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identical modifications on three consecutive nucleotidés, including one such motif at or near
the cleavage site of the agents, show surprisingly enhanced TTR gene silencing activity.
When a single such chemical motif is present in the agent, it is preferred to be at or near the
cleavage region for enhancing of the gene silencing activity. Cleavage region is the region
surrounding the cleavage site, i.e., the site on the target mRNA at which cleavage occurs.

Accordingly, #-ene-aspeet-the present disclosure features RNAi agents, e.g., double
stranded RNAi agents, for inhibiting expression of a transthyretin (TTR). The double
stranded RN A1 agent includes a sense strand complementary to an antisense strand. The
antisense strand includes a region complementary to a part of an mRNA encoding |
transthyretin. Each strand has 14 to 30 nucleotides, and the double stranded RNAI agent is
represented by formula (I111):

sense: 50, -No-(X X X) -No-YY Y -Ny~(Z Z Z);-N, - ng 3'
antisense: 3 0y N - (XXX NNy -Y'Y'Y'-Ny-(Z'ZZ")-N, - ng' §'
(I1D).

In Formula 111, 1, j, k, and I are each independently O or 1; p, p', g, and ¢’ are each
independently 0-6; each N, and N, independently represents an oligonucleotide sequence
including 0-25 nucleotides which are either modified or unmodified or combinations
thereof, each sequence including at least two differently modified nucleotides; each Ny, and
l,’ independently represents an oligonucleotide sequence including 0-10 nucleotides which |
are either modified or unmodified or combinations thereof; each n,, n,', ng, and ng’
independently represents an overhang nucleotide; XXX YYY, ZZZ, XXX, Y'Y'Y',
and Z'7'Z' each independently represents one motif of three identical modifications on three
consecutive nucleotides; modifications on Ny, differ from the modification on Y and
modifications on Ny' differ from the modification on Y'. In some embodiments, the sense
strand is conjugated to at least one ligand, e.g., at least one ligand, e.g., at least one ligand
attached to the 3’ end of the sense strand. In other embodiments, the ligand may be

conjugated to the antisense strand.
In some embodiments, 1is 1;jis 1; or bothiand j are 1.

In some embodiments, kis 1;11s 1; or both k and 1 are 1.
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wherein lowercase nucleotides (a, u, g, ¢) indicate 2°-O-methyl nucleotides; Nf (e.g., Af)
indicates a 2’-fluoro nucleotide; s indicates a phosphothiorate linkage; 1.96 indicates a GalNAc;
Iigand. ‘

In one aspect, the present disclosure relates to double stranded RNAI agent comprising a

sense strand complementary to an antisense strand, wherein said antisense strand comprises a

region complementary to part of an mRNA encoding transthyretin (TTR), wherein each strand

“has about 14 £6 about 30 nucleotides, wherein said double stranded RNAI agent is represented by

formula (1)

sense: 5'n, —N2 XX XNy Y Y Y -Ny (27 2} -N, -1 3’
antisenée: 3 nn}~N:,_'~(X’X'X’};5—N'h'—Y Y'Y N/ AZZ 72N -N,-n, 5
| am
wherein:

i=1:andi k and | are Q:

pis2:v.q. and g are O:

each N, and N, independently represents an oligonucleotide sequence comprising 2-10

nucleotides which are modified nucleotides selected from the group consisting of 2'-fluoro

nucleotide modifications and 2'-O-methyl nucleotide modifications:

each Ny and Ny independently represents an oligonucleotide sequence comprising 0-7

nucleotides which are modified nucleotides selected from the group consisting of 2’-fluoro

nucleotide modifications and 2’-O-methvl nucleotide modifications;

n, represents an overbang nucleotide;

YYY., 7277, and Y'Y'Y' each independently represent one motif of three identical

modifications on three consecutive nucleotides, wherein the Y nucleotides contain a 2'-fluoro

modification. the Y nucleotides contain a 2'-O-methvl modification, and the Z nucleotides

contain a 2’ -O-methyl modification:

“wherein the sense strand is conjugated 1o at least one lisand, wherein the ligand is one or

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

In another aspect, the present disclosure features a cell containing the double stranded

RNAI agent as defined above. The RNAI agent may inhibit expression of TTR.



