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COMPLEMENT FACTOR B (CFB) IRNA COMPOSITIONS AND METHODS OF USE
THEREOF

Related Application
This application claims the benefit of priority to U.S. Provisional Application No.
63/273,215, filed on October 29, 2021. The entire contents of the foregoing application are

incorporated herein by reference.

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 are then
sequentially cleaved and activated.

The classical pathway is often activated by antibody-antigen complexes or by the C-
reactive protein (CRP), both of which interact with complement component C1q. In addition, the
classical pathway can be activated by phosphatidyl serine present in apoptotic bodies in the absence
of immune complexes.

The lectin pathway is initiated by the mannose-binding lectins (MBL) that bind to complex
carbohydrate residues on the surface of pathogens. The activation of the classical pathway or the
lectin pathway leads to activation of the (C4b2b) C3 convertase.

The alternate pathway is activated by the binding of C3b, which is spontaneously
generated by the hydrolysis of C3, on targeted surfaces. This surface-bound C3b is then recognized
by factor B, forming the complex C3bB. The C3bB complex, in turn, is cleaved by factor D to yield
the active form of the C3 convertase of the AP (C3bBb). Both types of C3 convertases will cleave

C3, forming C3b. C3b then either binds to more factor B, enhancing the complement activation
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through the AP (the so-called alternative or amplification loop), or leads to the formation of the
active C5 convertase (C3bBbC3b or C4bC2bC3b), which cleaves C5 and triggers the late events that
result in the formation of the membrane attack complex (MAC) (C5b-9).

Inappropriate activation of the complement system is responsible for propagating or
initiating pathology in many different diseases, including, for example, C3 glomerulopathy, systemic
lupus erythematosus (SLE), e.g., Lupus Nephritis, IgA nephropathy, diabetic nephropathy, polycystic
kidney disease, membranous nephropathy, age-related macular degeneration, atypical hemolytic
uremic syndrome, thrombotic microangiopathy, myasthenia gravis, ischemia and reperfusion injury,
paroxysmal nocturnal hemoglobinuria, and rheumatoid arthritis.

To date, only one therapeutic that targets the alternate pathway, e.g., the C5-C5a axis, is
available for the treatment of complement component-associated diseases, the anti-C5 antibody,
eculizumab (Soliris®). Although eculizumab has been shown to be effective for the treatment of
paroxysmal nocturnal hemoglobinuria (PNH), atypical hemolytic uremic syndrome (aHUS), and
Myasthenia Gravis, and is currently being evaluated in clinical trials for additional complement
component-associated diseases, eculizumab therapy requires weekly high dose infusions followed by
biweekly maintenance infusions at a high cost. Furthermore, approximately 50% of eculizumab-
treated PNH subjects have low level of hemolysis and require residual transfusions (Hill A, et al.
(2010) Haematologica 95(4):567-73).

Accordingly, there is a need in the art for compositions and methods for treating diseases,
disorders, and conditions associated with complement activation by, for example, activation of

complement factor B activity.

Summary of the Invention

The present invention provides iRNA compositions which affect the RNA-induced silencing
complex (RISC)-mediated cleavage of RNA transcripts of a gene encoding complement factor B
(CFB). The complement factor B (CFB) may be within a cell, e.g., a cell within a subject, such as a
human subject.

Accordingly, in one aspect, the invention provides a double stranded ribonucleic acid
(dsRNA) agent for inhibiting expression of complement factor B (CFB) in a cell, wherein the dsSRNA
agent comprises a sense strand and an antisense strand forming a double stranded region, wherein the
sense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, or 21, contiguous nucleotides differing
by no more than 0, 1, 2, or 3 nucleotides from the nucleotide sequence of SEQ ID NO:1 and the
antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23, contiguous
nucleotides differing by no more than 1, 2, or 3 nucleotides from the corresponding portion of the
nucleotide sequence of SEQ ID NO:8.

In another aspect, the present invention provides a double stranded ribonucleic acid (dsRNA)
for inhibiting expression of complement factor B (CFB) in a cell, wherein said dsSRNA comprises a

sense strand and an antisense strand forming a double stranded region, wherein the antisense strand
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comprises a region of complementarity to an mRNA encoding complement factor B (CFB) , and
wherein the region of complementarity comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23,
contiguous nucleotides differing by no more than 0, 1, 2, or 3 nucleotides from any one of the
antisense nucleotide sequences in any one of Tables 2-3.

In one embodiment, the dSRNA agent comprises a sense strand comprising any of the sense
nucleotide sequences in any one of Tables 2-3.

In one embodiment, the dSRNA agent comprises an antisense strand comprising any of the
antisense nucleotide sequences in any one of Tables 2-3.

In one embodiment, the dSRNA agent comprises a sense strand comprising any of the sense
nucleotide sequences in any one of Tables 2-3 and an antisense strand comprising any of the antisense
nucleotide sequences in any one of Tables 2-3.

In one embodiment, the dsSRNA agent comprises a sense strand comprising a nucleotide
sequence which differs by no more than 4 nucleotides from any of the sense nucleotide sequences in
any one of Tables 2-3 and an antisense strand comprising a nucleotide sequence which differs by no
more than 4 nucleotides from any of the antisense nucleotide sequences in any one of Tables 2-3.

In one embodiment, the dsSRNA agent comprises a sense strand comprising a nucleotide
sequence which differs by no more than 3 nucleotides from any of the sense nucleotide sequences in
any one of Tables 2-3 and an antisense strand comprising a nucleotide sequence which differs by no
more than 3 nucleotides from any of the antisense nucleotide sequences in any one of Tables 2-3.

In one embodiment, the dsSRNA agent comprises a sense strand comprising a nucleotide
sequence which differs by no more than 2 nucleotides from any of the sense nucleotide sequences in
any one of Tables 2-3 and an antisense strand comprising a nucleotide sequence which differs by no
more than 2 nucleotides from any of the antisense nucleotide sequences in any one of Tables 2-3.

In one embodiment, the dsSRNA agent comprises a sense strand comprising a nucleotide
sequence which differs by no more than 1 nucleotide from any of the sense nucleotide sequences in
any one of Tables 2-3 and an antisense strand comprising a nucleotide sequence which differs by no
more than 1 nucleotide from any of the antisense nucleotide sequences in any one of Tables 2-3.

In another aspect, the present invention provides a double stranded ribonucleic acid (dsRNA)
for inhibiting expression of complement factor B (CFB) in a cell, wherein said dSRNA comprises a
sense strand and an antisense strand forming a double stranded region, wherein the sense strand
comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, or 21, contiguous nucleotides differing by no more
than 0, 1, 2, 3 or 4 nucleotides from any one of the nucleotide sequence of nucleotides 504-526, 640-
662, 641-663, 995-1017, 997-1019, 1034-1056, 1141-1163, 1145-1167, 1389-1411, 1473-1495, 1826-
1848, 1828-1850, 1842-1864, 2242-2264, 2391-2413, 2393-2415, 2438-2460, or 2453-2475 of SEQ
ID NO: 1, and the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22 or 23,
contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID NO:8.

In one embodiment, the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21,

22, or 23, contiguous nucleotides differing by no more than 0, 1, 2, 3, or 4 nucleotides from any one
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of the antisense strand nucleotide sequences of a duplex selected from the group consisting of AD-
1726057; AD-1725763; AD-1725777; AD-1725057; AD-1725096; AD-1728786; AD-1725059; AD-
1728276; AD-1728278; AD-1726936; AD-1725472; AD-1724715; AD-1727292; AD-1730477; AD-
1727288; AD-1730167; AD-1725408; and AD-1725761.

In one embodiment, the sense strand and the antisense strand comprise at least 15, e.g., 15,
16,17, 18, 19, 20, 21, 22, or 23, contiguous nucleotides differing by no more than 0, 1, 2, 3, or 4
nucleotides from any one of the sense strand and the antisense strand nucleotide sequences of a
duplex selected from the group consisting of AD-1726057; AD-1725763; AD-1725777; AD-
1725057; AD-1725096; AD-1728786; AD-1725059; AD-1728276; AD-1728278; AD-1726936; AD-
1725472; AD-1724715; AD-1727292; AD-1730477; AD-1727288; AD-1730167; AD-1725408; and
AD-1725761.

In one embodiment, the sense strand and the antisense strand comprise the sense strand and
the antisense strand nucleotide sequences of a duplex selected from the group consisting of AD-
1726057; AD-1725763; AD-1725777; AD-1725057; AD-1725096; AD-1728786; AD-1725059; AD-
1728276; AD-1728278; AD-1726936; AD-1725472; AD-1724715; AD-1727292; AD-1730477; AD-
1727288; AD-1730167; AD-1725408; and AD-1725761.

In one embodiment, the sense strand and the antisense strand consist of the sense strand and
the antisense strand nucleotide sequences of a duplex selected from the group consisting of AD-
1726057; AD-1725763; AD-1725777; AD-1725057; AD-1725096; AD-1728786; AD-1725059; AD-
1728276; AD-1728278; AD-1726936; AD-1725472; AD-1724715; AD-1727292; AD-1730477; AD-
1727288; AD-1730167; AD-1725408; and AD-1725761.

In one embodiment, the dsSRNA agent comprises at least one modified nucleotide.

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

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

In one embodiment, at least one of the modified nucleotides is selected from the group
consisting of a deoxy-nucleotide, a 3’-terminal deoxythimidine (dT) nucleotide, a 2'-O-methyl
modified nucleotide, a 2'-fluoro modified nucleotide, a 2'-deoxy-modified nucleotide, a locked
nucleotide, an unlocked nucleotide, a conformationally restricted nucleotide, a constrained ethyl
nucleotide, an abasic nucleotide, a 2’-amino-modified nucleotide, a 2’-O-allyl-modified nucleotide,
2’-C-alkyl-modified nucleotide, a 2’-methoxyethyl modified nucleotide, a 2’-O-alkyl-modified
nucleotide, a morpholino nucleotide, a phosphoramidate, a non-natural base comprising nucleotide, a
tetrahydropyran modified nucleotide, a 1,5-anhydrohexitol modified nucleotide, a cyclohexenyl

modified nucleotide, a nucleotide comprising a phosphorothioate group, a nucleotide comprising a
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methylphosphonate group, a nucleotide comprising a 5’-phosphate, a nucleotide comprising a 5’-
phosphate mimic, a nucleotide comprising a 2’-phospahte group, e.g., cytidine-2"-phosphate (C2p);
guanosine-2"-phosphate (G2p); uridine-2"-phosphate (U2p); adenosine-2"-phosphate (A2p); a
thermally destabilizing nucleotide, a glycol modified nucleotide (GNA), and a 2-O-(N-
methylacetamide) modified nucleotide; and combinations thereof.

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 glycol; and combinations thereof.

In one embodiment, at least one of the modified nucleotides is selected from the group
consisting of a deoxy-nucleotide, a 2'-O-methyl modified nucleotide, a 2'-fluoro modified nucleotide,
a 2'-deoxy-modified nucleotide, a glycol modified nucleotide (GNA), e.g., Ggn, Cgn, Tgn, or Agn, a
nucleotide comprising a 2’-phospahte group, and, a vinyl-phosphonate nucleotide; and combinations
thereof.

In another embodiment, at least one of the modifications on the nucleotides is a thermally
destabilizing nucleotide modification.

In one embodiment, the thermally destabilizing nucleotide modification is selected from the
group consisting of an abasic modification; a mismatch with the opposing nucleotide in the duplex;
and destabilizing sugar modification, a 2’-deoxy modification, an acyclic nucleotide, an unlocked
nucleic acid (UNA), and a glycerol nucleic acid (GNA).

The double stranded region may be 19-30 nucleotide pairs in length; 19-25 nucleotide pairs
in length; 19-23 nucleotide pairs in length; 23-27 nucleotide pairs in length; or 21-23 nucleotide pairs
in length.

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

In one embodiment, the sense strand is 21 nucleotides in length and the antisense strand is 23
nucleotides in length.

The region of complementarity may be at least 17 nucleotides in length; 19-23 nucleotides in
length; or 19 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 dsSRNA agent further comprises a ligand.

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

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

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

In one embodiment, the ligand is
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5 and, wherein X is O or S.
In one embodiment, the X is O.
In one embodiment, the dsSRNA agent further comprises at least one phosphorothioate or
methylphosphonate internucleotide linkage.
In one embodiment, the phosphorothioate or methylphosphonate internucleotide linkage is at
10 the 3’-terminus of one strand, e.g., the antisense strand or the sense strand.
In another embodiment, the phosphorothioate or methylphosphonate internucleotide linkage
is at the 5’-terminus of one strand, e.g., the antisense strand or the sense strand.
In one embodiment, the phosphorothioate or methylphosphonate internucleotide linkage is at
the both the 5’- and 3’-terminus of one strand. In one embodiment, the strand is the antisense strand.
15 In one embodiment, the base pair at the 1 position of the 5’-end of the antisense strand of the
duplex is an AU base pair.
The present invention also provides cells containing any of the dsRNA agents of the
invention and pharmaceutical compositions comprising any of the dsSRNA agents of the invention.
The pharmaceutical composition of the invention may include dsRNA agent in an
20 unbuffered solution, e.g., saline or water, or the pharmaceutical composition of the invention may
include the dsSRNA agent is in a buffer solution, e.g., a buffer solution comprising acetate, citrate,

prolamine, carbonate, or phosphate or any combination thereof; or phosphate buffered saline (PBS).
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In one aspect, the present invention provides a method of inhibiting expression of a
complement factor B (CFB) gene in a cell. The method includes contacting the cell with any of the
dsRNAs of the invention or any of the pharmaceutical compositions of the invention, thereby
inhibiting expression of the CFB gene in the cell.

In one embodiment, the cell is within a subject, e.g., a human subject, e.g., a subject having a
complement factor B-associated disorder. Such disorders are typically associated with inflammation
or immune system activation, e.g., membrane attack complex-mediated lysis, anaphylaxis, or
hemolysis. Non-limiting examples of complement factor B-associated disorders include paroxysmal
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 (MS); macular
degeneration (e.g., age-related macular degeneration (AMD)); hemolysis, elevated liver enzymes,
and low platelets (HELLP) syndrome; thrombotic thrombocytopenic purpura (TTP); spontaneous
fetal loss; Pauci-immune vasculitis; epidermolysis bullosa; recurrent fetal loss; pre-eclampsia,
traumatic brain injury, myasthenia gravis, cold agglutinin disease, dermatomyositis bullous
pemphigoid, Shiga toxin E. coli-related hemolytic uremic syndrome, C3 neuropathy, anti-neutrophil
cytoplasmic antibody-associated vasculitis (e.g., granulomatosis with polyangiitis (previously known
as Wegener granulomatosis), Churg-Strauss syndrome, and microscopic polyangiitis), 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 outcome in sepsis),
Coronary artery disease, dermatomyositis, Graves' disease, atherosclerosis, Alzheimer's disease,
systemic inflammatory response sepsis, septic shock, spinal cord injury, glomerulonephritis,
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 (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 following stent placement, rotational atherectomy, and
percutaneous transluminal coronary angioplasty (PTCA) (see, e.g., Holers (2008) Immunological
Reviews 223:300-316; Holers and Thurman (2004) Molecular Immunology 41:147-152; U.S. Patent
Publication No. 20070172483).

In one embodiment, the complement factor B-associate disease is selected from the group
consisting of C3 glomerulopathy, systemic lupus erythematosus (SLE), e.g., Lupus Nephritis, IgA
nephropathy, diabetic nephropathy, polycystic kidney disease, membranous nephropathy, age-related

macular degeneration, atypical hemolytic uremic syndrome, thrombotic microangiopathy,
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myasthenia gravis, ischemia and reperfusion injury, paroxysmal nocturnal hemoglobinuria, and
rheumatoid arthritis

In another embodiment, the complement factor B-associate disease is selected from the
group consisting of C3 glomerulopathy, systemic lupus erythematosus (SLE), e.g., Lupus Nephritis,
IgA nephropathy, diabetic nephropathy, and polycystic kidney disease.

In one embodiment, contacting the cell with the dsSRNA agent inhibits the expression of CFB
by at least 50%, 60%, 70%, 80%, 90%, or 95%.

In one embodiment, inhibiting expression of CFB decreases CFB protein level in serum of
the subject by at least 50%, 60%, 70%, 80%, 90%, or 95%.

In one aspect, the present invention provides a method of treating a subject having a disorder
that would benefit from reduction in complement factor B (CFB) expression. The method includes
administering to the subject a therapeutically effective amount of any of the dsRNAs of the invention
or any of the pharmaceutical compositions of the invention, thereby treating the subject having the
disorder that would benefit from reduction in CFB expression.

In another aspect, the present invention provides a method of preventing development of a
disorder that would benefit from reduction in complement factor B (CFB) expression in a subject
having at least one sign or symptom of a disorder who does not yet meet the diagnostic criteria for
that disorder. The method includes administering to the subject a prophylactically effective amount
of any of the dsRNAs of the invention or any of the pharmaceutical compositions of the invention,
thereby preventing the subject progressing to meet the diagnostic criteria of the disorder that would
benefit from reduction in CFB expression.

In one embodiment, the disorder is a complement factor B- (CFB)-associated disorder.

In one embodiment, the subject is human.

In one embodiment, the dsSRNA agent is administered to the subject at a dose of about
0.01 mg/kg to about 50 mg/kg.

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

In one embodiment, the level of CFB in the subject sample(s) is a CFB protein level in a
blood or serum sample(s).

In one embodiment, the administration of the agent to the subject causes a decrease in
hemolysis or a decrease in CFB protein accumulation.

In certain embodiments, the methods of the invention further comprise administering to the
subject an additional therapeutic agent.

In some aspects, the additional therapeutic agent is an iRNA agent targeting a C5 gene, such
as those described in U.S. Patent No.: 9,249,415, the entire contents of which are hereby incorporated
herein by reference.

In other aspects, the additional therapeutic agent is an iRNA agent targeting a complement
factor B (CFB) gene, such as those described in U.S. Patent No.: 10,465,194, the entire contents of

which are hereby incorporated herein by reference.
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In other aspects, the additional therapeutic agent is an inhibitor of C5, such as an anti-
complement component C5 antibody, or antigen-binding fragment thereof (e.g., eculizumab,
ravulizumab-cwvz, or pozelimab (REGN3918)) or a C5 peptide inhibitor (e.g., zilucoplan).
Eculizumab is a humanized monoclonal IgG2/4, kappa light chain antibody that specifically binds
complement component C5 with high affinity and inhibits cleavage of C5 to C5a and C5b, thereby
inhibiting the generation of the terminal complement complex C5b-9. Eculizumab is described in
U.S. Patent No. 6,355,245, the entire contents of which are incorporated herein by reference.
Ravulizumab-cwvz is a humanized Ig(G2/4 monoclonal antibody that specifically binds complement
component C5 with high affinity and inhibits cleavage of C5 to C5a and C5b, thereby inhibiting the
generation of the terminal complement complex C5b-9. Ravulizumab-cwvz is described in
WO02015134894, the entire contents of which are incorporated herein by reference. Pozelimab (also
known as H4H12166P, described in US20170355757, the entire contents of which are incorporated
herein by reference) is a fully-human IgG4 monoclonal antibody designed to block complement factor
C5. Zilucoplan is a synthetic, macrocyclic peptide that binds complement component 5 (C5) with
sub-nanomolar affinity and allosterically inhibits its cleavage into C5a and C5b upon activation of the
classical, alternative, or lectin pathways (see, e.g., W02017105939, the entire contects of which are
incorporated herein by reference).

In yet other aspects, the additional therapeutic is a C3 peptide inhibitor, or analog thereof. In
one embodiment, the C3 peptide inhibitor is compstatin. Compstatin is a cyclic tridecapeptide with
potent and selective C3 inhibitory activity. Compstatin, and its analogs, are described in U.S. Patent
Nos. 7,888,323, 7,989,589, and 8,442,776, in U.S. Patent Publication No. 2012/0178694 and
2013/0053302, and in PCT Publication Nos. WO 2012/174055, WO 2012/2178083, WO
2013/036778, the entire contents of each of which are incorporated herein by reference.

In certain embodiments, treatments known in the art for the various CFB-associated diseases
are used in combination with the RNAi agents of the invention.

The present invention also provides kits comprising any of the dsRNAs of the invention or
any of the pharmaceutical compositions of the invention, and optionally, instructions for use.

The present invention further provides an RNA-induced silencing complex (RISC)
comprising an antisense strand of any of the dsSRNA agents of the invention.

In another embodiment, the RNAi agent is a pharmaceutically acceptable salt thereof.
“Pharmaceutically acceptable salts” of each of RNAIi agents herein include, but are not limited to, a
sodium salt, a calcium salt, a lithium salt, a potassium salt, an ammonium salt, a magnesium salt, an
mixtures thereof. One skilled in the art will appreciate that the RNAi agent, when provided as a
polycationic salt having one cation per free acid group of the optionally modified phosophodiester
backbone and/or any other acidic modifications (e.g., 5’-terminal phosphonate groups). For example,
an oligonucleotide of “n” nucleotides in length contains n-1 optionally modified phosophodiesters, so
that an oligonucleotide of 21 nt in length may be provided as a salt having up to 20 cations (e.g, 20

sodium cations). Similarly, an RNAi agentshaving a sense strand of 21 nt in length and an antisense
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strand of 23 nt in length may be provided as a salt having up to 42 cations (e.g, 42 sodium cations).
In the preceding example, where the RNAi agent also includes a 5°-terminal phosphate or a 5’-
terminal vinylphosphonate group, the RNAi agent may be provided as a salt having up to 44 cations

(e.g, 44 sodium cations).

The present invention is further illustrated by the following detailed description and drawings.

Brief Description of the Drawings
Figure 1 depicts the three complement pathways: alternative, classical and lectin.
Figure 2 is a graph depicting the level of human CFB protein in mice (n=3 per group)
subcutaneously administered a single 1 mg/kg dose of the indicated dsSRNA duplexes on day 7.

Human CFB protein levels were shown relative to control levels determined with PBS treatment.

Detailed Description of the Invention

The present invention provides iRNA compositions which effect the RNA-induced silencing
complex (RISC)-mediated cleavage of RNA transcripts of a complement factor B (CFB) gene. The
gene may be within a cell, e.g., a cell within a subject, such as a human. The use of these iRNAs
enables the targeted degradation of mRNAs of the corresponding gene (complement factor B gene) in
mammals.

The iRNAs of the invention have been designed to target the human complement factor B
gene, including portions of the gene that are conserved in the complement factor B orthologs of other
mammalian species. Without intending to be limited by theory, it is believed that a combination or
sub-combination of the foregoing properties and the specific target sites or the specific modifications
in these iRNAs confer to the iRNAs of the invention improved efficacy, stability, potency, durability,
and safety.

Accordingly, the present invention provides methods for treating and preventing a
complement factor B-associated disorder, disease, or condition, e.g., a disorder, disease, or condition
with inflammation or immune system activation, e.g., membrane attack complex-mediated lysis,
anaphylaxis, or hemolysis, e.g., C3 glomerulopathy, systemic lupus erythematosus (SLE), e.g., Lupus
Nephritis, IgA nephropathy, diabetic nephropathy, and polycystic kidney disease, using iRNA
compositions which effect the RNA-induced silencing complex (RISC)-mediated cleavage of RNA
transcripts of a complement factor B gene.

The iRNAs of the invention include an RNA strand (the antisense strand) having a region
which is up to about 30 nucleotides or less in length, e.g., 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, 21-23, or 21-22 nucleotides in length, which
region is substantially complementary to at least part of an mRNA transcript of a complement factor

B gene. In certain embodiments, the RNAi agents of the disclosure include an RNA strand (the
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antisense strand) having a region which is about 21-23 nucleotides in length, which region is
substantially complementary to at least part of an mRNA transcript of a complement factor B gene.

In certain embodiments, one or both of the strands of the double stranded RNAi agents of the
invention is up to 66 nucleotides in length, e.g., 36-66, 26-36, 25-36, 31-60, 22-43, 27-53 nucleotides
in length, with a region of at least 19 contiguous nucleotides that is substantially complementary to at
least a part of an mRNA transcript of a complement factor B gene. In some embodiments, such iRNA
agents having longer length antisense strands may include a second RNA strand (the sense strand) of
20-60 nucleotides in length wherein the sense and antisense strands form a duplex of 18-30
contiguous nucleotides.

The use of iRNAs of the invention enables the targeted degradation of mRNAs of the
corresponding gene (complement factor B gene) in mammals. Using in vitro and in vivo assays, the
present inventors have demonstrated that iRNAs targeting a complement factor B gene can potently
mediate RNAI, resulting in significant inhibition of expression of a complement factor B gene. Thus,
methods and compositions including these iRNAs are useful for treating a subject having a
complement factor B -associated disorder, e.g., C3 glomerulopathy, systemic lupus erythematosus
(SLE), e.g., Lupus Nephritis, IgA nephropathy, diabetic nephropathy, and polycystic kidney disease.

Accordingly, the present invention provides methods and combination therapies for treating a
subject having a disorder that would benefit from inhibiting or reducing the expression of a
complement factor B gene, e.g., a complement factor B-associated disease, such as C3
glomerulopathy, systemic lupus erythematosus (SLE), e.g., Lupus Nephritis, IgA nephropathy,
diabetic nephropathy, and polycystic kidney disease, using iRNA compositions which effect the
RNA-induced silencing complex (RISC)-mediated cleavage of RNA transcripts of a CFB gene.

The present invention also provides methods for preventing at least one symptom in a subject
having a disorder that would benefit from inhibiting or reducing the expression of a complement
factor B gene, e.g., C3 glomerulopathy, systemic lupus erythematosus (SLE), e.g., Lupus Nephritis,
IgA nephropathy, diabetic nephropathy, and polycystic kidney disease.

In certain embodiments, the administration of the dsRNA to the subject causes a decrease in
CFB mRNA level, CFB protein level, CHs activity (a measure of total hemolytic complement), AHso
(a measure the hemolytic activity of the alternate pathway of complement), lactate dehydrogenase
(LDH) (a measure of intravascular hemolysis), hemoglobin levels; the level of any one or more of C3,
C9, C5, C5a, C5b, and soluble C5b-9 complex.

The following detailed description discloses how to make and use compositions containing
iRNAs to inhibit the expression of a complement factor B gene as well as compositions, uses, and
methods for treating subjects that would benefit from inhibition or reduction of the expression of a
complement factor B gene, e.g., subjects susceptible to or diagnosed with a complement factor B-

associated disorder.
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L Definitions

In order that the present invention may be more readily understood, certain terms are first
defined. In addition, it should be noted that whenever a value or range of values of a parameter are
recited, it is intended that values and ranges intermediate to the recited values are also intended 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 least
one) of the grammatical object of the article. By way of example, “an element” means one element or
more than one element, e.g., a plurality of elements.

The term "including” is used herein to mean, and is used interchangeably with, the phrase
"including 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. For example, “sense strand or antisense strand” is
understood as “sense strand or antisense strand or sense strand and antisense strand.”

The term “about” is used herein to mean within the typical ranges of tolerances in the art. For
example, “about” can be understood as about 2 standard deviations from the mean. In certain
embodiments, about means +10%. In certain embodiments, about means +5%. When about is
present before a series of numbers or a range, it is understood that “about” can modify each of the
numbers in the series or range.

The term “at least”, “no less than” or “or more” prior to a number or series of numbers is
understood to include the number adjacent to the term “at least”, and all subsequent numbers or
integers that could logically be included, as clear from context. For example, the number of
nucleotides in a nucleic acid molecule must be an integer. For example, “at least 19 nucleotides of a
21 nucleotide nucleic acid molecule” means that 19, 20, or 21 nucleotides have the indicated property.
When at least is present before a series of numbers or a range, it is understood that “at least” can
modify each of the numbers in the series or range.

As used herein, “no more than” or “or less” is understood as the value adjacent to the phrase
and logical lower values or integers, as logical from context, to zero. For example, a duplex with an
overhang of “no more than 2 nucleotides™ has a 2, 1, or 0 nucleotide overhang. When “no more than”
is present before a series of numbers or a range, it is understood that “no more than” can modify each
of the numbers in the series or range. As used herein, ranges include both the upper and lower limit.

As used herein, methods of detection can include determination that the amount of analyte
present is below the level of detection of the method.

In the event of a conflict between an indicated target site and the nucleotide sequence for a
sense or antisense strand, the indicated sequence takes precedence.

In the event of a conflict between a sequence and its indicated site on a transcript or other
sequence, the nucleotide sequence recited in the specification takes precedence.

As used herein, the term “Complement Factor B,” used interchangeably with the term “CFB,”

refers to the well-known gene and polypeptide, also known in the art as AHUS, BF, CFAB, BFD,
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FB, GBG, FBI12, B-Factor, Properdin, H2-Bf, Glycine-Rich Beta Glycoprotein, C3 Proaccelerator,
Properdin Factor 2B, C3 Proactivator, PBF2, Glycine-Rich Beta-Glycoprotein, C3/C5 Convertase,
EC 3.4.21, and EC 3.4.21.473.

The term “CFB” includes human CFB, the amino acid and nucleotide sequence of which may
be found in, for example, GenBank Accession No. GI:1732746151; mouse CFB, the amino acid and
nucleotide sequence of which may be found in, for example, GenBank Accession Nos. GI:218156288
and GI:218156290; rat CFB, the amino acid and nucleotide sequence of which may be found in, for
example, GenBank Accession No. GI:218156284; and chimpanzee CFB, the amino acid and
nucleotide sequence of which may be found in, for example, GenBank Accession No. GI:57114201.
The term “CFB” also includes Macaca fascicularis CFB, the amino acid and nucleotide sequence of
which may be found in, for example, GenBank Accession No. GI:544428919 and in the entry for the
gene, ENSMMUP00000000985 (locus=scatfold3881:47830:53620), in the Macaca genome project
web site (macaque.genomics.org.cn/page/species/index.jsp). Additional examples of CFB mRNA

sequences are readily available using, e.g., GenBank, UniProt, OMIM, and the Macaca genome
project web site. Exemplary CFB nucleotide sequences may also be found in SEQ ID NOs:1-7. SEQ
ID NOs:8-14 are the antisense sequences of SEQ ID NOs: 1-7, respectively.

The term “CFB,” as used herein, also refers to naturally occurring DNA sequence variations
of the CFB gene. Non-limiting examples of sequence variations within the CFB gene include
1598A>G in exon 12, which results in a lysine being changed to an arginine at amino acid residue
533; 858C>G in exon 6, which results in a phenylalanine being changed to a leucine at amino acid
residue 286; and 967A>G in exon 7, which results in a lysine being changed to an alanine at amino
acid residue 323 (Tawadrous H. et al. (2010) Pediatr Nephrol. 25:947; Goicoechea de Jorge E et al.
(2007) Proc Natl Acad Sci. USA 104:240). The term“CFB,” as used herein, also refers to single
nucleotide polymorphisms in the CFB gene. Numerous sequence variations within the CFB gene
have been identified and may be found at, for example, NCBI dbSNP and UniProt (see, e.g.,
ncbi.nlm.nih.gov/snp).

Further information on CFB can be found, for example, at www.ncbi.nlm.nih.gov/gene/629.

Additional examples of CFB mRNA sequences are readily available through publicly
available databases, e.g., GenBank, UniProt, OMIM, and the Macaca genome project web site.

The entire contents of each of the foregoing GenBank Accession numbers and the Gene
database numbers are incorporated herein by reference as of the date of filing this application.

As used herein, “target sequence” refers to a contiguous portion of the nucleotide sequence of
an mRNA molecule formed during the transcription of a complement factor B gene, including mRNA
that is a product of RNA processing of a primary transcription product. The target portion of the
sequence will be at least long enough to serve as a substrate for iRNA-directed cleavage at or near that
portion of the nucleotide sequence of an mRNA molecule formed during the transcription of a CFB

gene. In one embodiment, the target sequence is within the protein coding region of CFB.
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The target sequence may be from about 19-36 nucleotides in length, e.g., about 19-30
nucleotides in length. For example, the target sequence can be about 19-30 nucleotides, 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, 21-23, or 21-22
nucleotides in length. In some embodiments, the target sequence is about 19 to about 30 nucleotides
in length. In other embodiments, the target sequence is about 19 to about 25 nucleotides in length. In
still other embodiments, the target sequence is about 19 to about 23 nucleotides in length. In some
embodiments, the target sequence is about 21 to about 23 nucleotides in length. Ranges and lengths
intermediate to the above recited ranges and lengths are also contemplated to be part of the invention.

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

“G,” “C,” “A “T,” and “U” each generally stand for a nucleotide that contains guanine,
cytosine, adenine, thymidine, and uracil as a base, respectively. However, it will be understood that
the term “ribonucleotide” or “nucleotide” can also refer to a modified nucleotide, as further detailed
below, or a surrogate replacement moiety (see, e.g., Table 1). The skilled person is well aware that
guanine, cytosine, adenine, and uracil can be replaced by other moieties without substantially altering
the base pairing properties of an oligonucleotide comprising a nucleotide bearing such replacement
moiety. For example, without limitation, a nucleotide comprising inosine as its base can base pair
with nucleotides containing adenine, cytosine, or uracil. Hence, nucleotides containing uracil,
guanine, or adenine can be replaced in the nucleotide sequences of dsSRNA featured in the invention
by a nucleotide containing, 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. Sequences containing such replacement moieties are suitable for the
compositions and methods featured in the invention.

The terms “iIRNA”, “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 complex (RISC)
pathway. iRNA directs the sequence-specific degradation of mRNA through a process known as
RNA interference (RNAi). The iRNA modulates, e.g., inhibits, the expression of a complement factor
B gene in a cell, e.g., a cell within a subject, such as a mammalian subject.

In one embodiment, an RNAi agent of the invention includes a single stranded RNA that
interacts with a target RNA sequence, e.g., a complement factor B 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 III endonuclease known as
Dicer (Sharp et al. (2001) Genes Dev. 15:485). Dicer, a ribonuclease-III-like enzyme, processes the
dsRNA into 19-23 base pair short interfering RNAs with characteristic two base 3' overhangs
(Bernstein, et al., (2001) Nature 409:363). The siRNAs are then incorporated into an RNA-induced
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silencing complex (RISC) where one or more helicases unwind the siRNA duplex, enabling the
complementary antisense strand to guide target recognition (Nykanen, et al., (2001) Cell 107:309).
Upon binding to the appropriate target mRNA, one or more endonucleases within the RISC cleave the
target to induce silencing (Elbashir, et al., (2001) Genes Dev. 15:188). Thus, in one aspect the
invention relates to 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, i.e., a complement factor B (CFB)
gene. Accordingly, the term “siRNA” is also used herein to refer to an iRNA as described above.

In certain embodiments, the RNAi agent may be a single-stranded siRNA (ssRNAIi) that is
introduced into a cell or organism to inhibit a target mRNA. Single-stranded RNAi agents bind to the
RISC endonuclease, Argonaute 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 ez al., (2012) Cell 150:883-
894, the entire contents of each of which are hereby incorporated herein by reference. Any of the
antisense nucleotide sequences described herein may be used as a single-stranded siRNA as described
herein or as chemically modified by the methods described in Lima et al., (2012) Cell 150:883-894.

In certain embodiments, an “iRNA” for use in the compositions, uses, and methods of the
invention is a double stranded RNA and is referred to herein as a “double stranded RNA agent,”
“double stranded RNA (dsRNA) molecule,” “dsRNA agent,” or “dsRNA”. The term “dsRNA”, refers
to a complex of ribonucleic acid molecules, having a duplex structure comprising two anti-parallel
and substantially complementary nucleic acid strands, referred to as having “sense” and “antisense”
orientations with respect to a target RNA, i.e., a complement factor B (CFB) gene. 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 interference or RNAI.

As used herein, the term “modified nucleotide” refers to a nucleotide having, independently, a
modified sugar moiety, a modified internucleotide linkage, or modified nucleobase, or any
combination thereof. Thus, the term modified nucleotide encompasses substitutions, additions or
removal of, e.g., a functional group or atom, to internucleoside linkages, sugar moieties, or
nucleobases. The modifications suitable for use in the agents of the invention 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 “iIRNA” or “RNAi agent” for the purposes of this specification and
claims.

In certain embodiments of the instant disclosure, inclusion of a deoxy-nucleotide — which is
acknowledged as a naturally occurring form of nucleotide — if present within a RNAi agent can be
considered to constitute a modified nucleotide.

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 19 to 36 base pairs in length, e.g., about
19-30 base pairs in length, for example, about 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
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24,25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, or 36 base pairs in length, such as about 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, 21-23, or 21-22 base
pairs in length. In certain embodiments, the duplex region is 19-21 base pairs in length, e.g., 21 base
pairs in length. Ranges and lengths intermediate to the above recited ranges and lengths are also
contemplated to be part of the disclosure.

The two strands forming the duplex structure may be different portions of one larger RNA
molecule, or they may be separate RNA molecules. Where the two strands are part of one larger
molecule, and therefore are connected by an uninterrupted chain of nucleotides between the 3’-end of
one strand and the 5’-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
nucleotide. In some embodiments, the hairpin loop can comprise at least 4, 5, 6, 7, 8, 9, 10, 20, 23 or
more unpaired nucleotides. In some embodiments, the hairpin loop can be 10 or fewer nucleotides.

In some embodiments, the hairpin loop can be 8 or fewer unpaired nucleotides. In some embodiments,
the hairpin loop can be 4-10 unpaired nucleotides. In some embodiments, the hairpin loop can be 4-8
nucleotides.

In certain embodiment, the two strands of double-stranded oligomeric compound can be
linked together. The two strands can be linked to each other at both ends, or at one end only. By
linking at one end is meant that 5'-end of first strand is linked to the 3'-end of the second strand or 3'-
end of first strand is linked to 5'-end of the second strand. When the two strands are linked to each
other at both ends, 5'-end of first strand is linked to 3'-end of second strand and 3'-end of first strand is
linked to 5'-end of second strand. The two strands can be linked together by an oligonucleotide linker
including, but not limited to, (N)n; wherein N is independently a modified or unmodified nucleotide
and n is 3-23. In some embodiemtns, nis 3-10,e.g.,3,4,5,6,7, 8,9, or 10. In some embodiments,
the oligonucleotide linker is selected from the group consisting of GNRA, (G)4, (U)4, and (dT)4,
wherein N is a modified or unmodified nucleotide and R is a modified or unmodified purine
nucleotide. Some of the nucleotides in the linker can be involved in base-pair interactions with other
nucleotides in the linker. The two strands can also be linked together by a non-nucleosidic linker,
e.g. a linker described herein. It will be appreciated by one of skill in the art that any oligonucleotide
chemical modifications or variations describe herein can be used in the oligonucleotide linker.

Hairpin and dumbbell type oligomeric compounds will have a duplex region equal to or at
least 14, 15, 15, 16, 17, 18, 19, 29, 21, 22, 23, 24, or 25 nucleotide pairs. The duplex region can be
equal to or less than 200, 100, or 50, in length. In some embodiments, ranges for the duplex region
are 15-30, 17 to 23, 19 to 23, and 19 to 21 nucleotides pairs in length.

The hairpin oligomeric compounds can have a single strand overhang or terminal unpaired
region, in some embodiments at the 3', and in some embodiments on the antisense side of the hairpin.
In some embodiments, the overhangs are 1-4, more generally 2-3 nucleotides in length. The hairpin

oligomeric compounds that can induce RNA interference are also referred to as "shRNA" herein.
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Where the two substantially complementary strands of a dsSRNA are comprised by separate
RNA molecules, those molecules need not be, but can be covalently connected. Where the two
strands are connected covalently by means other than an uninterrupted chain of nucleotides between
the 3’-end of one strand and the 5’-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 in the
shortest strand of the dSRNA minus any overhangs that are present in the duplex. In addition to the
duplex structure, an RNAi may comprise one or more nucleotide overhangs. In one embodiment of
the RNAIi agent, 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, e.g., 2, 3,4, 5,6, 7,
9,10, 11, 12, 13, 14, or 15 nucleotides. In other embodiments, at least one strand of the RNAi agent
comprises a 5’ overhang of at least 1 nucleotide. In certain embodiments, at least one strand
comprises a 5’ overhang of at least 2 nucleotides, e.g., 2,3, 4,5,6,7,9, 10, 11, 12, 13, 14, or 15
nucleotides. In still other embodiments, both the 3’ and the 5” end of one strand of the RNAi agent
comprise an overhang of at least 1 nucleotide.

In certain embodiments, an iRNA agent of the invention is a dsSRNA, each strand of which
comprises 19-23 nucleotides, that interacts with a target RNA sequence, e.g., a complement factor B
(CFB) gene, to direct cleavage of the target RNA.

In some embodiments, an iRNA of the invention is a dSRNA of 24-30 nucleotides that
interacts with a target RNA sequence, e.g., a CFB target mRNA sequence, to direct the cleavage of
the target RNA.

As used herein, the term “nucleotide overhang” refers to at least one unpaired nucleotide that
protrudes from the duplex structure of a double stranded iRNA. 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 comprise at least two nucleotides, at least three nucleotides, at least four nucleotides, at least five
nucleotides or more. 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.

In one embodiment of the dsRNA, 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, e.g., 2, 3,4,5,6,7,9, 10, 11, 12, 13, 14, or 15 nucleotides. In other embodiments, at
least one strand of the RNAi agent comprises a 5’ overhang of at least 1 nucleotide. In certain
embodiments, at least one strand comprises a 5* overhang of at least 2 nucleotides, e.g., 2, 3,4, 5,6, 7,
9,10, 11, 12, 13, 14, or 15 nucleotides. In still other embodiments, both the 3’ and the 5’ end of one

strand of the RNAi agent comprise an overhang of at least 1 nucleotide.
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In one embodiment, the antisense strand of a dSRNA has a 1-10 nucleotide, e¢.g., a 1, 2, 3, 4,
5,6,7,8,9, or 10 nucleotide, overhang at the 3’-end or the 5’-end. In one embodiment, the sense
strand of a dsRNA has a 1-10 nucleotide, e.g., a 1, 2, 3,4, 5,6, 7, 8, 9, or 10 nucleotide, overhang at
the 3’-end or the 5’-end. In another embodiment, one or more of the nucleotides in the overhang is
replaced with a nucleoside thiophosphate.

In certain embodiments, the antisense strand of a dsRNA has a 1-10 nucleotides, e.g., a 1, 2,
3,4,5,6,7,8,9, or 10 nucleotide, overhang at the 3’-end or the 5’-end. In certain embodiments, the
overhang on the sense strand or the antisense strand, or both, can include extended lengths longer than
10 nucleotides, e.g., 1-30 nucleotides, 2-30 nucleotides, 10-30 nucleotides, 10-25 nucleotides, 10-20
nucleotides, or 10-15 nucleotides in length. In certain embodiments, an extended overhang is on the
sense strand of the duplex. In certain embodiments, an extended overhang is present on the 3’ end of
the sense strand of the duplex. In certain embodiments, an extended overhang is present on the 5’ end
of the sense strand of the duplex. In certain embodiments, an extended overhang is on the antisense
strand of the duplex. In certain embodiments, an extended overhang is present on the 3’end of the
antisense strand of the duplex. In certain embodiments, an extended overhang is present on the 5’end
of the antisense strand of the duplex. In certain embodiments, one or more of the nucleotides in the
extended overhang is replaced with a nucleoside thiophosphate. In certain embodiments, the overhang
includes a self-complementary portion such that the overhang is capable of forming a hairpin structure
that is stable under physiological conditions.

“Blunt” or “blunt end” means that there are no unpaired nucleotides at that end of the double
stranded RNA agent, i.e., no nucleotide overhang. A “blunt ended” double stranded RNA agent is
double stranded over its entire length, i.e., no nucleotide overhang at either end of the molecule. The
RNA:I agents of the invention include RNAi agents with no nucleotide overhang at one end (i.e.,
agents with one overhang and one blunt end) or with no nucleotide overhangs at either end. Most
often such a molecule will be double-stranded over its entire length.

The term “antisense strand” or "guide strand" refers to the strand of an iRNA, e.g., a dsSRNA,
which includes a region that is substantially complementary to a target sequence, e.g., a CFB 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 sequence, e.g., a
complement factor B nucleotide sequence, as defined herein. 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 terminal regions, e.g.,
within 5, 4, or 3 nucleotides of the 5°- or 3’-end of the iRNA. In some embodiments, a double
stranded RNA agent of the invention includes a nucleotide mismatch in the antisense strand. In
some embodiments, the antisense strand of the double stranded RNA agent of the invention includes
no more than 4 mismatches with the target mRNA, e.g., the antisense strand includes 4, 3,2, 1, or 0
mismatches with the target mRNA. In some embodiments, the antisense strand double stranded RNA

agent of the invention includes no more than 4 mismatches with the sense strand, e.g., the antisense
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strand includes 4, 3, 2, 1, or 0 mismatches with the sense strand. In some embodiments, a double
stranded RNA agent of the invention includes a nucleotide mismatch in the sense strand. In some
embodiments, the sense strand of the double stranded RNA agent of the invention includes no more
than 4 mismatches with the antisense strand, e.g., the sense strand includes 4, 3, 2, 1, or 0 mismatches
with the antisense strand. In some embodiments, the nucleotide mismatch is, for example, within 5, 4,
3 nucleotides from the 3’-end of the iRNA. In another embodiment, the nucleotide mismatch is, for
example, in the 3’-terminal nucleotide of the iRNA agent. In some embodiments, the mismatch(s) is
not in the seed region.

Thus, an RNAi agent as described herein can contain one or more mismatches to the target
sequence. In one embodiment, a RNAi agent as described herein contains no more than 3 mismatches
(i.e, 3,2, 1, or O mismatches). In one embodiment, an RNAi agent as described herein contains no
more than 2 mismatches. In one embodiment, an RNAi agent as described herein contains no more
than 1 mismatch. In one embodiment, an RNAi agent as described herein contains 0 mismatches. In
certain embodiments, if the antisense strand of the RNAi agent contains mismatches to the target
sequence, the mismatch can optionally be restricted to be within the last 5 nucleotides from either the
5’- or 3’-end of the region of complementarity. For example, in such embodiments, for a 23
nucleotide RNAI agent, the strand which is complementary to a region of a CFB gene, generally does
not contain any mismatch within the central 13 nucleotides. The methods described herein or methods
known in the art can be used to determine whether an RNAIi agent containing a mismatch to a target
sequence is effective in inhibiting the expression of a CFB gene. Consideration of the efficacy of
RNAI agents with mismatches in inhibiting expression of a CFB gene is important, especially if the
particular region of complementarity in a CFB gene is known to have polymorphic sequence variation
within the population.

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 is defined herein.

As used herein, “substantially all of the nucleotides are modified” are largely but not wholly
modified and can include not more than 5, 4, 3, 2, or 1 unmodified nucleotides.

As used herein, the term “cleavage region” refers to a region that is located immediately
adjacent to the cleavage site. The cleavage site is the site on the target at which cleavage occurs. 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
either end of, and immediately adjacent to, the cleavage site. In some embodiments, the cleavage site
specifically occurs at the site bound by nucleotides 10 and 11 of the antisense strand, and the cleavage
region comprises 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 polynucleotide comprising the first nucleotide sequence to hybridize and form a
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duplex structure under certain conditions with an oligonucleotide or polynucleotide comprising the
second nucleotide sequence, as will be understood by the skilled person. Such conditions can be, for
example, “stringent conditions”, where stringent conditions can include: 400 mM NaCl, 40 mM
PIPES pH 6.4, 1 mM EDTA, 50 oC or 70 oC for 12-16 hours followed by washing (see, e.g.,
“Molecular Cloning: A Laboratory Manual, Sambrook, et al. (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 complementarity of two sequences in accordance with the ultimate application
of the hybridized nucleotides.

Complementary sequences within an iRNA, e.g., within a dSRNA as described herein, include
base-pairing of the oligonucleotide 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 each other herein. However, where a first sequence is referred to as “substantially
complementary” with respect to a second sequence herein, the two sequences can be fully
complementary, or they can form one or more, but generally not more than 5, 4, 3, or 2 mismatched
base pairs upon hybridization for a duplex up to 30 base pairs, while retaining the ability to hybridize
under the conditions most relevant to their ultimate application, e.g., inhibition of gene expression, in
vitro or in vivo. However, where two oligonucleotides are designed to form, upon hybridization, one
or more single stranded overhangs, such overhangs shall not be regarded as mismatches with regard to
the determination of complementarity. For example, a dsSRNA comprising one oligonucleotide
21 nucleotides in length and another oligonucleotide 23 nucleotides in length, wherein the longer
oligonucleotide comprises a sequence of 21 nucleotides that is fully complementary to the shorter
oligonucleotide, can yet 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 or base pairs formed from non-natural and modified nucleotides, in so
far as the above requirements with respect to their ability to hybridize are fulfilled. Such non-Watson-
Crick base pairs include, but are not limited to, G:U Wobble or Hoogsteen 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 two oligonucleotides or polynucleotides, such as the antisense strand of a
double stranded RNA agent and a target sequence, as will be understood from the context of their use.

As used herein, a polynucleotide that is “substantially complementary to at least part of” a
messenger RNA (mRNA) refers to a polynucleotide that is substantially complementary to a
contiguous portion of the mRNA of interest (e.g., an mRNA encoding a complement factor B gene).
For example, a polynucleotide is complementary to at least a part of a complement factor B mRNA if
the sequence is substantially complementary to a non-interrupted portion of an mRNA encoding a

complement factor B gene.
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Accordingly, in some embodiments, the antisense polynucleotides disclosed herein are fully
complementary to the target CFB sequence.

In other embodiments, the antisense polynucleotides disclosed herein are substantially
complementary to the target CFB sequence and comprise a contiguous nucleotide sequence which is
at least 80% complementary over its entire length to the equivalent region of the nucleotide sequence
of any one of SEQ ID NOs: 1-7 or a fragment of any one of SEQ ID NOs: 1-7, such as about 85%,
about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about
98%, or about 99% complementary.

In some embodiments, the antisense polynucleotides disclosed herein are substantially
complementary to a fragment of a target CFB sequence and comprise a contiguous nucleotide
sequence which is at least 80% complementary over its entire length to a fragment of SEQ ID NO: 1
selected from the group of nucleotides 504-526, 640-662, 641-663, 995-1017, 997-1019, 1034-1056,
1141-1163, 1145-1167, 1389-1411, 1473-1495, 1826-1848, 1828-1850, 1842-1864, 2242-2264, 2391-
2413, 2393-2415, 2438-2460, or 2453-2475 of SEQ ID NO: 1, such as about 85%, about 90%, about
91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, or about
99% complementary.

In other embodiments, the antisense polynucleotides disclosed herein are substantially
complementary to the target CFB sequence and comprise a contiguous nucleotide sequence which is
at least about 80% complementary over its entire length to any one of the sense strand nucleotide
sequences in any one of any one of Tables 2-3, or a fragment of any one of the sense strand nucleotide
sequences in any one of Tables 2-3, such as about 85%, about 90%, about 95%, or fully
complementary.

In one embodiment, an RNAI agent of the disclosure includes a sense strand that is
substantially complementary to an antisense polynucleotide which, in turn, is the same as a target
CFB sequence, and wherein the sense strand polynucleotide comprises a contiguous nucleotide
sequence which is at least about 80% complementary over its entire length to the equivalent region of
the nucleotide sequence of SEQ ID NOs: 8-14, or a fragment of any one of SEQ ID NOs:8-14, such as
about 85%, about 90%, about 95%, or fully complementary.

In some embodiments, an iRNA of the invention includes a sense strand that is substantially
complementary to an antisense polynucleotide which, in turn, is complementary to a target
complement factor B sequence, and wherein the sense strand polynucleotide comprises a contiguous
nucleotide sequence which is at least about 80% complementary over its entire length to any one of
the antisense strand nucleotide sequences in any one of any one of Tables 2-3, or a fragment of any
one of the antisense strand nucleotide sequences in any one of Tables 2-3, such as about 85%, about
90%, about 95%, or fully complementary.

In some embodiments, the sense and antisense strands are selected from the group consisting
of AD-1726057; AD-1725763; AD-1725777; AD-1725057; AD-1725096; AD-1728786; AD-
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1725059; AD-1728276; AD-1728278; AD-1726936; AD-1725472; AD-1724715; AD-1727292; AD-
1730477; AD-1727288; AD-1730167; AD-1725408; and AD-1725761.

In one embodiment, the sense and antisense strands are selected from duplex AD-1726057.

In one embodiment, the sense and antisense strands are selected from duplex AD-1725763.

In one embodiment, the sense and antisense strands are selected from duplex AD-1725777.

In one embodiment, the sense and antisense strands are selected from duplex AD-1725057.

In one embodiment, the sense and antisense strands are selected from duplex AD-1725096.

In one embodiment, the sense and antisense strands are selected from duplex AD-1728786.

In one embodiment, the sense and antisense strands are selected from duplex AD-1725059.

In one embodiment, the sense and antisense strands are selected from duplex AD-1728276.

In one embodiment, the sense and antisense strands are selected from duplex AD-1728278.

In one embodiment, the sense and antisense strands are selected from duplex AD-1726936.

In one embodiment, the sense and antisense strands are selected from duplex AD-1725472.

In one embodiment, the sense and antisense strands are selected from duplex AD-1724715.

In one embodiment, the sense and antisense strands are selected from duplex AD-1727292.

In one embodiment, the sense and antisense strands are selected from duplex AD-1730477.

In one embodiment, the sense and antisense strands are selected from duplex AD-1727288.

In one embodiment, the sense and antisense strands are selected from duplex AD-1730167.

In one embodiment, the sense and antisense strands are selected from duplex AD-1725408.

In one embodiment, the sense and antisense strands are selected from duplex AD-1725761.

In some embodiments, the double-stranded region of a double-stranded iRNA agent is equal
to or at least, 17, 18, 19, 20, 21, 22, 23, 23, 24, 25, 26, 27, 28, 29, 30 or more nucleotide pairs in
length.

In some embodiments, the antisense strand of a double-stranded iRNA agent is equal to or at
least 17, 18, 19, 20, 21, 22, 23, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides in length.

In some embodiments, the sense strand of a double-stranded iRNA agent is equal to or at least
17,18, 19, 20, 21, 22, 23, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides in length.

In one embodiment, the sense and antisense strands of the double-stranded iRNA agent are
each 18 to 30 nucleotides in length.

In one embodiment, the sense and antisense strands of the double-stranded iRNA agent are
each 19 to 25 nucleotides in length.

In one embodiment, the sense and antisense strands of the double-stranded iRNA agent are
each 21 to 23 nucleotides in length.

In one embodiment, the sense strand of the iRNA agent is 21- nucleotides in length, and the
antisense strand is 23-nucleotides in length, wherein the strands form a double-stranded region of 21
consecutive base pairs having a 2-nucleotide long single stranded overhangs at the 3'-end.

In some embodiments, the majority of nucleotides of each strand are ribonucleotides, but as

described in detail herein, each or both strands can also include one or more non-ribonucleotides, e.g.,
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a deoxyribonucleotide or a modified nucleotide. In addition, an “iRNA” may include ribonucleotides
with chemical modifications. Such modifications may include all types of modifications disclosed
herein or known in the art. Any such modifications, as used in an iRNA molecule, are encompassed
by “iRNA” for the purposes of this specification and claims.

In certain embodiments of the instant disclosure, inclusion of a deoxy-nucleotide if present
within an RNAI agent can be considered to constitute a modified nucleotide.

In one embodiment, at least partial suppression of the expression of a CFB gene, is assessed
by a reduction of the amount of CFB mRNA which can be isolated from or detected in a first cell or
group of cells in which a CFB gene is transcribed and which has or have been treated such that the
expression of a CFB gene is inhibited, as compared to a second cell or group of cells substantially
identical to the first cell or group of cells but which has or have not been so treated (control cells). The

degree of inhibition may be expressed in terms of:

(mRNA in control cells) - (mRNA in treated cells)
(mRNA in control cells)

*100%

The phrase “contacting a cell with an iRNA,” such as a dSRNA, as used herein, includes
contacting a cell by any possible means. Contacting a cell with an iRNA includes contacting a cell in
vitro with the iRNA or contacting a cell in vivo with the iRNA. The contacting may be done directly
or indirectly. Thus, for example, the iRNA may be put into physical contact with the cell by the
individual performing the method, or alternatively, the iRNA may be put into a situation that will
permit or cause it to subsequently come into contact with the cell.

Contacting a cell in vitro may be done, for example, by incubating the cell with the iRNA.
Contacting a cell in vivo may be done, for example, by injecting the iRNA into or near the tissue
where the cell is located, or by injecting the iRNA 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 iRNA may contain or be coupled to a ligand, e.g., GalNAc,
that directs the iRNA to a site of interest, e.g., the liver. Combinations of in vitro and in vivo methods
of contacting are also possible. For example, a cell may also be contacted in vitro with an iRNA and
subsequently transplanted into a subject.

In certain embodiments, contacting a cell with an iRNA 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 diffusion or active cellular processes, or by auxiliary
agents or devices. Introducing an iRNA into a cell may be in vitro or in vivo. For example, for in
vivo introduction, iRNA can be injected into a tissue site or administered systemically. In vitro
introduction into a cell includes methods known in the art such as electroporation and lipofection.
Further approaches are described herein below or are known in the art.

The term “lipid nanoparticle” or “LNP” is a vesicle comprising a lipid layer encapsulating a
pharmaceutically active molecule, such as a nucleic acid molecule, e.g., an iRNA or a plasmid from

which an iRNA is transcribed. LNPs are described in, for example, U.S. Patent Nos. 6,858,225,
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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 primate (such as a
human, a non-human primate, e.g., a monkey, and a chimpanzee), a non-primate (such as a rabbit, a
sheep, a hamster, a guinea pig, a dog, a rat, or a mouse), or a bird that expresses the target gene, either
endogenously or heterologously. In an embodiment, the subject is a human, such as a human being
treated or assessed for a disease or disorder that would benefit from reduction in CFB expression; a
human at risk for a disease or disorder that would benefit from reduction in CFB expression; a human
having a disease or disorder that would benefit from reduction in CFB expression; or human being
treated for a disease or disorder that would benefit from reduction in CFB expression as described
herein. In some embodiments, the subject is a female human. In other embodiments, the subject is a
male human. In one embodiment, the subject is an adult subject. In another embodiment, the subject
is a pediatric subject.

As used herein, the terms “treating” or “treatment” refer to a beneficial or desired result, such
as reducing at least one sign or symptom of a CFB -associated disorder in a subject. Treatment also
includes a reduction of one or more sign or symptoms associated with unwanted CFB expression;
diminishing the extent of unwanted CFB activation or stabilization; amelioration or palliation of
unwanted CFB activation or stabilization. “Treatment” can also mean prolonging survival as
compared to expected survival in the absence of treatment.

The term “lower” in the context of the level of CFB 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%, 15%, 20%, 25%, 30%, %, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, or more. In certain embodiments, a decrease is at least 20%. In certain embodiments, the
decrease is at least 50% in a disease marker, e.g., protein or gene expression level. “Lower” in the
context of the level of CFB in a subject is a decrease to a level accepted as within the range of normal
for an individual without such disorder. In certain embodiments, the expression of the target is
normalized, i.e., decreased towards or to a level accepted as within the range of normal for an
individual without such disorder, e.g., normalization of body weight, blood pressure, or a serum lipid
level. As used here, “lower” in a subject can refer to lowering of gene expression or protein
production in a cell in a subject does not require lowering of expression in all cells or tissues of a
subject. For example, as used herein, lowering in a subject can include lowering of gene expression
or protein production in the liver of a subject.

The term “lower” can also be used in association with normalizing a symptom of a disease or
condition, i.e. decreasing the difference between a level in a subject suffering from a CFB -associated
disease towards or to a level in a normal subject not suffering from a CFB-associated disease. For
example, if a subject with a normal weight of 70 kg weighs 90 kg prior to treatment (20 kg
overweight) and 80 kg after treatment (10 kg overweight), the subject’s weight is lowered towards a
normal weight by 50% (10/20 x 100%). Similarly, if the HDL level of a woman is increased from 50
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mg/dL (poor) to 57 mg/dL, with a normal level being 60 mg/dL, the difference between the prior level
of the subject and the normal level is decreased by 70% (difference of 10 mg/dL between subject level
and normal is decreased by 7 mg/dL, 7/10 x 100%). As used herein, if a disease is associated with an
elevated value for a symptom, “normal” is considered to be the upper limit of normal. If a disease is
associated with a decreased value for a symptom, “normal” is considered to be the lower limit of
normal.

As used herein, “prevention” or “preventing,” when used in reference to a disease, disorder or
condition thereof, that would benefit from a reduction in expression of a CFB gene or production of
CEB protein, refers to preventing a subject who has at least one sign or symptom of a disease from
developing further signs and symtoms thereby meeting the diagnostic criteria for that disease. In
certain embodiments, prevention includes delayed progression to meeting the diagnostic criteria of the
disease by days, weeks, months or years as compared to what would be predicted by natural history
studies or the typical progression of the disease.

As used herein, the term " complement factor B disease” or “CFB-associated disease,” is a
disease or disorder that is caused by, or associated with, complement activation. The term "CFB-
associated disease” includes a disease, disorder or condition that would benefit from a decrease in
CEB gene expression, replication, or protein activity. Non-limiting examples of CFB-associated
diseases include, for example, paroxysmal 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 (MS); macular degeneration (e.g., age-related macular degeneration
(AMD)); hemolysis, elevated liver enzymes, and low platelets (HELLP) syndrome; thrombotic
thrombocytopenic purpura (TTP); spontaneous fetal loss; Pauci-immune vasculitis; epidermolysis
bullosa; recurrent fetal loss; pre-eclampsia, traumatic brain injury, myasthenia gravis, cold agglutinin
disease, dermatomyositis bullous pemphigoid, Shiga toxin E. coli-related hemolytic uremic
syndrome, C3 neuropathy, anti-neutrophil cytoplasmic antibody-associated vasculitis (e.g.,
granulomatosis with polyangiitis (previously known as Wegener granulomatosis), Churg-Strauss
syndrome, and microscopic polyangiitis), 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 outcome in sepsis), Coronary artery disease, dermatomyositis,
Graves' disease, atherosclerosis, Alzheimer's disease, systemic inflammatory response sepsis, septic
shock, spinal cord injury, glomerulonephritis, 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 (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,
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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, and percutaneous transluminal coronary angioplasty (PTCA) (see, e.g.,
Holers (2008) Immunological Reviews 223:300-316; Holers and Thurman (2004) Molecular
Immunology 41:147-152; U.S. Patent Publication No. 20070172483).

In one embodiment, the complement factor B-associate disease is selected from the group
consisting of C3 glomerulopathy, systemic lupus erythematosus (SLE), e.g., Lupus Nephritis, IgA
nephropathy, diabetic nephropathy, polycystic kidney disease, membranous nephropathy, age-related
macular degeneration, atypical hemolytic uremic syndrome, thrombotic microangiopathy,
myasthenia gravis, ischemia and reperfusion injury, paroxysmal nocturnal hemoglobinuria, and
rheumatoid arthritis

In another embodiment, the complement factor B-associate disease is selected from the group
consisting of C3 glomerulopathy, systemic lupus erythematosus (SLE), e.g., Lupus Nephritis, IgA
nephropathy, diabetic nephropathy, and polycystic kidney disease.

Further details regarding signs and symptoms of the various disesases or conditions are
provided herein and are well known in the art.

"Therapeutically effective amount,” as used herein, is intended to include the amount of an
RNAI agent that, when administered to a subject having a CFB-associated disease, is sufficient to
effect treatment of the disease (e.g., by diminishing, ameliorating, or maintaining the existing disease
or one or more symptoms of disease). The "therapeutically effective amount” may vary depending on
the RNAI agent, how the agent is administered, the disease and its severity and the history, age,
weight, family history, genetic makeup, the types of preceding or concomitant treatments, if any, and
other individual characteristics of the subject to be treated.

