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COMPOSITIONS AND METHODS FOR INHIBITING HMGB1 EXPRESSION

RELATED APPLICATIONS

[0001] This application claims the benefit of the filing date under 35 U.S.C. §119 of
United States Provisional Application Serial Number 62/526,971, filed June 29, 2017, and
entitled “COMPOSITIONS AND METHODS FOR INHIBITING HMGB1 EXPRESSION”,

the entire contents of which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present application relates to oligonucleotides and uses thereof,

particularly uses relating to the treatment of conditions involving fibrosis.

REFERENCE TO THE SEQUENCE LISTING

[0003] The present application is being filed along with a Sequence Listing in
electronic format. The Sequence Listing is provided as a file entitled DO800.70002W O00-
SEQ.txt created on June 28, 2018 which is 85 kilobytes in size. The information in electronic

format of the sequence listing is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0004] Tissue fibrosis is a condition characterized by an abnormal accumulation of
extracellular matrix and inflammatory factors that result in scarring and promote chronic organ
injury. In liver, fibrosis is a multi-cellular response to hepatic injury that can lead to cirrhosis
and hepatocellular cancer. The response is often triggered by liver injury associated with
conditions such as alcohol abuse, viral hepatitis, metabolic diseases, and liver diseases, such as
a cholestatic liver disease, nonalcoholic fatty liver disease (NAFLD) and nonalcoholic
steatohepatitis (NASH). Studies have implicated high mobility group box 1 (HMGB]1) protein
as having a pro-fibrotic role in liver fibrosis. (See, e.g., Li L-C, et al., Emerging role of
HMGBI in fibrotic diseases, J. Cell. Mol. Med. Vol 18, No 12, 2014 pp. 2331-2339) HMGB1
is a nuclear protein released from injured cells that functions as a proinflammatory mediator
and has been shown to recruit hepatic stellate cells and liver endothelial cells to sites of liver
injury. (Seo, YS, et al., HMGBI1 recruits hepatic stellate cells and liver endothelial cells to
sites of ethanol-induced parenchymal cell injury, Am J Physiol Gastrointest Liver Physiol 305:
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(G838-(G848, 2013.) Hepatic stellate cells are believed to play a central role in the
progression of liver fibrosis through their transformation into proliferative myofibroblastic
cells that promote fibrogenic activity in the liver. (See, Kao YH, et al. High-mobility group
box 1 protein activates hepatic stellate cells in vitro. Transplant Proc. 2008; 40: 2704-5)

BRIEF SUMMARY OF THE INVENTION

[0005] Aspects of the disclosure relate to compositions and methods for treating
fibrosis (e.g., liver fibrosis) in a subject. In some embodiments, potent RNA1 oligonucleotides
have been developed for selectively inhibiting HMGB1 expression. Accordingly, in some
embodiments, RNAI1 oligonucleotides provided herein are useful for reducing HMGB1
expression, particularly in hepatocytes, and thereby decreasing or preventing fibrosis (see, e.g.,
Examples 2-4; FIGS. 14A-C, 17A-D, 19, and 22-27). In some embodiments, RNAi
oligonucleotides incorporating nicked tetraloop structures are conjugated with GalNAc
moieties to facilitate delivery to liver hepatocytes (through interactions with asialoglycoprotein
receptor, which is primarily expressed on the surface of hepatocytes) to inhibit HMGB1
expression for the treatment of liver fibrosis. In some embodiments, methods are provided
herein involving the use of RNAi oligonucleotides for treating subjects having or suspected of
having liver conditions such as, for example, cholestatic liver disease, nonalcoholic fatty liver
disease (NAFLD) and nonalcoholic steatohepatitis (NASH). In further embodiments, the
disclosure is based on an identification of key regions (referred to as hotspots) of HMGB1
mRNA that are particularly amenable to targeting using oligonucleotide-based approaches.
Accordingly, in some embodiments, oligonucleotides have been developed that target these
mRNA hotspots to inhibit HMGB1 expression to treat fibrosis.

[0006] One aspect of the present disclosure provides oligonucleotides for reducing
expression of HMGB1. In some embodiments, the oligonucleotides comprise an antisense
strand comprising a sequence as set forth in any one of SEQ ID NOs: 97-192, 273-362, and
366-370. In some embodiments, the antisense strand consists of a sequence as set forth in any
one of SEQ ID NOs: 97-192, 273-362, and 366-370. In some embodiments, the antisense
strand comprises, or consists of, a sequence as set forth in any one of SEQ ID NOs: 273-362,
and 366-370. In some embodiments, the antisense strand comprises, or consists of, a sequence
as set forth in SEQ ID NO: 286, 367, 369, or 370. In some embodiments, the oligonucleotides
further comprise a sense strand that comprises a sequence as set forth in any one of SEQ ID
NOs: 1-96, 193-272, and 363-365. In some embodiments, the sense strand consists of a
sequence as set forth in any one of SEQ ID NOs: 1-96, 193-272, and 363-365. In some
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embodiments, the sense strand comprises, or consists of, a sequence as set forth in any one of
SEQ ID NOs: 193-272 and 363-365. In some embodiments, the sense strand comprises, or
consists of, a sequence as set forth in SEQ ID NO: 204, 211, 364, 365.

[0007] One aspect of the present disclosure provides oligonucleotides for reducing
expression of HMGBI, in which the oligonucleotides comprise an antisense strand of 15 to 30
nucleotides in length. In some embodiments, the antisense strand has a region of
complementarity to a target sequence of HMGBI1 as set forth in any one of SEQ ID NOs: 374-
381. In some embodiments, the region of complementarity is at least 15, at least 16, at least
17, at least 18, at least 19, at least 20, at least 21, or at least 22 contiguous nucleotides in
length. In some embodiments, the region of complementarity is fully complementary to the
target sequence of HMGBI1. In some embodiments, the region of complementarity to HMGB1
is at least 19 contiguous nucleotides in length.

[0008] In some embodiments, the antisense strand is 19 to 27 nucleotides in length.
In some embodiments, the antisense strand is 21 to 27 nucleotides in length. In some
embodiments, the oligonucleotide further comprises a sense strand of 15 to 40 nucleotides in
length, in which the sense strand forms a duplex region with the antisense strand. In some
embodiments, the sense strand is 19 to 40 nucleotides in length. In some embodiments, the
antisense strand is 27 nucleotides in length and the sense strand is 25 nucleotides in length. In
some embodiments, the duplex region is at least 15, at least 16, at least 17, at least 18, at least
19, at least 20, or at least 21 nucleotides in length. In some embodiments, the antisense strand
and sense strand form a duplex region of 25 nucleotides in length.

[0009] In some embodiments, an oligonucleotide comprises an antisense strand and a
sense strand that are each in a range of 21 to 23 nucleotides in length. In some embodiments,
an oligonucleotide comprises a duplex structure in a range of 19 to 21 nucleotides in length. In
some embodiments, an oligonucleotide comprises a 3'-overhang sequence of one or more
nucleotides in length, in which the 3'-overhang sequence is present on the antisense strand, the
sense strand, or the antisense strand and sense strand. In some embodiments, an
oligonucleotide further comprises a 3'-overhang sequence on the antisense strand of two
nucleotides in length. In some embodiments, an oligonucleotide comprises a 3'-overhang
sequence of two nucleotides in length, in which the 3'-overhang sequence is present on the
antisense strand, and in which the sense strand is 21 nucleotides in length and the antisense
strand is 23 nucleotides in length, such that the sense strand and antisense strand form a duplex
of 21 nucleotides in length.

[00010] In some embodiments, the sense strand comprises a sequence as set forth in
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any one of SEQ ID NOs: 1-96, 193-272, and 363-365. In some embodiments, the sense strand
consists of a sequence as set forth in any one of SEQ ID NOs: 1-96, 193-272, and 363-365. In
some embodiments, the antisense strand comprises a sequence as set forth in any one of SEQ
ID NOs: 97-192, 273-362, and 366-370. In some embodiments, the antisense strand consists
of a sequence as set forth in any one of SEQ ID NOs: 97-192, 273-362, and 366-370.

[00011] In some embodiments, the sense strand comprises at its 3'-end a stem-loop set
forth as: S1-L-S2, in which S1 is complementary to S2, and in which L forms a loop between
S1 and S2 of 3 to 5 nucleotides in length.

[00012] Another aspect of the present disclosure provides an oligonucleotide for
reducing expression of HMGBI, the oligonucleotide comprising an antisense strand and a
sense strand, in which the antisense strand is 21 to 27 nucleotides in length and has a region of
complementarity to HMGB1, in which the sense strand comprises at its 3'-end a stem-loop set
forth as: S1-L-S2, in which S1 is complementary to S2, and in which L forms a loop between
S1 and S2 of 3 to 5 nucleotides in length, and in which the antisense strand and the sense
strand form a duplex structure of at least 19 nucleotides in length but are not covalently linked
(see, e.g., FIG. 2) . In some embodiments, the region of complementarity is fully
complementary to at least 15, at least 16, at least 17, at least 18, at least 19, at least 20, or at
least 21 contiguous nucleotides of HMGB1 mRNA. In some embodiments, L is a tetraloop. In
some embodiments, L is 4 nucleotides in length. In some embodiments, L comprises a
sequence set forth as GAAA.

[00013] In some embodiments, an oligonucleotide comprises at least one modified
nucleotide. In some embodiments, the modified nucleotide comprises a 2'-modification. In
some embodiments, the 2'-modification is a modification selected from: 2'-aminoethyl, 2'-
fluoro, 2'-O-methyl, 2'-O-methoxyethyl, and 2'-deoxy-2'-fluoro-p-d-arabinonucleic acid. In
some embodiments, all of the nucleotides of an oligonucleotide are modified.

[00014] In some embodiments, an oligonucleotide comprises at least one modified
internucleotide linkage. In some embodiments, the at least one modified internucleotide
linkage is a phosphorothioate linkage. In some embodiments, the 4'-carbon of the sugar of the
5'-nucleotide of the antisense strand comprises a phosphate analog. In some embodiments, the
phosphate analog is oxymethylphosphonate, vinylphosphonate, or malonylphosphonate.
[00015] In some embodiments, at least one nucleotide of an oligonucleotide is
conjugated to one or more targeting ligands. In some embodiments, each targeting ligand
comprises a carbohydrate, amino sugar, cholesterol, polypeptide, or lipid. In some

embodiments, each targeting ligand comprises a N-acetylgalactosamine (GalNAc) moiety. In
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some embodiments, the GalNac moiety is a monovalent GalNAc moiety, a bivalent GalNAc
moiety, a trivalent GalNAc moiety, or a tetravalent GalNAc moiety. In some embodiments, up
to 4 nucleotides of L of the stem-loop are each conjugated to a monovalent GalNAc moiety. In
some embodiments, the targeting ligand comprises an aptamer.

[00016] Another aspect of the present disclosure provides a composition comprising an
oligonucleotide of the present disclosure and an excipient. Another aspect of the present
disclosure provides a method comprising administering a composition of the present disclosure
to a subject. In some embodiments, the method results in a decreased level or prevention of
liver fibrosis. In some embodiments, expression of HMGBI1 protein is reduced by
administering to the subject an oligonucleotide disclosed herein. In some embodiments, a
subject has cholestatic or autoimmune liver disease.

[00017] Another aspect of the present disclosure provides a method of treating a
subject having or at risk of having liver fibrosis. In some embodiments, methods provided
herein comprise administering to the subject an oligonucleotide that reduces expression of
HMGBI. In some embodiments, the subject has cholestatic or autoimmune liver disease. In
some embodiments, the subject has nonalcoholic steatohepatitis (NASH). In some
embodiments, the oligonucleotide administered to the subject is an RNA1 oligonucleotide.
[00018] In some embodiments, an oligonucleotide is administered prior to exposure of a
subject to a hepatotoxic agent. In some embodiments, an oligonucleotide is administered
subsequent to exposure of a subject to a hepatotoxic agent. In some embodiments, the
oligonucleotide is administered simultaneously with a subject’s exposure to a hepatotoxic
agent.

[00019] Another aspect of the present disclosure provides a method of treating a subject
having or at risk of having nonalcoholic steatohepatitis (NASH). In some embodiments,
themethod comprises administering to the subject an oligonucleotide that reduces expression of
HMGBI in the subject.

[00020] In some embodiments, administration of an oligonucleotide disclosed herein
results in a reduction in liver HMGBI1 levels. In some embodiments, administration of an
oligonucleotide disclosed herein results in a reduction in serum HMGB1 levels.

[00021] Another aspect of the present disclosure provides an oligonucleotide for
reducing expression of HMGB1, in whicholigonucleotide comprises a sense strand of 15 to 50
nucleotides in length and an antisense strand of 15 to 30 nucleotides in length, in which the
sense strand forms a duplex region with the antisense strand, in which the sense strand

comprises a sequence as set forth in any one of SEQ ID NO: 1-96, and in which the antisense
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strand comprises a complementary sequence selected from SEQ ID NO: 97-192. In some
embodiments, the sense strand consists of a sequence as set forth in any one of SEQ ID NO: 1-
96. In some embodiments, the antisense strand consists of a complementary sequence selected
from SEQ ID NO: 97-192.

[00022] Another aspect of the present disclosure provides an oligonucleotide for
reducing expression of HMGB1, in which oligonucleotide comprising a sense strand of 15 to
50 nucleotides in length and an antisense strand of 15 to 30 nucleotides in length, in which the
sense strand forms a duplex region with the antisense strand, in which the sense strand
comprises a sequence as set forth in any one of SEQ ID NO: 193-272 or 363-365 and in which
the antisense strand comprises a complementary sequence selected from SEQ ID NO: 273-362
or 366-370. In some embodiments, the sense strand consists of a sequence as set forth in any
one of SEQ ID NO: 193-272 or 363-365. In some embodiments, the antisense strand consists
of a complementary sequence selected from SEQ ID NO: 273-362 or 366-370.

[00023] Another aspect of the present disclosure provide an oligonucleotide for reducing
expression of HMGB1, in which the oligonucleotide comprises a sense strand of 15 to 50
nucleotides in length and an antisense strand of 15 to 30 nucleotides in length, in which the
sense strand forms a duplex region with the antisense strand, in which the sense strand
comprises a sequence as set forth in any one of SEQ ID NO: 204, 211, 364, 365 and in which
the antisense strand comprises a complementary sequence selected from SEQ ID NO: 286,
367, 369, 370. In some embodiments, the sense strand comprises a sequence as set forth in
SEQ ID NO: 204, and the antisense strand comprises a sequences as set for in SEQ ID NO:
286. In some embodiments, the sense strand comprises a sequence as set forth in SEQ ID NO:
211, andthe antisense strand comprises a sequences as set for in SEQ ID NO: 367. In some
embodiments, the sense strand comprises a sequence as set forth in SEQ ID NO: 364, and the
antisense strand comprises a sequences as set for in SEQ ID NO: 369. In some embodiments,
the sense strand comprises a sequence as set forth in SEQ ID NO: 365, and the antisense strand
comprises a sequences as set for in SEQ ID NO: 370. In some embodiments, the sense strand
consists of a sequence as set forth in SEQ ID NO: 204, and the antisense strand consists of a
sequences as set for in SEQ ID NO: 286. In some embodiments, the sense strand consists of a
sequence as set forth in SEQ ID NO: 211, and the antisense strand consists of a sequences as
set for in SEQ ID NO: 367. In some embodiments, the sense strand consists of a sequence as
set forth in SEQ ID NO: 364, and the antisense strand consists of a sequences as set for in SEQ
ID NO: 369. In some embodiments, the sense strand consists of a sequence as set forth in SEQ

ID NO: 365, and the antisense strand consists of a sequences as set for in SEQ ID NO: 370.
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[00024] Another aspect of the present disclosure provide an oligonucleotide for reducing
expression of HMGBI, in which the oligonucleotide comprises a pair of sense and antisense
strands selected from a row of Table 7. In some embodiments, an oligonucleotide provided
herein comprises at least one modified nucleotide. In some embodiments, the modified
nucleotide comprises a 2’-modification. In some embodiments, the 2’-modification is a
modification selected from: 2’-aminoethyl, 2’-fluoro, 2’-O-methyl, 2’-O-methoxyethyl, and 2’-
deoxy-2’-fluoro-f-d-arabinonucleic acid. In some embodiments, all nucleotides in the
oligonucleotide are modified. In some embodiments, the oligonucleotide comprises at least one
modified internucleotide linkage. In some embodiments, the at least one modified
internucleotide linkage is a phosphorothioate linkage. In some embodiments, the 4’-carbon of
the sugar of the 5’-nucleotide of the antisense strand comprises a phosphate analog. In some
embodiments, the phosphate analog is oxymethylphosphonate, vinylphosphonate, or
malonylphosphonate. In some embodiments, at least one nucleotide of the oligonucleotide is
conjugated to one or more targeting ligands. In some embodiments, each targeting ligand
comprises a carbohydrate, amino sugar, cholesterol, polypeptide or lipid. In some
embodiments, each targeting ligand comprises a N-acetylgalactosamine (GalNAc) moiety. In
some embodiments, the GalNac moiety is a monovalent GalNAc moiety, a bivalent GalNAc
moiety, a trivalent GalNAc moiety, or a tetravalent GaINAc moiety. In some embodiments, up

to 4 nucleotides of L of the stem-loop are each conjugated to a monovalent GalNAc moiety.

BRIEF DESCRIPTION OF THE DRAWINGS

[00025] The accompanying drawings, which are incorporated in and constitute a part
of this specification, illustrate certain embodiments, and together with the written description,
serve to provide non-limiting examples of certain aspects of the compositions and methods
disclosed herein.

[00026] FIG. 1 is a flowchart depicting the experimental design used to select
compounds for testing in cell and animal models and to develop double-stranded
oligonucleotides for reducing expression of HMGB1. SAR: Structure-Activity Relationship.
[00027] FIG. 2 is a schematic showing a non-limiting example of a double-stranded
oligonucleotide with a nicked tetraloop structure that has been conjugated to four GalNAc
moieties (diamonds on the right side of the molecule).

[00028] FIGs. 3A-3D are a series of graphs showing the percent of HMGB1 mRNA
remaining after a phase 1 screen of 96 HMGB1 oligonucleotides in Hepal-6 cells. “Mm
HMBG]1 533-646” indicates the position of the 5 RT-PCR site and “Mm HMBG1 1541-1675”
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indicates the position of the 3° RT-PCR site on the mouse mRNA.

[00029] FIG. 4 is a graph showing the percentage of mRNA remaining after HMGB1
oligonucleotide phase 2 screening of 96 HMGBI1 oligonucleotides at three different
concentrations (1 nM, 0.1nM and 0.01nM) in Hepal-6 cells (3’ assay).

[00030] FIG. 5 is a graph showing the results of screening in Hepal-6 cells using
HMGBI oligonucleotides of different base sequences in the nicked tetraloop structure, adapted
to different modification patterns and an unmodified control.

[00031] FIG. 6 is a graph showing the ICsg results for six HMGB1 oligonucleotides
selected from dose response curve screening in Hepal-6 cells.

[00032] FIG. 7 is a graph showing the amount of HMGB1 mRNA relative to the
amount HPRT mRNA remaining in the liver 72 hours after subcutaneous administration of 10
mg/kg (mpk) GalNAc-conjugated HMGB1 oligonucleotide in C57BL/6.

[00033] FIG. 8 is a graph showing an in vivo activity evaluation of three HMGB1
oligonucleotides in a nicked tetraloop structure. LNP formulated oligonucleotides were
administered intravenously to mice at three different dosages (0.3 mg/kg, 1 mg/kg and 3
mg/kg). The data show the amount of HMGB1 mRNA remaining at 24 hours after
administration normalized to a PBS control treatment.

[00034] FIG. 9 is a graph showing an in vivo activity evaluation of GalNAc-
conjugated HMGB1 oligonucleotides in a nicked tetraloop structure. Two different
oligonucleotide sequences were tested with four different oligonucleotide modification patterns
(denoted as M49, M54, M55, M56, which contain different arrangements of 2'-fluoro and 2'-O-
methyl modified nucleotides, phophorothiate linkages, and included a phosphate analog
positioned at the 5’ terminal nucleotide of their antisense strands). Oligonucleotides were
subcutaneously administered to mice at two different dosages (3 mg/kg and 10 mg/kg). The
data show the amount of HMGB1 mRNA remaining at 24 hours after administration
normalized to a PBS control treatment.

[00035] FIG. 10 is a graph showing an in vivo activity evaluation of GalNAc-
conjugated HMGB1 oligonucleotides in a nicked tetraloop structure. Different
oligonucleotide sequences were tested in four different oligonucleotide modification patterns
(denoted as M49, M51, M53, M57). Oligonucleotides were subcutaneously administered to
mice at 3 mg/kg. The data show the amount of HMGB1 mRNA remaining at 72 hours after
administration normalized to a PBS control treatment.

[00036] FIG. 11 is a graph showing an in vivo activity evaluation of GalNAc-

conjugated HMGB1 oligonucleotides in a nicked tetraloop structure. Two different
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oligonucleotide sequences were tested in different modification patterns (denoted as M29,
M49, and M50). The HMGBI1 oligonucleotides were designed to bind to conserved sequences
identified by the algorithm in the human, rhesus, and mouse sequences (“triple common”
sequences). The data show the amount of HMGB1 mRNA remaining at day 5 (normalized to a
PBS control treatment) after a 1 mg/kg subcutaneous dose.

[00037] FIG. 12 is a schematic showing the flowchart of an experimental model for
APAP-induced liver injury with C57BL/6 male mice (10 to 11 weeks). In this model, mice
received an intraperitoneal injection of 350 or 250 mg/kg APAP after a fasting period of 12
hours. Blood and/or tissue samples were collected at 6, 24, and 48 hours.

[00038] FIGs. 13A-13B are a set of graphs showing the percentage of HMGB1 mRNA
(normalized to Hprt] mRNA) remaining in mice after a 350 mg/kg APAP injection and
treatment with GalNAc-conjugated HMGB1 oligonucleotides, LNP formulated HMGB1
oligonucleotides, or a PBS control. FIG. 13A shows liver HMGB1 expression and FIG. 16B
shows serum HMGB1 expression. Saline-injected animals were used as controls. The
HMGBI oligonucleotide used in FIGs. 13A-13B is S212-AS296-M49.

[00039] FIG. 14A-14C are a series of graphs showing AST, ALT, and serum miR122
expression post HMGBI treatment in mice after a 350 mg/kg APAP injection and treatment
with GalNAc-conjugated HMGB1 oligonucleotides, LNP formulated HMGB1
oligonucleotides, or a PBS control. Saline-injected animals were used as controls. The
HMGBI oligonucleotide used in FIGs. 14A-14C is S212-AS296-M49.

[00040] FIG. 15 is a schematic showing the flowchart of an experimental model for
APAP-induced liver injury. In this model, animals were treated with either five doses of a
GalNAc-conjugated HMGB]1 oligonucleotides at 5 mg/kg or two doses of LNP formulated
HMGBI oligonucleotides at 1.5 mg/kg. Following a two-week period of administration of the
oligonucleotides and a fasting period of 12 hours, mice received an intraperotineal (I.P.)
injection of 350 mg/kg APAP in 0.9% NaCl. One day (24 hours) after administration of the
APAP injection, tissue and/or blood samples were harvested.

[00041] FIGs. 16A-16B are graphs showing the percentage of HMGB1 mRNA
remaining in the liver or serum of mice after a 350 mg/kg APAP injection and treatment with
GalNAc-conjugated HMGB]1 oligonucleotides, LNP formulated HMGB]1 oligonucleotides, or
a PBS control. FIG. 16A shows liver HMGBI1 expression and FIG. 16B shows serum HMGB1
expression. Saline-injected animals were used as controls. The HMGB1 oligonucleotide used
in FIGs. 16A-16B is S212-AS296-M56.

[00042] FIGs. 17A-17D are a series of graphs showing ALT (FIG. 17A), AST (FIG.
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20B), LDH (FIG. 20C), and miR122 expression (FIG. 17D) in 350 mg/kg APAP treated
animals after treatment with GalNAc-conjugated HMGBI1 oligonucleotides, LNP formulated
HMGBI oligonucleotides, or a PBS control. Saline-injected animals were used as controls.
The HMGBI1 oligonucleotide used in FIGs. 17A-17D is S212-AS296-M56.

[00043] FIG. 18 is a schematic showing the flowchart of a carbon tetrachloride (CCly)
model for anti-fibrotic activity with GalNAc-conjugated HMGB1 oligonucleotide dosing
regimens.

[00044] FIG. 19 is a graph of Sirius Red relative mean intensity levels in a CCls model
for anti-fibrotic activity after treatment with a subcutaneous 5 mg/kg dose of GalNAc-
conjugated HMGB1 oligonucleotides every 5 or 7 weeks or a PBS control. The HMGB1
oligonucleotide used in FIG. 19 is S212-AS296-M49.

[00045] FIG. 20 is a graph of alpha-smooth muscle actin relative mean intensity levels
in a CCly model for anti-fibrotic activity after treatment with a subcutaneous 5 mg/kg dose of
GalNAc-conjugated HMGB]1 oligonucleotides every 5 or 7 weeks or a PBS control. The
HMGBI oligonucleotide used in FIG. 20 is S212-AS296-M49.

[00046] FIG. 21 is a graph of liver weight to body weight ratios in a CCl; model for
anti-fibrotic activity after treatment with a subcutaneous 5 mg/kg dose of GalNAc-conjugated
HMGBI oligonucleotides every 5 or 7 weeks or a PBS control. The HMGBI1 oligonucleotide
used in FIG. 21 is S212-AS296-M49.

[00047] FIG. 22 is a graph of F4/80+ area in a CCl4 model for anti-fibrotic activity
after treatment with a subcutaneous 5 mg/kg dose of GalNAc-conjugated HMGB1
oligonucleotides every 5 or 7 weeks or a PBS control. The HMGB1 oligonucleotide used in
FIG. 22 is S212-AS296-M49.

[00048] FIG. 23 is a graph of Sirius Red relative mean intensity levels in a CCly model
for anti-fibrotic activity 43 days after treatment with a 5 mg/kg subcutaneous dose GalNAc-
conjugated HMGBI1 oligonucleotides in a tetraloop structure or a 2.5 mg/kg intravenous dose
of LNP-formulated oligonucleotide in a tetraloop structure. PBS-treated animals and animals
untreated with CCls were used as controls. The HMGBI1 oligonucleotide used in FIG. 23 is
S212-AS296-M49.

[00049] FIG. 24 is a schematic showing the flowchart for a Concavalin A induced
hepatitis model in mice alongside a chart showing a basic outline of the experimental design.
[00050] FIG. 25 is a series of pictures demonstrating the results of GalNAc-conjugated
HMGBI oligonucleotide treatment in a Concavalin A model of induced hepatitis in mice.

Data from mice treated with PBS control are shown at left. Data from mice treated with a
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subcutaneous dose of 10 mg/kg of GalNAc-conjugated HMGB]1 oligonucleotides are shown at
right. The HMGBI1 oligonucleotide used in FIG. 25 is S212-AS5296-M49.

[00051] FIGs. 26A-26D are a series of graphs demonstrating the results of
subcutaneous GalNAc-conjugated HMGB1 oligonucleotide treatment on HMGB1 (FIGs. 26A
and 26B), Collal (FIG. 26C), and Vimentin (FIG. 26D) mRNA levels in mice on a choline-
deficient amino acid-defined high-fat diet (CDAHFD) or control high-fat diet (HFD) in
comparison to PBS control treatment. The HMGB1 oligonucleotide used in FIGs. 26A-26D is
S194-AS274-M30.

[00052] FIG. 27 is a set of graphs demonstrating the results of subcutaneous GalNAc-
conjugated HMGB1 oligonucleotide treatment on ALT and AST levels in mice on a choline-
deficient amino acid-defined high-fat diet (CDAHFD) or control high-fat diet (HFD) in
comparison to PBS control treatment. The HMGB1 oligonucleotide used in FIG. 27 is S194-
AS274-M30.

