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In some embodiments, i is 0; j is 1.

In some embodiments, i is 1, j is 0.

In some embodiments, k is 0; l is 1.

In some embodiments, k is 1; l is 0.

2F"KGE?"?E<G>CE?FLK&"777"CK"=GEHD?E?FL;JO"LG"7P7P7P&"888"CK"-"

=GEHD?E?FL;JO"LG"8P8P8P&";F>"999"CK"=GEHD?E?FL;JO"LG"9P9P9P("

In some embodiments, the YYY motif occurs at or near the cleavage site of the

sense strand.

2F"KGE?"?E<G>CE?FLK&"LB?"8P8P8P"EGLC@"G==MJK";L"LB?"**&"*+";F>"*,"HGKCLCGFK"G@"

10 the antisense strand from the 5'-end.

2F"KGE?"?E<G>CE?FLK&"LB?"8P"CK"+P'5'E?LBOD("

In some embodiments, the Y’ is 2’-fluoro.

In another aspect, the present invention features a double stranded RNAi agent

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

15 strand comprises a sequence that is complementary to nucleotides 504 to 526 of the

transthyretin (TTR) gene (SEQ ID NO:1), wherein the sense strand is 21 nucleotides in

length and the antisense strand is 23 nucleotides in length, wherein said double stranded

RNAi agent is represented by formula (III):

sense: 5' np -Na -(X X X)i-Nb -Y Y Y -Nb -(Z Z Z)j -Na - nq 3'

antisense: 3' npP'4aP'$7P7P7P%k-NbP'8P8P8P'4bP'$9P9P9P%l-NaP'"FqP"-#"+)"

(III)

wherein:

j = 1; and i, k, and l are 0;

p’ is 2; p, q, and q’ are 0;

each Na and NaP"CF>?H?F>?FLDO"J?HJ?K?FLK";F"GDCAGFM=D?GLC>?"K?IM?F=?"+-"

comprising 2-10 nucleotides which are modified nucleotides;

each Nb and NbP"CF>?H?F>?FLDO"J?HJ?K?FLK";F"GDCAGFM=D?GLC>?"K?IM?F=?"

comprising 0-7 nucleotides which are modified nucleotides;
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npP"J?HJ?K?FLK";F"GN?JB;FA"FM=D?GLC>?."

" 888&"999&";F>"8P8P8P&"?;=B"CF>?H?F>?FLDO"J?HJ?K?FL"GF?"EGLC@"G@"LBJ??"

identical modifications on three consecutive nucleotides, wherein the Y nucleotides

contain a 2’-fluoro modification, the Y’ nucleotides contain a 2’-O-methyl modification,

5 and the Z nucleotides contain a 2’-O-methyl modification; and

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

ligand is one or more GalNAc derivatives attached through a bivalent or trivalent

branched linker.

In some embodiments, formula (III) is represented as formula (IIIa):

sense: 5' np -Na -Y Y Y -Nb -Z Z Z -Na-nq10 3'

antisense: 3' npP'4aP'8P8P8P'4bP'9P9P9P'4aPFqP"-#""

(IIIa).

In formula IIIa, each Nb and Nb" independently represents an oligonucleotide sequence

including 1-5 modified nucleotides.

15 In some embodiments, formula (III) is represented as formula (IIIb):

sense: 5' np-Na-X X X -Nb-Y Y Y -Na-nq 3'

antisense: 3' npP'4aP'7P7P7P'4bP'8P8P8P'4aP'FqP"-#"

(IIIb).

In formula IIIb each Nb and NbP"CF>?H?F>?FLDO"J?HJ?K?FLK";F"GDCAGFM=D?GLC>?"K?IM?F=?"

20 including 1-5 modified nucleotides.
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wherein lowercase nucleotides (a, u, g, c) indicate 2’-O-methyl nucleotides; Nf (e.g.,

Af) indicates a 2’-fluoro nucleotide; s indicates a phosphothiorate linkage; L96 indicates

a GalNAc3 ligand.

