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COMPLEMENT COMPONENT C5 iRNA 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, tiled 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 ASCII 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, et 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
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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
C5aR (CD88) as well as with the non-G protein coupled receptor C5L2 (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, C5a and
C5b-9, generated from C5 cleavage, are key components of the complement system
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 C5-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., a complement
component C5-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 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 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
UAUUAUAAAAAUAUCUUGCUUUU (SEQ ID NO:113). In one embodiment, the dsSRNA
agent comprises at least one modified nucleotide, as described below.

In one aspect, the present invention provides a double stranded RN A1 agent for
inhibiting expression of complement component C5 wherein the double stranded RNA1 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 nucleotides
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 phosphorothioate
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'-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.

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 dsSRNA agent is conjugated to the ligand as shown in the

following schematic

and, wherein X is O or S.

In one embodiment, the X is O.

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-58111, AD-58121, AD-58116, AD-58133, AD-58099, AD-58088, AD-58642,
AD-58644, AD-58641, AD-58647, AD-58645, AD-58643, AD-58646, AD-62510, AD-
62643, AD-62645, AD-62646, AD-62650, and AD-62651.

In another aspect, the present invention provides a double-stranded ribonucleic 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
UAUUAUAAAAAUAUCUUGCUUUUATAT (SEQ ID NO:2899).

In another aspect, the present invention provides a double-stranded ribonucleic 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 asasGfcAfaGfaUfAfUfuUfuuAfuAfaual .96 (SEQ ID NO:2876) and
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wherein the antisense strand comprises the nucleotide sequence
usAfsUfuAfuaAfaAfauaUfcUfuGfcuususudTdT (SEQ ID NO:2889).

In one aspect, the present invention provides a double stranded RNAi agent capable
of inhibiting the expression of complement component C5 in a cell, wherein the double
stranded RN Ai agent comprises a sense strand complementary to an antisense strand, wherein
the antisense strand comprises a region complementary to part of an mRNA encoding CS5,
wherein each strand is about 14 to about 30 nucleotides in length, wherein the double

stranded RN A1 agent is represented by formula (III):

sense: 5'n,-N-(X X X)i-Np-Y Y'Y -Np,-(ZZZ);-N,- ng 3'
antisense: 3" np Ny -(X'X'X)e-Np-Y'Y'Y'-Ny,-(Z'Z'Z")-N,- ng' 5" (1)
wherein:

1, J, k, and I are each independently O or 1;
P, P’, g, and q' 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 Ny and N}, independently represents an oligonucleotide sequence comprising 0-
10 nucleotides which are either modified or unmodified or combinations thereof;
each np, n,', ng, and ng, each of which may or may not be present, independently
represents an overhang nucleotide;
XXX, YYY, 7277, X'X'X', Y'Y'Y', and Z'Z'Z' 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, iis 0; jis 0;1is 1;jis 1; both i and j are O; or both i and j are 1.
In one embodiment, k is O;11is 0; k is 1; 1 is 1; both k and 1 are O; 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 YYY 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 (III) is represented by formula (I1Ia):
sense: 5n,-Na-YY Y -N,-ng 3
antisense: 3 ny-No- Y'Y'Y'- No-ng 5° (ITa).

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

6
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sense: Snp-Na-YYY-N,-ZZZ-N,-ny 3

antisense: 3 np-No- YY'Y'-Np-ZZ"Z'- No-ng 5" (11Ib)

wherein each N, and N, independently represents an oligonucleotide sequence comprising 1-
5 modified nucleotides.

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

sense: 5S'np-Np—XXX-Np-YYY-N;-ng3

antisense: 3 np-No- X'X'X"-Np- YY'Y- No-ng5' (Illc)

wherein each N, and N, independently represents an oligonucleotide sequence comprising 1-
5 modified nucleotides.

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

sense: S'np-NaXXX-Npo-YYY-N,-ZZZ-N,-nyq 3

antisense: 3' np-No- X'X'X"- Np-Y'Y'Y'-Np-Z'Z'Z'- No- ng 5'

(111d)

wherein each Ny and Ny," independently represents an oligonucleotide sequence
comprising 1-5 modified 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 17-25 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’-hydroxyl, 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

7
SUBSTITUTE SHEET (RULE 26)
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In one embodiment, the 1ig;»md is attached to the 37 end ofthe sense strand.

In one embodiment, the RNA1 agent is conjugated to the ligand as shown in the following
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In one embodiment, the agent further comprises at keast one phosphorothicate or
methylphosphonate internucleotide linkage.

In one embodiment, the phosphorothioate or methyiphosphonate internucieotide linkage
is at the 3 ~terminus of one strand.

In one embodiment, the strand 1s the antisense strand. In another embodiment, the strand
is the sense strand.

In one embodiment, the phosphorothioate or methylphosphonate mternucieotide linkage
is at the §'-termunus 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 internucieotide linkage
is at the both the 57- and 3 -terminus of one strand.

In one embodiment, the strand is the antisense strand.

MET 18370333v.1
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In one embodiment, the base pair at the 1 position of the 5'-cnd of the antisense strand of
the duplex is an AU base pair.

In one embodument, the Y nucleotides contain a 2’-fluoro modification.

In one embodiment, the Y nucleotides countain a 2°-O-methyl modification.

In one embodiment, p™>0.

In onc embodiment, p'=2.

In one embodiment, g"=0, p=0, g={, and p’ overhang nucleotides are complementary to
the target mRNA.

In one embodiment, g’=0, p=0, ¢=0, and p’ overhang nucleotides are non-complementary
to the target mRNA.

In one embodiment, the sense strand has a total of 21 nucleotides and the antisense strand
has a total 0f 23 nucleotides.

In one embodiment, at least one n, is linked to a neighboring mucleotide via a
phosphorothicate linkage,

In one embodiment, all ny" are livked to neighboring nucleotides via phosphorothioate
linkages.

In one embodiment, the RINA1 agent is selected from the group of RNA1 agents listed in
Table 4, Table 18, Table 19, or Table 23, In another embodiment, the RNAI agent is sclected
from the group consisting of AD-58123, AD-58111, AD-58121, AD-58116, AD-58133, AD-
58099, AD-S8OKR, AD-58642, AD-58644, AD-58641, ADN-58647, AD-58645, AD-58643, AD-
58646, AD-62510, AD-62643, AD-62645, AD-62646, AD-62650, and AD-62651,

In one aspect, the present invention provides a double stranded RNA{ agent capable of
inhibiting the expression of complement component C5 in a cell, wherein said double stranded
RNAI agent comprises a sense strand complementary to an antisense strand, wherein said
antisense strand comprises a region coruplerentary 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 RNAI agent is represented by formula ()

sense: Sop Ny (XXX} i-No-Y Y Y -Np (£ ZZ)-N,o-ng 3
antisense; 3, N XK X YNy WYY Y Ny (22 0-No-ng' 5 (1D
wherein:

i, 1, &, and l are cach independently 0 or 1

p, p’, q, and g’ are each independently 0-6;

cach N, and N, independently represents an oligonucieotide sequence comprising 8-25
nucleotides which are cither modified or unmodificd or combinations thereof, cach sequence

comprising at least two differently modified nucleotides;

MET 18370333v.1
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cach Ny and Ny’ independently represents an cligonucleotide sequence comprising 0-10
macleotides which are either modified or unmodified or combinations thercof]
each n,, ', iy, and 1y, each of which may or may not be present independently
represents an overhang nucleotide;

XXX, YYY, 2272, XXX, Y'Y, and 27277 each independently represent one motif
of three identical modifications on three consecutive mucleotides, and wherein the modifications
are 2’-O~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 s conjugated to at least one ligand.

In another aspect, the present invention provides a double stranded RNAJ agent capable
of inhibiting the expression of complement component C5 n a cell, wheren said dooble stranded
RINAI1 agent comprises a sense strand corplementary to an antisense strand, wherein said
antisense strand comprises a region complementary to part of an mRNA encoding complement
component CS, wherein cach strand is about 14 to about 30 nucleotides in length, wherein said

double stranded RNAG agent s represented by formula (HI):

sense: S -Na (X XX} -Nop-Y Y Y -Nop L ZZY-N;-ny 3
antisense: 3y N RN WYY Y Ny (2NN g 3T (D
wherein:

i, , k, and ! are each independently G or 1
each 1y, tg, and ng, each of which may or may not be present, independently represents
an overhang mucleotide;
p. qQ, and g’ are each independently (-6;
1, >0 and at least one uy’ is linked to a neighboring nucleotide viaa
phosphorothioate linkage;
cach N, and N, independently represents an oligonucieotide sequence comprising 0-25
nucleotides which are cither modified or unmodificd or combinations thereof, cach sequence
comprising at least two differently modified nucleotides;

cach Ny and Ny’ independently represents an oligonucleotide sequence comprising 0-10
mucleotides which are either modified or unmodified or combinations thereof]

XXX, YYY, 2272, XXX, Y'Y, and 2772 each independently represent one motif
of three wdentical modifications on three consecutive mucleotides, and wherein the modifications
are 2'-O~methyl or 2-fluoro modifications;

modifications on N, 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 higand.

MEBL 18376333v.1
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 CS in a cell, wherein said double stranded
RNAI agent comprises a sense strand complementary to an antisense strand, wherein said
antisense strand comprises a region complementary to part of an mRNA encoding complement
component C3, wherein cach strand is about 14 to about 30 nucleotides in length, wherein said

double stranded RNAI agent is represented by formula ()

sense: 50, Ny (X X X) iNo-Y Y Y Ny ~(Z Z Z) -N, - ng 3
antisense: 3N AKX K - Ny Y'Y Y Ny (222NN~ ng 37 (1D
wherein:

i, i, k, and | arc cach independently G or 1

each ny, g, and ny’, cach of which may or may not be present, independently represents
an overhang nucleotide;

p. 4. and ¢’ are cach independently 0-6;
n,' >0 and at least one n,’ is linked to a neighboring nucleotide via a
phosphorothioate linkage;

cach N, and N, independently represents an oligonucieotide sequence comprising 8-25
nucleotides which are cither modified or unmodificd or combinations thereof, cach sequence
comprising at least two differently modified nucleotides;

cach Ny and Ny independently represents an oligonucleotide sequence comprising 0-10
micieotides which are either modified or unimodified or combinations thereof;

XXXYYY, 227, XX, YYY, and 22777 each independently represent one
motif of three dentical modifications on three consceutive nucleotides, and wheremn the
modifications are 27-O-methyl or 2’-fhluore 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 is conjugated to at least one ligand, wherein the ligand 1s one
or more (alNAc derivatives attached through a bivalent or trivalent branched linker.

In yet another aspect, the present mnvention provides a double stranded RNAJ agent
capable of inhibiting the expression of complement component CS in a cell, wherem said double
stranded RINAT agent comprises a sense strand complementary to an antisense strand, wherein
said antisense strand comprises a region complementary to part of an mRNA encoding
complement component 5, wherein each strand is about 14 to about 30 mucleotides in length,

wherein said double stranded RNA1 agent is represented by formula (U

sense: S -Na (X XX} -Nop-Y Y Y -Nop L ZZY-N;-ny 3
antisense: 3y NG OOX X RNy WYY Y Ny (222N - g 8T (1D
wherein:

MET 18370333v.1
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i, }. k, and | arc cach independently G or 1
each ny, ng, and 0y, cach of which may or may not be present, independently represents
an overhang nucleotide;
P, . and g’ are each independently 0-6;
n,' >0 and at least one ny' 18 linked to a neighboring nucleotide via a
phosphorothicate linkage;

cach N, and N, independeutly represents an oligonucleotide sequence comprising 0-23
nucleotides which are etther modified or unmodified or combinations thereof, each sequence
comprising at least two differently modified nucleotides;

cach Ny and Ny independently represents an oligonucleotide sequence comprising 0-10
mucleotides which are either modified or uninodified or combinations thereof;

XXXYYY, 227, XX, YYY, and 22777 each independently represent one
motif of three identical modifications on three consecutive nucleotides, and wherein the
modifications are 27-O-methyl or 2’-fhluore modifications;

modifications on Ny, differ from the modification on Y and modifications on Ny’ differ
from the modification on Y';
wherein the sense strand comprises at least onc phosphorothicate linkage; and
wherein the sense strand is conjugated to at least one ligand, wherein the ligand is
one or more GalNAc 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 n a cell, wheren said dooble stranded
RINAt agent comprises a sense strand complementary to an antisense strand, wherein said
antisense strand comprises a region complementary to part of an mRNA encoding complement
component CS, wherein cach strand is about 14 to about 30 nucleotides in length, wherein said

double stranded RNAG agent is represented by formula ()

sense: SN -Y Y'Y -Ny-ng 3
antisense: 3 NS YYY S NSng' 5t (e
wherein:

each 1y, tg, and ng', each of which may or may not be present, independently represents
an overhang mucleotide;
p. qQ, and g’ are each independently (-6;
1, >0 and at least one uy’ is linked to a neighboring nucleotide viaa
phosphorothioate inkage;
cach N, and N, independently represents an oligonucieotide sequence comprising 0-25
nucleotides which are cither modified or unmodificd or combinations thereof, cach sequence

comprising at least two differently modified nucleotides;

MET 18370333v.1
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¥YYY and Y'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'-fluoro modifications;
wherein the sense strand comprises at least one phosphorothioate linkage; and
wherein the sense strand is conjugated to at least one hgand, wherein the ligand is one or
more GalNAc derivatives attached through a bivalent or trivalent branched linker.

In one aspect, the present invention provides a double stranded RNAJ ageunt for inhibiting
expression of complement component €35, wherein the double stranded RNA1 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
micleotide sequence of SEQ ID NO:1 and the antisense strand comprises at least 15 contignouns
nucleotides differing by no more than 3 nucleotides from the nocleotide sequence of SEQ ID
NO:5, wherein substantially all of the nucleotides of the sense strand comprise a modification
selected from the group consisting of a 2°-C-methyl medification and a 2"-fluoro modification,
wherein the sense strand comprises two phosphorothioate internucleotide linkages at the §'-
termunus, wherein substantially all of the nucleotides of the autisense strand coraprise a
modification selected from the group consisting of a 2°-O-methyl modification and a 2"-fluoro
modification, whercin the antiscnse strand comprises two phosphorothioate internucicotide
linkages at the 5’-terminus and two phosphorothicate internucleotide linkages at the 3 -terminus,
and wherein 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, all of the nucleotides of the sense strand and all of the nucleotides of
the antisense strand are modificd nucleotides. In another embodiment, each strand has 19-30
nucleotides.

In one aspect, the present invention provides a cell contamning a dsRNA agert of'the
invention,

In one aspect, the present invention provides a vector encoding at least one strand of a
dsRNA agent, wherein the dsRNA agent comprises a region of complementarity to at least a part
of an mRNA encoding complement cormponent C5, wherein the dsRNA 1s 30 base pairs or less
in length, and whercin the dsRNA agent targets the mRNA for cleavage.

In one embodiment, the region of complementarity is at least 15 nucleotides in length. In
another embodiment, the region of complementarity 1s 19 to 21 nucleotides in length. In another
embodiment, cach strand has 19-30 nucleotides.

In one aspect, the present invention provides a cell comprising a vector of the invention,

In one aspect, the present invention provides a pharmaccutical composition for imhibiting

expression of a complement component O3 gene comprising a dsRNA agent of the invention.
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In one embodiment, the RNA1 agent s admunistered in an unbuffered solution.

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

In oune embodiment, the RNAI agent is adminustered with a buffer solution.

In one embodiment, the buffer sohution comprises acetate, citrate, prolamine, carbonate,
or phosphate or any combination thercof,

In another embodiment, the buffer solution is phosphate butfered saline (PBS).

In another aspect, the present invention provides a pharmaceutical composition
comprising a double stranded RNA1 agent of the invention and a ipid formulation,

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

In 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 comprising a sense
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 vet another aspect, the present invention provides a modified antisense polynucleotide
agent selected from the group consisting of the antisense sequences listed in any one of Tables 4,
6, I8, 19, 21, and 23.

In a further aspect, the present invention provides a modified sense polynucieotide ageunt
selected from the group consisting of the sense sequences listed o any one of Tables 4, 6, 18, 19,
21, and 23.

In onc aspect the present invention provides methods of treating a subject having a
disease or disorder that would benefit from reduction in complement component €5 expression.
The methods melude administering to the subject a therapeutically etfective amount of a dsRNA
agent comprising a sense strand and an antisense strand, whercin the sense strand comprises at
least 15 contiguous nucleotides differing by no more than 3 nucleotides from the nucleotide
sequence of SEQ ID N(O:1 and the antisense strand comprises at feast 15 contiguous nucleotides
differing by no more than 3 nucleotides from the mucleotide sequence of SEQ ID NQO:5, thereby
treating the subject.

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 in
complement component C3 expression. The methods inchude administering to the subject a
therapeutically effective amount of a dsRINA agent comprising a sense strand and an antisense
strand, wherein the sense strand comprises at least 15 contigucus nuclestides differing by no

more than 3 nucleotides from the nucleotide sequence of SEQ ID 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 sequence of SEQ ID NG5, thereby preventing at least one symptom in the subject
having a disorder that would benefit from reduction in C5 expression.

In another aspect, the present invention provides methods of treating a subject having a
discase or disorder that would benefit from reduction in complement component C5 cxpression,
The methods include administering to the subject a therapentically 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 15 contiguous nucleotides differing by no more
than 3 nucleotides from any onc 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 mnvention provides methods of preventing at least one
symptorn in a subject having a disease or disorder that would benefit from reduction
complement component C5 expression. The methods inclode administering to the subject a
prophylactically 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 15
contiguous nucleotides differing by no wore than 3 nucleotides from any one of the autisense
sequences listed in any one of Tables 3, 4, 5, 6, 18, 19, 20, 21, and 23, thereby preventing at least
one symptom in the subject having a disorder that would benefit from reduction in C5
eXPression.

In one aspect, the present invention provides methods of treating a subject having a
discase or disorder that would benefit from reduction in complement component C5 expression
which include administering to the subject a therapeutically effective amount of a double
stranded RINAt agent, wherein the double stranded RNA1 agent comprises a sense strand and an
antisense strand forming a double stranded region, wheremn the sense strand comprises at least 15
contiguous nucleotides differing by no more than 3 nucleotides from the mucleotide sequence of
SEQ 1D NO:! and the antisense strand comprises at lcast 15 contignous nucleotides differing by
no more than 3 nucleotides from the nucleotide sequence of SEQ 1D NO:5, wherein substantially
all of the mucleotides of the antisense strand and substantially all of the nucleotides of the sense
strand are modified nucleotides and, wheremn the sense strand is conjugated to one or more
iigands at the 3 -terminus.

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

In one embodiment, the administration ts subcutaneous adunistration.

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" -fluoro

modification and a 3 -termunal dT 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"-O-methyl modification, a 2’-flnoro modification and a 3"-terminal dT nucleotide. In another
embodiment, the modified nucleotides are a short sequence of deoxy-thymine (d7) nucleotides.
In another erobodiment, the sense strand comprises two phosphorothioate mternucleotide
iinkages at the 5'-terminus. In one embodiment, the antisense strand comprises two
phosphorothicate internucleotide linkages at the 5’-terminus and two phosphorothicate
internuecleotide linkages at the 3 <terminus. In yet another embodiment, the sense strand is
conjugated to one or more GalNAc derivatives attached throagh a branched bivalent or trivalent
iinker at the 3 -termunus.

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 in
complement component C§ expression which include administering to the subject a
prophylactically effective amount of a double stranded RNAJ agent, wherein the double stranded
RINA1 agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the sense strand comprises at least 15 contigaous nacleotides differing by no more than
3 nucleotides from the nucleotide sequence of SEQ TD 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 D NO:S, wherein substantially all of the nucleotides of the antisense strand
and substantially all of the nucleotides of the sense strand are modified nucleotides and, wherein
the sense strand is conjugated to a ligand at the 3 -terminus.

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

In one embodiment, the administration is subcutancous administration.

In one embodiment, substantially all of the nucleotides of the sense strand are modified
nucleotides selected from the group consisting of a 27-0O-methyl roodification, a 2°-taoro
maodification and a 3"-terminal d7T nucleotide. In another embodiment, substantially all of the
nucleotides of the antisense strand are modified nucleotides selected from the group consisting of
a 27-O-methy! modification, a 2"~flnoro modification and a 3 -terminal dT nucleotide. In another
embodiment, the modified micleotides are a short sequence of deoxy-thymine {(dT) nucleotides.
In another ermnbodiment, the sense strand comprises two phosphorothioate internucleotide
linkages at the 5'-terminus. In one embodiment, the antisense strand comprises two
phosphorothioate internucleotide linkages at the 5’ -terminus and two phosphorothicate
interoucleotide linkages at the 3’ ~terminius. In yet another erobodiment, the sense strand s
conjugated to one or more GalNAc derivatives attached through a branched bivalent or trivalent

{inker at the 3 -terminus.
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In one aspect, the present invention provides methods of treating a subject having a
discase or disorder that would benefit from reduction in complement component C5 expression.
The methods inclade admumstering to the subject a therapeutically effective amount of a dsRNA
agent comprising a sense strand complementary to an antisense strand, wherein the antisense
strand compriscs a region complementary to part of an mRNA encoding C5, wherein cach strand
is about 14 to about 30 nucleotides in length, wherein the double stranded RNA1 agent is

represented by formula (31

sense: g P -X X XY -Nop-Y Y Y -Np {22} -Np-ng 3
antiscnse: 3y N RN WYY Y Ny (2NN g 3T (D
wherein:

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

P, 0, 4, and g are each independently 0-6;

cach N, and N," independently represents an oligonucleotide sequence comprising 0-253
nucleotides which are either modified or unmodified or combinations thereof, each sequence
comprising at least two differently modified nucleotides;

each Ny and Ny’ mdependently represents an ohgonucleotide sequence compnising 0-10
nucleotides which are etther modified or unmodified or combinations thereof]

each n,, 1y, ng, and iy, each of which may or may not be present, independently
represents an overhang nucleotide;

XXX, YYY, ZZ22, XXX, Y'Y, and Z'7°2" each independently represent one motif
of three identical modifications on three consecutive mucleotides;

modifications on N, 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, thereby treating the
subject, thereby treating a subject having a disease or disorder that would benefit from reduction
in complement component CS expression.

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 C5 expression. The methods include administering to the subject a
prophylactically effective amount of a dsRINA agent comprising a sense strand complementary to
an antisense strand, wherein the antisense strand comprises a region complomentary to part of an
MmRNA encoding U3, wherein each strand is about 14 to about 30 nucleotides in length, wherein

the double stranded RINAJ agent 15 represented by formaula (I

sense: S -Na (X XX} -Nop-Y Y Y -Nop L ZZY-N;-ny 3
antisense: 3y NG OOX X RNy WYY Y Ny (222N - g 8T (1D
wherein:
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i, }. k, and | arc cach independently G or 1

o, 1, g, and g are each independently 0-6;

each N, and N, independently represents an oligonucieotide sequence comprising (-25
mucieotides which are either modified or unimodified or comnbinations thereof, each seguence
comprising at least two differently modified nucleotides;

cach Ny and Ny’ independently represents an oligonucleotide sequence comprising 0-10
mucleotides which are etther modified or unmodified or combinations thereof;

each np, 1y, 0, and 1y, each of which roay or may not be present, independently
represents an overhang nucleotide;

XXX, YYY, 222, XXX, Y'Y'Y', and 27272 cach independently represent one motif
of three identical moedifications on three consecutive nucleotides;
from the modification on Y'; and

wherein the sense strand is conjugated to at least one ligand, thereby preventing at least
one symptom in the subject having a disorder that would benefit from reduction in C5
expression, thereby preventing at least one syrmptom n a subject having a disease or disorder that
would benefit from reduction in comploment coraponent CS 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 CS protein
accunmulation.

In one embodiment, the disorder 1s a complement component CS-associated disease. In
onc erabodiment, the complement component CS-associated discase is selected from the group
consisting of paroxysmal nocturnal hemoglobinuria (PNH), atypical hemolytic uremic syndrome
{aHUS}, asthma, rheumatoid arthritis {RA); antiphospholipid antibody syndrome; hupas
nephritis; ischemia-reperfusion mjury; typical or infectious hemeolytic urenuc syndrome (1HUS);
dense deposit discase (DDD); neuromyelitis optica (NMO); multifocal motor ncuropathy
(MMRN}; multiple sclerosis (MS); macular degeneration (e.g., age-related macular degeneration
{AMD); hemolysis, elevated hiver enzymes, and low platelets (HELLP) syndrome; thrombotic
thrombocytopenic purpura (TTP); spontancous fetal loss; Pauct-iromune vasculitis;
epidermolysis buliosa; recurrent fetal loss; pre-cclampsia, traumatic brain injury, myasthenia
gravis, cold agglutinin disease, dermatomyositis bullous pemphigoid, Shiga toxin £, cofi-related
hemolytic uremic syndrome, C3 nephropathy, anti-neutrophil cytoplasmic antibody-associated
vasenlitis, humoral and vascolar transplant rejection, graft dysthnetion, myocardial infarction, an
allogenic transplant, sepsis, Coronary artery disease, dermatomyositis, Graves' disease,
atherosclerosis, Alzheimer's discase, systemic inflammatory response sepsis, septic shock, spinal

cord injury, glomernlonephritis, Hashimoto's thyroiditis, type 1 diabetes, psoriasis, pemphigus,
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autoimmune hemolytic ancmia (AIHA), ITP, Goodpasture syndrome, Degos disease,
antiphospholipid syndrome (APS), catastrophic APS (CAPS), a cardiovascular disorder,
myocarditis, a cerebrovascular disorder, a peripheral vascnlar disorder, a renovascular disorder, a
mesenteric/enteric vascular disorder, vasculitis, Henoch-Schénlein purpura nephritis, systemic
fupus erythematosus-associated vasculitis, vasculitis associated with theumatoid arthntis,
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, membraneous nephropathy, Guillain-Barre syodrome, and
percutancous transiuminal coronary angioplasty (PTCA). In another embodiment, the
complement component C5-associated disease is paroxysmal nocturnal hemoglobinuria (PNH).
In yet another embodiment, the complement component CS-associated disease i3 atypical
hemolytic uremic syndrome (aHUS),

Inn one embodiment, the subject is human.

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

In one embodiment, the antibody, or antigen-binding fragment thereof, inhibits cleavage
of complement component C5 into fragments CSa and C5b. In another emnbodiment, the anti-
complement component C5 antibody is eculizumab,

In another embodiment, the methods of the invention further include administering a
meningococcal vaceine to the subject.

In one embodiment, eculizumab is admunistered to the subject weekly at a dose less than
about 600 mg for 4 weeks followed by a fifth dose at about one week later of less than about 900
mg, foliowed by a dose less than about 900 mg about every two weeks thereafier.

I another embodiment, eculizumab is administered to the subject 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 thereafier.

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 foliowed 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 thereafier.

In another embodiment, the subject is less than 1€ years of age and eculizumab is
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 thao about 900 g, followed by a dose less than about
900 mg about every two weeks thereafier.

In another embodiment, the subject s less than 18 years of age and eculizumab is

admmistered to the subject weekly at a dose less than about 600 mg for 2 weeks followed by a

MET 18370333v.1

18

SUBSTITUTE SHEET (RULE 26)



WO 2014/160129 PCT/US2014/025882

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 yet another embodiment, the suabjectis less than 18 vears of age and eculizomab is

administered to the subject weekly at a dose less than about 600 rug for T week followed by a
5 second dose at about one week later of less than about 300 mg, followed by a dose less than
about 300 mg about every two weeks thereafter.

In one embodiment, the subject ts less than 18 years of age and eculizumab is
administered to the subject weekly at a dose less than about 300 mg for T week ollowed by a
second dose at about one week later of less than about 300 mg, followed by a dose less than

10 about 300 mg about every two weeks thereafler.

In another embodiment, the methods of the invention firther inclnde plasmapheresis or
plasma exchange i the subject. In one such embodirnent, eculizumab s administered to 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 further include plasma infusion m

15 the subject. In one such embodiment, eculizumab is administered to the subject at a dose less
than about 300 mg.

In one embodiment, ecalizumab 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 |5 mg/kg, In another embodiment,
eculizumab is administered to the subject at a dose of about 5 mg/kg to about 15 mg/kg.

28 In one embodiment, eculizumab is administered to the subject at a dose selected from the
group consisting of 0.5 mg/ke, | mg/ke, 1.5 megke, 3 megkg, S meg'ke, 7 mg/ke, 10 wmg/kg, and
15 mg/kg.

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

25 In another embodiment, eculizumab is administered to the subject subcutaneously,

In one embodiment, the dsRNA agent is administered at a dose of about 0.01 mg/kg to
about 10 mg/kg or about 6.5 mg/kg to about 50 mg/kg.

In another embodiment, dsRNA agent is administered at a dose of about 10 mg/kg to

about 30 mg/kg.

(¥8]
o)

Irt one embodiment, the dsRINA agent is administered at a dose selected from the group
consisting of 0.5 mg/kg 1 mg/ke, 1.5 mg/kg, 3 mg/ke, 5 mg/ke, 10 mg/kg, and 30 mg/kg.

In one embodiment, the dsRNA agent is administered to the subject once a week. In
another embodiment, the dsRNA agent is adnunistered (o the subject twice a week. In another

embodiment, the dsRNA agent is adminustered to the subject twice a month.

L2
(v

In one embodiment, the dsRNA agent is administered to the subject subcutaneously.
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In one embodiment, the dsRNA agent and the cculizumab arc administered to the subject
subcutancously. In another embodiment, the dsRNA agent and the cculiznmab are administered
to the subject simultaneously.

In ove embodiment, the dsRNA ageuot is administered to the subject first for a period of
time sufficient to reduce the levels of complement component C5 m 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 teast about 30%, 35%, 40%, 45%, 30%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, or 90%

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

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

In one embodiment, the dsRNA 1s conjugated to a ligand.

Inn one embodiment, the ligand is conjugated to the 3°- end of the sense strand of the
dsRNA.

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

In one aspect, the present invention provides methods of inhibiting complement
component C5 expression in a cell. The methods include contacting the ccll with a dsRNA agent
comprising 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 contiguous nucleotides differing by
no more than 3 nucleotides from the nucleotide sequence of SEQ 1D NO'S; and maintairung the
cell produced in step {a) for a time sufficient to obtain degradation of the mRNA transcript of a
5 gene, thereby inhibiting expression of the C5 gene in the cell.

In another aspect, the present invention provides methods of inhibiting complement
component C5 expression in a cell, The methods include contacting the cell with a dsRNA agent
comprising 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
micleotides from any one of the antisense sequences listed in any one of Tables 3,4, 5,6, 18, 19,
20, 21, and 23; and maintaining the cell produced in step (a) for a time sutficient to obtain
degradation of the mRNA transcript of a €5 gene, thereby inhibiting expression of the C5 gene
in the cell.

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

from the nucleotide sequence of SEQ D N1 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, wherem substantially all of the nucleotides of the antisense strand and
substantially all of the nucleotides of the sense strand are modified nucleotides and, wherein the
sense strand is conjugated to one or more ligands at the 3 -termunus; and mantainiog the cell
produced in the first step for a time sufticient to obtain degradation of the mRNA transcript of s
5 gene, thereby inhibiting expression of the C5 gene in the cell.

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, substantially all of the nucleotides of the sense strand are modified
nucleotides selected from the group consisting of a 27-O-methyi modification, a 2’-fluoro
modification and a 3 -termunal 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 dT mucleotide. In another
embodiment, the modified nucleotides are a short sequence of deoxy-thymine (dT) nucleotides,
In another embodiment, the sense strand comprises two phosphorothioate mternucleotide
linkages at the 5’-terminus. fo ove embodiment, the antisense strand comprises two
phosphorothioate intemucleotide linkages at the 57 -terminus and two phosphorothioate
internucleotide linkages at the 3 -terminus. In yet another ernbodiment, the sense strand is
conjugated to one or more GalNAc derivatives attached through a branched bivalent or trivalent
linker at the 3 -terminus.

In yet another aspect, the present invention provides methods of mhibiting complement
component C5 expression in a cell. The methods include contacting the cell with a dsRNA agent
comprising a sense strand complementary to an antisense strand, wherein the antisense strand
comprises a region complementary to part of an mRNMNA encoding C5, wherein each strand is
about 14 to about 30 nucleotides in length, wheremn the double stranded RNA® agent 1s

represented by formula (U

sense: 50 Ny (X X X} i-No-Y Y Y -Np (L Z 2} -N, -y 3'
antisense: 3 o N (XXX e N Y Y'Y NG (EDE NS ng & (D
wheren:

i, 1, k, and 1 are cach independently G or 1

p.p’, G, and g’ arc cach independently §-6;

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

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

micieotides which are either modified or unimodified or combinations thereof;
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cach ny, 1y, g, and ny, each of which may or may not be present, independently represents an
overhang nucleotide;

XXX, YYY, ZZ22, XXX, Y'Y, and Z'7°2" each independently represent one motif
of three identical modifications on three consecutive mucleotides;

modifications on N, 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; and maintaining the cell
produced m step (a) for a time sufficient to obtain degradation of the mRNA transcript ofa CS
gene, thereby inhibiting expression of the C5 gene in the cell,

In one embodiment, the cell is within a subject.

In one embodiment, the subject is a human.

In one embodiment, the human subject suffers from a complement component C5-
associated disease.

In onc embodiment, the complement component CS-associated disecase is sclected from
the group counsisting of paroxysmal nocturnal hemoglobinuria (PNH), atypical hemolytic uremic
syndrorne (aHUS), asthma, rhewrnatoid arthnitis (RA); antiphospholipid antibody syndrome;
hapus nephritis; ischemia-reperfusion injury; typical or infections hemolytic urernic syndrome
(tHUS}; dense deposit discase (DDD); neuromyelitis optica (NMO); multifocal motor
neuropathy (MMN}; multiple sclerosis {MS); macular degeneration {¢.g., age-related macular
degeneration (AMIN); hemolysis, elevated hiver enzymes, and low platelets (HELLP) syndrome;
thrombotic thrombocytopenic purpura (TTP); spoutancous fetal loss; Pauci-tmmune vasculitis;
epidermolysis buliosa; recurrent fetal loss; pre-cclampsia, traumatic brain injury, myasthenia
gravis, cold agglutinin disease, dermatomyositis bullous pemphigoid, Shiga toxin £, cofi-related
hemolytic uremic syndrome, C3 nephropathy, anti-neutrophil cytoplasmic antibody-associated
vasculitis, humoral and vascular transplant rejection, grafl dystunction, myocardial infarction, an
allogenic transplant, sepsis, Coronary artery disease, dermatomyositis, Graves' disease,
atherosclerosis, Alzheimer's discase, systemic inflammatory response sepsis, septic shock, spinal
cord injury, glomernlonephritis, Hashimoto's thyroiditis, type 1 diabetes, psoriasis, pemphigus,
autoimmune hemolytic anemia (AIHA), ITP, Goodpasture syndrome, Degos discase,
antiphospholipid syndrome (APS), catastrophic APS (CAPS), a cardiovascular disorder,
myocarditis, a cerebrovascular disorder, a peripheral vascular disorder, a renovascular disorder, a
mesenteric/enteric vaseular disorder, vasculitis, Henoch-Schonlein purpura nephritis, systemic
fapus erythematosus-associated vasculitis, vasculitis associated with rheumatoid arthritis,
immune complex vasculitis, Takayasu's discase, dilated cardiomyopathy, diabetic angiopathy,
Kawasaki's discase {arteritis), venous gas embolus (VGE), and restenosis following stent

placement, rotational atherectomy, membrancous nephropathy, Guillain-Barre syndrome, and
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percutancous transiuminal coronary angioplasty (PTCA). In another embodiment, the
complement component C5-associated disease is paroxysmal nocturnal hemoglobinuria (PNH).
In another embodiment, the complement component CS-associated disease i atypical hemolytic
uremic syndrome (aHUS),

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

In one embodiment, the antibody, or antigen-binding fragment thereof, inhibits cleavage
of complement component C5 o fragments CSa and C5h.

In one embodiment, the anti-complement component C3 antibody, or antigen-binding
fragment thereof, is eculizumab.

In one emnbodiment, the methods further include contacting the cell with a meningococcal
vaceine,

Inn one embodiment, the cell is contacted with eculizumab weckly at a dose less than
about 600 mg for 4 weeks followed by a fifth dose at about one week later of less than about 900
mg, foliowed by a dose less than about 900 mg about every two weeks thereafier.

In another embodiment, the cell s contacted with eculizurnab weekly at a dose less than
about 900 mg for 4 weceks 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 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, tollowed by a dose less than about 1200 mg about every two weeks thereafter.

In yet 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 wecek later of less than
about 900 mg, followed by a dose less than about 800 mwg about every two weeks thereafter.

In one embodiment, the cell s contacted with eculizumab weekly at a dose less than
about 600 mg for 2 weceks followed by a third dose at about one week later of less than about 6060
mg, followed by a dose less than about 600 mg about every two weeks thereafter.

In another embodiment, the cell is contacted with eculizumab weekly at a dose less than
about 600 mg for | week followed by a second dose at about one week later of fess than about
300 mg, followed by a dosc less than about 300 mg about every two weceks thereafter.

In one embodiment, the cell is contacted with eculizumab weekly at a dose less than
about 300 mg for 1 week followed by a second dose at about one week later of less than about
360 g, followed by a dose less than about 300 mg about every two weeks thereafier,

In one embodiment, the cell is within a subject.

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

plasma exchange in the subject. In one embodument, eculizumab is admimistered to the sabject at
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a dose less than about 600 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 inchude plasma infusion in the
sabject. Tn one embodiment, eculizumab is administered to the subject at a dose less than about
300 mg.

In onc embodiment, the cell is contacted with eculizumab at a dosc of about 0.01 mg/kg
to about 10 mg/kg or about 8.5 mg/kg to about 15 myg/kg.

In another embodument, the cell is contacted with eculizuroab at a dose of about 3 rog/kg
to about 15 mg/ke.

In one embodiment, the cell is contacted with ecnliznmab at a dose sclected from the
group consisting of 0.5 mg/ke, 1 mg/ke, 1.5 me/ke, 3 medkg, Smyg/kg, 7 mg/kg, 10 mg/kg, and
1S mg/ke.

Inn one embodiment, eculizumab is administered to the subject via an intravenous
mnfusion. In another embodiment, eculizumab is administered to the subject subcutancously.

In one embodiment, the cell is contacted with the dsRNA agent at a dose of about
0.01 mg/kg to about 10 mg/kg or about 6.5 mg/kg to about 30 mg/kg.

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

In one embodiment, the cell is contacted with the dsRNA agent at a dose selected from
the group consisting of 0.5 mg/ke 1 mg/kg, 1.5 mg/ke, 3 mg/ke, 5 mg/ke, 10 mg/kg, and 30
mg/kg.

In one embodiment, the cell is contacted with the dsRINA agent once a week. In another
embodiment, the dsRNA agent is administered 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 administered to the subject subcutaneously.

In onec embodiment, the dsRINA agent and the eculizuimab are administered to the subject
subcutaneously. In another embodiment, the dsRNA agent and the eculizunmab are administered
to the subject simultaneously.

In one embodiment, the cell s contacted with the dsRNA agent and the eculizumab
stmultancously,

In one embodiment, the dsRINA agent is administered to the subject first for a period of
time sufficient to reduce the levels of complement component €5 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%, 70%, 75%, 80%, 5%, or 90%.

In one embodiment, eculizumab is administered at a dose of about 100-500 mg.
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In one embodiment, the cell is contacted with the dsRNA agent first for a peried of time
sufficient to reduce the levels of complement component C5 in the cell, and the celi is
subsequintly contacted with ecalizumab at a dose less than about 630 mg.

In one embodiment, the levels of complement component CS in the cell are reduced by at
icast about 30%, 35%, 40%, 45%, 50%, 535%, 60%, 65%, 70%, 75%. 80%, 5%, or 90%.

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

In one aspect, the present invention provides methods of inhibiting the expression of €5
in a subject. The methods melude adromistering to the subject a therapeutically effective amount
of'a dsRNA agent comprising 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
micleotide sequence of SEQ ID NO:1 and the antisense strand comprises at least 15 contignouns
nucleotides differing by no more than 3 nucleotides from the nocleotide sequence of SEQ ID
NQ:5, thereby inhibiting the expression of C5 in the subject,

In another aspect, the present invention provides methods of inhibiting the cxpression of
5 in a subject. The methods include administering to the subject a therapeutically effective
arnount of a dsRNA agent comprising 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 n any
onc of Tables 3,4, 5,6, 18, 19,20, 21, and 23, thereby inhibiting the expression of C5 m the
subject.

In another aspect, the present invention provides methods of inhibiting complement
component C5 expression in a subject which include adnunistering to the subject a
therapeutically effective amount of a dsRNA agent comprising 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 1D NO:5, wherein substantially
all of the mucleotides of the antisense strand and substantially all of the nucleotides of the sense
strand are modified nucleotides and, wherewn the sense strand is conjugated to one or more
figands at the 3 -terminus, thereby nhibiting expression of the C3 gene in the subject.

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

In one embodiment, the administration ts subcutaneous adunistration.

In one embodiment, substantially all of the nucleotides of the sense strand are modified
nucleotides selected from the group consisting of a 27-O-methyi modification, a 2’-fluoro

modification and a 3 ~terminal dT 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"-O-methyl modification, a 2’-fluoro modification and a 3 -terminal dT nucleotide. In another
embodiment, the modified nucleotides are a short sequence of deoxy-thymine (d7) nucleotides.
In another erobodiment, the sense strand comprises two phosphorothioate mternucleotide

5 linkages at the 5'-termuinus. In one embodiment, the antisense strand cormprises two
phosphorothicate internucleotide linkages at the 5’-terminus and two phosphorothicate
internuecleotide linkages at the 3 <terminus. In yet another embodiment, the sense strand is
conjugated to one or more GalNAc derivatives attached throagh a branched bivalent or trivalent
iinker at the 3 -termunus.

10 In another aspect, the present invention provides methods of inhibiting the expression of
C5 in a subject. The methods include administering to the subject a therapeutically effective
amount of a dsRNA agent comprising a sense strand coroplementary to an antisense sirand,
wherein the antisense strand cornprises a region complementary to part of an mRNA encoding
(5, wherein each strand is about 14 to about 30 nucleotides in length, wherein the double

15 stranded RNAj agent is represented by formula (1)

sense: g P -X X XY -Nop-Y Y Y -Np {22} -Np-ng 3
antisense: 3y N RN WYY Y Ny (2NN g 3T (D
wherein:

i, i, k, and | arc cach independently G or 1
28 o, 1, g, and g are each independently 0-6;
each N, and Ny’ independently represents an oligonucieotide sequence comprising 0-25
rmucleotides 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 oligonuclestide sequence comprising 0-10
25 nucleotides which are etther modified or onmeodified or combinations thereof;
each n,, 1y, ng, and iy, each of which may or may not be present, independently
represents an overhang nucleotide;
XXX, YYY, ZZ22, XXX, Y'Y, and Z'7°2" each independently represent one motif

of three identical modifications on three consecutive mucleotides;

(¥8]
o)

modifications on N, 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, thereby inhibiting the
expression of C5 in the subject.

In one embodiment, the methods further include administration of an anti-complement

L2
(v

component {5 antibody, or antigen-binding fragment thereof, to the subject.
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In one embodiment, the anti-complement component C3 antibody, or antigen-binding
fragment thereof, is eculizumab.

In one embodiment, the antibody, or antigen-binding fragment thereof, inhibits cleavage
of complement component C5 into fragments CSa and C5b.

In one embodiment, the methods of the invention further include administering a
meningococcal vaccine to the subject.

In one embodiment, eculizumab is administered to the subject weekly at a dose less than
about 600 mg for 4 weeks followed by a {ifth 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 thereafter.

In another embodiment, eculizumab is administered to the subject 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, tollowed by a dose less than about 1200 mg about every two weeks thereafter.

Inn one embodiment, the subject is less than 18 years of age and eculizumab is
administered to the subject 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 thereafler.

In another embodiment, the subject is less than 18 years of age and eculizumab is
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 900 mg, followed by a dose less than about

In ove embodiment, the subject is less than 18 years ofage and eculizumab is
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 600 mg, followed by a dose less than about
600 mg about every two weeks thereafier.

In another embodunent, the subject is tess than 18 years of age and eculizumab 1s
administered to the subject weekly at a dose less than about 600 mg for T week followed by a

second dose at about one week later of'less than about 300 me

[~

followed by a dose less than
about 300 mg about every two weeks thereafter.

In yet another embodiment, the subject 1s less than 18 vears of age and eculizumab 1s
administered to the subject weekly at a dose less than about 300 mg for | 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 mg about every two weeks thereafler.

In one embodiment, the moethods further incladeplasmapheresis or plasma exchange in
the subject. In one embodiment, eculizumab is administered to the subject at a dose less than
about 600 me. In another embodiment, eculizumab is admimistered to the subject at a dose less

than about 300 mge.
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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 oune embodiment, eculizumab is administered to the subject at a dose of about
0.01 rag/kg to about 10 rag/kg or about 0.5 wg/kg to about 15 mg/ke. To another embodiment,
cenlizumab s administered to the subject at a dose of about 5 mg/kg to about 15 mg/ke.

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

In one embodiment, eoulizumab is administered to the subject via an mtravenous
infusion. In another embodiment, eculizumab is administered o the subject subcutancously.

In one embodiment, the dsRNA agent is administered at a dose of about 0.01 mg/kg to
about 10 mg/kg or about 6.5 mg/kg to about 15 mg/kg.

Inn one embodiment, the dsRINA agent is administered at a dose of about 10 mg/kg to
about 30 mg/kg. In another embodiment,the dsRNA agent 1s administered at a dose selected from
the group consisting of .5 mg/kg 1 me/ke, 1.5 medkg, 3 medke, 5 me/ke, 10 mg/kg, and 30
mg/ke.

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

In one embodiment, the dsRNA agent is administered to the subject subcutancously.

In one embodiment, the dsRNA agent and the eculizumab are administered to the subject
subcutaneously. In another embodiment, the dsRNA agent and the eculizumab are administered
to the subject simultancously.

In one embodiment, the dsRNA agent is administered to the subject first for a period of
time sufficient to reduce the levels of complement component €35 in the subject, and eculizumab
15 administered subscquently 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 abowut 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 7(%, 75%, 83%, 85%, or 90%.

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

It one embodiment, the dsRINA 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 emboditnent, the hioand s an N-agetyligalactiosamine (GaiNAg) derivative.,
b X
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Brief Description of the Brawings

Figure 1 is a schematic of the three complement pathways: alternattive, classical and
fectin.

Figure 2 i3 a graph showing the percentage of complement component CS remaming in
CSTBL/6 mice following a single 10 mg/kg dose of the indicated iRNAs.

Figure 3 is a graph showing the percentage of complement component U5 remaining in
C37BL/6 mice following a single 10 mg/kg dose of the indicated iIRNAs.

Figure 4 is a graph showmmg the percentage of complement component C5 remaining in
C37BL/6 mice 48 hours afier a single 10 mg/kg dose of the indicated iRNAs,

Figure SA 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/ke, or 25 mg/kg subcutaneous dose of of AD-58642.

Figure 5B is a Western blot showing the amount of complement component C5
remaining at day 7 in rats after a single 2.5 mg/kg, 10 mg/kg, or 25 mg/ke subcutancous dose of
AP-58642.

Figure 6A and 6B are graphs showing the percentage of complement component 5
remaaining i CSTBL/6 mice 5 days after a single 1.25 mg/kg, 2.5 mg/lkg, 5 mg/kg, 10 mg/kg or
25 mg/kg dose of AD-58642.

Figures 7A and 7B are graphs showing the percentage of hemeolysis remaining at day 5 in

CSTBL/6 mice after a single 1.25 mg/kg, 2.5 mg/kg, 5 mg/kg, 10 mg/kg or 25 mg/kg dose of
AD-58642.

Figure § is a Western blot showing the amount of complement component CS remaining
at day S in CS7BL/6 mice after a single 1.25 mg/ke, 2.5 mg/kg, 5 mg/ke, 10 mg/ke or 25 mg/kg
dose of AD-58642.

Figure 9 is a graph showing the amount of complement component C5 protein remaining
at days § and 9 i mouse seram after a single 0.625 mg/kg, 1.25 mg/ke, 2.5 mg/kg, 5.0 mg/kg, or
10 mg/kg dosc of AD-58641. The lower Hmit of quantitation (LLOQ) of the assay is shown as a
dashed line.

Figure 1{ is a is 8 graph showing the amount of complement component C3 protein
remaining at day 8 i mouse serum atter a 0.625 rog/kg, 1.25 mg/kg, or 2.5 mg/kg dose of AD-
58641 atdays 0, 1, 2, and 3. The lower limit of quantitation (LLOQ) of the assay is shown as a
dashed line.

Figures 11A and 1B depict the efficacy and cumulative effect of repeat administration
of compound AD-58641 m rats., Figore FA is graph depicting the hemolytic activity remaining
in the serum of rats on days 0, 4, 7, 11, 14, 18, 25, and 32 aficr repeat administration at 2.5

mg/kg/dose or 5.0 mg/kg/dose, g2w x3 {twice a week for 3 weeks), Figure 1B is a Westemn blot
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showing the amount of complement component CS protein remaining in the serum of the
animals.

Figure 12 is a graph showing the amount of complement component C3 protein in
cynomolgns macague seram at various time poinis before, during and after two rounds of

5 subcutancous dosing at 2.5 mg/kg or 5 mg/kg of AD-58641 every third day for eight doses. C5
protein levels were normalized to the average of the three pre-dose samples.

Figure 13 1s a graph showing the percentage of hemolysis rematning i cynomolgus
macague serum at various time pomnts before, during and after two rounds of subcutancous
dosing at 2.5 mg/kg or 5 mg/kg of AD-58641 every third day for eight doses. Percent hemolysis

10 was calculated relative to maximal hemolysis and to background hemolysis in control samples.

Figure 14 is a graph showing the percentage of complement component CS protein
remaining at day 5 o the serum of CSTBL/6 nuce following a single 1 mg/kg dose of the
indicated iIRNAs,

Figure 15 is a graph showing the percentage of complement component C5 protein

15 remaining at day § in the serum of C57BL/6 mice following a single 0.25 mg/ke, 0.5 mg/kg, 1.0
mg/kg, or 2.0 mg/kg dose of the indicated 1RNAs.

Figure 16 1s a graph showing the percentage of complement component C3 protein
remaining in the serum of C578BL/6 mice at days 6, 13, 20, 27, and 34 following a single |
mg/kg dose of the indicated iRNAs.

20 Figure 17 is a graph showing the percentage of hemolysis remaining in rat seruim at
various time ponts following adrmnistration of a 5 mg/kg dose of the mdicated compounds at
days 0, 4, and 7.

Figure 18A shows the nucleotide sequence of Homo sapiens Complement Component 5

(U3 (SEQ ID NO:1); Figure 18B shows the nucleotide sequence of Macaca mulatta

25 Complement Component 5 (CS) (SEQ 1D NO:2); Figure [18C shows the nucleotide sequence of
Mus musculus Complement Component 5 {(CS5) (SEQ ID NO:3); Figure 18D shows the
nucleotide sequence of Ratfus norvegicus Complement Component 5 (C5) (SEQ 1D NG4);
Figure 18E shows the reverse complement of SEQ D NO:1 (SEQ [ NG:5); Figure 18F shows
the reverse complement of SEQ ID NO:2 (SEQ ID NO:6); Figure 18G shows the reverse

30 complement of SEQ D NG:3 (SEQ 1D NO:7); and Figure 18H shows the reverse complement of
SEQ D NG:4 (SECQ [D NOSE).
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Detailed Description of the Invention

The present mvention provides iRNA agents which effect the RNA-induced silencing
complex (RISCp-mediated cleavage of RNA transcripts of a complement component 5 gene.

The iRNAs of the invention inchude an RNA strand (the antisense strand) having a region
which is about 30 nuclcotides or less in length, e.g, 15-30, 15-29, 15-28, 15-27, 15-26, 15-25,
15-24,15.23,15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18.27, 18-26, 18-
25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 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, 20-22, 20-21, 2 1-
30,2129, 21-28, 21-27,21-26,21-25, 21-24, 21-23, or 21-22 nucleotides in length, which
region is substantially complementary to at least part of an mRNA transcript of a C5 gene. The
use of these iIRNAs enables the targeted degradation of mRNAs ofa C5 gene i mammals. Very
fow dosages of C5 iRNAs, in particular, can specifically and efficiently mediate RNA
interference (RNAT), resulting in significant inhibition of expression ofa C5 gene. The present
mventors have demonstrated that IRNAs targeting CS can mediate RNAI i visro and in viveo,
resulting in significant mhibition of expression of a C5 gene. Thus, methods and compositions
including these iIRNAs are useful for treating a subject who would bevefit by a reduction m the
ievels and/or activity of a €5 protein, such as a subject having a complement component C5-
associated discase, such as paroxysmal nocturnal hemoglobinuria (PNH).

The present mvention alse provides methods and combination therapies for treating a
subject having a disorder that would benefit from inhibiting or reducing the expression ofa C5
gene, e.g., 4 complement component CS-associated disease, such as paroxysmal nocturnal
hemoglobinuria (PNH) and atypical hemolytic uremic syndrome (aHUS) using iRNA
compositions which effect the RNA-induced silencing complex (RISCl-mediated cleavage of
RNA transcripts of a complement component C5 gene.

The present invention also provides methods for preveuting at least one syrmaptom, e.g.,
hemolysis, in a subject having a disorder that would benefit from inhibiting or reducing the
expression of a C5 gene, e.g., a complement component CS-associated disease, such as
paroxysmal nocturnal hemoglobmuria (PNH) and atypical hemolyvtic uremic syndrome (aHUS).
The present invention further provides IRNA compositions which effect the RNA~nduced
silencing complex (RISC-mediated cleavage of RNA transcripts of a complement component
5 gene. The CS gene may be within a cell, e.g., a cell within a subject, such as a human.

The combination therapies of the present mvention include administering to a subject
having a complement component CS-associated disease, an RNAJ agent of the invention and an
additional therapeutic, such as anti-complement component 3 antibody, or antigen-binding
fragment thereof, e.g., eculizumab. The combination therapies of the invention reduce €5 levels

C
in the subject {e.g., by abont 30%, 35%, 40%, 45%, S0%, 55%, 60%, 65%, T0%, 75%, 80%,
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85%, 90%, 95%, or about 99%) by targeting C5 mRNA with an iRNA agent of the invention
and, accordingly, allow the therapeutically (or prophylactically) effective amount of eculizumab
required to treat the subject to be reduced, thereby decreasing the costs of treatiment and
permitting easier and more convenient ways of administering eculizamab, such as subcutaneous
administration.

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

and/or reduction of the expression of this gene.

L Definitions

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

The articles “a” and “an” are used herein to refer to one or to more than one {i.e., to at
icast one) of the grammatical object of the article. By way of example, “an elemnent” means one
element or more than one element, e.g., a plurality of elements.

The term "including” is used herein to mean, and is used mterchangeably with, the phrase
“mcluding but not limited to™.

The term "or” is used herein to mean, and is used interchangeably with, the term
"and/or,” unless context clearly indicates otherwise.

As used herein, “complement component C5,” used interchangeably with the term “C5”
refers to the well-known gene and polypeptide, also known in the art as CPAMDA4, O3 and PZP-
iike alpha-2-macroglobulin domain-contaming protein, anaphtlatoxin CSa analog, hemolytic
complement (He), and complement C5. The sequence of a human C3 mRNA transcript can be
found at, for exampie, GenBank Accession No. GE38016946 (NM_0017352; SEQ D NO:1 ).
The sequence of vhesus U5 mRNA can be found at, for example, GenBank Accession No.
GL297270262 (XM _001095750.2; SEQ ID NO:2). The sequence of mouse €3 maRNA can be
found at, for example, GenBank Accession No. GE291575171 (NM_010406.2; SEQ IDNO:3).
The sequence of rat 5 mRNA can be found at, for cxample, GenBank Accession No.
GI:392346248 (XM 345342 .4; SEQ ID N4}, Additional examples of CS mRNA sequences
are readily available using pubhcly avalable databases, e.g., GenBank.

The term™C5,” as used herein, also refers to naturally occurring DNA sequence variations
of'the 5 gene, such as a single nucleotide polymorphism in the C5 gene. Numerous SNPs

within the C5 gene have been identified and may be found at, for example, NCBI dbSNP (see,
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e.g., nebinimanih.gov/sop). Non-limiting examples of SNPs within the C5 gene may be found
at, NCBI dbSNP Accession Nos. rs12190958% and 15121909587,

As used heren, “target sequence” refers to a contiguous portion of the nucleotide
sequence of an mRNA molecule formed duning the transeription ofa C5 gene, jucluding 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 sequence of an mRNA molecule
formed during the transcription of a CS gene.

The target sequence may be from about 9-36 mucleotides in length, e.g., about 15-30
nucleotides in length. For example, the target sequence can be from about 15-30 nucleotides, 15-
29, 15-28,15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-38,
18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-
27,19-26,19-25,19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25,
20-24,20-23,20-22, 26-21, 21-30, 21-29, 21-2§, 21-27, 2126, 21-25, 21-24, 21-23, or 21-22
nucleotides m fength. Ranges and lengths intermediate to the above recited ranges and lengths
are also conteroplated to be part of the mvention,

As used herein, the term “strand comprising a sequence” refers to an oligonucleotide
comprising a chain of nucleotides that is deseribed by the sequence referred to using the standard
nucleotide nomenclature.

G CC A T and U each generally stand for a nucleotide that contains guanine,
cyvtosine, adenime, thymidine and uracil as a base, respectively. However, it will be understood
that the term “nibonucleotide” or “nucicotide” can also refer 1o a moditied nucleotide, as further
detailed below, or a surrogate replacement moicty {see, e.g., Table 2). The skilled person 1s well
aware that guanine, cvtosine, adenine, and uraci] can be replaced by other moieties without
substantially altering the base pairing properties of an oligonucleotide comprising a mucleotide
bearing such replacement moicty. For example, without limitation, a nucleotide comprising
ingsine as its base can base pair with nucleotides containing adenine, cytosine, or uracil. Hence,
micleotides contaiming uracil, guanine, or adenine can be replaced in the nucleotide sequences of
dsRNA featured in the invention by a nucleotide contaning, for example, inosine. In another
example, adenine and cytosine anywhere in the oligonucleotide can be replaced with guanine and
uracil, respectively to form G-U Wobble base pairing with the target mRNA. Seguences
containing such replacement moictics are suitable for the compositions and methods featnred 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 transcript via an RNA-induced silencing
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complex (RISC) pathway. 1IRNA directs the sequence-specific degradation of mRNA througha
process known as RNA interference (RNAi). The iIRNA modulates, e.g., inhibits, the expression
of C5 i acell, e.g., a cell within a subject, such as a mammalian subject.

In one embodiment, an RNA1 agent of the invention includes a single stranded RNA that
interacts with a target RNA sequence, e.g., a C5 target mRNA 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 a Type [l endonuclease known as
Dicer (Sharp et al. (2001) Genes Dev. 15:485). Dicer, a nibonuclease-T-like enzyme, processes
the dsRNA into 19-23 base pair short interfering RINAs with characteristic two base 3' overhangs
(Bernstein, ef al., (2001 Nature 409:363 3. 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 fo guide target recognition (Nykanen, e7 af., (2001)
Celf 107:309), Upon binding to the appropriate target mRNA, one or more endonucleases within
the RISC cleave the target to induce silencing (Elbashir, ef ., (2001} Genes Dev, 15:188). Thus,
in one aspect the invention relates o a single stranded RNA (siRNA) generated within a cell and
which promotes the formation of a RISC complex to effect silencing of the target gene, ie, a CS
gene. Accordingly, the term “siRNA” is also used herein to refer to an RNAI as described
above.

In another embodiment, the RNA1 agent may be a single-stranded siRNA that is
introduced into a cell or organism to inhibit a target mRNA. Single-stranded RNA1 agents bind
to the RISC endomuclease, Argonante 2, which then cleaves the target mRNA. The single-
stranded siRNAs are generally 15-30 nucleotides and are chemically modified. The design and
testing of single-stranded siRNAs are described in U.S. Patent No. 8,101,348 and in Lima ef @/,
{2012) Cefl 150: 8R3-894, the entire contents of each of which are hereby incorporated herein by
reference. Any of the antisense rucleotide sequences described herein may be used as a single-
stranded siRNA as described herein or as chemically modified by the methods described in Lima
et af., (2012) Cell 150;:883-894,

In another embodiment, an “iIRNA” for use in the compositions, uses, and methods of the
jovention 1s a dounble-stranded RNA and 1s referred to herem as a “double stranded RNAIG agent,”
“double-stranded RNA (dsRNA) molecule,” “dsRNA agent,” or “dsRNA”. The term “dsRNA”,
refers to a complex of ribonucleic acid moelecules, having a duplex structure comprising two anti-
parallel and substantially complementary nucleic acid strands, referred to as having “sense” and
“antisense” ortentations with respect to a target RNA, 7.¢, a U5 geve.  In some embodiments of
the invention, a double-stranded RNA (dsRNA) triggers the degradation of a target RNA, e.g., an
mRNA, through a post-transcriptional gene-silencing mechanism referred to herein as RNA

wterference or RNAL
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In general, the majority of nucleotides of each strand of a dsRINA molecule are
ribonucleotides, but as described in detail herein, cach or both strands can alse include one or
more non-ribonuclestides, e.g., a deoxyribonucleotide and/or a modified mucleotide. In addition,
as used m this specification, an “RNA1 agent” may inclade nibonucleotides with chemical
modifications; an RNAt agent may include substantial modifications at multiple mucleotides.
Such modifications may include all types of modifications disclosed herein or known in the art.
Any such modifications, as used in a SiRNA type molecule, are encompassed by “RNAJ agent”
for the purposes of this specification and claims.

The duplex region may be of any length that permits specific degradation of a desired
target RNA through a RISC pathway, and may range from about 9 to 36 base pairs in length,
e.g., about 15-30 base pawrs in length, for example, about 9, 10, 11, 12, 13, 14, 15, 16, 17, I8, 19,
20,21,22,23,24,25,26,27, 28,29, 30, 31,32, 33, 34, 35, or 36 base pairs n length, such as
about 15-30, 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21,15-20, 15-19, 15-
18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30,
1929, 19-28, 19-27, 18-26, 19-25, 1924, 19-23, 19-22, 19-21, 19-28, 20-30, 20-29, 20-28, 20~
27,20-26, 20-25, 20-24,20-23, 20-22,20-21, 21-30, 21-29, 2128, 21-27, 21-26, 21-25, 21-24,
21-23, or 21-22 base pairs in length. Ranges and lengths intermediate to the above recited ranges
and lengths are also contemplated to be part of the invention.

The two strands forming the duplex structure may be different portions of one larger
RNA molecnle, or they may be separate RNA molecules. Where the two strands are part of one
farger molecule, and therefore are connected by an uninterrupted chain of nucleotides between
the 37-end of one strand and the 57 -end of the respective other strand forming the duplex
structure, the connecting RNA chain is referred to as a “hairpin loop.” A hairpin loop can
comprise at least one unpaired nucieotide. In some embodiments, the hairpin loop can comprise
at least 2, at feast 3, at least 4, at least §, at least 6, at least 7, at least 8, at least 9, at least 10, at
icast 20, at least 23 or more unpaired nucleotides,

Where the two substantially complementary strands of a dsRNA are comprised by
separate RNA molecules, those molecules need not, but can be covalently connected. Where the
two strands are connected covalently by means other than an aninterrupted chain of nucleotides
between the 37-end of one strand and the 57'-end of the respective other strand forming the duplex
structure, the connecting structure is referred to as a “linker.” The RNA strands may have the
same or a different number of nucleotides. The maximum number of base pairs is the number of
nucleotides m the shoriest strand of the dsRNA minus any ovethangs that are present i the
doplex. In addition to the duplex structure, an RNAI may comprise one or more nucleotide

overhangs.
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In one embodiment, an RNAI agent of the tnvention is a dsRNA of 24-30 nucleotides that
interacts with a target RNA sequence, e.g., a U5 target mRNA sequence, to direct the cleavage of
the target RNA. Without wishing to be bound by theory, long double stranded RNA introduced
nto cells is broken down into siRNA by a Type TI endonuclease knovwn as Dicer (Sharp ef of.
(2001 Genes Dev. 15:485). Dicer, a ribonuclease-IlE-like enzyme, processes the dsRNA into 19-
23 base pair short interfering RNAs with characteristic two base 3' overhangs {(Bernstein, ef ¢f.,
(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 to guide target recognition {(Nvkanen, ef al, (2001} Ced/
107:309). Upon binding to the appropriate target mRNA, one or more endonucleases within the
RISC cleave the target to induce silencing (Elbashir, er ¢/, (2001) Genes Dev. 15:188).

As nsed herein, the term “nucleotide overhang” refers to at feast one unpaired nucleotide
that protrades from the duplex structure of an 1IRNA, 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
nucleotide overhang. A dsRNA can comprise an overhang of at least one nucleotide;
alternatively the overhang can coruprise at least two nucleotides, at Jeast three nucleotides, at
icast four nucleotides, at least five nucleotides or more. A nucleotide overhang can comprise or
consist of a nucleotide/nucleoside analog, including a deoxyrucicotide/mucleoside. 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,

In one embodiment, the antiscnse strand of a dsRNA has a 1-10 nucleotide, eg., a2 1,2, 3,
4,5,6,7, 8,9, or 10 nucleotide, overhang at the 3’-end and/or the §7-end. In one embodiment,
the sense strand of a dsRNA has a 1-10 nucleotide, eg., 21, 2,3,4,5,6,7,8,9, 0r 10
nucleotide, overhang at the 3 7-end and/or the 57-end. In another embodiment, one or more of the
nucleotides m the overhang is replaced with a nucleoside thiophosphate.

“Blunt” or “blunt end” means that there are no unpaired nucleotides at that end of the
double stranded RNAI agent, 1.e., no nucleotide overhang. A “blunt ended” RNA1 agentis a
dsRNA that is double~-stranded over its entire length, i e., no nucleotide 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 tero “antisense strand” or "guide straud” vefers to the strand of aniRNA ez, a
dsRNA, which includes a region that is substantially complementary to a target sequence, e.g., a

5 mRNA. As used herein, the term “region of complementarity” refers to the region on the

antisense strand that is substantially complementary to a sequence, for example a target
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sequence, e.g., a C5 nucleotide sequence, as defined hercin. Where the region of
complementarity is not fully complementary to the target sequence, the mismatches can be in the
internal or terminal regions of the molecule. Generally, the most tolerated mismatches are in the
termunal regions, e.g., within 5, 4, 3, or 2 nucleotides of the 57- and/or 37-terminas of the iIRNA,

The term “sense strand,” or "passenger strand” as used herein, refers to the strand of an
iRNA that includes a region that is substantially complementary to a region of the antisense
strand as that term 1s defined herein.

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

As used herein, and unless otherwise indicated, the term “complementary,” when used to
describe a first nucleotide sequence in relation to a second nucleotide sequence, refers to the
ability of an oligonucleotide or polynucieotide comprising the first nucleotide sequence to
hybridize and form a duplex structure under certain conditions with an oligonucleotide or
polynucieotide comprising the second nucleotide sequence, as will be understood by the skilled
person. Such conditions can, for example, be stringent conditions, where stringent conditions
can include: 400 mM NaCl, 40 mM PIPES pH 6.4, 1 oM EDTA, 50°C or 70°C for 12-16 hours
followed by washing (see, e.g., “Molecular Cloning: A Laboratory Manual, Samibrook, ef af.
{1989) Cold Spring Harbor Laboratory Press). Other conditions, such as physiologically relevant
conditions as can be encountered inside an organism, can apply. The skilled person will be able
to determine the set of conditions most appropriate for a test of corplementanity of two
sequences in accordance with the ultimate application of the hybridized nucleotides,

Complementary scquences within an iIRNA, e.g., within a dsRNA as described herein,
incinde base-pairing of the oligonucieotide or polynucleotide comprising a first nucleotide
sequence to an oligonucleotide or polynucleotide comprising a second nucleotide sequence 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 sequence is
referred to as “snbstantially 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 5, 4, 3 or 2 mismatched base pairs upon hybridization for a duplex up to 30 basc pairs, while
retaining the ability to hybridize under the conditions most relevant to their ultimate application,

e.g., nhibition of gene expression via a RISC pathway. However, where two oligonucleotides
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are designed to form, upon hybridization, one or more single stranded overhangs, such overhangs
shall not be regarded as musmatches with regard to the determination of complementarity. For
example, a dsRNA comprising one oligonucleotide 21 nucleotides in length and another
oligonucieotide 23 nucleotides 1o length, wherein the longer oligonucleotide comprises a
sequence of 21 nucleotides 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 formed entirely
from, non-Watson-Crick base pairs and/or base pairs formed from non-natural and modified
nucleotides, in so far as the above requirements with respect to their ability to hybridize arc
fulfiled. Such non-Watson-Crick base patrs include, but are not limited to, G:U Wobble or
Hoogstein base pairing.

The terms “complementary,” “fully complementary” and “substantially complementary”
herein can be used with respect to the base matching between the sense strand and the antisense
strand of a dsRNA, 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 polymucleotide that is “substantially complementary to at least part of”
a messenger RNA (mRNA) refers to a polynucleotide that is substantially corplementary to a
contiguous portion of the mRNA of interest {e.g., an mRNA encoding C3). For cxample, a
polynucieotide is complementary to at least a part of a C5 mRNA if the sequence is substantially
complementary to a non-interrupted portion of an mRNA encoding CS.

In general, the majority of nucleotides of each strand are ribomucleotides, but as described
in detail heren, cach or both strands can also include one or more non-ribonucleotides, eg., a
deoxyribonucleotide and/or a modified nucleotide. In addition, an “iIRNA” may include
ribonucleotides with chemical modifications. Such modifications may inchude all types of
madifications disclosed herein or known o the art. Any such modifications, as used in an iIRNA
molecule, are cncompassed 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 nhibition mechanism, The single-siranded antisense RNA molecule is complementary
to a 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
obstructing the translation machinery, see Dhas, N. e ¢/, (2002) Mol Cancer Ther 1:347-355.
The single-stranded antisense RNA molecule may be about 15 to about 30 nucleotides in length
and have a sequence that is complementary to a target sequence. For example, the single-

stranded antisense RNA molecule may comprise a sequence that is at least about 15, 16, 17, 18,
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19, 20, or more contiguous nucleotides from any one of the antisense sequences described
herein.

The term “lipid nanoparticle” or “LNP” is a vesicle comprising a lipid layer
encapsulating a pharmacecutically active molecule, such as a nucleic acid molecule, eg., an iIRNA
or a plasmid from which an iIRNA is transcribed. LNPs are described i, for example, U.S.
Patent Nos. 6,858,225, 6,815,432, 8,158,601, and 8,058,069, the entire contents of which are
hereby incorporated herein by reference.

As used herein, a “subject” is an animal, such as a mammal, including a priroaie (such as
a human, s non-human primate, e.g., a monkey, and a chimnpanzee), a non-primate {such as a
cow, a pig, a camel, a llama, a horse, a goat, a rabbit, a sheep, a hamster, a guinea pig, a cat, a
dog, a rat, a mouse, a horse, and a whale), or a bird (e.g., a duck or a goose). In an embodiment,
the subject 1s a human, such as a human being treated or assessed for a disease, disorder or
condition that would benefit from reduction in C5 expression; a human at risk for a disease,
disorder or condition that would benefit from reduction in C5 expression; a human having a
disease, disorder or condition that would benefit from reduction in U5 expression; and/or human
being treated for a disease, disorder or condition that would benefit from reduction i €5
expression as descrived herem,

As used herein, the terms “treating” or “treatment” refer to a beneficial or desired result
including, but not limited to, alleviation or amelioration of one or more symptoms associated
with anwanted complement pathway activation {e.g., hemolysis and/or chronic inflammation);
diminishing the extent of unwanted complement pathway activation; stabihization (i.e., not
worsening) of the state of chronic inflammation and/or hemolysis; amelioration 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 compared to
expected survival in the absence of treatruent.

The term “lower” in the context of the level of a complement component C5 in a subject
or a disease marker or symptom refers to a statistically significant decrease in such level. The
decrease can be, for example, at least 10%, at least 15%, at least 20%, at lcast 25%, at least 30%,
af least 359, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at
least 70%, at least 759, at least 809, at lcast 85%, at least 90%, at least 959%, or more and is
preferably down to a level accepted as within the range of normal for an individual without such
disorder.

As used herein, “prevention” or “preventing,” when used in reference to a discase,
disorder or condition thereod, 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 symptom associated with such

a discase, disorder, or condition, e.g., a svmptom of unwanted complement activation, such as a
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chronic mflammation, hemolysis and/or thrombosis. The likelthood of developing a thrombosis
is reduced, for example, when an individual having one or more risk 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 treattoent as described herem. The
failure to develop a discase, disorder or condition, or the reduction in the development of a
symptom associated with such a disease, disorder or condition {e.g., by at least about 1% on a
chintcally accepted scale for that disease or disorder), or the exhibition of delayed symptoms
delayed (e.g., by days, weeks, months or years) 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 discases are typically
associated with milammation and/or immune system activation, e.g., membrane attack complex-
mediated lysis, anaphylaxis, and/ot hemolysis. Nou-luniting examples of complemeny
component C3-associated diseases include paroxysmal noctumal hemoglobmurna (PNH),
atypical hemolytic uremic syndrome (aHUS), asthma, rheumatoid arthritis {RA);
antiphospholipid antibody syndrome; fupus nephritis; ischemia-reperfusion mjury; typical or
infectious hemolytic uremic syondrome (tHUSY; dense deposit disease (DDD); neuromyelitis
optica (NMO); multifocal motor ncuropathy (MMN); multiple sclerosis (MS); macular
degeneration {e.g., age-related macular degeneration (AMD)); hemolysis, elevated liver
enzymes, and low platelets (HELLP) syndrome; thrombotic thrombocytopenic purpura (TTP);
spontancous fetal toss; Payci-immune vasculitis; epidermotlysis bullosa; recurrent fetal loss; pre-
eclampsia, traumatic brain injury, myasthenia gravis, cold agghutinin disease, dermatonmyositis
bullous pemphigoid, Shiga toxin E. coli-related hemolytic uremic syndrome, C3 nephropathy,
anti-neutrophii cytoplasmic antibody-associated vasculitis {e.g., granulomatosis with polyangiitis
{previously known as Wegener granulomatosis), Churg-Strauss syndrome, and microscopic
polvangitis), humoral and vascular transplant rejection, graft dysfunction, myocardial infarction
{e.g.. tissue damage and ischemia in myocardial infarction), an allogenic transplant, sepsis (e.g.,
poor cutcome in sepsis), Coronary artery discase, dermatomyositis, Graves' discase,
atherosclerosis, Alzheimer's discase, systemic inflammatory response sepsis, septic shock, spinal
cord imyury, glomerulovephritis, Hashimoto's thyrowditis, type T diabetes, psoriasts, pemphigus,
autoimmune hemolytic anemia (ATHA), ITP, Goodpasture syndrome, Degos discase,
antiphospholipid syndrome {APS), catastrophic APS (CAPS), a cardiovascular disorder,
myocarditis, a cerebrovascular disorder, a peripheral {e.g., musculoskeletal) vascular disorder, a
renovascular disorder, a mesenteric/enteric vascular disorder, vasculitis, Henoch-Schonlein
purpura nephritis, systemic lupus erythematosus-associated vasculitis, vasculitis associated with
rheumatoid arthritis, immune complex vasculitis, Takayasu's disease, dilated cardiomyopathy,

diabetic angiopathy, Kawasaki's disease (arteritis), venous gas embolus (VGE), and restenosis
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following stent placement, rotational atherectomy, membraneous nephropathy, Guillain-Barre
syndrome, and percutancous transhuminal coronary angioplasty (PTCA) {see, e.g., Holers (2008}
Immunelogical Reviews 223:300-316; Holers and Tharman (2004) Molecular Immumology
41:147-152; U.S. Patent Publication No. 20070172483).

In one embodiment, a complement 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.g.,
cytopenias, In another embodiment, a complement component CS-associated disease 1s atypical

hemolytic uremic syndrome (aHUS).

if. iRNAs of the Invention

The present invention provides iRNAs which inhibit the expression of a complement
component C5 gene. In one embodiment, the iIRNA agent includes double-stranded ribonucleic
acid (dsRNA) melecules for inhibiting the expression of a C5 gene in a cell, such as a cell within
a subject, e.g., a mammal, such as a human having a complement component C3-associated
disease, e.g., PNH. The dsRNA includes au antisense strand having a region of complementarity
which is complementary to at least a part of an mRNA formed in the expression ofa C3 gene.
The region of complementarity is about 30 nucleotides or less in length (e.g.. about 30, 29, 28,
27,26,25,24,23,22,2%,20, 19, or 18 nucleotides or less in fength). Upon contact with a cell
expressing the O35 gene, the IRNA inhibits the expression of the U5 gene (e.g., a buman, a
primate, a non-primate, or a bird €3 gene) by at least about 10% as assayed by, for example, a
PCR or branched DNA (bDNA}-based method, or by a protein-based method, such as by
immuncfluorescence analysis, using, for example, Western Blotting or flowcytometric
technigues.

A dsRNA inclades two RNA strands that are complementary and hybridize to form a
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 seguence can be derived from
the sequence of an mRNA formed during the expression of a C5 gene. The other strand (the
sense strand ) includes a region that 18 complementary to the antisensce strand, such that the two
strands hybridize and form a duplex structure 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 nucleic acid molecule, as
opposed to being on separate oligonucleotides,

Generally, the duplex structure is between 15 and 30 base pairs in length, e.g., between,
15-26, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-28, 15-19, 15-18, 15-17, 18-
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30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 18-29, 19-28,
19.27, 1926, 19-25, 19-24, 19-23, 19-22, 19.21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-
15,20-24,2(-23, 2022, 20-21, 21-30, 2129, 21-28, 21-27,21-26, 21-25, 21-24, 21-23, oy 21-22
base pairs i length. Ranges and lengths tntermediate 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 m length, eg, between 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15~
21,1520, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 1R-27, 18-26, 18-25, 18-24, 18-23, 1R-22,
18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 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, 20-22, 20-21, 21-30, 21.29, 21-28, 21-27,
21-26,21-25,21-24, 2123, or 21-22 nucleotides in length. Ranges and lengths imtermediate to
the above recifed ranges and lengths are also conteraplated to be part of the mvention,

In 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 general, 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 in length may serve as substrates for Dicer. As the
ordinarily skilled person will also recognize, the region of an RNA targeted for cleavage will
most often be part of a larger RNA molecule, often an mRNA molecule. Where relevant, a
“part” of an mRNA target is a contiguous sequence of an mRNA target of sufficient fength to
allow it to be a substrate for RNAi-directed cleavage (i.e., cleavage through a RISC pathway).

One of slall in the art will also recognize that the duplex region is a primary functional
portion of a dsRNA, e.g., a duplex region of about 9 to 36 base paurs, e.g., about 10-36, 11-36,
12-36, 1336, 14-36, 15-36, 9-35, 10-35, 1135, 12-35, 13-35, 14-35, 15-35, 9-34, 10-34, 11-34,
12-34,13-34, 14-34, 15-34, 9-33, 10-33, 11-33, 12-33, 13-33, 14-33, 15-33,9-32, 10-32, 11-32,
12-32,13-32, 14-32, 15-32, 9-31, 10-31, 11-31, 12-31, 13-32, 14-31, [5-31, 15-30, 15-29, 15-28,
15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-1§, 15-17, 18-30, 18-29, 18-
28, 1827, 18-26, 18-25, 18-24, 18-23, 18-22, 1821, 18-20, 19-30, 19-2%, 19.28, 19-27, 19-26,
19-25,16-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24 20-
23,20-22,20-21,21-30, 21-29, 2128, 21-27,21-26, 21-25, 21-24, 21-23, or 21-22 base paws.
Thus, in one embodiment, to the extent that it becomes processed to a functional duplex, ofeg,
15-30 base pairs, that targets a desired RNA for cleavage, an RNA molecule or complex of RNA
molecules having a duplex region greater than 30 base pairs i1s a dsRNA. Thus, an ordinarily
skilled artisan will recognize that i one erobodiment, a miRNA 5 a dsRNA, In another
embodiment, a dsRNA is not a naturally occurring miRNA. In another embodiment, an iIRNA
agent useful to target C5 expression is not generated in the target cell by cleavage of a larger
dsRNA.
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A dsRNA as deseribed herein can further include one or more single-stranded nucleotide
overhangs e.g., 1, 2, 3, or 4 nucleotides. dsRNAs having at least one nucleotide overhang can
have unexpectedly superior inhibitory properties relative to their blunt-ended counterparts. A
nucleotide 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.

A dsRNA can be synthesized by standard methods known w the art as further discussed
below, e.g., by use of an automated DNA synthesizer, such as are commercially available from,
for cxampie, Biosearch, Applied Biosystems, Inc.

iRNA compounds of the invention may be prepared using a two-step procedure. First, the
mndividual strands of the double-stranded RNA molecnle are prepared separately, Then, the
component strands are annealed. The individual 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 oligonucleotide strands comprising unnatural or modified nucleotides can be
easily prepared. Sigle-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, 8
scnse sequence and an anti-sense sequence. The sense strand is selected from the group of
sequences provided in any one of Tables 3, 4, 5, 6, 18, 19, 28, 21, and 23, and the corresponding
antisense strand of the sense strand ¢ selected from the group of sequences of any one of Tables
3,4,5,6,18,19,20, 21, and 23. In this aspect, one of the two scquences is complementary to
the other of the two sequences, with one of the sequences being substantially complementary to a
sequence of an mRNA generated in the expression of a 5 gene. As such, in this aspect, a
dsRINA will inclode two oligonucleotides, where one oligonucleotide s described as the sense
strand in any one of Tables 3,4, 5, 6, 18, 19,20, 21, and 23, and the sccond oligonucleotide 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
dsRNA are contamed on separate oligonucleotides. In another embodiment, the substantially
complementary sequences of the dsRNA are contained on a single oligonucleotide.