“Prophylactically effective amount,” as used herein, is intended to include the amount of an
RNAI agent that, when administered to a subject having at least one sign or symptom of a CFB-
associated disorder, is sufficient to prevent or delay the subject’s progression to meeting the full
diagnostic criteria of the disease. Prevention of the disease includes slowing the course of progression
to full blown disease. The "prophylactically effective amount" may vary depending on the RNAi
agent, how the agent is administered, the degree of risk of disease, and the history, age, weight, family
history, genetic makeup, the types of preceding or concomitant treatments, if any, and other individual
characteristics of the patient to be treated.

A "therapeutically-effective amount” or “prophylactically effective amount” also includes an
amount of an RNAIi agent that produces some desired effect at a reasonable benefit/risk ratio
applicable to any treatment. The iRNA employed in the methods of the present invention may be
administered in a sufficient amount to produce a reasonable benefit/risk ratio applicable to such
treatment.

The phrase "pharmaceutically acceptable” is employed herein to refer to those compounds,

materials, compositions, or dosage forms which are, within the scope of sound medical judgment,
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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 "pharmaceutically-acceptable carrier” as used herein means a pharmaceutically-
acceptable material (including salts), composition, or vehicle, such as a liquid or solid filler, diluent,
excipient, manufacturing aid (e.g., lubricant, talc magnesium, calcium or zinc stearate, or steric acid),
or solvent encapsulating material, involved in 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
injurious to the subject being treated. Such carriers are known in the art. Pharmaceutically acceptable
carriers include carriers for administration by injection.

The term “sample,” as used herein, includes a collection of similar fluids, cells, or tissues
isolated from a subject, as well as fluids, cells, or tissues present within a subject. Examples of
biological fluids include blood, serum and serosal fluids, plasma, cerebrospinal fluid, ocular fluids,
lymph, urine, saliva, and the like. Tissue samples may include samples from tissues, 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 embodiments, samples may be derived from the liver
(e.g., whole liver or certain segments of liver or certain types of cells in the liver, such as, e.g.,
hepatocytes). In some embodiments, a “sample derived from a subject” refers to urine obtained from
the subject. A “sample derived from a subject” can refer to blood or blood derived serum or plasma

from the subject.

IL. iRNAs of the Invention

The present invention provides iRNAs which inhibit the expression of a complement factor B
gene. In certain embodiments, the iRNA includes double stranded ribonucleic acid (dsSRNA)
molecules for inhibiting the expression of a CFB gene in a cell, such as a cell within a subject, e.g., a
mammal, such as a human susceptible to developing a complement factor B-associated disorder. The
dsRNAIi agent includes an antisense strand having a region of complementarity which is
complementary to at least a part of an mRNA formed in the expression of a CFB gene. The region of
complementarity is about 19-30 nucleotides in length (e.g., about 30, 29, 28, 27, 26, 25, 24, 23, 22,
21, 20, or 19 nucleotides in length). Upon contact with a cell expressing the CFB gene, the iRNA
inhibits the expression of the CFB gene (e.g., a human, a primate, a non-primate, or a rat CFB gene)
by at least about 50% as assayed by, for example, a PCR or branched DNA (bDNA)-based method, or
by a protein-based method, such as by immunofluorescence analysis, using, for example, western
blotting or flow cytometric techniques. In certain embodiments, inhibition of expression is
determined by the qPCR method provided in the examples herein with the siRNA at, e.g., a 10 nM
concentration, in an appropriate organism cell line provided therein. In certain embodiments,

inhibition of expression in vivo is determined by knockdown of the human gene in a rodent expressing
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the human gene, e.g., a mouse or an AAV-infected mouse expressing the human target gene, e.g.,
when administered as single dose, e.g., at 3 mg/kg at the nadir of RNA expression.

A dsRNA includes 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 dsSRNA (the antisense
strand) includes a region of complementarity that is substantially complementary, and generally fully
complementary, to a target sequence. The target sequence can be derived from the sequence of an
mRNA formed during the expression of a CFB gene. The other strand (the sense strand) includes a
region that is complementary to the antisense 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 dsSRNA 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 15 to 30 base pairs in length, e.g., 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, 21-30, 21-29,
21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 base pairs in length. In certain embodiments, the
duplex structure is 18 to 25 base pairs in length, e.g., 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-25,
19-24, 19-23, 19-22, 19-21, 19-20, 20-25, 20-24,20-23, 20-22, 20-21, 21-25, 21-24, 21-23, 21-22, 22-
25, 22-24, 22-23, 23-25, 23-24 or 24-25 base pairs in length, for example, 19-21 basepairs in length.
Ranges and lengths intermediate to the above recited ranges and lengths are also contemplated to be
part of the disclosure.

Similarly, the region of complementarity to the target sequence is 15 to 30 nucleotides in
length, e.g., 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, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 nucleotides
in length, for example 19-23 nucleotides in length or 21-23 nucleotides in length. Ranges and lengths
intermediate to the above recited ranges and lengths are also contemplated to be part of the disclosure.

In some embodiments, the duplex structure is 19 to 30 base pairs in length. Similarly, the
region of complementarity to the target sequence is 19 to 30 nucleotides in length.

In some embodiments, the dsRNA is about 19 to about 23 nucleotides in length, or about 25
to about 30 nucleotides in length. In general, the dSRNA is long enough to serve as a substrate for the
Dicer enzyme. For example, it is well-known in the art that dsSRNAs 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
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sequence of an mRNA target of sufficient length to allow it to be a substrate for RNAi-directed
cleavage (i.e., cleavage through a RISC pathway).

One of skill in the art will also recognize that the duplex region is a primary functional
portion of a dsSRNA, e.g., a duplex region of about 19 to about 30 base pairs, e.g., about 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, 21-23, or 21-22 base
pairs. Thus, in one embodiment, to the extent that it becomes processed to a functional duplex, of
e.g., 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 is a dSRNA. Thus, an ordinarily skilled
artisan will recognize that in one embodiment, a miRNA is a dSRNA. In another embodiment, a
dsRNA is not a naturally occurring miRNA. In another embodiment, an iRNA agent useful to target
complement factor B gene expression is not generated in the target cell by cleavage of a larger
dsRNA.

A dsRNA as described herein can further include one or more single-stranded nucleotide
overhangs e.g., 1-4, 2-4, 1-3, 2-3, 1, 2, 3, or 4 nucleotides. dsSRNAs having at least one nucleotide
overhang can have 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 an antisense or sense strand of a dSRNA.

A dsRNA can be synthesized by standard methods known in the art. Double stranded RNAi
compounds of the invention may be prepared using a two-step procedure. First, the individual strands
of the double stranded RNA molecule 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. Similarly, single-
stranded oligonucleotides of the invention can be prepared using solution-phase or solid-phase
organic synthesis or both.

Regardless of the method of synthesis, the siRNA preparation can be prepared in a solution
(e.g., an aqueous or organic solution) that is appropriate for formulation. For example, the siRNA
preparation can be precipitated and redissolved in pure double-distilled water, and lyophilized. The
dried siRNA can then be resuspended in a solution appropriate for the intended formulation process.

In an aspect, a dsRNA of the invention includes at least two nucleotide sequences, a sense
sequence and an anti-sense sequence. The sense strand is selected from the group of sequences
provided in any one of Tables 2-3, and the corresponding antisense strand of the sense strand is
selected from the group of sequences of any one of Tables 2-3. In this aspect, one of the two
sequences 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 complement
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factor B gene. As such, in this aspect, a dsSRNA will include two oligonucleotides, where one
oligonucleotide is described as the sense strand in any one of Tables 2-3, and the second
oligonucleotide is described as the corresponding antisense strand of the sense strand in any one of
Tables 2-3.

In certain embodiments, the substantially complementary sequences of the dsSRNA are
contained on separate oligonucleotides. In other embodiments, the substantially complementary
sequences of the dsSRNA are contained on a single oligonucleotide.

It will be understood that, although the sequences in Table 2 are not described as modified or
conjugated sequences, the RNA of the iRNA of the invention e.g., a dSRNA of the invention, may
comprise any one of the sequences set forth in any one of Tables 2-3 that is un-modified, un-
conjugated, or modified or conjugated differently than described therein. In other words, the
invention encompasses dsSRNA of Tables 2-3 which are un-modified, un-conjugated, modified, or
conjugated, as described herein.

The skilled person is well aware that dSRNAs having a duplex structure of about 20 to 23
base pairs, e.g., 21, base pairs have been hailed as particularly effective in inducing RNA interference
(Elbashir et al., EMBO 2001, 20:6877-6888). However, others have found that shorter or longer RNA
duplex structures can also be effective (Chu and Rana (2007) RNA 14:1714-1719; Kim et al. (2005)
Nat Biotech 23:222-226). In the embodiments described above, by virtue of the nature of the
oligonucleotide sequences provided in any one of Tables 2-3, dsRNAs described herein can include at
least one strand of a length of minimally 21 nucleotides. It can be reasonably expected that shorter
duplexes having any one of the sequences in any one of Tables 2-3 minus only a few nucleotides on
one or both ends can be similarly effective as compared to the dSRNAs described above. Hence,
dsRNAs having a sequence of at least 19, 20, or more contiguous nucleotides derived from any one of
the sequences of any one of Tables 2-3, and differing in their ability to inhibit the expression of a
complement factor B gene by not more than about 5, 10, 15, 20, 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 Tables 2-3 identify a site(s) in a complement factor B
transcript that is susceptible to RISC-mediated cleavage. As such, the present invention further
features iRNAs 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 iRNA will generally include at least about 19 contiguous nucleotides
from any one of the sequences provided in any one of Tables 2-3 coupled to additional nucleotide
sequences taken from the region contiguous to the selected sequence in a complement factor B gene.

An RNAI agent as described herein can contain one or more mismatches to the target
sequence. In one embodiment, an RNAi agent as described herein contains no more than 3
mismatches (i.e., 3, 2, 1, or 0 mismatches). In one embodiment, an RNAi agent as described herein
contains no more than 2 mismatches. In one embodiment, an RNAi agent as described herein contains

no more than 1 mismatch. In one embodiment, an RNAi agent as described herein contains 0
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mismatches. In certain embodiments, if the antisense strand of the RNAi agent contains mismatches
to the target sequence, the mismatch can optionally be restricted to be within the last 5 nucleotides
from either the 5°- or 3’-end of the region of complementarity. For example, in such embodiments, for
a 23 nucleotide RNAIi agent, the strand which is complementary to a region of a CFB gene generally
does not contain any mismatch within the central 13 nucleotides. The methods described herein or
methods known in the art can be used to determine whether an RNAi agent containing a mismatch to
a target sequence is effective in inhibiting the expression of a CFB gene. Consideration of the efficacy
of RNAI agents with mismatches in inhibiting expression of a CFB gene is important, especially if the
particular region of complementarity in a CFB gene is known to have polymorphic sequence variation

within the population.

III. Modified iRNAs of the Invention

In certain embodiments, the RNA of the iRNA of the invention e.g., a dSRNA, is un-
modified, and does not comprise, e.g., chemical modifications or conjugations known in the art and
described herein. In other embodiments, 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 all of the nucleotides of an iRNA of the invention are modified. In other
embodiments of the invention, all of the nucleotides of an iRNA or substantially all of the nucleotides
of an iRNA are modified, i.e., not more than 5, 4, 3, 2, or lunmodified nucleotides are present in a
strand of the iRNA.

The nucleic acids featured in the invention can be synthesized or modified by methods well
established in the art, such as those described in “Current protocols in nucleic acid chemistry,”
Beaucage, S.L. et al. (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 3’-end modifications (conjugation,
DNA nucleotides, inverted linkages, etc.); 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; or backbone modifications, including modification or
replacement of the phosphodiester linkages. Specific examples of iRNA compounds useful in the
embodiments described herein include, but are not limited to RNAs containing modified backbones or
no natural internucleoside linkages. RNAs having modified backbones include, among others, those
that do not have a phosphorus atom in the backbone. For the purposes of this specification, and as
sometimes referenced in the art, modified RNAs that do not have a phosphorus atom in their
internucleoside backbone can also be considered to be oligonucleosides. In some embodiments, a
modified iRNA will have a phosphorus atom in its internucleoside backbone.

Modified RNA backbones include, for example, phosphorothioates, chiral phosphorothioates,
phosphorodithioates, phosphotriesters, aminoalkylphosphotriesters, methyl and other alkyl
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phosphonates including 3'-alkylene phosphonates and chiral phosphonates, phosphinates,
phosphoramidates including 3'-amino phosphoramidate and aminoalkylphosphoramidates,
thionophosphoramidates, 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 nucleoside units are linked 3'-5" to 5'-3" or 2'-5' to 5'-2".
Various salts, mixed salts and free acid forms are also included. In some embodiments of the
invention, the dSRNA agents of the invention are in a free acid form. In other embodiments of the
invention, the dSRNA agents of the invention are in a salt form. In one embodiment, the dsSRNA
agents of the invention are in a sodium salt form. In certain embodiments, when the dsRNA agents of
the invention are in the sodium salt form, sodium ions are present in the agent as counterions for
substantially all of the phosphodiester or phosphorothiotate groups present in the agent. Agents in
which substantially all of the phosphodiester or phosphorothioate linkages have a sodium counterion
include not more than 5, 4, 3, 2, or 1 phosphodiester or phosphorothioate linkages without a sodium
counterion. In some embodiments, when the dsRNA agents of the invention are in the sodium salt
form, sodium ions are present in the agent as counterions for all of the phosphodiester or
phosphorothiotate groups present in the agent.

Representative U.S. Patents that teach the preparation of the above phosphorus-containing
linkages include, 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; 6,124,445; 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 U.S. Pat RE39464, the entire
contents of each of which are hereby incorporated herein by reference.

Modified RNA backbones that do not include a phosphorus atom therein have backbones that
are formed by short chain alkyl or cycloalkyl internucleoside linkages, mixed heteroatoms and alkyl
or cycloalkyl internucleoside linkages, or one or more short chain heteroatomic or heterocyclic
internucleoside linkages. These include those having morpholino linkages (formed in part from the
sugar portion of a nucleoside); siloxane backbones; sulfide, sulfoxide and sulfone backbones;
formacetyl and thioformacetyl backbones; methylene formacetyl and thioformacetyl backbones;
alkene containing backbones; sulfamate backbones; methyleneimino and methylenehydrazino
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 oligonucleosides include,
but are not limited to, U.S. Patent Nos. 5,034,506; 5,166,315; 5,185,444, 5,214,134, 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;
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5,677,437; and 5,677,439, the entire contents of each of which are hereby incorporated herein by
reference.

Suitable RNA mimetics are contemplated for use in iRNAs provided herein, in which both the
sugar and the internucleoside linkage, i.e., the backbone, of the nucleotide units are replaced with
novel groups. The base units are maintained for hybridization with an appropriate nucleic acid target
compound. One such oligomeric compound in which an RNA mimetic that has been shown to have
excellent hybridization properties is 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 nucleobases are retained and are bound directly or indirectly to aza
nitrogen atoms of the amide portion of the backbone. Representative US patents that teach the
preparation of PNA compounds include, but are not limited to, U.S. Patent Nos. 5,539,082, 5,714,331;
and 5,719,262, the entire contents of each of which are hereby incorporated herein by reference.
Additional PNA compounds suitable for use in the iRNAs of the invention are described in, for
example, in Nielsen et al., Science, 1991, 254, 1497-1500.

Some embodiments featured in the invention include RNAs with phosphorothioate backbones
and oligonucleosides with heteroatom backbones, and in particular --CH»--NH--CH>-, --CH>--
N(CHs)--O--CH>--[known as a methylene (methylimino) or MMI backbone], --CH--O--N(CH3)--
CH>--, --CH»--N(CH3)--N(CH3)--CH»-- and --N(CH3)--CH,--CH»-- of the above-referenced U.S.
Patent No. 5,489,677, and the amide backbones of the above-referenced U.S. Patent No. 5,602,240. In
some embodiments, the RNAs featured herein have morpholino backbone structures of the above-
referenced U.S. Patent No. 5,034,506. The native phosphodiester backbone can be represented as O-
P(O)(OH)-OCH:-.

Modified RNAs can also contain one or more substituted sugar moieties. The iRNAs, e.g.,
dsRNAs, featured herein can include one of the following at the 2'-position: OH; F; O-, S-, or N-alkyl;
O-, S-, or N-alkenyl; O-, S- or N-alkynyl; or O-alkyl-O-alkyl, wherein the alkyl, alkenyl and alkynyl
can be substituted or unsubstituted C; to Cio alkyl or Cs to Cyo alkenyl and alkynyl. Exemplary
suitable modifications include O[(CH»),O] mCH3, O(CH,)..OCH3, O(CH,).NH», O(CH>) .CH3,
O(CH»).ONH>, and O(CH>),ON[(CH>),CH3)]», where n and m are from 1 to about 10. In other
embodiments, dsSRNAs include one of the following at the 2' position: C; to Cyo lower alkyl,
substituted lower alkyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCHs, OCN, Cl, Br, CN, CF3,
OCF3, SOCH3, SO2CHs, ONO», NO», N3, NH», heterocycloalkyl, heterocycloalkaryl,
aminoalkylamino, polyalkylamino, substituted silyl, an RNA cleaving group, a reporter group, an
intercalator, a group for improving the pharmacokinetic properties of an iRNA, or a group for
improving the pharmacodynamic properties of an iRNA, and other substituents having similar
properties. In some embodiments, the modification includes a 2'-methoxyethoxy (2'-O--
CH>CH>OCH3, also known as 2'-O-(2-methoxyethyl) or 2'-MOE) (Martin et al., Helv. Chim. Acta,
1995, 78:486-504) i.e., an alkoxy-alkoxy group. Another exemplary modification is 2'-
dimethylaminooxyethoxy, i.e., a O(CH»)>ON(CH3)> group, also known as 2'-DMAOE, as described in
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examples herein below, and 2'-dimethylaminoethoxyethoxy (also known in the art as 2'-O-
dimethylaminoethoxyethyl or 2-DMAEOE), i.e., 2'-O--CH»--O--CH;--N(CH>),. Further exemplary
modifications include : 5’-Me-2’-F nucleotides, 5’-Me-2’-OMe nucleotides, 5’-Me-2’-
deoxynucleotides, (both R and S isomers in these three families); 2’-alkoxyalkyl; and 2’-NMA (N-
methylacetamide).

Other modifications include 2'-methoxy (2'-OCH3s), 2'-aminopropoxy (2'-OCH>CH>CH>NH>)
and 2'-fluoro (2'-F). Similar modifications can also be made at other positions on the RNA of an
iRNA, particularly the 3' position of the sugar on the 3' terminal nucleotide or in 2'-5' linked dsSRNAs
and the 5' position of 5' terminal nucleotide. iRNAs can also have sugar mimetics such as cyclobutyl
moieties in place of the pentofuranosyl sugar. Representative US patents that teach the preparation of
such modified sugar structures include, but are not limited to, U.S. Patent Nos. 4,981,957; 5,118,800;
5,319,080; 5,359,044; 5,393,878; 5,446,137; 5,466,786; 5,514,785; 5,519,134; 5,567,811; 5,576,427,
5,591,722; 5,597.909; 5,610,300; 5,627,053; 5,639,873; 5,646,265; 5,658,873; 5,670,633; and
5,700,920, certain of which are commonly owned with the instant application,. The entire contents of
each of the foregoing are hereby incorporated herein by reference.

An iRNA can also include nucleobase (often referred to in the art simply as “base”)
modifications or substitutions. As used herein, “unmodified” or “natural” nucleobases include the
purine bases adenine (A) and guanine (G), and the pyrimidine bases thymine (T), cytosine (C), and
uracil (U). Modified nucleobases include other synthetic and natural nucleobases such as
deoxythimidine (dT), 5-methylcytosine (5-me-C), 5-hydroxymethyl cytosine, xanthine, hypoxanthine,
2-aminoadenine, 6-methyl and other alkyl derivatives of adenine and guanine, 2-propyl and other
alkyl derivatives of adenine and guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, 5-halouracil
and cytosine, 5-propynyl uracil and cytosine, 6-azo uracil, cytosine and thymine, S-uracil
(pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl anal other 8-substituted
adenines and guanines, 5-halo, particularly 5-bromo, 5-trifluoromethyl and other 5-substituted uracils
and cytosines, 7-methylguanine and 7-methyladenine, 8-azaguanine and 8-azaadenine, 7-
deazaguanine and 7-daazaadenine and 3-deazaguanine and 3-deazaadenine. Further nucleobases
include those disclosed in U.S. Pat. No. 3,687,808, those disclosed in Modified 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, 1990, these disclosed by Englisch et al., Angewandte Chemie, International
Edition, 1991, 30, 613, and those disclosed by Sanghvi, Y S., Chapter 15, dSRNA Research and
Applications, pages 289-302, Crooke, S. T. and Lebleu, B., Ed., CRC Press, 1993. Certain of these
nucleobases are particularly useful for increasing the binding affinity of the oligomeric compounds
featured in the invention. These include 5-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 and
0-6 substituted purines, including 2-aminopropyladenine, 5-propynyluracil and 5-propynylcytosine. 5-
methylcytosine substitutions have been shown to increase nucleic acid duplex stability by 0.6-1.2°C
(Sanghvi, Y. S., Crooke, S. T. and Lebleu, B., Eds., dSRNA Research and Applications, CRC Press,
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Boca Raton, 1993, pp. 276-278) and are exemplary base substitutions, even more particularly when
combined with 2'-O-methoxyethyl sugar modifications.

Representative U.S. Patents that teach the preparation of certain of the above noted modified
nucleobases as well as other modified nucleobases include, but are not limited to, the above noted
U.S. Patent Nos. 3,687,808, 4,845,205; 5,130,30; 5,134,066; 5,175,273; 5,367,066; 5,432,272,
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; 6,222,025; 6,235,887; 6,380,368;
6,528,640; 6,639,062; 6,617,438; 7,045,610; 7,427,672; and 7,495,088, the entire contents of each of
which are hereby incorporated herein by reference.

In some embodiments, an iRNA agent of the disclosure can also be modified to include one or
more bicyclic sugar moieties. A “bicyclic sugar” is a furanosyl ring modified by the bridging of two
atoms. A “bicyclic sugar” is a furanosyl ring modified by a ring formed by the bridging of two
carbons, whether adjacent or non-adjacentatoms. A “bicyclic nucleoside” (“BNA”) is a nucleoside
having a sugar moiety comprising a bridge a ring formed by bridging connecting two carbons,
whether adjacent or non-adjacent, atoms of the sugar ring, thereby forming a bicyclic ring system. In
certain embodiments, the bridge connects the 4'-carbon and the 2'-carbon of the sugar ring, optionally,
via the 2’-acyclic oxygen atoms. Thus, in some embodiments an agent of the invention may include
one or more locked nucleic acids (LNA). A locked nucleic acid is a nucleotide having a modified
ribose moiety in which the ribose moiety comprises an extra bridge connecting the 2' and 4' carbons.
In other words, an LNA is a nucleotide comprising a bicyclic sugar moiety comprising a 4'-CH»-O-2'
bridge. 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 effects (Elmen, J. et al., (2005) Nucleic Acids Research 33(1):439-447; Mook,
OR. et al., (2007) Mol Canc Ther 6(3):833-843; Grunweller, A. et al., (2003) Nucleic Acids Research
31(12):3185-3193). Examples of bicyclic nucleosides for use in the polynucleotides of the invention
include without limitation nucleosides comprising a bridge between the 4’ and the 2’ ribosyl ring
atoms. In certain embodiments, the antisense polynucleotide agents of the invention include one or
more bicyclic nucleosides comprising a 4’ to 2' bridge.

A locked nucleoside can be represented by the structure (omitting stereochemistry),

wherein B is a nucleobase or modified nucleobase and L is the linking group that joins the 2’-

carbon to the 4’-carbon of the ribose ring.
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Examples of such 4’ to 2 bridged bicyclic nucleosides, include but are not limited to 4'-
(CH2)—O0-2' (LNA); 4'-(CH»)—S-2'; 4'-(CH,),—0-2' (ENA); 4'-CH(CH3)—0O-2’ (also referred to as
“constrained ethyl” or “cEt”) and 4'-CH(CH>OCH3)—O0-2' (and analogs thereof; see, e.g., U.S. Patent
No. 7,399,845); 4'-C(CH3)(CH3)—O0-2' (and analogs thereof; see e.g., U.S. Patent No. 8,278,283); 4'-
CH,—N(OCH3)-2' (and analogs thereof; see e.g., U.S. Patent No. 8,278,425); 4'-CH,—O—N(CH3)-2'
(see, e.g., U.S. Patent Publication No. 2004/0171570); 4'-CH>—N(R)—O-2’, wherein R is H, C1-C12
alkyl, or a nitrogen protecting group (see, e.g., U.S. Patent No. 7,427,672); 4'-CH,—C(H)(CH3)-2'
(see, e.g., Chattopadhyaya et al., J. Org. Chem., 2009, 74, 118-134); and 4'-CH>—C(=CH>)-2' (and
analogs thereof; see, e.g., U.S. Patent No. 8,278,426). The entire contents of each of the foregoing are
hereby incorporated herein by reference.

Additional representative U.S. Patents and U.S. Patent Publications that teach the preparation
of locked nucleic acid nucleotides include, but are not limited to, the following: U.S. Patent Nos.
6,268.490; 6,525,191; 6,670,461; 6,770,748; 6,794,499; 6,998,484; 7,053,207; 7,034,133;7,084,125;
7,399,845; 7,427,672; 7,569,686; 7,741,457; 8,022,193; 8,030,467; 8,278,425; 8,278,426; §,278,283;
US 2008/0039618; and US 2009/0012281, the entire contents of each of which are hereby
incorporated herein by reference.

Any of the foregoing bicyclic nucleosides can be prepared having one or more stereochemical
sugar configurations including for example a-L-ribofuranose and -D-ribofuranose (see WO
99/14226).

An iRNA agent of the disclosure can also be modified to include one or more constrained
ethyl nucleotides. As used herein, a "constrained ethyl nucleotide" or "cEt" is a locked nucleic acid
comprising a bicyclic sugar moiety comprising a 4'-CH(CHs3)-O-2' bridge (i.e., L in the preceding
structure). In one embodiment, a constrained ethyl nucleotide is in the S conformation referred to
herein as “S-cEt.”

An iRNA of the invention may also include one or more “conformationally restricted
nucleotides” (“CRN”). CRN are nucleotide analogs with a linker connecting the C2’and C4’ carbons
of ribose or the CFB and -C5' carbons of ribose. CRN lock the ribose ring into a stable conformation
and increase the hybridization affinity to mRNA. The linker is of sufficient length to place the
oxygen in an optimal position for stability and affinity resulting in less ribose ring puckering.

Representative publications that teach the preparation of certain of the above noted CRN
include, but are not limited to, US2013/0190383; and W0O2013/036868, the entire contents of each of
which are hereby incorporated herein by reference.

In some embodiments, an iRNA of the invention comprises one or more monomers that are
UNA (unlocked nucleic acid) nucleotides. UNA is unlocked acyclic nucleic acid, wherein any of the
bonds of the sugar has been removed, forming an unlocked "sugar” residue. In one example, UNA
also encompasses monomer with bonds between C1'-C4' have been removed (i.e. the covalent carbon-
oxygen-carbon bond between the C1' and C4' carbons). In another example, the C2'-C3' bond (i.e. the

covalent carbon-carbon bond between the C2' and C3' carbons) of the sugar has been removed (see
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Nuc. Acids Symp. Series, 52, 133-134 (2008) and Fluiter et al., Mol. Biosyst., 2009, 10, 1039 hereby
incorporated by reference).

Representative U.S. publications that teach the preparation of UNA include, but are not
limited to, US8,314,227; and US2013/0096289; US2013/0011922; and US2011/0313020, the entire
contents of each of which are hereby incorporated herein by reference.

Potentially stabilizing modifications to the ends of RNA molecules can include N-
(acetylaminocaproyl)-4-hydroxyprolinol (Hyp-C6-NHACc), N-(caproyl-4-hydroxyprolinol (Hyp-C6),
N-(acetyl-4-hydroxyprolinol (Hyp-NHACc), thymidine-2'-O-deoxythymidine (ether), N-
(aminocaproyl)-4-hydroxyprolinol (Hyp-C6-amino), 2-docosanoyl-uridine-3’- phosphate, inverted 2’-
deoxy-modified ribonucleotide, such as inverted dT(idT), inverted dA (idA), and inverted abasic 2’-
deoxyribonucleotide (iAb) and others. Disclosure of this modification can be found in WO
2011/005861.

In one example, the 3’ or 5’ terminal end of a oligonucleotide is linked to an inverted 2’-
deoxy-modified ribonucleotide, such as inverted dT(idT), inverted dA (idA), or a inverted abasic 2’-
deoxyribonucleotide (iAb). In one particular example, the inverted 2’-deoxy-modified ribonucleotide
is linked to the 3’end of an oligonucleotide, such as the 3’-end of a sense strand described herein,
where the linking is via a 3’-3’ phosphodiester linkage or a 3’-3’-phosphorothioate linkage.

In another example, the 3’-end of a sense strand is linked via a 3’-3’-phosphorothioate linkage
to an inverted abasic ribonucleotide (1Ab). In another example, the 3’-end of a sense strand is linked
via a 3’-3’-phosphorothioate linkage to an inverted dA (idA).

In one particular example, the inverted 2’-deoxy-modified ribonucleotide is linked to the
3’end of an oligonucleotide, such as the 3’-end of a sense strand described herein, where the linking is
via a 3’-3” phosphodiester linkage or a 3’-3’-phosphorothioate linkage.

In another example, the 3’-terminal nucleotides of a sense strand is an inverted dA (idA) and
is linked to the preceding nucleotide via a 3°-3’- linkage (e.g., 3’-3’-phosphorothioate linkage).

Other modifications of the nucleotides of an iRNA of the invention include a 5’ phosphate or
5’ phosphate mimic, e.g., a 5’-terminal phosphate or phosphate mimic on the antisense strand of an
iRNA. Suitable phosphate mimics are disclosed in, for example US2012/0157511, the entire contents

of which are incorporated herein by reference.

A. Modified iRNAs Comprising Motifs of the Invention

In certain aspects of the invention, the double stranded RNA agents of the invention include
agents with chemical modifications as disclosed, for example, in W0O2013/075035, the entire contents
of each of which are incorporated herein by reference. As shown herein and in W02013/075035, one
or more motifs of three identical modifications on three consecutive nucleotides may be introduced
into a sense strand or antisense strand of a dSRNAi agent, particularly at or near the cleavage site. In
some embodiments, the sense strand and antisense strand of the dsSRNAi agent may otherwise be

completely modified. The introduction of these motifs interrupts the modification pattern, if present,
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of the sense or antisense strand. The dsRNAi agent may be optionally conjugated with a GalNAc
derivative ligand, for instance on the sense strand.

More specifically, when the sense strand and antisense strand of the double stranded RNA
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 a dsRNAi agent, the gene
silencing activity of the dsSRNAi agent was observed.

Accordingly, the invention provides double stranded RNA agents capable of inhibiting the
expression of a target gene (i.e., CFB gene) in vivo. The RNAIi agent comprises a sense strand and an
antisense strand. Each strand of the RNAi agent may be, for example, 17-30 nucleotides in length,
25-30 nucleotides in length, 27-30 nucleotides in length, 19-25 nucleotides in length, 19-23
nucleotides in length, 19-21 nucleotides in length, 21-25 nucleotides in length, or 21-23 nucleotides in
length.

The sense strand and antisense strand typically form a duplex double stranded RNA
(“dsRNA”), also referred to herein as “dsRNAi agent.” The duplex region of a dSRNAi agent may be,
for example, the duplex region can be 27-30 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 nucleotide pairs in length. In another example, the duplex region is selected from 19,
20, 21, 22, 23, 24, 25, 26, and 27 nucleotides in length.

In certain embodiments, the dsSRNAi agent may contain one or more overhang regions or
capping groups at the 3’-end, 5’-end, or both ends of one or both strands. The overhang can be,
independently, 1-6 nucleotides in length, for instance 2-6 nucleotides in length, 1-5 nucleotides in
length, 2-5 nucleotides in length, 1-4 nucleotides in length, 2-4 nucleotides in length, 1-3 nucleotides
in length, 2-3 nucleotides in length, or 1-2 nucleotides in length. In certain embodiments, the
overhang regions can include extended overhang regions as provided above. 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 mismatch 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 hairpin, or by other non-base
linkers.

In certain embodiments, the nucleotides in the overhang region of the dsRNAi agent can each
independently be a modified or unmodified nucleotide including, but no limited to 2’-sugar modified,
such as, 2’-F, 2’-O-methyl, thymidine (T), 2°-O-methoxyethyl-5-methyluridine (Teo), 2°-O-
methoxyethyladenosine (Aeo), 2°-O-methoxyethyl-5-methylcytidine (m5Ceo), and any combinations
thereof.

For example, TT can be an overhang sequence for either 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.
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The 5’- or 3’- overhangs at the sense strand, antisense strand, or both strands of the dsRNAi
agent may be phosphorylated. In some embodiments, the overhang region(s) contains two nucleotides
having a phosphorothioate between the two nucleotides, where the two nucleotides can be the same or
different. In some embodiments, the overhang is present at the 3’-end of the sense strand, antisense
strand, or both strands. In some embodiments, this 3’-overhang is present in the antisense strand. In
some embodiments, 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 RNAI, without affecting its overall stability. For example, the single-stranded
overhang may be located at the 3'- end of the sense strand or, alternatively, at the 3'-end of the
antisense strand. The RNAi may also have a blunt end, located at the 5’-end of the antisense strand
(i.e., the 3’-end of the sense strand) or vice versa. Generally, the antisense strand of the dsRNAi agent
has a nucleotide overhang at the 3’-end, and the 5’-end is blunt. While not wishing to be bound by
theory, the asymmetric blunt end at the 5’-end of the antisense strand and 3’-end overhang of the
antisense strand favor the guide strand loading into RISC process.

In certain embodiments, the dsRNAi agent is a double blunt-ended 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, and 9 from the 5’end. The antisense strand contains at least
one motif of three 2’-O-methyl modifications on three consecutive nucleotides at positions 11, 12, and
13 from the 5’end.

In other embodiments, the dsSRNAi agent is a double blunt-ended of 20 nucleotides in length,
wherein the sense strand contains at least one motif of three 2’-F modifications on three consecutive
nucleotides at positions §, 9, and 10 from the 5’end. The antisense strand contains at least one motif
of three 2’-O-methyl modifications on three consecutive nucleotides at positions 11, 12, and 13 from
the 5’end.

In yet other embodiments, the dsSRNAi agent is a double blunt-ended 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, and 11 from the 5’end. The antisense strand contains at
least one motif of three 2’-O-methyl modifications on three consecutive nucleotides at positions 11,
12, and 13 from the 5’end.

In certain embodiments, the dsSRNAi agent comprises a 21 nucleotide sense strand and a 23
nucleotide antisense strand, wherein the sense strand contains at least one motif of three 2’-F
modifications on three consecutive nucleotides at positions 9, 10, and 11 from the 5’end; the antisense
strand contains at least one motif of three 2’-O-methyl modifications on three consecutive nucleotides
at positions 11, 12, and 13 from the 5’end, wherein one end of the RNAi agent is blunt, while the
other end comprises a two nucleotide overhang. in one embodiment, the two nucleotide overhang is
at the 3’-end of the antisense strand.

When the two nucleotide overhang is at the 3’-end of the antisense strand, there may be two

phosphorothioate internucleotide linkages between the terminal three nucleotides, wherein two of the
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three nucleotides are the overhang nucleotides, and the third nucleotide is a paired nucleotide next to
the overhang nucleotide. In one embodiment, the RNAi agent additionally has two phosphorothioate
internucleotide 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 certain embodiments, every nucleotide in the sense strand
and the antisense strand of the dsSRNAi agent, including the nucleotides that are part of the motifs are
modified nucleotides. In certain embodiments each residue is independently modified with a 2°-O-
methyl or 2’-fluoro, e.g., in an alternating motif. Optionally, the dsSRNAi agent further comprises a
ligand (such as, GalNAc).

In certain embodiments, the dsRNAi agent comprises a sense and an antisense strand, wherein
the sense strand is 25-30 nucleotide residues in length, wherein starting from the 5' terminal
nucleotide (position 1) positions 1 to 23 of the first strand comprise at least 8 ribonucleotides; the
antisense strand is 36-66 nucleotide residues in length and, starting from the 3' terminal nucleotide,
comprises at least 8 ribonucleotides in the positions paired with positions 1- 23 of sense strand to form
a duplex; wherein at least the 3 ' terminal nucleotide of antisense strand is unpaired with sense strand,
and up to 6 consecutive 3' terminal nucleotides are unpaired with sense strand, thereby forming a 3'
single stranded overhang of 1-6 nucleotides; wherein the 5' terminus of antisense strand comprises
from 10-30 consecutive nucleotides which are unpaired with sense strand, thereby forming a 10-30
nucleotide single stranded 5' overhang; wherein at least the sense strand 5' terminal and 3' terminal
nucleotides are base paired with nucleotides of antisense strand when sense 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 wherein the sense strand contains at
least one motif of three 2’-F modifications on three consecutive nucleotides, where at least one of the
motifs occurs at or near the cleavage site. The antisense strand contains at least one motif of three 2’-
O-methyl modifications on three consecutive nucleotides at or near the cleavage site.

In certain embodiments, the dSRNAi agent comprises sense and antisense strands, wherein the
dsRNAi 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 motif of three
2’-O-methyl modifications on three consecutive nucleotides at position 11, 12, and 13 from the 5’
end; wherein the 3’ end of the first strand and the 5° end of the second strand form a blunt end and the
second strand is 1-4 nucleotides longer at its 3” end than the first strand, wherein the duplex region
which is at least 25 nucleotides in length, and the second strand is sufficiently complementary to a
target mRNA along at least 19 nucleotide of the second strand length to reduce target gene expression
when the RNAIi agent is introduced into a mammalian cell, and wherein Dicer cleavage of the dsSRNAi
agent results in an siRNA comprising the 3’-end of the second strand, thereby reducing expression of

the target gene in the mammal. Optionally, the dsRNAi agent further comprises a ligand.
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In certain embodiments, the sense strand of the dsRNAi 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.

In certain embodiments, the antisense strand of the dSRNAi agent can also contain at least one
motif of three identical modifications on three consecutive nucleotides, where one of the motifs
occurs at or near the cleavage site in the antisense strand.

For a dsRNAI agent having a duplex region of 19-23 nucleotides in 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 identical modifications may occur at the 9, 10, and 11 positions; the 10, 11, and 12
positions; the 11, 12, and 13 positions; the 12, 13, and 14 positions; or the 13, 14, and 15 positions of
the antisense strand, the count starting from the first nucleotide from the 5’-end of the antisense
strand, or, the count starting from the first 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
length of the duplex region of the dsRNAi agent from the 5’-end.

The sense strand of the dsSRNAi agent may contain at least one motif of three identical
modifications on three consecutive nucleotides at the cleavage site of the strand; and the antisense
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 nucleotide overlap, i.e., at least one of the three nucleotides of the motif in the sense strand
forms a base pair with at least one of the three nucleotides of the motif in the antisense strand.
Alternatively, at least two nucleotides may overlap, or all three nucleotides may overlap.

In some embodiments, the sense strand of the dSRNAi 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 “wing
modification” herein refers to a motif occurring at another portion of the strand that is separated from
the motif at or near the cleavage site of the same strand. The wing modification is either adjacent 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 chemistries of the motifs are distinct from each 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 motif.

Like the sense strand, the antisense strand of the dsSRNAi 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
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more wing modifications in an alignment similar to the wing modifications that may be present on the
sense strand.

In some embodiments, the wing modification on the sense strand or antisense strand of the
dsRNAI agent typically does not include the first one or two terminal nucleotides at the 3’-end, 5°-
end, or both ends of the strand.

In other embodiments, the wing modification on the sense strand or antisense strand of the
dsRNAi agent typically does not include the first one or two paired nucleotides within the duplex
region at the 3’-end, 5’-end, or both ends of the strand.

When the sense strand and the antisense strand of the dsSRNAi 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 dsSRNAi agent each contain at least two
wing modifications, the sense strand and the antisense strand can be so aligned that two modifications
each from one strand fall on one end of the duplex region, having an overlap of one, two, or three
nucleotides; two modifications each from 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 each side of the lead
motif, having an overlap of one, two or three nucleotides in the duplex region.

In some embodiments, every nucleotide in the sense strand and antisense strand of the
dsRNAIi 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 or of one or more of the linking
phosphate oxygens; alteration of a constituent of the ribose sugar, e.g., of the 2’-hydroxyl on the
ribose sugar; wholesale replacement of the phosphate moiety with “dephospho” linkers; modification
or replacement of a naturally occurring base; and replacement or modification of the ribose-phosphate
backbone.

As nucleic acids are polymers of subunits, many of the modifications occur at a position
which is repeated within a nucleic 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 ata 3’- or 5’ terminal position, may only occur in a terminal region, e.g., at a position on a
terminal nucleotide or in the last 2, 3, 4, 5, or 10 nucleotides of a strand. A modification may occur in
a double strand region, a single strand region, or in both. A modification may occur only in the
double strand region of an RNA or may only occur 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 terminal 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.
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It may be possible, e.g., to enhance stability, to include particular bases in overhangs, or to
include modified nucleotides or nucleotide surrogates, in single strand overhangs, e.g.,ina 5’- or 3’-
overhang, or in both. For example, it can be desirable to include 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 described herein. Modifications can include, e.g., the use of modifications at the 2’
position of the ribose sugar with modifications that are known in the art, e.g., the use of
deoxyribonucleotides, 2’-deoxy-2’-fluoro (2’-F) or 2’-O-methyl modified instead of the ribosugar of
the nucleobase, and modifications in the phosphate group, e.g., phosphorothioate modifications.
Overhangs need not be homologous with the target sequence.

In some embodiments, each residue of the sense strand and antisense strand is independently
modified with LNA, CRN, cET, UNA, HNA, CeNA, 2’-methoxyethyl, 2’- O-methyl, 2’-O-allyl, 2’-
C- allyl, 2’-deoxy, 2’-hydroxyl, or 2’-fluoro. The strands can contain more than one modification. In
one embodiment, each residue of the sense strand and antisense strand is independently modified with
2’- O-methyl 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 certain embodiments, the N, or N, comprise modifications of an alternating pattern. The
term “alternating motif” as used herein refers to a motif having one or more modifications, each
modification occurring on alternating nucleotides of one strand. The alternating nucleotide may refer
to one per every other nucleotide or one per every three nucleotides, or a similar pattern. For
example, if A, B and C each represent one type of modification to the nucleotide, the alternating motif
can be “ABABABABABAB...,” “AABBAABBAABB...,” “AABAABAABAAB....”
“AAABAAABAAAB...,” “AAABBBAAABBB....” or “ABCABCABCABC....,” ezc.

The type of modifications contained in the alternating motif may be the same or different.

For example, if A, B, C, D each represent one type of modification on the nucleotide, the alternating
pattern, i.e., modifications on every other nucleotide, may be the same, but each of the sense strand or
antisense strand can be selected from several possibilities of modifications within the alternating motif
such as “ABABAB...”, “ACACAC...” “BDBDBD...” or “CDCDCD...,” etc.

In some embodiments, the dsRNAi agent of the invention comprises the modification pattern
for the alternating motif on the sense strand relative to the modification pattern for the alternating
motif on the antisense strand is shifted. The shift may be such that the modified group of nucleotides
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 dsSRNA
duplex, the alternating motif in the sense strand may start with “ABABAB” from 5’to 3’ of the strand
and the alternating motif in the antisense strand may start with “BABABA” from 5’ to 3’ of the strand
within the duplex region. As another example, the alternating motif in the sense strand may start with

“AABBAABB” from 5’ to 3’ of the strand and the alternating motif in the antisense strand may start
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with “BBAABBAA” from 5’ to 3’ of the strand within the duplex region, so that there is a complete
or partial shift of the modification patterns between the sense strand and the antisense strand.

In one particular example, the alternating motif in the sense strand is “ABABAB” sfrom 5’ 3’
of the strand, where each A is an unmodified ribonucleotide and each B is a 2’-Omethyl modified
nucleotide.

In one particular example, the alternating motif in the sense strand is “ABABAB” sfrom 5° 3’
of the strand, where each A is an 2’-deoxy-2’-fluoro modified nucleotide and each B is a 2’-Omethyl
modified nucleotide.

In another particular example, the alternating motif in the antisense strand is “BABABA”
from 3’-5’of the strand, where each A is a 2’-deoxy-2’-fluoro modified nucleotide and each B is a 2’-
Omethyl modified nucleotide.

In one particular example, the alternating motif in the sense strand is “ABABAB” sfrom 5’ 3’
of the strand and the alternating motif in the antisense strand is “BABABA” from 3’-5’of the strand,
where each A is an unmodified ribonucleotide and each B is a 2’-Omethyl modified nucleotide.

In one particular example, the alternating motif in the sense strand is “ABABAB” sfrom 5’ 3’
of the strand and the alternating motif in the antisense strand is “BABABA” from 3’-5’of the strand,
where each A is a 2’-deoxy-2’-fluoro modified nucleotide and each B is a 2’-Omethyl modified
nucleotide.

In some embodiments, the dsRNAi agent comprises the pattern of the alternating motif of 2'-
O-methyl modification and 2’-F modification on the sense strand initially has a shift relative to the
pattern of the alternating motif of 2'-O-methyl modification and 2’-F modification on the antisense
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 1 position of the antisense strand may start with the 2'- O-
methyl modification.

The introduction of one or more motifs of three identical modifications on three consecutive
nucleotides to the sense strand or antisense strand interrupts the initial modification pattern present in
the sense strand or antisense strand. This interruption of the modification pattern of the sense or
antisense strand by introducing one or more motifs of three identical modifications on three
consecutive nucleotides to the sense or antisense strand may enhance the gene silencing activity
against the target gene.

In some embodiments, 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 motif is a
different modification than the modification of the motif. For example, the portion of the sequence
containing the motif is “...N.YYYNs...,” where “Y” represents the modification of the motif of three
identical modifications on three consecutive nucleotide, and “N.” and “Np” represent a modification to

the nucleotide next to the motif “YYY” that is different than the modification of Y, and where N, and
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Ny can be the same or different modifications. Alternatively, N, or Ny may be present or absent when
there is a wing modification present.

The iRNA may further comprise at least one phosphorothioate or methylphosphonate
internucleotide linkage. The phosphorothioate or methylphosphonate internucleotide linkage
modification may occur on any nucleotide of the sense strand, antisense strand, or both strands in any
position of the strand. For instance, the internucleotide linkage modification may occur on every
nucleotide on the sense strand or antisense strand; each internucleotide linkage modification may
occur in an alternating pattern on the sense strand or antisense strand; or the sense strand or antisense
strand may contain both internucleotide linkage modifications in an alternating pattern. The
alternating pattern of the internucleotide linkage 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 linkage modification on the antisense strand. In one embodiment, a double-stranded
RNAI agent comprises 6-8 phosphorothioate internucleotide linkages. In some embodiments, the
antisense strand comprises two phosphorothioate internucleotide linkages at the 5’-end and two
phosphorothioate internucleotide linkages at the 3’-end, and the sense strand comprises at least two
phosphorothioate internucleotide linkages at either the 5’-end or the 3’-end.

In some embodiments, the dsRNAi agent comprises a phosphorothioate or
methylphosphonate internucleotide linkage modification in the overhang region. For example, the
overhang region may contain two nucleotides having a phosphorothioate or methylphosphonate
internucleotide linkage between the two nucleotides. Internucleotide linkage modifications also may
be made to link 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 internucleotide linkage, and optionally, there may be
additional phosphorothioate or methylphosphonate internucleotide linkages linking the overhang
nucleotide with a paired nucleotide that is next to the overhang nucleotide. For instance, there may be
at least two phosphorothioate internucleotide linkages between the terminal three nucleotides, in
which two of the three nucleotides are overhang nucleotides, and the third is a paired nucleotide next
to the overhang nucleotide. These terminal three nucleotides may be at the 3’-end of the antisense
strand, the 3’-end of the sense strand, the 5’-end of the antisense strand, or the 5’end of the antisense
strand.

In some embodiments, the 2-nucleotide overhang is at the 3’-end of the antisense strand, and
there are two phosphorothioate internucleotide linkages between the terminal three nucleotides,
wherein two of the three nucleotides are the overhang nucleotides, and the third nucleotide is a paired
nucleotide next to the overhang nucleotide. Optionally, the dsSRNAi agent may additionally have two
phosphorothioate internucleotide linkages between the terminal three nucleotides at both the 5’ -end of

the sense strand and at the 5’-end of the antisense strand.
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In one embodiment, the dsSRNAi agent comprises mismatch(es) with the target, within the
duplex, or combinations thereof. The mismatch 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: A:U is preferred over G:C; G:U is preferred
over G:C; and I:C is preferred over G:C (I=inosine). Mismatches, e.g., non-canonical or other than
canonical pairings (as described elsewhere herein) are preferred over canonical (A:T, A:U, G:C)
pairings; and pairings which include a universal base are preferred over canonical pairings.

In certain embodiments, the dsRNAi agent comprises at least one of the first 1, 2, 3,4, or 5
base pairs within the duplex regions from the 5’-end of the antisense strand independently selected
from the group of: A:U, G:U, L:C, and mismatched 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 certain embodiments, the nucleotide at the 1 position within the duplex region from the 5’-
end in the antisense strand is selected from 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 5’- end of the antisense strand is an AU
base pair. For example, the first base pair within the duplex region from the 5’-end of the antisense
strand is an AU base pair.

In other embodiments, the nucleotide at the 3’-end of the sense strand is deoxythimidine (dT)
or the nucleotide at the 3’-end of the antisense strand is deoxythimidine(dT). For example, there is a
short sequence of deoxythimidine nucleotides, for example, two dT nucleotides on the 3’-end of the
sense, antisense strand, or both strands.

In certain embodiments, the sense strand sequence may be represented by formula (I):

5" 0p-No-(X X X )i-No-Y Y Y -No«(Z Z Z )j-Nang 3' @

wherein:

i and j are each independently O or 1;

p and q are each independently 0-6;

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

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

each n, and nq independently represent an overhang nucleotide;

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

XXX, YYY, and ZZZ each independently represent one motif of three identical modifications
on three consecutive nucleotides. In one embodiment, YYY is all 2’-F modified nucleotides.

In some embodiments, the N, or Ny comprises modifications of alternating pattern.
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In some embodiments, the YY'Y motif occurs at or near the cleavage site of the sense strand.
For example, when the dsRNAi 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;7,8,9; 8,9,
10; 9, 10, 11; 10, 11,12; or 11, 12, 13) of the sense strand, the count starting from the first nucleotide,
from the 5’-end; or optionally, the count starting at the first paired nucleotide within the duplex
region, from the 5’-end.

In one embodiment, iis 1 andjis O, oriis O andjis 1, or both i and j are 1. The sense strand
can therefore be represented by the following formulas:

5' np-Na-YYY-Np-ZZZ-N;-ng 3' (Ib);

5'10p-Na-XXX-Np-YYY-Nu-ng 3' (Ic); or

5" np-Na-XXX-Np-YYY-Np-ZZZ-No-1nq 3" (Id).

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

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

When the sense strand is represented as formula (Id), each Ny independently represents an
oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2, or 0 modified nucleotides. In one
embodiment, Ny is 0, 1, 2, 3, 4, 5, or 6. Each N, can independently represent an oligonucleotide
sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

Each of X, Y and Z may be the same or different from each other.

In other embodiments, i is 0 and j is 0, and the sense strand may be represented by the
formula:

5'np-Na-YYY- Nang 3' (Ia).

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

In one embodiment, the antisense strand sequence of the RNAi may be represented by
formula (II):

5'ng-N-(Z’Z"Z)-Ny'-Y'Y'Y'-Ny-(X'X'X)-N'a-np' 3 (1D

wherein:

k and 1 are each independently 0 or 1;

p’ and q’ are each independently 0-6;

each N, independently represents an oligonucleotide 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;
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each np' and ng' independently represent an overhang nucleotide;

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

XXX, Y'Y'Y', and Z'Z'Z' each independently represent one motif of three identical
modifications on three consecutive nucleotides.

In some embodiments, the N,” or Ny’ comprises modifications of alternating pattern.

The Y'Y'Y' motif occurs at or near the cleavage site of the antisense strand. For example,
when the dsRNAi agent has a duplex region of 17-23 nucleotides in length, the Y'Y'Y' motif can
occur at positions 9, 10, 11; 10, 11, 12; 11, 12, 13; 12, 13, 14; or 13, 14, 15 of the antisense strand,
with the count starting from the first nucleotide, from the 5’-end; or optionally, the count starting at
the first paired nucleotide within the duplex region, from the 5’-end. In one embodiment, the Y'Y"Y'
motif occurs at positions 11, 12, 13.

In certain embodiments, Y'Y'Y' motif is all 2’-OMe modified nucleotides.

In certain embodiments, kis 1 and1is O, orkis O and lis 1, or both k and 1 are 1.

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

5'ng-No-Z'2Z"Z'-Ny'-Y'Y'Y'-Ny'-ny 3'  (Ilb);

5'ng-Na-Y'Y'Y'-Ny'-X'X'X"-npy 3' (Ilc); or

5'ng-No'- Z7Z'"Z'-Ny'-Y'Y'Y'-Ny'- X'X'X"-N,"-np 3' (IId).

When the antisense strand is represented by formula (IIb), Ny, represents an oligonucleotide
sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2, or 0 modified nucleotides. Each N,’
independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

When the antisense strand is represented as formula (IIc), N’ represents an oligonucleotide
sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2, or 0 modified nucleotides. Each N,’
independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

When the antisense strand is represented as formula (IId), each Ny’ independently represents
an oligonucleotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2, or 0 modified nucleotides.
Each N, independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10
modified nucleotides. In one embodiment, N, is 0, 1, 2, 3, 4, 5, or 6.

In other embodiments, k is 0 and 1 is 0 and the antisense strand may be represented by the
formula:

5'np-Na-Y'Y’Y’- No-ng 3' (Ia).

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

Each of X', Y’ and Z' may be the same or different from each other.

Each nucleotide of the sense strand and antisense strand may be independently modified with
LNA, CRN, UNA, cEt, glycol nucleic acid (GNA), hexitol nucleic acid (HNA) CeNA, 2’-
methoxyethyl, 2’-O-methyl, 2°-O-allyl, 2’-C- allyl, 2’-hydroxyl, or 2’-fluoro. For example, each
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nucleotide of the sense strand and antisense strand is independently modified with 2’-O-methyl or 2’-
fluoro. Each X,Y,Z, X', Y', and Z', in particular, may represent a 2’-O-methyl modification or a 2’-
fluoro modification.

In some embodiments, the sense strand of the dsSRNAi 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 first nucleotide from the 5’-end, or optionally, the count starting at the first paired nucleotide
within the duplex region, from the 5’- end; and Y represents 2’-F modification. The sense strand may
additionally contain XXX motif or ZZZ motifs as wing modifications at the opposite end of the
duplex region; and XXX and ZZZ each independently represents a 2’-OMe modification or 2’-F
modification.

In some embodiments the antisense strand may contain Y'Y'Y' motif occurring at positions
11, 12, 13 of the strand, the count starting from the first nucleotide from the 5’-end, or optionally, the
count starting at the first paired nucleotide within the duplex region, from the 5’- end; and Y’
represents 2’-O-methyl modification. The antisense strand may additionally contain X'X'X" motif or
777’ motifs as wing modifications at the opposite end of the duplex region; and X'X'X' and Z'Z'Z
each independently represents a 2’-OMe modification or 2’-F modification.

The sense strand represented by any one of the above formulas (Ia), (Ib), (Ic), and (Id) forms a
duplex with an antisense strand being represented by any one of formulas (Ila), (IIb), (Ilc), and (IId),
respectively.

Accordingly, the dsRNAi agents for use in the methods of the invention may comprise a
sense strand and an antisense strand, each strand having 14 to 30 nucleotides, the iRNA duplex

represented by formula (III):

sense: 5" 1y Na-(X X X)i -No- Y Y Y -Np«(Z Z Z);-Nang 3'

antisense: 3" 1p -Na (XXX W-No -Y'Y'Y'-Ny (Z'Z'Z")-N, -ng 5'
)

wherein:

i, ], k, and 1 are each independently O or 1;

p. s q, and q' are each independently 0-6;

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

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

wherein each n;’, np, 14°, and ng, each of which may or may not be present, independently
represents an overhang nucleotide; and

XXX, YYY, ZZZ, X’X'X', Y'Y'Y', and Z'Z'Z' each independently represent one motif of

three identical modifications on three consecutive nucleotides.
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In one embodiment, i is 0 and jis O; oriis 1 and jis O; oriis O andjis 1; or both i and j are 0O;
or both i and j are 1. In another embodiment, k is O and lis 0; or kis 1 and 1 is O; kis O and 1 is 1; or
both k and 1 are O; or both k and 1 are 1.

Exemplary combinations of the sense strand and antisense strand forming an iRNA duplex
include the formulas below:

5'0p-Na-Y Y'Y -Nonng 3'

3'n, -N,-Y'Y'Y' -Ning 5'

(Il1a)
5'1p-Na-YY Y -Np-ZZZ -Na-ng 3'
3'n, -N.-Y'Y'Y'-Ny, -Z'Z'Z-N ng 5'
(I1Ib)
5'np-Na- X X X -Np-Y Y Y - Nong 3'
3'np N, -X'X'X'-Ny -Y'Y'Y'-N, -ng 5'
(Illc)
5'0p-Na-X XX -No-YY Y -Np-ZZZ -Nong 3'
3'np N, -X'X'X'-Ny -Y'Y'Y'-Ny, -Z'Z'Z' -N.ng 5'
(Il1d)

When the dsRNAI agent is represented by formula (IIla), each N, independently represents an
oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the dsRNAIi agent is represented by formula (Illb), each Ny, independently represents an
oligonucleotide sequence comprising 1-10, 1-7, 1-5, or 1-4 modified nucleotides. Each N,
independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

When the dsRNAi agent is represented as formula (IIlc), each Ny, Ny’ independently
represents an oligonucleotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2, or 0 modified
nucleotides. Each N, independently represents an oligonucleotide sequence comprising 2-20, 2-15, or
2-10 modified nucleotides.

When the dsRNAIi agent is represented as formula (IId), each Ny, Ny’ independently
represents an oligonucleotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2, or 0 modified
nucleotides. Each N,, N, independently represents an oligonucleotide sequence comprising 2-20, 2-
15, or 2-10 modified nucleotides. Each of N,, No’, Ny, and Ny, independently comprises modifications
of alternating pattern.

Each of X, Y, and Z in formulas (II), (IlTa), (I1lb), (Illc), and (IIId) may be the same or
different from each other.

When the dsRNAIi agent is represented by formula (II), (IlTa), (I1Ib), (Illc), and (I1Id), at least
one of the Y nucleotides may form a base pair with one of the Y' nucleotides. Alternatively, at least
two of the Y nucleotides form base pairs with the corresponding Y’ nucleotides; or all three of the Y

nucleotides all form base pairs with the corresponding Y' nucleotides.
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When the dsRNAI agent is represented by formula (IIIb) or (IIId), at least one of the Z
nucleotides may form a base pair with one of the Z' nucleotides. Alternatively, at least two of the Z
nucleotides form base pairs with the corresponding Z' nucleotides; or all three of the Z nucleotides all
form base pairs with the corresponding Z' nucleotides.

When the dsRNAI agent is represented as formula (IIlc) or (IIId), at least one of the X
nucleotides may form a base pair with one of the X' nucleotides. Alternatively, at least two of the X
nucleotides form base pairs with the corresponding X' nucleotides; or all three of the X nucleotides all
form base pairs with the corresponding X' nucleotides.

In certain embodiments, the modification on the Y nucleotide is different than the
modification on the Y’ nucleotide, the modification on the Z nucleotide is different than the
modification on the Z’ nucleotide, or the modification on the X nucleotide is different than the
modification on the X’ nucleotide.

In certain embodiments, when the dsRNAi agent is represented by formula (IIId), the N,
modifications are 2’-O-methyl or 2’-fluoro modifications. In other embodiments, when the RNAi
agent is represented by formula (I1Id), the N, modifications are 2°-O-methyl or 2’-fluoro modifications
and np' >0 and at least one n;' is linked to a neighboring nucleotide a via phosphorothioate linkage. In
yet other embodiments, when the RNAI agent is represented by formula (IIld), the N, modifications
are 2’-0O-methyl or 2’-fluoro modifications , n,’ >0 and at least one n,' is linked to a neighboring
nucleotide via phosphorothioate linkage, and the sense strand is conjugated to one or more GalNAc
derivatives attached through a bivalent or trivalent branched linker (described below). In other
embodiments, when the RNAi agent is represented by formula (IIId), the N, modifications are 2’-O-
methyl or 2’-fluoro modifications , n,’ >0 and at least one n,’ is linked to a neighboring nucleotide via
phosphorothioate linkage, the sense strand comprises at least one phosphorothioate linkage, and the
sense strand is conjugated to one or more GalNAc derivatives attached through a bivalent or trivalent
branched linker.

In some embodiments, when the dsRNAi agent is represented by formula (IIla), the N,
modifications are 2’-O-methyl or 2’-fluoro modifications , np’ >0 and at least one n,’ is linked to a
neighboring nucleotide via phosphorothioate linkage, the sense strand comprises at least one
phosphorothioate linkage, and the sense strand is conjugated to one or more GalNAc derivatives
attached through a bivalent or trivalent branched linker.

In some embodiments, the dsSRNAi agent is a multimer containing at least two duplexes
represented by formula (III), (IlTa), (I1lb), (Illc), and (I1Id), wherein the duplexes are connected by a
linker. The linker can be cleavable or non-cleavable. Optionally, the multimer 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 sites.

In some embodiments, the dsSRNAi agent is a multimer containing three, four, five, six, or
more duplexes represented by formula (I1I), (IlTa), (Illb), (Illc), and (ITId), wherein the duplexes are

connected by a linker. The linker can be cleavable or non-cleavable. Optionally, the multimer further

51



10

15

20

25

30

WO 2023/076451 PCT/US2022/047987

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 sites.

In one embodiment, two dsSRNAi agents represented by at least one of formulas (III), (I1la),
(ITIb), (IIIc), and (IlId) are linked to each other at the 5° end, and one or both of the 3’ ends, and are
optionally conjugated 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.

In certain embodiments, an RNAi agent of the invention may contain a low number of
nucleotides containing a 2’-fluoro modification, e.g., 10 or fewer nucleotides with 2’-fluoro
modification. For example, the RNAi agent may contain 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 or 0 nucleotides
with a 2’-fluoro modification. In a specific embodiment, the RNAi agent of the invention contains 10
nucleotides with a 2’-fluoro modification, e.g., 4 nucleotides with a 2’-fluoro modification in the
sense strand and 6 nucleotides with a 2’-fluoro modification in the antisense strand. In another
specific embodiment, the RNAi agent of the invention contains 6 nucleotides with a 2’-fluoro
modification, e.g., 4 nucleotides with a 2’-fluoro modification in the sense strand and 2 nucleotides
with a 2’-fluoro modification in the antisense strand.

In other embodiments, an RNAi agent of the invention may contain an ultra low number of
nucleotides containing a 2’-fluoro modification, e.g., 2 or fewer nucleotides containing a 2’-fluoro
modification. For example, the RNAi agent may contain 2, 1 of O nucleotides with a 2’-fluoro
modification. In a specific embodiment, the RNAi agent may contain 2 nucleotides with a 2’-fluoro
modification, e.g., 0 nucleotides with a 2-fluoro modification in the sense strand and 2 nucleotides
with a 2’-fluoro modification in the antisense strand.

Various publications describe multimeric iRNAs that can be used in the methods of the
invention. Such publications include W0O2007/091269, U.S. Patent No. 7,858,769, W02010/141511,
WO02007/117686, WO2009/014887, and WO2011/031520 the entire contents of each of which are
hereby incorporated herein by reference.

