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COAGULATION FACTOR V (F35) IRNA COMPOSITIONS AND METHODS OF USE
THEREOF

RELATED APPLICATIONS
This application claims the benefit of priority to U.S. Provisional Application No.

63/113282, filed on November 13, 2020, U.S. Provisional Application No. 63/146113, filed on
February 5, 2021, and U.S. Provisional Application No. 63/271872, filed on October 26, 2021. The

entire contents of each of the foregoing applications are incorporated herein by reterence.

SEQUENCE LISTING
The instant application contains a Sequence Listing which has been submitted

electronically in ASCII format and 18 hereby incorporated by reterence in its entirety. Said ASCII
copy, created on November 5, 2021, 1s named 121301 _13520_SL.txt and 1s 873,599 bytes 1n size.

BACKGROUND OF THE INVENTION

Coagulation Factor V (IF5) 1s a plasma glycoprotein synthesized as a single-chain inactive

precursor 1n the liver. Activation of FS occurs via ordered proteolysis at three sites on the protein by
thrombin. The proteolytically activated form of F5 (F5a) binds tightly to thrombin in the presence ot

ionic calcium and an anionic phospholipid surtace to produce a potent procoagulant, i.e., an activated

20

25

30

35

thrombin. Activated thrombin, 1n turn, cleaves fibrinogen to torm fibrin, which polymerizes to torm
the dense meshwork that makes up the majority of a clot. Activated protein C 1s a natural
anticoagulant that acts to limit the extent of clotting by cleaving and degrading F5. F5 1s also
secreted from activated platelets, thus helping to localize thrombin activity to the site of vascular
damage (see, e.g., Figure 1).

As with thrombin, unregulated activation or activity of FS may lead to generation of excess
fibrin and excess clotting, thereby leading to the development of disorders associated with
thrombosis.

Formation of excess clotting within a blood vessel results 1in thrombosis which prevents blood from
tflowing normally through the circulatory system. When a blood clot forms 1n the veins, it 1s known
as venous thromboembolism such as deep vein thrombosis. If the venous clots break oft, these clots
can travel through the heart to the lung, where they block a pulmonary blood vessel and cause a
pulmonary embolism. When a clot forms in the arteries, it 1s called atherothrombosis, which can lead
to heart attack and stroke.

The common treatment for thrombosis 1s typically non-selective anti-coagulant therapy.
Unfortunately, however, the lack of specificity of such therapies can lead to excessive bleeding.

Accordingly, there 1s a need 1n the art for more eftective treatments tor subjects sutfering

from or prone to suffering from thrombosis.



10

15

20

25

30

35

WO 2022/103999 PCT/US2021/059047

SUMMARY OF THE INVENTION

The present invention provides iRNA compositions which eftect the RNA-induced silencing
complex (RISC)-mediated cleavage of RNA transcripts of a gene encoding coagulation Factor V (F)).
The F5 may be within a cell, e.g., a cell within a subject, such as a human subject.

Accordingly, 1in one aspect the invention provides a double stranded ribonucleic acid
(dsRNA) agent for inhibiting expression ot F3 1n 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 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 contiguous
nucleotides dittering by no more than 1, 2, or 3 nucleotides trom the nucleotide sequence of SEQ 1D
NO:2. In certain embodiments, the sense strand comprises at least 15 contiguous nucleotides of the
nucleotide sequence of SEQ ID NO:1 and the antisense strand comprises at least 15 contiguous
nucleotides ot the nucleotide sequence of SEQ ID NO:4. In certain embodiments, the sense strand
comprises at least 17 contiguous nucleotides of the nucleotide sequence of SEQ ID NO:1 and the
antisense strand comprises at least 17 contiguous nucleotides of the nucleotide sequence of SEQ ID
NO:5. In certain embodiments, the sense strand comprises at least 19 contiguous nucleotides of the
nucleotide sequence of SEQ ID NO:1 and the antisense strand comprises at least 19 contiguous
nucleotides of the nucleotide sequence of SEQ ID NO:5.

In another aspect, the present invention provides a double stranded ribonucleic acid (dASRNA)
for inhibiting expression ot coagulation Factor V (F35) 1n a cell, wherein the dsSRNA agent 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 FJ5, and wherein the region of
complementarity comprises at least 15 contiguous nucleotides ditfering by no more than 0O, 1, 2, or 3
nucleotides from any one of the antisense nucleotide sequences 1n any one of Tables 2, 3, 5, 6-8, 10
and 11. In certain embodiments, the region of complementarity comprises at least 15 contiguous
nucleotides of any one of the antisense nucleotide sequences in any one of Tables 2, 3, 5, 6-8, 10 and
11. In certain embodiments, the region of complementarity comprises at least 17 contiguous
nucleotides of any one of the antisense nucleotide sequences in any one of Tables 2, 3, 5, 6-8, 10 and
11. In certain embodiments, the region of complementarity comprises at least 19 contiguous
nucleotides of any one of the antisense nucleotide sequences in any one of Tables 2, 3, 5, 6-8, 10 and
11. In certain embodiments, the region of complementarity comprises at least 20 contiguous
nucleotides of any one of the antisense nucleotide sequences in any one of Tables 2, 3, 5, 6-8, 10 and
11. In certain embodiments, the region of complementarity comprises at least 21 contiguous
nucleotides of any one of the antisense nucleotide sequences in any one of Tables 2, 3, 5, 6-8, 10 and
11.

In one aspect, the present invention provides a double stranded ribonucleic acid (dASRNA) for
inhibiting expression ot coagulation Factor V (F5) 1n a cell, wherein said dsSRNA comprises a sense

strand and an antisense strand forming a double stranded region, wherein the sense strand comprises
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at least 15 contiguous nucleotides ditfering by no more than three nucleotides from any one of the

nucleotide sequence of nucleotides 640-668; 747-771; 755-784; 830-855; 1226-1262; 3351-3380;
3821-5858; 5874-5910; 6104-6149; and 6245-62777 of SEQ ID NO: 1, and the antisense strand
comprises at least 15 contiguous nucleotides from the corresponding nucleotide sequence ot SEQ ID
NQO:5.

In one aspect, the present invention provides a double stranded ribonucleic acid (ASRNA)
agent for mhibiting expression of coagulation Factor V (F3) 1n 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 contiguous nucleotides differing by no more than three nucleotides from

any one of the nucleotide sequence of nucleotides 643-665; 645-667; 346-368; 5830-5852; 6104-
6126; 6909-6931; and 1104-1126 of SEQ ID NO: 1, and the antisense strand comprises at least 15
contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID NO:5.

In one aspect, the present invention provides a double stranded ribonucleic acid (ASRNA)
agent for mhibiting expression of coagulation Factor V (F3) 1n 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 contiguous nucleotides differing by no more than three nucleotides from
any one of the nucleotide sequence of nucleotides 5830-5852; and 6909-6931 of SEQ ID NO: 1, and
the antisense strand comprises at least 15 contiguous nucleotides from the corresponding nucleotide
sequence of SEQ ID NO:S.

