-500 mg,

In one embodiment, the methods of the invention further include measuring hemoglobin
and/or LDH levels in the subject.

Inn ome embodiment, the dsRNA is conjugated to a ligand.

In one embodiment, the ligand 1s conjugated to the 3’ end of the sense strand of the
dsRNA.

In one embodiment, the higand is an N-acetylgalactosamine (GalNAc) derivative,

In one aspect, the present invention provides methods of inhibiting complement
component C5 expression in 2 cell. The methods inchude contacting the cell with a dsRNA agent
comprising a sense strand and an antisense strand, wheren the sense strand comprises at least 15
contiguous nucleotides differing by no more than 3 nucleotides from the nucleotide sequence of
SEQ [DNO:1 and the antisense strand comprises at least 15 contiguous nucleotides differing by
no more than 3 nacleotides from the nucleotide sequence of SEQ 1D NO:S; and maintaining the
cell produced in siep (a) for a time sufficient to obtain degradation of the mRNA transeript ofa
C5 gene, thereby inhibiting expression of the €3 gene in the cell,

I another aspect, the present invention provides methods of inhibiting complement
compoenent C5 expression in s cell. The methods include contacting the cell with a dsRINA agent
comprising a sense strand and an antisense strand, the antisense strand comprising a region of
complementarity which comprises at least 13 contiguous nucleotides differing by no more than 3
mucleotides from any one of the antisense sequences listed in any one of Tables 3,4, 5,6, 18, 19,
20, 21, and 23; and rnaintaining the cell produced in step (a) for a thme sufficient fo obtain
degradation of the mRNA transeript of a C5 gene, thereby mhibiting expression of the O35 geng
in the cell.

In another aspect, the present invention provides methods of inhibiting complement
component C5 expression in 2 cell, which includes contacting the cell with a dsRNA agent
comprising g sense strand and an antisense strand comprising a region of complementarity, the
sense strand comnprises at least 15 contiguous nueleotides differing by no more than 3 nucleotides

from the nacleotide sequence of SEQ ID NO:T and the antisense strand comprises at least 15
] < ¥
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contiguous nucleotides differing by no more than 3 nucleotides from the nucleotide sequence of
SEQ ID NO:S, wherein substantially all of the nucleotides of the antisense strand and
substantially all of the nucleotides of the sense strand are modified nuclestides and, wherein the
semse strand is conjugated to one or more ligands at the 3 -terminus; and maintaining the cell
produced in the first step for a time sufficient to obtain degradation of the miRNA transeript of a
C5 gene, thereby inhibiting expression of the C3 gene in the cell.

It one embodiment, all ofthe nucleotides of the sense strand and all of the nucleotides of
the anfisense strand are modifisd nucleotides.

In one embodiment, substantially all of the nucleotides of the sense strand are modifisd
nucleotides selected from the group congsisting of a 2’-O-methy modification, a 2°-fluoro
maendification and a 3’-teyminal dT nucleotide. In another embodiment, sobstantially all of the
micleotides of the antisense strand are modified nucleotides selected from the group consisting of
a 2’-0O-methyl modification, a 2°-flucro modification and a 3 -terminal 47 nucleotide. In snother
embodiment, the modificd nucleotides are a short sequence of deoxy-thymine (dT) nucleotides.
In another embodiment, the sense strand comprises two phosphorothicate internmcleotide
tinkages at the 5'-terminus. fn one embodiment, the antisense strand comprises two
phosphorothioate intemucleotide linkages at the 5" -terminus and two phosphorothioate
internucleotide linkages at the 3"<terminus. In vet another embodiment, the sense strand is
conjugated to one or more GalNAc derivatives attached through a branched bivalent or trivalent
finker at the 3 -terminus.

in yet another aspect, the present invention provides methods of inhibiting conplement
component C5 expression in a cell. The methods include contacting the cell with a dsRNA agent
comprising a sense strand complermentary to an antisense strand, wherein the antisense strand
comprises a region complementary to part of an mRNA encoding O3, wherein each strand is
about 14 to about 30 nuclectides in length, wherein the double stranded RNAI agent is

i

represented by formunda (1)

sense: 5y N oKX X} =Ny -¥ Y Y -Np~-(ZZ Z)-MN,-ng 3'
antisenge: 3 Ny AKX e N WYY Y NG (22N 0 8 (1D
wheren:

i, J, k, and | are each independently 0 or 1,

P. 9, 4, and g’ are each independently G-6;

gach N, and N," independently represents an oligonucientide sequence comprising 0-25
nucleotides which are either modified or onmodified or combinations thereof, sach sequence
comprising at least two differently modified nucleotides;

cach Ny and Ny independently represents an oligonucleotide sequence comprising 0-10

micteotides which are either modified or vnmedified or combinations thereof:

P
B2



each ny, 0y, ng, and 1y, cach of which may or may not be present, independently represents an
overhang nuclcotide;
XX, YYY, 222, XXX, Y'Y, and 272" each independently represent one motif
of three identical modifications on three covsecutive micleotides;
5 modificstions on Ny, differ from the modification on Y and modifications on N, differ
from the modification on Y, and
wheremn the sense strand is conjugated to af least one hgand; and maintaining the cell
produced in step (a) for a ttme sufficient to ebtain degradation of the mRNA transeript of a C§
gene, thereby inhibiting expression of the C5 gene in the cell
14 In one embodiment, the cell is within a subject.
In one embodiment, the subject is & human.
In one embodiment, the human subject suffers from a complement component C5-
associated disease,
In one embodiment, the complement component (3-associated disease is selected from
15 the group consisting of paroxysmal nocturnal hemoglobinuria (PNH), atypical hemolytic uremic
syndrome (aHUS), asthma, theumatoid arthritis (RA); antiphospholipid antibody syndrome;
fupus nephritis; ischemia-reperfusion injury; fypical or infections hemolytic uremic syndrome
(tHUS}; dense deposit discase (DD} nevromyelitis optica (NMO); multifocal motor
nevropathy (MMNY; multiple sclerosis (MS); macular degeneration {e.g., age-related macular
24 degeneration (AMDY)); hemolysis, elevated liver enzymes, and low platelets (HELLP) syndrome;
thrombotic thrombooyiopenic purpura {TTPY, spontancous fotal loss; Pauci-immune vasculitis;
epidermolysis bulloss; recurrent fotal loss; pre-cclampsia, traumatic brain injury, myasthenia
gravis, cold agglutinin discase, dermatomyosits bullous pemphigoid, Shiga toxin £, coli-related

hemolytic nremie syndrome, C3 nephropathy, antt-neutrophil cytoplasmic antibody-associated

b
fv

vasoulitis, bumoral and vascular transplant rejection, graft dysfunciion, myoecardial infarction, an
allogenic transplant, sepsis, Coronary artery disease, dermatomyositis, Graves' discase,
atherosclerosis, Alzheimer's disease, systemic inflammatory response sepsis, septic shock, spinal
cord injiry, glomerlonephritis, Hashimoto's thyrotditis, type | diabetes, psoriasis, pemphigus,
antoimmune hemolytic anemia (AIHA), ITP, Goodpasture syndrome, Degos disease,
3¢ antiphospholipid syndrome (APS), catastrophic APS (CAPS), a cardiovascular disorder,
myocarditis, a cercbrovascular disorder, a peripheral vascular disorder, a renovascular disorder, a
mesenteric/enteric vascular disorder, vasculitis, Henoch-Schonlein purpura nephritis, systemic
fupus erythematosus-associated vasculitis, vasculitis associated with rheumatoid arthritis,
immmune complex vasculitis, Takayasu's disease, dilated cardiomyopathy, diabetic angiopathy,
35 Kawasaki's disease (arteritis}, venous gas embelus (VGE}, and restenosis following stent

placement, rotafional atherectomy, membraneous nephropathy, Guilisin-Barre syndrome, and
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percutancous transinminal coronary angioplasty (PTCA}. In another embodiment, the
complement component C3-associated disease is paroxysmal nocturnal hemoglobinuria (PNH).
In another embodiment, the complement component CS-associated disease is atypical hemolytic
uremic syndrome (aHUS).

in one embodiment, the methods further include contacting the cell with an anti-
complement wmpﬁnent C5 antibody, or antigen-binding fragment thereof,

I one embodiment, the antibody, or antigen-binding fragment thereof, inhibits cleavags
of complement component C3 into fragments C%a and C5h.

In one embodiment, the anti-complement component C5 antibody, or antigen-binding
fragment thereof, is eculizumab.

I one embodiment, the methods further include contacting the cell with a meningocoecal
vaceine,

In one embodiment, the cell is contacted with coulizumab weekly at a dose less than
about 600 myg for 4 weeks followed by a fifth dose at about one week later of less than about 900
mg, followed by 2 dose less than about 900 me about every two weeks thereafier,

In another embodiment, the cell is contacted with eculizumab weekly at a dose less than
about 900 mg for 4 weeks followed by a fifth dose at about one week later of less than about
1200 mg, followed by a dose less than about 1200 mg about every two weeks thereaficr,

In another embodiment, the cell is contacted with cculiznmab weekly at a dose less than
about 900 mg for 4 weeks followed by a fifth dose at about one weelk later of less than about
1200 mg, followed by a doge less than about 1200 mg about every two weeks thereafter.

In et another embodiment, the cell is contacted with eculizumab weekly at a dose less
than about 600 mg for 2 weeks followed by a third dose at about one week later of less than
about 900 mg, followed by a dose less than about 900 mg about every two weeks thercafier.

In one embodiment, the cell i contacted with eculizimab weekly at a dose less than
about 600 mg for 2 weeks followed by a third dose at about one week later of less than about 600
mg, followed by a dose less than about 600 mg about every two weeks thereafter.

In apother embodiment, the cell is contacted with eculizumab weekly at a dose less than
about 600 myg for | week followed by a second dose at about one wesk later of less than shout
300 myg, followed by a dose less than about 300 mg about every two weeks thereafter,

In one embodiment, the cell is contacted with eculizumab weekly at a dose loss than
about 300 mg for T week followed by a second dose at about one week later of less than about
300 mg, followed by a dose lesg than about 300 mg about every two weeks thereafter,

In one embodiment, the cell is within a subject.

In one embodiment, the methods of the invention further inchide plasmapheresis or

slasma exchange in the subject, I one embodiment, eculizmamad is administered to the subicct at
fa] al H J
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a dose iess than about 500 mg. In another embodiment, eculizumab is administered to the
subject at a dose less than about 300 mg,

In one embodiment, the methods of the invention further include plasma infusion in the
subject. In one embodiment, senlizumab is administered to the subject at a dose less than abont
300 me.

In one embodiment, the cell is contacted with eculizumab at a dose of about 0.01 mg/kg
to about 10 mg/kg or about 0.5 mg/kg to about 15 myg/kg.

In another embodiment, the cell 1s contacted with eculizumab at a dose of about 5 mg/ky
to abont {5 mg/kg,

In one embodiment, the cel is contacted with cculizumab at a dose selected from the
group consisting of 0.5 mg/ke, | my/kg, 1.3 mg/ke. 3 mg'kg, Sme/ke, 7 melkg, 10 mg'ke, and
15 my/kg,

In one embodiment, cculizumab is administered to the subject via an intravenous
infusion. In another embodiment, eculizumab is administered to the subject subentancousty.

I one embodiment, the cell is contacted with the dsRNA agent at a dose of about
0.61 mg/kg to about 10 mg/kg or about 0.5 mg/ke to about 50 mg/ke.

In another embodiment, the cell 1s contacted with the dsRNA agent at a dose of about 10
mg/kg to about 30 my/kg.

In one embodiment, the cell is contacted with the dsRNA agent at a dose selected from
the group consisting of 0.3 mg/kg 1 mg/kg, 1.5 mg/kg, 3 mgke, 5 maske, 10 me/kg, and 30
gk

i one embodiment, the cell is contacted with the dsRNA agent once a week. In another
embodiment, the dsRNA agent is admumistered to the subject twice a week. In another
embodiment, the cell is contacted with the dsRNA agent twice a month.

In one embodiment, the dsRNA agent is adminisicred to the subject subeutancously.

In one embodiment, the dsRINA agent and the eculizumab are administered to the subject
subcntancously. In another embodiment, the dsRNA agent and the eculizunmab are administered
o the subject simubtaneously.

In ene embodmment, the cell 1s contacted with the dsRNA agent and the eculizumab
simultancously,

In one embodiment, the dsRINA agent is administered to the subject first for a period of
tirne sufficient o reduce the levels of complement component C3 in the subject, and coulizumab
is admuustered subsequently at a dose less than about 600 mg.

In one embodiment, the levels of cemplcment component CF in the subject are reduced
by at least about 30%, 35%, 4096, 45%, 50%, 55%, 60%, 63%, T0%, 75%, S0%, 3%, or 90%.

in one embodiment, eculizumab is administered at a dose of about 100-500 rog.
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In one embodiment, the cell is contacted with the dsRNA agent first for a period of time
sufficient to reduce the levels of complement component C5 in the cell, and the cell is
subsequrntly contacted with eculizomab at a dose less than about 600 mg,

In ome emwbodiment, the levels of complement component C5 in the cell are reduced by at
least abowt 30%, 35%, 40%, 45%, 50%, 53%, 60%, 65%, 70%. 75%, 80%, 85%, or 90%.

In one embodiment, the cell is contacted with eculizumab at a dose of about 100-500 me.

in one aspact, the present invention provides methods of mhibiting the expression of C3
in a sabject. The methods mehude admimnistering to the subject a therapeutically effective amount
of'a dsRNA agent comprising 2 sense strand and an antisense strand, wherein the sense strand
comprises at least 15 contignous nucleotides differing by no more than 3 nucleotides from the
nuciectide sequence of SEQ ID N1 and the antisense strand comprises at least 15 contiguous
uucleotides differing by no more than 3 nucleotides from the nocleotide sequence of SEQ 1D
NG5, thereby inhibiting the expression of C3 in the subject.

In another aspect, the present invention provides methods of inhibiting the expression of
{5 in a subject. The methods inchude administering to the subject a therapeutically effective
armount of 2 dsRNA agent conprising a sense strand and an antisense strand, the antisense strand
comprising a region of complementarity which comprises at least 15 contiguous nucleotides
differing by no more than 3 muclectides from any one of the antisense sequences listed m any
one of Tables 3,4, 5,6, 18, 19,20, 21, and 23, thereby inhibiting the expression of C3 in the
subject,

In another aspect, the present invention provides methods of mhibiting complement
component C5 expression in a sabject which include administering to the subject a
therapeutically effective amount of a dsRNA agent comprising 2 sense strand and an antisense
strand forming a double stranded region, wherein the sense strand comprises at least 15
condiguous nucleotides differing by no more than 3 nucleotides from the nucleotide sequence of
SEQ D NG and the antisense strand comprises at least 15 contiguous nucleotides differing by
no mote than 3 nucleotides from the nucleotide sequence of SEQ 1D NO:3, wheren substantially
all of the nucleotides of the antisense strand and substanially all of the nucleotides ofthe sense
strand are modified pucleotides and, wherein the sense strand is conjugated o one or more
ligands at the 3 '-terminus, thereby inhibiting expression of the C8 gene in the subject.

In one embodiment, all of the nucleotides of the sense strand and all of the nucleotides of
the antisense strand are modified nucleotides.

In one embodiment, the admmistration 1s subcsianeons adminisimtion.

In one embodiment, substantially all of the nucleotides of the sense sirand are modified
nucieotides selected from the eroup consisting of a 27-0~methyl modification, a 2’-flucro

-

modification and 2 3"-terminal d7 nucleotide. In another embodiment, substantially all of the
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nucleotides of the antisense strand are modified nucleotides selected from the group consisting of
a 2’-C-methyl modification, a 2"-flnore modification and a 3"-terminal d7 nucleotide. In another
embodiment, the modified macleotides are a short seguence of deoxy-thvmine (4T nucleotides.
In another embodiment, the sense strand comprises two phosphorothioate mtemnuclectide
hnkages at the 5'-termunus. In one embodiment, the antisense strand comprises two
phosphorothioate internuclectide binkages at the 3’ -termimus and two phosphorothioate
internueleotide linkages at the 3°-terminus. In vet another embodiment, the seuse strand is
conjugated to one or more GalNAc derivatives attached through a branched bivalent or frivalent
linker at the 3’ -terminus.

In another aspect, the present invention provides methods of inhibiting the expression of
C3 in asubject. The methods include admimistering to the subject a therapeutically effective
amount of a dsRNA agent comprising a sense strand complementary to an antisense sirand,
wherein the antisense strand comprises a region complementary to part of an mENA encoding
(5, wherein each strand is about 14 to about 30 nncleotides in length, wherein the double
stranded RINAL agent is represented by formusta (1)

sense; 3w N XXX o Np-Y VY -Np-(Z Z 25 -Na-my 3
ATISENSE! 3 n NN YYY SN2 -NS- v 30 (D
wherein;

1, J, k. and { are each independently @ or 1,
1.1’ 4. and g’ are each independently 0-6;
each N, and N, independently represents an oligonucleotide sequence comprising 0-25
nucleotides which are either modified or unmodified or combinations thereof, cach sequence
comprising at least two differently modified nucleotides;
each Ny and Ny independently represents an oligonucieotide sequence comprising §-16
nmucleotides which are either modified or somodified or combinations thereof
cach ny, 1), ng, and ny, cach of which may or may not be present, independently
represents an overhang nucleotide;
KRR, YYY, 222, KUK Y'Y, and £'2°2 each independently represent one motif
of three identical modifications on three consecutive nucleotides;
modifications on Ny, differ from the modification on Y and modifications on Ny’ differ
from the modification on Y7, and
wherein the sense strand is conjugated {o at least one ligand, thereby inhibiting the
expression of C5 1w the subject,
In one embodiment, the methods further inclade administration of an anti-complement

component C5 antibody, or antigen-binding fragment thereod, {o the sabject.

]
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[n one embodiment, the anti-complement componertt O3 antibody, or antigen-binding
fragment thereod, is eculizamab.

In one embodiment, the antibody, or antigen-binding fragment thereof, inhibits cleavage
of complement compovent 5 into fragments C5a and Csh.

in one embodiment, the methods of the invention further include administering a
menmgococeal vaccine to the subject,

In ons embodiment, eculizumab is administered to the subject weekly at 2 dose less than
about 600 mg for 4 weeks followed by a ffth dose at about one week later of less than about 900
mg, followed by a dose less than about 300 mg about every two weeks thereafter.

In another embodiment, eculizumab is administered 1o the subject weekly at a dose less
than about 300 mg for 4 weeks followed by a fifth dose at about one week later of less than sbout
1200 mg, followed by a dose less than about 1200 mg asbout every two weeks thereafier.

In one embodiment, the subject is loss than 18 years of age and eculizumab is
administered to the subject weekly at a dose less than ebout 900 mg for 4 weeks followed by a
fifth dose at about one week later of less than about 1200 mg, followed by a dose less than about
1200 mg about every two weeks thereafter,

In another embodiment, the subject is less than 18 years of age and cculizumab is
administered to the subject weekly at a dose less than about 600 myg for 2 weeks followed by a
third dose at about one week later of less than about 900 me, followed by a dose less than about
G800 mg about every two weeks thereafter.

Ir ove ernbodiment, the subject is less than 18 years of age and eculizurnab is
administered to the subject weekly at 2 dose less than about 600 me for 2 weeks followed by a
third dose at about one week later of less than about 600 my, followed by a dose less than about
600 myg about every two weeks thereatier.

In another embodiment, the subject is less than 18 years of age and eculizumab s
adnunistered to the subject weekly at a dose less than about 600 myg for ¥ week foliowed by a
second dose at about one week fater of less than about 300 mg, followed by a dose less than
abiut 300 mg about every two weeks thereafier.

In yet another embodiment, the subject is less than 18 years of age and soulizumab is
administered to the subject weekly at 2 dose less than about 300 mg for | week followed by a
second dose at abont one week later of less than about 300 mg, followed by a dose less than
about 300 my abont every two weeks thereafier,

[n one embodiment, the methods further inclndeplasmapheresis or plasma exchange in
the subject. In onc embodiment, ceulizumab is administered o the subject at a dose less than
about 600 mg. In another embodiment, ecnlizumab is sdministered to the subject ai a dose less

than about 300 mg,



In one embodiment, the methods further include plasma infusion in the subject. In
one embodiment, eculizumab is administered to the subject at a dose less than about 300 mg.

In one embodiment, eculizumab is administered to the subject at a dose of about
0.01 mg/kg to about 10 mg/kg or about 0.5 mg/kg to about 15 mg/kg. In another
embodiment, eculizumab is administered to the subject at a dose of about 5 mg/kg to about
15 mg/kg.

In another embodiment, eculizumab is administered to the subject at a dose selected
from the group consisting of 0.5 mg/kg, 1 mg/kg, 1.5 mg/kg, 3 mg/kg, 5 mg/kg, 7 mg/kg, 10
mg/kg, and 30 mg/kg.

In one embodiment, eculizumab is administered to the subject via an intravenous
infusion. In another embodiment, eculizumab is administered to the subject subcutaneously.

In one embodiment, the dsSRNA agent is administered at a dose of about 0.01 mg/kg
to about 10 mg/kg or about 0.5 mg/kg to about 15 mg/kg.

In one embodiment, the dsSRNA agent is administered at a dose of about 10 mg/kg to
about 30 mg/kg. In another embodiment,the dsSRNA agent is administered at a dose selected
from the group consisting of 0.5 mg/kg 1 mg/kg, 1.5 mg/kg, 3 mg/kg, 5 mg/kg, 10 mg/kg,
and 30 mg/kg.

In one embodiment, the dsSRNA agent is administered to the subject once a week. In
another embodiment, the dsSRNA agent is administered to the subject twice a week. In another
embodiment, the dSRNA agent is administered to the subject twice a month.

In one embodiment, the dsSRNA agent is administered to the subject subcutaneously.

In one embodiment, the dsSRNA agent and the eculizumab are administered to the
subject subcutaneously. In another embodiment, the dSRNA agent and the eculizumab are
administered to the subject simultaneously.

In one embodiment, the dsSRNA agent is administered to the subject first for a period
of time sufficient to reduce the levels of complement component C5 in the subject, and
eculizumab is administered subsequently at a dose less than about 600 mg.

In one embodiment, the levels of complement component C5 in the subject are
reduced by at least about 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 710%, 75%, 80%,
85%, or 90%.

In one embodiment, eculizumab is administered at a dose of about 100-500 mg.

In one embodiment, the dsSRNA agent is conjugated to a ligand.

In one embodiment, the ligand is conjugated to the 3’- end of the sense strand of the
dsRNA agent.

In one embodiment, the ligand is an N-acetylgalactosamine (GalNAc) derivative.

In one aspect, the present invention provides a double-stranded ribonucleic acid
(dsRNA) agent for inhibiting expression of complement component C5, wherein said dsRNA

agent comprises a sense strand and an antisense strand, the antisense strand comprising a

29



region of complementarity which comprises at least 17 contiguous nucleotides differing by
no more than 3 nucleotides from the nucleotide sequence of 5'-
UAUUAUAAAAAUAUCUUGCUUUU-3' (SEQ ID NO:113), and wherein said dsSRNA
agent comprises at least one modified nucleotide.

In one aspect, the present invention provides a double-stranded ribonucleic acid
(dsRNA) agent for inhibiting expression of complement component C5, wherein said dsRNA
agent comprises a sense strand and an antisense strand, the antisense strand comprising a
region of complementarity which comprises at least 17 contiguous nucleotides differing by
no more than 3 nucleotides from the nucleotide sequence of 5'-
UAUUAUAAAAAUAUCUUGCUUUU-3' (SEQ ID NO:113), wherein substantially all of
the nucleotides of said sense strand and substantially all of the nucleotides of said antisense
strand are modified nucleotides, and wherein said sense strand is conjugated to a ligand
attached at the 3'-terminus.

In one aspect, the present invention provides a double-stranded ribonucleic acid
(dsRNA) agent for inhibiting expression of complement component C5, wherein said dsRNA
agent comprises a sense strand and an antisense strand, wherein the sense strand comprises
5'-asasGfcAfaGfaUfAfUfuUfuuAfuAfaua-3' (SEQ ID NO:2876) and the antisense strand
comprises 5'-usAfsUfuAfuaAfaAfauaUfcUfuGfcuususudTdT-3' (SEQ ID NO:2889), wherein
a, g, c and u are 2'-O-methyl (2'-OMe) A, G, C, and U, respectively; Af, Gf, Cf and Uf are 2'-
fluoro A, G, C and U, respectively; dT is a deoxy-thymine nucleotide; and s is a

phosphorothioate linkage; and wherein said sense strand is conjugated at the 3'-terminus to
OH

HO
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In one aspect, the present invention provides a pharmaceutical composition for

the ligand

inhibiting expression of a complement component C5 gene comprising the dsSRNA agent as
described herein.
In one aspect, the present invention provides an in vitro method of inhibiting

complement component C5 expression in a cell, the method comprising: (a) contacting the
p p p p g g
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cell with the dsRNA agent as described herein; and (b) maintaining the cell produced in step
(a) for a time sufficient to obtain degradation of the mRNA transcript of a complement
component C5 gene, thereby inhibiting expression of the complement component C5 gene in
the cell.

In one aspect, the present invention provides a use of a therapeutically effective
amount of the dsSRNA agent as described herein in the manufacture of a medicament for
treating a subject having a disease or disorder that would benefit from a reduction in
complement component C5 expression, wherein the medicament is to be administered to the
subject.

In one aspect, the present invention provides a use of a prophylactically effective
amount of the dsRNA agent as described herein in the manufacture of a medicament for
preventing at least one symptom in a subject having or prone to having a disease or disorder
that would benefit from a reduction in complement component C5 expression, wherein the
medicament is to be administered to the subject.

In one aspect, there present invention provides a dSRNA agent as described herein for

use in therapy.

29b
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Brief Description of the Drawings

Figure ] is a schematic of the three complement pathways: alternattive, classical and
lectin, '

Figure 2 is a graph showing the percentage of complement component C5 remaiming n
CS7BLA6 mice following a single 10 mg/ke dose of the indicated iIRNAs.

Figure 3 is a graph showing the percentage of complement component {5 remaining in
C37BL/6 mice following a single 10 mg/ke dose of the ndicated iIRNAs.

Figure 4 15 a gruph showing the percentage of complement component C5 remaining in
C37BL/6 mice 48 hours afer a single 10 mg/kg dose of the indicated iIRNAs.

~ Figure 5A is a graph showing the percentage of hemolysis remaining at days 4 and 7 in
rats after a single 2.5 mg/kg, 10 mg/kg, or 25 me/kyg subcutanecus dose of of AD-58642.

Figure 5B 15 a Western blot showing the amount of complement component C5
remalning at day 7 m rats after a single 2.5 mg/kg, 10 mg/kg, or 25 mg/ke subcutansous dose of
AD-580642.

Figure 64 and 65 are graphs showing the percentage of complement component C5
rematning m C3VBL/6 mice § days after a single 1.25 mg/ke, 2.5 mg/kg, 5 mg/kg, 10 mg'kg or
25 mg/kg dose of AD-58642,

Figures 7A snd 7B are graphs showing the percentage of hemolysis remaining at day 5 in
C57BL/6 mice after a single 1.25 mg'kg, 2.5 mgikg, 5 mg/ke, 10 mgrke or 25 mg/kg dose of
AD-58642.

Figure § i3 a Western blot showing the amount of complement component C5 remnaining
at day 5 m CS7BL/6 mice after a single 1.25 mg/kg, 2.5 mg/keg, 5 mg/ke, 16 mg/ke o1 25 ma/kg
dose of ADX-538642.

Figure 9 is a graph showing the amount of complement component C3 protein remaining
at days § and ¥ I mouse serum after a single 0.625 mg/ke, 1.25 mg/ke, 2.5 mg/fg, 5.0 mg/ky, or
10 mg/kyg dose of AD-58641. The lewer limit of quantitation {(LLOQ) of the assay is shown as a
dashed line.

Figore 14 15 a is a graph showing the amount of complement component C5 protein
remaining at day 8 i mouse serum after a 8,625 mg/kg, 1.25 mg/ky, or 2.5 mglkg dose of AD-
58641 atdays 0, 1, 2, and 3. The lower limit of quantitation (LLOQ) of the assay is shown ss a
dashed line,

Figures 11A and 118 depict the efficacy and cumulative effect of repeat administration
of compound AD-58641 in vats. Figure i 1A 1s graph depicting the bemolytic activity remaining
in the serum of rats on days 0,4, 7, 11, 14, 18, 25, and 32 after repeat administration at 2.5

mg/kg/dose or 5.0 mg/kg/dose, g2w x3 {twice a week for 3 weeks). Figure 118 is a Weatem blot
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showing the amount of complement component C5 protein remaining in the serum of the
animals,

Figure 12 is a graph showing the amount of complement component C3 protein in
cynomolgus macague serium at various fime points before, during and after two rounds of
subcuiancous dosing at 2.5 mg/ky or 5 mg/kg of AD-38641 every third day for eight doses. €3
protein levels were normalized to the average of the three pre-dose samples.

Figure 13 15 a graph showing the percentage of hemolysis remaining in cynomolgos
macague setnm at various fime pomis before, durmg and after two rounds of subcnianeons
dosmg at 2.5 mg/kg or 5§ mg/kg of AD-58641 every third day for eight doses. Percent hemolysis
was calculated relative to maximal hemolysis and to background hemolysis in controf samples.

Figure 14 is a graph showing the percentage of complement component C5 protein
remaining at day 5 in the serum of CS7BL/6 mice following a single | ma'kg dose of the
indicated tRNAs,

Figure 15 is a graph showing the percentage of complement component (5 protein
remaining at day § in the serum of C37BL/6 mice following a single 0.25 mg/ke, 0.5 mg/ke, 1.0
mg'ke, or 2.0 mg/kg dose of the indicated iIRNAg,

Figure 1615 a graph showing the percentage of complement component C8 protein
remaining in the serurn of C5TBL/6 mice at days 6, 13,20, 27, and 34 following a single |
mg/kg dose of the indicated iIRNAs.

Figure 17 1s a graph showing the percentage of hemolysis remaining in rat serum at
variens time points following administration of a 5 mg/kg dose of the indicated compounds at
days @, 4, and 7.

Figure 18A shows the nucleotide sequence of Homo sapiens Complement Component 5
{C5) (SEQ ID NO:1): Figure 188 shows the nucleotide sequence of Macaca mulatta
Complement Component 5 (C5) (SEQ TD NO:2); Figare [8C shows the nucleotide sequence of
Mgy musculus Complement Component 5 (CS) (SEQ ID NO:3); Figure 18D shows the

ucleotide sequence of Ratius norvegicus Complement Component 5 (C3) (SEQ T NG:4);
Figure 18E shows the reverse complement of SEQ ID NO:1 (S8EQ 1D NO:3); Figure 18F shows
the reverse complement of SEQ 1D NG:2 (8EQ ID NO:6); Figure 18G shows the reverse
complement of SEQ Il NO:3 (5EQ ID NO:7); and Figure 18H shows the reverse complement of
SEQ ID NG (SEQ 1D NO:8.
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Dretatled Pescription of the Envention

The present invention provides IRNA agents which effect the RNA-induced silencing
complex (RISC)-mediated cleavage of RNA transcripts of a complement component C5 gene.

The iIRNAz of the invention include an RNA strand {the antisense strand) having a region
which is about 30 nucleotides or less in length, eg., 15-30, 15-29, 15-28, 15-27, 15~26, 15-25,
15-24,15-23,15-22, 15-21, 15-20, 15-19, 13-18, 15-17, 18-30, 18-29, 1828, 18-27, 18-26, 18-
25, 14-24, 18-23, 18-22, 18-21, 18-20,, 19-30, 19.29, 1928, 16-27, 19-26, 1025, 1624, 16-23,
19-22,19-21, 19-20, 20-38, 20-29, 20-28, 20-27, 20-26, 20-25, 20-2420-23, 20-22, 20-21, 21-
30,21-29,21-28, 11-27, 21-26, 2125, 21-24, 21-23, or 21-22 nucleotides in length, which
region is substantially complementary to af least part of an mRNA transcript of 2 C5 gene. The

of these IRNAs enables the targeted degradation of mRNAs of'a C5 gene in mammale. Very
low dosages of C5 iRNAs, in pariicular, can specifically and efficiently mediate RNA
mterference {RNA1, resulting i significant inhibition of expression ofa C5 gene. The present
mventors have demonstrated that iIRNAs tarpeting €5 can mediate RNAI in vitro and in vivo,
resulting in significant inhibition of expression of a C3 gene. Thus, methods and compositions
including these iIRNAs are nsefol for treating a subject who would benefit by a reduction in the
levels and/or activity of a C5 protein, such as a subject having a complement component C5-
associated disease, such as paroxysmal nocturnal hemoglobinuria (PNH).

The present invention also provides methods and combination therapies for treating a
subject having a disorder that would benefit from inhibiting or reducing the expression of a €5
geng, e.g., & complement component Cl-associated disease, such as paroxysmal nocturnal
hemoglobinuria (PNE) and atypical hemolytic uremic syndrome (alTUS) using iRNA
compositions which effect the RNA-induced silencing complex (RISC)-mediated cleavage of
RNA anscripts of a complement component C3 gene.

The present mvention also provides methods for preventing al least one symptom, e.g.,
hemolysis, in a subject having a disorder that would benefit from inhibiting or reducing the
expression of & CF gene, e.g., a complement component C3-associated disease, such as
paroxysmal nocturnal hemoglobmuria (PNH) and atypical hemolytic uremic syndrome (aHUS),
The present invention forther provides IRNA compositions which effect the RNA-induced
silencing complex (RISC)-mediated cleavage of KINA wanscripts of a complement component
3 gene. The C5 gene may be within a cell, e.g,, & cell within a subject, such as a homan.

The combination therapies of the present invention include administering o & subject
having a complement component CS-associated disease, an RMNAI agent of the invention and an
additional therapeutic, such as anti-conplement comnponent C5 antibody, or antigen-binding
fragment thereof, e.g., conlizumab, The combination thuaples of the mvention reduce U5 levels
in the subject {e.g., by about 30%, 359, 40%, 45%, 50%, 55%, (0%, 65%. TO%, 75%, 80%,
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85%, B0%, 95%, or about 99%) by targeting C5 mRNA with an iIRNA agent of the invention
and, accordingly, allow the therapeutically {or prophylactically) effective amount of coulizumab
required to treat the subiject to be redoced, thereby deoreasing the costs of treatroent and
permithing easier and more convenient ways of administering eculizumab, such as subcutancous
adminisiration,

The folowing detailed description discloses how to make and use compositions
containing iRNAs to inhibit the expression of a C5 gene, as well as compositions, uses, and
methods for reating subjects having diseases and disorders that would benefit from imhibition

and/or reduction of the expression of this gene.

L Definitions

In order that the present invention may be more readily understood, certain terms are first
defined, In addition, it should be noted that whenever a value or range of values of a parameter
are recited, it is mntended that values and ranges intermediate to the recited values are also
intended to be part of this invention.

ik, '!7

The articles and “an” are used herein to refer (0 one or to more than one (f.e., to at
least one} of the grammatical object of the article. By way of example, “an element” means one
element or more than one element, e.g., a plurality of elements.

The term "inclading” is used herein 1o mean, and is nsed mterchangeably with, the phrase
“inclading bt not limited to™

The term "or" is used herein to mean, and is used interchangeably with, the tem
"and/or," unless comtox! clearly mdicates otherwise,

As used herein, “complement component C35,” used interchangeably with the term “C5”
refers to the well-known gene and polypepiide, also known in the art as CPAMD4, O3 and PZP-
like alpha-2-macroglebulin domain-contaming protein, anaphtlatoxin C3a analog, hemolviic
complement {(He), and complement C5. The sequence of a human €8 mBNA transcript can be
found at, for exampie, GenBank Accession No. GLARD16846 i\!IVE (K317352; SEQ I NG,
The sequence of rhesus CF mBNA can be found at, for exampie, GenBank Accession No.
GL297270262 (XM _0C1005750.2, SEGQ ID NCG:2). The sequence of mouse O3 mRNA can be
found at, for example, GenBank Accession No. GL291575171 (NM_010406.2; SEQ IDWNGO:3L
The sequence of rat €5 mRNA can be found at, for example, GenBank Accession Mo.
GL392346248 (XM 345342.4; SEQ ID NG4), Additional sxamplcf:s of CS mRNA sequences
are readily available nsing publicly available databases, e.g., GenBank.

The term"CE8,” as used herein, also refers to naturally occurring DNA sequence variations
of the T5 gene, such as a single nucleotide polvmorphism in the C5 gene. Numerous SNPs

within the C5 gene have been dentified and may be found at, for example, NCBI dbSNP {see,



10

15

20

L=
o

Lot
L

e.g., nebinkmauib.govisnp). Non-limiting examples of SNPs within the C5 gene may be found
at, NCB1 dbSNP Accession Nog. rs12190858K and rs121909587.

As used herein, “target sequence” refers to a contiguous portion of the nucleotide
sequence of an mRMNA molecule formed during the transcription ofa C5 gene, inchuding mRNA
that is a product of RNA processing of a primary transcription product. In one embodiment, the
target portion of the sequence will be at least long enough to serve as a substrate for iIRNA-
directed cleavage at or near that portion of the nucleotide seguence of an mRNA molecule
formed during the transcription of a C5 gene.

The target sequence may be from about 9-36 mucleotides in length, e.g., about 13-30
nucleotides in length, For example, the target sequence can be from abont 15-30 nucleotides, 15-
29, 1528, 15-27, 1:»~26, 15-25,15-24, 15.23, 1522, 15- 2’1, 15-20, 15-19, 15-18, 15-17, 18-30
18-29, [8-28, 18-27, 16-26, 18-25, 18-24, 1823, 1822, . 18-20,19-30, 19.29, 19-28,i£—

7,19-26,19-25, 19-24, 19-23, 19-22,19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 2
20-2420-23, 20-22, 20-21,21-30, 2129, 21-28, 21-27, 2126, 2125, 21-24, 21-23, or 21-22
nucleetides in fength, Ranges and lengths intermediate to the above recited ranges and lengths
are also conterupliated o be part of the invention.

As used berein, the term “strand comprising a sequence” refers to an oligonucleotide
comprising a chain ef nucleotides that is deseribed by the sequence referred to nsing the standard
nuciestide nomenclature.

ST RCTT AT and *U” each generally stand for a nucleotide that contains guanine,
cylosme ‘1demne thymiding and uracil as a base, respectively. However, 1t will be understood
that the term “ribonucleotide” or “nucleotide” can also refer 10 8 modified nuclentide, as further
detailed below, or a surrogate replacement moicty {see, e.g., Table 2). The skilled person is well
aware that gnaning, cytosine, adenine, and uracil can be replaced by other moisties without
substantially altering the base pairing properties of an oligonucleotide comprising a nucleotide
bearing such replacement moiety. For example, without Emitation, a mucleotide comprisimg
inosine as its base can base pair with nucleotides containing adenine, cytosing, or wpacil. Henee,
suclestides containing uracil, gnanine, or adenine ean be replaced in the mucleotide sequences of
dsRNA featurad in the invention by 4 nuclectide containing, for example, inosine. In another
example. adenine and cytosine anywhere in the oligonucieetide can be replaced with guanine and
uracil, respectively to form G-U Wobble base pairing with the target muRNA. Sequences
containing such replacement mojeties are suitable for the compositions and methods featured in
the invention.

The terms "IRNA”, “RNAI agent,” “IRNA agent.”, “RNA interference agent” as used
interchangeably herein, refer to an agent that contains RNA as that term is defined herein, and

which mediates the targeted cleavage of an RNA wanseript via an RN A-induced silencing
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compiex (RISC) pathway. 1IRNA directs the sequence-specific degradation of mRNA through a
process known as RNA interference (RNAG). The iIRNA modulates, e g, inhibits, the expression
of U5 inacell, eg, a cell within a subject, such as a mansmalian subject.

In one embodiment, an RNAIL agent of the invention includes a single stranded BNA that
interacts with a target RINA sequence, e.g., a C5 target mRMNA sequence, to direct the cleavage of
the target RNA. Without wishing to be bound by theory it is believed that long double stranded
RNA introduced into cells is broken down into siRNA by 2 Type I endonuclease known as
Dicer (Sharp er of (2001} Genes Dev. 15:485). Dicer, s ribonuclease-I-like enzyme, processes
the dsENA into 19-23 base pair short interfering RNAs with characteristic two base 3' overhangs
(Bernstein, ef al,, {2001} Nature 409:363). The siRNAs are then incorporated into an RNA-
induced silencing complex (RISC) where one or more helicases unwind the siRNA duplex,
enabling the complementary antisense strand o guide farget recognrition (Nvkanen, ¢ af., (2001)
Ceil 147:309). Upon binding to the appropriate target mRNA, one or more endonucleases within
the RISC cleave the target to induce silencing (Elbashir, ef af, (2001) Genes Dev. 15:188). Thus,
in one aspect the nvention relates © a single stranded RNA (5iIRNA) generated within a cell and
which prototes the formation of a RISC complex to effect silencing of the target gene, f.2, 2 CS
gene, Accordingly, the form “siBRNA” is also used hercin to refer to an RNAI a8 described
above,

In another embodiment, the RNAI agent may bie & single-stranded siRMA that is
introduced into a cell or organism to inhibit a target mRNA. Single-stranded RNAI agents bind
to the RISC endonuclesse, Argonaute 2, which then cleaves the target mRNA. The single-
stranded siIRNAs are generally 15-30 nucleotides and zre chemicaily modified. The design and
testing of single-stranded siIRNAg are described in US. Patent No. 8,101,348 and in Lima er ¢f
(2012) Cell 150; 883-894, the entire contents of each of which are hereby incorporated herein by
reference. Any of the antisense nucleotide sequences described herein may be used as a single-
stranded siIRNA as described herein or as chemically modified by the methods described in Lima
et al, (2012 Cell 150::883-894.,

Ia another embodiment, an “IRNA” for use in the compositions, uses, and methods of the
wmvention 15 a double-stranded RNA and 15 referred to herein as a “double stranded RNAG agent,”
“double~stranded RNA {dsRNA) molecule,” “dsRNA agent,” or “dsRNA”. The term “dsRNA”,
refors to & complex of ribonncleic acid molecules, having a duplex structure comprising two anti-
paraliel and substantially complementary nucleic acid strands, referred to as having “sense” and
“antisense” onientations with respect to a wrget RNA, e, a C5 gene.  In some embodiments of
the invention, a double-stranded RNA {dsRNA) triggers the degradation of a target RNA, eg,, an
mRNA, through z post-transcriptional gene-silencing mechanism referred to herein as RNA

interference or RNALL
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In general, the majority of nucleotides of cach strand of 2 dsRNA molecule are
nbonuckeotides, but as deseribed in detail herein, 2ach or both strands can alse include one or
maore non-ribomucleotides, e.g, a deowyribonucleotide and/or a modified macleotide. In addition,
as used m this specification, an “RNAIL agent” may include ribonucleotides with chemical
modifications; an RNAI agent may include substaniial modifications at multiple nuckeotides.
Such modifications may include all types of modifications disclosed herein or known in the azt.
Any such modifications, as used in a SiRNA type molecule, are encompassed by “RNAI agent”
for the purposes of this specification and claims.

The duplex region may be of any length that permits specific degradation of 2 desired
target RNA through a RISC pathway, and may range from about 9 to 36 base pairs in length,
.., about 15-30 base pairs in length, for example, about 9, 10, 11, 12,13, 14, 13, 16, 17, 18, 18
20,21,22,23,24,25,26,27, 28,29, 30, 31, 32, 33, 34, 35, or 36 base pairts in length, such as
about 15-30, 15-29, 13-28, 15-27, 15-26, 15-25, 15-24, 15-23, 1522, 15-21, 15-20, 15-19_ 15-
18, 15-17, 18-30, 18-29, 18-28, 1827, 18-26, 18-25, 18-24, 18-23, 1822, 18-21, 1820, 19.30,
19-29, 19.28, 19-27, 19-26, 19-25, 19-24, 19-23, [9.22, 19-21, 19-20, 2030, 26-29, 20-28, 26~
27, 20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-30, 2129, 2128, 21-27, 21-26, 21-25, 21 .24,
21-23, or 21-22 base pairs in length. Ranges and lengths intermediate to the ahove recited ranges

*

and lengths are also contemplated 1o be part of the nvention.

The two strands forming the duplex structure may be different portions of one larger
KMNA molecule, or they may be separate RNA molecules, Whers the two strands are part of one
targer molecule, and therefore are connected by an unintertupted chain of nucleotides between
the 3'-end of one strand and the 57-end of the respective other strand forming the duplex
structure, the connecting RMNA ohain is referred to as a “hairpin loop.” A hairpin loop can
comprise at least one unpaired nucleotide. In some embodiments, the hairpin loop can comprise
at lcast 2, at least 3, atleast 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at
least 20, at least 23 or more unpaired nucleotides.

Where the two substantially complementary strands of a dsRNA are comprised by
separate RNA molecules, those molecuies need not, it can be covalently connecied, Where the
two sirands ave connected covalently by means other than an unimterrupted chain of vucleotides
between the 3'-end of one strand and the 5"-end of the respective other strand forming the dupiex
structure, the connecting structure is referred to as a “linker.” The RNA strands may have the
same or a different mpmber of nucleotides. The maximum number of base pairs is the number of
nucleotides m the shortest strand of the dsRNA minug any ovethangs that are present in the
doplex. In addition to the duplex structore, an RNAI may comprise one or more nuclootide

overhangs.
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In omne embodiment, an RNAG sgent of the invention is a dsRNA of 24-30 nucleotides that
interacts with a target RNA sequence, e.g., a U5 target mRINA sequence, to direct the cleavage of
the target RNA. Without wishing to be bownd by theory, long double stranded RNA introduced
mio cells 18 broken down into siRNA by a Type I endonuclease known as Dicer (Sharp er o/,
(2001 Genes Dev, 15:485). Dicer, a ribonuclease-ll-like enzyime, processes the dsRNA into 19-
23 base pair short interfering RNAs with characteristic two base 3' overhangs (Bemstein, ¢f al.,
(2001) Nagyre 409:363). The siRNAs are then incorporated into an RNA-~induced silencing
complex (RISC) where one or more helicases vnwind the 9RNA duplex. enabling the
complementary antisense strand to guide target recognition (Nykanen, et al., (2001} Celf
107:308}. Upon binding fo the appropriate target mRNA, one or more endonucleases within the
RISC cleave the target to induce silencing (Elbashir, ef al,, (2601) Genar Dey., 15:188).

As used herein, the term “nucleotide overhang” refers to at least one unpaired nucleotide
that protrudes from the duplex structure of an IRNA, e.g., a dsRNA. For example, when a 3%end
of one strand of a dsRNA extends beyond the 5'-end of the other strand, or vice versa, there is a
rucicotide overhang, A dsRNA can comprise an overhang of at least one nucleotide;
alternatively the overkang can comprise at least two nucleotides, at least three nucleotides, at
least four nucleotides, at least five nucleotides or more. A nuclectide overhang can comprise or
consist of a nucleotide/nucleoside analog, including a deoxynucleotide/nucleoside. The
overhang(s) can be on the sense strand, the antisense strand or any combination thereof.
Furthermore, the nucleotide(s) of an overhang can be present on the 5'-end, 3-end or both ends
of either an antisense or sense strand of a dsRNA.

[ one embodimment, the antisense strand of 2 dsBNA has a 1-10 nucleotide, 2g., 8 1,2, 3,
4,5,6.7, 8,9, or 10 nuclectide, overhang at the 3'-end and/or the 5'-end. In one embodiment,
the sense strand of a dsBNA has a <10 pucleotide, eg., 21, 2,3,4,5,6,7,8, 2,01 10
nucieotide, overhang at the 3 -end and/or the 57~-end. In another embodiment, one or more of the
nucleotides in the overhang is replaced with a nucleoside thiophosphate.

“Blent” or “blunt end”™ means that there are no unpaired nuclectides at that end of the
double stranded RMAI agent, f.e., vo nucleotide overhang. A “bhmt ended” RNAI agent is a
dsRNA that 1s double-stranded over its entire length, ie., no nuckeotide overhang at either end of
the molecule. The RNAI agents of the invention include RNAI agents with nucleotide overhangs
at one end (i.e., agents with one overhang and one blunt end} or with nucleotide overhangs at
both ends.

The term “antisense strand” or "guide strand” refers o the strand of an IRNA, ez, 2
dsRINA, which includes a region that is substantially complementary to g target sequence, 2.2, a
C5 mBNA, Asused herein, the term “region of coinplementarity” refers to the region on the

antisense strand that is substantially complementary to a sequence, for example a farget
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sequence, e.g., a U5 nocleotide sequence, as defined herein, Where the region of
complementarity 1s not fully complementary to the target sequence, the mismatches can be in the
internal or terminal regions of the molecnle. Generally, the most tolerated mismatches are in the
terminal regions, e.g., within 5, 4, 3, or 2 mucleotides ofthe 3'- and/or 3"terminns of the iRNA,

The term “sense strand,” or "passenger strand" as used herein, refers to the strand ofan
1RNA that mcludes a region that is substantially complementary to a region of the antisense
strand as that term is defined herein,

As used herein, the term “cleavage region” refers fo a region that is located immediately
adjacent to the cleavage site. The cleavage sife is the site on the target at which cleavage occurs.
In some embodiments, the cleavage region comprises three bases on either end of, and
iminedistely adjacent to, the cleavage site. In some embodiments, the cleavage region comprises
two bases on either end of, and immediately adjacent to, the cleavage site, In some
embodiments, the cleavage site specifically occurs at the site bound by nucleotides 10 and 11 of
the antisense strand, and the cleavage region comprises mucleotides 11, 12 and 13,

As used herein, and unless otherwise indieated, the term “complementary,” when used to
describe a first nucleotide sequence in velation 1o a second nucleotide soguence, refers to the
ability of an oligonuclestide or polynucleotide comprising the first nuclectide sequence
hybridize and form a duplex structore under certain conditions with an oligonucleotide or
polynuclectide comprising the second nucleotide seguence, as will be understood by the skilled
person. Such conditions can, for example, be stringent conditions, where stringent conditions
can include: 400 mdM NaCl, 40 mM PIPES pH 6.4, 1 wM EDTA, 50°C or 70°C for 12-16 hours
followed by washing (see, 2.g., “Molecslar Cloning: A Laboratory Manual, Sambrook, ef of.
(1989) Cold Bpring Harbor Laboratory Press). Other conditions, such as physiologically relevant
conditions as can be encountered mside an organism, can apply. The ckilled person will be able
to determine the set of conditions most appropriate for a iest of complementarity of two
sequences in accordance with the ultimate application of the hybridized nucleotides.

Complementary sequences within an iIRNA, e.g., within o dsRNA as described herein,
mclude base-pairing ofthe oligonucleotide or polynucieotide comprising a first nucleotide
sequence to an oligonucieotide or polynucieotide comprising a second nucleotide segnence over
the entire length of one or both nucleotide sequences. Such sequences can be referred to as
“fully complementary” with respect to cach other herein. However, where a first seguence is
referred to a3 “substantially complementary” with respect to a second sequence herein, the two
sequences can be fully complementary, or they can form ove or more, but generally not more
than 3, 4, 3 or 2 nusmatched base pairs upon hybridization for 2 doplex up o 30 base pairs, while
retaining the ability to hybridize nader the conditions most relevant o their ultimate application,

e.g., inhibition of gene expression via s RISCT pathway. However, where two oligonucleotides
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arc designed to form, upon hybridization, one or more single siranded overhangs, such overhangs

shall not be regarded as mismatches with regard to the determination of complementarity. For
xample, a dsRNA comprising one oligonucleotide 21 mucleotides in length and another

0 lgumuﬂeotide 23 nuclestides in length, wherein the longer oligonucleotide comprises a

sequence of 21 nuclectides that is fully complementary to the shorter oligonucleotide, can vet be

referred to as “fully complementary” for the purposes described herein.

“Complementary” sequences, as used herein, can also include, or be fonmed entirely
from, nen-Watson-Crick base pairs and/or bage pairs formed from noz-natoral and modified
nucleotides, in so far as the above requirements with respect 1o their ability 0 hybridize are
fulfilled. Such non-Watson-Crick base pairs include, but are not limited to, (U Wobble or
Hoogstein base pairing.

The terms “complementary,” “fully cornplernentary” and “substantially complementary”
herein can be used with respect to the base matching between the sense sirand and the antisense
strand of a dsRINA, or between the antisense strand of an IRNA agent and a target sequence, as
will be understood from the context of their use.

As used herein, a polynuclectide that is “substantially complerentary 1o at least part of”
a messenger RINA (mRNA} refers to a polynucleotide that is substantially complementary to 2
contiguous portion of the mRNA of mterest {e.g., an mRNA encoding C3). For exampie, e
polynucleotide is complementary to at least a part of & OF mBNA if the seque i5 substantialiy
complementary o a nou-interrapted portion of an mRNA enceding C5,

Ire general, the majority of nucleotides of cach strand are vibonucieotides, but ag described
in dletail herein, each or both strands can also include one or more non-ribonucleotides, e.g., 2
deoxyribonucieotide and/or a modified nucleotide, In addition, an “IRNA" may mciude
ribonucleotides with chemdeal modifications. Such modifications may include all types of
modifications disclosed herein or known in the mrt. Any such modifications, as used i an IRNA
molecule, are enconipassed by “IRNA” for the purposes of this specification and claims.

In one aspect of the invention, an agent for use in the methods and compositions of the
invention is a single-stranded antisense RNA molecule that inhibits a target mRNA vig an
antisense inhibition mechanism. The single-stranded antisense RNA molecule is complementary
to & sequence within the target mRNA. The single-stranded antisense oligonucleotides can
inhibit translation in a stoichiometric manner by base pairing to the mRNA and physically
chstructing the translation machinery, see Dias, N. ef af, (2002) Mo! Cancer Ther 1:347-355.
The single-stranded antisense RNA molecule may be sbout 15 to about 30 nucleotides in length
and have a sequence that is complementary 10 a target sequence. For cxample, the single-

stranded antisense RNA molecule may comprise a sequence that is at least about 15, 16, 17, 18,
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13, 20, or more contiguous aucleotides from any one of the antisense sequences described
herein.

The term “lipid nanoparticle” or “LNP” is a vegicle comprising a Hpid laver
eneapsulating a pharmaceutically active molecule, such as 2 nuckeic acid molecule, e.g., an iIRNA
or a plasmid from which an iIRNA is transeribed. LNPs are described in, for example, U8,
Patent Nos. 6,858,225, 6,815,432, 8,158,601, and 8,058,069, the entive contents of which are
hereby incomporated herein by reference,

As used herein, a “subject” 15 an animal, such as 2 mammal, inclyding 2 primate (such as
a huyman, a non-human primate, e.g., a monkey, and & chimpanzee), 2 non-primate (such as 2
COW, 4 pig, & camel, a llama, a horse, a goat, a rabbit, a sheep, a hamsier, a guinea pig, a cat, a
dog, arat, a mouse, a horse, and a whale), or a bird (e.g., » duck or a goose). In an erabodiment,
the h] ect 1s a homan, such as a human being treated or assessed for a disease, disorder or
condition that would benefit from reduction in C5 expression; a buman at risk for a disease,
diserder ot condition that would benefit from reduction in €5 expression; a human having a
disease, disorder or condition that wounld benefit from reduction in O3 expression; and/or human
bemg treated for a disease, disorder or condition that would benefit from reduction in C5
gxpression as described herem.

As used heremn, the terms “reating” or “treatment” refer to a beneficial or desired result
including, but not limited to, alleviation or amelioration of one or more symptoms associated
with unwanied complement pathway activation {e.g.. hemolysis and/or chronic inflammation);
diminishing the extent of nnwanted complement pathway activation; stabilization (fe., not
worsening} of the state of chronic inflanymation and/or bemolysis; smelioration or palliation of
unwanted complement pathway activation (e.g., chronic inflammation and/or hemolysis) whether
detectable or undetectable. "Treatment” can also mean prolonging survival as cotupared to
expected survival in the absence of treatinent.

The term “lower”™ n the context of the level of a complement component C5 int a subject
or & disease marker or symptom refers to & statistically signiﬁcant decrease in such level. The
decrease can be, for example, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%,
at least 33%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at
teast 70%, at least 75%, at loast 80%, st least 85%, at least 00%, at least 55%, or more and is
preferably down to a level accepied as within the range of normal for an individual without such
disorder.

wa

As used herein, “prevention” or “preventing,” when vsed in reference o a disease,
disorder or condition thereof, that would benefit from a reduction in expression of s C5 gene,
refers to a reduction in the likelihood that a subject will develop a svinptom associated with such

+

a disease, disorder, or condition, e.g., a svmpiom of unwanted complement activation, sach as a
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chronic inflarmmation, hemolysis and/or thrombosts. The likelibood of developing 4 thrombosis
is reduced, for example, when an individual having one or more visk factors for a thrombosis
etther fails to develop a thrombosis or develops a thrombosis with less severity relative to a
population having the same risk factors and not receiving treatroent as described herein, The
failure to develop a discase, disorder or condition, or the reduction in the development of a
svmptom associated with such a disease, disorder or condition {e.g., by at least about 10% on a
clinically accepied scale for that disease or disorder), or the exhibition of delayed syimptoms
delaved (e.g., by days, weeks, months or vears) is considered effective prevention.

As used herein, the term "complement component CS-associated discase” is a disease or
disorder that is caused by, or associated with complement activation. Such diseases are typically
associated with inflammation and/or immune systern activation, e.g., membrane attack complex-
mediated bysis, anaphylaxis, and/or hemolysts. Non-limiting examples of complement
component CS-associated diseases include paroxysmal noctumal hemoglobmuria (PNH),
atypical hemoivtic nremic syndrome (abIUS), asthima, thevmatoid arthritis (RAY,
antiphospholipid antibody syndrome; Tupus nephritis; ischemia-reperfuision mjury; typical or
mfectious bemolytic uremic syndrome (HUS); dense deposit disease (BDDY; nemromyelitis
optica (NMO); multifocal motor neuropathy (MMN); multiple sclerosis {(MS); macular
degeneration {e.g., age-related macular degeneration {AMD)); hemolysis, clevated Hver
enzymes, and low platelets (HELLP) syndrome; thrombotie thrombocytopenic purpura (TTP)
spontancous fetal loss; Pauvci<immune vasculitis; epidermolysis bullosa; recurrent fetal toss; pre-
eclampsia, traumatic brain injory, myasthema gravis, cold aggiutinin disease, dermatomyositis
bullovs pemphigoid, Shiga toxm E. coli-related hemolytic uremic syndrome, C3 nephropathy,
anti-neutrophil cyteplasmic antibody-associated vasculitis (e g., granulomatosis with polyangiitis
(previously known as Wegener granuiomatosis}, Churg-Strauss syndrome, and microscopic
polvangiitis), humoral and vascular transplant rejection, graft dysfonction, myocardial mfarction
(e.g.. tissue damage and ischemia in moyocardial infarction), an allogenic transplant, sepsis {e.g.,

s

poor oittcome in sepsis), Coronary artery disease, dermatomyositis, Graves' disease,

atherosclerosis, Alzheimer's disease, syatemic inflammatory response sepsis, septic shock, spinal

cord mjury. glomerulonephritts, Hashimoto's thyroiditis, type T diabetes, psoriasis, pemphigus,

anfoummune hemolytic anemia (ATHA), ITP, Goodpastare syndrome, Degos disease,
antiphospholipid syndrome (APS), catastrophic APS (CAPS), a cardiovascular disorder,
myocarditis, 4 cerebrovascular disorder, a peripheral {e.g., musculoskeletal) vascular disorder, a
renavascular disorder, a mesenterio/enteric vascular disorder, vasculitis, Henoch-Schénlein
purpura nephriiis, systemic lupus ervthematosus-associated vaseulitis, vasculitis associated with
rheumatoid arthritis, immune complex vasculitis, Takayasu's disease, dilated cardiomyopathy,

diabetic angiopathy, Kawasaki's disease (arteriiis), venous gas embolus (VGE), and restenosis
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following stent placement, rotational atherectomy, membrancous nephropathy, Guillain-Rarre
syndrome, and percutaneons transhuminal coronary angioplasty (PTCA) (see, e.g., Holers (2008)
Immumnological Reviews 223:300-316; Holers and Thurman (2004) Molecular Immunology
41:147-152; U.5. Patent Publication No. 20070172483).

In one embodiment, a complenent component C3-associated discase is paroxysmal
nocturnal hemoglobimuria (PNH), The PNH may be classical PNH or PNH in the setting of
another bone marrow failure syndrome and/or myelodysplastic syndromes (MDS), e.z.,
cytopenias. In another erobodiment, a complement component CS-associated disease is atypical
hemolytic uremic syndrome (aHUS).