It will be understood that, although some of the sequences in Tables 3, 4, 5, 6, 18, 19, 20,
21, and 23 are deseribed as modified and/or conjugated sequences, the RNA ofthe iRNA of the
invention e.g., a dsRNA of the invention, may comprise any one of the sequences set forth 1o
Tables 3,4, 5,6, 18, 19, 20, 21, and 23 that 1s un-modified, un-conjugated, and/or modified

and/or conjugated differently than described therein.
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The skilled person is 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 ef of., EMBO 2001, 20:6877-6888). However, others have found
that shorter or longer RNA duplex structures can also be etfective {Chu and Rana (2007) RNA4
14:1714-1719; Kim et al. (2005} Nat Biotech 23:222-226). In the embodiments described above,
by virtue of the nature of the oligonucicotide 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
nunially 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 fow nucleotides on
one or both ends can be similarly effective as compared to the dsRNAs described above. Hence,
dsRNAs having a sequence of at feast 15, 16, 17, 18, 19, 20, or more contiguous micleotides
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 §, 10, 15,
24, 25, or 30 % inhibition from a dsRNA comprising the full sequence, are contemplated 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 CS transcript that is susceptibic to RISC-mediated cleavage. As such, the
present invention further features iIRNAs that target within one of these sites. As used herein, an
iRNA is said to target within a particular site of an RNA transcript if the iRNA promotes
cleavage of the transcript anywhere within that particular site. Such an iIRNA will generally
melude at least 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 contigucus to the selected sequence in a C5 gene.

While a target sequence is generally about 15-30 nucleotides in length, there is wide
variation i the suitability of particular sequences in this range for duecting cleavage of any
given target RNA, Various sofiware 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 also be taken in which a “window” or “mask™ of a given size (as a non-limiting
example, 21 nucleotides) is lierally or figuratively (neluding, e.g., w silico) placed on the target
RINA sequence to identify sequences in the size range that can serve as target sequences, By
moving the sequence “window” progressively one nucleotide upstream or downstream of an
mnitial target sequence location, the next potential target sequence can be identified, until the
complete set of possible sequences 1s identified for any given target size selected. This process,
coupled with systematic synthesis and testing of the identified sequences (using assays as
described herein or as known in the art) to identify those sequences that perform optimally can

identity those RNA sequences that, when targeted with an iRNA agent, mediate the best
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inhibition of target gene expression, Thus, while the seguences identified, for example, in any
onc of Tables 3,4, 5,6, 18, 19,20, 21, and 23 represent effective target sequences, it is
contempiated that further optimization of inhibition efficiency can be achieved by progressively
“walking the window” one nucleotide upsircam ot downstream of the given sequences o
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, further optimization could be achieved by systematically either
adding or removing mucleotides to generate longer or shorter sequences and testing those
sequences generated by walking a window of the longer or shorter size up or down the targe
RNA from that point. Again, coupling this approach to generating new candidate targets with
testing for effectiveness of iIRNAs based on those target sequences in an inhibition assay as
known 1o the art and/or as described herein can lead fo further improvements in the etficiency of
inhibition, Further still, such optimized sequences can be adjusted by, e.g., the introduction of
modified nucleotides as described herein or as known m the art, addition or changes in overhang,
or other modifications as known in the art and/or discussed herein to further optimize the
molecule {e.z., ocreasing serurn stability or eirculating half-life, mereasing thermal stabiluy,
enhancing transmembrance delivery, targeting to a particular location or cell type, increasing
interaction with silencing pathway enzymes, increasing release from endosomes) as an
expression inhibitor.

An 1RNA as described herein can contain one or more mismatches to the target sequence.
{n one embodiment, an iIRNA as described herem contains no more than 3 mismatches, If the
antisense strand of the IRNA contains mismatches to a target sequence, it is preferable that the
arca of mismatch is not located in the center of the region of complementarity. If the antisense
strand of the iIRNA contains mismatches to the target sequence, it is preferable that the mismatch
be restricted to be within the last 5 nucleotides from either the 5°- or 37-end of the region of
complementarity. For example, for a 23 nucleotide iRNA agent the strand which is
complementary to a region of a C5 gene, generally does not contain any mismatch within the
central 13 nucleotides. The methods described herein or methods known tn the art can be used to
deterroine whether an IRNA contamning a mismatch to a target sequence is effective w jnhibiting
the expression of a C5 gene. Consideration of the efficacy of iRNAs with mismatches in
inhibiting expression of a C5 gene is important, especially if the particular region of
complementarity in a C5 gene is known to have polymorphic sequence variation within the

population,
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{if. Modified IRNAs of the [nvention

In one embodiment, the RNA ofthe iRNA of the invention e.g., a dsRNA, is un-
modified, and does not comprise, e.g., chemical modifications and/or conjugations known in the
art and described herein. In another embodiment, the RNA of an iRNA of the invention, e.g., a
dsRNA, is chemically modified to enhance stability or other beneficial characteristics. In
certain embodiments of the invention, substantially ali of the nucleotides of an i1RNA of'the
nvention are modified. ln other embodiments of the invention, all of the pucieotides of an iIRNA
of the mvention are modified. iIRNAs of the invention m which “substantially all ofthe
nucleotides are modified” are largely but not wholly modified and can include not more than 5,
4, 3,2, or 1 unmodified nucleotides.

The nucleic acids featured in the invention can be synthesized and/or modified by
methods well established in the art, such as those described m “Current protocoels in nucleic acid
chemistry,” Beaucage, S.L. er ¢/, (Edrs.), John Wiley & Sons, Inc., New York, NY, USA, which
is hereby incorporated herein by reference. Modifications include, for example, end
modifications, e.g., 5’-end modifications (phosphorylation, conjugation, inverted linkages}) or
37-end modifications (conjugation, DNA nucleotides, inverted linkages, erc.); base
modifications, e.g., replacement with stabilizing bases, destabilizing bases, or bases that base
pair with an expanded repertoire of partners, removal of bases (abasic nucleotides), or
conjugated 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
phosphodiesier Hnkages., Specific examples of iIRNA compounds useful in the embodiments
described herein include, but are not limited to RNAs containing modified backbones or no
natural internucleoside linkages. RNAs having medified backbones mclude, among others, those
that do not have a phosphorus atom in the backbone. For the purposes of this specification, and
as sometimes referenced m the art, modified RNAs that do vot have a phosphorus atom in their
internucleoside backbone can also be considered to be oligonucleosides. In some embodiments,
a modified iIRNA will have a phosphorus atom in its intermnucieoside backbone.

Modified RNA backbones include, for example, phosphorothioates, chiral
phosphorothioates, phosphorodithioates, phosphotriesters, aminoalkylphosphotriesters, methyl
and other alkyl phosphonates including 3'-alkylene phosphonates and chiral phosphonates,
phosphinates, phosphoramidates including 3'-amino phosphoramidate and
ammnoalkyiphosphoramidates, thionophosphoramudates, thionoalkylphosphonates,
thionoalkylphosphotriesters, and boranophosphates having normal 3'-5' linkages, 2'-5"-linked
analogs of these, and those having inverted polarity wherein the adjacent pairs of nucieoside
units are linked 3°-5"to 83" or 2'-5" to 32", Various salts, mixed salts and free acid forms are

also mchuded.
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Representative U.S, patents that teach the preparation of the above phosphorus-
containing linkages inclade, but are not limited to, U.S. Patent Nos. 3,687 808; 4,469 863;
4,476,301, 5,023,243, 5,177,195, 5,188,897, 5,264,423, 5,276,019; 5,278,302; 5,286,717,
5,321,131; 5,399,676; 5,405,939, 5,453,496; 5,455,233, 5,466,677; 5,476,925, 5,519,126;
5,536,821;5,541,316; 5,550,111; 5,563,253; 5,571,799; 5,587,361, 5,625,050; 6,028, 188;
0,124,445; 6,160,109; 6,169,170; 6,172,209; 6, 239,265; 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
7,015,315, 7,041 816; 7,273,933, 7,321,029, and US Pat RE39464, the cntire contents of cach of
which are hereby mcorporated herein by reference.

Meodified RINA backbones that do not include a phosphorus atom therein have backbones
that are formed by short chain alkyl or cyeloalkyl internmucleoside linkages, mixed heteroatoms
and alkyl or cycloalkyl internucicoside hinkages, or one or more short chain heteroatomic or
heterocyelic internuclooside linkages. These include those having morpholine linkages (formed
in part from the sugar portion of a nucleoside); siloxane backbones; sulfide, sulfoxide and
sulfone backbones; formacetyl and thioformacetyl backbones; methvlene formacetyl and
thioformacetyl backbones; alkene containing backbounes; sulfamate backbouves; ethyleneumino
and methyienchydrazino backbones; sulfonate and sulfonamide backbones; amide backbones;
and others having mixed N, O, S and CH, component parts.

Representative U.S, patents that teach the preparation of the above oligonucicosides
inchude, but are not limited to, U.S. Patent Nos. 5,034,506; 5,166,315, 5,185,444, 5214,134,
5,216,141; 5,235,033; 5,64,562; 5,264,564, §5,405,938; 5,434,257, 5,466,677, 5,470,967,
5,489.677; 5,541,307; 5,561,225; 5,596,086; 5,602,240; 5,608,046; 5,610,289; 5,618,704
5,623,070; 5,663,312; 5,633,360; 5,677.437; and, 5,677,439, the entire contents of each of which
are hereby incorporated herein by reference.

In other erobodiments, suitable RINA mimetics are conternplated for use in iIRNAs, in
which both the sugar and the internuclcoside linkage, i.e., the backbone, of the nucleotide units
are replaced with novel groups. The base units arc maintained for hybridization with an
appropriate nocleic acid target compound. One such oligomeric compound, an RNA mimetic that
has been shown to have excellent hybridization properties, 18 referred to as a peptide nucleic acid
(PNA). In PNA compounds, the sugar backbone of an RNA is replaced with an amide containing
backbone, in particular an aminoethylglycine backbone. The nuclecbases are retained and are
bound directly or indirectly to aza nitrogen atoms of the amide portion of the backbone.
Representative U3, patents that teach the preparation of PNA compounds inclade, but are not
limited 1o, U.S. Patent Nos. 5,539,082; 5,714,331, and 5,719,262, the entire contents of cach of

which are hereby mcorporated herein by reference. Additional FNA compounds suitable for use
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in the iIRNAs of the invention are described in, for example, in Niclsen ef af., Science, 1991, 254,
1497-1500.

Some embodiments featured i the invention include RNAs with phosphorothioate
backbones and oligonucleosides with heteroatom backbones, and in particular --CHz~-NH--CH;-,
~~CHy--N{(CH3}--0--CHy--[known as a methylene (methylimino} or MMI backbone], --CHy--O--
N{CH;3)--CHy--, --CH3--N{CH:}--N{CH3}--CHy-- and --N{CH3)}--CH;--CH;--[wherein the native
phosphodiester backbone is represented as ~-0--P--O--CHj--] of the above-referenced ULS.
Patent No., 5,489,677, and the amide backbones of the above-referenced ULS. Patent No,
5,602,240, In some embaodiments, the RNAs featured herein have morpholino 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 iRNAg,
e.g., dsRNAs, featured herein can include one of the following at the 2'-position; OH; F; O, S,
or N-alkyl; O-, -, or N-alkenyl; O-, S- or N-alkynyl; or O-alkyl-O-alkyl, wherein the alkyl,
alkenvl and alkynyl can be substituted or unsubstituted C; to Cp atkyl or C; to Cy altkenyl and
allynyl. Exemplary suitable modifications include O[{CH, 1O oCHa, O(CH2)L.0CH;,

O(CH N, G(CHy 3 2CH, O(CH),ONIL, and O{CH)L,ON[(CHL)LCHi Y2, where noand m are
from | to about 10, In other embodiments, dsRNAs mchude one of the following at the 2°
position: Cy to Cyp lower alkyl, substituted lower alkyl, alkaryl, aralkyl, G-alkarvl or O-aralkyl,
SH, SCH;, OCN, (1, Br, ON, CFs, OCF,, SOCH;, SOCH;, ONG,, NGy, Ni, NH;,
heterocycloalkyl, heterocyeloalkaryl, aminoalkylamino, polvalkylamino, substituted silvl, an
RINA cleaving group, a reporter group, an intercalator, a group for improving the
pharmacokinetic propertics of an iIRNA, or a group for improving the pharmacodynamic
properties of an iIRNA, and other substituents having simifar propertics. In some embodiments,
the modification includes a Z-methoxyethoxy (2-0--CHCHL,OCH;, also known as 2-0-(2-
methoxyethyl) or 2-MOE) (Martin et af., Helv. Chim. Acra, 1995, 78:486-504) i.e., an alkoxy-~
alkoxy group. Another exemplary modification 18 2-dimethylammooxyethoxy, i.e., a
O{CH; ) ON(CHs ), group, also known as 2-DMAOE, as described in exampices herein below,
and 2'-dimethyvlaminoethoxyethoxy (also known in the art as 2-O-dumethyviaminoethoxyethyl or
P-DMAEOE), ie., 2-0-~CH;--O--CH,--N{CHy )2,

Other modifications include 2'-methoxy (2'-0OCH;), 2'-aminopropoxy (2'-
OCH,CHCHNH, Y and 2'-fluoro (2-F). Similar modifications can also be made at other
positions on the RNA of an iRNA, particnlarly the 3' position of the sugar on the 3' terminal
nucleotide or i 2°-5" linked dsRNAs and the §' position of 5" terminal nucleotide. iIRNAs can also
have sugar mimetics such as cyclobutyl moicties in place of the pentofuranosyl sugar.
Representative ULS. patents that teach the preparation of such modified sugar structures inchude,
but are not limited to, U.S. Pat. Nos. 4,981,957; 5,118,80{0: 5,319,080, 5,359,044; 5,393 &78;
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5,446,137; 5,466,786, 5,514,785; 5,519,134, 5.567,811; 5,576,427, 5,591,722; 5,597,909;
5,010,300; 5,627,053; 5,639,873; 5,646,265; 5,658,873; 5,670,633; and 5,700,920, certain of
which are commonty owned with the instant application,. The entire contents of cach of the
foregomg are hereby incorporated herein by reference.

An iIRNA can also include nucleobase (ofien referred to in the art simply as “base”)
modifications or substitutions. As used herein, “unmedified” or “natural” nucleobases include
the purine bases adenine (A) and guanine (3}, and the pyrimidine bases thymine (T), cytosing
(Cyand uracil (U). Modified nucleobases inclade other synthetic and natural nucleobases such as
deoxy-thymine {(dT}, S-methvicytosine (5-me-C}, S-hydroxymethyl cytosine, xanthine,
hypoxanthine, 2-aminoadenine, 6-methyl and other alkyl derivatives of adenine and guanine, 2~
propyl and other alky! derivatives of adenmne and guanine, 2-thiouracil, 2-thiothymine and 2-
thiocytosine, S-halouracil and cytosine, S-propynyl uraci] and cviosing, 6-azo uracil, cytosine
and thymine, S-uracil (pseudouracil), 4-thiouracil, 8-halo, 8-amino, &-thiol, 8-thicalkyl, &-
hydroxyl anal other 8-substituted adenines and guanines, 5-halo, particularly 5-bromo, 5-
trifluoromethyl and other S-substituted uracils and cytosines, 7-methylgnanine and 7-
methyladenine, R-azaguanine and §-azaadenive, 7-deazaguanine and 7-daazaadenime and 3-
dearaguanine and 3-deazaadenine. Further nucleobases include those disclosed in ULS. Pat, No.
3,087,808, those disclosed in Medified Nucleosides in Biochemistry, Biotechnology and
Medicine, Herdewijn, 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 & Sons,
1999, these disclosed by Englisch e al., Angewandte Chermie, International Edition, 1991, 30,
613, and thosc disclosed by Sanghvi, Y S., Chapter 15, dsRNA Research and Applications, pages
289-302, Crooke, 8. T, and Leblen, B., Ed., CRC Press, 1993, Certain of these nucleobases are
particularty useful for increasing the binding affinity of the oligomeric compounds featured in
the invention. These melude S-substituted pyrinudines, 6-azapyrimidines and N-2, N-6 and (-6
substituted purines, incliding 2-aminopropvladenine, S-propynyluracil and 5-propynyleytosine,
S-methylcytosine substitutions have been shown to increase nucleic acid duplex stability by 0.6~
1.2°C (Sanghvi, Y. 5., Crooke, 5. T. and Leblen, B, Eds., dsRNA Research and Applications,
CRC Press, Boea Raton, 1993, pp. 276-278) and are exeraplary base substifutions, even more
particularly when combined with 2'-O-methoxyethyl sugar modifications,

Representative 1S, patents that teach the preparation of certain of the above noted
modified nucleobases as well as other modified nucleobases include, but are not Hmited to, the
above noted .S, Patent Nos. 3,687,808, 4,845 .208; 5,130,30; 5,134,064; 5,175,273, 5,367 066;
5432,272; 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; 6,166,197
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222,025, 6,235,887 6,380,368; 6,528,640, 6,639,0062; 6,617,438, 7,045,610; 7,427,672; and
7.495,088, the entire contents of cach of which arc hereby incorporated herein by reference.

The RNA of an iRNA can also be modified to include one or more locked nucleic acids
{(LNA}. A locked nucleic acid is a nucleotide having a modified ribose moiety in which the
ribose moicty comprises an extra bridge connecting the 2" and 4' carbons. This structure
effectively "locks" the ribose in the 3-endo structural conformation. The addition of locked
nucleic acids to siRNAs has been shown to increase siRNA stability in serum, and to reduce off-
target etfects (Ehmen, 1. e7 af., (2005) Nucleic Acids Research 33{11:439-447; Mook, OR. ef @/,
(2007) Mof Canc Ther 6(3):833-843; Granweller, A, ef al., (2003) Nucleic Acids Research
3T(1233185-3193).

Representative U.S, Patents that teach the preparation of locked mucleic acid nucleotides
mnelude, but are not limited to, the following: U.S. Patent Nos, 6,268,490; 6,670,461; 6,794,499;
6,998,484 7,083,207, 7,084,125, and 7,399,845, the entire contents of cach of which are hereby
mcorporated herein by reference.

Potentially stabilizing modifications to the ends of RNA miolecules can include N-
{acetylaminocaproyl-4-hydroxyprolinol (Hyp-Co-NHAc), N-(caproyi-4-hydroxyprolinol (Hyp-
€6}, N-{acetyl-4-hydroxyprolinol (Hyp-NHAc), thymidine-2'-0-deoxythymidine (ether), N-
{aminocaproyh-4-hydroxyprolinol (Hyp-Cé6-amino), 2-docosanoyl-uridine-3"- phosphate,
inverted base dT(dT) and others. Drisclosure of this modification can be found i PCT
Publication No. WO 2011/005861.

A. Modified iRNAs Comprising Motifs of the Invention

In 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, 2011, or 1o PCT/USZ012/065691, filed on
MNovember 16, 2012, the entire contents of each of which arc incorporated herein by reference.

As shown herein and in Provisional Application No. 61/561,710 or PCT Application No.
PCT/US2012/065691, a superior result may be obtained by introducing one or more motifs of
three wdentical oodifications on three consecutive nucleotides mto a sense strand and/or
antisense strand of an RNA1 agent, particularly at or near the cleavage site. In some
embodiments, the sense strand and antisense strand of the RNAI 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 RNAI agent may be optionally conjugated
with a GalNAc derivative ligand, for instance on the sense strand. The resulting RNAi agents

present superior gene silencing activity.
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More specifically, it has been surprisingly discovered that when the sense strand and
antisense strand of the double-stranded RNA1 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 auv RNAG agend, the gene silencing acitivity of the RNAJ agent was
superiorly enhanced.

Accordingly, the mvention provides double-stranded RNAI agents capable of inhibiting
the expression of a target gene (J.e., a complement component CS (C5) gene) in vive. The RNAJ
ageut coruprises 4 sense strand and an antisense strand. Each strand of the RNA1 agent may
range from 12-30 nucleotides i 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 n length, 17-19 nucleotides in length,
19-25 gucleotides m length, 19-23 nucleotides in length, 19-21 nucleotides m 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 berein as an “RNAi agent.” The duplex region of an RNA1 agent
may be [2-30 nucleotide pairs in length. For exaruple, the doplex region can be between 14-30
nucleotide pairs i length, 17-30 nucleotide pairs in length, 27-30 nucleotide pairs in length, 17 -
23 nucleotide pairs in length, 17-21 nucleotide pairs in length, 17-19 nucleotide pairs in length,
19.25 nucleotide pairs in length, 19-23 nucleotide pairs in length, 19- 21 nucleotide pairs in
length, 21-25 nucleotide pairs in length, or 21-23 mucleotide pairs in length. In another example,
the duplex region 1s selected from 15, 16, 17, 18, 19,20, 21, 22, 23,24, 25, 26, and 27
nucleotides in length,

In one embodiment, the RNAI agent may contain one or more overhang regions and/or
capping groups at the 37-end, S7-end, or both ends of one or both strands. The overhang can be
1-6 nueleotides in length, for instance 2-6 nucleotides m length, 1-5 mucleotides ju length, 2-5
nucleotides m length, 14 nucleotides in length, 2-4 nucleotides in length, 1-3 nucleotides in
length, 2-3 nucleotides in length, or 1-2 nucleotides in length. The overhangs can be the result of
one strand being longer than the other, or the result of two strands of the same length being
staggered. The overhang can form a musmatch with the target mRNA or it can be
complementary to the gene sequences being targeted or can be another sequence, The first and
second strands can also be joined, e.g., by additional bases to form a hatrpin, or by other non-
base linkers.

In one embodiment, the nucleotides i the overhang region of the RNA: agent can each
independently be a modified or unmodified nucleotide meluding, but no limited to 2’~-sugar
modified, such as, 2-F, 2°-Omethyl, thymidine (T}, 2 -O-methoxyethyl-5-methyluridine {Teo),

27-O~methoxyethvladenosine (Aeo), 27-O-methoxyethyl-S-methvicytidine (m3Ceo), 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
to the gene sequences being targeted or can be another sequence.

The 57~ or 37- overhangs at the sense strand, antisense strand or both strands of the RNAi
agent may be phosphorylated. In some embodiments, the overhang region{(s) contains two
nucleotides having a phospherothioate between the two nucicotides, where the two nucleotides
can be the same or different. In one embodiment, the overhang is present at the 37-end of the
sense strand, antisense sirand, or both strands. In one embodiment, this 3’-overhang is present 1o
the antisense strand.  In one embodiment, this 3 -overhang is present in the sense strand.

The RNAI agent may contain only a single overhang, which can strengthen the
interference activity of the RNA1, without affecting its overall stability. For example, the single-
stranded overhang may be located at the 3'-termnal end of the sense strand or, alternatively, at
the 3'-terminal end of the antisense strand. The RWNA1 may also have a blunt end, located at the
5’-end of the antisense strand {or the 3 -ond of the sense strand} or vice versa. Generally, the
antisense strand of the RNAJ has a nucleotide overhang at the 37-end, and the 57-end is blunt.
While not wishing to be bound by theory, the asymunetric bhunt end at the 57-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 is a double ended bluntmer of 19 nucleotides in
length, wherein the sense strand contains at least one motif of three 2°-F modifications on three
consecutive nucleotides at positions 7, 8, 9 from the $'end. The antisense strand contains at least
one motif of three 2°-O-methyl modifications on three consecutive nucleotides at positions 11,
12, 13 from the 5’end.

I another embodiment, the RNAT agent is a double ended bluntmer of 20 nucleotides n
length, wheren the sense strand contains at least one motit of three 27-F modifications on three
consecutive nucleotides at positions 8, 9, 10 from the S’end. The antisense strand contains at
least one motif of three 27-O-methyl modifications on three consecutive nucleotides at positions
11, 12, 13 from the S'end.

In yet another embodiment, the RNA agent s a double ended bluntmer of 21 nucleotides
in length, wherein the sense strand contains at least one motif of three 2°-F modifications on
three consecutive nucleotides at positions 9, 10, 11 from the 5'end. The antisensc strand
contains at least one motif of three 27-O-methyl modifications on three consecutive nucleotides
at positions 11, 12, 13 from the S'end.

In one embodiment, the RNA1 agent comprises a 21 nucleotide sense strand and a 23
macleotide antisense strand, wherein the sense strand contains at least one motif of three 2°-F

modifications on three consecutive nucleotides at positions 9, 10, 11 from the S7end; the
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antiscnse strand contains at least one motif of three 2°-0O-methyl modifications on three
consecutive nucleotides at positions 11, 12, 13 from the S’end, wherein one end of the RNA
agent is bhumt, while the other end comprises a 2 nucleotide overhang. Preferably, the 2
nucleotide overhang is at the 37-end of the antisense strand. When the 2 nucleotide overhang s
at the 37-cnd of the antisense strand, there may be two phosphorothicate mternucleotide linkages
between the terminal three nucleotides, wherein two of the three nucleotides are the overhang
nucleotides, and the third nucleotide is a paired nucleotide next to the overhang nucleotide. In
one embodiment, the RNAJ agent additionally has two phosphorothicate interoucleotide linkages
between the terminal three nucleotides at both the 5°-end of the sense strand and at the 5°-end of
the antisense strand. In one embodiment, every nucleotide in the sense strand and the antisense
strand of the RNA1 agent, including the nucleotides that are part of the motifs are modified
nucleotides. In one emwbodiment cach residue s independently muodified with a 2°-O-methyl or
3’-fluoro, e.g., in an alternating motif. Optionally, the RINA: agent further comprises a ligand
{preferably GaiNAcs).

In one embodiment, the RNA1 agent comprises a sense and an antisense strand, wherein
the sense strand 8 25-30 nucleotide residues ju length, wherein starting from the 5 terminal
nucleotide (position 1) positions 1 to 23 of the first strand corprise at least § ribomuclectides; the
anttisense strand is 36-66 nucleotide residues inn length and, starting from the 3' terminal
nucleotide, comprises at least 8 ribonuclectides in the positions paired with positions - 23 of
sense strand to form a duplex; wherein at least the 3 "terminal nocleotide of antisense strand s
unpaired with sense strand, and up o 6 consecutive 3" terminal nucleotides are unpaired with
sense strand, thereby forming a 3’ single stranded overhang of 1-6 nucleotides; wherein the §'
terminus of antisense strand comprises from 10-30 consecutive mucleotides which are unpaired
with sense strand, thereby forming a 10-30 nucleotide single stranded 5" overhang; wherein at
icast the sense strand §' termunal and 3' terminal nucleotides are base pawred with nucleotides of
antiscnse strand when sensc and antisense strands are aligned for maximum complementarity,
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 ribonucleotides
of antisense strand length to reduce target gene expression when the double stranded nucleic acid
is introduced into a mammalian cell; and wherem the sense strand contains at least one motifof
three 2°-F modifications on three consecutive nucleotides, where at Ieast one of the motifs occurs
at or near the cleavage site. The antisense strand contains at least one motif of three 27-O-methyl
modifications on three consecutive mucleotides at or near the cleavage site.

In one embodiment, the RINA1 agent comprises sense and antisense strands, wherein the
RNA1 agent comprises a first strand having a length which is at least 25 and at most 29

nucleotides and a second strand having a length which is at most 30 nucleotides with at least one
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motif of three 27-O-methyl modifications on three consecutive nucleotides at position 11, 12, 13

from the 5" end; wherein the 37 end of the first strand and the 57 end ofthe second strand form a

N

blunt end and the second strand i3 1-4 nucleotides longer at its 37 end than the first strand,
wherem the duplex region region which s at least 25 nucleotides in length, and the second strand
is sufficiently complemenatary to a target mRNA along at least 19 nucleotide of the second
strand fength to reduce target gene expression when the RNAi agent is introduced into a
mammalian cell, and wheren dicer cleavage of the RNA1 agent preferentially results in an
siRNA comprising the 37 end of the second strand, thereby reducing expression of the target
gene in the mammal. Optionally, the RNAG agent further comprises a ligand.

In one embodiment, the sense strand of the RNAI agent contains at least one motif of
three identical modifications on three consecutive nucleotides, where one of the motifs occurs at
the cleavage site in the sense strand,

Inn 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 motifg
ocours at or near the cleavage site in the antisense strand

For an RNAt agent baving a duplex region of 17-23 nucleotide i length, the cleavage
site of the antisense strand is typically around the 10, 11 and 12 positions from the 5’-end. Thus
the motifs of three wdentical modifications may occur at the 9, 10, 11 positions; 10, 11, 12
positions; F1, 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 57-end of the antisense strand, or, the
count starting from the 1™ paired nucleotide within the duplex region from the 5°- end of the
antisense strand. The cleavage site in the antisense strand may also change according to the
iength of the duplex region of the RNAI from the 5’-end.

The sense strand of the RNAJ agent may contain at least one motif of three identical
madifications on three consecutive rucleotides at the cleavage site of the strand; and the
antiscnse 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 nucleotides on the
antisense strand have at least one mucleotide overlap, /.e., at least one of the three nucleotides of
the motif in the sense strand forms a base pair with at [east one of the three nucieotides of the
motifin the antisense strand. Alternatively, at least two mucleotides may overlap, or all three
nucleotides may overlap.

In one embodiment, the sense strand of the RNAI agent may contain more than one motif
of three identical modifications 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 a motif occurring at another portion of the strand that s
separated from the motif at or near the cleavage site of the same strand. The wing medification is
either adajacent to the first motif or is separated by at least one or more nucleotides. When the
motifs are immediately adjacent to each other then the chermstry of the motifs are distinet from
cach other and when the motifs are separated by one or more nucleotide than the chemistries can
be the same or different. Two or more wing modifications may be present. For instance, when
two wing modifications are present, each wing modification may occur at one end relative to the
first motif which is at or near cleavage site or on either side of the lead mouf

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

In one embodiment, the wing meodification on the sensc strand or antisense strand ofthe
RNAI agent typically does not include the first one or two terminal mucleotides at the 37-end, 5°-
end or both ends of the strand.

In another embodiment, the wing modification on the sense strand or antisense strand of
the RNAI agent typically does not inchude 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 strand and the antisense strand of the RNA§ agent each contain at least
one wing modification, 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 agent each contain at least
two wing modifications, the sense strand and the antisense strand can be so aligned that two
meodifications each from one strand fall ouv one end of the duplex region, having an overlap of
one, two or three mucleotides; two modifications cach fiom one strand fall on the other end of the
duplex region, having an overlap of one, two or three nucleotides; two modifications one strand
fall on cach side of the lead motif, having an overlap of one, two or three nucleotides in the
duplex region,

Int one embodiment, every nucleotide in the sense strand and antisense strand of the
RINNAL agent, including the nucleotides that are part of the motifs, may be modified. Each
nucleotide may be modified with the same or different modification which can include one or
more alteration of one or both of the non-linking phosphate oxygens and/or of one or more of the
linking phosphate oxygens; alteration of a constituent of the ribose sugar, e.g., of the 27 hydroxyl

on the ribose sugar; wholesale replacement of the phosphate moicty with “dephospho” linkers;
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modification or replacement of a naturally occurring basc; and replacement or modification of
the ribose-phosphate backbone.

As nucleic acids are polymers of subunits, many of the modifications occur at a posttion
which is repeated within a nocleic acid, e.g., a modification of a base, or a phosphate moiety, or a
non-linking O of a phosphate moiety. In some cases the modification will occur at all of the
subject positions in the nucleic acid but in many cases it will not. By way of example, a
modification may only occur at a 37 or 3”7 terminal position, may only oceur in a terminal region,
e.g., at a position on a terminal nucleotide or in the last 2, 3, 4, S, or 10 nucleotides of a strand.
A medification may occur in a double strand region, a single strand region, or in both. A
meodification may occur only in the double strand region of a RNA or may only cccur in a single
strand region of a RNA. For example, a phosphorothioate modification at a non-linking O
position may only occur at one or both termini, may only occur in a termunal region, e.g., at a
position on a terminal nucleotide or in the last 2, 3, 4. 5, or 10 nucleotides of a strand, or may
occur in double strand and single strand regions, particularly at termini. The 5° end or ends can
be phosphorylated.

It may be possible, e.g., to enhance stability, to include particular bases i overhangs, or
to melude modified nucleotides or nucleotide surrogates, in single strand overhangs, eg.,ina §’
or 37 overhang, or in both. For example, it can be desirable to inchide purine nucleotides in
overhangs. In some embodiments all or some of the bases in a 3" or 5" overhang may be
modified, e.g., with a modification descnibed herein. Modifications can include, e.g., the use of
modifications at the 27 position of the ribose sugar with modifications that are known o the art,
e.g., the use of deoxyribonucleotides, , 2°-deoxy-2-fhuoro (2°-F) or 2°-O-methyl modified
instead of the ribosugar of the mucleobase , and modifications in the phosphate group, e.g.,
phosphorothioate modifications. Overhangs need not be homologous with the target sequence.

In one embodiment, cach residue of the sense strand and antisense strand 18
independently modified with LNA, HNA, CeNA, 2 -methoxyethyl, 2°~ C-methyl, 2°-O-allyl, 2°-
C- allyl, 27-deoxy, 2 -hydroxyl, or 2 -fluoro. The strands can contain more than one
modification, In one embodiment, each residue of the sense strand and antiscuse strand is
independently modified with 2°- O~-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°- O-methyl or 2’ -fluoro modifications,
or others.

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

may refer to one per every other mucleotide or one per every three nucleotides, or a similar
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pattern. For example, if A, B and C cach represent one type of modification to the nucleotide,
the alternating motif can be "ABABABABABAB...” “AABBAABBAABE. ..
“AABAABAABAAR...)" “"AAABAAABAAAB.. )" “AAABBBAAABBB.. . or
“ABCABCABCARBC.. " elc.

The type of modifications contained in the alternating motif may be the same or different.
For example, it A, B, C, D cach represent one type of modification on the nucleotide, the
alternating patiern, /e., modifications on every other nucleotide, may be the same, but each of
the sense strand ot antisense sirand can be selected from several possibilities of modifications
within the alternating motif such as “ABABAB.. ", “"ACACAC...” “BDBDBD...” or
“CDhCDCD.. ) ete.

In one embodiment, the RNAI agent of the invention comprises the modification pattern
for the alternating rootif on the sense strand relative to the modification patiern for the aliemating
motif on the antisense strand is shifted. The shift may be such that the modified group of
nuclectides of the sense strand corresponds to a differently modified group of nucleotides of the
antisense strand and vice versa. For example, the sense strand when paired with the antisense
strand in the dsRNA duplex, the alternating motif in the sense strand may start with “ABABAB”
from 5°-37 of the strand and the alternating motif in the antisense strand may start with
“BABABA” from 57-3’of the strand within the duplex region. As another example, the
alternating motif in the sense strand may start with “AABBAABB” from 57-3” of the strand and
the alternating motif in the antisenese strand may start with “BBAABBAA” from 5°-37 of the
strand within the doaplex region, so that there is a complete or partial shift of the modification
paticrns between the sense strand and the antisense strand,

In one embodiment, the RNA1 agent comprises the pattern of the alternating motif of 2'-
C-methyl modification and 2°-F modification on the sense strand initially has a shift relative to
the pattern of the altemating motif of 2°-O-methyl modification and 2°-F modification on the
anttisense strand initially, i e, the 2-O-methyl modified nucleotide on the sense strand base pairs
with a 2'-F modified nucleotide on the antisense strand and vice versa. The 1 position of the
sense strand may start with the 2'-F modification, and the | position of the antisense strand may
start with the 2'- O-muethyl modification.

The mtroduction of one or more motifs of three identical modifications on three
consecutive mucleotides to the sense strand and/or antisense strand interrupts the mitial
modification patiern present in the seuse strand and/or antisense strand. This interruption of the
modification patiern of the sense and/or antisense strand by introducing one or more mwotifs of
three identical modifications on three consecutive nucleotides to the sense and/or antisense

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
motifis a different modification than the modification of the motif. For example, the portion of
the sequence containing the motif 15 “.. . N,YYYN...,” where *Y” represents the modification of
the motif of three identical modifications on three consecutive nucleotide, and “N,” and “Ny”
represent a modification to the nucleotide next to the motif “YYY” that is different than the
modification of Y, and where N, and Ny can be the same or different modifications.
Alnernatively, N, and/or Ny may be present or absent when there 1s a wing modification present.

The RNA{ agent may further comprise at least one phosphorothioate or
methylphosphonate internucleotide hinkage. The phosphorothicate or methyiphosphonate
internucleotide hinkage modification may oceur on any nucleotide ofthe sense strand or
antisense strand o7 both strands in any posttion of the strand. For instance, the intemucleotide
linkage modification may occur on every nucleotide on the sense strand and/or antisense strand;
each internucleotide linkage modification may occur in an alternating pattern on the sense strand
and/or antisense strand; or the sense strand or antisense strand may contain both internucleotide
linkage modifications 1n an alternating pattern. The alternating patiern of the internucleotide
iinkage modification on the sense strand may be the same or different from the antisense strand,
and the alternating pattern of the internucleotide linkage modification on the sense strand may
have a shift relative to the alternating pattern of the internucleotide hinkage modification on the
antisense strand. In oune embodiment, a double-standed RNAJ agent comprises 6-
Bphosphorothioate mtermucleotide linkages. In one embodiment, the antisense strand comprises
two phosphorothioate internucicotide Hinkages at the 5°-terminus and two phosphorothioate
mternucleotide linkages at the 3 -terminus, and the sense strand comprises at least two
phosphorothioate internucleotide linkages at either the 5'-termunus or the 3 -terminus.

In one embodiment, the RNA1 comprises a phosphorothioate or methylphosphonate
internucieotide linkage modification in the overhang region. For example, the overhang region
may contain two nucleotides having a phosphorothicate or methylphosphonate internucleotide
linkage between the two mucleotides. Internucleotide linkage modifications also may be made to
fink the overhang nucleotides with the terminal paired nucleotides within the duplex region. For
example, at least 2, 3, 4, or all the overhang nucleotides may be linked through phosphorothioate
or methylphosphonate mternucleotide linkage, and optionally, there may be additional
phosphorothioate or methylphosphonate intermucleotide linkages tinking the overhang nucleotide
with a paired nucleotide that is next to the overhang nucleotide. For mstance, there may be at
icast two phosphorothicate internucleotide linkages between the terminal three nucleotides, in
which two of the three nucleotides are overhang nucleotides, and the third is a paired nucleotide

oy

next to the overhang nucleotide. These terminal three nucleotides mway be at the 37-end of the
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antisense strand, the 3’-end of the sense strand, the 53"-end of the antisense strand, and/or the
5’end of the antisense strand.

In one embodiment, the 2 macleotide overhang is at the 37-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 1s a
paired nucleotide next to the overhang nucleotide.  Optionally, the RNAI agent may additionally
have two phosphorothioate intermucleotide linkages between the terminal three nucleotides at
both the 5’-end of the seuse strand and at the §'-¢nd of the antisense strand.

In one embodiment, the RNA1 agent comprises mismatch(es) with the target, within the
duplex, or combinations thereof. The mistmatch may occur in the overhang region or the duplex
region. The base pair may be ranked on the basis of their propensity to promote dissociation or
melting {e.g., on the free energy of association or dissociation of a particular pairing, the simplest
approach is to examine the pairs on an individual pair basis, though next neighbor or similar
analysis can also be used). in terms of promoting dissociation: AU is preferred over G:C; G:U
is preferred over G:C; and 1O is preforred over G:C (I=inosine). Mismatches, e.g., non-
canonical or other than canonical pairings (as described elsewhere herein) are preferred over
canonical (AT, A:U, G:C) pairings; and pairings which include a universal base are preferred
over canonical pairings.

In one embodiment, the RNAt agent comprises at least one of the first 1,2, 3, 4, or S base
patrs within the duplex regions from the 57- end of the antisense strand independently selected
from the group of! AU, GIU, EC, and nusmatched pairs, e.g., non-~canonical or other than
canonical pairings or pairings which include a universal base, to promote the dissociation of the
antisense strand at the 5’-end of the duplex.

In one embodiment, the mucleotide at the | posttion within the duplex region from the 57~
end m the antisense strand is selected from the group consisting of A, dA, dU, U, and dT,
Alternatively, at least one of the first 1, 2 or 3 base pair within the duplex region from the 57~ 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.

In another embodiment, the mucleotide at the 37-end of the sense strand is 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 seguence of deoxy-thymine nucleotides, for
example, two dT nucieotides on the 37-end of the sense and/or antisense strand.

In one embodiment, the sense strand sequence may be represented by formula (1)

5 N (X X X 3N Y Y Y -N(Z Z 2 )-Noemg 31 (1)

wherein:

i and j are each independently 0 or 1;
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p and q arc cach ndependently 0-6;

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

each Ny independently represents an oligonucleotide sequence comprising 0-10 modified
nucleotides;

each n, and n, independently represent an overhang nucleotide;

wherein Nb and Y do not have the same modification; and

XXX, YYY and 2727 cach independently represent one motif of three identical
meodifications on three consecutive nucleotides, Preferably YYY s all 2°-F modified
nucleotides.

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

In one embodiment, the YY'Y motif occurs at oy near the cleavage site of the sense strand.
For example, when the RNAI agent has a duplex region of 17-23 nucleotides in length, the YYY
motif can occur at or the vicinity of the cleavage site {e.g.: can occur at positions 6,7, 8,7,8, 8,
§,9,10,9,10, 11,10, 11,12 or 11, 12, 13) of - the sense sitrand, the count starting from the 1%
nucleotide, from the §’-end; or optionally, the count starting at the 1¥ paired nucleotide within
the duplex region, from the 5~ end.

In one embodiment, 1is L and jis 0, oriis O and jis |, or both i and j arc 1. The sense
strand can therefore be represented by the following formulas:

5 0y-N-Y Y Y -Nop-ZZZ-N-ng 37 (Ib);

50N XXX -Np-YY Y -Nong 37 (Ie); or

50 Np-XXK-Np-YY Y -Ny-ZZ2-Nong 3 (Id)

When the sense strand is represented by formula (Ib), Ny, represents an oligonucleotide
sequence compnising 0-16, 6-7, 6-5, (-4, §-2 or 0 modified nucleotides. Each N, independently
can represent an oligonucieotide sequence comprising 2-20, 2-135, or 2-10 modified nucleotides.

When the sense strand is represented as formula (Ie), Ny represents an oligomucleotide
sequence comprising 0-10, 8-7, 0-10, -7, -5, (-4, (-2 or { modified nucleotides. Each N, can
independently represent an oligonucieotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

When the sense sirand is represented as formula (Id), cach Ny, independently represents
an cligonucleotide sequence comprising $-10, 0-7, 0-5, §-4, (-2 or ( modified nucleotides.
Preferably, Npis 0, 1,2, 3, 4, 5 or 6 Each N, can independently represent an oligonucleotide
sequence comprising 2-20, 2-135, or 2-10 modified nucleotides.

Each of X, Y and Z may be the samce or different from cach other,
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In other embodiments, 1 15 0 and j is 0, and the sense strand may be represented by the
formula:

5 u,-N-YYY- Nopng 37 (la).

When the sense sirand is represented by formula (Ta), each N, mdependently can
represent an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

In onc embodiment, the antisense strand sequence of the RNAt may be represented by
formuida (I}

S g -Ny (2 3Ny =Y Y Y NG A KKX - Ny 3 (Ih

wherein:

k and 1 are cach independently ¢ or 1;

p’ and q” are each mdependently 0-6;

each N, mdependently represents an oligonucleotide sequence comprising 0-25 modified
nucleotides, cach sequence comprising at least two differently modified nucleotdes;

cach Ny’ independently represents an oligonuclectide sequence comprising 0-10 modified
mucleotides;

each n,” and ng independently represent an overhang nucleotide;

wherein Ny’ and Y do not have the same modification;

and

XXX, Y'Y'Y and 272'7’ cach independently represent one motif of three identical
modifications on three consecutive nucleotides.

In one embodiment, the Ny and/or Ny coraprise modifications of alternating pattern,

The YY"Y' motif occurs at or near the cleavage site of the antisense strand. For example,
when the RNAi agent has a duplex region of 17-23nuclectidein length, the Y'Y'Y' motif can
occur at positions 9, 10, 1110, 11, 12, 11,12, 13, 12, 13, 14, or 13, 14, 15 of the antisense
strand, with the count starting from the 1% nucleotide, from the 5 -end; or optionally, the count
starting at the 1™ paired nucleotide within the duplex region, from the 5°- end. Preferably, the

{"Y"Y " motif occurs at positions 11, 12, 13,

In one embodiment, Y'Y motif s all 2°-OMe modified nucleotides.

Inone ewbodument, kis Land s G, orkis @ and Lis |, orboth k and tare 1.

The antisense strand can therefore be represented by the following formulas:

5 N~ E2T2 NG Y Y YN -y 3 (ilb});

S =N Y'Y Y SN XX K np 37 (de); or

S ng-Ny- L8NG -Y YUY - Ny XXX N -ny 37 (Td).

When the antisense strand is represented by formula (Iib), Ny represents an

oligonucleotide sequence comprising 0-10, 6-7, 0-10, 6-7, §-5, -4, -2 or 0 modified
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nucleotides. Each N," independently represents an oligonucicotide sequence comprising 2-20, 2-
15, or 2-10 modified mucleotides,

When the antisense strand is represented as formula (Iic), Ny™ represents an
oligonucleotide sequence comprising 0-10, 8-7, 0-10, 0-7, 0-5, -4, 0-2 or § modified
nucleotides, Each N,” independently represents an oligonucicotide sequence comprising 2-20, 2-
13, or 2-10 modificd nuclectides,

When the antiscnse strand is represented as formula (Tld), cach Ny independently
represents an oligonacleotide sequence comprising 0-10, 0-7, 6-10, 0-7,0-5,0-4, 0-2 0r 0
modified nucleotides, Each N, independently represents an oligonucicotide sequence
comprising 2-20, 2-15, or 2-10 modified nucleotides. Preferably, Nyis 0,1, 2,3, 4, S o1 6.

In other embodiments, k is § and 11is 0 and the antisense strand may be represented by the
formula;

5 ap-Na-Y Y Y - Np-nig 3' (Ia).

When the antisense strand is represented as formula (Ila}, cach N, independently
represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

Each of X', Y and ¥” may be the same or different from cach other,

Each nucleotide of the sense strand and antisense strand may be independently modified
with LNA, HNA, CeNA, 2’-mcethoxyethyl, 27-O-methyl, 2°-0-aliyl, 2°-C- allyl, 2°-hydroxyl, or
2 -flupro. For cxample, cach nucleotide of the sense strand and antisense strand is independently
modified with 2°-O-methyi or 27-fhioro. Fach X, Y, 7, X', V' and 7', im particular, may
represent a 27-O-methyl modification or a 2°-fuoro modification.

In onc embodiment, the sense strand of the RNA1 agent may contain YYY motif
occurring at 9, 10 and 11 positions of the strand when the duplex region is 21 nt, the count
starting from the 1* nucleotide from the 5 -end, or optionally, the count starting at the 17 paired
nucleotide within the duplex region, frova the 57- end; and Y represents 2°-F modification. The
sense strand may additionally contain XXX motif or ZZ7 motifs as wing modifications at the
opposite end of the duplex region; and XXX and 227 cach independently represents a 27-OMe
modification or 27-F modification.

In one embodiment the antisense 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 optionally,
the count starting at the 1" paired nucleotide within the duplex region, from the 5’- end; and Y’
represents 27-O-methyl modification. The antisense strand may additionally contain XXX’
motif or 2727 motifs as wing modifications at the opposite end of the duplex region; and

X'X'K"and 277" cach independently represents a 2°-OMe modification or 27-F modification.
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The sense strand represented by any one of the above formulas (Ia), (Ib), (Ic), and (Id}
forms a duplex with a antisense strand being represented by any one of formulas (Ha), (Ilb),
(He), and (J1d), respectively.

Accordingly, the RNAI agends for use 1n the methods of the wvention may comprise a

5 sense strand and an antiscnse strand, each strand having 14 to 30 nucleotides, the RNAI duplex

represented by formula (I

sense: S0, -N~{(X X X3 -Np- Y Y Y N {2 Z Z)-No-ng 3
antisense: 3" 1y Ny (XXX YNy -Y Y'Y N, A 27NN, -ng 5
(10
16 wherein:

i, 1, k, and | are cach independeuntly 0 or 1;

p, P, ¢ and g' are cach mdependently 0-6;

cach N, and N, independently represents an oligonucleotide sequence conprising 0-25
modified nucleotides, each sequence comprising at least two differently modified nucleotides;

15 each Ny and Ny independently represents an oligonucleotide sequence comprising 0-10
modified nucleotides;

wherein

cach ny’, np, ng’, and n,, each of which may or may not be present, independently
represents an overhang nucleotide; and

20 XXX, YYY, ZZZ2, XXX, Y'Y'Y', and 227" each independently represent one motif of
three wdentical odifications on three consecutive nucleotides,

In onc embodiment, tisGand jis §;oriis L and jisO;oriisQandjis 1 or both t and ;
are §; or both i and j are I. In another embodiment, kisQandlisO;orkis 1 and [ is §; kis § and
list;orbothkand Fare ; orbothk and Lare 1.

25 Exemplary combinations of the sense strand and antisense strand forming a RNAG duplex
include the formulas below:

5= Na=Y Y Y -Np-ng 3

31, N, -Y'YY Ny, §

{Ilia)
30 S5'0,-No-Y Y Y -Ny-Z Z Z -Noeng 3'

3y, N, =Y Y'Y Ny -27272 N g 5

(ilib)
S ip-Neg- X X X -Ne-Y Y Y - Nong 3
3, Ny XXX N YUY YN, g 5
(iic)

L2
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SN -X XX -Np-Y YY -Ny- 222 -Nyng 3
3 n, Ny -X XX Ny =YY Y N -2 N 8
(iHid)
When the RNAI agent 1s represented by formula (Ia), cach N, independently represents
5 an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 moditied nucleotides.

When the RNAI agent is represented by formula (I1ib}, cach Ny, independently represents
an ¢ligonucleotide sequence comprising 1-10, 1-7, 1-5 or 14 modified nucleotides. Hach N,
independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

10 When the RNAI agent is represented as formula (e}, cach Ny, Ny’ mdependently
represents an oligomucieotide sequence comprising 0-10, 07, 0-10, 8-7, 0-5, 6-4, §-2 or
Omodified nucleotides. Each N, independently represents an oligomucleotide sequence
comprising 2-20, 2-15, or 2-10 modified nucleonides.

When the RNAI agent is represented as formula (HId), cach Ny, Ny’ independently

15 represents an oligonucleotide sequence comprismg 0-10, 0-7, 6-10, 0-7, 0-5, 04, 0-2 or
Omodified nucleotides. Fach N, N, independently represents an oligonucleotide sequence
comprising 2-20, 2-15, or 2-10 modified nucleotides. Each of N, Np°, Ny, and N, independently
comprises modifications of alternating pattermn.

Each of X, Y and Z in formulas (111}, (itla), (1ib), (1tc), and ({1id) may be the same or

24 different from each other.

When the RNAJ agent is represented by formula (1T, (Ha), (), (e}, and (T11d), at
icast one of the Y nucleotides may form a base pair with one of the Y' nucleondes,
Alternatively, at least two of the Y nucleotides form base pairs with the corresponding Y’
nucleotides; or all three of the Y nucleotides all form base pairs with the comresponding Y’

25 nucleotides.

When the RNA{ agent is represented by formula (I{fb) or (1lid), at least one of the Z
nucleotides may form a base pair with one of the 7" nucleotides. Alternatively, at least two of
the Z nucleotides form base pairs with the corresponding 2 nucleotides; or all three of the 2
nucleotides all form base pairs with the corresponding 7" nucleotides,
nuclectides may form a base pair with one of the X’ nucleotides. Alternatively, at least two of
the X nucleotides form base pairs with the corresponding 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 nucleotide 1s different than the

L2
(v

modification on the Y’ nucleotide, the modification on the Z nucleotide is different than the
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modification on the Z2° mucleotide, and/or the modification on the X mucleotide is different than
the modification on the X nucieotide.

In one embodiment, when the RN A1 agent is represented by formula (I1d), the N,
modifications are 2’-0O-methyl or 2’-Buore modifications. Tn another embodiment, when the
RINAt agent is represented by formuula {(IId), the N, modifications are 2’-O-methyl or 27-fluoro
modifications and n," >0 and at least one n,is linked to a neighboring nucleotide a via
phosphorothioate linkage. In vet another emboediment, when the RNA1 agent is represented by
formula (Illd), the N, wodifications are 2-G-oethy] or 2’-flnoro wodifications , u," >0 and at
least one n,' is linked to a neighboring nucleotide via phosphorothioate linkage, and the sense
strand is conjugated to onc or more GalNAc derivatives attached through a bivalent or trivalent
branched linker {described below). In another embodiment, when the RNA1 agent is represented
by formula ([Hd), the N, wodifications are 27-O-moethyl or 2-fluoro modifications , n,’ >0 and at
least one 1y is Hinked to a neighboring nucleotide via phosphorothioate linkage, the sense strand
comprises at least onc phosphorothicate linkage, and the sense strand is conjugated o one or
more GalNAc derivatives attached through a bivalent or trivalent branched linker.

In one embodiment, when the RNAI agent is represented by formula (Ta), the N,
modifications are 2"-O-methyl or 2"-fluoro medifications , ny/ >0 and at least one n’ is linked to a
neighboring nucleotide via phosphorothioate linkage, the sense strand comprises at icast one
phosphorothioate linkage, and the sense strand is conjugated to one or more GallNAc derivatives
attached through a bivalent or trivalent branched linker.

I ove embodiment, the RNA1 agent 1s a woultivoer containing at least two duplexes
represented by formula (1T, (Hla), (Ilfb), {IHc), and (id), wherein the duplexes are connected
by a linker. The linker can be cleavable or non-cleavable. OUptionally, the muitimer further
comprises a ligand. Each of the duplexes can target the same gene or two different genes; or
each of the duplexes can target same gene at two different target sigs.

In one embodiment, the RNA1 agent is a multimer containing three, four, five, six or
more duplexes represented by formmla (1L, (Hla), (Hib}, (Iilc), and (I1id), wherein the duplexes
are connected by a linker. The linker can be cleavable or non-cleavable. Optionally, the
multitner further comprises a ligand. Each of the duplexes can target the same gene or two
different genes; or cach of the duplexes can target same gene at two different target sites.

In onc embodiment, two RNAI agents represented by formula (1), (1ila), (Hb), (lc),
and (1iid) are linked to each other at the 57 end, and one or both ofthe 37 ends and are optionally
conjugated to to a ligand. Each of the agents can target the same gene or two different genes; or
each of the agents can target same gene at two different target sites.

Various publications describe multimeric RNAi agents that can be used in the methods of
the invention. Such publications inclade W(O2Z007/091269, US Patent No. 7858769,
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WO2010/14151 1, WO2007/117686, WOZ009/014887 and W(O2011/031520 the entire contents
of cach of which are hereby incorporated herein by reference.

As deseribed m more detail below, the RNAI agent that contains conjngations of one or
more carbohydrate moieties to a3 RNA1 agent can optirnize one or more properties of the RNAG
agent. In many cases, the carbohydrate moicty will be attached to a modified subunit of the
RINNAi agent. For example, the ribose sugar of one or more ribonucleotide subunits ofa dsRNA
agent can be replaced with another moiety, e.g., a non-carbohydrate (preferably cyelic) camer to
which 1s attached a carbohydrate ligand. A ribonucleotide subunit in which the ribose sugar of
the subunit has been so replaced 15 referred to herein as a ribose replacement modification
subunit (RRMS). A cyclic carrier may be a carbocyelic ring system, i.e., all ring atoms are
carbon atoms, or a heterocychic ring system, f.e., one or more ring atoms may be a heteroatom,
e.g., nitrogen, oxygen, sulfur. The eyelic carrier roay be a monocyehe ring system, or may
contain two or more rings, e.g. fused rings. The cyclic carrier may be a filly saturated ring
system, or it may contain one or more double bonds.

The ligand may be attached to the polynucleotide via a carrier. The carriers include (3) at
icast one “backbone attachment point,” preferably two “backboune attachment points” and (11} at
icast one “tethering attachment point.” A “backbone attachment point” as used herein refers to a
functional group, e.g. a hydroxyl group, or generally, a bond avatlable for, and that is suitable for
incorporation of the carrier into the backbone, e.g., the phosphate, or modified phosphate, e.g.,
sulfur containing, backbone, of a ribonucleic acid. A “tethering attachment point” (TAP} in
some ernbodiments refers to a constituent ring atom of the cyclic carrier, e.g., a carbon atom or a
heteroatom (distinet from an atom which provides a backbone attachment point}), that connects a
selected moiety. The moiety can be, e.g., a carbohydrate, e.¢. monosaccharide, disaccharide,
trisaccharide, tetrasaccharide, oligosaccharnde and polysaccharide. Optionally, the selected
moiety s connected by an indervening tether to the cyclic carrier. Thus, the cyclic carrier will
often include a functional group, e.g., an anuno group, or generally, provide a bond, that is
suitable for incorporation or tethering of another chemical entity, e.g., a ligand to the constituent
ring.

The RNAj ageots may be conjugated to a higand via a carrier, wherein the carrier can be
cyclic group or acyclic group; preferably, the cyelic group is selected from pyrrolidinyd,
pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, [1,3]dioxolane,
oxazohdinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl, guinoxalinyl,
pyridazinonyl, tetrahydrofuryl and and decalin; preferably, the acychce group is selected from

serine! backbone or dicthanolamine backbone.
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In certain specific embodiments, the RNAI agent for use in the methods of the invention
is an agent selected from the group of agents listed in any one of Tables 3, 4, 5, 6, 1§, 19, 20,

21, and 23. These agents may further cornprise a ligand.

1V, iRNAs Conjugated to Ligands

Another modification of the RNA of an IRNA of the invention involves chemically
linking to the RNA one or more ligands, moieties or conjugates that enhance the activity, cellular
distribution or cellnlar aptake of the iIRNA. Such moieties include but are not limuted to hipid
moictics such as a cholesterol moicty (Letsinger ef af., Proc. Natl. Acid. Sci. USA, 1989, 86:
6553-6556), cholic acid {Mancharan ef af., Biorg. Med. Chem. Let., 1994, 4:1053-1060), a
thioether, e.g., beryl-S-tritvithiol (Mancharan et ¢/, Ann. N.Y. Acad. Sci., 1992, 660:306-309;
Manoharan et af., Biorg. Med. Chem. Let., 1993, 3:2765-2770), a thiocholesterol (Oberhauser ef
al., Nucl Acids Res., 1992, 20:533-538), an aliphatic cham, e.g., dodecandiol or undecyl residues
{Saison-Behmoaras ef of,, EMBO J, 1991, 10:1111-1118; Kabanov ef g¢f., FERS Leit., 1990,
259:327-330; Svinarchuk ef of., Riochimie, 1993, 75:40-54}, a phospholipid, e.g., di-hexadecyl-
rac-glyeerol or triethyl-ammonium |,2-di-O-hexadecyl-rac-glveero-3-phosphonate (Manoharan
et al., Tetrahedron Lert., 1995, 36:3651-3654; Shea ef af., Nuci Acids Res., 1990, 183777-
3783}, a polyamine or a polycthylene glycol chain (Manoharan ef af., Nucleosides &
Nucleotides, 1995, 14:969-973), or adamantane acetic acid (Mancharan ef al., Tesrahedron Lett.,
1995, 36:3651-3654), a palmityl moiety (Mishra ef @/, Biochim. Biophys. Acta, 1995, 1264:229-
237}, or an octadecylamine or hexylanmuno-carbonyloxycholesterol moicty (Crooke ef ad., J.
Pharmacol. Exp. Ther., 1996, 277.923-937).

In one embodiment, a ligand alters the distribution, targeting or lifetime of an IRNA
agent into which it i3 incorporated. In preferred embodiments a ligand provides an enhanced
affinity for a selected 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 mclude a naturally occurring substance, such as a protein {e.g., human serum
albomin (HSA), low-density lipoprotein (LDL), or globuliny; carbohydrate {e.g., a dexiran,
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., a synthetic polyaming acid. Examples of polyamino acids inclnde polyamine acid is a
polylysine (PLL), poly L-aspartic acid, poly L-glutarnic acid, styrene~maleic acid anhydnde
copolymer, poly(L-lactide-co-glycolied) copolymer, divinyl ether-maleic anhydride copolymer,
N-(2-hydroxypropybhmethacrylamide copolymer (HMPA), polyethylene glycol (PEG), polyvinyl

alcohol (PYVA), polyurethane, poly{(2-cthylacryllic acid), N-isopropylacryvlamide polymers, or
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polyphosphazine, Example of polyamines include: polyethylenimine, polylysine (PLL),
spermine, spermidine, polyamine, pscudopeptide-polyamine, peptidomimetic polyaming,
dendrimer polvamine, arginine, amidine, protamine, cationic lipid, cationic porphyrin,
guaternary salt of a polyamine, or an alpha helical peptide.

Ligands can also include targeting groups, e.g., a cell or tissue targeting agent, e.g, a
lectin, glycoprotein, lipid or protein, e.g., an antibody, that binds to a specified cell type such as a
kidney cell. A targeting group can be a thyrotropin, melanotropin, lectin, glvcoprotein,
surfactant protein A, Mucin carbohydrate, multivalent lactose, multivalent galactose, N-acetyl-
galactosamine, N-acetyl-gulucoscamine multivalent mannose, multivalent fucose, glycosvlated
polvaminoacids, multivalent galactose, transforrin, bisphosphonate, polyglutamate,
polyaspartate, a lipid, cholesterol, a steroid, bile acid, folate, vitamin B12, vitamin A, biotin, or
an RGD peptide or RGD peptide mimetic,

Other examples of ligands include dyes, intercalating agents (e.g. acridines), cross-linkers
{e.g. psoralene, mitomycin C), porphyrins (TPPC4, texaphyrin, Sapphyrin}, polveyclic aromatic
hydrocarbons (e.g., phenazine, dihydrophenazine), artificial endonncleases {e.g. EDTA),
lipophilic molecules, e.g., cholesterol, cholic acid, adamantane acetic acid, 1-pyrene butyric acid,
dihvdrotestosterone, 1,3-Bis-Othexadecyliglycerol, geranyloxyhexyl group, hexadecylglycerol,
bomeol, menthol, 1,3-propanedicl, heptadecyl group, palmitic acid, myristic acid,03-
(oleoylilithocholic acid, O3-{cleoyl)cholenic acid, dimethoxytrityl, or phenoxazinejand peptide
conjugates (e.g., antennapedia peptide, Tat peptide), alkylating agents, phosphate, amino,
mercapto, PEG {e.g., PEG-40K), MPEG, [MPEG, polyamino, alkyl, substituted alkyl,
radiolabeled markers, enzymes, haptens (e.g. biotin), transport/absorption facilitators {e.g.,
aspirin, vitamin B, folic acid), synthetic ribonucieases {(e.g., imidazole, bisimidazole, histamine,
imidazole clasters, acridine-imdazole conjugates, Hu3+ complexes of tetraazamacrocycles),
dinitrophenyl, HRP, or AP.

Ligands can be proteins, e.g., glvcoproteins, or peptides, e.g., molecules having a specific
affinity for a co-ligand, or antibodies e.g., an antibody, that binds to a specified cell type such as
a hepatic cell. Ligands can also include hormones and hormone receptors. They can also
nelude non-peptidic species, such as lipids, lecting, carbohvdrates, vitamiuns, cofactors,
multivalent lactose, multivalent galactose, N-acctyl-galactosamine, N-acetyl-gulucosamine
multivalent mannose, or muktivalent fucose. The ligand can be, for example, a
lipopolysaccharide, an activator of p38 MAP kinase, or an activator of NF-«B.

The ligand can be a substance, e.g., a drug, which can increase the uptake of the iRNA

3
1
¥

agent into the cell, for example, by disrupting the cell's cytoskeleton, e.g., by disrupting the

cell’s microtubules, microfilaments, and/or intermediate filaments. The drug can be, for
> > bey 4
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example, taxon, vincristine, vinblastine, cytochalasin, nocodazole, japlakinolide, latrunculin A,
phalloidin, swinholide A, indanocine, or myoservin.

In some embodiments, a ligand attached to an iRNA as described herein acts as a
pharmacokinetic modulator (PK. modulator). PK modulators mclude lipophules, bile acids,
sterotds, phospholipid analogues, peptides, protein binding agents, PEG, vitamins efc. Exemplary
PK medulators inchide, but are not limited to, cholesterol, fatty acids, cholic acid, lithocholic
acid, dialkylglycerides, diacylglyceride, phospholipids, sphingolipids, naproxen, tbuprofen,
vitamin B, biotin erc. Oligonucicotides that comprise a number of phosphorothioate linkages are
also known to bind to serum protein, thus short oligonucleotides, e.g., oligonucleotides of about
5 bases, 10 bases, 15 bases or 20 bases, comprising multiple of phosphorothioate linkages in the
backbone are also amenable to the present invention as ligands {e.g. as PK modulating ligands).
In addition, aptamers that bind serum components (e.g. serumn proteins) are also suitable for use
as PK modulating ligands in the embodiments described herem.

Ligand-conjugated oligonucleotides of the invention may be synthesized by the use ofan
oligonucieotide that bears a pendant reactive functionality, such as that derived from the
attachioent of a Huking molecule onto the oligonucleotide (described below). This reactive
oligonucleotide may be reacted directly with commercially-available ligands, ligands that are
synthesized bearing 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, Equipment for
such synthesis is sold by several vendors including, for example, Applicd Biosystems (Foster
City, Calif)). Any other means for such synthesis known in the art may additionally or
alternatively be employed. It is also known to use similar technigues to prepare other
oligomucleotides, such as the phosphorothioates and alkylated derivatives.

In the ligand-conjugated oligonucleotides and ligand-molecule bearing sequence-specific
linked nucleosides of the present invention, the oligonucleotides and oligonucleosides may be
assembled on a suitable DNA synthesizer utilizing standard nucleotide or nucieoside precursors,
or nucleotide or nucleoside conjugate precursors that already bear the linking moiety, higand-
nucleotide or nucleoside-conjugate precursors that already 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 nucleosides is typically completed, and the hgand
molecule is then reacted with the linking motety to form the ligand-conjugated oligonucieotide.
In some embodiments, the oligonucleotides or linked nucleosides of the present invention are

synthesized by an automated synthesizer using phosphorammudites derived from higand-nucleoside
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conjugates in addition to the standard phosphoramidites and non-standard phosphoramidites that
are commerciaily available and routinely used in oligonuclectide synthesis.

Ao Lipid Conjugates

In one embodiment, the ligand or conjugate 1s a lipid or hipid-based molecule. Sucha
iipid or hipid-based molecule preferably binds a serum protein, e.g., human serom albumin
{HSA). An HSA binding ligand allows for distribution of the conjugate to a target tissuie, e.g2., a
non-kidney target tissue of the body. For example, the target tissue can be the liver, including
parenchymal cells of the liver, Other molecules that can bind HSA can also be used as ligands.
For example, naproxen or aspirin can be used. A lipid or lipid-based ligand can (a) increase
resistance to degradation of the conjugate, (b} increase targeting or transport into a target cell or
cell membrane, and/or (¢} can be used to adjust binding to a serom protein, e.g., HSA.

A Tipad based ligand can be used to inhibil, e.g., control the binding of the conjugate to a
target tissne, For example, a lipid or lipid-based ligand that binds to HSA more strongly will be
iess likely to be targeted to the kidney and therefore less hikely to be cleared from the body. A
lipid or lipid-based Hgand that binds to HSA less strongly can be used to target the conjugate to
the kidney.

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

In another preferred erobodiment, the lipid based ligand binds HSA wealdy or not at all,
such that the conjugate will be preterably distributed to the kidoey. Other moictics that target to
kidney cells can also be used in place of or in addition to the lipid based ligand.

I another aspect, the ligand is a moiety, e.g., a vitamin, which is taken up by a target
cell, e.g., a proliferating cell. These are particularty useful for treating disorders characterized by
unwanted cell proliferation, e.g., of the malignant or non-malignant type, e.g., cancer cells.
Exemplary vitamins include vitamin A, E, and K. Other exemplary vitamins include are B
vitamin, e.g., folic acid, B12, riboflavin, biotin, pyridoxal or other vitamins or matrients taken up
by target cells such as hiver cells, Also incloded are HSA and low density hipoprotein (LLDL),

B, Cell Permeation Agents

In another aspect, the ligand is a cell-permeation agent, preferably a helical cell-
permeation agent. Preferably, the agent is amphipathic. An exemplary agent is a peptide such as
tat or antennopedia. I the agent 1s a peptide, it can be modified, including a peptidylumetic,
invertomers, non-peptide or pscudo-peptide linkages, and use of D-amino acids. The helical
agent is preferably an alpha-helical agent, which preferably has a lipophilic and a ipophobic

phase.
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The ligand can be a peptide or peptidonumetic. A peptidomimetic {also referred to
herein as an oligopeptidomimetic} is a molecule capable of tolding into a defined three-
dimensional structure similar to a natural peptide. The attachment of peptide and
peptidomimetics to iIRNA agents can affect pharmacokinetic distribation of the iRNA, such as by
enhancing ceilular recognition and absorption. The peptide or peptidomimetic moiety can be
about 5-30 amino acids long, e.g., about 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50 amino acids long.

A peptide or peptidomimetic can be, for example, a cell permeation peptide, cationic
peptide, araphipathic peptide, or hydrophobic peptide (e.z., consisting privoarily of Tyr, Trp or
Phe). The peptide moicty can be a dendrimer peptide, constrained peptide or crosslinked
peptide. In another alternative, the peptide moiety can include 2 hydrophobic membrane
transtocation sequence (MTS). An exemplary hydrophobic MTS-containing peptide is RFGF
having the amino acid sequence AAVALLPAVLLALLAP (SEQ 1D NO: 9). An RFGF analogue
{e.g., amino acid seguence AALLPVLLAAP (SEQ ID NO: 10) containing a hydrophobic MTS
can 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 (GREKRRORRRPPQ (SEQ ID NO: 1) and
the Drosophila Antennapedia protein (RQIKTWFQNRRMEKWEREK (SEQ 1D NO: 12) have been
found 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 ong-bead-one-compound (OBOC) combinatorial Bbrary (Lam ef o, Nature, 354:82-
84, 1991). Examples of a peptide ot peptidonumetic tethered to a dsRNA agent via an
incorporated monomer unit for cell targeting purposes is an arginine-glycine-aspartic acid
{RGD}-peptide, or RGD mimic. A peptide moiety can range in length from about 5 amino acids
to about 40 amino acids. The peptide moieties can have a structural modification, such as to
increase 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 linear
or eyelic, and may be modified, e.g., glycosylated or methylated, to facilitate targeting to a
specific tissue(s). RGD-containing peptides and peptidionumemtics may mclude D-amuno acids,
as well as synthetic RGD mimics. In addition to RGD, one can use other moietics that target the
mtegrin ligand. Preferred conjugates of this ligand target PECAM-1 or VEGF.

A “cell permeation peptide” is capable of permeating a cell, e.¢., a microbial cell, such as
a bacterial or fungal cell, or a mammalian cell, such as a human cell. A miucrobial cell-
permeating peptide can be, for example, a g-helical lincar peptide (e.g., LL-37 or Ceropin Pl), a
disulfide bond-containing peptide {e.g., o -defensin, P-defensin or bactenecin), or a peptide

containing only one or two dominating amino acids (e.g., PR-39 or indolicidin). A cell
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permeation peptide can also include a 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 gpd1 and the NLS of SV40 large T antigen (Simeont ef o/,
Nuocl Acids Res, 31:2717-2724, 2003).

C. Carbohydrate Conjugates

In some embodiments of the compositions and methods of the invention, an iIRNA
oligonucieotide further comprises a carbobydrate. The carbohydrate conjugated iRNA are
advantageous for the in vivo delivery of nucleic acids, as well as compositions suitable for in
vive therapeutic use, as described hercm. As used herein, “carbohydrate” refers to a compound
which is either a carbohydrate per se made up of one or more monosaccharide units having at
least 6 carbon atoms (which can be hinear, branched or cyclic) with an oxygen, nitrogen or sulfur
atom bounded to each carbon atomy or a coropound having as a part thereof a carbobydrate moiety
made up of one or more monosaccharide units cach having at least six carbon atoms (which can
be linear, branched or cyelic), with an oxygen, nitrogen or sulfur atom bonded to each carbon
atom. Representative carbohydrates include the sugars (mono-, di-, tri- and oligosaccharides
containing from about 4, 5, 6, 7, §, or 9 monosaccharide umits), and polysacchandes such as
starches, glycogen, cellulose and polysaccharide gums. Specific monosaccharides include C5
and above {e.g., C5, C6, {7, or C8) sugars; di- and trisaccharides include sugars having two or
three monosaccharide units (e.g., C5, C6, C7, or CE&).

In one embodiment, a carbohydrate conjugate for use in the compositions and methods of
the mvention is a monosaccharide. In one ervbodiment, the monosaccharide 1s an N-

acetylgalactosamine, such as

HC; O
\ —0 H H
AcHN C}
e i H H
AcHN & C} o
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In another embodiment, a carbohydrate conjugate for use in the compositions and

methods of the invention is selected from the group consisting of!
.

ACHN

\X//O ) H H
HO T\\&/J\/\/\r N\/\VN\<3

H Ot iy
H H
40&—/‘[\ ’Q\/\/\Tr Nesrar N\.f”\\/o\%’w
AcHN O O o

J

&/o /1;
HO *T\}A/O\.//‘\\/\[T’NMN o
O

AcHN
HO~., HO

HO™ -0,

HO

‘J\/’\O ’\\/‘J\/’\ )(r
MO~ HO
HONA0
+-;5§m-..\,

o\/,\ /\\/v\/\N’T(’\”O\*/?"W

Formmula 11,

HO— HO H O 0
LANER) ’
HO . /L
va\of\,Ov/\N O
H Formula I,
APy
HO 0\//\0/\\,@
NHAC
wo O o
ity .
HO 0\/‘\0/\\/0
NHAC Formula IV,
o {?H
no 8 AO™g
NHAC
Lo
e O r
..... G
HO -Q ,0\,/\0//
NHAS Formula V,

MEL 18376333 .}
74

SUBSTITUTE SHEET (RULE 26)



WO 2014/160129

H? o NHAS O fem
'\/0 /
HO /0\/"\/"YNH
NHAC O Formula VI
HO  OH
. g/f‘O
HG O\"/\“‘/\\"G
HC OH  NHac
HO>— 5 Onr™ ™yt
NHACLO O 0»
HO -0 0. NJ
NHAG Formula VII,
Bz0 OBz
O
Bz(*"_\*E Q
BzO -

AcHN e Ce
uo LOH . \
\ s
§, o J\/G\/\\/ ,J\ F\ =
HO = P NP NSO N

AGHN H Formula IX,
e oM
iy
HO O g OO
AcHN i
\\i
uo O 5

OH © '
HO ’
\ 5 ¢«
S\ N0 A
4o "'TA/ \//\O/A\-/O\v’/\\j/\‘ﬂ ] =
AcHN H Formula X,

MET 18370333v.1

75

SUBSTITUTE SHEET (RULE 26)

PCT/US2014/025882



WO 2014/160129

F;’Cg
o OH
HO -Q
HO

PO;

O
O\/\O/\/O\/\N
O OH H
HO -Q
HO e}
— O~ O O
O
% in e
o] H O Q
o -0

@]
M
HO

O\/\O/\/O\/\N/Co ) )
H Formula X3,
5

o} OH
HO\ \Al

H H
903 O\\/\\/ﬂr’ N RN N /O
O~ O 3
HO -4
HOY e % O

N N“’\/\ML“O
Formula X1,
Ho JSOH
&,——0 1% H
MO 7 O\"/\/H\ NN N ﬁro
ACHN &
- G
HO O 1
e, /o) 7 H \I
HO 3O I &f\/\/\/ NWO\/\/ i
HO LOH ' i
St O M o
; ) ”‘7‘“‘&"\)" ’A\J)L“NVAW\NJ{\O ] -
< H Formuls XA,
Ho OH
C O
OH HO (@]
HO AcHN '\/\/U\
HO ? 0 NH
AcHN A
H/\W"
O Formula X1V,
Ho OH

O Formula XV,

MET 183763533, 1

78

SUBSTITUTE SHEET (RULE 26)

PCT/US2014/02588>



WO 2014/160129 PCT/US2014/025882

HO OH

OH
HO &\V vy |\/\/1L
AcHN K/\/U\

O  Formula XV

H

|||Z
I

O Formola XVI,

Hm Mﬁ

O Formula XVIII,

ﬁ\v
w
%
PPt
%

o L,

WL Mﬁ

e L,
/\/\)J\

Formula XIX,

O Formula XX,

OH
HO
HOHO O 0 MNH
O/\/\)J\Nw

O Formula XX,

MET 18370333v.1

77

SUBSTITUTE SHEET (RULE 26)



1¢

-
LA

WO 2014/160129 PCT/US2014/025882

Hgo O 0 MNH

O Formmla XXIi
Another representative carbohydrate conjugate for use in the embodiments deseribed

heremn mnchudes, but is not limited to
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{Formula XX},
when one of X or Y s an oligonucleotide, the other s a hydrogen.

Inn some embodiments, the carbohydrate conjugate further comprises one or more
additional ligands as described above, such as, but not limited to, a PK modulator and/or a cell
permeation peptide.

0. Linkers

In some embodiments, the conjugate or ligand described herein can be attached to an
iRNA oligonucleotide with various linkers that can be cleavable or non-cleavabie.

The term "linker” or “linking group” means an organic moiety that connects two parts of
a compound, e.g., covalently attaches two parts of a compound. Linkers typically comprise a
direct bond or an atom such as oxygen or sulfur, a unit such as NR&, C{0), C(O)NH, SO, SO,
SOuNH or a chain of atoms, such as, but not limited to, substituted or unsubstituted alkyi,
substituted or unsubstituted alkenyl, substituted or unsubstitated alkynyl, arylalkyt, arylatkenyi,
arylaikynyl, heteroarylalkyl, heteroarylalkenyl, betercarylalkyoyl, heterocyelylalkyl,
heterocyelylalkenyl, heterocyelylalkynyl, aryl, heteroaryl, heterocycelyl, eycloalkyl, cycloalkenyl,
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alkylaryialkyl, alkylarylalkenyl, alkvlarylalkynyl, alkenyiaryialkyl, alkenylarylalkenyl,
alkenylarylatkynyl, atkynylarylalkyl, alkynyiaryialkenyl, alkynylarylalkynyl,
alkvlheteroarylalkyl, alkyiheteroarylalkenyl, alkylheteroarylalkynyi, alkenylbeteroarylalioyl,
alkenylbeteroarylalkenyl, alkenylheteroaryvlalkynyl, alkyvoytheteroarylatkyl,
alkynytheteroarvlialkenyl, alkynvlheteroarvialkynyl, alkyiheterocyclylalkyl,
alkylheterocyclylalkenyl, alkylhererocyclylalkynyl, alkenyviheterocyclyvlalkyl,
alkenyiheterocyelylalkenyl, alkenylheterocyelylalkynyl, alkynylheterocyelvlalkyl,
alkynytheterocyelylalkenyl, alkynylbeterocyclvlalkynyl, alkylaryl, alkenylaryl, alkynylaryl,
alkylheteroaryl, alkenylheteroaryl, alkvnyihereroaryl, which one or more methylenes can be
interrupted or terminated by O, §, 5(0), SO,, N(R8}, C(O), substituted or unsubstituted arvi,
substituted or unsubstituted heteroaryl, substituted or upsubstituted heterocyelic; where RE is
hydrogen, acyl, aliphatic or substituted aliphatic. In one embodiment, the tinker 1s between
about 1-24 atoms, 2-24, 3-24, 4-24, 5-24, 6-24, 6-18, 7-18, §-1§ atoms, 7-17, 8-17, 6-16,7-16, ot
g-16 atoms.

A cleavable linking group s one which is sufficiently stable outside the cell, but which
upon entry into a target cell is cleaved to release the two parts the hinker is holding together. Ina
preferred embodiment, the cleavable Iinking group is cleaved at least about 10 times, 20, times,
30 times, 40 times, 50 times, 60 times, 70 times, 8O times, 90 times or more, or at least about 100
times faster in a target cell or under a first reference condition (which can, e.g., be sclected to
mumic or represent intracellular conditions) than in the blood of a subject, or under a second
reference condition (which can, e.g., be selected to mimic or represent conditions found 1o the
blood or serum).

Cleavable linking groups are susceptible to 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 mside cells than i serum or blood. Exaroples of such degradative
agents include: redox agents which are selected for particular substrates or which have no
substrate specificity, including, e.g., oxidative or reductive enzymes or reductive agents such as
mercaptans, present in cells, that can degrade a redox cleavable linking group by reduction;
esterases; endosomes or agents that can create an acidic environment, e.g., those that result in a
pH of five or lower; enzymes that can hydrolyze or degrade an acid cleavable linking group by
acting as a genceral acid, peptidases (which can be substrate specific), and phosphatases.

A cleavable linkage group, such as a disulfide bond can be susceptible to pH. The pH of
human serum 18 7.4, while the average intracelular pH is slightly lower, ranging from about 7.1 -
7.3. Endosomes have a more acidic pH, in the range of 5.5-6.0, and lysosomes have an even

more acidic pH at around 5.0. Some linkers will have a cleavable linking group that is cleaved at
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a preferred pH, thereby relcasing a cationic lipid from the ligand mside the cell, or into the
desired compartment of the cell.