In another aspect, the present invention features a double stranded RNAi agent,

5 comprising a sense strand and an antisense strand, wherein the sense strand comprises

the nucleotide sequence 5’-UfgGfgAfuUfuCfAfUfgUfaacCfaAfgAfL96-3’ (SEQ ID

NO:2) and the antisense strand comprises the nucleotide sequence 5’-

uCfuUfgGfUfUfaCfaugAfaAfuCfcCfasUfsc-3’ (SEQ ID NO:3), wherein a, g, c, and u

;J?"+P'5'E?LBOD"$+P'53?%"/&"1&"0&";F>"6.""/@&"1@&"0@&";F>"6@";J?"+P'@DMGJG"/&"1&"0&";F>"

10 U; s is a phosphorothioate linkage; and L96 is a GalNAc3 ligand.

In another aspect, the present invention features a cell containing the RNAi

agent for inhibiting expression of TTR.

In a further aspect, the present invention features a pharmaceutical composition

comprising an RNAi agent for inhibiting expression of TTR. In some embodiments, the

15 pharmaceutical composition is a solution comprising the RNAi agent. In some

embodiments, the solution comprising the 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 composition is a liposome or a lipid formulation. In some

20 embodiments, the lipid formulation comprises a XTC or MC3.

In yet another aspect, the present invention features methods of inhibiting

expression of transthyretin (TTR) in a cell. The methods include contacting a cell with

an RNAi 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.

25 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

30 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
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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,
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certain embodiments, samples may be derived from the liver (e.g., whole liver or certain

segments of liver or certain types of cells in the liver, such as, e.g., hepatocytes), the

retina or parts of the retina (e.g., retinal pigment epithelium), the central nervous system

or parts of the central nervous system (e.g., ventricles or choroid plexus), or the

5 pancreas or certain cells or parts of the pancreas. In some embodiments, a “sample

derived from a subject” refers tocerebrospinal fluid obtained from the subject. In

preferred embodiments, a “sample derived from a subject” refers to blood or plasma

drawn from the subject. In further embodiments, a “sample derived from a subject”

refers to liver tissue (or subcomponents thereof) or retinal tissue (or subcomponents

10 thereof) derived from the subject.

Throughout this specification the word "comprise", or variations such as

"comprises" or "comprising", will be understood to imply the inclusion of a stated

element, integer or step, or group of elements, integers or steps, but not the exclusion of

any other element, integer or step, or group of elements, integers or steps.

15 Any discussion of documents, acts, materials, devices, articles or the like which

has been included in the present specification is not to be taken as an admission that any

or all of these matters form part of the prior art base or were common general

knowledge in the field relevant to the present disclosure as it existed before the priority

date of each claim of this application.

II. RNAi Agents20

The present invention provides RNAi agents with superior gene silencing

activity. It is shown herein and in Provisional Application No. 61/561,710 (to which the

present application claims priority) that a superior result may be obtained by introducing

one or more motifs of three identical modifications on three consecutive nucleotides

25 into a sense strand and/or antisense strand of a RNAi agent, particularly at or near the

cleavage site. The sense strand and antisense strand of the RNAi agent may otherwise

be completely modified. The introduction of these motifs interrupts the modification

pattern, if present, of the sense and/or antisense strand. The RNAi agent also optionally

conjugates with a GalNAc derivative ligand, for instance on the sense strand. The

30 resulting RNAi agents present superior gene silencing activity.

The inventors surprisingly discovered that when the sense strand and antisense

strand of the RNAi agent are completely modified, having one or more motifs of three

identical modifications on three consecutive nucleotides at or near the cleavage site of at
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least one strand of a RNAi agent superiorly enhanced the gene silencing acitivity of the

RNAi agent.

Accordingly, the invention provides RNAi agents, e.g., double stranded RNAi

agents, capable of inhibiting the expression of a target gene (i.e., a TTR gene) in vivo.