10

15

20

~ In a further aspect, the present disclosure features a pharmaceutical composition
comprising an RNAI agent as defined above. The RNAI agent may inhibit expression of TTR.
In some embodiments, the pharmaceutical composition is a solution comprising the RNAi agent.
In some embodiments, the solution comprising thé RNAI agent is an unbuffered solution, e.g.,
saline solution or water. In other embodiments, the solution is a buffered solution, e.g., a
solution of phosphate buffered saline (PBS). In other embodiments, the pharmaceutical
cémposition is a liposome or a lipid formulation. In some embodiments, the lipid formulation

comprises a XTC or MC3.

The present disclosure features methods of inhibiting expression of transthyretin (TTR)
in a cell. The methods include contacting a cell with an RNA{ agent, e.g., a double stranded
RNAI agent, in an amount effective to inhibit expression of TTR in the cell, thereby inhibiting
expression of TTR in the cell. In yet another aspect, the present disclosure features an RNAi
agent as defined above or a pharmaceutical composition as defined above for use in inhibiting
expression of transthyretin (TTR) in a cell, wherein said RNAi agent or pharmaceutical

composition is in an amount effective to inhibit expression of said TTR in said cell.

In some embodiments, the expression of TTR is inhibited by at least about 10%, at least
about 20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at
least about 70%, at least about 80%, or at least about 90%.

In other embodiments, the cell is contacted in vitro with the RNAI agent. In other
embodiments, the cell is present within a subject. In preferred embodiments, the subject is a

human.

In further embodiments, the subject is a subject suffering from a TTR-associated disease
and the effective amount is a therapeutically effective amount. In other embodiments, the
subject is a subject at risk for developing a TTR-associated disease and the effective amount is a

prophylactically effective amount. In some embodiments,

Ya
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In some embodiments, the RNAI agent is administered in a solution. In some such
embodiments, the siRNA is administered in an unbuffered solution. In one embodiment, the
siRNA is administered in saline or water. In other embodiments, the siRNA is administred
with a buffer solution, such as an acetate buffer, a citrate buffer, a prolamine buffer, a
carbonate buffer, or a phosphate buffer or aﬁy combination thereof. In some embodiments,

the buffer solution is phosphate buffered saline (PBS).

The present disclosure provides a method of inhibiting expression of transthyretin
(TTR) in a cell, including contacting a cell with an RNA1 agent, e.g., a double stranded
RNAI agent, in an amount effective to inhibit expression of TTR in the cell. In one
embodiment, the double stranded RNAi agent is selected from the group of agents listed in
Table 1, thereby inhibiting expression of transthyretin (TTR) in the cell. In-anotheraspeet;

The present disclosure provides a method of inhibiting expression of transthyretin
(TTR) in a cell, including contacting a cell with an RN A1 agent, e.g., a double stranded
RNAI agent, in an amount effective to inhibit expression of TTR in the cell. In one
embodiment, the double stranded RNAI agent is selected from the group consisting of AD-
51544, AD-51545, AD-51546, and AD-51547, thereby mhlbmng expression of transthyretin
(TTR) in the cell. & :

aa-Ad-51547 anotheraspeci—the nresentdiselosure-vrewid

=y
FEE S B anssy iy sy vy SFIRORTTE 2 53] CHECHONSTTFE PrOVTOs &

FFRyn-a-eets
said-double-stranded RiNA+agent-being-trap-amount-etfective-to-inhibit-expression-of TR

dr-satd-celwhereta-said-double-stranded-RdlAt epeniis A5 547

15
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The present disclosure provides a method of treating or preventing a TTR-associated
disease in a subject, including administering to the subject a therapeutically effective amount
or a prophylactically effective amount of an RNAIi agent, e.g., a double stranded RNAi
agent. In one embodiment, the double stranded RNAi agent is selected from the group of
agents listed in Table 1, thereby treating or preventing a TTR-associated disease in the

subject. &

The present disclosure provides a method of treating or preventing a TTR-associated
disease in a subject, including administering to the subject a therapeutically effective amount
or a prophylactically effective amount of an RNA1 agent, e.g., a double stranded RNAi ﬂ
agent. In one embodiment, the double stranded RNAi