[00053] FIG. 28 is a graph showing an in vivo activity evaluation of eight GalNAc-
conjugated HMGB1 oligonucleotides with 3 different modification patterns on day 5 following
Img/kg of subcutaneous administration. The percentage of remaining HMGB1 mRNA in the
liver 5 days after administration of the oligonucleotides, normalized to the remaining HMGB1
mRNA levels in mice treated with PBS, is shown. The results show that all tested HMGB1
oligonucleotides with different chemical modification patterns are potent in knocking down
HMGBI in mice hepatocytes.

[00054] FIGs. 29A-29B are graphs showing an in vivo activity evaluation of eight
GalNAc-conjugated HMGBI1 oligonucleotides at three different dosages (1, 0.5, or 0.25
mg/kg). The percent remaining HMGB1 mRNA in the liver 5 days after administration of the
oligonucleotides, normalized to the remaining HMGB1 mRNA levels in mice treated with
PBS, was evaluated in either a 5’ qPCR reaction (FIG. 29 A) or a 3' qPCR reaction (FIG. 29B).
The results show that the potency of all tested HMGB1 oligonucleotides are dose-dependent.
[00055] FIGs. 30A-30D are graphs showing an in vivo activity evaluation of three
GalNAc-conjugated HMGB]1 oligonucleotides at 4-different time points. The data show the
amount of HMGB1 mRNA remaining (normalized to the remaining HMGB1 mRNA levels in
mice treated with PBS) on day 7, 14, 21, or 28 after administration of the oligonucleotides.
FIGs. 30A and 30B show the results of 5 qPCR reactions. FIGs. 30C and 30D show the
results of 3° qPCR reactions. The results showed that all tested GalNAc-conjugated HMGB1
oligonucleotides were potent in knocking down HMGB1 3 weeks after injection.

[00056] FIGs. 31A-31B are graphs showing an in vivo activity evaluation of four
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GalNAc-conjugated HMGBI1 oligonucleotides at three different dosages (1, 0.5, or 0.25
mg/kg). The percentage of remaining HMGB1 mRNA in the liver 5 days after administration
of the oligonucleotides, normalized to the remaining HMGB1 mRNA levels in mice treated
with PBS, was evaluated in either a 5' qPCR reaction (FIG. 31 A) or a 3' qPCR reaction (FIG.
31B). All tested HMGB/1 oligonucleotide inhibitors showed an EDs (effective dose for 50%
of recipient receiving the drug) of about 0.5 to 1.0 mg/kg.

[00057] FIGs. 32A-32B are graphs showing an in vivo activity evaluation of four
GalNAc-conjugated HMGB/1 oligonucleotides 21 days after subcutaneous administration. The
percent percentage of remaining HMGB1 mRNA in the liver 21 days after administration of
the oligonucleotides, normalized to the remaining HMGB1 mRNA levels in mice treated with
PBS, was evaluated in either a 5’ qPCR reaction (FIG. 32 A) or a 3' qPCR reaction (FIG. 32B).
The results showed that all tested GalNAc-conjugated HMGB]1 oligonucleotides retained
potency in knockdown HMGB1 3 weeks post injection.

[00058] FIGs. 33A-33G are IC50 curves demonstrating uptake and activity of the 2
GalNAc-conjugates HMGB]1 oligonucleotides in primary monkey hepatocytes. The IC50
curves were normalized to mock treatment. Results for RIHMGB1 5° qPCR reactions are
shown in FIGs. 33A-33C), and results for 3 qPCR reactions are shown in FIGs. 33D-33F. A
GalNAc- conjugate LDHA oligonucleotide was used as assay control (FIGs. 33C, 33F, and
33G). The level of remaining RhLDHA mRNA was measured by a LDHA specific primer in
qPCR assay (FIG. 33G).

[00059] FIGs. 34A-34G are IC50 curves demonstrating uptake and activity of the 2
GalNAc-conjugates HMGB]1 oligonucleotides in primary human hepatocytes. The IC50
curves were normalized to mock treatment. Results for hsHMGB1 5 qPCR reactions are
shown in FIGs. 34A-34C), and results for 3> qPCR reactions are shown in FIGs. 34D-34F. A
GalNAc- conjugate LDHA oligonucleotide was used as assay control (FIGs. 34C, 34F, and
34G). The level of remaining HSLDHA mRNA was measured by a LDHA specific primer in
qPCR assay (FIG. 34G).

DETAILED DESCRIPTION OF THE INVENTION

[00060] According to some aspects, the disclosure provides oligonucleotides
targeting HMGB1 mRNA that are effective for reducing HMGB1 expression in cells,
particularly liver cells (e.g., hepatocytes) for the treatment of liver fibrosis. Accordingly, in
related aspects, the disclosure provided methods of treating fibrosis that involve selectively

reducing HMGBJ1 gene expression in liver. In certain embodiments, HMGB1 targeting
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oligonucleotides provided herein are designed for delivery to selected cells of target tissues
(e.g., liver hepatocytes) to treat fibrosis in those tissues.
[00061] Further aspects of the disclosure, including a description of defined terms,

are provided below.

I. Definitions

[00062] Approximately: As used herein, the term “approximately” or “about,” as
applied to one or more values of interest, refers to a value that is similar to a stated reference
value. In certain embodiments, the term “approximately” or “about” refers to a range of values
that fall within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2%, 1%, or less in either direction (greater than or less than) of the
stated reference value unless otherwise stated or otherwise evident from the context (except
where such number would exceed 100% of a possible value).

[00063] Administering: As used herein, the terms “administering” or
“administration” means to provide a substance (e.g., an oligonucleotide) to a subject in a
manner that is pharmacologically useful (e.g., to treat a condition in the subject).

[00064] Asialoglycoprotein receptor (ASGPR): As used herein, the term
“Asialoglycoprotein receptor” or “ASGPR” refers to a bipartite C-type lectin formed by a
major 48 kDa (ASGPR-1) and minor 40 kDa subunit (ASGPR-2). ASGPR is primarily
expressed on the sinusoidal surface of hepatocyte cells, and has a major role in binding,
internalization, and subsequent clearance of circulating glycoproteins that contain terminal
galactose or N-acetylgalactosamine residues (asialoglycoproteins).

[00065] Attenuates: As used herein, the term “attenuates” means reduces or
effectively halts. As a non-limiting example, one or more of the treatments provided herein
may reduce or effectively halt the onset or progression of liver fibrosis or liver inflammation in
a subject. This attenuation may be exemplified by, for example, a decrease in one or more
aspects (e.g., symptoms, tissue characteristics, and cellular, inflammatory or immunological
activity, efc.) of liver fibrosis or liver inflammation, no detectable progression (worsening) of
one or more aspects of liver fibrosis or liver inflammation, or no detectable aspects of liver
fibrosis or liver inflammation in a subject when they might otherwise be expected.

[00066] Complementary: As used herein, the term “complementary” refers to a
structural relationship between two nucleotides (e.g., on two opposing nucleic acids or on
opposing regions of a single nucleic acid strand) that permits the two nucleotides to form base

pairs with one another. For example, a purine nucleotide of one nucleic acid that is



WO 2019/006375 PCT/US2018/040410
14

complementary to a pyrimidine nucleotide of an opposing nucleic acid may base pair together
by forming hydrogen bonds with one another. In some embodiments, complementary
nucleotides can base pair in the Watson-Crick manner or in any other manner that allows for
the formation of stable duplexes. In some embodiments, two nucleic acids may have regions
of multiple nucleotides that are complementary with each other so as to form regions of
complementarity, as described herein.

[00067] Deoxyribonucleotide: As used herein, the term “deoxyribonucleotide” refers
to a nucleotide having a hydrogen in place of a hydroxyl at the 2’ position of its pentose sugar
as compared with a ribonucleotide. A modified deoxyribonucleotide is a deoxyribonucleotide
having one or more modifications or substitutions of atoms other than at the 2’ position,
including modifications or substitutions in or of the sugar, phosphate group or base.

[00068] Double-stranded oligonucleotide: As used herein, the term “double-stranded
oligonucleotide” refers to an oligonucleotide that is substantially in a duplex form. In some
embodiments, the complementary base-pairing of duplex region(s) of a double-stranded
oligonucleotide is formed between of antiparallel sequences of nucleotides of covalently
separate nucleic acid strands. In some embodiments, complementary base-pairing of duplex
region(s) of a double-stranded oligonucleotide is formed between antiparallel sequences of
nucleotides of nucleic acid strands that are covalently linked. In some embodiments,
complementary base-pairing of duplex region(s) of a double-stranded oligonucleotide is
formed from single nucleic acid strand that is folded (e.g., via a hairpin) to provide
complementary antiparallel sequences of nucleotides that base pair together. In some
embodiments, a double-stranded oligonucleotide comprises two covalently separate nucleic
acid strands that are fully duplexed with one another. However, in some embodiments, a
double-stranded oligonucleotide comprises two covalently separate nucleic acid strands that
are partially duplexed, e.g., having overhangs at one or both ends. In some embodiments, a
double-stranded oligonucleotide comprises antiparallel sequence of nucleotides that are
partially complementary, and thus, may have one or more mismatches, which may include
internal mismatches or end mismatches.

[00069] Duplex: As used herein, the term “duplex,” in reference to nucleic acids (e.g.,
oligonucleotides), refers to a structure formed through complementary base pairing of two
antiparallel sequences of nucleotides.

[00070] Excipient: As used herein, the term “excipient” refers to a non-therapeutic
agent that may be included in a composition, for example, to provide or contribute to a desired

consistency or stabilizing effect.
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[00071] Hepatocyte: As used herein, the term “hepatocyte” or “hepatocytes” refers to
cells of the parenchymal tissues of the liver. These cells make up approximately 70-85% of
the liver’s mass and manufacture serum albumin, fibrinogen, and the prothrombin group of
clotting factors (except for Factors 3 and 4). Markers for hepatocyte lineage cells may include,
but are not limited to: transthyretin (Ttr), glutamine synthetase (Glul), hepatocyte nuclear
factor 1a (Hnfla), and hepatocyte nuclear factor 4a (Hnf4a). Markers for mature hepatocytes
may include, but are not limited to: cytochrome P450 (Cyp3all), fumarylacetoacetate
hydrolase (Fah), glucose 6-phosphate (G6p), albumin (Alb), and OC2-2F8. See, e.g., Huch et
al., (2013), Nature, 494(7436): 247-250, the contents of which relating to hepatocyte markers
is incorporated herein by reference.

[00072] Hepatotoxic agent: As used herein, a “hepatotoxic agent” is a chemical
compound, virus, or other substance that is itself toxic to the liver or can be processed to form
a metabolite that is toxic to the liver. Hepatotoxic agents may include, but are not limited to,
carbon tetrachloride (CCly), acetaminophen (paracetamol), vinyl chloride, arsenic, chloroform,
nonsteroidal anti-inflammatory drugs (such as aspirin and phenylbutazone).

[00073] Liver inflammation: As used herein, the term “liver inflammation” or
“hepatitis” refers to a physical condition in which the liver becomes swollen, dysfunctional,
and/or painful, especially as a result of injury or infection, as may be caused by exposure to a
hepatotoxic agent. Symptoms may include jaundice (yellowing of the skin or eyes), fatigue,
weakness, nausea, vomiting, appetite reduction, and weight loss. Liver inflammation, if left
untreated, may progress to fibrosis, cirrhosis, liver failure, or liver cancer.

[00074] Liver fibrosis: As used herein, the term “liver fibrosis” or “fibrosis of the
liver” refers to an excessive accumulation in the liver of extracellular matrix proteins, which
could include collagens (I, III, and IV), fibronectin, undulin, elastin, laminin, hyaluronan, and
proteoglycans resulting from inflammation and liver cell death. Liver fibrosis, if left untreated,
may progress to cirrhosis, liver failure, or liver cancer.

[00075] Loop: As used herein the term, “loop” refers to a unpaired region of a nucleic
acid (e.g., oligonucleotide) that is flanked by two antiparallel regions of the nucleic acid that
are sufficiently complementary to one another, such that under appropriate hybridization
conditions (e.g., in a phosphate buffer, in a cells), the two antiparallel regions, which flank the
unpaired region, hybridize to form a duplex (referred to as a “stem”).

[00076] Modified Internucleotide Linkage: As used herein, the term “modified
internucleotide linkage” refers to a internucleotide linkage having one or more chemical

modifications compared with a reference internucleotide linkage comprising a phosphodiester
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bond. In some embodiments, a modified nucleotide is a non-naturally occurring linkage.
Typically, a modified internucleotide linkage confers one or more desirable properties to a
nucleic acid in which the modified internucleotide linkage is present. For example, a modified
nucleotide may improve thermal stability, resistance to degradation, nuclease resistance,
solubility, bioavailability, bioactivity, reduced immunogenicity, etc.

[00077] Modified Nucleotide: As used herein, the term “modified nucleotide” refers
to a nucleotide having one or more chemical modifications compared with a corresponding
reference nucleotide selected from: adenine ribonucleotide, guanine ribonucleotide, cytosine
ribonucleotide, uracil ribonucleotide, adenine deoxyribonucleotide, guanine
deoxyribonucleotide, cytosine deoxyribonucleotide and thymidine deoxyribonucleotide. In
some embodiments, a modified nucleotide is a non-naturally occurring nucleotide. In some
embodiments, a modified nucleotide has one or more chemical modification in its sugar,
nucleobase and/or phosphate group. In some embodiments, a modified nucleotide has one or
more chemical moieties conjugated to a corresponding reference nucleotide. Typically, a
modified nucleotide confers one or more desirable properties to a nucleic acid in which the
modified nucleotide is present. For example, a modified nucleotide may improve thermal
stability, resistance to degradation, nuclease resistance, solubility, bioavailability, bioactivity,
reduced immunogenicity, efc.

[00078] Nicked Tetraloop Structure: A “nicked tetraloop structure” is a structure of
a RNA1 oligonucleotide characterized by the presense of separate sense (passenger) and
antisense (guide) strands, in which the sense strand has a region of complementarity with the
antisense strand, and in which at least one of the strands, generally the sense strand, has a
tetraloop configured to stabilize an adjacent stem region formed within the at least one strand.
[00079] Oligonucleotide: As used herein, the term “oligonucleotide” refers to a short
nucleic acid, e.g., of less than 100 nucleotides in length. An oligonucleotide may be single-
stranded or double-stranded. An oligonucleotide may or may not have duplex regions. As a
set of non-limiting examples, an oligonucleotide may be, but is not limited to, a small
interfering RNA (siRNA), microRNA (miRNA), short hairpin RNA (shRNA), dicer substrate
interfering RNA (dsiRNA), antisense oligonucleotide, short siRNA, or single-stranded siRNA.
In some embodiments, a double-stranded oligonucleotide is an RNA1 oligonucleotide.

[00080] Overhang: As used herein, the term “overhang” refers to terminal non-base
pairing nucleotide(s) resulting from one strand or region extending beyond the terminus of a
complementary strand with which the one strand or region forms a duplex. In some

embodiments, an overhang comprises one or more unpaired nucleotides extending from a
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duplex region at the 5' terminus or 3’ terminus of a double-stranded oligonucleotide. In certain
embodiments, the overhang is a 3’ or 5’ overhang on the antisense strand or sense strand of a
double-stranded oligonucleotides.

[00081] Phosphate analog: As used herein, the term “phosphate analog” refers to a
chemical moiety that mimics the electrostatic and/or steric properties of a phosphate group. In
some embodiments, a phosphate analog is positioned at the 5’ terminal nucleotide of an
oligonucleotide in place of a 5’-phosphate, which is often susceptible to enzymatic removal.
In some embodiments, a 5’ phosphate analogs contain a phosphatase-resistant linkage.
Examples of phosphate analogs include 5’ phosphonates, such as 5’ methylenephosphonate (5'-
MP) and 5'-(E)-vinylphosphonate (5'-VP). In some embodiments, an oligonucleotide has a
phosphate analog at a 4’-carbon position of the sugar (referred to as a “4’-phosphate analog™)
at a 5’-terminal nucleotide. An example of a 4’-phosphate analog is oxymethylphosphonate, in
which the oxygen atom of the oxymethyl group is bound to the sugar moiety (e.g., at its 4’-
carbon) or analog thereof. See, for example, U.S. Provisional Application numbers
62/383,207, filed on September 2, 2016, and 62/393,401, filed on September 12, 2016, the
contents of each of which relating to phosphate analogs are incorporated herein by reference.
Other modifications have been developed for the 5’ end of oligonucleotides (see, e.g., WO
2011/133871; U.S. Patent No. 8,927,513; and Prakash er al. (2015), Nucleic Acids Res.,
43(6):2993-3011, the contents of each of which relating to phosphate analogs are incorporated
herein by reference).

[00082] Reduced expression: As used herein, the term “reduced expression” of a
gene refers to a decrease in the amount of RNA transcript or protein encoded by the gene
and/or a decrease in the amount of activity of the gene in a cell or subject, as compared to an
appropriate reference cell or subject. For example, the act of treating a cell with a double-
stranded oligonucleotide (e.g., one having an antisense strand that is complementary to
HMGB1 mRNA sequence) may result in a decrease in the amount of RNA transcript, protein
and/or activity (e.g., encoded by the HMGB1 gene) compared to a cell that is not treated with
the double-stranded oligonucleotide. Similarly, “reducing expression” as used herein refers to
an act that results in reduced expression of a gene (e.g., HMGB1).

[00083] Region of Complementarity: As used herein, the term “region of
complementary” refers to a sequence of nucleotides of a nucleic acid (e.g., a double-stranded
oligonucleotide) that is sufficiently complementary to an antiparallel sequence of nucleotides
to permit hybridization between the two sequences of nucleotides under appropriate

hybridization conditions, e.g., in a phosphate buffer, in a cell, efc.
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[00084] Ribonucleotide: As used herein, the term “ribonucleotide” refers to a
nucleotide having a ribose as its pentose sugar, which contains a hydroxyl group at its 2’
position. A modified ribonucleotide is a ribonucleotide having one or more modifications or
substitutions of atoms other than at the 2’ position, including modifications or substitutions in
or of the ribose, phosphate group or base.

[00085] RNAI Oligonucleotide: As used herein, the term “RNA1 oligonucleotide”
refers to either (a) a double stranded oligonucleotide having a sense strand (passenger) and
antisense strand (guide), in which the antisense strand or part of the antisense strand is used by
the Argonaute 2 (Ago2) endonuclease in the cleavage of a target mRNA or (b) a single
stranded oligonucleotide having a single antisense strand, where that antisense strand (or part

of that antisense strand) is used by the Ago2 endonuclease in the cleavage of a target mRNA.

[00086] Strand: As used herein, the term “strand” refers to a single contiguous
sequence of nucleotides linked together through internucleotide linkages (e.g., phosphodiester
linkages, phosphorothioate linkages). In some embodiments, a strand has two free ends, e.g., a
5’-end and a 3’-end.

[00087] Subject: As used herein, the term “subject” means any mammal, including
mice, rabbits, and humans. In one embodiment, the subject is a human or non-human primate.
The terms “individual” or “patient” may be used interchangeably with “subject.”

[00088] Synthetic: As used herein, the term “synthetic” refers to a nucleic acid or
other molecule that is artificially synthesized (e.g., using a machine (e.g., a solid state nucleic
acid synthesizer)) or that is otherwise not derived from a natural source (e.g., a cell or
organism) that normally produces the molecule.

[00089] Targeting ligand: As used herein, the term “targeting ligand” refers to a
molecule (e.g., a carbohydrate, amino sugar, cholesterol, polypeptide or lipid) that selectively
binds to a cognate molecule (e.g., a receptor) of a tissue or cell of interest and that is
conjugatable to another substance for purposes of targeting the other substance to the tissue or
cell of interest. For example, in some embodiments, a targeting ligand may be conjugated to
an oligonucleotide for purposes of targeting the oligonucleotide to a specific tissue or cell of
interest. In some embodiments, a targeting ligand selectively binds to a cell surface receptor.
Accordingly, in some embodiments, a targeting ligand when conjugated to an oligonucleotide
facilitates delivery of the oligonucleotide into a particular cell through selective binding to a
receptor expressed on the surface of the cell and endosomal internalization by the cell of the

complex comprising the oligonucleotide, targeting ligand and receptor. In some embodiments,
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a targeting ligand is conjugated to an oligonucleotide via a linker that is cleaved following or
during cellular internalization such that the oligonucleotide is released from the targeting
ligand in the cell.

[00090] Tetraloop: As used herein, the term “tetraloop” refers to a loop that increases
stability of an adjacent duplex formed by hybridization of flanking sequences of nucleotides.
The increase in stability is detectable as an increase in melting temperature (Tm) of an adjacent
stem duplex that is higher than the Tm of the adjacent stem duplex expected, on average, from
a set of loops of comparable length consisting of randomly selected sequences of nucleotides.
For example, a tetraloop can confer a melting temperature of at least 50° C, at least 55° C., at
least 56° C, at least 58° C, at least 60° C, at least 65° C or at least 75° C in 10 mM NaHPO, to
a hairpin comprising a duplex of at least 2 base pairs in length. In some embodiments, a
tetraloop may stabilize a base pair in an adjacent stem duplex by stacking interactions. In
addition, interactions among the nucleotides in a tetraloop include but are not limited to non-
Watson-Crick base pairing, stacking interactions, hydrogen bonding, and contact interactions
(Cheong et al., Nature 1990 Aug. 16; 346(6285):680-2; Heus and Pardi, Science 1991 Jul. 12;
253(5016):191-4). In some embodiments, a tetraloop comprises or consists of 3 to 6
nucleotides, and is typically 4 to 5 nucleotides. In certain embodiments, a tetraloop comprises
or consists of three, four, five, or six nucleotides, which may or may not be modified (e.g.,
which may or may not be conjugated to a targeting moiety). In one embodiment, a tetraloop
consists of four nucleotides. Any nucleotide may be used in the tetraloop and standard
TUPAC-IUB symbols for such nucleotides may be used as described in Cornish-Bowden
(1985) Nucl. Acids Res. 13: 3021-3030. For example, the letter “N”” may be used to mean that
any base may be in that position, the letter “R” may be used to show that A (adenine) or G
(guanine) may be in that position, and “B” may be used to show that C (cytosine), G (guanine),
or T (thymine) may be in that position. Examples of tetraloops include the UNCG family of
tetraloops (e.g., UUCG), the GNRA family of tetraloops (e.g., GAAA), and the CUUG
tetraloop. (Woese et al., Proc Natl Acad Sci USA. 1990 November; 87(21):8467-71; Antao et
al., Nucleic Acids Res. 1991 Nov. 11; 19(21):5901-5). Examples of DNA tetraloops include
the d(GNNA) family of tetraloops (e.g., d(GTTA), the d(GNRA)) family of tetraloops, the
d(GNAB) family of tetraloops, the d(CNNG) family of tetraloops, and the d(TNCG) family of
tetraloops (e.g., d(TTCG)). See, for example: Nakano et al. Biochemistry, 41 (48), 14281-
14292, 2002. SHINJI ef al. Nippon Kagakkai Koen Yokoshu VOL. 78th; NO. 2; PAGE. 731
(2000), which are incorporated by reference herein for their relevant disclosures. In some

embodiments, the tetraloop is contained within a nicked tetraloop structure.
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[00091] Treat: As used herein, the term “treat” refers to the act of providing care to a
subject in need thereof, e.g., through the administration a therapeutic agent (e.g., an
oligonucleotide) to the subject, for purposes of improving the health and/or well-being of the
subject with respect to an existing condition (e.g., a disease, disorder) or to prevent or decrease
the likelihood of the occurrence of a condition. In some embodiments, treatment involves
reducing the frequency or severity of at least one sign, symptom or contributing factor of a

condition (e.g., disease, disorder) experienced by a subject.

1L Oligonucleotide-based inhibitors of HMGB1 expression

i. HMGB1 Hotspots
[00092] In some embodiments, oligonucleotide-based inhibitors of HMGB1
expression are provided herein that can be used to achieve a therapeutic benefit. Through
examination of the HMGB1 mRNA, including mRNAs of multiple different species (human,
rhesus monkey, and mouse (see, e.g., Example 1) and in vitro and in vivo testing, it has been
discovered that certain regions of HMGB1 mRNA are hotspots for targeting because they are
more amenable than others to oligonucleotide-based inhibition. In some embodiments, a
hotspot region of HMGB 1 comprises, or consists of, a sequence as forth in any one of SEQ ID
NO:374-381. These regions of HMGB1 mRNA may be targeted using oligonucleotides as
discussed herein for purposes of inhibiting HMGB1 mRNA expression.
[00093] Accordingly, in some embodiments, oligonucleotides provided herein are
designed so as to have regions of complementarity to HMGB1 mRNA (e.g., within a hotspot
of HMGB1 mRNA) for purposes of targeting the mRNA in cells and inhibiting its expression.
The region of complementary is generally of a suitable length and base content to enable
annealling of the oligonucleotide (or a strand thereof) to HMGB1 mRNA for purposes of
inhibiting its expression. In some embodiments, the region of complementarity is at least 12,
at least 13, at least 14, at least 15, at least 16, at Ieast 17, at least 18, at least 19 or at Ieast 20
nucleotides in length. In some embodiments, an oligonucleotide provided herein has a region
of complementarity to HMGBI1 that is in the range of 12 to 30 (e.g., 12 to 30, 12 to 22, 15 to
25,17 to 21, 18 to 27, 19 to 27, or 15 to 30) nucleotides in length. In some embodiments, an
oligonucleotide provided herein has a region of complementarity to HMGBI1 that is 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 nucleotides in length.
[00094] In some embodiments, an oligonucleotide disclosed herein comprises a

region of complementarity (e.g., on an antisense strand of a double-stranded oligonucleotide)
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that is at least partially complementary to a sequence as set forth in any one of SEQ ID NO: 1-
96. In some embodiments, an oligonucleotide disclosed herein comprises a region of
complementarity (e.g., on an antisense strand of a double-stranded oligonucleotide) that is fully
complementary to a sequence as set forth in any one of SEQ ID NO: 1-96. In some
embodiments, a region of complementarity of an oligonucleotide (e.g., on an antisense strand
of a double-stranded oligonucleotide) is complementary to a contiguous sequence of
nucleotides of a sequence as set forth in any one of SEQ ID NOs: 1-96,193-272, and 363-
365that is in the range of 10 to 25 nucleotides (e.g., 10 to 25, 12 to 22, 15 to 25, 17 to 21, 18 to
25, 19-25, or 15 to 30 nucleotides) in length. In some embodiments, a region of
complementarity of an oligonucleotide (e.g., on an antisense strand of a double-stranded
oligonucleotide) is complementary to a contiguous sequence of nucleotides of a sequence as
set forth in any one of SEQ ID NOs: 1-96, 193-272, and 363-365 thatis 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, or 25contiguous nucleotides in length.

[00095] In some embodiments, a region of complementarity of an oligonucleotide that
is complementary to contiguous nucleotides of a sequence as set forth in any one of SEQ ID
NOs: 1-96, 193-272, and 363-365 spans the entire length of an antisense strand. In some
embodiments, a region of complementarity of an oligonucleotide that is complementary to
contiguous nucleotides of a sequence as set forth in any one of SEQ ID NOs:1-96, 193-272,
and 363-365spans a portion of the entire length of an antisense strand. In some embodiments,
an oligonucleotide disclosed herein comprises a region of complementarity (e.g., on an
antisense strand of a double-stranded oligonucleotide) that is at least partially (e.g., fully)
complementary to a contiguous stretch of nucleotides spanning nucleotides 1-19 of a sequence
as set forth in any one of SEQ ID NOs: 193-272, 193-272, and 363-365.