The RNAi agent comprises a sense strand and an antisense strand. Each strand of the5
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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 sequence that is

complementary to nucleotides 504 to 526 of the transthyretin (TTR) gene (SEQ ID

5 NO:1), wherein the sense strand is 21 nucleotides in length and the antisense strand is

23 nucleotides in length, wherein said double stranded RNAi agent is represented by

formula (III):

sense: 5' np -Na -(X X X)i-Nb -Y Y Y -Nb -(Z Z Z)j -Na - nq 3'

antisense: 3' npV'6aV'$<V<V<V%k-NbV'=V=V=V'6bV'$>V>V>V%l-NaV'"KqV"-#"

10 (III)

wherein:

j = 1; and i, k, and l are 0;

p’ is 2; p, q, and q’ are 0;

each Na and NaV"GKBCMCKBCKQIU"OCMOCPCKQP"?K"LIGELKRAICLQGBC"PCNRCKAC"

15 comprising 2-10 nucleotides which are modified nucleotides;

each Nb and NbV"GKBCMCKBCKQIU"OCMOCPCKQP"?K"LIGELKRAICLQGBC"PCNRCKAC"

comprising 0-7 nucleotides which are modified nucleotides;

npV"OCMOCPCKQP"?K"LSCOF?KE"KRAICLQGBC0"

" ===&">>>&"?KB"=V=V=V&"C?AF"GKBCMCKBCKQIU"OCMOCPCKQ"LKC"JLQGD"LD"QFOCC"

20 identical modifications on three consecutive nucleotides, wherein the Y nucleotides

contain a 2’-fluoro modification, the Y’ nucleotides contain a 2’-O-methyl

modification, and the Z nucleotides contain a 2’-O-methyl modification; and

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

is one or more GalNAc derivatives attached through a bivalent or trivalent branched

25 linker.

2. The RNAi agent of claim 1, wherein the YYY motif occurs at or near the

AIC?S?EC"PGQC"LD"QFC"PCKPC"PQO?KB0"LO"TFCOCGK"QFC"=V=V=V"JLQGD"LAAROP"?Q"QFC"))&")*"?KB"

13 positions of the antisense strand from the 5'-end.

30

3. The RNAi agent of claim 1 or claim 2, wherein the modifications on the Na, Na’,

Nb, and Nb’ nucleotides are each independently selected from the group consisting of

LNA, HNA, CeNA, 2"-methoxyethyl, 2"-O-alkyl, 2"-O-allyl, 2"-C- allyl, 2"-fluoro, 2"-

deoxy, 2’-hydroxyl, and combinations thereof.

35
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4. The RNAi agent of claim 3, wherein the modifications on the Na, Na’, Nb, and

Nb’ nucleotides are 2"-O-methyl, 2"-fluoro or both.

5. The RNAi agent of claim 1, wherein the ligand is
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6. The RNAi agent of claim of any one of claims 1 to 5, wherein the ligand is

attached to the 3’ end of the sense strand.

10 7. The RNAi agent of claim 6, wherein the RNAi agent is conjugated to the ligand

as shown in the following schematic

,

wherein X is O or S.

15

8. The RNAi agent of claim 7, wherein the RNAi agent is conjugated to the ligand

as shown in the following schematic
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9. The RNAi agent of any one of claims 1 to 8 further comprising at least one

phosphorothioate or methylphosphonate internucleotide linkage.

5

10. The RNAi agent of claim 9, wherein the phosphorothioate or methylphosphonate

internucleotide linkage is at the 3’-terminal of one strand.

11. The RNAi agent of claim 10, wherein said strand is the antisense strand or the

10 sense strand.

12. The RNAi agent of any one of claims 1 to 11, wherein the base pair at the 1

position of the 5’-end of the antisense strand of the duplex is an AU base pair.

15 13. The RNAi agent of any one of claims 1 to 11, wherein the p’ overhang

nucleotides are complementary to the target mRNA or wherein the p’ overhang

nucleotides are non-complementary to the target mRNA.

),(" 9FC"861G"?ECKQ"LD"?KU"LKC"LD"AI?GJP")"QL"))&"TFCOCGK"?Q"IC?PQ"LKC"KMV"GP"IGKHCB"

20 to a neighboring nucleotide via a phosphorothioate linkage.

