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173-HYDROXYSTEROID DEHYDROGENASE TYPE 13 (HSD17B13) iRNA
COMPOSITIONS AND METHODS OF USE THEREOF

RELATED APPLICATIONS
This application claims the benefit of priority to related to U.S. Provisional Application No.
63/406,894, filed on September 15, 2022, U.S. Provisional Application No. 63/434,581, filed on
December 22, 2022, and U.S. Provisional Application No. 63/521,752, filed on June 19, 2023. The

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

BACKGROUND OF THE INVENTION

17B-hydroxysteroid dehydrogenase Type 13 (HSD17B13) is a member of the 17f-
Hydroxysteroid dehydrogenase (HSD17B) family of enzymes whose members have various
functions, including, for example, reduction or oxidation of sex hormones, fatty acids, and bile acids
in vivo (Moeller and Adamski (2009) Mol Cell Endocrinol 301:7). Members of the HSD17B family
differ in tissue distribution, subcellular localization, catalytic preference, and have diverse substrate
specificities as they also catalyze the conversions of other substrates than steroids, as for example
lipids and retinoids (Marchais-Oberwinkler, et al. (2011) J Steroid Biochem Mol Biol 125(1-2):66—
82). HSD17B13 has been demonstrated to enhance hepatic lipogenesis in normal mouse liver and
cultured human hepatocytes (Su, et al. (2014) Proc Natl Acad Sci USA 111:11437).

Hepatocytes, which form the parenchymal tissue of the liver, are responsible for mobilizing
lipids for energy and storing excess lipids in the form of lipid droplets (LDs) making the liver the
primary organ responsible for lipid homeostasis.

LDs are now recognized as bioactive organelles involved in lipid metabolism, membrane
traffic and signal transduction. LDs are generally composed of a core of neutral lipids (such as
triacylglcerols (TGs) and cholesterol esters surrounded by a phospholipid/cholesterol monolayer.
Numerous LD-specific proteins associate with the membrane of LDs and function, e.g., to control the
flux of molecules into and out of the LDs. The predominant hepatocellular LD-associated proteins
are members of the perilipin family of proteins, but non-perilipin proteins, such as hypoxia-inducible
proein 2 (HIG2), patanin-like phospholipase domain-containing 3 (PNPLA3), and HSD17B13, have
also been identified as LD-associate proteins (Carr and Ahima (2016) Exp Cell Res 15:187; Su, et al.
(2014) Proc Natl Acad Sci USA 111:11437).

Increased accumulation of LDs is associated with many metabolic diseases and chronic
fibro-inflammatory liver diseases, such as liver fibrosis, NASH and NAFLD. HSD17B13 has been
identified as one of the most abundantly expressed LD proteins specifically localized on the surface
of LDs in human subjects and mice with NAFLD. The level of expression of HSD17B13 was also
shown to be up-regulated in the livers of patients and mice with NAFLD. Overexpression of
HSD17B13 resulted in an increase in the number and size of LDs. Hepatic overexpression of
HSD17B13 in C57BL/6 mice significantly increased lipogenesis and TG contents in the livers,
leading to a fatty liver phenotype.
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There is currently no treatment for chronic fibro-inflammatory liver diseases. The current
standard of care for subjects having a chronic fibro-inflammatory liver disease includes, lifestyle
modification and managing the associated comorbidities, e.g., hypertension, hyperlipidemia,
diabetes, obesity, etc. Accordingly, as the prevalence of chronic fibro-inflammatory liver diseases
has progressively increased over the past 10 years and is expected to increase, there is a need in the

art for alternative treatments for subjects having a chronic fibro-inflammatory liver disease.

SUMMARY OF THE INVENTION

The present invention is based, at least in part, on the discovery that administration, e.g.,
subcutaneous administration, of an RNAi agent targeting the HSD17B13 gene, e.g., AD-288996, to
subjects having NASH, lowers the level of HSD17B13 mRNA and lowers liver enzymes and biopsy-
derived nonalcoholic fatty liver disease (NAFLD) Activity Scores (NAS) over six months.

Accordingly, in one aspect, the present invention provides a method of reducing the level of
HSD17B13 mRNA in a subject. The method includes administering to the subject a therapeutically
effective amount, e.g., a dose of about 25 mg to about 800 mg, of a dsSRNA agent or a pharmaceutical
composition thereof, wherein the dsRINA agent comprises a sense strand and an antisense strand
forming a double stranded region, wherein the sense strand comprises the nucleotide sequence 5’-
AUGCUUUUGCAUGGACUAUCU -3’ (SEQ ID NO:26) and the antisense strand comprises the
nucleotide sequence 5’- AGAUAGTCCAUGCAAAAGCAUUC -3’ (SEQ ID NO:27), thereby
reducing the level of HSD17B13 mRNA in the subject. In some embodiments, the subject suffers
from an HSD17B13-associated disease, disorder, or condition. Further in some embodiments, the
subject suffers from at least one condition chosen from a chronic fibro-inflammatory liver disease, a
chronic fibro-inflammatory liver disease associated with the accumulation and/or expansion of lipid
droplets in the liver, inflammation of the liver, liver fibrosis, fatty liver disease (steatosis),
nonalcoholic steatohepatitis (NASH), nonalcoholic fatty liver disease (NAFLD), cirrhosis of the
liver, alcoholic steatohepatitis (ASH), alcoholic liver diseases (ALD), HCV-associated cirrhosis,
drug-induced liver injury, hepatocellular necrosis, and obesity.

In another aspect, the present invention provides a method of treating a subject suffering
from an HSD17B13-associated disease, disorder, or condition, e.g., nonalcoholic steatohepatitis
(NASH). The method includes administering to the subject a therapeutically effective amount, e.g., a
dose of about 25 mg to about 800 mg, of a dSRNA agent or a pharmaceutical composition thereof,
wherein the dsRNA agent comprises a sense strand and an antisense strand forming a double
stranded region, wherein the sense strand comprises the nucleotide sequence 5’-
AUGCUUUUGCAUGGACUAUCU -3’ (SEQ ID NO:26) and the antisense strand comprises the
nucleotide sequence 5’- AGAUAGTCCAUGCAAAAGCAUUC -3’ (SEQ ID NO:27), thereby
treating the subject suffering from an HSD17B13-associated disease, disorder, or condition, e.g.,
nonalcoholic steatohepatitis (NASH).

In one embodiment, HSD17B13 mRNA level is reduced to at least about 70%, 65%, 60%,

55%, or 50% of baseline level after 6 months of treatment.
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In another aspect, the present invention provides a method of preventing at least one
symptom in a subject having a disease, disorder or condition that would benefit from reduction in
expression of an HSD17B13 gene, e. g., nonalcoholic steatohepatitis (NASH). The method includes
administering to the subject a prophylactically effective amount, e.g., a dose of about 25 mg to about
800 mg, of a dsRNA agent or a pharmaceutical composition thereof, wherein the dsRNA agent
comprises a sense strand and an antisense strand forming a double stranded region, wherein the sense
strand comprises the nucleotide sequence 5°- AUGCUUUUGCAUGGACUAUCU -3’ (SEQ ID
NO:26) and the antisense strand comprises the nucleotide sequence 5’-
AGAUAGTCCAUGCAAAAGCAUUC -3’ (SEQ ID NO:27), thereby preventing at least one
symptom in a subject having a disease, disorder or condition that would benefit from reduction in
expression of an HSD17B13 gene, e. g., nonalcoholic steatohepatitis (NASH).

In another aspect, the present invention provides a method of reducing the risk of developing
chronic liver disease in a subject having steatosis. The method includes administering to the subject
a therapeutically effective amount, e.g., a dose of about 25 mg to about 800 mg, of a dsRNA agent or
a pharmaceutical composition thereof, wherein the dsSRNA agent comprises a sense strand and an
antisense strand forming a double stranded region, wherein the sense strand comprises the nucleotide
sequence 5’- AUGCUUUUGCAUGGACUAUCU -3’ (SEQ ID NO:26) and the antisense strand
comprises the nucleotide sequence 5°- AGAUAGTCCAUGCAAAAGCAUUC -3’ (SEQ ID NO:27),
thereby reducing the risk of developing chronic liver disease in the subject having steatosis.

In yet another aspect, the present invention provides a method of inhibiting the progression
of steatosis to steatohepatitis in a subject suffering from steatosis. The method includes
administering to the subject a therapeutically effective amount, e.g., a dose of about 25 mg to about
800 mg, of a dsRNA agent or a pharmaceutical composition thereof, wherein the dsRNA agent
comprises a sense strand and an antisense strand forming a double stranded region, wherein the sense
strand comprises the nucleotide sequence 5°- AUGCUUUUGCAUGGACUAUCU -3’ (SEQ ID
NO:26) and the antisense strand comprises the nucleotide sequence 5’-
AGAUAGTCCAUGCAAAAGCAUUC -3’ (SEQ ID NO:27), thereby inhibiting the progression of
steatosis to steatohepatitis in the subject.

In one aspect, the present invention provides a method of inhibiting the accumulation of lipid
droplets in the liver of a subject suffering from an HSD17B13-associated disease, disorder, or
condition, e.g., nonalcoholic steatohepatitis (NASH). The method includes administering to the
subject a therapeutically effective amount, e.g., a dose of about 25 mg to about 800 mg, of a dSRNA
agent or a pharmaceutical composition thercof, wherein the dsRNA agent comprises a sense strand
and an antisense strand forming a double stranded region, wherein the sense strand comprises the
nucleotide sequence 5’- AUGCUUUUGCAUGGACUAUCU -3’ (SEQ ID NO:26) and the antisense
strand comprises the nucleotide sequence 5°- AGAUAGTCCAUGCAAAAGCAUUC -3” (SEQ ID
NO:27), thereby inhibiting the accumulation of fat in the liver of the subject suffering from an

HSD17B13-associated disease, disorder, or condition, e.g., nonalcoholic steatohepatitis (NASH).
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In one embodiment, the administration of the dsRNA agent or the pharmaceutical
composition to the subject causes a decrease in HSD17B13 enzymatic activity, a decrease in
HSD17B13 protein accumulation, and/or a decrease in accumulation of fat and/or expansion of lipid
droplets in the liver of a subject.

In one embodiment, the HSD17B13-associated disease, disorder, or condition is a chronic
fibro-inflammatory liver disease.

In one embodiment, the chronic fibro-inflammatory liver disease is selected from the group
consisting of accumulation of fat in the liver, inflammation of the liver, liver fibrosis, nonalcoholic
steatohepatitis (NASH), nonalcoholic fatty liver disease (NAFLD), cirrhosis of the liver, alcoholic
steatohepatitis (ASH), alcoholic liver diseases (ALD), HCV-associated cirrhosis, drug induced liver
injury, and hepatocellular necrosis.

In one embodiment, the chronic fibro-inflammatory liver disease is nonalcoholic
steatohepatitis (NASH).

In one embodiment, the subject is a human subject.

In some embodiments, the subject is obese.

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

In some embodiments, substantially all of the nucleotides of the sense strand comprise a
modification. In some embodiments, substantially all of the nucleotides of the antisense strand
comprise a modification. In some embodiments, substantially all of the nucleotides of the sense
strand and substantially all of the nucleotides of the antisense strand comprise a modification.

In some embodiments, at least one of said 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, an unlocked nucleotide, a conformationally restricted nucleotide, a constrained ethyl
nucleotide, an abasic nucleotide, a 2’-amino-modified nucleotide, a 2’-O-allyl-modified nucleotide,
2’-C-alkyl-modified nucleotide, 2’ -hydroxyl-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 glycol modified
nucleotide, and a 2-O-(N-methylacetamide) modified nucleotide, and combinations thereof.

In some embodiments, the nucleotide modifications are 2’-O-methyl and/or 2’ -fluoro
modifications.

In some embodiments, each strand of the dsSRNA agent is no more than 30 nucleotides in
length. In some embodiments, each strand of the dsSRNA agent is independently 19-30 nucleotides in
length. In some embodiments, each strand of the dsSRNA agent is independently 19-25 nucleotides in
length. In some embodiments, each strand is of the dSRNA agent independently 21-23 nucleotides in

length.
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In some embodiments, at least one strand of the dsSRNA agent comprises a 3” overhang of at
least 1 nucleotide. In some embodiments, at least one strand of the dsSRNA agent comprises a 3’
overhang of at least 2 nucleotides.
In some embodiments, the dSRNA agent further comprises a ligand. In some embodiments,
S theligand is conjugated to the 3’ end of the sense strand of the dsSRNA agent.
In some embodiments, the ligand is a N-acetylgalactosamine (GalNAc) derivative.

In some embodiments, the ligand is
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In some embodiments, the dSRNA agent is conjugated to the ligand as shown in the

10 following schematic
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and, wherein X is O or S.
In some embodiments, the X is O.
In some embodiments, the sense strand comprises the nucleotide sequence 5’-
15  asusgcuuUfuGfCfAfuggacuaucu-3’ (SEQ ID NO:24) and the antisense strand comprises the
nucleotide sequence 5’- asGfsauag(Tgn)ccaugcAfaAfagcaususc -3’ (SEQ ID NO:25), wherein Af is
a 2'-fluoroadenosine-3'-phosphate; Cf is a 2'-fluorocytidine-3'-phosphate; Gf is a 2'-fluoroguanosine-
3'-phosphate; Gfs is 2'-fluoroguanosine-3'-phosphorothioate; U is a Uridine-3'-phosphate; Uf is a 2'-
fluorouridine-3'-phosphate; a is a 2'-O-methyladenosine-3'-phosphate; as is a 2'-O-methyladenosine-
20  3'-phosphorothioate; ¢ is a 2'-O-methylcytidine-3'-phosphate; cs is a 2'-O-methylcytidine-3'-
phosphorothioate; g is a 2'-O-methylguanosine-3'-phosphate; gs is a 2'-O-methylguanosine-3'-
phosphorothioate; u is a 2'-O-methyluridine-3'-phosphate; us is a 2'-O-methyluridine-3'-
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phosphorothioate; Tgn is Thymidine-glycol nucleic acid (GNA) S-Isomer, and s is a
phosphorothioate linkage.
In some embodiments, the dSRNA agent is conjugated to the ligand as shown in the

following schematic
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and, wherein X is O.

In one aspect, the present invention provides a method of treating a subject suffering from
nonalcoholic steatohepatitis (NASH), the method comprising administering to the subject a dose of
about 25 mg to about 800 mg of a double stranded ribonucleic acid (dsSRNA) agent targeting an

10 HSD17B13 gene, wherein the dSRNA agent comprises a sense strand and an antisense strand
forming a double stranded region, wherein the sense strand comprises the nucleotide sequence 5’-
asusgcuuUfuGfCfAfuggacuaucu-3’ (SEQ ID NO:24) and the antisense strand comprises the
nucleotide sequence 5’- asGfsauag(Tgn)ccaugcAfaAfagcaususc -3’ (SEQ ID NO:25), wherein Af is
a 2'-fluoroadenosine-3'-phosphate; Cf is a 2'-fluorocytidine-3'-phosphate; Gf is a 2'-fluoroguanosine-

15  3'-phosphate; Gfs is 2'-fluoroguanosine-3'-phosphorothioate; U is a Uridine-3'-phosphate; Uf is a 2'-
fluorouridine-3'-phosphate; a is a 2'-O-methyladenosine-3'-phosphate; as is a 2'-O-methyladenosine-
3'-phosphorothioate; ¢ is a 2'-O-methylcytidine-3'-phosphate; cs is a 2'-O-methylcytidine-3'-
phosphorothioate; g is a 2'-O-methylguanosine-3'-phosphate; gs is a 2'-O-methylguanosine-3'-
phosphorothioate; u is a 2'-O-methyluridine-3'-phosphate; us is a 2'-O-methyluridine-3'-

20  phosphorothioate; Tgn is Thymidine-glycol nucleic acid (GNA) S-Isomer, and s is a
phosphorothioate linkage; wherein the dsRNA agent is conjugated to a ligand having the structure
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, and wherein the

ligand is conjugated to the 3" end of the sense strand as shown in the following schematic
3

, wherein X is O.
In one aspect, the present invention provides a method of preventing at least one symptom in
5 asubject having nonalcoholic steatohepatitis (NASH), the method comprising administering to the
subject a dose of about 25 mg to about 800 mg of a double stranded ribonucleic acid (dsRNA) agent
targeting an HSD17B13 gene, wherein the dsRNA agent comprises a sense strand and an antisense
strand forming a double stranded region, wherein the sense strand comprises the nucleotide sequence
5’- asusgeuuUfuGfCfAfuggacuaucu-3’ (SEQ ID NO:24) and the antisense strand comprises the
10 nucleotide sequence 5’- asGfsauag(Tgn)ccaugcAfaAfagcaususc -3’ (SEQ ID NO:25), wherein Af is
a 2'-fluoroadenosine-3'-phosphate; Cf is a 2'-fluorocytidine-3'-phosphate; Gf is a 2'-fluoroguanosine-
3'-phosphate; Gfs is 2'-fluoroguanosine-3'-phosphorothioate; U is a Uridine-3'-phosphate; Uf is a 2'-
fluorouridine-3'-phosphate; a is a 2'-O-methyladenosine-3'-phosphate; as is a 2'-O-methyladenosine-
3'-phosphorothioate; ¢ is a 2'-O-methylcytidine-3'-phosphate; cs is a 2'-O-methylcytidine-3'-
15  phosphorothioate; g is a 2'-O-methylguanosine-3'-phosphate; gs is a 2'-O-methylguanosine-3'-
phosphorothioate; u is a 2'-O-methyluridine-3'-phosphate; us is a 2'-O-methyluridine-3'-
phosphorothioate; Tgn is Thymidine-glycol nucleic acid (GNA) S-Isomer, and s is a
phosphorothioate linkage; wherein the dsRNA agent is conjugated to a ligand having the structure
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, and wherein the

ligand is conjugated to the 3" end of the sense strand as shown in the following schematic
3

, wherein X is O.
In one aspect, the present invention provides a method of reducing the risk of developing
S chronic liver disease in a subject having steatosis, the method comprising administering to the subject
a dose of about 25 mg to about 800 mg of a double stranded ribonucleic acid (dSRNA) agent
targeting an HSD17B13 gene, wherein the dsRNA agent comprises a sense strand and an antisense
strand forming a double stranded region, wherein the sense strand comprises the nucleotide sequence
5’- asusgeuuUfuGfCfAfuggacuaucu-3’ (SEQ ID NO:24) and the antisense strand comprises the
10 nucleotide sequence 5’- asGfsauag(Tgn)ccaugcAfaAfagcaususc -3’ (SEQ ID NO:25), wherein Af is
a 2'-fluoroadenosine-3'-phosphate; Cf is a 2'-fluorocytidine-3'-phosphate; Gf is a 2'-fluoroguanosine-
3'-phosphate; Gfs is 2'-fluoroguanosine-3'-phosphorothioate; U is a Uridine-3'-phosphate; Uf is a 2'-
fluorouridine-3'-phosphate; a is a 2'-O-methyladenosine-3'-phosphate; as is a 2'-O-methyladenosine-
3'-phosphorothioate; ¢ is a 2'-O-methylcytidine-3'-phosphate; cs is a 2'-O-methylcytidine-3'-
15  phosphorothioate; g is a 2'-O-methylguanosine-3'-phosphate; gs is a 2'-O-methylguanosine-3'-
phosphorothioate; u is a 2'-O-methyluridine-3'-phosphate; us is a 2'-O-methyluridine-3'-
phosphorothioate; Tgn is Thymidine-glycol nucleic acid (GNA) S-Isomer, and s is a
phosphorothioate linkage; wherein the dsRNA agent is conjugated to a ligand having the structure
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, and wherein the

ligand is conjugated to the 3" end of the sense strand as shown in the following schematic
3

, wherein X is O.
In one aspect, the present invention provides a method of inhibiting the progression of

S steatosis to steatohepatitis in a subject suffering from steatosis, the method comprising administering
to the subject a dose of about 25 mg to about 800 mg of a double stranded ribonucleic acid (dsSRNA)
agent targeting an HSD17B13 gene, wherein the dsRNA agent comprises a sense strand and an
antisense strand forming a double stranded region, wherein the sense strand comprises the nucleotide
sequence 5 - asusgcuuUfuGfCfAfuggacuaucu-3’ (SEQ ID NO:24) and the antisense strand

10 comprises the nucleotide sequence 5’- asGfsauag(Tgn)ccaugcAfaAfagcaususc -3’ (SEQ ID NO:25),

wherein Af is a 2'-fluoroadenosine-3'-phosphate; Cf is a 2'-fluorocytidine-3'-phosphate; Gf is a 2'-

fluoroguanosine-3'-phosphate; Gfs is 2'-fluoroguanosine-3'-phosphorothioate; U is a Uridine-3'-

phosphate; Uf is a 2'-fluorouridine-3'-phosphate; a is a 2'-O-methyladenosine-3'-phosphate; as is a 2'-

O-methyladenosine-3'-phosphorothioate; ¢ is a 2'-O-methylcytidine-3'-phosphate; cs is a 2'-O-

15  methyleytidine-3'-phosphorothioate; g is a 2'-O-methylguanosine-3'-phosphate; gs is a 2'-O-

methylguanosine-3'-phosphorothioate; u is a 2'-O-methyluridine-3'-phosphate; us is a 2'-O-

methyluridine-3'-phosphorothioate; Tgn is Thymidine-glycol nucleic acid (GNA) S-Isomer, and s is

a phosphorothioate linkage; wherein the dsRNA agent is conjugated to a ligand having the structure
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, and wherein the

ligand is conjugated to the 3" end of the sense strand as shown in the following schematic
3

, wherein X is O.

In one aspect, the present invention provides a method of inhibiting the accumulation of lipid
droplets in the liver of a subject suffering from nonalcoholic steatohepatitis (NASH), the method
comprising administering to the subject a dose of about 25 mg to about 800 mg of a double stranded
ribonucleic acid (dsSRNA) agent targeting an HSD17B13 gene, wherein the dsSRNA agent comprises a
sense strand and an antisense strand forming a double stranded region, wherein the sense strand
comprises the nucleotide sequence 5’- asusgcuuUfuGfCfAfuggacuaucu-3’ (SEQ ID NO:24) and the
10  antisense strand comprises the nucleotide sequence 5’- asGfsauag(Tgn)ccaugcAfaAfagcaususc -3’
(SEQ ID NO:25), wherein Af is a 2'-fluoroadenosine-3'-phosphate; Cf is a 2'-fluorocytidine-3'-
phosphate; Gf is a 2'-fluoroguanosine-3'-phosphate; Gfs is 2'-fluoroguanosine-3'-phosphorothioate;
U is a Uridine-3'-phosphate; Uf is a 2'-fluorouridine-3'-phosphate; a is a 2'-O-methyladenosine-3'-
phosphate; as is a 2’'-O-methyladenosine-3'-phosphorothioate; ¢ is a 2’-O-methylcytidine-3'-

15  phosphate; cs is a 2'-O-methylcytidine-3'-phosphorothioate; g is a 2'-O-methylguanosine-3'-
phosphate; gs is a 2'-O-methylguanosine-3'-phosphorothioate; u is a 2'-O-methyluridine-3'-
phosphate; us is a 2'-O-methyluridine-3'-phosphorothioate; Tgn is Thymidine-glycol nucleic acid
(GNA) S-Isomer, and s is a phosphorothioate linkage; wherein the dsRNA agent is conjugated to a

ligand having the structure

10
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, and wherein the

ligand is conjugated to the 3" end of the sense strand as shown in the following schematic

, wherein X is O.

In one embodiment, the methods of the invention further include administering an additional
therapeutic to the subject.

In some embodiments, the methods of the invention further comprise determining NAFLD
Activity Score (NAS) score, ballooning score, lobular inflammation score, steatosis score, and/or

10 fibrosis score for the subject.

In some embodiments, the dsSRNA agent is administered to the subject at a dose of about 25
mg, about 100 mg, about 200 mg, about 300 mg, about 400 mg, about 500 mg, about 600 mg, about
700 mg or about 800 mg.

In some embodiments, the dSRNA agent is administered to the subject every month, every 2

15  month, every 3 months, every 4 months, every 5 months, every 6 months, or every 12 months.

In some embodiments, the dsSRNA agent is administered to the subject at a dose of about 25
mg every month. In some embodiments, the dsSRNA agent is administered to the subject at a dose of
about 200 mg every month. In some embodiments, the dSRNA agent is administered to the subject at
a dose of about 400 mg every month.

20 In some embodiments, the dsSRNA agent is administered to the subject at a dose of about 25

mg every three months. In some embodiments, the dsSRNA agent is administered to the subject at a

11
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dose of about 200 mg every three months. In some embodiments, the dsSRNA agent is administered to
the subject at a dose of about 400 mg every three months.
In some embodiments, the dSRNA agent is administered to the subject intravenously,

intramuscularly, or subcutaneously.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically depicts the Phase I study design, Part A, of AD-288996 (ALN-
HSD).

“{ohorts were enrolied sequentiaily. *Includes a dedicated Japanese cohort.

Abbreviations: AE, adverse event; AUC, area under the concentration-time curve; BME,
body mass index; C . maximum plasma concentration, ECG, electrocardiogram, PK,
pharmacokinetic; QTcF, Fridericia-corrected (T interval; SAD, single ascending dose; ST,
subcutancous.

FIG. 2 is a Table providing the baseline deomographics of the subjects enrolled in the
Phase I study, Part A, of AD-288996 (ALN-HSD).

“ALT normal range: 10-33 U/L (female), 10-30 U/L (male). "AST normal ran ge: 331
U/L (female), 0-37 U/L (male).

Abbreviations: ALT, alanine aminotransicrase; AST, aspartate aminofransforase; BMI,
body mass index; S, standard deviation.

FIG. 3 schematically depicts the Phase I study design, Part B, of AD-288996 (ALN-
HSD).

"Cohorts were corolied sequentiaily. Placeho paticnts were biopsied at 6 or 12 months.
bBiopsy occurred at 12 months instead of 6 months. 1 patient discontimied due to increased fiver
function tests {due 1o Hepatitis B). dPrimar‘y reason for study withdrawal: lost to follow-up.
NCT04565717.

Abbreviations: AE, adverse event; BMI, body mass index; CRN, Clinical Rescarch
Network; M, month; mBENA, messenger ribonucleie acid; NAFLD, nonalcoholic fatty fiver
disgase; NAS, NAFLD activity score; NASH, nonaleoholic steatohepatitis; PK,
pharmacokinetic; Q12W, every 12 weeks; 5C, subcutansous.

FIG. 4 is a Table providing the baseline deomographics of the subjects enrolled in the
Phase I study, Part B, of AD-288996 (ALN-HSD).

*ALT novmal range: <33 U/L (female), =541 U/L (male). PAST normal range: %31
/L (female), =37 UYL (male). “Aleles ased: w62305723:A, rsT2613567:TA, and
raRO1E2459:0.

Abbreviations: ALT, alanine aminoiransferase; AST, aspartate aminotransforase; BM1,
body mass index; NAFLD, nonalcoholic fatty Hiver disease; §B, standard deviation,

FIG. 5 is a graph depicting the mean plasma concentration of ALN-HSD following a
single subcutaneous dose of 25 mg, 100 mg, 200 mg, 400 mg, or 800 mg of ALN-HSD at the

indicated timepoints.

12
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FIG. 6A graphically depicts the trend towards improvement in alanine aminotransferase
(ALT) levels at the indicated time points in subjects having NASH administered placebo or AD-
288996 at a dose of 25 mg once every 12 weeks (Q12w) x 2, 200 mg Q12w x 2, or 400 mg Q12w
X 2 during the Phase I study.

Abbreviations: ALT, alanine aminotransferase; BL, baseline; D, day; SEM, standard error
of the mean; W-7/PRE, within 7 days/pre-dose.

FIG. 6B graphically depicts the trend towards improvement in aspartate aminotransferase
(AST) levels at the indicated time points in subjects administered placebo or AD-288996 during
the Phase I study.

FIG. 7 is a Table depicting the reduction in HSD17B13 mRNA expression in livers of
subjects having NASH at 6 months post-first dose of AD-288996 subcutaneously administered at a
dose of 25 mg once every 12 weeks (Q12w) x2, 200 mg Q12W x2, or 400 mg Q12w x2.

*Percent change from baseline of -53.7% was observed in the patient who received only the
first dose of ALN-HSD. ’Not evaluated at 12 months. No patients had homozygous protective alleles
for any of the 3 variants of HSD17B13.

Abbreviations: M, month; mRNA, messenger ribonucleic acid; N/A, not applicable; SD,
standard deviation.

FIGs.8A and 8B are graphs depicting the categorical change from baseline in histologic
parameters in the subjects administered ALN-HSD.

FIG.8A is a graph depicting the numerically lower biopsy-derived NAFLD activity scores
over 6 or 12 months® relative to placebo following administration of ALN-HSD.

212-month biopsies were only available in one 200 mg cohort. *Subcomponent of NAFLD
total activity score. “Second biopsy visit was cancelled in one patient out of 36 in the ALN-HSD
group.

Worsened: change from baseline >0. Improved: change from baseline <(. Abbreviation:
NAFLD, nonalcoholic fatty liver disease.

FIG.8B is a graph depicting the numerically lower biopsy-derived fibrosis stage over 6 or 12
months?® relative to placebo following administration of ALN-HSD.

212-month biopsies were only available in one 200 mg cohort. *Second biopsy visit was
cancelled in one patient out of 36 in the ALN-HSD group.

Worsened: change from baseline >0. Improved: change from baseline <0.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is based, at least in part, on the discovery that administration, e.g.,
subcutaneous administration, of an RNAi agent targeting the HSD17B13 gene, e.g., AD-288996, to
subjects having NASH, lowers the level of HSD17B13 mRNA and lowers liver enzymes and biopsy-
derived nonalcoholic fatty liver disease (NAFLD) Activity Scores (NAS) over six months.
The present invention provides iRNA compositions, which effect the RNA-induced silencing

complex (RISC)-mediated cleavage of RNA transcripts of an HSD17B13 gene. The HSD17B13
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gene may be within a cell, e.g., a cell within a subject, such as a human. The present invention also
provides methods of using the iRNA compositions of the invention for inhibiting the expression of an
HSD17B13 gene, and for treating a subject who would benefit from inhibiting or reducing the
expression of an HSD17B13 gene, e.g., a subject that would benefit from a reduction in inflammation
of the liver, e.g., a subject suffering or prone to suffering from an HSD17B13-associated disease
disorder, or condition, such as a subject suffering or prone to suffering from nonalcoholic
steatohepatitis (NASH).

The following detailed description discloses how to make and use compositions containing
iRNAs to inhibit the expression of an HSD17B13 gene, as well as compositions and methods for
treating subjects having diseases and disorders that would benefit from inhibition and/or reduction of

the expression of this gene.

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
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 least
one) of the grammatical object of the article. By way of example, “an element” means one clement
or more than one element, e.g., a plurality of elements.

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

The term "or" is used herein to mean, and is used interchangeably with, the term "and/or,"
unless context clearly indicates otherwise.

The term “about” is used herein to mean within the typical ranges of tolerances in the art.
For example, “about” can be understood as about 2 standard deviations from the mean. In certain
embodiments, about means +10%. In certain embodiments, about means +5%. When about is
present before a series of numbers or a range, it is understood that “about” can modify each of the
numbers in the series or range.

The term “HSD17B13,” also known as “hydroxysteroid 17-beta dehydrogenase 13,” “short

LT3

chain dehydrogenase/reductase family 16C member,” “short-chain dehydrogenase/reductase 9,” “17-
beta-HSD 13,” “173-HSD13,” “SDR16C3,” “SCDR9,” “short chain dehydrogenase/reductase family
16C, Member 3,” “hydroxysteroid (17-beta) dehydrogenase 13,” ““17-beta-hydroxysteroid
dehydrogenase 13,” “17-beta hydroxysteroid dehydrogenase,” “HMFN0376,” and “NIIL497,” refers
to the well known gene encoding a 17B-hydroxysteroid dehydrogenase type 13 protein from any
vertebrate or mammalian source, including, but not limited to, human, bovine, chicken, rodent,
mouse, rat, porcine, ovine, primate, monkey, and guinea pig, unless specified otherwise.

The term also refers to fragments and variants of native HSD17B13 that maintain at least one

in vivo or in vitro activity of a native HSD17B13. The term encompasses full-length unprocessed

14
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precursor forms of HSD17B13 as well as mature forms resulting from post-translational cleavage of
the signal peptide and forms resulting from proteolytic processing.

Two variants of the human HSD17B13 gene were previously identified, variant A (or
Transcript A) and variant B (or Transcript B). Transcript A includes all seven exons of the
HSD17B13 gene, whereas exon 2 is skipped in Transcript B. The nucleotide and amino acid
sequence of a human HSD17B13 variant A can be found in, for example, GenBank Reference
Sequence: NM_178135.4; SEQ ID NO:1); and the nucleotide and amino acid sequence of a human
HSD17B13 variant B can be found in, for example, GenBank Reference Sequence:
NM_001136230.2; SEQ ID NO:2. As described in U.S. Patent Application No.: 15/875,514, filed on
January 19, 2018, and PCT Application No.: PCT/US2018/014357, filed on January 19, 2018 (the
entire contents of each of which are incorporated herein by reference), six additional HSD17B13
transcripts that are expressed (C-H, SEQ ID NOS: 17, 18, 19, 20, 21, and 22, respectively) have been
identified. In Transcript C, exon 6 is skipped compared to Transcript A. In Transcript D, there is an
insertion of a guanine 3’ of exon 6, resulting in a frameshift in and premature truncation of exon 7
compared to Transcript A. In Transcript E, there is an additional exon between exons 3 and 4
compared to Transcript A. In Transcript F, which is expressed only in HSD17B13 rs72613567
variant carriers, there is read-through from exon 6 into intron 6 compared to Transcript A. In
Transcript G, exon 2 is skipped, and there is an insertion of a guanine 3’ of exon 6, resulting in a
frameshift in and premature truncation of exon 7 compared to Transcript A. In Transcript H, there is
an additional exon between exons 3 and 4, and there is an insertion of a guanine 3’ of exon 6,
resulting in a frameshift in and premature truncation of exon 7 compared to Transcript A.

One additional HSDI17B13 transcript that is expressed at low levels (F’, SEQ ID NO: 23) has
also been identified. Like Transcript F, Transcript F* also includes a read-through from exon 6 into
intron 6 compared to Transcript A, but, in contrast to Transcript F, the read-through does not include
the inserted thymine present in the HSD/7B13 rs72613567 variant gene. The nucleotide positions of
the exons within the HSD17B13 genes for each Transcript are provided below.

SEQ ID NO:15 is the nucleotide sequence of the HSD17B13 Wild Type Genomic Sequence
(Human Genome Assembly GRCh38) and SEQ ID NO: 16 is the nucleotide sequence of HSD17B13
Genomic Sequence Variant (Human Genome Assembly GRCh38; rs72613567—insertion of T at
chr4: 87310241-87310240): Insertion of T at position 12666.

Nucleotide Positions in SEQ ID NO: 15 for Exons of HSD17B13 Transcripts More Prevalent in
Subjects Homozygous for Wild Type HSD17B13 Gene.

15



WO 2024/059165 PCT/US2023/032680 2020
w001
WO01
Transcript A Transcript B Transcript E Transcript F’
Exon1 | 1-275 1-275 1-275 1-275
Exon 2 | 4471-4578 skipped 4471-4578 4471-4578
Exon 3 | 5684-5815 5684-5815 5684-5815 5684-5815
Exon 3’ | not present not present 6210-6281 not present
Exon 4 | 7308-7414 7308-7414 7308-7414 7308-7414
Exon 5 | 8947-9084 8947-9084 8947-9084 8947-9084
Exon 6 | 12548-12664 12548-12664 12548-12664 12548-13501*
Exon 7 | 17599-19118 17599-19118 17599-19118 skipped

*Includes read-through from exon 6 into intron 6; read-through = positions 12665-13501

Nucleotide Positions in SEQ ID NO: 16 for Exons of HSD17B13 Transcripts More Prevalent in
Subjects Homozygous for rs72613567 HSD17B13 Variant Gene (Insertion of T at Position

12666).

Transcript C

Transcript D

Transcript F

Transcript G

Transcript H

Exon 1

1-275

1-275

1-275

1-275

1-275

Exon 2

4471-4578

4471-4578

4471-4578

skipped

4471-4578

Exon 3

5684-5815

5684-5815

5684-5815

5684-5815

5684-5815

Exon 3’

not present

not present

not present

not present

6210-6281

Exon 4

7308-7414

7308-7414

7308-7414

7308-7414

7308-7414

Exon 5

8947-9084

8947-9084

8947-9084

8947-9084

8947-9084

Exon 6

skipped

12548-12665"

12548-13502*

12548-12665%

12548-12665"

Exon 7

17600-19119

17600-19119

skipped

17600-19119

17600-19119

Mncludes additional residue 12665 at 3’ end compared to Transcript A

*Includes read-through from exon 6 into intron 6; read-through = positions 12665-13502

There are two variants of the mouse HSD17B13 gene; the nucleotide and amino acid

sequence of a mouse Hsd17b13, transcript variant 1 can be found in, for example, GenBank

10

Reference Sequence: NM_001163486.1; SEQ ID NO:3); and the nucleotide and amino acid sequence

of a mouse Hsd17b13, transcript variant 2 can be found in, for example, GenBank Reference
Sequence: NM_198030.2; SEQ ID NO:4. The nucleotide and amino acid sequence of a rat
Hsd17b13 gene can be found in, for example, GenBank Reference Sequence: NM_001009684.1;

SEQ ID NO:5). The nucleotide and amino acid sequence of a Macaca mulatta HSD17B13 gene can

15

be found in, for example, GenBank Reference Sequence: XM_015138766.1; SEQ ID NO:6). The

nucleotide and amino acid sequence of a Macaca fascicularis HSD17B13 gene can be found in, for

example, GenBank Reference Sequence: XM_005555367.2; SEQ ID NO:7).

Additional examples of HSD17B13 mRNA sequences are readily available using publicly
available databases, e.g., GenBank, UniProt, and OMIM.

20

The term*“HSD17B13” as used herein also refers to a particular polypeptide expressed in a

cell by naturally occurring DNA sequence variations of the HSD17B13 gene, such as a single

nucleotide polymorphism in the HSD17B13 gene. Numerous SNPs within the HSD17B13 gene have

been identified and may be found at, for example, NCBI dbSNP (see, e.g.,

www.ncbi.nlm.nih.gov/snp).
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As used herein, “target sequence” refers to a contiguous portion of the nucleotide sequence
of an mRNA molecule formed during the transcription of a HSD17B13 gene, including mRNA that
is a product of RNA processing of a primary transcription product. In one embodment, the target
portion of the sequence will be at least long enough to serve as a substrate for iRNA-directed
cleavage at or near that portion of the nucleotide sequence of an mRNA molecule formed during the
transcription of a HSD17B13 gene.

The target sequence of an HSD17B13 gene may be from about 9-36 nucleotides in length,
e.g., about 15-30 nucleotides in length. For example, the target sequence can be from about 15-30
nucleotides, 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-
17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 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. Ranges and lengths intermediate to the above recited ranges and lengths are
also contemplated to be part of the invention.

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

“G,7 “C7 A “T” and “U” each generally stand for a nucleotide that contains guanine,
cytosine, adenine, thymidine and uracil as a base, respectively. However, it will be understood that
the term “ribonucleotide” or “nucleotide” can also refer to a modified nucleotide, as further detailed
below, or a surrogate replacement moiety (see, e.g., Table 1). The skilled person is well aware that
guanine, cytosine, adenine, and uracil can be replaced by other moieties without substantially altering
the base pairing properties of an oligonucleotide comprising a nucleotide bearing such replacement
moiety. For example, without limitation, a nucleotide comprising inosine as its base can base pair
with nucleotides containing adenine, cytosine, or uracil. Hence, nucleotides containing uracil,
guanine, or adenine can be replaced in the nucleotide sequences of dsRNA featured in the invention
by a nucleotide containing, for example, inosine. In another example, adenine and cytosine anywhere
in the oligonucleotide can be replaced with guanine and uracil, respectively to form G-U Wobble
base pairing with the target mRNA. Sequences containing such replacement moieties are suitable for
the compositions and methods featured in the invention.

The terms “iRNA”, “RNAIi agent,” “iIRNA agent,”, “RNA interference agent” as used
interchangeably herein, refer to an agent that contains RNA as that term is defined herein, and which
mediates the targeted cleavage of an RNA transcript via an RNA-induced silencing complex (RISC)
pathway. iRNA directs the sequence-specific degradation of mRNA through a process known as
RNA interference (RNAi). The iRNA modulates, e.g., inhibits, the expression of HSD17B13 gene in
a cell, e.g., a cell within a subject, such as a mammalian subject.

In one embodiment, an RNAi agent of the invention includes a single stranded RNA that
interacts with a target RNA sequence, e.g., an HSD17B13 target mRNA sequence, to direct the
cleavage of the target RNA. Without wishing to be bound by theory it is believed that long double
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stranded RNA introduced into cells is broken down into siRNA by a Type III endonuclease known as
Dicer (Sharp et al. (2001) Genes Dev. 15:485). Dicer, a ribonuclease-IlI-like enzyme, processes the
dsRNA into 19-23 base pair short interfering RNAs with characteristic two base 3' overhangs
(Bernstein, et al., (2001) Nature 409:363). The siRNAs are then incorporated into an RNA-induced
silencing complex (RISC) where one or more helicases unwind the siRNA duplex, enabling the
complementary antisense strand to guide target recognition (Nykanen, et al., (2001) Cell 107:309).
Upon binding to the appropriate target mRNA, one or more endonucleases within the RISC cleave
the target to induce silencing (Elbashir, et al., (2001) Genes Dev. 15:188). Thus, in one aspect the
invention relates to a single stranded RNA (sssiRNA) generated within a cell and which promotes the
formation of a RISC complex to effect silencing of the target gene, i.e., an HSD17B13 gene.
Accordingly, the term “siRNA” is also used herein to refer to an RNAI as described above.

In another embodiment, the RNAi agent may be a single-stranded RNAi agent that is
introduced into a cell or organism to inhibit a target mRNA. Single-stranded RNAi agents (ssSRNAi)
bind to the RISC endonuclease, Argonaute 2, which then cleaves the target mRNA. The single-
stranded siRNAs are generally 15-30 nucleotides and are chemically modified. The design and
testing of single-stranded RNAI agents are described in U.S. Patent No. 8,101,348 and in Lima et al.,
(2012) Cell 150: 883-894, the entire contents of each of which are hereby incorporated herein by
reference. Any of the antisense nucleotide sequences described herein may be used as a single-
stranded siRNA as described herein or as chemically modified by the methods described in Lima et
al., (2012) Cell 150;:883-894.

In another embodiment, an “iRNA” for use in the compositions and methods of the invention
is a double-stranded RNA and is referred to herein as a “double stranded RNA{ agent,” “double-
stranded RNA (dsRNA) molecule,” “dsRNA agent,” or “dsRNA”. The term “dsRNA”, refers to a
complex of ribonucleic acid molecules, having a duplex structure comprising two anti-parallel and
substantially complementary nucleic acid strands, referred to as having “sense” and “antisense”
orientations with respect to a target RNA, i.e., an HSD17B13 gene. In some embodiments of the
invention, a double-stranded RNA (dsRNA) triggers the degradation of a target RNA, e.g., an
mRNA, through a post-transcriptional gene-silencing mechanism referred to herein as RNA
interference or RNAI.

In general, the majority of nucleotides of each strand of a dSRNA molecule are
ribonucleotides, but as described in detail herein, each or both strands can also include one or more
non-ribonucleotides, e.g., a deoxyribonucleotide and/or a modified nucleotide. In addition, as used in
this specification, an “RNAi agent” may include ribonucleotides with chemical modifications; an
RNAI agent may include substantial modifications at multiple nucleotides. As used herein, the term
“modified nucleotide” refers to a nucleotide having, independently, a modified sugar moicty, a
modified internucleotide linkage, and/or a modified nucleobase. Thus, the term modified nucleotide
encompasses substitutions, additions or removal of, e.g., a functional group or atom, to
internucleoside linkages, sugar moieties, or nucleobases. The modifications suitable for use in the

agents of the invention include all types of modifications disclosed herein or known in the art. Any
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such modifications, as used in a siRNA type molecule, are encompassed by “RNAi agent” for the
purposes of this specification and claims.

The duplex region may be of any length that permits specific degradation of a desired target
RNA through a RISC pathway, and may range from about 9 to 36 base pairs in length, e.g., about 15-
30 base pairs in length, for example, about 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, or 36 base pairs in length, such as about 15-30, 15-29, 15-
28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-
28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 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 base pairs in length. Ranges
and lengths intermediate to the above recited ranges and lengths are also contemplated to be part of
the invention.

The two strands forming the duplex structure may be different portions of one larger RNA
molecule, or they may be separate RNA molecules. Where the two strands are part of one larger
molecule, and therefore are connected by an uninterrupted chain of nucleotides between the 3’-end of
one strand and the 5’-end of the respective other strand forming the duplex structure, the connecting
RNA chain is referred to as a “hairpin loop.” A hairpin loop can comprise at least one unpaired
nucleotide. In some embodiments, the hairpin loop can comprise at least 2, at least 3, at least 4, at
least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 20, at least 23 or more unpaired
nucleotides.

Where the two substantially complementary strands of a dsSRNA are comprised by separate
RNA molecules, those molecules need not, but can be covalently connected. Where the two strands
are connected covalently by means other than an uninterrupted chain of nucleotides between the 3’-
end of one strand and the 5’-end of the respective other strand forming the duplex structure, the
connecting structure is referred to as a “linker.” The RNA strands may have the same or a different
number of nucleotides. The maximum number of base pairs is the number of nucleotides in the
shortest strand of the dsSRNA minus any overhangs that are present in the duplex. In addition to the
duplex structure, an RNAi may comprise one or more nucleotide overhangs.

In one embodiment, an RNAi agent of the invention is a dsSRNA, each strand of which
comprises less than 30 nucleotides, e.g., 17-27, 19-27, 17-25, 19-25, or 19-23, that interacts with a
target RNA sequence, e.g., an HSD17B13 target mRNA sequence, to direct the cleavage of the target
RNA. In another embodiment, an RNAi agent of the invention is a dsRNA, each strand of which
comprises 19-23 nucleotides, that interacts with a target RNA sequence, e.g., an HSD17B13 target
mRNA sequence, to direct the cleavage of the target RNA. In one embodiment, the sense strand is
21 nucleotides in length. In another embodiment, the antiosense strand is 23 nucleotides in length.

As used herein, the term “nucleotide overhang” refers to at least one unpaired nucleotide that
protrudes from the duplex structure of an iRNA, e.g., a dSRNA. For example, when a 3'-end of one
strand of a dsSRNA extends beyond the 5-end of the other strand, or vice versa, there is a nucleotide

overhang. A dsRNA can comprise an overhang of at least one nucleotide; alternatively the overhang
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can comprise at least two nucleotides, at least three nucleotides, at least four nucleotides, at least five
nucleotides or more. A nucleotide overhang can comprise or consist of a nucleotide/nucleoside
analog, including a deoxynucleotide/nucleoside. The overhang(s) can be on the sense strand, the
antisense strand or any combination thereof. Furthermore, the nucleotide(s) of an overhang can be
present on the 5'-end, 3-end or both ends of either an antisense or sense strand of a dsSRNA.

In one embodiment, the antisense strand of a dsSRNA has a 1-10 nucleotide, e.g., a 1, 2, 3, 4,
5,6,7,8,9, or 10 nucleotide, overhang at the 3’-end and/or the 5’-end. In one embodiment, the
sense strand of a dsSRNA has a 1-10 nucleotide, e.g., a1, 2,3, 4,5, 6,7, 8, 9, or 10 nucleotide,
overhang at the 3’-end and/or the 5’-end. In another embodiment, one or more of the nucleotides in
the overhang is replaced with a nucleoside thiophosphate.

In certain embodiments, the overhang on the sense strand or the antisense strand, or both, can
include extended lengths longer than 10 nucleotides, e.g., 10-30 nucleotides, 10-25 nucleotides, 10-
20 nucleotides or 10-15 nucleotides in length. In certain embodiments, an extended overhang is on
the sense strand of the duplex. In certain embodiments, an extended overhang is present on the 3’end
of the sense strand of the duplex. In certain embodiments, an extended overhang is present on the
5’end of the sense strand of the duplex. In certain embodiments, an extended overhang is on the
antisense strand of the duplex. In certain embodiments, an extended overhang is present on the 3’end
of the antisense strand of the duplex. In certain embodiments, an extended overhang is present on the
5’end of the antisense strand of the duplex. In certain embodiments, one or more of the nucleotides
in the extended overhang is replaced with a nucleoside thiophosphate.

The terms “blunt” or “blunt ended” as used herein in reference to a dsSRNA mean that there
are no unpaired nucleotides or nucleotide analogs at a given terminal end of a dsRNA, i.e., no
nucleotide overhang. One or both ends of a dSRNA can be blunt. Where both ends of a dsSRNA are
blunt, the dsSRNA is said to be blunt ended. To be clear, a “blunt ended” dsRNA is a dSRNA that is
blunt at both ends, i.e., no nucleotide overhang at either end of the molecule. Most often such a
molecule will be double-stranded over its entire length.

The term “antisense strand” or "guide strand” refers to the strand of an iRNA, e.g., a dSRNA,
which includes a region that is substantially complementary to a target sequence, e.g., an HSD17B13
mRNA.

As used herein, the term “region of complementarity” refers to the region on the antisense
strand that is substantially complementary to a sequence, for example a target sequence, e.g., an
HSD17B13 nucleotide sequence, as defined herein. Where the region of complementarity is not fully
complementary to the target sequence, the mismatches can be in the internal or terminal regions of
the molecule. Generally, the most tolerated mismatches are in the terminal regions, e.g., within 5, 4,
3, or 2 nucleotides of the 5’- and/or 3’-terminus of the iRNA.

The term “sense strand” or "passenger strand" as used herein, refers to the strand of an iRNA
that includes a region that is substantially complementary to a region of the antisense strand as that

term is defined herein.
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As used herein, the term “cleavage region” refers to a region that is located immediately
adjacent to the cleavage site. The cleavage site is the site on the target at which cleavage occurs. In
some embodiments, the cleavage region comprises three bases on either end of, and immediately
adjacent to, the cleavage site. In some embodiments, the cleavage region comprises two bases on
cither end of, and immediately adjacent to, the cleavage site. In some embodiments, the cleavage site
specifically occurs at the site bound by nucleotides 10 and 11 of the antisense strand, and the
cleavage region comprises nucleotides 11, 12 and 13.

As used herein, and unless otherwise indicated, the term “complementary,” when used to
describe a first nucleotide sequence in relation to a second nucleotide sequence, refers to the ability
of an oligonucleotide or polynucleotide comprising the first nucleotide sequence to hybridize and
form a duplex structure under certain conditions with an oligonucleotide or polynucleotide
comprising the second nucleotide sequence, as will be understood by the skilled person. Such
conditions can, for example, be stringent conditions, where stringent conditions can include: 400 mM
NaCl, 40 mM PIPES pH 6.4, 1 mM EDTA, 50°C or 70°C for 12-16 hours followed by washing (see,
e.g., “Molecular Cloning: A Laboratory Manual, Sambrook, ef al. (1989) Cold Spring Harbor
Laboratory Press). Other conditions, such as physiologically relevant conditions as can be
encountered inside an organism, can apply. The skilled person will be able to determine the set of
conditions most appropriate for a test of complementarity of two sequences in accordance with the
ultimate application of the hybridized nucleotides.

Complementary sequences within an iRNA, e.g., within a dSRNA as described herein,
include base-pairing of the oligonucleotide or polynucleotide comprising a first nucleotide sequence
to an oligonucleotide or polynucleotide comprising a second nucleotide sequence over the entire
length of one or both nucleotide sequences. Such sequences can be referred to as “fully
complementary” with respect to each other herein. However, where a first sequence is referred to as
“substantially complementary” with respect to a second sequence herein, the two sequences can be
fully complementary, or they can form one or more, but generally not more than 5, 4, 3 or 2
mismatched base pairs upon hybridization for a duplex up to 30 base pairs, while retaining the ability
to hybridize under the conditions most relevant to their ultimate application, e.g., inhibition of gene
expression via a RISC pathway. However, where two oligonucleotides are designed to form, upon
hybridization, one or more single stranded overhangs, such overhangs shall not be regarded as
mismatches with regard to the determination of complementarity. For example, a dsSRNA comprising
one oligonucleotide 21 nucleotides in length and another oligonucleotide 23 nucleotides in length,
wherein the longer oligonucleotide comprises a sequence of 21 nucleotides that is fully
complementary to the shorter oligonucleotide, can yet be referred to as “fully complementary” for the
purposes described herein.

“Complementary” sequences, as used herein, can also include, or be formed entirely from,
non-Watson-Crick base pairs and/or base pairs formed from non-natural and modified nucleotides, in
so far as the above requirements with respect to their ability to hybridize are fulfilled. Such non-

Watson-Crick base pairs include, but are not limited to, G:U Wobble or Hoogstein base pairing.
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The terms “complementary,” “fully complementary” and “substantially complementary”
herein can be used with respect to the base matching between the sense strand and the antisense
strand of a dsRNA, or between the antisense strand of an iRNA agent and a target sequence, as will
be understood from the context of their use.

As used herein, a polynucleotide that is “substantially complementary to at least part of” a
messenger RNA (mRNA) refers to a polynucleotide that is substantially complementary to a
contiguous portion of the mRNA of interest (e.g., an mRNA encoding HSD17B13). For example, a
polynucleotide is complementary to at least a part of an HSD17B13 mRNA if the sequence is
substantially complementary to a non-interrupted portion of an mRNA encoding HSD17B13.

Accordingly, in some embodiments, the antisense strand polynucleotides disclosed herein are
fully complementary to the target HSD17B13 sequence. In other embodiments, the antisense strand
polynucleotides disclosed herein are substantially complementary to the target HSD17B13 sequence
and comprise a contiguous nucleotide sequence which is at least about 80% complementary over its
entire length to the equivalent region of the nucleotide sequence of SEQ ID NO:1, or a fragment of
SEQ ID NO:1, such as about 85%, about 86%, about 87%, about 88%, about 89%, about 90%, about
% 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, or
about 99% complementary.

In one embodiment, an RNAi agent of the invention includes a sense strand that is
substantially complementary to an antisense polynucleotide which, in turn, is complementary to a
target HSD17B13 sequence, and wherein the sense strand polynucleotide comprises a contiguous
nucleotide sequence which is at least about 80% complementary over its entire length to the
equivalent region of the nucleotide sequence of SEQ ID NO:8, or a fragment of any one of SEQ ID
NO:8, such as about 85%, about 86%, about 87%, about 88%, about 89%, about 90%, about % 91%,
about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, or about 99%
complementary.

In some embodiments, an iRNA of the invention includes an antisense strand that is
substantially complementary to the target HSD17B13 sequence and comprises a contiguous
nucleotide sequence which is at least about 80% complementary over its entire length to the
equivalent region of the nucleotide sequence of any one of the sense strands in Table 2, or a fragment
of any one of the sense strands in Table 2, such as about about 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%., 95%, 96%, 97%, 98%, or 99% complementary, or 100% complementary.

LT3

The term “inhibiting,” as used herein, is used interchangeably with “reducing,” “silencing,”

LT3

“downregulating,” “suppressing” and other similar terms, and includes any level of inhibition.
The phrase “inhibiting expression of an HSD17B13 gene,” as used herein, includes
inhibition of expression of any HSD17B13 gene (such as, e.g., a mouse HSD17B13 gene, a rat
HSD17B13 gene, a monkey HSD17B13 gene, or a human HSD17B13 gene) as well as variants or
mutants of an HSD17B13 gene that encode an HSD17B13 protein.
“Inhibiting expression of an HSD17B13 gene” includes any level of inhibition of an

HSD17B13 gene, e.g., at least partial suppression of the expression of an HSD17B13 gene, such as
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an inhibition by at least about 20%. In certain embodiments, inhibition is by at least about 25%, at
least about 30%, at least about 35%,at least about 40%, at least about 45%, at least about 50%, at
least about 55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at
least about 80%, at least about 85%, at least about 90%, at least about 91%, at least about 92%, at
least about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99%.

The expression of an HSD17B13 gene may be assessed based on the level of any variable
associated with HSD17B13 gene expression, e.g., HSD17B13 mRNA level or HSD17B13 protein
level. The expression of an HSD17B13 gene may also be assessed indirectly based on, for example,
the levels of circulating alanine aminotransferase (ALT), or the enzymatic activity of HSD17B13 in a
tissue sample, such as a liver sample. Inhibition may be assessed by a decrease in an absolute or
relative level of one or more of these variables compared with a control level. The control level may
be any type of control level that is utilized in the art, e.g., a pre-dose baseline level, or a level
determined from a similar subject, cell, or sample that is untreated or treated with a control (such as,
e.g., buffer only control or inactive agent control).

In one embodiment, at least partial suppression of the expression of an HSD17B13 gene, is
assessed by a reduction of the amount of HSD17B13 mRNA which can be isolated from, or detected,
in a first cell or group of cells in which an HSD17B13 gene is transcribed and which has or have
been treated such that the expression of an HSD17B13 gene is inhibited, as compared to a second
cell or group of cells substantially identical to the first cell or group of cells but which has or have
not been so treated (control cells).

The degree of inhibition may be expressed in terms of:
(mRNA in control cells) - (mRNA in treated cells) 1009
0

(mRNA in control cells)

The phrase “contacting a cell with an RNAi agent,” such as a dsRNA, as used herein,
includes contacting a cell by any possible means. Contacting a cell with an RNAi agent includes
contacting a cell in vitro with the iRNA or contacting a cell in vivo with the iRNA. The contacting
may be done directly or indirectly. Thus, for example, the RNAi agent may be put into physical
contact with the cell by the individual performing the method, or alternatively, the RNAi agent may
be put into a situation that will permit or cause it to subsequently come into contact with the cell.

Contacting a cell in vitro may be done, for example, by incubating the cell with the RNAi
agent. Contacting a cell in vivo may be done, for example, by injecting the RNAi agent into or near
the tissue where the cell is located, or by injecting the RNAi agent into another area, e.g., the
bloodstream or the subcutaneous space, such that the agent will subsequently reach the tissue where
the cell to be contacted is located. For example, the RNAi agent may contain and/or be coupled to a
ligand, e.g., GalNAc3, that directs the RNAIi agent to a site of interest, e.g., the liver. Combinations
of in vitro and in vivo methods of contacting are also possible. For example, a cell may also be

contacted in vitro with an RNAI agent and subsequently transplanted into a subject.
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In one embodiment, contacting a cell with an iRNA includes “introducing” or “delivering the
iRNA into the cell” by facilitating or effecting uptake or absorption into the cell. Absorption or
uptake of an iRNA can occur through unaided diffusive or active cellular processes, or by auxiliary
agents or devices. Introducing an iRNA into a cell may be in vitro and/or in vivo. For example, for
in vivo introduction, iRNA can be injected into a tissue site or administered systemically. In vivo
delivery can also be done by a beta-glucan delivery system, such as those described in U.S. Patent
Nos. 5,032,401 and 5,607,677, and U.S. Publication No. 2005/0281781, the entire contents of which
are hereby incorporated herein by reference. In vitro introduction into a cell includes methods
known in the art such as electroporation and lipofection. Further approaches are described herein
below and/or are known in the art.

The term “lipid nanoparticle” or “LNP” is a vesicle comprising a lipid layer encapsulating a
pharmaceutically active molecule, such as a nucleic acid molecule, e.g., an iRNA or a plasmid from
which an iRNA is transcribed. LNPs are described in, for example, U.S. Patent Nos. 6,858,225,
6,815,432, 8,158,601, and 8,058,069, the entire contents of which are hereby incorporated herein by
reference.

As used herein, a “subject” is an animal, such as a mammal, including a primate (such as a
human, a non-human primate, e.g., a monkey, and a chimpanzee), a non-primate (such as a cow, a
pig, a camel, a llama, a horse, a goat, a rabbit, a sheep, a hamster, a guinea pig, a cat, a dog, arat, a
mouse, a horse, and a whale), or a bird (e.g., a duck or a goose).

In an embodiment, the subject is a human, such as a human being treated or assessed for a
disease, disorder or condition that would benefit from reduction in HSD17B 13 expression; a human
at risk for a disease, disorder or condition that would benefit from reduction in HSD17B13
expression; a human having a disease, disorder or condition that would benefit from reduction in
HSD17B13 expression; and/or human being treated for a disease, disorder or condition that would
benefit from reduction in HSD17B13 expression as described herein.

In one embodiment, the subject is homozygous for the gene encoding a functional
HSD17B13 protein. In another embodiment, the subject is heterozygous for the gene encoding a
functional HSD17B13 protein. In yet another embodiment, the subject is heterozygous for the gene
encoding a functional HSD17B13 protein and a gene encoding a loss of function variant of
HSD17B13. In another embodiment, the subject is not a carrier of the HSDI/7B13 1572613567
variant, e.g., HSD17B13 1s72613567:TA.

As used herein, the terms “treating” or “treatment” refer to a beneficial or desired result
including, but not limited to, alleviation or amelioration of one or more symptoms associated with
HSD17B13 gene expression and/or HSD17B13 protein production, e.g., an HSD17B13-associated
disease, such as a chronic fibro-inflammatory liver disease, e.g., inflammation of the liver, liver
fibrosis, nonalcoholic steatohepatitis (NASH), nonalcoholic fatty liver disease (NAFLD), cirrhosis of
the liver,alcoholic steatohepatitis (ASH), alcoholic liver diseases (ALD), HCV-associated citrhosis,
drug induced liver injury, hepatocellular necrosis, and/or hepatocellular carcinoma. "Treatment" can

also mean prolonging survival as compared to expected survival in the absence of treatment.
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The term “lower” in the context of an HSD17B13-associated disease refers to a statistically
significant decrease in such level. The decrease can be, for example, at least 10%, at least 15%, at
least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least
55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, or more. In certain embodiments, a decrease is at least 20%. “Lower” in the context of
the level of HSD17B13 in a subject is preferably down to a level accepted as within the range of
normal for an individual without such disorder.

As used herein, “prevention” or “preventing,” when used in reference to a disease, disorder
or condition thereof, that would benefit from a reduction in expression of an HSD17B13 gene, refers
to a reduction in the likelihood that a subject will develop a symptom associated with such disecase,
disorder, or condition, e.g., a symptom of HSD17B13 gene expression, such as inflammation of the
liver, liver fibrosis, nonalcoholic steatohepatitis (NASH), nonalcoholic fatty liver disease (NAFLD),
cirrhosis of the liver, alcoholic steatohepatitis (ASH), alcoholic liver diseases (ALD), HCV-
associated cirrhosis, drug induced liver injury, hepatocellular necrosis, and/or hepatocellular
carcinoma. The failure to develop a disease, disorder or condition, or the reduction in the
development of a symptom associated with such a disease, disorder or condition (e.g., by at least
about 10% on a clinically accepted scale for that disease or disorder), or the exhibition of delayed
symptoms (e.g., reduction in lipid accumulation in the liver and/or lipid droplet expansion in the
liver) delayed (e.g., by days, weeks, months or years) is considered effective prevention.

As used herein, the term "HSD17B13-associated disease,” is a disease or disorder that is
caused by, or associated with, HSD17B13 gene expression or HSD17B13 protein production. The
term "HSD17B13-associated disease” includes a disease, disorder or condition that would benefit
from a decrease in HSD17B13 gene expression or protein activity.

In one embodiment, an "HSD17B13-associated disease” is a chronic fibro-inflammatory
liver disease. A “chronic fibro-inflammatory liver disease” is any disease, disorder, or condition
associated with chronic liver inflammation and/or fibrosis. Non-limiting examples of a chronic fibro-
inflammatory liver disease include, for example, inflammation of the liver, liver fibrosis,
nonalcoholic steatohepatitis (NASH), nonalcoholic fatty liver disease (NAFLD), cirrhosis of the
liver, alcoholic steatohepatitis (ASH), alcoholic liver diseases (ALD), HCV-associated cirrhosis,
drug induced liver injury, hepatocellular necrosis, and/or hepatocellular carcinoma.

"Therapeutically effective amount,” as used herein, is intended to include the amount of an
RNAI agent that, when administered to a subject having an HSD17B13-associated disease, disorder,
or condition, is sufficient to effective treatment of the disease (e.g., by diminishing, ameliorating or
maintaining the existing disease or one or more symptoms of disease). The "therapeutically effective
amount" may vary depending on the RNAIi agent, how the agent is administered, the disease and its
severity and the history, age, weight, family history, genetic makeup, the types of preceding or
concomitant treatments, if any, and other individual characteristics of the subject to be treated.

“Prophylactically effective amount,” as used herein, is intended to include the amount of an

iRNA that, when administered to a subject having an HSD17B13-associated disease, disorder, or
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condition, is sufficient to prevent or ameliorate the disease or one or more symptoms of the disease.
Ameliorating the disease includes slowing the course of the disease or reducing the severity of later-
developing disease. The "prophylactically effective amount” may vary depending on the iRNA, how
the agent is administered, the degree of risk of disease, and the history, age, weight, family history,
genetic makeup, the types of preceding or concomitant treatments, if any, and other individual
characteristics of the patient to be treated.

A "therapeutically-effective amount” or “prophylacticaly effective amount” also includes an
amount of an RNAi agent that produces some desired local or systemic effect at a reasonable
benefit/risk ratio applicable to any treatment. iRNA employed in the methods of the present
invention may be administered in a sufficient amount to produce a reasonable benefit/risk ratio
applicable to such treatment.

The phrase "pharmaceutically acceptable"” is employed herein to refer to those compounds,
materials, compositions, and/or dosage forms which are, within the scope of sound medical
judgment, suitable for use in contact with the tissues of human subjects and animal subjects without
excessive toxicity, itritation, allergic response, or other problem or complication, commensurate with
a reasonable benefit/risk ratio.

The phrase "pharmaceutically-acceptable carrier” as used herein means a pharmaceutically-
acceptable material, composition or vehicle, such as a liquid or solid filler, diluent, excipient,
manufacturing aid (e.g., lubricant, talc magnesium, calcium or zinc stearate, or steric acid), or solvent
encapsulating material, involved in carrying or transporting the subject compound from one organ, or
portion of the body, to another organ, or portion of the body. Each carrier must be "acceptable” in
the sense of being compatible with the other ingredients of the formulation and not injurious to the
subject being treated. Some examples of materials which can serve as pharmaceutically-acceptable
carriers include: (1) sugars, such as lactose, glucose and sucrose; (2) starches, such as corn starch
and potato starch; (3) cellulose, and its derivatives, such as sodium carboxymethyl cellulose, ethyl
cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6) gelatin; (7) lubricating agents,
such as magnesium state, sodium lauryl sulfate and talc; (8) excipients, such as cocoa butter and
suppository waxes; (9) oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil,
corn oil and soybean oil; (10) glycols, such as propylene glycol; (11) polyols, such as glycerin,
sorbitol, mannitol and polyethylene glycol; (12) esters, such as ethyl oleate and ethyl laurate; (13)
agar; (14) buffering agents, such as magnesium hydroxide and aluminum hydroxide; (15) alginic
acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19) ethyl alcohol; (20) pH
buffered solutions; (21) polyesters, polycarbonates and/or polyanhydrides; (22) bulking agents, such
as polypeptides and amino acids (23) serum component, such as serum albumin, HDL and LDL; and
(22) other non-toxic compatible substances employed in pharmaceutical formulations.

The term “sample,” as used herein, includes a collection of similar fluids, cells, or tissues
isolated from a subject, as well as fluids, cells, or tissues present within a subject. Examples of
biological fluids include blood, serum and serosal fluids, plasma, cerebrospinal fluid, ocular fluids,

lymph, urine, saliva, and the like. Tissue samples may include samples from tissues, organs or
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localized regions. For example, samples may be derived from particular organs, parts of organs, or
fluids or cells within those organs. In 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). In some embodiments, a “sample derived from a subject” refers to blood or plasma

drawn from the subject.

II. Methods of the Invention

The present invention provides methods for treating or preventing at least one symptom in a
subject suffering from a disorder that would benefit from reduction in HSD17B13 expression, e.g.,
an HSD17B13-associated disease, e.g.,a chronic fibro-inflammatory disease, e.g., nonalcoholic
steatohepatitis (NASH).

The present invention also provides methods for reducing the risk of developing chronic liver
disease in a subject having steatosis, methods for inhibiting the progression of steatosis to
steatohepatitis in a subject suffering from steatosis, or methods for inhibiting the accumulation of
lipid droplets in the liver of a subject suffering from nonalcoholic steatohepatitis (NASH).

The methods include administering to the subject a dose of about 25 mg to about 800 mg of a
dsRNA agent of the invention. In some embodiments, the dSRNA agent is administered to the subject
at a dose of about 25, 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 600, 700, or 800 mg.

In one embodiment, an HSD17B13-associated disease, disorder, or condition is a chronic
fibro-inflammatory liver disease. Non-limiting examples of chronic fibro-inflammatory liver
diseases include cancer, e.g., cancer, e.g., hepatocellular carcinoma, nonalcoholic steatohepatitis
(NASH), cirrhosis of the liver, inflammation of the liver, hepatocellular necrosis, liver fibrosis, and
nonalcoholic fatty liver disease (NAFLD).

In one aspect, the present invention also provides use of an iRNA agent, e.g., a dsRNA, of
the invention or a pharmaceutical composition comprising a dsRNA that inhibits expression of
HSD17B13 in combination with a dsRNA that targets a PNPLA3 gene or a pharmaceutical
composition comprising such an agent for treating a subject, e.g., a subject that would benefit from a
reduction and/or inhibition of HSD17B13 expression, e.g., an HSD17B13-associated disease, e.g.,a
chronic fibro-inflammatory disease, e.g., nonalcoholic steatohepatitis (NASH).

In one aspect, the present invention also provides use of an iRNA agent, e.g., a dsRNA, of
the invention targeting a HSD17B13 gene or a pharmaceutical composition comprising an iRNA
agent targeting a HSD17B13 gene in combination with a dSRNA that targets a PNPLA3 gene or a
pharmaceutical composition comprising such an agent for preventing at least one symptom in a
subject having a disorder that would benefit from reduction in HSD17B13 expression, e.g.,a chronic
fibro-inflammatory disease, e.g., nonalcoholic steatohepatitis (NASH).

The combination methods of the invention for treating a subject, e.g., a human subject,
having a HSD17B13-associated disease, disorder, or condition, such as a chronic fibro-inflammatory
liver disease, e.g., NASH, are useful for treating such subjects as silencing of PNPLA3 decreases

steatosis (i.e. liver fat) while silencing HSD17B13 decreases inflammation and fibrosis. For example,
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genome wide association studies have demonstrated that silencing PNPLA3 and HSD17B13 have an
additive effect to decrease NASH pathology. Indeed, a protective loss-of-function HSD17B13 allele
was found to be associated with lower prevalence of NASH in subjects with pathogenic PNPLA3
alleles. In subjects having wild-type PNPLA3 alleles which have lower risk of NASH, the added
presence of loss-of-function HSD17B13 alleles conferred even greater protection.

Accordingly, in one aspect, the present invention provides methods of treating a subject
having a disorder that would benefit from reduction in HSD17B13 expression, e.g., an HSD17B13-
associated disease, such as a chronic fibro-inflammatory liver disease (e.g., nonalcoholic
steatohepatitis (NASH), cancer, e.g., hepatocellular carcinoma, cirrhosis of the liver, inflammation of
the liver, hepatocellular necrosis, liver fibrosis, and nonalcoholic fatty liver disease (NAFLD). In
one embodiment, the chronic fibro-inflammatory liver disease is NASH.

The combination treatment methods (and uses) of the invention include administering to the
subject, e.g., a human subject, a therapeutically effective amount of a dsSRNA agent that inhibits
expression of HSD17B13 or a pharmaceutical composition comprising a dSRNA that inhibits
expression of HSD17B13, and a dsRNA agent that inhibits expression of PNPLA3 or a
pharmaceutical composition comprising a dsRNA that inhibits expression of PNPLA3, thereby
treating the subject.

In one aspect, the invention provides methods of preventing at least one symptom in a
subject having a disorder that would benefit from reduction in HSD17B13 expression, e.g.,a chronic
fibro-inflammatory disease, e.g., NASH. The methods include administering to the subject a
prophylactically effective amount of dsSRNA agent or a pharmaceutical composition comprising a
dsRNA that inhibits expression of HSD17B13, and a dsRNA agent that inhibits expression of
PNPLA3 or a pharmaceutical composition comprising a dSRNA that inhibits expression of PNPLA3,
thereby preventing at least one symptom in the subject.

