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RNAi Agents and Compositions for Inhibiting Expression of

Apolipoprotein C-IIІ (АРОС3)

CROSS REFERENCE TO RELATED APPLICATIONS

5 This application claims priority from United States Provisional Patent Application Serial No.

62/720,434, filed on August 21, 2018, United States Provisional Patent Application Serial No.

62/643,927, filed on March 16, 2018, and United States Provisional Patent Application Serial

No. 62/556,818, filed on September 11, 2017, the contents of each of which are incorporated

herein by reference in their entirety.
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SEQUENCE LISTING

This application contains a Sequence Listing which has been submitted in ASCII format and

is hereby incorporated by reference in its entirety. The ASCII copy is named 30655_SeqList

and is 195 kb in size.
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FIELD OF THE INVENTION

The present disclosure relates to RNA interference (RNAi) agents, e.g., double stranded

RNAi agents, for inhibition of apolipoprotein C-III gene expression, compositions that

include apolipoprotein C-III RNAi agents, and methods of use thereof.

BACKGROUND

Apolipoprotein C-III (also called APOC3, apoC-III, APOC-III, and APO C-III), encoded by

the human Apolipoprotein C-III gene, has recently emerged as a promising target for the

treatment of diseases associated with hypertriglyceridemia. Elevated serum triglyceride (TG)

25 levels have been identified as an independent risk factor for cardiovascular disease, and as a

contributing factor in the development of atherosclerosis. Individuals with severe

hypertriglyceridemia (often > 1000 mg/dL) are also at risk of recurrent pancreatitis.

Triglycerides are primarily transported in the blood as a major component of very low density

lipoprotein (VLDL) and chylomicron particles, which are known as TG-rich lipoproteins.

30 Lipoproteins are composed of a hydrophobic triacylglycerol and cholesteryl ester core, and a

hydrophilic outer layer of phospholipids, cholesterol, and apoproteins. APOC3 is one of these

apoproteins.
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APOC3 is primarily synthesized in the liver and plays an important role in the production,

metabolism, and clearance of TG-rich lipoproteins from plasma. Several gain-of-function

polymorphisms have been identified in the promoter region of the APOC3 gene, which are

postulated to be contributing factors in development of hypertriglyceridemia (See, e.g., Wang,

Y., et al., Association of Apolipoprotein C3 Genetic Polymorphisms with the Risk of Ischemic

Stroke in the Northern Chinese Han Population, 11 PLoS One e0163910 (2016); Li, Y., et al.,

Apolipoprotein C3 gene variants and the risk of coronary heart disease: A meta-analysis 9 Meta

Gene 104-109 (2016)). Increased APOC3 synthesis in the liver promotes secretion of TG-rich

10 VLDL. In addition, over-abundance of APOC3 inhibits the activity of lipoprotein lipase and

hepatic lipase, further increasing serum TG levels by delaying the catabolism of TG-rich

lipoproteins. Furthermore, elevated APOC3 also delays the hepatic clearance of TG-rich

lipoprotein and their remnant particles by interfering with their binding to hepatic receptors.

Several large genetic analysis studies have reported that individuals with loss-of-function

15 mutations of APOC3 exhibit low levels of triglyceride and reduced incidence of cardiovascular

disease. (See, e.g., Bernelot Moens, S. J., et al., Inhibition of ApoCIII: the next PCSK9? 25

Curr Opin Lipidol 418-422 (2014); Saleheen, D., et al., Human knockouts and phenotypіc

analysis in a cohort with a high rate of consanguinity, 544 Nature 235-239 (2017)).

20 Currently, hypertriglyceridemia is often treated with fibrates or in combination with statins in

moderate cases; however, in most cases, the reduction in serum TG is modest. Additionally,

available therapeutics are often ineffective in patients with monogenic causes of very severe

hypertriglyceridemia (such as patients with familial chylomicronemia syndrome) because the

disease-causing mutations lead to dysfunctional lipoprotein lipase and functional lipoprotein

25 lipase is required for optimal response to standard therapies. There is a need for an effective

therapeutic that can provide a substantial TG lowering effect for the treatment of diseases where

APOC3 may play a role, such as hypertriglyceridemia induced pancreatitis, metabolic

syndrome, type II diabetes mellitus, familial chylomicronemia syndrome, familial partial

lipodystrophy, obesity, hyperlipidemia, hypertriglyceridemia, abnormal lipid and/or

