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INHIBIN SUBUNIT BETA E (INHBE) MODULATOR COMPOSITIONS AND METHODS
OF USE THEREOF
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filed on September 20, 2021, the entire contents of which are incorporated herein by reference.

This application is related to U.S. Provisional Application No. 63/223,995, filed on July 21,
2021, U.S. Provisional Application No. 63/278,126, filed on November 11, 2021, U.S. Provisional
Application No. 63/285,143, filed on December 2, 2021, U.S. Provisional Application No.
63/287,578, filed on December 9, 2021, U.S. Provisional Application No. 63/321,799, filed on March
21, 2022, U.S. Provisional Application No. 63/323,543, filed on March 25, 2022, and PCT
Application No. PCT/US2022/037658, filed on July 20, 2022. The entire contents of each of the

foregoing applications are incorporated herein by reference.

BACKGROUND OF THE INVENTION

With the successful conquest of many infectious diseases in most of the world, non-
communicable diseases, metabolic disorders in particular, have become a major health hazard of the
modern world. The increase in consumption of high calorie-low fiber fast food and the decrease in
physical activity due to mechanized transportations and sedentary lifestyle have resulted in the spread
of metabolic disorders such as metabolic syndrome, type 2 diabetes, hypertension, cardiovascular
diseases, stroke, and other disabilities. Indeed, the occurences of subjects with a metabolic disorder,
such as, metabolic syndrome, who have a number of health conditions placing them at higher risk for
heart disease, diabetes, stroke, and other diseases have increased in the recent years.

Current treatments for disorders of lipid metabolism include lifestyle changes, dieting,
exercise and treatment with agents, such as lipid lowering agents, e.g., statins, and other drugs.
However, these therapies and treatments are often limited by compliance, are not always effective,
result in side effects, and result in drug-drug interactions. Accordingly, there is a need in the art for
alternative treatments for subjects having metabolic disorders.

Inhibin subunit beta E (INHBE) is a member of the transforming growth factor-f§ (TGF-f)
family. Predominantly expressed in the liver, INHBE is a hepatokine which has been shown to
positively correlate with insulin resistance and body mass index in humans. Quantitative real time-
PCR analysis also showed an increase in INHBE gene expression in liver samples from insulin-
resistant human subjects. In addition, Inhbe gene expression was shown to be increased in the livers
of an art-recognized animal model of a metabolic disorder, i.e., type 2 diabetes, the db/db mouse
model. Inhibition of Inhbe expression in db/db mice was demonstrated to suppress body weight gain
which was attributable to diminished fat rather than lean mass.

As indicated above, there is an unmet need for effective treatments for metablic disorders,

such as metablic syndrome and related diseases, e.g., diabetes, hypertension, and cardiovascular
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disease, such as an agent that can selectively and efficiently modulate, i.e., inhibit INHBE expression

and/or activity.

SUMMARY OF THE INVENTION

The present invention provides inter alia a modulator that modulates, i.e.., inhibits, the
expression and/or activity of inhibin subunit beta E INHBE) for treating an INHBE-associated
disorder, e.g. a metabolic disorder, e.g., metabolic syndrome.

In one aspect, the present invention provides a modulator of inhibin subunit beta E (INHBE).
The modulator may be an oligonucleotide that targets INHBE, such as a double stranded ribonucleic
acid (dsRNA) or an antisense polynucleotide agent; an antibody, or antigen-binding fragment thereof,
that specifically binds INHBE, such as a monoclonal anti-INHBE antibody, or antigen-binding
fragment thereof; a small molecule; a guideRNA that effects ADAR editing, such as a guideRNA that
includes a stem loop structure that binds the ADAR enzyme; or a guideRNA that effects CRISPR
editing.

In one embodiment, the antisense polynucleotide agent comprises 4 to 50 contiguous
nucleotides, wherein at least one of the contiguous nucleotides is a modified nucleotide, and wherein
the nucleotide sequence of the agent is 80% complementary over its entire length to the equivalent
region of the nucleotide sequence of any one of SEQ ID NOs:1, 2, 4, 6, 8§, or 10.

In one embodiment,the equivalent region is any one of the target regions of SEQ ID NO:1
provided in Table 4.

In one embodiment, the antisense polynucleotide agent comprises at least 8 contiguous
nucleotides differing by no more than 3 nucleotides from any one of the nucleotide sequences listed in
Table 3.

In one embodiment, substantially all of the nucleotides of the antisense polynucleotide agent
are modified nucleotides.

In one embodiment, all of the nucleotides of the antisense polynucleotide agent are modified
nucleotides.

In one embodiment, the antisense polynucleotide agent is 10 to 40 nucleotides in length.

In one embodiment, the antisense polynucleotide agent is 10 to 30 nucleotides in length.

In one embodiment, the antisense polynucleotide agent is 18 to 30 nucleotides in length.

In one embodiment, the antisense polynucleotide agent is 10 to 24 nucleotides in length.

In one embodiment, the antisense polynucleotide agent is 18 to 24 nucleotides in length.

In one embodiment, the antisense polynucleotide agent is 14 to 20 nucleotides in length.

In one embodiment, the antisense polynucleotide agent is 14 nucleotides in length.

In one embodiment, the antisense polynucleotide agent is 20 nucleotides in length.

In one embodiment, the modified nucleotide comprises a modified sugar moiety selected from
the group consisting of a 2'-O-methoxyethyl modified sugar moiety, a 2'-methoxy modified sugar

moiety, a 2'-O-alkyl modified sugar moiety, and a bicyclic sugar moiety.
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In one embodiment, the bicyclic sugar moiety has a (——CH2—)n group forming a bridge
between the 2' oxygen and the 4' carbon atoms of the sugar ring, wherein n is 1 or 2 and wherein R is
H, CH3 or CH30CH3.

In one embodiment, the modified nucleotide is a 5-methylcytosine.

In one embodiment, the modified nucleotide comprises a modified internucleoside linkage.

In one embodiment, the modified internucleoside linkage is a phosphorothioate
internucleoside linkage.

In one embodiment, the modulator comprises a plurality of 2'-deoxynucleotides flanked on
each side by at least one nucleotide having a modified sugar moiety.

In one embodiment, the antisense polynucleotide agent is a gapmer comprising a gap segment
comprised of linked 2'-deoxynucleotides positioned between a 5’ and a 3' wing segment.

In one embodiment, the modified sugar moiety is selected from the group consisting of a 2'-
O-methoxyethyl modified sugar moiety, a 2’-methoxy modified sugar moiety, a 2"-O-alkyl modified
sugar moiety, and a bicyclic sugar moiety.

In one embodiment, the 5’-wing segment is 1 to 6 nucleotides in length.

In one embodiment, the 3’-wing segment is 1 to 6 nucleotides in length.

In one embodiment, the gap segment is 5 to 14 nucleotides in length.

In one embodiment, the 5’-wing segment is 2 nucleotides in length.

In one embodiment, the 3’-wing segment is 2 nucleotides in length.

In one embodiment, the 5’-wing segment is 3 nucleotides in length.

In one embodiment, the 3’-wing segment is 3 nucleotides in length.

In one embodiment, the 5’-wing segment is 4 nucleotides in length.

In one embodiment, the 3’-wing segment is 4 nucleotides in length.

In one embodiment, the 5’-wing segment is 5 nucleotides in length.

In one embodiment, the 3’-wing segment is 5 nucleotides in length.

In one embodiment, the gap segment is 10 nucleotides in length.

In one embodiment, the antisense polynucleotide agent comprises a gap segment consisting of
linked deoxynucleotides; a 5’-wing segment consisting of linked nucleotides; a 3’-wing segment
consisting of linked nucleotides; wherein the gap segment is positioned between the 5’-wing segment
and the 3’-wing segment and wherein each nucleotide of each wing segment comprises a modified
sugar.

In one embodiment, the gap segment is ten 2'-deoxynucleotides in length and each of the
wing segments is five nucleotides in length.

In one embodiment, the gap segment is ten 2'-deoxynucleotides in length and each of the
wing segments is four nucleotides in length.

In one embodiment, the gap segment is ten 2'-deoxynucleotides in length and each of the
wing segments is three nucleotides in length.

In one embodiment, the gap segment is ten 2'-deoxynucleotides in length and each of the

wing segments is two nucleotides in length.
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In one embodiment, the modified sugar moiety is selected from the group consisting of a 2'-
O-methoxyethyl modified sugar moiety, a 2’-methoxy modified sugar moiety, a 2"-O-alkyl modified
sugar moiety, and a bicyclic sugar moiety.

In one embodiment, all of the nucleotides comprise a modified internucleoside linkage.

In one embodiment, the modulator further comprises a ligand.

In one embodiment, the modulator is conjugated to the ligand at the 3’-terminus.

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

In one embodiment, the ligand is
HQ O

Q H H
HO O\/\/\rrN\/\/N O
AcHN o) \ﬁ“
Ho (OH

O.
° o y y o%"
HO \/\/\n( ~ N\
AcHN o Y\/ o
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The present invention also provides cells containing any of the modulators of the invention
and pharmaceutical compositions comprising any of themodulators of the invention.

The pharmaceutical composition of the invention may include a modulator in an unbuffered
solution, e.g., saline or water, or the pharmaceutical composition of the invention may include the
modulator in a buffer solution, e.g., a buffer solution comprising acetate, citrate, prolamine,
carbonate, or phosphate or any combination thereof; or phosphate buffered saline (PBS). In some
embodiments, the pharmaceutical compositions comprises a modulator and a lipid formulation, e.g.,
the lipid formulation comprises a LNP or the lipid formulation comprises a MC3.

In one aspect, the present invention provides a method of inhibiting expression and/or
activity of inhibin subunit beta E (INHBE) in a cell. The method includes contacting the cell with
any of the modulators of the invention or any of the pharmaceutical compositions of the invention,
thereby inhibiting expression and/or activity of the INHBE gene in the cell.

In one embodiment, the cell is within a subject, e.g., a human subject, e.g., a subject having a
metabolic disorder, such as diabetes, or cardiovascular disease, such as hypertension

In certain embodiments, the INHBE expression and/or activity is inhibited by at least about
30%, 40%, 50%, 60%, 70%, 80%, 90%, or 95%. In one embodiment, inhibiting expression and/or
activity of INHBE decreases INHBE protein level in serum of the subject by at least 30%, 40%,
50%, 60%, 70%, 80%, 90%, or 95%.

In one aspect, the present invention provides a method of treating a subject having a disorder
that would benefit from reduction in inhibin subunit beta E (INHBE) expression and/or activity. The

method includes administering to the subject a therapeutically effective amount of any of the
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modulators of the invention or any of the pharmaceutical compositions of the invention, thereby
treating the subject having the disorder that would benefit from reduction in INHBE expression.

In another aspect, the present invention provides a method of preventing at least one
symptom in a subject having a disorder that would benefit from reduction in inhibin subunit beta E
(INHBE) expression and/or activity. The method includes administering to the subject a
prophylactically effective amount of any of the modulators of the invention or any of the
pharmaceutical compositions of the invention, thereby preventing at least one symptom in the subject
having the disorder that would benefit from reduction in INHBE expression.

In one embodiment, administration of a therapeutically or prophylactically effective amount
descreases the waist-to-hip ratio adjusted for body mass index in the subject.

In certain embodiments, the disorder is a metabolic disorder, e.g. metabolic syndrome, a
disorder of carbohydrates, e.g., type Il diabetes, pre-diabetes, a lipid metabolism disorder, e.g., a
hyperlipidemia, hypertension, a cardiovascular disease, a disorders of body weight.

In some embodiments, the INHBE-associated disorder is metabolic syndrome.

In some embodiments, the INHBE-associated disorder is cardiovascular disease.

In some embodiments, the INHBE-associated disorder is hypertension.

In certain embodiments, administration of the modulator to the subject causes a decrease
INHBE protein accumulation in the subject.

In a further aspect, the present invention also provides methods of inhibiting the expression
and/or activity of INHBE in a subject. The methods include administering to the subject a
therapeutically effective amount of any of the modulators provided herein, thereby inhibiting the
expression and/or activity of INHBE in the subject.

In one embodiment, the subject is human.

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

In one embodiment, the modulator is administered to the subject subcutaneously.

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

In one embodiment, the level of INHBE in the subject sample(s) is an INHBE protein level
in a blood or serum or liver tissue sample(s).

In certain embodiments, the methods of the invention further comprise administering to the
subject an additional therapeutic agent.

In certain embodiments, the additional therapeutic agent is selected from the group consisting
of insulin, a glucagon-like peptide 1 agonist, a sulfonylurea, a seglitinide, a biguanide, a
thiazolidinedione, an alpha-glucosidase inhibitor, an SGLT?2 inhibitor, a DPP-4 inhibitor, an HMG-
CoA reductase inhibitor, a statin, and a combination of any of the foregoing.

The present invention also provides kits comprising any of the modulators of the invention or
any of the pharmaceutical compositions of the invention, and optionally, instructions for use. In one

embodiment, the invention provides a kit for performing a method of inhibiting expression and/or
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activity of INHBE in a cell by contacting a cell with a modulator of the invention in an amount
effective to inhibit expression and/or activity of INHBE in the cell. The kit comprises a modulator

and instructions for use and, optionally, means for administering the modulator to a subject.

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides compositions comprising a modulator, i.e., inhibitor, of
inhibin subunit beta E (INHBE) gene for treating an inhibin subunit beta E (INHBE)-associated
disorder, e.g., a metabolic disorder, e.g. metabolic syndrome, a disorder of carbohydrates, e.g., type 11
diabetes, pre-diabetes, a lipid metabolism disorder, e.g., a hyperlipidemia, hypertension, a

cardiovascular disease, a disorders of body weight.

The following detailed description discloses how to make and use compositions containing
modulators to inhibit the expression and/or ctivity of INHBE as well as compositions, uses, and
methods for treating subjects that would benefit from inhibition and/or reduction of the expression
and/or activity of INHBE, e.g., subjects susceptible to or diagnosed with an INHBE-associated

disorder.

I Definitions

In order that the present invention may be more readily understood, certain terms are first
defined. In addition, it should be noted that whenever a value or range of values of a parameter are
recited, it is intended that values and ranges intermediate to the recited values are also intended to be
part of this invention.

The articles “a” and “an” are used herein to refer to one or to more than one (i.e., to at least
one) of the grammatical object of the article. By way of example, “an element” means one element or
more than one element, e.g., a plurality of elements.

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

The term "or" is used herein to mean, and is used interchangeably with, the term "and/or,"
unless context clearly indicates otherwise. For example, “sense strand or antisense strand” is
understood as “sense strand or antisense strand or sense strand and antisense strand.”

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

The term “at least”, “no less than”, or “or more” prior to a number or series of numbers is
understood to include the number adjacent to the term “at least”, and all subsequent numbers or
integers that could logically be included, as clear from context. For example, the number of

nucleotides in a nucleic acid molecule must be an integer. For example, “at least 19 nucleotides of a
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21 nucleotide nucleic acid molecule” means that 19, 20, or 21 nucleotides have the indicated property.
When at least is present before a series of numbers or a range, it is understood that “at least” can
modify each of the numbers in the series or range.

As used herein, “no more than” or “or less” is understood as the value adjacent to the phrase
and logical lower values or integers, as logical from context, to zero. For example, a duplex with an
overhang of “no more than 2 nucleotides” has a 2, 1, or 0 nucleotide overhang. When “no more than”
is present before a series of numbers or a range, it is understood that “no more than” can modify each
of the numbers in the series or range. As used herein, ranges include both the upper and lower limit.

As used herein, methods of detection can include determination that the amount of analyte
present is below the level of detection of the method.

In the event of a conflict between an indicated target site and the nucleotide sequence for a
sense or antisense strand, the indicated sequence takes precedence.

In the event of a conflict between a sequence and its indicated site on a transcript or other
sequence, the nucleotide sequence recited in the specification takes precedence.

As used herein, a “modulator” is a molecule that decreases or increases the expression and/or
activity of INHBE.

As used herein, “inhibin subunit beta E,” used interchangeably with the terms “INHBE,”
refers to a growth factor that belongs to the transforming growth factor-f§ (TGF-f) family. INHBE
mRNA is predominantly expressed in the liver (Fang J. et al. Biochemical & Biophysical Res. Comm.
1997; 231(3):655-61), and INHBE is involved in the regulation of liver cell growth and differentiation
(Chabicovsky M. et al. Endocrinology. 2003; 144(8):3497-504). INHBE is also known as inhibin beta
E chain, activin beta E , inhibin beta E subunit, inhibin beta E, and MGC4638.

The sequence of a human INHBE mRNA transcript can be found at, for example, GenBank
Accession No. GI: 1877089956 (NM_031479.5; SEQ ID NO:1; reverse complement, SEQ ID NO: 2).
The sequence of mouse INHBE mRNA can be found at, for example, GenBank Accession No. GI:
1061899809 (NM_008382.3; SEQ ID NO:3; reverse complement, SEQ ID NO:4). The sequence of
rat INHBE mRNA can be found at, for example, GenBank Accession No. GI: 148747589
(NM_031815.2; SEQ ID NO:5; reverse complement, SEQ ID NO: 6). The predicted sequence of
Macaca mulatta INHBE mRNA can be found at, for example, GenBank Accession No. GI:
1622845604 (XM_001115958.3; SEQ ID NO:7; reverse complement, SEQ ID NO:8).

Additional examples of INHBE mRNA sequences are readily available through publicly
available databases, e.g., GenBank, UniProt, OMIM, and the Macaca genome project web site.

Further information on INHBE can be found, for example, at
www.ncbi.nlm.nih.gov/gene/?term=INHBE.

The entire contents of each of the foregoing GenBank Accession numbers and the Gene
database numbers are incorporated herein by reference as of the date of filing this application.

The term INHBE, as used herein, also refers to variations of the INHBE gene including
variants provided in the SNP database. Numerous seuqnce variations within the INHBE gene have

been identified and may be found at, for example, NCBI dbSNP and UniProt (see, e.g.,
7



10

15

20

25

30

35

WO 2023/044094 PCT/US2022/043948

www.ncbi.nlm.nih.gov/snp/?term=INHBE, the entire contents of which is incorporated herein by
reference as of the date of filing this application.

As used herein, “target sequence” refers to a contiguous portion of the nucleotide sequence of
an mRNA molecule formed during the transcription of an INHBE gene, including mRNA that is a
product of RNA processing of a primary transcription product.

In one embodment, the target portion of the sequence will be at least long enough to serve as
a substrate for iRNA-directed cleavage at or near that portion of the nucleotide sequence of an mRNA
molecule formed during the transcription of an INHBE gene. In another embodiment, the target
sequence is a nucleic acid molecule to which an antisense polynucleotide agent of the invention
specifically hybridizes

The target sequence may be from about 19-36 nucleotides in length, e.g., about 19-30
nucleotides in length. For example, the target sequence can be about 19-30 nucleotides, 19-30, 19-29,
19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-
25, 20-24, 20-23, 20-22, 20-21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22
nucleotides in length. In certain embodiments, the target sequence is 19-23 nucleotides in length,
optionally 21-23 nucleotides in length. Ranges and lengths intermediate to the above recited ranges
and lengths are also contemplated to be part of the disclosure.

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

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

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

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

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

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

In general, the majority of nucleotides of an oligonucleotide of the invention, e.g., each strand
of a dSRNA molecule, are ribonucleotides, but as described in detail herein, each or both strands can
also include one or more non-ribonucleotides, e.g., a deoxyribonucleotide or a modified nucleotide.

In addition, as used in this specification, an “iRNA” or an “antisense polynucleotie agent” may
include ribonucleotides with chemical modifications; an iRNA or antisense polynucleotide agent may
include substantial modifications at multiple nucleotides. As used herein, the term “modified
nucleotide” refers to a nucleotide having, independently, a modified sugar moiety, a modified

internucleotide linkage, or modified nucleobase, or any combination thereof. Thus, the term modified
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nucleotide encompasses substitutions, additions or removal of, e.g., a functional group or atom, to
internucleoside linkages, sugar moieties, or nucleobases. The modifications suitable for use in the
agents of the invention include all types of modifications disclosed herein or known in the art. Any
such modifications, as used in a siRNA type molecule, are encompassed by “iIRNA” or “RNAi agent”
or “antisense polynucleotide agent” for the purposes of this specification and claims.

In certain embodiments of the instant disclosure, inclusion of a deoxy-nucleotide if present
within an RNAI agent or antisense polynucleotide agent can be considered to constitute a modified
nucleotide.

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

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

Where the two substantially complementary strands of a dsSRNA are comprised by separate
RNA molecules, those molecules need not be, but can be covalently connected. Where the two
strands are connected covalently by means other than an uninterrupted chain of nucleotides between
the 3’-end of one strand and the 5’-end of the respective other strand forming the duplex structure, the
connecting structure is referred to as a “linker.” The RNA strands may have the same or a different
number of nucleotides. The maximum number of base pairs is the number of nucleotides in the
shortest strand of the dsSRNA minus any overhangs that are present in the duplex. In addition to the
duplex structure, an RNAi may comprise one or more nucleotide overhangs. In one embodiment of
the RNAIi agent, at least one strand comprises a 3" overhang of at least 1 nucleotide. In another
embodiment, at least one strand comprises a 3’ overhang of at least 2 nucleotides, e.g., 2, 3,4, 5,6, 7,
9,10, 11, 12, 13, 14, or 15 nucleotides. In other embodiments, at least one strand of the RNAi agent

comprises a 5° overhang of at least 1 nucleotide. In certain embodiments, at least one strand
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comprises a 5’ overhang of at least 2 nucleotides, e.g.,2,3,4,5,6,7,9, 10, 11, 12, 13, 14, or 15
nucleotides. In still other embodiments, both the 3’ and the 5’ end of one strand of the RNAi agent
comprise an overhang of at least 1 nucleotide.

In certain embodiments, an iRNA agent of the invention is a dSRNA, each strand of which
comprises 19-23 nucleotides, that interacts with a target RNA sequence, e.g., an INHBE gene, to
direct cleavage of the target RNA.

In some embodiments, an iRNA of the invention is a dSRNA of 24-30 nucleotides that
interacts with a target RNA sequence, e.g., an INHBE target mRNA sequence, to direct the cleavage
of the target RNA.

As used herein, the term “nucleotide overhang” refers to at least one unpaired nucleotide that
protrudes from the duplex structure of a double stranded iRNA. For example, when a 3'-end of one
strand of a dsRNA extends beyond the 5'-end of the other strand, or vice versa, there is a nucleotide
overhang. A dsRNA can comprise an overhang of at least one nucleotide; alternatively the overhang
can comprise at least two nucleotides, at least three nucleotides, at least four nucleotides, at least five
nucleotides or more. A nucleotide overhang can comprise or consist of a nucleotide/nucleoside
analog, including a deoxynucleotide/nucleoside. The overhang(s) can be on the sense strand, the
antisense strand, or any combination thereof. Furthermore, the nucleotide(s) of an overhang can be
present on the 5'-end, 3'-end, or both ends of either an antisense or sense strand of a dsRNA.

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

In certain embodiments, the antisense strand of a dsSRNA has a 1-10 nucleotide, e.g., 0-3, 1-3,
2-4,2-5,4-10,5-10,e.g.,a1,2,3,4,5,6,7, 8,9, or 10 nucleotide, overhang at the 3’-end or the 5’-
end. In one embodiment, the sense strand of a dSRNA has a 1-10 nucleotide, e.g.,a 1,2, 3,4,5,6,7,
8, 9, or 10 nucleotide, overhang at the 3’-end or the 5’-end. In another embodiment, one or more of
the nucleotides in the overhang is replaced with a nucleoside thiophosphate.

In certain embodiments, the antisense strand of a dsSRNA has a 1-10 nucleotides, e.g., a 1, 2,
3,4,5,6,7,8,9, or 10 nucleotide, overhang at the 3’-end or the 5’-end. In certain embodiments, the
overhang on the sense strand or the antisense strand, or both, can include extended lengths longer than
10 nucleotides, e.g., 1-30 nucleotides, 2-30 nucleotides, 10-30 nucleotides, 10-25 nucleotides, 10-20
nucleotides, or 10-15 nucleotides in length. In certain embodiments, an extended overhang is on the
sense strand of the duplex. In certain embodiments, an extended overhang is present on the 3’ end of
the sense strand of the duplex. In certain embodiments, an extended overhang is present on the 5’ end
of the sense strand of the duplex. In certain embodiments, an extended overhang is on the antisense
strand of the duplex. In certain embodiments, an extended overhang is present on the 3’end of the
antisense strand of the duplex. In certain embodiments, an extended overhang is present on the 5’end

of the antisense strand of the duplex. In certain embodiments, one or more of the nucleotides in the
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extended overhang is replaced with a nucleoside thiophosphate. In certain embodiments, the overhang
includes a self-complementary portion such that the overhang is capable of forming a hairpin structure
that is stable under physiological conditions.

“Blunt” or “blunt end” means that there are no unpaired nucleotides at that end of the double
stranded RNA agent, i.e., no nucleotide overhang. A “blunt ended” double stranded RNA agent is
double stranded over its entire length, i.e., no nucleotide overhang at either end of the molecule. The
RNAI agents of the invention include RNAi agents with no nucleotide overhang at one end (i.e.,
agents with one overhang and one blunt end) or with no nucleotide overhangs at either end. Most
often such a molecule will be double-stranded over its entire length.

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

As used herein, the term “region of complementarity” refers to the region on the antisense
strand of a dsSRNA agent or the region of an antisense polynucleotide agent that is substantially
complementary to a sequence, for example a target sequence, e.g., an INHBE nucleotide sequence, as
defined herein. Where the region of complementarity is not fully complementary to the target
sequence, the mismatches can be in the internal or terminal regions of the molecule. Generally, the
most tolerated mismatches are in the terminal regions, e.g., within 5, 4, or 3 nucleotides of the 5’- or
3’-end of the iRNA. In some embodiments, a double stranded RNA agent or antisense polynucleotide
agent of the invention includes a nucleotide mismatch in the antisense strand. In some embodiments,
the antisense strand of the double stranded RNA agent antisense polynucleotide agent of the invention
includes no more than 4 mismatches with the target mRNA, e.g., the antisense strand includes 4, 3, 2,
1, or 0 mismatches with the target mRNA. In some embodiments, the antisense strand double
stranded RNA agent of the invention includes no more than 4 mismatches with the sense strand, e.g.,
the antisense strand includes 4, 3, 2, 1, or 0 mismatches with the sense strand. In some embodiments,
a double stranded RNA agent of the invention includes a nucleotide mismatch in the sense strand. In
some embodiments, the sense strand of the double stranded RNA agent of the invention includes no
more than 4 mismatches with the antisense strand, e.g., the sense strand includes 4,3, 2, 1, or 0
mismatches with the antisense strand. In some embodiments, the nucleotide mismatch is, for
example, within 5, 4, 3 nucleotides from the 3’-end of the iRNA. In another embodiment, the
nucleotide mismatch is, for example, in the 3’-terminal nucleotide of the iRNA agent. In some
embodiments, the mismatch(s) is not in the seed region.

Thus, an RNAI agent or antisense polynucleotide agent as described herein can contain one or
more mismatches to the target sequence. In one embodiment, an RNAi agent or antisense
polynucleotide agent as described herein contains no more than 3 mismatches (i.e., 3,2, 1, or 0
mismatches). In one embodiment, an RNAi agent or antisense polynucleotide agent as described
herein contains no more than 2 mismatches. In one embodiment, an RNAi agent or antisense
polynucleotide agent as described herein contains no more than 1 mismatch. In one embodiment, an

RNAI agent or antisense polynucleotide agent as described herein contains O mismatches. In certain
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embodiments, if the antisense strand of the RNAi agent or antisense polynucleotide agent contains
mismatches to the target sequence, the mismatch can optionally be restricted to be within the last 5
nucleotides from either the 5’- or 3’-end of the region of complementarity. For example, in such
embodiments, for a 23 nucleotide RNAi agent, the strand which is complementary to a region of an
INHBE gene, generally does not contain any mismatch within the central 13 nucleotides. The
methods described herein or methods known in the art can be used to determine whether an RNAi
agent or antisense polynucleotide agent containing a mismatch to a target sequence is effective in
inhibiting the expression of an INHBE gene. Consideration of the efficacy of RNAi agents or
antisense polynucleotide agent with mismatches in inhibiting expression of an INHBE gene is
important, especially if the particular region of complementarity in an INHBE gene is known to have
polymorphic sequence variation within the population.

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

As used herein, “substantially all of the nucleotides are modified” are largely but not wholly
modified and can include not more than 5, 4, 3, 2, or 1 unmodified nucleotides.

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

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

Complementary sequences as described herein, include base-pairing of the oligonucleotide or
polynucleotide comprising a first nucleotide sequence to an oligonucleotide or polynucleotide
comprising a second nucleotide sequence over the entire length of one or both nucleotide sequences.

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

“Complementary” sequences, as used herein, can also include, or be formed entirely from,
non-Watson-Crick base pairs or base pairs formed from non-natural and modified nucleotides, in so
far as the above requirements with respect to their ability to hybridize are fulfilled. Such non-Watson-
Crick base pairs include, but are not limited to, G:U Wobble or Hoogsteen base pairing.

The terms “complementary,” “fully complementary” and “substantially complementary”
herein can be used with respect to the base matching between the sense strand and the antisense strand
of a dsRNA, or between two oligonucletoides or polynucleotides, such as the antisense strand of a
double stranded RNA agent and a target sequence, as will be understood from the context of their use.

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

Accordingly, in some embodiments, the antisense polynucleotides disclosed herein are fully
complementary to the target INHBE sequence. In other embodiments, the antisense polynucleotides
disclosed herein are substantially complementary to the target INHBE sequence and comprise a
contiguous nucleotide sequence which is at least 80% complementary over its entire length to the
equivalent region of the nucleotide sequence of any one of SEQ ID NOs:1, 3, 5,7, or 9, or a fragment
of any one of SEQ ID NOs:1, 3,5, 7, or 9, such as about 85%, about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, or about 99% complementary.

In other embodiments, the antisense polynucleotides disclosed herein are substantially
complementary to the target INHBE sequence and comprise a contiguous nucleotide sequence which
is at least about 80% complementary over its entire length to any one of the sense strand nucleotide
sequences in any one of any one of Tables 2-5, or a fragment of any one of the sense strand nucleotide
sequences in any one of Tables 2-5, such as about 85%, about 90%, about 91%, about 92%, about
93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or 100%

complementary.
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In one embodiment, an RNAI agent of the disclosure includes a sense strand that is
substantially complementary to an antisense polynucleotide which, in turn, is the same as a target
INHBE sequence, and wherein the sense strand polynucleotide comprises a contiguous nucleotide
sequence which is at least about 80% complementary over its entire length to the equivalent region of
the nucleotide sequence of SEQ ID NOs: 2, 4, 6, 8, or 10, or a fragment of any one of SEQ ID NOs:2,
4,6, 8, or 10, such as about 85%, about 90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, about 99%, or 100% complementary.

In some embodiments, an iRNA of the invention includes a sense strand that is substantially
complementary to an antisense polynucleotide which, in turn, is complementary to a target INHBE
sequence, and wherein the sense strand polynucleotide comprises a contiguous nucleotide sequence
which is at least about 80% complementary over its entire length to any one of the antisense strand
nucleotide sequences in any one of any one of Tables 2-3, or a fragment of any one of the antisense
strand nucleotide sequences in any one of Tables 2-3, such as about 85%, about 90%, about 91%,
about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or
100% complementary.

In general, an “iRNA” includes ribonucleotides with chemical modifications. Such
modifications may include all types of modifications disclosed herein or known in the art. Any such
modifications, as used in a dsRNA molecule, are encompassed by “iRNA” for the purposes of this
specification and claims.

In certain embodiments of the instant disclosure, inclusion of a deoxy-nucleotide if present

within an RNAI agent can be considered to constitute a modified nucleotide.

23¢¢ 59 6

The terms “polynucleotide agent,”“antisense polynucleotide agent” “antisense compound”,
and “agent” as used interchangeably herein, refer to an agent comprising a single-stranded
oligonucleotide that contains RNA as that term is defined herein, and which targets nucleic acid
molecules encoding INHBE (e.g., mRNA encoding INHBE as provided in, for example, any one of
SEQID NOs:1, 3, 5,7, or 9). The antisense polynucleotide agents specifically bind to the target
nucleic acid molecules via hydrogen bonding (e.g., Watson-Crick, Hoogsteen, or reversed Hoogsteen
hydrogen bonding) and interfere with the normal function of the targeted nucleic acid (e.g., by an
antisense mechanism of action). This interference with or modulation of the function of a target
nucleic acid by the polynucleotide agents of the present invention is referred to as “antisense
inhibition.”

The functions of the target nucleic acid molecule to be interfered with may include functions
such as, for example, translocation of the RNA to the site of protein translation, translation of protein
from the RNA, splicing of the RNA to yield one or more mRNA species, and catalytic activity which
may be engaged in or facilitated by the RNA.

In some embodiments, antisense inhibition refers to “inhibiting the expression” of target
nucleic acid levels or target protein levels in a cell, e.g., a cell within a subject, such as a mammalian

subject, in the presence of the antisense polynucleotide agent complementary to a target nucleic acid

as compared to target nucleic acid levels or target protein levels in the absence of the antisense
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polynucleotide agent. For example, the antisense polynucleotide agents of the invention can inhibit
translation in a stoichiometric manner by base pairing to the mRNA and physically obstructing the
translation machinery, see Dias, N. et al., (2002) Mol Cancer Ther 1:347-355.

The term “antibody” is used herein in its broadest sense and includes certain types of
immunoglobulin molecules comprising one or more antigen-binding domains that specifically bind to
an antigen or epitope. The term antibody as used herein refers to a molecule comprising at least
complementarity-determining region (CDR) 1, CDR2, and CDR3 of a single domain antibody (sdAb),
wherein the molecule is capable of binding to an antigen. The term antibody also refers to molecules
comprising at least CDR1, CDR2, and CDR3 of a heavy chain and CDR1, CDR2, and CDR3 of a
light chain, wherein the molecule is capable of binding to an antigen. The term antibody also includes
fragments that are capable of binding an antigen, such as Fv, single-chain Fv (scFv), Fab, Fab’, and
(Fab’)2. The term antibody also includes chimeric antibodies, humanized antibodies, and antibodies
of various species such as mouse, human, cynomolgus monkey, llama, camel, etc. The term also
includes multivalent antibodies such as bivalent or tetravalent antibodies. A multivalent antibody
includes, e.g., a single polypeptide chain comprising multiple antigen binding (CDR-containing)
domains, as well as two or more polypeptide chains, each containing one or more antigen binding
domains, such two or more polypeptide chains being associated with one another, e.g., through a
hinge region capable of forming disulfide bond(s) or any other covalent or noncovalent interaction.

The term “heavy chain variable region” as used herein refers to a region comprising heavy
chain CDRI1, framework (FR) 2, CDR2, FR3, and CDR3. In some embodiments, a heavy chain
variable region also comprises at least a portion of an FR1 and/or at least a portion of an FR4. In some
embodiments, a heavy chain CDR1 corresponds to Kabat residues 26 to 35; a heavy chain CDR2
corresponds to Kabat residues 50 to 65; and a heavy chain CDR3 corresponds to Kabat residues 95 to
102. See, e.g., Kabat Sequences of Proteins of Immunological Interest (1987 and 1991, NIH,
Bethesda, Md.); and Figure 1. In some embodiments, a heavy chain CDR1 corresponds to Kabat
residues 31 to 35; a heavy chain CDR2 corresponds to Kabat residues 50 to 65; and a heavy chain
CDR3 corresponds to Kabat residues 95 to 102. See id.

The term “heavy chain constant region” as used herein refers to a region comprising at least
three heavy chain constant domains, CH1, CH2, and CH3. Nonlimiting exemplary heavy chain
constant regions include vy, §, and a. Nonlimiting exemplary heavy chain constant regions also include
€ and p. Each heavy constant region corresponds to an antibody isotype. For example, an antibody
comprising a y constant region is an IgG antibody, an antibody comprising a & constant region is an
IgD antibody, and an antibody comprising an o constant region is an IgA antibody. Further, an
antibody comprising a p constant region is an IgM antibody, and an antibody comprising an € constant
region is an IgE antibody. Certain isotypes can be further subdivided into subclasses. For example,
IgG antibodies include, but are not limited to, IgG1 (comprising a y1 constant region), IgG2
(comprising a y2 constant region), IgG3 (comprising a y3 constant region), and IgG4 (comprising a y4

constant region) antibodies; IgA antibodies include, but are not limited to, IgA1 (comprising an al
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constant region) and IgA2 (comprising an a2 constant region) antibodies; and IgM antibodies include,
but are not limited to, IgM1 and IgM2.

The term *“heavy chain” (abbreviated HC) as used herein refers to a polypeptide comprising at
least a heavy chain variable region, with or without a leader sequence. In some embodiments, a heavy
chain comprises at least a portion of a heavy chain constant region. The term “full-length heavy
chain” as used herein refers to a polypeptide comprising a heavy chain variable region and a heavy
chain constant region, with or without a leader sequence.

The term “light chain variable region” as used herein refers to a region comprising light chain
CDR1, framework (FR)2, CDR2, FR3, and CDR3. In some embodiments, a light chain variable
region also comprises an FR1 and/or an FR4. In some embodiments, a light chain CDR1 corresponds
to Kabat residues 24 to 34; a light chain CDR2 corresponds to Kabat residues 50 to 56; and a light
chain CDR3 corresponds to Kabat residues 89 to 97. See, e.g., Kabat Sequences of Proteins of
Immunological Interest (1987 and 1991, NIH, Bethesda, Md.).

The term “light chain constant region” as used herein refers to a region comprising a light
chain constant domain, CL. Nonlimiting exemplary light chain constant regions include i and «.

The term “light chain” (abbreviate LC) as used herein refers to a polypeptide comprising at
least a light chain variable region, with or without a leader sequence. In some embodiments, a light
chain comprises at least a portion of a light chain constant region. The term “full-length light chain”
as used herein refers to a polypeptide comprising a light chain variable region and a light chain
constant region, with or without a leader sequence.

An “isolated antibody”, as used herein, is intended to refer to an antibody that is substantially
free of other antibodies having different antigenic specificities (e.g., an isolated antibody that
specifically binds INHBE is substantially free of antibodies that specifically bind antigens other than
INHBE). An isolated antibody that specifically binds INHBE may, however, have cross-reactivity to
other antigens, such as INHBE molecules from other species. Moreover, an isolated antibody may be
substantially free of other cellular material and/or chemicals.

A “chimeric antibody” as used herein refers to an antibody comprising at least one variable
region from a first species (such as mouse, rat, cynomolgus monkey, etc.) and at least one constant
region from a second species (such as human, cynomolgus monkey, etc.). In some embodiments, a
chimeric antibody comprises at least one mouse variable region and at least one human constant
region. In some embodiments, a chimeric antibody comprises at least one cynomolgus variable region
and at least one human constant region. In some embodiments, a chimeric antibody comprises at least
one rat variable region and at least one mouse constant region. In some embodiments, all of the
variable regions of a chimeric antibody are from a first species and all of the constant regions of the
chimeric antibody are from a second species.

A “humanized antibody” as used herein refers to an antibody in which at least one amino acid
in a framework region of a non-human variable region has been replaced with the corresponding
amino acid from a human variable region. In some embodiments, a humanized antibody comprises at

least one human constant region or fragment thereof. In some embodiments, a humanized antibody is
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a sdAb, a Fab, an scFv, a (Fab’)2, etc. The humanized antibody can be selected from any class of
immunoglobulins, including IgM, IgG, IgD, IgA and IgE, and any isotype, including without
limitation IgG1, IgG2, IgG3 and IgG4. The humanized antibody may comprise sequences from more
than one class or isotype, and particular constant domains may be selected to optimize desired effector
functions using techniques well-known in the art.

A “human antibody” as used herein refers to antibodies produced in humans, antibodies
produced in non-human animals that comprise human immunoglobulin genes, such as XenoMouse®,
and antibodies selected using in vitro methods, such as phage display, wherein the antibody repertoire
is based on a human immunoglobulin sequences.

The terms “an antibody, or antigen binding fragment thereof, that specifically binds INHBE,”
or “an anti- INHBE antibody or antigen binding fragment thereof,” used interchangeably herein, refer
to an antibody, or antigen binding fragment thereof, that specifically binds to INHBE, e.g., human
INHBE. An antibody “which binds” an antigen of interest, i.e., INHBE, is one capable of binding that
antigen with sufficient affinity such that the antibody is useful in targeting a cell expressing the
antigen. In certain embodiments, the antibody specifically binds to human INHBE. Unless otherwise
indicated, the term “anti-INHBE antibody” is meant to refer to an antibody which binds to wild type
INHBE, a variant, or an isoform of INHBE.

In one embodiment, the phrase “specifically binds to INHBE” or “specific binding to
INHBE”, as used herein, refers to the ability of an anti-INHBE antibody to interact with INHBE with
a dissociation constant (Kp) of about 2,000 nM or less, about 1,000 nM or less, about 500 nM or less,
about 200 nM or less, about 100 nM or less, about 75 nM or less, about 25 nM or less, about 21 nM or
less, about 12 nM or less, about 11 nM or less, about 10 nM or less, about 9 nM or less, about 8 nM or
less, about 7 nM or less, about 6 nM or less, about 5 nM or less, about 4 nM or less, about 3 nM or
less, about 2 nM or less, about 1 nM or less, about 0.5 nM or less, about 0.3 nM or less, about 0.1 nM
or less, about 0.01 nM or less, or about 0.001 nM or less. In another embodiment, the phrase
“specifically binds to INHBE” or “specific binding to INHBE”, as used herein, refers to the ability of
an anti-INHBE antibody to interact with INHBE with a dissociation constant (Kp) of between about 1
pM (0.001 nM) to 2,000 nM, between about 500 pM (0.5 nM) to 1,000 nM, between about 500 pM
(0.5 nM) to 500 nM, between about 1 nM) to 200 nM, between about 1 nM to 100 nM, between about
1 nM to 50 nM, between about 1 nM to 20 nM, or between about 1 nM to 5 nM. In one embodiment,
Kpis determined by surface plasmon resonance or by any other method known in the art.

The terms “Kabat numbering,” “Kabat definitions,” and “Kabat labeling” are used
interchangeably herein. These terms, which are recognized in the art, refer to a system of numbering
amino acid residues which are more variable (i.e., hypervariable) than other amino acid residues in the
heavy and light chain variable regions of an antibody, or an antigen binding portion thereof (Kabat et
al. (1971) Ann. NY Acad, Sci. 190:382-391 and, Kabat, E.A., et al. (1991) Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Department of Health and Human Services, NIH
Publication No. 91-3242). For the heavy chain variable region, the hypervariable region ranges from

amino acid positions 31 to 35 for CDR1, amino acid positions 50 to 65 for CDR2, and amino acid
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positions 95 to 102 for CDR3. For the light chain variable region, the hypervariable region ranges
from amino acid positions 24 to 34 for CDR1, amino acid positions 50 to 56 for CDR2, and amino
acid positions 89 to 97 for CDR3.

As used herein, the term “CDR” refers to the complementarity determining region within
antibody variable sequences. There are three CDRs in each of the variable regions of the heavy chain
(HC) and the light chain (LC), which are designated CDR1, CDR2 and CDR3 (or specifically HC
CDR1, HC CDR2, HC CDR3, LC CDR1, LC CDR2, and LC CDR3), for each of the variable regions.
The term “CDR set” as used herein refers to a group of three CDRSs that occur in a single variable
region capable of binding the antigen. The exact boundaries of these CDRs have been defined
differently according to different systems. The system described by Kabat (Kabat ef al., Sequences of
Proteins of Immunological Interest (National Institutes of Health, Bethesda, Md. (1987) and (1991))
not only provides an unambiguous residue numbering system applicable to any variable region of an
antibody, but also provides precise residue boundaries defining the three CDRs. These CDRs may be
referred to as Kabat CDRs. Chothia and coworkers (Chothia &Lesk, J. Mol. Biol. 196:901-917 (1987)
and Chothia et al., Nature 342:877-883 (1989)) found that certain sub- portions within Kabat CDRs
adopt nearly identical peptide backbone conformations, despite having great diversity at the level of
amino acid sequence. These sub-portions were designated as L1, L2 and L3 or H1, H2 and H3 where
the “L” and the “H” designates the light chain and the heavy chains regions, respectively. These
regions may be referred to as Chothia CDRs, which have boundaries that overlap with Kabat CDRs.
Other boundaries defining CDRs overlapping with the Kabat CDRs have been described by Padlan
(FASEB J. 9:133-139 (1995)) and MacCallum (J Mol Biol 262(5):732-45 (1996)). Still other CDR
boundary definitions may not strictly follow one of the above systems, but will nonetheless overlap
with the Kabat CDRs, although they may be shortened or lengthened in light of prediction or
experimental findings that particular residues or groups of residues or even entire CDRs do not
significantly impact antigen binding. The methods used herein may utilize CDRs defined according to
any of these systems, although preferred embodiments use Kabat or Chothia defined CDRs.

As used herein, the term “framework” or “framework sequence” refers to the remaining
sequences of a variable region minus the CDRs. Because the exact definition of a CDR sequence can
be determined by different systems, the meaning of a framework sequence is subject to
correspondingly different interpretations. The six CDRs (CDR-L1, CDR-L2, and CDR-L3 of light
chain and CDR-H1, CDR-H2, and CDR-H3 of heavy chain) also divide the framework regions on the
light chain and the heavy chain into four sub-regions (FR1, FR2, FR3 and FR4) on each chain, in
which CDR1 is positioned between FR1 and FR2, CDR2 between FR2 and FR3, and CDR3 between
FR3 and FR4. Without specifying the particular sub-regions as FR1, FR2, FR3 or FR4, a framework
region, as referred by others, represents the combined FR's within the variable region of a single,
naturally occurring immunoglobulin chain. As used herein, a FR represents one of the four sub-
regions, and FRs represents two or more of the four sub- regions constituting a framework region.

The framework and CDR regions of a humanized antibody need not correspond precisely to

the parental sequences, e.g., the donor antibody CDR or the consensus framework may be
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mutagenized by substitution, insertion and/or deletion of at least one amino acid residue so that the
CDR or framework residue at that site does not correspond to either the donor antibody or the
consensus framework. In a preferred embodiment, such mutations, however, will not be extensive.
Usually, at least 80%, preferably at least 85%, more preferably at least 90%, and most preferably at
least 95% of the humanized antibody residues will correspond to those of the parental FR and CDR
sequences. As used herein, the term “consensus framework™ refers to the framework region in the
consensus immunoglobulin sequence. As used herein, the term “consensus immunoglobulin
sequence” refers to the sequence formed from the most frequently occurring amino acids (or
nucleotides) in a family of related immunoglobulin sequences (See e.g., Winnaker, From Genes to
Clones (Verlagsgesellschaft, Weinheim, Germany 1987). In a family of immunoglobulins, each
position in the consensus sequence is occupied by the amino acid occurring most frequently at that
position in the family. If two amino acids occur equally frequently, either can be included in the
consensus sequence.

The term “epitope” refers to a region of an antigen that is bound by an antibody, or an
antibody fragment. In certain embodiments, epitope determinants include chemically active surface
groupings of molecules such as amino acids, sugar side chains, phosphoryl, or sulfonyl, and, in certain
embodiments, may have specific three dimensional structural characteristics, and/or specific charge
characteristics. In certain embodiments, an antibody is said to specifically bind an antigen when it
preferentially recognizes its target antigen in a complex mixture of proteins and/or macromolecules.

The term “surface plasmon resonance”, as used herein, refers to an optical phenomenon that
allows for the analysis of real-time biospecific interactions by detection of alterations in protein
concentrations within a biosensor matrix, for example using the BIAcore system (Pharmacia
Biosensor AB, Uppsala, Sweden and Piscataway, NJ). For further descriptions, see Jénsson, U., et al.
(1993) Ann. Biol. Clin. 51:19-26; Jonsson, U., et al. (1991) Biotechniques 11:620-627; Johnsson, B.,
et al. (1995) J. Mol. Recognit. 8:125-131; and Johnnson, B., et al. (1991) Anal. Biochem. 198:268-
277.

The term “ koo™ or “ K,”, as used herein, is intended to refer to the on rate constant for
association of an antibody to the antigen to form the antibody/antigen complex.

The term “koge” or ““ kq”, as used herein, is intended to refer to the off rate constant for
dissociation of an antibody from the antibody/antigen complex.