In certain embodiments, the compositions and methods of the disclosure include a vinyl
phosphonate (VP) modification of an RNAi agent as described herein. In exemplary embodiments, a

5’-vinyl phosphonate modified nucleotide of the disclosure has the structure:
B
RY= e}

X0 R
R
OH
wherein X is O or S;

R is hydrogen, hydroxy, fluoro, or Ci.z0alkoxy (e.g., methoxy or n-hexadecyloxy);
R is =C(H)-P(O)(OH),and the double bond between the C5’ carbon and R”" is in the E or Z

orientation (e.g., E orientation); and
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B is a nucleobase or a modified nucleobase, optionally where B is adenine, guanine, cytosine,
thymine, or uracil.

In one embodiment, R is =C(H)-P(0)(OH) and the double bond between the C5” carbon
and RS’ is in the E orientation. In another embodiment, R is methoxy and R* is =C(H)-P(O)(OH),
and the double bond between the C5’ carbon and R5’ is in the E orientation. In another embodiment,
X is S, R is methoxy, and R¥ is =C(H)-P(O)(OH), and the double bond between the C5” carbon and
RS’ is in the E orientation.

A vinyl phosphonate of the instant disclosure may be attached to either the antisense or the
sense strand of a dsRNA of the disclosure. In certain embodiments, a on phosphonate of the instant
disclosure is attached to the antisense strand of a dsRNA, optionally at the 5” end of the antisense
strand of the dsRNA.

Vinyl phosphonate modifications are also contemplated for the compositions and methods of
the instant disclosure. An exemplary vinyl phosphonate structure includes the preceding structure,
where RS’ is =C(H)-OP(O)(OH)2 and the double bond between the C5’ carbon and R5’ is in the E or

Z orientation (e.g., E orientation).

As described in more detail below, the iRNA that contains conjugations of one or more
carbohydrate moieties to an iRNA can optimize one or more properties of the iRNA. In many cases,
the carbohydrate moiety will be attached to a modified subunit of the iRNA. For example, the ribose
sugar of one or more ribonucleotide subunits of an iRNA can be replaced with another moiety, e.g., a
non-carbohydrate (sucha s, cyclic) carrier to which is attached a carbohydrate ligand. A
ribonucleotide subunit in which the ribose sugar of the subunit has been so replaced is referred to
herein as a ribose replacement modification subunit (RRMS). A cyclic carrier may be a carbocyclic
ring system, i.e., all ring atoms are carbon atoms, or a heterocyclic ring system, i.e., one or more ring
atoms may be a heteroatom, e.g., nitrogen, oxygen, sulfur. The cyclic carrier may be a monocyclic
ring system, or may contain two or more rings, e.g. fused rings. The cyclic carrier may be a fully
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 (i) at least
one “backbone attachment point,” such as, two “backbone attachment points” and (ii) at least 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 available 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 embodiments refers to
a constituent ring atom of the cyclic carrier, e.g., a carbon atom or a heteroatom (distinct from an atom
which provides a backbone attachment point), that connects a selected moiety. The moiety can be,
e.g., a carbohydrate, e.g. monosaccharide, disaccharide, trisaccharide, tetrasaccharide,
oligosaccharide, or polysaccharide. Optionally, the selected moiety is connected by an intervening

tether to the cyclic carrier. Thus, the cyclic carrier will often include a functional group, e.g., an
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amino 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 iRNA may be conjugated to a ligand via a carrier, wherein the carrier can be cyclic group
or acyclic group. In some embodiments, the cyclic group is selected from pyrrolidinyl, pyrazolinyl,
pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, [1,3]dioxolane, oxazolidinyl,
isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl, quinoxalinyl, pyridazinonyl,
tetrahydrofuryl, and decalin. In some embodiments, the acyclic group is a serinol backbone or

diethanolamine backbone.

i. Thermally Destabilizing Modifications

In certain embodiments, a dsSRNA molecule can be optimized for RNA interference by
incorporating thermally destabilizing modifications in the seed region of the antisense strand. As used
herein “seed region” means at positions 2-9 of the 5’-end of the referenced strand or at positions 2-8
of the 5’-end of the referenced strand. For example, thermally destabilizing modifications can be
incorporated in the seed region of the antisense strand to reduce or inhibit off-target gene silencing.

The term “thermally destabilizing modification(s)” includes modification(s) that would result
with a dsSRNA with a lower overall melting temperature (Tm) than the Tm of the dsRNA without
having such modification(s). For example, the thermally destabilizing modification(s) can decrease
the Tm of the dSRNA by 1 — 4 °C, such as one, two, three or four degrees Celcius. And, the term
“thermally destabilizing nucleotide” refers to a nucleotide containing one or more thermally
destabilizing modifications.

It has been discovered that dsSRNAs with an antisense strand comprising at least one thermally
destabilizing modification of the duplex within the first 9 nucleotide positions, counting from the 5’
end, of the antisense strand have reduced off-target gene silencing activity. Accordingly, in some
embodiments, the antisense strand comprises at least one (e.g., one, two, three, four, five or more)
thermally destabilizing modification of the duplex within the first 9 nucleotide positions of the 5’
region of the antisense strand. In some embodiments, one or more thermally destabilizing
modification(s) of the duplex is/are located in positions 2-9, such as, positions 4-8, from the 5’-end of
the antisense strand. In some further embodiments, the thermally destabilizing modification(s) of the
duplex is/are located at position 6, 7 or § from the 5’-end of the antisense strand. In still some further
embodiments, the thermally destabilizing modification of the duplex is located at position 7 from the
5’-end of the antisense strand. In some embodiments, the thermally destabilizing modification of the
duplex is located at position 2, 3, 4, 5 or 9 from the 5’-end of the antisense strand.

The thermally destabilizing modifications can include, but are not limited to, abasic
modification; mismatch with the opposing nucleotide in the opposing strand; and sugar modification
such as 2’-deoxy modification, acyclic nucleotide, e.g., unlocked nucleic acids (UNA) or glycol
nucleic acid (GNA); and 2’-5’-linked ribonucleotides (“3’-RNA”).
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An iRNA agent comprises a sense strand and an antisense strand, each strand having 14 to 40
nucleotides. The RNAIi agent may be represented by formula (L):
g’ 3’
82 B3

AN N
Bt T1 c1
n' AR ne n3 Un‘* n°

A , ,
B1 g ; g B3 : 84
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In formula (L), B1, B2, B3, B1’, B2’, B3’, and B4’ each are independently a nucleotide containing a
modification selected from the group consisting of 2’-O-alkyl, 2’-substituted alkoxy, 2’-substituted
alkyl, 2’-halo, ENA, and BNA/LNA. In one embodiment, B1, B2, B3, B1’, B2’, B3’, and B4’ each
contain 2’-OMe modifications. In one embodiment, B1, B2, B3, B1’, B2’, B3’, and B4’ each contain
2’-OMe or 2’-F modifications. In one embodiment, at least one of B1, B2, B3, B1’, B2’, B3’, and
B4’ contain 2'-O-N-methylacetamido (2'-O-NMA) modification.

Cl1 is a thermally destabilizing nucleotide placed at a site opposite to the seed region of the
antisense strand (i.e., at positions 2-8 of the 5’-end of the antisense strand or at positions 2-9 of the 5’-
end of the referenced strand). For example, C1 is at a position of the sense strand that pairs with a
nucleotide at positions 2-8 of the 5’-end of the antisense strand. In one example, C1 is at position 15
from the 5’-end of the sense strand. C1 nucleotide bears the thermally destabilizing modification
which can include abasic modification; mismatch with the opposing nucleotide in the duplex; and
sugar modification such as 2’-deoxy modification or acyclic nucleotide e.g., unlocked nucleic acids
(UNA) or glycerol nucleic acid (GNA). In one embodiment, C1 has thermally destabilizing
modification selected from the group consisting of: i) mismatch with the opposing nucleotide in the

antisense strand; ii) abasic modification selected from the group consisting of:

\
\
\

\
\
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; and iii) sugar modification

selected from the group consisting of:
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, wherein B is a modified or unmodified nucleobase, R! and R? independently are
H, halogen, OR3, or alkyl; and Rs is H, alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or sugar. In one
embodiment, the thermally destabilizing modification in C1 is a mismatch selected from the group
consisting of G:G, G:A, G:U, G:T, A:A, A:C, C:C, C:U, C:T, U:U, T:T, and U:T; and optionally, at
least one nucleobase in the mismatch pair is\a 2’-deoxy nucleobase. In one example, the thermally

N\
\

0
=
o oL
destabilizing modification in C1 is GNA or i
T1,T1’, T2’, and T3’ each independently represent a nucleotide comprising a modification providing
the nucleotide a steric bulk that is less or equal to the steric bulk of a 2’-OMe modification. A steric
bulk refers to the sum of steric effects of a modification. Methods for determining steric effects of a
modification of a nucleotide are known to one skilled in the art. The modification can be at the 2’
position of a ribose sugar of the nucleotide, or a modification to a non-ribose nucleotide, acyclic
nucleotide, or the backbone of the nucleotide that is similar or equivalent to the 2’ position of the
ribose sugar, and provides the nucleotide a steric bulk that is less than or equal to the steric bulk of a
2’-OMe modification. For example, T1, T1’, T2’, and T3’ are each independently selected from
DNA, RNA, LNA, 2’-F, and 2’-F-5"-methyl. In one embodiment, T1 is DNA. In one embodiment,
T1’ is DNA, RNA or LNA. In one embodiment, T2’ is DNA or RNA. In one embodiment, T3’ is
DNA or RNA.
n', n’, and q' are independently 4 to 15 nucleotides in length.
n’, ¢, and q’ are independently 1-6 nucleotide(s) in length.
n*, ¢% and q° are independently 1-3 nucleotide(s) in length; alternatively, n* is 0.
¢’ is independently 0-10 nucleotide(s) in length.
n? and g* are independently 0-3 nucleotide(s) in length.
Alternatively, n* is 0-3 nucleotide(s) in length.
In one embodiment, n* can be 0. In one example, n*is 0, and q> and q° are 1. In another

example, n* is 0, and q? and q° are 1, with two phosphorothioate internucleotide linkage modifications
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within position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting from
the 5’ -end of the antisense strand).

In one embodiment, n*, g2, and q° are each 1.

In one embodiment, n?, n, g2, q*, and q° are each 1.

In one embodiment, C1 is at position 14-17 of the 5’-end of the sense strand, when the sense
strand is 19-22 nucleotides in length, and n*is 1. In one embodiment, C1 is at position 15 of the 5’-
end of the sense strand

In one embodiment, T3’ starts at position 2 from the 5’ end of the antisense strand. In one
example, T3’ is at position 2 from the 5’ end of the antisense strand and q° is equal to 1.

In one embodiment, T1 starts at position 14 from the 5’ end of the antisense strand. In one
example, T1’ is at position 14 from the 5° end of the antisense strand and g is equal to 1.

In an exemplary embodiment, T3’ starts from position 2 from the 5’ end of the antisense
strand and T1’ starts from position 14 from the 5’ end of the antisense strand. In one example, T3’
starts from position 2 from the 5’ end of the antisense strand and q® is equal to 1 and T1” starts from
position 14 from the 5° end of the antisense strand and ¢? is equal to 1.

In one embodiment, T1’ and T3’ are separated by 11 nucleotides in length (i.e. not counting
the T1’ and T3’ nucleotides).

In one embodiment, T1’ is at position 14 from the 5’ end of the antisense strand. In one
example, T1’ is at position 14 from the 5° end of the antisense strand and g is equal to 1, and the
modification at the 2’ position or positions in a non-ribose, acyclic or backbone that provide less steric
bulk than a 2’-OMe ribose.

In one embodiment, T3’ is at position 2 from the 5’ end of the antisense strand. In one
example, T3’ is at position 2 from the 5” end of the antisense strand and q° is equal to 1, and the
modification at the 2’ position or positions in a non-ribose, acyclic or backbone that provide less than
or equal to steric bulk than a 2’-OMe ribose.

In one embodiment, T1 is at the cleavage site of the sense strand. In one example, T1 is at
position 11 from the 5° end of the sense strand, when the sense strand is 19-22 nucleotides in length,
and n?is 1. In an exemplary embodiment, T1 is at the cleavage site of the sense strand at position 11
from the 5° end of the sense strand, when the sense strand is 19-22 nucleotides in length, and n*is 1,

In one embodiment, T2’ starts at position 6 from the 5’ end of the antisense strand. In one
example, T2’ is at positions 6-10 from the 5’ end of the antisense strand, and q* is 1.

In an exemplary embodiment, T1 is at the cleavage site of the sense strand, for instance, at
position 11 from the 5° end of the sense strand, when the sense strand is 19-22 nucleotides in length,
and n?is 1; T1’ is at position 14 from the 5’ end of the antisense strand, and * is equal to 1, and the
modification to T1’ is at the 2’ position of a ribose sugar or at positions in a non-ribose, acyclic or

backbone that provide less steric bulk than a 2’-OMe ribose; T2’ is at positions 6-10 from the 5 end
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of the antisense strand, and q* is 1; and T3’ is at position 2 from the 5° end of the antisense strand, and
q® is equal to 1, and the modification to T3’ is at the 2’ position or at positions in a non-ribose, acyclic
or backbone that provide less than or equal to steric bulk than a 2’-OMe ribose.

In one embodiment, T2’ starts at position & from the 5’ end of the antisense strand. In one example,
T2’ starts at position 8 from the 5° end of the antisense strand, and q* is 2.

In one embodiment, T2’ starts at position 9 from the 5’ end of the antisense strand. In one
example, T2’ is at position 9 from the 5° end of the antisense strand, and * is 1.

In one embodiment, B1’ is 2°-OMe or 2’-F, q1 189, T1’1s 2’-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q’is4, T2 is 2’-F, q*is 1, B3’ is 2’-OMe or 2’-F, ¢’ is 6, T3 is 2’-F, ¢°is 1, B4’ is 2’-OMe, and ¢’ is
1; with two phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand).

In one embodiment, n* is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q1 i89,T1’ is 2’-F,
g*is 1,B2’is 2’-OMe or 2’-F, ¢*is 4, T2’ is 2’-F, ¢*is 1, B3’ is 2’-OMe or 2’-F, ¢’ is 6, T3’ is 2’-F,
q®is 1, B4’ is 2’-OMe, and q’ is 1; with two phosphorothioate internucleotide linkage modifications
within positions 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting from
the 5’-end of the antisense strand).

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2°’OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q1 i89,T1is 2’-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q3 is4,T2 is 2’-F, q4 is 2, B3’ is 2°-OMe or 2’-F, q5 is 5, T3’ is 2’-F, q6 is 1, B4’ is 2’-OMe, and q7 is
1.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢*is 1, B2" is 2’-OMe or 2’-F,
q’is4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2°-F, ¢’ is 5, T3  is 2’-F, ¢°is 1, B4’ is 2’-OMe, and ¢’ is
1; with two phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand).

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 6, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2°’OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q'is 7, T’ is 2°-F, ¢*is 1, B2’ is 2’-OMe or 2’-F,
q’is4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2°-F, ¢’ is 5, T3  is 2’-F, ¢°is 1, B4’ is 2’-OMe, and ¢’ is
1.
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In one embodiment, B1 is 2’-OMe or 2’-F, n' is 6, T1 is 2’F, n? is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 7, T1” is 2’-F, q? is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3" is 2’-F, ¢®is 1, B4 is 2’-OMe, and q’ is
1; with two phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand).

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’0OMe, n’is 3, B1” is 2°-OMe or 2°-F, q'is 9, T1 is 2°-F, ¢*is 1, B2" is 2’-OMe or 2’-F,
q’is4, T2 is 2’-F, q*is 1, B3’ is 2’-OMe or 2’-F, ¢’ is 6, T3 is 2’-F, q°is 1, B4’ is 2’-OMe, and ¢’ is
1.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1’ is 2’-F, ¢*is 1, B2’ is 2’-OMe or 2’-F,
q’is4, T2 is 2’-F, q*is 1, B3’ is 2°-OMe or 2’-F, ¢’ is 6, T3 is 2’-F, q°is 1, B4’ is 2’-OMe, and ¢’ is
1; with two phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand).

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2°’OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q1 i89,T1’is 2’-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q3 i85, T2 is 2’-F, q4 is 1, B3’ is 2°-OMe or 2’-F, q5 i8 5, T3 is 2’-F, q6 is 1, B4’ is 2’-OMe, and q7 is
1; optionally with at least 2 additional TT at the 3’-end of the antisense strand.
In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n*is 7, n* is 0, B3
is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1” is 2°-F, q%is 1, B2’ is 2’-OMe or 2’-F, ¢®is 5,
T2 is 2°-F,q*is 1,B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3 is 2’-F, q°is 1, B4’ is 2°-OMe, and ¢’ is 1;
optionally with at least 2 additional TT at the 3’-end of the antisense strand; with two
phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand).

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢*is 1, B2" is 2°-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2’-F, q°is 7, T3  is 2°-F, q®is 1, B4’ is 2’-OMe, and q” is 1.
In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n* is 7, n* is 0, B3
is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1 is 2’-F, q?is 1, B2’ is 2’-OMe or 2’-F, ¢’ is 4,
q*is 0, B3’ is 2>-OMe or 2’-F, ¢’ is 7, T3’ is 2°-F, ¢®is 1, B4’ is 2’-OMe, and q’ is 1; with two
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phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’ -end).

In one embodiment, B1 is 2°-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’0OMe, n’is 3, B1” is 2°-OMe or 2°-F, q'is 9, T1 is 2°-F, ¢*is 1, B2 is 2’-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2°-F, q®is 1, B4’ is 2’-F, and ¢’ is 1.
In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2°-OMe, n’ is 7, n* is 0, B3
is 2-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1” is 2’-F, q%is 1, B2’ is 2°-OMe or 2’-F, ¢* is 4,
T2 is 2°-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢°is 5, T3’ is 2’-F, ¢®is 1, B4’ is 2’-F, and q is 1; with
two phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand).

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2’-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q1 189, T1’ 18 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2’-F, q°is 7, T3 is 2°-F, q®is 1, B4’ is 2’-F, and q" is 1.
In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2°-OMe, n’ is 7, n* is 0, B3
is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q1 189, T1” is 2’-F, q2 is 1, B2’ is 2’-OMe or 2’-F, q3 is 4,
q4 i8 0, B3’ is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is 1, B4’ is 2’-F, and q7 is 1; with two
phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand).

The RNAIi agent can comprise a phosphorus-containing group at the 5’-end of the sense
strand or antisense strand. The 5’-end phosphorus-containing group can be 5’-end phosphate (5’-P),
5’-end phosphorothioate (5°-PS), 5’-end phosphorodithioate (5°-PS»), 5’-end vinylphosphonate (5’-
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VP), 5’-end methylphosphonate (MePhos), or 5’-deoxy-5’-C-malonyl ( Ot Of ). When
the 5’-end phosphorus-containing group is 5’-end vinylphosphonate (5’-VP), the 5’-VP can be either
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’-E-VP isomer (i.e., trans-vin osphonate, O ), 5°-Z-VP isomer (i.e., cis-
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vinylphosphonate, O ), or mixtures thereof.

In one embodiment, the RNAIi agent comprises a phosphorus-containing group at the 5’-end of the
sense strand. In one embodiment, the RNAi agent comprises a phosphorus-containing group at the 5’-
end of the antisense strand.

In one embodiment, the RNAi agent comprises a 5°-P. In one embodiment, the RNAi agent
comprises a 5°-P in the antisense strand.

In one embodiment, the RNAi agent comprises a 5°-PS. In one embodiment, the RNAi agent
comprises a 5°-PS in the antisense strand.

In one embodiment, the RNAi agent comprises a 5’-VP. In one embodiment, the RNAi agent
comprises a 5’-VP in the antisense strand. In one embodiment, the RNAi agent comprises a 5’-E-VP
in the antisense strand. In one embodiment, the RNAi agent comprises a 5’-Z-VP in the antisense
strand.

In one embodiment, the RNAi agent comprises a 5°-PS,. In one embodiment, the RNAi agent
comprises a 5°-PS- in the antisense strand.

In one embodiment, the RNAi agent comprises a 5°-PS,. In one embodiment, the RNAi agent
comprises a 5’-deoxy-5’-C-malonyl in the antisense strand.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n*is 7, n* is 0, B3
is2’0OMe, n’is 3, B1’is 2’-OMe or 2°-F, q'is 9, T1” is 2’-F, q*is 1, B2’ is 2’-OMe or 2’-F, ¢’ is 4,
T2’ is 2°-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4’ is 2°-OMe, and q’ is 1. The
RNAI agent also comprises a 5’-PS.

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1is 2'F, nis 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’0OMe, n’ is 3, B1” is 2°-OMe or 2°-F, q'is 9, T1” is 2°-F, ¢?is 1, B2" is 2’-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2°-F, ¢’ is 5, T3’ is 2°-F, ¢®is 1, B4’ is 2’-OMe, and q’ is
1. The RNAIi agent also comprises a 5’-P.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2'F, n’is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’0OMe, n’ is 3, B1” is 2°-OMe or 2°-F, q'is 9, T1” is 2°-F, ¢?is 1, B2" is 2’-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3 is 2°-F, q®is 1, B4" is 2’-OMe, and q’ is
1. The RNAIi agent also comprises a 5’-VP. The 5’-VP may be 5’-E-VP, 5’-Z-VP, or combination
thereof.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’0OMe, n’is 3, B1” is 2°-OMe or 2°-F, q'is 9, T1” is 2°-F, ¢?is 1, B2 is 2’-OMe or 2’-F,
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q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3" is 2’-F, ¢®is 1, B4" is 2’-OMe, and q’ is
1. The RNAIi agent also comprises a 5’- PS.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’0OMe, n’is 3, B1” is 2°-OMe or 2°-F, q'is 9, T1” is 2°-F, ¢*is 1, B2 is 2’-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, ¢®is 1, B4’ is 2’-OMe, and q’ is
1. The RNAIi agent also comprises a 5’-deoxy-5’-C-malonyl.

In one embodiment, B1 is 2°-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1 is 2’-F, q? is 1, B2’ is 2’-OMe or 2’-F,
q’is4, T2 is 2’-F, q*is 2, B3* is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, ¢°is 1, B4’ is 2’-OMe, and ¢’ is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-P.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2’-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q1 189, T1’ 18 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q3 is4, T2 is 2’-F, q4 is 2, B3’ is 2°-OMe or 2’-F, q5 i8 5, T3 is 2’-F, q6 is 1, B4’ is 2’-OMe, and q7 is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-PS.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q1 is9, T1’ is 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q’is4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2°-F, ¢° is 5, T3  is 2’-F, q°is 1, B4’ is 2’-OMe, and ¢’ is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAi agent also comprises a 5’-VP. The 5’-VP may be 5°-E-VP, 5’-Z-VP, or
combination thereof.
In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n*is 7, n* is 0, B3
is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1” is 2°-F, q%is 1, B2’ is 2’-OMe or 2’-F, ¢* is 4,
T2’ is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, q5 i85, T3 is 2’-F, q6 is 1, B4’ is 2°-OMe, and ¢’ is 1; with
two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage

modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
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within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’- PSa.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, ¢ is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, ¢®is 1, B4’ is 2’-OMe, and q’ is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-deoxy-5’-C-malonyl.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1 is 2’-F, q?is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3 is 2°-OMe or 2°-F, ¢°is 7, T3  is 2’-F, ¢ is 1, B4" is 2°-OMe, and q” is 1. The
RNAI agent also comprises a 5’-P.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2’-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q1 189, T1’ 18 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2’-F, q°is 7, T3  is 2’-F, q®is 1, B4’ is 2’-OMe, and q is 1. The
dsRNA agent also comprises a 5°-PS.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q1 189, T1’ 18 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q3 is 4, q4 is 0, B3’ is 2’-OMe or 2’-F, q5 i87, T3’ is 2’-F, q6 is 1, B4’ is 2’-OMe, and q7 is 1. The
RNAI agent also comprises a 5’-VP. The 5°-VP may be 5’-E-VP, 5°-Z-VP, or combination thereof.
In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n*is 7, n* is 0, B3
is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1 is 2°-F, ¢?is 1, B2’ is 2°-OMe or 2°-F, ¢®is 4,
q*is 0, B3’ is 2’-OMe or 2’-F, ¢°is 7, T3  is 2°-F, ¢®is 1, B4’ is 2’-OMe, and q” is 1. The RNAi
agent also comprises a 5’- PS».

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢*is 1, B2" is 2°-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2’-F, q°is 7, T3  is 2’-F, q®is 1, B4’ is 2’-OMe, and q is 1. The
RNAI agent also comprises a 5’-deoxy-5’-C-malonyl.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q'is 9, T1’ is 2°-F, ¢*is 1, B2" is 2°-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2’-F, q°is 7, T3  is 2’-F, q®is 1, B4’ is 2’-OMe, and q’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-

23 of the antisense strand (counting from the 5’-end). The RNAi agent also comprises a 5’-P.
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In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, q? is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3 is 2’-OMe or 2’-F, g’ is 7, T3 is 2’-F, ¢®is 1, B4” is 2°-OMe, and q’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAI agent also comprises a 5’-PS.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1 is 2’-F, ¢?is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3 is 2’-OMe or 2°-F, q°is 7, T3  is 2’-F, ¢%is 1, B4” is 2°-OMe, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAI agent also comprises a 5’-VP. The
5’-VP may be 5’-E-VP, 5’-Z-VP, or combination thereof.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q1 189, T1’ 18 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q3 is 4, q4 is 0, B3’ is 2’-OMe or 2’-F, q5 i8 7, T3 is 2’-F, q6 is 1, B4’ is 2’-OMe, and q7 is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNA1 agent also comprises a 5°- PS..

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q1 is9, T1’ is 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2’-F, q°is 7, T3  is 2’-F, q®is 1, B4’ is 2’-OMe, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAi agent also comprises a 5’-deoxy-5’-
C-malonyl.
In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n*is 7, n* is 0, B3
is2’0OMe, n’is 3, B1’is 2’-OMe or 2°-F, q'is 9, T1” is 2’-F, q*is 1, B2’ is 2’-OMe or 2’-F, ¢* is 4,
T2’ is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, q5 i85, T3’ is 2’-F, q6 is 1, B4’ is 2’-F, and q” is 1. The
RNAI agent also comprises a 5’- P.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’0OMe, n’ is 3, B1” is 2°-OMe or 2°-F, q' is 9, T1” is 2°-F, q*is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q®is 1, B4’ is 2’-F, and ¢’ is 1.
The RNAI agent also comprises a 5°- PS.
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In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’0OMe, n’is 3, B1" is 2°-OMe or 2°-F, q'is 9, T1 is 2°-F, ¢*is 1, B2 is 2’-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3" is 2’-F, q®is 1, B4’ is 2’-F, and ¢” is 1.
The RNAI agent also comprises a 5’- VP. The 5’-VP may be 5°-E-VP, 5’-Z-VP, or combination
thereof.
In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’'F, n?is 3, B2 is 2’-OMe, n®is 7, n*is 0, B3
is 2’0OMe, n’is 3, B17is 2’-OMe or 2°-F, q'is 9, T1’ is 2’-F, q?is 1, B2 is 2°-OMe or 2’-F, ¢* is 4,
T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, ¢®is 1, B4’ is 2’-F, and q” is 1. The
dsRNAi RNA agent also comprises a 5’- PS,.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’0OMe, n’ is 3, B1” is 2°-OMe or 2°-F, q'is 9, T1 is 2°-F, ¢*is 1, B2 is 2’-OMe or 2’-F,
q’is4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3 is 2’-F, ¢®is 1, B4’ is 2’-F, and ¢’ is 1.
The RNAI agent also comprises a 5’-deoxy-5’-C-malonyl.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2’-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q1 189, T1’ 18 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q’is4, T2 is 2’-F, q*is 2, B3* is 2’-OMe or 2°-F, q° is 5, T3 is 2’-F, q®is 1, B4’ is 2’-F, and q’ is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAI agent also comprises a 5’- P.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2’-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q1 189, T1’ 18 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q3 is4,T2 is 2’-F, q4 is 2, B3’ is 2°-OMe or 2’-F, q5 is 5, T3’ is 2’-F, q6 is 1, B4’ is 2’-F, and q7 is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’- PS.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢*is 1, B2 is 2°-OMe or 2’-F,
q’is4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2°-F, q* is 5, T3  is 2’-F, q®is 1, B4’ is 2’-F, and q’ is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’- VP. The 5’-VP may be 5’-E-VP, 5’-Z-VP, or

combination thereof.
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In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, q? is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, q®is 1, B4" is 2’-F, and ¢’ is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’- PSa.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1 is 2’-F, ¢?is 1, B2’ is 2’-OMe or 2’-F,
q’is4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢° is 5, T3  is 2’-F, q®is 1, B4’ is 2’-F, and q’ is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAI agent also comprises a 5’-deoxy-5’-C-malonyl.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q1 is9, T1’ 18 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q3 is 4, q4 is 0, B3’ is 2’-OMe or 2’-F, q5 i8 7, T3’ is 2’-F, q6 is 1, B4’ is 2’-F, and q7 is 1. The RNAi
agent also comprises a 5°- P.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q1 189, T1’ 18 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q3 is 4, q4 is 0, B3’ is 2’-OMe or 2’-F, q5 i8 7, T3 is 2’-F, q6 is 1, B4’ is 2’-F, and q7 is 1. The RNAi
agent also comprises a 5’- PS.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢*is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2’-F, q°is 7, T3  is 2’-F, q®is 1, B4’ is 2°-F, and q” is 1. The RNAi
agent also comprises a 5’- VP. The 5’-VP may be 5’-E-VP, 5°-Z-VP, or combination thereof.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢*is 1, B2" is 2’-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2’-F, q°is 7, T3  is 2’-F, q®is 1, B4’ is 2°-F, and q” is 1. The RNAi
agent also comprises a 5°- PS,.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢*is 1, B2" is 2°-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2’-F, q°is 7, T3  is 2’-F, q®is 1, B4* is 2°-F, and q” is 1. The RNAi
agent also comprises a 5’-deoxy-5’-C-malonyl.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1” is 2’-OMe or 2’-F, q' is 9, T1 is 2’-F, q®is 1, B2’ is 2’-OMe or 2’-F,
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q’is4,q*is 0, B3 is 2’-OMe or 2°-F, g’ is 7, T3  is 2’-F, ¢®is 1, B4" is 2°-F, and q” is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’- P.

In one embodiment, B1 is 2°-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1 is 2’-F, q? is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3 is 2°-OMe or 2°-F, ¢°is 7, T3  is 2’-F, ¢%is 1, B4" is 2°-F, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’- PS.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2’-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q1 189, T1’ 18 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2’-F, ¢°is 7, T3  is 2°-F, q®is 1, B4’ is 2’-F, and q’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’- VP. The 5°-VP may be 5’-E-VP, 5’-Z-VP, or combination thereof.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q1 is9, T1’ is 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2’-F, q°is 7, T3  is 2°-F, q®is 1, B4’ is 2’-F, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’- PS,.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q'is 9, T1’ is 2°-F, ¢*is 1, B2" is 2°-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2’-F, q°is 7, T3  is 2°-F, q®is 1, B4’ is 2’-F, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The

RNAI agent also comprises a 5’-deoxy-5"-C-malonyl.
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In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, q? is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3" is 2’-F, ¢®is 1, B4 is 2’-OMe, and q’ is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAI agent also comprises a 5’-P and a targeting ligand. In one embodiment, the 5°-P
is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1" is 2’-F, ¢?is 1, B2’ is 2’-OMe or 2’-F,
q’is4, T2 is 2’-F, q*is 2, B3’ is 2°-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢°is 1, B4’ is 2’-OMe, and ¢’ is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-PS and a targeting ligand. In one embodiment, the 5’-
PS is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q1 189, T1’ 18 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q3 is4,T2 is 2’-F, q4 is 2, B3’ is 2°-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1, B4’ is 2’-OMe, and q7 is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-VP (e.g., a 5’-E-VP, 5’-Z-VP, or combination thereof),
and a targeting ligand.

In one embodiment, the 5°-VP is at the 5’-end of the antisense strand, and the targeting ligand
is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢*is 1, B2" is 2°-OMe or 2’-F,
q’is4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2°-F, ¢’ is 5, T3  is 2’-F, ¢°is 1, B4’ is 2’-OMe, and ¢’ is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’- PS> and a targeting ligand. In one embodiment, the 5°-

PS: is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.
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In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, q? is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3" is 2’-F, ¢®is 1, B4 is 2’-OMe, and q’ is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-deoxy-5’-C-malonyl and a targeting ligand. In one
embodiment, the 5’-deoxy-5’-C-malonyl is at the 5’-end of the antisense strand, and the targeting
ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1 is 2’-F, q?is 1, B2’ is 2’-OMe or 2’-F,
q’is 4,q*is 0, B3 is 2°-OMe or 2°-F, q°is 7, T3  is 2’-F, ¢%is 1, B4” is 2°-OMe, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAi agent also comprises a 5’-P and a
targeting ligand. In one embodiment, the 5°-P is at the 5’-end of the antisense strand, and the
targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q1 189, T1’ 18 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q3 is 4, q4 is 0, B3’ is 2’-OMe or 2’-F, q5 i8 7, T3’ is 2’-F, q6 is 1, B4’ is 2’-OMe, and q7 is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAi agent also comprises a 5’-PS and a
targeting ligand. In one embodiment, the 5°-PS is at the 5’-end of the antisense strand, and the
targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢*is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2’-F, q°is 7, T3  is 2°-F, q®is 1, B4’ is 2’-OMe, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAi agent also comprises a 5’-VP (e.g., a
5’-E-VP, 5°-Z-VP, or combination thereof) and a targeting ligand. In one embodiment, the 5’-VP is at

the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.
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In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, q? is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3 is 2’-OMe or 2’-F, g’ is 7, T3 is 2’-F, ¢®is 1, B4” is 2°-OMe, and q’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAi agent also comprises a 5’-PS; and a
targeting ligand. In one embodiment, the 5°-PS; is at the 5’-end of the antisense strand, and the
targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1" is 2’-F, ¢?is 1, B2’ is 2’-OMe or 2’-F,
q’is 4,q*is 0, B3 is 2°-OMe or 2°-F, ¢°is 7, T3  is 2’-F, ¢%is 1, B4” is 2’-OMe, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAI agent also comprises a 5’-deoxy-5’-
C-malonyl and a targeting ligand. In one embodiment, the 5’-deoxy-5’-C-malonyl is at the 5’-end of
the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3 is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q1 189, T1’ 18 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q3 is4,T2 is 2’-F, q4 is 2, B3’ is 2°-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1, B4’ is 2’-F, and q7 is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAi agent also comprises a 5’-P and a targeting ligand. In one embodiment, the 5°-P
is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢*is 1, B2" is 2’-OMe or 2’-F,
q’is4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2°-F, ¢* is 5, T3  is 2’-F, q®is 1, B4’ is 2’-F, and q’ is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAI agent also comprises a 5’-PS and a targeting ligand. In one embodiment, the 5’-
PS is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, q?is 1, B2’ is 2’-OMe or 2’-F,
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q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, q®is 1, B4" is 2’-F, and ¢’ is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAi agent also comprises a 5’-VP (e.g., a 5’-E-VP, 5’-Z-VP, or combination thereof)
and a targeting ligand. In one embodiment, the 5’-VP is at the 5’-end of the antisense strand, and the
targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1 is 2’-F, ¢?is 1, B2’ is 2’-OMe or 2’-F,
q’is4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢° is 5, T3  is 2’-F, q®is 1, B4’ is 2’-F, and q’ is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-PS; and a targeting ligand. In one embodiment, the 5’-
PS; is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q1 is9, T1’ 18 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q3 is4,T2 is 2’-F, q4 is 2, B3’ is 2°-OMe or 2’-F, q5 i8 5, T3 is 2’-F, q6 is 1, B4’ is 2’-F, and q7 is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-deoxy-5’-C-malonyl and a targeting ligand. In one
embodiment, the 5’-deoxy-5’-C-malonyl is at the 5’-end of the antisense strand, and the targeting
ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢*is 1, B2" is 2’-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2’-F, q°is 7, T3  is 2°-F, q®is 1, B4’ is 2’-F, and q” is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’-P and a targeting ligand. In one embodiment, the 5°-P is at the 5’-end
of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, q?is 1, B2’ is 2’-OMe or 2’-F,
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q’is4,q*is 0, B3 is 2’-OMe or 2°-F, g’ is 7, T3  is 2’-F, ¢®is 1, B4" is 2°-F, and q” is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’- PS and a targeting ligand. In one embodiment, the 5’-PS is at the 5°-
end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1 is 2’-F, ¢?is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3 is 2’-OMe or 2°-F, q°is 7, T3  is 2’-F, ¢%is 1, B4" is 2°-F, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’- VP (e.g., a 5’-E-VP, 5’-Z-VP, or combination thereof) and a
targeting ligand. In one embodiment, the 5°-VP is at the 5’-end of the antisense strand, and the
targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’*is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q1 is9, T1’ 18 2°-F, q2 is 1, B2’ is 2’-OMe or 2’-F,
q3 is 4, q4 is 0, B3’ is 2’-OMe or 2’-F, q5 i8 7, T3’ is 2’-F, q6 is 1, B4’ is 2’-F, and q7 is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’- PS> and a targeting ligand. In one embodiment, the 5’-PS, is at the
5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’ is 3, B1” is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢*is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2’-F, q°is 7, T3  is 2°-F, q®is 1, B4’ is 2’-F, and q" is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’-deoxy-5’-C-malonyl and a targeting ligand. In one embodiment, the
5’-deoxy-5’-C-malonyl is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end
of the sense strand.

In a particular embodiment, an RNAi agent of the present invention comprises:

(a) a sense strand having:

72



10

15

20

25

30

35

WO 2023/076451 PCT/US2022/047987

and

(b)

(i) alength of 21 nucleotides;

(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker; and

(iii) 2’-F modifications at positions 1, 3,5, 7,9to 11, 13, 17, 19, and 21, and 2’-OMe
modifications at positions 2, 4, 6, 8, 12, 14 to 16, 18, and 20 (counting from the 5’ end);

an antisense strand having:
(i) alength of 23 nucleotides;
(ii) 2’-OMe modifications at positions 1, 3, 5,9, 11 to 13, 15, 17, 19, 21, and 23, and 2’F
modifications at positions 2, 4, 6 to 8, 10, 14, 16, 18, 20, and 22 (counting from the 5’
end); and
(iit) phosphorothioate internucleotide linkages between nucleotide positions 21 and 22,

and between nucleotide positions 22 and 23 (counting from the 5’ end);

wherein the dsSRNA agents have a two nucleotide overhang at the 3’-end of the antisense

strand, and a blunt end at the 5’-end of the antisense strand.

In another particular embodiment, an RNAi agent of the present invention comprises:

(a)

and

(b)

a sense strand having:
(i) alength of 21 nucleotides;
(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker;
(iit) 2’-F modifications at positions 1, 3,5, 7,9to 11, 13, 15, 17, 19, and 21, and 2’-OMe
modifications at positions 2, 4, 6, 8, 12, 14, 16, 18, and 20 (counting from the 5’ end);
and
(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and

between nucleotide positions 2 and 3 (counting from the 5’ end);

an antisense strand having:
(1) alength of 23 nucleotides;
(i1) 2’-OMe modifications at positions 1,3, 5, 7,9, 11 to 13, 15, 17, 19, and 21 to 23, and
2’F modifications at positions 2, 4, 6, §, 10, 14, 16, 18, and 20 (counting from the 5’
end); and
(iii) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

between nucleotide positions 22 and 23 (counting from the 5° end);

wherein the RNAI agents have a two nucleotide overhang at the 3’-end of the antisense strand, and a

blunt end at the 5’-end of the antisense strand.

In another particular embodiment, a RNAi agent of the present invention comprises:

(a)

a sense strand having:
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and

(®)

(i) alength of 21 nucleotides;

(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker;

(iii) 2’-OMe modifications at positions 1 to 6, 8, 10, and 12 to 21, 2’-F modifications at
positions 7, and 9, and a deoxy-nucleotide (e.g. dT) at position 11 (counting from the 5’
end); and

(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and

between nucleotide positions 2 and 3 (counting from the 5’ end);

an antisense strand having:
(i) alength of 23 nucleotides;
(ii) 2’-OMe modifications at positions 1, 3,7, 9, 11, 13, 15, 17, and 19 to 23, and 2’-F
modifications at positions 2, 4 to 6, 8, 10, 12, 14, 16, and 18 (counting from the 5’ end);
and
(iit) phosphorothioate internucleotide linkages between nucleotide positions 1 and
2, between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

between nucleotide positions 22 and 23 (counting from the 5’ end);

wherein the RNAIi agents have a two nucleotide overhang at the 3’-end of the antisense strand, and a

blunt end at the 5’-end of the antisense strand.

In another particular embodiment, a RNAi agent of the present invention comprises:

(a)

and

(b)

a sense strand having:
(i) alength of 21 nucleotides;
(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker;
(iii) 2’-OMe modifications at positions 1 to 6, 8, 10, 12, 14, and 16 to 21, and 2’-F
modifications at positions 7, 9, 11, 13, and 15; and
(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and

between nucleotide positions 2 and 3 (counting from the 5’ end);

an antisense strand having:
(1) alength of 23 nucleotides;
(i1) 2’-OMe modifications at positions 1, 5,7, 9, 11, 13, 15, 17, 19, and 21 to 23, and 2’-F
modifications at positions 2 to 4, 6, 8, 10, 12, 14, 16, 18, and 20 (counting from the 5’
end); and
(iii) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

between nucleotide positions 22 and 23 (counting from the 5’ end);
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wherein the RNAi agents have a two nucleotide overhang at the 3’-end of the antisense strand, and a

blunt end at the 5’-end of the antisense strand.

In another particular embodiment, a RNAi agent of the present invention comprises:

(a)

and

(®)

a sense strand having:
(i) alength of 21 nucleotides;
(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker;
(iii) 2’-OMe modifications at positions 1 to 9, and 12 to 21, and 2’-F modifications at
positions 10, and 11; and
(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and

between nucleotide positions 2 and 3 (counting from the 5’ end);

an antisense strand having:
(i) alength of 23 nucleotides;
(ii) 2’-OMe modifications at positions 1, 3,5,7,9, 11 to 13, 15, 17, 19, and 21 to 23, and
2’-F modifications at positions 2, 4, 6, 8, 10, 14, 16, 18, and 20 (counting from the 5’
end); and
(iit) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

between nucleotide positions 22 and 23 (counting from the 5’ end);

wherein the RNAI agents have a two nucleotide overhang at the 3’-end of the antisense strand, and a

blunt end at the 5’-end of the antisense strand.

In another particular embodiment, a RNAi agent of the present invention comprises:

(a)

and

(b)

a sense strand having:
(1) alength of 21 nucleotides;
(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker;
(iii) 2’-F modifications at positions 1, 3,5, 7,9 to 11, and 13, and 2’-OMe modifications
at positions 2, 4, 6, 8, 12, and 14 to 21; and
(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and

between nucleotide positions 2 and 3 (counting from the 5’ end);

an antisense strand having:
(1) alength of 23 nucleotides;
(i1) 2’-OMe modifications at positions 1,3, 5t0 7,9, 11 to 13, 15, 17 to 19, and 21 to 23,
and 2’-F modifications at positions 2, 4, 8, 10, 14, 16, and 20 (counting from the 5’ end);

and
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(iii) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

between nucleotide positions 22 and 23 (counting from the 5’ end);

wherein the RNAI agents have a two nucleotide overhang at the 3’-end of the antisense strand, and a

blunt end at the 5’-end of the antisense strand.

In another particular embodiment, a RNAi agent of the present invention comprises:

(a)

and

(®)

a sense strand having:
(i) alength of 21 nucleotides;
(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker;
(iit) 2’-OMe modifications at positions 1, 2, 4, 6, 8, 12, 14, 15, 17, and 19 to 21, and 2’-F
modifications at positions 3, 5,7, 9 to 11, 13, 16, and 18; and
(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and

between nucleotide positions 2 and 3 (counting from the 5’ end);

an antisense strand having:
(i) alength of 25 nucleotides;
(i1) 2’-OMe modifications at positions 1,4, 6,7,9,11 to 13, 15, 17, and 19 to 23, 2’-F
modifications at positions 2, 3, 5, 8, 10, 14, 16, and 18, and desoxy-nucleotides (e.g. dT)
at positions 24 and 25 (counting from the 5’ end); and
(iit) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

between nucleotide positions 22 and 23 (counting from the 5’ end);

wherein the RNAI agents have a four nucleotide overhang at the 3’-end of the antisense strand, and a

blunt end at the 5’-end of the antisense strand.

In another particular embodiment, a RNAi agent of the present invention comprises:

(a)

and

(b)

a sense strand having:
(1) alength of 21 nucleotides;
(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker;
(iii) 2’-OMe modifications at positions 1 to 6, 8, and 12 to 21, and 2’-F modifications at
positions 7, and 9 to 11; and
(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and

between nucleotide positions 2 and 3 (counting from the 5’ end);

an antisense strand having:

(i) alength of 23 nucleotides;
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(ii) 2’-OMe modifications at positions 1, 3 to 5,7, 8, 10 to 13, 15, and 17 to 23, and 2’-F
modifications at positions 2, 6, 9, 14, and 16 (counting from the 5’ end); and

(iii) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

between nucleotide positions 22 and 23 (counting from the 5’ end);

wherein the RNAIi agents have a two nucleotide overhang at the 3’-end of the antisense strand, and a

blunt end at the 5’-end of the antisense strand.

In another particular embodiment, a RNAi agent of the present invention comprises:

(a)

and

(®)

a sense strand having:
(i) alength of 21 nucleotides;
(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker;
(iit) 2’-OMe modifications at positions 1 to 6, 8, and 12 to 21, and 2’-F modifications at
positions 7, and 9 to 11; and
(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and

between nucleotide positions 2 and 3 (counting from the 5’ end);

an antisense strand having:
(i) alength of 23 nucleotides;
(i1) 2’-OMe modifications at positions 1, 3 to 5,7, 10 to 13, 15, and 17 to 23, and 2’-F
modifications at positions 2, 6, 8, 9, 14, and 16 (counting from the 5’ end); and
(iit) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

between nucleotide positions 22 and 23 (counting from the 5° end);

wherein the RNAI agents have a two nucleotide overhang at the 3’-end of the antisense strand, and a

blunt end at the 5’-end of the antisense strand.

In another particular embodiment, a RNAi agent of the present invention comprises:

(a)

and

a sense strand having:
(1) alength of 19 nucleotides;
(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker;
(iii) 2’-OMe modifications at positions 1 to 4, 6, and 10 to 19, and 2’-F modifications at
positions 5, and 7 to 9; and
(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and

between nucleotide positions 2 and 3 (counting from the 5’ end);

(b) an antisense strand having:

(i) alength of 21 nucleotides;
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(i1) 2’-OMe modifications at positions 1, 3 to 5,7, 10 to 13, 15, and 17 to 21, and 2’-F
modifications at positions 2, 6, 8, 9, 14, and 16 (counting from the 5’ end); and
(iii) phosphorothioate internucleotide linkages between nucleotide positions 1 and
2, between nucleotide positions 2 and 3, between nucleotide positions 19 and 20, and
between nucleotide positions 20 and 21 (counting from the 5’ end);
wherein the RNAIi agents have a two nucleotide overhang at the 3’-end of the antisense strand, and a
blunt end at the 5’-end of the antisense strand.
In certain embodiments, the iRNA for use in the methods of the invention is an agent selected

from agents listed in any one of Tables 2-3. These agents may further comprise a ligand.

III. iRNAs Conjugated to Ligands

Another modification of the RNA of an iRNA of the invention involves chemically linking to
the iRNA one or more ligands, moieties or conjugates that enhance the activity, cellular distribution,
or cellular uptake of the iRNA e.g., into a cell. Such moieties include but are not limited to lipid
moieties such as a cholesterol moiety (Letsinger et al., Proc. Natl. Acid. Sci. USA, 1989, 86: 6553-
6556). In other embodiments, the ligand is cholic acid (Manoharan et al., Biorg. Med. Chem. Let.,
1994, 4:1053-1060), a thioether, e. g., beryl-S-tritylthiol (Manoharan et al., Ann. N.Y. Acad. Sci., 1992,
660:306-309; Manoharan et al., Biorg. Med. Chem. Let., 1993, 3:2765-2770), a thiocholesterol
(Oberhauser et al., Nucl. Acids Res., 1992, 20:533-538), an aliphatic chain, e.g., dodecandiol or
undecyl residues (Saison-Behmoaras et al., EMBO J, 1991, 10:1111-1118; Kabanov et al., FEBS
Lett., 1990, 259:327-330; Svinarchuk et al., Biochimie, 1993, 75:49-54), a phospholipid, e.g., di-
hexadecyl-rac-glycerol or triethyl-ammonium 1,2-di-O-hexadecyl-rac-glycero-3-phosphonate
(Manoharan et al., Tetrahedron Lett., 1995, 36:3651-3654; Shea et al., Nucl. Acids Res., 1990,
18:3777-3783), a polyamine or a polyethylene glycol chain (Manoharan et al., Nucleosides &
Nucleotides, 1995, 14:969-973), or adamantane acetic acid (Manoharan et al., Tetrahedron Lett.,
1995, 36:3651-3654), a palmityl moiety (Mishra et al., Biochim. Biophys. Acta, 1995, 1264:229-237),
or an octadecylamine or hexylamino-carbonyloxycholesterol moiety (Crooke et al., J. Pharmacol.
Exp. Ther., 1996, 277:923-937).

In certain embodiments, a ligand alters the distribution, targeting, or lifetime of an iRNA
agent into which it is incorporated. In certain 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. In some
embodiments, ligands do not take part in duplex pairing in a duplexed nucleic acid.

Ligands can include a naturally occurring substance, such as a protein (e.g., human serum
albumin (HSA), low-density lipoprotein (LDL), or globulin); carbohydrate (e.g., a dextran, pullulan,
chitin, chitosan, inulin, cyclodextrin, N-acetylglucosamine, 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 polyamino acid. Examples of polyamino acids include polyamino acid is a
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polylysine (PLL), poly L-aspartic acid, poly L-glutamic acid, styrene-maleic acid anhydride
copolymer, poly(L-lactide-co-glycolied) copolymer, divinyl ether-maleic anhydride copolymer, N-(2-
hydroxypropyl)methacrylamide copolymer (HMPA), polyethylene glycol (PEG), polyvinyl alcohol
(PVA), polyurethane, poly(2-ethylacryllic acid), N-isopropylacrylamide polymers, or
polyphosphazine. Example of polyamines include: polyethylenimine, polylysine (PLL), spermine,
spermidine, polyamine, pseudopeptide-polyamine, peptidomimetic polyamine, dendrimer polyamine,
arginine, amidine, protamine, cationic lipid, cationic porphyrin, quaternary 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, glycoprotein, surfactant protein A,
Mucin carbohydrate, multivalent lactose, multivalent galactose, N-acetyl-galactosamine, N-acetyl-
glucosamine multivalent mannose, multivalent fucose, glycosylated polyaminoacids, multivalent
galactose, transferrin, bisphosphonate, polyglutamate, polyaspartate, a lipid, cholesterol, a steroid, bile
acid, folate, vitamin B12, vitamin A, biotin, or an RGD peptide or RGD peptide mimetic. In certain
embodiments, the ligand is a multivalent galactose, e.g., an N-acetyl-galactosamine.

Other examples of ligands include dyes, intercalating agents (e.g. acridines), cross-linkers
(e.g. psoralene, mitomycin C), porphyrins (TPPC4, texaphyrin, Sapphyrin), polycyclic aromatic
hydrocarbons (e.g., phenazine, dihydrophenazine), artificial endonucleases (e.g. EDTA), lipophilic
molecules, e.g., cholesterol, cholic acid, adamantane acetic acid, 1-pyrene butyric acid,
dihydrotestosterone, 1,3-Bis-O(hexadecyl)glycerol, geranyloxyhexyl group, hexadecylglycerol,
borneol, menthol, 1,3-propanediol, heptadecyl group, palmitic acid, myristic acid,03-
(oleoyDlithocholic acid, O3-(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine)and 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 E, folic acid),
synthetic ribonucleases (e.g., imidazole, bisimidazole, histamine, imidazole clusters, acridine-
imidazole conjugates, Eu3+ complexes of tetraazamacrocycles), dinitrophenyl, HRP, or AP.

Ligands can be proteins, e.g., glycoproteins, 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 include non-
peptidic species, such as lipids, lectins, carbohydrates, vitamins, cofactors, multivalent lactose,
multivalent galactose, N-acetyl-galactosamine, N-acetyl-glucosamine multivalent mannose, or
multivalent fucose. The ligand can be, for example, a lipopolysaccharide, an activator of p38 MAP
kinase, or an activator of NF-xB.

The ligand can be a substance, e.g., a drug, which can increase the uptake of the iRNA agent
into the cell, for example, by disrupting the cell’s cytoskeleton, e.g., by disrupting the cell’s

microtubules, microfilaments, or intermediate filaments. The drug can be, for example, taxol,
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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 include lipophiles, bile acids, steroids,
phospholipid analogues, peptides, protein binding agents, PEG, vitamins, etc. Exemplary PK
modulators include, but are not limited to, cholesterol, fatty acids, cholic acid, lithocholic acid,
dialkylglycerides, diacylglyceride, phospholipids, sphingolipids, naproxen, ibuprofen, vitamin E,
biotin. Oligonucleotides 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. serum proteins) are also suitable for use as PK modulating ligands
in the embodiments described herein.

Ligand-conjugated iRNAs of the invention may be synthesized by the use of an
oligonucleotide that bears a pendant reactive functionality, such as that derived from the attachment of
a linking 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 technique of solid-phase synthesis. Equipment for such
synthesis is sold by several vendors including, for example, Applied Biosystems® (Foster City,
Calif.). Any other methods for such synthesis known in the art may additionally or alternatively be
employed. It is also known to use similar techniques to prepare other oligonucleotides, such as the
phosphorothioates and alkylated derivatives.

In the ligand-conjugated iRNAs 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 nucleoside precursors, or nucleotide or
nucleoside conjugate precursors that already bear the linking moiety, ligand-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 ligand molecule is then
reacted with the linking moiety to form the ligand-conjugated oligonucleotide. In some embodiments,
the oligonucleotides or linked nucleosides of the present invention are synthesized by an automated
synthesizer using phosphoramidites derived from ligand-nucleoside conjugates in addition to the
standard phosphoramidites and non-standard phosphoramidites that are commercially available and

routinely used in oligonucleotide synthesis.
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A. Lipid Conjugates

In certain embodiments, the ligand or conjugate is a lipid or lipid-based molecule. Such a
lipid or lipid-based molecule may bind a serum protein, e.g., human serum albumin (HSA). An HSA
binding ligand allows for distribution of the conjugate to a target tissue, e.g., 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, or (c) can be used to
adjust binding to a serum protein, e.g., HSA.

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

In certain embodiments, the lipid based ligand binds HSA. In one embodiment, it binds HSA
with a sufficient affinity such that the conjugate will be 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 other embodiments, the lipid based ligand binds HSA weakly or not at all, such that the
conjugate will be distributed to the kidney. Other moieties that target to kidney cells can also be used
in place of, or in addition to, the lipid based ligand.

In 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 particularly 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 nutrients taken up by target cells

such as liver cells. Also included are HSA and low density lipoprotein (LDL).

B. Cell Permeation Agents

In another aspect, the ligand is a cell-permeation agent, such as, a helical cell-permeation
agent. In one embodiment, the agent is amphipathic. An exemplary agent is a peptide such as tat or
antennopedia. If the agent is a peptide, it can be modified, including a peptidylmimetic, invertomers,
non-peptide or pseudo-peptide linkages, and use of D-amino acids. In one embodiment, the helical
agent is an alpha-helical agent, for example, having a lipophilic and a lipophobic phase.

The ligand can be a peptide or peptidomimetic. A peptidomimetic (also referred to herein as
an oligopeptidomimetic) is a molecule capable of folding into a defined three-dimensional structure
similar to a natural peptide. The attachment of peptide and peptidomimetics to iRNA agents can
affect pharmacokinetic distribution of the iRNA, such as by enhancing cellular recognition and
absorption. The peptide or peptidomimetic moiety can be about 5-50 amino acids long, e.g., about 5,
10, 15, 20, 25, 30, 35, 40, 45, or 50 amino acids long.
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A peptide or peptidomimetic can be, for example, a cell permeation peptide, cationic peptide,
amphipathic peptide, or hydrophobic peptide (e.g., consisting primarily of Tyr, Trp, or Phe). The
peptide moiety can be a dendrimer peptide, constrained peptide or crosslinked peptide. In another
alternative, the peptide moiety can include a hydrophobic membrane translocation sequence (MTS).
An exemplary hydrophobic MTS-containing peptide is RFGF having the amino acid sequence
AAVALLPAVLLALLAP (SEQ ID NO:15). An RFGF analogue (e.g., amino acid sequence
AALLPVLLAAP (SEQ ID NO:16) 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 (GRKKRRQRRRPPQ (SEQ ID NO:17) and the Drosophila Antennapedia protein
(RQIKIWFQNRRMKWKK (SEQ ID NO:18) 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 one-bead-one-compound (OBOC)
combinatorial library (Lam et al., Nature, 354:82-84, 1991). Examples of a peptide or
peptidomimetic tethered to a dsSRNA 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
cyclic, and may be modified, e.g., glycosylated or methylated, to facilitate targeting to a specific
tissue(s). RGD-containing peptides and peptidiomimemtics may include D-amino acids, as well as
synthetic RGD mimics. In addition to RGD, one can use other moieties that target the integrin ligand,
such as, PECAM-1 or VEGF.

A “cell permeation peptide” is capable of permeating a cell, e.g., a microbial cell, such as a
bacterial or fungal cell, or a mammalian cell, such as a human cell. A microbial cell-permeating
peptide can be, for example, an a-helical linear peptide (e.g., LL-37 or Ceropin P1), a disulfide bond-
containing peptide (e.g., a -defensin, -defensin or bactenecin), or a peptide containing only one or
two dominating amino acids (e.g., PR-39 or indolicidin). A cell 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 gp41
and the NLS of SV40 large T antigen (Simeoni et al., Nucl. Acids Res. 31:2717-2724, 2003).

C. Carbohydrate Conjugates

In some embodiments of the compositions and methods of the invention, an iRNA further
comprises a carbohydrate. The carbohydrate conjugated iRNA is advantageous for the in vivo
delivery of nucleic acids, as well as compositions suitable for in vivo therapeutic use, as described

herein. As used herein, “carbohydrate” refers to a compound which is either a carbohydrate per se

82



10

15

20

25

30

35

WO 2023/076451 PCT/US2022/047987

made up of one or more monosaccharide units having at least 6 carbon atoms (which can be linear,
branched or cyclic) with an oxygen, nitrogen or sulfur atom bonded to each carbon atom; or a
compound having as a part thereof a carbohydrate moiety made up of one or more monosaccharide
units each having at least six carbon atoms (which can be linear, branched or cyclic), 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, 8, or 9 monosaccharide units),
and polysaccharides such as starches, glycogen, cellulose and polysaccharide gums. Specific
monosaccharides include C5 and above (e.g., CS5, C6, C7, or C8) sugars; di- and trisaccharides include
sugars having two or three monosaccharide units (e.g., C5, C6, C7, or C8).

In certain embodiments, a carbohydrate conjugate for use in the compositions and methods of
the invention is a monosaccharide.

In certain embodiments, the monosaccharide is an N-acetylgalactosamine (GalNAc). GalNAc
conjugates, which comprise one or more N-acetylgalactosamine (GalNAc) derivatives, are described,
for example, in US 8,106,022, the entire content of which is hereby incorporated herein by reference.
In some embodiments, the GalNAc conjugate serves as a ligand that targets the iRNA to particular
cells. In some embodiments, the GalNAc conjugate targets the iRNA to liver cells, e.g., by serving as
a ligand for the asialoglycoprotein receptor of liver cells (e.g., hepatocytes).

In some embodiments, the carbohydrate conjugate comprises one or more GalNAc
derivatives. The GalNAc derivatives may be attached via a linker, e.g., a bivalent or trivalent
branched linker. In some embodiments the GalNAc conjugate is conjugated to the 3’ end of the sense
strand. In some embodiments, the GalNAc conjugate is conjugated to the iRNA agent (e.g., to the 3’
end of the sense strand) via a linker, e.g., a linker as described herein. In some embodiments the
GalNAc conjugate is conjugated to the 5° end of the sense strand. In some embodiments, the GalNAc
conjugate is conjugated to the iRNA agent (e.g., to the 5° end of the sense strand) via a linker, e.g., a
linker as described herein.

In certain embodiments of the invention, the GalNAc or GalNAc derivative is attached to an
iRNA agent of the invention via a monovalent linker. In some embodiments, the GalNAc or GalNAc
derivative is attached to an iRNA agent of the invention via a bivalent linker. In yet other
embodiments of the invention, the GalNAc or GalNAc derivative is attached to an iRNA agent of the
invention via a trivalent linker. In other embodiments of the invention, the GalNAc or GalNAc
derivative is attached to an iRNA agent of the invention via a tetravalent linker.

In certain embodiments, the double stranded RNAi agents of the invention comprise one
GalNAc or GalNAc derivative attached to the iRNA agent. In certain embodiments, the double
stranded RNAIi agents of the invention comprise a plurality (e.g., 2, 3, 4, 5, or 6) GaINAc or GalNAc
derivatives, each independently attached to a plurality of nucleotides of the double stranded RNAi
agent through a plurality of monovalent linkers.

In some embodiments, for example, when the two strands of an iRNA agent of the invention

are part of one larger molecule connected by an uninterrupted chain of nucleotides between the 3’-end

&3



WO 2023/076451 PCT/US2022/047987

of one strand and the 5’-end of the respective other strand forming a hairpin loop comprising, a
plurality of unpaired nucleotides, each unpaired nucleotide within the hairpin loop may independently
comprise a GalNAc or GalNAc derivative attached via a monovalent linker. The hairpin loop may
also be formed by an extended overhang in one strand of the duplex.
5 In some embodiments, for example, when the two strands of an iRNA agent of the invention
are part of one larger molecule connected by an uninterrupted chain of nucleotides between the 3’-end
of one strand and the 5’-end of the respective other strand forming a hairpin loop comprising, a
plurality of unpaired nucleotides, each unpaired nucleotide within the hairpin loop may independently
comprise a GalNAc or GalNAc derivative attached via a monovalent linker. The hairpin loop may
10  also be formed by an extended overhang in one strand of the duplex.
In one embodiment, a carbohydrate conjugate for use in the compositions and methods of the

invention is selected from the group consisting of:
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O Formula XXXIV.
In another embodiment, a carbohydrate conjugate for use in the compositions and methods of
the invention is a monosaccharide. In one embodiment, the monosaccharide is an N-

acetylgalactosamine, such as
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Formula II.
In some embodiments, the RNAi agent is attached to the carbohydrate conjugate via a linker

as shown in the following schematic, wherein X is O or S
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below:
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includes, but is not limited to,
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(Formula XXXVI), when one of X or Y is an oligonucleotide, the other is a hydrogen.
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In some embodiments, a suitable ligand is a ligand disclosed in WO 2019/055633, the entire
contents of which are incorporated herein by reference. In one embodiment the ligand comprises the

structure below:

NAG-0__~  ~_NI o

NAG"‘O\/\O/\/NH NH O
o]

o
) NH U,
NAG N NH 9
o o P
ﬂ"'“
(NAG3T)s

In certain embodiments of the invention, the GalNAc or GalNAc derivative is attached to an
iRNA agent of the invention via a monovalent linker. In some embodiments, the GalNAc or GalNAc
derivative is attached to an iRNA agent of the invention via a bivalent linker. In yet other
embodiments of the invention, the GalNAc or GalNAc derivative is attached to an iRNA agent of the
invention via a trivalent linker.