A linker can melude a cleavable linking group that is cleavable by a particular enzyme.
The type of cleavable inking group ncorporated mio a linker can depend on the cell to be
targeted. For example, a liver-targeting higand can be linked to a cationic lipid through a linker
that includes an ester group. Liver cells are rich in esterases, and therefore the linker will be
cleaved more efficiently in Hiver cells than in cell types that are not esterase-rich. Other cell-
types rich n esterases inclode cells of the long, renal cortex, and testis,

Linkers 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) to cleave the candidate linking group. It
wiil also be desirable to alse 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 furst is
selected to be indicative of cleavage 1o a target cell and the second 1s selected 1o be mdicative of
cleavage in other tissucs or biological fluids, e.g., blood or scrum. The evaluations can be
carried out in cell free systems, in cells, in cell culture, in organ or tissue culture, or in whole
animals. It can be useful to make mitial evalnations 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, 30, 40, 50, 60, 70, 80, 90, or about 100 times
faster in the cell {or under in vifro conditions sclected to mimic intraccliular conditions) as
compared to blood or serum {or under in vitro conditions selected to mimic extracelular
conditions),

I. Redox cleavable linking groups

In one embodiment, a cicavable linking group is a redox cleavable linking group thatis
cleaved upon reduction or oxidation. An example of reductively cleavable inking group is a
disulphide linking group (-S-5-). To determine if a candidate cleavable linking group is a
suitable “reductively cleavable linking group,” or for example s suttable for use with a paricular
iRNA motety and particular targeting agent one can look to methods described herein. For
example, a candidate can be evaluated by incubation with dithiothreitol (1T, or other reducing
agent using reagents know in the art, which mimic the rate of cleavage which would be observed
inacell, e.g., 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
maost about 10% in the blood. In other embodiments, useful candidate compounds are degraded
at feast about 2, 4, 10, 20, 30, 40, 58, 60, 70, 80, 90, or about 100 times faster in the cell {or
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under in vizro conditions selected to mimic intracellular conditions) as compared to blood (or
under in vifre conditions selected to mimic extracellular conditions}. The rate of cleavage of
candidate compounds can be determined using standard enzyme kinetics assays under conditions
chosen to mimic intracellular media and compared to conditions chosen to mumic extracellular
media.

ii. Phosphate-based cleavable linking groups

In another embodument, a cleavable Hinker comprises a phosphate-based cleavable hinking
group. A phosphate-based cleavable linking group is cleaved by agents that degrade or
hydrolyze the phosphate group. An example of an agent that cleaves phosphate groups in cells
are enzymes such as phosphatases in cells. Examples of phosphate-based linking groups are -O-
P{OXORK)-O-, -O-PSHORK)-O-, -O-P(SHSRE)-O-, -5-PIOXORK)-O-, -G-P{OXORK)-S-, -5~
POWORK)-S~, -O-P(SHORK)-S-, -5-P(5}{ORK)-O-, -O-P{OYRI-O-, ~-O-PSHRK)-O-, -5~
P(OXRE)-O-, -S-P(SHRK)-O-, -5-P{OYRK)-S-, -O-P(S) Rk)-5-. Preferred embodiments are -O-
P(OYOHO-, -O-P{SHOH}O-, -O-P(S}SH)-O-, -5-P(OYOH}}-O-, -C-P(O}OH})-5-, -5-
P(OYOH -5, -G-P(SHOH)-S-, -5-P(SHOH)}-O-~, -O-P(OH(H)-O-, -O-P(SY(H)-0-, -5-PIOYH 0,
~S-PSYH)-O-, ~S-P{OWH)-S-, -O-P(SH(H)-S-. A preferred embodiment is -O-P(OYOH)-O-.
These candidates can be evaluated using methods analogous to those described above,

iii. Acid cleavable linking groups

In another embodiment, a cleavable linker comprises an acid cleavable linking group. An
acid cleavable Huking group is a linking group that is cleaved under acidic conditions. In
preferred embodiraents acid cleavable linking groups are cleaved in an acidic envirorunent with a
pH of about 6.5 or lower (e.g., about 6.0, 5.75, 5.5, 5.25, 5.0, or lower), or by agents such as
enzymes that can act as a general acid. In a cell, specific low pH organelles, such as endosomes
and lysosomes can provide a cleaving environment for acid cleavable linking groups. Examples
of acid cleavable hinking groups joclude but are not limited to hydrazones, esters, and esters of
arnino acids, Acid cleavable groups can have the general formula -C=NN-, C(O)YO, or -OC(O),
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 alkyl group such as dimethyl pentyl or
t-butyl. These candidates can be evaluated using methods analogous to those described above.

iv. Ester-based linking groups

In another embeodiment, a cleavable linker comprises an ester-based cleavable Iinking
group. An ester-based cleavable linking group is cleaved by enzymes such as esterases and
armdases in cells, Examples of ester-based cleavable linking groups include but are not himited
to esters of alkylene, alkenylenc and alkynylene groups. Ester cleavable linking groups have the
general formula -C{OYO-, or -OC(O)-. These candidates can be evaluated using methods

analogous to those described above.
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v. Peptide-based 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 enzymes such as
peptidases and proteases in cells, Peptide-based cleavable linking groups are peptide bonds

5 formed between amino acids to yield oligopeptides (e.g., dipeptides, tripeptides erc.) and

polypeptides. Peptide-based cleavable groups do not include the amide group (<C(OINH-). The
amide group can be formed between any alkylene, alkenylene or alkynelene. A peptide bond isa
special type of amide bond formed between amino acids to yield peptides and proteins, The
peptide based cleavage group is gencrally hmited to the peptide bond (7.e., the amide bond)

10 formed between amino acids yielding peptides and proteins and does not include the entire amide
functional group. Peptide-based cleavable linking groups have the general formula -
NHCHRAC(O)NHCHRBC(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 IRNA of the invention is conjugated to a carbohydrate through a

15 linker. Non-limiting examples of IRNA carbohydrate conjugates with linkers ofthe

compositions and methods of the invention include, but are not limited to,
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HO 0-"*0 o
raoif SN NN e N O, X0,
AcHN M 3 w\ N
HO O (N, ea
H I}
HQ§VT\\/O\/’\JJ‘~\ /\\,/\/\/N o) /\v,g- NW{/\V(OV/:),O/\\, u—‘g,/w\l/ \«(\/MO
H 0 X
i / x = 1-30
§ a % g y=1-15
HO ,r""\\xf NN “Nv"\\/"\'\/’\[\j Q”‘J z = 120
AcH H
(Formuia XXIX}, and
\E,:\,ov«»\ o
MO AN N N x4
HO OH i g S 7Y
Q 2 \ N
- i S ;3 G +N G S8 %\’)\( ‘{Mﬁ
HO—2 ) e N O W N/\}o 3z ¥
HG iH 5 7 x = 1-30
S —~C ! y = 1-15
HO : \/\\/)'"“ »/‘\/‘\/"‘N’LO z = 1-20
ACHN H

{Formula XXX), when one of X or Y 15 an oligonucleotide, the other is a hydrogen.
In certain embodiments of the compositions and methods of the invention, a ligand is one
or more “(alNAc” (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 in any of formula (XXX} -

(XXXIVY:
5
Formula XXX1 Formula XXX
PZA'QZA'RZA‘ = T2A_L2A /LP:;/\“Q}/\“RBA' — T3A_L3A
q , g’
NV VN
2B_)2B_R2B | 2B_| 2B $38_3B_ 3B -+3B_; 3B
P Q R B T<"-L \i\i’ -Q % =B [t
q q
| PSA-QSA-RSA ] T5A_L5A
P4A_Q4A_R4A | TAA_ 4A qSA
q*A p3B.Q3B.RSB ]_T5B_L5B
qSB
P4B'Q4B'R4B< 4B T4B.L4B _PSC_QSC_RSC T5C | 5€
q qsc
, Of ;
10 Formula XXX Formula XXXV
wherein:

g2A, g2B, 34, 3B, g4A, g4B, gSA, ¢5B and ¢5C represent independently for each occurrence
0-20 and wherein the repeating unit can be the same or different;

15 pi pIB_piA piB pib pi pSA pSB pSC 24 2B pIs AR pds pdR pdA pSB SO oo en
independently for each occurrence absent, CO, NH, O, §, OC(O), NHC{O), CH;, CHyNH or
CHLO;

QZA,, o, QSA, QR‘B? Q*‘A, Q4B, QSA? Q7 Q™ are independently for cach occurrence absent,
alkylene, substituted alkylene wherin one or more methylenes can be interrupted or terminated

20 by one or more of G, 8, $(0), SO, N(RM), C(R=C(R"), C=C or C(O);

R* R R R RM R R R, RO are cach independently for each occurrence absent,

NH, 0, 8, CH,, C{O)Y0, C(OWNH, NHCH(RHCO), -C{O)-CHR-NH-, CO, CH=N-0,
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O
HO

O
. ST f‘"’\( N -
wﬁﬁ% } E , “\F>< ) ,WS SW()r

heterocyelyh

L?‘A, L L‘W’A, L‘%B, LM‘, £ LSA, L and L ra,praﬂa,m the ligand; i.e. cach independently
for each occurrence a monosaccharide (such as GalNAc), disaccharide, trisaccharide,
tetrasaccharide, oligosaccharide, or polysaccharide; andR® is T or amino acid side
chain. Trivalent conjugating GallNAc derivatives are particularly useful for use with RNAG agents

for inhibiting the expression of a target gene, such as those of formula (XXXV):

Formula XXXV

PSA QSA RSA T5A L5A

A
pSB.QSB.R3B -|-5B 5B
q
5C_3C_p5C 5C_| 5C
PC.QC.R ]—qsc TCL

>

wherein L™, L°® and L represent a monosaccharide, such as GalNAc derivative,
Examples of suitable bivalent and trivalent branched linker groups conpugating GalNAc
dertvatives include, but are not limited to, the siractures recited above as formulas I, VI, X1 X,
and XL

Rf:presentative Us. patents that teach the prc—:paration of RNA conj ugates include, but are

3,552,53%; 5,37%,7@ 7, 3,5?50,731; 3,391,584; 3,109,124; 5,11%,80/_; V,E.ﬁ8,043; 5,414,077;
5,486,603; 5,512,439; 5,578,718; 5,608,046; 4,587,044; 4,605,735, 4,667 ,025; 4,762,779,
4,789,737, 4,824,941, 4,835,263; 4,876,335, 4,904,582; 4,958,013; 5,082,830; 5,112,963;
5,214,136; 5,082,830; 5,112,963; 5,214,136, 5,245,022; 5,254,469; 5,258,500; 5,262,536;
5,272,250, 5,292,873, 5,317,098, 5,371,241, 5,391,723, 5,416,203, 5,451,463, 5,510,475;
5,512.667; 5,514,785; 5,565,552, 5,.567,810; 5,574,142; 5,585,481, 5,587,371, 5,585.,72¢6;
5,597.696; 5,599,923; 5,599,928 and 5,688,941; 6,294,664; 6,320,017, 6,576,752; 6 783,93i;
6,900,297 7,037.646; 8,106,022, the entire contents of cach of which are hereby incorporated
herein by reference.
It s not vecessary for all positions i a given corupound to be uniformly modified, and m

fact more than one of the aforementioned modifications can be mcorporated in a single
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compound or ¢ven at a single nucleoside within an iIRNA, The present invention also includes
iRNA compounds that are chimeric compounds.

“Chimeric” iIRNA compounds or “chimeras,” in the context of this invention, arc iIRNA
compounds, preferably dsRNAg, which contain two ot muore chemically distinet regions, each
made up of at least one monomer untt, Ze., a nucleotide in the case of a dsRNA compound.

These iIRNAs typically contain at least one region wherein the RNA s modified so as to confer

increased binding affinity for the target nuclete acid, An additional region of the 1IRNA can serve
as a substrate for cnzymes capable of cleaving RNADNA or RNARNA hybrids. By way of
example, RNase H is a cellular endonuclease which cleaves the RNA strand of an RNA:DNA
duplex. Activation of RNase H, therefore, results in cleavage of the RNA target, thereby greatly
enhancing the efficiency of iIRNA mbibition of gene expression. Consequently, comparable
results can often be obtained with shorter iRNAs when chimeric dsRNAs are used, compared to
phosphorothicate 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
hybridization technigoes known io the art.

In certain instances, the RNA of an iIRNA can be modified by a non-ligand group, A
number of non-ligand molecules have been conjugated to 1IRNAs in order to enhance the activity,
cellular distribution or cellular uptake of the iIRNA, and procedures for performing such
conjugations are avatlable in the scientific hterature. Such non-ligand moieties have included
fipid moieties, such as cholesterol (Kubo, T. er ¢l Biockhem. Biophys. Res. Comm., 2007,
365(1154-01; Letsinger et al., Proc. Natl. Acad. Sci. USA, 1989, §6:6553), cholic acid
{Mancharan ef af., Bioorg. Med. Chem. Lett., 1994, 4:1053), a thioether, e.g., hexyl-S-trityithiol
{Manoharan ef al., Ann. N.Y. Acad. Sci., 1992, 660:306; Manocharan ef al., Bivorg. Med. Chem.
Let, 1993, 3:27635), a thiocholesterol (Oberhauser ef af., Nucl. Acids Res., 1992, 20:533), an
aliphatic chain, e.g., dodecandiol or undecyl residues (Saison-Behmoaras ef af.,, EMBO J., 1991,
13:111; Kabanov er af., FEBS Left., 1990, 259:327; Svinarchuk ef /., Biochimie, 1993, 7549}, a
phospholipid, e.g., di-hexadecylrac-glycerol or triethylammonium 1,2-di-O-hexadecyi-rac-
glveero-3-H-phosphonate (Manoharan et af., Tetrahedron Lett., 1995, 36:3651; Shea er af., Nucl,
Acids Res., 1990, 18:3777), a polyamine or a polyethylene glyeol chain (Manoharan ef af.,
Nucleosides & Nucleotides, 1995, 14:969), or adamantane acetic acid (Manoharan ef af.,
Tetrahedron Lett., 1995, 36:3651), a palmityl moiety (Mishra ef af., Biochim. Riophys. Acta,
1995, 1264:229), or an octadecylamine or hexylamino-carbonyl-oxycholesterol moiety {(Crooke
et al., J. Pharmacol Exp. Ther., 1996, 277:923). Representative United States patents that teach
the preparation of such RNA conjugates have been listed above. Typical conjugation protocols

involve the synthesis of an RNAs bearing an aminolinker at one or more positions of the
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sequence, The amino group is then reacted with the molecule being conjugated using appropriate
coupling or activating reagents. The conjugation reaction can be performed either with the RNA
stifl bound to the solid sppport or following cleavage of the RNA, in solution phase. Purification

of the RNA conpugate by HPLC typically affords the pure conjugate.

1V. DBelivery of an IRNA of the Invention

The delivery of an iIRNA of the invention to a cell e g., a cell within a subject, such as a
human subject (e.g., a subject in need thereof, such as a subject having a corplement component
CS-associated discase) can be achieved in a number of different ways. For example, delivery
may be performed by contacting a cell with an iRNA of the invention either in vifro or in vive.
{n vivo delivery may also be performed directly by administering a composition comprising an
iRNA, e.g., a dsRNA, to a subject. Altemnatively, in vive delivery may be performed indirectly
by administering one or more vectors that encode and direct the expression of the iRNA. These
alternatives are discussed further below.

I general, any method of delivering a nucleic acid wmolecule (i vitro or in vive} can be
adapted for use with an iIRNA of the invention (sce e.g., Akhtar 8, and Julian RL. (1992} Trends
Cell Biol. 2{5):139-144 and WO94/02595, which arc incorporated herein by reference i their
entiretics). For in vive delivery, factors to consider in order to deliver an iRNA molecule
include, for cxample, biological stability of the delivered molecule, prevention of non-specific
effects, and accumulation of the delivered molecule in the target tissue. The non-specific effects
of art iRNA can be mamumized by local administration, for example, by direct injection or
implantation into a tissue or topically administering the preparation. Local admmistration to a
treatment site maximizes local concentration of the agent, limits the exposure of the agent to
systemic tissues that can otherwise be harmed by the agent oy that can degrade the agent, and
permits a lower total dose of the iIRNA molecule to be admunistered. Several studies have shown
successtul knockdown of gene products when an IRNA is adnunistered locally. For example,
intraocular delivery of a VEGF dsRNA by intravitreal injection in cynomoigus monkeys
{Tolentino, ML, ef of (2004) Reting 24:132-138) and subretinal injections in mice {Reich, S1., ef
al (2003 Mol Vis. 9:210-216) were both shown to prevent neovascularization in an
experimental model of age-related macular degeneration. In addition, direct intratumoral
mjection of a dsRNA in mice reduces tumor volume (Pille, 1., er of (2005) Mol Ther 11:267-
274} and can prolong sarvival of tumor-bearing mice (Kim, WI., ef af (2006} Mol Ther. 14:343-
350,14, 8., er af (2007) Mol Ther. 15:515-523). RNA mnterference has also shown success with
iocal delivery to the NS by direct injection (Dorn, G., ef ol (2004) Nucleic Acids 32:¢49; Tan,
PH., ef af (2003 Gene Ther, 12:59-66; Makinmra, H., e/ a 3(2{){)233’34’(, Neurosci. 3:18;
‘)hhhkma GT., et al 2004} Newroscience 129:521-528; Thakker, ER., er of 2004) Proc. Nadl.
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Acad. Sci. US A 10LAT7270-17273; Akaneya,Y ., ef af (2005) 7. Neurophysiol, 93:594-602) and
to the hungs by intranasal administration (Howard, KA., er af (2006} Mo/l Ther. 14:476-484;
Zhang, X., et ¢l (2004 J. Biol. Chem. 279:10677-10684; Bitko, V., ef af (2005 Nar. Med. 11:50-
55). For admuusterng an iIRNA systemically for the treatment of a disease, the RNA can be
meodified or alternatively delivered using a drug delivery systemy; both methods 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. iIRNA roolecules can be modified by chemcal
conjugation to lipophilic groups such as cholesterol to enhance cellular uptake and prevent
degradation. For example, an iRNA directed against ApoB conjugated to a hipophilic cholesterol
motety was injected systemically into mice and resulted in knockdown of apoB mRNA in both
the liver and jejumum (Soutschek, 1., ef af (2004) Nature 432:173-178). Conjugation of an iRNA
to an aptamer has been shown to inhibit tumor growth and mediate tumor regression i a mouse
model of prostate cancer {(McNamara, JO., ef ¢f (2006} Nat. Riotechne!. 24:1005-1015). In an
alternative embodiment, the IRNA can be delivered using drag delivery systems such as a
nanoparticle, a dendrimer, a polymer, liposomes, or a cationic delivery system. Positively
charged cationic delivery systems facilitate binding of an iIRNA molecule (negatively charged)
and also enhance interactions at the negatively charged cell membrane to permit efficient uptake
of an iIRNA by the cell. Cationic lipids, dendrimers, or polymers can either be bound to an iRNA,
or induced to form a vesicle or micelle (see e.g., Kim SH., er of 2008) Jawrnal of Controlled
Release 129(23.107-116) that encases an iIRNA, The formation of vesicles or micelles further
prevents degradation of the iIRNA when administered systemically. Methods for making and
administering cationic- iRNA complexes are well within the abilitics of one skilled in the art (see
e.g., Sorensen, DR, ef of (20033 J. Mol Biol 327.761-766; Verma, UN., ef af (2003) Clhin.
Cancer Res. 9:1291-1300; Amold, AS ef o/ (2007) J. Hyperiens, 25:197-205, which are
incorporated herein by reference in their entirety), Some non-limiting examples of drug delivery
systems useful for systemic delivery of IRNAs include DOTAP (Sorensen, PR, er af (2003},
supra; Yerma, UN., ef of (2003}, supra), Oligofectamine, "solid nucleic acid hipid particles”
{Zuwnermann, TS, ef af (2006} Nature 441:111-114)}, cardiolipin (Chien, PY., er ¢/ (2005)
Cancer Gene Ther. 1Y2:321-328; Pal, A., ef al (2008) Int J. Oncol. 26:1087-1091),
polycthylencimine (Bonnet ME., ef af (2008) Pharm. Res. Aug 16 Epub ahead of print; Aigner,
AL (2006} J. Riomed. Bivtechnol. T1659), Arg-Gly-Asp (RGD) peptides (Lin, S, (2006} Mo/,
FPharm. 3:472-487}, and polvamidoamines (Tomalia, DA, e7 4/ (2007} Biochem. Soc. Trans.
35:61-67; Yoo, H., et @/ (1999) Pharm. Res. 16:1799-1804). In some embodiments, an iRNA

forms a complex with cyclodextrin for systemic administration. Methods for administration and
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pharmaceutical compositions of IRNAs and cyclodextrins can be found in U.S. Patent No.
7.427,605, which is herein incorporated by reference in ifs entirety.

A Vecior encoded iIRNAs of the Invention

iRNA targeting the C5 gene can be expressed from transcription units inserted into DNA or
RINA vectors (see, e.g., Couture, A, er ¢l., TIG. (1996}, 12:5-10; Skillern, A, ef a/., Intcrnational
PCT Publication No. WO (0/22113, Conrad, International PCT Publication No. WO 00/22114,
and Conrad, U.S. Pat. No. 6,054,299}, Expression can be transient {on the order of hours to
weeks) or sustained (weeks to moounths or longer), depending upon the specific construct used and
the target tissue or cell type. These transgenes can be introduced as a linear construct, a circular
plasmud, 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,
et al., Proc. Natl. Acad. Sci. USA (1995)92:1292),

The individual strand or strands of an 1RNA can be transcribed from a promoier on an
expression vector. Where two separate strands are to be expressed to gencrate, for example, a
dsRNA, two separate expression vectors can be co~-introduced (e.g., by trausfection or infection)
into a target cell. Alternatively each jndividoal strand of a dsRNA can be trausceribed by
promoters both of which are located on the same expression plasmid. In one embodiment, a
dsRINA is expressed as inveried repeat polynucleotides joined by a linker polynucleotide
sequence such that the dsRINA has a stem and loop structure.

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

iRNA expression plasmids can be transfected into target cells as a complex with cationic
lipid carriers {e.g., Oligofectaming) or non-cationic lipid-based carriers (e.g., Transit-TKO™).
Muitiple bipid transfections for iRNA-mediated knockdowns targeting different regions of a
target RNA over a period of a week or more are also contemplated by the invention. Successful
introduction of vectors into host cells can be wountiored using vanous known methods. For
example, transient transfection can be signaled with a reporter, such as a fluorescent marker,

such as Green Fluorescent Protein (GEFP). Stable transfection of cells ex vive can be ensured
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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
herein include, but are not himited to, (a) adenovirus vectors; (b) retrovivus vectors, inclading but
not limited to lentiviral vectors, moloney murine leukemia viras, ere.; (o) adeno- associated viras
vectors; {(d} herpes simplex virus vectors; {¢} SV 48 vectors; {f) polyoma virus vectors; (g}
papilloma viros vectors; (h) picomavirus vectors; (1) pox virus vectors such as an orthopox, e.g.,
vaccinia virus vectors or avipox, e.g. canary pox ot fowl pox; and (§) a helper-dependent or
gutless adenovirus, Replication-defective viruses can also be advantageous. 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
vectors capable of episomal rephication, e.g. EPV and EBV vectors. Constracts for the
recombinant cxpression of an iIRNA will generally require regulatory elements, e.g., promoters,
enhancers, efc., to ensure the expression of the iIRNA in target cells. Other aspects to consider for
vectors and constructs are further described below.

Vectors useful for the delivery of an iRNA will include regulatory elements (promoter,
enhancer, efc.) sufficient for expression of the itRNA in the desired target cell or tissue. The
regulatory clements can be chosen to provide either constitutive or regulated/inducible
eXPression.

Expression of the iRNA can be precisely regulated, for example, by using an inducible
reguiatory sequence that is sensitive to certain physiological regulators, e.g., circnlating glucose
icvels, or hormones (Docherty ez af., 1994, FASEB J. 8:20-24). Such mducible expression
systems, suitable for the control of dsRNA expression in cells or in mammals include, for
example, reguiation by ecdysone, by estrogen, progesterone, tetracycline, chemical inducers of
dimerization, and sopropyl-beta-D1 ~thwgalactopyranoside (IPTG). A person skilled m the art
would be able to choose the appropriate regulatory/promoter sequence based on the intended use
of'the iIRNA transgene.

Viral vectors that contain nucleic acid sequences encoding an iIRNA can be used. For
example, a retroviral vector can be used (see Miller e al., Meth. Enzymol. 217:581-599 (1993}
These retroviral vectors contain the components necessary for the correct packaging of the viral
genome and integration into the host cell DNA. The nucleic acid sequences encoding an IRNA
are cloned into one or more vectors, which facilitate delivery of the nucleic acid into a patient.
More detail about retroviral vectors can be found, for example, in Boesen er af., Biotherapy
6:291-302 (1994, which describes the use of a retroviral vector to deliver the mdrl gene to
hematopoietic stem cells in order to make the stem cells more resistant to chemotherapy. Other

references illustrating the use of retroviral vectors i gene therapy are: Clowes et of., /. Clin.
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Invest. 93:644-051 (1994); Kiem er af, Blood 83:1467-1473 (1994 ); Salmons and Gunzherg,
Human Gene Therapy 4:129-141 (1993}); and Grossman and Wilson, Curr. Opin. in Genetics and
Devel, 3:110-114 (1993). Lentiviral vectors contemplated for use include, for example, the HIV
based vectors described in ULS, Patent Nos. 6,143,520, 5,663,557, and 5,981,276, which are
herein incorporated by reference.

Adenoviruses are also contemplated for use in delivery of iRNAs of the invention.
Adenoviruses are especially attractive vehicles, e.g., for delivering genes to respiratory epithelia.
Adenovirases naturally infect respiratory epithelia where they cause a mild disease. Other targets
for adenovirus-based deltvery systems are liver, the central nervous system, endothelial cells,
and muscle. Adenoviruses have the advantage of being capable of infecting non-dividing cells.
Kozarsky and Wilson, Current Opinion in Genetics and Development 3:499-503 (1993 ) present
areview of adenovirus-based gene therapy. Bout 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 Rosenfeld
et al., Science 252:431-434 (1991); Rosenfeld er ol , Cell 68:143-155 (1992); Mastrangeli f /.,
S Clin. Invesr. 91:225-234 (1993); PCT Publication W094/12649; and Wang, ef al., Gene
Therapy 2:775-783 (1995). A suitable AV vector for expressing an iIRNA featured in the
invention, a method for constructing the recombimant AV vector, and a method for delivering the
vector into target cells, are described in Xia H er of. (2002), Naz. Riotech. 20: 1006-1010.

Adeno-associated virus (AAV) vectors may also be used to delivery an iRNA ot the
mvention {Walsh ef ¢/, Proc. Soc. Exp. Biol. Med, 204:289-300 (1993); U.S. Pat. No.
5,436,146). In one cmbodiment, the iIRNA 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 cvtomegalovirus {(CMV) promoter. Suitable AAY vectors for
expressing the dsRNA featured in the mvention, methods for constructing the recorabinant AV
vector, and methods for delivering the vectors into target cclis are described in Samulski R e7 af.
(1987}, J. Virel 61:3096-3101; Fisher K J ef af. (1996, J. Virol, 70: 520-532; Samuiski R ef al.
(1989}, J. Virel 63:3822-3826; U.S. Pat. No. 5,252,479, U.S. Pat. No. 5,139,941, nternational
Patent Application No. WO 94/13788; and International Patent Application 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 a pox virus such
as a vaccinia virus, for example an attenuated vaccinia such as Modified Virus 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
proteins or other surface antigens from other viruses, or by substituting different viral capsid

proteins, as appropriate. For example, lentiviral vectors can be pseudotyped with surface proteins
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from vesicular stomatitis virus (VSV), rabics, Ebola, Mokola, and the like. AAV vectors can be
made to target different cells by engineering the vectors to express different capsid protein
serotypes; see, e.g., Rabinowitz I E et o/, (2002), J Viro/ 76:791-801, the entive disclosure of
which is herein incorporated by reference.

The pharmaceutical preparation of a vector can include the vector in an acceptable
diluent, or can include a slow release matrix in which the gene delivery vehicle is imbedded.
Alternatively, where the complete gene delivery vector can be produced imtact from recombinant
cells, e.g., retroviral vectors, the pharmaceutical preparation can include one or more cells which

produce the gene delivery system.

V. Pharmaceutical Compositions of the Invention

The present invention also mcludes pharmaceutical compositions and formulations which
inchude the iIRNAs of the invention. In one embodiment, provided herein are pharmaceutical
compositions containing an iRNA, as described herein, and a pharmaccutically acceptable
Sartier.

The phrase "pharmaceutically acceptable” is employed herein to refer to 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, commensurate with a reasonable benefit/risk ratio.

The phrase "pharmaccutically-acceptable carrier”™ as used herein means a
pharmaceutically-acceptable material, composition or vehicle, such as a liquid or solid filler,
diluent, excipient, manufacturing aid (e.g., lubricant, talc magnesium, calcium or zing stearate, or
steric acid}, or solvent encapsulating matenial, involved tn carrying or transporting the subject
compound from one organ, or portion of the body, to another organ, or portion of the body, Each
carrier must be "acceptable” in the sense of being compatible with the other ingredients of the
formulation and not injuriouns 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 potato starch; (3) cellulose, and its derivatives,
such as sodinm carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4) powdered
tragacanth; (5 malt; (6} gelatin; (7) lubricating agents, such as magnesium state, sodum lauryl
suifate and talc; (&) excipients, such as cocoa butter and suppostiory waxes; (9} oils, such as
pearut oil, cottonseed oil, safflower o1, sesame o1, olive oil, com ol and sovbean oil; (10)
glyeols, such as propylene glycol; (11) polyols, such as glyeerin, sorbitol, mannitol and
polyethylene glyeol; (12) esters, such as ethyl oleate and ethyl laurate; (13} agar; (14} buffering

agents, such as magnesium hydroxide and aluminum hydroxide; (15} alginie acid; (16) pyrogen-
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free water; (17} isotonic saline; (18} Ringer's solution; (19} cthyl aleohol; (20) pH buffered
solutions; (21) polyesters, polycarbonates and/or polyanhydrides; (22) bulking agents, such as
polypeptides and amino acids (23) serum component, such as serum allnimin, HDL and LDL;
and {22) other non-toxic compatible substances employed m pharmaceutical formulations,

The pharmaceutical compositions containing the iIRNA are useful for treating a discase or
disorder associated with the expression or activity of a €5 gene, e.g. a complement component
C5-assoctated discase. Such pharmaceutical compositions are formulated based on the mode of
delivery. One example is compositions that are formulated for systemic adiministration via
parenteral delivery, e.g., by subcutancous (SC) or intravenous (IV) delivery. Another example is
compositions that are formulated for direct delivery into the brain parenchyma, e.g., by infusion
into the brain, such as by continnous pump infusion. The pharmacentical compositions of the
jovention may be adounistered m dosages sufficient to inhibit expression ofa €5 gene. In
general, a suitable dose of an iIRNA of the invention will be in the range of about 8.001 1o about
200.0 milligrams per kilogram body weight of the recipient per day, generally in the range of
about 1 to 50 mg per kilogram body weight per day. For example, the dsRNA can be
administered at about 0.01 mg/kg, about 8.05 mg/kg, about 0.3 yog/kg, about | mg/kg, about 1.5
mg/kg, about 2 mg/kg, about 3 mg/kg, about 10 mg/kg, about 20 mg/kg, about 30 mg/kg, about
40 mg/kg, or about 50 mg/kg per single dosc.

For example, the dsRNA may be administered at a dose of about 0.1, 0.2, 0.3, 0.4, 0.5,
0.6,07,08,09 1,11, 1.2, 13,14, 15,16, 1.7,18,1.9,2,21,2.2,23,24,25,2.6,2.7, 2.8,
29,3,31,32,33,34,35,36,3.7,38,35,4,41,42,43,44,45,46,47,48,49,5,5.1,
52,53,54,5.5,56,57,58,59,6,61,62,63,064,65,66,67.68,65,7,7.1,72,73,74,
7.5,76,77,7.8,79,8,8.1,82,83,84,85 8.6,87,88,88,9,9.1,92,93,94,95,958,9.

9.8, 9.9, or about 10 mg/'ke. Values and ranges intermediate to the recited vahies are also
, g £

P,
e

B,

o

~3

intended to be part of this invention.

In another embodiment, the dsRNA is administered at a dose of about 8.1 1o about 50
mg/kg, about (.25 to about 50 mg/kg, about 0.5 to about 50 mg/kg, about .75 to about 50
mg/ke, about 1 to about 50 mg/mg, about 1.5 to about 54 mg/kb, about 2 to about 50 me/keg,
about 2.5 to about 50 mg/kg, about 3 to about 50 rog/kg, about 3.5 to about 50 mg/ke, about 4 to
about 50 mg/kg, about 4.5 to about 50 mg/kg, about 5 to about 50 mg/kg, about 7.5 to about 50
me/kg, about 10 to about 50 mg/kg, about 15 to about 50 mg/kg, about 20 to about 56 mg/kg,
about 20 to about 50 mg/kg, about 25 to about 50 myg/kg, about 25 to about 50 mg/kg, about 30
to about 30 mg/kg, about 35 to about 50 mg/kg, about 40 to about 50 mg/kg, about 45 to about
50 mg/kg, about 0.1 to about 45 mg/kg, about .25 to about 45 mg/kg, about 0.5 to about 45
mg/kg, about (.75 to about 45 mg/kg, about | to about 45 mg/mg, about 1.5 to about 45 mg/kb,

about 2 to about 45 mg/ke, about 2.5 to about 45 mg/kg, about 3 to about 45 mg/kg, about 3.5 to
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about 45 mg/kg, about 4 to about 45 mg/kg, about 4.5 to about 45 mg/kg, about 5 to about 45
mg/kg, about 7.5 to about 45 mg/ke, about 10 to about 45 mg/kg, about 15 to about 45 mg/kg,
about 20 to about 45 mg/kg, about 20 to about 45 mg/ke, about 25 to about 45 mg/ke, about 25
to about 45 wg/kg, about 30 10 about 45 wg/kg, about 35 to about 45 mg/kg, about 40 o about
45 mg/kg, about 8.1 to about 40 mg/kg, about 0.25 to about 40 mg/kg, about 0.5 to about 40
mg/kg, about 0.75 to about 40 mg/kg, about T to about 40 mg/mg, about 1.5 to about 40 mg/kb,
about 2 to about 40 mg/kg, about 2.5 to about 40 mg/kg, about 3 to about 40 mg/ke, about 3.5 to
about 40 rag/kg, about 4 to about 40 mg/kg, about 4.5 to about 40 mg/kg, about 5 to about 40
mg/kg, about 7.5 to about 40 mg/kg, about 10 1o about 40 mg/kg, about 15 to about 40 mg/kg,
about 20 to about 40 mg/kg, about 20 to about 40 mg/kg, about 25 to about 40 mg/kg, about 25
to about 40 mg/ke, about 30 to about 40 mg/kg, about 35 to about 40 myg/kg, about (.1 to about
30 mg/kg, about 0.25 to about 30 mg/kg, sbout 0.5 to about 30 mg/kg, about 6.75 to about 30
mg/kg, about 1 to about 30 mg/mg, about 1.5 to about 30 mg/kb, about 2 to about 30 mg/kg,
about 2.5 to about 30 mg/kg, about 3 to about 30 mg/kg, about 3.5 to about 30 mg/ke, about 4 to
about 30 mg/kg, about 4.5 to about 30 mg/kg, about 5 to about 30 mg/kg, about 7.5 to about 30
mg/kg, about 10 to about 30 mg/kg, about 15 to about 30 mg/kg, about 20 to about 30 mg/ke,
about 20 to about 30 mg/kg, about 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 §.75 to about 20 mg/kg, about 1 to
about 20 mg/mg, about 1.5 to about 20 mg/kb, about 2 to about 20 mg/kg, about 2.5 to about 20
mg/kg, about 3 to about 20 mg/kg, about 3.5 to about 20 mg/ke, about 4 to about 20 mg/ke,
about 4.5 to about 20 mg/kg, about 5 to about 20 rag/kg, about 7.5 to about 20 mg/kg, about 10
to about 20 mg/kg, or about 15 to about 20 mg/kg. Values and ranges mtermediate to the recited
values are also intended to be part of this invention.

For example, the dsRNA may be admunistered at a dose of about 0..01, 0.02, .03, .04,
0.05,0.06,0.07,008,0.09,0.1,02,03,04,05,06,07,08,09, 1, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6,
1.7,18,19,2,2.1,22,23,24,2.5,26,2.7,28,29,3,3.1,32,33,34,3.5,3,6,37,38,3.9,
4,4.1,42,43,44,45,4.6,47,48,49,5,51,52,53,54,5.5,56,57,58,59,6,6.1,6.2,
63,64,65,66,67,68,65,7,71,72,73,74,75,76,7.7,786,78,8 81,82,83,84, 8.5,
8.6,8.7,88,89,9,9.1,92,93,94,9.5,9.6,9.7,958,9.9, or about 10 mg/kg. Values and
ranges intermediate to the recited values are also intended to be part of this invention.

In another embodiment, the dsRNA is administered at a dose of about 0.5 to about 50
me/kg, about 0.75 to about 50 mg/kg, about 1 to about 30 mg/mg, about 1.5 to about 58 mg/kb,
about 2 to about 50 mg/kg, about 2.5 to about 50 mg/kg, about 3 to about 50 mg/kg, about 3.5 o
about 30 mg/kg, about 4 to about 50 mg/kg, about 4.5 to about 50 mg/kg, about 5 to about 50
mg/kg, about 7.5 to about 50 mg/keg, about 10 to about 50 mg/kg, about 15 to about 50 mg/kg,

about 20 to about 50 mg/kg, about 20 to about 50 mg/ke, about 25 to about 50 mg/ke, about 25
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to about 50 mg/ke, about 30 to about 50 mg/kg, about 35 to about 50 mg/kg, about 40 to about
50 mg/ke, about 45 to about 50 mg/kg, about 0.5 o about 45 mg/kg, about 0.75 1o about 45
mg/ke, about 1 to about 45 mg/mg, about 1.5 to about 45 mg/kb, about 2 to about 45 me/kg,
about 2.5 to about 45 mg/kg, about 3 to about 45 rog/kg, about 3.5 to about 45 mg/ke, about 4 to
about 45 mg/kg, about 4.5 to about 45 mg/kg, about 5 to about 45 mg/kg, about 7.5 to about 45
me/kg, about 10 to about 45 mg/kg, about 15 to about 45 mg/kg, about 20 to about 45 mg/kg,
about 20 to about 45 mg/kg, about 25 to about 45 myg/kg, about 25 to about 45 mg/kg, about 30
to about 45 mg/kg, about 35 to about 45 mg/kg, about 40 to about 45 mg/kg, about 0.5 to about
40 mg/kg, about 0.75 to about 40 mg/kg, about 1 to about 40 mg/mg, about 1.5 to about 40
mg/kb, about 2 to about 40 mg/kg, about 2.5 to about 40 mg/kg, about 3 to about 40 mg/kg,
about 3.5 to about 40 mg/kg, about 4 to about 40 myg/kg, about 4.5 to about 40 mg/ke, about S to
about 40 mg/kg, about 7.5 to about 40 mg/kg, about 10 1o about 40 mg/kg, about 15 to about 40
mg/kg, about 20 to about 40 mg/'kg, about 20 to about 40 mg/kg, about 25 to about 40 mg/kg,
about 25 to about 40 mg/kg, about 30 to about 40 mg/kg, about 35 to about 40 mg/kg, about .5
to about 30 mg/kg, about 8.75 to about 30 myg/kg, about I to about 30 mg/mg, about 1.5 to about
30 rag/kb, about 2 o about 30 mug/kg, about 2.5 to about 30 mg/kg, about 3 to about 30 mg/ke,
about 3.5 to about 30 mg/ke, about 4 to about 30 mg/kg, about 4.5 to about 30 mg/kg, about 5 1o
about 30 mg/kg, about 7.5 to about 30 mg/kg, about 10 to about 30 mg/kg, about 15 to about 30
mg/kg, about 20 to about 30 mg/kg, about 20 to about 30 mg/kg, about 25 to about 30 mg/kg,
about 0.5 to about 20 mg/kg, about (.75 to about 20 mg/ke, about 1 to about 20 mg/mg, sbout
1.5 to about 20 rog/kb, about 2 to about 20 yog/kg, about 2.5 to about 20 mg/kg, about 3 to about
20 mg/kg, about 3.5 to about 20 mg/kg, about 4 to about 20 mg/kg, about 4.5 to about 20 mg/kg,
about 5 to about 20 mg/kg, about 7.5 to about 20 mg/kg, about 10 to about 20 mg/kg, or about 15
to about 20 mg/kg. In one embodiment, the dsRNA is administered at a dose of about 10mg/ke
to about 30 mg/kg. Values and ranges intermediate to the recited values are also mtended to be
part of this invention.

For example, subjects can be administered, e.g., subcutancously or intravenously, a single
therapeutic amount of iIRNA, such as about 0.1, 0.125, 0,15, 0.175, 0.2, 0.225, .25, 0.275, 0.3,
0.325,0.35,0.375,0.4,0425,045,0475,0.5,0.525,0.55,0.575,0.6,0.625,0.65,0.675, 0.7,
0.725,0.75,0.775, 0.8, 0.825, 0.85, 0.875,0.5,0925,095,0975, 1, 1.1, 1.2, 13, 1.4, 15, 1.6,
1.7, 18,19,2,2.1,22,23,24,25,2.6,2.7,28,29,3,3.1,32,33,34,35,36,3.7,38,3.9,
4,41,42,43,44,45,46,4.7,48,49,5,51,52,53,54,55,56,57,58,58,6,6.1,6.2,
6.3,64,65,66,67,68,69,7,71,72,73,74,75,76,7.7,78,79,§,8.1,8§2,83,84,8.5,
8.6,8.7,88,89,9,91,92,93,94,95,96,97,98 95 10,105, 11, 115,12, 125,13, 13.5,
14, 14.5,15,15.5,16,16.5,17,17.5, 18, 185,19, 195,26, 205, 21,21.5,22,22.5,23,23.5, 24,
24.5,25,255,26,265,27,27.5,28,28.5,29,29.5,30,31,32,33,34, 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 values are also mtended to be part of this invention.

In some embodiments, subjects are administered, e.g., subcutancously or intravenously,
multiple doses of a therapeutic amount of iIRNA, such as a dose about 8.1, 0.125, 0,15, 0.175,
0.2,0.225,025,0.275,03,0.325,035,0.375,04, 0.425, 0.45, 0475, 0.5, 0.525,0.55, 0.573,
0.6, 0.625, 0.65,0.675,0.7,0.725,0.75,03.775, 0.8, 0.825, 0.85, 0.875, 0.9, 0.925, 0.95,0.975, 1,
1.,0.2,13,14,1.5,16,1.7,18,19,2,2.1,22,23,24,25,2.6,2.7,28,29,3,3.1,32,
34,35,36,3.7,38,398,4,41,42,43,44,45,46,4.7,48,49,5,5.1,5.2,5.3, 54 3.5, 5.6
5.7,58,59,6,6.1,62,63,64,05,66,67,068,69,7,71,72,73,74,7.5,76,77,78,7. (}
8.8.1,82,83,84,85,86,87,€8,89,9,91,92,93,94,95,9.6,9.7,98,99, 14, 105, 11,
11.5,12,12.5,13,13.5, 14,145, 15,155, 16, 16,5, 17, 17.5, 14, 18.5, 19, 19.5, 20, 20.5, 21,
21.5,22,22.5,23,23.5,24,24.5,25,255,26,26.5,27,27.5,28,28.5,29,29.5, 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 multi-dose

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

W

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

In other ernbodiments, subjects are adramistered, e.g., subcutancously or intravenously, a
repeat dose of a therapeutic amount of iRNA, such as a dose about 0.1, 0.125, 0.15,0.175, 0.2,
0.225,025,0.275,0.3,0325,0.35,0.375,0.4, 0425, 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, 0.775, 0.8, (1.825, 0.85, 0.875, 0.9, 0.925, 0.95, 0.975, 1, 1.1,
12,13, 14,1516, 1.7,18,1.8,2,2.1,22,23,24,2.5,26,2.7,28,29,3,3.1,3.2,3.3, 3.4,
35,36,37,38,39,4,4.1,42,43,44,45,46,47,48,49,5,5.1,52,53,54,55,5.6,5.7,
58,59,6,61,0.2,63,64,065,606,67,68,69,7,71,72,73,74,75,7.6,7.7,7.8,79,8,
€.1,82,83,84,85,86,87,88,89,9,9.1,92,93,94,95,96,9.7,938,99, 10, 10,5, 11,
11.5, 12, 12,5, 13, 135, 14, 145,15, 155,16, 16.5, 17, 17.5, 18, 18.5, 19, 195,26, 20.5, 21,
21.5,22,22.5,23,23.5,24,24.5,25,25.5,26,26.5,27,27.5, 28, 285,29, 295,30, 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 repeat-dose
regimine may include administration of a therapeutic amount of iRNA on a regular basis, such
as every other day, every third day, every fourth day, twice a week, once a week, every other
week, or once a month,

The pharmaceutical composition can be administered by intravencus infusion over a
period of time, suchasovera 5,6,7,8, 9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, and 21, 22,
23,24, or abont 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. After an initial treatment regimen, the treatments can be
administered on a less frequent basis. For example, after administration weekly or biweekly for

three months, administration can be repeated once per month, for six months or 8 vear or longer.
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The pharmaccutical composition can be administered once daily, or the iIRNA can be
administered as two, three, or more sub-doscs at appropriate intervals throughout the day or even
using continuous infusion or delivery through a controlled release formulation. In that case, the
iRNA contaimed in each sub-dose must be correspondingly smaller in order to achieve the fotal
daily dosage. The dosage unit can also be compounded for delivery over several days, e.g.,
using a conventional sustained release formulation which provides sustained release of the iIRNA
over a several day period. Sustained release formulations are well known in the art and are
particularty useful 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 corresponding nwultiple
of the daily dose.

In 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 § day ntervals, or
at not more than 1, 2, 3, or 4 week mtervals. Tn some embodiments of the mvention, a single dose
of the pharmaceutical compositions of the invention is admunistered once per week. In other
embodiments of the mvention, a single dose of the pharmaceutical compositions of the invention
is administered bi-monthly.

The skilled artisan will appreciate that certain factors can influence the dosage and timing
required to effectively treat a subject, 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, treatiment of a subject with a therapeutically effective amountofa
composition can include a single treatinent or a series of treatments. Hstimates of effective
dosages and i vive halt-lives for the individual iRNAs encompassed by the invention can be
made using conventional methodologies or on the basis of iz vive testing using an appropriate
animnal model, as deseribed elsewhere herein.

Advances in mouse genetics have generated a nuraber of imouse mwodels for the study of
various human discases, such as a disorder that would benefit from reduction in the expression of
C5. Such modeis can be used for in vive testing of iIRNA, as well as for determining a
therapeutically effective dose. Suitable mouse models are known in the art and include, for
example, collagen-induced arthritis mouse model (Courtenay, 1.S., ef al. {1980) Nature 283,
666068}, myocardial ischemia (Homeister JW and Lucchesi BR (1994) 4nnu Rev Pharmacol
Toxicol 34:17-40), ovalbumin induced asthma mouse models (e.g., Tomkinson A, ef af. {2001},
J. Immunol. 166, 5792-5800), (NZB = NZWIF1, MRL/Fas™ (MRL/Ipr) and BXSB mouse models
{Theofilopouloes, A. N. and Kono, D. H. 1999, Murine lupus models: gene-specific and genome-
wide studics, In Lahita R. G., ed., Svstemic Lupus Erythematosus, 3rd edn, p. 145, Academic

Press, San Dhego, CA}, mouse aHUS model {Goicocechea de Jorge ef af. (2011) The development
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of atypical hemolvtic uremic syndrome depeds on complement C3, J Am Soc Nephrol 22:137-
145,

The pharmaceutical composttions of the present invention can be administered in a
nurnber of ways depending upon whether local or systemic treatinent 18 desired and upon the
area to be treated. Administration can be topical {e.g., by a transdermal patch), pulmonary, e.g.,
by inhalation or insufflation of powders or acrosols, including by nebulizer; intratracheal,
intranasal, epidermal and transdermal, oral or parenteral. Parenteral administration inchides
intravenous, intraarterial, subcutancous, intraperitoneal or intramuscular injection or infusion;
subdermal, e.g., via an implanted device; or intracranial, e.g., by intraparenchymal, intrathecal or
intraventricular, administration,

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

Pharmaceutical compositions and formmlations for topical administration can include
transdermal patches, ointments, lotions, creams, gels, drops, suppositorics, sprays, liguids and
powders. Conventional pharmacentical carriers, agueous, powder or oily bases, thickeners and
the like can be necessary or desirable. Coated condoms, gloves and the like can also be psetisl.
Suitable topical formulations include those in which the iIRNAs featured in the invention are in
admixture with a topical delivery agent such as lipids, liposomes, fatty acids, fatty acid esters,
steroids, chelating agents and surfactants. Suitable lipids and liposomes include neutral {e.g.,
diofeoviphosphatidyl DOPE ethanolamine, dimyristoviphosphatidyl choline DMPC,
distearolyphosphatidyl choline) negative {e.g., dirnynstoylphosphatidyl glycerol DMPG) and
cationic {e.g., diolcoyltetramcthylaminopropyl DOTAP and dioleoviphosphatidyl cthanolamine
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
lipids, 1o particular to cationic hipids. Suitable fatty acids and esters include but are not himited to
arachidonic acid, oleic acid, cicosanoic acid, lauric acid, capryvlic acid, capric acid, myristic acid,
palmitic acid, stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein, dilaurin,
giveeryl T-monocaprate, 1-dodecylazacycloheptan-2-oune, an acylcarnitine, an acylcholine, ora
20 alkyl ester {e.g., 1sopropylmyristate IPM), monoglycenide, diglyeeride or pharmaceutically
acceptable salt thereof). Topical formulations are described n detail in U S, Patent No.
6,747,014, which is incorporated herein by reference.

A iRNA Formulations Comprising Membranous Molecular Assemblies

An iRNA for use i the compositions and methods of the mvention can be formulated for
delivery in a membranous molecular assembly, e.g., a liposome or a micelle. As used herein, the
term “liposome” refers to a vesicle composed of amphiphilic lipids arranged i at least one

bilayer, e.g., one bilayer or a phurality of bilayers. Liposomes include uniamellar and
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multilameliar vesicles that have a membrane formed from a lipophilic matertal and an aqueous
interior. The aqueous portion contains the iIRNA composition. The lipophilic material isolates
the aqueous interior from an agueous exterior, which typically does not inclade the iIRNA
composition, although 1 some examples, it may. Liposomes are useful for the transter and
delivery of active mgredients to the site of action. Because the liposomal membrane is
structurally similar to biological membrances, when liposomes are applicd to a tissue, the
liposomal bilayer fuses with bilayer of the cellular membranes. As the merging of the liposome
and cell progresses, the internal aqueons contents that inchude the IRNA are delivered into the
cell where the iIRNA can specifically bind to a target RNA and can mediate RNA1L In some
cases the liposomes are also specifically targeted, e.g., to direct the iIRNA to particular cell types.

A liposome containing a RNAJ agent can be prepared by a variety of methods. In one
example, the lipid component of a iposome 1s dissolved i a detergent so that micelles are
formed with the lipid component. For example, the lipid component can be an amphipathic
cationic lipid or lipid conjugate. The detergent can have a high critical micelle concentration
and may be nonionic. Exemplary detergents include cholate, CHAPS, octylglucoside,
deoxycholate, and lauroyl sarcosine, The RNA1 agent preparation is then added to the micelles
that include the lipid component. The cationic groups on the lipid mteract with the RINA1 agent
and condense around the RNA agent to form a hiposome. After condensation, the detergent is
removed, e.g., by dialysis, to yield a liposomal preparation of RNAI agent.

If necessary a carrier compound that assists in condensation can be added during the
condensation reaction, e.z., by controlled addition. For example, the carrier corapound 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 polymucleotide delivery vehicles, which incorporate a
polynucleotide/cationic lipid complex as structural corapouents of the delivery vehicle, are
farther described in, ¢.g., WO 96/37194, the entire contents of which are incorporated herein by
reference. Liposome formation can also inchide one or more aspects of exemplary methods
described i Felgner, P. L. ef af, Proc. Na#l Acad. Sci., USA §:7413-7417, 1987; U.5. Pat. No.
4,897.355; U.S, Pat, No. §,171,678; Bangham, er ¢/ M. Mol Biol 23:238, 1965; Olson, ¢f al.
Biochim. Biophvs. Acta 53579, 1979, Szoka, et al. Proc. Natl. Acad. Sci. 75: 4194, 1978;
Mavhew, ¢f ¢f. Biochim. Biophys. Acta 775:169, 1984; Kim, et al. Biochim. Biophys. Acta
728:339, 1983; and Fulunaga, ef ol Endocrinol. 115757, 1984, Commonly used technigues for
preparing lipid aggregates of appropriate size for use as delivery vehicles include sonication and
frecze-thaw plus extrusion (sce, e.g., Maver, et ¢f Biochim. Biophys. Acta 858:161, 1986},

Microfluidization can be used when consistently small (50 to 200 nm) and relatively uniform
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aggregates are desired (Mavhew, ef af. Biochim. Biophys. Acta 775:169, 1984). These methods
are readily adapted to packaging RN At agent preparations into Hposomes.

Liposomes fall into two broad classes. Cationic liposomes are positively charged
iiposomes which interact with the negatively charged nucleic acid roolecules to form a stable
complex. 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 eytoplasm (Wang ef of., Biachem.
Biophys. Res. Commun., 1987, 147, 98(3-985).

Liposomes which are pH-sensitive or negatively-charged, entrap nucleic acids rather than
complex with it. Since both the nucleic acid and the lipid are similarly charged, repulsion rather
than complex formation occurs. Nevertheless, some nucleic acid is entrapped within the agoeous
mnterior of these liposomes. pH-sensitive liposomes have been used to deliver nucleie acids
encoding the thymidine kinase gene to cell monolayers in culture, Expression of the cxogenous
gene was detected m the target cells (Zhou et ol., Journal of Conirolled Release, 1992, 19, 269-
2743,

Omne major type of liposomal composition inchuides phospholipids other than naturally-
derived phosphatidylcholine, Neutral liposome compositions, for example, can be formed from
dimyristoyl phosphatidylcholine (DMPC) or dipalmitoyl phosphatidylcholine (DPPC), Anionic
liposome compositions generally are formed from dimyristoy! phosphatidylglyeerol, while
antonic fusogenic liposomes are formed primarily from dioleoyl phosphatidylethanolamine
(DOPLE). Another type of liposomal composition is formed from phosphatidyicholine (PC) such
as, for example, soybean PC, and egg PC. Another type is formed from mixtures of phospholipid
and/or phosphatidylicholine and/or cholesterol.

Examples of other methods to mtroduce liposomes mito cells in vitro and in vivo include
U.S, Pat. No. 5,283,185; U.S. Pat, No. 5,1 71,678; WO 94/00569; WO 93/24640; WO 91/16024;
Felgner, J. Biol. Chem. 269:2550, 1994; Nabel, Proc. Natl. Acad. Sci. 90:11307, 1993; Nabel,
Human Gene Ther. 3:649, 1992; Gershon, Riochem. 32:7143, 1993; and Stranss EMBG .
11417, 1992,

Non-tonie liposomal systems have also been examined to determine thew utility 1o the
delivery of drugs to the skin, in particular systems comprising non-ionic surfactant and
cholesterol. Non-ionic liposomal formulations comprising Novasome '™ 1 (glyceryl
dilaurate/cholesterol/polvoxyethylene-10-stearyl ether) and Novasome ™ [I {glycervi
distearate/cholesterol/polyoxyethylene~10-stearyl ether) were used to deliver cyclosporin-A into
the dermis of mouse skin. Results indicated that such non-ionic liposomal systems were effective
in facilitating the deposition of cyclosporine A into different layers of the skin (Hu er @/,

ST FE FPharma. Sci., 1994, 4(6) 466).
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Liposomes also include “sterically stabilized” liposomes, a term which, as used herein,
refers to liposomes comprising one or more specialized lipids that, when incorporated into
liposomes, result i enhanced civculation lifetimes relative to Hiposomes lacking such specialized
ipids. Examples of sterically stabilized hiposomes are those in which part of the vesicle-forming
iipid portion of the liposome (A} comprises one or more ghycolipids, such as
monosialoganglioside Gy, or (B) is derivatized with onc or more hydrophilic polymers, such as
a polyethyiene glycol (PEG) moiety. While not wishing to be bound by any particular theory, it
is thought iu the art that, at least for sterically stabilized liposomes contaning gangliosides,
sphingomyelin, or PEG-derivatized hipids, the enhanced circulation half-life of these sterically
stabilized liposomes derives from a reduced uptake into cells of the reticnloendothelial system
(RES} (Allen ef af., FEBS Letters, 1987, 223,42, Wu et al., Cancer Research, 1993, 53, 3765).

Various liposornes comprising one or wore glycolipids are knowu in the art.
Papahadijopoulos er af. (Ann. N.Y. Acad. Sci., 1987, 507, 64) reported the ability of
monosialoganglioside Gy, galactocerebroside sulfate and phosphatidylinositol to improve bleod
half-lives of liposomes. These findings were expounded upon by Gabizon ef ¢f. (Proc. Natl.
Acad. Sci. US.A., 198K, 83, 6949). 11.S. Pat. No. 4,837,028 and WO 88/04924, both to Allen er
al., disclose liposomes comprising (1) sphingomyelin and (2) the ganghioside Gy or a
galactocerebroside sulfate ester. U.S. Pat. No. 5,543,152 (Webb er af.) discloses liposomes
comprising sphingomyelin. Liposomes comprising 1,2-sn-dimyristoylphosphatidylcholine are
disclosed in WO 97/13499 (Lim ef af).

In one embodiment, cationic liposomes are used. Cationic liposomes possess the
advantage of being able to fuse to the cell membrane. Non-cationic liposomes, although not able
to fuse as efficiently with the plasma membrane, are taken up by macrophages in vive and can be
used to deliver RNAI agents to macrophages.

Further advantages of liposomes include: hiposoraes obtaned from natural phospholipids
arc biocompatible and biodegradable; liposomes can incorporate a wide range of water and lipid
soluble drugs; liposomes can protect encapsulated RNAI agents in their internal compartments
from metabolism and degradation (Rosoff, in "Pharmaceutical Dosage Forms,” Lieberman,
Rieger and Banker (Eds.), 1988, vohume |, p. 245). ruportant considerations in the preparation
of liposome formulations are the lipid surface charge, vesicle size and the agueous volume of the
liposomes.

A positively charged synthetic cationic lipid, N-{1-(2,3-diolevioxyipropyt-N N N-
irimnethylammonium chloride (DOTMA) can be used to form small liposomes that inferact
spontancously with nucleic acid to form Hpid-nucleic acid complexes which arc capable of

fusing with the negatively charged lipids of the cell membranes of tissue culture celis, resulting
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in delivery of RNAI agent (see, e.g., Felgner, P. L. etal., 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 analogoe, 1,2-bis{oleovioxy-3-(trimethylammonmalpropane (DOTAP) can be
used in combination with a phospholipid to form DNA-complexing vesicles. Lipofectin™
Bethesda Rescarch Laboratories, Gaithersburg, Md.) 1s an effective agent for the delivery of
highly anionic nucleic acids into living tissue culture cells that comprise positively charged
DOTMA hiposomes which interact spontaneously with negatively charged polynucleotides to
form complexes. When enough positively charged Iiposoroes are used, the net charge on the
resulting complexes is also positive. Positively charged cormplexes prepared in this way
spontanecusly attach to negatively charged cell surfaces, fuse with the plasma membrane, and
efficiently deliver functional nacleic acids into, for example, tissue culture cells. Another
commercially available cationic ipid, 1,2-bis(oleoyloxy)-3,3~(ttimethylarnmonmajpropane
(“DOTAP”) (Bochringer Mannheim, Indianapolis, Indiana) differs from DOTMA in that the
oleoyi moieties are linked by ester, rather than ether linkages.

Other reported cationte Hipid compounds inchude those that have been conjugated (o a
variety of moietics mcluding, for example, carboxyspermine which has been conjugated to one
of two types of lipids and includes compounds such as S-carboxyspermylglycine
dioctaolcoylamide ("DOGS”) (Transtectam™, Promega, Madison, Wisconsin) and
dipalmitoylphosphatidylethanolamine S-carboxyspermyl-amide ("DPPES’
No. 5,171,678).

Another cationic lipid conjugate mcludes denivatization of the lipid with cholesterol

“y{see, c.g., U.S. Pat.

(“DC-Chol”} which has been formulated into liposomes in combination with DOPE (Sce, Gao,
X.and Huang, L., Biochim. Biophys. Res. Commun. 179280, 1991}, Lipopolylysine, made by
conjugating polylysine to DOPE, has been reported to be effective for transfection m the
presence of serum (Fhou, X, et al., Biochim. Biophvs. Acta 1065:8, 1991}, For certain cell lines,
these liposomes containing conjugated cationic lipids, are said to exhibit lower toxicity and
provide more efficient transfection than the BOTMA-containing compositions. Uther
commercially available cationic hipid products include DMRIE and DMRIE-HP (Vical, La Jolia,
California) and Lipofectamine (DOSPA) (Life Technology, Inc., Gaithersburg, Maryland).
Other cationic lipids suitable for the delivery of oligonucieotides are described i WO 98/39359
and WO 96/37194.

Liposomal formuilations are particularly suited for topical administration, liposomes
present several advantages over other formulations. Such advantages inclode reduced side
effects related to high systemic absorption of the administered drug, increased accunwlation of
the administered drug at the desired target, and the ability to administer RNAi agent into the

skin. In some implementations, liposomes are used for delivering RNA1 agent to epidermal cells
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and also to enhance the penetration of RINAT agent into dermal tissues, e.g., into skin, For
example, the liposomes can be applied topically. Topical delivery of drugs formulated as
liposomes to the skin has been documented (see, e.g., Weiner et al, Journal of Drug Targeting,
1992, vol. 2,405-410 and du Plessis et af., Antiviral Research, 18, 1992, 259-265; Manning, R, [,
and Fould-Fogerite, 5., Biotechnigues 6:682-690, 1988; Hani, T. er af. Gene 56:267-276, 1987,
Nicolau, C. ef af. Meth. Enz. 149:157-176, 1987, Straubinger, R. M. and Papahadjopoulos, D.
Meth. Enz, 101:512-527, 1983; Wang, C. Y. and Huang, L., Proc. Natl. Acad. Sci. US4 84:7851-
7855, 1987).

Non-ionic liposomal systems have also been examined to determine their utility in the
delivery of drugs to the skin, in particular systems comprising non-ionic surfactant and
cholesterol. Non-ionic liposomal formulations comprising Novasome I {glyceryl
ditaurate/cholesterol/polyoxyethylene-10-stearyl ether) and Novasome I (glyceryl distearate/
cholesterol/polyoxyethylene-10-stearyl ether) were used to deliver a drag into the dermis of
mouse skin. Such formulations with RNAi1 agent are useful for treating a dermatological
disorder.

Liposomes that include iRNA can be made highly deformable. Such deformability can
enable the liposomes to penctrate through pore that are smaller than the average radius of the
liposome. For cxample, transfersomes are a type of deformable liposomes. Transferosomces can
be made by adding surtace edge activators, usually surfactants, to a standard liposomal
composition. Transfersomes that include RNA1 agent can be delivered, for example,
subcutaneounsly by infection m order to deliver RNA1 agent to keratinocytes 1o the skin. In order
to cross intact mammalian skin, lipid vesicles must pass through a serics of fine pores, cach with
a diameter less than 50 nm, under the influcnce of a suitable transdermal gradient. In addition,
due to the hipid properties, these transferosomes can be self~optimizing (adaptive to the shape of
pores, e.g., in the skin), self-repairing, and can frequently reach thewr targets without
fragmenting, and often self-loading,

Gther formulations amenable to the present mvention are described in United States
provisional application serial Nos. 61/018,616, filed Janpary 2, 2008; 61/018,611, filed January
2, 2008; 61/039,7438, filed March 26, 2008; 61/047,087, filed April 22, 2008 and 61/051,528,
filed May &, 2008, PCT application no PCT/US2007/080331, filed October 3, 2007 also
describes formulations that are amenable to the present invention.

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

environment in which they are used, e.g., they are self~optimizing {adaptive to the shape of pores
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in the skin}, self-repairing, frequently reach their targets without fragmenting, and often self-
loading. To make transfersomes it is possible to add surface edge-activators, usually surfactants,
to a standard liposomal composition. Transfersomes have been used to debiver serum albumin to
the skin. The transfersore-mediated delivery of serum albumin has been shown to be as
cffective as subcutancous injection of a solution containing scrum albumin.

Surfactants find wide application in formuations such as emulsions {including
microemulsions} and liposomes. The most common way of classitying and ranking the
properties 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 useful means for categorizing the different surtactants used in
formudations (Rieger, in “Pharmaceutical Dosage Forms”, Marcel Dekker, Inc., New York, N.Y.,
1988, p. 285},

If the surfactant molecule is not 1onized, it is classified as a nonionic surfactant. Nonionic
surtactants find wide application in pharmaceutical and cosmetic products and are usable over a
wide range of pH values. In general their HLB values range from 2 to about 18 depending on
their structure. Noujonic surfactants include nonjonic esters such as ethylene glyeol esters,
propylene glycol esters, glveeryl esters, polvelyceryl esters, sorbitan esters, sucrose esters, and
ethoxylated esters. Nontonic alkanolamides and ethers such as fatty aleohol ethoxylates,
propoxylated alcohols, and ethoxylated/propoxylated block polvmers are alse included in this
class. The polyoxyethylene surfactants are the most popular members of the nontonic surfactant
class.

If the surfactant molecule carries a negative charge when it 1s dissolved or dispersed in
water, the surfactant is classified as anionic, Anionic surfactants include carboxylates such as
soaps, acyl lactylates, acyl amides of amino acids, esters of sulfiric acid such as alkyl sulfates
and ethoxylated alkyl sultates, sulfonates such as alkyl benzene sulfonates, acyl isethionates,
acyl taurates and sulfosuccinates, and phosphates. The most important members of the anionic
surfactant class are the alkyl sulfates and the soaps.

If the surfactant molecule carries a positive charge when it is dissolved or dispersed in
water, the surfactant is classified as cationic. Cationic surfactants inchude guatemary amrooniom
salts and cthoxylated amines. The quaternary ammontum salts are the most used members of this
class.

If the surfactant molecule has the ability to carry either a positive or negative charge, the
surfactant is classified as amphoteric. Amphoteric surfactants include acrvlic acid derivatives,

substituted alkylamudes, N-alkylbetaines and phosphatides.
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The use of surfactants in drug products, formulations and in emulsions has been reviewed
{(Rieger, in “Pharmaceutical Dosage Forms”, Marcel Dekker, Inc., New York, N.Y., 1988, p.
285},

The iRNA for use in the methods of the invention can also be provided as rmeellar
formulations. “Micelles” are defined herein as a particular type of molecular assembly in which
amphipathic molecules are arranged in a spherical structure such that all the hydrophobic
portions of the molecules are directed inward, leaving the hydrophilic portions in contact with
the surrounding agueous phase. The converse arrangement exists 1fthe envivonment i3
hydrophobic,

A mixed micellar formulation suitable for delivery through transdermal membranes may
be prepared by mixing an agueous solution of the siRNA composition, an alkali metal Cg to Cx
alkyl sulphate, and a micelle forming compounds. Exemplary micelle forming compounds
inclade lecithin, hvaluronic acid, pharmaceutically acceptable salts of hiyaluronic acid, glyeolic
acid, lactic acid, chamomile extract, cucumber extract, oleic acid, linoleic acid, linolenic acid,
monoolein, monooleates, monolaurates, borage oil, evening of privorose oil, menthol, trihydroxy
oxo cholanyl glycine and pharmacentically acceptable salts thereof, glyeerm, polyglycerin,
tysine, polvlysine, triclein, polyoxyethylene ethers and analogues thercof, polidocanol alkyl
ethers and analogues thereof, chenodeoxycholate, deoxycholate, and mixtures thereof. The
micelle forming compounds may be added at the same time or after addition of the alkali metal
alkyl sulphate. Mixed micelles will form with substantially any kind of mixing of the
ingredients but vigorous mixing i order to provide sroaller size roicelles.

In onc method a first micellar composition is prepared which contains the siRNA
composition and at least the alkali metal alloyl sulphate. The first micellar composition is then
mixed with at least three micelle forming compounds to form a mixed micellar composition. In
another method, the micellar coraposition is prepared by mixing the sitRNA composition, the
alkali metal alkyl sulphate and at least one of the micele forming compounds, followed by
addition of the remaining micelle forming compounds, with vigorous mixing.

Phenol and/or m-cresol may be added to the mixed micellar composition to stabilize the
formulation and protect against bactenial growth, Alternatively, phenol and/or m-cresol may be
added with the micelle forming ingredients. An isotonic agent such as glycerin may also be
added after formation of the mixed micellar composition.

For delivery of the micellar fornmuilation as a spray, the formulation can be put into an
acrosol dispenser and the dispenser is charged with a propellant. The propellant, which is ander
pressure, is n hguid form in the dispenser. The ratios of the ingredients are adjusted so that the
aquecus and propellant phases become one, e, there is one phase. If there are two phases, itis

necessary to shake the dispenser prior to dispensing a portion of the contents, e.g., through a
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metered valve. The dispensed dose of pharmaceutical agent is propelled from the metered valve
in a finc spray.

Propellants may include hydrogen-containing chlorofluorocarbons, hydrogen-containing
fluorocarbons, dimethyl ether and dicthyl ether. In certain embodiments, HFA 134a (1,1,1,2
tetrafluorocthane) may be used.

The specific concentrations of the essential ingredicnts can be determined by relatively
straightforward experimentation. For absorption through the oral cavities, it is often desirable
to increase, e.g., at least double ot triple, the dosage for through ingection or adnunistration
through the gastromtestinal tract,

B. Lipid particles

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

As used herein, the term "LNP" refers to a stable nucleic acid-lipid particle, LNPs
typically contain a cationic lipid, a non-cationic lipid, and a lipid that prevents aggregation of the
particle {e.g., a PEG-lipid conjugate). LNPs are extremely useful for systemic applications, as
they exhibit extended civculation lifetimes following mtravenous (1.v.) injection and accumulaie
at distal sites {¢.g., sitcs physically separated from the administration site). LNPs inclade
"oSPLE," which w

PCT Publication No. WO 00/3683. The particles of the present invention typically have a mean

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

diameter of about 50 nim to about 130 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
substantially nontoxic, In addition, the nucleic acids when present in the nucleic acid- lipid
particles of the present mvention are resistant in aqueous solution to degradation with a nuclease.
Nucleic acid-lipid particles and thelr method of preparation are disclosed in, ez, U.S. Patent
Nos. 5,976,567, 5,981,501; 6,534,484, 6,586,410; 6,815,432; U.S. Publication No.
2010/0324120 and PCT Publication No. WO 96/40964.

In one embodiment, the lipid to drug ratio (mass/mass ratio) {(e.g., lipid to dsRNA ratio}
will be in the range of from about 1:1 to about SO:1, from about 111 o about 25:1, from about 3:1
to about 15:1, from about 4:1 to about 10:1, fromw about 511 to about 9:1, or about 6:1 to about
9:1. Ranges intermediate to the above recited ranges are also contemplated to be part of'the
mvention.

The cationic lipid can be, for example, N,N-dioleyl-N N-dimethylarmmoniom chloride
(DODAC), N N-distearyl-N N-dimethylarnmonium bromide (DDAB), N-(I -(2,3-
dicleoyloxypropyl)- NN N-trimethylammonium chioride (DOTAP), N-(1-(2,3-
dicleyloxyipropyl}-N, N N-trimethylammeonium chloride (BOTMA), N N-dimethyt-2 3-
dislevloxyipropylamine (BODMA), 1,2-Dilmnoleyloxy-N N-dimethyiaminopropane
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(DLinDMA), L2-Dilinolenyloxy-N, N-dimethylaminopropanc (DLenDMA), 1,2~
Dilinoleylearbamovioxy-3-dimethylaminopropanc (DLin-C-DAP), 1,2-Dilincleyoxy-3-
(dimethylaminojacetoxypropane (BLin-DAC), 1,2-Dilinoleyoxy-3-morpholinopropane {DLin-
MA)Y, |,2-Dilinoleoyl-3-dimethylaminopropane (DLmDAP), 1,2-Dilinoleylithio-3-
dimethylaminopropane (DLin-S-DMA), 1-Linoleoyl-2-linoleyloxy-3-dimethylaminopropance
{DLin-2-DMAP), 1,2-Dilimolevioxy-3-trimethylaminopropane chloride salt (DLin-TMA.Cl},
1,2-Dilinoleoyl-3-trimethylaminopropane chloride salt (DLin-TAP.CH, 1,2-Bilinoleyloxy-3-(N-
methylpiperazing jpropane (DLin-MPZ), or 3-(N N-Dilinoleylamino}-1,2-propanediol (DLmAP),
3-(N, N-Dioleylamino -1, 2-propancdio (DOAP), 1,2-Dilinoleyloxo-3-(2-N)N-
dimethylaminojethoxypropane {DLin-EG-DMA), L2-Dilinolenyloxy-N,N-
dimethylaminopropane (DLinBMA), 2,2-Dilinoleyi-4-dimethylaminomethyi-[1,3 |-dioxolane
{(DLmn-E-DMA) or analogs thereof, (3aR,5s,6a8)-N N-dimethyl-2,2-di{(8Z,127)-octadeca-3,12-
dienyljtetrahydro-3aH-cyclopentafd i 1,3 1dioxol-S-amine (ALNI100), (67,92,28Z2.317)-
heptatriaconta-6.9,28 3 1 -tetracn-19-y1 4-(dimethylamine jbutanoate (MC3), 1,1°-(2-(4-(2-({2-
{bis{2-hydroxydodecyljaminoethy ¥ 2-hydroxydodecyllaminojethylpiperazin-1 -
vhethylazanediyhdidodecan-2-0l (Tech G1), or a mixtare thercof The cationic Hipid can
comprise from about 20 mol % to about 58 mol % or about 40 mol % of the total lipid present in
the particle,

In another embodiment, the compound 2,2-Dilinolevi-4-dimethylaminoethvl-[1,31-
dioxolane can be used o prepare lipid-siRNA nanoparticles. Synthesis of 2,2-Dilinoleyi-4-
dimethylaminoethyl-[ 1,3 ]-dioxolane 1s described in United States provisional patent application
number 61/107,998 filed on October 23, 2008, which is herein incorporated by reference.

In onc embodiment, the lipid-siRNA particle includes 40% 2, 2-Dilinoleyi-4-
dimethylaminoethyl-[1,3-dioxolane: 105 DSPC: 40% Cholesterol: 10% PEG-C-DOMG (mole
percent) with a particle swze of 63.0 £ 20 nm and a 0.027 sitRNA/Lipid Ratio.

The onizable/mon-cationic lipid can be an anionic lipid or a neutral lipid including, but
not limited to, distearoylphosphatidylcholine (BSPC), diclcoylphosphatidyicholine (DOPC)H,
dipalmitoyiphosphatidylcholine (DPPC), dioleoviphosphatidylglveero! (DOPG),
dipalmitoyiphosphatidylglycerol (DPPG), dioleoyl-phosphatidviethanolamine (DOPE),
palmitoyloleoylphosphatidylcholine (POPC), palmitovioleoylphosphatidylethanolamine (POPE),
dioleoyl- phosphatidylethanolamine 4-{N-maleimidomethyl}-cyclohexane-l- carboxylate (DOPE-
matl), dipalmitoyl phosphatidyi ethanolamine (DPPE), dimyristoyiphosphoethanolamine
(DMPE), distearoyl-phosphatidyl-ethanolamine (DSPE), 16-0O-monomethyl PE, 16-0O~dimethyl
PE, 18- ~trans PE, | -stearoyl-2-oleoyl- phosphatidyethanolamine (SOPE}, cholesterol, or a
mixture thereof. The non-cationic lipid can be from about 5 mol % to about 90 mol %, about 10

mol %, or about 58 mol % if cholesterol is inchided, 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
polvethyleneglyeol (PEG-lipid inchuding, without limitation, a PEG-diacyiglycerol (DAG), a
PEG-dialkyloxypropyt (DA A}, a PEG-phospholipid, a PEG-ceramide (Cer), or a mixture thereofl
The PEG-DAA conjugate can be, for example, a PEG-dilaurvioxypropyl {C), a PEG-
dimyristyloxypropyl (Cig), 8 PEG-dipalmityloxypropyl (Cis), or a PEG- distearyloxypropyl
{{C1:). The conjugated lipid that prevents aggregation of particles can be from ¢ mol % to about
20 mol Y% or about 2 mol % of the total lipid present in the particle.

In some embodiments, the nucleic acid-lipid particle further inclades cholesterol 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 NDI8-4HCE (MW 1487 (sec U.S. Patent Application
No. 12/856,230, filed 3/26/2008, which is incorporated herein by reference), Cholestero! (Sigma-
Aldrich), and PEG-Ceramide C16 (Avanii Polar Lipids) can be used to prepare lipid-dsRNA
nanoparticles (f.e., LNP{1 particles). Stock solutions of cach in ethanol can be prepared as
follows: ND98, 133 mg/mi; Chelesterol, 25 mg/ml PEG-Ceramide C16, 100 mg/ml. The ND98,
Cholesterol, and PEG-Ceramide C16 stock solutions can then be combined m a, e.g., 42:48:10
molar ratio. The combined lipid solution can be muxed with agueous dsRNA (e.g., in sodium
acctate pH 5) such that the final cthanol concentration is about 35-45% and the final sodium
acctate concentration is about 100-300 mM. Lipid-dsRNA nanoparticles typically form
spontancously upon mixing. Depending on the desired particle size distribution, the resultant
nanoparticle mixture can be extruded through a polyvearbonate membrane (e.g., 100 nm cut-off)
using, for example, a thermobarrel extruder, such as Lipex Extrader (Novthern Lipids, Inc). Tn
some cases, the extrusion step can be omitted. Ethanol 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 about pH 7, e.g., about pH
6.9, about pH 7.0, about pH 7.1, about pH 7.2, about pH 7.3, or about pH 7 4.

H
OK‘."’ N N N NP NI
ul K 4

O
PN N N N N’lkv/\ N N N N\,ﬁi/ N ™S
O

AN ﬁ\WN O O/ N«’\v/‘\/\\/"v’“\v”‘\
H H
ND98 fsomer |
Formula 1
LENPG 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 m Table 1.

Table 1

Yontzable/CUationic Lipid

cationic Bpid/non-cationic
Hpid/cholesterol/PEG-Hipid conjugate
Lipid:siRNA ratio

DLinDMA/DPPC/Cholestercl/PEG-cDMA

SNALP- | L2-Dilinclenyloxy-N,N-dimeth vlaminopropane | , ,
T\z’;l P }'ég')igi\t?;mh}() N N-dimeth ylanminopropane (57.1/7.1/344/1.4)
(DLInLMA) lipidisiRNA ~ 7:]
XTCHPPC/Cholestero/ PEG-cDM/
, 2,2-Ditinoleyt-4-dimethylamioethyl-[ 1 3]- KTCDPPC/CholesterclPEG-cDMA
2-XTC doxalane (XTC) . 57.1/7.1/534.4/14
SRR AA T lipid:siRNA ~ 7:1
N et " . 1A XTC/DSPC/Cholestero/PEG-DMG
? ’3_ -4~ Lr s 3 "E 3 =~ e 2
LNPOS ﬁigxliznf g-lrg)"mmhylam‘) thyb-1.3] 57.5/7.5/31.503.5
ST AA S Hpid:siRNA ~ 6:1
L . . XTC/MSPC/CholesteroVPEG-DIMG
22 avl-d-dimethviaminoethvi-f1 31-
INPOS | 27 leahim]Eg}T é ‘almnthy]anm,o»ﬁlyi i1,3] 57577 5315735
droxorane (A1) lipid:siRNA ~ 11:1
XTC/DSPC/Cholesterol/ PEG-DMG
o | 22-Ditinoleyt-4-gimethylaminoethyl-{ 1 3]- XIC/DSPLICholesteral/PEG-DMG
LNPO7 dioxolane (XTC‘) ; 60775731115,
GREEEE A S lipid:siRNA ~ 6:1
. | 22-Ditinoleyl-d-dimethylaminoethyl-{1,3]- XTC/DSPLICholesterol FEG-DMG
LNPOS foxolane QETC) 7 ’ 60/7.5/31/1.5,
orlane LA lipid:siRNA ~ 11:1
. , . . XTCDRPC/CholesteroVPEG-DMG
T olevi-4.-d iammoe A-11 . 31-
LNPUS y_ D;Emoi(e‘gilé }aimethyiamu;mth}i i1,3] SO/0/3R.5/1 S
GHORGIARS LA L Lipid:siRNA 10:1
{(3aR,5s,6a8)-N, N-dmmethyi-2,2-di((32,1 27)- ALNIOH/DSPC/Cholesteral/PEG-DMG
LNFI0 | octadeca-9,12-dienyhitetrahydro-3aH- 50/10/38.5/1.5
cyclopentaldif 1,3 dioxol-S-amine (ALNI00) LipidsiRNA 1011
(62,924,282 31 Z}-heplatriaconta-6,9, 28 31 - MC-3/DRPC/Cholesterol/PEG-DMG
LNPil | tetraen-19-yt 4-(dimethylamino)buianoate 50/108/38.5/1.5
{MC3) Lipid:siBNA 16:1
NN NG
LIA2A4-@2-(2Abis2- Tech G1/DSPC/Cholesterol PEG-DMG
S hdrox ydodecyDaminoyethyh)(2- 3 P
INP12 S S s SOLO/385/1.8
hydroxydodecylaminolethylpiperazin-1- Linid:siRNA 10:1
vijethylazanediyijdidodecan-2-0l (Tech G1) TR )
XTCDSPC/AChol/PEG-DMG
LNPL3 XTC 50/10/38.5/1.5

FipidisiRNA: 334
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MC3/DSPC/CholPEG-DMG
INP14 | MC3 40/15/49/5
LipidisiRNA: 110

MC3/DSPC/Chal/PEG-DSG/Ga N AC-PEG-DSG
INPIS | MC3 SOM0/35/4.5/05
LipidisiRNA: 111

MC3/DSPC/Chol/PEG-DMG
LNPI6 | MC3 50/19/38.5/1.5
LipidisiRNA: 71

MC3/DSPC/ICholVPEG-DRG
LNP17 | MC3 S0/10/38.5/1.5
Lipid:siRNA: 10:1

MC3/DSPC/ChoeVPEG-DMG

INPIS | MC3 S0/H0/38.5/1.5
LipidisiRNA: 1213
MC3/DSPC/Chol/PEG-DMG
LNPi9 | MC3 50/19/35/5

Lipid:siRNA: 8:1

MC3/DSPC/ICholVPEG-DPG
LNP23 | MC3 S0/10/38.5/1.5
Lipid:siRNA: 10:1

C12-206/D8PC/CholPEG-DSG
INP21 | C12-200 S0/H0/38.5/1.5
LipidisiRNA: 711

XTC/OSPC/ChoVPEG-DSG
LNPZ2 | XTC 50/18/38.5/1.5
Liptd:siRNA: 10

DSPC: distearoylphosphatidvicholine
DPPC: dipalmitoyiphosphatidylcholine

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

PEG-DSG: PEG-distyryt glyeerol (CI8-PEG, or PEG-CI8) (PEG with avg mol wt of 2000)
PEG-cDMA: PEG-carbamoyl-1,2-dimyristyloxypropylamine (PEG with avg mol wt of 2000}
SNALP {(1,2-Dilinolenyloxy-N, N-dimethylaminopropane (DLinDMA)Y} comprising formulations
are described in International Publication No, WO2009/127060, filed April 15, 2009, which is
hereby incorporated by reference.