In addition, the present invention provides methods of inhibiting the accumulation and/or
expansion of lipid droplets in a cell, such as a cell in a subject, e.g., a hepatocyte. The methods
include contacting the cell with an RNAi agent or pharmaceutical composition comprising an iRNA
agent of the invention and an iRNA agent targeting a PNPLA3 gene and/or pharmaceutical
composition comprising an iRNA agent targeting PNPLA3. In some embodiments, the cell is
maintained for a time sufficient to obtain degradation of the mRNA transcript of an HSD17B13 gene
and a PNPLA3 gene.

Suitable agents targeting a PNPLA3 gene are described in, for example, U.S. Patent
Publication No.: 2017/0340661, the entire contents of which are incorporated herein by reference.

In the methods of the invention the cell may be contacted in vitro or in vivo, i.e., the cell may
be within a subject.

A cell suitable for treatment using the methods of the invention may be any cell that
expresses an HSD17B13 gene (and, in some embodiments, a PNPLA3 gene). A cell suitable for use
in the methods of the invention may be a mammalian cell, e.g., a primate cell (such as a human cell

or a non-human primate cell, e.g., a monkey cell or a chimpanzee cell), a non-primate cell (such as a
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cow cell, a pig cell, a camel cell, a llama cell, a horse cell, a goat cell, a rabbit cell, a sheep cell, a
hamster, a guinea pig cell, a cat cell, a dog cell, a rat cell, a mouse cell, a lion cell, a tiger cell, a bear
cell, or a buffalo cell), a bird cell (e.g., a duck cell or a goose cell), or a whale cell. In one
embodiment, the cell is a human cell, e.g., a human liver cell.

HSD17B13 expression is inhibited in the cell by at least about 5, 6, 7, 8,9, 10, 11, 12, 13, 14,
15, 16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,
70,71,72,73,74,75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, or about 100%. In preferred embodiments, HSD17B13 expression is inhibited by at least
20%.

In some embodiment, PNPLA3 expression is also inhibited in the cell by at least about 5, 6,
7,8,9,10,11,12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40, 41, 42, 43, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68,69, 70,71, 72,73, 74,75, 76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or about 100%. In preferred embodiments, PNPLA3
expression is inhibited by at least 20%.

In one embodiment, the in vivo methods of the invention may include administering to a
subject a composition containing an iRNA, where the iRNA includes a nucleotide sequence that is
complementary to at least a part of an RNA transcript of the HSD17B13 gene of the mammal to be
treated.

In another embodiment, the in vivo methods of the invention may include administering to a
subject a composition containing a first iRNA agent and a second iRNA agent, where the first iRNA
includes a nucleotide sequence that is complementary to at least a part of an RNA transcript of the
HSD17B13 gene of the mammal to be treated and and the second iRNA includes a nucleotide
sequence that is complementary to at least a part of an RNA transcript of the PNPLA3 gene of the
mammal to be treated.

When the organism to be treated is a mammal such as a human, the composition can be
administered by any means known in the art including, but not limited to oral, intraperitoneal, or
parenteral routes, including intracranial (e.g., intraventricular, intraparenchymal and intrathecal),
intravenous, intramuscular, subcutaneous, transdermal, airway (aerosol), nasal, rectal, and topical
(including buccal and sublingual) administration. In certain embodiments, the compositions are
administered by intravenous infusion or injection. In certain embodiments, the compositions are
administered by subcutaneous injection.

In some embodiments, the administration is via a depot injection. A depot injection may
release the iRNA in a consistent way over a prolonged time period. Thus, a depot injection may
reduce the frequency of dosing needed to obtain a desired effect, e.g., a desired inhibition of
HSD17B13, or a therapeutic or prophylactic effect. A depot injection may also provide more
consistent serum concentrations. Depot injections may include subcutaneous injections or

intramuscular injections. In preferred embodiments, the depot injection is a subcutaneous injection.
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In some embodiments, the administration is via a pump. The pump may be an external pump
or a surgically implanted pump. In certain embodiments, the pump is a subcutaneously implanted
osmotic pump. In other embodiments, the pump is an infusion pump. An infusion pump may be
used for intravenous, subcutaneous, arterial, or epidural infusions. In preferred embodiments, the
infusion pump is a subcutaneous infusion pump. In other embodiments, the pump is a surgically
implanted pump that delivers the iRNA to the liver.

An iRNA of the invention may be present in a pharmaceutical composition, such as in a
suitable buffer solution. The buffer solution may comprise acetate, citrate, prolamine, carbonate, or
phosphate, or any combination thereof. In one embodiment, the buffer solution is phosphate buffered
saline (PBS). The pH and osmolarity of the buffer solution containing the iRNA can be adjusted
such that it is suitable for administering to a subject.

Alternatively, an iRNA of the invention may be administered as a pharmaceutical
composition, such as a dsRNA liposomal formulation.

The mode of administration may be chosen based upon whether local or systemic treatment
is desired and based upon the area to be treated. The route and site of administration may be chosen
to enhance targeting.

In one aspect, the present invention also provides methods for inhibiting the expression of an
HSD17B13 gene in a mammal. The methods include administering to the mammal a composition
comprising a dsRNA that targets an HSD17B13 gene in a cell of the mammal, thereby inhibiting
expression of the HSD17B13 gene in the cell.

In some embodiment, the methods include administering to the mammal a composition
comprising a dsRNA that targets an HSD17B13 gene in a cell of the mammal, thereby inhibiting
expression of the HSD17B13 gene in the cell. In another embodiment, the methods include
administering to the mammal a pharmaceutical composition comprising a dsSRNA agent that targets
an HSD17B13 gene in a cell of the mammal.

Reduction in gene expression can be assessed by any methods known it the art and by
methods, e.g. qRT-PCR, described herein. Reduction in protein production can be assessed by any
methods known it the art and by methods, e.g. ELISA, enzymatic activity, described herein.

For example, a reduction in the expression of HSD17B13 may be determined by determining the
mRNA expression level of HSD17B13 using methods routine to one of ordinary skill in the art, e.g.,
Northern blotting, qRT-PCR; by determining the protein level of HSD17B 13 using methods routine
to one of ordinary skill in the art, such as Western blotting, immunological techniques. A reduction
in the expression of HSD17B13 may also be assessed indirectly by measuring a decrease in
biological activity of HSD17B13, e.g., a decrease in the enzymatic activity of HSD17B13 and/or a
decrease in one or more of a lipid, a triglyceride, cholesterol (including LDL-C, HDL-C, VLDL-C,
IDL-C and total cholesterol), or free fatty acids in a plasma, or a tissue sample, and/or a reduction in
accumulation of fat and/or expansion of lipid droplets in the liver.

In some embodiments, the methods further comprises determining the genotypes for
HSDI17B13 and/or PNPLAS3 in the subject.
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In one embodiment, the subject is heterozygous for the gene encoding the patatin like
phospholipase domain containg 3 (PNPLA3) [148M variation, or the PNPLA3:rs738409:G allele. In
another embodiment, the subject is homozygous for the gene encoding the PNPLA3 1148M variation
or the PNPLA3:rs738409:G allele. In one embodiment, the subject is heterozygous for the gene
encoding the patatin like phospholipase domain containg 3 (PNPLA3) 1144M variation. In another
embodiment, the subject is homozygous for the gene encoding the PNPLA3 [144M variation.

In one embodiment, the subject is homozygous for the gene encoding a functional
HSD17B13 protein. In another embodiment, the subject is heterozygous for the gene encoding a
functional HSD17B13 protein. In yet another embodiment, the subject is heterozygous for the gene
encoding a functional HSD17B13 protein and a gene encoding a loss of function variant of
HSD17B13. In another embodiment, the subject is not a carrier of the HSDI/7B13 1572613567
variant. In some embdiments, the subject is homozygous for the HSD17B13:1s72613567:T allele, the
HSDI17B13:rs62305723:G allele, and/or the HSD17B13:rs80182459:GG allele. In some
embodiments, the subject is heterozygous for the HSDI17B13:rs72613567:T allele, the
HSDI17B13:rs62305723:G allele, and/or the HSD17B13:1rs80182459:GG allele.

In certain embodiments of the invention the methods may include identifying a subject that
would benefit from reduction in HSD17B13 expression. The methods generally include determining
whether or not a sample from the subject comprises a nucleic acid encoding a PNPLA3Ile148Met
variant or a PNPLA3Ile144Met variant. The methods may also include classifying a subject as a
candidate for treating or inhibiting a liver disease by inhibiting the expression of HSD17B13, by
determining whether or not a sample from the subject comprises a first nucleic acid encoding a
PNPLA3 protein comprising an 1148M variation and a second nucleic acid encoding a functional
HSD17B13 protein, and/or a PNPLA3 protein comprising an 1148M variation and a functional
HSD17B13 protein, and classifying the subject as a candidate for treating or inhibiting a liver disease
by inhibiting HSD17B13 when both the first and second nucleic acids are detected and/or when both
proteins are detected.

The variant PNPLA3 Ile148Met variant or PNPLA3 Ile144Met variant can be any of the
PNPLA3 lle148Met variants and PNPLA3 Ile144Met variants described herein. The PNPLA3
lle148Met variant or PNPLA3 Ile144Met variant can be detected by any suitable means, such as
ELISA assay, RT-PCR, sequencing.

In some embodiments, the methods further comprise determining whether the subject is
homozygous or heterozygous for the PNPLA3 Ile148Met variant or the PNPLA3 Ile144Met variant.
In some embodiments, the subject is homozygous for the PNPLA3 Ile148Met variant or the PNPLA3
lle144Met variant. In some embodiments, the subject is heterozygous for the PNPLA3 Ile148Met
variant or the PNPLA3 Ile144Met variant. In some embodiments, the subject is homozygous for the
PNPLA3 Ile148Met variant. In some embodiments, the subject is heterozygous for the PNPLA3
lle148Met variant. In some embodiments, the subject is homozygous for the PNPLA3 Ile144Met

variant. In some embodiments, the subject is heterozygous for the PNPLA3 Ile144Met variant.
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In some embodiments, the subject does not comprise any genes encoding loss of function
variations in the HSD17B13 protein. It is believed that loss of function variations in the HSD17B13
protein, including those described herein and in U.S. Provisional Application Serial No. 62/570,985,
filed on October 11, 2017, confer a liver disease-protective effect and it is further believed that this
protective effect is enhanced in the presence of the variant PNPLA3 Ile148M variation.

In some embodiments, the methods further comprise determining whether the subject is
obese. In some embodiments, a subject is obese if their body mass index (BMI) is over 30 kg/m? .
Obesity can be a characteristic of a subject having, or at risk of developing, a liver disease. In some
embodiments, the methods further comprise determining whether the subject has a fatty liver. A fatty
liver can be a characteristic of a subject having, or at risk of developing, a liver disease. In some
embodiments, the methods further comprise determining whether the subject is obese and has a fatty
liver.

In some embodiments, the methods further comprise determining the NAFLD Activity Score
(NAS) score, ballooning score, lobular inflammation score, steatosis score, and/or fibrosis score for
the subject. The NAFLD Activity Score (NAS) score, ballooning score, lobular inflammation score,
steatosis score, and/or fibrosis score cam be determined by any methods known in the art and by
methods as described herein.

As used herein, “nonalcoholic fatty liver disease,” used interchangeably with the term
“NAFLD,” refers to a disease defined by the presence of macrovascular steatosis in the presence of
less than 20 gm of alcohol ingestion per day. NAFLD is the most common liver disease in the
United States, and is commonly associated with insulin resistance/type 2 diabetes mellitus and
obesity. NAFLD is manifested by steatosis, steatohepatitis, cirrhosis, and sometimes hepatocellaular
carcinoma. For a review of NAFLD, see Tolman and Dalpiaz (2007) Ther. Clin. Risk. Manag.,
3(6):1153-1163 the entire contents of which are incorporated herein by reference.

As used herein, the terms “steatosis,” “hepatic steatosis,” and “fatty liver disease” refer to the
accumulation of triglycerides and other fats in the liver cells.

As used herein, ther term “Nonalcoholic steatohepatitis” or “NASH” refers to liver
inflammation and damage caused by a buildup of fat in the liver. NASH is part of a group of
conditions called nonalcoholic fatty liver disease (NAFLD). NASH resembles alcoholic liver disease,
but occurs in people who drink little or no alcohol. The major feature in NASH is fat in the liver,
along with inflammation and damage. Most people with NASH feel well and are not aware that they
have a liver problem. Nevertheless, NASH can be severe and can lead to cirrhosis, in which the liver
is permanently damaged and scarred and no longer able to work properly. NASH is usually first
suspected in a person who is found to have elevations in liver tests that are included in routine blood
test panels, such as alanine aminotransferase (ALT) or aspartate aminotransferase (AST). When
further evaluation shows no apparent reason for liver disease (such as medications, viral hepatitis, or
excessive use of alcohol) and when x rays or imaging studies of the liver show fat, NASH is
suspected. The only means of proving a diagnosis of NASH and separating it from simple fatty liver

is a liver biopsy.
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As used herein, the term “cirrhosis,” defined histologically, is a diffuse hepatic process
characterized by fibrosis and conversion of the normal liver architecture into structurally abnormal
nodules.

As used herein, the term *“serum lipid” refers to any major lipid present in the blood. Serum
lipids may be present in the blood ecither in free form or as a part of a protein complex, e.g., a
lipoprotein complex. Non-limiting examples of serum lipids may include triglycerides (TG),
cholesterol, such as total cholesterol (TC), low density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), very low density lipoprotein cholesterol (VLDL-C) and
intermediate-density lipoprotein cholesterol (IDL-C).

In one embodiment, a subject that would benefit from the reduction of the expression of
HSD17B13 (and, in some embodiments, PNPLA3) is, for example, a subject that has type 2 diabetes
and prediabetes, or obesity; a subject that has high levels of fats in the blood, such as cholesterol, or
has high blood pressure; a subject that has certain metabolic disorders, including metabolic
syndrome; a subject that has rapid weight loss; a subject that has certain infections, such as hepatitis
C infection, or a subject that has been exposed to some toxins. In one embodiment, a subject that
would benefit from the reduction of the expression of HSD17B13 (and, in some embodiments,
PNPLA3) is, for example, a subject that is middle-aged or older; a subject that is Hispanic, non-
Hispanic whites, or African Americans; a subject that takes certain drugs, such as corticosteroids and
cancer drugs.

In the methods (and uses) of the invention which comprise administering to a subject a first
dsRNA agent targeting HSD17B13 and a second dsRNA agent targeting PNPLA3, the first and
second dsRNA agents may be formulated in the same composition or different compositions and may
administered to the subject in the same composition or in separate compositions.

In one embodiment, an “iRNA” for use in the methods of the invention is a “dual targeting
RNAi agent.” The term “dual targeting RNAi agent” refers to a molecule comprising a first dSRNA
agent comprising a complex of ribonucleic acid molecules, having a duplex structure comprising two
anti-parallel and substantially complementary nucleic acid strands, referred to as having “sense” and
“antisense” orientations with respect to a first target RNA, i.e., an HSD17B13 gene, covalently
attached to a molecule comprising a second dsRNA agent comprising a complex of ribonucleic acid
molecules, having a duplex structure comprising two anti-parallel and substantially complementary
nucleic acid strands, referred to as having “sense” and “antisense” orientations with respect to a
second target RNA, i.e.,, a PNPLA3 gene. In some embodiments of the invention, a dual targeting
RNAI agent triggers the degradation of the first and the second target RNAs, e.g., mRNAs, through a
post-transcriptional gene-silencing mechanism referred to herein as RNA interference or RNAi.

The iRNA can be adeministerd by any known methods in the art. In some embodiments, the
iRNA is administered to the subject intravenously, intramuscularly, or subcutaneously.

The iRNA can be administered by intravenous infusion over a period of time, on a regular
basis. In certain embodiments, after an initial treatment regimen, the treatments can be administered

on a less frequent basis.
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Administration of the iRNA can reduce HSD17B13 levels, e.g., in a cell, tissue, blood, urine
or other compartment of the patient by at least about 5%, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 39, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73,74,75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or
at least about 99% or more. In a preferred embodiment, administration of the iRNA can reduce
HSD17B13 levels, e.g., in a cell, tissue, blood, urine or other compartment of the patient by at least
20%.

Administration of the iRNA can reduce PNPLA3 levels, e.g., in a cell, tissue, blood, urine or
other compartment of the patient by at least about 5%, 6,7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 39, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73,74,75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or
at least about 99% or more. In a preferred embodiment, administration of the iRNA can reduce
PNPLA3 levels, e.g., in a cell, tissue, blood, urine or other compartment of the patient by at least
20%.

Before administration of a full dose of the iRNA, patients can be administered a smaller
dose, such as a 5% infusion reaction, and monitored for adverse effects, such as an allergic reaction.
In another example, the patient can be monitored for unwanted immunostimulatory effects, such as
increased cytokine (e.g., TNF-alpha or INF-alpha) levels.

Alternatively, the iRNA can be administered subcutaneously, i.e., by subcutaneous injection.
One or more injections may be used to deliver the desired daily dose of iRNA to a subject. The
injections may be repeated over a period of time. The administration may be repeated on a regular
basis. In certain embodiments, after an initial treatment regimen, the treatments can be administered
on a less frequent basis. A repeat-dose regimen may include administration of a therapeutic amount
of iRNA on a regular basis, such as every other day or to once a year. In certain embodiments, the
iRNA is administered about once per week, once every 7-10 days, once every 2 weeks, once every 3
weeks, once every 4 weeks, once every 5 weeks, once every 6 weeks, once every 7 weeks, once
every 8 weeks, once every 9 weeks, once every 10 weeks, once every 11 weeks, once every 12
weeks, once per month, once every 2 months, once every 3 months (once per quarter), once every 4
months, once every 5 months, or once every 6 months. The method of any one of claims 1-45,
wherein the dsRNA agent is administered to the subject every month, every 2 month, every 3
months, every 4 months, every 5 months, every 6 months, or every 12 months.

In some embodiments, the dsSRNA agent is administered to the subject at a dose of about 25
mg every month. In some embodiments, the dsSRNA agent is administered to the subject at a dose of
about 200 mg every month. In some embodiments, the dsSRNA agent is administered to the subject at
a dose of about 400 mg every month.

In some embodiments, the dsSRNA agent is administered to the subject at a dose of about 25

mg every three months. In some embodiments, the dsSRNA agent is administered to the subject at a
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dose of about 200 mg every three months. In some embodiments, the dsSRNA agent is administered to
the subject at a dose of about 400 mg every three months.

In one embodiment, the method includes administering a composition featured herein such
that expression of the target HSD17B13 gene is decreased, such as for about 1, 2,3,4,5,6,7, 8, 12,
16, 18, 24 hours, 28, 32, or abour 36 hours. In one embodiment, expression of the target HSD17B13
gene is decreased for an extended duration, e.g., at least about two, three, four days or more, e.g.,
about one week, two weeks, three weeks, or four weeks or longer.

In another embodiment, the method includes administering a composition featured herein
such that expression of the target PNPLA3 gene is decreased, such as for about 1,2, 3,4, 5,6,7, 8,
12, 16, 18, 24 hours, 28, 32, or abour 36 hours. In one embodiment, expression of the target
PNPLA3 gene is decreased for an extended duration, e.g., at least about two, three, four days or
more, e.g., about one week, two weeks, three weeks, or four weeks or longer.

Preferably, the iRNAs useful for the methods and compositions featured herein specifically
target RNAs (primary or processed) of the target HSD17B13 gene (and, in some embodiments, a
PNPLA3 gene). Compositions and methods for inhibiting the expression of these genes using iRNAs
can be prepared and performed as described herein.

Administration of the dsRNA according to the methods of the invention may result in a
reduction of the severity, signs, symptoms, and/or markers of such diseases or disorders in a patient
with a disorder of lipid metabolism. By “reduction” in this context is meant a statistically significant
decrease in such level. The reduction can be, for example, at least about 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%. 55%, 60%, 65%, 710%, 75%, 80%. 85%, 90%, 95%, or about 100%.

Efficacy of treatment or prevention of disease can be assessed, for example by measuring
disease progression, disease remission, symptom severity, reduction in pain, quality of life, dose of a
medication required to sustain a treatment effect, level of a disease marker or any other measurable
parameter appropriate for a given disease being treated or targeted for prevention. It is well within
the ability of one skilled in the art to monitor efficacy of treatment or prevention by measuring any
one of such parameters, or any combination of parameters. For example, efficacy of treatment of a
disorder of lipid metabolism may be assessed, for example, by periodic monitoring of one or more
serum lipid levels, e.g., triglyceride levels. Comparisons of the later readings with the initial
readings provide a physician an indication of whether the treatment is effective. It is well within the
ability of one skilled in the art to monitor efficacy of treatment or prevention by measuring any one
of such parameters, or any combination of parameters. In connection with the administration of an
iRNA or pharmaceutical composition thereof, "effective against” a disorder of lipid metabolism
indicates that administration in a clinically appropriate manner results in a beneficial effect for at
least a statistically significant fraction of patients, such as a improvement of symptoms, a cure, a
reduction in disease, extension of life, improvement in quality of life, or other effect generally
recognized as positive by medical doctors familiar with treating disorder of lipid metabolisms and

the related causes.
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A treatment or preventive effect is evident when there is a statistically significant
improvement in one or more parameters of disease status, or by a failure to worsen or to develop
symptoms where they would otherwise be anticipated. As an example, a favorable change of at least
10% in a measurable parameter of disease, and preferably at least 20%, 30%, 40%, 50% or more can
be indicative of effective treatment. Efficacy for a given iRNA drug or formulation of that drug can
also be judged using an experimental animal model for the given disease as known in the art.

The invention further provides methods for the use of a iRNA agent or a pharmaceutical
composition of the invention, e.g., for treating a subject that would benefit from reduction and/or
inhibition of HSD17B13 expression or HSD17B13, e.g., a subject having an HSD17B13-associated
disease disorder, or condition, in combination with other pharmaceuticals and/or other therapeutic
methods, e.g., with known pharmaceuticals and/or known therapeutic methods, such as, for example,
those which are currently employed for treating these disorders. In some embodiments, the invention
provides methods for the use of a iRNA agent or a pharmaceutical composition of the invention and
an iRNA agent targeting PNPLA3, e.g., for treating a subject that would benefit from reduction
and/or inhibition of HSD17B13 expression and PNPLA3 expression, e.g., a subject having an
HSD17B13-associated disease disorder, or condition (e.g., NASH), in combination with other
pharmaceuticals and/or other therapeutic methods, e.g., with known pharmaceuticals and/or known
therapeutic methods, such as, for example, those which are currently employed for treating these
disorders. For example, in certain embodiments, an iRNA agent or pharmaceutical composition of
the invention is administered in combination with, e.g., pyridoxine, an ACE inhibitor (angiotensin
converting enzyme inhibitors), e.g., benazepril agents to decrease blood pressure, e.g., diuretics, beta-
blockers, ACE inhibitors, angiotensin II receptor blockers, calcium channel blockers, alpha blockers,
alpha-2 receptor antagonists, combined alpha- and beta-blockers, central agonists, peripheral
adrenergic inhibitors, and blood vessel dialators; or agents to decrease cholesterol, e.g., statins,
selective cholesterol absorption inhibitors, resins; lipid lowering therapies; insulin sensitizers, such as
the PPARY agonist pioglitazone; glp-1r agonists, such as liraglutatide; vitamin E; SGLT2 inhibitors;
or DPPIV inhibitors; or a combination of any of the foregoing. In one embodiment, an iRNA agent
or pharmaceutical composition of the invention is administered in combination with an agent that
inhibits the expression and/or activity of a transmembrane 6 superfamily member 2 (TM6SF2) gene,
e.g., an RNAI agent that inhibits the expression of a TM6SF2 gene.

The iRNA agent and an additional therapeutic agent and/or treatment may be administered at
the same time and/or in the same combination, e.g., subcutancously, or the additional therapeutic
agent can be administered as part of a separate composition or at separate times and/or by another

method known in the art or described herein.

1L Delivery of an iRNA of the Invention
The delivery of an iRNA of the invention to a cell e.g., a cell within a subject, such as a
human subject (e.g., a subject in need thereof, such as a subject having a disorder of lipid

metabolism) can be achieved in a number of different ways. For example, delivery may be

36



WO 2024/059165 PCT/US2023/03268(va2020

10

15

20

25

30

35

001
‘WO01

performed by contacting a cell with an iRNA of the invention either in vitro or in vivo. Invivo
delivery may also be performed directly by administering a composition comprising an iRNA, e.g., a
dsRNA, to a subject. Alternatively, in vivo delivery may be performed indirectly by administering
one or more vectors that encode and direct the expression of the iRNA. These alternatives are
discussed further below.

In general, any method of delivering a nucleic acid molecule (in vitro or in vivo) can be
adapted for use with an iRNA of the invention (see e.g., Akhtar S. and Julian RL., (1992) Trends
Cell. Biol. 2(5):139-144 and W094/02595, which are incorporated herein by reference in their
entireties). For in vivo delivery, factors to consider in order to deliver an iRNA molecule include, for
example, biological stability of the delivered molecule, prevention of non-specific effects, and
accumulation of the delivered molecule in the target tissue. The non-specific effects of an iRNA can
be minimized by local administration, for example, by direct injection or implantation into a tissue or
topically administering the preparation. Local administration to a treatment site maximizes local
concentration of the agent, limits the exposure of the agent to systemic tissues that can otherwise be
harmed by the agent or that can degrade the agent, and permits a lower total dose of the iRNA
molecule to be administered. Several studies have shown successful knockdown of gene products
when an iRNA is administered locally. For example, intraocular delivery of a VEGF dsRNA by
intravitreal injection in cynomolgus monkeys (Tolentino, MI. et al., (2004) Retina 24:132-138) and
subretinal injections in mice (Reich, SJ. et al. (2003) Mol. Vis. 9:210-216) were both shown to
prevent neovascularization in an experimental model of age-related macular degeneration. In
addition, direct intratumoral injection of a dSRNA in mice reduces tumor volume (Pille, J. et al.
(2005) Mol. Ther. 11:267-274) and can prolong survival of tumor-bearing mice (Kim, WJ. et al.,
(2006) Mol. Ther. 14:343-350; Li, S. et al., (2007) Mol. Ther. 15:515-523). RNA interference has
also shown success with local delivery to the CNS by direct injection (Dorn, G. et al., (2004) Nucleic
Acids 32:e49; Tan, PH. et al. (2005) Gene Ther. 12:59-66; Makimura, H. et a.l (2002) BMC
Neurosci. 3:18; Shishkina, GT., et al. (2004) Neuroscience 129:521-528; Thakker, ER., et al. (2004)
Proc. Natl. Acad. Sci. U.S.A. 101:17270-17275; Akaneya,Y ., et al. (2005) J. Neurophysiol. 93:594-
602) and to the lungs by intranasal administration (Howard, KA. et al., (2006) Mol. Ther. 14:476-
484; Zhang, X. et al., (2004) J. Biol. Chem. 279:10677-10684; Bitko, V. et al., (2005) Nat. Med.
11:50-55). For administering an iRNA systemically for the treatment of a disease, the RNA can be
modified or alternatively delivered using a drug delivery system; both methods act to prevent the
rapid degradation of the dsRNA by endo- and exo-nucleases in vivo. Modification of the RNA or the
pharmaceutical carrier can also permit targeting of the iRNNA composition to the target tissue and
avoid undesirable off-target effects. iRNA molecules can be modified by chemical conjugation to
lipophilic groups such as cholesterol to enhance cellular uptake and prevent degradation. For
example, an iRNA directed against ApoB conjugated to a lipophilic cholesterol moiety was injected
systemically into mice and resulted in knockdown of apoB mRNA in both the liver and jejunum
(Soutschek, J. et al., (2004) Nature 432:173-178). Conjugation of an iRNA to an aptamer has been

shown to inhibit tumor growth and mediate tumor regression in a mouse model of prostate cancer
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(McNamara, JO. et al., (2006) Nat. Biotechnol. 24:1005-1015). In an alternative embodiment, the
iRNA can be delivered using drug delivery systems such as a nanoparticle, a dendrimer, a polymer,
liposomes, or a cationic delivery system. Positively charged cationic delivery systems facilitate
binding of an iRNA molecule (negatively charged) and also enhance interactions at the negatively
charged cell membrane to permit efficient uptake of an iRNA by the cell. Cationic lipids,
dendrimers, or polymers can either be bound to an iRNA, or induced to form a vesicle or micelle (see
e.g., Kim SH. et al., (2008) Journal of Controlled Release 129(2):107-116) that encases an iRNA.
The formation of vesicles or micelles further prevents degradation of the iRNA when administered
systemically. Methods for making and administering cationic- iRNA complexes are well within the
abilities of one skilled in the art (see e.g., Sorensen, DR., et al. (2003) J. Mol. Biol 327:761-766;
Verma, UN. et al., (2003) Clin. Cancer Res. 9:1291-1300; Arnold, AS et al., (2007) J. Hypertens.
25:197-205, which are incorporated herein by reference in their entirety). Some non-limiting
examples of drug delivery systems useful for systemic delivery of iRNAs include DOTAP (Sorensen,
DR., et al (2003), supra; Verma, UN. ef al., (2003), supra), Oligofectamine, "solid nucleic acid lipid
particles" (Zimmermann, TS. et al., (2006) Nature 441:111-114), cardiolipin (Chien, PY. et al.,
(2005) Cancer Gene Ther. 12:321-328; Pal, A. et al., (2005) Int J. Oncol. 26:1087-1091),
polyethyleneimine (Bonnet ME. et al., (2008) Pharm. Res. Aug 16 Epub ahead of print; Aigner, A.
(2006) J. Biomed. Biotechnol. 71659), Arg-Gly-Asp (RGD) peptides (Liu, S. (2006) Mol. Pharm.
3:472-487), and polyamidoamines (Tomalia, DA. et al., (2007) Biochem. Soc. Trans. 35:61-67; Yoo,
H. et al., (1999) Pharm. Res. 16:1799-1804). In some embodiments, an iRNA forms a complex with
cyclodextrin for systemic administration. Methods for administration and pharmaceutical
compositions of iRNAs and cyclodextrins can be found in U.S. Patent No. 7, 427, 605, which is
herein incorporated by reference in its entirety.

A.  Vector encoded iRNAs of the Invention

iRNA targeting the HSD17B13 gene can be expressed from transcription units inserted into
DNA or RNA vectors (see, e.g., Couture, A, et al., TIG. (1996), 12:5-10; Skillern, A., et al.,
International PCT Publication No. WO 00/22113, Conrad, International PCT Publication No. WO
00/22114, and Conrad, U.S. Pat. No. 6,054,299). Expression can be transient (on the order of hours
to weeks) or sustained (weeks to months or longer), depending upon the specific construct used and
the target tissue or cell type. These transgenes can be introduced as a linear construct, a circular
plasmid, or a viral vector, which can be an integrating or non-integrating vector. The transgene can
also be constructed to permit it to be inherited as an extrachromosomal plasmid (Gassmann, et al.,
(1995) Proc. Natl. Acad. Sci. USA 92:1292).

The individual strand or strands of an iRNA can be transcribed from a promoter on an
expression vector. Where two separate strands are to be expressed to generate, for example, a
dsRNA, two separate expression vectors can be co-introduced (e.g., by transfection or infection) into
a target cell. Alternatively each individual strand of a dSRNA can be transcribed by promoters both

of which are located on the same expression plasmid. In one embodiment, a dsSRNA is expressed as
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inverted repeat polynucleotides joined by a linker polynucleotide sequence such that the dsRNA has
a stem and loop structure.

iRNA expression vectors are generally DNA plasmids or viral vectors. Expression vectors
compatible with eukaryotic cells, preferably those compatible with vertebrate cells, can be used to
produce recombinant constructs for the expression of an iRNA as described herein. Eukaryotic cell
expression vectors are well known in the art and are available from a number of commercial sources.
Typically, such vectors are provided containing convenient restriction sites for insertion of the
desired nucleic acid segment. Delivery of iRNA expressing vectors can be systemic, such as by
intravenous or intramuscular administration, by administration to target cells ex-planted from the
patient followed by reintroduction into the patient, or by any other means that allows for introduction
into a desired target cell.

Viral vector systems which can be utilized with the methods and compositions described
herein include, but are not limited to, (a) adenovirus vectors; (b) retrovirus vectors, including but not
limited to lentiviral vectors, moloney murine leukemia virus, efc.; (¢) adeno- associated virus vectors;
(d) herpes simplex virus vectors; (e) SV 40 vectors; (f) polyoma virus vectors; (g) papilloma virus
vectors; (h) picornavirus vectors; (i) pox virus vectors such as an orthopox, e.g., vaccinia virus
vectors Or avipox, e.g. canary pox or fowl pox; and (j) a helper-dependent or gutless adenovirus.
Replication-defective viruses can also be advantageous. Different vectors will or will not become
incorporated into the cells’ genome. The constructs can include viral sequences for transfection, if
desired. Alternatively, the construct can be incorporated into vectors capable of episomal replication,
e.g. EPV and EBV vectors. Constructs for the recombinant expression of an iRNA will generally
require regulatory elements, e.g., promoters, enhancers, efc., to ensure the expression of the iRNA in

target cells. Other aspects to consider for vectors and constructs are known in the art.

Iv. iRNAs for Use in the Methods of the Invention

Described herein are iRNAs for use in the methods of the present invention. The iRNAs are
double stranded ribonucleic acid (dsRNA) molecules. In one embodiment, the dsSRNA agent targets
an HSD17B13 gene and inhibits the expression of the HSD17B13 gene. In one embodiment, the
iRNA agent includes dsSRNA molecules for inhibiting the expression of an HSD17B13 gene in a cell,
such as a liver cell, such as a liver cell within a subject, e.g., a mammal, such as a human having a
chronic fibro-inflammatory liver disease, disorder, or condition, e.g., nonalcoholic steatohepatitis
(NASH), or a disease, disorder, or condition associated with nonalcoholic steatohepatitis (NASH),
e.g., accumulation and/or expansion of lipid droplets in the liver and/or fibrosis of the liver.

The dsRNA for use in the methods of the present invention includes an antisense strand
having a region of complementarity which is complementary to at least a part of an mRNA formed in
the expression of an HSD17B13 gene. The region of complementarity is about 30 nucleotides or less
in length (e.g., about 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, or 18 nucleotides or less in length).
Upon contact with a cell expressing the target gene, the iRNA inhibits the expression of the target

gene (e.g., a human, a primate, a non-primate, or a bird target gene) by at least about 10% as assayed
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by, for example, a PCR or branched DNA (bDNA)-based method, or by a protein-based method,
such as by immunofluorescence analysis, using, for example, Western Blotting or flowcytometric
techniques.

A dsRNA includes two RNA strands that are complementary and hybridize to form a duplex
structure under conditions in which the dsRNA will be used. One strand of a dSRNA (the antisense
strand) includes a region of complementarity that is substantially complementary, and generally fully
complementary, to a target sequence. The target sequence can be derived from the sequence of an
mRNA formed during the expression of an HSD17B13 gene. The other strand (the sense strand)
includes a region that is complementary to the antisense strand, such that the two strands hybridize
and form a duplex structure when combined under suitable conditions. As described elsewhere
herein and as known in the art, the complementary sequences of a dSRNA can also be contained as
self-complementary regions of a single nucleic acid molecule, as opposed to being on separate
oligonucleotides.

Generally, the duplex structure is between 15 and 30 base pairs in length, e.g., between, 15-
29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-
29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 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 base pairs in length.
Ranges and lengths intermediate to the above recited ranges and lengths are also contemplated to be
part of the invention.

Similarly, the region of complementarity to the target sequence is between 15 and 30
nucleotides in length, e.g., between 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21,
15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21,
18-20, 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. Ranges and lengths intermediate to the above recited
ranges and lengths are also contemplated to be part of the invention.

In some embodiments, the sense and antisense strands of the dSRNA are each independently
about 15 to about 30 nucleotides in length, or about 25 to about 30 nucleotides in length, e.g., ecach
strand is independently between 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-
20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-
20, 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. In some embodiments, the dsSRNA is between about 15 and
about 23 nucleotides in length, or between about 25 and about 30 nucleotides in length. In general,
the dsRNA is long enough to serve as a substrate for the Dicer enzyme. For example, it is well
known in the art that dsSRNAs longer than about 21-23 nucleotides can serve as substrates for Dicer.
As the ordinarily skilled person will also recognize, the region of an RNA targeted for cleavage will

most often be part of a larger RNA molecule, often an mRNA molecule. Where relevant, a “part” of
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an mRNA target is a contiguous sequence of an mRNA target of sufficient length to allow it to be a
substrate for RNAi-directed cleavage (i.e., cleavage through a RISC pathway).

One of skill in the art will also recognize that the duplex region is a primary functional
portion of a dsRNA, e.g., a duplex region of about 9 to 36 base pairs, e.g., about 10-36, 11-36, 12-36,
13-36, 14-36, 15-36, 9-35, 10-35, 11-35, 12-35, 13-35, 14-35, 15-35, 9-34, 10-34, 11-34, 12-34, 13-
34, 14-34, 15-34, 9-33, 10-33, 11-33, 12-33, 13-33, 14-33, 15-33, 9-32, 10-32, 11-32, 12-32, 13-32,
14-32, 15-32, 9-31, 10-31, 11-31, 12-31, 13-32, 14-31, 15-31, 15-30, 15-29, 15-28, 15-27, 15-26, 15-
25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-
25, 18-24, 18-23, 18-22, 18-21, 18-20, 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 base pairs. Thus, in one embodiment, to the
extent that it becomes processed to a functional duplex, of e.g., 15-30 base pairs, that targets a
desired RNA for cleavage, an RNA molecule or complex of RNA molecules having a duplex region
greater than 30 base pairs is a dsSRNA. Thus, an ordinarily skilled artisan will recognize that in one
embodiment, a miRNA is a dsSRNA. In another embodiment, a dsRNA is not a naturally occurring
miRNA. In another embodiment, an iRNA agent useful to target HSD17B13 expression is not
generated in the target cell by cleavage of a larger dsSRNA.

A dsRNA as described herein can further include one or more single-stranded nucleotide
overhangs e.g., 1, 2, 3, or 4 nucleotides. dsRNAs having at least one nucleotide overhang can have
unexpectedly superior inhibitory properties relative to their blunt-ended counterparts. A nucleotide
overhang can comprise or consist of a nucleotide/nucleoside analog, including a
deoxynucleotide/nucleoside. The overhang(s) can be on the sense strand, the antisense strand or any
combination thereof. Furthermore, the nucleotide(s) of an overhang can be present on the 5'-end, 3'-
end or both ends of either an antisense or sense strand of a dsSRNA.

A dsRNA can be synthesized by standard methods known in the art as further discussed
below, e.g., by use of an automated DNA synthesizer, such as are commercially available from, for
example, Biosearch, Applied Biosystems, Inc.

iRNA compounds of the invention may be prepared using a two-step procedure. First, the
individual strands of the double-stranded RNA molecule are prepared separately. Then, the
component strands are annealed. The individual strands of the siRNA compound can be prepared
using solution-phase or solid-phase organic synthesis or both. Organic synthesis offers the advantage
that the oligonucleotide strands comprising unnatural or modified nucleotides can be easily prepared.
Single-stranded oligonucleotides of the invention can be prepared using solution-phase or solid-phase
organic synthesis or both.

In one aspect, a dsRNA of the invention includes at least two nucleotide sequences, a sense
sequence and an anti-sense sequence. The sense strand sequence is selected from the group of
sequences provided in Table 2, and the corresponding antisense strand of the sense strand is selected
from the group of sequences of Table 2. In this aspect, one of the two sequences is complementary

to the other of the two sequences, with one of the sequences being substantially complementary to a
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sequence of an mRNA generated in the expression of an HSD17B13 gene. As such, in this aspect, a
dsRNA will include two oligonucleotides, where one oligonucleotide is described as the sense strand
(passenger strand) in Table 2, and the second oligonucleotide is described as the corresponding
antisense strand (guide strand) of the sense strand in Table 2. In one embodiment, the substantially
complementary sequences of the dsRNA are contained on separate oligonucleotides. In another
embodiment, the substantially complementary sequences of the dsRNA are contained on a single
oligonucleotide.

It will be understood that, although the sequences in Table 2 are described as modified,
unmodified, unconjugated. and/or conjugated sequences, the RNA of the iRNA of the invention e.g.,
a dsRNA of the invention, may comprise any one of the sequences set forth in Table 2 that is un-
modified, un-conjugated, and/or modified and/or conjugated differently than described therein.

The skilled person is well aware that dSRNAs having a duplex structure of between about 20
and 23 base pairs, e.g., 21, base pairs have been hailed as particularly effective in inducing RNA
interference (Elbashir et al., (2001) EMBO J., 20:6877-6888). However, others have found that
shorter or longer RNA duplex structures can also be effective (Chu and Rana (2007) RNA 14:1714-
1719; Kim et al. (2005) Nat Biotech 23:222-226). In the embodiments described above, by virtue of
the nature of the oligonucleotide sequences provided herein, dsSRNAs described herein can include at
least one strand of a length of minimally 21 nucleotides. It can be reasonably expected that shorter
duplexes minus only a few nucleotides on one or both ends can be similarly effective as compared to
the dsRNAs described above. Hence, dsRNAs having a sequence of at least 15, 16, 17, 18, 19, 20, or
more contiguous nucleotides derived from one of the sequences provided herein, and differing in
their ability to inhibit the expression of an HSD17B13 gene by not more than about 5, 10, 15, 20, 25,
or 30 % inhibition from a dsRNA comprising the full sequence, are contemplated to be within the
scope of the present invention.

In addition, the RNAs described in Table 2 identify a site(s) in an HSD17B13 transcript that
is susceptible to RISC-mediated cleavage. As such, the present invention further features iRNAs that
target within this site(s). As used herein, an iRNA is said to target within a particular site of an RNA
transcript if the iRNA promotes cleavage of the transcript anywhere within that particular site. Such
an iRNA will generally include at least about 15 contiguous nucleotides from one of the sequences
provided herein coupled to additional nucleotide sequences taken from the region contiguous to the
selected sequence in the gene.

While a target sequence is generally about 15-30 nucleotides in length, there is wide
variation in the suitability of particular sequences in this range for directing cleavage of any given
target RNA. Various software packages and the guidelines set out herein provide guidance for the
identification of optimal target sequences for any given gene target, but an empirical approach can
also be taken in which a “window” or “mask” of a given size (as a non-limiting example, 21
nucleotides) is literally or figuratively (including, e.g., in silico) placed on the target RNA sequence
to identify sequences in the size range that can serve as target sequences. By moving the sequence

“window” progressively one nucleotide upstream or downstream of an initial target sequence
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location, the next potential target sequence can be identified, until the complete set of possible
sequences is identified for any given target size selected. This process, coupled with systematic
synthesis and testing of the identified sequences (using assays as described herein or as known in the
art) to identify those sequences that perform optimally can identify those RNA sequences that, when
targeted with an iRNA agent, mediate the best inhibition of target gene expression. Thus, while the
sequences identified herein represent effective target sequences, it is contemplated that further
optimization of inhibition efficiency can be achieved by progressively “walking the window” one
nucleotide upstream or downstream of the given sequences to identify sequences with equal or better
inhibition characteristics.

Further, it is contemplated that for any sequence identified herein, further optimization could
be achieved by systematically either adding or removing nucleotides to generate longer or shorter
sequences and testing those sequences generated by walking a window of the longer or shorter size
up or down the target RNA from that point. Again, coupling this approach to generating new
candidate targets with testing for effectiveness of iRNAs based on those target sequences in an
inhibition assay as known in the art and/or as described herein can lead to further improvements in
the efficiency of inhibition. Further still, such optimized sequences can be adjusted by, e.g., the
introduction of modified nucleotides as described herein or as known in the art, addition or changes
in overhang, or other modifications as known in the art and/or discussed herein to further optimize
the molecule (e.g., increasing serum stability or circulating half-life, increasing thermal stability,
enhancing transmembrane delivery, targeting to a particular location or cell type, increasing
interaction with silencing pathway enzymes, increasing release from endosomes) as an expression
inhibitor.

An iRNA agent as described herein can contain one or more mismatches to the target
sequence. In one embodiment, an iRNA as described herein contains no more than 3 mismatches. If
the antisense strand of the iRNA contains mismatches to a target sequence, it is preferable that the
area of mismatch is not located in the center of the region of complementarity. If the antisense strand
of the iRNA contains mismatches to the target sequence, it is preferable that the mismatch be
restricted to be within the last 5 nucleotides from either the 5°- or 3’-end of the region of
complementarity. For example, for a 23 nucleotide iRNA agent the strand which is complementary to
aregion of an HSD17B13 gene, generally does not contain any mismatch within the central 13
nucleotides. The methods described herein or methods known in the art can be used to determine
whether an iRNA containing a mismatch to a target sequence is effective in inhibiting the expression
of an HSD17B13 gene. Consideration of the efficacy of iRNAs with mismatches in inhibiting
expression of an HSD17B13 gene is important, especially if the particular region of complementarity
in an HSD17B13 gene is known to have polymorphic sequence variation within the population.

In some embodiments, the dSRNA agent comprises a sense strand and an antisense strand
forming a double stranded region, wherein the sense strand comprises the nucleotide sequence 5’-
AUGCUUUUGCAUGGACUAUCU -3’ (SEQ ID NO:26) and the antisense strand comprises the
nucleotide sequence 5’- AGAUAGTCCAUGCAAAAGCAUUC -3’ (SEQ ID NO:27).
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In some embodiments, the dSRNA comprises any one of the dsSRNA agents described in, for
example, International Patent Application No.: PCT/US2019/023079, the entire contents of which

are incorporated herein by reference.

i Modified iRNAs of the Invention

In one embodiment, the iRNA for use in the methods of the invention e.g., a dSRNA, is un-
modified, and does not comprise, e.g., chemical modifications and/or conjugations known in the art
and described herein. In another embodiment, the iRNA for use in the methods of the invention, e.g.,
a dsRNA, is chemically modified to enhance stability or other beneficial characteristics. In certain
embodiments of the invention, substantially all of the nucleotides of an iRNA of the invention are
modified. In other embodiments of the invention, all of the nucleotides of an iRNA of the invention
are modified. iRNAs of the invention in which “substantially all of the nucleotides are modified” are
largely but not wholly modified and can include not more than 5, 4, 3, 2, or 1 unmodified
nucleotides.

In some aspects of the invention, substantially all of the nucleotides of an iRNA of the
invention are modified and the iRNA agents comprise no more than 10 nucleotides comprising 2’-
fluoro modifications (e.g., no more than 9 2’-fluoro modifications, no more than 8 2’-fluoro
modifications, no more than 7 2’-fluoro modifications, no more than 6 2’-fluoro modifications, no
more than 5 2’-fluoro modifications, no more than 4 2’-fluoro modifications, no more than 5 2’-fluoro
modifications, no more than 4 2’-fluoro modifications, no more than 3 2’-fluoro modifications, or no
more than 2 2’-fluoro modifications). For example, in some embodiments, the sense strand
comprises no more than 4 nucleotides comprising 2’-fluoro modifications (e.g., no more than 3 2’-
fluoro modifications, or no more than 2 2’-fluoro modifications). In other embodiments, the
antisense strand comprises no more than 6 nucleotides comprising 2’-fluoro modifications (e.g., no
more than 5 2’-fluoro modifications, no more than 4 2’-fluoro modifications, no more than 4 2’-fluoro
modifications, or no more than 2 2’-fluoro modifications).

In other aspects of the invention, all of the nucleotides of an iRNA of the invention are
modified and the iRNA agents comprise no more than 10 nucleotides comprising 2’-fluoro
modifications (e.g., no more than 9 2’-fluoro modifications, no more than 8 2’-fluoro modifications,
no more than 7 2’-fluoro modifications, no more than 6 2’-fluoro modifications, no more than 5 2’-
fluoro modifications, no more than 4 2’-fluoro modifications, no more than 5 2’-fluoro modifications,
no more than 4 2’-fluoro modifications, no more than 3 2’-fluoro modifications, or no more than 2
2’ fluoro modifications).

In one embodiment, the double stranded RNAIi agent of the invention further comprises a 5°-
phosphate or a 5’-phosphate mimic at the 5’ nucleotide of the antisense strand. In another
embodiment, the double stranded RNAi agent further comprises a 5’ -phosphate mimic at the 5’
nucleotide of the antisense strand. In a specific embodiment, the 5’-phosphate mimic is a 5’ -vinyl

phosphate (5’-VP).
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The nucleic acids featured in the invention can be synthesized and/or modified by methods
well established in the art, such as those described in “Current protocols in nucleic acid chemistry,”
Beaucage, S.L. et al. (Edrs.), John Wiley & Sons, Inc., New York, NY, USA, which is hercby
incorporated herein by reference. Modifications include, for example, end modifications, e.g., 5’-end
modifications (phosphorylation, conjugation, inverted linkages) or 3’-end modifications
(conjugation, DNA nucleotides, inverted linkages, efc.); base modifications, e.g., replacement with
stabilizing bases, destabilizing bases, or bases that base pair with an expanded repertoire of partners,
removal of bases (abasic nucleotides), or conjugated bases; sugar modifications (e.g., at the 2’-
position or 4’-position) or replacement of the sugar; and/or backbone modifications, including
modification or replacement of the phosphodiester linkages. Specific examples of iRNA compounds
useful in the embodiments described herein include, but are not limited to RNAs containing modified
backbones or no natural internucleoside linkages. RNAs having modified backbones include, among
others, those that do not have a phosphorus atom in the backbone. For the purposes of this
specification, and as sometimes referenced in the art, modified RNAs that do not have a phosphorus
atom in their internucleoside backbone can also be considered to be oligonucleosides. In some
embodiments, a modified iRNA will have a phosphorus atom in its internucleoside backbone.

Modified RNA backbones include, for example, phosphorothioates, chiral phosphorothioates,
phosphorodithioates, phosphotriesters, aminoalkylphosphotriesters, methyl and other alkyl phosphonates
including 3'-alkylene phosphonates and chiral phosphonates, phosphinates, phosphoramidates including
3'-amino phosphoramidate and aminoalkylphosphoramidates, thionophosphoramidates,
thionoalkylphosphonates, thionoalkylphosphotriesters, and boranophosphates having normal 3'-5'
linkages, 2'-5'-linked analogs of these, and those having inverted polarity wherein the adjacent pairs of
nucleoside units are linked 3'-5'to 5'-3" or 2'-5" to 5'-2'. Various salts, mixed salts and free acid forms are
also included. In some embodiments of the invention, the dSRNA agents of the invention are in a free acid
form. In other embodiments of the invention, the dsSRNA agents of the invention are in a salt form. In
one embodiment, the dSRNA agents of the invention are in a sodium salt form. In certain embodiments,
when the dsRNA agents of the invention are in the sodium salt form, sodium ions are present in the agent
as counterions for substantially all of the phosphodiester and/or phosphorothiotate groups present in the
agent. Agents in which substantially all of the phosphodiester and/or phosphorothioate linkages have a
sodium counterion include not more than 5, 4, 3, 2, or 1 phosphodiester and/or phosphorothioate linkages
without a sodium counterion. In some embodiments, when the dsRNA agents of the invention are in the
sodium salt form, sodium ions are present in the agent as counterions for all of the phosphodiester and/or
phosphorothiotate groups present in the agent.

Representative U.S. patents that teach the preparation of the above phosphorus-containing
linkages include, but are not limited to, U.S. Patent Nos. 3,687,808; 4,469,863; 4,476,301; 5,023,243;
5,177,195; 5,188,897 5,264,423; 5,276,019; 5,278,302; 5,286,717; 5,321,131; 5,399,676; 5,405.,939;
5.453,496; 5,455,233; 5,466,677; 5.476,925; 5,519,126; 5,536,821; 5,541,316; 5,550,111; 5,563,253;
5,571,799; 5,587,361; 5,625,050; 6,028,188; 6,124,445; 6,160,109; 6,169,170; 6,172,209; 6,

239,265; 6,277,603; 6,326,199; 6,346,614; 6,444,423; 6,531,590; 6,534,639; 6,608,035; 6,683,167;
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6,858,715; 6,867,294; 6,878,805; 7,015,315; 7,041,816; 7,273,933; 7,321,029; and US Pat
RE39464, the entire contents of each of which are hereby incorporated herein by reference.

Modified RNA backbones that do not include a phosphorus atom therein have backbones
that are formed by short chain alkyl or cycloalkyl internucleoside linkages, mixed heteroatoms and
alkyl or cycloalkyl internucleoside linkages, or one or more short chain heteroatomic or heterocyclic
internucleoside linkages. These include those having morpholino linkages (formed in part from the
sugar portion of a nucleoside); siloxane backbones; sulfide, sulfoxide and sulfone backbones;
formacetyl and thioformacetyl backbones; methylene formacetyl and thioformacetyl backbones;
alkene containing backbones; sulfamate backbones; methyleneimino and methylenehydrazino
backbones; sulfonate and sulfonamide backbones; amide backbones; and others having mixed N, O,
S and CH> component parts.

Representative U.S. patents that teach the preparation of the above oligonucleosides include,
but are not limited to, U.S. Patent Nos. 5,034,506; 5,166,315; 5,185,444, 5,214,134, 5,216,141,
5,235,033; 5,64,562; 5,264,564; 5,405,938; 5,434,257; 5,466,677; 5,470,967; 5,489,677; 5,541,307;
5,561,225; 5,596,086; 5,602,240; 5,608,046; 5,610,289; 5,618,704; 5,623,070; 5,663,312; 5,633,360;
5,677,437; and, 5,677,439, the entire contents of each of which are hereby incorporated herein by
reference.

In other embodiments, suitable RNA mimetics are contemplated for use in iRNAs, in which
both the sugar and the internucleoside linkage, i.e., the backbone, of the nucleotide units are replaced
with novel groups. The base units are maintained for hybridization with an appropriate nucleic acid
target compound. One such oligomeric compound, an RNA mimetic that has been shown to have
excellent hybridization properties, is referred to as a peptide nucleic acid (PNA). In PNA
compounds, the sugar backbone of an RNA is replaced with an amide containing backbone, in
particular an aminoethylglycine backbone. The nucleobases are retained and are bound directly or
indirectly to aza nitrogen atoms of the amide portion of the backbone. Representative U.S. patents
that teach the preparation of PNA compounds include, but are not limited to, U.S. Patent Nos.
5,539,082; 5,714,331; and 5,719,262, the entire contents of each of which are hereby incorporated
herein by reference. Additional PNA compounds suitable for use in the iRNAs of the invention are
described in, for example, in Nielsen et al., Science, 1991, 254, 1497-1500.

Some embodiments featured in the invention include RNAs with phosphorothioate
backbones and oligonucleosides with heteroatom backbones, and in particular --CH»>--NH--CHa»-, --
CH,--N(CH3)--O--CH,--[known as a methylene (methylimino) or MMI backbone], --CH»--O--
N(CH3)--CHz--, --CH>--N(CH3)--N(CH3)--CH3>-- and --N(CH3)--CH»--CHs--[wherein the native
phosphodiester backbone is represented as --O--P--O--CH»--] of the above-referenced U.S. Patent
No. 5,489,677, and the amide backbones of the above-referenced U.S. Patent No. 5,602,240. In some
embodiments, the RNAs featured herein have morpholino backbone structures of the above-
referenced U.S. Patent No. 5,034,506.

Modified RNAs can also contain one or more substituted sugar moieties. The iRNAs, e.g.,

dsRNAs, featured herein can include one of the following at the 2'-position: OH; F; O-, S-, or N-
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alkyl; O-, S-, or N-alkenyl; O-, S- or N-alkynyl; or O-alkyl-O-alkyl, wherein the alkyl, alkenyl and
alkynyl can be substituted or unsubstituted C; to Cyo alkyl or C; to Cyo alkenyl and alkynyl.
Exemplary suitable modifications include O[(CH>),O] wCH3, O(CH>)..OCH3, O(CH>).NH,, O(CH>)
+CHs, O(CH»),ONH>, and O(CH»),ON[(CH>),CH3)]>, where n and m are from 1 to about 10. In other
embodiments, dsSRNAs include one of the following at the 2' position: C; to Cyo lower alkyl,
substituted lower alkyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCHs, OCN, Cl, Br, CN, CF;,
OCF;, SOCH3, SO>CHs, ONO», NO», N3, NH», heterocycloalkyl, heterocycloalkaryl,
aminoalkylamino, polyalkylamino, substituted silyl, an RNA cleaving group, a reporter group, an
intercalator, a group for improving the pharmacokinetic properties of an iRNA, or a group for
improving the pharmacodynamic properties of an iRNA, and other substituents having similar
properties. In some embodiments, the modification includes a 2'-methoxyethoxy (2'-O--
CH>CH>OCH3, also known as 2'-O-(2-methoxyethyl) or 2'-MOE) (Matrtin et al., Helv. Chim. Acta,
1995, 78:486-504) i.e., an alkoxy-alkoxy group. Another exemplary modification is 2'-
dimethylaminooxyethoxy, i.e., a O(CH2)>ON(CH3): group, also known as 2'-DMAOE, as described
in examples herein below, and 2'-dimethylaminoethoxyethoxy (also known in the art as 2'-O-
dimethylaminoethoxyethyl or 2-DMAEOE), i.e., 2'-O--CH;--O--CH>--N(CH>)>. Further exemplary
modifications include : 5°-Me-2’-F nucleotides, 5’-Me-2’-OMe nucleotides, 5°-Me-2’-
deoxynucleotides, (both R and S isomers in these three families); 2’-alkoxyalkyl; and 2’-NMA (N-
methylacetamide).

Other modifications include 2'-methoxy (2'-OCH3), 2'-aminopropoxy (2'-OCH>CH>CH>NH>)
and 2'-fluoro (2'-F). Similar modifications can also be made at other positions on the RNA of an
iRNA, particularly the 3' position of the sugar on the 3' terminal nucleotide or in 2'-5' linked dsRNAs
and the 5' position of 5' terminal nucleotide. iRNAs can also have sugar mimetics such as cyclobutyl
moieties in place of the pentofuranosyl sugar. Representative U.S. patents that teach the preparation
of such modified sugar structures include, but are not limited to, U.S. Pat. Nos. 4,981,957; 5,118,800;
5,319,080; 5,359,044; 5,393,878; 5,446,137, 5,466,786; 5,514,785; 5,519,134; 5,567,811; 5,576,427,
5,591,722; 5,597,909; 5,610,300; 5,627,053; 5,639,873; 5,646,265; 5,658,873; 5,670,633; and
5,700,920, certain of which are commonly owned with the instant application. The entire contents of
cach of the foregoing are hereby incorporated herein by reference.

An iRNA of the invention can also include nucleobase (often referred to in the art simply as
“base”) modifications or substitutions. As used herein, “‘unmodified” or “natural” nucleobases
include the purine bases adenine (A) and guanine (G), and the pyrimidine bases thymine (T),
cytosine (C) and uracil (U). Modified nucleobases include other synthetic and natural nucleobases
such as 5-methylcytosine (5-me-C), 5-hydroxymethyl cytosine, xanthine, hypoxanthine, 2-
aminoadenine, 6-methyl and other alkyl derivatives of adenine and guanine, 2-propyl and other alkyl
derivatives of adenine and guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, S-halouracil and
cytosine, 5-propynyl uracil and cytosine, 6-azo uracil, cytosine and thymine, S-uracil (pseudouracil),
4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl anal other 8-substituted adenines and

guanines, 5-halo, particularly 5-bromo, 5-trifluoromethyl and other 5-substituted uracils and
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cytosines, 7-methylguanine and 7-methyladenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine
and 7-daazaadenine and 3-deazaguanine and 3-deazaadenine. Further nucleobases include those
disclosed in U.S. Pat. No. 3,687,808, those disclosed in Modified Nucleosides in Biochemistry,
Biotechnology and Medicine, Herdewijn, P. ed. Wiley-VCH, 2008; those disclosed in The Concise
Encyclopedia Of Polymer Science And Engineering, pages 858-859, Kroschwitz, J. L, ed. John
Wiley & Sons, 1990, these disclosed by Englisch et al., (1991) Angewandte Chemie, International
Edition, 30:613, and those disclosed by Sanghvi, Y S., Chapter 15, dsSRNA Research and
Applications, pages 289-302, Crooke, S. T. and Lebleu, B., Ed., CRC Press, 1993. Certain of these
nucleobases are particularly useful for increasing the binding affinity of the oligomeric compounds
featured in the invention. These include 5-substituted pyrimidines, 6-azapyrimidines and N-2, N-6
and 0-6 substituted purines, including 2-aminopropyladenine, 5-propynyluracil and 5-
propynylcytosine. S-methylcytosine substitutions have been shown to increase nucleic acid duplex
stability by 0.6-1.2 °C (Sanghvi, Y. S., Crooke, S. T. and Lebleu, B., Eds., dsSRNA Research and
Applications, CRC Press, Boca Raton, 1993, pp. 276-278) and are exemplary base substitutions, even
more particularly when combined with 2'-O-methoxyethyl sugar modifications.

Representative U.S. patents that teach the preparation of certain of the above noted modified
nucleobases as well as other modified nucleobases include, but are not limited to, the above noted
U.S. Patent Nos. 3,687,808, 4,845,205; 5,130,30; 5,134,066; 5,175,273; 5,367,066; 5,432,272;
5,457,187; 5,459,255, 5,484,908; 5,502,177; 5,525,711; 5,552,540; 5,587,469; 5,594,121, 5,596,091;
5,614,617; 5,681,941; 5,750,692; 6,015,886; 6,147,200; 6,166,197; 6,222,025; 6,235,887; 6,380,368;
6,528,640; 6,639,062; 6,617,438; 7,045,610; 7,427,672; and 7,495,088, the entire contents of each of
which are hereby incorporated herein by reference.

An iRNA of the invention can also be modified to include one or more locked nucleic acids
(LNA). A locked nucleic acid is a nucleotide having a modified ribose moiety in which the ribose
moiety comprises an extra bridge connecting the 2" and 4' carbons. This structure effectively "locks"
the ribose in the 3'-endo structural conformation. The addition of locked nucleic acids to siRNAs has
been shown to increase siRNA stability in serum, and to reduce off-target effects (Elmen, J. et al.,
(2005) Nucleic Acids Research 33(1):439-447; Mook, OR. et al., (2007) Mol Canc Ther 6(3):833-
843; Grunweller, A. et al., (2003) Nucleic Acids Research 31(12):3185-3193).

An iRNA of the invention can also be modified to include one or more bicyclic sugar
moities. A “bicyclic sugar” is a furanosyl ring modified by the bridging of two atoms. A*“bicyclic
nucleoside” (“BNA”) is a nucleoside having a sugar moiety comprising a bridge connecting two
carbon atoms of the sugar ring, thereby forming a bicyclic ring system. In certain embodiments, the
bridge connects the 4'-carbon and the 2'-carbon of the sugar ring. Thus, in some embodiments an
agent of the invention may include one or more locked nucleic acids (LNA). A locked nucleic acid is
a nucleotide having a modified ribose moiety in which the ribose moiety comprises an extra bridge
connecting the 2' and 4' carbons. In other words, an LNA is a nucleotide comprising a bicyclic sugar
moiety comprising a 4-CH2-0-2" bridge. This structure effectively "locks" the ribose in the 3'-endo

structural conformation. The addition of locked nucleic acids to siRNAs has been shown to increase

48



WO 2024/059165 PCT/US2023/03268(va2020

10

15

20

25

30

35

001
‘WO01

siRINA stability in serum, and to reduce off-target effects (Elmen, J. et al., (2005) Nucleic Acids
Research 33(1):439-447; Mook, OR. et al., (2007) Mol Canc Ther 6(3):833-843; Grunweller, A. et
al., (2003) Nucleic Acids Research 31(12):3185-3193). Examples of bicyclic nucleosides for use in
the polynucleotides of the invention include without limitation nucleosides comprising a bridge
between the 4’ and the 2’ ribosyl ring atoms. In certain embodiments, the antisense polynucleotide
agents of the invention include one or more bicyclic nucleosides comprising a 4’ to 2' bridge.
Examples of such 4' to 2’ bridged bicyclic nucleosides, include but are not limited to 4'-(CH2)—0-2'
(LNA); 4'-(CH2)—S-2"; 4'-(CH2)2—0-2' (ENA); 4'-CH(CH3)—0-2' (also referred to as
“constrained ethyl” or “cEt”) and 4’-CH(CH20OCH3)—0-2' (and analogs thereof; see, e.g., U.S. Pat.
No. 7,399,845); 4'-C(CH3)(CH3)—O0-2' (and analogs thereof; see e.g., US Patent No. 8,278,283); 4'-
CH2—N(OCH3)-2' (and analogs thereof; see e.g., US Patent No. 8,278,425); 4'-CH2—0O—N(CH3)-
2' (see, e.g.,U.S. Patent Publication No. 2004/0171570); 4'-CH2—N(R)—0-2', wherein R is H, C1-
C12 alkyl, or a protecting group (see, ¢.g., U.S. Pat. No. 7,427,672); 4'-CH2—C(H)(CH3)-2' (see,
e.g., Chattopadhyaya et al., J. Org. Chem., 2009, 74, 118-134); and 4'-CH2—C(=CH2)-2' (and
analogs thereof; see, e.g., US Patent No. 8,278,426). The entire contents of each of the foregoing are
hereby incorporated herein by reference.

Additional representative U.S. Patents and US Patent Publications that teach the preparation
of locked nucleic acid nucleotides include, but are not limited to, the following: U.S. Patent Nos.
6,268,490; 6,525,191; 6,670,461, 6,770,748; 6,794,499; 6,998,484; 7,053,207; 7,034,133;7,084,125;
7,399,845; 7,427,672; 7,569,686; 7,741,457, 8,022,193; 8,030,467, 8,278,425; 8,278,426; 8,278,283;
US 2008/0039618; and US 2009/0012281, the entire contents of each of which are hereby
incorporated herein by reference.

Any of the foregoing bicyclic nucleosides can be prepared having one or more
stereochemical sugar configurations including for example a-L-ribofuranose and B-D-ribofuranose
(see WO 99/14226).

An iRNA of the invention can also be modified to include one or more constrained ethyl
nucleotides. As used herein, a "constrained ethyl nucleotide” or "cEt" is a locked nucleic acid
comprising a bicyclic sugar moiety comprising a 4-CH(CH3)-0-2' bridge. In one embodiment, a
constrained ethyl nucleotide is in the S conformation referred to herein as “S-cEt.”

An iRNA of the invention may also include one or more “conformationally restricted
nucleotides” (“CRN”). CRN are nucleotide analogs with a linker connecting the C2’and C4’ carbons
of ribose or the C3 and -C5' carbons of ribose. CRN lock the ribose ring into a stable conformation
and increase the hybridization affinity to mRNA. The linker is of sufficient length to place the
oxygen in an optimal position for stability and affinity resulting in less ribose ring puckering.

Representative publications that teach the preparation of certain of the above noted CRN
include, but are not limited to, US Patent Publication No. 2013/0190383; and PCT publication WO
2013/036868, the entire contents of each of which are hereby incorporated herein by reference.

In some embodiments, an iRNA of the invention comprises one or more monomers that are

UNA (unlocked nucleic acid) nucleotides. UNA is unlocked acyclic nucleic acid, wherein any of the
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bonds of the sugar has been removed, forming an unlocked "sugar" residue. In one example, UNA
also encompasses monomer with bonds between C1'-C4' have been removed (i.e. the covalent
carbon-oxygen-carbon bond between the C1' and C4' carbons). In another example, the C2'-C3' bond
(i.e. the covalent carbon-carbon bond between the C2' and C3' carbons) of the sugar has been
removed (see Nuc. Acids Symp. Series, 52, 133-134 (2008) and Fluiter et al., Mol. Biosyst., 2009, 10,
1039 hereby incorporated by reference).

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

Potentially stabilizing modifications to the ends of RNA molecules can include N-
(acetylaminocaproyl)-4-hydroxyprolinol (Hyp-C6-NHAc), N-(caproyl-4-hydroxyprolinol (Hyp-C6),
N-(acetyl-4-hydroxyprolinol (Hyp-NHACc), thymidine-2'-0-deoxythymidine (ether), N-
(aminocaproyl)-4-hydroxyprolinol (Hyp-C6-amino), 2-docosanoyl-uridine-3"- phosphate, inverted
base dT(idT) and others. Disclosure of this modification can be found in PCT Publication No. WO
2011/005861.

Other modifications of an iRNA of the invention include a 5* phosphate or 5’ phosphate
mimic, e.g., a 5’-terminal phosphate or phosphate mimic on the antisense strand of an RNAI agent.
Suitable phosphate mimics are disclosed in, for example US Patent Publication No. 2012/0157511,
the entire contents of which are incorporated herein by reference.

In certain specific embodiments, an RNAi agent of the present invention is an agent that
inhibits the expression of an HSD17B13 gene which is selected from the group of agents listed in
Table 2 or disclosed in PCT/US2019/023079. Any of these agents may further comprise a ligand.

A. Modified iRNAs Comprising Motifs of the Invention

In certain aspects of the invention, the double stranded RNAi agents of the invention include
agents with chemical modifications as disclosed, for example, in WO 2013/075035, filed on
November 16, 2012, the entire contents of which are incorporated herein by reference.

Accordingly, the invention provides double stranded RNAi agents capable of inhibiting the
expression of a target gene (i.e., an HSD17B13 gene) in vivo. The RNAI agent comprises a sense
strand and an antisense strand. Each strand of the RNAi agent may range from 12-30 nucleotides in
length. For example, each strand may be between 14-30 nucleotides in length, 17-30 nucleotides in
length, 25-30 nucleotides in length, 27-30 nucleotides in length, 17-23 nucleotides in length, 17-21
nucleotides in length, 17-19 nucleotides in length, 19-25 nucleotides in length, 19-23 nucleotides in
length, 19-21 nucleotides in length, 21-25 nucleotides in length, or 21-23 nucleotides in length. In
one embodiment, the sense strand is 21 nulceotides in length. In one embodiment, the antisense
strand is 23 nucleotides in length.

The sense strand and antisense strand typically form a duplex double stranded RNA
(“dsRNA”), also referred to herein as an “RNAi agent.” The duplex region of an RNAi agent may be
12-30 nucleotide pairs in length. For example, the duplex region can be between 14-30 nucleotide

pairs in length, 17-30 nucleotide pairs in length, 27-30 nucleotide pairs in length, 17 - 23 nucleotide
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pairs in length, 17-21 nucleotide pairs in length, 17-19 nucleotide pairs in length, 19-25 nucleotide
pairs in length, 19-23 nucleotide pairs in length, 19- 21 nucleotide pairs in length, 21-25 nucleotide
pairs in length, or 21-23 nucleotide pairs in length. In another example, the duplex region is selected
from 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, and 27 nucleotides in length.

In one embodiment, the RNAIi agent may contain one or more overhang regions and/or
capping groups at the 3’-end, 5’-end, or both ends of one or both strands. The overhang can be 1-6
nucleotides in length, for instance 2-6 nucleotides in length, 1-5 nucleotides in length, 2-5
nucleotides in length, 1-4 nucleotides in length, 2-4 nucleotides in length, 1-3 nucleotides in length,
2-3 nucleotides in length, or 1-2 nucleotides in length. The overhangs can be the result of one strand
being longer than the other, or the result of two strands of the same length being staggered. The
overhang can form a mismatch with the target mRNA or it can be complementary to the gene
sequences being targeted or can be another sequence. The first and second strands can also be
joined, e.g., by additional bases to form a hairpin, or by other non-base linkers.

In one embodiment, the nucleotides in the overhang region of the RNAi agent can each
independently be a modified or unmodified nucleotide including, but no limited to 2’-sugar modified,
such as, 2-F, 2’-Omethyl, thymidine (T), 2°-O-methoxyethyl-5-methyluridine (Teo), 2°-O-
methoxyethyladenosine (Aeo), 2°-O-methoxyethyl-5-methylcytidine (m5Ceo), and any combinations
thereof. For example, TT can be an overhang sequence for either end on cither strand. The
overhang can form a mismatch with the target mRNA or it can be complementary to the gene
sequences being targeted or can be another sequence.

The 5°- or 3’- overhangs at the sense strand, antisense strand or both strands of the RNAi
agent may be phosphorylated. In some embodiments, the overhang region(s) contains two
nucleotides having a phosphorothioate between the two nucleotides, where the two nucleotides can
be the same or different. In one embodiment, the overhang is present at the 3’-end of the sense
strand, antisense strand, or both strands. In one embodiment, this 3’-overhang is present in the
antisense strand. In one embodiment, this 3’-overhang is present in the sense strand.

The RNAI agent may contain only a single overhang, which can strengthen the interference
activity of the RNAI{, without affecting its overall stability. For example, the single-stranded
overhang may be located at the 3'-terminal end of the sense strand or, alternatively, at the 3'-terminal
end of the antisense strand. The RNAi may also have a blunt end, located at the 5’-end of the
antisense strand (or the 3’-end of the sense strand) or vice versa. Generally, the antisense strand of
the RNAI has a nucleotide overhang at the 3’-end, and the 5’-end is blunt. While not wishing to be
bound by theory, the asymmetric blunt end at the 5 -end of the antisense strand and 3’-end overhang
of the antisense strand favor the guide strand loading into RISC process.

