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PATATIN-LIKE PHOSPHOLIPASE DOMAIN CONTAINING 3 (PNPLA3) iRNA
COMPOSITIONS AND METHODS OF USE THEREOF

Related Applications
This application claims the benefit of priority to U.S. Provisional Application No. 63/195,769,
filed on June 2, 2021; and U.S. Provisional Application No. 63/232,797, filed on August 13, 2021.

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

Sequence Listing
The instant application contains a Sequence Listing which has been submitted electronically
in ASCII format and is hereby incorporated by reference in its entirety. Said ASCII copy, created on
May 31, 2022, is named 121301-14820_SL.txt and is 457,724 bytes in size.

Background of the Invention

The accumulation of excess triglyceride in the liver is known as hepatic steatosis (or fatty
liver), and is associated with adverse metabolic consequences, including insulin resistance and
dyslipidemia. Fatty liver is frequently found in subjects having excessive alcohol intake and subjects
having obesity, diabetes, or hyperlipidemia. However, in the absence of excessive alcohol intake (>
10 g/day), nonalcoholic fatty liver disease (NAFLD) can develop. NAFLD refers to a wide spectrum
of liver diseases that can progress from simple fatty liver (steatosis), to nonalcoholic steatohepatitis
(NASH), to cirrhosis (irreversible, advanced scarring of the liver). All of the stages of NAFLD have
in common the accumulation of fat (fatty infiltration) in the liver cells (hepatocytes).

The NAFLD spectrum begins with and progress from its simplest stage, called simple fatty
liver (steatosis). Simple fatty liver involves the accumulation of fat (triglyceride) in the liver cells
with no inflammation (hepatitis) or scarring (fibrosis). The next stage and degree of severity in the
NAFLD spectrum is NASH, which involves the accumulation of fat in the liver cells, as well as
inflammation of the liver. The inflammatory cells destroy liver cells (hepatocellular necrosis), and
NASH ultimately leads to scarring of the liver (fibrosis), followed by irreversible, advanced scarring
(cirrhosis). Cirrhosis that is caused by NASH is the last and most severe stage in the NAFLD
spectrum.

In 2008, a genomewide association study of individuals with proton magnetic resonance
spectroscopy of the liver to evaluate hepatic fat content, a significant association was identified
between hepatic fat content and the Patatin-like Phospholipase Domain Containing 3 (PNPLA3)
gene (see, for example, Romeo ef al. (2008) Nat. Genet., 40(12):1461-1465). Studies with knock-in
mice have demonstrated that expression of a sequence polymorphism (rs738409, 1148M) in PNPLA3
causes NAFLD, and that the accumulation of catalytically inactive PNPLA3 on the surfaces of lipid
droplets is associated with the accumulation of triglycerides in the liver (Smagris et al. (2015)

Hepatology, 61:108-118). Specifically, the PNPLA3 [148M variant was associated with promoting
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the development of fibrogenesis by activating the hedgehog (Hh) signaling pathway, leading to the
activation and proflieration of hepatic stellate cells and excessive generation and deposition of
extracellular matrix (Chen et al. (2015) World J. Gastroenterol., 21(3):794-802).

Currently, treatments for NAFLD are directed towards weight loss and treatment of any
secondary conditions, such as insulin resistance or dyslipidemia. To date, no pharmacologic
treatments for NAFLD have been approved. Therefore, there is a need for therapies for subjects

suffering from NAFLD.

Summary of the Invention

The present invention provides iRNA compositions which affect the RNA-induced silencing
complex (RISC)-mediated cleavage of RNA transcripts of a gene encoding Patatin-Like
Phospholipase Domain Containing 3 (PNPLA3). The Patatin-Like Phospholipase Domain Containing
3 (PNPLA3) may be within a cell, e.g., a cell within a subject, such as a human subject.

