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METHODS AND COMPOSITIONS FOR TREATING
A SERPINC1-ASSOCIATED DISORDER

Related Applications

This application claims the benefit of prioritytS. Provisional Patent Application
No.: 62/264,013, filed on December 7, 2015, to PSvisional Patent Application No.:
62/315,228, filed on March 30, 2016, to U.S. Priovial Patent Application No.: 62/366,304,
filed on July 25, 2016, and to U.S. ProvisionaldRaiApplication No.: 62/429,241, filed on
December 2, 2016. The entire contents of eacheofdiegoing patent applications are hereby
incorporated herein by reference.

This application is related to U.S. Provisional@P@tApplication No.: 61/992,057,
filed on May 12, 2014, U.S. Provisional Patent Apgtion No.: 62/089,018, filed December
8, 2014, U.S. Provisional Patent Application N@/1®2,281, filed January 12, 2015, and
PCT Patent Application No. PCT/US2015/030337, fd@dViay 12, 2015. The entire
contents of each of the foregoing patent applioatiare hereby incorporated herein by
reference.

In addition, this application is related to U.So¥sional Patent Application No.:
61/638,952, filed on April 26, 2012, U.S. ProvisabRatent Application No.: 61/669,249,
filed on July 9, 2012, U.S. Provisional Patent Apgtion No.: 61/734,573, filed on
December 7, 2012, U.S. Patent Application No.:13/839, filed on March 15, 2013, now
U.S. Patent No.: 9,127,274, U.S. Patent ApplicaNort 14/806,084, filed on July 22, 2015,
now U.S. Patent No.: 9,376,680, U.S. Patent AppdioaNo.: 15/070,358, filed on March 15,
2016, and PCT Patent Application No. PCT/US20132088filed on April 25, 2013. This
application is also related to PCT Patent ApplaatNo. PCT/US2012/065601, filed on
November 16, 2012. The entire contents of eatheoforegoing patent applications are
hereby incorporated herein by reference.

Sequence Listing
The instant application contains a Sequence Ilgsiinich has beesubmitted
electronically in ASCII format and is hereby incorated by reference in its entirety. Said
ASCII copy, created on December 6, 2016, is nan2d@01-05220_SL.TXT and is 21,140
bytes in size.

Background of the Invention
Serpincl is a member of the serine proteinaseitani(serpin) superfamily.
Serpincl is a plasma protease inhibitor that indithirombin as well as other activated serine
proteases of the coagulation system, such as &xtdiX, XI, XIl and VII and, thus,
regulates the blood coagulation cascade. The agfidant activity of Serpincl is enhanced
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by the presence of heparin and other related giynosglycans which catalyze the
formation of thrombin:antithrombin (TAT) complexes.

Bleeding disorders, either inherited or acquigee, conditions in which there is
inadequate blood clotting. For example, hemoplslia group of hereditary genetic bleeding
disorders that impair the body's ability to contstdod clotting or coagulation. Hemophilia A
is a recessive X-linked genetic disorder involvanigck of functional clotting Factor VIl and
represents 80% of hemophilia cases. Hemophils@recessive X-linked genetic disorder
involving a lack of functional clotting Factor IXt comprises approximately 20% of
haemophilia cases. Hemophilia C is an autosomradtgedisorder involving a lack of
functional clotting Factor XI. Hemophilia C is nmdmpletely recessive, as heterozygous
individuals also show increased bleeding.

Although at present there is no cure for hemogahitican be controlled with regular
infusions of the deficient clotting factag., factor VIl in hemophilia A. However, some
hemophiliacs develop antibodies (inhibitors) agaihe replacement factors given to them
and, thus, become refractory to replacement coaaignléactor. Accordingly, bleeds in such
subjects cannot be properly controlled.

The development of high-titer inhibitors to, fotaenple, factor VIII and other
coagulation factors is the most serious complicatibhemophilia therapy and makes
treatment of bleeds very challenging. Currentig, only strategies to stop bleeds in such
subjects are the use of “bypassing agents” sufficas eight inhibitor bypass activity
(FEIBA) and activated recombinant factor VIl (rF¥)) plasmapheresis, continuous factor
replacement, and immune tolerance therapy, nomdizh are completely effective.
Accordingly, there is a need in the art for altéirreatreatments for subjects having a bleeding
disorder, such as hemophilia.

Summary of the Invention

The present invention provides methods for treadiisgbject having a disorder that
would benefit from inhibiting or reducing the expsen of a Serpincl geneg., a bleeding
disorder, such as hemophilia, using IRNA composstiohich effect the RNA-induced
silencing complex (RISC)-mediated cleavage of Riscripts of a Serpincl gene for
inhibiting the expression of a Serpincl gene.

The present invention is based, at least in parthe surprising discovery that very
low dosesé.g., doses at least about 30 times lower than dosghttauthe art) of a GalNAc
linked double stranded RNAI agent comprising patécchemical modifications shows an
exceptional potency to inhibit expression of Serfpiras well as an exceptional duration of
inhibition of Serpincl expression. Specificallgy doses of RNAi agents including a
GalNAc ligand and a sense strand and an antiséraselsn which substantially all of the
nucleotides are modified, such as RNAI agents ahiolyione or more motifs of three
identical modifications on three consecutive nuttess, including one such motif at or near
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the cleavage site of the agents, six phosphordthiogkages, and a GalNAc ligand are
shown herein to be exceptionally effective and bigr&an silencing the activity of the
Serpincl gene.

Accordingly, in one aspect the present inventiavles methods of preventing at
least one symptom in a subject having a disordartiould benefit from reduction in
Serpincl expression. The methods include admmmsgftéo the subject a dose of about 0.200
mg/kg to about 1.825 mg/kg of a double stranded R&¢fent which comprises a sense strand
and an antisense strand forming a double straredpdiT, wherein the sense strand comprises
at least 15 contiguous nucleotides differing bymare than 3 nucleotides from the
nucleotide sequence of SEQ ID NO:1 and the antessttand comprises at least 15
contiguous nucleotides differing by no more thamu8leotides from the nucleotide sequence
of SEQ ID NO:5, wherein substantially all of thecteotides of the sense strand and
substantially all of the nucleotides of the antssentrand are modified nucleotides, and
wherein the double stranded RNAI agent compridegad,e.g., the sense strand of the
double stranded RNAI agent is conjugated to a tigeg., a ligand is attached at the 3'-
terminus of the sense strand.

In another aspect, the present invention proundethods of treating a subject having
a disorder that would benefit from reduction ingecl expression. The methods include
administering to the subject a dose of about 0rakg to about 1.825 mg/kg of a double
stranded RNAI agent, wherein the double strandediRigent comprises a sense strand and
an antisense strand forming a double strandedmnegioerein the sense strand comprises at
least 15 contiguous nucleotides differing by no enthian 3 nucleotides from the nucleotide
sequence of SEQ ID NO:1 and the antisense stramngrtges at least 15 contiguous
nucleotides differing by no more than 3 nucleotiftesn the nucleotide sequence of SEQ ID
NO:5, wherein substantially all of the nucleotidéshe sense strand and substantially all of
the nucleotides of the antisense strand are mddifigleotides, and wherein the double
stranded RNAI agent comprises a ligaad,, the sense strand of the double stranded RNAI
agent is conjugated to a ligand attached at ther@inus of the sense strand.

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

In another embodiment, the sense strand and tisease strand comprise a region of
complementarity which comprises at least 15 contigunucleotides differing by no more
than 3 nucleotides from any one of the sequenstxllin any one of Tables 2 and 3.

In some embodiments, the modified nucleotidesratependently selected from the
group consisting of a 2'-O-methyl modified nucldetia 2’-fluoro modified nucleotide, a
nucleotide comprising a 5'-phosphorothioate gramg, a terminal nucleotide linked to a
cholesteryl derivative or a dodecanoic acid bistdenide group. In further embodiments, the
modified nucleotide is selected from the group cxiimgy of a 2'-deoxy-2'-fluoro modified
nucleotide, a 2'-deoxy-modified nucleotide, a latkecleotide, an unlocked nucleotide a
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conformationally restricted nucleotide, a contrdie¢hyl nucleotide, an abasic nucleotide, a
2’-amino-modified nucleotide, a 2’-alkyl-modifiedialeotide, a 2’-O-allyl modified
nucleotide, a 2’-C-allyl modified nucleotide, al2ydroxyl modified nucleotide, a
morpholino nucleotide, a phosphoramidate, and anadaral base comprising nucleotide.

In another embodiment of the double stranded R&g&int, at least one strand
comprises a 3’ overhang of at least 1 nucleotid@niother embodiment, at least one strand
comprises a 3’ overhang of at least 2 nucleotides,2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 14, or
15 nucleotides. In other embodiments, at leaststra@d of the RNAI agent comprises a 5’
overhang of at least 1 nucleotide. In certain @difbents, at least one strand comprises a 5’
overhang of at least 2 nucleotides., 2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 14, or 19entdes.
In still other embodiments, both the 3’ and thebd of one strand of the RNAI agent
comprise an overhang of at least 1 nucleotide.

In certain embodiments, the ligand is an N-acetglgasamine (GalNAc). The
ligand may be one or more GalNAc attached to th&Rdgent through a monovalent, a
bivalent, or a trivalent branched linker. The liganay be conjugated to the 3’ end of the
sense strand of the double stranded RNAI ageng’teed of the sense strand of the double
stranded RNAI agent, the 3’ end of the antisensmdtof the double stranded RNAi agent,
or the 5’ end of the antisense strand of the dosipéended RNAI agent.

In some embodiments, the double stranded RNAI agatthe invention comprise a
plurality, e.g., 2, 3, 4, 5, or 6, of GalNAc, each independeattached to a plurality of
nucleotides of the double stranded RNAIi agent thincau plurality of monovalent linkers.

In certain embodiments, the ligand is

HO OH
Q H H
HO O\/\/\H/N\/\/N
(@)
2 @ N N o%ﬂ
HO \/\/\n/ ~
AcHN o Y\/ o

o)

Ho ,OH

ey L

HO O\/\/\H/N/\/\N o)
AcHN o H H

In another aspect the present invention providethaas of preventing at least one
symptom in a subject having a disorder that woeddfit from reduction in Serpincl
expression. The methods include administerinpécstibject a dose of about 0.200 mg/kg to
about 1.825 mg/kg of a double stranded RNAIi ageherein the double stranded RNAI
agent comprises a sense strand complementaryaotisense strand, wherein the antisense
strand comprises a region of complementary togfaah mRNA encoding Serpincl, wherein
each strand is about 14 to about 30 nucleotidesngth, wherein the double stranded RNAI
agent is represented by formula (llle):
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sense: 54NYYY-Ny-3

antisense: FINS-YY'Y'-NS-5  (llle)

wherein:

Ny’ is a 2 nucleotide overhang and each nucleotidamit is linked to a
neighboring nucleotide via a phosphorothioate Ilgga

each Nand N/ independently represents an oligonucleotide sexmueomprising 0-
25 nucleotides which are either modified or unmiedifor combinations thereof, each
sequence comprising at least two differently medifnucleotides;

YYY and YY'Y' each independently represent one motif of threatidal
modifications on three consecutive nucleotides,\wherein the modifications aré-@-
methyl or 2-fluoro modifications;

wherein the sense strand and the aisisstrand each independently comprise two
phosphorothioate linkages at the 5’-terminus; and

wherein the sense strand is conjugated to at dewstigand, wherein the ligand is one
or more GalNAc derivatives attached through a male, a bivalent, or a trivalent
branched linker,

thereby preventing at least one symptom in thgestibaving a disorder that would
benefit from reduction in Serpincl expression.

In another aspect, the present invention prouwdethods of treating a subject having
a disorder that would benefit from reduction ingecl expression. The methods include
administering to the subject a dose of about 0rakg to about 1.825 mg/kg of a double
stranded RNAI agent, wherein the double strandediRi§ent comprises a sense strand
complementary to an antisense strand, whereinrttigease strand comprises a region of
complementary to part of an mRNA encoding Serpimdigrein each strand is about 14 to
about 30 nucleotides in length, wherein the dosbiended RNAI agent is represented by

formula (llle):
sense: 54NY Y Y -Ny-3
antisense: FMNG- Y'Y'Y'- Ng- 5 (lle)
wherein:

i’ is a 2 nucleotide overhang and each nucleotidemithiis linked to a
neighboring nucleotide via a phosphorothioate Ilgga

each Nand N/ independently represents an oligonucleotide sexueomprising 0-
25 nucleotides which are either modified or unmiedifor combinations thereof, each
sequence comprising at least two differently medifnucleotides;

YYY and YY'Y' each independently represent one motif of threatidal
modifications on three consecutive nucleotides,\wherein the modifications aré-@-
methyl or 2-fluoro modifications;

wherein the sense strand and the aisiisstrand each independently comprise two
phosphorothioate linkages at the 5’-terminus; and



10

15

20

25

30

35

wherein the sense strand is conjugated to at dewstigand, wherein the ligand is one
or more GalNAc derivatives attached through a maten, a bivalent or a trivalent
branched linker,

thereby preventing at least one symptom in thgestibaving a disorder that would
benefit from reduction in Serpincl expression.

In one embodiment, the double stranded RNAI ageadiministered to the subject in
a single dose or in two or more doseg,, in 3, 4, 5, or 6 doses.

In one embodiment, the double stranded RNAI ageatiministered to the subject
once a month, once every six weeks, once everyrthmponce a quarter, or as needed.

The double stranded RNAIi agent may be administeréide subject ag,g., a
monthly dose of about 0.200 to about 1.825 mg/Kg)@to about 1.800 mg/kg, about 0.200
to about 1.700 mg/kg, about 0.200 to about 1.60&kga@bout 0.200 to about 1.500 mg/kg,
about 0.200 to about 1.400 mg/kg, about 0.200 ¢mtab.400 mg/kg, about 0.200 to about
1.200 mg/kg, about 0.200 to about 1.100 mg/kg, 86d00 to about 1.000 mg/kg, about
0.200 to about 0.900 mg/kg, about 0.200 to ab@@®mg/kg, about 0.200 to about 0.700
mg/kg, about 0.200 to about 0.600 mg/kg, about®taGbout 0.500 mg/kg, about 0.200 to
about 0.400 mg/kg, about 0.225 to about 1.825 mgafkgut 0.225 to about 1.800 mg/kg,
about 0.225 to about 1.700 mg/kg, about 0.225 ¢mtab.600 mg/kg, about 0.225 to about
1.500 mg/kg, about 0.225 to about 1.400 mg/kg, 86d@P5 to about 1.400 mg/kg, about
0.225 to about 1.200 mg/kg, about 0.225 to abdl@ mg/kg, about 0.225 to about 1.000
mg/kg, about 0.225 to about 0.900 mg/kg, about®tdZabout 0.800 mg/kg, about 0.225 to
about 0.700 mg/kg, about 0.225 to about 0.600 mglkgut 0.225 to about 0.500 mg/kg,
about 0.225 to about 0.400 mg/kg, about 0.250 twtab.825 mg/kg, about 0.250 to about
1.800 mg/kg, about 0.250 to about 1.700 mg/kg, 86d50 to about 1.600 mg/kg, about
0.250 to about 1.500 mg/kg, about 0.250 to abal@ mg/kg, about 0.250 to about 1.400
mg/kg, about 0.250 to about 1.200 mg/kg, about®t@%bout 1.100 mg/kg, about 0.250 to
about 1.000 mg/kg, about 0.250 to about 0.900 mglkgut 0.250 to about 0.800 mg/kg,
about 0.250 to about 0.700 mg/kg, about 0.250 twta®.600 mg/kg, about 0.250 to about
0.500 mg/kg, about 0.250 to about 0.400 mg/kg, abaei25 to about 1.825 mg/kg, about
0.425 to about 1.800 mg/kg, about 0.425 to abatidlmg/kg, about 0.425 to about 1.600
mg/kg, about 0.425 to about 1.500 mg/kg, about®tdZabout 1.400 mg/kg, about 0.425 to
about 1.400 mg/kg, about 0.425 to about 1.200 mgkgut 0.425 to about 1.100 mg/kg,
about 0.425 to about 1.000 mg/kg, about 0.425 twta®.900 mg/kg, about 0.425 to about
0.800 mg/kg, about 0.425 to about 0.700 mg/kg, abai25 to about 0.600 mg/kg, about
0.425 to about 0.500 mg/kg, about 0.450 to ab@®&5.mg/kg, about 0.450 to about 1.800
mg/kg, about 0.450 to about 1.700 mg/kg, about®tdZabout 1.600 mg/kg, about 0.450 to
about 1.500 mg/kg, about 0.450 to about 1.400 mglkgut 0.450 to about 1.400 mg/kg,
about 0.450 to about 1.200 mg/kg, about 0.450 ¢mtab.100 mg/kg, about 0.450 to about
1.000 mg/kg, about 0.450 to about 0.900 mg/kg, 86ab0 to about 0.800 mg/kg, about
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0.450 to about 0.700 mg/kg, about 0.450 to abd&@®mg/kg, about 0.450 to about 0.500
mg/kg, about 0.475 to about 1.825 mg/kg, about®td7about 1.800 mg/kg, about 0.475 to
about 1.700 mg/kg, about 0.475 to about 1.600 mglkgut 0.475 to about 1.500 mg/kg,
about 0.475 to about 1.400 mg/kg, about 0.475 ¢mtab.400 mg/kg, about 0.475 to about
1.200 mg/kg, about 0.475 to about 1.100 mg/kg, 80aly5 to about 1.000 mg/kg, about
0.475 to about 0.900 mg/kg, about 0.475 to ab@@®mg/kg, about 0.475 to about 0.700
mg/kg, about 0.475 to about 0.600 mg/kg, about®td7about 0.500 mg/kg, about 0.875 to
about 1.825 mg/kg, about 0.875 to about 1.800 mglkgut 0.875 to about 1.700 mg/kg,
about 0.875 to about 1.600 mg/kg, about 0.875 tutab.500 mg/kg, about 0.875 to about
1.400 mg/kg, about 0.875 to about 1.400 mg/kg, 806@¥5 to about 1.200 mg/kg, about
0.875 to about 1.100 mg/kg, about 0.875 to abd@Q. mg/kg, about 0.875 to about 0.900
mg/kg, about 0.900 to about 1.825 mg/kg, about®t®Gbout 1.800 mg/kg, about 0.900 to
about 1.700 mg/kg, about 0.900 to about 1.600 mglkgut 0.900 to about 1.500 mg/kg,
about 0.900 to about 1.400 mg/kg, about 0.900 ttab.400 mg/kg, about 0.900 to about
1.200 mg/kg, about 0.900 to about 1.100 mg/kg, 86@00 to about 1.000 mg/kg, about
0.925 to about 1.825 mg/kg, about 0.925 to ab@@Q. mg/kg, about 0.925 to about 1.700
mg/kg, about 0.925 to about 1.600 mg/kg, about®t82Zabout 1.500 mg/kg, about 0.925 to
about 1.400 mg/kg, about 0.925 to about 1.400 mglkgut 0.925 to about 1.200 mg/kg,
about 0.925 to about 1.100 mg/kg, or about 0.92btaut 1.000 mg/kg, asg., a monthly
dose for one, two, three, four, five, six, seveghemonths, or more.

The subject may be a human, such as a humanghawleeding disorder, such as an
acquired bleeding disorder or an inherited bleedisgrder, e.g., a hemophiliag.g.,
hemophilia A, hemophilia B, or hemophilia C.

In one embodiment, the subject has hemophiliad\ism@an inhibitor subject. In
another embodiment, the subject has hemophiliadBsan inhibitor subject. In yet another
embodiment, the subject has hemophilia C and islahitor subject.

In one embodiment, the administration of the dewttanded RNAI agent to the
subject causes an increase in blood clotting aredé@crease in Serpincl protein
accumulation.

In one embodiment, the methods further comprisasoneng thrombin levels in the
subject.

The double stranded RNAI agent may be administenbdutaneously or
intravenously.

In one embodiment, substantially all of the nutties of the antisense strand and
substantially all of the nucleotides of the serisansl of the RNAI agent comprise a
modification selected from the group consisting & -O-methyl modification and a 2'-
fluoro modification. In one embodiment, all of thecleotides of the sense strand and all of
the nucleotides of the antisense of the RNAI aggand are modified nucleotides.
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In one embodiment, the YYY motif occurs at or nisar cleavage site of the sense
strand.

In one embodiment, the"Y'Y' motif occurs at the 11, 12 and 13 positions of the
antisense strand from the 5'-end.

The double stranded region may be 15-30 nucleptils in length, 17-23 nucleotide
pairs in length, 17-25 nucleotide pairs in len@B;27 nucleotide pairs in length,19-21
nucleotide pairs in length, or 21-23 nucleotidepa length.

Each strand may have 15-30 nucleotides, or 1948(atides.

In one embodiment, the sense strand has a tofdl nticleotides and the antisense
strand has a total of 23 nucleotides.

In one embodiment, the ligand is

Ho OH
0 H H
HO o\/\/\n/N\/\/N
HO 0
° o N § o\%w
HO \/\/\n/ ~ N \n/\/
(6]

AcHN

nHo OH
o)
HO 0\/\/\[]/N/\/\
AcHN o H

In one embodiment, the ligand is attached to trend of the sense strand.
In one embodiment, the RNAI agent is conjugatetthédigand as shown in the

following schematic
.

AN |
0=P-X
| OH

(0]
N
HO OH
ol P °
HO O\/\/\n/N\/\/N

O
AcHN 0 \E

S}

wherein X is O or S.

In one embodiment, the base pair at the 1 postidhe 3-end of the antisense strand
of the duplex is an AU base pair.

In one embodiment, the RNAI agent is AD-57213 (&2efb’ to 3):
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf (SEQ ID NO:13)Antisense (5’ to 3'):
usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg (SEQ ID NO:14)herein A, C, G, and U are
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ribose A, C, G or U; a, ¢, g, and u are€2methyl (2-OMe) A, C, G, or U; Af, Cf, Gf or Uf
are 2-fluoro A, C, G or U; and s is a phosphorothioéitikage)).

In one embodiment, the agent is administered dmenaceutical compositon. In one
embodiment, the RNAI agent is administered in aouffiered solution, such as saline or
water.

In another embodiment, the siRNA is administeretthaibuffer solution, such as a
buffer solution comprising acetate, citrate, pralamncarbonate, or phosphate or any
combination thereof. In one embodiment, the bugtdution is phosphate buffered saline
(PBS).

In one aspect, the present invention provides nastiob preventing at least one
symptom in a subject having a disorder that woddbit from reduction in Serpincl
expression. The methods include administeringéosubject a dose of about 0.200 mg/kg to
about 1.825 mg/kg of a double stranded ribonu@eid (RNAI) agent, wherein the double
stranded RNAIi agent comprises a sense strand aadt@ense strand, the antisense strand
comprising a region of complementarity which corsesi at least 15 contiguous nucleotides
differing by no more than 3 nucleotides from theleatide sequence of 5’ -
UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), where substantially all of
the nucleotides of the sense strand and substgraibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein tbabté stranded RNAI agent comprises a
ligand,e.g., the sense strand of the double stranded RNAI ageainjugated to a ligand
attached at the 3’-terminus of the sense strand.

In another aspect the present invention providaboals of treating a subject having
a disorder that would benefit from reduction ingecl expression. The methods include
administering to the subject a dose of about 0ragkg to about 1.825 mg/kg of a double
stranded ribonucleic acid (RNAI) agent, whereindbeble stranded RNAi agent comprises
a sense strand and an antisense strand, thensetisieand comprising a region of
complementarity which comprises at least 15 contigunucleotides differing by no more
than 3 nucleotides from the nucleotide sequenée of
UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), where substantially all of
the nucleotides of the sense strand and substgraibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein tbabté stranded RNAI agent comprises a
ligand,e.g., the sense strand of the double stranded RNAI ageainjugated to a ligand
attached at the 3’-terminus of the sense strand.

The double stranded RNAI agent may be administeréiade subject in two or more
doses.

In one embodiment, the double stranded RNAI ageatiministered to the subject
once a month. In another embodiment, the doutdeded RNAI agent is administered to
the subject once every six weeks. In one embodintte® double stranded RNAI agent is
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administered to the subject once every 2 monthg/et another embodiment, the double
stranded RNAI agent is administered to the sulgace a quarter.

The double stranded RNAIi agent may be administeréide subject ag.g., a
monthly dose of about 0.200 to about 1.825 mg/Kg)@to about 1.800 mg/kg, about 0.200
to about 1.700 mg/kg, about 0.200 to about 1.60&kga@bout 0.200 to about 1.500 mg/kg,
about 0.200 to about 1.400 mg/kg, about 0.200 ¢mtab.400 mg/kg, about 0.200 to about
1.200 mg/kg, about 0.200 to about 1.100 mg/kg, 86d00 to about 1.000 mg/kg, about
0.200 to about 0.900 mg/kg, about 0.200 to ab@@®mg/kg, about 0.200 to about 0.700
mg/kg, about 0.200 to about 0.600 mg/kg, about®taGbout 0.500 mg/kg, about 0.200 to
about 0.400 mg/kg, about 0.225 to about 1.825 mgafkgut 0.225 to about 1.800 mg/kg,
about 0.225 to about 1.700 mg/kg, about 0.225 tatab.600 mg/kg, about 0.225 to about
1.500 mg/kg, about 0.225 to about 1.400 mg/kg, 80d@P5 to about 1.400 mg/kg, about
0.225 to about 1.200 mg/kg, about 0.225 to abdl@@ mg/kg, about 0.225 to about 1.000
mg/kg, about 0.225 to about 0.900 mg/kg, about®tdZabout 0.800 mg/kg, about 0.225 to
about 0.700 mg/kg, about 0.225 to about 0.600 mgkgut 0.225 to about 0.500 mg/kg,
about 0.225 to about 0.400 mg/kg, about 0.250 twtab.825 mg/kg, about 0.250 to about
1.800 mg/kg, about 0.250 to about 1.700 mg/kg, 86d50 to about 1.600 mg/kg, about
0.250 to about 1.500 mg/kg, about 0.250 to abal@ mg/kg, about 0.250 to about 1.400
mg/kg, about 0.250 to about 1.200 mg/kg, about®t@%bout 1.100 mg/kg, about 0.250 to
about 1.000 mg/kg, about 0.250 to about 0.900 mglkgut 0.250 to about 0.800 mg/kg,
about 0.250 to about 0.700 mg/kg, about 0.250 twta®.600 mg/kg, about 0.250 to about
0.500 mg/kg, about 0.250 to about 0.400 mg/kg, abaei25 to about 1.825 mg/kg, about
0.425 to about 1.800 mg/kg, about 0.425 to abatidlmg/kg, about 0.425 to about 1.600
mg/kg, about 0.425 to about 1.500 mg/kg, about®tdZabout 1.400 mg/kg, about 0.425 to
about 1.400 mg/kg, about 0.425 to about 1.200 mghkgut 0.425 to about 1.100 mg/kg,
about 0.425 to about 1.000 mg/kg, about 0.425 twta®.900 mg/kg, about 0.425 to about
0.800 mg/kg, about 0.425 to about 0.700 mg/kg, abaei25 to about 0.600 mg/kg, about
0.425 to about 0.500 mg/kg, about 0.450 to ab@®&5.mg/kg, about 0.450 to about 1.800
mg/kg, about 0.450 to about 1.700 mg/kg, about®tdZabout 1.600 mg/kg, about 0.450 to
about 1.500 mg/kg, about 0.450 to about 1.400 mgkgut 0.450 to about 1.400 mg/kg,
about 0.450 to about 1.200 mg/kg, about 0.450 ¢mtab.100 mg/kg, about 0.450 to about
1.000 mg/kg, about 0.450 to about 0.900 mg/kg, 86aib0 to about 0.800 mg/kg, about
0.450 to about 0.700 mg/kg, about 0.450 to abd@@®mg/kg, about 0.450 to about 0.500
mg/kg, about 0.475 to about 1.825 mg/kg, about®td7about 1.800 mg/kg, about 0.475 to
about 1.700 mg/kg, about 0.475 to about 1.600 mglkgut 0.475 to about 1.500 mg/kg,
about 0.475 to about 1.400 mg/kg, about 0.475 ¢mtab.400 mg/kg, about 0.475 to about
1.200 mg/kg, about 0.475 to about 1.100 mg/kg, 80aly5 to about 1.000 mg/kg, about
0.475 to about 0.900 mg/kg, about 0.475 to ab@@®mg/kg, about 0.475 to about 0.700
mg/kg, about 0.475 to about 0.600 mg/kg, about®td7about 0.500 mg/kg, about 0.875 to
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about 1.825 mg/kg, about 0.875 to about 1.800 mglkgut 0.875 to about 1.700 mg/kg,
about 0.875 to about 1.600 mg/kg, about 0.875 ttab.500 mg/kg, about 0.875 to about
1.400 mg/kg, about 0.875 to about 1.400 mg/kg, 806@¥5 to about 1.200 mg/kg, about
0.875 to about 1.100 mg/kg, about 0.875 to abd@Q mg/kg, about 0.875 to about 0.900
mg/kg, about 0.900 to about 1.825 mg/kg, about®t®Gbout 1.800 mg/kg, about 0.900 to
about 1.700 mg/kg, about 0.900 to about 1.600 mgkgut 0.900 to about 1.500 mg/kg,
about 0.900 to about 1.400 mg/kg, about 0.900 twtab.400 mg/kg, about 0.900 to about
1.200 mg/kg, about 0.900 to about 1.100 mg/kg, 86@00 to about 1.000 mg/kg, about
0.925 to about 1.825 mg/kg, about 0.925 to ab@@Q mg/kg, about 0.925 to about 1.700
mg/kg, about 0.925 to about 1.600 mg/kg, about®t82Zabout 1.500 mg/kg, about 0.925 to
about 1.400 mg/kg, about 0.925 to about 1.400 mglkgut 0.925 to about 1.200 mg/kg,
about 0.925 to about 1.100 mg/kg, or about 0.92%htaut 1.000 mg/kg.

In some embodiments, the dose of the double stdBR8EAI agent is administered to
the subject as a monthly dose of about 0.200 myladpout 0.250 mg/kg; or as a monthly
dose of about 0.425 mg/kg to about 0.475 mg/kgsan monthly dose of about 0.875 mg/kg
to about 0.925 mg/kg; or as a monthly dose of alhotit5 mg/kg to about 1.825 mg/kg.

In one embodiment, the double stranded RNAI ageatiministered to the subject as
a monthly dose of 0.225 mg/kg.

In another embodiment, the double stranded RNAnBigeadministered to the
subject as a monthly dose of 0.450 mg/kg.

In yet another embodiment, the double stranded Rig&nt is administered to the
subject as a monthly dose of 0.900 mg/kg.

In one embodiment, the double stranded RNAI ageatiministered to the subject as
a monthly dose of 1.800 mg/kg.

In one embodiment, the double stranded RNAI ageatiministered to the subject
subcutaneously.

In one embodiment, administration of the dose efdbuble stranded RNAI agent to
the subject lowers Serpincl activity in the subjgctabout 70% to about 95%.

In another embodiment, administration of the ddsd@ double stranded RNAI agent
to the subject increases peak thrombin levelsarsttbject to within the range of peak
thrombin levels in a subject that does not havesarder that would benefit from reduction in
Serpincl expression.

In one embodiment, administration of the dose efdbuble stranded RNAI agent to
the subject is sufficient to achieve peak throngeneration levels in the subject to about the
same level achieved by administration to the stlmeEactor VIII.

In another embodiment, administration of the ddsé@ double stranded RNAI agent
to the subject is sufficient to achieve peak throngeneration levels of greater than about
40% in the subject.
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In yet another embodiment, administration of theedof the double stranded RNAI
agent to the subject decreases the annual blee@ABR) of the subject by about 80 to about
95% as compared to the median historical on-dem&#l of subjects having a disorder that
would benefit from reduction in Serpincl expresdiwat are not administered the double
stranded RNAI agent.

In one embodiment, double stranded RNAI agentmsiaidtered with a buffer
solution, such as a buffer solution comprising ategtcitrate, prolamine, carbonate, or
phosphate or any combination thereof. In one enmbedi, the buffer solution is phosphate
buffered saline (PBS).

In one embodiment, the subject is a human.

The disorder may be a bleeding disorder, such asa@mired bleeding disorder or an
inherited bleeding disordeg,g., a hemophiliag.g., hemophilia A, hemophilia B, or
hemophilia C.

In one embodiment, the subject has hemophilia Aisuadh inhibitor subject. In
another embodiment, the subject has hemophiliadBsan inhibitor subject. In yet another
embodiment, the subject has hemophilia C and islahitor subject.

In one embodiment, the double stranded RNAI ageatiministered to the subject
subcutaneously.

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

In one embodiment, the modified nucleotides arepethdently selected from the
group consisting of a 2'-deoxy-2'-fluoro modifiegcteotide, a 2'-deoxy-modified nucleotide,
a locked nucleotide, an abasic nucleotide, a 2harmodified nucleotide, a 2’-alkyl-
modified nucleotide, a morpholino nucleotide, aggtworamidate, and a non-natural base
comprising nucleotide.

The region of complementarity may be at least 1dantides in length or 19
nucleotides in length.

In one embodiment, the region of complementarityesveen 19 and 21 nucleotides
in length. In another embodiment, the region ahptementarity is between 21 and 23
nucleotides in length.

In one embodiment, each strand is no more tharud@atides in length.

At least one strand of the double stranded RNAnagey comprise a 3’ overhang of
at least 1 nucleotide or a 3’ overhang of at |I@asticleotidese.g., 2, 3, 4, 5, 6, 7, 9, 10, 11,
12, 13, 14, or 15 nucleotides. In other embodiseattleast one strand of the RNAIi agent
comprises a 5’ overhang of at least 1 nucleotitfecertain embodiments, at least one strand
comprises a 5’ overhang of at least 2 nucleotides,2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 14, or
15 nucleotides. In still other embodiments, bo#h 3’ and the 5’ end of one strand of the
RNAI agent comprise an overhang of at least 1 micle.
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In certain embodiments, the ligand is an N-acetglgasamine (GalNAc). The
ligand may be one or more GalNAc attached to th&Rdgent through a monovalent, a
bivalent, or a trivalent branched linker. The liganay be conjugated to the 3’ end of the
sense strand of the double stranded RNAI ageng’teed of the sense strand of the double

5 stranded RNAi agent, the 3’ end of the antisensmdtof the double stranded RNAI agent,

or the 5’ end of the antisense strand of the dosipéended RNAI agent.

In some embodiments, the double stranded RNAI agatthe invention comprise a
plurality, e.g., 2, 3, 4, 5, or 6, of GalNAc, each independeattached to a plurality of
nucleotides of the double stranded RNAI agent thincau plurality of monovalent linkers.

10 In certain embodiments, the ligand is
OH

HO

Q H H
HO o\/\/\n/N\/\/N

OH

HO o

° o N § o\%ﬂ
HO \/\/\n/ ~ N \n/\/

o

AcHN
Ho OH
o) /Jj
HO O N/\/\
AcHN \/\/\[(])/H _
In one embodiment, the RNAI agent is conjugatetthédigand as shown in the
following schematic

and, wherein X is O or S.
15 In one embodiment, the X is O.
In one embodiment, the region of complementaritystgis of the nucleotide
sequence of 5-UUGAAGUAAAUGGUGUUAACCAG-3' (SEQ ID®: 15).
In one embodiment, the double stranded RNAIi agemiprises a sense strand
comprising the nucleotide sequence of 5’- GGUUAAGAMIJUUACUUCAA -3'(SEQ ID
20 NO: 16), and an antisense strand comprising thkeatide sequence of 5’-
UUGAAGUAAAUGGUGUUAACCAG-3’ (SEQ ID NO: 15).
In one embodiment, the sense strand comprises 5'-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID N@.3) and the antisense strand

13



10

15

20

25

30

35

comprises 5'- usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsas@’ (SEQ ID NO:14), wherein A,
C, G, and U are ribose A, C, G or U; a, c, g, amdeu2-O-methyl (2-OMe) A, C, G, or U,
Af, Cf, Gf or Uf are 2fluoro A, C, G or U; and s is a phosphorothioat&dge.

In one aspect, the present invention provides nastiod preventing at least one
symptom in a subject having a disorder that woddbit from reduction in Serpincl
expression. The methods include administeringpéosubject a fixed dose of about 25 mg to
about 100 mg of a double stranded RNAI agent wbarhprises a sense strand and an
antisense strand forming a double stranded regibarein the sense strand comprises at least
15 contiguous nucleotides differing by no more tBarucleotides from the nucleotide
sequence of SEQ ID NO:1 and the antisense stramngrtges at least 15 contiguous
nucleotides differing by no more than 3 nucleotiftesn the nucleotide sequence of SEQ ID
NO:5, wherein substantially all of the nucleotidéshe sense strand and substantially all of
the nucleotides of the antisense strand are mddifigleotides, and wherein the double
stranded RNAI agent comprises a ligaad,, the sense strand of the double stranded RNAI
agent is conjugated to a ligand attached at ther@inus of the sense strand.

In another aspect, the present invention proundethods of treating a subject having
a disorder that would benefit from reduction ingecl expression. The methods include
administering to the subject a fixed dose of al&5uing to about 100 mg of a double
stranded RNAI agent, wherein the double strandediRigent comprises a sense strand and
an antisense strand forming a double strandednegioerein the sense strand comprises at
least 15 contiguous nucleotides differing by no enthian 3 nucleotides from the nucleotide
sequence of SEQ ID NO:1 and the antisense stramngrtges at least 15 contiguous
nucleotides differing by no more than 3 nucleotiftesn the nucleotide sequence of SEQ ID
NO:5, wherein substantially all of the nucleotidéshe sense strand and substantially all of
the nucleotides of the antisense strand are mddifigleotides, and wherein the double
stranded RNAI agent comprises a ligaad,, the sense strand of the double stranded RNAI
agent is conjugated to a ligand attached at ther@inus of the sense strand.

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

In another embodiment, the sense strand and tisease strand comprise a region of
complementarity which comprises at least 15 contigunucleotides differing by no more
than 3 nucleotides from any one of the sequenstxllin any one of Tables 2 and 3.

In some embodiments, the modified nucleotidesratependently selected from the
group consisting of a 2'-O-methyl modified nucldetia 2’-fluoro modified nucleotide, a
nucleotide comprising a 5'-phosphorothioate gramg, a terminal nucleotide linked to a
cholesteryl derivative or a dodecanoic acid bistdenide group. In further embodiments, the
modified nucleotide is selected from the group cxiimgy of a 2'-deoxy-2'-fluoro modified
nucleotide, a 2'-deoxy-modified nucleotide, a latkecleotide, an unlocked nucleotide a
conformationally restricted nucleotide, a contrdie¢hyl nucleotide, an abasic nucleotide, a
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2’-amino-modified nucleotide, a 2’-alkyl-modifiedidleotide, a 2’-O-allyl modified
nucleotide, a 2’-C-allyl modified nucleotide, al2ydroxyl modified nucleotide, a
morpholino nucleotide, a phosphoramidate, and anadaral base comprising nucleotide.

In another embodiment of the double stranded R&g&int, at least one strand
comprises a 3’ overhang of at least 1 nucleotid@niother embodiment, at least one strand
comprises a 3’ overhang of at least 2 nucleotides,2, 3, 4, 5,6, 7, 9, 10, 11, 12, 13, 14, or
15 nucleotides. In other embodiments, at leaststra@d of the RNAI agent comprises a 5’
overhang of at least 1 nucleotide. In certain @dirbents, at least one strand comprises a 5’
overhang of at least 2 nucleotides,, 2, 3, 4,5, 6, 7,9, 10, 11, 12, 13, 14, or 19eniaes.

In still other embodiments, both the 3’ and the&bd of one strand of the RNAI agent
comprise an overhang of at least 1 nucleotide.

In another aspect, the present invention prouwdethods of preventing at least one
symptom in a subject having a disorder that woddfit from reduction in Serpincl
expression. The methods include administeringéosubject a fixed dose of about 25 mg to
about 100 mg of a double stranded RNAI agent, whehe double stranded RNAI agent
comprises a sense strand complementary to an regisérand, wherein the antisense strand
comprises a region of complementary to part of &Nl encoding Serpincl, wherein each
strand is about 14 to about 30 nucleotides in lengherein the double stranded RNAi agent
is represented by formula (llle):

sense: 5sNYYY-N,-3
antisense: FMNL- Y'Y'Y'- Ng- 5 (lle)
wherein:

Ny’ is a 2 nucleotide overhang and each nucleotidamit is linked to a
neighboring nucleotide via a phosphorothioate Ilgga
each Nand N/ independently represents an oligonucleotide sexueomprising 0-
25 nucleotides which are either modified or unmiedifor combinations thereof, each
sequence comprising at least two differently medifnucleotides;
YYY and YY'Y' each independently represent one motif of threatidal
modifications on three consecutive nucleotides,\wherein the modifications aré-@-
methyl or 2-fluoro modifications;
wherein the sense strand and the aisiisstrand each independently comprise two
phosphorothioate linkages at the 5’-terminus; and
wherein the sense strand is conjugated to at dewstigand, wherein the ligand is one
or more GalNAc derivatives attached through a mdaoy; a bivalent or a trivalent branched
linker,
thereby preventing at least one symptom in thgestibaving a disorder that would
benefit from reduction in Serpincl expression.
In another aspect, the present invention prouwdethods of treating a subject having
a disorder that would benefit from reduction ingecl expression. The methods include
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administering to the subject a fixed dose of al&5uing to about 100 mg of a double
stranded RNAI agent, wherein the double strandediRi§ent comprises a sense strand
complementary to an antisense strand, whereinrttigease strand comprises a region of
complementary to part of an mRNA encoding Serpimdigrein each strand is about 14 to
about 30 nucleotides in length, wherein the dosbiended RNAI agent is represented by
formula (llle):

sense: 5sNYYY-N,-3
antisense: FMNG- Y'Y'Y'- Ng- 5 (lle)
wherein:

i’ is a 2 nucleotide overhang and each nucleotidemithiis linked to a

neighboring nucleotide via a phosphorothioate Ilgga

each Nand N/ independently represents an oligonucleotide sexueomprising 0-
25 nucleotides which are either modified or unmiediior combinations thereof, each
sequence comprising at least two differently medifnucleotides;

YYY and YY'Y' each independently represent one motif of threatidal
modifications on three consecutive nucleotides,\wherein the modifications aré-@-
methyl or 2-fluoro modifications;

wherein the sense strand and the aisiisstrand each independently comprise two
phosphorothioate linkages at the 5’-terminus; and

wherein the sense strand is conjugated to at dewstigand, wherein the ligand is one
or more GalNAc derivatives attached through a mate, a bivalent or a trivalent
branched linker,

thereby preventing at least one symptom in thgestibaving a disorder that would
benefit from reduction in Serpincl expression.

In one embodiment, the double stranded RNAI ageatiministered to the subject in
a single dose or in two or more doseg,, in 3, 4, 5, or 6 doses.

In one embodiment, the double stranded RNAI ageatiministered to the subject
once a month, once every five weeks, once everwseks, once every seven weeks, once
every 2 months, once a quarter, or as needed.

The double stranded RNAI agent may be administeréide subject ag.g., a fixed
dose of between about 25 mg to about 100ewyg, between about 25 mg to about 95 mg,
between about 25 mg to about 90 mg, between alboomigPto about 85 mg, between about
25 mg to about 80 mg, between about 25 mg to al®utg, between about 25 mg to about
70 mg, between about 25 mg to about 65 mg, betabent 25 mg to about 60 mg, between
about 25 mg to about 50 mg, between about 50 mbaat 100 mg, between about 50 mg to
about 95 mg, between about 50 mg to about 90 ntgyeled about 50 mg to about 85 mg,
between about 50 mg to about 80 mg, between alfontgBto about 100 mg, between about
30 mg to about 90 mg, between about 30 mg to é&®utg, between about 40 mg to about
100 mg, between about 40 mg to about 90 mg, betakeut 40 mg to about 80 mg, between
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about 60 mg to about 100 mg, between about 60 mbdat 90 mg, between about 25 mg to
about 55 mg, between about 25 mg to about 65 ntgele@ about 30 mg to about 95 mg,
between about 30 mg to about 85 mg, between alfooigBto about 75 mg, between about
30 mg to about 65 mg, between about 30 mg to di®utg, between about 40 mg to about
95 mg, between about 40 mg to about 85 mg, betabeunt 40 mg to about 75 mg, between
about 40 mg to about 65 mg, between about 40 nmabaat 55 mg, or between about 45 mg
to about 95 mg aag., a fixed dose for one, two, three, four, five, Sgyen, eight months, or
more.

In some embodiments, the double stranded RNAI ageytbe administered to the
subject as a fixed dose of about 25 mg, about 30abmyut 35 mg, about 40 mg, about 45 mg,
about 50 mg, about 55 mg, about 60 mg, about 65abmyt 70 mg, about 75 mg, about 80
mg, about 85 mg, about 90 mg, about 95 mg, or ab@@iimg.

The subject may be a human, such as a humanghawleeding disorder, such as an
acquired bleeding disorder or an inherited bleedisgrder, e.g., a hemophiliag.g.,
hemophilia A, hemophilia B, or hemophilia C.

In one embodiment, the subject has hemophiliad\ism@n inhibitor subject. In
another embodiment, the subject has hemophiliadBsan inhibitor subject. In yet another
embodiment, the subject has hemophilia C and islahitor subject.

In one embodiment, the administration of the dewdttanded RNAI agent to the
subject causes an increase in blood clotting aredé@crease in Serpincl protein
accumulation.

In one embodiment, the methods further comprisasoneng thrombin levels in the
subject.

The double stranded RNAI agent may be administenbdutaneously or
intravenously.

In one embodiment, substantially all of the nutties of the antisense strand and
substantially all of the nucleotides of the serisansl of the RNAI agent comprise a
modification selected from the group consisting & -O-methyl modification and a 2'-
fluoro modification. In one embodiment, all of thecleotides of the sense strand and all of
the nucleotides of the antisense of the RNAI aggand are modified nucleotides.

In one embodiment, the YYY motif occurs at or nisar cleavage site of the sense
strand.

In one embodiment, the"Y'Y' motif occurs at the 11, 12 and 13 positions of the
antisense strand from the 5'-end.

The double stranded region may be 15-30 nucleptils in length, 17-23 nucleotide
pairs in length, 17-25 nucleotide pairs in len@B;27 nucleotide pairs in length,19-21
nucleotide pairs in length, or 21-23 nucleotidepa length.

Each strand may have 15-30 nucleotides, or 198atides.
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In one embodiment, the sense strand has a tofdl nticleotides and the antisense
strand has a total of 23 nucleotides.
In one embodiment, the ligand is

Ho OH
HO o\/\/\n/N\/\/N )
AcHN 5 \?
Ho OH

(@]
A o} H H o\%“
HO \/\/\n/ ~ N
AcHN o) \n/\/
Ho OH
(@]
HO 0 AN

\/\/\H/H
AcHN o)

5 In one embodiment, the ligand is attached to tren@ of the sense strand.
In one embodiment, the RNAI agent is conjugatetthédigand as shown in the

following schematic
.

AN NN |
0=P—X
| OH

(0]
Nl ;
N
HOo OH
o P °
HO O\/\/\n/N\/\/N

O
AcHN 0 \E

S}

wherein X is O or S.

10 In one embodiment, the base pair at the 1 positidhe 3-end of the antisense strand
of the duplex is an AU base pair.

In one embodiment, the RNAI agent is AD-57213 (&2efb’ to 3):
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf (SEQ ID NO:13)Antisense (5’ to 3'):
usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg (SEQ ID NO:14)herein A, C, G, and U are

15 ribose A, C, G or U; a, ¢, g, and u arg2methyl (2-OMe) A, C, G, or U; Af, Cf, Gf or Uf
are 2-fluoro A, C, G or U; and s is a phosphorothioéitikage)).

In one embodiment, the agent is administered dsenpaceutical compositon. In one
embodiment, the RNAI agent is administered in aouffiered solution, such as saline or
water.

20 In another embodiment, the siRNA is administeretthaibuffer solution, such as a
buffer solution comprising acetate, citrate, prdlancarbonate, or phosphate or any
combination thereof. In one embodiment, the bugtdution is phosphate buffered saline
(PBS).
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In one aspect, the present invention provides nastiod preventing at least one
symptom in a subject having a disorder that woeddbit from reduction in Serpincl
expression. The methods include administeringéosubject a fixed dose of about 25 mg to
about 100 mg of a double stranded ribonucleic éRMAI) agent, wherein the double
stranded RNAIi agent comprises a sense strand aadt@ense strand, the antisense strand
comprising a region of complementarity which corsgsi at least 15 contiguous nucleotides
differing by no more than 3 nucleotides from theleatide sequence of 5’ -
UUGAAGUAAAUGGUGUUAACCAG - 3'(SEQ ID NO: 15), wheraisubstantially all of
the nucleotides of the sense strand and substgratibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein tbabté stranded RNAI agent comprises a
ligand,e.g., the sense strand of the double stranded RNAI ageainjugated to a ligand
attached at the 3’-terminus of the sense strand.

In another aspect the present invention providaboals of treating a subject having
a disorder that would benefit from reduction ingecl expression. The methods include
administering to the subject a fixed dose of al&5uing to about 100 mg of a double
stranded ribonucleic acid (RNAI) agent, whereindbeble stranded RNAi agent comprises
a sense strand and an antisense strand, thensetisieand comprising a region of
complementarity which comprises at least 15 contigunucleotides differing by no more
than 3 nucleotides from the nucleotide sequenée of
UUGAAGUAAAUGGUGUUAACCAG - 3'(SEQ ID NO: 15), wheraisubstantially all of
the nucleotides of the sense strand and substaraibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein tbabté stranded RNAI agent comprises a
ligand,e.g., the sense strand of the double stranded RNAI ageaijugated to a ligand
attached at the 3’-terminus of the sense strand.

The double stranded RNAI agent may be administeréiade subject in two or more
doses.

In some embodiments, the double stranded RNAI ageadministered to the subject
once a month, once every five weeks, once everwseks, once every seven weeks, once
every 2 months, once a quarter, or as needed.