[00096] In some embodiments, a region of complementarity to HMGB1 may have one
or more mismatches compared with a corresponding sequence of HMGB1 mRNA. A region
of complementarity on an oligonucleotide may have upto 1, upto 2, upto3,upto4,up to 5,
efc. mismatches provided that it maintains the ability to form complementary base pairs with
HMGB1 mRNA under appropriate hybridization conditions. Alternatively, a region of
complementarity on an oligonucleotide may have no more than 1, no more than 2, no more
than 3, no more than 4, or no more than 5 mismatches provided that it maintains the ability to
form complementary base pairs with HMGB1 mRNA under appropriate hybridization
conditions. In some embodiments, if there are more than one mismatches in a region of
complementarity, they may be positioned consecutively (e.g., 2, 3, 4, or more in a row), or

interspersed throughout the region of complementarity provided that the oligonucleotide
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maintains the ability to form complementary base pairs with HMGB1 mRNA under

appropriate hybridization conditions.

il Types of Oligonucleotides
[00097] There are a variety of structures of oligonucleotides that are useful for
targeting HMGBI1 in the methods of the present disclosure, including RNA1, antisense,
miRNA, efc. Any of the structures described herein or elsewhere may be used as a framework
to incorporate or target a sequence described herein (e.g., a hotpot sequence of HMBG1 such
as those illustrated in SEQ ID NOs: 374-381).
[00098] In some embodiments, oligonucleotides for reducing the expression of
HMGBI1 expression engage RNA interference (RNA1) pathways upstream or downstream of
dicer involvement. For example, RNAi oligonucleotides have been developed with each strand
having sizes of 19-25 nucleotides with at least one 3’ overhang of 1 to 5 nucleotides (see, e.g.,
U.S. Patent No. 8,372,968). Longer oligonucleotides have also been developed that are
processed by Dicer to generate active RNAIi products (see, e.g., U.S. Patent No. 8,883,996).
Further work produced extended double-stranded oligonucleotides where at least one end of at
least one strand is extended beyond a duplex targeting region, including structures where one
of the strands includes a thermodynamically-stabilizing tetraloop structure (see, e.g., U.S.
Patent Nos. 8,513,207 and 8,927,705, as well as W0O2010033225, which are incorporated by
reference herein for their disclosure of these oligonucleotides). Such structures may include
single-stranded extensions (on one or both sides of the molecule) as well as double-stranded
extensions.
[00099] In some embodiments, oligonucleotides provided herein are designed to
engage in the RNA interference pathway downstream of the involvement of dicer (e.g., dicer
cleavage). Such oligonucleotides may have an overhang (e.g., of 1, 2, or 3 nucleotides in
length) in the 3’ end of the sense strand. Such oligonucleotides (e.g., siRNAs) may comprise a
21 nucleotide guide strand that is antisense to a target RNA and a complementary passenger
strand, in which both strands anneal to form a 19-bp duplex and 2 nucleotide overhangs at
either or both 3° ends. Longer oligonucleotide designs are also available including
oligonucleotides having a guide strand of 23 nucleotides and a passenger strand of 21
nucleotides, where there is a blunt end on the right side of the molecule (3'-end of passenger
strand/5'-end of guide strand) and a two nucleotide 3'-guide strand overhang on the left side of
the molecule (5'-end of the passenger strand/3'-end of the guide strand). In such molecules,

there is a 21 base pair duplex region. See, for example, US9012138, US9012621, and
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US9193753, each of which are incorporated herein for their relevant disclosures.

[000100] In some embodiments, oligonucleotides as disclosed herein may comprise
sense and antisense strands that are both in the range of 17 to 26 (e.g., 17 to 26, 20 to 25, or
21-23) nucleotides in length. In some embodiments, an oligonucleotide as disclosed herein
comprises a sense and antisense strand that are both in the range of 19-21 nucleotide in length.
In some embodiments, the sense and antisense strands are of equal length. In some
embodiments, an oligonucleotide comprises sense and antisense strands, such that there is a 3’-
overhang on either the sense strand or the antisense strand, or both the sense and antisense
strand. In some embodiments, for oligonucleotides that have sense and antisense strands that
are both in the range of 21-23 nucleotides in length, a 3’ overhang on the sense, antisense, or
both sense and antisense strands is 1 or 2 nucleotides in length. In some embodiments, the
oligonucleotide has a guide strand of 23 nucleotides and a passenger strand of 21 nucleotides,
where there is a blunt end on the right side of the molecule (3'-end of passenger strand/5'-end
of guide strand) and a two nucleotide 3'-guide strand overhang on the left side of the molecule
(5'-end of the passenger strand/3'-end of the guide strand). In such molecules, there is a 21
base pair duplex region.

Other oligonucleotides designs for use with the compositions and methods disclosed herein
include: 16-mer siRNAs (see, e.g., Nucleic Acids in Chemistry and Biology. Blackburn (ed.),
Royal Society of Chemistry, 2006), shRNAs (e.g., having 19 bp or shorter stems; see, e.g.,
Moore et al. Methods Mol. Biol. 2010; 629:141-158), blunt siRNAs (e.g., of 19 bps in length;
see: e.g., Kraynack and Baker, RNA Vol. 12, p163-176 (2006)), asymmetrical siRNAs
(aiRNA; see, e.g., Sun et al., Nat. Biotechnol. 26, 1379-1382 (2008)), asymmetric shorter-
duplex siRNA (see, e.g., Chang et al., Mol Ther. 2009 Apr; 17(4): 725-32), fork siRNAs (see,
e.g., Hohjoh, FEBS Letters, Vol 557, issues 1-3; Jan 2004, p 193-198), single-stranded siRNAs
(Elsner; Nature Biotechnology 30, 1063 (2012)), dumbbell-shaped circular siRNAs (see, e.g.,
Abe et al. ] Am Chem Soc 129: 15108-15109 (2007)), and small internally segmented
interfering RNA (sisiRNA; see, e.g., Bramsen et al., Nucleic Acids Res. 2007 Sep; 35(17):
5886-5897). Each of the foregoing references is incorporated by reference in its entirety for
the related disclosures therein. Further non-limiting examples of an oligonucleotide structures
that may be used in some embodiments to reduce or inhibit the expression of HMGB1 are
microRNA (miRNA), short hairpin RNA (shRNA), and short siRNA (see, e.g., Hamilton et al.,
Embo J., 2002, 21(17): 4671-4679; see also U.S. Application No. 20090099115).

[000101] Still, in some embodiments, an oligonucleotide for reducing HMGB1

expression as described herein is single-stranded. Such structures may include, but are not
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limited to single-stranded RNAi molecules. Recent efforts have demonstrated the activity of
single-stranded RNAi molecules (see, e.g., Matsui et al. (May 2016), Molecular Therapy, Vol.
24(5), 946-955). However, in some embodiments, oligonucleotides provided herein are
antisense oligonucleotides (ASOs). An antisense oligonucleotide is a single-stranded
oligonucleotide that has a nucleobase sequence which, when written in the 5’ to 3’ direction,
comprises the reverse complement of a targeted segment of a particular nucleic acid and is
suitably modified (e.g., as a gapmer) so as to induce RNaseH mediated cleavage of its target
RNA in cells or (e.g., as a mixmer) so as to inhibit translation of the target mRNA in cells.
Antisense oligonucleotides for use in the instant disclosure may be modified in any suitable
manner known in the art including, for example, as shown in U.S. Patent No. 9,567,587, which
is incorporated by reference herein for its disclosure regarding modification of antisense
oligonucleotides (including, e.g., length, sugar moieties of the nucleobase (pyrimidine, purine),
and alterations of the heterocyclic portion of the nucleobase). F urther, antisense molecules
have been used for decades to reduce expression of specific target genes (see, e.g., Bennett er

al.; Pharmacology of Antisense Drugs, Annual Review of Pharmacology and Toxicology, Vol.

57: 81-105).

iii. Double-Stranded Oligonucleotides
[000102] Double-stranded oligonucleotides for targeting HMGB1 expression (e.g., via
the RNAIi pathway) generally have a sense strand and an antisense strand that form a duplex
with one another. In some embodiments, the sense and antisense strands are not covalently
linked. However, in some embodiments, the sense and antisense strands are covalently linked.
In some embodiments, a duplex formed between a sense and antisense strand is at least 15
(e.g., at least 15, at least 16, at least 17, at least 18, at least 19, at least 20, or at least 21)
nucleotides in length. In some embodiments, a duplex formed between a sense and antisense
strand is in the range of 15-30 nucleotides in length (e.g., 15 to 30, 15 to 27, 15 to 22, 18 to 22,
18 to 25, 18 to 27, 18 to 30, or 21 to 30 nucleotides in length). In some embodiments, a duplex
formed between a sense and antisense strand is 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, or 30 nucleotides in length. In some embodiments a duplex formed between a
sense and antisense strand does not span the entire length of the sense strand and/or antisense
strand. In some embodiments, a duplex between a sense and antisense strand spans the entire
length of either the sense or antisense strands. In certain embodiments, a duplex between a
sense and antisense strand spans the entire length of both the sense strand and the antisense

strand.
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[000103] In some embodiments, an oligonucleotide provided herein comprises a sense
strand having a sequence as set forth in any one of SEQ ID NO: 1-96 and an antisense strand
comprising a complementary sequence selected from SEQ ID NO: 97-192, as is arranged
Table 7 (e.g., a sense strand comprising a sequence as set forth in SEQ ID NO: 1 and an
antisense strand comprising a sequence as set forth in SEQ ID NO: 97). In some
embodiments, an oligonucleotide provided herein comprises a sense strand comprising a
sequence as set forth in any one of SEQ ID NO: 193-272 and 363-365 and an antisense strand
comprising a complementary sequence selected from SEQ ID NO: 273-362 and 366-370, as is
also arranged Table 7 (e.g., a sense strand comprising a sequence as set forth in SEQ ID NO:
193 and an antisense strand comprising a sequence as set forth in SEQ ID NO: 273). It should
be appreciated that, in some embodiments, sequences presented in the sequence listing may be
referred to in describing the structure of an oligonucleotide or other nucleic acid. In such
embodiments, the actual oligonucleotide or other nucleic acid may have one or more
alternative nucleotides (e.g., an RNA counterpart of a DNA nucleotide or a DNA counterpart
of an RNA nucleotide) and/or one or more modified nucleotides and/or one or more modified
internucleotide linkages and/or one or more other modification compared with the specified
sequence while retaining essentially same or similar complementary properties as the specified
sequence.

[000104] In some embodiments, a double-stranded oligonucleotide comprises a 25
nucleotide sense strand and a 27 nucleotide antisense strand that when acted upon by a dicer
enzyme results in an antisense strand that is incorporated into the mature RISC. In some
embodiments, a sense strand of an oligonucleotide is longer than 27 nucleotides (e.g., 28, 29,
30, 31, 32, 33, 34, 35, 36, 37, 38, 39 or 40 nucleotides). In some embodiments, a sense strand
of an oligonucleotide is longer than 25 nucleotides (e.g., 26, 27, 28, 29 or 30 nucleotides).

The length of a duplex formed between a sense and antisense strand of an oligonucleotide may
be 12 to 30 nucleotides (e.g., 12 to 30, 12 to 27, 15 to 25, 18 to 30 or 19 to 30 nucleotides) in
length. In some embodiments, the length of a duplex formed between a sense and antisense
strand of an oligonucleotide is at least 12 nucleotides long (e.g., at least 12, at least 15, at least
20, or at least 25 nucleotides long). In some embodiments, the length of a duplex formed
between a sense and antisense strand of an oligonucleotide is 12, 13,14, 15, 16, 17, 18, 19, 20,
21, 22,23, 24, 25, 26, 27, 28, 29, or 30 nucleotides in length.

[000105] In some embodiments, oligonucleotides provided herein have one 5’end that
is thermodynamically less stable compared to the other 5’ end. In some embodiments, an

asymmetry oligonucleotide is provided that includes a blunt end at the 3’ end of a sense strand
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and an overhang at the 3’ end of an antisense strand. In some embodiments, a 3* overhang on
an antisense strand is 1-8 nucleotides in length (e.g., 1, 2, 3, 4, 5, 6, 7 or 8 nucleotides in
length). Typically, an oligonucleotide for RNA1 has a two nucleotide overhang on the 3” end
of the antisense (guide) strand. However, other overhangs are possible. In some embodiments,
an overhang is a 3' overhang comprising a length of between one and six nucleotides,
optionally one to five, one to four, one to three, one to two, two to six, two to five, two to four,
two to three, three to six, three to five, three to four, four to six, four to five, five to six
nucleotides, or one, two, three, four, five or six nucleotides. However, in some embodiments,
the overhang is a 5' overhang comprising a length of between one and six nucleotides,
optionally one to five, one to four, one to three, one to two, two to six, two to five, two to four,
two to three, three to six, three to five, three to four, four to six, four to five, five to six
nucleotides, or one, two, three, four, five or six nucleotides.

[000106] In some embodiments, two terminal nucleotides on the 3’ end of an antisense
strand are modified. In some embodiments, the two terminal nucleotides on the 3° end of the
antisense strand are complementary with the target. In some embodiments, the two terminal
nucleotides on the 3’ end of the antisense strand are not complementary with the target. In
some embodiments, two terminal nucleotides on each 3’ end of an oligonucleotide in the
nicked tetraloop structure are GG. Typically, one or both of the two terminal GG nucleotides
on each 3’ end of an oligonucleotide is not complementary with the target.

[000107] In some embodiments, there is one or more (e.g., 1, 2, 3, 4, 5) mismatch
between a sense and antisense strand. If there is more than one mismatch between a sense and
antisense strand, they may be positioned consecutively (e.g., 2, 3 or more in a row), or
interspersed throughout the region of complementarity. In some embodiments, the 3’-
terminus of the sense strand contains one or more mismatches. In one embodiment, two
mismatches are incorporated at the 3’ terminus of the sense strand. In some embodiments,
base mismatches or destabilization of segments at the 3’-end of the sense strand of the
oligonucleotide improved the potency of synthetic duplexes in RNA1, possibly through

facilitating processing by Dicer.

a. Antisense Strands
[000108] In some embodiments, an antisense strand of an oligonucleotide may be
referred to as a “guide strand.” For example, if an antisense strand can engage with RNA-
induced silencing complex (RISC) and bind to an Argonaut protein, or engage with or bind to

one or more similar factors, and direct silencing of a target gene, it may be referred to as a
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guide strand. In some embodiments a sense strand complementary with a guide strand may be
referred to as a “passenger strand.”

[000109] In some embodiments, an oligonucleotide provided herein comprises an
antisense strand that is up to 50 nucleotides in length (e.g., up to 30, up to 27, up to 25, up to
21, or up to 19 nucleotides in length). In some embodiments, an oligonucleotide provided
herein comprises an antisense strand is at least 12 nucleotides in length (e.g., at least 12, at
least 15, at least 19, at least 21, at least 25, or at least 27 nucleotides in length). In some
embodiments, an antisense strand of an oligonucleotide disclosed herein is in the range of 12 to
50 or 12 to 30 (e.g., 12 to 30, 11 to 27, 11 to 25, 15 to 21, 15 to 27, 17 to 21, 17 to 25, 19 to 27,
or 19 to 30) nucleotides in length. In some embodiments, an antisense strand of any one of the
oligonucleotides disclosed herein is 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, 49, or 50
nucleotides in length.

[000110] In some embodiments an oligonucleotide disclosed herein comprises an
antisense strand comprising a sequence as set forth in any one of SEQ ID NO: 97-192, 273-
362, or 366-370. In some embodiments, an oligonucleotide comprises an antisense strand
comprising at least 12 (e.g., atleast 12, at least 13, at least 14, at least 15, at least 16, at least
17, at least 18, at least 19, at least 20, at least 21, at least 22, or at least 23) contiguous
nucleotides of a sequence as set forth in any one of SEQ ID NO: 97-192, 273-362, or 366-370.
In some embodiments, an oligonucleotide comprises an antisense strand comprising a
contiguous sequence of nucleotides that is in the range of 12 to 30 nucleotides (e.g., 12 to 27,
12 to 22, 15 to 25, 17 to 21, 18 to 27, 19 to 27, or 15 to 27 nucleotides) in length of any of the
sequences as set forth in any one of SEQ ID NO: 97-192, 273-362, or 366-370. In some
embodiments, an oligonucleotide comprises an antisense strand comprising a contiguous
sequence of nucleotides of a sequence as set forth in any one of SEQ ID NO: 97-192, 273-362,
or 366-370 that is 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, or 27contiguous
nucleotides in length. In some embodiments, an oligonucleotide comprises an antisense strand
that consists of a sequence as set forth in any one of SEQ ID NO: 97-192, 273-362, or 366-
370.

b. Sense Strands
[000111] In some embodiments, a double-stranded oligonucleotide may have a sense
strand of up to 40 nucleotides in length (e.g., up to 40, up to 35, up to 30, up to 27, up to 25, up

to 21, up to 19 up to 17, or up to 12 nucleotides in length). In some embodiments, an
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oligonucleotide may have a sense strand of at least 12 nucleotides in length (e.g., at least 12, at
least 15, at least 19, at least 21, at least 25, at least 27, at least 30, at least 35, or at least 38
nucleotides in length). In some embodiments, an oligonucleotide may have a sense strand in a
range of 12 to 50 (e.g., 12 to 40, 12 to 36, 12 to 32, 12 to 28, 15 to 40, 15 to 36, 15 to 32, 15 to
28, 17to0 21, 17 to 25, 19 to 27, 19 to 30, 20 to 40, 22 to 40, 25 to 40, or 32 to 40) nucleotides
in length. In some embodiments, an oligonucleotide may have a sense strand of 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, or 40
nucleotides in length. In some embodiments, a sense strand of an oligonucleotide is longer
than 27 nucleotides (e.g., 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39 or 40 nucleotides). In
some embodiments, a sense strand of an oligonucleotide is longer than 25 nucleotides (e.g., 26,
27, 28, 29 or 30 nucleotides).

[000112] In some embodiments, an oligonucleotide disclosed herein comprises a sense
strand sequence as set forth in in any one of SEQ ID NO: 1-96, 193-272, or 363-365. In some
embodiments, an oligonucleotide has a sense strand that comprises at least 12 (e.g., at least 13,
at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, at least 20, at least 21, at
least 22, or at least 23) contiguous nucleotides of a sequence as set forth in in any one of SEQ
ID NO: 1-96, 193-272, or 363-365. In some embodiments, an oligonucleotide has a sense
strand that comprises a contiguous sequence of nucleotides that is in the range of 7 to 36
nucleotides (e.g., 12 to 30, 12 to 27, 12 to 22, 15 to 25, 17 to 21, 18 to 27, 19-27, 20-36, or 15
to 36 nucleotides) in length of any of the sequences as set forth in any one of SEQ ID NO: 1-
96, 193-272, or 363-365. In some embodiments, an oligonucleotide has a sense strand that
comprises a contiguous sequence of nucleotides of a sequence as set forth in any one of SEQ
ID NO: 1-96, 193-272, or 363-365 thatis 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 nucleotides in length. In some embodiments, an
oligonucleotide has a sense strand that consists of a sequence as set forth in any one of SEQ ID
NO: 1-96, 193-272, or 363-365.

[000113] In some embodiments, a sense strand comprises a stem-loop at its 3’-end. In
some embodiments, a sense strand comprises a stem-loop at its 5’-end. In some embodiments,
a strand comprising a stem loop is in the range of 2 to 66 nucleotides long (e.g., 2 to 66, 10 to
52, 14 to 40, 2 to 30, 4 to 26, 8 to 22, 12 to 18, 10 to 22, 14 to 26, or 14 to 30 nucleotides
long). In some embodiments, a strand comprising a stem loop is 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides in length. In some
embodiments, a stem comprises a duplex of 1, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, or 14

nucleotides in length. In some embodiments, a stem-loop provides the molecule better
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protection against degradation (e.g., enzymatic degradation) and facilitates targeting
characteristics for delivery to a target cell. For example, in some embodiments, a loop
provides added nucleotides on which modification can be made without substantially affecting
the gene expression inhibition activity of an oligonucleotide. In certain embodiments, an
oligonucleotide is provided herein in which the sense strand comprises (e.g., at its 3’-end) a
stem-loop set forth as: S;-L-S,, in which S; is complementary to S,, and in which L forms a
loop between S; and S; of up to 10 nucleotides in length (e.g., 1, 2,3,4,5,6,7, 8,9, or 10
nucleotides in length).

[000114] In some embodiments, a loop (L) of a stem-loop is a tetraloop (e.g., within a
nicked tetraloop structure). A tetraloop may contain ribonucleotides, deoxyribonucleotides,
modified nucleotides, and combinations thereof. Typically, a tetraloop has 4 to 5 nucleotides.
However, in some embodiments, a tetraloop comprises or consists of 3 to 6 nucleotides, and
typically consists of 4 to 5 nucleotides. In certain embodiments, a tetraloop comprises or

consists of three, four, five, or six nucleotides.

[000115]
iv. Oligonucleotide Modifications
[000116] Oligonucleotides may be modified in various ways to improve or control

specificity, stability, delivery, bioavailability, resistance from nuclease degradation,
immunogenicity, base-paring properties, RNA distribution and cellular uptake and other
features relevant to therapeutic or research use. See, e.g., Bramsen ef al., Nucleic Acids Res.,
2009, 37, 2867-2881; Bramsen and Kjems (Frontiers in Genetics, 3 (2012): 1-22).
Accordingly, in some embodiments, oligonucleotides of the present disclosure may include
one or more suitable modifications. In some embodiments, a modified nucleotide has a
modification in its base (or nucleobase), the sugar (e.g., ribose, deoxyribose), or the phosphate
group.

[000117] The number of modifications on an oligonucleotide and the positions of those
nucleotide modifications may influence the properties of an oligonucleotide. For example,
oligonucleotides maybe be delivered in vivo by conjugating them to or encompassing them in a
lipid nanoparticle (LNP) or similar carrier. However, when an oligonucleotide is not protected
by an LNP or similar carrier, it may be advantageous for at least some of the its nucleotides to
be modified. Accordingly, in certain embodiments of any of the oligonucleotides provided
herein, all or substantially all of the nucleotides of an oligonucleotide are modified. In certain

embodiments, more than half of the nucleotides are modified. In certain embodiments, less
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than half of the nucleotides are modified. Typically, with naked delivery, every sugar is
modified at the 2'-position. These modifications may be reversible or irreversible. In some
embodiments, an oligonucleotide as disclosed herein has a number and type of modified
nucleotides and sufficient to cause the desired characteristic (e.g., protection from enzymatic
degradation, capacity to target a desired cell after in vivo administration, and/or

thermodynamic stability).

a. Sugar Modifications
[000118] In some embodiments, a modified sugar (also referred herein to a sugar
analog) includes a modified deoxyribose or ribose moiety, e.g., in which one or more
modifications occur at the 2, 3, 4', and/or 5' carbon position of the sugar. In some
embodiments, a modified sugar may also include non-natural alternative carbon structures such
as those present in locked nucleic acids (“LNA”) (see, e.g., Koshkin et al. (1998), Tetrahedron
54, 3607-3630), unlocked nucleic acids (“UNA”) (see, e.g., Snead et al. (2013), Molecular
Therapy — Nucleic Acids, 2, e103), and bridged nucleic acids (“BNA”) (see, e.g., Imanishi and
Obika (2002), The Royal Society of Chemistry, Chem. Commun., 1653-1659). Koshkin et al.,
Snead et al., and Imanishi and Obika are incorporated by reference herein for their disclosures
relating to sugar modifications.
[000119] In some embodiments, a nucleotide modification in a sugar comprises a 2’-
modification. A 2’-modification may be 2’-aminoethyl, 2’-fluoro, 2°-O-methyl, 2°-O-
methoxyethyl, and 2’-deoxy-2’-fluoro-B-d-arabinonucleic acid. Typically, the modification is
2’-fluoro, 2°-O-methyl, or 2’-O-methoxyethyl. In some embodiments a modification in a sugar
comprises a modification of the sugar ring, which may comprise modification of one or more
carbons of the sugar ring. For example, a modification of a sugar of a nucleotide may
comprise a 2’-oxygen of a sugar is linked to a 1’-carbon or 4’-carbon of the sugar, or a 2’-
oxygen is linked to the 1’-carbon or 4’-carbon via an ethylene or methylene bridge. In some
embodiments, a modified nucleotide has an acyclic sugar that lacks a 2’-carbon to 3’-carbon
bond. In some embodiments, a modified nucleotide has a thiol group, e.g., in the 4’ position of
the sugar.
[000120] In some embodiments, the terminal 3’-end group (e.g., a 3’-hydroxyl) with a
phosphate group or other group, which can be used, for example, to attach linkers, adapters or

labels or for the direct ligation of an oligonucleotide to another nucleic acid.

b. 5’ Terminal Phophates
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[000121] In some embodiments, 5’-terminal phosphate groups of oligonucleotides
enhance the interaction with Argonaut 2. However, oligonucleotides comprising a 5’°-
phosphate group may be susceptible to degradation via phosphatases or other enzymes, which
can limit their bioavailability in vivo. In some embodiments, oligonucleotides include analogs
of 5 phosphates that are resistant to such degradation. In some embodiments, a phosphate
analog may be oxymethylphosphonate, vinylphosphonate, or malonylphosphonate. In certain
embodiments, the 5’ end of an oligonucleotide strand is attached to chemical moiety that
mimics the electrostatic and steric properties of a natural 5’-phosphate group (“phosphate
mimic”) (see, e.g., Prakash et al. (2015), Nucleic Acids Res., Nucleic Acids Res. 2015 Mar 31;
43(6): 2993-3011, the contents of which relating to phosphate analogs are incorporated herein
by reference). Many phosphate mimics have been developed that can be attached to the 5 end
(see, e.g., U.S. Patent No. 8,927,513, the contents of which relating to phosphate analogs are
incorporated herein by reference). Other modifications have been developed for the 5 end of
oligonucleotides (see, e.g., WO 2011/133871, the contents of which relating to phosphate
analogs are incorporated herein by reference). In certain embodiments, a hydroxyl group is
attached to the 5* end of the oligonucleotide.

[000122] In some embodiments, an oligonucleotide has a phosphate analog at a 4’-
carbon position of the sugar (referred to as a “4’-phosphate analog™). See, for example, U.S.
Provisional Application numbers 62/383,207, entitled 4’-Phosphate Analogs and
Oligonucleotides Comprising the Same, filed on September 2, 2016, and 62/393,401, filed on
September 12, 2016, entitled 4’-Phosphate Analogs and Oligonucleotides Comprising the
Same, the contents of each of which relating to phosphate analogs are incorporated herein by
reference. In some embodiments, an oligonucleotide provided herein comprise a 4’-phosphate
analog at a 5’-terminal nucleotide. In some embodiments, a phosphate analog is an
oxymethylphosphonate, in which the oxygen atom of the oxymethyl group is bound to the
sugar moiety (e.g., at its 4’-carbon) or analog thereof. In other embodiments, a 4’-phosphate
analog is a thiomethylphosphonate or an aminomethylphosphonate, in which the sulfur atom of
the thiomethyl group or the nitrogen atom of the aminomethyl group is bound to the 4’-carbon
of the sugar moiety or analog thereof. In certain embodiments, a 4’-phosphate analog is an
oxymethylphosphonate. In some embodiments, an oxymethylphosphonate is represented by
the formula -O-CH»-PO(OH), or -O-CH2-PO(OR),, in which R is independently selected from
H, CH3, an alkyl group, CH,CH>CN, CH,OCOC(CH3)3, CH,OCH>CH,Si(CH3)3, or a
protecting group. In certain embodiments, the alkyl group is CH,CH3. More typically, R is
independently selected from H, CHj;, or CH,CH3.
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c. Modified Intranucleoside Linkages
[000123] In some embodiments, phosphate modifications or substitutions may result in
an oligonucleotide comprises at least one (e.g., at least 1, at least 2, at least 3 or at least 5)
comprising a modified internucleotide linkage. In some embodiments, any one of the
oligonucleotides disclosed herein comprises 1 to 10 (e.g., 1 to 10,2 to 8,4 to 6, 3 to 10, 5 to
10, 1 to 5, 1 to 3 or 1 to 2) modified internucleotide linkages. In some embodiments, any one
of the oligonucleotides disclosed herein comprises 1, 2, 3,4, 5,6, 7, 8, 9, or 10 modified
internucleotide linkages.
[000124] A modified internucleotide linkage may be a phosphorodithioate linkage, a
phosphorothioate linkage, a phosphotriester linkage, a thionoalkylphosphonate linkage, a
thionalkylphosphotriester linkage, a phosphoramidite linkage, a phosphonate linkage or a
boranophosphate linkage. In some embodiments, at least one modified internucleotide linkage

of any one of the oligonucleotides as disclosed herein is a phosphorothioate linkage.

d. Base modifications
[000125] In some embodiments, oligonucleotides provided herein have one or more
modified nucleobases. In some embodiments, modified nucleobases (also referred to herein as
base analogs) are linked at the 1’ position of a nucleotide sugar moiety. In certain
embodiments, a modified nucleobase is a nitrogenous base. In certain embodiments, a
modified nucleobase does not contain nitrogen atom. See e.g., U.S. Published Patent
Application No. 20080274462. In some embodiments, a modified nucleotide comprises a
universal base. However, in certain embodiments, a modified nucleotide does not contain a
nucleobase (abasic).
[000126] In some embodiments a universal base is a heterocyclic moiety located at the
1" position of a nucleotide sugar moiety in a modified nucleotide, or the equivalent position in
a nucleotide sugar moiety substitution, that, when present in a duplex, can be positioned
opposite more than one type of base without substantially altering structure of the duplex. In
some embodiments, compared to a reference single-stranded nucleic acid (e.g.,
oligonucleotide) that is fully complementary to a target nucleic acid, a single-stranded nucleic
acid containing a universal base forms a duplex with the target nucleic acid that has a lower
Tm than a duplex formed with the complementary nucleic acid. However, in some
embodiments, compared to a reference single-stranded nucleic acid in which the universal base

has been replaced with a base to generate a single mismatch, the single-stranded nucleic acid
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containing the universal base forms a duplex with the target nucleic acid that has a higher Ty,
than a duplex formed with the nucleic acid comprising the mismatched base.