IE. IBNAs of the Invention

The present invention provides IRNAsg which inhibit the expression of & complement
component C5 gene. In ope embodiment, the iIRNA agent mcludes double-stranded ribonueleic
acid (dsRNA) molecules for inhibiting the expression of a C5 gene in a cell, such as a cell within
a subject, e.g., 2 mammal, such as 2 human having a complement component C5-associated
disease, ez, PNIL The dsRNA includes an antisense strand having a region of complementarity
which is complementary to at least a part of an mRNA formed in the expression ofa C5 gene.
The region: of complementarity is about 30 nucleotides or less in length {e.g., sbout 30, 29, 28,
27,26,25,24,23,22, 21,20, 19, or 18 nucleotides or less in length). Upon contact with a cell
expressing the C3 gene, the iRNA inhibits the expression of the C5 gene (e.g., 2 hwuman, a
primate, 2 non-primate, or a bird C3 gene) by at least ahout 10% as assayed by, for example, g
PCR or branched DNA (bDNA}-based method, or by a protein-based methad, such as by
immunefivorescence analysis, using, for example, Western Blotting or flowoytometric
technigues. '

A dsRNA includes two RNA strands that are complementary and hvbridize to form 2
duplex structure under conditions in which the dsRNA will be used, One strand of a dsRNA {the
antisense strand) includes a region of complementarity that is substantially complementary, and
generally fully complementary, to a target sequence, The target sequence can be derived from
the sequence of an mRNA formed during the expression of a C5 gene. The other strand (the
sense strand) inchudes a region that is complementary to the antisense strand, such that the fwo
strands hybridize and form a duplex structare when combined under suitable conditions. As
described elsewhere herein and as known in the art, the complementary sequences of a dsRNA
can also be contained as self-complementary regions of a single nuclaic acid molecule, as
opposed to being on separate oligonucleotides,

Cenerally, the duplex structure is between 15 and 30 base pairs in length, e.g., between,

U.ue:,‘,.,

15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 1521, 15-20, 15-15, 15-14, 15-17, 18-
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30. 1829, 18-18, 18-27, 18-26, 18-25, 18-24, 18-23, 1822, 18-21, 18-26, 19-30, 19-29, 1528,
19-27, 1926, 1925, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20.28, 20-27, 20-26, 20-
25, 20-24.20-23, 23-22 ) 20-21, 2136, 2129, 2128, 21-27, 2126, 2125, 21-24, 21-23, or 21-22
base puirs in length. Ranges and lengths intermediate to the above recited ranges and lengths are
also contemplated to be part of the invention,

Similarly, the region of complementarity to the target sequence is between 15 and 30
nucleotides i length, e.g., between 1529, 1528, 13.27, 1526, 15-25, 15-24, 15323, 15-22, 15~
21,1520, 15-19, 15-18, 15-17, 18-30, 1829, [8-28, 18-27, 18.26, 18-25, 1R-24, 1823, 1R8-22,
18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 1925, 19-24, 19-23, 1922, 1621, 16-20. 20-
30, 20-29, 20-28, 2027, 20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-30, 21-29, 21-28, 21-27,
21-26,21-25,21-24, 21-23, or 21-22 nucleotides in length. Ranges and Jengths intermediate o
the above rectted vanges and lengths are also contemplated o be part of the mvention.

n some embodiments, the dsRNA is between about 15 and about 20 nucleotides in
length, or between about 25 and about 30 nucleotides in length. In gencral, the dsRNA is long
enongh to serve as a substrate for the Dicer enzyme. For example, it is well-known in the art that
dsRNAs longer than about 21-23 nucleotides n length may serve as substrates for Dicer. As the
ordinarily skilled person will alse recognize, the region of an RNA targeted for cleavage will
most offen be part of 2 larger RNA molecule, often an mRNA molecule. Where relevant, a
“part” of ap mRNA target is a contiguous sequence of an mRNA target of sufficient length to
allow it 10 be a substrate for RNAd-directed cleavage (ie., cleavage through a RISC pathway).

Ume of skll in the art will also recognize that the duplex region is & primary functional
portion of a dsRNA, ¢.g., a duplex region of about 9 to 36 base pairs, ¢.g., sbout 10-26, [1-36,
12-36,13-36, 14-36, 15-36, 9-35, 16-35, 1135, 12-35, 13-33, 14-35, 15-33, 934, 10-34, 11-34,
12-34,13-34,14-34, 15-34, 5-33, 16-33, 11-33, {2-33, 13-33, 14-33, 15-33, 832, 10-32, 11-32,

13-32,14-32, 15-32,9-31, 10-31, 11-31, 12-31,13-32, 14-31, 15-31, 15-30, 15-28, 15-28,
15-27,15-26, 15-25, 15-24, 1523, 15-22,15-21, 15-20, 15-19, 15-1§, 15-17, 18-30, 18-29, 18-
25, 18-27, 18-26, 18-25, 18-24, 1823 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-24,
19-25,19-24, 16-23, 19-22_19-21, 19-20, 20-30, 20-29, 2028, 20-27, 20-26, 20-25, 20-24 20.
23, 20-22, 2021, 2130, 21-09, 21-28, 21-27, 21-26, 21-25, 21-24, 2123, or 21-22 base pairs.
Thus, in one embodiment, to the extent that it becomes processed to a functional duplex, ofe.g.,
15-30 base pairs, that targets a desired RNA for cleavage, an RNA molecule or complex of RNA
moleceles having 2 duplex vegion greater than 30 base pairs is & dsRNA. Thus, an ordinarily
skilled artisan will recognize that in one erubodiment, a miRNA is a dsRNA. In another
embodiment, a dsRNA is not a natarally oconrring miRNA. In ancther embodiment, an iRNA
agent useful to target C5 cxpression is not generaied in the target cell by cleavage of a larger
dsRNA.
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A dsRNA as described herein can forther include one or more single-stranded nucleotide
overbangs e.g., 1,2, 3, or 4 nucleotides. dsRNAs having at least one nucleotide overhang can
have umexpectedly superior inhibitory properties relative to their blunt-ended counterparts. A
micleotide overhang can comprise or consist of a nucleotide/nucleoside analog, inclading a
deoxynucleotide/nucleoside. The overhang(s) can be on the sense strand, the antisense strand or
any combination thereof. Furthermore, the nucleotide(s) of an overhang can be present on the 5
end, 3%-end or both ends of either an antisense or sense strand of a dsRNA,

A dsRINA can be synthesized by standard methods known i the ari as further discussed
below, e.2., by use of an automated DNA synthesizer, such as are commercially available from,
for example, Biosearch, Applied Biosystems, Inc.

IRNA compounds of the invention may be prepared using a two-siep procedure. First, the
mdividus] strands of the double-stranded RMNA molecule are prepared separately. Then, the
component strands are annealed. The ndividual strands of the siRNA compound can be prepared
using solution-phase or solid-phase organic synthesis or both, Organic synthesis offers the
advantage that the oliponueleotide strands comprising unnatural or modified nucleotides can be -
eastly prepared. Single-stranded oligonucleotides of the invention can be prepared using
solution-phase or solid-phase organic synthesis or both.

in one aspect, a dsRNA of the invention includes at least two nucleotide sequences, a
sense sequence and an anti-sense sequence. The sense strand is selected from the group of
sequences provided many one of Tables 3,4, 5,6, 18,19, 20, 21, and 23, and the corresponding
antisense strand of the sense strand 15 selected from the group of sequences of sny one of Tables
3,4,5,6, 18,19, 20, 21, and 23, In this aspect, one of the two seguences is complementary to
the other of the two sequences, with one of the sequences being substantially complementary to a
seguence of an mRNA generated in the expression of a U5 gene. As such, in this aspect, a
dsRINA will inclade two oligonucleotides, where one oligonucleotide is described as the sense
strand in any one of Tables 3,4, 5,6, 18,19, 20, 21, and 23, and the second oligonucieotide is

described as the corresponding antisense strand of the sense strand in any one of Tables 3, 4, 5,
6, 18, 19,20, 21, and 23, In one embodiment, the substantially complementary sequences of the
dsRINA are contained on separate oligonucleotides. In another embodiment, the subsiantially
complementary sequences of the dsRNA are contained on a single oligonucleotide.

it will be understood that, althongh some of the sequences in Tables 3, 4, §, 6, 18, 19, 20,
21, and 23 are deseribed as modified and/or conjugated sequences, the RNA of the iRNA of the
invention e.g., a dsRNA of the invention, may comprise any one of the seguences set forth in
Tables 3, 4, 5, 6, 18, 19, 20, 21, and 23 that is un-medified, un-conjugated, and/or modified

and/or conjugated differently than described therein.
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The skilled person iz well aware that dsRNAs having a duplex structure of between about
20 and 23 base pairs, e.g., 21, base pairs have been hailed as particularly effective in inducing
RNA interference (Elbashir ¢f of., FMBO 2001, 2(06877-6888). However, others have fonund
that shorter or longer KNA duplex structures van also be effective {Chu and Rana (2007) RNA
14:1714-1719; Kim e af. (2003) Nat Biorech 23:222-226). In the embodiments described above,
by virtue of the nature of the oligonucleotide sequences provided in any one of Tables 3, 4, 5, 6,
18,19, 20,21, and 23, dsRNAs described herein can include at least one strand of a length of
punimally 21 nucleotides. It can be reasonably expected that shorter duplexes having one of the
sequences of any one of Tables 3,4, 5,6, 18, 19,20, 21, and 23 minus only a £w nucleotides on
one or both ends cap be similarly effective as compaﬁ:d to the dsRNAs described above. Hence,
dsRNAs having a sequencs of at least 13, 16, 17, 18, 19, 20, or more contiguons nucleotides
derived from one of the sequences of any one of Tables 3, 4, 5, 6, 18, 19, 20, 21, and 23, and
differing in their ability to inhibit the expression of a C5 gene by not more than about 5, 19, 15,
20,25, or 30 % inhibition from a dsRNA comprising the full seguence, are conterplated to be
within the scope of the present invention.

In addition, the RNAs provided in any one of Tables 3,4, 5, 6, 18, 19,20, 21, and 23
identify a site(s) in a C5 transcript that is susceptible to RISC-m&diatcd cicavage. As such, the
present imvention further features 1IRNAs that target within one of these sites. As used herein, an
tRNA 18 said fo target within a particular site of an RNA transeript if the iRNA promotes
cleavage of the transcript anywhere within that particular site. Such an iIRNA will generally
molude at Jeast about 15 contiguous nucleotides from one of the sequences provided in any one
of Tables 3,4, 5,6, 18, 19,20, 21, and 23 coupled to additional nucleotide sequences taken from
the region contiguous to the selected seguence in a C3 gene.

While a target sequence is generally about 15-30 nucleotides in length, there is wide
variation in the suitability of particular sequences in this range for directing cleavage ofany
given target RNA. Various software packages and the guidelines set out herein provide guidance
for the identification of optimal target sequences for any given gene target, but an empirical
approach can alse be taken in which 2 “window” or “mask” of 2 given size (as a non-limiting
example. 21 nucleotides) is Hierally or figuratively (including, e.g., in silico) placed on the target
RINA sequence to identify seguences in the size range that can serve as target sequences. By
moving the sequence “window™ progressively one nucleotide upstrean or downstream of an
initial target sequence location, the next potential target sequence can be identified, until the
complete set of possible sequences s identified for any given target size selected. This process,
eoupled with systematic synthesis and testing of the identified sequences (using assavs as
described herein or as known in the art) to identify those sequences that perform optimally can

identify those RNA sequences that, when targeted with an iIRNA agent, mediate the best
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mhibition of target gene expression, Thus, while the sequences identified, for example, in any
onc of Tables 3, 4, 5,6, 18, 19, 20, 21, and 23 represent effective target sequences, it is
contemplated that further optimization of inhibition efficiency can be achieved by progressively
“walking the window” one nucleotide upstream or downstrears of the given sequences fo
identify sequences with equal or better inhibition characteristics.

Further, it is contemplated that for any sequence identified, e g.. in any one of Tables 3,
4,5,6,18,19, 20,21, and 23, forther optimization could be achieved by systemaiically either
adding ot removing mucleotides to generate longer or shorter sequences and testing those
sequences generated by walking a window of the longer or shorter size tp or down the target
RINA fiom that point. Again, conpling this approach to generating new candidate targets with
testing for effectiveness of IRNAs based on those target sequences in an inhibition assay as
known 1 the art and/or as deseribed herein can lead fo forther improvements in the efficiency of
inhibition, Further still, such optimized sequences can be adjusted by, e.g., the introduction of
modified nucleotides as deseribed herein or as known in the art, addition or changes in overhang,
or other modifications as known in the art and/or discussed herein o further optimize the
molecule {e.g., increasing serum stability or circulating half-life, increasing thermal stability,
enhancing transmemibrane delivery, targeting o a particnlar location or cell type, increasing
interaction with silencing pathway enzymes, increasing release from endosomes) as an
expression mhibitor.

An iRNA as described herein can contain one or more mismatches to the target saquence.
In one embodiment, an iIRNA as deseribed herein contams no more than 3 mismatches, If the
antisense strand of the iIRNA contains mismatches to a target sequence, it is preferable that the
area of mismatch is not located in the center of the region of complementarity. Ifthe antisense
strand of the IRNA contains mismatches to the target sequence, it is preferable that the mismatch
be restricted to be within the last 5 nucleotides from either the §'- or 3'-end of the region of
complementarity. For example, for a 23 nucleotide iRNA agent the strand which is
complementary to a region ofa C3 gene, generally does nat contain any mismatch within the
central 13 nucleotides. The methods described herein or methods known in the art can be used o
detenmine whether an IRNA comtaining @ mismatch to a farget sequence is effective in inhibiting
the expression of a O3 gene. Consideration of the efficacy of iRWNAs with mismaiches in
inhibiting expression of a C5 gene is important, especially if the partionlar region of
complementarity in a U5 gene is known to have polymerphic seguence variation within the
population.
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£H. Modified IRNAs of the Invention

In one embodiment, the RNA of the iIRNA of the invention e.g., a dsRNA, is un-
madified, and does not comprise, e.g., chemical modifications and/or conjngations known in the
art and described herein, In another embodiment, the RNA of an iRNA of the invention, ¢. 2.4
dsRNA, 15 chemically modified to enhance stability or other beneficial characieristics. In
certain embodiments of the invention, substantially all of the nucleotides of an iIRNA of the
invention are modified. In other embodiments of the invention, all of the nucleotides of an IRNA
of the invention are modified. IRNAs of the invention in which “substantially all of the
nucieotides are modified” are largely but not wholly modified and can include not more than 3,
4, 3,2, or  unmodified nucleotides.

The nucleic acids featured in the mvention can be synthesized and/or modified by
methods well established in the art, such as these described in “Current protocols in nueleic acid
chenustry,” Beaucage, S.L. ef ol. (Edrs.), Yobn Wiley & Sons, Inc., New York, NY, USA, which
1s hereby incorporated herein by reference. Modifications include, for example, end
modifications, e.z., 5’-end modifications {phosphorylation, conjugation, inverted linkages) or
3’-end modifications {conjugation, DNA nucleotides, inverted linkages, efc.); hase
madifications, e.g., replacement with stabilizing bases, destabilizing bases, ot bases that base
pair with an expanded repericire of partners, removal of bases {abasic nucleotides), or
ceryugated bases; sugar modifications (e.g., at the 2°-position or 4 -position) or replacement of
the sugar; and/or backbone modifications, including modification or replacement of the
phosphodiester linkages. Specific examples of iIRNA compounds nseful in the embodintents
described herein include, but are not limited to RNAs containing modificd backbones or no
natural internucleoside linkages. RNAs having modified backbones imclude, among others, those
that do not have a phosphoras atom in the backbone. For the purposes of this specification, and
as sometimes referenced mn the art, modified RNAgs that do not have a phosphorus atom in their
internucleoside backbone can also be considered to be oligonucleosides. In some embodiments,
a modified iRNA will have a phosphorus atom in its internucleoside backbone.

Modified RNA backbones include. for example, phosphorothioates, chiral
phosphorothioates, phosphorodithioates, phosphotriesters, aminoalkylphosphotriesiers, methy
and other aikyl phosphonates including 3-alkylenc phosphonates and chiral phosphonates,
phosphinates, phosphoramidates includimg 3'-amino phosphoramidate and
aminoalkylphosphoramidates, thionophosphoramidates, thionoalkyiphosphonates,
thionoalkylphoesphotriesiers, and boranophosphates baving normal 3%-5' linkages, 2-3linked
analogs ofthese, and those having mverted polarity wherein the adjacent pairs of nucleoside
units are linked 3°-5" to §'-3"or 2'-5' t0 52", Various salts, mixed salts and free acid forms are
also inchuded.
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Representative U.S. patents that teach the preparation of the above phosphorus-
contaming linkages include, but are not fimited to, U.S. Patent Nos. 3,687,808, 4,469,863
4,476301; 5,023,243, 5,177,195, 5,188,897, 5,264,423, 5.276,019; §,278 302; 5,286,717,
5,321,131, 5,399,676; 5,405 939; 5,453 ,496; 5455233, 5.466,677; 5,476,925, 5,519,126;
5,536,821 5,541,316; 5,530,111; 5.563,253; 5,571,799; 5,587,361; 5,625,050; 6,028,18%;
6,124 445; 6,160,109 6,169,170; 6,172,209, 6, 239 263, 6,277,603; 6,326,199, 6 346,614;
6,444 423; 6,531,590; 6,534,639, 6,608,035; 6,683,167, 6,858,715, 6,867,294: 6,878 805:
TOI5,315; 7,041 816, 7,273,933, 7,321,029, and US Pat RE39464, the entire contents of each of
which are hereby incorporated herein by reference.

Maodified RNA backbones that do not include a phosphaorus atom therein have backbones
that are formed by short chain alkyl or eveloalkyl internucieoside linkages, mixed heteroatoms
and alkyvl or cycloalky! internucleoside linkages, or one or more short chaim heteroatomic or
heterooyclic internucleoside linkages, These include those having morpholino linkages (formed
in part from the sugar portion of a nucleoside); siloxane backbones; sulfide, sulfoxide and
suifone backbones; formacetyl and thioformacetyl backbones; methylene formacetyl and
thioformacetyl backbones; alkens containing backbones; sulfamate backbones; methyleneimine
and methylenehydrazino backbones; sulfonate and suifonamide backbones; amide backbones;
and others having mixed N, O, § and CH: component parts,

Representative ULS. patents that teach the preparation of the above aligonucleosides
include, but are not limited to, U.S. Patent Nos. 5,034,306, 5,166,315; 5,185.444; 3.214,134;
5,216,141; 5,235,033, 5,64.562; 5,264,564, 5,405,938, 5,434,257, 5,466,677; 5470967,
3AR8,677, 5,541 307; 5,561,215, 5,596,086; 5,602,240, 3,608,046, 5,610,289; 5,618,704,

3,623,070; 5,663.312; 5,633,360 5,677,437, and, 3,677,439, the entire contents of each of which

4

are hereby incorporated hereimn by reference.

In other embodiments, suitable RNA mimetics are conternplated for nse in iIRNAs, in
which both the sugar and the internucleoside linkage, f.e., the backbone, of the mucleotide units
are replaced with novel groups. The base units are maintained for hybridization with an
appropriate nucleic acid target compound. One such oligomeric compound, an RNA mimetic that
has been shown to have excellent bybridization properties, is referred fo as a peptide nucleic acid
(PNA). In PNA compounds, the sugar backbone of an BNA is replaced with ap amide containing
backbone, in particnlar an amisoethylgiveine backbone. The nucleobases are retained and are
bound direcily or indirectly to aza nitrogen atoms of the amide portion of the backbone.,
Representative ULS. patents that teach the preparation of PNA compounds include, but ave not
limited o, V.5, Patent Nos. 5,339,082; 5,714,338, and 5,719,262, the eniire contents of each of

which are hereby incorporated herein by reference. Additional PNA compounds suitable for use
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m the iIRNAs of the invention are deseribed in, for example, in Nislsen ef al., Science, 1991, 254,
1497-15060.

Some embodiments featured in the Invention Include RNAs with phosphorothioate
backbones and oligonucleosides with heteroator backbones, and 1n particular —~CHo--NF-~-CH;-,
- CH - N{CH; )~ O--CHy - [known a5 a methylene (methylimine) or MMI backbone], ~-CHy--O--
N{CHyp-CHzo-, —CHo--N(CHap-N{CH )~ CHy- and -N(CHz)--CHy--CHz—-| wherein the pative
phosphodiester backbone s reprosented ag --0--P--0--CHy~] of the above-referenced U.5.
Patent Mo, 5,488,677, and the wnide backbones of the above-referenced ULS, Patent No.
5.602,240. In some embaodiments, the RNAs featured herein have morpholine backbone
structures of the above-referenced U S, Patent No. 5,034,506,

Modified RNAs can also contain one or more substituted sugar moieties. The iRNAs,
e, AsRNAs, featured herein can melude one of the following at the 2-position; OH; F; O-, 8-,
or N-alkyl; G-, 8-, or Nealkenyl; O-, $- or N-alkynyl; or O-alkyi-O-alkyl, wherein the atkyl,
atkenyl and alkynyl can be substituted or unsubstituted €, to Cyp alkyl or C; 10 Cy alkenyi and
alkynyl. Exemplary suitable modifications inciude OHCH O] oCHs, G(CHD.OCH,,

O(CH N, O(CH) ;CH, O(CH1ONHL, and O(CH LONICH, ), CH Y, where 1 and m are
frem | to about 10, In other embodiments, dsRNAs include one of the following at the 2
position: C; to O lower alicyl, substituted lower alkyl, alkaryl, aratkyl, O-alkaryl or Gearalkyl,
SH, SCHs, OCN, C, By, CR, CF;, OC¥F,, SOCH;, SO,CH;, ONOGs, NO,, Ns, NH,
heterocyeloalkyl, heterooyeloatkaryl, aminoatkylamine, polvalkylamine, substituted silvl, an
RNA cleaving group, a reporter group, an intercalator, a group for improving the
pharmacokinetic properties of an IRNA, or a group for improving the pharmacodynamic
properties of an IRNA, and other substituents having similar properties, In some embodiments,
the modification inchades a 2-methoxvethoxy (2-0--CHCHLOCH,;, also known as 2-0-{2-
methoxyethyl) or 2-MOEY (Martin ef o/, Hefv. Chim. 4cia, 1995, 78:486-304) 1.e., an alkoxy-
alkoxy group. Another exemplary modification 18 2-dimethylaminooxvethoxy, f.e.. a

O{CH hON(CHs), groop, also known as 2-DMAOE, as deseribed in examples herein below,
and 2-dimethylaminoethoxyethoxy {also known in the art as 2-0O-dimethylaminoethoxyethyl or
F-DMAEGE), iz, 2-0~-CHyp--O--CHy --N(CHz),.

Other modifications include 2-methoxy (2'-0OCH;), 2-aminopropoxy (2™
OCHLCHUH N,y and 2'-fluoro (2WF). Similar modifications can also be made at other
positions on the RNA of an iRNA, particularly the 3' position of the sugar on the 3' terminal
nocleotide or in 2-5" linked dsRNAs and the 5" position of 3' terminal nucleotide. iIRNAs can also
have sugar mimetics such a8 oyclobutyl moicties in place of the pentofuranosyl sugar.
Representative ULS. patents that feach the preparation of such modified sugar structures include,
but are not Himited to, U8, Pat. Mos. 4,981,957, 5.1 18,800; 5,319,080, 5,355,044; 5,393,478,
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5,446,137, 3,466,786, 3,514,785, 5,519,134, 3,567,811, 5,576,427, 5,591,722; 5,597,909,
5,610,300; 5,627 ,053; 5.639,873; 5,646,265, 5,658,873; 5,670,633; and 5,700,920, certain of
which are commonly owned with the instant application,. The enfire contents of each of the
foregoing are hereby incotporated herein by reference.

An iRNA can also include nucieobase (often referred to in the art simply a5 “basge™)
meodifications or substitutions, As used herein, “unmodified” or “natural” nucleobases mclude
the purine bases adenine (A) and guanme (), and the pyrimidine bases thymine (T), cytosine
{C} and uraci] {U7}). Modified nncleobhases include other eynthetic and natural nucleobases such as
deoxy-thymine (dT), S-methyleytosine (5-me-C), S-hydroxymethyl cytosine, xanthine,
hypoxanthine, 2-amincadenine, 6-methyl and othar alkyl derivatives of adenine and guanine, 2-

-~

propyvl and other alkyl derivatives of adenine and guanine, 2-thiouraci, 2-thiothymineg and 2-
thiceytosine, S-halouracil and cytosine, S-propynyl uraci! and cyiosing, 6-az0 uracil, cvtosine
and thymine, $-uracil {pseudouracil), 4-thivuracil, 8-halo, -amino, &-thiol, 8-thioalkyl, &
hydroxy! anal other §-substituted adenines and guanines, 5-halo, particalarly 5-bromo, 5-
triffuoromethy! and other S-substituted wracils and oytosines, T-methyiguanine and 7-
methyladenine, §-azaguanine snd 8-azaadenine, 7-deazaguanine and 7-daazaadenine and 3-
deazaguanine and 3-deazaadenine. Further nucleobasces include those disclosed in U.S. Pat. No.
3,687,808, those disclosed in Modified Nucleosides 1n Biochemistry, Biotechnology and
Medicine, Herdewin, P. ed. Wiley-VCH, 2008; those disclosed in The Concise Encyclopedia Of
Polymer Science And Engineering, pages 858-859, Kroschwitz, J. L, ed. John Wiley & Sous,
1590, these disclosed by Englisch ¢7 al., Angewandie Chermie, International BEdition, 1991, 30,
613, and those disclosed by Sanghvi, Y §., Chapter 15, dsRNA Rescarch and Applications, pages
289-302, Crocke, 8. T, and Leblen, B, BEd., CRC Press, 1993, Certain of these nucieobases are
particalarty useful for increasing the bnding affity of the oligomeric compounds featured in
the invention. These inclode S-substituted pvrmucims t-azapyrimidines and N-2, N-6 and -6
substituted purines, including 2-aminopropyladenine, 5-propvnviuracil and 5-propynylcyiosine.
S-methyleytosine substitutions have been shown 1o increase nucleic acid duplex stabibity by 0.6-
1.2°C (Sanghvi, Y. 5., Crooke, 5. T. and Leblen, B., Bda,, dsRNA Research and Applications,
CRC Press, Boca Raiton, 1983, pp. 276-278) and are exemplary base substitutions, even more
particularly when combined with 2-O-methoxyethyl sugar modifications,

Representative LLE. patents that teach the preparation of certain of the above noted
modified nucieobases as well as other modified nucleobases include, but are not Hmited 10, the
above noted U1.S. Patent Nos. 3,687,808, 4,845 205, 5,130,30; 5,134,066; 5175 4’73, 5,367 0a6;
5432272, 5,457,187, 5,459,255, 5,484,908, 5,502,177, 5,525,711, 5,552 540; 5,587 469;

5,594,121, 5,596,091 5,614,617; 5,681,941 5,750,692, 6,015,886, 6,147 200; 6,566,197;
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6,222,025; 6,235 887; 6,380,368, 6,528,040; 6,039,062, 6,617,438, 7,045,610, 7,427 ,672; and
7,495,088, the entire contents of cach of which are hereby incorporated herein by reference,

The RNA of an iIRNA can also be madified fo include one or more locked nucleic acids
(LNA) A locked nucleic acid 1¢ a nucleotide having a modified ribose moiety in which the
1ibose moicty comprises an extra bridge connecting the 2" and 4' carbons. This structure
effectively "locks" the ribose in the 3endo structural conformation, The addition of locked
nuckeic acids to siRMAs has been shown to increase siRNA stability in serun, and to reduce off-
target effects (BElmen, 1. ¢f of | (2005) Nucleic Acids Research 33{11:439-447; Mook, OR_ef al.,
(2007} Mol Canc Ther 6(33:833-843; Grunweller, A. ez al, (2003) Nucleic Acids Research
AI(1233185-3193),

Representative UK. Patents that teach the preparation of locked mucleic acid nucleotides
nclude, but are not Hmited to, the following: 1.8, Patent Nos, 6,268,490; 6,670,461, 6,794,499;
6,998,484, 7,053,207, 7,084,125; and 7,399,845, the entire contents of cach of which are hereby
incorporated herein by reference.

Potentially stabilizing modifications o the ends of RNA molecules can inclnde N-
{acetylaminocaproyD-4-hydroxyprolinol (Hyp-Co-NHAG), N-{caproyi-4-hydroxyproline! (Hyp-
C6), N-(acetyl-4-hydroxyprolinol (Hyp-NHAg), thymidine-2'-0-deoxythymidine (ether), N-
{aminocaproyii-4-hydroxyprolinol (Hyp-C6-amino), 2-docosanoyl-uridine-3"- phosphaie,
inverted base dT(idT) and others. Disclosure of this modification can be found i PCT
fublication Ne, WO 201 1/0035861.

A, Modified iRNAs Comprising Motifs of the Invention

Iy certain aspects of the invention, the double-stranded RNAI agents of the mvention
include agents with chemical modifications as disclosed, for example, in U.S. Provisional
Application No, 61/561,710, filed on November 18, 2811, or in PCT/USIN12/063651, filed on
November 16, 2012, the entire contents of cach of which are incorporated herein by reference.

As shown herein and in Provisional Application No. 61/561,710 or PCT Application No,
PCT/USZ01 2/065691 , a superior result may be obtained by introducing one or more motifs of
three identical modifications on thres consecutive nucleotides into a sense strand and/or
antisense strand of an RNAI agent, particularly af or near the cleavage site. In some
embodiments, the sense strand and antisense strand of the RNAIL agent may otherwise be
completely modified. The introduction of these motifs interrupts the modification pattern, if
present, of the sense and/or antisense strand. The RNAJ agent may be optionally conjugated
with a GalNAc derivative lgand, for instance on the sense strand. The resuliing RNAJ agents

present superior gene silencing activity,
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More specifically, it has been surprisingly discovered that when the sense strand and
entisense strand of the double-siranded RINAI agent are completely modified to have one or more
motifs of three identical modifications on three consecutive nucleotides at or near the cleavage
site of at least one strand of an RNAJ agent, the gene silencing acitivity of the RNAJ agent was
superiorty cnhanced, '

Accordingly, the invention provides double-stranded RNAI agents capable of inhibiting
the expression of a target gene {i.2., a complement component C5 (C5) gene) in viva. The RNAJ
agent coraprises & sense strand and an antisense strand. Each strand of the RNAI agent may
range from 12-30 nucleotides in length, For example, each strand may be between 14-30
nucleotides in length, 17-30 nucleotides in length, 25-30 nucleotides in length, 27-30 nucleotides
in length, 17-23 nucleotides in length, 17-21 nucleotides in length, 17-19 micleotides in length,
19-15 nucleotides in length, 19-23 nucleotides in length, 19-21 nucleotides i length, 21-25
nucleotides in length, or 21-23 nucleotides in length,

The sense strand and antisense strand typically form a duplex double stranded RNA
(“dsRNA"}, also referred to herein as an “RNAl agent” The duplex region of s RNAI agent
may be 12-30 nucleotide pairs in length. For example, the duplex region can be between 14-30

ucleotide pairs in length, 17-30 nucleotide pairs in length, 27-30 nucleotide pairs in length, 17 -
23 nucieotide pairs in length, 17-21 nucleotide pairs in length, 17-19 nucteoside pairs in length,
19-25 mucleotide pairs in length, 19-23 nucleotide pairs in length, 19- 21 nucleotide pairs in
length, 21-25 nucleotide pairs in length, or 21-23 nucleotide pairs in length. In another example,
the duplex region is selected from 15, 16, 17, 18,19, 20, 28, 27, 23, 24,25, 26, and 27
nuclectides in length,

In one exbodiment, the RNAI agent may contain one or more overhang regions and/or
capping groups at the 3’-end, 5™-end, or both ends of one or both strands. The overhang can be
1-6 nuecleotides in length, for instance 2-6 nucleotides in length, 1-3 nucleotides in length, 2-5
nucleotides m length, 1-4 nucleotides in length, 2-4 mucleotides n length, {-3 nucleotides in
length, 2-3 nucleotides in length, or 1-2 nucleotides in length. The overhangs can be the result of
oune strund being longer than the other, or the result of two strands of the same length being
staggered, The overhang can form a mismateh with the target mRNA or if can be
complementary to the gene sequences being targsted or can be another sequence, The first and
second strands can also be joined, ¢.g., by additional bases to form a hairpin, or by other non-
hase linkers.

In one embodiment, the nucleotides in the overhang region of the RNAG agent can each
independently be a modified or vnmodified nucleotide including, but no Himited o 2°-su gar
modified, such as, 2-F, 2'-Omethyl, thymidine (T}, 2'-O-methoxyethyl-5-methyluridine {Teo),

2'-O-methoxyethyladenosine {(Aeo), 2'-O-methoxyethyl-S-methylevtidine (m5Cso), and any
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combinations thereof. For example, TT can be an overhang sequence for cither end on either
strand. The overhang can form a mismatch with the target mRNA or it can be complementary
tor the gene sequences being targeied or can be another sequence.,

The 57~ or 3'- overhangs at the sense strand, antisense strand or both strands of the RNAJ
agent may be phosphoryviated. Jn some embodiments, the overhang region(s) contains two
nucleotides having a phosphorothicate between the two nucleotides, where the two nucleotides
can be the same or different. In one embodiment, the overhang is present at the 3’-end of the
sense strand, antisense strand, or both strands. In ong embodiment, this 3’-overhang is present in
the antisense strand.  In one embodiment, this 3" -overhang is present in the sense strand.

The RNA agent may contain only a single ovethang, which can strengthen the
interference activity of the RNAL, without affecting its overall stability. For example, the single-
stranded overhang may be located at the 3-terminal end of the sense strand or, alternatively, at
the 3terminal end of the antisense strand. The RN AL may also have a blunt end, located at the
5’-end of the antisense strand (or the 3"-end of the sense strand) or vice verse. Generally, the
antisense strand of the RNAT has a nucleotide overhang at the 37-end, and the 5°-end is blunt.
While not wishing to be bound by theory, the asynumetric blunt end at the 5 -end of the antisense
strand and 3’-end overhang of the antisense strand favor the guide strand loading mto RISC
Process,

In one embodiment, the RNAI agent i3 2 double ended bluntimer of 19 nucleotides in
length, wherein the sense strand contains at least one motif of three 2°-F modifications on three
consecuiive nucleotides at positions 7, 8, 9 from the 5'end. The autisense strand contains af least
one motif of three 2°-C-methy! modifications on three consecutive nucleotides at positions 11,
12, 13 from the 5’end.

In another embodient, the RNAL agent i3 8 double ended bluntmer of 20 nucleotides in
length, wherein the sense strand contains at least one motif of three 2°-F modifications on three
consecuiive nucleotides at positions 8, 9, 10 from the S'end. The antisense strand contains at
feast one motif of three 2°-O-methyl modifications on three consccutive nucleotides at positions
11,12, 13 from the $'end.

In yet another embodiment, the RNAL agent 1s a double ended bluntmer of 21 nocleotides
in fength, wherein the scnse strand contains at least one motif of three 2°-F modifications on
three consecutive nucleotides at positions 9, 10, 11 from the 57end. The antisense strand
contains at least one motif of three 27-O-methyl modifications on three conserutive nucleotides
at positions 11, 12, 13 from the 5'end.

in one embodiment, the RNA? agent comprises a 21 nucleotide sense strand and a 23
nucleotide antisense strand, wherem the sense strand contains at least one motif of three 2°.F

modifications on three consecutive nucleotides at positions 8, 10, 11 from the S7end; the



10

15

24

30

OS]
[

antisense strand contains at least one motif of three 2-C-methvl modifications on three
consecutive nucleotides at positions 11, 12, 13 fom the $'end, wherein one end of the RNAJ
agent is blunt, while the other end comprises a 2 nucleotide overhang. Preferably, the 2
nuctectide overbang is at the 3"-end of the antisense strmd.  When the 2 nucleotide overhang is
at the 37-cnd of the antisense strand, there may be two phosphorothicate internucleotide linkages
between the terminal three nucleotides, wherein two of the three nucleotides are the overhan g
nucleotides, and the third sucleotide is a paired nucleotide next o the overhang macleotide, In
one embaodiment, the RNAJ agent additionally has two phosphorothicate internucleotide limkages
between the terminal three nucleotides at both the 57-end of the sense strand and at the 57-end of
the antisense strand. In cne embodiment, every nucleotide in the sense strand and the antisense
strand of the RNA{ agent, including the nucleotides that are part of the motifs are modified
nucleotides, In one embodiment each residue ts independently modified with a 2°-O-methyl or
3’-fluoro, e.g., in an alternating motif.  Optionally, the RNAI agent further comprises a Hgand
{preferably GalNAcs).

In one embodiment, the RINAIL agent comprises a sense and an antisense strand, wherein
the sense strand is 25-30 nucleotide residues in ngth, wherein starting from the 5" terminal
nucleotide {position 1) positions I 10 23 ofthe first strand comprise at least § ribonucleotides; the
antisense strand is 36-66 nucleotide residucs in length and, starting from the 3' terminal
nucleotide, comprises at least 8 ribonucleotides in the positions paired with positions 1- 23 of
sense strand to form a duplex; wherein at least the 3 "terminal nucleotide of antisense strand is
unipatred with sense strand, and up to 6 consecutive 3 terminal nucleotides are unpaired with
sense strand, thereby fornuing a 3' single stranded overhang of 1-6 nucleotides; whereln the §'
ternunus of antisense strand comprises from 10-30 consecutive nueleotides which are unpaired
with sense strand, thereby forming a 10-30 nucleotide single stranded ' overhang; wherein at
feast the sense strand 5' terminal and 3" terminal nucleotides are base paired with nucleotides of
antiscpse strand when sense and antiscnse strands are alignied for maximurm corpplementarity,
thereby forming a substantially duplexed region between sense and antisense strands: and
antisense strand is sufficiently complementary to a target RNA along at least 19 ribosacieotides
of intisense strand length 1o reduce target gene expression when the double stranded mucleic acid
is introduced into a mammalian cell; and wherein the sense strand contains at least one monfof
three 2'-F modifications on three consecutive nucleotides, where at least one of the motifs occurs
at or near the cleavage site. The antisense strand contains at least one motif of three 27-Lmethyl
maodifications on three consecutive nucleotides at ot near the cleavage site.

In one embodiment, the RINAT agent comprises sense and antisense strands, wherein the
RMAI agent comprises a first strand having a length which is at least 25 and at most 29

micleotides and a second strand having a length which is at woost 30 nucleotides with at least one
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motif of three 27-O-methy] modifications on three consecutive nuclestides at position 11, 12, 13
from the 57 end; wherein the 3 end of the first strand and the 57 end of the second strand form a2
blunt end and the second strand i3 1-4 nucieotides longer at its 37 end than the first strand,
wheremn the duplex region Tegion which is at Jeast 25 nocleotides in length, and the second strand
is sufficiently complemenatary to a target mRNA along at least 19 nucleotide of the second
strand length to reduce target gene expression when the RNAT agent is Introduced nto a
mammahian cell, and wherein dicer cleavage of the RNAI agent preferentially results in an
SiIRNA comprising the 3° end of the second strand, thereby reducing expression of the target
gene in the marmmal, Optionally, the RNAG agent further comprises a licand.

In one embodiment, the sense strand of the RNAL agent containg at jeast one motif of
three identical modifications on three consecutive nucleotides, where one of the moti& cocurs at
the cleavage site in the sense strand.

In one embodiment, the antisense strand of the RNAI agent can also contain at least one
motif of three identical modifications on three consecutive nucleotides, where one of the motif
occurs at or near the cleavage site in the antisense strand

For an RNAi agent having a duplex region of 17-23 nacleotide in length, the cleavage
site ofthe antisense sirand s fypically around the 10, 11 and 12 positions fom the 5'-end. Thus
the motifs of three wdentical modifications may occur at the 9, 10, 11 positions; 16, 11, 12
positions; 11, 12, 13 positions; 12, 13, 14 positions: or 13, 14, 15 positions of the antisense
strand, the count starting from the 1% nucleotide from the 37-end of the antisense strand, or, the
count starting from the 1% paived nucleotide within the dupiex region from the 57~ end of the
antisense strand. The cleavage site in the antisense strand may also change according to the
length of the duplex region of the RNAG from the 5"-end.

The sense stand of the RN A agent may contain at least one motif of three identical
modifications on three consecutive nucleotides af the cleavage site of the strand; and the
anfisense strand may have at least one motif of three identical modifications on three consecutive
nucleotides at or near the cleavage site of the strand. When the sense strand and the antisense
strand form a dsRNA duplex, the sense strand and the antisense strand can be so aligned that one
motif of the three nucleotides on the sense strand and one motif of the three nncleotides on the
antisense strand have at least one nuclestide overlap, i.e., at least one of the three nucleotides of
the motif in the sense strand forms a base pair with at least one of the three pucleotides ofthe
motifin the antisense strand, Alternatively, at least two nucleotides may overlap, or all three
nucleotides may overlup.

in one embodiment, the sense strand of the ENAJ agent may contain more than one motif
of three identical modiflcations on three consecutive nucleotides. The first motif may occur at or

near the cleavage site of the strand and the other motifs may be a wing modification. The term
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“wing modification” herein refers to 8 motif occurring at another pottion of the strand that is
separated from the motif at or near the cleavage site of the same strand. The wing modification is
either adajacent to the first motif or is separated by at least one or more mucleotides, When the
meotifs are immediately adjacent to cach other then the chemistry of the motifs are distinct from
cach other and when the motifs arc separated by one ot more rmucleotide than the chemistries can
be the same or different. Two or more wing modifications may be presémt. For instance, when
two wing modifications are present, each wing modification may cccur at one end relative to the
first motif which i af or near cleavage site or on either side of the lead motif,

Like the sense strand, the antisense strand of the RNA{ agent may contain more than one
matifs of three identical modifications on three consecutive mucleotides, with at least one of the
motifs occurring at or near the cleavage site of the strand. This antisense srand may also contain
one of more wing modifications in an alignment similar to the wing modifications that may be
present on the sense strand,

in one embodiment. the wing modification on the sense strand or antisense strand of the
RINAI agent typically does not include the fivst one or two terminal nuclestides at the 3"-end, 57
end or both ends of the sizand.

In another embodiment, the wing modification on the sense strand or antisense strand of
the RNA agent typically does not include the first one or two paired nucleotides within the
duplex region at the 37-end, 5’-end or both ends of the strand.

When the sense sirand and the antisense strand of the RNAI agent each contain at feast
one wing moedification, the wing modifications may fall on the same end of the duplex region,
and have an overlap of one, two or three nucleotides.

When the sense strand and the antisense strand of the RNAI sgent each contain at least
two wing medifications, the sense strand and the antisense strand can be so aligned that two
modifications each from one strand fall on one end of the duplex region, having an overlap of
one, twe or three mucleotides; two modifications cach fom one sirand fail on the other end of the

uplex region, having an overlap of one, two or three nucleotides; two modifications one strand
fall on each side of the lead motif) having an overlap of one, two or three nucleotides in the
duplex region,

In one ewmbodiment, every nucieotide in the sense strand and antisense strand of the
RNAi agent, including the nuclectides that are part of the motifs, niay be modified. Fach
nucleotide may be modified with the same or different modification which can mciode one or
more atteration of one or both of the non-linking phosphate oxygens and/or of ove or more of the
linking phosphate oxygens; alteration of a constituent of the ribose sugar, .., of the 2" hydroxyl

on the ribose sugar; wholesale replacement of the phosphate moiety with “dephospho” linkers;
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medification or replacement of & naturally ocourrmyg base; and replacement or modification of
the ribose-phosphate backbone.

As nueleic acids are polvimers of subunits, many of the modifications occur at a position
which is repeated withm a nucleie acid, eg., # modification of a base, or a phosphate molety, or s
non-linking © of a phosphate moiety. In some cases the modification will ccear at all ofthe
subject positions in the nucleie acid but in many cases 1t will pot. By way ofexample, a
modification may only cecur at a 37 or 57 terminal position, may only cccur in a termmal region,
e.g., 4t a position on & termanal nucleotide orin the last 2, 3, 4, 5, or 10 nuclestides of a strand.
A modification may occur m a double strand region. a single strand region, orin both, A
modification may ocenr only in the double strand region of a RNA or may only eccur in a single
strand region of a RNA. For example, 2 phosphorothioate modification at & non-linking O
position may only occur at one or both termimy, may only cocur in a temmisal region, eg., ata
position on a terminal nuclectide or n the last 2, 3, 4, 5, or 10 nucleotides of a strand, or may
oocur in double strand and single strand regions, particularly at termini. The 5 end or ends can
be phosphorviated.

It may be possible, 7., 10 enhance stability, to inchude particular bases in overhangs, ot
to melude modified nucleotides or nucleotide surrogates, in single strand overhangs, eg., ina %
or 3’ overhang, or in both. For example, it can be desirable to mchude purine nucleotides in
overhangs. In somre embodiments all or some of the bases in a 3" or 8" overhang may be
modified, e g., with a modification described heremn. Modifications can include, e g, the use of
modifications at the 27 position of the ribose sugar with modifications that are known in the art,
e.g., the use of deoxyribonuclectides, , 2" -deoxy-2"~fluoro (2°-F) or 27-Q-methyl madified
mstead of the ribosugar of the nuclesbase , and modifications in the phosphate group, e.g.,
phosphorothioate modifications, Overhangs need not be homologous with the farget seguence.

In one embodiment, cach residue of the sense strand and antisense strand is
independently modified with LNA, HNA, CeNA, 2-methoxyethyl, 2°- G-methyl, 27-O-allyl, 2°-
C- allyl, 2"-deoxy, 2 -hydroxvl, or 2°-fluors, The strands can contain more than one
mexlification. In one embodiment, each residoe of the sense sirand and antisense strand is
independently modified with 27~ G-methy! or 2°-fluoro,

At least two different modifications are typically present on the sense strand and
antisense strand. Those two modifications may be the 2~ G-methyl or 2”-fhaore modifications,
or others,

In one embodiment, the N, and/or Ny comprise modifications of an alternating pattern.
The term “alternating motif” as used herein refers to a motif having one or more modifications,
each modification occurring on alternating nucieotides of one strand. The alternating nucleotide

may refer to one per every other nucleotide or one per every three nucleotides, or 2 sismilar
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patiern, Forexample, if A, B and C cach represent one type of modification to the nucleotide,
the alternating motif can be “ABABABABABAB. . " "AABDBAABBAABE 7
“AABAABAABAAR. .V "AAABAAABAAAB. " “AAABBBAAABBB. o
“ABCABCABCARC.. " ete.

The type of modifications contained in the alternating motif may be the same or different.
For example, iT A, B, C, D each represent one tvpe of modification on the nucleotide, the
alternating patiern, /e, modifications on every other micleotide, may be the same, but each of
the sense strand or antisense strand can be selected from several possibilities of modifications
within the slternating motif such as "ABABARB. .7, "ACACAC. " “BDBDRD. Vor
“CHCDCD...." ete. | |

In oue embodiment, the RNAI agent of the invention comprises the modification pattern
for the altemating motif on the sense strand relative 1o the modification patiemn for the aliemating
motif on the antisense strand is shifted. The shift may be such that the medified group of
nucleotides of the sense strand corresponds o a differently modified group of nucleotides of the
antisense strand and vice versa. For example, the sense strand when paired with the antisense
strand 1n the dsRNA duplex, the alternating motif in the sense strand roay start with “ABABAR”
from 5°-3" of the strand and the altemating motifin the antisense strand may start with
“BABABA” from 57-3of the strand within the duplex region. As another example, the
alternating motifin the sense strand may start with "AABBAABEB” from 57-3° of the strand and
the alternating motif in the antisenese strand may start with “BBAABBAA” from 373" of the
strand within the daplex region, so that there is a complete or partial shift of the modification
patierns between the sense strand and the antisense strand.

I ene embodiment, the RNAI agent comprises the pattern of the alternating motif of 2=
Omethyl modification and 2°-F modification on the sense strand initially has a shift relative to
the pattern of the altermating metif of 2-0O-miethyl modification and 2°-F modification on the
antisense strand initialty, ie., the 2-C-methyt modified nucleotide on the sense strand base pairs

with a 2-F modified nucieotide on the antisense strand and vice versa. The | position of the

el

ense strand may start with the 2-F modification, and the | position of the antisense strand may
start with the 2'- G-methyl modification.

The mntroduction of one or more motifs of three identical modifications on three
consecutive nuciestides to the sense strand and/or antisenss strand interrupts the initial
maodification pattem present in the sense strand and/or antisense strand. This interruption of the
maodification patterny of the sense and/or antisense strand by introducing one or more motifs of
three identical modifications on three conseontive nucleotides to the sense and/or antisense

X

strand surprisingly enhances the gene silencing acitiviy to the target gene,
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In one embodiment, when the motif of three identical modifications on three consecutive
nucleotides is introduced to any of the strands, the modification of the nucleotide next to the
motil1s a different modification than the modification of the motif. For example, the portion of
the sequence containing the motifis “. WYY Y Ny. . ..” where Y™ represents the modification of
the motif of three identical modifications on three consecutive nuclestide, and “N,” and A

epresent a meditication to the nucleotide next to the motif “YY'Y™ that is different than the
maodification of Y, and where N, and N can be the same or different modifications,
Altmernatively, N, and/or Ny, may be present or sbsent when there is a wing modification prosent.

The BINAi agent may further comprise at least one phosphorothioate or
methylphosphonate internuclectide linkage. The phesphorothioate or methylphosphonate
mternucleotide linkape modification may occur on any nneleotide ofthe sense strand or
antisense strand or both strands in any position of the strand. For instance, the internuclestide
linkage modification may occur on every nucleotide on the sense strand and/or antisense strand;
cach interpucleotide linkage modification may oceur in an alternating pattern on the sense strand
and/or antisense strand; or the sense strand or antisense Strand may contain both internucleotide
linkage raodifications in au altemnating pattern, The alternating patiern of the internucleotide
linkage modification on the sense strand may be the same or different from the antisense strand,
and the aliemating pattern of the internncleotide linkage modification on the sense strand mayv
have s shift relative to the alternating pattern of the internucieotide Hnkage modification on the
antisense strand. In one embodiment, a double-standed RNAI agent comprises 6-
8phosphorothioate internucleotide linkages. In one embodiment, the antisense strand comprises
two phosphorothioate internucleotide Binkages af the 3'-terminus and two phosphorothioate
internucleotide linkages at the 3"-terminus, and the sense strand comprises at least two
phospherothioate internucieotide linkages at either the § -termines or the 3" -terminus.

I one embodiment, the RNAI comprises 2 phosphorothicate or methylphosphonate
internucicotide linkage modification in the overhang region. For example, the overhang region
may contain two nucleotides having a phosphorothioate or methyiphosphonate intermucleotide
Imkage between the two nucleotides. Intemucleotide linkage modifications also may be made to
bk the ovethang nucleotides with the tervoinal paired nucleotides within the duplex re gion., For
examyle, at least 2, 3, 4, or all the overhang nucleotides may be linked through phosphorothioate
or maii}yiphosphm}ate internucleotide linkage, and optionally, there mav be additional
phosphorothioate or methylphosphonate internucleotide linkages linking the overhang nucleotide
with a paired nucleotide that is next to the overbang tucleotide. For instance, there may be at
least two phosphorothioate internucleotide linkages between the terminal three nucleotides, in
which two of the three nucleotides are overhang nucleotides, and the third is a paired nucleotide

next to the overhang nucleotide. These terminal three nuclestides may be at the end of the
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antisense strand, the 3’-end of the sense strand, the 5"-end of the antisense strand, and/or the
5end of the antisensc strand.

I one embodiment, the 2 nucleotide overhang is at the 3 -end of the antisense strand, and
there are two phosphorothioate internucleotide linkages between the terminal three nucleotides,
wherem two of the three nucleotides are the overhang nucleotides, and the third nucleotide is a
paired nucleotide next to the overhang nucleotide.  CUptionally, the RNAI agent may additionally
have two phosphorothioate internucleotide linkages between the terminal three mucleotides at
both the 3"-end ofthe sense strand and at the 57-end of the antisense strand.

In one embodiment, the RINAL agent comprises mismatch{es) with the target, within the
duplex, or combinations thereof. The mistmateh may oceur in the overhang region or the duplex
region. The base pair may be ranked on the basis of their propensity to promote dissociation or
roelting {e.g.. on the free energy of association or dissociation of a particular pairing, the simplest
approach is to cxamine the pairs on an individual pair basis, though next neighbor or similar
analysis can also be used). In terms of promoting dissociation: A:U is preferred over G:C: G:U
is preferred over G:C; and LC is preferred over G:C (I=inosine). Mismatches, e. &, nomn-
canpnical or other than canonical pairings (as described elsewhere herein) are nreferred over
canonical (AT, AU, G:C) pairings; and pairings which include a universal base are preferred
OVer canonical pairings.

In one embodiment, the RINAIL agent comprises at least one of the first 1,2, 3, 4, or 5 base
pairs within the duplex regions from the 57- end of the antisense strand independently selected
from the groop of: AdU, GIU, LC, and mismatched pairs, e £, non~ganonical or other than
canonical pairings or pairings which include a universal base, to promote the dissociation of the
antisense strand at the 57-end of the duplex.

Iz one embodiment, the macleotide at the [ position within the duplex region from the 37~
end 1n the antisense strand is selected from the group consisting of A, dA, 41U, U, and dT.
Altemnatively, at lcast one of the first 1, 2 or 3 base pair within the duplex region from the 5°- end
of the antisense strand is an AU base pair. For example. the first base pair within the duplex
region from the 57~ end of the antisense strand is an AU base pair.

It another embodiment, the wucleotide at the 3"-end of the sense strand s deoxy-thymine
(dT}. In another embodiment, the nucleotide at the 37-end of the antisense strand is deoxy-
thymine (dT). In one embodiment, there is a short sequence of deoxy-thymine nucleotides, for
example, two dT nucleotides on the 3'-end of the sense and/or antisense strand.

In one embodiment, the sense strand sequence may be represented by formula (I

SN XX - Ne-Y Y Y Nl Z 2 2 5-Nyeny 3' (D)

wherein:

i and } are each independently G or 1

o
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p and q are cach independently 0-6,

cach N, independently represents an oligonucieotide sequence comprising 0-25 modified
nucleotides, each sequence cormprising at least two differently modified nuclestides;

cach N; independently represents an oligonucieotide sequence comprising 0-10 modified
nucleotides; '

each np and ng independently represent an overhang nucleotide;

wherain Nb and ¥ do not have the same modification; and

KXFYYY and 2727 each independently represent one motif of three identical
modifications on three consecutive nucleotides, Preferably YYY is all 2°-F modified

nucieotides.

In one embodiment, the N, and/or Ny comprise modifications of alternating pattem.

In one embodiment, the YYY motif oconrs &t or near the eleavage site of the sense strand,
For example, when the RNAI agent has a duplex region of 17-23 nuclectides m length, the YYY
meotif can occur at or the viciity of the cleavage site (e.g.: can ocour at positions 6,7,8,7,8,9,
8,9,10,9,10, 11,10, 11,12 or 11, 12, 13) of - the sense strand, the count starting from the 1%

acleotide, from the 5°-end; or optionaily, the count starting ot the 1™ paired nucleotide within
the duplex region, from the 5°- end.

In one embodiment, 1is land jis O, oriis Qand jis |, or both i and § are 1. The sensc
sirand can therefore be represented by the following fonmulas:

5 0N Y Y Y -Np-ZZZ-Neng 37 (Th);

5 By N KRR N YY Y -Noeng 37 (Teh ov

3y N XK -Np-Y Y Y -Nyp-Z22-Nomg 3 (1d),

When the sense strand is represented by formoula (Ib), Ny represents an oligonucleotide
sequence comprising 3-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Each N, independently
can represent an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 wmodified nucleotides.

When the scnse strand 18 represented as formula (Ie), Ny, represents an oligonucleotide
sequence comprising 0-10, 8-7, 0-16, 0-7, (-5, -4, -2 or 0 modified nuciecotides. Each N, can
independently represent an oligonuclectide sequence comprising 2-20, 2-15, or 2-10 medified
nucleotides,

When the sensc strand is represented as formula (id), cach Ny, independently represents
an oligonuclectide sequence comprising 0-10, 6-7, 0-5, 04, 0-2 or 0 medified nuclestides.
Preferably, Npis 6, 1,2, 3, 4, 5 or 6 Each N, can independently represent an oligonuclestide
sequence comprising 2-20, 2-15, or 2-10 modified nocleotides.

Fach of X, Y and Z may be the same or different from cach other,

a1
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In other embodimends, 1 is 0 and j 18 0, and the sense strand may be represcated by the
formmula;

S NS YYY-Nyng ¥ (Ta)

When the sense strand is represenied by forroula (Ia), each N, mdependently can
represent an oligonueleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

in one embodiment, the antisense strand sequence of the RINAL may be represented by
forraula (1)

5 N (7 2T N =Y Y Y N OO )Ny 3 (1)

wherein:

kand 1 are each independently 0 or 1;

v and g’ are each independently $-6;

gach N,’ independently represents an oligonucleotide sequence comprising 0-25 modified
nucieotides, cach sequence comprising at least two differently modified nucleotides;

cach Ny independently represents an oligonucleotide sequence comprising 0-10 modified
nuclectides;

each 1y’ and g independently represent an ovethang nucleotde;

wherein Ny and Y7 do not have the same modification;

and

XXHLYYY and 227 cach independently represent one motif of three identical
muodifications on three consecutive mucleotides.

In one embodiment, the Ny" and/or Ny’ comprise modifications of alternating patiern.

The YYY' metif ocours at or near the cleavage sife of the antisense strand, For example,
when the RNAI agent has a duplex region of 17-23nuclectidein length, the Y'Y'Y’ motif can
ocour at positions 9, 10, 1110, 11, 12; 11, 12,1312, 13, 14 ; or 13, 14, 15 of the antisense
strand, with the count starting from the 1% pucleotide, from the 5°-end; or optionally, the count
starting at the 1¥ paired mucleotide within the duplex region, from the 57- end. Preferably, the
Y'Y motif occurs af positions 11,12, 13,

In one embodiment, YYY" motif is all 27-0OMe modified nucleotides.

Innope embodiment. ks Tand s Q,ork s O and lis §, orboth k and Tare [,

The antisense strand can therefore be reprfcsentcd by the following formulas:
"IN AL N WYY Y N 3 {(fiby;
3 ae-NSY Y YN Xy 30 (el or
5 =Ny - 222 NS Y Y Y Ny XOKX-N, 0y 31 (T,
When the antisense strand is represented by formula (1), N 1,’ Topresents an

o]

oligonucleotide sequence comprising 0-10, 0-7, 0-10,0-7, (-5, -4, 0-2 or § modified

o
i
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nucleotides, Each Ny’ independently represents an oligonucleotide sequence comprising 2-20, 2-
15, or 2-10 modificd nucleotides.

When the antisense strand is represented as formula (1le), Ny represents an
oligonucicotide sequence comprising 0-10, 6-7, 0-10, 6-7, -5, 0-4, 0-2 or § modified
nucleotides, Hach N, independently represents an oliponucleotide sequence comprising 2-20, 2-
15, or 2-10 modified nucleostides.

When the antisense strand is represented as formula (11d), each Ny’ independenty
represents an ohigonueleotide sequence comprising 0-10, 0-7, 0-10,'0-7_ 05, 04, (-2 or O
modified nucleotides, Each N, independently represents an oligonucleotide sequence
comprising 2-20, 2-15, or 2-10 modified nucicotides. Preferably, Ny is 0,1,2.3,4, 5 or 6.

In other embodiments, k is § and 115 O and the astisense strand may be represenied by the
formula; '

S'op-Ny-Y Y'Y Ne-ng 3" (la).

When the antisense strand is represented as formula (J1a), each N, mdependently
represents an oligonucleotide sequence comprising 2-20, 2413, or 2-10 modified nuclestides.

Each of X', YV and 7' may be the same or di ?{"feff:nt from esch other,

Each nucleotide of the sense strand and antisense strand may be independently modified
with LNA, HNA, CeNA, 27-methoxyethyl, 2°-O-methyi, 2°-O-allyl, 2°-C- allvl, 2 -hvdroxyl, or
Z’-fiuoro. For example, each nucleotide of the sense strand and antisense strand is independently
modified with 27-C-methyl or 2" -fluore. Hach X, Y, 2, X', Y' and 7', in particular, may
represent a 27-O-methyl modification or a 2°-Huoro modification.

In one embodinent, the sense strand ofthe RNAI agent may contain YYY motif
ocourring 2t 8, 10 and 11 positions of the strand when the duplex region is 21 nt, the count

&

starting from the 1% mucleotide from the 3 -end, or optionally, the count starting at the 1* pairec

nucleotide within the dupi::x ragim, fromthe 5’ -end;and Y m;:ﬂ zsents 27-F modification. The
opposite end af the duplex region; and XXX and 227 each mdepm}denﬂy represenis a 27-OMe
maodification or 2°-F modification,

In one embodiment the avtisense strand may contain Y'Y'Y' motif occurring at positions
11, 12, 13 of the strand, the count starting from the 1¥ nucleotide from the 5”-end, or opticnally,
the count starting at the 1¥ paired nucleotide within the duplex region, from the 5'- end; and ¥'
represents 27-O-methyl modification. The antisense stmnd may additionallty contain XXX/
motif or Z777 mofs as wing modifications at the opposite end of the duplex region; and

KK and 227" each independently represents a 2°-0Me medification or 2°-F modification.
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The sense strand represented by any one of the above formulas {(Ia), {Ib), (I}, and (Id)
forms a duplex with a antisense strand being represented by any one of formulas (I1a), (b)),
(He}, and (I}, respectively, -

Accordingly, the RNAG agents for use in the methods of the ipvention may comprise a
sense strand and an aniisense strand, cach strand having 14 to 30 nucleotides, the RMNAI duplex

represenied by formula (11

sense: Sy N X X X -Np- YY Y Np £ Z 23Ny 3°
antisense 3t g, N, KON K YNy -V Y YN A7 N, ny S
(1ih

wherein:
i,1, k, and 1 are each independently 0 or {;
B, 0,4 and g are each independently 0-6;
each N, and N, independently represents an oligonucleotide sequence comprising 0-25
modificd nucleotides, cach sequence comprising at least two differently modified nucleotides;
each Ny and Ny, independently represents an oligonuclestide sequence comprising 0-10
modified nucleotides;
wherein
each 1y, Ny, 0y, and ng, cach of which may or may not be present. independently
represents an overhang nucleotide; and
KEX,YYY, ZZ8, XX YY'Y', and Z'2'Z each independently represent one motif of
three wentical modifications on three consecutive nucleotides,
in one embodiment, tisOandjisO;orits landjis G;oriisOandjis 1; orboth i and §
are O; or both tand j are 1. In ancther embodiment, kis Cand lis Oy orkis T and His 0; k is O and
listh;orbothkandlare O orboth kand Lare 1.
Exemplary combinations of the sense strand and antisense sirand forming 2 RINAG duplex
inchide the formulas below:
S Na-¥Y Y Y -Ngeng 3
3, N, Y YY N, S
()
Fo,-Na-YYY -Ny-£ Z Z -Neng 3'
3y N, YV YN, -2 N g 5
iitsy
SN X XX -Np-Y Y Y - Npmg 3
3, N, SRR N Y Y YN, g 5

(Iile)
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50N KX X -Np-Y VY Ny £ 2 2 -Normg 3
3y <N ~X KN Y Y YNy -2 T2 N, ony, 5
(I

When the RNAJ agent is represented by formula (IIa), each N, independently represents
an oligonucleotide sequence comprising 2-20, 2415, or 2-10 modified nucicotides.

When the RNAI agent is represented by formula (I1h), each N, inde spendently represents
an oligonucleotide sequence comprising 1-310, 1-7, 1-5 or 1-4 modified nucleotides. Fach N,
independently represents an oligonucleotide sequence comprising 2-20, 2-13, or 2-10 modified
nucieotides,

When the RNAI agent Is represented as formula ([1ic), each Ny, Ny independently
represents an oligomacleotide sequence corrprising 0-10, 07, 8-10, 0-7, 0-5, 0-4, 0-2 or
Orooditied nucleotides. Each N, independently represents an oligonucleotide ssquence
comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the RNAI agent is represented as formmla (HId), each Ny, Ny’ independently
represents an oligonucleotide sequence comprising 0-10,0-7, 0-10, 6-7, 0-3, 0-4. (-2 or
Omodified mucleotides. Each N, N, independently represents an oligonucieotide sequence
comprising 2-20, 2-15, or 2-10 modified nucleotides. Each of N, N,", Ny, and N, independently
comprises modifications of alternating patiern.