In one embodiment, the double stranded RNAI ageatiministered to the subject
once a month. In another embodiment, the doutdeded RNAI agent is administered to
the subject once every six weeks. In one embodintte® double stranded RNAI agent is
administered to the subject once every 2 months/et another embodiment, the double
stranded RNAI agent is administered to the sulgace a quarter.

The double stranded RNAI agent may be administeréide subject ag.g., a fixed
dose of between about 25 mg to about 100ewg, between about 25 mg to about 95 mg,
between about 25 mg to about 90 mg, between albooigPto about 85 mg, between about
25 mg to about 80 mg, between about 25 mg to al®utg, between about 25 mg to about
70 mg, between about 25 mg to about 65 mg, betabent 25 mg to about 60 mg, between
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about 25 mg to about 50 mg, between about 50 mbaat 100 mg, between about 50 mg to
about 95 mg, between about 50 mg to about 90 ntgieled about 50 mg to about 85 mg,
between about 50 mg to about 80 mg, between alfontgBto about 100 mg, between about
30 mg to about 90 mg, between about 30 mg to é&®utg, between about 40 mg to about
100 mg, between about 40 mg to about 90 mg, betakeut 40 mg to about 80 mg, between
about 60 mg to about 100 mg, between about 60 mpdat 90 mg, between about 25 mg to
about 55 mg, between about 25 mg to about 65 ntgeled about 30 mg to about 95 mg,
between about 30 mg to about 85 mg, between alfooigBto about 75 mg, between about
30 mg to about 65 mg, between about 30 mg to di®utg, between about 40 mg to about
95 mg, between about 40 mg to about 85 mg, betabeunt 40 mg to about 75 mg, between
about 40 mg to about 65 mg, between about 40 nmbaat 55 mg, or between about 45 mg
to about 95 mg.

In some embodiments, the double stranded RNAI agentbe administered as a
fixed dose of about 25 mg, about 30 mg, about 35ahgut 40 mg, about 45 mg, about 50
mg, about 55 mg, about 60 mg, about 65 mg, abomg,tabout 75 mg, about 80 mg, about
85 mg, about 90 mg, about 95 mg, or about 100 mg.

In some embodiments, the double stranded RNAI ageadministered to the subject
as a fixed dose of about 25 mg; or as a fixed dbsdout 50 mg; or as a fixed dose of about
80 mg; or as a fixed dose of about 100 mg.

In one embodiment, the double stranded RNAI ageatiministered to the subject
subcutaneously.

In one embodiment, administration of the dose efdbuble stranded RNAI agent to
the subject lowers Serpincl activity in the subfgcabout 70% to about 95%, about 70% to
about 80%, about 80% to about 90%, about 90% tatedi$, or by more than 95%.

In another embodiment, administration of the ddsé@ double stranded RNAI agent
to the subject increases peak thrombin levelsarsttbject to within the range of peak
thrombin levels in a subject that does not havesarder that would benefit from reduction in
Serpincl expression.

In one embodiment, administration of the dose efdbuble stranded RNAI agent to
the subject is sufficient to achieve peak throngeneration levels in the subject to about the
same level achieved by administration to the stlmeEactor VIII.

In another embodiment, administration of the ddsé@double stranded RNAI agent
to the subject is sufficient to achieve peak throngeneration levels of greater than about
40%, 45%, 50%, 55%, or greater than about 60%adrstibject.

In yet another embodiment, administration of theedof the double stranded RNAI
agent to the subject decreases the annual blee@ARBR) of the subject by about 80% to
about 95%, about 80% to about 85%, about 85% tate@o, or about 90% to about 95%,
as compared to the median historical on-demand ABfbjects having a disorder that
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would benefit from reduction in Serpincl expresdiwat are not administered the double
stranded RNAI agent.

In one embodiment, double stranded RNAI agentmsiaidtered with a buffer
solution, such as a buffer solution comprising ategtcitrate, prolamine, carbonate, or
phosphate or any combination thereof. In one enmbedi, the buffer solution is phosphate
buffered saline (PBS).

In one embodiment, the subject is a human.

The disorder may be a bleeding disorder, such asa@mired bleeding disorder or an
inherited bleeding disordee.g., a hemophiliage.g., hemophilia A, hemophilia B, or
hemophilia C.

In one embodiment, the subject has hemophilia Aisuadh inhibitor subject. In
another embodiment, the subject has hemophiliadBsan inhibitor subject. In yet another
embodiment, the subject has hemophilia C and islahitor subject.

In one embodiment, the double stranded RNAIi ageatministered to the subject
subcutaneously.

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

In one embodiment, the modified nucleotides arepethdently selected from the
group consisting of a 2'-deoxy-2'-fluoro modifiegcteotide, a 2'-deoxy-modified nucleotide,
a locked nucleotide, an abasic nucleotide, a 2harmodified nucleotide, a 2’-alkyl-
modified nucleotide, a morpholino nucleotide, agtworamidate, and a non-natural base
comprising nucleotide.

The region of complementarity may be at least 1dleatides in length or 19
nucleotides in length.

In one embodiment, the region of complementarityesveen 19 and 21 nucleotides
in length. In another embodiment, the region ahptementarity is between 21 and 23
nucleotides in length.

In one embodiment, each strand is no more tharud@atides in length.

At least one strand of the double stranded RNAnagey comprise a 3’ overhang of
at least 1 nucleotide or a 3’ overhang of at |I@asticleotidese.g., 2, 3, 4, 5, 6, 7, 9, 10, 11,
12, 13, 14, or 15 nucleotides. In other embodiseattleast one strand of the RNAIi agent
comprises a 5’ overhang of at least 1 nucleotittecertain embodiments, at least one strand
comprises a 5’ overhang of at least 2 nucleotides,2, 3, 4, 5,6, 7, 9, 10, 11, 12, 13, 14, or
15 nucleotides. In still other embodiments, bo#h 3’ and the 5’ end of one strand of the
RNAI agent comprise an overhang of at least 1 micle.

In certain embodiments, the ligand is an N-acetgilgasamine (GalNAc). The
ligand may be one or more GalNAc attached to th&Rdgent through a monovalent, a
bivalent, or a trivalent branched linker. The liganay be conjugated to the 3’ end of the
sense strand of the double stranded RNAI ageng’teed of the sense strand of the double
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stranded RNAI agent, the 3’ end of the antisensmdtof the double stranded RNAI agent,
or the 5’ end of the antisense strand of the dositénded RNAI agent.
In some embodiments, the double stranded RNAI agarthe invention comprise a
plurality, e.g., 2, 3, 4, 5, or 6, of GalNAc, each independeattached to a plurality of
5 nucleotides of the double stranded RNAIi agent thincau plurality of monovalent linkers.
In certain embodiments, the ligand is

Ho OH
Q H H
HO o\/\/\n/N\/\/N

\/\/\H/N
AcHN H

(0]

In one embodiment, the RNAI agent is conjugatetthédigand as shown in the
following schematic

10 AcHN oH A and, wherein X is O or S.
In one embodiment, the X is O.
In one embodiment, the region of complementaritystgis of the nucleotide
sequence of 5-UUGAAGUAAAUGGUGUUAACCAG-3'(SEQ ID NA5).
In one embodiment, the double stranded RNAIi agemiprises a sense strand
15 comprising the nucleotide sequence of 5’- GGUUAAGRIJUUACUUCAA -3'(SEQ ID
NO: 16), and an antisense strand comprising thieatide sequence of 5'-
UUGAAGUAAAUGGUGUUAACCAG-3'(SEQ ID NO: 15).
In one embodiment, the sense strand comprises 5'-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID N@.3) and the antisense strand
20 comprises 5'- usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsas@®’ (SEQ ID NO:14), wherein A,
C, G, and U areribose A, C, G or U; a, ¢, g, amdeu2-O-methyl (2-OMe) A, C, G, or U;
Af, Cf, Gf or Uf are 2-fluoro A, C, G or U; and s is a phosphorothioat&dge.
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In one embodiment, the sense strand comprises 5'-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID N@3) and the antisense strand
comprises 5'- usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsas@’ (SEQ ID NO:14), wherein A,
C, G, and U are ribose A, C, G or U; a, c, g, amdeu2-O-methyl (2-OMe) A, C, G, or U,
Af, Cf, Gf or Uf are 2fluoro A, C, G or U; and s is a phosphorothioéitikage; and wherein
the sense strand is conjugated to the ligand asrshothe following schematic

.
(0]

5 OH
Nl ;
N

(6]
e, _H
AcHN \/\/\[r \E
HO O\/\/\H/N\/\/N\ﬂ/\/o\%/
(6]

AcHN
Ny .
AcHN OMNMN ° , wherein X is O or S.

In one embodiment, the agent is administered dmenaceutical compositon. In one
embodiment, the RNAI agent is administered in aouffiered solution, such as saline or
water.

In another embodiment, the siRNA is administeretthaibuffer solution, such as a
buffer solution comprising acetate, citrate, pralamncarbonate, or phosphate or any
combination thereof. In one embodiment, the bugtdution is phosphate buffered saline
(PBS).

In a further aspect, the present invention providesfor performing the methods of
the invention. The kits may include an RNAI agehthe invention, and instructions for use,
and optionally, means for administering the RNAeigto the subject.

In one aspect, the present invention provides nastiod preventing at least one
symptom in a subject having a disorder that woddfit from reduction in Serpincl
expression. The methods include administeringéosubject a fixed dose of about 50 mg of
a double stranded ribonucleic acid (RNAI) agenterein the fixed dose of the double
stranded RNAI agent is administered to the sulgbout once per month, wherein the double
stranded RNAIi agent comprises a sense strand aadt@ense strand, the antisense strand
comprising a region of complementarity which corsesi at least 15 contiguous nucleotides
differing by no more than 3 nucleotides from theleatide sequence of 5’ -
UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), where substantially all of
the nucleotides of the sense strand and substgratibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein theestrand is conjugated to a ligand
attached at the 3’-terminus, thereby preventingagt one symptom in the subject having a
disorder that would benefit from reduction in Sagdi expression.
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In another aspect, the present invention providethaas of treating a subject having
a disorder that would benefit from reduction ingecl expression. The methods include
administering to the subject a fixed dose of atk@uing of a double stranded ribonucleic acid
(RNAI) agent, wherein the fixed dose of the dowditanded RNAI agent is administered to
the subject about once per month, wherein the @ostbhnded RNAi agent comprises a sense
strand and an antisense strand, the antisensel stoanprising a region of complementarity
which comprises at least 15 contiguous nucleotitiésring by no more than 3 nucleotides
from the nucleotide sequence of 5’ - UUGAAGUAAAUGGUUAACCAG - 3’ (SEQ ID
NO: 15), wherein substantially all of the nucleesdf the sense strand and substantially all
of the nucleotides of the antisense strand are flredchucleotides, and wherein the sense
strand is conjugated to a ligand attached at ther&iinus, thereby treating the subject
having a disorder that would benefit from reductioiBerpincl expression.

In one aspect, the present invention provides nastiob preventing at least one
symptom in a subject having a disorder that woddfit from reduction in Serpincl
expression. The methods include administeringéosubject a fixed dose of about 80 mg of
a double stranded ribonucleic acid (RNAI) agenterein the fixed dose of the double
stranded RNAI agent is administered to the sulgbout once per month, wherein the double
stranded RNAIi agent comprises a sense strand aadt@ense strand, the antisense strand
comprising a region of complementarity which coraesi at least 15 contiguous nucleotides
differing by no more than 3 nucleotides from theleatide sequence of 5’ -
UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), where substantially all of
the nucleotides of the sense strand and substgraibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein theestrand is conjugated to a ligand
attached at the 3’-terminus, thereby preventingagt one symptom in the subject having a
disorder that would benefit from reduction in Sagdi expression.

In another aspect, the present invention providethaas of treating a subject having
a disorder that would benefit from reduction ingecl expression. The methods include
administering to the subject a fixed dose of al@fuing of a double stranded ribonucleic acid
(RNAI) agent, wherein the fixed dose of the dowditanded RNAI agent is administered to
the subject about once per month, wherein the @ostbhnded RNAi agent comprises a sense
strand and an antisense strand, the antisensel stoanprising a region of complementarity
which comprises at least 15 contiguous nucleotitiésring by no more than 3 nucleotides
from the nucleotide sequence of 5’ - UUGAAGUAAAUGGUUAACCAG - 3’ (SEQ ID
NO: 15), wherein substantially all of the nucleesdf the sense strand and substantially all
of the nucleotides of the antisense strand are flredchucleotides, and wherein the sense
strand is conjugated to a ligand attached at ther&iinus, thereby treating the subject
having a disorder that would benefit from reductioiBerpincl expression.
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In one embodiment, administration of the dose efdbuble stranded RNAI agent to
the subject lowers Serpincl activity in the subfgcabout 70% to about 95%, about 70% to
about 80%, about 80% to about 90%, about 90% tatedi$, or by more than 95%.

In another embodiment, administration of the ddsé@ double stranded RNAI agent
to the subject increases peak thrombin levelsarsttbject to within the range of peak
thrombin levels in a subject that does not havesarder that would benefit from reduction in
Serpincl expression.

In one embodiment, administration of the dose efdbuble stranded RNAI agent to
the subject is sufficient to achieve peak throngeneration levels in the subject to about the
same level achieved by administration to the stlmEEactor VIII.

In another embodiment, administration of the ddsé@ double stranded RNAI agent
to the subject is sufficient to achieve peak throngeneration levels of greater than about
40%, 45%, 50%, 55%, or greater than about 60%sdrstibject.

In yet another embodiment, administration of theedof the double stranded RNAI
agent to the subject decreases the annual blee@ARBR) of the subject by about 80% to
about 95%, about 80% to about 85%, about 85% tate@o, or about 90% to about 95%,
as compared to the median historical on-demand ABfbjects having a disorder that
would benefit from reduction in Serpincl expresdiwat are not administered the double
stranded RNAI agent.

In one embodiment, double stranded RNAIi agentisiadtered with a buffer
solution, such as a buffer solution comprising ategtcitrate, prolamine, carbonate, or
phosphate or any combination thereof. In one enmbedi, the buffer solution is phosphate
buffered saline (PBS).

In one embodiment, the subject is a human.

The disorder may be a bleeding disorder, such asa@mired bleeding disorder or an
inherited bleeding disordee.g., a hemophiliage.g., hemophilia A, hemophilia B, or
hemophilia C.

In one embodiment, the subject has hemophilia Aisuadh inhibitor subject. In
another embodiment, the subject has hemophiliadBsan inhibitor subject. In yet another
embodiment, the subject has hemophilia C and islahitor subject.

In one embodiment, the double stranded RNAI ageatiministered to the subject
subcutaneously.

In one embodiment, the double stranded RNAI ageatiministered to the subject
chronically.

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

In one embodiment, the modified nucleotides arepethdently selected from the
group consisting of a 2'-deoxy-2'-fluoro modifiegcteotide, a 2'-deoxy-modified nucleotide,
a locked nucleotide, an abasic nucleotide, a 2harmodified nucleotide, a 2’-alkyl-
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modified nucleotide, a morpholino nucleotide, aggtworamidate, and a non-natural base
comprising nucleotide.

The region of complementarity may be at least 1dantides in length or 19
nucleotides in length.

In one embodiment, the region of complementarityesveen 19 and 21 nucleotides
in length. In another embodiment, the region ahptementarity is between 21 and 23
nucleotides in length.

In one embodiment, each strand is no more tharud@atides in length.

At least one strand of the double stranded RNAnagey comprise a 3’ overhang of
at least 1 nucleotide or a 3’ overhang of at I@asticleotidese.g., 2, 3, 4, 5,6, 7, 9, 10, 11,
12, 13, 14, or 15 nucleotides. In other embodimeaitleast one strand of the RNAI agent
comprises a 5’ overhang of at least 1 nucleotittecertain embodiments, at least one strand
comprises a 5’ overhang of at least 2 nucleotides,?2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 14, or
15 nucleotides. In still other embodiments, bo#h 3’ and the 5’ end of one strand of the
RNAI agent comprise an overhang of at least 1 micle.

In certain embodiments, the ligand is an N-acetglgasamine (GalNAc). The
ligand may be one or more GalNAc attached to th&Rdgent through a monovalent, a
bivalent, or a trivalent branched linker. The liganay be conjugated to the 3’ end of the
sense strand of the double stranded RNAI ageng’teed of the sense strand of the double
stranded RNAI agent, the 3’ end of the antisensmdtof the double stranded RNAI agent,
or the 5’ end of the antisense strand of the dositénded RNAI agent.

In some embodiments, the double stranded RNAI agatthe invention comprise a
plurality, e.g., 2, 3, 4, 5, or 6, of GalNAc, each independeattached to a plurality of
nucleotides of the double stranded RNAI agent thincau plurality of monovalent linkers.

In certain embodiments, the ligand is
OH

HO
Q H H
HO o\/\/\n/N\/\/N
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In one embodiment, the RNAIi agent is conjugatetthédigand as shown in the
following schematic

HOACHN \/\/\[Or ~ \E
o} H H ]
HO O. N N N O.
N v~ "

AcHN e} 0

\&&0 ~ f
HO N N0

AcHN and, wherein X is O or S.

In one embodiment, the X is O.

5 In one embodiment, the region of complementarityscsis of the nucleotide
sequence of 5-UUGAAGUAAAUGGUGUUAACCAG-3 (SEQ ID®: 15).

In one embodiment, the double stranded RNAI agemiprises a sense strand
comprising the nucleotide sequence of 5’- GGUUAAGRIJUUACUUCAA -3'(SEQ ID
NO: 16), and an antisense strand comprising thieatide sequence of 5'-

10 UUGAAGUAAAUGGUGUUAACCAG-3' (SEQ ID NO: 15).

In one embodiment, the sense strand comprises 5'-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID N@3) and the antisense strand
comprises 5'- usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsas@’ (SEQ ID NO:14), wherein A,
C, G, and U are ribose A, C, G or U; a, c, g, amdeu2-O-methyl (2-OMe) A, C, G, or U,

15 Af, Cf, Gf or Uf are 2fluoro A, C, G or U; and s is a phosphorothioat&dge.

In one embodiment, the sense strand comprises 5’-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID N@3) and the antisense strand
comprises 5'- usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsas@’ (SEQ ID NO:14), wherein A,
C, G, and U are ribose A, C, G or U; a, c, g, amdeu2-O-methyl (2-OMe) A, C, G, or U,

20 Af, Cf, Gf or Uf are 2fluoro A, C, G or U; and s is a phosphorothioéitlkage; and wherein
the sense strand is conjugated to the ligand asrshothe following schematic
3
(0]
ANDLANDN o
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In one embodiment, the agent is administered dmeaceutical compositon. In one
embodiment, the RNAI agent is administered in aouffiered solution, such as saline or
water.

In another embodiment, the siRNA is administeretthaibuffer solution, such as a
buffer solution comprising acetate, citrate, pralamcarbonate, or phosphate or any
combination thereof. In one embodiment, the bugtdution is phosphate buffered saline
(PBS).

In a further aspect, the present invention providesfor performing the methods of
the invention. The kits may include an RNAI agehthe invention, and instructions for use,
and optionally, means for administering the RNAeigto the subject.

In one aspect, the present invention provides nastiod preventing at least one
symptom in a subject having a disorder that woaddbit from reduction in Serpincl
expression. The methods include administeringéosubject a fixed dose of about 50 mg of
a double stranded ribonucleic acid (RNAI) agenterein the fixed dose of the double
stranded RNAI agent is administered to the sulgbout once per month, wherein the double
stranded RNAIi agent comprises a sense strand ceimgpthe nucleotide sequence of 5'-
GGUUAACACCAUUUACUUCAA -3’ (SEQ ID NO: 16), and amésense strand
comprising the nucleotide sequence of 5’-UUGAAGUABBGUGUUAACCAG-3’ (SEQ
ID NO: 15), wherein substantially all of the nudieles of the sense strand and substantially
all of the nucleotides of the antisense strandrardified nucleotides, and wherein the sense
strand is conjugated to a ligand attached at thter&inus, thereby preventing at least one
symptom in the subject having a disorder that wanadefit from reduction in Serpincl
expression.

In another aspect, the present invention providethaas of treating a subject having
a disorder that would benefit from reduction ingecl expression. The methods include
administering to the subject a fixed dose of atk@uing of a double stranded ribonucleic acid
(RNAI) agent, wherein the fixed dose of the dowditanded RNAI agent is administered to
the subject about once per month, wherein the @ostbhnded RNAi agent comprises a sense
strand comprising the nucleotide sequence of 5’"UGBACACCAUUUACUUCAA -3’

(SEQ ID NO: 16), and an antisense strand comprigiagiucleotide sequence of 5'-
UUGAAGUAAAUGGUGUUAACCAG-3'(SEQ ID NO: 15), whereisubstantially all of the
nucleotides of the sense strand and substantialty the nucleotides of the antisense strand
are modified nucleotides, and wherein the senaadiis conjugated to a ligand attached at
the 3’-terminus, thereby treating the subject hg\a disorder that would benefit from
reduction in Serpincl expression.

In one aspect, the present invention provides nastiod preventing at least one
symptom in a subject having a disorder that woddfit from reduction in Serpincl
expression. The methods include administeringéosubject a fixed dose of about 80 mg of
a double stranded ribonucleic acid (RNAI) agenterein the fixed dose of the double
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stranded RNAI agent is administered to the sulgbout once per month, wherein the double
stranded RNAIi agent comprises a sense strand ceingpthe nucleotide sequence of 5'-
GGUUAACACCAUUUACUUCAA -3’ (SEQ ID NO: 16), and amésense strand
comprising the nucleotide sequence of 5’-UUGAAGUABBGUGUUAACCAG-3’ (SEQ

ID NO: 15), wherein substantially all of the nudides of the sense strand and substantially
all of the nucleotides of the antisense strandraydified nucleotides, and wherein the sense
strand is conjugated to a ligand attached at ther@iinus, thereby preventing at least one
symptom in the subject having a disorder that wdaddefit from reduction in Serpincl
expression.

In another aspect, the present invention providethaas of treating a subject having
a disorder that would benefit from reduction ingecl expression. The methods include
administering to the subject a fixed dose of al@fuing of a double stranded ribonucleic acid
(RNAI) agent, wherein the fixed dose of the dowditanded RNAI agent is administered to
the subject about once per month, wherein the @ostbhnded RNAi agent comprises a sense
strand comprising the nucleotide sequence of 5’"UGBACACCAUUUACUUCAA -3’

(SEQ ID NO: 16), and an antisense strand comprigiagiucleotide sequence of 5’-
UUGAAGUAAAUGGUGUUAACCAG-3' (SEQ ID NO: 15), whereisubstantially all of

the nucleotides of the sense strand and substgratibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein theesstrand is conjugated to a ligand
attached at the 3’-terminus, thereby treatingstiigect having a disorder that would benefit
from reduction in Serpincl expression.

In one embodiment, administration of the dose efdbuble stranded RNAI agent to
the subject lowers Serpincl activity in the subfgcabout 70% to about 95%, about 70% to
about 80%, about 80% to about 90%, about 90% tatedi$, or by more than 95%.

In another embodiment, administration of the ddsé@ double stranded RNAI agent
to the subject increases peak thrombin levelsearsttbject to within the range of peak
thrombin levels in a subject that does not havesarder that would benefit from reduction in
Serpincl expression.

In one embodiment, administration of the dose efdbuble stranded RNAI agent to
the subject is sufficient to achieve peak throngeneration levels in the subject to about the
same level achieved by administration to the stlmEEactor VIII.

In another embodiment, administration of the ddsé@ double stranded RNAI agent
to the subject is sufficient to achieve peak throngeneration levels of greater than about
40%, 45%, 50%, 55%, or greater than about 60%sdrstibject.

In yet another embodiment, administration of theedof the double stranded RNAI
agent to the subject decreases the annual blee@ABR) of the subject by about 80% to
about 95%, about 80% to about 85%, about 85% tated@o, or about 90% to about 95%,
as compared to the median historical on-demand ABfbjects having a disorder that

29



10

15

20

25

30

35

would benefit from reduction in Serpincl expresdiwat are not administered the double
stranded RNAI agent.

In one embodiment, double stranded RNAI agentmsiaidtered with a buffer
solution, such as a buffer solution comprising ategtcitrate, prolamine, carbonate, or
phosphate or any combination thereof. In one enmbedi, the buffer solution is phosphate
buffered saline (PBS).

In one embodiment, the subject is a human.

The disorder may be a bleeding disorder, such asa@mred bleeding disorder or an
inherited bleeding disordee.g., a hemophiliage.g., hemophilia A, hemophilia B, or
hemophilia C.

In one embodiment, the subject has hemophilia Aisuadh inhibitor subject. In
another embodiment, the subject has hemophiliadBsan inhibitor subject. In yet another
embodiment, the subject has hemophilia C and islahitor subject.

In one embodiment, the double stranded RNAIi ageatministered to the subject
subcutaneously.

In one embodiment, the double stranded RNAIi ageatministered to the subject
chronically.

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

In one embodiment, the modified nucleotides arepethdently selected from the
group consisting of a 2'-deoxy-2'-fluoro modifiegcteotide, a 2'-deoxy-modified nucleotide,
a locked nucleotide, an abasic nucleotide, a 2harmodified nucleotide, a 2’-alkyl-
modified nucleotide, a morpholino nucleotide, agtworamidate, and a non-natural base
comprising nucleotide.

In one embodiment, each strand is no more tharu@atides in length.

At least one strand of the double stranded RNAnagey comprise a 3’ overhang of
at least 1 nucleotide or a 3’ overhang of at I@asticleotidese.g., 2, 3, 4, 5,6, 7, 9, 10, 11,
12, 13, 14, or 15 nucleotides. In other embodiseattleast one strand of the RNAIi agent
comprises a 5’ overhang of at least 1 nucleotittecertain embodiments, at least one strand
comprises a 5’ overhang of at least 2 nucleotides,?2, 3, 4, 5,6, 7, 9, 10, 11, 12, 13, 14, or
15 nucleotides. In still other embodiments, bo#h 3’ and the 5’ end of one strand of the
RNAI agent comprise an overhang of at least 1 micle.

In certain embodiments, the ligand is an N-acetglgasamine (GalNAc). The
ligand may be one or more GalNAc attached to th&Rdgent through a monovalent, a
bivalent, or a trivalent branched linker. The liganay be conjugated to the 3’ end of the
sense strand of the double stranded RNAI ageng’teed of the sense strand of the double
stranded RNAI agent, the 3’ end of the antisensmdtof the double stranded RNAI agent,
or the 5’ end of the antisense strand of the dositénded RNAI agent.
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In some embodiments, the double stranded RNAI agarthe invention comprise a
plurality, e.g., 2, 3, 4, 5, or 6, of GalNAc, each independeattached to a plurality of
nucleotides of the double stranded RNAI agent thincau plurality of monovalent linkers.

In certain embodiments, the ligand is

Ho OH

Q H H
HO O\/\/\H/N\/\/N

OH

HO o

° o N § o\%w
HO \/\/\n/ ~ N \n/\/

(6]

AcHN
Ho OH
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5 AcHN 5

In one embodiment, the RNAI agent is conjugatetthédigand as shown in the
following schematic

HO OH K
(o]
HO&Q/O\/\/\"/N/\/\N o}
AcHN oH H and, wherein X is O or S.

In one embodiment, the X is O.

10 In one embodiment, the sense strand comprises 5'-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID N@.3) and the antisense strand
comprises 5'- usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsas@®’ (SEQ ID NO:14), wherein A,
C, G, and U areribose A, C, G or U; a, ¢, g, amdeu2-O-methyl (2-OMe) A, C, G, or U;
Af, Cf, Gf or Uf are 2-fluoro A, C, G or U; and s is a phosphorothioat&dge.

15 In one embodiment, the sense strand comprises 5'-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID N@.3) and the antisense strand
comprises 5'- usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsas@®’ (SEQ ID NO:14), wherein A,
C, G, and U areribose A, C, G or U; a, ¢, g, amdeu2-O-methyl (2-OMe) A, C, G, or U;
Af, Cf, Gf or Uf are 2fluoro A, C, G or U; and s is a phosphorothiodittkkage; and wherein

20 the sense strand is conjugated to the ligand asrshothe following schematic
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In another embodiment, the siRNA is administeretthaibuffer solution, such as a
buffer solution comprising acetate, citrate, prdlancarbonate, or phosphate or any
combination thereof. In one embodiment, the bugtdution is phosphate buffered saline
(PBS).

In a further aspect, the present invention providesfor performing the methods of
the invention. The kits may include an RNAI agehthe invention, and instructions for use,
and optionally, means for administering the RNAguigto the subject.

In one aspect, the present invention provides nakstlod preventing at least one
symptom in a subject having a hemophiéa,, hemophilia A (with or without inhibitors),
hemophilia B (with or without inhibitors), or heipioilia C (with or without inhibitors). The
methods include administering to the subject adfidese of about 50 mg of a double
stranded ribonucleic acid (RNAI) agent, whereinfiked dose of the double stranded RNAI
agent is administered to the subject about oncenpaith, wherein the double stranded RNAI
agent comprises a sense strand comprising theatiddesequence of 5'-
GGUUAACACCAUUUACUUCAA -3’ (SEQ ID NO: 16), and amésense strand
comprising the nucleotide sequence of 5’-UUGAAGUABBGUGUUAACCAG-3’ (SEQ
ID NO: 15), wherein substantially all of the nudides of the sense strand and substantially
all of the nucleotides of the antisense strandvardified nucleotides, and wherein the sense
strand is conjugated to a ligand attached at thter&inus, thereby preventing at least one
symptom in the subject having a disorder that wdaddefit from reduction in Serpincl
expression.

In another aspect, the present invention providethaas of treating a subject having
a hemophiliag.g., hemophilia A (with or without inhibitors), hemopiki B (with or without
inhibitors), or hemophilia C (with or without ir#itors). The methods include administering
to the subject a fixed dose of about 50 mg of atstranded ribonucleic acid (RNAI)
agent, wherein the fixed dose of the double strdir¢Ai agent is administered to the
subject about once per month, wherein the doubdaded RNAiI agent comprises a sense
strand comprising the nucleotide sequence of 5’ UGBACACCAUUUACUUCAA -3’

(SEQ ID NO: 16), and an antisense strand comprigiagiucleotide sequence of 5'-
UUGAAGUAAAUGGUGUUAACCAG-3' (SEQ ID NO: 15), whereisubstantially all of

32



10

15

20

25

30

35

the nucleotides of the sense strand and substgratibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein theesstrand is conjugated to a ligand
attached at the 3’-terminus, thereby treatingstiigect having a disorder that would benefit
from reduction in Serpincl expression.

In one aspect, the present invention provides nakstlod preventing at least one
symptom in a subject having a hemophiég,, hemophilia A (with or without inhibitors),
hemophilia B (with or without inhibitors), or heipioilia C (with or without inhibitors). The
methods include administering to the subject adfidese of about 80 mg of a double
stranded ribonucleic acid (RNAI) agent, whereinfiked dose of the double stranded RNAI
agent is administered to the subject about oncenpaith, wherein the double stranded RNAI
agent comprises a sense strand comprising theatiddesequence of 5'-
GGUUAACACCAUUUACUUCAA -3’ (SEQ ID NO: 16), and amésense strand
comprising the nucleotide sequence of 5’-UUGAAGUABBGUGUUAACCAG-3’ (SEQ
ID NO: 15), wherein substantially all of the nudides of the sense strand and substantially
all of the nucleotides of the antisense strandrardified nucleotides, and wherein the sense
strand is conjugated to a ligand attached at ther@iinus, thereby preventing at least one
symptom in the subject having a disorder that wdaédefit from reduction in Serpincl
expression.

In another aspect, the present invention providethaas of treating a subject having
a hemophiliag.g., hemophilia A (with or without inhibitors), hemogiki B (with or without
inhibitors), or hemophilia C (with or without iritors). The methods include administering
to the subject a fixed dose of about 80 mg of atstranded ribonucleic acid (RNAI)
agent, wherein the fixed dose of the double strdirI¢Ai agent is administered to the
subject about once per month, wherein the doubdaded RNAiI agent comprises a sense
strand comprising the nucleotide sequence of 5’ UGBACACCAUUUACUUCAA -3’

(SEQ ID NO: 16), and an antisense strand comprigiagiucleotide sequence of 5'-
UUGAAGUAAAUGGUGUUAACCAG-3' (SEQ ID NO: 15), whereisubstantially all of

the nucleotides of the sense strand and substgraibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein theesstrand is conjugated to a ligand
attached at the 3’-terminus, thereby treatingstiigect having a disorder that would benefit
from reduction in Serpincl expression.

In one aspect, the present invention provides nakstlod preventing at least one
symptom in a subject having a hemophiéa,, hemophilia A (with or without inhibitors),
hemophilia B (with or without inhibitors), or heipioilia C (with or without inhibitors). The
methods include administering to the subject adfidese of about 50 mg of a double
stranded ribonucleic acid (RNAI) agent, whereinfiked dose of the double stranded RNAI
agent is administered to the subject about oncenpaith, wherein the double stranded RNAI
agent comprises a sense strand comprising theatiddesequence of 5'-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID N@.3) and an antisense strand
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comprising the nucleotide sequence of 5’- usUfs@gAisAfaAfuggUfgUfuAfaCfcsasg — 3’
(SEQ ID NO:14), wherein A, C, G, and U are riboseCAG or U; a, ¢, g, and u areQ-
methyl (2-OMe) A, C, G, or U; Af, Cf, Gf or Uf are’2luoro A, C, GorU; and sis a
phosphorothioate linkage, and wherein the senaadis conjugated to a ligand attached at
the 3’-terminus, thereby preventing at least omaypm in the subject having a disorder that
would benefit from reduction in Serpincl expression

In another aspect, the present invention providethaas of treating a subject having
a hemophiliag.g., hemophilia A (with or without inhibitors), hemogiki B (with or without
inhibitors), or hemophilia C (with or without ir#itors). The methods include administering
to the subject a fixed dose of about 50 mg of atstranded ribonucleic acid (RNAI)
agent, wherein the fixed dose of the double strdir¢Ai agent is administered to the
subject about once per month, wherein the doubdded RNAiI agent comprises a sense
strand comprising the nucleotide sequence of 56g&8fuAfaCfaCfCfAfuUfuAfcUfuCfaAf
— 3’ (SEQ ID NO:13) and an antisense strand conmgyithe nucleotide sequence of 5’-
usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg — 3’ (SEQ IDON14), wherein A, C, G, and U
are ribose A, C, G or U; a, ¢, g, and u dr®zZnethyl (2-OMe) A, C, G, or U; Af, Cf, Gf or
Uf are 2-fluoro A, C, G or U; and s is a phosphorothioat&dge, and wherein the sense
strand is conjugated to a ligand attached at ther&iinus, thereby treating the subject
having a disorder that would benefit from reductioiBerpincl expression.

In one aspect, the present invention provides nakstlod preventing at least one
symptom in a subject having a hemophiég,, hemophilia A (with or without inhibitors),
hemophilia B (with or without inhibitors), or heipioilia C (with or without inhibitors). The
methods include administering to the subject adfidese of about 80 mg of a double
stranded ribonucleic acid (RNAI) agent, whereinfiked dose of the double stranded RNAI
agent is administered to the subject about oncenpaith, wherein the double stranded RNAI
agent comprises a sense strand comprising theatiddesequence of 5'-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID N@.3) and an antisense strand
comprising the nucleotide sequence of 5’- usUfs@gAisAfaAfuggUfgUfuAfaCfcsasg — 3’
(SEQ ID NO:14), wherein A, C, G, and U are riboseCAG or U; a, ¢, g, and u areQ@-
methyl (2-OMe) A, C, G, or U; Af, Cf, Gf or Uf are’2luoro A, C, GorU;andsis a
phosphorothioate linkage, and wherein the senaadis conjugated to a ligand attached at
the 3’-terminus, thereby preventing at least gmeom in the subject having a disorder
that would benefit from reduction in Serpincl exgsien.

In another aspect, the present invention providethaas of treating a subject having
a hemophiliag.g., hemophilia A (with or without inhibitors), hemogiki B (with or without
inhibitors), or hemophilia C (with or without ir#itors). The methods include administering
to the subject a fixed dose of about 80 mg of atstranded ribonucleic acid (RNAI)
agent, wherein the fixed dose of the double strdir¢Ai agent is administered to the
subject about once per month, wherein the doubdaded RNAiI agent comprises a sense
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strand comprising the nucleotide sequence of 56g&8fuAfaCfaCfCfAfuUfuAfcUfuCfaAf
— 3’ (SEQ ID NO:13) and an antisense strand conmgyithe nucleotide sequence of 5’-
usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg — 3’ (SEQ IDON14), wherein A, C, G, and U
are ribose A, C, G or U; a, ¢, g, and u dr®zZnethyl (2-OMe) A, C, G, or U; Af, Cf, Gf or
Uf are 2-fluoro A, C, G or U; and s is a phosphorothioat&dge, and wherein the sense
strand is conjugated to a ligand attached at ther&iinus, thereby treating the subject
having a disorder that would benefit from reduciioiserpincl expression.

In one embodiment, administration of the dose efdbuble stranded RNAI agent to
the subject lowers Serpincl activity in the subfgcabout 70% to about 95%, about 70% to
about 80%, about 80% to about 90%, about 90% tatedf$, or by more than 95%.

In another embodiment, administration of the ddsé@ double stranded RNAI agent
to the subject increases peak thrombin levelsarsttbject to within the range of peak
thrombin levels in a subject that does not havesarder that would benefit from reduction in
Serpincl expression.

In one embodiment, administration of the dose efdbuble stranded RNAI agent to
the subject is sufficient to achieve peak throng@neration levels in the subject to about the
same level achieved by administration to the stilmeEactor VIII.

In another embodiment, administration of the ddsé@ double stranded RNAI agent
to the subject is sufficient to achieve peak throngeneration levels of greater than about
40%, 45%, 50%, 55%, or greater than about 60%sdrstibject.

In yet another embodiment, administration of theedof the double stranded RNAI
agent to the subject decreases the annual blee@ABR) of the subject by about 80% to
about 95%, about 80% to about 85%, about 85% tate#o, or about 90% to about 95%,
as compared to the median historical on-demand ABfbjects having a disorder that
would benefit from reduction in Serpincl expresdiwat are not administered the double
stranded RNAI agent.

In one embodiment, double stranded RNAI agentmsiaidtered with a buffer
solution, such as a buffer solution comprising ategtcitrate, prolamine, carbonate, or
phosphate or any combination thereof. In one enmbedi, the buffer solution is phosphate
buffered saline (PBS).

In one embodiment, the subject is a human.

In one embodiment, the double stranded RNAI ageatiministered to the subject
subcutaneously.

In one embodiment, the double stranded RNAI ageatiministered to the subject
chronically.
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In certain embodiments, the ligand is

Ho ©OH
Q H H
HO O\/\/\H/N N

HO O\/\/\H/N/\/\N
AcHN H H

o} :
In one embodiment, the RNAI agent is conjugatetthédigand as shown in the
5 following schematic

Ho OH (6] (0] (0]
&&O ~
HO \/\/\"/N N0 . .
AcHN oH H and, wherein X is O or S.

In one embodiment, the X is O.

In one embodiment, the sense strand comprises 5'-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID N@.3) and the antisense strand

10 comprises 5'- usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsas@’ (SEQ ID NO:14), wherein A,
C, G, and U areribose A, C, G or U; a, ¢, g, amdeu2-O-methyl (2-OMe) A, C, G, or U;
Af, Cf, Gf or Uf are 2fluoro A, C, G or U; and s is a phosphorothiodittkage; and wherein
the sense strand is conjugated to the ligand asrshothe following schematic
i,

AN e

\
0=P-X

LS

0 , wherein X is O or S.
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In another embodiment, the siRNA is administeretthaibuffer solution, such as a
buffer solution comprising acetate, citrate, pralamcarbonate, or phosphate or any
combination thereof. In one embodiment, the bugtdution is phosphate buffered saline
(PBS).

In a further aspect, the present invention providesfor performing the methods of
the invention. The kits may include an RNAI agehthe invention, and instructions for use,
and optionally, means for administering the RNAeigto the subject.

In one aspect, the present invention provides nastiod preventing at least one
symptom in a subject having a disorder that woddfit from reduction in Serpincl
expression. The methods include administeringpéosubject a fixed dose of about 40 mg to
about 90 mg of a double stranded ribonucleic d&idAi) agent, wherein the double stranded
RNAI agent comprises a sense strand and an argis¢nasd, the antisense strand
comprising a region of complementarity which corsgsi at least 15 contiguous nucleotides
differing by no more than 3 nucleotides from theleatide sequence of 5’ -
UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), where substantially all of
the nucleotides of the sense strand and substgraibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein tbabté stranded RNAI agent comprises a
ligand,e.g., the sense strand of the double stranded RNAI ageainjugated to a ligand
attached at the 3’-terminus of the sense strand.

In another aspect the present invention providaboals of treating a subject having
a disorder that would benefit from reduction ingecl expression. The methods include
administering to the subject a fixed dose of aldduing to about 90 mg of a double stranded
ribonucleic acid (RNAI) agent, wherein the doulifaisded RNAIi agent comprises a sense
strand and an antisense strand, the antisensel stoanprising a region of complementarity
which comprises at least 15 contiguous nucleotitiésring by no more than 3 nucleotides
from the nucleotide sequence of 5’ - UUGAAGUAAAUGGUUAACCAG - 3’ (SEQ ID
NO: 15), wherein substantially all of the nucleesdf the sense strand and substantially all
of the nucleotides of the antisense strand are fradchucleotides, and wherein the double
stranded RNAI agent comprises a ligaad,, the sense strand of the double stranded RNAI
agent is conjugated to a ligand attached at ther@inus of the sense strand.

The double stranded RNAI agent may be administeréiade subject in two or more
doses.

In some embodiments, the double stranded RNAI ageadministered to the subject
once a month, once every five weeks, once everwseks, once every seven weeks, once
every 2 months, once a quarter, or as needed.

In one embodiment, the double stranded RNAI ageatiministered to the subject
once a month. In another embodiment, the doutdeded RNAI agent is administered to
the subject once every six weeks. In one embodintte® double stranded RNAI agent is
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administered to the subject once every 2 monthg/et another embodiment, the double
stranded RNAI agent is administered to the sulgace a quarter.

The double stranded RNAI agent may be administerdide subject a®.g., a fixed
dose of between between about 50 mg to about 9®etgeen about 50 mg to about 85 mg,
between about 50 mg to about 80 mg, between alfooigdto about 80 mg, between about
60 mg to about 90 mg, between about 25 mg to di®utg, between about 25 mg to about
65 mg, between about 40 mg to about 85 mg, betabeunt 40 mg to about 75 mg, between
about 40 mg to about 65 mg, or between about 4@rmagout 55 mg.

In some embodiments, the double stranded RNAI agentbe administered as a
fixed dose of about 40 mg, about 45 mg, about 50ahgut 55 mg, about 60 mg, about 65
mg, about 70 mg, about 75 mg, about 80 mg, abom@or about 90 mg.

In some embodiments, the double stranded RNAI ageadministered to the subject
as a fixed dose of about 40 mg; or as a fixed dbsdout 50 mg; or as a fixed dose of about
80 mg; or as a fixed dose of about 90 mg.

In one embodiment, the double stranded RNAI ageatiministered to the subject
subcutaneously.

In one embodiment, administration of the dose efdbuble stranded RNAI agent to
the subject lowers Serpincl activity in the subjgctabout 70% to about 95%.

In another embodiment, administration of the ddsé@ double stranded RNAI agent
to the subject increases peak thrombin levelsarsttbject to within the range of peak
thrombin levels in a subject that does not havesarder that would benefit from reduction in
Serpincl expression.

In one embodiment, administration of the dose efdbuble stranded RNAI agent to
the subject is sufficient to achieve peak throngeneration levels in the subject to about the
same level achieved by administration to the stlmeEactor VIII.

In another embodiment, administration of the ddsé@double stranded RNAI agent
to the subject is sufficient to achieve peak throngeneration levels of greater than about
40% in the subject.

In yet another embodiment, administration of theedof the double stranded RNAI
agent to the subject decreases the annual blee@ABR) of the subject by about 80 to about
95% as compared to the median historical on-dem&#l of subjects having a disorder that
would benefit from reduction in Serpincl expresdiwat are not administered the double
stranded RNAI agent.

In one embodiment, double stranded RNAIi agentiisiadtered with a buffer
solution, such as a buffer solution comprising ategtcitrate, prolamine, carbonate, or
phosphate or any combination thereof. In one enmbedi, the buffer solution is phosphate
buffered saline (PBS).

In one embodiment, the subject is a human.
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The disorder may be a bleeding disorder, such asa@mired bleeding disorder or an
inherited bleeding disordee.g., a hemophiliage.g., hemophilia A, hemophilia B, or
hemophilia C.

In one embodiment, the subject has hemophilia Aisuagh inhibitor subject. In
another embodiment, the subject has hemophiliadBsaan inhibitor subject. In yet another
embodiment, the subject has hemophilia C and islahitor subject.

In one embodiment, the double stranded RNAI ageatiministered to the subject
subcutaneously.

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

In one embodiment, the modified nucleotides arepethdently selected from the
group consisting of a 2'-deoxy-2'-fluoro modifiegcteotide, a 2'-deoxy-modified nucleotide,
a locked nucleotide, an abasic nucleotide, a 2harmodified nucleotide, a 2’-alkyl-
modified nucleotide, a morpholino nucleotide, aggtwramidate, and a non-natural base
comprising nucleotide.

The region of complementarity may be at least 1dantides in length or 19
nucleotides in length.

In one embodiment, the region of complementarityesveen 19 and 21 nucleotides
in length. In another embodiment, the region ahptementarity is between 21 and 23
nucleotides in length.

In one embodiment, each strand is no more tharud@atides in length.

At least one strand of the double stranded RNAnagey comprise a 3’ overhang of
at least 1 nucleotide or a 3’ overhang of at I@asticleotideseg., 2, 3, 4, 5,6, 7, 9, 10, 11,
12, 13, 14, or 15 nucleotides. In other embodimeaitleast one strand of the RNAI agent
comprises a 5’ overhang of at least 1 nucleotittecertain embodiments, at least one strand
comprises a 5’ overhang of at least 2 nucleotides,2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 14, or
15 nucleotides. In still other embodiments, bo#h 3’ and the 5’ end of one strand of the
RNAI agent comprise an overhang of at least 1 micle.

In certain embodiments, the ligand is an N-acetglgasamine (GalNAc). The
ligand may be one or more GalNAc attached to th&Rdgent through a monovalent, a
bivalent, or a trivalent branched linker. The liganay be conjugated to the 3’ end of the
sense strand of the double stranded RNAI ageng’teed of the sense strand of the double
stranded RNAI agent, the 3’ end of the antisensmdtof the double stranded RNAI agent,
or the 5’ end of the antisense strand of the dositénded RNAI agent.

In some embodiments, the double stranded RNAI agarthe invention comprise a
plurality, e.g., 2, 3, 4, 5, or 6, of GalNAc, each independeattached to a plurality of
nucleotides of the double stranded RNAIi agent thincau plurality of monovalent linkers.
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Ho OH
Q H H
HO O\/\/\H/N\/\/N

Ho OH
o)
HO 0\/\/\[]/N/\/\
AcHN H

o} :
In one embodiment, the RNAI agent is conjugatetthédigand as shown in the
following schematic

and, wherein X is O or S.

In one embodiment, the X is O.

In one embodiment, the region of complementaritystgis of the nucleotide
sequence of 5-UUGAAGUAAAUGGUGUUAACCAG-3' (SEQ ID®: 15).

In one embodiment, the double stranded RNAIi agemiprises a sense strand
comprising the nucleotide sequence of 5’- GGUUAAGRIJUUACUUCAA -3’ (SEQ ID
NO: 16), and an antisense strand comprising thieatide sequence of 5'-
UUGAAGUAAAUGGUGUUAACCAG-3’ (SEQ ID NO: 15).

In one embodiment, the sense strand comprises 5'-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID N@.3) and the antisense strand
comprises 5'- usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsas@®’ (SEQ ID NO:14), wherein A,
C, G, and U areribose A, C, G or U; a, ¢, g, amdeu2-O-methyl (2-OMe) A, C, G, or U;
Af, Cf, Gf or Uf are 2fluoro A, C, G or U; and s is a phosphorothioat&dge.

In one embodiment, the sense strand comprises 5'-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID N@.3) and the antisense strand
comprises 5’- usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsas@®’ (SEQ ID NO:14), wherein A,
C, G, and U areribose A, C, G or U; a, ¢, g, amdeu2-O-methyl (2-OMe) A, C, G, or U;
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Af, Cf, Gf or Uf are 2fluoro A, C, G or U; and s is a phosphorothioéitikage; and wherein
the sense strand is conjugated to the ligand asrshothe following schematic
.
(e]

5 OH
Nl ;
N
o}

HO OH 0

HO&OMN\/\/NY\/O%H
O

AcHN
ey .
AcHN OMNMN ° , wherein X is O or S.

In one embodiment, the agent is administered dsenpaceutical compositon. In one
embodiment, the RNAI agent is administered in aouffiered solution, such as saline or
water.

In another embodiment, the siRNA is administeretthaibuffer solution, such as a
buffer solution comprising acetate, citrate, pralamcarbonate, or phosphate or any
combination thereof. In one embodiment, the bugtdution is phosphate buffered saline
(PBS).

In a further aspect, the present invention providesfor performing the methods of
the invention. The kits may include an RNAI agehthe invention, and instructions for use,
and optionally, means for administering the RNAeigto the subject.

In one aspect, the present invention provides naistiod inhibiting expression of
Serpincl in a subject. The methods include admeinig to the subject a fixed dose of about
40 mg to about 90 mg of a double stranded ribomueled (RNAI) agent, wherein the
double stranded RNAIi agent comprises a sense sarahdn antisense strand, the antisense
strand comprising a region of complementarity whaomprises at least 15 contiguous
nucleotides differing by no more than 3 nucleotiffem the nucleotide sequence of 5’ -
UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), where substantially all of
the nucleotides of the sense strand and substaratibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein tbabté stranded RNAI agent comprises a
ligand,e.g., the sense strand of the double stranded RNAI ageaijugated to a ligand
attached at the 3’-terminus of the sense strand.