[000127] Non-limiting examples of universal-binding nucleotides include inosine, 1-p-
D-ribofuranosyl-5-nitroindole, and/or 1-B-D-ribofuranosyl-3-nitropyrrole (US Pat. Appl. Publ.
No. 20070254362 to Quay et al.; Van Aerschot ef al., An acyclic 5-nitroindazole nucleoside
analogue as ambiguous nucleoside. Nucleic Acids Res. 1995 Nov 11;23(21):4363-70; Loakes
et al., 3-Nitropyrrole and 5-nitroindole as universal bases in primers for DNA sequencing and
PCR. Nucleic Acids Res. 1995 Jul 11;23(13):2361-6; Loakes and Brown, 5-Nitroindole as an
universal base analogue. Nucleic Acids Res. 1994 Oct 11;22(20):4039-43. Each of the
foregoing is incorporated by reference herein for their disclosures relating to base

modifications).

e. Reversible Modifications
[000128] While certain modifications to protect an oligonucleotide from the in vivo
environment before reaching target cells can be made, they can reduce the potency or activity
of the oligonucleotide once it reaches the cytosol of the target cell. Reversible modifications
can be made such that the molecule retains desirable properties outside of the cell, which are
then removed upon entering the cytosolic environment of the cell. Reversible modification can
be removed, for example, by the action of an intracellular enzyme or by the chemical
conditions inside of a cell (e.g., through reduction by intracellular glutathione).
[000129] In some embodiments, a reversibly modified nucleotide comprises a
glutathione-sensitive moiety. Typically, nucleic acid molecules have been chemically
modified with cyclic disulfide moieties to mask the negative charge created by the
internucleotide diphosphate linkages and improve cellular uptake and nuclease resistance. See
U.S. Published Application No. 2011/0294869 originally assigned to Traversa Therapeutics,
Inc. (*“Traversa”), PCT Publication No. WO 2015/188197 to Solstice Biologics, Ltd.
(“Solstice”), Meade et al., Nature Biotechnology, 2014,32:1256-1263 (“Meade”), PCT
Publication No. WO 2014/088920 to Merck Sharp & Dohme Corp, each of which are
incorporated by reference for their disclosures of such modifications. This reversible
modification of the internucleotide diphosphate linkages is designed to be cleaved
intracellularly by the reducing environment of the cytosol (e.g. glutathione). Earlier examples
include neutralizing phosphotriester modifications that were reported to be cleavable inside
cells (Dellinger et al. J. Am. Chem. Soc. 2003,125:940-950).

[000130] In some embodiments, such a reversible modification allows protection during
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in vivo administration (e.g., transit through the blood and/or lysosomal/endosomal
compartments of a cell) where the oligonucleotide will be exposed to nucleases and other harsh
environmental conditions (e.g., pH). When released into the cytosol of a cell where the levels
of glutathione are higher compared to extracellular space, the modification is reversed and the
result is a cleaved oligonucleotide. Using reversible, glutathione sensitive moieties, it is
possible to introduce sterically larger chemical groups into the oligonucleotide of interest as
compared to the options available using irreversible chemical modifications. This is because
these larger chemical groups will be removed in the cytosol and, therefore, should not interfere
with the biological activity of the oligonucleotides inside the cytosol of a cell. As a result,
these larger chemical groups can be engineered to confer various advantages to the nucleotide
or oligonucleotide, such as nuclease resistance, lipophilicity, charge, thermal stability,
specificity, and reduced immunogenicity. In some embodiments, the structure of the
glutathione-sensitive moiety can be engineered to modify the kinetics of its release.

[000131] In some embodiments, a glutathione-sensitive moiety is attached to the sugar
of the nucleotide. In some embodiments, a glutathione-sensitive moiety is attached to the
2’carbon of the sugar of a modified nucleotide. In some embodiments, the glutathione-
sensitive moiety is located at the 5'-carbon of a sugar, particularly when the modified
nucleotide is the 5'-terminal nucleotide of the oligonucleotide. In some embodiments, the
glutathione-sensitive moiety is located at the 3'-carbon of sugar, particularly when the
modified nucleotide is the 3'-terminal nucleotide of the oligonucleotide. In some
embodiments, the glutathione-sensitive moiety comprises a sulfonyl group. See, e.g., U.S.
Prov. Appl. No. 62/378,635, entitled Compositions Comprising Reversibly Modified
Oligonucleotides and Uses Thereof, which was filed on August 23, 2016, and the contents of

which are incorporated by reference herein for its relevant disclosures.

V. Targeting Ligands
[000132] In some embodiments, it may be desirable to target the oligonucleotides of
the disclosure to one or more cells or one or more organs. Such a strategy may help to avoid
undesirable effects in other organs, or may avoid undue loss of the oligonucleotide to cells,
tissue or organs that would not benefit for the oligonucleotide. Accordingly, in some
embodiments, oligonucleotides disclosed herein may be modified to facilitate targeting of a
particular tissue, cell or organ , e.g., to facilitate delivery of the oligonucleotide to the liver. In
certain embodiments, oligonucleotides disclosed herein may be modified to facilitate delivery

of the oligonucleotide to the hepatocytes of the liver. In some embodiments, an
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oligonucleotide comprises a nucleotide that is conjugated to one or more targeting ligand.
[000133] A targeting ligand may comprise a carbohydrate, amino sugar, cholesterol,
peptide, polypeptide, protein or part of a protein (e.g., an antibody or antibody fragment) or
lipid. In some embodiments, a targeting ligand is an aptamer. For example, a targeting ligand
may be an RGD peptide that is used to target tumor vasculature or glioma cells, CREKA
peptide to target tumor vasculature or stoma, transferring, lactoferrin, or an aptamer to target
transferrin receptors expressed on CNS vasculature, or an anti-EGFR antibody to target EGFR
on glioma cells. In certain embodiments, the targeting ligand is one or more GalNAc moieties.
[000134] In some embodiments, 1 or more (e.g., 1, 2, 3, 4, 5 or 6) nucleotides of an
oligonucleotide are each conjugated to a separate targeting ligand. In some embodiments, 2 to
4 nucleotides of an oligonucleotide are each conjugated to a separate targeting ligand. In some
embodiments, targeting ligands are conjugated to 2 to 4 nucleotides at either ends of the sense
or antisense strand (e.g., ligand are conjugated to a 2 to 4 nucleotide overhang or extension on
the 5” or 3” end of the sense or antisense strand) such that the targeting ligands resemble
bristles of a toothbrush and the oligonucleotide resembles a toothbrush. For example an
oligonucleotide may comprise a stem-loop at either the 5° or 3” end of the sense strand and 1,
2, 3 or 4 nucleotides of the loop of the stem may be individually conjugated to a targeting
ligand.

[000135] In some embodiments, it is desirable to target an oligonucleotide that reduces
the expression of HMGBI to the hepatocytes of the liver of the subject. Any suitable
hepatocyte targeting moiety may be used for this purpose.

[000136] GalNAc is a high affinity ligand for asialoglycoprotein receptor (ASGPR),
which is primarily expressed on the sinusoidal surface of hepatocyte cells and has a major role
in binding, internalization, and subsequent clearance of circulating glycoproteins that contain
terminal galactose or N-acetylgalactosamine residues (asialoglycoproteins). Conjugation
(either indirect or direct) of GalNAc moieties to oligonucleotides of the instant disclosure may
be used to target these oligonucleotides to the ASGPR expressed on these hepatocyte cells.
[000137] In some embodiments, an oligonucleotide of the instant disclosure is
conjugated directly or indirectly to a monovalent GalNAc. In some embodiments, the
oligonucleotide is conjugated directly or indirectly to more than one monovalent GalNAc (i.e.,
is conjugated to 2, 3, or 4 monovalent GalNAc moieties, and is typically conjugated to 3 or 4
monovalent GalNAc moieties). In some embodiments, an oligonucleotide of the instant
disclosure is conjugated to a one or more bivalent GalNAc, trivalent GalNAc, or tetravalent

GalNAc moieties.
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[000138] In some embodiments, 1 or more (e.g., 1, 2, 3, 4, 5 or 6) nucleotides of an
oligonucleotide are each conjugated to a GalNAc moiety. In some embodiments, 2 to 4
nucleotides of the loop (L) of the stem-loop are each conjugated to a separate GalNAc. In
some embodiments, targeting ligands are conjugated to 2 to 4 nucleotides at either ends of the
sense or antisense strand (e.g., ligand are conjugated to a 2 to 4 nucleotide overhang or
extension on the 5° or 3’ end of the sense or antisense strand) such that the GalINAc moieties
resemble bristles of a toothbrush and the oligonucleotide resembles a toothbrush. For example
an oligonucleotide may comprise a stem-loop at either the 5° or 3” end of the sense strand and
1, 2, 3 or 4 nucleotides of the loop of the stem may be individually conjugated to a GalNAc
moiety. In some embodiments, GalNAc moieties are conjugated to a nucleotide of the sense
strand. For example, four GaNAc moieties can be conjugated to nucleotides in the tetraloop
of the sense strand where each GalNAc moiety is conjugated to one nucleotide.

[000139] Any appropriate method or chemistry (e.g., click chemistry) can be used to
link a targeting ligand to a nucleotide. In some embodiments, a targeting ligand is conjugated
to a nucleotide using a click linker. In some embodiments, an acetal-based linker is used to
conjugate a targeting ligand to a nucleotide of any one of the oligonucleotides described
herein. Acetal-based linkers are disclosed, for example, in International Patent Application
Publication Number W0O2016100401 A1, which published on June 23, 2016, and the contents
of which relating to such linkers are incorporated herein by reference. In some embodiments,
the linker is a labile linker. However, in other embodiments, the linker is fairly stable.
[000140] In some embodiments, a duplex extension (e.g., of up to 3, 4, 5, or 6 base
pairs in length) is provided between a targeting ligand (e.g., a GalNAc moiety) and a double-

stranded oligonucleotide.

III.  Formulations

[000141] Various formulations have been developed to facilitate oligonucleotide use.
For example, oligonucleotides can be delivered to a subject or a cellular environment using a
formulation that minimizes degradation, facilitates delivery and/or uptake, or provides another
beneficial property to the oligonucleotides in the formulation. In some embodiments, provided
herein are compositions comprising oligonucleotides (e.g., single-stranded or double-stranded
oligonucleotides) to reduce the expression of HMGB1. Such compositions can be suitably
formulated such that when administered to a subject, either into the immediate environment of
a target cell or systemically, a sufficient portion of the oligonucleotides enter the cell to reduce

HMGBI1 expression. Any of a variety of suitable oligonucleotide formulations can be used to
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deliver oligonucleotides for the reduction of HMGBI as disclosed herein. In some
embodiments, an oligonucleotide is formulated in buffer solutions such as phosphate buffered
saline solutions, liposomes, micellar structures, and capsids.

[000142] Formulations of oligonucleotides with cationic lipids can be used to facilitate
transfection of the oligonucleotides into cells. For example, cationic lipids, such as lipofectin,
cationic glycerol derivatives, and polycationic molecules (e.g., polylysine, can be used.
Suitable lipids include Oligofectamine, Lipofectamine (Life Technologies), NC388 (Ribozyme
Pharmaceuticals, Inc., Boulder, Colo.), or FuGene 6 (Roche) all of which can be used
according to the manufacturer’s instructions.

[000143] Accordingly, in some embodiments, a formulation comprises a lipid
nanoparticle. In some embodiments, an excipient comprises a liposome, a lipid, a lipid
complex, a microsphere, a microparticle, a nanosphere, or a nanoparticle, or may be otherwise
formulated for administration to the cells, tissues, organs, or body of a subject in need thereof
(see, e.g., Remington: The Science and Practice of Pharmacy, 22nd edition, Pharmaceutical
Press, 2013).

[000144] In some embodiments, formulations as disclosed herein comprise an
excipient. In some embodiments, an excipient confers to a composition improved stability,
improved absorption, improved solubility and/or therapeutic enhancement of the active
ingredient. In some embodiments, an excipient is a buffering agent (e.g., sodium citrate,
sodium phosphate, a tris base, or sodium hydroxide) or a vehicle (e.g., a buffered solution,
petrolatum, dimethyl sulfoxide, or mineral oil). In some embodiments, an oligonucleotide is
lyophilized for extending its shelf-life and then made into a solution before use (e.g.,
administration to a subject). Accordingly, an excipient in a composition comprising any one of
the oligonucleotides described herein may be a lyoprotectant (e.g., mannitol, lactose,
polyethylene glycol, or polyvinyl pyrolidone), or a or a collapse temperature modifier (e.g.,
dextran, ficoll, or gelatin).

[000145] In some embodiments, a pharmaceutical composition is formulated to be
compatible with its intended route of administration. Examples of routes of administration
include parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation),
transdermal (topical), transmucosal, and rectal administration.

[000146] Pharmaceutical compositions suitable for injectable use include sterile
aqueous solutions (where water soluble) or dispersions and sterile powders for the
extemporaneous preparation of sterile injectable solutions or dispersion. For intravenous

administration, suitable carriers include physiological saline, bacteriostatic water, Cremophor
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EL.TM. (BASF, Parsippany, N.J.) or phosphate buffered saline (PBS). The carrier can be a
solvent or dispersion medium containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyetheylene glycol, and the like), and suitable mixtures
thereof. In many cases, it will be preferable to include isotonic agents, for example, sugars,
polyalcohols such as mannitol, sorbitol, sodium chloride in the composition. Sterile injectable
solutions can be prepared by incorporating the oligonucleotides in a required amount in a
selected solvent with one or a combination of ingredients enumerated above, as required,
followed by filtered sterilization.

[000147] In some embodiments, a composition may contain at least about 0.1% of the
therapeutic agent (e.g., an oligonucleotide for reducing HMGB1 expression) or more, although
the percentage of the active ingredient(s) may be between about 1% 80% or more of the weight
or volume of the total composition. Factors such as solubility, bioavailability, biological half-
life, route of administration, product shelf life, as well as other pharmacological considerations
will be contemplated by one skilled in the art of preparing such pharmaceutical formulations,
and as such, a variety of dosages and treatment regimens may be desirable.

[000148] Even though a number of embodiments are directed to liver-targeted delivery

of any of the oligonucleotides disclosed herein, targeting of other tissues is also contemplated.

IV.  Methods of Use

i Reducing HMGB1 Expression in Cells
[000149] In some embodiments, methods are provided for delivering to a cell an
effective amount any one of oligonucleotides disclosed herein for purposes of reducing
expression of HMGBI1 in the cell. Methods provided herein are useful in any appropriate cell
type. In some embodiments, a cell is any cell that expresses HMGBI1 (e.g., hepatocytes,
macrophages, monocyte-derived cells, prostate cancer cells, cells of the brain, endocrine tissue,
bone marrow, lymph nodes, lung, gall bladder, liver, duodenum, small intestine, pancreas,
kidney, gastrointestinal tract, bladder, adipose and soft tissue and skin). In some embodiments,
the cell is a primary cell that has been obtained from a subject and that may have undergone a
limited number of a passages, such that the cell substantially maintains is natural phenotypic
properties. In some embodiments, a cell to which the oligonucleotide is delivered is ex vivo or
in vitro (i.e., can be delivered to a cell in culture or to an organism in which the cell resides).
In specific embodiments, methods are provided for delivering to a cell an effective amount any
one of oligonucleotides disclosed herein for purposes of reducing expression of HMGBI1 solely

in hepatocytes.
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[000150] In some embodiments, oligonucleotides disclosed herein can be introduced
using appropriate nucleic acid delivery methods including injection of a solution containing the
oligonucleotides, bombardment by particles covered by the oligonucleotides, exposing the cell
or organism to a solution containing the oligonucleotides, or electroporation of cell membranes
in the presence of the oligonucleotides. Other appropriate methods for delivering
oligonucleotides to cells may be used, such as lipid-mediated carrier transport, chemical-
mediated transport, and cationic liposome transfection such as calcium phosphate, and others.
[000151] The consequences of inhibition can be confirmed by an appropriate assay to
evaluate one or more properties of a cell or subject, or by biochemical techniques that evaluate
molecules indicative of HMGB1 expression (e.g., RNA, protein). In some embodiments, the
extent to which an oligonucleotide provided herein reduces levels of expression of HMGBI1 is
evaluated by comparing expression levels (e.g., mRNA or protein levels of HMGBI to an
appropriate control (e.g., a level of HMGBI1 expression in a cell or population of cells to which
an oligonucleotide has not been delivered or to which a negative control has been delivered).
In some embodiments, an appropriate control level of HMGB1 expression may be a
predetermined level or value, such that a control level need not be measured every time. The
predetermined level or value can take a variety of forms. In some embodiments, a
predetermined level or value can be single cut-off value, such as a median or mean.

[000152] In some embodiments, administration of an oligonucleotide as described
herein results in a reduction in the level of HMGB]1 expression in a cell. In some
embodiments, the reduction in levels of HMGB1 expression may be a reduction to 1% or
lower, 5% or lower, 10% or lower, 15% or lower, 20% or lower, 25% or lower, 30% or lower,
35% or lower, 40% or lower, 45% or lower, 50% or lower, 55% or lower, 60% or lower, 70%
or lower, 80% or lower, or 90% or lower compared with an appropriate control level of
HMGBI1. The appropriate control level may be a level of HMGB1 expression in a cell or
population of cells that has not been contacted with an oligonucleotide as described herein. In
some embodiments, the effect of delivery of an oligonucleotide to a cell according to a method
disclosed herein is assessed after a finite period of time. For example, levels of HMGB1 may
be analyzed in a cell at least 8 hours, 12 hours, 18 hours, 24 hours; or at least one, two, three,
four, five, six, seven, or fourteen days after introduction of the oligonucleotide into the cell.
[000153] In some embodiments, an oligonucleotide is delivered in the form of a
transgene that is engineered to express in a cell the oligonucleotides (e.g., its sense and
antisense strands). In some embodiments, an oligonucleotide is delivered using a transgene

that is engineered to express any oligonucleotide disclosed herein. Transgenes may be
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delivered using viral vectors (e.g., adenovirus, retrovirus, vaccinia virus, poxvirus, adeno-
associated virus or herpes simplex virus) or non-viral vectors (e.g., plasmids or synthetic

mRNAs). In some embodiments, transgenes can be injected directly to a subject.

ii. Treatment Methods
[000154] Aspects of the disclosure relate to methods for reducing HMGBI1 expression
in for attenuating the onset or progression of liver fibrosis in a subject. In some embodiments,
the methods may comprise administering to a subject in need thereof an effective amount of
any one of the oligonucleotides disclosed herein. Such treatments could be used, for example,
to slow or halt any type of liver fibrosis. The present disclosure provides for both prophylactic
and therapeutic methods of treating a subject at risk of (or susceptible to) a disease or disorder
associated with liver fibrosis and/or liver inflammation.
[000155] In certain aspects, the disclosure provides a method for preventing in a
subject, a disease or disorder as described herein by administering to the subject a therapeutic
agent (e.g., an oligonucleotide or vector or transgene encoding same). In some embodiments,
the subject to be treated is a subject who will benefit therapeutically from a reduction in the
amount of HMGBI1 protein, e.g., in the liver. Subjects at risk for the disease or disorder can be
identified by, for example, one or a combination of diagnostic or prognostic assays known in
the art (e.g., identification of liver fibrosis and/or liver inflammation). Administration of a
prophylactic agent can occur prior to the detection of or the manifestation of symptoms
characteristic of the disease or disorder, such that the disease or disorder is prevented or,
alternatively, delayed in its progression.
[000156] Methods described herein are typically involve administering to a subject in
an effective amount of an oligonucleotide, that is, an amount capable of producing a desirable
therapeutic result. A therapeutically acceptable amount may be an amount that is capable of
treating a disease or disorder. The appropriate dosage for any one subject will depend on
certain factors, including the subject’s size, body surface area, age, the particular composition
to be administered, the active ingredient(s) in the composition, time and route of
administration, general health, and other drugs being administered concurrently.
[000157] In some embodiments, a subject is administered any one of the compositions
disclosed herein either enterally (e.g., orally, by gastric feeding tube, by duodenal feeding tube,
via gastrostomy or rectally), parenterally (e.g., subcutaneous injection, intravenous injection or
infusion, intra-arterial injection or infusion, intraosseous infusion, intramuscular injection,

intracerebral injection, intracerebroventricular injection, intrathecal), topically (e.g.,
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epicutaneous, inhalational, via eye drops, or through a mucous membrane), or by direct
injection into a target organ (e.g., the liver of a subject). Typically, oligonucleotides disclosed
herein are administered intravenously or subcutaneously.

[000158] As a non-limiting set of examples, the oligonucleotides of the instant
disclosure would typically be administered quarterly (once every three months), bi-monthly
(once every two months), monthly, or weekly. For example, the oligonucleotides may be
administered every one, two, or three weeks. The oligonucleotides may be administered daily.
[000159] In some embodiments, the subject to be treated is a human or non-human
primate or other mammalian subject. Other exemplary subjects include domesticated animals
such as dogs and cats; livestock such as horses, cattle, pigs, sheep, goats, and chickens; and

animals such as mice, rats, guinea pigs, and hamsters.

EXAMPLES
Example 1: Development of HMGB1 RNAi oligonucleotides using human and mouse cell-
based assays
[000160] FIG. 1 shows a workflow using human and mouse-based assays to develop

candidate RNAi oligonucleotides for inhibition of HMGB1 expression. First, a computer-
based algorithm was used to generate candidate oligonucleotide sequences (25-27-mer) for
HMGBI inhibition. Cell-based assays and PCR assays were then employed for evaluation of
candidate RNAi oligonucleotides for their ability to reduce HMBG1 expression.

[000161] The computer algorithm provided RNAI oligonucleotide sequences that were
complementary to the human HMGB1 mRNA (SEQ ID NO: 371, Table 1), of which certain
sequences were also complementary to the monkey HMGB1 mRNA (SEQ ID NO: 372, Table
1), and the mouse HMGB1 mRNA (SEQ ID NO: 373, Table 1).

Table 1. Sequences of human, rhesus monkey and mouse HMGB1 mRNA

Species GenBank RefSeq # Sequence Identifier
Human NM_002128.5 SEQ ID NO: 371
Monkey NM_001283356.1 SEQ ID NO: 372
Mouse NM_010439.4 SEQ ID NO: 373
[000162] The algorithm produced hundreds of RNAI1 oligonucleotide sequences of

which 96 oligonucleotides were identified bioinformatically as top candidates for experimental

evaluation in a cell-based assay. In this assay, Hepa 1-6 (ATCC® CRL-1830™) hepatocyte
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cells expressing HMGB1 were transfected with the oligonucleotides. Cells were maintained
for a period of time following transfection and then levels of remaining HMGB1 mRNA were
interrogated using TAQMAN®-based qPCR assays. Two qPCR assays, a 3’ assay and a 5’
assay were used. All 96 RNAI oligonucleotides were evaluating using the same modification
pattern, designated M 15, which contains a combination of ribonucleotides,
deoxyribonucleotides and 2’-O-methyl modified nucleotides. The sequences of the

oligonucleotides tested are provided in Table 2.

Table 2. Candidate oligonucleotide Sequences for Mouse Hepa 1-6 Cell-Based Assay

Hs | Rh | Mm Sense Corresponding
SEQ ID NO Antisense SEQ
ID NO
X X X 1-11; 24-43; 54- | 97-107; 120-139;
69; 96 150-165; 192
X X 12-23; 53; 70; 108-119; 149;
71; 73-75; 89-93; 166; 167; 169-
95 171; 185-189;
191
X 44-52 140-148

Hs: human, Rh: rhesus monkey, and Mm: mouse; the sense and antisense SEQ ID NO columns
provide the sense strand and respective antisense strand that are hybridized to make each
oligonucleotide. For example, sense strand with SEQ ID NO: 1 hybridizes with antisense
strand with SEQ ID NO: 97; each of the oligonucleotides tested had the same modification

pattern.

Hot Spots in HMGB1 mRNA

[000163] Data from the screen of the 96 candidate RNAi oligonucleotides is shown in
FIGs. 3A-3D. Top performing oligonucleotides in the cell based assay that resulted in less
than or equal to 25% mRNA remaining compared to negative controls were selected as hits for
further experimental characterization. Oligonucleotides that were not found to inhibit HMGB1
expression were used as negative controls. House-keeping gene Hypoxanthine-guanine
phosphoribosyltransferase (HPRT) was used as a normalizing gene for HMGB1 expression, as
its expression is not altered by inhibiting the expression of HMGBI1.

[000164] Hotspots in human HMGB1 mRNA were identified by examining the activity
and locations of these oligonucleotides. A hotspot was identified as a stretch on the human

HMGB1 mRNA sequence associated with at least two oligonucleotides resulting in mRNA
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levels that were less than or equal to 25% in either assay compared with controls.
Accordingly, the following hotspots within the human HMGB1 mRNA sequence were
identified: 935-965; 1100-1130; 1160-1215; 1230-1270; 1470-1500; 1680-1710; 2190-2220;
and 2280-2310.

[000165] The sequences of the hotspots are outlined in Table 3.

Table 3. Sequences of Hotspots

Hotspot Sequence SEQ ID
Position NO:
935-965 TAAGATTTGTTTTTAAACTGTACAGTGTCTT 374
1100-1130 TTGGTGCACAGCACAAATTAGTTATATATGG 375
1160-1215 TCTGATGCAGCTTATACGAAATAATTGTTGTTCTGTTA | 376
ACTGAATACCACTCTGTA

1230-1270 AAAAAAGTTGCAGCTGTTTTGTTGACATTCTGAATGCT | 377
1470-1500 ggiGATAGTTTTCATCCATAACTGAACATCC 378
1680-1710 TACCATGTAATGGCAGTTATATTTTGCAGTT 379
2190-2220 TTTACACGCTTTTGTGATGGAGTGCTGTTTT 380
2280-2310 AATACTGAACATCTGAGTCCTGGATGATACT 381

Dose Response Analysis

[000166] Twenty-four top performing RNAI1 oligonucleotides were selected for analysis
in a secondary screen, taking into account gene location and sequence conservation between
species,. In this secondary screen, the RNAI oligonucleotides were tested using the same assay
as in the primary screen, but at three different concentrations (1 nM, 0.1nM and 0.01nM)
(FIG.4). Those RNAI oligonucleotides showing activity at two more concentrations were then
subjected to further analysis.