In one embodiment, the double stranded RNAIi agents of the invention comprise one or more
GalNAc or GalNAc derivative attached to the iRNA agent. The GalNAc may be attached to any
nucleotide via a linker on the sense strand or antsisense strand. The GalNac may be attached to the
5’-end of the sense strand, the 3’ end of the sense strand, the 5’-end of the antisense strand, or the 3’ —
end of the antisense strand. In one embodiment, the GalNAc is attached to the 3’ end of the sense
strand, e.g., via a trivalent linker.

In other embodiments, the double stranded RNAi agents of the invention comprise a plurality
(e.g., 2,3,4,5, or 6) GalNAc or GalNAc derivatives, each independently attached to a plurality of
nucleotides of the double stranded RNAIi agent through a plurality of linkers, e.g., monovalent linkers.

In some embodiments, for example, when the two strands of an iRNA agent of the invention
is part of one larger molecule connected by an uninterrupted chain of nucleotides between the 3’-end
of one strand and the 5’-end of the respective other strand forming a hairpin loop comprising, a
plurality of unpaired nucleotides, each unpaired nucleotide within the hairpin loop may independently
comprise a GalNAc or GalNAc derivative attached via a monovalent linker.

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

Additional carbohydrate conjugates and linkers suitable for use in the present invention
include those described in PCT Publication Nos. WO 2014/179620 and WO 2014/179627, the entire

contents of each of which are incorporated herein by reference.
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D. 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-cleavable.

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 NR8, C(O), C(O)NH, SO, SO,, SO,NH or a
chain of atoms, such as, but not limited to, substituted or unsubstituted alkyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl, arylalkyl, arylalkenyl, arylalkynyl,
heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, heterocyclylalkyl, heterocyclylalkenyl,
heterocyclylalkynyl, aryl, heteroaryl, heterocyclyl, cycloalkyl, cycloalkenyl, alkylarylalkyl,
alkylarylalkenyl, alkylarylalkynyl, alkenylarylalkyl, alkenylarylalkenyl, alkenylarylalkynyl,
alkynylarylalkyl, alkynylarylalkenyl, alkynylarylalkynyl, alkylheteroarylalkyl, alkylheteroarylalkenyl,
alkylheteroarylalkynyl, alkenylheteroarylalkyl, alkenylheteroarylalkenyl, alkenylheteroarylalkynyl,
alkynylheteroarylalkyl, alkynylheteroarylalkenyl, alkynylheteroarylalkynyl, alkylheterocyclylalkyl,
alkylheterocyclylalkenyl, alkylhererocyclylalkynyl, alkenylheterocyclylalkyl,
alkenylheterocyclylalkenyl, alkenylheterocyclylalkynyl, alkynylheterocyclylalkyl,
alkynylheterocyclylalkenyl, alkynylheterocyclylalkynyl, alkylaryl, alkenylaryl, alkynylaryl,
alkylheteroaryl, alkenylheteroaryl, alkynylhereroaryl, which one or more methylenes can be
interrupted or terminated by O, S, S(O), SO, N(R8), C(O), substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, or substituted or unsubstituted heterocyclic; where RS is
hydrogen, acyl, aliphatic, or substituted aliphatic. In one embodiment, the linker is about 1-24 atoms,
2-24, 3-24, 4-24, 5-24, 6-24, 6-18, 7-18, 8-18, 7-17, 8-17, 6-16, 7-17, or 8-16 atoms.

A cleavable linking group is one which is sufficiently stable outside the cell, but which upon
entry into a target cell is cleaved to release the two parts the linker is holding together. In one
embodiment, the cleavable linking group is cleaved at least about 10 times, 20, times, 30 times, 40
times, 50 times, 60 times, 70 times, 80 times, 90 times, or more, or at least 100 times faster in a target
cell or under a first reference condition (which can, e.g., be selected to mimic 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 in 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 inside cells than in serum or blood. Examples 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 general acid, peptidases (which

can be substrate specific), and phosphatases.
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A cleavable linkage group, such as a disulfide bond can be susceptible to pH. The pH of
human serum is 7.4, while the average intracellular 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 a selected pH,
thereby releasing a cationic lipid from the ligand inside the cell, or into the desired compartment of
the cell.

A linker can include a cleavable linking group that is cleavable by a particular enzyme. The
type of cleavable linking group incorporated into a linker can depend on the cell to be targeted. For
example, a liver-targeting ligand 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 liver cells than in cell types that are not esterase-rich. Other cell-types rich in esterases include
cells of the lung, 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 will also be
desirable to also test the candidate cleavable linking group for the ability to resist cleavage in the
blood or when in contact with other non-target tissue. Thus, one can determine the relative
susceptibility to cleavage between a first and a second condition, where the first is selected to be
indicative of cleavage in a target cell and the second is selected to be indicative of cleavage in other
tissues or biological fluids, e.g., blood or serum. 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 initial evaluations in cell-free or culture conditions and to confirm by further evaluations in
whole animals. In certain embodiments, useful candidate compounds are cleaved at least about 2, 4,
10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 times faster in the cell (or under in vitro conditions selected
to mimic intracellular conditions) as compared to blood or serum (or under in vitro conditions selected

to mimic extracellular conditions).

i. Redox cleavable linking groups

In certain embodiments, a cleavable linking group is a redox cleavable linking group that is
cleaved upon reduction or oxidation. An example of reductively cleavable linking group is a
disulphide linking group (-S-S-). To determine if a candidate cleavable linking group is a suitable
“reductively cleavable linking group,” or for example is suitable for use with a particular iRNA
moiety and particular targeting agent one can look to methods described herein. For example, a
candidate can be evaluated by incubation with dithiothreitol (DTT), or other reducing agent using
reagents know in the art, which mimic the rate of cleavage which would be observed in a cell, e.g., a
target 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 most about 10% in the blood. In
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other embodiments, useful candidate compounds are degraded 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 vitro conditions selected to mimic
intracellular conditions) as compared to blood (or under in vitro 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 mimic extracellular media.

ii. Phosphate-based cleavable linking groups

In other embodiments, a cleavable linker comprises a phosphate-based cleavable linking
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(O)(ORk)-O-, -O-
P(S)(ORK)-O-, -O-P(S)(SRk)-O-, -S-P(O)(ORKk)-O-, -O-P(O)(ORKk)-S-, -S-P(O)(ORKk)-S-, -O-
P(S)(ORK)-S-, -S-P(S)(ORk)-O-, -O-P(O)(Rk)-O-, -O-P(S)(Rk)-O-, -S-P(O)(Rk)-O-, -S-P(S)(Rk)-O-,
-S-P(O)(Rk)-S-, -O-P(S)( Rk)-S-, wherein Rk at each occurrence can be, independently, C1-C20
alkyl, C1-C20 haloalkyl, C6-C10 aryl, or C7-C12 aralkyl. Exemplary embodiments include -O-
P(O)(OH)-O-, -O-P(S)(OH)-0O-, -O-P(S)(SH)-0O-, -S-P(O)(OH)-O-, -O-P(0)(OH)-S-, -S-P(O)(OH)-S-
, -O-P(S)(OH)-S-, -S-P(S)(OH)-0O-, -O-P(O)(H)-O-, -O-P(S)(H)-O-, -S-P(O)(H)-O, -S-P(S)(H)-O-, -
S-P(O)(H)-S-, and -O-P(S)(H)-S-. In certain embodiments, a phosphate-based linking group is -O-
P(O)(OH)-O-. These candidates can be evaluated using methods analogous to those described above.

iii. Acid cleavable linking groups

In other embodiments, a cleavable linker comprises an acid cleavable linking group. An acid
cleavable linking group is a linking group that is cleaved under acidic conditions. In certain
embodiments acid cleavable linking groups are cleaved in an acidic environment with a pH of about
6.5 or lower (e.g., about 6.0, 5.5, 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 linking groups include but
are not limited to hydrazones, esters, and esters of amino acids. Acid cleavable groups can have the
general formula -C=NN-, C(O)O, or -OC(O). An exemplary 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 other embodiments, a cleavable linker comprises an ester-based cleavable linking group.
An ester-based cleavable linking group is cleaved by enzymes such as esterases and amidases in cells.

Examples of ester-based cleavable linking groups include, but are not limited to, esters of alkylene,

96



10

15

20

WO 2023/076451 PCT/US2022/047987

alkenylene and alkynylene groups. Ester cleavable linking groups have the general formula -C(O)O-,

or -OC(O)-. These candidates can be evaluated using methods analogous to those described above.

v. Peptide-based cleaving groups

In yet other embodiments, 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 formed between amino
acids to yield oligopeptides (e.g., dipeptides, tripeptides etc.) and polypeptides. Peptide-based
cleavable groups do not include the amide group (-C(O)NH-). The amide group can be formed
between any alkylene, alkenylene or alkynelene. A peptide bond is a special type of amide bond
formed between amino acids to yield peptides and proteins. The peptide based cleavage group is
generally limited to the peptide bond (i.e., the amide bond) 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 some embodiments, an iRNA of the invention is conjugated to a carbohydrate through a
linker. Non-limiting examples of iRNA carbohydrate conjugates with linkers of the compositions and

methods of the invention include, but are not limited to,
OH _OH
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(Formula XLIV), when one of X or Y is an oligonucleotide, the other is a hydrogen.

In certain embodiments of the compositions and methods of the invention, a ligand is one or
more “GalNAc” (N-acetylgalactosamine) derivatives attached through a bivalent or trivalent branched
linker.

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 (XLV) — (XLVIID:

Formula XLV Formula XLVI
P2A_Q2A_R2A ] T2A_ 2A /[/P3A—Q3A-R3A ] T3A 3A
qZA 3A
NV VAN
PQB_QZB_RQB ] T2B_| 2B \t\P3B_Q3B_R3B. T3B_ 3B
2B 3B
q q
PSA_QSA_RSA T5A_| 5A
qSA
PAAQIARM AL p3B_QIB_RB ]_T5B_|_53
q qu
AB_(y4B_pdB| 148 4B PSC-QSC-R5C]—T5C-L5C
P™-Q™-R RE L €
, Or 5
Formula XLVII Formula XLVIII
wherein:

q2A, 2B, q3A, 3B, ¢4A, g4B, q5A, ¢5B and q5C represent independently for each occurrence 0-20
and wherein the repeating unit can be the same or different;

P2A, P28 P3A P3B péA 4B pSA psB psC T2A T2B T3A T3B T4A T4B T4A TSB T5C are cach
independently for each occurrence absent, CO, NH, O, S, OC(O), NHC(O), CH,, CH,NH or CH»0;
Q*, Q%8, @4, Q%B, Q*, Q*, Q°4, Q°8, Q°C are independently for each occurrence absent, alkylene,
substituted alkylene wherein one or more methylenes can be interrupted or terminated by one or more

of 0, S, S(0), SOz, N(RY), C(R")=C(R’"), C=C or C(0);
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R?A R?B R3A R3B R* R*B, R, R*B, R°C are each independently for each occurrence absent, NH, O,

O

HO
H |
S, CHa, C(O)O C(O)NH, NHCH(R*C(O), -C(0)-CH(R*)-NH-, CO, CH=N-O, N

s

S—S§
‘7_N J.L,W J‘,v>< S\p’\, ﬂ'\( o S—s
, W N\ or heterocyclyl;

L>4 L8 L3A, L3B, L4 L% L%, L8 and L represent the ligand; i.e. each independently for each
occurrence a monosaccharide (such as GalNAc), disaccharide, trisaccharide, tetrasaccharide,
oligosaccharide, or polysaccharide; and R* is H or amino acid side chain. Trivalent conjugating
GalNAc derivatives are particularly useful for use with RNA1 agents for inhibiting the expression of a
target gene, such as those of formula (XLIX):

Formula XLIX

T5A_L5A

| PSA_QSA_RSA ] "

q
P5B_Q5B_R5B lTTSB-L5B

q
T5C_L5C

| PSC_QSC_RSC ] <
q

s

wherein L**, L°® and LC represent a monosaccharide, such as GalNAc derivative.

Examples of suitable bivalent and trivalent branched linker groups conjugating GalNAc
derivatives include, but are not limited to, the structures recited above as formulas II, VII, XI, X, and
XIIL.

Representative U.S. Patents that teach the preparation of RNA conjugates include, but are not
limited to, U.S. Patent Nos. 4,828,979; 4,948,882; 5,218,105; 5,525,465; 5,541,313; 5,545,730;
5,552,538; 5,578,717, 5,580,731; 5,591,584; 5,109,124; 5,118,802; 5,138,045; 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; 5,258,506; 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; 5,595,726; 5,597,696; 5,599,923; 5,599,928;5,688,941; 6,294,664; 6,320,017;
6,576,752; 6,783,931; 6,900,297; 7,037,646; and 8,106,022, the entire contents of each of which are
hereby incorporated herein by reference.

It is not necessary for all positions in a given compound to be uniformly modified, and in fact
more than one of the aforementioned modifications can be incorporated in a single compound or even
at a single nucleoside within an iRNA. The present invention also includes iRNA compounds that are
chimeric compounds.

“Chimeric” iRNA compounds or “chimeras,” in the context of this invention, are iRNA
compounds, such as, dsRNAi agents, that contain two or more chemically distinct regions, each made

up of at least one monomer unit, i.e., a nucleotide in the case of a dSRNA compound. These iRNAs
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typically contain at least one region wherein the RNA is modified so as to confer upon the iRNA
increased resistance to nuclease degradation, increased cellular uptake, or increased binding affinity
for the target nucleic acid. An additional region of the iRNA can serve as a substrate for enzymes
capable of cleaving RNA:DNA or RNA:RNA 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 iRNA
inhibition of gene expression. Consequently, comparable results can often be obtained with shorter
iRNAs when chimeric dsSRNAs are used, compared to phosphorothioate deoxy dsRNAs hybridizing to
the same target region. Cleavage of the RNA target can be routinely detected by gel electrophoresis
and, if necessary, associated nucleic acid hybridization techniques known in the art.

In certain instances, the RNA of an iRNA can be modified by a non-ligand group. A number
of non-ligand molecules have been conjugated to iRNAs in order to enhance the activity, cellular
distribution or cellular uptake of the iRNA, and procedures for performing such conjugations are
available in the scientific literature. Such non-ligand moieties have included lipid moieties, such as
cholesterol (Kubo, T. et al., Biochem. Biophys. Res. Comm., 2007, 365(1):54-61; Letsinger et al.,
Proc. Natl. Acad. Sci. USA, 1989, 86:6553), cholic acid (Manoharan et al., Bioorg. Med. Chem. Lett.,
1994, 4:1053), a thioether, e.g., hexyl-S-tritylthiol (Manoharan et al., Ann. N.Y. Acad. Sci., 1992,
660:306; Manoharan et al., Bioorg. Med. Chem. Let., 1993, 3:2765), a thiocholesterol (Oberhauser et
al., Nucl. Acids Res., 1992, 20:533), an aliphatic chain, e.g., dodecandiol or undecyl residues (Saison-
Behmoaras et al., EMBO J., 1991, 10:111; Kabanov et al., FEBS Lett., 1990, 259:327; Svinarchuk et
al., Biochimie, 1993, 75:49), a phospholipid, e.g., di-hexadecyl-rac-glycerol or triethylammonium 1,2-
di-O-hexadecyl-rac-glycero-3-H-phosphonate (Manoharan et al., Tetrahedron Lett., 1995, 36:3651;
Shea et al., Nucl. Acids Res., 1990, 18:3777), a polyamine or a polyethylene glycol chain (Manoharan
et al., Nucleosides & Nucleotides, 1995, 14:969), or adamantane acetic acid (Manoharan et al.,
Tetrahedron Lett., 1995, 36:3651), a palmityl moiety (Mishra et al., Biochim. Biophys. 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 RNAs bearing an aminolinker at one or more positions of the 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 still bound to the solid
support or following cleavage of the RNA, in solution phase. Purification of the RNA conjugate by
HPLC typically affords the pure conjugate.

IVv. Delivery of an iRNA of the Invention
The delivery of an iRNA 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 susceptible to or diagnosed with a

complement factor B-associated disorder) can be achieved in a number of different ways. For
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example, delivery may be performed by contacting a cell with an iRNA of the invention either in vitro
or in vivo. In vivo delivery may also be performed directly by administering a composition
comprising an iRNA, e.g., a dsSRNA, to a subject. Alternatively, in vivo 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.

In general, any method of delivering a nucleic acid molecule (in vitro or in vivo) can be
adapted for use with an iRNA of the invention (see e.g., Akhtar S. and Julian RL. (1992) Trends Cell.
Biol. 2(5):139-144 and W094/02595, which are incorporated herein by reference in their entireties).
For in vivo delivery, factors to consider in order to deliver an iRNA molecule include, for example,
biological stability of the delivered molecule, prevention of non-specific effects, and accumulation of
the delivered molecule in the target tissue. RNA interference has also shown success with local
delivery to the CNS by direct injection (Dorn, G., et al. (2004) Nucleic Acids 32:e49; Tan, PH., et al
(2005) Gene Ther. 12:59-66; Makimura, H., et al (2002) BMC Neurosci. 3:18; Shishkina, GT., et al
(2004) Neuroscience 129:521-528; Thakker, ER., et al (2004) Proc. Natl. Acad. Sci. U.S.A.
101:17270-17275; Akaneya,Y ., et al (2005) J. Neurophysiol. 93:594-602). Modification of the RNA
or the pharmaceutical carrier can also permit targeting of the iRNA to the target tissue and avoid
undesirable off-target effects. iRNA molecules can be modified by chemical conjugation to lipophilic
groups such as cholesterol to enhance cellular uptake and prevent degradation. For example, an iRNA
directed against ApoB conjugated to a lipophilic cholesterol moiety was injected systemically into
mice and resulted in knockdown of apoB mRNA in both the liver and jejunum (Soutschek, J., et al
(2004) Nature 432:173-178).

In an alternative embodiment, the iRNA can be delivered using drug 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 iRNA molecule (negatively charged) and also
enhance interactions at the negatively charged cell membrane to permit efficient uptake of an iRNA
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, et al (2008) Journal of Controlled Release 129(2):107-
116) that encases an iRNA. The formation of vesicles or micelles further prevents degradation of the
iRNA when administered systemically. Methods for making and administering cationic- iRNA
complexes are well within the abilities of one skilled in the art (see e.g., Sorensen, DR, et al (2003) J.
Mol. Biol 327:761-766; Verma, UN, et al (2003) Clin. Cancer Res. 9:1291-1300; Arnold, AS et al
(2007) J. Hypertens. 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, DR., et al (2003), supra; Verma, UN, et al (2003), supra), "solid nucleic acid
lipid particles" (Zimmermann, TS, et al (2006) Nature 441:111-114), cardiolipin (Chien, PY, et al
(2005) Cancer Gene Ther. 12:321-328; Pal, A, et al (2005) Int J. Oncol. 26:1087-1091),
polyethyleneimine (Bonnet ME, et al (2008) Pharm. Res. Aug 16 Epub ahead of print; Aigner, A.
(2006) J. Biomed. Biotechnol. 71659), Arg-Gly-Asp (RGD) peptides (Liu, S. (2006) Mol. Pharm.
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3:472-487), and polyamidoamines (Tomalia, DA, et al (2007) Biochem. Soc. Trans. 35:61-67; Yoo,
H., et al (1999) Pharm. Res. 16:1799-1804). In some embodiments, an iRNA forms a complex with
cyclodextrin for systemic administration. Methods for administration and pharmaceutical
compositions of iIRNAs and cyclodextrins can be found in U.S. Patent No. 7,427,605, which is herein

incorporated by reference in its entirety.

A.  Vector encoded iRNAs of the Invention

iRNA targeting the complement factor B gene can be expressed from transcription units
inserted into DNA or RNA vectors (see, e.g., Couture, A, et al., TIG. (1996), 12:5-10; Skillern, A, et
al., International PCT Publication No. WO 00/22113, Conrad, International PCT Publication No. WO
00/22114, and Conrad, U.S. Patent No. 6,054,299). Expression can be transient (on the order of hours
to weeks) or sustained (weeks to months 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
plasmid, 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).

Viral vector systems which can be utilized with the methods and compositions described
herein include, but are not limited to, (a) adenovirus vectors; (b) retrovirus vectors, including but not
limited to lentiviral vectors, moloney murine leukemia virus, efc.; (c) adeno- associated virus vectors;
(d) herpes simplex virus vectors; (e) SV 40 vectors; (f) polyoma virus vectors; (g) papilloma virus
vectors; (h) picornavirus vectors; (i) pox virus vectors such as an orthopox, e.g., vaccinia virus vectors
or avipox, e.g. canary pox or fowl pox; and (j) 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 replication, e.g. EPV
and EBV vectors. Constructs for the recombinant expression of an iRNA will generally require
regulatory elements, e.g., promoters, enhancers, efc., to ensure the expression of the iRNA in target

cells. Other aspects to consider for vectors and constructs are known in the art.

V. Pharmaceutical Compositions of the Invention

The present invention also includes pharmaceutical compositions and formulations which
include the iRNAs of the invention. In one embodiment, provided herein are pharmaceutical
compositions containing an iRNA, as described herein, and a pharmaceutically acceptable carrier.
The pharmaceutical compositions containing the iRNA are useful for preventing or treating a
complement factor B-associated disorder. Such pharmaceutical compositions are formulated based on
the mode of delivery. One example is compositions that are formulated for systemic administration

via parenteral delivery, e.g., by subcutaneous (SC), intramuscular (IM), or intravenous (IV) delivery.
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The pharmaceutical compositions of the invention may be administered in dosages sufficient to inhibit
expression of a complement factor B gene.

In some embodiments, the pharmaceutical compositions of the invention are sterile. In
another embodiment, the pharmaceutical compositions of the invention are pyrogen free.

The pharmaceutical compositions of the invention may be administered in dosages sufficient
to inhibit expression of a complement factor B gene. In general, a suitable dose of an iRNA of the
invention will be in the range of about 0.001 to 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.
Typically, a suitable dose of an iRNA of the invention will be in the range of about 0.1 mg/kg to
about 5.0 mg/kg, such as, about 0.3 mg/kg and about 3.0 mg/kg. A repeat-dose regimen may include
administration of a therapeutic amount of iRNA on a regular basis, such as every month, once every
3-6 months, or once a year. In certain embodiments, the iRNA is administered about once per month
to about once per six months.

After an initial treatment regimen, the treatments can be administered on a less frequent basis.
Duration of treatment can be determined based on the severity of disease.

In other embodiments, a single dose of the pharmaceutical compositions can be long lasting,
such that doses are administered at not more than 1, 2, 3, or 4 month intervals. In some embodiments
of the invention, a single dose of the pharmaceutical compositions of the invention is administered
about once per month. In other embodiments of the invention, a single dose of the pharmaceutical
compositions of the invention is administered quarterly (i.e., about every three months). In other
embodiments of the invention, a single dose of the pharmaceutical compositions of the invention is
administered twice per year (i.e., about once every six months).

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 mutations present in the subject,
previous treatments, the general health or age of the subject, and other diseases present. Moreover,
treatment of a subject with a prophylactically or therapeutically effective amount, as appropriate, of a
composition can include a single treatment or a series of treatments.

The iRNA can be delivered in a manner to target a particular tissue (e.g., hepatocytes).

Pharmaceutical compositions of the present invention include, but are not limited to,
solutions, emulsions, and liposome-containing formulations. These compositions can be generated
from a variety of components that include, but are not limited to, preformed liquids, self-emulsifying
solids, and self-emulsifying semisolids. Formulations include those that target the liver.

The pharmaceutical formulations of the present invention, which can conveniently be
presented in unit dosage form, can be prepared according to conventional techniques well known in
the pharmaceutical industry. Such techniques include the step of bringing into association the active
ingredients with the pharmaceutical carrier(s) or excipient(s). In general, the formulations are
prepared by uniformly and intimately bringing into association the active ingredients with liquid

carriers.
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A. Additional 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 0.1 pm in diameter (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; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199; Rosoff, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc.,
New York, N.Y., Volume 1, p. 245; Block in Pharmaceutical Dosage Forms, Lieberman, Rieger and
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 2, p. 335; Higuchi et al., in
Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa., 1985, p. 301). Emulsions
are often biphasic systems comprising two immiscible liquid phases intimately mixed and dispersed
with each other. In general, emulsions can be of either the water-in-oil (w/o) or the oil-in-water (o/w)
variety. When an aqueous phase is finely divided into and dispersed as minute droplets into a bulk
oily phase, the resulting composition is called a water-in-oil (w/0) emulsion. Alternatively, when an
oily phase is finely divided into and dispersed as minute droplets into a bulk aqueous phase, the
resulting composition is called an oil-in-water (o/w) emulsion. Emulsions can contain additional
components in addition to the dispersed phases, and the active drug which can be present as a solution
either in the aqueous phase, oily phase or itself as a separate phase. Pharmaceutical excipients such as
emulsifiers, stabilizers, dyes, and anti-oxidants can also be present in emulsions as needed.
Pharmaceutical emulsions can also be multiple emulsions that are comprised of more than two phases
such as, for example, in the case of oil-in-water-in-oil (o/w/0) and water-in-oil-in-water (w/o/w)
emulsions. Such complex formulations often provide certain advantages that simple binary emulsions
do not. Multiple emulsions in which individual oil droplets of an o/w emulsion enclose small water
droplets constitute a w/o/w emulsion. Likewise a system of oil droplets enclosed in globules of water
stabilized in an oily 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 continuous phase and
maintained in this form through the means of emulsifiers or the viscosity of the formulation. Other
means of stabilizing emulsions entail the use of emulsifiers that can be incorporated into either phase
of the emulsion. Emulsifiers can broadly be classified into four categories: synthetic surfactants,
naturally occurring emulsifiers, absorption bases, and finely dispersed solids (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; Idson, in Pharmaceutical
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y.,
volume 1, p. 199).
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Synthetic surfactants, also known as surface active agents, have found wide applicability in
the formulation of emulsions and have been reviewed in the literature (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; Rieger, in Pharmaceutical
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y.,
volume 1, p. 285; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.),
Marcel Dekker, Inc., New York, N.Y., 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 is 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, anionic,
cationic, and amphoteric (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 Rieger, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988,
Marcel Dekker, Inc., New York, N.Y., volume 1, p. 285).

A large variety of non-emulsifying 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, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc.,
New York, N.Y., volume 1, p. 335; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199).

The application of emulsion formulations via dermatological, oral, and parenteral routes, and
methods for their manufacture have been reviewed in the literature (see e.g., Ansel's Pharmaceutical
Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel HC., 2004,
Lippincott Williams & Wilkins (8th ed.), New York, NY; Idson, in Pharmaceutical Dosage Forms,
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199).

ii. Microemulsions

In one embodiment of the present invention, the compositions of iRNAs and nucleic acids are
formulated as microemulsions. A microemulsion can be defined as a system of water, oil, and
amphiphile which is a single optically isotropic and thermodynamically stable liquid 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, Lieberman, 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 oil in an aqueous surfactant solution and then adding a sufficient amount of a fourth
component, generally an intermediate chain-length alcohol to form a transparent system. Therefore,

microemulsions have also been described as thermodynamically stable, isotropically clear dispersions
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of two immiscible liquids that are stabilized by interfacial films of surface-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).

iii. Microparticles
An iRNA 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
including lyophilization, evaporation, fluid bed drying, vacuum drying, or a combination of these

techniques.

iv. Penetration Enhancers

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

Penetration enhancers can be classified as belonging to one of five broad categories, i.e.,
surfactants, fatty acids, bile salts, chelating agents, and non-chelating non-surfactants (see e.g.,
Malmsten, M. Surfactants and polymers in drug delivery, Informa Health Care, New York, NY, 2002;
Lee et al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, p.92). Each of the above
mentioned classes of penetration enhancers and their use in manufacture of pharmaceutical

compositions and delivery of pharmaceutical agents are well known in the art.

v. Excipients
In contrast to a carrier compound, a “pharmaceutical carrier” or “excipient” is a
pharmaceutically 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, so as to provide for the desired bulk,
consistency, etc., when combined with a nucleic acid and the other components of a given

pharmaceutical composition. Such agent are well known in the art.

vi. Other Components
The compositions of the present invention can additionally contain other adjunct components
conventionally found in pharmaceutical compositions, at their art-established usage levels. Thus, for
example, the compositions can contain additional, compatible, pharmaceutically-active materials such

as, for example, antipruritics, astringents, local anesthetics or anti-inflammatory agents, or can contain
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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 materials, when added, should not unduly interfere with the
biological activities of the components of the compositions of the present invention. The formulations
can be sterilized and, if desired, mixed with auxiliary agents, e.g., lubricants, preservatives,
stabilizers, wetting agents, emulsifiers, salts for influencing osmotic pressure, buffers, colorings,
flavorings, or aromatic substances, and the like which do not deleteriously interact with the nucleic
acid(s) of the formulation.

Aqueous suspensions can contain substances which increase the viscosity of the suspension
including, for example, sodium carboxymethylcellulose, sorbitol, or dextran. The suspension can also
contain stabilizers.

In some embodiments, pharmaceutical compositions featured in the invention include (a) one
or more iRNA and (b) one or more agents which function by a non-iRNA mechanism and which are
useful in treating a complement factor B-associated disorder.

Toxicity and prophylactic efficacy of such compounds can be determined by standard
pharmaceutical procedures in cell cultures or experimental animals, e.g., for determining the LD50
(the dose lethal to 50% of the population) and the ED50 (the dose prophylactically 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 LD50/ED50. Compounds that exhibit high therapeutic indices are
preferred.

The data obtained from cell culture assays and animal studies can be used in formulating a
range of dosage for use in humans. The dosage of compositions featured herein in the invention lies
generally within a range of circulating concentrations that include the ED50, such as an ED80 or
ED90, with little or no toxicity. The dosage can vary within this range depending upon the dosage
form employed and the route of administration utilized. For any compound used in the methods
featured in the invention, the prophylactically effective dose can be estimated initially from cell
culture assays. A dose can be formulated in animal models to achieve a circulating plasma
concentration range of the compound or, when appropriate, of the polypeptide product of a target
sequence (e.g., achieving a decreased concentration of the polypeptide) that includes the IC50 (i.e.,
the concentration of the test compound which achieves a half-maximal inhibition of symptoms) or
higher levels of inhibition as determined in cell culture. Such information can be used to more
accurately determine useful doses in humans. Levels in plasma can be measured, for example, by
high performance liquid chromatography.

In addition to their administration, as discussed above, the iRNAs featured in the invention
can be administered in combination with other known agents used for the prevention or treatment of a
complement factor B-associated disorder. In any event, the administering physician can adjust the
amount and timing of iRNA administration on the basis of results observed using standard measures

of efficacy known in the art or described herein.
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VI Methods For Inhibiting Complement Factor B Expression

The present invention also provides methods of inhibiting expression of a CFB gene in a cell.
The methods include contacting a cell with an RNAI agent, e.g., double stranded RNA agent, in an
amount effective to inhibit expression of CFB in the cell, thereby inhibiting expression of CFB in the
cell.

Contacting of a cell with an iRNA, e.g., a double stranded RNA agent, may be done in vitro
or in vivo. Contacting a cell in vivo with the iRNA includes contacting a cell or group of cells within
a subject, e.g., a human subject, with the iRNA. Combinations of in vitro and in vivo methods of
contacting a cell are also possible. Contacting a cell may be direct or indirect, as discussed above.
Furthermore, contacting a cell may be accomplished via a targeting ligand, including any ligand
described herein or known in the art. In certain embodiments, the targeting ligand is a carbohydrate
moiety, e.g., a GalNAc ligand, or any other ligand that directs the RNAi agent to a site of interest.

LTS

The term “inhibiting,” as used herein, is used interchangeably with “reducing,” “silencing,”

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

The phrase “inhibiting expression of a complement factor B gene” is intended to refer to
inhibition of expression of any complement factor B gene (such as, e.g., a mouse complement factor
B gene, a rat complement factor B gene, a monkey complement factor B gene, or a human
complement factor B gene) as well as variants or mutants of a complement factor B gene. Thus, the
complement factor B gene may be a wild-type complement factor B gene, a mutant complement
factor B gene, or a transgenic complement factor B gene in the context of a genetically manipulated
cell, group of cells, or organism.

“Inhibiting expression of a complement factor B gene” includes any level of inhibition of a
complement factor B gene, e.g., at least partial suppression of the expression of a complement factor
B gene, such as a clinically relevant level of supression. The expression of the complement factor B
gene may be assessed based on the level, or the change in the level, of any variable associated with
complement factor B gene expression, e.g., complement factor B mRNA level or complement factor
B protein level, or, for example, CHso activity as a measure of total hemolytic complement, AHso to
measure the hemolytic activity of the alternate pathway of complement, or lactate dehydrogenase
(LDH) levels as a measure of intravascular hemolysis, or hemoglobin levels. Levels of C3, C9, C5,
C5a, C5b, and soluble C5b-9 complex may also be measured to assess CFB expression. Inhibition
may be assessed by a decrease in an absolute or relative level of one or more of these variables
compared with a control level. This level may be assessed in an individual cell or in a group of cells,
including, for example, a sample derived from a subject. It is understood that complement factor B is
expressed predominantly in the liver, and is present in circulation.

Inhibition may be assessed by a decrease in an absolute or relative level of one or more
variables that are associated with complement factor B expression compared with a control level. The

control level may be any type of control level that is utilized in the art, e.g., a pre-dose baseline level,
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or alevel determined from a similar subject, cell, or sample that is untreated 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 complement factor B
gene is inhibited by at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%, or to below
the level of detection of the assay. In certain embodiments, expression of a complement factor B gene
is inhibited by at least 70%. It is further understood that inhibition of complement factor B expression
in certain tissues, e.g., in gall bladder, without a significant inhibition of expression in other tissues,
e.g., brain, may be desirable. In certain embodiments, expression level is determined using the assay
method provided in Example 2 with a 10 nM siRNA concentration in the appropriate species matched
cell line.

In certain embodiments, inhibition of expression in vivo is determined by knockdown of the
human gene in a rodent expressing the human gene, e.g., an AAV-infected mouse expressing the
human target gene (i.e., complement factor B), e.g., when administered as a single dose, e.g., at 3
mg/kg at the nadir of RNA expression. Knockdown of expression of an endogenous gene in a model
animal system can also be determined, e.g., after administration of a single dose at, e.g., 3 mg/kg at
the nadir of RNA expression. Such systems are useful when the nucleic acid sequence of the human
gene and the model animal gene are sufficiently close such that the human iRNA provides effective
knockdown of the model animal gene. RNA expression in liver is determined using the PCR methods
provided in Example 2.

Inhibition of the expression of a complement factor B gene may be manifested by a reduction
of the amount of mRNA expressed by a first cell or group of cells (such cells may be present, for
example, in a sample derived from a subject) in which a complement factor B gene is transcribed and
which has or have been treated (e.g., by contacting the cell or cells with an iRNA of the invention, or
by administering an iRNA of the invention to a subject in which the cells are or were present) such
that the expression of a complement factor B gene is inhibited, as compared to a second cell or group
of cells substantially identical to the first cell or group of cells but which has not or have not been so
treated (control cell(s) not treated with an iRNA or not treated with an iRNA targeted to the gene of
interest). In certain embodiments, the inhibition is assessed by the method provided in Example 2
using a 10 nM siRNA concentration in the species matched cell line and 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) - (mRNA in treated cells)

(mRNA in control cells)

*100%

In other embodiments, inhibition of the expression of a complement factor B gene may be
assessed in terms of a reduction of a parameter that is functionally linked to complement factor B
gene expression, e.g., complement factor B protein level in blood or serum from a subject.
Complement factor B gene silencing may be determined in any cell expressing complement factor B,

either endogenous or heterologous from an expression construct, and by any assay known in the art.
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Inhibition of the expression of a complement factor B protein may be manifested by a
reduction in the level of the complement factor B protein that is expressed by a cell or group of cells
or in a subject sample (e.g., the level of protein in a blood sample derived from a subject). As
explained above, for the assessment of mRNA suppression, the inhibition 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, or the change in the level of protein in a subject sample, e.g., blood or
serum derived therefrom.

A control cell, a group of cells, or subject sample that may be used to assess the inhibition of
the expression of a complement factor B gene includes a cell, group of cells, or subject sample that
has not yet been contacted with an RNAi agent of the invention. For example, the control cell, group
of cells, or subject sample may be derived from an individual subject (e.g., a human or animal subject)
prior to treatment of the subject with an RNAi agent or an appropriately matched population control.

The level of complement factor B 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 complement factor B in a sample is determined by detecting a transcribed
polynucleotide, or portion thereof, e.g., mRNA of the complement factor B gene. RNA may be
extracted from cells using RNA extraction techniques including, for example, using acid
phenol/guanidine isothiocyanate extraction (RNAzol B; Biogenesis), RNeasy™ RNA preparation Kits
(Qiagen®) or PAXgene™ (PreAnalytix™, Switzerland). Typical assay formats utilizing ribonucleic
acid hybridization include nuclear run-on assays, RT-PCR, RNase protection assays, northern
blotting, in situ hybridization, and microarray analysis.

In some embodiments, the level of expression of complement factor B is determined using a
nucleic acid probe. The term “probe”, as used herein, refers to any molecule that is capable of
selectively binding to a specific complement factor B. 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 to, RNA,
DNA, proteins, antibodies, and organic molecules.

Isolated mRNA can be used in hybridization or amplification assays that include, but are not
limited 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 mRNA with a
nucleic acid molecule (probe) that can hybridize to complement factor B mRNA. In one embodiment,
the mRNA is immobilized on a solid surface and contacted with a probe, for example by running the
isolated mRNA on an agarose gel and transferring the mRNA from the gel to a membrane, such as
nitrocellulose. In an alternative embodiment, the probe(s) are immobilized on a solid surface and the
mRNA is contacted with the probe(s), for example, in an Affymetrix® gene chip array. A skilled
artisan can readily adapt known mRNA detection methods for use in determining the level of

complement factor B mRNA.
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An alternative method for determining the level of expression of complement factor B in a
sample involves the process of nucleic acid amplification or reverse transcriptase (to prepare cDNA)
of for example mRNA in the sample, e.g., by RT-PCR (the experimental embodiment set forth in
Mullis, 1987, U.S. Patent No. 4,683,202), ligase chain reaction (Barany (1991) Proc. Natl. Acad. Sci.
USA 88:189-193), self sustained sequence replication (Guatelli et al. (1990) Proc. Natl. Acad. Sci.
USA 87:1874-1878), transcriptional amplification system (Kwoh et al. (1989) Proc. Natl. Acad. Sci.
USA 86:1173-1177), Q-Beta Replicase (Lizardi et al. (1988) Bio/Technology 6:1197), rolling circle
replication (Lizardi et al., U.S. Patent No. 5,854,033) or any other nucleic acid amplification method,
followed by the detection of the amplified molecules using techniques well known to those of skill in
the art. These detection schemes are especially useful for the detection of nucleic acid molecules if
such molecules are present in very low numbers. In particular aspects of the invention, the level of
expression of CFB is determined by quantitative fluorogenic RT-PCR (i.e., the TagMan™ System).
In ceratin embodiments, expression level is determined by the method provided in Example 2 using,
e.g., a 10nM siRNA concentration, in the species matched cell line.

The expression levels of complement factor B mRNA may be monitored using a membrane
blot (such as used in hybridization analysis such as northern, Southern, dot, and the like), or
microwells, sample tubes, gels, beads or fibers (or any solid support comprising bound nucleic acids).
See U.S. Patent 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 complement factor B expression level may
also comprise using nucleic acid probes in solution.

In certain embodiments, the level of mRNA expression is assessed using branched DNA
(bDNA) assays or real time PCR (qPCR). The use of these methods is described and exemplified in
the Examples presented herein. In certain embodiments, expression level is determined by the
method provided in Example 2 using a 10 nM siRNA concentration in the species matched cell line.

The level of CFB protein expression may be determined using any method known in the art
for the measurement of protein levels. Such methods include, for example, electrophoresis, capillary
electrophoresis, high performance liquid chromatography (HPLC), thin layer chromatography (TLC),
hyperdiffusion chromatography, fluid or gel precipitin reactions, absorption spectroscopy, a
colorimetric assays, spectrophotometric assays, flow cytometry, immunodiffusion (single or double),
immunoelectrophoresis, western blotting, radioimmunoassay (RIA), enzyme-linked immunosorbent
assays (ELISAs), immunofluorescent assays, electrochemiluminescence assays, and the like.

In some embodiments, the efficacy of the methods of the invention is assessed by a decrease
in CFB mRNA or protein level (e.g., in a liver biopsy).

In some embodiments of the methods of the invention, the iRNA is administered to a subject
such that the iRNA is delivered to a specific site within the subject. The inhibition of expression of
complement factor B may be assessed using measurements of the level or change in the level of
complement factor B mRNA or complement factor B protein in a sample derived from fluid or tissue

from the specific site within the subject (e.g., liver or blood).
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As used herein, the terms detecting or determining a level of an analyte are understood to
mean performing the steps to determine if a material, e.g., protein, RNA, is present. As used herein,
methods of detecting or determining include detection or determination of an analyte level that is

below the level of detection for the method used.

VII. Prophylactic and Treatment Methods of the Invention
The present invention also provides methods of using an iRNA of the invention or a composition
containing an iRNA of the invention to inhibit expression of complement factor B, thereby
preventing or treating a complement factor B-associated disorder, e.g., paroxysmal 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 (MS); macular degeneration (e.g.,
age-related macular degeneration (AMD)); hemolysis, elevated liver enzymes, and low platelets
(HELLP) syndrome; thrombotic thrombocytopenic purpura (TTP); spontaneous fetal loss; Pauci-
immune vasculitis; epidermolysis bullosa; recurrent fetal loss; pre-eclampsia, traumatic brain injury,
myasthenia gravis, cold agglutinin disease, dermatomyositis bullous pemphigoid, Shiga toxin E. coli-
related hemolytic uremic syndrome, C3 neuropathy, anti-neutrophil cytoplasmic antibody-associated
vasculitis (e.g., granulomatosis with polyangiitis (previously known as Wegener granulomatosis),
Churg-Strauss syndrome, and microscopic polyangiitis), 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 outcome in sepsis), Coronary artery disease,
dermatomyositis, Graves' disease, atherosclerosis, Alzheimer's disease, systemic inflammatory
response sepsis, septic shock, spinal cord injury, glomerulonephritis, Hashimoto's thyroiditis, type [
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 (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 following stent placement, rotational atherectomy, and percutaneous transluminal coronary
angioplasty (PTCA) (see, e.g., Holers (2008) Immunological Reviews 223:300-316; Holers and
Thurman (2004) Molecular Immunology 41:147-152; U.S. Patent Publication No. 20070172483).

In one embodiment, the complement factor B-associate disease is selected from the group
consisting of C3 glomerulopathy, systemic lupus erythematosus (SLE), e.g., Lupus Nephritis, IgA
nephropathy, diabetic nephropathy, polycystic kidney disease, membranous nephropathy, age-related

macular degeneration, atypical hemolytic uremic syndrome, thrombotic microangiopathy,
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myasthenia gravis, ischemia and reperfusion injury, paroxysmal nocturnal hemoglobinuria, and
rheumatoid arthritis

In another embodiment, the complement factor B-associate disease is selected from the
group consisting of C3 glomerulopathy, systemic lupus erythematosus (SLE), e.g., Lupus Nephritis,
IgA nephropathy, diabetic nephropathy, and polycystic kidney disease.

In the methods of the invention the cell may be contacted with the siRNA in vitro or in vivo,
i.e., the cell may be within a subject.

A cell suitable for treatment using the methods of the invention may be any cell that expresses
a complement factor B gene, e.g., a liver cell, a brain cell, a gall bladder cell, a heart cell, or a kidney
cell. In one embodiment, the cell is a liver cell. A cell suitable for use in the methods of the invention
may be a mammalian cell, e.g., a primate cell (such as a human cell, including human cell in a
chimeric non-human animal, or a non-human primate cell, e.g., a monkey cell or a chimpanzee cell),
or a non-primate cell. In certain embodiments, the cell is a human cell, e.g., a human liver cell. In the
methods of the invention, complement factor B expression is inhibited in the cell by at least 50, 55,
60, 65, 70, 75, 80, 85, 90, or 95, or to a level below the level of detection of the assay.

The in vivo methods of the invention may include administering to a subject a composition
containing an iRNA, where the iRNA includes a nucleotide sequence that is complementary to at least
a part of an RNA transcript of the complement factor B gene of the mammal to which the RNAi agent
is to be administered. The composition can be administered by any means known in the art including,
but not limited to oral, intraperitoneal, or parenteral routes, including intracranial (e.g.,
intraventricular, intraparenchymal, and intrathecal), intravenous, intramuscular, subcutaneous,
transdermal, airway (aerosol), nasal, rectal, and topical (including buccal and sublingual)
administration. In certain embodiments, the compositions are administered by intravenous infusion or
injection. In certain embodiments, the compositions are administered by subcutaneous injection. In
certain embodiments, the compositions are administered by intramuscular injection.

In some embodiments, the administration is via a depot injection. A depot injection may
release the iRNA 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 inhibition of CFB, or a
therapeutic or prophylactic effect. A depot injection may also provide more consistent serum
concentrations. Depot injections may include subcutaneous injections or intramuscular injections. In
certain embodiments, the depot injection is a subcutaneous injection.

In some embodiments, the administration is via a pump. The pump may be an external pump
or a surgically implanted pump. In certain embodiments, the pump is a subcutaneously implanted
osmotic pump. In other embodiments, the pump is an infusion pump. An infusion pump may be used
for intravenous, subcutaneous, arterial, or epidural infusions. In certain embodiments, the infusion
pump is a subcutaneous infusion pump. In other embodiments, the pump is a surgically implanted

pump that delivers the iRNA to the liver.
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The mode of administration may be chosen based upon whether local or systemic treatment is
desired and based upon the area to be treated. The route and site of administration may be chosen to
enhance targeting.

In one aspect, the present invention also provides methods for inhibiting the expression of a
complement factor B gene in a mammal. The methods include administering to the mammal a
composition comprising a dsRNA that targets a complement factor B gene in a cell of the mammal
and maintaining the mammal for a time sufficient to obtain degradation of the mRNA transcript of the
complement factor B gene, thereby inhibiting expression of the complement factor B gene in the cell.
Reduction in gene expression can be assessed by any methods known in the art and by methods, e.g.
gqRT-PCR, described herein, e.g., in Example 2. Reduction in protein production can be assessed by
any methods known it the art, e.g. ELISA. In certain embodiments, a puncture liver biopsy sample
serves as the tissue material for monitoring the reduction in the complement factor B gene or protein
expression. In other embodiments, a blood sample serves as the subject sample for monitoring the
reduction in the complement factor B protein expression.

The present invention further provides methods of treatment in a subject in need thereof,
e.g., a subject diagnosed with a complement factor B-associated disorder, such as, C3
glomerulopathy, systemic lupus erythematosus (SLE), e.g., Lupus Nephritis, IgA nephropathy,
diabetic nephropathy, and polycystic kidney disease.

The present invention further provides methods of prophylaxis in a subject in need thereof.
The treatment methods of the invention include administering an iRNA of the invention to a subject,
e.g., a subject that would benefit from a reduction of complement factor B expression, in a
prophylactically effective amount of an iRNA targeting a complement factor B gene or a
pharmaceutical composition comprising an iRNA targeting a complement factor B gene.

In one embodiment, a complement factor B-associated disease is selected from the group
consisting of paroxysmal 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 (MS); macular degeneration (e.g., age-related macular degeneration (AMD)); hemolysis,
elevated liver enzymes, and low platelets (HELLP) syndrome; thrombotic thrombocytopenic purpura
(TTP); spontaneous fetal loss; Pauci-immune vasculitis; epidermolysis bullosa; recurrent fetal loss;
pre-eclampsia, traumatic brain injury, myasthenia gravis, cold agglutinin disease, dermatomyositis
bullous pemphigoid, Shiga toxin E. coli-related hemolytic uremic syndrome, C3 neuropathy, anti-
neutrophil cytoplasmic antibody-associated vasculitis (e.g., granulomatosis with polyangiitis
(previously known as Wegener granulomatosis), Churg-Strauss syndrome, and microscopic
polyangiitis), 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

outcome in sepsis), Coronary artery disease, dermatomyositis, Graves' disease, atherosclerosis,
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Alzheimer's disease, systemic inflammatory response sepsis, septic shock, spinal cord injury,
glomerulonephritis, 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 (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 following stent placement, rotational atherectomy, and
percutaneous transluminal coronary angioplasty (PTCA) (see, e.g., Holers (2008) Immunological
Reviews 223:300-316; Holers and Thurman (2004) Molecular Immunology 41:147-152;
US20070172483).

In one embodiment, the complement factor B-associate disease is selected from the group
consisting of C3 glomerulopathy, systemic lupus erythematosus (SLE), e.g., Lupus Nephritis, IgA
nephropathy, diabetic nephropathy, polycystic kidney disease, membranous nephropathy, age-related
macular degeneration, atypical hemolytic uremic syndrome, thrombotic microangiopathy,
myasthenia gravis, ischemia and reperfusion injury, paroxysmal nocturnal hemoglobinuria, and
rheumatoid arthritis

In another embodiment, the complement factor B-associate disease is selected from the
group consisting of C3 glomerulopathy, systemic lupus erythematosus (SLE), e.g., Lupus Nephritis,
IgA nephropathy, diabetic nephropathy, and polycystic kidney disease.

An iRNA of the invention may be administered as a “free iRNA.” A free iRNA is
administered in the absence of a pharmaceutical composition. The naked iRNA may be in a suitable
buffer solution. The buffer solution may comprise acetate, citrate, prolamine, carbonate, or
phosphate, or any combination thereof. In one embodiment, the buffer solution is phosphate
buffered saline (PBS). The pH and osmolarity of the buffer solution containing the iRNA can be
adjusted such that it is suitable for administering to a subject.

Alternatively, an iRNA of the invention may be administered as a pharmaceutical
composition, such as a dsRNA liposomal formulation.

Subjects that would benefit from an inhibition of complement factor B gene expression are
subjects susceptible to or diagnosed with a CFB-associated disorder, e.g., C3 glomerulopathy,
systemic lupus erythematosus (SLE), e.g., Lupus Nephritis, IgA nephropathy, diabetic nephropathy,
and polycystic kidney disease.

In an embodiment, the method includes administering a composition featured herein such that
expression of the target complement component B gene is decreased, such as for about 1, 2, 3, 4, 5, 6,
1-6, 1-3, or 3-6 months per dose. In certain embodiments, the composition is administered once every

3-6 months.
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In one embodiment, the iRNAs useful for the methods and compositions featured herein
specifically target RNAs (primary or processed) of the target complement factor B gene.
Compositions and methods for inhibiting the expression of these genes using iRNAs can be prepared
and performed as described herein.

Administration of the iRNA according to the methods of the invention may result prevention
or treatment of a complement factor B-associated disorder, e.g., C3 glomerulopathy, systemic lupus
erythematosus (SLE), e.g., Lupus Nephritis, IgA nephropathy, diabetic nephropathy, and polycystic
kidney disease.

Subjects can be administered a therapeutic amount of iRNA, such as about 0.01 mg/kg to
about 200 mg/kg. Subjects can be administered a therapeutic amount of iRNA, such as about 5 mg to
about 1000 mg as a fixed dose, regardless of body weight.

In some embodiment, the iRNA is administered subcutaneously, i.e., by subcutaneous
injection. One or more injections may be used to deliver the desired dose of iRNA to a subject. The
injections may be repeated over a period of time.

The administration may be repeated on a regular basis. In certain embodiments, after an
initial treatment regimen, the treatments can be administered on a less frequent basis. A repeat-dose
regimen may include administration of a therapeutic amount of iRNA on a regular basis, such as once
per month to once a year. In certain embodiments, the iRNA is administered about once per month to
about once every three months, or about once every three months to about once every six months.

The invention further provides methods and uses of an iRNA agent or a pharmaceutical
composition thereof for treating a subject that would benefit from reduction or inhibition of CFB gene
expression, e.g., a subject having a CFB-associated disease, in combination with other
pharmaceuticals or other therapeutic methods, e.g., with known pharmaceuticals or known therapeutic
methods, such as, for example, those which are currently employed for treating these disorders.

Accordingly, in some aspects of the invention, the methods which include either a single
iRNA agent of the invention, further include administering to the subject one or more additional
therapeutic agents. The iRNA agent and an additional therapeutic agent or treatment may be
administered at the same time 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 or by
another method known in the art or described herein.

In one embodiment, an iRNA agent of the invention is administered in combination with an
anti-complement component C5 antibody, or antigen-binding fragment thereof (e.g., eculizumab or
ravulizumab-cwvz), an iRNA agent targeting complement component C5, an iRNA agent targeting
complement component C3, or a C3 peptide inhibitor (e.g., compstatin). In one embodiment, the
iRNA agent of the invention is administered to the patient, and then the additional therapeutic agent is
administered to the patient (or vice versa). In another embodiment, the iRNA agent of the invention

and the additional therapeutic agent are administered at the same time.
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The iRNA agent of the invention and an additional therapeutic agent or treatment may be
administered at the same time 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 or by

another method known in the art or described herein.

VIII. Kits

In certain aspects, the instant disclosure provides kits that include a suitable container
containing a pharmaceutical formulation of a siRNA compound, e.g., a double-stranded siRNA
compound, or ssiRNA compound, (e.g., a precursor, e.g., a larger siRNA compound which can be
processed into a ssiRNA compound, or a DNA which encodes an siRNA compound, e.g., a double-
stranded siRNA compound, or ssiRNA compound, or precursor thereof).

Such kits include one or more dsRNA agent(s) and instructions for use, e.g., instructions for
administering a prophylactically or therapeutically effective amount of a dsSRNA agent(s). The
dsRNA agent may be in a vial or a pre-filled syringe. The kits may optionally further comprise means
for administering the dsSRNA agent (e.g., an injection device, such as a pre-filled syringe), or means
for measuring the inhibition of CFB (e.g., means for measuring the inhibition of CFB mRNA, CFB
protein, or CFB activity). Such means for measuring the inhibition of CFB may comprise a means for
obtaining a sample from a subject, such as, e.g., a plasma sample. The kits of the invention may
optionally further comprise means for determining the therapeutically effective or prophylactically
effective amount.

In certain embodiments the individual components of the pharmaceutical formulation may be
provided in one container, e.g., a vial or a pre-filled syringe. Alternatively, it may be desirable to
provide the components of the pharmaceutical formulation separately in two or more containers, e.g.,
one container for a siRNA compound preparation, and at least another for a carrier compound. The kit
may be packaged in a number of different configurations such as one or more containers in a single
box. The different components can be combined, e.g., according to instructions provided with the Kit.
The components can be combined according to a method described herein, e.g., to prepare and

administer a pharmaceutical composition. The kit can also include a delivery device.

This invention is further illustrated by the following examples which should not be construed
as limiting. The entire contents of all publications, patents and published patent applications cited
throughout this application, as well as the informal Sequence Listing and Figures, are hereby

incorporated herein by reference.
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EXAMPLES
Example 1. 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 application in

molecular biology.

SIRNA Design
siRNAs targeting the human complement factor B (CFB) gene, (human: NCBI refseqID

NM_001710.6; NCBI GenelD: 629) was designed using custom R and Python scripts. The human
NM_001710 REFSEQ mRNA, version 6, has a length of 2476 bases. Detailed lists of the unmodified
CEB sense and antisense strand nucleotide sequences are shown in Table 2. Detailed lists of the
modified CFB sense and antisense strand nucleotide sequences are shown in Table 3.

It is to be understood that, throughout the application, a duplex name without a decimal is
equivalent to a duplex name with a decimal which merely references the batch number of the duplex.
For example, AD-959917 is equivalent to AD-959917.1.

SIRNA Synthesis
siRNAs were synthesized and annealed using routine methods known in the art.

Briefly, siRNA sequences were synthesized on a 1 umol scale using a Mermade 192
synthesizer (BioAutomation) with phosphoramidite chemistry on solid supports. The solid support
was controlled pore glass (500-1000 A) loaded with a custom GalNAc ligand (3’-GalNAc
conjugates), universal solid support (AM Chemicals), or the first nucleotide of interest. Ancillary
synthesis reagents and standard 2-cyanoethyl phosphoramidite monomers (2’-deoxy-2’-fluoro, 2’-O-
methyl, RNA, DNA) were obtained from Thermo-Fisher (Milwaukee, WI), Hongene (China), or
Chemgenes (Wilmington, MA, USA). Additional phosphoramidite monomers were procured from
commercial suppliers, prepared in-house, or procured using custom synthesis from various CMOs.
Phosphoramidites were prepared at a concentration of 100 mM in either acetonitrile or 9:1
acetonitrile:DMF and were coupled using 5-Ethylthio-1H-tetrazole (ETT, 0.25 M in acetonitrile) with
a reaction time of 400 s. Phosphorothioate linkages were generated using a 100 mM solution of 3-
((Dimethylamino-methylidene) amino)-3H-1,2,4-dithiazole-3-thione (DDTT, obtained from
Chemgenes (Wilmington, MA, USA)) in anhydrous acetonitrile/pyridine (9:1 v/v). Oxidation time
was 5 minutes. All sequences were synthesized with final removal of the DMT group (“DMT-Off”).

Upon completion of the solid phase synthesis, solid-supported oligoribonucleotides were
treated with 300 uL of Methylamine (40% aqueous) at room temperature in 96 well plates for
approximately 2 hours to afford cleavage from the solid support and subsequent removal of all
additional base-labile protecting groups. For sequences containing any natural ribonucleotide linkages

(2’-OH) protected with a tert-butyl dimethyl silyl (TBDMS) group, a second deprotection step was
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performed using TEA.3HF (triethylamine trihydrofluoride). To each oligonucleotide solution in
aqueous methylamine was added 200 pL of dimethyl sulfoxide (DMSO) and 300 uL TEA.3HF and
the solution was incubated for approximately 30 mins at 60 °C. After incubation, the plate was
allowed to come to room temperature and crude oligonucleotides were precipitated by the addition of
1 mL of 9:1 acetontrile:ethanol or 1:1 ethanol:isopropanol. The plates were then centrifuged at 4 °C
for 45 mins and the supernatant carefully decanted with the aid of a multichannel pipette. The
oligonucleotide pellet was resuspended in 20 mM NaOAc and subsequently desalted using a HiTrap
size exclusion column (5 mL, GE Healthcare) on an Agilent LC system equipped with an
autosampler, UV detector, conductivity meter, and fraction collector. Desalted samples were collected
in 96 well plates and then analyzed by LC-MS and UV spectrometry to confirm identity and quantify
the amount of material, respectively.

Duplexing of single strands was performed on a Tecan liquid handling robot. Sense and
antisense single strands were combined in an equimolar ratio to a final concentration of 10 uM in 1x
PBS in 96 well plates, the plate sealed, incubated at 100 °C for 10 minutes, and subsequently allowed
to return slowly to room temperature over a period of 2-3 hours. The concentration and identity of

each duplex was confirmed and then subsequently utilized for in vitro screening assays.

Table 1. Abbreviations of nucleotide monomers used in nucleic acid sequence representation. It will
be understood that these monomers, when present in an oligonucleotide, are mutually linked by 5'-3'-
phosphodiester bonds; and it is understood that when the nucleotide contains a 2’-fluoro modification,
then the fluoro replaces the hydroxy at that position in the parent nucleotide (i.e., it is a 2’-deoxy-2’-
fluoronucleotide). It is to be further understood that the nucleotide abbreviations in the table omit the

3’-phosphate (i.e., they are 3’-OH) when placed at the 3’-terminal position of an oligonucleotide.