In an aspect, the invention provides a double stranded ribonucleic acid (dsRNA) agent for
inhibiting expression of Patatin-Like Phospholipase Domain Containing 3 (PNPLA3) in a cell,
wherein the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded
region, wherein the sense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, or 21 contiguous
nucleotides differing by no more than 0, 1, 2, or 3 nucleotides from the nucleotide sequence of SEQ
ID NO:1 and the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23
contiguous nucleotides differing by no more than 1, 2, or 3 nucleotides from the nucleotide sequence
of SEQ ID NO:2. In one embodiment, the dsRNA agent comprises at least one thermally
destabilizing nucleotide modification, e.g., an abasic modification; a mismatch with the opposing
nucleotide in the duplex; and destabilizing sugar modification, a 2’-deoxy modification, an acyclic
nucleotide, an unlocked nucleic acids (UNA), or a glycerol nucleic acid (GNA). In some
embodiments, the antisense strand comprises the at least one thermally destabilizing nucleotide
modification.

In another aspect, the present invention provides a double stranded ribonucleic acid (dsSRNA)
for inhibiting expression of Patatin-Like Phospholipase Domain Containing 3 (PNPLA3) in a cell,
wherein said dsSRNA comprises a sense strand and an antisense strand forming a double stranded
region, wherein the antisense strand comprises a region of complementarity to an mRNA encoding
Patatin-Like Phospholipase Domain Containing 3 (PNPLA3), and wherein the region of
complementarity comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or 23 contiguous
nucleotides differing by no more than 0, 1, 2, or 3 nucleotides from any one of the antisense
nucleotide sequences in any one of Tables 2, 3, 6, and 7.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA) for
inhibiting expression of Patatin-Like Phospholipase Domain Containing 3 (PNPLA3) in a cell,
wherein said dsSRNA comprises a sense strand and an antisense strand forming a double stranded
region, wherein the sense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, or 21 contiguous

nucleotides differing by no more than 0, 1, 2, or 3 nucleotides from any one of the nucleotide
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sequence of nucleotides 187-209; 214-238; 219-245; 283-305; 351-379; 361-391; 395-419; 416-439;
472-494; 483-506; 570-598; 618-649; 631-654; 636-659; 640-662; 643-677; 676-710; 740-772; 782-
&05; 803-825; 810-842; 864-905; 905-927; 910-934; 919-942; 953-983; 1062-1087; 1069-1097;
1078-1108; 1094-112; 1164-1187; 1170-1199; 1180-1212; 1196-1224; 1234-1262; 1259-1297,
1278-1318; 1326-1351; 1382-1411; 1518-1545; 1543-1568; 1549-1574; 1575-1597; 1621-1643;
1644-1692; 1676-1700; 1712-1734; 1719-1745; 1733-1778; 1733-1760; 1739-1770; 1749-1778;
1829-1856; 1865-1890; 1900-1925; 2076-2098; 2121-2148; 2175-2208; or 2243-2265 of the
nucleotide sequence of SEQ ID NO:1, and the antisense strand comprises at least 19 contiguous
nucleotides from the corresponding nucleotide sequence of SEQ ID NO:2.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA)
agent for inhibiting expression of Patatin-Like Phospholipase Domain Containing 3 (PNPLA3) in a
cell, wherein said dsRNA agent comprises a sense strand and an antisense strand forming a double
stranded region, wherein the sense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, 20, 21, 22, or
23 contiguous nucleotides differing by no more than 0, 1, 2, or 3 nucleotides from any one of the
nucleotide sequence of nucleotides 687-709, 1182-1204, 1201-1223, 1738-1760, or 2186-2208 of
SEQ ID NO: 1, and the antisense strand comprises at least 15 contiguous nucleotides from the
corresponding nucleotide sequence of SEQ ID NO:2.

In some embodiments, the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, or
20, contiguous nucleotides differing by no more than 0, 1, 2, or 3 nucleotides from any one of the
antisense strand nucleotide sequences of a duplex selected from the group consisting of AD-
1526902.2, AD-1526891.3, AD-1526820.3, AD-1526960.2, and AD-1526996.2.

In some embodiments, the antisense strand comprises at least 15, e.g., 15, 16, 17, 18, 19, or
20, contiguous nucleotides differing by no more than 0, 1, 2, or 3 nucleotides from any one of the
antisense strand nucleotide sequences of a duplex selected from the group consisting of AD-
1526902.2, AD-1526891.3, AD-1526820.3, and AD-1526960.2.