[000167] In this further analysis of the top candidates from the secondary screen, the
sequences were incorporated into RNA1 oligonucleotides in a nicked tetraloop structure format
(a 36-mer passenger strand with a 22-mer guide strand). These RNAI1 oligonucleotides in the
nicked tetraloop structure format were initially tested at 1nM for their ability to reduce
HMGB1 mRNA expression. FIG. 5 shows data for RNA1 oligonucleotides made from
different base sequences with nicked tetraloop structures, each adapted to four different

modification patterns, designated M28, M47, M48, and M52, which comprise in their sense
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and antisense strands 2'-fluoro and 2'-O-methyl modified nucleotides in different arrangements
and phosphorothioate and phosphodiester linkages, and include in their antisense strands a
phosphate analog positioned at the 5’ terminal nucleotide, and an unmodified control,
designated M46. The top RNAI oligonucleotides were further tested using a full dose response
curve in Hepal-6 cells in order to determine the half maximal inhibitory concentration (ICsg)

for each compound (see FIG. 6).

In vivo murine experimentation

[000168] Data from the above in vitro experiments were assessed to identify tetraloops
and modification patterns that would improve delivery properties while maintaining activity
for reduction of HMGBI1 expression in the mouse hepatocytes. Based on this analysis, select
oligonucleotides were then conjugated to GalNAc moieties. Monovalent GaINAc moieties
were conjugated to each nucleotide of the GAAA sequence in the tetraloop of the sense strand,
as illustrated in FIG. 2. Conjugation was performed using a click linker. The GalNAc used

was as shown below:

N-Acetyl-b-D-galactosamine (CAS#: 14131-60-3)

[000169] Groups of GalNAc-conjugated RNA1 oligonucleotides with different
modification patterns and nicked tetraloop structures were subcutaneously administered to
C57BL/6 mice at 10 mg/kg. The percentage of HMGB1 mRNA as compared to HPRT control
mRNA was measured at 72 hours (FIG. 7).

[000170] Three candidate GalNAc-conjugated oligonucleotides containing nicked
tetraloop structures were tested again at three different doses (0.3 mg/kg, 1 mg/kg, and 3
mg/kg) for the amount of HMGB1 mRNA remaining at 24 hours after oligonucleotide
administration compared to a PBS control using TAQMAN®-based qPCR assays (FIG. 8).
[000171] Two of the RNAI oligonucleotides were selected for further testing using
different modification patterns at 3 mg/kg or 3 mg/kg and 10 mg/kg. Again, the percentage of

HMGB1 mRNA remaining at 72 hours after oligonucleotide administration compared to a PBS
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control was interrogated using TAQMAN®-based qPCR assays (FIG. 9 and FIG. 10,
respectively). The oligonucleotides were tested in different modification patterns denoted as
M49, M54, M55, M56, which comprise in their sense and antisense strands 2'-fluoro and 2'-O-
methyl modified nucleotides in different arrangements and phosphorothioate and
phosphodiester linkages, and include in their antisense strands a phosphate analog positioned at
the 5' terminal nucleotide.

[000172] The percentage of HMGB1 mRNA remaining at day 5 (as compared to a PBS
control) after a 1 mg/kg subcutaneous dose of GalNAc-conjugated HMGB1 RNAi
oligonucleotides containing nicked tetraloop structures was determined for oligonucleotides of
the same sequence with different modifications (FIG. 11) as well as oligonucleotides of
different sequence that retained the same modification pattern.

[000173] The triple-common sequences were also tested alongside sequences that were
only identified in human HMGB1 gene (“human uniques”™) for activity in mice that were
hydrodynamically injected with the RNAI1 oligonucleotides (HDI mice). Briefly, mice were
intravenously administered 2 mL of human HMGB1 and NEOMYCIN plasmid--containing
solution over seven seconds through the tail vein. 1 mg/kg RNAI oligonucleotide was
subcutaneously injected into each mouse four days prior to HDI injection. The percentage of
remaining HMGB1 mRNA was subsequently determined (normalized to NEO-168) using
TAQMAN®-based qPCR assays. These results demonstrated that RNAi oligonucleotides
complementary the triple common sequences selected from the previous screening
downregulate HMGB1 expression more strongly than selected oligonucleotides that bound

only the human unique sequences.

Example 2: Evaluation of Treatment in Models of Hepatotoxic Agents

[000174] Candidate RNAI1 oligonucleotides identified in Example 1 were further tested
in models of APAP-induced (acetaminophen-induced) liver injury. Acetaminophen is known
to be metabolized and form the active metabolite N-acetyl-p-benzoquinone imine (NAPQI).
NAPQI binds to mitochondrial proteins to form NAPQI protein adducts, leading to hepatocyte

Necrosis.

Model 1 - APAP
[000175] Groups of 10 C57BL/6 male mice (10-11 weeks old) were fasted for 12 hours
prior to administration of 250 or 350 mg/kg APAP in a 0.9 % NaCl intraperotineal injection.

Blood and/or liver tissues were collected at 6, 24, and 48 hours. Endpoint measurements for
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the study were quantification of liver damage (ALT, AST, and GLDH-IDEXX levels), profiling
biomarkers (serum/liver HMGBI1 levels and miR122 levels through ELISA, Western blots, and
RT-qPCR), and liver staining (H&E, HMGB1, Ly6-B, and F4/80 staining). See schematic in
FIG. 12.

[000176] FIGs. 13A and 13B show the percentage of HMGB1 remaining in the liver
(normalized to Hprtl) and serum (mg/mL) of animals treated with 350 mg/kg APAP versus a
saline control injection. HMGB1 mRNA levels were interrogated using TAQMAN®-based
gqPCR assays. GalNAc conjugated RNAi oligonucleotides containing nicked tetraloop
structures and RNA1 oligonucleotides provided in a lipid nanoparticle formulation (LNP
formulated RNA1 oligonucleotides) downregulated >80% HMGBI mRNA. However, serum
HMGBI1 was significantly reduced only in HMGB1-LNP treated animals. The HMGB1
oligonucleotide used in the experiments depicted in FIGs. 13A-13B is S212-AS296-M49.
[000177] Liver function tests (LFTs) were also performed in animals treated with 350
mg/kg APAP. These experiments also demonstrated a decrease in hepatotoxicity according to
serum AST, ALT, and miR122 levels in both LNP formulated and GalNAc conjugated
HMGBI oligonucleotides containing nicked tetraloop structures with a larger decrease seen
when using the LNP formulated RNAi oligonucleotides (see FIGs. 14A-14C). The HMGB1
oligonucleotide in the experiments depicted in FIGs. 14A-14C is S212-AS296-M49.

Model 2 - APAP

[000178] In a second study using a model for APAP toxicity, groups of 10 C57BL/6
male mice (10-11 weeks old) were fasted for 12 hours prior to administration of 350 mg/kg
APAP in a 0.9 % NaCl intraperotineal injection. Animals were treated with 5 mg/kg of
GalNAc-conjugated RNAI oligonucleotide containing nicked tetraloop structures or 1.5 mg/kg
of LNP formulated RNA1 oligonucleotide multiple times prior to APAP administration. Blood
and/or liver tissues were collected 24 hours after APAP administration. Endpoint
measurements for the study were quantification of liver damage (ALT, AST, and GLDH-
IDEXX levels), profiling biomarkers (serum/liver HMGBI levels and miR122 levels through
ELISA and RT-qPCR), and liver staining (H&E and HMGB1 immunohistochemistry). See
schematic shown in FIG. 15.

[000179] FIGs. 16A-16B show the percentage of HMGB1 remaining in the liver
(normalized to Hprtl) and serum (mg/mL) of animals treated with 350 mg/kg APAP versus a
saline control injection. HMGB1 mRNA levels were interrogated using TAQMAN®-based
gqPCR assays. GalNAc conjugated RNAi oligonucleotides containing nicked tetraloop
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structuresand LNP formulated RNAI1 oligonucleotides downregulated >80% HMGBI mRNA
in the liver. Serum HMGB1 was also significantly reduced using both GalNAc conjugated
RNAI oligonucleotides containing nicked tetraloop structures and LNP formulated RNA1
oligonucleotides. The HMGB]1 oligonucleotide used in the experiments depicted in FIGs.
16A-16B is S212-AS296-M56.

[000180] Further, ALT, AST, LDH, and serum miR122 levels were measured in
APAP-treated mice and demonstrated that administration of GalNAc conjugated or LNP
formulated HMGB1 oligonucleotides inhibited liver damage (see FIGs. 17A-17D). The
HMGBI oligonucleotide used in the experiments depicted in FIGs. 17A-17D is S212-AS296-
M56.

[000181] Collectively, the studies using APAP toxicity models demonstrated that
HMGBI oligonucleotide treated animals have decreased HMGB1 serum levels and liver injury

when compared to control animals.

Model 3 — Carbon Tetrachloride

[000182] Groups of mice were administered 3 pl per gram of body weight carbon
tetrachloride mixed with olive oil (CCly:olive oil at a 1:5 v/v ratio) or an olive oil control
solution twice per week for six weeks through intraperotineal injection. As shown in Table 4
and FIG. 18, animals were randomized into the groups shown and either left untreated or were
treated with GalNAc-conjugated HMGBI1 oligonucleotides containing nicked tetraloop
structures or PBS via subcutaneous (S.C.) or intravenous (I.V.) injection once per week for 5

or 6 wks according to study design.

Frequency
Dose Volume | Dosing | and days No.
ccl Treat t Rout
Group 4 | Treatmen (mg/kg) | (mi/kg) | start | of dosing | mice oute
1 Ollye i i i i i 10 i
oil
2 | ccl, PBS 0 10 Day-4 | dWx6 10 5.C.
weeks
GalNAc-
conjugated gw x5
3 CCly HMGB1 5 10 Day 11 weeks 10 S.C.
oligo
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GalNAc-
conjugated gqw x 6
4 CCl, HMGB1 5 10 Day -4 weeks 10 S.C.
oligo
LNP Wx6
5 CCly HMGB1 25 10 Day -4 d 10 LV.
. weeks
oligo
Table 4: Group Designation and compound dosing schedule
[000183] Several parameters indicative of liver injury were examined in the mice at the

end of the study. Significant reductions were seen in both fibrosis (using Sirius Red staining)
and macrophage infiltration and activation (using immunohistochemistry analysis with an
antibody specific for the F4/80 protein, which is a mouse macrophage marker) in both groups
of HMGB1 RNAI oligonucleotide-treated animals when compared to PBS-treated animals.
Significant reductions were also seen in stellate cell activation (measured through a-SMA
staining) and hepatomegaly (measured using liver weight to body weight ratio) using the
longer dosing regimen data shown in FIGs. 19-22). The HMGB1 RNA1 oligonucleotides used
in this study are identified as S212-AS296-M49, and have monovalent GalNac moieties
conjugated at each of the four nucleotide positions of the GAAA loop.

[000184] Additionally, livers from animals treated as above with carbon tetrachloride
were examined at 43 days post-injection using Sirius Red staining. These experiments
revealed that administration of GalNAc-conjugated HMGB1 RNAI oligonucleotide containing
a nicked tetraloop structure (either at a 5 mg/kg subcutaneous dose or a 2.5 mg/kg intravenous
dose) significantly reduced the relative Sirius Red-positive area in liver samples, indicating
that liver fibrosis in these animals was significantly reduced (FIG. 23). The HMGB1
oligonucleotide used in the experiments depicted in FIG. 23 is S212-AS296-M49.

Example 3: Evaluation of Treatment in Model of Autoimmune Liver Disease

[000185] Two groups of five C57BL/6 male mice (10-11 weeks old) were treated with
20 mg/kg of intravenous concavalin A six days after subcutaneous administration of either 10
mg/kg GalNAc-conjugated HMGB1 oligonucleotide containing a nicked tetraloop structure or
PBS. One day following concavalin A administration, the animals were examined for ALT
and AST serum levels as well as H&E staining of the liver (experimental schematic shown in
FIG. 24). FIG. 25 demonstrates that animals were three times more likely to survive when

treated with the GalNAc-conjugated HMGB1 RNAI oligonucleotide containing a nicked
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tetraloop structure than with PBS. Further, surviving HMGB1 oligonucleotide-treated animals
had less necrosis in H&E stained samples of liver than the PBS controls. The HMGB1
oligonucleotide used in the experiments depicted in FIG. 25 is S212-AS296-M49.

Example 4: Evaluation of Treatment in Model of Choline-Deficient Amino Acid-Defined
High-Fat Diet (CDAHFD)

[000186] C57Bl/6 mice were fed either a control high-fat diet (CDHFD) or a choline
deficient amino acid defined high fat diet (CDAHFD) and normal or sugar water. CDAHFD
has a lower methionine content than CDHFD. As a result of the difference in methionine
content, CDHFD is expected to generate steatosis, but is not expected to generate the NAFLD-
like liver pathology seen in the CDAHFD diet. As shown in Tables 5 and 6, the animals were
left untreated or were administered a PBS control or GaINAc-conjugated HMGB1 RNA1
oligonucleotides containing nicked tetraloop structures at 5 mg/kg for 6 weeks (subcutaneous

administration) starting six weeks after the mice were placed on the high fat diets.

Table 5: Treatment of animals with high fat control diet and normal or sugar water

Treatment Diet # Necropsy week
mice

- CDHEFD + normal water 5 6

- CDHEFD + normal water 5 9

PBS CDHEFD + normal water 5 12

GalNAc-conjugated CDHEFD + normal water 5 12
HMGB]1 oligo

- CDHEFD + sugar water 5 6

- CDHEFD + sugar water 5 9

PBS CDHEFD + sugar water 5 12

GalNAc-conjugated CDHEFD + sugar water 5 12
HMGB]1 oligo

Table 6: Treatment of animals with choline deficient amino acid defined high fat diet
(CDAHFD) and normal or sugar water

Treatment Diet mfce Necropsy week
- CDAHFD + normal water 5 6
- CDAHFD + normal water 5 9
PBS CDAHFD + normal water 5 12
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GalNAc-conjugated CDAHFD + normal water 5 12
HMGBI1 oligo
- CDAHFD + sugar water 5 6
- CDAHFD + sugar water 5 9
PBS CDAHFD + sugar water 5 12
GalNAc-conjugated CDAHFD + sugar water 5 12
HMGB]1 oligo
[000187] HMGB1 mRNA was elevated in mice that consumed the choline deficient

amino acid defined high fat diet (CDAHFD) in comparison to the CDHFD control high-fat
diet (FIGs. 26A and 26B). Further, Collagen 1al (Collal) and Vimentin mRNA levels were
elevated by CDAHFD >100x, relative to the CDHFD alone (FIGs. 26C and 26D, respectively).
GalNAc-conjugated HMGB]1 oligonucleotides containing nicked tetraloop structures
demonstrated significant reduction on these markers after 6 weeks of treatment.

[000188] AST and ALT levels were also elevated in mice consuming CDAHFD,
relative to mice consuming the control high fat diet (CDHFD) (FIG. 27). GalNAc-conjugated
HMGB1 RNAI1 oligonucleotides demonstrated moderate reduction on these markers after 6
weeks of treatment. The HMGBI1 oligonucleotide used in FIGs. 26A-26D and 27 is S194-
AS274-M30. comprises in sense and antisense strands 2'-fluoro and 2'-O-methyl modified
nucleotides in different arrangements and phosphorothioate and phosphodiester linkages, and

include in its antisense strands a phosphate analog positioned at the 5' terminal nucleotide.

Example 5. Testing the activity of additional HMGBI1 oligonucleotides

[000189] All additional HMGBI1 oligonucleotides used in this example were designed to
bind to conserved sequences identified by the algorithm in the human, monkey (both rhesus),
and mouse sequences (“triple common” sequences). The additional HMGB]1 oligonucleotides
were modified as described in Example 1 to contain tetraloops and adapt different modification
patterns. The different modification patterns (e.g., designated M58, M59, M60, or M61)
comprise in their sense and antisense strands 2'-fluoro and 2'-O-methyl modified nucleotides in
different arrangements and phosphorothioate and phosphodiester linkages, and include in their
antisense strands a phosphate analog positioned at the 5’ terminal nucleotide. The
oligonucleotide inhibitors were also conjugated to GalNAc moieties. Three GalNAc moieties
were conjugated to nucleotides in the tetraloop of the sense strand. Conjugation was performed

using a click linker as described in Example 1. The GalNAc-conjugated HMGB1
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oligonucleotides were then tested for their ability to reduce HMGB1 mRNA expression in
mice and in vitro in cultured hepatocytes.

[000190] Eight different GalNAc-conjugated HMGB1 oligonucleotides (S204-AS286,
S205-AS287, S210-AS366, S211-AS367, S363-AS368, S364-AS369, S212-AS5296, and S365-
AS370) with three different modification patterns (denoted M58, M59, and M60) were tested
for their potency in knocking down HMGBI1. One single dose (1 mg/kg) of indicated HMGB1
oligonucleotides with a specific modification pattern were injected subcutaneously to CD-1
mice. Mice were euthanized 5 days post injection and liver samples were obtained. RNA was
extracted from the liver samples to evaluate HMGB1 mRNA levels by qPCR (normalized to
HPRT1-F576, a housekeeping gene). The levels of remaining HMGB1 mRNA were
interrogated using TAQMAN®-based qPCR assays. All tested HMGB]1 oligonucleotides and
modification patterns were potent in knocking down HMGB1, with modification patters M59
and M60 exhibiting higher potency (FIG. 28).

[000191] A confirmatory dose-response assay was also performed on six GalNAc-
conjugated HMGB1 oligonucleotides (S204-AS286, S205-AS287, S211-AS367, S364-AS369,
S212-AS296, and S365-AS370) with different modification patterns (M58, M59, or M60). A
single dose (1, 0.5, or 0.25 mg/kg) of indicated GalNAc-conjugated HMGB1 oligonucleotides
were administered to CD-1 mice subcutaneously. The mice were euthanized on day 5 after
administration and liver samples were obtained. RNA was extracted to evaluate HMGB1
mRNA levels by qPCR (normalized to HPRT1-F576, a housekeeping gene). The levels of
remaining HMGB1 mRNA were interrogated using TAQMAN®-based qPCR assays. PBS
was used as negative control, and S204-AS286-M61 was used as positive control in this
experiment. Almost all tested HMGB1 oligonucleotide inhibitors demonstrated dose-
dependent potency (FIGs. 29A and 29B). Some of the tested HMGB1 oligonucleotide
inhibitors showed improved potency compared to the S204-AS286-M61 control (FIGs. 29A
and 29B). The confirmatory dose-response assay was repeated for S204-AS286-M59, S211-
AS367-M59, S364-AS369-M60, and S365-AS370-M59. Similar results were obtained and all
tested HMGB1 oligonucleotide inhibitors showed an EDsp of about 0.5 to 1.0 mg/kg, if
HMGBI1 expression level in non-hepatocytes is considered the expression baseline (FIGs. 31A
and 31B).

[000192] Two GalNAc-conjugated HMGB1 oligonucleotides (S211-AS367-M59,
S364-AS369-M60) with different modification patterns (denoted as M59 and M60,
respectively) were tested in vivo in a duration study to evaluate their activity in inhibiting

HMGBI1 expression in mice. PBS was used as negative control, and S204-AS286-M58 was
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used as positive control in this experiment. Mice were injected subcutaneously with a single
dose (1 mg/kg) of indicated GalNAc-conjugated HMGB]1 oligonucleotides. Mice were
euthanized on days 7, 14, 21, and 28 post injection and liver samples were obtained. RNA was
extracted to evaluate HMGB1 mRNA levels by qPCR (normalized to HPRT1-F576, a
housekeeping gene). The qPCR was performed using two different primers specific to
different regions in the HMGB1 mRNA. The qPCR performed using the primer at the 5’ end
relative to the other primer was designated “5’ qPCR.” Similarly, the qPCR performed using
the primer at the 3’ end relative to the other primer was designated “3” qPCR.” The data
showed that all tested HMGB1 oligonucleotides were potent in knockdown HMGB1 3 weeks
after injection, as indicated by the reduced amount of HMGB1 mRNA remaining in mice liver
at days 7, 14, 21, and 28 (normalized to a PBS control treatment) (FIGs. 30A and 30B).
[000193] All HMGBI oligonucleotide inhibitors tested in FIGs. 31A and 31B (S204-
AS286-M59, S211-AS367-M59, S364-AS369-M60, and S365-AS370-M59) were selected to
be further tested in a 3-week duration study. In this study, a single dose (4 mg/kg) of the
indicated HMGB1 oligonucleotide inhibitors were injected subcutaneously to CD-1mice.
Mice were euthanized 21 days post injection and liver samples were obtained. RNA was
extracted to evaluate HMGB1 mRNA levels by qPCR (normalized to HPRT1-F576
housekeeping gene). The levels of remaining HMGB1 mRNA were interrogated using
TAQMAN®-based qPCR assays. The results showed that all tested HMGB]1 oligonucleotide
inhibitors retained potency in knocking down HMGB1 3 weeks post injection (FIGs. 32A and
32B).

[000194] Certain GalNAc-conjugated HMGB1 oligonucleotides were further tested
using a full dose response curve in rhesus monkey or human hepatocytes in order to determine
the half maximal inhibitory concentration (ICsp) for each inhibitor. Human primary
hepatocytes (HPCH10+, Lot #1410214, , Cryopreserved Xenotech) or monkey primary
hepatocyte (P2000.H15, Lot #1410285, Cryopreserved Xenotech) were thawed and plated at
50000 cells(human) or100000(monkey) per well in 96-well tissue culture plates in OptiPlate
Hepatocyte Media(K8200). Plated hepatocytes were allowed to recover for 1-6 h at 37°C and
5% CO2 and subsequently maintained using OptiCulture Hepatocyte Media(K8300). Five-
fold serially diluted (7-times) GalNAc-conjugated HMGB1 oligonucleotides (S204-AS286-
M61 and S365-AS370-M59) were added to cells. The uptake of the oligonucleotides into the
monkey or human primary hepatocyte cells was mediated by ASGPR receptor. Cells were
incubated for 48h at 37°C and 5% CO2. RNA was extracted from cells using SV 96 Total
RNA Isolation System(Promega) to evaluate remaining HMGB1 mRNA levels by qPCR
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(normalized to RhPPIB or HsSFRS9 and HsPIOS8, housekeeping genes). The levels of
remaining HMGB1 mRNA were interrogated using TAQMAN®-based qPCR assays. A
GalNAc-conjugate LDHA oligonucleotide was used as assay control (FIGs. 33C, 33F, 33G,
34C, 34F, 34@G,) and the level of remaining LDHA mRNA was measured by RhLDHA-F887
qPCR assay(FIGs. 33G and 34G).

The results showed that the HMGB1 oligonucleotide inhibitors were potent (sub-nM ICsg
values) in knocking down HMGBI1 in primary mice hepatocytes, as demonstrated by the sub-
nM to nM ICsq values (FIGs. 33A,33B, 33D, and 33E). Similar knock down potency was
observed in in primary human hepatocytes, as demonstrated by sub-nM ICs values (FIGs.

34A, 34B, 34D, and 34E).

Materials and Methods
Transfection
[000195] For the first screen, Lipofectamine RNAIMAX™ was used to complex the

oligonucleotides for efficient transfection. Oligonucleotides, RNAIMAX and Opti-MEM were
added to a plate and incubated at room temperature for 20 minutes prior to transfection. Media
was aspirated from a flask of actively passaging cells and the cells are incubated at 37°C in the
presence of trypsin for 3-5 minutes. After cells no longer adhered to the flask, cell growth
media (lacking penicillin and streptomycin) was added to neutralize the trypsin and to suspend
the cells. A 10 pL aliquot was removed and counted with a hemocytometer to quantify the
cells on a per millimeter basis. For HeLa cells, 20,000 cells were seeded per well in 100 pL of
media. The suspension was diluted with the known cell concentration to obtain the total
volume required for the number of cells to be transfected. The diluted cell suspension was
added to the 96 well transfection plates, which already contained the oligonucleotides in Opti-
MEM. The transfection plates were then incubated for 24 hours at 37°C. After 24 hours of
incubation, media was aspirated from each well. Cells were lysed using the lysis buffer from
the Promega RNA Isolation kit. The lysis buffer was added to each well. The lysed cells were
then transferred to the Corbett XtractorGENE (QIAxtractor) for RNA isolation or stored at -
80°C.

[000196] For subsequent screens and experiments, e.g., the secondary screen,
Lipofectamine RNAIMAXx was used to complex the oligonucleotides for reverse transfection.
The complexes were made by mixing RNAIMAX and siRNAs in OptiMEM medium for 15
minutes. The transfection mixture was transferred to multi-well plates and cell suspension was

added to the wells. After 24 hours incubation the cells were washed once with PBS and then
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lysed using lysis buffer from the Promega SV96 kit. The RNA was purified using the SV96
plates in a vacuum manifold. Four microliters of the purified RNA was then heated at 65°C
for 5 minutes and cooled to 4°C. The RNA was then used for reverse transcription using the
High Capacity Reverse Transcription kit (Life Technologies) in a 10 microliter reaction. The
cDNA was then diluted to 50 ul with nuclease free water and used for quantitative PCR with

multiplexed 5’-endonuclease assays and SSoFast qPCR mastermix (Bio-Rad laboratories).

cDNA Synthesis

[000197] RNA was isolated from mammalian cells in tissue culture using the Corbett
X-tractor Gene™ (QIAxtractor). A modified SuperScript II protocol was used to synthesize
cDNA from the isolated RNA. Isolated RNA (approximately 5 ng/uL) was heated to 65°C for
five minutes and incubated with dNPs, random hexamers, oligo dTs, and water. The mixture
was cooled for 15 seconds. An “enzyme mix,” consisting of water, SX first strand buffer,
DTT, SUPERase*In™ (an RNA inhibitor), and SuperScript II RTase was added to the mixture.
The contents were heated to 42°C for one hour, then to 70°C for 15 minutes, and then cooled to
4°C using a thermocycler. The resulting cDNA was then subjected to SYBR®-based qPCR.

The qPCR reactions were multiplexed, containing two 5’ endonuclease assays per reaction.

qgPCR Assays

[000198] Primer sets were initially screened using SYBR®-based qPCR. Assay
specificity was verified by assessing melt curves as well as “minus RT” controls. Dilutions of
cDNA template (10-fold serial dilutions from 20 ng and to 0.02 ng per reaction) from HeLa
and Hepal-6 cells are used to test human (Hs) and mouse (Mm) assays, respectively. qPCR
assays were set up in 384-well plates, covered with MicroAmp film, and run on the 7900HT
from Applied Biosystems. Reagent concentrations and cycling conditions included the
following: 2x SYBR mix, 10 uM forward primer, 10 uM reverse primer, DD H,O, and cDNA
template up to a total volume of 10 pL.

[000199] In some cases, as noted, qPCR was performed using TAQMAN®-based
qPCR assays. TAQMAN® probes target two different positions (5’ and 3’ to one another)
within the coding region of the target mRNA (e.g., HMGB1) were generally used to provide

additional confirmation of mRNA levels in the analysis.

Cloning
[000200] PCR amplicons that displayed a single melt-curve were ligated into the
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pGEM®-T Easy vector kit from Promega according to the manufacturer’s instructions.
Following the manufacturer’s protocol, IM109 High Efficiency cells were transformed with
the newly ligated vectors. The cells were then plated on LB plates containing ampicillin and

incubated at 37°C overnight for colony growth.