XTC comprising formulations are deseribed, e.g., in U.S. Provisional Serial No.
61/148,366, filed January 29, 200%; U.S. 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 Septemiber 3, 2009, and
International Application No. PCT/US2010/022614, filed January 29, 2010, which arc hercby

incorporated by reference.
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MC3 comprising formulations arc described, e.g., 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
number PCT/US(9/63933, filed on November 10, 2009, which 1s hereby incorporated by
reference,

{C12-200 comprising formulations are described in U.S. Provisional Serial No.
61/175,770, filed May 5, 2009 and International Application No. PCT/US10/33777, filed May 3,
2010, which are hereby incorporated by reference.

Synthesis of ionizable/cationic lipids

Any of the compounds, e.g., cationic lipids and the like, used in the nucleic acid-lipid
particles of the invention can be prepared by known organic synthesis techniques, inchuding the
methods described m more detail in the Exaruples. All substituents are as defined below unless
indicated otherwise.

“Alkyl” means a straight chain or branched, noncyclic or cyclie, saturated aliphatic
hydrocarbon containing from 1 to 24 carbon atoms. Representative saturated straight chain
alkyls include methyl, ethyl, nepropyl, n-butyl, n-pentyl, n-hexyl, and the like; while saturated
branched alkyls inclade isopropyl, scc-butyl, isobutyl, tert-butyl, isopentyl, and the like.
Representative saturated cyclic alkyls include cyclopropyl, cyclobutyl, cyelopentyl, cyclohexyl,
and the like; while unsaturated cyclic alkyls inchude cyclopentenyl and cyclohexenyl, and the
like.

“Alkenyl” means an alkyl, as defined above, containing at least one double bond between
adjacent carbon atoms. Alkenyls include both cis and trans isomers. Representative straight
chain and branched alkenyls include ethylenyl, propylenyl, 1-butenyl, 2-butenyl, isobutylenyl, 1-
pentenvi, 2-pentenyl, 3-methyl-1-butenyl, 2-methyl-2-butenyl, 2, 3-dimethyl-2-butenyl, and the
iike.

“Alkyny!” means any alky! or alkenyl, as detined above, which additionally contains at
least one triple bond between adjacent carbons. Representative straight chain and branched
alkynyls inclode acetylenyl, propyuyl, T-butynyl, 2-butynyl, L-pentynyl, 2-pentynyl, 3-methyi-]
butyuyl, and the hike.

“Acyl” means any alkyl, alkenyl, or alkyny! wherein the carbon at the point of attachment
is substituted with an oxo group, as defined below. For example, -C{=0)alkyl, -C{=0}alkenyl,
and -C(=0)alkynyl are acyl groups.

“Heterocyele” moeans a 5~ to 7-membered monocyclic, or 7- to 18-membered bicyclic,
heterocyelic ring which is cither saturated, unsaturated, or aromatic, and which contains from 1
or 2 heteroatoms independently selected from nitrogen, oxygen and sultir, and wherein the

nitrogen and sulfur heteroatoms can be optionally oxidized, and the nitrogen heteroatom can be
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optionally quaternized, including bicyclic rings in which any of the above heterocycles are fused
to a benzene ring. The heterocycle can be attached via any heteroatom or carbon atom.
Heterocyeles include heteroaryls as defined below. Heterocyeles include morpholinyi,
pyrrohidinonyl, pyrrolidinyl, pipenidinyl, piperizynyl, hydantoinyl, valerolactamyl, oxiranyl,
oxctanyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydropyridinyl, tetrahydroprimidinyl,
tetrahydrothiophenyl, tetrahydrothiopyranyl, tetrahvdropyrimidiny, tetrahydrothiophenyl,
tetrahydrothiopyranyl, and the like.

The terros “optionally substituted alkyl”, “optionally substituied alkenyl”, “optionally
substituted alkynyl”, “optionally substituted acyl”, and “optionally substituted heterocyele”
means that, when substituted, at least one hydrogen atom is replaced with a substituent. In the
case of an oxo substituent (=0} two hydrogen atoms are replaced. In this regard, substituents
joelude oxo, halogen, heterocycle, -CN, -ORx, -NRxRy, -NRxC(=ORy, -NRxSO2Ry,
-C{(=0)Rx, -C(=0)YORx, -C(=0NRxRy, -SOnRx and -SOnNRxRy, whereinnis 0, F or 2, Rx
and Ry are the same or different and independently hydrogen, altkyl or heterocycle, and each of
said alkyl and heterocycle substitnents can be further substituted with one or more of oxo,
halogen, ~OH, -CN, alkyl, -ORx, heterocycle, -NRxRy, -NRxC(=0)Ry, -NRxSO2Ry, ~-C(=0)Rx,
~C(=00RY, -CEOINRxRY, ~SOnRx and ~-SOnNRxRy.,

“Halogen” means fluoro, chloro, bromo and 1odo.

In some embodiments, the methods of the invention can reqguire the use of protecting
groups. Protecting group methodology is well known to those skilled in the art (see, for
example, Protective Groups i Organic Synthesis, Green, T.W. ¢f ol , Wiley-Tnterscience, New
York City, 1999). Briefly, protecting groups within the context of this invention are any group
that reduces or eliminates unwanted reactivity of a functional group. A protecting group can be
added to a functional group to mask its reactivity during certain reactions and then removed to
reveal the onginal functional group. In some embodiments an “alcohol protecting group™ 1s used.
An “aleohol protecting group” is any group which decreases or eliminates unwanted reactivity of
an alcohol functional group. Protecting groups can be added and removed using techniques well

known in the art.
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Synthesis of Formula A
In some embodiments, nucieic acid-lipid particles of the invention are formulated using a

cationic lipid of formula A:
Rs

\
N_R4

Oo_ 0o

Ri Ra where R1 and R2 are independently alkyl, alkeny! or alkynyl, cach 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 heterocyclic ring. In some embodiments, the cationic
fipid s XTC (2,2-Dilinoleyl-4-dimethyvlaminoethyl-{ 1,3 -dioxolane). In general, the hipid of
formula A above can be wade by the following Reaction Schemes | or 2, wheremn all
substituents are as defined above unless indicated otherwise,

Scheme |

Br OH
\/\\[ Br\\/r,,-
o ;
2 oH \,/o R NHRIR?

A - [ e ——

R R
i 0O
3

R4

/

R
N . / 5
RB/ ) R3X ///R
e R 5 /[E
- RJ
I y—-—-RZ — x.\\//\?/o R

O

Formula A

Lipid A, where RI and R2 are independently alkyl, alkeny! 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 heterocyclic ring, can be prepared according to Scheme |, Ketone
1 and bromide 2 can be purchased or prepared according to methods known to those of ordinary
skill in the art. Reaction of 1 and 2 vields ketal 3. Treatment of ketal 3 with amine 4 yields
lipids of formula A, The lipids of formula A can be converted to the corresponding ammonium
salt with an organic salt of formula 5, where X is andon counter ion selected from halogen,

hydroxide, phosphate, sulfate, or the like.
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Scheme 2

BrMg Ry 4 Ry-CN

" o oy

R

oped

N—Ry

1

Ry Ry

Alternatively, the ketone 1 starting material can be prepared according to Scheme 2.
Grignard reagent 6 and cyanide 7 can be purchased or prepared according to methods known to
those of ordivary skill in the art. Reaction of 6 and 7 vields ketone 1. Counversion of ketone | fo
the corresponding lipids of formula A is as described in Scheme 1.

Synthesis of MC3

Preparation of DLin-M-C3-DMA (i.e., {67,97,287,317)-heptatriaconta-6,9,28,31-
tetracn-19-yl 4-{dimethylaminobutancate} was as follows. A solution of (67,972,282, 317)-
heptatriaconta-6,9,28 3 [ -tetraen-19~-01 (.53 g), 4-N,N-dimethylaminobutyric acid hydrochloride
(0.51 g}, 4-N N-dimethylaminopyridine (0.61g) and 1-¢thyi-3-(3-
dimethylaminopropylcarbodiimide hydrochloride (8.53 g} in dichloromethance {5 mL) was
stirred at room temperature overmght, The solution was washed with dilute hydrochloric acid
followed by dilute aqueous sodium bicarbonate. The organic fractions were dried over anhydrouns
magnesinm sulphate, filtered and the solvent removed on a rotovap. The residue was passed
down a silica gef column (20 g) using a 1-5% methanol/dichloromethane clution gradient.
Fractions containing the purified product were combined and the solvent removed, yielding a
colorless o1l (0.54 g). Svnrhesis of ALNY-100
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Synthesis ofketal 519 [ALNY -100] was performed using the following scheme 3:

fHBoc - NeMe CbzOSu. NCheMe NMO oNCozMe  _oNChzMe
O N L»\i‘* Q NES {\:} M p{(},v’g/‘ * HO’&”}(‘
514 515 516 sg,; sw%

P N N

O T (eTss

LA,
f J\\""‘\"’\f\:-:f”\Mnf’\/\ 184 W'g ¥, PN e g N S N

Mo ?‘3" q}\’j\ B N PN %W\’\"’ 3;\ Sk ey T N e N

518 hd 48

Synthesis of 515

To a stirred suspension of LiAlH4 (3.74 g, 0.09852 mol} in 200 ml anhydrous THF in a
two neck RBF (11}, was added a sohution of 514 (18g, 0.04926mol) in 70 mL of THF slowly at §
OC under nitrogen atmosphere. After coraplete addition, reaction mixture was warmed to room
temperature and then heated to reflux for 4 h, Progress of the reaction was monttored by TLC.
After completion of reaction {by TLC) the mixture was cooled to 0 0C and guenched with
carcful addition of saturated Na2SO4 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 ml dioxane and 26 mL cone. HCI and stirred for 20 nunutes 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 TH-NMR (BMSO, 400MHz): 6= 9.34 (broad, 2H), 5.68 (s,
ZH), 3.74 (m, TH), 2.66-2.60 (m, 2H), 2.50-2.45 (m, 5H).
Svuthesis of 516

To a stirred solution of compound 515 in 100 mL dry DCM in 2 250 mL two neck RBF,
was added NE3 {(37.2 mb, 0.2669 mol) and cooled to 0 0C under nitrogen atmosphere. Aftera
stow addition of N-(benzyloxy-carbonyloxylsuccininude (20 g, 0.08007 wol} in S0 mL dry
DCM, reaction mixture was allowed to warm to room temperature. Afier completion of the
reaction (2-3 h by TLC) mixture was washed successively with 1N HCH solution (1 x 100 mL)
and saturated NaHCO3 solution (1 x 50 mL). The organic layer was then dried over anhyd.
NalZS0O4 and the solvent was evaporated to give crude material which was purified by silica gel
colomn chromatography to get 516 as sticky mass, Yield: 11g(89%). lH-NMR (CDCI3,
400MHz): & = 7.36-7.27(m, 5H), 5.69 (s, 2H), 5.12 {5, 2H), 4.96 {br,, 11} 2.74 (s, 3H), 2.60(m,
2HY, 2.30-2.25(m, ZH). LC-MS [M+H] -232.3 (96.94%).
Synthesis of 5174 and 5178
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The cyclopentene 516 (5 g, 0.02164 mol) was dissolved in a solution of 220 mL acetone
and water {16:1} in a single neck 506 mL RBF and to it was added N-methyl morpholine-N-
oxide (7.6 g, 0.06492 mol) followed by 4.2 mi of 7.6% solntion of (s34 (0.275 g, 0.00108 mol)
in tert-butano! at room temperature. After completion of the reaction (~ 3 h), the mixture was
quenched with addition of solid Na2S03 and resulting muxture was stirred tor 1.5 h at room
temperature. Reaction mixture was diluted with DCM (300 mL) and washed with water (2 x 100
mb) followed by saturated NalICO3 (1 x 50 mL) solution, water (1 x 30 mL) and finally with
brine (1x 50 mL}. Organic phase was dried over an Na2S04 and solvent was removed in
vacuum. Silica gel column chromatographic purification of the crude material was afforded a
mixture of diastereomers, which were separated by prep HPLC. Yield: - 6 g crude

S17A - Peak-1 (white solid}, 5.13 g (96%). TH-NMR (DMSO0, 400MHz): 6= 7.39-

T34 (m, SH), 5.04¢s, 2H), 4.78-4.73 (m, 1H), 4.48-4.47(d, 2H), 3.94-3.93(m, 2H), 2.71(s, 3H),
1.72- 1.67(m, 4H). LC-MS - [M+H]-266.3, [M+NH4 +1-283.5 present, HPLC-97.86%.
Stercochemistry confirmed by X-ray.

Synthesis of 518

Using a procedure analogous fo that described for the synthesis of compound 508,
compound 518 (1.2 g, 41%) was obtained as a colorless otl. TH-NMR (CDCI3, 400MHz): 8=
7.35-733(m, 4H), 7.30-7.27(m, 1H), 5.37-527(m, 8H), 5.12(s, 2H), 4.75(m, 1 H}, 4.58-
4.57(m,2H), 2.78-2.74(m,TH), 2.06-2.00(m,8H), 1.96-1.91(m, ZH), 1.62(m, 4H), 1 48(m, Z2H),
1.37-1.25{br m, 36H)}, 0.87(m, 6H}. HPLL-98.65%.

General Procedure for the Synthesis of Compound 519

A solution of compound 518 (1 eq) in hexane (15 mL) was added in a drop-wise fashion
to an ice-cold solution of LAH in THF (1 M, 2 eqg). After complete addition, the mixture was
heated at 400C over 1.5 h then cooled again on an ice bath. The mixture was carefolly
hydrolyzed with saturated agueous Na2504 then filtered through celite and reduced 1o an oil.
Colunmn chromatography provided the pure 519 (1.3 g, 68%) which was obtained as a colorless
oil. 1I3C NMR &= 130.2, 130.1 (x2}, 127.9(x3), 112.3,793,644,44.7,38.3,354,31.5,299
(x23,29.7,29.6 (x2},29.5(x3),29.3 (x2),27.2 (x3},25.6,24 5,23 3,226, 14.1; Electrospray MS
{(+ve): Molecular weight for C44HRONOZ (M + H)+ Cale. 654.6, Found 654.6,

Foromlations prepared by cither the standard or extrusion-free method can be
characterized in similar manners. For example, formulations are typically characterized by
visual inspection. They should be whitish transhucent solutions free from aggregates oy
sediment. Particle size and particle size distribution of hipid-nanoparticles can be measured by
light scattering using, for example, a Malvem Zetasizer Nano ZS (Malvern, USA). Particles
should be about 20-300 nm, such as 40-100 nm in size. The particle size distribution should be

unimodal. The total dsRNA concentration in the formulation, as well as the entrapped fraction,
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is estimated using a dye exclusion assay. A sample ofthe formulated dsRNA can be incubated
with an RNA-binding dye, such as Ribogreen {Molecular Probes) in the presence or absence of a
formulation disrapting surfactant, e.g., 3.5% Triton-X1008. The total dsRNA in the formulation
can be determined by the signal from the sample contaming the surfactant, relative o a standard
curve. The entrapped fraction is determined by subtracting the “frec” dsRNA content {(as
measured by the signal in the absence of surfactant) from the total dsRNA content. Percent
entrapped dsRNA is typically >83%. For SNALP formulation, the particle size is at least 30 nm,
at least 40 nm, at least 5O nm, at least 60 nm, at least 70 nm, at least 80 nm, at least 90 nm, at
icast 100 nm, at feast 110 nm, and at least 120 nm. The suitable range is typically about at least
50 nm to about at least 110 nm, about at least 60 nm to about at least 100 nm, or about at least
80 nm to about at least 90 nm.

Compositions and formulations for oral administration mclude powders or granules,
microparticulates, nanoparticulates, suspensions or solutions i water or non-agucons media,
capsules, gel capsules, sachets, tablets or minitablets. Thickeners, flavoring agents, diluents,
emmisifiers, dispersing aids or binders can be desirable. In some embodiments, oral formulations
are those mn which dsRNAg featured 1o the invention are adnunistered in conjunction with one or
more penctration enhancer surfactants and chelators. Suitable surfactants mclude fatty acids
and/or esters or salts thereof, bile acids and/or salis thereof, Suitable bile acids/salis include
chenodeoxycholic acid ({CDCA) and ursedeoxychenodeoxycholic acid {(UDCA), cholic acid,
dehydrocholic acid, deoxycholic acid, glucholic acid, glycholic acid, glveodeoxycholic acid,
tanrocholic acid, taurodeoxycholic acid, sodium tauro-24,23-dthydro-tusidate and sodium
glycodihydrofiusidate, Suitable fatty acids inchude arachidonic acid, undecanoic acid, oleic acid,
iauric acid, caprylic acid, capric acid, myristic acid, palmitic acid, stearic acid, linoleic acid,
Hinolenic acid, dicaprate, tricaprate, monoolein, dilaurin, glyeeryl l-monocaprate, 1-
dodecylazacycloheptan-2-one, an acylearniting, an acylchohne, or a movnoglycende, a
diglyceride or a pharmaccutically acceptable salt thercof (.2, sodinm). In some embodiments,
combinations of penetration enhancers are used, for example, fatty acids/salts in combination
with bile acids/salts. One exemplary combination s the sodium salt of lauric acid, capric acid
and UDCA. Further penetration enhancers inchude polyosyethylene-9-lauryl ether,
polyoxyethylene-20-cetyl ether. DsRINAs featured in the invention can be delivered orally, in
granular form including sprayed dried particles, or complexed to form micro or nanoparticles.
DsRNA complexing agents include poly-amino acids; polyimines; polvacrylates;
polyalkylacrylates, polyoxethanes, polyalkyloyanoacrylates; cationized gelating, albumius,
starches, acrylates, polyethvicneglycols (PEG) and starches; polyalkyleyanoacrylates; DEAE-
derivatized polyimines, pollulans, celluloses and starches. Suitable complexing agents include

chitosan, N-trimethylchitosan, poly-L-lysine, polvhistidine, polyomithine, polyspermines,

MET 18370333v.1

117

SUBSTITUTE SHEET (RULE 26)



1g

15

20

25

(¥8]
o)

L2
(v

WO 2014/160129 PCT/US2014/025882

protamine, polyvinylpyridine, polythicdicthylaminomethylethylene P(TDAE), polyaminostyrene
{e.g., p-amino}, poly{methylevanoacrylate), poly{ethylcvanoacrylate), poly{butylcyanoacrylate),
poly(isobutyleyanoacrylate), poly(isohexyicynaocacrylate), DEAE-methacrylate, DEAE-
hexylacrylate, DEAE-acrvlamide, DEAE-albumin and DEAE-dextran, polymethylactylate,
polyhexylacrylate, poly(D,L-lactic acid), poly(DL-lactic-co-glycolic acid (PLGA), alginate, and
polycthylenegiveol (PEG). Oral formulations for dsRNAs and their preparation are described in
detail in ULS. Patent 6,887,906, US Publn, No. 20636027780, and U.8. Patent No. 6,747,014,
each of which is incorporated herem by reference.

Compositions and formulations for parenteral, intraparcnchymal (into the brain),
intrathecal, intraventricular or intrahepatic administration can include sterile agueous sclutions
which can also contain buffers, diluents and other suitable additives such as, but not limited fo,
penetration enhancers, carrier compounds and other pharmaceutically acceptable carriers or
excipients,

Pharmaceutical compositions of the present invention inchide, but are not limited to,
solutions, emuilsions, and liposome-containing formulations, These compositions can be
generated from a variety of compounents that include, but are not hmited to, preformed liquids,
self-emulsifying solids and self-emulsifying semisolids. Particularly preferred are formulations
that target the liver when treating hepatic disorders such as hepatic carcinoma,

The pharmaccutical formulations of the present invention, which can conveniently be
presented i unit dosage form, can be prepared according to conventional technigues well known
1o the phammaceutical industry. Such technigues joclude the step of bringing into association the
active ingredients with the pharmaccutical carrier(s) or excipicnt(s). In general, the formulations
are prepared by uniformly and intimately bringing into association the active ingredients with
Higuud carriers or finely divided solid carriers or both, and then, if necessary, shaping the product.

The composttions of the present invention can be formulated nto any of many possible
dosage forms such as, but not himited to, tablets, capsules, gel capsules, liquid syrups, soft gels,
suppositorics, and cnemas. The compositions of the present invention can also be formulated as
suspensions in aqueous, non-aqueous or mixed media. Agueous suspensions can further contain
suabstances which increase the viscosity of the saspension including, for example, sodium
carboxymethyleellulose, sorbitol and/or dextran. The suspension can also contain stabilizers.

C. Additiona] Formulations

i Emulsions

The compositions of the present invention can be prepared and formulated as emulsions,
Emulsions are typically heterogeneous systems of one liquid dispersed in another in the form of
droplets usually exceeding 0.1m in diameter (sec e.g., Ansel's Pharmaceutical Dosage Forms

and Drug Delivery Systems, Allen, LV, Popovich NG., and Ansel HC,, 2004, Lippincott
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Williams & Wilkins (8th ed.), New York, NY; ldson, in Pharmaceutical Dosage Forms,
Licberman, Rieger and Banker (Eds.}, 198, Marcel Dekker, Inc., New York, N.Y., velume 1, p.
199; Rosoff, in Pharmaceutical Dosage Forms, Licbherman, Rieger and Banker (Eds.), 1988,
Marcel Dekker, Inc.,, New York, N.Y., Volume 1, p. 245; Block i Pharmaceutical Dosage
Forms, Licherman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y.,
volume 2, p. 335; Higuchi ef ¢f., in Remington's Pharmaceutical Sciences, Mack Publishing Co.,
Easton, Pa., 1985, p. 301). Emulsions are often biphasic systems comprising two immiscible
Hgquid phases mtimately roixed and dispersed with each other. In general, emulsions can be of
either the water-in-oil (w/o) or the oil-m-water {(o/w) variety. When an agqueous phase is finely
divided mto and dispersed as minute droplets into a bulk otly phase, the resulting composition is
called a water-in~oil {w/0) emulsion. Alternatively, when an oily phase is finely divided 1nto and
dispersed as minute droplets into a bulk agueous phase, the resulimg composition is called an oil-
in-water {o/w) ermulsion. Emulsions can contain additional components in addition to the
dispersed phases, and the active drug which can be present as a solution in either the agueous
phase, oily phase or itself as a separate phase. Pharmacentical excipients such as emulsifiers,
stabilizers, dyes, and anti-oxidanis can also be present in emulsions as needed. Pharmmaceutical
emtisions can also be multiple cmulsions that are comprised of more than two phases such as,
for cxampie, in the casc of oil-in-water-in-oil {o/w/0) and water-in-oil-in-water (w/o/w)
emuisions. Such complex formulations often provide certain advantages that simple binary
emulsions do not. Multiple emulsions i which individunal oil droplets of an o/w emulsion
enclose small water droplets constifute a w/o/w enilsion. Likewise a system of oil droplets
enclosed in globules of water stabilized 1 an oily continuous phase provides an o/w/o emulsion.

Emulsions are characterized by little or no thermodynamic stability. Often, the dispersed
or discontinuous phase of the emulsion is well dispersed into the external or contimuous phase
and maintained in this form through the means of emulsitiers or the viscosity of the formulation.
Either of the phases of the cmulsion can be a semisolid or a solid, as is the case of emulsion-style
ointment bases and creams. Other means of stabilizing emulsions entail the use of emulsifiers
that can be incorporated into etther phase of the emulsion. Emulsifiers can broadly be classified
nto four categories: synthetic surfactants, naturally ocourmring erulsifiers, absorption bases, and
finely dispersed solids {see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery
Systems, Allen, LV., Popovich NG., and Anscl HC., 2004, Lippincott Williams & Wilkins (8th
ed.), New York, NY; Idson, in Pharmaceutical Dosage Forms, Licherman, Rieger and Banker
(Eds.}, 1988, Marcel Dekker, Inc., New York, N.Y., volume |, p. 199).

Synthetic surfactants, also known as surface active agents, have found wide applicability
in the formulation of emulsions and have been reviewed in the literature (sce e.g., Ansel's

Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV, Popovich NG, and
g Y a3 ) )
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Ansel HC,, 2004, Lippmcott Williams & Wilkins (&th ed.), New York, NY; Ricger, in
Pharmacentical Dosage Forms, Lieberman, Ricger and Banker (Eds.), 1988, Marcel Dekker,
Inc., New York, N.Y,, volume 1, p. 285; Idson, in Pharmaceutical Dosage Forms, Licberman,
Rieger and Banker (Eds.), Marcel Dekder, Inc., New York, N.JY., 1988, volume 1, p. 199).
Surfactants are typically amphiphilic and comprise a hydrophilic and a 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
surfactants in the preparation of formulations, Surfactants can be classified into different classes
based on the nature of the hydrophilic group: nonionic, antonic, cationic and amphoteric (see
e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LY., Popovich
NG., and Ansel HC, 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY Rieger, in
Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds.), 1988, Marcel Dekker,
Inc., New York, N.Y., volume 1, p. 285).

Naturally occurring emulsifiers used in emulsion formulations inclade 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 senusohid consistencies, such as
anhydrous lanolin and hydrophilic petrolatum. Finely divided solids have also been used as good
emulsifiers especially in combination with surfactants and in viscous preparations. These include
polar inorganic solids, such as heavy metal hydroxides, nonswelling clays such as bentonite,
attapulgite, hectornite, kaohn, montmorillonite, colloidal aluminum silicate and colloidal
magnestom aluromum silicate, pigments and nonpolar solids such as carbon or glyeeryl
tristearate.

A large variety of non-emulisifying materials are also included in emulsion formulations
and contribute to the properties of emulsions. These include fats, oils, waxes, fatty acids, fatty
alcohols, fatty esters, humectants, hydrophilic colloids, preservatives and antioxidants (Block, in
Pharmaceutical Dosage Forms, Licberman, Ricger and Banker (Eds.), 1988, Marcel Dekker,
Inc., New York, N.Y., velume 1, p. 335; Idson, in Pharmaceutical Dosage Forms, Licberman,
Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, NUY., volume 1, p. 199).

Hydrophilic colloids or hydrocolloids melude naturally occurring guros and synthetic
polymers such as polysaccharides (for example, acacia, agar, alginic acid, carragecnan, guar
gum, karaya gum, and tragacanth), ccliulose derivatives (for cxample, carboxymethyleclinlose
and carboxypropyleetiulose), and synthetic polymers (for example, carbomers, cellulose ethers,
and carboxyvinyl polymers). These disperse or swell in water to form colloidal solations that
stabilize emulsions by forming strong mterfacial films around the dispersed-phase droplets and

by increasing the viscosity of the external phase.
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Since emulsions often contain a number of ingredients such as carbohydrates, protems,
sterols and phosphatides that can readily support the growth of microbes, these formulations
often incorporate preservatives. Commonly nsed preservatives included in emulsion formulations
nelude methyl paraben, propyl paraben, quaternary ammonium salts, benzalkoniura chlonide,
esters of p-hydroxybenzoic acid, and boric acid. Antioxidants are also comumonly added to
emuision formulations to provent deterioration of the formulation. Antioxidants used can be free
radical scavengers such as tocopherols, alkyl gallates, butylated hydroxyanisole, butylated
hydroxytoluene, or reducing agents such as ascorbic acid and sodium metabisulfite, and
antioxidant synergists such as citric acid, tartaric acid, and lecithin.

The application of emulision formuliations via dermatelogical, oral and parenteral routes
and methods for their mannfacture have been reviewed in the literature (see eg., Ansel's
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV, Popovich NG., and
Anscl HC., 2004, Lippincott Williams & Wilkins (8th ¢d.), New York, NY:; Idson, in
Pharmaceutical Dosage Forms, Licberman, Ricger and Banker (Eds.}, 1988, Marcel Dekker,
Inc., New York, N.Y., volume I, p. 199). Emiision formmiations for oral delivery have been very
widely used becaunse of ease of formulation, as well as efficacy from an absorption and
bioavailability standpoint {see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery
Systems, Allen, LV, Popovich NG, and Anscl HC,, 2004, Lippincott Williams & Wilkins (8th
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; Idson, in Pharmaceutical
Dosage Forms, Licherman, Rieger and Banker (Eds.), 1988, Marcel Delcker, Inc., New York,
N.Y., volume 1, p. 199). Mineral-oil base laxatives, oil-soluble vitamins and high fat nutritive
preparations are among the materials that have commonly been administered orally as o/w
enilsions.

ii. Microemmisions

In one embodiment of the present invention, the compositions of iIRNAs and nucleic
acids are formulated as microemulsions. A microemulsion can be defined as a system of water,
oif and amphiphile which is a single optically isotropic and thermodynamically stable ligaid
solution (see 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; Rosoff, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds.), 1988,
Marcel Dekker, Inc., New York, N.Y., volume 1, p. 245). Typically microemulsions are systems
that are prepared by first dispersing an ol in an aqueons surfactant solution and then adding a
sufficient amount of a fourth component, generally an intermediate chain-length aleohol to form
a transparent system. Therefore, microemulsions have also been described as thermodynamically

stable, isotropically clear dispersions of two imumiscible Hguids that are stabilized by interfacial
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films of surfacc-active molecules (Leung and Shah, in: Controlled Release of Drugs: Polymers
and Aggregate Systems, Rosoff, M., Ed., 1989, VCH Publishers, New York, pages 185-215).
Microemulsions commonly are prepared via a combination of three to five components that
nclude oil, water, surfactant, cosurfactant and electrolyte. Whether the mucroemulsion is of the
water-in-oil (w/0) or an otl-in-water {o/w) type 1s dependent on the propertics of the oil and
surfactant used and on the structure and geometric packing of the polar heads and hydrocarbon
tatls of the surfactant molecules (Schott, in Remington’s Pharmaceutical Sciences, Mack
Publishing Co., Easton, Pa., 1985, p. 271).

The phenomenological approach utilizing phase diagrams has been exicnsively studied
and has yielded a comprehensive knowledge, to one skilled in the art, of how to formulate
microemulsions {see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems,
Allen, LV, Popovich NG., and Ansel HC,, 2004, Lippmcott Williams & Wilkins (8th ed.), New
York, NY; Rosoff, in Pharmaccutical Dosage Forms, Licberman, Ricger and Banker (Eds.),
1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 245; Block, in Pharmaceutical Dosage
Forms, Licberman, Ricger and Banker (Eds.}, 1988, Marcel Dekker, Inc., New York, N.Y.,
volume 1, p. 335). Compared to conventional emulsions, microenulsions offer the advantage of
solubilizing water-insoluble drugs in a formulation of thermodynamically stable droplets that are
formed spontancously.

Surfactants used in the preparation of microemulsions include, but are not limited to,
ionic surfactants, non~ionic surfactants, Brij 86, polyoxyvethylene oleyl ethers, polyglycerol faity
acid esters, tetraglycerol monolaurate (ML3 10), tetraglycerol monooleate (MO310),
hexaglycerol monooleate (PO310), hexagiveerol pentaoleate (PO500), decaglycerol monocaprate
{MCAT750), decaglycerol monooleate (MO750), decaglycerol sequicleate (S0750), decaglycerol
decaoleate (BAQOTS5), alone or in combination with cosurfactants. The cosurfactant, usually a
short-chain alcohol such as ethanol, L-propanol, and 1-butanol, serves to increase the mierfacial
fluidity by penetrating mto the surfactant film and consequently creating a disordered film
because of the void space gencrated among surfactant molecules. Microemulsions can, however,
be prepared without the use of cosurfactants and aleohol-free self-emulsifying microemulsion
systerns are known n the att. The agqueous phase can typically be, but is not himited to, water, an
aqueons solution of the drug, glycerol, PEG300, PEG400, polyglycerols, propylene glycols, and
derivatives of ethylene glycol. The oil phase can include, but is not limited to, materials such as
Captex 300, Captex 355, Capmud MOM, fatty acid esters, medium chain (C8&-{12) mono, di, and
tri-glyeerides, polvoxyethyiated glyceryt fatty acid esters, fatty alcohols, polyglveolized
glyeerides, saturated polyglycolized C8-C10 glyeerides, vegetable oils and silicone oil,

Microemulsions are particularly of interest from the standpoint of drug selubilization and

the enhanced absorption of drags. Lipid based microemulsions (both o/w and w/o) have been
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proposed to enhance the oral bicavailability of drugs, including peptides (sec e.g, U.S. Patent
Nos. 6,191,105; 7,063,860; 7,070,802; 7,157,099; Constantinides ef af., Pharmaceutica!
Research, 1994, 11, 1385-1390; Ritschel, Meth. Find. Exp. Clin. Pharmacel., 1993, 13, 205).
Microemulsions atford advantages of maproved drag solubilization, protection of drug from
enzymatic hydrolysis, possible enhancement of drug absorption due to surfactant-induced
alterations in membrane fluidity and permeability, case of preparation, case of oral
administration over solid dosage forms, improved clinical potency, and decreased toxicity {see
e.g., U.S, Patent Nos. 6,191,105; 7,063,860, 7,070,802, 7,157,099, Constantimdes er o/,
Pharmaceutical Research, 1994, 11, 1385; Ho et al., J. Pharm. Sci., 1996, 85, 138-143), Ofien
microcnuisions can form spontancously when their components are brought together at ambient
temperatare. This can be particularly advantageous when formulating thermolabile drugs,
peptides or iRNAs, Microemulsions have also been effective in the transdermal delivery of
active components in both cosmetic and pharmaceutical applications. Tt is expected that the
microemulsion compositions and formulations of the present invention will facilitate the
increased systemic absorption of iIRNAs and nucleic acids from the gastrointestinal tract, as well
as improve the local cellular uptake of IR NAs and mucleic acids,

Microemulsions of the present invention can also contain additional components and
additives such as sorbitan monostearate (Grill 3}, Labrasol, and penetration enhancers to improve
the propertics 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 invention
can be classified as belonging to one of five broad categories--surfactants, fatty acids, bile salts,
chelating agents, and non-chelating non-surfactants (Lee ef af, Critical Reviews in Therapeutic
Drug Carrier Systems, 1991, p. 92). Each of these classes has been discussed above.

ii. Microparticles

an RNA1 agent of the invention may be incorporated into a particle, e.g., a microparticle,
Microparticles can be produced by spray-drying, but may also be produced by other methods
incinding lyophilization, evaporation, fluid bed drving, vacuum drying, or a combination of these
technigues.

iv. Penctration Enhancers

In one embodiment, the present mvention ernploys various penetration enhancers to
effect the efficient delivery of nucleic acids, particularly iRNAsg, to the skin of animals. Most
drugs are present in solution in both ionized and nonionized forms. However, usually only lipid
solable or lipophilic drugs readily cross cell membranes. It has been discovered that even non-
lipophilic drugs can cross ccll membranes if the membrane to be crossed is treated with a
penetration enhancer. in addition to aiding the diffusion of non-lipophilic drugs across ccll

membranes, penetration enhancers also enhance the permeability of hpophilic drugs.
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Penetration enhancers can be classificd as belonging to one of five broad categorics, ie.,
surfactants, fatty acids, bile salts, chelating agents, and non-chelating non-surfactants {sec e.g.,
Malmsten, M. Surfactants and polymers 1n drug delivery, Informa Health Care, New York, NY,
2002; Lee er ¢f., Critical Reviews in Therapeutic Drug Carmier Systerns, 1991, p.92). Each of the
above mentioned classes of penctration enhancers are described below in greater detail.

Surfactants (or "surface-active agents™) arc chemical entitics which, when dissolved in an
agoeous solution, reduce the surface tension of the solution or the mnterfacial tension between the
agueous solufion and another hiquid, with the result that absorption of IRNAS through the mucosa
is enhanced. In addition to bile salts and fatty acids, these penctration enhancers include, for
example, sodivm lauryl sulfate, polyoxyethylene-9-lauryl cther and polyoxyethylene-20-cetyl
ether) (see e.g., Malmsten, M. Surfactants and polymers in drug delivery, Informa Health Care,
New York, NY, 2002; Lee ef af., Critical Reviews in Therapeutic Drug Carrier Systems, 1991,
1.92); and perfluorochemical emulsions, such as FC-43, Takahashi ef af., J. Pharm. Pharmacol.,
1988, 40, 252}

Various fatty acids and their derivatives which act as penetration enhancers include, for
example, oleic acid, lauric acid, capric acid (n~decanoic acid), myristic acid, palmitic acid,
stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein (F-monooleoyi-rac-
glycerol), dilaurin, caprylic acid, arachidonic acid, glycerol -monocaprate, 1-
dodecylazacycloheptan-2Z-one, acylearnitines, acylcholines, Ciyo alkyl esters thereof{e.g.,
methyl, tsopropyl and t-butyl), and mono- and di-glyeerides thereof (i.e., oleate, laurate, caprate,
myristate, palmitate, stearate, linoleate, erc.) (see e.g., Touiton, E., ef /. Enhancement in Drog
Delivery, CRC Press, Danvers, MA, 2006; Lec er af., Critical Reviews in Therapeutic Drug
Carrier Systems, 1991, p.92; Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems,
199G, 7, 1-33; Bl Harirt ef af., /. Pharm. Pharmacol., 1992, 44, 651-654),

The physiological role of bile includes the facilitation of dispersion and absorption of
lipids and fat-soluble vitamins (sce e g., Malmsten, M, Surfactants and polymers in drug
delivery, Intorma Health Care, New York, NY, 2002; Brunton, Chapter 38 in: Goodman &
Gilman's The Pharmacological Basis of Therapeutics, 8th Ed., Hardman et ¢/, Hds., McGraw-
Hill, New York, 1996, pp. 934-933), Various natural bile salts, and their synthetic derivatives,
act as penctration enhancers. Thus the term "bile salts” includes any of the naturally occurring
components of bile as well as any of their synthetic derivatives. Suitable bile salts include, for
example, cholic acid {or its pharmaceutically acceptable sodium salt, sodium cholate),
dehydrocholic acid (sodium dehydrocholate), deoxycholic acid (sodinm deoxycholate), ghicholic
acid (sodinm glucholate), glycholic acid (sodium glycocholate), glveodeoxycholic acid (sodum
giveodeoxycholate}, taurocholic acid (sodium taurocholate), taurodeoxycholic acid (sedium

tanrodeoxycholate), chenodeoxycholic acid (sodium chenodeoxycholate), ursodeoxycholic acid
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(UDCA), sodium tauro-24,25-dihvdro-fusidate (STDHF), sodium glycodihydrotusidate and
polvoxyethylene-9-lauryl cther (POE) (sec e.g., Malmsten, M. Surfactants and polymers m drug
delivery, Informa Health Care, New York, NY, 2002; Lee e7 ¢/, Critical Reviews in Therapentic
Dirug Carrier Systems, 1991, page 92; Swinyvard, Chapter 39 In: Remington's Pharmacentical
Sciences, 18th Ed., Gennaro, ed., Mack Publishing Co., Baston, Pa., 1990, pages 782-783;
Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; Yamamoto ef
al., S Pharm. Exp. Ther., 1992, 263, 25; Yamashita ef ¢l., J. Pharm. Sci, 1990, 79, 579-583).

Chelating agents, as used in connection with the present invention, can be defined as
compounds that remove metallic ions from solution by forming complexes therewith, with the
result that absorption of iIRNAs through the mucosa is enhanced. With regards to their use as
penetration enhancers in the present invention, chelating agents have the added advantage of also
serving as DNase inhibitors, as most characterized DNA nucleases require a divalent metal 100
for catalysis and are thus inhibited by chelating agents (Jarrett, J. Chromatogr., 1993, 618, 315~
339). Suitable chelating agents inciude but are not limited to disedium
ethylenediaminetetraacetate (EDTA), citric acid, salicylates (e.g., sodinm salicylate, 5-
methoxysalicylate and homovanilate), N-acyl derivatives of collagen, laureth-9 and N-amino
acyl derivatives of beta-diketones (cnamines){(sce e.g., Katdare, A, ef o/, Excipicnt development
for pharmaceutical, biotechnology, and drug delivery, CRC Press, Danvers, MA, 2006; Lee ez
al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, page 92; Muranishi, Critical
Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; Buwur ef ¢l., J. Contral Rel. | 1990,
14, 43-51).

As used herein, non-chelating non-surfactant pepetration enhancing compounds can be
defined as compounds that demonstrate nsignificant activity as chelating agents or as surfactants
but that nonetheless enhance absorption of IRNAs through the alimentary mucosa (see e.g.,
Muranishi, Critical Reviews i Therapeutic Drug Carrier Systems, 1990, 7, 1-33). This class of
penetration enhancers includes, for example, unsaturated cyelic ureas, 1-alkyl-and 1-
alkenylazacyclo-alkanone derivatives (Lee er af., Critical Reviews in Therapeutic Drug Carrier
Systems, 1991, page 92); and non-steroidal anti-inflammatory agents such as diclofenac sodium,
ndomethacin and phenylbutazone (Yamashita ef o, J. Pharm. Pharmacol., 1987, 39, 621-626),

Agents that enhance uptake of iRNAs at the cellular level can also be added to the
pharmacentical and other compositions of the present invention. For example, cationic lipids,
such as hipofectin (unichi ef ¢/, U.S. Pat. No. 5,705,188}, cationic glycerol derivatives, and
polyeationic molecules, such as polvlysine (Lollo ef @l PCT Application WO §7/3073 1), are
also known to enhance the cellular uptake of dsRNAs. Examples of commercially available
transfection reagents inclnde, for example Lipofectamine™ {Invitrogen; Carlsbad, CA),

Lipofectamine Z000™ (Invitrogen; Carlsbad, CA}, 283 fectin™ (Invitrogen; Carisbad, CA},
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Cellfectm™ (Invitrogen; Carlsbad, CA), DMRIE-C™ (lovitrogen; Carlshad, CA), FreeStyle™
MAX (Invitrogen; Carlsbad, CA), Lipotectamine™ 2000 CD (Invitrogen; Carlsbad, CA),
Lipofectamine™ (Invitrogen; Carlsbad, CA), RNAIMAX (lnvitrogen; Carlsbad, CA},
Oligofectamine™ (Invitrogen; Carlsbad, CA), Optifect™ (Invitrogen; Carlsbad, CA), X-

5 tremeGENE Q2 Transfection Reagent (Roche; Grenzacherstrasse, Switzerland), DOTAP
Liposomal Transfection Reagent (Grenzacherstrasse, Switzerland), DOSPER Liposomal
Transfection Reagent (Grenzacherstrasse, Switzerland), or Fugene {(Grenzacherstrasse,
Switzerland), Transfectam® Reagent (Promega; Madison, W1, TransFast™ Transfection
Reagent (Promega; Madison, W1}, T&™.-20 Reagent (Promega; Madison, W1, T&™-50

1¢  Reagent (Promega; Madison, W1}, DreamFect™ (O7 Biosciences; Marscille, France),
EcoTransfect (OF Biosciences; Marseille, France), TransPass® D1 Transfection Reagent (New
England Biolabs; Ipswich, MA, USA), LyoVec™/LipoGen™ {(Invitrogen; San Dicgo, CA,
USA), PerFectin Transfoction Reagent (Genlantis; San Diego, CA, USA), NeuroPORTER
Transfection Reagent (Genlantis; San Dicgo, CA, USA), GenePORTER Transfection reagent

15 {Genlantis; San Diego, CA, USA), GenePORTER 2 Transfection reagent (Genlantis; San Diego,
CA, USA), Cytofectin Transfection Reagent (Genlantis; San Dicgo, CA, USA), BacoloPORTER
Transtection Reagent (Genlantis; San Diego, CA, USA), TroganPORTER™ transfection
Reagent (Genlantis; San Dicgo, CA, USA ), RiboFect (Bioline; Taunton, MA, USA), PlasFect
(Bicline; Taunton, MA, USA), UnFECTOR (B-Bridge International; Mountain View, CA,

20 USA), SureFECTOR (B-Bridge International; Mountain View, CA, USA), or HiFect™ (B~
Bridge International, Mountain View, CA, USA), among others,

Other agents can be utilized to cnhance the penetration of the admunistered nucleic acids,
mciunding glycols such as ethylene glycol and propylene glycol, pyrrols such as 2-pyrrol, azones,
and terpenes such as lmonene and menthone.

25 v. Carriers

Certain compositions of the present mvention also incorporate carrier compounds in the
formulation. As used herein, “camier 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
as a pucleic acid by in vive processes that reduce the bicavailability of a nucleic acid having

30 biological activity by, for example, degrading the biologically active nucleic acid or promoting
its removal from circulation. The coadministration of a nucleic acid and a carrier compound,
typically with an excess of the latter substance, can result in a substantial redaction of the
arnount of nucleic acid recovered in the hiver, kidney or other extracirenlatory reservoirs,

presumably due to competition between the carrier compound and the nucleic acid for a common

L2
(v

receptor. For example, the recovery of a partially phosphorothioate dsRNA in hepatic tissue can

be reduced when it is coadministered with polyinosinic acid, dextran sulfate, polyeytidic acid or
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4-acctamido-4'isothiocyano-stithene-2 2 -disatfonic acid (Mivao ef @/, DsRNA Res. Dev,, 1995,
5, 115-121; Takakura ef ¢f., DsRNA & Nucl. Acid Drug Dev,, 1996, 6, 177-183,
vi. Excipients

In contrast to a carrier compound, a “pharmaceutical carrier” or “excipient” s 4
pharmaccutically acceptable solvent, suspending agent or any other pharmacologically inert
vehicle for delivering one or more nucleic acids to an animal. The excipient can be liquid or solid
and is selected, with the planned manner of administration in mind, s0 as to provide for the
desired bulk, consistency, efe., when cornbined with a nucleic acid and the other compounents of a
given pharmaceutical composition. Typical pharmaceutical carriers include, but are not limited
to, binding agents {e.g., pregelatinized maize starch, polyvinyipyrrelidone or hydroxypropyl
methyleellulose, erc.); fillers (e.g., lactose and other sugars, microcrystalline cellulose, pectin,
gelatin, calenum sultate, ethyl cellulose, polyacryvlates or calenum hydrogen phosphate, efc.);
iubricants {e.g., magnesium stearate, tale, silica, colloidal silicon dioxide, stearic acid, metallic
stearates, hydrogenated vegetable oils, comn starch, polyethylene glycols, sodium benzoate,
sodium acetate, efc.); disimtegrants {e.g., starch, sodium starch glycolate, etc.}; and wetting
agents (e.g., sodinm lauryl sulphate, efe).

Pharmaceutically acceptable organic or inorganic excipients suitable for non-parenteral
administration 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 sohutions, alcohols, polyvethylene glycols, gelatin, lactose,
amylose, magnesinm stearate, tale, stlicic acid, viscous parathin, hydroxymethylcelinlose,
polyvinylpyrrolidone and the like,

Foromlations for topical administration of nucleic acids can inclade sterile and non-
sterile agueous solutions, non-agneous selutions in common solvents sach as alcohols, or
solutions of the nucleic acids in higuid or solid oil bases. The solutions can also contan buffers,
diluents and other suitable additives. Pharmaceutically acceptable organic or inorganic excipionts
suitable for non-parenteral administration which do not deleteriously react with nucleic acids can
be used.

Suitable pharmacentically acceptable excipients include, but are not himited to, water, salt
solutions, alcohol, polyethylene glycols, gelatin, lactose, amylose, magnesium stearate, tale,
stlicic acid, viscous paraffin, hydroxymethylcellulose, polyvinylpyrrolidone and the like.

vii. Other Components

The compositions of the present imvention can additionally contain other adjunct
components conventionally found i pharmaceutical compositions, at their art-cstablished usage
levels. Thus, for example, the compositions can contain additional, compatibie,

pharmaceutically-active materials such as, for example, antipruritics, astringents, local
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anesthetics or anti-inflanmumatory agents, or can contain additional materials useful in physically
formulating various dosage forms of the compositions of the present invention, such as dyes,
flavoring agents, preservatives, antioxidants, opacifiers, thickening agents and stabilizers.
However, such roaterials, when added, should not unduly moterfere with the blological activities
of the components of the compositions of the present invention. The fornmulations can be
stertlized and, if desired, mixed with auxiliary agents, e.g., fubricants, preservatives, stabilizers,
wetting agents, emulsifiers, salts for influencing osmotic pressure, buffers, colorings, flavorings
and/or aromatic substances and the like which do not deleteriounsly ioteract with the nucleic
acid{s) of the formulation,

AgQueous suspensions can contain substances which increase the viscosity of the
suspension including, for example, sodium carboxymethyleeilulose, sorbitol and/or dextran. The
suspension can also contamn stabilizers.

In some embodiments, pharmaceutical compositions featured in the invention include
{a} one or more iIRNA compounds and (b} one or more agents which function by a non-RNAi
mechanism and which are useful in treating a hemolytic disorder. Examples of such agents
include, but are not Imited to an anti-inflammatory agent, anti-steatosis agent, anti-viral, and/or
anti-fibrosis agent. In addition, other substances commonly used to protect the liver, such as
stlymarin, can also be used in conjunction with the iRNAs described herein. Other agents uscful
for treating liver diseases inchude telbivudine, entecavir, and protease inhibitors such as
telaprevir and other disclosed, for example, in Tung ef ¢/, U.S. Application Publication Nos.
2005/0148548, 2004/0167116, and 2003/0144217; and in Hale ez ¢/, U.S. Application
Publication No. 2004/0127488.

Toxicity and therapeutic efficacy of such compounds can be determined by standard
pharmacentical procedures in cell cultures or experimental animals, e.g., for determining the
LIP30 (the dose tethal to 50% of the population) and the EDSO (the dose therapentically effective
in 50% of the population). The dose ratio between toxic and therapeutic effects is the therapeutic
index and it can be expressed as the ratio LDSG/EDSC. Compounds that exhibit high therapeutic
indices are preferred.

The data obtained from cell culture assays and anwoal studies can be used 1o formulating
a range of dosage for use in humans. The dosage of compositions featured herein in the
mvention lies generally within a range of circulating concentrations that include the EDS0 with
fittle or no toxicity. The dosage can vary within this range depending upon the dosage form
employed and the route of adnunistration utthzed. For any compound used in the methods
featured in the invention, the therapeutically effective dose can be estimated initially 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 of a target
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sequence {e.g., achieving a decreased concentration of the polypeptide) that includes the IC50
(i.e., the concentration of the test compound which achicves a half-maximal inhibition of
symptoms) as determined in cell culture. Such mformation can be used to more accurately
deterroine useful doses in homans. Levels i plasma can be roeasured, for exarople, by high
performance hquid chromatography.

In addition to their administration, as discussed above, the iIRNAs featured in the
mvention can be administered in combination with other known agents effective in treatment of
pathological processes wediated by C5 expression. In any event, the admumstering physician
can adjust the amount and timing of iIRNA adnuinistration on the basis of results observed using

standard measures of efficacy known in the art or described herein.

Yi. Methods For Inhibiting €S Expression

The present invention provides methods of inhibiting expression of C5 in acell. The
methods include contacting a cell with an RNAI agent, e.g., a double stranded RNAt agent, in an
amount effective to inhibit expression of the C5 in the cell, thereby inhibiting expression of the
C5 o the cell.

Contacting of a cell with a double stranded RNA{ agent may be done in vitro or in vivo.
Contacting a cell in vive with the RNAI agent includes contacting a cell or group of cells within a
subject, e.g., a human subject, with the RNAi agent. Combinations of in vifro and in vive
methods of contacting are also possible. Contacting may be direct or indirect, as discussed
above. Furthermoore, contacting a cell may be accomplished via a targeting lgand, mchuding any
iigand described herein or known in the art. In preferred embodiments, the targeting Hgand is a
carbohydrate moiety, e.g., a GalNAc, ligand, or any other ligand that directs the RNAi agentto a
site of interest, e.g., the liver of a subject.

The terro “iohibiting,” as used herein, is used mterchangeably with “reducing,”

29

“silencing,” “downregulating” and other similar terms, and includes any level of inhibition.

The phrase “inhibiting cxpression of a U357 is intended to refer to inhibition of expression
of any C5 gene (such as, e.g., a mouse 5 gene, arat C5 gene, a monkey 5 gene, or a human
S gene) as well as variants or rautanis of a C5 gene. Thus, the C5 gene may be a wild~type C3
gene, a mutant C5 gene, or a transgenic C5 gene in the context of a genetically manipulated cell,
group of celis, or organism.

“Inhibiting expression of a C5 gene” includes any level of inhibition ot a 5 gene, e.g., at
icast partial suppression of the expression of a C5 gene. The expression of the CS§ gene may be
assessed based on the level, or the change in the level, of any variable associated with C5 gene
expression, e.g., U5 mRNA level, C5 protein fevel, or for example, CHsg activity as a measure of

total hemolytic complement, AHso to measure the hemolytic activity of the altemate pathway of
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complement, and/or lactate dehydrogenase (LDH) levels as a measure of intravascular
hemolysis, and/or hemoglobin levels. Levels of CSa, C5b, and seluble C5b-9 complex may also
be measured to assess €5 expression. This level may be assessed in an individual cellorin a
group of cells, including, for example, a sample derived from a subject.

Inhibition may be assessed by a decrease in an absolute or relative fevel of one or more
variables that are associated with 5 expression compared with a control level. The control level
may be any type of control level that is utilized i the art, e.g., a pre-dose baseling level, ora
level determined from a similar subject, cell, or sample that is ontreated 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 a C5 gene is

inhibited by at least about 3%, at least about 1()‘?/{;, at least about 15%, at feast about 20%, at least

icast about 50%, at least about 55%, at feast about 60%, at least about 63%, at least about
70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at ieast about 94%. at feast about 95%, at

least about 96%, at least about 97%, at feast about 98%, or at least about 99%.

Inhibition of the expression of a C5 gene may be manifested by a reduction of the amount
of mRNA cxpressed by a first cell or group of cells (such cells may be present, for example, in a
sample dertved from a subject) in which a 5 gene is transcribed and which has or have been
treated (e.g., by contacting the cell or cells with an RNAJ agent of the mvention, or by
administering an RNA1 agent of the tvention to a subject fu which the cells are or were present)
such that the expression of a C3 gene is inhibited, as compared to a second cell or group of cells
substantially identical to the first celi or group of cells but which has not or have not been so
treated (control cell(s)). In preferred embodiments, the inhibition i3 assessed by expressing the
level of mRNA in treated cells as a percentage of the level of mRNA in control cells, using the
following formula:

(mRNA in control cells)y~- (mRNA i treated celis)

{mRNA in controlcells)

e 1 00%

Alternatively, inhibition of the expression ofa C5 gene may be assessed n terms of a
reduction of a parameter that is functionally linked to C5 gene expression, e.g., C5 protein
expression, hepeidin gene or protein expression, or iron levels in tissues or serum. €5 gene
stlencing may be determoined i any cell expressing C5, esther constitutively or by genorne
engineering, and by any assay known m the art. The liver 15 the major site of C5 expression.
Other significant sites of expression include the kidneys and the uterus.

Inhibition of the expression of a €5 protein may be manifested by a reduction in the level

of'the CS protein that is expressed by a cell or group of cells {e.g., the level of protem expressed
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in a sample derived from a subject). As cxplained 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 countrol cell or group of cells that may be used to assess the hibifion of the expression
of a C5 gene includes a cell or group of cells that has not yet been contacted with an RINA1 agent
of the invention. For example, the control cell or group of cells may be derived from an
mdividual subject {e.g., a human or animal subject) prior to treatment of the subject with an
RNAj agent.

The level of C5 mRNA that is expressed by a cell or group of cells may be determined
using any method known in the art for assessing mRNA expression. In one embodiment, the
level of expression of CS in a sample 1s determined by detecting a transcribed polynucleotide, or
portion thereof, e.g., mRNA of the C5 gene. RNA may be extracted from cells using RNA
extraction techniques including, for cxample, using acid phenoV/ guanidine isothiocyanate
extraction {RNAzol B; Biogenesis), RNeasy RNA preparation kits (Qtagen) or PAXgene
{Pre Analytix, Switzerland). Typical assay formats utilizing ribonucleic acid hybridization
nclude nuclear run-on assays, RT-PCR, RNase protection assays {Melton er al., Nuc. Acids Res.
12:7035), Northern blotting, i sify hybridization, and microarray analysis.

In one embodiment, the level of expression of €5 is determined using a nucleic acid
probe. The term "probe”, as used herein, refers to any molecule that is capable of sclectively
binding to a specific CS. Probes can be synthesized by one of skill in the art, or derived from
appropriate biological preparations. Probes may be specifically designed to be labeled.
Examples of molecules that can be utilized as probes include, but are not limited 1o, RNA, DNA,
proteins, antibodies, and organic molecules.

Isolated mRNA can be used in hybridization or amplification assays that include, but are
not lmited to, Southern or Northern analyses, polymerase chain reaction (PCR) analyses and
probe arrays, One method for the determination of mRNA levels involves contacting the isolated
mBRNA with a nucleic acid molecule {(probe} that can hybridize to C5 mRNA. In one
embodiment, the mRNA 13 immobilized on a solid surface and contacted with a probe, for
example by ruoning the isolated mRNA ov an agarose gel and transferring the mRNA from the
gel to a membrane, such as nitrocelulose. In an alternative embodiment, the probe(s) are
immaobilized on a solid surface and the mRNA is contacted with the probe(s), for example, in an
Affymetnix gene chip array. A skilled artisan can readily adapt known mRNA detection methods
for use in determiming the level of CS mRNA.

An alternative method for determining the level of expression of C5 in a sample mvolves
the process of nucleic acid amplification and/or reverse transcriptase {to prepare ¢cDNA) of for

example mRNA in the sample, e.g., by RT-PCR (the experimental embodument set forth in
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Mullis, 1987, U.S. Pat. No. 4,683,202), ligase chain reaction (Barany (1991} Proc. Natl. Acad.
Sci. USA 88:189-193), self sustained sequence replication (Guatelh et al. {1990} Proc. Nail
Acad. Sci. US4 87:1874-1878), transcriptional amplification system (Kwoh es ol (1989} Proc.
Natl. Acad. Sci. USA 86:1173-1177), Q-Beta Replicase (Lizardi ef al. (1988) Bio/Technology
6:1197), rolling circle replication (Lizardi ¢t al,, U.S. Pat. No. 5,.854,033) or any other nucleic
acid amplification method, followed by the detection of the amplified molecules using
technigues well known to those of skill in the art. These detection schemes are especially usetul
for the detection of nucleie acid molecules if such molecules are present in very low numbers, In
particular aspects of the mvention, the level of expression of CS is determined by guantitative
fluorogenic RT-PCR (i.e., the TagMan "™ System).

The expression levels of C5S mRNA may be momitored using a membrane blot {such as
used in hybridization analysis sach as Northern, Southern, dot, and the like), or microwells,
sample tabes, gels, beads or fibers {or any solid support comprising bound nucleic acids). See
.S, Pat. Nos. 5,770,722, 5,874,219, 5,744,305, 5,677,195 and 5,445,934, which are
incorporated herein by reference. The determination of 5 expression level may also comprise
using nucleic acid probes in solution,

In preferred embodiments, the level of mRNA cxpression 15 assessed using branched
DNA (bDNA) assays or real time PCR (gPCR). The usc of these methods is described and
exemplified in the Examples presented herein.

The level of CS protein expression may be determined using any method known in the art
for the measurement of protein tevels. Such methods include, for example, electrophoresis,
capillary clectrophoresis, high performance hiquid chromatography (HPLC), thin layer
chromatography (TLC), hyperdiftusion chromatography, fluid or gel precipitin reactions,
absorption spectroscopy, a colorimetric assays, spectrophotometric assays, low cytometry,
radicimmunoassay (RIA), enzyme-linked imnmumnosorbent assays (ELIS As), immunofluorescent
assays, clectrochemiluminescence assays, and the like.

The term “sample” as used herein refers to a collection of similar fluds, cells, or tissues
isolated from a subject, as well as fhuids, cells, or tissues present within a subject. Examples of
biological fluids include blood, scrum and serosal thuids, plasma, lymph, urine, cercbrospinal
fluid, saliva, ocular thuids, and the like. Tissue samples may include samples from tissuges,
organs or localized regions. For example, samples may be derived from particular organs, parts
of organs, or fluids or cells within those organs. In certain emnbodiments, samples muay be
derived from the liver {e.g., whole liver or certain segments of Hver or certain types of cells in

the liver, such as, e.g., hepatocytes). In preferred embodiments, a “sample derived from a

&
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subject” refers to blood or plasma drawn from the subject. In further embodiments, s “sample
derived from a subject” refers to liver tissue derived from the subject.

In some embodiments of the mwethods of the invention, the RNAj agent is administered to
a subject such that the RNAI agent 1s delivered to a specific site within the subject. The
inhibition of expression of C5 may be assessed using measurements of the level or change i the
fevel of C5 mRNA or U5 protein in a sample derived from fluid or tissue from the specific site
within the subject. In preferred embodiments, the site is sthe liver. The site may also be a
subsection or subgroup of cells from any one of the aforementioned sites, The site may also
include cells that express a particular type of receptor,

The phrasc “contacting a cell with an RNA1 agent,” such as a dsRNA, as used herein,
includes contacting a cell by any possible means. Contacting a cell with an RNA1 agent includes
contacting a cell in vifro with the IRNA or contacting a cell in vive with the iIRNA. The
contacting may be done directly or indirectly. Thus, for example, the RNAI agent may be put
into physical contact with the cell by the individual performing the method, or alternatively, the
RINA1 agent may be put into a sttuation that will permit or cause it to subsequently come mito

contact with the cell,

Contacting a cell in vitre 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 RNA1 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 subsequently reach the tissue
where the cell to be contacted is located. For example, the RNA1 agent may contain and/or be
coupled to a ligand, e.g., GalNAc3, that directs the RNA1 agent to a site of interest, e.g., the liver.
Combinations of i virre and in vive methods of contacting are also possible. For example, a cell
may also be contacted in vitro with an RNAJ agent and subsequently transplanted into a subject.

Irt one embodiment, contacting a cell with an iIRNA includes “introducing” or “delivering
the IRNA into the cell” by facilitating or effecting uptake or absorption into the cell. Absorption
or uptake of an IRNA can occur through unaided diffusive or active cellular processes, or by
auxiliary agents or devices. Introducing an iRNA into a cell may be in vitro and/or in vive. For
example, for in vivo introduction, iIRNA can be mjected into a tissue site or administered
systemically. fn vivo delivery can also be done by a beta~glucan delivery system, such as those
described i ULS. Patent Nos. 5,032,401 and 5,607,677, and U.S. Poblication No. 2005/0281781,
the entire contents of which are hereby mmcorporated heremn by reference. I vitro introduction
mto a cell includes methods known in the ant such as clectroporation 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
Disorder

The present mvention also provides therapeutic and prophylactic methods which mchide

administering to 4 subject having a complement compounent CS-associated disease, eg., PNH or

5 aHUS, an iIRNA agent, pharmaceutical compositions comprising an iRNA agent, or vector
comprising an iIRNA of the invention. In some aspects of the invention, the methods further
include administering to the subject an additional therapeutic agent, such as an anti-complement
component C5 antibody, or antigen-binding fragment thereof {e.g., eculizumab),

In one aspect, the present invention provides methods of treating a subject having a

10 disorder that would benefit from reduction in U5 expression, e.g., a complement component C5-
associated disease, e.g., PNH or aHUS. The treatment methods (and uses) of the invention
melude administering to the subject, e.g., a human, a therapeutically effective amount of an
iRNA agent targeting a C5 gene or a pharmaccutical composition comprising an iIRNA agent
targeting a C5 gene, thereby treating the subject having a disorder that would benefit from

15 rednction in CS5 expression.

In another aspect, the present invention provides methods of treating a subject having a
disorder that would benefit from reduction in C5 expression, e.g., a complement component C5-
associated disease, e.g., PNH or aHUS, which include adnunistering to the subject, e g, a
human, a therapeutically effective amount of an iIRNA agent targeting a CS gene ora

24 pharmaceutical composition comprising an iIRNA agent targeting a O35 gene, and ap additional
therapeutic agent, such as an anti-compliement component C3 antibody, or antigen-binding
fragment thereof {e.g., coulizumab), thereby treating the subject having a disorder that would
benefit from reduction in C5 expression.

In one aspect, the mvention provides methods of preventing at least one symptom in a

25 subject having a disorder that would benefit from reduction in C5 expression, e.g., a conglement
component CS-associated disease, e.g, PNH or aHUS. The methods mclude administering to
the subject a prohpylactically effective amount of the iIRNA agent, e.g., dsRNA, or vector of the
invention, thereby preventing at least one sympton in the subject having a disorder that would

benefit from reduction i €3 expression. For example, the mvention provides methods for

(¥8]
foun)

preventing hemolysis in a subject suffering from a disorder that would benefit from reduction in
5 expression, e.g., a complement component C5-associated discase, e.g., PNH or aHUS.

In another aspect, the imvention provides methods of preventing at least one symptom in a
subject having a disorder that would benefit from reduction in C5 expression, e.g., a complement

component CS-associated disease, e.g, PNH or aHUS. The methods mclude administering to

L2
(v

the subject a prohpylactically effective amount of the iIRNA agent, e.g., dsRNA, or vector of the

invention, and an additional therapeuntic agent, such as an anti-complement component CS
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antibody, or antigen-bindimg fragment thereof {e.g., eculizumab), thercby preventing at least one
symptom in the subiect having a disorder that would benefit from reduction in TS cxpression.

"Therapeutically effective amount,” as used herein, is intended to inchude the amount of
an RNA1 agent or anti-complement component CS antibody, or antigen-binding fragraent thereof
{e.g., cculizumab), that, when admimistered to a subject having a complement component C5-
associated discase, is sufficient to effect treatment of the discase {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 RNAJ agent or antibody, or
antigen-binding fragment thereof, how the agent 1s admimistered, 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 treated.

“Prophylactically effective amount,” as used heremn, s intended to wclude the arvount of
an iRNA agent or anti-complement component CS antibody, or antigen-binding fragment thereof
{e.g., cculizumab), that, when adnunistered to a subject having a complement component C5-
associate disease but not vet {or curvently) experiencing or displaying symptoms of the disease,
and/or a subject at risk of developing a complement component CS-associated disease, e.g., a
subject having a graft and/or transplant, e.g., a sensitized or allogenic recipient, a subject having
sepsis, and/or a subject having a myocardial infarction, 1s sufficient to prevent or ameliorate the
disease or one or more symptoms 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 iIRNA agent or anti~complement component T35
antibody, or antigen-binding fragment thercof, how the agent or anti-complement component CS
antibody, or antigen-binding fragment thereof, is administered, the degree of risk of disease, and
the history, age, weight, family history, genetic makeup, the types of preceding or concomitant
treatiments, i any, and other individual charactenistics of the patient 1o be treated.

A "therapeutically effective amount” or “prophylactically effective amount” also includes
an amount of an RNAI agent or anti-complement component C5 antibody, or antigen-binding
fragiment thereof (e.g., eculizumab), that produces some desired local or systemic effectat a
reasonable benefit/risk ratio applicable to any treatmient. 1RNA agents employed in the methods
of the present invention may be administered in a sufficient amount to produce a reasonable
benefitrisk ratio applicable to such treatment.

In another aspect, the present invention provides uses of a therapeutically effective
arpount of an IRNA agent of the invention for treating a subject, e.g., a subject that would benefit
from a reduction and/or inhibition of C5 cxpression.

In another aspect, the present invention provides uscs of a therapeutically effective

amount of an IRNA agent of the invention and an additional therapeutic agent, such as an anti-
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complement component C5 antibody, or antigen-binding fragment thercof {e.g., eculizumab), for
treating a subject, e.g., a subject that would benefit from a reduction and/or inhibition of C5
eXpression.

In yet another aspect, the present invention provides use of an iIRNA agent, e.g., a
dsRNA, ofthe invention targeting a C5 gene or a pharmaceutical composition comprising an
iIRNA agent targeting a C5 gene in the manufacture of a medicament for treating a subject, e.g., a
subject that would benefit from a reduction and/or inhibition of C5 expression, such as a subject
having a disorder that would benefit frovo reduction i CS expression, e.g., a complemerny
component CS-associated disease, e.g., PNH or aHUS.

In another aspect, the present invention provides uscs of an iIRNA agent, e.g., a dsRNA,
of the mvention targeting a C5 gene or a pharmaceutical composition comprising an iRNA agent
targeting a C5 gene o the manutacture of a medicament for use 1o combination with an
additional therapeutic agent, such as an anti-complement component C5 antibody, or antigen-
binding fragment thereof (e.g., eculizumab), for treating a subject, e.2., a subject that would
benefit from a reduction and/or inhibition of U5 expression, e.g., a complement component C5-
associated disease, e.g., PNH or aHUS.

In another aspect, the invention provides uscs of an IRNA, e.g., a dsRNA, of the
invention for preventing at least one symyptom in a subject suffering from a disorder that would
benefit from a reduction and/or inhibition of C5 expression, such as a complement component
CS-associated disease, e.g.,, PNH or alHUS.

In yet another aspect, the mvention provides uses of an 1RNA agent, e.g., a dsRNA, of the
mvention, and an additional therapeutic agent, such as an anti-complement component C5
antibody, or antigen-binding fragment thereof {e.g., eculizumab), for preventing at least one
symptom i a subject suffering from a disorder that would benefit from a reduction and/or
inhibition of C§ expression, such as a complement component C3-associated disease, e.g., PNH
or aHUS,

In a further aspect, the present invention provides uses of an IRNA agent of the invention
in the manufacture of a medicament for preventing at least one symptom in a subject suffering
from a disorder that would benefit from a reduction and/or inhibition of CS expression, such as a
a cormplement component CS-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 a medicament for use 1 combination with an additional therapeatic agent,
such as an anti-coroplement component C5 antibody, or antigen-binding fragment thercof (e gz,
eculizumab), for preventing at least one symptom n a subject suffering from a disorder that
would benefit from a reduction and/or inhibition of CS expression, such as a a complement

component C3-associated discase, e.g., PNH or aHUS.
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In one embodiment, an iIRNA agent targeting C5 is administered to a subject having a
complement component C5-associated discase such that C5 levels, e.g., in a cell, tissue, blood,
urine or other tissue or flnid of the subject are reduced by at least about 105, 11%, 12%, 13%,
14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 2T%, 28%, 29%,

5 30%, 319, 32%, 33%, 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%, 64%, 65%, 66%, 67%, 68% 69%, T0%, T1%, 72%, 73%, 74%, 75%, 76%, T7%,

78%, 79%, 80%, 81%, 82%, 83%%, 8§45, 85%, 86%, 87%, 88%%, §9%, 90%, %1%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or at least about 99% or more and, subscguently, an additional

1¢  therapeutic {(as described below) is administered to the subject

The additional therapeutic may be an anti-complement component €5 antibody, or
antigen-binding fragment or denivative thereof. Tn one embodiment, the anti-coroplerent
component C5 antibody is cculizumab (SOLIRIS®), or antigen-binding fragment or detivative
thereof. Heulizumab is a humanized monoclonal 1gG2/4, kappa hight chain antibody that

15  specifically binds complement component C5 with lugh affinity and inhnbits cleavage of CS
CSa and CSh, thereby 1ohibiting the geveration of the termunal complement complex C3b-9,
Eculizumab is described in ULS. Patent No. 6,355,245, the entire contents of which are
incorporated herein by reference.

The methods of the invention comprising administration of an iIRNA agent of the

24 invention and eculizomab to a subject may further comprise administration of a meningococeal
vaccing 1o the subject.

The additional therapeutic, e.g., conlizamab and/or a meningococeal vaceine, may be
administered to the subject at the same time as the iIRNA agent targeting C5 or at a different
time.

25 Moreover, the additional therapeutic, e.g., eculizurnab, may be adounistered to the
subject inn the same formulation as the iIRNA agent targeting CS or in a different formulation as
the iIRNA agent targeting C5.

Eeulizumab dosage regimens are described m, for example, the product insert for
cenlizuomab (SOLIRIS®) and in U.S. Patent Application No. 2012/0225056, the entite contents of

(¥8]
foun)

cach of which are incorporated herein by reference. In exemplary methods of the tnvention for
treating a complement component CS-associated disease, e.g., PNH or aHUS, an iIRNA agent
targeting 5 is administered {e.g., subcutaneously} 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%,
28%, 29%, 30%, 31%, 32%, 33%, 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%, 62%, 64%, 65%, 66%, 67%, 68%, 69%, T0%, T1%, 72%, 73%, 74%, 75%,
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T6%, T7%, T8%, 79%, 80%, 81%:, 82%, 83%, 84%, 85%, 86%, 8§7%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 37%, 98%, or at lcast about 99% or more} and subsequently
eculizamab 18 administered at doses lower than the ones described 1o the product insert for
SOLIRIS™. For example, cculizumab may be adminsitered to the sabject weekly at a dose less
than about 600 mg for 4 weeks followed by a fifth 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 thereafter.
Eculizumab may also be administered to the subject 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 dosc less than about 1200 mg about every two wecks thereafter. I the subject 15 less than 18
years of age, eculizumab may be administered to the subject weekly at a dose less than about 900
mg for 4 weeks foliowed by a fifth dose at about one week later of less than about 1200 mg,
followed by a dose less than about 1200 wmg about every two weeks thereatier; or i the subject s
less than 18 years of age, eculizumab may be admunistered 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 900 mg, followed by a dose less than about 800 wg about every two weeks thereafter; or if
the subject is less than 18 years of age, eculizumab may be administered to the subject weekly at
a dosc less than about 600 mg for 2 weeks followed by a third dose at about one week later of
icss than about 600 mg, followed by a dose less than about 600 mg about cvery two weeks
thereafter; or if the subject is less than 18 years of age, eculizumab may be administered to the
subject weekly at a dose less than about 600 mg 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 mg about every
two weeks thereafter; or if the subject is less than 18 years of age, eculizumab may be
administered to the subject weekly at a dose less than 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 less than
about 300 mg about every two weeks thereaflier, Hthe subject is recetving plamapheresis or
plasma exchange, cculizumab may be administered to the subject at a dose less than about 3060
mg {e.g., if the most recent does of eculizumab was about 300 mg) or less than about 600 mg
{e.g., i the most recent does of eculizumab was about 600 mg or more). If'the subject is
receiving plastoa mnfusion, eculizamab may be adnunistered to the subject at a dose Jess than
about 300 mg (e.g., if the most recent does of eculiznmab was about 300 mg or more). The
lower doses of eculizumab allow for either subcutaneous or intravenous administration of
eculizumab.

In the corabmation therapies of the present invention comprising eculizurnab, eculizumab
may be adminisitered to the subject, e.g., subcutaneously, at a dose of about 0.01 mg/kg to about
10 mg/kg, or about 5 mg/kg to about 18 mg/kg, or about (.5 mg/kg to about 15 mg/kg. For

example, eculizumab may be administered to the subject, e.g., subcutaneously, at a dose of 0.5
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mg/ke, | mg/ke, 1.5 mg'kg, 2 mgke, 2.5 mg/kg, 3 mg/kg, 3.5 mg/kg, 4 mg/kg, 4.5 mg/kg, 5
mg/ke, 5.5 mg/ke, 6 mg/kg, 6.5 me/kg, 7 me/kg, 7.5 mg/kg, 8 mg/kg, 8.5 mg/kg, 9 mg/kg, 9.5
mg/ke, 10 mg/lyg, 10.5 mg/ke, 11 mg/kg, 11.5 mg/ke, 12 mg/keg, 12.5 mg/kg, 13 mgkg, 13.5
mg/kg, 14 mg/kg, 14.5 mg/kg, orl 3 mg/kg.

The methods and uses of the invention include administering a composition described
herein such that expression of the target C5 gene is decreased, such as forabout 1,2, 3,4, 5,6, 7
&, 12,16, 18, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64, 68, 72, 76, or about 80 hours. In one
embodiment, expression of the target C5 gene 1s decrecased 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 according to the methods and uses of the invention may
result m a reduction of the severity, sigos, symptoms, and/or markers of such diseases or
disorders n a patient with a 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%, 10%, 15%, 20%, 25%, 30, 35%, 40%, 45%, 50%, 55%, 6%, 65%.,
70%, 75%, 80%, 85%, 90%, 95%, or about 100%

Efficacy of treatment or prevention of discase can be assessed, for example by measuring
discase progression, discase remission, symptom severity, reduction in pain, guality of hife, dose
of a medication required to sustain a treatment effect, level of a disease marker or any other
measurable parameter appropriate for a given discase being treated or targeted for prevention. It
18 well within the ability of one skilled i the art to monitor efficacy of treatment or prevention
by measuring any one of such parameters, or any combination of parameters. For example,
efficacy of treatment of a hemolytic disorder may be assessed, for example, by periodic
monitormng of LDH and CHsg levels. Comparisons of the later readings with the initial readings
provide a physician an mdication of whether the treatment 1s effective, It 1s 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 CS or pharmaceutical composition thereof, "effective aganst” a
complement component CS-associated disease mdicates that adnunistration in a clinically
appropriate manner results in a beneficial effect for at least a statistically significant fraction of
patients, such as improvement of symptoms, a cure, a reduction in discase, extension of life,
improvement in quality of life, or other effect generally recognized as positive by medical
doctors familiar with treating a complement component C3-associated discase and the related
causes.

A treatment or preventive effect is evident when there is a statistically significant

improvement in one or more parameters of disecase status, or by a fatlure to worsen or to develop
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symptoms where they would otherwise be anticipated. As an example, a favorable change ofat

least 10% in a measurable parameter of discase, and preferably at least 20%, 30%, 4056, 50% or
more can be indicative of effective treatment. Efficacy for a given iIRNA drug or formulation of
that drug can also be judged using an experimental animal roodel 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 m a marker or symptom is observed.

Alternatively, the efficacy can be measured by a reduction in the severity of disease as
determined by one skilled o the art of diagnosis based on a chinically 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 iIRNA or iRNA formmlation as described herein,

Subjects can be adnunistered a therapeutic amount of IRNA, such as about 0.01 mg/ke,
0.02 mg/kg, 0.03 mg/kg, 0.04 mg/kg, 0.05 mgkg, 0.1 mg/kg, 0.15 mg/kg, 0.2 mg/kg, 0.25
me/kg, 0.3 mg/kg, 0.35 mg/kg, 0.4 mg/kg, 0.45 mg/kg, 0.5 mg/ke, 0.55 mg/ke, 0.6 mg/kg, 0.65
merkg, 0.7 mg/kg, .75 mg/ke, 0.8 mg/kg, .85 melkg, 0.9 mg/kg, 0.95 mg/kg, 1.0 mg/ke, 1.1
mg/kg, 1.2 mg/kg, 1.3 wgke, 1.4mg/kg, 1.5 mg/ke, 1.6 mgkg, 1.7 wgkes, 1.8 mg/ke, 1.9
mg/ke, 2.0 mg/'kg, 2. 1mg/kg, 2.2mg/kg, 2.3 mg/kg, 2.4 mg/kg, 2.5 mg/kg dsRNA, 2.6 mg/kg
dsRINA, 2.7 mg/kg dsRNA, 2.8 mg/kg dsRNA, 2.9 mg/kg dsRNA, 3.0 mg/kg dsRNA, 3.1 mg/kg
dsRNA, 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 myg/kg
dsRNA, 4.2 mg/kg dsRNA, 4.3 mg/kg dsRNA, 4.4 mg/kg dsRNA, 4.5 mg/kg dsRNA, 4.6 mg/kg
dsRNA, 4.7 mg/kg dsRNA, 4.8 mg/kg dsRNA, 4.9 mg/kg dsRNA, 5.0 mg/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 mg/kg
dsRNA, 5.7 mg/kg dsRNA, 5.8 mg/kg dsRNA, 5.9 mg/kg dsRNA, 6.0 mg/kg dsRNA, 6.1 mg/kg
dsRINA, 6.2 mg/kg dsRNA, 6.3 mg/'kg dsRNA, 6.4 mg/kg dsRNA, 6.5 mg/kg dsRNA, 6.6 mg/kg
dsRNA, 6.7 mg/kg dsRNA, 6.8 mg/kg dsRNA, 6.9 mg/kg dsRNA, 7.0 mg/kg dsRNA, 7.1 mg/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 me/kg dsRNA, 8.0 mg/kg dsRNA, 8.1 myg/kg
dsRNA, 8.2 mg/kg dsRNA, 8.3 mg/kg dsRNA, B4 mg/kg dsRNA, 8.5 mg/kg dsRNA, 8.6 mg/kg
dsRNA, 8.7 mg/kg dsRNA, 8.8 mg/kg dsRNA, 8.9 mg/kg dsRNA, 9.0 mg/kg dsRNA, 9.1 mg/kg
dsRNA, 9.2 mg/kg dsRNA, 9.3 mg/kg dsRNA, 9.4 mg/kg dsRNA, 9.5 mg/kg dsRNA, 9.6 mg/kg
dsRNA, 9.7 mg/kg dsRNA, 9.8 mg/kg dsRNA, 9.9 mg/kg dsRNA, 9.0 mg/kg dsRNA, 10 mg/kg
dsRNA, 15 mg/kg dsRNA, 20 mg/kg dsRNA, 25 mg/kg dsRNA, 30 mg/kg dsRNA, 35 mg/kg
dsRNA, 40 mg/kg dsRNA, 45 mg/kg dsRNA, or about 50 mg/kg dsRNA. Values and ranges

intermediate to the recited values are also intended to be part of this invention.
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In certain embodiments, for cxample, when a composition of the invention comprises a
dsRINA as described herein and a lipid, subjects can be administered a therapeutic amount of
iRNA, such as about .01 mg/kg to about 5 mg/kg, about 0.01 mg/ke to about 10 me/ke, about
0.05 rag/kg to about 3 yog/kg, about .05 wg/kg to about 10 mg/kg, about 8.1 mg/kg to about §
mg/kg, about 0.1 mg/kg to about 10 mg/kg, sbout 0.2 mg/kg to about 5 mg/kg, about 0.2 mg/kg
to about 10 mg/kg, about 0.3 mg/kg to about 5 mg/ke, about 0.3 mg/kg to about 10 mg/kg, about
0.4 mg/ke to about § mg/kg, about 0.4 mg/kyg to about 10 mg/kg, about .5 mg/kg to about §

mg/kg, about 0.5 mg/kg to about 10 mg/kg, about | mg/kg to about 5 mg/kg, about | mg/kg to

about 10 mg/kg, about 1.5 mg/kg to about 5 mg/kg, about 1.5 mg/kg to about 10 mg/kg, about

2 mg/kg to about about 2.5 mg/kg, about 2 mg/kg to about 10 mg/ke, about 3 mg/kg to about 5
mg/ke, about 3 mg/kg to about 10 mg/kg, about 3.5 mg/ke to about § mg/ke, about 4 mg/kg to
about § mg/kg, about 4.5 mg/kg to about 5 mg/kg, about 4 mg/kg to about 10 mg/kg, about 4.3
mg/kg to about 10 mg/kg, about 5 mg/kg to about 10 mg/kg, about 5.5 mg/kg to about 10 mg/kg,
about & mg/kg to about 10 mg/kg, about 6.5 mg/kg to about 10 mg/kg, about 7 mg/kg to about 10
me/kg, about 7.5 mg/kg to about 10 mg/kg, about § mg/kg to about 10 myg/kg, about 8.5 mg/kg
to about 10 mg/kg, about 9 mg/kg to about 10 mg/kg, or about 9.5 mg/kg to about 10 mg/ke.
Values and ranges intermediate to the recited values are also mtended to be part of this invention.