15a
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agent is selected from the group consisting of AD-51544, AD-51545, AD-51546, and AD-
51547, thereby treating or preventing a TTR-associated disease in the subject. In-yet-anether

7 3 A ETOSE %.8 ‘ié e5-a E}@&bl@ 53 ané@é P@E@Ai C’t‘ge‘ﬂ{'g(‘)f" H5E %’{F@&{ﬁ'ﬂ'g’ei' o 3

In-further-aspeets-tThe disclosure provides kits for performing the methods of the

disclosure. In another aspect. there is provided a kit for use in treating or preventing a TTR-

associated disease in a subject, comprising a RNAI agent as defined herein, and instructions for

use The disclosure provides a kit for performing a method of inhibiting expression of

~ transthyretin (TTR) in a cell comprising contacting a cell with an RNAI agent, e.g., a double

stranded RNAI agent, in an amount effective to inhibit expression of said TTR in said cell,
thereby inhibiting the expression of TTR in the cell. The kit comprises an RNAi agent and

instructions for use and, optionally, means for administering the RNAi agent to the subject.

The present disclosure is further illustrated by the following detailed description and

drawings.

Brief Description of the Drawings

Figure 1 is a graph depicting that administering to mice a single subcutaneous dose of a
GalNAc-conjugated RNAI agent targeting TTR resulted in dose-dependent suppression of TTR
mRNA.

Figure 2 is a graph depicting that administering to mice a single subcutaneous dose of
7.5 mg/kg or 30 mg/kg of a GalNAc conjugated RNAi agent targeting TTR resulted in long
lasting suppression of TTR mRNA.

Figure 3 depicts the human TTR mRNA sequence.

Figure 4 is a graph depicting improved silencing activity of RNAI agents modified

relative to the parent AD-45163.

Figure 5 is a graph depicting improved sﬂenéing activity of RNAI agents modified

relative to the parent AD-45165.

Figure 6 is a graph depicting improved free uptake silencing following 4 hour incubation

with RNAI agents modified relative to the parent AD-45163.

16
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We claim:

1. A double stranded RNAI agent comprising a sense strand complementary to an
antisense strand, wherein said antisense strand comprises a region complementary to
part of an mRNA encoding transthyretin (TTR), wherein each strand has about 14 to
about 30 nucleotides, wherein said double stranded RN Ai agent is represented by
formula (III):

sense: 5'1p Ny (X X X)i-Np Y Y'Y -Ny~(Z Z Z); -N, - ng 3'

antisense: 3" 0 N~ (X'XXN-Np'-Y'Y'Y'-Ny'-(Z'Z'Z")-Ny'- ng' 5'
(11D
wherein:
1= 1: and 1, 7k, and | are each-independently-0-ort;
p’is 2: p, 5q, and q' are eachindependenthy-0-6;

each N, and N, independently represents an oligonucleotide sequence
comprising 2-10 8-25-nucleotides which are etthermodified nucleotides selected from

the group consisting of 2°-fluoro nucleotide modifications and 2°-O-methvyl nucleotide
modiﬁcatlons i ot - ..

: o

each Ny, and Ny’ independently represents an oligonucleotide sequence

comprising 0-+6-7 nucleotides which are eithermodified nucleotides selected from the

group consisting of 2°-fluoro nucleotide modifications and 2°-O-methy! nucleotide
modificationserwnmedified-or-eombinations-thereof,

each-n,—1, hg-and-n,independently represents an overhang nucleotide;

252555YYY, ZZZ, and X2X3-Y'Y'Y sand-£4 2 each independently represent
one motif of three identical modifications on three consecutive nucleotides, wherein the

Y nucleotides contain a 2°-fluore modification. the YY" nucleotides contain a 2°-O-methvl

modification, and the Z nucleotides contain a 2°-O-methvl modification;

Lifeati N, differ £ | 6 eats , | L eati N
i Efor b | 6ot Yt and

wherein the sense strand is conjugated to at least one ligand, wherein the ligand

18 one or more GallNAc derivatives attached through a bivalent or trivalent branched

linker.