In one embodiment, the RNAI agent is a double ended bluntmer of 19 nucleotides in length,
wherein the sense strand contains at least one motif of three 2°-F modifications on three consecutive
nucleotides at positions 7, 8, 9 from the 5’end. The antisense strand contains at least one motif of
three 2’-O-methyl modifications on three consecutive nucleotides at positions 11, 12, 13 from the

5’end.
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In another embodiment, the RNAi agent is a double ended bluntmer of 20 nucleotides in
length, wherein the sense strand contains at least one motif of three 2’-F modifications on three
consecutive nucleotides at positions 8, 9, 10 from the 5’end. The antisense strand contains at least
one motif of three 2’-O-methyl modifications on three consecutive nucleotides at positions 11, 12, 13
from the 5’end.

In yet another embodiment, the RNAi agent is a double ended bluntmer of 21 nucleotides in
length, wherein the sense strand contains at least one motif of three 2’-F modifications on three
consecutive nucleotides at positions 9, 10, 11 from the 5’end. The antisense strand contains at least
one motif of three 2’-O-methyl modifications on three consecutive nucleotides at positions 11, 12, 13
from the 5’end.

In one embodiment, the RNAi agent comprises a 21 nucleotide sense strand and a 23
nucleotide antisense strand, wherein the sense strand contains at least one motif of three 2’-F
modifications on three consecutive nucleotides at positions 9, 10, 11 from the 5’end; the antisense
strand contains at least one motif of three 2’-O-methyl modifications on three consecutive
nucleotides at positions 11, 12, 13 from the 5’end, wherein one end of the RNAIi agent is blunt, while
the other end comprises a 2 nucleotide overhang. Preferably, the 2 nucleotide overhang is at the 3’-
end of the antisense strand.

When the 2 nucleotide overhang is at the 3’-end of the antisense strand, there may be two
phosphorothioate internucleotide linkages between the terminal three nucleotides, wherein two of the
three nucleotides are the overhang nucleotides, and the third nucleotide is a paired nucleotide next to
the overhang nucleotide. In one embodiment, the RNAi agent additionally has two phosphorothioate
internucleotide linkages between the terminal three nucleotides at both the 5’-end of the sense strand
and at the 5’-end of the antisense strand. In one embodiment, every nucleotide in the sense strand
and the antisense strand of the RNAi agent, including the nucleotides that are part of the motifs are
modified nucleotides. In one embodiment each residue is independently modified with a 2’-O-
methyl or 3’-fluoro, e.g., in an alternating motif. Optionally, the RNAi agent further comprises a
ligand (preferably GalNAcs).

In one embodiment, the RNAi agent comprises a sense and an antisense strand, wherein the
sense strand is 25-30 nucleotide residues in length, wherein starting from the 5' terminal nucleotide
(position 1) positions 1 to 23 of the first strand comprise at least 8 ribonucleotides; the antisense
strand is 36-66 nucleotide residues in length and, starting from the 3' terminal nucleotide, comprises
at least 8 ribonucleotides in the positions paired with positions 1- 23 of sense strand to form a duplex;
wherein at least the 3 ' terminal nucleotide of antisense strand is unpaired with sense strand, and up to
6 consecutive 3' terminal nucleotides are unpaired with sense strand, thereby forming a 3" single
stranded overhang of 1-6 nucleotides; wherein the 5' terminus of antisense strand comprises from 10-
30 consecutive nucleotides which are unpaired with sense strand, thereby forming a 10-30 nucleotide
single stranded 5' overhang; wherein at least the sense strand 5' terminal and 3' terminal nucleotides
are base paired with nucleotides of antisense strand when sense and antisense strands are aligned for

maximum complementarity, thereby forming a substantially duplexed region between sense and
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antisense strands; and antisense strand is sufficiently complementary to a target RNA along at least
19 ribonucleotides of antisense strand length to reduce target gene expression when the double
stranded nucleic acid is introduced into a mammalian cell; and wherein the sense strand contains at
least one motif of three 2’-F modifications on three consecutive nucleotides, where at least one of the
motifs occurs at or near the cleavage site. The antisense strand contains at least one motif of three
2’-O-methyl modifications on three consecutive nucleotides at or near the cleavage site.

In one embodiment, the RNAi agent comprises sense and antisense strands, wherein the
RNAI agent comprises a first strand having a length which is at least 25 and at most 29 nucleotides
and a second strand having a length which is at most 30 nucleotides with at least one motif of three
2’-0O-methyl modifications on three consecutive nucleotides at position 11, 12, 13 from the 5’ end;
wherein the 3’ end of the first strand and the 5° end of the second strand form a blunt end and the
second strand is 1-4 nucleotides longer at its 3 end than the first strand, wherein the duplex region
region which is at least 25 nucleotides in length, and the second strand is sufficiently
complemenatary to a target mRNA along at least 19 nucleotide of the second strand length to reduce
target gene expression when the RNAI agent is introduced into a mammalian cell, and wherein dicer
cleavage of the RNAIi agent preferentially results in an sSiRNA comprising the 3’ end of the second
strand, thereby reducing expression of the target gene in the mammal. Optionally, the RNAi agent
further comprises a ligand.

In one embodiment, the sense strand of the RNAi agent contains at least one motif of three
identical modifications on three consecutive nucleotides, where one of the motifs occurs at the
cleavage site in the sense strand.

In one embodiment, the antisense strand of the RNAi agent can also contain at least one
motif of three identical modifications on three consecutive nucleotides, where one of the motifs
occurs at or near the cleavage site in the antisense strand.

For an RNAI agent having a duplex region of 17-23 nucleotide in length, the cleavage site of
the antisense strand is typically around the 10, 11 and 12 positions from the 5’-end. Thus the motifs
of three identical modifications may occur at the 9, 10, 11 positions; 10, 11, 12 positions; 11, 12, 13
positions; 12, 13, 14 positions; or 13, 14, 15 positions of the antisense strand, the count starting from
the 1% nucleotide from the 5’-end of the antisense strand, or, the count starting from the 1% paired
nucleotide within the duplex region from the 5°- end of the antisense strand. The cleavage site in the
antisense strand may also change according to the length of the duplex region of the RNAi from the
5’-end.

The sense strand of the RNAi agent may contain at least one motif of three identical
modifications on three consecutive nucleotides at the cleavage site of the strand; and the antisense
strand may have at least one motif of three identical modifications on three consecutive nucleotides
at or near the cleavage site of the strand. When the sense strand and the antisense strand form a
dsRNA duplex, the sense strand and the antisense strand can be so aligned that one motif of the three
nucleotides on the sense strand and one motif of the three nucleotides on the antisense strand have at

least one nucleotide overlap, i.e., at least one of the three nucleotides of the motif in the sense strand
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forms a base pair with at least one of the three nucleotides of the motif in the antisense strand.
Alternatively, at least two nucleotides may overlap, or all three nucleotides may overlap.

In one embodiment, the sense strand of the RNAi agent may contain more than one motif of
three identical modifications on three consecutive nucleotides. The first motif may occur at or near
the cleavage site of the strand and the other motifs may be a wing modification. The term “wing
modification” herein refers to a motif occurring at another portion of the strand that is separated from
the motif at or near the cleavage site of the same strand. The wing modification is either adajacent to
the first motif or is separated by at least one or more nucleotides. When the motifs are immediately
adjacent to each other then the chemistry of the motifs are distinct from each other and when the
motifs are separated by one or more nucleotide than the chemistries can be the same or different.
Two or more wing modifications may be present. For instance, when two wing modifications are
present, each wing modification may occur at one end relative to the first motif which is at or near
cleavage site or on either side of the lead motif.

Like the sense strand, the antisense strand of the RNAi agent may contain more than one
motifs of three identical modifications on three consecutive nucleotides, with at least one of the
motifs occurring at or near the cleavage site of the strand. This antisense strand may also contain one
or more wing modifications in an alignment similar to the wing modifications that may be present on
the sense strand.

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

In another embodiment, the wing modification on the sense strand or antisense strand of the
RNAI agent typically does not include the first one or two paired nucleotides within the duplex
region at the 3’-end, 5’-end or both ends of the strand.

When the sense strand and the antisense strand of the RNAi agent each contain at least one
wing modification, the wing modifications may fall on the same end of the duplex region, and have
an overlap of one, two or three nucleotides.

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

In one embodiment, every nucleotide in the sense strand and antisense strand of the RNAi
agent, including the nucleotides that are part of the motifs, may be modified. Each nucleotide may
be modified with the same or different modification which can include one or more alteration of one
or both of the non-linking phosphate oxygens and/or of one or more of the linking phosphate
oxygens; alteration of a constituent of the ribose sugar, e.g., of the 2” hydroxyl on the ribose sugar;

wholesale replacement of the phosphate moiety with “dephospho” linkers; modification or
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replacement of a naturally occurring base; and replacement or modification of the ribose-phosphate
backbone.

As nucleic acids are polymers of subunits, many of the modifications occur at a position
which is repeated within a nucleic acid, e.g., a modification of a base, or a phosphate moiety, or a
non-linking O of a phosphate moiety. In some cases the modification will occur at all of the subject
positions in the nucleic acid but in many cases it will not. By way of example, a modification may
only occur at a 3’ or 5’ terminal position, may only occur in a terminal region, e.g., at a position on a
terminal nucleotide or in the last 2, 3, 4, 5, or 10 nucleotides of a strand. A modification may occur
in a double strand region, a single strand region, or in both. A modification may occur only in the
double strand region of a RNA or may only occur in a single strand region of a RNA. For example, a
phosphorothioate modification at a non-linking O position may only occur at one or both termini,
may only occur in a terminal region, e.g., at a position on a terminal nucleotide or in the last 2, 3, 4,
5, or 10 nucleotides of a strand, or may occur in double strand and single strand regions, particularly
at termini. The 5’ end or ends can be phosphorylated.

It may be possible, e.g., to enhance stability, to include particular bases in overhangs, or to
include modified nucleotides or nucleotide surrogates, in single strand overhangs, e.g.,ina 5 or 3’
overhang, or in both. For example, it can be desirable to include purine nucleotides in overhangs. In
some embodiments all or some of the bases in a 3’ or 5” overhang may be modified, e.g., with a
modification described herein. Modifications can include, e.g., the use of modifications at the 2’
position of the ribose sugar with modifications that are known in the art, e.g., the use of
deoxyribonucleotides, , 2’-deoxy-2’-fluoro (2’-F) or 2’-O-methyl modified instead of the ribosugar
of the nucleobase , and modifications in the phosphate group, e.g., phosphorothioate modifications.
Overhangs need not be homologous with the target sequence.

In one embodiment, each residue of the sense strand and antisense strand is independently
modified with LNA, CRN, cET, UNA, HNA, CeNA, 2’-methoxyethyl, 2’- O-methyl, 2’-O-allyl, 2’-
C- allyl, 2’-deoxy, 2’-hydroxyl, or 2’-fluoro. The strands can contain more than one modification.
In one embodiment, each residue of the sense strand and antisense strand is independently modified
with 2’- O-methyl or 2’-fluoro.

At least two different modifications are typically present on the sense strand and antisense
strand. Those two modifications may be the 2’- O-methyl or 2’-fluoro modifications, or others.

In one embodiment, the N, and/or N, comprise modifications of an alternating pattern. The
term “alternating motif” as used herein refers to a motif having one or more modifications, each
modification occurring on alternating nucleotides of one strand. The alternating nucleotide may refer
to one per every other nucleotide or one per every three nucleotides, or a similar pattern. For
example, if A, B and C each represent one type of modification to the nucleotide, the alternating
motif can be “ABABABABABAB...,” “AABBAABBAABB...,” “AABAABAABAAB...,”
“AAABAAABAAAB...,” “AAABBBAAABBB...,” or “ABCABCABCABC...,” etc.

The type of modifications contained in the alternating motif may be the same or different.

For example, if A, B, C, D each represent one type of modification on the nucleotide, the alternating
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pattern, i.e., modifications on every other nucleotide, may be the same, but each of the sense strand
or antisense strand can be selected from several possibilities of modifications within the alternating
motif such as “ABABAB...”, “ACACAC...” “BDBDBD...” or “CDCDCD...,” etc.

In one embodiment, the RNAI agent of the invention comprises the modification pattern for
the alternating motif on the sense strand relative to the modification pattern for the alternating motif
on the antisense strand is shifted. The shift may be such that the modified group of nucleotides of the
sense strand corresponds to a differently modified group of nucleotides of the antisense strand and
vice versa. For example, the sense strand when paired with the antisense strand in the dsRNA
duplex, the alternating motif in the sense strand may start with “ABABAB” from 5°-3’ of the strand
and the alternating motif in the antisense strand may start with “BABABA” from 5’-3’of the strand
within the duplex region. As another example, the alternating motif in the sense strand may start
with “AABBAABB” from 5’-3" of the strand and the alternating motif in the antisenese strand may
start with “BBAABBAA” from 5°-3’ of the strand within the duplex region, so that there is a
complete or partial shift of the modification patterns between the sense strand and the antisense
strand.

In one embodiment, the RNAIi agent comprises the pattern of the alternating motif of 2'-O-
methyl modification and 2’-F modification on the sense strand initially has a shift relative to the
pattern of the alternating motif of 2'-O-methyl modification and 2’-F modification on the antisense
strand initially, i.e., the 2'-O-methyl modified nucleotide on the sense strand base pairs with a 2'-F
modified nucleotide on the antisense strand and vice versa. The 1 position of the sense strand may
start with the 2'-F modification, and the 1 position of the antisense strand may start with the 2'- O-
methyl modification.

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

In one embodiment, when the motif of three identical modifications on three consecutive
nucleotides is introduced to any of the strands, the modification of the nucleotide next to the motif is
a different modification than the modification of the motif. For example, the portion of the sequence
containing the motif is “...N.YYYNs...,” where “Y” represents the modification of the motif of three
identical modifications on three consecutive nucleotide, and “N,” and “Np” represent a modification
to the nucleotide next to the motif “YY Y™ that is different than the modification of Y, and where N,
and N can be the same or different modifications. Altnernatively, N, and/or N, may be present or
absent when there is a wing modification present.

The RNAi agent may further comprise at least one phosphorothioate or methylphosphonate
internucleotide linkage. The phosphorothioate or methylphosphonate internucleotide linkage

modification may occur on any nucleotide of the sense strand or antisense strand or both strands in

56



WO 2024/059165 PCT/US2023/03268(va2020

10

15

20

25

30

35

001
‘WO01

any position of the strand. For instance, the internucleotide linkage modification may occur on every
nucleotide on the sense strand and/or antisense strand; each internucleotide linkage modification may
occur in an alternating pattern on the sense strand and/or antisense strand; or the sense strand or
antisense strand may contain both internucleotide linkage modifications in an alternating pattern.
The alternating pattern of the internucleotide linkage modification on the sense strand may be the
same or different from the antisense strand, and the alternating pattern of the internucleotide linkage
modification on the sense strand may have a shift relative to the alternating pattern of the
internucleotide linkage modification on the antisense strand. In one embodiment, a double-standed
RNAI agent comprises 6-8phosphorothioate internucleotide linkages. In one embodiment, the
antisense strand comprises two phosphorothioate internucleotide linkages at the 5’-terminus and two
phosphorothioate internucleotide linkages at the 3’-terminus, and the sense strand comprises at least
two phosphorothioate internucleotide linkages at either the 5’-terminus or the 3’-terminus.

In one embodiment, the RNAi comprises a phosphorothioate or methylphosphonate
internucleotide linkage modification in the overhang region. For example, the overhang region may
contain two nucleotides having a phosphorothioate or methylphosphonate internucleotide linkage
between the two nucleotides. Internucleotide linkage modifications also may be made to link the
overhang nucleotides with the terminal paired nucleotides within the duplex region. For example, at
least 2, 3, 4, or all the overhang nucleotides may be linked through phosphorothioate or
methylphosphonate internucleotide linkage, and optionally, there may be additional phosphorothioate
or methylphosphonate internucleotide linkages linking the overhang nucleotide with a paired
nucleotide that is next to the overhang nucleotide. For instance, there may be at least two
phosphorothioate internucleotide linkages between the terminal three nucleotides, in which two of
the three nucleotides are overhang nucleotides, and the third is a paired nucleotide next to the
overhang nucleotide. These terminal three nucleotides may be at the 3’-end of the antisense strand,
the 3’-end of the sense strand, the 5’-end of the antisense strand, and/or the 5’end of the antisense
strand.

In one embodiment, the 2 nucleotide overhang is at the 3’-end of the antisense strand, and
there are two phosphorothioate internucleotide linkages between the terminal three nucleotides,
wherein two of the three nucleotides are the overhang nucleotides, and the third nucleotide is a paired
nucleotide next to the overhang nucleotide. Optionally, the RNAi agent may additionally have two
phosphorothioate internucleotide linkages between the terminal three nucleotides at both the 5’-end
of the sense strand and at the 5’-end of the antisense strand.

In one embodiment, the RNAi agent comprises mismatch(es) with the target, within the
duplex, or combinations thercof. The mistmatch may occur in the overhang region or the duplex
region. The base pair may be ranked on the basis of their propensity to promote dissociation or
melting (e.g., on the free energy of association or dissociation of a particular pairing, the simplest
approach is to examine the pairs on an individual pair basis, though next neighbor or similar analysis
can also be used). In terms of promoting dissociation: A:U is preferred over G:C; G:U is preferred

over G:C; and I:C is preferred over G:C (I=inosine). Mismatches, e.g., non-canonical or other than
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canonical pairings (as described elsewhere herein) are preferred over canonical (A:T, A:U, G:C)
pairings; and pairings which include a universal base are preferred over canonical pairings.

In one embodiment, the RNAi agent comprises at least one of the first 1, 2, 3, 4, or 5 base
pairs within the duplex regions from the 5’- end of the antisense strand independently selected from
the group of: A:U, G:U, I:C, and mismatched pairs, e.g., non-canonical or other than canonical
pairings or pairings which include a universal base, to promote the dissociation of the antisense
strand at the 5’-end of the duplex.

In one embodiment, the nucleotide at the 1 position within the duplex region from the 5 -end
in the antisense strand is selected from the group consisting of A, dA, dU, U, and dT. Alternatively,
at least one of the first 1, 2 or 3 base pair within the duplex region from the 5’ - end of the antisense
strand is an AU base pair. For example, the first base pair within the duplex region from the 5°- end
of the antisense strand is an AU base pair.

In another embodiment, the nucleotide at the 3’-end of the sense strand is deoxy-thymine
(dT). In another embodiment, the nucleotide at the 3’-end of the antisense strand is deoxy-thymine
(dT). In one embodiment, there is a short sequence of deoxy-thymine nucleotides, for example, two
dT nucleotides on the 3’-end of the sense and/or antisense strand.

In one embodiment, the sense strand sequence may be represented by formula (I):

5'"1p-Na-(X X X )i-No-Y Y Y -Nuo-(Z Z Z )i-Na-ng 3' @

wherein:

i and j are each independently O or 1;

p and q are each independently 0-6;

each N, independently represents an oligonucleotide sequence comprising 0-25
modified nucleotides, each sequence comprising at least two differently modified nucleotides;

each Ny, independently represents an oligonucleotide sequence comprising 0-10
modified nucleotides;

cach n, and nq independently represent an overhang nucleotide;

wherein Nb and Y do not have the same modification; and

XXX, YYY and ZZZ each independently represent one motif of three identical
modifications on three consecutive nucleotides. Preferably YYY is all 2’-F modified nucleotides.

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

In one embodiment, the YYY motif occurs at or near the cleavage site of the sense strand.
For example, when the RNAi agent has a duplex region of 17-23 nucleotides in length, the YY'Y
motif can occur at or the vicinity of the cleavage site (e.g.: can occur at positions 6,7,8,7,8,9, 8,9,
10,9, 10, 11,10, 11,12 or 11, 12, 13) of - the sense strand, the count starting from the 1% nucleotide,
from the 5’-end; or optionally, the count starting at the 1% paired nucleotide within the duplex region,
from the 5’- end.

In one embodiment, iis 1 andjis 0, oriis 0 andjis 1, or both i and j are 1. The sense strand
can therefore be represented by the following formulas:

5'1p-Na-YYY-No-ZZZ-N,-ng 3' (Ib);
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5" 1p-Na-XXX-Np-YYY-Na-ng 3' (Ic); or

5" 1np-Na-XXX-Np-YYY-Nu-ZZZ-Na-ng 3' (1d).

When the sense strand is represented by formula (Ib), Ny, represents an oligonucleotide
sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Each N, independently can
represent an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the sense strand is represented as formula (Ic), Ny represents an oligonucleotide
sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Each N, can
independently represent an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

When the sense strand is represented as formula (Id), each Ny independently represents an
oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Preferably,
Nvis 0,1, 2,3, 4,5 or 6. Each N, can independently represent an oligonucleotide sequence
comprising 2-20, 2-15, or 2-10 modified nucleotides.

Each of X, Y and Z may be the same or different from each other.

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

5'1p-Na-YYY- Na-ng 3' (Ia).

When the sense strand is represented by formula (Ia), each N, independently can represent an
oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

In one embodiment, the antisense strand sequence of the RNAi may be represented by
formula (II):

S'ng-No"“(Z"Z"ZN-Np'-Y'Y'Y'-Np' (X' X'X)-N'3np," 3' - (ID

wherein:

k and [ are each independently O or 1;

p’ and q’ are each independently 0-6;

each N,' independently represents an oligonucleotide sequence comprising 0-25
modified nucleotides, each sequence comprising at least two differently modified nucleotides;

each Ny independently represents an oligonucleotide sequence comprising 0-10
modified nucleotides;

each np' and ng' independently represent an overhang nucleotide;

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

X'X'X', Y'Y'Y"and Z'Z'Z’ each independently represent one motif of three identical
modifications on three consecutive nucleotides.

In one embodiment, the N.” and/or Ny’ comprise modifications of alternating pattern.

The Y'Y'Y' motif occurs at or near the cleavage site of the antisense strand. For example,
when the RNAi agent has a duplex region of 17-23nucleotidein length, the Y'Y'Y' motif can occur at
positions 9, 10, 11;10, 11, 12; 11, 12, 13; 12, 13, 14 ; or 13, 14, 15 of the antisense strand, with the

count starting from the 1% nucleotide, from the 5’-end; or optionally, the count starting at the 1%
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paired nucleotide within the duplex region, from the 5’- end. Preferably, the Y'Y'Y' motif occurs at
positions 11, 12, 13.

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

In one embodiment, kis 1 and1is 0, orkisOandlis 1, or both k and 1 are 1.

The antisense strand can therefore be represented by the following formulas:

S'ng-No-Z'Z"Z'-Ny'-Y'Y'Y'-Ny'-np 3'  (IIb);

S ng-No-Y'Y'Y'-Ny'-X'X'X"-ny 3" (Ilc); or

S'ng-No'- Z2Z72Z'-Ny-Y'Y'Y'-Ny'- X'X'X'-Ny"-ny 3' (Ild).

When the antisense strand is represented by formula (IIb), N, represents an oligonucleotide
sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Each Ny’
independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

When the antisense strand is represented as formula (Ilc), Ny’ represents an oligonucleotide
sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Each Ny’
independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

When the antisense strand is represented as formula (Ild), each Ny’ independently represents
an oligonucleotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides.
Each N.’ independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10
modified nucleotides. Preferably, N, is 0, 1,2, 3,4, 5 or 6.

In other embodiments, k is 0 and 1 is 0 and the antisense strand may be represented by the
formula:

5'np-No-Y’Y'Y’- Np-ng 3' (la).

When the antisense strand is represented as formula (Ila), each N’ independently represents
an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

Each of X', Y' and Z' may be the same or different from each other.

Each nucleotide of the sense strand and antisense strand may be independently modified with
LNA, CRN, UNA, cEt, HNA, CeNA, 2’-methoxyethyl, 2’-O-methyl, 2’-O-allyl, 2’-C- allyl, 2’-
hydroxyl, or 2’-fluoro. For example, each nucleotide of the sense strand and antisense strand is
independently modified with 2’-O-methyl or 2’-fluoro. Each X, Y, Z, X', Y’ and Z', in particular,
may represent a 2’-O-methyl modification or a 2’-fluoro modification.

In one embodiment, the sense strand of the RNAi agent may contain YY'Y motif occurring at
9, 10 and 11 positions of the strand when the duplex region is 21 nt, the count starting from the 1%
nucleotide from the 5’-end, or optionally, the count starting at the 1% paired nucleotide within the
duplex region, from the 5°- end; and Y represents 2’-F modification. The sense strand may
additionally contain XXX motif or ZZZ motifs as wing modifications at the opposite end of the
duplex region; and XXX and ZZZ each independently represents a 2’-OMe modification or 2’-F

modification.
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In one embodiment the antisense strand may contain Y'Y'Y' motif occurring at positions 11,
12, 13 of the strand, the count starting from the 1st nucleotide from the 5° end, or optionally, the
count starting at the 1st paired nucleotide within the duplex region, from the 5’- end; and Y’
represents 2’-O-methyl modification. The antisense strand may additionally contain X'X'X’ motif or
777" motifs as wing modifications at the opposite end of the duplex region; and X'X'X" and 2’2’7/
each independently represents a 2’-OMe modification or 2’-F modification.

The sense strand represented by any one of the above formulas (Ia), (Ib), (Ic), and (Id) forms
a duplex with a antisense strand being represented by any one of formulas (Ila), (IIb), (Ilc), and (IId),
respectively.

Accordingly, the RNAi agents for use in the methods of the invention may comprise a sense

strand and an antisense strand, each strand having 14 to 30 nucleotides, the RNAi duplex represented

by formula (III):
sense: S'np -Na-(X X X)i-Nb-Y Y Y -Nb -(Z Z Z)j-Na-nq 3'
antisense: 3'np’-Na’-( X’ X'X)k-Nb’-Y'Y'Y'-Nb’-(Z'Z'Z")1-Na’-nq’ 5'
{11
wherein:

i,], k, and | are each independently O or 1;
p.pP, g, and q' are each independently 0-6;
cach Na and Na’ independently represents an oligonucleotide sequence comprising
0-25 modified nucleotides, each sequence comprising at least two differently modified
nucleotides;
cach Nb and Nb’ independently represents an oligonucleotide sequence comprising
0-10 modified nucleotides;
wherein each np’, np, nq’, and nq, each of which may or may not be present,
independently represents an overhang nucleotide; and
XXX, YYY, 277, X'X'X', Y'Y'Y', and Z'Z'Z' each independently represent one
motif of three identical modifications on three consecutive nucleotides.
In one embodiment, i is O and jis O; oriis 1 andjis O; oriis O and j is 1; or both i and j are
0; or both i and j are 1. In another embodiment, kis O and 1is 0; or kis 1 and 1is O; kis O and lis 1;
or both k and 1 are 0; or both k and I are 1.
Exemplary combinations of the sense strand and antisense strand forming a RNAi duplex
include the formulas below:
S'np-Na-Y Y Y -Na-nq 3
3 np’-Na’-Y'Y'Y'-Na'nq’ 5'
(Ia)
S'np-Na-YY Y -Nb-ZZZ-Na-nq3'
3 np’-Na’-Y'Y'Y'-Nb’-Z'Z'Z'-Na’'nq’ 5'
(I1Ib)
S'np-Na- X X X -Nb-Y Y Y - Na-nq 3'
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3 np’-Na’-X'X'X'-Nb’-Y'Y'Y'-Na’-nq” 5'

(Ilc)

S5'np-Na-XXX-Nb-YY Y -Nb-ZZ7Z-Na-nq3'

3 np’-Na’-X'X'X'-Nb’-Y'Y'Y'-Nb’-Z'Z'Z'-Na-nq’ 5'

I1d)

When the RNAI agent is represented by formula (Illa), each Na independently represents an
oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the RNAI agent is represented by formula (Illb), each Nb independently represents an
oligonucleotide sequence comprising 1-10, 1-7, 1-5 or 1-4 modified nucleotides. Each Na
independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides.

When the RNAIi agent is represented as formula (Illc), each Nb, Nb’ independently
represents an oligonucleotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified
nucleotides. Each Na independently represents an oligonucleotide sequence comprising 2-20, 2-15,
or 2-10 modified nucleotides.

When the RNAIi agent is represented as formula (Illd), each Nb, Nb’ independently
represents an oligonucleotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or Omodified
nucleotides. Each Na, Na’ independently represents an oligonucleotide sequence comprising 2-20, 2-
15, or 2-10 modified nucleotides. Each of Na, Na’, Nb and Nb’ independently comprises
modifications of alternating pattern.

Each of X, Y and Z in formulas (III), (Il1a), (IIIb), (IlIc), and (IIId) may be the same or
different from each other.

When the RNAIi agent is represented by formula (II1), (Illa), (I1Ib), (I1lc), and (Illd), at least
one of the Y nucleotides may form a base pair with one of the Y' nucleotides. Alternatively, at least
two of the Y nucleotides form base pairs with the corresponding Y' nucleotides; or all three of the Y
nucleotides all form base pairs with the corresponding Y’ nucleotides.

When the RNAi agent is represented by formula (Illb) or (IIId), at least one of the Z
nucleotides may form a base pair with one of the Z' nucleotides. Alternatively, at least two of the Z
nucleotides form base pairs with the corresponding Z' nucleotides; or all three of the Z nucleotides all
form base pairs with the corresponding Z' nucleotides.

When the RNAIi agent is represented as formula (Illc) or (I1Id), at least one of the X
nucleotides may form a base pair with one of the X' nucleotides. Alternatively, at least two of the X
nucleotides form base pairs with the corresponding X' nucleotides; or all three of the X nucleotides
all form base pairs with the corresponding X' nucleotides.

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

nucleotide.
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In one embodiment, when the RNAi agent is represented by formula (IIld), the Na
modifications are 2’-O-methyl or 2’—fluoro modifications. In another embodiment, when the RNAi
agent is represented by formula (ITId), the Na modifications are 2’-O-methyl or 2’-fluoro
modifications and np’ >0 and at least one np' is linked to a neighboring nucleotide a via
phosphorothioate linkage. In yet another embodiment, when the RNAi agent is represented by
formula (I11d), the Na modifications are 2’-O-methyl or 2’-fluoro modifications , np’ >0 and at least
one np' is linked to a neighboring nucleotide via phosphorothioate linkage, and the sense strand is
conjugated to one or more GalNAc derivatives attached through a bivalent or trivalent branched
linker (described below). In another embodiment, when the RNAi agent is represented by formula
(1IId), the Na modifications are 2’-O-methyl or 2’-fluoro modifications , np’ >0 and at least one np’ is
linked to a neighboring nucleotide via phosphorothioate linkage, the sense strand comprises at least
one phosphorothioate linkage, and the sense strand is conjugated to one or more GalNAc derivatives
attached through a bivalent or trivalent branched linker.

In one embodiment, when the RNAi agent is represented by formula (IIla), the Na
modifications are 2’-O-methyl or 2’-fluoro modifications , np’ >0 and at least one np' is linked to a
neighboring nucleotide via phosphorothioate linkage, the sense strand comprises at least one
phosphorothioate linkage, and the sense strand is conjugated to one or more GalNAc derivatives
attached through a bivalent or trivalent branched linker.

In one embodiment, the RNAi agent is a multimer containing at least two duplexes
represented by formula (I11), (IlTa), (I1Ib), (Illc), and (I1Id), wherein the duplexes are connected by a
linker. The linker can be cleavable or non-cleavable. Optionally, the multimer further comprises a
ligand. Each of the duplexes can target the same gene or two different genes; or each of the duplexes
can target same gene at two different target sites.

In one embodiment, the RNAI agent is a multimer containing three, four, five, six or more
duplexes represented by formula (III), (Illa), (I1Ib), (Illc), and (11Id), wherein the duplexes are
connected by a linker. The linker can be cleavable or non-cleavable. Optionally, the multimer
further comprises a ligand. Each of the duplexes can target the same gene or two different genes; or
cach of the duplexes can target same gene at two different target sites.

In one embodiment, two RNAi agents represented by formula (III), (I1la), (ILIb), (Illc), and
(I11d) are linked to each other at the 5° end, and one or both of the 3* ends and are optionally
conjugated to to a ligand. Each of the agents can target the same gene or two different genes; or each
of the agents can target same gene at two different target sites.

In certain embodiments, an RNAi agent of the invention may contain a low number of
nucleotides containing a 2’-fluoro modification, e.g., 10 or fewer nucleotides with 2’-fluoro
modification. For example, the RNAi agent may contain 10,9, 8, 7, 6, 5, 4, 3, 2, 1 or 0 nucleotides
with a 2’-fluoro modification. In a specific embodiment, the RNAi agent of the invention contains
10 nucleotides with a 2’ -fluoro modification, e.g., 4 nucleotides with a 2’-fluoro modification in the
sense strand and 6 nucleotides with a 2’-fluoro modification in the antisense strand. In another

specific embodiment, the RNAi agent of the invention contains 6 nucleotides with a 2’-fluoro
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modification, e.g., 4 nucleotides with a 2’-fluoro modification in the sense strand and 2 nucleotides
with a 2’-fluoro modification in the antisense strand.

In other embodiments, an RNAi agent of the invention may contain an ultra low number of
nucleotides containing a 2’-fluoro modification, e.g., 2 or fewer nucleotides containing a 2’-fluoro
modification. For example, the RNAi agent may contain 2, 1 of 0 nucleotides with a 2’-fluoro
modification. In a specific embodiment, the RNAi agent may contain 2 nucleotides with a 2’-fluoro
modification, e.g., 0 nucleotides with a 2-fluoro modification in the sense strand and 2 nucleotides
with a 2’-fluoro modification in the antisense strand.

Various publications describe multimeric RNAi agents that can be used in the methods of the
invention. Such publications include WO2007/091269, US Patent No. 7858769, W02010/141511,
WO2007/117686, W0O2009/014887 and W0O2011/031520 the entire contents of each of which are
hereby incorporated herein by reference.

As described in more detail below, the RNAIi agent that contains conjugations of one or more
carbohydrate moieties to a RNAIi agent can optimize one or more properties of the RNAi agent. In
many cases, the carbohydrate moiety will be attached to a modified subunit of the RNAi agent. For
example, the ribose sugar of one or more ribonucleotide subunits of a dsSRINA agent can be replaced
with another moiety, e.g., a non-carbohydrate (preferably cyclic) carrier to which is attached a
carbohydrate ligand. A ribonucleotide subunit in which the ribose sugar of the subunit has been so
replaced is referred to herein as a ribose replacement modification subunit (RRMS). A cyclic carrier
may be a carbocyclic ring system, i.e., all ring atoms are carbon atoms, or a heterocyclic ring system,
i.e., one or more ring atoms may be a heteroatom, e.g., nitrogen, oxygen, sulfur. The cyclic carrier
may be a monocyclic ring system, or may contain two or more rings, e.g. fused rings. The cyclic
carrier may be a fully saturated ring system, or it may contain one or more double bonds.

The ligand may be attached to the polynucleotide via a carrier. The carriers include (i) at
least one “backbone attachment point,” preferably two “backbone attachment points™ and (ii) at least
one “tethering attachment point.” A “backbone attachment point” as used herein refers to a
functional group, e.g. a hydroxyl group, or generally, a bond available for, and that is suitable for
incorporation of the carrier into the backbone, e.g., the phosphate, or modified phosphate, e.g., sulfur
containing, backbone, of a ribonucleic acid. A “tethering attachment point” (TAP) in some
embodiments refers to a constituent ring atom of the cyclic carrier, e.g., a carbon atom or a
heteroatom (distinct from an atom which provides a backbone attachment point), that connects a
selected moiety. The moiety can be, e.g., a carbohydrate, e.g. monosaccharide, disaccharide,
trisaccharide, tetrasaccharide, oligosaccharide and polysaccharide. Optionally, the selected moiety is
connected by an intervening tether to the cyclic carrier. Thus, the cyclic carrier will often include a
functional group, e.g., an amino group, or generally, provide a bond, that is suitable for incorporation
or tethering of another chemical entity, e.g., a ligand to the constituent ring.

The RNAI agents may be conjugated to a ligand via a carrier, wherein the carrier can be
cyclic group or acyclic group; preferably, the cyclic group is selected from pyrrolidinyl, pyrazolinyl,

pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, [1,3]dioxolane, oxazolidinyl,
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isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl, quinoxalinyl, pyridazinonyl,
tetrahydrofuryl and and decalin; preferably, the acyclic group is selected from serinol backbone or

diethanolamine backbone.
In another embodiment of the invention, an iRNA agent comprises a sense strand and an

antisense strand, each strand having 14 to 40 nucleotides. The RNAi agent may be represented

by formula (L):

81 41\ B2 /q\ B3
nt LN\ n? n3 Un* ns

By ” /41\'\(12 82’ - 7 2 \q4 83’ N 7 3 N p 84’ Y
@),

In formula (L), B1, B2, B3, B1’, B2’, B3’, and B4’ each are independently a nucleotide
containing a modification selected from the group consisting of 2’-O-alkyl, 2’-substituted
alkoxy, 2’-substituted alkyl, 2’-halo, ENA, and BNA/LNA. In certain embodiments, B1, B2,
B3, B1’, B2’, B3’, and B4’ each contain 2’-OMe modifications. In certain embodiments, B1,
B2, B3, B1’, B2’, B3’, and B4’ each contain 2’-OMe or 2’-F modifications. In certain
embodiments, at least one of B1, B2, B3, B1’, B2’, B3’, and B4’ contain 2'-O-N-
methylacetamido (2'-O-NMA) modification.

C1 is a thermally destabilizing nucleotide placed at a site opposite to the seed region of
the antisense strand (i.e., at positions 2-8 of the 5’-end of the antisense strand). For example, C1
is at a position of the sense strand that pairs with a nucleotide at positions 2-8 of the 5’-end of
the antisense strand. In one example, C1 is at position 15 from the 5’-end of the sense strand. C1
nucleotide bears the thermally destabilizing modification which can include abasic modification;
mismatch with the opposing nucleotide in the duplex; and sugar modification such as 2’-deoxy
modification or acyclic nucleotide e.g., unlocked nucleic acids (UNA) or glycerol nucleic acid
(GNA). In certain embodiments, C1 has thermally destabilizing modification selected from the
group consisting of: i) mismatch with the opposing nucleotide in the antisense strand; ii) abasic
modification selected from the group consisting of:

\
\

\
\ \
\

\ \\b M \ $

6] o) \ 0 0 N

&y 7\ S ONR% 7 5
Q ? 0 0

; and iii) sugar

modification selected from the group consisting of:
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, wherein B is a modified or unmodified nucleobase, R! and R?
independently are H, halogen, OR3, or alkyl; and Rs is H, alkyl, cycloalkyl, aryl, aralkyl,
heteroaryl or sugar. In certain embodiments, the thermally destabilizing modification in C1 is a
mismatch selected from the group consisting of G:G, G:A, G:U, G:T, A:A, A:C, C:C, C:U, C:T,
U:U, T:T, and U:T; and optionally, at least one nucleobase in the mismatch pair is a 2’-deoxy

nucleobase. In one example, the thermally destabilizing modification in C1 is GNA or

o O

T1,T1°, T2, and T3’ each independently represent a nucleotide comprising a
modification providing the nucleotide a steric bulk that is less or equal to the steric bulk of a 2’-
OMe modification. A steric bulk refers to the sum of steric effects of a modification. Methods
for determining steric effects of a modification of a nucleotide are known to one skilled in the
art. The modification can be at the 2’ position of a ribose sugar of the nucleotide, or a
modification to a non-ribose nucleotide, acyclic nucleotide, or the backbone of the nucleotide
that is similar or equivalent to the 2’ position of the ribose sugar, and provides the nucleotide a
steric bulk that is less than or equal to the steric bulk of a 2’-OMe modification. For example,
T1,T1’, T2, and T3 are each independently selected from DNA, RNA, LNA, 2°-F, and 2’-F-
5’-methyl. In certain embodiments, T1is DNA. In certain embodiments, T1’ is DNA, RNA or
LNA. In certain embodiments, T2’ is DNA or RNA. In certain embodiments, T3’ is DNA or
RNA.

n', n’, and q' are independently 4 to 15 nucleotides in length.

n’, ¢%, and q’ are independently 1-6 nucleotide(s) in length.

n*, g% and ¢° are independently 1-3 nucleotide(s) in length; alternatively, n* is 0.

¢’ is independently 0-10 nucleotide(s) in length.

n* and ¢* are independently 0-3 nucleotide(s) in length.
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Alternatively, n* is 0-3 nucleotide(s) in length.

In certain embodiments, n* can be 0. In one example, n* is 0, and g> and q® are 1. In
another example, n* is 0, and g% and q° are 1, with two phosphorothioate internucleotide linkage
modifications within position 1-5 of the sense strand (counting from the 5’-end of the sense
strand), and two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and
two phosphorothioate internucleotide linkage modifications within positions 18-23 of the
antisense strand (counting from the 5’-end of the antisense strand).

In certain embodiments, n*, g2, and q° are each 1.

In certain embodiments, n?, n*, ¢2 q*, and q° are each 1.

In certain embodiments, C1 is at position 14-17 of the 5’-end of the sense strand, when
the sense strand is 19-22 nucleotides in length, and n* is 1. In certain embodiments, C1 is at
position 15 of the 5’-end of the sense strand

In certain embodiments, T3’ starts at position 2 from the 5’ end of the antisense strand.
In one example, T3’ is at position 2 from the 5’ end of the antisense strand and q° is equal to 1.

In certain embodiments, T1" starts at position 14 from the 5’ end of the antisense strand.
In one example, T1 is at position 14 from the 5° end of the antisense strand and ¢* is equal to 1.

In an exemplary embodiment, T3’ starts from position 2 from the 5’ end of the antisense
strand and T1’ starts from position 14 from the 5° end of the antisense strand. In one example,
T3’ starts from position 2 from the 5° end of the antisense strand and q° is equal to 1 and T1’
starts from position 14 from the 5’ end of the antisense strand and q* is equal to 1.

In certain embodiments, T1" and T3’ are separated by 11 nucleotides in length (i.e. not
counting the T1” and T3’ nucleotides).

In certain embodiments, T1’ is at position 14 from the 5° end of the antisense strand. In
one example, T1’ is at position 14 from the 5° end of the antisense strand and g? is equal to 1,
and the modification at the 2’ position or positions in a non-ribose, acyclic or backbone that
provide less steric bulk than a 2’-OMe ribose.

In certain embodiments, T3 is at position 2 from the 5’ end of the antisense strand. In
one example, T3’ is at position 2 from the 5” end of the antisense strand and q° is equal to 1, and
the modification at the 2’ position or positions in a non-ribose, acyclic or backbone that provide
less than or equal to steric bulk than a 2’-OMe ribose.

In certain embodiments, T1 is at the cleavage site of the sense strand. In one example,
T1 is at position 11 from the 5 end of the sense strand, when the sense strand is 19-22
nucleotides in length, and n? is 1. In an exemplary embodiment, T1 is at the cleavage site of the
sense strand at position 11 from the 5 end of the sense strand, when the sense strand is 19-22
nucleotides in length, and n” is 1,

In certain embodiments, T2’ starts at position 6 from the 5’ end of the antisense strand.

In one example, T2 is at positions 6-10 from the 5° end of the antisense strand, and ¢* is 1.
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In an exemplary embodiment, T1 is at the cleavage site of the sense strand, for instance,
at position 11 from the 5’ end of the sense strand, when the sense strand is 19-22 nucleotides in
length, and n*is 1; T1’ is at position 14 from the 5 end of the antisense strand, and q* is equal to
1, and the modification to T1’ is at the 2’ position of a ribose sugar or at positions in a non-

5 ribose, acyclic or backbone that provide less steric bulk than a 2’-OMe ribose; T2’ is at positions
6-10 from the 5° end of the antisense strand, and q* is 1; and T3’ is at position 2 from the 5 end
of the antisense strand, and q° is equal to 1, and the modification to T3’ is at the 2° position or at
positions in a non-ribose, acyclic or backbone that provide less than or equal to steric bulk than a
2’-OMe ribose.

10 In certain embodiments, T2’ starts at position 8 from the 5’ end of the antisense strand.
In one example, T2’ starts at position 8 from the 5 end of the antisense strand, and q* is 2.

In certain embodiments, T2’ starts at position 9 from the 5’ end of the antisense strand.
In one example, T2 is at position 9 from the 5° end of the antisense strand, and ¢* is 1.

In certain embodiments, B1’ is 2’-OMe or 2’-F, q' i 9, T1" is 2’-F, ¢*is 1, B2 is 2’-

15 OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 1, B3’ is 2’-OMe or 2’-F, q5 is 6, T3 is 2’-F, q6 is 1, B4’
is 2’-OMe, and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications within
positions 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense

20  strand (counting from the 5’-end of the antisense strand).

In certain embodiments, n* is 0, B3 is 2’-OMe, n’ is 3, B1" is 2’-OMe or 2’-F, ¢! is 9,
T1'is 2’-F, ¢?is 1, B2’ is 2’-OMe or 2’-F, ¢*is 4, T2 is 2’-F, q*is 1, B3’ is 2’-OMe or 2’-F, ¢°
is 6, T3 is 2’-F, q®is 1, B4’ is 2°-OMe, and ¢’ is 1; with two phosphorothioate internucleotide
linkage modifications within positions 1-5 of the sense strand (counting from the 5’-end of the

25  sense strand), and two phosphorothioate internucleotide linkage modifications at positions 1 and
2 and two phosphorothioate internucleotide linkage modifications within positions 18-23 of the
antisense strand (counting from the 5’-end of the antisense strand).

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’0OMe, n°is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1" is 2’-F, ¢?is 1, B2 is 2’-

30 OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1, B4’
is 2°-OMe, and ¢ is 1.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 4, T2  is 2’-F, ¢*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1,

35 B4 is2’-OMe, and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications
within positions 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two

phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
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phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5’-end of the antisense strand).

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 6, T1 is 2’F, n?is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’0OMe, n°is 3, B1’ is 2’-OMe or 2’-F, q' is 7, T1" is 2’-F, ¢?is 1, B2 is 2’-
OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, ¢®is 1, B4’
is 2’-OMe, and q” is 1.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 6, T1 is 2’F, n?is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 7, T1’ is 2’-F, ¢*is 1, B2’ is
2’-OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1,
B4’ is 2’-OMe, and q is 1; with two phosphorothioate internucleotide linkage modifications
within positions 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5’-end of the antisense strand).

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2’0OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q'is 9, T1" is 2°-F, ¢?is 1, B2 is 2’-
OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 1, B3’ is 2’-OMe or 2’-F, q5 is 6, T3 is 2’-F, q6 is 1, B4’
is 2°-OMe, and ¢ is 1.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMeor 2’-F, ¢*is 4, T2  is 2’-F, q*is 1, B3’ is 2’-OMe or 2’-F, ¢’ is 6, T3  is 2°-F, ¢®is 1,
B4’ is 2’-OMe, and q is 1; with two phosphorothioate internucleotide linkage modifications
within positions 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5’-end of the antisense strand).

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’0OMe, n°is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1" is 2’-F, ¢?is 1, B2 is 2’-
OMe or 2’-F, ¢*is 5, T2  is 2’-F, q*is 1, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, ¢®is 1, B4’
is 2’-OMe, and q’ is 1; optionally with at least 2 additional TT at the 3’-end of the antisense
strand.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 5, T2  is 2’-F, ¢*is 1, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1,
B4’ is 2’-OMe, and ¢’ is 1; optionally with at least 2 additional TT at the 3’-end of the antisense
strand; with two phosphorothioate internucleotide linkage modifications within positions 1-5 of

the sense strand (counting from the 5’-end of the sense strand), and two phosphorothioate
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internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end of the antisense strand).

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMeor 2’-F, ¢*is 4, q*is 0, B3’ is 2’-OMe or 2°-F, ¢’ is 7, T3  is 2’-F, ¢®is 1, B4’ is
2’-OMe, and q is 1.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMeor 2’-F, ¢*is 4, q*is 0, B3’ is 2’-OMe or 2°-F, ¢’ is 7, T3  is 2’-F, ¢®is 1, B4’ is
2’-OMe, and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications within
positions 1-5 of the sense strand (counting from the 5’-end), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end).

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2’0OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q'is 9, T1" is 2°-F, ¢?is 1, B2 is 2’-
OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1, B4’
is 2’-F, and q" is 1.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1,
B4’ is 2°-F, and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications within
positions 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5’-end of the antisense strand).

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMe or 2’-F, ¢’ is 4, q*is 0, B3" is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is 1, B4’ is 2°-F,
and q’ is 1.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 4, q*is 0, B3" is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is 1, B4’ is 2°-F,
and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications within positions 1-5
of the sense strand (counting from the 5’-end of the sense strand), and two phosphorothioate

internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
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internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end of the antisense strand).

The RNAI agent can comprise a phosphorus-containing group at the 5’-end of the sense
strand or antisense strand. The 5’-end phosphorus-containing group can be 5 -end phosphate
(5’-P), 5’-end phosphorothioate (5°-PS), 5’-end phosphorodithioate (5’-PS>), 5’-end
vinylphosphonate (5’-VP), 5’-end methylphosphonate (MePhos), or 5’-deoxy-5"-C-malonyl (

O

Base
'O\ ¢ o~ O\]
&t Y\.
Q

OH OH ). When the 5’-end phosphorus-containing group is 5’ -end
vinylphosphonate (5°-VP), the 5’-VP can be either 5’-E-VP isomer (i.e., trans-vinylphosphate,
ylphosp yiphosp

o o .
& Ogi‘\ \‘\O
N G F‘) Y
3 O Y R \{} \\ G U
On ), 5’-Z-VP isomer (i.e., cis-vinylphosphate, o= ), or mixtures
thereof.

In certain embodiments, the RNAi agent comprises a phosphorus-containing group at
the 5’-end of the sense strand. In certain embodiments, the RNAi agent comprises a
phosphorus-containing group at the 5’-end of the antisense strand.

In certain embodiments, the RNAi agent comprises a 5’-P. In certain embodiments, the
RNAI agent comprises a 5°-P in the antisense strand.

In certain embodiments, the RNAi agent comprises a 5’-PS. In certain embodiments,
the RNAIi agent comprises a 5’-PS in the antisense strand.

In certain embodiments, the RNAi agent comprises a 5’-VP. In certain embodiments,
the RNAIi agent comprises a 5’-VP in the antisense strand. In certain embodiments, the RNAi
agent comprises a 5’-E-VP in the antisense strand. In certain embodiments, the RNAi agent
comprises a 5’-Z-VP in the antisense strand.

In certain embodiments, the RNAi agent comprises a 5°-PS,. In certain embodiments,
the RNAi agent comprises a 5’-PS; in the antisense strand.

In certain embodiments, the RNAi agent comprises a 5°-PS,. In certain embodiments,
the RNAi agent comprises a 5’-deoxy-5’-C-malonyl in the antisense strand.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3 is 2’0OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q'is 9, T1" is 2°-F, ¢?is 1, B2 is 2’-
OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, q5 i85, T3’ is 2’-F, q6 is 1, B4’
is 2’-OMe, and q” is 1. The RNAi agent also comprises a 5°-PS.
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In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2’0OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q'is 9, T1" is 2°-F, ¢?is 1, B2 is 2’-
OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, ¢®is 1, B4’
is 2’-OMe, and q” is 1. The RNAI agent also comprises a 5°-P.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’0OMe, n°is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1" is 2’-F, ¢?is 1, B2 is 2’-
OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, ¢®is 1, B4’
is 2’-OMe, and q” is 1. The RNAI agent also comprises a 5°-VP. The 5’-VP may be 5’-E-VP,
5°-Z-VP, or combination thereof.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’0OMe, n°is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1" is 2’-F, ¢?is 1, B2 is 2’-
OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1, B4’
is 2°-OMe, and q” is 1. The RNAi agent also comprises a 5°- PS..

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2’0OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q'is 9, T1" is 2°-F, ¢?is 1, B2 is 2’-
OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1, B4’
is 2°-OMe, and q” is 1. The RNAi agent also comprises a 5’-deoxy-5"-C-malonyl.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 4, T2  is 2’-F, ¢*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1,
B4’ is 2’-OMe, and q is 1; with two phosphorothioate internucleotide linkage modifications
within position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-
P.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1,
B4’ is 2’-OMe, and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications
within position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-
PS.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
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2’-OMe or 2°-F, ¢’ is 4, T2  is 2’-F, ¢*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1,
B4’ is 2°-OMe, and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications
within position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5’-end of the antisense strand). The RNAi agent also comprises a 5’-
VP. The 5’-VP may be 5’-E-VP, 5°-Z-VP, or combination thereof.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMeor 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2°-F, ¢®is 1,
B4’ is 2’-OMe, and q is 1; with two phosphorothioate internucleotide linkage modifications
within position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-
PS..

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2°-F, ¢’ is 4, T2  is 2’-F, ¢*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1,
B4’ is 2°-OMe, and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications
within position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-
deoxy-5’-C-malonyl.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMeor 2’-F, ¢*is 4, q*is 0, B3’ is 2’-OMe or 2°-F, ¢’ is 7, T3  is 2’-F, ¢®is 1, B4’ is
2’-OMe, and q" is 1. The RNAIi agent also comprises a 5°-P.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 4, q*is 0, B3" is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is1,B4’ is
2’-OMe, and q” is 1. The dsRNA agent also comprises a 5’-PS.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 4, q*is 0, B3" is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is1,B4’ is
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2’-OMe, and q” is 1. The RNAI agent also comprises a 5°-VP. The 5’-VP may be 5°-E-VP, 5’-
Z-VP, or combination thereof.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMeor 2’-F, ¢*is 4, q*is 0, B3’ is 2’-OMe or 2°-F, ¢’ is 7, T3  is 2’-F, ¢®is 1, B4’ is
2’-OMe, and q” is 1. The RNAi agent also comprises a 5°- PS.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMeor 2’-F, ¢*is 4, q*is 0, B3’ is 2’-OMe or 2°-F, ¢’ is 7, T3  is 2’-F, ¢®is 1, B4’ is
2’-OMe, and q” is 1. The RNAI agent also comprises a 5’-deoxy-5"-C-malonyl.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 4, q*is 0, B3" is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is1,B4’ is
2’-OMe, and q’ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end). The RNAI agent also comprises a 5’-P.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMeor 2’-F, ¢*is 4, q*is 0, B3’ is 2’-OMe or 2°-F, ¢’ is 7, T3  is 2’-F, ¢®is 1, B4’ is
2’-OMe, and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end). The RNAI agent also comprises a 5’-PS.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMeor 2’-F, ¢*is 4, q*is 0, B3’ is 2’-OMe or 2°-F, ¢’ is 7, T3  is 2’-F, ¢®is 1, B4’ is
2’-OMe, and q’ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end). The RNAI agent also comprises a 5’-VP. The 5’-VP may be 5’-E-VP, 5°-Z-
VP, or combination thereof.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
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2’-OMe or 2’-F, ¢*is 4, q*is 0, B3" is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is1,B4’ is
2’-OMe, and q’ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end). The RNAI agent also comprises a 5°- PSa.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMeor 2’-F, ¢*is 4, q*is 0, B3’ is 2’-OMe or 2°-F, ¢’ is 7, T3  is 2’-F, ¢®is 1, B4’ is
2’-OMe, and ¢ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end). The RNAI agent also comprises a 5’-deoxy-5’-C-malonyl.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2’0OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q'is 9, T1" is 2°-F, ¢?is 1, B2 is 2’-
OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1, B4’
is 2’-F, and q” is 1. The RNAIi agent also comprises a 5°- P.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2’0OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q'is 9, T1" is 2°-F, ¢?is 1, B2 is 2’-
OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, ¢®is 1, B4’
is 2’-F, and q” is 1. The RNAI agent also comprises a 5°- PS.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’0OMe, n°is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1" is 2’-F, ¢?is 1, B2 is 2’-
OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, ¢®is 1, B4’
is 2’-F, and q” is 1. The RNAI agent also comprises a 5’- VP. The 5’-VP may be 5’-E-VP, 5’-Z-
VP, or combination thereof.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’0OMe, n°is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1" is 2’-F, ¢?is 1, B2 is 2’-
OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1, B4’
is 2’-F, and q” is 1. The dSRNA RNA agent also comprises a 5°- PS,.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2’0OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q'is 9, T1" is 2°-F, ¢?is 1, B2 is 2’-
OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1, B4’
is 2’-F, and q” is 1. The RNAIi agent also comprises a 5’ -deoxy-5"-C-malonyl.
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In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMeor 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2°-F, ¢®is 1,
B4’ is 2°-F, and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications within

S position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-
P.

10 In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMe or 2’-F, ¢’ is 4, T2  is 2’-F, ¢*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1,
B4’ is 2°-F, and ¢ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two

15  phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-
PS.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,

20 n’is7,n*is0,B3is 2’-OMe, n’is 3, B1’is 2’-OMec or 2’-F, q'is 9, T1" is 2’-F, ¢*is 1, B2 is
2’-OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1,
B4’ is 2°-F, and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two

25  phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-
VP. The 5’-VP may be 5’-E-VP, 5°-Z-VP, or combination thereof.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is

30 2’-OMe or 2’-F, ¢’ is 4, T2  is 2’-F, ¢*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1,
B4’ is 2°-F, and ¢ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense

35  strand (counting from the 5’-end of the antisense strand). The RNAI agent also comprises a 5’-

PS..
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In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMeor 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2°-F, ¢®is 1,
B4’ is 2°-F, and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-
deoxy-5’-C-malonyl.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMe or 2’-F, ¢’ is 4, q*is 0, B3" is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is 1, B4’ is 2°-F,
and ¢ is 1. The RNAi agent also comprises a 5°- P.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 4, q*is 0, B3" is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is 1, B4’ is 2°-F,
and ¢ is 1. The RNAIi agent also comprises a 5’- PS.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 4, q*is 0, B3" is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is 1, B4’ is 2°-F,
and q’ is 1. The RNAIi agent also comprises a 5’- VP. The 5’-VP may be 5’-E-VP, 5°-Z-VP, or
combination thereof.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMe or 2’-F, ¢*is 4, q*is 0, B3’ is 2’-OMe or 2°-F, ¢°is 7, T3’ is 2’-F, ¢®is 1, B4’ is 2’-F,
and q’ is 1. The RNAIi agent also comprises a 5’- PS..

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMe or 2’-F, ¢*is 4, q*is 0, B3’ is 2’-OMe or 2°-F, ¢°is 7, T3’ is 2’-F, ¢®is 1, B4’ is 2’-F,
and ¢ is 1. The RNAi agent also comprises a 5’ -deoxy-5"-C-malonyl.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 4, q*is 0, B3" is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is 1, B4’ is 2°-F,
and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications within position 1-5
of the sense strand (counting from the 5’-end of the sense strand), and two phosphorothioate

internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
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internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end of the antisense strand). The RNAi agent also comprises a 5’- P.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMe or 2’-F, ¢*is 4, q*is 0, B3’ is 2’-OMe or 2’-F, ¢°is 7, T3’ is 2’-F, ¢®is 1, B4’ is 2’-F,
and q’ is 1; with two phosphorothioate internucleotide linkage modifications within position 1-5
of the sense strand (counting from the 5’-end of the sense strand), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end of the antisense strand). The RNAi agent also comprises a 5°- PS.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 4, q*is 0, B3" is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is 1, B4’ is 2°-F,
and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications within position 1-5
of the sense strand (counting from the 5’-end of the sense strand), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end of the antisense strand). The RNAi agent also comprises a 5°- VP. The 5°-VP
may be 5’-E-VP, 5’-Z-VP, or combination thereof.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMe or 2’-F, ¢*is 4, q*is 0, B3’ is 2’-OMe or 2°-F, ¢°is 7, T3’ is 2’-F, ¢®is 1, B4’ is 2’-F,
and q’ is 1; with two phosphorothioate internucleotide linkage modifications within position 1-5
of the sense strand (counting from the 5’-end of the sense strand), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end of the antisense strand). The RNAi agent also comprises a 5°- PSo.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMe or 2’-F, ¢’ is 4, q*is 0, B3" is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is 1, B4’ is 2°-F,
and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications within position 1-5
of the sense strand (counting from the 5’-end of the sense strand), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end of the antisense strand). The RNAi agent also comprises a 5’-deoxy-5"-C-

malonyl.
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In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMeor 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2°-F, ¢®is 1,
B4’ is 2’-OMe, and q is 1; with two phosphorothioate internucleotide linkage modifications
within position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-P
and a targeting ligand. In certain embodiments, the 5°-P is at the 5’-end of the antisense strand,
and the targeting ligand is at the 3’-end of the sense strand.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 4, T2  is 2’-F, ¢*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1,
B4’ is 2°-OMe, and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications
within position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-
PS and a targeting ligand. In certain embodiments, the 5°-PS is at the 5’-end of the antisense
strand, and the targeting ligand is at the 3’-end of the sense strand.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1,
B4’ is 2’-OMe, and q is 1; with two phosphorothioate internucleotide linkage modifications
within position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-
VP (e.g., a5 -E-VP, 5’-Z-VP, or combination thereof), and a targeting ligand.

In certain embodiments, the 5’-VP is at the 5’-end of the antisense strand, and the
targeting ligand is at the 3’-end of the sense strand.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 4, T2  is 2’-F, ¢*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1,
B4’ is 2°-OMe, and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications
within position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two

phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
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phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense

strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-
PS; and a targeting ligand. In certain embodiments, the 5’-PS; is at the 5’-end of the antisense

strand, and the targeting ligand is at the 3’-end of the sense strand.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1,
B4’ is 2’-OMe, and q is 1; with two phosphorothioate internucleotide linkage modifications
within position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-
deoxy-5’-C-malonyl and a targeting ligand. In certain embodiments, the 5’ -deoxy-5"-C-malonyl
is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense
strand.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 4, q*is 0, B3" is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is1,B4’ is
2’-OMe, and q’ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end). The RNAI agent also comprises a 5’-P and a targeting ligand. In certain
embodiments, the 5’-P is at the 5’-end of the antisense strand, and the targeting ligand is at the
3’-end of the sense strand.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMeor 2’-F, ¢*is 4, q*is 0, B3’ is 2’-OMe or 2°-F, ¢’ is 7, T3  is 2’-F, ¢®is 1, B4’ is
2’-OMe, and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end). The RNAI agent also comprises a 5’-PS and a targeting ligand. In certain
embodiments, the 5’-PS is at the 5’ -end of the antisense strand, and the targeting ligand is at the
3’-end of the sense strand.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
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2’-OMe or 2’-F, ¢*is 4, q*is 0, B3" is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is1,B4’ is
2’-OMe, and q’ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end). The RNAIi agent also comprises a 5’-VP (e.g., a 5’-E-VP, 5’-Z-VP, or
combination thereof) and a targeting ligand. In certain embodiments, the 5’-VP is at the 5’-end
of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMeor 2’-F, ¢*is 4, q*is 0, B3’ is 2’-OMe or 2°-F, ¢’ is 7, T3  is 2’-F, ¢®is 1, B4’ is
2’-OMe, and q’ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end). The RNAI agent also comprises a 5’-PS» and a targeting ligand. In certain
embodiments, the 5’-PS; is at the 5’-end of the antisense strand, and the targeting ligand is at the
3’-end of the sense strand.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMeor 2’-F, ¢*is 4, q*is 0, B3’ is 2’-OMe or 2°-F, ¢’ is 7, T3  is 2’-F, ¢®is 1, B4’ is
2’-OMe, and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end). The RNAI agent also comprises a 5’-deoxy-5’-C-malonyl and a targeting
ligand. In certain embodiments, the 5’-deoxy-5’-C-malonyl is at the 5’-end of the antisense
strand, and the targeting ligand is at the 3’-end of the sense strand.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 4, T2  is 2’-F, ¢*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1,
B4’ is 2°-F, and ¢ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense

strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-P
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and a targeting ligand. In certain embodiments, the 5°-P is at the 5’-end of the antisense strand,
and the targeting ligand is at the 3’-end of the sense strand.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMeor 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2°-F, ¢®is 1,
B4’ is 2°-F, and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-
PS and a targeting ligand. In certain embodiments, the 5°-PS is at the 5’-end of the antisense
strand, and the targeting ligand is at the 3’-end of the sense strand.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 4, T2  is 2’-F, ¢*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1,
B4’ is 2°-F, and ¢ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-
VP (e.g., a5’ -E-VP, 5’-Z-VP, or combination thereof) and a targeting ligand. In certain
embodiments, the 5’-VP is at the 5’-end of the antisense strand, and the targeting ligand is at the
3’-end of the sense strand.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMe or 2’-F, ¢*is 4, T2  is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1,
B4’ is 2°-F, and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications within
position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-
PS; and a targeting ligand. In certain embodiments, the 5°-PS; is at the 5’-end of the antisense
strand, and the targeting ligand is at the 3’-end of the sense strand.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 4, T2  is 2’-F, ¢*is 2, B3’ is 2’-OMe or 2’-F, q5 is 5, T3 is 2’-F, q6 is 1,

B4’ is 2°-F, and ¢ is 1; with two phosphorothioate internucleotide linkage modifications within
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position 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises a 5’-
deoxy-5’-C-malonyl and a targeting ligand. In certain embodiments, the 5’ -deoxy-5"-C-malonyl
is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense
strand.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2°-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMe or 2’-F, ¢*is 4, q*is 0, B3’ is 2’-OMe or 2’-F, ¢°is 7, T3’ is 2’-F, ¢®is 1, B4’ is 2’-F,
and q’ is 1; with two phosphorothioate internucleotide linkage modifications within position 1-5
of the sense strand (counting from the 5’-end of the sense strand), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end of the antisense strand). The RNAi agent also comprises a 5’-P and a targeting
ligand. In certain embodiments, the 5°-P is at the 5’-end of the antisense strand, and the
targeting ligand is at the 3’-end of the sense strand.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢*is 4, q*is 0, B3" is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is 1, B4’ is 2°-F,
and q’ is 1; with two phosphorothioate internucleotide linkage modifications within position 1-5
of the sense strand (counting from the 5’-end of the sense strand), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end of the antisense strand). The RNAi agent also comprises a 5’- PS and a
targeting ligand. In certain embodiments, the 5’-PS is at the 5’-end of the antisense strand, and
the targeting ligand is at the 3’-end of the sense strand.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMe or 2’-F, ¢’ is 4, q*is 0, B3" is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is 1, B4’ is 2°-F,
and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications within position 1-5
of the sense strand (counting from the 5’-end of the sense strand), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end of the antisense strand). The RNAi agent also comprises a 5°- VP (e.g., a 5’-E-

VP, 5°-Z-VP, or combination thereof) and a targeting ligand. In certain embodiments, the 5’-VP
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is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense
strand.

In certain embodiments, B1 is 2’-OMe or 2’-F, n' is 8, T1 is 2’F, n%is 3, B2 is 2’-OMe,
nis 7, n*is 0, B3 is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢%is 1, B2’ is
2’-OMe or 2’-F, ¢*is 4, q*is 0, B3’ is 2’-OMe or 2’-F, ¢°is 7, T3’ is 2’-F, ¢®is 1, B4’ is 2’-F,
and q’ is 1; with two phosphorothioate internucleotide linkage modifications within position 1-5
of the sense strand (counting from the 5’-end of the sense strand), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end of the antisense strand). The RNAi agent also comprises a 5’- PS; and a
targeting ligand. In certain embodiments, the 5’-PS; is at the 5’-end of the antisense strand, and
the targeting ligand is at the 3’-end of the sense strand.

In certain embodiments, B1is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n’is 3, B2 is 2’-OMe,
n®is 7,n*is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1" is 2’-F, ¢®is 1, B2 is
2’-OMe or 2’-F, ¢’ is 4, q*is 0, B3" is 2’-OMe or 2’-F, q5 is 7, T3 is 2’-F, q6 is 1, B4’ is 2°-F,
and ¢’ is 1; with two phosphorothioate internucleotide linkage modifications within position 1-5
of the sense strand (counting from the 5’-end of the sense strand), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting
from the 5’-end of the antisense strand). The RNAi agent also comprises a 5’-deoxy-5"-C-
malonyl and a targeting ligand. In certain embodiments, the 5’-deoxy-5’-C-malonyl is at the 5’-
end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In a particular embodiment, an RNAIi agent of the present invention comprises:

(a) a sense strand having:

(1) a length of 21 nucleotides;

(it) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand
comprises three GalNAc derivatives attached through a trivalent branched
linker; and

(ii1) 2°-F modifications at positions 1, 3,5,7,9to 11, 13, 17, 19, and 21, and 2’-
OMe modifications at positions 2, 4, 6, 8, 12, 14 to 16, 18, and 20 (counting
from the 5° end);

and

(b) an antisense strand having:

1) a length of 23 nucleotides;
(i1) 2’-OMe modifications at positions 1, 3, 5,9, 11 to 13, 15, 17, 19, 21,
and 23, and 2’F modifications at positions 2, 4, 6 to 8, 10, 14, 16, 18, 20, and 22

(counting from the 5’ end); and
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(iii) phosphorothioate internucleotide linkages between nucleotide positions
21 and 22, and between nucleotide positions 22 and 23 (counting from the 5’

end);

wherein the dSRNA agents have a two-nucleotide overhang at the 3’-end of the antisense

strand, and a blunt end at the 5’-end of the antisense strand.

In another particular embodiment, an RNAi agent of the present invention comprises:

(a)

and

(b)

a sense strand having:

(1) a length of 21 nucleotides;

(i) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand
comprises three GalNAc derivatives attached through a trivalent branched
linker;

(ii1) 2°-F modifications at positions 1, 3,5,7,9to 11, 13, 15, 17, 19, and 21, and
2’-OMe modifications at positions 2, 4, 6, 8, 12, 14, 16, 18, and 20 (counting
from the 5’ end); and

(iv) phosphorothioate internucleotide linkages between nucleotide positions 1

and 2, and between nucleotide positions 2 and 3 (counting from the 5” end);

an antisense strand having:

) a length of 23 nucleotides;

(i1) 2’-OMe modifications at positions 1, 3,5, 7,9, 11 to 13, 15, 17, 19, and
21 to 23, and 2’F modifications at positions 2, 4, 6, 8, 10, 14, 16, 18, and 20
(counting from the 5’ end); and

(iii) phosphorothioate internucleotide linkages between nucleotide positions
1 and 2, between nucleotide positions 2 and 3, between nucleotide positions 21

and 22, and between nucleotide positions 22 and 23 (counting from the 5’ end);

wherein the RNAi agents have a two-nucleotide overhang at the 3’-end of the antisense

strand, and a blunt end at the 5’-end of the antisense strand.

In another particular embodiment, an RNAi agent of the present invention comprises:

(a)

a sense strand having:

(1) a length of 21 nucleotides;

(i) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand
comprises three GalNAc derivatives attached through a trivalent branched
linker;

(iii) 2’-OMe modifications at positions 1 to 6, 8, 10, and 12 to 21, 2’-F
modifications at positions 7, and 9, and a desoxy-nucleotide (e.g. dT) at position

11 (counting from the 5° end); and
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@iv) phosphorothioate internucleotide linkages between nucleotide positions

1 and 2, and between nucleotide positions 2 and 3 (counting from the 5’ end);

an antisense strand having:

) a length of 23 nucleotides;

(i1) 2’-OMe modifications at positions 1, 3, 7,9, 11, 13, 15, 17, and 19 to
23, and 2’-F modifications at positions 2, 4 to 6, 8, 10, 12, 14, 16, and 18
(counting from the 5’ end); and

(iii) phosphorothioate internucleotide linkages between nucleotide positions
1 and 2, between nucleotide positions 2 and 3, between nucleotide positions 21

and 22, and between nucleotide positions 22 and 23 (counting from the 5’ end);

wherein the RNAi agents have a two-nucleotide overhang at the 3’-end of the antisense

strand, and a blunt end at the 5’-end of the antisense strand.

In another particular embodiment, an RNAi agent of the present invention comprises:

(a)

and

(b)

a sense strand having:

(1) a length of 21 nucleotides;

(i) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand
comprises three GalNAc derivatives attached through a trivalent branched
linker;

(iii) 2’-OMe modifications at positions 1 to 6, 8, 10, 12, 14, and 16 to 21,
and 2’-F modifications at positions 7,9, 11, 13, and 15; and

@iv) phosphorothioate internucleotide linkages between nucleotide positions

1 and 2, and between nucleotide positions 2 and 3 (counting from the 5’ end);

an antisense strand having:

) a length of 23 nucleotides;

(i1) 2’-OMe modifications at positions 1, 5, 7,9, 11, 13, 15, 17, 19, and 21
to 23, and 2’-F modifications at positions 2 to 4, 6, &, 10, 12, 14, 16, 18, and 20
(counting from the 5’ end); and

(iii) phosphorothioate internucleotide linkages between nucleotide positions 1
and 2, between nucleotide positions 2 and 3, between nucleotide positions 21

and 22, and between nucleotide positions 22 and 23 (counting from the 5’ end);

wherein the RNAi agents have a two-nucleotide overhang at the 3’-end of the antisense

strand, and a blunt end at the 5’-end of the antisense strand.