In some embodiments, the sense and the antisense strand comprise at least 15, e.g., 15, 16,
17, 18, 19, or 20, contiguous nucleotides differing by no more than 0, 1, 2, or 3 nucleotides from any
one of the sense and the antisense strand nucleotide sequences of a duplex selected from the group
consisting of AD-1526902, AD-1526891, AD-1526820, and AD-1526960.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA)
agent for inhibiting expression of Patatin-Like Phospholipase Domain Containing 3 (PNPLA3),
wherein said dsRNA agent comprises a sense strand comprising or consisting of
asascuugCfuAfCfCfcauuaggauul.96 (SEQ ID NO:723) and an antisense strand comprising or
consisting of asAfsuccUfaauggguAfgCfaaguusgsc (SEQ ID NO:1012), wherein a, g, c and u are 2'-
O-methyl (2'-OMe) A, G, C, and U; Af, Cf, and Uf are 2'-fluoro A, C and U; s is a phosphorothioate
linkage; and .96 is a GalNAc3 ligand.

In another aspect, the present invention provides a double stranded ribonucleic acid (dSRNA)
agent for inhibiting expression of Patatin-Like Phospholipase Domain Containing 3 (PNPLA3),

wherein said dsRNA agent comprises a sense strand comprising or consisting of
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asusacauGfaGfCfAfagauuugcaulL96 (SEQ ID NO:713) and an antisense strand comprising or
consisting of asUfsgcaAfaucuugcUfcAfuguauscse (SEQ ID NO:1001), wherein a, g, c and u are 2'-
O-methyl (2'-OMe) A, G, C, and U; Af, Gf, Cf, and Uf are 2'-fluoro A, G,Cand U; sis a
phosphorothioate linkage; and L96 is a GalNAc3 ligand.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA)
agent for inhibiting expression of Patatin-Like Phospholipase Domain Containing 3 (PNPLA3),
wherein said dsRNA agent comprises a sense strand comprising or consisting of
csgsuaccCfuUfCfAfuugaugecaul.96 (SEQ ID NO:647) and an antisense strand comprising or
consisting of asUfsggdCa(Tgn)caaugaAfgGfguacgsusu (SEQ ID NO:930), wherein a, g, c and u are
2'-O-methyl (2'-OMe) A, G, C, and U; Af, Gf, Cf, and Uf are 2'-fluoro A, G, C and U; Tgn is
thymidine-glycol nucleic acid (GNA) S-isomer; s is a phosphorothioate linkage; and L96 is a
GalNAc3 ligand.

In another aspect, the present invention provides a double stranded ribonucleic acid (dSRNA)
agent for inhibiting expression of Patatin-Like Phospholipase Domain Containing 3 (PNPLA3),
wherein said dsRNA agent comprises a sense strand comprising or consisting of
uscsugagCfuGfAfGfuugguuuuaul.96 (SEQ ID NO:774) and an antisense strand comprising or
consisting of asUfsaaaAfccaacucAfgCfucagasgsg (SEQ ID NO:1070), wherein a, g, c and u are 2'-O-
methyl (2'-OMe) A, G, C, and U; Af, Gf, Cf, and Uf are 2'-fluoro A, G, Cand U; s is a
phosphorothioate linkage; and L96 is a GalNAc3 ligand.

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

In one embodiment, substantially all of the nucleotides of the sense strand; substantially all
of the nucleotides of the antisense strand are modified nucleotides; or substantially all of the
nucleotides of the sense strand and substantially all of the nucleotides of the antisense strand are
modified nucleotides.

In one embodiment, all of the nucleotides of the sense strand are modified nucleotides; all of
the nucleotides of the antisense strand are modified nucleotides; or all of the nucleotides of the sense
strand and all of the nucleotides of the antisense strand are modified nucleotides.