For example, the dsRNA may be admmistered at a dose of about 0.1, 0.2, 0.3, 0.4, 0.5,
0.6,07,08,09 1,11, 1.2,13,14, 15, 16,17, 18,1.9,2,21,2.2,23,24,25,2.6,2.7, 2.8,
29,3,31,32,33,34,35,36,3.7,38,3.9,4,41,42,43,44,45,456,47,48,49,5,5.1,
52,53,54,55,56,57,58,59,6,61,62,63,64,65,66,6.7,68,69,7,71,7.2,73,74,
75,76,77,78,79,8,81,82,83,84,85,86,87,88,89,9,91,82,93,94,95,96,9.7,
9.8, 9.9, or about 10 mg/ke. Values and ranges intermediate to the recited values are also
imtended to be part of this invention.

In other erabodiments, for example, when a coraposition of the invention comprises a
dsRNA as described herein and an N-acetylgalactosamine, subjects can be administered a
therapeutic amount of iRNA, such as a dose ofabout 0.1 to about 50 mg/ke, about (.25 to about
50 mg/ke, about 0.5 to about 530 mg/kg, about 875 to about 50 mg/kg, about 1 to about 50
mg/mg, about 1.5 to about 530 mg/kb, about 7 to about 530 mg/kg, about 2.5 to about 50 mg/kg,
about 3 to about 50 mg/kg, about 3.5 to about 50 mg/kg, about 4 to about 50 mg/kg, about 4.5 to
about 50 mpg/kg, about 5 to about 50 myg/kg, about 7.5 to about 50 mg/ke, about 10 to about 50
me/kg, about 15 to about SO mg/ke, about 20 to about 50 mg/ke, about 20 to about 56 mg/kg,
about 25 1o about 50 rog/kg, about 25 to about 50 mg/kg, about 30 o about 30 jug/kg, about 35
to about 50 mg/kg, about 40 to about 50 mg/kg, about 45 to about 50 mg/kg, about 0.1 to about
45 mg/kg, about 0.25 to about 45 mg/kg, about 8.5 to about 45 mg/kg, about .75 to about 45

mg/ke, about 1 to about 45 mg/mg, about 1.5 to about 45 mg/kb, about 2 to about 45 meg/kg,
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about 2.5 to about 45 mg/kg, about 3 to about 45 mg/kg, about 3.5 to about 45 mg/kg, about 4 to
about 45 mg/kg, about 4.5 to about 45 mg/kg, about 5 to about 45 mg/kg, about 7.5 1o about 45
mg/ke, about 10 1o about 45 mg/kg, about 15 to about 45 myg/kg, about 20 to about 45 mg/kg,
about 20 to about 45 mg/kg, about 25 to about 45 mg/kg, about 2§ to about 45 mg/kg, about 30
to about 45 mg/kg, about 35 to about 45 mg/kg, about 40 to about 45 mg/kg, about 0.1 to about
40 mg/kg, about 0.25 to about 40 mg/kg, about .5 to about 40 mg/kg, about .75 to about 40
me/kg, about T to about 40 mg/mg, about 1.5 to about 40 mg/kb, about 2 to about 40 mg/kg,
about 2.5 to about 40 mg/kg, about 3 to about 40 mg/kg, about 3.5 1o about 40 rog/kg, about 4 to
about 40 mg/kg, about 4.5 to about 40 mg/kg, about 5 to about 40 mg/kg, about 7.5 to about 40
mg/kg, about 10 1o about 40 mg/kg, about 15 to about 40 mg/kg, about 20 to about 40 mg/kg,
about 20 to about 40 mg/ke, about 25 to about 40 meg/ke, about 25 to about 40 mg/kg, about 30
to about 40 wg/kg, about 35 10 about 40 og/kg, about 0.1 to about 30 mg/kg, about 8.25 1o about
30 mg/kg, about 8.5 to about 30 mg/'kg, about 0.75 to about 30 mg/kg, about 1 to about 30
mg/mg, about 1.5 to about 30 mg/kb, about 2 to about 30 mg/kg, about 2.5 to about 30 me/kg,
about 3 to about 30 mg/kg, about 3.5 to about 30 mg/kg, about4 to about 30 mg/keg, about 4.5 to
about 30 mg/kg, about 5 to about 30 mg/kg, about 7.5 to about 30 mg/kg, about 10 to about 30
mg/kg, about 15 to about 30 mg/kg, about 20 to about 30 mg/kg, about 20 to about 30 mg/kg,
about 25 to about 30 mg/kg, about 0.1 to about 20 mg/kg, about 8.25 1o about 20 mg/kg, about
0.5 to about 20 mg/kg, about 0.75 to about 20 mg/ke, about | to about 20 mg/mg, about 1.5 to
about 20 mg/kb, about 2 to about 20 mg/kg, about 2.5 to about 280 mg/kg, about 3 to about 20
mg/kg, about 3.5 to about 20 mg/kg, about 4 to about 20 mg/kg, about 4.5 to about 20 mg/kg,
about 5 to about 20 mg/kg, about 7.5 to about 20 mg/kg, about 10 to about 20 mg/kg, or about 15
to about 20 mg/kg. In one embodiment, when a composition of the mvention comprises a
dsRNA as described herein and an N-acetvlgalactosamine, subjects can be administered a
therapentic amount of about 10 to about 30 mg/kg of dsRNA, Values and ranges intermediaie to
the recited vakues are also intended to be part of this invention,

For example, subjects can be administered a therapeutic amount of iIRNA, such as about
0.1,02,03,04,05,06,07,08 09,1, 1.1,12,13,14,15,1.6,1.7,1.8,1.9,2,2.1,2.2,23,
24,25,26,2.7,28,29,3,31,32,33,34,35,36,37,38,35,4,41,42,43,44,45,4.5,
4.7,48,49,5,51,52,53,54,55,56,5.7,58,59,6,6.1,62,63,64,65,06.6,67,68,6.9,
7,7.1,72,73,74,75,7.6,7.7,7.8,79,8,8.1,82,83,84,85,86,8.7,8§,89,9,9.1,92,
9.3,9.4,95,9.6,97,98,99, 10, 105,11, 11.5, 12, 12.5, 13, 13.5, 14, 14.5, 15, 155,16, 165,
17,175, 18, 185,19, 19.5,20,20.5,21,21.5,22,22.5,23,23.5, 24,24 .5, 25,255, 26, 26.5, 27,
27.5,28,28.5,29,295,30,31,32,33,34,34,35,36,37, 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

to be part of this invention.
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The iIRNA can be administered by intravenous infusion over a period of time, such as
overas,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
fonger. Afier an initial treatment regimen, the treatments can be admunistered on a less frequent
basis. For example, after administration weekly or biweekly for three months, admmistration
can be repeated once per month, for six months or a year or longer.

Admnistration of the iIRNA can reduce C5 Tevels, e ;g., i a cell, tissue, blood, uring or
other compartment of the patient by at least about 5%, 6%, 7%, 8%, 9%. 10%, 1%, 12%, 13%,
14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23°

3

s

A z

30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39% 4(}% 41% 42"/3 43%, 44%, 45%,
6

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%. 7%, 72%, 73%, T4%, 75%, T6%., T7%,
78%, 79%, 80%, 81%, 82%, ¥3%, 845, 85%, 86%, 87%, &¥%, 89%, 9%, 91%, 92%, 93%,
9455, 95%, 96%, 97%, 98%, or at feast about 99% or more.

Betore admimistration of a full dose of the iIRNA, patients can be adnumistered a smaller
dose, such as a 5% mfusion, and monitored for adverse effects, such as an allergic reaction. In
another example, the patient can be monitored for unwanted immumostinnilatory effects, such as
TNF-alpha or INF-alpha} levels.

Owing to the inhibitory effects on U5 expression, a composition according to the

increased cytokine {e.g,

mvention or a pharmaceutical composition prepared therefrom can enhance the guality of life.

An iRNA of the invention may be admmistered in “naked” form, or as a “frec iIRNA” A
naked iIRNA is administered in the absence of a pharmaceutical composition. The naked iIRNA
may be m a suitable buffer solution. The buffer sohution may comprise acetate, citrate,
prolaraine, carbounate, or phosphate, or any combination thereol. Tn one embodiment, the buffer
solution is phosphate buffered saline (PBS). The pH and osmolarity of the buffer solution
containing the iIRNA can be adjusted such that it 1s suitable for administering to a subject

Alternatively, an iIRNA of the invention may be administered as a pharmacentical
composition, sach as a dsRNA hiposomal formulation.

Subjects that would benefit from a reduction and/or inhibition of CSgenc expression are
those having a complement component C5-associated discase or disorder as described herein, In
one embodiment, a subject having a complement component CS-associated discase has
paroxysmal nocturnal hemoglobiuria (PNH).  In another embodiment, a subject having a
complement component CS-associated discase has asthma. In another embodiment, a subject
having a complement component C5-associated disease has rheumatoid arthritis. In yet another

embodiment, a subject having a complement component CS-associated disease has systemic
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fupus erythmatosis. [n one embodiment, a subject having a complement component C5-
associated disease has glomerulonephritis. In another embodiment, a subject having a
complement component CS-associated disease has psonasis. In yet another embodiment, a
sabject having a complement component CS-associated disease has dermatomyositis buallous
pemphigoid. In one embodiment, a subject having a complement component CS-associated
disease has atypical hemolytic uremic syndrome. In another embodiment, a subject having a
complement component CS-associated disease has Shiga toxin £, cofi-related hemolytic uremic
syndrome. o anothre embodiment, a subject baving a compleroent component CS-associated
disease has myasthenia gravis. o yet another embodiment, a subject having a complement
component CS-associated disease has neuromyelistis optica. In one embodiment, a subject
having a complement component {5-associated discase has dense deposit discase. In one
embodiment, a subject having a complement compounent CS-associated disease has C3
neuropathy. In another crobodiment, a subject having a complement component CS-associated
diseasc has age-related macular degeneration. In another embodiment, a subject having a
complement component CS-associated disease has cold agglutinm disease. In one ewbodiment,
a subject having a complement component CS-associated disease has anti-neutrophil cytoplasmie
anttibody-associated vasculitis. [n another embodiment, a subject having a complement
component CS-associated discase has humoral and vascular transplant rejection. In one
embodiment, a subject having a complement component CS-associated discase has grafi
dysfunction. In one embodiment, a subject having a complement component CS-associated
disease has bad a myocardial iofarction. In another embodinent, a subject having a coroplernent
component Ci-associated discase is a sensitized recipient of a transplant. In yet another
embodiment, a subject having a complement component C5-associated disease has sepsis.

Treatment of a subject that would benefit from a reduction and/or inhibition of C5 gene
expression mnchudes therapeutic and prophylactic (e.g., the subject is to undergo sensitized {or
allogenic) transplant surgery) treatment.

The mvention further provides methods and uses of an iIRNA agent or a pharmaceutical
composition thereof (including methods and uses of an iIRNA agent or a pharmaceutical
composition comprising an 1IRNA agent and an anti-corplement component C5 antibody, or
antigen-bidning fragment thereof) for treating a subject that would benefit from reduction and/or
mhibition of C5 expression, e.2., 8 subject having a complement component CS-associated
disease, in combination with other pharmaceuticals and/or other therapeutic methods, e.g., with
known pharmaceuticals and/or known therapeutic methods, such as, for example, those which
arc currently emploved for treating these disorders. For example, in certain embodiments, an
iRNA targeting C5 s administered in combination with, e.g., an agent usefil in treating a

complement component CS-associated disease as deseribed elsewhere herein.
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For cxample, 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 discase, inchide plasmaphoresis, thrombolytic therapy {e.g.,
streptokinase), antiplatelet agents, folic acid, corticosterowds; immunosuppressive agents;
estrogens, methotroxate, 6-MP, azathioprine sulphasalazine, mesalazine, olsalazine,
chloroquinine/hydroxychloroquine, pencillamine, aurothiomalate (intramuscular and oral),
azathioprine, cochicineg, corticosteroids {oral, inhaled and local injection), beta-2 adrenoreceptor
agonists {salbutamol, terbutaline, salmeteral), xanthines (theophylline, aminophylime),
cromoglycate, nedocromil, ketotifen, ipratropium and oxitropium, cyclosporin, FK506,
rapamycin, mycophenolate mofetil, leflunomide, NSAIDs, for example, ibuprofen,
corticosterowds such as prednisolone, phosphodiesterase inhibitors, adensosine agonists,
antithrorabotic agents, complement nhubitors, adrenergic agents, agents which mterfere with
signatling by proinflammatory cytokines, such as TNF-g or IL-1 {e.g., IRAK, NIK, IKK, p3& or
MAP kinase inhibitors), IL-1} converting enzyme inhibitors, TNFaconverting enzyme (TACE)
inhibitors, T-cell signalling inhibitors, such as kinase inhibitors, metalioproteinase inhibitors,
sulfasalazine, azathioprine, 6-mercaptopurines, angiotensin converting enzyme inhibitors,
soluble cytokine receptors and derivatives thereof {e.g., soluble pS5 or p75 TNF receptors and
the derivatives p75TNFRIgG (Enbrel™ and p53TNFRIgG (Lenercept)), sIL-1RT, sIL-1RII, and
sIL-6R), antiinflammatory cyvtokines {e.g., IL-4, [L-10, {L-11, IL-13 and TGF), celecoxib, folic
acid, hydroxychloroguine sulfate, rofecoxib, etanercept, infliximonocional antibody, naproxen,
valdecoxib, sulfasalazine, methylpreduisolone, meloxicam, methylprednisolone acetate, gold
sodium thiomalate, aspirin, triamcinolone acetonide, propoxyphene napsylate/apap, folate,
nabumetone, diclofenac, piroxicam, ctodolac, diclofenac sodmim, oxaprozin, oxycedone hel,
hydrocodone bitartrate/apap, diclofenac sodumy/misoprostol, fentanyl, anakinra, buman
recorabinant, framadol hel, salsalate, sulindac, cyanocobalamin/fa/pyridoxine, acetaminophen,
alendronate sodinm, prednisolone, morphine sulfate, lidocaine hydrochloride, indomethacin,
glucosamine sulf/chondroitin, amitriptyline hel, suifadiazine, oxycodone hel/acetaminophen,
olopatadine hel, misoprostol, naproxen sodium, omeprazole, eyclophosphamide,
ritaximonoclonal antibody, IL-1 TRAP, MRA, CTLA4-IG, 1L-18 BP, anti-IL~-1 8, Anti-IL15,
BIRB-796, SCI0-469, VX-702, AMG-348, VX-740, Roflumilast, IC-485, CD{C-R01, Mesopram,
cyclosporing, cytokine suppressive anti-inflammatory drug(s) (CSAIDs); CDP-571/BAY-10-
3356 (homanized anti-TNFo antibody; Celltech/Bayer); e A2/infliximonocional antibody
{chimeric anti-TINFo antibody; Centocor); 75 kdTNFR-IgG/etanercept (75 kD TNF receptor-IgG
fusion protein; Immunex; see e.g., {1994} Arthr, Rheum, 37: 3295, (1996) J. fnvest, Med. 44:
235A); 55 kdTNF-1gG (55 kD TNF receptor-Ig(s fusion protein; Hoftmann-LaRoche); IDEC-
CE9.1/5B 210396 (non-depleting primatized anti-CD4 antibody; IDEC/SmithKline; see e.g.,
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(1995) Arthr. Rheum. 38: 5185); DAB 486-IL-2 and/or DAB 389-1L.-2 (IL-2 fusion proteins;
Seragen; see e.g., (1993} Arthrit. Rheum. 36: 1223); Anti-Tac (humanized anti-IL-2Rq; Protein
Design Labs/Roche); 1L-4 (anti-inflammatory cytokine; DNAX/Schering); IL-10 (SCH 52000;
recombinant [L-10, anti-imflarmnmatory oytokine; DNAX/Schering); 1L-4; TL-10 and/or [L-4
agonists {(e.g., agonist antibodies); IL-1RA (IL-1 receptor antagonist; Synergen/Amgen);
anakinra (Kineret”/Amgen); TNF-bp/s-TNF (soluble TNF binding protein; see e.g., {1996)
Arthr. Rheum. 39¢(9 (supplement}): S284; (1995) Amer. J. Physiol. - Heart and Circ. Physiol.
268:37-423; R973401 (phosphodiesierase Type IV inhibitor; see e.g., (1996) Arthr. Rheum. 39(9
(supplement); SZ82 Y, MEK-366 (COX-2 Inhibitor; sce e.g., {1996} Arthr. Rheum, 399
(supplement): S81); loprost (sec e.g., {1996) Arthr. Rheum. 39(9 (supplement): S¥2);
methotrexate; thalidomide (see e.g., (1996) Arthr. Rhewm. 3%(9 (supplement); S282) and
thalidomide-related drugs (e.g., Celgen); leflonomide (anti-inflammatory and cytokine inhibitor;
see e.g., (1996} Arthr. Rheum, 39(9 (supplement): S131; (1996) Inflamum. Res. 45: 103-107);
trancxamic acid (inhibitor of plasminogen activation; sec e.g., (1996} Arthr. Rheum. 399
{supplement); S284); T-614 {cytokine inhibitor; see e.g., {1996} Arthr. Rheum. 38(%
(supplement); S282); prostaglandin Bl (see e.g, {1996) Arthr. Rheumu 39(9 (supplement):
S282y; Tenidap (non-steroidal anti-inflammatory drug; see e.g., (1996) Arthr. Rheum. 39(9
(supplement); SZ80 Y, Naproxen (non-steroidal anti-inflammatory drug; sec e.g., (1996) Neuro,
Report 7: 1209-1213); Meloxicam (non-steroidal anti-inflammatory drug); lbuprofen {(non-
sterotdal anti-inflammatory drag); Piroxicam (non-steroidal anti-inflammatory drug); Diclofenac
{non-steroidal anti-mflammatory drog); Indomethacin (non-steroidal anti-inflammatory drug);
Sulfasalazme (scc e.g., (1996} Arthr. Rheum, 39(9 (supplement): S281); Azathioprine {sce e.g.,
{1996} Arthr. Rheum. 39(9 (supplement): 8281 }); ICE inhibitor {inhibitor of the enzyme
interfeukin-10 converting enzyme); zap-70 and/or ek inhibitor (inhibitor of the tyrosine kinase
zap-70 ot lck); VEGF inhubuior and/or VEGF-R inhibttor (inhibitors of vascular endothelial cell
growth factor or vascular endothelial celi growth factor receptor; inhibitors of angiogenesis);
corticosteroid anti-inflammatory drugs {e.g., SB203580); TNF-convertase inhibitors; anti-1L-12
antibodies; anti-IL-18 antibodies; interlenkin-11 (sce e.g., (1996) Arthr. Rheum. 39(9
(supplement): 8296); interlevkin~13 (see ez, (1996} Arthr. Rheum. 39(9 (supplement): S308);
mterleukin -17 mhibitors (see e.g, (1996} Arthr. Rheum. 39(9 (supplement): S120); gold;
penicillamine; chloroguine; chiorambucil; hydroxychloroquine; cyclosporing;
cyclophosphamide; total tymphoid irradiation; anti-thymocyte globulin; anti-CD4 antibodies;
CDS-toxins; orally-administered peptides and collagen; lobenzarnit disodium; Cytokine
Regulating Agents (CRAs) HP228 and HP466 (Houghten Pharmaceuticals, Inc); ICAM-1
antisense phosphorothioate oligo-deoxymucicotides (ISIS 23072; Isis Pharmaceuticals, Inec.);

soluble complement receptor 1 (TPLO; T Cell Sciences, Inc.); prednisone; orgotein;
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glveosaminoglycan polysulphate; minocycline; anti-IL2R antibodics; marine and botanical lipids
(fish and plant sced fatty acids; sec e.g., Deluca ef o/ (1995) Rheum. Dis. Clin, North Am. 21
759-777Y; avranofing phenytbutazone; meclofenamie acid; flufenamic acid; mtravenons immuane
globuling zilenton; azaribine; mycophenolic acid {(RS-61443); tacrolimas {(FK-506); sirolimus

5 {rapamycin); amiprilose (therafectiny; cladribine (Z-chlorodcoxyadenosing); methotrexate; bel-2
inhibitors {see Bruncko, M. ef ¢/, (200731 1. Med. Chem. 5(0{4): 641-662); antivirals and immune-
modulating agents, small molecuie inhibitor of KDR, small molecule inhibitor of Tie-2;
methotrexate; prednisone; celecoxib; fohic acid; hydroxychloroquine sulfate; rofecoxib;
etanercept; infliimonoclonal antibody; leflunomide; naproxen; valdecoxib; sulfasalazing;

10 methylpredniseione; ibuprofen; meloxicam; methylpredniscolone acetate; gold sodium
thiomalate; aspirin; azathioprine; triamcinolone acetonide; propxyphene napsylate/apap; folate;
nabumetone; diclofenac; proxicany etodolac; diclofenae sodium; oxaprozing oxycodone hel;
hydrocodone bitartrate/apap; diclofonac sodinm/misoprostol; fentanyl; anakinra, human
recombinant; tramadol hel; salsalate; sulindac; cyanccobalamin/fa/pyridoxine; acetaminophen;

15  alendronate sodium; prednisolone; morphine sulfate; hdocaime hydrochlornide; indomethacin;
glucosamine sulfate/chondroiting cyclosporine; amitriptyline hel; sulfadizine; oxyeodone
hel/acctaminophen; olopatadine hel; misoprostol; naproxen sodinm; omeprazole; mycophenolate
modetil; cyclophosphamide; nituximonoclonal antibody; 1L-1 TRAP; MRA; CTLA4-IG; IL-18
B, 1L-12/23; anti-lL 18; anti-1L 15; BIRB-796; SCHO-469; VX-702; AMG-348; VX-T740;

28 Roflumiast; IC-48S; CDC-801; mesopram, albuterol, salmeterol/ fluticasone, montehikast
sodium, fluticasone propionate, budesonide, prednisone, salmeterol xinafoate, levalbuterol hel,
albutcrol sulfate/ipratropium, prednisolone sodium phosphate, triameinolone acetonide,
beclomethasone dipropionate, ipratropium bromide, azithromycin, pirbutero! acetate,
prednisolone, theophylline anhydrous, methylprednisolone sodium suceinate, clarithromyein,

25 zafirlokast, formoterol fumarate, influenza virus vaceine, methyiprednisolone, amoxicithin
trihydrate, Hunisolide, allergy injection, cromolyn sodium, fexofenadine hydrochloride,
flunisolide/menthol, amoxicillin/clavalanate, levofloxacin, inhaler assist device, guaifenesin,
dexamethasone sodim phosphate, moxifloxacin hel, doxyeychine hyelate, guaitenesin/d-

methorphan, p-ephedrine/cod/chlorpheniy, gatifloxacin, cetirizine hydrochioride, mometasone

(¥8]
foun)

furoate, salmeterol xinafoate, benzonatate, cephalexin, pe/hydrocodone/chlorphenir, cetirizine
hel/pseudoephed, phenylephrine/cod/promethazine, codeine/promethazine, cefprozil,
dexamethasone, guaifenesin/pseudoephedrine, chlorpheniramine/hydrocodone, nedocromil
sodiom, terbutaline sulfate, epimephrine, methylprednisolone, metaproterenol sulfate, aspirin,

nitroglycerin, metoprolol tartrate, enoxaparin sodium, heparin sodium, clopidogrel bisulfate,

o
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carvedilol, atenclol, morphine sulfate, metoprolol succinate, warfarin sodium, lisinopril,

isosorbide mononitrate, digoxin, furosemide, simvastating ramipril, tenecteplase, enalapril
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maleate, torsemide, retavase, losartan potassium, quinapril hel/mag carb, bumetanide, alteplase,
enalaprilat, amiodarone hydrochioride, tirofiban hel m-hydrate, diltiazem hydrochloride,
captopril, irbesartan, valsartan, propranolol hydrochloride, fosinopril sodiim, tidocaine
hydrochlonde, eptifibatide, cefazolin sodium, atropine sulfate, aminocaproic acid,
spironolactone, mterferon, sotalol hydrochloride, potassium chloride, docusate sodium,
dobutamine hel, alprazolam, pravastatin sodium, atorvastatin calcium, midazolam hydrochloride,
meperidine hydrochloride, isosorbide dimitrate, epinephrine, dopamine hydrochloride,
bivalirudin, rosuvastatin, ezetimube/simvastating avasimibe, and canponde.

The IRNA 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
combination, e.g., parenterally, or the additional therapeutic agent can be administered as part of
a separate composition or at separate times and/or by another method known 1o the art or
described herein.

The present invention also provides methods of using an iIRNA agent of the invention
and/or a composition containing an iIRNA agent of the invention to reduce and/or inhibit
complement component O35 expression n a cell. In other aspects, the present invention provides
an iRNA of the invention and/or a composition comprising an tRNA of the invention for usc in
reducing and/or inhibiting C3 expression in a cell. In yet other aspects, use of an IRNA of the
invention and/or a composition comprising an iIRNA of the invention for the manufactuire of a
medicament for reducing and/or inhibiting C5 expression in a cell are provided.

The methods and uses include contacting the cell with an 1RNA, e.g., 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 CS gene in the cell.

Reduction in gene expression can be assessed by any methods known in the art. For
examnple, a reduction m the expression of C5 may be determined by determuning the mRNA
expression level of CS using methods routine to one of ordinary skill in the ant, e.g., Northern
blottimg, gRT-PCR, by determining the protein level of C5 using methods routine to one of
ordinary skill in the art, such as Western blotting, immumological technigues, flow cytometry
methods, ELISA, and/or by determining a bwological activity ofCS, such as CHse or AHsg
hemolysis assay, and/or by determinmg the biological activity of one or more molecules
associated with the complement system, e.g., €3 products, such as C5a and C5b {or, in an in vive
setting, e.g., hemolysis}).

In the methods and uses of the mvention the cell may be contacted in vitro or in vive, ie.,
the cell may be within a subject, In embodiments of the invention in which the cell s within a
subject, the methods may include further contacting the cell with an anti-complement component

CS antibody, e.g., eculizamab.
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A cell suitable for treatment using the methods of the invention may be any cell that
expresses a C5 gene. A cell suitable for use in the methods 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, e g, a
monkey cell or a chimpanzee cell), a non-primate cell (such as a cow cell, a pig cell, a camel
5 cell, a Hama cell, a horse cell, a goat cell, a rabbit cell, a sheep cell, a hamster, a guinea pig cell, a
cat cell, a dog celi, a rat cell, a mouse cell, a lion cell, a tiger cell, a bear cell, or a buffalo cell), a
bird celi (e.g., a duck cell or a goose cell}, or a whale cell. In one embodiment, the cell s a
human cell, e.g., a haman bver cell.
C35 expression may be inhibited in the cell by at least about 5%, 6%, 7%, 8%, 9%, 10%,
10 1%, 12%, 13%, 14%, 15%, 16%, 17‘:‘/;, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 269
7%, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 35%, 40%, 41%, 42° 6~
43%, 44%, 45%, 46%, 47%, 48?‘/6, 49%, 50%, 31%, 52%, 53%, 54%, 55%, 56%, 37%, 58%,
59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%. 68%, 69%, 70%, T1%, 72%. T3%., 74%,
75%, 76%, 77%, T8%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
15 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or about 15(%

The in vivo methods and uses of the mvention roay mclude administering to a subject a

0\
o

composition containing an 1IRNA, where the iIRNA includes a nucleotide sequence that s
complementary to at least a part of an RNA transcript of the €5 gene of the mammal to be
treated. When the organism to be treated is a mammal such as a human, the composition can be
20 adwministered by any means known in the art including, but not limited to subcutancous,
travenous, oral, intraperitoneal, or parenteral routes, mchuiding intracranial {e.g.,
mtraventricular, intraparenchymal and mtrathecal), intramuscular, transdermal, airway (acrosol),
nasal, rectal, and topical (including buccal and sublingual) administration. In certain
embodiments, the compositions are administered by subcutaneous or intravenous infusion or
25 ingection.
In some embodiments, the administration is vig a depot injection. A depot injection may
release the iIRNA In a consistent way over a prolonged time period. Thus, a depot injection may
reduce the frequency of dosing needed to obtain a desired effect, e.g., a desired mhnibition of C5,

or a therapeutic or prophylactic effect. A depot injection may also provide more consistent

(¥8]
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serum concentrations. Depot injections may include subcutancous injections or intramuscular
imjections. In preferred embodiments, the depot injection is a subcutanecous injection.

In some embodiments, the administration is vie a pump. The pomp may be an external
pump or a surgically implanted pump. In certain embodiments, the pump is a subcutancously

implanted osmotic pump. In other embodiments, the pump is an infusion pump. An infision

L2
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pump may be used for intravenous, subcutancous, arterial, or epidural infusions. 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 s desired and based upon the area to be treated. The route and site of administration

5 may be chosen to enhance targeting.

In onc aspect, the present invention also provides methods for inhibiting the expression of
a {5 gene in a mammal, e.g., a human. The present invention also provides a composition
comprising arniRNA, e.g., a dsRNA, that targets a C5 gene w a cell of a wanunal for nse 1o
inhibiting expression of the €5 gene in the mammal, In another aspect, the present invention

10 provides use of an iIRNA, e.g., a dsRNA, that targets a U5 gene in a cell of a mammal in the
manufacture of a medicament for inhibiting expression of the €5 gene in the mammal.

The methods and uses mnclude ddmumta,rmg to the mammal, e.g., a human, a
composition comprising an iIRNA, e.g., a dsRNA, that targets a C5 gene in a ccll of the mammal
and maintaining the mammal for a time sufficient to obtain degradation of the mRNA transcript

15 ofthe CS gene, thereby inhibiting expression of the C5 gene n the mammal. o some
embodiment, the methods further comprise admirustering an anti-coruplement component C5
anttibody, e.g., eculizumab, to the subject.

Reduction in gene expression can be assessed by any methods known it the art and by
methods, e.g. qRT-PCR, described herein. Reduction in protein production can be asscssed by

243 any methods known it the art and by methods, e.g., ELISA or Westemn blotting, described herem.
In one embodiment, a pancture liver biopsy sample serves as the tissue material for monitoring
the reduction in C5 gene and/or protein expression. In another embodiment, a blood sample
serves as the tissue material for monitoring the reduction in O35 gene and/or protein expression.
In other embodiments, inhibition of the expression of a C5 gene s monitored indirectly by, for

25  example, determining the expression and/or activity of a gene in a C5 pathway, mcludmg, for
example, CSa, CSb, and soluble C5b-9 (see, e.g., Figure 1), For cxample, the activity of CDS9
may be monitored to determine the inhibition of expression ofa C5 gene. CHsy, AHso, clot
formation and/or serum lactate dehydrogenase (LDH), in a sample, e.g., a blood or liver sample,

may also be measured. Suitable assays are further described n the Examples section below.

30
Unless otherwise defined, all technical and scientific ferms used herein have the same
meaning as conrnonly understood by one of ordinary skill ju the art to which this invention
belongs. Although methods and materials simular or equivalent to those described herein can be
35 used in the practice or testing of the iIRNAs 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 herein are incorporated by reference m their entirety. In case of
contlict, the present specification, including definttions, will control. In addition, the materials,

methods, and examples are illustrative only and not intended to be limiting.

5 EXAMPLES
Fxample I, IRNA Synthesis
Source of reagents
Where the source of a reagent is not specifically given herein, such reagent can be
obtained from any supplier of reagents for molecular biology at a quality/purity standard for
10 application in molecular biology.
Transcripis
siRNA design was carried out to 1dentify sitRNAs targeting homuan, thesus (Macaca
miulatta), mouse, and rat C5 transcripts annotated in the NCBI Gene database
{http//www.nebianlm.nih.gov/gene/). Design used the following transeripts from the NCBI
15 RefSeq collection: Human ~ NM_001735.2; Rhesus - XM _001095750.2; Mouse -
NM 010406.2; Rat - XM 3453424, SiRNA duplexes were desigoned 1o several separate
batches, including but not limuted to batches containing duplexes matching human and rhesus
transeripts only; human, rhesus, and mouse transcripts only; human, rhesus, mouse, and rat
transcripts only; and mouse and rat transcripts only. All siRNA duplexes were designed that
20 shared 100% identity with the listed human transcript and other species transcripts considered m
each design batch {above).
&iIRNA Design, Specificity, and Efficacy Prediction
The predicted specificity of all possible 19mers was predicted from cach sequence.
Candidate 19mers were then selected that lacked repeats longer than 7 nucleotides. These 2871
25 candidate homan/thesus, 142 human/rhesus/mouse, 54 human/rhesus/mouse/rat, and 8§07
mousc/rat siRNAs were used in comprehensive scarches aganst the appropriate transcriptomes
{(defined as the set of NM_and XM records within the human, rhesus, dog, mouse, or rat NCBI
Refseq sets) using an exhaustive “brute-foree” algorithm implemented in the python script

‘BruteForce.py’. The script next parsed the transcript-oligo alignments 1o generate a score based

(¥8]
foun)

on the position and rmumber of nusmatches between the siRNA and any potential 'off-target
transcript. The off-target score is weighted to emphasize differences in the 'sced' region of
siRNAs, in positions 2-9 from the 5-end of the molecule.

Each oligo-transcript pair from the brute-force search was given a musmatch score by

summing the individual mismatch scores; mismatches in the position 2-9 were counted as 2.8,

L2
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mismatches in the cleavage site positions 10-11 were counted as 1.2, and mismatches in region

12-1% counted as 1.0. An additional off-target prediction was carried out by comparing the
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frequency of heptamers and octomers derived from 3 distinet, seed-derived hexamers of cach
oligo. The hexamers from positions 2-7 relative to the 57 start were used to create 2 heptamers
and one octamer. “Heptamer!® was created by adding a 37-A to the hexamer; heptamer? was
created by adding a 57-A to the hexamer; the octomer was created by addivg an A to both §7- and
3’-cnds of the hexamer. The frequency of octamers and heptamers in the human, rhesus, mouse,
or rat 3’-UTRome (defined as the subsequence of the transcriptome from NCBI's Refseg
database where the end of the coding region, the *CDS’, is clearly defined) was pre-caleulated.
The octamer freguency was normalized to the heptamer frequency usmg the median value from
the range of octamer frequencies. A ‘murSeedScore’ was then caleulated by calculating the sum
of ({3 X normalized octamer count) + ( 2 X heptamer? count) + {1 X heptameri 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 to 3 as specific and between
2.2 and 2.8 as moderately specific. The duplexes were sorted by the spectficity ofthe antisense
strand and those duplexes whose antisense oligos lacked GC 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 included in the design batch were checked for
complementarity. Only 23mers that preserved 180% sequence complementarity in at least 2
species were used. For each duplex, the sense 2 lmer was specified as the reverse complement of
the first 21 nucleotides of the antisense strand.
5IRNA sequence sefection

Atotal ot 23 sense and 23 antisense derived human/rthesus, 6 sense and 6 antisense
human/rhesus/mouse, 6 sense and 6 antisense derived human/rhesus/mouse/mouse/rat, and 13
sense and 13 antisense derived mouse/rat stRNA 19mer oligos were synthesized and tormed into
doplexes.

The above [9mer sets were extended to 21/23mer duplexes for GalNac conjugate design
and re-classified according to their new species matches. Twenty-seven sense and 27 antisense
dertved buman/rhesus, 1 sense and 1 sense derived human/thesus/mouse, 3 sense and 3 antisense
derived human/rhesus/rat, 4 sense and 4 antisense derived human/thesus/mouse/rat, and 13 sense
and 13 antisense derived mouse/rat 21mer {sense) and Z3mer {antisense) oligos were synthesized
and formed mto duplexes.

A detatled list of CS sense and antisense strand sequences 1s shown m Tables 3-6.
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SIRNA Synthesis

General Small and Medium Scale RNA Svnthesis Procedure

RNA oligonucleotides were synthesized at scales between 0.2-500 ymol using
commercially avatlable 57-0-(4,4"-dumethoxytrityl)-2°-O-t-butyldirmethylsilyl-37-0-(2-
cyanocthyi-N N-diisopropylphosphoramidite monomers of uridine, 4-N-acetyleytidine, 6-N-
benzoyladenosine and 2-N-isobutyrylguanosine and the corresponding 2°-C-methyl and 2’-fluore
phosphoramidites according to standard solid phase oligonucleotide synthesis protocols. The
armdite solutions were prepared at 0.1-0.15 M concentration and S-ethylthio-1H-tetrazole (0.25-
0.6 M in acctontirile) was used as the activator, Phosphorothioate backbone modifications were
introduced during synthesis using 0.2 M phenylacetyl disulfide (PADS) in lutidine:acetonitrile
(L:1Y (vivior 0.1 M 3-{dimethvlaminomethviene) amino-3H-1,2 4-dithiazole-S-thione (BDTT)
o pyridine for the oxidation step. After corapletion of synthesis, the sequences were cleaved
from the solid support and deprotected using methylamine followed by tricthylamine 3HF to
remove any 27-O-t-butyldimethylsiivl protecting groups present.

For synthesis scales between 5300 yumol and fully 27 modified sequences (27 -fluoro and/
or 2’-O-methyl or combinations thereof) the oligonucleotides where deprotected usmg 3:1 (v/v)
ethanol and concentrated (28-32%) agueous ammonia either at 35°C 16 h or 55°C for 5.5 h. Prior
to amumnonia deprotection the oligonucleotides where treated with 0.5 M piperidine in acctonitrile
for 20 min on the solid support. The cmde oligonucleotides were analyzed by LC-MS and anion-
exchange HPLC (IEX-HPLC). Purification of the oligonucieotides was carried out by [EX
HPLC using: 20 oM phosphate, 10%-15% ACN, pH = 8.5 (buffer 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 pooied and concentrated on a
rotary evaporator prior to desalting. The samples were desalted by size exclasion
chromatography and lyophilized to dryness. Equal molar arpounts of sense and antisense strands
were annealed in 1x PBS buffer to prepare the corresponding siRNA duplexes.

For small scales {0.2-1 ymol), synthesis was performed on a MerMade 192 synthesizer
in a 96 well format. In case of folly 27-modified sequences (27-fluoro and/or 27-Cmethyl or
combinations thereof) the oligonucleotides where deprotected using methylarmine at roow
temperature for 30-60 min followed by tncubation at 60°C for 30 min or using 3:1 (v/v} cthanol
and concentrated {28-32%) agueous ammonia at room temperature for 30-60 min followed by
incubation at 40°C for 1.5 hours. The crude oligonucleotides were then precipitated 1u a solution
of acetonitrile:acetone (9:1) and isolated by centrifugation and decanting the supernatant. The
crude oligonucieotide peliet was re-suspended in 20 mM NaOAc buffer and analyzed by LC-MS
and anion exchange HPLC. The crade oligonucleotide sequences were desalted in 96 deep well

plates on a 5 mL HiTrap Sephadex G235 column (GE Healtheare). In each well about 1.5 mL
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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 sequences on a Tecan robot.
Concentration of duplexes was adjusted to 10 UM in Ix PBS buffer,

Svathesis of GalNAc-Conpgated Olisonucleotides for [ Vive Analysis

Oligonucleotides conjugated with GalNAc ligand at their 3" -terminus were synthesized at
scales between 0.2-500 umol using a solid support pre-loaded with a Y-shaped linker bearing a
4.4 ~-dimethoxyirityl (DMT )-protected primary hydroxy group for oligonucleotide 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 polystyrene-based
synthesis supports S% dichloroacetic acid i tohuene was used for DM T-cleavage during
synthesis, Cleavage from the support and deprotection was performed as described above.
Phosphorothioate-rich sequences (usually > 5 phorphorothicates) were synthesized without
removing the final 5°-DMT group (“DMT-on”) and, after cleavage and deprotection as deseribed
above, purtfied by reverse phase HPLC using 50 mM ammonium acetate in water (buffer A) and
50 mM amumnoniumacctate in 80% acctonitirile (buffer B), Fractions were analyzed for purity by
analytical HPLC and/or LC-MS. The product-containing fractions with suttable purity were
pooled and concentrated on a rotary evaporator. The DMT-group was removed using 20%-25%
acetic acid in water until completion. The samples were desalted by size exclasion
chromatography and lyophilized to dryness. Equal moolar amounts of sense and antisense strands
were annealed in [x PBS buffer to prepare the corresponding siRNA duplexes.

For small scale synthesis of GalNAc conjugates (3.2-1 pumol), including sequences with
multiple phosphorothioate linkages, the protocols described above for synthesis of RNA or fully
27-F/2°-OMe-~contaiming sequences on MerMade platform were applied. Syothesis was
performed on pre-packed colurons containing GalNAc-functionalized controlled pore glass

support.

Example 2. {n vitro screening
Cell culture and transfections

Hep3B cells (ATCC, Manassas, VA) were grown to near contluence at 37°C m an
atmosphere of 5% COZ n Eagle's Minimum Essential Mediom (ATCC) supplemented with 10%
FBS, streptomyein, and glutanune (ATCC) before bemg released from the plate by
trypsinization. Cells were washed and re-suspended at 0.25x10° cells/ml. During transfections,

cells were plated onto a 96-well plate with about 20,000 cells per well.
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Primary mouse hepatocytes (PMH) were freshly 1solated from a CSTBL/6 fomale mouse
{Charles River Labortories International, Inc. Willmington, MA) fess than 1 hour prior to
transfections and grown in primary hepatocyte media. Cells were resuspended at 0.11x10°
cells/ml in InVitroGRO CP Rat {(plating) medium (Celsis In Vitro Technologies, catalog number
S501494), During transfections, cells were plated onto a BD BioCoat 96 well collagen plate (BD,
356407 at 10,000 cells per well and incubated at 37°C in an atmosphere 0t 5% CO..

Cryopreserved Primary Cynomolgus Hepatocytes (Celsis In Vitro Technologies,
MOO3055-P) were thawed at 37°C waler bath imunediately prior to usage and re~suspended at
0.26x10° cells/mi in InVitroGRO CP (plating) medivm (Celsis In Vitro Technologics, catalog
number 299029}, During transfections, cells were plated onto a BD BioCoat 96 well collagen
plate (BD, 356407} at 25,000 celis per well and incubated at 37°C in an atmosphere of 5% COn.

For Hep3B, PMH, and primary Cynomolgus hepatocytes, transfection was carried out by
adding 14.8 ul of Opti-MEM phus 0.2 ul of Lipofectamine RNAiMax per well (Invitrogen,
Carlsbad CA. catalog numberi3778-150} to 5 ui of cach siRNA duplex to an individual well in a
96-well plate. The mixture was then mncubated at room temperature for 20 minutes. Bighty pl 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.

Single dose experiments were performed at 10nM and 0.1aM final duplex concentration
for GalNAc modified sequences or at 1nM and 0.010M final duplex concentration for al other
sequences. Dose response experiments were done at 3, 1, 0.3, 0.1, 0.037, 0.0123,0.006412, and
0.00137 nM final duplex concentration for primary mouse hepatocvies and at 3, 1,0.3, 0.1,
0.037,0.0123, 0.00412, 0.00137, 0.00046, 0.00015, 0.00005, and 0.000017 nM final duplex

concentration for Hep3B cells.

Free uptake transfection

Free uptake experiments were performed by adding 10ul of siRNA duplexes in PBS per
well into a 96 well plate. Ninety yl of complete growth media containing appropriate ccli
number for the cell type was then added to the siRNA. Cells were incubated for 24 hours prior
to RNA purification. Single dose experiments were performed at 5000M and SnM final duplex
concentration and dose response experiments were done at 1000, 333, 111, 37, 123, 4,12, 1.37,

0.46 nM final duplex concentration.

Total RNA isolation using DYNABEADS mRNA Isolation Kit {Invitrogen, part #: 610-12}
Cells were harvested and lysed in 150 i of Lysis/Binding Buffer then mixed for 5
minutes at 850 rpm using an Eppendorf Thermomixer (the nuxing speed was the same

throughout the process). Ten microliters of magnetic beads and 80 ul Lysis/Binding Buffer
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mixture were added to a round botiom plate and mixed for 1 minute, Magnetic beads were
captured using a magnetic stand and the supematant was removed without disturbing the beads,
After removing the supernatant, the lysed cells were added to the remaining beads and mixed for
S nunutes. Atter removing the supematant, magnetic beads were washed 2 times with 130 ul
Wash Buffer A and mixed for 1 minute, The beads were capturedagain and the supernatant was
removed. The beads were then washed with 150 ¢l Wash Bufter B, captured and the supematant
was removed. The beads were next washed with 150 yl Elution Buffer, captured and the
supematant removed. Finally, the beads were allowed to dry for 2 minutes. After drving, 50 ul
of Elution Bufter was added and mixed for 3 minutes at 70°C. The beads were captured on
magnet for 5 minutes. Forty-five pl of supernatant was removed and added fo another 96 well

plate.

cDINA svnthesis using ABI High capacity cDNA reverse transcription kit {Adpplied Biosystems,
Foster City, CA, Cat #4368513)

A master mix of 2 ul 10X Baffer, 0.8 ul 25X dNTPs, 2 ul Random primers, | pl Reverse
Transcriptase, T 4l RNase imhibitor and 3.2 ul of H2O per reaction as prepared. Hgual volumes
master mix and RNA were mixed for a final volume of 120l for in vitro screened or 200l for in
vivo screened samples. cDNA 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 cBNA were added to a master mix containing 2ul of HoO, 0.5ul GAPDH
TagMan Probe (Life Technologies catalog number 4326317 for Hep3B cells, catalog number
3523391 for pruvary mouse hepatocytes or custom probe for cynomelgus primary hepatocyies),
0.5ul C5 TagMan probe {Life Technologies ¢ catalog number Hs00156197 ml for Hep3B cells
or mmO0439275 ml for Primary Mouse Hepatoctyes or custom probe for cynomolgus primary
hepatocytes) and 5ud Lighteycler 480 probe master mix {Roche catalog number 04887301001)
per wel in a 384 well plates (Roche catalog nomber 04887301001, Real time PCR was
performed in an Roche LC480 Real Time PCR system (Roche) using the AACHRQ) assay. For
in vitro screening, each duplex was tested with two biological replicates unless otherwise noted
and each Real Time PCR was performed in duplicate technical replicates, For in vivo screening,
each duplex was tested in 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 analyzed using

the AACt method and normalized to assays performed with cells transfected with 10 nM AD-
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1955, or mock transfected cells, ICses were calculated using a 4 parameter fit model using XLFit
and normalized to cells transfected with AD-1955 over the same dose range, or to its own lowest
dose.

The sense and antisense sequences of AD-1935 are:

SENSH: cunAcGouGAGuAcuncGAdTsdT (SEQ ID NO: 13);

ANTISENSE: UCGAAGuUACUcAGCGuAAGATsdT (SEQ D NO: 14).

Table 7 shows the results of a single dose sereen in Hep3B cells transfected with the
indicated GalNAC conjugated modified iRNAs. Data are expressed as percent of message
remaining relative to untreated cells.

Table 8 shows the results of a single dose transfection screen in primary mouse
hepatocytes transfected with the mdicated GalNAC conjugated modified iIRNAs. Data are
expressed as percent of message remnaming relative to onireated cells,

Table 9 shows the results of a single dose free uptake screen in primary Cynomolgus
hepatocytes with the indicated GalNAC conjugated modified iRNAs. Data are expressed as
percent of message remaming relative to untreated cells.

Table 10 shows the results of a single dose free uptake screen in privnary mouse
hepatocyies with the indicated GalNAC conjugated modified iRNAs. Data are cxpressed as
percent of message remaming relative to untreated cells,

Table 11 shows the dose response of a free uptake screen in primary Cynomolgus
hepatocytes with the indicated GalNAC conjugated modified iRNAs. The indicated 1Csp values
represent the ICs values relative to untreated cells,

Table 12 shows the dose response of a free uptake screen m primary mouse hepatocyies
with the indicated GalNAC conjugated modified iIRNAs. The indicated 1Cso values represent the
1Csq values relative to untreated cells.

Table 13 shows the results of 4 smgle dose screen in Hep3B cells transfected with the
indicated modified and unmodified iRNAs. Data are expressed as percent of message remaining
relative to untreated cells. The 0.01nM dose was a single biological transfection and the InM
dose was a duplicate biological transfection.

Table 14 shows the results of a single dose screen in primary mouse hepatocyies
transfected with the indicated modified and unmodified iIRNAs. Data arc expressed as percent of
message remaining relative to untreated cells.

Table 15 shows the dose response i Hep3B cells transfected with the indicated modified
and vnmwodified iIRNAs. The indicated ICs values represent the 1Cs, values relative to untreated

cells,
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Table 16 shows the dose response m primary mouse hepatocyies transfected with the
indicated modified and unmodified iIRNAs. The indicated 1Csy values represent the 1Csg values

relative to untreated cells.

Table 2: Abbreviations of nucleotide monomers used in nucleie acid sequence representation. It
will be understood that these monomers, when present in an oligonucleotide, are mutually linked

by 5§-3'-phosphodiester bonds.

Abbreviation Nucleotide{s)

A Adecnosine-3"-phosphate

Af 2’-fluoroadenosme-3 -phosphate

Afs 2’-Huoreoadenosine-3 -phosphorothioate

As adenosine-3 -phosphorothicate

C cytidine-3 -phosphate

Cf 2 -fluorocytidine-3 " -phosphate

Cls 2’-fluorocytidine-3 -phosphorothicate

s cytidine-3 -phosphorothioate

G guanosine-3 -phosphate

Gf 2’-fluoroguanosine-3 -phosphate

(fs 2’-Huoroguanosine-3 '~phosphorothioate

(s guanosine-3 -phosphorothioate

T S’-methyhuridine-3’-phosphate

Tt 2’ -Huoro~-5~-methyluridine-3 -phosphate

Tfs 2 -fluoro-S-methyharidine-3 " -phosphorothicate
Ts S-methyluridine-3’~phosphorothioate

U Uridine-3’-phosphate

uf 2’-fluorouridine-3’~-phosphate

Ufs 2’-Huorounidine -3 -phosphorothioate

Us uridine -3 -phosphorothioate

N any nuclcotide (G, A, C, T or U}

a 2'-C-methyladenosine-3 -phosphate

as 2-C-methyladenosine-3°- phosphorothioate
C 2-O-methyleyiidine-3’-phosphate

s 2-C-methyleytidine-3°- phosphorothioate

g 2-O-methylguanosme-3’~-phosphate

g8 2-O-methylgnanosing-3°- phosphorothioate
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Abbreviation Nucieotide{s)

t 2"-O-methyl-5-methyiuridine-3 -phosphate

is 2’-O-methyl-5-methyluridine-3"-phosphorothioate

U 2'-C-methyluridine-3’~-phosphate

us 2-C-methylunidine-3 -phosphorothioate

8 phosphorothicate linkage

L96 N-ftris{GalNAc-alkyl»-amidodecanoyl}}-4-hydroxyprolinol Hyp-
(GalNAc-alkyh)3

(dt) deoxy-thymine
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Table 3. Unmodified Sense and Antisense Nirand Sequences of €F dsRNAs

6T1091/¥10T OM

Duplex 1D Sense strand Sense Unmodifiad Seguenca i;\%) Antisense Antisanse Unmodifiad Sequenca 5:\?)9 Species _ Oligo name’

AD-58093.1° UM A-118310 AAUAACUCACUAUAAUUACUL 15 A-118311.1 AAGUAAUUAUAGUGAGUUAJ UL a6 NM_D31735.2_1517-153%_a¢
AD-58095.1 U A-118322.1 UEACAAAAUAACU CACUALIAA 16 A-1183213.1 VUAUAGUEAGUUAUULUGUCAAY 57 NAM_001735.2 1511-1533 as
AD-58105.1 UM A-118314.1 CUUCCUCUGGAAAUUGGCCUU 17 A-118315.1 AAGGCLAAUUUCCAGAGGAAGCA 68 NM_D01735.2 2733-2755_as
AD-38111.1 U A-1183%6.1 GACAAAAUAATUCACUAUAAU 18 A-118317.1 AUUAUAGUGAGUUAULIULIGUCAA 59 NAM_001735.2_1512-1534 as
AD-58117.1 UM A-118318.1 UCCUCUGGAAALUGGCCUUCA 13 A-118319.1 UGAAGGCCAAUUUCCAGAGGAAG 70 NM_D31735.2_2735-2757_as
AD-38123.1 UM A-118320.1 AAGCAAGAUAUUULHSAULAAUA 20 A-118321.1 UAUUAUAAAAAUAUCUUGTUULS 71 NM_001735.2_7%4-806_as

AD-58129.1 UM A-118322.1 AAAAUGUUUUUGUCAAGUACA 21 A-118323.1 UGUACUUGACAABAACAULUUCY 72 NM_D31735.2_4744-4766_35
AD-38088.1 UM A-118324.1 AUUUAARACAACAAGUACCUUU 22 A-1183 BAAGGUACUUGUUGUUUARAUCY 73 NM_001735.2_282-1004_as
AD-58094.1 UM A-118326.1 AUUCAGAAAGUCUGUGAAGGA 23 A-118327.1 UCCUUCACAGACUUUCUGAAUUY 74 NM_D31735.2_4578-4600_as
AD-38100.1 UM A-118328.1 ACACUGAAGCAUUUGAUGCAA 24 A-118320.1 UUGCAUCAAAUGCULCAGUGUAU 75 NM_001735.2_168-193_as

AD-58106.1 UM A-118330.1 GCAGUUCUGUGUUAMAALGUC 25 A-118331.1 GACAUUUUBACACAGAACUGCAU 76 NM_D31735.2_2591-2613_3¢
AD-38112.1 UM A-118322.1 AGGAUUUUGAGUGUAAMAGGA 286 A-118323.1 UCCUHUUUACACUCAMAALICCUUU 77 NM_001.735.2_2855-2977_as
AD-58118.1 UM A-118334.1 AAUGAUGAACCUUGUAAAGAA 27 A-118335.1 VU CUUUACAAGGUUCAUCAUUUU 78 NM_D31735.2_2025-2347 _a¢
AD-38124.1 UM A-118336.1 AUCAUUGGAACAUUUUICAUU 28 A-118337.1 AAUGAAAAAUGUUCCAAUGAUUU 79 NM_001735.2_3118-314C_as
AD-38130.1 UM A-118338.1 AGCCAGARAUUCGGAGUUAUY 29 A-118339.1 BAUAACUCCGAALUUCUGGECUIUG a0 NM_001735.2_2317-233%_as
AD-38089.1 UM A-1183240.1 UCCCURGEAGAUAAAACUCAT 30 A-118341.1 GUEAGUUUBUAUCUCCCAGGGAAL 81 NM_001735.2_3618-32640_as
AD-58095.1 UM A-118342.1 GAASAUGAUGAACCUUGUARA 31 A-118343.1 VUACAAGGUUCAUCALUUCUU a2 NM_D31735.2_2022-2044_as
AD-38101.1 UM A-118344.1 AUUGCUCAAGUCACAULGAU 32 A-118345.1 AUCAAAUGUGACUUGAGCAAUUC 83 NM_001735.2_218-94C_as

AD-38107.1 UM A-118346.1 GAGAUUGCAUAUGCUUAUAAA 33 A-118347.1 UUUAUAAGCAUAUGCAAUCUCUG 24 NM_001735.2_4698-4720_3s

' The Species Oligo name reflects the GenBank recard {e.g., NM_001735.2) and the position in the nucleotide sequence of the GenBank record {e.g., 1517-
l\ 39} that the antisense strand targets.
* The number following the decimal point refers to the lot number.
UM = unmodified
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Al-58112.1 UM A-118348.1 GUUAUCCUGAUAAAAAALIUUA 34 A-118349.1 UAAAUUUUUUAUCAGGAUAACUU a5 NM_001735.2_205-227 _as

AD-58119.1 UM A-118350.1 AGGAAGUUUGCAGCUUUUAUY 35 A-118351.1 AAUABAAGCUGLAAACIIUCCUCA 86 MM_001735.2_4147-4165 _as
AD-58125.1 UM A-118352.1 GAAGAAAUUGAUCAUAUUGEA 38 A-118353.1 UCCAAUAUGAUCAAULIUCULCUA 87 N _001735.2 555-577 as

AD-58131.1 UM A-118354.1 AUCCUGAUAAAAAAULUAGUU 37 A-118355.1 AACUAAAUUUUUUAUCAGGAUAA 88 NM_001735.2_208-230 _as

AD-58090.1 UM A-118356.1 UGGEAAAAGAAAUCHUAGUAAA 38 A-118357.1 UUUACUAAGAYUUCUUUICCAAA 3% N 0017352 2786-2808 as
AD-58096.1 UM A-118358.1 UCUUAUCAAAGUAUALACALIU 33 A-118355.1 AAUGUUUAUACUUUGAUAAGAUG 90 MM _001735.2 1596-1618 as
AD-58102.1 UM A-118360.1 UCCCUACAAACUGAALUUGGY 40 A-118361.1 ACCAAAUICAGUUUGUAGGGAGA 91 N 0017352 _1082-1104 as
AD-58108.1 UM A-118362.1 CAGGAGCAAACAUAUGUCAUU 41 A-118363.1 AALGACAUAUGUUUGCUCUGUC 92 MM_001735.2_87-108 _as

AD-58114.1 UM A-118364.1 ACAUGUAACAACIGUAGUUCA 42 A-118365.1 UGAACUACAGUUGUUACAUGUAL 93 N 0017352 _4108-413% as
AD-58120.1 UM A-118366.1 CAGGAAAUCAUUGGAACAULU 43 A-118367.1 AAAUGUUCCAAUGAIIUUCCUGUY 94 MM 0017352 3112-3134 as
AD-58126.1 UM A-118368.1 JUUAAGAAUUUUGAAAUUACU 44 A-118369.1 AGUAAUUUCAAAAUUCUUAAAGU 95 N _001735.2 755-781 as

AD-58132.1 UM A-118370.1 UALBUCUGCAACUGAAULICGAY 45 A-118371.1 AUCGAALUCAGUUGCAGAAUAAC 96 NM_O01735.2_4412-4434 s
AD-58091.1 UM A-118372.1 GCCCULEGAAAGAGUAULUCA 48 A-118373.1 UGAAAUACUCUUUCCAAGGGCUL 97 NM_ 0017352 _1885-1908 _as
AD-58097.1 UM A-118374.1 CCUGALAAAAAAUUUAGUUALC 47 A-118375.1 GUAACUAAAUGUUUUAUCAGGAU 98 NM_001735.2_210-232 _as

AD-58103.1 UM A-118376.1 CCCUUGEARAGAGUAUUUCAA 48 A-118377.1 UUGAAAUACUCUUUCCAAGGGLY 99 N 0017352 _1887-190% as
AD-58121.1 UM A-118332.1 UGCAGAUCAAACACAAUIUCA 49 A-118333.1 UGAAALUGUGUUUGAUCUGCAGA 100 MM_010406.2 4943-4865_as
AD-58133.1 UM A-118386.1 CAGAUCABACATAALULICAGU L1 A-118387.1 ACUGAAAUGUGUGULUGAUCUGEA 101 NM_010406.2_4845-4967 _as
AD-58116.1 UM A-118386.1 GUUCCGGALALUUGAACUYLIUY 51 A-118387.1 AAAAGUUCAAAUAUCCGGAACCG 102 NM_010406.2_4500-4522 _as
AD-58644.1 UM A-119328.1 AUUUAAACAACAAGUACCUUY G2 A-119328.1 ABAGGUACUUGULEUUUAAALCY 103 Nivi_001735.2_982-1004 as
AD-58651.1 UM A-118328.2 AUUUAAACAACAAGUACCIIUY 53 A-118335.1 AAAGGUACUUGUUGUULAAAULCY 104 NM_001735.2_982-1004 _as
AD-58641.1 UM A-119322.1 UEACAAAAUAACUCACUALIAA G4 A-119323.1 VUAUAGUGAGUUAUULUGUCAAY 185 NM_001735.2_1511-1533 as
AD-58648.1 UM A-118322.2 UGACAAAAUAACUCACUAUAA 55 A-118336.1 UUALBAGUGAGUUAUUUUGUCAAL 106 MM 017352 1511-1533 _as
AD-58642.1 UM A-119324.1 GACAAAAUAATUCACUAUAAL %6 A-119325.1 AUUAUAGUGAGUUAULUIULGUCAA 107 NM_001735.2_1512-1534 _as
AD-58648.1 UM A-118324.2 GACAAAAUAACUCACUAUAAL 57 A-118337.1 AUUAUAGUGAGUUALULUGUCAA 108 MM 017352 1512-1534 &g
AD-58647.1 UM A-119334.1 GUUCCGGAUAUULGAACUULIU a8 A-11933 AAAAGULCAAAUAUCCGGAACCG 108 NM_010406.2_4500-4522 _as
AD-58654.1 UM A-118334.2 GUUCCGGAUAULSUGAACUUUL 53 A-118342.1 AABAGUUCAAAUAUCTGGAACCG 110 NM_310406.2_4500-4522_3s
AD-38645.1 UM A-119230.1 UGCAGAUCAAACACAAUULICA &0 UEAMAUUGUGUUUGAUCUGCAGA 111 NM_010406.2_4343-4965_as
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Al-58652.1 UM A-119330.2 UGCAGAUCABACACAAUUUCA 51 A-119340.1 UGAAAUBUGUGUUUGALUTUGCAGA 112 Niv_010406.2_4543-4965_as
AD-58642.1 UM A-118326.1 AAGCAAGAUAUUUUUALIAAUA 52 A-118327.1 UAUUAUAAAAAUAUCULIGCULUY 113 NM_001735.2_784-806_as
AD-58650.1 UM A-119326.2 AAGCAAGAUAUUULIUAUAAUA 53 A-119338.1 UAUUAUAAAAAUAUCILGIUUIU 114 N _001735.2 784-806_as
AD-58646.1 UM A-118332.1 CAGALCAAACACAAGUUCAGY 54 A-118333.1 ACUGAAAUUGUGUUUGAUCUGCA 115 MM_010406.2 4945-4867 _as
AD-58653.1 UM A-119332.2 CAGAUCAAACACAAUUUCAGU 55 A-119341.1 ACUGAAALUGUGHUUGAULUGEA 116 N 010406.2_4545-4967 as

Table 4. GalNAC Conujugated Modified Sense and Antisense Strand Scquences of CF dsRNAs

SEQ SEQ Species
Duplex 1D Aense strand Sense sequence [ Antisanse Antisense sequence [Ia] _Olgo
NO: MO name”
AD-58093.1 A-118210.0 AfatifasfcUfcAfCIUaUfATUUTaCluLIfL96 117 A-118311.0 aafgUfastulfalfaguGfaGivUfaUfusifsy 168
AD-58099.1 A-118312.1 UfgdfcatanfalifainfelUfcafcUialfaafioe 118 A-158313.1 ulHfalifaGiuGfaGfuualfullfuGfuClasAfsu 169
AD-58105.1 A-118214.1 ClutifcCluCfuGlGTATaafullfgGlc CRulfL96 119 A-118315.1 aafgGicClanfullfuccaigafgGianfgsClsa 170
AD-38111.1 A-118316.1 GfaCfasfaafunfafCiuCiaClunfuafalifios 126 A-118317.1 alfuafusfglUfgafguubfullfulifgUfcsAfss 171
AD-58117.1 A-118318.1 UfeCfuCruGigafaratuligGicCulfcafl9s 121 A-118319.1 uGfanfgGicClasfuuuCicafgAfaGiasAfsg 172
AD-58123.1 A-118320.1 afaGfcafaGfaUfaflfulliulfaUfaAfudfles 122 A-118321.1 uAfulfalfasfasfaualfcUfuGfcUfusUfsu 173
A-58129.1 A-1183222.1 AfasiaUfgUfuUfUurufgUicAfaGiuafcailse 123 A-118323.0 uGfuafcifuGiaCfaaadtaCialiuUfusCisy 174
AD-58088.1 A-118324.1 AfvUfusfsAfcafAfClanigUfaCiclfuUfios 124 A-118325.1 adfaGfglfaCfuUfguuGlull fuAfaaiusCisy 175
AD-58094.1 A-118326.0 AfultfeafeAfabfGIUfCUTgUfgAfaGIgAL 96 125 A-118327.0 uCfeiivCeaCtaGiacuUfu CfuGfaAfusUfsu 176
AD-58100.1 A-118328.1 afcafcUfghfaGiCiafullfuGfalfgClaaflon 126 A-L18323.1 uUfgCfalfcafaafugcUtulfaGiuGtusafsy 177
AD-58106.1 A-118330.1 GfcatgUfuCfuGiutGiulfaAfasfuGfuliios 127 A-1183321.1 safcAfulfulfaifcacafghfaCiuGicsafsy 178
AD-58112.% A-118332.1 afgGfalfulUfuGratGiuGfuAfaAfaGigatiss 128 A-118333.1 uCfcUfulfuafcafcucAfanfallfcClusifsu 178
AD-58118.1 A-118334.1 AfaUfgAfuGRAfCICtulligUfaatfaGianflos 129 A-1183325.1 ulifcUfulfaCfaafzguiifcAfuCialfusiUfsy 180
AD-58124.% A-118336.1 AfuCfaUfuGigafAfCiaUfulfulfcAfuUfiog 130 A-118337.1 adfuGfaafaaialfguuCioafalfgaiustifsu 181
AD-58130.1 A-118338.1 AfgCfcafgafaaflfUfcGigAfgUfunfuufios 131 A-1183329.1 apfusfaCiuCicGiaauUfuCiuGigCiusUfsg 182
AD-58089.1 A-118340.1 UfcCicUfeGigafGiafuafasfaCiuCfalfLes 132 A-L18341.1 gUfgAfeUfulfuafucuCicCiaGizGlasAfss 183
AD-58095.1 A-118342.1 GfaafasfuGlaUfGIAfaCicUfuGTuafaAflls 133 A-118343.1 ulffuafcafaGfgUfucafcAfulfuUfcsUfsu 184
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AD-58554.% A-119334.2 GfsusUfeCigGiaUfafUfuUfgAfaCiullfullfilss | 161 ALL ashafsabfsglifsuClsaAfsaualifscCisgGisadfsosesg 212
AD-58645.0 A-118330.1 UfsgsCfaGfaufcafafafcAfcAfaUfulfcAfise 52 A-Ld usGisaafalfuGluGfuuuGiaUfclifgClasgsa 2312

AD-585652.1

A-119330.2

UfsgsCfaGiaufcaiafafcafcafalfullfcafios

usGisaafsalfsuGisuGisuuuG g(fsasgsa § 214

-

AD-58643.1

A-118326.1

AfsasGicafaGiaufatufuufuufaUufzafuafios

usAfsullfaufaafasfavaUfcufuGicUfususy 215

L5

AD-58550.

P

A-119326.2

afsasGfeafaGfaufafifulfulfalifasfuaflss

usAfsuUfsalfsaAfsaAfsauaUfscUfsuGiscUfsususy 216

-

AD-58646.%

A-118332.1

CfsasGialfcafaAfCfafcafallfullfcafglUfiss

aufuGfuguufuGiaufcl

A-119332.2

CfsasGfaUfcAfaafCiafcAfaUfuUfcafgUiLs

67 A-119341.1

asCfsuGfsaafsaUfsuGfsuguUfsuGfsalfscUisgscsa 218

Table 5, Unmodified Sense and Antisense Strand Sequences of TS5 dslMAs

The Species Oligo name and the position i the pucieotide sequence of the

(GenBank record that the antisense strand targets correspond to those shown in Ta

i

le 3.

(9Z 31nY) 133HS 31LN1ILSANS
FOL

Dupiex ID

Sense strand

Antisense

Antisense Unmodified Sequence

Species _ Oligo name

AD-58143.1 UM

A-118423.1

4

A-118424.1

AAAUCAAGUAAUUAUAGL

NM_001735.2_1522-1540 _as

AD-58149.1 UM

A-118425.

[y

A-118426.1

AAGUAAUUAUAGUGAGUY

MM_001735.2 15171535 _as

AD-58155.0 UM

A-118427.

12

A-118428.0

UUAUAGUGAGUUALUUUGU

NM_ 6617352 1511-1529 as

AD-58161.1 UM

A-118429.

[y

A-118430.1

GLCAAUUUCCAGAGGA

MM_001735.2_2733-2751 _as

AD-58167.1 UM

A-118431

o

A-118432.1

N_001735.2_1512-1530_as

AD-58173. 1 UM

A-1184332.

ey

A-118434.1

GGCCAAUUUCCAGAG

NM_0B01735.2_2735-2753_as

AD-58179.0 UM

A-118435.1

I--

A-118436.0

UJAUUAUAAAAAUAUCUUGT

NM_GG1735.2 784-802 as

AD-58185.1 UM

A-118437.

[y

A-118438.1

UGUACUUGACAAAAACAUYU

NM_DO1735.2_4744-4762_as

AD-58144.7 UMt

A-118439.1

A-118440.0

ABAGGUACUUGUUGUUUAA

N#i (G1735.2 982-1000 as

AD-58150.1 UM

A-118441

[y

A-118442.1

MM _D01735.2 4578-4586 as

AD-58156.0 UM

A-118443,

12

A-118444.0

NM_ 0617352 168-187 as

AD-58162.1 UM

A-118445.

[y

A-118446.1

MM_001735.2_2591-25603 _as

AD-58168.1 UM

A-118447.1

A-118448.0

N#i CGL735.2 2955-2973 as

AD-58174.1 UM

A-118445.

A-118450.1

UUCUUUACAAGEULICAUL

NM_00L735.2 2025-2043 as

AD-58180.7 UM

A-118451.

12

SEQ

Serse Unmodified Sequence i
NC.
CUAUAAUUACUUGAUUU 219
UAACUCACUAUAAULACHU 220
ACAAAAULACUICACUAUAA 221
UCCUCUGGAAAUUGGECCUL 272
CAALAUAACUCACUAUAAU 223
CUCUGGAAAUUGGELCUUCA 224
GCAAGAUASUUUUAUAAUA 225
AAUGUUU ICAAGUACA 225
UUAAACAACAAGUACCUUY 227
UCAGAAAGUCUGUGAAGGA 228
ACUGAAGCAUUUGAIIGCAA 229
AGUUCUGUGUUAARAUGUC 230
GAUUUUGAGUGUAAAAGGA 231
UGAUGAATCUUGUAAAGAA 232
CAUUGGAACAUUUUUCAULY 233

A-118452.%

N#i (G1735.2 3138-3136 as
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AD-5186.1UM | ALIBI53L | AGARAUUCGOAGLIUALL g3 | A-118454.1 AAUAACLCCGAALUUCUGS 417 | NM_001735.2_2317-2335_as
AD-58145.1UM | AL18455.1 | crimemacAUAAAACLICAC ba5 | A-118456.1 EUGAGULUUALCUCECAGE a1g | NM_C01735.2_3618-3636 as
AD-5815L.1UM | A-118457.1 ARAUGAUGAACCHUGUAAA 736 A-118458.1 UUUACAAGGUUCAUCAUUL 319 | NM_001735.2 2022-2040 as
AD-S81S7.0UM | AL18459.1 | yGrucanGUCACALULGAL 237 | A-118460.1 AUCAAALGLGACULGAGEA a3g | NM_001735.2 918936 as
AD-53163.1UM | A-118461.1 AULGEALALGCUUAUAAA 38 | A-118462.1 UL ALAAGCAUAUGEAAUL 4y1 | MM_001735.2 4698-4716_as
AD-S8169.1UM | AL18463.1 | |jalicCUGAUAAAARALILUA 230 | A-118464.1 UAAALUUUUUALICAGGAUA 337 | NM_C01735.2 205-223 as
AD-SSI7S.IUM | A-L1BA65.1 | gpnmuuUGEAGELULUALL o | A-118466.1 AAUAAAAGEUGCAAALLUC 4y3 | MM_001735.2 4147-4165_as
AD-SBIBLIUM | A-11B4E7.1 | 4GAAAUUGALCALALUGE: 241 | A-1184683 UCCAALALGAUCAAUU UCL 324 | NM_ 017352 555573 as
AD-SS187.1UM | ALLBAGSL | cuGAUAAAAAALILLAGUU say | A-L18470.1 AACUAAAUL LU UUAUCAGE 45 | NM_001735.2 208225 as
AD-S8146.1UM | AL18471L1 | an s nGAAAUCUUAGUAAA a3 | A-118472.1 UUUACUAAGALLLCLLULE 335 | NM_GOL735.2_2786-2804 as
AD-SSIS2EUM | ALLBAZ3L | il CARAGUAUAAACAUL gas | A-118474.1 AALGU UUAUACU UUGA AR 457 | MM_001735.2 1596-1514_as
D-SS1S8.LUM | ALI8475.0 | reuacasACUGAAULLGEY ase | A118476.1 ACCAAAL LCAGULILGUAGS a2g | NM_GG1735.2_1082-1100 as
AD-SBIGALUM | ALIBATTL | nameARACALALGUEAUL sas | A-L18478.1 AAUGACALALGLIULIGCUCE 4y | NM_DOL1735.2 87-105_as
AD-S8170.0UM | A1184791 | AunUAACAACUGLIAGUUCA a7 | A-118480.1 UGAACUACAGULGUUACAU 330 | NM_G01735.2_4109-4127 as
AD-58176.1UM | A-118481.1 GEAAAUCALUGGAACALLIU 248 | A-118482.% AAALIGUY CCAAUGALULICT 331 | NM.DO1735.2 3112-3130 as
AD-S8182.0UM | AL18483.1 | \nacaAULGUGARAULACU aen | A-118484.1 AGUAALUUCAAAALUCULIA 337 | NM_O01735.2 755-777 as
AD-SBIB8.1UM | ALIBAS5L | cuacancGAALIUCGAL s | A-L18486.1 AUCGAAL LICAGU UG CAGAA 453 | NM_DOL735.2 4412-4430_ss
D-SELAZ.0UM | ALIBABTL | reuiGaARAGAGLALLULA g | A-l18488.1 UGAAALACLCUULCCAAGE 334 | NM_C01735.2_1886-1904_as
AD-58153.1UM | A-118483.1 UGALAAAAAALULAGULIAL 252 A-118430.1 GUAACUIAAALUUULIBAUCA 335 | MM_001735.2 210-228 as
ADSH1Z9.LUM  § ALIBASLY o iyGaAAAGAGUALULCAA 253 | A-L1BAGZL UUGAAAUACUCLILUCCAAG 336 | NM_O01735.2_1887-1905 as
AD-SB190.TUM - § A-LIBSIDL cacuaUAAULACLIUGALU! 254 | A-LLB520.L AAALICAAGLIAAUUAUAGUG 337 | NM_DDI7%.Z_1522-1548 as
D-SB1S6.LUM 1§ A-LIBS2LL | yAACUCACUAUAALIUACUY 25e | A-L1BS2ZL AAGUAALIUAUAGLIGAGU UA 338 | NM_001735.2_1517-1535 as
AD-58202.LUM - A-LIBS23.1  § AcAAAAUAACUCACUALIAA 355 | A-l18524.1 YUAUAGLIGAGUUAUUUUGU 339§ NM OD173%.2 1511-1529 as
AD-S8208.1UM | AL18525.0 | jccucUGGAsAULIGGEELL o7 | A-118526.1 AAGECCAAGLUCCAGAGGA a4 | NM_C01735.2 2733-2751 as
AD-S8214.LUM 4 A-LIBS2Y1 CAAAALAACUCACUAUAAL 358 | A-l18528.1 AUUAUAGUGAGULALULUG 341§ NM 0017352 1512-1530 as
AD-SEZZOLUM | ALIB529.0 | olicLGmAALUGGECULCA o | A-118530.1 UGAAGECCAAULLCCAGAL 342 | NML_001735.2_2735-2757_as
AD-58226.1 UM 4 A-LISS3LL 1 GeancauAUULULAUAAUA 250 | A-LI8S321 UAUUAUAABAALIAL CULGC 343 | NM_BD1735.2 784-802 as
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001

AD-58231. 1 UM

A-118532.1

AASGJUUGUGUCAAGUALA

A-118534.1

UGUACUUGACALAAACAUY

[
N

NM_0B01735.2_4744-4752_as

AD-58191.0 UM

A-118535.1

UUAAACAACAAGUACCUUU

A-118536.0

AAAGGUACUUGUUGUUUAA

e
e

N#i (G1735.2 982-1000 as

AD-58197.1 UM

A-118537.1

UCAGAAAGUCUGUGAAGGA

A-118538.1

UCCUUCACAGACUUUCUGA

W

NM_DO1735.2_4578-45596 as

AD-58203.2 UM

A-118539.1

ACUGAAGCAUUUGAIIGCAA

A-118540.0

NM_ 0617352 168-187 as

AD-58209.1 UM

A-118541.1

AGUUCUGUGUUAARAUGUC

A-118542.1

NM_001735.2 2591-2509 as

AD-58233.1 UM

A-118565.1

A-118566.0

NM_GG1735.2_1522-1540 as

AD-58193.1 UM

A-118567.1

UAACUCACUIAUAAUUACSU

A-118568.1

AAGUAAUUAUAGUGAGUUA

MM_D01735.2 1537-1535_as

AD-58199.1 UM

A-118569.1

A-118570.0

UUAUAGUGAGUUALUUUGU

NM_ 6617352 1511-1529 as

AD-58205.1 UM

A-118571.1

A-118572.1

AAGGLCAAUUUCCAGAGGA

MM _D01735.2 2733-2751 as

AD-58211.0 UM

A-118573.1

A-118574.0

AUUAUAGUGAGUUAULIULUG

NM_ 0617352 1512-1530 as

AD-58217.1 UM

A-118575.1

A-118576.1

UGAAGGLCAAUUUCCAGAG

MM _D01735.2 2735-2753_as

AD-G8223.1 UM

A-118577.1

GCAAGAUAUUULUAUAAUA

A-118578.1

UAUUAUAAAAAUAUCUUGE

Nii 0G1735.2 784-802 as

AD-58229.1 UM

A-118575.1

A-118580.1

UGUACUUGACAAAAACAUY

NM_DBO1735.2_4744-4762_as

AD-58234.1 UM

A-118581.1

UUAAACAACAAGUACCU UL

A-118582.0

ABAGGUACUUGUUGUUUAA

N 00!

35.2 982-1000 as

AD-58194.1 UM

A-1185383.1

UCAGAAAGUCUGUGAAGGA

A-118534.1

UCCUUCACAGACUUUCIUGA

MM _D01735.2 4578-4586 as

AD-58200.0 UM

A-118585.1

ACUGAAGCAUUUGAIIGCAA

A-118586.0

NM_ 0617352 168-187 as

AD-58205.1 UM

A-118587.1

AGUUCUGUGUUAALAUGUC

A-118588.1

NM _DOL735.2 2591-2609 ss

AD-58236.2 UM

A-118423.2

A-118644.1

NM_0G1735.2_1522-1540 _as

AD-58242.1 UM

A-118425.2

UAACUCACUAUAAULIACUY

A-118645.1

AAGUAAUUAUAGUGAGUUA

NM_001725.2_1517-1535_as

AD-G8248. 2 UM

A-118427.2

ACABAAUAACUCACUAUAA

A-118646.1

JUAUAGUGAGUUALLULIGU

NM_0G1735.2_1511-1529 as

AD-58254.1 UM

A-118425.2

UCCUCUGGAAALIUGGECCUL

A-118647.1

AAGGLIAAUUUCCAGAGEA

NM_OD1735.2 2733-2751 as

AD-58260.2 UM

A-118431.2

CAAAAUAACUICACUAUAAU

A-118648.1

AUUAUAGUGAGUUAUULUG

NM_0G1735.2_1512-1530 _as

AD-58265.1 UM

A-118433.2

CUCUGGAAAUUGECCUUCA

A-118648.1

UGAAGGLCAALUUCLAGAG

NM_OD1735.2 2735-2753 _as

AD-58272.1 UM

A-118435.2

GCAAGAUAUUUUUAUAAUA

A-118650.1

UAUUAUAAAAAUAUCLIUGT

Nii 0G1735.2 784-802 as

AD-58277. L UM

A-118437.2

ABUGUUUUUGUCAAGUALA

A-118651.1

UGUACUUGACAAAAACALIY

NM_DBO1735.2_4744-4762_as

AD-38237. 2 UM

A-118430.2

UUAAACAACAAGUACCU UL

A-118652.0

ABAGGUACUUGUUGUUUAA

NM_001735.2_982-1000 as

AD-58243.

UM

A-118441.2

UCAGAAAGUCUGUGAAGGA

A-1185653.1

UCCUUCACAGACUUUCIUGA

NM_D01735.2_4578-4595_as

ME IRTIN

6T1091/¥10T OM

88STO/F10TSN/LDd




(9Z 31nY) 133HS 31LN1ILSANS
161

AD-58249. 1 UM

A-1184432

ACUGAAGCAUUGAUGLAA

A-118654.1

UUGCAUCAAAUGCUUCAGU

NM_D01735.2_169-187_as

AD-58255.0 UM

A-118445.7

Z

AGUUCUGUGUUAAAALIGUC

A-118655.0

GACAUUUUAACACAGAAL

N#i CGL735.2 2591-2609 as

AD-58279.1 UM

A-118423.:

CACUAUAAUUACUUGALUY

A-118667.1

AAAUCAAGUAAUUAUAGUS

MM _D01735.2 1522-1540

AD-58239.0 UM

A-118425.