In another particular embodiment, an RNAi agent of the present invention comprises:

(a)

a sense strand having:

(1) a length of 21 nucleotides;
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(i) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand
comprises three GalNAc derivatives attached through a trivalent branched
linker;

(ii1) 2’-OMe modifications at positions 1to 9, and 12 to 21, and 2’-F
modifications at positions 10, and 11; and

@iv) phosphorothioate internucleotide linkages between nucleotide positions

1 and 2, and between nucleotide positions 2 and 3 (counting from the 5’ end);

an antisense strand having:

) a length of 23 nucleotides;

(i1) 2’-OMe modifications at positions 1, 3,5, 7,9, 11 to 13, 15, 17, 19, and
21 to 23, and 2’-F modifications at positions 2, 4, 6, 8, 10, 14, 16, 18, and 20
(counting from the 5’ end); and

(iii) phosphorothioate internucleotide linkages between nucleotide positions
1 and 2, between nucleotide positions 2 and 3, between nucleotide positions 21

and 22, and between nucleotide positions 22 and 23 (counting from the 5’ end);

wherein the RNAi agents have a two-nucleotide overhang at the 3’-end of the antisense

strand, and a blunt end at the 5’-end of the antisense strand.

In another particular embodiment, a RNAi agent of the present invention comprises:

(a)

and

(b)

a sense strand having:

(1) a length of 21 nucleotides;

(i) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand
comprises three GalNAc derivatives attached through a trivalent branched
linker;

(iii) 2’-F modifications at positions 1, 3,5, 7,9 to 11, and 13, and 2’-OMe
modifications at positions 2, 4, 6, 8, 12, and 14 to 21; and

@iv) phosphorothioate internucleotide linkages between nucleotide positions

1 and 2, and between nucleotide positions 2 and 3 (counting from the 5’ end);

an antisense strand having:

) a length of 23 nucleotides;

(i1) 2’-OMe modifications at positions 1, 3,5t0 7,9, 11 to 13, 15, 17 to 19,
and 21 to 23, and 2’-F modifications at positions 2, 4, 8, 10, 14, 16, and 20
(counting from the 5’ end); and

(iii) phosphorothioate internucleotide linkages between nucleotide positions 1
and 2, between nucleotide positions 2 and 3, between nucleotide positions 21

and 22, and between nucleotide positions 22 and 23 (counting from the 5’ end);

87



WO 2024/059165

10

15

20

25

30

35

PCT/US2023/032680 2920
W00l

‘WOO01

wherein the RNAi agents have a two-nucleotide overhang at the 3’-end of the antisense

strand, and a blunt end at the 5’-end of the antisense strand.

In another particular embodiment, an RNAi agent of the present invention comprises:

(a)

and

(b)

a sense strand having:

(1) a length of 21 nucleotides;

(i) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand
comprises three GalNAc derivatives attached through a trivalent branched
linker;

(iii) 2’-OMe modifications at positions 1, 2, 4, 6, 8, 12, 14, 15, 17, and 19 to
21, and 2’-F modifications at positions 3, 5, 7,9 to 11, 13, 16, and 18; and

@iv) phosphorothioate internucleotide linkages between nucleotide positions

1 and 2, and between nucleotide positions 2 and 3 (counting from the 5’ end);

an antisense strand having:

) a length of 25 nucleotides;

(i1) 2’-OMe modifications at positions 1,4, 6,7,9, 11 to 13, 15, 17, and 19
to 23, 2°-F modifications at positions 2, 3, 5, 8, 10, 14, 16, and 18, and desoxy-
nucleotides (e.g. dT) at positions 24 and 25 (counting from the 5’ end); and
(iii) phosphorothioate internucleotide linkages between nucleotide positions
1 and 2, between nucleotide positions 2 and 3, between nucleotide positions 21

and 22, and between nucleotide positions 22 and 23 (counting from the 5’ end);

wherein the RNAi agents have a four-nucleotide overhang at the 3’-end of the antisense

strand, and a blunt end at the 5’-end of the antisense strand.

In another particular embodiment, a RNAi agent of the present invention comprises:

(a)

and

(b)

a sense strand having:

(1) a length of 21 nucleotides;

(i) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand
comprises three GalNAc derivatives attached through a trivalent branched
linker;

(ii1) 2’-OMe modifications at positions 1 to 6, 8, and 12 to 21, and 2’-F
modifications at positions 7, and 9 to 11; and

(iv) phosphorothioate internucleotide linkages between nucleotide positions 1

and 2, and between nucleotide positions 2 and 3 (counting from the 5” end);

an antisense strand having:

) a length of 23 nucleotides;

88



WO 2024/059165

10

15

20

25

30

35

PCT/US2023/032680 2920
W00l

‘WOO01

(i1) 2’-OMe modifications at positions 1, 3t0 5,7, 8, 10to 13, 15, and 17 to
23, and 2’-F modifications at positions 2, 6, 9, 14, and 16 (counting from the 5’

end); and

(iii) phosphorothioate internucleotide linkages between nucleotide positions
1 and 2, between nucleotide positions 2 and 3, between nucleotide positions 21

and 22, and between nucleotide positions 22 and 23 (counting from the 5’ end);

wherein the RNAi agents have a two-nucleotide overhang at the 3’-end of the antisense

strand, and a blunt end at the 5’-end of the antisense strand.

In another particular embodiment, a RNAi agent of the present invention comprises:

(a)

and

(b)

a sense strand having:

(1) a length of 21 nucleotides;

(i) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand
comprises three GalNAc derivatives attached through a trivalent branched
linker;

(iii) 2’-OMe modifications at positions 1 to 6, 8, and 12 to 21, and 2’-F
modifications at positions 7, and 9 to 11; and

@iv) phosphorothioate internucleotide linkages between nucleotide positions

1 and 2, and between nucleotide positions 2 and 3 (counting from the 5’ end);

an antisense strand having:

) a length of 23 nucleotides;

(i1) 2’-OMe modifications at positions 1, 3to 5,7, 10 to 13, 15, and 17 to
23, and 2’-F modifications at positions 2, 6, 8, 9, 14, and 16 (counting from the
5’ end); and

(iii) phosphorothioate internucleotide linkages between nucleotide positions
1 and 2, between nucleotide positions 2 and 3, between nucleotide positions 21

and 22, and between nucleotide positions 22 and 23 (counting from the 5’ end);

wherein the RNAi agents have a two-nucleotide overhang at the 3’-end of the antisense

strand, and a blunt end at the 5’-end of the antisense strand.

In another particular embodiment, a RNAi agent of the present invention comprises:

(a)

a sense strand having:

) a length of 19 nucleotides;

(i) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand
comprises three GalNAc derivatives attached through a trivalent branched
linker;

(iii) 2’-OMe modifications at positions 1 to 4, 6, and 10 to 19, and 2’-F

modifications at positions 5, and 7 to 9; and
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@iv) phosphorothioate internucleotide linkages between nucleotide positions
1 and 2, and between nucleotide positions 2 and 3 (counting from the 5’ end);
and
(b) an antisense strand having:
(1) a length of 21 nucleotides;
(i1) 2’-OMe modifications at positions 1, 3 to 5,7, 10 to 13, 15, and
17 to 21, and 2’-F modifications at positions 2, 6, 8, 9, 14, and 16 (counting
from the 5’ end); and
(iii) phosphorothioate internucleotide linkages between nucleotide
positions 1 and 2, between nucleotide positions 2 and 3, between nucleotide
positions 19 and 20, and between nucleotide positions 20 and 21 (counting from
the 5” end);
wherein the RNAi agents have a two-nucleotide overhang at the 3’-end of the antisense
strand, and a blunt end at the 5’-end of the antisense strand.
In certain embodiments, the iRNA for use in the methods of the invention is an agent
selected from agents listed in Table 2 or disclosed in PCT/US2019/023079. In one embodiment,
the agent is AD-288996. These agents may further comprise a ligand.

V. iRNAs Conjugated to Ligands

Another modification of the iRNA for use in the methods of the invention involves
chemically linking to the RNA one or more ligands, moieties or conjugates that enhance the activity,
cellular distribution or cellular uptake of the iRNA. Such moieties include but are not limited to lipid
moieties such as a cholesterol moiety (Letsinger et al., (1989) Proc. Natl. Acid. Sci. USA, 86: 6553-
6556), cholic acid (Manoharan et al., (1994) Biorg. Med. Chem. Let., 4:1053-1060), a thioether, e.g.,
beryl-S-tritylthiol (Manoharan et al., (1992) Ann. N.Y. Acad. Sci., 660:306-309; Manoharan et al.,
(1993) Biorg. Med. Chem. Let., 3:2765-2770), a thiocholesterol (Oberhauser et al., (1992) Nucl.
Acids Res., 20:533-538), an aliphatic chain, e.g., dodecandiol or undecyl residues (Saison-Behmoaras
etal., (1991) EMBO J, 10:1111-1118; Kabanov et al., (1990) FEBS Lett., 259:327-330; Svinarchuk
et al., (1993) Biochimie, 75:49-54), a phospholipid, e.g., di-hexadecyl-rac-glycerol or triethyl-
ammonium 1,2-di-O-hexadecyl-rac-glycero-3-phosphonate (Manoharan et al., (1995) Tetrahedron
Lett., 36:3651-3654; Shea et al., (1990) Nucl. Acids Res., 18:3777-3783), a polyamine or a
polyethylene glycol chain (Manoharan et al., (1995) Nucleosides & Nucleotides, 14:969-973), or
adamantane acetic acid (Manoharan et al., (1995) Tetrahedron Lett., 36:3651-3654), a palmityl
moiety (Mishra et al., (1995) Biochim. Biophys. Acta,1264:229-237), or an octadecylamine or
hexylamino-carbonyloxycholesterol moiety (Crooke et al., (1996) J. Pharmacol. Exp. Ther.,
277:923-937).

In one embodiment, a ligand alters the distribution, targeting or lifetime of an iRNA agent

into which it is incorporated. In preferred embodiments a ligand provides an enhanced affinity for a
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selected target, e.g., molecule, cell or cell type, compartment, e.g., a cellular or organ compartment,
tissue, organ or region of the body, as, e.g., compared to a species absent such a ligand. Preferred
ligands will not take part in duplex pairing in a duplexed nucleic acid.

Ligands can include a naturally occurring substance, such as a protein (e.g., human serum
albumin (HSA), low-density lipoprotein (LDL), or globulin); carbohydrate (e.g., a dextran, pullulan,
chitin, chitosan, inulin, cyclodextrin, N-acetylglucosamine, N-acetylgalactosamine or hyaluronic
acid); or a lipid. The ligand can also be a recombinant or synthetic molecule, such as a synthetic
polymer, e.g., a synthetic polyamino acid. Examples of polyamino acids include polyamino acid is a
polylysine (PLL), poly L-aspartic acid, poly L-glutamic acid, styrene-maleic acid anhydride
copolymer, poly(L-lactide-co-glycolied) copolymer, divinyl ether-maleic anhydride copolymer, N-
(2-hydroxypropylmethacrylamide copolymer (HMPA), polyethylene glycol (PEG), polyvinyl
alcohol (PVA), polyurethane, poly(2-ethylacryllic acid), N-isopropylacrylamide polymers, or
polyphosphazine. Example of polyamines include: polyethylenimine, polylysine (PLL), spermine,
spermidine, polyamine, pseudopeptide-polyamine, peptidomimetic polyamine, dendrimer polyamine,
arginine, amidine, protamine, cationic lipid, cationic porphyrin, quaternary salt of a polyamine, or an
alpha helical peptide.

Ligands can also include targeting groups, e.g., a cell or tissue targeting agent, e.g., a lectin,
glycoprotein, lipid or protein, e.g., an antibody, that binds to a specified cell type such as a kidney
cell. A targeting group can be a thyrotropin, melanotropin, lectin, glycoprotein, surfactant protein A,
Mucin carbohydrate, multivalent lactose, multivalent galactose, N-acetyl-galactosamine, N-acetyl-
gulucosamine multivalent mannose, multivalent fucose, glycosylated polyaminoacids, multivalent
galactose, transferrin, bisphosphonate, polyglutamate, polyaspartate, a lipid, cholesterol, a steroid,
bile acid, folate, vitamin B12, vitamin A, biotin, or an RGD peptide or RGD peptide mimetic.

Other examples of ligands include dyes, intercalating agents (e.g. acridines), cross-linkers
(e.g. psoralene, mitomycin C), porphyrins (TPPC4, texaphyrin, Sapphyrin), polycyclic aromatic
hydrocarbons (e.g., phenazine, dihydrophenazine), artificial endonucleases (e.g. EDTA), lipophilic
molecules, e.g., cholesterol, cholic acid, adamantane acetic acid, 1-pyrene butyric acid,
dihydrotestosterone, 1,3-Bis-O(hexadecyl)glycerol, geranyloxyhexyl group, hexadecylglycerol,
borneol, menthol, 1,3-propanediol, heptadecyl group, palmitic acid, myristic acid,03-
(oleoyDlithocholic acid, O3-(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine)and peptide
conjugates (e.g., antennapedia peptide, Tat peptide), alkylating agents, phosphate, amino, mercapto,
PEG (e.g., PEG-40K), MPEG, [MPEG],, polyamino, alkyl, substituted alkyl, radiolabeled markers,
enzymes, haptens (e.g. biotin), transport/absorption facilitators (e.g., aspirin, vitamin E, folic acid),
synthetic ribonucleases (e.g., imidazole, bisimidazole, histamine, imidazole clusters, acridine-
imidazole conjugates, Eu3+ complexes of tetraazamacrocycles), dinitrophenyl, HRP, or AP.

Ligands can be proteins, e.g., glycoproteins, or peptides, e.g., molecules having a specific
affinity for a co-ligand, or antibodies e.g., an antibody, that binds to a specified cell type such as a
hepatic cell. Ligands can also include hormones and hormone receptors. They can also include non-

peptidic species, such as lipids, lectins, carbohydrates, vitamins, cofactors, multivalent lactose,
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multivalent galactose, N-acetyl-galactosamine, N-acetyl-gulucosamine multivalent mannose, or
multivalent fucose. The ligand can be, for example, a lipopolysaccharide, an activator of p38 MAP
kinase, or an activator of NF-«xB.

The ligand can be a substance, e.g., a drug, which can increase the uptake of the iRNA agent
into the cell, for example, by disrupting the cell’s cytoskeleton, e.g., by disrupting the cell’s
microtubules, microfilaments, and/or intermediate filaments. The drug can be, for example, taxon,
vincristine, vinblastine, cytochalasin, nocodazole, japlakinolide, latrunculin A, phalloidin, swinholide
A, indanocine, or myoservin.

In some embodiments, a ligand attached to an iRNA as described herein acts as a
pharmacokinetic modulator (PK modulator). PK modulators include lipophiles, bile acids, steroids,
phospholipid analogues, peptides, protein binding agents, PEG, vitamins efc. Exemplary PK
modulators include, but are not limited to, cholesterol, fatty acids, cholic acid, lithocholic acid,
dialkylglycerides, diacylglyceride, phospholipids, sphingolipids, naproxen, ibuprofen, vitamin E,
biotin efc. Oligonucleotides that comprise a number of phosphorothioate linkages are also known to
bind to serum protein, thus short oligonucleotides, e.g., oligonucleotides of about 5 bases, 10 bases,
15 bases or 20 bases, comprising multiple of phosphorothioate linkages in the backbone are also
amenable to the present invention as ligands (e.g. as PK modulating ligands). In addition, aptamers
that bind serum components {e.g. serum proteins) are also suitable for use as PK modulating ligands
in the embodiments described herein.

Ligand-conjugated oligonucleotides of the invention may be synthesized by the use of an
oligonucleotide that bears a pendant reactive functionality, such as that derived from the attachment
of a linking molecule onto the oligonucleotide (described below). This reactive oligonucleotide may
be reacted directly with commercially-available ligands, ligands that are synthesized bearing any of a
variety of protecting groups, or ligands that have a linking moiety attached thereto.

The oligonucleotides used in the conjugates of the present invention may be conveniently
and routinely made through the well-known technique of solid-phase synthesis. Equipment for such
synthesis is sold by several vendors including, for example, Applied Biosystems (Foster City, Calif.).
Any other means for such synthesis known in the art may additionally or alternatively be employed.
It is also known to use similar techniques to prepare other oligonucleotides, such as the
phosphorothioates and alkylated derivatives.

In the ligand-conjugated oligonucleotides and ligand-molecule bearing sequence-specific
linked nucleosides of the present invention, the oligonucleotides and oligonucleosides may be
assembled on a suitable DNA synthesizer utilizing standard nucleotide or nucleoside precursors, or
nucleotide or nucleoside conjugate precursors that already bear the linking moiety, ligand-nucleotide
or nucleoside-conjugate precursors that already bear the ligand molecule, or non-nucleoside ligand-
bearing building blocks.

When using nucleotide-conjugate precursors that already bear a linking moiety, the synthesis
of the sequence-specific linked nucleosides is typically completed, and the ligand molecule is then

reacted with the linking moiety to form the ligand-conjugated oligonucleotide. In some
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embodiments, the oligonucleotides or linked nucleosides of the present invention are synthesized by
an automated synthesizer using phosphoramidites derived from ligand-nucleoside conjugates in
addition to the standard phosphoramidites and non-standard phosphoramidites that are commercially
available and routinely used in oligonucleotide synthesis.

A. Lipid Conujugates

In one embodiment, the ligand or conjugate is a lipid or lipid-based molecule. Such a lipid
or lipid-based molecule preferably binds a serum protein, e.g., human serum albumin (HSA). An
HSA binding ligand allows for distribution of the conjugate to a target tissue, e.g., a non-kidney
target tissue of the body. For example, the target tissue can be the liver, including parenchymal cells
of the liver. Other molecules that can bind HSA can also be used as ligands. For example, neproxin
or aspirin can be used. A lipid or lipid-based ligand can (a) increase resistance to degradation of the
conjugate, (b) increase targeting or transport into a target cell or cell membrane, and/or (c) can be
used to adjust binding to a serum protein, e.g., HSA.

A lipid based ligand can be used to inhibit, e.g., control the binding of the conjugate to a
target tissue. For example, a lipid or lipid-based ligand that binds to HSA more strongly will be less
likely to be targeted to the kidney and therefore less likely to be cleared from the body. A lipid or
lipid-based ligand that binds to HSA less strongly can be used to target the conjugate to the kidney.

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

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

In another aspect, the ligand is a moiety, e.g., a vitamin, which is taken up by a target cell,
e.g., a proliferating cell. These are particularly useful for treating disorders characterized by
unwanted cell proliferation, e.g., of the malignant or non-malignant type, e.g., cancer cells.
Exemplary vitamins include vitamin A, E, and K. Other exemplary vitamins include are B vitamin,
e.g., folic acid, B12, riboflavin, biotin, pyridoxal or other vitamins or nutrients taken up by target
cells such as liver cells. Also included are HSA and low density lipoprotein (LDL).

B. Cell Permeation Agents

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

The ligand can be a peptide or peptidomimetic. A peptidomimetic (also referred to herein as
an oligopeptidomimetic) is a molecule capable of folding into a defined three-dimensional structure

similar to a natural peptide. The attachment of peptide and peptidomimetics to iRNA agents can
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affect pharmacokinetic distribution of the iRNA, such as by enhancing cellular recognition and
absorption. The peptide or peptidomimetic moiety can be about 5-50 amino acids long, e.g., about 5,
10, 15, 20, 25, 30, 35, 40, 45, or 50 amino acids long.

A peptide or peptidomimetic can be, for example, a cell permeation peptide, cationic peptide,
amphipathic peptide, or hydrophobic peptide (e.g., consisting primarily of Tyr, Trp or Phe). The
peptide moiety can be a dendrimer peptide, constrained peptide or crosslinked peptide. In another
alternative, the peptide moiety can include a hydrophobic membrane translocation sequence (MTS).
An exemplary hydrophobic MTS-containing peptide is RFGF having the amino acid sequence
AAVALLPAVLLALLAP (SEQ ID NO: 28). An RFGF analogue (e.g., amino acid sequence
AALLPVLLAAP (SEQ ID NO:29) containing a hydrophobic MTS can also be a targeting moiety.
The peptide moiety can be a “delivery” peptide, which can carry large polar molecules including
peptides, oligonucleotides, and protein across cell membranes. For example, sequences from the
HIV Tat protein (GRKKRRQRRRPPQ (SEQ ID NO: 30) and the Drosophila Antennapedia protein
(RQIKIWFQNRRMKWKK (SEQ ID NO: 31) have been found to be capable of functioning as
delivery peptides. A peptide or peptidomimetic can be encoded by a random sequence of DNA, such
as a peptide identified from a phage-display library, or one-bead-one-compound (OBOC)
combinatorial library (Lam et al., Nature, 354:82-84, 1991). Examples of a peptide or
peptidomimetic tethered to a dsSRNA agent via an incorporated monomer unit for cell targeting
purposes is an arginine-glycine-aspartic acid (RGD)-peptide, or RGD mimic. A peptide moiety can
range in length from about 5 amino acids to about 40 amino acids. The peptide moieties can have a
structural modification, such as to increase stability or direct conformational properties. Any of the
structural modifications described below can be utilized.

An RGD peptide for use in the compositions and methods of the invention may be linear or
cyclic, and may be modified, e.g., glyciosylated or methylated, to facilitate targeting to a specific
tissue(s). RGD-containing peptides and peptidiomimemtics may include D-amino acids, as well as
synthetic RGD mimics. In addition to RGD, one can use other moieties that target the integrin
ligand. Preferred conjugates of this ligand target PECAM-1 or VEGF.

A “cell permeation peptide” is capable of permeating a cell, e.g., a microbial cell, such as a
bacterial or fungal cell, or a mammalian cell, such as a human cell. A microbial cell-permeating
peptide can be, for example, a a-helical linear peptide (e.g., LL-37 or Ceropin P1), a disulfide bond-
containing peptide (e.g., a -defensin, B-defensin or bactenecin), or a peptide containing only one or
two dominating amino acids (e.g., PR-39 or indolicidin). A cell permeation peptide can also include
a nuclear localization signal (NLS). For example, a cell permeation peptide can be a bipartite
amphipathic peptide, such as MPG, which is derived from the fusion peptide domain of HIV-1 gp41
and the NLS of SV40 large T antigen (Simeoni ef al., Nucl. Acids Res. 31:2717-2724, 2003).

C. Carbohydrate Conjugates

In some embodiments of the compositions and methods of the invention, an iRNA
oligonucleotide further comprises a carbohydrate. The carbohydrate conjugated iRNA are

advantageous for the in vivo delivery of nucleic acids, as well as compositions suitable for in vivo
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therapeutic use, as described herein. As used herein, “carbohydrate” refers to a compound which is
either a carbohydrate per se made up of one or more monosaccharide units having at least 6 carbon
atoms (which can be linear, branched or cyclic) with an oxygen, nitrogen or sulfur atom bonded to
cach carbon atom; or a compound having as a part thereof a carbohydrate moiety made up of one or
S5 more monosaccharide units each having at least six carbon atoms (which can be linear, branched or
cyclic), with an oxygen, nitrogen or sulfur atom bonded to each carbon atom. Representative
carbohydrates include the sugars (mono-, di-, tri- and oligosaccharides containing from about 4, 5, 6,
7, 8, or 9 monosaccharide units), and polysaccharides such as starches, glycogen, cellulose and
polysaccharide gums. Specific monosaccharides include C5 and above (e.g., C5, C6, C7, or C8)
10 sugars; di- and trisaccharides include sugars having two or three monosaccharide units (e.g., C5, C6,
C7, or C8).
In one embodiment, a carbohydrate conjugate for use in the compositions and methods of the

invention is selected from the group consisting of:
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Formula XXXIV.
In another embodiment, a carbohydrate conjugate for use in the compositions and methods of
the invention is a monosaccharide. In one embodiment, the monosaccharide is an N-

acetylgalactosamine, such as

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

QO
HO O\/\/\H/H/\/\ H
AcHN O Formula II.

Another representative carbohydrate conjugate for use in the embodiments described herein

includes, but is not limited to,
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when one of X or Y is an oligonucleotide, the other is a hydrogen.

In certain embodiments of the invention, the GalNAc or GalNAc derivative is attached to an
iRNA agent of the invention via a monovalent linker. In some embodiments, the GalNAc or GalNAc
derivative is attached to an iRNA agent of the invention via a bivalent linker. In yet other
embodiments of the invention, the GalNAc or GalNAc derivative is attached to an iRNA agent of
the invention via a trivalent linker.

In one embodiment, the double stranded RNAI agents of the invention comprise one
GalNAc or GalNAc derivative attached to the iRNA agent, e.g., the 3’ or 5’end of the sense strand of
a dsRNA agent as described herein. In another embodiment, the double stranded RNAi agents of the
invention comprise a plurality (e.g., 2, 3, 4, 5, or 6) of GalNAc or GalNAc derivatives, each
independently attached to a plurality of nucleotides of the double stranded RNAi agent through a
plurality of monovalent linkers.

In some embodiments, for example, when the two strands of an iRNA agent of the invention
are part of one larger molecule connected by an uninterrupted chain of nucleotides between the 3’-
end of one strand and the 5’-end of the respective other strand forming a hairpin loop comprising, a
plurality of unpaired nucleotides, each unpaired nucleotide within the hairpin loop may
independently comprise a GalNAc or GalNAc derivative attached via a monovalent linker.

In some embodiments, the carbohydrate conjugate further comprises one or more additional
ligands as described above, such as, but not limited to, a PK modulator and/or a cell permeation
peptide.

Additional carbohydrate conjugates (and linkers) suitable for use in the present invention
include those described in PCT Publication Nos. WO 2014/179620 and WO 2014/179627, the entire
contents of each of which are incorporated herein by reference.

D. Linkers

In some embodiments, the conjugate or ligand described herein can be attached to an iRNA

oligonucleotide with various linkers that can be cleavable or non cleavable.
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The term "linker" or “linking group” means an organic moiety that connects two patts of a
compound, e.g., covalently attaches two parts of a compound. Linkers typically comprise a direct
bond or an atom such as oxygen or sulfur, a unit such as NR§, C(O), C(O)NH, SO, SO,, SO,NH or a
chain of atoms, such as, but not limited to, substituted or unsubstituted alkyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl, arylalkyl, arylalkenyl, arylalkynyl,
heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, heterocyclylalkyl, heterocyclylalkenyl,
heterocyclylalkynyl, aryl, heteroaryl, heterocyclyl, cycloalkyl, cycloalkenyl, alkylarylalkyl,
alkylarylalkenyl, alkylarylalkynyl, alkenylarylalkyl, alkenylarylalkenyl, alkenylarylalkynyl,
alkynylarylalkyl, alkynylarylalkenyl, alkynylarylalkynyl, alkylheteroarylalkyl,
alkylheteroarylalkenyl, alkylheteroarylalkynyl, alkenylheteroarylalkyl, alkenylheteroarylalkenyl,
alkenylheteroarylalkynyl, alkynylheteroarylalkyl, alkynylheteroarylalkenyl,
alkynylheteroarylalkynyl, alkylheterocyclylalkyl, alkylheterocyclylalkenyl, alkylhererocyclylalkynyl,
alkenylheterocyclylalkyl, alkenylheterocyclylalkenyl, alkenylheterocyclylalkynyl,
alkynylheterocyclylalkyl, alkynylheterocyclylalkenyl, alkynylheterocyclylalkynyl, alkylaryl,
alkenylaryl, alkynylaryl, alkylheteroaryl, alkenylheteroaryl, alkynylhereroaryl, which one or more
methylenes can be interrupted or terminated by O, S, S(O), SO», N(RE), C(0O), substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted heterocyclic;
where R8 is hydrogen, acyl, aliphatic or substituted aliphatic. In one embodiment, the linker is
between about 1-24 atoms, 2-24, 3-24, 4-24, 5-24, 6-24, 6-18, 7-18, 8-18 atoms, 7-17, 8-17, 6-16, 7-
17, or 8-16 atoms.

A cleavable linking group is one which is sufficiently stable outside the cell, but which upon
entry into a target cell is cleaved to release the two parts the linker is holding together. In a preferred
embodiment, the cleavable linking group is cleaved at least about 10 times, 20, times, 30 times, 40
times, 50 times, 60 times, 70 times, 80 times, 90 times or more, or at least about 100 times faster in a
target cell or under a first reference condition (which can, e.g., be selected to mimic or represent
intracellular conditions) than in the blood of a subject, or under a second reference condition (which
can, e.g., be selected to mimic or represent conditions found in the blood or serum).

Cleavable linking groups are susceptible to cleavage agents, e.g., pH, redox potential or the
presence of degradative molecules. Generally, cleavage agents are more prevalent or found at higher
levels or activities inside cells than in serum or blood. Examples of such degradative agents include:
redox agents which are selected for particular substrates or which have no substrate specificity,
including, e.g., oxidative or reductive enzymes or reductive agents such as mercaptans, present in
cells, that can degrade a redox cleavable linking group by reduction; esterases; endosomes or agents
that can create an acidic environment, e.g., those that result in a pH of five or lower; enzymes that
can hydrolyze or degrade an acid cleavable linking group by acting as a general acid, peptidases
{which can be substrate specific), and phosphatases.

A cleavable linkage group, such as a disulfide bond can be susceptible to pH. The pH of
human serum is 7.4, while the average intracellular pH is slightly lower, ranging from about 7.1-7.3.

Endosomes have a more acidic pH, in the range of 5.5-6.0, and lysosomes have an even more acidic
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pH at around 5.0. Some linkers will have a cleavable linking group that is cleaved at a preferred pH,
thereby releasing a cationic lipid from the ligand inside the cell, or into the desired compartment of
the cell.

A linker can include a cleavable linking group that is cleavable by a particular enzyme. The
type of cleavable linking group incorporated into a linker can depend on the cell to be targeted. For
example, a liver-targeting ligand can be linked to a cationic lipid through a linker that includes an
ester group. Liver cells are rich in esterases, and therefore the linker will be cleaved more efficiently
in liver cells than in cell types that are not esterase-rich. Other cell-types rich in esterases include
cells of the lung, renal cortex, and testis.

Linkers that contain peptide bonds can be used when targeting cell types rich in peptidases,
such as liver cells and synoviocytes.

In general, the suitability of a candidate cleavable linking group can be evaluated by testing
the ability of a degradative agent (or condition) to cleave the candidate linking group. It will also be
desirable to also test the candidate cleavable linking group for the ability to resist cleavage in the
blood or when in contact with other non-target tissue. Thus, one can determine the relative
susceptibility to cleavage between a first and a second condition, where the first is selected to be
indicative of cleavage in a target cell and the second is selected to be indicative of cleavage in other
tissues or biological fluids, e.g., blood or serum. The evaluations can be carried out in cell free
systems, in cells, in cell culture, in organ or tissue culture, or in whole animals. It can be useful to
make initial evaluations in cell-free or culture conditions and to confirm by further evaluations in
whole animals. In preferred embodiments, useful candidate compounds are cleaved at least about 2,
4, 10, 20, 30, 40, 50, 60, 70, 80, 90, or about 100 times faster in the cell (or under in vitro conditions
selected to mimic intracellular conditions) as compared to blood or serum (or under in vitro
conditions selected to mimic extracellular conditions).

i. Redox cleavable linking groups

In one embodment, a cleavable linking group is a redox cleavable linking group that is
cleaved upon reduction or oxidation. An example of reductively cleavable linking group is a
disulphide linking group (-S-S-). To determine if a candidate cleavable linking group is a suitable
“reductively cleavable linking group,” or for example is suitable for use with a particular iRNA
moiety and particular targeting agent one can look to methods described herein. For example, a
candidate can be evaluated by incubation with dithiothreitol (DTT), or other reducing agent using
reagents know in the art, which mimic the rate of cleavage which would be observed in a cell, e.g., a
target cell. The candidates can also be evaluated under conditions which are selected to mimic blood
or serum conditions. In one, candidate compounds are cleaved by at most about 10% in the blood.
In other embodiments, useful candidate compounds are degraded at least about 2, 4, 10, 20, 30, 40,
50, 60, 70, 80, 90, or about 100 times faster in the cell (or under in vitro conditions selected to mimic
intracellular conditions) as compared to blood (or under in vitro conditions selected to mimic

extracellular conditions). The rate of cleavage of candidate compounds can be determined using
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standard enzyme kinetics assays under conditions chosen to mimic intracellular media and compared
to conditions chosen to mimic extracellular media.

ii. Phosphate-based cleavable linking groupsIn another embodiment, a cleavable linker
comprises a phosphate-based cleavable linking group. A phosphate-based cleavable linking group is
cleaved by agents that degrade or hydrolyze the phosphate group. An example of an agent that
cleaves phosphate groups in cells are enzymes such as phosphatases in cells. Examples of
phosphate-based linking groups are -O-P(O)(ORk)-O-, -O-P(S)(ORk)-O-, -O-P(S)(SRk)-O-, -S-
P(O)(ORKk)-O-, -O-P(O)(ORKk)-S-, -S-P(O)(ORKk)-S-, -O-P(S)(ORKk)-S-, -S-P(S)(ORk)-O-, -O-
P(O)(Rk)-O-, -O-P(S)(Rk)-O-, -S-P(O)(Rk)-O-, -S-P(S)(Rk)-O-, -S-P(O)(Rk)-S-, -O-P(S)( Rk)-S-.
Preferred embodiments are -O-P(O)(OH)-O-, -O-P(S)(OH)-O-, -O-P(S)(SH)-O-, -S-P(O)(OH)-O-, -
0-P(O)(OH)-S-, -S-P(O)(OH)-S-, -O-P(S)(OH)-S-, -S-P(S)(OH)-O-, -O-P(O)(H)-O-, -O-P(S)(H)-O-,
-S-P(O)(H)-O-, -S-P(S)(H)-0-, -S-P(O)(H)-S-, -O-P(S)(H)-S-. A preferred embodiment is -O-
P(O)(OH)-O-. These candidates can be evaluated using methods analogous to those described above.

iti. Acid cleavable linking groups

In another embodiment, a cleavable linker comprises an acid cleavable linking group. An
acid cleavable linking group is a linking group that is cleaved under acidic conditions. In preferred
embodiments acid cleavable linking groups are cleaved in an acidic environment with a pH of about
6.5 or lower (e.g., about 6.0, 5.75, 5.5, 5.25, 5.0, or lower), or by agents such as enzymes that can act
as a general acid. In a cell, specific low pH organelles, such as endosomes and lysosomes can
provide a cleaving environment for acid cleavable linking groups. Examples of acid cleavable
linking groups include but are not limited to hydrazones, esters, and esters of amino acids. Acid
cleavable groups can have the general formula -C=NN-, C(O)O, or -OC(O). A preferred
embodiment is when the carbon attached to the oxygen of the ester (the alkoxy group) is an aryl
group, substituted alkyl group, or tertiary alkyl group such as dimethyl pentyl or t-butyl. These
candidates can be evaluated using methods analogous to those described above.

iv. Ester-based linking groupsln another embodiment, a cleavable linker comprises an ester-
based cleavable linking group. An ester-based cleavable linking group is cleaved by enzymes such
as esterases and amidases in cells. Examples of ester-based cleavable linking groups include but are
not limited to esters of alkylene, alkenylene and alkynylene groups. Ester cleavable linking groups
have the general formula -C(O)O-, or -OC(O)-. These candidates can be evaluated using methods
analogous to those described above.

v. Peptide-based cleaving groups

In yet another embodiment, a cleavable linker comprises a peptide-based cleavable linking
group. A peptide-based cleavable linking group is cleaved by enzymes such as peptidases and
proteases in cells. Peptide-based cleavable linking groups are peptide bonds formed between amino
acids to yield oligopeptides (e.g., dipeptides, tripeptides etc.) and polypeptides. Peptide-based
cleavable groups do not include the amide group (-C(O)NH-). The amide group can be formed
between any alkylene, alkenylene or alkynelene. A peptide bond is a special type of amide bond

formed between amino acids to yield peptides and proteins. The peptide based cleavage group is
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generally limited to the peptide bond (i.e., the amide bond) formed between amino acids yielding
peptides and proteins and does not include the entire amide functional group. Peptide-based
cleavable linking groups have the general formula - NHCHRAC(O)NHCHRBC(O)- , where RA and
RB are the R groups of the two adjacent amino acids. These candidates can be evaluated using
S5 methods analogous to those described above.
In one embodiment, an iRNA of the invention is conjugated to a carbohydrate through a
linker. Non-limiting examples of iRNA carbohydrate conjugates with linkers of the compositions

and methods of the invention include, but are not limited to,

OH OH

Q H H
HO%O\/\/}(N\/\/N\?O

AcHN 0 HO
OH _OH J (jj”
%o N N 0\%‘ N !
[6] NN
A \/\/I To(\/ - WO
OH _OH 0
%&0 N N
HO ~SN\
AcHN \W 0
10 0 (Formula XXXVII),
Ho O
Lo N N_o |
HO:! NN
AcHN \/\/\g/ \? HO,, |
HO O 0 Q\/O
\%O H H 0\9’ HW
HO: N
P \/\/\IC])/ \rcl)/\/ O T 0
Ho (O /ﬁ
Q
HO. O NS0
T TN (Formula XXX VII),
Ho (OH o
H
R O\/\)J\ Ao~ NO,
HO— 71 N b X-Q
: " ° 5
Ho (OH o o ! ent
Q
O~ N N
HO25hN ”W\’N‘go H/U\Xﬁg \k\}y/J§O
HO OHo o 4 o x=1-30
HO O\/\)LN\/\/\/\NJ\O y=1-15
AcHN H (Formula XXXIX),
Ho (COH o
Q H
HO N Y
AcHN H o, X-Q
o 0
" R \/\)O'\ H H 0O H N 007
O
N, O N N
HOGhIN Ny S~ N~ oAy Mo
Ho LOH H O 0 H x O y
Q O H o x = 1-30
HO O\/\)I‘N\/\/\/\NJLO y=1-15
15 AcHN N
(Formula XL),
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(Formula XLIV), when one of X or Y is an oligonucleotide, the other is a hydrogen.
In certain embodiments of the compositions and methods of the invention, a ligand is one or
15  more GalNAc (N-acetylgalactosamine) derivatives attached through a bivalent or trivalent branched

linker.
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In one embodiment, a dsSRNA of the invention is conjugated to a bivalent or trivalent

branched linker selected from the group of structures shown in any of formula (XLV) — (XLVID):

Formula XXXXV Formula XL VI
2A_2A_p2A | 2A | 2A 3A_3A_R3A| 3A_ | 3A
P*-Q“*-R o T~ L /[/P Q°*-R m T°A-L
q q
N VAWN|
2B_y2B_p2B | 2B_| 2B 3B_3B_1p 3B 3B_| 3B
P2B-Q2B-RP 778 \f‘P QP -RP T L
q q
PSA_QSA_RSA ’ T5A_ 5A
PAAQAA_RIA T4A_| 4A R
q4A pPSB_ QSB RSB T5B 5B
q
P4B'Q4B'R4B‘ 4B T4B'L4B P5C QSC RSC TSC L5C
d Q¢
Formula XLVII Formula XLVIII
wherein:

q2A, q2B, q3A, 3B, q4A, g4B, q5A, 5B and q5C represent independently for each occurrence 0-
20 and wherein the repeating unit can be the same or different;

10 PZA, PZB, P3A, P3B, P4A, P4B, PSA, PSB, PSC, TZA, TZB, T3A, T3B, T4A, T4B, T4A, TSB, TSC are each
independently for each occurrence absent, CO, NH, O, S, OC(0), NHC(O), CH,, CH>NH or CH,0;
Q*, Q%8, Q%4 Q%B, Q*, Q*, Q°4, Q°B, Q°C are independently for each occurrence absent, alkylene,
substituted alkylene wherin one or more methylenes can be interrupted or terminated by one or more
of 0, S, S(0), SO, N(RY), C(R")=C(R""), C=C or C(0O);

R?A, R2B, R34, R3B, R R*B, R3A, RB, R3€ are each independently for each occurrence absent, NH, O,
O

HO
H |
S, CHa, C(O)O C(O)NH, NHCH(R*C(0O), -C(0)-CH(R*»-NH-, CO, CH=N-O, #N ,

S—S
q7—N J'L'w J\P'>< S\,—J“' J‘P\r o S—8
, ,J“v\/ N or heterocyclyl;

LZA, L28, 1.3 3B, LA LB, LA, LB and L€ represent the ligand; i.e. each independently for
each occurrence a monosaccharide (such as GalNAc), disaccharide, trisaccharide, tetrasaccharide,
oligosaccharide, or polysaccharide; andR* is H or amino acid side chain.Trivalent conjugating
GalNAc derivatives are particularly useful for use with RNAi agents for inhibiting the expression of
a target gene, such as those of formula (XLIX):

Formula XLIX

109



WO 2024/059165 PCT/US2023/03268(va2020

10

15

20

25

30

001
‘WO01
PSA QSA_RSA T5A_ 5A
5A
q
5B_3B_pSB 5B_| 5B
P>*-Q”®-R = =L
q
5C_n3C_psC 5C_| 5C
PQER T

wherein L>*, L°® and L°¢ represent a monosaccharide, such as GalNAc derivative.

Examples of suitable bivalent and trivalent branched linker groups conjugating GalNAc
derivatives include, but are not limited to, the structures recited above as formulas II, VII, XI, X, and
XIII.

Representative U.S. patents that teach the preparation of RNA conjugates include, but are not
limited to, U.S. Pat. Nos. 4,828,979; 4,948,882; 5,218,105; 5,525,465; 5,541,313; 5,545,730;
5,552,538; 5,578,717, 5,580,731; 5,591,584; 5,109,124; 5,118,802; 5,138,045; 5,414,077; 5,486,603;
5,512,439; 5,578,718; 5,608,046; 4,587,044; 4,605,735; 4,667,025; 4,762,779; 4,789,737; 4,824,941,
4,835,263; 4,876,335; 4,904,582; 4,958,013; 5,082,830; 5,112,963; 5,214,136; 5,082,830; 5,112,963;
5,214,136; 5,245,022; 5,254,469, 5,258,506; 5,262,536; 5,272,250; 5,292,873; 5,317,098; 5,371,241,
5,391,723; 5,416,203, 5,451,463; 5,510,475; 5,512,667; 5,514,785; 5,565,552; 5,567.810; 5,574,142;
5,585,481; 5,587,371; 5,595,726; 5,597,696; 5,599,923; 5,599,928 and 5,688,941; 6,294,664;
6,320,017; 6,576,752; 6,783,931; 6,900,297; 7,037,646; 8,106,022, the entire contents of each of
which are hereby incorporated herein by reference.

It is not necessary for all positions in a given compound to be uniformly modified, and in
fact more than one of the aforementioned modifications can be incorporated in a single compound or
even at a single nucleoside within an iRNA. The present invention also includes iRNA compounds
that are chimeric compounds.

“Chimeric” iRNA compounds or “chimeras,” in the context of this invention, are iRNA
compounds, preferably dsRNAs, which contain two or more chemically distinct regions, each made
up of at least one monomer unit, i.e., a nucleotide in the case of a dSRNA compound. These iRNAs
typically contain at least one region wherein the RNA is modified so as to confer upon the iRNA
increased resistance to nuclease degradation, increased cellular uptake, and/or increased binding
affinity for the target nucleic acid. An additional region of the iRNA can serve as a substrate for
enzymes capable of cleaving RNA:DNA or RNA:RNA hybrids. By way of example, RNase H is a
cellular endonuclease which cleaves the RNA strand of an RNA:DNA duplex. Activation of RNase
H, therefore, results in cleavage of the RNA target, thereby greatly enhancing the efficiency of iRNA
inhibition of gene expression. Consequently, comparable results can often be obtained with shorter
iRNAs when chimeric dsSRNAs are used, compared to phosphorothioate deoxy dsRNAs hybridizing
to the same target region. Cleavage of the RNA target can be routinely detected by gel

clectrophoresis and, if necessary, associated nucleic acid hybridization techniques known in the art.
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In certain instances, the RNA of an iRNA can be modified by a non-ligand group. A number
of non-ligand molecules have been conjugated to iRNAs in order to enhance the activity, cellular
distribution or cellular uptake of the iRNA, and procedures for performing such conjugations are
available in the scientific literature. Such non-ligand moieties have included lipid moieties, such as
cholesterol (Kubo, T. et al., Biochem. Biophys. Res. Comm., 2007, 365(1):54-61; Letsinger et al.,
Proc. Natl. Acad. Sci. USA, 1989, 86:6553), cholic acid (Manoharan et al., Bioorg. Med. Chem.
Lett., 1994, 4:1053), a thioether, e.g., hexyl-S-tritylthiol (Manoharan et al., Ann. N.Y. Acad. Sci.,
1992, 660:306; Manoharan et al., Bioorg. Med. Chem. Let., 1993, 3:2765), a thiocholesterol
(Oberhauser et al., Nucl. Acids Res., 1992, 20:533), an aliphatic chain, e.g., dodecandiol or undecyl
residues (Saison-Behmoaras ef al., EMBO J., 1991, 10:111; Kabanov et al., FEBS Lett., 1990,
259:327; Svinarchuk et al., Biochimie, 1993, 75:49), a phospholipid, e.g., di-hexadecyl-rac-glycerol
or triethylammonium 1,2-di-O-hexadecyl-rac-glycero-3-H-phosphonate (Manoharan et al.,
Tetrahedron Lett., 1995, 36:3651; Shea et al., Nucl. Acids Res., 1990, 18:3777), a polyamine or a
polyethylene glycol chain (Manoharan et al., Nucleosides & Nucleotides, 1995, 14:969), or
adamantane acetic acid (Manoharan et al., Tetrahedron Lett., 1995, 36:3651), a palmityl moiety
(Mishra et al., Biochim. Biophys. Acta, 1995, 1264:229), or an octadecylamine or hexylamino-
carbonyl-oxycholesterol moiety (Crooke et al., J. Pharmacol. Exp. Ther., 1996, 277:923).
Representative United States patents that teach the preparation of such RNA conjugates have been
listed above. Typical conjugation protocols involve the synthesis of an RNAs bearing an
aminolinker at one or more positions of the sequence. The amino group is then reacted with the
molecule being conjugated using appropriate coupling or activating reagents. The conjugation
reaction can be performed either with the RNA still bound to the solid support or following cleavage
of the RNA, in solution phase. Purification of the RNA conjugate by HPLC typically affords the pure

conjugate.

VI. Pharmaceutical Compositions of the Invention

The present invention also includes pharmaceutical compositions and formulations which
include the iRNAs of the invention. Accordingly, in one embodiment, provided herein are
pharmaceutical compositions comprising a double stranded ribonucleic acid (dsRNA) agent that
inhibits expression of 17f-hydroxysteroid dehydrogenases type 13 (HSD17B13) in a cell, such as a
liver cell, wherein the dsRNA agent comprises a sense strand and an antisense strand, wherein the
sense strand comprises at least 15 contiguous nucleotides differing by no more than 1, 2, or 3
nucleotides from the nucleotide sequence of SEQ ID NO:1, and said antisense strand comprises at
least 15 contiguous nucleotides differing by no more than 1, 2, or 3 nucleotides from the nucleotide
sequence of SEQ ID NO:7; and a pharmaceutically acceptable carrier. In some embodiments, the
dsRNA agent comprises a sense strand and an antisense strand, wherein the sense strand comprises at
least 15 contiguous nucleotides from the nucleotide sequence of SEQ ID NO:1, and said antisense

strand comprises at least 15 contiguous nucleotides from the nucleotide sequence of SEQ ID NO:7.
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In another embodiment, provided herein are pharmaceutical compositions comprising a
dsRNA agent that inhibits expression of 17f3-Hydroxysteroid dehydrogenases (HSD17B13) in a cell,
such as a liver cell, wherein the dsSRNA agent comprises a sense strand and an antisense strand, the
antisense strand comprising a region of complementarity which comprises at least 15 contiguous
nucleotides differing by no more than 1, 2, or 3 nucleotides from any one of the antisense sequences
listed in Table 2; and a pharmaceutically acceptable carrier. In some embodiments, the dsSRNA
agent comprises a sense strand and an antisense strand, the antisense strand comprising a region of
complementarity which comprises at least 15 contiguous nucleotides from any one of the antisense
sequences listed in Table 2.

The pharmaceutical compositions containing the iRNA of the invention are useful for
treating a disease or disorder associated with the expression or activity of an HSD17B13 gene, e.g., a
chronic fibro-inflammatory disease, e.g., NASH.

Such pharmaceutical compositions are formulated based on the mode of delivery. One
example is compositions that are formulated for systemic administration via parenteral delivery, e.g.,
by intravenous (IV), intramuscular (IM) or for subcutaneous delivery. Another example is
compositions that are formulated for direct delivery into the liver, e.g., by infusion into the liver, such
as by continuous pump infusion.The pharmaceutical compositions of the invention may be
administered in dosages sufficient to inhibit expression of an HSD17B13 gene. In general, a suitable
dose of an iRNA of the invention will be in the range of about 0.001 to about 200.0 milligrams per
kilogram body weight of the recipient per day, generally in the range of about 1 to 50 mg per
kilogram body weight per day. Typically, a suitable dose of an iRNA of the invention will be in the
range of about 0.1 mg/kg to about 5.0 mg/kg, preferably about 0.3 mg/kg and about 3.0 mg/kg.

A repeat-dose regimen may include administration of a therapeutic amount of iRNA on a regular
basis, such as every other day to once a year. In certain embodiments, the iRNA is administered
about once per week, once every 7-10 days, once every 2 weeks, once every 3 weeks, once every 4
weeks, once every 5 weeks, once every 6 weeks, once every 7 weeks, once every 8 weeks, once
every 9 weeks, once every 10 weeks, once every 11 weeks, once every 12 weeks, once per month,
once every 2 months, once every 3 months (once per quarter ), once every 4 months, once every 5
months, or once every 6 months.

After an initial treatment regimen, the treatments can be administered on a less frequent
basis.

The skilled artisan will appreciate that certain factors can influence the dosage and timing
required to effectively treat a subject, including but not limited to the severity of the disease or
disorder, previous treatments, the general health and/or age of the subject, and other diseases present.
Moreover, treatment of a subject with a therapeutically effective amount of a composition can
include a single treatment or a series of treatments. Estimates of effective dosages and in vivo half-
lives for the individual iRNAs encompassed by the invention can be made using conventional
methodologies or on the basis of in vivo testing using an appropriate animal model, as described

elsewhere herein.
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Advances in mouse genetics have generated a number of mouse models for the study of
various human diseases, such as an HSD17B13-associated disease, disorder, or condition that would
benefit from reduction in the expression of HSD17B13. Such models can be used for in vivo testing
of iRNA, as well as for determining a therapeutically effective dose. Such models can be used for in
vivo testing of iRNA, as well as for determining a therapeutically effective dose. Suitable mouse
models are known in the art and include, for example, mice and rats fed a high fat diet (HFD; also
referred to as a Western diet), a methionine-choline deficient (MCD) diet, or a high-fat (15%), high-
cholesterol (1%) diet (HFHC), an obese (ob/ob) mouse containing a mutation in the obese (ob) gene (
Wiegman et al., (2003) Diabetes, 52:1081-1089); a mouse containing homozygous knock-out of an
LDL receptor (LDLR -/- mouse; Ishibashi et al., (1993) J Clin Invest 92(2):883-893); diet-induced
artherosclerosis mouse model (Ishida et al., (1991) J. Lipid. Res., 32:559-568); heterozygous
lipoprotein lipase knockout mouse model (Weistock et al., (1995) J. Clin. Invest. 96(6):2555-2568);
mice and rats fed a choline-deficient, L-amino acid-defined, high-fat diet (CDAHFD) (Matsumoto et
al. (2013) Int. J. Exp. Path. 94:93-103); mice and rats fed a high-trans-fat, cholesterol diet (HTF-C)
(Clapper et al. (2013) Am. J. Physiol. Gastrointest. Liver Physiol. 305:G483-G495); mice and rats
fed a high-fat, high-cholesterol, bile salt diet (HF/HC/BS) (Matsuzawa et al. (2007) Hepatology
46:1392-1403); and mice and rats fed a high-fat diet + fructose (30%) water (Softic et al. (2018) J.
Clin. Invest. 128(1)-85-96).

The pharmaceutical compositions of the present invention can be administered in a number
of ways depending upon whether local or systemic treatment is desired and upon the area to be
treated. Administration can be topical (e.g., by a transdermal patch), pulmonary, e.g., by inhalation
or insufflation of powders or aerosols, including by nebulizer; intratracheal, intranasal, epidermal and
transdermal, oral or parenteral. Parenteral administration includes intravenous, intraarterial,
subcutaneous, intraperitoneal or intramuscular injection or infusion; subdermal, e.g., via an
implanted device; or intracranial, e.g., by intraparenchymal, intrathecal or intraventricular,
administration.

The iRNA can be delivered in a manner to target a particular cell or tissue, such as the liver
(e.g., the hepatocytes of the liver).

In some embodiments, the pharmaceutical compositions of the invention are suitable for
intramuscular administration to a subject. In other embodiments, the pharmaceutical compositions of the
invention are suitable for intravenous administration to a subject. In some embodiments of the invention,
the pharmaceutical compositions of the invention are suitable for subcutaneous administration to a
subject, e.g., using a 29g or 30g needle.

The pharmaceutical compositions of the invention may include an RNAi agent of the invention in
an unbuffered solution, such as saline or water, or in a buffer solution, such as a buffer solution
comprising acetate, citrate, prolamine, carbonate, or phosphate or any combination thereof.

In one embodiment, the pharmaceutical compositions of the invention, e.g., such as the
compositions suitable for subcutaneous administration, comprise an RNAi agent of the invention in

phosphate buffered saline (PBS). Suitable concentrations of PBS include, for example, 1mM, 1.5 mM, 2
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mM, 2.5 mM, 3 mM, 3.5 mM, 4 mM, 4.5 mM, 5 mM, 6.5 mM, 7 mM, 7.5.mM, 9 mM, 8.5 mM, 9 mM,
9.5 mM, or about 10 mM PBS. In one embodiment of the invention, a pharmaceutical composition of the
invention comprises an RNAi agent of the inventiondissolved in a solution of about 5 mM PBS (e.g., 0.64
mM NaH,PO,, 4.36 mM Na,HPO., 85 mM NaCl). Values intermediate to the above recited ranges and
values are also intended to be part of this invention. In addition, ranges of values using a combination of
any of the above recited values as upper and/or lower limits are intended to be included.

The pH of the pharmaceutical compositions of the invention may be between about 5.0 to about
8.0, about 5.5 to about 8.0, about 6.0 to about 8.0, about 6.5 to about 8.0, about 7.0 to about 8.0, about 5.0
to about 7.5, about 5.5 to about 7.5, about 6.0 to about 7.5, about 6.5 to about 7.5, about 5.0 to about 7.2,
about 5.25 to about 7.2, about 5.5 to about 7.2, about 5.75 to about 7.2, about 6.0 to about 7.2, about 6.5
to about 7.2, or about 6.8 to about 7.2. Ranges and values intermediate to the above recited ranges and
values are also intended to be part of this invention.

The osmolality of the pharmceutical compositions of the invention may be suitable for
subcutaneous administration, such as no more than about 400 mOsmv/kg, e.g., between 50 and 400
mOsm/kg, between 75 and 400 mOsm/kg, between 100 and 400 mOsm/kg, between 125 and 400
mOsm/kg, between 150 and 400 mOsm/kg, between 175 and 400 mOsm/kg, between 200 and 400
mOsm/kg, between 250 and 400 mOsm/kg, between 300 and 400 mOsm/kg, between 50 and 375
mOsm/kg, between 75 and 375 mOsm/kg, between 100 and 375 mOsm/kg, between 125 and 375
mOsm/kg, between 150 and 375 mOsm/kg, between 175 and 375 mOsm/kg, between 200 and 375
mOsm/kg, between 250 and 375 mOsm/kg, between 300 and 375 mOsm/kg, between 50 and 350
mOsm/kg, between 75 and 350 mOsm/kg, between 100 and 350 mOsm/kg, between 125 and 350
mOsm/kg, between 150 and 350 mOsm/kg, between 175 and 350 mOsm/kg, between 200 and 350
mOsm/kg, between 250 and 350 mOsm/kg, between 50 and 325 mOsm/kg, between 75 and 325
mOsm/kg, between 100 and 325 mOsm/kg, between 125 and 325 mOsm/kg, between 150 and 325
mOsm/kg, between 175 and 325 mOsm/kg, between 200 and 325 mOsm/kg, between 250 and 325
mOsm/kg, between 300 and 325 mOsm/kg, between 300 and 350 mOsm/kg, between 50 and 300
mOsm/kg, between 75 and 300 mOsm/kg, between 100 and 300 mOsm/kg, between 125 and 300
mOsm/kg, between 150 and 300 mOsm/kg, between 175 and 300 mOsm/kg, between 200 and 300
mOsm/kg, between 250 and 300, between 50 and 250 mOsm/kg, between 75 and 250 mOsm/kg, between
100 and 250 mOsm/kg, between 125 and 250 mOsm/kg, between 150 and 250 mOsm/kg, between 175
and 350 mOsm/kg, between 200 and 250 mOsm/kg, e.g., about 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100,
105, 110, 120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 170, 175, 180, 185, 190, 195, 200, 205, 210,
215, 220, 225, 230, 235, 240, 245, 250, 255, 260, 265, 270, 275, 280, 285, 295, 300, 305, 310, 320, 325,
330, 335, 340, 345, 350, 355, 360, 365, 370, 375, 380, 385, 390, 395, or about 400 mOsm/kg. Ranges
and values intermediate to the above recited ranges and values are also intended to be part of this
invention.

The pharmaceutical compositions of the invention comprising the RNAi agents of the invention,
may be present in a vial that contains about 0.5, 0.6,0.7,0.8,0.9,1.0,1.1,1.2,1.3,1.4,1.5, 1.6, 1.7, 1.8,

1.9, or about 2.0 mL of the pharmaceutical composition. The concentration of the RNAi agents in the
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pharmaceutical compositions of the invention may be about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 130, 125, 130, 135, 140, 145, 150, 175, 180, 185, 190, 195,
200, 205, 210, 215, 230, 225, 230, 235, 240, 245, 250, 275, 280, 285, 290, 295, 300, 305, 310, 315, 330,
325, 330, 335, 340, 345, 350, 375, 380, 385, 390, 395, 400, 405, 410, 415, 430, 425, 430, 435, 440, 445,
450, 475, 480, 485, 490, 495, or about 500 mg/mL. In one embodiment, the concentration of the RNAi
agents in the pharmaceutical compositions of the invention is about 100 mg/mL. Values intermediate to
the above recited ranges and values are also intended to be part of this invention.

The pharmaceutical compositions of the invention may comprise a dSRNA agent of the invention
in a free acid form. In other embodiments of the invention, the pharmaceutical compositions of the
invention may comprise a dsSRNA agent of the invention in a salt form, such as a sodium salt form. In
certain embodiments, when the dsRNA agents of the invention are in the sodium salt form, sodium ions
are present in the agent as counterions for substantially all of the phosphodiester and/or phosphorothiotate
groups present in the agent. Agents in which substantially all of the phosphodiester and/or
phosphorothioate linkages have a sodium counterion include not more than 5, 4, 3, 2, or 1 phosphodiester
and/or phosphorothioate linkages without a sodium counterion. In some embodiments, when the dsRNA
agents of the invention are in the sodium salt form, sodium ions are present in the agent as counterions for
all of the phosphodiester and/or phosphorothiotate groups present in the agent.

Pharmaceutical compositions and formulations for topical administration can include
transdermal patches, ointments, lotions, creams, gels, drops, suppositories, sprays, liquids and
powders. Conventional pharmaceutical carriers, aqueous, powder or oily bases, thickeners and the
like can be necessary or desirable. Coated condoms, gloves and the like can also be useful. Suitable
topical formulations include those in which the iRNAs featured in the invention are in admixture
with a topical delivery agent such as lipids, liposomes, fatty acids, fatty acid esters, steroids,
chelating agents and surfactants. Suitable lipids and liposomes include neutral (e.g.,
dioleoylphosphatidyl DOPE ethanolamine, dimyristoylphosphatidyl choline DMPC,
distearolyphosphatidyl choline) negative (e.g., dimyristoylphosphatidyl glycerol DMPG) and cationic
(e.g., dioleoyltetramethylaminopropyl DOTAP and dioleoylphosphatidyl ethanolamine DOTMA).
iRNAs featured in the invention can be encapsulated within liposomes or can form complexes
thereto, in particular to cationic liposomes. Alternatively, iRNAs can be complexed to lipids, in
particular to cationic lipids. Suitable fatty acids and esters include but are not limited to arachidonic
acid, oleic acid, eicosanoic acid, lauric acid, caprylic acid, capric acid, myristic acid, palmitic acid,
stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein, dilaurin, glyceryl 1-
monocaprate, 1-dodecylazacycloheptan-2-one, an acylcarnitine, an acylcholine, or a Ci.2 alkyl ester
(e.g., isopropylmyristate IPM), monoglyceride, diglyceride or pharmaceutically acceptable salt
thereof. Topical formulations are described in detail in U.S. Patent No. 6,747,014, which is

incorporated herein by reference.
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A. iRNA Formulations Comprising Membranous Molecular Assemblies

An iRNA for use in the compositions and methods of the invention can be formulated
for delivery in a membranous molecular assembly, e.g., a liposome or a micelle. There are many
organized surfactant structures besides microemulsions that have been studied and used for the
formulation of drugs. These include monolayers, micelles, bilayers and vesicles. Vesicles, such
as liposomes, have attracted great interest because of their specificity and the duration of action
they offer from the standpoint of drug delivery. As used in the present invention, the term
“liposome” means a vesicle composed of amphiphilic lipids arranged in a spherical bilayer or
bilayers.

Liposomes include unilamellar or multilamellar vesicles which have a membrane
formed from a lipophilic material and an aqueous interior. The aqueous portion contains the
composition (e.g., iRNA) to be delivered. The lipophilic material isolates the aqueous interior
from an aqueous exterior, which typically does not include the iRNA composition, although in
some examples, it may. Cationic liposomes possess the advantage of being able to fuse to the
cell wall. Non-cationic liposomes, although not able to fuse as efficiently with the cell wall, are
taken up by macrophages in vivo.

In order to traverse intact mammalian skin, lipid vesicles must pass through a series of
fine pores, each with a diameter less than 50 nm, under the influence of a suitable transdermal
gradient. Therefore, it is desirable to use a liposome which is highly deformable and able to pass
through such fine pores.

Liposomes are useful for the transfer and delivery of active ingredients to the site of
action. Because the liposomal membrane is structurally similar to biological membranes, when
liposomes are applied to a tissue, the liposomes start to merge with the cellular membranes and
as the merging of the liposome and cell progresses, the liposomal contents are emptied into the
cell where the active agent may act.

Liposomal formulations have been the focus of extensive investigation as the mode of
delivery for many drugs. There is growing evidence that for topical administration, liposomes
present several advantages over other formulations. Such advantages include reduced side-
effects related to high systemic absorption of the administered drug, increased accumulation of
the administered drug at the desired target, and the ability to administer a wide variety of drugs,
both hydrophilic and hydrophobic, into the skin.

Several reports have detailed the ability of liposomes to deliver agents including high-
molecular weight DNA into the skin. Compounds including analgesics, antibodies, hormones
and high-molecular weight DNAs have been administered to the skin. The majority of
applications resulted in the targeting of the upper epidermis.

A liposome containing an iRNA agent can be prepared by a variety of methods. In one

example, the lipid component of a liposome is dissolved in a detergent so that micelles are
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formed with the lipid component. For example, the lipid component can be an amphipathic
cationic lipid or lipid conjugate. The detergent can have a high critical micelle concentration and
may be nonionic. Exemplary detergents include cholate, CHAPS, octylglucoside, deoxycholate,
and lauroyl sarcosine. The iRNA agent preparation is then added to the micelles that include the
lipid component. The cationic groups on the lipid interact with the iRNA agent and condense
around the iRNA agent to form a liposome. After condensation, the detergent is removed, e.g.,
by dialysis, to yield a liposomal preparation of iRNA agent.

If necessary a carrier compound that assists in condensation can be added during the
condensation reaction, e.g., by controlled addition. For example, the carrier compound can be a
polymer other than a nucleic acid (e.g., spermine or spermidine). pH can also be adjusted to
favor condensation.

Methods for producing stable polynucleotide delivery vehicles, which incorporate a
polynucleotide/cationic lipid complex as structural components of the delivery vehicle, are
further described in, e.g., WO 96/37194, the entire contents of which are incorporated herein by
reference. Liposome formation can also include one or more aspects of exemplary methods
described in Felgner, P. L. et al., Proc. Natl. Acad. Sci., USA 8:7413-7417, 1987; US Patent
No0.4,897,355; US Patent No. 5,171,678; Bangham, et al. M. Mol. Biol.23:238, 1965; Olson, et
al. Biochim. Biophys. Acta 557:9, 1979; Szoka, et al. Proc. Natl. Acad. Sci.75: 4194, 1978;
Mayhew, et al. Biochim. Biophys. Acta 775:169, 1984; Kim, et al. Biochim. Biophys. Acta
728:339, 1983; and Fukunaga, et al. Endocrinol. 115:757, 1984. Commonly used techniques for
preparing lipid aggregates of appropriate size for use as delivery vehicles include sonication and
freeze-thaw plus extrusion (see, e.g., Mayer, et al. Biochim. Biophys. Acta 858:161, 1986).
Microfluidization can be used when consistently small (50 to 200 nm) and relatively uniform
aggregates are desired (Mayhew, et al. Biochim. Biophys. Acta 775:169, 1984). These methods
are readily adapted to packaging iRNA agent preparations into liposomes.

Liposomes fall into two broad classes. Cationic liposomes are positively charged
liposomes which interact with the negatively charged DNA molecules to form a stable complex.
The positively charged DNA/liposome complex binds to the negatively charged cell surface and
is internalized in an endosome. Due to the acidic pH within the endosome, the liposomes are
ruptured, releasing their contents into the cell cytoplasm (Wang et al., Biochem. Biophys. Res.
Commun., 1987, 147, 980-985).

Liposomes which are pH-sensitive or negatively-charged, entrap DNA rather than
complex with it. Since both the DNA and the lipid are similarly charged, repulsion rather than
complex formation occurs. Nevertheless, some DNA is entrapped within the aqueous interior of
these liposomes. pH-sensitive liposomes have been used to deliver DNA encoding the thymidine
kinase gene to cell monolayers in culture. Expression of the exogenous gene was detected in the

target cells (Zhou et al., Journal of Controlled Release, 1992, 19, 269-274).
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One major type of liposomal composition includes phospholipids other than naturally-
derived phosphatidylcholine. Neutral liposome compositions, for example, can be formed from
dimyristoyl phosphatidylcholine (DMPC) or dipalmitoyl phosphatidylcholine (DPPC). Anionic
liposome compositions generally are formed from dimyristoyl phosphatidylglycerol, while
anionic fusogenic liposomes are formed primarily from dioleoyl phosphatidylethanolamine
(DOPE). Another type of liposomal composition is formed from phosphatidylcholine (PC) such
as, for example, soybean PC, and egg PC. Another type is formed from mixtures of
phospholipid and/or phosphatidylcholine and/or cholesterol.

Examples of other methods to introduce liposomes into cells in vitro and in vivo include
US Patent Nos.5,283,185 and 5,171,678; WO 94/00569; WO 93/24640; WO 91/16024; Felgner,
J. Biol. Chem.269:2550, 1994; Nabel, Proc. Natl. Acad. Sci.90:11307, 1993; Nabel, Human
Gene Ther. 3:649, 1992; Gershon, Biochem.32:7143, 1993; and Strauss EMBO J.11:417, 1992.

Non-ionic liposomal systems have also been examined to determine their utility in the
delivery of drugs to the skin, in particular systems comprising non-ionic surfactant and
cholesterol. Non-ionic liposomal formulations comprising Novasome™ I (glyceryl
dilaurate/cholesterol/polyoxyethylene-10-stearyl ether) and Novasome™ II (glyceryl
distearate/cholesterol/polyoxyethylene-10-stearyl ether) were used to deliver cyclosporin-A into
the dermis of mouse skin. Results indicated that such non-ionic liposomal systems were
effective in facilitating the deposition of cyclosporin-A into different layers of the skin (Hu et al.
S.T.P. Pharma. Sci., 1994, 4, 6, 466).

Liposomes also include “sterically stabilized” liposomes, a term which, as used herein,
refers to liposomes comprising one or more specialized lipids that, when incorporated into
liposomes, result in enhanced circulation lifetimes relative to liposomes lacking such specialized
lipids. Examples of sterically stabilized liposomes are those in which part of the vesicle-forming
lipid portion of the liposome (A) comprises one or more glycolipids, such as
monosialoganglioside Gwmi, or (B) is derivatized with one or more hydrophilic polymers, such as
a polyethylene glycol (PEG) moiety. While not wishing to be bound by any particular theory, it
is thought in the art that, at least for sterically stabilized liposomes containing gangliosides,
sphingomyelin, or PEG-derivatized lipids, the enhanced circulation half-life of these sterically
stabilized liposomes derives from a reduced uptake into cells of the reticuloendothelial system
(RES) (Allen et al., FEBS Letters, 1987, 223, 42; Wu et al., Cancer Research, 1993, 53, 3765).

Various liposomes comprising one or more glycolipids are known in the art.
Papahadjopoulos et al. (Ann. N.Y. Acad. Sci., 1987, 507, 64) reported the ability of
monosialoganglioside Gmi, galactocerebroside sulfate and phosphatidylinositol to improve blood
half-lives of liposomes. These findings were expounded upon by Gabizon et al. (Proc. Natl.
Acad. Sci. U.S.A., 1988, 85, 6949). U.S. Pat. No. 4,837,028 and WO 88/04924, both to Allen et

al., disclose liposomes comprising (1) sphingomyelin and (2) the ganglioside Gm or a
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galactocerebroside sulfate ester. U.S. Pat. No. 5,543,152 (Webb et al.) discloses liposomes
comprising sphingomyelin. Liposomes comprising 1,2-sn-dimyristoylphosphatidylcholine are
disclosed in WO 97/13499 (Lim et al).

In some embodiments, cationic liposomes are used. Cationic liposomes possess the
advantage of being able to fuse to the cell membrane. Non-cationic liposomes, although not able
to fuse as efficiently with the plasma membrane, are taken up by macrophages in vivo and can
be used to deliver iRNA agents to macrophages.

Further advantages of liposomes include: liposomes obtained from natural phospholipids
are biocompatible and biodegradable; liposomes can incorporate a wide range of water and lipid
soluble drugs; liposomes can protect encapsulated iRNAs in their internal compartments from
metabolism and degradation (Rosoff, in "Pharmaceutical Dosage Forms," Lieberman, Rieger
and Banker (Eds.), 1988, volume 1, p.245). Important considerations in the preparation of
liposome formulations are the lipid surface charge, vesicle size, and the aqueous volume of the
liposomes.

A positively charged synthetic cationic lipid, N-[1-(2,3-dioleyloxy)propyl]-N,N,N-
trimethylammonium chloride (DOTMA) can be used to form small liposomes that interact
spontaneously with nucleic acid to form lipid-nucleic acid complexes which are capable of
fusing with the negatively charged lipids of the cell membranes of tissue culture cells, resulting
in delivery of iRNA agent (see, e.g., Felgner, P. L. et al., Proc. Natl. Acad. Sci., USA 8:7413-
7417, 1987 and US Patent No.4,897,355 for a description of DOTMA and its use with DNA).

A DOTMA analogue, 1,2-bis(oleoyloxy)-3-(trimethylammonia)propane (DOTAP) can
be used in combination with a phospholipid to form DNA-complexing vesicles. Lipofectin™
(Bethesda Research Laboratories, Gaithersburg, Md.) is an effective agent for the delivery of
highly anionic nucleic acids into living tissue culture cells that comprise positively charged
DOTMA liposomes which interact spontaneously with negatively charged polynucleotides to
form complexes. When enough positively charged liposomes are used, the net charge on the
resulting complexes is also positive. Positively charged complexes prepared in this way
spontaneously attach to negatively charged cell surfaces, fuse with the plasma membrane, and
efficiently deliver functional nucleic acids into, for example, tissue culture cells. Another
commercially available cationic lipid, 1,2- bis(oleoyloxy)-3,3-(trimethylammonia)propane
(“DOTAP”) (Boehringer Mannheim, Indianapolis, Indiana) differs from DOTMA in that the
oleoyl moieties are linked by ester, rather than ether linkages.