In one embodiment, at least one of the modified nucleotides is selected from the group
consisting of a deoxy-nucleotide, a 3’-terminal deoxy-thymine (dT) nucleotide, a 2'-O-methyl
modified nucleotide, a 2'-fluoro modified nucleotide, a 2'-deoxy-modified nucleotide, a locked
nucleotide (LNA), an unlocked nucleotide, a conformationally restricted nucleotide, a constrained
cthyl nucleotide, an abasic nucleotide, a 2’-amino-modified nucleotide, a 2’-O-allyl-modified
nucleotide, 2’-C-alkyl-modified nucleotide, 2’-hydroxly-modified nucleotide, a 2’-methoxyethyl
modified nucleotide, a 2°-O-alkyl-modified nucleotide, a morpholino nucleotide, a phosphoramidate,
a non-natural base comprising nucleotide, a tetrahydropyran modified nucleotide, a 1,5-
anhydrohexitol modified nucleotide, a cyclohexenyl modified nucleotide, a nucleotide comprising a
phosphorothioate group, a nucleotide comprising a methylphosphonate group, a nucleotide

comprising a 5’ -phosphate, a nucleotide comprising a 5’-phosphate mimic, a thermally destabilizing
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nucleotide, a glycol modified nucleotide (GNA), a nucleotide with a 2’ phosphate, and a 2-O-(N-
methylacetamide) modified nucleotide; and combinations thereof.

In one embodiment, the modified nucleotides are selected from the group consisting of LNA
modified nucleotides, 1,5-anhydrohexitol (HNA) modified nucleotides, cyclohexenyl (CeNA)
modified nucleotides, 2’-methoxyethyl modified nucleotides, 2’-O-alkyl modified nucleotides, 2’-O-
allyl modified nucleotides, 2’-C- allyl modified nucleotides, 2’-fluoro modified nucleotides, 2’-deoxy
modified nucleotides, 2’-hydroxyl modified nucleotides, 2'-O-methyl modified nucleotides, 2'-halo
modified nucleotides, and glycol modified nucleotides; and combinations thereof.

In one embodiment, at least one of the modified nucleotides is selected from the group
consisting of a deoxy-nucleotide, a 2'-O-methyl modified nucleotide, a 2'-fluoro modified nucleotide,
a 2'-deoxy-modified nucleotide, a glycol modified nucleotide (GNA), e.g., Ggn, Cgn, Tgn, or Agn, a
nucleotide comprising a 2’ phosphate, e.g., G2p, C2p, A2p, U2p, and a vinyl-phosphonate
nucleotide; and combinations thereof.

In another embodiment, at least one of the modified nucleotides is a thermally destabilizing
nucleotide modification.

In one embodiment, the thermally destabilizing nucleotide modification is selected from the
group consisting of an abasic modification; a mismatch with the opposing nucleotide in the duplex;
and destabilizing sugar modification, a 2’-deoxy modification, an acyclic nucleotide, an unlocked
nucleic acids (UNA), and a glycerol nucleic acid (GNA).

In some embodiments, the modified nucleotide comprises a short sequence of 3’-terminal
deoxy-thymine nucleotides (dT).

In some embodiments, the modifications on the nucleotides are 2’-O-methyl, GNA and
2’fluoro modifications.

In some embodiments, the dSRNA agent further comprises at least one phosphorothioate
internucleotide linkage. In some embodiments, the dSRNA agent comprises 6-8 phosphorothioate
internucleotide linkages. In one embodiment, the phosphorothioate or methylphosphonate
internucleotide linkage is at the 3’-terminus of one strand. Optionally, the strand is the antisense
strand. In another embodiment, the strand is the sense strand. In a related embodiment, the
phosphorothioate or methylphosphonate internucleotide linkage is at the 5’-terminus of one strand.
Optionally, the strand is the antisense strand. In another embodiment, the strand is the sense strand.
In another embodiment, the phosphorothioate or methylphosphonate internucleotide linkage is at the
both the 5°- and 3’-terminus of one strand. Optionally, the strand is the antisense strand. In another
embodiment, the strand is the sense strand.

The double stranded region may be 19-30 nucleotide pairs in length;19-25 nucleotide pairs in
length;19-23 nucleotide pairs in length; 23-27 nucleotide pairs in length; or 21-23 nucleotide pairs in
length; 19, 20, 21 nucleotides in length. The double stranded region may have 0, 1, 2, or 3
mismatches.