157



2. The double stranded RNAi agent of claim 1, wherein the sense strand comprises
the nucleobase sequence UGGCGAUUUCAUGUAACCAAGA —3° (SEQID NO:2211D)
and the antisense strand comprises the nucleotide sequence 5°-

UCUUGGUUACAUGAAAUCCCAUC -3’ (SEQ 1D NO:2217)i-isister-beothi

A4
Py . 3 P 1 I F ! f 7 ! f 2 [
ARHEERSE: N N2 N a5
' (1YTa)
TATITY

SeRse: SN X XN YN NGZ L Ny-543
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++3.  The RNAI agent of claim 1, wherein the duplex region is 15-30 nucleotide pairs
in length.

+24. The RNAI agent of claim ++3, wherein the duplex region is 17-23 nucleotide
pairs in length.

4325, The RNAIi agent of claim +-3, wherein the duplex region is 17-25 nucleotide
pairs in length.

+46. The RNAI agent of claim +4-3, wherein the duplex region is 23-27 nucleotide
pairs in length.

+57. The RNAI agent of claim 4343, wherein the duplex region is 19-21 nucleotide
pairs in length.

+68. The RNAI agent of claim 435, wherein the duplex region is 21-23 nucleotide
pairs in length.

4+79.  The RNAI agent of claim 1, wherein each strand has 15-30 nucleotides.

2010. The RNAI agent of claim 1, wherein the ligand is one or more GalNAc
derivatives attached through a bivalent or trivalent branched linker.

159



2111. The RNAI agent of claim 1, wherein the ligand is

) HO OH
Q H H
" HO O\/\/\H/N\/\/N

0
HO OM\/\”/N/\/\N
AcHN H H

2212. The RNAI agent of claim 1, wherein the ligand is attached to the 3” end of the
sense strand.

5 2313. The RNAi agent of claim 2212, wherein the RNAi agent is conjugated to the
ligand as shown in the following schematic

wherein X is O or S.

10 2414. The RNAI agent of claim 2313, wherein the RNAI agent is conjugated to the
ligand as shown in the following schematic

160
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2515. The RNAIi agent of claim 1 further comprising at least one phosphorothioate or
methylphosphonate internucleotide linkage. ‘

2616. The RNAI agent of claim 2415, wherein the phosphorothioate or
methylphosphonate internucleotide linkage is at the 3’-terminal of one strand.

2717. The RNAI1 agent of claim 2516, wherein said strand is the antisense strand.

2818. The RNA1 agent of claim 2516, wherein said strand is the sense strand.

20 The RN AL nt ol polotme 1 shavors tha haooe waie o
prpr 3 AV ITOUE TV CTUTETULY TGS TRTIT USRS

g_} The BA At agent of olog
EUN S Ly S p O T

modification:
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4320. A pharmaceutical composition comprising an RNAi agent of any one of claims 1

4421. The pharmaceutical composition of claim 4220, wherein RNAi agent is
administered in an unbuffered solution.

4522. The pharmaceutical composition of claim 4321, wherein said unbuffered solution
is saline or water.

4623. The pharmaceutical composition of claim 4220, wherein said siRNA is

administered with a buffer solution.

4724. The pharmaceutical composition of claim 4523, wherein said buffer solution
comprises acetate, citrate, prolamine, carbonate, or phosphate or any combination
thereof.
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4%25. The pharmaceutical composition of claim 4624, wherein said buffer solution is
phosphate buffered saline (PBS).

o hesharmaceutical . ¢ elain 43 _wherein saidpl ical-composit

i< o limicl formlation.

5126. An RNAI agent of any one of claims 1 to 4&-18 or a pharmaceutical composition of any
one of claims 43-20 to 56-25 for use in inhibiting expression of transthyretin (TTR) in a cell,
wherein said RNAi agent or pharmaceutical composition is in an amount effective to inhibit

expression of said TTR in said cell.
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$627. An RNAI agent of any one of claims 1 to 4118 or a pharmaceutical composition of any
one of claims 43-20 to 58-25 for use in treating or preventing a TTR-associated disease in a

subject.

$+28. The RNAI agent or pharmaceutical composition of claim 8927, wherein TTR expression
in a sample derived from said subject is inhibited by at least about 10%, at least about 20%, at
least about 30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%,
at least about 80%, or at least about 90%.

£229. The RNAI agent or pharmaceutical composition of claim 8027, wherein said subject is a

human.

€330. The RNAI agent or pharmaceutical composition of claim 8827, wherein said subject is a

subject suffering from a TTR-associated disease.