Other reported cationic lipid compounds include those that have been conjugated to a
variety of moieties including, for example, carboxyspermine which has been conjugated to one
of two types of lipids and includes compounds such as 5-carboxyspermylglycine

dioctaoleoylamide (“DOGS”) (Transfectam™, Promega, Madison, Wisconsin) and
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dipalmitoylphosphatidylethanolamine 5- carboxyspermyl-amide (“DPPES”) (see, e.g., US Patent
No.5,171,678).

Another cationic lipid conjugate includes derivatization of the lipid with cholesterol
(“DC- Chol”) which has been formulated into liposomes in combination with DOPE (See, Gao,
X. and Huang, L., Biochim. Biophys. Res. Commun.179:280, 1991). Lipopolylysine, made by
conjugating polylysine to DOPE, has been reported to be effective for transfection in the
presence of serum (Zhou, X. et al., Biochim. Biophys. Acta 1065:8, 1991). For certain cell lines,
these liposomes containing conjugated cationic lipids, are said to exhibit lower toxicity and
provide more efficient transfection than the DOTMA-containing compositions. Other
commercially available cationic lipid products include DMRIE and DMRIE-HP (Vical, La Jolla,
California) and Lipofectamine (DOSPA) (Life Technology, Inc., Gaithersburg, Maryland). Other
cationic lipids suitable for the delivery of oligonucleotides are described in WO 98/39359 and
WO 96/37194.

Liposomal formulations are particularly suited for topical administration, liposomes
present several advantages over other formulations. Such advantages include reduced side
effects related to high systemic absorption of the administered drug, increased accumulation of
the administered drug at the desired target, and the ability to administer iRNA agent into the
skin. In some implementations, liposomes are used for delivering iRNA agent to epidermal cells
and also to enhance the penetration of iRNA agent into dermal tissues, e.g., into skin. For
example, the liposomes can be applied topically. Topical delivery of drugs formulated as
liposomes to the skin has been documented (see, e.g., Weiner et al., Journal of Drug Targeting,
1992, vol.2,405-410 and du Plessis et al., Antiviral Research, 18, 1992, 259-265; Mannino, R. J.
and Fould-Fogerite, S., Biotechniques 6:682-690, 1988; Itani, T. et al. Gene 56:267-276.1987;
Nicolau, C. et al. Meth. Enz.149:157-176, 1987; Straubinger, R. M. and Papahadjopoulos, D.
Meth. Enz.101:512-527, 1983; Wang, C. Y. and Huang, L., Proc. Natl. Acad. Sci. USA 84:7851-
7855, 1987).

Non-ionic liposomal systems have also been examined to determine their utility in the
delivery of drugs to the skin, in particular systems comprising non-ionic surfactant and
cholesterol. Non-ionic liposomal formulations comprising Novasome™ T (glyceryl
dilaurate/cholesterol/polyoxyethylene-10-stearyl ether) and Novasome™ II (glyceryl distearate/
cholesterol/polyoxyethylene-10-stearyl ether) were used to deliver a drug into the dermis of
mouse skin. Such formulations with iRNA agent are useful for treating a dermatological
disorder.

Liposomes that include iRNA can be made highly deformable. Such deformability can
enable the liposomes to penetrate through pore that are smaller than the average radius of the
liposome. For example, transfersomes are a type of deformable liposomes. Transferosomes can

be made by adding surface edge activators, usually surfactants, to a standard liposomal
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composition. Transfersomes that include iRNAs can be delivered, for example, subcutaneously
by infection in order to deliver iRNAs to keratinocytes in the skin. In order to cross intact
mammalian skin, lipid vesicles must pass through a series of fine pores, each with a diameter
less than 50 nm, under the influence of a suitable transdermal gradient. In addition, due to the
lipid properties, these transferosomes can be self- optimizing (adaptive to the shape of pores,
e.g., in the skin), self-repairing, and can frequently reach their targets without fragmenting, and
often self-loading.

Other formulations amenable to the present invention are described in WO
2008/042973.

Transfersomes are yet another type of liposomes and are highly deformable lipid
aggregates which are attractive candidates for drug delivery vehicles. Transfersomes may be
described as lipid droplets which are so highly deformable that they are easily able to penetrate
through pores which are smaller than the droplet. Transfersomes are adaptable to the
environment in which they are used, e.g., they are self-optimizing (adaptive to the shape of pores
in the skin), self-repairing, frequently reach their targets without fragmenting, and often self-
loading. To make transfersomes it is possible to add surface edge-activators, usually surfactants,
to a standard liposomal composition. Transfersomes have been used to deliver serum albumin to
the skin. The transfersome-mediated delivery of serum albumin has been shown to be as
effective as subcutanecous injection of a solution containing serum albumin.

Surfactants find wide application in formulations such as emulsions (including
microemulsions) and liposomes. The most common way of classifying and ranking the
properties of the many different types of surfactants, both natural and synthetic, is by the use of
the hydrophile/lipophile balance (HLB). The nature of the hydrophilic group (also known as the
“head”) provides the most useful means for categorizing the different surfactants used in
formulations (Rieger, in Pharmaceutical Dosage Forms, Marcel Dekker, Inc., New York, N.Y.,
1988, p. 285).

If the surfactant molecule is not ionized, it is classified as a nonionic surfactant.
Nonionic surfactants find wide application in pharmaceutical and cosmetic products and are
usable over a wide range of pH values. In general their HLB values range from 2 to about 18
depending on their structure. Nonionic surfactants include nonionic esters such as ethylene
glycol esters, propylene glycol esters, glyceryl esters, polyglyceryl esters, sorbitan esters,
sucrose esters, and ethoxylated esters. Nonionic alkanolamides and ethers such as fatty alcohol
ethoxylates, propoxylated alcohols, and ethoxylated/propoxylated block polymers are also
included in this class. The polyoxyethylene surfactants are the most popular members of the
nonionic surfactant class.

If the surfactant molecule carries a negative charge when it is dissolved or dispersed in

water, the surfactant is classified as anionic. Anionic surfactants include carboxylates such as
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soaps, acyl lactylates, acyl amides of amino acids, esters of sulfuric acid such as alkyl sulfates
and ethoxylated alkyl sulfates, sulfonates such as alkyl benzene sulfonates, acyl isethionates,
acyl taurates and sulfosuccinates, and phosphates. The most important members of the anionic
surfactant class are the alkyl sulfates and the soaps.

If the surfactant molecule catries a positive charge when it is dissolved or dispersed in
water, the surfactant is classified as cationic. Cationic surfactants include quaternary ammonium
salts and ethoxylated amines. The quaternary ammonium salts are the most used members of
this class.

If the surfactant molecule has the ability to carry either a positive or negative charge, the
surfactant is classified as amphoteric. Amphoteric surfactants include acrylic acid derivatives,
substituted alkylamides, N-alkylbetaines and phosphatides.

The use of surfactants in drug products, formulations and in emulsions has been
reviewed (Rieger, in Pharmaceutical Dosage Forms, Marcel Dekker, Inc., New York, N.Y.,
1988, p. 285).

The iRNA for use in the methods of the invention can also be provided as micellar
formulations. “Micelles” are defined herein as a particular type of molecular assembly in which
amphipathic molecules are arranged in a spherical structure such that all the hydrophobic
portions of the molecules are directed inward, leaving the hydrophilic portions in contact with
the surrounding aqueous phase. The converse arrangement exists if the environment is
hydrophobic.

A mixed micellar formulation suitable for delivery through transdermal membranes may
be prepared by mixing an aqueous solution of iRNA, an alkali metal Cg to C»; alkyl sulphate,
and a micelle forming compounds. Exemplary micelle forming compounds include lecithin,
hyaluronic acid, pharmaceutically acceptable salts of hyaluronic acid, glycolic acid, lactic acid,
chamomile extract, cucumber extract, oleic acid, linoleic acid, linolenic acid, monoolein,
monooleates, monolaurates, borage oil, evening of primrose oil, menthol, trihydroxy oxo
cholanyl glycine and pharmaceutically acceptable salts thereof, glycerin, polyglycerin, lysine,
polylysine, triolein, polyoxyethylene ethers and analogues thereof, polidocanol alkyl ethers and
analogues thereof, chenodeoxycholate, deoxycholate, and mixtures thercof. The micelle forming
compounds may be added at the same time or after addition of the alkali metal alkyl sulphate.
Mixed micelles will form with substantially any kind of mixing of the ingredients but vigorous
mixing in order to provide smaller size micelles.

In one method a first micellar composition is prepared which contains the RNAi and at
least the alkali metal alkyl sulphate. The first micellar composition is then mixed with at least
three micelle forming compounds to form a mixed micellar composition. In another method, the

micellar composition is prepared by mixing the RNAI, the alkali metal alkyl sulphate and at least
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one of the micelle forming compounds, followed by addition of the remaining micelle forming
compounds, with vigorous mixing.

Phenol or m-cresol may be added to the mixed micellar composition to stabilize the
formulation and protect against bacterial growth. Alternatively, phenol or m-cresol may be
added with the micelle forming ingredients. An isotonic agent such as glycerin may also be
added after formation of the mixed micellar composition.

For delivery of the micellar formulation as a spray, the formulation can be put into an
acrosol dispenser and the dispenser is charged with a propellant. The propellant, which is under
pressure, is in liquid form in the dispenser. The ratios of the ingredients are adjusted so that the
aqueous and propellant phases become one, i.e., there is one phase. If there are two phases, it is
necessary to shake the dispenser prior to dispensing a portion of the contents, e.g., through a
metered valve. The dispensed dose of pharmaceutical agent is propelled from the metered valve
in a fine spray.

Propellants may include hydrogen-containing chlorofluorocarbons, hydrogen-containing
fluorocarbons, dimethyl ether and diethyl ether. In certain embodiments, HFA 134a (1,1,1,2
tetrafluoroethane) may be used.

The specific concentrations of the essential ingredients can be determined by relatively
straightforward experimentation. For absorption through the oral cavities, it is often desirable to
increase, e.g., at least double or triple, the dosage for through injection or administration through
the gastrointestinal tract.

B. Lipid particles

iRNAs, e.g., dsRNA agents of in the invention may be fully encapsulated in a lipid
formulation, e.g., an LNP, or other nucleic acid-lipid particle.

As used herein, the term “LNP” refers to a stable nucleic acid-lipid particle. LNPs
typically contain a cationic lipid, a non-cationic lipid, and a lipid that prevents aggregation of the
particle (e.g., a PEG-lipid conjugate). LNPs are extremely useful for systemic applications, as
they exhibit extended circulation lifetimes following intravenous (i.v.) injection and accumulate
at distal sites (e.g., sites physically separated from the administration site). As used herein, the
term “SPLP” refers to a nucleic acid-lipid particle comprising plasmid DNA encapsulated within
a lipid vesicle. LNPs include “pSPLP,” which include an encapsulated condensing agent-nucleic
acid complex as set forth in PCT Publication No. WO 00/03683. The particles of the present
invention typically have a mean diameter of about 50 nm to about 150 nm, more typically about
60 nm to about 130 nm, more typically about 70 nm to about 110 nm, most typically about 70
nm to about 90 nm, and are substantially nontoxic. In addition, the nucleic acids when present in
the nucleic acid- lipid particles of the present invention are resistant in aqueous solution to

degradation with a nuclease. Nucleic acid-lipid particles and their method of preparation are
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disclosed in, e.g., U.S. Patent Nos. 5,976,567, 5,981,501; 6,534,484; 6,586,410; 6,815,432; and
PCT Publication No. WO 96/40964.

In certain embodiments, the lipid to drug ratio (mass/mass ratio) (e.g., lipid to dsSRNA
ratio) will be in the range of from about 1:1 to about 50:1, from about 1:1 to about 25:1, from
about 3:1 to about 15:1, from about 4:1 to about 10:1, from about 5:1 to about 9:1, or about 6:1
to about 9:1. Ranges intermediate to the above recited ranges are also contemplated to be part of
the invention.

The cationic lipid may be, for example, N,N-dioleyl-N,N-dimethylammonium chloride
(DODAC), N,N-distearyl-N,N-dimethylammonium bromide (DDAB), N-(I -(2,3-
dioleoyloxy)propyl)-N,N,N-trimethylammonium chloride (DOTAP), N-(I -(2,3-
dioleyloxy)propyl)-N,N,N-trimethylammonium chloride (DOTMA), N,N-dimethyl-2,3-
dioleyloxy)propylamine (DODMA), 1,2-DiLinoleyloxy-N,N-dimethylaminopropane
(DLinDMA), 1,2-Dilinolenyloxy-N,N-dimethylaminopropane (DLenDMA), 1,2-
Dilinoleylcarbamoyloxy-3-dimethylaminopropane (DLin-C-DAP), 1,2-Dilinoleyoxy-3-
(dimethylamino)acetoxypropane (DLin-DAC), 1,2-Dilinoleyoxy-3-morpholinopropane (DLin-
MA), 1,2-Dilinoleoyl-3-dimethylaminopropane (DLinDAP), 1,2-Dilinoleylthio-3-
dimethylaminopropane (DLin-S-DMA), 1-Linoleoyl-2-linoleyloxy-3-dimethylaminopropane
(DLin-2-DMAP), 1,2-Dilinoleyloxy-3-trimethylaminopropane chloride salt (DLin-TMA.CI),
1,2-Dilinoleoyl-3-trimethylaminopropane chloride salt (DLin-TAP.Cl), 1,2-Dilinoleyloxy-3-(N-
methylpiperazino)propane (DLin-MPZ), or 3-(N,N-Dilinoleylamino)-1,2-propanediol (DLinAP),
3-(N,N-Dioleylamino)-1,2-propanedio (DOAP), 1,2-Dilinoleyloxo-3-(2-N,N-
dimethylamino)ethoxypropane (DLin-EG-DMA), 1,2-Dilinolenyloxy-N,N-
dimethylaminopropane (DLinDMA), 2,2-Dilinoleyl-4-dimethylaminomethyl-[1,3]-dioxolane
(DLin-K-DMA) or analogs thereof, (3aR,5s,6aS)-N,N-dimethyl-2,2-di((9Z,12Z)-octadeca-9,12-
dienyDtetrahydro-3aH-cyclopenta[d][1,3]dioxol-5-amine (ALN100), (62,92,282,317)-
heptatriaconta-6,9,28,31-tetraen-19-yl 4-(dimethylamino)butanoate (MC3), 1,1'-(2-(4-(2-((2-
(bis(2-hydroxydodecyl)amino)ethyl)(2-hydroxydodecyl)amino)ethyl)piperazin-1-
ylethylazanediyl)didodecan-2-ol (Tech G1), or a mixture thereof. The cationic lipid may
comprise from about 20 mol % to about 50 mol % or about 40 mol % of the total lipid present in
the particle.

In certain embodiments, the compound 2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]-
dioxolane can be used to prepare lipid-siRNA nanoparticles. Synthesis of 2,2-Dilinoleyl-4-
dimethylaminoethyl-[1,3]-dioxolane is described in United States provisional patent application
number 61/107,998 filed on October 23, 2008, which is herein incorporated by reference.

In certain embodiments, the lipid-siRNA particle includes 40% 2, 2-Dilinoleyl-4-
dimethylaminoethyl-[1,3]-dioxolane: 10% DSPC: 40% Cholesterol: 10% PEG-C-DOMG (mole
percent) with a particle size of 63.0 £ 20 nm and a 0.027 siRNA/Lipid Ratio.
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The non-cationic lipid may be an anionic lipid or a neutral lipid including, but not
limited to, distearoylphosphatidylcholine (DSPC), dioleoylphosphatidylcholine (DOPC),
dipalmitoylphosphatidylcholine (DPPC), dioleoylphosphatidylglycerol (DOPG),
dipalmitoylphosphatidylglycerol (DPPG), dioleoyl-phosphatidylethanolamine (DOPE),
palmitoyloleoylphosphatidylcholine (POPC), palmitoyloleoylphosphatidylethanolamine (POPE),
dioleoyl- phosphatidylethanolamine 4-(N-maleimidomethyl)-cyclohexane-1- carboxylate
(DOPE-mal), dipalmitoyl phosphatidyl ethanolamine (DPPE), dimyristoylphosphoethanolamine
(DMPE), distearoyl-phosphatidyl-ethanolamine (DSPE), 16-O-monomethyl PE, 16-O-dimethyl
PE, 18-1 -trans PE, 1 -stearoyl-2-oleoyl- phosphatidyethanolamine (SOPE), cholesterol, or a
mixture thereof. The non-cationic lipid may be from about 5 mol % to about 90 mol %, about 10
mol %, or about 58 mol % if cholesterol is included, of the total lipid present in the particle.

The conjugated lipid that inhibits aggregation of particles may be, for example, a
polyethyleneglycol (PEG)-lipid including, without limitation, a PEG-diacylglycerol (DAG), a
PEG-dialkyloxypropyl (DAA), a PEG-phospholipid, a PEG-ceramide (Cer), or a mixture
thereof. The PEG-DAA conjugate may be, for example, a PEG-dilauryloxypropyl (Ci»), a PEG-
dimyristyloxypropyl (Cis), a PEG-dipalmityloxypropyl (Cis), or a PEG- distearyloxypropyl
(CJs). The conjugated lipid that prevents aggregation of particles may be from 0 mol % to about
20 mol % or about 2 mol % of the total lipid present in the particle.

In some embodiments, the nucleic acid-lipid particle further includes cholesterol at, e.g.,
about 10 mol % to about 60 mol % or about 48 mol % of the total lipid present in the particle.

LNPOI

In certain embodiments, the lipidoid ND98-4HCI (MW 1487) (see U.S. Patent
Application No. 12/056,230, filed 3/26/2008, which is herein incorporated by reference),
Cholesterol (Sigma-Aldrich), and PEG-Ceramide C16 (Avanti Polar Lipids) can be used to
prepare lipid-dsRNA nanoparticles (e.g., LNP0O1 particles). Stock solutions of each in ethanol
can be prepared as follows: ND98, 133 mg/ml; Cholesterol, 25 mg/ml, PEG-Ceramide C16, 100
mg/ml. The ND98, Cholesterol, and PEG-Ceramide C16 stock solutions can then be combined
in a, e.g., 42:48:10 molar ratio. The combined lipid solution can be mixed with aqueous dsRNA
(e.g., in sodium acetate pH 5) such that the final ethanol concentration is about 35-45% and the
final sodium acetate concentration is about 100-300 mM. Lipid-dsRNA nanoparticles typically
form spontaneously upon mixing. Depending on the desired particle size distribution, the
resultant nanoparticle mixture can be extruded through a polycarbonate membrane (e.g., 100 nm
cut-off) using, for example, a thermobarrel extruder, such as Lipex Extruder (Northern Lipids,
Inc). In some cases, the extrusion step can be omitted. Ethanol removal and simultaneous
buffer exchange can be accomplished by, for example, dialysis or tangential flow filtration.
Buffer can be exchanged with, for example, phosphate buffered saline (PBS) at about pH 7, e.g.,
about pH 6.9, about pH 7.0, about pH 7.1, about pH 7.2, about pH 7.3, or about pH 7.4.
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LNPO1 formulations are described, e.g., in International Application Publication
No. WO 2008/042973, which is hereby incorporated by reference.
5 Additional exemplary lipid-dsRNA formulations are provided in the following table.

Table A: Exemplary lipid formulations

cationic lipid/non-cationic lipid/cholesterol/PEG-
Cationic Lipid lipid conjugate
Lipid:siRNA ratio
- DLinDMA/DPPC/Cholesterol/PEG-cDMA
y prop lipid:siRNA ~ 7:1
22-Dilinoleyl-4-dimethylaminoethyl- | 1 /PP C/Cholesterol/PEG-cDMA
S-XTC [1.3]-dioxolane (XTC) 57.1/7.1/34.4/1.4
’ lipid:siRNA ~ 7:1
22-Dilinoleyl-4-dimethylaminoethyl- | 1 </ Dor C/Cholesterol/PEG-DMG
LNPO5 [1.3]-dioxolane (XTC) 57.5/7.5/31.5/3.5
’ lipid:siRNA ~ 6:1
22-Dilinoleyl-4-dimethylaminoethyl- | 1 </ Dor C/Cholesterol/PEG-DMG
LNP0O6 [1.3]-dioxolane (XTC) 57.5/7.5/31.5/3.5
’ lipid:siRNA ~ 11:1
22-Dilinoleyl-4-dimethylaminoethyl- | 1/DSPC/Cholesterol/PEG-DMG
LNPO7 [1.3]-dioxolane (XTC) 60/7.5/31/1.5,
’ lipid:siRNA ~ 6:1
22-Dilinoleyl-4-dimethylaminoethyl- | 1/DSPC/Cholesterol/PEG-DMG
LNPOS [1.3]-dioxolane (XTC) 60/7.5/31/1.5,
’ lipid:siRNA ~ 11:1
22-Dilinoleyl-4-dimethylaminoethyl- | 1 /Do C/Cholesterol/PEG-DMG
LNP09 [1.3]-dioxolane (XTC) 50/10/38.5/1.5
’ Lipid:siRNA 10:1
(3aR,5s,6aS)-N,N-dimethyl-2,2-
di((9Z,12Z)-octadeca-9,12- ALN100/DSPC/Cholesterol/PEG-DMG
LNP10 | dienyl)tetrahydro-3aH- 50/10/38.5/1.5
cyclopenta[d][1,3]dioxol-5-amine Lipid:siRNA 10:1
(ALN100)
(62,97,287,317Z)-heptatriaconta- MC-3/DSPC/Cholesterol/PEG-DMG
LNPI1 | 6,9,28,31-tetraen-19-yl 4- 50/10/38.5/1.5
(dimethylamino)butanoate (MC3) Lipid:siRNA 10:1
1,1"-(2-(4-(2-((2-(bis(2- C12-200/DSPC/Cholesterol/PEG-DMG
LNP12 | hydroxydodecyl)amino)ethyl)(2- 50/10/38.5/1.5
hydroxydodecyl)amino)ethyl)piperazin- | Lipid:siRNA 10:1
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1-ylethylazanediyl)didodecan-2-ol
(C12-200)

XTC/DSPC/Chol/PEG-DMG
LNP13 | XTC 50/10/38.5/1.5
Lipid:siRNA: 33:1

MC3/DSPC/Chol/PEG-DMG
LNP14 | MC3 40/15/40/5
Lipid:siRNA: 11:1

MC3/DSPC/Chol/PEG-DSG/GalNAc-PEG-DSG
LNP15 | MC3 50/10/35/4.5/0.5
Lipid:siRNA: 11:1

MC3/DSPC/Chol/PEG-DMG
LNP16 | MC3 50/10/38.5/1.5
Lipid:siRNA: 7:1

MC3/DSPC/Chol/PEG-DSG
LNP17 | MC3 50/10/38.5/1.5
Lipid:siRNA: 10:1

MC3/DSPC/Chol/PEG-DMG
LNP18 | MC3 50/10/38.5/1.5
Lipid:siRNA: 12:1

MC3/DSPC/Chol/PEG-DMG
LNP19 | MC3 50/10/35/5
Lipid:siRNA: 8:1

MC3/DSPC/Chol/PEG-DPG
LNP20 | MC3 50/10/38.5/1.5
Lipid:siRNA: 10:1

C12-200/DSPC/Chol/PEG-DSG
LNP21 | C12-200 50/10/38.5/1.5
Lipid:siRNA: 7:1

XTC/DSPC/Chol/PEG-DSG
LNP22 | XTC 50/10/38.5/1.5

Lipid:siRNA: 10:1

DSPC: distearoylphosphatidylcholine

DPPC: dipalmitoylphosphatidylcholine

PEG-DMG: PEG-didimyristoyl glycerol (C14-PEG, or PEG-C14) (PEG with avg mol wt of
2000)

PEG-DSG: PEG-distyryl glycerol (C18-PEG, or PEG-C18) (PEG with avg mol wt of 2000)
PEG-cDMA: PEG-carbamoyl-1,2-dimyristyloxypropylamine (PEG with avg mol wt of 2000)

SNALP (1,2-Dilinolenyloxy-N,N-dimethylaminopropane (DLinDMA)) comprising
formulations are described in International Publication No. W02009/127060, filed April 15,
2009, which is hereby incorporated by reference.

XTC comprising formulations are described, e.g., in U.S. Provisional Serial No.
61/148,366, filed January 29, 2009; U.S. Provisional Serial No. 61/156,851, filed March 2,
2009; U.S. Provisional Serial No. 61/185,712, filed June 10, 2009; U.S. Provisional Serial No.
61/228,373, filed July 24, 2009; U.S. Provisional Serial No. 61/239,686, filed September 3,
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2009, and International Application No. PCT/US2010/022614, filed January 29, 2010, which are
hereby incorporated by reference.

MC3 comprising formulations are described, e.g., in U.S. Provisional Serial No.
61/244,834, filed September 22, 2009, U.S. Provisional Serial No. 61/185,800, filed June 10,
2009, and International Application No. PCT/US10/28224, filed June 10, 2010, which are
hereby incorporated by reference.

ALNY-100 comprising formulations are described, e.g., International patent application
number PCT/US09/63933, filed on November 10, 2009, which is hereby incorporated by

reference.

C12-200 comprising formulations are described in U.S. Provisional Serial No. 61/175,770,
filed May 5, 2009 and International Application No. PCT/US10/33777, filed May 5, 2010, which are
hereby incorporated by reference.

Compositions and formulations for oral administration include powders or granules,
microparticulates, nanoparticulates, suspensions or solutions in water or non-aqueous media,
capsules, gel capsules, sachets, tablets or minitablets. Thickeners, flavoring agents, diluents,
emulsifiers, dispersing aids or binders can be desirable. In some embodiments, oral formulations are
those in which dsRINAs featured in the invention are administered in conjunction with one or more
penetration enhancer surfactants and chelators. Suitable surfactants include fatty acids and/or esters
or salts thereof, bile acids and/or salts thereof. Suitable bile acids/salts include chenodeoxycholic
acid (CDCA) and ursodeoxychenodeoxycholic acid (UDCA), cholic acid, dehydrocholic acid,
deoxycholic acid, glucholic acid, glycholic acid, glycodeoxycholic acid, taurocholic acid,
taurodeoxycholic acid, sodium tauro-24,25-dihydro-fusidate and sodium glycodihydrofusidate.
Suitable fatty acids include arachidonic acid, undecanoic acid, oleic acid, lauric acid, caprylic acid,
capric acid, myristic acid, palmitic acid, stearic acid, linoleic acid, linolenic acid, dicaprate,
tricaprate, monoolein, dilaurin, glyceryl 1-monocaprate, 1-dodecylazacycloheptan-2-one, an
acylcarnitine, an acylcholine, or a monoglyceride, a diglyceride or a pharmaceutically acceptable salt
thereof (e.g., sodium). In some embodiments, combinations of penetration enhancers are used, for
example, fatty acids/salts in combination with bile acids/salts. One exemplary combination is the
sodium salt of lauric acid, capric acid and UDCA. Further penetration enhancers include
polyoxyethylene-9-lauryl ether, polyoxyethylene-20-cetyl ether. DsRNAs featured in the invention
can be delivered orally, in granular form including sprayed dried particles, or complexed to form
micro or nanoparticles. DsRNA complexing agents include poly-amino acids; polyimines;
polyacrylates; polyalkylacrylates, polyoxethanes, polyalkylcyanoacrylates; cationized gelatins,
albumins, starches, acrylates, polyethyleneglycols (PEG) and starches; polyalkylcyanoacrylates;
DEAE-derivatized polyimines, pollulans, celluloses and starches. Suitable complexing agents
include chitosan, N-trimethylchitosan, poly-L-lysine, polyhistidine, polyornithine, polyspermines,
protamine, polyvinylpyridine, polythiodiethylaminomethylethylene P(TDAE), polyaminostyrene
(e.g., p-amino), poly(methylcyanoacrylate), poly(ethylcyanoacrylate), poly(butylcyanoacrylate),
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poly(isobutylcyanoacrylate), poly(isohexylcynaoacrylate), DEAE-methacrylate, DEAE-
hexylacrylate, DEAE-acrylamide, DEAE-albumin and DEAE-dextran, polymethylacrylate,
polyhexylacrylate, poly(D,L-lactic acid), poly(DL-lactic-co-glycolic acid (PLGA), alginate, and
polyethyleneglycol (PEG). Oral formulations for dsSRNAs and their preparation are described in
detail in U.S. Patent 6,887,906, US Publication. No. 20030027780, and U.S. Patent No. 6,747,014,
cach of which is incorporated herein by reference.

Compositions and formulations for parenteral, intraparenchymal (into the brain), intrathecal,
intraventricular or intrahepatic administration can include sterile aqueous solutions which can also
contain buffers, diluents and other suitable additives such as, but not limited to, penetration
10 enhancers, carrier compounds and other pharmaceutically acceptable carriers or excipients.

Pharmaceutical compositions of the present invention include, but are not limited to,
solutions, emulsions, and liposome-containing formulations. These compositions can be generated
from a variety of components that include, but are not limited to, preformed liquids, self-emulsifying
solids and self-emulsifying semisolids. Particularly preferred are formulations that target the liver
when treating hepatic disorders such as hepatic carcinoma.

The pharmaceutical formulations of the present invention, which can conveniently be
presented in unit dosage form, can be prepared according to conventional techniques well known in
the pharmaceutical industry. Such techniques include the step of bringing into association the active

ingredients with the pharmaceutical carrier(s) or excipient(s). In general, the formulations are

20  prepared by uniformly and intimately bringing into association the active ingredients with liquid

carriers or finely divided solid carriers or both, and then, if necessary, shaping the product.

The compositions of the present invention can be formulated into any of many possible
dosage forms such as, but not limited to, tablets, capsules, gel capsules, liquid syrups, soft gels,
suppositories, and enemas. The compositions of the present invention can also be formulated as
suspensions in aqueous, non-aqueous or mixed media. Aqueous suspensions can further contain
substances which increase the viscosity of the suspension including, for example, sodium

carboxymethylcellulose, sorbitol and/or dextran. The suspension can also contain stabilizers.
Many liposomes comprising lipids derivatized with one or more hydrophilic polymers,

and methods of preparation thereof, are known in the art. Sunamoto ef al. (Bull. Chem. Soc.

30 Jpn., 1980, 53, 2778) described liposomes comprising a nonionic detergent, 2Cy215a, that

contains a PEG moiety. lllum et al. (FEBS Lett., 1984, 167, 79) noted that hydrophilic coating
of polystyrene particles with polymeric glycols results in significantly enhanced blood half-lives.
Synthetic phospholipids modified by the attachment of carboxylic groups of polyalkylene
glycols (e.g., PEG) are described by Sears (U.S. Pat. Nos. 4,426,330 and 4,534,899). Klibanov
et al. (FEBS Lett., 1990, 268, 235) described experiments demonstrating that liposomes
comprising phosphatidylethanolamine (PE) derivatized with PEG or PEG stearate have
significant increases in blood circulation half-lives. Blume et al. (Biochimica et Biophysica Acta,

1990, 1029, 91) extended such observations to other PEG-derivatized phospholipids, e.g.,
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DSPE-PEG, formed from the combination of distearoylphosphatidylethanolamine (DSPE) and
PEG. Liposomes having covalently bound PEG moieties on their external surface are described
in European Patent No. EP 0 445 131 B1 and WO 90/04384 to Fisher. Liposome compositions
containing 1-20 mole percent of PE derivatized with PEG, and methods of use thereof, are
described by Woodle et al. (U.S. Pat. Nos. 5,013,556 and 5,356,633) and Matrtin et al. (U.S. Pat.
No. 5,213,804 and European Patent No. EP 0 496 813 B1). Liposomes comprising a number of
other lipid-polymer conjugates are disclosed in WO 91/05545 and U.S. Pat. No. 5,225,212 (both
to Martin et al.) and in WO 94/20073 (Zalipsky et al.). Liposomes comprising PEG-modified
ceramide lipids are described in WO 96/10391 (Choi et al). U.S. Pat. No. 5,540,935 (Miyazaki et
al.) and U.S. Pat. No. 5,556,948 (Tagawa et al.) describe PEG-containing liposomes that can be
further derivatized with functional moieties on their surfaces.

A number of liposomes comprising nucleic acids are known in the art. WO 96/40062 to
Thierry et al. discloses methods for encapsulating high molecular weight nucleic acids in
liposomes. U.S. Pat. No. 5,264,221 to Tagawa et al. discloses protein-bonded liposomes and
asserts that the contents of such liposomes may include a dsRNA. U.S. Pat. No. 5,665,710 to
Rahman et al. describes certain methods of encapsulating oligodeoxynucleotides in liposomes.
WO 97/04787 to Love et al. discloses liposomes comprising dsRNAs targeted to the raf gene.C.

Additional Formulations

i Emulsions

The compositions of the present invention can be prepared and formulated as emulsions.
Emulsions are typically heterogeneous systems of one liquid dispersed in another in the form of
droplets usually exceeding 0.1pum in diameter (see e.g., Ansel's Pharmaceutical Dosage Forms and
Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams &
Wilkins (8th ed.), New York, NY; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199; Rosoff, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc.,
New York, N.Y., Volume 1, p. 245; Block in Pharmaceutical Dosage Forms, Lieberman, Rieger and
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 2, p. 335; Higuchi et al., in
Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa., 1985, p. 301). Emulsions
are often biphasic systems comprising two immiscible liquid phases intimately mixed and dispersed
with each other. In general, emulsions can be of either the water-in-oil (w/0) or the oil-in-water
(o/w) variety. When an aqueous phase is finely divided into and dispersed as minute droplets into a
bulk oily phase, the resulting composition is called a water-in-oil (w/0) emulsion. Alternatively,
when an oily phase is finely divided into and dispersed as minute droplets into a bulk aqueous phase,
the resulting composition is called an oil-in-water (o/w) emulsion. Emulsions can contain additional
components in addition to the dispersed phases, and the active drug which can be present as a
solution in either aqueous phase, oily phase or itself as a separate phase. Pharmaceutical excipients

such as emulsifiers, stabilizers, dyes, and anti-oxidants can also be present in emulsions as needed.
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Pharmaceutical emulsions can also be multiple emulsions that are comprised of more than two
phases such as, for example, in the case of oil-in-water-in-oil (o/w/o0) and water-in-oil-in-water
(w/o/w) emulsions. Such complex formulations often provide certain advantages that simple binary
emulsions do not. Multiple emulsions in which individual oil droplets of an o/w emulsion enclose
small water droplets constitute a w/o/w emulsion. Likewise a system of oil droplets enclosed in
globules of water stabilized in an oily continuous phase provides an o/w/o emulsion.

Emulsions are characterized by little or no thermodynamic stability. Often, the dispersed or
discontinuous phase of the emulsion is well dispersed into the external or continuous phase and
maintained in this form through the means of emulsifiers or the viscosity of the formulation. Either
of the phases of the emulsion can be a semisolid or a solid, as is the case of emulsion-style ointment
bases and creams. Other means of stabilizing emulsions entail the use of emulsifiers that can be
incorporated into either phase of the emulsion. Emulsifiers can broadly be classified into four
categories: synthetic surfactants, naturally occurring emulsifiers, absorption bases, and finely
dispersed solids (see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen,
LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY;
Idson, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds.), 1988, Marcel
Dekker, Inc., New York, N.Y., volume 1, p. 199).

Synthetic surfactants, also known as surface active agents, have found wide applicability in
the formulation of emulsions and have been reviewed in the literature (see e.g., Ansel's
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel
HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY; Rieger, in Pharmaceutical
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y.,
volume 1, p. 285; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.),
Marcel Dekker, Inc., New York, N.Y., 1988, volume 1, p. 199). Surfactants are typically amphiphilic
and comprise a hydrophilic and a hydrophobic portion. The ratio of the hydrophilic to the
hydrophobic nature of the surfactant has been termed the hydrophile/lipophile balance (HLB) and is
a valuable tool in categorizing and selecting surfactants in the preparation of formulations.
Surfactants can be classified into different classes based on the nature of the hydrophilic group:
nonionic, anionic, cationic and amphoteric (see e.g., Ansel's Pharmaceutical Dosage Forms and Drug
Delivery Systems, Allen, LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins
(8th ed.), New York, NY Rieger, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 285).

Naturally occurring emulsifiers used in emulsion formulations include lanolin, beeswax,
phosphatides, lecithin and acacia. Absorption bases possess hydrophilic properties such that they can
soak up water to form w/o emulsions yet retain their semisolid consistencies, such as anhydrous
lanolin and hydrophilic petrolatum. Finely divided solids have also been used as good emulsifiers
especially in combination with surfactants and in viscous preparations. These include polar

inorganic solids, such as heavy metal hydroxides, nonswelling clays such as bentonite, attapulgite,
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hectorite, kaolin, montmorillonite, colloidal aluminum silicate and colloidal magnesium aluminum
silicate, pigments and nonpolar solids such as carbon or glyceryl tristearate.

A large variety of non-emulsifying materials are also included in emulsion formulations and
contribute to the properties of emulsions. These include fats, oils, waxes, fatty acids, fatty alcohols,
fatty esters, humectants, hydrophilic colloids, preservatives and antioxidants (Block, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc.,
New York, N.Y., volume 1, p. 335; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199).

Hydrophilic colloids or hydrocolloids include naturally occurring gums and synthetic
polymers such as polysaccharides (for example, acacia, agar, alginic acid, carrageenan, guar gum,
karaya gum, and tragacanth), cellulose derivatives (for example, carboxymethylcellulose and
carboxypropylcellulose), and synthetic polymers (for example, carbomers, cellulose ethers, and
carboxyvinyl polymers). These disperse or swell in water to form colloidal solutions that stabilize
emulsions by forming strong interfacial films around the dispersed-phase droplets and by increasing
the viscosity of the external phase.

Since emulsions often contain a number of ingredients such as carbohydrates, proteins,
sterols and phosphatides that can readily support the growth of microbes, these formulations often
incorporate preservatives. Commonly used preservatives included in emulsion formulations include
methyl paraben, propyl paraben, quaternary ammonium salts, benzalkonium chloride, esters of p-
hydroxybenzoic acid, and boric acid. Antioxidants are also commonly added to emulsion
formulations to prevent deterioration of the formulation. Antioxidants used can be free radical
scavengers such as tocopherols, alkyl gallates, butylated hydroxyanisole, butylated hydroxytoluene,
or reducing agents such as ascorbic acid and sodium metabisulfite, and antioxidant synergists such as
citric acid, tartaric acid, and lecithin.

The application of emulsion formulations via dermatological, oral and parenteral routes and
methods for their manufacture have been reviewed in the literature (see e.g., Ansel's Pharmaceutical
Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel HC., 2004,
Lippincott Williams & Wilkins (8th ed.), New York, NY; Idson, in Pharmaceutical Dosage Forms,
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p.
199). Emulsion formulations for oral delivery have been very widely used because of ease of
formulation, as well as efficacy from an absorption and bioavailability standpoint (see e.g., Ansel's
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel
HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY; Rosoff, in Pharmaceutical
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y.,
volume 1, p. 245; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.),
1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199). Mineral-oil base laxatives, oil-
soluble vitamins and high fat nutritive preparations are among the materials that have commonly

been administered orally as o/w emulsions.
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ii. Microemulsions

In one embodiment of the present invention, the compositions of iRNAs and nucleic acids
are formulated as microemulsions. A microemulsion can be defined as a system of water, oil and
amphiphile which is a single optically isotropic and thermodynamically stable liquid solution (see
e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG.,
and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY; Rosoff, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc.,
New York, N.Y., volume 1, p. 245). Typically microemulsions are systems that are prepared by first
dispersing an oil in an aqueous surfactant solution and then adding a sufficient amount of a fourth
component, generally an intermediate chain-length alcohol to form a transparent system. Therefore,
microemulsions have also been described as thermodynamically stable, isotropically clear
dispersions of two immiscible liquids that are stabilized by interfacial films of surface-active
molecules (Leung and Shah, in: Controlled Release of Drugs: Polymers and Aggregate Systems,
Rosoff, M., Ed., 1989, VCH Publishers, New York, pages 185-215). Microemulsions commonly are
prepared via a combination of three to five components that include oil, water, surfactant,
cosurfactant and electrolyte. Whether the microemulsion is of the water-in-oil (w/0) or an oil-in-
water (o/w) type is dependent on the properties of the oil and surfactant used and on the structure and
geometric packing of the polar heads and hydrocarbon tails of the surfactant molecules (Schott, in
Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa., 1985, p. 271).

The phenomenological approach utilizing phase diagrams has been extensively studied and
has yielded a comprehensive knowledge, to one skilled in the art, of how to formulate
microemulsions (see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen,
LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY;
Rosoff, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel
Dekker, Inc., New York, N.Y., volume 1, p. 245; Block, in Pharmaceutical Dosage Forms,
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p.
335). Compared to conventional emulsions, microemulsions offer the advantage of solubilizing
water-insoluble drugs in a formulation of thermodynamically stable droplets that are formed
spontaneously.

Surfactants used in the preparation of microemulsions include, but are not limited to, ionic
surfactants, non-ionic surfactants, Brij 96, polyoxyethylene oleyl ethers, polyglycerol fatty acid
esters, tetraglycerol monolaurate (ML310), tetraglycerol monooleate (MO310), hexaglycerol
monooleate (PO310), hexaglycerol pentaoleate (PO500), decaglycerol monocaprate (MCA750),
decaglycerol monooleate (MO750), decaglycerol sequioleate (SO750), decaglycerol decaoleate
(DAO750), alone or in combination with cosurfactants. The cosurfactant, usually a short-chain
alcohol such as ethanol, 1-propanol, and 1-butanol, serves to increase the interfacial fluidity by
penetrating into the surfactant film and consequently creating a disordered film because of the void
space generated among surfactant molecules. Microemulsions can, however, be prepared without the

use of cosurfactants and alcohol-free self-emulsifying microemulsion systems are known in the art.
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The aqueous phase can typically be, but is not limited to, water, an aqueous solution of the drug,
glycerol, PEG300, PEG400, polyglycerols, propylene glycols, and derivatives of ethylene glycol.
The oil phase can include, but is not limited to, materials such as Captex 300, Captex 355, Capmul
MCM, fatty acid esters, medium chain (C8-C12) mono, di, and tri-glycerides, polyoxyethylated
glyceryl fatty acid esters, fatty alcohols, polyglycolized glycerides, saturated polyglycolized C8-C10
glycerides, vegetable oils and silicone oil.

Microemulsions are particularly of interest from the standpoint of drug solubilization and the
enhanced absorption of drugs. Lipid based microemulsions (both o/w and w/0) have been proposed
to enhance the oral bioavailability of drugs, including peptides (see e.g., U.S. Patent Nos. 6,191,105;
7,063,860; 7,070,802; 7,157,099; Constantinides et al., Pharmaceutical Research, 1994, 11, 1385-
1390; Ritschel, Meth. Find. Exp. Clin. Pharmacol., 1993, 13, 205). Microemulsions afford
advantages of improved drug solubilization, protection of drug from enzymatic hydrolysis, possible
enhancement of drug absorption due to surfactant-induced alterations in membrane fluidity and
permeability, ease of preparation, ease of oral administration over solid dosage forms, improved
clinical potency, and decreased toxicity (see e.g., U.S. Patent Nos. 6,191,105; 7,063,860; 7,070,802;
7,157,099; Constantinides et al., Pharmaceutical Research, 1994, 11, 1385; Ho et al., J. Pharm. Sci.,
1996, 85, 138-143). Often microemulsions can form spontaneously when their components are
brought together at ambient temperature. This can be particularly advantageous when formulating
thermolabile drugs, peptides or iRNAs. Microemulsions have also been effective in the transdermal
delivery of active components in both cosmetic and pharmaceutical applications. It is expected that
the microemulsion compositions and formulations of the present invention will facilitate the
increased systemic absorption of iRNAs and nucleic acids from the gastrointestinal tract, as well as
improve the local cellular uptake of iRNAs and nucleic acids.

Microemulsions of the present invention can also contain additional components and
additives such as sorbitan monostearate (Grill 3), Labrasol, and penetration enhancers to improve the
properties of the formulation and to enhance the absorption of the iRNAs and nucleic acids of the
present invention. Penetration enhancers used in the microemulsions of the present invention can be
classified as belonging to one of five broad categories--surfactants, fatty acids, bile salts, chelating
agents, and non-chelating non-surfactants (Lee et al., Critical Reviews in Therapeutic Drug Carrier
Systems, 1991, p. 92). Each of these classes has been discussed above.

iti. Microparticles

An RNAI agent of the invention may be incorporated into a particle, e.g., a microparticle.
Microparticles can be produced by spray-drying, but may also be produced by other methods
including lyophilization, evaporation, fluid bed drying, vacuum drying, or a combination of these
techniques.

iv. Penetration Enhancers

In one embodiment, the present invention employs various penetration enhancers to effect
the efficient delivery of nucleic acids, particularly iRNAs, to the skin of animals. Most drugs are

present in solution in both ionized and nonionized forms. However, usually only lipid soluble or
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lipophilic drugs readily cross cell membranes. It has been discovered that even non-lipophilic drugs
can cross cell membranes if the membrane to be crossed is treated with a penetration enhancer. In
addition to aiding the diffusion of non-lipophilic drugs across cell membranes, penetration enhancers
also enhance the permeability of lipophilic drugs.

Penetration enhancers can be classified as belonging to one of five broad categories, i.e.,
surfactants, fatty acids, bile salts, chelating agents, and non-chelating non-surfactants (sec e.g.,
Malmsten, M. Surfactants and polymers in drug delivery, Informa Health Care, New York, NY,
2002; Lee et al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, p.92). Each of the
above mentioned classes of penetration enhancers are described below in greater detail.

Surfactants (or "surface-active agents") are chemical entities which, when dissolved in an
aqueous solution, reduce the surface tension of the solution or the interfacial tension between the
aqueous solution and another liquid, with the result that absorption of iRNAs through the mucosa is
enhanced. In addition to bile salts and fatty acids, these penetration enhancers include, for example,
sodium lauryl sulfate, polyoxyethylene-9-lauryl ether and polyoxyethylene-20-cetyl ether) (see e.g.,
Malmsten, M. Surfactants and polymers in drug delivery, Informa Health Care, New York, NY,
2002; Lee et al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, p.92); and
perfluorochemical emulsions, such as FC-43. Takahashi et al., J. Pharm. Pharmacol., 1988, 40, 252).

Various fatty acids and their derivatives which act as penetration enhancers include, for
example, oleic acid, lauric acid, capric acid (n-decanoic acid), myristic acid, palmitic acid, stearic
acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein (1-monooleoyl-rac-glycerol),
dilaurin, caprylic acid, arachidonic acid, glycerol 1-monocaprate, 1-dodecylazacycloheptan-2-one,
acylcarnitines, acylcholines, Ci2¢ alkyl esters thereof (e.g., methyl, isopropyl and t-butyl), and mono-
and di-glycerides thereof (i.e., oleate, laurate, caprate, myristate, palmitate, stearate, linoleate, efc.)
(see e.g., Touitou, E., et al. Enhancement in Drug Delivery, CRC Press, Danvers, MA, 2006; Lee et
al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, p.92; Muranishi, Critical Reviews
in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; El Hariri et al., J. Pharm. Pharmacol., 1992, 44,
651-654).

The physiological role of bile includes the facilitation of dispersion and absorption of lipids
and fat-soluble vitamins (see e.g., Malmsten, M. Surfactants and polymers in drug delivery, Informa
Health Care, New York, NY, 2002; Brunton, Chapter 38 in: Goodman & Gilman's The
Pharmacological Basis of Therapeutics, 9th Ed., Hardman et al. Eds., McGraw-Hill, New York,
1996, pp. 934-935). Various natural bile salts, and their synthetic derivatives, act as penetration
enhancers. Thus the term "bile salts" includes any of the naturally occurring components of bile as
well as any of their synthetic derivatives. Suitable bile salts include, for example, cholic acid (or its
pharmaceutically acceptable sodium salt, sodium cholate), dehydrocholic acid (sodium
dehydrocholate), deoxycholic acid (sodium deoxycholate), glucholic acid (sodium glucholate),
glycholic acid (sodium glycocholate), glycodeoxycholic acid (sodium glycodeoxycholate),
taurocholic acid (sodium taurocholate), taurodeoxycholic acid (sodium taurodeoxycholate),

chenodeoxycholic acid (sodium chenodeoxycholate), ursodeoxycholic acid (UDCA), sodium tauro-
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24,25-dihydro-fusidate (STDHF), sodium glycodihydrofusidate and polyoxyethylene-9-lauryl ether
(POE) (see e.g., Malmsten, M. Surfactants and polymers in drug delivery, Informa Health Care, New
York, NY, 2002; Lee et al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, page 92;
Swinyard, Chapter 39 In: Remington's Pharmaceutical Sciences, 18th Ed., Gennaro, ed., Mack
Publishing Co., Easton, Pa., 1990, pages 782-783; Muranishi, Critical Reviews in Therapeutic Drug
Carrier Systems, 1990, 7, 1-33; Yamamoto et al., J. Pharm. Exp. Ther., 1992, 263, 25; Yamashita et
al.,)J. Pharm. Sci., 1990, 79, 579-583).

Chelating agents, as used in connection with the present invention, can be defined as
compounds that remove metallic ions from solution by forming complexes therewith, with the result
that absorption of iRNAs through the mucosa is enhanced. With regards to their use as penetration
enhancers in the present invention, chelating agents have the added advantage of also serving as
DNase inhibitors, as most characterized DNA nucleases require a divalent metal ion for catalysis and
are thus inhibited by chelating agents (Jarrett, J. Chromatogr., 1993, 618, 315-339). Suitable
chelating agents include but are not limited to disodium ethylenediaminetetraacetate (EDTA), citric
acid, salicylates (e.g., sodium salicylate, 5-methoxysalicylate and homovanilate), N-acyl derivatives
of collagen, laureth-9 and N-amino acyl derivatives of beta-diketones (enamines)(see e.g., Katdare,
A. et al., Excipient development for pharmaceutical, biotechnology, and drug delivery, CRC Press,
Danvers, MA, 2006; Lee et al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, page
92; Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; Buur et al., J.
Control Rel., 1990, 14, 43-51).

As used herein, non-chelating non-surfactant penetration enhancing compounds can be
defined as compounds that demonstrate insignificant activity as chelating agents or as surfactants but
that nonetheless enhance absorption of iRNAs through the alimentary mucosa (see e.g., Muranishi,
Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33). This class of penetration
enhancers includes, for example, unsaturated cyclic ureas, 1-alkyl- and 1-alkenylazacyclo-alkanone
derivatives (Lee et al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, page 92); and
non-steroidal anti-inflammatory agents such as diclofenac sodium, indomethacin and phenylbutazone
(Yamashita et al., J. Pharm. Pharmacol., 1987, 39, 621-626).

Agents that enhance uptake of iRNAs at the cellular level can also be added to the
pharmaceutical and other compositions of the present invention. For example, cationic lipids, such
as lipofectin (Junichi et al/, U.S. Pat. No. 5,705,188), cationic glycerol derivatives, and polycationic
molecules, such as polylysine (Lollo et al., PCT Application WO 97/30731), are also known to
enhance the cellular uptake of dsSRNAs. Examples of commercially available transfection reagents
include, for example Lipofectamine™ (Invitrogen; Carlsbad, CA), Lipofectamine 2000™
(Invitrogen; Carlsbad, CA), 293fectin™ (Invitrogen; Carlsbad, CA), Cellfectin™ (Invitrogen;
Carlsbad, CA), DMRIE-C™ (Invitrogen; Carlsbad, CA), FreeStyle™ MAX (Invitrogen; Carlsbad,
CA), Lipofectamine™ 2000 CD (Invitrogen; Carlsbad, CA), Lipofectamine™ (Invitrogen; Carlsbad,
CA), RNAIMAX (Invitrogen; Carlsbad, CA), Oligofectamine™ (Invitrogen; Carlsbad, CA),
Optifect™ (Invitrogen; Carlsbad, CA), X-tremeGENE Q2 Transfection Reagent (Roche;
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Grenzacherstrasse, Switzerland), DOTAP Liposomal Transfection Reagent (Grenzacherstrasse,
Switzerland), DOSPER Liposomal Transfection Reagent (Grenzacherstrasse, Switzerland), or
Fugene (Grenzacherstrasse, Switzerland), Transfectam® Reagent (Promega; Madison, WI),
TransFast™ Transfection Reagent (Promega; Madison, WI), Tfx™-20 Reagent (Promega; Madison,
WI), Tfx™-50 Reagent (Promega; Madison, WI), DreamFect™ (OZ Biosciences; Marseille, France),
EcoTransfect (OZ Biosciences; Marseille, France), TransPass®* D1 Transfection Reagent (New
England Biolabs; Ipswich, MA, USA), LyoVec™/LipoGen™ (Invitrogen; San Diego, CA, USA),
PerFectin Transfection Reagent (Genlantis; San Diego, CA, USA), NeuroPORTER Transfection
Reagent (Genlantis; San Diego, CA, USA), GenePORTER Transfection reagent (Genlantis; San
Diego, CA, USA), GenePORTER 2 Transfection reagent (Genlantis; San Diego, CA, USA),
Cytofectin Transfection Reagent (Genlantis; San Diego, CA, USA), BaculoPORTER Transfection
Reagent (Genlantis; San Diego, CA, USA), TroganPORTER™ transfection Reagent (Genlantis; San
Diego, CA, USA ), RiboFect (Bioline; Taunton, MA, USA), PlasFect (Bioline; Taunton, MA, USA),
UniFECTOR (B-Bridge International; Mountain View, CA, USA), SureFECTOR (B-Bridge
International; Mountain View, CA, USA), or HiFect™ (B-Bridge International, Mountain View, CA,
USA), among others.

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

v. Carriers

Certain compositions of the present invention also incorporate carrier compounds in the
formulation. As used herein, “carrier compound” or “carrier” can refer to a nucleic acid, or analog
thereof, which is inert (i.e., does not possess biological activity per se) but is recognized as a nucleic
acid by in vivo processes that reduce the bioavailability of a nucleic acid having biological activity
by, for example, degrading the biologically active nucleic acid or promoting its removal from
circulation. The coadministration of a nucleic acid and a carrier compound, typically with an excess
of the latter substance, can result in a substantial reduction of the amount of nucleic acid recovered in
the liver, kidney or other extracirculatory reservoirs, presumably due to competition between the
carrier compound and the nucleic acid for a common receptor. For example, the recovery of a
partially phosphorothioate dSRNA in hepatic tissue can be reduced when it is coadministered with
polyinosinic acid, dextran sulfate, polycytidic acid or 4-acetamido-4'isothiocyano-stilbene-2,2'-
disulfonic acid (Miyao et al., DSRNA Res. Dev., 1995, 5, 115-121; Takakura et al., DsSRNA & Nucl.
Acid Drug Dev., 1996, 6, 177-183.

VI Excipients

In contrast to a carrier compound, a “pharmaceutical carrier” or “excipient” is a
pharmaceutically acceptable solvent, suspending agent or any other pharmacologically inert vehicle
for delivering one or more nucleic acids to an animal. The excipient can be liquid or solid and is
selected, with the planned manner of administration in mind, so as to provide for the desired bulk,

consistency, etc., when combined with a nucleic acid and the other components of a given
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pharmaceutical composition. Typical pharmaceutical carriers include, but are not limited to, binding
agents (e.g., pregelatinized maize starch, polyvinylpyrrolidone or hydroxypropyl methylcellulose,
etc.); fillers (e.g., lactose and other sugars, microcrystalline cellulose, pectin, gelatin, calcium sulfate,
cthyl cellulose, polyacrylates or calcium hydrogen phosphate, efc.); lubricants (e.g., magnesium
stearate, talc, silica, colloidal silicon dioxide, stearic acid, metallic stearates, hydrogenated vegetable
oils, corn starch, polyethylene glycols, sodium benzoate, sodium acetate, etc.); disintegrants (e.g.,
starch, sodium starch glycolate, efc.); and wetting agents (e.g., sodium lauryl sulphate, etc).

Pharmaceutically acceptable organic or inorganic excipients suitable for non-parenteral
administration which do not deleteriously react with nucleic acids can also be used to formulate the
compositions of the present invention. Suitable pharmaceutically acceptable carriers include, but are
not limited to, water, salt solutions, alcohols, polyethylene glycols, gelatin, lactose, amylose,
magnesium stearate, talc, silicic acid, viscous paraffin, hydroxymethylcellulose,
polyvinylpyrrolidone and the like.

Formulations for topical administration of nucleic acids can include sterile and non-sterile
aqueous solutions, non-aqueous solutions in common solvents such as alcohols, or solutions of the
nucleic acids in liquid or solid oil bases. The solutions can also contain buffers, diluents and other
suitable additives. Pharmaceutically acceptable organic or inorganic excipients suitable for non-
parenteral administration which do not deleteriously react with nucleic acids can be used.

Suitable pharmaceutically acceptable excipients include, but are not limited to, water, salt
solutions, alcohol, polyethylene glycols, gelatin, lactose, amylose, magnesium stearate, talc, silicic
acid, viscous paraffin, hydroxymethylcellulose, polyvinylpyrrolidone and the like.

Vil Other Components

The compositions of the present invention can additionally contain other adjunct components
conventionally found in pharmaceutical compositions, at their art-established usage levels. Thus, for
example, the compositions can contain additional, compatible, pharmaceutically-active materials
such as, for example, antipruritics, astringents, local anesthetics or anti-inflammatory agents, or can
contain additional materials useful in physically formulating various dosage forms of the
compositions of the present invention, such as dyes, flavoring agents, preservatives, antioxidants,
opacifiers, thickening agents and stabilizers. However, such materials, when added, should not
unduly interfere with the biological activities of the components of the compositions of the present
invention. The formulations can be sterilized and, if desired, mixed with auxiliary agents, e.g.,
lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing osmotic
pressure, buffers, colorings, flavorings and/or aromatic substances and the like which do not
deleteriously interact with the nucleic acid(s) of the formulation.

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

In some embodiments, pharmaceutical compositions featured in the invention include (a) one

or more iRNA compounds and (b) one or more agents which function by a non-RNAi mechanism
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and which are useful in treating an HSD17B13-associated disease, disorder, or condition. Examples
of such agents include, but are not Imited to pyridoxine, an ACE inhibitor (angiotensin converting
enzyme inhibitors), e.g., benazepril (Lotensin); an angiotensin II receptor antagonist (ARB) (e.g.,
losartan potassium, such as Merck & Co. 's Cozaar®), e.g., Candesartan (Atacand); an HMG-CoA
reductase inhibitor (e.g., a statin); calcium binding agents, e.g., Sodium cellulose phosphate
(Calcibind); diuretics, e.g., thiazide diuretics, such as hydrochlorothiazide (Microzide); an insulin
sensitizer, such as the PPARY agonist pioglitazone, a glp-1r agonist, such as liraglutatide, vitamin E,
an SGLT2 inhibitor, a DPPIV inhibitor, and kidney/liver transplant; or a combination of any of the
foregoing.

Toxicity and therapeutic efficacy of such compounds can be determined by standard
pharmaceutical procedures in cell cultures or experimental animals, e.g., for determining the LDso
(the dose lethal to 50% of the population) and the EDs, (the dose therapeutically effective in 50% of
the population). The dose ratio between toxic and therapeutic effects is the therapeutic index and it
can be expressed as the ratio LDso/EDsp. Compounds that exhibit high therapeutic indices are
preferred.

The data obtained from cell culture assays and animal studies can be used in formulating a
range of dosage for use in humans. The dosage of compositions featured herein in the invention lies
generally within a range of circulating concentrations that include the EDsp with little or no toxicity.
The dosage can vary within this range depending upon the dosage form employed and the route of
administration utilized. For any compound used in the methods featured in the invention, the
therapeutically effective dose can be estimated initially from cell culture assays. A dose can be
formulated in animal models to achieve a circulating plasma concentration range of the compound or,
when appropriate, of the polypeptide product of a target sequence (e.g., achieving a decreased
concentration of the polypeptide) that includes the ICso (i.e., the concentration of the test compound
which achieves a half-maximal inhibition of symptoms) as determined in cell culture. Such
information can be used to more accurately determine useful doses in humans. Levels in plasma can
be measured, for example, by high performance liquid chromatography.

In addition to their administration, as discussed above, the iRNAs featured in the invention
can be administered in combination with other known agents effective in treatment of pathological
processes mediated by HSD17B13 expression. In any event, the administering physician can adjust
the amount and timing of iRNA administration on the basis of results observed using standard

measures of efficacy known in the art or described herein.

Synthesis of cationic lipids:

Any of the compounds, e.g., cationic lipids and the like, used in the nucleic acid-lipid
particles featured in the invention may be prepared by known organic synthesis techniques. All
substituents are as defined below unless indicated otherwise.

“Alkyl” means a straight chain or branched, noncyclic or cyclic, saturated aliphatic

hydrocarbon containing from 1 to 24 carbon atoms. Representative saturated straight chain
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alkyls include methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, and the like; while saturated
branched alkyls include isopropyl, sec-butyl, isobutyl, tert-butyl, isopentyl, and the like.
Representative saturated cyclic alkyls include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
and the like; while unsaturated cyclic alkyls include cyclopentenyl and cyclohexenyl, and the
like.

“Alkenyl” means an alkyl, as defined above, containing at least one double bond
between adjacent carbon atoms. Alkenyls include both cis and trans isomers. Representative
straight chain and branched alkenyls include ethylenyl, propylenyl, 1-butenyl, 2-butenyl,
isobutylenyl, 1-pentenyl, 2-pentenyl, 3-methyl-1-butenyl, 2-methyl-2-butenyl, 2,3-dimethyl-2-
butenyl, and the like.

“Alkynyl” means any alkyl or alkenyl, as defined above, which additionally contains at
least one triple bond between adjacent carbons. Representative straight chain and branched
alkynyls include acetylenyl, propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 2-pentynyl, 3-methyl-1
butynyl, and the like.

“Acyl” means any alkyl, alkenyl, or alkynyl wherein the carbon at the point of
attachment is substituted with an oxo group, as defined below. For example, -C(=0O)alkyl, -
C(=0)alkenyl, and -C(=0O)alkynyl are acyl groups.

“Heterocycle” means a 5- to 7-membered monocyclic, or 7- to 10-membered bicyclic,
heterocyclic ring which is either saturated, unsaturated, or aromatic, and which contains from 1
or 2 heteroatoms independently selected from nitrogen, oxygen and sulfur, and wherein the
nitrogen and sulfur heteroatoms may be optionally oxidized, and the nitrogen heteroatom may be
optionally quaternized, including bicyclic rings in which any of the above heterocycles are fused
to a benzene ring. The heterocycle may be attached via any heteroatom or carbon atom.
Heterocycles include heteroaryls as defined below. Heterocycles include morpholinyl,
pyrrolidinonyl, pyrrolidinyl, piperidinyl, piperizynyl, hydantoinyl, valerolactamyl, oxiranyl,
oxetanyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydropyridinyl, tetrahydroprimidinyl,
tetrahydrothiophenyl, tetrahydrothiopyranyl, tetrahydropyrimidinyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, and the like.

The terms “optionally substituted alkyl”, “optionally substituted alkenyl”, “optionally
substituted alkynyl”, “optionally substituted acyl”, and “optionally substituted heterocycle”
means that, when substituted, at least one hydrogen atom is replaced with a substituent. In the
case of an oxo substituent (=0) two hydrogen atoms are replaced. In this regard, substituents
include oxo, halogen, heterocycle, -CN, -

OR¥, -NR*R?, -NR*C(=0O)R?, -NR*SO:R?, -C(=0)R*, -C(=0)OR?*, -C(=O)NR*R?, -SO.R*
and -SO.NR*R?, wherein n is 0, 1 or 2, R* and R¥ are the same or different and independently
hydrogen, alkyl or heterocycle, and each of said alkyl and heterocycle substituents may be

further substituted with one or more of oxo, halogen, -OH, -CN, alkyl, -OR*,
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heterocycle, -NR*R?, -NR*C(=0)R?, -NR*SO:R?, -C(=0)R*, -C(=0)0OR*, -C(=0)NR*R?, -SO,R*
and -SONR*RY.

“Halogen” means fluoro, chloro, bromo and iodo.

In some embodiments, the methods featured in the invention may require the use of
protecting groups. Protecting group methodology is well known to those skilled in the art (see,
for example, PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, Green, T.W. ef al., Wiley-
Interscience, New York City, 1999). Briefly, protecting groups within the context of this
invention are any group that reduces or eliminates unwanted reactivity of a functional group. A
protecting group can be added to a functional group to mask its reactivity during certain
reactions and then removed to reveal the original functional group. In some embodiments an
“alcohol protecting group” is used. An *“alcohol protecting group” is any group which decreases
or eliminates unwanted reactivity of an alcohol functional group. Protecting groups can be
added and removed using techniques well known in the art.

Synthesis of Formula A:

In certain embodiments, nucleic acid-lipid particles featured in the invention are
formulated using a cationic lipid of formula A:

Rs
N—R,

[l

where R1 and R2 are independently alkyl, alkenyl or alkynyl, each can be optionally substituted,
and R3 and R4 are independently lower alkyl or R3 and R4 can be taken together to form an
optionally substituted heterocyclic ring. In some embodiments, the cationic lipid is XTC (2,2-
Dilinoleyl-4-dimethylaminoethyl-[ 1,3]-dioxolane). In general, the lipid of formula A above may
be made by the following Reaction Schemes 1 or 2, wherein all substituents are as defined above

unless indicated otherwise.
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5 R+
Formula A © >LR2
Lipid A, where R; and R; are independently alkyl, alkenyl or alkynyl, each can be
15  optionally substituted, and R3 and R4 are independently lower alkyl or R3 and R4 can be taken
together to form an optionally substituted heterocyclic ring, can be prepared according to
Scheme 1. Ketone 1 and bromide 2 can be purchased or prepared according to methods known
to those of ordinary skill in the art. Reaction of 1 and 2 yields ketal 3. Treatment of ketal 3 with
amine 4 yields lipids of formula A. The lipids of formula A can be converted to the
20  corresponding ammonium salt with an organic salt of formula 5, where X is anion counter ion

selected from halogen, hydroxide, phosphate, sulfate, or the like.

Scheme 2
N
BrMg—R; 4+ R,—CN —H . O=<R2
R;
R
\
N_'R4

O
R2>(R1
Alternatively, the ketone 1 starting material can be prepared according to Scheme 2.
25  Grignard reagent 6 and cyanide 7 can be purchased or prepared according to methods known to

those of ordinary skill in the art. Reaction of 6 and 7 yields ketone 1. Conversion of ketone 1 to

the corresponding lipids of formula A is as described in Scheme 1.
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Synthesis of MC3:

Preparation of DLin-M-C3-DMA (i.e., (62.,97,287.,317)-heptatriaconta-6,9,28,31-
tetracn-19-yl 4-(dimethylamino)butanoate) was as follows. A solution of (62,972,282,317)-
heptatriaconta-6,9,28,31-tetraen-19-ol (0.53 g), 4-N,N-dimethylaminobutyric acid hydrochloride
(0.51 g), 4-N,N-dimethylaminopyridine (0.61g) and 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (0.53 g) in dichloromethane (5 mL) was
stirred at room temperature overnight. The solution was washed with dilute hydrochloric acid
followed by dilute aqueous sodium bicarbonate. The organic fractions were dried over
anhydrous magnesium sulphate, filtered and the solvent removed on a rotovap. The residue was
passed down a silica gel column (20 g) using a 1-5% methanol/dichloromethane elution gradient.
Fractions containing the purified product were combined and the solvent removed, yielding a

colorless oil (0.54 g).

Synthesis of ALNY-100:
Synthesis of ketal 519 [ALNY-100] was performed using the following scheme 3:

NHBoc NHMe NCbzMe NCbzMe NCbzMe
LAH Cbz-OSu, NEt3 NMO, 0sO4 .
- - - "~ Ho HO
514 OH
515 518 517A 5178°"
0 = PTSA

O =/ = LAH, 1M THF o . —_
Mean--<I . - MerZNm-<I
O — O — —

Synthesis of 515:

To a stirred suspension of LiAlH4 (3.74 g, 0.09852 mol) in 200 ml anhydrous THF in a
two neck RBF (1L), was added a solution of 514 (10g, 0.04926mol) in 70 mL of THF slowly at
0 OC under nitrogen atmosphere. After complete addition, reaction mixture was warmed to
room temperature and then heated to reflux for 4 h. Progress of the reaction was monitored by
TLC. After completion of reaction (by TLC) the mixture was cooled to 0 0C and quenched with
careful addition of saturated Na2S0O4 solution. Reaction mixture was stirred for 4 h at room
temperature and filtered off. Residue was washed well with THF. The filtrate and washings
were mixed and diluted with 400 mL dioxane and 26 mL conc. HCI and stirred for 20 minutes at
room temperature. The volatilities were stripped off under vacuum to furnish the hydrochloride
salt of 515 as a white solid. Yield: 7.12 g 1H-NMR (DMSO, 400MHz): &= 9.34 (broad, 2H),
5.68 (s, 2H), 3.74 (m, 1H), 2.66-2.60 (m, 2H), 2.50-2.45 (m, SH).

Synthesis of 516:
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To a stirred solution of compound 515 in 100 mL dry DCM in a 250 mL two neck RBF,
was added NEt3 (37.2 mL, 0.2669 mol) and cooled to O OC under nitrogen atmosphere. After a
slow addition of N-(benzyloxy-carbonyloxy)-succinimide (20 g, 0.08007 mol) in 50 mL dry
DCM, reaction mixture was allowed to warm to room temperature. After completion of the
reaction (2-3 h by TLC) mixture was washed successively with 1N HCI solution (1 x 100 mL)
and saturated NaHCO3 solution (1 x 50 mL). The organic layer was then dried over anhyd.
Na2S04 and the solvent was evaporated to give crude material which was purified by silica gel
column chromatography to get 516 as sticky mass. Yield: 11g (89%). 1H-NMR (CDCI3,
400MHz): 6 = 7.36-7.27(m, 5SH), 5.69 (s, 2H), 5.12 (s, 2H), 4.96 (br., 1H) 2.74 (s, 3H), 2.60(m,
2H), 2.30-2.25(m, 2H). LC-MS [M+H] -232.3 (96.94%).

Synthesis of 517A and 517B:

The cyclopentene 516 (5 g, 0.02164 mol) was dissolved in a solution of 220 mL acetone
and water (10:1) in a single neck 500 mL RBF and to it was added N-methyl morpholine-N-
oxide (7.6 g, 0.06492 mol) followed by 4.2 mL of 7.6% solution of OsO4 (0.275 g, 0.00108
mol) in tert-butanol at room temperature. After completion of the reaction (~ 3 h), the mixture
was quenched with addition of solid Na2SO3 and resulting mixture was stirred for 1.5 h at room
temperature. Reaction mixture was diluted with DCM (300 mL) and washed with water (2 X
100 mL) followed by saturated NaHCO3 (1 x 50 mL) solution, water (1 x 30 mL) and finally
with brine (1x 50 mL). Organic phase was dried over Na>SO4 and solvent was removed in
vacuum. Silica gel column chromatographic purification of the crude material was afforded a
mixture of diastereomers, which were separated by prep HPLC. Yield: - 6 g crude 517A - Peak-1
(white solid), 5.13 g (96%). 1H-NMR (DMSO, 400MHz): 6= 7.39-7.31(m, 5H), 5.04(s, 2H),
4.78-4.73 (m, 1H), 4.48-4.47(d, 2H), 3.94-3.93(m, 2H), 2.71(s, 3H), 1.72- 1.67(m, 4H). LC-MS
- [M+H]-266.3, [M+NH4 +]-283.5 present, HPLC-97.86%. Stereochemistry confirmed by X-

ray.

Synthesis of 518:

Using a procedure analogous to that described for the synthesis of compound 505,
compound 518 (1.2 g, 41%) was obtained as a colorless oil. IH-NMR (CDCI13, 400MHz): 6=
7.35-7.33(m, 4H), 7.30-7.27(m, 1H), 5.37-5.27(m, 8H), 5.12(s, 2H), 4.75(m,1H), 4.58-
4.57(m,2H), 2.78-2.74(m,7H), 2.06-2.00(m,8H), 1.96-1.91(m, 2H), 1.62(m, 4H), 1.48(m, 2H),
1.37-1.25(br m, 36H), 0.87(m, 6H). HPLC-98.65%.

General Procedure for the Synthesis of Compound 519:

A solution of compound 518 (1 eq) in hexane (15 mL) was added in a drop-wise fashion

to an ice-cold solution of LAH in THF (1 M, 2 eq). After complete addition, the mixture was
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heated at 40°C over 0.5 h then cooled again on an ice bath. The mixture was carefully
hydrolyzed with saturated aqueous Na>SOs then filtered through Celite® and reduced to an oil.
Column chromatography provided the pure 519 (1.3 g, 68%) which was obtained as a colorless
oil. 13C NMR =130.2, 130.1 (x2), 127.9 (x3), 112.3,79.3, 64.4, 44.7, 38.3, 35.4, 31.5, 29.9
(x2),29.7,29.6 (x2), 29.5 (x3), 29.3 (x2), 27.2 (x3), 25.6, 24.5, 23.3, 226, 14.1; Electrospray MS
(+ve): Molecular weight for C44H80NO2 (M + H)+ Calc. 654.6, Found 654.6.