The term “Kp”, as used herein, is intended to refer to the equilibrium dissociation constant of
a particular antibody-antigen interaction . Kbp is calculated by k. / kq. In one embodiment, the
antibodies of the invention have a Kp of about 2,000 nM or less, about 1,000 nM or less, about 500
nM or less, about 200 nM or less, about 100 nM or less, about 75 nM or less, about 25 nM or less,
about 21 nM or less, about 12 nM or less, about 11 nM or less, about 10 nM or less, about 9 nM or
less, about 8 nM or less, about 7 nM or less, about 6 nM or less, about 5 nM or less, about 4 nM or
less, about 3 nM or less, about 2 nM or less, about 1 nM or less, about 0.5 nM or less, about 0.3 nM

or less, about 0.1 nM or less, about 0.01 nM or less, or about 0.001 nM or less.
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The phrase “contacting a cell with a modulator,” such as an antisense polynucleotide agent,
as used herein, includes contacting a cell by any possible means. Contacting a cell with a moulator
includes contacting a cell in vitro with the modulator or contacting a cell in vivo with the modulator.
The contacting may be done directly or indirectly. Thus, for example, the modulator may be put into
physical contact with the cell by the individual performing the method, or alternatively, the modulator
may be put into a situation that will permit or cause it to subsequently come into contact with the cell.

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

In certain embodiments, contacting a cell with a modulator includes “introducing” or
“delivering the modulator into the cell” by facilitating or effecting uptake or absorption into the cell.
Absorption or uptake of an iRNA can occur through unaided diffusion or active cellular processes, or
by auxiliary agents or devices. Introducing a modulator into a cell may be in vitro or in vivo. For
example, for in vivo introduction, a modulator can be injected into a tissue site or administered
systemically. In vitro introduction into a cell includes methods known in the art such as
electroporation and lipofection. Further approaches are described herein below or are known in the
art.

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

As used herein, a “subject” is an animal, such as a mammal, including a primate (such as a
human, a non-human primate, e.g., a monkey, and a chimpanzee), a non-primate (such as a cow, a
pig, a horse, a goat, a rabbit, a sheep, a hamster, a guinea pig, a cat, a dog, a rat, or a mouse), or a bird
that expresses the target gene, either endogenously or heterologously. In an embodiment, the subject
is a human, such as a human being treated or assessed for a disease or disorder that would benefit
from reduction in INHBE expression and/or activity; a human at risk for a disease or disorder that
would benefit from reduction in INHBE expression and/or activity; a human having a disease or
disorder that would benefit from reduction in INHBE expression and/or activity; or human being
treated for a disease or disorder that would benefit from reduction in INHBE expression and/or
activity as described herein. In some embodiments, the subject is a female human. In other
embodiments, the subject is a male human. In one embodiment, the subject is an adult subject. In

another embodiment, the subject is a pediatric subject.
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As used herein, the terms “treating” or “treatment” refer to a beneficial or desired result, such
as reducing at least one sign or symptom of an INHBE-associated disorder in a subject. Treatment
also includes a reduction of one or more sign or symptoms associated with unwanted INHBE
expression and/or activity; diminishing the extent of unwanted INHBE activation or stabilization;
amelioration or palliation of unwanted INHBE activation or stabilization. “Treatment” can also mean
prolonging survival as compared to expected survival in the absence of treatment.

The term “lower” in the context of the level of INHBE in a subject or a disease marker or
symptom refers to a statistically significant decrease in such level. The decrease can be, for example,
at least 10%, 15%, 20%, 25%, 30%, %, 40%, 45%, 50%, 55%, 60%, 65%, 710%, 75%, 80%, 85%,
90%, 95%, or more. In certain embodiments, a decrease is at least 20%. In certain embodiments, the
decrease is at least 50% in a disease marker, e.g., protein or gene expression level. “Lower” in the
context of the level of INHBE in a subject is a decrease to a level accepted as within the range of
normal for an individual without such disorder. In certain embodiments, “lower” is the decrease in the
difference between the level of a marker or symptom for a subject suffering from a disease and a level
accepted within the range of normal for an individual. The term “lower” can also be used in
association with normalizing a symptom of a disease or condition, i.e. decreasing the difference
between a level in a subject suffering from an INHBE-associated disorder towards or to a level in a
normal subject not suffering from an INHBE-associated disorder. As used herein, if a disease is
associated with an elevated value for a symptom, “normal” is considered to be the upper limit of
normal. If a disease is associated with a decreased value for a symptom, “normal” is considered to be
the lower limit of normal.

As used herein, “prevention” or “preventing,” when used in reference to a disease, disorder or
condition thereof, may be treated or ameliorated by a reduction in expression and/or activity of
INHBE, refers to a reduction in the likelihood that a subject will develop a symptom associated with
such a disease, disorder, or condition, e.g., a symptom of an INHBE-associated disorder, e.g.,
metabolic disorder, e.g., diabetes. The failure to develop a disease, disorder or condition, or the
reduction in the development of a symptom associated with such a disease, disorder or condition (e.g.,
by at least about 10% on a clinically accepted scale for that disease or disorder), or the exhibition of
delayed symptoms delayed (e.g., by days, weeks, months or years) is considered effective prevention.

As used herein, the term "inhibin subunit beta E-associated disorder” or “INHBE-associated
disorder,” is a disease or disorder that is caused by, or associated with, INHBE gene expression or
INHBE protein production and/or activity. The term "INHBE-associated disorder” includes a disease,
disorder or condition that would benefit from a decrease in INHBE gene expression, replication, or
protein activity. In some embodiments, the INHBE-associated disorder is a metabolic disorder, e.g.,
metabolic syndrome.

As used herein, a “metabolic disorder” refers to any disease or disorder that disrupts normal
metabolism, the process of converting food to energy on a cellular level. Metabolic diseases affect the
ability of the cell to perform critical biochemical reactions that involve the processing or transport of

proteins (amino acids), carbohydrates (sugars and starches), or lipids (fatty acids). Non-limiting

22



10

15

20

25

30

35

WO 2023/044094 PCT/US2022/043948

examples of metabolic diseases include disorders of carbohydrates, e.g., diabetes, type I diabetes, type
II diabetes, galactosemia, hereditary fructose intolerance, fructose 1,6-diphosphatase deficiency,
glycogen storage disorders, congenital disorders of glycosylation, insulin resistance, insulin
insufficiency, hyperinsulinemia, impaired glucose tolerance (IGT), abnormal glycogen metabolism;
disorders of amino acid metabolism, e.g., maple syrup urine disease (MSUD), or homocystinuria;
disorder of organic acid metabolism, e.g.,methylmalonic aciduria, 3-methylglutaconic aciduria -Barth
syndrome, glutaric aciduria or 2-hydroxyglutaric aciduria — D and L forms; disorders of fatty acid
beta-oxidation, e.g., medium-chain acyl-CoA dehydrogenase deficiency (MCAD), long-chain 3-
hydroxyacyl-CoA dehydrogenase deficiency (LCHAD), very-long-chain acyl-CoA dehydrogenase
deficiency (VLCAD); disorders of lipid metabolism, e.g., GM1 Gangliosidosis, Tay-Sachs Disease,
Sandhoff Disease, Fabry Disease, Gaucher Disease, Niemann-Pick Disease, Krabbe Disease,
Mucolipidoses, or Mucopolysaccharidoses; mitochondrial disorders, e.g., mitochondrial
cardiomyopathies; Leigh disease; mitochondrial encephalopathy, lactic acidosis, and stroke-like
episodes (MELAS); myoclonic epilepsy with ragged-red fibers (MERRF); neuropathy, ataxia, and
retinitis pigmentosa (NARP); Barth syndrome; peroxisomal disorders, e.g., Zellweger Syndrome
(cerebrohepatorenal syndrome), X-Linked Adrenoleukodystrophy or Refsum Disease.

In one embodiment, a metabolic disorder is metabolic syndrome. The term “metabolic
syndrome, as used herein, is disorder that includes a clustering of components that reflect
overnutrition, sedentary lifestyles, genetic factors, increasing age, and resultant excess adiposity.
Metabolic syndrome includes the clustering of abdominal obesity, insulin resistance, dyslipidemia,
and elevated blood pressure and is associated with other comorbidities including the prothrombotic
state, proinflammatory state, nonalcoholic fatty liver disease, and reproductive disorders. The
prevalence of the metabolic syndrome has increased to epidemic proportions not only in the United
States and the remainder of the urbanized world but also in developing nations. Metabolic syndrome
is associated with an approximate doubling of cardiovascular disease risk and a 5-fold increased risk
for incident type 2 diabetes mellitus.

Abdominal adiposity (e.g., a large waist circumference (high waist-to-hip ratio)), high blood
pressure, insulin resistance and dislipidemia are central to metabolic syndrome and its individual
components (e.g., central obesity, fasting blood glucose (FBG)/pre-diabetes/diabetes,
hypercholesterolemia, hypertriglyceridemia, and hypertension).

In one embodiment, a metabolic disorder is a disorder of carbohydrates. In one embodiment,
the disorder of carbohydrates is diabetes.

As used herein, the term “diabetes” refers to a group of metabolic disorders characterized by
high blood sugar (glucose) levels which result from defects in insulin secretion or action, or both.
There are two most common types of diabetes, namely type 1 diabetes and type 2 diabetes, which
both result from the body's inability to regulate insulin. Insulin is a hormone released by the pancreas
in response to increased levels of blood sugar (glucose) in the blood.

The term “type I diabetes,” as used herein, refers to a chronic disease that occurs when the

pancreas produces too little insulin to regulate blood sugar levels appropriately. Type I diabetes is also
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referred to as insulin-dependent diabetes mellitus, IDDM, and juvenile onset diabetes. People with
type I diabetes (insulin-dependent diabetes) produce little or no insulin at all. Although about 6
percent of the United States population has some form of diabetes, only about 10 percent of all
diabetics have type I disorder. Most people who have type I diabetes developed the disorder before
age 30. Type 1 diabetes represents the result of a progressive autoimmune destruction of the
pancreatic 3-cells with subsequent insulin deficiency. More than 90 percent of the insulin-producing
cells (beta cells) of the pancreas are permanently destroyed. The resulting insulin deficiency is severe,
and to survive, a person with type I diabetes must regularly inject insulin.

In type II diabetes (also referred to as noninsulin-dependent diabetes mellitus, NDDM), the
pancreas continues to manufacture insulin, sometimes even at higher than normal levels. However,
the body develops resistance to its effects, resulting in a relative insulin deficiency. Type II diabetes
may occur in children and adolescents but usually begins after age 30 and becomes progressively
more common with age: about 15 percent of people over age 70 have type II diabetes. Obesity is a
risk factor for type II diabetes, and 80 to 90 percent of the people with this disorder are obese.

In some embodiments, diabetes includes pre-diabetes. “Pre-diabetes” refers to one or more
early diabetic conditions including impaired glucose utilization, abnormal or impaired fasting glucose
levels, impaired glucose tolerance, impaired insulin sensitivity and insulin resistance. Prediabetes is a
major risk factor for the development of type 2 diabetes mellitus, cardiovascular disease and
mortality. Much focus has been given to developing therapeutic interventions that prevent the
development of type 2 diabetes by effectively treating prediabetes.

Diabetes can be diagnosed by the administration of a glucose tolerance test. Clinically,
diabetes is often divided into several basic categories. Primary examples of these categories include,
autoimmune diabetes mellitus, non-insulin-dependent diabetes mellitus (type 1 NDDM), insulin-
dependent diabetes mellitus (type 2 IDDM), non-autoimmune diabetes mellitus, non-insulin-
dependent diabetes mellitus (type 2 NIDDM), and maturity-onset diabetes of the young (MODY). A
further category, often referred to as secondary, refers to diabetes brought about by some identifiable
condition which causes or allows a diabetic syndrome to develop. Examples of secondary categories
include, diabetes caused by pancreatic disease, hormonal abnormalities, drug- or chemical-induced
diabetes, diabetes caused by insulin receptor abnormalities, diabetes associated with genetic
syndromes, and diabetes of other causes. (see e.g., Harrison's (1996) 14th ed., New York, McGraw-
Hill).

In one embodiment, a metabolic disorder is a lipid metabolism disorder. As used herein, a
“lipid metabolism disorder” or "disorder of lipid metabolism" refers to any disorder associated with or
caused by a disturbance in lipid metabolism. This term also includes any disorder, disease or
condition that can lead to hyperlipidemia, or condition characterized by abnormal elevation of levels
of any or all lipids and/or lipoproteins in the blood. This term refers to an inherited disorder, such as
familial hypertriglyceridemia, familial partial lipodystrophy type 1 (FPLD1), or an induced or

acquired disorder, such as a disorder induced or acquired as a result of a disease, disorder or condition
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(e.g., renal failure), a diet, or intake of certain drugs (e.g., as a result of highly active antiretroviral
therapy (HAART) used for treating, e.g., AIDS or HIV).

Additional examples of disorders of lipid metabolism include, but are not limited to,
atherosclerosis, dyslipidemia, hypertriglyceridemia (including drug-induced hypertriglyceridemia,
diuretic-induced hypertriglyceridemia, alcohol-induced hypertriglyceridemia, B-adrenergic blocking
agent-induced hypertriglyceridemia, estrogen-induced hypertriglyceridemia, glucocorticoid-induced
hypertriglyceridemia, retinoid-induced hypertriglyceridemia, cimetidine-induced
hypertriglyceridemia, and familial hypertriglyceridemia), acute pancreatitis associated with
hypertriglyceridemia, chylomicron syndrom, familial chylomicronemia, Apo-E deficiency or
resistance, LPL deficiency or hypoactivity, hyperlipidemia (including familial combined
hyperlipidemia), hypercholesterolemia, gout associated with hypercholesterolemia, xanthomatosis
(subcutaneous cholesterol deposits), hyperlipidemia with heterogeneous LPL deficiency,
hyperlipidemia with high LDL and heterogeneous LPL deficiency, fatty liver disease, or non-
alcoholic stetohepatitis (NASH).

Cardiovascular diseases are also considered “metabolic disorders”, as defined herein. These
diseases may include coronary artery disease (also called ischemic heart disease), hypertension,
inflammation associated with coronary artery disease, restenosis, peripheral vascular diseases, and
stroke.

Disorders related to body weight are also considered “metabolic disorders”, as defined herein.
Such disorders may include obesity, hypo-metabolic states, hypothyroidism, uremia, and other
conditions associated with weight gain (including rapid weight gain), weight loss, maintenance of
weight loss, or risk of weight regain following weight loss.

Blood sugar disorders are further considered “metabolic disorders”, as defined herein. Such
disorders may include diabetes, hypertension, and polycystic ovarian syndrome related to insulin
resistance. Other exemplary disorders of metabolic disorders may also include renal transplantation,
nephrotic syndrome, Cushing's syndrome, acromegaly, systemic lupus erythematosus,
dysglobulinemia, lipodystrophy, glycogenosis type I, and Addison's disease.

In one embodiment, an INHBE-associated disorder is primary hypertension. “Primary
hypertension” is a result of environmental or genetic causes (e.g., a result of no obvious underlying
medical cause).

In one embodiment, an INHBE-associated disorder is secondary hypertension. “Secondary
hypertension” has an identifiable underlying disorder which can be of multiple etiologies, including
renal, vascular, and endocrine causes, e.g., renal parenchymal disease (e.g., polycystic kidneys,
glomerular or interstitial disease), renal vascular disease (e.g., renal artery stenosis, fibromuscular
dysplasia), endocrine disorders (e.g., adrenocorticosteroid or mineralocorticoid excess,
pheochromocytoma, hyperthyroidism or hypothyroidism, growth hormone excess,
hyperparathyroidism), coarctation of the aorta, or oral contraceptive use.

In one embodiment, an INHBE-associated disorder is resistant hypertension. “Resistant

hypertension” is blood pressure that remains above goal (e.g., above 130 mm Hg systolic or above 90
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diastolic) in spite of concurrent use of three antihypertensive agents of different classes, one of which
is a thiazide diuretic. Subjects whose blood pressure is controlled with four or more medications are
also considered to have resistant hypertension.

Additional diseases or conditions related to metabolic disorders that would be apparent to the
skilled artisan and are within the scope of this disclosure.

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

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

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

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

The phrase "pharmaceutically-acceptable carrier" as used herein means a pharmaceutically-
acceptable material, composition, or vehicle, such as a liquid or solid filler, diluent, excipient,
manufacturing aid (e.g., lubricant, talc magnesium, calcium or zinc stearate, or steric acid), or solvent
encapsulating material, involved in carrying or transporting the subject compound from one organ, or
portion of the body, to another organ, or portion of the body. Each carrier must be "acceptable" in the
sense of being compatible with the other ingredients of the formulation and not injurious to the
subject being treated. Such carriers are known in the art. Pharmaceutically acceptable carriers

include carriers for administration by injection.
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The term “sample,” as used herein, includes a collection of similar fluids, cells, or tissues
isolated from a subject, as well as fluids, cells, or tissues present within a subject. Examples of
biological fluids include blood, serum and serosal fluids, plasma, cerebrospinal fluid, ocular fluids,
lymph, urine, saliva, and the like. Tissue samples may include samples from tissues, organs, or
localized regions. For example, samples may be derived from particular organs, parts of organs, or
fluids or cells within those organs. In certain embodiments, samples may be derived from the liver
(e.g., whole liver or certain segments of liver or certain types of cells in the liver, such as, e.g.,
hepatocytes). In some embodiments, a “sample derived from a subject” refers to urine obtained from
the subject. A “sample derived from a subject” can refer to blood or blood derived serum or plasma

from the subject.

II. Modulators of the Invention

The present invention provides modulators, i.e., inhibitors, of INHBE and compositons
comprising such modulators for use in modulating the expression and/or activity of INHBE. In some
embodiments, the modulators and compositions of the invention are for use in treating a subject, e.g.,
a mammal, such as a human susceptible to developing an INHBE-associated disorder, e.g., metabolic
disorder, e.g., metabolic syndrome, a disorder of carbohydrates, e.g., type Il diabetes, pre-diabetes, a
lipid metabolism disorder, e.g., a hyperlipidemia, hypertension, a cardiovascular disease, a disorders
of body weight.

In one aspect, the present invention provides a modulator of inhibin subunit beta E (INHBE).
The modulator may be an oligonucleotide that targets INHBE, such as a double stranded ribonucleic
acid (dsRNA) or an antisense polynucleotide agent; an antibody, or antigen-binding fragment thereof,
that specifically binds INHBE, such as a monoclonal anti-INHBE antibody, or antigen-binding
fragment thereof; a small molecule; a guideRNA that effects ADAR editing, such as a guideRNA that
includes a stem loop structure that binds the ADAR enzyme; or a guideRNA that effects CRISPR
editing.

In one embodiment, the modulator of the invention is an RNAI, e.g., double stranded
ribonucleic acid (dsSRNA) agent, targeting an INHBE gene.

In one embodiment, the modulator of the invention is an antisense polynucleotide agent
targeting an INHBE gene.

In one embodiment, the modulator of the invention is an antibody, or antien-binding fragment
thereof, that specifically binds INHBE, e.g., a human, humanized or chimeric anti-INHBE antibody,
or antigen-binding fragment thereof.

In some embodiments, the modulator of INHBE is a small molecule.

In some embodiments, the modulator of INHBE is an aptamer. In some embodiments, the
aptamer is an oligonucleotide aptamer. In some embodiments, the aptamer is a peptide aptamer.

In some embodiments, the modulator of INHBE is a guideRNA that effects double-stranded
RNA-specific adenosine deaminase (ADAR) editing, such as a guideRNA that includes a stem loop
structure that binds the ADAR enzyme.
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In some embodiment, the modulator of INHBE is a guideRNA that effects CRIPR editing.

A. Oligonucleotides of the Invention that Target INHBE
i. IRNAs of the Invention

In one embodiment, the oligonucleotide modulator of the invention that targets INHBE is an
RNAIL

Accordingly, the present invention provides iRNA compositions which effect the RNA-induced
silencing complex (RISC)-mediated cleavage of RNA transcripts of a inhibin subunit beta E (INHBE)
gene. The gene may be within a cell, e.g., a cell within a subject, such as a human. The use of these
iRNAs enables the targeted degradation of mRNAs of the corresponding gene (INHBE) in mammals.

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

Accordingly, the present invention provides methods for treating and preventing an inhibin
subunit beta E (INHBE)-associated disorder, e.g., a metabolic disorder, e.g. metabolic syndrome, a
disorder of carbohydrates, e.g., type Il diabetes, pre-diabetes, a lipid metabolism disorder, e.g., a
hyperlipidemia, hypertension, a cardiovascular disease, a disorders of body weight, using iRNA
compositions which effect the RNA-induced silencing complex (RISC)-mediated cleavage of RNA
transcripts of an INHBE gene.

The iRNAs of the invention include an RNA strand (the antisense strand) having a region which
is up to about 30 nucleotides or less in length, e.g., 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24,
19-23,19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-
30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 nucleotides in length, which region is
substantially complementary to at least part of an mRNA transcript of an INHBE gene.

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

The use of iRNAs of the invention enables the targeted degradation of mRNAs of the
corresponding gene (INHBE gene) in mammals. Using in vitro assays, the present inventors have
demonstrated that iRNAs targeting an INHBE gene can potently mediate RNAI, resulting in
significant inhibition of expression of an INHBE gene. Thus, methods and compositions including

these iRNAs are useful for treating a subject having an INHBE-associated disorder, e.g., a metabolic
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disorder, e.g. metabolic syndrome, a disorder of carbohydrates, e.g., type II diabetes, pre-diabetes, a
lipid metabolism disorder, e.g., a hyperlipidemia, hypertension, a cardiovascular disease, a disorders
of body weight.

Accordingly, the present invention provides methods and combination therapies for treating
a subject having a disorder that would benefit from inhibiting or reducing the expression of an
INHBE gene, e.g., a inhibin subunit beta E (INHBE)-associated disease, such as metabolic disorder,
e.g., metabolic syndrome, a disorder of carbohydrates, e.g., type Il diabetes, pre-diabetes, a lipid
metabolism disorder, e.g., a hyperlipidemia, hypertension, a cardiovascular disease, a disorders of
body weight, using iRNA compositions which effect the RNA-induced silencing complex (RISC)-
mediated cleavage of RNA transcripts of an INHBE gene.

The present invention also provides methods for preventing at least one symptom in a subject
having a disorder that would benefit from inhibiting or reducing the expression of an INHBE gene,
e.g., a metabolic disorder, e.g. metabolic syndrome, a disorder of carbohydrates, e.g., type II diabetes,
pre-diabetes, a lipid metabolism disorder, e.g., a hyperlipidemia, hypertension, a cardiovascular
disease, a disorder of body weight.

In one aspect, the present invention provides iRNAs which inhibit the expression of an
INHBE gene. In certain embodiments, the iRNA includes double stranded ribonucleic acid (dsRNA)
molecules for inhibiting the expression of an INHBE gene in a cell, such as a cell within a subject,
e.g., a mammal, such as a human susceptible to developing an INHBE-associated disorder, e.g.,
metabolic disorder, e.g., metabolic syndrome, a disorder of carbohydrates, e.g., type Il diabetes, pre-
diabetes, a lipid metabolism disorder, e.g., a hyperlipidemia, hypertension, a cardiovascular disease, a
disorders of body weight. The dsRNAIi agent includes an antisense strand having a region of
complementarity which is complementary to at least a part of an mRNA formed in the expression of
an INHBE gene. The region of complementarity is about 19-30 nucleotides in length (e.g., about 30,
29, 28, 27, 26, 25, 24, 23, 22, 21, 20, or 19 nucleotides in length).

Upon contact with a cell expressing the INHBE gene, the iRNA inhibits the expression of the
INHBE gene (e.g., a human, a primate, a non-primate, or a rat INHBE gene) by at least about 50% as
assayed by, for example, a PCR or branched DNA (bDNA)-based method, or by a protein-based
method, such as by immunofluorescence analysis, using, for example, western blotting or flow
cytometric techniques. In certain embodiments, inhibition of expression is determined by the qPCR
method provided in the examples herein with the siRNA at, e.g., a 10 nM concentration, in an
appropriate organism cell line provided therein. In certain embodiments, inhibition of expression in
vivo is determined by knockdown of the human gene in a rodent expressing the human gene, e.g., a
mouse or an AAV-infected mouse expressing the human target gene, e.g., when administered as
single dose, e.g., at 3 mg/kg at the nadir of RNA expression.

A dsRNA includes two RNA strands that are complementary and hybridize to form a duplex
structure under conditions in which the dsRNA will be used. One strand of a dSRNA (the antisense
strand) includes a region of complementarity that is substantially complementary, and generally fully

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

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

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

In some embodiments, the duplex structure is 19 to 30 base pairs in length. Similarly, the
region of complementarity to the target sequence is 19 to 30 nucleotides in length.

In some embodiments, the dsRNA is about 19 to about 23 nucleotides in length, or about 25
to about 30 nucleotides in length. In general, the dsRNA is long enough to serve as a substrate for the
Dicer enzyme. For example, it is well-known in the art that dsSRNAs longer than about 21-23
nucleotides in length may serve as substrates for Dicer. As the ordinarily skilled person will also
recognize, the region of an RNA targeted for cleavage will most often be part of a larger RNA
molecule, often an mRNA molecule. Where relevant, a “part” of an mRNA target is a contiguous
sequence of an mRNA target of sufficient length to allow it to be a substrate for RNAi-directed
cleavage (i.e., cleavage through a RISC pathway).

One of skill in the art will also recognize that the duplex region is a primary functional
portion of a dsRNA, e.g., a duplex region of about 19 to about 30 base pairs, e.g., about 19-30, 19-29,
19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-
25, 20-24,20-23, 20-22, 20-21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 base
pairs. Thus, in one embodiment, to the extent that it becomes processed to a functional duplex, of

e.g., 15-30 base pairs, that targets a desired RNA for cleavage, an RNA molecule or complex of RNA
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molecules having a duplex region greater than 30 base pairs is a dsSRNA. Thus, an ordinarily skilled
artisan will recognize that in one embodiment, a miRNA is a dsSRNA. In another embodiment, a
dsRNA is not a naturally occurring miRNA. In another embodiment, an iRNA agent useful to target
INHBE gene expression is not generated in the target cell by cleavage of a larger dsRNA.

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

A dsRNA can be synthesized by standard methods known in the art. Double stranded RNAi
compounds of the invention may be prepared using a two-step procedure. First, the individual strands
of the double stranded RNA molecule are prepared separately. Then, the component strands are
annealed. The individual strands of the siRNA compound can be prepared using solution-phase or
solid-phase organic synthesis or both. Organic synthesis offers the advantage that the oligonucleotide
strands comprising unnatural or modified nucleotides can be easily prepared. Similarly, single-
stranded oligonucleotides of the invention can be prepared using solution-phase or solid-phase
organic synthesis or both.

In an aspect, a dsRNA of the invention includes at least two nucleotide sequences, a sense
sequence and an anti-sense sequence. The sense strand is selected from the group of sequences
provided in any one of Tables 2-3, and the corresponding antisense strand of the sense strand is
selected from the group of sequences of any one of Tables 2-3. In this aspect, one of the two
sequences is complementary to the other of the two sequences, with one of the sequences being
substantially complementary to a sequence of an mRNA generated in the expression of an INHBE
gene. As such, in this aspect, a dSRNA will include two oligonucleotides, where one oligonucleotide
is described as the sense strand in any one of Tables 2-3, and the second oligonucleotide is described
as the corresponding antisense strand of the sense strand in any one of Tables 2-3.

In certain embodiments, the substantially complementary sequences of the dsRNA are
contained on separate oligonucleotides. In other embodiments, the substantially complementary
sequences of the dsSRNA are contained on a single oligonucleotide.

It will be understood that, although the sequences in, for example, Table 3, are not described
as modified or conjugated sequences, the RNA of the iRNA of the invention e.g., a dsSRNA of the
invention, may comprise any one of the sequences set forth in any one of Tables 2-3 that is un-
modified, un-conjugated, or modified or conjugated differently than described therein. In other
words, the invention encompasses dsRNA of Tables 2-3 which are un-modified, un-conjugated,
modified, or conjugated, as described herein.

The skilled person is well aware that dSRNAs having a duplex structure of about 20 to 23

base pairs, e.g., 21, base pairs have been hailed as particularly effective in inducing RNA interference
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(Elbashir et al., EMBO 2001, 20:6877-6888). However, others have found that shorter or longer RNA
duplex structures can also be effective (Chu and Rana (2007) RNA 14:1714-1719; Kim et al. (2005)
Nat Biotech 23:222-226). In the embodiments described above, by virtue of the nature of the
oligonucleotide sequences provided in any one of Tables 2-3. dsRNAs described herein can include at
least one strand of a length of minimally 21 nucleotides. It can be reasonably expected that shorter
duplexes having any one of the sequences in any one of Tables 2-3 minus only a few nucleotides on
one or both ends can be similarly effective as compared to the dsSRNAs described above. Hence,
dsRNAs having a sequence of at least 19, 20, or more contiguous nucleotides derived from any one of
the sequences of any one of Tables 2-3, and differing in their ability to inhibit the expression of an
INHBE gene by not more than about 5, 10, 15, 20, 25, or 30 % inhibition from a dSRNA comprising
the full sequence, are contemplated to be within the scope of the present invention.

In addition, the RNAs provided in Tables 2-3 identify a site(s) in an INHBE transcript that is
susceptible to RISC-mediated cleavage. As such, the present invention further features iRNAs that
target within one of these sites. As used herein, an iRNA is said to target within a particular site of an
RNA transcript if the iRNA promotes cleavage of the transcript anywhere within that particular site.
Such an iRNA will generally include at least about 19 contiguous nucleotides from any one of the
sequences provided in any one of Tables 2-3 coupled to additional nucleotide sequences taken from

the region contiguous to the selected sequence in an INHBE gene.

ii. Antisense Polynucleotide Agents of the Invention

In one embodiment, the modulator of the invention is an antisense polynucleotide agent.

Accordingly, the present invention provides polynucleotide agents, e.g., antisense
polynucleotide agents, and compositions comprising such agents, which target an INHBE gene and
inhibit the expression of the INHBE gene. In one embodiment, the polynucleotide agents, e.g.,
antisense polynucleotide agents, inhibit the expression of an INHBE gene in a cell, such as a cell
within a subject, e.g., a mammal, such as a human having an INHBE-associated disease, e.g.,
acromegaly, gigantism, or cancer.

The polynucleotde agents of the invention, e.g., antisense polynucleotide agents, include a
region of complementarity which is complementary to at least a part of an mRNA formed in the
expression of an INHBE gene. The region of complementarity may be about 50 nucleotides or less in
length (e.g., 22-12, 20-14, 50, 49, 48, 47, 46, 45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 34, 33, 32, 31,
30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, or 10 nucleotides or less in
length). Upon contact with a cell expressing the INHBE gene, the antisense polynucleotide agent
inhibits the expression of the INHBE gene (e.g., a human, a primate, a non-primate, or a bird INHBE
gene) by at least 20% as assayed by, for example, a PCR or branched DNA (bDNA)-based method, or
by a protein-based method, such as by immunofluorescence analysis, using, for example, western
blotting, or flow cytometric techniques. In preferred embodiments, the inhibition of expression is

determined at a 10 nM concetration using the cell line, delivery method.
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The region of complementarity between an antisense polynucleotide agent and a target
sequence may be substantially complementary (e.g., there is a sufficient degree of complementarity
between the antisense polynucleotide agent and a target nucleic acid to so that they specifically
hybridize and induce a desired effect), but is generally fully complementary to the target sequence.
The target sequence can be derived from the sequence of an mRNA formed during the expression of
an INHBE gene.

Accordingly, in one aspect, an antisense polynucleotide agent of the invention specifically
hybridizes to a target nucleic acid molecule, such as the mRNA encoding INHBE, and comprises a
contiguous nucleotide sequence which corresponds to the reverse complement of a nucleotide
sequence of any one of SEQ ID NOs:1, 3, 5,7, or 9, or a fragment of any one of SEQ ID NOs:1, 3, 5,
7, 0r9.

In some embodiments, the antisense polynucleotide agents of the invention may be
substantially complementary to the target sequence. For example, an antisense polynucleotide agent
that is substantially complementary to the target sequence may include a contiguous nucleotide
sequence comprising no more than 5 mismatches (e.g., no more than 1, no more than 2, no more than
3, no more than 4, or no more than 5 mismatches) when hybridizing to a target sequence, such as to
the corresponding region of a nucleic acid which encodes a mammalian INHBE mRNA. In some
embodiments, the contiguous nucleotide sequence comprises no more than a single mismatch when
hybridizing to the target sequence, such as the corresponding region of a nucleic acid which encodes a
mammalian INHBE mRNA.

In some embodiments, the antisense polynucleotide agents of the invention that are
substantially complementary to the target sequence comprise a contiguous nucleotide sequence which
is at least 80% complementary over its entire length to the equivalent region of the nucleotide
sequence of any one of SEQ ID NOs:1, 3, 5,7, or 9, or a fragment of any one of SEQ ID NOs:1, 3, 5,
7, or 9, such as at least 85%, 90%, 95%, or 100% complementary.

In some embodiments, an antisense polynucleotide agent comprises a contiguous nucleotide
sequence which is fully complementary over its entire length to the equivalent region of the
nucleotide sequence of any one of SEQ ID NOs: 1, 3, 5, 7, or 9 (or a fragment of any one of SEQ ID
NOs:1-5). For example, the nucleotide sequence of an antisense polynucleotide agent is fully
complementary over its entire length to the equivalent region of nucleotides 1-20 of GenBank
Accession No. NM_031479.5 (SEQ ID NO:1) (see, e.g., Table 4 or 5).

An antisense polynucleotide agent may comprise a contiguous nucleotide sequence of about 4
to 50 nucleotides in length, or any subrange falling within that range, e.g., about 8-49, 8-48, 8-47, 8-
46, 8-45, 8-44, 8-43, 8-42, 8-41, 8-40, 8-39, 8-38, 8-37, 8-36, 8-35, 8-34, 8-33, 8-32, 8-31, 8-30, 8-29,
8-28, 8-27, 8-26, 8-25, 8-24, 8-23, 8-22, 8-21, §8-20, 8-19, 8-18, 8-17, 8-16, 8-15, 8-14, 8-13, 8-12, 8-
11, 8-10, 8-9, 10-49, 10-48, 10-47, 10-46, 10-45, 10-44, 10-43, 10-42, 10-41, 10-40, 10-39, 10-38, 10-
37, 10-36, 10-35, 10-34, 10-33, 10-32, 10-31, 10-30, 10-29, 10-28, 10-27, 10-26, 10-25, 10-24, 10-23,
10-22, 10-21, 10-20, 10-19, 10-18, 10-17, 10-16, 10-15, 10-14, 10-13, 10-12, 10-11,11-49, 11-48, 11-
47,11-46, 11-45, 11-44, 11-43,11-42, 11-41, 11-40, 11-39, 11-38, 11-37, 11-36, 11-35, 11-34, 11-33,
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11-32,11-31, 11-30, 11-29, 11-28, 11-27, 11-26, 11-25, 11-24, 11-23, 11-22, 11-21, 11-20, 11-19, 11-
18,11-17, 11-16, 11-15, 11-14, 11-13, 11-12, 12-49, 12-48, 12-47, 12-46, 12-45, 12-44, 12-43, 12-42,
12-41, 12-40, 12-39, 12-38, 12-37, 12-36, 12-35, 12-34, 12-33, 12-32, 12-31, 12-30, 12-29, 12-28, 12-
27,12-26, 12-25, 12-24, 12-23, 12-22, 12-21, 12-20, 12-19, 12-18, 12-17, 12-16, 12-15, 12-14, 12-13,
13-49, 13-48, 13-47, 13-46, 13-45, 13-44, 13-43, 13-42, 13-41, 13-40, 13-39, 13-38, 13-37, 13-36, 13-
35, 13-34, 13-33, 13-32, 13-31, 13-30, 13-29, 13-28, 13-27, 13-26, 13-25, 13-24, 13-23, 13-22, 13-21,
13-20, 13-19, 13-18, 13-17, 13-16, 13-15, 13-14, 14-49, 14-48, 14-47, 14-46, 14-45, 14-44, 14-43, 14-
42, 14-41, 14-40, 14-39, 14-38, 14-37, 14-36, 14-35, 14-34, 14-33, 14-32, 14-31, 14-30, 14-29, 14-28,
14-27, 14-26, 14-25, 14-24, 14-23, 14-22, 14-21, 14-20, 14-19, 14-18, 14-17, 14-16, 14-15, 15-49, 15-
48, 15-47, 15-46, 15-45, 15-44, 15-43, 15-42, 15-41, 15-40, 15-39, 15-38, 15-37, 15-36, 15-35, 15-34,
15-33, 15-32, 15-31, 15-30, 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-
19, 15-18, 15-17, 15-16,16-49, 16-48, 16-47, 16-46, 16-45, 16-44, 16-43, 16-42, 16-41, 16-40, 16-39,
16-38, 16-37, 16-36, 16-35, 16-34, 16-33, 16-32, 16-31, 16-30, 16-29, 16-28, 16-27, 16-26, 16-25, 16-
24, 16-23, 16-22, 16-21, 16-20, 16-19, 16-18, 16-17, 17-49, 17-48, 17-47, 17-46, 17-45, 17-44, 17-43,
17-42,17-41, 17-40, 17-39, 17-38, 17-37, 17-36, 17-35, 17-34, 17-33, 17-32, 17-31, 17-30, 17-29, 17-
28,17-27,17-26, 17-25, 17-24, 17-23, 17-22, 17-21, 17-20, 17-19, 17-18, 18-49, 18-48, 18-47, 18-46,
18-45, 18-44, 18-43, 18-42, 18-41, 18-40, 18-39, 18-38, 18-37, 18-36, 18-35, 18-34, 18-33, 18-32, 18-
31, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-49, 19-48, 19-47,
19-46, 19-45, 19-44, 19-43, 19-42, 19-41, 19-40, 19-39, 19-38, 19-37, 19-36, 19-35, 19-34, 19-33, 19-
32,19-31, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-49, 20-48,
20-47, 20-46, 20-45, 20-44, 20-43, 20-42, 20-41, 20-40, 20-39, 20-38, 20-37, 20-36, 20-35, 20-34, 20-
33, 20-32, 20-31, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-49, 21-48,
21-47,21-46, 21-45, 21-44, 21-43, 21-42, 21-41, 21-40, 21-39, 21-38, 21-37, 21-36, 21-35, 21-34, 21-
33,21-32,21-31, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, 21-22, 22-49, 22-48, 22-47,
22-46, 22-45, 22-44, 22-43, 22-42, 22-41, 22-40, 22-39, 22-38, 22-37, 22-36, 22-35, 22-34, 22-33, 22-
32,22-31, 22-30, 22-29, 22-28, 22-27, 22-26, 22-25, 22-24, 22-23, 23-49, 23-48, 23-47, 23-46, 23-45,
23-44, 23-43, 23-42, 23-41, 23-40, 23-39, 23-38, 23-37, 23-36, 23-35, 23-34, 23-33, 23-32, 23-31, 23-
30, 23-29, 23-28, 23-27, 23-26, 23-25, 23-24, 24-49, 24-48, 24-47, 24-46, 24-45, 24-44, 24-43, 24-42,
24-41, 24-40, 24-39, 24-38, 24-37, 24-36, 24-35, 24-34, 24-33, 24-32, 24-31, 24-30, 24-29, 24-28, 24-
27, 24-26, 24-25, 25-49, 25-48, 25-47, 25-46, 25-45, 25-44, 25-43, 25-42, 25-41, 25-40, 25-39, 25-38,
25-37, 25-36, 25-35, 25-34, 25-33, 25-32, 25-31, 25-30, 25-29, 25-28, 25-27, 25-26,26-49, 26-48, 26-
47, 26-46, 26-45, 26-44, 26-43, 26-42, 26-41, 26-40, 26-39, 26-38, 26-37, 26-36, 26-35, 26-34, 26-33,
26-32, 26-31, 26-30, 26-29, 26-28, 26-27, 27-49, 27-48, 27-47, 27-46, 27-45, 27-44, 27-43, 27-42, 27-
41, 27-40, 27-39, 27-38, 27-37, 27-36, 27-35, 27-34, 27-33, 27-32, 27-31, 27-30, 27-29, 27-28, 28-49,
28-48, 28-47, 28-46, 28-45, 28-44, 28-43, 28-42, 28-41, 28-40, 28-39, 28-38, 28-37, 28-36, 28-35, 28-
34, 28-33, 28-32, 28-31, 28-30, 28-29, 29-49, 29-48, 29-47, 29-46, 29-45, 29-44, 29-43, 29-42,29-41,
29-40, 29-39, 29-38, 29-37, 29-36, 29-35, 29-34, 29-33, 29-32, 29-31, 29-30, 30-49, 30-48, 30-47, 30-
46, 30-45, 30-44, 30-43, 30-42, 30-41, 30-40, 30-39, 30-38, 30-37, 30-36, 30-35, 30-34, 30-33, 30-32,
or 30-31 nucleotides in length, e.g., 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
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23,24, 25, 26,217, 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.

In some embodiments, an antisense polynucleotide agent may comprise a contiguous
nucleotide sequence of no more than 22 nucleotides, e.g., no more than any of 21 nucleotides, 20
nucleotides, 19 nucleotides, no more than 18 nucleotides, 17 nucleotides, 16 nucleotides, than 15
nucleotides, or 14 nucleotides. In other embodiments, the antisense polynucleotide agents of the
invention are 20 nucleotides in length. In other embodiments, the antisense polynucleotide agents of
the invention are 14 nucleotides in length. In certain embodiments, the polynucleotide is at least 12
nucleotides in length.

In one aspect, an antisense polynucleotide agent of the invention includes a sequence selected
from sequences provided in Table 4 or Table 5. It will be understood that, although the sequences in
Table 5 are described as modified or conjugated sequences, an antisense polynucleotide agent of the
invention, may also comprise any one of the sequences set forth in Table 5 that is un-modified, un-
conjugated, or modified or conjugated differently than described therein.

By virtue of the nature of the nucleotide sequences provided in Table 4 or 5, antisense
polynucleotide agents of the invention may include one of the sequences of Table 3 or 5 minus only a
few nucleotides on one or both ends and yet remain similarly effective as compared to the antisense
polynucleotide agents described above. Hence, antisense polynucleotide agents having a sequence of
at least 4,5,6,7,8,9, 10, 11, 12, 13, 14,15, 16, 17, 18, 19, or 20 contiguous nucleotides derived from
one of the sequences of Table 4 or 5 and differing in their ability to inhibit the expression of an
INHBE gene by not more than 5, 10, 15, 20, 25, or 30% inhibition from an antisense polynucleotide
agent comprising the full sequence, are contemplated to be within the scope of the present invention.
In addition, the antisense polynucleotide agents provided in Table 4 and 5 identify a region(s) in an
INHBE transcript that is susceptible to antisense inhibition (e.g., the regions encompassed by the start
and end positions relative to the in nucleotide sequences in Table 4). As such, the present invention
further features antisense polynucleotide agents that target within one of these sites.

As used herein, an antisense polynucleotide agent is said to target within a particular site of an
RNA transcript if the antisense polynucleotide agent promotes antisense inhibition of the target at that
site. Such an antisense polynucleotide agent will generally include at least 14 contiguous nucleotides
from one of the sequences provided in Table 4 or 5 coupled to additional nucleotide sequences taken
from the region contiguous to the selected sequence in an INHBE gene.

While a target sequence is generally 4-50 nucleotides in length, there is wide variation in the
suitability of particular sequences in this range for directing antisense inhibition of any given target
RNA. Various software packages and the guidelines set out herein provide guidance for the
identification of optimal target sequences for any given gene target, but an empirical approach can
also be taken in which a “window” or “mask” of a given size (as a non-limiting example, 20
nucleotides) is literally or figuratively (including, e.g., in silico) placed on the target RNA sequence to
identify sequences in the size range that can serve as target sequences. By moving the sequence

“window” progressively one nucleotide upstream or downstream of an initial target sequence location,
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the next potential target sequence can be identified, until the complete set of possible sequences is
identified for any given target size selected. This process, coupled with systematic synthesis and
testing of the identified sequences (using assays as described herein or as known in the art) to identify
those sequences that perform optimally can identify those RNA sequences that, when targeted with an
antisense polynucleotide agent, mediate the best inhibition of target gene expression. Thus, while the
sequences identified, for example, in Table 4 or 5 represent effective target sequences, it is
contemplated that further optimization of antisense inhibition efficiency can be achieved by
progressively “walking the window” one nucleotide upstream or downstream of the given sequences
to identify sequences with equal or better inhibition characteristics.

Further, it is contemplated that for any sequence identified, e.g., in Table 4 or 5, further
optimization could be achieved by systematically either adding or removing nucleotides to generate
longer or shorter sequences and testing those sequences generated by walking a window of the longer
or shorter size up or down the target RNA from that point. Again, coupling this approach to
generating new candidate targets with testing for effectiveness of antisense polynucleotide agents
based on those target sequences in an inhibition assay as known in the art or as described herein can
lead to further improvements in the efficiency of inhibition. Further still, such optimized sequences
can be adjusted by, e.g., the introduction of modified nucleotides as described herein or as known in
the art, addition or changes in length, or other modifications as known in the art or discussed herein to
further optimize the molecule (e.g., increasing serum stability or circulating half-life, increasing
thermal stability, enhancing transmembrane delivery, targeting to a particular location or cell type,
increasing interaction with silencing pathway enzymes, increasing release from endosomes) as an

expression inhibitor.

iii. Modified Oligonucleotides of the Invention

In certain embodiments, the oligonucleotides of the invention e.g., dsSRNA agents or antisense
polynucleotide agents, are un-modified, and do not comprise, e.g., chemical modifications or
conjugations known in the art and described herein. In other embodiments, the oligonucleotides, of
the invention, e.g., a dSRNA or antisense polynucleotide agent, is chemically modified to enhance
stability or other beneficial characteristics. In certain embodiments of the invention, substantially all
of the nucleotides of an oligonucleotide, e.g., dSRNA agent or antisense polynucleotide agent of the
invention are modified. In other embodiments of the invention, all of the nucleotides of an
oligonucleotide, e.g., dSRNA agent or antisense polynucleotide agent, or substantially all of the
nucleotides of an oligonucleotide, e.g., dSRNA agent or antisense polynucleotide agent, are modified,
i.e., not more than 5, 4, 3, 2, or 1 unmodified nucleotides are present in a strand of the
oligonucleotide, e.g., dSRNA agent or antisense polynucleotide agent.

The nucleic acids featured in the invention can be synthesized or modified by methods well
established in the art, such as those described in “Current protocols in nucleic acid chemistry,”
Beaucage, S.L. et al. (Edrs.), John Wiley & Sons, Inc., New York, NY, USA, which is hereby

incorporated herein by reference. Modifications include, for example, end modifications, e.g., 5’-end
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modifications (phosphorylation, conjugation, inverted linkages) or 3’-end modifications (conjugation,
DNA nucleotides, inverted linkages, efc.); base modifications, e.g., replacement with stabilizing
bases, destabilizing bases, or bases that base pair with an expanded repertoire of partners, removal of
bases (abasic nucleotides), or conjugated bases; sugar modifications (e.g., at the 2’-position or 4’-
position) or replacement of the sugar; or backbone modifications, including modification or
replacement of the phosphodiester linkages. Specific examples of oligonucleotide compounds useful
in the embodiments described herein include, but are not limited to oligonucleotides, e.g., RNAs,
containing modified backbones or no natural internucleoside linkages. Oligonucleotides, e.g., RNAs
having modified backbones include, among others, those that do not have a phosphorus atom in the
backbone. For the purposes of this specification, and as sometimes referenced in the art, modified
oligonucleotides, e.g., RNAs, that do not have a phosphorus atom in their internucleoside backbone
can also be considered to be oligonucleosides. In some embodiments, a modified oligonucleotide will
have a phosphorus atom in its internucleoside backbone.

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

Representative U.S. Patents that teach the preparation of the above phosphorus-containing
linkages include, but are not limited to, U.S. Patent Nos. 3,687,808; 4,469,863; 4,476,301; 5,023,243,
5,177,195; 5,188,897, 5,264,423; 5,276,019; 5,278,302; 5,286,717, 5,321,131; 5,399,676; 5,405,939;
5,453,496; 5,455,233, 5,466,677, 5,476,925; 5,519,126; 5,536,821; 5,541,316; 5,550,111; 5,563,253;
5,571,799; 5,587,361; 5,625,050; 6,028,188; 6,124,445; 6,160,109; 6,169,170; 6,172,209; 6, 239,265;
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6,277,603; 6,326,199; 6,346,614; 6,444.,423; 6,531,590; 6,534,639; 6,608,035; 6,683,167; 6,858,715;
6,867,294; 6,878,805; 7,015,315; 7,041,816; 7,273,933; 7,321,029; and U.S. Pat RE39464, the entire
contents of each of which are hereby incorporated herein by reference.