Each of X, Y and Z in formulas (1), (1Ha), (I, (1), and {IIId} may be the same or
ditferent from each other,

When the RNAI agent is represented by formula (11, (TTa), (Ib), (k) and (111d), at
least one of the Y nucleotides may form a base pair with one of the Y/ nucleotides.
Alternatively, at least two of the Y nucleotides form base pairs with the corresponding Y
nucleotides; or all three of the Y nuclestides all form base pairs with the corresponding Y’
nucleotides.

When the RNAI agent is represented by formula (111b) or (THd), at least one ofthe Z
nucleotides may form a base pair with one of the 2" nucleotides. Alternatively, at least two of
the £ nucleotides form base pairs with the corresponding 77 nucleotides; or all three of the 7
mucleotides all form base pairs with 1he corresponding 7' nucleotides.

When the RNAj agent is represented as fornvala (Tle) or (IH1d). st least one of the X
nucleotides may form a base pair with one of the X’ nucleotides. Alternatively, at least two of
the X nucleotides form base pairs with the correspending X/ nucleotides: or all three of the X
nucleotides all form base pairs with the corresponding X nucleotides.

In one embodiment, the modification on the Y nucleiide is different than the
madification on the ¥’ nucleotide, the modification on the Z nucleotide is different than the
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medification on the Z° mucleotide, and/or the modification on the X nucleotide is different than
the modification on the X nucleotide.

[ ene embodiment, when the RNAJ agent is represented by forovala (111, the I,

modifications ate 2’-G-methy! or 2-fluoro modifications. In another embodiment, when the

A

RINAIL agent is represented by formla (11id), the N, modifications are 2’-O-methy] or 2~ fluoro

modifications and n," >0 and at least one 1, is Ueked to a neighboring nucleotide a via

phosphorothioate linkage. In yet another embodiment, when the RNAI agent is represented by

fomuula (11d), the N, modifications are 27-C-methy! or 2"-fluore modifications , n,' >0 and at

least one ny' is linked 1o a neighboring nucleotide via phosphorothicate Hokage, and the sense

16 swand is conjugated to one or more GalNAe derivatives attached through a bivalent or trivalent
branched tinker (described below). Ty another embodiment, when the RNAI agent is representad
by formuia (I1Id}, the N, modifications are 2-O-methyl or 2'-fluoro medifications , n, >0 and at
least one ny’ is linked to a neighboring nucleotide via phosphorothioate linkage, the sense sirand
comprises at least one phosphorothicate tinkage, and the sense strand is conjugated to one or

15 more GalNAc derivatives attached through a bivalent or trivalent branched linker.

I one embodiment, when the RNAI agent is represented by formula (ITTa), the N,
modifications are 2°-0-methyl or 2'-flnoro medifications , n,' >0 and at least one 1, is linked to a
neighboring nucleotide via phosphorothioate linkage, the sense strand comprises at least one
phosphorothioate linkage, and the sense strand is confugated to one or more GalNAc derivatives

26 attached through a bivalent or trivalent branched linker.

In one crabodiment, the RNAI agent is a multimer containing at least two duplexes
represented by formuia (T, (Ila), (Iffb), (ific), and (11d), wherein the duplexes are conmected
by a linker. The linker can be cleavable or non-cleavable. Optionally, the multimer further
comprises a ligand. Hach of the duplexes can target the same gene or two different genes: or

25 cach of the duplexes can target same gene at two different target siies.

In one cmbodiment, the RNAIL agent is a multimer containing three, four, five, six or
more duplexes represented by formuia (HI), (Ha), (1Ib), (Ilc), and {11id), wherein the duplexes
are connected by a linker. The linker can be cleavable or non-cleavable. Optionally, the

multimer further comprises a ligand, Each ofthe duplexes can target the same gene or two

30 different genes; o1 cach of the duplexes can target same gene at two different target sites.
in one cmbodiment, two RNAI agents represented by formula (111, ([la), (HIb), (1),
and (illd) are linked to each other at the 57 end, and one or both of the 3 ends and are optionaliy
comnjugated to t & igand. Each of the agents can trget the same gene or two different genes; or
cach of the agents can target same gene at two different target sites.
335 Various publications describe multimeric RNAL agents that can be used in the methods of

the invention. Such publications include W(2007/091269, LS Patent No. 7858769,
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WO0L0/141511, WOZOGT/11 7686, WO2005/01 4887 and WOZOT11/031520 the entire contents
of each of which are hereby incorporated herein by reference.

As described in more detail below, the RNAJ sgent that contains conjugations of one or
more carbohydrate moieties o a RNAI agent can optimize one or more properties of the RNAj
agent. In many cases, the carbohydrate moiety will be attached to a modified subunit of the
RNAi agent. For example, the ribose sugar of one or more ribonucleotide subunits of a dsRNA
agent can be replaced with another moiety, e.g., a non-carbohydrate {preferably cyeiic) carrier to
which 18 attached a carbobydrate ligand. A ribonuclectide subunit in which the ribose sugar of
the subunit has been so replaced is reforred o hercin as a tibose replacement modification
subunit (RRMS} A evclie carrier may be a carbocyelic ring system, fe., all ring atoms are
carbon atoms, or a heterocyclio ring system, Le., one or more ring atoms may be 2 heteroatom,
e.g.. nitrogen, oxyeen, subfur, The cyclic carmier roay be 2 monocyelic ring system, or may
contain two or more rings, e.g. fused rings. The cyelic carrier may be a fully saturated ring
system, or it may contain one or more double bonds.

he ligand may be attached to the polynuelectide via a carrier. The carriers inchude (1) at

.1

least one “backbove atiachment point.” preferably two “backbone attachment points™ and (i) at
icast ong "tsﬁzez‘mg attachiment point.” A “backbone attachment pomnt” as used herein refers to a
functional group, e.g. 2 hydroxy! group, or generally, 2 bond available for, and that is suitable for
incorporation of the carrier into the backbone, e.g., the phosphate, or modified phosphate, e.g.,
seifur containing, backbone, of a ribonueleic acid. A “tethering attachment point” (TAPY in
some embodiments refers to a constituent ring atom of the oyclic carrier, e.g., a carbon atom or 2
heteroatom {distinet from an atom which provides a backbone attachment point), that connects a
ected moeiety. The moiety can be, 2.g., & carbohydrate, e.g. monosaccharide, disaccharide,

trisaccharide, tetrasaccharide, oligosaccharide and *3(3£;yssam}m1 tde. Optionally, the selected
madety i connected by an Intervenmg tether to the oyvelic carrier. Thus, the cvelic carrier will
often inclode a functional group, e.g., an amino group, or cencrally, provide a bond, that is

itable for incorporation or tﬂtherm ¢ of another chemical entity, ez, a ligand 1o the constitnent
ring.

The RNAI agents may be conjugated to a ligand via a cammier, wherein the carrier can be
cyclic group or acyclic group: preferably, the cyclic group is selected fom pyrrolidinyl,
pyrazolinyl, pyrazelidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, [1,3}dioxolane,
oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl, qumoxaliny,
pyridazinonyl, tetrahydrofuryl and and decalin, praferably‘, the acyehic group is selected from

serinol backbone or diethanelamine backbo
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In certain specific cmbodiments, the RNAI agent for use in the methods of the invention
is an agent selected from the group of agenis listed in any one of Tables 3, 4, 3, 6, 18, 19, 20,

2}, and 23. These agents may further comprise a ligand.

IV, iRNAs Conjugated to Ligands

Another modification of the RNA ofan iRNA of the mvention involves chemically
linking to the RNA one or more ligands, moieties or conjugates that enhance the activity, cellular
distribution or celinlar uptake of the IRNA. Such moieties include but are not Himited to Iipid
moictics such as a cholesterol moiety {(Letsinger ef al., Proc. Natl. Acid. Sci. US4, 1945, 86;
6553-6556), cholic acid (Mancharan ef ul., Biorg, Med. Chem. Lez., 1994, 4:1053-1660), a
thioether, e.g., beryl-S-trityithiol (Manoharan et al., Ann. N.Y. Acad. Sci., 1992, 660:306-309;
Mancharan f al., Biorg. Med, Chem. Let., 1993, 3:2765-2770), a thiocholesterol (Obethawser ef
al., Nucl Acids Res,, 1992, 20:533-538), an aliphatic chain, e.g., dodecandiol or undecyl residues
{Saison-Behmoaras ef el EMBOJ, 1991, 10:1111-1118; Kabanov et al., FEBS Lett., 1990,
259:327-330; Svinarchuk et al., Biochimie, 1993, 75:49-543}, a phospholipid, e.g., di-hexaderyl-
rac-ghveerol or triethyl-ammeonim [, 2-di-O-hexadecyl-rac-glveero-3-phosphonate (Manocharan
et al., Tetrahedron Lert., 1995, 36:3651-3634; Shea ef af., Nucl. Acids Res., 1950, 18:3777-
3783}, a polyamine or a polyvethvlene glyeol chain (Manoharan e7 gl., Nucleosides &
Nucleotides, 1995, 14:969-873)), or adameantane acetic acid (Manoharan et ol., Tetrahedron Lett.,
1595, 36:3651-3654), a palmityl moiety (Mishsa ¢f @l., Biochim. Biophys. Acta, 1995, 1264,229-
237}, oran octadecylamine or hexyvlamino-cathonyloxyeholesterol moiety (Crooke ef o/, 1.
Pharmacol. Exp. Ther., 1996, 2779238937

In one embodiment, z ligand alters the distribution, targeting or lifetime of an IRNA
agent into which it is incorporated. In preferred embodiments a ligand provides an enhanced
affinity for a selfected target, e.g., molecule, cell or cell type, compartment, e.g., a cellular or
organ compartment, tissue, organ or region of the body, as, e.g., compared to a species absent
such a ligand. Preferred ligands will not take part in duplex pairing in a duplexed nucleic acid.

Ligands can inchude a naturally ocourning substance, such as 2 protein {e.g., humnan serum
albumin (FISA), low-density Hpoprotein (LDL), or globuliny; carboh vdrate fe.g., o dextran,
pullulan, chitin, chitosan, inulin, cyclodextrin, N-acetylgalactosamine, or hyaluronic acid); or a
lipid. The ligand can also be a recombinant or synthetic molecule, such as a synthetic polymer,
e.g., 4 synthetic polyamino acid. Examples of polyamino acids include polvamino acid is a
polylysine (PLL), poly L-aspartic acid, poly L-ghutarnic acid, styrene-maleic acid anhvdride
copolymer, polyiL-lactide-co-glycolied) copolymer, diviny! ether-maleic anhydride copolymer,
N-{2-hydroxypropylmethacrylamide copolymer (HMPA), polyethylene glycol (PEG), pokyvinyl
aleohol {PV A}, polyurethane, polv{2-ethylacryllic acid), N-isopropylacrviamide polymers, or
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polyphosphazine, Example of polyamines include: polyethyienimine, polvlysine (PLL),
spermine, spermudine, polyamine, pscudopeptide-polyamine, peptidomimetic polvaniine,
dendrimer polyamine, arginine, amidine, protamine, cationic lipid, cationic porphyrin,
guaternary salt of a polvamine, or an alpha helical pepiide.

Ligands can also mclude targeting groups, e.g., a cell or tissue targeting agent, e.g., a
lectin, giveoprotein, lipid or protein, 2.g., an antibody, that binds to a specified cell type such as a
kidney cell. A tdrwstmg group can be a thyrotropin, melanoiropin, lectin, glycoproteim,
surfactant protein A, Mucin carbohydrate, multivalent lactese, multivalent galaciose, N-avetyl-
galactosamine, N-ac c*ylntru ucoseamine muitivalent mannose, multivalent fucose, ghycosviated
polvaminoacids, multivalent galactose, transferrin, lisphosphonate, polvglutamate,
polvaspartate, a lipid, cholesterel, a steroid, bile acid, folate, mmm BIZ, vitamin A, biotin, or
an RGD peptide or RGD peptide mimetic.

Other examples of igands include dyes, intercalating agents (e.g, acridines), cross-linkers
{e.g. psoralene, mitomyecin C}, porphyrins {FPPC4, texaphyrin, Sapphyrin}, polveyelic aromatic
hydrocarbons (e.g., phenazine, dibydrophenazine), artificial endonucleases (e.g. EDTA),
lipophilic molecules, e g., cholesterol, cholic acid, adamantane acetic acid, 1-pvrene butyric acid,
dihydrotestosterone, 1,3-Bis-Othexadecyllglycerel, geranvlouvhexy! group, hexadecylglyeerol,
borneol, menthol, 1,3 -propanediol, heptadecy! group, palmitic acid, myristic acid, 03
{oleoyllithocholic acid, O3-(oleoylicholenic acid, dimethoxytrityl, or phenoxazinejand peptide
conjugates {e.g., antennapedia peptide, Tat peptide), alkyiating agents, phosphate, amine,
mercapto, PEG {e.g., PEG-40K), MPEG, [MPEG, polyamino, atkyl, substituted alkyl,
radiolabeled markers, enzymes, haptens {e.g, biotin}, transport/absorption facilitators {e.g.,
aspirin. vitagun E, folic acid), synthetic ribonucieases {e.g., imidazole, bisimidazole, histamine,
midazole clusters, acndine-imidazole conjugates, Bud+ complexes of (etraazamacrooveles),
dinitropbenyl, HRP, or AP,

Ligands can be profeins, e.g., ghveoproteins, or peptides, e.g., molecules having a specific
affinity for a co-ligand, or antibodies e.g., an antibady, that binds o a specified cell type such as
a hepatic cell . Ligands can also inclnde hormones and hormone receptors. They can also
include non-peptidic species, such as lipids, lecting, carbohydrates, vitamins, cofactors,
multivalent lactose, multivalent galactose, N-acetyl-galactosamine, N-accw}«gu inoosaninge
multivalent mannose, or multivalent fucose. The ligand can be, for exampie,
lipopolysaccharide, an activator of p38 MAP kinase, or an activator of NF-xB,

The ligand can be a substance, e.g., o drug. which can increase the uptake of the iIRNA
agent inte the cell, for example, by disrupting the cell’s cyvioskeleton, e.g., by disrupting the

cell’s microtobules, microfilaments, and/or intermediate filaments. The drog can be, for
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exemple, taxon, vincristine, vinblastine, cytochalasin, nocodazole, japlakinolide, latrunculin A,
phalioidin, swinholide A, indanocine, or myoservin.

fn some embodiments, a lgand attached to an iIRNA as described herein acts as a
pharmacokinetic modulator (PE. modudator), PK modulators include lipophiles, bile acids,
sterords, phospholipid analogues, peptides, protein binding agents, PEG, vitaming efc. Exemplary
PK medulators include, tut are not limited to, cholesterol, fatty acids, cholic acid, lithocholic
acid, dialkylglyeerides. diacylglyesride, phospholipids, sphingolipids, naproxen, ibuprofen,
vitamin E, biotin ere. Oligonuclectides that comprise a number of phosphorothioate linkages are
also known o bind to seram protein, thus shott oligonucleotides, e.g., oligonucleotides of about
5 bases, 10 bases, 13 bases or 20 bases, comprising multiple of phosphorothioats linkages in the
backbone are also amenable to the present invention as ligands (e.g as PK modulating ligands).
i addition, aptamers that bind setum components {e.g. scrum proteins) are also suitable for use
as PK modulating ligands in the embodiments described herein.

Ligand-conjugated oligonucleotides of the invention may be synthesized by the use ofan
oligonuciestide that bears a pendant reactive funciionality, such as that derived from the
attachment of a linking molecule onto the oligonmuclestide {described below). This reactive
oligonucicotide may be reacted directly with conmumercialiy-available ligands, ligands that are
synthesized beaning any of a variety of protecting groups, or ligands that have a linking moiety
attached thereto.

The oligonucleotides used in the conjugates of the present invention may be conveniently
and routinely made through the well-known technigue of solid-phase synthesis. Egnipment for
such synthesis is sold by several vendors including, for example, Applied Biosystems (Foster
City, Calif.). Any other means for such synthesis known in the art mey additionally or
alternatively be employed. It 15 also known to use similar tec}n.nques to prepare other
oligonucieohides, such as the phosphorothioates and alkylated derivatives.

In the ligand-conjugated ofigonucieotides and ligand-molecule bearing sequence-specific
linked nucleosides of the present invention, the oligonuclestides and ofigonucleosides may be
assembled on A suitable DNA synthesizer utilizing standard nucleotide or nucieoside precursors,
or nucieotide or nucleoside conjugate precursors that already bear the linking moisty, ligand-
nuclectide or nucleoside-coniugate precursors that ai:rf“xdv bear the ligand molecule, or non-
nucleoside ligand-bearing building blocks.

When using nucleotide-conjugate precursors that already bear a linking moiety, the
synthesis of the sequence-specific linked nocleosides is typically completed, and the ligand
moiecule is then reacted with the linking moiety 1o form the ligand-conjugated oligonucleotide.
In some embodiments, the oligonuclectides or linked nucleosides of the present invention are

synihesized by an automated synthesizer using phosphoramidites derived from ligand-nuclecside
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conjugates in addition to the standard phosphoramidites and non-standard phosphoramidites that
are conunercially available and routinely used in oligomucleotide synthesis.

A Lipid Confugates

In one embodiment, the ligand or conjugate is a lipid or lipid-based molecule. Sucha
lipid or lipid-based molecule preferably binds a serum protein, ¢.g., human serum albumin
(HSA). An HSA binding ligand allows for distribution of the conjugate o a target tissue, e.g., 8
non-kideey target tissne of the body. For example, the targe! tissue can be the liver, inchading
parenchymal cells of the Hiver. Other molecules that can bind FISA can also be used as Hgands,
For example, naproxen or aspirin can be used. A lipid or lipid-based ligand can (a) increase
resistance to degradation of the conjupate, (b} increase targeting or transport into a target cell or
cell membrane, and/or (¢) can be used to adjust binding to a serum protein, e.g., HSA.

A lipid based ligand can be used to inhibit, e.g., control the binding of the conjugate io a
target issue. For example, 2 lipid or lipid-based gand that binds to HISA more strongly will be
less likely to be targeted to the kidney and therefore less likely to be cleared from the body. A
tipid or lipid-based ligand that binds to FISA less strongly can be used to target the conjugate to
the kidney,

In a preferred embodiment, the lipid based ligand binds HSA, Preferably, it binds HSA
with a sufficient affinity such that the conjugate will be preferably distributed to a non-kKidney
tissue. However, it is preferred that the affinity not be so strong that the HSA-ligand binding
cannot be reversed,

In another preferred embodiment, the Hipid based ligand binds TISA weakly or not at ajl,
such that the conjugate will be preferably distributed to the kidney. Other moictics that target to
kidney cells can also be used in place of or in addition 1o the lipid based igand.

In another aspect, the ligand is a moiety, e.g., & vitamin, which is taken up by a farget
cell, e.g, a proliferating cell. These are particolarly useful for treating disorders characterized by
unwanted oell proliferation. .g., of the malignant or non-malignant type. e.g., cancer cells.
Exemplary vitamins include vitamin A, E, and X Gther exemplary vitamins include are 8
vitamin, e.g., folic acid, B12, riboflavin, biotin, pyridoxal or other vitaming or nutrients saken up
by target cells such as Yiver cells. Also included are HSA and low density lipoprotein (LDL).

EB. Cell Permeation Agenis

in another aspect, the ligand is a celi-permeation agent, preferably a helical celi-
petmeation agent, Preferably, the agent is amphipathic. An exemplary agentis a peplide such as
tat or antermopedia. If the agent is a peptide, it can be modified, ncluding 2 peptidylmimetic,
invertomers, non-peptide or pseudo-peptide linkages, and use of D-amino acids. The helical
agent is preferably an alpha-helical ngent, which preferably has a lipophilic and a lipophobic

phase, -
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The higand can be 2 peptide or peptidomimetic. A peptidomimetic {also referred to
herein as an oligopeptidomimetic) is a molecule capable of folding into a defined three-
dimensional structire strailar to a natoral peptide. The attachment of peptide and
peptidomimetics 1o iIRNA agents can affect pharmacekinetic distribution of the iIRNA, such as by
enhancing vellular recoguition and absorption. The peptide or peptidomimetic moiety can be
about 5-50 amino acids long, e.g., about 5, 10, 15, 20, 25, 30, 33, 40, 45, or 50 amino acids long.

A peptide or peptidomimetic can be, for example, a cell permeation peptide, cationic
peptide, amphipathic peptide, or hydrophobic peptide (e.z., consisting prisnarily of Tyr, T1p or
Phe). The peptide moicty can be a dendrimer peptide, constrained peptide or crosslinked
peptide. In another alternative, the peptide moiety can inchude a hydrophobic membrane
translocation sequence (MT8). An exemplary bydrophobic MTS-contaiving peptide is RFGF
baving the amino acid sequence AAVALLPAVLLALLAP (SEQ IDNO: 9). An RFGF anelogue
(e.g., amino acid sequence AALLPVLLAAP (SEQ ID NO: 10) containing a hydrophobic MTS
cart also be a targeting moiety. The peptide moiety can be a “delivery” peptide, which can carry
large polar molecules including peptides, oligonucleotides, and protein across cell membranes.
For example, sequences from the HIV Tat protein (GREXRRQRRRPPQ (SEQ IDNO: | 1) and
the Drosophila Antennapedia protein (ROIKIWFQNRRMKWEE (SEQ ID NO: 12y kave been
foond to be capable of functioning as delivery peptides. A peptide or peptidomimetic can be
encoded by a random sequence of DNA, such as a peptide identified from a phage-display
library, or one-bead-one-compound {OBOC) combinatorial library (Lam ef af., Nature, 354:82-
B4, 1991). Examples of a peptide or peptidomimetic tethered to a dsRMNA agent via an
meorporated mongmer unit for cell targeting purposes is an arginine~glyeine-aspartic acid
(RGD}-peptide, or RGD mimic. A peptide moiety can range in length from about 3 amino acids
to about 40 amino acids. The peptide moieties can have a structoral modification, such as to
mcrease stability or direct conformational properties, Any of the structural modifications
described below can be utilized,

An RGD peptide for use in the compositions and methods of the invention may be lincar
or eyclic, and may be modified, e.g.. glycosylated or methylated, to facilitate targeting to a
specilic tssue(s). RGD-containing peptides and peptidiomimenttics may include D-amino acids,
as well as synthetic RGD mimics. In addition to RGD, one can use other moieties that target the
integrin ligand. Preferred conjugates of this ligand target FECAM-1 or VEGE.

A “cell permeation peptide” is capable of permeating a cell, e.g., a microbial cell, such as
a bacterial or fungal cell, or 2 mammalian cell, such a5 a human cell, A microbial cell-
permeating peptide can be, for example, a a-helical linear peptide (e.g., LL-37 or Ceropin P1 IR
disulfide bond-containing peptide (e.g., o -defensin, f-defensin or bactenecin), or a peptide

containing only one or two dominating amino acids (e.g., PR-39 or indolicidin), A cell

7z



15

26

penneation peptide can also include 4 nuclear localization signal (NLS). For example, a cell
permeation peptide can be a bipartite amphipathic peptide, such as MPG, which is derived from
the fusion peptide domain of HIV-1 gp41 and the NL8 of V40 targe T antigen (Stmeoni ef ol
Muel, Actds Reg. 31:2717-2724, 2003),

C. Carbohydrare Conjugates

in some embodiments of the compositions and methods of the invention, an IRNA
oligonucieotide further comprises a carbohydrate. The carbohydrate conjugated IRNA are
advintageous for the in vivo delivery of nucleic acids, as well as compositions suitable for in
vivo therapeutic use, as described herein. As used herein, “carbohydrate” refers to a compound
which is either a carbohydrate per e made up of one or more monosaccharide units having at
ieast ¢ carbon atomns (which can be linear, branched or cyelic) with an oxygen, nitrogen or sulfor
atom bonded to cach carbon atom; or a coropound having as a part thereof a carbohydrate moiety
made up of one or more monosaccharide units each having at least six carbon atoms {(which can
be linear, branched or cyelie), with an oxygen, nitregen or sulfur atom bonded to each carbon
atom. Representative carbohydrates include the sugars (mono-, di-) tri- and oligosaceharides
containing from about 4, 5,4, 7, &, or ¢ monosaccharide units), and polysaccharides such as
starches, glycogen, cellulose and polysaceharide gums. Specific monesaccharides include C3
and above {e.g., C5, Co, 7, or C8) sugars; di- and triszccharides include sugars having two or
three monosaccharide units {e.g., TS5, C6, C7, or C8).

In one embodiment, a carbohydrate conjugate for use in the compositions and methods of
the imvention is a monosaccharide. n one embodiment, the monosaccharide is an N-
acetylgalactosamine, such as
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I another cmbodiment, & carbohiydrate conjugate for use in the compositions and

methods of the invention is selected from the group consisting of;
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{Formula XX1H},
when one of X or Y is an oligonucleotide, the other is a hydrogen.

In some embodiments, the sarbohydrate conjugate further comprises one or more
additional ligands as described above, such as, but not limited 1o, a PK moduletor and/or a celi
permeation peptide.

D Linkers

In some embodiments, the confugate or ligand described herein can be attached to an
IRNA oligonucleatide with various linkers that can be cleavable or non-cleavable.

The term "linker™ or “linking group” mesms an erganic moiety that connects two parts of
a compound, e.g., covalently attaches two parts of a compound. Linkers typieally comprise a
direct bond or an atoni such as oxygen or sulfur, a unit such as NER, ((0), CIOINH, §0O, $0,,
SGsNH or a chain of atoms, such as, but not limited to, substituted or unsubstituted alicyi,
substitwted or unsubstituted alkenyl, substituted or unsubstitoted alkynyl, arylalkyl, arvialikenyl,
arylalkynyl, heteroarytalkyl, heteroarylalkenyl, heteroarylalkynyl, heterocyelylalkyl,
hewroeyelylalkenyl, heterocyelylalkynyl, aryl, heieroaryl, heterocyelyl, cycloatkyl, eveloalkenyl
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alkylarylalkyl, alicviarylalkenyl, alkylarylalkynyl. alkenviaryialkyl, alkenylarylalkenyi,
alkenylarylalioynyl, alkynylarylaliyl, alkynylarviaticenvi, alkynyvilaryialkvavl,
alkylheteroarylalkyl, alkyibeteroarylalkenyl, alkytheteroarvlalkynyl, atkenylhetersaryialind,
alkenyihetercarylalkeny!, alkenylheteroarvialkynyl, alkvoytheieroarylailyl,
alkynylheteroarvialkenyl, alkynvthetercarylatkynyl, alkviheteroeyelvialkyl,
alkylhetorocyclylalkenyl, alkyihererocyclylalloynyl, alkenyiheterocyciviaikyl,
alkenyiheterocyelylalkenyl, alkenyiheteroeyelylaloynyl, alkynylbeterocyelyviatkyl,
alkyoylheteroeyelyvlalkenyl, slkynylbeterocyelvlalioynyl, alkylaryl, alkenviarvl, allkynylaryl,
alkylheteroaryl, aikenyﬂactemawl. alkynyihercroaryl, which one or more methylenes can be
interrapted or terminated by O, 8, 5(0), SOy, N{R8), C{O), substituted or unsubstituted arvl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted heterocyelic; where RE is
hydrogen, acyl, aliphatic or substiiuted aliphatic. In one embodimertd, the linker is betwee
about 1-24 atoms, 2-24, 3-24, 4-24, 5-24, 6-24, 6-18, 7-18, §-18 atoms, 7-17, 8-17, 6-16, 7-16, or
&-16 atoms.

A cleavable linking group is one which is sufficiently stable outzide the cell, but which
apon entry into a tavget cell is eleaved to release the two parts the linker is holding together, Tna
preferred embodiment, the cleavable Iinking group is cleaved at least about 10 times, 20, times,
30 umes, 40 tmes, 50 times, 60 tmes, 70 times, 80 times, 90 thnes or more, or 4t least about 100
times faster in a farget cell or under a first reference condition (which can, e.g., be selected to
miraic or represent intracellular conditions) than in the blood of a subject, or under a second
reference condition (which can, e.g., be selected to minie or represent conditions found m the
blood or serum),

(leavable linking groups are susceptible fo cleavage agents, e.g., pH, redox potential or
the presence of degradative molecules. Generally, cleavage agents are more prevalent or found
at higher levels or activities inside cells than mm serum or blood. Examples of such degradative
agents include: redox agents which are sclected for particular substrates or which have no
substrate specificity, including, e.g., oxidative or reductive enzymes or reductive agents such as
mercaptans, present i cells, that can degrade 2 redox cleavable linking group by reduction;
esterases; endosomes or agents that can create an acidic environment, e.g., those that resulim a
phl of five or lower; enzymes that can hydrolyze or degrade an acid cleavable linking group by
acting as a general acid, peptidases {which can be substrate specific), and phosphatases.

A cleavable linkage group, such as a disolfide bond can be susceptible to pil. The pH of
human serum 18 7.4, while the average miraceliular pH is slightly lower, ranging from about 7.1+
7.3. Endosomes have 2 more acidic pH, in the range of 3 5-6.0, and lvsosomes have an even

more acidic pH ataround 5.0, Some linkers will have a cleavable linking group that is cleaved at
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a preferred pH, thercby releasing a cationic lipid from the Hgand nside the cell. or into the
desired compartment of the cell,

A linker can inchide a cleavable linking growp that is cleavable by a particular enzyme.
The type of cleavable linking group incorporated into 2 linker can depend on the cell to e
targeted. For example, a liver-targeting Hgand oan be linked to a cationic Hpid through a linker
that includes an ester group. Liver cells are rich in esierases, and therefore the linker will be
cleaved more efficiently in liver cells than in cell types that are not esterase-rich. Cther cell-
types rich in esterases inclode cells of the lung, renal cortex, and testis.

Linkess that contain peptide bonds can be used when targeting cell types rich in
peptidases, such as liver cells and synoviocytes.

In general, the suitability of a candidate cleavable linking group can be evaluated by
testing the ability of a degradative agent {or condition) o cleave the candidate nking group, Tt
will also be desirable to also test the candidate cleavable linking group for the ability to resist
cleavage in the blood or when in contact with other non-target tissue. Thus, one can determine
the relative susceptibility to cleavage between a first and a second condition, where the first is
selected to be indicative of cleavage in a target cell and the second is selected 1o be indicative of
cleavage in other tissues or biological fluids, e.g., blood or serom. The evaluations can be
carried out in cell free systems, in cells, in cell culture, in organ or tissue cultare, or in whole
animals. It can be nsetul to make mitial evaluations in cell-free or culture conditions and to
confirm by further evaluations in whole animals. In preferred embodiments, useful candidate
compounds are cleaved at least about 2, 4, 10, 20, 38, 40, 50, 60, 70, 80, 60, or about 160 times
faster in the cell (or under fn vizro conditions scleoted to mimic intracellular conditions) as
compared to blood or serum {or under in vitro conditions seiccted fo mimic extrace ol
conditions),

i. Redox cleavable linking groups

In one embodiment, a cleavable linking group is a redox cleavable linking group that is
cleaved upon reduction or oxidation. An example of reductively cleavable linking group is a
disulphide linking group (-8-5-). To detenmine if a candidate cleavable linking group is a
suitable “reductively cleavable linking group,” or for example is suitable for use with a particular
iEINA moiety and particular targeting agent one can look to methods described herein. For
example, 2 candidate can be evaluated by incubation with dithiothreitol (TT), or other reducing
agent using reagents know in the art, which mimic the rate of cleavage which would be observed
inacell, eg., atarget cell. The candidates can also be evaluated under conditions which are
selected to mimic blood or serum conditions. In one, candidate compounds are cleaved by at
mast about 10% m the blood. In other embodiments, useful candidate compounds are degraded
at teast about 2, 4, 10, 20, 30, 40, 3G, 60, 70, 80, 90, or about 100 times faster in the cell (or
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under i vizre conditions selected to mimic intracellular conditions) as compared 1o blood (or
under i vitre conditions selected to mdmic extracellular conditions). The rate of cleavage of
candidate compounds can be determined using standard enzyme kinetics assays under conditions
chosen to mine intracellular media and compared to conditions chosen to mimic extracellular
media.
. Phosphate-based clegvable finking groups

In another embodument, a cleavable Hnker comprises a phosphate-based cleavable linking
group. A phosphate-based cleavable inking group is cleaved by agents that degrade or
hydrolyze the phosphate group. An example of an agent that cleaves phosphate groups in celis
are enzvmes such as phosphatases in cells. Examples of phosphate-based linking groups are -O-
POHORK)-O-, -O-PEHORKG-O-, -O-P(SHERK)-O-, -5-PIOYORK)-O-, -O-F{OHORK}-S-, -8-
PEOWORK)-5-, -O-P(SYORK)-5-, -S-P(5YHOR)-O-, -O-PIOHREWO-, -O-PEYRK)-O-, -
P{OYRI)-O-, -S-PSHRE)-O-, -5-POWRK)-S-, -O-P{SY Rk)-S-. Preferred embodiments are -0-
P(OHOH)-0-, -O-P(SHOH}O-, -O-P(SYSH-O-, ~S-HCHOHMO-, -O-PIOWOI)-S-, -8-
P{OHOH)-S-, ~O-P{SHOHRS-, -5-PSHOHRO-, -O-PONHD-O-, -O-PESWED-O-, -5-PO (-0,
-S-PSWED-O-, -S5-P(OHH-5-, -O-PEH)-S-. A preferred embodiment is ~O-PIOYOHMO-,
These candidates can be evaluated using methods analogous to those described above,

iii. Acid cleavable linking groups

In another embodiment, 2 cleavable linker comprises an acid cleavable linking group. An
acid cleavable linking group is a linking group that is cleaved under acidic conditions. In
preferred embodiments acid cleavable inking groups are cleaved in an acidic environment with a
pH of about 6.5 ot lower {e.g., sbour 6.0, 5.75, 5.5, 3.25, 5.0, or lower), or by agents such a3
enzymes that can act as 3 general acid. In a cell, specific low pH organelles, such as endosomes
and fysosomes can provide a cleaving environment for acid cleavable linking groups. Examples
of acid cleavable hnking groups mclude but are not limited to hydrazones, esters, and esters of
amino acids, Acid cleavable groups can have the gencral formula ~-C=NN-, C{OY0, or -OC{0).
A preferred embodiment is when the carbon attached to the oxygen of the ester {the alkoxy
group) is an aryl group, substituted alkyl group, or tertiary alivl group such as dimethyl pentyl or
t-butyl. These candidates can be evaloated using methods analogous fo those descerived above,

fv. Ester-based linking groups

In another embodiment, a cleavable linker comprises an ester-bascd cicavable linking
group. An ester-based cleavable linking group is cleaved by enzymes such as esterages and
amidases in cells, Examples of ester-based cleavable linking groups inclode but are not Hmated
o esters of alkkylene, alkenyiene and allkbvoviene groups, Ester cleavable linking groups have the
general formuia -C(OY0-, or -OC{O)-. These candidates can be evaluated using methods

analogons 1o those described above.
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v. Pepiide-hased cleaving groups

In vet another embodiment, a cleavable linker comprises a peptide-based cleavable
linking group. A peptide-based cleavable linking group is cleaved by enzyvmes such as
peptidases and proteases in cells. Peptide-based cleavable linking groups are peptide honds
formed between amino acids to yield oligopeptides {¢.g.. dipeptides, tripeptides ere.) and
polypeptides. Peptide-based cleavable groups do not include the amide group (<C(OYNH-). The
amnde group can be formed between any alkviene, alkenviene or alkynelene. A peptide bond is s
special type of anude bond formed between amino acids to vield peptides and proteins. The
peptide based cleavage group is generally Hmited {o the peptide bond (f.e., the amide bond)
formed between amine acids vielding peptides and proteins and does not include the antire amide
functional group. Peptide-based cleavable linking groups have the general foromila -
NHCHRACONHCHRBC(O)-, where RA and RB are the R groups of the two adjacent amino
acids. These candidates can be evaluated using methods analogous to those described above.

In one embodiment, an iIRNA of the invention i conjugated to a carbohydrate through a
limker, Non-lmiting examples of iIRN A carbohydrate conjugates with fimkers of the

compositions and methods of the invention inciude, but are not limiled to,
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{Formula XXX}, when one of X or Y is an oligonucleotide, the other is 2 hydrogen.

In cortain embodiments of the compositions and methods of the invention, a Hgand is one
or mote “GalNAc” (N-acetylgalactosamine) derivatives attached through a bivalent or trivalent
branched linker,
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In one embodiment, a dsRNA of the invention is conjugated to a bivalent or trivalent
branched linker selected from the group of structures shown w any of formula OCXXT)
{(RKIVY:

Formula XX_XI Formula XXX
rpzA_QzA_RzA_ F2A_| 2A )E;SA._QEA“RBA, —3A 4 34
‘CIZA . q.‘jﬁx
2B_nIB 2B | 2B | 2B p3B_3B 3B ] 3By 38
Po-GB-R qu T8 \{\P LORRS 4 qSB THEL
‘_?SA _QSA,RSA | T5A_L5A
PAAQHA R4 T4A_| 4A Is
Iglh psB.(y5H.R 5B ]——TSB-LSB
' 5B
) q
4B B 4l ] 4B .
PAB.QIPRP TR PSC.QSC_RSC }—— 750 5
q 50
q
, of ;
Formuls XXXIO Formula 2000V
wherein:

G2A, 428, g34, 438, g4A, g48, g5A, g5B and q50 represent independently for each ocourrence
0-20 and wherem the repeating unit can be the same or different;

p2a piB piA piB pdh piE pSA pIB pSC 24 3B 38 IR s pdR T 7B T e eack
independently for each ccourrence absent, CO, NH, O, 8, GC(O), NHC(O), CH., CHLNH or
CHLO;

O G, 0% O QM G, % 0P, O are independently for each occurrence absent,
aikyiene, substimted alkylene wherin one or more methylenes can be interrupted or terminated
by one or more of G, §, S0}, 505, N(R™), CIR=CRY, C=Cor OOy

R¥ R® R R R R® R RT R are ench mdependently for each oecurrence absent,
NH. O, 5, CH,, CO)Y0, CLOINHE, NHCHERNCO), -CO»-CHRY-NH-, CO, CH=N-0,
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heterocyolyl;

LA LR 0 L L9 L% 13 1% and L represent the ligand; ie. cach independently
for each ocowrvence a monosaccharide (such as GalNAc), disaccharide, trisaccharide,
tetrasaccharide, oligosaccheride, or polysaccharide; andR® is T or amine acid side
chan. Trivalent conjugating GalNAc derivatives are particularly usefol for use with RNAI agents
tor inhibiting the expression of a target gene, such as those of formula (XXXWV):

Formula XXXV

B PSA"QSA"RSA ) TSA-"LSA

qSA

5B_y5B_ 1 3B 5B, 5B
PoE.QSB.R3 & TEBY
| p3C_ASC p5C LT8G 5C
-PC.QCR? s T

wherein L™, L and L% epresent a monosaccharide, such as GalNAC derivative,

Examples of suitable bivalent and trivalent branched Hinker groups conjugatmg GalNAe
dertvatives melude, but are not imited o, the structures recited above as formulas 1L VI, XL X,
and XTI,

Representative ULS. patents that teach the preparation of RNA conjugates include, but are
not limited 1o, U.S. Pat. Nos. 4,828,979; 4,948,882; 5,218,103, 5,525,465, 5,841 313; 5,545,730;
5,582,538, 5,578,717, 5,580,731, 5,591,584; 5,100,124; 5,118,802 5 138,045: 5,414 ,077;
5,486,603, 5,512.439; 5,578,71¢; 5,608,040, 4,587,044; 4,605,735, 4,667,025, 4 ?62,7?9;
4,789,737, 4,824,941, 4,835,263, 4,876,335: 4.904,582; 4,858,013; 5,082,830; 5,112,963,
S214,136; 5,082 830, 5,112,963, 5,214,136, 5245022 5,254 469; 5,258 ,506; 3526" 536,
LT2,250; 5,292 873; 5317,098; 5,371,241, 5,391,723, 5,416,203, 5451 ,463; 5,510,475;
312,667, 5,514,785, 5,565,552, 5,567,810, 5,574,142, 5 585 481, 5,587 371; 5,595,726
97’, 696; 5,599,923 5,599,928 and 5,688,941 6,294,664, 6,320,017, 6,576,752, 6,783 931 ;
6,900,297, 7,037 ,646; 8,106,022, the entire contents of cach of which are hereby incorporated

herein by reference.
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it not necessary for all positions i a given compound to be uniformly modified, and in

tact more than one of the aforementioned modifications can be incorporated in 2 single
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compound or even at a single nucleoside within an IRNA, The present invention also includes
R NA compounds that are chimeric compounds.

“Chimeric” iRNA compounnds or “chimperas,” in the context of this wvention, are iIRNA
componnds, preferably dsRNAs, which contain two or more chemically distinet regions, cach
made up of at least one monomer unit, fe., 2 nucieotide in the case of 2 dsRNA compournd,
These iIRNAs typically contain at lcast one region wherein the RNA is modified so as to confer
upon the IRNA increased resistance to nuclease degradation, increased cellular uptake, and/or
increased binding affinity for the target nucleic acid. An additional region of the iRNA can serve
as a substrate for enzymes capable of cleaving RNADNA or RNARNA hybrids. By way of
example, RNase H is a cellular endonuciease which cieaves the RNA strand of an RNADNA
duplex. Activation of RNase H, therefore, results in cleavage of the RNA target, thereby greatly
enhancing the efficiency of IRNA inhibition of gene expression. Consequently, comparable
results can offen be obtained with shorter iRNAs when chimeric dsRNAs are used, compared to
phosphorothioate deoxy dsRNAs hybridizing to the same target region. Cleavage of the RNA
target can be routinely detected by gel electrophoresis and, if necessary, associated nucleic acid
hybndization technigues known in the art,

in certain instances, the RNA of an {RNA can be modified by a non-ligand groap. A
number of non-ligand molecules have been conjngated to 1RNAs in order to enhance the activity,
cellular distribution or cellular uptake of the iRNA, and procedures for performing such
conjugations are available in the scientific literature. Such non-ligand moieties have inchided
lipid moieties, such as cholesterol (Kubo, T. ef af., Biochen. Biophys. Res. Conmn., 2007,
365(1154-61; Letsinger et al., Proc. Nail. Acad. Sci. USA, 1989, 86:6353), cholic acid
(Manoharan ef al., Bioorg. Med. Chem. Lerz,, 1994, 4:1053), a thioether, 2.g., nexyl-S-irityithiol
(Manoharan ef al., Amm. N.Y, Acad. Sci., 1992, 660:306; Mancharan ef of., Bioorg, Med Chem.
Ler., 1993, 3:2765), a thiocholestero! (Oberhauser ef al., Nucl. Acids Res., 1992, 200533), an
aliphatic chain, e.g., dodecandiol or undecyt residues (Saison-Behmoaras er af.. EMBO J., 1961,
10:11Y; Kabanov et af., FEBS Lert., 1990, 259:327; Svinarchuk ef af., Biochimie, 1993, 75:49), a
phospholipid, e.g., di-hexadecybrac-glycerol or triethylammoninm 1,2-di-C-hexadecyl-rac-
glvoero-3-H-phosphonate (Manoharan er of,, Tetrahedron Lett,, 1995, 36:365]: Shea er al., Mucl,
Acids Hes., 1990, 18:3777), a polyanine or a polvethylene glveol chain (Manoharan ef ¢f.,
Nucleosides & Nucleotides, 1995, 14:969), or adamantanc acetic acid {Manoharan a1 af.,
Tetrahedron Lett., 1993, 36:3651), a palmityl moiety (Mishra ef al., Biochim. B iophys. Acta,
1995, 1264:229}, or an octadecylamine or bexylamino-carbonyl-oxycholesierol mojety (Crooks
et al., J. Pharmacol. Exp. Ther., 1996, 277:923). Representative United States patents that teach
the preparation of snch RNA conjugates have been Hsted above, Typical conjugation protocols

invoive the synthesis of an RNAs bearing an aminolinker at ong or more positions of the
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sequence. The amino grovp is then reacted with the molecule being conjugated using appropriste
coupling or activating reagents. The conjugation reaction can be performed either with the RNA
stitl bound 1o the solid support or following cleavage of the RNA, in solution phase. Purification

of the RNA conjagate by HPLC typically affords the pare conjugate.

IV. Delivery of an IRNA of the Invention

The delivery of an iRNA ofthe invention to a cell e. g, a cell within a subject, such asa
human sublect {e.g., a subject in need thereof, such as 3 subject having & compleraent commonent
Ch-assoctated disease} can be achieved in a mumber of different wavs. For example, delivery
may be performed by contacting a celi with an iIRNA of the invention either in vitro o1 in vivo.
In vive delivery may also be performed directly by administering a composition comprising an
iRNA, e.g., a dsRNA, to asubject. Altematively, in vive delivery may be performed indirectly
by adnunistering one or more vectors that encode and direct the expression of the iIRNA. These
alternatives are discussed further below.

In general, any method of delivering a nucleic acid molecule (in vitro ot in vive) can he
adapted for use with an (RNA ofthe invention (see ez, Akhtar S. and Julian RL, (1992) Trends
Cell. Bigl. 2(5):139-144 and W(0%4/42595, which are incorporated herem by reference in their
entireties). For in vive delivery, factors to consider in order to deliver an iRNA molecule
incinde, for example, biological stability of the delivered molecule, prevention of non-specific
gffects, and accumuiation of the delivered molecule in the target tissue. The non-specific effects
of an iIRNA can be minimized by local administration, for example, by direct injection or
implantation into a tissue or topically administering the preparation. Local administration to a
treatment site maxinuzes local concentration of the agent, limits the exposure of the agent to
systemic tissues that can otherwise be harmed by the agent or that can degrade the agent, and
permaits a lower total dose of the IRMNA molecule o be administered. Several studies have shown
successful knockdown of gene products when an IRNA 1g administered locally. For exampie,
intraocular delivery of a VEGF dsRNA by intravitreal injection in cynomolgus monkeys

Tolentine, M1, er @/ {2004) Rerina 24:132-138) and subretinal injections i mice (Reich, 81, e
al (20033 Mol Vis, 9:210-216) were both shown to prevent neovascularization i an
cxperimental model of age-related macular degenoration. In addition, direet infratunoral
injection of a dsPENA i mice rednces tumor volume (Pille, ., er of (20035 Mol Ther 11:267-
274Y and can prolong survival of tumor-bearing wioe {Kim, WL, ef of (2006} Mol Ther 14343
350,14, 8., er a (2007) Mol Ther, 15:515-523), RMA mterference has also shown success with
iocal delivery to the CNS by direct injection (Do, G., er al. (2004 Nucleic Acids 32:¢49; Tan
PH., o7 o 2003 Gene Ther, 12:59-66; Makintura, FL, ef of (2002) BMC Newrosci, 3:18;
Shishkina, GT., ef ¢f (2004} Newroscience 129:521-528; Thakker, HR, er of (2004) Proc. Nail,
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Acad. Sci. US4 F01:17270-17275; Akaneva,Y ., er al (2005).J. Newraphysiol. 93:594-602) and
to the lungs by intranasal administration (Howard, KA., ef of (2006) Mol Ther. 14:476-484:;
Zhang, XK., et al (2004).). Biol. Chem. 279:10677-10684; Bitke, V., er al (2005) Nat. Med. 11:50-
55). For administermg an iIRNA systemically for the treatment of a disease, the RNA can be
modified or alternatively delivered using a drug delivery system; both methoeds act to prevent the
rapid degradation of the dsRNA by endo- and exo-nucleases in vivo. Modification of the RNA or
the pharmaceutical carrier can also permit targeting of the IRNA composition to the target tissue
and avowd undesirable off-target effects. IRNA molecules can be modified by chermical
conjugation to Lipophilic groups such as cholesterol to enhance cellular uptake and prevent
degradation. For example, an iRNA directed against ApoB} conjugated to a lipophilic cholesterol
motety was injected systemically into mice and resulied in knockdown of apoB mRNA in both
the liver and jejunu (Soutschek, 1, ef of (2004} Nafwre 432:173-178), Conjugation of an iIRNA
to an aptamer has been shown to Inhibit fumor growth and mediate tumor regression in a mouse
model of prostate cancer (McNamara, JO., er of (2006 Nat. Biotechnol. 24:1005-10615% In an
alternative embodiment, the IRNA can be delivered using drog delivery systems such as a
nanoparticle, a dendrimer, a polymer, liposomes, or a catione delivery system. Positively
charged cationic delivery systems facilitate binding of an iRNA molecule (negatively charged)
and also enhance interactions at the pegatively charged cell membrane {0 permit efficient uptake
of an IRNA by the cell. Cationic lipids, dendrimers, or polymers can either be bound to ap iRNA,
or induced to form a vesicle or micelle (see eg., Kim SH., er ol (2008 Jawnal of Controlled
Release 129(2):10G7-116) that encases ap IRNA. The formation of vesicles or micelles firther
prevents degradation of the 1RINA when administered systemically. Methods for making and
administering cationic- iIRNA complexes are well within the abilities of one skilled in the at (see
e.g., Sorensen, DR, ef of QO02YJ. Mol Biol 327.761-766; Verma, UN., er af (2003) Clin.
Cancer Res. 9:1291-1300; Amold, AS er o/ 2007 J. Hyperfens. 25:197-205, which are
incorporated herein by reference in their entirety). Some non-limiting examples of drug delivery
systems usefiz] for systemic delivery of IRNAs inctude DOTAP (Sorensen, DR, er of (2003),
supra; Vemma, UN,, ef af 2003}, supra), Oligofectamine, "solid nucleic acid lipid particles”
{Zimmermar, TS., ef af (2006) Natwre 441:111-114), cardiolipin (Chien, PY., ef af (2005)
Ceancer Gene Ther, 12:321-328; Pal, A, ef o (2005 Int J. Oncol, 26:1087-1091,
polyethyleneimine (Bonnet ME., ef of (2008) Pharm. Res. Aug 16 Epub ahead of print; Aigner,
AL (2006} J. Biomed. Biptechnol. 71659}, Arg-Gly-Asp (RGD) peptides (Lin, S. (2006) Mol
Fharm. 3472487y, and polvamidoamines (Tomalia, DA, ef af (2067} Biochem. Soc. Trans.
3561-67; Yoo, H., er ¢ (1999} Pharm. Res. 16:1799-1804). In some embodiments, an iIRNA

forms a complex with cyclodextrin for systemic administration. Methods for admunistration and
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pharmaceutical comnpositions of iIRNAs and cvelodexiring can be found in 1.8, Patent No.
7,427,605, which is herein incorporated by reference in is entirety.

A, Fector encoded IRNAs of the Ivention

IRNA fargeting the U5 gene can be expressed from transcription units inserted into DNA or
RINA vectors (see, e.g., Couture, A, er al., TIG. (1996), 12:5-10; Skillern, A., ef al., International
PCT Publication No. WO 00/22113, Conrad, Intemational PCT Publication No. W 00/22114,
and Conrad, U.5. Pat. No. 6,054,299). Expression can be transient {on the order of hours to
weeks) or sustained (weeks to mooths or longer), depending upon the specific construet used and
the target tissue or cell type. These transgencs can be introduced as a linear construct, a circular
plasgud, or a viral vector, which can be an integrating or non-integrating vector. The transgene
can also be constructed to permit it to be inherited as an extrachromosomal plasmid (Gassmann,
ef e, Proc. Natl, dcad. Sei US4 {1995 92:12921

The mdividual strand or strands of an iRNA can be transcribed from a promoter on an
expression vector, Where two separate strands are to be expressed to generate, for example, a
dsRINA, two separate expression vectors can be co-introduced (e.g., by transfection or infection)
into 8 target coll, Altemanively each individoal strand of a dsRNA can be transcribed by
promoters both of which are located on the same expression plasmid. In one embadiment, a
dsENA is expressed as mverted repeat polynucleotides joined by a linker polynucleotide
sequence such that the dsBNA has a stem and loop structure,

IRNA cxpression vectors are generally DNA plasmids or viral vectors. Expression
vectors compatible with eukarvotic cells, preferably those compatible with vertebrate cells, can
be used to produce recombinant constructs for the expression of an iIRNA as described herein.
Eukaryotic cell expression vectors are well known in the art and are available from a numiber of
conumercial sources. Typically, such vectors are provided containing convenient restriction sites
for msertion of the desired nucleic acid segment. Delivery of IRNA expressing vectors can be
systemic, such as by mtravenous or intramuscular administration, by administration fo target
cells ex-planted from the patient followed by reintroduction into the patient, or by any other
means that allows for introduction into a desived target cell,

IRNA expression plasmids can be transfected into farget cells as a complex with cationic
lipid carricrs (e.g., Oligofectamine) ot non-cationic lipid-based carriers (e.g., Transit-TKO™).
Multiple lipid transfections for iRNA-mediated knockdowns targeting different regions of a
target BNA over e period of a week or more are also conterplated by the invention. Successfisl
introduction of vectors into host cells can be monitored using varions known methods. For
example, transient transfection can be signaled with a reporter, such as a fluorescent marker,

such as Green Fluorescent Protein (GFP). Stable transfection of cells ex vive can be cnsured
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using markers that provide the transfected cell with resistance to specific environmental factors
(e.g., antibiotics and drugs), such as hygromycin B resistance.
| Viral vector systems which can be utilized with the methods and compositions described
herom melude, but are not limited to, (a) adenovirus vectors; (b) refrovitus vectors , mchading but
not hmited to lentiviral vectors, moloney murine leukemia viros, ere.; (o) adeno- associated virns
vectors; (d} herpes simplex virus vectors; (o) SV 40 vectors; (f) polyoma virus vectors; {g)
papilioma virus vectors; (1) picomavires vectors; (i) pox virns vectors such as an orthopox, e.g.,
VBOCILIR YIRS VEOlOTs oF avipoR, e.g. canary pox or fow! pox: and () 1) & helper-dependent or
gutless adenovinus. Replication-defective viruses can also be advant tageous. Different vectors
will or will not become incorporated into the cells’ genome. The constructs can include viral
sequences for transfection, if desired. Alternatively, the construct can be incorporated into
veetors capable of episomal replication, e.g. EPV and BERV vectors. Constracts for the
recombinant cxpression of an IRNA will generally require regulatory elements, e.g., promoters,
enhancers, efc., to ensure the expression of the iRNA in targef cells. Other aspects o consider for
vectors and constructs are further described below,

Vectors useful for the defivery of an IRNA will include regulatory elements (promoder,
enhancer, efc.) sufficient for expression of the iIRNA in the desired target cell or tissne. The
regulatory elements can be chosen to provide either constitutive or regulated/mducible
SHPrEssionm.

Expression of the iRNA can be precisely regulated, for example, by using an indocible
regulatory sequence that i sensitive to certain physiological regulators, eg., ciroulating glacose
levels, or hormones (Docherty ef al., 1994, FASEB J. 8:20-24). Such indacible expression
systems, suitable for the control of dsRNA expression in cells or in mammals imciede, for
example, regulation by ecdysone, by estrogen, progesterone, tetracyeline, chemical inducers of
dimerization, and isopropyl-beta-Di -thiogalactopyranoside (IPTG). A person skitled in the art
would be able to choose the appropriate regulatory/promoter sequence based on the intended nse
of the iIRNA transgene.

Viral vectors that contain nucleic acid sequences encoding an iRNA can be used. For
example, a retroviral veclor can be used (see Miller er al., Meth, Enzymol. 217:581-599 (1 S931.
These retroviral vectors contain the components necessary for the correct packaging ofthe viral
geneme and mitegration into the bost cell DNA. The nucleic acid sequences encoding an iIRNA
are cloned info one or more vectors, which facilitate delivery of the nucleic acid mto a patient,
More detail about retrovizal vectors can be found, for example, in Boesen ez al., Biotherapy
6:291-302 {1994), which describes the use of a retroviral vector to deliver the mdri gene o
hematopoietic stem cells in order to make the sten cells more resistant to chemothes apy. Other

references ilfustrating the vse of retroviral vectors in gene therapy are: Clowes e al., . Clin.
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Invest. 93:644-651 (1994); Kiem e aol., Blood 83:1467-1473 (1994); Salmons and Gunzberg,
Human Gene Therapy 4:129-141 (1993); and Grossman and Wilson, Curr. Opin, in Genetics and
Devel 3:110-114 (1993). Lentiviral vectors conterplated for use include, for exampie, the HIV
based vectors deseribed in ULS, Patent Nos. 6,143,520; 5,665, 557, and 3,981,276, which are
herein incorporated by reference.

Adenoviruses are also contemplated for use in delivery of iIRNAs of the invention.
Adenoviruses are especially atractive vehicles, e.g., for delivering genes to respiratory epithelia.
Adenoviruges naturally infect vespiratory epuhm:z ‘Wh"‘“f, they cause a mild disease. Other targets
for adenovirus-based delivery systems are liver, the central nervous system, endothelial cells,
and muscle. Adenovirases have the advantage of being capable of infecting non-dividing cells,
Kozarsky and Wilson, Current Opinion in Genetics and Development 3:499-803 {1993} presant
ateview of adenovirus-based pene therapy. Bowt ef al, Human Gene Therapy 5:3-10 (1994)
demonstrated the use of adenovirus vectors to transfer genes to the respiratory epithelia of thesus
monkeys. Other instances of the use of adenoviruses in gene therapy can be found in Rosenfld
el al., Science 252:431-434 (1991 ); Rosenfeld er o, Cefl 68:143-155 {1992} Mastrangeli ef o,

J Clin. Invest. 91:225-234 (1993 ); PCT Publication WO94/12649; and Wang, e af., Gene

Therapy 27775-783 (1998). A suitable AV vector for expressing an iRNA featured in the
nvention, a method for constructing the recombinant AV vector, and a method for delivering the
vector into target cells, are deseribed in Xia H er e, (2002), Nat. Bliotech. 200 1006-1010.

Adeno-associated virus (AAV ) vectors may also be used to delivery an iRNA of the
mvention {Walsh et al., Proc. Soe. Exp. Biol. Med. 204:289-300 (1993); U.S. Pat. Na.
5,436,146}, In one embodiment, the IRNA can be expressed as two separate, complementary
single-stranded RNA molecules from a recombinant AAV vector having, for example, either the
U6 or H1 RNA promoters, or the evtomegalovirus {CMV) promoter. Suitable AAY vectors for
expressing the dsRNA featured in the invention, methods for constructing the recorbinant AV
vector, and methods for delivering the vectors into target cclls are described in Samulski R e o,
(1987}, J Virol 61: 3096-3101; Fisher K J ez ol (1996), J. Virol, 70: 520-532; Samulski R o7 ¢/
(1989}, J. Virel 63: 3822-3826; ULS. Pat. No. 5,252,476, U.S. Pat. No. 5,139,941 International
Patent Application No, WO 94/13788; and Intemationa] Patent Applcation No. WO 93/24641
the entire disclosures of which are herein incorporated by reference.

Another viral vector suitable for delivery of an IRNA of the inevtion is 2 pox virus such
83 o vaccinia virus, for example an attenuated vaccinia such as Modified Virns Ankara (MVA) or
NYVAC, an avipox such as fowl pox or canary pox.

The tropism of viral vectors can be modified by pseudotyping the vectors with envelope
protems or other surface antipens from other viruses, or by substitating different vimi capsid

proteins, as appropriaie. For example, lentiviral vectors can be pseudotyped with surface proteing
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from vesicular stomatitis virus (VSV), rabies, Ebola, Mokela, and the like, AAY vectors can be
miade o target different cells by engineering the vectors to express different capsid protein
serotypes; see, e.g., Rabinowitz 1 E ef al. {EGO*L J Virol 76:791-801, the entive disclosure of
which is herein incorporated by reference.

The phammaceutical preparation of a vecior can melude the vector in an acceptable
diluent, or can inchade a slow release matrix in which the gene delivery vehicle is imbedded.
Alternatively, where the complete gene delivery vector can be produced intact from recombinant
cells, e.g., retroviral vectors, the phamaceutical preparation can include one or more cells which
produce the gene delivery svstem.

V. Pharmacestics]l Compaositions of the Invention

The present invention also inchudes phammaceutical compositions and formulations whick
inciude the iIRNAs of the mvention. In onc embodiment, provided herein are pharmaceutical
compaositions containing an iIRNA, as described herein, and a pharmaceutically acceptable
Carrier.

The phrase "pharmaceutically acceptable” is emploved herein to rafer 1o those
compounds, materials, compositions, and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of human subjects and animal
subjects without excessive toxicity, irritation, allergic response, or other problem or
complication, conumensurate with a reasonable benefit/risk ratio,

i!

The phrase "pharmaceutically-acceptable carrier” as nsed herein means a
pharmaceuticaily-acceptable material, composition or vehicle, such as a liquid or solid filler,
diluent, excipient, manufacturing aid (e.g., lubricant, talc magnesium, caleium or zinc stearate, or
steric acid), or selvent encapsulating material, involved in cairying or transporting the subject
compound from one organ, or portion of the body, to another organ, or portion of the body. Bach
carrier must be "acceptable” in the sense of being compatible with the other ingredicnts of the
formulation and not infurious to the subject being treated. Some examples of materials which
can serve as pharmaceutically-acceptable carriers include: (1) sngars, such as lactose, glucose
and sucrose; (2} starches, such as com starch and potaio starch; (3) cellulose, and its derivatives,
sach as sodium carboxymethyl cellulose, othyl cellulose and cellniose acetate; (4) powdered
tragacanth; (5} malt; (6) gelating (7) lubricating agents, such as magnesium state, sodivm lauryl
sulfate and tale; (8) excipients, such as cocoa butter and suppository waxes; (9} oils, such as
peamut oil, cotionseed oil, safflower oil, sesame oil, olive oil, com oil and sovbean oil; (10}
glycols, such as propylene ghyeol; (11) polvels, such as glycerin, sorbitel, mannitol and
polvethylene glyeel; (12) esters, such as ethy! oleate and cthyl laurate; (13) agar; (14) buffering

agents, such as magnesium hydroxide and alurminum hydroxide: (15} alginic acid; (16) pyrogen-
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free water; (17} isotonic saling; (18) Ringer's solution; {19} ethyl aleohol; (20) pH buffered
solutions; (21 pelyesters, polyearbonates and/or polvanhydrides; (22) bulking agents, such as
polypeptides and amine acids (23) serom component, such as serum albumin, HDL and LDL;
and “; other non-toxic compatible substances emploved in pharmaceutica! formulations.