Abbreviation Nucleotide(s)

A Adenosine-3’-phosphate

Ab beta-L-adenosine-3"-phosphate

Abs beta-L-adenosine-3"-phosphorothioate
Af 2’-fluoroadenosine-3’-phosphate

Afs 2’-fluoroadenosine-3’-phosphorothioate
As adenosine-3’-phosphorothioate

C cytidine-3’-phosphate

Cb beta-L-cytidine-3"-phosphate

Cbs beta-L-cytidine-3'-phosphorothioate

Cf 2’-fluorocytidine-3’-phosphate

Cfs 2’ -fluorocytidine-3’-phosphorothioate
Cs cytidine-3’-phosphorothioate

G guanosine-3’-phosphate

Gb beta-L-guanosine-3"-phosphate

Gbs beta-L-guanosine-3"-phosphorothioate
Gf 2’-fluoroguanosine-3’-phosphate

Gfs 2’-fluoroguanosine-3’-phosphorothioate

120



WO 2023/076451 PCT/US2022/047987
Abbreviation Nucleotide(s)
Gs guanosine-3’-phosphorothioate
T 5’-methyluridine-3’-phosphate
Tf 2’-fluoro-5-methyluridine-3’-phosphate
Tfs 2’-fluoro-5-methyluridine-3’-phosphorothioate
Ts 5-methyluridine-3’-phosphorothioate
U Uridine-3’-phosphate
Uf 2’-fluorouridine-3’-phosphate
Ufs 2’-fluorouridine -3’ -phosphorothioate
Us uridine -3’-phosphorothioate
N any nucleotide, modified or unmodified
a 2'-O-methyladenosine-3’-phosphate
as 2'-0O-methyladenosine-3’- phosphorothioate
c 2'-O-methylcytidine-3’-phosphate
cs 2'-0-methylcytidine-3’- phosphorothioate
g 2'-O-methylguanosine-3’-phosphate
gs 2'-O-methylguanosine-3’- phosphorothioate
t 2’-O-methyl-5-methyluridine-3’-phosphate
ts 2’-O-methyl-5-methyluridine-3’-phosphorothioate
u 2'-O-methyluridine-3’-phosphate
us 2'-O-methyluridine-3’ -phosphorothioate
S phosphorothioate linkage
L96 N-[tris(GalNAc-alkyl)-amidodecanoyl)]-4-hydroxyprolinol

(Hyp-(GalNAc-alkyl)3)

(25,4R)-1-[29-[[2-(acetylamino)-2-deoxy-p-D-galactopyranosyl]oxy]-14,14-
bis[[3-[[3-[[5-[[2-(acetylamino)-2-deoxy-p-D-galactopyranosyl]oxy]-1-

oxopentyl]Jamino]propylJamino]-3-oxopropoxy]methyl]-1,12,19,25-tetraoxo-
16-oxa-13,20,24-triazanonacos-1-yl]-4-hydroxy-2-hydroxymethylpyrrolidine

HO
G H H
HO O\/\/\H/NWN\/O
AcHN 4 HO,
OH Ly
HO 0 w0
0 H
i § L
HO o\/\/\I{N\/\VN I/\,o R N
AcHN 5 5 o 0
no OH
0
HO OWTNMNAO
AcHN oM H
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Abbreviation Nucleotide(s)

ulL96 2'-O-methyluridine-3'-phosphate ((25,4R)-1-[29-[[2-(acetylamino)-2-
deoxy-B-D-galactopyranosyl]oxy]-14,14-bis[[3-[[3-[[5-[[2-
(acetylamino)-2-deoxy-B-D-galactopyranosyl]oxy]-1-
oxopentyl]Jamino]propyl]amino]-3-oxopropoxy]methyl]-1,12,19,25-
tetraoxo-16-oxa-13,20,24-triazanonacos- 1-yl]-4-hydroxy-2-
pyrrolidinyl)methyl ester

v
H

Y34 2-hydroxymethyl-tetrahydrofurane-4-methoxy-3-phosphate (abasic 2'-OMe
furanose)

N
HO-P=0

Y44 inverted abasic DNA (2-hydroxymethyl-tetrahydrofurane-5-phosphate)
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Abbreviation Nucleotide(s)
L10 N-(cholesterylcarboxamidocaproyl)-4-hydroxyprolinol (Hyp-C6-Chol)
(Agn) Adenosine-glycol nucleic acid (GNA) S-Isomer
(Cgn) Cytidine-glycol nucleic acid (GNA) S-Isomer
(Ggn) Guanosine-glycol nucleic acid (GNA) S-Isomer
(Tgn) Thymidine-glycol nucleic acid (GNA) S-Isomer
P Phosphate
VP Vinyl-phosphonate
dA 2"-deoxyadenosine-3"-phosphate
dAs 2"-deoxyadenosine-3"-phosphorothioate
dC 2"-deoxycytidine-3"-phosphate
dCs 2" -deoxycytidine-3"-phosphorothioate
dG 2"-deoxyguanosine-3"-phosphate
dGs 2"-deoxyguanosine-3"-phosphorothioate
dT 2"-deoxythymidine-3"-phosphate
dTs 2" -deoxythymidine-3"-phosphorothioate
dU 2" -deoxyuridine
dUs 2" -deoxyuridine-3"-phosphorothioate
(C2p) cytidine-2"-phosphate
(G2p) guanosine-2" -phosphate
(U2p) uridine-2"-phosphate
(A2p) adenosine-2"-phosphate
(Ahd) 2'-O-hexadecyl-adenosine-3'-phosphate
(Ahds) 2'-O-hexadecyl-adenosine-3'-phosphorothioate
(Chd) 2'-O-hexadecyl-cytidine-3'-phosphate
(Chds) 2'-0-hexadecyl-cytidine-3'-phosphorothioate
(Ghd) 2'-O-hexadecyl-guanosine-3'-phosphate
(Ghds) 2'-0-hexadecyl-guanosine-3'-phosphorothioate
(Uhd) 2'-O-hexadecyl-uridine-3'-phosphate
(Uhds) 2'-O-hexadecyl-uridine-3'-phosphorothioate
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£96-1v6 | VNODVOIOVIOVIONVIODNVONIV £€96-¢76 | NDVONVOHODNVOVAIDNODDNDD | €C0STLI-AV
2967076 | DVNDOHVIIVIDVNINVIILVOLY 0967C¥6 | NVONVOHDNVOVNIOIDNDDNIDV | CTTOSTLI-AV
196766 | VOVNDOHVIIVIOHVNINVIONVOHV 196-1+6 | NDNVODHNVOHVNOIODNDODNIDVN | [TOSTLI-AV
096-8¢6 | NVOVNDDHVIOVODVNILVOONVY 096-0v6 | NNVODNVOVNOIODNDDNIIVND | 0TOSTLI-AV
656-L£6 | DNVOVNDOHVIOVIDVNONVIILY 656-6£6 | NVODNVOVNIONDDNDOVAIN | 610SCLI-AV
866-9¢6 | NODNVOVNDOHVIOVIDHVIILVIIV 866-8¢6 | NDODNVOHVNIDNDOHNIIVIODNY | 8TOSTLI-AV
LS6°S€6 | NNDNVOVNDOHVIOVIDVNDINVIV LS6-LE6 | NDNVOVNOIODNOHDNIDIVAINVD | LIOSTLI-AV
C66-eL6 | VONNDNVOHVNDOVIOVIDVIDLY §66-6€6 | NVOHVNIDNODDNDIOVAINVIVY | ST0SCLI-AV
€66-1¢6 | DNVOINNDNVOVILODOVIIVIDVLY £€56-¢€6 | NVNIDNDODNDOVNINVOVVON | €T0STLI-AV
PP6-CC6 | VVDNOIIDHVOHDNVINNDLVOVNOV PP6-+C6 | NOVNINVIVVONVIONIDODVD | $00STLI-AV
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SOTT-€80T | NNNVVVIIIVDLNNDVOVOVILY SOTT-S801 | NVDNONDHNOVVVOINDODNNNY | STISTLI-AV
€0TT-180T | DNNNNVVVIIIVONNNIVIVOVY €0TT-€80T [ NNDNDNDOVVVIONDODDNNNVVY | €CISTLI-AV
CO1T-0801 | ODHNNNNVVVIOIVONNLIVOVDY C0IT1-2801 | NONDNDVVVINDODNNNVVYVY | TTISTLI-AV
9C01-ve01 | VAVIIVOVONNDIDDNNDNVIVIV 9601-9¢01 | NDNVAVDVVIODDVVYOHNDNODN | 9605CLI-AV
GSOT-€€0T | VVAVOIVOVONLIDDNLOLVNAVY SS0T-S€01 | NNVAVOVYIIDHVYVDNODNDODNV | S60STLI-AV
¢C0T-0€01 | NNDOVVAVIOVOIVINNDIODLNDLY ¢0T-2€01 | NVOHVVIIHDHVVODHNONDONVIND | T60STLI-AV
8Y01-920T | VOODNNDVVNVIIVIOVINLIDDV 8%01-8¢0T | NDDOVVONDNDONVNINDVVYID | 880STLI-AV
eP01-TCOT | DNNDDVIIDNNIVVAVIIVIVOV £¥01-€201 | NONONOONVNANDOVVIODNDDHV | €80STLI-AV
¢v01-0¢01 | NONNDDVIIDNLIOVVIVIIVOVY TrO1-CC01 | NNDNODONVNNDVVIDDNDDOVY | C80SCLI-AV
0¥0T-8T0T | VONINNDIIOVIODDNNODOVVNIVIOVY 0v01-020T | NNOONVNNDOVVIDDNDOVVOV | 080STLI-AV
6€01-LT0T |  VVININNIDVIODNNDVVIVIOV 6€01-6101 | NDONVNNDVVYIDONDOVVOVD | 6L0SCLI-AV
SEOI-€10T | VVANVVOININNDIIVIOIDNLOVVY SE0T1-C10T | NNNDVVOODDHNDOVVOVONNVY | CLOSTLI-AV
$e0I-¢101 | DVVNNVVINONLIOVIIDLNOVY PEOI-v101 | NNOVVIDDNDOVVOVONNVV | vLOSTLI-AV
9201-+00T | DVNOVONNDVVINVVIIDLNDDV 9201-9001 | NDOHVVOHVONNVVNINIVVOIONDY | 9906CLI-AV
CTOT-0001T | DVOVOVNIVONLOVVNALVVINIV ¢201-2¢001 | NOVOHNNVVNINIVVOINDVNAIND | T90STLI-AV
1201-666 | NDOVOVOVNADVOLADVVILNVVILV 120T-1001 | NVONNVVANDVVINOVAINDN | 190SCLI-AV
0201-866 | NNDOVOVOVNIVONNDVVNLVVIV 02T0T1-000T | NDNANVVNNDVVINOVNONDND | 090STLI-AV
6101-L66 | NNNDVIVOVNOVONNDOVVINVVY 6101-666 | NNNVVNNIVVINOVNINDNDV | 6S0STLI-AV
8101-966 | NNNNDVIVOVNOVONNODVVINVY 8101-866 | NNVVNNOVVINDVNIDNDNDVY | 8SOSTLI-AV
L101-S66 | NNNNNDVIVOVIOVONLOVVLV LT101-L66 | NVVNNDVVINDVNINDNDVVY | LSOSTLI-AV
9101-¥66 | DNNNNNDVOVOVNOIVOLNOVVILY 9101-966 | NVNNIVVOINDVAINDNOVVVYV | 9S0STLI-AV
CT0T-€66 | DONNNNNDVOVOVNIVONLOVVY CT0T-S66 | NNNDOVVINOVIDNDNDVVVVY | CCOSTLI-AV
Y101-266 | ODOHNNNNNDVIVDOVNIVOHLNOVY YI01-766 | NNDOVVONDVADINDNDOVVVVVD | $S0SCLI-AV
€101-166 | NDDOHNNNNNDVIOVOHVIOVOHNNDY €101-€66 | NOVVONDVNAINDNDVVVVVID | €50SCLI-AV
C101-066 | ONOODDNNNNNDVOVOVIOVONLY CI01-C66 | NVVONDVNINDNDVVVVVIID | TCOSTLI-AV
1101-686 | DONOODOHNNNNNDVIVOVNIIVOLY IT01-T66 | NVINDOVNINDNDVVVVVIODV | TS0STLI-AV
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€O6LTI-TILIT | DVVINNIVONDIIONDHVILNDNDDOV €6L1-CLIT | NDOVOVVNIOVODDVOINDVYDN | CTITSTLI-AV
COIT-0LIT | NDOVVOINNOVONIIINOVNLONDV COLT-CLIT | NOVIVVNIVODOVONOVVONN | TITETLI-AV
6811-L91T | NODNNDVVOINNIVONIIDNOVNLY 6811-6911 | NVVNOVODOHVINDVVOHNNDVY | 80TCTLI-AV
L8IT-C9TT | DDNDNNDOVVOINLOVONIIINDVYV LTT-L911 | NNDVOHDHVONDVVDNNDVVIV | 90CSCLI-AV
981T-¥911 | NDOHNDNNIVVILNOVOHLIODNDV 9811-9911 | NOVDODOHVINDHVVDNNDVYIVD | €0CSCLI-AV
C8IT-€91T | DNHOHNDHNNDOVVINNIVONIIILY S8IT-COTT | NVODDHVOINDVVONNDVVIVID | POTCTLI-AV
P8IT-CO1T | NDONDHOHNOHNNDVVINNDIVOLIDIV PRIT-$911 | NDODVONDVVONNDVVIVIIV | €0TCTLI-AV
C8IT-0911 | DONNONHDNDNNDVVINLOVONIIV CBIT-COIT | NOVONDVVOHNNDOVVIVIOVDOV | T0TSCLI-AV
18TI-651T | VONNDNOHDNDNILOVVILAOVOLY I8TT-1911 | NVINDVVONNDVVIVIOVOVY | 00CSCLI-aV
081T-8S1T | NVINNDNOHONDHLNADVVINLOVOV 081T-091T | NDONOVVODNNDVVIVIIVOVVD | 661SCLI-AV
6LTT-LSTT | VAVINNDNODHOHNDHNNIVVILNDOVY 6LIT-6STT | NNOVVOHNNDVVIVIIVOVVYDI | 8616CLI-AV
LIT-9CIT | VVAVONNONHODLONNOVVINNOIV SLIT-8CTT | NDVVONNDVVOIVIIVOVVDNV | L6ISTLI-AV
LLIT-SSTT | NVVAVONNDNOHODNDNNOVVINLV LLTT-LSTT | AVVDNANDVVIOVOIOVOVVYDNVA [ 9615TLI-AV
OLTT-$STT | NNVVAVINNONDONDNLOVVILY 9LTT-9CTT | NVDNNDVVIVIIVOVVONVNIN | S61STLI-AV
SLIT-€CTT | DNNVVAVINNDLODNDINDVVIV SLIT-SSTT | NODNNDVVIVIOVOVVONVANY | P6ISTLI-AV
PLIT-CSTT | VONNVVAVINNOINOODNDNLOVVY VLIT-PSIT | NNNDVVIVIOVOVVODNAVANVY | €61SCLI-AV
CLTT-ICTT | NVONNVVNVINLONDODLOLNIOVY ELTT-ESTT [ NNOVVIVIIVOVVONVNNVVD | T6ISTLI-AV
CLIT-0STT | NNVONNVVNVILADNOONODNNDV CLIT-CSTT | NDVVOVIIVOVVONVANVVIN | T616CLI-AV
ILTT-6¥1T | NNNAVONNVVAVINNONDODLONLY ILTT-TSTT | NVVOVIDVOVVONVANVVINY | 061SCLI-AV
OLTT-8PIT | DNNAVONNVVAVINNILODNDLY OLIT-0STT | NVOVOOVOVVODAVANVVINVY | 68ISCLI-AV
LOTT-SPIT | NNVONNNVONNVVAVILNINDOV LOTT-LYIT | NOOVOVVONVANVVOINVVVYDN [ 981STLI-AV
COTT-¢rIT | VONNVINNNVOLAVVAVILNDLY SOTT-SPIT | NVOVVONVNANVVINVVVONVY | $8ICTLI-AV
6CIT-LITT | VNNVIODNINDOVIIIVOHLOINNDV 6€I1-6111 | NDVVODOVONDOHDNIOVOVIDNY | 6S16CLI-AV
ETT-9TIT | DVNNVODNONDVIIIVOHNDONLY 8ETT-8ITT | NVVDOIVONDDDNDOVOVIDNVY | 8CISTLI-AV
LETT-CTIT | NOVNNVIDNONDHVIIIVOLOOLY LETT-LTIT | NVOOVONDDODNOVOVODNVV | LEISTLI-AV
OCTT-+ITT | DNIOVNNVIOHNDILOVIIIOVDNDOV 9¢TT-9T1T | NDOVONDOHDNIOVOVIDNVVND | 9C16TLI-AV
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LOVT-CET | DNDDNVVAVOVIINVIVOVNIVOV LOPI-L8ET | NDNVNADINODNVOODNINVANVDD | $OYSTLI-AV
90¥1-+8€T | DDNIDNVVNVOVIINVIVOVNVY 90¥1-98¢T | NOVNINDNAVODNDNVANVODY | €OvSTLI-AV
SOPI-€8ET | DIDNIINVVNVOVIINVIVOVLY SOPI-C8ET | NVNINDNVOODNONVNINVOOVD | TOPSTLI-AV
00vI-8LET | DODNNDIDNIDLVVAVOVIINVY 00r1-08€T | NNVOODNINVNNVODOVODDVVYD | L6ESTLI-AV
18€1-65¢T | VVIIDHNNDONVDOOHNNLNLODDV 18CT-19¢T | NDDDOVVVVVODINVOOVVODD | 8LESTLI-AV
08¢T-8S¢T | NVVDIOHNNIINVOIONLNLNADDV 08¢T-09¢T | NDOVVVVVIDONVODVVOIDODN | LLESTLI-AV
6LET-LSET | DNAVVIOOHNNDDLVOIDLININNDY 6LE1-65€T | NOVVVVVIDINVDOVVIODDNN | 9LECTLI-AV
ISET-6¢E1 | VONVVINVONILVODIDILOVVY ISET-1eCT | NNNDVDOHOHOONVOVONVONNY | 8PESTLI-AV
0S€1-8¢el | DVHNVVONVINOINVODIIOONDHVY 0se1-0eel | NNOVOODDIONVOVONVONNVD | LPESTLI-AV
BPEI-9CET | DVIVONVVINVININVDOIIILY 8PEI-8CET | NVODDDOONVOVONVOHNNVIOND | SPECTLI-AV
LYE1-CTET | NDVIVOHNVYINVININVOHOIIDOV LyeT-LTeT | NDDOOONVOVONVONNVONDN | $PECTLI-AV
6LCI-LIET | NDODNNVVNDVIOVONVVILVOLV 6CCI-61E1 | NVONVONNVINDNDVANVVID | 9€ECTLI-AV
LECT-CTET | DONDODONNVVNDVIVOLVVINVV LECT-LIET | NAVONNVINDNDVNANVVIIODV | PeesTLI-AV
9ccT-vICT | DOONDODNNVVIOVIOVONVVILY 9¢cT-9T¢cT | NVONNVONDNOVANVVIIOIVD | €eeCTLI-av
CIET-€6CT | NVIINVVIODNDLNDNVIDIDIODOV SIET-S6CT | NDOODODHONAVIVVIVIDNNVOD | TEESTLI-AV
YIEI-C6C] | DNVOONVVIDHNDNNDNVIIIDIV YIET-Y6CI | NDOODODDNVIVVIVODNANVODN | T€ESCLI-AV
CIET-16¢T | VONVOINVVIDLONNDLVYIIIDV €IeT-e6cl | NDODDNVIOVVOIVIDNNVIODNY | 0LeCTLI-AV
CIET-06C1 | DVINVIONVVOONDHNNDNVIIIV CIel-t6Cl | NODODNVIVVOVIDNNVIONVD | 6TECTLI-AV
T1€1-68C1 | NOVINVIONVVIONDNLOLVIIV TT€T-T6CT | NODNVIVVIVIDNNVODNVDN | 8TECTLI-AV
01€1-88C1 | DNHVINVIINVVIDNDLNDNVIV 01€1-06C1 | NDAVIOVVIOVODNNVODNVOND | LCESTLI-AV
8CCI-90¢T | NDODNIVIOVNDLODNVONVINIV 8CCI-80CT | NDVDNVOHNVIODHVOVNDNODOVID | LPCSTLI-AV
9CCI-¥0CT | HODNIOIODNDVIVIDNIDLVINVIV 9TC1-90C1 | NONAVONVOIDVIVNODNDVIDDV | SHTeTLI-AV
¢TeI-€0CT | VODNDOHNIVIVNODNIDNVINVY STCI-S0CT | NNAVONVIDVOVNDNDVIODDVD | $PCSTLI-AV
YCCI-¢0C1 | DOVODHNIOOODNOVIOVNDNIDLVILY YCCI-vOCI | NVDAVIDVOVNDNDOVIDDVID | €¥CSTLI-AV
L6TT-SLIT | NNOVHNIOONOHVNNDNODDLNADLY LOTT-LLTT | NVDVVIIVIOVVNIVODOHVOND | 91TCCLI-AV
9611-+LIT | DNNOVOHNIIDNOHVNNDLODNNDV 9611-9L1T | NDVVIOVOVVNOVODDVONDY | SITCTLI-AV
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CovI-0LY1 | NVONOODNNDNAVIVIOVVONLIOVY COVI-CLYT | NNDOVVVINNDNDNVIVVIDVD | 69vSCLI-AV
06v1-89¥1 | DNNVINOIDNNDILVIOVOVVONNLY 06v1-0LYT | NVVVINNDNONVOVVIODVDNY | LOPSTLI-AV
88YI-99¢v1 | DNOHNNVINIONLONVIVIVVDLY 88P1-89%1 | NVONNDNDNVOIVVIDVONVVD | SOPSTLI-AV
L8YT-CO7T | NDNDNNVINIDILNDNAVIVIVVOV LY1-L9¥] | NONNDNADAVIVVIDVONVVIV | voySTLI-AV
98YI-v9¥1 | NNONDNNVONIDNNDNVIVIVVYV 98 1-99¥1 | NNNDNDNVIVVIDVDAVVOVD | €99SCLI-AV
C8PI-cOYT | NNNDNONNVOINIDNNDILVIVIVY S8PI-CO¥1 | NNODNDNVIVVIDVDNVVIVOV | TOPCTLI-AV
€8YI-19v1 | NDNNNINONNVINIDNLOLVIVY €8P1-€9%1 | NNDNVOVVIDVONVVIVOVVYV | 099STLI-AV
08¥I-8S¥1 | DOOHNNDNNNDNDLAVINIDILNDLY 08Y1-09%1 | NVOVVIDVDNVVIOVOVVVOVY | LSYSTLI-AV
6LYVI-LSYT | VODNNDNNNDONDNNVILODNNDV 6LV1-65Y1 | NOVVODVODNVVIVDVVVDVVD | 96pSCLI-aVv
LLYT-CSPT | DVVDOHNNINNNDNDNNVILIDLY LLYT-LSPT | NVODVONVVIOVOVVVOVVIODN | $SPeTLI-AV
OLYI-¥SPT | DOHVVOHONNDNNLONDNLVINIDV 9LP1-96FT | NDDVDNVVIVOVVVOVVIDNN | €SPSTLI-AV
CLYT-0SYT | VVVIDDVVODNLONNNDNDNNVY TLYI-CSYT | NNVVOVODVVYVOVVIINNIODDN | 6¥PSTLI-AV
YOYI-¢hyl | NVONNVIDVVVIIDHVVDDLNADLY YOVI-v¥¥1 | NVODVVOONNODDNNNIODNVVD | I¥PSTLI-AV
€OPI-1vv1 | DNAVONNVOIDVVVIIDVVOHDNNDV €OPI-CPP1 | NOVVIINNDIDOHNNNDONVVYIN | OFPSTLI-AV
OvI-0¥71 | NDNVODNNVIODVVVIDDVVODNLY COPI-TrP1 | NVVIDNNODDONNNIDDNVVYINY | 6¢vSTLI-AV
eSYI-Tevl | NDOHNNDVONNDILVONNVIDVVYVY eSrI-cevl | NNNNDDNAVVOINVIOVVONDVVYD | 0evSTLI-AV
CerI-0erl | NNOONNOVINNDNVONLYIDVVY CSrI-cerl | NNNDODNVVINVIOVVONDVVID | 6THSTLI-AV
1ev1-62v1 | DNNDODNNIVINLONVOILNVIOVY ISPI-TerT | NNDDNVVONVIVVDNDVVIOV | 8THSTLI-AV
0SvI-82r1 | VONNDHNNDOVOLNONVONLYIDV 0Sv1-0cvT | NODNVVINVIVVONDVVIIVY | LTPSTLI-AV
YIvI-cot]l | NVDVIINVIVOVNVIVOVVVIIV vIvI-v6cl | NDONNNDONONVAINDNVODND | TIYSTLI-AV
CIPI-16€T | VAVOVIINVOVOVNVIVOVVVOV €IvI-c6€l | NONNNDNODNVAINDNAVODNIN | OTPSTLI-AV
CIYI-06€T | VVNVOVOINVIVOVNVIVIVVVY CIvI-cocl | NNNNODNDAVAINDNVODNDNY | 60vSTLI-AV
TIYT-68€T | NVVNAVOVIINVOVOVNVIVOVVY ITPI-T6€T | NNNDNDNAVNINDNVODNINVN | 80YSTLI-AV
O0IYI-88¢1 | DAVVAVOVIINVOVOHVILVIOVOVY 01v1-06£1 | NNONDNVAOINDAVODNONVAN | LOYSTLI-AV
60¥1-L8ET | DONVVNVOVIILVIVOVNVOVOV 60¥1-68¢1 | NDNDNVNINONVIONINVANY | 90vSTLI-AV
80PI-98¢T | NODNVVNVOVIDNVIOVOVILVIVY 80P1-88CT | NNODNVNOINDNVODNINVNINVD | SOPSTLI-AV
owm VOLLIONIN | ¢ 3 ¢ aouamiag pung suospuy owm VOLIWIN | o) g anumbag puengosog | 2N

131



PCT/US2022/047987

WO 2023/076451

1291-66S1 | NDHNNDONNDONVIIDNIDIODDNLY 129T-T091 | NVVDIIDHOHVODDNVIIVVIDVY | 865SCLI-AV
9I91-v6ST | VVNDDNONNIDILNDODNVIIDNOV 9191-96S1 | NDVOIODDNVIOVVIDVVIVIIV | €666CLI-AV
SI9T-€6ST | NVVNODHONONNDONNDDILVIOIDLY SI9T-G6ST [ NVODDNVIIVVOIDVVIOVIOVN | T6SSTLI-AV
YI91-C6ST | DNVVNOHOHNHNNDOHNNDDNVIOIDV PI9T-¥6ST | NODONAVIIVVIDVVOVIOVIN | 166STLI-AV
c€I91-16ST | DONVVNDDHNDHNLODNNDDLVIOV E€191-¢6ST | NODNAVOIOVVIDVVIOVIIVANY | 06SSTLI-AV
T191-68ST | NHDOHONVVNODNDNNDIDLNDONVY TI91-T6ST | NNVOOVVIDVVOVIIVINVOD | 88CCTLI-AV
0T191-88CT | VNOODONVVNOOHLONNDIDNLODLY 0191-068T | NVIOVVIDVVIVOOVANVOID | LBSSTLI-AV
8091-98CT | DOVNODHONVVNDHDNDNLIDNNDV 8091-88ST | NOVVIDVVOVIOVINVOIIVN | SBSSTLI-AV
SO91-€8CT | NNDOOOVNDOHONVVIDDLOLNDODY SO091-68ST | NOODVVIVOIOVNNVOIOVNDDD | TSSTLI-AV
€091-18ST | DONNDOOVNOHDINVVNODDLONLY €09T-€8ST [ NVVIVIOVNNVOIOVNDDOHVV | 08SCTLI-AV
18ST-6SST | VOVIODNVIOVVVIIILNDNDLY I8CT-T9ST | NVOVIVVDOHONNNODONVIODN | 8SCCTLI-AV
6LST-LSST | VDVIVODIDNVIIVVVIIILNDLY 6LS1-655T | NVOVVDODHNNNDDNVIDONDN | 96SSTLI-AV
CLST-ESST | NOVOVOHVIOVIIDNVIOVVVIIDV SLST-SSST | NDOHDHNNNODDAVIODNDNINDN | TESSTLI-AV
TLST-6¥ST | VOVOINIVOVOVIVIODLVOOVVYV TLST-TSST | NNNDHDNVIDONDNDNDNOVON | 8¥SCTLI-AV
8GST-9¢CT | NVINNNDDHDNIVHVOHVINIVOVY 8CST-8EST | NNONOHVONINDNDVIODVVVD | SECCTLI-AV
LECT-CEST | DNVINNNDDONDOVOHVOHVILOVOV LSST-LEST | NONDVONININDOVIDDVVVYDN | $ECSTLI-AV
90ST-¥8¥1 | VVDNNNIVONNIONVAVIINNLY 90€1-98¥1 | NVVVODNVNVODVVINDVVVYD | €8YSTLI-AV
COST-€8YT | DVVOHNNNDVONLIDNVIVIONLY SOST-C8%T | NVVODNVNVODOVVINOVVVIN | T8YSTLI-AV
YOST-C8¥1 | VOVVONNNOVOINDONVAVIILY YOST-¥8Y1 | NVODNVAVOOVVONDVVYVINN | I8YSTLI-AV
10ST-6L71 | NVOVOVVONNNDVONNIILVAVY T10ST-18¥1 | NAVAVDOHVVYINDVVVONNDND | 8LYSTLI-AV
00ST-8L¥1 | DNVOVOVVONNLOVONLIDNVLY 00ST-08v1 | NVAVODVVINODVVVONNDNDN | LLYSTLI-AV
66¥1-LLYT | NDNAVIVIVVONLNDVOLNIINVY 66¥1-6L71 | NOVOOVVINOVVVINNDNDNY | 9LYSTLI-AV
L6¥1-CLYT | DNNDAVIVOVVOHNNNDIVDILNDDV L6VI-LLYT | NDOVVONDVVVOINNDNODNVIV | PLYSTLI-AV
96vI-vLY] | DDNNDNVOVIVVOHNNNDIVONNIV 96V 1-9L¥1 | NDVVONDVVVIONNDNDNVOVY | €LySTLI-AV
Sovl-cLvT | NOONNDNVIVOVVONNLOVONLY S6YI-CLYT | NVVONDVVVINNDNDNVOIVVD | TLYSTLI-AV
€ovI-1LvT | VONOODNNDNVIVIOVVOLNLOVOV €OVI-CLYT | NONDVVVINNDNDNVIVVIOV | OLYSTLI-AV
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6S81-L£8] | VONNVVVVAVILOVAVONDOVVV 6581-6€81 | NNNDIVONVADIVONVANNNVY | TLLSTLI-AV
8G8T-9¢8T | DVINNVVVVNVINDHVNAVILIIVY 8C8T-8E8T | NNODOVONVNAIVONVANNNVVD | TLLSTLI-AV
9681-¥€81 | VODVIONNVVVVLVINOVNIVINDV 9¢81-9¢81 | NOVOHNVADIVONVNNNNVVOND | 69LSTLI-AV
GE8I-€€8 | VVODDVINNVVVVNVINDVIVILVY S681-CE8T | NVODHNVADVOHNVANNNVVONID | 89LSTLI-AV
PE8I-CE81 | NVVODVINNVVVVAVOLOVIVIV PE8I-v€81 | NDNVADVONVNNNNAVYODNION | LOLSTLI-AV
€68T-1€81 | NNVVODVONNVVVVAVONDVNIVY €68T-€€8T [ NNVNIVONVNNNNVVONIONN | 99LETLI-AV
CE8I-0€81 | DNNVVDDHVINNVVVVNVILOVLY C¢E81-¢E81 | NVNDIVONVNNNNVVONIONNY | SOLETLI-AV
1€81-6¢81 | DONNVVDOHVINLVVVVLVONDVY 168T-1€81 | NNDVONVANNNVVONIINNVY | YILSTLI-AV
0681-8¢81 | NOONNVVOHOVIOLAVVVVNVINDY 0681-0€81 | NOVONVANNNVVDAIINNVVD | €9L5CLI-AV
6¥81-LC8T | DNIINNVVOOVINNVVVVILVOLY 6¥81-6C81 | NVONVNNNNVVONIINNVVDD | TOLETLI-AV
8Y8I-9T8T | DHNIDNNVVOOVIONNVVVVNIVIV 8%81-8¢8T | NONVNNNNVVONIDNNVVODV | T9LSTLI-AV
LYBT1-CC8T | NOODNIOONNVVOOHVINNVVVVIVV LY8I-LT8T | NAVANNNVVODNIONNVVODVD [ 09L5TLI-AV
9P81-+C81 | NNIDNIDNNVVOIVINLVVVVILY 9Y81-9¢81 | NVNNNNVVONIDNNVVODVID | 6SLSCLI-AV
PP8I-CC8T | NONNDODNIDNNVVODVINLVVVY PPI-¥C81 | NNNNVVONIINNVVODVIOVY | LELETLI-AV
eP8I-1281 | NNONNIONIONLVVDOHVILAVVY €P81-€C8T | NNNVVDNIINNVVDOVIDVVD | 9SLSTLI-AV
I8LT-65L1 I2NNOHOIINDOHVIINDLVIINLY I8LT-T9LT | NVVOVNAVOVDDNIOVODDODV | LILSTLI-AV
08LT-8SLT | NDNNDDIIONDOHVIONINVNIDILY 08LT-09LT | NVOVNVOVODNIOVODDIDVY | 9ILSTLI-AV
TILT-6891 | VODVINDNIDHNIDNDNVVIVVVY TTLT-T6ST | NANNDNNVIVODVIDVOVOND | L99STLI-AV
1691-6991 | VOVOIOVOVOVILOVNDOVVVIVIV 1691-1L91 | NONDNANNDVNDVONINDNODN | LY9STLI-AV
0691-8991 | DVOVIIVOIVOVINIVNIDVVVIVY 0691-0L91 | NNONNNDOVNAODVONDNODNDOND | 9¥9SCLI-AV
6891-L991 | DDVOVIIVOVOHVONIVIOVVVOV 6891-6991 | NDNNNDOVNODVOHNONDNDONDN | SPISTLI-AV
8891-999T | DIDVOIVIOVOVHVINIVNODOVVVY 8891-8991 | NNNNDOVNOHVONOINDNDONDND | PPISTLI-AV
L891-6991 | DIDDDVIVIOVIOVOHVINIVIOVVV L891-L991 | NNNDVNODVDHNDINDNODNDNDD | €¥9STLI-AV
8C91-9091 | NDHOHNVIIDHNIOIODODNNDLVOVOLY 8791-8091 | NVINONVOVVIDDOHVIDDNVD | SO9STLI-AV
LT91-609T | NNDOHNVIODDNOIDDNNDNVOVOHV LTOT-L09T | NONDNVOVVIODDVODDNVID | $09SCLI-AV
9791-+091 | HNNOHDNVIIDNIIDOHNLILVOVY 9791-9091 | NNDONVOVVIIDOHVIDDNVIIV | €096CLI-AV
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LS61-Se61 | DNNDOVOHINIOHVVVINIIDHVVDOHV LS61-Le61 | NDONNDODOHVOHNNNDIDOVOINIV | 0S8STLI-AV
9¢61-ve6l | NDNNDVOHINIDVVVINIIDHVVOHV 9¢61-9¢61 | NONNDDOVOHNNNIDVOINIVY | 6¥8SCLI-AV
geol-ccol | NNONNDVOINIDVVVILIDDVVY gso1-ce6l [ NNNDODOVOHNNNDIOVOINIVVD | 8F8STLI-AV
esol-1¢ol | DONNOHNNDVOILIDVVVILIDODV £661-cc6l | NDOOHVOHNNNIDVOINIVVIVYV | 9F8CTLI-AV
¢661-0e61 | DOONNDNNDVOHINIODVVVINIIV ¢S61-Ce61 | NDOVOHNNNIDVOONIVVIVVD | SHBCTLI-AV
6¥61-LC61 | DONDIOINNDNNDVOINIDVVVIV 6¥61-6C61 | NDNNNDDVOHONOVVIVVODDV | TH8STLI-AV
8Y61-9¢61 | DDINIIDNNDNLOVOILIDVVVY 8%61-8¢61 | NNNNDDVOINIVVIOVVODOVD | TH8CTLI-AV
LY61-SC61 | NDOHONIIIONNDILNDOVOINIDVVYY LY61-LT61 | NNNDDVOHINIVVIVVODDVDD [ O0V8STLI-AV
6161-L681 | DNDVAVDNODDHONVVVIVHVOHV 6161-6681 | NONDNDNNNVIIIDDVINVID | TERSTLI-AV
8161-9681 | NONDVNVOHNIIDODODNVVVIVOVY 8T61-8681 [ NNINDNNNVIIIDOVINVNIV | TE8CTLI-AV
LT61-6681 | DNDNOVNVOHNDIIDODHNVVVIVOHV LT161-L681 | NDNODNNNVIIIDOVINVNAIVD | 0€8STLI-AV
9161-¥681 | DOHNONDVAVONIIDODDILVVVIVYV 9161-9681 | NNDNNNVIIIDHOHVINVAIVOV | 6¢8SCLI-AV
SI61-€681 | DODNDNOVNVOLIDDOHDNVVVIV ST61-S681 | NOHNNNVIIIDDVINVNOVOVD | 8TBSTLI-AV
LL8T-CS8T | DOVVIDDHOVINVOHNNIDOVINNDOV LL8T-LS8T | NDOVVINIOVVOINVONIIIONN | 06LSTLI-AV
9L81-¥S81 | NODOVVIDHOHVILVONNIDVONLY 9L81-9681 | NVVINIOHVVINVYDNIIIONND | 68LSTLI-AV
YL8T-CS8T | VONDOVVOIDHOVONVOLNDDOVOV YL8T-YS8T | NDNDODVVINVONIIIODNNDOV | L8LSTLI-AV
€L8T-168T | NVONDIOVVIDDHVINVONLIDVY €L8T-€C8T [ NNIOVVINVDNIIIDNNDOVD | 98LETLI-AV
CLBT-0S8T | VAVONDIVVIDDHHVINVOLNDDV CL8I-CS8T | NDDHVVINVDNIIIODNNDOVON | S8LETLI-AV
1L8T-6¥81 | DVNVINDOVVIDHOHVILVONNIV TL8T-TS8T | NDVVONVOHNIIDDNNDIVONY | $8LETLI-AV
L98T-CP8T | NVONDHVAVONDIOVVIDDHOVINVYV L981-LY8T | NNVODNIIIDNNDOVONVAIVD | 08LSTLI-AV
9981-+¥81 | VNVINDOVNVINDIOVVIDDDOVOLVY 9981-9¥81 | NVOHNDOIDNNDOVONVNIOIVDN | 6LLSTLI-AV
CO8T-¢¥81 | VVNVINDVNVILOOVVIDDDOVOV SO8T-S¥8T | NDNDIODNNDOVONVNIVONY | 8LLSTLI-AV
$981-C¥81 | VVVNVONDVNAVINDIVVIDDOHVY YO8T1-¥181 | NNDDDDNNODIVONVNIIVONVN | LLLSTLI-AV
€981-1+81 | VVVVNVONDVAVINDIVVIDDHOHV £981-¢v81 | NODDDNNDOVONVNDVONVIN | 9LLSTLI-AV
C981-0¥81 | NVVVVNVONDVILVINDIOVVIDDV C981-¢¥81 | NOODNNDIVONVNIVONVANN | SLLETLI-AV
0981-8¢81 | DNNVVVVNVINDVAVILOOVVIV 0981-0¥81 | NONNDOVONVADVONVANNNY | €LLSTLI-AV
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SLOT-€S0C | DNNIDDNDOVHV.ILONVOLADNNVY SL0T-SS0C | NNVVOVVYINVIVNINDOVODV | 8965CLI-AV
YLOT-CSOT | DONNDDNIDVOHVNONVONLIONLY PLOT-$SO0T | NVVOVVINVOVADNDOVOOVY | L96STLI-AV
1L0T-6Y0T | DVOIDNNDINDOVOVNDNVONLY TL0T-TSOT | NVVINVOVNINDDVODVVODD | $965CLI-AV
0L02-8¥0C | NOVOIINNDINDIVHOHVIDLVDLY 0L0T-0S0C | NVONVIVNINDOHVOHDVYDODN | €96STLI-AV
890C-9+0¢C | VINDVOIINNIINIDVOVILONVY 890C-8Y0C | NNVOVNDNDDVOOVVODOINOIV | 1965CLI-AV
€90T-¢v0C | NDDHVONDHVOHIOLNIDNIIVOVLY €90C-S¥0T | NVNONDHVOHOHVVODINIOVOND | 8S6STLI-AV
$90T-C¥0T | NNDDVINDVOHIONNIDLIDVOVY $90T-¥¥0T | NNONDOVOOHVVODINIVONID | LS6STLI-AV
Ce0C-010T | VONNNDDVOHVIVVVIVOVOVILY TE0C-CI0C | NVDNODNONODNNNDNDNDDVVY | ST6STLI-AV
920¢-¥00C | NDONVNVODHNNNDIDVOVIVVVIVYV 920¢-900C | NNONNNDNDNDDVVVIONVAVD | 6165CLI-AV
€¢0C-100T | DNODHNDONVNAVOLNNDIOVOVIVVY €202-€00T | NNNDNDNIDVVVINVNAVODVD | 9T6STLI-AV
810C-9661 | DDOHVIDNDNIILVAVOLNLIDVY 810C-8661 | NNOOVVVINVNAVODVOVOIDND | TT6STLI-AV
910¢-v661 | DVDHOOHVIDHNDNDONVAVOLNNDV 910¢-9661 | NDVVVONVAVODVIVODNIDDD | 6065CLI-AV
ST10T-€661 | DDVOHDHVIDNDLODNVLVONNLY ST10T-S661 | NVVVINVAVODVYIOVODNOOON | 8065TLI-AV
$10T-C661 | VOOVDOHOVIONDNDONVNAVONLY PI0T-661 | NVVOINVNAVOOVIVOIDNIOIOND | LO6STLI-AV
1861-6S61 | DNNOHVNOHDNOVVIODNIODLNDLY 1861-1961 | NVOVVIODHVIOIDNNDVIOVAIY | $LSTLI-AV
6L61-LS61 | VODNNDOVNODDNDOVVIDDNIODNLY 6L61-6561 | NVVIDVIIDNNDVIOVNAIVVD | TLESTLI-AV
YL61-CS61 | DVVDOVOHDNNDOVNODDNDHVVIDDV PL6T-YS61 | NDIDNNIVOIIVNIVVIINIIN | L98STLI-AV
€L61-166T | DDVVDOHVOHDNNDVNDDHLOVVIDVY €L61-€S61 [ NODNNDOVIOVNIVVIONIONN | 998CTLI-AV
1L6T-6V61 | NDDDVVOHOVODLNDVNDDILOVVY TL6T-TS61 | NANDVIOVNIVVIONIDNNIDD | $98STLI-AV
6961-Lv6] | VONIIDHVVDHOVODHNNDOVNIDDNDV 6961-6v61 | NDOVIIVNIVVIINIINNIODDV | T98CCLI-AV
8961-9v61 | VVONDODVVDOOVOOHNNDVIODLY 8961-8v61 [ NVIIVNOVVIINIINNDDOVD | T198CTLI-AV
co6l-cvol | DOVVVONIIDVVOOHVODNILOVIY S961-Sv61 [ NVNOVVIINIINNODDOVONNN | 8S8CTLI-AV
$961-C¥61 | NDOVVVINIODVVHOVDOHLNOVY Y961-¥¥61 | NNDOVVIODNIDNNDODDVONNND | LE8STLI-AV
€961-1+v61 | DNODVVVINIIHVVOHDVDOHNNDV £961-¢v6l | NOVVIINIONNDDOVONNNDD | 9¢8STLI-AV
2961-0¥61 | DONDDVVVINDIIOHVVODVODNLY ¢961-¢¥61 | NVVIONIONNIODDVONNNIDY | SC8CTLI-AV
1961-6€61 | VDINIDHVVVINIIDVVDOHVODLY 1961-1¥61 | NVOINOONNIDOVONNNIOVD | $E8STLI-AV
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€CCT10¢e | HOHOHNNVNDVVIDNINIIOVINVVY £CCT-¢0CC | NNNVONDHDHVOHVIDNNIVAVVYD [ 9€097LT-AV
10TC-6L1T | NDONDVINIVOOOHVNVIDVOINDV 10CC-181C | NOVODNOODNVNIIONDVONOVD | $c09CLI-AV
00TT-8L1IT | DNIOINIDVINDVOOHDHVNVIODVILY 002C-081C | NVONIOHNVNIOINDOVONDVOHD | €€09CLI-AV
861C-9L1C | VOONDONOVINIVODOHVNVIDVY 861C-8LIC | NNDDAVNAIIINDVONOVOHOVD [ [1€09CLI-AV
961¢-vLIC | NDVOIONIINIVINIVODHOVNVIV 961¢-9L1C | NDNAVNIIONDVOHNDVOHOVODN | 6¢09CLI-AV
YO1T-CLIT | DVADVIINIINOVINIVOHDDVLY YOIT-YLIT | NVNOIOIONDVONDOVOOVODNIV | LTO9CLI-AV
C6IT-0LIT | VVOIVNOVIINIINIVILOVOOHDV COIT-CLIT | NDOONDHVOHNDHVOHDOVODNOVND | STO9TLI-AV
161C-691C | VVVOVNDHVIINIDNIOVINIVOHOV 161C-1L1T | NDOONDVODNDOVHOVODNOVADN | v09CLI-AV
061C-891C | DVVVOVNDHVIILOONIVOLIOVOV 061¢-0L1C | NONDVDHNOHVOHOHYDHDNOVNDNN | €C09CLI-AV
L8IT-COIC | VVODOVVVIVNOVIINIINIVOLVY L8IT-L91T | NVDNDOVOHOVOONOVNODNNNDD | 0T09CLI-AV
C8IC-€91C | DOVVDHVVVIVIOVIILIDNIVY S81¢-691C | NNOHVOHOHVOHODHNOVNODNNNIONN | 8TO9TLI-AV
€8ITI9IC | VDDOVVDDVVVIVIDVIDLIOIDLY €81C-€91C | NVHOHVYHODNOVNONNNIINNDD | 9109CLI-AV
C81C-091T | DVDIIOVVOHHVVVIVIDVIODNIIV ¢81¢-791C | NHHVYHOHNOVNDNNNDONNDDD | ST09CLI-AV
181¢-6S1C | DOVOIOVVDOHVVVIVNOVIDNIV 181T-191T | NDHVDHOHNIVNDNNNIINNDODN | $109CLI-AV
9P1IT-¥CIT | NVONOHNNNDVOHLNDIDINDNVOVOHV 9YIT-9CIT | NONDNVIVDOVVINDVVVOIVD | 6665CLI-AV
OvIC-811IC | DNODHVAVINDILNNDVONLIDLY 0v1C-0CIT | NVODVVINDVVVOIVDNVNIOIDD | €665SCLI-AV
6CIT-LITC | DDHNOOOVNVINDNNNDVOILNIDV 6€IT-611T | NDOVVONDVVVIOVONVNIODDY | T66SCLI-AV
8ETC-911¢C | DHOHNIIOHVNVILONNNIVONNIY 8ETC-811C | NDVVINDHVVVIVONVNOIDDVD | T66STLI-AV
9TIT-+60T | DVONINININVIDVOHNLY.LVODV 9112-960T | NOODNAVNVVINIDNVOVOVOVD | 6865CLI-AV
SIIT-€60C | VOVONINONINVIOVOHLAVAVOV STIT-S60C | NDNVAVVINIDNVOVOVOVDN | 8865CTLI-AV
Y11C-C60T | DVOVININOIONOIOLVIODVONLVNVY PITCT-¥60T | NOVAVVINIDNVOVOVOVOND | L86SCLI-AV
€I1C-160C | DDVOVINININIONVIDVDINVLY €I1C-€60C | NVNAVVINIODNVOVOVOVONDN | 986STLI-AV
CI12-060C | NDDHVIOVONINIDLINVIDVONNVY CITT-260T | NNVVONIDNVOVOVOVONDND | S86STLI-AV
011¢-880C | DODNOHOHVOVONILONDNVIOVODHLY 011¢-060C | NVONIODNVOVOHVOHVDNDNOODV | €86SCLI-AV
Y01C-C80T | NDNNNDIDNIDHVIVINININDLY POIT-¥80T | NVOVOVOVDNDNIOVODOVVY | LL6STLI-AV
101¢-6L0T | NVNNINNNIDDLIDVIVILIONIV 1012-180T | NOVOHVOHNDNIODVOIDOVVVOVY | $L6STLI-AV
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60€¢-L8CC | NOVNDVOINVIOVHVYIDLNALNNDV 60€¢-687C | NOVVVVVOIDNINONVODNOV | T809CLI-AV
80€C-98¢C | DNIOVNDIVIINVOVOVIODNLIANLY 80€C-88CC | NVVVVVODHNINODHNVIONDVND | T809CTLI-AV
LO€T-68TT | DONDVNIVIONVIVOVIDINNLY LOCT-L8TT | NVVVVIDNINDHNVODNDVNDY | 0809CLI-AV
90€C-¥8CC | DDDNDVNIVIILVIVOVOIDNNLY 90€T-98CT | NVVVIDNONDNVOONOHVNOVD | 6L09CLT-AV
CLTT-0SCT | DNNDVODIVVVOLVVODILOVYIIV TLET-TSTe | NODHNNDVYINNVINNNDINDV | $909CL1-AV
1LTC-6¥CT | NDNNDVOIVVVONVVOLIOVVIV TLTT-TSTT | NONNDVVINNVINNNDINOVY | $909CLT-AV
0LTT-8%TT | DNONNDVOIVVVDNVVDNLOVVY 0LTT-06TT | NNNOVVOINNVOINNNDINOVVD | €909CL1-AV
69TC-LYCC | NONDNNDVOIVVVONVVDLNOVY 69CC-6¥CC | NNDVVINNVOINNNDINDVVOV | T909CLI-AV
89CC-9t¢e | NNONONNDVOIVVVDNAVVYDNNOV 89CC-8YCC | NDVVONNVINNNDINOVVOVD [ 1909CL1-AV
L9TT-SYTT | DNNONINNDOVOIVVVOHLVVONLY LOTT-LYTT | NVVINNVINNNOONDOVVOVOV | 0909CL1-AV
99CT-v¥CC | NDNNDNINNDVOIVVVONVVDLY 99CT-9%CT | NVONNVINNNOINDVVOVOVY | 6509CLT-AV
S9CT-£vee | DNDNNDONDNNDVOIVVVDLVVDOHVY S9CT-SYee | NONNVONNNDINDOVVOVOVVD [ 8S09CLI-AV
Y9CC-CP | VONDNNDONDNNIVOIVVVDAVVY YOTC-YYCT | NNNVONNNDINDOVVOVOVVIV | LSO9CLI-AV
€9CC-1vCe | VVODNDNNDNINIOVOIVVVDHNVY €9CC-eYCC | NNVONNNDDNDVVOHVOVVIVD | 9509TLT-AV
°9TT-0¥TT | DVVHNDNNINDLADVOIVVVOLY C9CT-TYTT | NVINNNDONDVVOVOVVIVIN | SS09CLI-AV
19¢C-6£CC | NOVVHNDNNINDNNDVOIVVVDY 19¢C-19CC | NONNNDDNDVVOHVOVVYOIVONN | vSO09CLI-AV
09T¢-8¢TT | VNOVVONDNNOLONNOVIIVVVY 09¢¢-0vCe | NNNNODINDVVOHVOVVOIVONND | €S09CLI-AV
65CT-LETT | NVNOVVDNDNNOININNDVIIVVY 6SCT-6£CT | NNNDONDVVOHVOVVIVINNDY | TSO9TLI-AV
8CCC-9¢CT | ONVNOVVOHNDNLIONINILIOVOIVY 86CC-8ECT | NNODNDVVOHVOHVVIOVINNDOVNA | TSO9TLI-AV
LETC-CECT | VONVNOVVONDLNDNDLADVOIV LSTT-LECT | NDONDVVOVOVVIOVONNDVAV [ 0S09CLI-AV
9STTYECT | VVONVNDVVONDNNINONLOVOV 96CT-9¢CT | NONDVVOHVOHVVOVONNDVAVD | 6¥09CLT-AV
CCTT-€eTT | DVVINVNIVVOHILONNDILOLNIVY SSTT-CETT | NNDVVOHVOHVVOIVINNOVNAVON | 8PO9TLI-AV
6CCT-LOTT | NDHVVIDNDNIDVINVVOHVYIDDOV 6CCT-60CT | NHOHOHNONNVOHNDOVOVOIDNN | THO9TLI-AV
8CCT90¢C | VNDVVIDNINDIVINVVDVIIDV 8CCT-80¢C | NOOHDHNONNVONDOVOVODNND | [Y09CLI-AV
9CCT-¥0CC | NNVNOVVIDNILIDVILVVOVOV 97CT-90CT | NONIDNNVONDOVOHVIDNNOIV | 6£09CLT-AV
$TTT-C0TT | OODNNVADVVIDIONDIOVILVVDV YCCT-0CT | NONNVONDDVOVIDNNIVAVY | LLO9TLI-AV
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CLYT-0SYT | DNVVONNVVINLADNIODVIDILY TLYT-CSYe | NVDODNODVOVVVVIANVYDNN | LOTICLI-AV
1LYC-6vYT | DONVVINNVVNLNNDNIDVIDIV ILYT-TSYT | NDDDNOOVIVVVVANVVONNY | 90T9CLI-AV
89YC-9vYC | DVIOINVVINNVVNNNLOLIDVY 89YT-8YPC | NNDDVOVVVVANVVONNVODD | €0T9TLI-AV
LOYC-SYYC | DOVOIIINVVINLVVANLNDNDOV LOYC-LYYT | NDDVOVVVVANVYDNNVOODN | T0C9CLI-AV
99V C-vrvT ODDVOOONVVILNVVALNLONDV 99YC-9%¥C | NDVOVVVVIANVVONNVDODND | 1029¢LI-AV
8I¥C-96€C | DNNDNVINDONVVVIIIVVVVDHVY 8I¥C-86£C | NONNNNDDONNNVOIVONVOV | T619TLT-AV
OI¥T-+6£C | VODNNINVINIONVVVIIIVVVY 91¥T-96¢T | NNNNODODONNNVODVONVOVYD | 6819CLT-AV
YIve-coetT | NOVODNNDNVILIODNVVYVIIIVY YIve-voecc | NNODODONNNVODVONVOVVION | L8IGCLI-AV
11¥2-68¢C | DNNNOVOHDNNDLVINIINVVVIV 1Tve-16€C | NDANNVOOVONVOVVOIDINOVY | ¥8I9CLI-AV
86£C-9LET | DDVOIIHVINNIIONONNILOVODLY 86€C-8LET | NVIODNIVVVOHVOHOVVONIODODN | TLISTLI-AV
98€T-¥9ET | VVONNDVIDVIDHDHOHVIODVINLY 98€T-99¢T | NVVDNDODNDIIDNIDNDVYD | 6519CLT-AV
0vec-81¢T | DNNNNDDNDDVIDOVIOVONDIV 0vec-0¢eT | NDOVONDIODNIDOVADDVIODVVY | CT19¢LI-AV
0€€c-80¢T |  OHNONNIDOIOHLNNNIDNDOVLY 0€€¢-01€T | NVNDODVOIDVVVVOIDDODVVOV | ¢0I9¢LI-AV
9CeT-¥0eT | NNNNOOHNINNDDIOONINLIDLY 9T€T-90¢T | NVIDVVVVIDDIHVVOVIOVY | 6609CLTI-AV
geeT-e0eT | NNNNNDHOHNONNDODIDODLNLNDOV STET-COET | NDODVVVVIDDODVVOVIOVVYV | 8609CTLI-AV
YCEC-C0LT | HNNNNNDDNDNLIDIIDODNLNANDYV YCE-v0eC | NDVVVVIDDIDVVOVIOVVVY | L609CLI-AV
€eee-10eT | ODNNNNNDDNDLNADDIODLNNLY €CEC-E0ET | NVVVVIDDIDVVOVIOVVVVYV | 9609CLI-AV
¢TeT-00€T | VOONNNNNOHONONNDDIIDNNLY CCET-C0ET | NVVVIDDOHVVOHVIIVVVVVYD | S609CLT-AV
61€T-L6TC | DVHVOIOHNNNNNDDNDNLIODIDDV 61€T-66CC | NDDODIDVVDVIIVVVVVIDND | T609CLI-AV
8I€T-96¢C | VOVOVIDHNNNNLODNDLNDDIDOV 8I€T-86CC | NDDDDHVVOHVIOVVYVVYVIDNON | [609CLI-AV
LTET-C6CC | NVOVHVIDNNNLNDDNDNLIDDV LI€C-L6TT | NDOODVVIOVIOVVVVVIDNOND | 0609CLI-AV
PIET-C6CT | VOONVOVOVOOHLNNNNDDIONLY PICT-P6CT | NVVOVOIOVVVVVIDNONDNVD | L809TLI-AV
€IE€C-16CC | DVOONVIVOHVIOHNNNNLODNDLY €IE€C-€6CC | NVODVIOVVVVVIDNINDNVOD | 9809CLI-AV
CIEC-06CC | NDVOONVOVHVYIDHNNNLNADDNDV CIEC-C6CC | NDVOIOIVVVVVIDNINONVODN | $809CLI-AV
11€¢-687C | VNDVOONVIVOVIONNLNLODLY T1€T-T6CC | NVOIOVVVVVODNONDNVODND | $809¢LT-AV
01€T-88CC | DVNDVOIONVIVOVIONLNLNDDV 01€2-06CC | NDDVVVVVIDNONDONVODNDV | €809CLI-AV
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YOTT-¢801 | DAVONNDNVOVNDDVIIVODOVNIV YOTT-¥801 | NVNODNDDNIDOVADINVIOVVDN | 6¥TLILI-AV
8T01-966 | DNONDOHNVNIONNIINIVOINVIV 8101-866 | NDNAVOINDVODVVOVAVIOVD | VBILTLI-AV
LT101-S66 | NDNONODOHNAVIDNNIINIVOINVY LTOT-L66 | NNVDINDOVODVVOVAVIOVOV | €8ILTLI-AV
S101-€66 | NOHNDNDNOHODHNVNINNIONIVOIV ST01-S66 | NDINOVODVVODVAVIOVOVOV | 18ILTLI-AV

966-7¢6 | NNDNDVOHOHYVDNVIVNDINDNDV 966-9¢6 | NOVOVDOVADNVONNIONIVD | TYILTLI-AV
$€6-C€6 | DONNINOVOHDVVOHNVIVIDINDV $C6-7€6 | NOVOOVNONVONNIINIVOVY | OFILTLI-AV
S¥8-€T8 | DHHVVONNINDNIDOVOHNDDOVNV SP8-CT8 | NVNIIVONDIHDHVOVOVVONND | 6SO0LTLI-AV
86L-9¢L | DDODNONDNDDINVOHVIVINDNNY 8CL-8¢L | NVVOVODNDNOINVOIDHVIOVOVD | CIOLILI-AV
L89-699 | DDNOHVOIHVNAVINDIIVVNDNDVY L89-L99 | NNOVOVNNDDOVOHNVNOIDNIV | 1969CL1-AV
8L9-9¢9 | DNVDVOHVVVHDNOHVIOVNVINDV 8L9-8S9 | NOVOHNVNIONOVIOINNNDNIDN | TS69TLI-AV
0L9-8%9 | NOVINVINDNVOVOVVVDDHNDOVY 0L9-0S9 | NNOVIODNNNDNINVOVONVDN | $P69CLTI-AV
899-9%9 | VONOVINVONINVOHVOHVYVVDODNV 899-8Y9 | NVOONNNDNDNVOVONVONDY | Tre9CLI-AV
L99-6¥9 | DVINOVONVINONVOHVOHVVVDDOV L99-LY9 | NODNNNDNINVOVONVODNODVD | T¥69CL1-AV
999-v¥9 | VOVONIVINVINDINVOVOVVVOVY 999-9%9 | NONNNDNONVOVONVONDOVDN | 0¥69CLT-AV
€99-¢v9 | NVOVONIVINVININVOVOVVYVY $99-¢¥9 | NNNNDNDNVOVONVONODVOND | 6£69TLI-AV
¥99-Cv9 | NNVOVONIVINVINONVOVOVVY ¥99-v¥9 | NNNDNDNVOVONVONDOVYODHNDN | 8E69TLI-AV
€99-1v9 | DNNVOVONIVINVININVOVOHVY £€99-¢¥9 | NNDNDNVOVONVONDVONDNV | LE69TLI-AV
299-0%9 | NDNNVOVONIVINVININVOVOHV ¢99-7¥9 | NDNDNVOHVONVONDVONDNVY | 9¢69CLT-AV
199-6€9 | VNDNNVIVINIVONVININVOVY 199-1+9 | NNDNVOVDNVONDVONDNVYD | S€69CLI-AV
099-8¢9 | DVNOHNNVOVINOVINVININVOY 099-0v9 | NONVOVOHNVONOVONDNVVIV | $E69CLI-AV
L59-6€9 | DVNOHVNODNNVIVINOVONVINIV LS9-LE9 | NDVONVONDVONDNVVIOVNIV | T€69TLI-AV
$€9-C€9 | VODOHVNDVNDNNVIVINIVINVY $E9-$€9 | NNVONDVOHNDNVVIOVAIVNIID | 8T69TLI-AV
£69-1€9 | DVHDHOHVNOVNDNNVIVINOVINY £69-€€9 | NVDNOHVOHNODNVVIVNIVNIIID | LT69TLI-AV
68Y-L9% | VVDVDIDDVVDHVNDDDHOVNDDDHVY 687-697 | NNDDOVNDIIOVNONNDDDND | SI89CLI-AV