30 cholesterol metabolism, atherosclerosis, cardiovascular disease, coronary artery disease, and

other metabolic-related disorders and diseases. Certain other APOC3-specific RNA

interference (RNAi) agents have been shown to inhibit expression of APOC3 gene expression,

for example, in International Patent Application Publication No. WO 2016/011123 Al, to

Weiler et al., which is incorporated herein by reference in its entirety. The APOC3 RNAi
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agents disclosed herein, however, were not previously disclosed or known and provide for

highly potent and efficient inhibition of the expression of an APOC3 gene.

SUMMARY

There exists a need for novel APOC3 RNA interference (RNAi) agents (also herein termed

RNAi agent, RNAi trigger, or trigger) that are able to selectively and efficiently inhibit the

expression of an APOC3 gene. Further, there exists a need for compositions that include novel

APOC3-specific RNAi agents for the treatment of diseases associated with, among other

things, elevated triglyceride (TG) levels.

In general, the present disclosure features APOC3 gene-specific RNAi agents, compositions

that include APOC3 RNAi agents, and methods for inhibiting expression of an APOC3 gene

in vitro and/or in vivo using the APOC3 RNAi agents and compositions that include APОС3

RNAi agents described herein. The APOC3 RNAi agents disclosed herein can selectively and

efficiently decrease or inhibit expression of an APOC3 gene, and thereby reduce TG levels

and/or cholesterol levels in a subject, e.g., a human or animal subject.

The described APOC3 RNAi agents can be used in methods for therapeutic treatment

(including the prophylactic and preventative treatment) of symptoms and diseases associated

with elevated TG levels and/or elevated cholesterol levels, including, but not limited to,

obesity, hyperlipidemia, hypertriglyceridemia, abnormal lipid and/or cholesterol metabolism,

atherosclerosis, cardiovascular disease, coronary artery disease, hypertriglyceridemia induced

pancreatitis, metabolic syndrome, type II diabetes mellitus, familial chylomicronemia

syndrome, familial partial lipodystrophy, and other metabolic-related disorders and diseases.

The APOC3 RNAi agents disclosed herein can selectively reduce APOC3 gene expression,

which can lead to a reduction in, among other things, TG levels and/or cholesterol levels, in a

subject. The methods disclosed herein include the administration of one or more APOC3 RNAi

agents to a subject, e.g., a human or animal subject, using any suitable methods known in the

art, such as subcutaneous injection or intravenous administration.

In one aspect, the disclosure features RNAi agents for inhibiting expression of the human

APOC3 gene, wherein the RNAi agent includes a sense strand and an antisense strand. Also

described herein are compositions that include or consist of an RNAi agent capable of

3
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inhibiting the expression of an APOC3 gene, wherein the APOC3 RNAi agent includes or

consists of a sense strand and an antisense strand, and the composition further includes at least

one pharmaceutically acceptable excipient. The compositions described herein that include

one or more of the disclosed APOC3 RNAi agents are able to selectively and efficiently

decrease expression of an APOC3 gene. The compositions that include one or more APOС3

RNAi agents can be administered to a subject, such as a human or animal subject, for the

treatment (including prophylactic treatment or inhibition) of symptoms and diseases associated

with elevated TG levels, elevated cholesterol, and/or enhanced APOC3 expression.

10 An APOC3 RNAi agent described herein includes a sense strand (also referred to as a passenger

strand), and an antisense strand (also referred to as a guide strand). The sense strand and the

antisense strand can be partially, substantially, or fully complementary to each other. The

length of the RNAi agent sense and antisense strands described herein each can be 16 to 30

nucleotides in length. In some embodiments, the sense and antisense strands are independently

15 17 to 26 nucleotides in length. The sense and antisense strands can be either the same length

or different lengths. In some embodiments, the sense and antisense strands are independently

21 to 26 nucleotides in length. In some embodiments, the sense and antisense strands are

independently 21 to 24 nucleotides in length. In some embodiments, both the sense strand and

the antisense strand are 21 nucleotides in length. In embodiments, the sense and/orsome

20 antisense strands are independently 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30

nucleotides in length. The RNAi agents described herein, upon delivery to a cell expressing

APOC3, inhibit the expression of one or more APOC3 genes in vivo or in vitro.