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

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

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

Some embodiments featured in the invention include oligonucleotides with phosphorothioate
backbones and oligonucleosides with heteroatom backbones, and in particular --CH>--NH--CHa-, --
CH>--N(CH3)--O--CH»--[known as a methylene (methylimino) or MMI backbone], --CH,--O--
N(CHj3)--CH;--, --CH»--N(CH3)--N(CH3)--CH:»-- and --N(CH3)--CH»--CHs-- of the above-referenced
U.S. Patent No. 5,489,677, and the amide backbones of the above-referenced U.S. Patent No.
5,602,240. In some embodiments, the RNAs featured herein have morpholino backbone structures of
the above-referenced U.S. Patent No. 5,034,506. The native phosphodiester backbone can be
represented as O-P(O)(OH)-OCH?2-.
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Modified oligonucleotides can also contain one or more substituted sugar moieties. The
oligonucleotides, e.g., dSRNA agents or antisense polynucleotide agents, featured herein can include
one of the following at the 2'-position: OH; F; O-, S-, or N-alkyl; O-, S-, or N-alkenyl; O-, S- or N-
alkynyl; or O-alkyl-O-alkyl, wherein the alkyl, alkenyl and alkynyl can be substituted or unsubstituted
Ci to Cypo alkyl or C; to Cyo alkenyl and alkynyl. Exemplary suitable modifications include
O[(CH2).0] nCH3, O(CH»)..OCH3, O(CH»).NH:, O(CH>) «CHs, O(CH),ONHb>, and
O(CH»),ON[(CH>),CH3)]>, where n and m are from 1 to about 10. In other embodiments, dSRNAs
include one of the following at the 2' position: C; to Cyo lower alkyl, substituted lower alkyl, alkaryl,
aralkyl, O-alkaryl or O-aralkyl, SH, SCH3, OCN, Cl, Br, CN, CFs, OCF3, SOCH3, SO>CH3, ONO,,
NOs, N3, NHo, heterocycloalkyl, heterocycloalkaryl, aminoalkylamino, polyalkylamino, substituted
silyl, an RNA cleaving group, a reporter group, an intercalator, a group for improving the
pharmacokinetic properties of an oligonucleotide, or a group for improving the pharmacodynamic
properties of an oligonucleotide, and other substituents having similar properties. In some
embodiments, the modification includes a 2'-methoxyethoxy (2'-O--CH,CH>OCH3, also known as 2'-
O-(2-methoxyethyl) or 2'-MOE) (Martin et al., Helv. Chim. Acta, 1995, 78:486-504) i.e., an alkoxy-
alkoxy group. Another exemplary modification is 2'-dimethylaminooxyethoxy, i.e., a
O(CH,),ON(CH3)> group, also known as 2'-DMAOE, as described in examples herein below, and 2'-
dimethylaminoethoxyethoxy (also known in the art as 2'-O-dimethylaminoethoxyethyl or 2'-
DMAEQE), i.e., 2'-O--CH;--O--CH»--N(CH3),. Further exemplary modifications include : 5°-Me-2’-
F nucleotides, 5’-Me-2’-OMe nucleotides, 5’-Me-2’-deoxynucleotides, (both R and S isomers in
these three families); 2 -alkoxyalkyl; and 2’-NMA (N-methylacetamide).

Other modifications include 2'-methoxy (2'-OCHj3), 2'-aminopropoxy (2'-OCH>CH>CH:NH3)
and 2'-fluoro (2'-F). Similar modifications can also be made at other positions on the RNA of an
iRNA, particularly the 3" position of the sugar on the 3' terminal nucleotide or in 2'-5' linked dsRNAs
and the 5' position of 5' terminal nucleotide. Oligonucleotides, e.g., dSRNA agents or antisense
polynucleotide agents, can also have sugar mimetics such as cyclobutyl moieties in place of the
pentofuranosyl sugar. Representative US patents that teach the preparation of such modified sugar
structures include, but are not limited to, U.S. Patent Nos. 4,981,957; 5,118,800; 5,319,080;
5,359.044; 5,393,878; 5,446,137, 5,466,786; 5,514,785; 5,519,134; 5,567,811; 5,576,427; 5,591,722,
5,597,909; 5,610,300; 5,627,053; 5,639,873; 5,646,265; 5,658,873; 5,670,633; and 5,700,920, certain
of which are commonly owned with the instant application,. The entire contents of each of the
foregoing are hereby incorporated herein by reference.

An oligonucleotide, e.g., dSRNA agent or antisense polynucleotide agent, can also include
nucleobase (often referred to in the art simply as “base”) modifications or substitutions. As used
herein, “unmodified” or “natural” nucleobases include the purine bases adenine (A) and guanine (G),
and the pyrimidine bases thymine (T), cytosine (C), and uracil (U). Modified nucleobases include
other synthetic and natural nucleobases such as deoxythimidine (dT), 5-methylcytosine (5-me-C), 5-
hydroxymethyl cytosine, xanthine, hypoxanthine, 2-aminoadenine, 6-methyl and other alkyl

derivatives of adenine and guanine, 2-propyl and other alkyl derivatives of adenine and guanine, 2-
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thiouracil, 2-thiothymine and 2-thiocytosine, 5-halouracil and cytosine, 5-propynyl uracil and
cytosine, 6-azo uracil, cytosine and thymine, 5-uracil (pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-
thiol, 8-thioalkyl, 8-hydroxyl anal other 8-substituted adenines and guanines, 5-halo, particularly 5-
bromo, 5-trifluoromethyl and other 5-substituted uracils and cytosines, 7-methylguanine and 7-
methyladenine, 8-azaguanine and §8-azaadenine, 7-deazaguanine and 7-daazaadenine and 3-
deazaguanine and 3-deazaadenine. Further nucleobases include those disclosed in U.S. Pat. No.
3,687,808, those disclosed in Modified Nucleosides in Biochemistry, Biotechnology and Medicine,
Herdewijn, P. ed. Wiley-VCH, 2008; those disclosed in The Concise Encyclopedia Of Polymer
Science And Engineering, pages 858-859, Kroschwitz, J. L, ed. John Wiley & Sons, 1990, these
disclosed by Englisch et al., Angewandte Chemie, International Edition, 1991, 30, 613, and those
disclosed by Sanghvi, Y S., Chapter 15, dsSRNA Research and Applications, pages 289-302, Crooke,
S. T. and Lebleu, B., Ed., CRC Press, 1993. Certain of these nucleobases are particularly useful for
increasing the binding affinity of the oligomeric compounds featured in the invention. These include
S-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 and 0-6 substituted purines, including 2-
aminopropyladenine, 5-propynyluracil and 5-propynylcytosine. 5-methylcytosine substitutions have
been shown to increase nucleic acid duplex stability by 0.6-1.2°C (Sanghvi, Y. S., Crooke, S. T. and
Lebleu, B., Eds., dSRNA Research and Applications, CRC Press, Boca Raton, 1993, pp. 276-278) and
are exemplary base substitutions, even more particularly when combined with 2'-O-methoxyethyl
sugar modifications.

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

In some embodiments, an oligonucleotide, e.g., dSRNA agent or antisense polynucleotide
agent, of the disclosure can also be modified to include one or more bicyclic sugar moieties. A
“bicyclic sugar” is a furanosyl ring modified by a ring formed by the bridging of two carbons,
whether adjacent or non-adjacent. A “bicyclic nucleoside” (“BNA”) is a nucleoside having a sugar
moiety comprising a ring formed by bridging two carbons, whether adjacent or non-adjacent, of the
sugar ring, thereby forming a bicyclic ring system. In certain embodiments, the bridge connects the 4'-
carbon and the 2'-carbon of the sugar ring, optionally, via the 2’-acyclic oxygen atom. Thus, in some
embodiments an agent of the invention may include one or more locked nucleic acids (LNA). A
locked nucleic acid is a nucleotide having a modified ribose moiety in which the ribose moiety
comprises an extra bridge connecting the 2' and 4' carbons. In other words, an LNA is a nucleotide
comprising a bicyclic sugar moiety comprising a 4'-CH>-O-2' bridge. This structure effectively
"locks" the ribose in the 3'-endo structural conformation. The addition of locked nucleic acids to

siRNAs has been shown to increase siRNA stability in serum, and to reduce off-target effects (Elmen,
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J. et al., (2005) Nucleic Acids Research 33(1):439-447; Mook, OR. et al., (2007) Mol Canc Ther
6(3):833-843; Grunweller, A. et al., (2003) Nucleic Acids Research 31(12):3185-3193). Examples of
bicyclic nucleosides for use in the polynucleotides of the invention include without limitation
nucleosides comprising a bridge between the 4’ and the 2' ribosyl ring atoms. In certain embodiments,
the antisense polynucleotide agents of the invention include one or more bicyclic nucleosides
comprising a 4’ to 2' bridge.

A locked nucleoside can be represented by the structure (omitting stereochemistry),

wherein B is a nucleobase or modified nucleobase and L is the linking group that joins the 2’-
carbon to the 4’-carbon of the ribose ring. Examples of such 4' to 2’ bridged bicyclic nucleosides,
include but are not limited to 4'-(CH,)—0-2' (LNA); 4'-(CH,)—S-2'; 4'-(CH,),—O0-2' (ENA); 4'-
CH(CH3)—O0-2' (also referred to as “constrained ethyl” or “cEt”) and 4'-CH(CH,OCH3)—0-2' (and
analogs thereof; see, e.g., U.S. Patent No. 7,399,845); 4'-C(CH3)(CH3)—O0-2’ (and analogs thereof;
see e.g., U.S. Patent No. 8,278,283); 4'-CH>—N(OCH3)-2' (and analogs thereof; see e.g., U.S. Patent
No. 8,278.,425); 4'-CH>—O—N(CH3)-2' (see, e.g., U.S. Patent Publication No. 2004/0171570); 4'-
CH>—N(R)—O-2', wherein R is H, C1-C12 alkyl, or a nitrogen protecting group (see, e.g., U.S.
Patent No. 7,427,672); 4'-CH,—C(H)(CH3)-2' (see, e.g., Chattopadhyaya et al., J. Org. Chem., 2009,
74, 118-134); and 4'-CH>,—C(=CH,)-2' (and analogs thereof; see, e.g., U.S. Patent No. 8,278,426).
The entire contents of each of the foregoing are hereby incorporated herein by reference.

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

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

A nucleotide of an oligonucleotide, e.g., dsSRNA agent or antisense polynucleotide agent, can
also be modified to include one or more constrained ethyl nucleotides. As used herein, a "constrained
ethyl nucleotide" or "cEt" is a locked nucleic acid comprising a bicyclic sugar moiety comprising a 4'-
CH(CH3s)-O-2' bridge (i.e., L in the preceding structure). In one embodiment, a constrained ethyl

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

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

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

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

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

Other modifications of the nucleotides of e.g., a dsSRNA agent or an antisense polynucleotide
agent, of the invention include a 5’ phosphate or 5’ phosphate mimic, e.g., a 5’-terminal phosphate or
phosphate mimic on the antisense strand of an iRNA. Suitable phosphate mimics are disclosed in, for
example U.S. Patent Publication No. 2012/0157511, the entire contents of which are incorporated

herein by reference.

iv. Modified iRNAs Comprising Motifs of the Invention
In certain aspects of the invention, the double stranded RNA agents of the invention include
agents with chemical modifications as disclosed, for example, in WO2013/075035, the entire contents
of each of which are incorporated herein by reference. As shown herein and in W0O2013/075035, one

or more motifs of three identical modifications on three consecutive nucleotides may be introduced
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into a sense strand or antisense strand of a dsSRNAi agent, particularly at or near the cleavage site. In

some embodiments, the sense strand and antisense strand of the dsSRNAi agent may otherwise be

completely modified. The introduction of these motifs interrupts the modification pattern, if present,

of the sense or antisense strand. The dsRNAi agent may be optionally conjugated with a GalNAc

derivative ligand, for instance on the sense strand.

More specifically, when the sense strand and antisense strand of the double stranded RNA

agent are completely modified to have one or more motifs of three identical modifications on three

consecutive nucleotides at or near the cleavage site of at least one strand of a dsRNAi agent, the gene

silencing activity of the dsRNAi agent was observed.

Accordingly, the invention provides double stranded RNA agents capable of inhibiting the

expression of a target gene (i.e., INHBE gene) in vivo. The RNAIi agent comprises a sense strand and

an antisense strand. Each strand of the RNAi agent may be, for example, 17-30 nucleotides in length,

25-30 nucleotides in length, 27-30 nucleotides in length, 19-25 nucleotides in length, 19-23

nucleotides in length, 19-21 nucleotides in length, 21-25 nucleotides in length, or 21-23 nucleotides in

length.

The sense strand and antisense strand typically form a duplex double stranded RNA

(“dsRNA”), also referred to herein as “dsRNAi agent.” The duplex region of a dsRNAi agent may be,

for example, the duplex region can be 27-30 nucleotide pairs in length, 19-25 nucleotide pairs in

length, 19-23 nucleotide pairs in length, 19- 21 nucleotide pairs in length, 21-25 nucleotide pairs in

length, or 21-23 nucleotide pairs in length. In another example, the duplex region is selected from 19,

20, 21, 22, 23, 24, 25, 26, and 27 nucleotides in length.

In certain embodiments, the dsSRNAi agent may contain one or more overhang regions or

capping groups at the 3’-end, 5’-end, or both ends of one or both strands. The overhang can be,

independently, 1-6 nucleotides in length, for instance 2-6 nucleotides in length, 1-5 nucleotides in

length, 2-5 nucleotides in length, 1-4 nucleotides in length, 2-4 nucleotides in length, 1-3 nucleotides

in length, 2-3 nucleotides in length, or 1-2 nucleotides in length. In certain embodiments, the

overhang regions can include extended overhang regions as provided above. The overhangs can be

the result of one strand being longer than the other, or the result of two strands of the same length

being staggered. The overhang can form a mismatch with the target mRNA or it can be

complementary to the gene sequences being targeted or can be another sequence. The first and

second strands can also be joined, e.g., by additional bases to form a hairpin, or by other non-base

linkers.

In certain embodiments, the nucleotides in the overhang region of the dsRNAi agent can each

independently be a modified or unmodified nucleotide including, but no limited to 2’-sugar modified,

such as,

2’-F, 2’-O-methyl, thymidine (T), 2°-O-methoxyethyl-5-methyluridine (Teo), 2°-O-

methoxyethyladenosine (Aeo), 2°-O-methoxyethyl-5-methylcytidine (m5Ceo), and any combinations

thereof.
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For example, TT can be an overhang sequence for either end on either strand. The overhang
can form a mismatch with the target mRNA or it can be complementary to the gene sequences being
targeted or can be another sequence.

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

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

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

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

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

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

3’-end of the antisense strand.
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When the 2 nucleotide overhang is at the 3’-end of the antisense strand, there may be two
phosphorothioate internucleotide linkages between the terminal three nucleotides, wherein two of the
three nucleotides are the overhang nucleotides, and the third nucleotide is a paired nucleotide next to
the overhang nucleotide. In one embodiment, the RNAi agent additionally has two phosphorothioate
internucleotide linkages between the terminal three nucleotides at both the 5’-end of the sense strand
and at the 5’-end of the antisense strand. In certain embodiments, every nucleotide in the sense strand
and the antisense strand of the dsRNAi agent, including the nucleotides that are part of the motifs are
modified nucleotides. In certain embodiments each residue is independently modified with a 2°-O-
methyl or 3’-fluoro, e.g., in an alternating motif. Optionally, the dsSRNAi agent further comprises a
ligand (such as, GalNAcs3).

In certain embodiments, the dsSRNAi agent comprises a sense and an antisense strand, wherein
the sense strand is 25-30 nucleotide residues in length, wherein starting from the 5' terminal
nucleotide (position 1) positions 1 to 23 of the first strand comprise at least 8 ribonucleotides; the
antisense strand is 36-66 nucleotide residues in length and, starting from the 3' terminal nucleotide,
comprises at least 8 ribonucleotides in the positions paired with positions 1- 23 of sense strand to form
a duplex; wherein at least the 3 ' terminal nucleotide of antisense strand is unpaired with sense strand,
and up to 6 consecutive 3' terminal nucleotides are unpaired with sense strand, thereby forming a 3'
single stranded overhang of 1-6 nucleotides; wherein the 5' terminus of antisense strand comprises
from 10-30 consecutive nucleotides which are unpaired with sense strand, thereby forming a 10-30
nucleotide single stranded 5' overhang; wherein at least the sense strand 5' terminal and 3' terminal
nucleotides are base paired with nucleotides of antisense strand when sense and antisense strands are
aligned for maximum complementarity, thereby forming a substantially duplexed region between
sense and antisense strands; and antisense strand is sufficiently complementary to a target RNA along
at least 19 ribonucleotides of antisense strand length to reduce target gene expression when the double
stranded nucleic acid is introduced into a mammalian cell; and wherein the sense strand contains at
least one motif of three 2’-F modifications on three consecutive nucleotides, where at least one of the
motifs occurs at or near the cleavage site. The antisense strand contains at least one motif of three 2’-
O-methyl modifications on three consecutive nucleotides at or near the cleavage site.

In certain embodiments, the dsRNAi agent comprises sense and antisense strands, wherein the
dsRNAI agent comprises a first strand having a length which is at least 25 and at most 29 nucleotides
and a second strand having a length which is at most 30 nucleotides with at least one motif of three
2’-0O-methyl modifications on three consecutive nucleotides at position 11, 12, 13 from the 5’ end;
wherein the 3’ end of the first strand and the 5’ end of the second strand form a blunt end and the
second strand is 1-4 nucleotides longer at its 3’ end than the first strand, wherein the duplex region
which is at least 25 nucleotides in length, and the second strand is sufficiently complementary to a
target mRNA along at least 19 nucleotide of the second strand length to reduce target gene expression
when the RNAI agent is introduced into a mammalian cell, and wherein Dicer cleavage of the dsSRNAi
agent results in an siRNA comprising the 3’-end of the second strand, thereby reducing expression of

the target gene in the mammal. Optionally, the dsSRNAi agent further comprises a ligand.
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In certain embodiments, the sense strand of the dsSRNAi agent contains at least one motif of
three identical modifications on three consecutive nucleotides, where one of the motifs occurs at the
cleavage site in the sense strand.

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

For a dsRNAI agent having a duplex region of 19-23 nucleotides in length, the cleavage site
of the antisense strand is typically around the 10, 11, and 12 positions from the 5’-end. Thus the
motifs of three identical modifications may occur at the 9, 10, 11 positions; the 10, 11, 12 positions;
the 11, 12, 13 positions; the 12, 13, 14 positions; or the 13, 14, 15 positions of the antisense strand, the
count starting from the first nucleotide from the 5’-end of the antisense strand, or, the count starting
from the first paired nucleotide within the duplex region from the 5’- end of the antisense strand. The
cleavage site in the antisense strand may also change according to the length of the duplex region of
the dsRNAIi agent from the 5’-end.

The sense strand of the dsSRNAi agent may contain at least one motif of three identical
modifications on three consecutive nucleotides at the cleavage site of the strand; and the antisense
strand may have at least one motif of three identical modifications on three consecutive nucleotides at
or near the cleavage site of the strand. When the sense strand and the antisense strand form a dsRNA
duplex, the sense strand and the antisense strand can be so aligned that one motif of the three
nucleotides on the sense strand and one motif of the three nucleotides on the antisense strand have at
least one nucleotide overlap, i.e., at least one of the three nucleotides of the motif in the sense strand
forms a base pair with at least one of the three nucleotides of the motif in the antisense strand.
Alternatively, at least two nucleotides may overlap, or all three nucleotides may overlap.

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

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

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

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

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

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

In some embodiments, every nucleotide in the sense strand and antisense strand of the
dsRNAi agent, including the nucleotides that are part of the motifs, may be modified. Each
nucleotide may be modified with the same or different modification which can include one or more
alteration of one or both of the non-linking phosphate oxygens or of one or more of the linking
phosphate oxygens; alteration of a constituent of the ribose sugar, e.g., of the 2’-hydroxyl on the
ribose sugar; wholesale replacement of the phosphate moiety with “dephospho” linkers; modification
or replacement of a naturally occurring base; and replacement or modification of the ribose-phosphate
backbone.

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

It may be possible, e.g., to enhance stability, to include particular bases in overhangs, or to
include modified nucleotides or nucleotide surrogates, in single strand overhangs, e.g.,ina 5’- or 3’-
overhang, or in both. For example, it can be desirable to include purine nucleotides in overhangs. In

some embodiments all or some of the bases in a 3’- or 5’-overhang may be modified, e.g., with a
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modification described herein. Modifications can include, e.g., the use of modifications at the 2’
position of the ribose sugar with modifications that are known in the art, e.g., the use of
deoxyribonucleotides, 2’-deoxy-2’-fluoro (2’-F) or 2’-O-methyl modified instead of the ribosugar of
the nucleobase, and modifications in the phosphate group, e.g., phosphorothioate modifications.
Overhangs need not be homologous with the target sequence.

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

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

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

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

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

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

In some embodiments, the dsSRNAi agent comprises the pattern of the alternating motif of 2'-
O-methyl modification and 2’-F modification on the sense strand initially has a shift relative to the
pattern of the alternating motif of 2'-O-methyl modification and 2’-F modification on the antisense

strand initially, i.e., the 2'-O-methyl modified nucleotide on the sense strand base pairs with a 2'-F
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modified nucleotide on the antisense strand and vice versa. The 1 position of the sense strand may
start with the 2'-F modification, and the 1 position of the antisense strand may start with the 2'- O-
methyl modification.

The introduction of one or more motifs of three identical modifications on three consecutive
nucleotides to the sense strand or antisense strand interrupts the initial modification pattern present in
the sense strand or antisense strand. This interruption of the modification pattern of the sense or
antisense strand by introducing one or more motifs of three identical modifications on three
consecutive nucleotides to the sense or antisense strand may enhance the gene silencing activity
against the target gene.

In some embodiments, when the motif of three identical modifications on three consecutive
nucleotides is introduced to any of the strands, the modification of the nucleotide next to the motif is a
different modification than the modification of the motif. For example, the portion of the sequence
containing the motif is “...N,YYYNo...,” where “Y” represents the modification of the motif of three
identical modifications on three consecutive nucleotide, and “N,” and “N,” represent a modification to
the nucleotide next to the motif “YYY” that is different than the modification of Y, and where N, and
Ny can be the same or different modifications. Alternatively, N, or Ny may be present or absent when
there is a wing modification present.

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

In some embodiments, the dsSRNAi agent comprises a phosphorothioate or
methylphosphonate internucleotide linkage modification in the overhang region. For example, the
overhang region may contain two nucleotides having a phosphorothioate or methylphosphonate
internucleotide linkage between the two nucleotides. Internucleotide linkage modifications also may
be made to link the overhang nucleotides with the terminal paired nucleotides within the duplex
region. For example, at least 2, 3, 4, or all the overhang nucleotides may be linked through

phosphorothioate or methylphosphonate internucleotide linkage, and optionally, there may be
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additional phosphorothioate or methylphosphonate internucleotide linkages linking the overhang
nucleotide with a paired nucleotide that is next to the overhang nucleotide. For instance, there may be
at least two phosphorothioate internucleotide linkages between the terminal three nucleotides, in
which two of the three nucleotides are overhang nucleotides, and the third is a paired nucleotide next
to the overhang nucleotide. These terminal three nucleotides may be at the 3’-end of the antisense
strand, the 3’-end of the sense strand, the 5 -end of the antisense strand, or the 5’end of the antisense
strand.

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

In one embodiment, the dSRNAi agent comprises mismatch(es) with the target, within the
duplex, or combinations thereof. The mismatch may occur in the overhang region or the duplex
region. The base pair may be ranked on the basis of their propensity to promote dissociation or
melting (e.g., on the free energy of association or dissociation of a particular pairing, the simplest
approach is to examine the pairs on an individual pair basis, though next neighbor or similar analysis
can also be used). In terms of promoting dissociation: A:U is preferred over G:C; G:U is preferred
over G:C; and I:C is preferred over G:C (I=inosine). Mismatches, e.g., non-canonical or other than
canonical pairings (as described elsewhere herein) are preferred over canonical (A:T, A:U, G:C)
pairings; and pairings which include a universal base are preferred over canonical pairings.

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

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

In other embodiments, the nucleotide at the 3’-end of the sense strand is deoxythimidine (dT)
or the nucleotide at the 3’-end of the antisense strand is deoxythimidine (dT). For example, there is a
short sequence of deoxythimidine nucleotides, for example, two dT nucleotides on the 3’-end of the
sense, antisense strand, or both strands.

In certain embodiments, the sense strand sequence may be represented by formula (I):

5'0p-Na-(X X X )i-No-Y Y Y -No-(Z Z Z )j-Na1ng 3' @

wherein:
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i and j are each independently O or 1;

p and q are each independently 0-6;

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

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

each np and nq independently represent an overhang nucleotide;

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

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

In some embodiments, the N, or Ny comprises modifications of alternating pattern.

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

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

5'1p-Na-YYY-Nu-ZZZ-Na-nq 3' (Ib);

5" np-Na-XXX-Np-YYY-Ny-ng 3' (Ic); or

5" 0p-Na-XXX-Nb-YYY-Np-ZZZ-N,-ng 3" (1d).

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

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

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

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

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

5'np-Na-YYY- Nung 3' (Ia).

When the sense strand is represented by formula (Ia), each N, independently can represent an

oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.
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In one embodiment, the antisense strand sequence of the RNAi may be represented by
formula (II):

5" ng-No'-(Z’Z"ZN)-Np'-Y'Y'Y'-Ny'-(X'X'X")-N'anp,' 3' - (D)

wherein:

k and 1 are each independently 0 or 1;

p’ and q’ are each independently 0-6;

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

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

each ny’ and ng' independently represent an overhang nucleotide;

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

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

In some embodiments, the N;” or Ny’ comprises modifications of alternating pattern.

The Y'Y'Y' motif occurs at or near the cleavage site of the antisense strand. For example,
when the dsRNAi agent has a duplex region of 17-23 nucleotides in length, the Y'Y'Y' motif can
occur at positions 9, 10, 11; 10, 11, 12; 11, 12, 13; 12, 13, 14; or 13, 14, 15 of the antisense strand,
with the count starting from the first nucleotide, from the 5’-end; or optionally, the count starting at
the first paired nucleotide within the duplex region, from the 5’-end. In one embodiment, the Y'Y'Y'
motif occurs at positions 11, 12, 13.

In certain embodiments, Y'Y'Y' motif is all 2’-OMe modified nucleotides.

In certain embodiments, kis 1 and1is 0, orkis O andlis 1, or bothk and 1 are 1.

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

5'ng-No-Z'Z"Z'-Ny'-Y'Y'Y'-Ny'-ny 3'  (IIb);

5 ng-Na-Y'Y'Y'-Ny'-X'X'X"-npy 3' (Ilc); or

5'ng-Na'- ZZ'Z'-Ny'-Y'Y'Y'-Np'- X'X'X'-N,"-np 3" (IId).

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

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

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

modified nucleotides. In one embodiment, N, is 0, 1, 2, 3,4, 5, or 6.
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In other embodiments, k is O and 1 is O and the antisense strand may be represented by the
formula:

5'np-No-Y’Y’Y'- No-ng 3' (la).

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

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

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

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

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

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

Accordingly, the dsRNAi agents for use in the methods of the invention may comprise a
sense strand and an antisense strand, each strand having 14 to 30 nucleotides, the iRNA duplex

represented by formula (III):

sense: 5'1p-Na-(X X X)i-Np- Y Y Y -Np (Z Z Z)i-Noyng 3'

antisense: 3 np Ny (X X' XN-Nb -Y'Y'Y'-Ny, -(Z'Z'Z')-N, -ng 5
(I1m)

wherein:

i, j, k, and 1 are each independently O or 1;
p.p'sq,and q' are each independently 0-6;
each N, and N, independently represents an oligonucleotide sequence comprising 0-25

modified nucleotides, each sequence comprising at least two differently modified nucleotides;
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each Ny and Ny, independently represents an oligonucleotide sequence comprising 0-10
modified nucleotides;

wherein each np’, np, ng’, and ng, each of which may or may not be present, independently
represents an overhang nucleotide; and

XXX, YYY,ZZ2Z, X'X'X', Y'Y'Y', and Z'Z'Z' each independently represent one motif of
three identical modifications on three consecutive nucleotides.

In one embodiment, i is O and jis O; oriis 1 and jis O; oriis 0 and j is 1; or both i and j are 0;
or both i and j are 1. In another embodiment, k is O and lis O; orkis 1 and1is O; kis O and 1 is 1; or
both k and I are O; or both k and 1 are 1.

Exemplary combinations of the sense strand and antisense strand forming an iRNA duplex
include the formulas below:

5'0p-Na-Y Y'Y -Nanng 3'

31y -N.-Y'Y'Y' -Nang 5'

(IMa)
5'1-Na-YY Y -No-ZZ Z -Na-ng 3'
31y -N.-Y'Y'Y'-N, -Z'Z'Z' -N.ng 5'
(IlIb)
5S'0p-Na- X XX -Np-YY Y - No-ng 3'
31y Ny -X'X'X'-Ny -Y'Y'Y'-N; -ng 5'
(IlIc)
5'1p-Na-X XX -No-YY Y -Np- ZZ Z -Na-1ng 3'
3" np Ny -X'X'X'-Ny -Y'Y'Y'-Ny -Z'Z'Z'-Nang 5'
(II1d)

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

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

When the dsRNAi agent is represented as formula (IIlc), each Np, Ny’ independently
represents an oligonucleotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2, or 0 modified
nucleotides. Each N, independently represents an oligonucleotide sequence comprising 2-20, 2-15, or
2-10 modified nucleotides.

When the dsRNAi agent is represented as formula (I1Id), each Ny, Ny’ independently
represents an oligonucleotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2, or 0 modified
nucleotides. Each N,, N, independently represents an oligonucleotide sequence comprising 2-20, 2-
15, or 2-10 modified nucleotides. Each of N,, Ny’, Ny, and N, independently comprises modifications

of alternating pattern.
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Each of X, Y, and Z in formulas (III), (IlTa), (IlIb), (Illc), and (IIId) may be the same or
different from each other.

When the dsRNAi agent is represented by formula (III), (IITa), (IlIb), (IlIc), and (I1Id), at least
one of the Y nucleotides may form a base pair with one of the Y' nucleotides. Alternatively, at least
two of the Y nucleotides form base pairs with the corresponding Y’ nucleotides; or all three of the Y
nucleotides all form base pairs with the corresponding Y' nucleotides.

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

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

In certain embodiments, the modification on the Y nucleotide is different than the
modification on the Y’ nucleotide, the modification on the Z nucleotide is different than the
modification on the Z’ nucleotide, or the modification on the X nucleotide is different than the
modification on the X’ nucleotide.

In certain embodiments, when the dsSRNAIi agent is represented by formula (II1d), the N,
modifications are 2°-O-methyl or 2’-fluoro modifications. In other embodiments, when the RNAi
agent is represented by formula (I1Id), the N, modifications are 2°-O-methyl or 2’-fluoro modifications
and ny' >0 and at least one n;' is linked to a neighboring nucleotide a via phosphorothioate linkage. In
yet other embodiments, when the RNAI agent is represented by formula (IIId), the N, modifications
are 2’-O-methyl or 2’-fluoro modifications , n,’ >0 and at least one n,’ is linked to a neighboring
nucleotide via phosphorothioate linkage, and the sense strand is conjugated to one or more GalNAc
derivatives attached through a bivalent or trivalent branched linker (described below). In other
embodiments, when the RNAi agent is represented by formula (ITId), the N, modifications are 2°-O-
methyl or 2’-fluoro modifications , n,’ >0 and at least one n,’ is linked to a neighboring nucleotide via
phosphorothioate linkage, the sense strand comprises at least one phosphorothioate linkage, and the
sense strand is conjugated to one or more GalNAc derivatives attached through a bivalent or trivalent
branched linker.

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

In some embodiments, the dsRNAi agent is a multimer containing at least two duplexes
represented by formula (III), (Illa), (I1Ib), (I1lc), and (I1Id), wherein the duplexes are connected by a

linker. The linker can be cleavable or non-cleavable. Optionally, the multimer further comprises a
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ligand. Each of the duplexes can target the same gene or two different genes; or each of the duplexes
can target same gene at two different target sites.

In some embodiments, the dsSRNAi agent is a multimer containing three, four, five, six, or
more duplexes represented by formula (III), (Illa), (IlIb), (Illc), and (II1d), wherein the duplexes are
connected by a linker. The linker can be cleavable or non-cleavable. Optionally, the multimer further
comprises a ligand. Each of the duplexes can target the same gene or two different genes; or each of
the duplexes can target same gene at two different target sites.

In one embodiment, two dsRNAi agents represented by at least one of formulas (III), (Il1a),
(I1lb), (IlLc), and (IIId) are linked to each other at the 5’ end, and one or both of the 3° ends, and are
optionally conjugated to a ligand. Each of the agents can target the same gene or two different genes;
or each of the agents can target same gene at two different target sites.

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

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

Various publications describe multimeric iRNAs that can be used in the methods of the
invention. Such publications include W0O2007/091269, U.S. Patent No. 7,858,769, W0O2010/141511,
W02007/117686, W02009/014887, and W0O2011/031520 the entire contents of each of which are
hereby incorporated herein by reference.

In certain embodiments, the compositions and methods of the disclosure include a vinyl
phosphonate (VP) modification of an RNAi agent as described herein. In exemplary embodiments, a

5’ vinyl phosphonate modified nucleotide of the disclosure has the structure:
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RY= e}

X .0 R
%R
OH
wherein X is O or S;

R is hydrogen, hydroxy, fluoro, or Cia0alkoxy (e.g., methoxy or n-hexadecyloxy);
R is =C(H)-P(O)(OH); and the double bond between the C5’ carbon and R is in the E or Z
orientation (e.g., E orientation); and

B is a nucleobase or a modified nucleobase, optionally where B is adenine, guanine, cytosine,

thymine, or uracil.

A vinyl phosphonate of the instant disclosure may be attached to either the antisense or the
sense strand of a dSRNA of the disclosure. In certain embodiments, a vinyl phosphonate of the instant
disclosure is attached to the antisense strand of a dSRNA, optionally at the 5’ end of the antisense
strand of the dsRNA.

Vinyl phosphonate modifications are also contemplated for the compositions and methods of
the instant disclosure. An exemplary vinyl phosphonate structure includes the preceding structure,
where RS’ is =C(H)-OP(0O)(OH)2 and the double bond between the C5’ carbon and RS’ is in the E or

Z orientation (e.g., E orientation).

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

The ligand may be attached to the polynucleotide via a carrier. The carriers include (i) at least
one “backbone attachment point,” such as, two “backbone attachment points” and (ii) at least one
“tethering attachment point.” A “backbone attachment point” as used herein refers to a functional
group, e.g. a hydroxyl group, or generally, a bond available for, and that is suitable for incorporation
of the carrier into the backbone, e.g., the phosphate, or modified phosphate, e.g., sulfur containing,

backbone, of a ribonucleic acid. A “tethering attachment point” (TAP) in some embodiments refers to
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a constituent ring atom of the cyclic carrier, e.g., a carbon atom or a heteroatom (distinct from an atom
which provides a backbone attachment point), that connects a selected moiety. The moiety can be,
e.g., a carbohydrate, e.g. monosaccharide, disaccharide, trisaccharide, tetrasaccharide,
oligosaccharide, or polysaccharide. Optionally, the selected moiety is connected by an intervening
tether to the cyclic carrier. Thus, the cyclic carrier will often include a functional group, e.g., an
amino group, or generally, provide a bond, that is suitable for incorporation or tethering of another
chemical entity, e.g., a ligand to the constituent ring.

The iRNA may be conjugated to a ligand via a carrier, wherein the carrier can be cyclic group
or acyclic group. In one embodiment, the cyclic group is selected from pyrrolidinyl, pyrazolinyl,
pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, [1,3]dioxolane, oxazolidinyl,
isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl, quinoxalinyl, pyridazinonyl,
tetrahydrofuryl, and decalin. In one embodiment, the acyclic group is a serinol backbone or

diethanolamine backbone.

a. Thermally Destabilizing Modifications

In certain embodiments, a dSRNA molecule can be optimized for RNA interference by
incorporating thermally destabilizing modifications in the seed region of the antisense strand. As used
herein “seed region” means at positions 2-9 of the 5’-end of the referenced strand. For example,
thermally destabilizing modifications can be incorporated in the seed region of the antisense strand to
reduce or inhibit off-target gene silencing.

The term “thermally destabilizing modification(s)” includes modification(s) that would result
with a dsSRNA with a lower overall melting temperature (Ty,) than the Ty, of the dsSRNA without
having such modification(s). For example, the thermally destabilizing modification(s) can decrease
the T of the dSRNA by 1 —4 °C, such as one, two, three or four degrees Celcius. And, the term
“thermally destabilizing nucleotide” refers to a nucleotide containing one or more thermally
destabilizing modifications.

It has been discovered that dsSRNAs with an antisense strand comprising at least one thermally
destabilizing modification of the duplex within the first 9 nucleotide positions, counting from the 5’
end, of the antisense strand have reduced off-target gene silencing activity. Accordingly, in some
embodiments, the antisense strand comprises at least one (e.g., one, two, three, four, five or more)
thermally destabilizing modification of the duplex within the first 9 nucleotide positions of the 5’
region of the antisense strand. In some embodiments, one or more thermally destabilizing
modification(s) of the duplex is/are located in positions 2-9, such as, positions 4-8, from the 5’-end of
the antisense strand. In some further embodiments, the thermally destabilizing modification(s) of the
duplex is/are located at position 6, 7 or 8 from the 5’-end of the antisense strand. In still some further
embodiments, the thermally destabilizing modification of the duplex is located at position 7 from the
5’-end of the antisense strand. In some embodiments, the thermally destabilizing modification of the

duplex is located at position 2, 3, 4, 5 or 9 from the 5’-end of the antisense strand.
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An iRNA agent comprises a sense strand and an antisense strand, each strand having 14 to 40
nucleotides. The RNAi agent may be represented by formula (L):
5! 3
82

N
Bl T1 [9%3
A . S\ ;
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In formula (L), B1, B2, B3, B1’, B2’, B3’, and B4’ each are independently a nucleotide containing a
modification selected from the group consisting of 2’-O-alkyl, 2’-substituted alkoxy, 2’-substituted
alkyl, 2’-halo, ENA, and BNA/LNA. In one embodiment, B1, B2, B3, B1’, B2’, B3’, and B4’ each
contain 2’-OMe modifications. In one embodiment, B1, B2, B3, B1’, B2’, B3’, and B4’ each contain
2’-OMe or 2’-F modifications. In one embodiment, at least one of B1, B2, B3, B1’, B2’, B3’, and
B4’ contain 2'-O-N-methylacetamido (2'-O-NMA, 2’O-CH2C(O)N(Me)H) modification.

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

\ AN
\ \

e, T

; and iii) sugar modification

selected from the group consisting of:
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5;; N , wherein B is a modified or unmodified nucleobase, R' and R* independently are

H, halogen, ORs3, or alkyl; and Rs is H, alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or sugar. In one
embodiment, the thermally destabilizing modification in C1 is a mismatch selected from the group
consisting of G:G, G:A, G:U, G:T, A:A, A:C, C:C, C:U, C:T, U:U, T:T, and U:T; and optionally, at
least one nucleobase in the mismatch pair is a 2’-deoxy nucleobase. In one example, the thermally

\
\

0
&
Q Ol

destabilizing modification in C1 is GNA or i
T1,T1’, T2, and T3’ each independently represent a nucleotide comprising a modification providing
the nucleotide a steric bulk that is less or equal to the steric bulk of a 2’-OMe modification. A steric
bulk refers to the sum of steric effects of a modification. Methods for determining steric effects of a
modification of a nucleotide are known to one skilled in the art. The modification can be at the 2’
position of a ribose sugar of the nucleotide, or a modification to a non-ribose nucleotide, acyclic
nucleotide, or the backbone of the nucleotide that is similar or equivalent to the 2’ position of the
ribose sugar, and provides the nucleotide a steric bulk that is less than or equal to the steric bulk of a
2’-OMe modification. For example, T1, T1’, T2, and T3’ are each independently selected from
DNA, RNA, LNA, 2’-F, and 2’-F-5’-methyl. In one embodiment, T1 is DNA. In one embodiment,
T1’ is DNA, RNA or LNA. In one embodiment, T2’ is DNA or RNA. In one embodiment, T3’ is
DNA or RNA.
n!, n®, and q' are independently 4 to 15 nucleotides in length.
n°, ¢°, and q’ are independently 1-6 nucleotide(s) in length.
n*, % and q° are independently 1-3 nucleotide(s) in length; alternatively, n* is 0.
q’ is independently 0-10 nucleotide(s) in length.
n? and g* are independently 0-3 nucleotide(s) in length.

Alternatively, n* is 0-3 nucleotide(s) in length.

In one embodiment, n* can be 0. In one example, n*is 0, and ¢? and q° are 1. In another
example, n is 0, and g? and q° are 1, with two phosphorothioate internucleotide linkage modifications

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

In one embodiment, n%, g%, and ¢° are each 1.

In one embodiment, n?, n, ¢2, ¢*, and q° are each 1.

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

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

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

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

In one embodiment, T1’ and T3’ are separated by 11 nucleotides in length (i.e. not counting
the T1’ and T3’ nucleotides).

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

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

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

In one embodiment, T2’ starts at position 6 from the 5” end of the antisense strand. In one
example, T2’ is at positions 6-10 from the 5’ end of the antisense strand, and g* is 1.

In an exemplary embodiment, T1 is at the cleavage site of the sense strand, for instance, at
position 11 from the 5’ end of the sense strand, when the sense strand is 19-22 nucleotides in length,
and n? is 1; T1’ is at position 14 from the 5 end of the antisense strand, and q? is equal to 1, and the
modification to T1’ is at the 2’ position of a ribose sugar or at positions in a non-ribose, acyclic or
backbone that provide less steric bulk than a 2’-OMe ribose; T2’ is at positions 6-10 from the 5” end

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

In one embodiment, T2’ starts at position 8 from the 5’ end of the antisense strand. In one example,
T2’ starts at position 8 from the 5 end of the antisense strand, and g* is 2.

In one embodiment, T2’ starts at position 9 from the 5’ end of the antisense strand. In one
example, T2’ is at position 9 from the 5 end of the antisense strand, and g*is 1.

In one embodiment, B1” is 2’-OMe or 2°-F, ¢! is 9, T1” is 2’-F, g%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 1, B3’ is 2’-OMe or 2’-F, ¢° is 6, T3" is 2°-F, ¢®is 1, B4" is 2’-OMe, and ¢’ is
1; with two phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand).

In one embodiment, n* is 0, B3 is 2°-OMe, n° is 3, B1” is 2’-OMe or 2’-F, ¢! is 9, T1” is 2’-F,
q’is 1,B2’is 2’-OMe or 2’-F, ¢*is 4, T2’ is 2’-F, g*is 1, B3* is 2’-OMe or 2’-F, ¢’ is 6, T3 is 2’-F,
q®is 1, B4’ is 2’-OMe, and q” is 1; with two phosphorothioate internucleotide linkage modifications
within positions 1-5 of the sense strand (counting from the 5’-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting from
the 5’-end of the antisense strand).

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2°’0OMe, n’is 3, B’ is 2’-OMe or 2°-F, qlis 9, T1’ is 2’-F, q?is 1, B2 is 2’-OMe or 2’-F,
q®is4, T2 is2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4 is 2’-OMEe, and q” is
1.

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’®is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1" is 2’-F, q%is 1, B2’ is 2’-OMe or 2’-F,
q®is4, T2 is 2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4 is 2’-OMEe, and q” is
1; with two phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand).

In one embodiment, B1 is 2°-OMe or 2’-F, n' is 6, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’®is 7, n*
is 0, B3is 2’0OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q'is 7, T1’ is 2’-F, ¢ is 1, B2 is 2’-OMe or 2’-F,
q®is4, T2 is 2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3 is 2’-F, q®is 1, B4’ is 2’-OMe, and ¢’ is
1.

In one embodiment, B1 is 2°-OMe or 2’-F, n' is 6, T1 is 2’F, n? is 3, B2 is 2’-OMe, n’®is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1" is 2’-OMe or 2’-F, q' is 7, T1” is 2’-F, g%is 1, B2’ is 2’-OMe or 2’-F,
q®is4, T2 is 2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3 is 2’-F, q®is 1, B4’ is 2’-OMe, and ¢’ is
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1; with two phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand).

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2’0OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qlis 9, T1’is 2’-F, ¢?is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 1, B3’ is 2’-OMe or 2’-F, ¢° is 6, T3" is 2°-F, ¢®is 1, B4" is 2’-OMe, and ¢’ is
1.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q®is4, T2 is 2’-F, q*is 1, B3’ is 2’-OMe or 2’-F, ¢’ is 6, T3 is 2’-F, ¢®is 1, B4 is 2°-OMe, and q” is
1; with two phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand).

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’0OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢®is 1, B2’ is 2’-OMe or 2’-F,
q®is 5, T2 is 2'-F, q*is 1, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4 is 2’-OMe, and q” is
1; optionally with at least 2 additional TT at the 3’-end of the antisense strand.
In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’is 7, n*is 0, B3
is 2’-OMe, n°is 3, B1’ is 2’-OMe or 2°-F, q' is 9, T1” is 2’-F, ¢?is 1, B2’ is 2’-OMe or 2’-F, ¢ is 5,
T2’ is 2’-F, q*is 1, B3’ is 2-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, q®is 1, B4’ is 2’-OMe, and ¢’ is 1;
optionally with at least 2 additional TT at the 3’-end of the antisense strand; with two
phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand).

In one embodiment, B1 is 2°-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’®is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1" is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, g%is 1, B2’ is 2’-OMe or 2’-F,
q®is4,q*is 0, B3’ is 2°-OMe or 2°-F, q°is 7, T3 is 2°-F, q®is 1, B4" is 2’-OMe, and ¢’ is 1.
In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*is 0, B3
is 2’-OMe, n°is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, ¢?is 1, B2’ is 2’-OMe or 2’-F, ¢’ is 4,
q*is 0,B3 is 2’-OMe or 2’-F, q*is 7, T3  is 2’-F, ¢ is 1, B4’ is 2’-OMe, and q’ is 1; with two
phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-

23 of the antisense strand (counting from the 5’-end).
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In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’0OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qlis 9, T1"is 2’-F, ¢?is 1, B2’ is 2°-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢°is 5, T3  is 2’-F, ¢®is 1, B4’ is 2’-F, and ¢’ is 1.
In one embodiment, B1 is 2’-OMe or 2°-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*is 0, B3
is 2’-OMe, n° is 3, B1’ is 2’-OMe or 2’-F, q'is 9, T1” is 2°-F, g% is 1, B2’ is 2’-OMe or 2’-F, g% is 4,
T2 is 2°-F, ¢*is 2, B3’ is 2’-OMe or 2’-F, q5 i85, T3’ is 2’-F, q6 is 1, B4’ is 2’-F, and g is 1; with
two phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand).

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4,q*is 0, B3’ is 2’-OMe or 2°-F, ¢’ is 7, T3 is 2’-F, ¢®is 1, B4" is 2’-F, and q” is 1.
In one embodiment, B1 is 2’-OMe or 2°-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n* is 0, B3
is 2’-OMe, n’is 3, B1’ is 2-OMe or 2’-F, q'is 9, T1" is 2°-F, q%>is 1, B2’ is 2’-OMe or 2’-F, ¢°* is 4,
q*is0,B3 is 2’-OMe or 2’-F, q°is 7, T3  is 2’-F, ¢ is 1, B4’ is 2’-F, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand).

The RNAI agent can comprise a phosphorus-containing group at the 5’-end of the sense
strand or antisense strand. The 5’-end phosphorus-containing group can be 5’-end phosphate (5’-P),

5’-end phosphorothioate (5’-PS), 5’-end phosphorodithioate (5’-PS>), 5’-end vinylphosphonate (5’-

®)
*'O-J\//
}M o. Base
o~ K
0 !
VP), 5’-end methylphosphonate (MePhos), or 5’-deoxy-5"-C-malonyl ( OH OH ). When

the 5’-end phosphorus-containing group is 5’-end vinylphosphonate (5’-VP), the 5’-VP can be either
09

du © _ o
i ), 5°-Z-VP isomer (i.e., cis-

OH

. G .
vinylphosphonate, *), or mixtures thereof.

In one embodiment, the RNAi agent comprises a phosphorus-containing group at the 5’-end
of the sense strand. In one embodiment, the RNAi agent comprises a phosphorus-containing group at

the 5’-end of the antisense strand.
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In one embodiment, the RNAIi agent comprises a 5’-P. In one embodiment, the RNAi agent
comprises a 5°-P in the antisense strand.

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

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

In one embodiment, the RNAIi agent comprises a 5’-PS,. In one embodiment, the RNAi agent
comprises a 5°-PS; in the antisense strand.

In one embodiment, the RNAIi agent comprises a 5’-PS>. In one embodiment, the RNAi agent
comprises a 5’-deoxy-5"-C-malonyl in the antisense strand.

In one embodiment, B1 is 2’-OMe or 2°-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*is 0, B3
is 2’0OMe, n’ is 3, B1”is 2’-OMe or 2’-F, q' is 9, T1’ is 2’-F, ¢®is 1, B2’ is 2’-OMe or 2’-F, ¢’ is 4,
T2 is 2°-F, q*is 2, B3’ is 2’-OMe or 2’-F, q5 i85, T3 is 2’-F, q(’ is 1, B4’ is 2’-OMe, and q” is 1. The
RNAI agent also comprises a 5’-PS.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’0OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢®is 1, B2’ is 2’-OMe or 2’-F,
q®is4, T2 is 2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4 is 2’-OMe, and q” is
1. The RNAIi agent also comprises a 5’-P.