UAACUCACUAUAAUUACUY

A-118668.0

AAGUAAUUAUAGUGAGIIUA

o
~
P

NM_ 6617352 1517-1535 as

AD-58245.1 UM

A-118427.3

ACAAAAUAACUCACUAUAA

A-118668.1

UUAUAGUGAGUUAUUUUGU

w
i
¥4

MM _D01735.2 1531-1528 as

AD-58251.0 UM

A-118428.

A-118670.0

AAGECCAAUUUCCAGAGS

{#5]
~
o

NM_GG1735.2_2733-2751 as

AD-58257.1 UM

A-118431

A-118671.1

AUUAUAGUGAGUUAUUUUG

MM_D01735.2 1532-1530 _as

AD-58263.2 UM

A-118433,

A-118672.%

UGAAGGCCAAUUUCCAGAG

NM_GG1735.2_2735-2753% as

AD-58269.1 UM

A-118435.:

A-118673.1

UAUUAUAAAAAUAUCUUG

)

NM_DO1735.2_784-802_as

AD-58275.0 UM

A-118437.

A-118674.0

UGUACUUGACAAAAACAUU

NM_GG1735.2 47444762 as

AD-58280.1 UM

A-118439.:

UUARACAACAAGUACCIIUU

A-118675.1

AAAGGUACJUGUUGUUUAA

NM_001735.2 982-1000 as

AD-58240.2 UM

A-118441

Py

UCAGAAAGUCUGUGAAGGA

A-118676.1

UCCUUCACAGACUULICUGA

NM_0G1735.2_4578-4596 _as

AD-58245.1 UM

A-118443.3

ACUGAAGCAUUUGAUGCAA

A-118677.1

UUGCAUCAAAUGCUUCAGU

NM _DOL735.2 165187 as

AD-58252.1 UM

A-118445.3

AGUUCUEUGUUARAAUGUL

A-118678.0

GACAUUUUAACACAGAACU

384

35,2 2591-2609 as

Table 6, Modified Sense and Antisense Strand Seguences of C5 daRNAs

Sense strand

Sense sefquence

Antisense sequance

7]
m
jo)
Lw)

prd
(@]

Species
_ Olige

s
name

A-118423.1

cACUAUAAULACUUGALULTTSAT

AAAUCAAGUAAUUALUAGUGTSIT

a

ubAcucAcuAubAuuAcuLdTsdT

AAGUAALUAUAGUIGAGUUAITsaT

a

ACAAAAUAACUCACUAUAADTSIT

ULAUAGUGAGUUAUUUUGUdTaT

a

uccucuGGEAAALUGGecuudTsdT

AAGGCCAAUUUCCAGAGGATSIT

AD-38167.%

CAAABUAACLCACUAUAAUITSAT

AUBAUAGUGAGUUALUUUGHTSIT

AD-58173.1

a

cucuGGAAAUUGGocuucAd TsdT

UGAAGGCcAAUUUCCAGAGHT AT

AD-58179.1

A-118435.1

GCAA

GAuAUUULLALAALATTSAT

UAUUALAAAAAUAUCUUGCHTsAT

AD-58185.1

A-118437.1

AAuGUUULUGUCAAGUACADTSAT

SEQID

NO:

385 A-11842
386 A-L184286.1
387 A-118428.1
388 A-13

189 A-118432.1
3%0 A-118434.1
351 A-118435.1
392 A-13

UGuACUUGACAAAAACAULITSAT
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AD-58144.% A-118438.1 UUAAACAACAAGUACCuLLT sdT 353 A-118440.1 AAAGGUACUUGUUGUULAADTSAT 476
AD-58150.1 A-118441.1 UCAGAAAGUCLUGUGAAGGAGTsdT 394 A-118442.1 UCCUUcAcAGACULILCUGAdTsdT 477
Al-58155.1 A-118443.% AcUGAAGCAUULGAUGCAADTSAT 385 A-118444.1 UUGEAUcARA UG cAGUETsdT 478
AD-58162.1 A-118445.0 AGuucuGuGuUAAAAUGUcd TsdT 396 A-1184486.1 GACAUUUUAACACAGAACUITsdT 479
Al-58168.1 A-118447.% GAULUUGAGUGUAALAGGADT AT 357 A-118448.1 UCCULUuACACUCAAAAUCHTsdT 480
AD-58174.0 A-118448.1 UGAUGAACCUUGUAAAGAAD T sdTY 398 A-118450.1 UUCUUUACAAGGU UcAllcAdTsdT 481
Al-58180.1 A-118451.% cAuuGGAAcAuLuUUcALUd T sdT 385 A-118452.1 AAUGAAAAALGUUCCAA G TsdT 482
AD-58186.1 A-118453.1 CCAGAAALUCGGAGUUAUUGTSAT 460 A-118454.1 AAULACUCCGAALIBU UGG Y selT 483
Al-58145.0 A-118455.% ceUGGGAGAUAAAACUCAC TSAT 401 A-118455.1 GUGAGUUUUAUCUCCCAGGHTsdT 484
AD-58151.1 A-118457.1 AAAUGAUGAACCUUGUAAADT ST 40z A-118458.1 UULIACAAGGUUCAUcAUUUGTsET 485
AD-58157.1 A-11845%.0 uGcucAAGUcAcALUUGAUdTsdT 403 A-118460.1 AUCAAAUGUGACIUGAGCAdTsdT 486
AD-58163.1 A-118461.1 GAUUGCALALGCLUABAAALT ST 404 A-118462.1 VUuAUAAGCALAU GeAAUDTsaT 487
AD-58169.1 A-118463.1 UAUCCUGAUAAAAAAUUUALTSAT 435 A-118464.1 UAAALULULUAUCAGGAUADTSAT 428
AD-58175.0 A-118465.1 GAAGUUUGCAGcuLLuAUUGTSAT 406 A-118466.1 AAULAAAGTUGCAAATUUCHTsdT 489
Al-58181.1 A-118487.% AGAAALUGAUCALALIGGAdTSET 457 A-118468.1 UCcAAUAUGAUCAALUUCUdTsdT 490
AD-58187.1 A-118468.1 ccuGAUAAAAAALLUAGUUGTSET 408 A-118470.1 AACUAAALIUUUULAL cAGETsdT 491
Al-58145.0 A-118471.% GAABAGAAAGCUUAGUAAADTsdT 409 A-118472.1 UUuACUAAGALUUCUUUUCETsdT 4532
AD-58152.1 A-118473.1 UUAUCAAAGUAULAAACALUDTSET 410 A-118474.1 AAUGUUUAUACUUUGAGAADTSAT 443
Al-58158.1 A-118475.% CCUACAAACUGAALUUGGUdTSAT 411 A-1184756.1 ALCAAAIUCAGUUUGLAGGETsAT 494
AD-58164.0 A-118477.1 GGAGeAAACAUALGUCALLd TsdT iva A-118478.1 AAUGACALAUGUUUGCUCCHTsdT 485
Al-58170.1 A-118476.% AUGUAACAACLGUAGLUUCAdTSAT 413 A-118480.1 UGAACUACAGUUGULACAU LT T 496
AD-58176.1 A-118481.1 GGAAAUCALLGGAACALLLGTSAT 414 A-11848%21 AMAUGUUCcAAUGALULCC T sdT 447
Al-58182.1 A-118483.7 UAAGAALLUUGAAALUACUGTSET 415 A-118484.1 AGUAAUUUCAAAAUUCUUACGTSAT 498
AD-58188.1 A-118485.1 UUCUGCAACUTAALUCGALETSAT 416 A-118486.1 AUCGAAUUCAGUUGCAGAALT AT 488
Al-58147 .3 A-118487.% CeUuuBGAAAGAGUALULCATTsdT 417 A-118488.1 UGAAAUACUCU LU CeAAGGdTsT 500
AD-52153.1 A-118488.1 UGAUAABAAALUUAGUUACHTSIT 418 A-118490.1 GUAACUAAAUUUUUUAUCACTSOT 501
Al-58159.1 A-118491.% cuUGGABAGAGUALLUCAADTST 413 A-138492.1 UUGAAAUACUCUUUCCAAGHTSAT 502
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AD-58190.1 A-118518.1 CACUAUAAUUACUUGALUUTIT 420 A-118520.1 AAAUCAAGUAAUUAUAGUGHTHT 503
AD-58196.1 A-118521.0 UAACUCACUAUVAAULUACUUCTIT 421 A-118522.1 AAGUAAUVUAUAGUGAGUUAITIT 504
AD-58202.1 A-118523.2 ACAAAAUAACUCACUAUAALTIT 422 UUALAGUGAGUUAUUULIGHITT 505
AD-58208.1 A-118525.0 UCCUCUGGAAAUUGGECULGTT 423 A-118526.1 AAGGCCAAUUCCAGAGGAGTIY 506
AD-58214.1 A-118527.2 CALAAUAACUCACUAUAALCGTAY 424 A-118528.1 AUUAUAGUGAGUUALBUUUGETATY 507
AD-58220.% A-118528.1 CUCUGGAAAUUGGECCUUCATIT 425 A-118530.1 UGAAGGCCAALUUCCAGAGITT 508
AD-58225.1 A-118531.0 GCAAGAUAUUUULALAAUALTIT 426 A-118532.1 UAULALAAAAAUAUCHUGCITT 509
AD-58231.% A-118533.1 AAUGUUUUUGUCAAGUACADTT 427 A-118534.1 UGEUACUUGACAAAAACALUCTT 510
AD-58181.1 A-118535.2 UUAAACAACAAGUACCUUIUCTT 428 A-118535.1 AAAGGUACUUGUUGUUUAALTIT 511
AD-58197.% A-118537.1 UCAGAAAGUCUGUGAAGGAITIT 429 A-118538.1 UCCUUCACAGACUUUCU GADTAT 512
AD-58203.1 A-11853%.0 ACUGAAGCAUUUGAUGCAADTEY 430 A-118540.1 UUGCAUCAAAUGCUUCAGUdTIT 5312
AD-58209.1 A-118541.1 AGUUCUGUGUUAAAALGUCITIT 434 A-118542.1 GACAULUUAACACAGAALLIETCY 514
AD-58233.1 A-118565.1 CFACTUEAUTAAURUIACTUTUIGAURUFLEATsAT | 432 A-118566.1 AAAUCTAAGUIAAUUTAUTAGUGTsAT 515
AD-58193.1 A-118567.1 UFAACFUTCIACTUfAUTAAUTUTACTUTUTATsAT | 433 A-118568.1 AAGUFAAUUFAUTAGUGAGUUTA TsAT 518
AD-58189.1 A-11856%.0 ACFAALAUTAACFUTCFACTUFAUTAAG TST 434 UUTAUTAGUGAGU UTAU B UGUGTsdT 517
AD-58205.1 A-118571.0 UFCFCFUFCTUTGGAAAUTUFGGCICTURUfITsAT | 435 A-118572.1 AAGGCCIAALUUCCIAGAGGATsT 518
AD-58211.1 A-118573.1 CIAAAAUFAACTURCEACIEAUFAA LR TSAT 436 A-118574.1 AUUTAUIAGUGAGUUTAUUULEITIT 513
AD-58217.1 A-118575.1 CRUFCFUFGEAAAUTUIGETICRFUFCTAL TS dT 437 A-118576.1 UEAAGGCCIAAUUUCCIAGATITSAT 520
AD-58223.1 A-118577.1 GEFAAGALEAUTUFUTUTUTAUTAAUFACT AT 43% B UFAUIAAAAAUTAUCLIUGTdTsET 521
AD-58229.1 A-118578.1 AASTGUFFUTUTUIGUTCEAAGUTACFAL TsdT 438 A-1185R0.1 UEUACUUGACTAAAAATTAULDTSIT 522
AD-58234.1 A-118581.0 UFUFAAACTAACTAAGUFACICRUFUTUTITSdT 440 A-118582.1 AAAGGUTACUUGUUGUUUTAALT ST 523
AD-58194.% A-118583.1 UFCFAGAAAGUICIUTGURGAAGGATSAT 441 A-118584.1 UCCUUCIACTAGACUULICUGATsdT 524
AD-58200.1 A-118585.1 ACFUFSAAGCIAUTURURGALFNCIAAC TsdT 442 A-1185856.1 UUGECIAUCEAAAUGCUUCFAGLIAT sdT 525
AD-L8206.1 A-118587.1 AGUIUSTCRUTGU FGUTUTAAAAUTG UFCTdTsdT 443 A-118588.1 GACEALUUUTAACIACIAGAAL LT sdT 526
AD-58235.1 A-118423.2 AcuAuAALLACUUGAUULGTsdT 444 A-118644.1 AAAUCAAGUAALIUAGAGUGTsAT 527
AD-38242.% A-118425.2 UAALLCACUAUAALUACULITSAT 445 A-118645.1 AAGUAAUUAUAGUGAGULACTSAT 528
AD-58248.1 A-118427.2 ACAAABUAALUCACUAUAALTSIT 446 A-1186456.1 UuAuAGuEAGUHUAUULLGUdTSdT 529
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AD-58254.1 A-118428.2 uccucuGGAAALUGGocuudTsdT 447 A-118647.1 AAGGCCAAUSUCCAGAGGAITSAT 530
AD-58260.1 A-118431.2 cAAAAUAACUCACUAUAAUDTSHT 448 A-118648.1 AUUAUAGUGAGUUALUULGTsdT 531
AD-58265.1 A-118433.2 cucuGGAAAUUGGCcouucAd TsdT 449 A-118649.1 UGAAGGCeAAUUUCcAGAGATsdT 532
AD-58272.% A-118435.2 GeAAGAUALUUUUALAAGAGT AT 450 A-118650.1 UAULAUAAAAAUAUCULGCATsdT 533
AD-58277.1 A-118437.2 AAuGUUULLGUCAAGUACAdTsIT 451 A-128B651.1 UGUACUUGACAAAAACAL U TsdT 534
AD-58237.% A-118438.2 UUAAACAACAAGUACCULUG T sdT 452 A-118652.1 AAAGGUACUUGUUGUUUAADTsdT 535
AD-58243.1 A-118441.2 UCAGAAAGUCUGUGAAGGADTsdT 453 A-118653.1 UCCuUcAcAGALUU UCUGAdTsaT 536
AD-58249.0 A-118443.2 AcuGAAGCALLLGAUGCAADTsdT 454 A-118654.1 UUGCAUCAAAUGCUUCAG U TsdT 537
AD-58255.1 A-118445.2 AGuucuGuGUUAAAAUGLedTsdT 455 A-118655.1 GACAUUUUAACACAGAACUdTsT 528
AD-58272.0 A-118423.3 cAacubuAAULAcCUUGALLLdTsdT 456 A-LIBRAAT.L AAALCAAGUAALUAUAgUEdTSAT 539
AD-58239.1 A-118425.3 uALcucAcuAuAALUACULdT ST 457 A-118668.1 AAGUAALUAUAGUGAGUUAdTsdT 540
AD-58245.% A-118427.3 ACAAAAUAACLCACUAUAAG TSIT 458 A-118669.1 VusuAGuGAGuuAuuuugudTsdT 541
AD-58251.1 A-118426.3 uccucuEGAAALUGEccuudTsdT 458 A-118670.1 AAGGCCAALULCCAG AgpadTsdT 542
AD-58257.% A-118431.3 cAAAAUAACUCACUAUAALD TSdT 460 A-LIBAT7LL AuUAUAGUGAGUuAUUUUgdTsdT 543
AD-58263.1 A-118433.3 cucUGGAAAULGGecutcAd TsdT 461 A-L18672.1 UGAAGGCCAALULUCCAgagd TsdT 544
AD-58269.0 A-118435.3 GCAAGAUALLULUALAAUAC ST 4627 A-LIBAT73L UasisuAasasuAuCuugedsdb 545
AD-58275.1 A-118437.3 AALGUUUGLGUCAAGUACAATSHT 463 A-118674.1 UGuACUUGACAAAAA CauudTsdT 546
AD-58280.1 A-118438.3 UUAAACAACAAGUACCULUGT AT 464 A-L18E7E.1 AMAGGUACUUIGULGUUUsadTsdT 547
AD-58240.1 A-118441.3 UCAGAAAGUCLUGUGAAGGALTsdT 465 A-L18675.1 UCCuUCACAGACUuuCugadTsdT 548
AD-G8245.0 A-118443.3 AcuGAAGCALULGAUGCAADTsdT 466 A-118677.1 VuGCAUCAAAUG UL CagudTsdT 549
AD-58252.1 A-118445.3 AduucuGuiBuuAAAALGuedTsdT 457 A-118678.1 GACAULUAACACAGAacudTsdT 558
* The Species Oligo name and the position in the nuclestide sequence of the GenBank record that the antisense strand targets correspond to those shown in Table 5,
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Table 7 - C5 single dose screen in Hep3B cells with GalNAC conjugated iRNAs

Duplex D

10nM

AV

0.1nM

AV

JOnM

STDEV

0.nM

STDEV

AT3-58093 1 15.62 21.60 748 6.52
ALY-58099.1 5.07 4.70 1i% 4.63
AD-58105.1 36.71 60.23 S.07 1583
AD3-58111 1 11.83 22,78 351 1278
ADN-58117.1 12.43 33.46 23.36
AD-58123.1 2.05 15.18 2.89 7.94
AT-58125.1 10.77 40.066 1.30 18.65
AD-5808R. 1 6.58 16.40 .24 4.58
AD-58004.1 19.5¢ 40.68 7.64 1230
ATH-58100.1 16.92 20,12 0.74 2.38
AD-58106.1 16.87 37.23 2.49 1895
AT-58112.1 13.24 29.32 290 14.08
ALN-58]1R.1 6.63 15.23 0.54 3.72
AD-58124.1 7.17 13.00 144 6.4%
AT-58130.1 1638 17.82 236 6.92
AD-5808%.1 3.8 30.67 2.91 10.53
AD-58005.1 8.72 14.66 .04 3.37
ATH-58101.1 817 19.3¢ 1.30 5.69
AD-58107.1 4.84 18.10 1.66 7.21
AT3-58113.1 878 14.62 137 7.80
ATH-58116.1 8.50 15.01 0.31 7.35
AD-58125.1 11.13 17.04 2.61 .03
AT3-58131.1 13.50 40.14 1.08 12.07
AD-58090.1 7.90 21.57 2.95 6.61
AD-58006.1 8.02 16.56 1.54 6.68
ATH-58102.1 12.40 27.93 1.83 11.78

AD-58108.1

12.02

AT3-58114.1 11.86 25.05 148 9.46
ALN-58]120.1 7.65 10.57 0.5% 3.56
AD-58126.1 2.45 15.3% 2.08 742
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AD-58132.1 850 19.26 253 9.38
AD-58091.1 R.68 18.05 2.95 6.6
AD-58097.1 9.31 23.02 0.67 1010
ATI-58103.1 R.53 17.23 2.90 7.27
AD-1955 53741 S1.16 10.76 5.29
Mook 78.61 75.97 570 2.76
Untreated 100 JOO 6.13 5.98

Table 8 — 5 single dose transfection screen in primary mouse hepatocytes with GalNAC

conjugated iIRNAs

Duplex ID 10nM 0. inM 16nM G.1nM

AVG AVG STDEVY STDEV
ATF-58093.1 1.53 1.65 0.17 0.25
AD-58099.1 i.68 1.50 0.61 0.22
AD-58105.1 11.20 46.95 0.08 3.89
ATM-58111.1 2.4% 2.13 0.26 (.20

AD-58117.1 3.57 31.91 0.93 0.62

AD-58123.1 4.2¢ 2.97 0.11 2.22
ATF-58129.1 1.i% 8.53 (.23 0.72

AD-58088.1 0.84 1.34 0.68 0.07

A-58094.1 11.34 66.82 0.17 3.01

AD-58100.1 278 1.51 0.43 0.33
AD-58106.1 6.7¢ 52.91 4.42 6.78
AT*-58121.1 1.54 2.15 0.04 (.91

AD-58133.1 i.74 3.25 0.19 1.64

AD-58116.1 1.76 2.2) 127 0.78
AD-1955 R7.39 a1.71 5.77 4.68
Mock 76.67 89.02 151 3.91
Unireated 160 160 6.39 1311
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Table & - C5 single dose screen in primary (ynomolgus hepatocytes with GalNAC

conjugated

iRMAs

500nM SpM

Duplex IR SO00M AVG | SaM AVG STDEV STDEV
A-58093.1 63.54 83.09 2.14 12.65
AD-58099.1 61.34 85.85 12.32 21.85
AD-58105.1 31.9% 97.57 6.09 11.48
AD-S8i11.1 71.27 9228 1.93 12.72
AD-58117.1 73.42 88.82 324 1108

AD-58123.1

73.06

o~
Podd

AD-58129.1

90.62

2.13

AD-58088.1 53.63 87.03 5.93 15.86
AD-58094.1 35.62 293.65 0.87 14.76
AD-58100.1 79.56 96.70 431 110

AD-58106.1

116.24

12599

40.65

AD-58112.1 97.1¢ 107.81 /A 3.13
AD-58118.1 67.40 97.38 5.28 22.64
AD-58124.1 58.04 96.14 8.72 10.64

AD-58130.1

AD-58089.1

AD-58095.1 58.53 78.02 15.07 i24s
AD-58101.1 76.68 76.73 3.95 6.33
AD-58107.1 57.37 86.78 14.71 2,595
AD-58113.1 37.79 7110 8.27 7.76
AD-58119.1 36.77 83.16 3.42 9.66
AD-58125.1 72.40 96.53 4.46 4.96
AD-58i31.1 95.58 101.69 10.17 2.21
AD-58090.1 56.37 75.00 321 4.97
AD-58096.1 4433 57.99 11.46 2847
AD-58102.1 95.46 89.35 0.83 1.76
AD-58108.1 41.54 56.41 8.41 0.14
AD-58114.1 38.32 10188 20.02 30.29
AD-58120.1 37.34 56.41 0.73 2.14
AD-58126.1 34.97 105.90 2.39 7.96
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AD-58132.1 81.55 85.12 12.93 8.%4
AD-58091.1 78.88 84.50 44.66 17.40
AD-58097.1 106.06 98.16 13.74 3.14
AD-58103.1 57.21 §9.46 6.40 5.93

Unireated 100 100 8.77 10.33

Table 16 — 5 single dose free uptake screen in primary mouse hepatocytes with GalNAL
conjugated iRNAs

500nM Sni

Tuplex ID S00nM AVG | SaM AVE STDEV STDREY
AD-58093.1 31.62 54.91 7.13 2.39
AD-58099.1 2.46 2963 1.29 5.66
AD-58105.1 34.77 96.41 522 i.8%
AD-5811 1.1 17.35 50.95 1.21 3.16
AD-S8117.1 94.95 139.52 15.43 43.3%
AD-58123.1 13.07 44.58 2.1 3.4%
AD-58129.1 68.87 85.04 2.62 4.42
AD-58088.1 17.61 4822 2.22 3.40
AD-58094.1 95.92 4.16 6.53
AD-58100.1 34.92 6171 1.30 2.13
AD-58106.1 85.26 107.53 2.30 3.3%
AD-58i21.1 12.88 43.76 1.41 1.28
AD-581331 20.97 42.76 0.24 0.11
AD-58116.1 3.35 38.04 1.35 1.40
Unireated 100.00 100.00 3.85 4.38

Table 11 ~1Cs data in primarvy Cynomeolgas hepatocytes with GalNAC conjugated IRNAg

Duplex 1D ICs (M) STDEV
AD-58099.1 3.131 1.141
AD-SE11LL 12.750 5.280
AD-58123.1 0.679 7.587
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AD-58088.1

3.487

AD-S8113.1

3.540

AD-58116.1

14.740

AD-55096.1

4.199

AD-58108.1

10080

AD-58120.1

88.070

PCT/US2014/025882

Table 12 14 data in primary mouse hepatocytes with GalNAC conjugated iIRNAs

Duplex ID I {nMy STDEV
AD3-58099 3777 0.122
AD-S8111 0.622 2421
AD-58123 0.549 1626
AD-58088 9.513 2.588
AD-58121 2.169 1176
AD-58133 3802 1.006
AD-58116 2227 0.604
AD-58644.1 4.595 0.3505

AD-58651.1

5199

AD-580641.1 0.82 0.2618
AD-58648.1 7.031 1.256
AD-58642.1 0.5414 0.7334
AD-58649.1 3.32 4.922

1356

AD-58654.1 2.09 0.833%
AD-58645. 1 2.944 0.3315
AD-58552.1 5.316 2.477
AD-586431 2.179 1112
AD-58650.1 8223 376

AD-58646.1 2581 08186
AD-58653.1 2451 1.24Q

MET 18370333v.1

SUBSTITUTE SHEET (RULE 26)

175



WO 2014/160129

PCT/US2014/025882

Table 13 ~ 5 single dose screen in Hep3B cells with medified and unmedified IRNAs

inM 0.01nM
Duplex oM AVG 0.01aM AVG STDEV STREV
AD-58143.1 12.13 100.58 3.47 3.94
AD-58149.1 10.46 54.97 (.98 03.00
AD-581551 44.88 76.24 1.56 374
AD-58161.1 8.51 102.30 1.06 (.50
AD-58167.1 6.54 76.24 1.15 3.74
AD-58173.1 5.85 107.44 0.85 1.74
AD-58179.1 10.19 78.87 (.59 1.15
AD-581851 20.46 7996 3.64 0.78
AD-58144.1 16.82 8§1.95 1.09 (.40
AD-58150.1 11.05 7620 2.55 .00
AD-58156.1 25.92 76.73 2.72 1.50
AD-58162.1 1325 71.89 0.43 3.87
AD-58168.1 9.74 45.16 (.52 1.1
AD-58174.1 4.84 70.14 0.25 2.75
AD-58180.1 9.41 56,77 1.51 1.95
AD-58186.] 9.97 68.91 1.03 0.34
AD-58145. 1 14.29 103.38 1.94 2.03
AD-58151.1 10.16 8§1.17 1.71 4.77
AD-58157, 4.72 6316 1.05 0.00
AD-58163.1 4.95 40.13 1.65 0.59
AD-58169.1 17.02 83.10 1.88 2.04
AD-58175.1 8.30 62.54 0.28 0.31
AD-58181.1 2189 55.26 4.22 3.52
AD-58187.1 61.96 7142 2.61 2.79
AD-58146.1 14.25 9523 2.64 6.53
AD-58152.1 11.22 70.09 (.80 7.88
AD-58158.1 7.9% 98.86 0.76 436
AD-58164.1 11.60 43.83 2.06 3.43
AD-58170.1 12.28 39.59 0.96 1.36
AD-58176.1 5.89 38.77 1.04 1.33
AD-58182.1 18.65 55.78 0.96 0.55
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AD-S581X8 1 5.40 69.39 1.7 0.34

AD-58i47.1 8.22 136.66 0.77 2.561

AD-58153 1 58.10 10417 4.44 1829

AD-58159.1 876 S1.41 1.54 2.79
AD-58190.1 21.94 7726 2.23 0.76
AD-58196.1 15.97 72.43 1.07 5.32
AD-58202.1 11.99 93.83 5.34 2.76
AD-58208.1 18.63 52.07 12.88 2.55
AD-58214.1 6.85 94,15 0.51 2.31

AD-58220.1 11.5¢ 78.34 3.85 0.77

AD-58226.1 .77 57.75 1.71 1.13
AD-58231.1 723 7567 1.07 0.74
A-58191 1 35.40 66.17 5.50 421
AD-58197.1 12.05 67.49 1.70 0.33
AD-58203.1 1516 656.80 1.46 1.31
A-58209.1 7.58 71.23 3.58 6.28
AD-58233.1 27.01 86.02 0.86 (.42

AD-58193.1 1537 2285 1.44 0.00

AD-581991 21.52 78.38 65.02 1640
AD-58205.1 2413 78.88 5.46 077
AD-5821 1.1 16.38 3237 2.61 0.48
AD-S8217. i2.23 70.16 0.29 3.44
AD-58223.1 851 7285 3.01 1.79
AD-58229.1 5.50 7593 1.96 0.37
AD-58234.1 46.86 101.94 15.59 (.00

AD-58124.1 14.49 187.05 2.47 4.20

AD-58200.1 1521 61.04 0.96 1.20
AD-58206.1 1325 3793 2.82 2.03

AD-58236.1 8.25 116.17 1.16 2.92

AD-58242.1 i2.05 102.69 0.44 4.03

AD-58248.1 62.78 83.41 15.22 3.27

AD-58254 1 1118 100.54 1.59 0.00

AD-58260.1 8.42 71.84 1.10 (.35

AD-58266.1 14.05 21 1.91 2.26

AD-58272.1 22.63 81.11 1.62 1.59
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AD-58277. 70.51 75.67 4.80 .74
AD-58237.1 28.10 98.56 1.96 5.79
AD-58243 1 14.16 86405 111 2.95
AD-58249.1 77.08 9645 1514 0.95
AD-58255.1 227 47.89 2.58 0.00
AD-58279.1 28.78 94.13 5.52 (.46
AD-582392.1 22.98 83.45 (.28 4.91
AD-58245 1 89.60 90.93 15.24 0.45
AD-58251.1 2839 8632 7.29 0.00
AD-58257.1 48.97 64.53 9.1¢ 1.90
AD-58263.1 Q.14 83.39 1.27 1.63
AD-58262.1 83 84 75.94 15.9¢ 112
AD-582751 8632 0.73 0.85
AD-582%0. 1 7277 116.04 7.44 3.24
AD-58240.1 6542 75.69 3.82 2.23
Af-58246.1 59.19 65.88 28.95 0.65
AD-58252.1 15.35 97.26 1.14 762
Mock 7653 66.57 14.26 4.72
AD-1955 72.30 82.72 19.54 4999
Untreated 100.00 180.00 21.68 26.78

Table 14 — C8 single dose sereen in primary mouse hepatocytes with modified and
pnmodified IRNAg

Duplex ID 1nM AVG 0.1sM AVG LM STDEV 0.1uM 3TDEV
AD-58143.1 4.51 S1.77 3.13 8.75
AD-58149 ) 4.65 736 3.J4 2017
AD-58155.1 65.56 79.74 4.66 9.36
AD-58161.1 16.82 81.11 6.22 7.43
AD-58167.1 4.72 77.12 1.17 14.25
AD-58173.1 5.57 76.00 3.14 13.52
AD-58179.1 14.55 77.88 1.44 18.40
AD-58185.1 15.69 72.59 8.67 7.81
AD-58144.1 870 21.4% 0.90 7.08
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AD-58150.1 12,51 84.01 1.64 8.20
AD-58156.1 18.23 97.32 1.47 19.50
AD-58162.1 772 78.88 5.18 13.80
AD-58190.] 1].86 52.80 2.382 441
AD-58196.1 727 2.7 1.3¢ 31.81
AD-58202.1 10.67 87.11 1.04 35.7¢
AD-58208.1 32.21 74.39 8.60 27.45
AD-58214.1 4.24 67.63 .45 17.85
AD-58220.] 13.64 56.14 4.56 1436
AD-58226.1 3.83 63.44 1.30 11.94
AD-58231.1 5.55 82.24 2.80 17.35
AD-58191 1 14.50 99,50 548 553
AD-58197.1 16.12 93.09 4.81 3.21
AD-58203.1 12.52 104.63 5.98 6.02
AD-58209.1 3.79 59.35 3.05 13.07
AD-58233.1 9.50 64.26 5.69 8.70
AD-58193.1 888 89.60 3.36 3.08
AD-58199.1 13.56 37.14 2.128 6.44
AD-58205.1 46.84 8213 4.48 17.16
AD-58211.] 130 11].62 INL 21.54
AD-58217.1 29.7¢ 117.49 11.85 20.41
AD-58223.1 20.53 105.44 1.94 2.98
AD-58229.1 13.7¢6 88.15 1.05 9.03
Al-58234.1 12.33 71.34 0.72 4.17
AD-58194.1 14.02 90.60 1.3% 15.04
AD-58200.1 5.25 90.95 1.37 31.70
AD-58206.1 818 108.47 3.99 2175
AD-58236.) 2.07 7009 0.80 20.59
AD-58242.1 4.76 53.26 1.59 11.56
AD-58248.1 62.42 78.23 5.47 25.85
AD-58254.1 16.47 70.22 2.92 21.74
AD-58260.1 2.84 75.65 .38 11.59
AD-58200.1 46.70 89.88 16.05 11.57
AD-58272.1 21.42 59.44 13.29 10.98
AD-S8277.1 71.72 121.44 16.35 2116
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AD-58237.1 11.85 112.68 8.22 12.88
AD-58243.1 10.46 90.64 3.42 1.33
AD-58249.1 71.47 113.30 4.30 3.84
AD-58255.] 6.86 78.55 2.22 28.37
AD-58279.1 A% 74.96 2.84 1.72
AD-58239.1 13.64 106.45 1.87 8.25
AD-58245.1 68.67 112.68 21.86 7.73
AD-58251.1 47.01 133.20 4.69 7.14
AD-58257.) 30.68 87.5] 2.87 32.84
AD-58263.1 7.22 83.23 2.55 37.50
AD-582569.1 78.930 106.06 5.07 3.04
AD-58275.1 2.92 95.77 1.91 7.14
Al-58280.1 16.67 78.47 4.15 6.06
AD-58248.1 71.03 138.54 5.32 10.87
AD-58246.1 71.87 89.02 4.65 8.63
Al-58252.1 4.04 56.10 1.23 12.02
Muock 66.84 32.81 2.75 17.19
AD-1955 87.44 102.07 3.64 4.08
Unireated 100.00 100.00 15.25 18.37

PCT/US2014/025882

Table 18 1 data in Hep3B cells with modified and unmeodified iRNAs

Duplex ID} ICsq {pMY STDEV
AD-58143.1 36.35 12.26
AD-58146.1 5.735 6.156
AD-SRI61.1 78.12 26.64
AD-58167.1 31.03 18.14
AD-58173.1 2512 16.53
AD-58236.1 52.73 3202
AD-58242.1 8.839 4.321
ATF-58260.1 7706 5.094
AD-58263.1 56.64 47.61
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Table 16 -1Cs, data in primary mouse hepatocytes with modified and unmedified iRNAs

Duplex ID IC s (pM) STDEV

AT}-58260.1 1.615 (4.56706
AD-58140.1 1.309 1.74%
AD-58167.1 1.99]) 2.477
ATN-58242 1 (.5866 1.8
AD-58236. 1 04517 0.06392
ATM-58143.1 0.887, G.1613
AD-58270.1 3.116 0.7368
AD-58257.1 7,153 1021
AD-58173.1 7.144 16.88
AD-58253.1 3.224 5.478%

Example 3. fn vivo screening

A subset of seven GalNAC conjugated iRNAs was selected for further in vive cvaluation.

conjugated duplexes or an equal volume of 1x Dulbecco’s Phosphate-Buffered Saline (DPBS)

(Life Technologies, Cat# 14040133). Forty-eight hours later, mice were enthanized and the

hivers were dissected and flash frozen m Liquad nitrogen. Livers were ground in a 2000

Geno/Grinder (SPEX SamplePrep, Mcetuchen, NJ). Approximately 10mg of liver powder per

sample was used for RNA isolation. Samples were first homogenized in a TissueLyserf!

{{3agen Inc, Valencia, CA) and then RNA was extracted using a RNeasy 96 Universal Tissue

Kit ((Qiagen Inc, , Cat#74881) following manufacturer’s protocol using vacunny/spin technology.

RNA concentration was measured by a NanoDrop 8000 (Thermo Scientific, Wilmington, DE)

and was adjusted to [00ng/pl. ¢DNA and RT-PCR were performed as described above.

The results of the single dose screen are depicted in Figore 2. Table 17 shows the results

of ant in vivo single dose screen with the ndicated GalNAC conjugated moditied iRNAs. Data

are cxpressed as percent of mRNA remaining relative to DPBS treated mice. The “Experiments”

column lists the number of experiments from which the average was calculated. The standard

deviation is calculated from all mice in a group across all experiments analyzed.
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Table 17 — fn vive (5 single dose screen

Duplex 1D Fxperiments AVEG STDEV
AD-58088.2 | 2 82.66 13.54
ADI-58644.1 i 37.79 Q.63
AD-58651.1 i 7533 5.21
AD-58069.2 | 2 71.94 15.45
AlX-58641.1 i 28.09 4.09
AD-58648.1 1 48.43 9.07
AD-58111.2 13 6717 13.60
AD-5R642.1 1 2 21.78 5.32
AD-58649.1 i 45.30 4.02
ATI-581162 1 2 70.15 16.32
AD-58647.1 i 26,77 414
ATJ-58654.1 i 50.06 27.85
AD-581212 1 2 52.56 13.00
AD-58645.1 1 24.60 1.29
AD-58652.1 i 52.67 3.87
ATI-581232 1 2 55.70 Q.50
AD-58643.1 1 23.21 2.41
AD-58650.1 i 46.75 14.19
AD-581332 1 3 51.98 13.45
AD-58646.1 1 2 28.67 5.34
ATI-58653 1 H 43.02 10.61
PES 3 100.00 9.03

Two of the most etficacious GalNAC conjugated iIRNAs were further roodified to melude

additional phosphorothioate linkages (Table 18) and the efficacy of these duplexes was

determined in vive as described above. The resuits of the single dose screen are depicted in

Figure 3 and demonstrate that the iIRNA agents with additional phosphorothiate linkages are

more efficacious than those iIRNA agents without or with fewer phosphorothioate Imkages.
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Table 18 — Phosphorothiocate Modifed GalNAC Conjugated C5 IRNAs

6T1091/¥10T OM

SEQ S

H13 I
Dunlex I Sense strand [Sense sequence MO iAntisense A ntisense sequence NG: iCross Reactivity
AD-58642 1 A-119324. 1 iGEsasCHRaARATMATATC MCHCHIATMARLII GG 551 A-1193251 lasUfsuAfuAfoUfcAfopuAful ifullfolfosasa 555 iHumBheMusRat

AD-38111.2 A-118316.)  IGIaCRhARARMATAICTC BCRATMARUL LG 552 A-118317.1  aUfsAfuAfeUfcAfonuAiuUfoUfeUfesAfsa 356 iHumBheMusRat

AD-38646.1 A-119332.1  ICTasGlalUfc AfsARCTAfe ATRUTGUTCAT U096 1553 1A-119333.1  lasChuGhABUnGpuUfuGiallfcifoscsa 357  iMusHat

AD-58133.2 A-118386.1  ICRaGRULCARBAICIATCARUBURATGUI 96 334 1A-118387.1 FCfUGfaAfaUﬁ\GfugmUﬁleanchgsCfsa 358 iMusEat

ME IRTIN

88STO/F10TSN/LDd



1g

15

20

L2
(v

WO 2014/160129 PCT/US2014/025882

Given the impact of the additional phosphorothioate linkages on the silencing ability of
the iIRNA agents described above, the efficacy of additional GaiNAC conjugated tRNA duplexes
including phosphoriothioate linkages (Table 19} was determined iz vive as described above.

The results of this single dose screen are depicted in Figure 4.

The duration of silencing of AD-58642 in vive was determined by administering a single
2.5 mg/kg, 10 mg/kg, or 25 mg/kg dose to rats and determining the amount of C5 protein (Figure
3B) present on day 7 and the activity of C3 protein (Figure SA) presenton days 4 and 7. As
demonstrated m Figure 5, there is a 50% veduction 1o the activity of CS protemn by Day 4 at a 25
mg/kg dose and at Day 7, a greater than 70% reduction i the activity of C5 protein.

The amount of C5 protein was determined by Western blot analysis of whole serum. The
activity of C5 protein was determined by a hemolysis assay. Briefly, a fixed dilution of human
S depleted human serumn was roixed with mouse serum and incubated with antibody-coated
sheep red blood cells for 1 hour. The hemoglobin absorbance was measured and the %
hemolysis as compared to a reference curve {prepared using a dilution series of mouse serum)
was calcnlated.

The efficacy of AD-58642 in vivo was also assayved in mice following a single
subcutaneous mjection of 1.25 mg/kg, 2.5 mg/kg, 5 meg/kg, 10 mg/kg, and 25 mg/kg of AD-
58642, Atday 5 C5 mRNA was assayed in liver samples using gPCR, S activity was assayed
for hemolysis, and the amount of C35 protein was determined by Western blot analysis of whole
SeTUIN.

As depicted in Figures 6A and 68, although there 15 only a minor improvement {7.e,,
about 5%j} in cfficacy of AD-58642 to inhibit C5 mRNA at a dose of 25 mg/kg as compared to a
10 mg/kg dose, there is an average of 85% stlencing with a 25 mg/kg dose. In addition, there is a
dose response effect with an ICsy of about 2.5 mg/fkg,

Figures 7A and 78 and § dernoustrate that AD-58642 1s efficacions for decreasing the
amount of C5 protein (Figure 8) and C5 protein activity (Figurcs 7A and 78B).

The duration of stlencing of AD-58641 in vivo was also determined by subcutaneously
administering a single 0.625 mg/kg, 1.25 mg/kg, 2.5 mg/ke, 5.0 mg/ke, or 14 mg/kg dose of AD-
58641 to CSTBY6 (n=3) mice and determining the amount of C§ proteim present in these animals
ont days 5 and 9 by ELISA. Briefly, serum was collected on day 0, pre-bleed, day 5, and day 9
and the levels of C5 proteins were quantified by ELISA. 5 protein levels were normalized to
the day  pre-bleed level. As depicted in Figure 9, the results demonstrate that there is a dose
dependent potent and durable knock-down of C§ serum protein. (The single dose EDsy was 0.6
mg/kg).

Compound AD-58641 was also tested for efficacy in C57BV/6 mice using a multi-dosing

administration protocol. Mice were subcutaneously administered compound AD-58641 ata
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0.625 mg/kg, 1.25 mg/kg, or 2.5 mg/kg dose at days 0, 1, 2, and 3. Serum was coliccted at days §
and ¥ as illustrated in Figure 10 and analyzed for C5 protein levels by ELISA. C5 levels were
normalized to the day 0 pre-bleed level. Figure 10 shows that multi-dosing of AD-58641
achieves stlencing of C5 protein at all of the does tested, with a greater than 90% sievncing of C35
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 admimstration protocol. Wild-type Sprague
Dawley rats were subcutancously injected with compound AD-58641 ata 2.5 mg/kg/dose or 5.0
mg/kg/dose twice a week for 3 weeks (g2w x3). Serum was collected ondays 6,4, 7, 11, 14, 18,
25, and 32. Serum hemolytic activity was guantified using a hemolysis assay in which a 1:150
ditution of rat serum was incubated with sensitized sheep rat blood cells in GVB-++ buffer for |
hour and hemoglobin release was quantified by measuring absorbance at 415 mw (see Figure
{1A)., The amount of C5 protein present in the samples was also determuned by ELISA (Figure
118). The results demonstrate a dose dependent potent and durable decrease in hemolvtic

activity, achieving about 90% hemolvtic activity inhibition.
o ° o & o
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Table 19 — Additional Phosphorethioate Modifed GalNAC Conjugated C5 iIRNAs

Duplex D

Seuse strand

Sense sequence

SEQ
T
NG

Antisense

Antisense sequence

SE0

NG

Start

position

Cross Resctivity

ATI-58088.2

A-118324.1

A U Afa AT ATAC A RURCICURMLS6

559

A-118325.1

A faGTgUfal fullfgunG il fuA faAfusCfse

SR80

984

HumRbeMus

AD-58644.1 A-1193280  ARusUfuAfaAtfe ATATCfaafgURCRURUITLSS 560 JA-119329)  jasAfsaG{pUtaCill fgunGiulifeAtaAtuscsu 581 1984 HumRheMus 6
AT-586511 A-119328.2  jAaBsusUfuAfaAfcASA T ARRURCHEUUILSS  PB61 JA-119339.1  jasAfsaGigUsaCisulfigunliisuAtsaAlsusesy {582 1984 HunRheMus 14
ATY-58099.2  1A-118312.7 {JigafcARARUIATAR Ulc AfcUfaUfAfL96 562 jA-118313.]  URUfaGiGHaG fuvaUfullfaGiuClasAfsu 583 1513 HumRheMusRat 2
A-5R641.1 [A-1193221 ®)fspsAfcAfAfRUAfAf UfcAfcURUBANYG 1563 [A-119323) jsUfsallaG fuGfaGfimaUtuUleG fuCTasasy 584 {1513 HumRheMusRat 6
AD-380648.1  [A-119322.2  {USpsARARAGUATARURARURBUBALTSS 564 [A-119336.1 jusUfsaUfsaGisufaaGiuua UlsuUlsuGisuClsasasy §585 #1513 HumBRheMusRat 14
AD-58111.2  [A-118316.1 [GBCHABARATATCCCTUA AU 565 JA-11S317.1  aUfuAfuAfpUlpAfguuAfulUfollfgUfesAfss S86 {1514 HumRhbeMusRat 2
ATH-58642.1  1A-1193240 iIGEasCHRAGARATARCHICRCHARALRUILSE 1566 [A-119325.1  lasUfsuAfuAfpUleAfguuAfaUfulTfgUlcsasa 587 ji5id HumRheMusRat 6
AlX-58649.1 A-119324.2  iGRasChAafaARAACRCCATUARUILSG 1567 [A-119337.1  ljasUtsuAtsuAlsgUSsgAfsguuAfsalfsulfoglfscsasa 588 {1514 HumRheMusRat 14
AD-58116.2  |A-118306.1  IGRUfcCIgGRaUIAfURuUfpAfaCRaUfalUfL o6 568 JA-118397.1  laAfaAfpUfuCfaAfauaUfcCigGiaAfesClzg S8D 4302 MusPat 2
AT-58647.1 A-119334.1  IGHusUeCeGiaUfA R UfgAfCHRUAUITLIG 569 JA-119335.1  lasAfsaAfgUfuClaAfaualifcCfgGlaA fosesg SO0 14502 MusRat 4
ATI-58654. 1 A-1193342  iGiusUeClpGfallfA iURUIfgAfBC URULS6 570 JA-119342.1  lasAfsaAfspUfsuCisaA fsavalUlseC fopGiaaAlscsesg SOL 4502 MusRat 14
AD-58121.2  |A-118382.1  [UfgChaGfhlUfcAfATATc Afc AR UfuUTcAfL9S 571 jA-1183831  GHBALRUNGRGusGRUUgClasGisa 597 4045 MusRat 2
AD-58645.1 A-119330.10  UfspsClaGlaUfcAfAfafc Afc AfaU fulUfc ATL96 1572 JA-1193311  iusGisaAfaUReGuG founGlalfclUfgCfasgsa S5 445 MusRat &
AD-58652.1 A-119330.2  WispsClaGhUfc AfATAfcAfc AU ATLO6 573 JA-119340.1  iusGlsaafsaUtsuGisuGlunnGiiaUfscUisglfasgsa 594 4945 MusRat 14
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Exampie 4: Design, Synthesis, and in Vifro Screening of Additional siRNAs
SIRNA design
5 duplexes, 19 nucleotides long for both the sense and antisense strand, were designed
using the human C5 mRNA sequence set forth in GenBank Accession No, NM_0061735.2, Five-
$  hondred and sixty-nine duplexes were mnitially identified that did not contain repeats longer than
7 nucleotides, spanning substantially the entire 5480 nucieotide transcript. All 569 duplexes are
then scored for predicted efficacy according to a lincar model that evaluates the nucleotide pair
at each duplex position, and the dose and cell line 1o be used for screening. The duplexes are
also matched against all transcripts in the human RefSeq collection using a custom brote force
13 algorithm, and scored for lowest numbers of mismatches (per strand) to transcripts other than 3.
Duplexes to be synthesized and screened are then selected from the 569, according to the
following scheme: Beginning at the 57 end of the transeript, a duplex is selected withina
“window” ofevery 10 £ 2 nucleotides that
) had the highest predicted efficacy,
i5 2} had at least one mismatch in both strands to all transcripts other than SERPINCI,
3} had not already been synthesized and screened as part of other duplex sets.
Ifno duplex is identified within a given window that satisfied all criteria, that window
was skipped.
A detailed list of the 569 OS5 sense and antisense strand sequences is shown in Table 20,
20 The in vitre efficacy of duplexes comprising the sense and antisense sequences histed in

Table 20 is determined using the following methods.

Cell culture and transfections
HepG2 cells {ATCC, Manassas, VA) are grown to near confluence at 37°C in an

atmosphere of $% CO2 in Eagle's Minimum Essential Mednun (ATCC) supplemented with 10%
25  FBS, streptomycin, and glutamine (ATCC) before being released from the plate by

trypsinization. Transfection is carried out by adding 14 .81 of Opti-MEM plus 0.2ul of

Lipofectamine RNAiIMax per well (Invitrogen, Carlsbad CA. cat # 13778-150) to Syl of cach of

the 164 siRNA duplexes to an individual well in a 96-well plate. The mixture is then incubated at

roomn temperature for 15 minutes. 80l of complete growth wedia without antibiotic contajning

30 ~2.5x10° HepG2 cells is then added to the siRNA mixture. Cells are incubated for 24 hours
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prior to RNA purification. Experiments are performed at 20nM and included naive cells and

cells transtected with AD-19585, a huciterase targeting siRNA as negative controls.

Total RNA isolation using DYNABEADS mRNA Isolation Kir (Invitrogen, part #: 610-12)

Cells are harvested and lysed in 1501l of Lysis/Binding Bufter then mixed for § minute
at 700 rpm on a platform shaker {the mixing speed was the same throughout the process). Ten
muicroliters of magnetic beads and 80ul Lysis/Bruding Buffer nuxture are added to around
bottom plate and nuxed for | minute. Magnetic beads are captured using magnetic stand and the
supernatant is removed without disturbing the beads. After removing supernatant, the bysed cells
are added to the remaining beads and mixed for 5 minutes. After removing supernatant,
magnetic beads are washed 2 times with 150Ul Wash Buffer A and mixed for 1 minute. Beads
are captured again and supernatant removed. Beads are then washed with 150u1 Wash Buffer B,
captured and supernatant is removed, Beads are next washed with 150yl Ehstion Buffer,
captured and supernatant removed. Beads are allowed to dry for 2 minutes. After drying, 50ul
of Elution Buafter s added and mixed for S minutes at 70°C. Beads are captured on magnet for 5
minutes. Forty il of supernatant, containg the isolated RNA 1s removed and added to another 96

well plate.

cDNA synthesis using ABI High capacity cDNA reverse transcription kit (Applied Biosystems,
Foster City, CA, Cat #4368813)

A master mix of 20 10X Buffer, 0.8ul 25X dNTPs, 21 Random primers, 13 Reverse
Transcriptase, il RNase mhibitor and 324l of H20 per reaction is added mto 10ul total RNA,
c¢DNA is generated uysing a Bio-Rad C-1000 or 5-1000 thermal cycler (Hercules, CA) through

the following steps: 23°C 10 min, 37°C 120 min, 85°C 5 sec, 4°C hold.

Real time PCR

Two ul of cDNA is added to a master mix containing 0.5 human GAPDH TagMan
Probe {(Applicd Biosystems Cat #4326317E), 0.5u! human SERPINCI TagMan probe (Applied
Biosystems cat # Hs00832758 mi} and Sul Lighteyeler 480 probe master mix (Roche Cat
#O4887301001) per well in a 384-well plate (Roche cat # 04887301001 ). Real time POR is

performed in an LC480 Real Time PCR machine (Roche).
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To calenlate relative fold change, real time data is analyzed using the AACt method and

normalized to assays performed with cells transfected with 20nM AD-1955.
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Table 20: Additional €5 unmoedified sense and antisense strand seguences

Position in SEQ ID SEQID

Oligo Name NM 8017352 | Sense Sequence MNCH Antisense Sequence NO:

NM 0017352 321 & 3-21 | UAUCCGUGLUUUCCUGCCUA G UAGCAGGAAACCACHGAUA 170
NM 0017352 1628 3 10-28 | GGUUUCCUGCUACCUCTAA 602 UUCGAGCGUAGCAGCGAAACC i171
NM 0017352 2240 s 2240 | CCUCCAACCAUGGGCCUUU 603 AAAGGCCCAUGGUUGGAGG 1172
N 0017332 3351 s 33-51 | GGGCCUUUUGGGAAUACUL 604 AAGUAUUCCCAAAAGGCCO 1173
N 0017332 4361 & 43-61 | GGAAUACUUUGUUUUUUAA 605 DUAAAAAACAAAGUAUUCC 1174
NM 0017352 4967 5 49-67 | CUUUGUUUUUUAAUCUUCT 606 GOAAGAUUAAAAAACAAAG 1175
NM 0017352 6381 s 63-81 | CUUCCUGGGGAAAACCUCGG 607 CCAGGUUUUCCCCAGGAAG 1176
MM 0017352 7189 s 71-89 | GOAAAACCUGGGGACAGGA 608 UCCUGUCCCCAGGUUUUCC 1177
NM 0017352 81899 5 8199 | GOCGACAGGAGCAAACAUAU 609 AUAUGUUUCGCUCCUGUCCC 1178
NM 0017352 91-109 s 91-10% | CAAACAUAUGUCALIUUCAG 610 CUGAAAUGACAUAUGUUUG 1179
NM 0017352 102-120 102-120 | CAUUUCAGCACCAAAAAUA 611 UAUUUUUGCUGCUGAAAUG 1180
NM 0017352 109-127 109-127 | GCACCAAAAAUAUUCCGUG 612 CACGGAAUAUUULUGGUGC 1181
NM 0017352 123-141 123-141 | CCCUGUUGGAGCAUCUGAA 613 UUCAGAUGCUCCAACALGG 1182
N 0017332 130-148 136-148 | GGAGCAUCUGAAAAUAUUG 614 CAAUAUUUUCAGAUGCUCC 1183
WM 0017332 139-157 139157 | GAAAAUAUUGUGAUUCAAG 615 CUUGAAUCACAAUAUULUC 1184
NM 0017352 150-168 150-168 | CGAUUCAAGUUUAUGGAUAC 616 GUAUCCAUAAACUUGAAUC 1185
NM 001735.2 163-181 s 163-131 | GGAUACACUGAAGCAUUUG 617 CAAAUGCUUCAGUGUAUCC 1186
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NM 6017352 172-190 ¢ 172-190 | GAAGCAUUUGAUGCAALCAA 618 UUGUUGCAUCAAAUGCUUC 1187
NM 0017352 183201 s 183201 | UGCAACAAUCUCUAUUAAA 610 UUUAAUAGAGAUUGUUGCA 1122
NM 0017352 189207 s 189207 1 AAUCUCUAUUAAAAGUUAT 620 AUAACUUUUAAUAGAGAUU 1129
N 0017352 201-219 s 201219 1 AAGUUALCCUGAUAAAAAA 621 VUUUUUAUCAGGAUAACUU 1196
WM 0017352 209227 5 208-227 1 CUGAUAAAAAAUUDAGULIA 622 UAACUAAAUUUUUUAUCAG 119}
WM 0017352 221-239 s 224-23% § DUAGUUACUCCUCAGOUCA 623 UGGUCUGAGCGAGUAACUAA 1192
WM 0017352 230-248 s 238-248 | CCUCAGGCCAUGUUCAUUU 624 AAAUGAAC AUGGCCUGAGG 1193
MM 0017352 242-260 s 242260 | UUCAUUUAUCCUCAGAGAA 623 UUCUCUGAGGAUAAAUGAA 1194
MM 0017352 252270 s 252270 | CUCAGAGAAUAAAUUCCAA 626 UUGGAAUJUUAUUCUCUGAG 193
NM (317352 259277 « 259.277 | AAUAAAUUCCAAAACUCUG 627 CACAGUUUUGGAAUUUAUUY 1196
NM 6017352 273291 ¢ 273-291 | CUCUGCAAUCUUAACAAUA 628 UAUUGUUAAGAUUGCAGAG i197
NM 6017352 282-300 ¢ 282-360 1 CUUAACAAUACAACCAAAA 629 UUUUGGUUGUAUUGUUAAG 1198
N 0017352 292310 s 292310 | CAACCAAAACAAUUGCCUG 630 CAGGCAAUUGUUUUGGUUG 1199
N 001735.2 301319 3 301319 | CAAUUGCCUGGAGGACAAA 63 HUUGUCCUCCAGGCAAUUG 1200
WM 0017352 313331 5 313-331 § GGALCAAAACCCALGUUUCUU 632 AAGAAACUGGHUUULUGUCT 120}
WM 0017352 322-340 s 322-340 § CCAGUUUCUUAUGUGUAULY 633 AAUVACACAUAAGAAACUGG 1202
WM 0017352 332350 5 332-350 1 AUGUGUAUUUGGAAGUUGY 634 ACAACUUCCAAAUACACAU 1203
MM 0017352 342-360 s 342-360 | GOAAGUUGUAUCAAAGCAU 635 AUGCUUUGAUACAACUUCC 1204
MM 0017352 3456-367 s 349-367 | GUAUCAAAGCAUUUUUCAA 636 UUGAAAAAUGCUULUGALAC 1205
NM (317352 361-379 ¢ 561-379 | UUUUCAAAAUCAAAAALAA 637 VUCUCUUUGAUUUUGAAAA 1206
NM 6017352 371389 ¢ 571-389 | CAAAAAGAAUGCCAAUAAC 638 GUUAUUGGCAUUCUUUUUG 1207
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NM 6017352 281-399 ¢ 381-399 | GCCAAUAACCUAUGACAAL 639 AUUGUC AUAGGUUAUUGGC 1208
NM 0017352 389407 s 389447 | CCUAUGACAAUGGAUUUCU 6540 AGAAAUCCAUUGUCAUAGG 1209
NM 0017352 399417 s 309417 1 UGGAUUUCUCUUCAUUCAU 641 AUGAAUGAAGAGAAAUCCA 1210
N 0017352 411-429 5 411-429 | CAUUCAUACAGACAAACCL 642 AGGUUUGUCUGUAUGAATUG 1211
WM 0017352 419437 5 418437 § CAGACAAACCUGHUUAUAC 643 GUAUAAACAGGUUUCUCUG 1212
WM 0017352 430448 s 430442 | GUUUAUACUCCAGACCAGU 644 AQUGGUCUGGAGUAUAAAL 1213

WM 0017352 441459 g 441-459 1 AGACCAGUCAGUAAAAGUU 645 AACUUUUACUGACUGGUCU 1214
MM 0017352 450468 s 450-468 | AGUAAAAGUUAGAGUUUAL 646 AUAAACUCUAACUUUUACU 1215
MM 0017352 460478 s 460478 | ACAGUUUAUUCGUUGAAUG 647 CAUUCAACCGAAUAAACUCU 216

NM (317352 470488 ¢ 470-488 | COUULGAAUGACGACUULAA 648 UUCAAGUCGUCAUUCAACG 1217
NM 6017352 483-301 ¢ 483-501 | CUUGAAGCCAGCCAAAAGA 649 UCUUCUGGCUGCGCUUCAAG izig
NM 6017352 490-508 ¢ 490-508 1+ CCAGCCAAAAGAGAAACUG 650 CACGUUUCUCUUUUGGLUGE izi9
N 0017332 303-521 3 S503-321 | AAACUGUCUUAACUULCAU 651 AUGAAAGUUAAGACAGUUL 1220
N 0017352 513-531 3 513331 | AACUUUCAUAGAUCCUGAA 652 DUCAGGAUCUAUGAAAGUU 1221
WM 0017352 519-537 5 518-537 | CAUACAUCCUGAAGGAUCA 653 UGAUCCUUCAGGAUCUALG 1222
WM 0017352 529-547 s 529-547 | GAAGGAUCAGAAGUUGACA 654 UGUCAACUUCUGAUCCUUC 13223
WM 0017352 543-561 s 543-561 | UGACAUGGUAGAAGAAAUU 655 AAUVUUCUUCUACCAUGUCA 1224
MM 0017352 553-571 ¢ 553-571 | GAAGAAAUUGAUCAUAUUG 656 CAAUAUGAUCAAULUICUUC 1225
MM 0017352 562-380 s 562-580 | GAUCAUAUUGGAAUUAUCU 657 AGAUAAUUCCAAUAUGALIC 1226
NM (317352 571-589 ¢ 571-589 | GUAAUUAUCUCULUUCCUG 658 CAGOGAAMAAGAGAUAAUUICC 1227
NM 6017352 5879-8397 ¢ 579-597 | CUCUUUUCCUGACUUCAAG 659 CUUGAAGUCAGGAAAAGAG i222
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NM 6017352 803-821 ¢ 803-821 | AAGUAGUCACUGAGGCUGA 681 UCAGCCUCAGUGACUACUU 1250
NM 06017352 810-828 s 816-828 | CACUGAGGCUGACGUUUAU 682 AUAAACGUCAGCCUCAGUG 1251
NM 0017352 822-840 s 822-840 | CGUUUAUAUCACAUULUGGA 683 UCCAAAUGUGAUAUAAACG 1252
N 0017352 831-849 5 231-849 | CACAUUUGGAAUAAGAGAA 684 VUCUCUUAUUCCAAAUGUG 1253
WM 0017352 840858 5 540-858 | AAUAAGAGAAGACUUAAAA 685 UUUUAAGUCUUCUCUUAUY 1254
WM 0017352 852-870 s 852-870 | CUUAAAAGAUGAUCAAAAA 686 UUUUUGAUCAUCUUUUAAG 1255
WM 0017352 859-877 5 859-877 | GAUGAUCAAAAAGAAAUGA 687 UCAUUUCUUUUUGAUCAUC 1256
MM 0017352 §72-880 s 872-890 | AAAUGAUGCAAACAGCAALU 688 AUUGCUGUUUGCAUCAUUU 1257
MM 0017352 883901 s 883-901 | ACAGCAAUUGCAAAACACAA 689 UUGUGUUUUGCAUUGCUGU 258
NM (317352 893911 ¢ 893-911 | AAAACACAAUGUUGAIJAAA 690 UUUAUCAACAUUGUGUULIY 1259
NM 6017352 899917 ¢ 809017 | CAAUGUUGAUAAAUGCGAAU 691 AUUCCAUUUAUCAACAUUG 1260
NM 6017352 613-931 g 913-031 1 GGAAUUGCUCAAGUCALCAU 692 AUGUGACUUGAGCAAUUCC 1261
Nh{ 0017332 919637 3 919-637 1 GCUCAAGUCACAUUUGAUU 693 AAUCAAAUGUGACUUGAGC 1262
Nh{ 0017352 930548 5 930-948 | AUUUGAUUCUGCAAACAGCA 694 VGCUGUUUCAGAAUCAAAU 1263
WM 0017352 939857 5 938957 1 UGAMACACGCAGUCAAAGAA 695 UUCUDUGACUGCUGUUUCA 1264
WM 0017352 951969 s 951-968 1 CAAAGAACUGUCAUACUAC 696 GUAGUAUGACAGUUCUUUG 1265
WM 0017352 962980 s 962-980 | CAUACUACAGUUUAGAAGA 697 UCUUCUAAACUGHAGUAUG 1266
MM 0017352 969987 ¢ 969987 | CAGUUUAGAAGAUUUAAAC G638 GUUUAAAUCUUCUAAACUG 1267
MM 0017352 983-1001 s 983-100) | UAAACAACAAGUACCUUUA 699 UAAAGGUACUUGUUGUUUA 1268
NM 0017352 990-1008 s 990-1008 | CAAGUACCUUUAUAUUGCU 700 AGCAAUAUAAAGGUACUUG 1269
NM 6017352 1002-1020 s 10021020 | UAUUGCUGUAACAGUCALUA 701 VAUGACUGUUACAGCAAUA 1270
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NM 6017352 1232-1250 s 12221250 | CAUCUGACUUGGAUCCAAG 723 CUUGGAUCCAAGUCAGAUG 1292
NM 0017352 1243-1261 s 1243-1261 | GAUCCAAGCAAAAGUGUAA 724 VUACACUUUUGCUUGGAUC 1293
NM 0017352 1251-1269 s 1251-1269 | CAAAAGUGUAACACGUGUU 725 AACACGUGUUACACUUUUG 1294
i 0017352 1260-1278 g 1260-1278 | AACACGUGUUGAUGAUGGA 726 UCCAUCAUCAACACGUGUU 1295
WM 0017352 1272-1280 ¢ 1272-1280 | UGALUGHAGUAGCUUCCUUL 727 AAAGOAALCUALUCCAUCA 1296
NM 0017352 1279-1297 ¢ 1279-1287 | GUAGCUUCCUUUGUGIUUA 728 UAAGCACAAAGGAAGCUAC 1297
WM 0017352 1293-[311 g 1293-1311 | GCUUAAUCUCCCAUCUGGA 729 UCCAGAUGHCGAGAUUAAGT 1298
MM 0017352 1303-1321 g 1303-1321 | CCAUCUGGAGUGACGGUGC 730 GCACCGUCACUCCAGAUGG 1299
MM 0017352 1313-1331 5 313-1331 | UGACGGUGCUGGAGUULIAA 731 UUAAACUCCAGCACCGUCA 1300
NM (317352 1320-1338 5 1320-1338 | GLUGGAGUUUAALUGUCAAA 732 VUUGACAUUAAACUCCAGC 1301
NM 6017352 1332-1350 s 13321350 | UGUCAAAACUGAUGCUCCA 733 UGCGAGCAUCAGUUUUGACA 1302
NM 6017352 1342-1360 s 1342-1360 | GAUGCUCCAGAUCUUCCAG 734 CUGGAAGAUCUGGAGCAUC 1303
N 0017352 1349-1367 ¢ 1349-1367 | CAGAUCUUCCAGAAGAAAA 733 UDUUCUUCUGGAAGAUCUG 1304
N 0017352 1362-1380 ¢ 302-1380 | AGAAAAUCAGGUCAGGGAA 736 UUCCCUGGCCCUGAUULUCU 1305
WM 0017352 1371-1389 ¢ 13731389 | GGUCAGGOGAAGOUUACCCGA 737 UCGGUAACCUUCCCULGCC 1306
WM 0017352 1382-1400 ¢ 1382-1400 | GUUACCGAGCAAUAGCAUA 738 UAUGCUAUUGCUCGGUAAC 1307
WM 0017352 1393-[411 g 1393-1411 | AUAGCAUACUCAUCUCUCA 739 UGAGAGAUGAGUAUGCU AU 1308
MM 0017352 13991417 3 1399-1471 | UACUCALCUCUCAGCCAAA 740 VUUGGCUGAGAGAUGAGUA 1309
MM 0017352 1412-1430 5 1412-1430 | GCCAAAGUUACCUUUAUAL 741 AUAUAAAGGUAACUUUGGC 1310
NM (317352 1422-144¢0 5 1422-1440 | CCUUCAUAUUGAUUGHACY 742 AGUCCAAUCAAUAUAMAAGH 1331
NM 6017352 1432-1450 s 1432-1450 | GAUUGGACUGAUAACCAUA 743 VAUGGUUAUCAGUCCAAUC 1312

ME

183333

6T1091/¥10T OM

88STO/F10TSN/LDd



(9Z 31nY) 133HS 31LN1ILSANS

861

NM 0017352 1439-1457 s 1429-1457 | CUGAUAACCAUAAGGCUUU 744 AAAGCCUUAUGGUUAUCAG 1313
NM 0017352 1451-1469 s 1451-1469 | AGGCUUUGCUAGUGGGAGA 743 UCUCCCACUAGCAAAGCCU 1314
NM 0017352 1462-1480 s 1462-1480 | GUGGGAGAACAUCUGAAUA 746 UAUUCAGAUGUUCUCCCAC 1315
i 0017352 1471-1489 ¢ 1471-1489 | CAUCUGAAUAUUAULUIGUUA 747 UAACAAUAAUAUUCAGAUG 1316
WM 0017352 1479-1497 ¢ 1479-1487 | UAUUAUUGUUACCCCCAAA 748 UUULGGOHCUAACAAUAAUA 1317
WM 0017352 1492-1510 ¢ 1492-1510 | COCAAAAGCCCAUAUAUUG 749 CAAUVAUAUGGGCUUUUGGH 1318
WM 0017352 1493-[511 g 1493-1511 | CCAAAAGCUCAUAUAUUGA 750 UCAAUAUAUGGGCUUUUGE 1319
MM 0017352 1494-1512 g 1494-1512 | CAAAAGCCCAUAUAUUGAC 751 GUCAAUAUAUGGGCUUUUG 1320
MM 0017352 1455-1513 5 1495-1513 | AAAAGCCCAUAUAUUGACA 752 UGUCAAUAUAUGGGCUUL 1321
NM (317352 1496-1514 5 1496-1514 | AAAGCCUAUAUAUUGACAA 753 VUCGUCAAUAUAUGCGCULY 1322
NM 6017352 1497-1515 s 14971515 | AAGCCCAUAUAUUGACAAA 754 VUUGUCAAUAUAUGGGCUU 1323
NM 6017352 [498-1516 5 1498-1516 | AGCCCAUAUAUUGACAAAA 755 UUUUGUCAAUAUAUGGHCY 1324
N 0017352 1499-1517 ¢ 1499-1517 | GCCCAUAUAUUGACAAAAU 756 AUUULGUCAAUAUAUGGGC 1325
N 0017352 1500-1518 ¢ 1500-1315 | CCCAUAUAUUGACAAAALA 757 UAUUDUGUCAAUAUALIGGG 1326
WM 0017352 1501-1519 ¢ 15011519 | CCAUAUAUUGACAAAALUAA 758 UUAUUUUGUCAAUAUAUGH 1327
WM 0017352 15021520 ¢ 1502-1520 | CAUAUAUUGACAAAAUAAC 759 SGUUAUUUUGUCAAUAUAUG 1328
WM 0017352 1503-1521 ¢ 18631521 | AUAUAUUGACAAAAUAACU 766 AGUUAUUUUGUCAAUAUAL 1329
MM 0017352 1504-1522 5 1504-1522 | UAUAUUGACAAAAUAACUC 761 GAGUUAUUUUGUCAAUALA 1330
MM 0017352 15051523 5 1505-1523 | AUAUUGACAAAAUAACUCA 762 UGAGUUAUUUUGUCAAUAU 1331
NM (317352 1506-1524 5 1506-1524 | UAUUGACAAAAUAACUCAL 763 GUCGAGUUAUUUUGUCAALA 1332
NM 6017352 1507-1525 s 1507-1525 | AUUGACAAAAUAACUCACU 764 AGUGAGUUAUUUUGUCAAU 1333
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NM 6017352 1571-1589 s 1571-1589 | COAGGUGAGAAAUUUUCAGA 786 UCUGAAAAUUUCUCCCUCG 1355
NM 0017352 1581-1599 s 1581-1399 | AUUUUCAGAUGCAUCUUAU 787 AUAAGAUGCAUCUGAAAAY 13356
NM 0017352 1591-1609 s 1591-1609 | GCAUCUUAUCAAAGUAUAA 788 UUAUACUUUGAUAAGAUGC 1357
Wi 0017352 1600-1618 g 1600-1618 | CAAAGUAUAAACAULICCAG 729 CUGGAAUGUUUAUACUUUG 1358
WM 0017352 1612-1630 ¢ 1612-1630 | AUUCCAGUAACACAGAALA 790 UGUUCUGUCGUUACUGHAAY 1359
WM 0017352 1622-1640 ¢ 1622-1640 | CACAGAACAUGGUUCCUUC 791 GAAGOGAACCAUGUUCUGUG 1360
WM 0017352 16321630 g 1632-1360 | GGUUCCUUCAUCCCGACUY 792 AAGUCGGUGAUGAAGGAACT 1361
MM 0017352 1643-1661 g 1643-1661 | CCCGACUUCUGGUCUAUUA 793 UAAUAGACCAGAAGUCGGG 1362
MM 0017352 1653-1671 5 653-1671 | GGUCUAUUACAUCGUCACA 794 UGUGACGAUGUAAUAGACC 1363
NM (317352 1663-1681 5 663-1681 | AUCGUCACAGLAGAACAGA 795 VCUGUUCUCCUGHGACCAU 1364
NM 6017352 1670-1688 s 1670-1688 | CAGGAGAACAGACAGCAGA 796 UCUCGCUGUCUGUUCUCCUG 1365
NM 6017352 1682-1700 s 1682-1700 | CAGCAGAAUUAGUGUCUGA 787 UCAGACACUAAUUCUGCUG 366
N 0017352 1693-1711 ¢ 693-1711 | GUGLICUGAUUCAGUCUGGU 798 ACCAGACUGAAUCAGACAC 1367
N 0017352 1703-1721 ¢ 703-1721 | CAGUCUGGUUAAAUALUUGA 799 UCAAUAUUUAACCAGACUG 1368
WM 0017352 1710-1728 ¢ 1710-1728 | GUUAAAUAUUGAADAAAAA 800 JUUVUUCUUCAAUAUUUAAC 1369
WM 0017352 1722-1740 ¢ 1722-1740 | AGAAAAAUGUGGCAACCAG 801 CUGGUUGCCACAUTUUUCY 1376
WM 0017352 1733-[751 g 1733-1751 | GCAACCAGUUCCAGGUUCA 802 UGAACCUGGAGCUGGUUGC 1371
MM 0017352 1740-1758 3 740-1758 | GCUCCAGGUUCAUCUGUCU 803 AGACAGAUGAACCUGGAGC 1372
MM 0017352 17511769 5 751-1768 | AUCUGUCUCCUGAUGCAGA 804 UCUGCAUCAGGAGACAGAY 1373
NM (317352 17621780 5 1762-1780 | GAUGUAGAUGCAUAUUCUC 803 GAGAAUAUGCAUCUGCAUC 1374
NM 6017352 1771-1789 s 1771-1789 | GCAUAUUCUCCAGGCCAAA 806 VUUGGCCUGGAGCAAUAUGC 1375
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NM 6017352 1782-1800 s 17821800 | AGGCCAAACUGUGUCUCUU 807 AAGAGACACAGUUUGGCCU 1376
NM 0017352 1792-1810 s 1792-1810 | GUGUCUCUUAAUAUGGCAA 802 VUGCCAUAUUAAGAGACAL 1377
NM 0017352 1799-1817 s 1799-1817 | UUAAUAUGGCAACUGGAAU 800 AUUCCAGUUGCCAUAUUAA 1372
N 0017352 1809-1827 ¢ 1809-1827 | AACUGGAAUGGAULUCCUGS 810 CCAGGAAUCCAUUCCAGUU 1379
WM 0017352 1821-1839 ¢ 1821-1839 | UUCCHUGGLUGLCAUUAGCA 81} UGCUAAUGUCACCCALGAA 1380
WM 0017352 1830-1848 ¢ 1830-1848 | GGCAUUAGCAGCAGUGGAC 812 GUCCACUGCUGCUAAUGCC 1381
WM 0017352 1842-1860 ¢ 1842-1860 | AGUGGACAGUGCUGUGUAU 813 AUACACAGCACUGUCCACY 1382
MM 0017352 18521870 s 1852-1870 | GCUGUGUAUGGAGUCCAAA gi4 UUUGGACUCCAUACACAGC 1383
MM 0017352 1863-1881 5 1863-1881 | AGUCCAAAGAGGAGCCAAA gi5 UULIGGCUCCUCULUUGGACU 1384
NM (317352 1873-1888 5 1870-1888 | AGAGGAGCUAAAAAGCCCU 816 AGLGCULUUUGGCUCCUCU 1385
NM 6017352 1883-1901 s 1883-1681 | AGCCCUUGGAAAGAGUAUU 8§17 AAUACUCUUUCCAAGGGCU 1386
NM 6017352 [893-1911 s 1893-1911 | AAGAGUAUUUCAAUUCUUA 818 UAAGAAUUGAAAUACUCUY 387
N 0017352 1900-1918 ¢ 1900-1915 | UUUCAAUUCUUAGAGAAGA 819 UCUUCUCUAAGAAUUGAAA 1388
N 0017352 1912-1930 ¢ 1912-1930 | GAGAAGAGUGAUCUGGHOU 820 AGCCCAGAUCACUCUUCUC 1389
WM 0017352 1920-1938 ¢ 1920-1938 | UGAUCUGGCCUGUGLGGCA 823 LUGCCCCAUAGCCCALAUCA 1396
WM 0017352 1933-1951 ¢ 1933-1951 | GGGGCAGCUGGUGGCCUCA 822 UGAGGCCACCACCUGCCCC 1391
WM 0017352 1943-1961 ¢ 1943-1961 | GUGGCCUCAACAAUGCCAA 823 YUGCGCAUUGUUGAGGUCAC 1392
MM 0017352 1950-1968 3 1950-1968 | CAACAAUGCCAAUGUGUUC 824 GAACACAUUGCGCAUUGUUG 1393
MM 0017352 19591977 3 1959-1977 | CAAUGUCGUUCCACCUAGCU 825 AGCUAGGUGGAACACAUUG 13594
NM (317352 1969-1987 5 1969-1987 | CACCUAGCUGGACUUACCY 826 AGOUAAGUCCAGCUAGGUG 1395
NM 6017352 1979-1997 s 19791097 + GACUUACCUUCCUCACUAA 8§27 VUAGUGAGGAAGGUAAGUC 1396
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NM 6017352 1991-2009 s 19912009 | UCACUAAUGUCAAAUGCAGA 8§28 UCUGCAUDUGCAUUAGUGA 1397
NM 0017352 20012019 s 20012019 | AAAUGCAGAUGACUCCCAA 8§20 VUGGGAGUCAUCUGCAUUU 1392
NM 0017352 2013-2031 s 26132013 | CUCCCAAGAAAAUGAUGAA 8§30 UUCAUCAUUUUCUUGGGAG 1399
Wi 0017352 2032-2050 g 20322050 | CCUUGUAAAGAAAUUCUCA 83 HGACAAULUCUTTUACAAGG 1400
WM 0017352 2043-2061 s 23432061 | AAUUCUCACGGCUAAGAAGA 832 UCUUCUUGHCCUGAGAAUY 1401
NM 0017352 20532071 ¢ 20532071 | CCAAGAAGAACGUUGCAAA 833 UUUGCAGCGUUCUUCUUGE 1402
WM 0017352 2063-2081 ¢ 20632081 | CGCUGCAAAAGAAGAUAGA 834 UCUAUCUUCUUUUGCAGCG 1403
MM 0017352 2070-2088 g 26702088 | AAAGAAGAUAGAAGAAAUA 835 UAUUUCUUCUAUCUUCUUU 1404
MM 0017352 20822100 5 20822100 | AGAAAUAGCUGCUAAAUAU 836 AUAUUUAGCAGCUAUUUCU 1405
NM (317352 20892107 5 20892107 | GCUGCUAAAUAUAAACAUY 837 AAUGUUUAUAUUUAGCAGC 1406
NM 6017352 21032121 s 21032121 1 ACAUUCAGUAGUGAAGAAA 838 VUUCUUCACUACUGAAUGU 1407
NM 6017352 2110-2128 5 2140-2128 | GUAGUGAAGAAAUGUUGUU 839 AACAACAUUUCUUCACUAC 1408
N 0017352 2119-2137 ¢ 21192137 | AAAUGUUGUUACGAUGGAG 840 CUCCAUCGUAACAACAUUU 1409
N 0017352 2130-2148 ¢ 21302145 | CCGAUGGAGCCUGLCGUUAAU 841 AUUAACGCAGGCUCCAUCE [41¢
WM 0017352 2142-2160 ¢ 21422160 | CGUUAAUMAAUGAUGAAACT 842 GOUUUCAUCAUUAUUAACG 1411
WM 0017352 21502168 ¢ 21502168 | AUGAUGAAACCUGUGAGCA 843 UGCUCACAGGUUUCAUCAU 1412
WM 0017352 2160-2178 & 2160-2178 | CUGUGAGCAGCGAGCUGCA 844 UGCAGCUCGUUGCUCACAG 1413
MM 0017352 21702188 3 2170-2188 | COAGCUGCACGOGAUUAGUL 845 AACUAAUCCGUGCAGCUCG 1414
MM 0017352 21802198 5 21802198 | GUAUUAGUUUAGGGCCAAG 846 CUUGGCCCUAAACUAAUCT 1415
NM (317352 21912209 5 21512209 | GCGCCAAGAUGCAUCAAAL 847 CUUUGAUGCAUCUULGCCC 1416
NM 6017352 22022220 s 22022220 | CAUCAAAGCUUUCACUGAA 842 VUCAGUGAAAGCUUUGAUG {417
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NM 0017352 2422-2440 s 24222440 | GAAAUUCAAGGCOUUGGCA 870 UGCCAACGCCUUGAAUUUC 1439
NM 0017352 2433-2451 s 24332451 | CGUUGGCAUUUCAAACACY 8§71 AGUGUUUGAAAUGCCAACG 1440
NM 0017352 2439-2457 s 24392457 + CAUUUCAAACACUGGUAUA 8§72 UAUACCAGUGUUUGAAAUG 1441
Nhi 0017352 2453-2471 g 24532471 | GUAUAUGUGUUGCUGAUAC 873 GUAUCAGCAACACAUAUAC 1442
WM 0017352 2463-2481 & 24632431 | UGCUGAUACULGUCAAGGCA 874 UGCCUUGACAGUALICAGC A 1443
WM 0017352 24712488 ¢ 24712489 | CUGUCAAGCGCAAAGGUGUY 875 AACACCUUUGCCUUGACAG 1444
WM 0017352 2483-2501 g 24832501 | AGGUGUUCAAAGAUGUCUU 876 AAGACAUCUUUGAACACCU 1445
MM 0017352 24902508 g 2440-2508 | CAAAGAUGUCUUCCUGGAA 877 UUCCAGGAAGACAUCUUUG 1446
MM 0017352 24692517 5 2459-2517 | CULCCUGGAAAUGAAUAUA 878 UVAUAUUCAUUUCCAGCAAG 1447
NM (317352 25112529 5 25112529 | GAAUAUACUAUAUUCUGUY 879 AACAGAAUAUGGUAUAUUC 1448
NM 6017352 2520-2538 s 25202538 | AUAUUCUGUUGUACGAGGA 880 UCCUCGUACAACAGAAUAY 1449
NM 6017352 2533-2551 s 25332551 + CGAGGAGAACAGAUCCAAU 881 AUUGHGAUCUGUUCUCCUCG 1450
NW{ 0017352 2539-2557 ¢ 25392357 | GAACAGAUCCAAUUGAAAG 852 CUUUCAAUUGGAUCUGUUC 1451
Nh{ 0017352 2553-2571 ¢ 25532571 | GAAAGGAACUGUUUACAAC 883 GUUGUAAACAGUUCCULIIC 1452
WM 0017352 2560-2578 ¢ 25602578 | ACULUUUACAACTUAUAGGA 884 UCCUAUAGUUGUAAACAGU 1453
WM 0017352 25692587 ¢ 25692587 | AACUAUAGGACUUCUGGGA 885 UCCCAGAAGUCCUAUAGUU 1454
WM 0017352 2383-2601 g 258832601 | UGGCGAUGCAGUUCUGUGUU 886 AACACAGAACUGCAUCCCA 1455
MM 0017352 25922610 s 25922610 | GUUCUGUGUUAAAAUGUCU 887 AGACAUUUUAACACAGAAC 1456
MM 0017352 26002618 5 26002618 | UUAAAAUGUCUGCUGUGGA 888 UCCACAGCAGACAUUULAA 1457
NM (317352 26122630 5 2612-2630 | CUCUGGAGGOAAUCULTAC 889 GUGCAGAUUCCCUCCACAL 14358
NM 6017352 2620-2638 s 26202638 | GCGAAUCUGCACUUCGGAAA 8§90 VUUCCGAAGUGCAGAUUCC 1459
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001