A sense strand of the APOC3 RNAi agents described herein includes at least 16 consecutive

25 nucleotides that have at least 85% identity to a core stretch sequence (also referred to herein as

a "core stretch" or "core sequence") of the same number of nucleotides in an APOC3 mRNA.

In some embodiments, the sense strand core stretch having at least 85% identity to a sequence

in an APOC3 mRNA is 16, 17, 18, 19, 20, 21, 22, or 23 nucleotides in length. In some

embodiments, the sense strand core stretch having at least 85% identity to a sequence in an

30 АРОC3 mRNA is 19 nucleotides in length. In some embodiments, this sense strand core stretch

is 17 nucleotides in length.

An antisense strand of an APOC3 RNAi agent includes at least 16 consecutive nucleotides that

have at least 85% complementarity to a core stretch of the same number of nucleotides in an

4
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APOC3 mRNA and to a core stretch of the same number of nucleotides in the corresponding

sense strand. In some embodiments, the antisense strand core stretch having at least 85%

complementarity to a sequence in an APOC3 mRNA or the corresponding sense strand is 16,

17, 18, 19, 20, 21, 22, or 23 nucleotides in length. In some embodiments, this antisense strand

core stretch is 19 nucleotides in length. In some embodiments, this antisense strand core stretch

is 17 nucleotides in length.

10

In some embodiments, the APOC3 RNAi agents disclosed herein target the portion of an

APOC3 gene having the sequence of any of the sequences disclosed in Table 1.

Examples of APOC3 RNAi agent sense strands and antisense strands that can be included in

the APOC3 RNAi agents disclosed herein are provided in Tables 3, 4, and 5. Examples of

APOC3 RNAi agent duplexes are provided in Tables 3 and 6. Examples of 19-nucleotide core

stretch sequences that that consist of or are included in the sense strands and antisense strands

15 of APOC3 RNAi agents disclosed herein, are provided in Table 2.

In another aspect, the disclosure features methods for delivering APOC3 RNAi agents to liver

cells in a subject, such as a mammal, in vivo. Also described herein are compositions for use

in such methods. The one or more APOC3 RNAi agents can be delivered to target cells or

20 tissues using any oligonucleotide delivery technology known in the art. Nucleic acid delivery

methods include, but are not limited to, by encapsulation in liposomes, by iontophoresis, or by

incorporation into other vehicles, such as hydrogels, cyclodextrins, biodegradable

nanocapsules, and bioadhesive microspheres, proteinaceous vectors, or Dynamic

PolyconjugatesTM (DPCs) (see, for example WO 2000/053722, WO 2008/0022309, WO

25 2011/104169, and WO 2012/083185, each of which is incorporated herein by reference).

In some embodiments, an APOC3 RNAi agent is delivered to target cells or tissues by

covalently linking or conjugating the RNAi agent to a targeting group, such as an

asialoglycoprotein receptor ligand. In some embodiments, an asialoglycoprotein receptor

30 ligand includes, consists of, or consists essentially of, a galactose or galactose derivative

cluster. In some embodiments, an APOC3 RNAi agent is linked to a targeting ligand

comprising the galactose derivative N-acetyl-galactosamine. In some embodiments, a

galactose derivative cluster includes an N-acetyl-galactosamine trimer or an N-acetyl-

galactosamine tetramer. In some embodiments, a galactose derivative cluster is an N-acetyl-

5
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CLAIMS 

1. An RNAi agent for inhibiting expression of an APOC3 gene, comprising: 

(a) an antisense strand comprising the nucleotide sequence selected from the 

group consisting of (5′  3′): 

(i) UCACUGAGAAUACUGUCCCUC (SEQ ID NO:3); and 

(ii) UCACUGAGAAUACUGUCCCGU (SEQ ID NO:5); and 

 

(b) a sense strand comprising a nucleotide sequence that is at least partially 

complementary to the antisense strand;  

wherein all or substantially all of the nucleotides on the antisense strand, the sense strand, 

or both the antisense strand and the sense strand are modified nucleotides, and 

wherein the sense strand is linked to a targeting group that comprises N-acetyl-

galactosamine. 