In another aspect the present invention provideboas of inhibiting expression of
Serpincl in a subject. The methods include admeinig to the subject a fixed dose of about
40 mg to about 90 mg of a double stranded ribomueled (RNAI) agent, wherein the
double stranded RNAIi agent comprises a sense sarahdn antisense strand, the antisense
strand comprising a region of complementarity whaomprises at least 15 contiguous
nucleotides differing by no more than 3 nucleotiffem the nucleotide sequence of 5’ -
UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), where substantially all of
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the nucleotides of the sense strand and substgratibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein tbabté stranded RNAI agent comprises a
ligand,e.g., the sense strand of the double stranded RNAI ageaijugated to a ligand
attached at the 3’-terminus of the sense strand.

The double stranded RNAI agent may be administeréiade subject in two or more
doses.

In some embodiments, the double stranded RNAIi ageadministered to the subject
once a month, once every five weeks, once everwseks, once every seven weeks, once
every 2 months, once a quarter, or as needed.

In one embodiment, the double stranded RNAIi ageatministered to the subject
once a month. In another embodiment, the doutd@ded RNAI agent is administered to
the subject once every six weeks. In one embodintte® double stranded RNAI agent is
administered to the subject once every 2 monthg/et another embodiment, the double
stranded RNAI agent is administered to the sulgace a quarter.

The double stranded RNAIi agent may be administerdide subject a€.g., a fixed
dose of between between about 50 mg to about 9®etgeen about 50 mg to about 85 mg,
between about 50 mg to about 80 mg, between alfooigdto about 80 mg, between about
60 mg to about 90 mg, between about 25 mg to di®utg, between about 25 mg to about
65 mg, between about 40 mg to about 85 mg, betabent 40 mg to about 75 mg, between
about 40 mg to about 65 mg, or between about 4@rmagout 55 mg.

In some embodiments, the double stranded RNAI agentbe administered as a
fixed dose of about 40 mg, about 45 mg, about 50ahgut 55 mg, about 60 mg, about 65
mg, about 70 mg, about 75 mg, about 80 mg, abom@or about 90 mg.

In some embodiments, the double stranded RNAIi agadministered to the subject
as a fixed dose of about 40 mg; or as a fixed dbsdout 50 mg; or as a fixed dose of about
80 mg; or as a fixed dose of about 90 mg.

In one embodiment, the double stranded RNAIi ageatministered to the subject
subcutaneously.

In one embodiment, administration of the dose efdbuble stranded RNAI agent to
the subject lowers Serpincl activity in the subjactaibout 70% to about 95%.

In one embodiment, the subject is a human.

In one embodiment, the subject has having a disdhd¢ would benefit from
reduction in Serpincl expression. The disorder beag bleeding disorder, such as an
acquired bleeding disorder or an inherited bleedisgrder, e.g., a hemophiliag.g.,
hemophilia A, hemophilia B, or hemophilia C.

In one embodiment, the subject has hemophilia Aisuadh inhibitor subject. In
another embodiment, the subject has hemophiliadBsan inhibitor subject. In yet another
embodiment, the subject has hemophilia C and islahitor subject.

42



10

15

20

25

30

35

In another embodiment, administration of the ddsé@ double stranded RNAI agent
to the subject increases peak thrombin levelsarsttbject to within the range of peak
thrombin levels in a subject that does not havesarder that would benefit from reduction in
Serpincl expression.

In one embodiment, administration of the dose efdbuble stranded RNAI agent to
the subject is sufficient to achieve peak throng@neration levels in the subject to about the
same level achieved by administration to the sulgeEactor VIII.

In another embodiment, administration of the ddsé@ double stranded RNAI agent
to the subject is sufficient to achieve peak throngeneration levels of greater than about
40% in the subject.

In yet another embodiment, administration of theedof the double stranded RNAI
agent to the subject decreases the annual blee@ABR) of the subject by about 80 to about
95% as compared to the median historical on-dem&#l of subjects having a disorder that
would benefit from reduction in Serpincl expresdiwat are not administered the double
stranded RNAI agent.

In one embodiment, double stranded RNAI agentmsiaidtered with a buffer
solution, such as a buffer solution comprising ategtcitrate, prolamine, carbonate, or
phosphate or any combination thereof. In one enmbedi, the buffer solution is phosphate
buffered saline (PBS).

In one embodiment, the double stranded RNAI ageatiministered to the subject
subcutaneously.

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

In one embodiment, the modified nucleotides arepethdently selected from the
group consisting of a 2'-deoxy-2'-fluoro modifiegcteotide, a 2'-deoxy-modified nucleotide,
a locked nucleotide, an abasic nucleotide, a 2harmodified nucleotide, a 2’-alkyl-
modified nucleotide, a morpholino nucleotide, aggtworamidate, and a non-natural base
comprising nucleotide.

The region of complementarity may be at least 1dleatides in length or 19
nucleotides in length.

In one embodiment, the region of complementarityesveen 19 and 21 nucleotides
in length. In another embodiment, the region ahptementarity is between 21 and 23
nucleotides in length.

In one embodiment, each strand is no more tharu@atides in length.

At least one strand of the double stranded RNAnhagey comprise a 3’ overhang of
at least 1 nucleotide or a 3’ overhang of at |I@asticleotidese.g., 2, 3, 4, 5, 6, 7, 9, 10, 11,
12, 13, 14, or 15 nucleotides. In other embodiseattleast one strand of the RNAi agent
comprises a 5’ overhang of at least 1 nucleotittecertain embodiments, at least one strand
comprises a 5’ overhang of at least 2 nucleotides,2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 14, or
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15 nucleotides. In still other embodiments, bo#nh 3’ and the 5’ end of one strand of the
RNAI agent comprise an overhang of at least 1 micle.

In certain embodiments, the ligand is an N-acetglgasamine (GalNAc). The
ligand may be one or more GalNAc attached to th&Rdgent through a monovalent, a
bivalent, or a trivalent branched linker. The liganay be conjugated to the 3’ end of the
sense strand of the double stranded RNAI ageng’teed of the sense strand of the double
stranded RNAI agent, the 3’ end of the antisensmdtof the double stranded RNAi agent,
or the 5’ end of the antisense strand of the dosipéended RNAI agent.

In some embodiments, the double stranded RNAI agatthe invention comprise a
plurality, e.g., 2, 3, 4, 5, or 6, of GalNAc, each independeattached to a plurality of
nucleotides of the double stranded RNAI agent thincau plurality of monovalent linkers.

In certain embodiments, the ligand is

Ho OH
Q H H
HO o\/\/\n/N\/\/N

O
- o N N o\;r”
HO \/\/\n/ ~ N
AcHN o) \ﬂ/\/
Ho OH
(@]
(@) /\/\

HO \/\/\H/N
AcHN H

o} :
In one embodiment, the RNAI agent is conjugatetthédigand as shown in the
following schematic

and, wherein X is O or S.

In one embodiment, the X is O.

In one embodiment, the region of complementaritystgis of the nucleotide
sequence of 5-UUGAAGUAAAUGGUGUUAACCAG-3' (SEQ ID®: 15).

In one embodiment, the double stranded RNAIi agemiprises a sense strand
comprising the nucleotide sequence of 5’- GGUUAAGAIJUUACUUCAA -3’ (SEQ ID
NO: 16), and an antisense strand comprising thieatide sequence of 5'-
UUGAAGUAAAUGGUGUUAACCAG-3’ (SEQ ID NO: 15).
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In one embodiment, the sense strand comprises 5'-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID N@3) and the antisense strand
comprises 5'- usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsas@’ (SEQ ID NO:14), wherein A,
C, G, and U are ribose A, C, G or U; a, c, g, amdeu2-O-methyl (2-OMe) A, C, G, or U,
Af, Cf, Gf or Uf are 2fluoro A, C, G or U; and s is a phosphorothioat&dge.

In one embodiment, the sense strand comprises 5’-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID N@3) and the antisense strand
comprises 5'- usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsas@’ (SEQ ID NO:14), wherein A,
C, G, and U are ribose A, C, G or U; a, c, g, amdeu2-O-methyl (2-OMe) A, C, G, or U,
Af, Cf, Gf or Uf are 2fluoro A, C, G or U; and s is a phosphorothioéitikage; and wherein
the sense strand is conjugated to the ligand asrshothe following schematic

3
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5 OH
Nl ;
N

HO&
o
(0] (0]
(o) N N (o)
HO \/\/\n/ ~ \n/\/ \%/ I

AcHN
ey .
AcHN OMNMN ° , wherein X is O or S.

In one embodiment, the agent is administered dsenpaceutical compositon. In one
embodiment, the RNAI agent is administered in aouffiered solution, such as saline or
water.

In another embodiment, the siRNA is administeretthaibuffer solution, such as a
buffer solution comprising acetate, citrate, pralamncarbonate, or phosphate or any
combination thereof. In one embodiment, the bugtdution is phosphate buffered saline
(PBS).

In a further aspect, the present invention providessfor performing the methods of
the invention. The kits may include an RNAI agehthe invention, and instructions for use,
and optionally, means for administering the RNAeigto the subject.

Brief Description of the Drawings
Figure 1A is a graph depicting the effects ofrge subcutaneous 0.03 mg/kg dose of
AD-57213 on plasma thrombin generation levels ia bealthy human subject.
Figure 1B is a graph depicting the effects ofrggle subcutaneous 0.03 mg/kg dose of
AD-57213 on plasma thrombin generation levels ia bealthy human subject.
Figure 1C is a graph depicting the effects ohglsl subcutaneous 0.03 mg/kg dose of
AD-57213 on plasma thrombin generation levels ia bealthy human subject.
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Figure 1D is a graph depicting the effects ofrgla subcutaneous 0.03 mg/kg dose of
AD-57213 on plasma thrombin generation levels ia bealthy human subject.

Figures 2A is a graph depicting the effects ahgls subcutaneous 0.03 mg/kg dose
of AD-57213 on plasma AT (Serpincl) protein leval®ne healthy human subject.

Figures 2B is a graph depicting the effects ahgle subcutaneous 0.03 mg/kg dose
of AD-57213 on plasma AT (Serpincl) protein leval®ne healthy human subject.

Figure 3 is a graph depicting the associatioweeh the percent of AT (Serpincl)
knockdown and the percent increase in peak throgpaieration in healthy subjects
administered a single subcutaneous 0.03 mg/kg alo&B-57213.

Figure 4 is a graph depicting the effect of midtiP.015 mg/kg, 0.045 mg/kg, or
0.075 mg/kg doses of AD-57213 on plasma AT (Sefipcotein levels in human subjects
having Hemophilia A or B.

Figure 5A is a graph depicting the effect of npi&i0.225 mg/kg, 0.450 mg/kg, 0.900
mg/kg, 1.800 mg/kg, or 80 mg doses of AD-57213 kasipa AT (Serpincl) protein levels in
human subjects having Hemophilia A or B.

Figure 5B is a graph depicting the dose depereféet of AD-57213 on plasma AT
(Serpincl) protein levels in human subjects.

Figure 6A is a graph depicting the effect of npié&i0.015 mg/kg or 0.045 mg/kg
doses of AD-57213 on peak thrombin levels in husiarjects having Hemophilia A or B.

Figure 6B is a graph depicting the effect of npti0.015 mg/kg or 0.045 mg/kg
doses of AD-57213 on thrombin generation as a pedeange relative to group baseline in
human subjects having Hemophilia A or B.

Figure 7 is a graph depicting the effect of mudti.045 mg/kg doses of AD-57213
on clot formation time and clotting time in one gdb having Hemophilia A (subject 101-
009).

Figure 8 is a graph depicting the mean maximumnddlering by monthly equivalent
dose.

Figure 9 is a graph depicting the effect of midtigoses of AD-57213 on thrombin
generation by AT lowering quatrtiles.

Figure 10A is a graph depicting the relative ATiaty in relation to the percent
peak thrombin generation achieved with Factor ¥#idetermined in a subject administered
225 mcg/kg qM of AD-57213.

Figure 10B is a graph depicting the relative ATiaty in relation to the percent peak
thrombin generation achieved with Factor VIl asetnined in a subject administered 1800
mcg/kg gM of AD-57213.

Figure 10C is a graph depicting the relative Afivély in relation to the percent peak
thrombin generation achieved with Factor VIII asedmined in a subject administered 80 mg
gM of AD-57213.
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Figure 11 is a graph depicting the effect of nmldtidoses of AD-57213 on bleed
events by AT lowering quartiles.

Figure 12 is a table showing the bleed event faitthe subjects enrolled in Part C of
the Phase I clinical trial of AD-57213.

Figure 13A is a graph showing the median annweddlate (ABR) prior to the
initiation of the study, at the onset portion of $tudy, and during the observation portion of
the study for all of the dosing cohorts in Partf@he Phase I clinical trial of AD-57213.

Figure 13B is a graph showing the median annwddtate (ABR) prior to the
initiation of the study, at the onset portion of $tudy, and during the observation portion of
the study for the monthly 80 mg (80 mg gM x3) cahorPart C of the Phase | clinical trial
of AD-57213.

Figure 14A is a graph depicting the relative ATiaty in relation to the percent
peak thrombin generation achieved with Factor ¥#idetermined in an inhibitor subject
administered a fixed monthly 50 mg dose of AD-57213

Figure 14B is a graph depicting the relative AThaty in relation to the percent peak
thrombin generation achieved with Factor VIl asetiined in an inhibitor subject
administered a fixed monthly 50 mg dose of AD-57213

Figure 14C is a graph depicting the relative Afivély in relation to the percent peak
thrombin generation achieved with Factor VIl asetiined in an inhibitor subject
administered a fixed monthly 50 mg dose of AD-57213

Figure 14D is a graph depicting the relative ATiaty in relation to the percent
peak thrombin generation achieved with Factor ¥#idetermined in an inhibitor subject
administered a fixed monthly 50 mg dose of AD-57213

Figure 14E is a graph depicting the relative Afivaty in relation to the percent peak
thrombin generation achieved with Factor VIl asetiined in an inhibitor subject
administered a fixed monthly 50 mg dose of AD-57213

Figure 14F is a graph depicting the relative Afivaty in relation to the percent peak
thrombin generation achieved with Factor VIl asetiined in an inhibitor subject
administered a fixed monthly 50 mg dose of AD-57213

Figure 15 is a graph depicting the effect of nmléti50 mg or 80 mg doses of AD-
57213 on the mean AT (Serpincl) activity relativdaseline in human subjects having
Hemophilia A or B with inhibitors.

Figure 16 is a graph depicting that the AT lowgraffect of multiple 50 mg doses of
AD-57213 correlates with increased thrombin gemanah a subject having Hemophilia A.

Figure 17A is a table showing the bleed event ttatthe subjects enrolled in Part D
of the Phase | clinical trial of AD-57213.

Figure 17B is a graph showing the median annwdtate (ABR) prior to the
initiation of the study, at the onset portion of $tudy, and during the observation portion of
the study for all of the subjects in Part D of Btease | clinical trial of AD-57213.
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Figure 18 is a graph depicting the effect of nméti80 mg doses of AD-57213 on the
mean AT (Serpincl) activity relative to baselin@ihuman subject having Hemophilia
without inhibitors in the Phase Il open label esien (OLE) study of AD-57213.

Figure 19A is a graph depicting the effect of nplét 50 mg or 80 mg doses of AD-
57213 on the mean AT (Serpincl) activity relativdaseline in human subjects having
Hemophilia A or B without inhibitors in the Phasepen label extension (OLE) study of
AD-57213.

Figure 19B is a graph depicting the effect of mpldt50 mg or 80 mg doses of AD-
57213 on peak thrombin generation in human subjentsng Hemophilia A or B without
inhibitors in the Phase Il open label extension Ep&tudy of AD-57213. The shaded portion
of the graph represents the range of peak throtebels observed in healthy human
volunteers (HV) administered AD-57213 and with |gsn 25% AT knockdown in the Phase
| trial of AD-57213 described in Example 1. Thesklad line through the HV range
respresents the median peak thrombin level obsenveealthy human volunteers (HV) and
with less than 25% AT knockdown administered AD-53h the Phase | trial of AD-57213
described in Example 1.

Figure 20A is a table showing the bleed event ftatthe subjects enrolled in the
Phase Il OLE clinical trial of AD-57213.

Figure 20B is a graph showing the median annwddlate (ABR) prior to the
initiation of the study, at the onset portion of $tudy, and during the observation portion of
the study for all of the subjects in the PhasellEQlinical trial of AD-57213.

Detailed Description of the Invention

The present invention is based, at least in parthe surprising discovery that very
low dosesé.g., doses at least about 30 times lower than desght in the art) of a GalNAc
linked double stranded RNAI agent comprising patécchemical modifications shows an
exceptional potency to inhibit expression of Serpiras well as an exceptional duration of
inhibition of Serpincl expression. Specificallgy doses of RNAi agents including a
GalNAc ligand wherein substantially all of the nemfides are modified nucleotides, such as
an RNAI agent including one or more motifs of thigentical modifications on three
consecutive nucleotides, including one such meotifranear the cleavage site of the agents,
six phosphorothioate linkages, and a GalNAc ligarelshown herein to be exceptionally
effective and durable in silencing the activitytioé Serpincl gene.

Accordingly, the present invention provides methfmador preventing at least one
symptom.e.g., bleeding, in a subject having a disorder that @wdn@nefit from inhibiting or
reducing the expression of a Serpincl gemg, a Serpincl-associated disease, such as a
hemophilia €.g., hemophilia A, hemophilia B, or Hemophilia C), ugiiRNA compositions
which effect the RNA-induced silencing complex (R)Snediated cleavage of RNA
transcripts of a Serpincl gene. The present imwelairther provides methods of treating a
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subject having a disorder that would benefit frownibiting or reducing the expression of a
Serpincl genee.g., a bleeding disorder, such as hemophikay.(hemophilia A, hemophilia
B, or Hemophilia C), using iIRNA compositions whieffiect the RNA-induced silencing
complex (RISC)-mediated cleavage of RNA transcrgbta Serpincl gene.

The IRNA agents for use in the methods of the itieagenerally include an RNA
strand (the antisense strand) having a region whiabout 30 nucleotides or less in length,
e.g., 15-30, 15-29, 15-28, 15-27, 15-26, 15-25, 1515423, 15-22, 15-21, 15-20, 15-19, 15-
18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 1818524, 18-23, 18-22, 18-21, 18-20, 19-
30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24, 1912322, 19-21, 19-20, 20-30, 20-29, 20-
28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 2024130, 21-29, 21-28, 21-27, 21-26, 21-
25, 21-24, 21-23, or 21-22 nucleotides in lengthicl region is substantially complementary
to at least part of an mRNA transcript of an Serpigene.

In other embodiments, one or both of the strandeetiouble stranded RNAIi agents
of the invention is up to 66 nucleotides in lengtly,, 36-66, 26-36, 25-36, 31-60, 22-43, 27-
53 nucleotides in length, with a region of at l€E&ttontiguous nucleotides that is
substantially complementary to at least a parnaih&NA transcript of a Serpinclgene. In
some embodiments, the sense and antisense staanda fuplex of 18-30 contiguous
nucleotides.

In some embodiments, the iRNA agents for use imrtathods of the invention
include an RNA strand (the antisense strand) wbahbe up to 66 nucleotides in length,
e.g., 36-66, 26-36, 25-36, 31-60, 22-43, 27-53 nudlestin length, with a region of at least
19 contiguous nucleotides that is substantially glementary to at least a part of an mRNA
transcript of a Serpincl gene. In some embodimenth iIRNA agents having longer
length antisense strands may include a second RfdAds(the sense strand) of 20-60
nucleotides in length wherein the sense and arsiessinands form a duplex of 18-30
contiguous nucleotides.

The following detailed description discloses howrtake and use compositions
containing iIRNAs to inhibit the expression of a@@ecl gene, as well as compositions, uses,
and methods for treating subjects having diseasgslidorders that would benefit from
inhibition and/or reduction of the expression a§thene.

Definitions

In order that the present invention may be mordihganderstood, certain terms are
first defined. In addition, it should be notedttivdnenever a value or range of values of a
parameter are recited, it is intended that valnelsranges intermediate to the recited values
are also intended to be part of this invention.

The articles “a” and “an” are used herein to rébeone or to more than onieg(, to at
least one) of the grammatical object of the artidgy way of example, “an element” means
one element or more than one elemeugt, a plurality of elements.

49



10

15

20

25

30

35

The term "including" is used herein to mean, anasisd interchangeably with, the
phrase "including but not limited to".

The term "or" is used herein to mean, and is usestdhangeably with, the term
"and/or," unless context clearly indicates otheewis

As used herein, “Serpincl” refers to a particulalypeptide expressed in a cell.
Serpincl is also known as serpin peptidase inhibitade C (antithrombin; AT), member 1,
antithrombin 1ll; AT3; antithrombin; and heparinfaotor 1. The sequence of a human
Serpincl mRNA transcript can be found at, for ex@m@enBank Accession No.
G1:254588059 (NM_000488; SEQ ID NO:1).The sequerfadesus Serpincl mRNA can be
found at, for example, GenBank Accession No. GI1By469 (NM_001104583; SEQ ID
NO:2). The sequence of mouse Serpincl mRNA cdowel at, for example, GenBank
Accession No. G1:237874216 (NM_080844; SEQ ID NO:Bhe sequence of rat Serpincl
MRNA can be found at, for example, GenBank Acceshio. GI1:58865629
(NM_001012027; SEQ ID NO:4).

The term “Serpincl” as used herein also refersgarticular polypeptide expressed
in a cell by naturally occurring DNA sequence viwias of the Serpincl gene, such as a
single nucleotide polymorphism in the Serpincl geNemerous SNPs within the Serpincl
gene have been identified and may be found agXample, NCBI dbSNP (seeg.,
www.nchi.nim.nih.gov/snp). Non-limiting exampleSESNPs within the Serpincl gene may
be found at, NCBI dbSNP Accession Nos. rs677; rgpBh878; rs5879; rs941988;
rs941989; rs1799876; rs19637711; rs2008946; arkPrEB6.

As used herein, a “subject” is an animal, such mmamal, including a primate (such
as a human, a non-human primatg,, a monkey, and a chimpanzee), a non-primate (g@sich
a cow, a pig, a camel, a llama, a horse, a gaablat, a sheep, a hamster, a guinea pig, a cat,
a dog, a rat, a mouse, a horse, and a whale)iod &.9., a duck or a goose). In one
embodiment, the subject is a human, such as a hbeag treated or assessed for a disease,
disorder or condition that would benefit from retlog in Serpincl expression; a human at
risk for a disease, disorder or condition that widugnefit from reduction in Serpincl
expression; a human having a disease, disordermalitcon that would benefit from
reduction in Serpincl expression; and/or humangdoegated for a disease, disorder or
condition that would benefit from reduction in Seqd expression as described herein.

As used herein, the terms “treating” or “treatmeneféer to a beneficial or desired
result including, but not limited to, alleviatiom amelioration of one or more symptoms,
diminishing the extent of bleeding, stabilizeg.( not worsening) state of bleeding,
amelioration or palliation of the bleeding, whetldetectable or undetectable. "Treatment”
can also mean prolonging survival as compared pe&rd survival in the absence of
treatment. In the methods of the invention, treatnnecludes on demand treatment and
control of bleeding episodes, perioperative manayeof bleeding and routine prophylaxis
to reduce the frequency of bleeding episodes.
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The term “lower” in the context of the level of arincl in a subject or a disease
marker or symptom refers to a statistically sigrafit decrease in such level. The decrease
can be, for example, at least 10%, at least 15%aat 20%, at least 25%, at least 30%, at
least 35%, at least 40%, at least 45%, at least &0%ast 55%, at least 60%, at least 65%, at
least 70%, at least 75%, at least 80%, at least &b¥ast 90%, at least 95%, or more and is
preferably down to a level accepted as within #rege of normal for an individual without
such disorder.

As used herein, “prevention” or “preventing,” whesed in reference to a disease,
disorder or condition thereof, that would benafiini a reduction in expression of a Sertpincl
gene, refers to a reduction in the likelihood thaubject will develop a symptom associated
with a such a disease, disorder, or conditexn, a symptom such as a bleed. The likelihood
of developing a bleed is reduced, for example, wdremdividual having one or more risk
factors for a bleed either fails to develop a bleedevelops a bleed with less severity
relative to a population having the same risk feecemd not receiving treatment as described
herein. The failure to develop a disease, disasdeondition, or the reduction in the
development of a symptom associated with suchemades disorder or conditioad., by at
least about 10% on a clinically accepted scaléhfatr disease or disorder), or the exhibition
of delayed symptoms delayesld., by days, weeks, months or years) is considdfedtwe
prevention.

As used herein, the term "bleeding disorder” issgaa@ke or disorder that results in
poor blood clotting and/or excessive bleeding. Iéeding disorder may be an inherited
disorder, such as a hemophilia or von Willebramtit®ase, or an acquired disorder,
associated with, for example, disseminated intravias coagulation, pregnancy-associated
eclampsia, vitamin K deficiency, an autoimmune diso, inflammatory bowel disease,
ulcerative colitis, a dermatologic disordery, psoriasis, pemphigus), a respiratory disease
(e.g., asthma, chronic obstructive pulmonary diseasegllergic drug reactior,g., the
result of medications, such as aspirin, heparid,vaarfarin, diabetes, acute hepatitis B
infection, acute hepatitis C infection, a malignaonc solid tumor €.9., prostate, lung, colon,
pancreas, stomach, bile duct, head and neck, ¢dmaast, melanoma, kidney, and/or a
hematologic malignancy). In one embodiment, annitda bleeding disorder is a hemophilia,
e.g., hemophilia A, B, or C. In one embodment, a suldjewing an inherited bleeding
disordere.g., a hemophilia, has developed inhibitas,, alloantibody inhibitors, to
replacement coagulation therapies and is refeaéeitein as an “inhibitor subject.” In one
embodiment, the inhibitor subject has hemophilialdanother embodiment, the inhibitor
subject has hemophilia B. In yet another embodinthe inhibitor subject has hemophilia
C.

"Therapeutically effective amount,” as used hensiintended to include the amount
of an RNAI agent that, when administered to a stilijaving a bleeding disorder and
bleeding, is sufficient to effect treatment of theeased.g., by diminishing, ameliorating or
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maintaining the existing disease or one or morepggms of disease). The "therapeutically
effective amount” may vary depending on the RNAgraghow the agent is administered, the
disease and its severity and the history, age,heigmily history, genetic makeup, the types
of preceding or concomitant treatments, if any, atier individual characteristics of the
subject to be treated.

“Prophylactically effective amount,” as used heyésrintended to include the amount
of an iRNA that, when administered to a subjectiiga bleeding disorder but not bleeding,
e.g., a subject having a bleeding disorder and schedatezlirgery €.9., perioperative
treatment), is sufficient to prevent or ameliortdie disease or one or more symptoms of the
disease. Ameliorating the disease includes slgwie course of the disease or reducing the
severity of later-developing disease. The "propbytally effective amount" may vary
depending on the iIRNA, how the agent is administetlee degree of risk of disease, and the
history, age, weight, family history, genetic maethe types of preceding or concomitant
treatments, if any, and other individual charasters of the patient to be treated.

A "therapeutically effective amount” or “prophylaxlly effective amount” also
includes an amount of an RNAI agent that produoesesdesired local or systemic effect at a
reasonable benefit/risk ratio applicable to angtireent. iRNA employed in the methods of
the present invention may be administered in agefft amount to produce a reasonable
benefit/risk ratio applicable to such treatment.

The phrase "pharmaceutically acceptable” is empldyein to refer to those
compounds, materials, compositions, and/or dosagesfwhich are, within the scope of
sound medical judgment, suitable for use in contattt the tissues of human subjects and
animal subjects without excessive toxicity, iriat allergic response, or other problem or
complication, commensurate with a reasonable bemsiiratio.

The phrase "pharmaceutically-acceptable carrietisasl herein means a
pharmaceutically-acceptable material, compositiovehicle, such as a liquid or solid filler,
diluent, excipient, manufacturing aidd., lubricant, talc magnesium, calcium or zinc
stearate, or steric acid), or solvent encapsulatiatgrial, involved in carrying or transporting
the subject compound from one organ, or portiothefoody, to another organ, or portion of
the body. Each carrier must be "acceptable” irsérese of being compatible with the other
ingredients of the formulation and not injurioughe subject being treated. Some examples
of materials which can serve as pharmaceuticaltgpi@ble carriers include: (1) sugars,
such as lactose, glucose and sucrose; (2) stasingsas corn starch and potato starch; (3)
cellulose, and its derivatives, such as sodiumaannethyl cellulose, ethyl cellulose and
cellulose acetate; (4) powdered tragacanth; (5); i@l gelatin; (7) lubricating agents, such
as magnesium state, sodium lauryl sulfate and {@)@xcipients, such as cocoa butter and
suppository waxes; (9) oils, such as peanut oitpogeed oil, safflower oil, sesame oil, olive
oil, corn oil and soybean oil; (10) glycols, suchpaopylene glycol; (11) polyols, such as
glycerin, sorbitol, mannitol and polyethylene glidd2) esters, such as ethyl oleate and
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ethyl laurate; (13) agar; (14) buffering agentghsas magnesium hydroxide and aluminum
hydroxide; (15) alginic acid; (16) pyrogen-free @mat(17) isotonic saline; (18) Ringer's
solution; (19) ethyl alcohol; (20) pH buffered siddms; (21) polyesters, polycarbonates
and/or polyanhydrides; (22) bulking agents, suchagpeptides and amino acids (23) serum
component, such as serum albumin, HDL and LDL; @2J other non-toxic compatible
substances employed in pharmaceutical formulations.

As used herein, “target sequence” refers to a goatis portion of the nucleotide
sequence of an mMRNA molecule formed during thestaption of a Serpincl gene,
including mRNA that is a product of RNA processofg primary transcription product. In
one embodiment, the target portion of the sequeiiltee at least long enough to serve as a
substrate for iIRNA-directed cleavage at or nearpbation of the nucleotide sequence of an
MRNA molecule formed during the transcription @erpincl gene.

The target sequence may be from about 9-36 nudksoin lengthe.g., about 15-30
nucleotides in length. For example, the targetieage can be from about 15-30 nucleotides,
15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-2322515-21, 15-20, 15-19, 15-18, 15-17,
18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-2423818-22, 18-21, 18-20, 19-30, 19-29,
19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-2221919-20, 20-30, 20-29, 20-28, 20-27,
20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-3029,121-28, 21-27, 21-26, 21-25, 21-24,
21-23, or 21-22 nucleotides in length. Rangeslangths intermediate to the above recited
ranges and lengths are also contemplated to b@fpédue invention.

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

“‘G,” “C,” "A,” “T" and “U” each generally stand fola nucleotide that contains
guanine, cytosine, adenine, thymidine and uraci base, respectively. However, it will be
understood that the term “ribonucleotide” or “nwtlde” can also refer to a modified
nucleotide, as further detailed below, or a surt@geplacement moiety (sexg., Table 1).

The skilled person is well aware that guanine, siyi®, adenine, and uracil can be replaced
by other moieties without substantially altering tiase pairing properties of an
oligonucleotide comprising a nucleotide bearingstgplacement moiety. For example,
without limitation, a nucleotide comprising inosiag its base can base pair with nucleotides
containing adenine, cytosine, or uracil. Hencelentides containing uracil, guanine, or
adenine can be replaced in the nucleotide sequefcdsfRNA featured in the invention by a
nucleotide containing, for example, inosine. Intheo example, adenine and cytosine
anywhere in the oligonucleotide can be replaced gutanine and uracil, respectively to form
G-U Wobble base pairing with the target mMRNA. Sstpes containing such replacement
moieties are suitable for the compositions and odstieatured in the invention.

The terms “IRNA”, “RNAi agent,” “IRNA agent,”, “RNAnterference agent” as used
interchangeably herein, refer to an agent thatatos RNA as that term is defined herein,
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and which mediates the targeted cleavage of an R&iscriptvia an RNA-induced
silencing complex (RISC) pathway. iRNA directs #eguence-specific degradation of
MRNA through a process known as RNA interferend¢ARR The iRNA modulatese.g.,
inhibits, the expression of Serpincl in a cely,, a cell within a subject, such as a
mammalian subject.

In one embodiment, an RNAI agent of the inventioeludes a single stranded RNA
that interacts with a target RNA sequereg,, a Serpincl target mRNA sequence, to direct
the cleavage of the target RNA. Without wishindpéobound by theory it is believed that
long double stranded RNA introduced into cellsrizken down into siRNA by a Type I
endonuclease known as Dicer (Shetrpl. (2001)Genes Dev. 15:485). Dicer, a ribonuclease-
lll-like enzyme, processes the dsRNA into 19-23eljaair short interfering RNAs with
characteristic two base 3' overhangs (Bernsetia,, (2001)Nature 409:363). The siRNAs
are then incorporated into an RNA-induced silencogplex (RISC) where one or more
helicases unwind the siRNA duplex, enabling the glementary antisense strand to guide
target recognition (Nykanesrt al., (2001)Cell 107:309). Upon binding to the appropriate
target mRNA, one or more endonucleases within #i$&€Rleave the target to induce
silencing (Elbashiret al., (2001)Genes Dev. 15:188). Thus, in one aspect the invention
relates to a single stranded RNA (siRNA) generatiin a cell and which promotes the
formation of a RISC complex to effect silencingloé target gene.e., a Serpincl gene.
Accordingly, the term “siRNA” is also used heremréefer to an RNAI as described above.

In another embodiment, the RNAi agent may be deistyanded siRNA that is
introduced into a cell or organism to inhibit agetrmRNA. Single-stranded RNAI agents
bind to the RISC endonuclease, Argonaute 2, wineh tleaves the target mRNA. The
single-stranded siRNAs are generally 15-30 nudliestand are chemically modified. The
design and testing of single-stranded siRNAs asernilged in U.S. Patent No. 8,101,348 and
in Limaet al., (2012)Cell 150: 883-894, the entire contents of each of whiehhereby
incorporated herein by reference. Any of the amis® nucleotide sequences described herein
may be used as a single-stranded siRNA as desdrdreth or as chemically modified by the
methods described in Linetal., (2012)Cell 150;:883-894.

In another embodiment, an “IRNA” for use in the gmsitions, uses, and methods of
the invention is a double stranded RNA and is reteéto herein as a “double stranded RNAI
agent,” “double stranded RNA (dsRNA) molecule,” RIdA agent,” or “dsRNA”. The term
“dsRNA”, refers to a complex of ribonucleic acid lecules, having a duplex structure
comprising two anti-parallel and substantially cdampentary nucleic acid strands, referred
to as having “sense” and “antisense” orientatioitk vespect to a target RNAg, a
Serpincl gene. In some embodiments of the ineené double stranded RNA (dsRNA)
triggers the degradation of a target RNy, an mRNA, through a post-transcriptional gene-
silencing mechanism referred to herein as RNA fatence or RNAI.
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In general, the majority of nucleotides of eaclrstk of a dSRNA molecule are
ribonucleotides, but as described in detail hemsaich or both strands can also include one or
more non-ribonucleotides,g., a deoxyribonucleotide and/or a modified nucksti In
addition, as used in this specification, an “RN4geat” may include ribonucleotides with
chemical modifications; an RNAi agent may includéstantial modifications at multiple
nucleotides.

As used herein, the term “modified nucleotide” ref® a nucleotide having,
independently, a modified sugar moiety, a modifredrnucleotide linkage, and/or a
modified nucleobase. Thus, the term modified notade encompasses substitutions,
additions or removal o&.g., a functional group or atom, to internucleosid&diges, sugar
moieties, or nucleobases. The modifications slatédy use in the agents of the invention
include all types of modifications disclosed hereirknown in the art. Any such
modifications, as used in a siRNA type molecule,emcompassed by “RNAIi agent” for the
purposes of this specification and claims.

The duplex region may be of any length that perspescific degradation of a desired
target RNA through a RISC pathway, and may rang fabout 9 to 36 base pairs in length,
e.g., about 15-30 base pairs in length, for exampleutb, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 3032133, 34, 35, or 36 base pairs in length,
such as about 15-30, 15-29, 15-28, 15-27, 15-2@5195-24, 15-23, 15-22, 15-21, 15-20,
15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-2726818-25, 18-24, 18-23, 18-22, 18-21,
18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-2524919-23, 19-22, 19-21, 19-20, 20-30,
20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-2322020-21, 21-30, 21-29, 21-28, 21-27,
21-26, 21-25, 21-24, 21-23, or 21-22 base pailerigth. Ranges and lengths intermediate to
the above recited ranges and lengths are alsoroptated to be part of the invention.

The two strands forming the duplex structure magifferent portions of one larger
RNA molecule, or they may be separate RNA molecul@bere the two strands are part of
one larger molecule, and therefore are connectethlyninterrupted chain of nucleotides
between the 3’-end of one strand and the 5’-ertti@fespective other strand forming the
duplex structure, the connecting RNA chain is reféito as a “hairpin loop.” A hairpin loop
can comprise at least one unpaired nucleotidesoime embodiments, the hairpin loop can
comprise at least 2, at least 3, at least 4, at aat least 6, at least 7, at least 8, at Baat
least 10, at least 20, at least 23 or more unpaiveteotides.

Where the two substantially complementary straridsdsRNA are comprised by
separate RNA molecules, those molecules need nbtan be covalently connected. Where
the two strands are connected covalently by metnes than an uninterrupted chain of
nucleotides between the 3’-end of one strand aa&tend of the respective other strand
forming the duplex structure, the connecting strceets referred to as a “linker.” The RNA
strands may have the same or a different numbeuaéotides. The maximum number of
base pairs is the number of nucleotides in thetekbstrand of the dsRNA minus any
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overhangs that are present in the duplex. In imidio the duplex structure, an RNAiI may
comprise one or more nucleotide overhangs.

In one embodiment, an RNAI agent of the invent®a dsRNA of 24-30 nucleotides
that interacts with a target RNA sequereg,, a Serpincl target mMRNA sequence, to direct
the cleavage of the target RNA. Without wishindpgobound by theory, long double stranded
RNA introduced into cells is broken down into siRK a Type Ill endonuclease known as
Dicer (Sharpet al. (2001)Genes Dev. 15:485). Dicer, a ribonuclease-IlI-like enzyme,
processes the dsRNA into 19-23 base pair shorféniieg RNAs with characteristic two
base 3' overhangs (Bernsteghal., (2001)Nature 409:363). The siRNAs are then
incorporated into an RNA-induced silencing compleiSC) where one or more helicases
unwind the siRNA duplex, enabling the complementarijsense strand to guide target
recognition (Nykanergt al., (2001)Cell 107:309). Upon binding to the appropriate target
MRNA, one or more endonucleases within the RIS@veléhe target to induce silencing
(Elbashir,et al., (2001)Genes Dev. 15:188).

As used herein, the term “nucleotide overhang’reefe at least one unpaired
nucleotide that protrudes from the duplex structiran iRNA,e.g., a dsSRNA. For example,
when a 3'-end of one strand of a dsRNA extendsrzktie 5'-end of the other strand vare
versa, there is a nucleotide overhang. A dsRNA can case@n overhang of at least one
nucleotide; alternatively the overhang can compaitdeast two nucleotides, at least three
nucleotides, at least four nucleotides, at least fiucleotides or more. A nucleotide
overhang can comprise or consist of a nucleotidg#oeside analog, including a
deoxynucleotide/nucleoside. The overhang(s) camnlti@e sense strand, the antisense strand
or any combination thereof. Furthermore, the nude¢s) of an overhang can be present on
the 5'-end, 3'-end or both ends of either an ams@r sense strand of a dsRNA.

In one embodiment, the antisense strand of a dsR&fa 1-10 nucleotideg., a 1,
2,3,4,5,6,7, 8,9, or 10 nucleotide, overhantpe 3’-end and/or the 5’-end. In one
embodiment, the sense strand of a dsRNA has anlidl@otideeg.,a 1, 2, 3,4, 5,6, 7, 8, 9,
or 10 nucleotide, overhang at the 3’-end and/o5thend. In another embodiment, one or
more of the nucleotides in the overhang is replaaéd a nucleoside thiophosphate.

In certain embodiments, the overhang on the sdreedsor the antisense strand, or
both, can include extended lengths longer thanutlentidesge.g., 10-30 nucleotides, 10-25
nucleotides, 10-20 nucleotides or 10-15 nucleotidésngth. In certain embodiments, an
extended overhang is on the sense strand of tHexdujm certain embodiments, an extended
overhang is present on the 3’end of the sensedstfie duplex. In certain embodiments,
an extended overhang is present on the 5’end cfehge strand of the duplex. In certain
embodiments, an extended overhang is on the aséstrand of the duplex. In certain
embodiments, an extended overhang is present d@ighd of the antisense strand of the
duplex. In certain embodiments, an extended oveylepresent on the 5’end of the
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antisense strand of the duplex. In certain embedts) one or more of the nucleotides in the
extended overhang is replaced with a nucleosiadgpkiusphate.

“Blunt” or “blunt end” means that there are no ampd nucleotides at that end of the
double stranded RNAIi agemte., no nucleotide overhang. A “blunt ended” RNAeayis a
dsRNA that is double stranded over its entire lengt., no nucleotide overhang at either end
of the molecule. The RNAI agents of the inventiotiude RNAI agents with nucleotide
overhangs at one endg, agents with one overhang and one blunt end)itbrwcleotide
overhangs at both ends.

The term “antisense strand” or "guide strand" ieferthe strand of an IRNA&g., a
dsRNA, which includes a region that is substartieimplementary to a target sequence,
e.g., a Serpincl mRNA. As used herein, the term “regibcomplementarity” refers to the
region on the antisense strand that is substantathplementary to a sequence, for example
a target sequenceg., a Serpincl nucleotide sequence, as defined hékéiare the region
of complementarity is not fully complementary te tlarget sequence, the mismatches can be
in the internal or terminal regions of the molecugenerally, the most tolerated mismatches
are in the terminal regions.g., within 5, 4, 3, or 2 nucleotides of the 5’- amd3’-terminus
of the IRNA.

The term “sense strand,” or "passenger strand$ed herein, refers to the strand of
an iRNA that includes a region that is substartietimplementary to a region of the
antisense strand as that term is defined herein.

As used herein, the term “cleavage region” refers tegion that is located
immediately adjacent to the cleavage site. Thawvelge site is the site on the target at which
cleavage occurs. In some embodiments, the cleaegg® comprises three bases on either
end of, and immediately adjacent to, the cleavitge fn some embodiments, the cleavage
region comprises two bases on either end of, angedmately adjacent to, the cleavage site.
In some embodiments, the cleavage site specificaltyrs at the site bound by nucleotides
10 and 11 of the antisense strand, and the cleaegge comprises nucleotides 11, 12 and
13.

As used herein, and unless otherwise indicatedetine “complementary,” when used
to describe a first nucleotide sequence in relatos second nucleotide sequence, refers to
the ability of an oligonucleotide or polynucleotidemprising the first nucleotide sequence to
hybridize and form a duplex structure under certainditions with an oligonucleotide or
polynucleotide comprising the second nucleotidaisage, as will be understood by the
skilled person. Such conditions can, for examipdestringent conditions, where stringent
conditions can include: 400 mM NaCl, 40 mM PIPESG#, 1 mM EDTA, 56C or 70C
for 12-16 hours followed by washing (seq., “Molecular Cloning: A Laboratory Manual,
Sambrooket al. (1989) Cold Spring Harbor Laboratory Press). ©Odomditions, such as
physiologically relevant conditions as can be entered inside an organism, can apply. The
skilled person will be able to determine the set@iditions most appropriate for a test of
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complementarity of two sequences in accordance théhultimate application of the
hybridized nucleotides.

Complementary sequences within an iRN4y,, within a dsRNA as described herein,
include base-pairing of the oligonucleotide or paigieotide comprising a first nucleotide
sequence to an oligonucleotide or polynucleotidapising a second nucleotide sequence
over the entire length of one or both nucleotidgusaces. Such sequences can be referred to
as “fully complementary” with respect to each otherein. However, where a first sequence
is referred to as “substantially complementaryhwigspect to a second sequence herein, the
two sequences can be fully complementary, or tlaeyform one or more, but generally not
more than 5, 4, 3 or 2 mismatched base pairs uplondization for a duplex up to 30 base
pairs, while retaining the ability to hybridize werdhe conditions most relevant to their
ultimate applicatione.g., inhibition of gene expression via a RISC pathwbipwever,
where two oligonucleotides are designed to fornonuipybridization, one or more single
stranded overhangs, such overhangs shall not laeded)as mismatches with regard to the
determination of complementarity. For examplesRMA comprising one oligonucleotide
21 nucleotides in length and another oligonuclenfd nucleotides in length, wherein the
longer oligonucleotide comprises a sequence ofuZlentides that is fully complementary to
the shorter oligonucleotide, can yet be referreasttfully complementary” for the purposes
described herein.

“Complementary” sequences, as used herein, canralsmle, or be formed entirely
from, non-Watson-Crick base pairs and/or base fpainsed from non-natural and modified
nucleotides, in so far as the above requiremerttsn@spect to their ability to hybridize are
fulfilled. Such non-Watson-Crick base pairs in@ubut are not limited to, G:U Wobble or
Hoogstein base pairing.

The terms “complementary,” “fully complementary’datsubstantially
complementary” herein can be used with respedtédase matching between the sense
strand and the antisense strand of a dsRNA, ordegtthe antisense strand of an iIRNA agent
and a target sequence, as will be understood finencdntext of their use.

As used herein, a polynucleotide that is “substdlgtcomplementary to at least part
of” a messenger RNA (mRNA) refers to a polynucléetihat is substantially complementary
to a contiguous portion of the mRNA of interesg(, an mRNA encoding Serpincl). For
example, a polynucleotide is complementary to adtla part of a Serpincl mRNA if the
sequence is substantially complementary to a ntarrupted portion of an mRNA encoding
Serpincl.

Accordingly, in some embodiments, the antisensmdtpolynucleotides disclosed
herein are fully complementary to the target Serpisequence. In other embodiments, the
antisense strand polynucleotides disclosed hereisubstantially complementary to the
target Serpincl sequence and comprise a contiguazksotide sequence which is at least
about 80% complementary over its entire lengtlheodquivalent region of the nucleotide
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sequence of SEQ ID NO:1, or a fragment of SEQ IDIN®uch as about 85%, about 86%,
about 87%, about 88%, about 89%, about 90%, abd®4 %4 about 92%, about 93%, about
94%, about 95%, about 96%, about 97%, about 98&haut 99% complementary.

In one embodiment, an RNAI agent of the inventioeludes a sense strand that is
substantially complementary to an antisense polgatide which, in turn, is complementary
to a target Serpincl sequence, and wherein the sémad polynucleotide comprises a
contiguous nucleotide sequence which is at leasite#0% complementary over its entire
length to the equivalent region of the nucleotidguence of SEQ ID NO:5, or a fragment of
any one of SEQ ID NO:5, such as about 85%, abdit, @bout 87%, about 88%, about 89%,
about 90%, about % 91%, about 92%, about 93%,t&l9%6, about 95%, about 96%, about
97%, about 98%, or about 99% complementary.

In one aspect of the invention, an agent for ugkemmethods and compositions of
the invention is a single-stranded antisense RNAeaute that inhibits a target mRNAa an
antisense inhibition mechanism. The single-strdraigisense RNA molecule is
complementary to a sequence within the target mRNKe single-stranded antisense
oligonucleotides can inhibit translation in a skoametric manner by base pairing to the
MRNA and physically obstructing the translation hiaery, see Dias, Nt al., (2002)Mol
Cancer Ther 1:347-355. The single-stranded antisense RNA cotdemay be about 15 to
about 30 nucleotides in length and have a sequbatés complementary to a target
sequence. For example, the single-stranded asédgNA molecule may comprise a
sequence that is at least about 15, 16, 17, 12 %r more contiguous nucleotides from any
one of the antisense sequences described herein.

The term “inhibiting,” as used herein, is usedict@ngeably with “reducing,”
“silencing,” “downregulating,” “suppressing” andhetr similar terms, and includes any level
of inhibition.

The phrase “inhibiting expression of a Serpinck,uaed herein, includes inhibition
of expression of any Serpincl gene (suclegs,a mouse Serpincl gene, a rat Serpincl
gene, a monkey Serpincl gene, or a human Serperd) @s well as variants or mutants of a
Serpincl gene that encode a Serpincl protein.

“Inhibiting expression of a Serpincl gene” inclu@dey level of inhibition of a
Serpincl gene.g., at least partial suppression of the expressian®érpincl gene, such as
an inhibition by at least about 5%, at least ali®%b, at least about 15%, at least about 20%,
at least about 25%, at least about 30%, at leastt&#5%,at least about 40%, at least about
45%, at least about 50%, at least about 55%gaat hbout 60%, at least about 65%, at least
about 70%, at least about 75%, at least about &0%ast about 85%, at least about 90%, at
least about 91%, at least about 92%, at least &8%1 at least about 94%, at least about
95%, at least about 96%, at least about 97%, st &wut 98%, or at least about 99%.

The expression of a Serpincl gene may be asskased on the level of any variable
associated with Serpincl gene expressean, Serpincl mRNA level, Serpincl protein level,
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or, for example, thrombin:antithrombin complex lsvas a measure of thrombin generation
portential, bleeding time, prothrombin time (PTlgtplet count, and/or activated partial
thromboplastin time (aPTT). Inhibition may be assel by a decrease in an absolute or
relative level of one or more of these variablespared with a control level. The control
level may be any type of control level that isimétl in the arte.g., a pre-dose baseline level,
or a level determined from a similar subject, callsample that is untreated or treated with a
control (such as.g., buffer only control or inactive agent control).

In one embodiment, at least partial suppressiagheg&xpression of a Serpincl gene,
is assessed by a reduction of the amount of SerpmRNA which can be isolated from or
detected in a first cell or group of cells in whizlSerpincl gene is transcribed and which has
or have been treated such that the expressiosef@ncl gene is inhibited, as compared to a
second cell or group of cells substantially ideadtio the first cell or group of cells but which
has or have not been so treated (control cellee degree of inhibition may be expressed in

terms of
(mRNAIn controlcells)- (MRNAIn treatectells)

(mRNAIn controlcells)

*100%

The phrase “contacting a cell with an RNAi agestjth as a dsRNA, as used herein,
includes contacting a cell by any possible med&wsntacting a cell with an RNAIi agent
includes contacting a calh vitro with the iRNA or contacting a cdlh vivo with the iRNA.
The contacting may be done directly or indirectijhus, for example, the RNAi agent may
be put into physical contact with the cell by thdividual performing the method, or
alternatively, the RNAI agent may be put into aaiion that will permit or cause it to
subsequently come into contact with the cell.