Formulations prepared by either the standard or extrusion-free method can be
characterized in similar manners. For example, formulations are typically characterized by
visual inspection. They should be whitish translucent solutions free from aggregates or
sediment. Particle size and particle size distribution of lipid-nanoparticles can be measured by
light scattering using, for example, a Malvern Zetasizer Nano ZS (Malvern, USA). Particles
should be about 20-300 nm, such as 40-100 nm in size. The particle size distribution should be
unimodal. The total dsSRNA concentration in the formulation, as well as the entrapped fraction,
is estimated using a dye exclusion assay. A sample of the formulated dsRNA can be incubated
with an RNA-binding dye, such as RiboGreen® (Molecular Probes) in the presence or absence
of a formulation disrupting surfactant, e.g., 0.5% Triton-X100. The total dSRNA in the
formulation can be determined by the signal from the sample containing the surfactant, relative
to a standard curve. The entrapped fraction is determined by subtracting the “free” dsRNA
content (as measured by the signal in the absence of surfactant) from the total dsSRNA content.
Percent entrapped dsRNA is typically >85%. For SNALP formulation, the particle size is at
least 30 nm, at least 40 nm, at least 50 nm, at least 60 nm, at least 70 nm, at least 80 nm, at least
90 nm, at least 100 nm, at least 110 nm, and at least 120 nm. The suitable range is typically
about at least 50 nm to about at least 110 nm, about at least 60 nm to about at least 100 nm, or

about at least 80 nm to about at least 90 nm.

VII. Kits

The present invention also provides kits for performing any of the methods of the invention.
Such kits include one or more RNAi agent(s) and instructions for use, e.g., instructions for inhibiting
expression of a HSD17B13 in a cell by contacting the cell with an RNAi agent or pharmaceutical
composition of the invention in an amount effective to inhibit expression of the HSD17B13. The kits
may optionally further comprise means for contacting the cell with the RNAi agent (e.g., an injection
device), or means for measuring the inhibition of HSD17B13 (e.g., means for measuring the
inhibition of HSD17B13 mRNA and/or HSD17B13 protein). Such means for measuring the
inhibition of HSD17B13 may comprise a means for obtaining a sample from a subject, such as, e.g.,
a plasma sample. The kits of the invention may optionally further comprise means for administering
the RNAI agent(s) to a subject or means for determining the therapeutically effective or

prophylactically effective amount.
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Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention belongs.
Although methods and materials similar or equivalent to those described herein can be used in the
practice or testing of the iRNAs and methods featured in the invention, suitable methods and
materials are described below. All publications, patent applications, patents, and other references
mentioned herein are incorporated by reference in their entirety. In case of conflict, the present
specification, including definitions, will control. In addition, the materials, methods, and examples

are illustrative only and not intended to be limiting.
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EXAMPLES

Example 1. A Phase 1, Randomized, Double-Blind, Placebo-Controlled, 2-Part Study of Single
Dose ALN-HSD in Healthy Adult Subjects and Multiple Dose ALN-HSD in Adult Patients
with Nonalcoholic Steatohepatitis (NASH)

In Part A of the study, single ascending doses (SAD) of AD-288996 (ALN-HSD) was
administered to healthy subjects. In Part B of the study, multiple-doses (MD) of ALN-HSD were
administered to patients with NASH.

Objectives of the study included evaluation of safety and tolerability for ALN-HSD,
characterization of plasma and urine PK for ALN-HSD, the evaluation of the PD effect of ALN-
HSD and effects on NASH activity and fibrosis after administration of ALN-HSD.

The unmodified and modified sequences for AD-288996 are included in Table 2 below.

Table 2. Sequences of AD-288996

SEQ SEQ
ID ID
Strand Modified Sequence (5'-3") NO: Unmodified Sequenceq (5'-3") NO:

sense asusgcuuUfuGfCfAfuggacuauculL96 24 AUGCUUUUGCAUGGACUAUCU 26

antisense | asGfsauag(Tgn)ccaugcAfaAfagcaususc | 25 AGAUAGTCCAUGCAAAAGCAUUC | 27

Background
Nonalcoholic fatty liver disease (NAFLD) is the most rapidly growing cause of liver-

related mortality and morbidity, affecting 25% of the global adult population. NAFLD has
strong epidemiological associations with obesity, metabolic syndrome, insulin resistance, and
type 2 diabetes.

NAFLD is defined as the presence of at least 5% steatosis on histologic analysis of liver
tissue. NASH is a subtype of NAFLD defined by the histological findings of hepatocellular
damage or ballooning and lobular inflammation in addition to macrovesicular steatosis in
individuals not consuming toxic levels of alcohol. NASH is often accompanied by fibrosis that
can progress to cirrhosis and hepatocellular carcinoma (HCC), and the severity of fibrosis is the
strongest predictor of overall and liver-related mortality.

The prevalence of NASH in the United States (US), Europe, and other developed
countries is between 1.5% and 6.5%, and it is estimated that 7% to 30% of NAFLD patients
progress to NASH. The median prevalence of NASH in the obese population is 33%, ranging
from 10% to 56%.NASH is currently the second most common liver disease among patients
awaiting liver transplantation in the US. By 2030, NAFLD is expected to become the most
common reason for liver transplantation in the US, and the burden of end-stage liver disease due

to NASH is estimated to increase 2- to 3-fold in Western and Asian countries.
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Weight loss is effective in reducing and even reversing NASH inflammation and
fibrosis, but it is difficult to achieve and sustain. Liver transplantation is another treatment option
for NASH patients, but in addition to surgical risk, it requires life-long immunosuppression. In
many regions, the availability of liver transplantation is limited or nonexistent. In the absence of
treatment options, many patients continue to experience significant morbidity and mortality
associated with progressive fibrosis, portal hypertension, citrhosis, and hepatocellular
carcinoma.

There are currently no approved pharmacological treatments for NASH, despite the
rising burden and increasing NASH prevalence. Obeticholic acid (OCA), a farnesoid X receptor
agonist, has shown promise in clinical studies. However, in a recent phase 3 study, there was
limited benefit for some NASH patients treated with OCA, with 18% to 23% of NASH patients
achieving an improvement in fibrosis without worsening of NASH (hepatocyte ballooning or
inflammatory activity), and 11% to 12% of NASH patients achieving resolution of NASH (no
hepatocyte ballooning and minimal/no inflammatory activity) with no worsening of fibrosis.
Vitamin E may reduce markers of liver injury, but it has only a mild effect on liver histology and
does not improve fibrosis. The thiazolidinedione pioglitazone may promote resolution of NASH,
but it is associated with worsening of heart failure risk, reduced bone mineral density, weight
gain, and fluid retention. Even with several ongoing clinical trials of investigational agents for
NASH, there remains an unmet need for NASH treatments with greater efficacy.

The etiology of NAFLD or NASH is multifactorial, with multiple susceptibility genes
identified via genome-wide and exome-wide association studies, including genes that regulate
lipid metabolism and lipid droplet biology, including patatin-like phospholipase domain-
containing 3 (PNPLA3)-rs738409 and transmembrane 6 superfamily member 2 (TM6SFM?2)-
rs58542926.

The HSD17B13 gene encodes a member of the 17B-steroid dehydrogenase family; it is
expressed predominantly in the liver, with minimal expression in other tissues. Its endogenous
substrates are unknown. In a large cohort from the general population, a single nucleotide
variation (SNV, formerly known as single nucleotide polymorphism [SNP]) in HSD17B13
(rs72613567:TA), encoding for a splice variant, was associated with protection against NAFLD
and NAFLD cirrhosis; among patients with NAFLD or NASH, this variant and a second
missense variant were associated with reduced levels of hepatic injury, inflammation, and
fibrosis. These variants cause a loss of HSD17B13 protein expression and/or function; the
presence of individuals homozygous for loss-of-function variants in HSD17B13 at the expected
frequencies suggests that pharmacologic suppression of this target is likely to be safe and well-
tolerated. Biochemical analyses indicate that the HSD17B13 variants are associated with
increases in levels of several phophatidylcholine and phosphatidylenthanolamine species in the
liver. However, a causal relationship between these biochemical changes and protection from

NAFLD or NASH has not been established.
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Summary of Study Design
This is a randomized, double-blind, placebo-controlled SAD and MD Phase 1 study
designed to evaluate the safety, tolerability, PK, and PD effects of ALN-HSD administered

subcutaneously (SC) in healthy subjects and patients with NASH, respectively.

This study was conducted in 2 parts:

. Part A: SAD part in healthy adult subjects

. Part B: MD part in adult patients with NASH

A single dose of study drug was administered in Part A. In Part B, 2 doses of study drug
were administered 12 weeks apart (on Day 1 and Day 85).

The estimated total time on study for each subject in Part A is up to 5.5 months,
including up to 60 days for screening, an inpatient period for study drug administration, and a 3-
month post-dose follow-up period. The estimated total time on study for each patient in Part B is
up to 14.5 months, including up to 60 days for screening, 2 days of study drug administration
separated by 12 weeks, and a 9-month post-dose follow-up period.

Part A

There were 7 cohorts in Part A, as well as a placebo cohort; 4 cohorts comprise the SAD
phase to evaluate single doses of study drug, as indicated in FIG. 1 (25 mg, 100 mg, 200 mg,
400 mg, or 800 mg). There were also 200 mg and 400 mg groups comprising a dedicated
Japanese cohort (see FIG. 1). Each cohort was randomized in a 3:1 ratio to receive a single dose
of ALN-HSD or placebo.

Subject eligibility was determined during screening (between Day -60 and Day -2). On
Day -1, eligible subjects were admitted to the clinical study center to confirm eligibility and
conduct predose assessments. Subjects who successfully complete eligibility requirements
remained in the study center for the next 2 or 3 nights prior to discharge on Day 2 or Day 3.

The number of subjects enrolled in each cohort and the baseline deomographics of the
subjects is provided in FIG.2. Additional subjects may be enrolled in Part A cohorts with a
maximum of 12 subjects per cohort, except for the 25 mg cohort which will have a maximum of
8 subjects.

On Day 1, subjects were randomized to receive a single dose of study drug (ALN-HSD
or placebo). Study assessments occurred predose on Day 1, and postdose on Day 1 and Day 2.
Subjects were discharged from the clinical study center on Day 2 after completing the 24-hour
postdose follow-up assessments or on Day 3 after completing the 48-hour postdose follow-up
assessments. In the case that discharge occurred on Day 2, subjects returned the following day to
the clinical study center for the 48-hour postdose follow-up assessments.

During the postdose follow-up period, subjects returned to the clinical study center on an
outpatient basis for safety, tolerability, PK, and PD monitoring biweekly through Month 2, prior
to the final follow-up visit at Month 3.

If subjects were unable to complete a study visit due to the coronavirus disease 2019

(COVID-19) pandemic impacting activities at the clinical study center or subjects' ability or
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willingness to access the site, and the study assessments were not able to be completed at home
during the protocol-specified window, attempts were made to complete scheduled assessments
within 3 days of the next scheduled study visit.

Up to 3 optional cohorts may be added to Part A in order to better understand safety,
tolerability, PK, and PD of ALN-HSD.

Part B

There were 4 cohorts, each comprising 10 patients with NASH randomized in a 4:1 ratio
to receive two doses of ALN-HSD 25 mg Q12Wx2, 200 mg Q12Wx2, or 400 mg Q12Wx2, or
placebo, as indicated in FIG. 3. There were two cohorts of subjects receiving a 200 mg Q12Wx2
dose of ALN-HSD; one cohort had a liver biopsy at 6 months and the second cohort had a liver
biopsy at 12 months (see FIG. 3 and below). There was also a placebo cohort. Additional
patients were enrolled in Part B cohorts with a maximum of 15 patients per cohort.

Patients with NASH had a confirmatory liver biopsy performed during screening
(between Day -60 and Day -1). Patients were randomized to receive ALN-HSD or placebo on
Day 1. Treatment with study drug was administered on Day 1 and Month 3 (Day 85), and
patients were discharged from the study center after completing the 4-hour postdose follow-up
assessments.

After initial study drug administration on Day 1, patients with NASH returned to the
study center on an outpatient basis for safety, tolerability, biomarker, and PD monitoring
biweekly through Month 2. The second dose of study drug was administered at the Month 3
(Day 85) study visit.

During the post-dose follow-up period, patients returned to the study center on an
outpatient basis for safety, tolerability, biomarker, and PD monitoring 2 weeks after the second
dose of study drug, and then at intervals as indicated in FIG. 3 through Month 12.

If subjects were unable to complete a study visit due to the COVID-19 pandemic
impacting activities at the clinical study center or subjects’ ability or willingness to access the
site, and the study assessments were able to be completed at home during the protocol-specified
window, attempts were made to complete scheduled assessments within 3 days of the next
scheduled study visit.

A liver biopsy was performed at baseline and post-dose at month 6 or 12 as indicated in
FIG. 3. The timing of the second liver biopsy across the cohorts was intended to capture the
kinetics of mRNA and protein knockdown and recovery across a range of doses and time points.
A follow-up safety telephone call occurred 3 (+1) days after each liver biopsy.

The number of subjects enrolled in each cohort and the baseline deomographics of the
subjects is provided in FIG.4.

Up to 2 optional cohorts may be added in Part B that may include 2 liver biopsies per
optional cohort, in order to better understand safety, tolerability, PK, and PD of ALN-HSD.

Inclusion Criteria
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Participants are eligible to be included in the study if all the following criteria apply:
Age and Sex
1. Male or female, aged 18-65 years, inclusive

Informed Consent

2. Able to understand and willing and able to comply with the study requirements
and to provide written informed consent.

Part A Only

3. Body mass index (BMI) 218 kg/m2 and :S30 kg/m2

4. 12-lead ECG within normal limits or with no clinically significant abnormalities
in the opinion of the investigator with a Fridericia-corrected QT interval (QTcF) <450 msec in
males or <470 msec in females

Part A Cohort with Japanese Subjects Only

5. Japanese subjects must have been born in Japan, their biological parents and
grandparents must have been of Japanese origin, and they must not have been outside of Japan
for more than 5 years prior to screening.

Part B Only

6. BMI 218 kg/m? and :S40 kg/m*

7. A diagnosis of NASH documented in the patient's medical history or a clinical
suspicion of NASH based on meeting both of the following 2 criteria at screening:

a. Two or more elements of metabolic syndrome defined by:

Waistline that measures >35 inches (89 centimeters) for women or >40 inches

(102 centimeters) for men

Fasting Triglyceride level >150 mg/dL (1.7 mmol/L)

Blood pressure >130/85 millimeters mmHg or higher, or on a prescription anti-
hypertensive medication

Fasting high-density lipoprotein (HDL) cholesterol <40 mg/dL (1.04 mmol/L)

in men or <50 mg/dL (1.3 mmol/L) in women, or on a prescription cholesterol-lowering

medication
Fasting blood glucose >100 mg/dL (5.6 mmol/L), or on a prescription diabetes
medication
b. Evidence of steatosis or steatohepatitis as determined by one of the following

within 6 months before screening:

Magnetic resonance imaging-estimated proton density fat fraction (MRI-PDFF
>8.0%

Vibration-controlled transient elastography (VCTE) controlled attenuation
parameter (CAP) >288 dB/m

ALT >1x ULN indicating liver injury
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8. Screening liver biopsy that has a NAS score of 3 or more points according to the
NASH Clinical Research Network (CRN) criteria, including at least 1 point for each of the 3 key
NASH histological features, and a fibrosis score of FO-F3.

9. Stable diet for the past 4 weeks, in the opinion of the Investigator.

Exclusion Criteria

Study participants are excluded from the study if any of the following criteria apply:

Laboratory Assessments

1. Any clinical safety laboratory result considered clinically significant and
unacceptable by the Investigator.

2. Has known active human immunodeficiency virus (HIV) infection, evidence of
current or chronic hepatitis B virus (HBV) infection, or current or chronic hepatitis C virus
(HCYV) infection, unless there is evidence of a sustained virologic response to HCV therapy for
at least 12 months prior to screening.

Prior/Concomitant Therapy

3. Received an investigational agent within the last 30 days or 5 half-lives,
whichever is longer, prior to screening, or are in follow-up of another clinical study involving
interventional treatment.

Medical Conditions

4. Known history or clinical evidence of drug abuse, within the 12 months before
screening. Drug abuse is defined as compulsive, repetitive, and/or chronic use of drugs or other
substances with problems related to their use and/or where stopping or a reduction in dose will

lead to withdrawal symptoms.

5. Evidence of other forms of known chronic liver disease including:
a. Cirrhosis from any cause, including NASH
b. Primary biliary cholangitis, primary sclerosing cholangitis, autoimmune

hepatitis, or overlap syndrome

C. Alcoholic liver disease
d. Wilson's disease, hemochromatosis, or iron overload
c. Alpha-1-antitrypsin (A1AT) deficiency as defined by diagnostic features in liver

histology (confirmed by A1AT level below the lower limit of normal [LLN] or exclusion at the

Investigator's discretion)

f. Prior known drug-induced liver injury within 5 years before screening
g. Known or suspected hepatocellular carcinoma
h. History of liver transplant, current placement on a liver transplant list, or Model

for End-stage Liver Disease (MELD) score >12
6. Any uncontrolled or serious disease, medical or surgical condition (including

mental illness, cirrhosis, or any bleeding disorder) that may interfere with participation in the
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clinical study or data interpretation, or jeopardize the safety of the participant, in the
Investigator's opinion.

7. History of multiple drug allergies or history of allergic reaction to any
component of, or excipient in, the study drug.

8. History of intolerance to SC injection(s) or significant abdominal scarring that
could potentially hinder study drug administration or evaluation of local tolerability.

9. Legal incapacity or limited legal incapacity at screening.

Contraception, Pregnancy, and Breastfeeding

10. Is not willing to comply with the contraceptive requirements during the study
period, as described in Section 5.6.1.

11. Female participant is pregnant, planning a pregnancy, or breastfeeding.

Alcohol Use

12. Excessive alcohol intake for 23 months during the past year prior to screening

(>3 units/day for males and >2 units/day for females is generally considered excessive
(unit: 1 glass of wine [approximately 125 mL] = 1 measure of spirits [approximately 1 fluid
ounce] = Y2 pint of beer [approximately 284 mL]).

Part A-specific Exclusion Criteria

13. Systolic blood pressure >140 mm Hg and/or a diastolic blood pressure >90
mmHg after 10 minutes in the sitting or supine position at screening (the measurement may be
repeated once at the Investigator's discretion).

14. Used prescription drugs within 14 days or 5 half-lives (whichever is longer)

prior to screening, with the following exceptions:

a Hormone replacement therapy (eg, estrogen, thyroid)

b. Oral contraceptives, injectable progesterone, and subdermal implants

c. Proton pump inhibitors

d. Histamine H2-receptor antagonists

e. NSAIDs

15. Used over-the-counter medication, excluding routine vitamins, within 7 days

prior to screening, unless determined by the Investigator to be not clinically relevant.
16. Has an estimated glomerular filtration rate (GFR) of <90 mL/min/1.73m2 at
screening (calculation will be based on the Modification of Diet in Renal Disease [MDRD]

formula (see Section 10.1).

17. Has any of the following laboratory parameter assessments at screening:
a. ALT or AST > ULN

b. Total bilirubin >ULN

c. INR >1.2

d. Platelet count <140x10"9/L

Part B-specific Exclusion Criteria
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18. ECG with abnormalities that are considered clinically significant and
unacceptable by the Investigator.
19. Changes (i.e., initiation, discontinuation, or dose changes) to the following
prescription medications/treatments within 30 days prior to screening:
a Anti-hypertensive prescription medication
b. Cholesterol lowering prescription medication
c. Diabetes prescription medication (except insulin adjustments)
d. Vitamin E treatment
20. Used monoamine oxidase inhibitors within 14 days or 5 half-lives (whichever is
longer) prior to screening.
21. Has an estimated GFR of <45 mL/min/1.73m? at screening (calculation will be

based on the MDRD formula (see Section 10.1).

22. Has any of the following laboratory parameter assessments at screening:
a ALT >5x ULN
b. INR >1.2
c. Hemoglobin Alc (HbAlc) >9.5%
d. Platelet count <140x10°/L
Results

In Part A of this Phase I study, healthy human volunteers were subcutancously
administered a single 25 mg, 100 mg, 200 mg, 400 mg, or 800 mg dose of AD-288996 (ALN-
HSD). A total of 44 healthy human volunteers were enrolled and randomized 3:1 to receive a
single subcutaneously administered dose of AD-288996 (ALN-HSD) or placebo.

In Part A, all adverse events (AEs) were mild or moderate in severity and not related to
study drug (including 5/44 (11%) injection site reactions (ISRs) all mild in severity and
transient); and 1 mild treatment-emergent adverse event (TEAE) of Tonsilitis which was deemed
unrelated to study drug. There were no deaths or AEs leading to interruption/discontinuation.
There were no TEAEs of clinical interest, including elevations in ALT or AST.

As depicted in FIG. 5, plasma concentrations of ALN-HSD declined rapidly by 24 hours
post-dose and were undetectable after 48 hours in most subjects, with terminal half life ranging
between 4.2 to 6.7 hours. ALN-HSD showed a slightly more than dose-proportional increase in

exposures across doses. Power model estimates for slope () (90% CI) were 1.33 (1.23-1.44)
and 1.26 (1.15-1.37) for ALN-HSD AUClasl (area under the concentration-time curve from the

time of dosing to the last measurable concentration) and Cmax (maximum plasma concentration ),

respectively. Across doses, ALN-HSD showed 17-37% excretion in urine.

In Part B, a total of 46 subjects having NASH were enrolled and randomized 4:1 to
receive a subcutaneously administered 25, 200, or 400 mg dose of AD-288996 or placebo on
Day 1 and Day 85 (12 weeks apart). Subjects were those with FO-F3 fibrosis, a NAS Score >=3,
including at least 1 point for each of the three NASH histological features (see Table below).
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Liver biopsies were performed at baseline and either Day 169 or Day 337.

In Part B, the only TEAE occurring in at least 10% of all patients was COVID-19
infection (13.9%), all deemed unrelated to study drug. Three treatment-emergent severe or
serious AEs occurred and assessed as not related to study drug (tooth infection and two subjects
had Appendicitis). There was one adverse event of clinical interest (AECI) with an AST of 5.5X
ULN and ALT 3.4X ULN related to acute Hepatitis E infection. There was no evidence of drug-
induced liver injury and no patients met Hy’s Law criteria (an ALT of >3x ULN and
concomitant jaundice (bilirubin > 2.5 mg/dL)). There were no discontinuations or interruptions
related to study drug and no death.

FIG. 6A demonstrates the trend towards improvement in alanine aminotransferase
(ALT) levels in all subjects administered ALN-HSD. Administration of ALN-HSD was
associated with numerically lower ALT levels over time as compared with placebo. The mean
(SD) ALT values at baseline were 57.6 (33.9) for placebo and 49.6 (23.5) for total ALN-HSD.

Similarly, FIG. 6B demonstrates the trend towards improvement in aspartate
aminotransferase (AST) levels in subjects in the 25 mg Q12W x2 and 200 mg Q12W x2 cohorts
having a baseline AST level greater than the upper limit of normal (ULN).

As depicted in FIG. 7, subcutaneous administration of AD-288996 (ALN-HSD) potently
inhibited expression of HSD17B13 in liver biopsies of the subjects at 6 months post-first dose.
FIG. 7 also demonstrates that administration of ALN-HSD is associated with a dose-dependent
reduction of HSD17B13 mRNA levels.

Further, as depicted in FIGs. 8A and 8B, adminsitartion of ALN-HSD was associated
with numerically lower biopsy-derived NAFLD activity score over 6 or 12 months relative to
placebo (FIG. 8A; 12-month biopsies were only available in one 200 mg cohort) and
numerically lower fibrosis stage over 6 or 12 months relative to placebo (FIG. 8B; 12-month
biopsies were only available in one 200 mg cohort).

In summary, in this phase 1 study, ALN-HSD exhibited an encouraging safety and
tolerability profile in healthy adults and in patients with NASH. The majority of AEs were mild
or moderate, and no treatment-related serious or severe AEs were reported during the duration of
the study. In Part A, ALN-HSD demonstrated a slightly more than dose-proportional increase in
exposure. Across doses, ALN-HSD showed 17-37% excretion in urine. In Part B, ALN-HSD
showed robust dose-dependent reductions in HSDI/7B13 mRNA expression in liver biopsies
ALN-HSD was also associated with numerically lower liver enzymes, biopsy-derived NAFLD

activity score, and fibrosis stage over 6 or 12 months relative to placebo.
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The Table below summarizes NAS score components and scoring interpretation.

Htem Score | Extent Definition and Comment
Steatosis 0 <5% Refers to amount of surface area involved by
steatosis as evaluated on low to medium
power examination; minimal steatosis (<5%)
receives a score of O to avoid giving excess
weight to biopsies with very little fatty change
1 5-33%
2 >33-66%
3 >66%
Lobular 0 No foci Acidophil bodies are not included in this
Inflarnmation assessment, nor is portal inflammation
1 <2 foci/200x
2 2-4 foci/200x
3 >4 foci/200x
Hepatocyte 0 None
Ballooning
1 Few balloon cells The term “few” means rare but definite
ballooned hepatocytes as well as cases that are
diagnostically borderline
2 Many Most cases with prominent ballooning also
cells/prominent had Mallory’s hyalin, but Mallory’s hyaline is
ballooning not scored separately for the NAS

Fibrosis Stage (E

valuated s

eparately from NAS)

Fibrosis 0 None
1 Perisinusoidal or
periportal
1A Mild, zone 3, “delicate” fibrosis

perisinusoidal
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iB Moderate, zone 3, “dense” fibrosis
perisinusoidal

10

iC Portal/periportal This category is included to accommodate
cases with portal and/or peri portal fibrosis
without accompanying

pericellular/perisinusoidal fibrosis

2 Perisinusoidal and
portal/periportal
3 Bridging fibrosis

4 Cirrhosis

Total NAS score represents the sum of scores for steatosis, lobular inflammation, and

ballooning, and ranges from 0-8.

Table 1. Abbreviations of nucleotide monomers used in nucleic acid sequence representation. It
will be understood that these monomers, when present in an oligonucleotide, are mutually linked by
5'-3'-phosphodiester bonds; and it is understood that when the nucleotide contains a 2’-fluoro
modification, then the fluoro replaces the hydroxy at that position in the parent nucleotide (i.e., it is
a 2’-deoxy-2’-fluoronucleotide). It is to be further understood that the nucleotide abbreviations in

the table omit the 3’-phosphate (i.e., they are 3’-OH) when placed at the 3’-terminal position of an

oligonucleotide.
Abbreviation | Nucleotide(s)
A Adenosine-3’-phosphate
Ab beta-L-adenosine-3"-phosphate
Abs beta-L-adenosine-3"-phosphorothioate
Af 2’ fluoroadenosine-3’-phosphate
Afs 2’ fluoroadenosine-3’ -phosphorothioate
As adenosine-3’-phosphorothioate
C cytidine-3’-phosphate
Cb beta-L-cytidine-3"-phosphate
Cbs beta-L-cytidine-3'-phosphorothioate
Cf 2’ fluorocytidine-3’ -phosphate
Cfs 2’ fluorocytidine-3’-phosphorothioate
Cs cytidine-3’-phosphorothioate
G guanosine-3’-phosphate
Gb beta-L-guanosine-3"-phosphate
Gbs beta-L-guanosine-3"-phosphorothioate
Gf 2’ fluoroguanosine-3’-phosphate
Gfs 2’ fluoroguanosine-3’-phosphorothioate
Gs guanosine-3’-phosphorothioate
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Abbreviation | Nucleotide(s)

T 5’-methyluridine-3’-phosphate

Tf 2’ fluoro-5-methyluridine-3’-phosphate

Tfs 2’ fluoro-5-methyluridine-3’-phosphorothioate

Ts 5-methyluridine-3’-phosphorothioate

U Uridine-3’-phosphate

Uf 2’ fluorouridine-3’-phosphate

Ufs 2’ fluorouridine -3’ -phosphorothioate

Us uridine -3’-phosphorothioate

N any nucleotide, modified or unmodified

a 2'-O-methyladenosine-3’-phosphate

as 2'-O-methyladenosine-3’- phosphorothioate

c 2'-O-methylcytidine-3’-phosphate

cs 2'-O-methylcytidine-3’- phosphorothioate

g 2'-O-methylguanosine-3’-phosphate

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

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

ts 2’-0O-methyl-5-methyluridine-3’-phosphorothioate

u 2'-O-methyluridine-3’-phosphate

us 2'-O-methyluridine-3’-phosphorothioate

S phosphorothioate linkage

L96 N-[tris(GalN Ac-alkyl)-amidodecanoyl)]-4-hydroxyprolinol

(Hyp-(GalNAc-alkyl)3)

(28,4R)-1-[29-[[2-(acetylamino)-2-deoxy-f-D-galactopyranosyl]oxy]-14,14-
bis[[3-[[3-[[5-[[2-(acetylamino)-2-deoxy-p-D-galactopyranosyl]oxy]-1-
oxopentylJamino]propylJamino]-3-oxopropoxy]methyl]-1,12,19,25-tetraoxo-16
oxa-13,20,24-triazanonacos-1-yl]-4-hydroxy-2-hydroxymethylpyrrolidine

HO OH
O H H
HO O\/‘\/"\”—’NWNVO
AcHR 0 HO,
OH { h
Ho 0 I+ T
0] H H H L
HO OV/\/\IT(NWN\H/\\/O N\H/WO
AcHMN 0 0 0 0
HO OH
o]
HO O\WNMNAO
2cHN 5 H H

158



WO 2024/039165 PCT/US2023/032680 2920
w001
‘WOO01
Abbreviation | Nucleotide(s)
ul.96 2'-O-methyluridine-3'-phosphate ((25,4R)-1-[29-[[2-(acetylamino)-2-
deoxy-B-D-galactopyranosyl]oxy]-14,14-bis[[3-[[3-[[5-[[2-
(acetylamino)-2-deoxy-B-D-galactopyranosyl]oxy]-1-
oxopentyl]amino]propyl]amino]-3-oxopropoxy]methyl]-1,12,19,25-
tetraoxo-16-oxa-13,20,24-triazanonacos- 1-yl]-4-hydroxy-2-
pyrrolidinyl)methyl ester
bo\\
N{}(s.\:\‘“‘ S 5 Q,-\
W
Y34 2-hydroxymethyl-tetrahydrofurane-4-methoxy-3-phosphate (abasic 2'-OMe
furanose)
0.
0 o
HO-P=0
Y44 inverted abasic DNA (2-hydroxymethyl-tetrahydrofurane-5-phosphate)
HO
=0
©7 ;O\
O
L10 N-(cholesterylcarboxamidocaproyl)-4-hydroxyprolinol (Hyp-C6-Chol)
oé\ ~ Ny N ,«\f '\\\v“"\-'\\.\\\-"‘&.
S Nt N \}\\,
(Agn) Adenosine-glycol nucleic acid (GNA) S-Isomer
(Cgn) Cytidine-glycol nucleic acid (GNA) S-Isomer
(Ggn) Guanosine-glycol nucleic acid (GNA) S-Isomer
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Abbreviation | Nucleotide(s)

(Tgn) Thymidine-glycol nucleic acid (GNA) S-Isomer

P Phosphate

VP Vinyl-phosphonate

dA 2"-deoxyadenosine-3"-phosphate

dAs 2" -deoxyadenosine-3"-phosphorothioate

dC 2" -deoxycytidine-3"-phosphate

dCs 2" -deoxycytidine-3"-phosphorothioate

dG 2"-deoxyguanosine-3"-phosphate

dGs 2" -deoxyguanosine-3"-phosphorothioate

dT 2"-deoxythymidine-3"-phosphate

dTs 2" -deoxythymidine-3"-phosphorothioate

du 2"-deoxyuridine

dUs 2" -deoxyuridine-3"-phosphorothioate

(C2p) cytidine-2"-phosphate

(G2p) guanosine-2”-phosphate

(U2p) uridine-2"-phosphate

(A2p) adenosine-2"-phosphate

(Ahd) 2'-0-hexadecyl-adenosine-3'-phosphate

(Ahds) 2'-0-hexadecyl-adenosine-3'-phosphorothioate

(Chd) 2'-0-hexadecyl-cytidine-3'-phosphate

(Chds) 2'-0-hexadecyl-cytidine-3'-phosphorothioate

(Ghd) 2'-0-hexadecyl-guanosine-3'-phosphate

(Ghds) 2'-0-hexadecyl-guanosine-3'-phosphorothioate

(Uhd) 2'-0-hexadecyl-uridine-3'-phosphate

(Uhds) 2'-0-hexadecyl-uridine-3'-phosphorothioate

S phosphorothioate
INFORMAL SEQUENCE LISTING
<210> 1
<211> 2397
<212> DNA
<213> Homo sapiens
<400> 1
agacagtacc tcctccecctag gactacacaa ggactgaacc agaaggaaga ggacagagca 60
aagccatgaa catcatccta gaaatccttc tgcttctgat caccatcatc tactcecctact 120
tggagtcgtt ggtgaagttt ttcattcctc agaggagaaa atctgtggct ggggagattg 180
ttctcattac tggagctggg catggaatag gcaggcagac tacttatgaa tttgcaaaac 240
gacagagcat attggttctg tgggatatta ataagcgcgg tgtggaggaa actgcagetg 300
agtgccgaaa actaggcgtc actgcgcatg cgtatgtggt agactgcagce aacagagaag 360
agatctatcg ctctctaaat caggtgaaga aagaagtggg tgatgtaaca atcgtggtga 420
ataatgctgg gacagtatat ccagccgatc ttctcagcac caaggatgaa gagattacca 480
agacatttga ggtcaacatc ctaggacatt tttggatcac aaaagcactt cttccatcga 540
tgatggagag aaatcatggc cacatcgtca cagtggcttc agtgtgcggce cacgaaggga 600
ttcecttacct catcccatat tgttccagca aatttgccge tgttggettt cacagaggtce 660
tgacatcaga acttcaggcc ttgggaaaaa ctggtatcaa aacctcatgt ctctgcccag 720
tttttgtgaa tactgggttc accaaaaatc caagcacaag attatggcct gtattggaga 780
cagatgaagt cgtaagaagt ctgatagatg gaatacttac caataagaaa atgatttttg 840
ttccatcgta tatcaatatc tttctgagac tacagaagtt tcecttcctgaa cgcgectcag 900
cgattttaaa tcgtatgcag aatattcaat ttgaagcagt ggttggccac aaaatcaaaa 960
tgaaatgaat aaataagctc cagccagaga tgtatgcatg ataatgatat gaatagtttc 1020
gaatcaatgc tgcaaagctt tatttcacat tttttcagtc ctgataatat taaaaacatt 1080
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ggtttggcac
gaatatttac
tgcttacata
tggacaaaag
ttaagactgt
cagaatgagt
atattttaag
aacggtgcaa
tccaccaaaa
gaaaggtgac
ttttectttgt
ggctcaaaaa
atggacccaa
ttgttttttyg
atgatctcag
tcctgagtag
tgtagagacg
cacctgcectce
ttttttttta
gtgtttttca
aacaaatgat
ctttaaaaaa
<210> 2

<211> 2289
<212> DNA
<213> Homo
<400> 2

agacagtacc
aagccatgaa
tggagtcgtt
ttctcattac
gacagagcat
caatcgtggt
aagagattac
ttcttecate
gccacgaagyg
ttcacagagg
gtctectgece
ctgtattgga
aaatgatttt
aacgcgcectce
acaaaatcaa
atgaatagtt
attaaaaaca
cctgtttcete
taaaaacttc
tccatttaaa
cacagggaag
tcaacaagaa
ctcaacctgg
tcattagccce
ataactctga
aagatacatt
ccatgataac
tagacaattt
acataagaaa
ttttgttttyg
gagtgcagtg
cctgectcag

tagcagcagt
gtagtttttc
aacatactta
ctacctcect
tcaagtagca
gcacagctaa
attcagcatt
ctctattctg
gtggaccctc
cgactctatt
aatttatgct
ttaaagctaa
gagaagaaaa
tttttttgag
ctcactgcaa
ctgggactac
gggtttcacc
ggcctcecccaa
atagaaaaaa
catgtattat
ttttttaaaa
ataacctctt

sapiens

tcecteectag
catcatccta
ggtgaagttt
tggagctggg
attggttctg
gaataatgct
caagacattt
gatgatggag
gattccttac
tctgacatca
agtttttgtg
gacagatgaa
tgttccatcg
agcgatttta
aatgaaatga
tcgaatcaat
ttggtttggce
aagaatattt
tgtgcttaca
ggtggacaaa
gtttaagact
cacagaatga
acatatttta
aaaacggtgce
agtccaccaa
atgaaaggtg
ctttttettt
taggctcaaa
caatggaccc
ttttgttttt
gtatgatctc
cctcectgagt

caaacgaaca
ataggtctgt
aaaggttttc
aaaagtaaat
ttccaatctg
gagatcaagt
tgaaagattt
gactttatta
tatatttcct
ttaaatctca
ttcatatatc
cacaggaaaa
ggaagaaaga
atggagtctc
gctccacctce
aggcgceccge
atgttagcca
agtgctggga
taatccgact
agaatgcttt
gtcacaaaaa
gtagttataa

gactacacaa
gaaatccttce
ttcattccte
catggaatag
tgggatatta
gggacagtat
gaggtcaaca
agaaatcatg
ctcatcccat
gaacttcagg
aatactgggt
gtcgtaagaa
tatatcaata
aatcgtatgce
ataaataagc
gctgcaaagc
actagcagca
acgtagtttt
taaacatact
agctacctcce
gttcaagtag
gtgcacagct
agattcagca
aactctattce
aagtggaccc
accgactcta
gtaatttatg
aattaaagct
aagagaagaa
tgtttttttg
agctcactgce
agctgggact

agattaatta
ttttcecttte
tttaagatat
acaaagagaa
tagccatgcece
ttcagcaggc
ccctagecte
cttgattctg
ccectttttat
gaattttaag
cttggtccca
ggaactgtac
aaggtttttt
actctttcge
ccgggttcac
caccacaccc
agatggtctc
ttacgggtgt
cccactacat
tgcatggact
caattcacta
aataaaacgt

ggactgaacc
tgcttctgat
agaggagaaa
gcaggcagac
ataaggtgaa
atccagccga
tcctaggaca
gccacatcgt
attgttccag
ccttgggaaa
tcaccaaaaa
gtctgataga
tctttctgag
agaatattca
tccagccaga
tttatttcac
gtcaaacgaa
tcataggtct
taaaaggttt
ctaaaagtaa
cattccaatc
aagagatcaa
tttgaaagat
tggactttat
tctatattte
ttttaaatct
ctttcatata
aacacaggaa
aaggaagaaa
agatggagtc
aagctccacc
acaggcgccc

161

cctgtcecttee
atgcctctta
tttattttte
cttatttaca
acagaatatc
agctttatct
ttcecttttte
tcttctgtat
agtcttataa
ttctagcccee
gagatgttta
tggctattac
ggtttttgtt
ccaggctgga
gccattctcce
ggctaatttt
gatctcctga
gagccaccgt
caagactaat
atcctecttgt
aaaataaata
ttgacttcta

agaaggaaga
caccatcatc
atctgtggcect
tacttatgaa
gaaagaagtg
tcttctcage
tttttggatc
cacagtggct
caaatttgcc
aactggtatc
tccaagcaca
tggaatactt
actacagaag
atttgaagca
gatgtatgca
attttttcag
caagattaat
gtttttcectt
tctttaagat
atacaaagag
tgtagccatg
gtttcagcag
ttcectagece
tacttgattc
ctcececttttt
cagaatttta
tcettggtcece
aaggaactgt
gaaaggtttt
tcactcttte
tcecegggtte
gccaccacac

PCT/US2023/032680

tgtttctcaa
aaaacttctg
catttaaagg
cagggaaggt
aacaagaaca
caacctggac
attagcccaa
aactctgaag
gatacattat
atgataacct
gacaatttta
ataagaaaca
ttgttttgtt
gtgcagtggt
tgcctcagece
ttgtattttt
cctcgtgatce
gcccagectt
cttgttttgt
ttttattaaa
tgtcattgtg
aactctg

ggacagagca
tactcctact
ggggagattg
tttgcaaaac
ggtgatgtaa
accaaggatg
acaaaagcac
tcagtgtgcg
gctgttgget
aaaacctcat
agattatggc
accaataaga
tttcttectyg
gtggttggec
tgataatgat
tcctgataat
tacctgtctt
tcatgecctcet
attttatttt
aacttattta
ccacagaata
gcagctttat
tctteectttt
tgtcttctgt
atagtcttat
agttctagcce
cagagatgtt
actggctatt
ttggtttttg
gcccaggetg
acgccattct
ccggctaatt

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2397

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
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ttttgtattt
gacctcgtga
gtgcccagcece
atcttgtttt
gtttttatta
tatgtcattg
taaactctg
<210> 3

<211> 1284
<212> DNA
<213>
<400> 3

gcagcagccce
tgagaacaga
ctcctacctg
gcagaccgtt
tgcaaagcag
cgcggacaaa
ccgggcecgag
cgtggtaaac
gatcaccaag
tccatcgatg
tggagtgatt
ccgagcactyg
ctgcecctgtyg
attagagccg
gatcttcgtt
tgccttaaaa
aaccaagatg
agaggggaca
cttgacccta
cttatagatg
aggcaatcca
gataataaag
<210> 4

<211> 1730
<212> DNA
<213>
<400> 4

gcagcagccce
tgagaacaga
ctcctacctg
gcagaccgtt
tgcaaagcag
cgcggacaaa
ccgggcecgag
cgtggtaaac
gatcaccaag
tccatcgatg
tggagtgatt
ccgagcactyg
ctgcecctgtyg
attagagccg
gatcttcgtt
ttccaagcac
accctcttceca
aagccctcecat
gttttaagcce
catcatgcta

tttgtagaga
tccacctgece
tttttttttt
gtgtgttttt
aaaacaaatg
tgctttaaaa

Mus musculus

ataatacctg
gccatgaacc
gagtcactgg
ctcatcacgg
aaaagcagac
tgcaggaaac
atttacaact
aacgecggygyg
acctttgagg
ctgagaagaa
ccttatctca
accgcagaac
ttcgtgaata
gaagaagttg
ccatcctata
gcgatcagtc
aagtagtgca
cacagctttce
gcagccatcg
tctcagcectcece
tgtgttttta
tcttgggcaa

Mus musculus

ataatacctg
gccatgaacc
gagtcactgg
ctcatcacgg
aaaagcagac
tgcaggaaac
atttacaact
aacgecggygyg
acctttgagg
ctgagaagaa
ccttatctca
accgcagaac
ttcgtgaata
gaagaagttg
ccatcctata
ccacatggtg
gactttctca
acacataaaa
agttaaatta
gctgcatcac

cggggtttca
tcggecectecee
taatagaaaa
cacatgtatt
atttttttaa
aaataacctc

acagggctct
tcatcctgga
taaagttctt
gggccggaca
tggttctatg
tgggggccgt
ctgtggatca
cgatatatcc
tcaatatcct
actctggcca
tceettattg
tggacacctt
ctggcttcac
caaggagtct
tcaatatttc
gtatacagaa
tgcagagacg
tttcacatgt
agtgcataag
tggtagtggg
taaaataaat
atgt

acagggctct
tcatcctgga
taaagttctt
gggccggaca
tggttctatg
tgggggccgt
ctgtggatca
cgatatatcc
tcaatatcct
actctggcca
tceettattg
tggacacctt
ctggcttcac
caaggagtct
tcaatatttc
gttctcaaca
aacactaggc
tagaataagc
tgtgattttc
tctgactgta

ccatgttagce
aaagtgctgg
aataatccga
atagaatgct
aagtcacaaa
ttgtagttat

ctgtggagct
atttctccectt
cattcccecgg
cggaataggc
ggatatcaat
cgtgcacgtg
ggtaaagaga
agcagacctt
cggacatttt
cattgtcaca
ctccagcaag
ggggaaaacc
caaaaacccyg
gatcaatgga
tctgatcctg
cattcaattt
tgtggacacc
tttaagtgtt
cgtggtcaac
ttctggcaat
tactaaatag

ctgtggagct
atttctccectt
cattcccecgg
cggaataggc
ggatatcaat
cgtgcacgtg
ggtaaagaga
agcagacctt
cggacatttt
cattgtcaca
ctccagcaag
ggggaaaacc
caaaaacccyg
gatcaatgga
tctgatcctg
gcctgttact
actcgtgggg
acatatttta
ttaacagcaa
taaacccaag

162

caagatggtc
gattacgggt
ctcecactac
tttgcatgga
aacaattcac
aaaataaaac

ctgagcagag
ctggtgggcg
agaaggaaat
aggctgactg
aagcgtggtg
tttgtggtgg
gaagtaggtg
cttagtgcca
tggatcataa
gtggcttcgg
tttgctgectyg
ggtatccaaa
agtacaaggt
atacttacca
gaaaagtttc
gaagcaattg
aatgatgtga
ccacatgttt
tgtccttcta
ggatatgtaa
aaatgtgggc

ctgagcagag
ctggtgggcg
agaaggaaat
aggctgactg
aagcgtggtg
tttgtggtgg
gaagtaggtg
cttagtgcca
tggatcataa
gtggcttcgg
tttgctgectyg
ggtatccaaa
agtacaaggt
atacttacca
gaaaaaggac
ccaatcccag
tacgcatacg
aatgtgctac
taaaatattg
agaatttcac

PCT/US2023/032680

tcgatctect
gtgagccacc
atcaagacta
ctatcctett
taaaaataaa
gtttgacttc

gtgtctgttg
tcatcatcta
ctgtgaccgg
catatgaatt
ttgaggaaac
actgcagcaa
atgtcgagat
aggacgagga
aagcactcct
tgtgcggcecca
tgggcttcca
cctcgtgtet
tatggecctgt
acaagaaaat
ttcetgageg
tgggccacaa
agccaagttt
aaaatgtagg
gtttcctata

aggagggaaa
aaaagggcaa

gtgtctgttg
tcatcatcta
ctgtgaccgg
catatgaatt
ttgaggaaac
actgcagcaa
atgtcgagat
aggacgagga
aagcactcct
tgtgcggcecca
tgggcttcca
cctcgtgtet
tatggecctgt
acaagaaaat
ctggattcag
gggatttgac
tcattcaggc
tattactgat
tagataatgt
tccatctect

1980
2040
2100
2160
2220
2280
2289

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1284

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
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tctgccaaaa
aaatatatga
ctcagtagat
atgtaatggg
ttggtatatg
aaggtgtggt
ctagctgcct
gctgtgtttyg
tgaacctctg
<210> 5
<211> 1323
<212> DNA
<213>
<400> 5
tctctgtgga
gctcagagcce
ctacctggag
gactgttctc
aaagcagaaa
agccaaatgce
ggcagagatt
ggtaaacaac
caccaagacc
atcgatgctg
agtgattcct
agcactgact
ccectgtgtte
agagccggat
cttcgtteccg
cttaaaagct
caagaggaag
ttagagcgga
taggtttggce
tatacttaaa
gcctgtcgcea
agaaagggta
aaa

<210> 6
<211> 2529
<212> DNA
<213>
<400> 6
cttcaaaaac
gctggcttcet
gtacagagta
cagagccatg
cttggagtcg
tgttttcatt
acaacagagc
tgagtgccga
agaaatctat
gaataatgct
caaaacattt
gatgatagag
gattccttac
tctgacatca
agtttttgtg
gacagatgaa
tgttccatca

tatttacaac
gacagttgta
gaagacactt
aagacagatg
agtatctgtg
cctgttggag
ggaagccagt
caccatgcect
aacctgtaag

gctccgtgeg
atgaacctca
tcactggtaa
atcacaggag
agcagattgg
aggaaactgg
tacaagtctg
gctggggcaa
ttcgaggtca
agaagaaact
tatctcatcc
gcagaactgg
gtgaatactg
gaagttgcaa
tcctatatca
ataaaccgta
taacatcttg
cgcgaggcett
cctagtagcece
ctctcagcecce
cagccgagtg
agacaataaa

Macaca mulatta

ctgaggtgtt
atctggtagt
cctecteect
aacatcatcc
ttggtaaagt
actggagctg
atactggttc
aaactaggcg
cgctctctaa
gggacagtat
gaggtcaaca
agaaatcatg
ctcatcccectt
gaacttcaag
aatactgggt
gttgtaagaa
tatatcaata

acttaagaaa
tcectgtcage
gctgccaagce
ggattcagag
atggtttgta
tagatgtatc
attctgctag
gcatgaacgc
ccagcceccga

Rattus norvegicus

ggggcatctg
tcctggaget

agttcttcat
ctggacacgg
tcctgtggga
gggctgtegt
tggatcaggt
tttatccagce
acatcctagg
ctggccacat
catattgctc
acaccttggg
gcttcaccaa
ggagtctgat
atatctctct
tacagaatat
cgtgcagaga
tctttegece
atcgagcaaa
ctggtattgg
aaaagtcatt
atcttggaca

tccaacacct
cccattaaca
aggactatac
tggaaatcct
ttttcattce
ggcacggaat
tgtgggatat
tcactgcgceca
atcaggtgaa
atccagccga
tcctaggaca
gccacatcgt
attgttccag
ctttgggaaa
tcaccaaaaa
gtctgataga
tctttectgat

taagggctga
taaaaatgtt
ctaacaacct
aaattgtcct
tatgctcagt
actgtgggtg
cagccttcat
tgccatgcectce
ttaaatgttg

ctaggagaac
tctettgetyg
tccecagaga
aataggcagg
tattagtaag
gcacgtgttt
aaagaaagaa
cgaccttcectt
acatttttgg
tgtcacagtg
cagcaagttc
gaaaaccggt
aaacccaagt
cgatgggata
aatagtggaa
tcagtttgaa
cgtgtggacyg
gttttagaag
cgagagtggt
gttctggaaa
tggtgtgttt
aatgctgaaa

taggacacgt
ccggggcaca
aaggactgaa
tctgecttectg
tcggaggaga
aggcaggcgyg
taataagcgt
tgcgtacgtg
gaaagaagtg
tcttcgcage
tttttggatc
cacggtggct
caaatttgct
aactggtatc
tccaagcaca
tggaatactt
actaaagaag

163

tttttatttt
ttctctggee
gaattcaact
ctgatcattg
ccagggagtg
tgggctttaa
atgaagatac
ccaccttgat
tcacttataa

agagtccaag
gtgggcatca
agaaagtctg
ctgacggcett
cacggtgttg
gtggtggact
gttggtgaca
agcaccaagg
atcataaaag
gcttcagtgt
gctgctgtgg
atcaaaacct
accaggttat
cttaccaaca
atgttttttce
gcgattgtgg
ccaatgacgc
tgttcecttgt
caactgtcct
tggagctgta
ttactaaaca
aaaaaaaaaa

gaacaaggcc
cctettecect
ccagaaggaa
atcaccatca
aaatctgtgg
actgcctatg
ggtgtggagg
gtagactgca
ggtgatgtga
accaaggatg
acaaaagcac
tcagtgtgtg
gctgttgget
aaaacctcat
agattatggc
accaataaga
tttcttectyg

PCT/US2023/032680

ttttaacata
tgtgagttgg
cccagaaccce
tacccatgcece
gcactactag
taacctcatc
agaactctca
gataatggac

ggagagagca
tcatctactc
tggccggaca
atgaatttgce
aggaaaccgc
gcagcaaccyg
tagagattgt
atgaggagat
cactccttce
gtggccacag
gcttccacag
cctgtctcectg
ggcectgtgtt
agaaaatgat
ctgaacgtgt
gccacagaac
gaagccaagt
gtttaaaatg
tctggtttcet
gtaagacaat

gaaatgtggg
aaaaaaaaaa

tgcttccaaa
ggagctctgt
gaggacaggg
tctactccta
ctggggagat
aatttgcaaa
aaactgcagc
gcaacagaga
caattgtggt
aagagattac
ttctteccate
gccacgaagt
ttcacagagg
gtctctgecece
ctgtattgga
aaatgatttt
aacgcgcecte

1260
1320
1380
1440
1500
1560
1620
1680
1730

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1323

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
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agcattttta
aatgaaatga
tagaatcaat
ttggtttggce
aagaatatta
tgtgcttaca
ggtggacaaa
ttaagactgt
cagaatgagt
agactttaag
aacggtgcaa
tccaccaaaa
gaaaggtgac
ctttectttgt
ggctcaaaaa
atggatccaa
ttttttgttt
ggagtgcagt
tcectgectcea
ttttttgtat
ctgatcgtga
gtcccagecyg
gactaatctt
ctcttgtttt
aaaataaatg
gacttctaa
<210> 7
<211> 2457
<212> DNA
<213>
<400> 7
tctggtagtce
ctcctcececta
acatcatcct
tggtaaagtt
ctggagctgg
tactggttct
aactaggcgt
gctctctaaa
ggacagtata
aggtcaacat
gaaatcatgg
tcatcccata
aacttcaagc
atactgggtt
ttgtaagaag
atatcaatat
atcgtatgca
taaataagct
ctgcaaagct
ctaacagcag
tgtagttttt
aagcatactt
ctacctccct
caagtagcat
cacagctaag
ttcagcattt
tctattctgg
tggaccctcect

aatcgtatgce
ataaataagc
gctgcaaagc
actaacagca
atgtagtttt
taagcatact
actacctccce
tcaagtagca
gcacagctaa
attcagcatt
ctctattctg
gtggaccctc
cgactgtatt
agtttatgct
ttaaagctaa
gagaaggaag
tttgtttgtt
ggtgcaatct
acctcccgag
ttttcctaga
tccaccctcee
tttttttttt
gttctgtgtg
tattaaaaac
tcattatgcet

ccattaacac
ggactataca
ggaaatcctt
tttcattcct
gcacggaata
gtgggatatt
cactgcgcat
tcaggtgaag
tccageccgat
cctaggacat
ccacatcgtc
ttgttccage
tttgggaaaa
caccaaaaat
tctgatagat
ctttctgata
gaatattcaa
ctagccagcg
ttatttcaca
tgaaatgatc
aataggtctg
aaaaggtttt
aagagtaaat
tccaatctgt
acaacaagct
gaaagatttc
actttattac
atatttccte

agaatattca
tctageccage
tttatttcac
gtgaaatgat
taataggtct
taaaaggttt
taagagtaaa
ttccaatctg
gacaacaagc
tgaaagattt
gactttatta
tatatttcct
ttaaatctga
tacatatatc
cacaggaaaa
ggaagaaaga
tggttggttt
cagctcactg
ttgctaacac
gacagggttt
tcggecectecee
ttttttaaca
tttttcacat
aaatgatttt
ttaaaaaagt

Macaca fascicularis

cggggcacac
aggactgaac

ctgcttctga
cggaggagaa
ggcaggcegga
aataagcgtg
gcgtacgtgg
aaagaagtgg
cttcgcagca
ttttggatca
acggtggcett
aaatttgctg
actggtatca
ccaagcacaa
ggaatactta
ctaaagaagt
tttgaagcag
ttgtatgcat
ttttttcagt
aagattaatt
ttttteecttt
ctttaagata
acaaagatac
agccacgceca
tcagcaagca
cctagcectcet
ttgaatctgt
cctttttata

atttgaagca
gttgtatgca
attttttcag
caagattaat
gtttttcectt
tctttaagat
tacaaagata
tagccacgcece
ttcagcaagc
ccctagecte
cttgaatctg
ccectttttat
gaattttaag
cttggtccca
ggaactgtac
aaaggttttt
gagatggagt
caagctccge
tacaggcgcce
cactatgtta
aaagtggtag
gaaagaataa
gtattataga
ttaaaagtca
aacctcttgt

ctcttececectg
cagaaggaag
tcaccatcat
aatctgtggce
ctgcctatga
gtgtggagga
tagactgcag
gtgatgtgac
ccaaggatga
caaaagcact
cagtgtgtgg
ctgttggett
aaacctcatg
gattatggcc
ccaataagaa
ttcttectga
tggttggcaa
gataatgata
cctgttaata
acctgtcttce
catgcctcett
ttttattttt
ttatttacac
cggaatatca
gctttatctce
tccttttteca
cttctgtata
atcttataag

164

gtggttggca
tgataatgat
tcectgttaat
tacctgtctt
tcatgecctcet
attttatttt
cttatttaca
acggaatatc
agctttatct
ttcecttttte
tcttctgtat
aatcttataa
ttctagtccce
gagctgttta
tggctattac
ttggtttttg
ctcgetctgt
ctcecegggtt
cgccaccacg
gccaagatag
gattacaggc
tctgactccce
atgcttttge
ctaacaaaaa
agttataaaa

gagctctgtg
aggacagggc
ctactcecctac
tggggagatt
atttgcaaaa
aactgcagct
caacagagaa
aattgtggtg
agagattacc
tcttcecateg
ccacgaagtg
tcacagaggt
tctctgcecceca
tgtattggag
aatgattttt
acgcgcctceca
caaaatcaaa
ttaatagttt
tgaaaaacat
ctgtttctca
aaaaacgtct
ccatttaaag
agggaaggtt
acaagaacac
aacctggaca
tcagcctgaa
actcttaagt
atacattacg

PCT/US2023/032680

acaaaatcaa
attaatagtt
atgaaaaaca
cctgtttcete
taaaaacgtc
tccatttaaa
cagggaaggt
aacaagaaca
caacctggac
atcagcctga
aactcttaag
gatacattac
atgataacct
gacaatttta
gtaactaaca
ttgttttttg
ctcccaggcet
catgccattce
cccggctaat
tctctatcte
gtgagccacc
actacatcaa
atggactatc
caattcacta
taaaatgttt

tacagagtac
agagccatga
ttggagtcgt
gttttcatta
caacagagca
gagtgccgaa
gaaatctatc
aataatgctg
aaaacatttg
atgatagaga
attccttacce
ctgacatcag
gtttttgtga
acagatgaag
gttccatcat
gcatttttaa
atgaaatgaa
agaatcaatg
tggtttggca
agaatattaa
gtgcttacat
gtggacaaaa
taagactgtt
agaatgagtg
gactttaaga
acggtgcaac
ccaccaaaag
aaaggtgacc

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2529

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
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gactgtattt
gtttatgctt
taaagctaac
agaaggaagg
tgtttgtttyg
tgcaatctca
ctccecgagtt
ttcgtagaga
caccctcectce
tttttttttt
tctgtgtgtt
ttaaaaacaa
attatgcttt
<210> 8

<211> 2397
<212> DNA
<213> Homo
<400> 8

cagagtttag
aatgacatat
aataaaaaca
aaacaagatt
gctgggcacg
cacgaggtca
aatacaaaaa
tgaggcagga
actgcactcc
aaaacaaaac
ttcttatgta
aattgtctaa
ttatcatggg
atgtatctta
cagagttata
ggctaatgaa
caggttgaga
tcttgttgat
ttceetgtgt
ttaaatggaa
aagtttttaa
agaaacagga
gtttttaata
actattcata
tgattttgtg
aggcgecgttce
aaatcatttt
ccaatacagg
ggcagagaca
ctctgtgaaa
cttcgtggece
atggaagaag
taatctctte
ccacgattgt
ctctgttget
ctgcagtttc
ttgcaaattc
tctceeccage
aggagtagat
tctgtecctet
<210> 9

taaatctgag
acatatatcc
acaggaaaag
gaagaaagaa
tttggtttga
gctcactgca
gctaagacta
cagggtttca
ggcctcecccaa
ttttaacaga
tttcacatgt
atgatttttt
aaaaaagtaa

sapiens

aagtcaaacg
ttatttttag
agaggatagt
agtcttgatg
gtggctcaca
ggagatcgag
attagccggyg
gaatggcgtg
agcctgggeg
aaaaaccaaa
atagccagta
acatctctgg
gctagaactt
taagactata
cagaagacag
aaaggaagag
taaagctgcece
attctgtggce
aaataagttc
aaataaaata
gaggcatgaa
agacaggtaa
ttatcaggac
tcattatcat
gccaaccact
aggaagaaac
cttattggta
ccataatctt
tgaggttttg
gccaacageyg
gcacactgaa
tgcttttgtyg
atccttggtg
tacatcaccc
gcagtctacc
ctccacaccyg
ataagtagtc
cacagatttt
gatggtgatc
tcecttetggt

aattttaagt
ttggtcccag
gaactgtact
aaggtttttt
gatggagtct
agctccgect
caggcgececeg
ccatgttagce
agtggtagga
aagaataatc
attatagaat
aaaagtcact
cctcttgtag

ttttatttta
tgaattgttt
ccatgcaaaa
tagtgggagt
cccgtaatcece
accatcttgg
tgtggtggcg
aacccgggag
aaagagtgag
aaacctttct
cagttccttt
gaccaaggat
aaaattctga
aaaagggagg
aatcaagtaa
gctagggaaa
tgctgaaact
atggctacag
tctttgtatt
tcttaaagaa
aggaaaaaca
ttaatcttgt
tgaaaaaatg
gcatacatct
gcttcaaatt
ttctgtagtce
agtattccat
gtgcttggat
ataccagttt
gcaaatttgc
gccactgtga
atccaaaaat
ctgagaagat
acttctttct
acatacgcat
cgcttattaa
tgcctgecta
ctcctectgag
agaagcagaa
tcagtccecttg

tctagtccca
agctgtttag
ggctattacg
tggtttttgt
cgctectgtcet
ccecgggttcea
ccaccacgcc
caagatagtc
ttacaggcgt
tgactcccac
gcttttgecat
aacaaaaaca
ttataaaata

taactacaag
ttgtgacttt
gcattctata
cggattattt
cagcactttg
ctaacatggt
ggcgcecctgta
gtggagcttg
actccatcte
ttctteecttt
tcctgtgtta
atatgaaagc
gatttaaaat
aaatatagag
taaagtccag
tctttcaaat
tgatctctta
attggaatgc
tacttttagg
aaccttttaa
gacctatgaa
tcgtttgact
tgaaataaag
ctggctggag
gaatattctg
tcagaaagat
ctatcagact
ttttggtgaa
ttceccaagge
tggaacaata
cgatgtggcce
gtcctaggat
cggctggata
tcacctgatt
gcgcagtgac
tatcccacag
ttcecatgecce
gaatgaaaaa
ggatttctag
tgtagtccta

165

tgataacctc
acaattttag
taactaacaa
tgttttttgt
cccaggctgg
tgccattcte
cggctaattt
tctatctcct
gagccaccgt
tacatcaaga
ggactatcct
attcaccaaa
aaatgtttga

aggttatttt
taaaaaaatc
atacatgtga
tttctattaa
ggaggccgag
gaaaccccgt
gtcccagceta
cagtgagctg
aaaaaaacaa
tcttctettg
gctttaattt
ataaattaca
agagtcggtc
ggtccacttt
aatagagttg
gctgaatctt
gctgtgcact
tacttgaaca
gaggtagctt
gtatgtttat
aaactacgta
gctgctagtg
ctttgcagca
cttatttatt
catacgattt
attgatatac
tcttacgact
cccagtattce
ctgaagttct
tgggatgagg
atgatttctc
gttgacctca
tactgtccca
tagagagcga
gcctagtttt
aaccaatatg
agctccagta
cttcaccaac
gatgatgttc
gggaggaggt

PCT/US2023/032680

tttctttgta
gctcaaaaat
tggatccaag
ttttgttttt
agtgcagtgg
ctgcctcaac
ttttgtattt
gatcgtgatc
cccagcecgtt
ctaatcttgt
cttgttttta
aataaatgtc
cttctaa

tttaaagcac
atttgttttt
aaaacacaca
aaaaaaaaag
gcaggtggat
ctctacaaaa
ctcaggaggc
agatcatacc
aaaacaaaac
ggtccattgt
ttgagcctaa
aagaaaaagg
acctttcata
tggtggactt
caccgttttg
aaaatatgtc
cattctgtgt
gtcttaaacc
ttgtccacct
gtaagcacag
aatattcttg
ccaaaccaat
ttgattcgaa
catttcattt
aaaatcgctg
gatggaacaa
tcatctgtct
acaaaaactg
gatgtcagac
taaggaatcc
tccatcatcg
aatgtcttgg
gcattattca
tagatctctt
cggcactcag
ctctgtcgtt
atgagaacaa
gactccaagt
atggctttgce
actgtct

1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2457

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2397
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<211>
<212> DNA
<213> Homo
<400> 9
cagagtttag
aatgacatat
aataaaaaca
aaacaagatt
gctgggcacg
cacgaggtca
aatacaaaaa
tgaggcagga
actgcactcc
aaaacaaaac
ttcttatgta
aattgtctaa
ttatcatggg
atgtatctta
cagagttata
ggctaatgaa
caggttgaga
tcttgttgat
ttceetgtgt
ttaaatggaa
aagtttttaa
agaaacagga
gtttttaata
actattcata
tgattttgtg
aggcgecgttce
aaatcatttt
ccaatacagg
ggcagagaca
ctctgtgaaa
cttcgtggece
atggaagaag
taatctctte
ccacgattgt
tgctctgtcyg
taatgagaac
acgactccaa
tcatggcttt
gtactgtct
<210> 10
<211> 1284
<212> DNA
<213>
<400> 10
acatttgccc
tttataaaaa
accaggagct
cactcgatgg
gaaagaaagc
tgcatgcact
atacgactga
ttgatatagg
cttgcaactt
ccagtattca
tccagttctg

2289

sapiens

aagtcaaacg
ttatttttag
agaggatagt
agtcttgatg
gtggctcaca
ggagatcgag
attagccggyg
gaatggcgtg
agcctgggeg
aaaaaccaaa
atagccagta
acatctctgg
gctagaactt
taagactata
cagaagacag
aaaggaagag
taaagctgcece
attctgtggce
aaataagttc
aaataaaata
gaggcatgaa
agacaggtaa
ttatcaggac
tcattatcat
gccaaccact
aggaagaaac
cttattggta
ccataatctt
tgaggttttg
gccaacageyg
gcacactgaa
tgcttttgtyg
atccttggtg
tacatcaccc
ttttgcaaat
aatctcccca
gtaggagtag
gctctgtect

Mus musculus

aagactttat
cacatggatt
gagacatcta
ctgctagggt
tgtgtgtccce
acttcatctt
tcgecttttaa
atggaacgaa
cttcecggetce
cgaacacagg
cggtcagtgce

ttttatttta
tgaattgttt
ccatgcaaaa
tagtgggagt
cccgtaatcece
accatcttgg
tgtggtggcg
aacccgggag
aaagagtgag
aaacctttct
cagttccttt
gaccaaggat
aaaattctga
aaaagggagg
aatcaagtaa
gctagggaaa
tgctgaaact
atggctacag
tctttgtatt
tcttaaagaa
aggaaaaaca
ttaatcttgt
tgaaaaaatg
gcatacatct
gcttcaaatt
ttctgtagtce
agtattccat
gtgcttggat
ataccagttt
gcaaatttgc
gccactgtga
atccaaaaat
ctgagaagat
acttctttct
tcataagtag
gccacagatt
atgatggtga
cttccttetg

tatcttgeccce
gcecttttecee
taagtatagg
caagcctaca
ctctaaactt
ggttttgtgg
ggcacgctca
gatcattttc
taatacaggc
gcagagacac
tcggtggaag

taactacaag
ttgtgacttt
gcattctata
cggattattt
cagcactttg
ctaacatggt
ggcgcecctgta
gtggagcttg
actccatcte
ttctteecttt
tcctgtgtta
atatgaaagc
gatttaaaat
aaatatagag
taaagtccag
tctttcaaat
tgatctctta
attggaatgc
tacttttagg
aaccttttaa
gacctatgaa
tcgtttgact
tgaaataaag
ctggctggag
gaatattctg
tcagaaagat
ctatcagact
ttttggtgaa
ttceccaagge
tggaacaata
cgatgtggcce
gtcctaggat
cggctggata
tcaccttatt
tctgcectgee
ttctectetg
tcagaagcag
gttcagtcct

ttttgcccac
tcctttacat
aaactagaag
ttttaaacat
ggcttcacat
cccacaattg
ggaagaaact
ttgttggtaa
cataaccttg
gaggtttgga
cccacagcag

166

aggttatttt
taaaaaaatc
atacatgtga
tttctattaa
ggaggccgag
gaaaccccgt
gtcccagceta
cagtgagctg
aaaaaaacaa
tcttctettg
gctttaattt
ataaattaca
agagtcggtc
ggtccacttt
aatagagttg
gctgaatctt
gctgtgcact
tacttgaaca
gaggtagctt
gtatgtttat
aaactacgta
gctgctagtg
ctttgcagca
cttatttatt
catacgattt
attgatatac
tcttacgact
cccagtattce
ctgaagttct
tgggatgagg
atgatttctc
gttgacctca
tactgtccca
aatatcccac
tattccatgce
aggaatgaaa
aaggatttct
tgtgtagtcc

atttctattt
atccattgcce
gacagttgac
gtggaacact
cattggtgtc
cttcaaattg
tttccaggat
gtattccatt
tactcgggtt
taccggtttt
caaacttgct

PCT/US2023/032680

tttaaagcac
atttgttttt
aaaacacaca
aaaaaaaaag
gcaggtggat
ctctacaaaa
ctcaggaggc
agatcatacc
aaaacaaaac
ggtccattgt
ttgagcctaa
aagaaaaagg
acctttcata
tggtggactt
caccgttttg
aaaatatgtc
cattctgtgt
gtcttaaacc
ttgtccacct
gtaagcacag
aatattcttg
ccaaaccaat
ttgattcgaa
catttcattt
aaaatcgctg
gatggaacaa
tcatctgtct
acaaaaactg
gatgtcagac
taaggaatcc
tccatcatcg
aatgtcttgg
gcattattca
agaaccaata
ccagctccag
aacttcacca
aggatgatgt
tagggaggag

agtaatttat
agaacccact
cacgcttatg
taaaacatgt
cacacgtctc
aatgttctgt
cagagaaata
gatcagactc
tttggtgaag
ccccaaggtg
ggagcaataa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2289

60
120
180
240
300
360
420
480
540
600
660
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gggatgagat
gagtttcttce
ttgacctcaa
atcgcceccgyg
acagagttgt
cccagtttcece
accagtctge
gcececeegtga
tttaccagtg
atgaggttca
ctgtcaggta
<210> 11

<211> 1730
<212> DNA
<213>
<400> 11

ttataagtga
atcaaggtgg
gtatcttcat
ttaaagccca
cactccctgg
caatgatcag
agttgaattc
ggccagagaa
aaaataaaaa
gtgaaattct
caatatttta
gtagcacatt
cgtatgcgta
ctgggattgg
gtcecttttte
tggtaagtat
accttgtact
tttggatacc
cagcagcaaa
ccgaagccac
ttatgatcca
tggcactaag
cacctacttc
ccaccacaaa
caccacgctt
cagtcagcct
atttccttcet
cgcccaccag
ctctgctcag
<210> 12

<211> 1323
<212> DNA
<213>
<400> 12

tttttttttt
tcteccacat
ggcattgtct
ataagaaacc
ctacatttta
taaacttggc
ttggttctgt
aagacacgtt
aagatcattt

aaggaatcac
tcagcatcga
aggtcttggt
cgttgtttac
aaatctcggce
tgcatttgtc
ttttctgett
tgagaacggt
actccaggta
tggctctgtt
ttatgggctg

Mus musculus

caacatttaa
gagcatggca
atgaaggctg
cacccacagt
actgagcata
aggacaattt
aggttgttag
aacattttta
tcagccecectta
cttgggttta
ttgctgttaa
taaaatatgt
ccceccacgagt
agtaacaggc
caggatcaga
tccattgatc
cgggtttttg
ggttttccce
cttgctggag
tgtgacaatg
aaaatgtccg
aaggtctgcect
tctctttace
cacgtgcacyg
attgatatcc
gcctatteecg
ccggggaatg
aaggagaaat
agctccacag

tttttttttt
ttctgtttag
tactacagct
agaaggacag
aacacaagga
ttcgecgtcat
ggcccacaat
caggaaaaaa
tcttgttggt

tccatggeecg
tggaaggagt
gatctccteg
cacgatctcg
ccggttgcectyg
cgcggtttcece
tgcaaattca
ctgcececggtce
ggagtagatg
ctcacaacag
ctgce

tcggggetgg
gcgttcatgce
ctagcagaat
gatacatcta
tacaaaccat
ctctgaatcce
gcttggcagce
gctgacagga
tttcttaagt
tacagtcaga
gaaaatcaca
gcttattcta
gcctagtgtt
tgttgagaac
gaaatattga
agactccttg
gtgaagccag
aaggtgtcca
caataaggga
tggccagagt
aggatattga
ggatatatcg
tgatccacag
acggccecccecea
catagaacca
tgtccggecce
aagaacttta
tccaggatga
agagccctgt