In one embodiment, the antisense strand and the sense strand comprises at least 15 contiguous
nucleotides dittering by no more than 0, 1, 2, 3 or 4 nucleotides from any one of the antisense strand
nucleotide sequences and the sense strand nucleotide sequences, respectively, of a duplex selected
from the group consisting of AD-109630; AD-1465920; AD-1465922; AD-1613171; AD-1615234;
AD-1615253; AD-1615278; and AD-1615312.

In one embodiment, the antisense strand comprises at least 15 contiguous nucleotides
ditffering by no more than 0, 1, 2, or 3 nucleotides from any one ot the antisense strand nucleotide
sequences of a duplex selected from the group consisting of AD-1615234; and AD-1615278.

In some embodiments, the dSRNA agent 1s selected trom the group consisting of AD-
109630; AD-1465920; AD-1465922; AD-1615171; AD-1615234; AD-1615253; AD-1615278; and
AD-1615312,

wherein AD-109630 comprises a sense strand comprising the nucleotide sequence 35’ -
CAGGCUUACAUUGACAUUAAA-3’ (SEQ ID NO: 9) and an antisense strand comprising the
nucleotide sequence S’-UUUAAUGUCAAUGUAAGCCUGCA-3’ (SEQ ID NO: 10);

wherein AD-1465920 comprises a sense strand comprising the nucleotide sequence 5’-
GCCUCACACACAUCUAUUACU -3’ (SEQ ID NO: 11) and an antisense strand comprising the
nucleotide sequence 5’- AGUAAUAGAUGTGUGUGAGGCAU -3° (SEQ ID NO: 12);
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wherein AD-1465922 comprises a sense strand comprising the nucleotide sequence 5’-
CUCACACACAUCUAUUACUCU -3’ (SEQ ID NO: 13) and an antisense strand comprising the
nucleotide sequence 3’- AGAGTAAUAGATGUGUGUGAGGC -3’ (SEQ ID NO: 14);

wherein AD-1615171 comprises a sense strand comprising the nucleotide sequence 5’-
AGUAUGAACCAUAUUUUAAGU -3’ (SEQ ID NO: 15) and an antisense strand comprising the
nucleotide sequence 5'- ACUUAAAAUAUGGUUCAUACUCU -3° (SEQ ID NO: 16);

wherein AD-1615234 comprises a sense strand comprising the nucleotide sequence 5’-
UGCAAACGCCAUUUCUUAUCU -3” (SEQ ID NO: 17) and an antisense strand comprising the
nucleotide sequence 5’- AGAUAAGAAAUGGCGUUUGCAUC -3° (SEQ ID NO: 18);

wherein AD-1615253 comprises a sense strand comprising the nucleotide sequence 5’-
CUGCUAUACCACAGAGUUCUU -3’ (SEQ ID NO: 19) and an antisense strand comprising the
nucleotide sequence 53'- AAGAACTCUGUGGUAUAGCAGGA -3 (SEQ ID NO: 20);

wherein AD-1615278 comprises a sense strand comprising the nucleotide sequence 5’-
ACAGUUUUCCACUAUUUCUCU -3’ (SEQ ID NO: 21) and an antisense strand comprising the
nucleotide sequence 53'- AGAGAAAUAGUGGAAAACUGUUA -3° (SEQ ID NO: 22); and

wherein AD-1615278 comprises a sense strand comprising the nucleotide sequence 5’-
ACAGUUUUCCACUAUUUCUCU -3’ (SEQ ID NO: 21) and an antisense strand comprising the
nucleotide sequence 5'- AGAGAAAUAGUGGAAAACUGUUA -3° (SEQ ID NO: 22); and

wherein AD-1615312 comprise a sense strand comprising the nucleotide sequence 5’ -
CAGGCUUACAUUGAUAUUAAU -3° (SEQ ID NO: 23) and an antisense strand comprising the
nucleotide sequence 3’- AUUAAUAUCAAUGUAAGCCUGCG -3° (SEQ ID NO: 24).

In some embodiments, the dSRNA agent 1s selected trom the group consisting of AD-
1615234; and AD-161527%,

wherein AD-1615234 comprises a sense strand comprising the nucleotide sequence 5’-
UGCAAACGCCAUUUCUUAUCU -3’ (SEQ ID NO: 17) and an antisense strand comprising the
nucleotide sequence 5’- AGAUAAGAAAUGGCGUUUGCAUC -3° (SEQ ID NO: 18);

and wherein AD-1615278 comprises a sense strand comprising the nucleotide sequence 3’ -
ACAGUUUUCCACUAUUUCUCU -3’ (SEQ ID NO: 21) and an antisense strand comprising the
nucleotide sequence 5’- AGAGAAAUAGUGGAAAACUGUUA -3’ (SEQ ID NO: 22).

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

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

strand and all of the nucleotides of the antisense strand comprise a moditication.
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In one embodiment, at least one of the modified nucleotides 1s selected trom the group
consisting of a deoxy-nucleotide, a 3’ -terminal deoxythimidine (dT) nucleotide, a 2'-O-methyl
modified nucleotide, a 2'-tfluoro moditied nucleotide, a 2'-deoxy-moditied 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-moditfied nucleotide, a 2’ -methoxyethyl moditied nucleotide, a 2’ -O-alkyl-moditied
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
methylphosphonate group, a nucleotide comprising a 5’ -phosphate, a nucleotide comprising a 5’ -
phosphate mimic, a thermally destabilizing nucleotide, a glycol modified nucleotide (GNA), and a 2-
O-(N-methylacetamide) moditied 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 1s selected trom the group
consisting of a deoxy-nucleotide, a 2'-O-methyl moditied nucleotide, a 2'-fluoro moditied nucleotide,
a 2'-deoxy-modified nucleotide, a glycol moditfied nucleotide (GNA), e.g., Ggn, Cgn, Tgn, or Agn,
and, a vinyl-phosphonate nucleotide; and combinations thereof.

In another embodiment, at least one ot the moditications on the nucleotides 1s a thermally
destabilizing nucleotide modification.

In one embodiment, the thermally destabilizing nucleotide modification is selected trom the
group consisting of an abasic moditication; a mismatch with the opposing nucleotide in the duplex; a
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 1n length; 19-25 nucleotide pairs
in length; 19-23 nucleotide pairs 1n length; 23-27 nucleotide pairs in length; or 21-23 nucleotide pairs
in length.

In one embodiment, each strand 1s independently no more than 30 nucleotides 1n length.

In one embodiment, the sense strand 1s 21 nucleotides 1 length and the antisense strand 1s 23
nucleotides 1n length.

The region of complementarity may be at least 17 nucleotides in length; 19-23 nucleotides in
length; or 19 nucleotides 1n length.

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

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

In one embodiment, the ligand 1s conjugated to the 3" end of the sense strand of the dsSRNA

agent.
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In one embodiment, the ligand 1s an N-acetylgalactosamine (GalNAc) derivative.
In one embodiment, the ligand 1s one or more (GalNAc derivatives attached through a
monovalent, bivalent, or trivalent branched linker.