Contacting a celin vitro may be done, for example, by incubating the céh the
RNAI agent. Contacting a cehi vivo may be done, for example, by injecting the RNAI
agent into or near the tissue where the cell iatmt, or by injecting the RNAI agent into
another area.g., the bloodstream or the subcutaneous space tisactne agent will
subsequently reach the tissue where the cell tmbtacted is located. For example, the
RNAI agent may contain and/or be coupled to a lijam., GalNAc3, that directs the RNAI
agent to a site of interegtg., the liver. Combinations oh vitro andin vivo methods of
contacting are also possible. For example, ancall also be contacted vitro with an RNAI
agent and subsequently transplanted into a subject.

In one embodiment, contacting a cell with an iRM&ludes “introducing” or
“delivering the iRNA into the cell” by facilitatingr effecting uptake or absorption into the
cell. Absorption or uptake of an iRNA can occuotigh unaided diffusive or active cellular
processes, or by auxiliary agents or devices.odiuicing an iRNA into a cell may he vitro
and/orinvivo. For example, foim vivo introduction, iRNA can be injected into a tissite s
or administered systemicallyn vivo delivery can also be done by a beta-glucan dsfiver
system, such as those described in U.S. PatentG\i2,401 and 5,607,677, and U.S.
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Publication No. 2005/0281781, the entire contehtgloch are hereby incorporated herein
by reference.In vitro introduction into a cell includes methods knowrha art such as
electroporation and lipofection. Further approacéie described herein below and/or are
known in the art.

II. Methods of the Invention

The present invention provides therapeutic andpagtic methods which include
administering to a subject having a Serpincl-assedidiseas®.g., a bleeding disorder,
e.g., a hemophilia€.g., hemophilia A, hemophilia B, or hemophilia C), &NA agent or a
pharmaceutical composition comprising an iRNA agerihe invention. In some aspects of
the invention, the methods further include admerisfy to the subject an additional
therapeutic agent.

In certain embodiments of the invention, for exéanwhen a double stranded RNAI
agent includes one or more motifs of three idehtiadifications on three consecutive
nucleotides, including one such motif at or neardleavage site of the agent, six
phosphorothioate linkages, and a GalNAc ligandhsucagent is administered at a dose of
about 0.200 to about 1.825 mg/kg, 0.200 to ab@@Q mg/kg, about 0.200 to about 1.700
mg/kg, about 0.200 to about 1.600 mg/kg, about®taGbout 1.500 mg/kg, about 0.200 to
about 1.400 mg/kg, about 0.200 to about 1.400 mgkgut 0.200 to about 1.200 mg/kg,
about 0.200 to about 1.100 mg/kg, about 0.200 ttab.000 mg/kg, about 0.200 to about
0.900 mg/kg, about 0.200 to about 0.800 mg/kg, ab@00 to about 0.700 mg/kg, about
0.200 to about 0.600 mg/kg, about 0.200 to abd@®mg/kg, about 0.200 to about 0.400
mg/kg, about 0.225 to about 1.825 mg/kg, about®tdZabout 1.800 mg/kg, about 0.225 to
about 1.700 mg/kg, about 0.225 to about 1.600 mglkgut 0.225 to about 1.500 mg/kg,
about 0.225 to about 1.400 mg/kg, about 0.225 ¢mtab.400 mg/kg, about 0.225 to about
1.200 mg/kg, about 0.225 to about 1.100 mg/kg, a0d@P5 to about 1.000 mg/kg, about
0.225 to about 0.900 mg/kg, about 0.225 to ab@®&A@®mg/kg, about 0.225 to about 0.700
mg/kg, about 0.225 to about 0.600 mg/kg, about®tdZabout 0.500 mg/kg, about 0.225 to
about 0.400 mg/kg, about 0.250 to about 1.825 mglkgut 0.250 to about 1.800 mg/kg,
about 0.250 to about 1.700 mg/kg, about 0.250 tutab.600 mg/kg, about 0.250 to about
1.500 mg/kg, about 0.250 to about 1.400 mg/kg, 86d50 to about 1.400 mg/kg, about
0.250 to about 1.200 mg/kg, about 0.250 to abdlidlmg/kg, about 0.250 to about 1.000
mg/kg, about 0.250 to about 0.900 mg/kg, about®t@sbout 0.800 mg/kg, about 0.250 to
about 0.700 mg/kg, about 0.250 to about 0.600 mglkgut 0.250 to about 0.500 mg/kg,
about 0.250 to about 0.400 mg/kg, about 0.425 ¢mab.825 mg/kg, about 0.425 to about
1.800 mg/kg, about 0.425 to about 1.700 mg/kg, 80ai25 to about 1.600 mg/kg, about
0.425 to about 1.500 mg/kg, about 0.425 to abal@mg/kg, about 0.425 to about 1.400
mg/kg, about 0.425 to about 1.200 mg/kg, about®tdZabout 1.100 mg/kg, about 0.425 to
about 1.000 mg/kg, about 0.425 to about 0.900 mglkgut 0.425 to about 0.800 mg/kg,
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about 0.425 to about 0.700 mg/kg, about 0.425 tuta®.600 mg/kg, about 0.425 to about
0.500 mg/kg, about 0.450 to about 1.825 mg/kg, abaeib0 to about 1.800 mg/kg, about
0.450 to about 1.700 mg/kg, about 0.450 to abd&@Q mg/kg, about 0.450 to about 1.500
mg/kg, about 0.450 to about 1.400 mg/kg, about®tdZabout 1.400 mg/kg, about 0.450 to
about 1.200 mg/kg, about 0.450 to about 1.100 mgkgut 0.450 to about 1.000 mg/kg,
about 0.450 to about 0.900 mg/kg, about 0.450 twta®.800 mg/kg, about 0.450 to about
0.700 mg/kg, about 0.450 to about 0.600 mg/kg, abaeib0 to about 0.500 mg/kg, about
0.475 to about 1.825 mg/kg, about 0.475 to ab@®&@0d.mg/kg, about 0.475 to about 1.700
mg/kg, about 0.475 to about 1.600 mg/kg, about®td7about 1.500 mg/kg, about 0.475 to
about 1.400 mg/kg, about 0.475 to about 1.400 mglkgut 0.475 to about 1.200 mg/kg,
about 0.475 to about 1.100 mg/kg, about 0.475 ¢mtab.000 mg/kg, about 0.475 to about
0.900 mg/kg, about 0.475 to about 0.800 mg/kg, abaelr5 to about 0.700 mg/kg, about
0.475 to about 0.600 mg/kg, about 0.475 to abd@®mg/kg, about 0.875 to about 1.825
mg/kg, about 0.875 to about 1.800 mg/kg, about®t87about 1.700 mg/kg, about 0.875 to
about 1.600 mg/kg, about 0.875 to about 1.500 mglkgut 0.875 to about 1.400 mg/kg,
about 0.875 to about 1.400 mg/kg, about 0.875 ¢mtab.200 mg/kg, about 0.875 to about
1.100 mg/kg, about 0.875 to about 1.000 mg/kg, 806@¥5 to about 0.900 mg/kg, about
0.900 to about 1.825 mg/kg, about 0.900 to ab@@Q mg/kg, about 0.900 to about 1.700
mg/kg, about 0.900 to about 1.600 mg/kg, about®@t®Gbout 1.500 mg/kg, about 0.900 to
about 1.400 mg/kg, about 0.900 to about 1.400 mgkgut 0.900 to about 1.200 mg/kg,
about 0.900 to about 1.100 mg/kg, about 0.900 ttab.000 mg/kg, about 0.925 to about
1.825 mg/kg, about 0.925 to about 1.800 mg/kg, 80@P5 to about 1.700 mg/kg, about
0.925 to about 1.600 mg/kg, about 0.925 to abd@Q mg/kg, about 0.925 to about 1.400
mg/kg, about 0.925 to about 1.400 mg/kg, about®t82Zabout 1.200 mg/kg, about 0.925 to
about 1.100 mg/kg, or about 0.925 to about 1.00kgagValues and ranges intermediate to
the foregoing recited values are also intendecetpast of this inventiore.g.,, the RNAI
agent may be administered to the subject at aafosgout 0.015 mg/kg to about 0.45
mg/mg.

For example, the RNAI agere.g., RNAI agent in a pharmaceutical composition, may
be administered at a dose of about 0.2 mg/kg50n2g/kg, 0.25 mg/kg, 0.275 mg/kg, 0.3
mg/kg, 0.325 mg/kg, 0.35 mg/kg, 0.375 mg/kg, Ogtkyg, 0.425 mg/kg, 0.45 mg/kg, 0.475
mg/kg, about 0.5 mg/kg, 0.525 mg/kg, 0.55 mg/k§76.mg/kg, about 0.6 mg/kg, 0.625
mg/kg, 0.65 mg/kg, 0.675 mg/kg, about 0.7 mg/kg26.mg/kg, 0.75 mg/kg, 0.775 mg/kg,
about 0.8 mg/kg, 0.925 mg/kg, 0.95 mg/kg, 0.975kmgabout 1.0 mg/kg, 1.025 mg/kg, 1.05
mg/kg, 1.075 mg/kg, about 1.1 mg/kg, 1.125 mg/k$5Ing/kg, 1.175 mg/kg, about 1.2
mg/kg, 1.225 mg/kg, 1.25 mg/kg, 1.275 mg/kg, aldoBtmg/kg, 1.325 mg/kg, 1.35 mg/kg,
1.375 mg/kg, about 1.4 mg/kg, 1.425 mg/kg, 1.45kapgl.475 mg/kg, about 1.5 mg/kg,
1.525 mg/kg, 1.55 mg/kg, 1.575 mg/kg, about 1.6kagl.625 mg/kg, 1.65 mg/kg, 1.675
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mg/kg, about 1.7 mg/kg, 1.725 mg/kg, 1.75 mg/kg7%.mg/kg, or about 1.8 mg/kg. Values
intermediate to the foregoing recited values ase altended to be part of this invention.

Accordingly, in one aspect, the invention providesthods of preventing at least one
symptom in a subject having a disorder that woddbit from reduction in Serpincl
expressione.g., a bleeding disordee,g., a hemophilia. The methods include administering
to the subject a prophylactically effective dosg,, a dose of about 0.200 mg/kg to about
1.825 mg/kg, of the IRNA agerdg., dsRNA, of the inventiong(g., a pharmaceutical
composition comprising a dsRNA of the inventiohgreby preventing at least one symptom
in the subject having a disorder that would berfsditn reduction in Serpincl expression.

In another aspect, the present invention providethaas of treating a subject having
a disorder that would benefit from reduction ingecl expressiore.g., a bleeding disorder,
e.g., a hemophilia, which include administering to toeject,e.g., a human, a therapeutically
effective dosee.g., a dose of about 0.200 mg/kg to about 1.800 m@kgn iRNA agent
targeting a Serpincl gene or a pharmaceutical ceitiguo comprising an iRNA agent
targeting a Serpincl gene, thereby treating thgestibaving a disorder that would benefit
from reduction in Serpincl expression.

In another aspect, the invention provides usespsbphylactically effective dose,

e.g., a dose of about 0.200 mg/kg to about 1.825 mgrkgn iRNA,e.g., a dsRNA, of the
invention for preventing at least one symptom suhbject suffering from a disorder that
would benefit from a reduction and/or inhibition®érpincl expression, such as a bleeding
disordere.g., a hemophilia.

In a further aspect, the present invention provigess of a prohylactically effective
dose.e.g., a dose of about 0.200 mg/kg to about 1.825 mgilegnaRNA agent of the
invention in the manufacture of a medicament favpnting at least one symptom in a
subject suffering from a disorder that would beinfefim a reduction and/or inhibition of
Serpincl expression, such as a bleeding disoedpra hemophilia.

In another aspect, the present invention provides of a therapeutically effective
dose.e.g., a dose of about 0.200 mg/kg to about 1.825 m@kgn iRNA agent of the
invention for treating a subje@.g., a subject that would benefit from a reduction/and
inhibition of Serpincl expression.

In yet another aspect, the present invention pesvigse of an iRNA agergg., a
dsRNA, of the invention targeting a Serpincl gena pharmaceutical composition
comprising a therapeutically effective doee,, a dose of about 0.200 mg/kg to about 1.825
mg/kg, of an iIRNA agent targeting a Serpincl geniaé manufacture of a medicament for
treating a subjeck.g., a subject that would benefit from a reduction/andhhibition of
Serpincl expression, such as a subject havingediblg disordere.g., a hemophilia.

In some embodiments of the invention, for exampleen a double stranded RNAI
agent comprises a sense strand and an antiseasd, sthe antisense strand comprising a
region of complementarity which comprises at ld&stontiguous nucleotides differing by
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no more than 3 nucleotides from the nucleotide segeiof 5’ -
UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), where substantially all of
the nucleotides of the sense strand and substgraibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein theestrand is conjugated to a ligand
attached at the 3’-terminus, such an agent is adtared at a dose of about 0.200 to about
1.825 mg/kge.g., as a dose of about 0.200 mg/kg to about 0.250gngfkas a dose of about
0.425 mg/kg to about 0.475 mg/kg; or as a dosdofie0.875 mg/kg to about 0.925 mg/kg;
or as a dose of about 1.775 mg/kg to about 1.82&gng

Accordingly, in one aspect, the invention providesthods of preventing at least one
symptom in a subject having a disorder that woddhit from reduction in Serpincl
expressione.g., a bleeding disordee,g., a hemophilia. The methods include administering
to the subject a prophylactically effective dosg,, a dose of about 0.200 mg/kg to about
1.825 mg/kg, of a double stranded ribonucleic &iNAI) agent, comprising a sense strand
and an antisense strand, the antisense strandisorg@ region of complementarity which
comprises at least 15 contiguous nucleotides dhffidoy no more than 3 nucleotides from the
nucleotide sequence of 5’ - UUGAAGUAAAUGGUGUUAACCAG3’ (SEQ ID NO: 15),
wherein substantially all of the nucleotides of semse strand and substantially all of the
nucleotides of the antisense strand are modifieteontides, and wherein the sense strand is
conjugated to a ligand attached at the 3’-term{eus, a pharmaceutical composition
comprising the RNAI agent), thereby preventingeasst one symptom in the subject having a
disorder that would benefit from reduction in Sagdi expression.

In another aspect, the present invention providethaas of treating a subject having
a disorder that would benefit from reduction ingecl expressiore.g., a bleeding disorder,
e.g., a hemophilia, which include administering to thijsct,e.g., a human, a therapeutically
effective dosee.g., a dose of about 0.200 mg/kg to about 1.825 m@kg,double stranded
ribonucleic acid (RNAI) agent, comprising a sensargl and an antisense strand, the
antisense strand comprising a region of complemigntahich comprises at least 15
contiguous nucleotides differing by no more thamu8leotides from the nucleotide sequence
of 5" - UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: B), wherein
substantially all of the nucleotides of the serisznsl and substantially all of the nucleotides
of the antisense strand are modified nucleotides veherein the sense strand is conjugated
to a ligand attached at the 3’-terminus or a phasufical composition comprising the iRNA
agent targeting a Serpincl gene, thereby treat@gubject having a disorder that would
benefit from reduction in Serpincl expression.

In another aspect, the invention provides usesposbphylactically effective dose,
e.g., a dose of about 0.200 mg/kg to about 1.825 mg/kg,double stranded ribonucleic acid
(RNAI) agent, comprising a sense strand and aisamde strand, the antisense strand
comprising a region of complementarity which corsesi at least 15 contiguous nucleotides
differing by no more than 3 nucleotides from theleatide sequence of 5’ -
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UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), where substantially all of
the nucleotides of the sense strand and substgraibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein theestrand is conjugated to a ligand
attached at the 3'-terminus for preventing at lesst symptom in a subject suffering from a
disorder that would benefit from a reduction andiiibition of Serpincl expression, such as
a bleeding disordee.g., a hemophilia.

In a further aspect, the present invention provigess of a prohylactically effective
dosee.g., a dose of about 0.200 mg/kg to about 1.825 mgflegdmuble stranded ribonucleic
acid (RNAI) agent, comprising a sense strand anahéisense strand, the antisense strand
comprising a region of complementarity which coragsi at least 15 contiguous nucleotides
differing by no more than 3 nucleotides from theleatide sequence of 5’ -
UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), where substantially all of
the nucleotides of the sense strand and substgraibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein theestrand is conjugated to a ligand
attached at the 3’-terminus in the manufacture miedicament for preventing at least one
symptom in a subject suffering from a disorder thatlld benefit from a reduction and/or
inhibition of Serpincl expression, such as a blegdisordere.g., a hemophilia.

In another aspect, the present invention provides of a therapeutically effective
dosee.g., a dose of about 0.200 mg/kg to about 1.825 m@kg,double stranded
ribonucleic acid (RNAI) agent, comprising a sensargl and an antisense strand, the
antisense strand comprising a region of complemigntahich comprises at least 15
contiguous nucleotides differing by no more thamu8leotides from the nucleotide sequence
of 5" - UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: B), wherein
substantially all of the nucleotides of the serisznsl and substantially all of the nucleotides
of the antisense strand are modified nucleotides veherein the sense strand is conjugated
to a ligand attached at the 3'-terminus for treg@rsubjecte.g., a subject that would benefit
from a reduction and/or inhibition of Serpincl egsion.

In yet another aspect, the present invention pesvigse of an iRNA agergg., a
dsRNA, of the invention targeting a Serpincl gena pharmaceutical composition
comprising a therapeutically effective dose,, a dose of about 0.200 mg/kg to about 1.825
mg/kg, of a double stranded ribonucleic acid (RN&&gent, comprising a sense strand and an
antisense strand, the antisense strand compasiaegion of complementarity which
comprises at least 15 contiguous nucleotides dhffdoy no more than 3 nucleotides from the
nucleotide sequence of 5’ - UUGAAGUAAAUGGUGUUAACGA- 3’ (SEQ ID NO: 15),
wherein substantially all of the nucleotides of sease strand and substantially all of the
nucleotides of the antisense strand are modifieteontides, and wherein the sense strand is
conjugated to a ligand attached at the 3’-terminube manufacture of a medicament for
treating a subjeck.g., a subject that would benefit from a reduction/andhhibition of
Serpincl expression, such as a subject havingediblg disordere.g., a hemophilia.
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In some embodiments, an iRNA agent of the invenisoadministered to a subject as
a fixed dose. A “fixed dose’®e(g., a dose in mg) means that one dose of an iRNA agent
used for all subjects regardless of any specifigesit-related factors, such as weight. In one
particular embodiment, a fixed dose of an iRNA agdrihe invention is based on a
predetermined weight or age.

In some embodiments, the RNAI agent is administaeed fixed dose of between
about 25 mg to about 100 nmaygy., between about 25 mg to about 95 mg, between &out
mg to about 90 mg, between about 25 mg to abom@Detween about 25 mg to about 80
mg, between about 25 mg to about 75 mg, betweeunt &omg to about 70 mg, between
about 25 mg to about 65 mg, between about 25 mbaat 60 mg, between about 25 mg to
about 50 mg, between about 50 mg to about 100 gtgiden about 50 mg to about 95 mg,
between about 50 mg to about 90 mg, between alfooighto about 85 mg, between about
50 mg to about 80 mg, between about 30 mg to ab@itng, between about 30 mg to about
90 mg, between about 30 mg to about 80 mg, betabeunt 40 mg to about 100 mg, between
about 40 mg to about 90 mg, between about 40 mbaat 80 mg, between about 60 mg to
about 100 mg, between about 60 mg to about 90betgyeen about 25 mg to about 55 mg,
between about 25 mg to about 65 mg, between alfooigBto about 95 mg, between about
30 mg to about 85 mg, between about 30 mg to al®utg, between about 30 mg to about
65 mg, between about 30 mg to about 55 mg, betabeunt 40 mg to about 95 mg, between
about 40 mg to about 85 mg, between about 40 mbaat 75 mg, between about 40 mg to
about 65 mg, between about 40 mg to about 55 miggtwveen about 45 mg to about 95 mg.

In some embodiments, the RNAI agent is administaeed fixed dose of about 25
mg, about 30 mg, about 35 mg, about 40 mg, aboumglsabout 50 mg, about 55 mg, about
60 mg, about 65 mg, about 70 mg, about 75 mg, &®utg, about 85 mg, about 90 mg,
about 95 mg, or about 100 mg.

Accordingly, in one aspect, the invention providesthods of preventing at least one
symptom in a subject having a disorder that woddbit from reduction in Serpincl
expressione.g., a bleeding disordee,g., a hemophilia. The methods include administering
to the subject a prophylactically effective dosg,, a fixed dose of about 25 mg to about 100
mg, of the iIRNA ageng.g., dsRNA, of the inventiong(g., a pharmaceutical composition
comprising a dsRNA of the invention), thereby preugy at least one symptom in the
subject having a disorder that would benefit fraduction in Serpincl expression. In one
embodiment, the methods include administering ¢osthbject a prophylactically effective
dosee.g., a fixed dose of about 50 mg, of the IRNA agerd., dSRNA, of the invention,

(e.g., a pharmaceutical composition comprising a dsRN#efinvention), thereby
preventing at least one symptom in the subjectrigpaidisorder that would benefit from
reduction in Serpincl expression. In another embedt, the methods include administering
to the subject a prophylactically effective dosg,, a fixed dose of about 80 mg, of the
IRNA agent,e.g., dsRNA, of the inventiong(g., a pharmaceutical composition comprising a
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dsRNA of the invention), thereby preventing at temse symptom in the subject having a
disorder that would benefit from reduction in Sagdi expression.

In another aspect, the present invention providethaas of treating a subject having
a disorder that would benefit from reduction ingecl expressiore.g., a bleeding disorder,
e.g., a hemophilia, which include administering to tobject,e.g., a human, a therapeutically
effective dosee.g., a fixed dose of about 25 mg to about 100 mg, aR&A agent targeting
a Serpincl gene or a pharmaceutical compositiorpasmng an iRNA agent targeting a
Serpincl gene, thereby treating the subject haaidigorder that would benefit from
reduction in Serpincl expression. In one embodintka methods include administering to
the subject a therapeutically effective dasg., a fixed dose of about 50 mg, of the IRNA
agente.g., dsRNA, of the inventiong(g., a pharmaceutical composition comprising a
dsRNA of the invention), thereby treating the sabfeaving a disorder that would benefit
from reduction in Serpincl expression. In anotmebediment, the methods include
administering to the subject a therapeuticallyaiie dosege.g., a fixed dose of about 80
mg, of the IRNA ageng.g., dsRNA, of the inventiong(g., a pharmaceutical composition
comprising a dsRNA of the invention),thereby tregtihe subject having a disorder that
would benefit from reduction in Serpincl expression

In another aspect, the invention provides usespsbphylactically effective dose,
e.g., a fixed dose of about 25 mg to about 100 mg, aRNA, e.g., a dsRNA, of the
invention for preventing at least one symptom suhbject suffering from a disorder that
would benefit from a reduction and/or inhibition®&rpincl expression, such as a bleeding
disorderge.g., a hemophilia. In one embodiment, the inventionvjates uses of a
prophylactically effective dose,g., a fixed dose of about 50 mg, of an iIRN&g., a dsRNA,
of the invention for preventing at least one sympin a subject suffering from a disorder
that would benefit from a reduction and/or inhitaitiof Serpincl expression, such as a
bleeding disorder.g., a hemophilia. In another embodiment, the invengimvides uses of
a prophylactically effective doseg., a fixed dose of about 80 mg, of an IRN&g., a
dsRNA, of the invention for preventing at least symptom in a subject suffering from a
disorder that would benefit from a reduction andiiibition of Serpincl expression, such as
a bleeding disordee.g., a hemophilia.

In a further aspect, the present invention provigess of a prohylactically effective
dosee.g., a fixed dose of about 25 mg to about 100 mg oRA agent of the invention in
the manufacture of a medicament for preventingadtlone symptom in a subject suffering
from a disorder that would benefit from a reductamm/or inhibition of Serpincl expression,
such as a bleeding disordeq., a hemophilia. In one embodiment, the presentitioe
provides uses of a prohylactically effective dasg., a fixed dose of about 50 mg of an
IRNA agent of the invention in the manufacture ehadicament for preventing at least one
symptom in a subject suffering from a disorder thatld benefit from a reduction and/or
inhibition of Serpincl expression, such as a blegdisordere.g., a hemophilia. In another
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embodiment, the present invention provides usesprbhylactically effective doseg., a
fixed dose of about 80 mg of an iIRNA agent of tiention in the manufacture of a
medicament for preventing at least one symptomsunlgect suffering from a disorder that
would benefit from a reduction and/or inhibition®&rpincl expression, such as a bleeding
disordere.g., a hemophilia.

In another aspect, the present invention provides of a therapeutically effective
dosee.g., a fixed dose of about 25 mg to about 100 mg, aRMNA agent of the invention
for treating a subjecg.g., a subject that would benefit from a reduction/anahhibition of
Serpincl expression. In one embodiment, the preseantion provides uses of a
therapeutically effective doseg., a fixed dose of about 50 mg, of an iRNA agentef t
invention for treating a subje@.g., a subject that would benefit from a reduction/and
inhibition of Serpincl expression. In another edibeent, the present invention provides
uses of a therapeutically effective doag,, a fixed dose of about 80 mg, of an iRNA agent
of the invention for treating a subjeely., a subject that would benefit from a reduction
and/or inhibition of Serpincl expression.

In yet another aspect, the present invention pesvigse of an iRNA agergg., a
dsRNA, of the invention targeting a Serpincl gena pharmaceutical composition
comprising a therapeutically effective doeg,, a fixed dose of about 25 mg to about 100
mg, of an IRNA agent targeting a Serpincl genéennhanufacture of a medicament for
treating a subjeck.g., a subject that would benefit from a reduction/andhhibition of
Serpincl expression, such as a subject havingedibig disordere.g., a hemophilia. In one
embodiment, the present invention provides usenoR&IA agente.g., a dsRNA, of the
invention targeting a Serpincl gene or a pharmazdwomposition comprising a
therapeutically effective doseg., a fixed dose of about 50 mg, of an iIRNA agentating a
Serpincl gene in the manufacture of a medicameridating a subjece.g., a subject that
would benefit from a reduction and/or inhibition®érpincl expression, such as a subject
having a bleeding disordezxg., a hemophilia. In another embodiment, the pressmntion
provides use of an iRNA agemtg., a dsRNA, of the invention targeting a Serpinclegena
pharmaceutical composition comprising a therapellyieffective dosee.g., a fixed dose of
about 80 mg, of an iIRNA agent targeting a Serporie in the manufacture of a
medicament for treating a subjeeq., a subject that would benefit from a reduction/and
inhibition of Serpincl expression, such as a sulhjaeing a bleeding disordez.g., a
hemophilia.

In some embodiments of the invention, for exampleen a double stranded RNAI
agent comprises a sense strand and an antiseasd, sthe antisense strand comprising a
region of complementarity which comprises at ld&stontiguous nucleotides differing by
no more than 3 nucleotides from the nucleotide segei of 5’ -
UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), where substantially all of
the nucleotides of the sense strand and substgraibbf the nucleotides of the antisense
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strand are modified nucleotides, and wherein theesstrand is conjugated to a ligand
attached at the 3’-terminus, such an agent is adtared at a fixed dose of about 25 mg to
about 100 mge.g., as a fixed dose of about 25 mg; or as a fixed dbsbout 50 mg; or as a
fixed dose of about 80 mg; or as a fixed dose oLiath00 mg. In one embodiment, the fixed
dose is 50 mg. In another embodiment, the fixeskds 80 mg.

Accordingly, in one aspect, the invention providesthods of preventing at least one
symptom in a subject having a disorder that woddfit from reduction in Serpincl
expressione.g., a bleeding disordee,g., a hemophilia. The methods include administering
to the subject a prophylactically effective dosg,, a fixed dose of about 25 mg to about 100
mg, of a double stranded ribonucleic acid (RNAy¢at, comprising a sense strand and an
antisense strand, the antisense strand compasiaegion of complementarity which
comprises at least 15 contiguous nucleotides dhffjdoy no more than 3 nucleotides from the
nucleotide sequence of 5’ - UUGAAGUAAAUGGUGUUAACCAGS3’ (SEQ ID NO: 15),
wherein substantially all of the nucleotides of semse strand and substantially all of the
nucleotides of the antisense strand are modifieteontides, and wherein the sense strand is
conjugated to a ligand attached at the 3’-term{eus, a pharmaceutical composition
comprising the RNAI agent), thereby preventingeasst one symptom in the subject having a
disorder that would benefit from reduction in Sagdi expression. In one embodiment, the
fixed dose is 50 mg. In another embodiment, tkedfiidose is 80 mg.

In another aspect, the present invention providethaas of treating a subject having
a disorder that would benefit from reduction ingecl expressiore.g., a bleeding disorder,
e.g., a hemophilia, which include administering to tobject,e.g., a human, a therapeutically
effective dosee.g., a fixed dose of about 25 mg to about 100 mg, adwzble stranded
ribonucleic acid (RNAI) agent, comprising a sensargl and an antisense strand, the
antisense strand comprising a region of complemigntahich comprises at least 15
contiguous nucleotides differing by no more thamu8leotides from the nucleotide sequence
of 5" - UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: B), wherein
substantially all of the nucleotides of the serisznsl and substantially all of the nucleotides
of the antisense strand are modified nucleotides veherein the sense strand is conjugated
to a ligand attached at the 3'-terminus or a phasugical composition comprising the iRNA
agent targeting a Serpincl gene, thereby treatmguibject having a disorder that would
benefit from reduction in Serpincl expressionome embodiment, the fixed dose is 50 mg.
In another embodiment, the fixed dose is 80 mg.

In another aspect, the invention provides usespsbphylactically effective dose,

e.g., a fixed dose of about 25 mg to about 100 mg, dduble stranded ribonucleic acid
(RNAI) agent, comprising a sense strand and aseme strand, the antisense strand
comprising a region of complementarity which corsgsi at least 15 contiguous nucleotides
differing by no more than 3 nucleotides from theleatide sequence of 5’ -
UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), where substantially all of
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the nucleotides of the sense strand and substgratibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein theestrand is conjugated to a ligand
attached at the 3'-terminus for preventing at lesst symptom in a subject suffering from a
disorder that would benefit from a reduction andiiibition of Serpincl expression, such as
a bleeding disordege.g., a hemophilia. In one embodiment, the fixed do€isng. In

another embodiment, the fixed dose is 80 mg.

In a further aspect, the present invention provigess of a prohylactically effective
dosee.g., a fixed dose of about 25 mg to about 100 mg afubte stranded ribonucleic acid
(RNAI) agent, comprising a sense strand and aisamde strand, the antisense strand
comprising a region of complementarity which corsesi at least 15 contiguous nucleotides
differing by no more than 3 nucleotides from theleatide sequence of 5’ -
UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), where substantially all of
the nucleotides of the sense strand and substgraibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein theestrand is conjugated to a ligand
attached at the 3’-terminus in the manufacture midicament for preventing at least one
symptom in a subject suffering from a disorder thatlld benefit from a reduction and/or
inhibition of Serpincl expression, such as a blegdisordere.g., a hemophilia. In one
embodiment, the fixed dose is 50 mg. In anothdsatiment, the fixed dose is 80 mg.

In another aspect, the present invention provides of a therapeutically effective
dosee.g., a fixed dose of about 25 mg to about 100 mg, dduble stranded ribonucleic acid
(RNAI) agent, comprising a sense strand and aisamde strand, the antisense strand
comprising a region of complementarity which corsgsi at least 15 contiguous nucleotides
differing by no more than 3 nucleotides from theleatide sequence of 5’ -
UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), where substantially all of
the nucleotides of the sense strand and substgraibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein theestrand is conjugated to a ligand
attached at the 3'-terminus for treating a subggt, a subject that would benefit from a
reduction and/or inhibition of Serpincl expressionone embodiment, the fixed dose is 50
mg. In another embodiment, the fixed dose is 80 mg

In yet another aspect, the present invention pies/use of an IRNA agemg., a
dsRNA, of the invention targeting a Serpincl gena pharmaceutical composition
comprising a therapeutically effective doeg,, a fixed dose of about 25 mg to about 100
mg, of a double stranded ribonucleic acid (RNAig@ ity comprising a sense strand and an
antisense strand, the antisense strand compasiaegion of complementarity which
comprises at least 15 contiguous nucleotides dhffdoy no more than 3 nucleotides from the
nucleotide sequence of 5’ - UUGAAGUAAAUGGUGUUAACGA- 3’ (SEQ ID NO: 15),
wherein substantially all of the nucleotides of se@se strand and substantially all of the
nucleotides of the antisense strand are modifieteontides, and wherein the sense strand is
conjugated to a ligand attached at the 3’-terminube manufacture of a medicament for
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treating a subjeck.g., a subject that would benefit from a reduction/andhhibition of
Serpincl expression, such as a subject havingedibig disordere.g., a hemophilia. In one
embodiment, the fixed dose is 50 mg. In anothdyaetiment, the fixed dose is 80 mg.

The methods and uses of the invention include adbering a composition described
herein such that expression of the target Sergyeck is decreased, such as for about 1, 2, 3,
4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, B71D, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 4244345, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 6766870, 71, 72, 73, 74, 75, 76, 77, 78, 79, or
about 80 days. In one embodiment, expressioneofaifyet Serpincl gene is decreased for an
extended duratiore.g., at least about seven days or merg, about one week, two weeks,
three weeks, about four weeks, about 5 weeks, dwmaeks, about 2 months, about a
quarter, or longer.

Reduction in gene expression can be assessed byethpds known in the art. For
example, a reduction in the expression of Serpma¥ be determined by determining the
MRNA expression level of Serpincl using methodsimeuo one of ordinary skill in the art,
e.g., Northern blotting, gRT-PCR, by determining thetpino level of Serpincl using
methods routine to one of ordinary skill in the arttich as Western blotting, immunological
techniques, and/or by determining a biologicahaistiof Serpincl, such as affecting one or
more molecules associated with the cellular bldotting mechanism (or in am vivo
setting, blood clotting itself). In one embodimehtrombin generation time, clot formation
time and/or clotting time are determined to as§&spincl expression usingg., ROTEM®
Thromboelastometry analysis of whole blood.

Administration of the dsRNA according to the methaahd uses of the invention may
result in a reduction of the severity, signs, syonp, and/or markers of such diseases or
disorders in a patient with a Serpincl-associaiegbde. By “reduction” in this context is
meant a statistically significant decrease in daghl. The reduction can be, for example, at
least about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 4%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, or about 100%.

Efficacy of treatment or prevention of disease lbarassessed, for example by
measuring disease progression, disease remisgiapt@n severity, frequency of bleeds,
reduction in pain, quality of life, dose of a meation required to sustain a treatment effect,
level of a disease marker or any other measuraivkngeter appropriate for a given disease
being treated or targeted for prevention. It islwathin the ability of one skilled in the art to
monitor efficacy of treatment or prevention by measgy any one of such parameters, or any
combination of parameters. For example, efficacyredtment of a bleeding disorder may be
assessed, for example, by periodic monitoring wadrttbin:anti-thrombin levels.

Comparisons of the later readings with the initgldings provide a physician an indication
of whether the treatment is effective. It is weithin the ability of one skilled in the art to
monitor efficacy of treatment or prevention by measgy any one of such parameters, or any
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combination of parameters. In connection withdadministration of an iRNA targeting
Serpincl or pharmaceutical composition thereofgtdive against” a bleeding disorder
indicates that administration in a clinically appriate manner results in a beneficial effect
for at least a statistically significant fractiohpatients, such as a improvement of symptoms,
a cure, a reduction in disease, extension ofilfigrovement in quality of life, or other effect
generally recognized as positive by medical dodiamsliar with treating bleeding disorders
and the related causes.

A treatment or preventive effect is evident whegréhis a statistically significant
improvement in one or more parameters of diseasesstor by a failure to worsen or to
develop symptoms where they would otherwise beigatied. As an example, a favorable
change of at least 10% in a measurable paramethsedse, and preferably at least 20%,
30%, 40%, 50% or more can be indicative of effectreatment. Efficacy for a given iRNA
drug or formulation of that drug can also be judgsohg an experimental animal model for
the given disease as known in the art. When usingkperimental animal model, efficacy of
treatment is evidenced when a statistically sigaift reduction in a marker or symptom is
observed.

Alternatively, the efficacy can be measured byduogion in the severity of disease as
determined by one skilled in the art of diagnosisdal on a clinically accepted disease
severity grading scale. Any positive change resgline.g., lessening of severity of disease
measured using the appropriate scale, represeadmiaie treatment using an iRNA or iRNA
formulation as described herein.

The iIRNA (or pharmaceutical compositions compridimg iRNA) may be
administered to the subject about once a week,talvze a month, about once every six
weeks, about once every 2 months, or once a quarter

A double stranded iRNA agent may be administévezisubject as one or more
doses. For example, a double stranded iIRNA agagitha administered to a subject as a
monthly dose of about 0.200 mg/kg to about 1.82&kmdaAlternatively, a double stranded
IRNA agent may be administered to a subject asemlfdose of about 25 mg to about 100
mg.

In one embodiment, a double stranded RNAI agenfci@ng a sense strand and an
antisense strand, the antisense strand compasiaegion of complementarity which
comprises at least 15 contiguous nucleotides dhfjidoy no more than 3 nucleotides from the
nucleotide sequence of 5’ - UUGAAGUAAAUGGUGUUAACCAGS3’ (SEQ ID NO: 15),
wherein substantially all of the nucleotides of semse strand and substantially all of the
nucleotides of the antisense strand are modifieteontides, and wherein the sense strand is
conjugated to a ligand attached at the 3’-termiauministered is administered to the
subject as a monthly dose of about 0.200 mg/kdpewa0.250 mg/kge.g., about 0.225
mg/kg.
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In another embodiment, a double stranded RNAI agemiprising a sense strand and
an antisense strand, the antisense strand congpagiegion of complementarity which
comprises at least 15 contiguous nucleotides dhffdoy no more than 3 nucleotides from the
nucleotide sequence of 5’ - UUGAAGUAAAUGGUGUUAACCAGS3’ (SEQ ID NO: 15),
wherein substantially all of the nucleotides of seamse strand and substantially all of the
nucleotides of the antisense strand are modifieteontides, and wherein the sense strand is
conjugated to a ligand attached at the 3’-termiaaministered is administered to the
subject as a monthly dose of about 0.425 mg/kdpewa0.475 mg/kge.g., about 0.450
mg/kg.

In yet another embodiment, a double stranded RN&nacomprising a sense strand
and an antisense strand, the antisense strandisorg@ region of complementarity which
comprises at least 15 contiguous nucleotides dhffdoy no more than 3 nucleotides from the
nucleotide sequence of 5’ - UUGAAGUAAAUGGUGUUAACCAGS3’ (SEQ ID NO: 15),
wherein substantially all of the nucleotides of semse strand and substantially all of the
nucleotides of the antisense strand are modifieteontides, and wherein the sense strand is
conjugated to a ligand attached at the 3’-termiaaministered is administered to the
subject as a monthly dose of about 0.875 mg/kdpema0.925 mg/kg,e.g., about
0.900mg/kg.

In one embodiment, a double stranded RNAI agenfoci@ng a sense strand and an
antisense strand, the antisense strand compasiaegion of complementarity which
comprises at least 15 contiguous nucleotides dhffdoy no more than 3 nucleotides from the
nucleotide sequence of 5’ - UUGAAGUAAAUGGUGUUAACCAGS3’ (SEQ ID NO: 15),
wherein substantially all of the nucleotides of semse strand and substantially all of the
nucleotides of the antisense strand are modifieteontides, and wherein the sense strand is
conjugated to a ligand attached at the 3’-termiauministered is administered to the
subject as a monthly dose of about 1.775 mg/kdptwal.825, mg/kge.g., about 1.800
mg/kg.

In one embodiment, a double stranded RNAI agenfoci@ng a sense strand and an
antisense strand, the antisense strand compasiaegion of complementarity which
comprises at least 15 contiguous nucleotides dhffdoy no more than 3 nucleotides from the
nucleotide sequence of 5’ - UUGAAGUAAAUGGUGUUAACCAGS3’ (SEQ ID NO: 15),
wherein substantially all of the nucleotides of sease strand and substantially all of the
nucleotides of the antisense strand are modifieteontides, and wherein the sense strand is
conjugated to a ligand attached at the 3’-termiauministered is administered to the
subject as a fixed dose of about 25 to about 10(emgabout 25 mg, 50 mg, 80 mg, or 100
mg. In one embodiment, the fixed dose is 50 nmganiother embodiment, the fixed dose is
80 mg.

The administration may be repeated, for example myular basis, such as monthly,
for one month, two months, three months, four mewthlonger. After an initial treatment
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regimen, the treatments can be administered ossdtiequent basis. For example, after
administration monthly for three months, administra can be repeated once per quarter, for
a year or longer.

Accordingly, in some embodiments, the RNAI agsrddministered in a dosing
regimen that includes a “loading phase” of closgigced administrations that may be
followed by a “maintenance phase”, in which the Rldgent is administred at longer spaced
intervals.

A loading dosing schedule and/or maintenance dasthedule may optionally be
repeated for one or more iterations. The numbd&eddtions may depend on the
achievement of a desired effect, e.g., the supijoress a Serpincl gene, and/or the
achievement of a therapeutic or prophylactic effegt, increasing blood clotting, reducing
clot formation time, and/or reducing clotting time.

Administration of the iRNA can reduce Serpincl leyeg., in a cell, tissue, blood,
urine or other compartment of the patient by astledout 5%, 6%, 7%, 8%, 9%, 10%, 11%,

12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%,23%, 24%, 25%, 26%, 27%,
28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 38%,B39%, 40%, 41%, 42%, 43%,
44%, 45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%,55%, 56%, 57%, 58%, 59%,
60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 6%, 771%, 72%, 73%, 74%, 75%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 8%, B7%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or at least 8®@ or more

The iIRNA can be administered by intravenous infagiger a period of time, such as
overab, 6,7,8,9, 10,11, 12, 13, 14, 15, ¥618, 19, 20, 21, 22, 23, 24, or about a 25
minute period.

Before administration of a full dose of the iIRNAtignts can be administered a
smaller dose, such as a 5% infusion, and monitiareadverse effects, such as an allergic
reaction. In another example, the patient can teitored for unwanted immunostimulatory
effects, such as increased cytokiag.( TNF-alpha or INF-alpha) levels.

Owing to the inhibitory effects on Serpincl expressa composition according to
the invention or a pharmaceutical composition pregpaherefrom can enhance the quality of
life.

An iRNA of the invention may be administered in Ked” form, or as a “free IRNA.”
A naked iRNA is administered in the absence of aplaceutical composition. The naked
IRNA may be in a suitable buffer solution. Thefleukolution may comprise acetate, citrate,
prolamine, carbonate, or phosphate, or any conibm#étereof. In one embodiment, the
buffer solution is phosphate buffered saline (PBH)e pH and osmolarity of the buffer
solution containing the iRNA can be adjusted sinet it is suitable for administering to a
subject.

Alternatively, an iRNA of the invention may be admstered as a pharmaceutical
composition, such as a dsRNA liposomal formulation.
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Subjects that would benefit from a reduction andibibition of Serpinclgene
expression are those having a bleeding disoedgr,an inherited bleeding disorder or an
acquired bleeding disorder as described hereirmnénembodiment, a subject having an
inherited bleeding disorder has a hemophdig., hemophilia A, B, or C. In one
embodment, a subject having an inherited bleedisgyder,e.g., a hemophilia, is an
inhibitor subject (a subject that has become réfrgdo replacement coagulation factors). In
one embodiment, the inhibitor subject has hemaplili In another embodment, the
inhibitor subject has hemophilia B. In yet anoteerbodiment, the inhibitor subject has
hemophilia C. Treatment of a subject that woulddf from a reduction and/or inhibition of
Serpincl gene expression includes therapeatic bn-demande.g., the subject is bleeding
(spontaneous bleeding or bleeding as a resulaafita) and failing to clot) and prophylactic
(e.g., the subject is not bleeding and/or is to underggeyy) treatment.

The invention further provides methods and use#hi®use of an iRNA or a
pharmaceutical composition thereefj., for treating a subject that would benefit from
reduction and/or inhibition of Serpincl expressi&g,, a subject having a bleeding disorder,
in combination with other pharmaceuticals and/tweotherapeutic methodsg., with
known pharmaceuticals and/or known therapeutic agsthsuch as, for example, those which
are currently employed for treating these disorders

For example, in certain embodiments, an iRNA tangeSerpincl is administered in
combination withg.g., an agent useful in treating a bleeding disordetescribed elsewhere
herein. For example, additional therapeutics aedapeutic methods suitable for treating a
subject that would benefit from reducton in Serfiiegpressione.g., a subject having a
bleeding disorder, include fresh-frozen plasma (FFFombinant FVlla; recombinant FIX;
FXI concentrates; virus-inactivated, vVWF-containkglll concentrates; desensitization
therapy which may include large doses of FVIII 6X,Falong with steroids or intravenous
immunoglobulin (IVIG) and cyclophosphamide; plasimeq@sis in conjunction with
immunosuppression and infusion of FVIII or FIX, wibr without antifibrinolytic therapy;
immune tolerance induction (ITI), with or withommunosuppressive therapy (e.qg.,
cyclophosphamide, prednisone, and/or anti-CD2@snbpressin acetate [DDAVP];
antifibrinolytics, such as aminocaproic acid arah&xamic acid; activated prothrombin
complex concentrate (PCC); antihemophilic agerdgjasteroids; immunosuppressive
agents; and estrogens.

The iIRNA and an additional therapeutic agent antiéatment may be administered
at the same time and/or in the same combinagign,parenterally, or the additional
therapeutic agent can be administered as parseparate composition or at separate times
and/or by another method known in the art or dbsdrherein.

In one embodiment, the present invention providethods for treating a subject
suffering from a bleeding disordexg., a hemophilia, by subcutaneously administeringnéo t
subject compound AD-57213 (Sense strand: 5'- GfgataCfaCfCfAfuUfuAfcUfuCfaAf
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— 3’ (SEQ ID NO:13) and Antisense starnd: 5’- ugsifflaGfuAfaAfuggUfgUfuAfaCfcsasg

— 3 (SEQ ID NO:14), wherein A, C, G, and U areogk A, C, Gor U; a, ¢, g, and u are 2
O-methyl (2-OMe) A, C, G, or U; Af, Cf, Gf or Uf are’2luoro A, C,GorU;and sis a
phosphorothioate linkage) at a dose of about Or2gikg to about 1.800 mg/kg.g., a
monthly dose of about about 0.200 mg/kg to abaB@®mg/kg; about 0.425 mg/kg to about
0.475 mg/kg; about 0.875 mg/kg to about 0.925 mgdkgabout 1.775 mg/kg to about 1.825
mg/kg.

In another embodiment, the present invention pewithethods for treating a subject
suffering from a bleeding disordexg., a hemophilia, by subcutaneously administeringnéo t
subject compound AD-57213 (Sense strand: 5'- GfagataCfaCfCfAfuUfuAfcUfuCfaAf
— 3’ (SEQ ID NO:13) and Antisense starnd: 5’- usifflaGfuAfaAfuggUfgUfuAfaCfcsasg
-3 (SEQ ID NO:14), wherein A, C, G, and U areosk A, C, Gor U; a, ¢, g, and u are 2
O-methyl (2-OMe) A, C, G, or U; Af, Cf, Gf or Uf are’2luoro A, C,GorU;and sis a
phosphorothioate linkage) at a fixed dose of a&utng to about 100 mg.g., a fixed dose
of about about 25 mg, about 50 mg, about 80 mdoutal00 mg. In one embodiment, the
fixed dose is 50 mg. In another embodiment, thedidose is 80 mg.

lll. iIRNAs for Use in the Methods of the Invention

Described herein are methods for the use of imglaleible stranded RNAI agents
which inhibit the expression of a Serpincl gena gell, such as a cell within a subjezg.,
a mammal, such as a human having a Serpincl-assibdigordere.g., a bleeding dosorder,
e.g., hemophilia.

Accordingly, the invention provides double stran®dAi agents with chemical
modifications capable of inhibiting the expressudra target gena.g., a Serpincl geneéj
vivo. In certain aspects of the invention, substéntsl of the nucleotides of an iRNA of
the invention are modified. In other embodimentthefinvention, all of the nucleotides of an
IRNA of the invention are modified. iRNAs of thevention in which “substantially all of the
nucleotides are modified” are largely but not wiaatiodified and can include not more than
5, 4, 3, 2, or 1 unmodified nucleotides.

The RNAI agent comprises a sense strand and aseasé strand. Each strand of the
RNAI agent may range from 12-30 nucleotides in tend-or example, each strand may be
between 14-30 nucleotides in length, 17-30 nudestin length, 19-30 nucleotides in length,
25-30 nucleotides in length, 27-30 nucleotide®imgth, 17-23 nucleotides in length, 17-21
nucleotides in length, 17-19 nucleotides in len@®25 nucleotides in length, 19-23
nucleotides in length, 19-21 nucleotides in length25 nucleotides in length, or 21-23
nucleotides in length.

The sense strand and antisense strand typically doduplex double stranded RNA
(“dsRNA”), also referred to herein as an “RNAi agénThe duplex region of an RNAi agent
may be 12-30 nucleotide pairs in length. For exXarntpe duplex region can be between 14-
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30 nucleotide pairs in length, 17-30 nucleotidesai length, 27-30 nucleotide pairs in
length, 17 - 23 nucleotide pairs in length, 17-Rtlaotide pairs in length, 17-19 nucleotide
pairs in length, 19-25 nucleotide pairs in lendi®;23 nucleotide pairs in length, 19- 21
nucleotide pairs in length, 21-25 nucleotide paarength, or 21-23 nucleotide pairs in
length. In another example, the duplex regiorelsded from 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, and 27 nucleotides in length.