Rattus norvegicus

ttttttcage
taaaaacaca
ccatttccag
ttgaccactc
acacttctaa
tggcgtccac
cgcttcaaac
catttccact
aagtatccca

cacaccgaag
gcttttatga
tcecttggecac
acatcaccta
cagtccacca
tcaacaccac
tatgcagtca
acagatttcc
atgacgccca
acacctctge

cttacaggtt
aggcatggtg
actggcttcce
ctccaacagg
cacagatact
catctgtctt
aagtgtcttc
tacaactgtc
gttgtaaata
gtgatgcagc
taatttaact
ttttatgtgt
tgagaaagtc
caccatgtgg
tataggatgg
caacttctte
tattcacgaa
gttctgcggt
tgagataagg
ttcttectcag
cctcaaaggt
cceecggegtt
agttgtaaat
gtttcctgceca
gtctgetttt
ccgtgatgag
ccagtgactc
ggttcatggc
caggtattat

atttgtccaa
ccaaatgact
aacccaatac
tcgtttgete
aacgggcgaa
acgtctctge
tgaatattct
attagagaga
tcgatcagac

167

ccactgtgac
tccaaaaatg
taagaaggtc
cttctectett
caaacacgtg
gcttattgat
gcctgectat
ttctececgggg
ccagaaggag
tcagagctcc

cagaggttca
caaacacagc
aggcagctag
accacacctt
catataccaa
cccattacat
atctactgag
tcatatattt
ttttggcaga
tagcatgatg
ggcttaaaac
atgagggctt
tgaagagggt
gtgcttggaa
aacgaagatc
cggctctaat
cacagggcag
cagtgctcgg
aatcactcca
catcgatgga
cttggtgatc
gtttaccacg
ctcggeccecgyg
tttgtcecgeg
ctgctttgca
aacggtctgce
caggtaggag
tctgttctceca
gggctgcetge

gattttattg
tttcactcgg
caggggctga
gatggctact
agaaagcctce
acgcaagatg
gtatacggtt
tattgatata
tcecttgcaac

PCT/US2023/032680

aatgtggcca
tccgaggata
tgctggatat
tacctgatcc
cacgacggcc
atcccataga
tcecgtgtecyg
aatgaagaac
aaattccagg
acagagagcc

gtccattatc
tgagagttct
gatgaggtta
ctagtagtgce
ggcatgggta

gggttctggg
ccaactcaca

tatgttaaaa
aggagatgga
acattatcta
atcagtaata
gcctgaatga
gtcaaatccc
ctgaatccag
attttcttgt
acaggccata
agacacgagg
tggaagccca
tggccgcaca
aggagtgctt
tcectegtect
atctcgacat
ttgctgcagt
gtttcctcaa
aattcatatg
ccggtcacag
tagatgatga
caacagacac

tcttaccctt
ctgtgcgaca
gagtttaagt
agggccaaac
gcgtcecgete
ttacttccte
tatagectttt

ggacggaacg
ttcatccgge

720
780
840
900
960
1020
1080
1140
1200
1260
1284

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1730

60
120
180
240
300
360
420
480
540
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tctaacacag
gggcagagac
gctctgtgga
actctgtgge
gatggaagga
gtgatctcct
accacaatct
gcececggttge
gctgcggttt
tttgcaaatt
gtctgtccgyg
taggagtaga
agctgctcectce
aga

<210>
<211>
<212>
<213>
<400> 13

ttagaagtca
atttattttt
aaacaagagg
agattagtct
ggctgggacg
cacgatcagg
tacaaaaaaa
gaggcaggag
ctgcactcca
aacaaaaaac
tggatccatt
ttttgagect
caaagaaaga
tcacctttcg
tttggtggac
tgcaccgttt
ttaaagtctg
ctcattctgt
cagtcttaaa
ttgtccacct
gtaagcacag
aatattcttg
ccaaaccaat
ttgattctaa
catttcattt
aaaaatgctg
gatggaacaa
tcatctgtcect
acaaaaactg
gatgtcagac
taaggaatca
tctatcatcg
aatgttttgg
gcattattca
tagatttctt
cggcactcag
ctctgttgtt
atgaaaacaa
gactccaagt
atggctctge

13
2529
DNA

gccataacct
aggaggtttt
agcccacage
cacacactga
gtgcttttat
catccttggt
ctatgtcacc
tgcagtccac
cctcaacacc
cataagccgt
ccacagactt
tgatgatgcc
tcecettggac

Macaca mulatta

aacattttat
agtgaattgt
atagtccatg
tgatgtagtg
gtggctcacg
agatagagac
ttagccgggce
aatggcatga
gcctgggaga
aaaaaacaac
gttagttacg
aaaattgtct
ggttatcatg
taatgtatct
ttaagagtta
caggctgatg
tccaggttga
gttcttgttg
ccttecectgt
ttaaatggaa
acgtttttaa
agaaacagga
gtttttcata
actattaata
tgattttgtt
aggcgcgttce
aaatcatttt
ccaatacagg
ggcagagaca
ctctgtgaaa
cttcgtggcece
atggaagaag
taatctctte
ccacaattgt
ctctgttgcet
ctgcagtttce
ttgcaaattc
tctecececage
aggagtagat
cctgtectet

ggtacttggg
gataccggtt

agcgaacttg
agccactgtg
gatccaaaaa
gctaagaagg
aacttcttte
cacaaacacg
gtgcttacta
cagcctgect
tcttctetgg
caccagcaag
tctgttctee

tttataacta
ttttgttagt
caaaagcatt
ggagtcagat
cctgtaatcce
tatcttgget
gtggtggcgg
acccgggagyg
cagagcgaga
aaaaaccaaa
taatagccag
aaacagctct
ggactagaac
tataagatta
tacagaagac
aaaaaggaag
gataaagctg
atattccgtg
gtaaataagt
aaataaaata
gaggcatgaa
agacaggtaa
ttaacaggac
tcattatcat
gccaaccact
aggaagaaac
cttattggta
ccataatctt
tgaggttttg
gccaacagcea
acacactgaa
tgcttttgtyg
atccttggtg
cacatcaccc
gcagtctacc
ctccacacca
ataggcagtc
cacagatttt
gatggtgatc
tcecttetggt

tttttggtga
ttceccaagg
ctggagcaat
acaatgtggce
tgtcctagga
tcggctggat
tttacctgat
tgcacgacag
atatcccaca
attccgtgtce
ggaatgaaga
agaagctcca
tagcagatgc

caagaggtta
gacttttaaa
ctataataca
tattctttct
taccactttg
aacatagtga
gcgcectgtag
cggagcttgce
ctccatctca
aaaacctttt
tacagttcct
gggaccaagg
ttaaaattct
taaaaaggga
agattcaagt
aggctaggga
cttgctgaag
gcgtggctac
atctttgtat
tcttaaagaa
aggaaaaaca
ttaatcttga
tgaaaaaatg
gcatacaacg
gcttcaaatt
ttctttagta
agtattccat
gtgcttggat
ataccagttt
gcaaatttgc
gccaccgtga
atccaaaaat
ctgcgaagat
acttctttct
acgtacgcat
cgcttattaa
cgcctgecta
ctcctecgag
agaagcagaa
tcagtccecttg

168

agccagtatt
tgtccagttce
atgggatgag
cagagtttct
tgttgacctc
aaattgcccce
ccacagactt
ccececagttt
ggaccaatct
cagctcctgt
actttaccag
ggatgaggtt
ccececgeacygg

cttttttaaa
aaatcatttg
tgtgaaaaac
gttaaaaaaa
ggaggccgag
aaccctgtcet
tgttagcaac
agtgagctga
aaccaaccaa
ctttcttece
tttecectgtgt
atatatgtaa
cagatttaaa
ggaaatatag
aataaagtcc
aatctttcaa
cttgttgtct
agattggaat
ttactcttag
aaccttttaa
gacctattaa
tcatttcact
tgaaataaag
ctggctagag
gaatattctg
tcagaaagat
ctatcagact
ttttggtgaa
ttceccaaage
tggaacaata
cgatgtggcce
gtcctaggat
cggctggata
tcacctgatt
gcgcagtgac
tatcccacag
ttcegtgece
gaatgaaaaa
ggatttccag
tatagtccta

PCT/US2023/032680

cacgaacaca
tgcagtcagt
ataaggaatc
tctcagcatce
gaaggtcttg
agcgttgttt
gtaaatctct
cctgcatttg
gcttttctge
gatgagaaca
tgactccagg
catggctctg
agctccacag

gcataatgac
tttttaataa
acacagaaca
aaaaaaaaac
gagggtggat
ctaggaaaaa
tcgggaggtt
gattgcacca
acaaacaaaa
ttcecttetet
tagctttaat
gcataaacta
atacagtcgg
agggtccact
agaatagagt
atgctgaatc
tagctgtgca
gctacttgaa
ggaggtagtt
gtatgcttat
aaactacatt
gctgttagtg
ctttgcagca
cttatttatt
catacgattt
attgatatat
tcttacaact
cccagtattce
ttgaagttct
agggatgagg
atgatttctc
gttgacctca
tactgtccca
tagagagcga
gcctagtttt
aaccagtatg
agctccagta
ctttaccaac
gatgatgttc
gggaggaggt

600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1323

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
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actctgtaca cagagctcca gggaagaggt
gaagccagct ttggaagcag gccttgttca

tttttgaag
<210> 14

<211> 2457
<212> DNA
<213>
<400> 14

ttagaagtca
atttattttt
aaacaagagg
agattagtct
ggctgggacg
cacgatcagg
tacaaaaaaa
gaggcaggag
ctgcactcca
aacaaaaaca
ggatccattg
tttgagccta
aaagaaagag
cacctttcgt
ttggtggact
gcaccgttte
taaagtctgt
tcattctgtg
agtcttaaac
tgtccacctt
taagcacaga
atattcttga
caaaccaatg
tgattctaaa
atttcatttt
aaaatgctga
atggaacaaa
catctgtctc
caaaaactgg
atgtcagacc
aaggaatcac
ctatcatcga
atgttttggt
cattattcac
agatttcttc
ggcactcagce
tctgttgttt
tgaaaacaat
actccaagta
tggctctgcece
ctctgtacac
<210> 15

<211>
<212>
<213> Homo
<400> 15

agacagtacc
aagccatgaa
tggagtcgtt
ttctcattac
gacagagcat

DNA

19118

aacattttat
ggtgaattgt
atagtccatg
tgatgtagtg
gtggctcacg
agatagagac
ttagccgggce
aatggcatga
gcctgggaga
aaaaacaaca
ttagttacgt
aaattgtcta
gttatcatgg
aatgtatctt
taagagttat
aggctgatga
ccaggttgag
ttcttgttga
cttccetgtg
taaatggaaa
cgtttttaag
gaaacaggaa
tttttcatat
ctattaatat
gattttgttg
ggcgcgttca
aatcatttte
caatacaggc
gcagagacat
tctgtgaaag
ttcgtggeca
tggaagaagt
aatctcttca
cacaattgtc
tctgttgetg
tgcagtttcce
tgcaaattca
ctcceccecagece
ggagtagatg
ctgtcctcett
agagctccag

sapiens

tcecteectag
catcatccta
ggtgaagttt
tggagctggg
attggttctg

Macaca fascicularis

tttataacta
ttttgttagt
caaaagcatt
ggagtcagat
cctgtaatcce
tatcttgget
gtggtggcgg
acccgggagyg
cagagcgaga
aaaaccaaaa
aatagccagt
aacagctctyg
gactagaact
ataagattat
acagaagaca
aaaaggaaga
ataaagctgce
tattccgtgg
taaataagta
aataaaatat
aggcatgaaa
gacaggtaat
taacaggact
cattatcatg
ccaaccactg
ggaagaaact
ttattggtaa
cataatcttg
gaggttttga
ccaacagcag
cacactgaag
gcttttgtga
tcettggtge
acatcaccca
cagtctacca
tccacaccac
taggcagtcc
acagattttc
atggtgatca
ccttetggtt

ggaagaggtg

gactacacaa
gaaatccttce
ttcattccte
catggaatag
tgggatatta

gtgccececggt
cgtgtcctaa

caagaggtta
gacttttaaa
ctataataca
tattctttct
taccactttg
aacatggtga
gcgcectgtag
cggagcttgce
ctccatctca
aaacctttte
acagttcctt
ggaccaagga
taaaattctc

aaaaagggag
gattcaagta

ggctagggaa
ttgctgaagce
cgtggctaca
tctttgtatt
cttaaagaaa
ggaaaaacag
taatcttgat
gaaaaaatgt
catacaacgc
cttcaaattg
tctttagtat
gtattccatc
tgcttggatt
taccagtttt
caaatttgct
ccaccgtgac
tccaaaaatg
tgcgaagatc
cttectttett
cgtacgcatg
gcttattaat
gcctgectat
tcectecgagyg
gaagcagaag
cagtccttgt
tgccececggtyg

ggactgaacc
tgcttctgat
agaggagaaa
gcaggcagac
ataaggtaat

169

gttaatggga
ggtgttggaa

cttttttaaa
aaatcatttg
tgtgaaaaac
gttaaaaaaa
ggaggccgag
aaccctgtcet
tcttagcaac
agtgagctga
aaccaaacaa
tttcttcect
ttcetgtgtt
tatatgtaag
agatttaaaa
gaaatataga
ataaagtcca
atctttcaaa
ttgttgtctt
gattggaatg
tactcttagg
accttttaag
acctattaaa
catttcactg
gaaataaagc
tggctagagce
aatattctgce
cagaaagata
tatcagactt
tttggtgaac
tcccaaaget
ggaacaatat
gatgtggcca
tcctaggatg
ggctggatat
cacctgattt
cgcagtgacyg
atcccacaga
tccgtgecca
aatgaaaaac
gatttccagg
atagtcctag
ttaatgggac

agaaggaaga
caccatcatc
atctgtggcect
tacttatgaa
gtatacatct

PCT/US2023/032680
ctaccagata 2460
acacctcagg 2520
2529
gcataatgac 60
tttttaataa 120
acacagaaca 180
aaaaaaaaac 240
gagggtggat 300
ctacgaaaaa 360
tcgggaggtt 420
gattgcacca 480
acaaacaaaa 540
tcettetett 600
agctttaatt 660
cataaactac 720
tacagtcggt 780
gggtccactt 840
gaatagagtt 900
tgctgaatct 960
agctgtgcac 1020
ctacttgaac 1080
gaggtagttt 1140
tatgcttatg 1200
aactacatta 1260
ctgttagtgce 1320
tttgcagcat 1380
ttatttattc 1440
atacgattta 1500
ttgatatatg 1560
cttacaactt 1620
ccagtattca 1680
tgaagttctg 1740
gggatgaggt 1800
tgatttctect 1860
ttgacctcaa 1920
actgtcccag 1980
agagagcgat 2040
cctagttttce 2100
accagtatgc 2160
gctccagtaa 2220
tttaccaacg 2280
atgatgttca 2340
ggaggaggta 2400
taccaga 2457
ggacagagca 60
tactcctact 120
ggggagattyg 180
tttgcaaaac 240
tccaactttt 300
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taaagtcaca
tgtatttttyg
ggttagttag
gcaggttgat
acatattatc
ggcaagaacg
agaaaccttt
gaccctttac
cagcacttag
aaatatgtgce
cttgtaaaca
tttctectaaa
ggattttagg
cagtggtttt
tgaaacctaa
agtgaagaat
ataatagagg
tcgaatgaac
ttctcaggca
atctaacctt
gtttttttta
attaaaaatg
gacggaggtg
aaacccccaa
tceccagcetac
aatgagctat
aaaaaaataa
tcattaaatt
taactcagat
ttttgcecectyg
gcgttgggaa
acaaaaagac
ggccggacge
tcacgaggtc
aaatacaaaa
gctgaggcag
ccactgcact
aaaactgaag
gctctctact
gagcaagcta
tcccacaaaa
tggggagttc
gagaccactc
gaagaatagg
tgagacggaa
tgaaaacttg
ttatcttagg
ctatggttat
tcactcccaa
ctatgaaagt
agaatcatca
gaattactac
aattaatggt
aatgtttttc
ctgtacagcc
ttgtttgttt
gcaactaggc
attttgagac
cactgcaacc

gagtaagata
tttttcaaag
atgaagggaa
agaaagactc
tctcagectg
ggatctgaaa
agtgcctcce
agaaaatgtt
catatgataa
gcagtgagtc
ctacattaac
cttgtaaatt
attggaaaaa
aattaccatt
aatgtctctt
actatacaaa
agttgatgta
tttctggaag
tttgtccaaa
caaatctctt
aattttaaaa
acttaagggc
ggcagattgc
ctctacaaaa
tcgggagget
gatggcatca
aaaaagactt
tcatggttaa
ctcctttagg
tgagatgaga
tacggttcaa
aaggcatcac
ggtggctcac
aggagatcga
aaattagcca
gagaatggtg
ccagcctggyg
aataattaat
gacctagaaa
ccaactaaat
ggctatttga
aggctgctge
attcaaggtt
gcttttcagg
aagtataatt
aaaagaatta
aaagaggtct
gggcaagttt
acacctgaag
ccttettett
agaaaaatat
ttagcacttt
tgagtttttce
aagaatgttc
tccaaccaag
tggttttaat
aatcactctce
gaagtcccac
tcecgectecee

tgtattttaa
tttgataaat
tgtaattaag
aggagccagt
ttttcttggce
attacagcta
ctcatgcaca
tgccagtccyg
acgatacgtg
aggcttttcecce
aaccccaaat
ctggtaaggc
ttgtgaagta
atattattac
acacttagag
aaagctacta
tataaaaatg
atagcaagaa
aatataaata
tccagatgtg
tttccagaga
gggtgcagtg
tggagcccag
aatacaaaaa
gaggtgggag
ttgcactcca
aagaaaaata
acatttaagc
cgaggaagat
gacacagtag
aaaacacatt
attttgcaat
gcctgtaatce
gaccatcctg
ggcgtagtgg
tgaacccggyg
cgacagagcg
tcttcaatca
caaatgagag
cagtgaaaga
ggggatactg
tccagggttt
tgcecctaaat
tatccttgece
tttaaaacct
taattttcca
ttgaatttag
ggtacataaa
aatgtaatgt
taaggagact
gatgggcaga
actgcctatt
tttcttctece
ttcaaggttt
aggaaaagct
atgagcattc
aagaaatttt
tctgtcaccce
gggttcaagt

gaattatttg
tcecetggtece
aactaagcag
ctccttccaa
tctgaagtgg
caaacaaaag
agcaacacag
tagtcaaaag
gcacatgata
ttggacatta
aaaactgaag
catgaaaata
ctccttgaga
tttctecatgt
aactaattct
catttttatt
atttgccatc
tttacaaata
agtataaatc
tatttttggg
caagagaaaa
gctcacacct
gagttcaaga
ttagctgggt
gatcgtttca
agctgggcaa
ggtaacccaa
tactgaatga
gctggctgag
cagtttggcect
ggagtttaag
tgtctagcectce
ccagcacttt
gataacacag
cgggcgectg
aggcggagcet
agactccgtce
aaacatctga
agtatggtgt
ctctcectatt
actttgagac
agcctacagt
agcagcaaca
tctttgtcac
tataatattt
gaatgtgagt
gctgaaagta
tgagaaatcc
tatatctcct
tctttecectt
ggcatacagt
acatagttgg
atattcatct
gaaagtagcc
gaaaaaagca
cctggcagaa
ctaacaaata
aggttggagt
gattctcctg

170

acttaccatc
cttagtctgt
cgatttttat
gctgctaaat
ggataataac
tcaaacgaag
ttctaaaata
gattaaataa
aacaataact
gtatttttcce
gaactgaaat
tatgcagaga
atcacatttt
tctttgctgt
tttctgtttt
taacagatat
tttttggtct
gagaaaattg
tatgaaaagg
gaaagggcta
gtaaattaga
gtaatcccag
ccagcctggyg
gcgggggtge
gttcaggaag
tagagccagg
cctcaaaaat
ttcactctaa
ttttcatcat
cttatgcaat
ctaaagcaag
agttataaaa
gggaggccga
tgaaacccecyg
tagtcccagce
tgcagtgagc
tcaaaaaaaa
tgaatgctct
ggtttgtgca
ctttttttac
tgggtcctaa
agcgaaatac
ccactgtcat
agagaagagt
tctataaaag
caagaaacat
aattgctctg
atccagtggce
agagtagcag
ccctectagg
ttaccattac
tgctcaacaa
tccatgacac
tgctttagag
tgaagggatt
aagccaggygyg

aggaggccaa
gcaatggaat

tctaaacttc
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tacttatctt
atatgtgtca
gacatggtgt
gaggcaagtc
ttaggggatg
aacttgcaac
tttactgtct
gtaatatttt
gtgttaaata
tgtgttctta
cttgtatcat
agtgtttaca
ctgcaaatta
catgtttagt
ttttctgaat
gagcatttat
ttgaagaaat
ttgcctgetg
gcttgatgaa
tatttattaa
aggaagtcgt
cactttggga
cagcacagca
acacccgtag
ccaaggctgce
ctctgtctca
tctctttgaa
ggctgtaatg
aactggctcce
ctaaactgtt
tgttttgcta
cagaagaata
gacgggcgga
tctctactaa
tactcgggag
cgagatgacg
aaaaaaaaaa
ggtaacttat
atctggcagt
tcttctgcaa
catccatgtt
aaaggaccca
ctcaatacac
ttacagattg
tcacctgagg
tagagcaatt
tcteccatgte
cttgcccatce
catggtctcce
aggatgagtc
cactagttta
atgtatgata
cacgaagagc
aaactgccta
ttgttttgtt
taatctcatt
tttttatttt
gatttcagct
ccgagtagcet

360

420

480

540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
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gggattacag
gtttcaccat
ggcctcectaa
ttttaaaagg
gaatgttaat
gagtccagtg
cctgectcag
tttgtatttt
acctcgtgat
cgcctagecyg
ttttcggaat
cgaaaactag
tatcgctctce
cctaggacgce
tttagctgcect
tgtaatccac
tcagaagtgt
atcacttcct
ttatttcect
ttaataatta
agcactctaa
ttttacagat
ttaggttatg
atgtaatccc
gaccagccca
aaagtttaaa
ttatatagga
tgatgtgctg
gtgttccectt
cctcatacaa
ttgaataata
tgatgtaaca
caaggatgaa
tgtgagtcag
ggagttcaca
aaatttgttt
acacaacaca
gcttggcatg
tacatctttt
taatgtgtcce
atgtatatag
ggggtgctgg
gagatggaaa
tgcctcaata
aagagatgtg
caccaaacta
aaacttagtg
gggaatttgg
taaattctta
gacttgtttt
ttcaatcatg
atacagttac
tatatgacac
ttaatattgt
gagggggagt
ttatttctat
tataagttct
ctaacgtcta
ttcttecate

gctcccacca
tttggccaga
agtgctggga
ttaactaatc
tttttttttt
gcactatctc
cctceccaagt
tagtagagac
ccgeectect
aatgttaatt
ttgtttctte
gcgtcactgce
taaatcaggt
tgacgtggaa
aactgaagta
tcagctctgce
gagcagtggce
agttttgttt
tgtgagattt
ttatcacaat
caaactttac
aagcaaatta
aaaccaggat
agcactttgt
ggcaacatag
gaaaaacaca
atttatcaac
ggtactgaaa
ggcctceccacyg
tagaagaaag
cacccagtga
atcgtggtga
gagattacca
aaacatttct
tacttctgga
gagtagaaga
ccagaatgta
taccaggagc
caatgctgtc
tcattttgtg
gatcgaggac
aactgagaaa
tatcaacttc
ttagtgtaga
tccececttac
cacggagacc
gtttaaagca
aggtagcttg
taaaatttta
ctgtaacatc
attcattagt
acaagatttc
caaattatca
ttagatgaca
actgagatta
catttgtaaa
ctcaaatgcce
tgtcattgtc

gatgatggag

ccacgcccag
ctggtctcaa
ttacaggcgt
ttcatgtcca
tttttttttg
cactcactgce
agctgggatt
ggggtttcac
cggccaacca
gtctaaaaat
ctaattacag
gcatgcgtat
gagactgcag
aatgagaaag
gttatgtcac
ccattattat
acagagtgac
tagtcctatt
tattttggtg
tattttaaaa
attttttaat
tgactcagag
ttctcaacca
gaggcecaagg
tgagacccta
tttttaaaaa
ataaatgtta
tttagatgtt
atttgagctc
actctcatct
aagtgttctt
ataatgctgg
agacatttga
gatttgtgca
caggaaactg
gccacagagt
agctacttgg
tcaacaaatg
acttgtgact
gaattttaga
acttttggac
tgcagctata
aactgccttt
atctagggca
ctttaccagce
tcatacatta
acaatgtatg
ggttgggagt
ttgatgtttc
aacatataat
gtggtgtaga
actcttttaa
taaggaataa
tatccaaaaa
gtgttggcat
gaattaatca
tttectgtectt
tttcttettt
agaaatcatg

ctaatttttt
actcctgacc
gagccaccac
aaatgaatgt
agacagagtc
aacttecctcce
acaggcccac
catgttggcce
aagtgctggg
ttttcttcte
cgcggtgtgg
gtggtagact
gttcacaaat
gtctttatga
caaggaagga
tgttcatatt
tgacaaaaga
aactttgcag
ttaatgtagt
gagtaaatac
tcaatcccta
aggttaagcc
gcactttaga
tggaaggatc
tctctaaaaa
atgaacactt
atttcacttt
aaaagaacag
aacagtctgt
ttggattata
tcaatttcaa
gacagtatat
ggtcaacatc
ccttctetta
gccagatctt
ctctgacaca
tctgtecttgt
tttgtggagg
tcattttttt
atggaaagga
gagactctga
cagacctcat
gtatagaaat
gatctggatt
tcttcacata
gctacctata
ttcactatcc
tctagttcta
tcacaaaaga
atacaatatt
actctcagcect
ttagaatgat
ttttagttct
aggatctatt
ggggcttacc
tggaatgctt
aacaaaaata
ctgcaatgat
gccacatcgt

171

gtatttttag
tcaagtgatc
acctgaccca
taattgttca
tcactctgtt
tccecaggtte
accatcaggc
aggctggtct
attacaggcg
caatgtcttc
aggaaactgc
gcagcaacag
ttcttcagat
ctgcctgatt
tatatacttt
attaatcaat
tttatcatca
taattccagce
cttctgtaga
caaataatca
caataactct
agacccaggt
ccaggtgcgg
acatgagacc
aaaaaaaaaa
taaaaatatt
actgataaac
tttatcccac
cttgcctgaa
ttggtcccaa
aaggtgaaga
ccagccgatce
ctaggacatt
agatacatga
tgccttaatce
aggacacaga
ccaccagtat
tttgttaagg
ccctceccacac
catcagaagt
ggcaagtgtt
ataattggtt
ttttatgatt
ctagaagaaa
tgtgaattgg
gctgcataac
tctcacagtt
tgaatttgca
ggtttttgga
acaaataggg
tacactactc
aaagccccaa
gaaaactctg
tgattcctte
ataccaataa
ggaagtattt
aaactacctg
ccttaagatc
cacagtggct
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tagagatggg
caccctccecte
ggaggccaat
ttttggacat
gcccaggetg
aagcaattat
ctggctaatt
tgaactcctg
tgagccaccyg
tccteccactt
agctgagtgce
agaagagatc
tattttgttt
taaattggat
ttttcttgta
ttcattctga
gggaatatgg
ttctctttaa
aaatgtaata
caatgaacta
gtaaacttca
catgtagtta
tggttcacac
aagagttcaa
aaaaaaaaaa
tggtcagaat
ttgcaaaaca
ctttatgaca
ctctgagaga
aactttgagt
aagaagtggg
ttctcagcac
tttgggtgag
aacttataac
aagaatcatt
attcaagtgg
ctgacacaaa
gttgtcagtg
catgattttg
aattacttgg
ctagatccat
agttttgtgg
aatcttccag
gaagaaaaaa
ctccecatgcece
aaattataca
tctatgggtt
taggatttat
aaaaaagaaa
agatagtgaa
aactgtctta
accaaaaaat
aatttttecce
tgaagggaag
atttgtatct
tatttcattg
atttggaaac
acaaaagcac
tcagtgtgcg

3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
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gccacgaagyg
tatattttta

gttcttggca
aagcaacaaa
ccaagcacag
ggtttccact
agagtcgttt
gagtgtttcce
ctccagaccce
acagaattta
gaaaccaggt
caatgagaga
aaccccacag
ggccttggtg
tgcttgtgcece
gagaaaacga
cataaaggga
tcectgtaaac
gtcaagagaa
agaaatgagc
aaatgtattt
aaacagtttg
ccaatcaata
ttcacaattc
aaaatcacaa
ctcacagaaa
ttacagttcce
ggccttggga
gttcaccaaa
tgataaattg
tgaagaagga
ggggaaaaca
ttgtgtccgg
aatgttccaa
gcaagaactc
ctgaaaggag
cttaacaaat
cttaatgatt
aaagaactaa
ctgagttagce
gtgttagacc
tttttttgag
ctcaccgcaa
tttggattac
ggtttcacca
tggcctcecta
tttttaaaga
cacaaaaaaa
gaggcaggag
ctgcactcca
aaaaaaaaga
ggcctatage
gccatgtgcet
cagagtcagg
acatttgcta
gtactattgc
ttggtaggca
gggaaggcat
gggctaactt

gattccttac
tactttgaag
tcttgaacaa
agcagagatt
gggctcaaga
ggttacttgg
actcagtgta
atttgattta
tgttctcectyg
aatttatagt
tgtaattata
aaacagtaat
actgagaagc
cccaagataa
atgaaagtgt
ctctacctga
aggaggtgag
tcttctecag
aaactatcaa
agagtcctac
ttcetgatte
aagattcaat
gagttatttt
tgcttaatca
gtggctgatt
gctgaggatt
agcaaatttg
aaaactggta
aatccaagca
atatgaaaac
aaaataattt
cattagggac
gagaaagcac
ggaccagcaa
ttgtctctgg
aagaaaaaag
ttttctaatc
cgaaaccaat
acaattctct
tatgtggtct
ataggtactg
acagagtctc
cctecegecett
aggcgceccac
tgttggccag
aaatgctggg
attaaaggtc
ttagccgggce
aatggcgtga
gcctgggega
attaaaggtg
ctgagagcag
ctatcctgta
gactttgtga
cgttgtctca
aactcctgat
ttcaggcttce
gatagatgag
agaggtagac

ctcatcccat
ggagcattac
agaattggac
tattgaaaat
gccaattaca
tgtacgccct
caccatatgt
gttctaggaa
cctcaagatt
agtttagaat
tttaagatat
gccaagcatg
aaaacctaca
gacaatcaga
gtgtgtgtgt
ctaaaagttg
aggcgttaag
atcctcataa
ccattgtcaa
agaagtctgt
atatttttca
ggaaaaacct
tgttcttttg
tgtaagaaaa
tttggecttcce
ggtttcactc
ccgctgttgg
tcaaaacctc
caaggtaagg
taatgagaaa
ttcttattat
tagcaggaat
atacatttga
ataaattgag
tgagacagga
caggaaggtg
ctagtatata
tttttactgg
gttgagtgcc
ctgcagctgg
ttgactaaag
actctgtcac
tctgggttca
caccacgcect
gctggtctca
attacaggag
atcctggcecta
gtggtggcgg
acccgggagyg
cagagcgaga
ttaattttat
ccctttagag
ttgtcttcaa
aattatgctg
cagtacttaa
tgttttctta
gtgtaccatg
gggagtaagg
acaggcaatg

attggtaagt
acttcaaatt
aaaactcacc
gaaagtacgc
gaattttctg
atgtaaatga
aaatggagag
gtcagcatga
acaatgctga
gattttttaa
ttttagattt
tttccattgt
gaagctaaaa
gtggtccecctg
gtgtgtgtgt
cagataccac
gatgtactgc
taaaattaag
gagaataact
caacacagat
aaataaaagc
tacatgtagg
ttatcattgt
tgaaaatgaa
acttgttctt
tcecettaget
ctttcacaga
atgtctctge
tcaaaatcaa
tgtttaggca
tattattatc
gatcagccac
tcaccgttac
tatctagctc
tttgagacca
tggataagaa
ttctgctgeca
aagggaatta
gcctcatttg
aatcactccce
aaaaaaaaaa
ccaggctgga
agcaattctc
ggctaatttt
aactcctgac
tgagccacca
acacagtgaa
gcgcectgtag
cggagcttgce
ctccgtctceca
ttagaagcct
aggttcagtt
agcatctttce
acaaccagaa
taagtatgca
gacaaggaat
agctttccta
ataatggaac
ctaaatattt

172

atcacatgcce
gttaccactg
aacaaagcca
tttacagggt
gggtttaaat
agaggatgaa
gatatttcct
atcggcctta
gagcagagtg
atgacttttt
ctgcaaactc
ttcetggaat
tgaacacatg
gatcaaaaca
gtgtgagaga
actccatgca
tgtatttgcce
aggccaaagt
cagttattga
accagttttg
agcaataaaa
atggaaaact
tgtttaagaa
ttgccattta
aagccaaatg
aacaatgctt
ggtctgacat
ccagtttttg
gttagaatgg
ggccaactaa
ttgaaattaa
cgatgaactg
caccctgtcet
cttagtcaag
caagagaaga
cccgaaaatt
ggttaacaaa
atcctaaata
aggatactga
tgccactgga
gtttttgttt
gtacagtggc
cttcctcage
tgtattttta
ctcaggtgtc
tgceccggeca
acccecgtcete
tccecagetge
agtgagccga
aaaaaaaaaa
tactgaagac
gaactgttct
cagagagctg
gtgagtaaac
atatgtaagt
tgggcccaat
agggtatcct
tctgggtaca
gggattgatt
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agccatgtta 7440
gagagtcctg 7500
ggaaagaatg 7560
gggagtgggce 7620
accccctaga 7680
ttaaagttac 7740
gtcatagctg 7800
tgttcecctge 7860
atttggattt 7920
ctaaaacaat 7980
ctctgtagaa 8040
aagaaacaga 8100
tctatgtcat 8160
ttttacagtg 8220
gagagagaga 8280
ccaccaaaga 8340
aaatatcctt 8400
ggcaaccatt 8460
gagagagagg 8520
tagaatttct 8580
actgattaga 8640
gaacattaag 8700
atgagatacg 8760
tactctcaga 8820
ataccgcecett 8880
aataattctc 8940
cagaacttca 9000
tgaatactgg 9060
gtatgtggta 9120
tagaagaaaa 9180
aggaataaag 9240
ggatatttat 9300
ttaaaatgca 9360
gtgaatttct 9420
aaaattagtc 9480
aagccatctg 9540
atatactaag 9600
tattcattca 9660
ctcttacage 9720
gtccttcatg 9780
ttatttttgt 9840
gcgatctcag 9900
ctcctgagta 9960
gtagagacgg 10020
ctacctgcct 10080
aaaaaataag 10140
tactaaaaaa 10200
gcgggaggct 10260
gatcgcgcca 10320
aaaaaaaaaa 10380
tacagtcgga 10440
gatagtgggg 10500
cacattgtca 10560
gtggcttctt 10620
aaatactata 10680
aaaaaccctc 10740
gccactcecttg 10800
gggttcctgg 10860
ttatagaggt 10920
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tgctagattg
ctccgagget
agtaatttag
gagaactcaa
taacattcgce
atgcctggac
cactaacaga
cacagccttc
gggcecectet
acgaaattct
tcgcaagaaa
gtaaaggagt
gtatttagag
cgggaaaagg
gtaacttcct
ttagcttgcect
tttcatcacc
tcaacaaggt
aatgccttaa
tattcaagat
tccagcecttta
ttgcatccaa
ccattcctcet
tgatattttg
gataacaaaa
atcctggaat
ccatcattta
atcacagatt
tacttaccaa
agaagtaagt
cttttttttt
gtggcatgat
cagacccccea
tgtatttttt
ctcaagttat
tgcctggece
aactctccat
aaagagagtg
ctattctaac
taaagactcc
agcaattggg
tctattttta
gtgtttaagt
tttttttttt
agtggcgtga
tcagcctcece
gtttgtagta
atgtgatcca
ccagccctat
tcececattgtt
cttgctaaat
ttcectgggece
tagctacatg
ttgtccattt
tattatcctt
ttttttgaga
tcactgcaag
tgggactaca
tttttttttt

tgaatttcct
gggttgttgg
aaatgtattg
tcacataata
tggctcecta
atcttaattt
caattctaca
agtataagga
taaattctca
taccggaaag
taattcgggg
agagaacagc
ttacttcttg
gtgagcaatt
gccattgcecceca
aatgtattat
atcttggttt
ctttatgacc
cttcctggga
ggagttgctc
tggaatacct
caggctttga
ttcttgtctg
actaagtgag
catcaacatg
attttaaatc
cttataaaat
atggcctgta
taagaaaatg
acagcacaga
ttttagacag
cttggctcac
agtaactggg
gatagagaca
cctecetgtet
aatagagcta
ccctggggag
attcatttte
taaaggaaac
atttttaaaa
gagtattgac
aaatcttcectt
cttgcacata
tttttttttt
tcttggctca
aagtagctgg
gagacagggt
cctgcctecag
ttgacggttt
tgttgtcagt
tgctaaacct
tctaatttte
gctattcaat
catctaagtt
ttaatgtctt
cagagtctcg
ctccgectte
ggcgcecctgcea
tttttttttt

tagtaagggc
atccatgtag
atttgtatta
atctgcagca
actcctcacce
gaatacaaca
ctaagcctat
aaactggaag
ttaaactgca
gggttccaat
caaggccaca
tactccatgg
attatatgct
cccagaactg
tggtatttgt
agttagctta
tggtgggttt
tgaatcttgt
atgcagccca
tgatttaaac
ccacaagaaa
gatgtcagat
gctccactac
ctatgaaaca
ggatgtggag
ttcattctaa
taaaatttta
ttggagacag
atttttgttce
acacccaaat
agtctcactc
tgcaacctcc
attataggtg
ggtttcccca
cggcctceccceca
ttattatgga
aacagttatt
tctaccaaat
acagtttaaa
gtctgctgga
atatcaacaa
caaaatcttt
ttttgtcaga
ttgagacaga
ctgcagcttce
gattacaggc
ttcaccatgt
cctcccaaag
ttgacgctaa
atatattgga
ctttttgcta
tttatgggaa
ttacttatta
gtagaatttc
tagaatgtct
ctctgttgcece
tgggttcatg
accatgccca
tagtagagac

taaggcattg
atgaaatcag
ctctctgttg
aaccacagat
cagcctttac
ttttaaatcc
gtttatgaat
tatgacatac
ggataggcaa
ccagacccca
gtgcaaagca
agaagaatgg
aaacaagggg
agatttcctce
aaactgtcat
taatgagcag
tggccggett
gccaacctcce
gtaggtgtca
gcctctgaca
gaaagtatac
gtttcecttee
tccttaccat
cacctactgg
gaagtgggta
atttagtaaa
gaaaataaaa
atgaagtcgt
catcgtatat
actaaaacac
tgtcaccctg
gcctectggyg
tgtgctgcceca
tgttggccag
aagtgctggg
gcatctttca
tcectetgtta
ctactgtctc
aagaatgcaa
agtttggttg
tattgagttt
aaatctttaa
tttattccaa
gtttcaccct
tgccteectgg
acctgccceccce
tggccaggcet
tgctgggatt
tgcaagtggc
tttttgtaat
aactcgataa
agtttttaat
attcttggta
tttggcataa
tatttattta
caggctggag
ccattctect
gcttattttt
ggggtttcac

173

atatgtaatg
ggagagaaag
gcttgectatt
catcccaggg
attcactggce
atttttctgt
atttctcaag
ctccagttgt
gtcagaggtg
agagagggtt
aaagcaagtt
cttgagctgce
tggattattc
ccectttttag
agtgctggtg
tgaggacaac
ctttactgca
tatctcatcc
gccttatttt
aaatgacgac
ttagctatag
tgtcccatga
ctaatgcctce
atatgaaagt
gggtggcatt
aatataggat
ataatatttt
aagaagtctg
caatatcttt
caatagagct
gctggattgce
ttcaagcaat
cactacaccc
gctggactcg
attacagtca
gttgtgaaaa
ttttcctace
tgcccaaact
tatagtgaag
ggattgcact
tctaatccaa
attgtatttt
agtatttcac
tgttgcccag
cttcaagtga
tcgccecaact
ggtctcgaac
acaggcatga
attttaaaaa
ttgatctcat
getttttttt
tacaaattta
atgtgtgtct
atttgtacat
tttatttatt
tgcagtggca
gcctcagect
tttttttttt
cctgttagcece
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tcacacttgg
ggcagaacgg
caaggcagtg
aatgaagttt
tgttcagtcc
catcatcttg
agtacatgta
catactcctt
aatctcaaat
cttagatttc
tattaggaaa
tccaccaagg
atgagttttc
gccatatagg
gaagtgtctc
cagaggtcac
ccctatttta
tgtgacaaag
acccagaccc
ctcaaaacaa
aattttctcce
ttaatcctag
gccaccattt
ataagtttct
aatgcagcaa
aattttcctg
cctecttttta
atagatggaa
ctgagactac
tttttttttg
ggtggttgca
tctcatgect
agctaatttt
aactcctgac
tgagccacca
ttggcatgga
cagtctataa
ttgctgaaga
tagttaataa
gaatctatag
gaacataata
gtagtttttg
gggttctttt
gctggagtge
ttctecetgee
aactttttgt
tcctgaccte
gccatcatgce
attttatatt
attttgcagt
ttttggtaga
atttctttaa
ttcaaggaat
aacattccct
tttattatat
caatcttggce
ccctagttge
tttttttttt
aggatggtct

10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300
12360
12420
12480
12540
12600
12660
12720
12780
12840
12900
12960
13020
13080
13140
13200
13260
13320
13380
13440
13500
13560
13620
13680
13740
13800
13860
13920
13980
14040
14100
14160
14220
14280
14340
14400
14460
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cgatctcctg
tgagccacca
ggcaacaaag
gctgggatta
tttataagga
atgtatagac
aacaatttcc
aattgtatca
aatccatata
cattggtgta
aaggagaacc
tctcacgect
gcattcgaga
tagcaggcat
cggaaggcgg
gagactctgt
aattagtgtc
ggggcccaaa
aggtgataaa
gagtctcaaa
gtatatattg
gcagatgcaa
ctctcttett
tctttecacce
agtgattttc
atactgtctt
tgcccaggcet
caagcaattc
cctggctagt
tctcgaactce
gcgtgagcca
tcectggacat
ccttceccagtt
gaccatttta
agtttacctt
gcttgcatag
agcagtttca
gagtgagaag
aatattacaa
ctgtcgtaag
acattttcag
attactctct
tcecgetgeaa
tcagaacaca
ttctaataac
ttgtttaggce
ggctggagtg
agactttacc
tgtctcattt
tgaagttatg
gcaagagaag
taaatgacca
tttttetttt
gaatattcaa
ccagccagag
ttatttcaca
tcaaacgaac
cataggtctg
aaaaggtttt

acctggtgat
agcccagect
gttttgaatg
caggcatgag
tgacataaga
ttcaaatgtt
cagaggaaat
gtgagaagat
aactatgaac
tcaatttcag
ttgaccccceca
gtaattccag
ccagcctgge
agtggcctge
agattgcagt
ctcggaaaaa
ttggtactaa
gcaagtcata
aacaattatt
gtcttttgta
ttaatcttct
ttactagcat
atccttgtcecce
acctaccccce
aatatgactt
cctttttttt
ggagtgcagt
tcctgectcea
ttttttgtat
ctgacctcat
ccgggcecage
cagttgtcct
atagccctta
gcctatcagce
attatagagt
aatggattct
gcaatgagct
agtggtatgt
aggtgcacac
caacctgggt
agggacgaac
ttttgacatg
gacgttaata
ctttttcece
tgcaatgttt
aataatttat
caatggcgtg
ttacttgtga
caattttatg
tcaaaaaaaa
aaaagaacgg
aaaacagaac
ttgtacaggt
tttgaagcag
atgtatgcat
ttttttcagt
aagattaatt
ttttteecttt
ctttaagata

ccgeeecgect
atttatttat
cctggcectceca
ccactgcacc
ataaaataat
aaagtcttag
actctctcag
aactatacta
aaacttgaaa
tatttggttt
agcaacatca
cactttggga
caacatggtg
acctgtaata
aaaccatgat
taaatttttt
gcactgtagg
ttaatattga
ctgcctgagt
tcectttgaag
ttgcatttaa
gaaggtttct
ttctttcage
aaaacaagga
tctctgcaga
tttttttttt
ggcttgatct
gcctectgag
ttttagtaga
gatctgacca
cactctctte
tttgaagctt
attctagatg
taaacaatat
gcataataga
ggtggtgtct
cagaccttca
atcagtgcectt
ataggttcag
atcttaagat
tgtatgaaat
aaatgagagt
aagttactgt
tttctteccag
tctgeecttgg
ttatttattt
atctcggcetce
ttactatagc
aatttgaatg
aaaagaaaaa
aggaaagtta
tctgttgtca
ttcttectga
tggttggcca
gataatgata
cctgataata
acctgtcttce
catgcctcett
ttttattttt

cagcctccceca
ttagtagaga
agcagtcctce
tggccaaatg
gtaatacaaa
agaacagaat
ctttcttectg
acttcataag
tagaacaatt
tagcttaaat
tctecgecgagt
ggccacagca
aaacctcagce
ccaggcactc
tgtgccactg
aaaaaaatga
aagtgagttt
aaattacatg
tggagaatag
ctgtcatggt
ttcecttttat
ttgtgagggt
cagatcttcce
agtaaatctt
atgttattat
tttttttttt
cagctcactg
tagctgggat
gacagggttt
cctgtgecte
ctttcagttg
tccteccacta
gctgatattt
caaagacaat
tattcagtaa
cttggtgagce
gttttagatc
tatttatatt
acagattgat
gcactccttg
tcagtaaaac
tttaatgcat
tttgcaggcet
cttcaaatgc
gcttgcagca
attgagatgg
actgcaacct
aattactata
tttttacact
gaaagatgca
aacgcaaacc
aagattttaa
acgcgcctceca
caaaatcaaa
tgaatagttt
ttaaaaacat
ctgtttctca
aaaaacttct
ccatttaaag

174

aagtgctggg
cagtctcact
ctgcecttgge
aatatgctga
caaagcccect
ttatatgaaa
aggagcagtt
ccttgggect
tgagaacagg
agactgactt
tgactaggcc
ggcagatcac
tctactaaag
gcaggagaat
cactccagcce
aaaaaaataa
catggaaccc
catatacatg
tatcccagta
ggtttgtaac
agagagacac
agttaaaagg
ctgccecttt
gcattagtca
ttctgectcet
tagattgggt
taacctccac
tacaggcatg
caccatgttg
tcaaagtgct
cctactcatce
tccecagecca
ttcaataatt
agctattttt
atagtaaagg
ttttagcatc
tttactcata
tgcatccaat
ttaaaatgac
gagagggaat
ataaatcatg
ggttacgatt
agaatgtctt
agattcataa
gaagcctgac
agtttcattc
ctgtgttcag
gccacaaggce
tttcctaatg
cacgtaaaag
agataactct
atggaaaatt
gcgattttaa
atgaaatgaa
cgaatcaatg
tggtttggca
agaatattta
gtgcttacat
gtggacaaaa
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attacaggcg 14520
ttgctgccceca 14580
ctcccaaagt 14640
taatatcttc 14700
gtcactgaaa 14760
tagcaacagc 14820
tctaaattga 14880
ttttgaaaca 14940
gtacaaactg 15000
gagataacat 15060
gggtgtggtg 15120
ttgaggtcag 15180
atacgaaaat 15240
ccecttgaacce 15300
tgggcaacag 15360
aagttgacta 15420
caactctctt 15480
catatgacca 15540
aaataaacaa 15600
taggcaacag 15660
aattttacga 15720
cccacatgag 15780
gctcattcca 15840
acaataccaa 15900
ttacattcac 15960
ctcactctgt 16020
ctcectgagtt 16080
tgccaccaca 16140
gtcaagctgg 16200
gggattacag 16260
tcttatgcecat 16320
tgtgaatcct 16380
gttttaagat 16440
caagtacttt 16500
agaggtgaag 16560
aagattaatc 16620
tcagataaga 16680
ttgaactatg 16740
caaagatgac 16800
gttcctaaaa 16860
aggaaaactg 16920
attaacgtac 16980
gatgctgtaa 17040
ttgggctgac 17100
aaaatagtgt 17160
ttgtcgecca 17220
gcaataattt 17280
ataattttac 17340
aagtccacta 17400
agaggtggtt 17460
cagcgtattc 17520
tttcaatttt 17580
atcgtatgca 17640
taaataagct 17700
ctgcaaagct 17760
ctagcagcag 17820
cgtagttttt 17880
aaacatactt 17940
gctacctccece 18000
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taaaagtaaa
attccaatct
agagatcaag
ttgaaagatt
ggactttatt
ctatatttcc
tttaaatctc
tttcatatat
acacaggaaa
aggaagaaag
gatggagtct
agctccacct
caggcgceccyg
catgttagcc
aagtgctggg
ataatccgac
tagaatgctt
agtcacaaaa
tgtagttata
<210> 16

<211>
<212>
<213> Homo
<400> 16

agacagtacc
aagccatgaa
tggagtcgtt
ttctcattac
gacagagcat
taaagtcaca
tgtatttttyg
ggttagttag
gcaggttgat
acatattatc
ggcaagaacg
agaaaccttt
gaccctttac
cagcacttag
aaatatgtgce
cttgtaaaca
tttctectaaa
ggattttagg
cagtggtttt
tgaaacctaa
agtgaagaat
ataatagagg
tcgaatgaac
ttctcaggca
atctaacctt
gtttttttta
attaaaaatg
gacggaggtg
aaacccccaa
tceccagcetac
aatgagctat
aaaaaaataa
tcattaaatt
taactcagat
ttttgcecectyg

DNA

19119

tacaaagaga
gtagccatgce
tttcagcagg
tcecetagect
acttgattct
tcececttttta
agaattttaa
ccttggtcecce
aggaactgta
aaaggttttt
cactctttcg
ccecgggttcea
ccaccacacc
aagatggtct
attacgggtg
tcccactaca
ttgcatggac
acaattcact
aaataaaacg

sapiens

tcecteectag
catcatccta
ggtgaagttt
tggagctggg
attggttctg
gagtaagata
tttttcaaag
atgaagggaa
agaaagactc
tctcagectg
ggatctgaaa
agtgcctcce
agaaaatgtt
catatgataa
gcagtgagtc
ctacattaac
cttgtaaatt
attggaaaaa
aattaccatt
aatgtctctt
actatacaaa
agttgatgta
tttctggaag
tttgtccaaa
caaatctctt
aattttaaaa
acttaagggc
ggcagattgc
ctctacaaaa
tcgggagget
gatggcatca
aaaaagactt
tcatggttaa
ctcctttagg
tgagatgaga

acttatttac
cacagaatat
cagctttatc
ctteccttttt
gtcttctgta
tagtcttata
gttctagccce
agagatgttt
ctggctatta
tggtttttgt
cccaggctgg
cgccattcte
cggctaattt
cgatctcctg
tgagccaccyg
tcaagactaa
tatcctecttg
aaaaataaat
tttgacttct

gactacacaa
gaaatccttce
ttcattccte
catggaatag
tgggatatta
tgtattttaa
tttgataaat
tgtaattaag
aggagccagt
ttttcttggce
attacagcta
ctcatgcaca
tgccagtccyg
acgatacgtg
aggcttttcecce
aaccccaaat
ctggtaaggc
ttgtgaagta
atattattac
acacttagag
aaagctacta
tataaaaatg
atagcaagaa
aatataaata
tccagatgtg
tttccagaga
gggtgcagtg
tggagcccag
aatacaaaaa
gaggtgggag
ttgcactcca
aagaaaaata
acatttaagc
cgaggaagat
gacacagtag

acagggaagg
caacCaagaac

tcaacctgga
cattagccca
taactctgaa
agatacatta
catgataacc
agacaatttt
cataagaaac
tttgttttgt
agtgcagtgg
ctgcctcage
tttgtatttt
acctcgtgat
tgcccagect
tcttgttttyg
tttttattaa
atgtcattgt
aaactctg

ggactgaacc
tgcttctgat
agaggagaaa
gcaggcagac
ataaggtaat
gaattatttg
tcecetggtece
aactaagcag
ctccttccaa
tctgaagtgg
caaacaaaag
agcaacacag
tagtcaaaag
gcacatgata
ttggacatta
aaaactgaag
catgaaaata
ctccttgaga
tttctecatgt
aactaattct
catttttatt
atttgccatc
tttacaaata
agtataaatc
tatttttggg
caagagaaaa
gctcacacct
gagttcaaga
ttagctgggt
gatcgtttca
agctgggcaa
ggtaacccaa
tactgaatga
gctggctgag
cagtttggcect

175

tttaagactg
acagaatgag
catattttaa
aaacggtgca
gtccaccaaa
tgaaaggtga
tttttetttyg
aggctcaaaa
aatggaccca
tttgtttttt
tatgatctca
ctcctgagta
ttgtagagac
ccacctgect
tttttttttt
tgtgttttte
aaacaaatga
gctttaaaaa

agaaggaaga
caccatcatc
atctgtggcect
tacttatgaa
gtatacatct
acttaccatc
cttagtctgt
cgatttttat
gctgctaaat
ggataataac
tcaaacgaag
ttctaaaata
gattaaataa
aacaataact
gtatttttcce
gaactgaaat
tatgcagaga
atcacatttt
tctttgctgt
tttctgtttt
taacagatat
tttttggtct
gagaaaattg
tatgaaaagg
gaaagggcta
gtaaattaga
gtaatcccag
ccagcctggyg
gcgggggtge
gttcaggaag
tagagccagg
cctcaaaaat
ttcactctaa
ttttcatcat
cttatgcaat

PCT/US2023/032680
ttcaagtagc 18060
tgcacagcta 18120
gattcagcat 18180
actctattct 18240
agtggaccct 18300
ccgactctat 18360
taatttatgce 18420
attaaagcta 18480
agagaagaaa 18540
gtttttttga 18600
gctcactgceca 18660
gctgggacta 18720
ggggtttcac 18780
cggcctcecca 18840
aatagaaaaa 18900
acatgtatta 18960
tttttttaaa 19020
aataacctct 19080
19118
ggacagagca 60
tactcctact 120
ggggagattyg 180
tttgcaaaac 240
tccaactttt 300
tacttatctt 360
atatgtgtca 420
gacatggtgt 480
gaggcaagtc 540
ttaggggatg 600
aacttgcaac 660
tttactgtct 720
gtaatatttt 780
gtgttaaata 840
tgtgttctta 900
cttgtatcat 960
agtgtttaca 1020
ctgcaaatta 1080
catgtttagt 1140
ttttctgaat 1200
gagcatttat 1260
ttgaagaaat 1320
ttgcctgcetg 1380
gcttgatgaa 1440
tatttattaa 1500
aggaagtcgt 1560
cactttggga 1620
cagcacagca 1680
acacccgtag 1740
ccaaggctgce 1800
ctctgtctca 1860
tctctttgaa 1920
ggctgtaatg 1980
aactggctcc 2040
ctaaactgtt 2100
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gcgttgggaa
acaaaaagac
ggccggacge
tcacgaggtc
aaatacaaaa
gctgaggcag
ccactgcact
aaaactgaag
gctctctact
gagcaagcta
tcccacaaaa
tggggagttc
gagaccactc
gaagaatagg
tgagacggaa
tgaaaacttg
ttatcttagg
ctatggttat
tcactcccaa
ctatgaaagt
agaatcatca
gaattactac
aattaatggt
aatgtttttc
ctgtacagcc
ttgtttgttt
gcaactaggc
attttgagac
cactgcaacc
gggattacag
gtttcaccat
ggcctcectaa
ttttaaaagg
gaatgttaat
gagtccagtg
cctgectcag
tttgtatttt
acctcgtgat
cgcctagecyg
ttttcggaat
cgaaaactag
tatcgctctce
cctaggacgce
tttagctgcect
tgtaatccac
tcagaagtgt
atcacttcct
ttatttcect
ttaataatta
agcactctaa
ttttacagat
ttaggttatg
atgtaatccc
gaccagccca
aaagtttaaa
ttatatagga
tgatgtgctg
gtgttccectt
cctcatacaa

tacggttcaa
aaggcatcac
ggtggctcac
aggagatcga
aaattagcca
gagaatggtg
ccagcctggyg
aataattaat
gacctagaaa
ccaactaaat
ggctatttga
aggctgctge
attcaaggtt
gcttttcagg
aagtataatt
aaaagaatta
aaagaggtct
gggcaagttt
acacctgaag
ccttettett
agaaaaatat
ttagcacttt
tgagtttttce
aagaatgttc
tccaaccaag
tggttttaat
aatcactctce
gaagtcccac
tcecgectecee
gctcccacca
tttggccaga
agtgctggga
ttaactaatc
tttttttttt
gcactatctc
cctceccaagt
tagtagagac
ccgeectect
aatgttaatt
ttgtttctte
gcgtcactgce
taaatcaggt
tgacgtggaa
aactgaagta
tcagctctgce
gagcagtggce
agttttgttt
tgtgagattt
ttatcacaat
caaactttac
aagcaaatta
aaaccaggat
agcactttgt
ggcaacatag
gaaaaacaca
atttatcaac
ggtactgaaa
ggcctceccacyg
tagaagaaag

aaaacacatt
attttgcaat
gcctgtaatce
gaccatcctg
ggcgtagtgg
tgaacccggyg
cgacagagcg
tcttcaatca
caaatgagag
cagtgaaaga
ggggatactg
tccagggttt
tgcecctaaat
tatccttgece
tttaaaacct
taattttcca
ttgaatttag
ggtacataaa
aatgtaatgt
taaggagact
gatgggcaga
actgcctatt
tttcttctece
ttcaaggttt
aggaaaagct
atgagcattc
aagaaatttt
tctgtcaccce
gggttcaagt
ccacgcccag
ctggtctcaa
ttacaggcgt
ttcatgtcca
tttttttttg
cactcactgce
agctgggatt
ggggtttcac
cggccaacca
gtctaaaaat
ctaattacag
gcatgcgtat
gagactgcag
aatgagaaag
gttatgtcac
ccattattat
acagagtgac
tagtcctatt
tattttggtg
tattttaaaa
attttttaat
tgactcagag
ttctcaacca
gaggcecaagg
tgagacccta
tttttaaaaa
ataaatgtta
tttagatgtt
atttgagctc
actctcatct

ggagtttaag
tgtctagcectce
ccagcacttt
gataacacag
cgggcgectg
aggcggagcet
agactccgtce
aaacatctga
agtatggtgt
ctctcectatt
actttgagac
agcctacagt
agcagcaaca
tctttgtcac
tataatattt
gaatgtgagt
gctgaaagta
tgagaaatcc
tatatctcct
tctttecectt
ggcatacagt
acatagttgg
atattcatct
gaaagtagcc
gaaaaaagca
cctggcagaa
ctaacaaata
aggttggagt
gattctcctg
ctaatttttt
actcctgacc
gagccaccac
aaatgaatgt
agacagagtc
aacttecctcce
acaggcccac
catgttggcce
aagtgctggg
ttttcttcte
cgcggtgtgg
gtggtagact
gttcacaaat
gtctttatga
caaggaagga
tgttcatatt
tgacaaaaga
aactttgcag
ttaatgtagt
gagtaaatac
tcaatcccta
aggttaagcc
gcactttaga
tggaaggatc
tctctaaaaa
atgaacactt
atttcacttt
aaaagaacag
aacagtctgt
ttggattata

176

ctaaagcaag
agttataaaa
gggaggccga
tgaaacccecyg
tagtcccagce
tgcagtgagc
tcaaaaaaaa
tgaatgctct
ggtttgtgca
ctttttttac
tgggtcctaa
agcgaaatac
ccactgtcat
agagaagagt
tctataaaag
caagaaacat
aattgctctg
atccagtggce
agagtagcag
ccctectagg
ttaccattac
tgctcaacaa
tccatgacac
tgctttagag
tgaagggatt
aagccaggygyg

aggaggccaa
gcaatggaat

tctaaacttc
gtatttttag
tcaagtgatc
acctgaccca
taattgttca
tcactctgtt
tccecaggtte
accatcaggc
aggctggtct
attacaggcg
caatgtcttc
aggaaactgc
gcagcaacag
ttcttcagat
ctgcctgatt
tatatacttt
attaatcaat
tttatcatca
taattccagce
cttctgtaga
caaataatca
caataactct
agacccaggt
ccaggtgcgg
acatgagacc
aaaaaaaaaa
taaaaatatt
actgataaac
tttatcccac
cttgcctgaa
ttggtcccaa
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tgttttgcta
cagaagaata
gacgggcgga
tctctactaa
tactcgggag
cgagatgacg
aaaaaaaaaa
ggtaacttat
atctggcagt
tcttctgcaa
catccatgtt
aaaggaccca
ctcaatacac
ttacagattg
tcacctgagg
tagagcaatt
tcteccatgte
cttgcccatce
catggtctcce
aggatgagtc
cactagttta
atgtatgata
cacgaagagc
aaactgccta
ttgttttgtt
taatctcatt
tttttatttt
gatttcagct
ccgagtagcet
tagagatggg
caccctccecte
ggaggccaat
ttttggacat
gcccaggetg
aagcaattat
ctggctaatt
tgaactcctg
tgagccaccyg
tccteccactt
agctgagtgce
agaagagatc
tattttgttt
taaattggat
ttttcttgta
ttcattctga
gggaatatgg
ttctctttaa
aaatgtaata
caatgaacta
gtaaacttca
catgtagtta
tggttcacac
aagagttcaa
aaaaaaaaaa
tggtcagaat
ttgcaaaaca
ctttatgaca
ctctgagaga
aactttgagt

2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
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ttgaataata
tgatgtaaca
caaggatgaa
tgtgagtcag
ggagttcaca
aaatttgttt
acacaacaca
gcttggcatg
tacatctttt
taatgtgtcce
atgtatatag
ggggtgctgg
gagatggaaa
tgcctcaata
aagagatgtg
caccaaacta
aaacttagtg
gggaatttgg
taaattctta
gacttgtttt
ttcaatcatg
atacagttac
tatatgacac
ttaatattgt
gagggggagt
ttatttctat
tataagttct
ctaacgtcta
ttcttecate
gccacgaagyg
tatattttta
gttcttggca
aagcaacaaa
ccaagcacag
ggtttccact
agagtcgttt
gagtgtttcce
ctccagaccce
acagaattta
gaaaccaggt
caatgagaga
aaccccacag
ggccttggtg
tgcttgtgcece
gagaaaacga
cataaaggga
tcectgtaaac
gtcaagagaa
agaaatgagc
aaatgtattt
aaacagtttg
ccaatcaata
ttcacaattc
aaaatcacaa
ctcacagaaa
ttacagttcce
ggccttggga
gttcaccaaa
tgataaattg

cacccagtga
atcgtggtga
gagattacca
aaacatttct
tacttctgga
gagtagaaga
ccagaatgta
taccaggagc
caatgctgtc
tcattttgtg
gatcgaggac
aactgagaaa
tatcaacttc
ttagtgtaga
tccececttac
cacggagacc
gtttaaagca
aggtagcttg
taaaatttta
ctgtaacatc
attcattagt
acaagatttc
caaattatca
ttagatgaca
actgagatta
catttgtaaa
ctcaaatgcce
tgtcattgtc
gatgatggag
gattccttac
tactttgaag
tcttgaacaa
agcagagatt
gggctcaaga
ggttacttgg
actcagtgta
atttgattta
tgttctcectyg
aatttatagt
tgtaattata
aaacagtaat
actgagaagc
cccaagataa
atgaaagtgt
ctctacctga
aggaggtgag
tcttctecag
aaactatcaa
agagtcctac
ttcetgatte
aagattcaat
gagttatttt
tgcttaatca
gtggctgatt
gctgaggatt
agcaaatttg
aaaactggta
aatccaagca
atatgaaaac

aagtgttctt
ataatgctgg
agacatttga
gatttgtgca
caggaaactg
gccacagagt
agctacttgg
tcaacaaatg
acttgtgact
gaattttaga
acttttggac
tgcagctata
aactgccttt
atctagggca
ctttaccagce
tcatacatta
acaatgtatg
ggttgggagt
ttgatgtttc
aacatataat
gtggtgtaga
actcttttaa
taaggaataa
tatccaaaaa
gtgttggcat
gaattaatca
tttectgtectt
tttcttettt
agaaatcatg
ctcatcccat
ggagcattac
agaattggac
tattgaaaat
gccaattaca
tgtacgccct
caccatatgt
gttctaggaa
cctcaagatt
agtttagaat
tttaagatat
gccaagcatg
aaaacctaca
gacaatcaga
gtgtgtgtgt
ctaaaagttg
aggcgttaag
atcctcataa
ccattgtcaa
agaagtctgt
atatttttca
ggaaaaacct
tgttcttttg
tgtaagaaaa
tttggecttcce
ggtttcactc
ccgctgttgg
tcaaaacctc
caaggtaagg
taatgagaaa

tcaatttcaa
gacagtatat
ggtcaacatc
ccttctetta
gccagatctt
ctctgacaca
tctgtecttgt
tttgtggagg
tcattttttt
atggaaagga
gagactctga
cagacctcat
gtatagaaat
gatctggatt
tcttcacata
gctacctata
ttcactatcc
tctagttcta
tcacaaaaga
atacaatatt
actctcagcect
ttagaatgat
ttttagttct
aggatctatt
ggggcttacc
tggaatgctt
aacaaaaata
ctgcaatgat
gccacatcgt
attggtaagt
acttcaaatt
aaaactcacc
gaaagtacgc
gaattttctg
atgtaaatga
aaatggagag
gtcagcatga
acaatgctga
gattttttaa
ttttagattt
tttccattgt
gaagctaaaa
gtggtccecctg
gtgtgtgtgt
cagataccac
gatgtactgc
taaaattaag
gagaataact
caacacagat
aaataaaagc
tacatgtagg
ttatcattgt
tgaaaatgaa
acttgttctt
tcecettaget
ctttcacaga
atgtctctge
tcaaaatcaa
tgtttaggca

177

aaggtgaaga
ccagccgatce
ctaggacatt
agatacatga
tgccttaatce
aggacacaga
ccaccagtat
tttgttaagg
ccctceccacac
catcagaagt
ggcaagtgtt
ataattggtt
ttttatgatt
ctagaagaaa
tgtgaattgg
gctgcataac
tctcacagtt
tgaatttgca
ggtttttgga
acaaataggg
tacactactc
aaagccccaa
gaaaactctg
tgattcctte
ataccaataa
ggaagtattt
aaactacctg
ccttaagatc
cacagtggct
atcacatgcce
gttaccactg
aacaaagcca
tttacagggt
gggtttaaat
agaggatgaa
gatatttcct
atcggcctta
gagcagagtg
atgacttttt
ctgcaaactc
ttcetggaat
tgaacacatg
gatcaaaaca
gtgtgagaga
actccatgca
tgtatttgcce
aggccaaagt
cagttattga
accagttttg
agcaataaaa
atggaaaact
tgtttaagaa
ttgccattta
aagccaaatg
aacaatgctt
ggtctgacat
ccagtttttg
gttagaatgg
ggccaactaa
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aagaagtggg
ttctcagcac
tttgggtgag
aacttataac
aagaatcatt
attcaagtgg
ctgacacaaa
gttgtcagtg
catgattttg
aattacttgg
ctagatccat
agttttgtgg
aatcttccag
gaagaaaaaa
ctccecatgcece
aaattataca
tctatgggtt
taggatttat
aaaaaagaaa
agatagtgaa
aactgtctta
accaaaaaat
aatttttecce
tgaagggaag
atttgtatct
tatttcattg
atttggaaac
acaaaagcac
tcagtgtgcg
agccatgtta
gagagtcctg
ggaaagaatg
gggagtgggce
accccctaga
ttaaagttac
gtcatagctg
tgttcecctge
atttggattt
ctaaaacaat
ctctgtagaa
aagaaacaga
tctatgtcat
ttttacagtg
gagagagaga
ccaccaaaga
aaatatcctt
ggcaaccatt
gagagagagg
tagaatttct
actgattaga
gaacattaag
atgagatacg
tactctcaga
ataccgcctt
aataattctce
cagaacttca
tgaatactgg
gtatgtggta
tagaagaaaa

5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
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tgaagaagga
ggggaaaaca
ttgtgtccgg
aatgttccaa
gcaagaactc
ctgaaaggag
cttaacaaat
cttaatgatt
aaagaactaa
ctgagttagce
gtgttagacc
tttttttgag
ctcaccgcaa
tttggattac
ggtttcacca
tggcctcecta
tttttaaaga
cacaaaaaaa
gaggcaggag
ctgcactcca
aaaaaaaaga
ggcctatage
gccatgtgcet
cagagtcagg
acatttgcta
gtactattgc
ttggtaggca
gggaaggcat
gggctaactt
tgctagattg
ctccgagget
agtaatttag
gagaactcaa
taacattcgce
atgcctggac
cactaacaga
cacagccttc
gggcecectet
acgaaattct
tcgcaagaaa
gtaaaggagt
gtatttagag
cgggaaaagg
gtaacttcct
ttagcttgcect
tttcatcacc
tcaacaaggt
aatgccttaa
tattcaagat
tccagcecttta
ttgcatccaa
ccattcctcet
tgatattttg
gataacaaaa
atcctggaat
ccatcattta
atcacagatt
tacttaccaa
agaagttaag

aaaataattt
cattagggac
gagaaagcac
ggaccagcaa
ttgtctctgg
aagaaaaaag
ttttctaatc
cgaaaccaat
acaattctct
tatgtggtct
ataggtactg
acagagtctc
cctecegecett
aggcgceccac
tgttggccag
aaatgctggg
attaaaggtc
ttagccgggce
aatggcgtga
gcctgggega
attaaaggtg
ctgagagcag
ctatcctgta
gactttgtga
cgttgtctca
aactcctgat
ttcaggcttce
gatagatgag
agaggtagac
tgaatttcct
gggttgttgg
aaatgtattg
tcacataata
tggctcecta
atcttaattt
caattctaca
agtataagga
taaattctca
taccggaaag
taattcgggg
agagaacagc
ttacttcttg
gtgagcaatt
gccattgcecceca
aatgtattat
atcttggttt
ctttatgacc
cttcctggga
ggagttgctc
tggaatacct
caggctttga
ttcttgtctg
actaagtgag
catcaacatg
attttaaatc
cttataaaat
atggcctgta
taagaaaatg
tacagcacag

ttcttattat
tagcaggaat
atacatttga
ataaattgag
tgagacagga
caggaaggtg
ctagtatata
tttttactgg
gttgagtgcc
ctgcagctgg
ttgactaaag
actctgtcac
tctgggttca
caccacgcect
gctggtctca
attacaggag
atcctggcecta
gtggtggcgg
acccgggagyg
cagagcgaga
ttaattttat
ccctttagag
ttgtcttcaa
aattatgctg
cagtacttaa
tgttttctta
gtgtaccatg
gggagtaagg
acaggcaatg
tagtaagggc
atccatgtag
atttgtatta
atctgcagca
actcctcacce
gaatacaaca
ctaagcctat
aaactggaag
ttaaactgca
gggttccaat
caaggccaca
tactccatgg
attatatgct
cccagaactg
tggtatttgt
agttagctta
tggtgggttt
tgaatcttgt
atgcagccca
tgatttaaac
ccacaagaaa
gatgtcagat
gctccactac
ctatgaaaca
ggatgtggag
ttcattctaa
taaaatttta
ttggagacag
atttttgttce
aacacccaaa

tattattatc
gatcagccac
tcaccgttac
tatctagctc
tttgagacca
tggataagaa
ttctgctgeca
aagggaatta
gcctcatttg
aatcactccce
aaaaaaaaaa
ccaggctgga
agcaattctc
ggctaatttt
aactcctgac
tgagccacca
acacagtgaa
gcgcectgtag
cggagcttgce
ctccgtctceca
ttagaagcct
aggttcagtt
agcatctttce
acaaccagaa
taagtatgca
gacaaggaat
agctttccta
ataatggaac
ctaaatattt
taaggcattg
atgaaatcag
ctctctgttg
aaccacagat
cagcctttac
ttttaaatcc
gtttatgaat
tatgacatac
ggataggcaa
ccagacccca
gtgcaaagca
agaagaatgg
aaacaagggg
agatttcctce
aaactgtcat
taatgagcag
tggccggett
gccaacctcce
gtaggtgtca
gcctctgaca
gaaagtatac
gtttcecttee
tccttaccat
cacctactgg
gaagtgggta
atttagtaaa
gaaaataaaa
atgaagtcgt
catcgtatat
tactaaaaca