In one embodiment, the ligand 1s

In one embodiment, the dSRNA agent 1s conjugated to the ligand as shown 1n the tollowing

schematic

and, wherein X 18 O or S.

In one embodiment, the X 18 O.

In one embodiment, the dSRNA agent further comprises at least one phosphorothioate or
methylphosphonate internucleotide linkage.

In one embodiment, the phosphorothioate or methylphosphonate internucleotide linkage 1s at
the 3 -terminus of one strand, e.g., the antisense strand or the sense strand.

In another embodiment, the phosphorothioate or methylphosphonate internucleotide linkage
1s 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 1s at
both the 5’- and 3’-terminus of one strand, e.g., the antisense strand or the sense strand. In one
embodiment, the strand 1s the antisense strand.

In one embodiment, the base pair at the 1 position of the 5'-end of the antisense strand of the

duplex 1s an AU base pair.
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The present invention also provides cells contaimning 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 the dsRNA agent in an
unbuftered solution, e.g., saline or water, or the pharmaceutical composition of the invention may
include the dsSRNA agent 1n a butter solution, e.g., a butfer solution comprising acetate, citrate,
prolamine, carbonate, or phosphate or any combination thereot; or phosphate butfered saline (PBS).

In one aspect, the present invention provides a method of inhibiting expression of a
coagulation Factor V (F5) gene in a cell. The method includes contacting the cell with any of the
dsRNA agents of the invention or any of the pharmaceutical compositions ot the mvention, thereby
inhibiting expression of the FS gene 1n the cell.

In one embodiment, the cell 1s within a subject, e.g., a human subject, e.g., a subject having a
coagulation Factor V-(I5)-associated disease. Such diseases are typically associated with excess
tformation of blood clots, e.g., thrombosis. In certain embodiments, the F5-associated disease or
disorder 1s a disease or disorder associated with thrombosis. Non-limiting examples ot disorders or
diseases associated with thrombosis include venous thrombosis, e.g., deep vein thrombosis; genetic
thrombophilia, e.g., Factor V leiden and prothrombin thrombophilia; plurpura fulminans; acquired
thrombophilia, e.g., antiphospholipid syndrome and systemic lupus erythematosus; drug induced
thrombophilia; arterial thrombosis, e.g., myocardial infarction and peripheral arterial disease;
thromboembolic disease, e.g., pulmonary embolus embolic and 1schemic stroke; atrial fibrillation;
post-surgery deep vein thrombosis; cancer thrombosis or infectious disease thrombosis.

In one embodiment, contacting the cell with the dSRNA agent inhibits the expression of F3
by at least 50%, 60%, 70%, 80%, 90%, or 95%.

In one embodiment, inhibiting expression of FS decreases FS protein level 1in 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 benetit from reduction in coagulation Factor V (F5) expression. The method includes
administering to the subject a therapeutically etfective amount ot any of the dSRNA agents of the
invention or any of the pharmaceutical compositions of the invention, thereby treating the subject
having the disorder that would benetit from reduction in FS expression.

In another aspect, the present invention provides a method of preventing development of a
disorder that would benefit from reduction in coagulation Factor V (F5) expression 1n 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 mcludes administering to the subject a prophylactically eftective amount
of any of the dsSRINA agents of the invention or any of the pharmaceutical compositions of the
invention, thereby preventing the subject from progressing to meet the diagnostic criteria of the
disorder that would benefit from reduction in FS expression.

In one embodiment, the disorder 1s a coagulation Factor V-(F5)-associated disorder. In

certain embodiments, the F5-associated disorder 1s a disorder associated with thrombosis. Non-
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limiting examples of disorders or diseases associated with thrombosis include venous thrombosis,
e.g., deep vein thrombosis; genetic thrombophilia, e.g., Factor V leiden and prothrombin
thrombophilia; plurpura fulminans; acquired thrombophilia, e.g., antiphospholipid syndrome and
systemic lupus erythematosus; drug induced thrombophilia; arterial thrombosis, e.g., myocardial
infarction and peripheral arterial disease; thromboembolic disease, e.g., pulmonary embolus embolic
and 1schemic stroke; atrial fibrillation; post-surgery deep vein thrombosis; cancer thrombosis or
infectious disease thrombosis.

In one embodiment, the subject 1s a human.

In one embodiment, the dSRNA agent 1s administered to the subject at a dose ot about
0.01 mg/kg to about 50 mg/kg.

In one embodiment, the dSRNA agent 1s administered to the subject subcutaneously.

In one emdobiment, the method further comprises determining the level of FS 1n a sample
trom the subject. In one embodiment, the level of FS 1n the subject sample(s) 1s an F3S protein level in
a blood or serum sample(s).

In certain embodiments, the methods of the invention turther comprise administering to the
subject an additional therapeutic agent. In certain embodiments, the additional therapeutic agent 1s an
anticoagulant. In some emboidments, the anticoagulant includes heparin, enoxaparin (Lovenox),
dalteparin (Fragmin), fondaparinux (Arixtra), wartari (Coumadin, Jantoven), dabigatran (Pradaxa),
rivaroxaban (Xarelto), apixaban (Eliquis), edoxaban (Savaysa), argatroban or any combination
thereot. In some embodiments, the additional therapeutic agent includes a thrombolytic. In certain
embodiments, the thrombolytic includes antistreplase (Eminase), tissue plasminogen activator (tPA),
urokinase-type plasminogen activator (uPA), or any combination thereof. In some embodiments, the
additional therapeutic agent 1s an immunosuppressant. In certain embodiments, the immunosuppresant
includes corticosteroid, azathioprine, cyclosporine A, or any combination thereot. In some
embodiments, the additional therapeutic agent 1s hormone replacement therapy. In certain
embodiments, the hormone replacement therapy includes estrogen, gestagen, androgen or any
combination thereof. In some embodiments, the additional therapeutic agent 1s an antibiotic. In some
embodiments, the additional therapeutic agent 1s an antihistamine agent. In some embodiments, the
additional therapeutic agent 1s a mast cell stablizer. In certain embodiments, the mast cell stabilizer
includes cromoglicic acid (Cromolyn), lodoxamide (Alomide), or any combination thereot. In some
embodiments, the additional therapeutic agent 1s an anti-proliferative agent. In some embodiments,
the additional therapeutic agent 1s an oral contraceptive. In some embodiments, the additional
therapeutic agent 1s a fresh frozen plasma or a plasminogen concentrate. In some embodiments, the
additional therapeutic agent 1s hyaluronidase. In some embodiments, the additional therapeutic agent
1S alpha chymotrypsin. In certain embodiment, the additional therapeutic agent 1s a filter inserted into
a large vein that prevents clots that break loose from lodging in the patient’s lungs. In certain
embodiments, the additional therapeutic agent 1s selected trom the group consisting of an

anticoagulant, an FS imhibitor and a thrombin inhibitor.
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The invention also provides uses of the dSRNA agents and the pharmaceutical compositions
provided herein for treatment of an F5-associated disorder. In certain embodiments, the uses include
any of the methods provided by the invention.