In one embodiment, the RNAIi agent may contain armaare overhang regions
and/or capping groups at the 3’-end, 5’-end, ohlastds of one or both strands. The
overhang can be 1-6 nucleotides in length, fommst 2-6 nucleotides in length, 1-5
nucleotides in length, 2-5 nucleotides in lengtd, ducleotides in length, 2-4 nucleotides in
length, 1-3 nucleotides in length, 2-3 nucleotithelength, or 1-2 nucleotides in length. The
overhangs can be the result of one strand beirgglainan the other, or the result of two
strands of the same length being staggered. Tédharg can form a mismatch with the
target mMRNA or it can be complementary to the g@wiences being targeted or can be
another sequence. The first and second strandslgaibe joinede.g., by additional bases to
form a hairpin, or by other non-base linkers.

In one embodiment, the nucleotides in the overlragmpn of the RNAI agent can
each independently be a modified or unmodified emtdle including, but no limited to 2'-
sugar modified, such as, 2-F, 2’-O-methyl, thymé(it), 2 -O-methoxyethyl-5-
methyluridine (Teo), 2'-O-methoxyethyladenosinegp& -O-methoxyethyl-5-
methylcytidine (m5Ceo0), and any combinations therémr example, TT can be an
overhang sequence for either end on either strafftk overhang can form a mismatch with
the target mMRNA or it can be complementary to thieegsequences being targeted or can be
another sequence.

The 5’- or 3'- overhangs at the sense strand, emsis strand or both strands of the
RNAI agent may be phosphorylated. In some embadisn¢he overhang region(s) contains
two nucleotides having a phosphorothioate betwkernvto nucleotides, where the two
nucleotides can be the same or different. In ankogliment, the overhang is present at the
3’-end of the sense strand, antisense strand,tbrddi@nds. In one embodiment, this 3'-
overhang is present in the antisense strand.nérembodiment, this 3’-overhang is present
in the sense strand.

The RNAI agent may contain only a single overhavigich can strengthen the
interference activity of the RNAI, without affecgnts overall stability. For example, the
single-stranded overhang may be located at ther@tal end of the sense strand or,
alternatively, at the 3'-terminal end of the amts®estrand. The RNAI may also have a blunt
end, located at the 5’-end of the antisense stfanthe 3’-end of the sense strandyime
versa. Generally, the antisense strand of the RNAidascleotide overhang at the 3’-end,
and the 5’-end is blunt. While not wishing to lmeibhd by theory, the asymmetric blunt end
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at the 5’-end of the antisense strand and 3’-emul@ang of the antisense strand favor the
guide strand loading into RISC process.

Any of the nucleic acids featured in the inventgam be synthesized and/or modified
by methods well established in the art, such asetldescribed in “Current protocols in
nucleic acid chemistry,” Beaucage, Set.al. (Edrs.), John Wiley & Sons, Inc., New York,
NY, USA, which is hereby incorporated herein byerehce. Modifications include, for
example, end modificatione.,g., 5’-end modifications (phosphorylation, conjugatio
inverted linkages) or 3’-end modifications (corgtign, DNA nucleotides, inverted linkages,
etc.); base modification®.g., replacement with stabilizing bases, destabiliiages, or
bases that base pair with an expanded repertopartiers, removal of bases (abasic
nucleotides), or conjugated bases; sugar modificaté.g., at the 2’-position or 4’-position)
or replacement of the sugar; and/or backbone nuadidfins, including modification or
replacement of the phosphodiester linkages. Spexniimples of IRNA compounds useful
in the embodiments described herein include, brihat limited to RNAs containing
modified backbones or no natural internucleosidkdges. RNAs having modified
backbones include, among others, those that dbawat a phosphorus atom in the backbone.
For the purposes of this specification, and as sioms referenced in the art, modified RNAs
that do not have a phosphorus atom in their intdenside backbone can also be considered
to be oligonucleosides. In some embodiments, afraddRNA will have a phosphorus
atom in its internucleoside backbone.

Modified RNA backbones include, for example, phasplthioates, chiral
phosphorothioates, phosphorodithioates, phosplterse aminoalkylphosphotriesters,
methyl and other alkyl phosphonates including Bdaine phosphonates and chiral
phosphonates, phosphinates, phosphoramidates imgl8damino phosphoramidate and
aminoalkylphosphoramidates, thionophosphoramid#étesoalkylphosphonates,
thionoalkylphosphotriesters, and boranophosphatemy normal 3'-5' linkages, 2'-5'-linked
analogs of these, and those having inverted pphafierein the adjacent pairs of nucleoside
units are linked 3'-5' to 5'-3' or 2'-5' to 5'\2arious salts, mixed salts and free acid forms are
also included.

Representative U.S. patents that teach the prepacttthe above phosphorus-
containing linkages include, but are not limitedWwoS. Patent Nos. 3,687,808; 4,469,863;
4,476,301, 5,023,243; 5,177,195; 5,188,897; 5,243 ,8,276,019; 5,278,302; 5,286,717
5,321,131, 5,399,676, 5,405,939; 5,453,496; 5,485,3,466,677; 5,476,925; 5,519,126;
5,536,821; 5,541,316; 5,550,111, 5,563,253; 5,%1,3,587,361; 5,625,050; 6,028,188;
6,124,445; 6,160,109; 6,169,170; 6,172,209; 6,268,6,277,603; 6,326,199; 6,346,614,
6,444,423; 6,531,590, 6,534,639; 6,608,035; 6,683,%,858,715; 6,867,294, 6,878,805;
7,015,315; 7,041,816; 7,273,933; 7,321,029; andPBIRE39464, the entire contents of
each of which are hereby incorporated herein bsregice.
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Modified RNA backbones that do not include a phaspk atom therein have
backbones that are formed by short chain alkylyoloalkyl internucleoside linkages, mixed
heteroatoms and alkyl or cycloalkyl internucleodidkages, or one or more short chain
heteroatomic or heterocyclic internucleoside lirdagrhese include those having
morpholino linkages (formed in part from the sugartion of a nucleoside); siloxane
backbones; sulfide, sulfoxide and sulfone backbploesiacetyl and thioformacetyl
backbones; methylene formacetyl and thioformadstgkbones; alkene containing
backbones; sulfamate backbones; methyleneiminareatdylenehydrazino backbones;
sulfonate and sulfonamide backbones; amide baclkbhame others having mixed N, O, S
and CH component parts.

Representative U.S. patents that teach the prepauattthe above oligonucleosides
include, but are not limited to, U.S. Patent Ng838,506; 5,166,315; 5,185,444, 5,214,134,
5,216,141; 5,235,033; 5,64,562; 5,264,564, 5,4(,9334,257; 5,466,677; 5,470,967,
5,489,677; 5,541,307; 5,561,225; 5,596,086; 5,602,3,608,046; 5,610,289; 5,618,704,
5,623,070; 5,663,312; 5,633,360; 5,677,437; arg¥, /5439, the entire contents of each of
which are hereby incorporated herein by reference.

In other embodiments, suitable RNA mimetics are¢@mplated for use in IRNAS, in
which both the sugar and the internucleoside liekiag, the backbone, of the nucleotide
units are replaced with novel groups. The bases amé maintained for hybridization with an
appropriate nucleic acid target compound. One sligpmeric compound, an RNA mimetic
that has been shown to have excellent hybridizadroperties, is referred to as a peptide
nucleic acid (PNA). In PNA compounds, the sugakbaae of an RNA is replaced with an
amide containing backbone, in particular an amimggtycine backbone. The nucleobases
are retained and are bound directly or indirealgza nitrogen atoms of the amide portion of
the backbone. Representative U.S. patents thdt thaqreparation of PNA compounds
include, but are not limited to, U.S. Patent Ng539,082; 5,714,331, and 5,719,262, the
entire contents of each of which are hereby inc@tea herein by reference. Additional PNA
compounds suitable for use in the iRNAs of the niiva are described in, for example, in
Nielsenet al., Science, 1991, 254, 1497-1500.

Some embodiments featured in the invention incRN&és with phosphorothioate
backbones and oligonucleosides with heteroatomimags, and in particular --GHNH--
CHgy-, --CH,--N(CHs)--O--CH,--[known as a methylene (methylimino) or MMI backied, --
CHa--O--N(CHg)--CHy--, --CH,--N(CHj3)--N(CHg)--CHy-- and --N(CH)--CHy--CH,--

[wherein the native phosphodiester backbone iesgmted as --O--P--O--GH] of the
above-referenced U.S. Patent No. 5,489,677, andrtirde backbones of the above-
referenced U.S. Patent No. 5,602,240. In some emmgods, the RNAs featured herein have
morpholino backbone structures of the above-rete@n).S. Patent No. 5,034,506.

Modified RNAs can also contain one or more subsdisugar moieties. The

IRNAs, e.g., dsRNAs, featured herein can include one of tHeviang at the 2'-position: OH;
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F; O-, S-, or N-alkyl; O-, S-, or N-alkenyl; O-, 8 N-alkynyl; or O-alkyl-O-alkyl, wherein
the alkyl, alkenyl and alkynyl can be substitutediosubstituted Cto G alkyl or G to Gy
alkenyl and alkynyl. Exemplary suitable modificets include O[(CH),0] nCHs,
O(CH).nOCH;s, O(CHy)NHz, O(CH,) nCHs, O(CHy)nONH,, and O(CH),ON[(CH;)nCH;)]>,
where n and m are from 1 to about 10. In otheraaimbents, dsRNAs include one of the
following at the 2' position: {to G lower alkyl, substituted lower alkyl, alkaryl, #cgd, O-
alkaryl or O-aralkyl, SH, SCOCN, ClI, Br, CN, Ck, OCF;, SOCH, SOQCHs;, ONG;,,

NO,, N3, NH,, heterocycloalkyl, heterocycloalkaryl, aminoalkyiao, polyalkylamino,
substituted silyl, an RNA cleaving group, a repogeup, an intercalator, a group for
improving the pharmacokinetic properties of an iRMAa group for improving the
pharmacodynamic properties of an iRNA, and othbsstuents having similar properties. In
some embodiments, the modification includes a 2hmegethoxy (2'-O--CHCH,OCHs, also
known as 2'-O-(2-methoxyethyl) or 2'-MOE) (Marénal., Helv. Chim. Acta, 1995, 78:486-
504)i.e., an alkoxy-alkoxy group. Another exemplary mazhfion is 2'-
dimethylaminooxyethoxy,e., a O(CH).ON(CHzs), group, also known as 2'-DMAOE, as
described in examples herein below, and 2'-dimathitoethoxyethoxy (also known in the
art as 2'-O-dimethylaminoethoxyethyl or 2'-DMAEOE,, 2'-O--CH--O--CH,--N(CHy)>.

Other modifications include 2'-methoxy (2'-O¢}H2'-aminopropoxy (2'-
OCH,CH,CH2NH>) and 2'-fluoro (2'-F). Similar modifications cals@be made at other
positions on the RNA of an iRNA, particularly thep®sition of the sugar on the 3' terminal
nucleotide or in 2'-5' linked dsRNAs and the 5'ipors of 5' terminal nucleotide. iIRNAs can
also have sugar mimetics such as cyclobutyl maetigplace of the pentofuranosyl sugar.
Representative U.S. patents that teach the prempauatsuch modified sugar structures
include, but are not limited to, U.S. Pat. Nos84,957; 5,118,800; 5,319,080; 5,359,044;
5,393,878; 5,446,137; 5,466,786, 5,514,785; 5,%,%,567,811; 5,576,427; 5,591,722,
5,597,909; 5,610,300; 5,627,053; 5,639,873; 5,@H},2,658,873; 5,670,633; and
5,700,920, certain of which are commonly owned \hninstant application,. The entire
contents of each of the foregoing are hereby irm@ated herein by reference.

An iRNA can also include nucleobase (often refetcenh the art simply as “base”)
modifications or substitutions. As used herein,fdified” or “natural” nucleobases include
the purine bases adenine (A) and guanine (G),lngyrimidine bases thymine (T), cytosine
(C) and uracil (U). Modified nucleobases includeestsynthetic and natural nucleobases
such as deoxy-thymine (dT§-methylcytosine (5-me-C), 5-hydroxymethyl cytasin
xanthine, hypoxanthine, 2-aminoadenine, 6-methgll @her alkyl derivatives of adenine and
guanine, 2-propyl and other alkyl derivatives ofmide and guanine, 2-thiouracil, 2-
thiothymine and 2-thiocytosine, 5-halouracil antbsyne, 5-propynyl uracil and cytosine, 6-
azo uracil, cytosine and thymine, 5-uracil (pseudoil), 4-thiouracil, 8-halo, 8-amino, 8-
thiol, 8-thioalkyl, 8-hydroxyl anal other 8-substiéd adenines and guanines, 5-halo,
particularly 5-bromo, 5-trifluoromethyl and othesstbstituted uracils and cytosines, 7-
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methylguanine and 7-methyladenine, 8-azaguanindamhadenine, 7-deazaguanine and 7-
daazaadenine and 3-deazaguanine and 3-deazaadanther nucleobases include those
disclosed in U.S. Pat. No. 3,687,808, those disdas Modified Nucleosides in
Biochemistry, Biotechnology and Medicine, Herdewkh ed. Wiley-VCH, 2008; those
disclosed in The Concise Encyclopedia Of Polymeei®® And Engineering, pages 858-
859, Kroschwitz, J. L, ed. John Wiley & Sons, 199@se disclosed by Englisehal.,
Angewandte Chemie, International Edition, 1991,&I8, and those disclosed by Sanghvi, Y
S., Chapter 15, dsRNA Research and Applicationge9@89-302, Crooke, S. T. and Lebleu,
B., Ed., CRC Press, 1993. Certain of these nuckssbare particularly useful for increasing
the binding affinity of the oligomeric compoundsfiered in the invention. These include 5-
substituted pyrimidines, 6-azapyrimidines and NN and 0-6 substituted purines,

including 2-aminopropyladenine, 5-propynyluracitiépropynylcytosine. 5-methylcytosine
substitutions have been shown to increase nuabaiccmplex stability by 0.6-1.2°C

(Sanghvi, Y. S., Crooke, S. T. and Lebleu, B., EdsRNA Research and Applications, CRC
Press, Boca Raton, 1993, pp. 276-278) and are dagnijase substitutions, even more
particularly when combined with 2'-O-methoxyethybar modifications.

Representative U.S. patents that teach the prepauaftcertain of the above noted
modified nucleobases as well as other modifiedeulzses include, but are not limited to,
the above noted U.S. Patent Nos. 3,687,808, 4,885%130,30; 5,134,066; 5,175,273,
5,367,066; 5,432,272; 5,457,187, 5,459,255; 5,48,9,502,177; 5,525,711; 5,552,540;
5,587,469; 5,594,121, 5,596,091, 5,614,617; 5,681 ,9,750,692; 6,015,886; 6,147,200;
6,166,197; 6,222,025; 6,235,887; 6,380,368; 6,518,6,639,062; 6,617,438; 7,045,610;
7,427,672; and 7,495,088, the entire contents af eAwhich are hereby incorporated herein
by reference.

The RNA of an iRNA can also be modified to incluatee or more bicyclic sugar
moities. A “bicyclic sugar” is a furanosyl ring miidd by the bridging of two atoms.
A“bicyclic nucleoside” (“BNA”) is a nucleoside hawy a sugar moiety comprising a bridge
connecting two carbon atoms of the sugar ring gtmweforming a bicyclic ring system. In
certain embodiments, the bridge connects thearbon and the'Zarbon of the sugar ring.
Thus, in some embodiments an agent of the invemtiay include the RNA of an iRNA can
also be modified to include one or more locked exchcids (LNA). A locked nucleic acid is
a nucleotide having a modified ribose moiety inethihe ribose moiety comprises an extra
bridge connecting the 2' and 4' carbons. In otlwds, an LNA is a nucleotide comprising a
bicyclic sugar moiety comprising a 4'-CH2-0O-2' Iged This structure effectively "locks" the
ribose in the 3'-endo structural conformation. &bdition of locked nucleic acids to siRNAs
has been shown to increase siRNA stability in seamd to reduce off-target effects (Elmen,
J.et al., (2005)Nucleic Acids Research 33(1):439-447; Mook, ORet al., (2007)Mol Canc
Ther 6(3):833-843; Grunweller, Aet al., (2003)Nucleic Acids Research 31(12):3185-3193).
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Examples of bicyclic nucleosides for use in theypatleotides of the invention
include without limitation nucleosides comprisingradge between the 4nd the 2ribosyl
ring atoms. In certain embodiments, the antisenggpcleotide agents of the invention
include one or more bicyclic nucleosides comprigngjto 2 bridge. Examples of such
2' bridged bicyclic nucleosides, include but arelmoited to 4-(CH2)—O0O-2 (LNA); 4'-
(CH2)—S-2; 4-(CH2)2—0-2 (ENA); 4-CH(CH3)—O0-2 (also referred to as “constrained
ethyl” or “cEt”) and 4-CH(CH20OCH3)—O0-2(and analogs thereof; sesy., U.S. Pat. No.
7,399,845); 4C(CH3)(CH3)—O0-2 (and analogs thereof; seg., US Patent No. 8,278,283);
4'-CH2—N(OCH3)-2 (and analogs thereof; seg., US Patent No. 8,278,425):@H2—
O—N(CH3)-Z (see, e.g.,U.S. Patent Publication No. 2004/010t37#CH2—N(R)—O-2,
wherein R is H, C1-C12 alkyl, or a protecting grdgpee.g., U.S. Pat. No. 7,427,672)-4
CH2—C(H)(CH3)-2 (seeg.g., Chattopadhyayet al., J. Org. Chem., 2009, 74, 118-134);
and 4-CH2—CE&CH2)-2 (and analogs thereof; sesg., US Patent No. 8,278,426). The
entire contents of each of the foregoing are henmetyrporated herein by reference.

Additional representative U.S. Patents and US P&wehblications that teach the
preparation of locked nucleic acid nucleotidesudel, but are not limited to, the following:
U.S. Patent Nos. 6,268,490; 6,525,191; 6,670,461.06748; 6,794,499; 6,998,484
7,053,207; 7,034,133;7,084,125; 7,399,845; 7,427 ,8,569,686; 7,741,457, 8,022,193;
8,030,467, 8,278,425; 8,278,426, 8,278,283; US AWED618; and US 2009/0012281, the
entire contents of each of which are hereby inc@iea herein by reference.

Any of the foregoing bicyclic nucleosides can begared having one or more
stereochemical sugar configurations including fareplea-L-ribofuranose an@-D-
ribofuranose (see WO 99/14226).

The RNA of an iRNA can also be modified to inclualee or more constrained ethyl
nucleotides. As used herein, a "constrained ethgleotide” or "cEt" is a locked nucleic
acid comprising a bicyclic sugar moiety comprisang'-CH(CH3)-0-2' bridge. In one
embodiment, a constrained ethyl nucleotide is énShconformation referred to herein as “S-
CEt.”

An iRNA of the invention may also include one ormatconformationally restricted
nucleotides” (“CRN”). CRN are nucleotide analog#wa linker connecting the C2’and C4’
carbons of ribose or the C3 and ‘Carbons of ribose . CRN lock the ribose ring iato
stable conformation and increase the hybridizadifhnity to mRNA. The linker is of
sufficient length to place the oxygen in an optipasition for stability and affinity resulting
in less ribose ring puckering.

Representative publications that teach the preiparat certain of the above noted
CRN include, but are not limited to, US Patent Raion No. 2013/0190383; and PCT
publication WO 2013/036868, the entire contentsawfh of which are hereby incorporated
herein by reference.
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One or more of the nucleotides of an IRNA of theeimtion may also include a
hydroxymethyl substituted nucleotide. A “hydroxyimgd substituted nucleotide” is an
acyclic 2'-3'-seco-nucleotide, also referred taaas‘unlocked nucleic acid” (“UNA”)
modification

Representative U.S. publications that teach thpgwegion of UNA include, but are
not limited to, US Patent No. 8,314,227; and U&RaRublication Nos. 2013/0096289;
2013/0011922; and 2011/0313020, the entire contdrgach of which are hereby
incorporated herein by reference.

Potentially stabilizing modifications to the enddRINA molecules can include N-
(acetylaminocaproyl)-4-hydroxyprolinol (Hyp-C6-NHAWMN-(caproyl-4-hydroxyprolinol
(Hyp-C6), N-(acetyl-4-hydroxyprolinol (Hyp-NHAc)hymidine-2'-0-deoxythymidine
(ether), N-(aminocaproyl)-4-hydroxyprolinol (Hyp-€&6nino), 2-docosanoyl-uridine-3"-
phosphate, inverted base dT(idT) and others. Dascéoof this modification can be found in
PCT Publication No. WO 2011/005861.

A. Modified iRNAs Comprising Motifs of the Invention

In certain aspects of the invention, the doublangted RNAIi agents of the invention
include agents with chemical modifications as aisetl, for example, in U.S. Provisional
Application No. 61/561,710, filed on November 1812, or in PCT/US2012/065691, filed
on November 16, 2012, the entire contents of edgvhich are incorporated herein by
reference.

As shown herein, in Provisional Application No.%31,710, and in
PCT/US2012/065691, a superior result may be olddiyantroducing one or more motifs of
three identical modifications on three consecutiveleotides into a sense strand and/or
antisense strand of a RNAI agent, particularlyratear the cleavage site. In some
embodiments, the sense strand and antisense strém RNAI agent may otherwise be
completely modified. The introduction of these ifsonterrupts the modification pattern, if
present, of the sense and/or antisense strandRNAe agent may be optionally conjugated
with a GalNAc derivative ligand, for instance o ttense strand. The resulting RNAI agents
present superior gene silencing activity.

More specifically, it has been surprisingly discacethat when the sense strand and
antisense strand of the double stranded RNAI aggentnodified to have one or more motifs
of three identical modifications on three conse@ihucleotides at or near the cleavage site
of at least one strand of an RNAI agent, the gdarang acitivity of the RNAI agent was
superiorly enhanced.

In one embodiment, the RNAI agent is a double erdieégkmer of 19 nucleotides in
length, wherein the sense strand contains at ¢eesimotif of three 2’-F modifications on
three consecutive nucleotides at positions 7,f8r8 the 5’end. The antisense strand
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contains at least one motif of three 2’-O-methyidifioations on three consecutive
nucleotides at positions 11, 12, 13 from the 5’end.

In another embodiment, the RNAI agent is a douhtied bluntmer of 20 nucleotides
in length, wherein the sense strand contains at tgge motif of three 2’-F modifications on
three consecutive nucleotides at positions 8, 9rdid the 5’end. The antisense strand
contains at least one motif of three 2’-O-methyidifioations on three consecutive
nucleotides at positions 11, 12, 13 from the 5’end.

In yet another embodiment, the RNAI agent is a ¢t®ehded bluntmer of 21
nucleotides in length, wherein the sense stranthomat least one motif of three 2’-F
modifications on three consecutive nucleotidesoaitipns 9, 10, 11 from the 5’end. The
antisense strand contains at least one motif ebtBi-O-methyl modifications on three
consecutive nucleotides at positions 11, 12, 1@ filwe 5’end.

In one embodiment, the RNAIi agent comprises a Zleotide sense strand and a 23
nucleotide antisense strand, wherein the sensedstantains at least one motif of three 2’-F
modifications on three consecutive nucleotidesoattipns 9, 10, 11 from the 5’end; the
antisense strand contains at least one motif ebtBi-O-methyl modifications on three
consecutive nucleotides at positions 11, 12, 1@ filwe 5’end, wherein one end of the RNAI
agent is blunt, while the other end comprises aeotide overhang. Preferably, the 2
nucleotide overhang is at the 3’-end of the antisestrand. When the 2 nucleotide overhang
is at the 3’-end of the antisense strand, there lmeayvo phosphorothioate internucleotide
linkages between the terminal three nucleotidegreih two of the three nucleotides are the
overhang nucleotides, and the third nucleotidepaieed nucleotide next to the overhang
nucleotide. In one embodiment, the RNAI agenttamtthlly has two phosphorothioate
internucleotide linkages between the terminal timegeotides at both the 5’-end of the sense
strand and at the 5’-end of the antisense stramdne embodiment, every nucleotide in the
sense strand and the antisense strand of the Ri¢At.ancluding the nucleotides that are
part of the motifs are modified nucleotides. Ire@mbodiment each residue is
independently modified with a 2’-O-methyl or 3'-fitp, e.g., in an alternating motif.
Optionally, the RNAI agent further comprises aiggpreferably GalNAg).

In one embodiment, the RNAI agent comprises sendeaatisense strands, wherein
the RNAI agent comprises a first strand havingatle which is at least 25 and at most 29
nucleotides and a second strand having a lengithvidrat most 30 nucleotides with at least
one motif of three 2’-O-methyl modifications onelrconsecutive nucleotides at position 11,
12, 13 from the 5’ end; wherein the 3’ end of tinstfstrand and the 5’ end of the second
strand form a blunt end and the second stranddisideleotides longer at its 3’ end than the
first strand, wherein the duplex region region whi at least 25 nucleotides in length, and
the second strand is sufficiently complemenatary target mRNA along at least 19
nucleotide of the second strand length to reduggetayene expression when the RNAI agent
is introduced into a mammalian cell, and wheretedcleavage of the RNAi agent
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preferentially results in an siRNA comprising tHee8d of the second strand, thereby
reducing expression of the target gene in the mdm@ptionally, the RNAI agent further
comprises a ligand.

In one embodiment, the sense strand of the RNAitagmntains at least one motif of
three identical modifications on three consecutiveleotides, where one of the motifs occurs
at the cleavage site in the sense strand.

In one embodiment, the antisense strand of the RigAnt can also contain at least
one motif of three identical modifications on thamsecutive nucleotides, where one of the
motifs occurs at or near the cleavage site in thisense strand

For an RNAI agent having a duplex region of 17-B8leotides in length, the
cleavage site of the antisense strand is typieaithynd the 10, 11 and 12 positions from the
5-end. Thus the motifs of three identical modifions may occur at the 9, 10, 11 positions;
10, 11, 12 positions; 11, 12, 13 positions; 12,1¥3positions; or 13, 14, 15 positions of the
antisense strand, the count starting from thaukcleotide from the 5'-end of the antisense
strand, or, the count starting from tHéghired nucleotide within the duplex region frore th
5’- end of the antisense strand. The cleavagersttee antisense strand may also change
according to the length of the duplex region of @i¢Ai from the 5’-end.

The sense strand of the RNAIi agent may contaieast lone motif of three identical
modifications on three consecutive nucleotidetatcleavage site of the strand; and the
antisense strand may have at least one motif eétitlentical modifications on three
consecutive nucleotides at or near the cleavagestihe strand. When the sense strand and
the antisense strand form a dsRNA duplex, the s&tnsed and the antisense strand can be so
aligned that one motif of the three nucleotideshimnsense strand and one motif of the three
nucleotides on the antisense strand have at leastucleotide overlap.e., at least one of
the three nucleotides of the motif in the sensanstiforms a base pair with at least one of the
three nucleotides of the motif in the antisensanstr Alternatively, at least two nucleotides
may overlap, or all three nucleotides may overlap.

In one embodiment, the sense strand of the RNAtagey contain more than one
motif of three identical modifications on three senutive nucleotides. The first motif may
occur at or near the cleavage site of the straddtaother motifs may be a wing
modification. The term “wing modification” hererefers to a motif occurring at another
portion of the strand that is separated from th&frabor near the cleavage site of the same
strand. The wing modification is either adajacenie first motif or is separated by at least
one or more nucleotides. When the motifs are imatetyi adjacent to each other then the
chemistry of the motifs are distinct from eachest and when the motifs are separated by
one or more nucleotide than the chemistries cahdsame or different. Two or more wing
modifications may be present. For instance, whenwing modifications are present, each
wing modification may occur at one end relativete first motif which is at or near cleavage
site or on either side of the lead motif.
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Like the sense strand, the antisense strand &i#A agent may contain more than
one motifs of three identical modifications on #eonsecutive nucleotides, with at least one
of the motifs occurring at or near the cleavage aftthe strand. This antisense strand may
also contain one or more wing modifications in Agrement similar to the wing
modifications that may be present on the sensadtra

In one embodiment, the wing modification on thesgestrand or antisense strand of
the RNAI agent typically does not include the fiosie or two terminal nucleotides at the 3'-
end, 5’-end or both ends of the strand.

In another embodiment, the wing modification ongbase strand or antisense strand
of the RNAI agent typically does not include thestfione or two paired nucleotides within the
duplex region at the 3'-end, 5’-end or both endthefstrand.

When the sense strand and the antisense strahd BINAI agent each contain at
least one wing modification, the wing modificatiangy fall on the same end of the duplex
region, and have an overlap of one, two or threzeotides.

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

In one embodiment, every nucleotide in the semsmdtand antisense strand of the
RNAI agent, including the nucleotides that are pathe motifs, may be modified. Each
nucleotide may be modified with the same or diffem@odification which can include one or
more alteration of one or both of the non-linkingpphate oxygens and/or of one or more of
the linking phosphate oxygens; alteration of a tarent of the ribose sugazg., of the 2
hydroxyl on the ribose sugar; wholesale replacerogtite phosphate moiety with
“dephospho” linkers; modification or replacementafaturally occurring base; and
replacement or modification of the ribose-phosplhaiekbone.

As nucleic acids are polymers of subunits, manhefmodifications occur at a
position which is repeated within a nucleic a&@d,, a modification of a base, or a phosphate
moiety, or a non-linking O of a phosphate moieltysome cases the modification will occur
at all of the subject positions in the nucleic dmid in many cases it will not. By way of
example, a modification may only occur at a 3’ biebminal position, may only occur in a
terminal regionge.g., at a position on a terminal nucleotide or in thet 3 3, 4, 5, or 10
nucleotides of a strand. A modification may odcua double strand region, a single strand
region, or in both. A modification may occur ommiythe double strand region of an RNA or
may only occur in a single strand region of a RIRAr example, a phosphorothioate
modification at a non-linking O position may onlgooir at one or both termini, may only
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occur in a terminal regiom,g., at a position on a terminal nucleotide or inldet 2, 3, 4, 5,
or 10 nucleotides of a strand, or may occur in d®strand and single strand regions,
particularly at termini. The 5’ end or ends carpbesphorylated.

It may be possiblea.g., to enhance stability, to include particular Isageoverhangs,
or to include modified nucleotides or nucleotiderggates, in single strand overhangsg,,
in a5’ or 3’ overhang, or in both. For examptesan be desirable to include purine
nucleotides in overhangs. In some embodiments albme of the basesina 3’ or 5’
overhang may be modified,g., with a modification described herein. Modificais can
include,e.g., the use of modifications at the 2’ positiontud ribose sugar with modifications
that are known in the am,g., the use of deoxyribonucleotides, , 2’-deoxy486fo (2'-F) or
2’-O-methyl modified instead of the ribosugar o tiucleobase , and modifications in the
phosphate groug.g., phosphorothioate modifications. Overhangs mexde homologous
with the target sequence.

In one embodiment, each residue of the sense stirashdntisense strand is
independently modified with LNA, HNA, CeNA, 2’-maiRkyethyl, 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 residuéefdense strand and antisense strand is
independently modified with 2’- O-methyl or 2’-flum

At least two different modifications are typicaflyesent on the sense strand and
antisense strand. Those two modifications maynb&t O-methyl or 2’-fluoro
modifications, or others.

In one embodiment, thedind/or N comprise modifications of an alternating
pattern. The term “alternating motif’ as used hereifers to a motif having one or more
modifications, each modification occurring on ati@ing nucleotides of one strand. The
alternating nucleotide may refer to one per evéngonucleotide or one per every three
nucleotides, or a similar pattern. For exampld,,iB and C each represent one type of
modification to the nucleotide, the alternating hcan be “ABABABABABAB...,”
“AABBAABBAABB...,” “AABAABAABAAB...,” “AAABAAABAAAB...,”
“AAABBBAAABBB...,” or “ABCABCABCABC...,” etc.

The type of modifications contained in the alteim@amotif may be the same or
different. For example, if A, B, C, D each repmsene type of modification on the
nucleotide, the alternating patterm,, modifications on every other nucleotide, may e t
same, but each of the sense strand or antiselasel sian be selected from several
possibilities of modifications within the alternagi motif such as “ABABAB...",
“ACACAC...” “BDBDBD...” or “CDCDCD...,” etc.

In one embodiment, the RNAI agent of the inventomprises the modification
pattern for the alternating motif on the sensenstr@lative to the modification pattern for the
alternating motif on the antisense strand is sthift€he shift may be such that the modified
group of nucleotides of the sense strand corresptind differently modified group of
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nucleotides of the antisense strand w@d versa. For example, the sense strand when paired
with the antisense strand in the dsRNA duplexatternating motif in the sense strand may
start with “ABABAB” from 5’-3’ of the strand and thalternating motif in the antisense

strand may start with “BABABA” from 5’-3’of the stind within the duplex region. As
another example, the alternating motif in the sestisnd may start with “AABBAABB”

from 5'-3’ of the strand and the alternating matithe antisenese strand may start with
“BBAABBAA” from 5-3’ of the strand within the dugx region, so that there is a complete
or partial shift of the modification patterns betmehe sense strand and the antisense strand.

In one embodiment, the RNAI agent comprises theepabf the alternating motif of
2'-O-methyl modification and 2’-F modification omet sense strand initially has a shift
relative to the pattern of the alternating moti260-methyl modification and 2'-F
modification on the antisense strand initiallg,, the 2'-O-methyl modified nucleotide on the
sense strand base pairs with a 2'-F modified ntideeon the antisense strand and vice versa.
The 1 position of the sense strand may start wigh2t-F modification, and the 1 position of
the antisense strand may start with the 2'- O-nhetioglification.

The introduction of one or more motifs of threentieal modifications on three
consecutive nucleotides to the sense strand aadfisense strand interrupts the initial
modification pattern present in the sense stramidoaantisense strand. This interruption of
the modification pattern of the sense and/or ansisestrand by introducing one or more
motifs of three identical modifications on threasecutive nucleotides to the sense and/or
antisense strand surprisingly enhances the gestecsily acitivty to the target gene.

In one embodiment, when the motif of three idemtncadifications on three
consecutive nucleotides is introduced to any ofsth@nds, the modification of the nucleotide
next to the motif is a different modification thre modification of the motif. For example,
the portion of the sequence containing the motif.iN,YYYNy...,” where “Y” represents
the modification of the motif of three identical difications on three consecutive nucleotide,
and “N,” and “N,” represent a modification to the nucleotide nexthite motif “YYY” that is
different than the modification of Y, and wherg&hd N,can be the same or different
modifications. Altnernatively, Nand/or N may be present or absent when there is a wing
modification present.

The RNAIi agent may further comprise at least ongsphorothioate or
methylphosphonate internucleotide linkage. Thesphorothioate or methylphosphonate
internucleotide linkage modification may occur ary aucleotide of the sense strand or
antisense strand or both strands in any positidgheo§trand. For instance, the
internucleotide linkage modification may occur ve®y nucleotide on the sense strand
and/or antisense strand; each internucleotide di@kaodification may occur in an alternating
pattern on the sense strand and/or antisense stmatiee sense strand or antisense strand
may contain both internucleotide linkage modifioas in an alternating pattern. The
alternating pattern of the internucleotide linkagedification on the sense strand may be the
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same or different from the antisense strand, aadlternating pattern of the internucleotide
linkage modification on the sense strand may hastafarelative to the alternating pattern of
the internucleotide linkage modification on theisense strand.

In one embodiment, the RNAI comprises a phospharaté or methylphosphonate
internucleotide linkage modification in the overgaegion. For example, the overhang
region may contain two nucleotides having a phoegthmate or methylphosphonate
internucleotide linkage between the two nucleotid@sernucleotide linkage modifications
also may be made to link the overhang nucleotidédstive terminal paired nucleotides
within the duplex region. For example, at leas?,24, or all the overhang nucleotides may
be linked through phosphorothioate or methylphospl®internucleotide linkage, and
optionally, there may be additional phosphorotreaat methylphosphonate internucleotide
linkages linking the overhang nucleotide with ar@ainucleotide that is next to the overhang
nucleotide. For instance, there may be at leastpiwosphorothioate internucleotide linkages
between the terminal three nucleotides, in which divthe three nucleotides are overhang
nucleotides, and the third is a paired nucleotiele to the overhang nucleotide. These
terminal three nucleotides may be at the 3’-entthefantisense strand, the 3’-end of the sense
strand, the 5’-end of the antisense strand, atldéob’end of the antisense strand.

In one embodiment, the 2 nucleotide overhang ikeaB’-end of the antisense strand,
and there are two phosphorothioate internucledititages between the terminal three
nucleotides, wherein two of the three nucleotidestilae overhang nucleotides, and the third
nucleotide is a paired nucleotide next to the caregnucleotide. Optionally, the RNAI
agent may additionally have two phosphorothioaterimucleotide linkages between the
terminal three nucleotides at both the 5’-end efghanse strand and at the 5’-end of the
antisense strand.

In one embodiment, the RNAI agent comprises mishfat) with the target, within
the duplex, or combinations thereof. A “mismataidy be non-canonical base pairing or
other than canonical pairing of nucleotides. Thstmmatch may occur in the overhang region
or the duplex region. The base pair may be raoketthe basis of their propensity to promote
dissociation or meltinge(g., on the free energy of association or dissociadioa particular
pairing, the simplest approach is to examine thesa an individual pair basis, though next
neighbor or similar analysis can also be used}erdms of promoting dissociation: A:U is
preferred over G:C; G:U is preferred over G:C; afudis preferred over G:C (l=inosine).
Mismatchese.g., non-canonical or other than canonical pairingsd@scribed elsewhere
herein) are preferred over canonical (A:T, A:U, 5p@irings; and pairings which include a
universal base are preferred over canonical pariAduniversal base” is a base that exhibits
the ability to replace any of the four normal baggsC, A, and U) without significantly
destabilizing neighboring base-pair interactionglisrupting the expected functional
biochemical utility of the modified oligonucleotidéon-limiting examples of universal
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bases include 2'-deoxyinosine (hypoxanthine deosigatide) or its derivatives, nitroazole
analogues, and hydrophobic aromatic non-hydrogemlibg bases.

In one embodiment, the RNAIi agent comprises at leae of the first 1, 2, 3, 4, or 5
base pairs within the duplex regions from the Bd ef the antisense strand independently
selected from the group of: A:U, G:U, I:C, and métomed pairsg.g., non-canonical or other
than canonical pairings or pairings which includenaversal base, to promote the
dissociation of the antisense strand at the 5'adrile duplex.

In one embodiment, the nucleotide at the 1 posititthin the duplex region from the
5-end in the antisense strand is selected frongtbap consisting of A, dA, dU, U, and dT.
Alternatively, at least one of the first 1, 2 db&se pair within the duplex region from the 5'-
end of the antisense strand is an AU base pair.eXxample, the first base pair within the
duplex region from the 5’- end of the antisensarstris an AU base pair.

In another embodiment, the nucleotide at the 3'-@frtie sense strand is deoxy-
thymine (dT). In another embodiment, the nuclenttithe 3’-end of the antisense strand is
deoxy-thymine (dT). In one embodiment, there $hart sequence of deoxy-thymine
nucleotides, for example, two dT nucleotides on3kend of the sense and/or antisense
strand.

In one embodiment, the sense strand sequence nraptasented by formula (1):

5' My-Nar(X X X )i-Np-Y Y Y -Np-(Z Z Z }-Narng 3' (1)

wherein:

i and j are each independently O or 1;

p and g are each independently 0-6;

each N independently represents an oligonucleotide semieomprising 0-25
modified nucleotides, each sequence comprisingaat itwo differently modified
nucleotides;

each N independently represents an oligonucleotide sexpueomprising 0-10
modified nucleotides;

each g and ry independently represent an overhang nucleotide;

wherein Nb and Y do not have the same modificataoat

XXX, YYY and ZZZ each independently represent or@ifrof three identical
modifications on three consecutive nucleotidesfd?ably YYY is all 2’-F modified
nucleotides.

In one embodiment, thedind/or N comprise modifications of alternating pattern.

In one embodiment, the YYY motif occurs at or nisar cleavage site of the sense
strand. For example, when the RNAI agent has éedupgion of 17-23 nucleotides in
length, the YYY motif can occur at or the viciny the cleavage site.f.: can occur at
positions 6,7,8,7,8,9,8,9, 10,9, 10, 10,,11,12 or 11, 12, 13) of - the sense strand, the
count starting from the®Inucleotide, from the 5’-end; or optionally, theuot starting at the
1% paired nucleotide within the duplex region, frdme &'- end.
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In one embodiment, iis1andjis 0, oriis O argdl, or both i and j are 1. The sense
strand can therefore be represented by the follpfammulas:

5' My-NaYYY-Np-ZZZ-Ngng 3' (Ib);

5" My-Na-XXX-Np-YYY-N Ny 3" (Ic); or

5" My-Na-XXX-Np-YYY-Np-ZZZ-Ngng 3' (1d).

When the sense strand is represented by formulaNjlvepresents an
oligonucleotide sequence comprising 0-10, 0-7, 0-8, 0-2 or 0 modified nucleotides. Each
N, independently can represent an oligonucleotidaesszp comprising 2-20, 2-15, or 2-10
modified nucleotides.

When the sense strand is represented as formyaflcepresents an oligonucleotide
sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, @2 or 0 modified nucleotides. Each N
can independently represent an oligonucleotideesmpicomprising 2-20, 2-15, or 2-10
modified nucleotides.

When the sense strand is represented as formyjaéch N independently
represents an oligonucleotide sequence comprisit@ 0-7, 0-5, 0-4, 0-2 or 0 modified
nucleotides. Preferably,,Ns O, 1, 2, 3, 4, 5 or 6 Each, bAn independently represent an
oligonucleotide sequence comprising 2-20, 2-12-&0 modified nucleotides.

Each of X, Y and Z may be the same or differentnfeach other.

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

5' M-NaYYY-Ngng 3' (la).

When the sense strand is represented by formylaedah N independently can
represent an oligonucleotide sequence comprisia@, 2-15, or 2-10 modified nucleotides.

In one embodiment, the antisense strand sequertbhe &NAI may be represented by
formula (Il):

5' ny-Na-(Z'Z'Z)-Np-Y 'Y 'Y -Np'-(X'X'X")-N'g-ny’ 3' (1

wherein:

k and | are each independently O or 1,

p’ and g’ are each independently 0-6;

each N’ independently represents an oligonucleotide semueomprising 0-25
modified nucleotides, each sequence comprisingaat ftwo differently modified
nucleotides;

each N’ independently represents an oligonucleotide sespieomprising 0-10
modified nucleotides;

each g’ and R’ independently represent an overhang nucleotide;

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

and

XXX, Y'Y'Y"and ZZ'Z' each independently represent one motif of thrertidal
modifications on three consecutive nucleotides.
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In one embodiment, the;Nand/or N, comprise modifications of alternating pattern.

The Y'Y'Y' motif occurs at or near the cleavage site of titssanse strand. For
example, when the RNAI agent has a duplex regidive?3 nucleotide in length, theY'Y’
motif can occur at positions 9, 10, 11;10, 11,1P;12, 13; 12, 13, 14 ; or 13, 14, 15 of the
antisense strand, with the count starting fromifheucleotide, from the 5’-end; or
optionally, the count starting at th& flaired nucleotide within the duplex region, frame t
5'- end. Preferably, the'Y'Y' motif occurs at positions 11, 12, 13.

In one embodiment, 'Y'Y' motif is all 2’-OMe modified nucleotides.

In one embodiment, kis 1 and |is O, or k is O kisdlL, or both k and | are 1.

The antisense strand can therefore be representibe ollowing formulas:

5' 1ny-Ng-Z'Z'Z'-Ny-Y'Y'Y"-N4-ny 3' (l1b);

5' ny-Na-Y'Y'Y'-Np'-X'X'X"-ny 3" (llc); or

5'ny-Na- Z'Z'Z"-Np-Y'Y'Y'-Np'- X'X'X"-Ng-ny 3" (lld).

When the antisense strand is represented by forfiib)aN, represents an
oligonucleotide sequence comprising 0-10, 0-7, 001D, 0-5, 0-4, 0-2 or 0 modified
nucleotides. Each Nindependently represents an oligonucleotide seceieomprising 2-
20, 2-15, or 2-10 modified nucleotides.

When the antisense strand is represented as fofha)laNy’ represents an
oligonucleotide sequence comprising 0-10, 0-7, 001D, 0-5, 0-4, 0-2 or 0 modified
nucleotides. Each Nindependently represents an oligonucleotide seceieomprising 2-
20, 2-15, or 2-10 modified nucleotides.

When the antisense strand is represented as fofhdllacach N’ independently
represents an oligonucleotide sequence comprisit@y 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or O
modified nucleotides. EachyNndependently represents an oligonucleotide secgie
comprising 2-20, 2-15, or 2-10 modified nucleotideseferably, Nis 0, 1, 2, 3, 4, 5 or 6.

In other embodiments, k is 0 and | is 0 and thesanse strand may be represented by

the formula:
5' My-Na-Y'Y'Y- N a-ng 3' (la).
When the antisense strand is represented as fo(hhajlaeach N independently

represents an oligonucleotide sequence comprisi@ 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 antisémas®l snay be independently
modified with LNA, HNA, CeNA, 2’-methoxyethyl, 2’-@nethyl, 2’-O-allyl, 2’-C- allyl, 2’-

hydroxyl, or 2’-fluoro. For example, each nucléetiof the sense strand and antisense strand

is independently modified with 2’-O-methyl or 2ufbro. Each X, Y, Z, XY'and Z, in
particular, may represent a 2’-O-methyl modificatar a 2’-fluoro modification.

In one embodiment, the sense strand of the RNAtagay contain YYY motif
occurring at 9, 10 and 11 positions of the strahdmthe duplex region is 21 nt, the count
starting from the % nucleotide from the 5’-end, or optionally, the nbstarting at the®1
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paired nucleotide within the duplex region, frore 8i- end; and Y represents 2’-F
modification. The sense strand may additionallytam XXX motif or ZZZ motifs as wing
modifications at the opposite end of the duplexaegand XXX and ZZZ each
independently represents a 2’-OMe modification e Znodification.

In one embodiment the antisense strand may coMtaifY’ motif occurring at
positions 11, 12, 13 of the strand, the countisigiftom the i’ nucleotide from the 5'-end,
or optionally, the count starting at th& daired nucleotide within the duplex region, frdme t
5’- end; and Yrepresents 2’-O-methyl modification. The antigessand may additionally
contain XXX’ motif or ZZ'Z’' motifs as wing modifications at the opposite efithe duplex
region; and XX'X" and ZZ'Z’ each independently represents a 2’-OMe modificadio2’-F
modification.

The sense strand represented by any one of the dbdowaulas (l1a), (Ib), (Ic), and (Id)
forms a duplex with a antisense strand being repted by any one of formulas (l1a), (11b),
(llc), and (lid), respectively.

Accordingly, the RNAI agents for use in the methotithe invention may comprise a
sense strand and an antisense strand, each strand 4 to 30 nucleotides, the RNAI
duplex represented by formula (111):

sense: 5MN-(X X X)i-Np- Y Y'Y -Np-(Z Z Z)-Nyng 3'

antisense:  3'gNa-(X'X "X )-Np -Y'Y'Y'-Np ~(Z'Z'Z')-Na-ng 5'

(1

wherein:

I, ], k, and | are each independently O or 1;

p, P, g, and ¢ are each independently 0-6;

each N and N, independently represents an oligonucleotide seueomprising 0-
25 modified nucleotides, each sequence compriditepat two differently modified
nucleotides;

each N and N, independently represents an oligonucleotide semueamprising 0-
10 modified nucleotides;

wherein

each g, np, ng, and ny, each of which may or may not be present, indegeihyl
represents an overhang nucleotide; and

XXX, YYY, Z2ZZ, X 'X'X', Y'Y'Y', and ZZ'Z’ each independently represent one motif
of three identical modifications on three conse@utiucleotides.

In one embodiment, iisOandjis O; oriis 1 arO; oriis 0 andjis 1; or both i and
j are 0; or both i and j are 1. In another emboditnleis 0 and lis 0; orkis 1 and lisO; kis O
and |l is 1; or both k and | are O; or both k aadd 1.

Exemplary combinations of the sense strand andearge strand forming a RNAI
duplex include the formulas below:

51m-Na-YYY-Ngng 3
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3' 1 -Na-Y'Y'Y' -Nang 5'
(Illa)
5'Mp-Na-Y Y'Y -Np-Z Z Z -Nyrng 3'
3' 1 -Na-Y'Y'Y'-Np-Z'Z'Z-Nang 5'
(I1Ib)
5'Mp-Na- X X X -Np-Y Y Y - Ngng 3'
3' 1 -Na-X'X'X'Np -Y'Y'Y"-N,-ng 5'
(Ilc)
S'M-Na-X X X-Np-YYY -Np-Z2ZZ -Norng 3'
3' 1 -Na-X'X'X"-Np -Y'Y"Y"-Np -Z'Z'Z'-Ng-ng 5'
(I1d)
5-Na-YYY-Ng 3
3 -Na-Y'Y'Y'-N, 5
(Ille)

When the RNAI agent is represented by formula Y| k@ach N independently
represents an oligonucleotide sequence comprisi@ 2-15, or 2-10 modified nucleotides.

When the RNAI agent is represented by formula )Ji#ach N independently
represents an oligonucleotide sequence comprisit@y 1-7, 1-5 or 1-4 modified
nucleotides. Each Nndependently represents an oligonucleotide sempieomprising 2-20,
2-15, or 2-10 modified nucleotides.

When the RNAI agent is represented as formula)(ldach N, Ny’ independently
represents an oligonucleotide sequence comprisit@ 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or
Omodified nucleotides. Each,Mdependently represents an oligonucleotide sexpien
comprising 2-20, 2-15, or 2-10 modified nucleotides

When the RNAI agent is represented as formula)(lBdch N, Ny’ independently
represents an oligonucleotide sequence comprisit@ 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or O
modified nucleotides. Each.\N, independently represents an oligonucleotide semguen
comprising 2-20, 2-15, or 2-10 modified nucleotidéach of N, N;’, N and N,
independently comprises modifications of alterr@pattern.

When the RNAI agent is represented as formula)(lBdch N, Ny’ independently
represents an oligonucleotide sequence comprisit@ 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or O
modified nucleotides. Each.\N, independently represents an oligonucleotide semguen
comprising 2-20, 2-15, or 2-10 modified nucleotidéach of N, N;’, N and N,
independently comprises modifications of alterrgpattern.