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’0OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1’ is 2’-F, ¢ is 1, B2 is 2’-OMe or 2’-F,
q®is4, T2 is 2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3 is 2’-F, q®is 1, B4’ is 2’-OMe, and ¢’ is
1. The RNAi agent also comprises a 5’-VP. The 5’-VP may be 5’-E-VP, 5’-Z-VP, or combination
thereof.

In one embodiment, B1 is 2°-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’0OMe, n’is 3, B’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, q?is 1, B2 is 2’-OMe or 2’-F,
q®is4, T2 is 2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3 is 2’-F, q®is 1, B4’ is 2’-OMe, and ¢’ is
1. The RNAi agent also comprises a 5’ - PSa.

In one embodiment, B1 is 2°-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’®is 7, n*
is 0, B3is 2’0OMe, n’is 3, B’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢ is 1, B2 is 2’-OMe or 2’-F,
q®is4, T2 is 2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3 is 2’-F, q®is 1, B4’ is 2’-OMe, and ¢’ is
1. The RNAi agent also comprises a 5’ -deoxy-5’-C-malonyl.

In one embodiment, B1 is 2°-OMe or 2’-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1" is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, g%is 1, B2’ is 2’-OMe or 2’-F,
q®is4, T2 is 2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, q®is 1, B4’ is 2’-OMe, and ¢’ is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide

linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage

65



10

15

20

25

30

35

WO 2023/044094 PCT/US2022/043948

modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-P.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢° is 5, T3  is 2°-F, ¢®is 1, B4" is 2’-OMe, and ¢’ is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-PS.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q®is4, T2 is 2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, ¢®is 1, B4 is 2°-OMe, and q’ is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAI agent also comprises a 5°-VP. The 5’-VP may be 5’-E-VP, 5’-Z-VP, or
combination thereof.
In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’®is 7, n*is 0, B3
is 2’-OMe, n’is 3, B1’ is 2-OMe or 2’-F, q'is 9, T1" is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F, ¢° is 4,
T2’ is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, q®is 1, B4’ is 2’-OMe, and ¢’ is 1; with
two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’- PS..

In one embodiment, B1 is 2°-OMe or 2’-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’®is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1" is 2’-F, q%is 1, B2’ is 2’-OMe or 2’-F,
q®is4, T2 is2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, ¢®is 1, B4 is 2’-OMEe, and q’ is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAI agent also comprises a 5’-deoxy-5’-C-malonyl.

In one embodiment, B1 is 2°-OMe or 2°-F, n'is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, g%is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2’-F, q°is 7, T3  is 2’-F, q%is 1, B4’ is 2’-OMe, and q” is 1. The
RNAI agent also comprises a 5’-P.
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In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, q*is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4’ is 2’-OMe, and q” is 1. The
dsRNA agent also comprises a 5’-PS.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’-OMe, n°is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1’ is 2’-F, g%is 1, B2” is 2’-OMe or 2’-F,
q’is 4, q%is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4’ is 2’-OMe, and q” is 1. The
RNAI agent also comprises a 5’-VP. The 5’-VP may be 5’-E-VP, 5’-Z-VP, or combination thereof.
In one embodiment, B1 is 2’-OMe or 2°-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n* is 0, B3
is 2’-OMe, n’is 3, B1’ is 2-OMe or 2’-F, q'is 9, T1” is 2°-F, ¢%is 1, B2’ is 2’-OMe or 2’-F, ¢ is 4,
q*is 0, B3’ is 2’-OMe or 2°-F, q*is 7, T3  is 2°-F, ¢ is 1, B4 is 2°-OMe, and q” is 1. The RNAi
agent also comprises a 5°- PS,.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, q%is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4’ is 2’-OMe, and q” is 1. The
RNAI agent also comprises a 5’-deoxy-5’-C-malonyl.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1" is 2’-F, q%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4,q%is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4” is 2’-OMe, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAi agent also comprises a 5’-P.

In one embodiment, B1 is 2°-OMe or 2’-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1" is 2’-F, q%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4,q%is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4” is 2’-OMe, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAIi agent also comprises a 5’-PS.

In one embodiment, B1 is 2°-OMe or 2’-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2’-OMe, n’®is 7, n*
is 0, B3is 2’-OMe, n° is 3, B1" is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, g%is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2°-F, q° is 7, T3  is 2’-F, q®is 1, B4" is 2’-OMe, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAIi agent also comprises a 5’-VP. The
5’-VP may be 5’-E-VP, 5’-Z-VP, or combination thereof.
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In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, q*is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4” is 2’-OMe, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAI agent also comprises a 5’- PSa.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, q%is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4” is 2°-OMe, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAI agent also comprises a 5’-deoxy-5’-
C-malonyl.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’0OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, ¢®is 1, B2’ is 2’-OMe or 2’-F,
q®is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢° is 5, T3 is 2’-F, ¢®is 1, B4’ is 2’-F, and ¢’ is 1.
The RNAI agent also comprises a 5°- P.

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2°’0OMe, n’is 3, B’ is 2’-OMe or 2°-F, qlis 9, T1’ is 2’-F, ¢?is 1, B2 is 2’-OMe or 2’-F,
q®is4, T2 is 2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4’ is 2’-F, and ¢" is 1.
The RNAI agent also comprises a 5°- PS.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’0OMe, n’is 3, B’ is 2’-OMe or 2°-F, q'is 9, T1’ is 2’-F, q?is 1, B2 is 2’-OMe or 2’-F,
q®is4, T2 is 2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4” is 2’-F, and ¢" is 1.
The RNAI agent also comprises a 5°- VP. The 5’-VP may be 5’-E-VP, 5’-Z-VP, or combination
thereof.
In one embodiment, B1 is 2’-OMe or 2’-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’ is 7, n*is 0, B3
is 2’0OMe, n*is 3, B17is 2’-OMe or 2°-F, q' is 9, T1" is 2’-F, ¢®is 1, B2’ is 2’-OMe or 2’-F, ¢* is 4,
T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3 is 2’-F, ¢®is 1, B4’ is 2’-F, and q” is 1. The
dsRNAi RNA agent also comprises a 5’- PS..

In one embodiment, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’®is 7, n*
is 0, B3is 2’0OMe, n’is 3, B’ is 2’-OMe or 2’-F, q'is 9, T1’ is 2’-F, q®is 1, B2 is 2’-OMe or 2’-F,
q®is4, T2 is2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4’ is 2’-F, and ¢’ is 1.
The RNAI agent also comprises a 5’-deoxy-5’-C-malonyl.

In one embodiment, B1 is 2°-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’®is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1" is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, g%is 1, B2’ is 2’-OMe or 2’-F,
q®is4, T2 is2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, @’ is 5, T3  is 2’-F, ¢®is 1, B4" is 2’-F, and ¢’ is 1;
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with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’- P.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢° is 5, T3  is 2’-F, q®is 1, B4’ is 2’-F, and ¢’ is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’- PS.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q®is4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4" is 2’-F, and ¢’ is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’- VP. The 5’-VP may be 5’-E-VP, 5’-Z-VP, or
combination thereof.

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1" is 2’-F, q%is 1, B2’ is 2’-OMe or 2’-F,
q®is4, T2 is 2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4" is 2’-F, and ¢’ is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’- PSa.

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’®is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, g%is 1, B2’ is 2’-OMe or 2’-F,
q®is4, T2 is2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4" is 2’-F, and ¢’ is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense

strand). The RNAIi agent also comprises a 5’-deoxy-5’-C-malonyl.
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In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4,q%is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4 is 2’-F, and q” is 1. The RNAi
agent also comprises a 5°- P.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’-OMe, n°is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1’ is 2’-F, g%is 1, B2” is 2’-OMe or 2’-F,
q’is 4,q%is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4 is 2’-F, and q” is 1. The RNAi
agent also comprises a 5’- PS.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, q%is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q%is 1, B4 is 2’-F, and q” is 1. The RNAi
agent also comprises a 5’- VP. The 5’-VP may be 5’-E-VP, 5’-Z-VP, or combination thereof.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4,q%is 0, B3"is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4 is 2’-F, and q” is 1. The RNAi
agent also comprises a 5°- PS,.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1" is 2’-F, q%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4,q%is 0, B3" is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4 is 2’-F, and q” is 1. The RNAi
agent also comprises a 5’-deoxy-5’-C-malonyl.

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1 is 2’-F, q%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4,q%is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4’ is 2’-F, and q’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’- P.

In one embodiment, B1 is 2°-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’®is 7, n*
is 0, B3is 2’-OMe, n° is 3, B1" is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, g%is 1, B2’ is 2’-OMe or 2’-F,
q®is4,q*is 0, B3’ is 2’-OMe or 2°-F, q° is 7, T3  is 2°-F, q®is 1, B4" is 2’-F, and q” is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’- PS.

In one embodiment, B1 is 2°-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’®is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1" is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, g%is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2°-F, q° is 7, T3  is 2’-F, q®is 1, B4" is 2’-F, and q’ is 1; with two
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phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’- VP. The 5°-VP may be 5°-E-VP, 5’-Z-VP, or combination thereof.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, q%is 0, B3’ is 2’-OMe or 2°-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4’ is 2’-F, and q’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’- PS.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, q%is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4’ is 2’-F, and q’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’-deoxy-5’-C-malonyl.

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’®is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1" is 2’-F, q%is 1, B2’ is 2’-OMe or 2’-F,
q®is4, T2 is2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4 is 2’-OMe, and q’ is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-P and a targeting ligand. In one embodiment, the 5’-P
is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’®is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, g%is 1, B2’ is 2’-OMe or 2’-F,
q’is4, T2 is2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2’-F, ¢®is 1, B4 is 2’-OMEe, and q” is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-PS and a targeting ligand. In one embodiment, the 5’-

PS is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.
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In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4" is 2’-OMe, and ¢ is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-VP (e.g., a 5’-E-VP, 5’-Z-VP, or combination thereof),
and a targeting ligand.

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

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q®is4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4 is 2’-OMe, and q’ is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’- PS; and a targeting ligand. In one embodiment, the 5’-
PS is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1 is 2’-F, q%is 1, B2’ is 2’-OMe or 2’-F,
q®is4, T2 is2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4 is 2’-OMEe, and q” is
1; with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-deoxy-5’-C-malonyl and a targeting ligand. In one
embodiment, the 5’-deoxy-5’-C-malonyl is at the 5’-end of the antisense strand, and the targeting
ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’®is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, g%is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2°-F, q°is 7, T3 is 2’-F, q®is 1, B4" is 2’-OMe, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAi agent also comprises a 5’-P and a
targeting ligand. In one embodiment, the 5°-P is at the 5’-end of the antisense strand, and the

targeting ligand is at the 3’-end of the sense strand.
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In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, q*is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4” is 2’-OMe, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAI agent also comprises a 5’-PS and a
targeting ligand. In one embodiment, the 5°-PS is at the 5’-end of the antisense strand, and the
targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, q%is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q°®is 1, B4” is 2’-OMe, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAI agent also comprises a 5’-VP (e.g., a
5’-E-VP, 5°-Z-VP, or combination thereof) and a targeting ligand. In one embodiment, the 5’-VP is at
the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1 is 2’-F, q%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4,q%is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4” is 2’-OMe, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAI agent also comprises a 5’-PS; and a
targeting ligand. In one embodiment, the 5°-PS: is at the 5’-end of the antisense strand, and the
targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2°-OMe or 2’-F, n' is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n’®is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, gq%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4,q%is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4” is 2’-OMe, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-
23 of the antisense strand (counting from the 5’-end). The RNAi agent also comprises a 5’-deoxy-5’-
C-malonyl and a targeting ligand. In one embodiment, the 5’-deoxy-5’-C-malonyl is at the 5’-end of
the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2°-OMe or 2’-F, n' is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n’®is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, g%is 1, B2’ is 2’-OMe or 2’-F,
q’is4, T2 is2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4" is 2’-F, and ¢’ is 1;
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with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-P and a targeting ligand. In one embodiment, the 5’-P
is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢° is 5, T3  is 2’-F, q®is 1, B4’ is 2’-F, and ¢’ is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-PS and a targeting ligand. In one embodiment, the 5’-
PS is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1 is 2’-F, q%is 1, B2’ is 2’-OMe or 2’-F,
q®is4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4" is 2’-F, and ¢’ is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAi agent also comprises a 5’-VP (e.g., a 5’-E-VP, 5’-Z-VP, or combination thereof)
and a targeting ligand. In one embodiment, the 5’-VP is at the 5’-end of the antisense strand, and the
targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1 is 2’-F, q%is 1, B2’ is 2’-OMe or 2’-F,
q®is4, T2 is 2’-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4" is 2’-F, and ¢’ is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-PS; and a targeting ligand. In one embodiment, the 5’-
PS is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, gq%is 1, B2’ is 2’-OMe or 2’-F,
q®is4, T2 is2'-F, q*is 2, B3’ is 2’-OMe or 2’-F, ¢’ is 5, T3  is 2’-F, ¢®is 1, B4" is 2’-F, and ¢’ is 1;
with two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense

strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide
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linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage
modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense
strand). The RNAIi agent also comprises a 5’-deoxy-5’-C-malonyl and a targeting ligand. In one
embodiment, the 5’-deoxy-5’-C-malonyl is at the 5’-end of the antisense strand, and the targeting
ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4, q%is 0, B3’ is 2’-OMe or 2°-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4’ is 2’-F, and q’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’-P and a targeting ligand. In one embodiment, the 5’-P is at the 5’-end
of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3 is 2°-OMe, n’ is 3, B1’ is 2’-OMe or 2’-F, qtis 9, T1"is 2’-F, ¢%is 1, B2’ is 2’-OMe or 2’-F,
q’is4,q*is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3 is 2°-F, % is 1, B4* is 2’-F, and ¢’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’- PS and a targeting ligand. In one embodiment, the 5°-PS is at the 5’-
end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1 is 2’-F, q%is 1, B2’ is 2’-OMe or 2’-F,
q’is 4,q%is 0, B3’ is 2’-OMe or 2’-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4’ is 2’-F, and q’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’- VP (e.g., a 5’-E-VP, 5’-Z-VP, or combination thereof) and a
targeting ligand. In one embodiment, the 5°-VP is at the 5’-end of the antisense strand, and the
targeting ligand is at the 3’-end of the sense strand.

In one embodiment, B1 is 2°-OMe or 2’-F, n'is 8, T1 is 2’F, n?is 3, B2 is 2’-OMe, n®is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1" is 2’-OMe or 2’-F, q' is 9, T1” is 2’-F, gq%is 1, B2’ is 2’-OMe or 2’-F,
q®is4,q*is 0, B3’ is 2’-OMe or 2°-F, q°is 7, T3  is 2’-F, q®is 1, B4" is 2’-F, and q” is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage

modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
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within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’- PS; and a targeting ligand. In one embodiment, the 5’-PS- is at the
5’-end of the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.
In one embodiment, B1 is 2’-OMe or 2’-F, n'is 8, T1is 2’F, n?is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’-OMe, n°is 3, B1’ is 2’-OMe or 2’-F, q' is 9, T1’ is 2’-F, g%is 1, B2” is 2’-OMe or 2’-F,
q’is 4, q*is 0, B3’ is 2’-OMe or 2°-F, ¢’ is 7, T3  is 2’-F, q®is 1, B4’ is 2’-F, and q’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications
within positions 18-23 of the antisense strand (counting from the 5’-end of the antisense strand). The
RNAI agent also comprises a 5’-deoxy-5’-C-malonyl and a targeting ligand. In one embodiment, the
5’-deoxy-5’-C-malonyl is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end
of the sense strand.
In a particular embodiment, an RNAi agent of the present invention comprises:
(a) a sense strand having:
(i) alength of 21 nucleotides;
(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker; and
(iii) 2’-F modifications at positions 1, 3,5,7,9to 11, 13, 17, 19, and 21, and 2’-OMe
modifications at positions 2, 4, 6, 8, 12, 14 to 16, 18, and 20 (counting from the 5’ end);
and
(b) an antisense strand having:
(i) alength of 23 nucleotides;
(ii) 2’-OMe modifications at positions 1, 3, 5,9, 11 to 13, 15, 17, 19, 21, and 23, and 2’F
modifications at positions 2, 4, 6 to 8, 10, 14, 16, 18, 20, and 22 (counting from the 5’
end); and
(iii) phosphorothioate internucleotide linkages between nucleotide positions 21 and 22,
and between nucleotide positions 22 and 23 (counting from the 5’ end);
wherein the dsSRNA agents have a two nucleotide overhang at the 3’-end of the antisense
strand, and a blunt end at the 5’-end of the antisense strand.
In another particular embodiment, an RNAi agent of the present invention comprises:
(a) a sense strand having:
(i) alength of 21 nucleotides;
(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker;
(iii) 2’-F modifications at positions 1, 3,5, 7,9to 11, 13, 15, 17, 19, and 21, and 2’-OMe
modifications at positions 2, 4, 6, 8, 12, 14, 16, 18, and 20 (counting from the 5’ end);

and
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and

(b)

(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and

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

an antisense strand having:
(i) alength of 23 nucleotides;
(i1) 2’-OMe modifications at positions 1, 3,5, 7,9, 11 to 13, 15, 17, 19, and 21 to 23, and
2’F modifications at positions 2, 4, 6, 8, 10, 14, 16, 18, and 20 (counting from the 5’
end); and
(iii) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

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

wherein the RNAIi agents have a two nucleotide overhang at the 3’-end of the antisense strand, and a

blunt end at the 5’-end of the antisense strand.

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

(a)

and

(b)

a sense strand having:
(i) alength of 21 nucleotides;
(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker;
(iii) 2’-OMe modifications at positions 1 to 6, 8, 10, and 12 to 21, 2’-F modifications at
positions 7, and 9, and a deoxy-nucleotide (e.g. dT) at position 11 (counting from the 5’
end); and
(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and

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

an antisense strand having:
(i) alength of 23 nucleotides;
(ii) 2’-OMe modifications at positions 1, 3,7, 9, 11, 13, 15, 17, and 19 to 23, and 2’-F
modifications at positions 2, 4 to 6, 8, 10, 12, 14, 16, and 18 (counting from the 5’ end);
and
(iii) phosphorothioate internucleotide linkages between nucleotide positions 1 and
2, between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

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

wherein the RNAIi agents have a two nucleotide overhang at the 3’-end of the antisense strand, and a

blunt end at the 5’-end of the antisense strand.

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

(a)

a sense strand having:
(i) alength of 21 nucleotides;
(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker;
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and

(b)

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

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

an antisense strand having:
(i) alength of 23 nucleotides;
(i1) 2’-OMe modifications at positions 1, 5,7, 9, 11, 13, 15, 17, 19, and 21 to 23, and 2’-F
modifications at positions 2 to 4, 6, 8, 10, 12, 14, 16, 18, and 20 (counting from the 5’
end); and
(iii) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

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

wherein the RNAIi agents have a two nucleotide overhang at the 3’-end of the antisense strand, and a

blunt end at the 5’-end of the antisense strand.

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

(a)

and

(b)

a sense strand having:
(i) alength of 21 nucleotides;
(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker;
(iii) 2’-OMe modifications at positions 1 to 9, and 12 to 21, and 2’-F modifications at
positions 10, and 11; and
(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and

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

an antisense strand having:
(i) alength of 23 nucleotides;
(ii) 2’-OMe modifications at positions 1, 3,5,7,9, 11 to 13, 15, 17, 19, and 21 to 23, and
2’-F modifications at positions 2, 4, 6, 8, 10, 14, 16, 18, and 20 (counting from the 5’
end); and
(iii) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

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

wherein the RNAIi agents have a two nucleotide overhang at the 3’-end of the antisense strand, and a

blunt end at the 5’-end of the antisense strand.

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

(a)

a sense strand having:

(i) alength of 21 nucleotides;
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and

(b)

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

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

(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and

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

an antisense strand having:
(i) alength of 23 nucleotides;
(i1) 2’-OMe modifications at positions 1, 3,5t0 7,9, 11 to 13, 15, 17 to 19, and 21 to 23,
and 2’-F modifications at positions 2, 4, 8, 10, 14, 16, and 20 (counting from the 5’ end);
and
(iii) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

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

wherein the RNAIi agents have a two nucleotide overhang at the 3’-end of the antisense strand, and a

blunt end at the 5’-end of the antisense strand.

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

(a)

and

(b)

a sense strand having:
(i) alength of 21 nucleotides;
(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker;
(iii) 2’-OMe modifications at positions 1, 2,4, 6, 8, 12, 14, 15, 17, and 19 to 21, and 2’-F
modifications at positions 3, 5, 7,9 to 11, 13, 16, and 18; and
(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and

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

an antisense strand having:
(i) alength of 25 nucleotides;
(i1) 2’-OMe modifications at positions 1,4, 6,7,9, 11 to 13, 15, 17, and 19 to 23, 2’-F
modifications at positions 2, 3, 5, 8, 10, 14, 16, and 18, and deoxy-nucleotides (e.g. dT)
at positions 24 and 25 (counting from the 5’ end); and
(iii) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

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

wherein the RNAIi agents have a four nucleotide overhang at the 3’-end of the antisense strand, and a

blunt end at the 5’-end of the antisense strand.

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

(a)

a sense strand having:
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and

(b)

(i) alength of 21 nucleotides;

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

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

(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and

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

an antisense strand having:
(i) alength of 23 nucleotides;
(i1) 2’-OMe modifications at positions 1,3 to 5,7, 8, 10 to 13, 15, and 17 to 23, and 2’-F
modifications at positions 2, 6, 9, 14, and 16 (counting from the 5’ end); and
(iii) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

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

wherein the RNAIi agents have a two nucleotide overhang at the 3’-end of the antisense strand, and a

blunt end at the 5’-end of the antisense strand.

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

(a)

and

(b)

a sense strand having:
(i) alength of 21 nucleotides;
(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker;
(iii) 2’-OMe modifications at positions 1 to 6, 8, and 12 to 21, and 2’-F modifications at
positions 7, and 9 to 11; and
(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and

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

an antisense strand having:
(i) alength of 23 nucleotides;
(ii) 2’-OMe modifications at positions 1, 3 to 5,7, 10 to 13, 15, and 17 to 23, and 2’-F
modifications at positions 2, 6, 8, 9, 14, and 16 (counting from the 5’ end); and
(iii) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

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

wherein the RNAIi agents have a two nucleotide overhang at the 3’-end of the antisense strand, and a

blunt end at the 5’-end of the antisense strand.

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

(a)

a sense strand having:

(i) alength of 19 nucleotides;
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(ii) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises three
GalNAc derivatives attached through a trivalent branched linker;
(iii) 2’-OMe modifications at positions 1 to 4, 6, and 10 to 19, and 2’-F modifications at
positions 5, and 7 to 9; and
(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and
between nucleotide positions 2 and 3 (counting from the 5’ end);
and
(b) an antisense strand having:
(i) alength of 21 nucleotides;
(i1) 2’-OMe modifications at positions 1, 3to 5,7, 10 to 13, 15, and 17 to 21, and 2’-F
modifications at positions 2, 6, 8, 9, 14, and 16 (counting from the 5’ end); and
(iii) phosphorothioate internucleotide linkages between nucleotide positions 1 and
2, between nucleotide positions 2 and 3, between nucleotide positions 19 and 20, and
between nucleotide positions 20 and 21 (counting from the 5’ end);
wherein the RNAi agents have a two nucleotide overhang at the 3’-end of the antisense strand, and a
blunt end at the 5’-end of the antisense strand.
In certain embodiments, the iRNA for use in the methods of the invention is an agent selected

from agents listed in any one of Tables 4-5. These agents may further comprise a ligand.

v. Antisense Polynucleotide Agents Comprising Motifs

In certain embodiments of the invention, at least one of the contiguous nucleotides of the
antisense polynucleotide agents of the invention may be a modified nucleotide. In one embodiment,
the modified nucleotide comprises one or more modified sugars. In other embodiments, the modified
nucleotide comprises one or more modified nucleobases. In yet other embodiments, the modified
nucleotide comprises one or more modified internucleoside linkages. In some embodiments, the
modifications (sugar modifications, nucleobase modifications, or linkage modifications) define a
pattern or motif. In one embodiment, the patterns of modifications of sugar moieties, internucleoside
linkages, and nucleobases are each independent of one another.

Antisense polynucleotide agents having modified oligonucleotides arranged in patterns, or
motifs may, for example, confer to the agents properties such as enhanced inhibitory activity,
increased binding affinity for a target nucleic acid, or resistance to degradation by in vivo nucleases.
For example, such agents may contain at least one region modified so as to confer increased resistance
to nuclease degradation, increased cellular uptake, increased binding affinity for the target nucleic
acid, or increased inhibitory activity. A second region of such agents may optionally serve as a
substrate for the cellular endonuclease RNase H, which cleaves the RNA strand of an RNA:DNA
duplex.

An exemplary antisense polynucleotide agent having modified oligonucleotides arranged in
patterns, or motifs is a gapmer. In a “gapmer”, an internal region or "gap" having a plurality of linked

nucleotides that supports RNaseH cleavage is positioned between two external flanking regions or
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"wings" having a plurality of linked nucleotides that are chemically distinct from the linked
nucleotides of the internal region. The gap segment generally serves as the substrate for endonuclease
cleavage, while the wing segments comprise modified nucleotides.

The three regions of a gapmer motif (the 5 '-wing, the gap, and the 3 "-wing) form a
contiguous sequence of nucleotides and may be described as “X-Y-Z”, wherein “X” represents the
length of the 5-wing, “Y” represents the length of the gap, and “Z” represents the length of the 3’-
wing. In one embodiment, a gapmer described as “X-Y-Z” has a configuration such that the gap
segment is positioned immediately adjacent to each of the 5’ wing segment and the 3’ wing segment.
Thus, no intervening nucleotides exist between the 5’ wing segment and gap segment, or the gap
segment and the 3" wing segment. Any of the antisense compounds described herein can have a
gapmer motif. In some embodiments, X and Z are the same, in other embodiments they are different.

In certain embodiments, the regions of a gapmer are differentiated by the types of modified
nucleotides in the region. The types of modified nucleotides that may be used to differentiate the
regions of a gapmer, in some embodiments, include B-D-ribonucleotides, B-D-deoxyribonucleotides,
2'-modified nucleotides, e.g., 2"-modified nucleotides (e.g., 2'-MOE, and 2'-O—CH3), and bicyclic
sugar modified nucleotides (e.g., those having a 4'-(CH2)n-O-2' bridge, where n=1 or n=2).

In one embodiment, at least some of the modified nucleotides of each of the wings may differ
from at least some of the modified nucleotides of the gap. For example, at least some of the modified
nucleotides of each wing that are closest to the gap (the 3 -most nucleotide of the 5'-wing and the 5'-
most nucleotide of the 3 -wing) differ from the modified nucleotides of the neighboring gap
nucleotides, thus defining the boundary between the wings and the gap. In certain embodiments, the
modified nucleotides within the gap are the same as one another. In certain embodiments, the gap
includes one or more modified nucleotides that differ from the modified nucleotides of one or more
other nucleotides of the gap.

The length of the 5'- wing (X) of a gapmer may be 1 to 6 nucleotides in length, e.g., 2 to 6, 2
to5,3t06,3t05,1t05,1to4,1to3,2to4 nucleotides in length, e.g., 1, 2, 3, 4, 5, or 6 nucleotides
in length.

The length of the 3'- wing (Z) of a gapmer may be 1 to 6 nucleotides in length, e.g., 2 to 6, 2-
5,3t06,3t05,1to5,1to4,1to3,2to4nucleotides in length, e.g., 1, 2, 3, 4, 5, or 6 nucleotides in
length.

The length of the gap (Y) of a gapmer may be 5 to 14 nucleotides in length, e.g., 5to 13, 5 to
12,5t011,5t010,5t09,5t08,5t07,5t06,6to 14,6t013,6t0 12,6to 11,6t0 10,6t0 9,6 to &,
6to7,7t014,7t013,7t012,7to11,7t010,7t09,7to8,8to14,8to 13,8to 12,8 to 11, 8 to 10,
8t09,9t014,9t013,9t012,9t0 11,90 10, 10to 14, 10to 13, 10to 12, 10 to 11, 11 to 14, 11 to
13,11 to 12, 12 to 14, 12 to 13, or 13 to 14 nucleotides in length, e.g., 5,6, 7, 8,9, 10, 11, 12, 13, or
14 nucleotides in length.

In some embodiments of the invention X consists of 2, 3, 4, 5 or 6 nucleotides, Y consists of
7,8,9,10, 11, or 12 nucleotides, and Z consists of 2, 3,4, 5 or 6 nucleotides. Such gapmers include

X-Y-Z) 2-7-2,2-7-3, 2-7-4, 2-7-5, 2-7-6, 3-7-2, 3-7-3, 3-7-4, 3-7-5, 3-7-6, 4-7-3, 4-7-4, 4-7-5, 4-7-6,
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5-7-3, 5-7-4, 5-7-5, 5-7-6, 6-7-3, 6-7-4, 6-7-5, 6-7-6, 3-7-3, 3-7-4, 3-7-5, 3-7-6, 4-7-3, 4-7-4, 4-7-5, 4-
7-6,5-7-3,5-7-4, 5-7-5, 5-7-6, 6-7-3, 6-7-4, 6-7-5, 6-7-6, 2-8-2, 2-8-3, 2-8-4, 2-8-5, 2-8-6, 3-8-2, 3-8-
3,3-8-4, 3-8-5, 3-8-6, 4-8-3, 4-8-4, 4-8-5, 4-8-6, 5-8-3, 5-8-4, 5-8-5, 5-8-6, 6-8-3, 6-8-4, 6-8-5, 6-8-6,
2-9-2,2-9-3,2-9-4, 2-9-5, 2-9-6, 3-9-2, 3-9-3, 3-9-4, 3-9-5, 3-9-6, 4-9-3, 4-9-4, 4-9-5, 4-9-6, 5-9-3, 5-
9-4,5-9-5, 5-9-6, 6-9-3, 6-9-4, 6-9-5, 6-9-6, 2-10-2, 2-10-3, 2-10-4, 2-10-5, 2-10-6, 3-10-2, 3-10-3, 3-
10-4, 3-10-5, 3-10-6, 4-10-3, 4-10-4, 4-10-5, 4-10-6, 5-10-3, 5-10-4, 5-10-5, 5-10-6, 6-10-3, 6-10-4,
6-10-5, 6-10-6, 2-11-2, 2-11-3, 2-11-4, 2-11-5, 2-11-6, 3-11-2, 3-11-3, 3-11-4, 3-11-5, 3-11-6, 4-11-3,
4-11-4,4-11-5, 4-11-6, 5-11-3, 5-11-4, 5-11-5, 5-11-6, 6-11-3, 6-11-4, 6-11-5, 6-11-6, 2-12-2, 2-12-3,
2-12-4,2-12-5, 2-12-6, 3-12-2, 3-12-3, 3-12-4, 3-12-5, 3-12-6, 4-12-3, 4-12-4, 4-12-5, 4-12-6, 5-12-3,
5-12-4,5-12-5, 5-12-6, 6-12-3, 6-12-4, 6-12-5, or 6-12-6.

In some embodiments of the invention, antisense polynucleotide agents targeting INHBE
include a 5-10-5 gapmer motif. In other embodiments of the invention, antisense polynucleotide
agents targeting INHBE include a 4-10-4 gapmer motif. In another embodiment of the invention,
antisense polynucleotide agents targeting INHBE include a 3-10-3 gapmer motif. In yet other
embodiments of the invention, antisense polynucleotide agents targeting INHBE include a 2-10-2
gapmer motif.

The 5'- wing or 3’-wing of a gapmer may independently include 1-6 modified nucleotides,
e.g.,1,2,3,4,5, or 6 modified nucleotides.

In some embodiment, the 5’-wing of a gapmer includes at least one modified nucleotide. In
one embodiment, the 5'- wing of a gapmer comprises at least two modified nucleotides. In another
embodiment, the 5'- wing of a gapmer comprises at least three modified nucleotides. In yet another
embodiment, the 5'- wing of a gapmer comprises at least four modified nucleotides. In another
embodiment, the 5'- wing of a gapmer comprises at least five modified nucleotides. In certain
embodiments, each nucleotide of the 5'-wing of a gapmer is a modified nucleotide.

In some embodiments, the 3’-wing of a gapmer includes at least one modified nucleotide. In
one embodiment, the 3'- wing of a gapmer comprises at least two modified nucleotides. In another
embodiment, the 3'- wing of a gapmer comprises at least three modified nucleotides. In yet another
embodiment, the 3'- wing of a gapmer comprises at least four modified nucleotides. In another
embodiment, the 3'- wing of a gapmer comprises at least five modified nucleotides. In certain
embodiments, each nucleotide of the 3'-wing of a gapmer is a modified nucleotide.

In certain embodiments, the regions of a gapmer are differentiated by the types of sugar
moieties of the nucleotides. In one embodiment, the nucleotides of each distinct region comprise
uniform sugar moieties. In other embodiments, the nucleotides of each distinct region comprise
different sugar moieties. In certain embodiments, the sugar nucleotide modification motifs of the two
wings are the same as one another. In certain embodiments, the sugar nucleotide modification motifs
of the 5'-wing differs from the sugar nucleotide modification motif of the 3'-wing.

The 5’-wing of a gapmer may include 1-6 modified nucleotides, e.g., 1,2, 3,4,5,0r 6

modified nucleotides.
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In one embodiment, at least one modified nucleotide of the 5'-wing of a gapmer is a bicyclic
nucleotide, such as a constrained ethyl nucleotide, or an LNA. In another embodiment, the 5’-wing
of a gapmer includes 2, 3, 4, or 5 bicyclic nucleotides. In some embodiments, each nucleotide of the
5'- wing of a gapmer is a bicyclic nucleotide.

In one embodiment, the 5’-wing of a gapmer includes at least 1, 2, 3, 4, or 5 constrained ethyl
nucleotides. In some embodiments, each nucleotide of the 5'- wing of a gapmer is a constrained ethyl
nucleotide.

In one embodiment, the 5'-wing of a gapmer comprises at least one LNA nucleotide. In
another embodiment, the 5’-wing of a gapmer includes 2, 3, 4, or 5 LNA nucleotides. In other
embodiments, each nucleotide of the 5'- wing of a gapmer is an LNA nucleotide.

In certain embodiments, at least one modified nucleotide of the 5'- wing of a gapmer is a non-
bicyclic modified nucleotide, e.g., a 2 '-substituted nucleotide. A “2 '-substituted nucleotide” is a
nucleotide comprising a modification at the 2’-position which is other than H or OH, such as a 2’-
OMe nucleotide, or a 2’-MOE nucleotide. In one embodiment, the 5’-wing of a gapmer comprises 2,
3,4, or 5 2 -substituted nucleotides. In one embodiment, each nucleotide of the 5’-wing of a gapmer
is a 2 '-substituted nucleotide.

In one embodiment, the 5'- wing of a gapmer comprises at least one 2’-OMe nucleotide. In
one embodiment, the 5'- wing of a gapmer comprises at least 2, 3, 4, or 5 2’-OMe nucleotides. In one
embodiment, each of the nucleotides of the 5'- wing of a gapmer comprises a 2’-OMe nucleotide.

In one embodiment, the 5'- wing of a gapmer comprises at least one 2’- MOE nucleotide. In
one embodiment, the 5'- wing of a gapmer comprises at least 2, 3, 4, or 5 2’- MOE nucleotides. In
one embodiment, each of the nucleotides of the 5'- wing of a gapmer comprises a 2’- MOE nucleotide.

In certain embodiments, the 5'- wing of a gapmer comprises at least one 2'-deoxynucleotide.
In certain embodiments, each nucleotide of the 5'- wing of a gapmer is a 2'-deoxynucleotide. In a
certain embodiments, the 5'- wing of a gapmer comprises at least one ribonucleotide. In certain
embodiments, each nucleotide of the 5'- wing of a gapmer is a ribonucleotide.

The 3’-wing of a gapmer may include 1-6 modified nucleotides, e.g., 1,2, 3,4,5,0r 6
modified nucleotides.

In one embodiment, at least one modified nucleotide of the 3'-wing of a gapmer is a bicyclic
nucleotide, such as a constrained ethyl nucleotide, or an LNA. In another embodiment, the 3’-wing of
a gapmer includes 2, 3, 4, or 5 bicyclic nucleotides. In some embodiments, each nucleotide of the 3’-
wing of a gapmer is a bicyclic nucleotide.

In one embodiment, the 3’-wing of a gapmer includes at least one constrained ethyl
nucleotide. In another embodiment, the 3’-wing of a gapmer includes 2, 3, 4, or 5 constrained ethyl
nucleotides. In some embodiments, each nucleotide of the 3’-wing of a gapmer is a constrained ethyl
nucleotide.

In one embodiment, the 3’-wing of a gapmer comprises at least one LNA nucleotide. In
another embodiment, the 3’-wing of a gapmer includes 2, 3, 4, or 5 LNA nucleotides. In other

embodiments, each nucleotide of the 3’-wing of a gapmer is an LNA nucleotide.
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In certain embodiments, at least one modified nucleotide of the 3’-wing of a gapmer is a non-
bicyclic modified nucleotide, e.g., a 2 "-substituted nucleotide. In one embodiment, the 3’-wing of a
gapmer comprises 2, 3, 4, or 5 2 '-substituted nucleotides. In one embodiment, each nucleotide of the
3’-wing of a gapmer is a 2 '-substituted nucleotide.

In one embodiment, the 3’-wing of a gapmer comprises at least one 2’-OMe nucleotide. In
one embodiment, the 3’-wing of a gapmer comprises at least 2, 3, 4, or 5 2’-OMe nucleotides. In one
embodiment, each of the nucleotides of the 3’-wing of a gapmer comprises a 2’-OMe nucleotide.

In one embodiment, the 3’-wing of a gapmer comprises at least one 2’- MOE nucleotide. In
one embodiment, the 3’-wing of a gapmer comprises at least 2, 3, 4, or 5 2’- MOE nucleotides. In one
embodiment, each of the nucleotides of the 3’-wing of a gapmer comprises a 2’- MOE nucleotide.

In certain embodiments, the 3'-wing of a gapmer comprises at least one 2'-deoxynucleotide. In
certain embodiments, each nucleotide of the 3'-wing of a gapmer is a 2'-deoxynucleotide. In a certain
embodiments, the 3'-wing of a gapmer comprises at least one ribonucleotide. In certain embodiments,
each nucleotide of the 3'-wing of a gapmer is a ribonucleotide.

The gap of a gapmer may include 5-14 modified nucleotides, e.g., 5, 6,7, 8,9, 10, 11, 12, 13,
or 14 modified nucleotides.

In one embodiment, the gap of a gapmer comprises at least one 5-methylcytosine. In one
embodiment, the gap of a gapmer comprises at least 2,3, 4,5, 6,7, 8,9, 10, 11, 12, or 13 5-
methylcytosines. In one embodiment, all of the nucleotides of the the gap of a gapmer are 5-
methylcytosines.

In one embodiment, the gap of a gapmer comprises at least one 2'-deoxynucleotide. In one
embodiment, the gap of a gapmer comprises at least 2, 3, 4,5,6,7, 8,9, 10, 11, 12, or 13 2'-
deoxynucleotides. In one embodiment, all of the nucleotides of the the gap of a gapmer are 2'-
deoxynucleotides.

A gapmer may include one or more modified internucleotide linkages. In some embodiments,
a gapmer includes one or more phosphodiester internucleotide linkages. In other embodiments, a
gapmer includes one or more phosphorothioate internucleotide linkages.

In one embodiment, each nucleotide of a 5’-wing of a gapmer are linked via a
phosphorothioate internucleotide linkage. In another embodiment, each nucleotide of a 3’-wing of a
gapmer are linked via a phosphorothioate internucleotide linkage. In yet another embodiment, each
nucleotide of a gap segment of a gapmer is linked via a phosphorothioate internucleotide linkage. In
one embodiment, all of the nucleotides in a gapmer are linked via phosphorothioate internucleotide
linkages.

In one embodiment, an antisense polynucleotide agent targeting an INHBE gene comprises a
gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and between a 5’-
wing segment comprising five nucleotides and a 3’-wing segment comprising 5 nucleotides.

In another embodiment, an antisense polynucleotide agent targeting an INHBE gene

comprises a gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and
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between a 5’-wing segment comprising four nucleotides and a 3’-wing segment comprising four
nucleotides.

In another embodiment, an antisense polynucleotide agent targeting an INHBE gene
comprises a gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and
between a 5’-wing segment comprising three nucleotides and a 3’-wing segment comprising three
nucleotides.

In another embodiment, an antisense polynucleotide agent targeting an INHBE gene
comprises a gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and
between a 5’-wing segment comprising two nucleotides and a 3’-wing segment comprising two
nucleotides.

In one embodiment, each nucleotide of a 5-wing flanking a gap segment of 10 2'-
deoxyribonucleotides comprises a modified nucleotide. In another embodiment, each nucleotide of a
3-wing flanking a gap segment of 10 2'-deoxyribonucleotides comprises a modified nucleotide. In
one embodiment, each of the modified 5’-wing nucleotides and each of the modified 3’-wing
nucleotides comprise a 2'-sugar modification. In one embodiment, the 2'-sugar modification is a 2’-
OMe modification. In another embodiment, the 2'-sugar modification is a 2’-MOE modification. In
one embodiment, each of the modified 5’-wing nucleotides and each of the modified 3’-wing
nucleotides comprise a bicyclic nucleotide. In one embodiment, the bicyclic nucleotide is a
constrained ethyl nucleotide. In another embodiment, the bicyclic nucleotide is an LNA nucleotide.
In one embodiment, each cytosine in an antisense polynucleotide agent targeting an INHBE gene is a
5-methylcytosine.

In one embodiment, an antisense polynucleotide agent targeting an INHBE gene comprises a
gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and between a 5’-
wing segment comprising five nucleotides comprising a 2°’OMe modification and a 3’-wing segment
comprising five nucleotides comprising a 2°’OMe modification, wherein each internucleotde linkage
of the agent is a phosphorothioate linkage. In one embodiment, each cytosine of the agent is a 5-
methylcytosine. In some embodiments, the agent further comprises a ligand.

In one embodiment, an antisense polynucleotide agent targeting an INHBE gene comprises a
gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and between a 5’-
wing segment comprising five nucleotides comprising a 2’MOE modification and a 3’-wing segment
comprising five nucleotides comprising a 2’MOE modification, wherein each internucleotide linkage
of the agent is a phosphorothioate linkage. In one embodiment, each cytosine of the agent is a 5-
methylcytosine. In some embodiments, the agent further comprises a ligand.

In one embodiment, an antisense polynucleotide agent targeting an INHBE gene comprises a
gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and between a 5’-
wing segment comprising five constrained ethyl nucleotides and a 3’-wing segment comprising five
constrained ethyl nucleotides, wherein each internucleoitde linkage of the agent is a phosphorothioate

linkage. In some embodiments, each cytosine of the agent is a 5-methylcytosine.
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In one embodiment, an antisense polynucleotide agent targeting an INHBE gene comprises a
gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and between a 5’-
wing segment comprising five LNA nucleotides and a 3’-wing segment comprising five LNA
nucleotides, wherein each internucleotide linkage of the agent is a phosphorothioate linkage. In some
embodiments, each cytosine of the agent is a 5-methylcytosine.

In one embodiment, an antisense polynucleotide agent targeting an INHBE gene comprises a
gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and between a 5’-
wing segment comprising four nucleotides comprising a 2’0OMe modification and a 3’-wing segment
comprising four nucleotides comprising a 2’OMe modification, wherein each internucleotde linkage
of the agent is a phosphorothioate linkage. In some embodiments, each cytosine of the agent is a 5-
methylcytosine.

In one embodiment, an antisense polynucleotide agent targeting an INHBE gene comprises a
gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and between a 5’-
wing segment comprising four nucleotides comprising a 2’MOE modification and a 3’-wing segment
comprising four nucleotides comprising a 2’MOE modification, wherein each internucleotide linkage
of the agent is a phosphorothioate linkage. In some embodiments, each cytosine of the agent is a 5-
methylcytosine.

In one embodiment, an antisense polynucleotide agent targeting an INHBE gene comprises a
gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and between a 5’-
wing segment comprising four constrained ethyl nucleotides and a 3’-wing segment comprising four
constrained ethyl nucleotides, wherein each internucleoitde linkage of the agent is a phosphorothioate
linkage. In some embodiments, each cytosine of the agent is a 5-methylcytosine.

In one embodiment, an antisense polynucleotide agent targeting an INHBE gene comprises a
gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and between a 5’-
wing segment comprising four LNA nucleotides and a 3’-wing segment comprising four LNA
nucleotides, wherein each internucleotide linkage of the agent is a phosphorothioate linkage. In some
embodiments, each cytosine of the agent is a 5-methylcytosine.

In one embodiment, an antisense polynucleotide agent targeting an INHBE gene comprises a
gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and between a 5’-
wing segment comprising three nucleotides comprising a 2’OMe modification and a 3’-wing segment
comprising three nucleotides comprising a 2’OMe modification, wherein each internucleotde linkage
of the agent is a phosphorothioate linkage. In some embodiments, each cytosine of the agent is a 5-
methylcytosine.

In one embodiment, an antisense polynucleotide agent targeting an INHBE gene comprises a
gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and between a 5’-
wing segment comprising three nucleotides comprising a 2’MOE modification and a 3’-wing segment
comprising three nucleotides comprising a 2’MOE modification, wherein each internucleotide linkage
of the agent is a phosphorothioate linkage. In some embodiments, each cytosine of the agent is a 5-

methylcytosine.
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In one embodiment, an antisense polynucleotide agent targeting an INHBE gene comprises a
gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and between a 5’-
wing segment comprising three constrained ethyl nucleotides and a 3’-wing segment comprising three
constrained ethyl nucleotides, wherein each internucleoitde linkage of the agent is a phosphorothioate
linkage. In some embodiments, each cytosine of the agent is a 5-methylcytosine.

In one embodiment, an antisense polynucleotide agent targeting an INHBE gene comprises a
gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and between a 5’-
wing segment comprising three LNA nucleotides and a 3’-wing segment comprising three LNA
nucleotides, wherein each internucleotide linkage of the agent is a phosphorothioate linkage. In some
embodiments, each cytosine of the agent is a 5-methylcytosine.

In one embodiment, an antisense polynucleotide agent targeting an INHBE gene comprises a
gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and between a 5’-
wing segment comprising two nucleotides comprising a 2’OMe modification and a 3’-wing segment
comprising two nucleotides comprising a 2’OMe modification, wherein each internucleotde linkage
of the agent is a phosphorothioate linkage. In some embodiments, each cytosine of the agent is a 5-
methylcytosine.

In one embodiment, an antisense polynucleotide agent targeting an INHBE gene comprises a
gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and between a 5’-
wing segment comprising two nucleotides comprising a 2’MOE modification and a 3’-wing segment
comprising two nucleotides comprising a 2’MOE modification, wherein each internucleotide linkage
of the agent is a phosphorothioate linkage. In some embodiments, each cytosine of the agent is a 5-
methylcytosine.

In one embodiment, an antisense polynucleotide agent targeting an INHBE gene comprises a
gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and between a 5’-
wing segment comprising two constrained ethyl nucleotides and a 3’-wing segment comprising two
constrained ethyl nucleotides, wherein each internucleoitde linkage of the agent is a phosphorothioate
linkage. In some embodiments, each cytosine of the agent is a 5S-methylcytosine.

In one embodiment, an antisense polynucleotide agent targeting an INHBE gene comprises a
gap segment of ten 2'-deoxyribonucleotides positioned immediately adjacent to and between a 5’-
wing segment comprising two LNA nucleotides and a 3’-wing segment comprising two LNA
nucleotides, wherein each internucleotide linkage of the agent is a phosphorothioate linkage. In some
embodiments, each cytosine of the agent is a 5-methylcytosine.

Further gapmer designs suitable for use in the agents, compositions, and methods of the
invention are disclosed in, for example, U.S. Patent Nos. 7,687,617 and 8,580,756; U.S. Patent
Publication Nos. 20060128646, 20090209748, 20140128586, 20140128591, 20100210712, and
20080015162A1; and International Publication No. WO 2013/159108, the entire content of each of

which are incorporated herein by reference.
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vi. Modulators Conjugated to Ligands

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

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

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

Ligands can also include targeting groups, e.g., a cell or tissue targeting agent, e.g., a lectin,

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

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

Ligands can be proteins, e.g., glycoproteins, or peptides, e.g., molecules having a specific
affinity for a co-ligand, or antibodies e.g., an antibody, that binds to a specified cell type such as a
hepatic cell. Ligands can also include hormones and hormone receptors. They can also include non-
peptidic species, such as lipids, lectins, carbohydrates, vitamins, cofactors, multivalent lactose,
multivalent galactose, N-acetyl-galactosamine, N-acetyl-glucosamine multivalent mannose, or
multivalent fucose. The ligand can be, for example, a lipopolysaccharide, an activator of p38 MAP
kinase, or an activator of NF-«xB.