PLYTCSYT | VVONNVVANNNDNIOVIDINDLY PLYT-YSYT | NVOVDODNOOVIVVVVANVVYD | 60T9¢LI-AV

ELYT-16YT | NVVONNVVNNNLONDDVIOINDVY ELYT-ESPT | NOVDIDNIDVOVVVVANVVON | 80THTLI-AV
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9CeI-v0el | DNNVVNVONNDNDONDNNDVVIV 92¢1-90¢1 | NDNNDVVIVIIVOVVODNVANY | 0EYLTLI-AV
PTET-C0CT | NVDNNVVNVOINNINDONDNNDVY PCel-0cT | NNDVVIVIOVOVVONVINVYD | 8TYLTLI-AV
€Cel-10€T | NNVONNVVNAVINNINDHDNDNNDV €CET-C0ET | NDVVIOVIOVOVVONVNANVVIN | LTPLTLI-AV
9I¢I-v6Cl | VONNVONNNVYOHNNVVAVINNDINY 91€1-96C1 | NVOVVODNVANVVONVVVODNVY | 0TrLTLI-AV
L8TI-S9CT | DNOVNANVIDNDNDOVIIIVHNDOV L8CI-L9CT | NDOVONDODDNIVOVIDNVVAD | T6ELTLI-AV
9CTI-+ECT | NNNVVVIOOVONNNIVOVOVINY 9¢CI-9¢C1 | NVDHNINDNOVVVOINDODNNNY | [9€LTLT-AV
PETI-CETT | DNNNNVVVIIIVOHNNNDVIVOVY PCCI-PECT | NNDNDNDVVVINODDODNNNVVY | 6SELTLT-AV
eSTI-TeCT | DONNNNVVVIIIVONNIDVIOVOV £6C1-¢eCl | NDNDNDOVVVINDOHDNNNVVVY | 8CELTLI-AV
90CI-¥811 | VVIVIOVOVINNOIODDNNDNVAVYV 90CI-9811 | NNAVAVOVVIOODVVDNDNDDNV | T€ELCLI-AV
6611-LLIT | VIODNNDOVVIVIOVIVONNIDOHV 6611-6L11 | NODDOVVOHNODNOONVNNDVVID | $TELTILI-AV
€OIT-1LTT | NDNNDIOVIODDNNDVVAVIIVIVY €6IT-CLTT | NNDNODONVNANDVVIDONDOVY | 8IELTLI-AV
G8IT-€9IT | DVVNNVVINDNNDDIVIIDNNIVY S8IT-SOTIT | NNDOVVIDOHNDOHVVOVONNVV | OIELTLI-AV
ELTT-TISTT | DVOVOVNOVONNDVVINVVINOV ELTT-€STT | NDVODNNVVANIVVYINOVAIND | 86CLTLI-AV
8OTT-9¢IT | NNNNNDVOVOVNIVOHNNDOVVNINY 8OTT-8YIT | NVVNNOVVINDVNONDNDVVYV | €6TLTLI-AV
LOTT-SPIT | DNNNNNDVIVOVNIOVOHNNDVVIV LOTT-L¥1T | NVANDVVINODVADNDNDVVVY | T6TLILI-AV
991T-v¥I1 | DODNNNNNDVIVOVIDVONNDVVYV 9911-9%11 | NNNDVVINDVADNDNDVVVVV | 16CLCLI-AV
COTT-evIT | DOOHNNNNNDOVIVOHVNIVONNDVY SOTT-SPIT [ NNOVVONDHVNINDNDVVVVVD | 06CLTLI-AV
POTT-CPIT | NODOHNNNNNDVIVOHVNIVONNDY POLT-$PIT | NOVVINOVNONDNDOVVYVVVID | 68TLILI-AV
€OTT-1vIT | DNOHOHNNNNNDVIVOHVNIOVOHNNY €OTT-CPIT | NVVONDVNDNDNDVVVVVIIDD | 88TLTLI-AV
I9TT-6€11 | NDDNIOHDNNNNNDVIVOVIIVOY I91T-T¢11T | NONDOVADNDNDVVVVVYIIDVD | 98TLCLI-AV
0911-8¢1T | DNOONOOOHNNNNNIVIVOVIOVY 0911-0v1T | NNOVNINDNOVVVVVIODVDD | S8CLTLI-AV
€CTI-1€TT | NNDVVOHNDNIINDODDHNNNNNIVY E€CTI-CETT | NNDVVVVVIIDVODVOVONND | 8LTLTLI-AV
ISTT-6C1T | DONNOHVVOHNDNDIINDODHNNNNNY ISTTI-TETT | NVVVVVIDOODVOOVIVINNIVY | 9LTLTLI-AV
0STI-8CIT | NODHNNDHVYDHNDHNDIONDDONNNNY OSTT-0€1T | NVVVVIDDHVDOVOVONNIVVD | SLTLTLI-AV
BITI-960T | VOOVOIOVNIDNVIINVYDNONDNOV 8ITT-8601 [ NDOVOVOVONVOONVOVNIOND | €9TLTLI-AV
OTTT-+601 | DOVIIVIOHVNINVIOINVOHNINDV 91T1-9601 | NOVOVONVOONVOVNODNODN | T9TLTLI-AV
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C9ST-0¥ST | NVVAVOVIOONVIVOVAVIOVIVVY COST-¢PST | NNNODNDNAVAINDONVODNINVA | PYILTLI-AV
196T-6¢ST | DNVVNAVOVIINVIVOVNVOVIVY 19¢T-T¥ST | NNONONVNONDNVODNINVAN | €¥9LTLT-AV
096T-8¢CT | DONVVNVOVIODNVIVOVNIVIVIV 09¢T-0vST | NONODNAVADINDNVODNINVANY | THILTLI-AV
6SST-LEST | NDODNVVAVOVIDNVIVOHVIVIVYV 6SST-6€ST | NNOAVNADNODNVODNINVANVYD | [¥9LCLT-AV
8SST-9¢CT | DNOODNVVNVOVIODNVIVOVIVOVY 86CT1-8¢ST | NODNVNOINODNVOODNINVANVYDD | 0V9LTLI-AV
LSST-CEST | DDNIDNVVNVIVIINVIVOVNVY LECT-LEST | NOVNAINDNAVODNDNVANVODY | 6€9LCLT-AV
96CT-vEST | DOONIOINVVAVOVIDNVIVOVIV 9¢CT-9¢CT | NVNONDNVOODNINVANVOOVD | 8€9LTLI-AV
I€ST-6¢ST | DOHDNNDDIONIDNVVAVOVIINVY ISST-TEST | NAVODNONVNNVODVODOHVVD | €€9LCL1-AV
0€ST-80ST | DNVVIDHNNOONVOHIODNNNNNDY 0€CT-01ST | NOVVVVVIDINVDDVYVODDNN | CTI9LCLI-AV
COST-0871 | VONVVINVINONVOHDIIONDVVY C0ST-28%1 | NNNDVODOOONVOVONVONNY | $8CLTLI-AV
06¥1-89¥1 | NODOHNNVVNDVOVONVVINVINY 06v1-0LYT | NVONVONNVONDNDIVANVVID | TLELTLI-AV
88¥1-99¢v1 | DONODODODHNNVVNDVIOVOHNVVINVY 88¥1-89¢1 | NAVONNVINDNDVNANVVIIOV | 0LSLTLI-AV
L8Y1-C9PT | DOONDOHONNVVNOVOIVONVVINY L8YPT-L9YT | NVONNVONDNDOVANVYIIIVD [ 69SLTLI-AV
99F1-vPP1 | NVIINVVIONONNDNVIIIDIDIV 99%1-9%¥1 | NDDODOHDNVIOVVIVIODNNVDD | 89CLTLI-AV
POVI-CHy1 | VONVIINVVIODNDNNDNVIIIDV YOrI-vv1 | NDODDODNVOVVIOVIDNNVODNY | 996LTLI-AV
eOYI-Ivvl | DVONVIONVVIDHNODNNDNVIIIV £Or1-cvyl | NDODDNAVIOVVOVIDNNVODNVD | €9CLTLI-AV
6LET-LSET | NDDDNOVOVNODNIDNVINVINIV 6Lc1-65¢T | NDVODNVONVOIOVIVNDNOVID | €8YLTLI-AV
LLET-CSET | DOHNIIDNOVIVNONIONVINVIV LLET-LSET | NDAVONVOIDVIOVNONDVIODDV | I8YLTLI-AV
BEEI-91CT | HOHNOHNNDOVVINNOIVONIIINDVY 8EET-BIET | NNOVODOHOVINDVVODNNDVVIV | THPLTLI-AV
LECT-CIET | NOODHNDNNDVYINNIVONIIDNDV LECT-LIET | NDOVDODOHVINDVVONNDVVOVD | [IYPLTLI-AV
ceel-01el | vONNINHOHNDNNDVVINNIVONY ceel-Clel | NVONDVVODNNDVVIVIIVOVY | 9evLTLT-AV
1€€1-60¢T | NVONNONDHONDHNNIVVINNIVIV TeCT-TIET | NDNOVVONNDVVIVIOVOVVD | SevLTLT-AV
0€€T-80¢T | VNVINNINHDHNONNDVVINNIOVY 0€ET-01€T | NNOVVOHNNDVVIVIOVOVVYDN | YeYLTLI-AV
6CEI-LOET | VVNVONNDNODDNDNNDVVINIIV 6CC1-60E] | NODVVODNNDVVIVIOVOVVODNV | ceyLTL]-AV
8CEI-90€T | NVVNVONNONDHOHNONNIVYINNY 8CET-80CT | NVVDNNDVVIVIIVOVVONVN | TEPLTLI-AV
LTET-COET | NNVVAVONNINDONDNNDVVINY LTET-L0CT | NVDNNDVVIVIIVOVVONVNIN | TehLTLT-AV
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CEOT-€€91 | VOVVDNNNOVONNIINVAVIINY S691-6€91 | NVODNVNAVODVYVONDVVVOINN | LILLTLI-AV
CE9T-0€91 | NVOVIVVOHNNNIVONNIONVIVY ¢EOT-2e91 | NOVAVODVVONODVVVONNDND | PILLTLI-AV
1€91-6291 | DNVOVOVVOHNNNIVONNIINVNIV IS9T-T€9T | NVNVOOVVONDVVVINNONDN | €ILLTLT-AV
0691-8¢91 | NDNVOVIOVVONNNDVONNIINVY 0S91-0€91 | NAVOOVVINODVVVOINNDNDNY | CILLILI-AV
8¥91-9791 | DNNDNAVOVIVVOHNNNIVONNIOV 8¥91-8¢91 | NDOVVINDVVVONNDNDNVOV | OILLTLI-AV
LY91-629T | DDNNDNVOVIVVOHNNNIVINNDOV LYOT-LT9T | NOVVONDVVVINNDNDNVOVY | 60LLTLT-AV
9%91-+C91 | NOOHNNDNVIVIVVOHNNNIVONNY 9¥91-9791 | NVVONDVVVONNDNDNVIVYD | 80LLTLI-AV
eP91-TC9T | NVONOODNNDNVIVOVVDNNNIVY £P91-€791 | NNOVVVINNDNDNVOVVIDVD | SOLLTLI-AV
1¥91-6191 | DNANVINIDNNDNAVIVOVVDANNY IYO1-1C91 | NVVVONNDNDNVIVVIDVONV | ¢OLLTLI-AV
6€91-LT9T | DNOHNNVONIDNNDNVIVIVVONY 6€91-6191 | NVONNDNDNVIVVIDVONVVYD | TOLLTLI-AV
8€9T-919T | NONODHNNVINIDNNDNVIVOVVDHY 8€91-8191 | NDONNDNDNVIOVVIDVONVVIV | 00LLTLI-AV
LEST-CT9T | NNONDNNVONDIDNNDNVIVIVVYYV LEST-LTI9T | NNNDNDNAVOVVIDVONAVVIVD [ 669LCLI-AV
9e91-¥191 | NNNDNODNNVINIDNNDNAVIVIOVYV 9¢91-9191 | NNONDNAVIOVVIDVDNVVIVOV | 869LCLI-AV
PEOT-CIOT | NONNNDNDNNVINIDNNDNVIVY PEOT-FI91 | NNDNVOVVOIDVONVVIOVOVVY | 969LCLT-AV
1€91-6091 | DHNNDNNNINDNNVYINIODHNNDNV T€9T-TI9T | NVOVVIOODVONVVIOVOVVVOVY | €69LCLT-AV
8791-9091 | OVVDHONNDNNNDNDNNVINIDNY 8791-8091 | NVODVHNVVIVOVVVOVVION | 069LCLI-AV
LT91-6091 | DDVVDHNNONNNDNDNNVINIOV LTOT-L09T | NODVODNVVIVOVVVOVVIONN | 689LCLT-AV
€¢91-109T | VVVIIDOHVVOHONNONNNDNDNNVY €291-€091 | NNVVIVOHVVVOVVIONNIODDN | S89LTLI-AV
CI9T-€6ST | NVDNNVIDVVVIOHVVOHOHNNINY SI9T-S6ST [ NVDVVIONNIODONNNIONVVD | LLOLTLI-AV
cI91-16ST | NDNVOHNNVODOVYVIODVVOHDNNY E€191-€6ST | NVVODNNDODDNNNDODNAVVINY | SL9LTLI-AV
YO9T1-C8CT | NODNNDVINNDNVONNVIDVVYVY POOT-¥8CT | NNNNDODNVVONVIVVDNODVYD | 999LCLT-AV
€091-18¢ST | NNOHODNNOVINNDNVONNVIOVVY €09T1-€8ST [ NNNDDNAVVINVIVVDNOVVID | S99LTLT-AV
C09T-08ST | DNNOHOHNNDVINNDNVONNVIOVY C091-28ST | NNDDNVVINVIVVONDVVIIV | $99LCLT-AV
T091-6L51 | VONNDHNNDVONNDNVONNVIDVY T09T-18ST | NODNVVONVOVVDNDVVIOVV | €99LCL1-AV
POST-TPCT | VAVOVIONVIVOVNVIVIVVVIV POST-PPCT | NONNNDNDNVNONDONVODNIN | 9P9LTLT-AV
€9ST-1vCT | VVNVOVIDNVIVOVNVIVOVVVY €9ST-¢PST | NNNNDNONVNAINDNVODNINY | SPOLTLI-AV
owm VOLLIONIN | ¢ 3 ¢ aouamiag pung suospuy owm VOLIWIN | o) g anumbag puengosog | 2N

142



PCT/US2022/047987

WO 2023/076451

YOTC-¢80C | DONNDNNDVOINIDVVVYINIIDV YOIC-¥80¢C | NOODDVHNNNDIOVOINIVVIVY | LO0BCLI-AV
660T-LL0T | DDONOIDNNDNNDVIINIDHVVVY 660C-6L0T | NNNNDDVOINIVVIVVDIDOVD | T908CLI-AV
860C-9L0C | NDOHONIIINNDNNDVOHINIOVVY 860C-8L0C | NNNDDOVOINIOVVIVVODOHVOD | T1908TLI-AV
L90¢-S¥0C | DONONDOVNVONIDDHDHODNVVVIVY L90¢-L¥0T | NNDANNVIOIIDOHVINVAIVOV | 0S08CLI-AV
990¢-7+0C | DDOHNDNDVNVONIIDODNVVVIV 990¢-9v0C | NDNNNVODIIDHVINVIIVOVD | 6¥08¢LI-AV
910T-v661 | VVNVINDVNVINDIVVIDDOHVOIV 9102-9661 | NDNIIIDNNDIOVONVNIVONY | 666LTLT-AV
€10C-1661 | NVVVVNVDONDVNVONDIVYIDDHV €102-€661 | NDODNNDOVONVNIOVONVANN | 966LTLI-AV
1102-6861 | DNNVVVVAVINDVNVINDIVVIV 1102-1661 | NDNNDOVONVADVONVANNNY | Y66LILI-AV
0102-8861 | VONNVVVVIVINDVAVINDIVVY 0102-0661 | NNNDIOVONVADIVONVANNNVY | €66LCLI-AV
600T-L861 | DVINNVVVVAVINOVNVINDIVY 6002-6861 | NNDOVONVADVONVANNNVVD | TO66LILI-AV
L00T-€861 | VODOVINNVVVVNVINOVNIVINDVY L00T-L861 | NOVONVADIVONVNNNNVVOND | 066LTLT-AV
900¢-¥861 | VVDDVONNVVVVAVIONDVIAVONY 900¢-9861 | NVONVNDVONVINNNVVOIDD | 686LCLI-AV
$00C-¢861 | NNVVODDVINNVVVVNVINDVIVY $00C-¥861 | NNVNOVONVANNNVVONDIONN | L86LILI-AV
€00C-1861 | ONNVVDOHVONNVVVVIVINDVNV €002-€861 | NVNOVONVNNNNVVODNIINNY | 986LTLI-AV
200T-0861 | DONNVVDOHVINNVVVVNIVINDOVY ¢00T-2861 | NNOVONVNNNNVVONIINNVY | S86LTLI-AV
100C-6L61 | NODONNVVDOVONNVVVVAVINDV 1002-1861 | NOVONVANNNVVDNIODNNVVD | ¥86LCLI-AV
8661-9L61 | NOODNIONNVVOOVINNVVVVNIVY 8661-8L61 | NNVNNNNVVONIDNNVVOOVD | I86LTLI-AV
L661-SL6T | NNIDNDONNVVDOVINNVVVVIV L661-LL61 | NVNANNNVVONIONNVVOOVID | 086LCL1-AV
go6l-cLoT | NDONNDDHNIDNNVVODVINNVVVY S661-SL6T | NNNNVVONIDNNVVOOVIODVYV | 8LOLTLI-AV
Y661-CL61 | NNDNNDDNDINNVVODOVINNVVY Yo61-vL61 | NNNVVONOINNVVODVIDVVD | LL6LILI-AV
CP81-0C81 | VOVOIVOVDVONIVNOVVVOIVIV CP8I-CC81 | NDNDNNNDVNOVININDNODN | €88LTLI-AV
LOLT-SPLT | VVNDDNDNNDDNNDDNVIIDNOV LOLT-LYLT | NDVIODDNVIOVVIDVVIVIIV | 6T8LILI-AV
YOLT-CPLT | DONVVNDOHNDNNIDNNDONVIIV YOLT-¥PLT | NODNVIOVVIODVVIVIOVANY | 9T8LTLI-AV
I9LT-6€L1 | VNDOHDNVVNDDNDHNNODDNNDDNV T9LT-TPLT | AVOOVVODVVIVOIOVANVYDDD | €C8LCLI-AV
6SLT-LELT | DOVNDOHONVVNDHDNDHNNIDNNDV 6CLT-6¢LT | NOVVIDVVIVOOVANVYDIOVN | TCLTLI-AV
9¢91-+€91 | DVVOHNNNDOVONNIINVAVIINNY 9C91-9¢91 | NVVODDNVNVODVVONDVVVIN | 8ILLTLI-AV
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eIve-16eC | OVVDHNDNNINDNNDOVOIOVVVYONY EIYC-c6£C | NVONNNDINDVVOVOVVIVON | 9L78TLI-AV
CIYe-06€T | NOVVOHNDNNININNIVOIVVVDV CIYT-c6cT | NONNNDIONDVVOVOVYIVONN | SLTRCLI-AV
11¥2-68¢T | VNOVVONDNNDNDNNIOVOIVYVY 11¥C-T6€T | NNNNDINOVVOVOVVIVONND | $LTRTLI-AV
01¥C-88¢T | NVNOVVONDNNINDNNIVOIVVY 01+C-06€C | NNNDDNOVVOVOVVIVONNDY | €LI8TLI-AV
60Y¢-L8EC | DNVNDVVDNDNNDNINNIVIIOVY 60YC-68¢C | NNODNDVVOVOVVIVONNDVI | TLIRILI-AV
80¥C-98¢C | VONVNOVVOHNDNNININNDVOIV 80¥C-88€T | NDONDVVOHVOVVOVONNDVAV | TLITLI-AV
LOYT-C8ET | VVONVNOVVOHNOHNNININNIVOV LOYT-L8CT | NONDVVOVOVVOVINNDVAVD | 0LT8CLI-AV
90v¢-¥8EC | DVVINVIIDVVONDNNDNINNIVY 90vC-98¢T | NNODVVOVOHVVIOVOINNODVAVON | 697C8CLI-AV
LLET-SSET | NNVNDVVIDNDNDIIOVINVVDVIV LLET-LSET | NDNDNNVONDOHVOVODNNIVA | 09¢8TLI-AV
CLET-€CET | DOHNNVNDVVIDNINIDVINVVOHVY SLET-CSET | NDNNVONDOVOHVIDNNIVAVY | 8STTLI-AV
1Y€C-61€T | DVVVIOVNDVIONIINIVINIVDV IvE€T-12€T | NONOHVOHNDVOHOHVOONOVNONN | $PTRTLI-AV
L6TC-SLTT | NVONDNNNDOVOHNNIINDNVOHVOV L6CT-LLTT | NDNDNVIOVOHDVYVIONDVVVIVD | 0TC8TLI-AV
167¢-69CC | DNOOOHVNVINDNNNOVONINIINY 16CC-1LCT | NVODHVVINDVVVOIVONVNODD | +IC8CLI-AV
68CT-L9TT | HDDNOIHVNVOINDNNNDVINNDIV 68CT-69CC | NDVVINDVVVIVONVIIDDVD | TITRCLI-AV
L9TT-SYTT | DVININDONDNVIDVOHNNVNVIDV L9TT-LYTT | NODAVNAVVINIDNVOVOVOVD | 01T8CLI-AV
99TC-PCC | VOVONINDNINVIOVONNVIVIV 99CC-9YCC | NDNVAVVINIDNVOHVOVOVDIN | 607C8CLI-AV
CoTC-evee | HYIVININONDNVIOVOHNNVNIVY S9CC-SYCT | NNVAVVONOIDNVOVOVOVOND | 80T8TLI-AV
YOTT-TYTT | DOVOIVININONDNVIOVOHNNVNIV YOCT-HPCT | NVAVVINIONVOVOVOVONDN | LOTRTLI-AV
€9CC-1vCT | NDHVOIVINININONVIODVODNINVY €9CC-EYCT | NNVVINODNVOVOVOVONDND | 90T8TLI-AV
19¢C-6£CC | DDNOHVIOVINININDNVIDVOHNIV 19¢C-19CC | NVONIHDNVOVHVOHVODNDNODV | +0T8CLI-AV
¢ETT-0eTT | NVNNINNNIIDNDDVIVOININIV CSTT-CECT | NDVOVOHNDNODODVODOVVVOVY | S618CLI-AV
€81C-191¢C | VDONNNDDVHVIVVVIVIVOVINY €81C-€91¢C | NVOHNINOHNODNNNDNDNIDVVYV | 9PI8TLI-AV
LLTT-CSTT | NDOONVNAVONNNIDOVDVIVVVIVY LLTT-LSTT | NNDNNNDNDINIOVVVOINVAVD | 0FI18CLI-AV
YLIT-CSTT | DNDNDONVAVONNNDDVOVIVVYY YLITYSTIC | NANDNDNDDVVVINVAVODVD | LEIBCILI-AV
691T-LYIC | DDOHVIDNDNIONVAVONNNIOVY 691C-6¥1T | NNDDVVVINVNVDOVOVIDND | TeIBCLI-AV
¢TIT-001T | NDOHVVHHVOHDHNNDOVNDDNDVVY CCIT-C01T | NNNDVIOVNAIVVIONIONNIDD | S808CLI-AV
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L19¢-S65C | DDIOVOOONVVYINNVVANNNDADV LI19T-L6SC | NDVOVVVVANVYODNNVODDND | CTy8TLI-AV
69ST-LYST | DNNDNVINIDNVVVIIIVVVVOHV 69€T-6¥ST | NONNNNDOONNNVOOVONVDY | TIYRTLI-AV
LOST-CPST | VODNNINVINIONVVVIIIVVVY L9ST-LYST | NNNNDOONNNVODVONVOVYD | 01¥8CLI-AV
SOCT-EvSC | NDVOHOHNNINVINIDNVVVIIIVY S9CT-S¥ST | NNDOHDNNNVOOVONVOVVION | 80¥8TLI-AV
296C-0¥ST | DNNNOVHONNINVINIINVVVIV C9ST-Tyse | NDNNNVODDVYODNVOVVIINOIVY | SOP8CLI-AV
18¥¢-65+C | DDNONNDDIIDNNNNIDNDOVIV I8YC-19%C | NVNDDVOIOVVVVIDDIDVVDV | $TERCLI-AV
LLYT-CSPT | NNNNDODNONNIDIIDBNNNNIDNY LLYT-LSYT | NVIDVVVVIDDIDHVVOVIOVY | 0T€8CLI-AV
SLYT-ESve | HNNNNNDONDNNDIDDDIDNNNNDV SLYT-SSYC | NDVVVVIDDIDVVOVIIVVVY [ 8IE8TLI-AV
YLYT-CSYT | ODDNNNNNDDNDNNDDIDDNNNNY YLYTYSYe | NVVVVIDDIDVVOVIIVVVVY | LIEBCLI-AV
69YT-LYPT | VOVOHVYDIDNNNNNDDNINNIDIDV 69YT-6¥¥C | NDDIDHVVOHVIIVVVVVIDNDN | TIERTLI-AV
89YC-9vvC | NVOVOHVIDHNNNNNDDNONNDIODIOV 89YC-8YPC | NDODVVODVIOVVVVVIDNOND | TTE8TLI-AV
SOYT-evve | VOODNVOVHVIDNNNNNDDNONNY SOPT-SYYC | NVVDVIOVVVVYVIDNONDNVD [ 80€8CLI-AV
YOYe-¢chye | OVOONVIOVOHVIOODNNNNNDDNONY YOYC-vPyC | NVOVIIVVVVVYIDNINDNVOD | LOELYCLI-AV
09%C-8¢¥T | NOVNOVIONVIOVOHVIONNNNNDV 09YC-0vvC | NOVVVVVODNINODNVOONDVN | €OE8TLI-AV
6SYT-LEYT | DNDVNOVIDNVIVOHVOIDNNNNNY 6SYT-6EYT | NVVVVVIDNINODNVODNDOVND | CTOERTLI-AV
8SYT-9ere | DONOVNDVIINVIVOHVIDNNNNY 8SYT-8eYC | NVVVVIDNONDNVODNDVNIDV | T0E8CLI-AV
LSYT-CEPT | DDDNIVNIDVIONVIVOVIDHNNNY LSYT-LEYT | NVVVIDNONDNVODNOVNOVD | 00€8CLI-AV
€CrC-10vC | DNNOVDIVVVOHNVVONNIVVIOV €CPC-e0PC | NDONNDVVOINNVINNNDINDOV | 98T8TLI-AV
TYe-00¥T | NONNDVOIVVVOHNVVONNIVVIV CTYT-C0¥T | NONNDVVOINNVONNNDINDOVY | S8TRTLI-AV
ITYC-66£C | DNONNDVDIOVVVOHNVVONNIVVY 1TPe-10¥C | NNNDVVINNVONNNDINDVVYD | ¥8T8CLI-AV
0T¥e-86€T | NONDNNIDOVOIVVVOHNVVONNIVY 0Trc-00vC | NNOVVINNVINNNDONDVVOV | €8C8TLI-AV
61¥T-L6£T | NNONDNNDVOIVVVOHNVVDNNIV 61¥C-66¢T | NOVVONNVONNNDINOVVOVD | T8TRTLI-AV
LTYT-C6£T | NDNNDNINNDVOIVVVOHNVVONY LI¥T-L6€T | NVONNVINNNOINDVVOVOVY | 0878CLI-AV
9Ive-v6£C | DNONNDNINNIDVOIVVVDHNIVVOHV 91Y¢-96£C | NONNVINNNDINDVVOVOVVD | 6LC8CLI-AV
SIPT-c6£C | VONDNNINONNIVOIVVVDNVVY STPC-S6£C | NNAVINNNDONDOVVOVOVVIV | 8LITLI-AV
PIYC-C6€T | VVONDNNINDNNIVOOVVVONVY PIYT-P6ET | NNVONNNDINDOVVOVOVVIOVD | LLTRTLI-AV
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Y18-26L | NVVIDDNDNNDDNNDDIVIIIDNY Y18-v6L | NVODDDHNDOHVVOOVVYIVODDN | LLE8TLI-AV
09L-8€L | DNONDNDOONVOHVIVILOLNDOV 09L-0¥L | NDOVVIVONDNINVOIOVOVD | €983CLI-AV
8GL-9¢€L | DODHNONDHNDDINVOHVIVILONNY 8CL-8EL | NVVOVODHNDNDNVOIDVOVOVD | T1988TLI-AV
YCL-COL | NNVOOIDNDHVIDDNNDVILNAVOV YCL-YOL | NDNVVODNDVVIODDNDDOVIDON | LTEETLI-AV
889-999 | DNOVOOHVNVINDIIVVIDLOVOVY 889-899 | NINOVOVNNDOIVONVAIDND | TI8CLI-AV
L89-699 | DONOHVIOHVNVINDIOVVNDNDVY L89-L99 | NNDOVOVNNDOHOVONVNOIODNIV | OI88TLI-AV
6L9-LS9 | NVOVOHVVVDONDVIDVIVINDIOV 6L9-659 | NDOVOHNVNIDNIOVOIONNNIND | CTO8RTLI-AV
8L9-969 | DNVOHVOHVVVOHDNDVIDVNVINDY 8L9-8C9 | NOVOHNVNADDNOVIINNIDNDN | TO088CLI-AV
0L9-8Y9 | NOVONVONINVOHVOHVVVDDNDVY 0£L9-069 | NNDOVIODNNNDNINVOVONVDN | €6L8CTLI-AV
999-v¥9 | VOVONIVINVININVOVOVVVDHVY 999-9%9 | NONNNDNONVOVONVONOVDN | 68L3CLI-AV
$99-¢¥9 | NNVOVONOIVINVININVOVOVVYY $99-¥9 | NNNDONDNVOVONVONDOVONDN | L8LITLI-AV
£99-199 | DNNVOVINOVINVINILVOVOHVY £99-¢v9 | NNDNDNVOVOHNVONDVONDNY | 98L8CLI-AV
199-6£9 | VNDNNVIOVINOVINVILIOLVOVY 199-1%9 | NNONVOVODAVONDVONDNVVD | $8L8TLI-AV
$€9-C€9 | VODOVNOVNDNNVOIOVILIOVINVY $EO-€9 | NOVONDVONDNVVOVNAIVNIID | LLLITLI-AV
186-6SS | DONNDOHNINIOVODHNILIDNNVY 186-19¢ | NNVVODHVOHVIDNDVOVIDOVY | 9€L8TLI-AV
016-88y | VOVDDNDNDNDIOVNDHDVYIDNONY 016-06¥ | NVOVIDNIOVNDIVOVOVIDN | SBI-TLI-AV
96v-vLY | VVDVNDDDIVNDDHOVIVODNINY 967-9LY | NVDVODNONDIOVNDIIIVD | [L98CLI-AV
68¥-L9% | VVDVIODVVDHVNDHOHDOVNDDHOVY 6817-697 | NNDDOVNOIIIOVNINNIDODND | $998CLI-AV
P8Y-C9¥ | VOVODODVVOVIIODHVVOHVIODDIOVY P8Y-¥91 | NNDOOOVNINNIDONDNNIDN | 6S98CLI-AV
661-LLT | DVOVDIONIVVVDNDDVVIONDNV 661-6L1 | NVOVODNNDDVONNNDOVODND | [LY8TLI-AV
861-9L1 | DOVHVIONIVVVDNODDVVIONDV 861-8LT | NOVDODHNNDOVONNNDOVOOHNIN | OLYSTLI-AV
681-L9T | DDNIOVHVNIIVOVIDLOVVVOVY 681-691 | NONNNOVOHDNINDOVNINDDV | [9Y8CLI-AV
SLI-€CT | DONNIIONNVIVINDDLIDIVOVY SLI-GST | NNDONDOHVIOVONDNVVODOVY | LPP8TLI-AV
€¢9C-009C | DONVVOINNVVANNNDNDIDVIDIV TC9T-C09¢ | NDODNDOVIOVVVVANVVDNNY | LTYECILI-AV
619T-L65T | DVODINVVINNVVNNNNDNIDVY 6197-665T | NNDDVOVVVVINVVONNVODD | $TH3CLI-AV
819C-965C | DOVOIOONVVINNVVANNNDNIDV 8197-86SC | NODVIOVVVVANVVONNVOODN | €TPTLI-AV
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PCEI-C0e] | NVODNNVVAVINNINDDLOLNOVY YCeEI-v0Cl | NNDVVIVOOVOVVONVANVVYD | LLTO6CLI-AV
12€1-66C1 | DNNNVONNVVNVINNILODNDNV 12ET1-T0¢T | NVOVOOVOVVONVINVVONVY | $LT6CLI-AV
BIET-96CT | NNVONNNVOHNNVVNIVILNADNDODV 8IET-86CT | NDDVOVVOHNVNNVVINVVVON | TLT6TLI-AV
9I¢I-v6Cl | VONNVONNNVONNVVAVILNADNY 91€1-96C1 | NVOVVODNVANVVONVVVDNVY | 6926CL1-AV
88CI-99¢I | NOVNNVIDHNONDVIIOVOHLOINY 88CI1-89¢T | NVOOVONDHDDNOVOVODNVV | THI6TLI-AV
€CCI-1¢¢T | DONNNNVVVIIIVONNILOVIVOVY €6CI-¢€CT | NONDNOVVVINDIDNNNVVVY | LOT6TLI-AV
90CI-¥811 | VVNVIIVOVONNIDOHNLIOILVNVY 90CI-9811 | NAVAVOVVIDHVVONDNODODNY | 0816CLI-AV
LLTT-SSTT | DVNOVOHNNDVVNNVVILILADIV LLTT-LSTT | NDDVVOVONNVVANDIVVINDV | [ST6CLI-AV
89I1-9¢IT | NNNNNDOVOVOVNIVDHNLOVVNINY 89I1-8VIT | NVVNNIVVINDVNAINDNDVVY | TYI6CLI-AV
LOTT-SPIT | DNNNNNDVOVOVNIVOLNOVVIV LOTT-LY1T | NVANDVVINOVADNDNDVVVY | [¥16TLT-AV
COTT-erIT | DHOHNNNNNDVIVOVNIVOLIDVY SOTT-SPIT | NNDOVVONDVNINDNDVVVVVD | 6£16TLI-AV
EQII-TVIT | DNDDOHNNNNNDVIVOVIOVONNY €911-¢vIT | NVVONDVADNDNDVVVVVIOD | LET6CTLI-AV
COTT-0F11 | OONOHOHHNNNNNDVIVOVIIVDNY COTT-CPIT | NVONDVNINDNDVVVVVIODV | 9€16¢LI-AV
0911-8¢1T | DNOONOODOHNNNNNIVIVOVIOVY 091T-0V1T | NNOVNDINDNOVVVVVIODVOD | +el6CLI-Av
8CTI-9¢IT | DNHNIONIOOHNNNNNDVIVOVNIVY 8STI-8ETT | NVNDNDNDVVVVVIODOVODOVD | TEI6TLI-AV
9CTT-vell | VVODNDNDDNDOOODNNNNLIVIVOV 9CTIT1-9¢11 | NONDNDVVVVVIIDHVODOVOVD | 0€l6cLI-AV
BITI-960T | VDIOVODVNONVOIONVOILOLDNOV 8ITT-8601 [ NDOVOVOHVONVOONVOVNIOND | CII6TLI-AV
OTTTI-+601 | DOVIOVIOHVNOINVIONVOHILINDV 91T1-9601 | NOVOVONVOHOHNVOVNODNODN | 0T16CLI-AV
CITT-0601 | VOVNDDHVIOVOOVNDNVIINVDV CITI-¢601 | NONVODODHNVHVNOIOHNDODNIDVN | 9016CLT-AV
ITT1-6801 | NVOVNADDVIIVIDVIILVIINVY ITIT-1601 | NAVOODNVOVADIDNDODNDDOVD | SOI6CLI-AV
6011-L80T | NODNVOVNDDHVIIVODVIDLVIOV 6011-6801 | NDOHNVOVNIDNODDNIOVNOINY | €016CLI-AV
C60T-€L0T | VVODNIIOHVOONVINNDILVOVNDVY S60T-SLOT [ NDOVNDNVIOVVONVIINIODOVD | 6806TLI-AV
9101-¥66 | HONDNDNHDHNVNINNIDLIVOINY 9101-966 | NVODINDVOHOVVOVAVIOIVOVD | T€06CTLI-AV
0867856 | OVONNINDOVIIDDINLIDVVVY 086-096 | NNNNDDOVVDIIODDNODOVOVVYD | S668CLI-AV
€S6-cc6 | HDNNDNOVOHDVVOHNVIVIOINDNY $66-6€6 | NVIVOOVNODNVONNIINIVOV | 0668TLI-AV
9%8-¥78 | DOVVOINNINDNIDOVOHILODVNOV 9¥8-978 | NIVNDOVONDIODHVIVOVVONN | 6068CLI-AV
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8Y91-9791 | DNNDAVOVIVVOHNNNOIVDLNDOV 8¥91-8¢91 | NDOVVINDVVVIONNDNDNVIV | 6SS6CLI-AV
9%91-+¢91 | NODNNDNVIVIVVONNLOVONNY 9991-9791 | NVVONDVVVONNDNDNVIVVYD | LES6TLI-AV
PPOT-CC91 | VONIDNNDNVIVOVVOILNLOVOV PYOT-$791 | NONOVVVINNDNDNVIVVIDY | SCC6TLI-AV
I¥91-6191 | HDNNVINIOHNNDHNVIVOVYOHNNNY I¥91-1291 | NVVVONNDNODNVIVVOIDVONY | TSC6CTLI-AV
6€91-L191 | DNDNNVINODNNDNVIVOVVDNV 6€91-6191 | NVINNDNDNVIVVIDVODNVVD | 0SS6CLI-AV
LEST-CTOT | NNONDNNVOINOIDNNDNVIVIVVY LEOT-LTOT | NNNDNDNAVIVVOIDVONVVOVD | 8¥S6CLI-AV
PEOT-CIOT | NDONNNDNDONNVOINIDNILDLVOVY PEOT-FI91 | NNDNVOVVOIDVODNVVIOVOVVY | SHPC6TLI-AV
0€91-8091 | VDODHNNDNNNDNDNNVILDDNNDV 0€91-0I91 | NDVVIDVDNVVIVOVVVODVVYD | [¥S6CLI-AV
8¢91-9091 | DVVHDNNONNNDINDNNVILODNY 8791-8091 | NVODVOHNVVIVOVVVDVVION | 6€S6CLI-AV
LT91-609T | DHVVOHONNONNNDNDNLVINIODV LTOT-L09T | NOODVODNVVIVOVVVOVVIODNN | 8¢C6TLI-AV
PI91-C6ST | DAVDNNVIODVVVIODDHVVOONNIV YI9T-¥6ST | NOVVIONNDODNNNIONVVYIN | STCOTLI-AV
cI91-16ST | NDNVOHNNVOOVYVIODVVOHDNNY E€191-€6ST | NVVODNNDODDNNNDODNAVVINY | $TS6TLI-AV
$091-¢8ST | NODNNDOVINNDNAVONNVIDVVVY POOT-¥8ST | NNNNDODNVVOINVOVVODNDVVD | SIS6CLI-AV
€091-18ST | NNODNNDVINNDNVONLVIDVVY €09T-€8ST [ NNNDDNAVVINVIVVDNOVVID | PIS6TLI-AV
96CT-vEST | DOONIOINVVAVOVIDNVIVOVIV 96CT-9¢ST | NVNONDNVOODNINVANVOOVD | L8Y6TLI-AV
CEST-0IST | VVDOOIDNNDONVDOOHNNLALODDOV CEST-CIST | NDIDVVVVVIDONVOOVVIDD | €9v6CL1-AV
1€6T-606T | NVVIOHNNIOINVOIONLNALNADDV TECT-TIST | NOOVVVVVIDONVOOVVIDDN | Tor6TLI-AV
0€CT-80€T | DNVVIOIDNNDONVOHIOLNLNANDY 0€CT-01ST | NDOVVVVVIDINVOHOVVOIODDNN | 19%6CLI-AV
OvI-0¥71 | NOVINVIONVVIDNDNLOLVIIV COPI-Cry1 | NDDNVOVVIOVOIDNNVODNVDN | €1v6TLI-AV
LYET-CCET | DNNDVONDIONOHVNINDLODNNDV LYET-LTET | NDVVIOVIVVNIOVODOVONDV | 00€6CLI-AV
PPEI-Ccel | DVVONNIVOHNIIDNDHV.LNDNDDV PPEI-PCel | NODVOVVIOVODDVINDVVDIN | L6T6CLI-AV
EPEI-12ET | NOVVINNIVONIOONDVNLONDY EPET-ECET | NOVIVVNOVODOHVONDVVONN | 96T6TLI-AV
LECT-CIET | NOHOHNOHNNDVVINNDIVOILIIINDV LECT-LTET | NOVODOHVONDHVVONNDVVIVD | 06C6CLI-AV
Seel-€1el | NONDHHOHNDNNDVVINNIVOLIDDOV Seel-C1El | NDDOHVONDVVODNNDVVIVIOV | 88C6CLI-AV
ceel-01el | vONNIONOOHNDNNDVVILNDVONY ceel-Clel | NVONDVVODNNDVVIVIIVOVY | S8T6CLI-AV
LTET-COET | NNVVNVINNINDONDNLIOVVINY LTET-L0CT | NVDNNDVVIVIIVOVVONVNN | 08T6CLI-AV
owm VOLLIONIN | ¢ 3 ¢ aouamiag pung suospuy owm VOLIWIN | o) g anumbag puengosog | 2N

148



PCT/US2022/047987

WO 2023/076451

660¢-LL0C | DDONOOONNDNNDVOILODVVVY 660¢-6L0C | NNNNDOVOINIVVOVVDDOVD | 9¢66¢LI-AV
€20T-€00C | VONDHOVVIDHOOHVONVHLNDOVOV §20¢-600T [ NDNOOVVONVOHNIIIDNNDIV | TLY6TLI-AV
€¢0C-100T | VNVINDOVVIDDHOHVINVOHLNIDVY €20C-€00T | NDDVVINVDHNIIIDNNDIVON | 0L86TLI-AV
¢T0C-000T | DVNVINDIOVVIDHDOVILVONNIV C20T-700T | NOHVVOINVOHNIIODNNDIVONY | 6986CLI-AV
ST0T-€661 | VVVAVINDVAVINDIVVIDOHOVY ST10T-S661 | NNODOOOHNNDOVONVIAIVONAVA | T986CTLI-AV
Y10T-C661 | VVVVAVINOVNVINDOIOVVIDDHDV P10T-661 | NODIONNDOVOHNVAIVONVAN | T986CLI-AV
600T-L861 | DVINNVVVVIVINDVNVILODOVY 6002-6861 | NNODOVONVADIVONVANNNVVD | 9¢86CLI-AV
L£00¢-€861 | VDDVONNVVVVNVINDVNIVINDV L00T-L861 | NOVONVADVONVANNNAVYDND | $S86CTLI-AV
S00T-€861 | NVVDOHVIONNVVVVIVILOVNVOV $002-S861 | NDNVADVONVNNNNVVONION | TE86TLI-AV
€00C-1861 | DNNVVDDVINNVVVVIVILOVNVY €002-€861 | NVNOVONVNNNNVVDNIINNY | 0S86TLI-AV
200T-0861 | DONNVVODOVINNVVVVIVINDVY ¢00T-2861 | NNOVONVNNNNVVONIINNVY | 6¥86CLI-AV
Y661-CL61 | NNDNNDDNIINNVVODVILAVVY Yo61-vL61 | NNNVVDNDINNVVODOVIDVVD | [¥86CLI-AV
¢e61-0161 2NNODHO20NDOHVIDNILY.LONNY Ce61-CI61 | NVVDVNAVOVODNIOVOODDODV | T086CLI-AV
6€81-LI8T | DOHVIVIIVIVOVINOVNOVVVY 6€81-6181 | NNNNOVNDVOHNOINODNDONODND | 6CTLETLI-AV
6LLI-LSLT | NDOHNVIODDNIIOHONNDLVOVONY 6LLT-6SLT | NVONDNVOVVIIDOHVIODDNVD | 0696CLT-AV
LLLT-SSLT | DNNODAVIIDNDIDDDHNLILVOVY LLLT-LSLT | NNDNVOVVIIDOHVIDDNAVIOV | 8896CLI-AV
99LT-vPLT | NVVNDONDNNIDNNDDLVIIONV 99LT-9%LT | NVODODNVIIVVIDVVOVIOVI | LLY6TLI-AV
COLT-0PLT | NDDHONVVNOHDNONNDIDLNDDONVY COLT-TPLT | NAVIIVVIDVVOIVIOVINVOD | €L96TLT-AV
6SLI-LELT | DOVNDOHONVVNOHOHNDHNLIDNNDV 6SLT-6€LT | NDOVVIDVVIVIOVANVYDIOV | 0L96CLT-AV
OCLT-YELT | NNDDOVNODHOINVVNDDLDLNOOV 9CLT-9ELT | NDDVVIVIOIVANVOIIVNODDD | L996CLI-AV
CELT-OTLT | VOVOODNVIIVVVIIILNODNDNV CELT-CILT | NVOVOVVDOONNNDONVIODDN | €¥96CLT-AV
80LT-989T | DNVINNNIDONIVOHVOVILOVOV 80LT-8891 | NDNOHVOHNININDOVIIOHVVVON | 6196TLI-AV
LS9T-CE9T | VVDNNNDVOHNNIINVNVIONNNY LSOT-LE9T | NVVVODDNVNVODVVINDVVVYD | 8966CLI-AV
9C91-v€91 | DVVDANNDVOHNNIDNVLVIINNY 9691-9¢91 | NVVODNVNAVODVVINDVVVIN | L9S6CLI-AV
1691-6291 | DNVOVOIVVONNNDIVONLIDINVNIV IS9T-T€9T | NVNVODVVIONDVVVINNODNDN | T9S6CLI-AV
0€91-8C91 | NDNVOVIVVONNNIVOLNAIINVY 0691-0€9T | NNVODVVINDVVVINNODNDNY | 1966TL1-AV
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09vC-8e¥C | NOVNDIVIODNVIOVOVIOOLNLNNDY 09YC-0v¥C | NOVVVVVOIDNINONVODNOV | LOT0ELI-AV
LSYT-CEYT | DDDNIVNDVIONVIVOVIDHNNNY LSYT-LEYT | NVVVIDNONDNVODNOVNOVD | $910€LT-AV
91¥T-v6£T | DNOHNNDNONNIVOIVVVDILVVOHV 91¥T-96¢T | NONNVINNNDINDVVOVOVYD | €rI10€LT-AV
90vC-¥8EC | DVVONVAIVVOHNDNNDLILNOVY 90vC-98¢C | NNODVVOVOVVOVONNODVAVODIN | cEI0eL]-AV
CLETESEC | DDNNVNDVVIDNONIIVILVVDY SLET-SCET | NONNVOHNDDHVOHVODNNIVAVY | CTIOELI-AV
16€2-62¢T | DNIDNIDVINOVOHODVNVIOVINY 16€T-T€eT | NVONIDNVNIIIINDVONDVDD | 8IT0ELI-AV
SPEC-€TET | DVNDVIINDONDVINIVODOHVNV SPEC-CTET | NVNDIINHVOHNDVOOHVODNIV | TIT0ELT-AV
EPETICEC | VVIVNDVIOINDDNIVILIOVODOHV EPET-ECEC | NDDONDVOHNOHVOHOVOHDNOVAD | OIT0ELI-AV
IPEC-61€C | DVVVOIVNDVIINIINIVOILIVOVY Ivec-12eT | NONDVHNOHVOHHYDHDNOVNODNN | 80T10eLI-AV
9ECTYIET | DOVVODHOVVVIVNIDVIDLIINDOVY 9¢eT-91¢T | NNOHVDHOHVOHOHNOVNONNNIDNN | €0I0ELT-AV
06¢C-897C | HHNIODHVNVINDNNNIVOLNIIV 06CC-0LTT | NDOVVINDVVVIVONVNIDOV | LLOOELT-AV
YOCC-CPCT | DDVIVONINDNIONVIOVOLAVAY YOCT-vyTe | NVAVVYINOIDNVOVOVOVDNDN | TLOOELI-AV
19¢¢-6€7C | DDNODVIVINONININVIDVOHNV 19CT-T¥CT | NVONIONVOHVOHVDOHVONDNODV | 8900€LT-AV
¢eTT-0eTT | NVNNODNNNDIOHNIDVIVILIONIV CECT-CECT | NDVOHVOHNDNDODVOIDOVVVOVY | 6S00€LT-AV
9C¢CT-¥0CC | DNNDINIIVOHVNODNVOLADNNVY 9TCT-90TT | NNVVOVVOINVIOVNINDDVODY | €500€LT-AV
1TCC-661C | NOVOHIONNDINIDVOVIOLVODNY 1TCC-10CC | NVONVOVADNDDVOOVYDDIN | 8P00ELI-AV
CIee-e61c | NNDOVINOHVDHIDNNIILIOVOVY STCT-S61C | NNONDDVOHDHVVOHODINIVONID | THO0ELT-AV
PLIT-CSIT | DNDNIONVNVONNNIDOVOVIOVVY PLITPSIT | NNNDNDNDDVVVINVAVOOVD | T000ELT-AV
691T-LYIT | DDHOVIDNDNIINVAVOLNLIDOVY 691T-6¥1T | NNDDVVVINVNAVDOVOVIDND | 9666CLI-AV
L91C-SYIT | DVDHOHOHVIDHNDNDONVAVOLNNDV LOTT-LYIC | NDVVVONVAVODOVOVIDNIID | ¥666CLI-AV
991T-v¥IC | DOVHDOHVODNDHNODNVILVOHNNNY 991C-9%1T | NVVVINVNVDOHVIVIDNOIIN | €666¢LI-AV
CoTC-evic | vOHVHHOHVODNDNOONVNVOHNNY SOTT-SYIT | NVVINVAVOOVIVIDNIIIND | T666TLI-AV
YTIT-C01T | DOVVHOHVOHOHNNDOVNODDILOVYIDV YCIT-¥01C | NIONNIDVIIVNOVVIINIINN | 1S66CLI-AV
0C12-860C | VONOOOHVYHOHVOHONNOVNDDNDY 0C1¢-001C | NOVOIIVNIVVIINIINNIODDV | LY66CLI-AV
P11T-C60T | DNOHVVVINIIDIVVDHOVOHONNDV PITCT-¥60T | NOVVIINIINNODOVONNNID | [¥66CLI-AV
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Example 2. In vitro screening methods

Cell culture and transfections:

Transfection assays were carried out in primary human hepatocytes (PHH, BiolVT).
Transfection was performed by adding of Sul Opti-MEM plus 0.1pl of Lipofectamine RNAiMax per
well (Invitrogen, Carlsbad CA. cat # 13778-150) to Sul of siRNA duplexes per well into a 384-well
plate and incubated at room temperature for 15 minutes. 40ul of in Invitrogro CP media (BioIVT, Cat
#799029) containing ~10 x10* cells were then added to the siRNA mixture. Cells were incubated for

24 hours prior to RNA purification. Experiments were performed at 10nM, 1nM, and 0.1nM.

Total RNA isolation using DYNABEADS mRNA Isolation Kit:

RNA was isolated using an Highres Biosolution integration system using Dynabeads™
mRNA DIRECT™ Purification Kit (Invitrogen™, Catalog No. 61012). Briefly, 70 uL of
Lysis/Binding Buffer and 10 pL of lysis buffer containing 3 uL of magnetic beads were added to the
plate with cells. Plates were incubated on an electromagnetic shaker for 10 minutes at room
temperature and then magnetic beads were captured and the supernatant was removed. Bead-bound
RNA was then washed 2 times with 90 uL Wash Buffer A and once with 90 uL Wash Butfer B.
Beads were then washed with 90 pL Elution Buffer, re-captured, and supernatant was removed.
Complementary DNA (cDNA) was synthesized using High-Capacity cDNA Reverse Transcription
Kit with RNase Inhibitor (Applied Biosystems™, Catalog No. 4374967) according to the
manufacturer’s recommendations. A master mix containing 1 uL 10X Buffer, 0.4 uL 25X
deoxyribonucleotide triphosphate, 1 uL 10X Random primers, 0.5 uL. Reverse Transcriptase, 0.5 uL
RNase inhibitor, and 6.6 pL of H>O per reaction was added to RNA isolated above. The plates were
sealed, mixed, and incubated on an electromagnetic shaker for 10 minutes at room temperature,
followed by 2 hours incubation at 37°C.

CFB mRNA levels were quantified by performing RT-qPCR analysis. 2ul of cDNA were
added to a master mix containing 0.5ul of human or cyno GAPDH TagMan Probe, 0.5ul human or
cyno CFB probe (Hs00156060_m1) and Sul Lightcycler 480 probe master mix (Roche Cat #
04887301001) per well in a 384 well plates. Real time PCR was done in a LightCycler480
Real Time PCR system (Roche). To calculate relative fold change, real-time data were analyzed
using the Delta-Delta Threshold Cycle (Relative Quantification) (AACg[RQ]) method [Schmittgen and
Livak 2008] and were normalized to control assays performed using cells transfected with PBS. For
all samples, CFB mRNA levels were first normalized to GAPDH as a reference gene. Data are
expressed as percent of CFB mRNA remaining relative to average PBS control and error is expressed

as standard deviation (SD), derived from the 4 transfection replicates.

The results of single dose transfection screens in PHH cells of the dsSRNA agents in Tables 2 and 3

are shown in Table 4.
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Table 4. In Vitro Single dose Screens in Primary Human Hepatocytes

10nM 1InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1728447.1 14 4 13 4 21 3
AD-1724362.1 17 10 13 3 20 4
AD-1724363.1 19 6 26 7 25 1
AD-1724364.1 16 5 19 1 15 4
AD-1724365.1 38 13 47 8 36 4
AD-1724369.1 23 7 27 7 30 9
AD-1724370.1 25 7 48 5 48 8
AD-1724376.1 20 4 19 3 23 6
AD-1728461.1 22 5 28 3 37 5
AD-1724384.1 69 7 52 9 78 14
AD-1728470.1 42 11 43 10 71 12
AD-1724385.1 47 7 66 6 63 9
AD-1728471.1 30 1 40 7 37 10
AD-1724386.1 37 3 49 6 69 15
AD-1724530.1 14 1 30 6 30 5
AD-1724572.1 31 5 62 8 75 18
AD-1728659.1 26 5 36 6 45 9
AD-1724574.1 13 3 16 0 16 4
AD-1724575.1 17 1 32 5 31 6
AD-1724576.1 11 1 15 1 18 3
AD-1724579.1 21 2 21 2 34 7
AD-1728664.1 76 2 85 10 95 9
AD-1726815.1 55 5 67 6 79 9
AD-1728671.1 55 5 60 9 84 8
AD-1724586.1 27 2 41 8 52 4
AD-1728685.1 60 8 66 8 76 11
AD-1724600.1 21 4 32 5 34 5
AD-1728736.1 12 2 17 4 13 2
AD-1724651.1 8 1 11 1 10 2
AD-1724653.1 13 2 17 3 21 6
AD-1724685.1 15 2 33 2 27 3
AD-1726927.1 12 2 22 3 29 5
AD-1724691.1 13 1 17 2 21 2
AD-1728777.1 25 8 50 7 44 6
AD-1726928.1 20 3 32 2 39 4
AD-1724692.1 1 16 2 14 3
AD-1724693.1 8 1 11 1 14 2
AD-1726931.1 56 5 61 5 75 3
AD-1724695.1 12 2 24 4 21 1
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10nM InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | 1InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1726934.1 25 3 28 10 49 6
AD-1724698.1 18 2 21 1 25 2
AD-1728784.1 7 1 12 2 10 1
AD-1726935.1 9 2 10 2 13 2
AD-1724699.1 6 1 9 1 6 1
AD-1726936.1 6 2 10 2 12 3
AD-1724700.1 8 1 13 2 10 2
AD-1728786.1 9 1 14 4 12 2
AD-1726937.1 7 1 10 1 9 2
AD-1724701.1 9 2 12 1 8 1
AD-1728787.1 54 8 62 7 69 11
AD-1726938.1 12 3 17 3 18 5
AD-1724702.1 6 1 12 3 9 2
AD-1726939.1 4 1 8 1 9 1
AD-1724703.1 7 1 12 3 12 2
AD-1728789.1 12 2 19 3 22 5
AD-1726940.1 10 1 14 4 15 2
AD-1724704.1 8 1 11 2 10 1
AD-1726941.1 14 1 23 8 27 6
AD-1724705.1 13 2 19 6 20 4
AD-1724706.1 3 1 10 2 9 1
AD-1726942.1 7 1 11 3 10 2
AD-1724707.1 10 1 25 2 20 3
AD-1728793.1 14 2 21 8 22 5
AD-1724708.1 10 1 11 1 12 1
AD-1724714.1 12 2 19 5 25 5
AD-1724715.1 10 2 16 5 14 3
AD-1728801.1 6 1 15 8 38 2
AD-1726952.1 12 4 10 3 34 9
AD-1724716.1 15 2 18 3 26 5
AD-1728802.1 52 9 79 13 86 16
AD-1724717.1 31 7 45 9 74 23
AD-1724718.1 8 1 14 3 16 2
AD-1726961.1 0 20 3 20 3
AD-1724725.1 5 3 15 2 17 2
AD-1728810.1 59 15 46 11 46 17
AD-1728811.1 35 12 46 4 58 11
AD-1724726.1 20 8 36 7 40 15
AD-1724730.1 16 4 23 7 27 5
AD-1724731.1 31 9 53 10 77 16
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10nM InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | 1InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1724741.1 42 8 52 9 64 23
AD-1724742.1 14 4 22 7 22
AD-1728827.1 31 10 43 3 51 8
AD-1724743.1 23 10 23 5 60 18
AD-1728861.1 28 10 20 9 28 12
AD-1727012.1 15 5 18 4 22 8
AD-1724776.1 11 4 15 4 18
AD-1724777.1 12 6 18 6 25 9
AD-1728863.1 15 5 21 6 33 13
AD-1724778.1 13 3 20 4 24 5
AD-1724779.1 11 4 26 5 37 5
AD-1724780.1 47 6 65 10 88 13
AD-1724781.1 19 4 32 6 42 3
AD-1728877.1 23 4 32 8 37 7
AD-1724792.1 29 9 38 3 47 7
AD-1724819.1 10 1 15 4 21 4
AD-1724823.1 12 1 13 3 23 9
AD-1727059.1 12 2 18 2 15 2
AD-1728909.1 23 5 31 11 46 5
AD-1724824.1 21 4 35 2 30 4
AD-1724825.1 22 4 27 15 44 7
AD-1724860.1 51 11 55 13 73 6
AD-1724894.1 17 3 31 6 41 9
AD-1724897.1 16 1 27 5 26 4
AD-1724899.1 13 4 21 6 19 2
AD-1724900.1 11 2 22 2 26 3
AD-1724903.1 44 5 46 9 69 14
AD-1727140.1 34 21 47 12 75 10
AD-1724904.1 40 4 54 12 54 11
AD-1728990.1 13 2 22 3 16 2
AD-1724905.1 15 1 22 3 25 4
AD-1727142.1 51 11 77 12 81 8
AD-1724906.1 42 6 54 5 53 2
AD-1728995.1 25 4 37 1 26 7
AD-1724910.1 14 1 20 3 12 1
AD-1724919.1 25 5 46 9 38 4
AD-1727181.1 52 11 71 19 76 4
AD-1724945.1 17 4 23 6 26 6
AD-1724946.1 31 6 32 6 61 4
AD-1727183.1 17 4 14 7 20 2
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10nM InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | 1InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1724947.1 15 6 18 2 17 4
AD-1727184.1 84 9 87 3 94 11
AD-1724948.1 37 8 43 5 52 5
AD-1724949.1 35 1 52 11 61 8
AD-1725000.1 27 3 47 9 36 5
AD-1725003.1 59 16 65 9 65 5
AD-1729089.1 112 19 122 19 90 20
AD-1725004.1 97 16 106 8 87 13
AD-1725013.1 27 1 43 5 39 5
AD-1725017.1 48 4 75 11 82 9
AD-1729103.1 52 3 74 4 78 9
AD-1725018.1 39 4 43 3 56 7
AD-1725019.1 71 7 102 8 90 7
AD-1729105.1 66 9 84 17 71 13
AD-1725020.1 18 3 31 5 24
AD-1729106.1 32 4 48 8 48 6
AD-1725021.1 19 1 30 6 24 3
AD-1725022.1 35 6 43 7 43 10
AD-1725023.1 23 1 39 5 40 2
AD-1729110.1 23 6 36 4 32 4
AD-1725025.1 16 5 29 5 26
AD-1729112.1 35 6 49 11 46 8
AD-1727263.1 36 4 52 5 68 13
AD-1725027.1 35 7 47 3 41 11
AD-1725028.1 21 4 44 7 42 3
AD-1725033.1 73 11 89 15 88 10
AD-1727275.1 52 6 52 8 41 2
AD-1725039.1 26 4 28 3 20 2
AD-1727276.1 107 18 99 11 101 10
AD-1725040.1 29 3 41 2 41 13
AD-1725041.1 13 3 24 5 17 3
AD-1727278.1 76 16 83 16 86 10
AD-1725042.1 17 3 24 6 21 3
AD-1725043.1 12 5 21 3 18 3
AD-1725044.1 7 3 14 5 11 1
AD-1729130.1 62 13 81 13 69 7
AD-1725045.1 16 3 25 3 17 4
AD-1725046.1 19 2 21 5 23 6
AD-1729132.1 62 9 50 6 39 6
AD-1725047.1 19 1 25 5 17 3
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10nM InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | 1InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1725048.1 15 1 19 2 17 4
AD-1729134.1 34 3 55 11 56 8
AD-1727285.1 23 5 35 3 44 11
AD-1725049.1 14 2 21 5 19 5
AD-1727286.1 32 4 49 9 50 6
AD-1725050.1 17 4 31 9 27 7
AD-1729136.1 16 3 22 3 20 9
AD-1725051.1 10 0 23 3 17 1
AD-1729137.1 7 0 11 2 9 1
AD-1727288.1 5 2 13 2 8 2
AD-1725052.1 9 3 12 1 9 4
AD-1727289.1 9 2 17 2 18 9
AD-1725053.1 11 2 20 4 17 3
AD-1729139.1 7 1 12 2 9 1
AD-1727290.1 8 1 15 4 12 5
AD-1725054.1 5 2 5 0 6 1
AD-1727291.1 9 1 8 2 14 3
AD-1725055.1 6 2 6 2 6 0
AD-1729141.1 9 3 10 4 12 1
AD-1727292.1 7 3 6 2 15 1
AD-1725056.1 15 4 13 2 17 4
AD-1725057.1 8 1 7 2 5 2
AD-1729142.1 16 1 19 5 23 5
AD-1727293.1 9 1 7 1 5 1
AD-1725058.1 12 3 11 4 25 4
AD-1725059.1 8 3 5 1 12 1
AD-1725060.1 22 2 13 5 9 1
AD-1725061.1 18 4 13 3 9 1
AD-1727298.1 29 3 21 3 11 1
AD-1725062.1 27 3 19 2 8 1
AD-1725066.1 28 5 15 2 14 5
AD-1729151.1 40 4 27 3 22 4
AD-1727310.1 85 6 57 13 71 6
AD-1725074.1 25 1 16 2 11 1
AD-1725075.1 22 1 13 3 11 1
AD-1725079.1 38 8 22 4 21 3
AD-1725080.1 65 4 46 5 59 2
AD-1727318.1 38 3 25 3 15 1
AD-1725082.1 26 6 15 4 8 1
AD-1725083.1 30 7 19 5 11 2