In one embodiment, each strand is independently no more than 30 nucleotides in length.
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In one embodiment, the sense strand is 21 nucleotides in length and the antisense strand is 23
nucleotides in length.

The region of complementarity may be at least 17 nucleotides in length; between 19 and 23
nucleotides in length; or 19 nucleotides in length.

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

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

In one embodiment, the ligand is conjugated to the 3’ end of the sense strand of the dsSRNA
agent.

In one embodiment, the ligand cooomprises an N-acetylgalactosamine (GalNAc) derivative.

In one embodiment, the ligand is an N-acetylgalactosamine (GalNAc) derivative.

In one embodiment, the ligand comprises one or more GalNAc derivatives attached through
a monovalent, bivalent, or trivalent branched linker.

In one embodiment, the ligand is one or more GalNAc derivatives attached through a
monovalent, bivalent, or trivalent branched linker.

In one embodiment, the ligand comprises

AcHN S 5
Ho OH r
Hgﬁ/o\/\/\n/N/\/\N O
AcHN o H H

In one embodiment, the dsSRNA agent is conjugated to the ligand as shown in the following

schematic
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(@]

0

AcHN
and, wherein X is O or S.

In one embodiment, the X is O.

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

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

In another embodiment, the phosphorothioate or methylphosphonate internucleotide linkage
is at the 5’-terminus of one strand, e.g., the antisense strand or the sense strand.

In one embodiment, the phosphorothioate or methylphosphonate internucleotide linkage is at
the both the 5’- and 3’-terminus of one strand. In one embodiment, the strand is the antisense strand.

In one embodiment, the base pair at the 1 position of the 5’-end of the antisense strand of the
duplex is an AU base pair.

The present invention also provides cells containing any of the dsRNA agents of the
invention and pharmaceutical compositions comprising any of the dSRNA agents of the invention.

The pharmaceutical composition of the invention may include dsRNA agent in an
unbuffered solution, e.g., saline or water, or the pharmaceutical composition of the invention may
include the dsRINA agent is in a buffer solution, e.g., a buffer solution comprising acetate, citrate,
prolamine, carbonate, or phosphate or any combination thereof; or phosphate buffered saline (PBS).

In one aspect, the present invention provides a method of inhibiting expression of a Patatin-
Like Phospholipase Domain Containing 3 (PNPLA3) gene in a cell. The method includes contacting
the cell with any of the dsSRNAs of the invention or any of the pharmaceutical compositions of the
invention, thereby inhibiting expression of the PNPLA3 gene in the cell.

In one embodiment, the cell is within a subject, e.g., a human subject, e.g., a subject having a
Patatin-Like Phospholipase Domain Containing 3 (PNPLA3)-associated disorder, such as a Patatin-
Like Phospholipase Domain Containing 3 (PNPLA3)-associated disorder selected from the group
consisting of fatty liver (steatosis), nonalcoholic steatohepatitis (NASH), citrhosis of the liver,
accumulation of fat in the liver, inflammation of the liver, hepatocellular necrosis, liver fibrosis,

obesity, or nonalcoholic fatty liver disease (NAFLD).
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In one embodiment, contacting the cell with the dSRNA agent inhibits the expression of
PNPLA3 by at least 50%, 60%, 70%, 80%, 90%, or 95%.

In one embodiment, inhibiting expression of PNPLA3 decreases PNPLA3 protein level in
serum of the subject by at least 50%, 60%, 70%, 80%, 90%, or 95%.

In one aspect, the present invention provides a method of treating a subject having a disorder
that would benefit from reduction in Patatin-Like Phospholipase Domain Containing 3 (PNPLA3)
expression. The method includes administering to the subject a therapeutically effective amount of
any of the dsRNAs of the invention or any of the pharmaceutical compositions of the invention,
thereby treating the subject having the disorder that would benefit from reduction in PNPLA3
expression.

In another aspect, the present invention provides a method of preventing at least one
symptom in a subject having a disorder that would benefit from reduction in Patatin-Like
Phospholipase Domain Containing 3 (PNPLA3) expression. The method includes administering to
the subject a prophylactically effective amount of any of the dsSRNAs of the invention or any of the
pharmaceutical compositions of the invention, thereby preventing at least one symptom in the subject
having the disorder that would benefit from reduction in PNPLA3 expression.