The invention provides kits or pharmaceutical compositions comprising a dsSRNA agent of the
invention. In certain embodiments, the invention provides kits for practicing a method of the
invention.

The present mvention further provides an RNA-1nduced silencing complex (RISC)

comprising an antisense strand ot any of the dsRNA agents of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic of the coagulation cascade.

FIG. 2 1s a graph depicting the effect of subcutaneous administration of a single 3 mg/kg or
20 mg/kg dose ot the indicated duplexes on Factor V (FV) protein levels in the plasma of non-human
primates. FV levels are shown as the percent of FV remaining relative to the average pre-dose levels
of FV determined on pre-dose Days -14, -7 and 1).

FIG. 3 are graphs depicting the effect of subcutaneous administration of a single 3 mg/kg or
20 mg/kg dose ot the indicated duplexes on absolute FV protein concentration in the plasma ot non-
human primates. FV levels are in [Lg/ml, The lower limit of quantification (LLOQ) 1s 0.69 [Lg /ml FV

in plasma (represented as dashed line on the Y-axis).

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides iRNA compositions which aftect the RNA-induced silencing
complex (RISC)-mediated cleavage of RNA transcripts of a coagulation Factor V (F5) gene. The
gene may be within a cell, e.g., a cell within a subject, such as a human. The use of these iIRNAS
enables the targeted degradation of mRNAS of the corresponding gene (coagulation Factor V gene) in
mammals.

The 1IRNASs of the invention have been designed to target the human coagulation Factor V
gene, mcluding portions of the gene that are conserved 1n the coagulation Factor V orthologs of other
mammalian species. Without intending to be limited by theory, 1t 1s believed that a combination or
sub-combination of the foregoing properties and the specific target sites or the specific modifications
in these IRNAs conter to the IRNAs of the invention improved etficacy, stability, potency, durability,
and safety.

Accordingly, the present invention provides methods for treating and preventing a
coagulation Factor V-associated disorder, disease, or condition, e.g., a disorder, disease, or condition
associlated with thrombosis, e.g., venous thrombosis, e.g., deep vein thrombosis; genetic
thrombophilia, e.g., Factor V leiden and prothrombin thrombophilia; plurpura fulminans; acquired
thrombophilia, e.g., antiphospholipid syndrome and systemic lupus erythematosus; drug induced

thrombophilia; arterial thrombosis, e.g., myocardial infarction and peripheral arterial disease;
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thromboembolic disease, e.g., pulmonary embolus embolic and 1schemic stroke; atrial fibrillation;
post-surgery deep vein thrombosis; cancer thrombosis or intectious disease thrombosis, using iIRNA
compositions which etfect the RNA-induced silencing complex (RISC)-mediated cleavage of RNA
transcripts of a coagulation Factor V gene.

The 1IRNAs of the invention include an RNA strand (the antisense strand) having a region
which 1s up to about 30 nucleotides or less 1n length, e.g., 19-30, 19-29, 19-28, 19-27, 19-26, 19-23,
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 1s substantially complementary to at least part of an mRNA transcript of a coagulation Factor
V gene. In certain embodiments, the RN A1 agents of the disclosure include an RNA strand (the
antisense strand) having a region which 1s about 21-23 nucleotides 1n length, which region 1s
substantially complementary to at least part of an mRNA transcript of a coagulation Factor V gene.

In certain embodiments, one or both of the strands of the double stranded RNA1 agents of the
invention 1s up to 66 nucleotides in length, e.g., 36-66, 26-36, 25-36, 31-60, 22-43, 277-33 nucleotides
in length, with a region ot at least 19 contiguous nucleotides that 1s substantially complementary to at
least a part of an mRINA transcript of a coagulation Factor V gene. In some embodiments, such iIRNA
agents having longer length antisense strands may include a second RNA strand (the sense strand) ot
20-60 nucleotides 1n length wherein the sense and antisense strands form a duplex of 18-30
contiguous nucleotides.

The use of iIRNASs of the invention enables the targeted degradation of mRNAS of the
corresponding gene (coagulation Factor V gene) in mammals. Using in vitro and in vivo assays, the
present imventors have demonstrated that iIRNASs targeting a coagulation Factor V gene can potently
mediate RNAL1, resulting 1n significant inhibition of expression of a coagulation Factor V gene. Thus,
methods and compositions mcluding these iIRNAs are useful for treating a subject having a
coagulation Factor V -associated disorder, e.g., a disorder associated with thrombosis.

Accordingly, the present invention provides methods and combination therapies for treating a
subject having a disorder that would benetit from inhibiting or reducing the expression of a
coagulation Factor V gene, e.g., a coagulation Factor V-associated disease, e.g., a disorder associated
with thrombosis, using iIRNA compositions which etfect the RNA-1nduced silencing complex (RISC)-
mediated cleavage of RNA transcripts of an F5 gene.

The present invention also provides methods for preventing at least one symptom in a subject
having a disorder that would benefit from 1nhibiting or reducing the expression of a coagulation

Factor V gene, e.g., a disorder associated with thrombosis.
The tfollowing detailed description discloses how to make and use compositions containing

1IRNASs to inhibit the expression of a coagulation Factor V gene as well as compositions, uses, and

methods for treating subjects that would benefit from imnhibition or reduction of the expression of a
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coagulation Factor V gene, e.g., subjects susceptible to or diagnosed with a coagulation Factor V-

associated disorder, e.g., a disorder associated with thrombosis.

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, 1t 1s mtended 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” 1s used herein to mean, and 18 used interchangeably with, the phrase
"imcluding but not limited to".

The term "or" 1s used heremn to mean, and 1s used interchangeably with, the term "and/or,"
unless context clearly indicates otherwise. For example, “sense strand or antisense strand” 1s
understood as “‘sense strand or antisense strand or sense strand and antisense strand.”

The term “about™ 1s 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 1s present
betore a series of numbers or a range, 1t 1s understood that “about” can modifty 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 1s
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 ot
nucleotides 1n 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 1s present betore a series of numbers or a range, 1t 1s understood that “at least” can
modity each ot the numbers 1n the series or range.

As used herein, “no more than™ or “or less than™ 1s 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™ 1s present betore a series of numbers or a range, it 1s understood that “no more than™ can
modity 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 18 below the level of detection of the method.

In the event of a contlict between an indicated target site and the nucleotide sequence for a

sense or antisense strand, the indicated sequence takes precedence.
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In the event of a contlict between a sequence and its mdicated site on a transcript or other
sequence, the nucleotide sequence recited 1n the specification takes precedence.

As used herein, the term “coagulation Factor V,” used interchangeably with the term “F5.”
refers to the well-known gene and polypeptide, also known 1n the art as Factor V leiden; activated
protein C cotfactor; coagulation Factor V jinjiang A2 domain; proaccelerin; labile tactor; PCCEF;
RPRGL1; and THPH2.