185




WO 2023/076451 PCT/US2022/047987

10nM InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | 1InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1725088.1 69 5 41 10 40 4
AD-1725092.1 47 7 31 8 19 2
AD-1725095.1 7 2 6 2 5 1
AD-1729180.1 52 5 54 7 57 9
AD-1727331.1 28 3 21 6 30 3
AD-1725096.1 18 1 11 3 6 1
AD-1729207.1 76 9 59 8 90 11
AD-1727358.1 42 4 38 7 50 6
AD-1725122.1 31 3 21 4 21 2
AD-1727359.1 62 11 38 4 29 5
AD-1725123.1 33 3 22 2 41 8
AD-1725125.1 21 5 11 3 6 1
AD-1727361.1 26 3 15 5 9 2
AD-1727392.1 24 2 13 2 9 1
AD-1725156.1 19 1 11 5 16 3
AD-1729242.1 22 2 15 6 11 1
AD-1725158.1 50 6 32 6 40 8
AD-1725159.1 63 10 45 8 42 6
AD-1729269.1 52 1 51 5 51 3
AD-1727420.1 24 4 18 1 13 3
AD-1725184.1 22 4 16 2 9 1
AD-1729271.1 47 5 31 5 23 3
AD-1725186.1 39 5 21 1 16 2
AD-1729274.1 43 5 37 2 40 5
AD-1725189.1 29 5 17 2 14 1
AD-1725190.1 22 5 14 5 12 1
AD-1727427.1 74 8 56 5 66 8
AD-1725191.1 27 3 25 4 21 1
AD-1729277.1 51 12 33 5 35 2
AD-1727428.1 97 4 65 9 70 4
AD-1725192.1 20 2 15 2 9 1
AD-1725193.1 18 1 9 1 12 4
AD-1727430.1 26 6 16 4 17 2
AD-1725194.1 13 2 9 1 8 1
AD-1729280.1 27 5 23 2 20 5
AD-1727431.1 30 8 21 4 20 2
AD-1725195.1 25 6 16 3 13 3
AD-1727432.1 19 4 14 4 9 1
AD-1725196.1 18 5 15 1 11 1
AD-1727433.1 68 19 43 7 65 4
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10nM InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | 1InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1725197.1 33 12 27 5 52 3
AD-1727434.1 50 10 49 3 36 2
AD-1725198.1 24 5 21 2 23 3
AD-1727435.1 46 13 36 4 35 4
AD-1725199.1 30 7 27 3 26 6
AD-1729285.1 37 8 38 7 32 3
AD-1727436.1 36 8 25 3 36 9
AD-1725200.1 17 5 16 2 14 1
AD-1729288.1 98 12 91 17 92 15
AD-1725203.1 64 16 69 8 52 4
AD-1725204.1 77 18 77 17 73 7
AD-1729290.1 26 4 25 2 15 2
AD-1727441.1 49 10 52 7 55 7
AD-1725205.1 31 7 35 1 27 4
AD-1725206.1 23 4 31 4 39 4
AD-1727442.1 45 11 44 6 48 5
AD-1725208.1 13 4 16 2 15 2
AD-1729296.1 28 8 33 6 16 5
AD-1725211.1 28 9 32 3 39 3
AD-1725212.1 16 9 21 3 20 4
AD-1729300.1 58 16 48 6 77 15
AD-1725215.1 15 3 20 6 33 5
AD-1725216.1 20 6 28 12 33 5
AD-1725243.1 32 4 37 10 49 8
AD-1725244.1 12 3 16 4 10 3
AD-1727481.1 22 2 36 4 23 0
AD-1725245.1 16 1 22 3 15 4
AD-1727483.1 30 2 41 7 48 9
AD-1725247.1 13 2 25 3 24 3
AD-1725327.1 22 4 35 7 27 5
AD-1729413.1 68 19 82 10 87 6
AD-1725328.1 39 3 57 9 75 10
AD-1727565.1 71 6 90 5 94 5
AD-1725329.1 54 8 91 15 103 16
AD-1727566.1 70 10 90 9 105 13
AD-1725330.1 62 10 76 6 92 10
AD-1725331.1 31 4 67 4 73 17
AD-1727568.1 85 10 105 11 88 8
AD-1725332.1 54 5 59 8 63 7
AD-1727569.1 21 3 37 7 41 7
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10nM InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | 1InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1725333.1 24 4 38 4 44 6
AD-1727570.1 22 4 34 5 38 5
AD-1725334.1 20 4 32 4 26 8
AD-1725336.1 17 5 34 10 30 6
AD-1725344.1 39 6 54 10 64 17
AD-1725345.1 38 2 62 5 68 5
AD-1725347.1 35 3 50 11 49 4
AD-1727584.1 32 5 44 2 36 7
AD-1725348.1 15 3 24 1 22 4
AD-1727612.1 35 8 20 1 40 5
AD-1725376.1 16 6 45 13 41 7
AD-1729461.1 66 13 78 16 79 3
AD-1729462.1 34 19 93 6 99 8
AD-1725377.1 62 15 87 16 89 9
AD-1729463.1 28 6 58 2 46 5
AD-1725378.1 25 4 44 4 43 5
AD-1727633.1 47 7 64 14 58 11
AD-1725397.1 16 3 24 6 20 5
AD-1729487.1 13 0 21 1 10 3
AD-1727638.1 11 1 23 2 15 3
AD-1725402.1 14 2 25 3 15 3
AD-1727639.1 14 2 23 6 14 3
AD-1725403.1 12 3 21 4 13 2
AD-1727640.1 37 5 60 6 68 11
AD-1725404.1 16 2 35 3 27 7
AD-1727641.1 13 2 26 5 20 1
AD-1725405.1 9 1 15 2 11 2
AD-1727642.1 47 8 82 13 78 8
AD-1725406.1 17 1 26 4 23 4
AD-1727643.1 21 1 36 9 31 5
AD-1725407.1 13 1 26 3 20 5
AD-1727644.1 14 1 24 2 23 4
AD-1725408.1 8 1 15 1 10 1
AD-1727645.1 14 2 21 2 15 2
AD-1725409.1 12 3 16 3 12 2
AD-1727646.1 47 6 74 10 83 11
AD-1725410.1 22 1 37 4 32 4
AD-1725411.1 24 3 44 6 44 7
AD-1730469.1 72 3 96 11 102 4
AD-1730470.1 36 4 55 11 76 4
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10nM InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | 1InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1730471.1 16 3 27 5 30 6
AD-1727663.1 45 4 60 15 54 5
AD-1725427.1 18 2 34 2 27 2
AD-1727664.1 32 5 53 3 45 6
AD-1725428.1 21 3 35 5 29 3
AD-1729514.1 13 2 21 3 15 3
AD-1727665.1 12 3 19 4 20 3
AD-1725429.1 11 2 22 5 14 2
AD-1729515.1 37 5 36 5 34 3
AD-1727666.1 15 2 23 4 14 3
AD-1725430.1 11 1 13 5 13 3
AD-1729524.1 30 3 56 5 49 4
AD-1727675.1 24 5 35 9 26 5
AD-1725439.1 29 6 44 10 45 10
AD-1725440.1 25 1 32 4 29 3
AD-1729525.1 29 8 47 8 59 11
AD-1727677.1 30 6 47 6 41 2
AD-1725441.1 21 2 28 1 26 2
AD-1725449.1 32 7 41 7 29 8
AD-1729538.1 29 3 55 4 51 8
AD-1727689.1 41 5 67 8 61 9
AD-1725453.1 29 9 47 5 54 8
AD-1727690.1 9 4 14 5 16 4
AD-1725454.1 15 3 18 4 24 2
AD-1729541.1 9 4 26 2 17 4
AD-1725456.1 13 3 18 1 15 2
AD-1727693.1 11 1 18 3 11 2
AD-1725457.1 9 2 20 2 11 3
AD-1729545.1 15 3 22 4 18 2
AD-1727696.1 12 3 9 3 15 3
AD-1725460.1 5 2 2 11 2
AD-1727698.1 19 1 20 2 23 10
AD-1725462.1 5 1 9 3 8 3
AD-1729548.1 7 2 9 2 3
AD-1727699.1 7 2 7 2 10 2
AD-1725463.1 4 1 7 3 7 1
AD-1725464.1 3 1 8 1 10 1
AD-1729550.1 26 1 24 11 38 4
AD-1727701.1 13 2 28 2 33 5
AD-1725465.1 9 1 19 4 19 3
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10nM InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | 1InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1729552.1 25 3 33 3 26 4
AD-1727703.1 6 1 11 2 10 1
AD-1725467.1 7 1 12 2 14 3
AD-1725469.1 7 2 11 1 16 2
AD-1727705.1 16 2 29 2 29 8
AD-1729555.1 7 1 10 1 13 1
AD-1725470.1 11 1 17 2 19 5
AD-1729557.1 42 6 60 3 48 4
AD-1727708.1 12 3 16 2 19 3
AD-1725472.1 9 0 13 2 11 2
AD-1725473.1 11 2 18 3 18 1
AD-1729559.1 18 4 28 6 45 4
AD-1727710.1 39 6 68 11 70 7
AD-1725474.1 19 4 40 2 38 3
AD-1729561.1 11 1 17 1 22 3
AD-1727712.1 10 1 16 1 19 1
AD-1725476.1 6 1 9 1 13 1
AD-1729562.1 4 3 4 1 6 2
AD-1727713.1 8 1 10 1 12 1
AD-1725477.1 7 0 10 0 13 1
AD-1727714.1 9 2 15 1 20 3
AD-1725478.1 9 1 12 1 12 1
AD-1727717.1 23 2 38 4 53 6
AD-1725481.1 17 2 29 6 37 1
AD-1727718.1 19 2 33 3 40 3
AD-1725482.1 16 3 31 4 31 9
AD-1729567.1 65 13 60 8 70 6
AD-1729568.1 20 4 23 3 25 4
AD-1725483.1 13 1 12 2 16 1
AD-1725534.1 13 2 23 8 38 8
AD-1725535.1 1 6 1 9 0
AD-1725548.1 5 2 12 3 19 3
AD-1725552.1 29 6 67 7 75 9
AD-1725556.1 13 6 22 6 29 5
AD-1729643.1 9 6 24 6 26 5
AD-1725558.1 20 3 32 8 40 6
AD-1725580.1 25 5 32 5 35 4
AD-1729667.1 43 7 59 4 68 10
AD-1725582.1 46 8 47 7 55 9
AD-1729670.1 12 3 25 4 34 3
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10nM InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | 1InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1727821.1 19 2 38 9 46 6
AD-1725585.1 15 1 27 4 41 6
AD-1727823.1 72 8 71 11 77 10
AD-1725587.1 21 2 43 1 48 11
AD-1729673.1 22 2 32 8 33 7
AD-1725588.1 19 4 20 4 31
AD-1725590.1 17 4 36 4 55 8
AD-1727826.1 99 18 83 7 84 15
AD-1725591.1 42 5 77 4 78 14
AD-1729677.1 17 2 24 1 29 6
AD-1725592.1 20 2 34 2 47 4
AD-1727829.1 88 22 89 14 93 7
AD-1725593.1 14 2 17 3 33 7
AD-1725598.1 94 24 66 11 79 18
AD-1729688.1 24 3 54 12 61 13
AD-1725603.1 11 3 20 3 23 2
AD-1725604.1 15 4 17 3 29 4
AD-1729690.1 88 9 83 12 86 17
AD-1725605.1 64 11 49 8 67 12
AD-1725643.1 7 0 10 2 15 1
AD-1725644.1 2 0 11 3 13 3
AD-1729729.1 28 6 31 7 41 11
AD-1725645.1 18 7 42 7 41 5
AD-1725646.1 13 5 37 7 46 9
AD-1727883.1 16 6 28 6 44 9
AD-1725647.1 14 3 17 5 29 8
AD-1725667.1 23 4 30 6 40 6
AD-1725716.1 67 14 49 12 62 15
AD-1725717.1 22 2 46 9 63 14
AD-1729802.1 102 26 77 11 79 13
AD-1729841.1 3 1 7 2 11 2
AD-1727977.1 2 0 6 1 12 5
AD-1725756.1 3 0 6 2 10 2
AD-1727978.1 11 2 11 2 15 4
AD-1725757.1 6 1 7 2 10 2
AD-1727980.1 7 2 8 2 11 4
AD-1725759.1 7 2 6 1 13 2
AD-1727981.1 6 0 7 1 10 1
AD-1725760.1 7 1 8 2 11 1
AD-1725761.1 6 2 7 2 9 2
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10nM InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | 1InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1725762.1 9 3 17 2 19 3
AD-1727984.1 7 1 1 10 2
AD-1725763.1 3 1 5 1 8 2
AD-1727985.1 7 1 10 2 17 4
AD-1725764.1 4 1 5 2 11 1
AD-1729849.1 42 10 31 5 41 11
AD-1729850.1 12 4 14 3 21 2
AD-1727986.1 5 1 9 2 13 1
AD-1725765.1 8 1 14 2 22 2
AD-1727987.1 6 1 8 1 12 2
AD-1725766.1 5 1 9 2 12 2
AD-1725767.1 6 1 10 2 14 1
AD-1729852.1 33 7 43 7 58 16
AD-1727989.1 10 2 13 3 16 2
AD-1725768.1 9 2 15 3 18 2
AD-1729854.1 21 1 31 5 32 3
AD-1727990.1 10 1 17 2 19 3
AD-1725769.1 8 1 14 1 20 2
AD-1727992.1 1 15 4 21 2
AD-1725771.1 8 2 12 3 7 4
AD-1729856.1 14 4 24 3 29 2
AD-1727993.1 13 1 24 3 18 6
AD-1725772.1 7 1 9 1 10 2
AD-1727994.1 23 2 40 6 43 7
AD-1725773.1 7 2 11 3 15 1
AD-1727996.1 19 8 30 2 53 7
AD-1725775.1 45 10 55 8 71 8
AD-1729861.1 60 5 69 2 79 6
AD-1725776.1 23 6 29 9 57 9
AD-1729862.1 37 10 42 6 42 2
AD-1725777.1 8 2 12 3 15 2
AD-1727999.1 50 7 64 14 78 9
AD-1725778.1 17 5 25 3 35 3
AD-1725779.1 16 1 21 1 29 4
AD-1725780.1 7 1 11 1 11 2
AD-1729869.1 28 1 43 5 57 11
AD-1725784.1 10 2 15 1 17 1
AD-1729870.1 30 2 50 13 59 4
AD-1725785.1 13 1 21 3 34 2
AD-1725786.1 16 4 22 3 30 2
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10nM InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | 1InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1729872.1 44 3 51 12 54 5
AD-1725787.1 16 3 24 3 28 5
AD-1725789.1 11 1 16 2 20 3
AD-1725790.1 20 1 29 4 37 6
AD-1728049.1 102 14 94 11 100 14
AD-1725828.1 26 5 34 6 46 9
AD-1725829.1 44 7 50 8 64 3
AD-1725830.1 11 2 21 5 26 5
AD-1725831.1 18 5 21 3 24 2
AD-1725832.1 15 1 26 4 37 4
AD-1728061.1 38 5 40 5 50 10
AD-1725840.1 43 3 32 4 29 2
AD-1729926.1 44 6 50 4 45 5
AD-1728062.1 38 4 37 4 46 6
AD-1725841.1 13 2 15 2 20 3
AD-1725842.1 12 2 17 2 22 6
AD-1725845.1 56 12 74 7 81 18
AD-1728067.1 85 10 98 21 108 12
AD-1725846.1 42 6 68 7 75 11
AD-1729933.1 16 1 22 5 21 1
AD-1725848.1 12 2 14 1 15 3
AD-1725849.1 14 4 17 5 28 5
AD-1725850.1 31 4 39 9 58 6
AD-1725854.1 12 1 15 7 23 7
AD-1725855.1 8 1 10 5 19 2
AD-1729941.1 30 3 47 7 59 5
AD-1725856.1 20 4 32 1 39 6
AD-1725857.1 10 0 15 2 18 4
AD-1725858.1 25 4 36 8 46 7
AD-1725861.1 39 6 41 7 66 12
AD-1729947.1 51 7 46 14 53 2
AD-1725862.1 40 4 51 6 66 7
AD-1728085.1 25 5 50 10 48 8
AD-1725864.1 11 2 20 3 25 4
AD-1729951.1 27 7 45 7 59 11
AD-1725866.1 16 4 29 7 40 9
AD-1725867.1 24 6 34 6 54 5
AD-1725872.1 15 2 17 3 26 6
AD-1725874.1 20 8 25 3 39 8
AD-1729992.1 60 8 34 8 41 13
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10nM InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | 1InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1725907.1 45 10 29 10 54 10
AD-1729993.1 51 9 25 4 47 13
AD-1725908.1 15 0 13 4 19 2
AD-1729994.1 47 12 60 10 79 18
AD-1725909.1 17 3 29 10 42 7
AD-1728132.1 31 7 35 7 65 4
AD-1725911.1 36 5 36 7 58 10
AD-1730001.1 6 1 10 4 21 4
AD-1728137.1 6 1 10 2 19 3
AD-1725916.1 5 1 10 2 12 1
AD-1728140.1 7 1 16 6 28 4
AD-1725919.1 7 3 16 5 22 5
AD-1728146.1 10 1 16 2 26 8
AD-1725925.1 6 1 10 2 24 7
AD-1730042.1 18 2 37 4 65 14
AD-1725957.1 24 3 32 3 50 9
AD-1725958.1 18 1 28 6 42 8
AD-1725961.1 8 1 16 4 21 3
AD-1730048.1 10 1 17 2 27 5
AD-1725963.1 15 3 19 4 26 4
AD-1725964.1 18 4 15 3 22 6
AD-1725967.1 15 3 26 8 33 4
AD-1730053.1 62 7 51 11 73 17
AD-1725968.1 46 7 39 7 56 7
AD-1730059.1 31 6 51 6 85 23
AD-1728195.1 23 4 38 4 67 13
AD-1725974.1 11 3 16 1 46 13
AD-1725977.1 20 4 24 2 25 15
AD-1730068.1 11 1 13 2 11 5
AD-1728204.1 15 1 18 3 38 5
AD-1725983.1 11 2 15 3 24 4
AD-1728206.1 11 1 16 3 40 10
AD-1725985.1 7 2 12 2 21 2
AD-1728207.1 12 3 23 2 25 7
AD-1725986.1 18 4 22 3 25 4
AD-1728208.1 13 1 22 1 35 2
AD-1725987.1 13 3 17 2 24 2
AD-1728209.1 46 6 70 6 101 10
AD-1725988.1 20 7 28 5 43
AD-1725989.1 23 4 38 1 66 7
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10nM InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | 1InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1728210.1 26 4 42 1 65 8
AD-1728212.1 16 2 23 3 57 7
AD-1725991.1 10 1 18 4 31 6
AD-1730077.1 46 2 62 6 102 8
AD-1725992.1 33 2 54 8 92 10
AD-1728214.1 17 2 30 5 74 16
AD-1725993.1 13 2 25 7 50 5
AD-1728220.1 10 2 10 4 34 2
AD-1725999.1 11 2 16 3 32 3
AD-1726014.1 41 5 68 13 100 31
AD-1726015.1 30 5 53 11 98 16
AD-1726016.1 49 9 76 14 114 5
AD-1730103.1 38 8 56 7 92 12
AD-1726018.1 29 10 42 4 80 10
AD-1726020.1 34 5 45 3 74 24
AD-1730108.1 63 5 79 13 109 14
AD-1728244.1 58 9 85 9 109 12
AD-1726023.1 40 6 44 7 105 14
AD-1726024.1 31 9 51 9 88 18
AD-1730110.1 44 6 53 4 108 17
AD-1726025.1 21 3 34 9 65 10
AD-1730112.1 62 12 76 9 92 10
AD-1726027.1 23 5 36 4 66 14
AD-1726029.1 17 5 41 7 76 7
AD-1726031.1 20 3 31 5 53 10
AD-1730118.1 48 8 74 13 96 13
AD-1726033.1 34 4 64 5 99 11
AD-1726034.1 18 5 33 5 53 11
AD-1726036.1 1 15 4 22 2
AD-1728258.1 3 0 15 4 43 3
AD-1726037.1 2 15 4 32 7
AD-1730122.1 12 3 18 3 37 6
AD-1728260.1 21 2 34 4 70 7
AD-1726039.1 15 1 22 3 55 12
AD-1726041.1 19 2 35 5 75 13
AD-1726042.1 36 8 52 11 96 13
AD-1730472.1 14 5 24 7 66 11
AD-1730133.1 8 2 21 2 32 4
AD-1728269.1 12 2 25 2 55 10
AD-1726048.1 7 2 13 1 24 1
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10nM InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | 1InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1728270.1 14 5 35 8 90 20
AD-1726049.1 18 6 42 7 81 6
AD-1728271.1 11 4 20 2 38 10
AD-1726050.1 8 2 13 3 19 4
AD-1726051.1 4 1 6 2 10 3
AD-1728272.1 20 4 30 3 64 16
AD-1728273.1 4 2 9 4 20 3
AD-1726052.1 4 1 9 2 19 5
AD-1728274.1 7 2 13 1 28 7
AD-1726053.1 5 1 9 3 17 4
AD-1728275.1 8 4 15 4 35 9
AD-1726054.1 6 3 12 3 22 6
AD-1728276.1 4 1 8 4 15 5
AD-1726055.1 6 2 11 2 15 1
AD-1728277.1 7 1 9 2 17 3
AD-1726056.1 6 1 7 1 13 2
AD-1728278.1 5 1 10 3 12 3
AD-1726057.1 6 1 7 1 14 2
AD-1726058.1 7 1 12 3 11 5
AD-1730143.1 8 2 14 1 19 3
AD-1728279.1 7 1 13 2 21 2
AD-1726059.1 8 1 16 2 18 3
AD-1726060.1 9 1 16 4 18 2
AD-1728282.1 17 2 29 9 62 11
AD-1726061.1 9 2 17 2 33 7
AD-1728283.1 15 2 30 5 39 3
AD-1726062.1 7 0 14 3 15 2
AD-1728284.1 12 1 20 2 28 5
AD-1726063.1 11 0 15 3 29 6
AD-1728285.1 8 1 16 3 31 3
AD-1726064.1 11 1 17 5 27 5
AD-1728286.1 14 4 25 4 64 10
AD-1726065.1 9 1 14 1 27 6
AD-1730474.1 18 3 28 11 56 6
AD-1730473.1 15 2 28 5 56 8
AD-1730475.1 9 1 13 2 20 3
AD-1730164.1 29 4 42 4 47 7
AD-1728300.1 18 2 27 2 38 1
AD-1726079.1 14 2 23 7 35 4
AD-1728301.1 12 2 16 2 24 3
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10nM InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | 1InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1726080.1 9 2 14 2 20 4
AD-1728302.1 6 2 7 3 9 2
AD-1726081.1 7 3 9 3 16 3
AD-1730167.1 8 2 9 5 16 6
AD-1728303.1 9 1 16 1 17 3
AD-1726082.1 10 0 17 2 20 6
AD-1730168.1 27 6 51 7 73 7
AD-1726083.1 21 3 37 8 63 13
AD-1726084.1 11 1 18 1 24 5
AD-1730169.1 20 2 23 3 32 5
AD-1726085.1 9 3 21 2 33 5
AD-1730171.1 21 3 39 3 49 7
AD-1728307.1 17 1 32 5 50 6
AD-1726086.1 15 5 29 4 53 11
AD-1728308.1 16 3 25 3 44 6
AD-1726087.1 11 2 15 2 21 2
AD-1728311.1 50 13 73 14 109 15
AD-1726090.1 21 2 42 9 70 10
AD-1728312.1 55 4 60 12 104 19
AD-1726091.1 18 3 32 5 46 8
AD-1726092.1 32 5 71 9 82 7
AD-1726095.1 68 8 73 9 79 12
AD-1728317.1 34 2 40 5 42 9
AD-1726096.1 16 2 24 4 24 5
AD-1728318.1 106 19 45 15 110 4
AD-1726097.1 17 4 28 6 38 4
AD-1730183.1 61 7 71 14 94 16
AD-1726098.1 54 3 69 10 90 9
AD-1730184.1 69 6 74 4 93 12
AD-1728320.1 48 9 73 12 94 4
AD-1726099.1 40 7 71 11 79 7
AD-1726103.1 70 12 83 11 73 5
AD-1728324.1 67 9 71 12 68 13
AD-1726113.1 51 7 74 3 88 8
AD-1726159.1 15 4 32 5 39 8
AD-1730256.1 35 6 42 7 56 6
AD-1726171.1 15 2 21 2 32 4
AD-1728405.1 30 7 42 5 67 9
AD-1726184.1 11 3 19 2 30 8
AD-1728408.1 17 1 39 8 63 9
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10nM InM 0.1nM

Average Average Average

mRNA mRNA mRNA

remaining | 10nM remaining | 1InM remaining | 0.1nM
Duplex Name (%) STDEV (%) STDEV (%) STDEV
AD-1726187.1 11 2 22 5 39 11
AD-1728410.1 9 2 17 3 20 4
AD-1726189.1 7 2 14 1 17 4
AD-1728412.1 9 2 19 3 29 6
AD-1726191.1 9 1 18 3 26 10
AD-1726201.1 8 1 17 1 16 3
AD-1728422.1 12 3 20 6 23 5
AD-1730287.1 13 3 24 2 31 5
AD-1728423.1 15 3 30 5 37 4
AD-1726202.1 15 2 29 7 44 8
AD-1730288.1 12 1 25 6 41 7
AD-1726203.1 11 2 17 4 25 6
AD-1728427.1 16 4 36 4 56 14
AD-1726206.1 12 2 22 3 28 7
AD-1726207.1 4 1 10 1 11 5
AD-1730293.1 13 4 19 3 23 3
AD-1726208.1 6 2 16 2 20 5
AD-1726209.1 7 1 17 4 17 4
AD-1730476.1 22 5 25 3 17 6
AD-1730477.1 7 1 13 3 13 3
AD-1730478.1 21 3 36 7 50 11

Example 3. In vitro screening methods

A subset of the duplexes was also assessed by transfection and free uptake in primary human
hepatocytes and primary cynomolgus hepatocytes.

Transfection and free uptake assays were carried out in primary human hepatocyte (PHH,
BioIVT) and primary cynomolgus hepatocyte (PCH, BioIVT). Transfection was performed by adding
of 5ul Opti-MEM plus 0.1ul of Lipofectamine RNAiMax per well (Invitrogen, Carlsbad CA. cat #
13778-150) to Sul of siRNA duplexes per well into a 384-well plate and incubated at room
temperature for 15 minutes. 40ul of in Invitrogro CP media (BioIVT, Cat # Z99029) containing ~10
x10° cells were then added to the siRNA mixture. Cells were incubated for 24 hours prior to RNA
purification. Experiments were performed at 10nM, 1nM, 0.1nM and 0.01nM. Free uptake assay was
performed similarly to transfection assay without using Liporectamine RNAimax and cells were
incubated for 48 hours prior to the RNA purification. Experiments were performed at 200nM,
100nM, 10nM, 1nM.

RNA was isolated using an Highres Biosolution integration system using Dynabeads™

mRNA DIRECT™ Purification Kit (Invitrogen™, Catalog No. 61012). Briefly, 70 uL of

198



10

15

20

25

WO 2023/076451 PCT/US2022/047987

Lysis/Binding Buffer and 10 uL of lysis buffer containing 3 uL of magnetic beads were added to the
plate with cells. Plates were incubated on an electromagnetic shaker for 10 minutes at room
temperature and then magnetic beads were captured and the supernatant was removed. Bead-bound
RNA was then washed 2 times with 90 uL. Wash Buffer A and once with 90 pL. Wash Buffer B.
Beads were then washed with 90 pL Elution Buffer, re-captured, and supernatant was removed.
Complementary DNA (cDNA) was synthesized using High-Capacity cDNA Reverse Transcription
Kit with RNase Inhibitor (Applied Biosystems™, Catalog No. 4374967) according to the
manufacturer’s recommendations. A master mix containing 1 uL 10X Buffer, 0.4 pL 25X
deoxyribonucleotide triphosphate, 1 uL 10X Random primers, 0.5 uL Reverse Transcriptase, 0.5 uL
RNase inhibitor, and 6.6 pL of H,O per reaction was added to RNA isolated above. The plates were
sealed, mixed, and incubated on an electromagnetic shaker for 10 minutes at room temperature,
followed by 2 hours incubation at 37°C.

CFB mRNA levels were quantified by performing RT-qPCR analysis. 2ul of cDNA were
added to a master mix containing 0.5ul of human or cyno GAPDH TagMan Probe, 0.5ul human or
cyno CFB probe (Hs00156060_m1) and Sul Lightcycler 480 probe master mix (Roche Cat #
04887301001) per well in a 384 well plates. Real time PCR was done in a LightCycler480 Real Time
PCR system (Roche). To calculate relative fold change, real-time data were analyzed using the Delta-
Delta Threshold Cycle (Relative Quantification) (AACq[RQ]) method [Schmittgen and Livak 2008]
and were normalized to control assays performed using cells transfected with PBS. For all samples,
CFB mRNA levels were first normalized to GAPDH as a reference gene. Data are expressed as
percent of CFB mRNA remaining relative to average PBS control and error is expressed as standard
deviation (SD), derived from the 4 transfection replicates.

The results of single dose transfection screens and free uptake screens in PHH and PCH cells

are shown in Tables 5 and 6, respectively.
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Example 4. In vivo screening of dsSRNA Duplexes
Single Dose Study (Img/kg)

Duplexes of interest, identified from the above in vitro studies, were evaluated in vivo. In
particular, at pre-dose day -21 wild-type mice (C57BL/6) were transduced with 2 x 10'! viral particles
of an adeno-associated virus 8 (AAV8) vector encoding human CFB intravenously via retro-orbital
delivery. In particular, mice were administered an AAV8 encoding a portion of human CFB mRNA
encoding the open reading frame and 3’ UTR of human CFB mRNA referenced as NM_001710.5,
referred to as VCAV-07851.AAV8.HsCFB.

At day 0, groups of three mice were subcutancously administered a single 1 mg/kg dose of the
duplexes of interest or phosphate-buffered saline (PBS). Table 7 provides the treatment design and
provides the duplexes of interest. On day 0 predose and day 7 post-dose, K;EDTA plasma were
collected and samples were analyzed for human CFB protein by ELISA (Assay Pro # EF7001). All
plasma samples were diluted 1:1000 in 1x diluent and ELISA was conducted according to
manufacturer’s protocol. Data was interpolated using a 4-parameter logistic curve using GraphPad
Prism software.

For all samples, human CFB protein levels were normalized to individual animals’ day 0 level
to calculate relative % human CFB protein remaining. For each group, the mean % CFB protein
remaining was calculated (xstandard deviation [SD]).

The data were expressed as percent of baseline value and presented as mean plus standard
deviation. The results, listed in Table 8 and shown in Figure 2, demonstrate that the exemplary

duplex agents tested effectively reduce the level of the human CFB protein in vivo.

Table 7. Treatment Groups

Group | Treatment zri)it;nals 2:;;1) 2;%‘:

1 PBS 3 NA

2 AD-1726057.3 3 1 2242-2264
3 AD-1725763.3 3 1 1828-1850
4 AD-1725777.3 3 1 1842-1864
5 AD-1725057.3 3 1 995-1017
6 AD-1725096.3 3 1 1034-1056
7 AD-1728786.3 3 1 641-663

8 AD-1725059.3 3 1 997-1019
9 AD-1728276.3 3 1 2391-2413
10 AD-1728278.3 3 1 2393-2415
1 AD-1726936.3 3 1 640-662
12 AD-1725472.3 3 1 1473-1495
13 AD-1724715.3 3 1 504-526
14 AD-1727292.3 3 1 1145-1167
15 AD-1730477.3 3 1 2453-2475
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17 AD-1727288.3 3 1 1141-1163

18 AD-1730167.3 3 1 2438-2460

19 AD-1725408.3 3 1 1389-1411

20 AD-1725761.3 3 1 1826-1848

Table 8. In Vivo Screen

Growp | treamen | 7 SRR e oo [ somy

1 PBS 100.01 | 106.18 | 98.65 101.61 4.01
2 AD-1726057.3 | 67.11 72.07 68.00 69.06 2.64
3 AD-1725763.3 | 35.75 44.82 31.92 37.50 6.63
4 AD-1725777.3 | 80.87 67.57 72.06 73.50 6.77
5 AD-1725057.3 | 60.58 72.93 70.28 67.93 6.50
6 AD-1725096.3 | 68.25 57.34 65.02 63.54 5.61
7 AD-1728786.3 | 68.9 65.6 69.2 67.91 1.99
8 AD-1725059.3 | 629 62.2 64.2 63.10 0.99
9 AD-1728276.3 | 49.2 26.3 38.7 38.06 11.43
10 AD-1728278.3 | 60.5 56.1 58.1 58.24 2.16
11 AD-1726936.3 | 38.4 62.2 50.0 50.21 11.92
12 AD-1725472.3 | 475 76.4 64.5 62.78 14.53
13 AD-1724715.3 | 51.69 47.15 66.83 55.23 10.30
14 AD-1727292.3 | 43.51 50.53 53.90 49.31 5.30
15 AD-1730477.3 | 50.08 50.96 ND 50.52 0.62
17 AD-1727288.3 | 67.03 56.42 42.49 55.31 12.31
18 AD-1730167.3 | 54.47 56.24 52.30 54.34 1.97
19 AD-1725408.3 | 56.03 39.87 58.80 51.56 10.22
20 AD-1725761.3 | 71.73 75.44 52.36 66.51 12.39
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EQUIVALENTS
Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments and methods described herein. Such

equivalents are intended to be encompassed by the scope of the following claims.
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Informal Sequence Listing
SEQ ID NO:1

>gi|1732746151|ref|NM_001710.6 Homo sapiens complement factor B (CFB), mRNA

GGGAAGGGAATGTGACCAGGTCTAGGTCTGGAGTTTCAGCTTGGACACTGAGCCAAGCAGACAAGCAAAG
CAAGCCAGGACACACCATCCTGCCCCAGGCCCAGCTTCTCTCCTGCCTTCCAACGCCATGGGGAGCAATC
TCAGCCCCCAACTCTGCCTGATGCCCTTTATCTTGGGCCTCTTGTCTGGAGGTGTGACCACCACTCCATG
GTCTTTGGCCCGGCCCCAGGGATCCTGCTCTCTGGAGGGGGTAGAGATCAAAGGCGGCTCCTTCCGACTT
CTCCAAGAGGGCCAGGCACTGGAGTACGTGTGTICCTTCTGGCTTCTACCCGTACCCTGTGCAGACACGTA
CCTGCAGATCTACGGGGTCCTGGAGCACCCTGAAGACTCAAGACCAAAAGACTGTCAGGAAGGCAGAGTG
CAGAGCAATCCACTGTCCAAGACCACACGACTTCGAGAACGGGGAATACTGGCCCCGGTCTCCCTACTAC
AATGTGAGTGATGAGATCTCTTTCCACTGCTATGACGGTTACACTCTCCGGGGCTCTGCCAATCGCACCT
GCCAAGTGAATGGCCGATGGAGTGGGCAGACAGCGATCTGTGACAACGGAGCGGGGTACTGCTCCAACCC
GGGCATCCCCATTGGCACAAGGAAGGTGGGCAGCCAGTACCGCCTTGAAGACAGCGTCACCTACCACTGC
AGCCGGGGGCTTACCCTGCGTGGCTCCCAGCGGCGAACGTGTCAGGAAGGTGGCTCTTGGAGCGGGACGG
AGCCTTCCTGCCAAGACTCCTTCATGTACGACACCCCTCAAGAGGTGGCCGAAGCTTTCCTGTCTTCCCT
GACAGAGACCATAGAAGGAGTCGATGCTGAGGATGGGCACGGCCCAGGGGAACAACAGAAGCGGAAGATC
GTCCTGGACCCTTCAGGCTCCATGAACATCTACCTGGTGCTAGATGGATCAGACAGCATTGGGGCCAGCA
ACTTCACAGGAGCCAAAAAGTGTCTAGTICAACTTAATTGAGAAGGTGGCAAGTTATGGTGTGAAGCCAAG
ATATGGTCTAGTGACATATGCCACATACCCCAAAATTTGGGTCAAAGTGTCTGAAGCAGACAGCAGTAAT
GCAGACTGGGTCACGAAGCAGCTCAATGAAATCAATTATGAAGACCACAAGTTGAAGTCAGGGACTAACA
CCAAGAAGGCCCTCCAGGCAGTGTACAGCATGATGAGCTGGCCAGATGACGTCCCTCCTGAAGGCTGGAA
CCGCACCCGCCATGTCATCATCCTCATGACTGATGGATTGCACAACATGGGCGGGGACCCAATTACTGTC
ATTGATGAGATCCGGGACTTGCTATACATTGGCAAGGATCGCAAAAACCCAAGGGAGGATTATCTGGATG
TCTATGTIGTTTGGGGTCGGGCCTTTGGTGAACCAAGTGAACATCAATGCTTTGGCTTCCAAGAAAGACAA
TGAGCAACATGTGTTCAAAGTCAAGGATATGGAAAACCTGGAAGATGTTTTCTACCAAATGATCGATGAA
AGCCAGTICTICTGAGTICTICTGTGGCATGGTTTGGGAACACAGGAAGGGTACCGATTACCACAAGCAACCAT
GGCAGGCCAAGATCTCAGTCATTCGCCCTTCAAAGGGACACGAGAGCTGTATGGGGGCTGTGGTGTCTGA
GTACTTTGTGCTGACAGCAGCACATTGTTTCACTGTGGATGACAAGGAACACTCAATCAAGGTCAGCGTA
GGAGGGGAGAAGCGGGACCTGGAGATAGAAGTAGTCCTATTTCACCCCAACTACAACATTAATGGGAAAA
AAGAAGCAGGAATTCCTGAATTTTATGACTATGACGTTGCCCTGATCAAGCTCAAGAATAAGCTGAAATA
TGGCCAGACTATCAGGCCCATTTGTCTCCCCTGCACCGAGGGAACAACTCGAGCTTTGAGGCTTCCTCCA
ACTACCACTTGCCAGCAACAAAAGGAAGAGCTGCTCCCTGCACAGGATATCAAAGCTCTGTTTGTIGTICTG
AGGAGGAGAAAAAGCTGACTCGGAAGGAGGTCTACATCAAGAATGGGGATAAGAAAGGCAGCTGTGAGAG
AGATGCTCAATATGCCCCAGGCTATGACAAAGTCAAGGACATCTCAGAGGTGGTCACCCCTCGGTTCCTT
TGTACTGGAGGAGTGAGTCCCTATGCTGACCCCAATACTTGCAGAGGTGATTCTGGCGGCCCCTTGATAG
TTCACAAGAGAAGTCGTITTCATTCAAGTTGGTGTAATCAGCTGGGGAGTAGTGGATGTCTGCAAAAACCA
GAAGCGGCAAAAGCAGGTACCTGCTCACGCCCGAGACTTTCACATCAACCTCTTTCAAGTGCTGCCCTGG
CTGAAGGAGAAACTCCAAGATGAGGATTTGGGTTTTCTATAAGGGGTTTCCTGCTGGACAGGGGCGTGGG
ATTGAATTAAAACAGCTGCGACAACA

SEQ ID NO:2

>gi|218156288|ref|NM_008198.2| Mus musculus complement factor B (Cfb),
transcript variant 1, mRNA
GCTCCATCACACAGTCCATGGAAAGACTGATCTTTTAAATTGGGGGTAGTGGAGGTGGTGGTCTGTGCTT
GTTAGGAGGGGTICTGGGGGCTAAGAGGGAGCTTTGAAAGGGAAGTTCTGGCCCTTGGTCAGTCAAGGGTG
GGGCTCACATAGTTTICTGTTTCCTCAGTTGGCAGTTCAGCTGGGGCCCTCCTTCATGAATGTTCCGGGAA
GCAGTGGCTGCGTGCGCAGGGTAGGCTGGCCAGGCTGCAGATGCCAGAGCAGATTGCATAAAAGGTTAGG
GGACAGTGGGAAAGGGGTGTAGCCAGATCCAGCATTTGGGTTTCAGTTTGGACAGGAGGTCAAATAGGCA
CCCAGAGTGACCTGGAGAGGGCTTTGGGCCACTGGACTCTCTGGTGCTTTCCATGACAATGGAGAGCCCC
CAGCTCTGCCTCGTCCTCTTGGTCTTAGGCTTCTCCTCTGGAGGTGTGAGCGCAACTCCAGTGCTTGAGG
CCCGGCCCCAAGTCTCCTGCTCTCTGGAGGGAGTAGAGATCAAAGGCGGCTCCTTTCAACTTCTCCAAGG
CGGTCAGGCCCTGGAGTACCTATGTICCCTCTGGCTTCTACCCATACCCCGTGCAGACTCGAACCTGCAGA
TCCACAGGCTCCTGGAGCGACCTGCAGACCCGAGACCAAAAGATTGTCCAGAAGGCGGAATGCAGAGCAA
TACGCTGCCCACGACCGCAGGACTTTGAAAATGGGGAATTCTGGCCCCGGTCCCCCTTCTACAACCTGAG
TGACCAGATTTCTTTTCAATGCTATGATGGTTACGTTCTCCGGGGCTCTGCTAATCGCACCTGCCAAGAG
AATGGCCGGTGGGATGGGCAAACAGCAATTTGTGATGATGGAGCTGGATACTGTCCCAATCCCGGTATTC
CTATTGGGACAAGGAAGGTGGGTAGCCAATACCGCCTTGAAGACATTGTTACTTACCACTGCAGCCGGGG
ACTTGTCCTGCGTGGCTCCCAGAAGCGAAAGTGTCAAGAAGGTGGCTCATGGAGTGGGACAGAGCCTTCC
TGCCAAGATTCCTTCATGTATGACAGCCCTCAAGAAGTGGCCGAAGCATTCCTATCCTCCCTGACAGAGA
CCATCGAAGGAGCCGATGCTGAGGATGGGCACAGCCCAGGAGAACAGCAGAAGAGGAAGATTGTCCTAGA
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CCCCTCGGGCTCCATGAATATCTACCTGGTGCTAGATGGATCAGACAGCATCGGAAGCAGCAACTTCACA
GGGGCTAAGCGGTGCCTCACCAACTTGATTGAGAAGGTGGCGAGTTACGGGGTGAGGCCACGATATGGTC
TCCTGACATATGCTACAGTCCCCAAAGTGTTGGTCAGAGTGTCTGATGAGAGGAGTAGCGATGCCGACTG
GGTCACAGAGAAGCTCAACCAAATCAGTTATGAAGACCACAAGCTGAAGTCAGGGACCAACACCAAGAGG
GCTCTCCAGGCTIGTGTATAGCATGATGAGCTGGGCAGGGGATGCCCCGCCTGAAGGCTGGAATAGAACCC
GCCATGTCATCATCATTATGACTGATGGCTTGCACAACATGGGTGGAAACCCTGTCACTGTCATTCAGGA
CATCCGAGCCTTGCTGGACATCGGCAGGGATCCCAAAAATCCCAGGGAGGATTACCTGGATGTGTATGTG
TTTGGGGTCGGGCCTICTGGTGGACTCCGTGAACATCAATGCCTTAGCTTCCAAAAAGGACAATGAGCATC
ATGTGTTTAAAGTCAAGGATATGGAAGACCTGGAGAATGTTTTCTACCAAATGATTGATGAAACCAAATC
TCTGAGTICTCTGTGGCATGGTGTGGGAGCATAAAAAAGGCAACGATTATCATAAGCAACCATGGCAAGCC
AAGATCTCAGTCACTCGCCCTCTGAAAGGACATGAGACCTGTATGGGGGCCGTGGTGTCTGAGTACTTCG
TGCTGACAGCAGCGCACTGCTTCATGGTGGATGATCAGAAACATTCCATCAAGGTCAGCGTGGGGGGTCA
GAGGCGGGACCTGGAGATTGAAGAGGTCCTGTTCCACCCCAAATACAATATTAATGGGAAAAAGGCAGAA
GGGATCCCTGAGTTCTATGATTATGATGTGGCCCTAGTCAAGCTCAAGAACAAGCTCAAGTATGGCCAGA
CTCTCAGGCCCATCTGTCTCCCCTGCACGGAGGGAACCACACGAGCCTTGAGGCTTCCTCAGACAGCCAC
CTGCAAGCAGCACAAGGAACAGTTGCTCCCTGTGAAGGATGTCAAAGCTCTGTTTGTATCTGAGCAAGGG
AAGAGCCTGACTCGGAAGGAGGTGTACATCAAGAATGGGGACAAGAAAGCCAGTTGTGAGAGAGATGCTA
CAAAGGCCCAAGGCTATGAGAAGGTCAAAGATGCCTCTGAGGTGGTCACTCCACGGTTCCTCTGCACAGG
AGGGGTGGATCCCTATGCTGACCCCAACACATGCAAAGGAGATTCCGGGGGCCCTCTCATTGTTCACAAG
AGAAGCCGCTTCATTCAAGTTGGTGTGATTAGCTGGGGAGTAGTAGATGTCTGCAGAGACCAGAGGCGGC
AACAGCTGGTACCCTICTTATGCCCGGGACTTCCACATCAACCTCTTCCAGGTGCTGCCCTGGCTAAAGGA
CAAGCTCAAAGATGAGGATTTGGGTTTTCTATAAAGAGCTTCCTGCAGGGAGAGTGTGAGGACAGATTAA
AGCAGTTACAATAACAAAAAAAAAAANAAAAAAANAAA

SEQ ID NO:3

>gi|218156290|ref|NM_001142706.1| Mus musculus complement factor B (Cfb),

transcript variant 2, mRNA

GCTCCATCACACAGTCCATGGAAAGACTGATCTTTTAAATTGGGGGTAGTGGAGGTGGTGGTCTGTGCTT
GTTAGGAGGGGTICTGGGGGCTAAGAGGGAGCTTTGAAAGGGAAGTTICTGGCCCTTIGGTCAGTCAAGGGTG
GGGCTCACATAGTTTICTIGTITTCCTCAGTTGGCAGTTCAGCTGGGGCCCTCCTTCATGAATGTTCCGGGAA
GCAGTGGCTGCGTGCGCAGGGTAGGCTGGCCAGGCTGCAGATGCCAGAGCAGATTGCATAAAAGGTTAGG
GGACAGTGGGAAAGGGGTGTAGCCAGATCCAGCATTTGGGTTTCAGTTTGGACAGGAGGTCAAATAGGCA
CCCAGAGTGACCTGGAGAGGGCTTTGGGCCACTGGACTCTCTGGTGCTTTCCATGACAATGGAGAGCCCC
CAGCTCTGCCTCGTCCTCTTGGTCTTAGGCTTCTCCTCTGGAGGTGTGAGCGCAACTCCAGTGCTTGAGG
CCCGGCCCCAAGTCTCCTGCTCTCTGGAGGGAGTAGAGATCAAAGGCGGCTCCTTITCAACTTCTCCAAGG
CGGTCAGGCCCTIGGAGTACCTATGTICCCICTGGCTTCTACCCATACCCCGTGCAGACTCGAACCTGCAGA
TCCACAGGCTCCTGGAGCGACCTGCAGACCCGAGACCAAAAGATTGTCCAGAAGGCGGAATGCAGAGCAA
TACGCTGCCCACGACCGCAGGACTTTGAAAATGGGGAATTCTGGCCCCGGTCCCCCTTICTACAACCTGAG
TGACCAGATTTICTTTITCAATGCTATGATGGTTACGTTCTCCGGGGCTCTGCTAATCGCACCTGCCAAGAG
AATGGCCGGTGGGATGGGCAAACAGCAATTTGTGATGATGGAGCTGGATACTGTCCCAATCCCGGTATTC
CTATTGGGACAAGGAAGGTGGGTAGCCAATACCGCCTTGAAGACATTGTTACTTACCACTGCAGCCGGGG
ACTTGTICCTGCGTIGGCTCCCAGAAGCGAAAGTGTCAAGAAGGTGGCTCATGGAGTGGGACAGAGCCTTCC
TGCCAAGATTCCTTCATGTATGACAGCCCTCAAGAAGTGGCCGAAGCATTCCTATCCTCCCTGACAGAGA
CCATCGAAGGAGCCGATGCTGAGGATGGGCACAGCCCAGGAGAACAGCAGAAGAGGAAGATTGTCCTAGA
CCCCTCGGGCTCCATGAATATCTACCTGGTGCTAGATGGATCAGACAGCATCGGAAGCAGCAACTTCACA
GGGGCTAAGCGGTGCCTCACCAACTTGATTGAGAAGGTGGCGAGTTACGGGGTGAGGCCACGATATGGTC
TCCTGACATATGCTACAGTICCCCAAAGTGTTGGTCAGAGTGTCTGATGAGAGGAGTAGCGATGCCGACTG
GGTCACAGAGAAGCTCAACCAAATCAGTTATGAAGACCACAAGCTGAAGTCAGGGACCAACACCAAGAGG
GCTCTCCAGGCTIGTGTATAGCATGATGAGCTGGGCAGGGGATGCCCCGCCTGAAGGCTGGAATAGAACCC
GCCATGTCATCATCATTATGACTGATGGCTTGCACAACATGGGTGGAAACCCTGTCACTGTCATTCAGGA
CATCCGAGCCTTGCTGGACATCGGCAGGGATCCCAAAAATCCCAGGGAGGATTACCTGGATGTGTATGTG
TTTGGGGTCGGGCCTICTGGTGGACTCCGTGAACATCAATGCCTTAGCTTCCAAAAAGGACAATGAGCATC
ATGTGTTTAAAGTCAAGGATATGGAAGACCTGGAGAATGTTTTCTACCAAATGATTGATGAAACCAAATC
TCTGAGTCTICTGTGGCATGGTGTGGGAGCATAAAAAAGGCAACGATTATCATAAGCAACCATGGCAAGCC
AAGATCTCAGTCACTCGCCCTCTGAAAGGACATGAGACCTGTATGGGGGCCGTGGTGTCTGAGTACTTCG
TGCTGACAGCAGCGCACTGCTTCATGGTGGATGATCAGAAACATTICCATCAAGGTCAGCGTGGGGGGTCA
GAGGCGGGACCTGGAGATTGAAGAGGTCCTGTTCCACCCCAAATACAATATTAATGGGAAAAAGGCAGAA
GGGATCCCTGAGTTICTATGATTATGATGTGGCCCTAGTCAAGCTCAAGAACAAGCTCAAGTATGGCCAGA
CTCTCAGGCCCATCTGTCTCCCCTGCACGGAGGGAACCACACGAGCCTTGAGGCTTCCTCAGACAGCCAC
CTGCAAGCAGCACAAGGAACAGTTGCTCCCTGTGAAGGATGTCAAAGCTCTGTTTGTATCTGAGCAAGGG
AAGAGCCTGACTCGGAAGGAGGTGTACATCAAGAATGGGGACAAGCCAGTTGTGAGAGAGATGCTACAAA
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GGCCCAAGGCTATGAGAAGGTCAAAGATGCCTCTGAGGTGGTCACTCCACGGTTCCTCTGCACAGGAGGG
GTGGATCCCTATGCTGACCCCAACACATGCAAAGGAGATTCCGGGGGCCCTCTCATTGTTCACAAGAGAA
GCCGCTTCATTCAAGTTGGTGTGATTAGCTGGGGAGTAGTAGATGTCTGCAGAGACCAGAGGCGGCAACA
GCTGGTACCCTCTTATGCCCGGGACTTCCACATCAACCTCTTCCAGGTGCTGCCCTGGCTAAAGGACAAG
CTCAAAGATGAGGATTTGGGTTTTCTATAAAGAGCTTCCTGCAGGGAGAGTGTGAGGACAGATTAAAGCA
GTTACAATAACAAAAAAAAAAAAAAAAARANAARA

SEQ ID NO:4

>gi|218156284|ref|NM _212466.3| Rattus norvegicus complement factor B (Cfb),

mRNA
CAGCAGGGGCCCTCCTTCATGAATGTTCCGGGAAGCAGCGTCTGTGCAGGGTAGGTTGGCCAGGCTGCAG
GTGCCAGAGCAGATTGCATAAAAGGTTAGGGGCCGGTGGGAAAGGGGTGTAGCCAGATCCAGCACTGGAG
TTTCAGTCTGGACAGCAAGTCAAGTAGCCACCCAGAGTGAACTGGAAAGGGCTTTTGGCCACGGGCTTTC
CATGACAATGGAGGGTCCCCAGCTCTGCTTAGTCCTCTTGGTCTTAGGCCTCTCCTCCGGAGGTGTGAGC
GCAACTCCAGTGCTTGAGGCCCGGCCCCAGGTCTCTTGCTCTCTGGAGGGAGTAGAGATCAAAGGCGGCT
CCTTCCAACTTCTCCAAGACGGTCAGGCCCTGGAGTACCTGTGTCCCTCTGGCTTCTACCCATACCCTGT
GCAGACTCGAACCTGCAAATCCACAGGCTCCTGGAGTGTCCTCCAGACCCGGGACCAAAAGATTGTCAAG
AAGGCAGAATGCAGAGCAATACGCTGCCCACGACCACAGGACTTTGAAAATGGGGAGTTCTGGCCCCGGT
CCCCCTACTACAACCTGAGTGATCAGATTTICTTTTCAATGCTATGATGGCTACACTCTCCGGGGCTCTGC
TAATCGCACCTGCCAAGAGAATGGCCGGTGGGATGGGCAAACAGCAATCTGTGATGATGGAGCGGGATAC
TGTCCCAACCCGGGTATTCCTATTGGGACAAGGAAGGTGGGAAGCCAGTACCGTCTTGAAGACACTGTCA
CTTACCACTGTAGTICGGGGACTTGTCCTACGTGGCTCCCAGCAGCGAAGGTGCCAGGAAGGTGGCTCGTG
GAGTGGGACAGAGCCTTCCTGCCAAGATTCCTTCATGTACGACAGCCCTCAAGAGGTGGCCGAAGCATTT
CTATCCTCCCTGACAGAGACCATCGAAGGAGCAGATGCGGAGGATGGGCACAGCCCAGGGGAACAGCAGA
AGAGGAAGATTATCCTGGACCCCTCGGGCTCCATGAATATCTACATGGTGCTGGATGGATCCGACAGCAT
CGGGGCCAGCAACTTCACAGGGGCCAAGCGGTGTCTCGCCAACTTGATTGAGAAGGTGGCGAGTTATGGG
GTGAAGCCAAGATACGGTCTAGTGACATATGCCACAGTCCCCAAAGTCTTGGTCAGAGTGTCTGAGGAGA
GGAGTAGTGATGCCGACTGGGTCACAGAGAAGCTCAACCAAATCAGTTATGAAGACCACAAGCTGAAGTC
AGGGACCAACACCAAGAAGGCTCTCCAGGCTGTATACAGCATGATGAGCTGGCCAGGGGATGCTCCGCCT
GAAGGCTGGAATCGAACCCGCCACGTCATCATCATCATGACTGATGGCTTGCACAACATGGGTGGAGACC
CTGTCACTGTCATTGAGGACATCCGAGACTTGCTGGATATTGGCAGGGATCGCAAAAATCCCCGGGAGGA
TTATTTGGATGTGTATGTGTITTGGGGTCGGGCCTCTGGTGGACCCTGTGAACATCAATGCCTTGGCTTCC
AAAAAGAACAATGAGCAGCATGTGTTCAAGGTCAAGGACATGGAGGATCTGGAGAACGTCTTCTACAAAA
TGATCGATGAAACCAAATCTCTIGGGTCTCTGTGGCATGGTGTGGGAGCATCAGAAAGGCGGTGATTATTA
CAAGCAACCATGGCAAGCCAAGATCTCAGTCACTCGTCCTCTGAAAGGACATGAGAACTGTATGGGGGCC
GTIGGTIGTCCGAGTACTTCGTGCTGACAGCAGCGCATTGCTTCACAGTGGAAGATCAGAAACACTCCATCA
AGGTCAACGTGGAGGGGAAAAGGCGGGACCTGGAGATTGAAGAGGTCCTGTTCCACCCTAATTACGACAT
CAATGGGAAAAAGGCAGAAGGAATCTCTGAGTTCTATGACTATGATGTTGCCCTCATCAAGCTCAAGACC
AAGCTGAAGTACAGCCAGACTCTCAGGCCCATCTGTCTCCCCTGCACAGAGGGAACCACCCGAGCCTTGC
GGCTTCCTCAGACAGCCACCTGCAAACAGCACAAGGAAGAGTTGCTCCCTATGAAGGACGTCAAAGCTCT
GTTTGTATCCGAGGAAGGGAAGAAGCTGACCCGGAAGGAGGTGTACATCAAGAATGGGGAAAAGAAAGCC
AGTTGTGAGAGAGATGCTACAAAGGCCCAAGGCTATGAGAAGGTCAAAGTTGCCTCTGAGGTGGTCACCC
CCAGGTTCCTGTGCACCGGAGGGGTAGATCCCTATGCTGACCCCAACACATGCAAAGGAGACTCCGGGGG
CCCTCTCATTGTTCACAAGAGAAGCCGCTTCATTCAAGTTGGTGTGATCAGCTGGGGAGTAGTGGATGTC
TGCAAAGACCCGAGGCGGCAACAGTTGGTGCCCTCCTATGCCCGGGACTTCCACATCAATCTCTTCCAGG
TGCTGCCCTGGCTAAAGGAGAAGCTCAAAGACGAGGACTTGGGTTTCTTATAAGGAGCTTCCTGCTGGGA
GGGTGAGGGCAGATTAAAGCAGCTACAATACAAATACAAAAAAAAAANAAAAAA

SEQ ID NO:5

>gi|57114201 | ref|NM_001009169.1| Pan troglodytes complement factor B (CFB),

mRNA

CCCAGGCCCAGCTTCTCTCCTGCCTTCCAACGCCATGGGGAGCAATCTCAGCCCCCAACTCTGCCTGATG
CCCTTCATCTTGGGCCTCTTGTCTGGAGGTGTGACCACCACTCCATGGCCTTTGGCCCAGCCCCAGGAAT
CCTGCTCTCTGGAGGGGGTAGAGATCAAAGGCGGCTCCTTCCGACTTCTCCAAGAGGGCCAGGCACTGGA
GTACGTGTGICCTTCTGGCTTCTACCCGTACCCTGTGCAGACACGTACCTGCAGATCTACGGGGTCCTGG
AGCACCCTGAAGACTCAAGTCCAAAAGACTGTCAGGAAGGCAGAGTGCAGAGCAATCCACTGTCCAAGAC
CACACGACTTCGAGAACGGGGAATACTGGCCCCGGTCTCCCTACTACAATGTGAGTGATGAGATCTCTTT
CCACTGCTATGACGGTTACACTCTCCGGGGCTCTGCCAATCGCACCTGCCAAGTGAATGGCCGGTGGAGT
GGGCAGACAGCGATCTGTGACAACGGAGCGGGGTACTGCTCCAACCCGGGCATCCCCATTGGCACAAGGA
AGGTGGGCAGCCAGTACCGCCTTGAAGACAGCGTCACCTACCACTGCAGCCGGGGGCTTACCCTGCGTGG
CTCCCAGCGGCGAACGTGTCAGGAAGGTGGCTCTTGGAGCGGGACGGAGCCTTCTTGCCAAGACTCCTTC
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ATGTACGACACCCCTCAAGAGGTGGCCGAAGCTTTCCTGTCTTCCCTGACAGAGACCATAGAAGGAGTCG
ATGCTGAGGATGGGCACGGCCCAGGGGAACAACAGAAGCGGAAGATCGTCCTGGACCCTTCAGGCTCCAT
GAACATCTACCTIGGTGCTAGATGGATCAGACAGCATTGGGGCCAGCAACTTCACAGGAGCCAAAAAGTGT
CTAGTCAACTTAATTGAGAAGGTGGCAAGTTATGGTGTGAAGCCAAGATATGGTCTAGTGACATATGCCA
CACACCCCAAAATTTGGGTCAAAGTGTCTGATCCAGACAGCAGTAATGCAGACTGGGTCACGAAGCAGCT
CAATGAAATCAATTATGAAGACCACAAGTTGAAGTCAGGGACTAACACCAAGAAGGCCCTCCAGGCAGTG
TACAGCATGATGAGCTGGCCAGATGACATCCCTCCTGAAGGCTGGAACCGCACCCGCCATGTCATCATCC
TCATGACTGATGGATTGCACAACATGGGCGGGGACCCAATTACTGTCATTGATGAGATCCGGGACTTGCT
ATACATTGGCAAGGATCGCAAAAACCCAAGGGAGGATTATCTGGATGTCTATGTGTTTGGGGTCGGGCCT
TTGGTGAACCAAGTGAACATCAATGCTTTGGCTTCCAAGAAAGACAATGAGCAACATGTGTTCAAAGTCA
AGGATATGGAAAACCTGGAAGATGTTTTCTACCAAATGATTGATGAAAGCCAGTCTCTGAGTCTCTGTGG
CATGGTTTGGGAACACAGGAAGGGTACCGATTACCACAAGCAACCATGGCAAGCCAAGATCTCAGTCATT
CGCCCTTCAAAGGGACACGAGAGCTGTATGGGGGCTGTGGTGTCTGAGTACTTTGTGCTGACAGCAGCAC
ACTGTTTCACTGTGGATGACAAGGAACACTCAATCAAGGTCAGCGTAGGAGGGGAGAAGCGGGACCTGGA
GATAGAAGTAGTCCTATTTCACCCCAACTACAACATTAATGGGAAAAAAGCAGCAGGAATTCCTGAATTT
TATGACTATGACGTTGCCCTGATCAAGCTCAAGAATAAGCTGAAATATGGCCAGACTATCAGGCCCATTT
GTCTCCCCTGCACCGAGGGAACAACTCGAGCTTTGAGGCTTCCTCCAACTACCACTTGCCAGCAACAAAA
GGAAGAGCTGCTCCCTGCACAGGATATCAAAGCTCTGTTTIGTGTCTGAGGAGGAGAAAAAGCTGACTCGG
AAGGAGGTCTACATCAAGAATGGGGATAAGAAAGGCAGCTGTGAGAGAGATGCTCAATATGCCCCAGGCT
ATGACAAAGTCAAGGACATCTCAGAGGTGGTCACCCCTCGGTTCCTTTGTACTGGAGGAGTGAGTCCCTA
TGCTGACCCCAATACTTGCAGAGGTGATTCTGGCGGCCCCTTGATAGTTCACAAAAGAAGTCGTTTCATT
CAAGTTGGTGTAATCAGCTGGGGAGTAGTGGATGTCTGCAAAAACCAGAAGCGGCAAAAGCAGGTACCTG
CTCACGCCCGAGACTTTCACATCAACCTCTTTCAAGTGCTGCCCTGGCTGAAGGAGAAACTCCAAGATGA
GGATTTGGGTTTTCTATAAGGGGT

SEQ ID NO:6 - Macaca fascicularis Complement Factor B
>ENSMMUPO00000000985 [mRNA] locus=scaffold3881:47830:53620:-
ATGGGGAGCAGTCTCAGCCCCCAGCTCTACCTGATGCCCTTCATCTTGGG
CCTCTTATCTGCAGGTGTGACCACCACTCCATTGTCTTCGGCCCAGCCTC
AAGGATCCTGCTICTCTGGAGGGGGTAGAGATCAAAGGTGGCTCCTTCCGA
CTTCTCCAAGAGGGCCAGGCACTGGAATACGTGTGTCCTTCTGGCTTCTA
CCCGTACCCTGTGCAGACACGTACCTGCAGATCCACGGGGTCCTGGAGCA
CCCTGCAGACTCAAGATCGAAAAACTGTCAAGAAGGCAGAGTGCAGAGCA
ATCCGCTGTCCACGACCACAGGACTTCGAGAACGGGGAATACCGGCCCCG
GTCTCCCTACTACAATGTGAGTGATGAGATCTCTTTCCACTGCTATGACG
GTTACACTCTCCGGGGCTCTGCCAATCGCACCTGCCAAGTGAATGGCCGG
TGGAGTGGGCAGACAGCGATCTGTGACAACGGAGCGGGGTACTGCTCCAA
CCCAGGCATCCCCATTGGCACAAGGAAGGTGGGCAGCCGGTACCGCCTTG
AAGACAGCGTCACCTACCACTGCAGCCGGGGGCTTACCCTGCGTGGCTCC
CAGCGGCGAACATGTCAGGAAGGTGGCTCTTGGAGCGGGACGGAGCCTTC
CTGCCAAGACTCCTTCATGTACGACACCCCTCAAGAGGTGGCCGAAGCTT
TCCTGICTTCCCTGACGGAGACCATAGAAGGAGTCGATGCCGAGGATGGG
CACAGCCCAGGGGAACAACAGAAGCGGAGGATCATCCTAGACCCTTCAGG
CTCCATGAACATCTACCTGGTGCTAGATGGATCAGACAGCATTGGGGCCG
GCAACTTCACAGGAGCCAAAAAGTGTCTAGTCAACTTAATTGAGAAGGTG
GCAAGTTATGGTGTGAAGCCAAGATATGCTCTAGTGACATATGCCACATA
CCCCAGAATTTGGGTCAAAGTGTCTGACCAAGAGAGCAGCAATGCAGACT
GGGTCACGAAGAAGCTCAGTGAAATCAATTATGAAGACCACAAGTTGAAG
TCAGGGACTAACACCAAGAGGGCCCTCCAGGCAGTGTACAGCATGATGAG
TTGGCCAGAGGACATCCCTCCTGAAGGCTGGAACCGCACCCGCCATGTCA
TCATCCTCATGACCGATGGATTGCACAACATGGGCGGGGACCCAATTACT
GTCATTGATGAGATCCGGGACTTGTTATACATCGGCAAGGATCGTAAAAA
CCCGAGGGAGGATTATCTGGATGTCTATGTGTTTGGGGTTGGACCTTTGG
TGGACCAAGTGAACATCAATGCTTTGGCTTCCAAGAAAGACAATGAGCAA
CATGTGTTCAAAGTCAAGGATATGGAAAACCTGGAAGACGTTTTICTTCCA
AATGATTGATGAAAGCCAGTCTCTGAGTCTCTGTGGCATGGTTTGGGAAC
ACACGACGGGTACCGATTACCACAAGCAACCATGGCAGGCCAAGATCTCA
GTCACTCGCCCTITCGAAGGGACATGAGAGCTGTATGGGGGCTGTGGTGTC
TGAGTACTTTGTGCTGACAGCAGCACATTGTTTTACTGTGGACGACAAGG
AACACTCGATCAAGGTCAGCGTGGGGAAGAAGCGGGACCTGGAGATAGAA
AAAGTCCTATTTCACCCCGACTACAACATTAGCGGGAAAAAAGAAGCAGG
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AATTCCTGAATTTTATGACTATGACGTTGCCCTGATCAAGCTCAAGAATA
AGTTGAATTATGACCCGACTATCAGGCCCATTTGTICTCCCCTGCACCGAG
GGAACAACTCGAGCTTTGAGGCTTCCTCCAACTACCACTTGCCAGCAACA
GAAGGAAGAGCTGCTCCCTGCACAGGATATCAAAGCTCTGTTTGTGTICTG
AGGAGGAGAAGAAGCTGACTCGGAAGGAGGTCTACATCAAGAATGGGGAT
AAGAAAGGCAGCTGTGAGAGAGATGCTCAATATGCCCCAGGCTATGACAA
AGTCAAGGACATCTCCGAGGTGGTCACCCCTCGGTTCCTTTGTACTGGAG
GAGTGAGTCCCTATGCTGACCCCAATACTTGCAGAGGTGATTCTGGCGGC
CCCTTGATAGTTCACAAGAGAAGTCGTTTTATTCAAGTTGGTGTCATCAG
CTGGGGAGTAGTGGATGTCTGCAAAAACCAGAAGCGGCAAAAGCAGGTAC
CTGCTCACGCCCGAGACTTTCACGTCAACCTCTTCCAAGTGCTGCCCTGG
CTGAAGGAGAAACTCCAAGATGAGGATTTGGGTTTTCTC