PCR Screening and Plasmid Mini-Prep

[000201] PCR was used to identify colonies of E. coli that had been transformed with a
vector containing the ligated amplicon of interest. Vector-specific primers that flank the insert
were used in the PCR reaction. All PCR products were then run on a 1% agarose gel and
imaged by a transilluminator following staining. Gels were assessed qualitatively to determine
which plasmids appeared to contain a ligated amplicon of the expected size (approximately
300 bp, including the amplicon and the flanking vector sequences specific to the primers used).
[000202] The colonies that were confirmed transformants by PCR screening were then
incubated overnight in cultures consisting of 2 mL LB broth with ampicillin at 37°C with
shaking. E. coli cells were then lysed, and the plasmids of interest were isolated using
Promega’s Mini-Prep kit. Plasmid concentration was determined by UV absorbance at 260

nm.

Plasmid Sequencing and Quantification

[000203] Purified plasmids were sequenced using the BigDye® Terminator sequencing
kit. The vector-specific primer, T7, was used to give read lengths that span the insert. The
following reagents were used in the sequencing reactions: water, 5X sequencing buffer,
BigDye terminator mix, T7 primer, and plasmid (100 ng/uL) to a volume of 10 pL.. The
mixture was held at 96°C for one minute, then subjected to 15 cycles of 96°C for 10 seconds,
50°C for 5 seconds, 60°C for 1 minute, 15 seconds; 5 cycles of 96°C for 10 seconds, 50°C for
5 seconds, 60°C for 1 minute, 30 seconds; and 5 cycles of 96°C for 10 seconds, 50°C for 5
seconds, and 60°C for 2 minutes. Dye termination reactions were then sequenced using
Applied Biosystems’ capillary electrophoresis sequencers.

[000204] Sequence-verified plasmids were then quantified. They were linearized using
a single cutting restriction endonuclease. Linearity was confirmed using agarose gel
electrophoresis. All plasmid dilutions were made in TE buffer (pH 7.5) with 100 pg of t(RNA
per mL buffer to reduce non-specific binding of plasmid to the polypropylene vials.

[000205] The linearized plasmids were then serially diluted from 1,000,000 to 01

copies per uL and subjected to qPCR. Assay efficiency was calculated and the assays were
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deemed acceptable if the efficiency was in the range of 90-110%.

Multi-Plexing Assays

[000206] For each target, mRNA levels were quantified by two 5’ nuclease assays. In
general, several assays are screened for each target. The two assays selected displayed a
combination of good efficiency, low limit of detection, and broad 5’3" coverage of the gene
of interest (GOI). Both assays against one GOI could be combined in one reaction when
different fluorophores were used on the respective probes. Thus, the final step in assay
validation was to determine the efficiency of the selected assays when they were combined in
the same qPCR or “multi-plexed”.

[000207] Linearized plasmids for both assays in 10-fold dilutions were combined and
gqPCR was performed. The efficiency of each assay was determined as described above. The
accepted efficiency rate was 90-110%.

[000208] While validating multi-plexed reactions using linearized plasmid standards,
C, values for the target of interest were also assessed using cDNA as the template. For human
or mouse targets, HeLLa and Hepal-6 cDNA were used, respectively. The cDNA, in this case,
was derived from RNA isolated on the Corbett (~5 ng/ul in water) from untransfected cells. In
this way, the observed C, values from this sample cDNA were representative of the expected
C, values from a 96-well plate transfection. In cases where Cq values were greater than 30,
other cell lines were sought that exhibit higher expression levels of the gene of interest. A
library of total RNA isolated from via high-throughput methods on the Corbett from each
human and mouse line was generated and used to screen for acceptable levels of target

expression.

Description of oligonucleotide nomenclature
[000209] All oligonucleotides described herein are designated either SN{-ASN,-MNG.
The following designations apply:

° N;: sequence identifier number of the sense strand sequence

° N,: sequence identifier number of the antisense strand sequence

L N;: reference number of modification pattern, in which each number

represents a pattern of modified nucleotides in the oligonucleotide.

For example, S27-AS123-M15 represents an oligonucleotide with a sense sequence that is set
forth by SEQ ID NO: 27, an antisense sequence that is set forth by SEQ ID NO: 123, and

which is adapted to modification pattern number 15.
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Sense (S) — S SEQ AS
Antisense (AS) Sense Sequence/mRNA seq Antisense Sequence SEQ ID
ense ID NO
Designation NO
SLASO7 AGAUUUGUUUUUAAACUG | | | CACUGUACAGUUUA |
UACAGTG AAAACAAAUCUUA
2. AS08 GUACAGUGUCUUUUUUUG |, | AACUAUACAAAAAA | o
UAUAGTT AGACACUGUACAG
34500 ACAGUGUCUUUUUUUGUA |, | UUAACUAUACAAAA | o
UAGUUAA AAAGACACUGUAC
AGUGUCUUUUUUUGUAUA UGUUAACUAUACAA
$4-A5100 GUUAACA 4 | AAAAAGACACUGU | 100
SsASIOL GUGUCUUUUUUUGUAUAG | . | GUGUUAACUAUACA | |
UUAACAC AAAAAAGACACUG
SeASIOn GGUGGUAUUUUCAAUAGC | | GUUAGUGGCUAUU | |-
CACUAAC GAAAAUACCACCAG
S ASIO3 GUAUUUUCAAUAGCCACU | | CAAGGUUAGUGGCU | | -
AACCUTG AUUGAAAAUACCA
SSASI04 GUGCACAGCACAAAUUAG | o | UAUAUAACUAAUU | |
UUAUATA UGUGCUGUGCACCA
$9.AS10S GUUGUCUCUGAUGCAGCU | | UCGUAUAAGCUGCA | |
UAUACGA UCAGAGACAACUG
UCUGAUGCAGCUUAUACG AUUAUUUCGUAUA
S10-AS106 AAAUAAT 10| Agcuccaucacaga | 106
CUGAUGCAGCUUAUACGA AAUUAUUUCGUAU
STI-AS107 AAUAATT 1 aaccuceaucacag | 1Y
GAUGCAGCUUAUACGAAA ACAAUUAUUUCGUA
512-A5108 UAAUUGT 121 yaaccuccaucag | 108
AUGCAGCUUAUACGAAAU AACAAUUAUUUCGU
S13-AS109 AAUUGTT 13 AUAAGCUGCAUCA 109
GCAGCUUAUACGAAAUAA ACAACAAUUAUUUC
514-A5110 UUGUUGT 14| guauaaccuccau | 1O
S5 ASI1T CAGCUUAUACGAAAUAAU | |- | AACAACAAUUAUUU | | |
UGUUGTT CGUAUAAGCUGCA
AGCUUAUACGAAAUAAUU GAACAACAAUUAUU
S16-AS112 GUUGUTC 16| Ycguauaaccuce | 12
GCUUAUACGAAAUAAUUG AGAACAACAAUUAU
ST7-AS113 UUGUUCT 71 "vuccuavuaaccug | 113
UACGAAAUAAUUGUUGUU UUAACAGAACAACA
S18-AS114 CUGUUAA 18 | Avvavuuccuava | M4
ACGAAAUAAUUGUUGUUC GUUAACAGAACAAC
SI9-AS115 UGUUAAC 19 AAUUAUUUCGUAU 115
CGAAAUAAUUGUUGUUCU AGUUAACAGAACAA
520-AS116 GUUAACT 20| caavuavUUCGUA | 110
GAAAUAAUUGUUGUUCUG CAGUUAACAGAACA
S21-AS117 UUAACTG 21| “acaavvavuucgu | M
AAAUAAUUGUUGUUCUGU UCAGUUAACAGAAC
522-AS118 UAACUGA 22| AAcaAuUAUUUCG | 118
AAUAAUUGUUGUUCUGUU UUCAGUUAACAGAA
$23-AS119 AACUGAA 23 CAACAAUUAUUUC 19
AUAAUUGUUGUUCUGUUA AUUCAGUUAACAGA
524-A5120 ACUGAAT 24 | AcAACAAUUAUUU | 120
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Sf.:nse o) - S SEQ . AS
Antisense (AS) Sense Sequence/mRNA seq Antisense Sequence SEQ ID
Designation 1D NO NO
$5.AS121 UAAUUGCU[}J(S;JAUTCAUGUUAA 55 iﬁ%&%&i%%i%ﬁ? 121
$26.AS122 AAUUGI{J%(Z[IJA[{JCAUCGUUAAC 26 %{&&%ﬁi%%ﬁ%“ 122
$27-AS123 AUUGUU(SAUAUUC;JCGCUUAACU 7 iﬂi%ii%ii%%ic 123
swasize | T Gacea | B | acacarcaacaaty | 1
s-08125 | U aceac | % | aacacaacaacaau | 1
S30.AS126 GUUGUUSXé}CU;JCATACUGAA 30 [?SE&GC},JAAAUC?ACAAC(Z[L 126
S3L.AS127 UUGUUCXé}C[J;JérzACCUGAAU 31 S{ﬁf&%ﬁ%ﬁ%ﬁ 127
$37.AS128 GUUCUGC[J;JéA[}AC%[éGAAUAC 0 C(:JA[?[?S;J&%J&UCILCAA 128
sasizo | T M oueuaar | % | stucacuuascaca | 1
saasizo | e | # | Gauvcacutaacag | 1
swasint | M gore | 35| Gatucacouaaca | 1!
seasiz | el | % | guauucacuuaac | 12
sasins | M Waca | | ouauucacuuas | 1
sawasine | "M ecan | ® | ugauatucacuua | 1
sa-a5135 | " nadaan | ¥ | Guacuabucacuu | 1
siasize | T ghoan | ® | aguacuavucacy | 1
saasizr | GG | 41| Gaguceuauucac | 1
sasizs | M ar | # | agacuauauuea | 1
$43-AS139 A A 0 8| soacacuccuavue | 139
suasiao | MO uar | 4| Soaacuceaea | 140
saeasiat | T G Gvarr | %5 | Uatasacugcave | 141
sieasiar | T oure | % | Guauasecugeay | 142
saasiss | T uguuer | ¥ | ‘couauaracucea | 14
S4Z.AS 144 GCUUAUéAS[(J}éST(}CAUAAUU 48 %%%%%ﬁ?ﬁfgcﬁ}c 144
sa-as1s | T gouer | % | "cotecuavaaccy | 14
sso-aside | T vuerr | 0| aveuucouauan | M6
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Sf.:nse S) - S SEQ . AS
Antisense (AS) Sense Sequence/mRNA seq Antisense Sequence SEQ ID
Designation DO NO
sstasiar | "M Gouan | S| avtavcuucauau |1
$57.AS 148 CGAAGA{EJ(:JAUA[}JAUAGCUUGUUC 5 (ZUAI{JAUIXCUAC%%ACCGA&C 148
sseasis | T ctaan | 5| aaaacaGeuaean | 14
SS4.AS150 GCUGUU[}J(;JAGAU[}J(SCACAUUC 54 %ﬁgfiﬁfgﬁ&%%c 150
$55.AS151 CUGUUU(;JS;J&J(;}&CAUUCU N Agﬁgfiﬁfgﬁ&? 151
S56.AS152 GUUUUGEGJSCAUCTACUUCUGA 56 G(?UAC(ZCAAC[,JAUACAA/SCAAAGU 152
ssasiss | U etaner | 57| ‘Aaaavcucarcan | 1%
sseasiss | MGt | | uucacaruauoan | 1
sso-astss | U GUMAT | % | \uucagaavauea | 159
soo-asise | T AUAC | ® | sccavucacanugy | 1S
sot-asisr | T AuACA | 61 | aaeauucacaaa | 15
soasiss | T UACAA | 6| GaaGeAuUCAGAAD | 15
so-asisy | UM aeaat | 6 | AGargeavucaGan | 1%
sorasion | T eaATT | 6| GaganGeauucaaa | 190
sos-astel | M e | 6| QUacaaGeAuucAG | 1!
seo-asiez | Mo | 66| uacangeauuca | 12
so-asies | U uTT | 87| AdiuAGAAGeAUUe |16
S68.AS164 UGCUUCXS{?{(J}[[JJ%AAUACA 68 [?ﬁéj%i?ff&i%% 164
so-astss | 0 Guganat | 6 | Aanacaacancan | 199
s0-a8166 | N cuea | ™| aaaacuaucucaac | 16
syiaster | O cuaan | 71| Gaanacuatcucas | 167
seasies | TG AGAT | | Gaucanaavcuua | 198
sr-asior | ST e || Guouguasaeua |19
seasi | P eanr | ™| autuauasaugy | 170
si-asint | M |7 | eucacuiuauaa | 17!
soeasin | Gt | 7 | fcucucatuacac | 17
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Sf.:nse S) - S SEQ . AS
Antisense (AS) Sense Sequence/mRNA seq Antisense Sequence SEQ ID
Designation 1D NO NO
sy-asim | AVIACKGIURURUUOT | 7, GRACIOCARARR |
s | AORCRAGACUGCGUACT | 5, [ AACAMUACONCAG
swsirs | PACKAGACTGCUTURCTR |y [ GAMAACOCA | o
oAty | ACMOACUCCCORCTAT | [UAMCARUAGUAC
s | CORCUCCUGUACTATI | [CUCMCAMUATIR |
s | PRCTOCLGACOROUTG | AGEUCAAAMUK
sosiso | ACCOCTCUACOATUTGUU |, [ SAGUOMAMD |
sty | OUOOVUGEECUTURDS | TEUATUAUMAT
S86-AS182 CAAUACAUUUGCUUUUUC 86 ggigiéégiéééé 182
UUUAUAA A
S87-AS183 AUACAUUUGCUUUUUCUU &7 nggigiéégiéé 183
UAUAAAA G
sonsise | VATOHOICCTGVRN || MAASTATRORRC |
swsiss | PRVORGUGCIGOTONTY |, [ ULATAOACAAIC |
sasise | ACOTROUGCOUUIUND |y ™ AUATAOACIAR |
sty | CONOUCCIGUUUGUTAT |5, MDA |1
sty | OPOUOCUSCUOGTURTR |, | UAMUAGAUAAC |
st | CVVOVORUUALSTRATIT | ;| SAGUCOSATTAT | i
0| CRUTVECGLGUORRIT |, COMAUACRIAN
s | AUCURALULCAGTAGORA | 5 [QUEAOAOTCCLee
e i e R I P
sy | SUOAGCAGCUNACG | iy | TOCCUAUAAGCUTE |
sasiol | LUAUGCACCOUACT | s | TTCGURUMCCTT |
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Sf.:nse o) - S SEQ | AS
Antisense (AS) Sense Sequence/mRNA seq Antisense Sequence SEQ ID
Designation ID NO NO
S6AS2 | Jadeacecaanaaauae | 1% | catcacac | 39
sz | SAKUANOVASY | oy | TAUALLCCEAT | o
SWIASH | [heeagecoaacacuce | 2 | woatoucg | 2
sy | SASECOUOUCCUT |y | UMCKORENRTR |
s | SIS | | CAIMEAGTC
SWASH | Jiceagecomacocuce | 27 | tueacugs | 2
SEASM | paceaaccaarncacuae | 2% | uatueagae | 2%
S09AS91 | Chaeagecaaacacuce | P | Gouatueg | 2!
S04522 | Baceagecaaracactae | M0 | cacaatoy | 2%
SAASMS | Paceadecoaracactae | 20 | cacanver | 2
SUCASI6 | Uaceadccoamacacuae | 20 | cagaata | 6
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Sense (S) —

AS

Antisense (AS) Sense Sequence/mRNA seq S SEQ Antisense Sequence SEQ ID
Designation ID NO NO
sease | OO | e | AN |
SA6AS4 | yaceagecaaracacuce | M6 | uavcucaga | 3%
SULASIS | Naceaaccommacacuae | 28 | Guaaaucg | 38
$94807 | Ghaeagecomacacuae | 29 | uguavugg | 37
5204508 | Raceagecoaacacuee | 20 | ucuauc |
S2:A8310 | Gieagecaarncactae | 22 | agucougag | 10
s | AN | s | URAMIUMAT |
sonsne | SUECRNUMT | s | TSN |
e | SUMCSIUAIGAAEY | | CUSAOMIAS |
32948317 | Uhdeagecomacacuae | 2 | uecaucag |
s | WOGOAGIUUAMGNC |y | PROUNIIAMACC |
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Sf.:nse o) - S SEQ | AS
Antlse.:nse (AS) Sense Sequence/mRNA seq ID NO Antisense Sequence SEQ ID
Designation NO
swvasis | DSAGUCNCAED | o | VNN | e
S8 | [hceaaccomacacuae | 2| Aquauiuge |
s | AASICAONOCUT | | UMM |
SUIASHI | Caceagecaamacactad | | tuuatg | !
Su6ASI4 | [iceagecaaacacuae | M6 | aciugead | 3
SIS | Paceadecoaacacuae | 2 | ceavcuge | 3
s [ AERECRSENNATT o [TUSABT
$550543 | Uaceagecaaracacuoe | 35 | teaugacag |
o | QEREICCIIINY | oy | CARIAMCTU |
s | SWOSMSEICLC | oy | TUGRGUIIAORT |
S604548 | Uhceadccoanacacuae | 20 | couavcae |
S61054 | {aceaaccoamacacuae | 21 | acuuave |
5624330 | {xceagecaamacacuae | 2 | cancacad | 3%
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Sf.:nse o) - S SEO | AS
Antisense (AS) Sense Sequence/mRNA seq Antisense Sequence SEQ ID
Designation ID NO NO
s0048352 | \aGeacecoanacacuoe | % | gucuutgg | 352
sy | GADICEINUARIAC | s | URUUANAAT |
S-AS35 | Uhceacecoanacacuce | 27 | Uaccucaa | 3
srorsis | WSS | | AN
swsason | SCUGAIGCLCOON | o | WUACACRIOCR |
[000210] The disclosure illustratively described herein suitably can be practiced in the

absence of any element or elements, limitation or limitations that are not specifically disclosed

bR ENNT3

herein. Thus, for example, in each instance herein any of the terms “comprising”, “consisting
essentially of”’, and “consisting of” may be replaced with either of the other two terms. The
terms and expressions which have been employed are used as terms of description and not of
limitation, and there is no intention that in the use of such terms and expressions of excluding
any equivalents of the features shown and described or portions thereof, but it is recognized
that various modifications are possible within the scope of the invention claimed. Thus, it
should be understood that although the present invention has been specifically disclosed by
preferred embodiments, optional features, modification and variation of the concepts herein
disclosed may be resorted to by those skilled in the art, and that such modifications and
variations are considered to be within the scope of this invention as defined by the description
and the appended claims.

[000211]

In addition, where features or aspects of the invention are described in terms

of Markush groups or other grouping of alternatives, those skilled in the art will recognize that
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the invention is also thereby described in terms of any individual member or subgroup of
members of the Markush group or other group.

[000212] The use of the terms “a” and “an” and “the”” and similar referents in the
context of describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or clearly
contradicted by context. The terms “comprising,” “having,” “including,” and “containing” are
to be construed as open-ended terms (i.e., meaning “including, but not limited to,”) unless
otherwise noted. Recitation of ranges of values herein are merely intended to serve as a
shorthand method of referring individually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is incorporated into the specification
as if it were individually recited herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by context.
The use of any and all examples, or exemplary language (e.g., “such as”) provided herein, is
intended merely to better illuminate the invention and does not pose a limitation on the scope
of the invention unless otherwise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential to the practice of the invention.
[000213] Embodiments of this invention are described herein, including the best mode
known to the inventors for carrying out the invention. Variations of those embodiments may
become apparent to those of ordinary skill in the art upon reading the foregoing description.
[000214] The inventors expect skilled artisans to employ such variations as appropriate,
and the inventors intend for the invention to be practiced otherwise than as specifically
described herein. Accordingly, this invention includes all modifications and equivalents of the
subject matter recited in the claims appended hereto as permitted by applicable law. Moreover,
any combination of the above-described elements in all possible variations thereof is
encompassed by the invention unless otherwise indicated herein or otherwise clearly
contradicted by context. Those skilled in the art will recognize, or be able to ascertain using no
more than routine experimentation, many equivalents to the specific embodiments of the
invention described herein. Such equivalents are intended to be encompassed by the following

claims.
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CLAIMS
What is claimed is:
1. An oligonucleotide for reducing expression of HMGB], the oligonucleotide comprising

an antisense strand of 15 to 30 nucleotides in length, wherein the antisense strand has a region
of complementarity to HMGB1 that is complementary to at least 15 contiguous nucleotides of

a sequence as set forth in any one of SEQ ID NO: 374-381, 193-272, and 363-365.

2. The oligonucleotide of claim 1, wherein the antisense strand is 19 to 27 nucleotides in

length.

3. The oligonucleotide of claim 1, wherein the antisense strand is 21 to 27 nucleotides in

length.

4. The oligonucleotide of any one of claims 1 to 3, wherein the region of complementarity
is complementary to at least 15 contiguous nucleotides of a sequence as set forth in any one of

SEQ ID NO: 193-272 and 363-365.

5. The oligonucleotide of any one of claims 1 to 4, further comprising a sense strand of 15
to 50 nucleotides in length, wherein the sense strand forms a duplex region with the antisense

strand.

6. The oligonucleotide of claim 5, wherein the sense strand is 19 to 50 nucleotides in

length.

7. The oligonucleotide of claim 5 or 6, wherein the duplex region is at least 19 nucleotides

in length.

8. The oligonucleotide of any one of claims 1 to 7, wherein the region of
complementarity with HMGBI1 is complementary to at least 19 contiguous nucleotides of a

sequence as set forth in SEQ ID NO:374-381.
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9. The oligonucleotide of any one of claims 1 to 8, wherein the region of
complementarity with HMGBI1 is complementary to at least 19 contiguous nucleotides of a

sequence as set forth in any one of SEQ ID NO: 193-272 and 363-365.

10. The oligonucleotide of any one of claims 5 to 9, wherein the sense strand comprises a

sequence as set forth in any one of SEQ ID NOs: 193-272 or 363-365.

11. The oligonucleotide of any one of claims 5 to 10, wherein the sense strand comprises a

sequence as set forth in SEQ ID NO: 204, 211, 364, or 365.

12. The oligonucleotide of any one of claims 10, wherein the antisense strand comprises a

sequence as set forth in any one of SEQ ID NOs: 273-362 or 366-370.

13. The oligonucleotide of any one of claims 11, wherein the antisense strand comprises a

sequence as set forth in any one of SEQ ID NO: 286, 367, 369 or 370.

14. The oligonucleotide of any one of claims 5 to 13, wherein the sense strand comprises
at its 3’-end a stem-loop set forth as: S;-L-S,, wherein S, is complementary to S,, and wherein

L forms a loop between S; and S, of 3 to 5 nucleotides in length.

15. An oligonucleotide for reducing expression of HMGB], the oligonucleotide comprising
an antisense strand and a sense strand,

wherein the antisense strand is 21 to 27 nucleotides in length and has a region of
complementarity with HMGB1,

wherein the sense strand comprises at its 3’-end a stem-loop set forth as: S;-L-S,,
wherein S; is complementary to S,, and wherein L forms a loop between S; and S, of 3 to 5
nucleotides in length,

and wherein the antisense strand and the sense strand form a duplex structure of at least

19 nucleotides in length but are not covalently linked.

16. The oligonucleotide of claim 15, wherein the region of complementarity is

complementary to at least 19 contiguous nucleotides of HMGB1 mRNA.

17. The oligonucleotide of any one of claims 14 to 16, wherein L is a tetraloop.
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18. The oligonucleotide of any one of claims 14 to 17, wherein L is 4 nucleotides in

length.

19. The oligonucleotide of any one of claims 14 to 18, wherein L comprises a sequence set

forth as GAAA.

20. The oligonucleotide of any one of claims 5 to 13, wherein the antisense strand is 27

nucleotides in length and the sense strand is 25 nucleotides in length.

21. The oligonucleotide of claim 20, wherein the antisense strand and sense strand form a

duplex region of 25 nucleotides in length.

22. The oligonucleotide of claim 21, further comprising a 3’-overhang sequence on the

antisense strand of two nucleotides in length.

23. The oligonucleotide of any one of claims 5 to 13, wherein the oligonucleotide
comprises an antisense strand and a sense strand that are each in a range of 21 to 23

nucleotides in length.

24. The oligonucleotide of claim 23, wherein the oligonucleotide comprises a duplex

structure in a range of 19 to 21 nucleotides in length.

25. The oligonucleotide of claim 23 or 24, wherein the oligonucleotide comprises a 3’-
overhang sequence of one or more nucleotides in length, wherein the 3’-overhang sequence is

present on the antisense strand, the sense strand, or the antisense strand and sense strand.

26. The oligonucleotide of any one of the preceding claims, wherein the oligonucleotide

comprises at least one modified nucleotide.

27. The oligonucleotide of claim 26, wherein the modified nucleotide comprises a 2’-

modification.
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28. The oligonucleotide of claim 27, wherein the 2’-modification is a modification selected
from: 2’-aminoethyl, 2’-fluoro, 2’-O-methyl, 2’-O-methoxyethyl, and 2’-deoxy-2’-fluoro-p-d-

arabinonucleic acid.

29. The oligonucleotide of any one of claims 26 to 28, wherein all of the nucleotides of the

oligonucleotide are modified.

30. The oligonucleotide of any one of the preceding claims, wherein the oligonucleotide

comprises at least one modified internucleotide linkage.

31. The oligonucleotide of claim 30, wherein the at least one modified internucleotide

linkage is a phosphorothioate linkage.

32. The oligonucleotide of any one of the preceding claims, wherein the 4’-carbon of the

sugar of the 5’-nucleotide of the antisense strand comprises a phosphate analog.

33. The oligonucleotide of claim 36, wherein the phosphate analog is

oxymethylphosphonate, vinylphosphonate, or malonylphosphonate.

34. The oligonucleotide of any one of the preceding claims, wherein at least one

nucleotide of the oligonucleotide is conjugated to one or more targeting ligands.

35. The oligonucleotide of claim 34, wherein each targeting ligand comprises a

carbohydrate, amino sugar, cholesterol, polypeptide or lipid.

36. The oligonucleotide of claim 35, wherein each targeting ligand comprises a N-

acetylgalactosamine (GalNAc) moiety.

37. The oligonucleotide of claim 36, wherein the GalNac moiety is a monovalent GalNAc
moiety, a bivalent GaINAc moiety, a trivalent GalNAc moiety, or a tetravalent GalNAc

moiety.

38. The oligonucleotide of any one of claims 14 to 17, wherein up to 4 nucleotides of L of

the stem-loop are each conjugated to a monovalent GalNAc moiety.
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39. The oligonucleotide of claim 34, wherein the targeting ligand comprises an aptamer.
40. A composition comprising an oligonucleotide of any one of the preceding claims and
an excipient.
41. A method of delivering an oligonucleotide to a subject, the method comprising

administering the composition of claim 40 to the subject.

42. The method of claim 41, wherein the subject has or is at risk of having liver fibrosis.

43. The method of any one of claims 41-42, wherein expression of HMGB1 protein is

reduced by administering to the subject the oligonucleotide.

44, The method of claim 43, wherein the subject has cholestatic or autoimmune liver
disease.
45. A method of treating a subject having or at risk of having liver fibrosis, the method

comprising administering to the subject an oligonucleotide that reduces expression of HMGBI1.

46. The method of claim 45, wherein the subject has cholestatic or autoimmune liver

disease.

47. The method of claim 45, wherein the subject has nonalcoholic steatohepatitis (NASH).

48. The method of claim 45, wherein the oligonucleotide is administered prior to exposure

of the subject to a hepatotoxic agent.

49. The method of claim 45, wherein the oligonucleotide is administered subsequent to

exposure of the subject to a hepatotoxic agent.

50. The method of claim 45, wherein the oligonucleotide is administered simultaneously

with the subject’s exposure to a hepatotoxic agent.



WO 2019/006375 PCT/US2018/040410
71

51. A method of treating a subject having or at risk of having nonalcoholic steatohepatitis
(NASH), the method comprising administering to the subject an RNAi oligonucleotide that

reduces expression of HMGBI1 in the subject.