The F5 gene encodes an essential cotactor of the blood coagulation cascade. This tactor
synthesis occurs primarily 1n the liver. This factor circulates in plasma, and 1s converted to the active
torm by the release of the activation peptide by thrombin during coagulation. This generates a heavy
chain and a light chain which are held together by calcium 1ons. The activated protein 1s a cotactor
that participates with activated coagulation factor X to activate prothrombin to thrombin.

The term “F5” includes human F3, the amino acid and nucleotide sequence of which may be
found 1n, for example, GenBank Accession Nos. NM_000130.4 (SEQ ID NO: 1); mouse F3, the
amino acid and nucleotide sequence of which may be found 1n, tor example, GenBank Accession No.
NM_007976.3 (SEQ ID NO:2); rat F35, the amino acid and nucleotide sequence of which may be
tound 1n, for example, GenBank Accession No. NM_001047878.1 (SEQ ID NO: 3); and Macaca
fascicularis FS, the amino acid and nucleotide sequence of which may be found 1n, for example,
GenBank Accession Nos. XM_005539935.2 (SEQ ID NO: 4). Additional examples of FS mRNA
sequences are readily available using, e.g., GenBank, UniProt, OMIM, and the Macaca genome
project web site.

Exemplary F3 nucleotide sequences may also be found in SEQ ID NOs:1-4. SEQ ID NOs:35-
8 are the antisense sequences of SEQ ID NOs: 1-4, respectively.

The term “F5,” as used herein, also refers to naturally occurring DNA sequence variations of
the FS gene. The term™F3,” as used herein, also refers to single nucleotide polymorphisms in the F3
gene. Numerous sequence variations within the FS gene have been identitied and may be found at,
tor example, NCBI dbSNP and UniProt (see, e.g.,
www.ncbir.nlm.nih.gov/snp?LinkName=gene_snp&trom_uid=2153 (which 1s incorporated herein by
reference as of the date of filing this application) which provide a list of SNPs 1n human F35). In some
embodiments, such naturally occurring variants are mcluded within the scope ot the S gene
sequence.

Further information on F5 can be found, for example, at www.ncbir.nlm.nih.gov/gene/2133
(which 1s incorporated herein by reterence as ot the date of filing this application).

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 tiling this application.

As used herein, “target sequence” refers to a contiguous portion of the nucleotide sequence ot
an mMRINA molecule tormed during the transcription ot a coagulation Factor V gene, including mRNA
that 1s 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 tor iIRNA-directed cleavage at or near that
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portion of the nucleotide sequence of an mRNA molecule formed during the transcription of an F5
gene. In one embodiment, the target sequence 1s within the protein coding region of F5.

The target sequence may be from about 19-36 nucleotides 1n 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 1s about 19 to about 30 nucleotides
in length. In other embodiments, the target sequence 1s about 19 to about 25 nucleotides in length. In
still other embodiments, the target sequence 1s about 19 to about 23 nucleotides 1n length. In some
embodiments, the target sequence 1s 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 1s described by the sequence referred to using the standard
nucleotide nomenclature.

“G,7 C7 A7 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 1s 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 1nosine as its base can base pair
with nucleotides containing adenine, cytosine, or uracil. Hence, nucleotides containing uracil,
guanine, or adenine can be replaced 1n the nucleotide sequences of dsSRNA featured 1n 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 torm 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 “1RNA”, “RNA1 agent,” “1RNA agent,”, “RNA interference agent” as used
interchangeably herein, refer to an agent that contains RNA as that term 1s defined herein, and which
mediates the targeted cleavage of an RNA transcript via an RNA-1nduced silencing complex (RISC)
pathway. 1RNA directs the sequence-specific degradation of mRNA through a process known as
RNA 1interference (RNA1). The iRNA modulates, e.g., inhibits, the expression of a coagulation Factor
V gene 11 a cell, e.g., a cell within a subject, such as a mammalian subject.

In one embodiment, an RNA1 agent of the invention includes a single stranded RNA that
interacts with a target RNA sequence, e.g., a coagulation Factor V target mRNA sequence, to direct
the cleavage of the target RNA. Without wishing to be bound by theory it 1s believed that long double
stranded RNA mtroduced into cells 1s broken down mto siRNA by a Type 1lI endonuclease known as
Dicer (Sharp ef al. (2001) Genes Dev. 15:485). Dicer, a ribonuclease-IlI-like enzyme, processes the
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dsRNA 1nto 19-23 base pair short intertering RNAs with characteristic two base 3' overhangs
(Bernstein, et al., (2001) Nature 409:363). The siRNAs are then incorporated into an RNA-induced
silencing complex (RISC) where one or more helicases unwind the siRNA duplex, enabling the
complementary antisense strand 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, ef al., (2001) Genes Dev. 15:188). Thus, 1n one aspect the
invention relates to a single stranded RNA (siRNA) generated within a cell and which promotes the
tormation of a RISC complex to etfect silencing of the target gene, i.e., a coagulation Factor V (FJ5)
gene. Accordingly, the term “siRNA™ 1s also used herein to refer to an 1IRNA as described above.

In certain embodiments, the RNA1 agent may be a single-stranded siRNA (ssRNA1) that 1s
introduced mto a cell or organism to mhibit a target mRNA. Single-stranded RNA1 agents bind to the
RISC endonuclease, Argonaute 2, which then cleaves the target mRNA. The single-stranded siRNASs
are generally 15-30 nucleotides and are chemically modified. The design and testing ot single-
stranded siRNAs are described 1n U.S. Patent No. 8,101,348 and in Lima et al., (2012) Cell 150:883-
394, the entire contents of each ot 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 “1RNA” for use in the compositions, uses, and methods of the
invention 1s a double stranded RNA and 1s 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, reterred to as having “sense” and ““antisense”
orientations with respect to a target RNA, i.e., a coagulation Factor V (F5) 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 1interference or RNAL.

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 moditied nucleotide encompasses substitutions, additions or
removal of, e.g., a functional group or atom, to mternucleoside linkages, sugar moieties, or
nucleobases. The modifications suitable for use 1n the agents of the invention include all types ot
modifications disclosed herein or known in the art. Any such modifications, as used in a siRNA type
molecule, are encompassed by “1IRNA™ or “RNA1 agent” for the purposes of this specification and
claims.

In certain embodiments of the mstant disclosure, inclusion of a deoxy-nucleotide — which 1s
acknowledged as a naturally occurring form of nucleotide — 1f present within a RNA1 agent can be

considered to constitute a modified nucleotide.
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The duplex region may be of any length that permits specific degradation of a desired target
RNA through a RISC pathway, and may range tfrom about 19 to 36 base pairs in length, e.g., about
19-30 base pairs 1n length, tor example, about 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, or 36 base pairs 1n 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 1n length. In certain embodiments, the duplex region 1s 19-21 base pairs 1n length, e.g., 21 base
pairs 1n 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 ditferent 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 ot
one strand and the 5’ -end of the respective other strand torming the duplex structure, the connecting
RNA chain 1s 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 tewer 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 1s meant that 5'-end of first strand 1s linked to the 3'-end of the second strand or 3'-
end of first strand 1s 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 1s linked to 3'-end of second strand and 3'-end of first strand 1s
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 1s independently a moditied or unmoditied nucleotide
and n 1s 3-23. In some embodiemtns, n1s 3-10,¢e.g., 3, 4,5, 6,7, 8, 9, or 10. In some embodiments,
the oligonucleotide linker 1s selected from the group consisting of GNRA, (G)4, (U)4, and (dT)4,
wherein N 1s a modified or unmoditied nucleotide and R 1s a moditied or unmoditied purine
nucleotide. Some ot the nucleotides in the linker can be involved 1n base-pair interactions with other
nucleotides 1n 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 1n 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 1n length.
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The hairpin oligomeric compounds can have a single strand overhang or terminal unpaired
region, in some embodiments at the 3', and 1in 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.