When the RNAI agent is represented as formula)gbach Nand N/ independently
represents an oligonucleotide sequence comprisiigucleotides which are either
modified or unmodified or combinations thereof,leaequence comprising at least two
differently modified nucleotides.
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Each of X, Y and Z in formulas (ll1), (llla), (11 (llic), (11id), and (llle) may be the
same or different from each other.

When the RNAI agent is represented by formula,((ll}a), (IlIb), (llic), (llid), and
(Ille) at least one of the Y nucleotides may fortmage pair with one of the' Yiucleotides.
Alternatively, at least two of the Y nucleotidesrfobase pairs with the corresponding Y
nucleotides; or all three of the Y nucleotidesf@alim base pairs with the corresponding Y
nucleotides.

When the RNAI agent is represented by formula Itb(llld), at least one of the Z
nucleotides may form a base pair with one of theugleotides. Alternatively, at least two of
the Z nucleotides form base pairs with the corradpw Z nucleotides; or all three of the Z
nucleotides all form base pairs with the correspaomnd’ nucleotides.

When the RNAI agent is represented as formula)(dtqllld), at least one of the X
nucleotides may form a base pair with one of thau€leotides. Alternatively, at least two
of the X nucleotides form base pairs with the cgpoanding X nucleotides; or all three of the
X nucleotides all form base pairs with the corresping X nucleotides.

In one embodiment, the modification on the Y nuttiois different than the
modification on the Y’ nucleotide, the modification the Z nucleotide is different than the
modification on the Z’ nucleotide, and/or the magzition on the X nucleotide is different
than the modification on the X’ nucleotide.

In one embodiment, when the RNAI agent is represehy formula (111d), the N
modifications are 20-methyl or 2-fluoro modifications. In another embodiment, wilea
RNAI agent is represented by formula (ll1d), thgmbdifications are "20-methyl or 2-
fluoro modifications and$1>0 and at least ong'nis linked to a neighboring nucleotide a via
phosphorothioate linkage. In yet another embodimenen the RNAI agent is represented
by formula (llld), the N modifications are "20-methyl or 2-fluoro modifications , i >0
and at least ong,nis linked to a neighboring nucleotide via phosiisioate linkage, and
the sense strand is conjugated to one or more GatiAvatives attached through a
monovalent, a bivalent or a trivalent brancheddinkin another embodiment, when the
RNAI agent is represented by formula (lll1d), thgmbdifications are "20-methyl or 2-
fluoro modifications , pf >0 and at least ong'ns linked to a neighboring nucleotide via
phosphorothioate linkage, the sense strand conspaitdeast one phosphorothioate linkage,
and the sense strand is conjugated to one or mali¢A® derivatives attached through a
monovalent, a bivalent or a trivalent brancheddink

In one embodiment, when the RNAI agent is represehy formula (ll1a), the N
modifications are 20-methyl or 2-fluoro modifications , ff >0 and at least ong'ns linked
to a neighboring nucleotide via phosphorothioatkdge, the sense strand comprises at least
one phosphorothioate linkage, and the sense sisarmhjugated to one or more GalNAc
derivatives attached through a monovalent, a bitadea trivalent branched linker.
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In one embodiment, the RNAI agent is a multimertaorng at least two duplexes
represented by formula (Ill), (1l1a), (11Ib), ()¢ (11id), and (llle), wherein the duplexes are
connected by a linker. The linker can be cleavableon-cleavable. Optionally, the
multimer further comprises a ligand. Each of thpldxes can target the same gene or two
different genes; or each of the duplexes can ta@®e gene at two different target sites.

In one embodiment, the RNAI agent is a multimertaming three, four, five, six or
more duplexes represented by formula (l11), (11@&)b), (llic), (111d), and (llle), wherein the
duplexes are connected by a linker. The linkerlm@anleavable or non-cleavable.
Optionally, the multimer further comprises a ligartach of the duplexes can target the
same gene or two different genes; or each of tipedlas can target same gene at two
different target sites.

In one embodiment, two RNAI agents representedhydla (1), (Il1a), (llb),

(lic), (llid), and (llle) are linked to each othat the 5’ end, and one or both of the 3’ ends
and are optionally conjugated to to a ligand. Eafcdine agents can target the same gene or
two different genes; or each of the agents caretagme gene at two different target sites.

Various publications describe multimeric RNAI agetitat can be used in the
methods of the invention. Such publications inelMd02007/091269, US Patent No.
7858769, W0O2010/141511, WO2007/117686, WO2009/07.488 W02011/031520 the
entire contents of each of which are hereby inc@iea herein by reference.

The RNAI agent that contains conjugations of onmore carbohydrate moieties to a
RNAI agent can optimize one or more propertiehefRNAI agent. In many cases, the
carbohydrate moiety will be attached to a modiBadunit of the RNAi agent. For example,
the ribose sugar of one or more ribonucleotide sitbwf a dsSRNA agent can be replaced
with another moietye.g., a non-carbohydrate (preferably cyclic) carriemtuch is attached
a carbohydrate ligand. A ribonucleotide subuniwvhich the ribose sugar of the subunit has
been so replaced is referred to herein as a ritgdacement modification subunit (RRMS).
A cyclic carrier may be a carbocyclic ring system, all ring atoms are carbon atoms, or a
heterocyclic ring systenn.e., one or more ring atoms may be a heteroatogn, nitrogen,
oxygen, sulfur. The cyclic carrier may be a moraticyring system, or may contain two or
more ringsge.g. fused rings. The cyclic carrier may be a fullyusated ring system, or it may
contain one or more double bonds.

The ligand may be attached to the polynucleotideavtarrier. The carriers include
(i) at least one “backbone attachment point,” magdy two “backbone attachment points”
and (ii) at least one “tethering attachment poirA*backbone attachment point” as used
herein refers to a functional grouwgg. a hydroxyl group, or generally, a bond availalole f
and that is suitable for incorporation of the earmto the backbone,g., the phosphate, or
modified phosphate.g., sulfur containing, backbone, of a ribonucleicdacA “tethering
attachment point” (TAP) in some embodiments refers constituent ring atom of the cyclic
carrier,e.g., a carbon atom or a heteroatom (distinct fromtamavhich provides a backbone
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attachment point), that connects a selected moitye moiety can b&,g., a carbohydrate,
e.g. monosaccharide, disaccharide, trisaccharide seatcharide, oligosaccharide and
polysaccharide. Optionally, the selected moietyoisnected by an intervening tether to the
cyclic carrier. Thus, the cyclic carrier will ofténclude a functional groug,g., an amino
group, or generally, provide a bond, that is sl&dbr incorporation or tethering of another
chemical entitye.g., a ligand to the constituent ring.

The RNAI agents may be conjugated to a ligamda carrier, wherein the carrier can
be cyclic group or acyclic group; preferably, tlyele group is selected from pyrrolidinyl,
pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazdalinyl, piperidinyl, piperazinyl,
[1,3]dioxolane, oxazolidinyl, isoxazolidinyl, mduplinyl, thiazolidinyl, isothiazolidinyl,
quinoxalinyl, pyridazinonyl, tetrahydrofuryl andddecalin; preferably, the acyclic group is
selected from serinol backbone or diethanolamirét@ne.

In certain specific embodiments, the RNAI agentuse in the methods of the
invention is AD-57213 (Sense strand: 5’- GfsgsUfaBfaCfCfAfuUfuAfcUfuCfaAf — 3’
(SEQ ID NO:13) and Antisense strand: 5'- usUfsgAia8aAfuggUfgUfuAfaCfcsasg — 3’
(SEQ ID NO:14), wherein A, C, G, and U are riboseCAG or U; a, ¢, g, and u areQ-
methyl (2-OMe) A, C, G, or U; Af, Cf, Gf or Uf are’2luoro A, C, Gor U; and sis a
phosphorothioate linkage.

These agents may further comprise a ligand.

Ligands

The double stranded RNA (dsRNA) agents of the itisarmay optionally be
conjugated to one or more ligands. The ligandlzaattached to the sense strand, antisense
strand or both strands, at the 3’-end, 5’-end @ lemds. For instance, the ligand may be
conjugated to the sense strand. In preferred eimamds, the ligand is conjgated to the 3’-
end of the sense strand.

In one embodiment, the ligand is a carbohydratgugate, such as a monosaccharide.
In one embodiment, the ligand is an N-acetylgakamane (GalNAc) GalNAc or GalNAc
derivative. In certain embodiments of the invemtithe GalNAc or GalNAc derivative is
attached to an iRNA agent of the inventioa a monovalent linker. In some embodiments,
the GalNAc or GalNAc derivative is attached to BNA agent of the inventiovia a
bivalent linker. In yet other embodiments of thedantion, the GalNAc or GalNAc
derivative is attached to an iRNA agent of the imtign via a trivalent linker.

In one embodiment, a carbohydrate conjugate forruee compositions and
methods of the invention is selected from the grommsisting of:
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In one embodiment, the GalNAc or a GalNAc derivaliv GalNAG:
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In some embodiments, the ligardy., GalNAc ligand, is attached to theehd of the
RNAI agent. In one embodiment, the RNAI agentosjagated to the ligané,g., GalNAc

5 ligand, as shown in the following schematic
5

(o]
AN N AN |
0=P-X
| OH

LS

wherein X is O or S. In one embodiment, X is O.

A wide variety of entities can be coupled to theARBgents of the present invention.
Preferred moieties are ligands, which are couglegferably covalently, either directly or

10 indirectlyvia an intervening tether.

In preferred embodiments, a ligand alters theibistion, targeting or lifetime of the
molecule into which it is incorporated. In pretatrembodiments a ligand provides an
enhanced affinity for a selected targeg,, molecule, cell or cell type, compartment, recepto
e.g., a cellular or organ compartment, tissue, orgaregion of the body, ag,g., compared

15 to a species absent such a ligand. Ligands proyieinhanced affinity for a selected target
are also termed targeting ligands.

Some ligands can have endosomolytic propertie® eRldosomolytic ligands
promote the lysis of the endosome and/or transgdhte composition of the invention, or its
components, from the endosome to the cytoplasmeotell. The endosomolytic ligand may

20 be a polyanionic peptide or peptidomimetic whicbhwl pH-dependent membrane activity
and fusogenicity. In one embodiment, the endosyiiedlgand assumes its active
conformation at endosomal pH. The “active” confation is that conformation in which the
endosomolytic ligand promotes lysis of the endosanm@or transport of the composition of
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the invention, or its components, from the endostmtbe cytoplasm of the cell. Exemplary
endosomolytic ligands include the GALA peptide (Baiaoet al., Biochemistry, 1987, 26:
2964-2972), the EALA peptide (Vogelal., J. Am. Chem. Soc., 1996, 118: 1581-1586), and
their derivatives (Turlet al., Biochem. Biophys. Acta, 2002, 1559: 56-68). In one
embodiment, the endosomolytic component may cortainemical groupe(g., an amino
acid) which will undergo a change in charge or @nation in response to a change in pH.
The endosomolytic component may be linear or brasch

Ligands can improve transport, hybridization, apécficity properties and may also
improve nuclease resistance of the resultant naturaodified oligoribonucleotide, or a
polymeric molecule comprising any combination ofromers described herein and/or
natural or modified ribonucleotides.

Ligands in general can include therapeutic modifieg., for enhancing uptake;
diagnostic compounds or reporter groes, for monitoring distribution; cross-linking
agents; and nuclease-resistance conferring maieBeseral examples include lipids,
steroids, vitamins, sugars, proteins, peptideg,gmines, and peptide mimics.

Ligands can include a naturally occurring substasaeh as a proteie.¢J., human
serum albumin (HSA), low-density lipoprotein (LDlhigh-density lipoprotein (HDL), or
globulin); a carbohydrateeq., a dextran, pullulan, chitin, chitosan, inulinclhydextrin or
hyaluronic acid); or a lipid. The ligand may als®a recombinant or synthetic molecule,
such as a synthetic polymerg., a synthetic polyamino acid, an oligonucleotidg.( an
aptamer). Examples of polyamino acids include @wiyo acid is a polylysine (PLL),
poly L-aspartic acid, poly L-glutamic acid, styremaleic acid anhydride copolymer, poly(L-
lactide-co-glycolied) copolymer, divinyl ether-mal@nhydride copolymer, N-(2-
hydroxypropyl)methacrylamide copolymer (HMPA), pellgylene glycol (PEG), polyvinyl
alcohol (PVA), polyurethane, poly(2-ethylacryllicid), N-isopropylacrylamide polymers, or
polyphosphazine. Example of polyamines includdygtbylenimine, polylysine (PLL),
spermine, spermidine, polyamine, pseudopeptidegnaiye, peptidomimetic polyamine,
dendrimer polyamine, arginine, amidine, protamaaionic lipid, cationic porphyrin,
guaternary salt of a polyamine, or an alpha hepegitide.

Ligands can also include targeting groupg., a cell or tissue targeting ageag., a
lectin, glycoprotein, lipid or proteire.g., an antibody, that binds to a specified cell tgpeh
as a kidney cell. A targeting group can be a ttigpn, melanotropin, lectin, glycoprotein,
surfactant protein A, Mucin carbohydrate, multivdliactose, multivalent galactose, N-
acetyl-galactosamine, N-acetyl-gulucosamine muknamannose, multivalent fucose,
glycosylated polyaminoacids, multivalent galactassmsferrin, bisphosphonate,
polyglutamate, polyaspartate, a lipid, cholesteadteroid, bile acid, folate, vitamin B12,
biotin, an RGD peptide, an RGD peptide mimeticroaptamer.

Other examples of ligands include dyes, intercadpigents€g., acridines), cross-
linkers .g., psoralene, mitomycin C), porphyrins (TPPC4, péwain, Sapphyrin),
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polycyclic aromatic hydrocarbone.g., phenazine, dihydrophenazine), artificial
endonucleases or a chelateg(, EDTA), lipophilic moleculese.g., cholesterol, cholic acid,
adamantane acetic acid, 1-pyrene butyric acid,didtgstosterone, 1,3-Bis-
O(hexadecyl)glycerol, geranyloxyhexyl group, hexadiglycerol, borneol, menthol, 1,3-
propanediol, heptadecyl group, palmitic acid, nticiacid,03-(oleoyl)lithocholic acid, O3-
(oleoyl)cholenic acid, dimethoxytrityl, or phenoxag)and peptide conjugatesd.,
antennapedia peptide, Tat peptide), alkylating esggnosphate, amino, mercapto, PEG.(
PEG-40K), MPEG, [MPEG] polyamino, alkyl, substituted alkyl, radiolabel®@rkers,
enzymes, haptens.§., biotin), transport/absorption facilitatoesd., aspirin, vitamin E, folic
acid), synthetic ribonucleasesd., imidazole, bisimidazole, histamine, imidazolestérs,
acridine-imidazole conjugates, Eu3+ complexes wdé&amacrocycles), dinitrophenyl, HRP,
or AP.

Ligands can be proteingeg., glycoproteins, or peptidesg., molecules having a
specific affinity for a co-ligand, or antibodies)., an antibody, that binds to a specified cell
type such as a cancer cell, endothelial cell, oielzell. Ligands may also include hormones
and hormone receptors. They can also include eptigic species, such as lipids, lectins,
carbohydrates, vitamins, cofactors, multivalentdae, multivalent galactose, N-acetyl-
galactosamine, N-acetyl-gulucosamine multivalenhmege, multivalent fucose, or aptamers.
The ligand can be, for example, a lipopolysaccleargh activator of p38 MAP kinase, or an
activator of NF«B.

The ligand can be a substaneg,, a drug, which can increase the uptake of the
IRNA agent into the cell, for example, by disrupgtithe cell’s cytoskeletore,g., by
disrupting the cell’s microtubules, microfilamerasid/or intermediate filaments. The drug
can be, for example, taxon, vincristine, vinblastioytochalasin, nocodazole, japlakinolide,
latrunculin A, phalloidin, swinholide A, indanociner myoservin.

The ligand can increase the uptake of the oligauaide into the cell by, for
example, activating an inflammatory response. Eptang ligands that would have such an
effect include tumor necrosis factor alpha (TNFalpimterleukin-1 beta, or gamma
interferon.

In one aspect, the ligand is a lipid or lipid-bassalecule. Such a lipid or lipid-
based molecule preferably binds a serum protagn,human serum albumin (HSA). An
HSA binding ligand allows for distribution of themjugate to a target tissueg., a non-
kidney target tissue of the body. For exampletaénget tissue can be the liver, including
parenchymal cells of the liver. Other molecules tan bind HSA can also be used as
ligands. For example, naproxen or aspirin candaelu A lipid or lipid-based ligand can (a)
increase resistance to degradation of the conjufi@tencrease targeting or transport into a
target cell or cell membrane, and/or (c) can bel iseadjust binding to a serum protey.,
HSA.
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A lipid based ligand can be used to modulaig, control the binding of the
conjugate to a target tissue. For example, a bpidpbid-based ligand that binds to HSA
more strongly will be less likely to be targetedhe kidney and therefore less likely to be
cleared from the body. A lipid or lipid-baseddigl that binds to HSA less strongly can be
used to target the conjugate to the kidney.

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

In another preferred embodiment, the lipid basgahd binds HSA weakly or not at
all, such that the conjugate will be preferablytrilisited to the kidney. Other moieties that
target to kidney cells can also be used in placw aof addition to the lipid based ligand.

In another aspect, the ligand is a moiety,, a vitamin, which is taken up by a target
cell, e.g., a proliferating cell. These are particularlyfuséor treating disorders
characterized by unwanted cell proliferatiem,., of the malignant or non-malignant type,
e.g., cancer cells. Exemplary vitamins include vitarAi E, and K. Other exemplary
vitamins include B vitaming.g., folic acid, B12, riboflavin, biotin, pyridoxal ather
vitamins or nutrients taken up by cancer cellssoAhcluded are HAS, low density
lipoprotein (LDL) and high-density lipoprotein (HDL

In another aspect, the ligand is a cell-permeatgent, preferably a helical cell-
permeation agent. Preferably, the agent is amgtigpaAn exemplary agent is a peptide
such as tat or antennopedia. If the agent is adeept can be modified, including a
peptidylmimetic, invertomers, non-peptide or psepdptide linkages, and use of D-amino
acids. The helical agent is preferably an alpHesdleagent, which preferably has a
lipophilic and a lipophobic phase.

The ligand can be a peptide or peptidomimetic. eftijgomimetic (also referred to
herein as an oligopeptidomimetic) is a moleculeabégp of folding into a defined three-
dimensional structure similar to a natural peptidiae peptide or peptidomimetic moiety can
be about 5-50 amino acids loreyg., about 5, 10, 15, 20, 25, 30, 35, 40, 45, orrhiha
acids long. A peptide or peptidomimetic can be eiommple, a cell permeation peptide,
cationic peptide, amphipathic peptide, or hydroptipeeptide €.g., consisting primarily of
Tyr, Trp or Phe). The peptide moiety can be a deret peptide, constrained peptide or
crosslinked peptide. In another alternative, thptiole moiety can include a hydrophobic
membrane translocation sequence (MTS). An exemphatrophobic MTS-containing
peptide is RFGF having the amino acid sequence ABMPAVLLALLAP(SEQ ID NO: 9).
An RFGF analogues(@., amino acid sequence AALLPVLLAAP (SEQ ID NO: 10))
containing a hydrophobic MTS can also be a targetioiety. The peptide moiety can be a
“delivery” peptide, which can carry large polar malles including peptides,
oligonucleotides, and protein across cell membrafes example, sequences from the HIV
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Tat protein (GRKKRRQRRRPPQ (SEQ ID NO: 11)) anel Drosophila Antennapedia
protein (RQIKIWFQNRRMKWKK (SEQ ID NO: 12)) have beéound to be capable of
functioning as delivery peptides. A peptide ortppmimetic can be encoded by a random
sequence of DNA, such as a peptide identified feopmage-display library, or one-bead-one-
compound (OBOC) combinatorial library (Laghal., Nature, 354:82-84, 1991). Preferably
the peptide or peptidomimetic tethered to an iRIgArd via an incorporated monomer unit is
a cell targeting peptide such as an arginine-gbraigpartic acid (RGD)-peptide, or RGD
mimic. A peptide moiety can range in length froboat 5 amino acids to about 40 amino
acids. The peptide moieties can have a structoogification, such as to increase stability or
direct conformational properties. Any of the stural modifications described below can be
utilized.An RGD peptide moiety can be used to taegeimor cell, such as an endothelial
tumor cell or a breast cancer tumor cell (Zitzmenal ., Cancer Res., 62:5139-43, 2002).
An RGD peptide can facilitate targeting of an iRiddent to tumors of a variety of other
tissues, including the lung, kidney, spleen, cedifAoki et al., Cancer Gene Therapy 8:783-
787, 2001). Preferably, the RGD peptide will feate targeting of an iRNA agent to the
kidney. The RGD peptide can be linear or cycliej aan be modifiedk.g., glycosylated or
methylated to facilitate targeting to specific tiss. For example, a glycosylated RGD
peptide can deliver an iRNA agent to a tumor ogliressing[3; (Haubneret al., Jour.
Nucl. Med., 42:326-336, 2001). Peptides that target markenshed in proliferating cells
can be used. For example, RGD containing peptaddseptidomimetics can target cancer
cells, in particular cells that exhibit an integrilhus, one could use RGD peptides, cyclic
peptides containing RGD, RGD peptides that inclDeemino acids, as well as synthetic
RGD mimics. In addition to RGD, one can use othereties that target the integrin ligand.
Generally, such ligands can be used to controlfprating cells and angiogeneis. Preferred
conjugates of this type of ligand target PECAM-EGF, or other cancer gere., a cancer
gene described herein.

A “cell permeation peptide” is capable of permegtancell,e.g., a microbial cell,
such as a bacterial or fungal cell, or a mammal&h such as a human cell. A microbial
cell-permeating peptide can be, for exampley-daelical linear peptide(q., LL-37 or
Ceropin P1), a disulfide bond-containing peptieg.( o -defensinf-defensin or bactenecin),
or a peptide containing only one or two dominatngno acidsé€.g., PR-39 or indolicidin).
A cell permeation peptide can also include a nudtezalization signal (NLS). For example,
a cell permeation peptide can be a bipartite angthip peptide, such as MPG, which is
derived from the fusion peptide domain of HIV-1 @hd the NLS of SV40 large T antigen
(Simeoni et al., Nucl. Acids Res. 31:2717-2724,3)00

In one embodiment, a targeting peptide can be grhgrathica-helical peptide.
Exemplary amphipathie-helical peptides include, but are not limiteddecropins,
lycotoxins, paradaxins, buforin, CPF, bombinin-lpeptide (BLP), cathelicidins,
ceratotoxins, S. clava peptides, hagfish intesanéimicrobial peptides (HFIAPS),
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magainines, brevinins-2, dermaseptins, melittiteyqocidin, HA peptides, Xenopus
peptides, esculentinis-1, and caerins. A numbéacibrs will preferably be considered to
maintain the integrity of helix stability. For exale, a maximum number of helix
stabilization residues will be utilized.g., leu, ala, or lys), and a minimum number helix
destabilization residues will be utilizeeld., proline, or cyclic monomeric units. The
capping residue will be considered (for example iSlgn exemplary N-capping residue
and/or C-terminal amidation can be used to proailextra H-bond to stabilize the helix.
Formation of salt bridges between residues withogfip charges, separated by i + 3, ori+ 4
positions can provide stability. For example, @ait residues such as lysine, arginine,
homo-arginine, ornithine or histidine can form daltiges with the anionic residues
glutamate or aspartate.

Peptide and peptidomimetic ligands include thosenganaturally occurring or
modified peptidese.g., D or L peptidesg, B, ory peptides; N-methyl peptides; azapeptides;
peptides having one or more amide,, peptide, linkages replaced with one or more urea,
thiourea, carbamate, or sulfonyl urea linkagesyotic peptides.

The targeting ligand can be any ligand that is blpaf targeting a specific receptor.
Examples are: folate, GalNAc, galactose, mannos@nase-6P, clusters of sugars such as
GalNAc cluster, mannose cluster, galactose clustean apatamer. A clusteris a
combination of two or more sugar units. The targgtigands also include integrin receptor
ligands, Chemokine receptor ligands, transferiiotif, serotonin receptor ligands, PSMA,
endothelin, GCPII, somatostatin, LDL and HDL ligandrhe ligands can also be based on
nucleic acide.g., an aptamer. The aptamer can be unmodified a¢ hay combination of
modifications disclosed herein.

Endosomal release agents include imidazoles, padigoimidazoles, PEls, peptides,
fusogenic peptides, polycaboxylates, polyacatioresked oligo or poly cations or anions,
acetals, polyacetals, ketals/polyketyals, orthasstmlymers with masked or unmasked
cationic or anionic charges, dendrimers with maskegnmasked cationic or anionic
charges.

PK modulator stands for pharmacokinetic moduld#t.modulators include
lipophiles, bile acids, steroids, phospholipid agalkes, peptides, protein binding agents,
PEG, vitamins etc. Examplary PK modulators incluzlé,are not limited to, cholesterol,
fatty acids, cholic acid, lithocholic acid, dialkyycerides, diacylglyceride, phospholipids,
sphingolipids, naproxen, ibuprofen, vitamin E, magtc. Oligonucleotides that comprise a
number of phosphorothioate linkages are also kntovioind to serum protein, thus short
oligonucleotidese.g., oligonucleotides of about 5 bases, 10 bases, lsla20 bases,
comprising multiple phosphorothioate linkages ia iackbaone are also amenable to the
present invention as ligandsd., as PK modulating ligands).

In addition, aptamers that bind serum componexgs 6erum proteins) are also
amenable to the present invention as PK moduléigagds.
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Other ligand conjugates amenable to the inventrerdascribed in U.S. Patent
Applications USSN: 10/916,185, filed August 10, 200SSN: 10/946,873, filed September
21, 2004; USSN: 10/833,934, filed August 3, 200%3M: 11/115,989 filed April 27, 2005
and USSN: 11/944,227 filed November 21, 2007, whighincorporated by reference in
their entireties for all purposes.

When two or more ligands are present, the ligaatsatl have same properties, all
have different properties or some ligands haveséime properties while others have different
properties. For example, a ligand can have targgiroperties, have endosomolytic activity
or have PK modulating properties. In a preferreth@miment, all the ligands have different
properties.

Ligands can be coupled to the oligonucleotidesaabus places, for example, 3’-end,
5’-end, and/or at an internal position. In prededrembodiments, the ligand is attached to the
oligonucleotidewia an intervening tethee.g., a carrier described herein. The ligand or
tethered ligand may be present on a monomer wheemtmomer is incorporated into the
growing strand. In some embodiments, the ligany b&incorporated via coupling to a
“precursor’” monomer after the “precursor” monomas been incorporated into the growing
strand. For example, a monomer havimg,, an amino-terminated tethereg(, having no
associated ligandgg., TAP-(CH),NH, may be incorporated into a growing oligonucelotide
strand. In a subsequent operatios, after incorporation of the precursor monomer thi
strand, a ligand having an electrophilic groeg,, a pentafluorophenyl ester or aldehyde
group, can subsequently be attached to the precu@@omer by coupling the electrophilic
group of the ligand with the terminal nucleophiioup of the precursor monomer’s tether.

In another example, a monomer having a chemicalpysoitable for taking part in
Click Chemistry reaction may be incorporated,, an azide or alkyne terminated
tether/linker. In a subsequent operatios, after incorporation of the precursor monomer
into the strand, a ligand having complementary abahgroup,e.g. an alkyne or azide can
be attached to the precursor monomer by coupliaglkyne and the azide together.

For double- stranded oligonucleotides, ligandshmaattached to one or both strands.
In some embodiments, a double stranded iIRNA agenttms a ligand conjugated to the
sense strand. In other embodiments, a double gtdaRNA agent contains a ligand
conjugated to the antisense strand.

In some embodiments, ligand can be conjugated¢teobases, sugar moieties, or
internucleosidic linkages of nucleic acid moleculgsnjugation to purine nucleobases or
derivatives thereof can occur at any position iditlg, endocyclic and exocyclic atoms. In
some embodiments, the 2-, 6-, 7-, or 8-positiors jpfirine nucleobase are attached to a
conjugate moiety. Conjugation to pyrimidine nuclasés or derivatives thereof can also
occur at any position. In some embodiments, th&-2-and 6-positions of a pyrimidine
nucleobase can be substituted with a conjugatetyn@enjugation to sugar moieties of
nucleosides can occur at any carbon atom. Exanapl®o atoms of a sugar moiety that can
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be attached to a conjugate moiety include the',2an@l 5' carbon atoms. The 1' position can
also be attached to a conjugate moiety, such as abasic residue. Internucleosidic linkages
can also bear conjugate moieties. For phosphomtsicing linkagesdg., phosphodiester,
phosphorothioate, phosphorodithiotate, phosphordai®j and the like), the conjugate
5 moiety can be attached directly to the phosphatas @r to an O, N, or S atom bound to the
phosphorus atom. For amine- or amide-containingrmicleosidic linkagee@., PNA), the
conjugate moiety can be attached to the nitrogem atff the amine or amide or to an adjacent
carbon atom.
Any suitable ligand in the field of RNA interferemmay be used, although the ligand
10 s typically a carbohydrateg. monosaccharide (such as GalNAc), disaccharide,
trisaccharide, tetrasaccharide, polysaccharide.
Linkers that conjugate the ligand to the nucleid atclude those discussed above.
For example, the ligand can be one or more GalNMadetylglucosamine) derivatives
attached through a monovalent, a bivalent or algivt branched linker.
15 In one embodiment, the dsRNA of the invention isjagated to a bivalent and
trivalent branched linkers include the structutesvn in any of formula (1V) — (VII):

P2A_Q2A_R2A ] T2A_ 2A

q2A

P2B_Q2B_R2B | T2B_| 2B

2B

q
Formula (IV)

T4A_ L4A

/[/P3A-Q3A-R3A = T3A_| 3A P4A_Q4A_R4A )

q q4A

vuu N

T4B_L4B

\t\ng_Q3B_R3B. 70 28 p4B_QIB_R4B.
q q

Formula (V) Formula (VI)
’ y Or

PSA_QSA_RSA TSA_|5A
’ 5A
q
PSB_QSB_RSB ]?TSB—LSB

q

PSC_QSC_RSC ]TTSC_LSC

q
20 Formula (VII)

4B

wherein:
o0t o2, oA, o8 g4, of®, o, o°° and G represent independently for each
occurrence 0-20 and wherein the repeating unibeattie same or different;
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PZA, PZB, ﬁA’ F‘SB, Ile, P48, PSA, P‘SB’ P‘SC, TZA, TZB, T3A, T3B, -|—4A’ -|—48’ -|—4A, TSB, -I—SC
are each independently for each occurrence allSéntiNH, O, S, OC(O), NHC(O), GH
CHoNH or CHO;

Q™ @8 @ Q8 Q" Q% ", Q°, @ are independently for each occurrence
absent, alkylene, substituted alkylene wherin amaare methylenes can be interrupted or
terminated by one or more of O, S, S(0),SARY), C(R)=C(R"), C=C or C(0);

R RE RA R, R R® R R®, RC are each independently for each

occurrence absent, NH, O, S, £1&(0)0O, C(O)NH, NHCH(RC(O), -C(0)-CH(R)-NH-,
0

HO

" S—S
o N D SN
CO, CH=N-O,~N , H o, :

S—s
r‘"\( AN o—s
SN N\ or heterocyclyl;

L2A, LB, L34 %8, L* L8, L°*, L°B and L°C represent the liganile. each
independently for each occurrence a monosacchémimd as GalNAc), disaccharide,
trisaccharide, tetrasaccharide, oligosaccharidpptysaccharide; and

R%*is H or amino acid side chain.

Trivalent conjugating GalNAc derivatives are partarly useful for use with RNAI
agents for inhibiting the expression of a targetegesuch as those of formula (VII):

PSA_QSA_RSA’ - T5A_|5A

q

P5B_Q5B_R5B 5 T5B. 5B

P5C_Q5C_R5C ]TTSC-LSC

q
Formula (VII)

wherein I, L°® and °© represent a monosaccharide, such as GalNAc diegvat

Examples of suitable bivalent and trivalent bramkclreker groups conjugating GalNAc
derivatives include, but are not limited to, thédaing compounds:

Ho OH
Q H H
HO O\/\/\n/ N ~N
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Representative U.S. patents that teach the prema RNA conjugates include, but
are not limited to, U.S. Pat. Nos. 4,828,979; 4,888; 5,218,105; 5,525,465; 5,541,313;
5,545,730; 5,552,538; 5,578,717, 5,580,731; 5,581 5,109,124, 5,118,802; 5,138,045;
5,414,077, 5,486,603; 5,512,439; 5,578,718; 5,608,0,587,044; 4,605,735; 4,667,025;
4,762,779; 4,789,737, 4,824,941, 4,835,263; 4,873,8,904,582; 4,958,013; 5,082,830;
5,112,963; 5,214,136; 5,082,830; 5,112,963; 5,261,%,245,022; 5,254,469; 5,258,506;
5,262,536; 5,272,250; 5,292,873, 5,317,098; 5,31,,3,391,723; 5,416,203, 5,451,463,
5,510,475; 5,512,667; 5,514,785, 5,565,552; 5,36%,,8,574,142; 5,585,481; 5,587,371,
5,595,726; 5,597,696, 5,599,923; 5,599,928 andd984 ; 6,294,664, 6,320,017; 6,576,752,
6,783,931; 6,900,297, 7,037,646; 8,106,022, thieeeodntents of each of which are hereby
incorporated herein by reference.

It is not necessary for all positions in a givempound to be uniformly modified,
and in fact more than one of the aforementionedifications can be incorporated in a single
compound or even at a single nucleoside withirRiA. The present invention also includes
IRNA compounds that are chimeric compounds.

“Chimeric” IRNA compounds or “chimeras,” in thergext of this invention, are
IRNA compounds, preferably dsRNAs, which contaio twv more chemically distinct
regions, each made up of at least one monomerimit nucleotide in the case of a dsRNA
compound. These iRNAs typically contain at least megion wherein the RNA is modified
so as to confer upon the iRNA increased resistemoeclease degradation, increased cellular
uptake, and/or increased binding affinity for taeget nucleic acid. An additional region of
the iRNA can serve as a substrate for enzymes tapébleaving RNA:DNA or RNA:RNA
hybrids. By way of example, RNase H is a cellulzd@uclease which cleaves the RNA
strand of an RNA:DNA duplex. Activation of RNasetHerefore, results in cleavage of the
RNA target, thereby greatly enhancing the efficieatiRNA inhibition of gene expression.
Consequently, comparable results can often beraddavith shorter iRNAs when chimeric
dsRNAs are used, compared to phosphorothioate d#siRIMAS hybridizing to the same
target region. Cleavage of the RNA target can loéimely detected by gel electrophoresis
and, if necessary, associated nucleic acid hylatidia techniques known in the art.

In certain instances, the RNA of an iRNA can be iined by a non-ligand group. A
number of non-ligand molecules have been conjugaté@NAS in order to enhance the
activity, cellular distribution or cellular uptaké the iRNA, and procedures for performing
such conjugations are available in the scientifezdture. Such non-ligand moieties have
included lipid moieties, such as cholesterol (Kubaet al., Biochem. Biophys. Res. Comm.,
2007, 365(1):54-61; Letsinget al., Proc. Natl. Acad. Sci. USA, 1989, 86:6553), cholic acid
(Manohararet al., Bioorg. Med. Chem. Lett., 1994, 4:1053), a thioethexg., hexyl-S-
tritylthiol (Manohararet al., Ann. N.Y. Acad. Si., 1992, 660:306; Manoharahal ., Bioorg.
Med. Chem. Let., 1993, 3:2765), a thiocholesterol (Oberhagser., Nucl. Acids Res., 1992,
20:533), an aliphatic chair.g., dodecandiol or undecyl residues (Saison-Behrns@&ha.,

113



10

15

20

25

30

35

EMBO J., 1991, 10:111; Kabana al., FEBSLett., 1990, 259:327; Svinarchekal .,
Biochimie, 1993, 75:49), a phospholipielg., di-hexadecyl-rac-glycerol or
triethylammonium 1,2-di-O-hexadecyl-rac-glycero-3sHosphonate (Manoharahal.,
Tetrahedron Lett., 1995, 36:3651; Sheshal., Nucl. Acids Res., 1990, 18:3777), a polyamine
or a polyethylene glycol chain (Manoharmiral., Nucleosides & Nucleotides, 1995, 14:969),
or adamantane acetic acid (Manohaataal ., Tetrahedron Lett., 1995, 36:3651), a palmityl
moiety (Mishraet al., Biochim. Biophys. Acta, 1995, 1264:229), or an octadecylamine or
hexylamino-carbonyl-oxycholesterol moiety (Croakal., J. Pharmacol. Exp. Ther., 1996,
277:923). Representative United States patentdehah the preparation of such RNA
conjugates have been listed above. Typical conjig@trotocols involve the synthesis of an
RNAs bearing an aminolinker at one or more pos#tiohthe sequence. The amino group is
then reacted with the molecule being conjugatedguappropriate coupling or activating
reagents. The conjugation reaction can be perforttadr with the RNA still bound to the
solid support or following cleavage of the RNA solution phase. Purification of the RNA
conjugate by HPLC typically affords the pure cortey

In some embodiments, a double stranded RNAIi agaheanvention is AD-57213.

VI. Delivery of an iRNA of the Invention

The delivery of an iRNA of the invention to a cely., a cell within a subject, such as
a human subjece(., a subject in need thereof, such as a subject avbleeding disorder)
can be achieved in a number of different ways. dxample, delivery may be performed by
contacting a cell with an iRNA of the inventionhestin vitro orin vivo. Invivo delivery
may be performed directly by administering a conitps comprising an iRNAe.g., a
dsRNA, to a subject. Alternatively) vivo delivery may be performed indirectly by
administering one or more vectors that encode @&edtdhe expression of the iRNA. These
alternatives are discussed further below.

In general, any method of delivering a nucleicaablecule if vitro orin vivo) can
be adapted for use with an IRNA of the inventiogesg., Akhtar S. and Julian RL. (1992)
Trends Cell. Biol. 2(5):139-144 and W094/02595, which are incorpmtdterein by
reference in their entireties). Horvivo delivery, factors to consider in order to delivar a
IRNA molecule include, for example, biological sta of the delivered molecule,
prevention of non-specific effects, and accumutatbthe delivered molecule in the target
tissue. The non-specific effects of an IRNA cambeimized by local administration, for
example, by direct injection or implantation inttissue or topically administering the
preparation. Local administration to a treatmet& siaximizes local concentration of the
agent, limits the exposure of the agent to systdissces that can otherwise be harmed by
the agent or that can degrade the agent, and geartotver total dose of the iRNA molecule
to be administered. Several studies have showressfid knockdown of gene products when
an iRNA is administered locally. For example, iotalar delivery of a VEGF dsRNA by
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intravitreal injection in cynomolgus monkeys (Tdieon, MJ.,et al (2004)Retina 24:132-

138) and subretinal injections in mice (Reich, &) (2003)Moal. Vis. 9:210-216) were

both shown to prevent neovascularization in an exytal model of age-related macular
degeneration. In addition, direct intratumoral atien of a dsRNA in mice reduces tumor
volume (Pille, J.et al (2005)Mol. Ther.11:267-274) and can prolong survival of tumor-
bearing mice (Kim, WJst al (2006)Mol. Ther. 14:343-350; Li, Set al (2007)Mol. Ther.
15:515-523). RNA interference has also shown sgcagh local delivery to the CNS by
direct injection (Dorn, Get al. (2004)Nucleic Acids 32:e49; Tan, PHet al (2005)Gene

Ther. 12:59-66; Makimura, Het al (2002)BMC Neurosci. 3:18; Shishkina, GTet al (2004)
Neuroscience 129:521-528; Thakker, ERgt al (2004)Proc. Natl. Acad. Sci. U.SA.
101:17270-17275; Akaneya, ¥t al (2005)J. Neurophysiol. 93:594-602) and to the lungs by
intranasal administration (Howard, KA, al (2006)Mol. Ther. 14:476-484; Zhang, Xet al
(2004)J. Biol. Chem. 279:10677-10684; Bitko, Vet al (2005)Nat. Med. 11:50-55). For
administering an iRNA systemically for the treatrneha disease, the RNA can be modified
or alternatively delivered using a drug delivergteyn; both methods act to prevent the rapid
degradation of the dsRNA by endo- and exo-nucleasaso. Modification of the RNA or
the pharmaceutical carrier can also permit targetirthe iRNA composition to the target
tissue and avoid undesirable off-target effectdBlARnolecules can be modified by chemical
conjugation to lipophilic groups such as choledtey@nhance cellular uptake and prevent
degradation. For example, an iRNA directed agapstB conjugated to a lipophilic
cholesterol moiety was injected systemically inticerand resulted in knockdown of apoB
MRNA in both the liver and jejunum (Soutscheketlal (2004)Nature 432:173-178).
Conjugation of an iRNA to an aptamer has been shovimhibit tumor growth and mediate
tumor regression in a mouse model of prostate cgMeNamara, JOgt al (2006)Nat.
Biotechnol. 24:1005-1015). In an alternative embodiment,iRMA can be delivered using
drug delivery systems such as a nanoparticle, draear, a polymer, liposomes, or a
cationic delivery system. Positively charged catiatelivery systems facilitate binding of an
iIRNA molecule (negatively charged) and also enhamiegactions at the negatively charged
cell membrane to permit efficient uptake of an iRiMthe cell. Cationic lipids, dendrimers,
or polymers can either be bound to an iRNA, or aetlito form a vesicle or micelle (seg.,
Kim SH., et al (2008) &urnal of Controlled Release 129(2):107-116) that encases an iRNA.
The formation of vesicles or micelles further pretgedegradation of the iRNA when
administered systemically. Methods for making adchiaistering cationic- iRNA complexes
are well within the abilities of one skilled in thet (seee.g., Sorensen, DRet al (2003)J.

Mol. Biol 327:761-766; Verma, UNet al (2003) Clin.Cancer Res. 9:1291-1300; Arnold, AS
et al (2007)J. Hypertens. 25:197-205, which are incorporated herein byrezfee in their
entirety). Some non-limiting examples of drug defiw systems useful for systemic delivery
of IRNAs include DOTAP (Sorensen, DRt,al (2003), supra; Verma, UNgt al (2003),
supra), Oligofectamine, "solid nucleic acid lipid pates” (Zimmermann, TSet al (2006)
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Nature 441:111-114), cardiolipin (Chien, P¥,al (2005)Cancer Gene Ther. 12:321-328;
Pal, A.,et al (2005)Int J. Oncol. 26:1087-1091), polyethyleneimine (Bonnet Mé al
(2008)Pharm. Res. Aug 16 Epub ahead of print; Aigner, A. (2006)8iomed. Biotechnol.
71659), Arg-Gly-Asp (RGD) peptides (Liu, S. (20089l. Pharm. 3:472-487), and
polyamidoamines (Tomalia, DAet al (2007)Biochem. Soc. Trans. 35:61-67; Yoo, H.¢et al
(1999)Pharm. Res. 16:1799-1804). In some embodiments, an iRNA foansemplex with
cyclodextrin for systemic administration. Methods &dministration and pharmaceutical
compositions of iIRNAs and cyclodextrins can be fibuimU.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 Serpincl gene can be expressed franscription units inserted into
DNA or RNA vectors (see.g., Couture, Agt al., TIG. (1996), 12:5-10; Skillern, Asgt al.,
International PCT Publication No. WO 00/22113, Gahrinternational PCT Publication No.
WO 00/22114, and Conrad, U.S. Pat. No. 6,054,289pression can be transient (on the
order of hours to weeks) or sustained (weeks tothsoor longer), depending upon the
specific construct used and the target tissuelbtyge. These transgenes can be introduced
as a linear construct, a circular plasmid, or alwector, which can be an integrating or non-
integrating vector. The transgene can also be nartetl to permit it to be inherited as an
extrachromosomal plasmid (Gassmagiral., Proc. Natl. Acad. Sci. USA (1995) 92:1292).

The individual strand or strands of an iRNA cartda@scribed from a promoter on an
expression vector. Where two separate strand® dre expressed to generate, for example, a
dsRNA, two separate expression vectors can betoodunced €.g., by transfection or
infection) into a target cell. Alternatively eacfdividual strand of a dsRNA can be
transcribed by promoters both of which are locatedhe same expression plasmid. In one
embodiment, a dsRNA is expressed as inverted r@odatucleotides joined by a linker
polynucleotide sequence such that the dsRNA h&snaand loop structure.

IRNA expression vectors are generally DNA plasnudsiral vectors. Expression
vectors compatible with eukaryotic cells, prefeyahblose compatible with vertebrate cells,
can be used to produce recombinant constructfiéoexpression of an iRNA as described
herein. Eukaryotic cell expression vectors are Watlwn in the art and are available from a
number of commercial sources. Typically, such vectwe provided containing convenient
restriction sites for insertion of the desired micclacid segmentDelivery of iRNA
expressing vectors can be systemic, such as averious or intramuscular administration,
by administration to target cells ex-planted frdma patient followed by reintroduction into
the patient, or by any other means that allowsrivoduction into a desired target cell.

IRNA expression plasmids can be transfected infgetacells as a complex with
cationic lipid carriers€.g., Oligofectamine) or non-cationic lipid-based casi@g., Transit-
TKO™). Multiple lipid transfections for iRNA-mediatecheckdowns targeting different
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regions of a target RNA over a period of a weeknore are also contemplated by the
invention. Successful introduction of vectors ihtust cells can be monitored using various
known methods. For example, transient transfea@nbe signaled with a reporter, such as a
fluorescent marker, such as Green FluorescentiRi@&P). Stable transfection of ceds

vivo can be ensured using markers that provide theféretesl cell with resistance to specific
environmental factorse(g., antibiotics and drugs), such as hygromycin Bstasce.

Viral vector systems which can be utilized with thethods and compositions
described herein include, but are not limited &) ,adenovirus vectors; (b) retrovirus vectors,
including but not limited to lentiviral vectors, meoey murine leukemia virusic.; (c)
adeno- associated virus vectors; (d) herpes simptag vectors; (e) SV 40 vectors; (f)
polyoma virus vectors; (g) papilloma virus vectdrs; picornavirus vectors; (i) pox virus
vectors such as an orthop@g., vaccinia virus vectors or avipoag. canary pox or fowl
pox; and (j) a helper-dependent or gutless adensvReplication-defective viruses can also
be advantageous. Different vectors will or wilk ih@come incorporated into the cells’
genome. The constructs can include viral sequefiocesansfection, if desired. Alternatively,
the construct can be incorporated into vectorslaapat episomal replicatiore,g. EPV and
EBYV vectors. Constructs for the recombinant expoessf an iRNA will generally require
regulatory elementg,g., promoters, enhanceltc., to ensure the expression of the IRNA in
target cells. Other aspects to consider for ve@onosconstructs are further described below.

Vectors useful for the delivery of an iIRNA will incle regulatory elements
(promoter, enhancesgc.) sufficient for expression of the iRNA in the desd target cell or
tissue. The regulatory elements can be choserotade either constitutive or
regulated/inducible expression.

Expression of the iRNA can be precisely regulatedexample, by using an
inducible regulatory sequence that is sensitiveettain physiological regulatorag.,
circulating glucose levels, or hormones (Dochettsl., 1994 FASEB J. 8:20-24). Such
inducible expression systems, suitable for therobof dsSRNA expression in cells or in
mammals include, for example, regulation by ecdgsby estrogen, progesterone,
tetracycline, chemical inducers of dimerizationg aopropyl-beta-D1 -
thiogalactopyranoside (IPTG). A person skilledhe art would be able to choose the
appropriate regulatory/promoter sequence basedeomtended use of the iRNA transgene.

Viral vectors that contain nucleic acid sequence®ding an iRNA can be used. For
example, a retroviral vector can be used (see iMitlal., Meth. Enzymol. 217:581-599
(1993)). These retroviral vectors contain the congmds necessary for the correct packaging
of the viral genome and integration into the h@st ONA. The nucleic acid sequences
encoding an iRNA are cloned into one or more vectahich facilitate delivery of the
nucleic acid into a patient. More detail aboutaetral vectors can be found, for example, in
Boeseret al., Biotherapy 6:291-302 (1994), which describes the use ofraveal vector to
deliver the mdrl gene to hematopoietic stem celtsrder to make the stem cells more
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resistant to chemotherapy. Other references iitiagg the use of retroviral vectors in gene
therapy are: Clowest al., J. Clin. Invest. 93:644-651 (1994); Kierdt al., Blood 83:1467-

1473 (1994); Salmons and Gunzbdtigman Gene Therapy 4:129-141 (1993); and

Grossman and WilsoGurr. Opin. in Genetics and Devel. 3:110-114 (1993). Lentiviral
vectors contemplated for use include, for exantpke HIV based vectors described in U.S.
Patent Nos. 6,143,520; 5,665,557; and 5,981,27®wdre herein incorporated by reference.

Adenoviruses are also contemplated for use in esfiof iIRNAs of the invention.
Adenoviruses are especially attractive vehiatas, for delivering genes to respiratory
epithelia. Adenoviruses naturally infect respirgtepithelia where they cause a mild disease.
Other targets for adenovirus-based delivery systamdiver, the central nervous system,
endothelial cells, and muscle. Adenoviruses hageatvantage of being capable of infecting
non-dividing cells. Kozarsky and Wilso@urrent Opinion in Genetics and Devel opment
3:499-503 (1993) present a review of adenovirugth@ene therapy. Boset al., Human
Gene Therapy 5:3-10 (1994) demonstrated the use of adenovieatoys to transfer genes to
the respiratory epithelia of rhesus monkeys. Oifgtances of the use of adenoviruses in
gene therapy can be found in Rosenttld., Science 252:431-434 (1991); Rosenfedtal .,

Cell 68:143-155 (1992); Mastrangetial., J. Clin. Invest. 91:225-234 (1993); PCT
Publication W0O94/12649; and Waregal., Gene Therapy 2:775-783 (1995). A suitable AV
vector for expressing an iRNA featured in the ii@m a method for constructing the
recombinant AV vector, and a method for deliveting vector into target cells, are described
in Xia Het al. (2002),Nat. Biotech. 20: 1006-1010.