The phanmaceutical compositions containing the IRNA are useful for treating a disease or
disorder associated with the expression or activity of a C5 gene, e.g. 2 complement component
C5-associated disease. Such pharmaceutical compositions are formulated based on the mode of
delivery, One example 18 compositions that are formulated for ystemic administration vig
parenteral delivery, e.g., by subcutancous (5C) or intravenons (IV) delivery. Another example is

by infusion

"3?”

conpositions that are formulated for divect delivery into the brain parenchyma, e
mio the brain, such as by continnous pump infusion, The pharmaceuntical compositions of the
rovention may be administered in dosages sufficient to inhibit expression of a €35 gene, In
general, a suitable dose of an sRNA of the mvention will be in the range of about §.001 to about
206.0 milligrams per kilogram body weight of the recipient per day, generally in the range of
about 1 1o 50 myg per kilogram body weight per day. For example, the dsRNA can be
administered at about 0.01 mgke, about 0.05 mg/kg, about 0.5 mg/kg, abovt | mglkg, about 1.5
mg/ke, about 2 mg/ke, about 3 mg/kg, about 10 mg/kg, about 20 mg/kg, about 30 meg, about
40 mg/kg, or about 50 myg/kg per single dose.

For example, the dsRNA may be administered at a dose of about 0.1, 8.2, 6.3, 0.4, 0.5,

6,07,0808, 1,11, 02,13, 14,15, 1.6, 1.7, 181.9,2,2.1,22,23,24,25,26,2.7, 28,
29.3,31,32,33,34,35,36,3.7,34,35,4,41,42,43,44,45,456,47,48,49,5,5.1,

2,53,54,55,56,57,58,59,66.1,62,63,64,65,66,67.68,658,7,7.1,72,7.3,74,

S,7.6,77,7.8,79,8,81,82,83,84,85,86,87, 8.8,89,6,0.1,52,93,94,9.5,96,07
9.8, 9.9, or about 10 mg'kg. Values and ranges intermediate © the recited values are also
intended to be part of this invention.

In another embodiment, the dsRNA is administered at a dose of about 0.1 1o about 50
mg/kg, about §.25 to about 50 mg/kg, about 0.5 to about 30 mg/kg, about .75 to about 50
mg/kg, about | 1o about 30 mg/mg, about 1.5 to about 30 mg/kb, about 2 to about 50 me/ke.
about 2.5 to about 50 myg/kg, about 3 to about 50 mg/ke, about 3.5 to about 50 mg/'kg, about 4 to
about 50 mg/ky, about 4.5 o sbout 530 mgikg, about 5 {o about 530 mg/ke, about 7.5 to sbout 56
me/kg. about 10 to about 5O mg'ke, about 15 to about 50 mg/kg, about 20 to about 50 mg/ke,
abount 20 to about 30 mg/kg, about 25 to about 50 myg/fkg, about 23 to about 50 mg/ke, about 30
o about 30 mg/ke, about 35 to about 30 mg/kg, about 40 to about 50 mg/kg, about 45 1o about
30 mg/kg, sbout 0.1 0 about 45 mg/kg, about 0.25 1o about 43 mg/ke, about 0.5 to about 45
mg/kg, about (1.75 to about 45 mg/kg, about | to about 43 mg/mg, about 1.5 to about 45 mg/ib,

about 2 to abowt 45 mgdke, ahout 2.5 {0 about 45 me/ke, about 3 fo about 45 me/ke. about 3.5 t©
i) Lot foly E!‘ ?



16

20

[F%)]
]

tak
L4

about 45 mg/kg, about 4 to about 45 mg/kg, about 4.5 to about 435 my/ke, about 5 to about 45
mg/kg, about 7.5 to about 43 mgfkg, about 10 to about 45 my/kg, about 15 1o sbout 45 meg'kg,
about 20 to about 45 mg/ke, about 20 to about 45 mg/kg, about 25 to about 45 my/kg, about 25

I}

to about 45 my/kg, about 30 to about 45 mg/ke, sbout 35 to about 45 mg/ke, shout 40 to ahout
45 mg/kg, about 0.1 10 about 40 mg/kg, about 0.23 to about 40 my/ke, sbout 0.5 to about 40
mg/kg, about 0.75 o about 40 mg/kg, about ! to about 40 mp/mg, sbout 1.5 1o about 40 mg/kb,
about 2 to about 40 mg/kg, abont 2.5 to about 40 my/ke, about 3 to about 40 mg/ke, about 3.5
about 40 mg/leg, about 4 to about 40 mg/kg, abont 4.5 to about 40 myg/ke, about 5 to about 40
mg/kg, about 7.5 1o about 40 mg/ke, about 10 o about 40 mg/kg, about 15 to about 40 mg/kg,
about 20 10 about 40 mg/kg, about 20 10 about 40 mg/kg, about 25 1o about 40 mg/ke, about 2
to about 40 mg/kg, about 30 to about 40 mg/kg, about 35 to about 40 my/ke, about 0.1 to about
30 mg/kg, about 0.25 1o about 30 mg/kg, sbout 0.5 to about 30 mg/ke, about 0.75 to about 30
mgkg. about | to about 30 mg/mg, about 1.5 to about 3¢ mg/kb, about 2 to about 30 mg/kg,
about 2.5 to about 30 mg/kg, about 3 fo about 30 mg/ke, about 3.5 to about 30 my/ke, about 4 to
abont 30 mg/kp, about 4.5 w about 30 mg/ke, about 5 1o about 30 mg/ke, about 7.5 o about 30
mglkg, about 10 to about 30 mg/kg, about 13 10 about 30 mg/kg, about 20 to about 30 me/ke,
about 20 to about 30 mg/kg, about 25 to about 30 mg/ky, about 0.1 to about 20 me/ke, about
0.23 to about 20 mg/kg, about §.5 to about 20 mgkg, about 0.75 to abovt 20 mg/ke, about 1 to
about 20 mg/mg, about 1.5 to about 20 mg/kb, about 2 to about 20 mg/ke, about 2.5 to about 20
mg/kg, about 3 1o about 20 mg/icg, about 3.5 to about 20 mg/kg, about 4 to about 20 my/ke,
about 4.5 to about 20 mg/kg, about 3 to about 20 mg/ky, about 7.5 o about 20 me'ke, about 10
to about 20 mg/kg, or about 15 to about 20 mg/ke. Values and ranges mtermediate o the recited
values are also miended to be part of this invention.

For example, the dsRNA may be administered at a dose of about 0,01, 0.02, 0.03, .04,
0.05,0.06,007,0.08,009,0.1,0.2,03,04,05,06,07,08,09,1,1.1,1.2,13, 14, 1.5 1.6,
17, 1.8,19,2,2.1,22,23,24,25,26,2.7,28.2.9,3,3.1,32,33,34,3.5.36,3.7,3.8,3.9,
4,41,42,43,44,45,46,4.7,48,49,5,51,52,53,54,55,5.6,57,5.8,59,6,6.1,6.2,
6.3,64,65,66,67,068,65,7,7.1,72,73,74,7.576,77,78,75,8, 81,82, 83,84, 8.5,
36,87, 88,89,9,9.1,92,93,94,95,96,9.7,9.8.9.9, or about 10 mg'ky. Valnes and

ranges intermediate to the recited values are also mtended to be part of this invenion,

[

in another embodiment, the dsRNA is administered at 2 dose of shout §.5 to about 50
mg/kg, about .75 to about 50 mg/ky, about | o about 56 mg/mg, about 1.5 to about 30 mg/kb,
avout 2 10 about 50 rog/kg, about 2.5 to about 30 mg/ke, about 3 to about 50 me/ke, about 3.5 to
about 50 mg/kg, about 4 1o about 50 mg/kg, about 4.5 to about 50 megrkg, about 5 o about 50
mg/ke, about 7.5 to about 30 meg/kg, about 1¢ 1o about 30 mg/kg, about 15 to about 50 me/ke,

about 20 1o abowt 30 mg/kg, about 20 to about SO mg/ke, about 25 to about 50 my/ke, about 25
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tcr abowt 30 mg/kg, about 30 to about 50 mg/kg, about 35 to about 50 mg/kg, about 40 to about
50 mg/kg, about 45 to about 30 mg'kg, abont 0.5 to about 45 mg/kg, about 0.75 to about 45
mg/kg, about | 1o about 45 my/mg, about 1.5 10 about 45 me/kb, about 2 o about 45 mg/kg,
about 2.5 to about 45 mg/kg, abont 3 to about 45 mg/ky, about 3.5 to about 45 mg/ke, about 4 to

about 45 mg/kg, about 4.5 1o about 45 mg/kg, about 5 v abont 45 my/ke, about 7.5 to about 45
mg/kg, about 10 to about 45 mgrkg, about 15 1o about 45 mg/kg, abont 20 to about 45 me/kg,
about 20 1o about 43 mg/kg, about Z5 1o about 43 mg/kg, about 25 to about 45 my/kg, about 30
to about 45 mg/kg, about 35 to about 45 mg/kg, about 40 to about 45 myg'ke, about 0.5 to about
40 mglkg, about 0.75 to about 40 mg/kg, about | o about 40 mg/mg, about 1.5 to about 40
mg/kb, about 2 to about 46 mg/kg, about 2.5 to about 40 mg/kg, about 3 1o sbout 40 mg/ke,
about 3.5 to about 40 mg/kg, about 4 to about 40 mg/kg, about 4.5 to about 40 mg/ke, about § to
about 40 mg/kg, sbout 7.5 1o about 40 mg/kg, about 10 to abowt 40 mg/kg, about 15 o about 40
mg/kg, about 20 fo about 40 me/kg, about 20 to about 40 mgike, about 25 to about 40 me/ke,
about 23 to about 40 mg/kg, about 30 to about 40 my/kg, about 35 to about 40 mg/kg, about 0.5
to about 30 mg/kg, about .75 to about 30 mg/kg, about }  sbout 30 mg/me, about 1.5 to about
30 mg/kh, about 2 1 about 30 mg/kg, about 2.5 to about 30 mg/kg, about 3 to sbout 30 mg/ke,
about 3.5 to about 30 mg/kg, about 4 to about 30 mg/ke, about 4.5 to about 30 mg/ks, about 5 1o
about 30 mg/kg, about 7.5 to about 30 mg/kg, about 10 to about 30 my/kg, sbout 15 1o about 30
mg/kg, about 20 to about 30 mg/kg, about 20 o about 30 mg/kg, about 23 to about 30 mp/kg,
about 0.5 10 about 20 mg/kg, about .75 to about 20 mg/kg, about 1 1o about 20 mg/mg, about
1.5 to about 20 mg/kb, about 2 o about 20 mg/ke, abont 2.5 to about 20 m{f:’kg, about 3 to about
20 mg/kg, about 3.5 fo about 20 mg/kg, about 4 1o about 20 mg/kg, about 4.5 to abowt 20 111;_._{!1\
about 5 to about 20 mg/kg, about 7.5 to about 20 mg/ke, about 10 to a’%}c}m 20 mglkg, or about 1
to about 20 mg/kg. In one embodiment, the dsRNA is administered at a dose of about E(}mgﬁ{g
to about 30 mg/kyg. Values and ranges intermediate (o the recited values are also intended 1o be
part of this invention,

For example, subjects can be administered, e.g., subcutaneously or intravenously, a single

therapeutic amount of iRN A, such as about 0.1, 0.125,0.15, 0,175, 0.2, 0.225, (.25, 0.275, 0.3,
$.325,0.35,0375,0.4, 0425, 0.45, 0,475, 0.5, 0.525,0.55, 0.575, 0.6, .625,0.65, 0.675, 0.7,

0.725.0.75, 0775, 0.8, 0.825,0.85,0.875,0.9,0.925,055,0.975, 1, 1.1, 1.2,1.3. 1.4, 1.5, 1.6,

L7, 18, 19,2,2.4,2.2,23,24,25,26,2.7,28,29,3,3.1,32,33,34,35,36,3.7,3.8, 3.9,

4,41,42,43,44,45,46,47,48,49,5,51,52,53,54,55,56,57,58,59,6,6.1.62,

6.3,64,656.6,67.68,69,7,7.1,72,73,74,75,7.6,77,78,79.8 8.1, 82, &3,8.49 8.5,
6,87,88,89,9,9.1,92,93,04,85,66,9.7. 98,99, 10,105, 11,11.5, 12,125, 13, 13.5,

14,145, 15, 155,16, 165,17, 17.5, 18, 185,19, 19.5, 20, 205,21, 21.5, 22,22 “?," L 235,24,

24.5,25,25.5,26,26.,5,27,27.5, 28, 28,5, 29, 29.5, 30, 51, 32,33, 34, 34, 35, 36, 37. 38, 39, 40,
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41,42, 43, 44, 45,46, 47, 48, 49, or about 50 mg/kg. Values and ranges intermediate to the
recited valves are also intended to be part of this invention.

In some embodiments, subjects are adminisicred, e.g., subentaneously or intravenously,
multiple doses of a therapeutic amotnt of IRNA, such as a dose about 0.1, 0,125, 0.15, 0.175
0.2,0.225,0.25,0.275, 0.3, 0.325,0.35,0.375, 0.4, 0425, .45, 0.475, 0.5, 0.325, 0.35, 0.575,
0.6, 0.615, 0,65, 0.675, 0.7, 0.725, 075, ¢.775, 0.8, 0.825, 0.85, 0.875, 0.9, 0.525, 0.95, 0.973, 1
LIV 33,14, 15,1.6,1.7,18,19,2,2.1,22,23,24,25,2.6,27,28,29,3,3.1,3.2,3.3,
34,35,386,37 ?8 3.9,4,41,42,43,44,45,46,4.7,48,4.9,5,51,52,53,54,5.5, 5.6,
3.7,58,59,6,61,62,63,64,65,66,67,68,69,7,7.1,72,73.74,75,76,7.7,78.75,
B, 81,82, 83,84,85,86,87,88,89,9, 9 1,82,93, 9 4,95,96,97,98,69,10,10.5, 11,
L5 12,125, 13,135, 14,14.5,15, 155,16, 165,17, 17.5, 18, 18.5, 19, 19.5, 20,205, 21,
21.5,22,22.5,73,23.5,24,24.5,25,255,26,26.5,27,27.5, 28, 28.5, 29, 29.5, 30, 31, 32, 33,
34,34,35,36,37,38,39, 40,41, 42,43, 44, 45,46, 47, 48, 49, or about 50 mg/kg. A muli-dose

regimine may include administration of a therapeutic amount of IRNA daily, such as for two

3

LA

days, three days, four days, five days, six days, seven days, or longer.

In other embodiments, subjects are administered, e.g. . subcutaneously or intravenously, a
repeat dose of a therapeutic amount of iRNA, such as & dose about 0.1, 0,123, 0,15, 0,175, 0.2,
0.225,0.25,0275, 0.3, 6.325, 0.33, 0.375, 0.4, 0.425,0.45, 0.475,0.5, 0.525. 0.55, 0.575, 0.6,
0.625,0.65,0.675,0.7, 0.725, 0.75, 6.775, 0.8, 0.825, 0.85, 0.875, 0.9, 0.925, 0,95, 0.975, 1, 1.1,
12,13, 1.4, 1.5,16,1.7,18,19,2,2.1,22/23,24,2,5,26,2.7.28,29,3,3.1,32,33, 3.4,
3.5,3.6,37,3.8,39,4,41,42,43,44,45,46,4.7,.48,49,5,5.1,52, S.:s 5.4‘5.5,5,6,5.
5.8,5.9,6,6.1,62,63,64,05,66,67,68,68,7,75,72,73,74,75,7.6,77.78.79, 8,
8.1,8.2,83,84,8.5,86,87,858,89,9,9.1,92,93,94,05,0.6,0.7,9%,99, 10, 10.5, 11,
11.5,12, ZE-,E? 135,14, 145, 15,155,176, 165,17, 175, 18, (8.5, 19, 19.5, 20, 20.5, 21,
21.5,22,22.5,23,23.5, 24, 245,25, 25.5,26,26.5,27,27.5, 28, 28.5, 29, 295,30, 31, 32, 33,
34, 34, 35, 36, 3;,38 39,40,41, 42, 43,44, 45, 46, 47, 48, 49, or about 50 mg/kg. A repeat-dose

regimine may inchude administration of a therapeutic amownt of iIRNA on a regular hasis, such

o3

as every other day, every third day, every fourth day, twice a week, once a week, every other
week, or once 2 month.

The pharmaceutical composition can be administered by intravencus infusion over a
period of fime, such as overa 5, 6,7,8,9, 10,11, 12,13, 14, 13, 16. 17, 18,19, 20, and 21,22,
23, 24, or about a 25 minute period. The administration may be repeated, for example, on a
regular basis, such as weekly, biveekly (7.e., every two weeks) for one month, two months, three
months, four months or longer. After an initial treatment regimen, the treatments can be
administered on a less frequent basis. For example, after administation weekly or biweekly for

three menths, administration can be repeated onee per month, for six months or a vear or fonger.

86



15

20

Fut
L]

[
g

(5]
Lo

The pharmacentical composition can be admmistered once daily, or the IRNA can be
administered as two, three, or more sub-doses at appropriate intervals thronghout the day or even
using continmous mfusion or delivery through & ventrolled refease formulation. In that case, the
IRNA contzined in each sub~-dose must be correspondingly smaller in order to achieve the total
daily dosage. The dosage unit can also be compounded for delivery over several days, e.g.,
using 4 conventional sustained release formulation which provides sustained reicase of the IRNA
over a several day peniod. Sustained release formulations are well known in the art and are
particularly wseful for delivery of agents at a particular site, such as could be used with the agents
of the present invention. In this embodiment, the dosage unit contains a cormesponding multiple
of the daily dose.

i other embodiments, a single dose of the pharmaceutical compositions can be long
lasting, such that subsequent doses are administered at not more than 3, 4, or 5 day intervals, or
at not more than 1, 2, 3. or 4 weck mtervals, in some embodiments of the mvention, a single dose
of the pharmaceutical compositions of the invention is administered once par week. In other
embodimments of the invention, a single dose of the pharmaceutical compositions of the invention
is adminisiered bi-monthly.

The skilled artisan will appreciate that certain factors can influcnce the dosage and timing
required to effectively treat a subjeet, including but not limited to the severity of the disease or
disorder, previous treatments, the general health and/or age of the subject, and other diseases
present. Moreover, treatment of a subject with a therapeutically effective amount of 2
cornposition can include a single treatment or 4 series of treatments. Estimates of effective
dosages and in vivo half-lives for the individual IRNAs encompassed by the invention can be
made using conventional methodologies or on the basis of in vive testing nsing an appropriate
animal model, 85 described elsewhers herein,

Advances in mouse genetics have generated a nwnber of mouse models for the study of
various human diseases, such as a disorder that would benefit from reduction in the expression of
CS. Sach models can be used for in vive testing of iIRNA, as well as for tie‘mrmiaing a
therapeutically effective dose. Suitable mouse models are known in the art snd include, for
example, collagen-induced arthritis mouse model (Couttenay, 1.5, e af. {1 %U} Nature 283,
60668}, myocardial ischemia (Fomeister YW and Lucchesi BR {1 304 Anwy Rev Pharmacol
Toxicol 34:17-40), ovalbumin mduced asthma mouse models {e.g., Tomkinson A., ef al. (26813,
S Immunol. 166, 57925800, (NZB*NZWIF], MRL/Fas™ (MRL/pr) and BX3B monse models
{Thesfilopouios, A. N, and Kone, DL HL 1999, Murine Tupus models: gene-specific and genome-
wide swudies. In Labita R. G, ed.. Svstemic Lupus Eryihemazosus, 31d edn. p. 145, Academic
Press, San IHego, CA}, mouse aHUS model {Goicoechea de Jorge ef al. (2011) The development

jta)
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of atypical hemolytic uremic syndrome depeds on complement C5, J Am Soc Nephrol 22:137-
143,

The pharmacentical compositions of the present invention can be administered in a
mumber of ways depending upon whether local or systemic treatrnent is desired and apon the
area to be treated. Administration can be topical {e.g., by a transdermal patoh), pulmonary, £.g.
by inhalation or insufflation of powders or acrosols, including by nebulizer; intratracheal,
intranasal, epidermal and transdermal, oral or parenteral. Parenteral administration nchides
intravenous, traarterial, subcudaneous, intraperitoneal or inframuscular injection or mfision;
subdermal, e.g., via an implanted device; or intracranial, e.g., by intraparenchymat, intrathecal or
intraventricular, administration.

The IRNA can be delivered in a manner 10 target a particular tissue, such as the liver
{e.g., the hepatocytes of the Liver),

Pharmaceutical compositions and formulations for topical administration can include
transdermal patches, ointments, lotions, crcams, gels, drops, suppositories, spravs. liquids and
powders. Conventional pharmaceutical carriers, agueous, powder or oily bases, thickeners and
the Iike can be necessary or desivable. Coated condoms, gloves and the fike can also be useful.
Suitable topical formulations include these in which the iIRNAs featured in the invention are in
admixture with a topical delivery agent such as lipids, lipesomes, fatty acids, fatty acid esters
steroids, chelating agents and surfactants. Suitable lipids and liposomes include neutral {e.g,
dicteoylphosphatidyl DOPE ethanolamine, dimyristoviphosphatidy! choline DMPC,
distearolyphosphatidyl choline) negative (e.g., dimyristoyiphosphatidy] glyceral DMPG) and
cationic {e.g., dicleoylictramethylaminopropyl DOTAP and dioleoy iphosphatidyl cthanclamine
DOTMA). IRNAs featured in the invention can be encapsulated within liposomes or can form
complexes thereto, in particular to cationic liposomes. Alternatively, iIRNAs can be complexed to
ipids, 1n particular o cationic lipids, Suitable fatty acids and esiers include but are not limited o
arachidonic acid, oleic acid, eicosanoic acid, laurie acid, capryviic acid, capric acid, myristic acid,
palmitic acid, stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein, dilauria,

glyceryl I -monocaprate, 1-dodecylazacycioheptan-2-one, an acylearpitine, an acyicholing, ora
Ciag alkyl ester {e.g., isopropylmyristate IPM), monoglyceride, diglyceride or pharmaceutically
acceptable salt thereof), Topical formulations are described in detail in 1.8, Patent No.
6,747 014, which is incorporated herein by reference.

A IRNA Formulations Camprising Membranous Molecular Assemblics

An iIRNA for use In the compositions and methods of the invention can be formulated for
delivery in a membranous molecular assembly, e.g., a liposome or a micelle. As used hierein, the

$6%2

term “lipesome” refers to a vesicle composed of amphiphtlic lipids arvanged in at least one

bilayer, ¢.g.. one bilayer or a plurality of bilayers. Liposomes include unilamellar and
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multilamellar vesicles that have 2 membrane formed from a lipophilic material and an aqueous
interior. The agueous portion contains the iIRNA composition. The lipophilic material isolates
the aqueous interior from an aqueous exterior, which typically does not include the iIRNA
composition, although in some examples, it may. Liposomes are useful for the transfer and
delivery of active mgredients o the site of action. Because the liposomal membrane is
structurally similar to biological membranes, when lposomes are applied to a tissue, the
liposomal bilayer fuses with bilayer of the cellular membranes. As the merging of the liposome
and cell progresses, the internal agueons contents that include the IRNA are deliverad into the
cell where the IRNA can specifically bind to a target RNA and can mediate RNAL. In some
cases the liposomes are also specifically targeted, 2.2, to direct the iIRNA to particular cell types.

A hposome containing 2 RNAI agent can be prepared by & variety of methods. In one
example, the lipid coroponent of a bposome is dissolved in a detergent so that micelles are
formed with the lipid component. For example, the lipid component can be an amphipathic
cationic lipad or Lipid conjugate. The detergent can have a high critical micelle concentration
and may be nonionic. Exemplary detergents include cholate, CHAPS, octylghucoside,
deoxycholate, and lanroyl sarcosine. The RNAI agent preparation is then added to the micelles
that mclude the lipid component. The cationic groups on the lipid interact with the RINA{ agent
and condense around the RNA1 agent to form a liposome. After condensation, the detergent is
removed, e.g., by dialysis, 0 yield a liposoma!l preparation of RNAI agent,

I necessary a carmier compound that assists in condensation can be added during the
condensation reaction, 2.g., by controlied addition. For example, the carrier compownd can be a
polymer other than a nucleic acid {e.g., spermine or spermidine). pH can also adjusted to favor
condensation.

Methods for producing stable polynucleotide defivery vehicles, which incorporate a
polynucleotide/cationic lipid complex as structural components of the delivery vehicle, are
further deseribed in, e.g., WO 96/37194, the entire contents of which are incorporated herein by
reference, Liposome formation can also inchade one or more aspects of exemplary methods
described i Pelgner, P. L. ef al, Proc. Natl. Acad. Sci., US54 €:7413-7417, 1987; U8, Pat. No.
4,897,355, U.S. Pat. No. 5,171,678; Bangham, er ol 3 Mol Biol 23:238, 1965; Olson, ef al.
Biochim. Blophys, Acta 5579, 1979; Szoka, ¢t ¢l Proc. Nail. Acad. Sci. 75: 4194, 1878;
Mayhew, ef al. Biochim. Biophvs. Acta 775:169, 1984; Kim, ef al. Biochim. Bioplhys. Acta
728:339, 1983 and Vukonaga, et of. Endocrinol. 115757, 1984, Commonly used technigues for
preparing bpid aggregates of appropriate size for use as delivery vehicles include sonication and
freeze-thaw plus extrusion (see, 2.2., Mayer, e ol Biochim. Biophys. Acta 858:161, 1986).

Micmofluidization can be used when consistently small (50 to 200 nm) and relatively uniform

(o3
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are readily auapted o packaging BN A1 agent preparations into liposomes.

Liposomes fall into two broad classes. Cationic liposomes are positively charged
hiposornes which interact with the negatively charged nucleic acid mwolecules to form a stable
compiex. The positively charged nucleic acid/liposome complex binds to the negatively charged
cell surface and is internalized in an endosome. Due to the acidic pH within the endosome, the
Liposomes are ruptured, releasing their contents into the cell oytoplasm (Wang ef af., Riochen:.
Biophys. Res. Conpnun., 1987, 147, 980-985),

Liposomes which are pH-sensitive or negatively-charged, entrap nucleic acids rather than
complex with it. Since both the nucleic acid and the Hipid are similarly charged, repulsion rather
than complex formation occurs. Nevertheless, some nueleie acid is entrapped within the agueous
interior of these liposomes, pH-sensitive hposomes have been used to deliver nucleic acids
encoding the thymidine kinase gene to cell monolayers in culture. Expression of the exogenous
gene was detected in the target cells (Zhou ef af., Journal of Conirolled Release, 1992, 19, 265+
2743,

Omne major type of liposomal composition includes phospholipids ofber than naturally-
derived phosphatidylicholine. Neutral lposome compositions, for example, can be formed from
dimyristoyl phosphatidylcholine (DMYC) or dipalmitoyl phosphatidylcholine (DPPC). Anionic
liposome compostions generally are formed from dimyristovi phosphatidvlglveerol, while
anionic fosogenic liposomes are formed primarily from dioleoyl phosphatidylethanolamine
(DOPE)., Another type of liposomal composition js formed from phosphatidyicholine (PC) such
as, for example, soybean PC, and egg PC. Another type is formed from mixtures of phospholipid
and/or phosphatidvicholine and/or cholesterel,

Hxamples of other methods to introduce liposomes into cells in vitro and in vivo inclade
U5, Pat. No. 5,283, 1R5; 1.5, Pat. No. 5,171,678, WO 94/00569, WO 93/24640; WO 91/16024;
Felgner, J. Biofl, Chem. 26%:2550, 1994; Nabel, Proc. Nail Acad. Sei. 90:11307. 1993; Nabel,
Human Gene Ther. 3:649, 1992; Gershon, Biochen. 32:7143, 1993, and Stranss EMBO J.
11:417, 1992,

MNon-tonie liposomal systems bave also been examined fo detemine their utility in the
delivery of drugs to the skin, in patticnlar systems comprising non-ionic surfactant and
cholesterol. Mon-ionic liposomal formulations comprising Novaseme™ i m;ycer_;i
dilaurste/cholesterol/polvoxyethylene-10-stearyl ether) and Novasome ™ 11 {plycen
distearate/cholesterol/polyoxyethylene-1 O-stearyt ether) were used o deliver cyelosporin-A nto
the dermis of mouse skin. Results indicated that such non-ionic liposomal systems were effective
i facilitating the deposition of cyclosporine A into different layers of the skin (Hu er o/,

S§. TP Paarma. Sci., 1994, 4(6) 466},
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Laposomes also include “sterically stabilized” lposomes, a term which, es used herein,
refers to liposomes comprising one or more specialized lipids that, when incorporated into
liposoes, result in enhanced circulation lfetimes relative to liposomes lacking such specialized
hpids. Exarnples of sterically stabilized Hposomes are those in which part of the vesicle-forming
Lipid portion of the liposome (A) comprises one or more glveolipids, such as
monosialoganglioside Guyp, or (B) is derivatized with one or more hydrophilic polyiers, such as
a polyethylene glycol (PEG) moiety. While not wishing to be bound by any particular theos v, it
is thought in the art that, at least for sterically stabilized liposomes containing gangliosides,
sphmgomyelm, or PEG-derivatized lipids, the cohanced circulation half-life of these sterically
stabilized liposomes devives from a reduced uptake into cells of the reticuloendothelial system
(RES) (Allen ef al., FEBS Letters, 1987, 223, 42; Wu e al., Cancer Research, 1993, 53, 3765).

Varjous liposomes comprising one or more glycolipids are known in the art,
Papahadjopoulos e7 al, (Ann. N.Y. Acad. Sci., 1987, 507, 64) reported the ability of
monosialoganglioside Gy, galactocerebroside sulfate and phosphatidylinositol to improve blood
half-lives ofliposomes. These findings were expounded upon by Gabizon ef af. {Proc. Natl.
Acad. Sei. 5.4, 1988, 83, 6949), ULB. Pat. Ne. 4,837,028 and WO 88/04974, haoth to Allen e
al., disclose liposomes comprising (1) sphingomyelin and (2) the ganghoside Gy, or a
galactocercbroside sulfate ester. U.S, Pat, No. 5,543,152 (Webb er 4.} discloses liposomes
comprising sphingomyelin. Liposomes comprising !,2-sn-dimyristoviphosphatidvicholine are
disclosed in W 97/13499 (Lim et al),

In one ernbodiment, cationic liposomes are used, Cationic liposomes nossess the

F
advantage of being able to fuse to the cell membrane. Non-cationic liposomes, although not able
to fuse as efficiently with the plasma menbrane, are taken up by macrophages in vive and car be
used o deliver RNAL agents to macrophages.

Further advantages of liposomes include: liposomes obtained from natural phospholipids
are biccompatible and biodegradable; liposomes can incorporaic a wide range of water and lipid
sohible drugs; liposomes can protect encapsulated RNAI agents in their internal compartments
from metabolism and degradation (Rosoff, in "Phanmaceutical Dosage Forms,” Lieherman,
Rieger and Banker (Eds.), 1988, volume 1, p. 245). Tmportant considerations in the preparation
of liposome forpulations are the lipid surface charge, vesicle size and the agueous volume of the
liposomes.

A positively charged synthetic cationic lipid, N-[1-(2 3-diolevioxy)propyl-N.NN-
trimethylammonium chloride (DOTMA) can be used to form small liposomes that interact
spontancously with nucleic acid to form Hpid-nucleic acid complexes which are capabie of

fusing with the negatively charged lipids of the cell membrapes of tissue culture cells, resulting
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in delivery of RNAI agent (see, e.g., Felgner, P, L. et al,, Proc. Natl, Acad. Sci., USA 8:7413-
7417, 1987 and U.S. Pat. No. 4,897 355 for a description of DOTMA and its use with DNA).

A DOTMA anslogue, 1 2~"-:}is€"0.eovh'my 3-(trimethylammonia)propane (IDOTAPY can be
used in combination with a phospholipid to form DNA-complexing vesicles. Lipofectin™
Bethesda Research Laboratories, Gaithersburg, Md.) is an effective agent for the delivery of
highly anionic nucleic acids into living tissue culture cells that comprise positively charged
DOTMA Irposomes which mteract spontaneously with negatively charged polvoucleotides to
form complexes. When enough positively charged liposomes are used, the net charge on the
resulting complexes is also positive. Positively charged complexes prepared in this way
spontanecusly attach to negatively charged cell surfaces, fuse with the plasma membrane, and
efficiently deliver finctional nucleie acids into, for example, tissue cultnre eells. Another
commercially available cationic Iipid, 1.2-bis{uleoylory)-3 3-(trimethylammonia)propane
("DOTAP”) (Bochringer Mannheim, ]ﬂndxmapoiis, Indizma) differs from DOTMA in that the
oleoyl moieties arz linked by ester, rather than ether linkages,

Other reporied cationie lipid compounds inchude those that have been conjugated to a
variety of moieties mcluding, for example, carboxyspermine which has been conjugated to one
of two types of lipids and mehudes compounds such as S-carboxyspermylglyeine
dioctaoleoylamde (“*DOGS™) (Transfectam ™, Promega, Madison, Wisconsin) and
dipalmitoylphosphatidylethanolamine S-carboxyspermyl-amide ("DPPES™) {see, ¢.¢., U.S. Pat.
Mo. 5,171 ,678).

Another cationic Bpid conjugate includes devivatization of the livid with cholsstero!
{“DC-Chol”} which has been formulated into liposomes in combination with DOPE (See. Gao,
XK. and Huang, L., Biochim. Biophys. Res. Compun. 179:280, 19913, Lipopolylysine, made by
conjugating polylysine to DOPE, has been reported to be effective for transtaction in the
presence of serum {Zhow, X, et al,, Biochim. Biophys. Acta 1065:8, 1991), For certain cell lines,
these liposonies contaming conjugated cationic lipids, are said to cxhibit lower toxicity and
provide more efficient transfection than the DOTM A-containing compositions. Other
cornmercially available cationic lipid products include DMRIE and DMRIE-HP (Vieal, La Jolia,
California} and Lipofectamine (DOSPA) (Life Technology, Inc., Gaithersburg, Maryiand).
Ciher cationic lipids suitable for the delivery of oligonucleotides are desceribed in WO 98/39359
and W 86/37104.

Liposomal formulations are particutarty suited for topical admnistration, liposomes
present several advantages over other formulations. Such advantages include reduced side
effects related to high systemic absorption of the administered drug, increased accumulation o
the administered drug at the desired target, and the ability to administer RNAI agent into the

skin. In some implementations, iposornes are used for delivering RMNAI agent to epidermal cells
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and aliso to enhance the penetration of RNAI agent into dermal tissues, e.g., into skin. For
example, the liposomes can be applied topically. Topical delivery of drugs formmulated as
liposomes to the skin has been documented (see, e.g., Weiner ef al, Joumal of Drug Targeting,
1997, vol. 2,405-410 and du Plessis et al, Antiviral Research, 18, 1992, 259-265; Mannino, R. T,
and Fould-Fogerite, 5., Biotechnigues 6:682-690, 1988; Hani, T. er @l Gene 56:267-276. 1987;
Nicolau, C. ef al. Meth. Enz. 149:157-176, 1987; Straubinger, R. M. and Papzhadjopoulos, D.
Meth. Enz 101:512-527, 1983, Wang, C. Y. and Huang, L., Proc, Natl Acad. Sci. TSA 84:7851 -
7855, 1987).

Non-ionic liposomal systems have also been examined to determine thefr wtility in the
delivery of dmgs to the skin, in particular systems comprising non-ionic surfactant and
cholesterol. Non-ionic liposomal formulations comprising Novasome 1 (glyceryl
ditaurate/cholesterol/polyoxyethylene-10-sisarvi ether) and Novasome 1 (glyceryl disizarate/
chelesterol/polyoxyethylene- L 0-stearyl ether) were used to deliver a drug into the dermis of
mouse skin. Such formulations with RNAI agent are useful for treating a dermatological
disorder.

Liposemes that include IRNA can be made highly deformable. Such deformability can
enable the liposomes to penefrate through pore that are smaller than the average radivg of the
liposome. For exampie, fransfersomes are a type of deformable liposomes, Transferosomes can
be made by adding surface edge activators, usually surfactants, to a standard liposomal
compesition. Transfersomes that include RNAI agent can be delivered, for example,
subcatancously by infection in order to deliver RNAIT agent to keratinocytes in the skin. ITn order
0 cross mtact mammatian skin, lipid vesicles must pass through a series of fine pores, each wit
a diameter less than 50 nm, under the infiuence of a suitable ransdermal gradient. In addition,
due to the lipid properties, these transferosomes can be selfoptimizing (adaptive to the shape of
pores, e.g., in the skin), selfrepairmg, and can frequently reach their targets without
fragmenting, and often sclf-loading.

Other formulations amienable to the present mvention are described in United States
provisional application serial Mos. 61/018.616, filed January 2, 2008; 61/018,611, filed January
2, 2008; 61/039,748, filed March 26, 2008; 61/047,087, fited April 22, 2008 and 61/051,528,
filed May &, 2008. PCT application no PCT/US2007/080331, filed Cetober 3, 2007 also
deseribes formulations that are amenable 10 the present invention.

Transfersomes are yet another type of liposomes, and are highly deformable lipid
aggregates which are atiractive candidates for drog delivery vehicles, Transfersomes can be
deseribed as lipid droplets which are so highly deformable that they are easily able to penetrate
through pores which are smaller thap the droplet. Transfersomes are adaptable o the

environment in which they are used, e.g., they are selfeoptimizing (adaptive to the shape of pores
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in the skin), seifaepairing, frequently reach their targets without fragreenting, and often self-
ivading. To make transfersomes it is possible to add surface edge-activators, usually surfactants,
to a standard Eipﬂsdmal composition, Transfersomes have been used to deliver serum albumin o
the skin. The transfersome-mediated delivery of serim albumin has been shown to be as
effective as subcutancous injection of a solution containing serum albunin,

Surfactants find wide application in formulations such as emulsions (including
microemulsions) and liposomes. The most common way of classifying and ranking the
properiics of the many different types of surfactants, both natural and synthetic, is by the use of
the hydrophile/lipophile balance (HLB). The nature of the hydrophilic group (also known as the
“head”) provides the most usefisl means for categorizing the different surfactants used in
formulations (Rieger, in “Pharmaceutical Dosage Forms”, Marcel Dekker, Inc., New York, N.Y.,
1988, p, 2850,

[f the surfactant molecule is not ionized, it is classificd as a nonionic surfactant. Nonionic
surfactanis find wide application in pharmaceutical and cosmetic products and are usable over a
wide range of pH values. o geneval thelr HLB values range from 2 to about 18 depending on
their structure. Noniomic surfactants include nonionic esters such as ethylene glveol esters,
propylene giycol esters, glyeeryl esters, polyvglveeryl esters, sorbitan esters, sucrose esters, and
ethoxylated esters, Nonionic alkanolamides and ethers such as fatty alcoho] ethoxylates,
propoxyiated alcohols, and ethoxylated/propoxylaied block polymers are also included in this
class, The poivoxyethylene surfactants are the most popular members of the nonionic surfactant
class,

If the surfactant molecule carries a negative charge when it is dissolved or dispersed in
water, the surfactant is classified as anionic, Anionic surfactants include carboxylates such as
soaps, acyl factylates, acyl amides of amino acids, esters of sulfiric acid such as alkyl sulfates
and ethoxylated alkyl sulfates, selfonates soch as alkyl benzene sulfonates, acyl isethionates,
acyl taurates and suifosncoinates, and phosphates, The most important members of the anionic
surfactant class are the alkyt sulfates and the soaps.

I the surfactant molecule cairies a positive charge when it is dissolved or dispersed in
water, the surfactant is classified as cationic. Cationic surfactants inchude quatermary ammoniv s
salts and ethoxylated amines. The quatemary ammonium salts are the most used members of this
class.

It the surfactant molecule hag the ability 10 carry either a positive or negative charge, the
surfactant is classified as amphoteric, Amphoteric surfactants include acrvlic acid dervatives,

substitted alkylamides, N-alkyibetaines and phosphatides.
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The use of surfactants in drug products, formulations and In emulsions bas been reviewed
(Rieger, in “Pharmaceutical Dosage Forms”, Mareel Dekdeer, Inc., New York, N.Y ., 1988, p.
285}

The iRNA for use in the methods of the invention can also be provided as micellar
formulations. “Micelles” are defined herein as a particular type of molecular assembly in which
amphipathic molecules are arranged in a spherical structure such that alf the hydrophobic
portions of the molecules are directed inward, leaving the hydrophilic portions in contact with
the surrounding aguecus phase. The converse arrangement exists 1f the environment is
hydrophoisic.

A mixed niceliar formulation suitable for delivery through transdermal membranes may
be prepared by mixing an aqueous solution of the siRNA composition, an alkali metal Cg o Ca
alkyl sulphate, and a micelle forming compounds. Exemplary miceile forming compounds
inciude lecithin, hivaluronic acid, phammacentically acceptable salts of hyaluronic acid, glycolic
acid, lactic acid, chamomile extract, cucumber extract, oleic acid, linoleio acid, linolenic acid,
monoolein, monooleates, monolaurates, borage oil, evening of primrose oil, menthol, wihvdroxy
oxo cholanyl glyeine and pharmaceutically acceptable saits theveof, glyeerin, polvglyeerin,
tysine. polylysine, friclein, polyoxyethylene ethers and analogues thereof, polidocano! alkyl
ethers and analogues thereof, chenodeoxyeholate, deoxycholate, and mixtures thereof, The
micelle forming compounds may be added at the same time or after addition of the alkal metal
alkyl sulphate. Mixed micelles will form with substantially any kind of mixing of the
ingredients but vigorous mixing n order to provide smaller size micelles.

I one method a first micellar composition is prepaved which contains the siRNA
composition and at least the alkali metal alkyl sniphate, The first micellar composition is then
mixed with at feast three micelle forung compounds to form a mixed micellar composition. In
another method, the micellar cotposition is prepared by mixing the siRNA composition, the
alkali metal alkyl sulphate and at least one of the micelle forming compounds, followed by
addition of the remaining micelle forming compounds, with vigorous mixing,

Pheno! and/or m-cresol may be added to the mixed miceliar composition to siabilize the
formulation and protect agamst bacterial growth, Altematively, phenol and/or m-cresol may be
added with the micelle forming ingredients. An isctonic agent such as glycerin may also be
added after formation of the mixed miceliar composition.

For delivery of the micellar formulation a3 a spray, the formulation can be put into an
aerosol dispenser and the dispenser is charged with 2 propellunt, The propellant, which s ander
pressure, is in liguid form in the dispenser. The ratios of the ingredients are adjusted so that the
acueous and propellant phases become one, ie., there is one phase. If there are two phases, it is

o
necessary 1o shake the dispenser prior to dispensing a portion of the contents, ¢.g., through a

P R



15

20

-
LA

tod
P

o
L

metered valve, The dispensed dose of phanmaceutical agent is propelled from the metered valve
in a finc spray.

Propeliants may include hyvdrogen-containing chlorofluorocarbons, hydrogen-containing
fluorocarbons, dimethy!t ether and diethy] ether. Tn certain embodiments, HFA 134a (3,1,1,2
ictraflnoroethane) may be used.

The specific concentrations of the essental ingredients can be determined by relatively
straightforward experimentation. For absomption through the oral cavities, it 1s often desirable
to inorease, e g, af least donble or triple, the dosage for through mjection or administration
through the sastromfestmal tract.

B. Lipid particles

iIRNAg, e.g., dsRNAs of in the invention may be fully encapsulated in a lipid
formulation, e.g., 2 LNP, or other nucleic acid-lipid particle,

As nsed herein, the term "LINP" refers to a stable nueleic acid-lipid particle. LNPs
typically contain 2 cationic lipid, » non-cationic lipid, and a lipid that prevents aggrecation of the
particle {e.z., a FEG-lipid conjugate). L NPs are extremely uscful for systemic applications, as
they exhibit extended civeulation lifetimes following mtravenous (1.v.) miection and acoumulate
at dhistal sites {¢.g., sites physically separated from the administration site). LNPs include
"pSPLP," which mch
PCT Publication No. WO 0043683, The particies of the present invention typically have a mean

wie an encapsulated condensing agent-nucleic acid complex as set forth in

diameter of about 36 nm to about 150 nm, more typically about 60 nm to about 130 nm, more
typically about 70 nm to about 110 nm, most typically about 70 nm to about 90 nm, and are
substantally nontoxic. In addition, the nuecleic acids when present in the nucleic acid- lipid
particles of the present invention are resistant in aqueous selution to degradation with a nuclease,
Nueleie acid-hipid pm‘tic:ies and their method of preparation are disclosed m, e.g., U.S. Patent

o8, 5,976,567, 5,981,501 6,534,484, 6,586 410, 6,815,432; U.S. Publication No.
2016/0324120 and PCT Publication No, WO 96/40964,

In one embodiment, the linid o drug ratio {mass/mass ratio) {e.g., lipid © dsRNA ratio}
will be in the range of from about 1:1 to about 3G:1, from about 1:1 to about 25:1, from about 3:1
to about 15:1, from about 431 to about 1G:1, from about 511 1o about 9:1, or shout §:1 1o about
9:1. Ranges intermediate to the above recited ranges are also contemplated to be part of the
mvention.

The eationic lipid can be, for example, N,N-dioleyi-N N-dimethvlanmmoniam chioride
(DODACY, N N-distearyl-N N-dimethylammoniim bromide (DDABR), N-(1 -(2.3-
dictcovloxypropyl - N N N-trimethylammonium chlonde (DOTAF), N- {’1 -{2,3-
dicleyloxypropyl-MN N N-irimethylameonium ehlorde (BOTMA), N N-dimethyl-2,3-
diolevioxyipropyvlamine (BODMA), 1,2-Dilinoleviony-N N-dimethylaminopropane
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(DLnDMA), 1.2-Bilinolenyloxy-N, N-dimethylaminopropane (DLeni3MA), 1,2~
Dilinoleylearbamoyloxy-3-dimethylaminopropane (DLin-C-DAP), | L-Dilinoleyoxyv-3-
{dimethylaminelacetoxypropane (DLin-DACY, 1 2-Dilinoleyoxy-3-morpholinopropane (DLin-
MA}, 1.2-Dilinoleoyl-3-dimethylaminopropane (DLnDAP), 1,2-Dilinoleylthio-3-
dimethylaminopropane {DLin-S-DMA), | -Linoleoyl-2-linoleyloxy-3-dimethylaminopropane
(DLin-2-DMAP), 1.2-Dilinolevioxy-3-trimethylaminopropane chioride salt DLin-TMACYH,
1,2-Dilinoleoyl-3-trimethylaminepropane chloride salt (DLin-TAP.CD, 1,2-Bilmoleyloxy-3-(N-
methylpiperazine jpropane (DLin-MPZ), or 3-N N-Dilinoleylamine -1 L-propancdiol (BLmAP),
3-{M N-Dioleylamino)-1. 2 -propenedio (DOAP), 1,‘,4)12133 oleyvloxo-3-(2-N,N-
dimethylaminojethoxypropane (BLin-EG-DMA), 1.2-Dilinolenyloxy-RN,N-
dimethylaminoprepane (DLinDMA), 2,2-Dilinoleyl-4-dimethylaminomethyi-[1,3 }-dioxolane
{DLin-K-DMA) or analogs thereof, (3aR,55,6a8)NN dimethyl-2,2-di({9 7,127 -octadeca-9,1 2-
dienyljtetrahydro-3aH-cyclopenta[d][ 1,3 Jdioxol-S-amine { ALN100), {62,97,287.3 LA
heptatriaconta-6,9,28,3 1 -tetraen~19-v1 4-{dimethyviamino utanoate (M3, 1,102-(4-02((2-
{(bis(Z-bydroxydodecylaminejethy ¥ 2-hydroxydodecyljarnino Jethypiperazin- 1 -
yhethylazanediylididodecan-2-of (Tech G1}, or a mixture thereof The cationic lipid can
contprise from about 20 mol % to about 50 mol % or about 40 mol % of the total lipid present m
the particle,

In another embodiment, the compound 2,2-Dilinoleyl-4-dimethylaminosthyl-1,3 -
dioxolane can be used © prepare lipid-siRNA nanoparticles. Synthesis of 2,2-Dilino! leyi-4-
dimethylaminoethyl-{1,3 -dioxolane is described in United States provisional patent. application
mumber 61/107,998 filed on October 23, 2008, which is herein incorporated by reforence.

in one embodiment, the lipid-siRNA particle includes 40% 2, 2-Dilinoleyi-4
dimethylaminoethyl-[1,3 -dioxolane: 10%% DSPC: 40% Cholesterol: 10% PEG-C-DOMG (mole
percent} with a particle size of 63.0 + 20 nm and 2 0.027 siRNA/Lipid Ratio.

The onizable/non-cationic lipid can be an anionic lipid or a newtral lipid including, but
not Limited to, distcaroylphosphatidyicholine (DSPCH, dioleoylphosphatidvicholine (DOPC),
dipalmitoylphosphatidyicholine (DPPC), disleoyiphosphatidylglycerol (DOPG),
dipalmiwylphosphatidylglycerol (DPPG), diolzoyl-phosphatidviethanolamine {DOPH),
palmitovicleoyiphosphatidylcholine (POPC). palmitoyloleoyiphosphatidylethanolamine (POPE),
dioleoyl- phosphatidylethanolamine 4-N-maleimidomethyi)-cvelohexane-1- carboxylate {DOPE-
mal), dipalmitoyl phosphatidy! ethanolamine (DPPE), dinayristoviphosphoethanolamine
(DMPE), distearoyl-phosphatidyl-ethanolamine (DSPE), 1 6-O-monomethyl PE, 16-O-dimethyl
FE, 18- -traps PE, 1 -stearoyl-2-oleoyl- phosphatidyethanolamine {SOPE), cholesterol, ora
mixture thereof. The non-cationic lipid can be from about 3 mol % to about 9C mol %, zhout 10

mol Y, or about 58 mol % if cholesterol is included. of the total lipid present in the particle.
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The conjugated lipid that inhibits aggregation of particles can be, for example, a
polyethvlenegiyeol (PEG)-lipid including, without limitation, a PEG-diacylglycerol (DAG), a
PEG-diualkyloxypropyt (BAA), a PEG-phospholipid, a PEG-ceramide (Cer), or a mixture thereof,
The PEG-DAA conjogate can be, for example, a PEG-dilaurvioxypropyl (Ciy), 2 PEG-
dimyristvloxypropyl (Ciy), a PEG-dipalmiityloxypropyl (Cig), or a PEG- distearylexypropyl
{Cls). The conpugated lipud that prevents aggregation of particles can be from 0 mol % to about
20 mwol % or about 2 mol % of the total lipid present in the particle.

In some embodiments, the nucleic acid-lipid particle further includes chelesterel at, e.g.,
about 10 mol % to about 60 mol % or about 48 mol % of the total lipid present in the particle.

in one embodiment, the lipidoid ND98-4HTT (MW 1487) (see U8, Patent Application

No, 12/056,230, filed 3/26/2008, which is incorporated herein by reference’, Cholesterol (Siema-
» . - fr é

Aldrich), and PEG-Ceramnide C16 {(Avanti Polar Lipids) can be used to prepare lipid-dsRNA
nanoparticles (i.e.,, LNPO1 particles), Stock solutions of cach i ethano! can be prepared as
follows: ND98, 133 mg/mi; Cholesterol, 25 mg/mi, PEG-Ceramide C16, 100 me/ml. The NDYS,
Chelesterol, and PEG-Ceramide C16 stock solutions can ther be combined in 2, e.g., 42:48:10
molar ratio. The combined lipid solution can be mixed with agquecus dsRNA f(e.g., in sodium
acetate pH 3) such that the final ethanol concentration is about 35-45% and the final sodium
acetate conceniration is about 100-300 mM. Lipid-dsRNA nanoparticles typically form
spontancously upon mixing, Depending on the desired particle size distribution, the resultant
nanoparticie mixture can be extruded through a polvearbonate membvane (e.g., 100 nm cut-off)
using, for example, 2 thermobarrel extruder, sach as Lipex Extruder (Northern Lipids, ne). To
some cases, the extrusion step can be omitted, Ethamel removal and simultancous buffer
exchange can be accomplished by, for example, dialysis or tangential flow filtration. Buffer can
be exchanged with, for example, phosphate buffered saline (PBS) at sbout pll 7, e.g., about pH

6.9, about pH 7.0, about pI 7.1, about pH 7.2, about pH 7.3, or about pH 7.4,
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Forrmula 1
LNPOI formulations are described, e.g., in International Application Publication
No. WO 2008/042973, which is hereby incorporated by reference.
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Additional exemplary lipid-dsRNA formulations are described i Table 1.

Table 1

cationic Hpid/non-cationic
Ionixable/Cationds Lipid Hpid/cholestere/PEC-Epid conjugaie
Lipist: <l NA ratio

DLinDMA/DPPC/Cholestero/PEG-cDIMA

5N - -l avioxy-N N-dimeth vlaminorro a " - e
N.Nix}f L2-Drilinalenyloxy-N N-dimeth vlaminopropane (571771734 4/1 )

: (DLmDMA) HpidisiRN A, ~ 711
. . . - XTCOPPC/Cholesteral/ PEG-cDMA
T ayfud - ethivia aeihyvi- -
IXTC Z.2-Dulnoteyl-4-dimethyvlanimoe iy -{1.31 ST 177134471 4

fHoxolane {XTC) TR A
dioxolane (XTC) Bpid:siRNA ~ 71

XTCASPCICholesteroVPBG-DMG
57.577.5/315/35
Hptd:siBENA ~ 6:1

S 2 2-Dilinolevi-d-dimeth viaminosthyi-[1 3}
LIFGS dioxolane (XTC)

KTC/DEPC/Cholestero PEG-DMG
57.5/7.5/31.5/3.5
HpidsiRINA ~ 1111

22-Dyiknoleyl-4-dimethviaminosthyl-[1 31

.y
LNPOS | iootane (XTC)

XTC/DSPC/CholesterclPEG-DMG
60/7.5/31/1.5,
lipid:siRNA ~ 6:1

- 2,2-Inimoleyi-4 -dimethyviarmnoethyt-11,3]-
LNFO7 dioxolane C{TC)

XTC/DEPC holestero/PEG-DMG
60/7.5/31/1 .5,
TipidisiBMNA ~ 1101

2.2-Ditinoleyl-4-dimethvlaminosthyl-[1,3]-

TR
LNPOS dioxolane (XTC)

KTCOSPC T hokesterol PEG-TIMG
SRS/
LipulsiRNA 10:1

INPOS 1.2-Dilincleyl-4-dimethylaminoethvl-[1,3 )
=i g . T .
dioxnolane (XTC}

{327 55,628)- N N-dimethyl-2,2-di({9Z,122)- | ALNI0O/DSPC/Cholesterol/PEG-DMG

LNPIG | octadeca-9,12-dienyiitetrahvdro-3aH- SI0G58.5/15

eyclopentald][ 1,3 jdioxol-5-amine {(ATNIHH Lipid:siRINA 102

{(62,94,287. 31 2 -hepramieconta-6,9.28 31 MO-3/BSPC/Cholestarol/PRG-DIMG
INPIT | tetraen-19-91 4-{dimeath viamino)butanoate SM1GAR5/ 5

(M3} Lipid:siRNA 1011

124202 -(is(2 -

NP2 Invdrox ydodeeyhaminolethvii(2-

TN hydrox vdodecyhaminoethvlipiperazin-1 -
vhethvlazanedivixdidodecan-2-ol {Tech 1)

Tech GURSPC/Cholesterol/PRG-DMG
S3/10038.5/1.5
Lipid:isiRNA 1]

XTC/DEPC/CholVPEG-DMG
LMP13 XTC 50/10/385/1.8
Liptd:siRNA; 3321
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MCYDSPCACholPEG-DMG
INP14 | BACH 40/15/44/3

LiptdisiRNA; 111

MC3/DSPC/CholPEG-DSG N Av-PEG-DSG
INPIS | MC3 SGGIA5/M4.505
LipidsiRNA 1111

MUB/DSPCChol PRG-DMG
ILNPI& | MC3 HYIOEBR.5/1.E
LipidisiRNA: 71

MO3MSPC/CholPEG-DRG
INPI7 | ®IC3 SU/1038.5/1.5
LipidsiRMNA: 1

MC3/DSPCLhoVPEG-DMG

LNPIS | MC3 S0BE5/1S
LipidisiRNA: 1221
MO3/DSPC/CholPEG-DMG
LNPIS 1 MO S0 5/

Lipid:siRNA: 811

MC3/DEPCCHOVPEG-DEG
INP2G | MC3 30/10/38.5/1.8
LipalsiBNA: 1000

CL12200/D8PC/CholPEG-DSG
NP2 | C1Z-200 SO/10/38.5/1.5
LipidsiRNA; 711

HKTCOSPC/IChePEGDEG
INPZZ | XTC S6/10/38.5/1.5
Lipid siRNAC 1

DSPC: distearoylphosphatidvicholine
DPRC: dipalmitoviphosphatidyicholine

PEG-DMG:  PEG-didimyristoyl glycerol (C14-PEG, or PEG-C14) (PEG with avg mol wt of
2000

PEG-DSG: PEG-tistyryt glycerol (C18-PEG, or PEG-Ci8) (PEG with avg mol wt of 2000)
PEG-cDMA: PEG-carbamoyi-1,2-dimyristvloxypropvlamine (PEG with avg mol wt of 2000}
SNALP (1,2-Dilinolenyloxy-N N-dimethylaminopropane (OLImDMA)Y) comprising formulations
are described m International Publication No. WOR2009/12706¢, filed Apsil 13, 2009, which is
herehy incorporated by reference.

KTC comprising formulations arve described, e.g., in U.8. Provisional Serial No.
61/148,366, filed January 29, 2009; U5, Provisional Serial No. 61/156,851, filed March 2, 2009:
.S, Provisional Serial No. filed June 10, 2009; U.S. Provisional Serial No. 61/228.373, filed
July 24, 2009 U.S. Provisional Serial No, 61/239,686, filed Septeniber 3, 2008, and
International Application No. PCT/US2010/022614, filed January 29, 2010, which are hereby
incorporated by reference.
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MC3 comprising formulations are desciibed, eg., in U.S. Publication No. 2010/0324120,
filed June 10, 2010, the entire contents of which are hereby incorporated by reference.

ALNY-100 comprising formulations are described, e.g., International patent application
nurmber PCT/US09/63933, filed on November 10, 2009, which is hereby incorporated by
reference.

C12-200 comprising formulations are desceribed in 1.8, Provisional Serial No.
GI/75,770, fited May 3, 2009 and International Application No. PCT/US10/33777, filed May 3,
2010, which are hercby incorporated by reference.

Synthests of ionizable/cationic lipids

Any of the compounds, e.g., cationic lipids and the ke, used in the nucleic acid-lipid
particies of the mnvention can be prepared by known organic synthesis techniques, including the
methods deseribed in wore detail in the Examples. All substituents are as defined below unless
mdicated otherwise,

“Alkyl” means a straight chain or branched, noncyclic or eyclic, saturated aliphatic
hydrocarbon containing from 1 to 24 carbon atoms, Representative satarated straight chain
alkyls inchude methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, and the like: while saturated

ranched alkyls include isopropyl, sec-butyl, isobutyl, tert-butyl, isopentyl, and the like.
Representative saturated oyelic alkyls include cyclopropyl, cvelobutyl, cyclopentyl, cyclohexyl,
and the like; while unsaturated cyelic alkyls include cvclopentenyl and cyclohexenyl, and the
iike.

“Alkenyl” means an alkyl, as defined above, containing at least one douhle bond between
adjacent carbon atems. Alkenyls include both ¢is and trans isomers. Representative straight
chain and branched alkenyls inciude ethylenyl, propylenyl, 1-butenyl, 2-butenyl, isobutylenyl, 1-
pentenyl, Z-pentenyl, 3-methyl-1-butenyl, 2-methyl-2-butenyl, 2 3-dimethyl-2-butenyl, and the
tike,

“Alkyny!l” means any alkyl or alkenyl, as defined above, which additionally contains at
feast one triple bond between adjacent carbons. Representative straight chain and branched
alicynyls include acetylenyl, propynyl, L-butynyl, 2-butynyl, I-pentynyl, Z-pentynyl, 3-methyl-1
butyuyl, and the like.

“Acyl” means any alkyl, alkenyl, or alkynyl wherein the carbon at the point of attachment
i substituted with an oxo group, as defined befow. For example, -C{=0)alkyl, ~C{=0natkenyl,
and -C(=0)atkynyl are acyl groups.

“Heterocyele” means a 5- to Tanembered monosyelic, or 7- o F0-membered bioyclic,
heterocyclic ring which is cither saturated, unsaturated, or aromatic, and which contains from |
or 2 heteroatoms independently selected from nitrogen, oxveen apd sulfur, and wherein the

nitrogen and sulfur heteroatoms can be optionally oxidized, snd the nitroeen hetaroatom can be
bl =
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optionally quaternized, including bicyelic rings in which any of the ahove heterocveles are fused
to & benzene ring. The heterocyele can be attached via any heteroatom or carbon aton.
Heterocyeles include heteroaryls as defined below. Heterocyeles include morpholiny,
pymohdinonyl, pyrrolidimyl, pipenidinyd, piperizynyl, hydantoinyl, valerolactamyl, oxiranyl,
oxetanyl, tewrahydrofuranyl, tetrahydropyranyl, wirahydropyriding, tetrahydroprimidinyl,
tetrahydrothiophenyl, tetrahydrothiopyranyl, tetrabydropyrimidinyl, tetrahydrothiophenyl,
tetrahvdrothiopyranyl, and the like.

The terms “optionally substituted alkyl”, “optionally substituted alkenyl”, “optionally
substituted allkynyl”, “optionally substituted acyl”, and “optionaily substituted heterocyele”
means that, when substituted, at least one hydrogen atom is replaced with a substithent. In the
case of an oxo substituent (=0} two hydrogen atoms are replaced. In this regard, substituents
include oxo, halogen, heterocycle, -CN, -ORx, -NRxRy, -NRxC{=0Ry, -NRxSO2Ry,
~C{=ORx, -CEOYORY, -CE=0NRxRy, —50nRx and -SOnNRxRy, whereinn s 0, L or 2, Rx
and Ry are the same or different and independently hydrogen, alkyl or heterocvele, and each of
said atkyl and heterovycle substitnents can be firther substituted with one or more of oxo,
halogen, -OH, -CN, alkyl, -ORx, heterocyele, -NRxRy, -NExC{=C)Ry, -NRxS02Ry, -C(=0Rx,
SCEOYORY, -CEOINRRRY, -S0nRx and -SOnNRxRy, :

“Halogen” means fluore, chioro, bromo and iodo.