)-(" 9FC"861G"?ECKQ"LD"AI?GJ"),&"TFCOCGK"?II"KMV"?OC"IGKHCB"QL"KCGEF@LOGKE"

nucleotides via phosphorothioate linkages.

25 16. An isolated cell containing an RNAi agent of any one of claims 1-15.

17. A pharmaceutical composition comprising an RNAi agent of any one of claims

1-15.
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18. The pharmaceutical composition of claim 17, wherein the RNAi agent is

administered in an unbuffered solution.

19. The pharmaceutical composition of claim 18, wherein said unbuffered solution is

5 saline or water.

20. The pharmaceutical composition of claim 17, wherein said RNAi agent is

administered with a buffer solution.

10 21. The pharmaceutical composition of claim 20, wherein said buffer solution

comprises acetate, citrate, prolamine, carbonate, phosphate or any combination thereof.

22. The pharmaceutical composition of claim 21, wherein said buffer solution is

phosphate buffered saline (PBS).

15

23. A method of inhibiting expression of a transthyretin (TTR) in an isolated cell

comprising contacting said isolated cell with an RNAi agent of any one of claims 1-15

in an amount effective to inhibit expression of said TTR in said isolated cell, thereby

inhibiting expression of said transthyretin (TTR) in said isolated cell.

20

24. Use of an RNAi agent of any one of claims 1-15, for the manufacture of a

medicament for treating a TTR-associated disease in a subject.

25. A kit for performing the method of claim 23, comprising

25 a) said RNAi agent, and

b) instructions for use.

26. A kit for the use of claim 24, said kit comprising

a) said RNAi agent, and

30 b) instructions for said use.

27. The double stranded RNAi agent of claim 1, wherein the sense strand comprises

the nucleotide sequence 5’ – UGGGAUUUCAUGUAACCAAGA – 3’ (SEQ ID

NO:2211).

35
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28. The double stranded RNAi agent of claim 1, wherein the sense strand comprises

the nucleotide sequence 5’- UfgGfgAfuUfuCfAfUfgUfaacCfaAfgAfL96-3’ (SEQ ID

NO:2) and the antisense strand comprises the nucleotide sequence 5’-

uCfuUfgGfUfUfaCfaugAfaAfuCfcCfasUfsc-3’ (SEQ ID NO:3),

" TFCOCGK"?&"E&"A"?KB"R"?OC"*V'7'JCQFUI"$*V'75C%"1&"3&"2&"?KB";0""1D&"3D&"2D&"?KB"-"

;D"?OC"*V'DIRLOL"1&"3&"2"?KB";0"P"GP"?"MFLPMFLOLQFGL?QC"IGKH?EC0"?KB"4/."GP"?"3?I61A+"

ligand.

29. The use of claim 24, wherein said medicament is suitable for administration to a

10 human.

30. The method of claim 24, wherein said subject carries a TTR gene mutation that

is associated with the development of a TTR-associated disease.

15 31. The use of claim 24, wherein said TTR-associated disease is 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.

20

32. The use of claim 24, wherein said TTR-associated-disease is TTR-associated

amyloidosis.

33. The use of claim 24, wherein said medicament is suitable for subcutaneous

25 administration.

34. A double stranded RNAi agent, comprising a sense strand and an antisense

strand, wherein the sense strand comprises the nucleotide sequence 5’-

UfgGfgAfuUfuCfAfUfgUfaacCfaAfgAfL96-3’ (SEQ ID NO:2) and the antisense strand

30 comprises the nucleotide sequence 5’-uCfuUfgGfUfUfaCfaugAfaAfuCfcCfasUfsc-3’

(SEQ ID NO:3),

" TFCOCGK"?&"E&"A&"?KB"R"?OC"*V'7'JCQFUI"$*V'75C%"1&"3&"2&"?KB";0""1D&"3D&"2D&"?KB"

;D"?OC"*V'DIRLOL"1&"3&"2&"?KB";0"P"GP"?"MFLPMFLOLQFGL?QC"IGKH?EC0"?KB"4/."GP"?"3?I61A+"

ligand.
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