Adeno-associated virus (AAV) vectors may also bedue delivery an iRNA of the
invention (Walslet al., Proc. Soc. Exp. Biol. Med. 204:289-300 (1993)S1Pat. No.
5,436,146). In one embodiment, the IRNA can be&sged as two separate, complementary
single-stranded RNA molecules from a recombinanVA#&ctor having, for example, either
the U6 or H1 RNA promoters, or the cytomegalovi{@&V) promoter. Suitable AAV
vectors for expressing the dsRNA featured in tivemtion, methods for constructing the
recombinant AV vector, and methods for delivering vectors into target cells are described
in Samulski Ret al. (1987),J. Virol. 61: 3096-3101; Fisher Kel al. (1996),J. Virol, 70:
520-532; Samulski Rt al. (1989),J. Virol. 63: 3822-3826; U.S. Pat. No. 5,252,479; U.S.
Pat. No. 5,139,941, International Patent Applicatio. WO 94/13788; and International
Patent Application No. WO 93/24641, the entire ldisgres of which are herein incorporated
by reference.

Another viral vector suitable for delivery of anNR of the inevtion is a pox virus
such as a vaccinia virus, for example an attenuaedinia such as Modified Virus Ankara
(MVA) or NYVAC, an avipox such as fowl pox or caggyox.

The tropism of viral vectors can be modified byyssatyping the vectors with
envelope proteins or other surface antigens frdmrotiruses, or by substituting different
viral capsid proteins, as appropriate. For exanlphgjviral vectors can be pseudotyped with
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surface proteins from vesicular stomatitis viruSW, rabies, Ebola, Mokola, and the like.
AAYV vectors can be made to target different cellhgineering the vectors to express
different capsid protein serotypes; seg,, Rabinowitz J Et al. (2002),J Virol 76:791-801,
the entire disclosure of which is herein incorpedaby reference.

The pharmaceutical preparation of a vector carudethe vector in an acceptable
diluent, or can include a slow release matrix inclthe gene delivery vehicle is imbedded.
Alternatively, where the complete gene deliveryteecan be produced intact from
recombinant cell.g., retroviral vectors, the pharmaceutical preparatian include one or
more cells which produce the gene delivery system.

V. Pharmaceutical Compositions of the Invention

The present invention also provides pharmaceutmapositions and formulations
which include the iRNAs of the invention. In onel@diment, provided herein are
pharmaceutical compositions containing an iRNAd@scribed herein, and a
pharmaceutically acceptable carrier. The pharma@dwompositions containing the iRNA
are useful for treating a disease or disorder as®utwith the expression or activity of a
Serpincl genes.g. a Serpincl-associated disease. Such pharmacexgroglositions are
formulated based on the mode of delivery. One giams compositions that are formulated
for systemic administratiovia parenteral deliverye.g., by subcutaneous (SC) or intravenous
(IV) delivery. Another example is compositionstthee formulated for direct delivery into
the brain parenchyma.g., by infusion into the brain, such as by continrgeipump infusion.
The pharmaceutical compositions of the inventioly mraadministered in dosages sufficient
to inhibit expression of a Serpincl gene.

In certain embodiments of the invention, for exeamphen a pharmaceutical
composition comprises a double stranded RNAI agehides one or more motifs of three
identical modifications on three consecutive nuttess, including one such motif at or near
the cleavage site of the agent, six phosphorothili@ages, and a GalNAc ligand, such a
composition is administered at a dose of 0.20btwa1.825 mg/kg, 0.200 to about 1.800
mg/kg, about 0.200 to about 1.700 mg/kg, about®@taGbout 1.600 mg/kg, about 0.200 to
about 1.500 mg/kg, about 0.200 to about 1.400 mgkgut 0.200 to about 1.400 mg/kg,
about 0.200 to about 1.200 mg/kg, about 0.200 twtab.100 mg/kg, about 0.200 to about
1.000 mg/kg, about 0.200 to about 0.900 mg/kg, 86d00 to about 0.800 mg/kg, about
0.200 to about 0.700 mg/kg, about 0.200 to abd&@®mg/kg, about 0.200 to about 0.500
mg/kg, about 0.200 to about 0.400 mg/kg, about®tdZabout 1.825 mg/kg, about 0.225 to
about 1.800 mg/kg, about 0.225 to about 1.700 mgafkgut 0.225 to about 1.600 mg/kg,
about 0.225 to about 1.500 mg/kg, about 0.225 tutab.400 mg/kg, about 0.225 to about
1.400 mg/kg, about 0.225 to about 1.200 mg/kg, 80d@P5 to about 1.100 mg/kg, about
0.225 to about 1.000 mg/kg, about 0.225 to abd@@®mg/kg, about 0.225 to about 0.800
mg/kg, about 0.225 to about 0.700 mg/kg, about®tdZabout 0.600 mg/kg, about 0.225 to
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about 0.500 mg/kg, about 0.225 to about 0.400 mgafkgut 0.250 to about 1.825 mg/kg,
about 0.250 to about 1.800 mg/kg, about 0.250 ¢mtab.700 mg/kg, about 0.250 to about
1.600 mg/kg, about 0.250 to about 1.500 mg/kg, 86d50 to about 1.400 mg/kg, about
0.250 to about 1.400 mg/kg, about 0.250 to abd&@A mg/kg, about 0.250 to about 1.100
mg/kg, about 0.250 to about 1.000 mg/kg, about®t@sbout 0.900 mg/kg, about 0.250 to
about 0.800 mg/kg, about 0.250 to about 0.700 mgkgut 0.250 to about 0.600 mg/kg,
about 0.250 to about 0.500 mg/kg, about 0.250 twta®.400 mg/kg, about 0.425 to about
1.825 mg/kg, about 0.425 to about 1.800 mg/kg, 80ai25 to about 1.700 mg/kg, about
0.425 to about 1.600 mg/kg, about 0.425 to abd@Q mg/kg, about 0.425 to about 1.400
mg/kg, about 0.425 to about 1.400 mg/kg, about®tdZabout 1.200 mg/kg, about 0.425 to
about 1.100 mg/kg, about 0.425 to about 1.000 mglkgut 0.425 to about 0.900 mg/kg,
about 0.425 to about 0.800 mg/kg, about 0.425 twta®. 700 mg/kg, about 0.425 to about
0.600 mg/kg, about 0.425 to about 0.500 mg/kg, abaeib0 to about 1.825 mg/kg, about
0.450 to about 1.800 mg/kg, about 0.450 to abal@ mg/kg, about 0.450 to about 1.600
mg/kg, about 0.450 to about 1.500 mg/kg, about®tdZabout 1.400 mg/kg, about 0.450 to
about 1.400 mg/kg, about 0.450 to about 1.200 mglkgut 0.450 to about 1.100 mg/kg,
about 0.450 to about 1.000 mg/kg, about 0.450 twta®.900 mg/kg, about 0.450 to about
0.800 mg/kg, about 0.450 to about 0.700 mg/kg, abaeib0 to about 0.600 mg/kg, about
0.450 to about 0.500 mg/kg, about 0.475 to ab@®&5.mg/kg, about 0.475 to about 1.800
mg/kg, about 0.475 to about 1.700 mg/kg, about®td7about 1.600 mg/kg, about 0.475 to
about 1.500 mg/kg, about 0.475 to about 1.400 mglkgut 0.475 to about 1.400 mg/kg,
about 0.475 to about 1.200 mg/kg, about 0.475 twtab.100 mg/kg, about 0.475 to about
1.000 mg/kg, about 0.475 to about 0.900 mg/kg, 80aLY5 to about 0.800 mg/kg, about
0.475 to about 0.700 mg/kg, about 0.475 to abd&@@®mg/kg, about 0.475 to about 0.500
mg/kg, about 0.875 to about 1.825 mg/kg, about®t87about 1.800 mg/kg, about 0.875 to
about 1.700 mg/kg, about 0.875 to about 1.600 mglkgut 0.875 to about 1.500 mg/kg,
about 0.875 to about 1.400 mg/kg, about 0.875 tutab.400 mg/kg, about 0.875 to about
1.200 mg/kg, about 0.875 to about 1.100 mg/kg, 806@¥5 to about 1.000 mg/kg, about
0.875 to about 0.900 mg/kg, about 0.900 to ab@®&5.mg/kg, about 0.900 to about 1.800
mg/kg, about 0.900 to about 1.700 mg/kg, about®@t®Gbout 1.600 mg/kg, about 0.900 to
about 1.500 mg/kg, about 0.900 to about 1.400 mglkgut 0.900 to about 1.400 mg/kg,
about 0.900 to about 1.200 mg/kg, about 0.900 twtab.100 mg/kg, about 0.900 to about
1.000 mg/kg, about 0.925 to about 1.825 mg/kg, 80@2P5 to about 1.800 mg/kg, about
0.925 to about 1.700 mg/kg, about 0.925 to abd@@Q mg/kg, about 0.925 to about 1.500
mg/kg, about 0.925 to about 1.400 mg/kg, about®t82Zabout 1.400 mg/kg, about 0.925 to
about 1.200 mg/kg, about 0.925 to about 1.100 m@kgbout 0.925 to about 1.000 mg/kg.
Values and ranges intermediate to the foregoinigect@alues are also intended to be part of
this inventione.g.,, the RNAIi agent may be administered to the sulgeatdose of about
0.015 mg/kg to about 0.45 mg/mg.
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For example, the RNAI agere.g., RNAI agent in a pharmaceutical composition, may
be administered at a dose of about 0.2 mg/kg50n2g/kg, 0.25 mg/kg, 0.275 mg/kg, 0.3
mg/kg, 0.325 mg/kg, 0.35 mg/kg, 0.375 mg/kg, Ogtkyg, 0.425 mg/kg, 0.45 mg/kg, 0.475
mg/kg, about 0.5 mg/kg, 0.525 mg/kg, 0.55 mg/k§76.mg/kg, about 0.6 mg/kg, 0.625
mg/kg, 0.65 mg/kg, 0.675 mg/kg, about 0.7 mg/kg26.mg/kg, 0.75 mg/kg, 0.775 mg/kg,
about 0.8 mg/kg, 0.925 mg/kg, 0.95 mg/kg, 0.975kmgabout 1.0 mg/kg, 1.025 mg/kg, 1.05
mg/kg, 1.075 mg/kg, about 1.1 mg/kg, 1.125 mg/k$5Ing/kg, 1.175 mg/kg, about 1.2
mg/kg, 1.225 mg/kg, 1.25 mg/kg, 1.275 mg/kg, aldoBtmg/kg, 1.325 mg/kg, 1.35 mg/kg,
1.375 mg/kg, about 1.4 mg/kg, 1.425 mg/kg, 1.45kapgl.475 mg/kg, about 1.5 mg/kg,
1.525 mg/kg, 1.55 mg/kg, 1.575 mg/kg, about 1.6kagl.625 mg/kg, 1.65 mg/kg, 1.675
mg/kg, about 1.7 mg/kg, 1.725 mg/kg, 1.75 mg/k@7%.mg/kg, orabout 1.8 mg/kg. Values
intermediate to the foregoing recited values ase altended to be part of this invention.

In some embodiments of the invention, for examplegen a double stranded RNAI
agent comprises a sense strand and an antiseasd, sthe antisense strand comprising a
region of complementarity which comprises at ld&stontiguous nucleotides differing by
no more than 3 nucleotides from the nucleotide segei of 5’ -
UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), where substantially all of
the nucleotides of the sense strand and substgraibbf the nucleotides of the antisense
strand are modified nucleotides, and wherein theesstrand is conjugated to a ligand
attached at the 3’-terminus, such an agent in anpd@eutical composition is administered at
a dose of about 0.200 to about 1.825 mg/kg, 0.2@®out 1.800 mg/kg, about 0.200 to
about 1.700 mg/kg, about 0.200 to about 1.600 mglkgut 0.200 to about 1.500 mg/kg,
about 0.200 to about 1.400 mg/kg, about 0.200 ¢mtab.400 mg/kg, about 0.200 to about
1.200 mg/kg, about 0.200 to about 1.100 mg/kg, 86d00 to about 1.000 mg/kg, about
0.200 to about 0.900 mg/kg, about 0.200 to ab@@®mg/kg, about 0.200 to about 0.700
mg/kg, about 0.200 to about 0.600 mg/kg, about®@taGbout 0.500 mg/kg, about 0.200 to
about 0.400 mg/kg, about 0.225 to about 1.825 mgafkgut 0.225 to about 1.800 mg/kg,
about 0.225 to about 1.700 mg/kg, about 0.225 ¢mtab.600 mg/kg, about 0.225 to about
1.500 mg/kg, about 0.225 to about 1.400 mg/kg, 0d@P5 to about 1.400 mg/kg, about
0.225 to about 1.200 mg/kg, about 0.225 to abdlidlmg/kg, about 0.225 to about 1.000
mg/kg, about 0.225 to about 0.900 mg/kg, about®tdZabout 0.800 mg/kg, about 0.225 to
about 0.700 mg/kg, about 0.225 to about 0.600 mglkgut 0.225 to about 0.500 mg/kg,
about 0.225 to about 0.400 mg/kg, about 0.250 twtab.825 mg/kg, about 0.250 to about
1.800 mg/kg, about 0.250 to about 1.700 mg/kg, 86d50 to about 1.600 mg/kg, about
0.250 to about 1.500 mg/kg, about 0.250 to abal@ mg/kg, about 0.250 to about 1.400
mg/kg, about 0.250 to about 1.200 mg/kg, about®t@sbout 1.100 mg/kg, about 0.250 to
about 1.000 mg/kg, about 0.250 to about 0.900 mglkgut 0.250 to about 0.800 mg/kg,
about 0.250 to about 0.700 mg/kg, about 0.250 twta®.600 mg/kg, about 0.250 to about
0.500 mg/kg, about 0.250 to about 0.400 mg/kg, abai25 to about 1.825 mg/kg, about
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0.425 to about 1.800 mg/kg, about 0.425 to abatidlmg/kg, about 0.425 to about 1.600
mg/kg, about 0.425 to about 1.500 mg/kg, about®tdZabout 1.400 mg/kg, about 0.425 to
about 1.400 mg/kg, about 0.425 to about 1.200 mglkgut 0.425 to about 1.100 mg/kg,
about 0.425 to about 1.000 mg/kg, about 0.425 twta®.900 mg/kg, about 0.425 to about
0.800 mg/kg, about 0.425 to about 0.700 mg/kg, abai25 to about 0.600 mg/kg, about
0.425 to about 0.500 mg/kg, about 0.450 to ab@®&5.mg/kg, about 0.450 to about 1.800
mg/kg, about 0.450 to about 1.700 mg/kg, about®@tdZabout 1.600 mg/kg, about 0.450 to
about 1.500 mg/kg, about 0.450 to about 1.400 mglkgut 0.450 to about 1.400 mg/kg,
about 0.450 to about 1.200 mg/kg, about 0.450 ¢mtab.100 mg/kg, about 0.450 to about
1.000 mg/kg, about 0.450 to about 0.900 mg/kg, 86ab0 to about 0.800 mg/kg, about
0.450 to about 0.700 mg/kg, about 0.450 to abd&@®mg/kg, about 0.450 to about 0.500
mg/kg, about 0.475 to about 1.825 mg/kg, about®td7about 1.800 mg/kg, about 0.475 to
about 1.700 mg/kg, about 0.475 to about 1.600 mglkgut 0.475 to about 1.500 mg/kg,
about 0.475 to about 1.400 mg/kg, about 0.475 ¢mtab.400 mg/kg, about 0.475 to about
1.200 mg/kg, about 0.475 to about 1.100 mg/kg, 80aly5 to about 1.000 mg/kg, about
0.475 to about 0.900 mg/kg, about 0.475 to ab@@®mg/kg, about 0.475 to about 0.700
mg/kg, about 0.475 to about 0.600 mg/kg, about®td7about 0.500 mg/kg, about 0.875 to
about 1.825 mg/kg, about 0.875 to about 1.800 mglkgut 0.875 to about 1.700 mg/kg,
about 0.875 to about 1.600 mg/kg, about 0.875 tutab.500 mg/kg, about 0.875 to about
1.400 mg/kg, about 0.875 to about 1.400 mg/kg, 8O6@¥5 to about 1.200 mg/kg, about
0.875 to about 1.100 mg/kg, about 0.875 to abd@Q mg/kg, about 0.875 to about 0.900
mg/kg, about 0.900 to about 1.825 mg/kg, about®t®Gbout 1.800 mg/kg, about 0.900 to
about 1.700 mg/kg, about 0.900 to about 1.600 mglkgut 0.900 to about 1.500 mg/kg,
about 0.900 to about 1.400 mg/kg, about 0.900 twtab.400 mg/kg, about 0.900 to about
1.200 mg/kg, about 0.900 to about 1.100 mg/kg, 86@00 to about 1.000 mg/kg, about
0.925 to about 1.825 mg/kg, about 0.925 to ab@@Q. mg/kg, about 0.925 to about 1.700
mg/kg, about 0.925 to about 1.600 mg/kg, about®t82Zabout 1.500 mg/kg, about 0.925 to
about 1.400 mg/kg, about 0.925 to about 1.400 mglkgut 0.925 to about 1.200 mg/kg,
about 0.925 to about 1.100 mg/kg, or about 0.928htaut 1.000 mg/kg. Values and ranges
intermediate to the foregoing recited values ase altended to be part of this invention,
e.g.,, the RNAI agent may be administered to the sulgeatdose of about 0.015 mg/kg to
about 0.45 mg/kg.

For example, the RNAI agere.g., RNAI agent in a pharmaceutical composition, may
be administered at a dose of about 0.2 mg/kg50n2¢/kg, 0.25 mg/kg, 0.275 mg/kg, 0.3
mg/kg, 0.325 mg/kg, 0.35 mg/kg, 0.375 mg/kg, Ogtkyg, 0.425 mg/kg, 0.45 mg/kg, 0.475
mg/kg, about 0.5 mg/kg, 0.525 mg/kg, 0.55 mg/k§76.mg/kg, about 0.6 mg/kg, 0.625
mg/kg, 0.65 mg/kg, 0.675 mg/kg, about 0.7 mg/kg26.mg/kg, 0.75 mg/kg, 0.775 mg/kg,
about 0.8 mg/kg, 0.925 mg/kg, 0.95 mg/kg, 0.975kmgabout 1.0 mg/kg, 1.025 mg/kg, 1.05
mg/kg, 1.075 mg/kg, about 1.1 mg/kg, 1.125 mg/k$5Ing/kg, 1.175 mg/kg, about 1.2
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mg/kg, 1.225 mg/kg, 1.25 mg/kg, 1.275 mg/kg, aldoBtmg/kg, 1.325 mg/kg, 1.35 mg/kg,
1.375 mg/kg, about 1.4 mg/kg, 1.425 mg/kg, 1.45kamgl.475 mg/kg, about 1.5 mg/kg,
1.525 mg/kg, 1.55 mg/kg, 1.575 mg/kg, about 1.6kagl.625 mg/kg, 1.65 mg/kg, 1.675
mg/kg, about 1.7 mg/kg, 1.725 mg/kg, 1.75 mg/kg7%.mg/kg, or about 1.8 mg/kg. Values
intermediate to the foregoing recited values ase altended to be part of this invention.

In some embodiment, a pharmaceutical compositompeising the iRNA agent is
administered to a subject as a fixed dose. A tfidese” (e.g., a dose in mg) means that one
dose of an IRNA agent is used for all subjectsmigas of any specific subject-related
factors, such as weight. In one particular embeditna fixed dose of an iRNA agent of the
invention is based on a predetermined weight or age

In some embodiments, the pharmaceutical compositomprising the iRNA agent is
administered as a fixed dose of between about 28ragout 100 mg.g., between about 25
mg to about 95 mg, between about 25 mg to abom@between about 25 mg to about 85
mg, between about 25 mg to about 80 mg, betweeunt &omg to about 75 mg, between
about 25 mg to about 70 mg, between about 25 mbaat 65 mg, between about 25 mg to
about 60 mg, between about 25 mg to about 50 ntgiele® about 50 mg to about 100 mg,
between about 50 mg to about 95 mg, between alfooighto about 90 mg, between about
50 mg to about 85 mg, between about 50 mg to é&®utg, between about 30 mg to about
100 mg, between about 30 mg to about 90 mg, betakeunt 30 mg to about 80 mg, between
about 40 mg to about 100 mg, between about 40 mbdat 90 mg, between about 40 mg to
about 80 mg, between about 60 mg to about 100 gtg/den about 60 mg to about 90 mg,,
between about 25 mg to about 55 mg, between alfooigBto about 95 mg, between about
30 mg to about 85 mg, between about 30 mg to al®utg, between about 30 mg to about
65 mg, between about 30 mg to about 55 mg, betabent 40 mg to about 95 mg, between
about 40 mg to about 85 mg, between about 40 mbaat 75 mg, between about 40 mg to
about 65 mg, between about 40 mg to about 55 miggtwveen about 45 mg to about 95 mg.

In some embodiments, the pharmaceutical composithomprising the iRNA agent is
administered as a fixed dose of about 25 mg, aBodwmg, about 35 mg, about 40 mg, about
45 mg, about 50 mg, about 55 mg, about 60 mg, aéf®utg, about 70 mg, about 75 mg,
about 80 mg, about 85 mg, about 90 mg, about 95omapout 100 mg.

A pharmaceutical composition comprising the iRNAynha administered to the
subject about once a month, about once every fagka, about once every six weeks, about
once every 2 months, or once a quarter.

A pharmaceutical composition comprising the iRNje@at may be administered to a
subject as one or more doses. In some embodinpT@enaceutical compositions
comprising the double stranded iRNA agent may lmiidtered to a subject as a monthly
dose of about 0.200 mg/kg to about 0.250 mg/kgpathty dose of about 0.425 mg/kg to
about 0.475 mg/kg, a monthly dose of about 0.87&gp about 0.925 mg/kg, or as a
monthly dose of about 1.775 mg/kg to about 1.82&mgin some embodiments,
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pharmaceutical compositions comprising the doutthnded iIRNA agent may be
administered to a subject as a fixed dose of abdumg to about 100 meg.,g., about 25 mg,
about 50 mg, about 80 mg, or about 100 mg.

The pharmaceutical composition can be administeyadtravenous infusion over a
period of time, such as overab, 6, 7, 8, 9, 10,12, 13, 14, 15, 16, 17, 18, 19, 20, and 21,
22, 23, 24, or about a 25 minute period. The adhtnation may be repeated, for example, on
a regular basis, such as weekly, biweekk,(every two weeks), monthly, every two months,
every three months, every four months or longefterdan initial treatment regimen, the
treatments can be administered on a less freqaesmg.bFor example, after administration
weekly or biweekly for three months, administratcan be repeated once per month, for six
months or a year or longer.

The pharmaceutical composition can be administeneg daily, or the IRNA can be
administered as two, three, or more sub-dosespabppate intervals throughout the day or
even using continuous infusion or delivery throagtontrolled release formulation. In that
case, the iRNA contained in each sub-dose musbitsespondingly smaller in order to
achieve the total daily dosage. The dosage uniats be compounded for delivery over
several days.g., using a conventional sustained release fornauatihich provides
sustained release of the IRNA over a several dagghe Sustained release formulations are
well known in the art and are particularly useful éielivery of agents at a particular site,
such as could be used with the agents of the presemtion. In this embodiment, the
dosage unit contains a corresponding multiple efdaily dose.

In other embodiments, a single dose of the pharut@ed compositions can be long
lasting, such that subsequent doses are admirdsaereot more than 1, 2, 3,4, 5,6, 7, 0r 8
week intervals. In some embodiments of the inventosingle dose of the pharmaceutical
compositions of the invention is administered opeemonth.

The skilled artisan will appreciate that certaiatfaes can influence the dosage and
timing required to effectively treat a subject,luding but not limited to the severity of the
disease or disorder, previous treatments, the gehealth and/or age of the subject, and
other diseases present. Moreover, treatment olbjga with a therapeutically effective
amount of a composition can include a single treatrnor a series of treatments. Estimates
of effective dosages and vivo half-lives for the individual iRNAs encompassedthyg
invention can be made using conventional methodesogr on the basis of vivo testing
using an appropriate animal model, as describenvilsre herein.

Advances in mouse genetics have generated a nwhberuse models for the study
of various human diseases, such as a bleedingddistirat would benefit from reduction in
the expression of Serpincl. Such models can lfosen vivo testing of IRNA, as well as
for determining a therapeutically effective doSuitable mouse models are known in the art
and include, for example, Hemophilia A mouse modeld Hemohphilia B mouse models,
e.g., mice containing a knock-out of a clotting facteng, such as those described in
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Bolliger, et al. (2010)Thromb Haemost 103:1233-1238, Bi Let al. (1995)Nat Genet 10:
119-21, Linet al. (1997)Blood 90: 3962—6, Kundet al. (1998)Blood 92: 168—74, Wangt
al. (1997)Proc Natl Acad Sci U SA 94: 11563-6, and Jiet al. (2004)Blood 104:1733.

The pharmaceutical compositions of the presentitie can be administered in a
number of ways depending upon whether local oresyst treatment is desired and upon the
area to be treated. Administration can be topiegl,(by a transdermal patch), pulmonary,
e.g., by inhalation or insufflation of powders or asots, including by nebulizer;
intratracheal, intranasal, epidermal and transdeonal or parenteral. Parenteral
administration includes intravenous, intraartesabcutaneous, intraperitoneal or
intramuscular injection or infusion; subdernm&t)., via an implanted device; or intracranial,
e.g., by intraparenchymal, intrathecal or intravenitiac, administration.

The iIRNA can be delivered in a manner to targetréiqular tissue, such as the liver
(e.g., the hepatocytes of the liver).

Pharmaceutical compositions and formulations fprdal administration can include
transdermal patches, ointments, lotions, creants, deps, suppositories, sprays, liquids and
powders. Conventional pharmaceutical carriers, aggigpowder or oily bases, thickeners
and the like can be necessary or desirable. Coatadbms, gloves and the like can also be
useful. Suitable topical formulations include thasavhich the iRNAs featured in the
invention are in admixture with a topical delivergent such as lipids, liposomes, fatty acids,
fatty acid esters, steroids, chelating agents anfdcants. Topical formulations are described
in detail in U.S. Patent No. 6,747,014, which isorporated herein by reference.

A. Additional Formulations

i. Emulsions

The compositions of the present invention can lepamed and formulated as
emulsions. Emulsions are typically heterogeneostesys of one liquid dispersed in another
in the form of droplets usually exceedingjihiin diameter (seeg., Ansel's Pharmaceutical
Dosage Forms and Drug Delivery Systems, Allen, IR6povich NG., and Ansel HC., 2004,
Lippincott Williams & Wilkins (8th ed.), New York\Y; Idson, in Pharmaceutical Dosage
Forms, Lieberman, Rieger and Banker (Eds.), 1988 ¢kl Dekker, Inc., New York, N.Y.,
volume 1, p. 199; Rosoff, in Pharmaceutical Dodagiens, Lieberman, Rieger and Banker
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Yglume 1, p. 245; Block in
Pharmaceutical Dosage Forms, Lieberman, RiegeBan#er (Eds.), 1988, Marcel Dekker,
Inc., New York, N.Y., volume 2, p. 335; Higuc#tial., in Remington's Pharmaceutical
Sciences, Mack Publishing Co., Easton, Pa., 198501). Emulsions are often biphasic
systems comprising two immiscible liquid phasesnately mixed and dispersed with each
other. In general, emulsions can be of either tAtewin-oil (w/0) or the oil-in-water (o/w)
variety. When an aqueous phase is finely dividéo &amd dispersed as minute droplets into a
bulk oily phase, the resulting composition is ahlewater-in-oil (w/o) emulsion.
Alternatively, when an oily phase is finely dividedo and dispersed as minute droplets into
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a bulk agueous phase, the resulting compositioalisd an oil-in-water (o/w) emulsion.
Emulsions can contain additional components intamdto the dispersed phases, and the
active drug which can be present as a solutiontheethe aqueous phase, oily phase or itself
as a separate phase. Pharmaceutical excipientasuhulsifiers, stabilizers, dyes, and anti-
oxidants can also be present in emulsions as neBtiedmaceutical emulsions can also be
multiple emulsions that are comprised of more tiwvamphases such as, for example, in the
case of oil-in-water-in-oil (o/w/o) and water-inkan-water (w/o/w) emulsions. Such
complex formulations often provide certain advartathat simple binary emulsions do not.
Multiple emulsions in which individual oil dropletés an o/w emulsion enclose small water
droplets constitute a w/o/w emulsion. Likewise ategn of oil droplets enclosed in globules
of water stabilized in an oily continuous phasevtes an o/w/o emulsion.

Emulsions are characterized by little or no therymaahnic stability. Often, the
dispersed or discontinuous phase of the emulsiarelisdispersed into the external or
continuous phase and maintained in this form thndhg means of emulsifiers or the
viscosity of the formulation. Either of the phaséshe emulsion can be a semisolid or a
solid, as is the case of emulsion-style ointmeseband creams. Other means of stabilizing
emulsions entail the use of emulsifiers that camberporated into either phase of the
emulsion. Emulsifiers can broadly be classifie@ iftur categories: synthetic surfactants,
naturally occurring emulsifiers, absorption bases] finely dispersed solids (seg., Ansel's
Pharmaceutical Dosage Forms and Drug Delivery Systallen, LV., Popovich NG., and
Ansel HC., 2004, Lippincott Williams & Wilkins (8tad.), New York, NY; Idson, in
Pharmaceutical Dosage Forms, Lieberman, RiegeBan#er (Eds.), 1988, Marcel Dekker,
Inc., New York, N.Y., volume 1, p. 199).

Synthetic surfactants, also known as surface aaeteats, have found wide
applicability in the formulation of emulsions anauve been reviewed in the literature (see
e.g., Ansel's Pharmaceutical Dosage Forms and Druy@&gliSystems, Allen, LV.,

Popovich NG., and Ansel HC., 2004, Lippincott Waths & Wilkins (8th ed.), New York,
NY; Rieger, in Pharmaceutical Dosage Forms, LielaernRieger and Banker (Eds.), 1988,
Marcel Dekker, Inc., New York, N.Y., volume 1, 82 Idson, in Pharmaceutical Dosage
Forms, Lieberman, Rieger and Banker (Eds.), Mabeddker, Inc., New York, N.Y., 1988,
volume 1, p. 199). Surfactants are typically amphigpand comprise a hydrophilic and a
hydrophobic portion. The ratio of the hydrophilicthe hydrophobic nature of the surfactant
has been termed the hydrophile/lipophile balandeB)Hand is a valuable tool in categorizing
and selecting surfactants in the preparation ahtgations. Surfactants can be classified into
different classes based on the nature of the hydlrogroup: nonionic, anionic, cationic and
amphoteric (see.g., Ansel's Pharmaceutical Dosage Forms and Druy&wgliSystems,
Allen, LV., Popovich NG., and Ansel HC., 2004, Lippott Williams & Wilkins (8th ed.),
New York, NY Rieger, in Pharmaceutical Dosage Foroeberman, Rieger and Banker
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Yolume 1, p. 285).
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Naturally occurring emulsifiers used in emulsiomfialations include lanolin,
beeswax, phosphatides, lecithin and acacia. Absorpases possess hydrophilic properties
such that they can soak up water to form w/o eronssyet retain their semisolid
consistencies, such as anhydrous lanolin and hixdiopetrolatum. Finely divided solids
have also been used as good emulsifiers espeitialymbination with surfactants and in
viscous preparations. These include polar inorgamlids, such as heavy metal hydroxides,
nonswelling clays such as bentonite, attapulgeetdrite, kaolin, montmorillonite, colloidal
aluminum silicate and colloidal magnesium aluminsihcate, pigments and nonpolar solids
such as carbon or glyceryl tristearate.

A large variety of non-emulsifying materials arsaincluded in emulsion
formulations and contribute to the properties oti=ions. These include fats, oils, waxes,
fatty acids, fatty alcohols, fatty esters, humetstanydrophilic colloids, preservatives and
antioxidants (Block, in Pharmaceutical Dosage Folmeberman, Rieger and Banker (Eds.),
1988, Marcel Dekker, Inc., New York, N.Y., volumgepl 335; Idson, in Pharmaceutical
Dosage Forms, Lieberman, Rieger and Banker (Et#388, Marcel Dekker, Inc., New York,
N.Y., volume 1, p. 199).

Hydrophilic colloids or hydrocolloids include na#lly occurring gums and synthetic
polymers such as polysaccharides (for examplejacagar, alginic acid, carrageenan, guar
gum, karaya gum, and tragacanth), cellulose déves(for example,
carboxymethylcellulose and carboxypropylcelluloseld synthetic polymers (for example,
carbomers, cellulose ethers, and carboxyvinyl pelgh These disperse or swell in water to
form colloidal solutions that stabilize emulsionsforming strong interfacial films around
the dispersed-phase droplets and by increasingdhesity of the external phase.

Since emulsions often contain a number of ingrddisach as carbohydrates,
proteins, sterols and phosphatides that can readgport the growth of microbes, these
formulations often incorporate preservatives. Comiyased preservatives included in
emulsion formulations include methyl paraben, ptq@ayaben, quaternary ammonium salts,
benzalkonium chloride, esters of p-hydroxybenzaeid,aand boric acid. Antioxidants are
also commonly added to emulsion formulations tow@né deterioration of the formulation.
Antioxidants used can be free radical scavengens as tocopherols, alkyl gallates, butylated
hydroxyanisole, butylated hydroxytoluene, or redgcigents such as ascorbic acid and
sodium metabisulfite, and antioxidant synergistshsas citric acid, tartaric acid, and lecithin.

The application of emulsion formulations via deradagjical, oral and parenteral
routes and methods for their manufacture have meewed in the literature (ses.,

Ansel's Pharmaceutical Dosage Forms and Drug Dglisgstems, Allen, LV., Popovich
NG., and Ansel HC., 2004, Lippincott Williams & Wihs (8th ed.), New York, NY; Idson,
in Pharmaceutical Dosage Forms, Lieberman, Riegg¢Banker (Eds.), 1988, Marcel
Dekker, Inc., New York, N.Y., volume 1, p. 199). Hision formulations for oral delivery
have been very widely used because of ease of fationi, as well as efficacy from an
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absorption and bioavailability standpoint (g, Ansel's Pharmaceutical Dosage Forms and
Drug Delivery Systems, Allen, LV., Popovich NG.dafinsel HC., 2004, Lippincott
Williams & Wilkins (8th ed.), New York, NY; Rosoffn Pharmaceutical Dosage Forms,
Lieberman, Rieger and Banker (Eds.), 1988, Mar@iier, Inc., New York, N.Y., volume
1, p. 245; Idson, in Pharmaceutical Dosage Fornefdrman, Rieger and Banker (Eds.),
1988, Marcel Dekker, Inc., New York, N.Y., volumgpl 199). Mineral-oil base laxatives,
oil-soluble vitamins and high fat nutritive prepéoas are among the materials that have
commonly been administered orally as o/w emulsions.

ii. Microemulsions

In one embodiment of the present invention, themmsitions of iIRNAs and nucleic
acids are formulated as microemulsions. A microsioualcan be defined as a system of
water, oil and amphiphile which is a single opfigéotropic and thermodynamically stable
liquid solution (see.g., Ansel's Pharmaceutical Dosage Forms and Druy&wgliSystems,
Allen, LV., Popovich NG., and Ansel HC., 2004, Lippott Williams & Wilkins (8th ed.),
New York, NY; Rosoff, in Pharmaceutical Dosage Feririeberman, Rieger and Banker
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Yolume 1, p. 245). Typically
microemulsions are systems that are prepared stydispersing an oil in an aqueous
surfactant solution and then adding a sufficienbamt of a fourth component, generally an
intermediate chain-length alcohol to form a tramepasystem. Therefore, microemulsions
have also been described as thermodynamicallyestslotropically clear dispersions of two
immiscible liquids that are stabilized by interfadilms of surface-active molecules (Leung
and Shah, in: Controlled Release of Drugs: PolyrartsAggregate Systems, Rosoff, M.,
Ed., 1989, VCH Publishers, New York, pages 185-2W&¢roemulsions commonly are
prepared via a combination of three to five compmis¢hat include oil, water, surfactant,
cosurfactant and electrolyte. Whether the microsralis of the water-in-oil (w/o0) or an oil-
in-water (o/w) type is dependent on the propexia$e oil and surfactant used and on the
structure and geometric packing of the polar headshydrocarbon tails of the surfactant
molecules (Schott, in Remington's Pharmaceutic&rses, Mack Publishing Co., Easton,
Pa., 1985, p. 271).

The phenomenological approach utilizing phase diagrhas been extensively
studied and has yielded a comprehensive knowlédgme skilled in the art, of how to
formulate microemulsions (seq., Ansel's Pharmaceutical Dosage Forms and Drug
Delivery Systems, Allen, LV., Popovich NG., and &hBIC., 2004, Lippincott Williams &
Wilkins (8th ed.), New York, NY; Rosoff, in Pharnedical Dosage Forms, Lieberman,
Rieger and Banker (Eds.), 1988, Marcel Dekker, INew York, N.Y., volume 1, p. 245;
Block, in Pharmaceutical Dosage Forms, Liebermageg®t and Banker (Eds.), 1988, Marcel
Dekker, Inc., New York, N.Y., volume 1, p. 335).1@pared to conventional emulsions,
microemulsions offer the advantage of solubilizavager-insoluble drugs in a formulation of
thermodynamically stable droplets that are formmmhsaneously.
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Surfactants used in the preparation of microemassioclude, but are not limited to,
ionic surfactants, non-ionic surfactants, Brij P6lyoxyethylene oleyl ethers, polyglycerol
fatty acid esters, tetraglycerol monolaurate (MU31€traglycerol monooleate (MO310),
hexaglycerol monooleate (PO310), hexaglycerol pdase (PO500), decaglycerol
monocaprate (MCA750), decaglycerol monooleate (M@),/&ecaglycerol sequioleate
(SO750), decaglycerol decaoleate (DAO750), alorie oombination with cosurfactants.
The cosurfactant, usually a short-chain alcohohsagethanol, 1-propanol, and 1-butanol,
serves to increase the interfacial fluidity by pesieng into the surfactant film and
consequently creating a disordered film becauskeo¥oid space generated among surfactant
molecules. Microemulsions can, however, be prepardtut the use of cosurfactants and
alcohol-free self-emulsifying microemulsion systesne known in the art. The aqueous
phase can typically be, but is not limited to, wasée aqueous solution of the drug, glycerol,
PEG300, PEG400, polyglycerols, propylene glycatsl derivatives of ethylene glycol. The
oil phase can include, but is not limited to, malersuch as Captex 300, Captex 355,
Capmul MCM, fatty acid esters, medium chain (C8-12no, di, and tri-glycerides,
polyoxyethylated glyceryl fatty acid esters, fattgohols, polyglycolized glycerides,
saturated polyglycolized C8-C10 glycerides, vedetalls and silicone oil.

Microemulsions are particularly of interest frone tstandpoint of drug solubilization
and the enhanced absorption of drugs. Lipid basetbemulsions (both o/w and w/o) have
been proposed to enhance the oral bioavailabifiraegs, including peptides (seg., U.S.
Patent Nos. 6,191,105; 7,063,860; 7,070,802; 70887 Constantinidegt al .,

Pharmaceutical Research, 1994, 11, 1385-1390; Ritsch#lgth. Find. Exp. Clin.

Pharmacol., 1993, 13, 205). Microemulsions afford advantagfasproved drug
solubilization, protection of drug from enzymatipdnolysis, possible enhancement of drug
absorption due to surfactant-induced alteratiomaeémbrane fluidity and permeability, ease
of preparation, ease of oral administration ovéidstiosage forms, improved clinical
potency, and decreased toxicity (eag, U.S. Patent Nos. 6,191,105; 7,063,860; 7,070,802;
7,157,099; Constantinidesal., Pharmaceutical Research, 1994, 11, 1385; Het al., J.

Pharm. Sci., 1996, 85, 138-143). Often microemulsions can fspontaneously when their
components are brought together at ambient temperakhis can be particularly
advantageous when formulating thermolabile drugpfiges or iRNAs. Microemulsions
have also been effective in the transdermal dsfigéactive components in both cosmetic
and pharmaceutical applications. It is expectetttteamicroemulsion compositions and
formulations of the present invention will faciliéethe increased systemic absorption of
IRNAs and nucleic acids from the gastrointestinatt, as well as improve the local cellular
uptake of iRNAs and nucleic acids.

Microemulsions of the present invention can alsat@o additional components and
additives such as sorbitan monostearate (Grill&)rasol, and penetration enhancers to
improve the properties of the formulation and tbance the absorption of the iRNAs and
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nucleic acids of the present invention. Penetragioimancers used in the microemulsions of
the present invention can be classified as belgngirone of five broad categories--
surfactants, fatty acids, bile salts, chelating#gieand non-chelating non-surfactants (ke
al., Critical Reviewsin Therapeutic Drug Carrier Systems, 1991, p. 92). Each of these classes
has been discussed above.

iii. Microparticles

an RNAI agent of the invention may be incorporated a particleg.g., a
microparticle. Microparticles can be produced psag-drying, but may also be produced by
other methods including lyophilization, evaporatiinid bed drying, vacuum drying, or a
combination of these techniques.

iv. Penetration Enhancers

In one embodiment, the present invention employ®ua penetration enhancers to
effect the efficient delivery of nucleic acids, pewmlarly iRNAs, to the skin of animals. Most
drugs are present in solution in both ionized amaionized forms. However, usually only
lipid soluble or lipophilic drugs readily cross lkcelembranes. It has been discovered that
even non-lipophilic drugs can cross cell membrahige membrane to be crossed is treated
with a penetration enhancer. In addition to aidimgdiffusion of non-lipophilic drugs across
cell membranes, penetration enhancers also entiampermeability of lipophilic drugs.

Penetration enhancers can be classified as belptgione of five broad categories,
i.e., surfactants, fatty acids, bile salts, chelatiggnts, and non-chelating non-surfactants
(seeeg., Malmsten, M. Surfactants and polymers in drugveey, Informa Health Care,

New York, NY, 2002; Leet al., Critical Reviews in Therapeutic Drug Carrier ®yss,
1991, p.92). Each of the above mentioned classpsradtration enhancers are described
below in greater detalil.

Surfactants (or "surface-active agents") are chaheiatities which, when dissolved in
an aqueous solution, reduce the surface tensitredolution or the interfacial tension
between the aqueous solution and another liquith tive result that absorption of iRNAs
through the mucosa is enhanced. In addition todailes and fatty acids, these penetration
enhancers include, for example, sodium lauryl $efpolyoxyethylene-9-lauryl ether and
polyoxyethylene-20-cetyl ether) (seg., Malmsten, M. Surfactants and polymers in drug
delivery, Informa Health Care, New York, NY, 20Q2eet al., Critical Reviews in
Therapeutic Drug Carrier Systems, 1991, p.92);marfluorochemical emulsions, such as
FC-43. Takahastst al., J. Pharm. Pharmacol., 1988, 40, 252).

Various fatty acids and their derivatives which agfpenetration enhancers include,
for example, oleic acid, lauric acid, capric agiddecanoic acid), myristic acid, palmitic acid,
stearic acid, linoleic acid, linolenic acid, dicaf®, tricaprate, monoolein (1-monooleoyl-rac-
glycerol), dilaurin, caprylic acid, arachidonic @cglycerol 1-monocaprate, 1-
dodecylazacycloheptan-2-one, acylcarnitines, aojilces, G-, alkyl esters thereok(g.,
methyl, isopropyl and t-butyl), and mono- and dreglrides thereof ., oleate, laurate,
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caprate, myristate, palmitate, stearate, linoleste, (seee.g., Touitou, E. et al.

Enhancement in Drug Delivery, CRC Press, Danve#, 2006; Leeet al., Critical Reviews
in Therapeutic Drug Carrier Systems, 1991, p.92raMishi, Critical Reviews in Therapeutic
Drug Carrier Systems, 1990, 7, 1-33; El Hagiral., J. Pharm. Pharmacol., 1992, 44, 651-
654).

The physiological role of bile includes the faatibn of dispersion and absorption of
lipids and fat-soluble vitamins (seq)., Malmsten, M. Surfactants and polymers in drug
delivery, Informa Health Care, New York, NY, 20@unton, Chapter 38 in: Goodman &
Gilman's The Pharmacological Basis of Therapeudits Ed., Hardmast al. Eds., McGraw-
Hill, New York, 1996, pp. 934-935). Various natubgle salts, and their synthetic
derivatives, act as penetration enhancers. Thuethe"bile salts" includes any of the
naturally occurring components of bile as well ag af their synthetic derivatives. Suitable
bile salts include, for example, cholic acid (erpharmaceutically acceptable sodium salt,
sodium cholate), dehydrocholic acid (sodium dehgdotate), deoxycholic acid (sodium
deoxycholate), glucholic acid (sodium glucholaggycholic acid (sodium glycocholate),
glycodeoxycholic acid (sodium glycodeoxycholatayrocholic acid (sodium taurocholate),
taurodeoxycholic acid (sodium taurodeoxycholategnodeoxycholic acid (sodium
chenodeoxycholate), ursodeoxycholic acid (UDCAYigm tauro-24,25-dihydro-fusidate
(STDHF), sodium glycodihydrofusidate and polyoxyd¢ime-9-lauryl ether (POE) (ses.,
Malmsten, M. Surfactants and polymers in drug @éelty Informa Health Care, New York,
NY, 2002; Leeet al., Critical Reviews in Therapeutic Drug Carrier ®yss, 1991, page 92;
Swinyard, Chapter 39 In: Remington's Pharmaceu8ica@nces, 18th Ed., Gennaro, ed.,
Mack Publishing Co., Easton, Pa., 1990, pages B32Muranishi, Critical Reviews in
Therapeutic Drug Carrier Systems, 1990, 7, 1-33na@otoet al., J. Pharm. Exp. Ther.,
1992, 263, 25; Yamashigal., J. Pharm. Sci., 1990, 79, 579-583).

Chelating agents, as used in connection with thegmt invention, can be defined as
compounds that remove metallic ions from solutigridsming complexes therewith, with
the result that absorption of iRNAs through the oa#cis enhanced. With regards to their use
as penetration enhancers in the present invertgimlating agents have the added advantage
of also serving as DNase inhibitors, as most charaed DNA nucleases require a divalent
metal ion for catalysis and are thus inhibited bglating agents (Jarref, Chromatogr .,

1993, 618, 315-339). Suitable chelating agentsid®cbut are not limited to disodium
ethylenediaminetetraacetate (EDTA), citric acidicgkates €.g., sodium salicylate, 5-
methoxysalicylate and homovanilate), N-acyl denxed of collagen, laureth-9 and N-amino
acyl derivatives of beta-diketones (enamines)égeKatdare, Aet al., Excipient
development for pharmaceutical, biotechnology, éndy delivery, CRC Press, Danvers,
MA, 2006; Leeet al., Critical Reviews in Therapeutic Drug Carrier ®yss, 1991, page 92,
Muranishi, Critical Reviews in Therapeutic Drug @ar Systems, 1990, 7, 1-33; Buairal .,

J. Control Rel., 1990, 14, 43-51).
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As used herein, non-chelating non-surfactant patietr enhancing compounds can
be defined as compounds that demonstrate insignifiactivity as chelating agents or as
surfactants but that nonetheless enhance absongdtiBNAs through the alimentary mucosa
(seee.g., Muranishi, Critical Reviews in Therapeutic Drugr@er Systems, 1990, 7, 1-33).
This class of penetration enhancers includes,¥ample, unsaturated cyclic ureas, 1-alkyl-
and 1-alkenylazacyclo-alkanone derivatives (&ed., Critical Reviews in Therapeutic Drug
Carrier Systems, 1991, page 92); and non-steramainflammatory agents such as
diclofenac sodium, indomethacin and phenylbutaZ¥iaenashitaet al., J. Pharm.

Pharmacol., 1987, 39, 621-626).

Agents that enhance uptake of iIRNAs at the cellell can also be added to the
pharmaceutical and other compositions of the ptaagantion. For example, cationic lipids,
such as lipofectin (Juniclet al, U.S. Pat. No. 5,705,188), cationic glycerol datives, and
polycationic molecules, such as polylysine (Lal@l., PCT Application WO 97/30731), are
also known to enhance the cellular uptake of dsRNExamples of commercially available
transfection reagents include, for example Lipaethe™ (Invitrogen; Carlsbad, CA),
Lipofectamine 2000™ (Invitrogen; Carlsbad, CA), #23in™ (Invitrogen; Carlsbad, CA),
Cellfectin™ (Invitrogen; Carlsbad, CA), DMRIE-C™n(litrogen; Carlsbad, CA),
FreeStyle™ MAX (Invitrogen; Carlsbad, CA), Lipofaatine™ 2000 CD (Invitrogen;
Carlsbad, CA), Lipofectamine™ (Invitrogen; Carlsp@d\), RNAIMAX (Invitrogen;
Carlsbad, CA), Oligofectamine™ (Invitrogen; Carldb&A), Optifect™ (Invitrogen;
Carlsbad, CA), X-tremeGENE Q2 Transfection Reagenthe; Grenzacherstrasse,
Switzerland), DOTAP Liposomal Transfection Reag@&renzacherstrasse, Switzerland),
DOSPER Liposomal Transfection Reagent (Grenzacdlasest, Switzerland), or Fugene
(Grenzacherstrasse, Switzerland), Transfectam® éeggromega; Madison, WI),
TransFast™ Transfection Reagent (Promega; Maday, TIx™-20 Reagent (Promega;
Madison, WI), Tix™-50 Reagent (Promega; Madison),WreamFect™ (OZ Biosciences;
Marseille, France), EcoTransfect (OZ Biosciencearddille, France), TransPass? D1
Transfection Reagent (New England Biolabs; IpswidA, USA), LyoVec™/LipoGen™
(Invitrogen; San Diego, CA, USA), PerFectin Tracsifen Reagent (Genlantis; San Diego,
CA, USA), NeuroPORTER Transfection Reagent (Gerda®an Diego, CA, USA),
GenePORTER Transfection reagent (Genlantis; SagdD€A, USA), GenePORTER 2
Transfection reagent (Genlantis; San Diego, CA, Y $Atofectin Transfection Reagent
(Genlantis; San Diego, CA, USA), BaculoPORTER Tfectson Reagent (Genlantis; San
Diego, CA, USA), TroganPORTER™ transfection Reag&nlantis; San Diego, CA, USA
), RiboFect (Bioline; Taunton, MA, USA), PlasFeBidline; Taunton, MA, USA),
UniFECTOR (B-Bridge International; Mountain ViewACUSA), SureFECTOR (B-Bridge
International; Mountain View, CA, USA), or HiFect{B-Bridge International, Mountain
View, CA, USA), among others.