In some embodiments, the methods of the invention can require the use of protecting
groups. Protecting group methodology is well known to those skilled n the art (see, for
example, Protective Groups in Organie Synthesis, Green, T.W. ef af., Wiley-Interscience, New
York City, 1999). Briefly, protecting groups within the context of this invention are any group
that reduces or elinuinates unwanted reactivity of a functional group. A protecting group can be
added to » fanctional group to mask its reactivity during certain reactions and then removed 1o
reveal the original functional group. In some embodiments an “alcobol protecting group™ is used.
An “alcohol protecting group” is any group which decrcases or eliminates unwanted reaciivity of
an alcohol functional group. Protecting groups can be added and removed using technigues well
known in the art.
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Synthesis of Formuita A
[n some embodiments, nucleic acid-lipid particies of the mvention are formulated using a

cationic lipid of formula A
R3

Y
N"_R4

O_ o

R 4 .y , X .
! Ra where R1 and R2 are independently alkyl, alkenyl or alkynyl, each can be

optionally substituted, and R3 and R4 are independently lower alkyl or R3 and R4 can be taken
together to form an optionally substituted heterocyelic ring. In some embodiments, the cationic
Bipid is XTC (2,2-Ditinoleyl-4-dimethylaminoethyl-[1 3 1-dioxoiane). In general, the lipid of
formula A above can be made by the following Reaction Schemes 1 or 2, wherein all

substituents are as defined above unless indicated otherwise,

Br L
\/\[ Br\\/
5 - \\/o /_R‘ NHRIRY
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Lipid A, where R1 and R2 arc independently alkyl, alkenyt or alkvnyl, ¢ach can be optionally
substituted, and R3 and R4 are independently lower alkyt or R3 and R4 can be taken together to
form an optionally substituted heterocyolic ring, can be prepared accord g o Scheme [, Ketone
i and bromide 2 can be purchased or prepared according to methods known to those of ord nary
skillin the art. Reaction of 1 and 2 yields ketal 3. Treatment of ketal 3 with amine 4 vields
lipids of formula A. The lipids of formula A can be converted to the comesponding ammonium
salt with sm organic salt of formula 5, where X is anion counter ion selected from halogen,
hydroxide, phosphate, sulfate, or the like.
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Alternatively, the ketone | starting material can be prepared according to Scheme 2.
Grignard reagent 6 and cvanide 7 can be purchased or prepared according to methods known to
those of ordinary skill in the art, Reaction of 6 and 7 vields ketone 1. Conversion of ketone | to
the corresponding hipids of formula A is ag described in Scheme 1.

Synthesis of MC3

Preparation of DLin-M-C3-DMA (i.2., (62,927,282, 317 -heptatriaconta-6.9,28,31-

tetraen-19-yl 4-{dimethylaminc)botanoate) was as follows. A solution of (62,97 28Z.317)-

eplatriaconta-6,9,28 3 L -tetraen-19-0f ({153 ¢), 4-N N-dimethylaminobutyric acid hydrochloride
{G.51 g} 4-N N-dimethylaminopyndine (0.61 g} and T-ethyl-3-(3-
dimethylaminopropylicarbodiimide hydrochloride (0.53 g} in dichloromethane (3 mb) was
stirred at roomw temperatire overnight. The solution was washed with dilute hydrochioric acid
followed by dilute aqueous sodiven bicarbonate. The organic fractions were dried over anhvdrons
magnestn sulphate, filtered and the solvent removed on a rotovap, The residue was passed
down a silica gel column (20 g) using a 1-5% methanol/dichloromethane elution gradient.
Fractions containing the purified product were combined and the solvent removed, vielding a
colotless o1k {0.54 g). Svmthesis of ALNY-100
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synthesis of ketal 519 [ALNY-1007 was performed using the following scheme 3:

NHBoC - NHMe CheDSu, NChaMe NMD, SNCEZMe Kt
) KiEogs ' i e Yl
- LAH @ NER *i\f O “o ,%/‘ . ” j}/
&4 - g OH O
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Svnthesis of 315

To a stirred suspension of LiAlF4 (3.74 g, 5.09852 mol} in 200 ml anhydrous THF ma
two neck REF (1L), was added a solution of 514 (10g, 0.04926mo1) in 70 ml of THF stowly at
0C under mitrogen atmosphere. After complete addition, reaction mixture wag warmed 10 Toom,
temperature and then heaied to reflux for 4 h. Progress of the reaction was monitored by TLC,
After completion of reaction (by TLC) the mixture was cooled to 6 0C and guenched with
carefi! addition of saturated Na2504 solution. Reaction mixture was stirred for 4 h at room
temperature and filtered off. Residue was washed well with THF, The filtrate and washings were
mixed and diluted with 400 rol. dioxane and 26 mL conc. HCT and stirred for 20 minutes at room
temperature. The volatilities were stripped off under vacuum to furnish the hydrochloride salt of
515 as a white solid. Yield: 7.12 g 1H-NMR (DMSO, 400Miiz); 5= 9.34 {broad, 2H), 5.68 (s,
2FT), 3.74 (m, TH), 2.66-2.60 (i, 2I1), 2.50-2.45 (m, 5H).
Svmthesis of 516

To a stirred solution of compound 515 in 100 mL dry DOM in 2 250 mL two neck RBF,
was added NEt3 {37.2 mL, 0.266% mol) and conied 1o 0 0C under nifrogen atmosphere. Aftera
siow addition of N-(benzyloxy-carbonyloxy }-succinimide (20 g, 0.08007 mol) in SO mL dry
DM, reaction mixture was allowed t0 warm to room temperature, Afier cornpletion of the
reaction (2-3 h by TLC) mixture was washed successively with 1N HCT solution (1 xi00ml)
and saturated NaHCO3 soletion (1 x 30 mL). The organic layer was then dried over anhvd.
Na2504 and the solvent was evaporated to give crude material which was purified by silica gel
columm chromatography to get 516 as sticky mass. Yield: e g (89%). 1 H-NMR (CDCI3,
4000HzY: & = 7.36-7.27(m, SH), 5.69 (g, 2H), 5.12 (s, 2%}, 4.96 (br., 1H)2.74 (s, 3H), 2.60(m,
AH}), 2.30-2.25(m. 2H). LC-MS [M+HT -232.3 (96.24%).

Synthesis of 5174 and 5178
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The cyclopentene 516 {5 g, 0.02164 mol) was dissolved in 3 selution of 220 mL acetone
and water (10:1} in a single neck 500 mL RBF and to it was added N-methyt morpholine-N-
oxide (7.6 g, 0.06492 mol) followed by 4.2 mL of 7.6% solation of 0804 (0.275 g, 0.00108 mob)
in tert-butanol at room tewmperature. After completion of the reaction (~ 3 b, the mixture was
guenched with addition of solid Na2%03 and resulting mixture was stirred for 1.5 h at room
temperature. Reaction mixture was difuted with DCM (300 mb) and washed with water {2 x 100
mb} followed by saturated NaHCO3 (1 x 30 k) solution, water (1 & 30 mL) and finally with
brine (1x 50 ml}. Organic phase was dried over an. Na2S04 and solvent was removed i
vacuum, Silica gel column chromatographic purification of the crude material was afforded 2
mixture of diastereomers, which were separated by prep HPLC. Yield: - 6 g crude

S17A - Peak-1 (white solid), 5.13 g (96%). [H-NMR (DMSQ, 400MHz): &= 7.39-
T.31{m, SH), 5.04(s, 2H), 4.78-4.73 (m, [H), 4.48-4 47(d, 2H), 3.94-3.930m, 2H), 2.71(s, 3H),
1.72- 1.67(m, 41}, LC-MS - [M+H]-266.3, [M+NH4 +1-283.5 present, HPLC-97 86%
Stereochemistry confirmed by Xeray,

Synthesiz of 518

Using a procedure analogous to that described for the synthesis of compound 503,
compound 518 (1.2 g. 41%) was obtained as a colorfess oil, TH-NMR (CDCI3, 400MHz): 5=
7.35-7.33(m, 411}, T.30-7 27(m, 1H), 5.37-53.27{m, 8}, 5.12¢s, 2H), 4.75(m, 1 H), 4.5%-
4.57(m,2H}, 2.78-2.74(m,7H), 2.06-2.00(m,8H), 1.96-1.91 (m, 217), 1.62(m, 4H), 1.48(m, 2H),
1.37-1. 250y m, 3611), 0.87(m, 6H). HPLC-98.65%.

General Procedure for the Synthesis of Compound 519

A sotution of compound 518 (I eq) in hexane (15 mL) was added in a drop-wise fashion
to an ice-cold solution of LAH in THF (1 M, 2 eq). Afier complete addition, the mixture was
heated at 400C over 0.5 b then cooled again on an ice bath. The mixawe was carefully
hydrolvzed with satorated aqueous Na2504 then filiered through celite and reduced o an oil.
Column chromatography provided the pure 519 (1.3 g, 68%) which was obtained as a colorless
oif. I3CNMR 8= 130.2, 1301 (x2), 127.9(x3), 112.3,79.3, 64.4, 44.7, 38.3, 354, 31.5,205
(x2),29.7,29.6 (x2), 29.3 (x3),29.3 (x2), 272 (x3),25.6, 24.5, 233, 226, 14.1; Blectrospray M$
{+ve): Molecular weight for C44HR0NOZ (M + H)+ Cale. 654.6, Found 654.6,

Formulations prepared by either the standard or extrusion-free method can be
characterized in similar manmers. For example, formulations are typically characterized by
visual inspection. They should be whitish translucent solutions free from aggregates or
sedument. Particle size and particle size distribution of lipid-nanoparticles can be measured by
light scattering vsing, for example, a Malvern Zotasizer Nano 28 (Malvemn, TUSA). Particles
should be about 20-300 nm, such as 40-100 nm in size. The particle size distribution should be

waanodal. The total dsRNA concentration in the formulation, as well as the entrapped Faction,
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15 estimated using & dye exclusion assay. A sample of the formulated dsRNA can be incubated
with an RNA-binding dye, such as Ribogreen (Molecular Probes) in the presence or absence of 2
formulation disropting surfactant, e.g., 0.5% Triton-X100, The total dsRNA in the formulation
can be defermined by the sigoal from the sample containing the swrfactant, relative to 2 standard
curve. The entrapped fraction is determined by subtracting the “free™ dsRNA content (as
measured by the signal in the absence of surfactant) from the total dsRINA content. Percent
entrapped dsRNA is typically >85%. For SNALP formulation, the particle size is at least 30 nm,
at least 40 nm, at least 50 nm, at least 60 nm, at least 70 nut, af least 80 nm, at least 90 nm, at
feast 100 nm, at least 110 nm, and at least 120 nm. The suitable range is typically about at least
50 nm to about at least 110 nin, about at least 60 nm fo about at east 100 i, ot about at least
BO nm to about at least 90 nm.

Compositions and formulations ot oral adminisiration nclude powders or granules,
microparticuiates, nanoparticulates, suspensions or solutions i water or non-agueons media,
capsules, gel capsules, sachets, tablets or minitablets. Thickeners, flavoring agents. diluents,
emnlsifiers, dispersing sids or binders can be desirable. In some erbodiments, oral formmalations
are those in which dsRNAs featured in the invention are adnunistered in conjonction with one or
more penetration enhancer surfactants and chelators, Suitable surfactants melude fatty acids
and/or esters or salts thereof, bile acids and/or salts thereof, Suitable bile acid y/salis inchide
chenodeoxycholic acid (CDCA) and ursodeoxychenodeoxycholic acid (UDCAY, cholic acid,
dehydrocholic asid, deoxycholic acid, ghucholic acid, glycholic acid, glycodeoxycholic acid,
taurocholic actd, taurodeoxycholic acid, sodium tawro-24,2 5~dilvydro-fusidate and sodium
glycodibydrofusidate. Suitable fatiy acids inchide arachidonic acid, nndecanoic acid, oleic acid,
lauric acld, caprylic acid, capric acid, myristic acid, palmitic acid, stearic acid, linoleic acid,
lmelenic acid, dicaprate, tricaprate, monoolein, dilaurin, ghyceryl 1-monocaprate, 1-
dodecylazacycloheptin-2-one, an acylearniting, an acyicholine, ora m onoglycernide, a
diglyceride or a pharmacentically acceptable salt thereof (e, g. sodium). In some embodiments,
combinations of penetration enhancers are used, for example, fatty acids/salts in combination
with bile acids/salts, One exemplary combination is the sodinm salt of lauric acid, capric agid
and UDCA. Further penetration enhancers include polyoxyeth yienme-9-laurvi sther,
polyoxyethylene-20-cetyl ether. DsRNAs featured in the invention can be delivered orally, in
granular form inchuding sprayed dried particles, or complexed to form micro of nanoparticles.
DsRNA complexing agents include poly-amino acids; polyimines; polyacrylates;
polyatkylacrylates, polyoxethanes, pelyalkvicyanosoryiates; cationized gelating, albumins,
starches, acrylates, polyethylenegiveols (PEG) and starches; polyvalitylevanoacrylates; DEAE-
derivatized polyimines, pollnlans, celluioses and starches. Suitable complexing agents include

chitosan, Netrimethyichitosan, poly-L-lysine, polvhistidine, polyormithine, polyspermines,
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protaming, polyvinylpyridine, polythiodiethylaminomethylethylene P(TIVAE), polyaminostyrence
{e.g., p-amino}, poly(methylcyapoacrylate), poiylethylovanoacrylate), polv(butvlcyancacrylate),
poly(isebutyleyanoacrylate ), poly{ischexyleynacacrviae), DEAE-methacrylate, DEAE-
hexylacrylate, DEAE-acrylamide, DEAE-albumin and DEAE-dextran, polymethylacrylate,
polyhexylacrylate, poly(D,L-lactic acid), poly{(DXL-lactic-co-glycolic acid (PLGA), alginate, and
polyethyleneglyeol (PEG). Oral formulations for dsRNAs and their preparation are described in
detail in U.S. Patent 6,887,906, US Publn. No, 26030027780, and 1.8, Patent No. 6,747,014,
each of which is incorporated herein by reference.,

Compositions and formulations for parenteral, intraparenchymal (into the brain),
intrathecal, intraventricular ot intrahepatic administration can inclhude sterile agueous solutions
which can also contain buffers, diluents and other suitable additives such as, but not limited to,
penietration enhancers, carrier compounds and other pharmaceutically acceptable carriers or
gxcipicnts,

Pharmaceutical compositions of the present invention include, but are not limited to,
solutions, emmisions, and liposome-containing formulations. These compositions can be
generated from a variety of comsponents that include, but are not limited to, preformed Hauids,
self-emulsifying solids and seifenwisifyving semisclids. Particularly preferred are formulations
that target the liver when treating hepatic disorders such as hepatic carcinoma,

The pharmaceuntical formulations of the present invention, which can conveniently be
presented in unit dosage form, can be prepared according to conventional fechniques well known
in the pharmaceutical industry. Such technigaes include the step of bringing into association the
active ingredients with the pharmacentical carrier(s) or cxcipient(s). In general, the formulations
are prepared by uniformly and intimately bringing into association the active ingredients with
Liguid carriers or finely divided solid carriers or both, and then, if necessary, shaping the produet.

The composttions of the present invention can be formulated into any of many possible

dosage forms such as, but not lindted to, tablets, capsules, gel capsules, liquid syrups, soff gols,

[
suppositories, and enemas. The compositions of the present invention can also be formmlated as
SUSPENSIOns in agueous, non-agueous or mixed media. Agquecus suspensions can further contain
substances which increase the viscosity of the suspension including, for example, sodium
carboxymethyleellulose, sorbitol and/or dextran, The suspension can also contain stabilizen

. Additional Formulations

L Emulsions

The compositions of the present invention ¢an be prepared and formulated as emoplsions.
Emuisions are typically hewerogencous systens of one Hauid dispersed in another in the form of
droplets usually exceeding €.11un in diameter (see e.g., Ansel's Pharmaceutical Dosage Forms
and Drug Belivery Systems, Allen, LV, Popovich NG., and Ansel HC., 2004, Lippincott
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Williams & Wilkins (8th ed.), New York, NY; Idson, in Pharmaceutical Dosage Fornss,
Licberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p.
199; Rosoff, in Pharmaceutical Dosage Forms, Licherman, Rieger and Banker (Hds ), 1988,
Marcel Dekker, Ine., New York, NY,, Volome 1. p. 245; Block in Pharmacentical Dosage
Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y.,
volume 2, p. 335; Higuchi ef a/., in Remington's Pharmaceutical Sciences, Mack Publishing Co.,
Laston, Pa., 1985, p. 301). Emulsions are often biphasic svstems comprising two immiscible
Liguid phases mtimately mixed and dispersed with each other, In general, emulsions can be of
either the water-in-0il (w/o) or the oil-in-water (o/w) variety. When an aqueous phase is finely
divided mto and dispersed as misute droplets into a bulk oily phase, the resnlting composition is
cailed a water-in-oi} {w/o) emulsion. Alternatively, when an oily phase is finely divided into and
dispersed as minoie droplets mfo a bulk agueous phase, the resulting composition is called an oil-
in-water (o/w) cinulsion, Emulsions can contain additional components in addition to the
dispersed phases, and the active drug which can be preseat as a solution in sither the aquecus
phase, eily phase or itself as a separate phase. Pharmaceutical excipients such as enmlsifiers,
stabilizers, dyes, and anti-oxidants can also be present in emulsions as needed. Pharmaceutical
emulsions can also be multiple emulsions that are comprised of more than two phases such as,
for example, in the case of oil-in-water-in-oil {o/w/0) and water-in-oil-in-~water (w/o/w)
emulsions. Such complex formulations ofien provide certain advantages that simple binary
emulsions do not. Multiple cmulsions it which individnal oil droplets of an o/w emulsion
enclose small water droplets constitute a w/o/w emulsion. Likewise a system of oil droplets
enclosed in globules of water stabilized in an oily continuons phase provides an o/w/o ermulsion.

Emulsions are characterized by little or no thermodynamic stabitity. Often, the dispersed
or discontinuous phase of the emulsion is well dispersed into the external or continnous phase
and maintained i this form through the means of emulsifiers or the viscosity of the formulation.
Either of the phases of the enilsion can be a semisolid or 2 solid, as is the casc of emulsion-style
ommtment bases and creams. Other means of stabilizing emulsions entail the use of emulsifiers
that can be incorporated into either phase of the emulsion. Emalsifiers can broadly be classified
mto four categories: synthetic surfactants, naturally ocewrring emulsifiers, absorption bases, and
finely dispersed solids {sec e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery
Systems, Allen, LV, Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th
ed.), New York, NY; Idson, in Pharmacentical Dosage Forms, Lieberman, Rieger and Banker
{Eds.}, 1988, Marcel Dekker, Inc., New York, NUY., volume 1, p. 199},

Synthetic surfactants, also known as surface active agents, have found wide applicability
: the formulation of emulsions and have been reviewed in the literature {see e.¢., Ansel's

Pharacentical Dosage Forms and Drug Delivery Systems, Allen, LV, Popovich NG., and
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Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.). New York, NY; Rieger, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Deklker,
Inc., New York, N.Y., vohume 1, p. Z85; Idson, in Pharmacentival Dosage Forms, Licberman,
Rieger and Banker (Eds. ). Marcel Delker, Inc., New York, NY ., 1988, volume 1, p. 199}
Surfactants are typically amphiphilic and comprise a hydrophilic and g hydrophobic portion. The
ratio of the hydrophilic to the hydrophobic nature of the surfactant has been termed the
hydrophile/lipophile balance (HLB) and 1s a valuable tool in categorizing and selecting
surfaciants i the preparation of formulations. Surfactants can be classified into different classes
based on the nature of the hydrophilic group: nonionis, anionic, cationic and amphoteric (see
e.o.. Ansel's Pharmacentical Dosage Forms and Drug Delivery Systems, Allen, LV, Popovich
NG, and Ansel HC ., 2004, Lippincott Williams & Wiltkins (8th ed.), New York, NY Rieger, in
Pharmaceutical Dosage Forms, Licherman, Rieger and Beanker (Hds.), 1988, Marce] Deldker,
Ing., New York, BLY., volume 1, p. 285

Naturally ocourring emulsifiers used in emulsion formulations inciude lanolin, beeswax,
phosphatides, lecithin and acacia. Absorption bases possess hydrophilic properties such that they
can soak up water to form w/o emulsions yet retain their semisolid consistencies, such as
anhvdrous lanolin and hydrophilic petrolatum. Finely divided solids have also been used as good
ernulsifiers especially in combmation with surfactants and in viscous preparations. These include
polar inorganic solids, such as heavy metal hvdroxides, nonswelling clays such as bentonite,
attapulgite, hectorite, kaolin, montmorilionite. colloidal aluminnm silicate and colloidal
magnesiom shuninum silicate, pigments and nonpolar solids such as carbon or glyceryl
tristearate,

A large variety of non-emulisifving materials are also included in emulsion formulations
and contribute to the properties of emulsions. These inciude fats, oils, waxes, fatty acids, fatty
alcohols, fatty esters, humectants, hydrophibic collowds, preservatives and antioxidants (Block, m
Pharmaccutical Desage Forms, Licberman, Ricger and Banker (Eds.), 1988, Marcel Dekker,
Ine, New York, N.Y., votume 1, p. 335; Idson, in Pharmacentical Dosage Forms, Licberman,
Rieger and Banker (Eds.), 1988, Marcel Dekker, inc., New York, N.Y., volume |, p. 199).

Hydrophilic colloids or hydrocoHoids melude vaterally ocourring gurps and synthetic
polymers such as polysaccharides {for example, acacia, agar, alginic acid, carrageenan, guar
oum, Karaya gunt, and fragacanth), coliulose derivatives (for example, carboxymethviceliulose
and carboxvpropyleelinlose), and svathetic polviners (for example, carbomers, cellulose ethers,
and carboxyvinyl polymers). These disperse ot swell in water to form colloidal solotions that
stabilize cmulsions by forming strong mterfacial films around the dispersed-phase droplets and

by increasing the viscosity of the exiemnal phase.
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Since emulsions often contain a number of ingredients such as carbohydrates, proteins,
sterols and phosphatides that can readily support the growth of microbes, these formulstions
often incorporate preservatives. Commeonly used preservatives inchided in eranlsion fomulations
include methyl paraben, propyl paraben, quaternary aramonium salts, benzalkonium chloride,
egters of p-hydroxyhenzoic acid, and boric acid. Antioxidants are also conunonly added to
emulsion formulatons to prevent deterioration of the formulation. Antioxidants used can be fee
radical scavengers suck as tocophesols, alky! gallates, butylated hydroxyanisole, butylated
hydroxytoluene, or reducing agents such as ascorbic acid and sodinm metabisulfite, and
antioxidant synergists such as citric acid, tartaric acid, and lecithin,

The application of emulsion formulations via dermatological, oral and parenteral routes
and methods for their manufacture have been reviewed in the literature (see e.g., Ansel's
Pharmaceutical Dogage Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and
Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY; Idson, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Bds.), 1988, Marce! Dekker,
Inc, New York, N.Y., volume 1, p. 199} Emulsion formulatons for oral delivery have been very
widely used becanse of ease of formulation, as well as efficacy from an absoiption and
bioaveilability standpoint (sze 2.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery
Systems, Allen, LV, Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th
ed.}, New York, NY; Rosoff, in Pharmaceutical Dosage Forms, Lieberman, Rigger and Banker
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 243; Idson, in Pharmaceutical
Dosage Forms, Ligherman, Rieger and Banker {Eds.), 1988, Marcel Dekker, Ine., New York,
N.Y., volume 1, p. 199). Mineral-oil base laxatives, ofl-soluble vitamins and high fat nutritive
preparations are among the materials that have commonly been administered orally as o/w
enisions.

it. Microemulsions

In one embeodiment of the present invention, the compositions of IRNAs and nacleic
acids are formulated as microenmisions. A microemulsion can be defined as a system of water,
oil and amphiphile which is a single optically isotropic and thermodynamically stable liguid
solution (see 2.g., Ansel's Pharmuceutical Dosage Fotms and Drug Delivery Systems, Allen,
LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York,
NY; Rosotf, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker {(Bds.), 1988,
Marcel Dekker, Inc., New York, N.Y ., volume 1, p. 245}, Typically microemulsions are systems
that are prepared by first dispersing an o1l In an aqueous surfactant solution and then adding a
sufficient amount of a fourth component, generally an intermediate chain-length aleohol to form
a transparent system. Therefore, microzmulsions have alse been deseribed as thermodynamically

stable, isotropically clear dispersions of two immiscible Hiquids that are stabilized by interfacial
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filme of surface-active molecules { Lcm}g and Shah, in: Confrolled Release of Drugs: Polymers
and Aggregate Sysiems, Rosoff, M., Ed., 1989, VCH Publishers, New York, pages 183-2135).
Microemulsions commonly are prepamd via a combination of three o five components that
include oil, water, surfactant, cosarfactant and electrolyte. Whether the microemulsion s ofthe
water-in-oil {w/o) or an oil-in-water (o/w) type 1s dependent on the properties of the oil and
surfactant used and on the structure and geometric packing of the polar heads and hydrocarbon
tatls of the surfactant molecules (&{:hm{, in Remington's Pharmaceutical Sciences, Mack
Publishing Co., Easton, Pa,, 1985, p. 271}

The phenomenological approach utilizing phase diagrams has been extensively studied
and has yielded a comprehensive knowledge, to one skilled in the art, of how to formulate
microemulsions (see e.g., Ansel's Pharmacentical Dosage Forms and Drog Delivery Systems,
Allen, LV, Popovich NG., and Ansel HC,, 2004, Lippincott Williams & Wilkins (3th ed.), New
York, NY; Rosoff, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds.),
1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 245; Block, in Pharmaceutical Dosage
Forms, Licberman, Rieger and Banker (Eds.}, 1988, Marcel Dekker, Inc., New York, NY .,
volume 1, p. 335). Compared to conventional emulsions, microenuilsions offer the advantage of
solubilizing water-insoluble drugs in a formulation of thermodynamically stable droplets that are
formed spoutancously,

Surfactants nsed in the preparation of microemulsions include, but are not limited to,
ionic surfactants, non-ionic surfactants, Brij 96, polyoxyethylene oleyl ethers, polvglyeerol fat
acid esters, tetragiycerol monolaurate (ML310), teraglyeerol monooleate (MQO310),
hexaglyoerol monooleate (PO3 10}, hexaglveerol pentaoleate (POS00), decaglycero] monocaprate
(MCAT50), decaglycerol monooleate (MO750), decaglycerol sequicleate (3G750), decaglyeerol
decavteate (DAQTS0), alone or in combination with cosarfactants. The coswrfactant, nsually a
short-chain alechol such as ethanol, [-propanol, and [-butanol, serves to inorease the interfacial
fluidity by penetrating into the surfactant filim and consequently creating 2 disordered film
because of the void space generated among surfactant molecules. Microemulsions can, however,
be prepared without the use of cosurfactants and aleohol-free self-emulsifving microemulsion
systems are kmown i the art, The agueous phase van typically be, but is not lindted to, water, an
aqueous solution of the drug, glycerol, PEG300, PEGA400, polyglveerols, propylene glyeols, and
derivatives of ethylene glycol. The oil phase can inchude, but is not limited to, materials such as
Captex 300, Captex 355, Capmin] MCM, fatty acid esters, medinm chain (C8-C12) mono, di, and
tn-glycerides, polyoxyethylated glyeeryl fatty acid esters, fatty aloohols, polyglycolized
glycendes, saturated polyglyeolized C8-C10 glycerides, vegetable oils and silicone oil,

Microenmlsions are particnlarly of interest from the standpoint of drug sclubilization and

the ephanced absorption of drags. Lipid based microemulsions (both o/w and w/o) have been
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proposed to enhance the oral bioavaitability of drugs, including peptides {sce e.g., U.S. Patent
MNos, 6,151,103; 7,063 860 7,070,802, 7,157,098 Constantinides ef al., Pharmaceuiical
Research, 1994, 1}, 138S-1390; Ritschel, Meth. Find. Exp. Clin. Pharmacel,, 1993, 13, 205).
MMicroemulsions afford advantages of iioproved drog solubilization, protection of drug from
enzymatic hvdrolysis, possible enhancement of drug absorption due 1o strfactantanduced
alterations in membrane fluidity and permesbility, case of preparation, ease of oral
admmistration over solid dosage forms, improved chinical potency, and decreased toxicity {see
e.g., U5, Patent Nos, 6,191,105, 7,063 ,860; 7,070,802, 7.1 57,099; Constantinides ef af,,
Pharmacewsical Research, 1994, 11, 1385 Ho et al., J Pharm, Sci, 1996, 835, 138-143). Offen
microenuisions can form spontancously when their components are brought together at ambient
terperature. This can be particnlarly advantageous when formulating thermolabile drugs,
peptides or iIRNAs. Microemulsions bave also been effective in the transdermal delivery of
active components in both cosmetic and pharmaceutical applications, It s expected that the
microemuision compositions and formulations of the present invention will facilitate the
increased systemic absorption of iRNAs and nucleic acids from the gastrointestinal tract, as well
as improve the local celhilar uptake of IRNAs and nucleic acids.

Microemuisions of the present invention can also covntain additional components and
additives such as sorbitan monostearaie (Grill 3), Labrasol, and penctration enhancers to improve
the properties of the formulation and to enhance the absorption of the IRNAs and nucleic acids of
the present invention. Penetration enhancers used in the microemulsions of the present nvention
can be classified as belongmg 1o one of five broad categories~-surfactants, fatty acids, bile salts,
chelating agents, and non-chelating non-surfactants (Lee er al., Critical Reviews in Therapeutic
Drug Carrisr Svetems, 1991, ». 92). Hach of these classes has been discussed above,

. Microparticles

an RNAI agent of the invention may be meorporated info 2 particle, e.g., a microparticle,
Microparticies can be produced by spray-drying, but may also be produced by ather methods
incinding lyophilization, evaporation, fluid bed drving, vacuum drying, or a combination of these
technigues.

v, Penetration Enhancers

in one embodiment, the present invention employs variots peneiration enhancers 1o
effect the efficient delivery of mucleic acids, particularly iRNAs, to the skin of animals. Most
drugs are presant in sclution in both lonized and nonionized forms, However, usually only lipid
soluble or ipophilic drugs readily cross cell membranes, Tt has beent discovered that even non-
iipophilic drugs can eross cell membranes if the membrane o be crossed 18 treated with 2
penetration enhancer. in addition to atding the diffusion of non-lipophilic drgs across cell

membranas, peneiration enhancers alse enhanee the permeability of ipophilic drags.
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Penetration enhancers can be classified as belonging to one of five broad categorices, i e.,
surfactants, fatty acids, bile salts, chelating agents, and non-chelating non-surfactants (see e.g.,
Malmsten, M. Surfactants and polymers in drog delivery, Informa Health Care, New York, NY,
2002; Lee eral., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, p.923. Each of the
above mentioned classes of penetration enhancers are described below in greater dotail.

Surfactants {or "surface-active agents”} are chemical entities which, when dissolved in an
aquenus solution, reduce the surface tension of the solution or the interfacial tension between the
agueous sohition and anotber liquid, with the result that absorption of IRNAs through the mucosa
is enhanced. In addition to bile salts and fatty acids, these penetration enhancers include, for
example, sodium lauryl sulfate, polyoxyethylene-S-lauryl ether and polyoxyethviene-20-cetyl
ether} (see e.g, Malmsten, M. Surfactants and polymers in drug delivery, Informa Health Care,
New York, NY, 2002; Lee et af., Critical Reviews in Therapeutic Drug Carrier Systems, 1991,
p.92); and perfluorochemical emulsions, such as FC-43, Takahashi et af., J. Pharm. Pharmacol.,
1988, 40, 252),

Various fatty acids and their devivatives which act as penetration enhancers tnclude, for
example, oleic acid, lauric acid, capric acid (n-decanoie acid), myristic acid, palmitic acid,
stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein (-monooleovi-rac-
glycerol), dilaurin, caprylic acid, arachidonic acid, glycero! 1-memocaprate, 1-
dodecylazacycloheptan-2-one, acylcarnitines, acylcholines, Cy ¢ alkyl esters thereof (e.g.,
methyl, isopropy] and tbutyl), and mono- and di-glyeerides thereof {i.e., oleate, laurate, caprate,
mynstate, pabmitate, stearate, linoleate, ere.) (see e, Touitow, E., ¢f /. Fnhancement in Drog
Delivery, CRU Press, Danvers, MA, 2006; Lee e 4/, Critical Reviews in Therapeutic Drug
Carrier Systems, 1991, p.92; Muranishi, Critical Reviews in Therapentic Drug Carrier Systems, -
1990, 7, 1-33; Bl Hariri er af,, J. Pharm. Pharmacol, 1992, 44, 651-654),

The physiological role of bile includes the faciitation of dispersion and absorption of
lipids and fat-soluble vitamins (see e.g., Malmsten, M. Surfactants and polymers in drug
delivery, Informa Health Care, New York, NY, 2002; Rronton, Chapter 38 in: Goodmean &
Gilman's The Phammacological Basis of Therapeutics, Sth Bd., Hardman er o/, Eds., MoGraw-
THL New York, 1996, pp. 934-933). Various natural bile salts, and their syothetic derivatives,
act as penetration enbancers. Thus the term "bile salts” includes any of the naturally occurting
components of bile as well as any of their svathetic derivatives. Suitable bile salts include, for
example, cholic acid {or its pharmaceutically acceptable sodium salt, sodium cholate),
dehydrocholic acid (sodinm debydrocholate), deoxyeholic acid (sodinm deoxyeholate), ghucholo
acid (sodinm ghucholate), glycholic acid (sodium glycocholate), glycodeoxyoholic acid {sodium
glycodeoxycholate), taurocholic acid (sodium taurocholate), tauredeoxyeholic acid (sodium

tanrodeoxycholate), chenodeorycholic acid {sodivm chenodeoxycholaie), vrsodeoxyehalic acid
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(UDCA), sodium tauro-24,25-dihvdro-fusidate (STDHF), sodium ghycodihydmsidaie and
polyoxyethylene-9-lawryl ether (POE) (see e.g., Malmsten, M. Surfactants and polymers in drug
delivery, Informa Health Care, New York, NY, 2002; Lee ef ol,, Critical Reviews in Therapeutic
Dirug Carrier Systerns, 1991, page 92; Swinyard, Chapter 39 In: Remington's Pharmacentical
Sciences, [8th Ed., Gennaro, ¢d., Mack Publishing Co., Easton, Pa., 1990, paszf:s TEZ-T83;
Muranishi, Critical Reviews in Therapeutic Drag Carrier Systems, 1990, 7, 1-33; Yamamoto af
al..J. Pharm. Exp. Ther., 1992263, 25; Yamashita ef e, J. Pharm. Sci., 1880, 79, 579-583).

Chelating agents, as used in connection with the present invention, can be defined as
compounds that remove metatlic ions fom solution by forming complexes therewith, with the
result that absorption of iRNAs through the mncosa is enbanced. With regards to their use as
penetration enbancers in the present invention, chelating agents have the added advantage of 2lso
serving as DNase mbibitors, as most characterized DNA nucleases require a divalent metal jon
for catalysis and are thus imhibited by chelating agents (Jarrett, /. Chromarogr., 1993, 618, 315-
339} Suitable chelating agents inchude but are not limited to disodium
cthylenediaminetetraacetate (EDTA), ciiric acid, salicylates {e.g., sodinm salicylate, 5-
methoxysalicylate and homoevanilate), N-acyl derivatives of collagen, laurath-9 and WN-amino
acyl derivatives of beta-diketones (cnamines)(see e.z., Katdare, A, ¢f o/, Excipient development
for pharmaceutical, biotechnology, and drog delivery, CRC Press, Danvers, MA, 2006; Lec e
al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, page 92; Muranishi, Critical
Reviews in Therapeutic Drug Carrier Svstems, 1990, 7, 133, Buar ef ol J. Conral Rel., 1990,
14, 43-51).

As used herein, non-chelating non-surfactant penctration enhancing compounds can be

ecfined as compounds that demonstrate msignifieant activizy as chelating agents or as surfactants

but that nonetheless enhance absorption of iIRNAs through the alimentary mucosa (see 2.z,
Muranishi, Critical Reviews in Therapeutic Drug Camier Systems, 1990, 7, 1-33), This class of
penetration enhancers includes, for example, unsaturated evolic ureas, 1-alkyl- and 1-
atkenylazacyelo-alkanone derivatives (Lec er o, Critical Reviews in Therapentic Dvug Carrier
Systems, 1991, page 92 and non-steroidal anti-inflammatory agents such as diclofenac sodium,
indomethacin and phenylbutuzone (Yamashita ef of., J. Pharm. Pharmacol., 1987, 39, 621-626),

Agents that enhance uptake of IRINAs at the cellular level can also be added 1o the
phammaceutical and other compositions of the present invention, For example, cationic lipids,
such as tipofectin (Junichi ef o/, UK. Pat. No. 5,705,188), cationic glveerol dertvatives, and
polycationic molecules, such as polylysine (Lollo e al., PCT Application WQ §7/30731), are
also known to enhance the cellnlar uptake of dsRNAs. Examples of commercially available
transfection reagents include, for example Lipofectamine™ (Invitrogen; Carlshad, CA),

Lipofectamine 2000™ (lavitrogen; Carlsbad, CA), 293 fectin™ (Invitrogen; Caslsbad, CA),
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Cellfectin™ (Invitrogen; Carlsbad, CA), DMRIE-C™ (Invitrogen; Carlsbad, CA), FreeStyle™
MAX (Invittogen; Carisbad, CA), Lipofectamine™ 2000 CD {Invitrogen; Carlsbad, CA),
Lipofectamine™ (Invitrogen; Carlsbad, CA), RNAIMAX (Invitrogen; Carlsbad, CA),
Oligofectaming™ (Invitrogen; Carlsbad, CA), Optifect™ {Invitrogen; Carlsbad, CA), X-
tremeGENE Q2 Transfection Reagent (Roche; Grenzachersirasse, Switzerland), DOTAP
Liposomal Transfzction Reagent {Grenzacherstrasse, Switzerland), DOSPER Liposomal
Transfection Reagent (Grenzacherstrasse, Switzerland), or Fogene {Grenzacherstrasse,
Switzerland), Transfectam® Reagent (Promega; Madison, WIb, TransFast™ Transfection
Reagent (Promega; Madison, Wi, T&™.20 Reagent (Promega; Madison, W1), Tf™.56
Reageat {Promega; Madison, W}, DBreamFect™ ((GZ Biosciences; Marseiile, Franee),
EcoTrausfect {OZ Biesviences; Marseille, France), TransPass® D1 Transfection Reagent (New
England Biolabs; Ipswich, MA, USA), LyoVee™/LipoGen™ (Invitrogen; San Diego, CA,
USA}, PerFectin Transfection Reagent {Genlantis; San Diego, CA, USA), NeuroPORTER
Transfection Reagent {(Genlantis; San Diego, CA, USA), GenePORTER Transfection reagent
{Genlantis; San Diego, CA, USA), GenePORTER 2 Transfoction reagent (Genlantis; San Diego,
CA, US4, Cytofectin Transfection Reagent (Genlantis; San Diego, CA, USA), BaceloPORTER
Transfection Reagent {(Genlantis; San Diego, CA, USA), TroganPORTER™ gransfection
Reagent (Genlantis; San Diego, CA, USA '}, RiboFeot (Bioline; Taunton, MA, TISA), PlasFect
{Bioline; Taunton, MA, USA), UniFECTOR (B-Bridge International; Mountain View, CA,
USA), SureFECTOR (B-Bridge International; Mountain View, CA, USA), or FiiFect™ {i3-
Bridge International, Mountain View, CA, USA), ameng others,

Other agents can be utilized o enbance the penetration of the administered nucleic acids,
including glycols such as ethylene glycot and propylene ghycol, pyirols such as 2-pyrrol, azones,
and terpenes such as limonene and menthone.

v. Larriers

‘ertain compositions of the present mvention also incorporate carrier compounds in the
formulation. As used herein, “carrier compound” or “carrier” can refer to a nucleic acid, or
analog thereof, which is inert (i.e., does not possess biological activity per se) but is recognized
ag a nueleic acid by in vive processes that reduce the bioavailability of a nucleic acid having
blological activity by, for example, degrading the biolagically active nucleic acid or promaoting
its removal from cirenlation. The coadministration of a nucleic acid and a carrier compound,
typically with an exceoss of the latter substance, can resnli in 2 substantial reduction of the
amount of nucleic acid recovered in the Hver, kidney or other exfracirenlatory reservorrs,
presumably due to competition between the carrier compound and the nucleic acid for a common
receplor. For example, the recovery of a partially phosphorothioate dsRNA in hepatic tissue can

be yeduced when it is coadministered with polyinosinic acid, dextran sulfate, polveytidic acid or
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4-acetamido-4 'isothiccyano-stilbene-2,2-disutfonic scid (Mivao 27 gl., DsRNA Res. Dev., 1995,
5, [15-121; Takakura ef af,, DsRNA & Nuck Acid Drug Dev., 1996, 6. 177-183,
vi. Fxeipients

[ix contrast to a carrier compound, a “pharmaceutical carrier” or “excipient™ s a
pharmaceutically acceptable solvent, suspending agoent or any other phamiacologically inert
vehivie for delivering one or mwore nucleic acids to an animal. The excipiont can be Hguid or solid
and s selected, with the planned manner of administration in mind, so as to provide for the
desired bulk, consistency, efe., when corabined with a nucleic acid and the other components of a
given pharmaceutical composition. Typical pharmaceutical carriers include, but are not limited
to, binding agents {e.g.. pregelatinized maize starch, polyvinyipyirolidone or hydroxypropy
methyleellulose, efe.); fillers {e.g., lactose and other sugars, microcrystatline cellulose, pectin,
gelalin, calcium sulfate, ethyl cellulose, polyacrylates or calcium hydrogen phosphate, erc.);
lubricants (e.g., magnesium stearate, tale, sifica, colloidal silicon dioxide, stearic acid, metallic
stearates, hydrogenated vegetable oils, com starch, polyethylene glyeols, sodium benzoate,
sodiam acetate, ere.; disintegrants {e.g., starch, sodivm starch glycolate, efc.); and wetting
agents {e.g., sodinm lauryl sulphate, ere).

Pharmaceutically accepiable organic or inorganic excipients suitable for non-parenteral
admmstration which do not deleteriously react with nucleic acids can also be used to formulate
the compositions of the present invention. Suitable pharmaceutically acceptable carriers include,
but are not limited to, water, salt solutions, alcobols, polvethvlene glyeols, gelatin, lactose,
amylose, maguesium stearate, tale, silicic acid, viscous paraffin, hydroxymethyicelinlose,
polyvinvipyrolidone and the like,

Formulations for topical administration of nueleic acids can include sterile and ron-
sterile aqueous solutions, non-agueous solutions in common solvents such as aleohols, or
solutions of the nucieic acids in liguid or solid oil bases. The sohitions ean also contain buffers,
diluents and other suitable additives. Pharmaceutically acceptable organic or inorganic excipicnts
suitable for non-parenteral administration which do not deleteriously react with nucleic acids can
be used.

Suttable pharmacentically acceptable excipients include, but are not limited to, water, salt
solutions, aicohol, polyethviene glveols, gelatin, lactose, amylose, magnesium stearate, talc,
silicic acid, viscous paraffin, hydroxymethyleellulose, polvvinyipyrrolidone and the like.

vii. Other Components

The compositions of the present invention can additionally contain other adjunct
components conventionally found in pharmaceuatical compositions, at their ari-established nsage
levels. Thus, for example, the compositions can contain additional, compatibie,

pharmaceutically-active materials such as, for example, antipraritics, astringents, local
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anesthetics or anti-inflantmatory agents. or can contain additional materials useful in physically
formulating various dosage forms of the compositions of the present invention, such as dyes,
flavoting agents, preservatives, antioxidants, opacifiers, thickening agents and stabilizers.
However, such materials, when added, should not unduly interfere with the biclogical activities
of the components of the compositions of the present invention. The formmulations can be
sterilized and, if desired, mixed with auxifiary agents, e.g., lnbricants, preservatives, stabilizers,
wetting agents, emulsifiess, salts for influencing osmotic pressure, buffers, colorings, flavorings
andior aromatic substances and the like which do not deleterionsly interact with the nucleic
acid(s) of the formulation,

AQUeots SUSPensions can contain substances which increase the viscosity of the
suspension including, for example, sodinm carboxymethyleelulose, sorbito] and/or dextran. The
suspension can also contain stabilizers,

In some embodiments, pharmacentical commasitions featured in the invention mchude
{a} one or more IRNA compounds and (b} one or more agents which function | by a non-BNA
mechanism and which are useful in treating a hemolytic disorder. Txamples of such agents
include, but are not Imited to an anti-inflamimatory agent, anti-steatosis agent, anti-viral, and/or
anti-fibrosis agent, In addition, cther substances conmmonly used o protect the liver, such as
sityimarin, can alse be used in conjunction with the iRN4s described herein. Other agents useinl
for treating liver diseases include telbivadine, entecavir, and protease inhibitors such as
telaprevir and other disclosed, for example, in Tung ef ol U.S. Application Publication Nos.
2005/0148548, 2004/01671 16, and 2003/0144217; and in Hale e o/, 1.5, Application
Publication MNo. 2004/0127488,

Toxicity and therapentic efficacy of such compounds can be determined by standard
pharmacentical procedures i cell cultures or experimental animals, e.g., for determining the
LI350 {the dose fethal to 50% of the population) and the ET330 (the dose therapeutically effective
in 50% of the population). The dose ratio between toxie and therapentic effects is the thorapeutic
index and it can be expressed as the ratio LDS0/EDS0. Compounds that exhibit high therapeutic
indices are preferred.

The data obtained from cell culture assays and animal studies can be used fo formulating
avange of dosage for use in bumans. The dosage of compositions featured herein in the
invention lies generally within a range of circulating concentrations that include the EDSO with
fittle or no toxicity. The dosage can vary within this range depending upon the dosage form
employed and the route of administration utilized. For any compound used in the methods
featured in the invention, the therapeutically effective dose can be estimated initiallv from cell
culture assays. A dose can be formulated in animal models to achicve a circulating plasma

concentration range of the compound or, when appropriate, of the polypeptide product ofa target
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sequence {e.g., achieving a decreased concentration of the polypeptide) that includes the 1C50
(i.e., the concentration of the test compound which achieves a halfimasimal inhibition of
symptoms) as determined o cell cabtare. Such information can be used to more accurately
deterrnine useful doses in humans, Levels in plasma can be measored, for example, by high
performance lguid chromatography.

I addition to their adminstration, as discussed shove, the IRNAs featored in the
mvention can be administered in combination with other known agents effective in treatment of
pathological processes mediated by O35 expression. In any event, the administering physician
can adjust the amount and timing of IRNA. administration on the basis of results observed using

standard measures of efficacy known in the art or described herein.

VI  Metheds For Inhibiting C5 Expression

The present invention provides methods of inhibiting expression of C5 in a cell. The
methods include contacting a cell with an RINAi agent, e.g., 2 double stranded RNAI agent, in an
amount effective to inhibit expression of the C5 in the cell, thereby inhibiting expression of the
C5 1 the cell,

Contacting of 2 cell with a double stranded RNAJ agent may be done in virro o1 in vive.
Contacting a cell i vivo with the RNAI agent includes contacting a cell or group of cells within a
subiect, e.g., a human subject, with the RNAI agent. Combinations of in vitro and in vive
methods of contacting are also possible. Contacting may be direct or indirect, as discussed
above, Forthenmore, contacting a cell may be accomplished via a targeting ligand, including any
ligand described hercin or known in the art. In preforred embodiments, the targeting ligand is a
carbohydrate moiety, e.g., a GalNAc, ligand, or apy other ligand that directs the RNAI agent to a
site of interest, e.g., the liver of a subject.

The term “ohibiting,” as used herein, Is vsed interchangeably with “redocing,”

e

“silencing,” “downregulating” and other similar terms, and inclodes any level of Inhibition.

The phrase “inhibiting expression of a C3” is intended to refer to inhibition of expression
of any C3 gene (such as, e.g., a monse T35 gene, avar CS gene, a monkey C5 gene, or a human
C5 gene) as well as vanants or routants of a CF gene. Thus, the €35 geve may be a witd-type €5
gene, a mutant C5 gene, or 2 transgenic €5 gene in the context of 2 genetically manipulated cell,
group of celis, or organism.

“Inhibiting expression of a C3 gene” includes any lovel of inhibition of a €3 gene, ¢.g., at
teast partial suppression of the expression of a C5 gene. The expression of the C8§ gene may be
assessed based on the level, or the change in the level, of any variable associated with €5 gene
expression. e.g.. L5 mRNA level, O3 protein level, or for example, CHsy activity as a2 measure of

total hemolytic complement, Allse to measure the hemolytic activity of the alternate pathway of
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complement, and/or lactate dehydrogenase (LDH) levels as a measure of mfravascular
hemolysis, and/or hemoglobin levels. Levels of C3a, U35, and soluble 5h-0 complex may aiso
be measured to assess CF expression. This level may be assessed in an mdividual esli orin a
group of cells, inclading, for example, 2 sample derived from a subject,

inhibition may be assessod by a decrease in an absolute or relative level of one or more
variables that are associated with (5 expression compared with a conirol level. The control level
may be any type of control level that is utilized in the art, e.g., a pre-dose baseline level, or a
level determined from a similar subject, cell, or sample that is unireated or treated with a control
(such as, e.g., buffer only control or inactive agent control),

In some embodiments of the methods of the invention, expression of 2 C3 genc is
inhibited by at least about 5%, at least sbout 10%, at least abous 13%, at least about 20%%, at least
about 25%, at least about 30%, at least about 35%, at least about 40%, at Teast ahout 43%%, at
least about 50%, at least about 85%, af lcast about 60%, at least about 65%, at feast about
70%, at least about 75%, at least about 80%, at least about 85%, at least about 9%, at least
about 91%, at least about 2%, at least about 93%, at least about 94%. at least about 95%, at
least about 96%, at least about 97%, at least about 98%, or at least about 99%,

Inhibition of the expression of & C5 gene may be manifested by a reduction of the amomnt
of mRNA expressed by a first cell or group of cells {such cells may be present, for example, ina
samaple derived from a subjject) in which a U5 gene is transcribed and which has or have been
treated {e.g., by contacting the cell or cells with an RNAI agent of the invention, or by
admmistering an RNAI agent of the invention to a subject jn which the cells are o1 were present)
such that the expression of & C8 gene is inhibited, as compared to a second cell or group of cells
substantially identical to the first cell or group of cells but which has not or have not been 50
treated (control oell{s)). In preferred embodiments, the inhibition is assessed by expressing the
Jevel of mRNA in treated cells as a percentage of the level of mRNA in control eells, using the
following formula:

{mBNA in comtrolcells)- {mRNA in treated cells)
{mENA in contrel cells)

& ] 00%

Alternatively, inhibition of the expression ofa C3 gene may be assossed in torms of a
reduction of a parameter that is functionally linked to €5 gene expression, e. 2., T3 profein
expression, hepeidin gene or protein expression, or fron levels in tissuss or seram. C5 gene
silencing may be determined in any cell expressing C5, either constitutively or by genomic
engineeting, and by any assay known m the art. The liver is the major site of C3 expression.
Other significant sites of expression include the kidnevs and the uterus.

tnhibition of the expression of 2 C3 protein may be manifested by a rednction in the level

of the C5 protein that is expressed by a cell or group of cells {e.g., the level of protein expressed
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in a sample derived from a subject). As explained above for the assessment of mRNA
suppression, the inhibiton of protein expression levels in a treated cell or group of cells may
similarly be expressed as a percentage of the level of protein in a control cell or group of cells,

A control cell or group of cells that may be used {0 assess the mhibition of the expression
of a C5 gene includes g cell or gronp of cells that has not yet been contacted with an RINAL agent
of the invention. For example, the control cell or group of cells may be dertved from an
individual subject {e.g., a human or animal subject) prior to treatment of the subject with an
RINAI agent,

The level of C3 mRINA that 1 expressed by a cell or group of cells may be detenmined
using any method known in the art for assessing mENA expression. In one embodiment, the
level of expression of C3 in a sample is deterimined by detecting a transcribed polvnucieotide, or
portion thereof, ez, WRNA of the C5 gene. RNA may be extracted from cells using RNA
extraction techniques inclnding, for example, using acid phenol/guanidine isothiooyvanate
extraction (ENAzol B; Biogenesis}, RNeasy ENA preparation Kits {Qlagen) or PAXgene
{(PreAnalytix, Switzerland). Tyvpieal assay formats utilizing ribonucieic acid hybridization
include nuclesr Tun-on assays, RT-PCR, RNase protection assays (Melton er af., Nuc. 4cids Res.
12:7035), Northem blotting, i# sisu hybridization, and nyicroarray snalvsis.

In one embodiment, the level of expression of CS is determined using a nucleic acid
probe. The term "probe”, as used herein, refers to any molecule that is capable of selectively
binding to a specific C5. Probes can be synthesized by one of skill in: the art, or derived from
appropriate biological preparations. Probes may be specifically designed to be Tabeled,
Examples of molecules that can be utilized as probes include, but are not Hmied to, BINA, DNA,
profeins, antibodies, and organic molccules,

isolated mRINA can be used I hybnidization or amplification assays that include, but are
not limited o, Southem or Northern analyses, polymerase cham reaction (PCR) analyses and
probe arrays. One method for the determination of mRNA levels involves contacting the isolated
mBNA with a nucleic acid molecule {probe} that can hybridize to¢ C5 mENA. In one
embodiment, the mRNA is immobilized on a solid surface and contacted with a probe, for
example by tupning the 1solated mBNA on a0 agarose gel and transferring the mRNA fom the
gel o a membrane, such as nitrocellulose. In an alternative embodiment, the probe(s) are
immobilized on a solid surface and the mRNA is contacted with the probe(s), for example, in an
Affymetrix gene chip array. A skilled artisan can readily adapt known mRNA detection methods
for use in determimming the level of C3 mRNA.

An alternative raethod for determining the level of expression of C5 in a sample involves
the process of nucleic acid amplification and/or reverse transcriptase (1o prepare cDNA) of for

example mENA in the sample, e.g., by RT-PCR (the experimnental embodiment set forth in
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Muilis, 1987, U.S, Pat. No. 4,683,202}, ligase chain reaction (Barany (1991) Proc. Nati. Acad,
Sci. USA 88:189-193), self sustained sequence replication (Guatelh ¢t al. (1990} Proc. Natl
Acad Sci US4 §7:1874-1878), transcriptional amplification system (Kwoh e o/, (1989} Proc.
Natl Acad. Sci. USA R6:1173-1177), Q-Beta Replicase (Lizard: ef ol. (1988) Bio/Technology
6:1197), rolling circle replication (Lizardi et al., U8, Pat. No. 5.854,033) or any other nucleic
acid amplification method, followed by the detection of the amplificd molecules using
techniques well known to those of skill in the art. These detection schemes are especially useful
for the detection of nucleic acid molecules if such molecules are present in very low numbers. In
particular aspects of the mvention, the level of expression of C5 is determined by quantitative
fluorogenic RT-PCR (e, the TagMan™ System).

The expression levels of C5 mRNA may be monitored using a membrane blot {such as
ssed in hybndization analysis such as Northern, Southern, dot, and the like), or microwells,
sampie tubes, gels, beads or fibers {or any solid support comprising bound nucleic acids). See
ULS. Pat. Nos. 5,770,722, 5,874,219, 5,744,305, 5,677,195 and 5,445,934, which are
mcorporated herein by reference. The determination of U3 expression level may also comprise
using nucleic acid probes in solution.

In preferred embodiments, the level of mRMNA expression is assessed using branched
DNA (bDNAj assays or real time PCR (qPCR). The use of these methods is described and
exemplified in the Examples presented herem,

The level of C§ protein expression may be determined using any method known in the art
for the measurement of protein levels. Such methods include, for example, electrophoresis,
capillary electrophoresis, high performance Liguid chromatography (HPLO), thin layer
chromatography (TLC), hyperdiffusion chromatography, fluid or gel precipitin reactions,
absorption spectroscopy, a colorimetric assays, spectrophotometric assays, flow cytometry,
imumunediffusion (single o1 double), immunoclectrophoresis, Westerm blotting,
radicimmmoassay (RIA), enzyvme-linked imnumosorbent agsays (ELISAs), immuncfluorescent
agsays, clectrochemiluminescence assays, and the like.

The term “sample” as used herein refers to 2 collection of similay fluids, cells, or tissues
isolated from a subject, as well as Quids, cells, or tissues present within a subject. Examples of
bological fluids include blood, serum and serosal fluids, plasma, bymph, urine, cerebrospinal
fluid, saliva, ocular fluids, and the like. Tissue samples mav include samples from tissues,
organs or focalized regions. For example, samples may be derived from particular organs, parts
of organs, or fluids or cells within those organs. In certain embodiments, samples may be
derived from the liver (e.g., whole liver or certain segments of Liver or certain types of cells in

the liver, such as, e.g., hepatocyies). In preformred embodiments, a “sample derived from a

132



10

LA

25

36

subject” refers to blood or plasma drawn from the subject. In further embodiments, & “sample
derived from a subject” refers to liver tissue derived from the subject.

In some embodiments of the methods of the invention. the RNA; agent is administered to
a subject such that the RNAI agent is delivered to a specific site within the subject. The
inhibition of expression of C5 may be assessed using measurements ofthe level or change in the
level of C5 mRNA or C5 protein in a sample derived from fluid ortissue ffom the specific site
within the subject. In preferred embodiments, the site is sthe liver. The site may alse be a
subsection or subgroup of cells from any one of the aforementionad sites. The site may also
include celis that express a particular type of receptor.

The phrase “contacting a cell with an RNAI agent,” such as a dsRNA, as used herein,
includes contacting a cell by any possible means. Contacting a cell with an RNA# agent includes
contacting a cell in vitro with the IRNA or contacting a cell in vive with the iIRNA. The
contacting may be done divectly or indirectly, Thus, for example, the RNAI agent may be put
mto physical contact with the cell by the individual performing the method, or alternatively, the
RINAIL agent may be put into a situation that will permit or cause it 1o subsequently come o

cortfact with the cell.

Contacting & cell in virro may be done, for example, by incubating the cell with the RNA;
agent. Contacting a cell in vivo may be done, for example, by injecting the RNAI agent into or
near the tissue where the cell is located, or by injecting the RNAi agent into another area, e.g.,
the bloodstream or the subcutaneous space, such that the agent will subseguently reach the tissue
where the oell to be contacted is located. For cxample, the RNAJ agent may contain and/or be
coupled to a tigand, e g., GalNAc3, that directs the RNAG agent to a site of interest, e.g., the liver.
Combinations of # vifro and in vive methods of contacting are also possible. For example, 2 cell
may also be contacted in visro with an RINAI agent and subsequently transplanted into a subject,

b one embodiment, contacting a cell with an IRNA includes “introducing” or “delivering
the IRNA mnto the cell” by facilitating or effecting uptake or shsorption into the cell. Absorption
or uptake of an iIRNA can occur through unaided diffusive or active celular processes, or by
auxiliary agents or devices. Tntroducing an iRNA into a cell may be i virro andfor in vive. For
example, for in vive introduction, IRNA can be mjected into a tissue gite or administered
systemically. In vivo delivery can also be done by a bete-ghican delivery system, such as those
deseribed m ULS, Patent Nos. 5,032,401 and 5,607,677, and U.S, Publication No. 2005/0251781,
the entire contents of which are hereby incorporated herein by reference. In virro introduction
0t a cell melndes methods known in the art such as electroporation and lipofection. Further

approaches are described herein below and/or are known in the art.
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Vil Methods for Treating or Preventing a Complement Component CS-Associated
Bisorder

The present invention also provides therapentic and prophylactic methods which include
admmistering to a subject having a complement component CS-associated disease, e.g., PNH or
aBHUS, an iIRNA agent. pharmaceuntical compositions comprising an iRNA agent, or vector
comprising an 1IRNA ofthe invention. In some aspects of the mvention, the methods further
include administering to the subject an additional therapeutic agent, such as an anti-complement
component C5 anubody, or antigen-binding fragment thereof (e.g., eculizumab),

In one aspect, the present mnvention provides methods of treating a subject having a
disorder that would benefit from reduction in C3 expression, e.g., a complement component C5-
associated disease, e.g., PNH or aHUS. The treatment methods (and uses) of the invention
mohude administering o the subject, e.g., 8 human, a herapsutically effective amount of an
1RNA agent targeting a C5 gene or a pharmaceutical composition comprising an iRNA agent
targeting & C3 gene, thereby treating the subject having a disorder that would henefit from
reduction i CF expression.

I snother aspect, the present invention provides methods of treating a subject having a
disorder that would benefit from reduction in C5 expression, .g., 2 complement component C5-
associated discase. e.g., PNH or aHUS, which include administering to the subject, e.g., a
human, a therapeutically effective amount of an IRINA agent targeting a CS gene ora
pharmaceutical comnposition comprising an iIRNA agent targeting 2 C5 gene, and an additional
therapeutic agent, such as an anti-complement component C3 antibody, or antigen-binding
fragment thereof (2.g., conlizumab), thereby treating the subject having a disorder that would
benefit from reduction in C3 expression.

In one aspect, the invention provides methods of preventing at least one symptom in 2
subject having a disorder that would benefit from reduction in C3 expression, e.g., a complement
component TS-associated disease, e.g., PNH or aHUS. The methods include administering to
the subject a prohpylactically effective amount of the IRNA agent, e.g., dsRINA, or vector of the
invention, thereby preventing at least one symptom in the subject having a disorder that would
benelit fom reduction in C5 expression. For example, the mvention provides methods for
preventing hemolysis n a subject suffering from a disorder that would benefit from reduction in
C5 expression, e.g., 3 complement component (5-assoviated disease, e.g., PN or aHUS,

in another aspect, the invention provides methods of preventing at least one symptom in 2
subject having a disorder that would benefit from reduction in C5 expression, e.g., 2 complement

w

vonponent CS-associated disease, e.g., PNH or alfUS. The methods include administering to

the subject a prohpylactically effective amount of the IRNA agent, e.g., dsRNA, or vector of the

invention, and an additional thevapentic agent, such as an anti-complement component C5
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antibody, or antigen-binding fragment thereof {e.g., cculizumab), thereby preventing at least one
symptom i the subject having a disorder that would benefit from reduction in O35 expression.