7352 26332651 s

26332651

COOGAAACGCCCAGUCAUUGA

8§91

VCAAUGACUGHGCUUUCCG

1460

NM 001735.2 2641-2639 s

CCAGUCAUUGAUCAUCAGG

§92

CCUGAUGAUCAAUGACUGE

1461

NM

0017352 1

CAUCAGGGCACAAAGUCCU

AGGACUUUGUGCCCUGAUG

NM

001735.2

GGCACAAAGUCCUCCAAAL

AUUUGGACCGACUUUGUGCD

WM

001735.2

2673-2691

CAAAUGUCGUOGTUGCCAGAAA

UUUCUGGCOCACACAUUUG

MM

0017352

26822700

GCGLUCAGAAAGUAGAGGGT

GCCCUCUACUUUCUGHOGC

WM

0017352

26912709 ¢

26912709

AGUAGACGGGCUCCUCCAGU

397

ACUGGAGUAGCCCUCUACTH

MM

0017352

27022726

27022720

CCUCCAGUCACUUGGUGAC

8u8

GUCACCAAGUGACUGGAGG

1467

MM

001735.2

27092727 s

27092727

UCACUUGGUGACAULICACU

859

AGUGAALGUCACCAAGUGA

1468

NM (317352 27202738 5 2720-2738 | CAUUCACUGUGCUUCTUCY 00 AGAGGAAGCACAGUGAALG 1464
NM 6017352 27392757 s 27382757 | GGAAAUUGGCCUUCACAAC 01 GUUGUGAAGGCCAAUUUCT 1470
NM 6017352 2749-2767 s 27492767 + CUUCACAACAUCAAUUUUL 902 AAAAAUTUGAUGUUGUGAAG i471
N 0017352 27612779 ¢ 27612779 | AAUUUUUCACUGGAGACUU 303 AAGUCUCCAGUGAAAAALU 1472
Nh{ 0017352 2770-2788 ¢ 27702785 | CUGGAGACUUGGUUUGGAA 904 ULCCAAACCAAGUCUCCAG 1473
WM 0017352 2780-2798 ¢ 27802788 | GGUUUGCAAAAGAAAUCUL 9035 AAGAUUUCUUUUCCAAALC 1474
WM 0017352 27932811 ¢ 27932841 | AAUCUUAGUAAAAACAUUA 906 UAAUGUUUUUACUAAGAUL 1475

WM

0017352

2802-2820 ¢

2802-2820

AAAAACAUUVACGCAGUGGUG

807

CACCACUCGUAAUGUUUUU

1476

MM 0017352 28132831 s 2813-2831 | GAGUGGUGCCAGAAGGUGU 908 ACACCUUCUGGCACCACUC 1477
MM 0017352 28232841 s 28232841 | AGAAGGUGUCAAAAGGGAA 909 VUCCCUUUUGACACCUUCH 1478
NM (317352 28792847 5 28292847 | UGUCAAAAGGGAAAGCUAU 910 AUACCUUUCCCUUUUGACA 1479
NM 6017352 2843-2861 s 28432261 | GCUAUUCUGCGUGUUACUUY 91t AAAGUAACACCAGAAUAGC 1480
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NM 0017352 28322870 s 283522270 | GUGUUACUUUGGAUCCUAG 912 CUAGGAUCCAAAGUAACAC 1481
NM 0017357 28622880 s 2862-2880 | GCGAUCCUAGGGGUAUUUAL 913 AUAAAUACCCCUAGGAUCC 1482
NM 0017357 28722890 s 28722890 | GGUAUUUAUGGUACCAUUA 914 UAAUGGUACCAUAAAUACC 1483
NM 0017352 28822900 ¢ 28822900 | GUACCAUUAGCAGACTAAA 915 HUUCGUCUGCUAALUGGUAC 1424
WM 0017352 28922910 s 28922910 | CAGACGAAAGGACUUCCCA 916 UGGOAACUCCUUUCGUCUG 1485
M 0017352 29002918 s 28002918 | AGGAGUUCCCAUACAGGAU 917 AUCCUGUAUGGGAACUCCU 1486
MM 0017352 29092927 g 2609-2927 1 CAUACAGGAUACCCUUAGA 918 UCUAACGOUAUCCUGUAUG 1487
MM 0017352 29222940 s 2922-2940 | CUUAGAUUUGGUCCCCAAA 919 UUUGGGGACCAAAUCUAAG 1488
MNM 0017352 29332951 5 29332951 | UCCCCAAAACAGAAAUCAA 920 UUGAUUUCUGUUUUGGGGA 1483
NM (017352 29412959 5 2941-2959 | ACAGAAAUCAAAALCGAUUUY 921 AAAUCCULUUGAUUUCUGU 1450
NM 0017352 29512969 3 29512969 | AAAGGAUUUUGAGUGUAAA 922 VUUACACUCAAAAUCCUUU 1491
NM 0017352 2962-2980 3 2962-2980 | AGUGUAAAAGGACUGCUUG 923 CAAGCAGUCCUUUUACACU 1492
NM 0017352 29692987 g 29692987 | AAGOACUGCUUGUAGGUGA 924 UCACCUACAAGCAGUCCUU 1493
NM 0017352 2980-2998 g 29202995 | GUAGGUGAGAUCUUGUCUG 925 CAGACAAGALICUCACCUAC 1494
WL 0017352 2989-3007 s 2989-3007 | AUCUUGUCUGCAGUUCTAA 926 UUAGAACUGCAGACAALGAU 1495
NM 0017352 30013019 s 30013019 | GUUCUAAGUCAGGAAGGCA 927 UGCCUUCCUGACUUAGAAL 1496
MM 0017352 30133031 g 3013-3031 | GAAGGCAUCAAUAUCCUAA 8928 UAGGAUAUUGAUGOCUUC 1497
NM 0017352 30203038 5 3020-3038 | UCAAUALUCCUAACCCACCU 929 AGOUGGGUUAGGAUAULIGA 1458
NM 0017352 30333051 5 3033-3051 | CCACCUCCCCAAAGGCAGU 930 ACUCCCUUUGGGGAGGUGG 1464
NM (017352 30393057 5 30393057 | COCCCAAAGOGALUGLAGAG 931 CUCUGCACUCCCUUUGGHE 1500
NM 0017357 30503068 s 3630-3068 | GUGCAGAGGUGGAGCUGAY 932 AUCAGCUCCGCCUCUGCAC 1501
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NM 0017352 2499-3517 s 34963517 | GAUAUAUGCCCCCUGGUGA 973 VCACCAGGGGGCAUAUAUC 1544
NM 0017352 3513-3531 s 35133531 | GGUGAAAAUCGACACAGCU 976 AGCUGUGUCGAUUUUCACC 1545
NM 0017352 3522-3540 s 35223340 1 CGACACAGCUCUAAUUAAA 977 UUUAAUUAGAGCUGUGUCG 1546
Wi 0017352 35293547 ¢ 35263547 + GCUCUAAUUAAAGCUGACA 978 VGUCAGCUUUAAUUAGAGC 1547
WM 0017352 3542-3560 ¢ 35423560 | CUGACAACUUUCUGCUUGA 979 UCAAGCAGAAAGUUGUCAG 1548
WM 0017352 35493567 ¢ 35493567 | CUUUCUGCUUGAAAAUACA 980 UGUAUUUUCAAGCAGAAAG 1549
WM 0017352 3560-3578 ¢ 3860-3578 | AAAAUACACUGCOCAGCCCA 881 UGGCCUGOGCAGUGUAUUL 1556
MM 0017352 35733591 g 3573-3591 | AGCCCAGAGCACCUUUACA 982 UGUAAAGGUGCUCUGGGCU 1551
MM 0017352 35813599 5 3581-3599 | GCACCUUUACAUUGGCCAU 983 AUGGCCAAUGUAAAGGUGC 1552
NM (317352 35893607 5 3589-3607 | ACAUUGGCCAUUUCUGCGU 984 ACOUAGAAAUGCCCAALIGU 1553
NM 6017352 3602-3620 s 36023620 | CUGCGUAUGCUCULUCCCU 983 AGGGAAAGAGCAUACGCAG 1554
NM 6017352 26133631 s 36433631 | CUUUCCCUGGOAGAUAAAA 986 UUUUAUCUCCCAGGGAAAG 1535
N 0017352 3623-3641 ¢ 36233641 | GAGAUAAAACUCACCCACA 987 UGUGGGUGAGUUCUAUCUC 1556
N 001735.2 3631-3649 ¢ 36313649 | ACUCACCCACAGUULICGUU 988 AACGAAACUGUGGGUGAGU 1557
WM 001735.2 3640-3658 ¢ 3640-3638 | CAGUUUCLOUUCAAUUGUUL 989 AAACAAUUCAACGAAALUG 1558
WM 0017352 36503668 ¢ 3650-3668 | CAAUUGUUUCACGCUUUGAA 990 UUCAAAGCUGAAACAAUUG 1559
WM 0017352 3662-3680 5 3662-3680 | CUUUGAACGAGAGAAGCUUU 891 AAAGCUUCUCUCUUCAAAG 1560
MM 0017352 306693687 5 3669-3687 | GAGAGAAGCUUUGGUUAAA 9972 UUUAACCAAAGCUUCUCUC 1561
MM 0017352 36823700 5 3682-3700 | GUUAAAGGUAAUCCACCCA 993 UGGGUGGAUUACCUUUAAL 1562
NM (317352 36913709 5 36513709 | AAUCCACCCAUUUAUCGUU 994 AACCAUAAAUGCGUGGALY 1563
NM 6017352 26993717 s 36903717 | CAUUUAUCGUUUUUGHAAA 993 VUUCCAAAAACGAUAAAUG 1564
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NM_

(017352 37K

3710-3728

UUUGGAAAGACAAUCUUCA

996

UGAAGAUUGUCUUUCCAAA

1565

NM

001735.2

37213739

AAUCUUCAGCAUAAAGACA

997

UGUCUUUAUGCUGAAGAUU

1566

NM

6017352

CAUAAAGACAGCUCUGUAC

4992

GUACAGAGCUGUCUUUAUG

1567

NM

001735.2 3

CUCUGUACCUAACACUGHU

599

ACCAGUGUUAGGUACAGAG

1508

WM 0017352 37523770 & 37523770 | ACACUGGUACGHLACGUAU 1008 AUACGUGCCOHUACCAGULGU 1569
WM 0017352 37623780 ¢ 3762-3780 | GGCACGUAUGGUAGAAACA 1001 UGUUUCUACCAUACGUGCC 1576
WM 0017352 37713789 ¢ 3771-3729 1 GOGUAGAAACAACULGCCUAY 1002 AUAGGCAGUUGUUUCUACC 1571
MM 0017352 37793797 g 3779-3797 + CAACUGCCUAUGCUUUACU 1003 AGUAAAGCAUAGGCAGUUG 1572
MM 0017352 37513809 5 3731-3809 | CULUACUCACCAGUCUGAA 1004 UUCAGACUGGUGAGUAAAG 1573
NM (317352 38033821 5 3803-3821 | GUCUGAACUUGAAACAUAU 1003 AUAUCUUUCAAGUUCAGAC 1574
NM 6017352 3809-3827 s 38003227 | ACUUGAAAGAUAUAAAUUA 1006 UVAAUUUAUAUCUUUCAAGU 1575

NM

(017352

38193237 3

38493837

UAUAAAUUAUGUUAACCCA

1007

UGGGUUAACAUAAUUUAUA

NM

0017352

38729-384

~3

S

38293847

GUUAACCCAGUCALUCAAAL

1008

AUUUGAUGACUGGGUUAAC

NM

001735.2

3839-383

4

S

38393857

UCAUCAAAUGGCUAUCAGA

1009

UCUGAUAGCCAUULIGALIGA

WM

001735.2

3851-3869 ¢

3851-3869

UAUCAGAAGAGCAGACGUA

1018

UACCUCUGCUCUUCUGAUA

WM

0017352

38633881 ¢

3863-3881

AGACGGUAUGGAGGUGGCUU

{011

AAGCCACCUCCAUACCUCU

WM

0017352

3872-3890 ¢

3872-3850

GAGGULGGCUUUUAUUCAAC

1012

GUUGAAUAAAAGCCALCUC

1581

NM

001735.2 388

UAUUCAACCCAGGCACACAA

1013

UUGUGUCCUGGGUUGAALA

1582

MM

001735.2 389

AGGACACAAUCAAUGCCAU

1014

AUGGCAUUGAUUGUGUCCU

1583

NM

(31735.2 38

38593017

CAAUCAAMIGCUAUUGAGGE

1013

CCCUCAAUGCCAUUGAUUG

1584

NM

(017352

39093927 s

39003027

CAUUGACGHCCUGACGGAA

1016

VUCCCGUCAGGCCCUCAAUG

1585
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NM 6017352 39223940 s 39223940 | ACGGAAUAUUCACUCCUGH 1017 CCAGGAGUGAAUAUUCCGU 1586
NM 0017352 3930-3948 s 39303048 | UUCACUCCUGGUUAAACAA 1018 UUGUUUAACCAGGAGUGAA 1587
NM 0017352 39393957 3 39383057 | GGUUAAACAACUCCGCUUG 10ia CAAGCGGAGUUGUUUAACC 1582
Nhi 0017352 39513969 g 39513969 | CCGCUUGAGUAUGGACAUC 1020 CAUGUCCAUACUCAAGCGG 1589
WM 0017352 3963-3981 & 3863-3931 | GGACAUCLGAUGUUUCUUALC 1021 GUAAGAAMCAUCGAUGUCC 159¢
NM 0017352 39693987 ¢ 39693987 | CGAUGUUUCUUACAAGCAU 1022 AUGCUUGUAAGAAACAUCG 1591
WM 0017352 39813990 ¢ 39813989 | CAAGCAUAAAGGUGCCUUA 1023 UAAGGCACCUUUAUGCUUG 1592
MM 0017352 39924010 s 39924010 | GUGCCUUACAUAAUUAUAA 1024 UUAUAAUUAUGUAAGGCAC 1593
MM 0017352 39594017 5 39594017 | ACAUAAUUAUAAAAUGACA 1025 UGUCAUUUUAUAAUUAUGU 1594
NM (317352 40094027 5 4009-4027 | AAAAUGACAGACAAGAALIU 1026 AAUUCUUGUCDIGUCAUUUL 1595
NM 6017352 40204038 s 40204038 | CAAGAAUUUCCUUGGGAGG 1027 CCUCCCAAGGAAAUUCUUG 1596
NM 6017352 40294047 s 4629-4047 + CCUUGGCGAGOGCCAGUAGAG 1928 CUCUACUGCGCCUCCTAAGG 1597
N 0017352 40414039 ¢ 40414059 | AGUAGAGGUGCUUCUCAAU 1029 AUUGAGAAGCACCUCUACU 1598
N 001735.2 40514069 ¢ 40514069 | CUUCUCAAUGAUCGACCUCA 1030 UGAGGUCAUCAUUGAGAAG 1599
WM 0017352 4062-4080 ¢ 4062-4080 | UGACCUCAUUGUCAGUACA 1031 UGUACUGAT AAUGAGGUCA 1600
NM 0017352 40724090 ¢ 4072-4090 | GUCAGUACAGGAUUUGGCA 1032 UGCCAAAUCCUGUACUGAL 1601
WM 0017352 40804098 ¢ 4080-4008 | AGGAUUUGCCAGUGGCUUG 1033 CAAGOCACUGCCAAATCCY 1602
MM 0017352 40024110 5 4092-4110 | UGGCUUGGCUACAGUACAL 1034 AUGUACUGUAGCCAAGCCA 1603
MM 0017352 40094117 5 40994117 | GCUACAGUACAUGUAACAA 1035 VUGUUACAUGUACUGUAGC 1604
NM (317352 41134131 5 41134131 | AACAACUGUAGUUCACAAA 1036 UULGUOGAACUACAGLIUGUU 1605
NM 6017352 41204138 s 41204138 | GUAGUUCACAAAACCAGUA 1037 VACUGGUUUUGUGAACUAC 1606
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NM 6017352 41304148 s 41304148 | AAACCAGUACCUCUGAGGA 1038 VCCUCAGAGGUACUGGUUU {607
NM 0017352 41434161 41434161 | UGAGGAAGUUUGCAGCUUL 1034 AAAGCUGCAAACUUCCUCA 1602
NM 0017352 41534171 41534171 | UGCAGCUUUUAUUUGAAAA 1040 UUUUCAAAUAAAAGCUGCA 1609
N 0017352 41634181 ¢ 41634181 | AUUUGAAAAUCGAUACUCA 1041 VGAGUAUCGAUUUUCAAAU 510
WM 0017352 4173-4191 s 4173-4191 | CGAUACUCACGAUAUUGAA 1042 UUCAALUAUCCUGAGUALICG 1611
WM 0017352 41824200 ¢ 4182-4200 | GGAUAUUGAAGCAUCCCAC 1043 SUGGCAUGCUUCAAUAUCC 1612
WM 0017352 41894207 ¢ 4189-4207 | GAAGCAUCCCACUACAGAG 1044 CUCUGUAGUGGHAUGCUUC 1613
MM 0017352 41994217 g 41994217 + ACUACAGAGGCUACGGAAA 1045 UUUCCGUAGCCUCUGUAGU 1614
MM 0017352 42124230 s 4212-4230 | COCAAACUCUGAUUACAAA 1040 VUUGUAAUCAGAGUUUCCG 1615
NM (317352 42214239 5 4221-4239 | UGAUUACAAACGCAUAGUA 1047 VACUAUGCGUUUGUAAUCA 1616
NM 6017352 42324250 s 42324250 | GCAUAGUAGCAUGUGOCAG 1048 CUGGCACAUGCUACUAUGC {617
NM 6017352 42404258 s 4240-4258 | GCAUGUGCCAGCUACAAGT 1049 SCUUGUAGCUGGCACAUGT 1618
WNhi 0017352 42514269 s 42514269 | CUACAAGCCCAGCAGOGGAA 1030 UUCCCUGCUGHOGCUUGUAL 1619
N 0017352 42604278 s 42004278 | CAGCAGGGAAGAAUCAUCA 1051 UGAUGAUUCUUCCCUGCUG 1620
WM 0017352 4270-4288 « 4270-4288 | GAAUCAUCAUCUGGAUCCUY 1052 ACGGAUCCAGAUGAUGALUC 1621
WM 0017352 42834361 4283-4301 | GAUCCUCUCAUGCOGUGAU 1053 AUCACCGCAUGAGAGCAUC 1622
WM 0017352 42894307 ¢ 4289-4307 | CUCAUGCGCGUGAUGGACAU 1054 AUGUCCAUCACCGCAUGAS 1623
MM 0017352 42094317 5 42594317 | GAUGGACAUCUCCULUGCCU 1055 AGOCAAGCAGAUGUCCAUC 1624
MM 0017352 43114329 5 4311-4329 | CUUGCCUACUGGAAUCAGU 10506 ACUGAUUCCAGUAGGCAAG 1625
NM (317352 43224340 5 4322-4340 | GAAUCAGUGCAAAUGAACA 1057 UCUUCAUUUGOACUGAUUC 1626
NM 6017352 43324350 s 43324350 | AAAUGAAGAAGACUUAAAA 1038 VUUUAAGUCUUCUUCAUUU 1627
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NM 0017352 433943587 s 43364357 | GAAGACUUAAAACGCCCUUG 1059 CAAGCGGCUUUUAAGUCUUC 1628
NM 0017352 43534371 s 43534371 | CCUUGUGGAAGGGGUGGAU 1060 AUCCACCCCUUCCACAAGG 1629
NM 0017352 43604378 s 43604378 | GAAGGGGUGGAUCAACUAU 1061 AUAGUUGAUCCACCCCUUC 163G
Nhi 0017352 43704388 g 43704388 | AUCAACUAUUCACUGAUUA 1062 UAAUCAGUGAAUAGUUGAL 1631
WM 0017352 4380-4398 ¢ 4380-4398 | CACUGAUUACCAAAUCAAA 1063 UUUGAUUUGGUAAUCAGUG 1632
NM 0017352 43934411 ¢ 43934411 | AUCAAAGAUGGACAUGUUA 1064 UAACAUGUCCAUCUUUGAU 1633
WM 0017352 44024420 ¢ 4402-4420 | GCGACAUGUUAUUCUGCAAL 1065 GUUGCAGAAUAACAUGUCC 1634
MM 0017352 44134431 g 4413-4431 | UCUGCAACUGAAUUCGAUU 1066 AAUCGAAUUCAGUUGCAGA 1635
MM 0017352 44224440 5 4422-4440 | GAAUUCCAUUCCCUCCAGU 1067 ACUGGAGGGAAUCGAAULIC 1636
NM (317352 44324450 5 4432-4450 | CCCUCCAGUGAUUUCCUUY 1068 AAAGGAAAUT ACULGAGHG 1637
NM 6017352 44414459 s 44414459 | GAUUUCCUUUGUGUACGAY 1069 AUCGUACACAAAGGAAAUC 1638
NM 6017352 443534471 s 4453-4471 | GUACGAUUCCGGAUAUUUG 1970 CAAAUAUCCGHAAUCGUAC 1639
N 0017352 44624480 ¢ 44024480 | CGGAUAUUUGAACUCUIUG 1071 CAAAGAGUUCAAAUAUCCG 1640
Nh{ 0017352 44734491 ¢ 44734491 | ACUCUUJUGAAGUUGGGUUL 1072 AAACCCAACULICAAAGAGU 1641
WM 0017352 44824500 ¢ 4482-4500 | AGUUGGGUUUCUCALGUCCU 1073 ACGGACUGALGAAMCCAACU 1642
WM 0017352 44904508 ¢ 4490-4508 | UUCUCAGUOCUGCCACUUY 1074 AAAGUGGCAGGACUGAGAA 1643
WM 0017352 45034521 ¢ 45034521 | CACUUUCACAGUGUACGAA 1075 UUCGUACACUGUGAAAGUG 1644
MM 0017352 45094527 5 4509-4527 + CACAGUGUACGAAUACCAL 1076 GUGGUAUUCGUACACUGUG 1645
MM 0017352 45234541 5 4523-4541 | ACCACAGACCAGAUAAACA 1077 UGLUUAUCUGGUCUGUGE 1646
NM (317352 45314549 5 4531-4549 | COAGAUAAACAGULUACCA 1078 UGGUACACUGUUU ALICUGE 1647
NM 6017352 45404558 s 45404558 | CAGUGUACCAUGUUUUAUA 1079 UVAUAAAACAUGGUACACUG 1648
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NM 0017352 45514569 s 45514569 | GUUUUAUAGCACUUCCAAU 1080 AUUGGAAGUGCUAUAAAAC 1649
NM 0017352 45624580 s 45624580 | CUUCCAAUAUCAAAAUUCA 10g1 UGAAUUUUGAUAUUGGAAG 1656
NM 0017352 45704588 s 45704588 | AUCAAAAUUCAGAAAGUCU 1082 AGACUUUCUGAAUUUUGAU 1651
i 0017352 45814559 ¢ 45814599 | GAAAGUCUGUGAAGGAGCC 1083 GGCCUCCUUCACAGACUUUC 652
WM 0017352 45914609 ¢ 45914609 | GAALGAGCCGCOUGCAAGU 1084 ACUULCACGCOGCUCCUUC 1653
NM 0017352 46014619 ¢ 46014619 | CGUGCAAGUGUGUAGAAGT {085 GCUUCUACACACUUGCACG 1654
WM 0017352 46124630 ¢ 4612-4630 | GUAGAAGCUGAUUGUGGEC 1086 GCCCACAAUCAGCUUCUAC 1655
MM 0017352 46194637 g 46194637 + CUGAUUGUGGGCAAAUGCA 1087 UGCAUUUGCCCACAAUCAG 1656
MM 0017352 46294647 5 4629-4647 | GCAAAUGCAGCAAGAAUUG 1088 CAAUUCULICCUGCAUULIGC 1657
NM (317352 46394657 5 4639-4657 | GAAGAAUUGGCAUCUGACAA 1089 VUGUCAGAUCCAAUUCUUC 1658
NM 6017352 46514669 s 46514669 | CUGACAAUCUCUGCAGAGA 1090 UCUCUGCAGAGAUUGUCAG 1659
NM 6017352 46634681 s 46634681 | GCAGACACAAGAAAACAAA 1091 UUUGUUUUCUUGUCUCUGC 1660
N 0017352 4670-4088 ¢ 46704688 | CAAGAAAACAAACAGUAUG 1092 CAUGCUCUUUGUUUUCLIG 1661
Nh{ 0017352 46814699 ¢ 46814699 | ACAGCAUGUAAACCAGAGA 1093 UCUCUGGUUUACAUGCUG 1662
WM 0017352 469347311 ¢ 4693-4711 | CCAGAGAUUGCAUAUGCUY 1094 AAGCALUAUGCAAUCUCUGE 1663
WM 0017352 47024720 ¢ 4702-4720 | GCAUAUGCUUAUAAAGUUA 1095 UAACUUUAUAAGCAUAUGC 1664
WM 0017352 47104728 ¢ 4710-4728 | UUAUAAAGUUAGCAUCACA 1096 UGUGAUGCUAACUUUAUAA 1665
MM 0017352 47224740 5 4722-4740 | CAUCACAUCCAUCACUGUA 1097 UACAGUGAUGGAUGUGAUG 1666
MM 0017352 47334751 5 47334751 | UCACUGUAGAAAAUGUUUY 1098 AAAACAUUUUCUACACUGA 1667
NM (317352 47404758 5 4740-4758 | ALGAAAAUGUUUUUGUCAAG 1099 CUUGACAAAAAL AUUUUCU 1668
NM 6017352 47504768 s 47504768 | UUUGUCAAGUACAAGGCAA 1100 VUGCCUUGUACUUGACAAA 1669
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NM 0017352 47634781 s 47634781 | AGGCAACCCUUCUGGAUAL 1101 AUAUCCAGAAGGGUUGCCU 1670
NM 0017352 47704788 s 47704788 | CCUUCUGGAUAUCUACAAA 1102 UUUGUAGAUAUCCAGAAGG 1671
NM 0017352 47794767 47754797 | UAUCUACAAAACUGGGGAA 1103 UUCCCCAGUUUUGUAGAUA 1672
N 0017352 47904808 s 47904808 | CUGGGGAAGCUGUUGCUGA 1104 UCAGCAACAGCUUCCCCAG 573
WM 0017352 47994817 « 47994817 | CUGUUGCUGAGAAAGACUT L1105 OCAGUCUUUCUCAGCAACAG 1674
WM 0017352 48134831 ¢ 48134831 | GACUCUGAGAUUACCUUCA 1106 UGAAGCGUAAUCUCAGAGUC 1675
WM 0017352 48194837 ¢ 42819-4837 | GAGAUUACCUUCAUUAAAA F107 UUUUAAUGAAGGUAAUCUC 1676
MM 0017352 48314849 s 4231-4840 | AUUJAAAAAGGUAACCUGUA 1168 UACAGGUUACCUUUUUAAL 1677
MM 0017352 48414859 s 4841-4859 | UAACCUGUACUAACGCUGA 1108 UCAGCGUUAGUACAGGUUA 1678
NM (317352 485034868 5 4850-4868 | CUAACGUUGALGCUGLUAAA 1110 VUUACCALCUCAGCCGUUAG 1678
NM 6017352 48634821 s 48634281 | GGUAAAAGGAAGACAGUAC 1111 GUACUGUCUUCCUUUUACC 1680
NM 6017352 48714889 s 48714889 | GAAGACAGUACUUAAUUAU 1112 AUAAUUAAGUACUGUCUUC 1681
WNhi 00173352 48514899 < 48814899 | CUUAAUUAUGGGUAAAGAA 1113 ULCUUUACCCAUAAUUAAG 1682
N 001735.2 489349]1 s 48934911 | UAAAGAAGCCCUCCAGAUA 1114 UAUCUGGAGGGCUUCULTA 1683
WM 001735.2 4902-4920 « 4802-4920 | CCUCCALAUAAAAUACAAL 1115 AUVGUAUUTUUAUCUGGAGH 1624
WM 0017352 49124930 ¢ 4912-4930 | AAAUACAAUUUCAGUUUCA 116 UGAAACUGAAAUUGUAUUL 1685
WM 0017352 49234941 ¢ 4923-4941 | CAGUUUCAGGUACAUCUAC {117 GUAGCAUGUACCUGAAACUG 1686
MM 0017352 49314949 5 4931-4949 | GGUACAUCUACCCUUUAGA 1118 UCUAAAGGGUAGALIGUACC 1687
MM 0017352 49424960 s 4942-4960 | CCUUUAGAUUCCUUGACCU 1119 AGOUCAAGGAAUCUAAAGG 1688
NM (317352 49524970 5 4952-4970 | CCUUGACCUGGAUUGAAUA 1120 VAUUCAALUCCALGUCAAGG 1689
NM 6017352 49614979 s 49614979 | GGAUUGAAUACUGGCCUAG 1121 CUAGGCCACGUAUUCAAUCC 1690
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NM 6017352 5182-5200 s 5182-5200 | ACUUAGAAUUAGUGGLACU 1143 AGUGCCALCUAAUUCUAAGY {712
NM 0017352 51925210 s 5192-5210 | AGUGGCACUUGCUUUUAUU 1144 AAUAAAAGCAAGUGCCACY 1713
NM 0017352 35202-5220 s 52025220 | GCUUUUAUUAGAGAAUGAL 1145 AUCAUUCUCUAAUAAAAGC 1714
N 0017352 52128230 ¢ 5212-5230 | GAGAAUGAUUUCAAAUGC 1146 AGCAUTNUGAAAUCAULICUC 715
WM 0017352 5220-5238 ¢ 5220-5238 | UUUCAAAUGCUGUAACUUL 1147 AAAGUUACAGCAUUUGAAA 1716
WM 0017352 5231-5248 ¢ 5231-5249 | GUAACUUUCUGAAAUAACA 148 UGUUAUUUCAGAAAGUUAL 1717
WM 0017352 52418230 ¢ 5241-5259 1 GAAAUAACAUGGCCUUGGA 1149 UCCAAGGCCAUGUUAUUUC 1718
MM 0017352 5253-5271 g 5253-5271 1 CCUUGGAGGGCAUGAAGAC 1150 GUCUUCAUGCCCUCCAAGG 171%
MM 0017352 82595277 5 5259-5277 § AGGGCAUGAAGACAGAUAC 1153 GUAUCUGUCULICAUGCOCT 1720
NM (317352 52735281 5 5273-5291 | GAUACUCCUCCAAGGUUAL 1152 AUAACCULUGGACGAGUAUC 1721
NM 6017352 8279-5287 s 5279-5297 + CCUCCAAGOUUAUUGGACA 1133 UGUCCAAUAACCUUGGAGG 1722
NM 6017352 5293-5311 s 5293-5311 | GOGACACCGGAAACAAUAAA 1154 UUUAUUGUUUCCGGUGUCC 1723
N 0017352 33015319 ¢ 53015319 | GAAACAAUAAAUUGGAACA 1135 UGUUCCAAUUUAUUGUUUC 1724
N 0017352 33115329 ¢ 53115329 | AUUGGAACACCUCCUCAAA 1136 UUUCAGGAGGUGUUCCAAY 1725
WM 0017352 5322-5340 ¢ 5322-5340 | UCCUCAAACCUACCACUCA 1157 UGAGUGHUAGOHUUUGAGOA 1726
WM 0017352 5331-5348 ¢ 53315349 | CUACCACUCAGGAAUGUUU 1158 AAACAUUCCUGAGUGGUAG 1727
WM 0017352 53438361 ¢ 5343-5361 | AAUGUUUGCUGGGGUCGAA {159 YUCLGUCCCAGUAAACAUY 1728
MM 0017352 53495367 3 5349-5367 § UGCUGGGGUCGAAAGAACA 1160 UGUUCULUUCGGCCCCAGCA 1725
MM 0017352 5360-5378 5 5360-5378 | AAAGAACAGUCCAULIGAAA 1161 VUUCAAUGGACUGUUICUUL 1730
NM (317352 53715389 5 5371-5385 | CAUULAAALCGAGUAUUALC 1162 GUAAUACUCCCUUUCAALG 1731
NM 6017352 5380-5388 s 5380-5398 | GGAGUAUUACAAAAACAUG 1163 CAUGUUUUUGUAAUACUCT 1732
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NM 6017352 5391-5409 s 391-5409 | AAAACAUGLCCUUUGCUUG 1164 CAAGCAAAGGCCAUGUUUY 1733
NM 0017352 53995417 s 5390-5417 | GCCUUUGCUUGAAAGAAAA 1165 UUUUCUUUCAAGCAAAGGC 1734
NM 0017352 5409-5427 s 54095427 | GAAAGAAAAUACCAAGGAA 1166 UUCCUUGGUAUUUUCUUUC 1735
Nhi 0017352 5470-5438 g 5420-5438 | CCAAGGAACAGGAAACUGA 1167 UCAGUUUCCUGUUCCUUGG 736
WM 0017352 5433-5451 ¢ 5433-5451 § AACUGAUCAUUAAAGCCUG 1168 CAGGCUUUAAUGAUCAGUU 1737
WM 0017352 5441-5459 ¢ 5441-5459 | AUUAAAGCCUGAGUUUGCY 1169 AGCAAACUCAGGCUUUAAY 1738
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Example 5: fn Vive C5 Silencing

Groups of three fomale cynomolgus macaques were treated with C5-siIRNA AD-58641
subcutaneously in the scapular and mid-dorsal areas of the back at 2.5 mg/kg or 5 mg/kg doses or
a vehicle control. Two rounds of dosing were admanistered with eight doses ineach round given
every third day. Serum C5 was collected and evaluated using an ELISA assay specific for C§
detection (Abcam) at the mdicated time points (Figure 13). €3 levels were normalized to the
average of three pre-dose samples. Samples coliected prioy to dosing, and on day 23 (24 hours
atter the last dose adramistered in the fivst round of treatment) were analyzed by complete serom
chemistry, hematology and coagulation panels.

Analysis of serum CS protein levels relative to pre-treatment serum C5 protein levels
demonstrated that the 5 mg/kg AD-58641 dosing regimen reduced serum C3 protein levels up to
98% (Figure 12}, The average serum CS levels were reduced by 97% at the nadir, ndicating
that the majority of circulating C5 is hepatic in origin. There was potent, dose-dependent and
durable knock-down of serum C5 protein levels with subeutancous administration of AD-58641.
No changes in hematology, serum chemistry or coagulation parameters were identified 24 hours
after the first round of dosing.

Serum hemelytic activity was also analyzed using a sensitized sheep eryihrocyte assay to
measure classical pathway activity. The percent hemolysis was calculated relative to maximal
hemolysis and to background hemolysis in control samples, Mean hemolysis values +/- the SEM
for three animals were calculated and analyzed (Figure 13). Hemolysis was reduced up to 4% in
the 5 mg/ke dosing regimen with an average inhibition of 92% at the nadir. The reduction in

hemolysis was maintained for greater than two weeks following the last dose.

Example 6: fn Vitre Screening of Additional siRNAs

The C5 sense and antisense strand sequences shown in Table 20 were modified at the 3°-
terminus with a short sequence of deoxy-thymine nucleotides (471 (Table 21}, The in virro
efficacy of duplexes comprising the sense and antisense sequences listed in Table 21 was

determined using the following methods.
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Cell culrure and transfections

Hep3B cells (ATCC, Manassas, VA) were grown to near confluence at 37°C m an
atmosphere of 5% CO; in EMEM {ATCC) supplemented with 10% FBS, before being released
from the plate by trypsinization. Transfection was carried out by adding Spl of Opti-MEM plus
0.1ul of Lipofectamine RNAiMax per well (Tnvitrogen, Carlsbad CA. cat # 13778-150) to Sl of
siRNA duplexes per well into a 384-well plate and incubated at room temperature for 15
minutes. 401! of complete growth media containing ~5 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 isolation using DYNABEADS mRNA Isalation Kit (Invitrogen, part #: 610-12)

RNA isolation was performed using a semi-automated process of a Biotek EL 405
washer. Briefly, cells were lysed in 75ul of Lysis/Binding Buffer containing 2ul of Dynabeads,
then mwixed for 10 minutes on setting 7 of an electromagnetic shaker (Union Scientific).
Magnetic beads were captured using magnetic stand and the supernatant was removed. After
removing supernatant, magnetic beads were washed with 90ul Wash Buffer A, followed by 90ul
of Wash buffer B. Beads were then washed twice with 100ul of Elution buffer which was then

aspirated and cDNA generated directly on bead bound RNA in the 384 welil plate.

cDNA synthesis using ABI High capacity cDNA reverse transcription kit (Applied Biosvstems,
Foster City, CA, Cat #4368813)

A master mix of 2ul 10X Buffer, 8.8ul 25X dNTPs, 2ui Random primers, 1ul Reverse
Transcriptase, | pl RNase inhibitor and 3.2pl of HoO per reaction were added directly to the bead
bound RNA 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 in an 80°C incubator for 7 mimutes to

mactivate the enzyme and clute the RNA/CDNA from the beads.

Real time PCR
2ul of ¢cDNA were added to a master mix containing 0.5yl GAPDH TagMan Probe

{Applicd Biosysterns Cat #4326317E), 0.5p1 CS TagMan probe (Applicd Biosystems cat #
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Hs00156197 MU and Spl Lightcycler 480 probe master mix (Roche Cat #048873061001 ) per
well i a 384 well plates (Roche cat # 04887361001, Real time PCR was done m a Roche
LC480 Real Time PCR system {Roche). Each duplex was tested in in at least two independent
transfections and each transfection was assayed ju duplicate.

To calculate relative fold change, real time data were analyzed using the AACTE method
and normalized to assays performed with cells transfected with 10nM AD-1955, or mock
transfected cells.

Table 22 shows the results of a single dose screen 1 Hep3B cells transfected with the
mdicated dT modified IRNAs. Data are expressed as percent of message remaining relative to

untreated cells.
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AD-61850.2 AACUUUCAUAGAUCCUGAAdTIT 1790 513-531 UUCAGGAUCUAUGAAAGUUATIT 2357
ADN-61856.2 CAUACAUCCUGAAGGALICAATAT 1791 519537 UGAUCCUUCAGGAUCUAUGITAT 2338
AD-01862.2 GAAGGAUCAGAAGUUGACAGTET 1792 529-547 UGUCAACUUCUGAUCCULCATAT 2359
ADN-61868.2 UGACAUGGUAGAAGAAAUUITIT 1793 543561 AAUUUCUUCUACCALIGUCAATIT 2360
AD-618272 GAAGAAAUUGAUCAUAUUGATAT 1794 553571 CAAUAUGAUCAAUUUCTUCITAT 2361
AD-618332 GAUCAUAUUGGAAUUAUCUATAT 1795 562-580 AGAUAAUUCCAAUAUGAUCATAT 2362
AD-01839.2 GOAAUUAUCUCUULIUCCUGHTAT 1796 571-529 CAGGAAAAGAGAUAAUUCCATAT 2363
ADN-618452 CUCUUUUCCUGACUUCAAGETAT 1797 579597 CUUGAAGUCAGOAAAAGALITAT 2364

AD-01851.2

ACUUCAAGAUUCCGUCUAATAT

590-608

TJAGACGGAAUCULGAAGUATAT

2365

ADN-61857.2

CCGUCUAAUCCUAGAUAUGATAT

601619

CAUAUCUAGGAUUACGACGGITET

2366

AD-01803.2 CCUAGAUAUGGUAUGUGGALTET 1800 610-628 UCCACAUACCAUAUCUAGGETAT 2367
ADI-61869.2 VGUGGACGAUCAAGGCUAAATAT 1831 623641 UJAGCCUUGAUCGUCCACAGTAT 2368
AD-01828.2 CGAUCAAGGCUAAAUAUAAGTAT 1852 629-647 VUAUAUUUAGCCUIGALUCGATAT 2369
AD3-618342 AUAUAAAGAGGACUULIUCALTAT 1803 642660 UGAAAAGUCCUCUCUAUALISTET 2370
AD-01840.2 GAGGACUUUUCAACAACUGITAT 1804 649-667 CAGUUGUUGAAAAGUCCUCTAT 237

AD3-61846.2 CAACUGGAACCGCAUAUUIATAT 1805 662080 AAAUAUGCGGUUCCAGUUCITAT 2372
Ab-01852.2 CGCAUAUUUUGAAGUUAAALTET 1800 672-690 UUAACUUCAAAATAUGCGATET 2373
Al¥-61858.2 AACGUUAAAGAAUAUGUCUUATET 1807 683-701 AAGACAUAUUCUCUAACUUGTAT 2374
AD-01804.2 GAAUAUGUCUUGCCACAUUGTAT 1808 691-709 AAUGHUGGCAAGACAUAUUCATAT 2375
ADI-61870.2 CCACAUUUUUCUGUCUCAAGTAT 1809 703721 UGAGACAGAAAAALUGUGGATAT 2376
Ab-01829.2 CHGUCUCAAUCGAGUCAGAGTAT 1810 713-733 UCUGCCUCHAUUGAGATAGHTAT 2377

Al¥-618352

CAAUCGAGUCAGAAUAUAALTAT

719737

VUAUVATUCULGCUCHAUUGATET

Ab-01841.2

GAALAUAAUUUCAUUGGUIATAT

730-748

AACCAALIGAAAULAUAUUCATET

Al¥-618472

AUUGGUUACAAGAACULUAATAT

~3
N
2
2y
=
(e’

VAAAGUUCUUGUAACCAAUGTAT

Ab-01853.2 AGAACUUUAAGAAUUUCAATIT ig14 752776 LCAAAAUUCTIJAAAGUUCUATET 238
Al¥-618592 GAAUUUTUGAAAUUACUAUALTAT 1815 762786 UAUAGUAAUUUCAAAAULCATIT 2382
Ab-018652 GAAAUUACUAUAAAAGCAALTET igle 769-787 UUGCULUUAUAGUAAUUUCETAT 2383
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AD-6I871 2 AAAGCAAGAUAUUUUUAUAGTAT 1817 781-799 UAUAAAAAUAUCUUGCUUUATIT 2384
ADN-61830.2 AUAUULUUAUAAUAAAGUATAT 1818 789-807 UACULUAUUAUAAAAAUALGTAT 2385
AD-01836.2 AAGUAGUCACUGAGGCUGAITIT 1819 803-821 UCAGCCUCAGUGACUACUIGTAT 2386
AD3-618422 CACUGAGGCUGACGUUUAUATAT 1820 510-82 AUAAACGUCAGCCUCAGUGITIT 2387
AD-61848.2 CGUUUAUAUCACAUUUGGAdTAT 1821 822-34G UCCAAAUGUGAUATUAAACGATAT 2388
AD-618542 CACAUUUGGAAUAAGAGAAATAT 1822 831-249 UUCUCUUAUUCCAAAUGUGITGT 2389
AD-018060.2 AAUAAGAGAAGACUUAAAAGTIT 1823 840-858 VTUUAAGUCUUCUCTUAUUATAT 2350
ADN-61866.2 CUUAAAAGAUGALICAAAAALTAT 1824 552-87 VUUULUUGAUCAUCUUUUAAGETAT 2381
AD-01872.2 GAUGAUCAAAAAGAAAUGAGTAT 1825 859-877 DCAUUUCUUUUUGAUCAUCTAT 2392
AD3-61831.2 AAAUCGAUGCAAACAGCAAUATAT 1826 B72-290 AUUGCUGUUUGCAUCAUULGTAT 2393
AD-01837.2 ACAGCAAUGCAAAACACAAITIT 1827 883-401 UUGUGUUUUGCAVUGCUGUATIT 2394
AD3-618432 AAAACACAAUGUUGCAUAAALTAT 1828 593911 UUUAUCAACAUUGUCGUUULIGTAT 2395
AD-01849.2 CAAUGUUGAUAAAUGGAAUGTIT 1829 899917 AUUCCAUUUAUCAACAULIGATAT 23%6
ADI-61855.2 GGAAUUGCUCAAGUCACAUATAT 1830 913931 AUGUGACUUGAGCAAUUCCHTAT 2397
AbD-01801 .2 GCUCAAGUCACAUUUGAUUGTAT 1831 919837 AAUCAAAUGUGACUUGAGCITAT 2398
ADN-618672 AUUUGAUUCUGAAACAGCAATAT 1832 930-948 UGCUGUUUCAGAAUCAAAUGTAT 2399
AB-02062.1 VOAAACAGCAGUCAAAGAAITET 1833 939-857 UUCULIGACUGCUGUULICALTAT 2400
A-62068 1 CAAAGAACUGUCAUATUACATIT 1834 951-969 GUAGUALIGACAGUUCUUUGETIT 2401
AD-02074 .1 CAUACUACAGUIUJAGAAGAGTAT 1835 G629 UCUUCUAAACUGUAGUALIGATAT 2402
AD-62080.1 CAGUUUAGAAGALTUUAAACATAT 1836 965987 GUUUAAAUCULICUAAACUGITAT 2443
AB-02086.1 UAAACAACAACUACCUTUALTET 1837 983-1001 UAAAGGUACUUGUUGULIDAGTAT 2404
A-62092 1 CAAGUACCULIGALAUUGCUATAT 1838 990-1008 AGCAAUALUAAAGCGUACUUGETT 2405
AB-02098.1 VALUGCLHGUAACAGUCAUAITET 1839 1002-1026 UAUGACUGUUACAGCAAUALTIT 2406
Al-621434 1 AACAGUCAUAGAGUCUACAATIT 1844 1011-1029 VHGUAGACUCUAUGACUIGUUETAT 2447
AB-02063.1 AGACGUCUACAGGUGHAUULETET 1841 1020-1038 AAMICCACTUGUAGACUCUTIT 2408
A-62069 1 GGAUUIUCUGAAGAGOUAGHTAT 1842 1033-1051 CUGCCUCTIUCAGAAAAUCTATAT 2409
AB-02075.1 GAMGAGGCAGAAAUACCUGETET 1843 1042-1066 CAGGUAUUUCUGCCUCUICATIY 2410
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AD-62081 1

AGAAAUACCUGGCAUCAAAITAT

1050-1068

VUUGAUGCCAGGUAUUUCUATAT

AD-62087.1

GCAUCAAAUAUGUCCUCUCATAT

1061-1079

GAGAGGACAUAUUUGAUGCETAT

AD-02093 1

DGUCCUCUCUCCCUACAAALATAT

1071-108%

UUIGUAGGCAGAGAGOACAATIT

AD-62099 1

GAALUUGCUUGCUACUCCUATAT

1092-1116

AGGAGUAGCAACCAAAUUCGTAT

AD-62105.1

GCUACUCCUCUUUUCCUGAATET

1162-1120

UCAGGAAAAGAGGAGUAGCATAT

AD-62064.1

CUCUUUUCCUGAAGCCUGGATAT

CCAGGCUUCAGGAAAAGAGITIT

AD-02070.1

CCUGGRGAULCCAUAUCCCALTAT

UGGGAUAUGGAAUCCCAGGATAT

AD-62076.1

CAUAUCCCAUCAAGGUGCAGTAT

UGCACCUUGAUGGGAUAUGITIT

AD-0Z082.1

CCAUCAAGGUGCAGGUUAAGTET

VUAACCUGCACCUUCGAUGGATAY

AD-62088.1

CAGGUUAAAGAUDCGCUIGATAT

CAAGCGAAUCUUUAACCUGITIT

AD-02094.1

VUCGCUUGACCAGUUGGUAITET

UACCAACUGCUCAAGCGAALTAT

AD¥-62100.1

CCAGUUGGUAGGAGGAGUCATAT

CGACUCCUCCUACCAACUGGATAT

AD-02106.1

GOAGGAGUCCCAGUAACACITAT

GUGUUACUGGCACUCCUCCATAT

AD-62065 .1

CAGUAACACUGAAUGCACALTAT

UGUGCAUUCAGUGUUACUGITAT

e

AD-02071 1

GAAUGCACAAACAAUUGAUGTET

AUCAAUUGUUUGUGCATUCTAT

AD-620771

AACAAUUGAUGUAAACCAALTAT

VUGGUUUACAUCAAUUGULETAT

AB-02083.1

UAAACCAAGACACAUCUGAITET

LUCAGAUGUCUCUUGGUULALTET

A-62089 .1

CAUCUCACUUGGAUCCAAGATT

CULGGAUCCAAGUCAGAUGATAT

AD-02095.1

GAUCCAAGCAAAAGUGUAAGTAT

VUACACUUVUGCUIGGAUCATAT

(9Z 31nY) 133HS 31LN1ILSANS

AD3-62101 1

CAAAAGUGUAACACGUGUUATAT

AACACGUGUUACACUUUTUGHTET

AB-02107.1

AACACGULUUGAUGAUGHALTET

UCCAUCAUCAACACGUGUUTIT

Al-62066.1

UGAUGGAGUAGCUUCCTUIUATAT

AAAGGAAGCUACUCCAUCAATIY

AD-62G72.1

GUAGCUUCCULIGUGCUUAGTET

UAAGCACAAAGGAAGCUACATET

A-62078 .1

GCUUAAUCUCCCAUCUGGAGTAT

VCCACGAULGCGACAULUAAGCATAT

AB-02084.1

CCAVUCUGGAGHGACGGUGOITT

GUALCCGUCACUCCAGAUGGETETY

A-62090.1

UGACGGUGCUGGAGUUUAALTAT

UAAACUCCAGCACTGUCALTET

AB-02096.1

GCUGGAGUUUAAUGUCAAALTET

UUUGACALUAAACUCTCAGCHTAT
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AD-62102.1 UGUCAAAACUGAUGCUCCAJTAT 1871 1332-1350 UGGAGCAUCAGUUUUGACAATAT 2438
AD¥-62108.1 GAUGCUCCAGAUCUUCCAGITAT 1872 1342-13606 CUGGAAGAUCUGGAGCAUCITAT 2439
AD-02067 1 CAGAUCUUCCAGAAGAAAAITIT 1873 1349-1367 LJOUCUUCUGGAAGAUCUGATAT 2440
AR-62073 .1 AGAAAAUCAGGCCAGGGAALTAT 1874 1362-1380 UUCCCUGGCCUGAUUUCUdTIT 2441
AD-62079.1 GGOCAGGGAAGGUUACCGAdTAT 1875 1371-138% UCGGUAACCUUCCCUGGCCTAT 2442
AD-62085.1 GUUACCGAGCAAUAGCAUAATAT 187 1382-1460 UAUGCUAUUGCUCGGUAACITAT 2443
AD-02091 1 AUAGCAUACUCAUCUCUCAATAT 1877 1393-1411 UGAGAGAUGAGUAUGCUAUATAT 2444
AD-62097 1 UACUCAUCUCUCAGCCAAAGTAT 1878 13991417 UUUGGCUGAGAGAUCGAGUAGTAT 2445
AD-02103.1 GCCAAAGUUACCUUUAUAUGTAT 187 1412-143¢ AUAUAAAGCGUAACUULIGGOATAT 2446
AD¥-621091 CCUUUAUAUUGAUUGGACUATAT 1880 1422-1440 AGUCCAAUCAAUAUAAAGGITAT 2447
AD-0Z115.1 GAUUGGACUGAUAACCAUAGTAT 1881 1432-1450 UAUGGUUAUCAGUCCAAUCATAT 2448
ADd-621211 CUGAUAACCAUAAGGCUIUATAT 188z 14391457 AAAGCCUUAUGGUUAUCAGITAT 2449
AD-02127.1 AGGCUUUGCUAGUGGGAGALTAT 1883 1451-146% UCUCCCACUAGCAAAGCCUGTAT 2450
AD¥-621331 GUGRCGAGAACAUCUGAAUALTAT 1884 1462-1480 UAUUCAGCAUGUUCUCCCACITIT 2451
AD-02139.1 CAUCUGAAUAUUAUUGUUAGTET 1885 1471-1489 UAACAAUTAAUAUUCAGAUGATAT 2452
AD¥-621451 UAUUAUUGUUACCOCCAAALTAT 1886 1479-1497 UUUGGGGCUAACAAUTAAUAGTAT 2433
AB-02151.1 CUCAAAMGCCCAUAUVAUYGATIT 1887 1492-1516 CAAUVAUAUGCGCUUITUGGGATAT 2454
AD-62110.1 CCAAAAGCCTAUAUAVUGATIT 1888 1493-1511 UCAAUAUAUGHCCULIUGGAETT 2435
AD-02116.1 CAAAAGCCCAUAUAUUIGACITST 1889 1494-1512 GUCAAUAUAUGGCCUUUIGATIT 2456
AD¥-62122.1 AAAAGCCCAUAUAUUGACAATAT 1890 1495-1513 UGUCAAUAUAUGGGCUUULIGTAT 2437
AB-02128.1 AAAGCCUAUAUAUUGCACAAITET 1891 1496-1514 UUGUUAAUAUAUGGGCUUUATAT 2458
Al¥-62134 1 AAGUCCAUAUAUUGACAAALTAT 1892 1497-1515 UUUGUCAAUAUAUGCGGCULETT 2435
AB-02140.1 AGCCCAUAUATUGACAAAAITET 1893 1498-1516 UUUUGUCAAUAUAUGGGCUATAT 2460
Al-62146.1 GCCCAUAUALTUGACAAAAUITET 1894 1499-1517 AUULUGUCAAUAUALUGGLCATIT 2461
AB-02152.1 CCCAUAUAUUGACAAAAUAITET 1895 1500-1518 UAUUUUGUCAAUAUAUGGGATIT 2462
AD-621111 CUAUAUAUUGACAAAAUAALTAT 1896 15611519 UUALUULIGUCAAUAUAUGGETT 2463
AB-02117.1 CAUAUALUGACAAAAUAACATAT 1897 1502-1526 GUUAUUTUGUCAAUAUAUGATAT 2464
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AD-62123.1 AUAUAUUGACAAAATUAACUGTAT 1898 1563-1321 AGUUAUUUUGUCAAUAUAUGTIT 2463
AD¥-621291 UAUAUTUGACAAAAUAACUCATAT 1894 1504-1522 GAGUUAUUUUGUCAAUAUAGTAT 2466
AD-0Z135.1 AUAUUGACAAAAUAACUCAITAT 1960 1505-1523 UGAGUUAULTUGUCAALUAUGTIT 2467
ADd-62141.1 UAUUGACAAAAUAACUCACATAT 1901 1506-1524 GUGAGUUAUULJUGHCAAUAGTAT 2468
AD-62147.1 AUTJGACAAAAUAACUCACUdTAT 1962 1567-1525 AGUGAGUUAUUUUGUCAAUGTIT 2469
AD-62153.1 UUGACAAAATJAACUCACTAATAT 1903 1508-1526 UAGUGAGUUAUUUUGUCAAGTAT 2470
AD-02112.1 UGACAAAAUAACUCACUALGTAT 1904 1509-1527 AUAGUGAGUUAUIJUUGUCAATAT 2471
AD3-62118.1 GACAAAAUAACUCACUAUAATAT 1905 1510-1528 UAUAGUGAGUUAULIUGUCATAT 2472
AD-02124 .1 AAAAUAACUCACUAUAAUUGTET 1900 1513-1531 AAUUAUVAGUGAGUUAUTUUITAT 2473
AD¥-621301 AAAUAACUCACUAUAAUIALTAT 1907 1514-1532 UAAUTUJAUAGUGAGUUAULUATAT 247

AD-02136.1 AAUAACTICACUAUAAUUACGTAT 1908 1515-1533 GUAAUUAUAGUGAGUUAUUITET 2475
AD¥-62142 1 AUAACUCACUAUAAUUACUATAT 1909 1516-1534 AGUAAUUAUAGUGAGUUAUATAT 247

AD-02148 1 AACUCACUAUAAUUACUUGETAT 1910 1518-1536 CAAGUAAUUAUAGUGAGUUITAT 2477
AD¥-62154 1 ACUCACUAUAAUUACUUGAATAT 1911 1519-1537 UCAAGUAAUUAUAGUGAGUGTAT 2478
AD-02113.1 CUCACUAUAAUUACUUGAUGTET 1912 1520-1538 AUCAAGUAAUUAUAGUGAGATIT 2479
AD3-621191 UCACUAUAATUACUUGATUATAT 1913 1521-1539 AAUCAAGUAAUUAUAGUGAGTAT 2480
AB-02125.1 ACUAUAALUACUUGAUUUUGTET 1914 1523-1541 ALAAAUCAAGUAAUUAUAGUATAT 2481
Al-62131 .1 CUAUAAUUACUUGAUULUALTAT 1915 1524-1542 UAAAAUCAAGUAAUUAUAGAETT 2482
AD-02137.1 UAUAAUUACULIGAULIUUAUGTAT i91e 1525-1543 AUAAAAUCAAGUAAUUAUALTIT 2483
Al¥-62143 1 AUAAUJACTIGATUULAUCATAT 1917 1526-1544 GAUAAAAUCAAGUAATIUALGEAT 2484
AB-02149.1 VAAUUACUUGATUUUAUCCATETY 1918 1527-1545 GOAUAAAAUCAAGUAAUUALTAT 2485
Al¥-621551 AAVUACUUGAULUUAUCCAATAT 1919 1528-1546 UGGAUAAAAUCAAGUAAUUGTAT 2486
AB-02114.1 AULACULIGAUUUUAUCCAAGTET 1920 1529-1547 VUGGAUAAAAUCAAGUAAUATAT 2487
Al-62120.1 TUAUCCAAGGGCAAAAUUALTAT 1921 1540-1358 VAAUUUUGCCCUUGGAUAALTET 2488
AB-02126.1 GUAAAAUTUAUCCACUUIUGGETET 1922 1550-1568 CUAAAGUGGAUVAALUUUIGCHTAT 2489
Al¥-62132.1 CACUUUGOUACCAGGGACAITAT 1923 156115379 UCUCCCUCGUGUCAAAGUGHTET 2490
AB-02138.1 CGALGGAGAAAUUDUCAGALTET 1624 1571-158% UCUGAAAAUUUCUCCCUCGATAT 2491
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AD-62144.1 AUUUUCAGAUGCAUCUUAUGTET 1925 1581-159% AUAAGAUGCAUCUGAAAAUATAT 2492
AD3-62150.1 GCAUCUJAUCAAAGUAUAAATAT 1926 1591-1609 VUAUACUTTUGAUAACAUGCATAT 2493
AD-02156.1 CAAAGUAUAAACAUUCCAGITAT 1927 16600-1018 CUGGAAUGUUU AUACULIGATAT 2494
AD¥-62162.1 AUUCCAGUAACACAGAACALTAT 1928 1612-16306 UGUUCUGUGUUACUGGAALGTAT 2495
AD-62168.1 CACAGAACAUGGUUCCUUCITIT 1929 1622-1040 GAAGGAACCAUGUUCUGUGATAT 24%6
AD-62174.1 GGUUCCUUCAUCCCGACUUGTAT 1930 1632-1650 AAGUCGGGAUGAAGGAACCATAT 2497
AD-0Z180.1 CCCGACUUCUGGUCUATUAATAT 1931 1643-1061 UAAUACACCAGAAGUCGOGATAT 2498
Al¥-62186.1 GGUCUAUUACAUCGUCACALTAT 1932 1653-1671 UGUGACGAUGUAAUAGACCATAT 2499
AD-02192.1 AUCGUCACAGGAGCAACAGAITAT 1933 1663-1081 UCUGUUCUCCUGUGACGAUdTAT 2500
AD¥-62198 1 CAGGACGAACAGACAGCAGAATAT 1934 1670-1688 UCUGCUGUCUGUUCICCUGITIT 2501
AD-02157.1 CAGCAGAAUUAGUGUCUGAITAT 1935 1682-1700 UCAGACACUAAUUCUGCUGATAT 2502
AD¥-62163.1 GUGUCUGAUUCAGUCUGGUATAT 1936 1693-1711 ACCAGACUGAAUCAGACACITAT 2503
ABD-02169.1 CAGUCUGGUUAAAUATUGAGTET 1937 1763-1721 UCAAUAUUUAACCAGACUGATAT 2504
AD3-621751 GUUAAAUAUUGAAGAAAAAITIT 1938 1710-1728 VULJUCUUCAAUAUUUAACITAT 2505
AD-0Z181 1 AGAAAAAUGUGGCAACCALITAT 1939 1722-1740 CUGGUUGCCACAULUULICUdTAT 2506
AD¥-62187.1 GCAACCAGCUCCAGGUUCAGTAT 1940 1733-1751 UGAACCUGGAGCUGGUUGCITAT 2507
AB-02193.1 GCUCCAGGUUCAUCUGUCUATIT 1641 1740-1758 ACGACAGAUGAACCUGHAGCAT AT 2508
A-62199 1 AUCUGUCUCCUGAUGCAGATIT 1942 1751-1769 UCUGCAUCAGGAGACAGAUATAT 2509
AD-02158.1 GAUGCAGAUGCAUAUUCUCITET 1943 1762-1780 GAGAAUAUGCAUCUGCAUCITAT 2510
Al¥-62164 .1 GCAUAUUCUCCAGGCCAAAGTAT 1944 1771-1789 VUUGGOCUGGAGAAUAUGCITAT 2511
AB-02170.1 AGGCCAAACUGUGUCUCUUATET 1945 1782-1806 AAGAGACACAGUUUGGCCUdTET 2512
Al¥-62176.1 GUGUCUCUTUAAUAUGGCAAATT 1946 1792-1816 VUGCCAUAUUAAGAGACALATAT 2513
AB-02182.1 UUAAUAUGGUAACUCGGAAUGTET 1947 1799-1817 AUUCCAGUUGCCAUAUUAALTIT 2514
Al¥-62188.1 AACUGGAAUGGATUCCUGGHTAT 1948 18091827 CUAGGAAVCCAUCCACUUATET 2515
AB-02194.1 VUCCUGGOGUGGCAUUAGUAGTAT 1949 1821-1839 UGCUAAUGCCACTTAGGAAATAT 25106
Al-62200.1 GGCAUUAGCAGUAGUGGACITAT 1950 1830-1848 GUCCATUGCUGCUAAUGCOATAT 2537
AB-02159.1 AGUGGACAGUCGCUGUGU ALIETET 19513 1842-1866 AUACACAGCACUGUCCACUGTT 2518
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AD-62165.1 GCUGUGUAUGGAGUCCAAAJTAT 1952 1852-1870 UUUGGACUCCAUACACAGCATAT 2519
ADd-62171 1 AGUOCCAAAGAGGAGCCAAALTAT 1953 1863-1881 VUUGGCUCCUCUUUGCACUGTIT 2520
AD-02177.1 AGAGOAGUCAAAAAGCCOCUITAT 1954 1870-1888 AGGGCUUUUUCGGCUCCUCUdTEY 2521
Al¥-62183.1 AGCCCULIGGAAAGAGUAUATAT 1955 1883-1901 AAUACUCUUUCCAAGGGCUATIT 2522
AD-62185.1 AAGAGUAUUUCAAUUCUUAGTGET 1956 1893-1911 UAAGAAUUGAAATUACUCUUATIT 2523
AD-62195.1 UTUCAATUUCUJAGAGAAGAATET 1957 1900-191% UCUUCCUCUAAGAAUUGAAAJTAT 2524
AD-02201 1 GCAGAAGAGUGAUCUGGHCUGTAT 1958 1912-1936 AGCCCAGAUCACUCUUCUCHTAT 2523
AD¥-62160.1 VCAUCUGHGCUGUGGHGCAITAT 1959 1920-1938 VGCCCCACAGCCCAGAUCAATAT 2526
ABD-021066.1 GOOGGCAGGUGGUGGCCUCAITET 1960 1933-1951 UGAGGCCACCACCUGCCCCITdT 2827
AD-62172.1 GUGGCCUCAACAAUGCCAAGTAT 1961 1943-1961 VUGGCAUUGUUGAGGUCACGTAT 2528
AD-02178.1 CAACAAUGCCAAUGUGUUCITST 1962 1950-1968 GAACACAUUGGCAUUGUUGATAT 2529
Al¥-62184.1 CAAUGUGUUCCACCUAGCATAT 1963 19591977 AGCUAGGUGGAACACAUUCITAT 2530
AD-02190.1 CACCUAGCUGGACULACCUATAT 1964 1969-1987 AGGUAAGUCCAGCUAGGUGHTAT 2831
AD¥-62196.1 GACUUACCUUCCUCACUAAGTAT 1965 1979-1997 UUAGUGAGGAAGGUAAGUCATAT 2532
AD-02202.1 UCACUAAUGCAAAUGCAGAITIT 1960 1991-2009 UCUGCAUUUGCAUUAGUGAATAT 2533
AD¥-62161.1 AAAUGCAGAUGACUCCCAALTAT 1967 20012019 VUGGGAGUCAUCUGCAUULGTAT 2534
AB-02167.1 CUCCCAAGAAAAUGALGAAGTET 1968 2013-2031 UCAUCAUUUTICULGGHAGATIT 2535
Al¥-62173 1 CCUUGUAAACGAAAUTUCUCAATAT 1969 20322050 UGACAAUUUCUUUACAAGOETAT 2536
AD-02179.1 AAUUCUCAGGCCAAGAAGAITST 1970 2043-2061 UCBUCUUGCGCCUGAGAAUIUATAT 2837
AD¥-62185.1 CCAAGAAGAACGCUGCAAALTAT 1971 20533-2071 VHUGCAGCGUUCUUCTUUGGETET 2538
AB-02191 .1 CGUUGCAAAAGAAGAUAGALTAT 1972 2063-2081 UCUAUCUUCUGULIGCAGCGATAT 2539
Al¥-621971 AAAGAAGAUTAGAAGAAAUALTIT 1973 207032088 UAUGUCTUCUAUCUUCUULGTET 2540
AB-02203.1 AGAAAUAGCUGCUAAAUAUGTET 1674 2082-2106 AUAUUUAGCAGUHAUUUCUATET 2541
Al-62209 .1 GCUGUUAAALAUAAACAUUATAT 1975 20892187 AAUCGUUUAUAUUUAGCAGCATT 2542
AB-02215.1 ACAUUCAGUAGUGAAGAAAGTET 197 21032121 UUUCTICACUACUCAAUCUdTET 2543
AD¥-62221 1 GUAGUGAAGAAAUGUUGUUATAT 1977 213102128 AACAACAVUUCUUCACUALATT 2544
AB-02227.1 AAAUGUUGUUACGAUIGGAGETIT 1978 2119-2137 CUCCAUCGUAACAACAULIATIT 2545
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JIPIOSNAVONNNDDVYYDADY I QLTTTOLT 9861 IPIPYVONDVINGIDVYY VD 8709 4v
IPIPO OOV IDIVDIIND G861 LeIPOVYYONYIORVOYYIODOD VETie-av
IPIPODOVVIDVY V1300001 261 LPIPDVYVOODOOYNNDVANVOD 910794y
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AD-62207.1 CCUGATUCUCUAACCACCUATAT 2006 240124149 AGGUGGUUAGAGAAUCAGGETIT 2573
AD¥-622131 ACCACCUGGGAAATUCAAGATAT 2007 24132431 CUUGAAUUUCCCAGGUGGULTAT 2574
AD-02219.1 GAAAUUCAAGGCGUUIGGCAITST 2008 2422-2446 UGCCAACGCCUUGAAUULICATAT 2575
AD¥-622251 CGUUGGCAUUUCAAACACUATAT 2009 24332451 AGUGUUUGAAAUGCCAACGITAET 2576
AD-62231 1 CAUVUUCAAACACUGGUAUAJTAT 2010 2439-2457 VAUACCAGUGUUUGAAAUGITAT 2577
AD-62237.1 GUAUAUGUGUUGCUGATJACITAT 2041 24532471 GUAUCAGCAACACAUAUACITIT 2578
AD-02243 1 VUGCUGAUJACUGUCAAGGLAITET 2012 2463-2481 UGCCUIGACAGUAUCAGCAGTAT 2579
A¥-62249 1 CUGUCAAGGCAAAGGUGUUATAT 2013 24712489 AACACCUUGCCUUGACAGATIT 2580
AD-02208.1 AGGUGUUCAAAGAUGUCUUETIT 2014 2483-2501 AAGACAUCUUUGAACACCUdTAT 258

Al¥-62214 1 CAAAGAUGUCUUCCUGGAALTAT 2015 24902508 VUCCAGGAAGACAUCUUUGHTAT 2582
AD-02220.1 CUUCCUGGAAAUGAALAUAITAT 2016 24992517 UAUAUUCAUUUCCAGGAAGATAT 2583
AD¥-62226.1 GAAUAUACCAUAUUCUGUUATAT 2017 25112529 AACAGAAUAUGGUAUAULICATAT 2584
AD-02232.1 AUATUCUGUUGUACGAGGALTAT 2018 2520-2538 UCCUCGUACAACAGAAUAGTAT 2583
AD¥-62238.1 COAGCAGAACAGAUCCAAUATAT 2019 2533-2551 AUUGGAUCUGUUCUCCUCGITHT 2586
AD-02244 1 GAACAGAUCCAATUUGAAAGITAT 2020 2539-2557 CUBUCAAUUGGAUCUGUUCATAT 2587
AD¥-61874 1 GAAAGGAACUGIUTUACAACATAT 2021 25532571 GUUGUAAACAGUUCCUUUCSTAET 2588
AB-61880.1 ACUGUULACAACUAUAGGAGTET 2022 2560-2578 UCCUAUAGUUGUAAACAGUdTT 2589
Al-61886.1 AACUAUTAGHACUUCUGHGAATIT 2023 25692587 UCCCAGAAGUCCUAUAGUUATAT 2590
AD-01892.1 VUGGCAUGCAGUUCUGUGUUETIT 2024 2583260 AACACAGAACUGCAUCCCALTAT 2591
ADN-61898 1 GUUCUGUGUIAAAAUGUCUATAT 2025 25922610 AGACAUTTUUAACACAGAACITIT 2592
AB-01904.1 UUAAAADGUCUICCUCGUGHALTET 2026 2600-2618 UCCATAGCAGACAUUUUAALTIT 2593
AD-61910.1 CUGUGGAGGGAAVCUGCACATAT 2027 26122630 GUGUAGAUUICCCUTTACAGATAT 2594
AB-01916.1 GOAAUCUGCACUUCGGAAANTET 2028 2620-2638 VUUUCCCAAGUGCAGAUUCCITT 2595
AD-61875.1 CGGAAAGUCCAGUCAUUGAdTIT 2029 26332651 UCAAUGACUGGGCUUUCCHTET 2596
AB-01881.1 CCAGUCALUGAUCALICAGGATIT 2030 26412659 CCUGAUGALCAAUGACUGGATAT 2597
Al -61887.1 CAUCAGGHCACAAAGUCCUATIT 2031 26532671 AGGACUUUGUGCCCUGAUGETET 2598
AB-61893.1 GGCACAAAGHCCUCCAAAUGTAT 2032 2659-2677 AUTUGGAGGACUVUGIGCCHTET 2569
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AD-61899.1 CAAAUGUGUGCGCCAGAAAITAT 2033 267326591 UUUCUGGCGCACACAUUUGATAT 2600
AD3-61905 1 GCGCCAGAAAGUAGAGCGCATAT 2034 26822700 GCCCUCUACUUICUGGCGOATAT 2601
AD-0I971 1 AGUAGAGGGCUCCUCCAGUITAT 2035 2691-2709 ACUGGAGCGAGCCCUCUACTATAT 2602
AD3-61917 1 CCUCCAGUCACUUGCUGACATT 2036 27022720 GUCACCAAGUGACUGGAGGITAT 2603
AD-61876.1 UCACUUGGUGACAUUCACUITIT 2037 27092727 AGUGAAUGUCACCAAGUGAATAT 2604
AD-61882.1 CAUUJCACUGUGCUUCCUCUGTAT 2038 27202738 AGAGGAAGCACAGUGAAUGATAT 2605
AD-01888.1 GOAAAVUGGCCUUCACAACATIT 2039 2739-2757 GUUGUGAAGGCCAAUTUCCATAT 2606
ADN-618%94 1 CUUCACAACAUCAAUUUIIATAT 2040 27492767 AAAAAUUGAUGUUGUGAAGATATY 2607
AD-01900.1 AAUUUUUCACUGGAGACUUGTET 2041 27612778 AACGUCUCCAGUGAAAAAUUATAT 2608
AD¥-61906.1 CUGGAGACULGGUUUGGAALTAT 2042 27702788 UCCAAACCAAGUCUCCAGATAT 2609
AD-01912.1 GGUUUGGAAAAGAAAUCIIATAT 2043 2780-2798 AAGAUUUCUULIUCCAAACCATAT 2610
AD3-61918 1 AAUCUUAGUAAAAACAUUALTAT 2044 27932811 UAAUGUUUUUACUAAGAUGTAT 2611
AD-01877.1 AAAAACALUACGAGUGGUGATT 2045 2802-2828 CACCACUCGUAAUGUUUUULTAT 2612
AD¥-61883.1 GAGUGGUGCCAGAAGGUGUATAT 2046 2813-2831 ACACCUUCUGGCACCACUCATAT 2613
AD-01889.1 AGAAGGUGUCAAAAGGGAALTT 2047 2823-2841 VUCCCUUUUGACACCUUCUGTAT 2614
AD-61895 1 UGUCAAAAGGGAAAGCUAUGTAT 2048 28252847 AUAGCUJUCCCUUULGACAITIT 2615
AB-01901 .1 GCUAVUCUGGUGUUACUULETET 2049 2843-2861 AAAGUAACACCAGAAUAGCHTAT 2616
AD-61947 .1 GUGUUACULIOGCAUCCUAGATT 2050 28522876 CUAGGAUCCAAAGUAACACITAT 2617
AD-01913 1 GGAUCCUAGGGGUAUUUAUGTT 2051 2862-2880 AUAAAUACCCCUAGGAUCCATAT 2618
AD3-61919 1 GGUALIUANUGGUACCALIUAATAT 2052 287228590 UAAUGGUACCAUAAAUACCHTAT 2618
AB-01878.1 GUACCAUUAGCAGATGAAAITET 2053 2832-2906 UUUCGUCUCCUAALIGGUACATET 2620
Al-61884.1 CAGACGAAAGGAGUUCCCAATIT 2054 28922510 UGGGAACUCCUUUCGUCHTET 2621
AB-61890.1 AGCAGUUCCCAUACAGGAUITET 2055 2500-2918 AUCCUGUAUGGCAACLCCUATAT 2622
Al-61896.1 CAUACAGGAUACCCUUAGATIT 2056 29052927 VCUAAGGGUALICCUGUAUGHTAT 2623
AB-61902.1 CUUAGAUUUGGUCCCCAAAITIT 2057 2522-2944 LUUGGGGACCAAALICUAAGITIT 2624
AD-61908 .1 VCCCCAAAATAGAAAUTCAAGTIT 2058 29332951 UUGAUULCUGUITUGGGHAGTAT 2625
AB-01914.1 ACAGAAALCAAAAGGAUULIETAET 2059 2541-2959 AAAUCCUUUUGALUUCUGUATET 2626
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AD-61920.1 AAAGGAUUUUGAGUGUAAAGTAT 2060 29512964 UUUACACUCAAAATCCUUUATAT 2627
ADN-61879 1 AGUGUAAAAGGACUGCUUGATAT 2061 29622980 CAAGCAGUCCUUUUACACUATIT 2628
AD-01885.1 AAGGACUGCUUGUAGGUGALTAT 2062 2969-2987 UCACCUACAAGCAGUCCULGTAT 2629
ADd-61891 1 GUAGGUGAGAUCUUGUCUGATAT 2063 298032998 CAGACAAGAUCUCACCUACATAT 2630
AD-61897.1 AUCUUGUCUGCAGUUCUAAITAT 2064 2989-30G7 UUAGAACUGCAGACAAGATATAT 2631
AD-61903.1 GUUCUAAGUCAGGAAGGCAATAT 2065 30613019 UGCCUUCCUGACUUAGAACITAT 2632
AD-01909 1 GAAGGUAUCAAUAUCCUAAITAT 2066 3013-30231 VUAGGAUAUUGAUGCCUUCTAT 2633
AD3-61915 1 VUCAAUAUCCUAACCCACCUGTAT 2067 3020-3038 AGGUGGGUUAGCAUAUUGAGTAT 2634
AD-01921 1 CCACCUCCCCAAAGGGAGUATAT 2068 3033-3051 ACUCCCUNUGGGGAGGUGGATAT 2635
AD¥-61927 1 CCCCAAAGGOAGUGCAGAGATAT 2069 30353057 CUCUGCACUCCCULUGGGGATAT 2636
AD-01933 1 GUGCAGAGGOGGAGCUGAUGTET 2070 3050-3068 AUCAGCUCCGCCUCIGCACITIT 2637
AD¥-61939 1 GOGAGCUGAUGAGCCUUGUCHTAT 2071 30603078 GACAACGCUCAUCACGCUCCATAT 2638
AD-01945 1 COUUGUCCCAGUAULCUAUGTST 2072 3072-3096 AUAGAAUACUGGCACAACGATAT 2639
AD3-61951 1 CCAGUAUUCUAUGUUULUCATAT 2073 30753097 GCAAAAAC AUAGAAUACUGGETAT 2640
AD-01957 1 GUUUUUCACUACCUGGAAAITIT 2074 3091-3109 LJUCCAGGUAGUGAAAAACATAT 2641
AD¥-61963 1 CCUGGAAACAGGAAAUCAUATAT 2075 31023120 AUGAUDUCCUGUUUCCAGGITST 2642
AB-61922.1 GGAACAUUUUUCAULICUGALTAT 2076 3122-3146 LCAGAAUGAAAAAUGLUCCATET 2643
Al-61928 .1 CAULICUGACCCAUUAAUUGITT 2077 31333151 CAAUUAAVGGGUCAGAAUGETAT 2644
AD-01934 1 CCAULAAUTIGAAAAGCAGAGTAT 2078 3142-3160 UCUGCUUUUCAAUUAAUGGATAT 2645
AD¥-61940.1 AAAGCAGAAACUGAAGAAALTAT 2079 31533171 VUUCUUCAGUUUCUGCUULGTET 2646
AB-01946.1 AACUGAAGAAAAAAUUAAAGTET 2080 3161-3179 JUUAAUUUUUUCUUCAGUUETAT 2647
AD-61952.1 AAAAAAVUAAAAGAAGCGALTET 2081 5165-3187 UCCCUUCUUUIUAAUUUIULGTET 2648
AB-61958.1 AGGOAUGUUGAGCAUUVALIGATIT 2082 3183-3201 CAUAAUGCUCAACAUCTCUETAY 2649
Al-61964 1 GAGUAUUAUGUCCUACAGAATAT 2083 5192-3210 UCUGUAGGALC AUAAUGCUCHTET 2650
AB-61923.1 UCGUCCUACAGAAAUCGCUGAITAT 2084 32803218 UCAGCAUUUCUGUAGGACALTIT 2651
Al-61929.1 AAUGCUGACUACUCUUACAATIT 2085 3211-3229 UGUAAGAGUACGUCAGCAULETT 2652
AB-61935.1 VACUCUUACAGUGUGHIGHAITET 2086 3220-3238 UCCATACACUGUAAGAGUALTIT 2653
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AD-61941 1 AGUGUGUGGAAGGGUGGAAGTAT 2087 3229-3247 UUCCACCCUUCCACACACUITIT 2654
AD¥-61947 1 GGGUGGAAGUGCUAGCACULTAT 2088 3240-3258 AGUGCUAGCACULICCACCCATAT 2635
AD-01953 1 GCUAGCACUUGCGUUAACAGITST 2089 3250-3268 CUGUUAACCAAGUGCUAGCATAT 2656
AD¥-61959 1 GGUUAACAGCUUUUGCIIUATET 2090 3260-3278 AAAGCAAAAGCUGUUAACCITAT 2637
AD-619065.1 UGCUUUAAGAGUACUUGGAdTAT 2091 3273-3251 UCCAAGUACUCUUAAAGCAGTAT 2658
AD-61924.1 GUACUUGGACAAGUAAATAATAT 2092 32833301 UAUUUACUUGUCCAAGUACITAT 26359
AD-01930.1 CAAGUAAAUAAAUACCGUAGETET 2093 3282-3316 CUACGUAUUUAULIJACUUGATAT 2660
AD¥-61936.1 AUAAMTACGUAGAGCAGAALTAT 2094 2993317 VUCUGCUCUACGUAUUUALGTET 2661
AD-01942 1 GAGCAGAACCAAAALUCAAITAIT 2095 3310-3328 LIGAAUUUUGGUUCUGCUCHTAT 2662
AI¥-61948 1 AAUUCAAUTIGUAAUUCUUATIT 2096 33223340 AAGAAUUACAAAUUGAAUGEAT 2663
AD-01954 1 GUAAUUCTCUAUUGIGGCUGTAT 2097 3332-3350 AGCCACAAUAAAGAAUUACITAT 2664
ADN-61960.1 AUUGUGGCUAGUUGAGAAUJTAT 2098 33423360 AUUCUCAACUAGCCACAAUITIT 2665
AD-01906.1 CUAGUUGAGAAUUAUCAALGTET 2099 3349-3367 AUUGAUAAUUCUCAACUAGATAT 2666
AD¥-61925 1 UUAUCAAUUAGAUAAUGGAATAT 2100 3360-3378 UCCAUUAUCUAAUUGAUAAITAT 2667
AD-01931 1 AAUGGAUCUUUCAAGCAAALTAT 2101 3373-3391 UUUCCUUGAAAGAUCCAUUATAT 2665
AD¥-61937 1 CUUUCAAGGAAAAUUCACAATAT 2102 3380-339% UGUGAAUUUUCCUUGAAAGITAT 2668
AB-61943.1 AAUUTACAGUAUCAACCAALTIT 2103 3381-3409 VUGGUUGAVACUCGUGAAUUATIT 2670
Al-61949 1 GUAUCAACCAAUAAAATUALTAT 2104 3395.3417 UAAUUUH AUUGGUUGAUACT T 2671
AD-01955 1 AAAAUUACAGGCGUACCUUGETET 2105 3411-342% CAAGGUACCCUGUAAUULIUATAT 2672
AD¥-61961 1 AGGCGUACCUUGCCUGUUGAATAT 2106 34193437 UCAACAGGCAAGGUACCCUITIT 2673
AB-61967.1 GUUGAAGCCCGAGAGAACAGTAET 2107 3433-3451 UGHUCUCUCCGHCUUCAACATIT 2674
Al-61926.1 CCCAGAGAAC AGCTUALAUATAT 2108 34413459 AUAUAAGCUGUUCUCUCGGETET 2675
AB-61932.1 GCUUAUAUCUUACAGCCUUATAT 2109 3452-3476 AAGGUCUGUAAGAUAUAAGCATAT 2676
Al-61938 .1 CUUACAGCCUUYACUGUCGATIT 2110 3460-3478 VCACAGUAAAGCCUGUAAGATAT 2677
ABD-01944.1 GAALTUAGAAAGGCUUUCHALTET 21t 34823504 UCGAAAGUCUGUCUAAUUICHTAT 2678
Al-61950.1 GOUIUJUCCAU AUTAUGCCCCATdT 2112 34923510 GOGGUAUAUAUCGAAAGCCHTAT 2679
AB-61956.1 GAUAUAUGCCCCCUGGUGAATIT 2113 34993517 UCACTAGGHLGGCAUAUALICHTAT 2680
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AD-61962.1 GGUGAAAAUCGACACAGCUATAT 2114 3513-3531 AGCUGUGUCGAUUUUCACCATAT 2681
AD¥-61968 1 CCACACAGCUCUAAUUAAALTAT 2115 35223540 UUUAAUUAGAGCUGUGUCGETAT 2682
AD-01974 1 GCUCUAAUUAAAGCUGACAITAT 2i16 3529-3547 UGUCAGCUUUAAUUAGAGCATAT 2683
AI¥-61980.1 CUGACAACUIUCUGCUUGAJTAT 2817 35423560 UCAAGCAGAAAGUUGUCALGITET 2684
AD-61926.1 CUCUCUGCUUGAAAATJACAITAT 2118 3549-3567 UGUAUTJUUCAAGCAGAAAGATAT 2683
AD-61992.1 AAAAUACACUGCCAGCCCALTAT 21149 35603578 UGGGCUGGCAGUGUAUUUTUGTAT 2686
AD-01998 1 AGCCCAGAGCACCUULACAATAT 2120 3573-3591 VGUAAAGGUGCUCTGGCCUdTAT 2687
AD-62004 1 GCACCUUUACAUUGGCCAATAT 2121 35813599 AUGGCCAAUGUAAAGGUGCITAT 2688
AD-02010.1 ACAUUGGCCAUUUCUGCGUITAT 2122 3589-3007 ACGCAGAAAUGGCCAAUGUATAT 2689
AD¥-61969 1 CUGCGUAUGCUCUBUCCCUETT 2123 360G2-3620 AGOUAAAGAGC AUACGCAGITAET 2660
AD-01975 1 CUVUCCCUGGGAGAUAAAAITIT 2124 3613-3631 UUULAUCUCCCAGGGAAAGATAT 2691
AD¥-61981 1 GCAGAUAAAACUCACCCACAGTAT 2125 36233641 VUGUGGGUGAGUUUUAUCUCETAT 2692
AD-01987 1 ACUCACCCACAGUUUCGUUATIT 2126 3631-3049 AACGAAACUGUGGGUGAGUATAT 2693
AD¥-61993 1 CAGUUUCGUUCAALUGUUUATAT 2827 3640-3658 AAACAAUUGAACGAAACUGITAT 2664
AD-01999 1 CAAUUGUUUCAGCUULIGAAITST 2128 3650-3668 LJCAAAGCUGAAACAAULIGATAT 2695
AD-62005.1 CUTUGAAGAGAGAAGCUUUATAT 2129 36623680 AAAGCUUCUCUCUUCAAAGATIT 2666
AB-02011 .1 GAGAGAAGCUUUGHUIUAAAGTET 2130 3669-3687 VUUUAACCAAAGCUUCUCTCATIY 2697
Al-61970.1 GUUAAAGGUAAUCCACCCAATT 2131 5682-3700 VGCGUGGAUUTACCULIUAACATAT 2698
AD-01976.1 AAUCCACCCAUUJAUCGUUATAT 2132 3691-3709 AACGAUAAAUGGGUGGAUUATIT 2699
AD¥-61982 1 CAUUUAUCGUUUUUGGAAALTAT 2133 36993717 VUUCCAAAAACGAUAAAUGITAET 2700
AB-01988.1 VULIGGAAAGACAAUCUUCAITET 2134 3710-3728 UGAAGAUUGUCUUUCCAAALTET 2701
Al-61994 1 AAUCTICAGCAUAAAGACAITAT 2135 37213739 UGUCUGUAUGCUGAAGAULIETT 2702
AB-02006.1 CHCUGUACCUAACACUGGUATIT 2136 3741-3759 ACCAGUGUUAGGUACAGAGATAT 2703
AD-62012.1 ACACUGGUACGHCACGUAUTT 2137 3752-3770 AUACGUGCCGUACCAGUGUATAT 2704
AB-01971 .1 GGUACCGUAUGGUAGAAACALTAT 2138 37623780 UGHUUCUACCALACGUGCCATIT 2705
AD-61977.1 GGUAGAAACAACUGUCUAULTAT 2139 3771-3789 AUAGGCAGUUGUUUICUACCHTET 2706
AB-61983.1 CAACUGCCUAUGCUUUACUATIT 2140 3779-3797 AGUAAAGUAUAGHCAGUUGHTAT 2707
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AD-61925.1 CUUUACUCACCAGUCUGAALTIT 2141 3791-3804 UUCAGACUGGUGAGUAAAGATAT 2708
AD¥-61995 1 GUCUGAACUUGAAAGAUAUATAT 2142 38033821 AUAUCULTUCAAGUUCAGACITAT 2709
AD-02001 1 ACUUGAAAGAUAUAAAUUAGTIT 2143 3809-3827 UAAUUUAUAUCUUUCAAGUATAT 2710
AD-62007 1 UAUAAAUUAUGUUAACCCAATAT 2144 38193837 UGGGUUAACAUAAUUUAUAGTAT 271