%431. The RNAI agent or pharmaceutical composition of claim %627, wherein said subject is a

subject at risk for developing a TTR-associated disease.

8532. The RNAI agent or pharmaceutical composition of claim 8827, wherein said subject
carries a TTR gene mutation that is associated with the development of a TTR-associated

disease.

$633. The RNA1 agent or pharmaceutical composition of claim 8627, wherein said TTR-
associated disease 1s selected from the group consisting of senile systemic amyloidosis (SSA),
systemic familial amyloidosis, familial amyloidotic polyneuropathy (FAP), familial amyloidotic
cardiomyopathy (FAC), leptomeningeal/Central Nervous System (CNS) amyloidosis, and

hyperthyroxinemia.

8734, The RNA: agent or pharmaceutical composition of claim 8827, wherein said subject has

a TTR-associated amyloidosis and said method reduces an amyloid TTR deposit in said subject.

£835. The RNAi agent or pharmaceutical composition of claim 8827, wherein said RNAI
agent is formulated for administration to said subject by an administration means selected from
the group consisting of subcutaneous, intravenous, intramuscular, intrabronchial, intrapleural,

intraperitoneal, intraarterial, lymphatic, cerebrospinal, and any combinations thereof.
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$936. The RNAI agent or pharmaceutical composition of claim 8627, wherein said RNAi
agent is formulated for administration to said subject via subcutaneous, intramuscular or

intravenous administration.

9037. The RNAI agent or pharmaceutical composition of claim 8936, wherein said
subcutaneous administration comprises administration via a subcutaneous pump or subcutaneous

depot.

9138. The RNAI agent or pharmaceutical composition of claim 8027, wherein said RNAi
agent is formulated for administration to said subject, such that said RNAi agent is delivered to a

specific site within said subject.

9239 The RNAI agent or pharmaceutical composition of claim 9338, wherein said site is

selected from the group consisting of liver, choroid plexus, retina, and pancreas.

9340. The RNAI agent or pharmaceutical composition of claim 84+3 §~Wherein said site is the

Liver.

9441. The RNAIi agent or pharmaceutical composition of claim 9438, wherein delivery.of said
RNAI agent is mediated by an asialoglycoprotein receptor (ASGP-R) present in hepatocytes.

©542.  The RNAI agent or pharmaceutical composition of claim 8627, wherein said RNAi1
agent is formulated for administration at a dose of 0.05-50 mg/kg.

9643. The RNAI agent or pharmaceutical composition of claim 8627, wherein said RNAi

agent is formulated for administration in two or more doses.

§744. The RNAI agent or pharmaceutical composition of claim 9643, wherein said RNAi
agent is formulated for administration at intervals selected from the group consisting of once
every about 12 hours, once every about 24 hours, once every about 48 hours, once every about

72 hours, and once every about 96 hours.

9845. The RNAI agent or pharmaceutical composition of claim 8027, wherein the level of

TTR mRNA expression or TTR protein expression is assessed in a sample derived from the

subject.
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10046, The RNAI agent or pharmaceutical composition of claim $627, wherein said RNAi

agent is formulated for administration using a pharmaceutical composition.

16147, The RNAI agent or pharmaceutical composition of claim +8046, wherein said siRNA is

formulated for administration in an unbuffered solution.

16248, The RNAI agent or pharmaceutical composition of claim +6447, wherein said

unbuffered solution is saline or water.

+8349. The RNAI agent or pharmaceutical composition of claim +8046, wherein said siRNA is

formulated for administration with a buffer solution.

168450, The RNAI agent or pharmaceutical composition of claim +8349, wherein said buffer
solution comprises acetate, citrate, prolamine, carbonate, or phosphate or any combination
thereof.

16551, The RNAI agent or pharmaceutical composition of claim 48450, wherein said buffer
solution is phosphate buffered saline (PBS).

10652. The RNAI agent or pharmaceutical composition of claim +8646, wherein said

pharmaceutical composition is a liposome.
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31353, A kit for use in treating or preventing a TTR-associated disease in a subjectperforming
the-methed-efelaim—46, comprising

a) said-a RNAI agent of anv one of claims 1 to 18, and

b) instructions for use.
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