"Therapeutically effoctive amount,” as vsed heretn, is intended fo include the amount of
an RMNAJ agent or anti-complement component C5 antibody, or antigen-binding fragiment thereof
{e.g.. eculizumab), that, when administered to a subject having a complement component C5-
assooiated disease, is sufficient to effect treatment of the disease (e.g., by diminishing,
ameliorating or maintaining the existing disease or one or more symptoms of disease). The
"therapeutically effective amount” may vary depending on the RNAI agent or antibody, or
antigen-binding fragment thereof, how the agent 1 administered, the disease and its severity and
the history, age, weight, family history, genetic makeup, the types of preceding or concomitant
treatments, if any, and other individual characteristics of the subject to be weated,

“Prophylactically effective amoumt,” as used herem, 15 Intended to include the amount of
an IRNA agent or anti-complement component C§ antibody, or antigen-binding fragrent thereof
{e.g., eculizumab}, that, when administered to a subject having a complement component C3-
associate disease but not yet {or awrently) experiencing or displaying symptoms of the disease,
and/or a subject at risk of developing a complement component CS-associated disease, e.g., 8
subject having a graft and/or transplant, e.g., & sensitized or allogenic recipient, a subject having
¢psis, and/or a subject having a myocardial infarction, is sufficient to prevent or ameliorate the
disease or one or more sympioms of the disease. Ameliorating the disease includes slowing the
course of the disease or reducing the severity of later-developing disease. The "prophylactically
effective amount” may vary depending on the iRNA agent or anti-comnplerment component C5
antibody, or antigen-binding fragment thereof, how the agent or anti-complement component C5
antibody, or antigen-binding fragment thereof, is administersd, the degree of risk of disease, and
the history, age, weight, family history, genetic makeup, the types of preceding or concomitant
treatments, i any, and other individual charactenistics of the patient o be treated.

A Mherapeutically offective amount” or “prophylacticelly effective amount” also includes
an ameunt of an RNAJ agent or anti-complement component (5 antibody, or antigen-binding
fragment thereot (e.g., coulizumab), that produces some desired local or systemic effectat a
reasonable benefitrisk ratio apphoeable to any treatiment. 1IRNA agents emploved in the methods
of the present invention may be administered in a sufficient amount t produce a reasonable
benefit/risk ratic applicable to such treatiment.

In another aspect, the present mvention provides vses of a therapeutically effective
amount of an IRNA agent of the invention for treating a subject, e.g., a subject that would henefit
from a reduction and/or inhibition of C3 expression.

In another aspect, the present invention provides uses of a therapeutically effective

amount of an IRNA agent of the mwvention and an additional therapeutic agent, such as an anti-
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complement component C5 antibody, or antigen-binding fragment thereof {e.g., eculizumab), for
treating a subiect, e.g., a subject that would benefit fiom a reduction anﬁfog inhibition of C3
EXTESI0TL.

In yet another aspect, the present invention provides use of an iRNA agent, e.g
dsRNA, ofthe invention targeting a C5 gene or a phammaceutical composition comprising an
IRNA agent targeting a C5 gene in the manufacture of 2 medicament for treating a subject, e.g., 8
subject that would benefit from 2 reduetion and/or inhibifion of U3 expression, such as a subject
having a diworder that would benefit from reduction in CS expression, e.g., 2 complement
component CS-associated disease, e.g, PNB or aHUS,

in another aspect, the present invention provides uses of an iIRNA agent, e.g., a dsRNA,
of the invention targeting a U5 gene or a pharmaceutical composition comprising an iIRNA agent
targeting a C5 gene mn the manufacture of a medicament for use in combination with an
additional therapentic agent, such as an anti-complement component C3 antibody, or antigen-
binding fragment thereof {e.g., coulizumab), for treating a subject, e.g., a subject that would
benefit from a reduction and/or inhibition of 5 expression, e.g., a complement comwponent £5-
associated disease, e.g., PNH or aHLIS.

In another aspect, the invention provides uses of an IRNA, e.g., a dsRNA, of the
ivention for preventing at least one symptom in 2 subject suffering from a disorder that would
benefit from a reduction and/or imhibition of C5 expression, such as a complement component
CS-assoctated disease, eg., PNH or aHUS.

In yet another aspect, the invention provides uses of an IRNA agent, e g, 2 dsRNA, of the
invention, and an additional therapentic agent, such as an anti-complement component C53
antibody, or antigen-binding fragment thereof (e.g., conlizumab), for preventing at least one
symptom in 2 subject suffering from a disorder that would benefit from a reduction and/or
inhibition of C5 expression, such as 4 complement component Cl-associated disease, e.g., PNH
or aHUS,

In a further aspect, the present invention provides uses of an iIRNA agent of the invention
in the manufacture of @ medicament for preventing at least one symptom in a subject suffering
frowm & disorder that would benefit from a reduction and/or inhibition of C5 expression, such as a
a complement component CS-associated discase, e.g., PNH or 3HUS

in a further aspect, the present invention provides uses of an iIRNA agent of the invention
in the manufactare of a medicament for 1se in combination with an additional therapeutic agent,
such as an anti-compiement component C5 antibody, or antigen-binding fragment thersof{e. g,
coutizumab), for preventing at least one symptom m a subject suffering from a disorder that
would benefit from a reduction and/or inhibition of U5 expression, such as 2 a complement

component US-associated disease, e.g., PNH or aHUS,
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In one embodiment, an iIRNA agent targeting C5 is administered 1o a subject having a
complement component CS-associated discase such that C5 levels, g, in a cell, tissue, blood,
urine or other tissue or fluid of the subject are reduced by at least about 10%, 11%, 12%, 13%,
14%, 15%, 16%, 17%, L8%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%., 29%,

5 30%, 31%, 32%, 3394, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%. 45%,
46%. 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%,
62%, 620, 64%, 65%, 66%, (7%, 68%, 69%, T0%, T1%, 72%, 73%, T4%, T5%, T6%, 77%,
T8%%, 79%, 0%, B1%, 82%, 83%, 849, 85%, 86%, R7%, 88%, 89%, 90%, 91%, 92%, 63%,
9455, 95%, 96%, 97%, 98%, o7 at least about 99% or mote and, su bsequentiy, an additional

16 therapeutic (as described below) is administered to the subject.

The additional therapeutic may be an anti-complement component C3 antibody, or
antigen-binding fragment or derivative thereof In one embodiment, the anti-complement
component CF antibody 18 eculizumab SOLIRIS'@), or antigen-binding fragment or denvative
thereof EBculizumab is 2 hnmanized monoclonal 1gG2/4, kappa light chain antibody that

15 specifically binds complement component C3 with high affinity and inhibits cleavage of C5 to
CSa and C5h, thereby inhibiting the geveration of the terminal complement complex C3b-9.
Eculizumab is deseribed in ULS, Patent No. 6,355,245, the entire contents of which are
incorporated herem by reference.,

The methods of the invention comprising administration of an IRNA agent of the

20 invention and eculizumab to a subject may further comprise administration of a meningococeal
vactine to the subject.

The additional therapeutic, eg., coulizomab and/or a meningococeal vaceine, may be
admunustered to the subject at the same time as the IRNA agent targeting C5 or at a different
tnne.

25 Moreover, the additional therapeutic, e.g., sculizumab, may be administered to the
subject i the same fornmlation as the iIRNA agcm targeting C5 or i g different formulation as
the IRNA agent targeting C5,

Heulizumab dosage regimens are described i, for example, the product insert for
eeulizumab {(SOLRIS®) and in 1.8, Patent Apphication No. 201240225056, the entite contents of

Lz
e

each of which are incorporated herein by reference. In exemplary methods of the invention for
freating & complement component CS-associated disease, e.g., PNH or aHUS, an iRNA agent
targeting C5 is administered (e.g., subcutaneonsly} to the subject first, such that the C5 levels in
the subject are reduced (e.g., by at least about 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%,
2894, 299, 30%, 31%, 32 ”oL 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%,
4485 4585 46%, 47%, 48%, 49%, 50%:, 51%, "%, 53% 54 U, 55%, 56%, 57%, 58%, 59%,
6%, 617, 62%, 62%, 64%, 65%, 60%, 67%, 68%, 69%, T0%, 7T1%, 72%, 73%, 74%, 75%

Las
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T6%, T7%, T8%, 79%, B0%, 81%, 82%, 83%, 84%, 85%, 80%. §7%, B&%, 89%, 90%, 91%,
G2%, 93%, 945, 9594, 86%, 97%, 98%, or at least about 99% or more) and subsequently
eculiznmab 1s administered at doses lower than the ones described in the product insert for
SOLIRIS™. For example, eculizumab may be adminsitered to the subject weekly at a dose less
than about 600 mg for 4 weeks followed by g fifih dose at about one week later of less than about
S00 mg, followed by a dose less than about 900 mg about every two weeks thereafter,
Fculizumesb may also be administered to the subject weeldy at a dose less than about 900 mg for
4 weeks followed by a fifth dose at about one week later of less than about 1200 mg, followed by
a dose fess than about 1200 mg about every two wecks thereafter. I the subject is less than {8
years of age, eculizonmab may be administered fo the subject weekly at a dose less than about 900
mg for 4 weeks followed by a fifth dose af about one week later ofless than about 1200 mg,
followed by a dose less than about 1200 myg about every two weeks thereafier; or if the subject 1s
less than 18 years of age, eculizumab may be administered to the subject weekly at a dose less
than about 600 mg for 2 weeks followed by a third dose at about one week later of less than
about 90¢ mg, followed by a Jose less than about 800 my abowt every two weeks thereafter; or if
the subject is less than 18 years of age, eculizumab may be adwinistered to the subject weekly at
a dose less than about 600 mg for 2 weeks followed by a third dose at about ene week later of
less than about 600 myg, followed by a dose less than about 600 mg about every two weeks
thereafier; or if the subject is less than 18 years of age, eculizumab may be admunistered to the
sebject weeldy at a dose less than about 600 mg for 1 week followed by a second dose at abont
one week later ofleas than about 300 mg, followed bry 2 dose Jess than about 300 mg about every
two weeks thereafler; or if the subject 15 less than 18 vears of age, cculizumab may be
administered to the subject weekly at a dose less thae about 300 mg for 1 week followed by a
second dose at about one week later of less than about 300 mg, followed by a dose tess than
about 300 mg about every two weeks thereafter. If the subject is receiving plamapheresis or
plasma exchange, conlizumab may be administered to the subject at 2 dose less than about 300
mg {e.z., if the most recent does of eculizumab was about 200 mg) or less than about 600 mg
(e.g., if the most recent does of eculizomab was about 600 myg or more). Ifthe subject is
receiving plasioa miugion, eculizumab may be adrnunistered o the subject at & dose less than
about 300 mg {e.g., ifthe most recent doos of cecubizumab was about 300 mg or more). The
tower doses of eculizumab allow for either subcutancous or intravenous adiministration of
eculizimmal,

In the combination therapies of the present invention comprising eculizumab, eculizamab
may be adounisitered to the subject, e g, subcutancously, at a dose of aboat §.01 me/ke to about
10 mg/kg, or about 53 mg/kg to about 10 ma/kg, or about 0.5 mg/kg to about 15 mg/ke. For

example, eculizomab may be admimstered 1o the subject, e.g., subcutaneously, at a dose of (1.5
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mg/kg, | mgfkg, 1.5 mg/kg, 2 mg/kg, 2.5 mg/kg, 3 mgkg, 3.5 mg/ks, 4 mg/ky, 4.5 mg/ke, 5
mg/kg, 5.5 mg'kg, 6 mg/kg, 6.5 mg/kp, 7 mg/lke, 7.5 mg/ikg, 8 mg/ke, 8.5 mg/kg, 9 makg. 9.5
mg/ke, 10 mefg, 105 mgkg, 11 mg_fk:g, 115 mplke, 12 mgfkg, 12.5 myg/ke, 13 mgike, 13.5
mg/kg, 14 mgikg, 14.5 melke, orl 5 mg/ky,

The methods and uses of the invention mclude adminisicring a composition described
herein such that expression of the farget C5 gene is decreased, such as forabout 1, 2,3, 4, 5,6, 7,
&, 12,16, 18, 24 28, 32, 36,40, 44, 48, 32, 36, 60, 64, 68, 72, 76, or about 80 hours. In one
embodiment, expression of the target ©5 gene s decreased for an extended duration, e.g., at least
about two, three, four, five, six, seven days or more, e.g., about one week, two weeks, three
weeks, or about four weeks or longer.

Administration of the dsRNA aceording to the methods and uses of the invention may
result in a reduction of the severity, signs, symptoms, and/or markers of such diseases or
disorders in a patient with 2 complement component CS-associated disease. By “reduction” in
this context is meant a statistically significant decrease in such level. The reduction can be, for
example, at least about 5%, 1%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 53%, 6%, 65%,
T0%, 75%, 80%, 85%, 9%, $53%, or sbout 106%

Efficacy of treatment or prevention of discase can be assessed, for example by messaring
disease progression, discase remission, symptom severity, reduction in pain, goality of Life, dose
of a medication required to sustain a treatment cffect, level of a disease marker or any other
measurable parameter appropriate for a given disease being treated or targeted for prevention. It
15 well within the ability of one skilled in the art to monitor efficacy of treatment or prevention
by measuring any one of such parameters, or any combination of parameters, For exampie,
efficacy of treatment of a hemolytic disorder may be assessed, for example, by periodic
monitormg of LDH and CHso levels. Comparisons of the later readings with the initial readings
provide a physician an indication of whether the treatment is effective. ¥ is well within the
ability of one skilled in the art to monitor efficacy of treatment or prevention by measuring any
one of such parameters, or any combination of parameters. In connection with the administration
of'an iIRNA targeting O3 or pharmaceutical composiiion thereof, "zffective agajnst™ a
complement component CS-associated disease mdivates that administration in a clinically
appropriate manner results in 4 beneficial effect for at least a statistically significant fraction of
patients, such as improvement of symptoms, a cure, 2 reduction in disease, extension of life,
nuprovement in quality of life, or other effect generally recognized as positive by medical
doctors famniliar with treating a complement component CS-associated disease and the related
CAUses.

A treatment or preventive effect is evident when there is a statistically significant

improvemnent in one or more parameters of disease status, or by a fatlure to worsen or to develon
¥ I 5 s
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symptoms witere they would otherwise be anticipated. As an example, a favorable change of at

least 10% i a measurable parameter of disease, and preferably at least 20%, 30%, 40%, 50% or
more can be indicative of effective treatment. Efficacy for a given iIRNA drug or forouiation of
that drug can also be judged using an experimental animal model for the given disease as known
in the art. When using an experimental animal model, efficacy of treatment is evidenced when a
statistically significant reduction in 2 marker or sympion is ohserved.

Alternatively, the efficacy can be measured by a reduction in the severity of discase as
deterniined by one skilled in the art of diagnosis hased on a clinically accepted disease severity
grading scale, as but one example the Rheumatoid Arthritis Severity Scale (RASS). Any positive
change resulting in e g, lessening of severity of disease measured using the appropriate scale,
represents adequate treatment using an itRNA or IRNA formulation as described herein.

Subjects can be administered a therapeutic amount of IRNA, such as about 0.01 my/kg,
0.02 mg/kg. 0.03 mg/ke, 0.04 mg/ke, 0.05 mg/kg, 0.1 mg/kg, 0.15 mg/ke, 0.2 mgke, 0.25
mgfke, 0.3 mg/kg, 0.35 mg/kg, 0.4 mgfke, 0.45 ma/kg, 0.5 mg/kg, 0.55 me'kg, 0.6 mg/kg, 0.63
mg/kg, 0.7 mg/kg, 0.73 my/kg, 0.8 my/kyg, 0.85 mpfky, 0.9 mgkg, 0.95 marke, 1.0 make, 1.1
mglkg, 1.2 mg/kg, 1.3 mg/kg, 1.4mg/ky, 1.5 myke, 1.6 mg/kg, 1.7 mg/ky, 1.8 mg/ke, 1.9
mg/e, 1.0 mg/kg, 2. Img/kg, 2.2mglkg, 2.3 mgikg, 2.4 mg/ke, 2.5 mglke dsRNA, 2.6 mg/kyg
dsENA, 2.7 mg/kg dsRNA, 2.8 mg/kg dsRNA, 2.9 mg/kg dsRNA, 3.0 mg/kg dsRNA, 3.1 mag/kg
dsENA, 3.2 mg/kg dsRNA, 3.3 mg/kg dsRNA, 3.4 mg/kg dsRNA, 3.5 mg/kg dsRNA, 3.6 mg/kg
dsRNA, 3.7 mg/kg dsRNA, 3.8 mg/kg dsRNA, 3.9 mg/kg dsRNA, 4.0 mg/kg dsRNA, 4.1 mg/kg
dsRNA, 4.2 mg/kg dsRNA, 4.3 mg/kg dsRNA, 4.4 mgfkg dsRNA, 4.5 myg/kg dsRNA, 4.6 mgkp
dsRNA, 4.7 mg/kg dsRINA, 4.8 mg/kg dsRNA, 4.9 mg/kg dsRNA, 3.0 ma/kg dsRNA, 5.1 mg'kg
dsRNA, 5.2 mg/kg dsRNA, 5.3 mg/kg dsRNA, 5.4 mg/kg dsRNA, 5.5 mg/kg dsRNA, 5.6 mglky
dsRNA, 5.7 mg/kg dsRNA, 5.8 mg/kg dsRNA, 5.9 mg/kg dsRNA, 6.0 me/kg dsRNA, 6.1 me/kg
dsBNA, 6.2 mg/kg dsRNA, 6.3 mefkg dsRNA, 6.4 my/kg dsRNA, 6.5 mg/kyg dsBNA, 6.6 mg/ky
dsBNA, 6.7 mg/kg dsRNA, 6.8 mg/kg dsRNA, 6.9 mp/kg dsRNA, 7.0 me/kg dsRNA, 7.1 me/kg
dsRNA, 7.2 mg/kg dsRNA, 7.3 mg/kg dsRNA. 7.4 mg/kg dsRNA, 7.5 mg/kg dsRNA, 7.6 mg/kg
dsRNA, 7.7 mg/kg dsRNA, 7.8 mg/kg dsRNA, 7.9 mgkyg dsRNA, 8.0 mg/kg dsRNA, 8.1 mg/ky
dsRNA, 8.2 mg/hky GsRNA, £3 mg/ky dsRN4, 8.4 mglhkg dsRNA, 8.5 mg/kg dsRNA, 8.6 gy
dsRNA, 8.7 mg/kg asRNA, 8.8 mg/ky dsRNA, 8.9 mghkg dsRINA, 9.0 mg/ky dsRNA, 9.1 mg'ky
dsRINA, 9.2 mg/kg dsRNA, 9.3 mg/kg dsRNA, 9.4 me/ke dsRNA, 9.5 mo/kg dsRMNA, 9.6 mefkg
dsRNA, 9.7 mg/kg BsRNA, 9.8 me/kg dsRNA, 9.9 mg/kg dsRNA, 9.0 mo/kg dsRNA, 10 my/kg
dsRNA, 15 mg/kg dsRNA, 20 mg/kg dsRNA, 25 mg/hg dsRNA, 30 mg/kg dsRNA, 35 mg/kg
dsEINA, 40 mg/kg dsRNA. 45 mg/kg dsRNA, or about 58 mg/kg dsRNA. Values and ranges

intermediate to the recited values are also intended to be past of this invention,
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In certsin embodiments, for example, when a composition of the livention comprises a
dsRINA as described herein and a lipid, subjects can be administered a therapeutic amount of
IRNA, such as about 0.01 mg/kg to about 5 mg/kg, about .01 mg/kg to about 10 me/ka, about
0.05 mg/kg to about 3 mg'kg, about .05 mg/ke o about 10 mg/kg, about 0.1 mgkg to about 5
mg/kg, about 0.1 mg/ke to about 10 mg/kg, about 0.2 me/kg to abowt 5 mg/ke, sbout 0.2 mg/ke
to zbout 10 mg/kg, about 0.3 mg/kg to about 5 mg/kg, about (1.3 mg/kg o about 10 mg/ky, about
0.4 mg/kg to about 5 mgike, about 0.4 modig to about 10 my/ke, about 0.5 mefkg to about 5
mg/kg, about 0.5 mg/kg to about 10 mgfeg, about | mg/kg to about 5 mg/ke, about | mglkg to
about 10 mg/kg, about [.5 mg/kg to about $ mg/ky, about 1.5 mg/kg to aboat 10 me/ke, about
2 mg/kg to about about 2.5 mg/kg, about 2 mg/kg to about 10 mg/ke, about 3 ma/kg to abont
mg/kg, about 3 mg/kg 10 about 10 mg/fkg, about 3.5 mg/ke o about 5 mg/ke, about 4 mgrkg o
about 5 mg/kg, about 4.5 mg/kg to about 5 mg/ke, about 4 myfke to zbout 10 mg/kg, about 4.3
mg/kg to about 10 mg/kg, about 5 mg/kg fo about 10 mg/kg, about 5.5 mg/ke to about 10 me/kg,
about 6 mg/kg to about 14 mg/kg, about 6.5 mg/ke to about 10 mg/ke, about 7 mg/kg to about 10
mg/kg, about 7.5 mg/kg to about 10 mp/kg, about § mg/kg t© about 10 myfkg, about 8.5 mg/kg
o about 10 mg/kg, about ® mekg o about 10 mg'kg, or about 9.5 mg/kg to about 10 me/ke.
Values and ranges mtermediate to the recited values are also intended o be part of this invention,

For example, the dsRNA may be administered at a dose of about 0.1, 0.2, 0.3, 04, 0.3,
06,07,08,09,1,1.1,12, 1.3, 14,1.5,1.6,1.7,1.8,19,2,2.1,22,23,24,25,26,2.7, 28,

29,3,31,32,33,34,35,36,3.7,38,39,4,41,42,43,44,45,456,47,48,49,5,5.1,
52,53,54,55,56,57,5859,6,61.62,63,64,65,66,6.7,68,69,7,7.1,72,7.3,7.4,
75.7.6,77,78,79,8 81,82, 83,84, 85,86,87 88,89,9,9.1,92,9.3,94,65,9.6,9.7,
4.8, 9.9, or about 10 mg/ke. Values and ranges intermediate o the recited values are also
mtended to be part of this invention. ‘

In other ewbodiments, for example, when a composition of the invention comprises a
dsBINA as described herein and an N-acetylgalactosamine, subjcets can be administered a
therapeutic amount of IRNA, such as a dose of sbout 0.1 to about 50 mg/kg, about £.25 1o about

50 mg'ke, about 0.5 1o about 30 me/kg, about .75 to about 50 me/ke, about 1 to about 50
mg/mg, about 1.5 o about 30 mg'kb, about 2 to about 50 me/kg, about 2.5 to about 50 mg/ke,
about 3 o about 30 mg/kg, about 3.5 to about 30 mg/ky, about4 to about 50 mg/ke, about 4.5 o

about 50 mg/kg, about 5 to about 50 mg/kg, about 7.5 to abowt 30 me/ke, about 10 to about 50

. mgfkg, about 15 10 about 56 mg/ke, about 20 to about 50 mg/kg, about 20 to about 50 mg/kg,

about 25 to about 30 mg/kg, about 23 to about 50 mg/ky, about 30 {0 about 50 mg/kg, about 35
i about 50 mg/kg, about 40 to about 50 mg/kg, about 45 to about 50 mg/ke, about 0.1 to about
45 mg/kg, about 0.25 to about 43 mg/kg, about 8.5 to about 45 mg/kg, about 6.75 to about 45

mg/kg, about | to about 45 mg/mg, about 1.5 to about 45 me/kb, about 2 io about 45 me/ke.
1] é:ﬁ i) o e} gl
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about 2.5 to about 45 mg/kg, about 3 to about 45 mg/ke

(=

about 3.3 o abour 45 mg/kg. about 4 o
about 45 mg/kg, about 4.3 to about 45 mg/kg, about 5 to about 45 meg/ky, about 7.5 1o sbout 45
mg/kg, about 10 to about 45 mg/ky, about 15 to about 45 my/icg, about 20 to about 45 ma/kg,
about 20 to about 45 my/ke, about 25 to about 45 mg/ke, about 25 to ahout 45 mg/ke, sbout 30
to about 45 mg/kg, about 35 to about 45 mg/ke, about 40 to shout 45 mg/ikg, about 0.1 1o about
40 mg/kg, about 4.25 to about 40 mg/kg, about 0.5 to about 40 mg/kg, shout 0.75 o about 40
mg/kg, about [ 0 about 40 mg/myg, about 1.5 to about 40 mg/kb, about 2 to about 40 mg'ke,
about 2.5 to about 40 my/kg, about 3 to about 40 merky, about 3.5 to about 40 mg/ke, sbout 4 w
about 40 mg/ke, about 4.5 o about 40 mg/ky, about 5 to about 40 mg/kg, about 7.5 to about 40
mg'kg, about 10 to about 40 mgficg, abowt 15 1o about 40 ma/ke, about 20 to about 40 mg'kg,
about 20 to about 40 mg/ke, about 25 1o about 40 mg/ke, about 25 to about 40 my/ke, about 30

g/?

to about 40 mg/kg, about 35 to about 40 mg/kg, about 0.1 to about 30 me/ke, about .25 to about
30 mzzz’kg, about 4.5 to about 30 mg/kg, about 0.75 to about 30 mg/kg, about 1 to about 30

g/mg, about 1.3 1o about 30 mg/kb, about 2 to about 30 mg/kg, about 2.5 o about 30 mg/'ke,
about 3 10 about 30 mg/kg, about 3.5 to about 30 mg/ke, about 4 to about 30 my/ke, about 4.5
about 3¢ mg/kg, about 5 fo about 30 mg/kg, about 7.5 to about 30 mg/kg, about 10 1o about 30
mg/kg, about 15 to about 30 mg/ke, about 20 to about 30 mg/ke, about 20 to about 30 mg/kg,
aernt 25 to about 30 mg/kg, about 0.1 to about 20 mg/kg, about 0.25 to about 20 mg/kg, about
0.5 to about 20 mg/kg, about 0.75 to about 20 meke, about 1 to about 20 meg/mg, about 1.5 to
about 20 mg/kb, about 2 to about 20 mg/kg, about 2.5 to about 20 mg/ky, about 3 to sbout 20
mg/ky, about 3.5 o about 20 mg/ky, about 4 to about 20 mg/ke, about 4.5 to shout 20 mgke,
about 5 to about 20 mg/kg, about 7.5 to about 20 me/ke, about 10 to ahout 20 mg/kg. or about 15
to about 20 mg/kg. in one embodiment, when a composition of the invention comprises a
dsRINA as described berein and an Neacetylgalactosamine, subjects can be administered a
therapentic amount of about 10 to about 30 mg/kg of dsRNA. Values and ranges mtermediae to
the recited values are also intended to be part of this invention.

For example, subjects can be administered a therapentic amount of IRNA, such as about
0.1,02,03,04,05,06,07,08,05.1,1.1,1.2,13,14,15,16,1.7,1.8,19,2,2.1,2.2. 2.3,
14,2.5,26,2.7.28,2.9,3,3.1,32,33,34,35,3.6,37,3.8,3.9,4,4.1,4.2,43,4.4,4.5, 456,
4.7, 4.8,49,5, 51,52, 5,

3,54,55,56,57,5 8“906 (0.2,63,64,65,66,6.7,68,69,
T, T2, T3, T4, T5,7.6,7.7,78,79,8,81,82, 83,8 4&5 8.6,8.7,8.8,89,9,8.1,92,
9.3,9.4,95,6.6,97,98,09, 10, 105, 11, ,12,12.5, 13, 13.5, 14, 14.5, 15, 15.5, 16, 16.5,
17,175, 18, ER‘,,IQ 19.5,20,20.5,21,21.5,22,22.5,23,23.5,24,24 5, 75,255, 26, 26 .5, 27,
27.5,28,28.5,29,29.5,30, 31, 32, 33, 34, 34, 35,36, 37, 3%, | 39,40, 41, 42,43, 44, 45, 46, 47,

48, 49, or about 50 mg/kg. Values and ranges intermediate to the recited values are also intended

1w be part of this invention.
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The IRNA can be administered by iniravenous infusion over a period of time, such as
averals, 6,7, 8 9,10, 11, 12,13, 14, 15,16, 17, 18, 19, 20,21, 22, 23, 24, or about a 25 minute
period. The administration may be repeated, for example, on a regular basis, such as weekly,
biweekly (i.e., every two weeks) for one month, two months, three months, four months or
longer. Afier ap initial treatment regimen, the treatments can be administered on 2 less frequent
basis. For example, after administration weekly ot biweekly for three months, administration
can be repeated ouce per month, for six months or a year or longer,

Administration of the iRNA can reduce C5 levels, 2. 2. in acell, tissue, blood, urine or
other compartment of the patient by at least about 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%,
149, 15%, 16%, 179 Yo, 18%0, 10%, 20%, 21% b, 22%, 22%, 24% Yo, 25%, 26%, 27%, 28%, 29%,
30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 3‘}%, 40%, 41%, 42%, 43%, 449%, 45%,
46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%. 61%,
62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, T0%. 71%, T2%, 73%, T4%, 75%. 16%. T7%,
78%, 79%, B0%. 81%;, 82%, 83%, 84%, 85Y%, 86%. 87%, 88%, 89%, 90%. 91%, 0294, 93%,
545, 95%, 96%, 97%, 98%, or at least about 99% or more.

Before administration of & foll dose of the IRNA, patients can be administered 2 smalle
dose, such as a 5% infhsion, and monitored for adverse effects, such as an allergie reaction. In
another example, the patient can be monitored for unwanted immunostimmlatory offects, such as
increased evtokine (e.g., TNF-alpha or INF-alpha) levels.

Owing to the inhibitory effects on U3 expression, 2 composition according to the
mvention or a phanpaceutical composition prepared therefrom can enhance the guality of life,

An 1RNA of the invention may be administered in “naked” form, or as a “fres IRNA” A
naked iIRNA is administered in the absence of a pharmaceutical composition. The naked iIRNA.
may be m a suilable buffer solution. The buffer solution may comprise acetate, citrate,
prolamine, catbonate, or phosphate, or any combination thereof, In one embodiment, the buffer
solution is phosphate buffered saline (PBS). The pH and osmolarity of the buffer solution
containing the iRNA can be adjusted such that it is suitable for administering to a subject.

Alternatively, an IRNA of the invention may be administered 25 2 phasmacentieal
composition, such as & dsRNA liposomal formulation.

Subjects that would beneidit from  reduction andfor inhibition of C5genc expression are
those having a complement component C5-associated discase or disorder as described hersin, In
one embodiment, a subject having a complement component CS-associated disease has
paroxysmal noctirnal hemeglobinuria (PNH).  In another emubodiment, 2 subject having a
complement component CS-associated disease has asthma. In another embodiment, a subject
having a complement component C5-associated disease has theumatoid arthritis. In vet another

embodiment, a subject having a complement component CS-associated disease has systemic
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lupus erythmatosis. In one enibodiment, a subject having a complement component C5-
associated disease has glomerulonephritis. In another embodiment, a subject having a
complement component CS-assoctated disease has psoriasis. In yet another embodiment, a
stbject having a complement component CS-associated disease has dermatomyositis bullous
peaphigeid. In one embodiment, a subject having a complement component Cl-associated
disease has atvpical hemolytic uremic syndrome. In another embodiment, a subject having a
complement component CS-associated disease hag Shiga toxin £, cofi-related hemolytic uremic
syndrome. In anothre embodiment, a subject having a complement component CS-associated
disease has myasthenia gravis, In yet another embodiment, a subject having a complement
component CS-associated disease has neuromyelistis optica. In one embodiment, 2 subject
having a complement component C5-associated discase has dense deposit discase. In one
embodiment, a subject having a complement component C5-associated disease has O3
neuropathy. In another embodinient, a subject having a complement compenent CS-associated
discase hag age-related macular degeneration. In another embodiment, a sub ject having a
complement component CS-associated disease has cold agglutinin disease. in one embodiment,
a subject having a complement component CS-associated discase has anti-neutrophil cytoplasmic
antibody-associated vasculitis. In snother embodinient, a subject having a complement
component (S-associated discase has humoral and vascular transplant rejection. In one
embodiment, a subject having a complement component C3-associated disease has graft
dysfunction. In one embodiment, a subject having a complement component CS-associated
disease has had a myocardial infarction. In another embodiment, a subject having a corplement
component C5-associated disease is a sensitized recipient of 2 transplant. In vet another
embodiment. a sabject having a complement component CS5-associated disease has sepsis,

Treatment of a subject that would benefit from a reduction and/or inhibition of C5 gene
expression includes therapeutic and prophylactic (e.g., the subject is to underge sensitized (or
allogenic) {ransplant surgery) treatment.

The invention further provides methods and uses of an iIRNA agent or 2 pharmaceutical
composition thereof {inclading methods and uses of an iRNA agent or a pharmaceutical
composition comprising an iRNA agent and an anti-complement component C3 antibody, or
antigen-bidning fragment thereof) for treating a subject that would benefit from reduction and/or
inhibition of C5 expression, e.g.. a subject having a complement component CS-associated
disease, in combination with other pharmacenticals and/or other therapeutic methods. e, a., with
known pharmaceuticals and/or kvown therapeutic methods, such as, for example, those which
are currently employed for treating these disorders. For cxample, in certam embodiments, an
IRNA rargeting C35 is administered n combination with, e.g., an agent usefal in treating &

complement component CS-associated disease as described elsewhers herein,
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For example, additional therapeutics and therapeutic methods suitable for treating a
subject that would benefit from reducton in C5 expression, e.g., a subject having a complement
component C3-associated disease, inchide plasmaphoresis, thrombolytic therapy {e.g.,
streptokinase}, antiplatelet agents, folic acid, corticosteroids; immumosuppressive agents;
estrogens, methotioxate, 6-MP, azathiopring sulphasalazine, mesalazine, olsalazine,
chloroguinine/hydroxychloroquine, pencillamine, auwrothiomalaie (intramuscular and oral),
azathiopring, cechicine, corticosteroids {oral, inhaled and local injection), beta-2 adrenorecepior
agonists {salbutamol, terbutaline, salmeteral), xanthines (theophyliine, aminophylline),
cromoglycate, nedocronul, ketotifen, ipratropivum and oxitropium, cyclosporin, FKS06,
rapamycin, mycophenolate mofetil, ieflonomide, NSAIDs, for example, ibuprofen,
corticosteroids such as prednisolone, phosphodiesierase inhibiiors, adensosine agonists,
antithrombotic agents, complement inhibitors, adrenergic agents, agents which interfere with
signalling by promflammatory cytokines, such as TNF-¢ or IL-1 {e.g., IRAK, WIK, IKK, p38 or
MAF kinase imhibitors), 1L-15 converting enzyme inhibitors, TNFoconverting enzyme (TACT)
inhibitors, T-cell signalling inhibitors, such as kinase inhibitors, metalioproteinase inhibitors,
sulfasalazine, azathioprine, 6-mercaptopurines, angiotensin converting enzyme inhibitors,
soluble cytokine receptors and derivatives thercof {e.g., soluble p55 or p75 TNF receptors and
the derivatives p75STNFRIgG (Enbrel™ and p3STNFRIgG (Lencroept)), siL-1RL sIL-1R1I, and
sIE-6R), antiinflammatory cytokines (e.g., [L-4, [L-10, IL-11, IL-13 and TGFB), celecoxib, folic
acid, hydroxychloroguine sulfate, rofecoxib, etanercept, infliximonocional antibody, naproxen,
valdecoxib, sulfasalazine, methyipreduisslone, meloxicamn, methylprednisolone acetate, gold
sodium thiomalate, aspirin, fdamenolone acetonide, propoxyphene napsylate/apap, folate,
nabumetone, diclofenac, piroxicam, etodolac, diclofenac sodium, oxaprozin, oxyeedone hel,
hydrocodone bitartrate/apap, dicloferae sodiunymisoprostol, fentanyl, anakinra, human
recombinant, tramadol hel, salsalate, sulindac, cyapocobalamin/fa/pyridogine, acetaninophen,
alendronate sodiym, predniselone, morphine sulfate, Hdocaine hydrochloride, indomethacin,
glucosamine sulf/chondroitin, amitriptyline hel, suifadiazine, oxycodone hel/acetaminophen,
olopatadine hel, misoprostol, naprogen sodivm, omeprazole, cyclophosphamide,
rieximonoclonal antibody, IL-1 TRAP, MREA, CTLA4-IG, TL-18 BP, anti-1L-18, Ant-TL15,
BIRB-796, sCIO-469, VX702, AMG-548, VX740, Roflumilast, 1C-485, CDC-801, Mesopram,
cyclesporine, cytokine suppressive anti-nflammatory drugf{s) ({CSADS); CDP-371/BAY-10-
3356 (humanized anti-TNFa antibody, Celltech/Bayer); cA2/mfliximonocional antibody
{chimeric anti-TNFo antibody; Centecor); 75 kdTNFR-TgG/etanercept (75 kKD TNF receptor-1gG
fusion protein; Intmunex; see e.g, {1994) Arthr. Rheurn. 37: 8293; (1996) J. Invest. Med. 44

35A%; 55 kdTNF-1gG (55 kD TNF receptor-ig( fusion protein; Hoffinann-LaRoche); IDEC-
CES.1/58 216398 (noun-depleting prmatized ant-CD4 antibody; IDHC/SmithKline; see e.g.,
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(1995) Arthr. Rheum. 38: 5185); DAB 486-1L-2 and/or DAR 389-1L-2 (JL-2 fusion proteins;
Seragen; see .., (1993) Arthrit. Rheum, 36: 1223); Anti-Tac (humanized anti-IL-2Roq; Protein
Design Labs/Roche): TL-4 (anti-inflamimatory cytokine; DNAX/Scheringy; IL-10 (SCH 52000;
recombimant IL-10, anti-inflarnimatory evtokine; DNAX/Scherin o) Th~4; TL-10 and/or TL-4
agonists {e.g., agonist aniibodies); IL-1RA (IL.-1 receptor antagonist; Synergen/Amgeny;
anakinra (Kineret™/Amgen); TNF-bp/s-TNF (soluble TNF binding protein; see e.g., {1996}
Arthr. Rheum. 39(9 (supplement)): 8284; (1993) Amer. J. Physiol. - Fleart and Circ. Physiol
268: 37-42%; 973401 (phosphodiesicrase Type IV inhibitor; see e.g., {1996} Arthr. Rheurn. 39
(supplement}: SZ82Y; MIK-966 (COX-2 Inhibitor; sec e.g., {1996) Arthr. Rheum. 39(9
(supplement): 881} Hoprost {see e.g., (1996} Arthr. Rheum. 39(9 (supplement): $42);
methotrexate; thalidomide (see e.g., (1996} Arthr. Rbheum., 399 (supplement}): $282) and
thalidomide-related drugs (2.g., Celgen); leflunomide (anti-inflammatory and eyvtokine mhibitor
see 2., (1996) Arthr, Rheum. 39¢9 (supplement): S131; (1996} Inflamm. Res. 45: 103-1 a7y
tranexamic acid (inhibitor of plasminogen activation; sce e.g., (1996) Arthy. Rheum. 36(%
(supplement): S284; T-614 {cytokine inhibitor; see e.g., (1996) Arthe. Rheum. 39(9
(supplement}: S282); prostaglandin B (see e.g., (1996} Arthr, Rheum. 39(9 {supplement ):
5281); Tenidap {non-sieroidal anti-inflammatory drug; see e.g., {1996) Arthr. Rheum. 3409
(supplement): S280% Naproxen (non-steroidal anti-inflammatory drug; see e.g., (1996} Newro,
Report 7 1205-1213); Meloxicam (nos-steroidal anti-inflammatory drug; Ibuprofen (nogn-
steroidal anti-inflamumatory drog); Piroxicam (non-steroidal anti-inflammatory drug); Diclofenac
{non-steroidal anti-mflammatory drog); Indomethacin (non-steroidal anti-inflapmatory drag);
Sulfasalazine (see e.g., (1996} Arthr. Rheum. 39(5 (supplementy: $281); Azathioprine {see eg.,
{1996} Arthr. Rheum. 39(9 {supplement);: §281}; ICE inhibitor (inhibitor of the enzyme
interleukin-1{ converting enzyme}; zap-70 and/or Ik inhibiter (inhibitor of the tyrosine kinase
zap-70 or Iek); VEGE mhibitor and/or VEGF-R inhibitor (inhibitors of vascular endothelal cell
growth factor or vascular endothelial cell growth factor receptor; inhibitors of angiogenesis);
corticosteroid anti-inflammatory drugs (e.g., SB203380); TNF-convertase inhibitors; anti-1L-12
antibodies; anti-IL-18 antibodies; interleukin-11 (see e.g., (1996) Arthr, Rheum. 39(9
(supplement): 5296 ) interlenkin-13 (see ez, (1996} Arthr. Rheum. 39(9 {(supplement); S308};
interfeukin -17 inhibitors (see e.g., (1996) Arthr. Rheun. 39(9 (supplement): =1200; gold;
penicillamine; chloroquine; chlorambucil; hydroxychloroguine: eyclosporing;
cyclophosphamide; total lymphoid frradiation; anti-thymocyte globuling anti-CD4 antibodies;
CDS-toxms; orally-administered peptides and collagen; lobenzarit disodium; Cytokine
Regulating Agents (CRAs) HP228 and HP466 (Hovghten Pharmaceuticals, Inc.); ICAM-1
antisense phosphorothioate oligo-deoxynuciootides (IS1S 2307. Isis Pharmaceuticals, Inc.y;

soluble complerent receptor 1 {TP10; T Cell Sciences, Inc.); prednisone; orgotein;
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glycosaminoglycan polysulphate; minocycline; anti-IL2R antibodies; marine and botanical lipids
{fish and plant seed fatty acids; sce e.g., Deluca e of, {1995) Rheum. Dis. Clin. North Am. 21:
758-TT7); auranofing phenylbutarzone; meclofenamic acid; flufenamic acid; intravencns impmne
globulin; zileuton; azaribine: mycophenolic acid (RS-61443); tacrolimus (FI-506); sirolirous
(rapamycing: amiprilose {therafecting; eladribine (2-chlorodeoxyadenosine); methotrexate: bel-2
mhibitors (see Bruncko, M. ef af (2007} §. Med. Cheny. 50(4Y% 641-662); antivirals and immune

modulating agents, small molecule inhibitor of KDR, smail molecule inhibitor of Tie-2;

methotrexate; prednisone; celecoxib; folie acid; bydroxyehloroquine sulfate; rofecoxib;
etanercept; infliximonoclonal antibody; leflunomide; naproxen; valdecoxib; sulfasalazine;
methylprednisslone; ibuprofen; meloxicam; methylprednisolone acetate; gold sodivm
thiomalate: aspinn; azathioprine; triameinolone acetonide; propxyphene napsylate/apap; folate;
nabumetone; diclofenac; piroxicany efodolag; diclofenac sodium; oxaprozin; oxyeodone hel;
hydrocodone bitartrate/apap; diclofenac sodivm/misoprostol; fentanvi; anakinra, human
recombinant; tramadol hel; salsalate; sulindac; cyanocobalamin/fa/pyridoxine; acetaminophen;
alendronate sodium; prednisolone; morphine sulfate; hdocaine hydrochloride; indomethacing
glucosamine sulfate/chondroitin cyclosporine; amitriptyline hel: sulfadiazine; oxyeodone
hel/acetaminophen; olopatadine hel; misoprosiol; naproxen sodinm; omeprazole; mvcophe.miate
mofetil; cyclophosphamide; mituximonoclonal sntibody; IL-1 TRAP; MRA; CTLA4-IG; 1L-1
BP; 1L-12/23; anti-IL 18; anti-IL i3 BIRB-796; SCIO-469; VX.702; AMG-548; VX-740;
Roflumilast; [C-485; CDC-801; mesopram, albuterol, salmeterol/fluticasone, rontelukast
sodium, fluticasone propionate, budesonide, prednisone, salmeterol xinafbate, levalbuterol hel,
albutercl sulfate/ipratropium, prednisolone sodium phosphate, triamceinolone acetonide,
beclomethasone dipropionate, ipratropium bromide, azithromycin, pirbuterol acetate,
prednisolone, theophylline anhydrous, methylprednisolone sodinm suceinate, clarithromycin,
zafirlukast, formoterol fhmarate, influenza vires vacene, methylprednisolone, amoxicillin
trihydrate, flunisolide, allergy injection, cromolyn sodium, fexofenadine hydrochloride,
flunisolide/menthol, amoxicillin/clavnianate, levofloxacin, inhaler assist device, guaifenesin,
dexamethasone sodiom phosphate, moxifloxacin hel, doxyeyoline hyclate, gnaifenesin/d-
methorphan, p-ephedrine/cod/chlowphentr, gatifloxacin, cetirizine hvdrochloride. mometasone
furoate, salmeterol xinafoate, benzonatate, cephalexin, pehydrocodone/chlorphenir, cetirizing
hel/psendoephed, phenylephrine/rod/promethazine, codeine/promethazine, cefprozil,
dexamethasone, guaifonesin/psendoephedrine, chlorpheniramine/hydrocodone, nedocromil
sodium, lerbutaline sulfate, epinephring, methylprednisolone, metaproterenol sulfate, aspirin,
nitroglycenin, metoprelol tartrate, enoxaparin sodium, heparin sodium, clopidogrel bisulfate,
carvediied, atenclol, morphine sulfate, metoprolol succinate, warfarin sodiam, lisinopril,

isosorbide mononitrate, digoxin, furosemide, simvastatin, ramipril, tenecteplase, enalapril
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malcate, torsemide, retavase, losartan potassium, quinapril hel/mag carb, bumetanide, alteplase,
enalaprilat, amiodarone hydrochloride, tirofiban hel m-hydrate, diltiazem hydrachloride,
captopril, irbesartan, valsartan, propranolol hvdrochloride, fosinopril sodium, lidocaine
hydrochioride, eptifibatide, cefazotin sodivem, atropine salfate, aminocaproic acid,
spironclactong, interforon, sotalol hydrochioride, potassium chloride, docusate sodium,
dobutamine hel, alprazolam, pravastatin sodiom, storvastatin calcium, midazolam hydrochleride,
meperidine hydrochloride, isosorbide dinitrate, epinephrine, dopamine hvdrochloride,
bivalirodin, rosuvastatin, ezetimibe/simovastatin, avasimibe, and cariporide.

The iIRNA agent (and/or an anti-complement component C5 antibody) and an additional
therapeutic agent and/or treatment may be administered at the same time and/or in the same
cominnation, e.g., parenterally, or the additional therapeutic agent can be administered as part of
a separate composilion or at separate times and/or by another method known ju the art or
deseribad herein.

The present mnvention also provides methods of using an iRNA agent of the invention
and/or a composition containing an IRNA agent of the invention to reduce and/or inhibit
complement component C5 expression in a cell. In other aspects, the present mvention provides
an IRNA of the invention and/or a corposition comprising an iIRNA of the invention for use in
reducing and/or inhibiting C5 expression in a cell. In yet other aspects, use of an iIRNA of the
invention and/or a composition comprising an iRNA of the invention for the manufactuire of a
medicament for reducing and/or inhibiting C5 expression in a cell are provided.

The methods and wes include contacting the cell with an iIRNA, ez, a dsRNA, of the
mvention and maintaining the cell for a time sufficient to obtain degradation of the mRNA
transcript of a C5 gene, thereby inhibiting expression of the C5 gene in the cell.

Reduction in gene expression can be assessed by any methods known in the art. For
example, a reduction in the expression of C5 may be detenmined by determining the mRNA
expression level of C5 using methods routine to one of ordinary skill in the art, ¢ g, Northern
blotting, gRT-PCR, by determining the protein level of C5 using methods routing to one of
ordinary skill in the art, such as Western blotting, immunological technigues, flow cytometry
methods, ELISA, and/or by determining a biological activity of'C5, such as CHs or AHsg
hemolysis assay, and/or by determining the biological activity of one or more molecules
associated with the complement system, e.g., €5 products, such as C5a and C5b {or, in an in vive
setitng, e.g., hemolysis),

In the methods and uses of the invention the cell may be contacted i virro or in vive, i.e.,
the coll may be within a subject, In embodiments of the invention in which the cell is within a
supject, the methods may inclode further contacting the cell with an anti-complement component

C3 antibody, e.g., eculizumah.
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A cell suitable for treatment vsing the methods of the invention may be any cell that
expresses a C5 gene. A cell suitable for use in the miethods and uses of the invention may be a
mammalian cell, e.g., a primate cell (such as a human cell or a non-human primate cell, ez, a
monkey cell or a chimpanzee cell), a non-primate cell (such as a cow cell, 2 pie cell, 2 camel
cell, a lama cell, a horse cell, a goat cell, a rabbit cell, a sheep cell, 2 hamster, a guinea pig cell, a
cat cell, a dog cell, a rat cell, a mouse cell, a lion cell, a tiger cell, 2 bear celi, or a buffalo cell), a
bird cell {e.g., a duck cell or a goose cell), or a whale cell. In one embodiment, the cell is a
human cell, 2.g., a haman Lver cell

C5 expression may be inhibited in the cell by at least about 3%, 6%, 7%, 8%, 9%, 10%,
11%, 12%, 13%, 14%, 15%, 16%. 17%, 18%, 19%, 20%. 21%. 22%, 23%, 24%, 25%, 26%,
AT, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 33%, 36%. 37%, 38%, 39%, 40%, 41%, 42%,
43%, 44%, 43%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, $4%, 55%, 5

38%, 66%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 6%, 70%, 71%.7

\)J
..M.L

3%, 6%, TT%, T8%, T9%, 80%, 81%. B2%, 83%, 84%, 85%, 86%. 87%, 88Y%, 89%, 90%,
91%. 92%, 93%, 84%, §5%, 965, 97%, 98%, 99%, or about H0%

The in vivo methods and uses of the invention may include adz:ninistermg 0 a subjecta
composition containing an iIRNA, where the iRNA includes a nucleotide sequence that is
complementary to at least a part of an RNA transcript of the C5 gene of the mammal to be
treated. When the organisin to be treated is a mammal such as a human, the composition can be
administered by any means known in the art including, bat not limited to subcutaneous,
intravenous, oral, intraperitoneal, or patenteral toutes, mcluding intracramial (e.g.,
intraventricular, intraparenchymal and intrathecal), intramusentar, transdermal, airway {acrosol),
nasal, rectal, and topical (including buccal and sublingual) administration. In certain
embodiments, the compasitions are administered by subcutancous or intravenous infusion or
injection.

In some enbodirments, the administration is via a depot mjection. A depot injection may
release the IRNA in a consistent way over a prolonged time period. Thus, a depot injection may
recuce the frequency of dosing needed to obtain a desired effect, e.g., & desired nhibition of €3,

7 a therapeutic or prophyiactic effect. A depot injection may also provide more consistent
serum concentrations. Depot mjections may include subcutancous injections or mframuscular
injections. In preferred erabodiments, the depot injection is a subcutaneous injection.

In some embodiments, the administration is vio a purp. The pump may be an external
pump or g surgically implanted pump. In certain embodiments, the pump s a suhoutaneonsly
impianted osmotic pump. In other embodiments, the pump is an infusion pump. An infision

pump may be used for intravenous, subcutaneous, artertal, or epidural imfusions. In preferred
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embodiments, the infusion pump is a subcutancous infusion pump. In other embodiments, the
pump is a surgically implanted pump that delivers the iRNA to the liver.

The mode of administration may be chosen based upon whether local or systemic
treatment 18 desived and based upon the area to be treated. The route and site of administration
may be chosen to enhance targeting.

iz one aspect, the present invention also provides methods for inhibiting the expression of
a {5 gene m a mammal, e.g., a human. The present invention also provides a composition
comprising an IRNA, 2.g., a dsRNA, that targets a C5 gene m a2 cell of 2 mammal for use i
mhibiting expression of the €3 gene in the mammal. In another aspect, the present invention
provides nse of an IRNA, e.g., a dsRNA, that targets a €5 gene in a cell of a mammal in the
manufacture of a medicament for inhibiting expression of the C3 gene tn the mammal,

The methods and vses include admmistering to the mamunal, e.o., s humen, a
composition comprising an iIRNA, e.g., a dsRNA, that targets a C5 gene in a cell of the mammal
and maintaming the mammal for 2 time sufficient to obtain degradation of the mRNA transcript
of'the C5 gene, thereby inhibiting expression of the €35 gene in the mammal. In some
embodiment, the methods firther comprise administering an anti-complement component €5
antibody, e.g., eculizumab, 1o the subject.

Reduction in gene expression can be assessed by any methods known it the art and by
methods, e.g. gRT-PCR, described herein. Reduction in protein production can be assessed by
any methods knows it the art and by methods, e.g., ELISA or Western blotting, described herein.
fn one embodiment, a puncturs liver biopsy sample serves as the tissue rmaterial for monitoring
the reduction in C3 gene and/or protein expression. In another embodiment,  blood sample
serves as the tissue material for monitoring the reduction in C5 gene and/or protein expression.
In other embodiments, inhibition of the expression of a U5 gene is monitored indirectly by, for
exumple, deternmming the expression and/or activity of a gene in a C3 pathway, including, for
example, C5e, CSb, and soluble C5b-9 (sec, e.g., Figure 1), For example, the activity of CD39
may be monitored to determine the inhibition of expression of 2 C5 gene. CHgy, AH«, clot
formation and/or serum lactate debydrogenase (LDH), in 2 sample, e.g., a blood or liver sample,

may also be measured. Suitable agsays are further described in the Examples section below.

iinless otherwise defined, all technical and scientific termes nsed herein have the same
meaning as cotromonty understood by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equivalent to those deseribed herein can be

used in the practice or testing of the IRNAs and methods featured in the invention, suitable

methods and materials are described below. All publications, patent applications, patents, and
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other references mentioned hereln are incorporated by reference in their entirety, In case of
condlict, the present specification, including definitions, will control. In addition, the materials,

methods, and examples are illustrative only and not intended to be limiting,

EXAMPLES

Example 1. IRNA Synthesis
Sowurce of reagenis

Where the source of a reagent is not specifically given herein, such re agent can be
obtained from any supplier of reagents for molecular biology at a quality/purity standard for
application in molecular biology.
Transcripty

sIRNA design was carried out to identify siRNAs targeting homan, rhesus (Macaca
rudatta), mouse, and rat C3 franscripts ammotated in the NCBI Gene database
{http://www.neblalmonib.govigene/). Design used the following transcripts from the NCHI
RefSeq collection: Fuman - NM_001735.2; Rhesas - XM_001095750.2; Mouse -
NM_010406.2; Rat - XM 345342 4. SiRNA dupleses were designed in several separate
batches, inchiding but not limited to batehes containing duplexes matchimg human and thesus
transcripts only; human, thesus, and mouse transcripts only; human. rhesus, mouse, and tat
transcripts only; and mouse and rat {ranscripts only, All siRNA duplexes were designed that
shared 100% identity with the listed human transcript and other species franscripts considered in
each design batch {above),
SiRNA Design, Specificity, and Efficacy Prediction

The predicted specificity of alf possible 19mers was predicted from each sequence.
Candidate 9mers were then selected that lacked repeats longer than 7 nucleotides. These 2971
candidate reman/thesus, 142 hunan/rhesus/mouse, 54 human/rhesus/mouse/rat, and 807
mouse/rat siRNAs were used in comprehensive scarches against the appropriate transoriptomes
{defined as the set of NM_and XM _ records within the human, thesus, dog, mouse, or rag NCBI
Refseq seis) using an exhaustive “brute-force” algorithm implemented in the python seript
‘BruteForce py”. The script next parsed the transeript-oligo alignments 1o generaie g score based
on the position and number of mismatches between the siIRNA and any potential 'off-target’
transcnipt. The off-target score is weighted to emphasize differences in the sced’ region of
siRINAs, in positions 2-9 from the 5-end of the molecale.

Bach oligo-transeript pair from the brute-force search was given 2 mismatch score by
surmnming the individual mismatch scores; mismaiches in the position 2-% were counted as 2.8,
mismatches i the cleavage site positions 10-11 were counted ag 1.2, and mismatches in region

12-18 counted as 1.0, An additional off-tarpet prediction was carried out by comparing the
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frequency of heptamers and octomers derived from 3 distinet, sced-derived hexamers of each
clige. The hexamers from positions 2-7 relative to the 5 start were used to create 2 heptamers
and one octamer. ‘Hleptamer!’ was created by adding a 3°-A to the hexamer; heptamer? was
created by adding a 5°-A 10 the hexamer; the octomer was created by adding an A to both 5°- and
3"-ends of the hexamer. The frequency of octamers and heptamers i the human, rhesus, mouse,
or rat 3°-UTRome (defined as the subsequence of the transcriptome from NCRI's Refseg
database where the end of the coding region, the ‘CDS’, is clearly defined) was pre-calculated.
The octamer frequency was notmalized to the heptamer frequency using the median value from
the range of octamer frequencies. A ‘mirSecdScore’ was then caleulated by caloulating the sum
ol {{3 X nommalized octamer count) + { 2 X heptamer2 count) + (1 X hepiamer! count)).

Both siRNAs strands were assigned to a category of specificity according to the
calculated scores: a score above 3 qualifies as highly specific, equal 1o 3 as specific and between
2.2 and 2.8 as moderately specitic. The duplexes were sorted by the specificity of the antisense
strand and those duplexes whose antisense oligos lacked G at the first position, lacked G at
both positions 13 and 14, and had 3 or more Us or As in the seed region were selected.

For GalNaC-conjugated duplexes, sense 21mer and antisense 23mer oligos were
designed by extending antisense 1 9mers (described above) to 23 nucleotides of target-
complementary sequence, All species transcripts inchuded in the design batch were checked for
complementarity. Only 23mers that preserved 100% sequence complementarity in at ieast 2
species were used. For each duplex, the sense 21mer was specified as the reverse conmplement of
the first 21 nucleotides of the antisense strand.

SIRNA sequence selection

Actotal of' 23 sense and 23 antisense derived buman/rhesus, 6 sonse and 6 antisense
haman/rhesus/mouse, 6 sense and 6 antisense derived human/rhesus/mouse/mouse/rat, and 13
sense and 13 antisense derived mouse/rat siRNA. | 9mer oligos were synthesized and formed into
duplexes,

The above 19mer sets were extended 1o 21/23mer duplexes for GalNac conjugate design
and re-classified according to their new species matches. Twenty-seven sense and 27 aniisense
derived human/thesus, | sense and | sense derived human/thesus/mouse, 3 sense and 3 antisense
derived human/thesus/rat, 4 sense and 4 antisense derived human/thesus/mouse/rat, and 13 sense
and 13 antisense derived mouse/rat 21 mer (sense) and 23mer { antisense) oligns were synthesized
and formed mio duplexes.

A detailed Bist of CF sense and antisense strand sequences 18 shown in Tables 3-6.
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SIRNA Svnthesis

General Small and Medinm Scale RNA Svnthesis Proceditre

KNA oligomucleotides were synthesized at scales hetween 0.2-500 umol using
commerciatly available 5°-0-(4 4"-dimethoxytrity})-2 O--butyldimethylsiiyl-3°-0-(2-
cyanoethyl-N N-diisopropylyphosphoramidite monomers of uridine, 4-N-acetyleytidine, 6-N-
benzoyladenosine and 2-N-isobutyrylguanosine and the corresponding 2°-C-methyl and 2" -fluoro
phosphoramidites according to standard solid phase oligonucleotide synthesis protocols. The
armdite sotutions were prepared at §.1-0.15 M concentration and S-ethylthio-1H-tetrazole (0.25-
0.6 M in acetonitrile) was used as the activator, Phosphorothioate backbone modifications were
mtroduced during synthesis using 0.2 M phenviacetyl disulfide {(PADS) in lutidine:acetonitrile
(LY (wvvyor 0.1 M 3-(dimethylaminomethylens) amino-3H-1 2 4-dithiazole-S-fhione (DT
in pyridine for the oxidation step. After completion of synthesis, the sequences were cloaved
from the solid support and deprotected vsing methylamine followed by tricthylamine 3HF o
remove any 27-O-t-butyldimethylsilyl protecting groups present.

For synthesis scales between 3500 umol and fislly 2° modified sequences (2 -fluor and/
or 2’-O-methyl or combinations thereof) the oligomucieotides where deprotected asing 3:1 (v/v)
ethanol and concentrated (28-32%) agueous ammonia cither at 23°C 16 h or 55°C for 5.5 T, Prier
o anunonia deprotection the oligomucleotides where treated with 0.5 M pipenidine in acetoniirile
for 20 min on the solid support. The crade oligomcieotides were analyzed by LC-MS and anton-
exchange HPLC (IEX-HPLC). Purification of the oligonucleotides was carried out by IEX
HPLC using: 20 M phosphate, 10%-15% ACN, pH = 8.5 {huffer A) and 20 mM phosphate,
10%-15% ACN, | M NaBr, pH = 8.5 {buffer B). Fractions were analyzed for purity by analytical
HPLC. The product-containing fractions with suitable purity were pooled and concentrated on a
rotary evaporator prior to desalting, The samples were desalted by size exclusion
chromatography and Iyophilized to dryness. Equal molar anounts of sense and antisense stran ds
were annealed in ix PBS buffer to prepare the corresponding siRNA dupiexes,

For small scales {(0.2-1 wmol), synthesis was performed on a Merhiade 192 synthesizer
in 4 96 well format. In case of fully 2*-modified sequences (2’ -fluoro and/or 27-C-methv or
combinations thereof) the oligonucieotides where deprotected using methylamine at roum
temperature for 36-60 min followed by meubation ar 60°C for 30 min or using 3:1 {v/v} ethanol
and coneentrated (28-32%) agueous ammonia at room temperature for 30-60 min followed by
incubation at 40°C for 1.3 hours. The crude oligonucleotides were then precipitated in a solution
of avetonitrile:acetone (9:1) and isclated by centrifigation and decantin g the supernatant, The
crude oligonucleotide pellet was re-suspended in 20 mM NaOAc buffer and anatyzed by LC-MS
and anion exchange HPLC. The crude oligonucieotide seauences were desalted in 96 deep well

plates on a 5wl HiTrap Sephadex G235 column (GE Healthcare). In each well about 1.5 mbL
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samples corresponding to an individual sequence was collected. These purified desalted
oligonucleotides were analyzed by LC-MS and anion exchange chromatography. Duplexes were
prepared by annealing equimolar amounts of sense and antisense seguences on a Tecan robot,
Concentration of duplexes was adjusted o 10 UM m 1x PBS buffer,

Svothesiz of GuiNAc-Coniugated Olisonucleotides for In Vive Analvsis

Olbigonueleotides confugated with GalNAc ligand at their 3 '-terminus were synthesized at
scales between (.2-300 umol using a solid support pre-loaded witha ¥ -shaped linler bearing a
4.4 -dimethoxymityl (DMT }-protected privsary hydroxy group for oligonuclestide synthesis and
a GalNAc ligand attached through a tether.