52. The method of any one of claims 41-51, wherein the administration results in a

reduction in liver HMGB1 levels.

53. The method of any one of claims 41-51, wherein the administration results in a

reduction in serum HMGBI1 levels.

54. An oligonucleotide for reducing expression of HMGB], the oligonucleotide comprising
a sense strand of 15 to 50 nucleotides in length and an antisense strand of 15 to 30 nucleotides
in length, wherein the sense strand forms a duplex region with the antisense strand, wherein the
sense strand comprises a sequence as set forth in any one of SEQ ID NO: 1-96, and wherein

the antisense strand comprises a complementary sequence selected from SEQ ID NO: 97-192.

55. The oligonucleotide of claim 54, wherein the sense strand consists of a sequence as set

forth in any one of SEQ ID NO: 1-96,

56. The oligonucleotide of claim 54 or 55, wherein the antisense strand consists of a

complementary sequence selected from SEQ ID NO: 97-192.

57. An oligonucleotide for reducing expression of HMGB], the oligonucleotide comprising
a sense strand of 15 to 50 nucleotides in length and an antisense strand of 15 to 30 nucleotides
in length, wherein the sense strand forms a duplex region with the antisense strand, wherein the
sense strand comprises a sequence as set forth in any one of SEQ ID NO: 193-272 or 363-365
and wherein the antisense strand comprises a complementary sequence selected from SEQ ID

NO: 273-362 or 366-370.

58. The oligonucleotide of claim 57, wherein the sense strand consists of a sequence as set

forth in any one of SEQ ID NO: 193-272 or 363-365.

59. The oligonucleotide of claim 57 or 58, wherein the antisense strand consists of a

complementary sequence selected from SEQ ID NO: 273-362 or 366-370.
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60. An oligonucleotide for reducing expression of HMGB], the oligonucleotide comprising
a sense strand of 15 to 50 nucleotides in length and an antisense strand of 15 to 30 nucleotides
in length, wherein the sense strand forms a duplex region with the antisense strand, wherein the
sense strand comprises a sequence as set forth in any one of SEQ ID NO: 204, 211, 364, 365
and wherein the antisense strand comprises a complementary sequence selected from SEQ ID

NO: 286, 367, 369, 370.

61. The oligonucleotide of claim 60, wherein the sense strand comprises a sequence as set
forth in SEQ ID NO: 204, and wherein the antisense strand comprises a sequences as set for in

SEQ ID NO: 286.

62. The oligonucleotide of claim 60, wherein the sense strand comprises a sequence as set
forth in SEQ ID NO: 211, and wherein the antisense strand comprises a sequences as set for in

SEQ ID NO: 367.

63. The oligonucleotide of claim 60, wherein the sense strand comprises a sequence as set
forth in SEQ ID NO: 364, and wherein the antisense strand comprises a sequences as set for in

SEQ ID NO: 369.

64. The oligonucleotide of claim 60, wherein the sense strand comprises a sequence as set
forth in SEQ ID NO: 365, and wherein the antisense strand comprises a sequences as set for in

SEQ ID NO: 370.

65. The oligonucleotide of claim 60, wherein the sense strand consists of a sequence as set
forth in SEQ ID NO: 204, and wherein the antisense strand consists of a sequences as set for in

SEQ ID NO: 286.

66. The oligonucleotide of claim 60, wherein the sense strand consists of a sequence as set
forth in SEQ ID NO: 211, and wherein the antisense strand consists of a sequences as set for in

SEQ ID NO: 367.
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67. The oligonucleotide of claim 60, wherein the sense strand consists of a sequence as set
forth in SEQ ID NO: 364, and wherein the antisense strand consists of a sequences as set for in

SEQ ID NO: 369.

68. The oligonucleotide of claim 60, wherein the sense strand consists of a sequence as set
forth in SEQ ID NO: 365, and wherein the antisense strand consists of a sequences as set for in

SEQ ID NO: 370.

69. An oligonucleotide for reducing expression of HMGB], the oligonucleotide comprising

a pair of sense and antisense strands selected from a row of Table 7.

70. The oligonucleotide of any one of claims 54-69, wherein the oligonucleotide comprises

at least one modified nucleotide.

71. The oligonucleotide of claim 70, wherein the modified nucleotide comprises a 2’-
modification.
72. The oligonucleotide of claim 71, wherein the 2’-modification is a modification selected

from: 2’-aminoethyl, 2’-fluoro, 2’-O-methyl, 2’-O-methoxyethyl, and 2’-deoxy-2’-fluoro-p-d-

arabinonucleic acid.

73. The oligonucleotide of any one of claims 70-72, wherein all nucleotides in the

oligonucleotide are modified.

74. The oligonucleotide of any one of claims 54-72, wherein the oligonucleotide comprises

at least one modified internucleotide linkage.

75. The oligonucleotide of claim 74, wherein the at least one modified internucleotide

linkage is a phosphorothioate linkage.

76. The oligonucleotide of any one of any one of claims 54-75, wherein the 4’-carbon of

the sugar of the 5’-nucleotide of the antisense strand comprises a phosphate analog.
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77. The oligonucleotide of claim 76, wherein the phosphate analog is

oxymethylphosphonate, vinylphosphonate, or malonylphosphonate.

78. The oligonucleotide of any one of claims 54-77, wherein at least one nucleotide of the

oligonucleotide is conjugated to one or more targeting ligands.

79. The oligonucleotide of claim 78, wherein each targeting ligand comprises a

carbohydrate, amino sugar, cholesterol, polypeptide or lipid.

80. The oligonucleotide of claim 79, wherein each targeting ligand comprises a N-

acetylgalactosamine (GalNAc) moiety.

81. The oligonucleotide of claim 80, wherein the GalNac moiety is a monovalent GalNAc
moiety, a bivalent GaINAc moiety, a trivalent GalNAc moiety, or a tetravalent GalNAc

moiety.

82. The oligonucleotide of claim 80 or claim 81, wherein up to 4 nucleotides of L of the

stem-loop are each conjugated to a monovalent GalNAc moiety.



PCT/US2018/040410
1/48

WO 2019/006375

7

BUIIDBIOS ALIAIDE OAA U

SEULYD YYS [TUBLUBACIAW T

% WU DU RUU U RRK DU RRAK GO0 GUR NOD 0O WOD GO% RMN O U W UOR RN WO ML DUU JOR OUD R DU OUR RO OUOR WO
D R P R N R A P P R R R A A

asnous (Bulssy AlaIoe oA Uf

SWAW VAW OW AW W W R G R e e O e e g

TYNIED LM BUIUS8I3S JOORILE | OJHA U]

oA U BLiise} Adusiod IBNISUD

UOII2[8S 10NIISUOD JUSWAoIBASp ArSSy

ann ] oo a0
N & N
R AR WY A AT A WY W W AN A e A e et §

MR AR MR AT W AW WY AW AW AW AW

SR s A s AR eRAs AR Ay UAA SAE) UAA AAE WES KRS AR AR AR SR CAAs AAE RAs AN AAAL UAE SAED UKA AAE RS KSR AR SRR AR AR

1 'DId

SUBSTITUTE SHEET (RULE 26)



WO 2019/006375 PCT/US2018/040410
2/48

GalNAC
= GalNAC

8
<
Z
i
o

GalNAC

FIG. 2

,,

]

7
7

EEEN

A oA
teE BLIT

SUBSTITUTE SHEET (RULE 26)



WO 2019/006375

FIG. 3A

3/48

.

Ny

N s

=

o

e s s

% o8

= s s

= i

a N

= :

G
§ 8

THAR/ YOS Td TS
Bumewss y e Tyiwig

7au
Tou

Pow
STN-ATTSY-1RS
QTN TSYDES
STA-SZTISVBES
QEARFZISY-RES
STA-ETISYLES
ER A bl A St et P
QT-TTIRY 5L
QUAN-OZISY-PIS
STW-ETTSY-EE5
SEIELISY-IES
QUARLTTRY-TER
QTG T ISYICS
STA-STISY TS
QLR ISY-HTES
QEN-ETISY-LTES
QE-TTISY-91S
STAFTTTSY-STS
STN-OTTISY-PIS
QEN-GDTRY-ETS
QTN-BDISY-C1S
ST L0TSY-TTS
STW-G0TSY-DTS
SER-R0TVBS
STN-HOTSV-BS
QT2 O0T-LS
STW-E0TSY98
QEN-TOTSS
LN-QOTIVPS
QIWN-GESY-ES
STN-S6SY-E5
QLN LB5Y-T%

SUBSTITUTE SHEET (RULE 26)

PCT/US2018/040410

HMGBI Locus

-646

WY

% B Hmg

3

nl 53

(5" RT-PCR site)

% JWim Himg

(3’ RT-PCR site)



WO 2019/006375 PCT/US2018/040410
4/48

STIARDRTSW RIS

S Zal
& Tou
S P
« STARESTEWLGS
o 8 STAZSTE 858
R STARTETEWSES
s o ST OR TS BS
SN STIACEPTEVESS
-k N STRPTSV2E5 K
= o
e N R STINLPTSY TS5 e
ey i
?%E s N STUIRTSVASS = T
: e
@ S STARERISYEYS oo
- & ST PETSE5S ‘?ég o
8 w & T 4
o s % STHWENISYASSE B )
-t s E
a8 N STACZYISVOS o S
o & g«
: : SN STRIVISWER | ~
w x W R 2 w %
e % N N ~
Ly o
2
i
2]
L
=
nl
0
o
X

LS
N 8 ETICEETSVERS g
§ STIRETSVE TS o 2
AT
fie T & ] oz
N STIRCLETSV TS o 9
Bn &
§ 8 STIAIETS YRS el
. & in
s N STIASETSYGES g
& ST PETSWRES =
N
s ST ESTEWLES
- STIACZE TSV 288
< ST TETS SRS
8 ST OETE W PES
N BTN GETS VSRS
s N LT INRETS W ZES

THAM P01 S T
Fupripe s v TqFuy 5

SUBSTITUTE SHEET (RULE 26)



WO 2019/006375 PCT/US2018/040410
5/48

N LorRu
« | gou
N %0y
S s ST 8L TS T EES
N S STIRCISYTES

[P SIS D95
5 \ s STIAPLTSYSLS 0
= . . STNELISW 4L =
b D STINELTSY 84S ;% =
w0 = STINTETSY 545 ob
: 3 []
g N N STAMOLTSY BLS igﬂ &
-y s S STIARERTSY 845 E
e
% :'g N N STASITSW 248 g M
© pu o TSNS @
et % § SLARSTISW NS @
H | ] 2r
- % N S ElpeemIswEss ﬁ -
o § 8 STINBRTEV @RS "oz
: : : o
S v STAERISRLSS B §
o SN STAZITSY £ &
g s \ STIAMTETSY §5S §‘f =
m N \\\‘E STNERETRYPES \\\
SN ETIARESTEVESS
S STPRZSTSVTeS
s oW STIARBSTSY D98
N STIFSSTSY 555
N STIARPSTERHSS

TR /P04 TFwipu
Bupuis sy YNy W TFWN %

SUBSTITUTE SHEET (RULE 26)



WO 2019/006375 PCT/US2018/040410
6/48

N3 FE S S N T S S T O

NN T T T D O £

%
%

ry
o4
&
g
Xy
et
W
%
3
oy
W

S STECOBISY bES

1 1541-1675

{3’ RT-PCR site)

SISV £6S &

[N

ﬂﬁﬁpa teainm

----- T O FTPPNRISYIES

€ O STLRIRISW0ES

FIG. 3D

HMGBI Locus

~
3

% Wim Himghl 53

S LS STARIRISY S

{5' AT-PCR site)

€ STHRTRISY-a9S

- HMGB1 Knockdown i

S ST TSISY 58S

TIERTEY 18S

%
%

THEHPOSTY TR
Supuim e waW Tolw 3

SUBSTITUTE SHEET (RULE 26)



WO 2019/006375

FIG. 4

MmHMEGEL Knockdown in Hepal-6 celis

7/48

SR
S \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\'

Y \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\:

: . ey
: \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\:

ER—
‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;

AR

.

: : : : Se
AR,
A R
: seadsennaas
=

S

: e
TS
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\:

.\\.\\.\.\\.\I
.
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;

W
*\'\\\\\\\\\\\\\\\\\\\ X
\\\\\\\\\\\\\\\\\\‘I

-\\\\\\\\\\\\\\\\:

B
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;

: : : i
A AN
- \\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘I

¥ V\\\\\\\\\\\\\\\\\\\\\\\\WE

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;

r---}\\\\

e
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;
R R

\~\\\“\\\\\\\\\\\\\\\\\\\\\\\&\W\\Mé

e
e X
--\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\\\\\\\Q\\\\\\\\\\ \\\%N

.
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;

3 \\\\\\\\\\\\\\\\\\\\\\\\\\\_\\\\\\\;
.

;}~~,~~\\\\\\\\\\.\\\\\\\\\\\\ \\\\\\\ \\\\\\\\\\\\\\\ N

\\\\.\\\\\\\-«. s

\\\\\\\\\\\\\\\\\\\\(((\\t\\\\\ \\ :
-&\\\\\\\\\\\\\\\\\\\\\\.\\\\\\ \\“\\\\\%

RN \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\:

! Sl
: LT s
\~~~:\\\\\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\-\\\\\\\\\\\\\\\\\\\\\“E

\\.\\.\.\\.\\.\.\\.\\.\.\\.\\.\.\\. s

S

“»\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \\\\\\\\\\\

: : \\\\\\\\\\\\E
\\\\\\\\\\\\\\\\\\\\ s
RN \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\:
: ey

R
T R

:w\\\&\\\\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;

R R
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\'
R R

s

R \\\\\\\\\\\\\\\\ R

SR \\\\\\\\\\\“\Q\\“\Q\\“\“\“\\\“\“\\\‘Q\\“‘Q\\“‘Q\\“\““‘“\“‘Q\\“:

om0 \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\:
\\\ R
R \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\;

13

T T ¥ T 3

&&%E%%%&?:&?ﬁﬁ

$0%4 dp Ten Ty T Sugu
B ST R T AT L

13 A

SUBSTITUTE SHEET (RULE 26)

PCT/US2018/040410

TA-D0TSY-5

ST E0TSV0TS
ATN-ZRTaV-955
LTI AE T b
GTATOTSY-9%
SEA-LETEV-TES
SQTS9TSE59%
STES TS0

!E
&

STAERTSY (55
STAEQTEY 8%
GLABETSV-LAE
SEARLETEW-0LS
LTS TSN BES
STNDETSY-PES
STIBRTEY 23S
BTN-{RTSY-TH8
ST ST TEV-EEE
STNEQTEV-HOS
STNLOTSY 1T
AEADA TSRS
QUNBETSY IS
ATA-FTTSY-RES

[ARUED G
IR TN

vy

{center} ({right}

{left}



WO 2019/006375
8/48

FIG. 5

2] o oy el o] o ]
o) IS X W R & &

e ‘ Wy .
B ey anes yaey e p oSy w

SUBSTITUTE SHEET (RULE 26)

PCT/US2018/040410

QW

IR INGLESVERT S
i (SRS Y RETS
I LGRS V-ETES
OGRS Y-TTZS
O IA-O0ES 5125
O N-ZEESY-01ZS
BPINFGLZSV-SETS
EF IN-RLESY-ORTS
St N-LBESV-ETZS
B IN-SEESV-TTES
St IAFODESY-E12S
Rb AEERSV-0TZS
CGINGLESY-GETS
ESINDLTSY-R6TS
CGINGEESY-TTZS
ZSIO0ES V-ETTS
ZSIAFEERS V-0TZS
BTINGLESY-GETS
SN ALESYDETS
BEN(EESV-ETZS
R AFOOESY-ETZR
BENZEESV-O1ZS
DTS Y-RETS
LFINLBESY-CTER
CHNGRERY-TTZS
(B IAFODESY-ETES
EINZEESY-01ZS

TetraloopsinM



WO 2019/006375 PCT/US2018/040410

9/48
. - 3
. . -
annoy, : D oninnd

= e

. jo

oo (a3

b =

oy F o, £33

]

EIE2 ? E.E‘E g

%l © 3 =

= = = )

) & n =

= : 2 w4 =

. [ei>] 3

% : s % @

r~ : = @ :

2 = 3 -

g : <

o ‘ [

w . o

1% N w3

¥ ¥ ; iﬂl‘
[ o o [~
o) -3 L) [} L‘<I.§
h - 3 )
=1
LddMuy Buiupwiss YNNI L GO NHW ¥
. o Ldyyw/ Sujue s YNEW ISONHY %
g i : [~
: & ] :
o= : = :
5 : 2.
\@ e Y =f
o : hh
. b .
T : g =
ED ' &

{3" by = % T e
pod 2, : 2 & 4
I = — I}

: = &

% : ° = <

T . = [] =

o - ad W0 )

= : ﬁ L o

175 :

< : w

o : by

o~ : 2

w3 E A

: By T o 5 - - ¥ o
= =1 @ L=
3 3 2 : z ¢z 3 = -
1dMH W DUluB W YNHW LSS NHW 9% LddH W Bujuewasl YNYW LGOWHW %
N o
: -
s

o =

2 s

& &

vt Y &

P N

!5’_: Ed !3:: s

'Y - 'd =2

&4 o &4 =

— = —— Q

T a Py =

=i s o= a

= = g

& - ot 3

(o] X3 o

ol Lan ]

o« 1521

< <

< [ X2

jte 3

1953 [%53

—— I
¥ ] N « & o
< @ @ ™~ <
~ @ - -

4

LddMWy BUuewal YNEW LGONHW %
LdMH W Buruews) YNY W LGOWNH L %

SUBSTITUTE SHEET (RULE 26)



WO 2019/006375 PCT/US2018/040410
10/48

L S IASLESW-RETS

b S ALEISY-ETER

= S N-REES Y TTES

= SR AFORESWY-ETES

= SR IN-LESSY-0TES

b obzossy-sTS
- b NEEZS YIS
L b bSZEV-TTES
L b IN-TOESV-ETZS
L by NE62ST-0TES

o EF IA-GLESY-SETS

FIG. 7

L B AOESY-9RTS

L B W-{EZSV-ETES

10 mpk - 72hr

L B A-SEESY-TTES

Liver HMGET knockdown

L S INORESR-ETES

L EPIN-ZEESY-OLZS

L ZE RS Y-SETS
. 2PN (SZSNZTES
e S INSRERY-TTES
e Sb INFRDESY-ETZS

> b IAEEES Y-OTES

= S8l

1] [ B ]

< 7 L) @0 < <o

=] [ w o

= ¢
[vNywdu/Lgbwnl uoissaadxyg o

128

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

11/48

BYW-9LTRV-901S LYIN-OLTEV-9018 LYWN-LOTSV-TITS

] ] ] ] i i ] B B 3 m

3.09

EESTS TEDNHW o8

- 06

- 00t

asop 150d aype
@ ol
dujuiewal YNYW TEDINHW %

-0Z L

{s8d o1 paziruliou)
Butuiewss yNMW LEONHW

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

12/48

344 SN 6N
~LLTSY ANAN -96¢SY
-9615 -861s YA

95N
~96ISY
EATS)

SSIA
~LLTISY
-9615

PGIN
~LLTSY
-9G1S

SSIN
“96eIsy
-41Es

PaN
~G67SY
EATS)

11 T N ] T R 4

£ SHd

0
-1

.vi@N

- 08
- OF

r 05

- 09
04
-8

T
G
&%

- 00k
-0LL
gl ir4 8

(o84 01 pozBWIOU)

Buuewias

YN LEONHW

SUBSTITUTE SHEET (RULE 26)



WO 2019/006375 PCT/US2018/040410
13/48

()]
=
(@)
€
o
: - TS RLFSY-ORTS
: - L5 N RLESYDETS
£ : ]
E : S INRIESYRETS
E’E ‘" :
£ g :
- < 8 : | TS BETSY-ETES
oo ‘
(X Z 4+ :
| £ Qg :
ot b : LS NSRTSY-TTES
o o M
g :
= -
. : " S INREESN-ETES
E :
\E
(<)
: - B DEESY-ZTES
S84

{SEd 03 pazijeuuiou)
Buruiewios YNYW LEDNHW

SUBSTITUTE SHEET (RULE 26)



WO 2019/006375 PCT/US2018/040410
14/48

> GTN-LLTSV-96TS

- G7IN-96TSV-TTTS

* OSIN-£LZ5V-96TS

- 0SIN-96ZSY-TTZS

FIG. 11

- 6YIN-96TSY-2TTS

SUBSTITUTE SHEET (RULE 26)



WO 2019/006375 PCT/US2018/040410
15/48

H . Pt v en b
ton and sacrifics animaly

32
Y

FIG. 12

350 or 250 mglkg
APAPIO.9%,NaCl
;
;
§

§
5

Fast mice

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410
16/48

WO 2019/006375

6VIN-96ZSVY-T1TS 1past sp1osonuotlQ [4DNH

SYNIED dN1 dN1
I99WH  TH9WH SHd LEOWH =
g ] ] : : )
=-GE
-6
G4
=00 L
TA’
dvdy Bybw ggg auijeg
=051

UOIsSSa1dX] LEOINH I8AIT

Vel 'DId

{L1idH 03 pezijeuLIou)
Buiurewat LGONH %
SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

17/48

GYIN-967SY-T1ZS st apnosonuodiQ [gONH

dvdy Bw/bw oge

IYNIED dN'T
FEOHWH THOWH S8d
K

suljes

SHd

LEOINH wnieg
4¢l 'Old

~00 1L
s
a4
-081
~0P L
~0%

{lwyBu) LEOWH

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

18/48

GYIN-967SY-T1ZS st apnosonuodiQ [gONH

JYHNIED dN1
TE3H TH9WH S
H

dNT
1EDWH SHd

dvdy By/bw og¢

18V
Vil 'DId

sules

-0062

-000%

-0064

-0000L

00621

=000¢1

Was -+ (1N LSy

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

19/48

GYIN-967SY-T1ZS st apnosonuodiQ [gONH

SYNI®D dN1 dN1
TEOWH 199KWH Sad F8ONH

S8d

-0082

-000%

0054

-0000L

-0052E

wWEs -+ (Un) LY

-000% L

-0064 1
dyvdy Bwbuw gge aulies

~00002

Y

drl Did

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

20/48

GYIN-967SY-T1ZS st apnosonuodiQ [gONH

JYNIED dNT AN
FHDWH TE3KHH

dvdy By/buw 0g¢ sules

ZZ LUl Winieg

o1 HId

¥
3
(2]
il

=008

=052

-00¢

uoIssasdxs
FAAR- R o)

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

21/48

dNT L 9ONH

2830 aso
¢ d ‘ d By/Buwg L

dVdY 19Ye upz orebnluco-
foms sleuwsey - §e8ed g P ET eesoq  § eesd HE00 goH By/Buwg

§ 1
M mmw:(c 1584
i

[DBNY%6 0/dVdY
By/Bus 0g¢

1 °DId

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

22/48

9SN-96TSY-T1LS post apuosjonuodnG |gONH

JYNIED dN1
TEoHH T49H SHd SHd
] ]

dVdV Bybuw oG aules
UoISSaIdXT LEDIAH 18AI

Vol 'DId

¥
i3
&4

¥
Lo
w2

¥
D
Boo

¥
&
Lo
=

~SEL

-05

(L1adH 01 paziewaou)
Buiuiewas LEOWH %

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

23/48

9SN-96TSY-T1LS post apuosjonuodnG |gONH

SYNIED dN'1
LEINH LESWH sad

Sed

dvdy b gge
LESIAIE WNias

d91 'DId

sulfes

o
=
{1wyBuy}
LEDINH Wnisg

~0G1

~002

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

9SW-96ISV-CITS ISIN-967SV-T1TS
|pasn ap1oaNUo3IO [OWH :pasn 9pROSPRUOSIG [FOWH
FYNITD dNT JUNIED dN'T
T49WH  1E9WH sed PTEOWH  189WH  gq,

24/48

WO 2019/006375

¥
- 3007 5 ﬁ 600 W
n e
- & -
000y = até &
" L 60001 —
+ ¥
A F000s = o
m 00051 =
=008
dvdy By/buw gse BUES
dvdy B/buw pse aules 00002
=000 L
d.1 Oid VLI "Dld

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

25/48

9SN-96ISV-TILS

:pasn 9pHOI[ONUOTHO [HDNH

JYNIED
183KHH

dN1
EOWH gy

sdd

dvdy BBw pge

rA AT ET

aLl "Bid

aules

BTA

-001

-Gl

-05t

yoissaidxs
ZZLyu sanelay

SYNIED
FEOWH

OSIN-96CSV-CILS

pasn 2pHosPNUOSIO [ONH

AN
LE3WH oy

SHd

dvdy Bybuw gee

HOT

DL DI

aules

-0008

-0002

~$005¢

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

26/48

Ay

31 'Dld

{o50p "7 1 1500
£t p7) pseyg el

! M | AiBi/Sugzisp
Ly ] ossy/Swswe
| : 38 B/Bui g gD
‘ w : 120
b7 B- Aegy

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

27/48

GYIN-967SY-T1ZS st apnosonuodiQ [gONH

¥ %

x1 "1oo-sod

o

Xp 1oo-8ld

61 "Dld

= 32
- &8
= O &
= G
= 3
=S
- (G

AMSUDIU] BEIW BAIIRIS Y

psy SBLIS

SUBSTITUTE SHEET (RULE 26)



WO 2019/006375 PCT/US2018/040410
28/48

Post-CCly Tx
n.s.

FIG. 20

Pre-CCl, Tx

HMGR1 Oligonucleotide used: S212-A8296-M49

§ % T 7 ¥ ¥ T (]
o ) OO Wy O ) OO W O
| O 3 N N v

Ajsusiu] uesy sAneoN
VING-©

SUBSTITUTE SHEET (RULE 26)



WO 2019/006375

29/48

-4
i...
G
©
s 9 S -
2 e h, %,
s %%
e &
&
&
o %
'S %
r v e’
x +
% ~ K7 G‘%
SO ] * 2
ol %,
é %
2. S ﬁ B @;@
(%
%
s
4
8 B B L] L] R
ol =] 2] -1 P (i (X2

NI B ues iy

(%) 1uBreom Apoqnubiem sanin

SUBSTITUTE SHEET (RULE 26)

PCT/US2018/040410

HMGR1 Oligonucleotide used: S212-A8296-M49



PCT/US2018/040410

WO 2019/006375

30/48

GYIN-967SY-T1ZS st apnosonuodiQ [gONH

I

*

x1 Y190-180d Xi M00-8id

¢C 'DId

WES -/+ uesiy
ea1y +(08/vd

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

31/48

6VIN-96TSY-Z LTS Pasn opuosonuodng 1gDWH

uoyosiul Y100 1eye shep ¢y

B0 5 Mb 133835 b- ARG TR S/A 572 15D
sxen g b ILIBYs - ARG s By B £ 1
suan g sl T1amys TT AR s By f8u g 15D

284 75

Y3 0N 1TD

¢ DId

WHS -/+ By
BOLY +POY SNLIS 0ALB[SY

SUBSTITUTE SHEET (RULE 26)



YNY ‘ B o . )
Iypz {ydwg ) 19ONH yBwpy ¢ g
JWH I8ATT
LSV LIV poo[g gy S€d gyBwr ¢ A%
HAOD
sjurodpuy MeL ¢- Aeqg (OS)usuneal)] (A vue) N dnoun

\\\\ .................................................................................... \\\\\\\\ ................... . .......... -

UMO w Ae] >m 95 mw@@
/8w yuod apnoapnuosiio T9HINH

v DId



PCT/US2018/040410

WO 2019/006375

33/48

6VIN-96TSV-TITS
PAsST OpHOSINUNSH) THDOWH

013995 AU eIH[ ] |

eate 2110409N ()

s s I
. 2 .

-
H\

. \\\
-

%
.