Where the two substantially complementary strands of a dSRNA 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 1s reterred to as a “linker.” The RNA strands may have the same or a different
number of nucleotides. The maximum number of base pairs 1s the number of nucleotides 1n the
shortest strand of the dSRNA minus any overhangs that are present in the duplex. In addition to the
duplex structure, an RNA1 may comprise one or more nucleotide overhangs. In one embodiment of
the RNA1 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, 06,7,
9,10, 11, 12, 13, 14, or 15 nucleotides. In other embodiments, at least one strand of the RNA1 agent
comprises a 5’ overhang of at least 1 nucleotide. In certain embodiments, 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 still other embodiments, both the 3° and the 5" end of one strand of the RN A1 agent
comprise an overhang of at least 1 nucleotide.

In certain embodiments, an 1IRNA agent of the invention 1s a dsSRNA, each strand of which
comprises 19-23 nucleotides, that interacts with a target RNA sequence, e.g., a coagulation Factor V
(F5) gene, to direct cleavage of the target RNA.

In some embodiments, an 1IRNNA of the invention 1s a dsRNA of 24-30 nucleotides that
interacts with a target RNA sequence, e.g., an FS 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 iIRNA. 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 1s 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 thereotf. 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 dsSRNA, 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 RN A1 agent comprises a 5° overhang of at least 1 nucleotide. In certain
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embodiments, at least one strand comprises a 3’ overhang of at least 2 nucleotides, e.g., 2, 3,4, 5, 6, 7,
0,10, 11, 12, 13, 14, or 15 nucleotides. In still other embodiments, both the 3 and the 5’ end of one
strand of the RNA1 agent comprise an overhang ot at least 1 nucleotide.

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 1n the overhang 1s
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 1in length. In certain embodiments, an extended overhang is on the
sense strand of the duplex. In certain embodiments, an extended overhang 1s present on the 3° end of
the sense strand of the duplex. In certain embodiments, an extended overhang 1s present on the 5° end
of the sense strand of the duplex. In certain embodiments, an extended overhang 1s on the antisense
strand of the duplex. In certain embodiments, an extended overhang 1s present on the 3 end of the
antisense strand of the duplex. In certain embodiments, an extended overhang 1s present on the 5 end
of the antisense strand of the duplex. In certain embodiments, one or more of the nucleotides 1n the
extended overhang 1s replaced with a nucleoside thiophosphate. In certain embodiments, the overhang
includes a selt-complementary portion such that the overhang 1s capable of forming a hairpin structure
that 1s 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 1s
double stranded over its entire length, i.e., no nucleotide overhang at either end of the molecule. The
RINAI1 agents of the invention include RNA1 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 iIRNA, e.g., a dSRNA,
which includes a region that 1s substantially complementary to a target sequence, e.g., an F5 mRNA.

As used herein, the term “region of complementarity” refers to the region on the antisense
strand that 1s substantially complementary to a sequence, tor example a target sequence, e.g., a
coagulation Factor V nucleotide sequence, as defined herein. Where the region of complementarity 1s
not fully complementary to the target sequence, the mismatches can be in the internal or terminal
regions of the molecule. Generally, the most tolerated mismatches are in the terminal regions, e.g.,
within 3, 4, or 3 nucleotides of the 5’ - or 3’-end of the iIRNA. 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
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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 ivention includes no more than 4 mismatches with the sense strand, e.g., the antisense
strand 1ncludes 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 ot the invention includes no more
than 4 mismatches with the antisense strand, e.g., the sense strand includes 4, 3, 2, 1, or O mismatches
with the antisense strand. In some embodiments, the nucleotide mismatch 1s, for example, within 3, 4,
3 nucleotides from the 3’-end of the iIRNA. In another embodiment, the nucleotide mismatch 1s, for
example, 1n the 3 -terminal nucleotide of the IRNA agent. In some embodiments, the mismatch(s) 1s
not in the seed region.

Thus, an RNA1 agent as described herein can contain one or more mismatches to the target
sequence. In one embodiment, a RNA1 agent as described herein contains no more than 3 mismatches
(i.e., 3, 2, 1, or O mismatches). In one embodiment, an RNA1 agent as described herein contains no
more than 2 mismatches. In one embodiment, an RNA1 agent as described herein contains no more
than 1 mismatch. In one embodiment, an RNA1 agent as described herein contains 0 mismatches. In
certain embodiments, 1f the antisense strand of the RNA1 agent contains mismatches to the target
sequence, the mismatch can optionally be restricted to be within the last 5 nucleotides from either the
J’- or 3’-end of the region of complementarity. For example, in such embodiments, for a 23
nucleotide RNA1 agent, the strand which 1s complementary to a region of an F5 gene, generally does
not contain any mismatch within the central 13 nucleotides. The methods described herein or methods
known 1n the art can be used to determine whether an RN A1 agent containing a mismatch to a target
sequence 1s eftective 1n inhibiting the expression of an FS gene. Consideration ot the etficacy ot
RNAI1 agents with mismatches 1 mhibiting expression of an FS gene 1s important, especially if the
particular region of complementarity in an FS gene 1s 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 iIRNA
that includes a region that 1s substantially complementary to a region of the antisense strand as that
term 1s defined herein.

As used herein, ““substantially all of the nucleotides are modified” 1s intended to include
dsRNA agents of the invention in which the sense and/or antisense strands are largely but not wholly
modified and can include not more than 3, 4, 3, 2, or 1 unmodified nucleotides.

As used herein, the term “cleavage region” refers to a region that 1s located immediately
adjacent to the cleavage site. The cleavage site 1s 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
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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 1n relation to a second nucleotide sequence, reters to the ability ot
an oligonucleotide or polynucleotide comprising the first nucleotide sequence to hybridize and form a
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 NaC(l, 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 1n 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 tfirst nucleotide sequence to an
oligonucleotide or polynucleotide comprising a second nucleotide sequence over the entire length ot
one or both nucleotide sequences. Such sequences can be referred to as “‘tully complementary” with
respect to each other herein. However, where a first sequence 1s 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 via
a RISC pathway. However, where two oligonucleotides are designed to torm, 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 dSRNA comprising one
oligonucleotide 21 nucleotides 1n length and another oligonucleotide 23 nucleotides in length, wherein
the longer oligonucleotide comprises a sequence of 21 nucleotides that 1s fully complementary to the
shorter oligonucleotide, can yet be referred to as “tully complementary™ for the purposes described
herein.