For synthesis of GalNAc conjugates in the scales between 5-500 umol, the above
synthesis protocol for RNA was followed with the following adaptions: For polvstyrene-based
synthesis supports 5% dichloroacetic acid in toluene was used for DM T-cleavage during
synthesis, Cleavage froms the suppart and deprotection was performed as described above,
Phosphorothioate-rich sequences (usually > 5 phorphorothioates) were svnthesized without
removing the final 3-DMT group (“DMT-on"} and, after cleavage and deprotection as described
above, purtfied by reverse phase HPLC using 50 mM ammonium acetate m water (huffer Adand
50 mM anumoniumacctate in 80% acetonitirile {buffer B). Fractions were snalyzed for purity by
anaiytical HPLC and/or LC-MS. The produci-contaiming fractions with suitable purity were
pooled and concentrated on 2 rotary evaporator, The DMT-group was removed using 20%-25%
acetic acid in water unti} completion. The samples were desalted by size exclusion
chromatography and lyophilized to drymess. Equal molar amounts of sense and antisense strands
were anncaled in ix PBS buffer to prepare the corresponding siRNA duplexes,

For small seale synthesis of GalMN Ac confugates (8.2-1 ptmol), inchuding sequences with
multiple phosphorothioate linkages, the protocols described above for synthesis of RNA or fally
27-F/2-UMe-containing sequences on MerMade platform were applied. Synthesis was
performed on pre-packed columos containing GalNAc-fimetionalized controlled pore glass

support.

Example 2, fy vitre serecning
Cell culture and transfecrions

Hep3B cells (ATCC, Manassas, VA) were grown to near confluence at 37°C i an
atmosphere of 5% CO2 in Hagle's Minimum Essential Medium (ATCC) supplemented with 10%
FBS, streptomyein, and glutamine (ATCC) before being released from the plate by
trypsinization. Cells were washed and re-suspended at 0.25x10° cells/mi. During transfections,
cells were plated onto a 96-well plate with about 20,000 celis per well.
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Primary mouse hepatocytes (FMH) were freshly isolated from a CSTRL/6 fomale mouse
{Charles River Labortories International, Ine. Willmington, MA) less than 1 hour prior to
transtections and grown in primary hepatocyte media. Cells were resuspended at 0.11x10°
cells/ml in InVitroGRO CP Rat (plating) medium (Celsis In Vitro Techuologies, catelog number
501494). During transfections, cells were plated onto a BD BioCoat 96 well collagen piate (BD,
356407} at 10,000 cells per well and incubated at 37°C in an atmosphere of 5% CO..

Cryopreserved Primary Cvnomolgus Hepatoeytes (Celsis Tn Vitre Technolo gies,
MOO3055-P} were thawed at 37°C water bath immediately prior {0 usage and re-suspended at
0.26x10° cells/ml in InVigoGRG CP {platmg) medivm (Celsis In Vitro Technologies, catalog
rumber 299029). During transfections, cells were plated onto & BD BioCoat 96 well collagen
plate (B, 336407} at 25,000 cells per well and incubated at 37°C in an azﬁno&phefe of 5% Cn.

For Hep3B, PMH, and primary Cynomelgus hepatooyies, transfection was carried out by
adding 14.8 ul of Opti-MEM pius 0.2 ul of Lipofectamine RNAiMax per well (Invitrogen,
Carlsbad CA. catalog numberi3778-150) to 5 pl of each siRNA duplex to an ndividual well in a
S6-well plate. The mixture was then incubated at room temperatare for 20 minutes, Highty ut of
complete growth media without antibiotic containing the appropriate cell number were then
added to the siRNA mixture. Cells were incubated for 24 hours prior to RNA, purification,

simngle dose experiments were performed at [0nM and 0. 1nM final duplex concentration
for GalNAc modified sequences or at 1nM and 0.01nM final duplex concentration for all other
sequences. Dose response experiments were done at 3, 1, 0.3, 0.1, 0.037,0.0123, 0.00412, and
0.00137 nM final duplex concentration for primary mouse hepatocytes and at 2, 1, 0.3, 0.1 .
0.037.0.0123,0.00412, 6.00137, 0.00046, 0.00015, 0.90003, and 0.000017 oM Snal duplex
concentraton for Hep3B cells.

Free uptake transfection

Free uptake experiments were performed by adding 10ul of siRNA d uplexes in PBS per
well into a 96 well plate. Ninety 1l of complete growth media containing appropriate cell
mamiber for the cell type was then added to the 5IRNA. Cells were incubated for 24 hours prior
to RMNA purification. Single dose experiments were performed at 360nM and 5nM final d uplex
copoeniration and dose response experiments were done at 1000, 333, 11 1,37,12.3, 4,12, 1.37,

0.46 nM final duplex concentration.

Tatal RNA isolation using DYNABEADS mRNA Isolation Kit {invitrogen, part #: 610-12)
Cells were harvested and lysed in 150 1l of Lysis/Binding Buffer then mixed for 5
minuies at 850 rpm using an Eppendorf Thermomixer (the nixing speed was the same

throughout the process). Ten microliters of magnetic beads and 80 ui Lysis/Binding Buffer
g2 ) g i 24
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mixture were added to a round bottom plate and mixed for | minute. Magnetic beads were
captured wsing a magnetic stand and the supematant was removed without distirbing the beads,
After removing the supernatant, the ysed cells were added to the remaining beads and mixed for

5 minutes. Afler removing the supematant, magnetic beads were washed 2 times with 150 ui
Wash Buffer A and mixed for | minute. The beads were capturedagain and the supematant was
removed. The beads were then washed with 150 ul Wash Buffer B, captured and the supernatant
was removed. The beads were next washed with 150 ul Elution Buffer, captured and the
supernatant removed. Fmally, the beads were allowed 1o dry for 2 minutes, Afier drying, 50 ul
of Elution Buffer was added and mixed for § minutes at 70°C. The beads were captured on
magnet for 5 minutes. Forty-five (1} of supernatant was removed and added 1o another 96 well
plate,

cLINA synikesis using ABI High capacity cDNA reverse transcription kit (Applied Biosysiems,
Foster City, CA, Car #4368813)

A master iz of 2 gl 10X Buffer, 0.8 ul 253 dNTPs, 2 ui Random primers, 1 1f Reverse
Tramscriptase, 1 il RNase inhibitor and 3.2 ul of H20 per reaction 58 prepared. Egual volumes
master mix and RNA were mixed for a final volume of 12p] for in virro screenced or 20p for in
vivo screencd sanples, cBINA was generated using a Bio-Rad C-1000 or 5-1000 thermal cycler
{Hercules, CA) through the following steps: 25°C for 10 minutes, 37°C for 120 minutes, 85°C for
5 seconds, and 4°C hold.

Real time PCR
Two ul of cDNA were added to a master mix containing 2pl of L0, 0501 GAPDH
TagMan Probe (Lite Technologies catalog number 43263178 for Hep3B cells, catalog number
352339E for primary mouse bepatocytes or custom probe for cynomelgus primary hepatoe syies),
0.5ul C5 TaqMan probe (Life Technologies ¢ catalog number He00156197 ml for Hep3R cells
or mmQ0439275_ml for Primary Mouse Hepatoctyes or custom probe for cynomoligus primary
hepatocytes) and 5l Lighteyeler 480 probe master mix {Roche catalog number 04887301001)
per well in a 384 well plates (Roche catalog number 04887301001 ), Res! time PCR was
periormed in an Roche LC480 Real Time PCR system (Roche) using the AACHRQ) assay. For
i vilro screening, each duplex was tested with two biological replicates unless otherwise noted
and each Real Time PCR was performed in duplicaie technical replicates. For in vive screening,
each duplex was tested i one or more experiments (3 mice per group) and each Real Time PCR
was run in duplicate technical replicates.
To calculate relative fold change in C5 mRNA levels, real time data were analvzed using

the AACE method and novmalized to assays performed with cells transfected with 10 M AD-
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1933, or mock transfected cells. ICsgs were caleulated using a 4 parameter fit model using XLFit
and normalized to cells transfected with AD-1955 over the same dose range, of to its own lowest
dose.

The sense and sntisense seguences of AD-1955 are:

SENSE: cunAcGouGAGuAcuneGAdTsAT (SEQ ID NO: 13,

ANTISENSE: UCGAAGuACUCAGCGUAAGATsAT (SEQ 1Dy NO: 14).

Table 7 shows the results of a single dose screen in Hep3 B cells transfected with the
mndicated GalNAC conjugated modified IRNAs. Data are expressed as percent of HEssage
remaining relative to untreated cells.

Table & shows the results of a single dose wansfection screen in primary mouse
hepatocytes transfected with the indicated GalNAC conjugated modified IRNAs. Data are
expressed as percent of message remaining relative to untreated cells,

Table 9 shows the results of a single dose free uptake soreen in primary Cynomolgus
hepatocytes with the indicated GalNAC conjugated modified iRNAs. Data are expressed as
percent of message remaining relative to untreated cells,

Table 10 shows the results of a single dose free uptake screen in prirary mouse
hepatoeytes with the indicated GalNAC conjugated modified iRNAs. Data are expressed as
percent of message remaimning relative to untreated cells,

Table 11 shows the dose response of a free uptake screen in primary Cyaomo {gus
hepatocytes with the indicated GalNAC conjugated modified iRNAs. The indicated 105, values
represent the [s values relative 1o ontreated eells,

Table 12 shows the dose response of a froe uptake screen in primary mouse hepatocyics
with the indicated GaINAC conjagated modificd IRNAs, The indicated ICsy values reprosent the
1Cs values relative to untreated cells.

Tabile 13 shows the resuits of a single dose screen in Hep3B cells trunsfected with the
indicated modified and unmodificd iRNAs. Data are expressed as percent of message remaining
relative to untreated cells. The 0.01nM dose was a single biological transfzction and the 1nM
dose was a duplicate biclogical transfection.

Table 14 shows the results of 2 single dose sereen in primary mouse hepatocyfes
transfecied with the indicated modified and unmodified IRNAs. Data are expressed a8 percent of
message remaining relative to untreated cells.

Table 15 shows the dose response i Hep3B cells transfected with the indicated modified
and unmaodified iBNAs. The indicated 1, values represent the ICs; values relative fo untreatad
cells.
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Table 16 shows the dose response in primary mouse hepatocytes transfected with the
indicated modified and unmodified iRNAs. The indicated 1Cs; values represent the ICg values
relative to untreated cells,

Table 2: Abbreviations of noclectide monomers used in nucleic acid sequence representation. It
will be understood that these menomers, when present in an oli gonucleotide, are mutually linked

by 5%-3phosphodiester bonds,

Abbreviation Nucleoiidels)
A Adenosine-3-phosphate
Af 2’-Buoroadenosine-3 -phosphate
Afs 2’ -fluoroadenosine-3 -phosphorothioate
As adenosine-3 -phasphotothioate
C cytiding-3 -phosphate
Cf 2 -fluorocviidine- 3 ~phosphate
Ci 2’ -Buorooytidine-3"-phosphorothioate
Cs cytidine-3 -phosphorothioate
i guanosine-3 ~phosphate
Gf 2’-flugroguanesineg-3 -phosphate
Gis 2’-fluoroguanosine-3 "-phosphorothioate
Gs guanosine-3 -phosphorothivate
T §’-methvluridine-3"-phosphate
T 2"-fgore-S-methyvluridine-3 ' -phosphate
TH 2"-fluoro-S-methyluridine-3 -phosphorothioate
Ts S-methyluridine-3 -phosphorothioate
13 Undine-3 -phosphate
Uf 2’ -fluorouridine-3"-phosphate
Ufs 2’-Hluorcuridme -3’ -phosphorothioate
Us uridine -3 -phosphorothicate
™ any nackeotide (G, AL C, Tor LD
a 2-C-mpethyiadenosine-3 -phosphate
a8 2-O~methyiadenosine-3 '~ phosphorothioate
= 2-Q-methyicvtidine-3 -phosphate
c8 2'-Q-methyicytidine-3"- phosphorothioate
& 2-C-methylguanosine-3’-phosphate
e 2~-O-methviguanosine-3 - phosphorothioate
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Abbreviation

MNuclentide(s)

1

2"-O-methyl-5-methyloridine-3-phosphate

13 27-C-methyl-S-methylurndine-3 "-phosphorothicate

U 2-O-methviuridine-3 "-phosphate

Uus 2-O-methyiuridine-3 -phosphorothioate

§ phosphorothioatz linkage

L96 N-{tris{(GalNAc-alky! }-amidodecanovl})-4-bydroxyprolinel Hyp-
{GalNAc-alloyh3

{dt) deoxy-thymine

159




DOTIPOT = 1N |
SQUANT 10} 21 0 sxayel wned feaiep o) SULAMO[O] GRSy T, :
5328 1E) pULRS SSUSSHOE 95 Wy (50T

“LIST Ee) prosal yuRguan) sy Jo oousnbos apros|ot s w uomsod s puE (7084 100 TN “E2) procer yUBgUaD) A s1oa)es swes 080 sopedg ey

S8 0PLP-REIY CTSELTO0 N ¥8 SN2MINYYSONYRYIRYYIVIND T/PERIT-Y £E YYYOYRINISNYNVIEH TOPERTT-Y WO TIOTES-AY
SETOPGEIE £'SEIT00 W £y SIHWYIRPRNNTYENENYYVINY TEFESTI-Y iE AVSNNYOYINOYYINoRNny TorEaTI-v WO TIDLEE-av
S¥ pRUZ-TZ0Y 2 SELI00 NN 8 NSONIAYINYONRSDYVIYINND TEPERTT-V 43 VYUB oI evonvEn ey TEVERTL-v P RG0S0
SETOPSE-RE 0L LEELTO0 N 18 YYVDODYIIININYINNNSYOND TIPERTT-Y oF PN TOrERTT-Y W TER08S-0Y
S€ BEEC-LTEC CSELTO0 N 08 SONOOBNINNTYYIIONIY PRy THEERTY-V |14 ANYHNDYROINNVYYOVIDOY TBEERTT W W LoETRS-AY
SETOPTE- ST IR £SELTO N 64 NANYONYYIINNSIYYeYY DNy VLERRTITY 14 NOVSIENAMTYIYYENYINY T9eeRiTv TrETRe-0v
S¢TLPOE-SE0LT PSS 100NN _.w..m ORNYINNDOVIVANANIAN TREEgtl-y £Z YYDYYYRSNNODYYRNYONYY LPeEgTl-v W EET 8Ty
§872 287 5560 CSELTON N iL NOMGINYY YO NDYIVNIIN N TEEERTIY gz YOLVRIONaYRNNNnvaoy UEEERTTV W T LIRS0V
G5 2TEELTO0 N 9L DI YIRY e IYYNNANYovE ieegll-v T4 INSOVYYYNNRONDNONNSVIO TOEESTDY W T90TEE- 0y
S8OLGT-ROT CSELTO0 W G4 NYNSORYINNISAYYYINYIDNG Tolesit-y 44 VYO NYONNNYSOYYSNovIY e.wﬂnﬂuwmn ¥ WA TO0IEY-AY
SE OOGTRLSY DSELEO0 AN 7L TNNYYSNoONNDYEYIVIATIIN TLCEBITY £ VOLYES DL MOV EDYONNY LSLEETT-Y ot
seTRROTERE 2'SELTON NN E4 AONYYVNNNSMNDONoYNDoYYy TEEERTL-Y L ANNDOYNDYYIYYIYERNNnY TRCLRTeY TRI085-0Y
S€ GNLEbriy CSELTUG (N ¥ NZANGAYIYIYYYIvDNNoweNn TECEETL-v i VIYNSVYINSANNNNSNYevY TEEEETLY W TeList-ay
SETH0R-pRL 2 GELTOU W TL ANNNBSANINYNIYYVYYeNIYINen TTZERTI-V 174 @34.{3{33“M:mﬁzqwﬁqumw T'0ZeBil-v WH T EZTEE-QY
S8 4GLE-GELTPRESTON N 37 SYYORYEYIINNNYYIDDOYYON LGIERTT-Y 61 VI RS EN e PRIE8TT-v LSOy
S8 pECT-ZEST CSELTON WN &4 VYIRBNMINYNNOYONOYaYnRNY TLTERTT-V g1 NYYOVNDYINIVYOYYYYIYD TGTERTT-W WNTTTTTeS(Y
ST CSZE-EELT T SELTO0 WM g5 YORVYDDYDVIONNNYYIIDOYY TOTEgIT-v L% NASDDONNYYYORNINI2NAd TPIEBTT-V TEpiss-av
seTEEST-TIGY £ SELION WH ig OVESASNNOMYINDVENDYNYN | TETERIT-V st VYN MIVIAIYVRY YYD Wi T 660850V
¢ GEST-(TGT 2 SEL 100 Wil 35 OINCYRNDYONOVIYINYYOYY TEiEgsTy ST AMVNNSYIIYODVYINIvYNYY AN TR0V
(wed odijg T sepedy EUSNDIY PELIPOWIUL sTUESIlY BSUBSHUY amu“w.w BI@NDIY PRUINOWIUN FTUSS DURIS Bsusy i xsjdng

SYNUSP €0 J0 saousnbag preny ssussyuy puy s5035 PANPOENTY ' NGB

160




SES95F-EVGY CSOPDTD N AR YOYIONINVOANTISNSNNYYY! TIEESTL-Y 09 LRI A LTSS R PR LY GEESTT-Y i T SroRs-Ov
SETEZGE-005Y 2S0v0T0 YN (VER SRYSEINNYIVINNDYYYY LZPEETL-Y &8 ANNNSYRENGNYNYDO0MNGS EPEESLT-Y T ek eh
SE7ESP-005h 2 O0MITD AN 601 DOOYYOLODNVAVY Y HINEYY Y'Y THEESTEY 83 ANNNIYYSNAYNYODIIN0D THEERITY W T /0850y
38 BEST-IRT £ SELTO0 N 30T YYINDNNANVANOVONSYOVINY | TZLEETTY i5 YTV ENYYYIYD THEEETT-V WO T ERYBE Y
SETPEST-EIST ZGELTON AN 87 CYININANYNNDYONSYAYNAY | TGLEBTI-V 25 NYYAYASYINIVYR VY YYIYD THZESIT-Y a2 TErs8s-0v
SEOEEST-TERY OISR TO0 N 801 MYYINONONNYANDYDASYAVAN | TOLE6TTY 4% WA YRDYVAYYYYIYON TZEEEIT-V W T 8Y985-0Y
seTEERT-TIGT £ GEL IO AN S0T OYYSTIDANNNYNRDVENSYNYGD | TECEstl-v s VYRV NV EYYIVED TZREETTY WD T TEagEOY
s2TpD0T-Z86 £ SELTOG NN #0T nONWYWRNG &.ﬁ& TOVIDDYYY | TGEEGTI-V £5 ARSIV vYwINnY FRZEETTV W TIG985-aY
52 pODL-TE CEELTO0 AN €01 MONYYYNANNDNNSNNOYNSOYYY | T8IEeITY 4 (N MODY NIV YNNNY T8LERTIIY Y T Py 385-0V
SETECSH-005Y TOnvOT N ot SOOVVALINYAYYVINNOVYYY TLEEETT-Y 15 NNHDYVENGNYNYS9I3R N9 T9GEETTY NN TTATTRE-OY
S8 I8BY-Shab £ O0POTE N 101 YIDNMWONMMONSANVYYDNIY | TZBE8TTv o5 NOVINNYYIVIY I NVOYD TGREGTT-¥ AR T EFTRS-GY
SETGO9GH-EVSY £SDLOTE Wi o0t YOYIDIDNYONNDNSNNYYon | TERERTT-V &% VANMNYYIYIWYYINYRYING TIRERTIY TIETRSAY
SEGOGT-LERT ZSELTON WM &6 NODSOYYIINMIINIVAYYYOAN | TZ/88TTY g WY YN Y DYREDan 10 19/ E9TEY WA T ENTRS-aY
SE ZEZ-OT7 £5%£100 N g6 AVESVIOVAANNAAYYYAZIYYNS | T5LE8TT-v iy IVNNBYRNAYYYYYYNYDNDD TrLERTTV W T 460850
£8 BOGT-9NET TGELTON WN ‘B NASDOTYYIINNNINIYNYYYOR | TELERTT-Y 8% YINNOYADYRYYVOLRNNIGID TZ/EBTI-Y Wi T TB0ES-0Y
SEBELE-TTRY T RELT00 N 6 IVYITYROVIONNOYONNIWEIY | TTLE8ITY S¥ MYSIANYEDNDY YORNDNNYN TOLESTTY Wi T ZETRE-GY
SBTRL-65L CSELTNN HEN 56 MEYYYN O ANYYYYIANNYYNSY TBYERTT-Y i YNV Yven :::43«%&. ['83E8T1-¥ W TITIRS-GY
SEPETETITE T SELT00 Wl 76 ANSRIDNDIYSNYYIINNSNYYY | TZ9ERTT-V £y AfNYIYYRDNNYINvYYooe) TERTTY WO TORTES-OY
TIETP-E0TF CRELTAN WN £6 JENDAVIVANOANOVIYRIWON | THIS8TT-Y zv YINNOYNSIOYeIYeRnNvIY UEIERTTY W TEITES-ay
SETGOT-£8 TSELTO0 N 23 INSON2DNNNDNYEYIVONYY | TE9E8T1-v 1y MYINSNYNYIVYYISYIOVS TEYERTTY
S8 PNTT-ZB0T THELTON Wi 16 YoYDL YADINNSYINNYYYIIY TTAERTE-Y o NOSNAYYoNIVYYI¥NII0N TN9ERITv NN TEOTRS-OY
sEQIOT-9645T 2S84 T00 N 06 DRVOVYIWEROAIVIVINAOAYY | TERERITY 6% ANYIYYYNOARYYEIN YN TQSERTT¥ W T 86085-QY
se ROBT-9RLE TRELTON WN a8 YYYIRNNON2NNNAYDYYRIVANG T LSERTIY i WYVNOYNNINYYYSYYWYEEN TYSERTT-Y Wi T OE0RS-aY
se OEZ-B0T TRELTON WN 4% YYNVROVIAVRANNNNYYRIOVY | TSeERTiv {E MNOYONNYYYYYVNYD _: oy THCERTTV WNTTETRG OV
58416655 CGELTON 1N i YAIOINANVY YD NYNYYION TESERITY 3¢ YEONAYOVINYOANYYYOTYD TZSERITY W T STTRS-avY
SETEHTE /P TE € SELTO0 W 9§ O NIV YIRSV Y vY TISEGTTY 4 ANYANNMOYIDNNNDYYDDY TOLERTT Y WO T BITESOY
ST LEE-S0E ZBELTON 1NN 58 MOYIRYES YNNI NANNA WYY [ BYESTL-Y vE NNV IV SNIOATNND TBPESTILY W TELTES-AY

161



b4

NSENS N NN ABILeLYsYILAR

BELYRIVI DO BVIDIN2IONIvRIvED

ESE0Es-ay

E8T

esygseLsi DRy NN YN N3 v Eing

selyag e vey o BinEinamn

T 6808507

81

Foarysny iy NIE BN DRIV YR

THEEBLTY

SEHNMYYNEIVEID e vEivay a8y

TOETSS-OY

TET

nsnamySine v annBinelyrive G ye

FEHNMYINNNANE LY VRIS NRINEY

TSEERTT-V

TFEIRe-(v

a8t

SISO NN Y BRI E DB NAININN

gaves DR vEEINN DI veonjvE Ny

Treggll-v

TETTSS- O

HH

SYISLARIYR I IINAN 0N

9aTvEjOR YRV OROIY DRINN e oty

TEEESTLY

TZreeOv

NEPYE By EI ORI RINGI AN IS

SEUIN BN TRIVRINNDISDUNS YD

TOeERTIvY

L'50TRS-GY

NEYENEooeEionn umm.ﬁd.m.m.u.utJM&UMu"D:

SE1VRDEINRIDNNRIVIZ IS EIVEINH Y

TBZERLY-Y

TeoIes-av

sy onOninnseloe e nnsn

g 1vEinevENBinu DRIy

TYLERTT-Y

T vBOES-0v

aspasnpveivninngonndinnpeinBise v

SE UMM NN VRV Y

[ T4 10 %

1 EBRge-0v

ASIOSYOINNR ) SRIVRERIGE GRSV 9N

eI SRR NN NBINe ey

TRV

P
i~
et

RS NSRTHOM N RRFEyRINBINTY Y

SEVYRPVEINE NNNMIIVINEIUEVHORY

Laegiey

BspysepufivEsyonnaye sy nisye)nn

SEEINNENSEIN Y T BID D AN

Teteglii-v

TLTTES-aY

espysaninn) nofynndvEinSrenjuniie

SNV YISO Y v RS

DOTEBLLV

TITIRG OV

sy sBweynBivEvoon NNy

SN

GERNDNEE N wR IO DN

TE0TRE- (1Y

NS NFONNMNENYOTIONIOCINRING

SELVEI DRI D e ORI v

TETERILY

T 66085-0V

nsjCE NN ORIBnIeNe ANy vEIn S ye

SEHNHIM NN PSSV RINEY

TareRlt-v

EORS-0Y

RSN O
oiyg T ]
saidadg oas

souanbos esuaspuy

BSUBSIUY

at
faEL

aiusnbes szuey

PURILS 95U3%

Cl xadng

SYRTUSE ¢ jo sasuanbag pues

§ SSUISTHY DUE 3SU3E PIJIPOIA POIEEn{RUsy JYNIBD "¢ (8L

S8 /867-SPaY £O0F0TO N Lans YRONINYSNINSNDNNYYYONIY | TIPESTT-¥ 59 ADVIMNNYVYIVIYVEINYIYD TIZEESIT-V W T ESSRS-0Y
s2TLO6 SPEY CA0T0TO AN 511 ERTINYANNNG NS ONTD TELEGTTY 4 ADYINNNYYIVIVYYRNYDYD TEEEGITV OBV
SETS08-¥8L TGELTON Wl 1T NNON2BARINYAYYYYYIVANYN | TBEESTT-v £5 FOYEOANNNNYNYDPYISTY TRIEETTY W T 05850
SEO0R-pRL T RELTO0 N £TT ANTNDSANNVIVYYYYNYANYN | TYZEETT-v z8 YYYNVONNNYIYOYYIDYY TRIERTTV WO T EFARS-aY
seGBER-EFGY 2 SOPOTL Wi 21T YEYIDAIAYRAANDNOANYYYDN | TOPESIT-Y 19 VIV NYDYINN TOREETLY W TTS985 A Y

2



1ic dsveapyeyoB o nene veismnivesyyse 0877 | S8 BN NHIEYRINMUNNINRDE0HENGD TYEEGTE-Y T ROES-OV
0ig \Bspynspynsy(ise PLEERTLY GG | GEUNBIVINYRIIRID6DIVIVR YR YEIDSESID ETECLTY T ErERs-0y
607 esesuNFngnnpvnndpyEing anse TEIEEYT-V BT ] BEUHNRIYNSYNIBIDND VIV YR VRIDSES]D TYIEGTTY 1T ZRGRE-IY
]O7 _uwmmmmwu_.ﬂw.’mﬂmumﬁnm._Dmﬁ:&@mm._m..ﬁ&Umﬂ_\_mﬂDmﬁ T REESRTT-V £5T QEVYVERI RV VIVEN S v IRt .u:\. COLESTI-Y T RPORS-(IV
0% BRESE LGN INN12N MR DODRI B NS [T an 951 | SEBWRINNUNYYIvINg vervvelsn TETERTI-Y L8850y
30T § nsaansyyesyynsnosmnnsinnsesynisioespyse TEEERTIY SST | SSUARINDDRINEIVE MYV v vy Asns Y RIEETIV 1 15885-QY
S0E sayeeyninnonad; inoenBines e TEIEETEV LR TR PR R I Y T | qﬂqﬂ_ﬁm_&q TBLESTLY 1559650
{4 Fnsaveiafnonene)ye Iy nijyeye TZ6EBTETV £4T SEHNYNNDR vy vINe 03 nunn D TS6EGTT-V THTIEG-
€I esysBinoinEieninainmnINE Ve anDe TLRERTTY | Z8T mﬁ_%Eenssm,wﬁ?zrécx? 1R T9BERTIY T EETEG-0Y
we REOSEIDAN IR ONNYOADNEIYEIDN T'EGESTT-Y i4T SEVWY NNV I IV R)RRI0EIN TZREETTY TEZ185-QY
W ns3sSEE) ves Ny napvn fevBing LLLERTTY o451 SEIVRIDAINMVEDRION Ve nE R0 TOLESTI-V TEOTES-0Y
ooz SYSE NN NN NESVEIN YRS TGAERTEY 69T SEUDRINMDe N NIV VI VEINDD TPLESTI-Y T LG08S-OY
551 ASINSI SRR T INR AR NEFYEIDN TE/ERTIT-Y BT g6 WYINN neInSeBiy v Bion nyous TTLESTTY T I8085-0Y
24T 3syyseinzvE v onnEivann R0 ne TELERTI- VT SELRIDI YRS Y VSN 2 TOLERTTV TEETRS OV
£6% NSEDSR YL NNYDNI R BN NV RIS BHERTT-V 91 GEUPRYRIR VDN NENVEIRINN TRLERTTY TOEIRG-0Y
461 nsinsii NN vERe vy sIngIne e TLSERTTV 97 sennNneDevEonNieRRivevE De) TH9ERIT-V T 0TSOV
557 sspyshEmAYaiY nEnnneE NvEION ¥ol BEUYHNHORINAIN2IYIGINR YR D Yy THEgTT-¥ TYTTRS Oy
PET 33&553..%.5_,.3@aﬂ:ﬂuﬂw:&m £4T 5B YR NEMn e vive s TIGERTTY TERTES-QY
£5T esisHE0E NEINNBY Y R Y30e [A4? IS HNF DN OYRIDN VY NN IR0 TO9EEITY 1 PRS0V
781 Bsf1e0e) YV I ANy Y NNn Ve T SEUNTYYI el Y YIDIvIvR DAY REN0H TRGERTT-Y T9E0RS- (Y
6T espySRIYH AN NN S veinopeninn (s34 SEYYRFTNI \Qéud&&&,m .MH il T5ERTT-Y

067 RIS DR YNNI N yRnEYR GET AEHNMSRNNNERIVIvIP VRN Y THGERITY

681 eSINSH DN PEINYENRNRIVIDR TESESTT Y BET asuvEDYnE NeDR DN vevives TIEESITY 1 GZI8G-0Y
887 eSS N RVESHNoIhe e i ve TIGEETT-Y LET SEUNNPAMNA0RNDINNINyeind)y TOGERIT-Y TEIIRS-GY
BT PSS E R NEDSNBININNLAN) YRIVD TEVEBTTV 35T A5 HYMNR PR YR RINIVISAONBINTHG UBEESLT Y TETTES-G
287 B3] (AN NE TIDNeRY DRV VIR TIHERTTY GET SEUVRIRIYENSDRFE N YOIDINNE GBI TYYERTT-V TLOIESaY
§8T sEpnsnyye S vEn e O oneRYINE TSPERTT-V ¥ET SETINEIOM Y YIRSV NBINnY THrE8TT-v TIOIRS-0Y

183



FTRLIE-RTIE 2 GE4T00 i | BVE SNPYIIRNINVYYYYRNYY TZEERITY £5C anvan SYVERANY TEGPFILY | A0 T0STSSaY
e EyOL-aTnT ToLsran el | STE PO NINE BV YN I 1 S 7e? PHOEVIIET N PV OIvEn TEPPETTY | MM T e TR0
o 5i6r-aR60 LREL O W | TIE SNYEYVINYITIRANION REVELTY et YRRVHYYRBAOYOANNNAYD TURYSITY | WO T RITSSaY

sE-G00z- 1647 7 serinow | ETE MDYV YNy IvE Torerly | DEZ RS YTV YARONBIDNNDY MR -
B IGT-G0T S GELTON BN | LE NDYONMSEAVYVINYIONN TYPYETTV 2 FEDNVINAMYIBYYONDY TEPPRTT-Y | 1NN T 95185 0V
se agay-BLSr CRELTO0 N | TIE VONGANTMYOVIFINRmN TTYPRTIY 82z VEDYTSNBIDABVY YO0 TISPETIY | N TOSTES OV
G007 286 rassTon wn | OTE YYNRADINOAMVARIYYY TORESTEY £ ARG VRSO0 THEFSIT-Y | WO TSSOV
& Toly-prlh Tors 100 T | BUE Ao ey TIvaE v hBH —— 877 VRNV ONG A (1098 SRV
P Y IBAMNYAYYYYeAYNNY A IV 577 ENVERYANMNNYIVEYYIE TEEPETIV | O T 6 TR0y
seTEgz-GE07 2gETod e | A0E SYRYIDANNYY00YYOn UREFRIT-Y vz FIRINNNAvVYYHRNLN TEEVRITY | WO TELIRS-QY
58 OEST-ZIST Tststan wn | IDE ONSYNYANY TTESTTY 24 NYYRYROVINDWNYIVY0 [EEVRLLY | AN 0TSS5 0V
e TgsT R LT TSELTO0 N | S0E TOIVHYIDNANTTIoOVY roevetTy | SR ARGOSAMYYYERASN T6ZERTI-¥ | 1NN T I91E5-Ov
s pEST-TIST T aELToN W | TOE NOANANYNNSYSNDYOVIN TREPETT-V e VYN YINOYENYYYYOY TLZPSTTY | BN TSSIRS-OY
SETEEGT-ATRT T SES TN Wi E0F CNOVSNOVYANYYNOUY TOZYRIT-Y 077 ONoVNNYYNrIYINavYYn 1 CTPRTI-V WA T BrIAS-OY
Zue DS vYNIe P NoYYINTeY TvzpelTy | 6% NN MDYNPeavis N

e OPST-ZeaT £ SELTI0HIN

sweu oo T sapwis

Gi

138

autiphes PRILPOWGT FSUBSHUY

PIUDTEUY

BoUBNNES PRNPOUR BSUBS

PUEs 8IS

it Leping

SY RSP €7 J0 $30UN DG PURAIG SSHISTINY DU oSUay PoLIpemuy

acmtibog sprostone o 6 womsed oty poe SmET oS () seroods o T .

L SlgE L

"¢ OIRY UE UA0TS 22003 of prodsaiiod siadIe pORnS SUSSLG ST B PI00dT FIRqTAD O IO
817 | esasHapasiiesynnsinnBngonsi() s vesHnsse TIFESTIV | 48T | 95HNImINTOn WMoY rineD TTEEEITY LEGGRG-OY
estsBinpine nnnning TEERSTTY | 99T | SSUMBNGINMINE R UDIvEI VI NEDEEs) TTEERTTV TorREs-av

onjnepYRGnsse

STy b NSnsnsinosion s oSN NES YES YRS NESIN NSy

TBEEGRTTV 587

SEWVRIVERINBINN

Yy mq%ﬁm&ﬁﬂ«u{_ m&d

LHrEETTV

1TOG985-AY

TECERTT-V

TerEgs-0vy

51¢ NENSTYI DRINSINBNE YR VEIN2IN REYSD TELERTTY POT 1 S6HYRYEBINRNNAMAIVINE] DR yd|Dses ]y

VEZ | ESESEs{dBS NSRS DN ans DS Inns NesvEsins TovEsTTv £8 DS UV ANEVY YOIV INESR DSB8 TOEESTTY G-
£IT EsESR10H A NRION ARG B ASYRIIDSH TIEE6TEY &5 SEBVINUNR Y HYEYIYOlNE DR 8BS T'OREERITV T 5¥8R5-01v
2 Ssusasyyespsiuanenesiyesyns nlsiyesyyse T Zre6itv 8 SETN e YEINN A NEIDENNNENs 5 PEEEBLT Y T¥5885-0Y

L)

164



B 73 SNV YT T T s rsmriw 1 09¢ VYISV a v D EesLT
SETEEIT-GE £ TS ELTO0 N BESEIRANNYYIINOYVID roseRtw | 90 VIRAIISHAATYRIODNIND TETSETIY | WA TOEZRS-OV
P OEST-ZI6T 756 L100 TN 1 1¥E R o AT S I TN NSV 7o R IR ————
e Te7-gRsT Tee TO0 Wy | OFE YODYIYIBNNAVYIDNOWY Tozestly | 45T ANEDOHNNYYYEDN3A0N TEISETTY | AN T SRTES-OV
= eGI-TIST TS 00w | BEE ALANNAYNDYINSYIVON TezsgrTy | 95F VYIVIDWONIWOVWYY | pogegrry | wnTeoges-av
G0 LpeTorTel Teesion pin § BYE VAROVOROTHT R 79 e Y Trriire 1 E5¢ RO Y P T I p————
W I NSV NV RSOl oY Tozesiiy | ¥5E A e I AL L) UMM R ——
seTROST-/BET TSELTO0 WN | FEE SYVIINNNINOYRYYVORN TzevmLy | VYIRNAVRSYOVYYESNNS | Tomettv | Wt astssov

segrzolz Taritan N | GEE IR e v eng Toeverty | LSC TN AR Y YEN TeEbRILY | fum 1 carge-dy
e p0GE-o8GT Zse To0 W | TR AOVYIIANIIVRYIYIN TEEPSTTY | °C VINANYISVOVYRIRnNI2 TIEEBTTY | WD T LIRSV
S OERr-TTVY TSE 100 ey | EEF FYRISANOYINNYYIONY vagpgiry | 08T AYRINNYYANIVOINAN TERPETTY | A TERTEG-OV

se7ppa6 TRELTON PN | PEE PRMANYYIVIRnnVYNgY TEEPEITY | OVC AYNAYYYOARANTYYEYYR TERPRIT-¥ | NN TIRIES-OV
S0 0ETe-7iTe Torito0 Wi | LEE ANAYENYY ARSIV TebeTiy | BYT NAM DDA NYWYOD TIROEIIY | puner186-09
s€7Tir-a0Te PGEsTon wn | BEE PYOUNNBNNINDVITYYDD TOFPSITV L ONNBYASOIVVIYYNENY TELPSITY | WA TBLTRS-OV
Ot L8 T oe 100 ven | BAE NN NS N Ve Ty . T AR I A R LA SIvRTTY | Tseiesay
seTDOTT-Z80T CREcTon W | BCE SOVRBRNNIDARYYYID TOLPRITY e NESHRNYYINIYYOYRLD TeARTTY | wn Testgs-Oy
sy TeT-555T T RELTO0 N | £CF FYRVONTIYANNENYY TRIPRIT-V R NAYIVYYNYOSYYENYAN TELPRITY | WG TS8O
s wngc-onee vagcton w | BTE INNONIRNNYERYRIYANRD TTIPEITY g VORGSO NI vYR YR TTAYRTTY b AN TERTES-Ov

s azz-g0r TSELTO0 N | PER 2OVONYNARNANAYYYIIYY voivgrry | NOSYNNNYYYYIVRYONID TEIPRTI¢ | W T AFTEE-OY

sE g s-gse TaE IO N | TOE M3ANAYTINYRAYIYYIIN TRRITY | V0T VERAMNFANVENNYYYSY TR R A—
2 0Ty 0T TRELTO0 N | ECE ANEEYIDNIRTY Y vY LGYETT-Y 544 AGYNRANIDYODONADYYD TSOPETIY | WA TRATESOY

e rr-cor T aeinn o | ELE VRSV TNNAAGYYen TpavgiTy | G SR YD WS L SR D
I, D%“,S“z Tot P R e iG] travatiy | GEZ YT YT STINYD I RS

€ 0E6gT6 ¢ GELToN N | ACE VIDYBMNSYRNADNTYYINY TOBEFITY LEE MYSRNAMVINEYYINI0n THSPETT-Y | D T/STISS-OY
= Ovoz-7207 2serton TN | BIE YN NSE Y YIvnanN ST T RSOV v (Y BN Y Y PRSI I
se neop-grar zeestonpen | SIE SOV YRARNDYONE VR T YNV TH e 1OV S
S B SO NN W YS DYy ey N AAVAROYDEI AP0 S S

185



SETQEEP-B S 2'SELTO0 N

W

NNNIYDVIVINTOON

tesgell-y

YOO DNDMINDEYYOVID

LY

SRTROUT-ZEE CRELTO0 N

FYNNDONNSNAVNIDNWWY

TTSORTT-Y

NNADVRDVYIWYIVYYND

THEPBLLY

S0 bRl URELTON PN

DAYV YPYIVONRNOVNRON

TIGHETI-Y

YIVNOVYINSHNNN 19

TEErRTT-v

ETI0%-pRETSELI00 NN

JBONMNYRYYYYYRIVONYD

T588IT-Y

VAVYNY NN NANYNYDYYDD

THERETI-V

SBUEGLE-SELT TSE2T00 N

SYDVIINNAYVIRSTVYON

TehasTI-v

VIARNOZ0O ANYYYODLNIND

CEEPEIT-V

SEOEST-ZIST ZRELT00 NN

BONNNVRASYSNDYRVONY

TRV

3<,.mﬂd.muﬂum IEYNVYYYS

EVEFBITY

TTURELTO0 M

VESYDYINNNYYINDOYY

TLPBETT-Y

NEDDLBONY

B0 v.u N

FATA N

2T EZAT-TIST 2'SLLT0n WK

DNOANNMYONDYDNSVOYNIN

ORIV

YYMVNSVINDYYNYYWDY

TLTYRITY

S2USEST-LTET TSESTO0 WM

FANDYONDYNYNNVYNDYY

TEEIETTY

ANIYNNYYNYIIVINIwWn

LRIVETEY

SETOPET-ZEST SELTO0 RN

DYV NIYYNOYYONYYY

TSRV

VOONIYONYYNwNOva

TRV

SE GOAE-ISST TRELTO0 WN

TDUWWBYIVIVYNANNYIYD

THESEIT-v

IRSNTYYYINNNSIMNNgY

TLESEITV

s RT-69T 2 RELTON NN

ADYINIBNYYYINYIDNN

THEEETTV

YYIDNYBNNNYISYVINDY

THBIFIT-Y

SBTORGH-8/5Y TEELTO0 WK

VRNOANNSYRYIYONN0IN

TEASETITY

<wm¢nqmbwwuqu.@ﬁuﬂun

TERGEITV

SBROOTCRE CSELTIND N

YYINRoNNLNMvNnovwy

TIELREIT-Y

NOADVNSITEVYYIN

TEBSETT-V

SETRap-bhd b U SELTO0 N

NIYEDYYYYYYIRAIVNDN

TOHESETTY

YIVNOYYIN AfE 9y

TGLSHTT-V

s T0E-PEL 2 SELTOD PN

IRONINYRYYRYYNvANYD

TBLGHIT-V

VOVYNVRN N NYEYYOD

PLLSHTTV

se EGIE-SELT 2 SETO0 W

SYSYIOMNNYYI0D

T9LGRTTY

VIR D0a YR Yonnan

THLAgTTY

e QEST-ZI8T ZSELT00 1N

i)

SONNNYONDYRNSYNYONY

URLSEITV

NYYNTNIWINIEYNYYYYS

TELABTTY

SETTG/Z-ERAT TSELTO0 W

YROYORIMINNYYI00YY

TLiSELTY

NNBSNNYYYRLNININN

T16810v

5B BESL-TEST ZSELI00 WN

NSNNNNYINDYRNDYIVED

WY NV DYDY YTV YD Y

THIGRIT W

s£7Gg5T ..:ﬂ...m.mmmcu:zz

VOADYDNLYNVNYYIDYY

ANDENRYYOYIOVINZ W

LQGRTTY

2 OPST-Z2GT 2G5S

SNSYNYRNYYNOVYINTYY

ni

DOSVANYYNYNIYD

5511V

se ROGY-T55¢ SELTH0 MR

NoevLYIVIYInNNNYIvD

SRTYYYNNONSnInnDy

TIreaTi-v

SE/BT-ROT TGELTON N

NMOVINN22NYYYINYIONN

FYIONYOANAYIDYVYENDY

GESBIT-Y

sE OGSY-R4GY T SELTOD WN

YENONNNIVOVIYINNDA

T R I TR Y]

GELIND b

58 pOOT-786

YYNNNDANSHDYNSDYYY

ANOIINSYYIVYIYYYNnN

5B 78IV-vRLP SELTO0 WIN

ARYIYYYYYIVDRAOVIDN

TYESRITY

ONNSHYY

NN TS TRS-OV




744 AP IR ANYIYYEYVIVONRNDYRDN THEPETI-V 4313 LIPSy gDy yInnnanmngney TLETRILV TEETES-(Y
= AP ROONNINYIVYYY RN Yn T9EPEITY Toe APSEPYNY RFTIIRRARYNIYDY IS TREPRIT-V T LIRS0V
i EPSIPOYDYIININNYYIIDDYYDRN TPEFEIT-V 0sg APSERVINNEIOLLNNY YYD TEEYEIIY TTELTRS-UY
iy ARSEPOANNOVINDYINHYIYHIY TELEVBIE-Y OyE LRSI Y I EPRII-V IR0y
Tip ABSIPYOOVLYIDITINYVIOREYY TOEPEITV 8BL RS pTIDOONNY Y ODNonIoe Taivalt-y Lre1es-ay
0Lt IPSLPNDOANNHAYINSYRNDYaYDN TRIVEITY LBE LIRS DY Ny iy w0y 1LZESLLY Tasigs-av
£0% ARSLPYRNDYS NDUNYR YN ST Y T9TERTT-Y 98E LRSIBNNIYRny e yroyIndyyn TEEFRITY 1T ErT8s-0vY
g5 PRI ORI IYVND YT Y THIyELT-R S8 IR PRNYDRRIVAN Yy Yoy s TECPSIT-Y PRIAR R

(BLE . K

adgn T ‘ON watanbey ssuaspuy FEUBSLY “ON QUERS BsUag

o DS Qi DIs
sa|uady

SYATHSD §7) 16 $33usnbog PUBIIE oSUASHINY PHE 351§ PIIPOIA] "5 el

I - B caimgrry | IOE NSV YYTINENTAINNOY [ L
seTsgT-68T 52100 Wy | BEF fIVONMOBNYEYINYaIENN TrigarTv | COOF VIISAYRINTYISYYINIY EEFPETT-Y | AN TOvEss-ay
T BEAM-BLGh CsEsTo0 e | OFF FEDNNMYOYIIANIIN TgLeRiTy | O TRLYYRNOMINDVYVIVIN CTPYETIY | N T0RTS5-0Y
o n00t 786 2os 100 vene | 18E VN NADNNONT OV DS Yy Tesoptiow | B6L AR MOV DYy S T ———
TR ooy TSECTON N | DBE ANYIVYWevovINAIYNLn Teragtiv | 8¢ VIRDVEINIRNNNNZOVY FLEPSTTY | WATSIZRS-aY
o znpes Teecion v | BLE B AL I P - R T AT L L D) PSRN B ——
o Eeiz-Geiz TeElian N | BLE BB NN Y BE regire | ST VAT BB AN Ty dEBRN PR
R BV ITS BARNNVOTEY DNV S B e e L RR) crereTiw | wn

TS TRl TRt | HE YERYYIONNMYYI00YY azesriy | E6C NRZIDDANVYYEHNIAIIN cazpall-v | own

WYV NvvNvYe oY

seTpZET-TIST TSeLto0 mn | B4E RIANDNYNNITRADYRYON veseeTi-y | OBL CLTVEITY | N TorEas-ay
seTgEsT-TeT TsesTon N | PR VARDYRNOVNYNAVYRDYY TRasEI-v {  1OF AAIYAMYYOYNDYIAD YYD FEIPETT-Y | NN TEEIES-QY
sETovaT-7EaT T to0 e | BOF INSVNNTYNDVYINYYY toegTTy | U6 AARVEANSYINYWIVNGYS EEEVRIIV | WA T6/Zes0v

52 E057-1652 T GELTOT WK ZLE S9eRvIvIvYNRNNnVIVE SNBYYYIINDABNONNDY TR Y A T55285-0Y

S8BT 69T TSELTO0 N TiE NSYINNDNYIYINYIONN TH59RTT Y 14 VYIDNYENNGvORYYDNIY TEMRITY W T RS 7RSOV

197




s APSIROYYIINNNIN YWY YSNN TZer8ii-v iy ipsipywon AOVIVYYOONND TLeFBIIY LESTHSOY
s ARSI OEINVINNNNYY Yoy YD TOGYPETT-¢ gty RO BRI E R A A Akt ] TagFETTY TeRlee-Ov
Goy RECRE IS LS RATSHER IR OL 2R 0 hi o) TesrEiTY [A5) AR PYannanynoYDY i DLnnds TIBERLT-Y Tepigeay
85l APV RYIDNNOVINNVYOINY TORPETT-V atr ARSI DN YONOYYGRINA LGEFRTTV TEETRES-OV
Bov APSPYRMINNYYWWIHNNYYRDY TPRPRTL Siv REER A NNy YO N TESrRIT-Y TERIRGIY
L8k LESIEDOANNYONYYIINNINYYY TERVRIT Y Fiv APELPNANYIY YO ONYINYY YLD TIRYEIT-V TRETBS-OV
el LIRS ARNVAVANSNNRYIYRIWYDN To8rETITY £ Mum.muﬁu:w_muﬂmmmwudﬁuqdudmwnﬁ. TRLVELTY TOLTRGOY
S61 A..uu_;.umﬁ_;__._ww.wg{u_ﬂmD_q.,._.. TBitrBii-v ZTk LPEE g innnyiry Sy IOy O TLLVBTIV TYeTES-OV
i3 LESIPEOYED DEIINVYWINY TGLvBIT-v 1iv Apsipnng .Eq_q_unu.,%cduqnuw TELYBLTY

£ab LPS PRy NANDYIYNAANNYY TyivETT-v oty PSRN RO OnYNn TLLVEIT-V TieiERay
ey APSIRONAGNINNNYOYYNSYRNN TLLVRITV 6av APSIBVVYNSYRRING UV OVE YD TTLe8TT-Y TOpTESG- OV
ey P IPROVINYIANNDAYYYIDYY TOLFRYIY 2op IPSEpnnDYRNNYYY YRy DnRas TegvELLY TERTRS-OV
O8F ARELRMINNNYINYENYRIYYINN TRIPBITV L0 ADS [ DYDDRITNEINYONNYYYDY TLBYRITY TIRIRS-OV
687 LRSI PONAIVYVRDNIRVWYYNY Y Qi EPS1pARynninyIgRnanyys TRGEETTY TEAIES-OV
HHY LRSS INVINNNNNYYYD SOv LR Py nnnyyyyy vty onanyn TEQVEIT-Y TEETEGOY
8y ARSLRONYSDOYIVIIYYRYRNN vy FPELPVWYRY TTOPELTV TE8IRS-0v
87 APSIPVISYONMIVINS VYN Y £0¥ ARSPNYDIINIYIYIRGY YonaGgn THEPBLT-V THETRS-aY
58y ADSIEANNYIAYINARDYYIVRNA TRYTETTY Fitid APSLEYYynonnuoyvonynavey TUEBRITY TISTES-OY
14 1R EDDYIINNINYINNNADYLND THEPBILY Ty IPSEPOYIRIYY Y RIVRYDOORTY THEPETI-V THPIRSOY
Ay ERSIDONNINNNVYDRIDMYYNYY TPSERIT-V O ipsipin wquu:md{.dmd_uu TEAPRTI-VY TERTRS-OY
[ty LIRS PRIYYINNNDNVYYYYDNVY TZSYRTL-Y abt REERE YV YODNAY2 wwwﬂm.,ﬁ M.mmﬁmm;m_q
By APSIDVINYINNDDRYYIVRAODNN TOSFPBIT-V 86T ARSIPYYIIVYYNOARI0VYonYnn TaryRIT-v T LIRS0V
0gf RS IPONYYWYINSYSWRNANINDON TepeaTi-v 16T ARSI AVEBYYY RN SR DY LN [ LRl TEGTES-OY
6Ly AP BV ESTIRIYYNNNNYIVD TabbRIT-v 496L JRSLPNNY Py YnNDngNanGs TEBIESAY
74 AR IRNDENAIDOAVYYINYDNN THebRTT-v 6L APSEBYYROnYDANNYIDEYDAsY TTEGTRS-OY
F¥A ,wnm:a{mDu_w_DDu.,uw{uduDﬁuum TTepBYT-Y PEE AP PVEDVORRDIIRGYYVHYIN TNSTRS-Ov
9i¥ A05IpYenNNSNnoNNDYNooYYY TOweBil-Y £6E APF IRRNNYIOY IV YRy Ui Tyrigs-ov

168



BLs RIS YSRSYIYNN TargBTT-y )Y LRSS TNO Y I ey g sy TIERRTLY BrZE5-AvY
975 AR EYRADVORS YRV YN OwY [apegii-v b PSRN ey NS YYn CREYETT-V TEERS-UV
f¥an PSSR0V VEINYYY TEYSETLY bov LRSLPANN YRRy iy Ny TRl TOEERG-Y
G5 ISR OVIDVIDYVINNDAVIOYD TBRAEITW £ LPSERNOINVYYYIOINDINOINIEININSY TLESETI-V Tanigs-
j2ras AP LPNDVISNADENYYONYIRENN TgesET -V e LRIV N B DN W 3OV Y DY TREeRIT-Y TR0TES-OY
¥Za IRIRYONONNNADVOVIIVYIDNNION THRABTTV Ty APSIBYROVVOINONUSIADYYVOVIN TERSEITV Ty iRsS-Ov
€79 LRI PYEONNDNANS ANIVINDINWY Teassiiv sl IS LRSI IS0 VINOYYDVVIDWYVININ LIRRETL-Y TPELEe-Y
ZZ5 APELE DOV ISYRNNIVING N TOReETIv GEp RS PYIONDYVINSIN A NNy Y TeLG8TTY TRIIRT-OY
Tes ARSEERONNINYINYYWINYIA NN TRLEBTT-V BEV AP PV OIN UNVIN YYD TLLSRTT-Y TELLRGHY
625 15 L PO O I NNNYYIS O SYYaN TR 9Bt T 434 APEIPVIM NS MDD DI NINVY YD DINIDIN THLSETTY LIRSV
615 IRELPRNNCNVINNSVONDIAVINGY THeg1i-v orad APELONTOVIN VIO VI NN Y YYD TELA w.:.,.u. TTrZES-UY
238 RS IRYDRVOYIINNNYYIIINoYY TEIRRITY SER | OADSLEMUNSDODENIN VYYD NN TTLLETTY 1ROTES-0Y
115 A ERNENNNWNNDYDNDYINYINN TOLSBIT-V FEV ._%m._x_uﬂﬂmﬁauﬂgEud.ﬁn\dd\gﬁum L'BRREIT Y T ealIRs-0v
atg LR PInNSYD NS WNVINTYvING TE9SETT-V EEY ] APSIPUASOININYWNYINNYIOHED YN TLAYBITV TEETRS-OY
E18 DI BANSVINVINNYYINSYYIDNYYY 14868 TEY § PRSPV NIV RIS THIGETTY TEECZRSY
win hw%ﬁ_.muﬂ&@quﬂumaﬁmDD«&UQ.@ TEPaBIT-v Tek LRSI Y NRNONSNDNADY TEPSETIV TTRRIB-OV
€1y LBLRNSVINNIDAVYYINEIDN TOFEL oty JRARVYIDNVRANNYISYYONDY THERELL-Y TEhERe-Ov
4% ARIPVONINANIVSYIVINNINN THESBTT-V &TE ARLRYODSRORN2NOYYYOYIN TLESRTTV TIEIESAY
T8 ARIPYYNNNSNaOSNRIvOADRYYY ToER8TlY 8oy ARBNNTOSYNSYYIYYIVYYNN TRELELTV TIETIES-OV
oLy IBLANNYOYYEYYlYINNOYRD (444 LBIPYOYNEveNSnNNNNnoNYY TEESEIT-Y TILIRGOY
604 FBLPIONMINVYANYEYVNIvNYN TZEERTIT-V 9Tv ARLRYOVYOVINNNAWNVIYYOD TIERBTY THECESIV
8O3 EPLROYRYISNNNYYIDDYYRN ToEsRIT E1A IRIBYINNI05 SRS TERSRIT Y T 085OV
0% 1PEPBANAMYANDYINRYAYNNY TRZEBIT-V 4 ARLANYYNVRDYINIYVIYW YYD TLEERTIT W THTERGOv
905 IPIPYRSVOYISNNNYYIDDOYY TaTERTEY v ERLPOG r\UJ:Dﬂqpquaww_:uQJ TEHRS-OY
08 JRIPMNNNNYONDVONDYYNN frad AP RYREV DN YN VY Y YOy TEnEEs-0
w05 LRIPVANDYDNDyYNNTYNDVYY LA i itF LELEAMDYOANYYOYNDYINDYYD PSR-V 15618507
05 IRIFRNSYNYNOYYADYYINYYY 10ERRITY oey LBIPOANRYERNZYNNYYNYNIZYD USTS8TT-¥ ToeTaS-OvY

8



5

“p BRRY, O WAGYS ouots oy puedsaltos 5)adin pIOBIS SSUSSINTE O] I pIODRE JUEgGer) ot 1o soannbeg spneson e ur vonrscd 2wy pire swen o8y (3 8

noods By

(%58 ARSEPRORYDVIVIVYNINNIONVOVS T8L9BTT-V £a% ARSEEINGIY i nOaonRnY ERbreTl-v TTEGEES1Y
55 1PSLEAERNSDRYYYINYISNN Ti4581T-¥ gy B PY VIO BONNYIDYYDNISY LEPPETT-Y PRI YR
8pG APSEORERINNNDYDYIVINEIRN TGLE8TT-Y 2y APEIPYRIVYDNDNINDYYEOYIN ETERRIT-Y TOPERG-OY
Fa 4] HREOANGNONAGYNODYYY TRL98T1-V jtiy IPTIPRISIERDEEOVYIY YD CEEPETT-V TORCEE-OV
avq LS pnne ey o va v ann TPLO9BTT-V %24 APSEPYIYNOYEIRONonnnGayYy ELEVRTT-V T ELERe-0v
Gva APE PR RN YT YT YNNG [} Teisdii-v Loy IEL Rebr AR TA VIR R I A A R 1) ECErgTIY TERTRS-OV
P4 1ps pRedyasanngvINooYvon TEL88TTY Tar LP53 pOnnion aniyyyHonang EEERBITY TEAZRL- Y
A2 1PS1PIRRRRYIRDYONDYRY Y 09v¥ 1RS IR NY RSN YRYEYYD ETEFEIT VY TLRTRS-(V
he P8 peEBY TSN Y300V Y a5 LRELOAAIMIDRMAYY DDA EBEERTL-Y TIRERGIY
Tk APSEPRBAM YO OIS Bl LRSI IR Y LLTVETT-Y TebTEs-av
GFS JPEIPENNOYDNSYRENNYYNDYY LSy APSIPRYRNY YRYAIyInsyyn EREPEIL-V pa s engely
AES APSEEENEY IR YRV Y a5tk APSEDAMY ORIV YRS EELvETIV TELLES OV
8tS APSLENDYVOVIVIYVRANAYIYD Gar APSIPIROY WY YRNDNDNANGY LEPPRIT-V T

££5 1B PNDYINAN DY NYIo0n Tos98TI-v P2 1PBEIBYYISNYDARNYInYYLNoY CEFPRIT-Y ﬂm.ﬂ..mmw‘mm
ags ARSEPYONGNNADYOYIYINNINN TeEesti-v P35 LIRS IR YD yORDRINDYIYOYIR CEPERIL-Y TEFZEGTY
GER LS 1PV NRONNONNYNRo YV Y TIZERETTY 7457 APSLpnnndngnyyavyr Yy i CREVELT-V TUELRS-OY
PES IPEIRNNYIYYYYYIYONRIENONn TTeeRTi-v 15y AESLPVOYRGYYIRONNNnoiyYy CLERPEIT-Y TLLERG OV
£ES APSIPONROAYIVYEYYnRYnNyn TOL9ET-V 94% VRN CHEVETTY TELERS- (Y
[43n APSAPSYRYIINNNYYIIRBVYH T eresii-v Gy JPILRYIRNGOL DY VY DRNID N_mmwwﬂahﬁ. Te9T850Y
TES APSIPRANNAYRNDYDIDVIVANY T8I 244 LRSI RRYYRYNOINIEEN VYYD TIEPEITY TORIRS-OY
(4139 105 1BV DY RYIRNANYEIN0aYY TiveBitv L¥y IPsipnning Ly ¢ nnninmn CRIYPEITY Tyeeas-0v

170



Fable 7 - U8 single dose screen in Hep3 B cells with GalNAC conjusated iRNAs

Drapliex I oM {1 ALY G.0nM

AV ANTY STDEY STREV

AL-58045. 1 LH6 2160 7.48 652

AD-3RGSS .07 1470 L% 4.63

AD-581031 367 £i4).23 507 1583

A58 11.83 2178 3.51 1375

AlrSREET 11.43 3346 2.00 156

AD-58123.1 B.05 15.18 Z.89 754

AD-5R129.1 14.77 HAL 1.30 19.66

AD-S2088. 1 .58 1640 124 4.38

AD-58004. 1 1656 40.68 7.64 1230

AT-SR10G 1 1092 01z 0.74 8.38

AD-S2106,1 1897 37.23 249 1695

AD-58112.3 13.24 W32 240 1408

AD-BRIIS 6.63 15.23 0.54 372

AD-58124.1 7.17 13.60 44 £.48%

AD-58130:1 138 17.82 236 6,92

AD-SBG8S. 881 3ot 291 14.53

AL3-58043 1 B.72 14,66 104 3.

Lox
3

AD-SRIOL T 817 19.36 1.0 568

AD-E2107.1 4.84 18.18 LG5 7.

T

AD-38113.) 8.78 14.62 177 7.8%

Al-58119.1 K20 1501 0.91 7,38
AD-538125.1 31.13 17.04 2.51 2.3

AL-S81H1Y 13.50 40,14 108 1207

AI-52090.1 190 2157 295 6.61

AD-58006.1 2.02 16.50 154 .68

AD-5R8102.1 12.40 2193 183 11.78

AD-SB108.1 12,62 15.07 258 3.74

AD-58114.8 11.86 25405 148 0.46

AD-38120.1 765

"
¥
e
L
3
i
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ADERIZ0, 1 348 15.3¢ .08 7.42




AD-58132.3

9.28

AD-5R0GE

AD-58097.1 831 23.02 .67 10,14
AD-581403.1 BE3 17.23 2,50 7.27
ATd-1055 4741 §1.14 10,76 5.79
Mack 78.61 75 97 3740 276
Univeated 160 160 613 5.98

Table 8 — 5 single

conjugated iIRNAs

Duplex ID

. hnM

STDEV

ADN-SEOG3 1 1.53 .65 017 Q.25
AD-538099, 1 i.e3 130 9.61 032

AD-38105.