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

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

amenable to the present invention as ligands (e.g. as PK modulating ligands). In addition, aptamers
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that bind serum components (e.g. serum proteins) are also suitable for use as PK modulating ligands
in the embodiments described herein.

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

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

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

When using nucleotide-conjugate precursors that already bear a linking moiety, the synthesis
of the sequence-specific linked nucleosides is typically completed, and the ligand molecule is then
reacted with the linking moiety to form the ligand-conjugated oligonucleotide. In some embodiments,
the oligonucleotides or linked nucleosides of the present invention are synthesized by an automated
synthesizer using phosphoramidites derived from ligand-nucleoside conjugates in addition to the
standard phosphoramidites and non-standard phosphoramidites that are commercially available and
routinely used in oligonucleotide synthesis.

A. Lipid Conjugates

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

A lipid based ligand can be used to inhibit, e.g., control the binding of the conjugate to a
target tissue. For example, a lipid or lipid-based ligand that binds to HSA more strongly will be less
likely to be targeted to the kidney and therefore less likely to be cleared from the body. A lipid or
lipid-based ligand that binds to HSA less strongly can be used to target the conjugate to the kidney.
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In certain embodiments, the lipid based ligand binds HSA. In one embodiment, it binds HSA
with a sufficient affinity such that the conjugate will be distributed to a non-kidney tissue. However,
it is preferred that the affinity not be so strong that the HSA-ligand binding cannot be reversed.

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

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

such as liver cells. Also included are HSA and low density lipoprotein (LDL).

B. Cell Permeation Agents

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

The ligand can be a peptide or peptidomimetic. A peptidomimetic (also referred to herein as
an oligopeptidomimetic) is a molecule capable of folding into a defined three-dimensional structure
similar to a natural peptide. The attachment of peptide and peptidomimetics to iRNA agents can
affect pharmacokinetic distribution of the iRNA, such as by enhancing cellular recognition and
absorption. The peptide or peptidomimetic moiety can be about 5-50 amino acids long, e.g., about 5,
10, 15, 20, 25, 30, 35, 40, 45, or 50 amino acids long.

A peptide or peptidomimetic can be, for example, a cell permeation peptide, cationic peptide,
amphipathic peptide, or hydrophobic peptide (e.g., consisting primarily of Tyr, Trp, or Phe). The
peptide moiety can be a dendrimer peptide, constrained peptide or crosslinked peptide. In another
alternative, the peptide moiety can include a hydrophobic membrane translocation sequence (MTS).
An exemplary hydrophobic MTS-containing peptide is RFGF having the amino acid sequence
AAVALLPAVLLALLAP (SEQ ID NO: 14). An RFGF analogue (e.g., amino acid sequence
AALLPVLLAAP (SEQ ID NO:15) containing a hydrophobic MTS can also be a targeting moiety.
The peptide moiety can be a “delivery” peptide, which can carry large polar molecules including
peptides, oligonucleotides, and protein across cell membranes. For example, sequences from the HIV
Tat protein (GRKKRRQRRRPPQ (SEQ ID NO:16) and the Drosophila Antennapedia protein
(RQIKIWFQNRRMKWKK (SEQ ID NO:17) have been found to be capable of functioning as
delivery peptides. A peptide or peptidomimetic can be encoded by a random sequence of DNA, such
as a peptide identified from a phage-display library, or one-bead-one-compound (OBOC)
combinatorial library (Lam et al., Nature, 354:82-84, 1991). Examples of a peptide or
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peptidomimetic tethered to a dsSRNA agent via an incorporated monomer unit for cell targeting
purposes is an arginine-glycine-aspartic acid (RGD)-peptide, or RGD mimic. A peptide moiety can
range in length from about 5 amino acids to about 40 amino acids. The peptide moieties can have a
structural modification, such as to increase stability or direct conformational properties. Any of the
structural modifications described below can be utilized.

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

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

C. Carbohydrate Conjugates

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

In certain embodiments, a carbohydrate conjugate for use in the compositions and methods of
the invention is a monosaccharide.

In certain embodiments, the monosaccharide is an N-acetylgalactosamine (GalNAc). GalNAc
conjugates, which comprise one or more N-acetylgalactosamine (GalNAc) derivatives, are described,

for example, in US 8,106,022, the entire content of which is hereby incorporated herein by reference.

93



10

15

20

25

30

35

WO 2023/044094 PCT/US2022/043948

In some embodiments, the GalNAc conjugate serves as a ligand that targets the iRNA to particular
cells. In some embodiments, the GalNAc conjugate targets the iRNA to liver cells, e.g., by serving as
a ligand for the asialoglycoprotein receptor of liver cells (e.g., hepatocytes).

In some embodiments, the carbohydrate conjugate comprises one or more GalNAc
derivatives. The GalNAc derivatives may be attached via a linker, e.g., a bivalent or trivalent
branched linker. In some embodiments the GalNAc conjugate is conjugated to the 3’ end of the sense
strand. In some embodiments, the GalNAc conjugate is conjugated to the oligonucleotide agent (e.g.,
to the 3’ end of the sense strand) via a linker, e.g., a linker as described herein. In some embodiments
the GalNAc conjugate is conjugated to the 5’ end of the sense strand. In some embodiments, the
GalNAc conjugate is conjugated to the iRNA agent (e.g., to the 5’ end of the sense strand) via a
linker, e.g., a linker as described herein.

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

In certain embodiments, the oligonucleotides of the invention comprise one GalNAc or
GalNAc derivative attached to the oligonucleotide. In certain embodiments, the oligonucleotides of
the invention comprise a plurality (e.g., 2, 3, 4, 5, or 6) GalNAc or GalNAc derivatives, each
independently attached to a plurality of nucleotides of the oligonucleotide through a plurality of
monovalent linkers.

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

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

In one embodiment, a carbohydrate conjugate for use in the compositions and methods of the

invention is selected from the group consisting of:
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In another embodiment, a carbohydrate conjugate for use in the compositions and methods of

Formula XXXIV.
the invention is a monosaccharide. In one embodiment, the monosaccharide is an N-

acetylgalactosamine, such as
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In some embodiments, the oligonucleotide is attached to the carbohydrate conjugate via a
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In some embodiments, the oligonucleotide is conjugated to L96 as defined in Table 1 and
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Another representative carbohydrate conjugate for use in the embodiments described herein

includes, but is not limited to,
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(Formula XXXVI), when one of X or Y is an oligonucleotide, the other is a hydrogen.
In some embodiments, a suitable ligand is a ligand disclosed in WO 2019/055633, the entire
contents of which are incorporated herein by reference. In one embodiment the ligand comprises the
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In certain embodiments of the invention, the GalNAc or GalNAc derivative is attached to an
oligonucleotide of the invention via a monovalent linker. In some embodiments, the GalNAc or
GalNAc derivative is attached to an oligonucleotide of the invention via a bivalent linker. In yet other
embodiments of the invention, the GalNAc or GalNAc derivative is attached to an oligonucleotide of
the invention via a trivalent linker.

In one embodiment, the oligonucleotides of the invention comprise one or more GalNAc or
GalNAc derivative attached to the oligonucleotide. The GalNAc may be attached to any nucleotide
via a linker on the sense strand or antsisense strand. The GalNac may be attached to the 5’-end of the
sense strand, the 3’ end of the sense strand, the 5’-end of the antisense strand, or the 3° —end of the
antisense strand. In one embodiment, the GalNAc is attached to the 3’ end of the sense strand, e.g.,

via a trivalent linker.
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In other embodiments, the oligonucleotides of the invention comprise a plurality (e.g., 2, 3, 4,
5, or 6) GalNAc or GalNAc derivatives, each independently attached to a plurality of nucleotides of
the oligonucleotide through a plurality of linkers, e.g., monovalent linkers.

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

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

Additional carbohydrate conjugates and linkers suitable for use in the present invention
include those described in PCT Publication Nos. WO 2014/179620 and WO 2014/179627, the entire

contents of each of which are incorporated herein by reference.

D. Linkers

In some embodiments, the conjugate or ligand described herein can be attached to an
oligonucleotide with various linkers that can be cleavable or non-cleavable.

The term "linker" or “linking group” means an organic moiety that connects two parts of a
compound, e.g., covalently attaches two parts of a compound. Linkers typically comprise a direct
bond or an atom such as oxygen or sulfur, a unit such as NR8, C(O), C(O)NH, SO, SO,, SO,NH or a
chain of atoms, such as, but not limited to, substituted or unsubstituted alkyl, substituted or
unsubstituted alkenyl, substituted or unsubstituted alkynyl, arylalkyl, arylalkenyl, arylalkynyl,
heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl, heterocyclylalkyl, heterocyclylalkenyl,
heterocyclylalkynyl, aryl, heteroaryl, heterocyclyl, cycloalkyl, cycloalkenyl, alkylarylalkyl,
alkylarylalkenyl, alkylarylalkynyl, alkenylarylalkyl, alkenylarylalkenyl, alkenylarylalkynyl,
alkynylarylalkyl, alkynylarylalkenyl, alkynylarylalkynyl, alkylheteroarylalkyl, alkylheteroarylalkenyl,
alkylheteroarylalkynyl, alkenylheteroarylalkyl, alkenylheteroarylalkenyl, alkenylheteroarylalkynyl,
alkynylheteroarylalkyl, alkynylheteroarylalkenyl, alkynylheteroarylalkynyl, alkylheterocyclylalkyl,
alkylheterocyclylalkenyl, alkylhererocyclylalkynyl, alkenylheterocyclylalkyl,
alkenylheterocyclylalkenyl, alkenylheterocyclylalkynyl, alkynylheterocyclylalkyl,
alkynylheterocyclylalkenyl, alkynylheterocyclylalkynyl, alkylaryl, alkenylaryl, alkynylaryl,
alkylheteroaryl, alkenylheteroaryl, alkynylhereroaryl, which one or more methylenes can be
interrupted or terminated by O, S, S(O), SO, N(R8), C(O), substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, or substituted or unsubstituted heterocyclic; where RS is
hydrogen, acyl, aliphatic, or substituted aliphatic. In one embodiment, the linker is about 1-24 atoms,
2-24, 3-24, 4-24, 5-24, 6-24, 6-18, 7-18, 8-18, 7-17, 8-17, 6-16, 7-17, or 8-16 atoms.

A cleavable linking group is one which is sufficiently stable outside the cell, but which upon
entry into a target cell is cleaved to release the two parts the linker is holding together. In an

exemplary embodiment, the cleavable linking group is cleaved at least about 10 times, 20, times, 30
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times, 40 times, 50 times, 60 times, 70 times, 80 times, 90 times, or more, or at least 100 times faster
in a target cell or under a first reference condition (which can, e.g., be selected to mimic or represent
intracellular conditions) than in the blood of a subject, or under a second reference condition (which
can, e.g., be selected to mimic or represent conditions found in the blood or serum).

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

A cleavable linkage group, such as a disulfide bond can be susceptible to pH. The pH of
human serum is 7.4, while the average intracellular pH is slightly lower, ranging from about 7.1-7.3.
Endosomes have a more acidic pH, in the range of 5.5-6.0, and lysosomes have an even more acidic
pH at around 5.0. Some linkers will have a cleavable linking group that is cleaved at a selected pH,
thereby releasing a cationic lipid from the ligand inside the cell, or into the desired compartment of
the cell.

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

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

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

10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 times faster in the cell (or under in vitro conditions selected
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to mimic intracellular conditions) as compared to blood or serum (or under in vitro conditions selected

to mimic extracellular conditions).

i. Redox cleavable linking groups

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

compared to conditions chosen to mimic extracellular media.

ii. Phosphate-based cleavable linking groups

In other embodiments, a cleavable linker comprises a phosphate-based cleavable linking
group. A phosphate-based cleavable linking group is cleaved by agents that degrade or hydrolyze the
phosphate group. An example of an agent that cleaves phosphate groups in cells are enzymes such as
phosphatases in cells. Examples of phosphate-based linking groups are -O-P(O)(ORk)-O-, -O-
P(S)(ORK)-0O-, -O-P(S)(SRk)-O-, -S-P(O)(ORk)-O-, -O-P(O)(ORKk)-S-, -S-P(O)(ORKk)-S-, -O-
P(S)(ORK)-S-, -S-P(S)(ORk)-O-, -O-P(O)(Rk)-O-, -O-P(S)(Rk)-O-, -S-P(O)(Rk)-O-, -S-P(S)(Rk)-O-,
-S-P(O)(Rk)-S-, -O-P(S)( Rk)-S-, wherein Rk at each occurrence can be, independently, C1-C20
alkyl, C1-C20 haloalkyl, C6-C10 aryl, or C7-C12 aralkyl. Exemplary embodiments include -O-
P(O)(OH)-0O-, -O-P(S)(OH)-0O-, -O-P(S)(SH)-O-, -S-P(0)(OH)-O-, -O-P(0)(OH)-S-, -S-P(O)(OH)-S-
, -O-P(S)(OH)-S-, -S-P(S)(OH)-0-, -O-P(0)(H)-O-, -O-P(S)(H)-O-, -S-P(O)(H)-O, -S-P(S)(H)-O-, -
S-P(O)(H)-S-, and -O-P(S)(H)-S-. In certain embodiments a phosphate-based linking group is -O-
P(O)(OH)-O-. These candidates can be evaluated using methods analogous to those described above.\

iii. Acid cleavable linking groups
In other embodiments, a cleavable linker comprises an acid cleavable linking group. An acid
cleavable linking group is a linking group that is cleaved under acidic conditions. In certain
embodiments acid cleavable linking groups are cleaved in an acidic environment with a pH of about

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

to those described above.

iv. Ester-based linking groups
In other embodiments, a cleavable linker comprises an ester-based cleavable linking group.
An ester-based cleavable linking group is cleaved by enzymes such as esterases and amidases in cells.
Examples of ester-based cleavable linking groups include, but are not limited to, esters of alkylene,
alkenylene and alkynylene groups. Ester cleavable linking groups have the general formula -C(O)O-,

or -OC(O)-. These candidates can be evaluated using methods analogous to those described above.

v. Peptide-based cleaving groups

In yet other embodiments, a cleavable linker comprises a peptide-based cleavable linking
group. A peptide-based cleavable linking group is cleaved by enzymes such as peptidases and
proteases in cells. Peptide-based cleavable linking groups are peptide bonds formed between amino
acids to yield oligopeptides (e.g., dipeptides, tripeptides etc.) and polypeptides. Peptide-based
cleavable groups do not include the amide group (-C(O)NH-). The amide group can be formed
between any alkylene, alkenylene or alkynelene. A peptide bond is a special type of amide bond
formed between amino acids to yield peptides and proteins. The peptide based cleavage group is
generally limited to the peptide bond (i.e., the amide bond) formed between amino acids yielding
peptides and proteins and does not include the entire amide functional group. Peptide-based cleavable
linking groups have the general formula - NHCHRAC(O)NHCHRBC(O)-, where RA and RB are the
R groups of the two adjacent amino acids. These candidates can be evaluated using methods
analogous to those described above.

In some embodiments, an iRNA of the invention is conjugated to a carbohydrate through a
linker. Non-limiting examples of iRNA carbohydrate conjugates with linkers of the compositions and

methods of the invention include, but are not limited to,
OH _OH

0 H H
HO%/O\/\/\H/N\/\/N
0

OH OH © 0
%0 N H<
HOAcHN \/W NN 0
0 (Formula XXXVII),
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H
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HO: N N
MG LI (Formula XXXVIIT),
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o
HOAchN N I
o OH o 2—},,,0 -y
Q H
O\/\)KN/\/\/\/N\H,O ”u\(’%r Mo
H o]
o

HO AcHN o)
HO OHo oy o x=1-30
HO O\/\)"\l\/\/\/\NJ\ y=115
AcHN H (Formula XXXIX),
Ho ,OH
Q Q H
HO O\/\)’\N/\/\/\,N\H/O
AcHN H 0 X-Q
HO OHO O r//O—Y
O~ ¥
N_.O
HOZ N NSy Y\*N“'(O\/%’Y Wo
HOo (OH ©
o oy o = 1-30
O~A~Ne~~~ A —1-15
HO N™ O
AcHN N
5  (Formula XL)
HO (OH
&&/O\NOK N_o
HO—Z Ny xQ
Ho OH y ent
Q 2 H H
HO O\/\)I\N/\/\/\,N 0. N S—S MO
AcHN N ‘g LN 0 y
HQ (OH x = 0-30
o) Q H 0 =1-15
O IN o~ y=
HO N0
AcHN H
(Formula XLI)
fe} OH

10  (Formula XLII),
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HO (O
Q Q H
HO O\/\)I\N/\/\/\/N\n,o %0
AcHN H 0
H& 1% H N
Q
OA~A N H — N\(/M
N N O. S—S 6]
HO AcHN H’\/\/\/ \Icl)/o \On/\‘( \/);(O/\/ /\6/)2\[(])/ y
Ho OH x =1-30
R O\/\.)OLH J?\ y=115
HO No~~~N"0 z=1-20
AcHN N
(Formula XLIII), and
HO OH
Q H
HO O\/\)I\NW\’NTO %0
AcHN H 5 Z—)
H&/ H N O
0 O
O~ N H — MNM
N. 0. N O. A~S—S 0
HORehN N T \o"/\)( \/io 20 y
Ho LOH x = 1-30
HO Ne~~~N0 2=1-20
AcHN N

(Formula XLIV), when one of X or Y is an oligonucleotide, the other is a hydrogen.

In certain embodiments of the compositions and methods of the invention, a ligand is one or
more “GalNAc” (N-acetylgalactosamine) derivatives attached through a bivalent or trivalent branched
linker.

In one embodiment, an oligonucleotide of the invention is conjugated to a bivalent or trivalent

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

Formula XXXXV Formula XLVI
P2A_Q2A_R2A_ - T2A_| 2A /I/P3A—Q3A-R3A' = T3A_| 3A
q q
N VW)
2B_2B_p2B | 2B, 2B 3B_3B_p3B| 3B_) 3B
PQquBTL \{\PQquTL

E) E

i PSA_QSA_RSA ] ” T5A_5A
P4A_Q4A_R4A' 4A T 5B_)5B 5?3 5B_| 5B
q PP QPR =T
q
P4B-Q4B-R4B‘ 5 T4B_L4B —PSC—QSC-RSC T5C-L5C
q q5C
, or ;
Formula XL Formula XLVIIT

wherein:

q2A, 2B, q3A, q3B, g4A, g4B, q5A, 5B and q5C represent independently for each occurrence 0-20

and wherein the repeating unit can be the same or different;

P2A PZB PSA P3B P4A P4B PSA PSB PSC TZA T2B T3A TSB T4A T4B T4A TSB TSC are each

independently for each occurrence absent, CO, NH, O, S, OC(O), NHC(O), CH,, CH,NH or CH>O;
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Q%, Q%8, Q%4, QB, Q*, Q*B, Q™*, Q°B, Q°C are independently for each occurrence absent, alkylene,
substituted alkylene wherein one or more methylenes can be interrupted or terminated by one or more
of 0, S, S(0), SO, N(RY), C(R")=C(R’"), C=C or C(0);

R4, R?B, R*A, R3B, R*, R*B, R*A, R*B, R°C are each independently for each occurrence absent, NH, O,
O

HO
H |
S, CHs, C(0)0, COINH, NHCH(R')C(0), -C(0)-CH(R")-NH-, €O, CH=N-0, »N :

S—S
“7_N 1. ,.;«>< RN w\( o s
) J“U\/ A or heterocyclyl;

L2A, LB, L34, LB, L*, L*B, LA, LB and L°C represent the ligand; i.e. each independently for each
occurrence a monosaccharide (such as GalNAc), disaccharide, trisaccharide, tetrasaccharide,
oligosaccharide, or polysaccharide; and R* is H or amino acid side chain. Trivalent conjugating
GalNAc derivatives are particularly useful for use with RNAI agents for inhibiting the expression of a
target gene, such as those of formula (XLIX):

Formula XLIX

R PSA_Q5A_R5A ] -|-5A_L5A

qSA
PSB_QSB_RSB p T5B_ 5B
q

T5C_L5C

| PSC_QSC_R5C |

qSC

wherein L, L°® and L¢ represent a monosaccnanae, such as GalNAc derivative.

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

Representative U.S. Patents that teach the preparation of oligonucleotide conjugates include,
but are not limited to, U.S. Patent Nos. 4,828,979; 4,948,882; 5,218,105; 5,525,465; 5,541,313;
5,545,730; 5,552,538; 5,578,717, 5,580,731; 5,591,584; 5,109,124; 5,118,802; 5,138,045; 5,414,077,
5,486,603; 5,512,439; 5,578,718; 5,608,046; 4,587,044; 4,605,735; 4,667,025; 4,762,779; 4,789,737,
4,824,941; 4,835,263; 4,876,335; 4,904,582; 4,958,013; 5,082,830; 5,112,963; 5,214,136; 5,082,830;
5,112,963; 5,214,136; 5,245,022; 5,254,469; 5,258,506; 5,262,536; 5,272,250; 5,292,873; 5,317,098;
5,371,241, 5,391,723; 5,416,203, 5,451,463; 5,510,475; 5,512,667; 5,514,785; 5,565,552; 5,567,810;
5,574,142; 5,585,481, 5,587,371; 5,595,726; 5,597,696; 5,599,923; 5,599,928;5,688,941; 6,294,664,
6,320,017; 6,576,752; 6,783,931; 6,900,297; 7,037,646; and 8,106,022, the entire contents of each of
which are hereby incorporated herein by reference.

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

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

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

HPLC typically affords the pure conjugate.
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B. Antibodies, or Antigen-Binding Fragments Thereof, of the Invention

In some embodiments, the modulator of the invention is an antibody, or antigen-binding
fragment thereof, that specifically binds INHBE, e.g., a monoclonal anti-INHBE antibody, or antigen-
binding fragment thereof.

The antibody modulators can be identified, screened for (e.g., using phage display), or
characterized for their physical/chemical properties and/or biological activities by various assays
known in the art (see, for example, Antibodies: A Laboratory Manual, Second edition, Greenfield, ed.,
2014). Binding specificity of an antibody for its antigen can be tested by known methods in the art
such as ELISA, Western blot, or surface plasmon resonance.

In some embodiments, the anti-INHBE antibody or antigen-binding fragment thereof is a
humanized antibody or antigen-binding fragment thereof. Humanized antibodies may be useful as
therapeutic molecules because humanized antibodies may reduce or eliminate the human immune
response to non-human antibodies (such as the human anti-mouse antibody response), which can
result in an immune response to an antibody therapeutic, and decreased effectiveness of the
therapeutic.

In some embodiments, the anti-INHBE antibody or antigen-binding fragment thereof is a
chimeric antibody or antigen-binding fragment thereof. In some embodiments, an anti-INHBE
antibody or antigen-binding fragment thereof comprises at least one non-human variable region and at
least one human constant region. In some such embodiments, all of the variable regions of an anti-
INHBE antibody are non-human variable regions, and all of the constant regions of an anti-INHBE
antibody are human constant regions. In some embodiments, one or more variable regions of a
chimeric antibody are mouse variable regions. The human constant region of a chimeric antibody
need not be of the same isotype as the non-human constant region, if any, it replaces. Chimeric
antibodies are discussed, e.g., in U.S. Patent No. 4,816,567; and Morrison et al. Proc. Natl. Acad. Sci.
USA 81: 6851-55 (1984).

In some embodiments, the anti-INHBE antibody or antigen-binding fragment thereof is a
human antibody or antigen-binding fragment thereof.

In some embodiments, the antibody modulator, e.g., the anti-INHBE antibody or antigen-
binding fragment thereof, is a monoclonal anti-INHBE antibody or antigen-binding fragment thereof.

In some embodimetns, the antibody modulator, e.g., the anti-INHBE antibody or antigen-
binding fragment thereof, is multi-specific (e.g., bi-specific). A multi-specific antigen-binding
fragment of an antibody will typically comprise at least two different variable domains, wherein each
variable domain is capable of specifically binding to a separate antigen or to a different epitope on the
same antigen. Any multi-specific antibody format, including the exemplary bi-specific antibody
formats disclosed herein, may be adapted for use in the context of an antigen-binding fragment of an
antibody of the present invention using routine techniques available in the art.

The antibody modulators of the present invention can be produced using any methods known
in the art. For example, the antibodies, and antigen-binding fragments thereof, can be produced using

recombinant DNA methods. Expression vector(s) encoding the heavy and light chains is (are)
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transfected into a host cell by standard techniques. The various forms of the term “transfection” are
intended to encompass a wide variety of techniques commonly used for the introduction of exogenous
DNA into a prokaryotic or eukaryotic host cell, e.g., electroporation, calcium-phosphate precipitation,
DEAE-dextran transfection and the like.

Host cells may be a prokaryotic or eukaryotic cell. The polynucleotide or vector which is
present in the host cell may either be integrated into the genome of the host cell or it may be
maintained extrachromosomally. The host cell can be any prokaryotic or eukaryotic cell, such as a
bacterial, insect, fungal, plant, animal or human cell. In some embodiments, fungal cells are, for
example, those of the genus Saccharomyces, in particular those of the species S. cerevisiae. The term
"prokaryotic" includes all bacteria which can be transformed or transfected with a DNA or RNA
molecules for the expression of an antibody or the corresponding immunoglobulin chains. Prokaryotic
hosts may include gram negative as well as gram positive bacteria such as, for example, E. coli, S.
typhimurium, Serratia marcescens and Bacillus subtilis. The term "eukaryotic" includes yeast, higher
plants, insects and vertebrate cells, e.g., mammalian cells, such as NSO and CHO cells. Depending
upon the host employed in a recombinant production procedure, the antibodies or immunoglobulin
chains encoded by the polynucleotide may be glycosylated or may be non-glycosylated. Antibodies
or the corresponding immunoglobulin chains may also include an initial methionine amino acid
residue. Although it is possible to express antibodies in either prokaryotic or eukaryotic host cells,
expression of antibodies in eukaryotic cells is preferable, and most preferable in mammalian host
cells, because such eukaryotic cells (and in particular mammalian cells) are more likely than
prokaryotic cells to assemble and secrete a properly folded and immunologically active antibody.

In some embodiments, once a vector has been incorporated into an appropriate host, the host
may be maintained under conditions suitable for high level expression of the nucleotide sequences,
and, as desired, the collection and purification of the immunoglobulin light chains, heavy chains,
light/heavy chain dimers or intact antibodies, antigen binding fragments thereof or other
immunoglobulin forms may follow; see, Beychok, Cells of Immunoglobulin Synthesis, Academic
Press, N.Y., (1979). Thus, polynucleotides or vectors are introduced into the cells which in turn
produce the antibody or antigen binding fragments thereof. Furthermore, transgenic animals,
preferably mammals, comprising the aforementioned host cells may be used for the large scale
production of the antibody or antibody fragments thereof.

The transformed host cells can be grown in fermenters and cultured using any suitable
techniques to achieve optimal cell growth. Once expressed, the whole antibodies, their dimers,
individual light and heavy chains, other immunoglobulin forms, or antigen binding fragments thereof,
can be purified according to standard procedures of the art, including ammonium sulfate precipitation,
affinity columns, column chromatography, gel electrophoresis and the like; see, Scopes, "Protein
Purification", Springer Verlag, N.Y. (1982). The antibody or antigen binding fragments thereof can
then be isolated from the growth medium, cellular lysates, or cellular membrane fractions. The
isolation and purification of the, e.g., microbially expressed antibodies or antigen binding fragments

thereof may be by any conventional means such as, for example, preparative chromatographic
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separations and immunological separations such as those involving the use of monoclonal or
polyclonal antibodies directed, e.g., against the constant region of the antibody.

Aspects of the present invention relate to a hybridoma, which provides an indefinitely
prolonged source of monoclonal antibodies. As an alternative to obtaining immunoglobulins directly
from the culture of hybridomas, immortalized hybridoma cells can be used as a source of rearranged
heavy chain and light chain loci for subsequent expression and/or genetic manipulation. Rearranged
antibody genes can be reverse transcribed from appropriate mRNAs to produce cDNA. In some
embodiments, heavy chain constant region can be exchanged for that of a different isotype or
eliminated altogether. The variable regions can be linked to encode single chain Fv regions. Multiple
Fv regions can be linked to confer binding ability to more than one target or chimeric heavy and light
chain combinations can be employed. Any appropriate method may be used for cloning of antibody
variable regions and generation of recombinant antibodies, and antigen-binding portions thereof.

In some embodiments, an appropriate nucleic acid that encodes variable regions of a heavy
and/or light chain is obtained and inserted into an expression vectors which can be transfected into
standard recombinant host cells. A variety of such host cells may be used. In some embodiments,
mammalian host cells may be advantageous for efficient processing and production. Typical
mammalian cell lines useful for this purpose include CHO cells, 293 cells, or NSO cells. The
production of the antibody or antigen binding fragment thereof may be undertaken by culturing a
modified recombinant host under culture conditions appropriate for the growth of the host cells and
the expression of the coding sequences. The antibodies or antigen binding fragments thereof may be
recovered by isolating them from the culture. The expression systems may be designed to include
signal peptides so that the resulting antibodies are secreted into the medium; however, intracellular
production is also possible.

The present invention also includes a polynucleotide encoding at least a variable region of an
immunoglobulin chain of the antibodies described herein. In some embodiments, the variable region
encoded by the polynucleotide comprises at least one complementarity determining region (CDR) of
the VH and/or VL of the variable region of the antibody produced by any one of the above described
hybridomas.

Polynucleotides encoding antibody or antigen binding fragments thereof may be, e.g., DNA,
cDNA, RNA or synthetically produced DNA or RNA or a recombinantly produced chimeric nucleic
acid molecule comprising any of those polynucleotides either alone or in combination. In some
embodiments, a polynucleotide is part of a vector. Such vectors may comprise further genes such as
marker genes which allow for the selection of the vector in a suitable host cell and under suitable
conditions.

In some embodiments, a polynucleotide is operatively linked to expression control sequences
allowing expression in prokaryotic or eukaryotic cells. Expression of the polynucleotide comprises
transcription of the polynucleotide into a translatable mRNA. Regulatory elements ensuring
expression in eukaryotic cells, preferably mammalian cells, are well known to those skilled in the art.

They may include regulatory sequences that facilitate initiation of transcription and optionally poly-A
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signals that facilitate termination of transcription and stabilization of the transcript. Additional
regulatory elements may include transcriptional as well as translational enhancers, and/or naturally
associated or heterologous promoter regions. Possible regulatory elements permitting expression in
prokaryotic host cells include, e.g., the PL, Lac, Trp or Tac promoter in E. coli, and examples of
regulatory elements permitting expression in eukaryotic host cells are the AOX1 or GAL1 promoter in
yeast or the CMV-promoter, SV40-promoter, RSV-promoter (Rous sarcoma virus), CMV-enhancer,
SV40-enhancer or a globin intron in mammalian and other animal cells.

Beside elements which are responsible for the initiation of transcription such regulatory
elements may also include transcription termination signals, such as the SV40-poly-A site or the tk-
poly-A site, downstream of the polynucleotide. Furthermore, depending on the expression system
employed, leader sequences capable of directing the polypeptide to a cellular compartment or
secreting it into the medium may be added to the coding sequence of the polynucleotide and have
been described previously. The leader sequence(s) is (are) assembled in appropriate phase with
translation, initiation and termination sequences, and preferably, a leader sequence capable of
directing secretion of translated protein, or a portion thereof, into, for example, the extracellular
medium. Optionally, a heterologous polynucleotide sequence can be used that encode a fusion protein
including a C- or N-terminal identification peptide imparting desired characteristics, e.g., stabilization
or simplified purification of expressed recombinant product.

In some embodiments, polynucleotides encoding at least the variable domain of the light
and/or heavy chain may encode the variable domains of both immunoglobulin chains or only one.
Likewise, a polynucleotide(s) may be under the control of the same promoter or may be separately
controlled for expression. Furthermore, some aspects relate to vectors, particularly plasmids,
cosmids, viruses and bacteriophages used conventionally in genetic engineering that comprise a
polynucleotide encoding a variable domain of an immunoglobulin chain of an antibody or antigen
binding fragment thereof; optionally in combination with a polynucleotide that encodes the variable
domain of the other immunoglobulin chain of the antibody.

In some embodiments, expression control sequences are provided as eukaryotic promoter
systems in vectors capable of transforming or transfecting eukaryotic host cells, but control sequences
for prokaryotic hosts may also be used. Expression vectors derived from viruses such as retroviruses,
vaccinia virus, adeno-associated virus, herpes viruses, or bovine papilloma virus, may be used for
delivery of the polynucleotides or vector into targeted cell population (e.g., to engineer a cell to
express an antibody or antigen binding fragment thereof). A variety of appropriate methods can be
used to construct recombinant viral vectors. In some embodiments, polynucleotides and vectors can
be reconstituted into liposomes for delivery to target cells. The vectors containing the polynucleotides
(e.g., the heavy and/or light variable domain(s) of the immunoglobulin chains encoding sequences and
expression control sequences) can be transferred into the host cell by suitable methods, which vary
depending on the type of cellular host.

Monoclonal antibodies, and antigen-binding fragments thereof, may also be produced by

generation of hybridomas (see e.g., Kohler and Milstein (1975) Nature, 256: 495-499) in accordance
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with known methods. Hybridomas formed in this manner are then screened using standard methods,
such as enzyme-linked immunosorbent assay (ELISA) and surface plasmon resonance (e.g., OCTET
or BIACORE) analysis, to identify one or more hybridomas that produce an antibody, or an antigen-
binding portion thereof, that specifically binds to a specified antigen, e.g., INHBE, e.g., wild type
INHBE, or mutant INHBE. Any form of the specified antigen may be used as the immunogen, e.g.,
recombinant antigen, naturally occurring forms, any variants or fragments thereof, as well as antigenic
peptide thereof (e.g., any of the epitopes described herein as a linear epitope or within a scaffold as a
conformational epitope). One exemplary method of making antibodies, and antigen-binding portions
thereof, includes screening protein expression libraries that express antibodies or fragments thereof
(e.g., scFv), e.g., phage or ribosome display libraries. Phage display is described, for example, in
Ladner et al., U.S. Pat. No. 5,223,409; Smith (1985) Science 228:1315-1317; Clackson et al.
(1991) Nature, 352: 624-628; Marks et al. (1991) J. Mol. Biol., 222: 581-597W092/18619; WO
91/17271; WO 92/20791; WO 92/15679; WO 93/01288; WO 92/01047; WO 92/09690; and WO
90/02809.

In addition to the use of display libraries, the specified antigen (e.g., INHBE) can be used to
immunize a non-human animal, e.g., a rodent, e.g., a mouse, hamster, or rat. In one embodiment, the
non-human animal is a mouse.

In another embodiment, a monoclonal antibody is obtained from the non-human animal, and
then modified, e.g., chimeric, using suitable recombinant DNA techniques. A variety of approaches
for making chimeric antibodies have been described. See e.g., Morrison et al., Proc. Natl. Acad.
Sci. U.S.A. 81:6851, 1985; Takeda et al., Nature 314:452, 1985, Cabilly et al., U.S. Pat. No.
4,816,567; Boss et al., U.S. Pat. No. 4,816,397.

For additional antibody production techniques, see Antibodies: A Laboratory Manual, eds.
Harlow et al., Cold Spring Harbor Laboratory, 1988. The present invention is not necessarily limited
to any particular source, method of production, or other special characteristics of an antibody.

Methods for generating human antibodies in transgenic mice are also known in the art. Any
such known methods can be used in the context of the present invention to make human antibodies
that specifically bind to human INHBE.

In some embodiment, high affinity chimeric antibodies are isolated having a human variable
region and a mouse constant region. The antibodies are characterized and selected for desirable
characteristics, including affinity, selectivity, epitope, etc. The mouse constant regions are replaced
with a desired human constant region to generate the fully human antibody of the invention, for
example wild-type or modified 1gG1 or 1gG4. While the constant region selected may vary according
to specific use, high affinity antigen-binding and target specificity characteristics reside in the variable

region.

C. GuideRNAs Effecting ADAR Editing of the Invention
The present invention also provides guideRNAs that effect ADAR editing of the INHBE

gene. Any of the nucleotides disclosed herein (such as the nucleotides in Tables 2-5) can be used to
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design guideRNAs that effect ADAR editing. Methods for designing and preparing such guideRNAs
are described in, for example, W0O2016097212A1, WO2017220751A1, US20210261955A1and
WO02018041973A1, the entire contents of which are incorporated herein by reference.

D. GuideRNAs Effecting CRISPR Editing of the Invention

The present invention also provides guideRNAs that effect CRISPR editing of the INHBE
gene. Any of the nucleotides disclosed herein (such as the nucleotides in Tables 2-5) can be used to
design guideRNAs that effect CRISPR editing. Methods for designing and preparing such
guideRNAs are described in, for example, US20200248180 and US20190316121, the entire contents

of which are incorporated herein by reference.

IVv. Delivery of a Modulator of the Invention

The delivery of a modulator of the invention to a cell e.g., a cell within a subject, such as a
human subject (e.g., a subject in need thereof, such as a subject susceptible to or diagnosed with an
INHBE-associated disorder, e.g., metablic disorder, e.g., metabolic syndrome, a disorder of
carbohydrates, e.g., type Il diabetes, pre-diabetes, a lipid metabolism disorder, e.g., a hyperlipidemia,
hypertension, a cardiovascular disease, a disorders of body weight) can be achieved in a number of
different ways. For example, delivery may be performed by contacting a cell with a modulator of the
invention either in vitro or in vivo. In vivo delivery may also be performed directly by administering
a composition comprising a modulator to a subject. Alternatively, in vivo delivery may be performed
indirectly by administering one or more vectors that encode and direct the expression of the
modulator. These alternatives are discussed further below.

With respect to the oligonucleotide modulators of the invention, e.g., dSRNA agent or
antisense polynucleotide agents, in general, any method of delivering a nucleic acid molecule (in vitro
or in vivo) can be adapted for use with an iRNA of the invention (see e.g., Akhtar S. and Julian RL.
(1992) Trends Cell. Biol. 2(5):139-144 and W094/02595, which are incorporated herein by reference
in their entireties). For in vivo delivery, factors to consider in order to deliver an iRNA molecule
include, for example, biological stability of the delivered molecule, prevention of non-specific effects,
and accumulation of the delivered molecule in the target tissue. RNA interference has also shown
success with local delivery to the CNS by direct injection (Dorn, G., et al. (2004) Nucleic Acids
32:e49; Tan, PH., et al (2005) Gene Ther. 12:59-66; Makimura, H., et al (2002) BMC Neurosci. 3:18;
Shishkina, GT., et al (2004) Neuroscience 129:521-528; Thakker, ER., et al (2004) Proc. Natl. Acad.
Sci. U.S.A. 101:17270-17275; Akaneya,Y ., et al (2005) J. Neurophysiol. 93:594-602). Modification
of the RNA or the pharmaceutical carrier can also permit targeting of the iRNA to the target tissue
and avoid undesirable off-target effects. iRNA molecules can be modified by chemical conjugation to
lipophilic groups such as cholesterol to enhance cellular uptake and prevent degradation. For
example, an iRNA directed against ApoB conjugated to a lipophilic cholesterol moiety was injected
systemically into mice and resulted in knockdown of apoB mRNA in both the liver and jejunum

(Soutschek, J., et al (2004) Nature 432:173-178).
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In an alternative embodiment, the modulator can be delivered using drug delivery systems
such as a nanoparticle, a dendrimer, a polymer, liposomes, or a cationic delivery system. For
example, positively charged cationic delivery systems facilitate binding of an iRNA molecule
(negatively charged) and also enhance interactions at the negatively charged cell membrane to permit
efficient uptake of an iRNA by the cell. Cationic lipids, dendrimers, or polymers can either be bound
to an iRNA, or induced to form a vesicle or micelle (see e.g., Kim SH, et al (2008) Journal of
Controlled Release 129(2):107-116) that encases an iRNA. The formation of vesicles or micelles
further prevents degradation of the iRNA when administered systemically. Methods for making and
administering cationic- iRNA complexes are well within the abilities of one skilled in the art (see e.g.,
Sorensen, DR, et al (2003) J. Mol. Biol 327:761-766; Verma, UN, et al (2003) Clin. Cancer Res.
9:1291-1300; Arnold, AS et al (2007) J. Hypertens. 25:197-205, which are incorporated herein by
reference in their entirety). Some non-limiting examples of drug delivery systems useful for systemic
delivery of iRNAs include DOTAP (Sorensen, DR., et al (2003), supra; Verma, UN, et al (2003),
supra), "solid nucleic acid lipid particles" (Zimmermann, TS, et al (2006) Nature 441:111-114),
cardiolipin (Chien, PY, et al (2005) Cancer Gene Ther. 12:321-328; Pal, A, et al (2005) Int J. Oncol.
26:1087-1091), polyethyleneimine (Bonnet ME, et al (2008) Pharm. Res. Aug 16 Epub ahead of
print; Aigner, A. (2006) J. Biomed. Biotechnol. 71659), Arg-Gly-Asp (RGD) peptides (Liu, S. (2006)
Mol. Pharm. 3:472-487), and polyamidoamines (Tomalia, DA, et al (2007) Biochem. Soc. Trans.
35:61-67; Yoo, H., et al (1999) Pharm. Res. 16:1799-1804). In some embodiments, an iRNA forms a
complex with cyclodextrin for systemic administration. Methods for administration and
pharmaceutical compositions of iRNAs and cyclodextrins can be found in U.S. Patent No. 7,427,605,
which is herein incorporated by reference in its entirety. Certain aspects of the instant disclosure
relate to a method of reducing the expression and/or acticity of INHBE in a cell, comprising
contacting said cell with the modulator of the disclosure. In one embodiment, the cell is a hepatic

cell, optionally a hepatocyte. In one embodiment, the cell is an extrahepatic cell.

A.  Vector encoded Oligonucleotides of the Invention

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

Viral vector systems which can be utilized with the methods and compositions described
herein include, but are not limited to, (a) adenovirus vectors; (b) retrovirus vectors, including but not

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

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

V. Pharmaceutical Compositions of the Invention

The present invention also includes pharmaceutical compositions and formulations which
include the modulators of the invention. In one embodiment, provided herein are pharmaceutical
compositions containing a modulator, as described herein, and a pharmaceutically acceptable carrier.
The pharmaceutical compositions containing the modulator are useful for preventing or treating an
INHBE-associated disorder, e.g., metablic disorder, e.g., metabolic syndrome, a disorder of
carbohydrates, e.g., type Il diabetes, pre-diabetes, a lipid metabolism disorder, e.g., a hyperlipidemia,
hypertension, a cardiovascular disease, a disorders of body weight.

Such pharmaceutical compositions are formulated based on the mode of delivery. One
example is compositions that are formulated for systemic administration via parenteral delivery, e.g.,
by subcutaneous (SC), intramuscular (IM), or intravenous (IV) delivery. The pharmaceutical
compositions of the invention may be administered in dosages sufficient to inhibit expression of an
INHBE gene.

In some embodiments, the pharmaceutical compositions of the invention are sterile. In
another embodiment, the pharmaceutical compositions of the invention are pyrogen free.

The pharmaceutical compositions of the invention may be administered in dosages sufficient
to inhibit expression and/or actovoty of INHBE. In general, a suitable dose of a modulator of the
invention will be in the range of about 0.001 to about 200.0 milligrams per kilogram body weight of
the recipient per day, generally in the range of about 1 to 50 mg per kilogram body weight per day.
Typically, a suitable dose of a modulator of the invention will be in the range of about 0.1 mg/kg to
about 5.0 mg/kg, such as, about 0.3 mg/kg and about 3.0 mg/kg. A repeat-dose regimen may include
administration of a therapeutic amount of a modulator on a regular basis, such as every month, once
every 3-6 months, or once a year. In certain embodiments, the modulator is administered about once
per month to about once per six months.

After an initial treatment regimen, the treatments can be administered on a less frequent basis.
Duration of treatment can be determined based on the severity of disease.

In other embodiments, a single dose of the pharmaceutical compositions can be long lasting,
such that doses are administered at not more than 1, 2, 3, or 4 month intervals. In some embodiments

of the invention, a single dose of the pharmaceutical compositions of the invention is administered
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about once per month. In other embodiments of the invention, a single dose of the pharmaceutical
compositions of the invention is administered quarterly (i.e., about every three months). In other
embodiments of the invention, a single dose of the pharmaceutical compositions of the invention is
administered twice per year (i.e., about once every six months).

The skilled artisan will appreciate that certain factors can influence the dosage and timing
required to effectively treat a subject, including but not limited to mutations present in the subject,
previous treatments, the general health or age of the subject, and other diseases present. Moreover,
treatment of a subject with a prophylactically or therapeutically effective amount, as appropriate, of a
composition can include a single treatment or a series of treatments.

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

The modulator can be delivered in a manner to target a particular tissue, such as the liver.

Pharmaceutical compositions and formulations for topical administration can include
transdermal patches, ointments, lotions, creams, gels, drops, suppositories, sprays, liquids and
powders. Conventional pharmaceutical carriers, aqueous, powder or oily bases, thickeners and the like
can be necessary or desirable. Coated condoms, gloves and the like can also be useful. Suitable topical
formulations include those in which the modulators featured in the disclosure are in admixture with a
topical delivery agent such as lipids, liposomes, fatty acids, fatty acid esters, steroids, chelating agents
and surfactants. Suitable lipids and liposomes include neutral (e.g., dioleoylphosphatidyl DOPE
ethanolamine, dimyristoylphosphatidyl choline DMPC, distearolyphosphatidyl choline) negative (e.g.,
dimyristoylphosphatidyl glycerol DMPG) and cationic (e.g., dioleoyltetramethylaminopropyl DOTAP
and dioleoylphosphatidyl ethanolamine DOTMA). Modulators featured in the disclosure can be
encapsulated within liposomes or can form complexes thereto, in particular to cationic liposomes.
Alternatively, modulators can be complexed to lipids, in particular to cationic lipids. Suitable fatty
acids and esters include but are not limited to arachidonic acid, oleic acid, eicosanoic acid, lauric acid,
caprylic acid, capric acid, myristic acid, palmitic acid, stearic acid, linoleic acid, linolenic acid,
dicaprate, tricaprate, monoolein, dilaurin, glyceryl 1-monocaprate, 1-dodecylazacycloheptan-2-one,
an acylcarnitine, an acylcholine, or a C1-20 alkyl ester (e.g., isopropylmyristate IPM), monoglyceride,
diglyceride or pharmaceutically acceptable salt thereof. Topical formulations are described in detail in
US 6,747,014, which is incorporated herein by reference.

In one embodiment, the modulators of the invention, are administered to a cell in a
pharmaceutical composition by a topical route of administration.

In one embodiment, the pharmaceutical composition may include a modulator mixed with a topical
delivery agent. The topical delivery agent can be a plurality of microscopic vesicles. The

microscopic vesicles can be liposomes. In some embodiments the liposomes are cationic liposomes.
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In another embodiment, the modulator is admixed with a topical penetration enhancer. In one
embodiment, the topical penetration enhancer is a fatty acid. The fatty acid can be arachidonic acid,
oleic acid, lauric acid, caprylic acid, capric acid, myristic acid, palmitic acid, stearic acid, linoleic
acid, linolenic acid, dicaprate, tricaprate, monolein, dilaurin, glyceryl 1-monocaprate, 1-
dodecylazacycloheptan-2-one, an acylcarnitine, an acylcholine, or a C1-10 alkyl ester, monoglyceride,
diglyceride or pharmaceutically acceptable salt thereof.

In another embodiment, the topical penetration enhancer is a bile salt. The bile salt can be
cholic acid, dehydrocholic acid, deoxycholic acid, glucholic acid, glycholic acid, glycodeoxycholic
acid, taurocholic acid, taurodeoxycholic acid, chenodeoxycholic acid, ursodeoxycholic acid, sodium
tauro-24,25-dihydro-fusidate, sodium glycodihydrofusidate, polyoxyethylene-9-lauryl ether or a
pharmaceutically acceptable salt thereof.

In another embodiment, the penetration enhancer is a chelating agent. The chelating agent
can be EDTA, citric acid, a salicyclate, a N-acyl derivative of collagen, laureth-9, an N-amino acyl
derivative of a beta-diketone or a mixture thereof.

In another embodiment, the penetration enhancer is a surfactant, e.g., an ionic or nonionic
surfactant. The surfactant can be sodium lauryl sulfate, polyoxyethylene-9-lauryl ether,
polyoxyethylene-20-cetyl ether, a perfluorchemical emulsion or mixture thereof.

In another embodiment, the penetration enhancer can be selected from a group consisting of
unsaturated cyclic ureas, 1-alkyl-alkones, 1-alkenylazacyclo-alakanones, steroidal anti-inflammatory
agents and mixtures thereof. In yet another embodiment the penetration enhancer can be a glycol, a
pyrrol, an azone, or a terpenes.