SEQ ID NO:7

>gi|544428919|ref|XM _005553440.1| PREDICTED: Macaca fascicularis complement

factor B (CFB), transcript variant X1, mRNA
ATTTCTGGTCCCTAAGTGGGTGGTCTGGGCTTGTTGGGGAGGAGCTGAGGCCAGAAGGAGGTACTGAAGG
GGAGAGTCCTGGACCTTGGGCAGCAAAGGGTGGGACTTCTGCAGTTTCTGCTTCCTTGACTGGCAGCTCA
GCGGGGCCCTCCCGCTTGGATGTTCCGGGAAAGTGATGAGGGTAGGACAGGCGGGGCAAGCTGCAGGTGC
CAGAACACAGATTGCATAAAAGGCCGGGAGCTGGTGGGGGGCAGGGGAAGGGAATGTGACCAGGTCTAGG
TCTGGAGTTTCAGCTTGGACACTGAGCTAAGTAGACAAGCAAAACAAGCCAGGACACGCCATCCTGCCCC
AGGCCCAGCTTCTCTCCTGCCTTCTAACGCCATGGGGAGCAGTCTCAGCCCCCAGCTCTACCTGATGCCC
TTCATCTTGGGCCTCTTATCTGCAGGTGTGACCACCACTCCATTGTICTTCGGCCCAGCCTCAAGGATCCT
GCTCTCTGGAGGGGGTAGAGATCAAAGGTGGCTCCTTCCGACTTCTCCAAGAGGGCCAGGCACTGGAATA
CGTGTGTCCTTCTGGCTTCTACCCGTACCCTGTGCAGACACGTACCTGCAGATCCACGGGGTCCTGGAGC
ACCCTGCAGACTCAAGATCGAAAAACTGTCAAGAAGGCAGAGTGCAGAGCAATCCGCTGTCCACGACCAC
AGGACTTCGAGAACGGGGAATACCGGCCCCGGTCTCCCTACTACAATGTGAGTGATGAGATCTCTTTCCA
CTGCTATGACGGTTACACTCTCCGGGGCTCTGCCAATCGCACCTGCCAAGTGAATGGCCGGTGGAGTGGG
CAGACAGCGATCTGTGACAACGGAGCGGGGTACTGCTCCAACCCAGGCATCCCCATTGGCACAAGGAAGG
TGGGCAGCCGGTACCGCCTTGAAGACAGCGTCACCTACCACTGCAGCCGGGGGCTTACCCTGCGTGGCTC
CCAGCGGCGAACGTGTCAGGAAGGTGGCTCTTGGAGCGGGACGGAGCCTTCCTGCCAAGACTCCTTCATG
TACGACACCCCTCAAGAGGTGGCCGAAGCTTTCCTGTCTTCCCTGACGGAGACCATAGAAGGAGTCGATG
CCGAGGATGGGCACAGCCCAGGGGAACAACAGAAGCGGAGGATCATCCTAGACCCTTCAGGCTCCATGAA
CATCTACCTGGTGCTAGATGGATCAGACAGCATTGGGGCCGGCAACTTCACAGGAGCCARAAAAGTGTCTA
GTCAACTTAATTGAGAAGGTGGCAAGTTATGGTGTGAAGCCAAGATATGCTCTAGTGACATATGCCACAT
ACCCCAGAATTTGGGTCAAAGTGTCTGACCAAGAGAGCAGCAATGCAGACTGGGTCACGAAGAAGCTCAG
TGAAATCAATTATGAAGACCACAAGTTGAAGTCAGGGACTAACACCAAGAGGGCCCTCCAGGCAGTGTAC
AGCATGATGAGTTGGCCAGAGGACATCCCTCCTGAAGGCTGGAACCGCACCCGCCATGTCATCATCCTCA
TGACCGATGGATTGCACAACATGGGCGGGGACCCAATTACTGTCATTGATGAGATCCGGGACTTGTTATA
CATCGGCAAGGATCGCAAAAACCCGAGGGAGGATTATCTGGATGTCTATGTGTTTGGGGTTGGACCTTTG
GTGGACCAAGTGAACATCAATGCTTTGGCTTCCAAGAAAGACAATGAGCAACATGTGTTCAAAGTCAAGG
ATATGGAAAACCTGGAAGACGTTITTICTITCCAAATGATTGATGAAAGCCAGTCTCTGAGTICTCTGTGGCAT
GGTTTGGGAACACACGACGGGTACCGATTACCACAAGCAACCATGGCAGGCCAAGATCTCAGTCACTCGC
CCTTCGAAGGGACATGAGAGCTGTATGGGGGCTGTGGTGTCTGAGTACTTTGTGCTGACAGCAGCACATT
GTTTTACTGTGGACGACAAGGAACACTCGATCAAGGTCAGCGTGGGGAAGAAGCGGGACCTGGAGATAGA
AAAAGTCCTATTTCACCCCGACTACAACATTAGCGGGAAAAPAGAAGCAGGAATTCCTGAATTTTATGAC
TATGACGTTGCCCTGATCAAGCTCAAGAAAAAGTTGAATTATGACCCGACTATCAGGCCCATTTGTCTCC
CCTGTACCGAGGGAACAACTCGAGCTTTGAGGCTTCCTCCAACTACCACTTGCCAGCAACAGAAGGAAGA
GCTGCTCCCTGCACAGGATATCAAAGCTCTGTTTGTGTCTGAGGAGGAGAAGAAGCTGACTCGGAAGGAG
GTCTACATCAAGAATGGGGATAAGAAAGGCAGCTGTGAGAGAGATGCTCAATATGCCCCAGGCTATGACA
AAGTCAAGGACATCTCGGAGGTGGTCACCCCTCGGTTCCTTTGTACTGGAGGAGTGAGTCCCTATGCTGA
CCCCAATACTTGCAGAGGTGATTCTGGCGGCCCCTTGATAGTTCACAAGAGAAGTCGTTTCATTCAAGTT
GGTGTCATCAGCTGGGGAGTAGTGGATGTCTGCAAAAACCAGAAGCGGCAAAAGCAGGTACCTGCTCACG
CCCGAGACTTTCACGTCAACCTCTTCCAAGTGCTGCCCTGGCTGAAGGAGAAACTCCAAGATGAGGATTT
GGGTTTTCTCTAAGGGGTTTCCTGCTGGACAGGGGCGCGGGATTGAATTAAAACAGCTGCGACAACA

SEQ ID NO:8
Reverse Complement of SEQ ID NO:1

TGTTGTCGCAGCTGTTTTAATTCAATCCCACGCCCCTGTCCAGCAGGAAACCCCTTATAGAAAACCCAAATCCTC
ATCTTGGAGTTTCTCCTTCAGCCAGGGCAGCACTTGAAAGAGGTTGATGTGAAAGTCTCGGGCGTGAGCAGGTAC
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CTGCTTTTGCCGCTTCTGGTTTTTGCAGACATCCACTACTCCCCAGCTGATTACACCAACTTGAATGAAACGACT
TCTCTTGTGAACTATCAAGGGGCCGCCAGAATCACCTCTGCAAGTATTGGGGTCAGCATAGGGACTCACTCCTCC
AGTACAAAGGAACCGAGGGGTGACCACCTCTGAGATGTCCTTGACTTTGTCATAGCCTGGGGCATATTGAGCATC
TCTCTCACAGCTGCCTTTCTTATCCCCATTCTTGATGTAGACCTCCTTCCGAGTCAGCTTTTTCTCCTCCTCAGA
CACAAACAGAGCTTTGATATCCTGTGCAGGGAGCAGCTCTTCCTTTTGTTGCTGGCAAGTGGTAGTTGGAGGAAG
CCTCAAAGCTCGAGTTGTTCCCTCGGTGCAGGGGAGACAAATGGGCCTGATAGTCTGGCCATATTTCAGCTTATT
CTTGAGCTTGATCAGGGCAACGTCATAGTCATAAAATTCAGGAATTCCTGCTTCTTTTTTCCCATTAATGTTGTA
GTTGGGGTGAAATAGGACTACTTCTATCTCCAGGTCCCGCTTCTCCCCTCCTACGCTGACCTTGATTGAGTGTTC
CTTGTCATCCACAGTGAAACAATGTGCTGCTGTCAGCACAAAGTACTCAGACACCACAGCCCCCATACAGCTCTC
GTGTCCCTTTGAAGGGCGAATGACTGAGATCTTGGCCTGCCATGGTTGCTTGTGGTAATCGGTACCCTTCCTGTG
TTCCCAAACCATGCCACAGAGACTCAGAGACTGGCTTTCATCGATCATTTGGTAGAAAACATCTTCCAGGTTTTC
CATATCCTTGACTTTGAACACATGTITGCTCATTIGTCTTTCTTGGAAGCCAAAGCATTGATGTTCACTTGGTTCAC
CAAAGGCCCGACCCCAAACACATAGACATCCAGATAATCCTCCCTTGGGTTTTTGCGATCCTTGCCAATGTATAG
CAAGTCCCGGATCTCATCAATGACAGTAATTGGGTCCCCGCCCATGTTGTGCAATCCATCAGTCATGAGGATGAT
GACATGGCGGGTGCGGTTCCAGCCTTCAGGAGGGACGTCATCTGGCCAGCTCATCATGCTGTACACTGCCTGGAG
GGCCTTCTTGGTGTITAGTCCCTGACTTCAACTTGTGGTCTTCATAATTGATTTCATTGAGCTGCTTCGTGACCCA
GTICTGCATTACTGCTGTCTGCTTCAGACACTTTGACCCAAATTTTGGGGTATGTGGCATATGTCACTAGACCATA
TCTTGGCTTCACACCATAACTTGCCACCTTCTCAATTAAGTTGACTAGACACTTTTTGGCTCCTGTGAAGTTGCT
GGCCCCAATGCTGTICTGATCCATCTAGCACCAGGTAGATGTTCATGGAGCCTGAAGGGTCCAGGACGATCTTCCG
CTTCTIGTTGTITCCCCTGGGCCGTGCCCATCCTCAGCATCGACTCCTTCTATGGTCTCTGTCAGGGAAGACAGGAA
AGCTTCGGCCACCTICTTGAGGGGTGTCGTACATGAAGGAGTCTTGGCAGGAAGGCTCCGTCCCGCTCCAAGAGCC
ACCTTCCTGACACGTTCGCCGCTGGGAGCCACGCAGGGTAAGCCCCCGGCTGCAGTGGTAGGTGACGCTGTCTTC
AAGGCGGTACTGGCTGCCCACCTTCCTTGTGCCAATGGGGATGCCCGGGTTGGAGCAGTACCCCGCTCCGTTGTC
ACAGATCGCTGTCTGCCCACTCCATCGGCCATTCACTTGGCAGGTGCGATTGGCAGAGCCCCGGAGAGTGTAACC
GTCATAGCAGTGGAAAGAGATCTCATCACTCACATTGTAGTAGGGAGACCGGGGCCAGTATTCCCCGTTCTCGAA
GTCGTIGTGGTICTITGGACAGTGGATTGCTCTGCACTCTGCCTTCCTGACAGTCTTTTGGTCTTGAGTCTTCAGGGT
GCTCCAGGACCCCGTAGATCTGCAGGTACGTGTICTGCACAGGGTACGGGTAGAAGCCAGAAGGACACACGTACTC
CAGTGCCTGGCCCTCTTGGAGAAGTCGGAAGGAGCCGCCTTTGATCTCTACCCCCTCCAGAGAGCAGGATCCCTG
GGGCCGGGCCAAAGACCATGGAGTGGTGGTCACACCTCCAGACAAGAGGCCCAAGATAAAGGGCATCAGGCAGAG
TTGGGGGCTGAGATTGCTCCCCATGGCGTTGGAAGGCAGGAGAGAAGCTGGGCCTGGGGCAGGATGGTGTGTCCT
GGCTTGCTTTGCTTGTCTGCTTGGCTCAGTGTCCAAGCTGAAACTCCAGACCTAGACCTGGTCACATTCCCTTCC
C

SEQ ID NO:9

Reverse Complement of SEQ ID NO:2
TTTTTTTTITTITITITTITITTITITTIGTTATTGTAACTGCTTTAATCTGTCCTCACACTCTCCCTGCAGGAAGCTCTTT
ATAGAAAACCCAAATCCTCATCTTTGAGCTTIGTCCTTTAGCCAGGGCAGCACCTGGAAGAGGTTGATGTGGAAGT
CCCGGGCATAAGAGGGTACCAGCTGTTGCCGCCTCTGGTCTCTGCAGACATCTACTACTCCCCAGCTAATCACAC
CAACTTGAATGAAGCGGCTTCTICTTGTGAACAATGAGAGGGCCCCCGGAATCTCCTTITGCATGTGTTGGGGTCAG
CATAGGGATCCACCCCTCCTGTGCAGAGGAACCGTGGAGTGACCACCTCAGAGGCATCTTTGACCTTICTCATAGC
CTTGGGCCTTTGTAGCATCTCTCTCACAACTGGCTTTCTTGTCCCCATTCTTGATGTACACCTCCTTCCGAGTCA
GGCTCTTCCCTTGCTCAGATACAAACAGAGCTTTGACATCCTTCACAGGGAGCAACTGTTCCTTGTGCTGCTTGC
AGGTGGCTGTCTGAGGAAGCCTCAAGGCTCGTGTGGTTCCCTCCGTGCAGGGGAGACAGATGGGCCTGAGAGTCT
GGCCATACTTGAGCTTIGTTCTTGAGCTTGACTAGGGCCACATCATAATCATAGAACTCAGGGATCCCTTCTGCCT
TTTTCCCATTAATATTIGTATTTGGGGTGGAACAGGACCTCTTCAATCTCCAGGTCCCGCCTCTGACCCCCCACGC
TGACCTTGATGGAATGTTTCTGATCATCCACCATGAAGCAGTGCGCTGCTGTCAGCACGAAGTACTCAGACACCA
CGGCCCCCATACAGGTCTCATGTCCTTTCAGAGGGCGAGTGACTGAGATCTTGGCTTGCCATGGTTGCTTATGAT
AATCGTTGCCTTITTTTATGCTCCCACACCATGCCACAGAGACTCAGAGATTTGGTTTCATCAATCATTTGGTAGA
AAACATTCTCCAGGTCTTCCATATCCTTGACTTTAAACACATGATGCTCATTGTCCTTTTTGGAAGCTAAGGCAT
TGATGTTCACGGAGTCCACCAGAGGCCCGACCCCAAACACATACACATCCAGGTAATCCTCCCTGGGATTTTTGG
GATCCCTGCCGATGTCCAGCAAGGCTCGGATGTCCTGAATGACAGTGACAGGGTTTCCACCCATGTTGTGCAAGC
CATCAGTCATAATGATGATGACATGGCGGGTTCTATTCCAGCCTTCAGGCGGGGCATCCCCTGCCCAGCTCATCA
TGCTATACACAGCCTGGAGAGCCCTCTTGGTGTTGGTCCCTGACTTCAGCTTGTGGTCTTCATAACTGATTTGGT
TGAGCTTCTCTIGTGACCCAGTCGGCATCGCTACTCCTCTCATCAGACACTCTGACCAACACTTTGGGGACTGTAG
CATATGTCAGGAGACCATATCGTGGCCTCACCCCGTAACTCGCCACCTTCTCAATCAAGTTGGTGAGGCACCGCT
TAGCCCCTGTGAAGTTGCTGCTTCCGATGCTGTCTGATCCATCTAGCACCAGGTAGATATTCATGGAGCCCGAGG
GGTCTAGGACAATCTTCCTICTTICTGCTGTTCTCCTGGGCTGTGCCCATCCTCAGCATCGGCTCCTTCGATGGTCT
CTGTCAGGGAGGATAGGAATGCTTCGGCCACTTCTTGAGGGCTGTCATACATGAAGGAATCTTGGCAGGAAGGCT
CTGTCCCACTCCATGAGCCACCTTCTTGACACTTTCGCTTCTGGGAGCCACGCAGGACAAGTCCCCGGCTGCAGT
GGTAAGTAACAATGTCTITCAAGGCGGTATTGGCTACCCACCTTCCTTIGTCCCAATAGGAATACCGGGATTGGGAC
AGTATCCAGCTCCATCATCACAAATTGCTGTTTGCCCATCCCACCGGCCATTCTCTTGGCAGGTGCGATTAGCAG
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AGCCCCGGAGAACGTAACCATCATAGCATTGAAAAGAAATCTGGTCACTCAGGTTGTAGAAGGGGGACCGGGGCC
AGAATTCCCCATTTTCAAAGTCCTGCGGTCGTGGGCAGCGTATTGCTCTGCATTCCGCCTTCTGGACAATCTTTT
GGTCTCGGGTCTGCAGGTCGCTCCAGGAGCCTGTGGATCTGCAGGTTCGAGTCTGCACGGGGTATGGGTAGAAGC
CAGAGGGACATAGGTACTCCAGGGCCTGACCGCCTTGGAGAAGTTGAAAGGAGCCGCCTTTGATCTCTACTCCCT
CCAGAGAGCAGGAGACTTGGGGCCGGGCCTCAAGCACTGGAGTTGCGCTCACACCTCCAGAGGAGAAGCCTAAGA
CCAAGAGGACGAGGCAGAGCTGGGGGCTCTCCATTGTCATGGAAAGCACCAGAGAGTCCAGTGGCCCAAAGCCCT
CTCCAGGTCACTCTGGGTGCCTATTTGACCTCCTGTCCAAACTGAAACCCAAATGCTGGATCTGGCTACACCCCT
TTCCCACTGTCCCCTAACCTTTTATGCAATCTGCTCTGGCATCTGCAGCCTGGCCAGCCTACCCTGCGCACGCAG
CCACTGCTTCCCGGAACATTCATGAAGGAGGGCCCCAGCTGAACTGCCAACTGAGGAAACAGAAACTATGTGAGC
CCCACCCTTGACTGACCAAGGGCCAGAACTTCCCTTTCAAAGCTCCCTCTTAGCCCCCAGACCCCTCCTAACAAG
CACAGACCACCACCTCCACTACCCCCAATTTAAAAGATCAGTCTTTCCATGGACTGTGTGATGGAGC

SEQ ID NO:10

Reverse Complement of SEQ ID NO:3
TTITTTTTTITTITITTTITITTITTITTIGTTATTGTAACTGCTTTAATCTGTCCTCACACTCTCCCTGCAGGAAGCTCTTT
ATAGAAAACCCAAATCCTCATCTITTGAGCTTGTCCTTTAGCCAGGGCAGCACCTGGAAGAGGTTGATGTGGAAGT
CCCGGGCATAAGAGGGTACCAGCTGTTGCCGCCTCTGGTCTCTGCAGACATCTACTACTCCCCAGCTAATCACAC
CAACTTGAATGAAGCGGCTTCTICTTGTGAACAATGAGAGGGCCCCCGGAATCTCCTTITGCATGTGTTGGGGTCAG
CATAGGGATCCACCCCTCCTGTGCAGAGGAACCGTGGAGTGACCACCTCAGAGGCATCTTTGACCTTCTCATAGC
CTTGGGCCTTTGTAGCATCTCTICTCACAACTGGCTTGTCCCCATTCTTGATGTACACCTCCTTCCGAGTCAGGCT
CTTCCCTTGCTCAGATACAAACAGAGCTTTGACATCCTTCACAGGGAGCAACTGTTCCTTGTGCTGCTTGCAGGT
GGCTGTCTGAGGAAGCCTCAAGGCTCGTGTGGTTCCCTCCGTGCAGGGGAGACAGATGGGCCTGAGAGTCTGGCC
ATACTTGAGCTTIGTTICTTGAGCTTGACTAGGGCCACATCATAATCATAGAACTCAGGGATCCCTTCTGCCTTTTT
CCCATTAATATTIGTATTITGGGGTGGAACAGGACCTCTITCAATCTCCAGGTCCCGCCTCTGACCCCCCACGCTGAC
CTTGATGGAATGTTTCTGATCATCCACCATGAAGCAGTGCGCTGCTGTCAGCACGAAGTACTCAGACACCACGGC
CCCCATACAGGTICTCATGTCCTTTCAGAGGGCGAGTGACTGAGATCTTGGCTTGCCATGGTTGCTTATGATAATC
GTTGCCTTTTTTATGCTCCCACACCATGCCACAGAGACTCAGAGATTTGGTTTCATCAATCATTTGGTAGAAAAC
ATTCTCCAGGTCTTCCATATCCTTGACTTTAAACACATGATGCTCATTGTCCTTTTTGGAAGCTAAGGCATTGAT
GTTCACGGAGTCCACCAGAGGCCCGACCCCAAACACATACACATCCAGGTAATCCTCCCTGGGATTTTTGGGATC
CCTGCCGATGTCCAGCAAGGCTCGGATGTCCTGAATGACAGTGACAGGGTTTCCACCCATGTTGTGCAAGCCATC
AGTCATAATGATGATGACATGGCGGGTTCTATTCCAGCCTTCAGGCGGGGCATCCCCTGCCCAGCTCATCATGCT
ATACACAGCCTGGAGAGCCCTCTITGGTGTTGGTCCCTGACTTCAGCTTGTGGTCTTCATAACTGATTTGGTTGAG
CTTCICTGTGACCCAGTCGGCATCGCTACTCCTCTCATCAGACACTCTGACCAACACTTTGGGGACTGTAGCATA
TGTCAGGAGACCATATCGTGGCCTCACCCCGTAACTCGCCACCTTCTCAATCAAGTTGGTGAGGCACCGCTTAGC
CCCTGTGAAGTTGCTGCTTCCGATGCTGTCTGATCCATCTAGCACCAGGTAGATATTCATGGAGCCCGAGGGGTC
TAGGACAATCTTCCTCTTICTGCTGTTICTCCTGGGCTGTGCCCATCCTCAGCATCGGCTCCTTCGATGGTCTCTGT
CAGGGAGGATAGGAATGCTTCGGCCACTTCTTGAGGGCTGTCATACATGAAGGAATCTTGGCAGGAAGGCTCTGT
CCCACTCCATGAGCCACCTTCTTGACACTTTCGCTTCTGGGAGCCACGCAGGACAAGTCCCCGGCTGCAGTGGTA
AGTAACAATGTCTTCAAGGCGGTATTGGCTACCCACCTTCCTTGTCCCAATAGGAATACCGGGATTGGGACAGTA
TCCAGCTCCATCATCACAAATTGCTGTTTGCCCATCCCACCGGCCATTCTCTTGGCAGGTGCGATTAGCAGAGCC
CCGGAGAACGTAACCATCATAGCATTGAAAAGAAATCTGGTCACTCAGGTTGTAGAAGGGGGACCGGGGCCAGAA
TTCCCCATTTTCAAAGTCCTGCGGTCGTGGGCAGCGTATTGCTCTGCATTCCGCCTTCTGGACAATCTTITTIGGTC
TCGGGTCTGCAGGTCGCTCCAGGAGCCTGTGGATCTGCAGGTTCGAGTCTGCACGGGGTATGGGTAGAAGCCAGA
GGGACATAGGTACTCCAGGGCCTGACCGCCTTGGAGAAGTTGAAAGGAGCCGCCTTTGATCTCTACTCCCTCCAG
AGAGCAGGAGACTTGGGGCCGGGCCTCAAGCACTGGAGTTGCGCTCACACCTCCAGAGGAGAAGCCTAAGACCAA
GAGGACGAGGCAGAGCTGGGGGCTCTCCATTGTCATGGARAGCACCAGAGAGTCCAGTGGCCCARAGCCCTCTCC
AGGTCACTCTGGGTGCCTATTTGACCTCCTGTCCAAACTGAAACCCAAATGCTGGATCTGGCTACACCCCTTTCC
CACTGTCCCCTAACCTTITTATGCAATCTGCTCTGGCATCTGCAGCCTGGCCAGCCTACCCTGCGCACGCAGCCAC
TGCTTCCCGGAACATTCATGAAGGAGGGCCCCAGCTGAACTGCCAACTGAGGAAACAGAAACTATGTGAGCCCCA
CCCTTGACTGACCAAGGGCCAGAACTTCCCTTTCAAAGCTCCCTCTTAGCCCCCAGACCCCTCCTAACAAGCACA
GACCACCACCTCCACTACCCCCAATTTAAAAGATCAGTCTTTCCATGGACTGTGTGATGGAGC

SEQ ID NO:11

Reverse Complement of SEQ ID NO:4
TTITTTTTTTTTITTTITTGTATTTGTATTGTAGCTGCTTTAATCTGCCCTCACCCTCCCAGCAGGAAGCTCCTTATA
AGAAACCCAAGTCCTCGTCTTTGAGCTTCTCCTTTAGCCAGGGCAGCACCTGGAAGAGATTGATGTGGAAGTCCC
GGGCATAGGAGGGCACCAACTGTTGCCGCCTCGGGTCTTTGCAGACATCCACTACTCCCCAGCTGATCACACCAA
CTTGAATGAAGCGGCTTICTCTTGTGAACAATGAGAGGGCCCCCGGAGTCTCCTTTGCATGTGTTGGGGTCAGCAT
AGGGATCTACCCCTCCGGTGCACAGGAACCTGGGGGTGACCACCTCAGAGGCAACTTTGACCTTCTCATAGCCTT
GGGCCTTTGTAGCATCTCTCTCACAACTGGCTTTCTTTTCCCCATTCTTGATGTACACCTCCTTCCGGGTCAGCT
TCTTCCCTTCCTCGGATACAAACAGAGCTTTGACGTCCTTCATAGGGAGCAACTCTTCCTTGTGCTGTTTGCAGG
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TGGCTGTCTGAGGAAGCCGCAAGGCTCGGGTGGTTCCCTCTGTGCAGGGGAGACAGATGGGCCTGAGAGTCTGGC
TGTACTTCAGCTTGGTCTTGAGCTTGATGAGGGCAACATCATAGTCATAGAACTCAGAGATTCCTTCTGCCTTTT
TCCCATTGATGTCGTAATTAGGGTGGAACAGGACCTCTTCAATCTCCAGGTCCCGCCTTTTCCCCTCCACGTTGA
CCTTGATGGAGTGTITTCTGATCTTCCACTGTGAAGCAATGCGCTGCTGTCAGCACGAAGTACTCGGACACCACGG
CCCCCATACAGTTCTCATGTICCTTTCAGAGGACGAGTGACTGAGATCTTGGCTTGCCATGGTTGCTTGTAATAAT
CACCGCCTTTCTGATGCTCCCACACCATGCCACAGAGACCCAGAGATTTGGTTTCATCGATCATTTTGTAGAAGA
CGTTCTCCAGATCCTCCATGTCCTTGACCTTGAACACATGCTGCTCATTGTTCTTTTTGGAAGCCAAGGCATTGA
TGTTCACAGGGTCCACCAGAGGCCCGACCCCAAACACATACACATCCAAATAATCCTCCCGGGGATTTTTGCGAT
CCCTGCCAATATCCAGCAAGTCTCGGATGTCCTCAATGACAGTGACAGGGTCTCCACCCATGTTGTGCAAGCCAT
CAGTCATGATGATGATGACGTGGCGGGTTCGATTCCAGCCTTCAGGCGGAGCATCCCCTGGCCAGCTCATCATGC
TGTATACAGCCTGGAGAGCCTTICTTGGTGTTGGTCCCTGACTTCAGCTTGTGGTCTTCATAACTGATTTGGTTGA
GCTTCTCTGTGACCCAGTCGGCATCACTACTCCTCTCCTCAGACACTCTGACCAAGACTTTGGGGACTGTGGCAT
ATGTCACTAGACCGTATCTTGGCTTCACCCCATAACTCGCCACCTTCTCAATCAAGTTGGCGAGACACCGCTTGG
CCCCTIGTGAAGTTGCTGGCCCCGATGCTGTCGGATCCATCCAGCACCATGTAGATATTCATGGAGCCCGAGGGGT
CCAGGATAATCTTCCTICTTCTGCTGTTCCCCTGGGCTGTGCCCATCCTCCGCATCTGCTCCTTCGATGGTICTCTG
TCAGGGAGGATAGAAATGCTTCGGCCACCTCTTGAGGGCTGTCGTACATGAAGGAATCTTGGCAGGAAGGCTCTG
TCCCACTCCACGAGCCACCTTCCTGGCACCTTCGCTGCTGGGAGCCACGTAGGACAAGTCCCCGACTACAGTGGT
AAGTGACAGTGTCTTCAAGACGGTACTGGCTTCCCACCTTCCTTGTCCCAATAGGAATACCCGGGTTGGGACAGT
ATCCCGCTCCATCATCACAGATTGCTGTTTGCCCATCCCACCGGCCATTCTCTTGGCAGGTGCGATTAGCAGAGC
CCCGGAGAGTGTAGCCATCATAGCATTGAAAAGAAATCTGATCACTCAGGTTGTAGTAGGGGGACCGGGGCCAGA
ACTCCCCATTTTCAAAGTCCTGTGGTCGTGGGCAGCGTATTGCTCTGCATTCTGCCTTICTTGACAATCTTTTGGT
CCCGGGTCTGGAGGACACTCCAGGAGCCTGTGGATTTGCAGGTTCGAGTCTGCACAGGGTATGGGTAGAAGCCAG
AGGGACACAGGTACTCCAGGGCCTGACCGTCTTGGAGAAGTTGGAAGGAGCCGCCTTTGATCTCTACTCCCTCCA
GAGAGCAAGAGACCTGGGGCCGGGCCTCAAGCACTGGAGTTGCGCTCACACCTCCGGAGGAGAGGCCTAAGACCA
AGAGGACTAAGCAGAGCTGGGGACCCTCCATTGTCATGGAAAGCCCGTGGCCAAAAGCCCTTTCCAGTTCACTCT
GGGTGGCTACTTGACTTGCTGTCCAGACTGAAACTCCAGTGCTGGATCTGGCTACACCCCTTTCCCACCGGCCCC
TAACCTTTTATGCAATCTGCTCTGGCACCTGCAGCCTGGCCAACCTACCCTGCACAGACGCTGCTTCCCGGAACA
TTCATGAAGGAGGGCCCCTGCTG

SEQ ID NO:12

Reverse Complement of SEQ ID NO:5
ACCCCTTATAGAAAACCCAAATCCTCATCTTGGAGTTTCTCCTTCAGCCAGGGCAGCACTTGAAAGAGGTTGATG
TGAAAGTCTCGGGCGTGAGCAGGTACCTGCTTTTGCCGCTTCTGGTTTTTGCAGACATCCACTACTCCCCAGCTG
ATTACACCAACTTGAATGAAACGACTTICTTTTGTGAACTATCAAGGGGCCGCCAGAATCACCTCTGCAAGTATTG
GGGTCAGCATAGGGACTCACTCCTCCAGTACAAAGGAACCGAGGGGTGACCACCTCTGAGATGTCCTTGACTTTG
TCATAGCCTGGGGCATATTGAGCATCTCTCTCACAGCTGCCTTTICTTATCCCCATTCTTGATGTAGACCTCCTTC
CGAGTCAGCTTTTTCTCCTCCTCAGACACAAACAGAGCTTTGATATCCTGTGCAGGGAGCAGCTCTTCCTTTTGT
TGCTGGCAAGTGGTAGTTGGAGGAAGCCTCAAAGCTCGAGTTGTTCCCTCGGTGCAGGGGAGACAAATGGGCCTG
ATAGTCTGGCCATATTTCAGCTTATTCTTGAGCTTGATCAGGGCAACGTCATAGTCATAAAATTCAGGAATTCCT
GCTGCTTTTTTCCCATTAATGTTGTAGTTGGGGTGAAATAGGACTACTTCTATCTCCAGGTCCCGCTTCTCCCCT
CCTACGCTGACCTTGATTGAGTGTTCCTTGTCATCCACAGTGAAACAGTGTGCTGCTGTCAGCACAAAGTACTCA
GACACCACAGCCCCCATACAGCTCTCGTGTCCCTTTGAAGGGCGAATGACTGAGATCTTGGCTTGCCATGGTTGC
TTGTGGTAATCGGTACCCTTCCTGTGTTCCCARAACCATGCCACAGAGACTCAGAGACTGGCTTTCATCAATCATT
TGGTAGAAAACATCTTCCAGGTTTTCCATATCCTTGACTTTGAACACATGTTGCTCATTGTCTTTCTTGGAAGCC
AAAGCATTGATGTTCACTTGGTTCACCAAAGGCCCGACCCCAAACACATAGACATCCAGATAATCCTCCCTTGGG
TTTTTGCGATCCTTGCCAATGTATAGCAAGTCCCGGATCTCATCAATGACAGTAATTGGGTCCCCGCCCATGTTG
TGCAATCCATCAGTCATGAGGATGATGACATGGCGGGTGCGGTTCCAGCCTTCAGGAGGGATGTCATCTGGCCAG
CTCATCATGCTGTACACTGCCTGGAGGGCCTTICTTGGTGTTAGTCCCTGACTTCAACTTGTGGTCTTCATAATTG
ATTTCATTGAGCTGCTTCGTGACCCAGTCTGCATTACTGCTGTCTGGATCAGACACTTTGACCCAAATTTTGGGG
TGTGTGGCATATGTCACTAGACCATATCTTGGCTTCACACCATAACTTGCCACCTTCTCAATTAAGTTGACTAGA
CACTTTTTGGCTCCTGTGAAGTTGCTGGCCCCAATGCTGTCTGATCCATCTAGCACCAGGTAGATGTTCATGGAG
CCTGAAGGGTCCAGGACGATCTTCCGCTTCTGTTGTTCCCCTGGGCCGTGCCCATCCTCAGCATCGACTCCTTCT
ATGGTCTCTGTCAGGGAAGACAGGAAAGCTTCGGCCACCTCTTGAGGGGTGTCGTACATGAAGGAGTCTTGGCAA
GAAGGCTCCGTCCCGCTCCAAGAGCCACCTTCCTGACACGTTCGCCGCTGGGAGCCACGCAGGGTAAGCCCCCGG
CTGCAGTGGTAGGTGACGCTGTCTTCAAGGCGGTACTGGCTGCCCACCTTCCTTGTGCCAATGGGGATGCCCGGG
TTGGAGCAGTACCCCGCTCCGTTGTCACAGATCGCTGTCTGCCCACTCCACCGGCCATTCACTTGGCAGGTGCGA
TTGGCAGAGCCCCGGAGAGTGTAACCGTCATAGCAGTGGAAAGAGATCTCATCACTCACATTGTAGTAGGGAGAC
CGGGGCCAGTATTCCCCGTTCTCGAAGTCGTGTGGTCTTGGACAGTGGATTGCTCTGCACTCTGCCTTCCTGACA
GTCTTTTGGACTTGAGTCTTCAGGGTGCTCCAGGACCCCGTAGATCTGCAGGTACGTGTCTGCACAGGGTACGGG
TAGAAGCCAGAAGGACACACGTACTCCAGTGCCTGGCCCTCTTGGAGAAGTCGGAAGGAGCCGCCTTTGATCTCT
ACCCCCTCCAGAGAGCAGGATTCCTGGGGCTGGGCCAAAGGCCATGGAGTGGTGGTCACACCTCCAGACAAGAGG
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CCCAAGATGAAGGGCATCAGGCAGAGTTGGGGGCTGAGATTGCTCCCCATGGCGTTGGAAGGCAGGAGAGAAGCT
GGGCCTGGG

SEQ ID NO:13

Reverse Complement of SEQ ID NO:6
GAGAAAACCCAAATCCTCATCTTGGAGTTTCTCCTTCAGCCAGGGCAGCACTTGGAAGAGGTTGACGTGAAAGTC
TCGGGCGTGAGCAGGTACCTGCTTTTGCCGCTTCTGGTTTTTGCAGACATCCACTACTCCCCAGCTGATGACACC
AACTTGAATAAAACGACTTCTCTITGTGAACTATCAAGGGGCCGCCAGAATCACCTCTGCAAGTATTGGGGTCAGC
ATAGGGACTCACTCCTCCAGTACAAAGGAACCGAGGGGTGACCACCTCGGAGATGTCCTTGACTTTGTCATAGCC
TGGGGCATATTGAGCATCTICTCTCACAGCTGCCTTTCTTATCCCCATTCTTGATGTAGACCTCCTTCCGAGTCAG
CTTCTTCTCCTCCTCAGACACAAACAGAGCTTTGATATCCTGTGCAGGGAGCAGCTCTTCCTTICTGTTGCTGGCA
AGTGGTAGTTGGAGGAAGCCTCAAAGCTCGAGTTGTTCCCTCGGTGCAGGGGAGACARATGGGCCTGATAGTCGG
GTICATAATTCAACTTATTICTITGAGCTTGATCAGGGCAACGTCATAGTCATAAAATTCAGGAATTCCTGCTTCTTT
TTTCCCGCTAATGTTGTAGTCGGGGTGAAATAGGACTTTTTCTATCTCCAGGTCCCGCTTCTTCCCCACGCTGAC
CTTGATCGAGTGTTCCTTGTCGTCCACAGTAAAACAATGTGCTGCTGTCAGCACAAAGTACTCAGACACCACAGC
CCCCATACAGCTCTCATGTCCCTTCGAAGGGCGAGTGACTGAGATCTTGGCCTGCCATGGTTGCTTGTGGTAATC
GGTACCCGTCGTIGTGTTCCCAAACCATGCCACAGAGACTCAGAGACTGGCTTTCATCAATCATTTGGAAGAAAAC
GTICTTCCAGGTTTTCCATATCCTTGACTTTGAACACATGTTGCTCATTGTCTTTCTTGGAAGCCAAAGCATTGAT
GTTCACTTGGTCCACCAAAGGTCCAACCCCAAACACATAGACATCCAGATAATCCTCCCTCGGGTTTTTACGATC
CTTGCCGATGTATAACAAGTCCCGGATCTCATCAATGACAGTAATTGGGTCCCCGCCCATGTTGTGCAATCCATC
GGTCATGAGGATGATGACATGGCGGGTGCGGTTCCAGCCTTCAGGAGGGATGTCCTCTGGCCAACTCATCATGCT
GTACACTGCCTGGAGGGCCCTICTTGGTGTTAGTCCCTGACTTCAACTTGTGGTCTTCATAATTGATTTCACTGAG
CTTCTTCGTGACCCAGTCTGCATTGCTGCTCTCTTGGTCAGACACTTTGACCCAAATTCTGGGGTATGTGGCATA
TGTCACTAGAGCATATCTTGGCTTCACACCATAACTTGCCACCTTICTCAATTAAGTTGACTAGACACTTTTTGGC
TCCTGTGAAGTTGCCGGCCCCAATGCTGTCTGATCCATCTAGCACCAGGTAGATGTTCATGGAGCCTGAAGGGTC
TAGGATGATCCTCCGCTTICTGTTGTTCCCCTGGGCTGTGCCCATCCTCGGCATCGACTCCTTCTATGGTCTCCGT
CAGGGAAGACAGGAAAGCTTCGGCCACCTCTTGAGGGGTGTCGTACATGAAGGAGTCTTGGCAGGAAGGCTCCGT
CCCGCTCCAAGAGCCACCTTCCTGACATGTTCGCCGCTGGGAGCCACGCAGGGTAAGCCCCCGGCTGCAGTGGTA
GGTGACGCTGTCTTCAAGGCGGTACCGGCTGCCCACCTTICCTTGTGCCAATGGGGATGCCTGGGTTGGAGCAGTA
CCCCGCTCCGTTGTCACAGATCGCTGTCTGCCCACTCCACCGGCCATTCACTTGGCAGGTGCGATTGGCAGAGCC
CCGGAGAGTGTAACCGTCATAGCAGTGGAAAGAGATCTCATCACTCACATTGTAGTAGGGAGACCGGGGCCGGTA
TTCCCCGTTCTCGAAGTCCTGTGGTCGTGGACAGCGGATTGCTCTGCACTCTGCCTTCTTGACAGTTTTTCGATC
TTGAGTCTGCAGGGTGCTCCAGGACCCCGTGGATCTGCAGGTACGTGTCTGCACAGGGTACGGGTAGAAGCCAGA
AGGACACACGTATTCCAGTGCCTGGCCCTCTTGGAGAAGTCGGAAGGAGCCACCTTTGATCTCTACCCCCTCCAG
AGAGCAGGATCCTTGAGGCTGGGCCGAAGACAATGGAGTGGTGGTCACACCTGCAGATAAGAGGCCCAAGATGAA
GGGCATCAGGTAGAGCTGGGGGCTGAGACTGCTCCCCAT

SEQ ID NO:14

Reverse Complement of SEQ ID NO:7
TGTTGTCGCAGCTGTTTTAATTCAATCCCGCGCCCCTGTCCAGCAGGAAACCCCTTAGAGARAACCCAAATCCTC
ATCTTGGAGTTTCTCCTTCAGCCAGGGCAGCACTTGGAAGAGGTTGACGTGAAAGTCTCGGGCGTGAGCAGGTAC
CTGCTITTTGCCGCTTCTGGTTTTTGCAGACATCCACTACTCCCCAGCTGATGACACCAACTTGAATGAAACGACT
TCTCTTGTGAACTATCAAGGGGCCGCCAGAATCACCTCTGCAAGTATTGGGGTCAGCATAGGGACTCACTCCTCC
AGTACAAAGGAACCGAGGGGTGACCACCTCCGAGATGTCCTTGACTTTGTCATAGCCTGGGGCATATTGAGCATC
TCTCTCACAGCTGCCTTTCTTATCCCCATTCTTGATGTAGACCTCCTTCCGAGTCAGCTTCTTCTCCTCCTCAGA
CACAAACAGAGCTTTGATATCCTGTGCAGGGAGCAGCTCTTCCTTICTGTTGCTGGCAAGTGGTAGTTGGAGGAAG
CCTCAAAGCTCGAGTTGTTCCCTCGGTACAGGGGAGACAAATGGGCCTGATAGTCGGGTCATAATTCAACTTTTT
CTTGAGCTTGATCAGGGCAACGTCATAGTCATAAAATTCAGGAATTCCTGCTTICTTTTTTCCCGCTAATGTTGTA
GTCGGGGTGAAATAGGACTTTTITCTATCTCCAGGTCCCGCTTICTTCCCCACGCTGACCTTGATCGAGTGTTCCTT
GTCGTCCACAGTAAAACAATGTGCTGCTGTCAGCACAAAGTACTCAGACACCACAGCCCCCATACAGCTCTCATG
TCCCTTCGAAGGGCGAGTGACTGAGATCTTGGCCTGCCATGGTTGCTTGTGGTAATCGGTACCCGTCGTGTIGTTC
CCAAACCATGCCACAGAGACTCAGAGACTGGCTTTCATCAATCATTTGGAAGAAAACGTCTTCCAGGTTTTCCAT
ATCCTTGACTTTGAACACATGTTGCTCATTGTCTTITCTTGGAAGCCAAAGCATTGATGTTCACTTIGGTCCACCAA
AGGTCCAACCCCAAACACATAGACATCCAGATAATCCTCCCTCGGGTTTTTGCGATCCTTGCCGATGTATAACAA
GTCCCGGATCTCATCAATGACAGTAATTGGGTCCCCGCCCATGTTGTGCAATCCATCGGTCATGAGGATGATGAC
ATGGCGGGTGCGGTTCCAGCCTTCAGGAGGGATGTCCTCTGGCCAACTCATCATGCTGTACACTGCCTGGAGGGC
CCTICTTGGTGTITAGTCCCTGACTTCAACTTGTGGTICTTCATAATTGATTTCACTGAGCTTCTTCGTGACCCAGTC
TGCATTGCTGCTCTICTTGGTICAGACACTTTGACCCAAATTCTGGGGTATGTGGCATATGTCACTAGAGCATATCT
TGGCTTCACACCATAACTTGCCACCTTCTCAATTAAGTTGACTAGACACTTTTTGGCTCCTGTGAAGTTGCCGGC
CCCAATGCTGTCTGATCCATCTAGCACCAGGTAGATGTTCATGGAGCCTGAAGGGTCTAGGATGATCCTCCGCTT
CTIGTTGTTCCCCTGGGCTGTGCCCATCCTCGGCATCGACTCCTTCTATGGTCTCCGTCAGGGAAGACAGGARAGC
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TTCGGCCACCTCTTGAGGGGTGTCGTACATGAAGGAGTCTTGGCAGGAAGGCTCCGTCCCGCTCCAAGAGCCACC
TTCCTGACACGTTCGCCGCTGGGAGCCACGCAGGGTAAGCCCCCGGCTGCAGTGGTAGGTGACGCTGTCTTCAAG
GCGGTACCGGCTGCCCACCTTCCTTGTGCCAATGGGGATGCCTGGGTTGGAGCAGTACCCCGCTCCGTTGTCACA
GATCGCTGTCTGCCCACTCCACCGGCCATTCACTTGGCAGGTGCGATTGGCAGAGCCCCGGAGAGTGTAACCGTC
ATAGCAGTGGAAAGAGATCTCATCACTCACATTGTAGTAGGGAGACCGGGGCCGGTATTCCCCGTTCTCGAAGTC
CTGTGGTCGTGGACAGCGGATTGCTCTGCACTCTGCCTTCTTGACAGTTTTTCGATCTTGAGTCTGCAGGGTGCT
CCAGGACCCCGTGGATCTGCAGGTACGTGTCTGCACAGGGTACGGGTAGAAGCCAGAAGGACACACGTATTCCAG
TGCCTGGCCCTCTTGGAGAAGTCGGAAGGAGCCACCTTTGATCTCTACCCCCTCCAGAGAGCAGGATCCTTGAGG
CTGGGCCGAAGACAATGGAGTGGTGGTCACACCTGCAGATAAGAGGCCCAAGATGAAGGGCATCAGGTAGAGCTG
GGGGCTGAGACTGCTCCCCATGGCGTTAGAAGGCAGGAGAGAAGCTGGGCCTGGGGCAGGATGGCGTGTCCTGGC
TTGTTTTIGCTTGICTACTTAGCTCAGTGTCCAAGCTGAAACTCCAGACCTAGACCTGGTCACATTCCCTTCCCCT
GCCCCCCACCAGCTCCCGGCCTTTTATGCAATCTGTGTTCTGGCACCTGCAGCTTGCCCCGCCTGTCCTACCCTC
ATCACTTTCCCGGAACATCCAAGCGGGAGGGCCCCGCTGAGCTGCCAGTCAAGGAAGCAGAAACTGCAGAAGTCC
CACCCTTTGCTGCCCAAGGTCCAGGACTCTCCCCTTCAGTACCTCCTTCTGGCCTCAGCTCCTCCCCAACAAGCC
CAGACCACCCACTTAGGGACCAGAAAT
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We claim:

1. A double stranded ribonucleic acid (dsSRNA) for inhibiting expression of complement factor
B (CFB) in a cell, wherein the dSRNA comprises a sense strand and an antisense strand forming a
double stranded region, wherein the antisense strand comprises a region of complementarity to an
mRNA encoding CFB, and wherein the region of complementarity comprises at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from any one of the antisense nucleotide

sequences in any one of Tables 2-3.

2. The dsRNA agent of claim 1, wherein the dSRNA agent comprises a sense strand comprising

any of the sense nucleotide sequences in any one of Tables 2-3.

3. The dsRNA agent of claim 1, wherein the dSRNA agent comprises an antisense strand

comprising any of the antisense nucleotide sequences in any one of Tables 2-3.

4. The dsRNA agent of claim 1, wherein the dsSRNA agent comprises a sense strand comprising
any of the sense nucleotide sequences in any one of Tables 2-3 and an antisense strand comprising

any of the antisense nucleotide sequences in any one of Tables 2-3.

5. The dsRNA agent of claim 1, wherein the dsSRNA agent comprises a sense strand comprising
a nucleotide sequence which differs by no more than 4 nucleotides from any of the sense nucleotide
sequences in any one of Tables 2-3 and an antisense strand comprising a nucleotide sequence which
differs by no more than 4 nucleotides from any of the antisense nucleotide sequences in any one of

Tables 2-3.

6. The dsRNA agent of claim 1, wherein the dsSRNA agent comprises a sense strand comprising
a nucleotide sequence which differs by no more than 3 nucleotides from any of the sense nucleotide
sequences in any one of Tables 2-3 and an antisense strand comprising a nucleotide sequence which
differs by no more than 3 nucleotides from any of the antisense nucleotide sequences in any one of

Tables 2-3.

7. The dsRNA agent of claim 1, wherein the dsRNA agent comprises a sense strand comprising
a nucleotide sequence which differs by no more than 2 nucleotides from any of the sense nucleotide
sequences in any one of Tables 2-3 and an antisense strand comprising a nucleotide sequence which
differs by no more than 2 nucleotides from any of the antisense nucleotide sequences in any one of

Tables 2-3.
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8. The dsRNA agent of claim 1, wherein the dSRNA agent comprises a sense strand comprising
a nucleotide sequence which differs by no more than 1 nucleotide from any of the sense nucleotide
sequences in any one of Tables 2-3 and an antisense strand comprising a nucleotide sequence which
differs by no more than 1 nucleotide from any of the antisense nucleotide sequences in any one of

Tables 2-3.

9. A double stranded ribonucleic acid (dsSRNA) for inhibiting expression of complement factor
B (CFB) in a cell, wherein the dSRNA 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 three nucleotides from any one of the nucleotide sequence of nucleotides
504-526, 640-662, 641-663, 995-1017, 997-1019, 1034-1056, 1141-1163, 1145-1167, 1389-1411,
1473-1495, 1826-1848, 1828-1850, 1842-1864, 2242-2264, 2391-2413, 2393-2415, 2438-2460, or
2453-2475 of SEQ ID NO: 1, and the antisense strand comprises at least 15 contiguous nucleotides
differing by no more than three nucleotides from the corresponding nucleotide sequence of SEQ ID

NO:8.

10. The dsRNA agent of any one of claims 1-9, wherein the antisense strand comprises at least
15 contiguous nucleotides differing by no more than four nucleotides from any one of the antisense
strand nucleotide sequences of a duplex selected from the group consisting of AD-1726057; AD-
1725763; AD-1725777; AD-1725057; AD-1725096; AD-1728786; AD-1725059; AD-1728276;
AD-1728278; AD-1726936; AD-1725472; AD-1724715; AD-1727292; AD-1730477; AD-1727288;
AD-1730167; AD-1725408; and AD-1725761.

11. The dsRNA agent of any one of claims 1-10, wherein the sense strand and the antisense
strand comprise at least 15 contiguous nucleotides differing by no more than four nucleotides from
any one of the sense strand and the antisense strand nucleotide sequences of a duplex selected from
the group consisting of AD-1726057; AD-1725763; AD-1725777; AD-1725057; AD-1725096; AD-
1728786; AD-1725059; AD-1728276; AD-1728278; AD-1726936; AD-1725472; AD-1724715;
AD-1727292; AD-1730477; AD-1727288; AD-1730167; AD-1725408; and AD-1725761

12. The dsRNA agent of any one of claims 1-11, wherein the sense strand and the antisense
strand comprise at least 15 contiguous nucleotides differing by no more than three nucleotides from
any one of the sense strand and the antisense strand nucleotide sequences of a duplex selected from
the group consisting of AD-1726057; AD-1725763; AD-1725777; AD-1725057; AD-1725096; AD-
1728786; AD-1725059; AD-1728276; AD-1728278; AD-1726936; AD-1725472; AD-1724715;
AD-1727292; AD-1730477; AD-1727288; AD-1730167; AD-1725408; and AD-1725761.
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13. The dsRNA agent of any one of claims 1-12, wherein the sense strand and the antisense
strand comprise at least 15 contiguous nucleotides differing by no more than two nucleotides from
any one of the sense strand and the antisense strand nucleotide sequences of a duplex selected from
the group consisting of AD-1726057; AD-1725763; AD-1725777; AD-1725057; AD-1725096; AD-
1728786; AD-1725059; AD-1728276; AD-1728278; AD-1726936; AD-1725472; AD-1724715;
AD-1727292; AD-1730477; AD-1727288; AD-1730167; AD-1725408; and AD-1725761.

14. The dsRNA agent of any one of claims 1-13, wherein the sense strand and the antisense
strand comprise at least 15 contiguous nucleotides differing by no more than one nucleotide from any
one of the sense strand and the antisense strand nucleotide sequences of a duplex selected from the
group consisting of AD-1726057; AD-1725763; AD-1725777; AD-1725057; AD-1725096; AD-
1728786; AD-1725059; AD-1728276; AD-1728278; AD-1726936; AD-1725472; AD-1724715;
AD-1727292; AD-1730477; AD-1727288; AD-1730167; AD-1725408; and AD-1725761.

15. The dsRNA agent of any one of claims 1-14, wherein the sense strand and the antisense
strand comprise the sense strand and the antisense strand nucleotide sequences of a duplex selected
from the group consisting of AD-1726057; AD-1725763; AD-1725777; AD-1725057; AD-1725096;
AD-1728786; AD-1725059; AD-1728276; AD-1728278; AD-1726936; AD-1725472; AD-1724715;
AD-1727292; AD-1730477; AD-1727288; AD-1730167; AD-1725408; and AD-1725761.

16. The dsRNA agent of any one of claims 1-15, wherein the sense strand and the antisense
strand consist of the sense strand and the antisense strand nucleotide sequences of a duplex selected
from the group consisting of AD-1726057; AD-1725763; AD-1725777; AD-1725057; AD-1725096;
AD-1728786; AD-1725059; AD-1728276; AD-1728278; AD-1726936; AD-1725472; AD-1724715;
AD-1727292; AD-1730477; AD-1727288; AD-1730167; AD-1725408; and AD-1725761.

17. The dsRNA agent of any one of claims 1-16, wherein the dSRNA agent comprises at least

one modified nucleotide.

18. The dsRNA agent of any one of claims 1-17, wherein substantially all of the nucleotides of
the sense strand; substantially all of the nucleotides of the antisense strand comprise a modification;
or substantially all of the nucleotides of the sense strand and substantially all of the nucleotides of the

antisense strand comprise a modification.

19. The dsRNA agent of any one of claims 1-18, wherein all of the nucleotides of the sense

strand comprise a modification; all of the nucleotides of the antisense strand comprise a
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modification; or all of the nucleotides of the sense strand and all of the nucleotides of the antisense

strand comprise a modification.

20. The dsRNA agent of any one of claims 17-19, wherein at least one of the nucleotide
modifications is selected from the group consisting of a deoxy-nucleotide modification, a 3’-terminal
deoxythimidine (dT) nucleotide modification, a 2'-O-methyl nucleotide modification, a 2'-fluoro
nucleotide modification, a 2'-deoxy- nucleotide modification, a locked nucleotide modification, an
unlocked nucleotide modification, a conformationally restricted nu nucleotide modification cleotide,
a constrained ethyl nucleotide modification, an abasic nucleotide modification, a 2’-amino nucleotide
modification, a 2’-O-allyl- nucleotide modification, 2’-C-alkyl- nucleotide modification, a 2’-
methoxyethyl nucleotide modification, a 2’-O-alkyl- nucleotide modification, a morpholino
nucleotide modification, a phosphoramidate nucleotide modification, a non-natural base comprising
nucleotide modification, a tetrahydropyran nucleotide modification, a 1,5-anhydrohexitol nucleotide
modification, a cyclohexenyl nucleotide modification, a nucleotide comprising a phosphorothioate
group nucleotide modification, a nucleotide comprising a methylphosphonate group nucleotide
modification, a nucleotide comprising a 2’-phosphate nucleotide modification, a nucleotide
comprising a 5’-phosphate nucleotide modification, a nucleotide comprising a 5’-phosphate mimic
nucleotide modification, a thermally destabilizing nucleotide modification, a glycol modified
nucleotide (GNA) nucleotide modification, and a 2-O-(N-methylacetamide) nucleotide modification;

and combinations thereof.

21. The dsRNA agent of any one of claims 17-19, wherein the nucleotide modifications 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 a glycol modified nucleotide (GNA); and

combinations thereof.

22. The dsRNA agent of any one of claims 17-19, wherein at least one of the nucleotide
nucleotide modifications is selected from the group consisting of a deoxy-nucleotide nucleotide
modification, a 2'-O-methyl nucleotide modification, a 2'-fluoro nucleotide modification, a 2'-deoxy-
nucleotide modification, a glycol (GNA) nucleotide modification, a nucleotide comrprising a 2’-
phosphate nucleotide modification, a vinyl-phosphonate nucleotide modification, and 2’-O hexadecyl

nucleotide modification; and combinations thereof.

23. The dsRNA agent of any one of claims 17-19, wherein at least one of the modifications on

the nucleotides is a thermally destabilizing nucleotide modification.
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24. The dsRNA agent of claim 23, wherein the thermally destabilizing nucleotide modification is
selected from the group consisting of an abasic modification; a mismatch with the opposing
nucleotide in the duplex; and destabilizing sugar modification, a 2’-deoxy modification, an acyclic

nucleotide, an unlocked nucleic acids (UNA), and a glycol modified nucleic acid (GNA).

25. The dsRNA agent of any one of claims 1-24, wherein the double stranded region is 19-30

nucleotide pairs in length.

26. The dsRNA agent of claim 25, wherein the double stranded region is 19-25 nucleotide pairs
in length.

27. The dsRNA agent of claim 25, wherein the double stranded region is 19-23 nucleotide pairs
in length.

28. The dsRNA agent of claim 25, wherein the double stranded region is 23-27 nucleotide pairs
in length.

29. The dsRNA agent of claim 25, wherein the double stranded region is 21-23 nucleotide pairs
in length.

30. The dsRNA agent of any one of claims 1-29, wherein each strand is independently no more

than 30 nucleotides in length.

31. The dsRNA agent of any one of claims 1-30, wherein the sense strand is 21 nucleotides in

length and the antisense strand is 23 nucleotides in length.

32. The dsRNA agent of any one of claims 1-31, wherein the region of complementarity is at

least 17 nucleotides in length.

33. The dsRNA agent of any one of claims 1-32, wherein the region of complementarity is 19-23

nucleotides in length.

34. The dsRNA agent of any one of claims 1-33, wherein the region of complementarity is 19-21

nucleotides in length.

35. The dsRNA agent of any one of claims 1-34, wherein at least one strand comprises a 3’

overhang of at least 1 nucleotide.
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36. The dsRNA agent of any one of claims 1-35, wherein at least one strand comprises a 3’

overhang of at least 2 nucleotides.
37. The dsRNA agent of any one of claims 1-36, further comprising a ligand.

38. The dsRNA agent of claim 37, wherein the ligand is conjugated to the 3’ end of the sense
strand of the dsRNA agent.

39. The dsRNA agent of claim 37 or 38, wherein the ligand is an N-acetylgalactosamine
(GalNAc) derivative.

40. The dsRNA agent of any one of claims 37-39, wherein the ligand is one or more GalNAc

derivatives attached through a monovalent, bivalent, or trivalent branched linker.

41. The dsRNA agent of claim 39 or 40, wherein the ligand is

Ho (OH
Q H H
HO O\/\/\“/NV\/N
O
Ao 1K o\}w
HO \/\/\n/ ~N
AcHN 7(\/ o

0 0
Hmo\/\/\rr—N/\/\N o)
AcHN o H H

42. The dsRNA agent of claim 41, wherein the dsSRNA agent is conjugated to the ligand as

shown in the following schematic

OH
HQO
HO N N
Y T
HO OH o
HO. O‘/\/\n’N‘/\’N‘(\’O
AcHN 0o 0 0
H
H

HO o N"N"0
AcHN \/\/\P;H H
and, wherein X is O or S.
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43, The dsRNA agent of claim 42, wherein the X is O.

44. The dsRNA agent of any one of claims 1-43, wherein the dsRNA agent further comprises at

least one phosphorothioate or methylphosphonate internucleotide linkage.

45. The dsRNA agent of claim 44, wherein the phosphorothioate or methylphosphonate

internucleotide linkage is at the 3’-terminus of one strand.

46. The dsRNA agent of claim 45, wherein the strand is the antisense strand.

47. The dsRNA agent of claim 45, wherein the strand is the sense strand.

48. The dsRNA agent of claim 44, wherein the phosphorothioate or methylphosphonate

internucleotide linkage is at the 5’-terminus of one strand.

49. The dsRNA agent of claim 48, wherein the strand is the antisense strand.

50. The dsRNA agent of claim 48, wherein the strand is the sense strand.

51. The dsRNA agent of claim 42, wherein the phosphorothioate or methylphosphonate

internucleotide linkage is at the both the 5’- and 3’-terminus of one strand.

52. The dsRNA agent of claim 50, wherein the strand is the antisense strand.

53. The dsRNA agent of any one of claims 1-52, wherein the base pair at the 1 position of the 5’

end of the antisense strand of the duplex is an AU base pair.

54. A cell containing the dsSRNA agent of any one of claims 1-53.

55. A pharmaceutical composition for inhibiting expression of a gene encoding complement

factor B (CFB) comprising the dsRNA agent of any one of claims 1-53.

56. The pharmaceutical composition of claim 55, wherein dsSRNA agent is in an unbuffered
solution.

57. The pharmaceutical composition of claim 56, wherein the unbuffered solution is saline or
water.
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58. The pharmaceutical composition of claim 55, wherein said dsSRNA agent is in a buffer
solution.
59. The pharmaceutical composition of claim 58, wherein the buffer solution comprises acetate,

citrate, prolamine, carbonate, or phosphate or any combination thereof.

60. The pharmaceutical composition of claim 59, wherein the buffer solution is phosphate
buffered saline (PBS).
61. A method of inhibiting expression of a complement factor B (CFB) gene in a cell, the

method comprising contacting the cell with the dsSRNA agent of any one of claims 1-53, or the
pharmaceutical composition of any one of claims 55-60, thereby inhibiting expression of the CFB

gene in the cell.

62. The method of claim 61, wherein the cell is within a subject.

63. The method of claim 62, wherein the subject is a human.

64. The method of claim 62, wherein the subject has a complement factor B- (CFB)-associated
disorder.

65. The method of any one of claims 61-64, wherein contacting the cell with the dSRNA agent

inhibits the expression of complement factor B by at least 50%, 60%, 70%, 80%, 90%, or 95%.

66. The method of any one of claims 61-65, wherein inhibiting expression of complement factor
B decreases complement factor B protein level in serum of the subject by at least 50%, 60%, 70%,

80%, 90%, or 95%.

67. A method of treating a subject having a disorder that would benefit from reduction in
complement factor B expression, comprising administering to the subject a therapeutically effective
amount of the dSRNA agent of any one of claims 1-53, or the pharmaceutical composition of any one
of claims 55-60, thereby treating the subject having the disorder that would benefit from reduction in

complement factor B expression.

68. A method of preventing at least one symptom in a subject having a disorder that would
benefit from reduction in complement factor B expression, comprising administering to the subject a

prophylactically effective amount of the dsRNA agent of any one of claims 1-53, or the
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pharmaceutical composition of any one of claims 55-60, thereby preventing at least one symptom in

the subject having the disorder that would benefit from reduction in complement factor B expression.

69. The method of claim 67 or 68, wherein the disorder is a complement factor B-associated
disorder.
70. The method of claim 69, wherein the complement factor B-associated disease is selected

from the group consisting of paroxysmal 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 (MS); macular degeneration (e.g., age-related macular degeneration
(AMD)); hemolysis, elevated liver enzymes, and low platelets (HELLP) syndrome; thrombotic
thrombocytopenic purpura (TTP); spontaneous fetal loss; Pauci-immune vasculitis; epidermolysis
bullosa; recurrent fetal loss; pre-eclampsia, traumatic brain injury, myasthenia gravis, cold agglutinin
disease, dermatomyositis bullous pemphigoid, Shiga toxin E. coli-related hemolytic uremic
syndrome, C3 neuropathy, anti-neutrophil cytoplasmic antibody-associated vasculitis (e.g.,
granulomatosis with polyangiitis (previously known as Wegener granulomatosis), Churg-Strauss
syndrome, and microscopic polyangiitis), 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 outcome in sepsis), Coronary artery disease, dermatomyositis,
Graves' disease, atherosclerosis, Alzheimer's disease, systemic inflammatory response sepsis, septic
shock, spinal cord injury, glomerulonephritis, 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 (e.g., musculoskeletal) vascular disorder, a renovascular
disorder, a mesenteric/enteric vascular disorder, vasculitis, Henoch-Schoénlein 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 following stent placement,

rotational atherectomy, and percutaneous transluminal coronary angioplasty (PTCA).

71. The method of claim 69, wherein the complement factor B-associated disease is selected
from the group consisting of C3 glomerulopathy, systemic lupus erythematosus (SLE), e.g., Lupus
Nephritis, IgA nephropathy, diabetic nephropathy, polycystic kidney disease, membranous
nephropathy, age-related macular degeneration, atypical hemolytic uremic syndrome, thrombotic
microangiopathy, myasthenia gravis, ischemia and reperfusion injury, paroxysmal nocturnal

hemoglobinuria, and rtheumatoid arthritis.
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72. The method of claim 69, wherein the complement factor B-associated disease is selected
from the group consisting of C3 glomerulopathy, systemic lupus erythematosus (SLE), e.g., Lupus

Nephritis, IgA nephropathy, diabetic nephropathy, and polycystic kidney disease.

73. The method of any one of claims 67-72, wherein the subject is human.

74. The method of any one of claims 67-73, wherein the dsSRNA agent is administered to the

subject at a dose of about 0.01 mg/kg to 50 mg/kg or at a dose of about 5 mg or 1000 mg.

75. The method of any one of claims 67-74, wherein the dSRNA agent is administered to the

subject subcutaneously.

76. The method of any one of claims 67-75, further comprising administering to the subject an

agent for the treatment of a CFB-associated disease.

77. The method of any one of claims 67-75, further comprising administering to the subject an
iRNA agent targeting complement component C5 or an iRNA agent targeting complement

component C3.

78. The method of any one of claims 59-69, further comprising determining the level of

complement factor B in a sample(s) from the subject.

79. The method of claim 78, wherein the level of complement factor B in the subject sample(s)

is a complement factor B protein level in a blood or serum sample(s).

80. A kit comprising the dsSRNA agent of any one of claims 1-53 or the pharmaceutical

composition of any one of claims 55-60.

81. A vial comprising the dsSRNA agent of any one of claims 1-53 or the pharmaceutical

composition of any one of claims 55-60.

82. A syringe comprising the dsRNA agent of any one of claims 1-53 or the pharmaceutical

composition of any one of claims 55-60.

83. An RNA-induced silencing complex (RISC) comprising an antisense strand of any of the

dsRNA agents of any one of claims 1-53.
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