 

 
2. The RNAi agent of claim 1, wherein the modified nucleotides are 2′-O-methyl nucleotides, 

2′-fluoro nucleotides, or combinations thereof. 

 

3. The RNAi agent of claim 1, wherein the targeting group comprises a structure selected 

from the group consisting of: (NAG13), (NAG13)s, (NAG18), (NAG18)s, (NAG24), 

(NAG24)s, (NAG25), (NAG25)s, (NAG26), (NAG26)s, (NAG27), (NAG27)s, (NAG28), 

(NAG28)s, (NAG29), (NAG29)s, (NAG30), (NAG30)s, (NAG31), (NAG31)s, (NAG32), 

(NAG32)s, (NAG33), (NAG33)s, (NAG34), (NAG34)s, (NAG35), (NAG35)s, (NAG36), 

(NAG36)s, (NAG37), (NAG37)s, (NAG38), (NAG38)s, (NAG39), (NAG39)s. 

 

4. The RNAi agent of claim 3, wherein the targeting group comprises the structure of: 
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 or 

. 

 

5. The RNAi agent of claim 3, wherein the targeting group is conjugated to the sense strand. 

 

6. The RNAi agent of claim 5, wherein the targeting group is conjugated to the 5’ terminal 

end of the sense strand. 

 

7. The RNAi agent of claim 1, wherein the sense strand is between 21 and 30 nucleotides in 

length, and the antisense strand is between 21 and 30 nucleotides in length. 
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8. The RNAi agent of claim 7, wherein the sense strand and the antisense strand are each 

between 21 and 27 nucleotides in length. 

 

9. The RNAi agent of claim 8, wherein the sense strand and the antisense strand are each 

between 21 and 24 nucleotides in length. 

 

10. The RNAi agent of claim 9, wherein the sense strand and the antisense strand are each 21 

nucleotides in length. 

 

11. The RNAi agent of claim 10, wherein the RNAi agent has two blunt ends. 

 

12. The RNAi agent of claim 1, wherein the sense strand comprises one or two terminal caps. 

 

13. The RNAi agent of claim 1, wherein the sense strand comprises one or two inverted abasic 

residues. 

 

14. The RNAi agent of claim 1, wherein the sense strand comprises the nucleotide sequence 

selected from the group consisting of (5′  3′): 

GAGGGACAGUAUUCUCAGUIA (SEQ ID NO:16); 

ACGGGACAGUAUUCUCAGUIA (SEQ ID NO:18); and 

GAGGGACAGUAUUCUCAGUGA (SEQ ID NO:21); 

wherein I represents an inosine nucleotide.  

 

15. The RNAi agent of claim 14, wherein the sense strand further includes inverted abasic 

residues at the 3’ terminal end and at the 5’ end of the nucleotide sequence. 

 

16. The RNAi agent of claim 1, wherein the antisense strand comprises the nucleotide 

sequences selected from the group consisting of (5′  3′):  

usCfsasCfuGfagaauAfcUfgUfcCfcUfsc (SEQ ID NO:2); 

usCfsasCfuGfagaauAfcUfgUfcCfcGfsu (SEQ ID NO:4); and 

usCfsascugagaauAfcUfgUfcCfcUfsc (SEQ ID NO:6); 
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wherein a, c, g, and u represent 2′-O-methyl adenosine, cytidine, guanosine, or uridine, 

respectively; Af, Cf, Gf, and Uf represent 2′-fluoro adenosine, cytidine, guanosine, or uridine, 

respectively; and s represents a phosphorothioate linkage. 

 

17. The RNAi agent of claim 16, wherein the sense strand comprises the nucleotide sequence 

selected from the group consisting of (5′  3′): 

gagggacaGfUfAfuucucaguia (SEQ ID NO:15); 

acgggacaGfUfAfuucucaguia (SEQ ID NO:17); 

gagggacaGfuAfuUfcucaguia (SEQ ID NO:19); and 

gagggacaGfUfAfuucucaguga (SEQ ID NO:20); 

wherein a, c, g, i, and u represent 2′-O-methyl adenosine, cytidine, guanosine, inosine, or uridine, 

respectively; Af, Cf, Gf, If, and Uf represent 2′-fluoro adenosine, cytidine, guanosine, inosine or 

uridine, respectively; and s represents a phosphorothioate linkage. 