-

SAIAINS 10U DI SAIAINS 10U PIQ

4
G.M#

\w . 3AIAINS 10U PIQ] =1
o
. \ W

§ \.h\ \\\\\\\\\H\\N\\s\ =
. . . o
\W\\\\\\\\w . SamnsoupIg 3
Q\\ . . | | 3y

.
o \ . 2
- 77 e e % \\ 7 \\
. &\x\\\“\ﬁ\%&
Dl
...

T |ewiuy

¢C Did

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

34/48

OEW-PLESY-F61S [PIsn opRos[»nuosiQ 1ONH

g X pab swdw g "
LADH-DXIED
SHd @
Q4HYaD SUORY (14H
s . 0 o 5
=
B @ ﬂw,
B 06 mw ol
B 3 m
@ m A
@<
% )
®®e Lo 5 [
&8 % e
o
® o8
L 2 o %
2% e
oSt @ 3

H9¢

Did

OEN-PLTSV-V61S Pash opHOSONUOSH) [HDNH

gXMbdw g
LADNH-OXED
SHd e
A4+ a0 suony (4H
& 3 m
&
ot M@.ﬁ‘ ®
—u® —88 Lol
4
B
&
e 002
S -
B
-008
&
ooy

VoC 'Old

B4 O} oAaleol

uoissaidny v abBuapey

JOLUOD BUG

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

35/48

OSN-FLISV-161S Post apHoePnucsnG 1HOWH

X pab BB g
LEONH-TIRG
58d

B
%

(J4H¥ a0

BUOHY (J4H

a0 m i

- (0%

- 0001

JOALO0 1P SHd O daead
uoISsaIdxT YNMW WA %,

&
o2
g
o8

aoc 'HOlid

OEN-PLISV-P61S [Pasn opuospnruosi0 [4OWH

g% asb Bybus g .
L EORH-OXIED
SHd @
QdHva2 BUONY (14H
| gt
- 309
- 8001
0081
=004
0482

29C Dld

[01UOD 191D SHd 01 BAlRIS.

LOISSRIOXNT] YRNMIU LBLIOD &,

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410
36/48

WO 2019/006375

OEWN-PLTSY-F61S pesn aposppnuosi) [HOWH

o ¥ pank Byyfius g -
LEDIN -
B84 8

Q4HYQ0

suely (J+4H

- 09

- 301
-05 1
- 002
- 08¢
- (0%
- 055
- B0¥
- 05

IS Turey
iy

O

LT DIA

B XA

fus g
35
S84 8

L

Q4Hvas

BUCHKS (J4H

%

B
i ] &
Eﬂ@i&ﬂ.

-6

-0BL
-D5%E
- 02
058
- 00T
58
- D0P
- (5%

Do%

inLy

W3s rueay
SUBSTITUTE SHEET (RULE 26)



WO 2019/006375 PCT/US2018/040410
37/48

100- @& -------------------------------------------------------------------------------

7]

&

=

& pRS  S204- S$205- S5210- 5211- 5363- $364- 5$212- $365-
= AS286- AS287- AS366- AS367 AS368AS369 AS296 AS3T0
g M58 M58 M58 M58 -M58 -M58 M58 M58
<P

]

nalont

= S

g 81 AP S
e &

pe 78

& 5555

o3

3 ¥ § - il
PBS  S204- $205- S$210- 5211 S363- $364- 5212- $365-
AS286- AS287- AS366- AS367 ASIGBASIEY AS296 ASITO
M58 M50 MS59  -M53 -M59 -M59 -M39 -M59

(Hmgb1-F1541 vs. Hprt1-F576, rel to PBS)

% Hmgbl mRNA Rem

QA ¥ t R € ] < X ¥ ¥

P8BS  S204- 5205- S2310- S§211- 5363- 5364~ S212- 5365

) AS286- AS287-A5366- AS367 AS3GB AS369 AS296 AS370
MGO wmsn MB0  -Mes -Meld -Msl -M60 -MGO

GalXC-HMGB1 Target Site

SUBSTITUTE SHEET (RULE 26)



WO 2019/006375

FIG. 29A

PCT/US2018/040410
38/48
: \\\\% M
. I
PR R | a2
®y - B . N by
w L E - RS - . D .
%D gpeeo
i
]
R -
L IR I 2 3 S0
W . . B v
%} n <2 : £RG2T0
) P
« B ™ ¥ri
o~ ; . - b
8 < % - &\\\\\K“‘\*\\\\ . e; -G ()
W Be e, . . &
0 B<ENw: 1 EhGTo
O : R .
6 , @ ATy srt
W o % o Ny gmg"g
2. :
@ 2 N e . Z .
= B = = AN R
= softss 0 B
; [P N : : 8L e
5 4 E o i%\ : CoErE0 x
o N2 Ne: 1 tlewp B
5 M\ : Doarwe g
9 Ay
\\\\\*;\“}ﬁ“\g\\\‘: . Bml
E s i\ - &
T R - SRR . - x
€4 g ﬁ & AN : . N [+ mg Q
“ N EY i =3 .
e n < SN S RS : % ey
- M ; N : 5
s & & - o §
m l&’ &« Fo : : ‘fg .
=R : . ErSg0
= 1 e : & .
Ls AL
i~
Ert
3 o
5 & B e
o0
"§ Tt
13’
9,
& ¥
= By
i) b
@ 5 ]
, 2Fszo
N : ;
% & &\y«««\\\%«\\\&\%«g\:\ : ' e QT ed
H ] [ [ L
o 3
B = B
e e

{sgd o113
‘LIdHMSAS 294 LOSIN MWD
JBAT “oNuu LBl %

Aesse,g

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

39/48

{fhyBuu}
& - o e & © o < S 5
£ b &b = 8 2ok & by A Y =2 2 b R
el LB B T B & LR T B R A T T R ¥ B S s+ 4 R T L ¥
3 3 ] H 3 ] ] ] 3 ¥ i ] ] ] R 5 ] ] ] ] ] ] ] 3 ] Q
$3ppUSGOWOY IBRY-JI0T U] YId-2Y AG pa3spap FGBUIK fo uossaidxs aya0inday-Loy J0 [3R] UOISSB NS BIOWNOICUD SJUSSIINBE DIV Sy |
K
....... sm\o IR .VH\W.,.. A R R : TR N TR oo
- B E\W\a. !N! f u\N ................ mm
% m\\\ Z.

......... \\m.\we NN RN o~
......................................................... \\mw \&uwﬁw
S5 09N g9 09 85N 65N Qo 8o 151 I

“QLEEY  -96IS¥ -GIESY ~£BESY  -{9ESY ~{8TSY -987SY  -98ISY | -98ISV m 7
~59¢S -€1Zs “POES T4 “TTZS -50¢€8 ) -POEs ~$0Z8 mmw
¢ Aeq ‘osop o aiBuis ByBwer g ‘e o ‘1 o Tosk

d6C DIA

(8gd 03 B
LHAHSALPG L DG NHWN)

JBAT YN LB %

Apsse g

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

40/48

O9N-6OESY-PoES ~B-
BSN-L9ESY-TTZS
BSN-9BTSY-POLS

sgd G-

PLUdHWA SA CESI- LEONHWRN
SHd 01 |y Buiuiewsy YNYW LEDNHWR %

9igd-

S

P
ﬁ@z,w;

8

OON-63E5V-PIES  6SW-L9ESY-TIZS BSW-98ZSV-POZS

VOt Did

g

- 0%

- G4

001

SLGd L LY dHWN SA CEGA-LEONHWN
SHd 0} '[9y Buiiewsy yNYW LEGDWHWN %

Aesse Hodb .8

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

41/48

OOW-GIESY-FIES g
BSN-LOESY-TTES -
SSW-9BZSY-POLS -G

88d @

BL%A- LN HINN SA LS L LB ONHUY
SHd o 1oy Ruweney YNYW 18OWNHWN %

O9IN-6ESY-FIES  BSWFLIESY-TTIS  BSW-9BZSY-POIS

208 DId

ﬁm%w - 004

248 LLMAMRN 54 LS L L ERRHWY
BEd ¥ oY BuiiBwsY YNYW L SDINHINN %

Aesse Nodb ¢

SUBSTITUTE SHEET (RULE 26)



WO 2019/006375 PCT/US2018/040410
42/48

FIG. 31A

$213-AS367-M59 S364-A5365-M60  S365-AS370-MS5S

$204-A5286-M59

5204-A5286-M5E

¥
[ o Lo
3

BLGH LLMJIHURN SA RO AL HDWHWEW
SHd ©1 I8y BURITWSIYNYW LEDINHWINY

Aesse Hodb 6

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410

WO 2019/006375

43/48

& S0 SHEd

Lo

BSIN-OLESY-59ES  OSWN-BIESY-POES BSIN-L9ESVY-TTES

di¢ DA

BSN-IRISY-POTS

BSW-9BISY-POLS

¥
Lot
i3

. B

- (%1

BEGA L LM AHWIN SA LpGLd- | EDRHWN
Sgd 01 |9y Buiurews iy Ny W | 9ONHWN%

Aesse ¥adb o

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/040410
44/48

WO 2019/006375

58
o =E o =
Tz T
Z% =
% G
6SIN 09N 6SI 6SW  BSW - FDS T E r08
-QLESY-69ESY-LIESY -9BLSY -98TSY £g @ &
% - =3 -QLESY-6SESY-LIESY -98TSY -98TSY | z
.m%w S g -G9€S -POES -TIZS -POIS émm‘w;mﬁw
aops “@. = / 5
5 mmwww 7 mmmmzmm Sdd 5 asop ‘o's siBuis - 2
Aol .wwm@ vz MQ @ de ByBuw yisod 1z Aeg  S8d 7
(X YNHW LHONHWIN &8 OX YNEW LEDRHWN 2
L0581 3 o » Logsya
B
Aesse ¥Mo4b o @ Aesse Yadb ¢
Hee 'DId Ve "Dld

S8d 01 19y Buluieway YNYW L BORHIUN %
SUBSTITUTE SHEET (RULE 26)



WO 2019/006375 PCT/US2018/040410

45/48
=
i
o
2] Z 2=}
L]
Boool <
T N o
_—
N [} 2
e ] =
(ot ] S = (L - 3
LA o = (o ) =
oMy Broogooof « = M :O
« b = o =
- R — =
E;D ﬁ o o .;’ w o 2
s foooooq)
ot g [y e
Bl ool
¥ m ¥ o H g 7 o
© @ @ @ g g g @
W (] W - =
AIOW OL B HIOW olyed
HiddUM/ 204 LEDWHYE % GiddUdLE LEOWHYN %
~
i
.
L
o N2
L} = | oo . % .......................... g
= = 2 &
% > ~ ° ﬁ = , =
& = - VA kg =
Ty o N = N é';'; = °
o =g . 2 e ¥ g P o
@ u}; W ™ r 'ﬁt w o 2
v O ke 2 '\3 ) ~
ool €83 - bt 2
L4 v [52) il
foe Ay @
)
©
i L] C“‘{
o4 < < L=} L=}
i [153 =7 ®
2 @ i <
= N0 O)ias
HIBW oI RadUWIILIA 1D WHYY %
HiddY /257 LEDOWHUN % .
T
o
) L o
ot "N D = =3
< 2 2N 8 3
= T e B2 o
LD % 5 & S‘g ..... - 'é
L T~ I S I ¢ °
.o z I O 2 &
< ™ ) o ke 8
Q,:D < e o 2 ( ; ﬁ «©
Pt S Pl o
Llwi wh ,,,Jm sso
........ uy
0
~ x : i
] D [~] (=] (=] (=]
[~ [~ [~ [~ +] =3 123
w = w - -
) xvfmw oijal Y20 084
e o
FAAHNW L3P LI DI WHUY % BiddUU/ZILLd L EDNHEY %
fesse ¥od4b 5 Aesse Hodb ¢

SUBSTITUTE SHEET (RULE 26)



WO 2019/006375 PCT/US2018/040410
46/48

IC., = 0.03nM

LDHA-1360
iog ., nM oligo

FIG. 33G

158 -

¥OOW o8
BlddUd/i88 A" YHOTUY %

[0I3U0D)

SUBSTITUTE SHEET (RULE 26)



WO 2019/006375 PCT/US2018/040410

47/48
W o
Brooioodl] b oy ™
Froofiimot
o o = N g
(,,,} HES 2 o
) . -
S & 2 e 3% °
- - g 2 -
'en) ; Booefonad P . ; p-
<( < Qf. >
. T < g T 2
[a] [ ] 4 3 o
( ? -t - s 2 (ﬁj -t e = 2
Joooood
Fo [ pmncnnd
hes. N u ]
L Y ¥ N § T 7 N
@& @ -3 o o < @ [~
o > [t « = "
H20 01 a3l H20 W 01 a3l
SOIdSHRESHISSH/LE LEDWHSH % SOIdSHT? 6SUASSH/ZYSA LEADWHSH Y%
o
P~
=
« e = ®
i ] =
& = . @
bry) o ] =y o e
b3 - - o 2] H
m § W g sl ? m E @ N O
[ (&) ° i 2 =
<t = = <t ) @ 3
y o = P =
ey o el = e " =
“15 o ‘&? =
; . iy g; v e
{ M, (Lol " ) { } Ulﬁ o
Eep) e o~ [Ee3 Py
o B 4 ponann o S
b (¥
L] 2 =‘1‘ ]
& o = =) .| T o
o e @ © o = =
03 =1 Y
RO W O jas - -

HIOW O "138J
SOIASHY 6SUISSH/IZPRA L HOWHSH%

BOIASHBOSHSISSH/LEA LEBDNHSH %

e
<
=
= =
= ]
= :
) ')
© o &N - N o
E‘S = o3 x> k=)
([} = N Q -
< £ : : O 2 ¢ :
@ 2 oococel Y e
=t % o ° =g % ......... =
£ e~ v -i o b e
s = . < >
.":) g ........ o @ g i
L o 2 2
g oot @
S S (L
L Ll L\f
o~ (= (= (-] (=]
[ ‘ o o L3
= < £ @ - -
w o L2
w bt a0 W 0318

A20 | 0} 131
GOIdSHBESHASSH/ B4 VEOWHSH %

SUIdSHY 6SUASSH/ZPS4-LEDWHSH %

SUBSTITUTE SHEET (RULE 26)



WO 2019/006375 PCT/US2018/040410

48/48
o<
=
= i &
u z
- i
- &
it SRR +]
3 g g
3 O )
) x z
< o
X @
= = 2
28 - >
o [~ J——_
0
boocend
folen
¥ N
=
L 2]

HOO W 03 104
EOIdSHEESHASSH/OIE - VHATISY %

jOU0D

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2018/040410

A. CLASSIFICATION OF SUBJECT MATTER

CPC -
1/6883 (2018.08)

IPC(8) - AB1K 31/713; A61K 48/00; CO7H 21/00; C12N 15/11; C12N 15/113 (2018.01)
AB61K 31/713; CO7H 21/00; C12N 15/111; C12N 15/113; C12N 2310/11; C12N 2310/14; C12Q

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

USPC - 435/375; 514/44A; 514/44R,; 536/23.1; 536/24.5; 536/24.3 (keyword delimited)

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2015/0247149 A1 (THE REGENTS OF THE UNIVERSITY OF CALIFORNIA) 03 September |45, 47, 51

- 2015 (03.09.2015) entire document e

Y 46, 48-50 ‘

Y HIRSCHFIELD et al. “Pathogenesis of Cholestatic Liver Disease and Therapeutic Approaches,” {46
Gastroenterology, 16 September 2010 (16.09.2010), Vol. 139, Pgs. 1481-1496. entire document

Y PERAZZOL! et al. “Gallic Acid and Dodecyl Gallate Prevents Carbon Tetrachloride-induced 48-50
Acute and Chronic Hepatotoxicity by Enhancing Hepatic Antioxidant Status and Increasing p53
Expression,” Biol Pharm Bull, 01 April 2017 (01.04.2017), Vol. 40, Pgs. 425-434. entire
document

A CHEN et al. "Emerging role of high-mobility group box 1 (HMGB1) in liver diseases,” Mol Med, | 1-3, 45-51, 54-56, 69
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

1. D Claims Nos.:

2. D Claims Nos.:

3. K‘ Claims Nos.: 5-14, 17-44, 52, 53, 70-82

This interational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:-

because they relate to subject matter not required to be searched by this Authority, namely:

because they relate to parts of the interational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIf  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

See extra sheet(s).

claims.

additional fees.

payment of a protest fee.

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. x{' No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-3, 45-51, 54-56, and 69 to the extent that they read on SEQ ID NOs: 1, 97, and/or 374.

Remark on Protest I:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the

E] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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Continued from Box No. Il Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. in order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I+: claims 1-4, 15, 16, 45-51, and 54-69 are drawn to oligonucleotides for reducing expression of HMGB1; and compositions and
methods comprising the same.

The first invention of Group I+ is restricted to oligonucleotides for reducing expression of HMGB1, and compositions and methods
comprising the same, wherein the oligonucleotides comprise a sense strand and an antisense strand, wherein the sense strand is
selected to be SEQ ID NO:1 and the antisense strand is selected to be SEQ 1D NO:97 (S1-AS97); wherein SEQ ID NO:97 is
complementary to SEQ ID NO:374. It is believed that claims 1-3, 45-51, 64-56, and 69 read on this first named invention and thus these
claims will be searched without fee to the extent that they read on SEQ ID NOs: 1, 97, and/or 374.

Applicant is invited to elect additional oligonucleotides, each with specified SEQ ID NO, to be searched in a specific combination by
paying additional fee for each set of election. An exemplary election would be oligonucleotides for reducing expression of HMGB1, and
compositions and methods comprising the same, wherein the oligonucleotides comprise a sense strand and an antisense strand,
wherein the sense strand is selected to be SEQ ID NO:2 and the antisense strand is selected to be SEQ ID NO:98 (S2-AS98).
Additional oligonucleotides will be searched upon the payment of additional fees. Applicants must specify the claims that read on any
additional elected inventions. Applicants must further indicate, if applicable, the claims which read on the first named invention if
different than what was indicated above for this group. Failure to clearly identify how any paid additional invention fees are to be applied
to the “+" group(s) will result in only the first claimed invention to be searched/examined.

The inventions listed in Groups |+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The Groups I+ formulas do not share a significant structural element responsible for reducing expression of HMGB1, requiring the
selection of alternatives for the sense and antisense strands for each oligonucleotide, where “the sense strand comprises a sequence as
set forth in any one of SEQ ID NO: 1-96, and wherein the antisense strand comprises a complementary sequence selected from SEQ ID
NO: 97-192".

Additionally, even if Groups |+ were considered to share the technical features an oligonucleotide for reducing expression of HMGB 1,
the oligonucleotide comprising an antisense strand of 15 to 30 nucleotides in length, wherein the antisense strand has a region of
complementarity to HMGB 1 that is complementary to at least 15 contiguous nucleotides of a sequence; an oligonucleotide for reducing
expression of HMGB1, the oligonucleotide comprising an antisense strand and a sense strand, wherein the antisense strand is 21 to 27
nucleotides in length and has a region of complementarity with HMGB 1, wherein the sense strand comprises at its 3'-end a stem-loop
set forth as: $1-L-S2 wherein S, is complementary to S2, and wherein L forms a loop between S, and S2 of 3 to 5 nucleotides in length,
and wherein the antisense strand and the sense strand form a duplex structure of at least 19 nucleotides in length but are not covalently
linked; a method of treating a subject having or at risk of having liver fibrosis, the method comprising administering to the subject an
oligonucleotide that reduces expression of HMGB 1; a method of treating a subject having or at risk of having nonalcoholic
steatohepatitis (NASH), the method comprising administering to the subject an RNAi oligonucleotide that reduces expression of HMGB 1
in the subject; an oligonucleotide for reducing expression of HMGB 1, the oligonucleotide comprising a sense strand of 15 to 50
nucleotides in length and an antisense strand of 15 to 30 nucleotides in length, wherein the sense strand forms a duplex region with the
antisense strand, wherein the sense strand comprises a sequence, and wherein the antisense strand comprises a complementary; an
oligonucleotide for reducing expression of HMGB1, the oligonucleotide comprising a sense strand of 15 to 50 nucleotides in length and
an antisense strand of 15 to 30 nucleotides in length, wherein the sense strand forms a duplex region with the antisense strand, wherein
the sense strand comprises a sequence and wherein the antisense strand comprises a complementary; an oligonucleotide for reducing
expression of HMGB1, the oligonucleotide comprising a sense strand of 15 to 50 nucleotides in length and an antisense strand of 15 to
30 nucleotides in length, wherein the sense strand forms a duplex region with the antisense strand, wherein the sense strand comprises
a sequence and wherein the antisense strand comprises a complementary sequence; an oligonucleotide for reducing expression of
HMGBH1, the oligonucleotide comprising a pair of sense and antisense strands; these shared technical features do not represent a
contribution over the prior art.

Specifically, US 8,278,108 B2 to Takenaka et al. discloses an oligonucleotide for reducing expression of HMGB1 (A nucleic acid
molecule that can bind to HMGB 1 protein and applications thereof are provided ... to prevent and an effect to treat such diseases by
allowing the HMGB1 binding nucleic acid molecule to bind to HMGB1 protein in a living body, Abstract; binds to HMGB1 and inhibits the
function thereof, Ln. 39), the oligonucleotide comprising an antisense strand of 15 to 30 nucleotides in length (The length of the
aforementioned HMGB1 binding nucleic acid molecule (B2) is not particularly limited, and the overall length thereof is, for example, 20 ...
bases long, Col. 19, Lns. 42-44; antisense, Col. 27, Lns. 60-61); an oligonucleotide for reducing expression of HMGB1, the
oligonucleotide comprising an antisense strand and a sense strand (A nucleic acid molecule that can bind to HMGB 1 protein and
applications thereof are provided ... to prevent and an effect to treat such diseases by allowing the HMGB1 binding nucleic acid
molecule to bind to HMGB1 protein in a living body, Abstract; binds to HMGB1 and inhibits the function thereof, Ln. 39; DNA contains,
for example, one of a DNA (antisense strand) in which uracil (u) of a strand complementary to the aforementioned X region in the
aforementioned RNA is substituted by thymine (t) and a DNA (sense strand) containing a sequence in which uracil (u) of the
aforementioned X region is substituted by thymine, Col. 27, Lns. 60-65), wherein the sense strand comprises at its 3'-end a stem-loop
(The HMGB1 binding nucleic acid molecule of the present invention may have, for example, a secondary structure due to self-annealing.
An example of the aforementioned secondary structure may be a stem-loop structure, Col. 28, Lns. 48-51), set forth as: S1-L-S2 wherein
S, is complementary to $2, and wherein L forms a loop between S1 (the aforementioned HMGB 1 binding nucleic acid molecule (A1)
contains the aforementioned base sequence (A1), for example, the HMGB1 binding nucleic 60 acid molecule (A1) may further have a Y
region and/or a Y' region, with the aforementioned base sequence (Al) being an X region, Col. 9, Lns. 58-63) and wherein the antisense
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strand and the sense strand form a duplex structure of at least 19 nucleotides in length but are not covalently linked (An example of the
aforementioned secondary structure may be a stem-loop structure. The stem-loop structure may be formed due to, for example, the
formation of a double strand by any of the aforementioned Y region, Col. 28, Lns. 49-52; The length of the aforementioned HMGB1
binding nucleic acid molecule (B2) is not particularly limited, and the overall length thereof is, for example, 20 ...bases long, Col. 19, Lns.
42-44; antisense, Col. 27, Lns. 60-61), wherein the antisense strand has a region of complementarity to HMGB1 that is complementary
to at least 15 contiguous nucleotides of a sequence (the other strand is a nucleic acid molecule composed of a base sequence
complementary to the nucleic acid molecule of any of the aforementioned (A1) to (A4) and the aforementioned (81) to (B4) or a nucleic
acid molecule containing the aforementioned base sequence, Col. 26, Lns. 12-18), the method comprising administering to the subject
an oligonucleotide that reduces expression of HMGB1 (present invention is administered into a living body, the RNA aptamer can bind to
HMGB1 in the living body while demonstrating excellent binding ability, Col.34, Lns. 34-36), the method comprising administering to the
subject an RNAI oligonucleotide that reduces expression of HMGB1 in the subject (present invention is administered into a living body,
the RNA aptamer can bind to HMGB1 in the living body while demonstrating excellent binding ability, Col.34, Lns. 34-36); and S2 of 3 to
5 nucleotides in length (S2 and S4 are base-pair regions each forming a stem structure, and S6 is a region forming a stem-loop
structure, Col. 41, Lns. 4-5, See S2 and S4 of Fig. 18) an oligonuclectide for reducing expression of HMGB1 (A nucleic acid molecule
that can bind to HMGB 1 protein and applications thereof are provided ... to prevent and an effect to treat such diseases by allowing the
HMGB1 binding nucleic acid molecule to bind to HMGB1 protein in a living body, Abstract; binds to HMGB1 and inhibits the function
thereof, Ln. 39), the oligonucleotide comprising a sense strand of 15 to 50 nucleotides in length (The length of the aforementioned
HMGB1 binding nucleic acid molecule (B2) is not particularly limited, and the overall length thereof is, for example, 20 ...bases long, Col.
19, Lns. 42-44; antisense, Col. 27, Lns. 60-61) wherein the antisense strand is 21 to 27 nucleotides in length and has a region of
complementarity with HMGB1 (x sequence include regions covering the ...22nd ...bases, Col. 21, Lns. 1-5); and an antisense strand of
15 to 30 nucleotides in length (The length of the aforementioned HMGB1 binding nucleic acid molecule (B2) is not particularly limited,
and the overall length thereof is, for example, 20 ...bases long, Col. 19, Lns. 42-44; antisense, Col. 27, Lns. 60-61: DNA contains, for
example, one of a DNA (antisense strand) in which uracil (u) of a strand complementary to the aforementioned X region in the
aforementioned RNA, Col. 27, Lns. 60-62), wherein the sense strand forms a duplex region with the antisense strand, wherein the sense
strand comprises a sequence, and wherein the antisense strand comprises a complementary (The stem-loop structure may be formed
due to, for example, the formation of a double strand by any of the aforementioned Y region, the aforementioned X region, and the
aforementioned Y region, Col. 28, Lns. 51-54; The length of the aforementioned HMGB1 binding nucleic acid molecule (B2) is not
particularly limited, and the overall length thereof is, for example, 20 ...bases long, Col. 19, Lns. 42-44; antisense, Col. 27, Lns. 60-61;
DNA contains, for example, one of a DNA (antisense strand) in which uracil (u) of a strand complementary to the aforementioned X
region in the aforementioned RNA, Col. 27, Lns. 60-62); the oligonucleotide comprising a pair of sense and antisense strands (DNA
contains, for example, one of a DNA (antisense strand) in which uracil (u) of a strand complementary to the aforementioned X region in
the aforementioned RNA is substituted by thymine (t) and a DNA (sense strand) containing a sequence in which uracil (u) of the
aforementioned X region is substituted by thymine, Col. 27, Lns. 60-65).

Further, US 2015/0247149 A1 to The Regents of the University of California discloses a method of treating a subject having or at risk of
having liver fibrosis (The invention provides a method of detecting, monitoring, assessing and treating non-alcoholic fatty acid liver
disease (NAFLD) and associated liver damage in a Subject, Abstract; particularly Nonalcoholic steatohepatitis (NASH) and/or liver
fibrosis in a subject, Para. [0003]; The therapeutic agent may also refer to any oligonucleotides (antisense oligonucleotide agents), Para.
{0071]); a method of treating a subject having or at risk of having nonaicoholic steatohepatitis (NASH) (The invention provides a method
of detecting, monitoring, assessing and treating non-alcoholic fatty acid liver disease (NAFLD) and associated liver damage in a Subject,
Abstract; particularly Nonalcoholic steatohepatitis (NASH) and/or liver fibrosis in a subject, Para. [0003]; The therapeutic agent may also
refer to any oligonucleotides (antisense oligonucleotide agents), Para. [0071]).

The inventions listed in Groups I+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical features.
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