In one aspect, the invention features a pharmaceutical composition including a modulator in
an injectable dosage form. In one embodiment, the injectable dosage form of the pharmaceutical
composition includes sterile aqueous solutions or dispersions and sterile powders. In some
embodiments the sterile solution can include a diluent such as water; saline solution; fixed oils,
polyethylene glycols, glycerin, or propylene glycol.

The modulators of the invention can be incorporated into pharmaceutical compositions. Such
compositions typically include one or more species of modulator and a pharmaceutically acceptable
carrier. As used herein the language “pharmaceutically acceptable carrier” is intended to include any
and all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like, compatible with pharmaceutical administration to a cell, e.g.,
a liver cell. The use of such media and agents for pharmaceutically active substances is well known in
the art. Except insofar as any conventional media or agent is incompatible with the active compound,
use thereof in the compositions is contemplated. Supplementary active compounds can also be
incorporated into the compositions.

Pharmaceutical compositions of the present invention include, but are not limited to,
solutions, emulsions, and liposome-containing formulations. These compositions can be generated
from a variety of components that include, but are not limited to, preformed liquids, self-emulsifying

solids, and self-emulsifying semisolids. Formulations include those that target the liver.
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The pharmaceutical formulations of the present invention, which can conveniently be
presented in unit dosage form, can be prepared according to conventional techniques well known in
the pharmaceutical industry. Such techniques include the step of bringing into association the active
ingredients with the pharmaceutical carrier(s) or excipient(s). In general, the formulations are
prepared by uniformly and intimately bringing into association the active ingredients with liquid

carriers.

A. Additional Formulations
i. Emulsions

The compositions of the present invention can be prepared and formulated as emulsions.
Emulsions are typically heterogeneous systems of one liquid dispersed in another in the form of
droplets usually exceeding 0.1 um in diameter (see e.g., Ansel's Pharmaceutical Dosage Forms and
Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams &
Wilkins (8th ed.), New York, NY; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199; Rosoff, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc.,
New York, N.Y., Volume 1, p. 245; Block in Pharmaceutical Dosage Forms, Lieberman, Rieger and
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 2, p. 335; Higuchi et al., in
Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa., 1985, p. 301). Emulsions
are often biphasic systems comprising two immiscible liquid phases intimately mixed and dispersed
with each other. In general, emulsions can be of either the water-in-oil (w/o) or the oil-in-water (o/w)
variety. When an aqueous phase is finely divided into and dispersed as minute droplets into a bulk
oily phase, the resulting composition is called a water-in-oil (w/o) emulsion. Alternatively, when an
oily phase is finely divided into and dispersed as minute droplets into a bulk aqueous phase, the
resulting composition is called an oil-in-water (o/w) emulsion. Emulsions can contain additional
components in addition to the dispersed phases, and the active drug which can be present as a solution
either in the aqueous phase, oily phase or itself as a separate phase. Pharmaceutical excipients such as
emulsifiers, stabilizers, dyes, and anti-oxidants can also be present in emulsions as needed.
Pharmaceutical emulsions can also be multiple emulsions that are comprised of more than two phases
such as, for example, in the case of oil-in-water-in-oil (o/w/0) and water-in-oil-in-water (w/o/w)
emulsions. Such complex formulations often provide certain advantages that simple binary emulsions
do not. Multiple emulsions in which individual oil droplets of an o/w emulsion enclose small water
droplets constitute a w/o/w emulsion. Likewise a system of oil droplets enclosed in globules of water
stabilized in an oily continuous phase provides an o/w/o emulsion.

Emulsions are characterized by little or no thermodynamic stability. Often, the dispersed or
discontinuous phase of the emulsion is well dispersed into the external or continuous phase and
maintained in this form through the means of emulsifiers or the viscosity of the formulation. Other
means of stabilizing emulsions entail the use of emulsifiers that can be incorporated into either phase

of the emulsion. Emulsifiers can broadly be classified into four categories: synthetic surfactants,
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naturally occurring emulsifiers, absorption bases, and finely dispersed solids (see e.g., Ansel's
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel
HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY; Idson, in Pharmaceutical
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y.,
volume 1, p. 199).

Synthetic surfactants, also known as surface active agents, have found wide applicability in
the formulation of emulsions and have been reviewed in the literature (see e.g., Ansel's
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel
HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY; Rieger, in Pharmaceutical
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y.,
volume 1, p. 285; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.),
Marcel Dekker, Inc., New York, N.Y., 1988, volume 1, p. 199). Surfactants are typically amphiphilic
and comprise a hydrophilic and a hydrophobic portion. The ratio of the hydrophilic to the
hydrophobic nature of the surfactant has been termed the hydrophile/lipophile balance (HLB) and is a
valuable tool in categorizing and selecting surfactants in the preparation of formulations. Surfactants
can be classified into different classes based on the nature of the hydrophilic group: nonionic, anionic,
cationic, and amphoteric (see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems,
Allen, LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New
York, NY Rieger, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988,
Marcel Dekker, Inc., New York, N.Y., volume 1, p. 285).

A large variety of non-emulsifying materials are also included in emulsion formulations and
contribute to the properties of emulsions. These include fats, oils, waxes, fatty acids, fatty alcohols,
fatty esters, humectants, hydrophilic colloids, preservatives, and antioxidants (Block, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc.,
New York, N.Y., volume 1, p. 335; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199).

The application of emulsion formulations via dermatological, oral, and parenteral routes, and
methods for their manufacture have been reviewed in the literature (see e.g., Ansel's Pharmaceutical
Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel HC., 2004,
Lippincott Williams & Wilkins (8th ed.), New York, NY; Idson, in Pharmaceutical Dosage Forms,
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199).

ii. Microemulsions
In one embodiment of the present invention, the compositions of modulators are formulated
as microemulsions. A microemulsion can be defined as a system of water, oil, and amphiphile which
is a single optically isotropic and thermodynamically stable liquid solution (see e.g., Ansel's
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel
HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY; Rosoff, in Pharmaceutical
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y.,
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volume 1, p. 245). Typically microemulsions are systems that are prepared by first dispersing an oil
in an aqueous surfactant solution and then adding a sufficient amount of a fourth component,
generally an intermediate chain-length alcohol to form a transparent system. Therefore,
microemulsions have also been described as thermodynamically stable, isotropically clear dispersions
of two immiscible liquids that are stabilized by interfacial films of surface-active molecules (Leung
and Shah, in: Controlled Release of Drugs: Polymers and Aggregate Systems, Rosoff, M., Ed., 1989,
VCH Publishers, New York, pages 185-215).

iii. Microparticles
An modulator of the invention may be incorporated into a particle, e.g., a microparticle.
Microparticles can be produced by spray-drying, but may also be produced by other methods
including lyophilization, evaporation, fluid bed drying, vacuum drying, or a combination of these

techniques.

iv. Penetration Enhancers

In one embodiment, the present invention employs various penetration enhancers to effect the
efficient delivery of modulators, e.g., nucleic acids, particularly iRNAs, to the skin of animals. Most
drugs are present in solution in both ionized and nonionized forms. However, usually only lipid
soluble or lipophilic drugs readily cross cell membranes. It has been discovered that even non-
lipophilic drugs can cross cell membranes if the membrane to be crossed is treated with a penetration
enhancer. In addition to aiding the diffusion of non-lipophilic drugs across cell membranes,
penetration enhancers also enhance the permeability of lipophilic drugs.

Penetration enhancers can be classified as belonging to one of five broad categories, i.e.,
surfactants, fatty acids, bile salts, chelating agents, and non-chelating non-surfactants (see e.g.,
Malmsten, M. Surfactants and polymers in drug delivery, Informa Health Care, New York, NY, 2002;
Lee et al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, p.92). Each of the above
mentioned classes of penetration enhancers and their use in manufacture of pharmaceutical

compositions and delivery of pharmaceutical agents are well known in the art.

v. Excipients
In contrast to a carrier compound, a “pharmaceutical carrier” or “excipient” is a
pharmaceutically acceptable solvent, suspending agent, or any other pharmacologically inert vehicle
for delivering one or more modulators to an animal. The excipient can be liquid or solid and is
selected, with the planned manner of administration in mind, so as to provide for the desired bulk,
consistency, etc., when combined with a nucleic acid and the other components of a given

pharmaceutical composition. Such agent are well known in the art.
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vi. Other Components

The compositions of the present invention can additionally contain other adjunct components
conventionally found in pharmaceutical compositions, at their art-established usage levels. Thus, for
example, the compositions can contain additional, compatible, pharmaceutically-active materials such
as, for example, antipruritics, astringents, local anesthetics or anti-inflammatory agents, or can contain
additional materials useful in physically formulating various dosage forms of the compositions of the
present invention, such as dyes, flavoring agents, preservatives, antioxidants, opacifiers, thickening
agents and stabilizers. However, such materials, when added, should not unduly interfere with the
biological activities of the components of the compositions of the present invention. The formulations
can be sterilized and, if desired, mixed with auxiliary agents, e.g., lubricants, preservatives,
stabilizers, wetting agents, emulsifiers, salts for influencing osmotic pressure, buffers, colorings,
flavorings, or aromatic substances, and the like which do not deleteriously interact with the nucleic
acid(s) of the formulation.

Aqueous suspensions can contain substances which increase the viscosity of the suspension
including, for example, sodium carboxymethylcellulose, sorbitol, or dextran. The suspension can also
contain stabilizers.

In some embodiments, pharmaceutical compositions featured in the invention include (a) one
or more antisense polynucleotide agents and (b) one or more agents which function by a non-antisense
inhibition mechanism and which are useful in treating an INHBE-associated disorder, e.g., a
metabolic disorder.

Toxicity and prophylactic efficacy of such compounds can be determined by standard
pharmaceutical procedures in cell cultures or experimental animals, e.g., for determining the LD50
(the dose lethal to 50% of the population) and the ED50 (the dose prophylactically effective in 50% of
the population). The dose ratio between toxic and therapeutic effects is the therapeutic index and it
can be expressed as the ratio LDS0/ED50. Compounds that exhibit high therapeutic indices are
preferred.

The data obtained from cell culture assays and animal studies can be used in formulating a
range of dosage for use in humans. The dosage of compositions featured herein in the invention lies
generally within a range of circulating concentrations that include the ED50, such as, an ED80 or
ED90, with little or no toxicity. The dosage can vary within this range depending upon the dosage
form employed and the route of administration utilized. For any compound used in the methods
featured in the invention, the prophylactically effective dose can be estimated initially from cell
culture assays. A dose can be formulated in animal models to achieve a circulating plasma
concentration range of the compound or, when appropriate, of the polypeptide product of a target
sequence (e.g., achieving a decreased concentration of the polypeptide) that includes the IC50 (i.e.,
the concentration of the test compound which achieves a half-maximal inhibition of symptoms) or
higher levels of inhibition as determined in cell culture. Such information can be used to more
accurately determine useful doses in humans. Levels in plasma can be measured, for example, by

high performance liquid chromatography.
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In addition to their administration, as discussed above, the modulators featured in the
invention can be administered in combination with other known agents used for the prevention or
treatment of an INHBE-associated disorder, e.g., metabolic disorder. In any event, the administering
physician can adjust the amount and timing of iRNA administration on the basis of results observed

using standard measures of efficacy known in the art or described herein.

VL Methods For Inhibiting INHBE Expression and/or Activity

The present invention also provides methods of inhibiting expression and/or activity of
INHBE in a cell. The methods include contacting a cell with a modulator, e.g., double stranded RNA
agent, antisense polynucleotide agent, an antibody, a guideRNA effecting ADAR editing, or a
guideRNA affecting CRISPR editing, in an amount effective to inhibit expression and/or activity of
INHBE in the cell, thereby inhibiting expression and/or activity of INHBE in the cell. In some
embodiments of the disclosure, expression of an INHBE gene is inhibited preferentially in the liver
(e.g., hepatocytes).

Contacting of a cell with a modulator, may be done in vitro or in vivo. Contacting a cell in
vivo with the modulator includes contacting a cell or group of cells within a subject, e.g., a human
subject, with the modulator. Combinations of in vitro and in vivo methods of contacting a cell are
also possible. Contacting a cell may be direct or indirect, as discussed above. Furthermore,
contacting a cell may be accomplished via a targeting ligand, including any ligand described herein or
known in the art. In some embodiments, the targeting ligand is a carbohydrate moiety, e.g., a
GalNAcs ligand, or any other ligand that directs the modulator agent to a site of interest.

LLITS

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

“downregulating”, “suppressing”, and other similar terms, and includes any level of inhibition.

The phrase “inhibiting expression and/or activity of INHBE” is intended to refer to inhibition
of expression of any INHBE (such as, e.g., a mouse INHBE gene, a rat INHBE gene, a monkey
INHBE gene, or a human INHBE gene) as well as variants or mutants of an INHBE gene. Thus, the
INHBE gene may be a wild-type INHBE gene, a mutant INHBE gene, or a transgenic INHBE gene in
the context of a genetically manipulated cell, group of cells, or organism.

“Inhibiting expression and/or ativity of INHBE” includes any level of inhibition of an INHBE
gene, e.g., at least partial suppression of the expression and/or activity of INHBE. The expression
and/or activity of INHBE may be assessed based on the level, or the change in the level, of any
variable associated with INHBE gene expression, e.g., INHBE mRNA level or INHBE protein level.
It is understood that INHBE is expressed predominantly in the liver.

The expression and/or activity of INHBE may also be assessed indirectly based on other
variables associated with INHBE gene expression, e.g., level of inhibin subunit beta E expression in
the cytoplasma, nuclear localization of inhibin subunit beta E, or expression of certain target genes or
other genes under transcription control of inhibin subunit beta E.

Inhibition may be assessed by a decrease in an absolute or relative level of one or more

variables that are associated with INHBE expression and/or activity compared with a control level.
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The control level may be any type of control level that is utilized in the art, e.g., a pre-dose baseline
level, or a level determined from a similar subject, cell, or sample that is untreated or treated with a
control (such as, e.g., buffer only control or inactive agent control).

In some embodiments of the methods of the invention, expression and/or activity of INHBE is
inhibited by at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%, or to below the
level of detection of the assay. In some embodiments, expression and/or activity of INHBE is
inhibited by at least 70%. It is further understood that inhibition of INHBE expression and/or activity
in certain tissues, e.g., in liver, without a significant inhibition of expression in other tissues, e.g.,
brain, may be desirable.

In certain embodiments, inhibition of expression and/or activity in vivo is determined by
knockdown of the human gene in a rodent expressing the human gene, e.g., an AAV-infected mouse
expressing the human target gene (i.e., INHBE), e.g., when administered as a single dose, e.g., at 3
mg/kg at the nadir of RNA expression. Knockdown of expression of an endogenous gene in a model
animal system can also be determined, e.g., after administration of a single dose at, e.g., 3 mg/kg at
the nadir of RNA expression. Such systems are useful when the nucleic acid sequence of the human
gene and the model animal gene are sufficiently close such that the human iRNA provides effective
knockdown of the model animal gene. RNA expression in liver is determined using the PCR methods
provided in Example 2.

Inhibition of the expression and/or activity of INHBE may be manifested by a reduction of
the amount of mRNA expressed by a first cell or group of cells (such cells may be present, for
example, in a sample derived from a subject) in which INHBE is transcribed and which has or have
been treated (e.g., by contacting the cell or cells with a modulator of the invention, or by
administering a modulator of the invention to a subject in which the cells are or were present) such
that the expression of an INHBE gene is inhibited, as compared to a second cell or group of cells
substantially identical to the first cell or group of cells but which has not or have not been so treated
(control cell(s) not treated with a modulator or not treated with a modulator targeted to the gene of
interest). In some embodiments, the inhibition is assessed by the method provided in Example 2
using a 10nM siRNA concentration in the species matched cell line and expressing the level of
mRNA in treated cells as a percentage of the level of mRNA in control cells, using the following

formula:

(mRNA in control cells) - (mRNA in treated cells)
(mRNA in control cells)

*100%

In other embodiments, inhibition of the expression and/or activity of INHBE may be assessed
in terms of a reduction of a parameter that is functionally linked to INHBE gene expression, e.g.,
INHBE protein level in blood or serum from a subject. INHBE gene silencing may be determined in
any cell expressing INHBE, either endogenous or heterologous from an expression construct, and by
any assay known in the art.

Inhibition of the expression and/or activity of an INHBE protein may be manifested by a

reduction in the level of the INHBE protein that is expressed by a cell or group of cells or in a subject
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sample (e.g., the level of protein in a blood sample derived from a subject). As explained above, for
the assessment of mRNA suppression, the inhibition of protein expression levels in a treated cell or
group of cells may similarly be expressed as a percentage of the level of protein in a control cell or
group of cells, or the change in the level of protein in a subject sample, e.g., blood or serum derived
therefrom.

A control cell, a group of cells, or subject sample that may be used to assess the inhibition of
the expression and/or activity of INHBE includes a cell, group of cells, or subject sample that has not
yet been contacted with a modulator agent of the invention. For example, the control cell, group of
cells, or subject sample may be derived from an individual subject (e.g., a human or animal subject)
prior to treatment of the subject with a modulator or an appropriately matched population control.

The level of INHBE mRNA that is expressed by a cell or group of cells may be determined
using any method known in the art for assessing mRNA expression. In one embodiment, the level of
expression of INHBE in a sample is determined by detecting a transcribed polynucleotide, or portion
thereof, e.g., mRNA of the INHBE gene. RNA may be extracted from cells using RNA extraction
techniques including, for example, using acid phenol/guanidine isothiocyanate extraction (RNAzol B;
Biogenesis), RNeasy™ RNA preparation kits (Qiagen®) or PAX gene™ (Pre Analytix™,
Switzerland). Typical assay formats utilizing ribonucleic acid hybridization include nuclear run-on
assays, RT-PCR, RNase protection assays, northern blotting, in situ hybridization, and microarray
analysis.

In some embodiments, the level of expression of INHBE is determined using a nucleic acid
probe. The term “probe”, as used herein, refers to any molecule that is capable of selectively binding
to a specific INHBE. Probes can be synthesized by one of skill in the art, or derived from appropriate
biological preparations. Probes may be specifically designed to be labeled. Examples of molecules
that can be utilized as probes include, but are not limited to, RNA, DNA, proteins, antibodies, and
organic molecules.

Isolated mRNA can be used in hybridization or amplification assays that include, but are not
limited to, Southern or northern analyses, polymerase chain reaction (PCR) analyses and probe arrays.
One method for the determination of mRNA levels involves contacting the isolated mRNA with a
nucleic acid molecule (probe) that can hybridize to INHBE mRNA. In one embodiment, the mRNA
is immobilized on a solid surface and contacted with a probe, for example by running the isolated
mRNA on an agarose gel and transferring the mRNA from the gel to a membrane, such as
nitrocellulose. In an alternative embodiment, the probe(s) are immobilized on a solid surface and the
mRNA is contacted with the probe(s), for example, in an Affymetrix® gene chip array. A skilled
artisan can readily adapt known mRNA detection methods for use in determining the level of INHBE
mRNA.

An alternative method for determining the level of expression of INHBE in a sample involves
the process of nucleic acid amplification or reverse transcriptase (to prepare cDNA) of for example
mRNA in the sample, e.g., by RT-PCR (the experimental embodiment set forth in Mullis, 1987, U.S.
Patent No. 4,683,202), ligase chain reaction (Barany (1991) Proc. Natl. Acad. Sci. USA 88:189-193),
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self sustained sequence replication (Guatelli ef al. (1990) Proc. Natl. Acad. Sci. USA 87:1874-1878),
transcriptional amplification system (Kwoh et al. (1989) Proc. Natl. Acad. Sci. USA 86:1173-1177),
Q-Beta Replicase (Lizardi et al. (1988) Bio/Technology 6:1197), rolling circle replication (Lizardi et
al., U.S. Patent No. 5,854,033) or any other nucleic acid amplification method, followed by the
detection of the amplified molecules using techniques well known to those of skill in the art. These
detection schemes are especially useful for the detection of nucleic acid molecules if such molecules
are present in very low numbers. In particular aspects of the invention, the level of expression of
INHBE is determined by quantitative fluorogenic RT-PCR (i.e., the TagMan™ System). In some
embodiments, expression level is determined by the method provided in Example 2 using, e.g., a 10
nM siRNA concentration, in the species matched cell line.

The expression levels of INHBE mRNA may be monitored using a membrane blot (such as
used in hybridization analysis such as northern, Southern, dot, and the like), or microwells, sample
tubes, gels, beads or fibers (or any solid support comprising bound nucleic acids). See U.S. Patent
Nos. 5,770,722, 5,874,219, 5,744,305, 5,677,195 and 5,445,934, which are incorporated herein by
reference. The determination of INHBE expression level may also comprise using nucleic acid
probes in solution.

In some embodiments, the level of mRNA expression is assessed using branched DNA
(bDNA) assays or real time PCR (qPCR). The use of these methods is described and exemplified in
the Examples presented herein. In some embodiments, expression level is determined by the method
provided in Example 2 using a 10nM siRNA concentration in the species matched cell line.

The level of INHBE protein expression may be determined using any method known in the
art for the measurement of protein levels. Such methods include, for example, electrophoresis,
capillary electrophoresis, high performance liquid chromatography (HPLC), thin layer
chromatography (TLC), hyperdiffusion chromatography, fluid or gel precipitin reactions, absorption
spectroscopy, a colorimetric assays, spectrophotometric assays, flow cytometry, immunodiffusion
(single or double), immunoelectrophoresis, western blotting, radioimmunoassay (RIA), enzyme-
linked immunosorbent assays (ELISAs), immunofluorescent assays, electrochemiluminescence
assays, and the like.

In some embodiments, the efficacy of the methods of the invention are assessed by a decrease
in INHBE mRNA or protein level (e.g., in a liver biopsy).

In some embodiments of the methods of the invention, the modulator is administered to a
subject such that the modulator is delivered to a specific site within the subject. The inhibition of
expression and/or activity of INHBE may be assessed using measurements of the level or change in
the level of INHBE mRNA or INHBE protein in a sample derived from fluid or tissue from the
specific site within the subject (e.g., liver or blood).

As used herein, the terms detecting or determining a level of an analyte are understood to
mean performing the steps to determine if a material, e.g., protein, RNA, is present. As used herein,
methods of detecting or determining include detection or determination of an analyte level that is

below the level of detection for the method used.
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VII. Prophylactic and Treatment Methods of the Invention

The present invention also provides methods of using a modulator of the invention or a
composition containing modulator of the invention to inhibit expression and/or activity of INHBE,
thereby preventing or treating an INHBE-associated disorder, e.g., metabolic disorder, e.g., metabolic
syndrome, a disorder of carbohydrates, e.g., type Il diabetes, pre-diabetes, a lipid metabolism
disorder, e.g., a hyperlipidemia, hypertension, a cardiovascular disease, a disorders of body weight. In
the methods of the invention the cell may be contacted with the modulator in vitro or in vivo, i.e., the
cell may be within a subject.

A cell suitable for treatment using the methods of the invention may be any cell that expresses
an INHBE gene, e.g., a liver cell. A cell suitable for use in the methods of the invention may be a
mammalian cell, e.g., a primate cell (such as a human cell, including human cell in a chimeric non-
human animal, or a non-human primate cell, e.g., a monkey cell or a chimpanzee cell), or a non-
primate cell. In certain embodiments, the cell is a human cell, e.g., a human liver cell. In the methods
of the invention, INHBE expression is inhibited in the cell by at least 50, 55, 60, 65, 70, 75, 80, 85,
90, or 95, or to a level below the level of detection of the assay.

The in vivo methods of the invention may include administering to a subject a composition
containing a modulator, such as an oligonucleotide, e.g., where the oligonucleotide includes a
nucleotide sequence that is complementary to at least a part of an RNA transcript of the INHBE gene
of the mammal to which the RNAi agent is to be administered. The composition can be administered
by any means known in the art including, but not limited to oral, intraperitoneal, or parenteral routes,
including intracranial (e.g., intraventricular, intraparenchymal, and intrathecal), intravenous,
intramuscular, subcutaneous, transdermal, airway (aerosol), nasal, rectal, intraocular (e.g., periocular,
conjunctival, subtenon, intracameral, intravitreal, intraocular, anterior or posterior juxtascleral,
subretinal, subconjunctival, retrobulbar, or intracanalicular injection), intravenous, intramuscular,
subcutaneous, transdermal, airway (aerosol), and topical (including buccal and sublingual)
administration.

In certain embodiments, the compositions are administered by intravenous infusion or
injection. In certain embodiments, the compositions are administered by subcutaneous injection. In
certain embodiments, the compositions are administered by intramuscular injection.

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

In one aspect, the present invention also provides methods for inhibiting the expression and/or
activity of INHBE in a mammal. The methods include administering to the mammal a composition
comprising a modulator, such as an oligonucleotide, e.g., an oligonucleotide that targets an INHBE
gene, in a cell of the mammal and maintaining the mammal for a time sufficient to obtain degradation
of the mRNA transcript of the INHBE gene, thereby inhibiting expression and/or activity of INHBE
in the cell. Reduction in expression and/or activity can be assessed by any methods known in the art

and by methods, e.g. qRT-PCR, described herein, e.g., in Example 2. Reduction in protein production
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can be assessed by any methods known it the art, e.g. ELISA. In certain embodiments, a puncture
liver biopsy sample serves as the tissue material for monitoring the reduction in the INHBE gene or
protein expression. In other embodiments, a blood sample serves as the subject sample for monitoring
the reduction in the INHBE protein expression and/or actvity.

The present invention further provides methods of treatment in a subject in need thereof, e.g.,

a subject diagnosed with an INHBE-associated disorder, such as a metabolic disorder, e.g., metabolic
syndrome, a disorder of carbohydrates, e.g., type Il diabetes, pre-diabetes, a lipid metabolism
disorder, e.g., a hyperlipidemia, hypertension, a cardiovascular disease, a disorders of body weight.

The present invention further provides methods of prophylaxis in a subject in need thereof.
The treatment methods of the invention include administering a modulator of the invention to a
subject, e.g., a subject that would benefit from a reduction of INHBE expression, in a prophylactically
effective amount of a dsRNA targeting an INHBE gene or a pharmaceutical composition comprising a
modulator of the invention.

In one aspect, the present invention provides methods of treating a subject having a disorder that
would benefit from reduction in INHBE expression and/or activity, e.g., an INHBE-associated disorder,
such as a metabolic disorder, e.g., diabetes.

Treatment of a subject that would benefit from a reduction and/or inhibition of INHBE expression
and/or activity includes therapeutic treatment (e.g., a subject is having a metabolic disorder) and
prophylactic treatment (e.g., the subject is not having a metablic disorder or a subject may be at risk of
developing a metabolic disorder).

In some embodiments, the INHBE-associated disorder is a metabolic disorder. Examples of
metablic disorder include but are not limited to, metabolic syndrome, a disorder of carbohydrates, e.g.,
type II diabetes, pre-diabetes, a lipid metabolism disorder, e.g., a hyperlipidemia, hypertension, a
cardiovascular disease, a disorders of body weight.

In some embodiments, the INHBE-associated disorder is metabolic syndrome.

In some embodiments, the modulator is administered to a subject in an amount effective to inhibit
INHBE expression and/or activity in a cell within the subject. The amount effective to inhibit INHBE
expression and/or activity in a cell within a subject may be assessed using methods discussed above,
including methods that involve assessment of the inhibition of INHBE mRNA, INHBE protein, or related
variables, such as waist circunference.

With respect to oligonucleotide of the invention, an oligonucleotide of the invention may be
administered as a “free oligonucleotide.” A free oligonucleotide is administered in the absence of a
pharmaceutical composition. The naked oligonucleotide may be in a suitable buffer solution. The
buffer solution may comprise acetate, citrate, prolamine, carbonate, or phosphate, or any combination
thereof. In one embodiment, the buffer solution is phosphate buffered saline (PBS). The pH and
osmolarity of the buffer solution containing the oligonucleotide can be adjusted such that it is suitable
for administering to a subject. Alternatively, an oligonucleotide of the invention may be administered

as a pharmaceutical composition, such as an oligonucleotide liposomal formulation.
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Subjects that would benefit from an inhibition of INHBE expression and/or activity are
subjects susceptible to or diagnosed with an INHBE-associated disorder, such as a metablic disorder,
e.g., metabolic syndrome, a disorder of carbohydrates, e.g., type Il diabetes, pre-diabetes, a lipid
metabolism disorder, e.g., a hyperlipidemia, hypertension, a cardiovascular disease, a disorders of
body weight. In an embodiment, the method includes administering a composition featured herein
such that expression and/or activity of INHBE is decreased, such as for about 1, 2, 3, 4, 5, 6, 1-6, 1-3,
or 3-6 months per dose. In certain embodiments, the composition is administered once every 3-6
months.

In one embodiment, the modulators useful for the methods and compositions featured herein
specifically target RNAs (primary or processed) of the target INHBE gene. Compositions and
methods for inhibiting the expression of these genes using iRNAs can be prepared and performed as
described herein.

Administration of the modulator according to the methods of the invention may result
prevention or treatment of an INHBE-associated disorder, e.g., a metablic disorder, e.g., metabolic
syndrome, a disorder of carbohydrates, e.g., type Il diabetes, pre-diabetes, a lipid metabolism
disorder, e.g., a hyperlipidemia, hypertension, a cardiovascular disease, a disorders of body weight.
Subjects can be administered a therapeutic amount of modulator, such as about 0.01 mg/kg to about
200 mg/kg.

In one embodiment, the modulator is administered subcutaneously, i.e., by subcutaneous
injection. One or more injections may be used to deliver the desired dose of modulator to a subject.
The injections may be repeated over a period of time.

The administration may be repeated on a regular basis. In certain embodiments, after an
initial treatment regimen, the treatments can be administered on a less frequent basis. A repeat-dose
regimen may include administration of a therapeutic amount of modulator on a regular basis, such as
once per month to once a year. In certain embodiments, the modulator is administered about once per
month to about once every three months, or about once every three months to about once every six
months.

The invention further provides methods and uses of a modulator or a pharmaceutical
composition thereof for treating a subject that would benefit from reduction and/or inhibition of
INHBE expression and/or activity, e.g., a subject having an INHBE-associated disorder, in
combination with other pharmaceuticals and/or other therapeutic methods, e.g., with known
pharmaceuticals and/or known therapeutic methods, such as, for example, those which are currently
employed for treating these disorders.

Accordingly, in some aspects of the invention, the methods which include administration of a
modulator of the invention, further include administering to the subject one or more additional
therapeutic agents.

For example, in certain embodiments, a modulator of the invention is administered in
combination with, e.g., an agent useful in treating an INHBE-associated disorder as described herein

or otherwise known in the art. For example, additional agents and treatments suitable for treating a
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subject that would benefit from reducton in INHBE expression and/or activity, e.g., a subject having
an INHBE-associated disorder, may include agents currently used to treat symptoms of INHBE-
associated disorder.

Examples of the additional therapeutic agents which can be used with a modulator of the
invention include, but are not limited to, insulin, a glucagon-like peptide 1 agonist (e.g., exenatide,
liraglutide, dulaglutide, semaglutide, and pramlintide, a sulfonylurea (e.g., chlorpropamide, glipizide),
a seglitinide (e.g., repaglinide, nateglinidie), biguanides (e.g., metformin), a thiazolidinedione, e.g,
rosiglitazone, troglitazone, an alpha-glucosidase inhibitor (e.g., acarbose and meglitol ), an SGLT2
inhibitor (e.g., dapagliflozin), a DPP-4 inhibitor (e.g., linagliptin), or an HMG-CoA reductase
inhibitor, e.g., statins, such as atorvastatin (Lipitor), fluvastatin (Lescol), lovastatin (Mevacor),
lovastatin extended-release (Altoprev), pitavastatin (Livalo), pravastatin (Pravachol), rosuvastatin
(Crestor), and simvastatin (Zocor).

The modulator and an additional therapeutic agent and/or treatment may be administered at the

same time and/or in the same combination, e.g., parenterally, or the additional therapeutic agent can be

administered as part of a separate composition or at separate times and/or by another method known in the

art or described herein.

VIII. Kits

In certain aspects, the instant disclosure provides kits that include a suitable container
containing a pharmaceutical formulation of a modulator of the invention.

Such kits include one or more modulator(s) and instructions for use, e.g., instructions for
administering a prophylactically or therapeutically effective amount of modulator(s). The modulator
may be in a vial or a pre-filled syringe. The kits may optionally further comprise means for
administering the modulator (e.g., an injection device, such as a pre-filled syringe), or means for
measuring the inhibition of INHBE (e.g., means for measuring the inhibition of INHBE mRNA,
INHBE protein, and/or INHBE activity). Such means for measuring the inhibition of INHBE may
comprise a means for obtaining a sample from a subject, such as, e.g., a plasma sample. The kits of
the invention may optionally further comprise means for determining the therapeutically effective or
prophylactically effective amount.

In certain embodiments the individual components of the pharmaceutical formulation may be
provided in one container, e.g., a vial or a pre-filled syringe. Alternatively, it may be desirable to
provide the components of the pharmaceutical formulation separately in two or more containers, e.g.,
one container for modulator preparation, and at least another for a carrier compound. The kit may be
packaged in a number of different configurations such as one or more containers in a single box. The
different components can be combined, e.g., according to instructions provided with the kit. The
components can be combined according to a method described herein, e.g., to prepare and administer

a pharmaceutical composition. The kit can also include a delivery device.
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This invention is further illustrated by the following examples which should not be construed
as limiting. The entire contents of all references, patents and published patent applications cited
throughout this application, as well as the informal Sequence Listing and Figures, are hereby

incorporated herein by reference.

EXAMPLES
Example 1. Identification of Association of INHBE Loss-Of-Function with Waist-To-Hip Ratio
in UK Biobank

Abdominal obesity is the most prevalent manifestation of metabolic syndrome (Després J. and
Lemieux I. Nature 2006; 444:881-887) and is recognized as a contributor to cardiovascular disease
and metabolic risk beyond body mass index (BMI) (Neeland 1J et al. Lancet Diabetes &
Endocrinology 2019; 7(9):715-725). Waist-to-hip ratio adjusted for BMI (WHRadjBMI) reflects
abdominal adiposity and correlates with direct imaging of abdominal fat. Mendelian randomization
studies have shown a causal relationship between WHRadjBMI and risk of type 2 diabetes and
coronary heart disease along with ischemic stroke, glycemic traits and circulating lipids (Emdin CA ez
al. JAMA 2017; 317(6):626-634; Dale CE et al. Circulation 2017; 135(24):2373-2388).

Rare genetic variants were tested for association with waist-to-hip ratio adjusted for BMI
using exome sequencing data from the UK Biobank (UKBB). UKBB, a large long-term biobank study
in the United Kingdom (UK) is investigating the respective contributions of genetic predisposition
and environmental exposure (including nutrition, lifestyle, medications etc.) to the development of
disease (see, e.g., www.ukbiobank.ac.uk). The study is following about 500,000 volunteers in the
UK, enrolled at ages from 40 to 69. Initial enrollment took place over four years from 2006, and the
volunteers will be followed for at least 30 years thereafter. A plethora of phenotypic data has been
collected including anthropometric measurements such as waist and hip circumference. Recently, the
exome sequencing data (or the portion of the genomes composed of exons) from about 450,000
participants in the study has been obtained.

These whole exome sequences were used to identify rare predicted loss-of-function (pLOF)
variants (i.e., frameshift, stop gain, splice donor or splice acceptor variants) called as high confidence
by LOFTEE. WHR adjBMI were calculated for participants using manual measurements for waist
circumference, hip circumference, and body mass index (BMI) which were taken at their UKBB
assessment. WHR was calculated as the ratio of these two measurements. Using these data, along with
age at recruitment and sex, a linear model was built modeling WHR (WHR ~ Age + Sex + BMI).
WHR adjBMI was defined using the residuals from this model.

Gene-based collapsing tests (i.e., burden tests) were used to look for associations between rare
(minor allele frequency <1%) pLOF variants and WHRadjBMI. Burden testing was performed in the
unrelated White population (n=363,973) adjusting for age and genetic ancestry via 30 principal
components. INHBE pLOF associated with a 0.22 standard deviation decrease in WHRadjBMI (Table

A). INHBE was tested for association with additional quantitative traits and we detected associations
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with birth weight, WHR (not adjusted for BMI), triglycerides and HDL cholesterol (Table A). INHBE
pLOF also has a lower odds ratio for hypertension, coronary heart disease and T2D (Table B)

The most common INHBE pLOF variant in the UKBB exome-sequencing data was a splice
acceptor variant (rs150777893) carried by 536 out of 620 pLOF carriers. Tested as a single variant,
rs150777893 significantly associated with decreased WHRadj BMI (Table C).

Table A: Association of INHBE pLOF with WHRadj BMI and other traits

N carrier
Variant set pvalue Effect (SD) | measured
WaistHipRatioAdjBMI INHBE pLOF | 4.76E-08 | -0.22 618
EarlyLife_Birth_weight INHBE pLOF | 7.01E-07 | 0.26 345
WaistHipRatio INHBE pLOF | 3.45E-05 | -0.13 619
Blood_Biochemistry_Triglycerides INHBE pLOF | 0.001 -0.13 594
Blood_Biochemistry_HDL _cholesterol | INHBE pLOF | 0.01 0.10 550
Table B: Association of INHBE pLOF with hypertension, heart disease and T2D
Odds ratio | n carrier
phenotype pvalue 5% CI) cases n expected
0.86
110_essential_primary_hypertension | 0.10 (0.71, 1.03) 186 202.31
0.83
125_chronic_ischaemic_heart_disease | 0.21 (0.63,1.11) | 56 61.31
0.87
E11_non_insulin_dependent_diabetes | 0.36 (0.64,1.18) | 45 50.30
Table C: Association of splice acceptor variant rs150777893 with WHRadjBMI
N
whit
chrom | pos ref | alt | pvalue f)sflf)e)ct rsid gene E(;zseque xlﬁtl; e
carr
iers
WHR splice
. 5745609 3.75 rs1507 |[INHB
AdjB | 12 3 G C E-08 -0.24 77893 | E acceptor 0.07% | 539
MI variant

Example 2. iRNA Synthesis

Source of reagents

Where the source of a reagent is not specifically given herein, such reagent can be obtained
from any supplier of reagents for molecular biology at a quality/purity standard for application in

molecular biology.
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SIRNA Design
siRNAs targeting the inhibin subunit beta E gene (INHBE, human: NCBI refseqID

NM_031479.5, NCBI Gene ID: 83729) were designed using custom R and Python scripts. The
human NM_031479.5 mRNA has a length of 2460 bases.

Detailed lists of the unmodified INHBE sense and antisense strand nucleotide sequences are
shown in Table 2. Detailed lists of the modified INHBE sense and antisense strand nucleotide
sequences are shown in Table 3.

It is to be understood that, throughout the application, a duplex name without a decimal is
equivalent to a duplex name with a decimal which merely references the batch number of the duplex.

For example, AD-959917 is equivalent to AD-959917.1.

SiRNA Synthesis

siRNAs were designed, synthesized, and prepared using methods known in the art.

Briefly, siRNA sequences were synthesized on a 1 pmol scale using a Mermade 192
synthesizer (BioAutomation) with phosphoramidite chemistry on solid supports. The solid support
was controlled pore glass (500-1000 A) loaded with a custom GalNAc ligand (3’-GalNAc
conjugates), universal solid support (AM Chemicals), or the first nucleotide of interest. Ancillary
synthesis reagents and standard 2-cyanoethyl phosphoramidite monomers (2’-deoxy-2’-fluoro, 2’-O-
methyl, RNA, DNA) were obtained from Thermo-Fisher (Milwaukee, WI), Hongene (China), or
Chemgenes (Wilmington, MA, USA). Additional phosphoramidite monomers were procured from
commercial suppliers, prepared in-house, or procured using custom synthesis from various CMOs.
Phosphoramidites were prepared at a concentration of 100 mM in either acetonitrile or 9:1
acetonitrile:DMF and were coupled using 5-Ethylthio-1H-tetrazole (ETT, 0.25 M in acetonitrile) with
a reaction time of 400 s. Phosphorothioate linkages were generated using a 100 mM solution of 3-
((Dimethylamino-methylidene) amino)-3H-1,2,4-dithiazole-3-thione (DDTT, obtained from
Chemgenes (Wilmington, MA, USA)) in anhydrous acetonitrile/pyridine (9:1 v/v). Oxidation time
was 5 minutes. All sequences were synthesized with final removal of the DMT group (“DMT-Off”).

Upon completion of the solid phase synthesis, solid-supported oligoribonucleotides were
treated with 300 uL of Methylamine (40% aqueous) at room temperature in 96 well plates for
approximately 2 hours to afford cleavage from the solid support and subsequent removal of all
additional base-labile protecting groups. For sequences containing any natural ribonucleotide linkages
(2’-OH) protected with a tert-butyl dimethyl silyl (TBDMS) group, a second deprotection step was
performed using TEA.3HF (triethylamine trihydrofluoride). To each oligonucleotide solution in
aqueous methylamine was added 200 pL of dimethyl sulfoxide (DMSO) and 300 uL TEA.3HF and
the solution was incubated for approximately 30 mins at 60 °C. After incubation, the plate was
allowed to come to room temperature and crude oligonucleotides were precipitated by the addition of
1 mL of 9:1 acetontrile:ethanol or 1:1 ethanol:isopropanol. The plates were then centrifuged at 4 °C
for 45 mins and the supernatant carefully decanted with the aid of a multichannel pipette. The

oligonucleotide pellet was resuspended in 20 mM NaOAc and subsequently desalted using a HiTrap
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size exclusion column (5 mL, GE Healthcare) on an Agilent LC system equipped with an
autosampler, UV detector, conductivity meter, and fraction collector. Desalted samples were collected
in 96 well plates and then analyzed by LC-MS and UV spectrometry to confirm identity and quantify
the amount of material, respectively.

Duplexing of single strands was performed on a Tecan liquid handling robot. Sense and
antisense single strands were combined in an equimolar ratio to a final concentration of 10 uM in 1x
PBS in 96 well plates, the plate sealed, incubated at 100 °C for 10 minutes, and subsequently allowed
to return slowly to room temperature over a period of 2-3 hours. The concentration and identity of

each duplex was confirmed and then subsequently utilized for in vitro screening assays.

Example 3. In vitro siRNA Screening Methods

Cell culture and 384-well transfections

Hep3b cells (ATCC, Manassas, VA) are grown to near confluence at 37°C in an atmosphere
of 5% CO; in Eagle’s Minimum Essential Medium (Gibco) supplemented with 10% FBS (ATCC)
before being released from the plate by trypsinization. Transfection is carried out by adding 7.5 pl of
Opti-MEM plus 0.1 pl of Lipofectamine RNAiMax per well (Invitrogen, Carlsbad CA. cat # 13778-
150) to 2.5 pl of each siRNA duplex to an individual well in a 384-well plate. The mixture is then
incubated at room temperature for 15 minutes. Forty pl of complete growth media without antibiotic
containing ~1.5 x10* cells are then added to the siRNA mixture. Cells are incubated for 24 hours prior
to RNA purification. Single dose experiments are performed at 10 nM, 1 nM, and 0.1 nM final duplex

concentration.

Total RNA isolation using DYNABEADS mRNA Isolation Kit (Invitrogen™, part #: 610-12)

Cells are lysed in 75 of Lysis/Binding Buffer containing 3 pL of beads per well and mixed
for 10 minutes on an electrostatic shaker. The washing steps are automated on a Biotek EL406, using
a magnetic plate support. Beads are washed (in 90uL) once in Buffer A, once in Buffer B, and twice
in Buffer E, with aspiration steps in between. Following a final aspiration, complete 10uL RT

mixture is added to each well, as described below.

cDNA synthesis using ABI High capacity cDNA reverse transcription kit (Applied Biosystems,

Foster City, CA, Cat #4368813)

A master mix of 1ul 10X Buffer, 0.4ul 25X dNTPs, 1pl Random primers, 0.5l Reverse
Transcriptase, 0.5l RNase inhibitor and 6.6l of H>O per reaction are added per well. Plates are
sealed, agitated for 10 minutes on an electrostatic shaker, and then incubated at 37 degrees C for 2

hours. Following this, the plates are agitated at 80 degrees C for 8 minutes.
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Real time PCR

Two microlitre (ul) of cDNA are added to a master mix containing 0.5ul of human GAPDH
TaqMan Probe (4326317E), 0.5ul human INHBE, 2l nuclease-free water and Sul Lightcycler 480
probe master mix (Roche Cat # 04887301001) per well in a 384 well plates (Roche cat #
04887301001). Real time PCR is done in a LightCycler480 Real Time PCR system (Roche).

To calculate relative fold change, data are analyzed using the AACt method and normalized to
assays performed with cells transfected with 10nM AD-1955, or mock transfected cells. ICsos are
calculated using a 4 parameter fit model using XLFit and normalized to cells transfected with AD-
1955 or mock-transfected. The sense and antisense sequences of AD-1955 are: sense:

cuuAcGecuGAGuAcuucGAdTsdT and antisense UCGAAGUACUcAGCGuUAAGATsdT.

Example 4. Antisense Polynucleotide Agent Synthesis

Bioinformatics

A set of antisense polynucleotide agents targeting the inhibin subunit beta E gene (INHBE,
human: NCBI refseqID NM_031479.5, NCBI Gene ID: 83729) were designed and synthesized using
standard synthesis methods well known in the art.

A detailed list of the unmodified nucleotide sequences of antisense molecules targeting
INHBE is shown in Table 4 and a detailed list of the modified nucleotide sequences of antisense

molecules targeting INHBE is shown in Table 5.

Example 5. In vitro Fluorescence-Based Branched DNA (bDNA) Screening Assay
Summary
A panel of 32 human cell lines was screened for expression of INHBE by measuring the level of
INHBE transcript using a fluorescence-based branched DNA (bDNA) assay. A cell line (Hep3B) with
sufficient expression (at least 50- fold above background relative luminescence units (RLUs)) was

identified as an in vitro model to screen INHBE siRNAs and ASOs for target knockdown.

Materials and Methods

Quantigene probesets were designed for human INHBE and human GapDH mRNA (housekeeper
gene for normalization) and to Ahsal, which was used as a positive control in screens. Probeset oligos
were ordered from ThermoFisher Scientific and synthesized by Metabion. Probeset sequences, without
their proprietary parts, for INHBE, GapdDH and Ahsal.

To identify a cell line with sufficient target expression for screening (RLUs at least ~50-fold
above background), lysates from 32 human cell lines were tested for INHBE target expression by
Quantigene Singleplex Assay. Of each cell line, two different volumes of lysate were analyzed with a
concentration of 200,000 cells/mL lysate. The Quantigene assay was performed according to the

manufacturer’s protocol for Quantigene Singleplex. Luminescence was read using 1420 Luminescence
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Counter (WALLAC VICTOR Light, Perkin Elmer, Rodgau-Jiigesheim, Germany) following 30 minutes
incubation at RT in the dark.

In Vitro Screen & Dose Response in Hep3B Cells

Hep3b cells (ATCC, Manassas, VA) are grown to near confluence at 37°C in an atmosphere
of 5% CO; in Eagle’s Minimum Essential Medium (Gibco) supplemented with 10% FBS (ATCC)
before being released from the plate by trypsinization.

For transfection of Hep3B cells, cells were seeded at a density of 15,000 cells/well into 96-well
tissue culture plates (#655180, GBO, Germany). Transfection of siRNAs was carried out with
Lipofectamine RNAiMax, antisense oligonucleotides (ASOs) were transfected with Lipofectamine 2000
(both from Invitrogen/Life Technologies, Karlsruhe, Germany) according to manufacturer’s instructions
for reverse transfection. The in vitro screen was performed with siRNAs/ASOs in quadruplicates at 10nM
and 1 nM, with siRNAs targeting Ahsal, Firefly-Luciferase and Renilla-Luciferase as unspecific controls
and a mock transfection. After 24 hours of incubation with siRNAs/ASOs, medium was removed and cells
were lysed in 150 pl Medium-Lysis Mixture (1 volume lysis buffer, 2 volumes cell culture medium) and
then incubated at 53 °C for 30 minutes. bDNA assay was performed according to manufacturer’s
instructions with a probeset directed to human INHBE. Luminescence was read using 1420 Luminescence
Counter (WALLAC VICTOR Light, Perkin Elmer, Rodgau-Jiigesheim, Germany) following 30 minutes
incubation at RT in the dark.

The Ahsal siRNA served as an unspecific control for INHBE target mRNA expression and as
positive control for transfection efficiency with regards to Ahsal mRNA level. By hybridization with an
Ahsal probeset, mock-transfection served as controls for Ahsal mRNA level. Transfection efficiency for
each 96-well plate and both doses in the in vitro dose screen was calculated by relating the Ahsal-level in
cells treated with Ahsal siRNA/ASO (normalized to GapDH) to Ahsal levels in mock-treated cells.