 

18. The RNAi agent of claim 17, wherein the sense strand further includes an inverted abasic 

residue at the 3’ terminal end and/or at the 5’ end of the nucleotide sequence.  

 

19. The RNAi agent of claim 1, wherein the RNAi agent has the duplex structure selected from 

the group consisting of: AD05251 (SEQ ID NOs: 2 and 501); AD05876 (SEQ ID NOs: 4 

and 572); AD05769 (SEQ ID NOs: 6 and 557); and AD05169 (SEQ ID NOs: 2 and 482) 

 

20. The RNAi agent of claim 19, wherein the RNAi agent has the duplex structure of AD05251 

(SEQ ID NOs: 2 and 501)  

 

21. A composition comprising the RNAi agent of claim 1, wherein the composition comprises 

a pharmaceutically acceptable excipient. 

 

22. A composition comprising the RNAi agent of claim 16, wherein the composition comprises 

a pharmaceutically acceptable excipient. 
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23. A composition comprising the RNAi agent of claim 17, wherein the composition comprises 

a pharmaceutically acceptable excipient. 

 

24. The composition of claim 21, wherein the composition further comprises a second RNAi 

agent for inhibiting the expression of an APOC3 gene. 

 

25. The composition of claim 21, wherein the composition further comprises one or more 

additional therapeutics. 

 

26. A method for inhibiting expression of an APOC3 gene in an isolated cell, the method 

comprising introducing into a cell an effective amount of the composition of claim 21. 

 
27. The RNAi agent of claim 16, wherein the antisense strand comprises the nucleotide 

sequence (5′  3′) usCfsasCfuGfagaauAfcUfgUfcCfcUfsc (SEQ ID NO:2); wherein a, c, 

g, and u represent 2′-O-methyl adenosine, cytidine, guanosine, or uridine, respectively; Af, 

Cf, Gf, and Uf represent 2′-fluoro adenosine, cytidine, guanosine, or uridine, respectively; 

and s represents a phosphorothioate linkage. 

 
28. The RNAi agent of claim 27, wherein the sense strand comprises the nucleotide sequence 

(5′  3′) gagggacaGfUfAfuucucaguia (SEQ ID NO:15), wherein a, c, g, i, and u represent 

2′-O-methyl adenosine, cytidine, guanosine, inosine, or uridine, respectively; Af, Cf, Gf, 

and Uf represent 2′-fluoro adenosine, cytidine, guanosine, or uridine, respectively; and 

wherein the sense strand optionally includes inverted abasic residues at the 3’ terminal end 

and/or at the 5’ end of the nucleotide sequence. 

 
29. The RNAi agent of claim 27, wherein the sense strand comprises the nucleotide sequence 

(5′  3′) (NAG37)s(invAb)sgagggacaGfUfAfuucucaguias(invAb) (SEQ ID NO:501), 

wherein a, c, g, i, and u are 2′-O-methyl adenosine, cytidine, guanosine, inosine, or uridine, 

respectively; Af, Cf, Gf, and Uf are 2′-fluoro adenosine, cytidine, guanosine, or uridine, 

respectively; s is a phosphorothioate linkage; (invAb) is an inverted abasic deoxyribose residue, 

and (NAG37)s has the following chemical structure: 
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. 

 
30. The RNAi agent of claim 27, wherein the sense strand comprises the nucleotide sequence 

(5′  3′) gagggacaGfUfAfuucucaguga (SEQ ID NO:20), wherein a, c, g, and u represent 

2′-O-methyl adenosine, cytidine, guanosine, or uridine, respectively; Af, Cf, Gf, and Uf 

represent 2′-fluoro adenosine, cytidine, guanosine, or uridine, respectively; and wherein the 

sense strand optionally includes inverted abasic residues at the 3’ terminal end and/or at the 

5’ end of the nucleotide sequence. 

 

31. The RNAi agent of claim 27, wherein the sense strand comprises the nucleotide sequence 

(5′  3′) (NAG37)s(invAb)sgagggacaGfUfAfuucucagugas(invAb) (SEQ ID NO:482), 

wherein a, c, g, i, and u are 2′-O-methyl adenosine, cytidine, guanosine, inosine, or uridine, 

respectively; Af, Cf, Gf, and Uf are 2′-fluoro adenosine, cytidine, guanosine, or uridine, 

respectively; s is a phosphorothioate linkage; (invAb) is an inverted abasic deoxyribose residue, 

and (NAG37)s has the following chemical structure: 
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. 