“Complementary” sequences, as used herein, can also include, or be tormed entirely trom,
non-Watson-Crick base pairs or base pairs formed from non-natural and modified nucleotides, 1n so
tar 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,” “tully 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.
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As used herein, a polynucleotide that 1s “substantially complementary to at least part of” a
messenger RNA (mRNA) retfers to a polynucleotide that 1s substantially complementary to a
contiguous portion of the mRNA of interest (e.g., an mRNA encoding a coagulation Factor V gene).
For example, a polynucleotide 1s complementary to at least a part of a coagulation Factor V mRNA 1t
the sequence 1s substantially complementary to a non-interrupted portion of an mRNA encoding a
coagulation Factor V gene.

Accordingly, 1n some embodiments, the antisense polynucleotides disclosed herein are tully
complementary to the target 5 sequence.

In other embodiments, the antisense polynucleotides disclosed herein are substantially
complementary to the target IS sequence and comprise a contiguous nucleotide sequence which 1s at
least 80% complementary over its entire length to the equivalent region of the nucleotide sequence ot
any one of SEQ ID NOs:1-4, or a fragment of any one of SEQ ID NOs:1-4, 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 IS sequence and comprise a contiguous nucleotide sequence which 1s at
least about 80% complementary over its entire length to any one of the sense strand nucleotide
sequences 1 any one of any one of Tables 2, 3, 5, 6-8, 10 and 11, or a fragment ot any one of the
sense strand nucleotide sequences 1n any one of Tables 2, 3, 5, 6-8, 10 and 11, such as about 85%,
about 90%, about 95%, or fully complementary.

In some embodiments, the antisense polynucleotides disclosed herein are substantially
complementary to the target IS sequence and comprise a contiguous nucleotide sequence which 1s at
least about 80% complementary over its entire length to a fragment of SEQ ID NO: 1 selected from
the group of nucleotides 640-668; 747-771; 755-784; 830-855; 1226-1262; 3351-3380; 5821-5858;
5874-5910; 6104-6149; and 6245-6277 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 some embodiments, the antisense polynucleotides disclosed herein are substantially
complementary to the target IS sequence and comprise a contiguous nucleotide sequence which 1s at
least about 80% complementary over its entire length to a fragment of SEQ ID NO: 1 selected from
the group of nucleotides 643-6635; 645-667; 346-368; 5830-5852; 6104-6126; 6909-6931; and 1104-
1126 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 one embodiment, an RNA1 agent of the disclosure includes a sense strand that 1s
substantially complementary to an antisense polynucleotide which, in turn, 1s the same as a target F3
sequence, and wherein the sense strand polynucleotide comprises a contiguous nucleotide sequence

which 1s at least about 80% complementary over its entire length to the equivalent region of the
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nucleotide sequence of SEQ ID NOs: 5-8, or a fragment of any one of SEQ ID NOs: 3-8, such as
about 83%, about 90%, about 95%, or tully complementary.

In some embodiments, an IRNA of the invention includes a sense strand that 1s substantially
complementary to an antisense polynucleotide which, m turn, 1s complementary to a target
coagulation Factor V sequence, and wherein the sense strand polynucleotide comprises a contiguous
nucleotide sequence which 1s at least about 80% complementary over its entire length to any one ot
the antisense strand nucleotide sequences 1n any one of any one of Tables 2, 3, 5, 6-8, 10and 11, or a
fragment of any one of the antisense strand nucleotide sequences in any one of Tables 2, 3, 5, 6-8, 10
and 11, such as about 85%, about 90%, about 95%, or tully complementary.

In certain embodiments, the sense and antisense strands are selected from any one of duplexes
AD-109630; AD-1465920; AD-1465922; AD-1615171; AD-1615234; AD-1615253; AD-161527%;
and AD-1615312.

In some embodiments, the double-stranded region of a double-stranded iIRNA agent 1s 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 iIRNA agent 1s equal to or at
least 17, 18, 19, 20, 21, 22, 23, 23, 24, 23, 26, 27, 28, 29, or 30 nucleotides 1n length.

In some embodiments, the sense strand ot a double-stranded iIRNA agent 1s equal to or at least
17, 18, 19, 20, 21, 22, 23, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides 1n length.

In one embodiment, the sense and antisense strands of the double-stranded iIRNA agent are
cach 18 to 30 nucleotides 1n length.

In one embodiment, the sense and antisense strands of the double-stranded iIRNA agent are
each 19 to 25 nucleotides 1n length.

In one embodiment, the sense and antisense strands of the double-stranded iIRNA agent are
each 21 to 23 nucleotides 1n length.

In one embodiment, the sense strand of the iIRNA agent 1s 21- nucleotides in length, and the
antisense strand 1s 23-nucleotides 1n length, wherein the strands form a double-stranded region ot 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 1n detail herein, each or both strands can also include one or more non-ribonucleotides, e.g.,
a deoxyribonucleotide or a modified nucleotide. In addition, an “1RNA” may include ribonucleotides
with chemical moditications. Such modifications may include all types of moditications disclosed
herein or known 1n the art. Any such modifications, as used 1in an iRNA molecule, are encompassed
by “1RNA” tfor the purposes ot this specification and claims.

In certain embodiments of the mstant disclosure, inclusion of a deoxy-nucleotide if present
within an RNA1 agent can be considered to constitute a modified nucleotide.

In one embodiment, at least partial suppression of the expression of an F3 gene, 1s assessed by

a reduction ot the amount of FS mRNA which can be 1solated from or detected in a first cell or group
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of cells in which an F5 gene 1s transcribed and which has or have been treated such that the expression
of an 5 gene 1s inhibited, as compared to a second cell or group of cells substantially identical to the
tirst 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 1n control cells) - (mRNA 1n treated cells)
(mMRNA 1n control cells)

¢ 100%

The phrase “contacting a cell with an iIRNA,” such as a dSRNA, as used herein, includes
contacting a cell by any possible means. Contacting a cell with an 1IRNA 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, tor example, the IRNA may be put into physical contact with the cell by the
individual performing the method, or alternatively, the iIRNA may be put into a situation that will
permit or cause 1t to subsequently come into contact with the cell.

Contacting a cell in vitro may be done, tor example, by incubating the cell with the iRNA.
Contacting a cell in vivo may be done, tor example, by injecting the iRNA 1nto or near the tissue
where the cell 1s located, or by injecting the iIRNA 1nto 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 1s located. For example, the IRNA may contain or be coupled to a ligand, e.g., GalNAc,
that directs the 1IRNA 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 vifro with an iRNA and
subsequently transplanted into a subject.