For each well, the target mRNA level was normalized to the respective GapDH mRNA level. The
activity of a given siRNA/ASO was expressed as percent of mRNA concentration of the respective target
(normalized to GapDH mRNA) in treated cells, relative to the target mRNA concentration (normalized to
GapDH mRNA) averaged across control wells or mock transfected wells (DRCs). The half maximal
inhibitory concentration (ICso) was determined with XLfit software (an Excel add-in) using a 4 parameter

oI Hilislops

logistic model with the formula ¥ = Gattorm + (top — bettamn jA1 + %\ . ] ‘yand with Top

LG

constrained to a value of 100%. ICso (80% inhibitory concentration) was calculated from ICso using the

formula I{z = {:

ifi ¢ ICS8, where F is the percentage inhibition and H is the hill slope.

158 —F
Table 6 shows the results of in vitro screen in cells transfected with the indicated antisense

molecules.
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Table 1. Abbreviations of nucleotide monomers used in nucleic acid sequence representation. It
will be understood that these monomers, when present in an oligonucleotide, are mutually linked by
5'-3'-phosphodiester bonds; and it is understood that when the nucleotide contains a 2’-fluoro
modification, then the fluoro replaces the hydroxy at that position in the parent nucleotide (i.e., itis a
2’-deoxy-2’-fluoronucleotide). It is to be further understood that the nucleotide abbreviations in the

table omit the 3’-phosphate (i.e., they are 3’-OH) when placed at the 3’-terminal position of an

oligonucleotide.
Abbreviation Nucleotide(s)
A Adenosine-3’-phosphate
Ab beta-L-adenosine-3"-phosphate
Abs beta-L-adenosine-3"-phosphorothioate
Af 2’-fluoroadenosine-3’-phosphate
Afs 2’-fluoroadenosine-3’-phosphorothioate
As adenosine-3’-phosphorothioate
C cytidine-3’-phosphate
Cb beta-L-cytidine-3"-phosphate
Cbs beta-L-cytidine-3'-phosphorothioate
Cf 2’-fluorocytidine-3’ -phosphate
Cfs 2’ -fluorocytidine-3’-phosphorothioate
Cs cytidine-3’-phosphorothioate
G guanosine-3’-phosphate
Gb beta-L-guanosine-3"-phosphate
Gbs beta-L-guanosine-3"-phosphorothioate
Gf 2’ -fluoroguanosine-3’-phosphate
Gfs 2’-fluoroguanosine-3’-phosphorothioate
Gs guanosine-3’-phosphorothioate
T 5’-methyluridine-3’-phosphate
Tf 2’-fluoro-5-methyluridine-3’-phosphate
Tfs 2’-fluoro-5-methyluridine-3’-phosphorothioate
Ts 5-methyluridine-3’-phosphorothioate
U Uridine-3’-phosphate
Uf 2’-fluorouridine-3’-phosphate
Ufs 2’ -fluorouridine -3’ -phosphorothioate
Us uridine -3’-phosphorothioate
any nucleotide, modified or unmodified
a 2'-O-methyladenosine-3’-phosphate
as 2'-O-methyladenosine-3’- phosphorothioate
c 2'-O-methylcytidine-3’-phosphate
cs 2'-O-methylcytidine-3’- phosphorothioate
g 2'-O-methylguanosine-3’-phosphate
gs 2'-O-methylguanosine-3’- phosphorothioate
t 2’-O-methyl-5-methyluridine-3’-phosphate
ts 2’-O-methyl-5-methyluridine-3’-phosphorothioate
u 2'-O-methyluridine-3’-phosphate
us 2'-O-methyluridine-3’-phosphorothioate
S phosphorothioate linkage
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Abbreviation | Nucleotide(s)
L10 N-(cholesterylcarboxamidocaproyl)-4-hydroxyprolinol (Hyp-C6-Chol)
HG,
(j\/G
j\/\/\/H
o D
O

L96 N-[tris(GalNAc-alkyl)-amidodecanoyl)]-4-hydroxyprolinol

(Hyp-(GalNAc-alkyl)3)

(25,4R)-1-[29-[[2-(acetylamino)-2-deoxy-B-D-galactopyranosylJoxy]-14,14-
bis[[3-[[3-[[5-[[2-(acetylamino)-2-deoxy-P-D-galactopyranosyl]oxy]-1-
oxopentyl]Jamino]propyl]amino]-3-oxopropoxy]methyl]-1,12,19,25-tetraoxo-16-
oxa-13,20,24-triazanonacos-1-yl]-4-hydroxy-2-hydroxymethylpyrrolidine

HO OH
Ko o

H H
o N N
HO : NN
ol \/\/\g/ \; Ho.
Ho_ OH 0w {O~0
\gyg/o ﬂ ﬁ o) NWWO
N
HO NN N I
O

AcHN ) )
AN <
Q NN
0 N N
HO— T~ NN NTT0
AcHN o
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Abbreviation | Nucleotide(s)
ul.96 2'-O-methyluridine-3'-phosphate ((2S,4R)-1-[29-[[2-(acetylamino)-2-deoxy-B-D-
galactopyranosyl]oxy]-14,14-bis[[3-[[3-[[5-[[2-(acetylamino)-2-deoxy-B-D-
galactopyranosyl]oxy]-1-oxopentyl Jamino]propyl]amino]-3-
oxopropoxy]|methyl]-1,12,19,25-tetraoxo-16-oxa-13,20,24-triazanonacos-1-yl]-
4-hydroxy-2-pyrrolidinyl)methyl ester
HO
0 o
%»o---g:k
{oH TN
5 o MeO o J‘N
| H
HO"
o
H
OH
H 0o
HO! N)j\
on M
Y34 2-hydroxymethyl-tetrahydrofurane-4-methoxy-3-phosphate (abasic 2'-OMe
furanose)
O
s
° oy
HO—-P=0
Y44 inverted abasic DNA (2-hydroxymethyl-tetrahydrofurane-5-phosphate)
HO\
7o
i
O
(Agn) Adenosine-glycol nucleic acid (GNA)
(Cgn) Cytidine-glycol nucleic acid (GNA)
(Ggn) Guanosine-glycol nucleic acid (GNA)
(Tgn) Thymidine-glycol nucleic acid (GNA) S-Isomer
P Phosphate
VP Vinyl-phosphonate
dA 2" -deoxyadenosine-3"-phosphate
dAs 2" -deoxyadenosine-3"-phosphorothioate
dC 2" -deoxycytidine-3"-phosphate
dCs 2" -deoxycytidine-3"-phosphorothioate
dG 2"-deoxyguanosine-3"-phosphate
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Abbreviation Nucleotide(s)
dGs 2"-deoxyguanosine-3"-phosphorothioate
dT 2"-deoxythimidine -3"-phosphate
dTs 2"-deoxythimidine-3"-phosphorothioate
dU 2"-deoxyuridine
dUs 2"-deoxyuridine-3"-phosphorothioate
(C2p) cytidine-2"-phosphate
(G2p) guanosine-2"-phosphate
(U2p) uridine-2" -phosphate
(A2p) adenosine-2"-phosphate
(Ahd) 2'-O-hexadecyl-adenosine-3'-phosphate
(Ahds) 2'-O-hexadecyl-adenosine-3'-phosphorothioate
(Chd) 2'-O-hexadecyl-cytidine-3'-phosphate
(Chds) 2'-O-hexadecyl-cytidine-3'-phosphorothioate
(Ghd) 2'-0-hexadecyl-guanosine-3'-phosphate
(Ghds) 2'-O-hexadecyl-guanosine-3'-phosphorothioate
(Uhd) 2'-O-hexadecyl-uridine-3'-phosphate
(Uhds) 2'-O-hexadecyl-uridine-3'-phosphorothioate
(Aeo) 2"-O-methoxyethyladenosine-3"-phosphate
(Aeos) 2"-O-methoxyethyladenosine-3"-phosphorothioate
(Geo) 2"-O-methoxyethylguanosine-3"-phosphate
(Geos) 2"-0O-methoxyethylguanosine-3"-phosphorothioate
(Teo) 2"-O-methoxyethyl-5-methyluridine-3"-phosphate
(Teos) 2"-O-methoxyethyl-5-methyluridine-3"-phosphorothioate
(m5Ceo) 2"-0O-methoxyethyl-5-methylcytidine-3"-phosphate
(m5Ceos) 2"-O-methoxyethyl-5-methylcytidine-3"-phosphorothioate
(m5dC) 5’-methyl-deoxycytidine-3"-phosphate
(m5dCs) 5’-methyl-deoxycytidine-3"-phosphorothioate

143




PCT/US2022/043948

WO 2023/044094

NIVvOHOVHOHDHNONNVNINDYDNVOHY LTY-S0Y NONVONOVVNAVVYOHVDIOONDON ££€9691-av
DOVVOONHOHVINDDNDOVOIVOHOY eI-16¢€ NIDNHONHDHVIOVOHNOIOVIDNN 61€9591-av
NNNVHOVIINVIIIVVIDNDOHVY 10v-6L¢€ NNdDOVIBNNHHONVOHONIDNY LO€9S91-aV
NOHVNOHHNNDONIODNNNVOOVY 98¢-19¢ NNOONVVVIDVIDHVYVIODVND 2679591-av
DVYOHVIOVIHVYIINIDOHVNDDDNNY YLE-TSE NVVyI2HVNIOHVOHDNODNDOND 0879s91-av
55DN1NIDNDONNDINDDVOHVIOVY 6S¢-LEE NNHOHNDNDHDVHOVVHVIDVVD §979691-av
NHNODDVHVIVIVOVOHDHVHOHVY 91€-¥6C NNdDONIIINHNHNONDNDDHY 0979¢91-av
VOVODOODNDVIOVIDINODNONY 06¢-89¢C NvOovIOHVHODHNOHDNOVIDHDOHN Y6959 1-av

VODNODHVHVYIIDVIIVIDVYIDVY 69C-L¥C NnNOHSNOHNADHNDHONDINDDVO £€79691-av
DODHOHVHOHOHVINVIOVOHDNDDVOHVY 96T-¥¢€¢ NNOHNOHVYIONHNVONDIIDNID 0Te9s91-av
DHNOOIHOHNVVYHNDDNOONODNY °eC-01¢C NVOHVHHVIIVINNVIIDDHDY 9619591-AV
NIDHVHOHVYINNDHDHNDDIDONVVY 12C-661 NNNVOOHHOHVIIVYOHNIINDD 6819691-Av
NOdNHOINDONNDHVIOHONVOHODNY 00C-8LI NVHOINVIIDNIVYIDVHDOV ¥919691-av
HHNOOHNNVOHNDNOVOHNNDNINDY 781-091 NOVHOVIOVVINIVHVINVVIDHY 9¥19591-av
VOVIDVIVDNDVIVODDHOVDNVY PoI-CEl NNvonNodoovNovtNnovoNnnvNndodiin 6¢19591-av
DVIVIIDNOVIIVIOVOVIDVIOVY OrI-811 nNsSNodHHBNODNHBNDOHNDBVIODDND §C19691-av

HHOHOHVYVIDIDOHNNDIDVNIIVIVOVY €CI-101 NHNHNBHVNOHOHHVYIDIOHOHNND 8019691-aVv

NODVIOHVIOVNDODHYVIDIHDNNY C11-06 NvvOOHHNNIIDOVNHNDHDHND L609S91-AV
DNNVNONNDNDNIDOVIIDYIVNIV 101-6L NvNHNDHOHNDOHVIVOVYOHVIY 9809591-av
HVYDNIVOHOHDOHNDNONNVIINNDNY 68-L9 NVOVVODOVNVVIVOVIIINDVD 7L09S9T-AV
NVONVHVNDVVVONDIDOVVODOVY 69-LY NNoONNDOHVONNNDVADINVYD 7609591-av
DVAVOHOHNVONDNVONVDVNDVVY 86-9¢ NNNDVADNVHNVOVINVIONY £P09691-av
DVIN000VHNNDIDHNDNDDVNVOHY 161 NINVADDVIVOOVVYINDDDHVD 92709591-av

NOVNIHHNDNHBNVINIDVIVINY €1 NvVOHNHADHVHNVOVHVIOOVN 8009691-av

€ 0} .G uanbag asuasnuy € 0} .G uanbag asuag JureN xafdn(q

S6LPIE0 NN
VNJu
ON dI OFS HIHNI Ul 33uey | :ON dI 0dS

S1UaSY VNUSP AIHNI JO S30usnbag pueq)§ asuasnuy pue dsuas paripowu) 7 3[qel,

144



PCT/US2022/043948

WO 2023/044094

‘ON a1 04S

HONOHOHNNVINIHOHVIONDIDNDV 7267006 NHVOHVHOHNIIODVHNVVIIDHVY 10L9S91-aV
NOHVVNNDINVOHHINIODOHNNVINY 1167688 NVOHNVVIOHVOHOINVHVVIND 0699¢91-av
DDHOHVVHOVNONIDHVYVNNOINVOV 006-8L8 NONVOHVVNNIOVHVNIIINNDD 6L99591-AV
NoONHNHOHNDHNOOHHHVVHOHVNV 888-998 NVNIINNDIOHVIDHVIOVIVD L999691-aV
NOOHODHVHVVIINHNDHNDODNDV 898-9t8 NHVIHVYIVIVODHNNINIDODDD L¥99691-aVv
VNOVIDNONNODHINIIDIDIOVHV $C8-¢€8 NDNDHOIHHVOHIOVVIVHOND $€99¢91-av
HNNOHNIOHNDHNOVVNHVIINONNY €¥8-1C8 NVVOVHONIVNNDOVOVIDHVIV 7799%91-av
JVIOVOHHVYONNNDHVIONNDVNIONY €08-18L NVHOHVNOVVIDNOVVVDNIIND 2099¢91-av
VONINNDVHVIOVIVOHOVINNNY TOL-OLL NvvvonooNnsnoodindNdvvoOv 1669¢91-aV
VOVOHOHOVOHVNIVOIIOVVINIIV 89L-9vL NoHNVHNNDOHONHOHVNDINDIION L8S9691-AV
DDDHVIOHNVNDHVVNNDVOVIDY 1SL-6TL NOHNDNDOVVNNIOVNVIHOND 0L€959T1-aV
vHONHOHNNOHOVIIIDVIIDHNVNDV OvL-8TL NOVNVOIHHNDHOHONIIVVIIV 6S59691-aVv
HYINDOHNHONHNVOHNDONNDOVY 8TL-90L NNDDVVIIOVINVIVIIVIOVD LyS9691-av
DDHNHVHVHHOHVYDIDOHVINIHNOHOHNV 91L+69 NvIOVIHVHNDOOHOHNIININOV geS989T1-av
DNOVHVVVIOHVVINOINVOVVOHV 099-8¢9 nonNNodNvVHHVYHNNDHBNNNDND $0€9¢91-av
DNOHOOHVVHOHVIDONHVOHVVVIOV 8+9-979 NnoHNNNIDNIVIODHNDDNNIDD °6¥9¢91-av
VOVNOONVIDDODDOHVIVIIOVY 19-C6S NnNOHHNOHNDDHIDOHBNVIOVN 08+9¢91-av
J0VHHHNHOHNHHVOVNODDNVIDY 209-08¢S NOHAVIOIVNAHNDIOVIOVIIIN 89+9¢91-Av
VVVONHOVIVOONDHVOHOVOIIVY £86-19¢ NnNOHHONIDNIVIINHONIDIVIN 6¥79591-aVv
VODOVIOVONDOVVVVONDDVIVV TLS-6¥S NNOHNDOVINNNNDVINIDNDD LEYISOT-AV
NHVHODNHVYHNDOHHVNONIDVOHV 166-62S NONIHVYIOVNIIHVONNIVOIIN LT$9691-AV
VNHOVOVOHNHNINDHVOHOHNOHVVONY 0rS-81¢ NVONNOVIONIVHVIVINDHND 90¥9591-av
JVONVHNOOHVVVYIDOVNODVOVOHNY 9TS-+0¢ nvonNovNOdvNAOHNNNIDHOHVINVD 76£9¢91-av
DDNDVOVIOHVOHONIIDINNVIOV L6Y-SLY NHONVVHOHHVYIDINIODONOHNODV £8€9691-aVv
NHVNOHNOHOHNDDDNDOVIOVIIDHVY 98Y-+9% NNOHONHNHVYHOHOHVIDOVIOVN TLEYSIT-AV
NOHHOVHOHDDONINHVNDNIODHNV YLY-CSY NVIDHVOVNIVHVHDIDNIDD 09€9¢91-av
€ 01 .S 2ouanbag asuasnuy € 01 .S 2ouanbag asuag aureN xardn(
S6LPIE0 AN
VN

AGHNI ul d8uey

:ON a1 0dS

145



PCT/US2022/043948

WO 2023/044094

‘ON a1 04S

DVOOHNNVAVINDOVOHNDVVYINDY 8T¥1-96¢€1 NOVOHNNIVINOVOHNVNVVIDD LEOLSIT-AV
HNNHOHOHNNONNDOHNODOVIIDNNY €OPT-18€T NVVIHHNDIIVIIVVIVVIIIV TT0LS9T-aV
VvOONDOHNVHNINVVOHIOVONVOHY YLET-TSET NONVHNIINNVHVYINVIOHVD €T0LS9T-aV
DNONDOIBNVOHVIVINDVIINDV LSET-SECT NOHVHOHNDOVHNODHNINVIDDHHVD 9669591-AV
oNNONINHHNNDNVOINNIVV VOV 0€€T-80¢€T NONNNDBVVOHNVOHVVIDIVOHVOHV 6969591-aAV
DDHVVYVIINOVONNINONHDHDNNY 61€T-L6CT NVVIIVOVOHVYOHNOHVOHONNND 8S69591-aAV
DOHVOHNOHVNOIONNDNDONDOVY S6CI-ELTT NNDDVOHHVHVVIOOHVNIOOHVION 7669591-AV
VOONIOHHOHVIVIDHVIDNIDVNV €8CI-19C1T NvNOHVVIHNDHOHNDNDDOHHVD Tr69591-av
JVIDHHNINVNVIOVIOVIDNIDV L9TT-SYTT NOHOVHONOHONODOHNVAVOVIID 9769591-aVv
VONNDNOHODINVIVIOONINVNIVY 9STI-¥€C1 NNVNAVHVYIIHNONVOHOIVOVY S169591-av
AVNNVIIDHNNVIVIIVONNINDY I¥C1-61¢C1 NOVHVYINHOHNDHNVVIDOHNVV 0069591-aV
VOVNDOHVIINVOHNVINVYIIDNNY 6CC1-L0TT NVVOHHNVVNVINYDHDNIDVN 8889¢91-AV
DHOHVHVHVOVOHOVOVNDOVIDNV LTTI-S611 nvooNndIvNINIINININOND 9.89691-AV
VVIVIVODHOHVNOHVIDOHOINNIOV YOIT-CLTT NHOHVVHOIIOHNIVNIIINDHND €L89591-AV
NOVNHHVHOVOVVIVOVHOOHVNV €8TT-19T1 nvnddoNHNovHNNovHNddNIOVvN 7989¢91-av
VODHVVIIDOVIOONIVNDOVHOV OLTT-8¥11 NOONDDVNHVIIONDIIODDNND 6¥89691-aV
HYHOHVHNNNDHONNDONNVOOVVY ESTI-TETT NNNDONVVIVVIIDHVYVINDD 7€89¢91-av
DODOVHVVOHNIOHOHVOHOVOHNNNDY TPIT-61T1 NHVVYVINOINDIOHVINNDNDD 0T89%91-av
VOVVVODDNVVOHVIDDDOVOVVODHNV 6C11-L0TT nvoNNdNHIdoNdNNVIINNN 8089¢91-AV
DOHONDOHBNVVYIOVIDOHVOHVVVOHY €TTT-160T NoNNNDNDOHNDIDBNNVIDOHVD T6L9S91-AV
VVNHOVIDHNIVIODIONIVIDDOVY L0T-2S0T NNIDOHNHVIOHHOHNHVIDNOV SLLYSHT-AV
DOVNHOHNDHVONNVVNDVIODNOV 1901-6€01 NHVIDNIOVNNVVYONIHVIOVN 79L9S91-aV
VI2DHD0INHVIINVNOVIDNDOHV €€0T-110T NOHVOIOHNOVNAVOHONIVOHDODD $6L9691-AV
vOHOHNIDNNHDHVIIDINVIOIDIIINY 6101-L66 NvOH/HHIHONVHODNIVYVOHOVD 0vL9S91-aVv
NVVNOIVNDNHVVOHOHNIINNDVY LOOT-$86 NNDVVYHOVIDNNIVOHVNOIVN 8CLYSHT-AV
2DNDOHONINHDHNVVNDIVNIDNY S66-¢L6 NVHVNOOVNNVIIVOVOIDDHV 91L9691-aV
€ 01 .S 2ouanbag asuasnuy € 01 .S 2ouanbag asuag aureN xardn(
S6LPIE0 AN
VN

AGHNI ul d8uey

:ON a1 0dS

146



PCT/US2022/043948

WO 2023/044094

‘ON a1 04S

NOHNNDHBNAVVVNVNDVVVOVVVOHV 888T1-9981 NONNNDNNNDVAVINNVIOVY €8¢LSIT-AV
HHONHOHVOIONDONOHNNIONVVV IV LL8T-SS8T NVNANNVIOVVIVOHVOHODNOVD PLELSIT-AV
OVNNDNNDOVVOHODVIIVVVVVOHY Tv81-0T81 NdNNNNNOBSOHNDDONNDVVOHVY 6S€LS9T-AV
ONOOHNHVNNDHHVNNINNIVVY 0€81-3081 NNNOHVVHVVNIIDOVVNIVIDD LYELS9T-AV
NOVHNIDNNNNVONIIONOHVNNY 8T8T-96LT NVVNADVIDHOHVOHNVVVYVVOOHVON CECLSIT-av
HHNONNNONIDNDVOHNIINNNNY LO8T-S8LT NVVVVOOHVONHVOHOVIVVVOHV YTELSIT-AV
DODHVINIIDNIONVIOVVNIIOV 6LLT-LSLT NHOHVNNOHNVHOVOHOHHVHNID TTELSIT-AV
NOOVHNNDNIDININVIIIODNNY OSLI-PELT NVVOHHOHNVHVOHHOHVOHVVIND 66CLS9T-AV
JVNHHVVNINIIDNNIIVONNDINY EPLI-TTLT NVHOHVVINHDHVVOHOOHVVNINIOV 98TLS9T-AV
NDOIHVIVVINIIOVNOHVYNNOVY TELT-60LT NHVVNNOIOVNOHOVOHNNDNIDD YLTLEIT-AV
HVDOOHHOHNDIIVNNIIIDVIVVY 8TLI-9691 NNNOBNADHHOHVVNHDHVIODOHDD 19CLSOT-aV
NNIHNDOOVNNIHNIDHVIIDHV TOLT-0891 NOOHOHNDHHVIDVVNDHDHVID SPTLSOT-aV
DHNOOHNOIHDVVINNIONDIIVNINY 1691-6991 NVVNHOHHVIOHVVONNDIDOHVID PETLEIT-AV
2NO2N22NNDHNDNVADINVYIIVY 8991-9+91 NNOHOHNVOHVNVOVIOVVDOVDHD 112LS9T-AaV
HHONNDNVININNNDVODOVOHNNY 6€91-L191 NVVONIONHVVVOVONVOHVVD T0TLS9T-aV
NNNNVVNDVVNDIHHOHVOVOHODNNY TT9T-0091 NVVIIININIIOHVNNIVINVY G8TLSIT-AV
VOVvVOHNIIINHVNDIINDIINIDV G8CT-€9¢CT NHOVHOHVHOOHVNOVHOHVIN $91LS9T-AV
VNNOVOOHVOVININNINVOVONY 89ST-9%ST NvONOHNVOVVYHVOHNDHNIINDHV LYTLS9T-AV
NVINVVVHOHVIDHOHOVNINIVOOVY PSST-TeST NN2ONHVVNDIIIHNIDONNNVD €ETLSOT-aV
vOVNOOONDNNNDIDNVINVV VOV 0vST-81¢6T NONNNVOHNVIOVVVHVIIIVN 611LS9T-AV
VOOIVNNNDDIVVVHVVOHVNNNY YIST-C6¥1 NvvvNdiNNdNNNONHIDVVVNIOHO ETTLSOT-AV
DNVIVIVYIIINONVIIIVINNY 00ST-8LY1 NAvvvNnoosonvovononnnonodn 660LS91-AV
NVVOHODNDIOVVIDDOVINVIVIVVV 98¥1-+9¥1 NnnNNOHNHNAVOHNIOHONNDOHVION ¢80LS9T-AV
VOVININOVHVIOOHVVNIVYOHONV OLYT-8tH1 nvodNNvVNNIHOHNDNIVOVOHN 690L591-AV
DDNOHVVVHVVOVOVONINDHVHVY 6SY1-LEVT nNdNoOvoHvVHNINHNNONNNDY 8S0LSHT-AV
D2I2NHHONNNVIIIDNHVVVHVY ladb 44l NNONNNDVIHHDNVVVIOIVD SPOLSOT-AV
€ 01 .S 2ouanbag asuasnuy € 01 .S 2ouanbag asuag aureN xardn(
S6LPIE0 AN
VN

AGHNI ul d8uey

:ON a1 0dS

147



PCT/US2022/043948

WO 2023/044094

‘ON a1 04S

JvVOVOHOHNHNNNDVHNNNIDVNIVY TTET-00€T NNVNADHVVVINHVVYVIVIIND PPLLEIT-AV
VVOVIDIINIIVOHOOHVVVVOHNIIV 66CTLLTT NOHNHVOHINNNNIIDNOHHVHOHOHND I¥LLSOT-AV
VOVNHDHVOVIVNIOIOVVOVIIINY $8CT€9CC nvoosondNNdnvHvNOHNONDOVN LTLLSOT-AV
NDVVOHVVHNNIVIVNOVOHVIVNV YLTTTSTT nvNnoNdNovNnnovvoNnodonn 91LLS9T-AV
JVODHNONDHNNDNDVVOHVYOHNNY T9TT-0¥TT NVvOoNNINNHBVIOVVYIDHVHVID $OLLEIT-AV
DNNDDDOVVNDIIIVINYIIVOHONY SYTT-€TTT nvodNOHvNVHNHOHOVNINDDOHV L89LS9T1-AV

VOvVINIVvVONVNNNINNIIIVVY NV TETT01TT AvVNNHOHOVVHVYVNIVINOVOHN YL9LS9T-AV
nodooNONNNdINNNNVOHNNDNNNVY 11TC-681C NNVVVIOVVINVVVVDOVVVOVD €69L591-aV
DOHOHVOOHVVNVNOVVVOHVVNINY ¥81C-791¢C nvvnandNNNdvNvnandonovundd 1$9L69T-AV
DOHONNOVINVININVVNVNIIDIOHV IS1T-621T NOHOHVNAVNNVOVONVYOHNOHVYD ST9LS91-aV
NHOOHONHVVIIDHHVHOOIONNIVV 91T V11T NNHVYHOOONDOHDHNNDVOID 009L89T-aV
VONDHHVOHVYONVOHONDHOHOONDVY TTIT-001T NNOVHOIIVOIINVOHNNINIIV 98CL691-AV
VOVONNVOVOVYINODDHVOVVINY TT112-680C nvonnNdNdIvVOHNNDNINVYIN SLSLSOT-aV
DDODNIINVIIVHVONNVOHVOHVY 001¢-8L0T NnNdNIdNVVINOINHHNVHOHVID $96LS9T-AV
JVVVDHNNONVIOVVIIDHONIDNVY L80T-$90T NNVHHVYIOHHNNDHNVIVYINN TESLS9T-av
NOVNINNNHODNIDVVVOHNNDNVY SL0T-€50T NNVIVVYINNNODOVOOVVVOVN 0vSLS9T-aV
VVVOVNVVOVVIDVNOINNNOINY ¥90C-Cr0T NVHOVVVHVNOHVNNINNVNION 6CSLS9T-aV
DDDIODODHNHVNNVVVVVIVAVVY 050¢-820T NnNNvNONNNNNVVNIIVIIIDD 0zsLS9T-av
HHONIONDHVIIINVVNIONIDIDV 1€0T-600C NOHOHVOVNNVOHOHDNDIDHVIOVD €0SLS9T-av

DHVIIIVVOHNNIVINVVOVVOHVY 8661-9L61 NNONNDNNVOHNOHVYVIONNODDOHN SLYLSOT-aV
VOVVHYIDHOHYHNDDOHVHOODNIOV Y10C-2661 NHVYHOHDDNIDDHVYINDIODHNONN €9¥LS9T-aV
NNOHHVHOHIVHVHOHVIIOIVYOHNNY L861-5961 NvvonnNoHnovndoNdINHiIdNID LSYLS9T-AV
VIDHVHNOHVIONNDOHVOHOIVOVV 9L61-¥S61 NNOJNHOINDDOVVIDNIVINID 9P¥LS9T-AV
DDNDVIOHNIVINONDONVOVVIV 9S61-v€61 NOHNNDNVOIVIVONDHVIONDHV I€PLSOT-AV

NOVHVYHIHVHVOVOHNDHOHNDIDVY YE61-C161 NNDHOHVIOVINHNINIODINON 0T¥LS9T-AV
VVVVVVONINVOHINIVOVOODVY 1T61-6681 NNOHONONHVHINVHVOHNNNN S6ELS9T-AV
€ 01 .S 2ouanbag asuasnuy € 01 .S 2ouanbag asuag aureN xardn(

S6LPIE0 AN
VN

AGHNI ul d8uey

:ON a1 0dS

148



PCT/US2022/043948

149

WO 2023/044094

LVDIOHVHOHVIDIVILILYIDDOHOVID 358510008 FH 1y eINTFHIN9FINOTSINsE 96 TNEOSe3TLOFVIDINYYIOETs3se | 961969T1-AV
DLLVIDHDOVIIVYDILIDLIODOV [ERNREEREIAR IR AV VS RIS BN AYET 96 TNNNEIITITLIDIDFVEFON0oNSIST [ ¢81969T-AV
DVHDDLVYIIDILIVVIOVHOIVHY 059513000y HFFNNSLIIDIONIVITISINSE 96 TNEZ20NE0FINJDFVEIDFL3Tsose | $919691-AV
DIVHYIVVILIVOVILVVIOVID 3585N03NNJY 8§)oNFeFOHINNFONONSIDSE 967 INORTEIREINIDFVIORIDONERISTSE [ 941969T-AV
LLVDIDOODIOLIVIIOLIOLOL ©S3SEOTLOFY 8JN15L0vFDIDFFHESNSIYSE 96 TNNEONOIOSIYOFNFILIINENISESN [ 6€T969T-AY
DIOIDDIDINIOOIOVIOOIOLO 9SBSOBIOTF10FV 00RIFVIOEF )T LISy se 96 1N3NOTNONTINFOIOYOEITFNST | CTI969T-AV
DOILOHIOHOVIODOHVVIIDIDLIIOD 35353eE00DTFNNOIFVI9FDLIEsIsE 96 IN3NIN3TeNSFOFOFVEIDIBINSNSD [ 30T9S9T-AV
HVVIIDHLIDIIVIOLINDILOOV NS9508093] Y 9§V 1333 VIV 0F)33ns)1se 96 TNELTINNOFDIOFVIYONOISSNST | £60959T-AV
DVIDLOODIOOVIVOVVOVIVYD ISnSNENONY10JNSN0FVIIOFOBOESI1SE 967 TNeN3INOIINTFOFVIDLOLETLsNSE | 980959T-AV
DVOVVOVLVVIVOVIIILOVOLD 35eSONOE3FOFINONSYNFV IYDNNOSI1sE 96 1neseesenee}DFVIOLRFDooN3sess | $,09591-AV
DLODLLIDOVILLLOVIDLYOLVY NSESINESey() 3]V RS DJDSTFVe3IsFYSe 967 TNOINNDITLFDININYIENONSESS | $$09$9T-AV
LLLDVIDLVOLVOVOLYDOLVLD Isesnes3ngy331oneoJ 1V 3V n3esyyse 96 TNNNOENONESINFVIOLIINEsNsE | ¢H0959T-AV
DIIVIDOVIVIOVVYIILOOOVOLOD 9SESONIO0FY SFNMOBNFOF N FOENESOSE 96" TNONENOTEIRIDFIOFVEIONTEISesE | 9709S91-AV
DVHIDLODVHILVIVOVIDIDHVIOV NSISENO33F10J 1S BIF1FDTFV OLISI1SE 96 TNEINZNOTETINFVIOLIOEITsesn [ 30099 1-AV
‘ON douanbas uwm.:wu YNJw ‘ON £0) .6 vu:v:&uw asudsnuy ‘ON €0} .S uo:w:—u@m ENULERN duIeN Nw_asﬁ
al al al
0ds 0ds 0ds
SIUASY VNISP HIHNI JO S90uanbag puea)S Isuasiuy pue asud§ payIpon ‘€ dIqel
DVINOHNVOHNVYVIVYNNVYIINNVY 0S+T-8THT NNVVOONVYVNNONNVYINVIVD $$8.59T-AV
NONVONVOVVVOVINONVYONVVY 6SYTLITT NNNVYINVIVONINNNINYINY PESLSOT-AV
VONONVIVINVVNIONYONVOVVY LTYT-SOPT NNNONVINVIOVINVYONONVIV TTSLSIT-AY
DNDNIDDHODVIVINDNVYIVINVY 9THT+6€T NAVHNOHNVIVONDNODIDDOVD 118LS9T-AV
VVOVNVVIOVIDINDVVYVOONINY 86£7-9LET NVOVYIONNNNOVOONONNYND €6LL59T-AV
DDOVVVVINNVVYOVONVVYNVOVY 1LET-6¥ET NNONVNNVYINDNNVYONNNND 9LLLS9T-AV
VNOVNINDNVIVVNVVVIDOVVVY $CET-€E€T NNNNDIONNNVNINHNVIVVID 09LLS91-AV
€ 01 .S 2ouanbag asuasnuy € 01 .S 2ouanbag asuag sueN xafdn(
S'6LYIE0 NN
VNYw
:ON dI OIS AGHNI W asuey | :ON a1 OdAS




PCT/US2022/043948

WO 2023/044094

JODIDLOVV.LLOOV.LVODDIODD

2505380033 NeINI3eRININ3IVILISFOSE

96 1nOInoNdEENJNJDHIDLINLIIISNSO

0L69¢91-av

IOV.LVODHILODHODILIODVVIIVOL

BSISNIZNNJ O3y 0003)VIDOJOHNENSFOSE

06 T00ENBIZSNOININHIONIDOLEISISE

6569691-av

DIOOVVIIOVILVIVIOIVIODVOILID

3sesono3nyn3in3Inesd Nin3 Nn33syyse

96 TNNO0BRIOBIINJVIDEBIDOBI3Ses3

LYS9S91-av

JOVOIVOHVOHILOODDIODIDLOVID

2s3sn3e3eInITy0038IDINJONIISINSe

06 108208dFeINIHINHIHNJHONONSISE

CESOCoT-av

ODLIDLVOOVOLLODLLLDLOVD

3snsFederyyojneeonidHIHNJy3eesjnse

96 TnoNNONE3IeIHININJHNNNISNSD

$069¢91-av

LIODLLLDLOVIODOLODLLIDOVD

3sns333er}n3Fy003NIHIV 3 Y eRISIDSE

06 1N03NNNONIBIDHIDFOHNIDHINNISISI

6r9s91-av

DLIOOOLOILIDDDDIDLVIDVIODL

BS0sEN33NY Y 0JN3303FOIVOFy03s)yse

96 10n93303N00JHJDHIDOFOHNEBIISESI

08+¥9¢91-av

JDDLVIOV.ILOLIOVIOVIOOLOD

05058333130 31N33e0)yIN3IOHNEISJOSE

967 1n03Ne20eN3INJDIDLIDOLIISISN

89¥9¢91-av

DLDODLIDILOVIILDILODVILLL

BSBSEIN3 3y 0JyY33N3JyID3JY 3005y Se

96 TNIFoN00N0FYIDIDNFHNOBSISN

6¥¥9591-av

JDLOLOOVILLLLOVIOLODLIOODL

©s3s33803)y3]N3reRIYIDNJDHIBISIYSE

96 TNN3N00rONNININIDBIDNIZNSISO

LEYISOT1-AV

ODLIODVIVILIIOVIOLLOVIILOV

ns3se3In3 vy epnnodzpviNsinodesjose

96 TNONOFLOENOJDINF Y OF1NOLISISN

LT$9691-aV

DVOLLOVODLOVOVOVOLOLOVL

esns3eoe3dyN 3N ondejninnjneedsynse

06 TNBINNOBIONYDFYIOELFDLONISnsd

90¥9¢91-av

OVOLOLOVIDDLLLDDVOLVOLD

oses3nedng )3y eed3)yIN3Jyoedsjnse

96 TneON3NoBNOJNINFNNJDILONSESD

¢6£9591-av

DOOHILVVOOHDOVIILIDODIDILOVOHD

0505N989.}D)0JHBIINDHJFDIINNEISIDSE

967 1n33nee3338IDIDINIHININsIse

£8€9¢91-av

J1OHDLOLOVOOHDOVIIDVIVIIV

ns3sen3noyn3FN 000DV )y 03y se

96 10n033n3nIeyninineyHo3eosesn

TLESSOT-AV

DVIODVOVIOVHYDHDIILIDDDV

nsos333e3JN0JHNONZFVIN 310335 NSe

06 10B0TEIBNI Y IDFV 8JDI0NISISI

09€9591-av

OJLVIOLOVVLVVODVIOILDDLOV

nsose3oesdyn3jnonnej 3y snesjose

06 1NONBONOBEN) VIV IDEIDHOoN3sosn

££€9691-av

DD0LODILOVIIVHLIOOVIDLLOD

2soseRO3NID3 Y oNn3IINJHrINHORISJOHSE

96 1n0on3oN3 e} HFVIOHNIHOROIsnsSn

61€9¢91-aVv

DILOOVIDLLDOOLVODIODLVVY

nsnsne33eIH0INeI00IVIVIIONISsIyse

96 1TN2oeSNNIINININLIHINdIsNSE

L0€9S9T-aVv

DIDODLVVVDODOVIDVVIDDVIODY

Nnsos3eno3FONIN03N0JNHJNNJB33SFVSE

06 10N00NEEEIS VIDIDEFYI0Tesnso

¢679591-av

DVVOOHVILOOHVDOLODIODILOLD

35es3R00BIDTIYOON0IDFY OIS SE

06 118B03ENd3)yIDINNIHINIISNso

0879¢91-av

DLODLILIDVOIVVOHVIOVVIID

3s3s3nn0330JNNIoNJDHINHBIHLIISIYSE

96 1n33NoN03eINIDHIVeIHBOTRSESD

€9ToC91-av

DHLIDLIOIDIOIODILOLIOLODDOVIV

Nns3sSN000BINEIDHBOLIFVIDTIOLIISIVSe

06 TNN2oN220N3YNJOI3FoN33s3se

0979¢91-av

DVOVOIDHVOHODLODIOVODOHDIOL

BSOSBO003]N3)V00r0INIDNID3NIsINse

96 1nNeoed3e3031NIDIHNIDHLIIIsIsn

Y699 1-av

DLIODIOODLODLIODLILIOVIOL

BsIS3IN0OTe}NHRIDOTRIIDIVIJDHELIFSIVSe

9611031931331 NJDFHTINONOFSESD

£EC9e91-av

DLILIHVIDLOLVOLIDILIDDD

350503e33]0RIDHNRILIDINNIDTLISIYSe

06 10NoN23eI0NIDJFV 3J1000NSsT

0TT9s91-av

‘ON
ar
ods

duanbas 3a8ae) YN W

‘ON
ar
ods

,€ 01,6 ouanbag asuaspuy

‘ON
ar
ods

.€ 01,6 ouanbag asuag

aweN xardn(

150



PCT/US2022/043948

WO 2023/044094

DOVOVVILODIOLVVIDDLVVILY

NSESNNEOIONINBIBIFDFVIFNNONSJOSE

96 1noe3eeoNn33INJOINLIYI33nsese

0069¢91-aV

LVVODDLVV.LVILVDDLODOV.ILOL

es3senddey)oyNe3nesINeyDo3nsjNse

96 INEROI3NERNYIDINEIOHINOISESN

8889¢91-AV

LVODLODVLOLODLOLIOLOLIID

3s3s3e3e3 vy 31y 33v3IVINTIOHRIOSINSE

96 TNe33N00BN0JNIDHIDNFONONISNSD

9L89591-AV

DDHVVDHIOIHLOVIOIDLOLOLL

BSESOBORTIN 3V NTeOJNINIIHNNIS]DSE

06 1133ee300033NJDFVNIDIINISNST

€L89¢91-AV

JOVIDODIOLOLLOIIODLIODVIOV

nsosendzde}n 3 yoeedyyiDe}n3desynse

96 1NeNO0ONIN3JNJNFONJHONdsEsNn

7989¢91-av

LIDLOOV.ILOVOODILODODLLODL

BS3S3eRO0INHTFY O33N DIy NJHIeISjOse

96 TNooN20eN3RIDIDIOHNIHO3INSNSO

6¥89591-AV

DLIOJLVVOVVIOOVVVILIDLD

3ses33ednyNnyH3InnynNnyv33esyyse

06 TNNNJONELIRIYIDIDTFV BLONSISO

7e89¢91-av

JDVVVOLIOOLIOOVILLOLODIDD

2s353o0e3e)Y 3] 10338IDIDHRIONNNSIDSE

96 103erRONOONYDHIDIDHEIDNNONSTSO

0T89¢91-av

DOVOLLOLOODHDLOLLYOOLLLOL

BS3seer3 I ByY3ROSIDIDBIOHLETISINSE

96 10BINNONTO0DNFDNFNBIONSSN

8089¢91-AV

ODLLIDOLODDIODLLVYIDOVIID

3s353n003) eIy o3rOIDJDR]DEERSIOSE

06 TNONNNONIIZINJDIONI N BOFISBSO

¢6L9591-aV

J1DDD0DI1HVIDHDIOVIDIOVLL

Bsesn3ed3IN9Fyo0931NJDeIDI3ISFVSe

06 10N299303.0IHJNHIHNJHBIINSISE

CLLOSOT-AV

LOVODLOVLLVVOLIDVIOVILOD

9s0sen33ngH3 vy onneyyiN3Fyo3nsiDse

96 1n3eo3noennyyivionyH3eoosesn

79L9691-AaV

O0DHVIHLOV.LVDOLOVOHODODDL

BS0503000] N 3) VY 0oneINJHRIDINOSIOSE

96 TNO3eoTNoBN]YIDIONIHLIT3SIS3

YSL9S9T-aV

JOVOHOODOILVOHDIOVVOOVIDL

BS3SIN00NJ NFFY 0NV D)IJHIISI NS

06 11e333033neINIHIHNJHLE3ISesd

0rL9¢91-aVv

DLOVVDHVIOLLOVOVIOOVLLVY

nsesen3oejnojN3eedjninNoyonn3syyse

96 1nnore33ed0)NINIDRIHENIOSESN

8CLOCOHT-AV

OVOVILODVLLVIDVOVDIDDVID

0535n2039] 9] 33NBI VI FFOBNOSINSE

96 Tne3endoennyyiDIDeIHe303s3se

91L9691-aV

DHVIHVOHDLIDDVHLVVIIDHVOD

3505193303 BJONO3ZIVID0J03Ns]DSE

96 1n3eo3e33N0JDHINJV3J1BEIISISE

10L9691-aV

DVOHILVVIIDHVDIILVOVVLLODVY

nsos3eennyHNJy330nDHINIJNNLISINSE

067 1NeINELOOTRINIDIDN) Y IBENSNSd

0699¢91-av

DOLVOVVLLODVOVIIODLLIOOD

2s3s33ee31neINonoSyyIvninonesinse

96 TnoneSeennoyHIVINHEIN)0NNsIsd

6L99¢91-AV

DVILIDLLIDDDVIDVIOIVOVHDOV

nsoson3ndjnnyHInodFnjOeyy33esynse

06 TNENOONNDIOIDIVIDSFY0rdses3

L999691-aV

DHVODVIVOVIOLLLOLODDDDOHV

NS3593993Fy 31y BOONJDHJN3JN0INsJDse

06 1N3eOTLIBIRIDININNIDNIFFSIST

LY99691-av

LOLODHODOHVOIIVVIOVOOLOVL

esns3eoonynnyN33onyHID3]Ho3esjose

96 1noN233933e3DIDIDRIVor3ISnsd

$€99¢91-av

JDVVOVODHLOV.LLOVOVODVIVYD

3snsn3dnod N3N oeenyHFYoION3INSINSe

96 TNEROB3I3NORINJ1JORIDBITRSISE

7T99¢91-av

OVDVILOVVIODILOVVVODILIODIOLD

Jsesoe33eJHNJNNILIINHINNJOHBNISIN)S.