132



10

15

20

25

30

35

Other agents can be utilized to enhance the peiogief the administered nucleic
acids, including glycols such as ethylene glycal propylene glycol, pyrrols such as 2-
pyrrol, azones, and terpenes such as limonene anthone.

v. Carriers

Certain compositions of the present invention alsorporate carrier compounds in
the formulation. As used herein, “carrier compouad®carrier” can refer to a nucleic acid,
or analog thereof, which is inertg, does not possess biological actipty se) but is
recognized as a nucleic acid imywivo processes that reduce the bioavailability of deiac
acid having biological activity by, for example,giading the biologically active nucleic acid
or promoting its removal from circulation. The caadistration of a nucleic acid and a
carrier compound, typically with an excess of thiger substance, can result in a substantial
reduction of the amount of nucleic acid recoverethe liver, kidney or other
extracirculatory reservoirs, presumably due to cetmtipn between the carrier compound and
the nucleic acid for a common receptor. For exanthkerecovery of a partially
phosphorothioate dsRNA in hepatic tissue can becetiwhen it is coadministered with
polyinosinic acid, dextran sulfate, polycytidic @ar 4-acetamido-4'isothiocyano-stilbene-
2,2'-disulfonic acid (Miyaet al., DsSRNA Res. Dev., 1995, 5, 115-121; Takalara .,
DsRNA & Nucl. Acid Drug Dev., 1996, 6, 177-183.

vi. Excipients

In contrast to a carrier compound, a “pharmacelt@aier” or “excipient” is a
pharmaceutically acceptable solvent, suspendingtageany other pharmacologically inert
vehicle for delivering one or more nucleic acidawtoanimal. The excipient can be liquid or
solid and is selected, with the planned mannedofiaistration in mind, so as to provide for
the desired bulk, consisten&e., when combined with a nucleic acid and the other
components of a given pharmaceutical compositigpichl pharmaceutical carriers include,
but are not limited to, binding agenesy;, pregelatinized maize starch, polyvinylpyrroligon
or hydroxypropyl methylcelluloseic.); fillers (e.g., lactose and other sugars,
microcrystalline cellulose, pectin, gelatin, catoigulfate, ethyl cellulose, polyacrylates or
calcium hydrogen phosphattc.); lubricants €.g., magnesium stearate, talc, silica, colloidal
silicon dioxide, stearic acid, metallic stearategjrogenated vegetable oils, corn starch,
polyethylene glycols, sodium benzoate, sodium &egdz.); disintegrantseg., starch,
sodium starch glycolatefc.); and wetting agent&.g., sodium lauryl sulphategc).

Pharmaceutically acceptable organic or inorganaipeants suitable for non-
parenteral administration which do not deleterigushct with nucleic acids can also be used
to formulate the compositions of the present inkentSuitable pharmaceutically acceptable
carriers include, but are not limited to, watett salutions, alcohols, polyethylene glycols,
gelatin, lactose, amylose, magnesium stearate difiac acid, viscous paraffin,
hydroxymethylcellulose, polyvinylpyrrolidone ancethke.
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Formulations for topical administration of nuclaicids can include sterile and non-
sterile aqueous solutions, non-aqueous solutionenmmon solvents such as alcohols, or
solutions of the nucleic acids in liquid or solidllmases. The solutions can also contain
buffers, diluents and other suitable additives.rRlageutically acceptable organic or
inorganic excipients suitable for non-parenterahiustration which do not deleteriously
react with nucleic acids can be used.

Suitable pharmaceutically acceptable excipientside; but are not limited to, water,
salt solutions, alcohol, polyethylene glycols, ¢jaeldactose, amylose, magnesium stearate,
talc, silicic acid, viscous paraffin, hydroxymetbgllulose, polyvinylpyrrolidone and the like.

vii. Other Components

The compositions of the present invention can authtly contain other adjunct
components conventionally found in pharmaceutioahgositions, at their art-established
usage levels. Thus, for example, the compositianscontain additional, compatible,
pharmaceutically-active materials such as, for gdapantipruritics, astringents, local
anesthetics or anti-inflammatory agents, or cartanradditional materials useful in
physically formulating various dosage forms of toenpositions of the present invention,
such as dyes, flavoring agents, preservativespxadants, opacifiers, thickening agents and
stabilizers. However, such materials, when addaallgl not unduly interfere with the
biological activities of the components of the casifions of the present invention. The
formulations can be sterilized and, if desired, edixvith auxiliary agent®.g., lubricants,
preservatives, stabilizers, wetting agents, emaitsif salts for influencing osmotic pressure,
buffers, colorings, flavorings and/or aromatic sahses and the like which do not
deleteriously interact with the nucleic acid(s}loé formulation.

Aqueous suspensions can contain substances witidase the viscosity of the
suspension including, for example, sodium carboxiyieellulose, sorbitol and/or dextran.
The suspension can also contain stabilizers.

In some embodiments, pharmaceutical compositicatsifed in the invention include
(a) one or more IRNA compounds and (b) one or nagents which function by a non-RNAI
mechanism and which are useful in treating a heticaljsorder. Examples of such agents
include, but are not Imited to an anti-inflammatagent, anti-steatosis agent, anti-viral,
and/or anti-fibrosis agent. In addition, other $ahses commonly used to protect the liver,
such as silymarin, can also be used in conjunetitim theiRNAs described herein. Other
agents useful for treating liver diseases incladleitudine, entecavir, and protease inhibitors
such as telaprevir and other disclosed, for exanpl@unget al., U.S. Application
Publication Nos. 2005/0148548, 2004/0167116, aftx8®144217; and in Hakt al., U.S.
Application Publication No. 2004/0127488.

Toxicity and therapeutic efficacy of such compouods be determined by standard
pharmaceutical procedures in cell cultures or erpatal animalse.g., for determining the
LD50 (the dose lethal to 50% of the population) HrelED50 (the dose therapeutically
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effective in 50% of the population). The doseadetween toxic and therapeutic effects is
the therapeutic index and it can be expressedeastio LD50/ED50. Compounds that
exhibit high therapeutic indices are preferred.

The data obtained from cell culture assays and @rsindies can be used in
formulating a range of dosage for use in humars dosage of compositions featured
herein in the invention lies generally within agarof circulating concentrations that include
the ED50 with little or no toxicity. The dosagenozary within this range depending upon
the dosage form employed and the route of admatistr utilized. For any compound used
in the methods featured in the invention, the theusically effective dose can be estimated
initially from cell culture assays. A dose canfbemulated in animal models to achieve a
circulating plasma concentration range of the cammpoor, when appropriate, of the
polypeptide product of a target sequereg.(achieving a decreased concentration of the
polypeptide) that includes the ISERPINC1@.( the concentration of the test compound
which achieves a half-maximal inhibition of symptnas determined in cell culture. Such
information can be used to more accurately detexrageful doses in humans. Levels in
plasma can be measured, for example, by high pe&ioce liquid chromatography.

In addition to their administration, as discusskdwe, the iRNAs featured in the
invention can be administered in combination witfieo known agents effective in treatment
of pathological processes mediated by SERPINClesspyn. In any event, the
administering physician can adjust the amount anohg) of iRNA administration on the
basis of results observed using standard meastiedBcacy known in the art or described
herein.

VI.  Kits

The present invention also provides kits for perfimig any of the methods of the
invention. Such kits include one or more RNAI agenand instructions for useg.,
instructions for administering a prophylacticallytberapeutically effective amount of an
RNAI agent(s). The kits may optionally further gamise means for administering the RNAI
agent €.g., an injection device), or means for measuringnhéition of Serpincl€.g.,
means for measuring the inhibition of Serpincl mRISArpincl protein, and/or Serpincl
activity). Such means for measuring the inhibitidrSerpincl may comprise a means for
obtaining a sample from a subject, sucheag, a plasma sample. The kits of the invention
may optionally further comprise means for determgrthe therapeutically effective or
prophylactically effective amount.

Unless otherwise defined, all technical and sdiertitrms used herein have the same
meaning as commonly understood by one of ordinktlis the art to which this invention
belongs. Although methods and materials similaggurivalent to those described herein can
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be used in the practice or testing of the iIRNAs mrethods featured in the invention, suitable
methods and materials are described below. Allipations, patent applications, patents,
and other references mentioned herein are incagxbley reference in their entirety. In
addition, the materials, methods, and exampleglastrative only and not intended to be
limiting.

EXAMPLES
Table 1: Abbreviations of nucleotide monomers used in neckeid sequence

representation. It will be understood that thesmomers, when present in an
oligonucleotide, are mutually linked by 5'-3'-phbediester bonds.

Abbreviation Nucleotide(s)
A Adenosine-3’-phosphate
Af 2’-fluoroadenosine-3’-phosphate
Afs 2’-fluoroadenosine-3’-phosphorothioate
As adenosine-3’-phosphorothioate
C cytidine-3’-phosphate
Cf 2’-fluorocytidine-3’-phosphate
Cfs 2’-fluorocytidine-3’-phosphorothioate
Cs cytidine-3’-phosphorothioate
G guanosine-3’-phosphate
Gf 2’-fluoroguanosine-3’-phosphate
Gfs 2'-fluoroguanosine-3’-phosphorothioate
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
any nucleotide (G, A, C, T or U)
a 2'-O-methyladenosine-3’-phosphate
as 2'-O-methyladenosine-3’- phosphorothioate
C 2'-O-methylcytidine-3’-phosphate
(o5 2'-O-methylcytidine-3’- phosphorothioate
g 2'-O-methylguanosine-3’-phosphate

136



10

15

20

25

30

Abbreviation Nucleotide(s)

gs 2'-O-methylguanosine-3’- phosphorothioate

t 2’-0O-methyl-5-methyluridine-3’-phosphate

ts 2’-0O-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-hydrogyolinol Hyp-
(GalNAc-alkyl)3

Example 1: Administration of a Single Dose of AD-5713 to Healthy Human Subjects

Twenty-four healthy human volunteers, in cohoft8:& (active:placebo), were
administered a single dose of 0.03 mg/kg, 0.1 md@kgmg/kg, 0.6 mg/kg, or 1.0 mg/kg of
AD-57213 (Sense (5’ to 3'): GfsgsUfuAfaCfaCICfAfulthfcUfuCfaAfL96 (SEQ ID
NO:13); Antisense (5’ to 3'): usUfsgAfaGfuAfaAfugdigUfuAfaCfcsasg (SEQ ID NO:14)).
Plasma samples were collected at days 0, 1, 2,18,714, 21, 28, 42, 56, and 70 after
administration to monitor AT protein levels, AT &y, and duration duration of AT protein
silencing. AT protein levels were monitored usiigSA and AT activity levels were
monitored by generation of thrombin generation earusing a Calibrated Automated
Thrombinoscope (tissue factor = 1pM). Fold chaimgaeeak thrombin was calculated relative
to the average peak thrombin value for two pre-dadges for each subject.

There were no serious adverse events, 3 mild se\erents that were not likely
related to the administration of the agent, andld adverse event (headache) that was
potentially related to the administration of thealy There were also no injection site
reactions and the physical examinations, vitalsigmd electrocardiograms of all subjects
were within normal limits. In addition, all livéanction tests, total bilirubin levels,
international normalized ratio of prothrombin tim{@J/INR), platelet counts, hemoglobin
levels, and coagulation testse( activated partial thromboplastin times (APTT), tarombin
times (PT), fibrinogen levels, and fibrin D-dimewels) of all subjects did not change during
the course of the study and were within normaltsmi

Figures 1A — D and 2A — B show that a single dd€2@3 mg/kg of AD-57213
results in approximately 20% and up to 33% redundtoAT protein levels (Figures 2A and
2B) and a corresponding reduction in AT activityjg{fres 1A — D) with a durability of
lowering of greater than 60 days.

Figure 3 further demonstrates that there is a ogmt association between AT
knockdown and peak thrombin generation. Speclficap to 152% increase in peak
thrombin generation was observed, with a mean maxinmcrease of peak thrombin of
138% + 8.9% (mean £ SEM). In addition, and comesistvith an increased thrombin
generation with increased AT knockdown, the leeélBactor VIII or IX were normal.
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Example 2: Administration of Multiple Doses of AD-5213 to Human Patients Having
Hemophilia A or B
Phase | — Parts B, C, and D Clinical Trial

In Part B of a Phase | clinical trial of AD-572(Sense (5'to 3):
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAfL96 (SEQ ID NO:3); Antisense (5'to 3):
usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg (SEQ ID NO:)4dhree patients having
Hemophilia A (n=2) or B (n=1) were subcutaneouslynaistered 0.015 mg/kg weekly for
three weeks (15 micrograms/kg qw x 3; 15 mcg/kgdD$57213; six patients having
Hemophilia A were subcutaneously administered 0ragBig weekly for three weeks (45
micrograms/kg qw x 3; 45 mcg/kg) of AD-57213; ahdee patients having Hemophilia A
(n=2) or B (n=1) were subcutaneously administer®€d® mg/kg weekly for three weeks (75
micrograms/kg gqw x 3; 75 mcg/kg) of AD-57213.

In Part C of a Phase | clinical trial of AD-572@Sense (5'to 3):
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAfL96 (SEQ ID NO:3); Antisense (5'to 3):
usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg (SEQ ID NO:)4d)hree patients having
Hemophilia A (n=2) or B (n=1) were subcutaneouslynaistered a monthly 0.225 mg/kg
dose of AD-57213 for three months (225 microgramsjia x 3; 225 mcg/kg); three patients
having Hemophilia A (n=2) or B (n=1) were subcutamgy administered a monthly 0.450
mg/kg dose of AD-57213 for three months (450 micaogs/kg gm x 3; 450 mcg/kg); three
patients having Hemophilia A were subcutaneoustyiattered a monthly 0.900 mg/kg dose
of AD-57213 for three months (900 micrograms/kgxj81 900 mcg/kg); three patients
having Hemophilia A were subcutaneously administerenonthly 1.800 mg/kg dose of AD-
57213 for three months (1800 micrograms/kg gm ¥880 mcg/kg); and six patients having
Hemophilia A (n=3) or B (h=3) were subcutaneouslynanistered a monthly fixed dose of 80
mg of AD-57213 for three months (80 mg gM x 3).

In Part D of a Phase I clinical trial of AD-572(Sense (5’ to 3):
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAfL96 (SEQ ID NO:3); Antisense (5'to 3):
usUfsgAfaGfuAfaAfuggUfgUfuAfaCicsasg (SEQ ID NO:343ix inhibitor patients having
Hemophilia A (n=5) or B (h=1) and utilizing bypasgiagents (BPAs) for bleed management
were subcutaneously administered a fixed dose ofig0f AD-57213 monthly for three
months (50 mg gM x 3); and 10 patients having Hemi@pA and utilizing bypassing agents
(BPAs) for bleed management were subcutaneouslynastered a fixed dose of 80 mg of
AD-57213 monthly for three months (80 mg gM x 3).

Plasma samples were collected after administratiéD-57213 to monitor AT
protein levels, AT activity, and duration of AT pem silencing. AT protein levels were
monitored using ELISA and AT activity levels wer@mnitored by generation of thrombin
generation curves using a Calibrated Automated mbmoscope (tissue factor = 1pM). Fold
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change in peak thrombin was calculated relatiihecaverage peak thrombin value for two
pre-dose values for each subject.

The demographics and baseline characteristidsegbatients participating in Parts B,
C, and D of the study are provided in Table 2.
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Table 2. Demographics and baseline characteristied study participants

Part B Part C Part D
Subcutaneous Subcutaneous Subcutaneous
Weekly x 3 Monthly x 3 Monthly x 3
15 45 75 225 450 900 1800 80 50 80
mcg/kg | mcg/kg | mcg/kg | mcg/kg mcg/kg mcg/kg mcg/kg mg mg mg
N=3 N=6 N=3 N=3 N=3 N=3 N=3 N=6 N=6 N=10
Age, mean (SD) 28 42 40 37 37 38 46 32 32 37
9) (14) (4) (21) (15) (16) (12) (12) )
Hemophilia A 2 6 2 2 2 3 3 3 5 10
Hemophilia B 1 0 1 1 1 0 0 3 1 0
Severe 3 6 3 2 3 2 3 5 6 10
Moderate 0 0 0 1 0 1 0 1 0 0
Weight (kg), 76 80 82 85 76 76 71 74 73 73
mean (SD) (10) (22) (8) (12) (16) (2) (12) (10) a7)
Medical History 3 9
of Hepatitis C
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For Parts B, C, and D of the study, there wersarmus adverse events, no
discontinuations, no injection site reactions dr&ghysical examinations, vital signs, and
electrocardiograms of all patients were within narfiimits. In addition, all liver function
tests, and complete blood counts of all patierdsndt change during the course of the study
and were within normal limits. There were alsaim@mboembolic events during the course
of this study and no clinically significant fibrib-dimer level increases in any of the patients.
Any bleed events were successfully managed withdsta replacement factor or bypass
agent administration. Furthermore, there werenstances of anti-drug antibody (ADA)
formation.

The knockdown of AT levels in the 15 mcg/kg, 45 vkggand 75 mcg/kg cohorts,
shown as a mean AT knockdown relative to baseilén@gpicted in Figure 4. Figure 4
demonstrates that weekly doses of 0.015 mg/kdhfeetweeks of AD-57213 result in a
mean maximum AT knockdown of 29% + 12% (mean + SEMhe maximum AT
knockdown was up to 53%. Figure 4 also demongstthts weekly doses of 0.045 mg/kg for
three weeks of AD-57213 results in a mean maximunkAockdown of 55 + 9% (mean +
SEM) and a maximum AT knockdown of 86%. In additiBigure 4 also demonstrates that
weekly doses of 0.075 mg/kg for three weeks of ARE3 results in a mean maximum AT
knockdown of 61 + 8% (mean £ SEM) and a maximumkédckdown of 74%.

The knockdown of AT levels in the 225 mcg/kg, 456gvkg, 900 mcg/kg, 1800
mcg/kg, and 80 mg cohorts, shown as a mean AT ldwek relative to baseline, is depicted
in Figure 5A. Figure 5A demonstrates that montldges of 0.225 mg/kg for three months
of AD-57213 result in a mean maximum AT knockdowrr@% + 9% (mean £ SEM). The
maximum AT knockdown was up to 80%. Figure 5A alemonstrates that monthly doses
of 0.450 mg/kg for three months of AD-57213 resuita mean maximum AT knockdown of
77 £ 5% (mean = SEM) and a maximum AT knockdow8%#. In addition, Figure 5A also
demonstrates that monthly doses of 0.900 mg/k¢hfee months of AD-57213 results in a
mean maximum AT knockdown of 78 £ 7% (mean + SENY a maximum AT knockdown
of 88%. Further, Figure 5A demonstrates that mgrdbses of 1.800 mg/kg for three
months of AD-57213 results in a mean maximum ATdkaown of 79 + 3% (mean + SEM)
and a maximum AT knockdown of 84%. Figure 5A alsmdnstrates that monthly doses of
80 mg for three months of AD-57213 results in ame@ximum AT knockdown of 87 £ 1%
(mean = SEM).

As demonstrated in Figure 5B, which graphs the dd#d>-57213 versus the relative
nadir of AT protein levels, administration of AD-5I3 to human patients lowers AT protein
levels in a dose dependent manner.

Evaluation of thrombin generation in healthy humalunteers (Example 1) and
patients having hemophilia A or B demonstrated weekly doses of AD-57213 resulted in
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up to a 334% increase (relative to baseline) iarttiiin generation in hemophilia patients
with a mean increase in thrombin generation of £ 83% (p<0.05), relative to baseline
when AT was knocked down by50% (Figure 6B). Figure 6A demonstrates that the
maximum peak thrombin achieved in hemophilia A graéients administered weekly doses
of AD-57213 was at the low range of thrombin getierain normal subjects.

ROTEM® Thromboelastometry analysis (seg,, Young,et al. (2013)Blood
121:1944) of whole blood from one subject (subjgxt-009) demonstrates that
administration of AD-57213 at 0.045 mg/kg weeldy three weeks not only results in an
increase in peak thrombin generation, but alsotesua marked and durable improvement
in whole blood clot formation as demonstrated bgeerease in clot formation time and
clotting time (Figure 7). Subject 101-009 has hadleeding events since day 2 and is
currently 47 days bleed free.

A post-hoc analysis of thrombin generation by Alvéoing quartiles (Parts B and C)
demonstrates that, at the highest AT lowering dgeart75% AT lowering), there is a 289%
increase in mean thrombin generation relative sel@e (Figure 9). This level of thrombin
generation is within the range of thrombin generatibserved in healthy volunteers.

A sub-study of three patients explored the equivaeof AD-57213 administration
and Factor VIII administration. Briefly, Factor Nivas administered to each of the three
patients and plasma was collected from the patsm3.5, 1, 2, 6, 24, and 48 hours post-
administration. The samples from each subject \@peedyzed for Factor VIl levels and
thrombin generation levels and used to eatablidivitualized Factor VIlI-peak thrombin
generation relationships. This data was then tmectbmparison with the peak thrombin
generation levels achieved with administration 8-87213. As shown in Figures 10A-10C,
adminsitration of AD-57213 is sufficient to achigveak thrombin generation levels in the
subject to about the same level achieved by adtratien to the subject of Factor VIII and
sufficient to achieve peak thrombin generation lewé greater than about 40% in the
subject.

A post-hoc analysis of the bleed events by AT lomgeguartile (Parts B and C)
demonstrates that there is a reduced bleedingnegdeth increasing levels of AT lowering,
with a mean estimated annual bleed rate (ABR)bR25median = 1) in the highest AT
lowering quartile (Figure 11). This analysis irad#$ more than 1100 cumulative days with
AT lowering >75% in 16 patients.

A post-hoc analysis of the bleed events in thé @aohort was also performed.
Figure 12 provides the patient data used for th&dysis. As demonstrated in Figure 13A,
the historical median ABR for all of the patients@led in Cohort C and receiving
prophylactic (PPx) replacement factors was 2, archistorical median ABR for all of the
patients enrolled in Cohort C and receiving on-detn@D) replacement factors was 28.
Administration of AD-57213 to these patients resdlin a significant reduction in the
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median ABR. In particular, AD-57213 administrati@sulted in a median of 53% of the
patients reporting no bleeds during the observaienod (day 29 to the last study visit or
last dose + 56 days, which ever is earlier) andediam of 82% of the patients reporting no
spontaneous bleeds during the observation peftiaggure 13B demonstrates that for the
patients receiving monthly 80 mg doses of AD-57R21Bohort C and receiving prophylactic
(PPx) replacement factors, the median historicaRAi&as 6. Following administration of
AD-57213, however, the median ABR during the obagon period was 0.

Part D of the Phase | study evaluated the effeéti®b7213 administration in
patients having Hemophilia A or B which have depeld antibodies (inhibitors) against the
replacement factors given to them and have, thersome refractory to replacement
coagulation factor. Accordingly, in order to eatiel the peak thrombin response of these
patients, prior to administration of AD-57213, tretients enrolled in the 50 mg cohort were
administered their standard bypassing agent (BB4) activated prothrombin complex
concentrate (APCC) and/or recombinant activated E¥NVIla)), plasma samples were
collected at -1, 2, 6, and 24 hours post BPA adstration, and the samples were analyzed
for thrombin generation. As shown in Figures 14%=1AT lowering and thrombin
generation in inhibitor patients administered A253 are comparable to AT lowering and
thrombin generation observed following administratof AD-57213 with similar doses in
non-inhibitor patients. Furthermore, Figures 14%Xemonstrate that thrombin generation
following administration of AD-57213 consistentlyaeeds transient levels achieved with
BPA administration.

As demonstrated in Figure 15, once-monthly subadaas dosing of AD-57213 at 50
mg and 80 mg achieves dose-dependent AT loweriadpadit 80% in hemophilia patients
with inhibitors. Furthermore, as demonstratedigufe 16, the AT lowering effect achieved
in patients administered AD-57213 is correlatechwicreased thrombin generation.

An exploratory post-hoc analysis of the bleed ev@émthe patients in Part D of the
study was also performed. Figure 17A shows thatimdtration of AD-57213 to inhibitor
patients having Hemophilia A or B once monthly alose of either 50 mg or 80 mg results
in a significant reduction in the pre-study ABRurthermore, as demonstrated in Figure 17B,
the median annual bleed rate (ABR) is zero fomdtibitor patients administered AD-57213
in Part D of this Phase | study, and 56% of pasiemé bleed-free, and 69% of patients
experienced zero spontaneous bleeds.

In summary, AD-57213 is well tolerated in hemo@h# and B patients with and
without inhibitors. There were no SAEs relategtidy drug and no thromboembolic events.
The data demonstrate that there is clinical agtiaitd correction of hemophilia phenotype in
non-inhibitor patients. The data further demorstthat there is dose-dependent AT
lowering and thrombin generation increase, witheesmmonthly subcutaneous dose regimen
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and that administration of a fixed 50 mg or 80 nogalof AD-57213 provides consistent AT
lowering of approximately 80%.

Furthermore, the data demonstrate that administrati AD-57213 to inhibitor
patients results in AT lowering and thrombin getieraincrease consistent with non-
inhibitor patients and that thrombin generationréases consistently exceed those achieved
transiently with BPA administration.

Example 3: Administration of Multiple Doses of AD-5213 to Human Patients Having
Hemophilia A or B
Phase Il Open Label Extension (OLE) Clinical Trial

In a Phase Il OLE study of AD-57213 (Sense (80
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAfL96 (SEQ ID NO:3); Antisense (5'to 3):
usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg (SEQ ID NO:)4patients without inhibitors
previously administered AD-57213 in the Phase t Baand C clinical trials described above,
were eligible to be enrolled into a Phase Il opael extension (OLE) study. Twelve
patients from the Phase | Part B study having HdmntiapA or B that had been
subcutaneously administered 0.015 mg/kg weeklyhieee weeks (15 micrograms/kg qw x 3;
15 mcg/kg) of AD-57213; or had been subcutanecadiyinistered 0.045 mg/kg weekly for
three weeks (45 micrograms/kg qw x 3; 45 mcg/Kgd@-57213; or had been
subcutaneously administered 0.075 mg/kg weeklyti@e weeks (75 micrograms/kg qw X
3; 75 mcg/kg) of AD-57213; and 18 patients from Btese | Part C study having
Hemophilia A or B that had been subcutaneously adtered a monthly 0.225 mg/kg dose
of AD-57213 for three months (225 micrograms/kgx)81 225 mcg/kg); or had been
subcutaneously administered a monthly 0.450 mgdsg @f AD-57213 for three months
(450 micrograms/kg gm x 3; 450 mcg/kg); or had b&drcutaneously administered a
monthly 0.900 mg/kg dose of AD-57213 for three nenf900 micrograms/kg gm x 3; 900
mcg/kg); or had been subcutaneously administeradrghly 1.800 mg/kg dose of AD-57213
for three months (1800 micrograms/kg gm x 3; 18@@/ky); or had been subcutaneously
administered a monthly fixed dose of 80 mg of A®253 for three months (80 mg gM x 3)
were eligible to be enrolled into this study.

Sixteen patients were enrolled. Eight patientsrigaHemophilia A (n=6) or
Hemophilia B (n=2) were subcutaneously administeréded dose of 50 mg of AD-57213
monthly for three months (50 mg gM x 3); and 8 @atis having Hemophilia A (n=7) or
Hemophilia B (n=1) were subcutaneously administeréded dose of 80 mg of AD-57213
monthly for three months (50 mg gM x 3). The degraphics and baseline characteristics
of the patients enrolled in this study are showmahle 3 below.
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Table 3. Demographics and baseline characteristicd study participants

50 mg 80 mg
N=8 N=8
_ 35 41
Age, years; mean (range) (19-61) (24-58)
. 80 74
Weight, kg; mean (range) (65-94) (58-80)
Hemophilia A 6 7
Hemophilia B 2 1
Severe 7 6
Moderate 1 2
t
Medical history of hepatitis C 6 6

AD-57213 was generally well tolerated in patientthout inhibitors in the Phase II
OLE, with the longest period of exposure of up 4ondonths of continuous treatment, and
there were no drug-related serious adverse evBAisq), no discontinuations due to adverse
events, and no thromboembolic events or laboraweigence of pathologic clot formation.

All adverse events (AEs) were mild or moderateewesity, with the most common AEs
consisting of mild injection site reactions (ISRs}/16 (25 percent) of patients.
Asymptomatic alanine aminotransferase (ALT) incesagreater than 3 times the upper limit
of normal (ULN), without concurrent elevations itifobin greater than 2 times ULN, were
observed in 3 patients, all of whom have a medicsbry of hepatitis C infection. All
breakthrough bleeding events were successfully gehwith replacement factor.
Furthermore, there were no instances of anti-dniidpady (ADA) formation.

Figures 19A and 19B further demonstrate the diractivity of AD-57213
administration. Specifically, as demonstratediguFe 19A, once-monthly subcutaneous
dosing of AD-57213 at 50 mg or 80 mg achieves dteggendent AT lowering of ~80% and
as demonstrated in Figure 19B, once-monthly subeaias dosing of AD-57213 at 50 mg or
80 mg achieves thrombin generation levels approgdie lower end of normal range.

An exploratory post-hoc analysis of the bleed evémthe non-inhibitor patients in
the Phase Il OLE study was also performed. FigOfe shows that administration of AD-
57213 to patients having Hemophilia A or B once thiynat a dose of either 50 mg or 80 mg
results in a significant reduction in the pre-stéBR. Furthermore, as demonstrated in
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Figure 20B, administration of AD-57213 to patieh&/ing Hemophilia A or B once monthly
at a dose of either 50 mg or 80 mg reduces theaneatinual bleed rate (ABR) to 1 and
reduces the median annualized spontaneous blee(nsBR) to zero.

In addition, during the Phase Il OLE, one patisnifect C1-3) underwent an elective
surgical procedure. Specifically, a patient wiglvexre hemophilia A receiving 50 mg
monthly AD-57213 underwent an elective septoplabhe procedure was successfully
carried out with no associated adverse eventsthé&iyras reported by the investigator via
personal communication, the cumulative periprocaidutilization of recombinant factor VIl
was approximately 5-fold less than typically usgdhe investigator for this type of surgery
in a severe hemophilia A patient. Based on thehatenal Society of Thrombosis and
Haemostasis (ISTH) hemostasis efficacy score niestigator rated hemostasis control in
the intra-operative, 24 hours post-operative, addys post-operative periods as all being
“excellent.”

In summary, AD-57213 was generally well toleratedhémophilia A and B patients
without inhibitors. There were no SAEs and no thiboembolic events related to AD-57213
administration. In addition, the data demonsttiaédé AD-57213 has clinical activity in that
once-monthly subcutaneous dosing at 50 mg and 8@amigves dose-dependent AT
lowering of ~80% and thrombin generation levelsrapphing the lower end of normal
range. Furthermore, exploratory post-hoc analysideeding events in patients having
Hemophilia A or B without inhibitors demonstratbat administraton of AD-57213 reduced
the median ABR to 1 and the median annualized speoius bleed rate (AsBR) to zero.
Eight of sixteen (50%) patients were bleed-free @eglen of sixteen (69%) patients
experienced zero spontaneous bleeds. Moreovengdine first surgical case of a subject
having severe Hemophilia A and administered AD-57Zlsignificant reduction in
replacement factor was utilized to maintain hensstia the subject.
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CLAIMS

1. Use of a double-stranded RNAi molecule in the manufacture of a medicament for
preventing at least one symptom in a human subject having a disorder that would benefit from
reduction in SERPINC] expression, wherein the medicament is to be administered to the subject
at a fixed dose of 40 mg to 90 mg of the RNAi molecule,

wherein the RNAi molecule comprises a sense strand and an antisense strand, the
antisense strand comprising a region of complementarity which comprises at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the sequence 5° —
UUGAAGUAAAUGGUGUUAACCAG -3’ (SEQ ID NO: 15), wherein substantially all of the
nucleotides of the sense strand and substantially all of the nucleotides of the antisense strand are
modified nucleotides, and wherein the sense strand is conjugated to a ligand attached at the 3’

end.

2. Use of a double-stranded RNAi molecule in the manufacture of a medicament for
treating a human subject having a disorder that would benefit from reduction in SERPINC]
expression, wherein the medicament is to be administered to the subject at a fixed dose of 40 mg
to 90 mg of the RNAi molecule,

wherein the RNAi molecule comprises a sense strand and an antisense strand, the
antisense strand comprising a region of complementarity which comprises at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the sequence 5° —
UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), wherein substantially all of the
nucleotides of the sense strand and substantially all of the nucleotides of the antisense strand are
modified nucleotides, and wherein the sense strand is conjugated to a ligand attached at the 3’

end.
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3. Use of a double-stranded RNAi molecule in the manufacture of a medicament for
reducing the frequency of bleeding episodes in a human subject having a disorder that would
benefit from reduction in SERPINCI expression, wherein the medicament is to be administered
to the subject at a fixed dose of 40 mg to 90 mg of the RNAi molecule,

wherein the RNAi molecule comprises a sense strand and an antisense strand, the
antisense strand comprising a region of complementarity which comprises at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the sequence 5° —
UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), wherein substantially all of the
nucleotides of the sense strand and substantially all of the nucleotides of the antisense strand are
modified nucleotides, and wherein the sense strand is conjugated to a ligand attached at the 3’

end.

4. Use of a double-stranded RNAi molecule in the manufacture of a medicament for
reducing the annual bleeding rate (ABR) in a human subject having a disorder that would
benefit from reduction in SERPINC] expression, wherein the medicament is to be administered
to the subject at a fixed dose of 40 mg to 90 mg of the RNAi molecule,

wherein the RNAi molecule comprises a sense strand and an antisense strand, the
antisense strand comprising a region of complementarity which comprises at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the sequence 5° —
UUGAAGUAAAUGGUGUUAACCAG -3’ (SEQ ID NO: 15), wherein substantially all of the
nucleotides of the sense strand and substantially all of the nucleotides of the antisense strand are
modified nucleotides, and wherein the sense strand is conjugated to a ligand attached at the 3’

end.

5. Use of a double-stranded RNAi molecule in the manufacture of a medicament for

reducing the annual spontaneous bleeding rate (AsBR) in a human subject having a disorder that
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would benefit from reduction in SERPINC] expression, wherein the medicament is to be
administered to the subject at a fixed dose of 40 mg to 90 mg of the RNAi molecule,

wherein the RNAi molecule comprises a sense strand and an antisense strand, the
antisense strand comprising a region of complementarity which comprises at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the sequence 5° —
UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15), wherein substantially all of the
nucleotides of the sense strand and substantially all of the nucleotides of the antisense strand are
modified nucleotides, and wherein the sense strand is conjugated to a ligand attached at the 3’

end.

6. The use of any one of claims 1-5, wherein the medicament is to be administered to the

subject once a month, once every six weeks, once every two months, or quarterly.

7. The use of any one of claims 1-6, wherein the medicament is to be administered to the

subject at a fixed dose of 50 mg of the RNAi molecule.

8. The use of any one of claims 1-6, wherein the medicament is to be administered to the

subject at a fixed dose of 80 mg of the RNAi molecule.

9. The use of any one of claims 1-8, wherein the medicament is to be administered
subcutaneously.
10. The use of any one of claims 1-9, wherein the use of the medicament lowers SERPINCI

activity in the subject by 70% to 95%.
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11. The use of any one of claims 1-10, wherein the use of the medicament increases peak
thrombin levels in the subject to within the range of peak thrombin levels in a subject that does

not have a disorder that would benefit from reduction in SERPINCI expression.

12. The use of any one of claims 1-11, wherein the use of the medicament is sufficient to
achieve peak thrombin generation levels in the subject to about the same level achieved by

administration to the subject of Factor VIIL

13. The use of any one of claims 1-12, wherein the use of the medicament is sufficient to

achieve a peak thrombin generation level in the subject that is greater than about 40% of the

peak thrombin generation level achieved in the subject following administration of Factor VIIL.

14. The use of any one of claims 1-13, wherein the use of the medicament decreases the

annual bleed rate (ABR) of the subject by 80 to 95% as compared to the median historical on-

demand ABR of subjects having a disorder that would benefit from reduction in SERPINC1

expression that are not administered the RNAi molecule.

15. The use of any one of claims 1-14, wherein the disorder is a bleeding disorder.

16. The use of claim 15, wherein the bleeding disorder is an acquired bleeding disorder or

an inherited bleeding disorder.

17. The use of claim 15, wherein the bleeding disorder is a hemophilia.
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18. The use of claim 17, wherein the hemophilia is hemophilia A or hemophilia B; the
hemophilia is hemophilia A and the subject is an inhibitor subject; or the hemophilia is

hemophilia B and the subject is an inhibitor subject.

19. The use of any one of claims 1-18, wherein the medicament is to be administered
subcutaneously.
20. The use of any one of claims 1-19, wherein all of the nucleotides of the sense strand and

all of the nucleotides of the antisense strand are modified nucleotides.

21. The use of any one of claims 1-20, wherein the modified nucleotides are independently
selected from the group consisting of a 2’-deoxy-2’-fluoro modified nucleotide, a 2’-deoxy-

modified nucleotide, a locked nucleotide, an abasic nucleotide, a 2’-amino-modified nucleotide,
a 2’-alkyl-modified nucleotide, a morpholino nucleotide, a phosphoramidate, and a non-natural

base comprising nucleotide.

22. The use of any one of claims 1-21, wherein the region of complementarity is at least 17

nucleotides in length.

23. The use of any one of claims 1-22, wherein the region of complementarity is between 19

and 21 nucleotides in length.

24. The use of claim 23, wherein the region of complementarity is 19 nucleotides in length.
25. The use of any one of claims 1-24, wherein each strand is no more than 30 nucleotides
in length.
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26. The use of any one of claims 1-25, wherein at least one strand comprises a 3° overhang

of at least 1 nucleotide.

27. The use of any one of claims 1-26, wherein at least one strand comprises a 3° overhang

of at least 2 nucleotides.

28. The use of any one of claims 1-27, wherein the ligand is an N-acetylgalactosamine
(GalNAc) derivative.
29. The use of any one of claims 1-28, wherein the ligand is
Ho O
0 H H
HO 0\/\/\n/ N~ N

30. The use of claim 29, wherein the RNAi molecule is conjugated to the ligand as shown in

the following schematic
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AcHN oM H and, wherein X is O or S.

31. The use of claim 30, wherein the X is O.

32. The use of any one of claims 1-31, wherein the region of complementarity consists of

the sequence 5> - UUGAAGUAAAUGGUGUUAACCAG - 3’ (SEQ ID NO: 15).

33. The use of any one of claims 1-32, wherein the RNAi molecule comprises a sense strand
comprising the sequence 5° - GGUUAACACCAUUUACUUCAA -3’ (SEQ ID NO: 16), and
an antisense strand comprising the sequence 5> - UUGAAGUAAAUGGUGUUAACCAG -3’

(SEQ ID NO: 15).

34. The use of claim 33, wherein the sequence of the sense strand comprises 5° —
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID NO:13) and the sequence of the
antisense strand comprises 5’ — usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg — 3’ (SEQ ID
NO:14),

wherein a, ¢, g, and u are 2’-O-methyl (2°-OMe) A, C, G, and U, respectively; Af, Cf,

Gf, and Uf are 2’-fluoro A, C, G, and U, respectively; and s is a phosphorothioate linkage.
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35. The use of any one of claims 1-34, wherein the sequence of the sense strand comprises
5’ — GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID NO:13) and the sequence of the
antisense strand comprises 5’ — usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg — 3’ (SEQ ID
NO:14),

wherein a, ¢, g, and u are 2’-O-methyl (2°-OMe) A, C, G, and U, respectively; Af, Cf,
Gf, and Uf are 2’-fluoro A, C, G, and U, respectively; and s is a phosphorothioate linkage; and

wherein the sense strand is conjugated to the ligand as shown in the following schematic

L s
c|) OH
N ;
N
Ho OH
N \/\/\c[)r ~ N \E
HO OH
AN \/\/\n/ ~ \n/\/
o) o o o
Ho JOH
NN N0 . ‘
AcHN oH H and, wherein X is O.
36. The use of any one of claims 1-35, wherein the medicament is a pharmaceutical
composition.
37. The use of claim 36, wherein the pharmaceutical composition comprises an unbuffered
solution.
38. The use of claim 37, wherein the unbuffered solution is saline or water.
39. The use of claim 36, wherein the pharmaceutical composition comprises a buffered
solution.
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40. The use of claim 39, wherein the buffered solution comprises acetate, citrate, prolamine,

carbonate, or phosphate or any combination thereof.

41. The use of claim 40, wherein the buffered solution is a phosphate buffered saline (PBS).

42. Use of a double-stranded RNAi molecule in the manufacture of a medicament for
preventing at least one symptom in a human subject having a hemophilia, wherein the
medicament is to be subcutaneously administered to the subject once a month at a fixed dose of
80 mg of the RNAi molecule,

wherein the RNAi molecule comprises a sense strand and an antisense strand forming a
double-stranded region, and

wherein the sense strand has the sequence 5° —
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID NO:13) and the antisense strand has
the sequence 5’ — usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg — 3’ (SEQ ID NO:14),

wherein a, c, g, and u are 2’-O-methyl (2’-OMe) A, C, G, and U, respectively; Af, Cf,
Gf, and Uf are 2’-fluoro A, C, G, and U, respectively; and s is a phosphorothioate linkage; and

wherein a ligand is conjugated to the 3’ end of the sense strand as shown in the

schematic:
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43, Use of a double-stranded RNAi molecule in the manufacture of a medicament for

treating a human subject having a hemophilia, wherein the medicament is to be subcutaneously
administered to the subject once a month at a fixed dose of 80 mg of the RNAi molecule,

wherein the RNAi molecule comprises a sense strand and an antisense strand forming a
double-stranded region, and

wherein the sense strand has the sequence 5° —
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID NO:13) and the antisense strand has
the sequence 5’ — usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg — 3’ (SEQ ID NO:14),

wherein a, c, g, and u are 2’-O-methyl (2’-OMe) A, C, G, and U, respectively; Af, Cf,
Gf, and Uf are 2’-fluoro A, C, G, and U, respectively; and s is a phosphorothioate linkage; and

wherein a ligand is conjugated to the 3’ end of the sense strand as shown in the

schematic:
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44, Use of a double-stranded RNAi molecule in the manufacture of a medicament for

reducing the frequency of bleeding episodes in a human subject having a hemophilia, wherein
the medicament is to be subcutaneously administered to the subject once a month at a fixed dose
of 80 mg of the RNAi molecule,

wherein the RN Ai molecule comprises a sense strand and an antisense strand forming a
double-stranded region, and

wherein the sense strand has the sequence 5° —
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID NO:13) and the antisense strand has
the sequence 5° — usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg — 3’ (SEQ ID NO:14),

wherein a, ¢, g, and u are 2’-O-methyl (2°-OMe) A, C, G, and U, respectively; Af, Cf,
Gf, and Uf are 2’-fluoro A, C, G, and U, respectively; and s is a phosphorothioate linkage; and

wherein a ligand is conjugated to the 3’ end of the sense strand as shown in the

schematic:
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45. Use of a double-stranded RNAi molecule in the manufacture of a medicament for

reducing the annual bleeding rate (ABR) in a human subject having a hemophilia, wherein the
medicament is to be subcutaneously administered to the subject once a month at a fixed dose of
80 mg of the RNAi molecule,

wherein the RN Ai molecule comprises a sense strand and an antisense strand forming a
double-stranded region, and

wherein the sense strand has the sequence 5° —
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID NO:13) and the antisense strand has
the sequence 5° — usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg — 3’ (SEQ ID NO:14),

wherein a, ¢, g, and u are 2’-O-methyl (2°-OMe) A, C, G, and U, respectively; Af, Cf,
Gf, and Uf are 2’-fluoro A, C, G, and U, respectively; and s is a phosphorothioate linkage; and

wherein a ligand is conjugated to the 3’ end of the sense strand as shown in the

schematic:
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46. Use of a double-stranded RNAi molecule in the manufacture of a medicament for

reducing the annual spontaneous bleeding rate (AsBR) in a human subject having a hemophilia,
wherein the medicament is to be subcutaneously administered to the subject once a month at a
fixed dose of 80 mg of the RNAi molecule,

wherein the RN Ai molecule comprises a sense strand and an antisense strand forming a
double-stranded region, and

wherein the sense strand has the sequence 5° —
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID NO:13) and the antisense strand has
the sequence 5° — usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg — 3’ (SEQ ID NO:14),

wherein a, ¢, g, and u are 2’-O-methyl (2°-OMe) A, C, G, and U, respectively; Af, Cf,
Gf, and Uf are 2’-fluoro A, C, G, and U, respectively; and s is a phosphorothioate linkage; and

wherein a ligand is conjugated to the 3’ end of the sense strand as shown in the

schematic:
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47. Use of a double-stranded RNAi molecule in the manufacture of a medicament for

preventing at least one symptom in a human subject having a hemophilia, wherein the
medicament is to be subcutaneously administered to the subject once a month at a fixed dose of
50 mg of the RNAi molecule,

wherein the RN Ai molecule comprises a sense strand and an antisense strand forming a
double-stranded region, and

wherein the sense strand has the sequence 5’-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID NO:13) and the antisense strand has
the sequence 5° — usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg — 3’ (SEQ ID NO:14),

wherein a, ¢, g, and u are 2’-O-methyl (2°-OMe) A, C, G, and U, respectively; Af, Cf,
Gf, and Uf are 2’-fluoro A, C, G, and U, respectively; and s is a phosphorothioate linkage; and

wherein a ligand is conjugated to the 3’ end of the sense strand as shown in the

schematic:
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48. Use of a double-stranded RNAi molecule in the manufacture of a medicament for

treating a human subject having a hemophilia, wherein the medicament is to be subcutaneously
administered to the subject once a month at a fixed dose of 50 mg of the RNAi molecule,

wherein the RNAi molecule comprises a sense strand and an antisense strand forming a
double-stranded region, and

wherein the sense strand has the sequence 5° —
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID NO:13) and the antisense strand has
the sequence 5’ — usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg — 3’ (SEQ ID NO:14),

wherein a, c, g, and u are 2’-O-methyl (2’-OMe) A, C, G, and U, respectively; Af, Cf,
Gf, and Uf are 2’-fluoro A, C, G, and U, respectively; and s is a phosphorothioate linkage; and

wherein a ligand is conjugated to the 3’ end of the sense strand as shown in the

schematic:
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49. Use of a double-stranded RNAi molecule in the manufacture of a medicament for

reducing the frequency of bleeding episodes in a human subject having a hemophilia, wherein
the medicament is to be subcutaneously administered to the subject once a month at a fixed dose
of 50 mg of the RNAi molecule,

wherein the RN Ai molecule comprises a sense strand and an antisense strand forming a
double-stranded region, and

wherein the sense strand has the sequence 5’-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID NO:13) and the antisense strand has
the sequence 5° — usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg — 3’ (SEQ ID NO:14),

wherein a, ¢, g, and u are 2’-O-methyl (2°-OMe) A, C, G, and U, respectively; Af, Cf,
Gf, and Uf are 2’-fluoro A, C, G, and U, respectively; and s is a phosphorothioate linkage; and

wherein a ligand is conjugated to the 3’ end of the sense strand as shown in the

schematic:
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50. Use of a double-stranded RNAi molecule in the manufacture of a medicament for

reducing the annual bleeding rate (ABR) in a human subject having a hemophilia, wherein the
medicament is to be subcutaneously administered to the subject once a month at a fixed dose of
50 mg of the RNAi molecule,

wherein the RN Ai molecule comprises a sense strand and an antisense strand forming a
double-stranded region, and

wherein the sense strand has the sequence 5’-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID NO:13) and the antisense strand has
the sequence 5° — usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg — 3’ (SEQ ID NO:14),

wherein a, ¢, g, and u are 2’-O-methyl (2°-OMe) A, C, G, and U, respectively; Af, Cf,
Gf, and Uf are 2’-fluoro A, C, G, and U, respectively; and s is a phosphorothioate linkage; and

wherein a ligand is conjugated to the 3’ end of the sense strand as shown in the

schematic:
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51. Use of a double-stranded RNAi molecule in the manufacture of a medicament for

reducing the annual spontaneous bleeding rate (AsBR) in a human subject having a hemophilia,
wherein the medicament is to be subcutaneously administered to the subject once a month at a
fixed dose of 50 mg of the RNAi molecule,

wherein the RN Ai molecule comprises a sense strand and an antisense strand forming a
double-stranded region, and

wherein the sense strand has the sequence 5’-
GfsgsUfuAfaCfaCfCfAfuUfuAfcUfuCfaAf — 3’ (SEQ ID NO:13) and the antisense strand has
the sequence 5° — usUfsgAfaGfuAfaAfuggUfgUfuAfaCfcsasg — 3’ (SEQ ID NO:14),

wherein a, ¢, g, and u are 2’-O-methyl (2°-OMe) A, C, G, and U, respectively; Af, Cf,
Gf, and Uf are 2’-fluoro A, C, G, and U, respectively; and s is a phosphorothioate linkage; and

wherein a ligand is conjugated to the 3’ end of the sense strand as shown in the

schematic:
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52. The use of any one of claims 4, 45, or 50, wherein the use of the medicament reduces

ABR of the subject to one or less.

53. The use of any one of claims 5, 46, or 51 wherein the use of the medicament reduces

AsBR of the subject to zero.

54. The use of any one of claims 42-53, wherein the medicament is a pharmaceutical

composition.

55. The use of claim 54, wherein the pharmaceutical composition comprises a buffered

solution.

56. The use of claim 55, wherein the buffered solution is phosphate buffered saline (PBS).

57. The use of any one of claims 42-56, wherein the subject is a hemophilia A patient with

inhibitors or a hemophilia B patient with inhibitors.
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58. The use of any one of claims 42-56, wherein the subject is a hemophilia A patient

without inhibitors or a hemophilia B patient without inhibitors.
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