In certain embodiments, contacting a cell with an 1IRNA 1includes “introducing” or “*delivering
the IRNA 1nto the cell” by tacilitating or etfecting uptake or absorption into the cell. Absorption or
uptake of an IRNA can occur through unaided diftusion or active cellular processes, or by auxiliary
agents or devices. Introducing an iIRNA 1nto a cell may be in vitro or in vivo. For example, tor in
vivo mtroduction, IRNA can be 1mjected into a tissue site or administered systemically. In vitro
introduction into a cell includes methods known 1n the art such as electroporation and lipotection.
Further approaches are described herein below or are known 1n the art.

The term “lipid nanoparticle” or “LNP” 1s a vesicle comprising a lipid layer encapsulating a
pharmaceutically active molecule, such as a nucleic acid molecule, e.g., an 1IRNA or a plasmid from
which an 1IRNA 1s transcribed. LNPs are described 1n, for example, U.S. Patent Nos. 6,858,223,
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” 1s 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 p1g, a dog, a rat, or a mouse), or a bird that expresses the target gene, either
endogenously or heterologously. In an embodiment, the subject 1s a human, such as a human being
treated or assessed for a disease or disorder that would benefit from reduction in FS expression; a

human at risk for a disease or disorder that would benefit from reduction in F5 expression; a human
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having a disease or disorder that would benetit from reduction in FS expression; or human being
treated for a disease or disorder that would benetit from reduction in FS expression as described
herein. In some embodiments, the subject 1s a female human. In other embodiments, the subject 1s a
male human. In one embodiment, the subject 1s an adult subject. In another embodiment, the subject
1S a pediatric subject.

As used herein, the terms “treating” or “‘treatment” refer to a beneticial or desired result, such
as reducing at least one sign or symptom of an F5-associated disorder in a subject. Treatment also
includes a reduction of one or more sign or symptoms associated with unwanted FS expression;
diminishing the extent of unwanted FS activation or stabilization; amelioration or palliation ot
unwanted 5 activation or stabilization. ““Treatment™ can also mean prolonging survival as compared
to expected survival 1n the absence of treatment. In certain embodiments, the F5-associated disease or
disorder 1s a disease or disorder associated with thrombosis. Non-limiting examples ot disorders or
diseases associated with thrombosis include venous thrombosis, e.g., deep vein thrombosis; genetic
thrombophilia, e.g., Factor V leiden and prothrombin thrombophilia; plurpura fulminans; acquired
thrombophilia, e.g., antiphospholipid syndrome and systemic lupus erythematosus; drug induced
thrombophilia; arterial thrombosis, e.g., myocardial infarction and peripheral arterial disease;
thromboembolic disease, e.g., pulmonary embolus embolic and 1schemic stroke; atrial fibrillation;
post-surgery deep vein thrombosis; cancer thrombosis or infectious disease thrombosis.

The term “lower” 1n the context of the level of FS 1n a subject or a disease marker or symptom
refers to a statistically signiticant decrease 1n such level. The decrease can be, for example, at least
10%, 15%, 20%, 25%, 30%, %, 40%, 45%, 50%, 55%, 60%, 65%, 0%, 75%, 80%, 853%, 90%, 95%,
or more. In certain embodiments, a decrease 1s at least 20%. In certain embodiments, the decrease 1s at
least 50% 1n a disease marker, e.g., protein or gene expression level. “Lower” in the context of the
level of IS5 1n a subject 1s 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 1s normalized, i.e.,
decreased towards or to a level accepted as within the range of normal for an individual without such
disorder. As used here, “lower” 1n a subject can refer to lowerng ot gene expression or protein
production in a cell i 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 iclude lowering of gene expression
or protein production in the liver ot a subject.

The term “lower” can also be used 1n association with normalizing a symptom of a disease or
condition, i.e. decreasing the ditference between a level 1n a subject suttering from an F3-associated
disease towards or to a level 1n a normal subject not suffering from an F5-associated disease.

As used herein, 1f a disease 1s associated with an elevated value for a symptom, “normal” 1s
considered to be the upper limit of normal. If a disease 1s associated with a decreased value for a
symptom, “normal” 18 considered to be the lower limit of normal.

As used herein, “prevention” or “‘preventing,” when used in reterence to a disease, disorder or

condition thereof, that would benetit from a reduction in expression of an F3 gene or production of F5
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protein, refers to preventing a subject who has at least one sign or symptom of a disease from
developing turther signs and symtoms thereby meeting the diagnostic criteria for that disease. In
certain embodiments, prevention immcludes 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 ot the disease.

As used herein, the terms " coagulation Factor V-associated disease” or “FF5-associated
disease,” include a disease, disorder or condition that would benefit from a decrease in FS gene
expression, replication, or protein activity. Such disorders are caused by, or associated with
excessive blood clotting. In some embodiments, the F5-associated disease or disorder 1s a disease or
disorder associated with thrombosis. Non-limiting examples ot disorders or diseases associated with
thrombosis include venous thrombosis, e.g., deep vein thrombosis; genetic thrombophilia, e.g.,

Factor V leiden and prothrombin thrombophilia; plurpura fulminans; acquired thrombophilia, e.g.,
antiphospholipid syndrome and systemic lupus erythematosus; drug induced thrombophilia; arterial
thrombosis, e.g., myocardial infarction and peripheral arterial disease; thromboembolic disease, e.g.,
pulmonary embolus embolic and 1schemic stroke; atrial tibrillation; post-surgery deep vein
thrombosis; cancer thrombosis or infectious disease thrombosis.

"Therapeutically effective amount,” as used herein, 1s mtended to include the amount of an
RINAI1 agent that, when administered to a subject having an F5-associated disease, 1s sutficient to
eftect treatment of the disease (e.g., by diminishing, ameliorating, or maintaining the existing disease
or one or more symptoms ot disease). The "therapeutically effective amount” may vary depending on
the RNA1 agent, how the agent 1s administered, the disease and its severity and the history, age,
welght, tamily history, genetic makeup, the types of preceding or concomitant treatments, it any, and
other individual characteristics of the subject to be treated.

“Prophylactically etfective amount,” as used herein, 1s intended to include the amount of an
RINAI1 agent that, when administered to a subject having at least one sign or symptom of an F35-
associated disorder, 1s sutficient 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 tull blown disease. The "prophylactically etfective amount” may vary depending on the RNA1
agent, how the agent 1s administered, the degree of risk of disease, and the history, age, weight, tamily
history, genetic makeup, the types of preceding or concomitant treatments, if any, and other individual
characteristics of the patient to be treated.

A "therapeutically-etfective amount” or “prophylactically etfective amount™ also includes an
amount of an RNA1 agent that produces some desired effect at a reasonable benetit/risk ratio
applicable to any treatment. The iIRNA employed in the methods of the present invention may be
administered 1n a sufficient amount to produce a reasonable benefit/risk ratio applicable to such
treatment.

The phrase "pharmaceutically acceptable” 1s employed herein to refer to those compounds,

materials, compositions, or dosage forms which are, within the scope of sound medical judgment,

24



10

15

20

25

30

35

WO 2022/103999 PCT/US2021/059047

suitable for use 1n 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, 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 1n 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 ot the formulation and not injurious to the
subject being treated. Such carrier<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>