178

ttgaaattaa
cgatgaactg
caccctgtcet
cttagtcaag
caagagaaga
cccgaaaatt
ggttaacaaa
atcctaaata
aggatactga
tgccactgga
gtttttgttt
gtacagtggc
cttcctcage
tgtattttta
ctcaggtgtc
tgceccggeca
acccecgtcete
tccecagetge
agtgagccga
aaaaaaaaaa
tactgaagac
gaactgttct
cagagagctg
gtgagtaaac
atatgtaagt
tgggcccaat
agggtatcct
tctgggtaca
gggattgatt
atatgtaatg
ggagagaaag
gcttgectatt
catcccaggg
attcactggce
atttttctgt
atttctcaag
ctccagttgt
gtcagaggtg
agagagggtt
aaagcaagtt
cttgagctgce
tggattattc
ccectttttag
agtgctggtg
tgaggacaac
ctttactgca
tatctcatcc
gccttatttt
aaatgacgac
ttagctatag
tgtcccatga
ctaatgcctce
atatgaaagt
gggtggcatt
aatataggat
ataatatttt
aagaagtctg
caatatcttt
ccaatagagc
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aggaataaag 9240
ggatatttat 9300
ttaaaatgca 9360
gtgaatttct 9420
aaaattagtc 9480
aagccatctg 9540
atatactaag 9600
tattcattca 9660
ctcttacage 9720
gtccttcatg 9780
ttatttttgt 9840
gcgatctcag 9900
ctcctgagta 9960
gtagagacgg 10020
ctacctgcct 10080
aaaaaataag 10140
tactaaaaaa 10200
gcgggaggct 10260
gatcgcgcca 10320
aaaaaaaaaa 10380
tacagtcgga 10440
gatagtgggg 10500
cacattgtca 10560
gtggcttctt 10620
aaatactata 10680
aaaaaccctc 10740
gccactcecttg 10800
gggttcctgg 10860
ttatagaggt 10920
tcacacttgg 10980
ggcagaacgg 11040
caaggcagtg 11100
aatgaagttt 11160
tgttcagtcc 11220
catcatcttg 11280
agtacatgta 11340
catactcctt 11400
aatctcaaat 11460
cttagatttc 11520
tattaggaaa 11580
tccaccaagg 11640
atgagttttc 11700
gccatatagg 11760
gaagtgtctc 11820
cagaggtcac 11880
ccctatttta 11940
tgtgacaaag 12000
acccagaccc 12060
ctcaaaacaa 12120
aattttctce 12180
ttaatcctag 12240
gccaccattt 12300
ataagtttct 12360
aatgcagcaa 12420
aattttcctg 12480
cctcettttta 12540
atagatggaa 12600
ctgagactac 12660
tttttttttt 12720
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gctttttttt
agtggcatga
tcagacccce
ttgtattttt
cctcaagtta
atgcctggcec
aaactctcca
aaaagagagt
actattctaa
ataaagactc
gagcaattgg
atctattttt
ggtgtttaag
tttttttttt
cagtggcgtg
ctcagcctcce
tgtttgtagt
catgtgatcc
cccagececta
ttcececattgt
tcttgctaaa
attcctggge
atagctacat
tttgtccatt
ttattatcct
tttttttgag
ctcactgcaa
ctgggactac
tttttttttt
tcgatctect
gtgagccacc
aggcaacaaa
tgctgggatt
ctttataagg
aatgtataga
caacaatttc
aaattgtatc
aaatccatat
gcattggtgt
taaggagaac
gtctcacgcece
ggcattcgag
ttagcaggca
ccggaaggceg
ggagactctg
aaattagtgt
tggggcccaa
aaggtgataa
agagtctcaa
ggtatatatt
agcagatgca
gctctettet
atctttcacc
aagtgatttt
catactgtct
ttgcccagge
tcaagcaatt
acctggctag
gtctcgaact

tttttagaca
tcttggctca
aagtaactgg
tgatagagac
tcecteectgte
caatagagct
tcecetgggga
gattcatttt
ctaaaggaaa
catttttaaa
ggagtattga
aaaatcttct
tcttgcacat
tttttttttt
atcttggcetce
caagtagctg
agagacaggg
acctgcctca
tttgacggtt
ttgttgtcag
ttgctaaacc
ctctaatttt
ggctattcaa
tcatctaagt
tttaatgtct
acagagtctc
gctccgectt
aggcgcectge
tttttttttt
gacctggtga
aagcccagcec
ggttttgaat
acaggcatga
atgacataag
cttcaaatgt
ccagaggaaa
agtgagaaga
aaactatgaa
atcaatttca
cttgacccce
tgtaattcca
accagcctgg
tagtggcctg
gagattgcag
tctcggaaaa
cttggtacta
agcaagtcat
aaacaattat
agtcttttgt
gttaatcttc
attactagca
tatccttgte
cacctacccce
caatatgact
tecettttttt
tggagtgcag
ctcctgecte
tttttttgta
cctgacctca

gagtctcact
ctgcaacctc
gattataggt
aggtttcccce
tcggecectecee
attattatgg
gaacagttat
ctctaccaaa
cacagtttaa
agtctgctgg
catatcaaca
tcaaaatctt
attttgtcag
tttgagacag
actgcagctt
ggattacagg
tttcaccatg
gcctcccaaa
tttgacgcta
tatatattgg
tctttttget
ctttatggga
tttacttatt
tgtagaattt
ttagaatgtc
gctctgttgce
ctgggttcat
aaccatgceccce
ttagtagaga
tcecgeecgece
tatttattta
gcctggecte
gccactgcac
aataaaataa
taaagtctta
tactctctca
taactatact
caaacttgaa
gtatttggtt
aagcaacatc
gcactttggg
ccaacatggt
cacctgtaat
taaaccatga
ataaattttt
agcactgtag
attaatattg
tctgectgag
atcctttgaa
tttgcattta
tgaaggtttc
cttctttcag
caaaacaagg
ttctctgecag
tttttttttt
tggcttgatc
agcctcecctga
tttttagtag
tgatctgacc

ctgtcaccct
cgcctectgg
gtgtgctgcece
atgttggcca
aaagtgctgg
agcatctttce
ttcetetgtt
tctactgtct
aaagaatgca
aagtttggtt
atattgagtt
taaatcttta
atttattcca
agtttcaccc
ctgcctectg
cacctgccecce
ttggccaggce
gtgctgggat
atgcaagtgg
atttttgtaa
aaactcgata
aagtttttaa
aattcttggt
ctttggcata
ttatttattt
ccaggctgga
gccattctcce
agcttatttt
cggggtttca
tcagcctceccee
tttagtagag
aagcagtcct
ctggccaaat
tgtaatacaa
gagaacagaa
gctttettet
aacttcataa
atagaacaat
ttagcttaaa
atctcgcgag
aggccacagce
gaaacctcag
accaggcact
ttgtgccact
taaaaaaatg
gaagtgagtt
aaaattacat
ttggagaata
gctgtcatgg
attcctttta
tttgtgaggg
ccagatcttce
aagtaaatct
aatgttatta
tttttttttt
tcagctcact
gtagctggga
agacagggtt
acctgtgect

179

ggctggattg
gttcaagcaa
acactacacc
ggctggactc
gattacagtc
agttgtgaaa
attttecctac
ctgcccaaac
atatagtgaa
gggattgcac
ttctaatcca
aattgtattt
aagtatttca
ttgttgccca
gcttcaagtg
ctcgecccaac
tggtctcgaa
tacaggcatg
cattttaaaa
tttgatctca
agcttttttt
ttacaaattt
aatgtgtgtc
aatttgtaca
atttatttat
gtgcagtgge
tgcctcagece
tttttttttt
ccetgttage
aaagtgctgg
acagtctcac
cctgecettgg
gaatatgctg
acaaagcccc
tttatatgaa
gaggagcagt
gccttgggece
ttgagaacag
tagactgact
ttgactaggc
aggcagatca
ctctactaaa
cgcaggagaa
gcactccagce
aaaaaaaata
tcatggaacc
gcatatacat
gtatcccagt
tggtttgtaa
tagagagaca
tagttaaaag
cctgecceectt
tgcattagtc
tttectgecte
ttagattggg
gtaacctcca
ttacaggcat
tcaccatgtt
ctcaaagtgc
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cggtggttgce 12780
ttctcatgcee 12840
cagctaattt 12900
gaactcctga 12960
atgagccacc 13020
attggcatgg 13080
ccagtctata 13140
tttgctgaag 13200
gtagttaata 13260
tgaatctata 13320
agaacataat 13380
tgtagttttt 13440
cgggttettt 13500
ggctggagtg 13560
attctcctge 13620
taactttttg 13680
ctcectgacct 13740
agccatcatg 13800
aattttatat 13860
tattttgcag 13920
tttttggtag 13980
aatttcttta 14040
tttcaaggaa 14100
taacattccc 14160
ttttattata 14220
acaatcttgg 14280
tcectagttyg 14340
tttttttttt 14400
caggatggtc 14460
gattacaggc 14520
tttgctgccece 14580
cctcccaaag 14640
ataatatctt 14700
tgtcactgaa 14760
atagcaacag 14820
ttctaaattg 14880
tttttgaaac 14940
ggtacaaact 15000
tgagataaca 15060
cgggtgtggt 15120
cttgaggtca 15180
gatacgaaaa 15240
tcecttgaac 15300
ctgggcaaca 15360
aaagttgact 15420
ccaactctct 15480
gcatatgacc 15540
aaaataaaca 15600
ctaggcaaca 15660
caattttacg 15720
gcccacatga 15780
tgctcattce 15840
aacaatacca 15900
tttacattca 15960
tctcactctg 16020
cctectgagt 16080
gtgccaccac 16140
ggtcaagctg 16200
tgggattaca 16260
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ggcgtgagcece
ttcctggaca
tcettecagt
tgaccatttt
tagtttacct
ggcttgcata
cagcagtttc
agagtgagaa
gaatattaca
cctgtcgtaa
aacattttca
gattactctc
ctcecgcectgea
atcagaacac
cttctaataa
tttgtttagg
aggctggagt
tagactttac
ctgtctcatt
atgaagttat
tgcaagagaa
ctaaatgacc
ttttttettt
agaatattca
tccagccaga
tttatttcac
gtcaaacgaa
tcataggtct
taaaaggttt
ctaaaagtaa
cattccaatc
aagagatcaa
tttgaaagat
tggactttat
tctatattte
ttttaaatct
ctttcatata
aacacaggaa
aaggaagaaa
agatggagtc
aagctccacc
acaggcgcecc
ccatgttage
aaagtgctgg
aataatccga
atagaatgct
aagtcacaaa
ttgtagttat
<210> 17

<211> 2280
<212> DNA
<213> Homo
<220>
<221>
<222>
<223>
<220>
<221>
<222>

misc_
(1) ..
/note="Exon 1"

misc_
(276) ..(383)

accgggceccag
tcagttgtcc

tatagccctt
agcctatcag
tattatagag
gaatggattc
agcaatgagc
gagtggtatg
aaggtgcaca
gcaacctggg
gagggacgaa
tttttgacat
agacgttaat
actttttecce
ctgcaatgtt
caataattta
gcaatggcgt
cttacttgtg
tcaattttat
gtcaaaaaaa
gaaaagaacyg
aaaaacagaa
tttgtacagg
atttgaagca
gatgtatgca
attttttcag
caagattaat
gtttttcectt
tctttaagat
atacaaagag
tgtagccatg
gtttcagcag
ttcectagece
tacttgattc
ctcececttttt
cagaatttta
tcettggtcece
aaggaactgt
gaaaggtttt
tcactcttte
tcecegggtte
gccaccacac
caagatggtc
gattacgggt
ctceccactac
tttgcatgga
aacaattcac
aaaataaaac

sapiens

feature
(275)

feature

ccactctett
ttttgaagcet
aattctagat
ctaaacaata
tgcataatag
tggtggtgtc
tcagaccttc
tatcagtgcet
cataggttca
tatcttaaga
ctgtatgaaa
gaaatgagag
aaagttactg
ctttcttcca
ttctgeettyg
tttatttatt
gatctcgget
attactatag
gaatttgaat
aaaaagaaaa
gaggaaagtt
ctctgttgtce
tttcttectyg
gtggttggec
tgataatgat
tcctgataat
tacctgtctt
tcatgecctcet
attttatttt
aacttattta
ccacagaata
gcagctttat
tctteectttt
tgtcttctgt
atagtcttat
agttctagcce
cagagatgtt
actggctatt
ttggtttttg
gcccaggetg
acgccattct
ccggctaatt
tcgatctect
gtgagccacc
atcaagacta
ctatcctett
taaaaataaa
gtttgacttc

cctttcagtt
ttccteccact
ggctgatatt
tcaaagacaa
atattcagta
tcttggtgag
agttttagat
ttatttatat
gacagattga
tgcactcctt
ttcagtaaaa
ttttaatgca
ttttgcaggce
gcttcaaatg
ggcttgcagce
tattgagatg
cactgcaacc
caattactat
gtttttacac
agaaagatgc
aaacgcaaac
aaagatttta
aacgcgcecte
acaaaatcaa
atgaatagtt
attaaaaaca
cctgtttcete
taaaaacttc
tccatttaaa
cacagggaag
tcaacaagaa
ctcaacctgg
tcattagccce
ataactctga
aagatacatt
ccatgataac
tagacaattt
acataagaaa
ttttgttttyg
gagtgcagtg
cctgcctecag
ttttgtattt
gacctcgtga
gtgcccagcece
atcttgtttt
gtttttatta
tatgtcattg
taaactctg

180

gcctactcat
atcccagcecce
tttcaataat
tagctatttt
aatagtaaag
cttttagcat
ctttactcat
ttgcatccaa
tttaaaatga
ggagagggaa
cataaatcat
tggttacgat
tagaatgtct
cagattcata
agaagcctga
gagtttcatt
tctgtgttca
agccacaagg
ttttcctaat
acacgtaaaa
cagataactc
aatggaaaat
agcgatttta
aatgaaatga
tcgaatcaat
ttggtttggce
aagaatattt
tgtgcttaca
ggtggacaaa
gtttaagact
cacagaatga
acatatttta
aaaacggtgce
agtccaccaa
atgaaaggtg
ctttttettt
taggctcaaa
caatggaccc
ttttgttttt
gtatgatctc
cctcectgagt
tttgtagaga
tccacctgece
tttttttttt
gtgtgttttt
aaaacaaatg
tgctttaaaa

PCT/US2023/032680
ctcttatgca 16320
atgtgaatcc 16380
tgttttaaga 16440
tcaagtactt 16500
gagaggtgaa 16560
caagattaat 16620
atcagataag 16680
tttgaactat 16740
ccaaagatga 16800
tgttcctaaa 16860
gaggaaaact 16920
tattaacgta 16980
tgatgctgta 17040
attgggctga 17100
caaaatagtg 17160
cttgtcgecce 17220
ggcaataatt 17280
cataatttta 17340
gaagtccact 17400
gagaggtggt 17460
tcagcgtatt 17520
ttttcaattt 17580
aatcgtatgce 17640
ataaataagc 17700
gctgcaaagc 17760
actagcagca 17820
acgtagtttt 17880
taaacatact 17940
agctacctcc 18000
gttcaagtag 18060
gtgcacagct 18120
agattcagca 18180
aactctattc 18240
aagtggaccc 18300
accgactcta 18360
gtaatttatg 18420
aattaaagct 18480
aagagaagaa 18540
tgtttttttg 18600
agctcactge 18660
agctgggact 18720
cggggtttca 18780
tcggectecee 18840
taatagaaaa 18900
cacatgtatt 18960
atttttttaa 19020
aaataacctc 19080
19119
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<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<400> 17

agacagtacc
aagccatgaa
tggagtcgtt
ttctcattac
gacagagcat
agtgccgaaa
agatctatcg
ataatgctgg
agacatttga
tgatggagag
ttcecttacct
tgacatcaga
tttttgtgaa
cagcgatttt
aaatgaaatg
ttcgaatcaa
attggtttgg
caagaatatt
ctgtgcttac
aggtggacaa
ggtttaagac
acacagaatg
gacatatttt
caaaacggtg
aagtccacca
tatgaaaggt
cctttttett
ttaggctcaa
acaatggacc
gttttgtttt
ggtatgatct
gcctectgag
ttttgtagag
atccacctge
cttttttttt
tgtgtgtttt
aaaaacaaat
gtgctttaaa
<210> 18

<211> 2398
<212> DNA

misc_
(384) ..(515)
/note="Exon 3"

misc_
(516) ..(622)
/note="Exon 4"

misc_
(623) ..(760)
/note="Exon 5"

misc_
(761) ..(2280)
/note="Exon 7"

/note="Exon 2"

feature

feature

feature

feature

tcecteectag
catcatccta
ggtgaagttt
tggagctggg
attggttctg
actaggcgtc
ctctctaaat
gacagtatat
ggtcaacatc
aaatcatggc
catcccatat
acttcaggcce
tactgggttc
aaatcgtatg
aataaataag
tgctgcaaag
cactagcagc
tacgtagttt
ataaacatac
aagctacctc
tgttcaagta
agtgcacagc
aagattcagc
caactctatt
aaagtggacc
gaccgactct
tgtaatttat
aaattaaagc
caagagaaga
ttgttttttt
cagctcactg
tagctgggac
acggggtttce
ctcggectcee
ttaatagaaa
tcacatgtat
gattttttta
aaaataacct

gactacacaa
gaaatccttce
ttcattccte
catggaatag
tgggatatta
actgcgcatg
caggtgaaga
ccagccgatce
ctaggacatt
cacatcgtca
tgttccagca
ttgggaaaaa
accaaaaatc
cagaatattc
ctccagccag
ctttatttca
agtcaaacga
ttcataggtc
ttaaaaggtt
cctaaaagta
gcattccaat
taagagatca
atttgaaaga
ctggacttta
ctctatattt
attttaaatc
gctttcatat
taacacagga
aaaggaagaa
gagatggagt
caagctccac
tacaggcgcce
accatgttag
caaagtgctg
aaataatccg
tatagaatgc
aaagtcacaa
cttgtagtta

ggactgaacc
tgcttctgat
agaggagaaa
gcaggcagac
ataagcgcgyg
cgtatgtggt
aagaagtggg
ttctcagcac
tttggatcac
cagtggcttce
aatttgccgce
ctggtatcaa
caagcacaag
aatttgaagc
agatgtatgc
cattttttca
acaagattaa
tgtttttcct
ttctttaaga
aatacaaaga
ctgtagccat
agtttcagca
tttceectage
ttacttgatt
cctecetttt
tcagaatttt
atccttggtce
aaaggaactyg
agaaaggttt
ctcactcttt
ctcecegggtt
cgccaccaca
ccaagatggt
ggattacggg
actcccacta
ttttgcatgg
aaacaattca
taaaataaaa

181

agaaggaaga
caccatcatc
atctgtggcect
tacttatgaa
tgtggaggaa
agactgcagce
tgatgtaaca
caaggatgaa
aaaagcactt
agtgtgcggce
tgttggcttt
aacctcatgt
gtttcttecct
agtggttgge
atgataatga
gtcctgataa
ttacctgtct
ttcatgcctce
tattttattt
gaacttattt
gccacagaat
ggcagcttta
ctcttecttt
ctgtcttctg
tatagtctta
aagttctagce
ccagagatgt
tactggctat
tttggttttt
cgcccaggcet
cacgccattce
cccggctaat
ctcgatctcce
tgtgagccac
catcaagact
actatcctct
ctaaaaataa
cgtttgactt

PCT/US2023/032680

ggacagagca
tactcctact
ggggagattg
tttgcaaaac
actgcagctg
aacagagaag
atcgtggtga
gagattacca
cttccatcga
cacgaaggga
cacagaggtc
ctctgcccag
gaacgcgcect
cacaaaatca
tatgaatagt
tattaaaaac
tcectgtttet
ttaaaaactt
ttccatttaa
acacagggaa
atcaacaaga
tctcaacctg
ttcattagcce
tataactctg
taagatacat
cccatgataa
ttagacaatt
tacataagaa
gttttgtttt
ggagtgcagt
tcctgectcea
tttttgtatt
tgacctcgtg
cgtgcccage
aatcttgttt
tgtttttatt
atatgtcatt
ctaaactctg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
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<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<400> 18

agacagtacc
aagccatgaa
tggagtcgtt
ttctcattac
gacagagcat
agtgccgaaa
agatctatcg
ataatgctgg
agacatttga
tgatggagag
ttcecttacct
tgacatcaga
tttttgtgaa
cagatgaagt
ttccatcgta
gcgattttaa
atgaaatgaa
cgaatcaatg
tggtttggca
agaatattta
gtgcttacat
gtggacaaaa
tttaagactg
acagaatgag
catattttaa
aaacggtgca
gtccaccaaa
tgaaaggtga
tttttetttyg

Homo

misc_
(1) ..
/note="Exon 1"

misc_
(276) ..(383)
/note="Exon 2"

misc_
(384) ..(515)
/note="Exon 3"

misc_
(516) ..(622)
/note="Exon 4"

misc_
(623) ..(760)
/note="Exon 5"

misc_
(761) ..(878)
/note="Exon 6v2

misc_
(879)..(2398)
/note="Exon 7"

sapiens

feature
(275)

feature

feature

feature

feature

feature

feature

tcecteectag
catcatccta
ggtgaagttt
tggagctggg
attggttctg
actaggcgtc
ctctctaaat
gacagtatat
ggtcaacatc
aaatcatggc
catcccatat
acttcaggcce
tactgggttc
cgtaagaagt
tatcaatatc
atcgtatgca
taaataagct
ctgcaaagct
ctagcagcag
cgtagttttt
aaacatactt
gctacctccce
ttcaagtagc
tgcacagcta
gattcagcat
actctattct
agtggaccct
ccgactctat
taatttatgc

- includes

gactacacaa
gaaatccttce
ttcattccte
catggaatag
tgggatatta
actgcgcatg
caggtgaaga
ccagccgatce
ctaggacatt
cacatcgtca
tgttccagca
ttgggaaaaa
accaaaaatc
ctgatagatg
tttctgagac
gaatattcaa
ccagccagag
ttatttcaca
tcaaacgaac
cataggtctg
aaaaggtttt
taaaagtaaa
attccaatct
agagatcaag
ttgaaagatt
ggactttatt
ctatatttcc
tttaaatctc
tttcatatat

additional

ggactgaacc
tgcttctgat
agaggagaaa
gcaggcagac
ataagcgcgyg
cgtatgtggt
aagaagtggg
ttctcagcac
tttggatcac
cagtggcttce
aatttgccgce
ctggtatcaa
caagcacaag
gaatacttac
tacagaaggt
tttgaagcag
atgtatgcat
ttttttcagt
aagattaatt
ttttteecttt
ctttaagata
tacaaagaga
gtagccatgce
tttcagcagg
tcecetagect
acttgattct
tcececttttta
agaattttaa
ccttggtcecce

182

residue 878 at 3!

agaaggaaga
caccatcatc
atctgtggcect
tacttatgaa
tgtggaggaa
agactgcagce
tgatgtaaca
caaggatgaa
aaaagcactt
agtgtgcggce
tgttggcttt
aacctcatgt
attatggcect
caataagaaa
ttcttectga
tggttggcca
gataatgata
cctgataata
acctgtcttce
catgcctcett
ttttattttt
acttatttac
cacagaatat
cagctttatc
ctteccttttt
gtcttctgta
tagtcttata
gttctagccce
agagatgttt

PCT/US2023/032680

ggacagagca
tactcctact
ggggagattg
tttgcaaaac
actgcagctg
aacagagaag
atcgtggtga
gagattacca
cttccatcga
cacgaaggga
cacagaggtc
ctctgcccag
gtattggaga
atgatttttg
acgcgcctceca
caaaatcaaa
tgaatagttt
ttaaaaacat
ctgtttctca
aaaaacttct
ccatttaaag
acagggaagg
caacaagaac
tcaacctgga
cattagccca
taactctgaa
agatacatta
catgataacc
agacaatttt

end”

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
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aggctcaaaa
aatggaccca
tttgtttttt
tatgatctca
ctcctgagta
ttgtagagac
ccacctgcect
tttttttttt
tgtgtttttce
aaacaaatga
gctttaaaaa
<210> 19
<211> 2469
<212> DNA
<213> Homo
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223> /note
<400> 19
agacagtacc
aagccatgaa
tggagtcgtt
ttctcattac
gacagagcat
agtgccgaaa
agatctatcg
ataatgctgg
agacatttga
acttggatgt
ttcttecate

misc_
(1) ..
/note

misc_
(276)
/note

misc_
(384)
/note

misc_
(516)
/note

misc_
(588)
/note

misc_
(695)
/note

misc_

(833)

misc_
(950)

WO 2024/059165

attaaagcta
agagaagaaa
gtttttttga
gctcactgca
gctgggacta
ggggtttcac
cggcctceccceca
aatagaaaaa
acatgtatta
tttttttaaa
aataacctct

sapiens

feature
(275)
="Exon 1"

feature
.. (383)
="Exon 2"

feature
.. (515)
="Exon 3"

feature
.. (587)
="Exon 3'"

feature
.. (694)
="Exon 4"

feature
.. (832)
="Exon 5"

feature
.. (949)

/note="Exon 6v1l"

feature
.. (2469)
="Exon 7"

tcecteectag
catcatccta
ggtgaagttt
tggagctggg
attggttctg
actaggcgtc
ctctctaaat
gacagtatat
ggtcaacatc
atataggatc

gatgatggag

acacaggaaa
aggaagaaag
gatggagtct
agctccacct
caggcgececeg
catgttagcce
aagtgctggg
ataatccgac
tagaatgctt
agtcacaaaa
tgtagttata

gactacacaa
gaaatccttce
ttcattccte
catggaatag
tgggatatta
actgcgcatg
caggtgaaga
ccagccgatce
ctaggacatt
gaggacactt
agaaatcatg

aggaactgta
aaaggttttt
cactctttcg
ccecgggttcea
ccaccacacc
aagatggtct
attacgggtg
tcccactaca
ttgcatggac
acaattcact
aaataaaacg

ggactgaacc
tgcttctgat
agaggagaaa
gcaggcagac
ataagcgcgyg
cgtatgtggt
aagaagtggg
ttctcagcac
tttggaatgg
ttggacgaga
gccacatcgt

183

ctggctatta
tggtttttgt
cccaggctgg
cgccattcte
cggctaattt
cgatctcctg
tgagccaccyg
tcaagactaa
tatcctecttg
aaaaataaat
tttgacttct

agaaggaaga
caccatcatc
atctgtggcect
tacttatgaa
tgtggaggaa
agactgcagce
tgatgtaaca
caaggatgaa
aaaggacatc
ctctgagatc
cacagtggct

PCT/US2023/032680

cataagaaac
tttgttttgt
agtgcagtgg
ctgcctcage
tttgtatttt
acctcgtgat
tgcccagect
tcttgttttyg
tttttattaa
atgtcattgt
aaactctg

ggacagagca
tactcctact
ggggagattg
tttgcaaaac
actgcagctg
aacagagaag
atcgtggtga
gagattacca
agaagtaatt
acaaaagcac
tcagtgtgcg

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2398

60
120
180
240
300
360
420
480
540
600
660
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gccacgaagyg
ttcacagagg

gtctectgece
ctgtattgga
aaatgatttt
aacgcgcectce
acaaaatcaa
atgaatagtt
attaaaaaca
cctgtttcete
taaaaacttc
tccatttaaa
cacagggaag
tcaacaagaa
ctcaacctgg
tcattagccce
ataactctga
aagatacatt
ccatgataac
tagacaattt
acataagaaa
ttttgttttyg
gagtgcagtg
cctgectcag
ttttgtattt
gacctcgtga
gtgcccagcece
atcttgtttt
gtttttatta
tatgtcattg
taaactctg
<210> 20

<211> 1715
<212> DNA
<213> Homo
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

misc_
(1) ..
/note="Exon 1"

misc_
(276) ..(383)
/note="Exon 2"

misc_
(384) ..(515)
/note="Exon 3"

misc_
(516) ..(622)
/note="Exon 4"

misc_
(623) ..(760)
/note="Exon 5"

misc_
(761) ..(1715)
/note="Exon 6v3"

gattccttac
tctgacatca
agtttttgtg
gacagatgaa
tgttccatcg
agcgatttta
aatgaaatga
tcgaatcaat
ttggtttggce
aagaatattt
tgtgcttaca
ggtggacaaa
gtttaagact
cacagaatga
acatatttta
aaaacggtgce
agtccaccaa
atgaaaggtg
ctttttettt
taggctcaaa
caatggaccc
ttttgttttt
gtatgatctc
cctcectgagt
tttgtagaga
tccacctgece
tttttttttt
gtgtgttttt
aaaacaaatg
tgctttaaaa

sapiens

feature

(275)

feature

feature

feature

feature

feature

ctcatcccat
gaacttcagg
aatactgggt
gtcgtaagaa
tatatcaata
aatcgtatgce
ataaataagc
gctgcaaagc
actagcagca
acgtagtttt
taaacatact
agctacctcce
gttcaagtag
gtgcacagct
agattcagca
aactctattce
aagtggaccc
accgactcta
gtaatttatg
aattaaagct
aagagaagaa
tgtttttttg
agctcactgce
agctgggact
cggggtttca
tcggecectecee
taatagaaaa
cacatgtatt
atttttttaa
aaataacctc

attgttccag
ccttgggaaa
tcaccaaaaa
gtctgataga
tctttctgag
agaatattca
tccagccaga
tttatttcac
gtcaaacgaa
tcataggtct
taaaaggttt
ctaaaagtaa
cattccaatc
aagagatcaa
tttgaaagat
tggactttat
tctatattte
ttttaaatct
ctttcatata
aacacaggaa
aaggaagaaa
agatggagtc
aagctccacc
acaggcgccc
ccatgttagce
aaagtgctgg
aataatccga
atagaatgct
aagtcacaaa
ttgtagttat

184

caaatttgcc
aactggtatc
tccaagcaca
tggaatactt
actacagaag
atttgaagca
gatgtatgca
attttttcag
caagattaat
gtttttcectt
tctttaagat
atacaaagag
tgtagccatg
gtttcagcag
ttcectagece
tacttgattc
ctcececttttt
cagaatttta
tcettggtcece
aaggaactgt
gaaaggtttt
tcactcttte
tcecegggtte
gccaccacac
caagatggtc
gattacgggt
ctceccactac
tttgcatgga
aacaattcac
aaaataaaac

PCT/US2023/032680

gctgttgget
aaaacctcat
agattatggc
accaataaga
tttcttectyg
gtggttggec
tgataatgat
tcctgataat
tacctgtctt
tcatgecctcet
attttatttt
aacttattta
ccacagaata
gcagctttat
tctteectttt
tgtcttctgt
atagtcttat
agttctagcce
cagagatgtt
actggctatt
ttggtttttg
gcccaggetg
acgccattct
ccggctaatt
tcgatctect
gtgagccacc
atcaagacta
ctatcctett
taaaaataaa
gtttgacttc

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2469
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<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<400> 20

agacagtacc
aagccatgaa
tggagtcgtt
ttctcattac
gacagagcat
agtgccgaaa
agatctatcg
ataatgctgg
agacatttga
tgatggagag
ttcecttacct
tgacatcaga
tttttgtgaa
cagatgaagt
ttccatcgta
aaatactaaa
actctgtcac
ctcecgectcee
ggtgtgtgct
cccatgttgg
cccaaagtgce
tggagcatct
tatttecctct
aaatctactg
taaaaagaat
tggaagtttg
acaatattga
ctttaaatct
cagatttatt
<210> 21

<211> 2290
<212> DNA
<213> Homo
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>

misc_
(878)..(1715)
/note="Read-through from exon 6 into intron 6"

misc_
(1716) ..(1715)
/note="Read-through from exon 6 into intron 6"

misc_
(1) ..
/note="Exon 1"

misc_
(276) ..(407)
/note="Exon 3"

misc_
(408)..(514)
/note="Exon 4"

misc_
(515) .. (652)
/note="Exon 5"

feature

feature

tcecteectag
catcatccta
ggtgaagttt
tggagctggg
attggttctg
actaggcgtc
ctctctaaat
gacagtatat
ggtcaacatc
aaatcatggc
catcccatat
acttcaggcce
tactgggttc
cgtaagaagt
tatcaatatc
acaccaatag
cctggctgga
tgggttcaag
gccacactac
ccaggctgga
tgggattaca
ttcagttgtg
gttattttcc
tctctgcecceca
gcaatatagt
gttgggattg
gttttctaat
ttaaattgta
ccaaagtatt

sapiens

feature

(275)

feature

feature

feature

gactacacaa
gaaatccttce
ttcattccte
catggaatag
tgggatatta
actgcgcatg
caggtgaaga
ccagccgatce
ctaggacatt
cacatcgtca
tgttccagca
ttgggaaaaa
accaaaaatc
ctgatagatg
tttctgagac
agcttttttt
ttgcggtggt
caattctcat
acccagctaa
ctcgaactcce
gtcatgagcc
aaaattggca
tacccagtct
aactttgctg
gaagtagtta
cactgaatct
ccaagaacat
ttttgtagtt
tcacgggttc

ggactgaacc
tgcttctgat
agaggagaaa
gcaggcagac
ataagcgcgg
cgtatgtggt
aagaagtggg
ttctcagcac
tttggatcac
cagtggcttce
aatttgccgce
ctggtatcaa
caagcacaag
gaatacttac
tacagaagtt
tttgettttt
tgcagtggca
gcctcagacce
tttttgtatt
tgacctcaag
accatgcctg
tggaaactct
ataaaaagag
aagactattc
ataataaaga
atagagcaat
aatatctatt
tttggtgttt
ttttt

185

agaaggaaga
caccatcatc
atctgtggcect
tacttatgaa
tgtggaggaa
agactgcagce
tgatgtaaca
caaggatgaa
aaaagcactt
agtgtgcggce
tgttggcttt
aacctcatgt
attatggcect
caataagaaa
aagtacagca
ttttttttag
tgatcttggce
cccaagtaac
ttttgataga
ttatcctcecct
gcccaataga
ccatccecctgg
agtgattcat
taactaaagg
ctccattttt
tggggagtat
tttaaaatct
aagtcttgca
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ggacagagca
tactcctact
ggggagattg
tttgcaaaac
actgcagctg
aacagagaag
atcgtggtga
gagattacca
cttccatcga
cacgaaggga
cacagaggtc
ctctgcccag
gtattggaga
atgatttttg
cagaacaccc
acagagtctc
tcactgcaac
tgggattata
gacaggtttc
gtctcggect
gctattatta
ggagaacagt
tttctctacce
aaacacagtt
aaaagtctgce
tgacatatca
tcttcaaaat
catattttgt
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600
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<221>
<222>
<223>
<220>
<221>
<222>
<223>
<400> 21
agacagtacc
aagccatgaa
tggagtcgtt
ttctcattac
gacagagcat
caatcgtggt
aagagattac
ttcttecate
gccacgaagyg
ttcacagagg
gtctectgece
ctgtattgga
aaatgatttt
gaacgcgcect
cacaaaatca
tatgaatagt
tattaaaaac
tcetgtttet
ttaaaaactt
ttccatttaa
acacagggaa
atcaacaaga
tctcaacctg
ttcattagcecce
tataactctg
taagatacat
cccatgataa
ttagacaatt
tacataagaa
gttttgtttt
ggagtgcagt
tcectgectcea
tttttgtatt
tgacctcgtg
cgtgcccage
aatcttgttt
tgtttttatt
atatgtcatt
ctaaactctg
<210> 22
<211> 2470
<212> DNA
<213> Homo
<220>

<221> misc

misc_
(653)..(770)
/note="Exon 6v2

misc_
(771) ..(2290)
/note="Exon 7"

feature

feature

tcecteectag
catcatccta
ggtgaagttt
tggagctggg
attggttctg
gaataatgct
caagacattt
gatgatggag
gattccttac
tctgacatca
agtttttgtg
gacagatgaa
tgttccatcg
cagcgatttt
aaatgaaatg
ttcgaatcaa
attggtttgg
caagaatatt
ctgtgcttac
aggtggacaa
ggtttaagac
acacagaatg
gacatatttt
caaaacggtg
aagtccacca
tatgaaaggt
cctttttett
ttaggctcaa
acaatggacc
gttttgtttt
ggtatgatct
gcctectgag
ttttgtagag
atccacctge
cttttttttt
tgtgtgtttt
aaaaacaaat
gtgctttaaa

sapiens

feature

<222>
<223>
<220>
<221>
<222>
<223>

(1) ..
/note="Exon 1"

(275)

misc_feature
(276) ..(383)
/note="Exon 2"

- includes

gactacacaa
gaaatccttce
ttcattccte
catggaatag
tgggatatta
gggacagtat
gaggtcaaca
agaaatcatg
ctcatcccat
gaacttcagg
aatactgggt
gtcgtaagaa
tatatcaata
aaatcgtatg
aataaataag
tgctgcaaag
cactagcagc
tacgtagttt
ataaacatac
aagctacctc
tgttcaagta
agtgcacagc
aagattcagc
caactctatt
aaagtggacc
gaccgactct
tgtaatttat
aaattaaagc
caagagaaga
ttgttttttt
cagctcactg
tagctgggac
acggggtttce
ctcggectcee
ttaatagaaa
tcacatgtat
gattttttta
aaaataacct

additional

ggactgaacc
tgcttctgat
agaggagaaa
gcaggcagac
ataaggtgaa
atccagccga
tcctaggaca
gccacatcgt
attgttccag
ccttgggaaa
tcaccaaaaa
gtctgataga
tctttctgag
cagaatattc
ctccagccag
ctttatttca
agtcaaacga
ttcataggtc
ttaaaaggtt
cctaaaagta
gcattccaat
taagagatca
atttgaaaga
ctggacttta
ctctatattt
attttaaatc
gctttcatat
taacacagga
aaaggaagaa
gagatggagt
caagctccac
tacaggcgcce
accatgttag
caaagtgctg
aaataatccg
tatagaatgc
aaagtcacaa
cttgtagtta

186

residue 770 at 3!

agaaggaaga
caccatcatc
atctgtggcect
tacttatgaa
gaaagaagtg
tcttctcage
tttttggatc
cacagtggct
caaatttgcc
aactggtatc
tccaagcaca
tggaatactt
actacagaag
aatttgaagc
agatgtatgc
cattttttca
acaagattaa
tgtttttcct
ttctttaaga
aatacaaaga
ctgtagccat
agtttcagca
tttceectage
ttacttgatt
cctecetttt
tcagaatttt
atccttggtce
aaaggaactyg
agaaaggttt
ctcactcttt
ctcecegggtt
cgccaccaca
ccaagatggt
ggattacggg
actcccacta
ttttgcatgg
aaacaattca
taaaataaaa
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ggacagagca
tactcctact
ggggagattg
tttgcaaaac
ggtgatgtaa
accaaggatg
acaaaagcac
tcagtgtgcg
gctgttgget
aaaacctcat
agattatggc
accaataaga
gtttcttecct
agtggttgge
atgataatga
gtcctgataa
ttacctgtct
ttcatgcctce
tattttattt
gaacttattt
gccacagaat
ggcagcttta
ctcttecttt
ctgtcttctg
tatagtctta
aagttctagce
ccagagatgt
tactggctat
tttggttttt
cgcccaggcet
cacgccattce
cccggctaat
ctcgatctcce
tgtgagccac
catcaagact
actatcctct
ctaaaaataa
cgtttgactt

end”
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120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
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<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<400> 22

agacagtacc
aagccatgaa
tggagtcgtt
ttctcattac
gacagagcat
agtgccgaaa
agatctatcg
ataatgctgg
agacatttga
acttggatgt
ttcttecate
gccacgaagyg
ttcacagagg
gtctectgece
ctgtattgga
aaatgatttt
gaacgcgcect
cacaaaatca
tatgaatagt
tattaaaaac
tcetgtttet
ttaaaaactt
ttccatttaa
acacagggaa
atcaacaaga
tctcaacctg
ttcattagcecce
tataactctg
taagatacat
cccatgataa
ttagacaatt
tacataagaa
gttttgtttt

ggagtgcagt

misc_
(384) ..(515)
/note="Exon 3"

misc_
(516) ..(587)
/note="Exon 3'"

misc_
(588)..(694)
/note="Exon 4"

misc_
(695)..(832)
/note="Exon 5"

misc_
(833)..(950)
/note="Exon 6v2

misc_
(951)..(2470)
/note="Exon 7"

feature

feature

feature

feature

feature

feature

tcecteectag
catcatccta
ggtgaagttt
tggagctggg
attggttctg
actaggcgtc
ctctctaaat
gacagtatat
ggtcaacatc
atataggatc
gatgatggag
gattccttac
tctgacatca
agtttttgtg
gacagatgaa
tgttccatcg
cagcgatttt
aaatgaaatg
ttcgaatcaa
attggtttgg
caagaatatt
ctgtgcttac
aggtggacaa
ggtttaagac
acacagaatg
gacatatttt
caaaacggtg
aagtccacca
tatgaaaggt
cctttttett
ttaggctcaa
acaatggacc
gttttgtttt
ggtatgatct

- includes

gactacacaa
gaaatccttce
ttcattccte
catggaatag
tgggatatta
actgcgcatg
caggtgaaga
ccagccgatce
ctaggacatt
gaggacactt
agaaatcatg
ctcatcccat
gaacttcagg
aatactgggt
gtcgtaagaa
tatatcaata
aaatcgtatg
aataaataag
tgctgcaaag
cactagcagc
tacgtagttt
ataaacatac
aagctacctc
tgttcaagta
agtgcacagc
aagattcagc
caactctatt
aaagtggacc
gaccgactct
tgtaatttat
aaattaaagc
caagagaaga
ttgttttttt
cagctcactg

additional

ggactgaacc
tgcttctgat
agaggagaaa
gcaggcagac
ataagcgcgyg
cgtatgtggt
aagaagtggg
ttctcagcac
tttggaatgg
ttggacgaga
gccacatcgt
attgttccag
ccttgggaaa
tcaccaaaaa
gtctgataga
tctttctgag
cagaatattc
ctccagccag
ctttatttca
agtcaaacga
ttcataggtc
ttaaaaggtt
cctaaaagta
gcattccaat
taagagatca
atttgaaaga
ctggacttta
ctctatattt
attttaaatc
gctttcatat
taacacagga
aaaggaagaa
gagatggagt
caagctccac

187

residue 950 at 3!

agaaggaaga
caccatcatc
atctgtggcect
tacttatgaa
tgtggaggaa
agactgcagce
tgatgtaaca
caaggatgaa
aaaggacatc
ctctgagatc
cacagtggct
caaatttgcc
aactggtatc
tccaagcaca
tggaatactt
actacagaag
aatttgaagc
agatgtatgc
cattttttca
acaagattaa
tgtttttcct
ttctttaaga
aatacaaaga
ctgtagccat
agtttcagca
tttceectage
ttacttgatt
cctecetttt
tcagaatttt
atccttggtce
aaaggaactyg
agaaaggttt
ctcactcttt
ctcecegggtt
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ggacagagca
tactcctact
ggggagattg
tttgcaaaac
actgcagctg
aacagagaag
atcgtggtga
gagattacca
agaagtaatt
acaaaagcac
tcagtgtgcg
gctgttgget
aaaacctcat
agattatggc
accaataaga
gtttcttecct
agtggttgge
atgataatga
gtcctgataa
ttacctgtct
ttcatgcctce
tattttattt
gaacttattt
gccacagaat
ggcagcttta
ctcttecttt
ctgtcttctg
tatagtctta
aagttctagce
ccagagatgt
tactggctat
tttggttttt
cgcccaggcet
cacgccattce

end”

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
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1140
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tcectgectcea
tttttgtatt
tgacctcgtg
cgtgcccage
aatcttgttt
tgtttttatt
atatgtcatt
ctaaactctg
<210> 23

<211> 1714
<212> DNA
<213> Homo
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<400> 23

agacagtacc
aagccatgaa
tggagtcgtt
ttctcattac
gacagagcat
agtgccgaaa
agatctatcg
ataatgctgg
agacatttga
tgatggagag
ttcecttacct
tgacatcaga
tttttgtgaa
cagatgaagt
ttccatcgta
aatactaaaa
ctctgtcacc
tcecgectect

misc_
(1) ..
/note

misc_
(276)
/note

misc_
(384)
/note

misc_
(516)
/note

misc_
(623)
/note

misc_

(761)

misc_
(878)

WO 2024/059165

gcctectgag
ttttgtagag
atccacctge
cttttttttt
tgtgtgtttt
aaaaacaaat
gtgctttaaa

sapiens

feature
(275)
="Exon 1"

feature
.. (383)
="Exon 2"

feature
.. (515)
="Exon 3"

feature
.. (622)
="Exon 4"

feature
.. (760)
="Exon 5"

feature
.. (1714)

/note="Exon 6v4"

feature
.. (1714)

tcecteectag
catcatccta
ggtgaagttt
tggagctggg
attggttctg
actaggcgtc
ctctctaaat
gacagtatat
ggtcaacatc
aaatcatggc
catcccatat
acttcaggcce
tactgggttc
cgtaagaagt
tatcaatatc
caccaataga
ctggctggat
gggttcaagc

tagctgggac
acggggtttce
ctcggectcee
ttaatagaaa
tcacatgtat
gattttttta
aaaataacct

gactacacaa
gaaatccttce
ttcattccte
catggaatag
tgggatatta
actgcgcatg
caggtgaaga
ccagccgatce
ctaggacatt
cacatcgtca
tgttccagca
ttgggaaaaa
accaaaaatc
ctgatagatg
tttctgagac
getttttttt
tgcggtggtt
aattctcatg

tacaggcgcce
accatgttag
caaagtgctg
aaataatccg
tatagaatgc
aaagtcacaa
cttgtagtta

ggactgaacc
tgcttctgat
agaggagaaa
gcaggcagac
ataagcgcgyg
cgtatgtggt
aagaagtggg
ttctcagcac
tttggatcac
cagtggcttce
aatttgccgce
ctggtatcaa
caagcacaag
gaatacttac
tacagaagta
ttgectttttt
gcagtggcat
cctcagaccce

188

cgccaccaca
ccaagatggt
ggattacggg
actcccacta
ttttgcatgg
aaacaattca
taaaataaaa

/note="Read-through from exon 6 into intron 6"

agaaggaaga
caccatcatc
atctgtggcect
tacttatgaa
tgtggaggaa
agactgcagce
tgatgtaaca
caaggatgaa
aaaagcactt
agtgtgcggce
tgttggcttt
aacctcatgt
attatggcect
caataagaaa
agtacagcac
tttttttaga
gatcttggcet
ccaagtaact
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cccggctaat
ctcgatctcce
tgtgagccac
catcaagact
actatcctct
ctaaaaataa
cgtttgactt

ggacagagca
tactcctact
ggggagattg
tttgcaaaac
actgcagctg
aacagagaag
atcgtggtga
gagattacca
cttccatcga
cacgaaggga
cacagaggtc
ctctgcccag
gtattggaga
atgatttttg
agaacaccca
cagagtctca
cactgcaacc
gggattatag

2100
2160
2220
2280
2340
2400
2460
2470

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
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gtgtgtgctg
ccatgttgge
ccaaagtgct
ggagcatctt
atttcctctg
aatctactgt
aaaaagaatg
ggaagtttgg
caatattgag
tttaaatctt
agatttattc

ccacactaca
caggctggac
gggattacag
tcagttgtga
ttattttcct
ctctgcccaa
caatatagtg
ttgggattgc
ttttctaatc
taaattgtat
caaagtattt

cccagctaat
tcgaactcct
tcatgagcca
aaattggcat
acccagtcta
actttgctga
aagtagttaa
actgaatcta
caagaacata
tttgtagttt
cacgggttct

ttttgtattt
gacctcaagt
ccatgcctgg
ggaaactctc
taaaaagaga
agactattct
taataaagac
tagagcaatt
atatctattt
ttggtgttta
tttt

189

tttgatagag
tatcctectg
cccaatagag
catccctggg
gtgattcatt
aactaaagga
tccattttta
ggggagtatt
ttaaaatctt
agtcttgcac
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acaggtttcc
tctecggecte
ctattattat
gagaacagtt
ttctctacca
aacacagttt
aaagtctgcect
gacatatcaa
cttcaaaatc
atattttgtc

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1714



10

15

20

25

30

35

WO 2024/059165 PCT/US2023/032680

We claim:

1. A method of reducing HSD17B13 mRNA level in a subject, the method
comprising administering to the subject a dose of about 25 mg to about 800 mg of a double
stranded ribonucleic acid (dsRNA) agent targeting an HSD17B13 gene,

wherein the dsRNA agent comprises a sense strand and an antisense strand forming
a double stranded region, wherein the sense strand comprises the nucleotide sequence 5’-
AUGCUUUUGCAUGGACUAUCU -3’ (SEQ ID NO:26) and the antisense strand
comprises the nucleotide sequence 5’- AGAUAGTCCAUGCAAAAGCAUUC -3” (SEQ ID
NO:27), thereby reducing the HSD17B13 mRNA level in the subject.

2. A method of treating a subject suffering from nonalcoholic steatohepatitis
(NASH), the method comprising administering to the subject a dose of about 25 mg to about
800 mg of a double stranded ribonucleic acid (dsRNA) agent targeting an HSD17B13 gene,

wherein the dsRNA agent comprises a sense strand and an antisense strand forming
a double stranded region, wherein the sense strand comprises the nucleotide sequence 5’-
AUGCUUUUGCAUGGACUAUCU -3’ (SEQ ID NO:26) and the antisense strand
comprises the nucleotide sequence 5’- AGAUAGTCCAUGCAAAAGCAUUC -3” (SEQ ID
NO:27), thereby treating the subject suffering from nonalcoholic steatohepatitis (NASH).

3. A method of preventing at least one symptom in a subject having
nonalcoholic steatohepatitis (NASH), the method comprising administering to the subject a
dose of about 25 mg to about 800 mg of a double stranded ribonucleic acid (dsRNA) agent
targeting an HSD17B13 gene,

wherein the dsRNA agent comprises a sense strand and an antisense strand forming
a double stranded region, wherein the sense strand comprises the nucleotide sequence 5’-
AUGCUUUUGCAUGGACUAUCU -3’ (SEQ ID NO:26) and the antisense strand
comprises the nucleotide sequence 5’- AGAUAGTCCAUGCAAAAGCAUUC -3” (SEQ ID
NO:27), thereby preventing at least one symptom in a subject having nonalcoholic

steatohepatitis (NASH).

4. A method of reducing the risk of developing chronic liver disease in a
subject having steatosis, the method comprising administering to the subject a dose of about
25 mg to about 800 mg of a double stranded ribonucleic acid (dsSRNA) agent targeting an
HSD17B13 gene,
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wherein the dsRNA agent comprises a sense strand and an antisense strand forming
a double stranded region, wherein the sense strand comprises the nucleotide sequence 5’-
AUGCUUUUGCAUGGACUAUCU -3’ (SEQ ID NO:26) and the antisense strand
comprises the nucleotide sequence 5’- AGAUAGTCCAUGCAAAAGCAUUC -3” (SEQ ID
NO:27), thereby reducing the risk of developing chronic liver disease in the subject having

steatosis.

5. A method of inhibiting the progression of steatosis to steatohepatitis in a
subject suffering from steatosis, the method comprising administering to the subject a dose
of about 25 mg to about 800 mg of a double stranded ribonucleic acid (dASRNA) agent
targeting an HSD17B13 gene,

wherein the dsRNA agent comprises a sense strand and an antisense strand forming
a double stranded region, wherein the sense strand comprises the nucleotide sequence 5’-
AUGCUUUUGCAUGGACUAUCU -3’ (SEQ ID NO:26) and the antisense strand
comprises the nucleotide sequence 5’- AGAUAGTCCAUGCAAAAGCAUUC -3” (SEQ ID

NO:27), thereby inhibiting the progression of steatosis to steatohepatitis in the subject.

6. A method of inhibiting the accumulation of lipid droplets in the liver of a
subject suffering from nonalcoholic steatohepatitis (NASH), the method comprising
administering to the subject a dose of about 25 mg to about 800 mg of a double stranded
ribonucleic acid (dsSRNA) agent targeting an HSD17B13 gene,

wherein the dsRNA agent comprises a sense strand and an antisense strand forming
a double stranded region, wherein the sense strand comprises the nucleotide sequence 5’-
AUGCUUUUGCAUGGACUAUCU -3’ (SEQ ID NO:26) and the antisense strand
comprises the nucleotide sequence 5’- AGAUAGTCCAUGCAAAAGCAUUC -3” (SEQ ID
NO:27), thereby inhibiting the accumulation of fat in the liver of the subject suffering from
nonalcoholic steatohepatitis (NASH).

7. The method of any one of claims 1-6, wherein HSD17B13 mRNA level in
the subject is reduced to at least about 70%, 65%, 60%, 55%, or 50% of baseline level 6

months after the first administration of the dsRNA agent.

8. The method of any one of claims 1-6, wherein the administration of the
dsRNA agent to the subject causes a decrease in HSD17B13 enzymatic activity, a decrease
in HSD17B13 protein accumulation, and/or a decrease in accumulation of fat and/or

expansion of lipid droplets in the liver of a subject.
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9. The method of any one of claims 1-8, wherein the subject is a human

subject.

10. The method of any one of claims 1-9, wherein the subject is obese.

11. The method of any one of claims 1-10, wherein said dsRNA agent

comprises at least one modified nucleotide.

12. The method of any one of claims 1-11, wherein substantially all of the

nucleotides of the sense strand comprise a modification.

13. The method of any one of claims 1-12, wherein substantially all of the

nucleotides of the antisense strand comprise a modification.

14. The method of any one of claims 1-13, wherein substantially all of the
nucleotides of the sense strand and substantially all of the nucleotides of the antisense strand

comprise a modification.

15. The method of any one of claims 11-14, wherein at least one of said
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, an unlocked
nucleotide, a conformationally restricted nucleotide, a constrained ethyl nucleotide, an abasic
nucleotide, a 2’-amino-modified nucleotide, a 2’-0-allyl-modified nucleotide, 2’-C-alkyl-
modified nucleotide, 2’-hydroxyl-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
glycol modified nucleotide, and a 2-O-(N-methylacetamide) modified nucleotide, and

combinations thereof.

16. The method of claim 15, wherein the nucleotide modifications are 2’-O-

methyl and/or 2’-fluoro modifications.
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17. The method of any one of claims 1-16, wherein each strand of the dsRNA

agent is no more than 30 nucleotides in length.

18. The method of any one of claims 1-17, wherein each strand of the dsRNA

agent is independently 19-30 nucleotides in length.

19. The method of claim 18, wherein each strand of the dsSRNA agent is

independently 19-25 nucleotides in length.

20. The method of claim 19, wherein each strand of the dsSRNA agent is

independently 21-23 nucleotides in length.

21. The method of any one of claims 1-20, wherein at least one strand of the

dsRNA agent comprises a 3’ overhang of at least 1 nucleotide.

22. The method of any one of claims 1-21, wherein at least one strand of the

dsRNA agent comprises a 3’ overhang of at least 2 nucleotides.

23. The method of any one of claims 1-22, wherein the dsRNA agent further

comprises a ligand.

24. The method of claim 23, wherein the ligand is conjugated to the 3’ end of
the sense strand of the dsRNA agent.

25. The method of claim 23 or 24, wherein the ligand is a N-

acetylgalactosamine (GalNAc) derivative.

26. The method of any one of claims 23-25, wherein the ligand is
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27. The method of any one of claims 23-26, wherein the dsRNA agent is

conjugated to the ligand as shown in the following schematic

HQ (OH
vy Kb °
HO OMrN\/\,N O

AcHN 0

HQ (OH
HO N
ey \/\/\gz \g/\/
HQ (OH

Q
HO O N™>"NT0
5 AcHN M(';H H

0

and, wherein X is O or S.

28. The method of claim 27, wherein the X is O.

10 29. The method of any one of claims 1-28, wherein the sense strand comprises
the nucleotide sequence 5’ - asusgcuuUfuGfCfAfuggacuaucu-3’ (SEQ ID NO:24) and the
antisense strand comprises the nucleotide sequence 5’-
asGfsauag(Tgn)ccaugcAfaAfagcaususc -3’ (SEQ ID NO:25),

wherein Af is a 2'-fluoroadenosine-3'-phosphate; Cf is a 2'-fluorocytidine-3'-

15  phosphate; Gf is a 2'-fluoroguanosine-3'-phosphate; Gfs is 2'-fluoroguanosine-3'-
phosphorothioate; U is a Uridine-3'-phosphate; Uf is a 2'-fluorouridine-3'-phosphate; a is a
2'-O-methyladenosine-3'-phosphate; as is a 2'-O-methyladenosine-3'-phosphorothioate; c is a
2'-O-methylcytidine-3'-phosphate; cs is a 2'-O-methylcytidine-3'-phosphorothioate; g is a 2'-

O-methylguanosine-3'-phosphate; gs is a 2’-O-methylguanosine-3'-phosphorothioate; u is a
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2'-O-methyluridine-3'-phosphate; us is a 2'-O-methyluridine-3'-phosphorothioate; Tgn is
Thymidine-glycol nucleic acid (GNA) S-Isomer, and s is a phosphorothioate linkage.

30. The method of claim 29, wherein the dsSRNA agent is conjugated to the

ligand as shown in the following schematic

ey P °
HO O\/\/\n, NS N0
(0]

AcHN
OH
HO Ou 1
R o § § O%N
HO N
pyary \/\/\[g jo.l/\/
OH ©
H
2 o) ~
HO N N O
AGHN \/\/\’O"H H
and, wherein X is O.
31. A method of treating a subject suffering from nonalcoholic steatohepatitis

(NASH), the method comprising administering to the subject a dose of about 25 mg to about
800 mg of a double stranded ribonucleic acid (dsRNA) agent targeting an HSD17B13 gene,

wherein the dsRNA agent comprises a sense strand and an antisense strand forming
a double stranded region,

wherein the sense strand comprises the nucleotide sequence 5’ -
asusgcuuUfuGfCfAfuggacuaucu-3’ (SEQ ID NO:24) and the antisense strand comprises the
nucleotide sequence 5’- asGfsauag(Tgn)ccaugcAfaAfagcaususc -3’ (SEQ ID NO:25),

wherein Af is a 2'-fluoroadenosine-3'-phosphate; Cf is a 2'-fluorocytidine-3'-
phosphate; Gf is a 2'-fluoroguanosine-3'-phosphate; Gfs is 2'-fluoroguanosine-3'-
phosphorothioate; U is a Uridine-3'-phosphate; Uf is a 2'-fluorouridine-3'-phosphate; a is a
2'-O-methyladenosine-3'-phosphate; as is a 2'-O-methyladenosine-3'-phosphorothioate; c is a
2'-O-methylcytidine-3'-phosphate; cs is a 2'-O-methylcytidine-3'-phosphorothioate; g is a 2'-
O-methylguanosine-3'-phosphate; gs is a 2’-O-methylguanosine-3'-phosphorothioate; u is a
2'-O-methyluridine-3'-phosphate; us is a 2'-O-methyluridine-3'-phosphorothioate; Tgn is
Thymidine-glycol nucleic acid (GNA) S-Isomer, and s is a phosphorothioate linkage;

wherein the dsRNA agent is conjugated to a ligand having the structure
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, and
wherein the ligand is conjugated to the 3’ end of the sense strand as shown in the

following schematic

5 wherein X is O.

32. A method of preventing at least one symptom in a subject having
nonalcoholic steatohepatitis (NASH), the method comprising administering to the subject a
dose of about 25 mg to about 800 mg of a double stranded ribonucleic acid (dsRNA) agent
10 targeting an HSD17B13 gene,
wherein the dsRNA agent comprises a sense strand and an antisense strand forming
a double stranded region,
wherein the sense strand comprises the nucleotide sequence 5’ -
asusgcuuUfuGfCfAfuggacuaucu-3’ (SEQ ID NO:24) and the antisense strand comprises the
15  nucleotide sequence 5’°- asGfsauag(Tgn)ccaugcAfaAfagcaususc -3’ (SEQ ID NO:25),
wherein Af is a 2'-fluoroadenosine-3'-phosphate; Cf is a 2'-fluorocytidine-3'-
phosphate; Gf is a 2'-fluoroguanosine-3'-phosphate; Gfs is 2'-fluoroguanosine-3'-
phosphorothioate; U is a Uridine-3'-phosphate; Uf is a 2'-fluorouridine-3'-phosphate; a is a

2'-O-methyladenosine-3'-phosphate; as is a 2'-O-methyladenosine-3'-phosphorothioate; c is a
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2'-O-methylcytidine-3'-phosphate; cs is a 2'-O-methylcytidine-3'-phosphorothioate; g is a 2'-
O-methylguanosine-3'-phosphate; gs is a 2’-O-methylguanosine-3’-phosphorothioate; u is a
2'-O-methyluridine-3'-phosphate; us is a 2'-O-methyluridine-3'-phosphorothioate; Tgn is
Thymidine-glycol nucleic acid (GNA) S-Isomer, and s is a phosphorothioate linkage;

5 wherein the dSRNA agent is conjugated to a ligand having the structure

z
!
FOPRIS LR,

¥ WL oM \g.»\\‘, ’3“\““? . :\_.\-»\\_.o-\\_,‘-*\._\,\.»\\\\..e\ﬁ

, and
wherein the ligand is conjugated to the 3’ end of the sense strand as shown in the

following schematic

10  wherein X is O.

33. A method of reducing the risk of developing chronic liver disease in a
subject having steatosis, the method comprising administering to the subject a dose of about
25 mg to about 800 mg of a double stranded ribonucleic acid (dASRNA) agent targeting an
15 HSDI17B13 gene,
wherein the dsRNA agent comprises a sense strand and an antisense strand forming

a double stranded region,
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wherein the sense strand comprises the nucleotide sequence 5’ -
asusgcuuUfuGfCfAfuggacuaucu-3’ (SEQ ID NO:24) and the antisense strand comprises the
nucleotide sequence 5’- asGfsauag(Tgn)ccaugcAfaAfagcaususc -3’ (SEQ ID NO:25),

wherein Af is a 2'-fluoroadenosine-3'-phosphate; Cf is a 2'-fluorocytidine-3'-

5 phosphate; Gf is a 2'-fluoroguanosine-3'-phosphate; Gfs is 2'-fluoroguanosine-3'-
phosphorothioate; U is a Uridine-3'-phosphate; Uf is a 2'-fluorouridine-3'-phosphate; a is a
2'-O-methyladenosine-3'-phosphate; as is a 2'-O-methyladenosine-3'-phosphorothioate; c is a
2'-O-methylcytidine-3'-phosphate; cs is a 2'-O-methylcytidine-3'-phosphorothioate; g is a 2'-
O-methylguanosine-3'-phosphate; gs is a 2’-O-methylguanosine-3’-phosphorothioate; u is a

10 2'-O-methyluridine-3'-phosphate; us is a 2'-O-methyluridine-3'-phosphorothioate; Tgn is
Thymidine-glycol nucleic acid (GNA) S-Isomer, and s is a phosphorothioate linkage;

wherein the dsRNA agent is conjugated to a ligand having the structure

, and
wherein the ligand is conjugated to the 3’ end of the sense strand as shown in the

15  following schematic

wherein X is O.
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34. A method of inhibiting the progression of steatosis to steatohepatitis in a
subject suffering from steatosis, the method comprising administering to the subject a dose
of about 25 mg to about 800 mg of a double stranded ribonucleic acid (dsSRNA) agent
targeting an HSD17B13 gene,

5 wherein the dSRNA agent comprises a sense strand and an antisense strand forming
a double stranded region,

wherein the sense strand comprises the nucleotide sequence 5’ -
asusgcuuUfuGfCfAfuggacuaucu-3’ (SEQ ID NO:24) and the antisense strand comprises the
nucleotide sequence 5’- asGfsauag(Tgn)ccaugcAfaAfagcaususc -3’ (SEQ ID NO:25),

10 wherein Af is a 2'-fluoroadenosine-3'-phosphate; Cf is a 2'-fluorocytidine-3'-
phosphate; Gf is a 2'-fluoroguanosine-3'-phosphate; Gfs is 2'-fluoroguanosine-3'-
phosphorothioate; U is a Uridine-3'-phosphate; Uf is a 2'-fluorouridine-3'-phosphate; a is a
2'-O-methyladenosine-3'-phosphate; as is a 2'-O-methyladenosine-3'-phosphorothioate; c is a
2'-O-methylcytidine-3'-phosphate; cs is a 2'-O-methylcytidine-3'-phosphorothioate; g is a 2'-

15  O-methylguanosine-3'-phosphate; gs is a 2'-O-methylguanosine-3'-phosphorothioate; u is a
2'-O-methyluridine-3'-phosphate; us is a 2'-O-methyluridine-3'-phosphorothioate; Tgn is
Thymidine-glycol nucleic acid (GNA) S-Isomer, and s is a phosphorothioate linkage;

wherein the dsRNA agent is conjugated to a ligand having the structure

R ™ ¥ 3
LW B ! LR {
?‘EQ}}w,v““}“‘\\\;\.v€$\-w~""\w"\:\g.¢N e N 3\:“&@-‘\:\.@ v -»"‘\\g.- & e %
Y TR Y A
s \\g & 8y R
2
, and
20 wherein the ligand is conjugated to the 3’ end of the sense strand as shown in the

following schematic
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wherein X is O.

35. A method of inhibiting the accumulation of lipid droplets in the liver of a
subject suffering from nonalcoholic steatohepatitis (NASH), the method comprising
administering to the subject a dose of about 25 mg to about 800 mg of a double stranded
ribonucleic acid (dsSRNA) agent targeting an HSD17B13 gene,

wherein the dsRNA agent comprises a sense strand and an antisense strand forming
a double stranded region,

wherein the sense strand comprises the nucleotide sequence 5’ -
asusgcuuUfuGfCfAfuggacuaucu-3’ (SEQ ID NO:24) and the antisense strand comprises the
nucleotide sequence 5’- asGfsauag(Tgn)ccaugcAfaAfagcaususc -3’ (SEQ ID NO:25),

wherein Af is a 2'-fluoroadenosine-3'-phosphate; Cf is a 2'-fluorocytidine-3'-
phosphate; Gf is a 2'-fluoroguanosine-3'-phosphate; Gfs is 2'-fluoroguanosine-3'-
phosphorothioate; U is a Uridine-3'-phosphate; Uf is a 2'-fluorouridine-3'-phosphate; a is a
2'-O-methyladenosine-3'-phosphate; as is a 2'-O-methyladenosine-3'-phosphorothioate; c is a
2'-O-methylcytidine-3'-phosphate; cs is a 2'-O-methylcytidine-3'-phosphorothioate; g is a 2'-
O-methylguanosine-3'-phosphate; gs is a 2’-O-methylguanosine-3'-phosphorothioate; u is a
2'-O-methyluridine-3'-phosphate; us is a 2'-O-methyluridine-3'-phosphorothioate; Tgn is
Thymidine-glycol nucleic acid (GNA) S-Isomer, and s is a phosphorothioate linkage;

wherein the dsRNA agent is conjugated to a ligand having the structure
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, and
wherein the ligand is conjugated to the 3’ end of the sense strand as shown in the

following schematic

5 wherein X is O.

36. The method of any one of claims 1-35, further comprising administering an

additional therapeutic to the subject.

10 37. The method of any one of claims 1-36, further comprising determining

NAFLD Activity Score (NAS) score, ballooning score, lobular inflammation score, steatosis

score, and/or fibrosis score for the subject.

38. The method of any one of claims 1-37, wherein the dsRNA agent is

15  administered to the subject at a dose of about 25 mg, about 100 mg, about 200 mg, about 400

mg, or about 800 mg.
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39. The method of any one of claims 1-38, wherein the dsRNA agent is
administered to the subject every month, every 2 month, every 3 months, every 4 months,

every 5 months, every 6 months, or every 12 months.

40. The method of any one of claims 1-39, wherein the dsRNA agent is

administered to the subject at a dose of about 25 mg every month.

41. The method of any one of claims 1-39, wherein the dsRNA agent is

administered to the subject at a dose of about 200 mg every month.

42. The method of any one of claims 1-39, wherein the dsRNA agent is

administered to the subject at a dose of about 400 mg every month.

43. The method of any one of claims 1-39, wherein the dsRNA agent is

administered to the subject at a dose of about 25 mg every three months.

44. The method of any one of claims 1-39, wherein the dsRNA agent is

administered to the subject at a dose of about 200 mg every three months.

45. The method of any one of claims 1-39, wherein the dsRNA agent is

administered to the subject at a dose of about 400 mg every three months.

46. The method of any one of claims 1-45, wherein the dsRNA agent is

administered to the subject intravenously, intramuscularly, or subcutaneously.
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2023/032680

A. CLASSIFICATION OF SUBJECT MATTER
INV. C12N15/113

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
C12N

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, BIOSIS, EMBASE, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2019/183164 Al (REGENERON 1-46
PHARMACEUTICALS, INC. [US])
26 September 2019 (2019-09-26)
page 16, line 30 - line 33
AD-240826, AD-240830, AD-240833,
AD-240834, AD-240837, AD-240839,
AD—-240843, AD-240844;
page 169; table 2; sequences 3289-3296,
3585-3592
AD-240826, AD-240830, AD-240833,
AD-240834, AD-240837, AD-240839,
AD-240843, AD-240844;
page 178; table 3; sequences 3881-3888,
4177-4184
AD—-240826, AD-240830, AD-240833,
AD-240834, AD-240837, AD-240839,
AD—-240843, AD-240844;
page 185; table 4
AD—-240826, AD-240830, AD-240833,

-

E Further documents are listed in the continuation of Box C. ‘;_' See patent family annex.

* Special categories of cited documents : , ) ) " .
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance;; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an invertive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance;; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
24 January 2024 02/02/2024
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, . - -
Fax: (+31-70) 340-3016 Macchia, Giovanni
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

AD-240834, AD-240837, AD-240839,
AD—-240843, AD-240844;

page 191; table 5

AD—-240826, AD-240830, AD-240833,
AD-240834, AD-240837, AD-240839,
AD—-240843, AD-240844;

page 197; table 6

AD—-288996;

page 210; table 7; sequences 301, 601
AD-288996;

page 218; table 8; sequences 1201, 1501
AD-288996;

page 224; table 9

AD-293925;

page 233; table 10; sequences 1786, 2081
AD-293925;

page 243; table 11; sequences 2671, 2966
AD-293925;

page 252; table 12

AD-288996;

page 255 — page 256; table 13; sequences
4488, 4489, 4498, 4499

page 147

page 107, line 16 — line 32

A WO 2021/247885 A2 (AMGEN INC. [US]) 1-46
9 December 2021 (2021-12-09)

D-1153;

page 59; table 1; sequences 307, 308
D-2153;

page 72; table 2; sequences 953, 954
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Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. D forming part of the international application as filed.

b. furnished subsequent to the international filing date for the purposes of international search (Rule 13ter1(a)).

accompanied by a statement to the effect that the sequence listing does not go beyond the disclosure in the
international application as filed.

2. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this report has been
established to the extent that a meaningful search could be carried out without a WIPQO Standard ST.26 compliant
sequence listing.

3. Additional comments:
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cited in search report date member(s) date

WO 2019183164 Al 26-09-2019 AU 2019239971 A1l 03-09-2020
BR 112020018758 A2 26-01-2021
ca 3091146 Al 26-09-2019
CL 2020002401 A1 29-01-2021
CN 112020556 A 01-12-2020
CO 2020010342 A2 31-08-2020
EP 3768838 Al 27-01-2021
IL 277329 A 29-10-2020
JP 2021518125 A 02-08-2021
KR 20200133373 A 27-11-2020
PH 12020500622 Al 15-03-2021
SG 112020075838 A 29-09-2020
W 202003848 A 16-01-2020
Us 11180757 B1 23-11-2021
Us 2021380985 Al 09-12-2021
WO 2019183164 Al 26-09-2019

WO 2021247885 A2 09-12-2021 AU 2021284377 Al 22-12-2022
BR 112022024501 A2 09-05-2023
ca 3184345 Al 09-12-2021
CL 2022003369 Al 21-07-2023
CN 116234907 A 06-06-2023
EP 4158026 A2 05-04-2023
IL 298697 A 01-02-2023
JP 2023528608 A 05-07-2023
KR 20240004092 A 11-01-2024
Us 2023279399 Al 07-09-2023
WO 2021247885 A2 09-12-2021
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