In one embodiment, the disorder is a Patatin-Like Phospholipase Domain Containing 3
(PNPLA3)-associated disorder, e.g., a Patatin-Like Phospholipase Domain Containing 3 (PNPLA3)-
associated disorder is selected from the group consisting of fatty liver (steatosis), nonalcoholic
steatohepatitis (NASH), cirrhosis of the liver, accumulation of fat in the liver, inflammation of the
liver, hepatocellular necrosis, liver fibrosis, obesity, or nonalcoholic fatty liver disease (NAFLD).

In one embodiment, the PNPLA3-associated disorder is NAFLD.

In one embodiment, the subject is human.

In one embodiment, the dsSRNA agent is administered to the subject at a dose of about
0.01 mg/kg to about 50 mg/kg.

In one embodiment, the dsSRNA agent is administered to the subject subcutaneously.

In one embodiment, the methods of the invention include further determining the level of
PNPLA3 in a sample(s) from the subject.

In one embodiment, the level of Patatin-Like Phospholipase Domain Containing 3
(PNPLA3) in the subject sample(s) is a Patatin-Like Phospholipase Domain Containing 3 (PNPLA3)
protein level in a blood or serum sample(s).

In certain embodiments, the methods of the invention further comprise administering to the
subject an additional therapeutic agent. In a further embodiment, the additional therapeutic agent is
selected from the group consisting of an HMG-CoA reductase inhibitor, a fibrate, a bile acid
sequestrant, niacin, an antiplatelet agent, an angiotensin converting enzyme inhibitor, an angiotensin
II receptor antagonist, an acylCoA cholesterol acetyltransferase (ACAT) inhibitor, a cholesterol
absorption inhibitor, a cholesterol ester transfer protein (CETP) inhibitor, a microsomal triglyceride
transfer protein (MTTP) inhibitor, a cholesterol modulator, a bile acid modulator, a peroxisome

proliferation activated receptor (PPAR) agonist, a gene-based therapy, a composite vascular
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protectant, a glycoprotein Ilb/Illa inhibitor, aspirin or an aspirin- like compound, an IBAT inhibitor, a
squalene synthase inhibitor, a monocyte chemoattractant protein (MCP)-I inhibitor, or fish oil.
The present invention also provides kits comprising any of the dsSRNAs of the invention or

any of the pharmaceutical compositions of the invention, and optionally, instructions for use.

The present invention is further illustrated by the following detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic depicting the overall study design for the in vivo screening of the
dsRNA agents targeting human PNPLA3.
Figure 2 is a graph showing human PNPLA3 mRNA levels in mice (n = 3 per group)
subcutaneously administered a single 10 mg/kg dose of the indicated dsSRNA duplexes, on day 14
post-dose. Human PNPLA3 mRNA levels are shown relative to control levels detected with PBS

treatment.

Detailed Description of the Invention

The present invention provides iRNA compositions which effect the RNA-induced silencing
complex (RISC)-mediated cleavage of RNA transcripts of a Patatin-Like Phospholipase Domain
Containing 3 (PNPLA3) gene. The gene may be within a cell, e.g., a cell within a subject, such as a
human. The use of these iRNAs enables the targeted degradation of mRNAs of the corresponding
gene (Patatin-Like Phospholipase Domain Containing 3 (PNPLA3) gene) in mammals.

The iRNAs of the invention have been designed to target the human Patatin-Like
Phospholipase Domain Containing 3 (PNPLA3) gene, including portions of the gene that are
conserved in the Patatin-Like Phospholipase Domain Containing 3 (PNPLA3) orthologs of other
mammalian species. Without intending to be limited by theory, it is believed that a combination or
sub-combination of the foregoing properties and the specific target sites or the specific modifications
in these iRNAs confer to the iRNAs of the invention improved efficacy, stability, potency, durability,
and safety.