AD-62013.1 GUUAACCCAGUCAUCAAAUITAT 2145 3829-3847 AUUUGAUGACUGGGUUAACITAT 2712
AD-61972.1 UCAUCAAAUGGCUAUCAGAATAT 2146 38393857 UCUGAUAGCCAUUUGAUGAdTAT 2713
AD-01978 1 UAUCAGAAGAGCAGAGGUALTAT 2147 3851-3869 UACCUCUGCUCUUCUGAUAGTAT 2714
A¥-61984 1 AGAGGUAUGCGAGGUGGCUUITIT 2148 3563-3881 AAGCCACCUCCAUACCUCUATAT 2715
AD-01990.1 GAGGUGGCUUUALUUCAACITAT 2149 3872-3896 GUUGAAUAAAAGCCACCUCATAT 2716
AD3-619%96 1 UVALUUCAACCCAGGACACAAGTAT 2150 3883-3501 VUGUIGUCCUGGOUUGAAUALGTAT 2717
AD-02002.1 AGGACACAAUCAAUGCCAUGTAT 2151 3893-3911 AUGGCAUUGAUUGUGUCCUdTAT 2718
AD-62008 1 CAAUCAAUGCCAUUGAGGGATAT 2152 389934917 CCCUCAAUGGCAUUGATUGITAT 2719
AD-02014.1 CAUVUGAGGGOCUGACGGAAITIT 21353 3509-3927 UUCCGUCAGGCCCUCAAUGHTAT 2720
AR-61973 .1 ACGGAAUAUUCACUCCUGGATAT 2154 39223540 CCAGGAGUGAAUAUUCCGUGTAT 272

AD-01979 1 ICACUCCUGGUUAAACAAITIT 2155 3530-3948 UUGUUTIAACCAGGAGUGAALATAT 2722
AI¥-61985.1 GGUUAAACAACUCCGCUUGATAT 2156 39353657 CAAGCGGAGUUGUUUAACCITAT 2723
AB-61991 .1 CCOCUUGAGUAUGGACAUCITAT 2157 3951-396% GAUGUCCAUACUCAAGULGATAT 2724
Al-61997 1 GGACAUCGAUGUUUCUUACHTAT 2158 39633931 GUAAGAAACAUCGAUGUCCHTAT 2725
AD-02003 .1 COAUGUUUCUUACAAGCAUATST 2159 3869-3987 AUGCUUGUAAGAAACAUCGATAT 2726
AD-62009 1 CAAGCAUAAAGGUGCCUIALTAT 2160 3981-3999 UAAGGCACCUUUAUGCUUGHTET 2727
AB-02056.1 GUGCCUUACAUAAUUAUAAITAT 2161 39982-40140 UUAUAAUUAUGUAAGCCACHTET 2728
AD-62015.1 ACAUAAUUAUAAAAUGACALTET 2162 39994017 UGUTAUUUUAUAAUUTAUGUETAT 2725
AB-02021 .1 AAAAUGACAGACAAGAAULETET 2163 4009-4027 AAUUCTOGUCUGHCAUUUATET 2730
AD-620271 UAAGAAVULICCUUGGGAGGATT 2164 40204038 CUHUCCCAAGGAAAIUCUUGATET 2731
AB-02033.1 CCUUGGGAGGCCAGUAGAGATET 2165 4029-4047 CUCUACUGGCCUTTTAAGGATAT 2732
A-62039 1 ACUAGAGGUGUHUCUCAAUITET 2166 4041-4059 ALUUGAGAAGCACCUCUACUATAT 2733
AB-02045.1 CHUCUCAAUGAUGACCUCALTAT 2167 40351-4069 UGAGUUCAUCAUUGAGAAGTAT 2734
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AD-62051 1 UGACCUCAUUGUCAGUACAJTIT 2168 40624080 UGUACUGACAAUGAGGUCAATAT 2738
AD-62057 1 GUCAGUACAGCGAUUUGGCAATAT 21649 4072-409G UGCCAAAUCCUGUACUGACITIT 2736
AD-02016.1 AGGAUUUGGCAGUGCCUUGHTT 2170 4080-4008 CAAGCCACUGCCAAAUCCULTAT 2737

AD-62022 1 UGGCUUGGCUACAGUACAUATAT 2171 4092-4116 AUGUACUGUAGCCAAGCCAITIT 2738
AD-62028.1 GCUACAGUACATUIGUAACAAITAT 2172 40994117 VUGUUACAUGUACUGUAGCATAT 2739
AD-62034.1 AACAACUGUAGUUCACAAALATAT 217 41134131 UUUGUGAACUACAGUUGUUGTAT 2740
AD-02040.1 GUAGUUCACAAAACCAGUAITAT 2174 4120-4138 VACUGCGUUUUGUGAACUACATAT 2741
AD¥-62046.1 AAACCAGUACCUCUGAGGAdTAT 2175 413041428 UCCUCAGAGGUACUGGUUULTAT 2742
AD-02052.1 UGAGGAAGUUUGCAGCUULUETT 2176 4143-4161 AAAGCUGCAAACTUCCUCAGTAT 2743
A-62058.1 UGCAGCUUUUAUUTIGAAAALTAT 2877 41534171 VULICAAAUAAAAGCUGC AITET 2744
AD-02017 .1 AULUGAAAAUCGAUACUCAITET 2178 4163-4181 UGAGUAUCGAUUUUCAAAUATAT 2745
A-62023.1 COAUACUCAGGAUAIUGAAATAT 2179 41734191 VUCAAUAUCCUGAGUAUCGHTAT 2746

AD-02029.1 GOAUAUUGAAGCAUCCCACITLT 2180 4182-4206 GUGGGAUGCUUCAAUAUCCATAT 2747
AD-620351 GAAGCAUCCCACUACAGAGETAT 2181 41854207 CUCUGUAGUGGGAUGCUUCITAT 2748
AD-02041 1 ACUACAGAGGUUACGGAAAITIT 2182 4199-4217 DUUCCGUAGCCUCUCGUAGUATEY 2749
AD-62047 1 CGGAAACUCUGAUUACAAALTAT 2183 42124230 VUUGUAAUCAGAGUUUCCGATAT 2730
AB-02053.1 VGAUVUACAAACGCAUAGUAGTET 2184 4221-4239 UACUAUGCGUUUGUAAUCAITAT 275

A-62059 1 GCAUAGUAGCAUGUGOU AGATAT 2185 42324250 CUGGCACAUGCUACUAUGOITET 2752
AD-02018.1 GCAUGUGCCAGCUACAAGOATAT 2186 4240-4258 GCUUGUAGCUGGCACAUGCATAT 2753

ADN-62024 1

CUACAAGCCCAGCAGGGAAGTAT

42514269

VUCCCUGCUGGGCUUGAGITIT

AB-02030.1

CAGCAGOOGAAGAAUCAUCAITET

4260-4278

UGAUGALIUCULICCCUGTUGHTAT

A-62036.1 GAALICAUCAUCUGGAUCCUdTdT 2189 427(3-4288 AGOAUCCAGAUGAUGAUUCHTAT 2736
AB-02042.1 GAVCCUCUCAUGCGGUGAUITAT 2190 4283-4301 AUCACCCCAUGAGAGGALICHTAT 2757
A-62048 1 CUCAUGCGGUGALIGGAL AUATAT 2191 42894347 AUGUCCAUCALCCCAUGAGATAT 2758

AB-02054.1

GAUGGACAUCUCCULIGCCUATIT

AGGUAAGGAGAUGUCCAUCATET

A-62060.1 CUUCCCUACUGGAAVCAGUITT 2193 43114329 ACUGAUUICCAGUAGHCAAGITET 2760
AB-02019.1 GAALICAGUGCAAAULAAGALTET 2194 4322-4346 UCUUCAUUUGCACUGALUCHTAT 2761
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AD-620251

AAAUGAAGAAGACUUAAAAGTAT

VUUUAAGUCUUCUUCAULUATAT

2762

AD-62031 1

GAAGACUUAAAAGCCCUIGATAT

CAAGGGOUUUUAAGUCUUCITAT

2763

AD-02037 .1

CCUUGUGGAAGGGGUGGAUGTAT

AUCCACCCCUNICCACAAGGITIT

2764

GAAGGGGUGGALICAACUAUATAT

AUAGUUGAUCCACCCCUUCITIT

2765

AD-62045.1 AUCAACUAUUCACUGAUUAdTIT 2199 43704388 UAAUCAGUGAAUAGUUGAUJTIT 2766
AD-62055.1 CACUGAUUACCAAAUCAAAGTAT 22060 43804398 UUUGAUUUGGUAAUCAGUGATAT 2767
ABD-02001 1 AUCAAAGAUGGACAUGUUALTAT 2201 4393-4411 UAACAUGUCCAUCUUUGAUITAT 2768
AD-62020.1 GCGACAUGUUAUUCUGCAACATAT 2202 440244720 GUUGCAGAAUAACAUGUCCATAT 2764
AD-02026.1 UCUGCAACUGAAUUCGAUUGTAT 2203 4413-4421 AAUCGAAUUCAGUUGCAGALTAT 2770
AD-62032.1 GAAUUCGAUUCCCUCCAGIGTAT 2204 44224440 ACUGGAGGGAAUCGAAUUCITAT 277

AD-02038.1 CCCUCCAGUGALUUCCUUUTT 2205 44372-4450 AAAGGAAAUCACUGGAGGGATAT 2772
AD¥-62044 1 GAUUUCCUUUGUGUACGAUATAT 2206 44414459 AUCGUACACAAAGGAAAUCHTAT 2773
AD-02050.1 GUACGAUUCCGGAUAUUUGETET 2207 4453-4471 CAAAUAUCCGGAAUCGUACATAT 2774
AD¥-62320.1 COCGAUAUUUGAACUCULIUGATAT 2208 44624480 CAAAGAGUUCAAAUAUCCGATAT 2778
AD-02326.1 ACUCTJUGAAGUUGGCUUUETIT 2209 4473-4491 AAACCCAACUUCAAACAGUGTAT 2776
A¥-62332.1 AGUUGGGUUUCUCAGUCCUATAT 2210 44824500 AGGACUGAGAAACCCAACUATIT 2777
AB-02338.1 TUCUCAGUCCUGCCACTITUATAT 2211 4490-4508 AAACGUGGUACGACUGAGAALTAT 2778
Al-62344 1 CACULUCAC AGUGUACGAAJTT 2212 45034521 VUCCUAC ACUGHGAAAGUGATAET 2779
AD-02350.1 CACAGUGUACGAALACCACITIT 2213 4509-4527 GUGRUAUUCCGUACACUGUGATAT 2780
A¥-62356.1 ACCACAGACCAGAUAAACAGTAT 2214 45234541 UGUUUAUCUGCGUCUGUIGRUGTAT 2781

AB-023062.1

CCAGAUAAACAGUGUACCATIT

UGGUACACUGUUUAUCUGGATET

AD-62321 .1

CAGQUGUACCAUGUUUAUALTAT

VAUAAAACAUGGUACACUGETAT

AB-02327.1

GUUUUAUAGCACULCCAAUGTET

AUUVGGAAGUGCUAUAAAACATAT

Al¥-62333 1

CUUCTAAUVAUCAAAAUUCAATT

UGAATUUUGAUAUUGGAAGETAT

AB-02339.1

AUCAAAAUGCAGAAACUCUATETY

AGACUTICUCAAULRTUGAUATIT

Al¥-623451

GAAAGUCUGUGAAGGAGCCHTAT

45814389

GGCUCTUUCAC AGACUUUCATAT

AB-02351 .1

GAAGGAGCCGCCGUGCAAGUITET

4591-4009

ACUUGCACGCGHCUCCULICHTETY
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AD-623571 CGUGCAAGUGUGUAGAAGCITAT 2222 460140149 GCUUCUACACACUUGCACGGTAT 2789
A¥-62363 1 GUAGAAGCUCGAUUGUGGGCATAT 2223 4612-4630 GCCCACAAUCAGCUUCUACITAT 2790
AD-02322.1 CUGAUUGUGGGCAAAUGCAITAT 2224 4619-4037 UGCAUUUGCCCACAAUCAGATAT 2791
AD¥-623281 GUAAAUGCAGGAAGAAUUGATAT 2225 46294647 CAAUUCUUCCUCGCAUYUGCdTIT 2792
AD-62334.1 GAAGAAUUGGAUCUGACAAGTAT 2226 463940657 UUGUCAGAUCCAAUUCUUCATAT 2793
AD-62340.1 CUGACAAUCUCUGCAGAGAATAT 2227 46514669 UCUCUGCAGAGAUUGUCAGITT 2794
AD-02346.1 GCAGAGACAAGAAAACAAAGTAT 2228 4663-4081 UUUGUULUCUUGUCUCUGCATAT 2795
AD¥-62352.1 CAAGAAAACAAACAGCALIGATAT 2228 46704688 CAUGCUGUUUGUUULCUUGITAT 27596
AD-02358.1 ACAGCAUGUAAACCAGAGAITAT 2230 4681-409% UCUBCUGGUUUACAUGCUGUATAT 2797
Al¥-62364 1 CCAGAGAUUGCAUAUGCIUATAT 2231 46934711 AAGCAUAUGCAAUCUCUGGHTET 2798
AD-02323 .1 GCAUAUGCUUAUAAAGUUAGTET 2232 4702-4720 UAACUTUAUAAGCAUAUGCITAT 2799
AD¥-623291 LTJAUAAAGUUAGCAUCACAATAT 2233 47104728 UGUGAUGCUAACUUUAUAAGTAT 2800
AD-02335.1 CAUCACAUCCALICACUGUALTAT 2234 4722-4746 UACAGUCGAUGGAUGUGAUGITIT 2801
Al¥-62341 1 UCACUGUAGAAAAUGUUUUATAT 2235 47334751 AAMACAUNUUCUACACGUGAITAT 2802
AD-02347 1 AGAAAAUGUUTCUGUCAAGATIT 2236 4740-4758 CUUGACAAAAACAUUUUCUITAT 2803
AD¥-623531 VITUGUCAAGUACAAGGCAALTAT 2237 47504768 VUGCCUUGUACTUUGACAAAGTIT 2804
AB-02359.1 ALGCAACCCUUCUGGAUAUGTAT 2238 4763-4781 AUAUCCAGAAGGCGUUGCCUdTET 2805
Al-62365.1 CCUUCUGGAUAUCUACAAALTIT 2239 47734788 UUUGUAG AUAUCCAGAAGGETET 2806
AD-02324 .1 VAUCUACAAAACTUGGGGAAITIT 2240 4779-4797 UUCCCCAGUUUIUGUAGAUAATAT 2807
AD¥-62330.1 CUGGGOGAAGCUGUUGCUGAITAT 2241 47904808 UCAGCAACAGCUUCCCCAGATAT 2808
AB-02336.1 CUCGUULCUGAGAAAGACUCATAT 2242 4799-4517 GAGHCUUUCUCAGCAATAGHTAT 2809
Al-62342.1 GACUCUGAGAUUACCULICAJTIT 2243 48134831 VHAAGGUAAUCUCAGAGUCHTAT 2810
AB-02348.1 GAGAUUACCULCAUUAAAALITAT 2244 4819-4837 UUUUAAUGAAGGUAALICUCATAT 2811
Al¥-62354 1 AUUAAAAAGGUAACCUGUAATAT 2245 48314849 VACAGGUUACCUUGUUAAUATET 2812
AB-02360.1 UAACCUGUACUAACGCUGAITIT 2246 4841-4859 LUCAGCGUUAGUACAGGUUAATET 2813
Al¥-62366.1 CUAACCGCUGAGCUGGUAAALTAT 2247 48504868 VUUACTAGCUC AGCHUUALATITY 2814
AB-02325.1 GGUAAAAGGAAGACAGUACATET 2248 4863-4581 GUACUGUCUUCCHUUUACCATIT 2815
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AD-623311 GAAGACAGUACUUAATUUAUGTAT 2249 48714884 AUAAUUAAGUACUGUCUUCATAT 2816
AD¥-623371 CUUAAUUAUGGGUAAAGAAATIT 2250 4581-4899 VUCUUUACCCAUAAUUAAGITIT 2817
AD-02343 1 UAAAGAAGCCCUCCAGAUAITIT 2251 4893-4911 VAUCUGGAGGGCUICUUUAITAT 2818
A¥-62349 1 CCUCCAGAUAAAAUACAALATAT 2252 49024920 AUUGUAUUUUAUCUGGAGGETAT 2819
AD-62355.1 AAAUJACAAUUUCAGUUUCAITIT 2253 49124930 UGAAACUGAAAUUGUATUUJTAT 2820
AD-62361 .1 CAGUUUCAGGUACAUCUACATAT 2254 49234941 GUAGAUGUACCUGAAACUGATAT 2821
ABD-023067.1 GOUACAUCUACCCUUUAGAATIT 2255 4531-4949 UCUAAAGGGUAGAUGUACCATAT 2822
AD¥-62373 1 CCUUUAGATUCCUUGACCdTAT 2256 494245960 AGGUCAAGCAAUCUAAAGGETAT 2823
AD-02379.1 CCUUGACCUGGAUUGAAUAITIT 2257 4552-4976 UAUUCAAUCCAGGUCAAGGATAT 2824
A¥-62385.1 GOGAUUGAAUACUGGUCUAGATAT 2258 49614579 CUAGGCCAGUAUUCAAUCCITIT 2825
AD-02391 1 CUGGCCUAGAGACACAACAATAT 2259 4571-498% DGUUGUGUCUCUAGGCCAGATAT 2826
AD¥-62397 1 GAGACACAACAUGUUCAUCATAT 2260 49794997 GAUGAAC AUGUUGUGUCUCITAT 2827
AD-02403 1 GUUCAUCGUGUCAAGCAUUGTAT 2261 4591-5009 AAUGCUUGACACGAUGAACITAT 2828
Al¥-62409 1 GUCAAGCAUVUUUAGCUAALTAT 2262 5000-5018 VUAGCUAAAAAUGCUUGACITAT 2825
AD-02308.1 AGCUAAULUAGAUGAAULNIATAT 2263 5013-5031 AAAUUCAUCUAAATUAGCUATAT 2830
Al¥-62374 1 AGAUGAAUTUGCCGAAGAUATAT 2264 5022-5040 AVUCUUCGGCAAAUUCAUCUATIT 2831
AB-02380.1 CCGAAGAUAUCUUUUUAAAGTAT 2265 5033-5051 JUUAAAAAGAUAUCULICGGATAT 2832
Al¥-62386.1 CUUGUUAAAUGRAUGUUAALTAT 2266 5043-5061 VUAGCAUCCAUUUAAAAAGITET 2833
AD-02392.1 GGAUGCUAAAAUUCCUGAAGTAT 2267 5053-5071 UCAGGAAUUUIAGCAUCCATAT 2834
AD¥-62398 1 UAAAAUUCCUGAAGUUCAGATAT 2268 5055-5077 CUGAACUUCAGGAAUUUUAITAT 2835
AB-02404.1 AGUUCAGCULCAUACAGUUGTAT 2269 5071-508% AACUCGUALGCAGCUGAACUdTET 2836
A-62410.1 GCAUACAGUUUGCACULAUGTET 2270 5080-5098 AUAAGUGCAAACUGUAUGCHTAT 2837
AB-02369.1 ACUUAUGGACUCCULUUGUATAT 2271 5083-5111 ACAACAGGAGUCTAUAACUATAT 2838
Al¥-623751 GOGACUCCUGHUIGUUGAAGUATT 2292 50995117 ACUUCAACAAC AGGAGUCCATAT 2839
AB-02381 .1 UGUUIGAAGUUCGUUUUULUATIT 2273 51895127 AAALAAACCGAACUUCAACALTIT 2840
Al¥-62387.1 UUOUUUGUUIUUCUUCUUUUATAT 2274 51225140 AAALCGAAGAAAACAAAAAAGTIT 2841
AB-02393.1 VCULICUULUUUUAAACAULETET 2275 5132-5156 AALGULUAAAAALAGAAGAATAT 2842
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AD-623901 UUUUUAAACAUUCAUAGCUATAT 2276 5139-5157 AGCUAUGAAUGUUUAAAAAGTIT 2843
A¥-62405.1 AVAGCUGGUCUUATTUUCGUALTAT 2277 5152-517¢ UACAAAUAAGACCAGCUAUGTAT 2844
AD-02411 1 GUCUUAUUUGUAAAGCUCAITAT 2278 5159-5177 VGAGCUUUACAAAUAAGACATAT 2845
AD¥-62370.1 AAAGCUCACUUUACUUAGAATAT 2279 5170-5188 UCUAAGUAAAGUGAGCUULGTTY 2846
AD-62376.1 ACUJAGAAUUAGUGGCACUATAT 2280 5182-5200 AGUGCCACUAAUUCUAAGUATAT 2847
AD-62382.1 AGUGGCACUUGCUUUUATUGTET 2281 5192-5210 AATAAAAGCAAGUGCCACUdTAT 2848
AD-02388.1 GCUUUALUAGAGAAUGAUGTT 2282 5202-5220 AUCAUUCUCUAAUAAAAGCATAT 2849
Al¥-62394 1 GAGAAUGAUUUCAAAUGCUITAT 2283 5212-5230 AGCAUUUGAAAUCAUUCUCGTAT 2830
AD-02400.1 VUUCAAAUGCUGUAACUUUGTET 2184 5220-5238 AAAGUUACAGCAULUUGAAALTAT 285

Al¥-62406.1 GUAACUUUCUGAAAUAACAATAT 2285 5231-5249 UGUUAUUTUCAGAAACGUUACGTAT 2857
AD-02412.1 GAAAUAACAUGGOCUUGGAITAT 2186 5241-5259 UCCAAGCCCAUGUUAULLICATAT 2853
AD¥-62371 1 CCUUGCAGGGCAUGAAGACATAT 2287 52535271 GUCUUCAUGCCCUCCAAGGATAT 2854
AD-02377.1 AGOGCAUGAAGACAGAUACITIT 2288 5259-5277 GUAUCUGUCUUCAUGCCCUATAT 2853
A¥-62383.1 GAUACUCCUCCAAGGUUAUATAT 22849 5273-5291 AUAACCUUGGAGCAGUAUCITAT 2836
AD-02389.1 CCUCCAAGGUUAUUGGACAITAT 2250 5279-5297 UGUCCAAUAACCUUIGGAGGATAT 2857
AD¥-62395 1 GGACACCGGAAACAAUAAALTAT 2291 5293-5311 VUUAULGUUUCCGGUGUCCHTET 2838
AB-02401 .1 GAAACAAUAAAUUCGAAL AGTET 2292 5381-5319 UGUUCCAAULUALUGUUDCATET 2859
Al¥-624407 1 AULIGGAACACCUCCUCAAALTIT 2293 5311-5329 UUUGAGHAGGUGUUCCAALGTET 2860
AD-02413.1 UCCUCAAACCUACCACUCALTAT 2294 5322-5340 UGAGUGGUAGGUUUGAGGAJTIT 2861
AD¥-62372.1 CUACCACUCAGGAAUGUUUATAT 2295 5331-5349 AAACAUUCCUGAGUGGUAGITAET 2862
AB-02378.1 AAUGUUUGCUGGGGCCCGAALITAT 2296 5343-5361 UUCGGCCCCAGCAAACAUUGTAT 2863
Al¥-62384.1 UGCUGGHGCCGAAAGAACAITAT 2297 5349-5367 UGUUCUUUCGGUCCTAGCALTET 2864
AB-62390.1 AAAGAACAGUCCAUUGAAAITET 2298 5360-5378 UUCAAUGOACUGUUCUUUATET 2865
Al-62396.1 CAUVUGAAAGGGAGUAUUACTAT 2299 5371-5389 GUAAUACUCCCUUUCAADGATIT 2866
AB-02402.1 GGAGUADUACAAAAACAUGETET 2360 5380-5398 CAUGHUUUUGUAAUACUCCATAT 2867
Al-624408 1 AAAACAUGGCCUUIGCUUGHTAT 2301 5391-5409 CAMICAAAGGUCAUGUUULUATAT 2868
AB-02414.1 GCCUUUGUUUGAAAGAAAALITAT 2302 53995417 UUULCUULCAAGCAAAGGCATAT 2869
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Table 22. C5 single dose screen (10mM) in Hep3B cells with dT modified IRNAs

Duplex 1D Avg. % message remaining
AD-61779.2 432
AD-61785.2 225
AD-61791.2 27.3
AD-61797.2 30.5
AD-61803.2 3.9
AD-61809.2 75.1
AD-61815.2 8.7
AD-51821.2 33.7
AD-61780.2 535
Al61786.2 34.4
AD-61782.2 27.5
Al-61798.2 23.3
AD-61804.2 236
AD-61R10.2 334
AD-61818.2 39.7
AD-61R22.2 24.9
AD-61781.2 31.2
AD-61787.2 22.8
AD-61793.2 284
AD-61799.2 91
AD-61805.2 2.1
AD-61811.2 80.9
AD-61817.2 6.1
AD-61823.2 413
AD-51782.2 425
AD-61788.2 28.9
Al-61794.2 1335
AD-61800.2 27.9
Al-61806.2 42.8
AD-61812.2 26.9
AD-61R18.2 30.6
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AD-61824.2 8.3
AD-61783.2 613
AD-61789.2 255
AD-61785.2 342
AD-61801.2 242
AD-618C7.2 42.8
AD-61813.2 31

AD-61819.2 42.2
AD-61825.2 31

AD-61784.2 341
AD-81780.2 268
AD-61798.2 346
AD-81802.2 30

AD-61808.2 335
AD-61814.2 453
AD-61820.2 56

AD-61826.2 316
AD-61832.2 36.2
AD-61838.2 387
AD-61844.2 37

AD-61850.2 66.3
AD-61856.2 1726
AD-61862.2 413
AD-61868.2 32.2
AD-61827.2 52.7
AD-61833.2 296
AD-61839.2 415
AD-81845.2 297
AD-61851.2 37

AD-81857.2 34 9
AD-61863.2 333
AD-61869.2 3872
AD-61828.2 303
AD-61834.2 271
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AD-61840.2 64.3
AD-61846.2 42

AD-61852.2 252
AD-61858.2 86.7
AD-61864.2 296
AD-61870.2 305
AD-61829.2 827
AD-61835.2 248
AD-61841.2 58.2
AD-61847.2 308
AD-81853.2 352
AD-61859.2 40.1
AD-81865.2 423
AD-61871.2 55.8
AD-61830.2 162.9
AD-61836.2 288
AD-61842.2 18.2
AD-61848.2 25

AD-618534.2 423
AD-61860.2 41.7
AD-61866.2 28.8
AD-61872.2 64.7
AD-61831.2 16.9
AD-61837.2 243
AD-61843.2 275
AD-6184%8.2 258
AD-61855.2 20

AD-81861.2 286
AD-61867.2 18

AD-82062.1 22

AD-62068.1 283
AD-62074.1 4.2
AD-62080.1 304
AD-62086.1 21
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AD-62092.1 20

AD-62038.1 384
AD-62104.1 427
AD-62063.1 26.6
AD-62068.1 55.6
AD-62075.1 114.4
AD-62081.1 212
AD-62087.1 338
AD-62083.1 263
AD-62089.1 238
AD-62185.1 301
AD-62064.1 32

AD-82070.1 1357
AD-62076.1 84.3
AD-62082.1 423
AD-62088.1 36.5
AD-62084.1 66

AD-62100.1 66.4
AD-62186.1 338
AD-62065.1 33

AD-62071.1 384
AD-62077.1 278
AD-62083.1 447
AD-62089.1 427
AD-62085.1 46.6
AD-62181.1 353
AD-62107.1 283
AD-82066.1 335
AD-62072.1 275
AD-82078.1 499
AD-62084.1 117.6
AD-62030.1 44

AD-62096.1 335
AD-62182.1 382
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AD-62108.1 £63.5
AD-62067.1 333
AD-62073.1 81.1
AD-62079.1 46.8
AD-62085.1 316
AD-62081.1 32
AD-62097.1 35.3
AD-62103.1 356
AD-62189.1 247
AD-621151 257
AD-62121.1 231
AD-62127.1 363
AD-62133.1 53.9
AD-62139.1 84.1
AD-62145.1 808
AD-62151.1 56.8
AD-62110.1 26
AD-62118.1 145.5
AD-62122.1 198.7
AD-62128.1 178.4
AD-62134.1 52.
AD-62140.1 55.6
AD-62146.1 472
AD-62152.1 164
AD-621111 483
AD-62117.1 46.2
AD-62123.1 5.1
AD-62128.1 156.2
AD-62135.1 62
AD-62141.1 128.1
AD-62147.1 146.2
AD-62153.1 355
AD-62112.1 43
AD-62118.1 32
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AD-62124.1 48.4
AD-62130.1 494
AD-62136.1 1419
AD-62142.1 38.7
AD-62148.1 165.2
AD-62154.1 94.7
AD-62113.1 52.5
AD-62119.1 44

AD-62125.1 128.9
AD-621311 68.9
AD-62137.1 106

AD-62143.1 176.1
AD-6214%8.1 2013
AD-62155.1 143.3
AD-62114.1 218
AD-62120.1 34.6
AD-62126.1 446
AD-62132.1 385
AD-62138.1 345
AD-62144.1 28

AD-62150.1 221
AD-62156.1 441
AD-62162.1 19.8
AD-52168.1 17.3
AD-621741 27

AD-62180.1 158
AD-621868.1 205
AD-62182.1 338
AD-62188.1 14

AD-62157.1 93
AD-62163.1 154
AD-62169.1 236
AD-62175.1 8.6
AD-62181.1 264
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AD-62187.1 88
AD-62133.1 218
AD-62189.1 164
AD-62158.1 18.5
AD-62164.1 191
AD-621701 15

AD-62176.1 62.7
AD-62182.1 70.8
AD-62188.1 811
AD-62184.1 63.6
AD-62280.1 216
AD-6215%.1 42.8
AD-62185.1 277
AD-62171.1 318
AD-62177.1 286
AD-62183.1 252
AD-62189.1 327
AD-62185.1 731
AD-62201.1 356
AD-62160.1 56.5
AD-62166.1 115.1
AD-62172.1 107.4
AD-62178.1 713
AD-62184.1 27.2
AD-62180.1 372
AD-62196.1 185
AD-62202.1 8.4
AD-62181.1 237
AD-62167.1 244
AD-62173.1 36

AD-62179.1 50.5
AD-62185.1 43 .5
AD-62181.1 383
AD-62137.1 394
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AD-62203.1 341
AD-62289.1 346
AD-62215.1 31

AD-62221.1 16.3
AD-62227.1 68.5
AD-62233.1 343
AD-62239.1 37.2
AD-622451 312
AD-62204.1 33

AD-62210.1 28

AD-82216.1 387
AD-62222.1 345
AD-62228.1 303
AD-62234.1 15.2
AD-62240.1 262
AD-62246.1 40.4
AD-62205.1 171
AD-62211.1 2038
AD-62217.1 498
AD-62223.1 40

AD-62229.1 26.7
AD-62235.1 215
AD-62241.1 46.2
AD-62247.1 40.4
AD-62208.1 42.2
AD-62212.1 517
AD-62218.1 26

AD-82224.1 403
AD-62230.1 32.8
AD-62236.1 524
AD-62242.1 33.%
AD-62248.1 18

AD-62207.1 8.7
AD-62213.1 434
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AD-62219.1 39.8
AD-62225.1 343
AD-62231.1 37.2
AD-62237.1 258
AD-62243.1 198
AD-62249.1 13.8
AD-62208.1 137
AD-62214.1 16.6
AD-62220.1 252
AD-62228.1 27

AD-62232.1 365
AD-62238.1 515
AD-62244.1 315
AD-61874.1 374
AD-61880.1 308
AD-61886.1 30.4
AD-61852.1 488
AD-61888.1 247
AD-61904.1 1258
AD-61910.1 457
AD-61916.1 257
AD-61875.1 334
AD-61881.1 64

AD-61887.1 36.7
AD-61883.1 228
AD-61889.1 84.5
AD-61905.1 32.%
AD-61911.1 237
AD-61817.1 2.5
AD-81876.1 473
AD-61882.1 265
AD-61888.1 277
AD-61884.1 64.8
AD-61530.1 898
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AD-61906.1 24
AD-61912.1 198
AD-61918.1 371
AD-61877.1 145

AD-61883.1 315
AD-61889.1 338
AD-61885.1 37.5
AD-618C1.1 26.1
AD-61987.1 33

AD-61813.1 331
AD-61918.1 36.6
AD-61878.1 263
AD-81884.1 338
AD-61890.1 37.2
AD-61836.1 417
AD-61902.1 58.6
AD-61808.1 28

AD-61914.1 314
AD-61920.1 271
AD-61879.1 33.1

AD-61885.1 337
AD-61881.1 41.3
AD-61857.1 394
AD-61903.1 515
AD-618C9.1 48.6
AD-61915.1 122.4
AD-61921.1 66.4
AD-81927.1 405
AD-618933.1 227
AD-6193%8.1 281
AD-61945.1 30

AD-61931.1 337
AD-61857.1 32.6
AD-61963.1 17
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AD-61922.1 32.8
AD-61928.1 283
AD-61934.1 24

AD-61940.1 28.2
AD-61946.1 33.2
AD-61852.1 167.5
AD-51958.1 37

AD-61964.1 306
AD-61923.1 51.2
AD-61929.1 284
AD-61935.1 61

AD-61941.1 285
AD-81947.1 288
AD-61853.1 3.7
AD-61939.1 189
AD-61965.1 17

AD-61924.1 241
AD-61930.1 318
AD-61936.1 369
AD-61942.1 13.8
AD-61948.1 40.2
AD-61954.1 418
AD-61960.1 241
AD-61966.1 183
AD-61925.1 524
AD-61931.1 258
AD-61937.1 18.1
AD-61943.1 278
AD-61849.1 265
AD-81955.1 838
AD-61961.1 26

AD-61967.1 163
AD-61926.1 17.8
AD-61932.1 18.6
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AD-61938.1 318
AD-61944.1 285
AD-61950.1 57.8
AD-61856.1 421
AD-61962.1 30

AD-61868.1 281
AD-61974.1 50.8
AD-61880.1 187
AD-61986.1 364
AD-618%2.1 36.3
AD-81988.1 83
AD-62004.1 14

AD-62010.1 568
AD-61969.1 30

AD-615975.1 51.1
AD-61981.1 37.6
AD-61887.1 325
AD-61983.1 234
AD-61939.1 438
AD-62005.1 i3.8
AD-62011.1 327
AD-61970.1 39.6
AD-61876.1 275
AD-61982.1 64.9
AD-61888.1 285
AD-619%94.1 405
AD-62008.1 42.%
AD-82012.1 21

AD-618711 275
AD-81977.1 234
AD-61983.1 575
AD-61989.1 258
AD-61985.1 18.2
AD-62001.1 287
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AD-62007.1 106.4
AD-62013.1 361
AD-61972.1 405
AD-61578.1 451
AD-61984.1 243
AD-61880.1 38.8
AD-51996.1 405
AD-62002.1 325
AD-62008.1 353
AD-62014.1 236
AD-81973.1 393
AD-61979.1 274
AD-81985.1 313
AD-61991.1 349
AD-61937.1 2872
AD-62003.1 259
AD-62009.1 211
AD-62058.1 16.3
AD-62015.1 1383
AD-62021.1 364
AD-62027.1 42.4
AD-62033.1 62
AD-62039.1 352
AD-62045.1 308
AD-62051.1 228
AD-62057.1 318
AD-62018.1 282
AD-62022.1 369
AD-62028.1 52.6
AD-62034.1 31
AD-62040.1 30.7
AD-62046.1 2872
AD-62052.1 3.7
AD-62058.1 778
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AD-62017.1 41

AD-62023.1 27

AD-62029.1 318
AD-62035.1 46.4
AD-62041.1 253
AD-62047.1 20

AD-62053.1 371
AD-62059.1 31

AD-62018.1 378
AD-62024.1 347
AD-62030.1 5.4
AD-62038.1 255
AD-62042.1 335
AD-62048.1 83
AD-62054.1 556
AD-62060.1 269
AD-62019.1 25

AD-62025.1 785
AD-62031.1 152.8
AD-62037.1 373
AD-62043.1 3338
AD-62049.1 46

AD-62055.1 245
AD-62061.1 305
AD-62020.1 251
AD-62026.1 243
AD-62032.1 23

AD-62038.1 212
AD-62044.1 341
AD-62050.1 224
AD-62320.1 16.6
AD-62326.1 166
AD-62332.1 54
AD-62338.1 419
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AD-62344.1 186
AD-62350.1 333
AD-62356.1 204
AD-62362.1 278
AD-62321.1 187
AD-62327.1 14.8
AD-62333.1 22.2
AD-62339.1 1245
AD-62345.1 321
AD-623511 356
AD-62357.1 31

AD-62363.1 28.2
AD-62322.1 451
AD-62328.1 301
AD-62334.1 381
AD-62340.1 243
AD-62346.1 354
AD-62352.1 338
AD-62358.1 457
AD-62364.1 8.7
AD-62323.1 44.5
AD-62329.1 57.5
AD-62335.1 27.6
AD-62341.1 62.2
AD-62347.1 1255
AD-62353.1 531
AD-6235%.1 38.1
AD-62385.1 236
AD-62324.1 275
AD-62330.1 251
AD-62338.1 253
AD-62342.1 454
AD-62348.1 316
AD-62354.1 132.1
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AD-62360.1 316
AD-62366.1 142
AD-62325.1 278
AD-62331.1 315
AD-62337.1 338
AD-62343.1 36.1
AD-62349.1 37.6
AD-62355.1 38.8
AD-62361.1 46.1
AD-62367.1 236
AD-82373.1 321
AD-62379.1 286
AD-62385.1 357
AD-62391.1 33.7
AD-62337.1 541
AD-62403.1 34.8
AD-62409.1 28.2
AD-62368.1 287
AD-62374.1 286
AD-62380.1 306
AD-62386.1 234
AD-62382.1 30.5
AD-62388.1 48.7
AD-62404.1 248
AD-62410.1 218
AD-62368.1 274
AD-62375.1 318
AD-62381.1 273
AD-62387.1 77

AD-62383.1 833
AD-62389.1 154.2
AD-62485.1 285
AD-62411.1 84
AD-62370.1 163
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AD-62376.1 48.2
AD-62382.1 285
AD-52388.1 493
AD-623%4.1 288
AD-62400.1 45.2
AD-62408.1 23

AD-b2412.1 455
AD-62371.1 66.5
AD-62377.1 495
AD-62383.1 738
AD-6238%8.1 824
AD-62385.1 318
AD-62401.1 312
AD-62407.1 30.2
AD-62413.1 2811
AD-62372.1 43

AD-62378.1 7.9
AD-62384.1 286
AD-62330.1 377
AD-62396.1 26

AD-62402.1 316
AD-52408.1 46.6
AD-62414.1 272
AD-62415.1 7.6
AD-62418.1 253
AD-62417.1 36.3
AD-61779.2 43.2
AD-81785.2 225
AD-61781.2 273
AD-81787.2 305
AD-61803.2 308
AD-61809.2 751
AD-61815.2 90.7
AD-61821.2 337
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AD-61780.2 53.5
AD-61786.2 344
AD-61792.2 275
AD-61788.2 233
AD-61804.2 236

Example 7: fi Vive Screening of Additional siRNAs

Based on the sequence of AD-58643, an additional four sense and three antisense
sequences were synthesized and used to prepare twelve, 21/25 mer compounds (Table 23). In
general, the antisense strands of these compounds were extended with 2 dTdT and the duplexes
had fewer fluoro-modified nucleotides.

C37BL/G mice (N=3 per group) were injected subcutaneously with T mg/kg of these
GalNAc comjugated duplexes, serum was collected on day O pre-bleed, and day 5, and the levels
of 5 proteins were quantified by ELISA. C5 protein levels were normalized to the day 0 pre-
bleed level.

Figure 14 shows the results of an in vive single dose screen with the indicated iIRNAs.
Data are cxpressed as percent of C5 protein remaining relative to pre-bleed levels. Those iRNAs
having improved cfficacy as compared to the parent compound included AD-62510, AD-62643,
AD-G2645, AD-62646, AD-62650, and AD-62651. These iRNAs also demontsrated similar
potencies (ICsy of about 23-59 pM).

The efficacy of these iRNAs was also tested w CSTBV6 nuce using a single-dosing
administration protocol. Mice were subcutancously admmistered AD-62510, AD-62643, AD-
62645, AD-62646, AD-62650, and AD-62651 at a €. 25 mg/ke, 0.5 mg/kg, 1.0 mg/kg, or 2.5
mg/kg dose. Serum was collected at days 0 and 5 and analyzed for C5 protein levels by ELISAL
5 levels were normalized to the day 0 pre-biced level.

Figure 15 shows that there is a dose response with all of the tested iIRNAs and that single-
dosing of all of these iIRNAs achieved silencing of 5 protein similar to or better than AD-
58641.

The duration of silencing of AD-62510, AD-62643, AD-62645, AD-62646, AD-62650,
and AD-62651 in vive was determined by administering a single 1.0 mg/kg dose to CS7BV6
mice and determining the amount of C5 protein present on days 6, 13, 20, 27, and 34 by ELISA.
5 fevels were normalized to the day 0 pre-bleed level.

As demonstrated m Figare 16, each of the iRNAs tested has the same recovery kinetics as

AD-62643 trending toward the best silencing, but within the error of the assay.
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AD-62510, AD-62643, AD-62645, AD-62646, AD-62650, and AD-62651 were further
tested for efficacy and to evalnate the cumulative effect of the IRNAs in rats using a repeat
administration protocol. Wild-type Sprague Dawley rats were subcutancously injected with cach
of the iIRNAs at a 5.0 mg/kg/dose on days 0, 4, and 7. Serom was collected on days 0, 4,7, 11,
14,18, 25, 28, and 32. Serum hemolytic activity was quantified as described above.

The results depicted in Figure 17 demonstrate that all of the tested iRNAs have a potent
and durable decrease in hemolytic activity and a sumilar recovery of hemolysis to that observed
with AD-58641 treatment.
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Table 23: Modified Sense and Antisense Strand Sequences of GalNAc-Conmgated 5 dsBRINAs,

S, SE
Bugnies 3 isense 1Y) Sense (St 3° NE2: AR I Agtisense {3 to 3! NG
A -58643 A-119326.1  IAfsasGiecAtatfal TATU T U USBU AT AL 96 2873 A-118327 usAfsuUfal Ha AfaAtaual feUfaCfcU fususmy 2886
AD-G2047 A-125167.7  lasasGloAfaGialfATU il fugAtu Afaual 06 2874 A-125139 usAfsunalfbafaAfaual UG oonmendidT 2887
AD-62510 A-1251677 lasasGRoARGRUTATU U fmAfu Afaual 90 2875 A-125173.2  msAfUfnAfuAfAfaAfwaUfcUuGliconsusadTdT 2888
AD-6264% A-125167.7 g AfuAfaual 96 2876 A-125647.1  usABUfudfvaAfaAfagalfcUfuGlooususud{dT 2889
AD-62644 A-125157.17 fulJfuuAfuadfual 96 &7 A-125139.1  usAbuualUfafaAfaualfeUMGonusuoudldl 2890
AL -62645 A-125157 17 lasasGRABGHRUTATU Ui AfuaAfual 96 2878 A-125173.2  usAfRUTBAfuATATaATawaUtcUuGiconsusadTdT 2891
AL 62640 A-125157.17 lasasGRoATGHaUTATU Uiy AfuaAfual 96 2879 A-125647.1  lusABUfudfvaAfaAfaualfcUfuGleoususud{dT (22892
A 62647 A-125134.1 2880 A-1251539.1  usABuvalUfadfaAfaualfeUfGionususadidl 2893
AL -620648 A-125134.1  lasasgeaagaual Hfuma(Tenaanal 20 2881 A-125173.2  jusAfsUfs AfuAfAtsAfanaUcUuGloousuqadTdT 2804
AD-62649 A-125134 1  |asasgcaagauallfimmuma(Tonaaual 90 2882 A-125647.1  jusAfsUtn AfusAfaAtauaUfcUtoGfeuususudTdT 2893
A -62428 A-1251272  |asasgeaagalUfallfuuuuanasanal 96 2883 A-125139.1  sAfsuualUfaAfa AfauallfeUfGlonsusudldl 2896
AD-62630 A-125127.2  lasasgeaaralUfal) fivunanaaual 96 2884 A-125173.2  lusAfstUifnAluAfAtaAfanaUfcU B GionueuaadTdT 2897
AD-62651 A-12531272 |asasgeaagallfallfouunanaaual 96 2885 A-125647.1  lusAfsUts Afus AfsAtauaUtcUto Glonususud TdT 2898
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We clainy

i A double-stranded ribonucleic acid (dsRNA) agent for inhibiting expression of
coraplement component OS5, wherein said dsRNA comprises a sense strand and an antisense
strand, wherein satd sense strand comprises at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from the nucleotide sequence of SEQ 1D NO:1 and said antisense
strand coraprises at least 15 contiguous nucleotides differing by no more than 3 nucleotides
from the nucleotide sequence of SEQ 1D NO:S.

2. A double-stranded ribonucleic acid (dsRINA) agent for inhibiting expression of
complerment component C5, wherein said dsRNA comprises a sense strand and an antisense
strand, the antisense strand comoprising a region of complementanty 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.

3 The dsRNA agent of claim 1 or 2, wherein the sense and antiseunse strands corprise
sequences selected from the group consisting of A-118320, A-118321, A-118316, A-11¥317,
A-118332, A-118333, A-118396, A-118397, A-118386, A-118387, A-118312, A-118313, A-
118324, A-11R325, A-119324, A-119325, A-119332, A-119333, A-119328, A~-119329, A-
1193221, 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.

e

4. The dsRNA agent of claim 1 or 2, wherein the sense and antisense strands comprise
sequences selected from the group cousisting of any of the sequences in any one of Tables 3,
4,5,6,18, 19,2021, and 23.

5. The dsRNA agent of claim 1 or 2, wherein saad dsRNA comprises at least one

modified nucleotide,

6. A double stranded RNA1 agent for inhibiting expression of complement component
5,  wherein said double stranded RNA1 agent coraprises a sense strand and an antisense
strand forming a double-stranded region,

wherein said sense strand comprises at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from the nucleotide sequence of SEQ 1D NO:1 and said antiscuse
strand comprises at least 13 contiguous mucleotides differing by no more than 3 nucleotides

from the nucleotide sequence of SEQ 1D N5,
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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.
7. The double stranded RNA{ agent of claim 6, wherein all of the nucleotides of said

sense strand and all of the nucleotides of said antisense strand comprise a modification.

8. The dsRNA agent of claim 5 or 6, wherein at least one of said modified nucleotides is
selected from the group consisting of a 3 7-teronnal deoxy-thymive (dT) nucleotide, a 2'-0-
methyl modified nacleotide, a 2'-fluoro modified nucleotide, a 2'-deoxy-modified nucleotide,
a locked nucleotide, an abasic micleotide, a 2"-amino-modified nuclestide, a 2’-alkyl-
maodified nucleotide, 2 morpholino nucleotide, a phosphoramidate, a non-natural base
coraprising nucleotide, a nucleotide comprising a 5'-phosphorothioate group, and a termiual

nuclestide Iinked to a cholesteryl denivative or a dodecanocic acid bisdecylamide group.

9. The dsRNA agent of claim §, wherein said modified nucleotides comprise a short

sequence of 37 -terminal deoxy-thymine nucleotides (dT).

16, The dsRNA agent of any one of clairus 1, 2, and 6, wherein the region of

complementarity is at least 17 nucleotides in length.

11. The dsRNA agent of any one of claims 1, 2, and 6, wherein the region of

complementarity is between 19 and 21 nucleotides in length,

12, The dsRNA agent of claim 11, wherein the region of complementarity is 19

nuclectides in fength,

13, The dsRNA agent of any one of claims 1, 2, and 6, wherein sach sirand s no more

than 30 nucleotides in length,

14, The dsRNA agent of any one of claims 1, 2, and 6, wherein at least one strand

coraprises a 37 overhang of at least 1 nucleotide.

15, The dsRNA agent of any one of claims 1, 2, and 6, wherein at least one strand

corprises a 37 overhang of at least 2 nucleotides,
16.  The dsRNA agent of claim 1 or 2 further comprising a ligand.
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17 The dsRNA agent of claim 16, wherein the Hgand is conjugated to the 37 end of the

sense strand of the dsRINA agent.

{8, The dsRNA agent of claim 6 or 16, wherein the ligand is an N-acetvlgalactosamine

N

{GalNAc) derivative.

19.  The dsRNA agent of claim 18, wherein the ligand s
b

10 OH
Q H H
HO O\/\/A\H/NWN O
AcHN A \i
- O
HG o
'] o i?i K O\%““
HO M e WA
ACHN \ﬁm 5

@

CHH
HO TN

T
Ae a "

10
20, The dsRNA agent of claim 18, wherein the dsRNA agent is conjugated to the ligand

as shown i the following schematic

no OH
S0 b H 0

HO O~ o Mo N2 O
AckM /\g \E

HO O

e} H
(X/'p-\\/)\/\/\r NN /\,C\,% \“”\x

AcHN
po L

H o‘é’—wkﬂv\/\r NN

AcHN o H H

and, wherein X is O or S,
21, The dsRNA agent of claim 20, wherein the X 1s O.

22, The dsRNA agent of claim 2, wherein the region of complementarily counsisis of one

of the antisense sequences of any one of Tables 3,4, 5, 6, 18, 19, 20, 21, and 23.
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23, The dsRNA agent of claimy 1 or 2, wherein the dsRNA agent is selected from the
group consisting of AD-58123, AD-38111, AD-58121, AD-58116, ADx-58133, AD-58099,
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,

24, A double stranded RNA1 agent capable of inhibiting the expression of complement
component C5 in a cell, wherein said double stranded RNA1 agent comprises a sense strand
complementary to an antisense strand, wherein said antisense strand comprises a region
complerentary to part of an miRNA encoding CS, wherein each sirand is about 14 to about
38 nucleotides in length, wherein said double stranded RNAT agent is represented by formula
{HI)

sense: 50, Ny (X XX} - Ny-Y Y Y -Np (L Z £} -Ny-1ng 3
antisense: 3 0y N A XK X e Ny - Y Y'Y N (2272 - Ny - g’ 50 (D
wherein:

i, 1, k, and | are cach independently § or 1;
.. g, and g’ are cach 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 Ny, and Ny’ independently represents an oligonucleotide sequence comprising 0-
10 nuclectides which are either modified or unmodified or combinations thereof;
cach n,, 1ny, g, and ng, cach of which may or may not be present, independently
represents an overhang nucleotide;
XXX, YYY, 2722, X'K'X U Y'YY, and 277777 each independently represent one
motif of three identical modifications on three consecutive nuclectides:
modifications on N, differ from the modification on Y and modifications on Ny’
differ from the modification on Y'; and

wherein the sense strand s conjugated to at least one higand.

25, The double stranded RNA: agent of claim 24, wherein 118 0;jis 0;1is 15718 15 both 1

and j are 0; or both 1and j are 1.

26. The double stranded RNAi agent of claim 24, wheretn ks ;s 0 kis 1; 115 1; both
kandlarc 0;orbothkand fare 1.
27.

XXX, YYY is complementary to Y'Y'Y', and ZZ7 1s complementary to 222",

The double stranded RNA1 agent of claim 24, wherein XXX is complementary to

257

SUBSTITUTE SHEET (RULE 26)



N

10

(o)}

2

PCT/US2014/025882

WO 2014/160129

28.  The double stranded RNAL agent of claim 24, wherein the YY'Y motif occurs at or
near the cleavage site of the sense strand.
The double stranded RNAIG agent of claim 24, wherein the YY'Y' motif occurs at the

29.
11, 12 and 13 positions of the antisense strand from the S-end.

The double stranded RINA1 agent of claim 29, wherein the Y’ is 2°-O-methyl.

30.
31, The double stranded RNA agent of clairu 24, wherewn formula (HI) 18 represented by
formula (IHia):
sense: 30, -Na-Y Y Y -Ny-ng 3
antisense: 3 np-Ne- YYY'-No-ng 5 (IHa).
32, The double stranded RNAi1 agent of claim 24, wherein formula (111} is represented by
formula ({iib}):

sense: Sy -Na-YYY Ny -ZZZ-Ny -1 ¥

antisense: 3 ny-Na- Y'YV Np-£ L2~ No-ng 5 {111}

wherein each Ny and Ny, independently represents an oligonucieotide sequence

comprising -3 modified nucleotides.
O
33, The double stranded RNA1 agent of claim 24, wherein formula (J11} is represented by
formula (Iic):
scnse: Sy N XXX -Np-YYY -No-ng 3
antisense: 3 np-Ng- XXX -Np- Y'YV - Ny-ng 57 (THe)
25 wherein each Ny and Ny’ independently represents an oligonucleotide sequence
comprising 1-5 modified nucleotides.
34, The double stranded RNAJ agent of claim 24, wherein formula (1) is represented by
formula (1id):
30 $CH1se: 5, Ny ~XXX-Ny-YYY -Ny-Z2ZZ-Ny-ng ¥
3 np-No- XXX Ny=YY'Y “Np-Z'Z'Z - N1y §°

antisense:
{Hid)

wherein each Ny and Ny independently represents an oligonucieotide sequence
comprising 1-5 medified nucleotides and cach N, and N, independently represents an

oligonucicotide sequence comprising 2-10 modified nucleotides.

(8]
N
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35, The double stranded RNAj agent of ¢laiva 6 or 24, wheren the double-stranded region

is 15-30 nucieotide pairs in length.

36.  The double stranded RINA1 agent of clairn 35, wherein the double-stranded region is
17-23 nucleotide paus in length.

~
2
e,

The double stranded RINAi agent of claim 35, wherein the double-stranded region is

17-25 nucleotide pairs in length.

38, The double stranded RNAI agent of claim 35, wherein the double-stranded region is

23-27 nucleotide pairs in length.

39, The double stranded RNA{# agent of claim 35, wherein the double-stranded region is

19-21 nucleotide pairs in length.

40,  The double stranded RNAI agent of claim 6 or 24, wherein the double-stranded region

is 21-23 nucleotide pairs i length,

41, The double stranded RNA1 agent of claim 24, wherein cach strand has 15-30

nucleotides,

42, The double stranded RNA# agent of any one of claims 6, 24, and 34, wherein each

strand has 19-30 nucleotides.
43, The double stranded RNAIL agent of claim 6 or 24, wherein the modifications on the
nucleotides are selected from the group consisting of LNA, HNA, CeNA, 2"-methoxyethyl,

Y -O-alkoyl, 27-0-allyl, 27-C- alivl, 2-fluore, 2'-deoxy, 2" -hydroxyl, and combinations thereof,

44, The double stranded RNAI1 agent of claim 43, wherein the modifications on the

nucleotides are 2-O-methyl or 2”-fluore modifications.

45, The double stranded RNAI agent of claim 6 or 24, wherein the ligand is one or more

(GalNAc derivatives attached through a bivalent or trivalent branched linker.
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46.  The double stranded RNAI agent of claia 24, the hgand 15

; O
ACHN & t
/’i&/@ E ﬁ O\%N
HO o
o \v”"\/"\ﬁ/ \ﬁ/"v J
O O O
HEy OH
,,—-'Q
HO ] Q\/\/\U’\j TG
AcHN L H
5 47.  The double stranded RNAI agent of claim 24, wherein the ligand is attached to the 3’
end of the sense strand.
48, The double stranded RNAI agent of claim 47, wherein the RNAJ agent s conjugated
to the ligand as shown in the following schematic
fo
AR N AR X,.;f'“‘““n
o~ A NN 1
WO OH NDE N e
N H H 0=P-0
ﬁai‘g:wﬂpi,}\./v'\ﬂxf\fwf vm\r | O3
| HoHN f}\ [ A
HO L*H S \ ?\é.f'
5 \-—:\ ,-»w . H M
E- G—N{_}\wﬂ“\vf\_ H,,N s jh\\r,- \’_i:} \3{ \T{s‘\ HR T N P 1’*{\8’}
! pl'l\).: ;‘j{é\\\ {:} 3 l,g:} \-
LS - L
HQ\ M‘M\.\» {.J\./‘A“\v \T\ N {:}
AcHN O H *«1
49, The double stranded RNAI agent of claim 6 or 24, wherein said agent further
comprises at least one phosphorothioate or methylphosphonate mternucleotide hinkage,
I35

50.  The double stranded RNAi agent of claim 49, wherein the phosphorothioate or

methylphosphonate internucleotide linkage 1s at the 3 -terminus of one strand.

51.  The double stranded RNAt agent of claim 50, wherein said strand is the antisense

28 strand,
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LN

2. The double stranded RNAJ ageut of ¢lairn 50, wherein said strand is the sense strand.

53, The double stranded RNAI agent of claim 49, wherein the phosphorothioate or

methylphosphonate internucleotide linkage is at the 5 '-terminus of one strand.

54.  The double stranded RNAi1 agent of claim 53, wherein said strand is the antisense
strand.
55.  The double stranded RNA1 agent of claivo 53, wherein said strand is the sense strand.

56.  The double stranded RNAI agent of claim 49, whercin the phosphorothioate or
methylphosphonate internucleotide inkage 1s at the both the 57~ and 3 -terninus of one

sirand.

57.  The double stranded RINA1 agent of claim 56, wherein said strand is the antisense

strand.

58, The double stranded RINA1 agent of claim 6 or 24, wherein the base pair at the |

posttion of the 5%-end of the antisense strand of the duplex is an AU base pair,

59, 'The double stranded RNAI agent of claim 24, wherein the Y nucleotides contain a 2~

fluore modification,

60.  The double stranded RNAI agent of claim 24, wherein the Y nucleotides contain a 27-

Cmethyl modification.

61.  The double stranded RNA1 agent of claim 24, wherein p™>0.

62.  The double stranded RNAI agent of claim 24, wherein p'=2.

63, The double stranded RNAI agent of claim 62, wherein ¢'=0, p=0, ¢=0, and p’

overhang nucieotides are coraplementary to the target mRNA,

64.  The double stranded RINAI agent of claim 62, wherein g'=0, p=0, g=0, and p’

overhang nucleotides are non-complementary to the target mRNA.
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65,  The double stranded RNA1 agent of claim 56, wherein the sense strand has a tolal of

21 nuclectides and the antisense strand has a total of 23 nucleotides.

66.  The double stranded RINAI agent of any one of claims 6165, wherem at least one

is linked to a neighboning nucleotide via a phosphorothioate linkage.

67, The double stranded RINAIL agent of claim 66, wherein all ny are linked to

neighboring nucleotides via phosphorothioate linkages,

68.  The double stranded RNAI agent of claim 24, wherein said RNA1 agent is selected

from the group of RNAI agents listed in any one of Tables 4, 1§, 19, and 23.

63, The double stranded RNAIL agent of claim 24, wherein said RNAI{ agent is selected
from the group consisting of ADX-58123, AD-58111, AD-58121, AD-538116, AD-38133, AD-
58099, AD-58088, AD-58642, AD-58644, AD-58641, AD-58647, AD-58645, AD-58643,
AD-58646, AD-62510, AD-62643, AD-62645, AD-62646, AD-62650, and AD-62651.

70. A double stranded RNA1 agent capable of inhibiting the expression of complement
corponent C5 in a cell, wherein said double stranded RNA1 agent comprises a sense strand
complerentary to an antisense strand, wherein said antisense strand corprises a region
complementary to part of an mRNA encoding complement component U5, wherein each
strand 1s about 14 to about 30 nucleotides in length, wherein said double stranded RNA

agent 1s represented by formuls (1)

sense: S, -NaAX X XY i-MNe-Y Y Y -No (2 £ 2 -Na~1g 3
antisense: 3 NGO N Y Y NG T N - g 5T (D
wherein:

1,3, k, and | are each independently 0 or 1

p.p’, q, 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 thereot, each
sequence comprising at least two differently modified nucleotides;

each Ny and Ny’ independently represents an oligonucleotide sequence coraprising O-
10 nucleotides which are cither modified or unmodified or combinations thergof;

each 1y, 1, 1y, and n,’, each of which may or may not be present
independently represents an overhang nucleotide;
XXX, YYY, 2727, XXX, Y'Y, and 27777 each independently represent one

motif of three identical modifications on three consecutive nucleotides, and wherein the
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modifications are 2'-C-methyl or 2"-8uoro modifications;
modifications on N, differ from the modification on Y and modifications on Ny
differ from the modification on Y, and

wheretin the sense strand is conjugated to at least one ligand,

71. A double stranded RNA1 agent capable of inhibiting the expression of complement
component C5 in a cell, wherein said double stranded RNA1 agent comprises a sense strand
complementary to an antisense strand, wherein said antisense strand comprises a region
complerentary to part of an mRNA encoding coraplement component 5, wherein each
strand ts about 14 to about 30 nucleotides in fength, wherein said double stranded RNAI

agent is represented by formula (11

sense: 50, Ny (X XX} - Ny-Y Y Y -Np (L Z £} -Ny-1ng 3
antisense: 3 0y N A XK X e Ny - Y Y'Y N (2272 - Ny - g’ 50 (D
wherein:

i, 1, k, and | are cach independently § or 1;
cach 1y, 1y, and 1y, cach of which may or may not be present, independently
represents an overhang nucleotide;
P, ¢, and ¢ are each independently 0-6;
n,' >0 and at least one n, 18 linked to a neighboring nucleotide via a
phosphorothioate linkage;
each N, and N, independently represents an oligonucleotide sequence comprising 0-
25 nucleotides which are either modified or unmodified or combinations thereot, each
sequence comprising at least two differently modified nucleotides;
each Ny and Ny’ independently represents an oligonucleotide sequence coraprising O-
10 nucleotides which are either modified or unmodified or combinations thereof]
KXX,YYY, 222, XXX, YYY, and 2°2'77 cach independently represent one
motif of three identical modifications on three consecutive nucleotides, and wherein the
modifications are 2"-O-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

wheretin the sense strand is conjugated to at least one ligand,

72. A double stranded RNAT agent capable of inhibiting the expression of complement
component C5 in a cell, wherein said double stranded RNA1 agent comprises a sense strand
complementary to an antisense strand, wherein said antisense strand comprises a region
complerentary to part of an mRNA encoding coraplement component 5, wherein each

strand is about 14 to about 30 nucleotides in length, wherein said double stranded RNA
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agent s represenied by formula (HI):

sense: $op Ny~ {X XX} i-Np=-Y Y Y Mo ~(Z2 £ 2} -Ny-1y 3
antisense: 3y NGO X e NS Y Y Y NG AN vy 5T (D
wherein:

1, ], k, and | are cach imdependently Q or 1;
each 0, ny, and ny, each of which may or may not be present, independently
represents an overhang nucleotide;
P, q, and g are cach mdependently 0-6;
1, >0 and at least one ny" is Iinked to a neighboring nucleotide via a
phosphorothioate linkage;
cach N, and N, independently represents an oligonucleotide sequence comprising §-
25 nucleotides which are either modified or unmodificd or combinations thereof, cach
sequence comprising at least two differently wodified nucleotides;
each Ny and Ny’ independently represents an oligonucleotide sequence comprising 0-
10 nucleotides which are either modified or unmodified or combinations thereof]

XXX YYY, 2227, XXX, Y'Y, and 2'7°7 cach independently represent
one motif of three identical modifications on three consecutive nucleotides, and wherein the
modifications are 2'-O-methy! or 2'-fluoro modifications;

modifications on Ny, differ from the modification on Y and modifications on Ny’
differ from the modification on ¥ and
wherein the sense strand ts conjugated to at least one ligand, wherein the ligand i3

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

73. A double stranded RNA1 agent capable ofinhibiting the expression of complement
component C5 in a cell, wherein said double stranded RNA1 agent comprises a sense strand
complementary to an antisense strand, wherein said antisense strand comprises a region
complementary to part of an mRNA cncoding complement component C5, whercin cach
strand is about 14 to about 30 nucleotides in length, wherein said double stranded RNA:

agent is represented by formula ()

sense: 50, Na X X Xp-Np-Y Y Y -Np (£ Z 2} -Ny-114 3’
antisense: 3y N O KX YNy =Y Y Y N 222Ny - ng’ 37 (HD)
whersin:

i, i, k, and 1 are each independently 8 or 1;
each 1, ng, and ng, cach of which may or may not be present, independently
represents an overhang nucleotide;

p, q, and g’ are each independently 0-6;
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1, >0 and at least one ny' is finked to a neighboring nucleotide via a
phosphorothioate linkage;
cach N, and N, independently represents an oligonucleotide sequence comprising §-
25 nucleotides which are either modified or unmodificd or combinations thereof, cach
sequence comprising at least two differently modified nucleotides;
each Ny and Ny’ independently represents an oligonucleotide sequence comprising 0-
10 nucleotides which are either modified or unmodified or combinations thereof]

XXX YYY, 2227, XXX, Y'Y, and 2'7°7 cach independently represent
one motif of three identical modifications on three consecutive nucleotides, and wherein the
modifications are 2'-O-methy! or 2'-fluoro modifications;

modifications on Ny, differ from the modification on Y and modifications on Ny’
differ from the modification on Y,
wherein the sense strand comprises at least one phosphorothioate hinkage; and
wherein the sense strand is conjugated to at feast one ligand, wherein the
ligand is one or more GallNAc derivatives attached through a bivalent or trivalent branched

hinker,

74, A double stranded RNAI agent capable of inhibiting the expression of complement
component C5 in a cell, wherein said double stranded RNA1 agent comprises a sense strand
complerentary to an antisense strand, wherein said antisense strand corprises a region
complementary to part of an mRNA encoding complement component U5, wherein each
strand 1s about 14 to about 30 nucleotides in length, wherein said double stranded RNA

agent 1s represented by formuls (1)

sense: S'np-MNa Y Y Y -Np-ng 3
antisense: 3y NS YYY S NS5 (M)
wherein:

cach 1y, 1y, and 1y, cach of which may or may not be present, independently
represents an overhang nucleotide;
P, g, and g are each independently 0-6;
n,’ >0 and at [east one ) is linked to a neighboring nucleotide via a
phosphorothioate linkage;
cach N, and N, independently represents an oligonucleotide sequence comprising 0-
25 nucleotides which are either modified or unmodified or combinations therecf, each
sequence comprising at least two differently modified nucleotides;
YYY and Y'Y'Y' each independently represent one motif of three identical
modifications on three consecutive nucleotides, and wherein the modifications are 2°-0-

methyl or 2-fluore modifications;
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wherein the sense strand comprises al least one phosphorothioate linkage;
and
wherein the sense strand is conjugated to at least one ligand, wherein the ligand is one

or more GalNAc derivatives attached through a bivalent or trivalent branched hinker,

75. A double stranded RNA1 agent for inhibiting expression of complement component
5,  wherein said double stranded RNA1 agent comprises a sense strand and an antisense
strand formuing a double stranded region,

wherein said sense strand comprises at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from the nucleotide sequence of SEQ 1D NO:1 and said antisense
strand comprises at least 15 contiguous nucleotides differing by no more than 3 nucleotides
from the nucleotide sequence of SEQ 1D NO:S,

wherein substantially all of the nucleotides of said seunse strand comprise a
modification selected from the group consisting of a 2"-O-methyl modification and a2’-
fluoro modification,

wherein said sense strand comprises two phosphorothioate mternucleotide linkages at
the 5 -terminys,

wherein substantiaily all of the nucleotides of said antisense strand comprise a
modification selected from the group consisting of a 2°-O-methyl modification and a 2°-
fluoro modification,

wherein said antisense strand comprises two phosphorothioate internucleotide
linkages at the 5'-terminus and two phosphorothioate internucleotide linkages at the 37-
terminus, and

wherein said sense strand is conjugated to one or more GalNAg derivatives attached

through a branched bivalent or trivalent linker at the 3 -terminus.

76.  The double stranded RNAG agent of claim 75, wherein all of the nucleotides of said

sense strand and all of the nucleotides of said antisense strand are modified nucleoiides.

77.  The double stranded RNAi agent of claim 75, wherein cach strand has 19-30
nucleotides.

78. A cell containing the dsRNA agent of any ong of claims 1, 2, 6, 24, and 70-74,

79. A vector encoding at least one strand of a dsRNA agent, wherein said dsRNA agent

comprises a region of corplementarity to at least a part of an mRNA encoding complement

276

SUBSTITUTE SHEET (RULE 26)



N

10

20

N2
L

30

(8]
N

WO 2014/160129 PCT/US2014/025882

component CS, wherein said dsRNA 1s 30 base pairs or less i length, and wherein said

dsRNA agent targets said mRNA for cleavage.

80.  The vector of claim 79, wherein the region of complernentarity is at least 15

nucleotides 1 length.

81.  The vector of claim 79, wherein the region of complementarity is 19 to 21 nucleotides

in length,

82. A cell comprising the vector of claim 79.

83. A pharmaceutical coruposition for inhibiting expression of a complernent coraponent
(S gene comprising the dsRNA agent of any oune of ¢lairus 1, 2, 6, 24 and 70-75 or the vector

of claim 79,

84.  The pharmaceutical composition of claim 83, wherein RNAT agent is adminustered in

an unbuflered solution.

85.  The pharmaceutical composition of claim 84, wherein said unbuttered solution 18

saline or wailer.

86.  The pharmaceutical composition of claim 85, wherein said RNAI agent 18

administered with a buffer solution.

87.  The pharmaceutical composition of claim 86, wherein said buffer solution comprises

acetate, citrate, prolamine, carbonate, or phosphate or any combination thercof.

88.  The pharmaceutical composition of claim 86, wherein said butfer solution 1s
phosphate buffered saline (PBS).

89. A pharmaceutical coraposition comprising the double stranded RNA1 agent of claim 1

or 2, and a lipud formulation,

90.  The pharmacecutical composition of claim 8%, wherein the lipid formmulation comprises
a LINP.
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91.  The pharmaceutical composition of ¢laim 89, wherein the hipid formulation corprises
a M{3.

92. A method of inhibiting complement component C5 expression in a cell, the method
coruprising:

{(a) contacting the cell with the double stranded RNA1 agent of any one of
claims 1, 2, 6, 24, and 70-75 or a pharmaceutical composition of any one of claims 83-91;
and

(b)  maimtaining the cell produced wn step (a) for a time sufficient to obtain
degradation of the mRNA transcript of a complement component 5 gene, thereby inhibiting

expression of the complement component €5 gene in the cell.

93, The method of claim 92, wherein sad cell 1s within a subject.
94.  The method of claim 93, wherein the subject is a human.
85.  The method of any one of claims 91-93, wherein the complement component 5

expression 18 inhibited by at least about 38%, about 40%, about 50%, about 60%, about 70%,

about 80%, about 80%, about 95%, about 98% or about 180%.

96. A method of treating a subject having a discase or disorder that would benefit from
reduction in complement component C5 expression, the method comprising administering to
the subject a therapeutically effective amount of the dsRNA agent of any one of claims 1, 2,
6, 24, and 70-75 or a pharmaceutical composition of any one of claims 83-91, thereby

treating said subject.

97. A method of preventing at least one symptom in a subjoct having a discase or disorder
that would benefit from reduction in complement comaponent O3 expression, the method
comprising adninistering to the subject a prophylactically effective amount of the dsRNA
agent ofany one of claims 1, 2, 6, 24, and 70-75 or a pharmaceutical composition of any one
of claims 83-91, thereby preventing at least one symptom n the subjoct having a disorder that

would benefit from reduction in C5 expression.
98.  The method of claim 96 or 97, wherein the administration of the dsRNA to the subject
causes a decrease m miravascular hemolysis, a stabilization ol hemoglobin levels and/ora
decrease in €5 proten,
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99.  The method of claim 96 or 97, wherein the disorder 1s a complement component C5-

associated disease.

100, The method of claim 99, wherewn the comploment component CS-associated discase 1s
selected from the group consisting of paroxysrual nocturnal hemoglobinuria (PNH), atypical
hemolytic uremic syndrome (aHUS), asthma, rheumatoid arthritis (RA}); antiphospholipid
antibody syndrome; lupus nephritis; ischemia-reperfusion injury; typical or infectious
hemolytic uremic syndrome (tHUS); dense deposit disease (DDD); neuromyelitis optica
(NMO); multifocal motor neuropathy (MMN); multiple sclerosis (MB); macular degeneration
{e.g., age-related macular degeneration (AMD)); hemolysis, elevated liver enzymes, and low
platelets (HELLP) syndrome; thrombotic thrombocytopenic purpura (TTP); spontancous fetal
ioss; Pauct-immune vasculitis; epidermolysis bullosa; recurrent fetal loss; pre-eclampsia,
traumatic brain injury, myasthenia gravis, cold agglutinin disease, dermatomyositis bullous
pemphigoid, Shiga toxin £. coli-related hemolytic uremic syndrome, C3 nephropathy, anti-
neutrophil cytoplasmic antibody-associated vasculitis, humoral and vascular transplant
rejection, graft dysfunction, myocardial infarction, an allogenic transplant, sepsis, Coronary
artery disease, dermatomyositis, Graves' discase, atherosclerosis, Alzheimer's disease,
systemic inflamimatory response sepsis, septic shock, spinal cord mjury, glomemlonephritis,
Hashimoto's thyroiditis, type I diabetes, psoriasis, pemphigus, autoimmune hemolytic anemia
{AIHA), ITP, Goodpasture syndrome, Degos disease, antiphospholipid syndrome (APS),
catastrophic APS (CAPS), a cardiovascular disorder, myocarditis, a cerebrovascular disorder,
a peripheral vascular disorder, a renovascular disorder, a mesenteric/enteric vascular disorder,
vasculitis, Henoch-Schénlemn purpura nephritis, systemic lupus erythematosus-associated
vasculitis, vasculitis associated with rheumatoid arthritis, immune complex vasculitis,
Takayasu's disease, dilated cardiomyopathy, diabetic angiopathy, Kawasalki's disease
{arteritis}, venous gas embolus (VGE), and restenosis following stent placement, rotational
atherectorny, membraneous nephropathy, Guillain-Barre syndrome, and percutancous

transluminal coronary angioplasty (PTCA).

181, The method of clatm 100, wherein the complement component C5-associated disease

18 paroxysmal nocturnal hemoglobinuria (PNH),

162, The method of claim 100, wherein the complement component C5-associated discase

is atypical hemolytic uremic syndrome {(aHUS}.

103, The method of claim 96 or 97, wherein the subject is human.
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104.  The method of any one of claims 96-103, further compruising adnunistering an anti-

complement component CS antibody, or antigen-binding fragment thereof, to the subject.

105, The method of any one of claims 96-104, wherein the dsRNA agent is administered at

a dose of about .01 mg/kg to about 10 mg/kg or about §.5 mg/kg to about 50 mg/kg,

166. The method of claim 105, wherein the dsRINA agent is adnunistered at a dose of about

10 mg/kg to about 30 mg/kg.
187, The method of claim 105, wherein the dsRINA agent is administered at a dose selected
from the group consisting of 0.5 mg/kg 1 mg/kg, 1.5 myp/kg, 3 mg/kg, 5 mg/ke, 10 mg/kg,

and 30 mg/kg.

108, The method of claim 105, wherein the dsRNA agent 1s administered to the subject

once a week.

109, The method of claim 105, wherein the dsRNA agent s admunistered to the subject

twice a week.

110, The method of claim 105, wherein the dsRNA agent s admunistered to the subject

twice a month.

111, The method of any one of claims 96-1 10, wherein the dsRNA agent is administered to

the subject subcutancously.

112, The method of claim 96 or 97, further comprising measuring hemoglobin and/or LDH

icvels in said subject.
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