 

32. The RNAi agent of claim 16, wherein the antisense strand comprises the nucleotide 

sequence (5′  3′) usCfsasCfuGfagaauAfcUfgUfcCfcGfsu (SEQ ID NO:4); wherein a, c, 

g, and u represent 2′-O-methyl adenosine, cytidine, guanosine, or uridine, respectively; Af, 

Cf, Gf, and Uf represent 2′-fluoro adenosine, cytidine, guanosine, or uridine, respectively; 

and s represents a phosphorothioate linkage. 

 

33. The RNAi agent of claim 32, wherein the sense strand comprises the nucleotide sequence 

(5′  3′) acgggacaGfUfAfuucucaguia (SEQ ID NO:17), wherein a, c, g, i, and u represent 

2′-O-methyl adenosine, cytidine, guanosine, inosine, or uridine, respectively; Af, Cf, Gf, 

and Uf represent 2′-fluoro adenosine, cytidine, guanosine, or uridine, respectively; and 

wherein the sense strand optionally includes inverted abasic residues at the 3’ terminal end 

and/or at the 5’ end of the nucleotide sequence. 

 

34. The RNAi agent of claim 32, wherein the sense strand comprises the nucleotide sequence 

(5′  3′) (NAG37)s(invAb)sacgggacaGfUfAfuucucaguias(invAb) (SEQ ID NO:572), 

wherein a, c, g, i, and u are 2′-O-methyl adenosine, cytidine, guanosine, inosine, or uridine, 

respectively; Af, Cf, Gf, and Uf are 2′-fluoro adenosine, cytidine, guanosine, or uridine, 
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respectively; s is a phosphorothioate linkage; (invAb) is an inverted abasic deoxyribose residue, 

and (NAG37)s has the following chemical structure: 

. 

 

35. The RNAi agent of claim 16, wherein the antisense strand comprises the nucleotide 

sequence (5′  3′) usCfsascugagaauAfcUfgUfcCfcUfsc (SEQ ID NO:6); wherein a, c, g, 

and u represent 2′-O-methyl adenosine, cytidine, guanosine, or uridine, respectively; Af, 

Cf, Gf, and Uf represent 2′-fluoro adenosine, cytidine, guanosine, or uridine, respectively; 

and s represents a phosphorothioate linkage. 

 

36. The RNAi agent of claim 35, wherein the sense strand comprises the nucleotide sequence 

(5′  3′) gagggacaGfuAfuUfcucaguia (SEQ ID NO:19), wherein a, c, g, i, and u represent 

2′-O-methyl adenosine, cytidine, guanosine, inosine, or uridine, respectively; Af, Cf, Gf, 

and Uf represent 2′-fluoro adenosine, cytidine, guanosine, or uridine, respectively; and 

wherein the sense strand optionally includes inverted abasic residues at the 3’ terminal end 

and/or at the 5’ end of the nucleotide sequence. 
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37. The RNAi agent of claim 35, wherein the sense strand comprises the nucleotide sequence 

(5′  3′) (NAG37)s(invAb)sgagggacaGfuAfuUfcucaguias(invAb) (SEQ ID NO:557), 

wherein a, c, g, i, and u are 2′-O-methyl adenosine, cytidine, guanosine, inosine, or uridine, 

respectively; Af, Cf, Gf, and Uf are 2′-fluoro adenosine, cytidine, guanosine, or uridine, 

respectively; s is a phosphorothioate linkage; (invAb) is an inverted abasic deoxyribose residue, 

and (NAG37)s has the following chemical structure: 

. 

38. The RNAi agent of claim 19, wherein the RNAi agent has the duplex structure of AD05169 

(SEQ ID NOs: 2 and 482).  

 
39. The RNAi agent of claim 19, wherein the RNAi agent has the duplex structure of AD05876 

(SEQ ID NOs: 4 and 572). 

 
40. The RNAi agent of claim 19, wherein the RNAi agent has the duplex structure of AD05769 

(SEQ ID NOs: 6 and 557). 
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