Accordingly, the present invention provides methods for treating and preventing an Patatin-
Like Phospholipase Domain Containing 3 (PNPLA3)-associated disorder, e.g., fatty liver (steatosis),
nonalcoholic steatohepatitis (NASH), cirrhosis of the liver, accumulation of fat in the liver,
inflammation of the liver, hepatocellular necrosis, liver fibrosis, obesity, or nonalcoholic fatty liver
disease (NAFLD), using iRNA compositions which effect the RNA-induced silencing complex
(RISC)-mediated cleavage of RNA transcripts of a PNPLA3 gene.

The iRNAs of the invention include an RNA strand (the antisense strand) having a region
which is up to about 30 nucleotides or less in length, e.g., 19-30, 19-29, 19-28, 19-27, 19-26, 19-25,
19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 20-
21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 nucleotides in length, which
region is substantially complementary to at least part of an mRNA transcript of an PNPLA3 gene.
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In certain embodiments, one or both of the strands of the double stranded RNAi agents of the
invention is up to 66 nucleotides in length, e.g., 36-66, 26-36, 25-36, 31-60, 22-43, 27-53 nucleotides
in length, with a region of at least 19 contiguous nucleotides that is substantially complementary to at
least a part of an mRNA transcript of an PNPLA3 gene. In some embodiments, such iRNA agents
having longer length antisense strands preferably may include a second RNA strand (the sense strand)
of 20-60 nucleotides in length wherein the sense and antisense strands form a duplex of 18-30
contiguous nucleotides.

The use of iRNAs of the invention enables the targeted degradation of mRNAs of the
corresponding gene (PNPLA3 gene) in mammals. Using in vitro assays, the present inventors have
demonstrated that iRNAs targeting a PNPLA3 gene can potently mediate RNAI, resulting in
significant inhibition of expression of a PNPLA3 gene. Thus, methods and compositions including
these iRNAs are useful for treating a subject having a PNPLA3-associated disorder, e.g., fatty liver
(steatosis), nonalcoholic steatohepatitis (NASH), cirrhosis of the liver, accumulation of fat in the liver,
inflammation of the liver, hepatocellular necrosis, liver fibrosis, obesity, or nonalcoholic fatty liver
disease (NAFLD).

Accordingly, the present invention provides methods and combination therapies for treating a
subject having a disorder that would benefit from inhibiting or reducing the expression of an PNPLA3
gene, e.g., a Patatin-Like Phospholipase Domain Containing 3 (PNPLA3)-associated disease,
such as fatty liver (steatosis), nonalcoholic steatohepatitis (NASH), cirrhosis of the liver,
accumulation of fat in the liver, inflammation of the liver, hepatocellular necrosis, liver fibrosis,
obesity, or nonalcoholic fatty liver disease (NAFLD), using iRNA compositions which effect the
RNA-induced silencing complex (RISC)-mediated cleavage of RNA transcripts of an PNPLA3 gene.

The present invention also provides methods for preventing at least one symptom in a subject
having a disorder that would benefit from inhibiting or reducing the expression of a PNPLA3 gene,
e.g., fatty liver (steatosis), nonalcoholic steatohepatitis (NASH), cirrhosis of the liver, accumulation of
fat in the liver, inflammation of the liver, hepatocellular necrosis, liver fibrosis, obesity, or
nonalcoholic fatty liver disease (NAFLD). For example, in a subject having NAFLLD, the methods of
the present invention may reduce at least one symptom in the subject, e.g., fatigue, weakness, weight
loss, loss of apetite, nausea, abdominal pain, spider-like blood vessels, yellowing of the skin and eyes
(jaundice), itching, fluid build up and swelling of the legs (edema), abdomen swelling (ascites), and
mental confusion.

The following detailed description discloses how to make and use compositions containing
iRNAs to inhibit the expression of a PNPLA3 gene as well as compositions, uses, and methods for
treating subjects that would benefit from inhibition and/or reduction of the expression of a PNPLA3

gene, e.g., subjects susceptible to or diagnosed with a PNPLA3-associated disorder.

L Definitions
In order that the present invention may be more readily understood, certain terms are first

defined. In addition, it should be noted that whenever a value or range of values of a parameter are
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recited, it is intended that values and ranges intermediate to the recited values are also intended to be
part of this invention.

The articles “a” and “an” are used herein to refer to one or to more than one (i.e., to at