4.08

AD-SR11] 2.4% 2,13 026 .20
A-S8117. 357 3t 03.93 0.62
AD}-5B123.1 4.25 2.97 (.11 222
AD-58i291 Lig 8.53 0.23 072
AD-SRO88.1 (.84 1.34 G.08 o4

AT-5R094 .1 11.34 6682 017 .01
ATX-38100.1 178 151 (.43 .33
AD-38106.1 6.7% 52.51 442 &.78
AI-SR121.1 154 215 0.4 (.91
AD-581311 174 3.25 0.19 164
AD-5E116.1 §.76 2.2 137 0.78

AD-1955 R7.39 91.71 377 4.68

Mook 79.67 89.02 i.51 3.9

Unireatsd

i

6.39

RS
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Table § - C5 single dose screen in primary Cynomplgus hepatocytes with GalNAC
conjugated IRNAS

F00nn SaM

Duplex (D S00nM AVG L SaM ANVG STREV STDEV

AT-380493 1 63,64 8109 2.14 1268

AD-58099 4 4l.34 85.85 1232 21,65

AD-5R105.1 91.9% 97.57 6.00 11.48

AD-58111.1 71.27 92,28 1.83 1172

AlLSR117 ] 73.42 88.82 324 1108

AD-58123.1 7514 1308 T2 0.71

AD-38120.1 81.66 0.6 213 4,77

AD-SRO8E.Y 53.63 87.03 5.93 1986

AD-58094.1 29.62 G365 0.87 14.78 i

AD-SEI00] 79,56 96.70 4.31 i.10

AD-58106.1 116.24 12599 14,28 4065

AD-SEL12.1 57.19 i07.81 NiA 2.13

AD-58118.]

o
=
=
£
Lx
<
wn
b2
&

22.64

AD-58124, 38.04 9614

e
i

1064

AD-58130.1 2419 8865 10.5% 4.34

ALI-38085 1 83.83 8344 1.1 1126

ADLSROOS T 38.53 TR0 15.07 12,43

AD-5BI0LY 76.68 7675 395 §.15

AD-SRIOT ] 57.37 8678 1471 2.99

AD-581131 EEN 7i.10 §.27 7.76

AD-58119.1 36.77 83.16 347 8.66
AD-S8125] T2.40 G653 146 4.56
AD-S81311 9558 ig].n8 10.17 23

AD-5809G.1 56,37 73 (KH N4 4.97

AD-S%080.1 44,33 5784 11.46 3.7

AD-58102.1 895,46 8435 0.83 176

AD-58308.] 41,34 5641 Bl 0.14

AD-58114.1 2g.32 i01.88 20.02 i0.2¢

AD-E8120.]

-1

L3
Jo

36 4] 0.73 214

i)

AD-58126.1 34.97 800 239 7.96
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AI-5813% ] §1.55 85,12 12.93 8.94

AD-SR0Q] ] 78.62 84.60 44.66 1740

AL-5ROYT ] 146,06 9816 13.74 3.4

AlZ-AR1A 5721 HY 16 446 .93
|
Unireated 100 100 877 10.33 i

Fable 10 — C5 single dese free uptake screen in primary mouse hepatocyies with GalNALC
conjugated IHMNAs

S00mM Smivi

Duplex 113 3000M AVG 1 S AVE STDEV STV

AT-58093.1 31.62 64.91 .13 238

AJ-33099.1 246 29.63 1.29 5.66
AD-SR105.1 2477 G641 522 i8S

AD-SBII] 17.35 s50.95 1.2] 316

AT-58117 1 0495 i39.52 1543 431,39

AP3-5%123,1 13.07 4458 2.11 349

AD-53128.1 o8 .87 5504 2.62 4.42
AD-SBO8E 1 17461 4822 222 3.40

Al-580941 ¢ 9592 104.23 4.16 653

AD-SE100.1 34.492 56171 1.30 215

AD-SR106.1 85.26

=
3
in
b
I3
P
s
13
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e

A13-581211 12.88 43.75 1.43 128

AD-ER1IR] 2097 4376 0,24 .11

AD-54116.1 235 04 135 140

Lnmeate 10000 10800 385 4.38

Tabie 11 -1y data in primary Cynomolpus hepatoovies with GalNAC conjngated IRNAS

Druplex 1D s {nb) STDEY

AR 3,131 1.14%

AD-5811L0 12,750
AD-58123 3 0,674

LAy
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i
o
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AD-35088.1 G218 3487

A-58115.1 7286 3.540
AD-58119.1 33240 14.740
AD-58006.1 13380 4,199
AD-58108.1 3,953 16,080
AD-5R120.1 36,170 88,070

Table 12 —1Cx data in primary mouse bepatoeytes with GalNAC conjugated iIRNAs

Drupies iD I fivh) STDEV

AD-SBOGG 3777 0.122

AD-58111 0.622 2421

A2 0549 1626

AD-58088 .53

AD. 58171 2,169

ADEBI 33 3802 1.006

AD-SB116 2227 0.604

AD-ZR644.1 4.595 0.3508

AD-38651.1 e 319

AI-58641 1 (3827 L2618

A-58648 1 7.0%] 1256

AD-5B642.1 0.3414 0.7334

AD-SR649.1 332 4.922

AL-58647.1 1356 0.5215
AL3-3E654.1 2.09 1.8338%

ADD-S8845.1 ¢ 2.944 0.3315

AD-58652.1 | 5316 2477

AD3RG43T 2478 i 11312
AD-88650.1 8273 3.76

AD-58646.1 2581 08186
ATE-SRE53 1 2431 i.249




Fable 13 - C5 single dese sereen in Hep3B cells with modified and unmodified iIRNAs

Duplex

1od AVE

.01n0 AVG

inM

STPEY

[HNEE S

STREY

AT -SRE43 1

3

[~

13

.58

3,47

AD-82144.1 i0.46 64.97 0.98 (.00
AlNERIEA] 44.88 76.24 1.5% 74

13-88161,1

1.06

AD-3BI6T.! 5.54 76.24 115 374
ALSRITE] 6.85 167.44 §.85 4
AD-SR170,] 1019 78.07 .59 115
AR-EH1845] 2846 7999 3.4 078
A-SRid4 1 16,82 8195 .09 0.44
AD-SEIS0.0 1105 16,20 .38 .00
AD-SHISG T 25,92 76,73 272 LAD
AD-58162.1 323 7189 .43 3.87

AD-58168.1

274

AD-SEIT4 4.84 7014 (.25 2R
AD-S8180.1 941 56,777 1491 LYS

AD-SE186.1 2497 658.91 1.03 .34
ADD-S81451 4.29 103.38 1.94 2.03
AD-58151 1 .18 51,17 1.71 4.77
ADERIZT S 4.92 6319 1405 0.0¢

AlB-58163.1 4.93 40.15 1.65 054
ADWSEI6G.1 1707 83,10 1.88 04
AL-FRITA 1 530 6254 .28 L3}
AD-SRIB1A 11LEY 55.28 4.72 3.52
AD-5EIR7 6190 7132 261 279
Al-SRI6 1435 95,23 264 G553
AD-S8152.1 1122 70.08 0.80 7.88
AD-SEIER] 7.96 98.86 0.7 436
AD-58164.1 11.60 43.83 2.06 3.43
AL38174 ] 128 39.58 (.96 1.36
AD-SR176.1 6.59 3877 1.04 133
AD-SE182.1 18.65 55,78 .66 L35
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AD-S8IXR 1

AD-58147.1 822 106.66 &.77 261
AD-5E15%.] 58,10 10417 4.42 1IRIS

AD-881541

870

AD-58190,] 218 7726 2.3 0.75
AD-5R196.1 5.87 7743 107 532
AD-58302.1 1199 a43.85 5.34 278
AD-SR20E ] 18.83 5247 12.88 2.5%
APLSH2TA T 685 4413 .51 231

AD-58720.1

ADNSR236 1 597 57.75 1.71 113
AD-SRI31 1 733 75,67 147 0.74
Al-58191.1 3540 ab.17 550 421

AD-SRI07 1 1205 G744 L7 0.3
AD-58203.1 1516 65,88 .46 L3l
AD-S8Z00.1 TE8 7123 3.8 6.28
AT3-58235.1 27.01 86.02 4.86 Q.47
AE-58193.1 1337 2085 {4 0.00
AD-58199 ] 21.52 7839 £402 1640
A-S82051 2413 TH88 546 L7

AD-3B311]

.48

AD-58217.1 1223 T0.16 §.29 Jobd
AD-SB223.1 g3 7285 FRL .79
AD-58224.] 5,50 75.93 194 0.37
AT-58134.1 46.86 16184 15,58 000
AD-SR104,1 4.49 187.65 147 4.20
AL-SHIN 16.21 61.04 .99 120
AD-SE06.1 1325 3793 2.8 243
AD-587346. 1 g9 A 1.16 2.92
AD-SEI42 1 1205 1264 0.44 {03
AD-S8748.1 6278 83.41 15.22 3.27
AI-5HZ541 100.54 1.5 .00
Al-SB240.1 242 7184 L 10 (L35
AD-582646.1 4405 9224 1.51 225

AJ-SEITE

811!
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ATI-S82T7

7567

AD-58237. 1 1830 28.56 196 5,78
Al-28243. 4.1 8,05 [.11 .98
AD-58249.1 OB 9645 1544 .95
AD-58255 1 227 47.89 2.48 0.00
AD-52279. 1 2578 94.13 5.52 .46
AD-58239.1 2298 8345 428 481
Af3-58245 1 5a.60 90.93 15.24 .45
AD-58251.1 2839 £6.32 229 (.00
AD-38257.1 4857 64.53 9.1 1,99
AD-SRIAL T 2,14 §3.3% 127 163

AP-S8254, 1

AD-58273.]

AT3-582R40.1 1277 110.04 7.44 324
AD-58340,1 6342 75,59 382 2.23
AD-38246.1 89,18 63.88 2845 463
AD-SE252 1535 2726 1.14 762
Muock: 76,33 0. 57 j4.26 472
AD-1 085 72.30 8272 19.54 4599
Uniroared 100,00 104866 21.68 26,78

Table 14 - C5 single dese screen in primary mounse hepatocytes with modified and

pnmodified (RMNAg

Duplex ID

1o AVG

D.ink AVG

1o STDEY

!
! 0.1 STDEY

Al-58143.1

4.51

8177

313

AlNSR149.]

4.65

73.16

114

AD-58155.1 65.5¢ | 79704 4.66 ¢ 9.56
AD-551561.1 16.82 81.11 5,22 7.43
AD-58167.1 4.72 7712 117 i4.25
AD-38173% 557 4.0 3.14 13,52
AD-58179. 1 14.55 77.88 144 1544
AD-58185. 1 15.69 7239 8.67 7.81
AD-58144.1 170 91,48 £.90 7.08
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AD-58150. 1

401

B.20

AB-58158.1

497.32

19.50

AD-58162.1 9% 7888 i1e 12.80
AD-38194.] 1186 92.80 283 44!
AD-58196.1 737 82 71 1.39 31.81
AD-58202.1 10.67 87.11 104 38,72
AD-58208.1 3221 74,35 8.60 27.45
AD-58214.1 4.24 57,53 045 17.85
AD-58720.1 13.64 95.14 456 1436
AD-58226.1 1.83 63.44 30 11.94
AD-5823).1 595 82.24 2.8¢ 17.38
ARSE1S] ] 14.50 §9.50 348 5.53
A58 1 16.12 43,00 08t 3.21

AD-58243. 1 12.52 134.63 558 5.02
AD-5E209.] 28.7¢ 3535 305 13.07
AD-58233.1 2.50 64,26 569 5.7
AD-58193 .1 8488 260 336 3.08

AD-381993 13.56 87,14 218 6.44
AD-58205.1 46,64 #9.13 4.48 17,18

AD-58Z11.

13.16

1162

ALI-SH2TT,

28,78

117.49

11.85

AD-S6223.1 20.33 1935.44 1,94 2.58
AD-SE2G 1 1376 4,13 145 .03
ATLSH234 1 12.33 71.34 472 417
AD-58104.1 14.02 9060 L3¢ 15.64

AD-SEZ001 325 90,55 137 31.70
Ab-582046. 1 .19 106,47 349 21.75
A-58236.1 2.07 RN 080 20.59
Ad-5%242 1 476 5326 1.54 11.5¢
AD-58248.1 62.42 78.23 5.47 2585
AD-58254 ] 16.47 a2 292 217
AD-58260.1 2.84 T5.65 438

AD-38260.1 40.70 49 88 16.05

A-S8270.1 2142 59.44 1324 10,98
AD-S8277.1 7170 12144 18,35 21.16

-t




AD-58737.1 11.BS 112.68 .22 12.88
AD-58243.1 1046 90.64 142 {33
AD-58249,1 71.47 113,30 4.30 384
AD-58755.] 6.86 Fin 232 2837
AD-58276.1 715 .56 .84 4.72
AD-58238.] 13.64 196.45 187 8.25

AD-58245.1

i12.08

AD-88231.1 4761 133.20 4.69 7.14
AD-38757.4 30.68 8751 247 3284
AD-S8263.1 7.22 83.23 455 Ryt
AD-582549.1 78.90 196.06 S07 3.04
AD-SBITE 291 95,77 1.91 7.14
AL-58280.1 1667 7847 415 &.06
AD-58244.1 PRI 13854 332 10.87

AJ-5R246.1

71.87

8.63

Al-58252.1

4.04

12.02

Mook 66,84 82,81 275 i7.1%
A1955 27,44 j02.07 3,64 408
Thatreated 100,00 § 1000 15.25 18.37

Tabie 15 —ECs data in Hep3B cells with medified 2nd unmedified iRNAs

Duplex T

ICs (oM}

STDEV

Ax-82143.3

12.26

AD-SB146.1 5738 6150
AD3R1611 7812 26.64
ADLER167.1 3L.az 18.14
ATSE172 1 2817 16,53
AD-SR236.1 5273 32.02
AD-S8240.3 8.839 4,321
AD-382A0.1 706 3.094
AD-58283.1 96.64 47 61
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Fable 16 -5 data ip primary mouse hepatocytes with modified and snmodified iIRNAsS

Dhmlex I 1Can (pM) STDRY
AD-38260.1 1.015 05676
AD-38i49.1 1.340% 1.744
AD-3R167. 1.95] 2ATT
A58 ] (L5066 1.8
AD-S58236.1 DASLT $.06392
Al-38143.1 {8876 0.1613
AL-58170.1 31148 0.7368
AD-ARESE] 7153 1.021
PR IVER 7.144 1588
AD- 38263 1 3.224 5478

Example 3. fr vivo screening

A subset of seven GalNAC conjugated iIRNAs was selected for further in vive evaluation.

CSTBL/6 mice (IN=3 per group} were injected subcutanecusly with 10mg/kg of GalNAc
conjugated duplexes or an equal volume of 1x Dulbecco’s Phosphate-Buffered Saline (DPSS)
{Life Technologies, Cat# 14040133). Forty-eight hours later, mice were suthanized and the
livers were dissected and flash frozen in liquid nitogen. Livers were ground in a 2000
Geno/Grinder (SPEX SamplePrep, Metuchen, NI). Approximately 10mg of liver powder pey
sample was used for RNA isolation. Samples were first homogenized in a TissucLyserll
{CGtagen Inc, Valencia, CA) and then RNA was extracted using 2 RNeasy 96 Universal Tissue
Kit (Giagen Inc, , Cath74881) following manufacturer’s protoco] nsing vacoem/spin technology.
RMA concentration was measured by a NanoDrop 8000 (Thermo Scientific, Wikmington, DE}
and was adjusted to 100ng/pl. ¢DNA and RT-PCR were performed as described above.

The results of the single dose screen are depicted in Figare 2. Table 17 shows the results
of an in vivo single dose screen with the indicated GalNAC conjugated modified B NAs. Data
are expressed a5 pereent of mRNA remaining relative to DPBS treated mice. The “Experiments”
column lists the mumber of experiments fom which the average was caloulated. The standard

eviation 1§ calculated from all mice in a group across ali experiments analyzed.
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Table V7~ fn vive €5 single dose sereen

Duplex [T} Experiments AYE STDEV
AD-FROEEZ | 2 #2.66 13.54
AlN-38844.1 1 | 37,79 9.42
AlMSR63LE | ) 7533 5.1
AT GR0G0.7 | 2 7104 iras
Al1-5R641.1 |1 2088 4.09
AD-58648.1 1 4843 9.07
AD-3R11L: |2 67.17 11.60
ADLSROLD L | 2 21.78 532
AD-58849.] ¢ 3 4530 1402
ALRSEII62 12 70,15 g.32
Al-58647.1 11 2807 414
AD-58634.1 1 S0.06 2788
AD-SRIZIE L2 52.56 1200
AD-58645.1 14,60 175
AD-886R21 11 5287 387
AD-5R1232 [ 2 65,70 9,60
AD-5B843.1 |1 2321 2.43
ATI-586303 (1 46,75 i4.10
AIB-5Ri332 | 2 51.98 13.45
A-586846.1 1 2 2867 5.24
AD-SBG53.D 1 1 43.02 061
FRS 3 100,00 9.0

Two of the most efficacious GalNAC conjugated iIRNAs were further modified to include

additional phosphorothioate inkages (Table 1 8) and the efficacy of these duplexes was
determined i vive as described above. The results of the single dose screen are depicted in
Figure 3 and demonstrate that the IRNA agents with additional phosphorothiate linkages are

more efficacious than those IRNA agents without or with fewer phosphorothioate linkages.

182



183

WY 3og  ESEDSSIGTDINISIEGEARVRONIT®  TIRST Y] #¢ S eIV YR IVRIVINERE  TOREE 7Y creigydy

%)

O6 UIBFv U RV VI VRl RIS 1206l Y P OpeRs v

R e T R L g e e A e

o
o)
o
ot
—
s
4
~
ey
8

FWENPROg ood  WIVEHIINmAIRIVISVOVINE TITEITY 2o SFDIWVEVIWINVIVIVIVESED, TOTRIY]  TIT18aY)
SBR[ T T T VIS VBT VTV ISk 198  TTZeel v 188 6 By v e N JYIvvavE R Teicel Y UEp9RE-GY)
SREANIHTSITRGNY  SPHIHEY TON NG5S SIY| DUy WY HIEERt

Y

YA S porednlusy yalien pops sedimcasydson g — g1 JgeL




iG

20

o
LA

[¥5)
<

[S0%]
L

Given the impact of the additional phosphorathioate linkages on the silencing ability of
the iIRNA agents described above, the efficacy of additional GalNAC conjugated tRNA duplexes
weluding phosphoriothioate Hinkages (Teble 19) was determined i vivo as described above,

The results of this single dose screen ave depicted in Figure 4.

The duration of silencing of AD-38642 in vive was determined by adminigtering a single
2.5 mg/kg, 10 mg/kg, or 25 mg/kg dose to rats and determining the amount of C5 protem {Figure
5B} present on day 7 and the activity of C5 protein (Fignre 5A) present on days 4and 7. As
demonstrated in Figure 5, there is a 50% reduction in the activity of CS protein by Day4atals
mg/kg dose and at Day 7, a greater than 70% reduction in the activity of C5 protein.

The amount of C5 protein was determined by Westarn blot analysis of whole serum. The
activity of C3 protein was determined by a hemolysis assay, Briefly, a fixed dilution of human
C3 depleted hurnan serum was mixed with mouse serum and incubated with an tibody-coated
sheep red blood cells for | hour. The hemoglobin absorbance was measured and the %
hemolysis as compared to a reference curve (prepared using a dilution series of mouse serum}
was calculated.

The otficacy of AD-58642 in vivo was also assayed in mice following a single
subcutaneous injection of 1.25 mgrkg, 2.5 mg/ke, 5 mg/kg, 10 meke, and 25 mg/kg of AD-
38642, Atday 5 C5 mRNA was assayed in Hver samples using gPCR, 5 activity was assayed
for hemolysis, and the amount of {5 protein was determined by Western biot apalysis of whole
serm,

As depicted in Figures 64 and 68, although there is only 2 minor improvement (j.¢.,
about 5%} in efficacy of AI-58642 1o inhibit C5 mRNA at a dose of 25 my/ke as compared to a
10 mg/fkg dose, there is an average of 85% silencing with a 25 mg/lg dose. In addition, there is a
dose response effect with an s of about 2.5 mg/g,

Figures 7A and 7B and 8 demonstrate that AD-58642 is efficacious for decreasing the
amount of 3 protein (Figure 8) and C3 protein actvity (Figures 7A and 7B).

The duration of silencing of A)-58641 in vivo was also determined by subcntancously
administering = single 0.625 mglky, 1.23 ma/ky, 2.5 mg/ke, 5.0 mg/ke, or 10 my/ g dose of AD-
58641 to C57BL/E (n=3) ntice and determining the amount of C8 profein presert in these animals
on days 5 and 9 by ELISA. Briefly, seram was collected on day €, pre-bleed, day 5, and day ¥
and the levels of C3 proteins were quantified by ELISA. 5 protein levels were nommalized o
the day 0 pre-bleed fevel. As depicted in Figure O, the results demonsirate that there is a dose
dependent potent and durable knock-down of C5 serum protein. (The single dose EDs; was 0.6
mg/kg).

Conmpound AD-58641 was also tested for efficacy in C57BY6 mice using a multi-dosing

administration protecol. Mice were subontaneously administered compound AD-58641 at a
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0.625 mgrkg, 1.25 mg/kg, or 2.5 mg/kg dose at days 0, 1, 2, and 3. Serum was collected ut days ¢
and 8§ as illustrated in Figure 10 and analyzed for C5 protein levels by ELISA. C5 levels were
somualized to the day 0 pre-bleed level. Figure 10 shows that multi-dosing of AD-58641
achigves silencing of C3 protein at all of the does tested, with a greater then 90% silencing of C5
protein at a dose of 2.5 mg/kg,

Compound AD-58641 was further tested for efficacy and to evaluate the cumulative
effect of the compound in rats using a repeat administration protocol, Wild-type Sprague
Dawley rals weye subcutancously imjected with compound AD-38641 ata 2.8 mg/fkg/dose or 5.0
mg/kg/dose twice a week for 3 weeks (g2w x23). Serum was collected on days 0, 4,7, 11, 14, 18§,
25, and 32. Serum hemolytic activity was quantified using a hemolysis assay in which a 1:130
dilution of rat serum was incubated with sensitized sheep rat blood cells in GVE-++ buffer for |
hour and hemoglobin release was quantified by measuring absorbance at 415 nm {see Frgure
11A). The amount of C5 protein present in the samples was also deterniined by ELISA (Figure
118). The results demonstrate a dose dependent potent and durable decrease in hemolvtic

activity, achieving about 90% hemolytic activity inhibition.
o o ot

185



¥1 IS SHOP| FaS SFOBSI (IS PSIDANASIORSINUAINE VOSIOSe  IDRES1T-Y] €48 96 TIVINIIRIVOI VI VIVIVAI R ol TOLEGT V] [T80R5-(V
2 FERS0E shobt 6% BSRI A NNEIOWE D ONAMVIIDEn  TIE611-Y] Tl o UVINWIRIVEVIVIVIVINGDYOSISN!  10ts1 V] TSress-ay
K TR 5% ANt N RIS AP PRy 115 G657 YO NI VO VOV IR O (3 CEERILV]  CILigs-Uv
#1 1SR [qu ) JERTSY ssasyge RS RS VeSS SRS Ysel  UEREELEY] 8] o6 Imnngoere e SR B, [ PE9RE-(IV]
9 gy {059 D6 Bsssqrvg Doy ey vE NS vesiviel  UCeos TV 600 oa nminaiDevBInn i vinenRoursngnl  rpiesTiY|  ELpeseeay
z PRSI CoEy GRS BEIDOSIIVEEDBI MBI VIIINASIVEIVE  TL6SRTTY] RS S TNNNUSEVAOMHBVIORORI RIS 960311 V]  £91I85-GV
¥l Cakcr o L e EES OpspnspynndsEyES B vnsvs el TLEERT Y] 196 O TINSIVIIVIEIEIFUINVTVRIVEIVRIDVRD  TREEG11V PEFIREOY
G FESUNRTEEE] Fisly L8s ANSIGRHIVIIVENEvIVnsInse TSZESIIV] $98 SNV VIOMN VI VYR VR ORes DPIEGIUY]  TTEous- (v
7 ewsnpprnang vicH  oEg sspysyndinunnrym By Bindrynpvane]  ULIESTY] 5y 6 T RIS PRI VN YT YR O ER1I-¥|  TITIRG-(IV
¥1 ASAPARU WAL $85]  DSEIEIORGOUSIORSIORIRG DU DogoesIesiaen TOC6ITVE PO SO TIVEINWOMIVANSVIVINEIVHIVEVIESIO)  TTIEETY]  I'Sk98s-dV]
9 TS A 7R DEBEL I U AU ORI OGRS EIEe Y] 60 LTV EILYRI R VOO0 VIV Y YR v oy vsE i VIR
Z B ST O] 150 €8S RSZYSEIDRIIN Y OEOOAINEINN  ULIERIEYI 256 SENVEINEINSVILIVIVIHISVE VIV TTIE8ITV]  CES0RSOV)
¥1 StAsRR g VRt UHY tpyes YR ONDenSsy snes By oesrvse  1estaiiv] 199 sennun OBV TV VO VRSV EEE Y FEE95E-€]Y]
& STAIRY ] PEOL T8Y USOENEY B YU e S cra i e TeCeel-v] 098] esunminoioendive MVRVAVEIVEESNEYE  USTELIUVE  TRFIRS-(IY
[4 SUAR G FAGE (B! VSE SRV (PUORSE RO BI O e 1SEESTIY] 688 SO TRV T VI VI VI v I Y PELBIY
aid]  Amanowsy ssox | mayjsod sausnbas aswespay FSUISHEYE O] 35ua0b3s 38UBE  PHRIIS 98HAG ar xopdagg
TG (1}
s

SYNUY 63 poredniuo]) JvNIED PAIPoIA ojeonpiosoydsoyy [BUOHBDY — 61 J1UBL

186



2805 B3O8 | EITONSINAEUE DRSSP 7S] DN yee

Ulpeal ¥

GE VNN TR VN VIO YRS 18 888

LTEELIT-Y

eRas Sy ey DO B DALY RS e

SE ORIV TN R YOV VIV DS

T7e0s1 v

PR SR O BRI EN BV E DR DR

96 TNV NS Y U VISF VR T ARIOR D

g

LENSTIS (3OSF NS 1083 PO WS Y B TUSE RS [V5iL

UBEEali-V

[

06 VIV R RN T ATV I Oy OB RET Y

FEOST N DA YRV SR TR CPBEVS0

TLEe6IIV

'

i

SO YRTRH PO  VINET DRV D86y

EBEE6T1Y

£~

SR (3 (RN BE U BII0E yTy

[[7Eg -

A TR L B L S LI Ay

POEERLLY

187




10

bt
5

30

Example 4: Design, Synthesis, and in Vifre Screening of Additienal siRNAs
SIRNA design

€5 doplexes, 19 nucleotides long for both the sense and antisense strand, were dasi gned
using the buman C5 mRINA sequence set forth in GenBank Accession No. NM_001735.2, Five-
hundred and sixty-nine duplexes were initially identified that did pot contain repeats longer than
7 nucleotides, spanning substantially the entire 5480 nucleotide transeript. All 569 duplexes are
then scored for predicted efficacy according to a linear mode! that evaluates the nucleotide pair
at cach duplex position, and the dose and cell line to be used for sereening. The duplexes are
also matehed against all transeripts in the unan RefSeq collection using a custom brute force
algorithm, and scored for lowest numbers of mismatches (per strand) to transcripts other than €3,
Dupiexes to be synthesized and screened are then selected from the 569, according to the
following scheme: Beginning at the 5” end of the tramseript, a duplex is selected within a
“window” of every 10 4 2 nucleotides that

1} had the highest predicted efficacy,

2 had at least one mismatch in both strands to all transeripts other than SERPINGI ,
33 had not already been synthesized and screened as part of other duplex sess.

ifno duplex is identified within a given window that satisfied alf criteria, that window
was skipped.
A detailed list of the 569 C5 sense and antisense strand sequences is shown in Table 20.

The in vitre efficacy of duplexes comprising the sense and antisense seguences lisied in

Table 20 is determined using the following methods.

Cell culture and transfections

Hep(2 cells (ATCC, Manassas, VA) are grown 1o near confluence at 37°C in an
atmosphere of 5% CO2 in Eagle's Minimum Essential Medium (ATCC) sapplemented with 10%
FBS, streptomyein, and glitamine (ATCC) before being released from the plate by
frypsinization. Transfection is carried out by adding 14.81l of Opti-MEM plus 0.2u of
Lipofectamine RNAiIMax per well {Invitrogen, Carlshad CA. cat # 13778-1 50) 1o 5ul of each of
the 164 siRNA duplexes 1o an individual well in a 96-well plate. The mixture is then incubated
rooi wewperature for 15 minutes, 80ul of complete growth media without sntibiotic containing

~2.5 110% HepG2 cells is then added to the siRNA mixture. Cells are incubated for 24 hours
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prier to RNA purification. Experiments are performed at 20nM and ncluded naive celis and

(9

cells transfected with AD-1955, & luciferase targeting siRNA as negative controls.

Total RNA isolation using DYNABEADS mRNA Isolavion Kit (nvirrogen, part #: 610-12)

Cells are harvested and tysed in 1501] of Lysis/Binding Buffer then mixed for 5 minute
at 700 rpm on a platform shaker (the mixing speed was the same throughout the process). Ten
microliters of magnetic beads and 80p Lysis/Binding Boffer mixture are added to a round
bottom plate and mixed for | minute. Magnetic beads are captured using magnetic stand and the
supematant is remeved without disturbing the beads. After removing supematant, the fysed cells
are added fo the remaming beads and mixed for 3 minutes. After removing supernatant,
magnetic beads are washed 2 times with 150u] Wash Buffer A and mixed for | minute. Reads
are captured again and supemnatant removed. Beads are then washed with 15011 Wash Buffer B,
capturad and supernatant is removed. Beads are next washed with 150u1 Ehution Buffer,
captured and supernatant removed. Beads are allowed to dry for 2 minutes. After drving, 50ul
of Elntion Bufler is added and mixed for 5 minutes at 70°C. Beads are captured on magnet for 3
minutes, Forty L of supematant, containg the isolated RNA is removed and added to another 96

well plate.

CLINA synthesis using ABI High capacity cDNA reverse transcription kit (Applied Biogysioms,
Foster City, UA, Car #4368813)

A master mix of 2pd 10X Buffer, 0.8l 25X dNTPs, 2yl Random primers, 11l Reverse
Trauscriptase, 11t RNase inhibitor and 3.2ul of H20 per reaction is addad into 10u] toial RNA.
cDDNA is generated using 2 Bio-Rad C-1000 or 3-1000 thermal cycler (Heroules, CA) through

the foltowing steps: 25°C 10 min, 37°C 120 min, 85°C 5 sec, 4°C hold.

Eeal time PCR

Twor pl of cDNA is added to a master mix containing 0.5¢) human GAPDH TagMan
Probe (Applied Biosystems Cat #4326317H), 0.5u] human SERFINC1 TagMan probe (Applied
Biosystems cat # HsO0892758_m1) and Sul Lighteycler 480 probe master mix (Roche Cat
#04887301001) per well in a 384-well plate (Roche cat # 04887301001). Real time PCR is

performed in an LO480 Real Time PCR machine (Roche).
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1o caleulate relative fold change, real time data is analvzed usine the AACT method and
o - &

normalized o assays performed with cells transfocted with 20nM AD-1955,
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Hxample 8: fn Vive C5 Silencing
Groups of three fomale cynomelgus macagues were treated with CS-siIRNA AD-58641

subcutaneousiy in the scapular and mid-dorsal areas of the back at 2.5 mg/kg or 5 mg/kyg doses or
awehicle control. Two rounds of dosing were administered with eight doses in cach round given
every third day. Serum C3 was collected and evaluated using an ELISA assay specific for C5§
detection (Abcam) al the indicated time points (Figure 13). C3 levels were normalized to the
average of three pre-dose samples. Samples collected prior to dosing, and on day 23 {24 hours
after the last dose administered in the Srst round of treatment) were analyzed by complate serum
chemistry, hematology and coagulation panels.

Analysis of serum C5 protein levels relative to pre-treatment serum €5 protein levels
demonsivated that the 3 mg/kg AD-58641 dosing regimen reduced serum C35 protein levels up to
98% (Figure 12). The average serum C5 levels were reduced by 97% at the nadir, indicating
that the majority of circulating C3 is hepatic in origin. There was potent, dose-dependent and
durable knock-down of seram C5 protein levels with subeutaneous adminisiration of AD-38641.
No changss in hematology, serum chemistry or coagnlation parameters were identified 24 hours
after the first round of dosing.

Serum hemolytic activity was also analyzed using a sensitized sheep erythrocyic assay to
measure classical pathway activity. The percent hemolysis was calculated relative to maximal
reniolysis and o background hemolysis in control samples. Mean hemolysis values +/- the SEM

for three animals were caleunlated and analyzed (Figure 13), Hemolysis was reduced up to 94% in

the § mg/kg dosing regimen with an average inhibition of 92% at the nadit. The reduction in

v

hemolysis was maintained for greater than two weeks following the Tast dose.

Example 6: In Fire Screening of Additional siRNAs

The C5 sense and antiscnse strand sequences shown in Table 20 were modified at the 3°-
terminus with & short sequence of deoxy-thymine nucieotides (4T (Table 21}, The in vitro
ctficacy of duplexes comprising the sense and antisense sequences listed in Table 21 was

determined using the following methods,

219



i¢

15

]
[}

36

Cell culture and transfections

Hep3B cells (ATCC, Manassas, VA) were grown to near confluence at 37°C in an
atinosphere 6f 3% COq in EMEM (ATCC) supplemented with 10% FBS, before being g releaged
from the plate by wypsinization, Transfection was carried out by adding Sul of Opti-MEM plug
0.1ut of Lipofectamine RNAiMax per well (Invitrogen, Carlsbad CA, cat £ 13778-150) to Spl of
siRNA duplexes per well into a 384-well plate and incabated at room temperature for 15
mimites. 40p] of complete growth media containing ~35 x10° Hep3B cells were then added to the
siRNA mixture. Cells were incubated for 24 hours prior to RNA purification. Experiments were

performed at 10nM final duplex concentration.

Total RNA isalation using DYNABEADS mRNA Isolation Kit (Invitrogen, part #: 610-12)

RNA isolation was performed using a semi-automated process of a Biowek EL 405
washer. Briefly, cells were lysed in 75ul of Lysis/Binding Buffer containing 2ul of Dynabeads,
then mixed for 10 minutes on setting 7 of an electromagnetic shaker {Union Scientific},
Magnetic beads were captirred using magnetic stand and the supernatant was removed. Afte
removing supernatant, magnetic beads were washed with $0ul Wash Boffer A, followed vy S0
of Wash buffer B, Beads were then washed twice with 100u] of Elution bufier which was then

aspirated and cDNA generated divectly on bead bound RNA in the 384 well plate,

cDNA synthesis using ABI High capacity cDNA reverse transcription kit (Applied Riosvstems,
Foster Citv, CA, Cor #4368813)

A master mix of 2ul 10X Buffer, 0.8u1 25X dNTPs, 2 Random primers, 1 ul Reverse
Transeriptase, [ul RNase inhibitor and 3.2p of BhO per reaction were added direetly to the bead
hound RINA in the 384 well plates used for RNA isolation. Plates were then shaken on an
electromagnetic shaker for 10 minutes and then placed in a 37°C incubator for 2 hours,
Following this incubation, plates were place on a shake m an 80°C ineubator for 7 muinutes to

mactivate the enzyme and elute the RNA/CDNA from the beads.
Real time PCR

24t of oDNA were added to a master mix containing 0.5} GAPDH TagMan Probe
(Applicd Biosystems Cat #4326317E), 0.541 C5 TagMan probe (Applied Biosystems cat #
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Hs00156197_MI) and Spl Lighteyeler 480 probe master mix (Roche Cat #04887361001 Yper
well in 4 384 well plates (Roche cat # 04887301001). Real time PCR was done in a Roche
LCA80 Real Time PCR system (Roche), Each duplex was tesied in in af least twa independent
transfections and each transfection was assayed in duplicate,

To caleulate relative fold change, real time data were analyzed using the AACE method
and nonmalized to assays performed with cells transfected with 100M AD-1955, or mock
transfected cells.

Table 22 shows the results of a single dose screen in Hep3B cells ransfected with the
mdicated dT modified iIRNAs. Data are expressed as percent of message emaining relative (o

untreated colis,
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Table 22. C5 single dose sereen {10mM) in Hep3B colls with ¢T modified iRNAs

Buplen 1D Avg, % message remaining
AD-61779.2 432
Al-G1785.2 225
AD-5I791.2 273
AD-B1787.2 0.5
AD-61803.2 209
AL-81809.2 751
AD-81815.2 s0.7
AD-51821.2 33.7
AD-81780.2 535
AD-£1786.2 34.4
Al-61752.2 275
AD-61798.2 3.3
AD-B1804.2 236
AD-861810.2 334
Al-51816.2 7
AD-E1822.2 2659
AD-BITEL.Z 31.2
AD-61787.2 22.8
AlRGETE3.2 284

D-B179%.2 41
AD-G1805.2 22.1
AD-B1811.2 8G9
ADSEAS1T.2 8.1
AD-B1B23.2 41.3
AD-B17REZ 42.5
AD-B1788.2 28.8
AL-B1794.2 133.5
AD-6LEC0.2 27.8
AT-B180E.2 42 .8
AD-G1812.2 6.5
AD-61818.2 306




AD-G1824.2 9.3
AD-61783.2 012
AD-61788.2 255
AD-G1785.2 342
AD-B1E01.2 24.2
AD-B1807.2 428
AL-B1813.2 31
AD-G1819.2 422
AD-61825.2 31
AD-B1784.2 341
AD-8175G.2 26.8
AD-61796.2 e
AD-618D2.2 20
AD-G1808.2 i35
D-61814.2 453
AD-£1820.2 56
AD-B1826.2 316
AD-61832.2 36.2
AD-81838.2 39.7
AD-61844.2 37
AD-61830.2 656.3
AfF-G1856.2 1736
AD-61862.2 413
AD-H1858.2 32.2
AL-G1827.2 a2
AD-61833.2 288
AD-01839.2 41.5
AD-61845.2 297
AD-61851.2 37
AD-B1857.2 349
AD-61863.2 333
AD-G1868.1 38.2
AD-R1828.2 0.3
AD-61834.2 271

]
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AD-51840.2 64.3
AD-GI845.2 43
AD-H1852.2 25.2
AD-GLE58.2 96.7
AD-G1864.2 29.6
ADELBTO.Z 305
AD-6182%.2 92.7
A-G1835.2 24.8
AD-B1541.2 59.2
AD-E1847.2 308
AD-51853.2 352
AD-G61852.2 40.1
AD-618585.2 42.3
AD-G1871.2 55.8
AD-61830.2 628
AD-41836.2 Z8.8
AD-61842.2 18.2
AD-G1848.2 25
AD-61834.2 42.3
AD-E18560.2 41,7
AD-B1BEE.Z 28.9
AD-61872.2 64.7
AD-G1831.2 i6.9
AD-GE1837.2 24.8
AD-G1843.2 275
AD-51849.2 25.8
AD-51855.2 20
AD-61881.F 286
AL-G1887 .2 iB
AD-E2082.1 22
AD-G2088.1 29.9
AD-G2074.1 4.7
AD-62080.1 304
AD-620858.1 21
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AD-BZ092.1 20
AD-62088.1 384
Al-62104.1 42.7
AD-G2063.1 26.6
AD-G2009.1 55.8
AD-G2075.1 114.4
AD-G2081.1 1.2
AD-B2087.1 338
AD-62053.1 26.3
AD-52059.1 2358
AD-62105.1 304
AD-EI0B4.1 a2
AD-B2070.1 1357
AD-6I078.1 &4.3
AD-62082.1 433
AD-G2088.1 365
Al-620%4.1 65
AD-62100.1 66.4
AD-62106.1 33.9
AD-£2065.1 23
AD-62071.1 23.4
AD-62077.1 7.8
Al-G2083.1 84,7
AD-G2028.5 42.7
AD-G2085.1 46.6
AD-62101.1 353
CAD-6ZI07.4 288
AD-52066.1 335
AD-62072.1 215
AD-62073.1 49.9
AD-62084.1 1176
AD-B2080.1 44
AD-62086.1 335
AD-62102.% 38.2
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AD-G2I08.1 63.5
AD-62067.1 32.3
AD-G2073.1 81.1
- AD-B20TO.1 45.8
AD-G2085.1 316
AL-B2081.1 32
AD-62087 .1 353
AD-62103.1 "6
AD-B2109.1 287
AD-E211R.1 257
AD-621211 231
AD-E2127.1 36.3
AD-62133.1 50.%
AD-E2138.1 84,1
AD-62145.1 8.8
AD-RZE511 56.9
AR-62110.1 28
AD-52116.3 1455
AD-62122.3 1987
AD-52128.1 178.4
Al-62134.1 2.4
AD-62140.1 55.6
AR62148.1 47.2
AD-B1R2.] 164
AD-E21111 493
AD-62117.1 6.2
AD-G2123.1 X
AD-62129.1 156.2
Al-G2135.4 &2
AD-82141.1 128.1
AD-E2147.1 146.2
AD-B2153.1 355
AD-52112.1 43
AD-62118.1 23
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AD-G2124.7 48.4
AD-62130.1 48.4
AD-62136.1 1419
AD-G2142.1 387
AD-HAIA8. 1 165.2
AD-62154.0 94.7
AD-62113.1 52.5
AD-62118.1 44
AD-62125.1 1285
AD-62131.1 68.9
AD-H2137.1 106
AD-GZ143.7 1761
AD-62149.1 2G1.3
AD-61155.1 1433
AD-62114.1 22.8
AD-631280.1 34 .6
AD-G2126.1 446
Al-62132.1 335
AD-52138.1 345
AD-52144.1 28
AD-62150.1 2.1
AD-62156,7 441
AD-62162.1 8.8
Al-G2168.1 i7.3
AL-B2I74.1 27
AD-62180.1 158
AD-E2186.1 205
AD-52182.1 339
AL-G2183.1 i4
AD-62157.1 83
AD-61183.1 5.4
AD-62169.1 236
AD-E21751 8.6
AD-62181.1 26.4




AD-BI187.1 A8
AD-62183.1 2.9
AD-62199.1 16.4
AD-B2158.1 185
AD-BI164.1 19.1
AD-B2170.1 15
AD-EZ176.1 2.7
AD-62182.1 0.8
AD-62188.1 811
A-62134.1 636
AD-62200.1 218
AD-E2158.1 42.8
AD-62185.1 277
AD-EE171.1 313
AD-62177.1 288
AD-EI1R3T 2582
ADG2188.1 32.7
AD-62185.1 73.1
AD-63201.1 35.6
AD-G2150.1 56.5
AD-G2186.2 1151
AD-BRIT2 W74
Al-B2172.1 713
AD-B2134.1 27.2
AD-G2180.1 372
AD-52195.1 i85
AD-GZ202.1 194
AD-62181.1 237
AD-62167.1 244
AD-52173.3 36
AD-GR175.1 505
AD-B2185.1 40.5
AD-G2191.7 383
AD-62197.1 394
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AD-B2203.1 341
AD-62106.1 346
AD-E215.1 31

Al-62221.1 16.3
ADMB2227.1 68.5
AD-G2233.1 34.3
AD-62239.% 37.2
AD-62245.1 31z
AD-62204.1 33

AD-E2210.1 25

AD-62216.1 387
AD-62222.1 345
AD-62228.1 30.3
AD-E2234.1 i5.2
AD-62240.1 6.2
AD-G2246.1 404
AD-B2205.1 i7.1
Al-62211.1 209
AD-62217.1 49 8
AD-RI223.1 40

AD-623229.1 26.7
ADBL235.1 215
AD-62241.1 46.2
AD-BA247. 1 40.4
AD-62204,1 42.2
Ab-B2212.1 51.7
AD-GZZ18.1 26

AD-62724.1 40.3
AD-B2230.1 32.8
AD-62236.4 524
AD-G2282.3 331
AD-62248.1 18

AD-BR207.1 1%.7
AD-622131 434

[N

5

LY



AD-HI218.1 38.8
AD-62225.1 343
AD-62231.1 37.2
A-E2237.1 25.8
AD-62243.1 9.8
AR-52249.1 138
AD-G2208.1 i3.7
AD-62214.1 68
AD-B2220.1 5.2
AD-B2226.1 27
AD-62232.1 36.5
AD-62238.1 515
AD-62784.1 315
AD-B1874.1 7.1
AD-61820.1 30.8
AD-G1886.1 30.4
A-E1852.1 489
AD-51888.1 247
AD-B1804.1 125.5
AD-£19140.1 45.7
AD-61816.1 257
AD-61875.1 324
AD-61881.1 64
AD-GLRRY L 367
AD-B1883.1 2.8
AD-61839.1 84.5
AD-B1905.1 321
D-61911.1 3.7
AD-B1917.1 2.1
AD-61876.1 473
AD-18R2.1 265
AD-§1888.1 3.7
AD-E1854.1 G64.8
AD-61800.1 89.8
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AD-61806.1 224
AD-61912.1 i8.8
AD-61918.1 37.1
ADGIRT7.1 145

AD-H1883.1 315
AD-61889.1 3328
AD-61855.1 37.%
AD-G1801.1 26.1
AD-61907.1 35

AD-E1812.1 331
AD-61919.1 6.8
AD-BL1E7E.1 265
AD-61884.1 335
AD-B1890.1 372
AD-51856.1 417
AD-61902.1 58.6
AD-B19Ca.1 28

AD-51914.1 314
AD-61520.1 27.1
AD-E1879.1 231
AD-61885.1 237
AD-61891.1 413
AD-61857.1 384
AD-E1503.1 515
AD-BTS00.1 48.6
AD-B1915.1 122.4
AD-G1621.1 66.4
AD-61927 .1 40.5
AD-61933.1 2.7
AD-61838.1 281
AD-61845.1 30

AD-61851.1 33.7
AD-E1857.1 326
AD-81863.1 17

]

2



AD-B1922.1 32.9
AD-61928.1 28.2
AD-61934.1 24
AD-61%40.1 282
AD-E1946.1 332
AD-51852.1 187.%
AD-61958.1 37
AD-61964.1 306
AD-61523.1 51.2
AD-61829.1 294
&5-51835.1 61
AD-EIR4L.1 285
AD-61947.1 289
AD-R1853.1 3.7
AD-B1958.1 188
AD-RI965.1 i7
AD-G1924.1 4.1
ADMG1830.1 3ie
AD-61836.1 26.9
AD-GI942.1 i3.8
AD-51948.1 40.2
AD-81954.1 41.8
AD-61980.1 241
AL-G1966.5 18.5
AL-G1R25.1 24
AD-61931.1 258
AD-EES37.1 181
AD-61943.1 278
ADE1549.0 285
AD-61855.1 B3.8
AD-51861.1 i6
AD-61987.1 6.3
AD-61826.1 17.8
AD-61832.1 18.6
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AD-51838.1 315
AD-615441 25.5
AD-61950.1 57.8
AD-G1956.1 42.1
AL-E1862.1 30

AD-61858.1 291
A-61874.1 50.8
AD-61980.1 18.7
AD-61986.1 36.4
AD-B1982.1 363
AD-E1958.1 183
AD-GI004.1 14

AD-62010.2 56.8
AD-518659.1 30

AD-61875.1 53,k
AD-G1981.1 378
AD-G1887.1 325
AlH1993.1 234
AD-53952.1 43.8
AD-62005.1 238
AD-62011.1 327
Al-61970.0 356
AD-61%78.1 27.5
AD-B1982.1 649
AD-B1988.1 2435
AD-51954.1 0.5
AD-E2006.1 421
AD-62012.1 21

ADGEIB711 7.1
AD-81977.1 234
AD-GI983.1 575
AD-G1989.1 25.8
AD-01995.1 18.2
AD-62001.1 297




AD-62007.1 106.4
: O-62003.1 363
AD-E1572.1 4.5
AD-61578.1 483
AD-01984.1 4.3
AD-61890.1 38.8
AlRB1996.1 405
AD-52002.2 325
AD-62008.1 35.3
AD-62014.1 3.8
AD-61973.1 393
AD-61879.1 274
AD-61585.1 31.3
AD-(1991.1 345
AD-61957.1 282
AD-GE003.1 229
AL-G2008.1 211
AD-62058.1 163
AD-G2015.1 1353
AD-G2021.1 36.4
AD-62027.1 42.4%
Al-562033.1 62
AD-B2038.1 35.2
AD-62045.1 30.8
AD-G2051.1 223
AD-B2057.1 31.8
AD-62016.1 8.2
AD-62022.% 6.9
AD-62028.1 52.6
AD-62034.1 21
AD-62040.1 30.7
AD-62048.] 28.2
AD-G2052.0 37
AD-G2058.1 775G
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AD-62017.1 41
AD-62023.1 27
AD-52029.1 31.8
AD-628135.1 464
AD-G2041.1 253
AD-62047.7 20
AD-62053.1 37.1
AD-62059.1 31
AD-62018.1 37.8
AD-62024.1 347
AD-62030.1 50.4
AD-62038.1 55
AD-62042.1 325
AD-B2048.3. 283
AD-62054.1 55.6
AD-2080.1 268
AD-G2GIS.1 258
AD-52025.1 78.5
AD-62031.2 1528
AD-62037.1 373
AD-62043.1 338
AD-62048.1 46
AD-62055.1 245
AD-G2081.71 30.5
AD-E2020.0 25.1
AD-G2076.1 249
ADHEZ03Z.1 23
D-62038.1 217
AD-62044.1 341
AD-62050.1 24
AD-62320.1 i6.8
AD-62328.1 6.6
AD-GI3R2.T 154
AD-62338.1 41.9




AD-GA344.1 i9.6
AD-62350.1 333
AD-64356.1 204
AD-62362.1 27.8
AD-BA321.1 8.7
AD-B2327.1 i4.8
AD62333.1 22.2
AD-82339.1 134.5
AD-B2345.1 32.%
AD-E2351.1 35.8
ADR-62357.1 21

AD-GI363.1 28.2
AD-62322.1 45.1
AD-6Z328.1 301
AD-62334.1 391
AD-G2340.1 4.3
AD-62348.1 354
AD-GB2352.1 338
AD-62358.1 357
AD-B2384.1 8.7
AD-G2333.1 4(.5
AD-GA329.0 57.5
AD-62335.1 27.6
Al-62341.1 69.2
AL-62347.1 1258
AD-G2353,1 53.1
ADB2358.7 381
AD-62385.1 23.6
AD-52324.1 271
AD-B2330.1 251
AD-82336.1 253
AD-62242.1 454
AD-L2348.1 916
AD-G2354.1 i3z2.1




AD-B2360.1 316
AD-62386.1 14.2
AD-62325.1 273
AD-62331.1 31.5
AD-B2337.1 228
AD-B2343.1 36.1
AD-62348,] 37.6
AD-62355.1 388
AD-52361.1 46.1
AD-62367.1 236
AD-62373.1 321
AD-62379,1 2895
AD-62385.1 357
AD-RI381.1 337
AD-B2357.% 541
AD-62403.3 4.5
AD-B2a09.3 28.2
AD-52358.1 287
AD-62374.1 296
AD-62380.1 30.6
AD-62386.1 234
AD-B2352.7 305
AD-62388.1 48.7
AD-52404.1. 24.8
AD-B2410.1 215
AD-62369.1 7.4
AD-62375.1 31.8
AD-62383.1 27.3
AD-E2387.1 77
CAD-62393.1 933
AD-£2399.1 150.2
AD-62405.1 8.5
AD-62413.1 8.4
AD-62370.1 6.3

L
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AU-RISTAS 48.2
AD-62382.1 28.5
AD-G2388. 1 £5.5
Al-62384.1 288
AD-62400.1 45.2
AD-G2405.1 23
AD-62412.1 £5.5
AD-G2371.1 66.5
AD-G2377.1 455
AD-G2383.1 728
AD-52389.1 82.4
AD-B2385.1 3ig
AD-B2401.1 31.2
AD-B2407.1, 30.2
AD-52413.1 281
AD-HZ37I 43
AD-G2378.1 78
AD-52384.1 28
ADG2380.1 37.7
AD-62386.1 6
D-624G2.1 216
AD-B2408.1 46.6
Al-G2414.1 27.2
ADH2415.1 178
AD-E2II6. T 53
AD-62417.1 36.3
AlME1779.2 43,2
AD-BL7B5.2 225
AD-BLTHE.Z 273
AD-BL7ST.2 305
ADEE803.2 0=
AD-81809.2 751
AD-G1815.2 90.7
AD-61821.2 38.7




10

15

24

AD-E1780,2 53.5
AD-61786.2 344
AD-G1752.2 275
AD-B1FHR2 233
AD-61804.2 23.6

Example 7: In Vive Screening of Additional siRNAs

Based on the sequence of AD-58643, an additional four sense and three antisense
sequences were synthesized and used fo prepare twelve, 21/25 mer compounds (Table 23). In
general, the antisense strands of these componnds were extended with a dTdT and the duplexes
had fewer fluoro-moedified mycleotides,

CSTBL/6 mice (N=3 per group) were injected subcutanecusty with | mgike of these
GalNAc conjugated duplexes, seram was coliected on day O pre-bleed, and day 5, and the levels
of U5 proteins were quantified by BELISA. C5 protein levels were normalized to the day 0 pre-
bleed level.

Figure 14 shows the results of an in vivo single dose screen with the indicated IRNAs.
Data arc expressed as percent of C5 protein remaining relative to pre-bleed levels. Those IRNAs
having improved efficacy as compared to the parent compound included AD-62510, AD-62643,
AD-62645, AD-62046, AD-62650, and AD-62631. These iRNAs also demontsrated similar
potencies {(ICs) of about 23-59 pM).

The efficacy of these IRNAs was also tested in CSTBV6 mice vsing a single-dosing
administration protocel. Mice were subcutancously administered AD-62510, A-62643, AT
62045, AD-62646, AD-62650, and AD-62651 ata 0. 25 mg/ke, 0.5 mg/ke, 1.0 mo/kg, or 2.5
mg/kg dose. Serum was collected at days 0 and 5 and analyzed for CS protein levels by ELISA.
5 levels were normalized (o the day § pre-bleed lovel,

Figure 15 shows that there is a dose response with ail of the tested IRNAs and that single-
dosing of all of these IRNAs achieved silencing of €5 protein similar to or better than AD-
58641, _

The duration of silencing of AD-61510, AD-62643, AD-63645, AD-62646, AT-624650,
and AD-62651 in vivo was determined by administering a single 1.9 mg/kg dose to C57BY6
nuce and deterniining the amount of C3 protein present on days 6, 13, 20, 27, and 34 by ELISA.
5 levels were normalized to the day 0 pre-bleed fovel.
As demonstrated in Figure 16, each of the iRNAs tested has the same recovery kinstics as

AD-62643 trending toward the best silencing, but within the error of the assav.
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AD-62510, AD-62643, AD-62645, AD-62646, AD-62650, and AD-62651 were further
tested for efficacy and 1o evaluate the cumulative effect of the iIRNAs in rats using a repeat
administration protocol. Wild-type Spragne Dawley rats were subcutaneously injected with each
of the iIRNAs at 2 5.0 mg/kp/dose on days 0, 4, and 7. Serum was collected on days 0,4, 7, H,
14, 18,25, 28, and 32. Serum hemolytic activity was quantified as described shove.

The results depicted in Figure 17 demonstrate that all of the tested iIRNAs have a potent
and durable decrease in hemolytic activity and a similar recovery of hemeolysis to that observed
with AD-58641 treatiment,

e
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We claim:

1. A double-stranded ribonucleic acid (dsSRNA) agent for inhibiting expression of
complement component C5, wherein said dsRNA agent comprises a sense strand
and an antisense strand, the antisense strand comprising a region of
complementarity which comprises at least 17 contiguous nucleotides differing by
no more than 3 nucleotides from the nucleotide sequence of 5'-
UAUUAUAAAAAUAUCUUGCUUUU-3' (SEQ ID NO:113), and wherein said
dsRNA agent comprises at least one modified nucleotide.

2. A double-stranded ribonucleic acid (dsRNA) agent for inhibiting expression of
complement component C5, wherein said dsRNA agent comprises a sense strand
and an antisense strand, the antisense strand comprising a region of
complementarity which comprises at least 17 contiguous nucleotides differing by
no more than 3 nucleotides from the nucleotide sequence of 5'-
UAUUAUAAAAAUAUCUUGCUUUU-3' (SEQ ID NO:113),

wherein substantially all of the nucleotides of said sense strand and
substantially all of the nucleotides of said antisense strand are modified
nucleotides, and

wherein said sense strand is conjugated to a ligand attached at the 3'-
terminus.

3. The dsRNA agent of claim 2, wherein all of the nucleotides of said sense strand
and all of the nucleotides of said antisense strand are modified nucleotides.

4. The dsRNA agent of claim 2, wherein the modified nucleotide is selected from
the group consisting of a 3'-terminal deoxy-thymine (dT) nucleotide, a 2'-O-methyl
modified nucleotide, a 2'-fluoro modified nucleotide, a 2'-deoxy-modified
nucleotide, a locked nucleotide, an abasic nucleotide, a 2'-amino-modified
nucleotide, a 2'-alkyl-modified nucleotide, a morpholino nucleotide, a
phosphoramidate, a non-natural base comprising nucleotide, a nucleotide
comprising a 5'-phosphorothioate group, and a terminal nucleotide linked to a
cholesteryl derivative or a dodecanoic acid bisdecylamide group.

5. The dsRNA agent of claim 4, wherein the modified nucleotide is a 2'-O-methyl
nucleotide or a 2'-fluoro nucleotide.

6. The dsRNA agent of claim 1, wherein the region of complementarity is between
19 and 23 nucleotides in length.
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7. The dsRNA agent of claim 1, wherein each strand is no more than 30
nucleotides in length.

8. The dsRNA agent of claim 1, wherein at least one strand comprises a 3'
overhang of at least 2 nucleotides.

9. The dsRNA agent of claim 1, wherein said agent further comprises at least one
phosphorothioate or methylphosphonate internucleotide linkage.

10. The dsRNA agent of claim 1, further comprising a ligand.

11. The dsRNA agent of claim 10, wherein the ligand is conjugated to the 3' end of
the sense strand of the agent.

12. The dsRNA agent of claim 11, wherein the ligand is an N-acetylgalactosamine
(GalNAc) derivative.

13. The dsRNA agent of claim 12, wherein the ligand is

OH
HO

A o i f_ o
HO M{ \/\/
AcHN
(0]

OH
HO o
A o N N o '
HO \/\/\[( \/\/ W
AcHN
(0] (0] (0]

OH /i
HO
gﬂv vy

HO OV\/\WH ¥y
AcHN

14. The dsRNA agent of claim 13, wherein the agent is conjugated to the ligand as
shown in the following schematic
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and, wherein X 1s O or S.
15. The dsRNA agent of claim 14, wherein the X is O.

16. The dsRNA agent of claim 1, wherein the region of complementarity consists
of the nucleotide sequence of 5'-UAUUAUAAAAAUAUCUUGCUUUU-3' (SEQ
ID NO:113).

17. The dsRNA agent of claim 1, wherein the agent comprises a sense strand
comprising the nucleotide sequence of 5'-AAGCAAGAUAUUUUUAUAAUA-3'
(SEQ ID NO:62), and an antisense strand comprising the nucleotide sequence of
5'-UAUUAUAAAAAUAUCUUGCUUUU-3' (SEQ ID NO:113).

18. The dsRNA agent of claim 17, wherein the sense strand comprises 5'-
asasGfcAfaGfaUfAfUfuUfuuAfuAfaua-3' (SEQ ID NO:2876) and the antisense
strand comprises 5'-usAfsUfuAfuaAfaAfavaUfcUfuGfcuususudTdT-3' (SEQ ID
NO:2889),

wherein a, g, ¢ and u are 2'-O-methyl (2'-OMe) A, G, C, and U, respectively;
Af, Gf, Cf and Uf are 2'-fluoro A, G, C and U, respectively; dT is a deoxy-thymine
nucleotide; and s is a phosphorothioate linkage.

19. A double-stranded ribonucleic acid (dsRNA) agent for inhibiting expression of
complement component C5, wherein said dsRNA agent comprises a sense strand
and an antisense strand, wherein the sense strand comprises 5'-
asasGfcAfaGfaUfAfUfuUfuuAfuAfaua-3' (SEQ ID NO:2876) and the antisense
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strand comprises 5'-usAfsUfuAfuaAfaAfavaUfcUfuGfcuususudTdT-3' (SEQ ID
NO:2889),

wherein a, g, ¢ and u are 2'-O-methyl (2'-OMe) A, G, C, and U, respectively;
Af, Gf, Cf and Uf are 2'-fluoro A, G, C and U, respectively; dT is a deoxy-thymine
nucleotide; and s is a phosphorothioate linkage; and

wherein said sense strand is conjugated at the 3'-terminus to the ligand
OH
HO
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20. A cell comprising the dsRNA agent of claim 19.

21. A pharmaceutical composition for inhibiting expression of a complement
component C5 gene comprising the dSRNA agent of claim 19.

22. An in vitro method of inhibiting complement component C5 expression in a
cell, the method comprising: (a) contacting the cell with the dsSRNA agent of claim
19; and (b) maintaining the cell produced in step (a) for a time sufficient to obtain
degradation of the mRNA transcript of a complement component C5 gene, thereby
inhibiting expression of the complement component C5 gene in the cell.

23. Use of a therapeutically effective amount of the dsSRNA agent of claim 19 in
the manufacture of a medicament for treating a subject having a disease or disorder
that would benefit from a reduction in complement component C5 expression,

wherein the medicament is to be administered to the subject.

24. The use of claim 23, wherein the disorder is a complement component C5-
associated disease.

25. Use of a prophylactically effective amount of the dsRNA agent of claim 19 in
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the manufacture of a medicament for preventing at least one symptom in a subject
having or prone to having a disease or disorder that would benefit from a reduction
in complement component C5 expression, wherein the medicament is to be
administered to the subject.

26. The method of claim 22, further comprising contacting the cell with an anti-
complement component C5 antibody, or antigen-binding fragment thereof.

27. The use of claim 23, wherein an anti-complement component C5 antibody, or
antigen-binding fragment thereof is to be further administered to the subject.

28. The use of claim 25, wherein an anti-complement component C5 antibody, or
antigen-binding fragment thereof is to be further administered to the subject.

29. The dsRNA agent of claim 19 for use in therapy.
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