96 TNe3endeed3)NJOFvVely3noosns3

2099¢91-av

JOVVVHDIOOIOLODIOLOVVOVOL

BSOSNONNOYY 3FV00BIFVID3Fyonnsyse

96 1neEE3ndoN3INJNIHNIONIeEsIse

1659¢91-AaV

DOHOVOLLODODLOVILIOLIODDLOL

©s3Seo333 V3TV NOROJDHJDEBIYONIS] DS

96 1n33e3NN033INJOHFVYNIDONO0s3sn

L8C9C9T-AV

‘ON
ar
ods

duanbas 3a8ae) YN W

‘ON
ar
ods

,€ 01,6 ouanbag asuaspuy

‘ON
ar
ods

.€ 01,6 ouanbag asuag

aweN xardn(

151



PCT/US2022/043948

WO 2023/044094

DLIOLODOHOVV.LODOHVIIIDDILD

35e500333]10JDoeNN}DIDHIJOEBIBSIYSE

96 1nN3N0333evINIDTINHLO0053sT

192LS9T-aV

DIDHDILODOHVIODVVILODDVIDVVY

nsnso3nody)rINNO3INIDIDIFYI03s]DHSe

06 1N0033n0338] D}V LI 33385053

SPTLSOT-AV

DVVLODOVODVVHLLODOVIDVD

3sn508N00JHBYYV ONNOINFN JJDJensINSe

96 Tneen333eo3)vIvIONINo33esos3

YECLSOT-AV

JILODILVOVILVOVIDVVODOVOHOVD

251500N00] (Y NJ DT NONFVI ) 9F N BIISTYSE

96 1nNN33nedene}nIvID3Fyed3es3s3

11TLSOT-av

DVVILIODLOVVVOHVODLVOVVIID

3s3sInnonyyojnonnniDHyy3joednsjnse

96 1neRONOONI R}V IVIDe)ONe3eseso

c0TLSOT-AV

DVVIIILOLIDDVLLOVLLIVVVV

nsnsnneenjne;yno3syyinern3ansjnse

06 1NBBOIONINIIDINFY NI OBNNSESE

C8ILSOT-AV

DOHVHHOHVOHOOHVIOVIOOVIILOL

BSOSEIN00JDNINHEBNIOJDIFDONISIDSE

06 1133e333e3310I VN o)y 333esosn

YO1LEOT-AV

DVOLOLVOVVOVOLDIODILOVV.L

BSnSNoB33 Y o)y ononjNJjdnjyoedsjnse

96 1neon3nedee;nyviONIONOoNSIse

LYTLSST-AV

DIODLOVV.LIOIIDIDDLLLYDLY

nsesoneeejn3Jyo333JVINNYDL33SIySe

96 TNNooN3eENdyDFDIONFDHINNNSEST

ee1L691-av

ODLLLVOLVODVVVDVIIIVIOL

Bs3sen3d33JNoJNNNo3INJFVOINEERSIOSE

96 TNONNNEINEIJHI VIV EBIDHEIIOSESN

611L591-AV

DVVVIOLLOLLLODOVVVIODDL

BSOSO0BNNJ() 0JHIRERIDHI Y EJDHEBNNSI)SE

96 InEEENONNONINJ}JDO}OLeRNSIsT

eI1LS9T1-av

DVVVILODOLVOVOODLLOLOLVD

2SNSEOBIBYY 2JDONONFYID)ennsyse

96 1neeen333neInyvindonndnsIsn

660L591-AV

DLIDIOLVDIODODLLODVIDLLY

nsese33IN0} eIV I3RIDINBIDBOBS]YSE

96 TNNN3NINEINIHINFOHNINIILISOSN

G80LS9T1-AV

DVIOOLLVLLODODLOLOVOVOIDL

BSISBONONJHLINHEBINFFVIY Ny e3Tsnse

96 INBOONNENNOINDININJFNJeTes3sn

690L591-aV

DLOIDVOVOLOLOLLOLLIOVDD

os3sn3Ieeejneyyorde]DInNoin3edsyyse

96 10noNoe3e3INIDHINIONINONNNSISE

8S0LSOT-AV

LIDLLIOVIODDHDILVVVIOOVODD

05950N333JN 1Y NBIIJDIN3JVee3sjyse

96 TNNONNNOEISIDIDIN LY EIISEST

SPOLSOT-AV

OOVODLLOVOLOVDLVLVVIDDID

3ses003NN)ynJyon3eyni)3Fyeonsjose

06 100B3NNOBINIDIVIDNIYNBEIS3ST

LEOLSOT-AV

LVVODDIIOVIIVVIVVIIIVVD

3snsn33IngNIFNNIIngHIHLIHIINSNse

06 10eRI3IN0IRIDIDFVEIDLRIISISE

TTOLEOT-AV

ODLVOLIODLLYOVOLVIDOVDDL

©S0S0N003FNeIONONEIYIDSFyonesjose

96 TNoNEINooNNIVINIV N3 Tsess

€T0LSOT-aV

DOHVOHOIOVOHILDLOLVIDODHVOVD

3sns3n000j0Onyy 3eoR}DIN 3J YV IoNSjDSE

96 Tn3e33Noe3nININIFONFYO333SeSO

9669591-AV

IODLLLOVVOLVOVVIIVOVOVVD

2SNSNONONIH3FNNONEIDI ) NJIBLESJDSE

96 TnoNNNIeeINJ Y IOFVLIDOBIBsISe

6969¢91-AV

DVVIOOVOVOHVVOLOVODLLLIODD

9s9s3eeeojHNIDHLINNDININ33nsNse

96 1needoe3edeIvInIN3Fy33nnsnso

8S69¢91-AV

DIDDVHOHVOHVVIOVILOOHVIDIDD

2s535803Nn0J0OBIN 23NN DI NOIDNSISIVSe

96 TNN00e33eeYYIDINHLI038IS3SN

$669691-AavV

DVIDHVIDLOOOIOILODDOHVOHOL

BSOSON003IHRIDRIOIIVIDIJN0TesINSe

96 Tneno3ed3no}nININ33N0o33ses3

e9s91-av

DDOHVOHDLODLODIVILVOVIODDLD

95es033N0) N BJNBOIBIDIDRIDINISIDSE

96 1n33e33N33NJOHJDI N8I 8TLISOST

9769591-aVv

DLVIVOVIODHLOLVODIVOVVIL

es3snnon3FHoFNededynInNHNENsyyse

96 1nnene3edd3yNjniNeIH3oedsese

CT69591-av

‘ON
ar
ods

duanbas 3a8ae) YN W

‘ON
ar
ods

,€ 01,6 ouanbag asuaspuy

‘ON
ar
ods

.€ 01,6 ouanbag asuag

aweN xardn(

152



PCT/US2022/043948

WO 2023/044094

DLOVVOHIIILIDDOHLLOVOIIOV

ns3s33on3ye}DHo33e]0H)HTIOHNNOSFYSE

96 10n3ee30000J)IDINHZJNOLI SISO

009L691-aV

LILOVODODODOVIILVODLLOLIDVOL

BSOSNI3B3 Y rIDHNEI3INJOHFJOHONISJySe

06 10N0E3000BI) DI NFY TJ N NONISISE

98CLS91-AV

LVOLLOILOOVOLLOLDLVVIOLOL

es3sednne}nHejnHEEONININHEBINHERIS]NSE

96 TNe3NNoNd0LJNHJNFN0J1ONELSISn

CLSLSST-AV

LLOIDLVVOLOLODLVDOVIODHD

053533n00)NeIDoeIeININ NV IeIsjyse

96 TNNONONERINIDINFHTINEITes0s0

$96LEOT-AV

DLVODVIIODOLILOLVOVVIOLLLD

oseseeSnnynnyyoeed))INTINoonsyyse

96 10ne33e00333NJNJONFYorRISNSI

TEELEOT-aV

DLVOVVOLLLODVDIOVVVOVILOV

NsosenoNNyN 3FHNIOBIYIV3INN3NsJyse

g6 TNNERORRONNNIDJOIYIJHEERISesn

0vSLSoT-av

DVOIVVVOVIOVLLOLLVIODLLL

BSESEORNEY 3]V eNnoeINJDONFNN3osIse

96 1ne3oreE3EnynIVINniOnnens3sn

6CSLSOT-aV

JDLLVIOLLLLLVV.ILOVDIDDDDD

950530333 NFFynnee)yivejDenesyyse

96 TNNENINNNN N FVIVIIDBI0SISO

0TELEOT-aV

DODHOVOVLLVDOHDLIDVIDHVDID

35350n08NJH3JV 000N Y FY NFONIISJOHSE

96 TNo33eoeNNRININIONIDHILOTSEST

£0SLS91-aV

DIDLIDOLLVOLOVVOLLODOLOD

3s3se000R] Y3 NNORIINIVRIDEEIS]YSE

96 TNnonnonnesyNJnFvednn33s3sn

SLYLSOT-AV

JDHVHIIIDLIDDVILIIDLOLLOL

Bs3serdeo)nIFy3no3 nyy3Fn3onsyHse

967 1n383000N00J0JVIDNIHOINISsn

€9PLCOT-AV

DVVILLOOOLIDLILOODLIODOVY

nsns33e33yDHeinedde;HiHoyvednsynse

96 1neRoNNn33IINGDHININ0INT0oNSISd

LSYLEOT-AV

OLILOIDLIODOVVIDLOVOLIDOL

BS050383NINOEB]DHINNTJNHJYIJOHORISIYSE

96 TNNONIIINI0)VIVIDBJN0BoNSOsT

IPPLEOT-AV

DDLIDLVOOVOVOLOVIDILOVOD

0505N9833J ) 0F Y oNInynIDNIy3eesjHSe

96 103nNoNe3oR}DIVIONIHBOINSIse

IevLSOT-AaV

DLIDOHVIIVILOLILODILILOV

nsose3e3opneINLIR3ININIFN3SJyse

96 1n03380080)130HFN9FN93o0sosN

0IvLSOT-av

OLIDDLOLOVOILYVOVOLLLLLL

BSBSBRRROJ[)JJ()B3ONJ DIV 3JV303sJyse

96 TNno3onon3ejniHINejHEINNSNSN

COELSOT-AV

IDLLLDLLIDOVLVLLLVDOVVOV

ns3snno3nyy e}y Nensd) v}y ejHeeesjnse

96 TNONNNONNNOYY NV N NBITSesE

C8ELSOT-AV

LVLLLVDOVVIVOVOODIOVIID

3s53s3n3eoynoynon3nyNyO3Ineeesynse

96 TNENNNRITRRIDHFVIDHLINHIINOSLSd

PLELSOT-AV

JOOLLLLLODIDIDLIOVVOVV.LD

FsesnnonnyHerySsTe]HIDeIvEResInse

96 Tnonnnnn3SngHINIONINFeedsese

6S€LSOT-AV

DLLOVVOVVILIDDVVILOVODOVD

osnso03n3yynyN033eINJNOJNNOBSIYSE

g6 TnnNIer3EeNyHIDHINHLFYNORISIST

LYELSST-AV

DVVIOVIDOHVODLVVVVDDVIILOV

nsose3nooyNnyNNeINHIDIFNIensynse

96 1NERNORITIRINJ NV BIVEI3ESosn

CECLSOT-AV

LVVVVDOVILOVODVIVVVOVID

3s3snonnnyHnyHonoejninoJoNNNSNse

96 1neeEe33eon)nIyin3Jyoeees3se

PTELSOT-AV

DOOHVLIODLVODVOHDHVHIDDDD

253503801 D)0JHNOONJVID3F Y BNOS]DSE

96 1n33enno3neynJNFV3JHIL3Nsos3

TTELSOT-AV

DVVIDHDHLYDVHDHVOHVVILODY

ns3soe3NNJHNIHIONDI NIV I DI3NSINSe

96 TNeed333Nne3)yINIDHITYIeeosns3

66CLS91-AV

DVOHVVILODVVODDVVLIOOVILD

osesng3eeyNnjHoonnHIHeIHNNISINSE

96 1neIerON33eVININH3IVRNNndsose

98CLSOT-AV

DOVVLIDDVIODOVOLLDIOODODV

15952080y ej)nooej3nIFyennsydse

96 Tn3eennodeninINIVy3JNN3nos3s3

YLTLEOT-AV

‘ON
ar
ods

duanbas 3a8ae) YN W

‘ON
ar
ods

,€ 01,6 ouanbag asuaspuy

‘ON
ar
ods

.€ 01,6 ouanbag asuag

aweN xardn(

153



PCT/US2022/043948

WO 2023/044094

DLVVDDLVVLIOLLYDLVOVDILD

3sesondnejnnyyeoeejnjNeydonnsyyse

g6 Tnnee33neenjNJnINNFyoneoses3

SP8LSOT-AV

DLLVOLVOVOLOLLLDLVYDLVOV

ns3snesneyne;yededjnjonyysnesyyse

96 TNNEONEdeS NI DI NF1ONedsnse

PE8LEOT-AV

LLLOLVOLVOVLLVOLOLVOVOL

esosndneoyyojneendjNiyv3jnedesyyse

96 TONNONEINEIIVININeFONTnesose

TTLEOT-AV

LLVDLOLVOVOLOLODDDOVOVD

35NSON00330H0) Y OBONJHIBJDBINSIY S

96 TNNe3NINeoRINHINIONFDHI33SesT

T18LS9T1-AV

DVOHVIOLLLLOVODIOLLVILOLL

BSBSIBNEER])BIDONIBI VIV BIDINISI()SE

96 1neeOONNNNIHJVIHTFNInnesns3

€6LLSOT-AV

LIDLVLLVOLDLLVVDLLLLODD

os3s3eeeejDHnineedeinineyynedsjyse

9 TnnonENNedyDININeFySnnnsnso

OLLLSST-AV

LLLLOODLLLVLIOLVOVVIOVL

BSNSIeNn3jNeJHRENRIYIYOJHIBESIYSE

96 TNONNOO3NNNYVINFNTF 1 BORESNSD

09LLSOT-AV

LLVLODOVVVOLOVVVOVIOIOLOLD

osesoe33ngnnjnoesyNJNnyO3ensyyse

967 10NENO3BERI}NJDIVBIYOBIISNST

YPLLSOT-AV

HDOVOLLLLOOOLODVOOOIOLL

BSBS3RI00J 0D BII3I VIV eIV INIsjDse

96 1n33eon0NndIDIDIN3IHLIIISNSD

IYLLSOT-AV

OVOHOOIDOLLODOVIOLDLOVIOL

esosended y oIy noo3 VIV 3Jy000sinse

96 1ne333NoNN0IHIOI Y NIOHNONOSEsn

LTLLSST-AV

DVIDLOIOVIOLOVVOLLDLLDV

nsosee3eryONI)0BORI ) JHRIOLILSI)SE

96 TnENSNoNoRNININJOLFYONNISnSn

9ILLSST-AV

DOVVILIDLLOVOVVIODVOVIOLD

oses33nonyH3n3noyvIv3yvesnsynse

06 1NBBINNONNSIVIDFVeIDIeIesosd

YOLLSOT-AV

DVIODLOOLVOLODOVLLIODOVVD

2SNSNO00BYY NFDI0eIINFV I eI TsInse

96 1neoon33ned NJinInIFynnd3s3se

L89LECOT-AV

DVLLODOHVVOVVV.LVOLOVOILIOL

BSOSEONOB)DNJYNNNJFN)IJ)OCeSINSe

96 1TNenn333eedvIVIVIyondes3sn

YLILSOT-AV

DILVVVIOVVOLVVVVDVVVDVDDHVY

NSISONONNY )0 NNNBIDJ ) NJONNNSIYSE

96 TNNERRORRON) VIV IV R]DHERE3Ses3

£69L691-aV

LVVLLOLLLOV.LV.LLODDLOODD

350533e00)nerynendyyivejneensjnse

967 TNERNNONNNOYVINIV I 103INSISO

I¥9L69T-AV

DODODVIVLLVOVDLVODILOVVYDID

§s8sonnoeyHNFyonoN Iy ynoosjose

96 Tno33enenne}nIyinnyyInesesy

CT9LSOT-AV

‘ON
ar
ods

duanbas 3a8ae) YN W

‘ON
ar
ods

,€ 01,6 ouanbag asuaspuy

‘ON
ar
ods

.€ 01,6 ouanbag asuag

aweN xardn(

154



PCT/US2022/043948

WO 2023/044094

TI¢ £6¢ no 21D €62 9+999700000LSNH
DONHNHNODNINDODOVIVO IDDIVOVIVIVIVOHOOV

38T 69T oV oV 697 9¥999700000LSNH
DHVHINNHOHNIVIOOHONND DODHIOVIOVIOILINID

60tC 06€T %8 A% 06£7 9¥999700000LSNH
YOHNHNOHIDOHOVOHVIONNN VOOLILIDNDIVIVIIOL

Wil €TIT B} VD €2IT 9¥999Z00000LSNT
DHVYVVINIINIIDVINNIN VVOLIDOVHOVOHLLLIIOD

SGLI 9¢LT Vv oV 9¢LT 9¥999200000LSNHT
DOHHOHNVOHVOHDDHVHYVIND DILIDIOIDIILVIIDDLL

¥ S I509) D) S 9$999Z00000LSNT
VONOHNIOVONVIVOVIDD DIDIOLVIIIOVIVILID

19%1 [A2d! oD vvD TPl 9%999700000LSNH
DNDNOVOHVOHNINDNNDNN VVIVOVILILOVOVIDID

£991 8+91 non RS 8Y9T 9+999Z700000LSNHT
DAVOVNVOVIOVYDHOVOD IDDLIDDIDLVIDLVIDV

T0ST 434 o) VD 81 9¥999200000LSNH
VVVNDOONVOHVOOONNON VVIOILIILVIOOVLILIDD

6101 0001 oV 1D 0001 9¥999700000LSNH
DHOHOIHOHNVYHOHHNIVVOHOV DLIOVIDILYIIDIIOLH

SH91 9791 0D 1D 9791 9¥999200000LSNH
DYHNOHVVYINIINDVVVOHVY LLLDVOOHVHLLIIVILIID

9% LT8 VD DL LT8 9¥999Z700000LSNT
DOVVIVODNIVNNDOVIVD DIDVVIOVIILOLIOODL

S8t 99t no LAl 99t 9¥999Z00000LSNT
DOHNOHNOHVHOHOHVIDOVIVN D1DODOILIDDLIVIVIIOV

yLTI SGTI D) %) SSTT 9¥999700000LSNA
DNDHNDIHDHVHOHNHONDON DVIIVIILIDDOHVIVIID

S6ST 9/ST VD D 9LST 9¥999700000LSNH
DOHVVYDHOHDHVYHOHOVHDHOVOHD DLODDII0D1DDDLIIDDL

S'6LPIEO AN | S'6LFIE0 AN | :ON € 0} G duanbagasie], [ :ON <€ 0} G dUdINbag dweN ApNoesdPNUOsIQ
ur ur al ar ASUASHUY PILJIpoOwIu()

uonisod puy | uonisod yreyS | OHAS ods

SJUISY IPNOIPNUAIO ISUISHUY HIHNI JO $2ouanbag apnodpnuos( payipowu)) “p dqe],

155



PCT/US2022/043948

WO 2023/044094

L1€T 86TT VVINHVVVIVIONOHNHOND DVIOVHOIOLLIDVOLLLD 86T 9+999700000LSNH

ST 96 no oV 96 9¥999700000LSNHT
DHVYVIIDDHNNDIDVNODND DVIHHOHVVIDOOLIIIDV

608 06L VD 1L 06 9¥999Z00000.LSNA
VIDNDVOVNIIVVIONIVY DVIOLIOVIDIOVIDIDL

8LS 6SS n ovv 65S9v999700000.LSNH
DDNDVIINDHNDIVINNNND VVDIOOVIVODLOVOOV

68TC 0LTT B}) V) 0LTT 9¥999T00000LSNH
NHOHVHOOHNINNIOOVNON VIDDDVVOVIIILIDVOD

I$S 44s 0D oV TTS 9¥999700000LSNH
VONNDVIOINIVOVIVIND DINIDIOHVOOILOVVYDIDD

¥76 S06 0)) DL S06 9+999700000LSNH
DOHVIHVHOHNDIIDVHNVVYD LVOLOHHVIILINIIDNND

9961 LYST on 1L LYST 9¥999700000LSNH
DNVOHVVOHVONONIINOVY DVOHOHVIVILILIILVIVD

08¢€T1 19¢T B)) DL 19€1 9¥999700000LSNHT
DVOVIONVOHNIDNNVOVD DLVVDOVILYOOLOLOOD

0¥ $8¢ 20 VD $8¢ 9¥999700000LSNT
VONDOVIDNNDHODONVOHON DLVIIDVVIDILOOVILOD

€L01 ¥S01 no 1D ¥S0T 9¥999T00000LSNH
DOONHVIDDHDHNOVIDNDV VIDLOVIDIDIOVIDDOV

$$TT SeTT non VD S€TT 9¥999700000LSNAI
VIVVIOVOHVIONOONVON LVOOVOHOIDIINILIOIDV

ST91 9091 on 1D 9091 9¥999200000LSNH
VOVVIOININIDOHVNNDV VVIDDOVOVOHOOLIDLVD

6L €LL oV DL £LL79%999Z700000LSNHI
YVONIONOHNOHONINHVVYD LOVHVYIDIVIVOHOVILLLD

ST61 9061 on 101 9061 9¥999200000LSNHT
DHNONDOHINDNOVOHINYOV VOILOVOVOIOVOVIVD

IL8 758 VD oV 758 9¥999700000LSNT
VOOVIDVIVIVODNNIND DOVVIOLOLOLINIIDIOL

S6LPICO AN | S'6LPIE0 AN | :ON € 0} G dusanbag1adie], | ON <€ 0} G dUINDIG dweN ApNodPNUOSIO
ur ur ar ar ISUISHIUY payIpouu)

uonisod puy | uonisod 3rei§ | QHAS ods

156



PCT/US2022/043948

WO 2023/044094

il ¥8¢1 n 0D $8€19¥999700000LSNH
VVIDONIIVIIVVIVVIDD DIIOLIODIONOVIIDLLY

86T 6£T o) I319)9) 6£T 9¥999700000LSNH
DHNDNIHVYIONOHNVOHNIDD VILVOVOOIIDVOHVIOD

8CLI 6ILT on 1D 61LT 9¥999200000LSNH
DOVVHOOHVVNNIIVNIOOV DVIDNOHVVILIDIDLLIOVD

€T ¥0T v 0D $0T 9¥999Z00000.LSNH
DNNVIIDHOHVYIIVYDHNIID VILIOOIDDINDDLYVOLD

el €Tel 0D 1L €21 9¥999700000LSNT
DOHVYIVIDOHVYIIINNNOVY DVVVDHODIIDONINIIIDD

09 8¢ I5) 01D $8S 9¥999700000LSNT
DODDHNVIIVNDNIDIVIOIVD DINOVIVIOOLYIOOHOD

TL8T €681 V) Ol €681 9¥999700000LSNH
DVVIVOVOHOOHNDIVIIIVO DOOIOVIIDIILOLIOOL

ILTT (4544 on 1oV TSTT 9¥999200000LSNH
DNOVNHNOHVVINNINNOV VOVVOHLLOVIVIOVOVD

76 SL on I5) SL9¥999700000LSNH
DHVIVHVVOHVNVVIVOVD IOIOHLLVIDLIDIONIIOVD

ILE T8¢ 0} oV 7S£ 9¥999700000LSNH
DHVNDHVHONDOHNHONDIND DVIDVIDVIDLIDV.IOOD

8911 611 on 1519} 4 6v11 9¥999200000LSNT
DOVNOHVIDDNNDIDNOHNNDD VI0DOVIODOIIVIOOVD

9.0T LS0T no DL LS0T 9¥999700000LSNT
NVIVVINNNODOVOIVVYVYD LIODIDDOVVVOLIOLVOV

T4 (444! nd 1V TP 9%999700000LSNH
VIDODDNVVVIIIVOOONY DDDIOHODDLLIVIIIDIOV

161 Ll on 54 LT 9¥999T00000LSNH
DVVIOVDHOIVOVIVVYIND DLIONIDINIDIDDLIOVD

orel (k441 oV 1L 1221 9¥999700000LSNH
DHVVINOHHNDHNVVIOONVY VOODLLVOVIIVHLIDLO
oV RS

S6LPICO AN | S'6LPIE0 AN | :ON € 0} G dusanbag1adie], | ON <€ 0} G dUINDIG dweN ApNodPNUOSIO
ur ur ar ar ISUISHIUY payIpouu)

uonisod puy | uonisod 3rei§ | QHAS ods

157



PCT/US2022/043948

WO 2023/044094

91Z1 L61T DHNDOVNINDINDNDNDIND VOVOVOHOVOHVIOOVIDL L6111 9¥999200000LSNH

T6€T €LET nn 1L €L£T 9Y999700000LSNT
NNOVOHONONNVNONNVVY LVVIVLVVOVIDIOVVVY

0LET [19%4 no ovv 1S€Z 9¥999Z00000LSNT
NAVNNVINDINNVYOHNNNND VVILLVVOVOLVVIVOV

I€L TIL DD 10 TTL 9v999200000LSNH
DONDDIVVIOVINVIVIOV DINIVOHIODLIOOVIIDID

$99 99 309) D) 9%9 9¥999700000LSNH
NVOIONNINVYOOVOHNNDD VVILIDLVOVVOOILVYID

€691 ¥L91 VD o0 ¥L91~9¥999700000LSNH
DVVNDODOHVIOVYOHNNIDD DVVILLODIIDIVLIDOL

£0L ¥89 n DLL $89 9$999Z00000.LSNH
DONDNDVIDIDINHDDHOVYD DDIVHOHDHINLOHVHVHOV

5081 98LI1 Vv I5) 98L1 9¥999200000LSNH
VOOVINHVYHOVIVVYVOHVD IDLLINIODIDVOHIODLLL

€ILI ¥691 o) R $691 9¥999700000LSNHT
DOHVVYNHOHOHVYIIDIDOHNDONO 19)707919191911000) AN 0 8]9)

1621 LTt vD R TLTT 9¥999700000LSNT
DVHVYVIOVNIOVIONDIOND DVIOLIOVIIDLIDIIDL

91¢T L6TT B)) RS L6TT 9¥999700000LSNH
VOVOVYVONOHVOHONNNDIDD DVVVIDLIVILIOLIIOD

09T T vNn vl I¥¥T 9¥999T00000LSNH
DNNDOHNHNDNVVOHONVYVN LVIDLLVOVIVIOVVIVL

912T L61T no D L61T 9¥999200000LSNH
VONDNVVVIVVINVVVVD LILIVOLIOLLLVOVIIDV

TLLT €GLT on DL €6LT 9¥999Z00000LSNH
VOOVHOOVOHNININOVVYD 1DDDIHVIIIDILIILYD

el eIl no Re) €11 9¥999700000LSNT
NOHOHNHVIHHNOHNHOVNOD VI1JDOVIVIIDILIVIIVOV

9¢01 L101T vD DL L10T 9¥999200000LSNHT
D0DHVIDNIVNAVOHONIVD DVIDLV.IOVIOIIONODODL

S6LPICO AN | S'6LPIE0 AN | :ON € 0} G dusanbag1adie], | ON <€ 0} G dUINDIG dweN ApNodPNUOSIO
ur ur ar ar ISUISHIUY payIpouu)

uonisod puy | uonisod 3rei§ | QHAS ods

158



PCT/US2022/043948

WO 2023/044094

081¢C 191C no oDD 1917 9¥999T00000LSNH
NNNOVNVNNDDOHNIIDDD DOVIDIOVVIVIOVVVOV

9¢81 L181 no 1D L181 9¥999200000LSNH
DHNDOINNHVVOHVVNIIIOV DHVILIDLLOVVOOOVIOV

TSL €eL B} D09 €€ 9v999Z700000LSNT
DHNDNIVVNNIIVNIVIDD LVIDOVV.LILOVOVIOHOHD

196 w6 v 0D 6 9¥999700000LSNT
DDDNDDOVOHNOHNIIVIID DIHOVIVILIDOVIDILO

$66 9/6 oV Re) 9.6 9¥999Z00000LSNT
DVNDIVNNVIIVOVOIODD DIILDIODIVVIODVIILOD

43%4 £eet no A7 £€€T 9¥999700000LSNT
DDONNNVANDNAVIVVNIIVN DOVIIOLVIVVLIVVVIDOV

89 S99 0)e) RS $9979+999700000LSNH
DDDOHVHOVOHOVVIIVOOD DIODLIIDIIDIIININD

ST1¢ 960C oV ovD 9607 9¥999700000LSNH
DONVHNNINDIDIVONNIND VVIIOOVOVVILVODID

ehiT ¥TIT nv DD 21T 9¥999700000LSNH
HVYHNVOHNOHVVHIIINDID OHVHOODLIIVILVILOLY

440 €011 5%) V2D €011 9¥999Z00000LSNH
DHNONNVIONNNINDIDON DVOHVVVOOLVVOVIODDD

€9t a4 oV oV P¥ 99999Z00000.LSNA
DHODDNDDDOVOHVIIVOHND DIOHDIDIIDOHOVOHOIDILD

8Pl COp1 no LAl £9%T 9¥999700000LSNT
NvOHNIONHOHNNDHOVIINNVN VVOOIIDVVIIOVILVIV

€9 ¥ o)) DL ¥ 9$999Z00000.LSNA
DVINNNDVNIINVONVOVD DLVOLVOV.IOVVVOIIND

6S¢€1 el V) RS OFE1 9¥999T00000LSNH
DOHVYHOHNDVOHNDNDINVIOD DILVOVIVIIOVIOLIDOL

P611 GLIT o)) VD SLTT 9¥999Z00000LSNH
DHYVHIDDIHNOVNIIINHN VOOHOVIOVIHOHOHILLIID
v 5349)

S6LPICO AN | S'6LPIE0 AN | :ON € 0} G dusanbag1adie], | ON <€ 0} G dUINDIG aweN IpNodPNUOIIO
ur ur ar al ISUISHIUY payIpouu)

uonisod puy | uonisod 3rei§ | QHAS ods

159



PCT/US2022/043948

WO 2023/044094

SH9 979 n DID 979 9+999200000LSNH
NN2NDOVIONDHNDINNIIIVD DOVVDHOHVIIDILOVOVVY

£Che YT V) LV Y1¥T 9¥999T00000LSNH
VONINNNDNVINVIVINY VIOLVOLVOVVVOVIIOL

£63 ¥L8 nn 10D $L89$999Z00000.LSNA
DOHVHVNDIINNDIDOVIOV 1DDDOVVHOVIDIIOVY

1¥0T 0T nn 1V 20T 9¥999200000LSNH
VVNIVIIDOIDOHVIVNINY VIOIDDONDNODIOVILVY

w €T VD o0 £7 9¥999700000LSNH
DNVNIHVIVIOVYINHOHH DVHLLIDINIIOVIVOOL

8601 6L01 VD I579) 6,01 9¥999200000LSNH
DOHVYIDIDOHVIONOHNDIDONDD VIDOVIIDLINOOIIDOL

176 6 20 0D 776 9¥999Z00000LSNT
VOOVOHOVOHOVIDIODOHOIDD DDDIDDHIIDIIDIIDLOD

LSTT 8¢TI 3] Ol 8¢TT 9¥99900000LSNA
NVNVOVIIONONVOOIVO DIDLVIVIODIDLVIVID

9¢TT L1TT on DL L1TT 9¥999700000LSNH
DOOVNNDODOVVOVVVNIVD V.LLLDILIDDDVVIIIIVD

SHSI 981 0} DL 9ZST 9¥999200000LSNH
DDHNOONNNVOHNVIOVVVD LIDHLVILVVVHOVIOHNHD

1681 TL8I no A% TL8T 9¥999700000LSNH
NNONNNDNNNDVAVANNY VIVIOVVVOVVVOVVOV

€79 09 on DDD $09 9¥999Z00000.LSNH
DHNHOVINNIDONOHNDIDD VIVIIOHVIOLOIVIOVD

SIS 961 nn R 96 9¥999700000LSNT
NJHVYINVINHOHYOHOVOHOD DIDDIDIVOHLVOIIOVVYY

S6LPICO AN | S'6LPIE0 AN | :ON € 0} G dusanbag1adie], | ON <€ 0} G dUINDIG dweN ApNodPNUOSIO
ur ur ar ar ISUISHIUY payIpouu)

uonisod puy | uonisod 3rei§ | QHAS ods

160



PCT/US2022/043948

WO 2023/044094

T'6£99L1€-V (09DGW) (809 L)(S09D)(S03L)(S02DS | €6 97999T00000LSNI
w)(SHPSU(SHPSUNSYPSHPSYP(SDPSW)SYP(SIPSW)SYP(SIPSUN (S08Y )(S03D ) (509D )(S09D))(S09Y)
1'8€99LT¢-V (09D Gun)(s09Y)(s0aDSu)(s02DSUN(s02 | 697 94999700000LSNA
DSUDSHPS LPSHPSYP(SOPSU)(SOPSUNSYP(SIPSU)SHP(SIPSW)(S03)(S08DCU)(S09D) )(SO3 L )(S09D))
1'LE99LTE-V (09Y)(509Y)(509Y)(8090)(503D | 06£T 97999T00000LSNA
)SLP(SOPSW)SIP(SDPSW)(SIPSUNSOPSOP(SIPSUNSYP(SIPSUN)(S0aY )(S09DGW)(SOIL)(S09D) (SO L)
1'9€99L1€-V (09W)(s00D)( | €TTT 9¥999T00000LSNHI
$09Yy)(809V)(809D)S LP(SDPSW)SHPSHPSYPSHPSHPSYPSHPS LP(S09L)(S09L)(S09)SW)(S090)(S09D)
1'S€99L1€-V (09DCU)(809Y)(809D))(SOL)(SORL)(SDPSW | 9¢LT 9+999Z00000LSNH
)SLP(SOPSUW)(SOPSUN(SHPSUDS LP(SHPSUNS [PSYP(SIPSU)(S08)SU)(SO3DSU)(S03D)) (S0 )(S03 1)
IPE€99LTE-V (09D GW)(809D))(S09D))(SO8 L )(S09D) S 9¥999Z00000LSNH
SU)S [ PSOPSIPSYP(SDPSU)SIP(SDPSUNSOPSYP(SDPSW)(S08Y )(S0a)SUW)(S08 ] )(S0aD)SU)(S08)GUr)
1'€€99L1€-V (09Y)(509V)(8000)(509Y) | THFT 97999Z00000LSNA
(809V)(SDPSW)SYPSOPSYP(SIPSW)S LP(SDPSU)S [PSDHPSYP(S09D) )(S08Y ) (S0 S W) (S08 )G )(S09D)
1'C€99LIE-V (09DSu)(500 )G (S02L)(s02DSUN(S | 49T 94999Z00000LSNA
09DCU)S L PSIP(SOPSUDSOHPSIP(SOPSU)SLPSYPSLP(SIPSU)(SO3L)(S0aY )(SO9DSU)(SO3DSU)(S0Y)
T'1€99L1E-V (09Y)(809DCU)(803Y )(S09Y )(509DSUW)(SD | 2871 9+999T00000LSNH
PSUW)(SOPSUDS LP(SIPSUDSIPSYP(SHPSU) (SDPSUD(SOPSUNSYP(SOL)(SO3L)(S081)(S08)SUI)(S09D)
1°0€99L1€-V (09L)(508)SU)(803)CU) (SO L)(SO3L)SOPSY | 000T 9+999Z00000.LSNA
P(sDPSUn(SDPSUN(SHPSUW)S LPSYP(SIPSUD(SDPSUNSHP(S02)SU)(SO8)GU)(SO3)SUI)(S0 T, )(S09D)
1'6799L1€-V (091)(s005un)(8001)(s02L)( | 9791 9%999Z00000LSNH
S09)(SDPSW)SYPSHPSHPSYPSHPS LPSLP(SIPSU)SYP(S0DGU)(S02] )(S09DGM) (S0 DSU)(S09DG)
1'8T99LIE-V (09D)(s02L)(s02D)( | LTY 9%999T00000LSNA
S09)(803)CUNSYPSYPS LPSOPSYP(SOPSW)(SDIPSU)S I PSOHPSLP(S031)(S09D)(S09D)(S0DCW)(S03])
1°LT99L1E-V (09Y)(809)(509D)(809L)(S00DSUNSH |  99% 9+999Z200000LSNA
PSOPSLP(SDPSU)(SIPSW)(SIPSUNS LP(SOPSW)SYP(SDPSU)(S08Y )(S08)SU) (S0 SU)(S09D) )(S09Y)
1'9799L1€-V (09Y)(509D5UN)(509)SUI)(809Y )(S0DSUN(SIPS | SSTI 94999Z00000.LSNA
w)sYP(sDPSUn(sHPSW)s LP(SHPSUN(SDHPSW)SHPSOHPSYP(S09DGUI)(S0aY )(S0aDGW) (S0 DHSUI)(S09D))
1'ST99L1E-V (09D gun)(809)E)(509,1)(509 S )(S00DSUN(SIPSW)ST, | 9LST 94999T00000LSNA
P(SOPSW)(SDPSU)(SOPSUNSTP(SIPSU)(SIPSU(SIPSUNSTP(SO3L)(SODSU) (SO SUI)(S03D) )(SOI L)
uoneusIsaq € 01 .S s9ouanbag apnodPNUOSI|O PIJIPOIA JweN apnodPNUosIO
:ON weuly — dweN
ar | dpnodpnuodiQ
Ods IsuIspuy

SIUISY IPNOIPNUA[0J ISUISNUY HIHNI JO Sduanbag apnodpnuodij pIYIPoN °S dqel

161



PCT/US2022/043948

WO 2023/044094

1'SS99L1¢-V (09DGU)(s00 )W) (03D | 86TT 97999T00000LSNA
SUIN)(S09Y)(S00)CUNS Y PSHPSHPS LPSOPSIPSIPSIP(SOPSUNSYP(S090)(S09L)(S091)(S0 L )(S09DST)
1'$699L1¢-V (09D)(809Y)(s09DGU) (S09Y 96 9¥999Z00000LSNH
)(S031)SDPSOPSOPSYPSYP(SDPSW)(SDPSU)SHPSHPSTP(S03L)(S09DCU)(S09) U (SO CUW)(S09Y)
1'€S99L1€-V (091)(s001)(s02D) | 6L 9¥999Z00000LSNA
)(509Y)(S09)GUNSHPSTPSLPSHPSYPSILP(SOPSU)SIPSHPSYP(S09DCUW)(SO0ID)(SOIL)(S09)SW)(S03T)
1'CS99LIE-V (09D)(s09V | 6SS 94999700000LSNA
)(809Y)(50aY (509 )SHPS L PSHPSHPSYP(SIPSUDSYPSHPSHPSIP(S09D) (S0 )(S090) )(509D))(S00Y)
T'IS99L1E-V (09V)(809DGU)(S09V)(S03L)(S08)GW | 0LTT 9+999Z00000LSNA
)(SOPSW)SHPSYPSYPSHPSYP(SDPSUN(SDPSW)(SHPSUNSTP(S09DSW)(S09 DS )(S03Y )(S09D)(S09D))
1°0S99L1¢-V (0apgun)(sosy) | 7S 94999700000LSNA
(5000)(809,1)(S09D)S LP(SDPSU)S IPSOPSYPSOPSDHPS LPSOPSYP(S09Y)(S090)) (S0, L) (S08 )5 )(S09D)
T'6799L1€-V (09D)(8091)(5091)(802Y)(80DCW |  S06 9+999T00000LSNA
)SLP(SDPSUNSHPSHPSYP(SOPSW)(SIPSUNS LP(SIPSUSHP(S09L)(S08)SU)(S08)SUW)(S09D))(S09D))
I'8799L1€-V (091)(809L)(503DSW)(s09V)( | L¥ST 97999Z00000LSNH
$090)SOPSYP(SOPSU)SYP(SDHPSUW)SLP(SIPSUW)S LPSLP(SOPSU) (SO L )(SOY)(S03)SU)(S0aY )(S09D)
T'LY99LTE-V (09D)(s03L)( | 19€T 9¥999200000LSNH
S09)GUW)(S09L)(S09V)SYPSOHPSDHPSYP(SIPSW)SIPSYPSOHPSOPSLP(S090)(S09L)(S090) )(S09D))(509D)
1'9%99L1€-V (0oW)(s0aDgu)(s0aDSun(s0aL)(s |  $8¢ 94999700000LSNA
09Y)(SDPSU)(SDPSW)(SIPSUNSYPSYP(SDIPSU)SOPSIPSOPSOP(S09Y ) (S0 YU (S0 )(S09D))(S03D)
T'S799L1€-V (09 L)(809D)(800Y)(502DGW)(S09D) | $SOT™ 97999T00000LSNI
SLP(SOPSW)SYP(SDPSW)(SOPSUN)(SIPSU)SOHPSIP(SIPSW)SYP(S09 )G (S095))(809D) )(S090))(S09Y)
I'PP99L1€-V (09Y)(S09DSW)(SO3L)(S09Y | S€TT 97999T00000LSNH
)(808DCW)(SDPSW)SYPSHPSOHPS LP(SOPSW)S LP(SIPSW)SOPS LP(S0L)(S09D)(S09 L)(S08)SUI)(S0aY)
T'€P99L1E-V (031)(s029D)(s09 | 9091 9¥999C00000LSNHA
V)(800Y)(S09L)(SDPSU)SOHPSOPSYPSOPSYPSOPSOPSHPS IP(S09L)(S08)SUI)(S081)(S08Y )(S0aD)G W)
1'TP99LIE-V (09DGW)(809L)(SOAL)(S09DS | €LL 9¥999TO0000LSNA
w)(800Y)SHPSYP(SIPSU)(SIPSW)SYP(SIPSU)S YPSOHPSHPSYP(S08) W) (8091 )(S091)(S091)(809D))
T'1799L1€-V (091)(509DGUI)(SO3L)(S02 | 9061 97999700000LSNA
V)(S090)(SOPSUNSIP(SDPSU)SYPSHPSYPSHP(SIPSUNSHPSYP(S09D )(S0AY)(S03) S )(S0aY )(S09D)
T'0P99L1E-V (09D)(509V)(509D)(s09Y | S8 97999T00000LSNH
)(808Y)(SDPSW)(SDPSW)S [ PSOPSLPSOPSLP(SDPSUW)SOPS LP(S08DSU)(S08)GU)(SOS)(S08D) (SO L)
uoneusisa(q € 0} .G soouanbag apnospNuoSIQ) PIIPOIA JuieN IPNeIPNUOSI)
:ON we uly — dweN
al apnodPNUOSIQ
OAS sudsnuUy

162



PCT/US2022/043948

WO 2023/044094

T'TL99LIE-V (09DCUW)(8091)(509D)(s02Y | LI0T 9¥999Z00000LSNH
(808D SUN(SHPSUN)S T PSYPSLPSOPSYP(SOPSU)SOPSLP(SIPSW)(S090)(S09D))(S09D)) (S09D)SUI)(S03 L)
T'0L99LIE-V (09D)(809D) | $8ET 9¥999700000LSNA
(509D))(8091)(S09L)SOPSLPSLPSOPSDPS LPSOPSOPSYP(SDPSW)(S09DSU)(S09D)) (SO L )(S09 1 )(S09Y)
1'6999L1€-V (09D)(s00D)(502D)(S09Y |  6£T 97999700000 LSNI
)(809)SUN)S [ PSYP(SDPSI)SYPSHPSHPSIP(SIPSW)SHPSYP(S09D) )(S08Y ) (S0 S)(S09) S )(S09D))
1'8999L1¢€-V (091)(s00DGUY(S02DCUN(S03Y | GTLT 94999T00000LSNA
)(8091)SDHPSHPSYPSYPSLPSLP(SIPSI)(SIPSW)(SIPSUN)S IP(S09L)(S09)SU)(S09) S )(S08Y )(S09D))
1'L999L1€-V (09D)(509D)(509VY)(S0 |  H0T 97999700000LSNA
9DCW)(S031)SLPSOPSOPSLP(SDPSW)(SDPSW)(SDPSU)SHPSHPSLP(S09Y)(S09Y )(S090) )(S031)(509D)
1°9999L1¢-V (03 L)(s03L)(809DSu)(s09Y | €Z€T 9¥999700000LSNA
)(500Y)SYPSHPSHPSHPSIP(SIPSW)(SIPSU)SHPS LPSDHP(S03L)(S03)SUN)(S09)SU)(S08 )G )(S09D)
1'6999L1€-V (09D)(s091)(s02 |  68C 949997N0000LSNA
D)(509D)(S09L)SHPSHPSYP(SIPSW)SYPSIPSHPSOHPS LPSYP(S09)SW)(8090)(S09D))(8000)) (809D G W)
I'7999L1€-V (09DGW)(803)(809D)(502D)( | £S81 9¥999Z00000LSNA
$090))SLPSOPSYP(SOPSU)(SOPSUD) (SDPSUDS IP(SDPSUDSLPSOP(SOSL) (S0 L)(S03)SUW)(S03D))(S03 L)
1'€999L1€-V (09L)(s09DEW)(s09Y | TSTT 9%999C00000LSNA
)(509Y)(8090))S Y PSYPSOPSLPSIP(SDPSW)SYP(SDPSW)S Y PSLP(S09D) )(S0aY )(S09D)(S09V )(S03)SUI)
1'C999L1€-V (09D)(5091)(s09DGW)(502 S 9%999700000.LSNA
L)(8090)STPSIPSYPSIP(SOPSW)SIPSIP(SOPSU)STPSDHP(SORL Y(S0)CU)(S0aD)GUI)(S00Y )(S0)S)
T'T999L1E-V (099)(509Y)(5095)(S09Y )(S02DCW) | TSE 9¥999Z00000.LSNA
(SOPSUSYP(SDPSUNSHPSYP(SOPSUN(SHPSTU)S L P(SOPSUNSHP(S09Y ) (S0 )(S09)SUI) (S0 )(S03D)
T°0999L1¢-V (09D)(s09D)(s03Y)(s02 | 6¥TT 9¥999TO0000LSNH
V)(509)SmW)(SDPSU)SHPSHPSYP(SDPSW)SOHPSHPSLP(SIPSW)SYP(S0L,)(S095)(5090)) (S09V )(S09D))
1'6S99L1€-V (03DCU)(SOR)(SORLY(SO | LSOT 9¥999TO0000LSNH
91)(s09D)(SDPSUNS LP(SIPSW)(SIPSUNSYPSYPSYPSOPS LPSLP(S09D)(S09 L )(S09Y)(S09)SW)(S0aY)
1'8S99L1¢€-V (091)(s00V)(s09DcmW)(503 | TTHT™ 97999TO0000LSNA
DSW)(809)CU)STPSOHPSOHPSOPS LPSLPSIPSVP(SIPSU)(SIPSU)(S03)E)(809D)(S03,)(S09D))(809Y)
1'LS99LIE-V (09D)(509V)(503D)(SO3L)( | TLI 9¥999200000LSNH
S09L)SOPSLP(SDPSUNSIPSOP(SHPSUD(SHPSUW)SLP(SIPSUNSHP(SO3L)(SOSL)(S03D))(S08Y ) (S0 G W)
1'9S99L1€-V (09L)(S09L)(S09V)(502DSW | 1221 9+999C00000LSNH
)(809DCU)SHPS IPSLPSYP(SOPSW)SYP(SOPSW)(SDPSUNSYPSHP(SO9L)(S091)(S09)SW (SO L)(S09D)
uoneusisa(q € 0} .G soouanbag apnospNuoSIQ) PIIPOIA JuieN IPNeIPNUOSI)
:ON | Wweliury — sweN
al | 9pnodpnuosio
0ds asuaspuy

163



PCT/US2022/043948

WO 2023/044094

1'L899L1€-V (09V)(s09DSU)(s0aY)(S | SLIT 9¥999700000LSNA
00D))(809D)SOPSYPSLPSOPSYP(SIPSU)SHPSOHPSHP(SIPSUN(S08] )(S03T)(S09DSW) (S0 DSUI)(S0D))
1'9899L1¢-V (03D)(s09V | L6TT 9¥999700000LSNA
)(500D))(800Y)(5090)S Y PSOPSYPSOPSOPSYPSOPSYPSLPSOP(S090)(S08Y )(S09)SUI) (S08)GUI)(S03 L)
1'G899L1€-V (09 L)(8091)(502L)(809V)(S | €L£T 97999T00000LSNH
09Y)(SDPSUNSYPSLPSYPSYP(SOPSW)SYP(SHPSU)(SHPSW)S I P(S09)SU)(S08Y )(S0aY )(S0Y )(S0aY)
I'7899L1¢-V (09D)(s02 | TSET 9¥999T00000LSNA
V)(809V)(809Y) (809 )(SDPSUW)S LPS LPSYPSYPSOPSYPSOPSLPSYP(S09Y)(S03L)(S09V )(S09D))(S09Y)
1'€899L1€-V (03L)(509D)(S | TIL 9¥999T00000LSNH
09D))(S091)(S09D)S LPSYPSOPS LPSOPSOPSLPS LPSOPSOP(S09Y )(S08)SUI)(S03)SUW)(SO3)SUI)(S03D))
1'7899L1€-V (00Dun)(s09D)(s0aY)(s0aV)( | 9%9 9999Z00000LSNHA
$09D)CUW)S L P(SOPSUW)(SDPSW)S LPSYPSOPSYPSYPSHPSOHP(S08)SU)(S08L)(S09Y ) (S0 )SUI)(S0aDG W)
T'T899LIE-V (09DSU)(509)ECU)(809D))(500V)(803Y | +£9T 94999Z00000LSNA
)(8DPSUDSLPSLP(SDPSU)SOHPSLP(SIPSU)(SHPSI) (SDPSW)SYP(S091)(S091)(S0DGUI)(S00D) )(SOSL)
1'0899L1¢-V (09D)(509L)(SOSL)(S0 |  #89 9¥999Z00000LSNA
9DSUN)(S03DSUN(SHPSUW)SYPSOHPSOPSOHP(SOPSU)SOHPS LPSOPSYP(S09D )(S09Y )(S09D) )(S09D)(S09Y)
T'6L99L1E-V (09D)(809L)(s09DCUW)(SO3L | 98L1 9¥999C00000LSNH
)(8091)SIPSOPSLP(SOPSW)(SOPSW)S T P(SIPSUNSYPSHPS LP(S08)SU)(S0D)CU)(S0 ] )(S08 ] )(SOSL)
1'8L99L1€-V (00DSU)(809)SUN)(809D))(50a)(50DSW)( | 691 97999700000 LSNI
SOPSUNSHPSHPSOPSLP(SIPSUN(SHPSW)(SIPSUNSYPSLP(S02L)(S09)SW)(S0aDGW) (S0 DGUI)(S09D))
T'LL9ILIE-V (09DEun)(809)EW)(S09D)(S09Y) | TLTT 94999T00000LSNA
(809DSU)SHPS LP(SIPSUNSOHPSYPS LP(SDPSUNSOPS TIPS LP(S03DSU) (SO )(S09DSUI) (SODCW) (S0 )
1'9L99L1€-V (09DCW)(S09)SW)(S09D)(S09V)(S03Y | L6TT 9+999C00000LSNH
)SYP(SDPSUW)(SDPSUS LP(SOPSW)SYP(SOPSUDSLPSLP(SIPSU)(S09 L) (S08)SU)(S09,,)(S09D)(s09D))
I'SL99LIE-V (09V)(S09L)(S021 )(809V)(809 | T++C 9+999200000LSNA
DSW)(SDPSUNSIPSIPSYP(SIPSUNSYP(SIPSW)SYP(SHPSU)SHP(S09Y ) (S0 ) (S08 )G )(S09Y )(S09 1)
T'7L99LTE-V (09DGu)(S03L)(S0 | L6TT 9%999T00000LSNA
SL)(S02L)(S031)SYPSOPSLPSLPSOPSLPSIPSLPSYP(SOPSUW)(S09Y )(SO3DSU) (SO L) (SO SU)(S09Y)
1'CL99LIE-V (09D)(S03)(809L)(S0RDSW)(S08DSUNSOP(S | ¢SLT 97999Z00000LSNH
DPSUNSHPSYP(SIPSUNSLP(SOPSU)(SIPSUN(SHPSU)SLP(SOIDSUN)(SOIDGU)(S03])(S09Y )(S0S)S)
1'CL99LIE-V (09DSW)(809DGW)(S09Y ))(SOL)(S0DSW)(SIPS | €11 9¥999700000LSNA
W)SYP(SDPSUNSYP(SIPSW)(SIPSUNSHPSIP(SIPSW)SYP(S09)GUIN)(S0D)SUN)(S09Y ) (S0 )SUI)(S0aY )
uoneusisa(q € 0} .G soouanbag apnospNuoSIQ) PIIPOIA JuieN IPNeIPNUOSI)
:ON | Wweliury — sweN
al | 9pnodpnuosio
0ds asuaspuy

164



PCT/US2022/043948

WO 2023/044094

T'€0L9LIE-V (09DCU)(5095)(509D)(S0V)(S02D) | +09 9+999Z00000LSNA
SUNSYP(SOPSUW)(SOPSUNSHPSYP(SOPSU)SOPSIPSOP(SIPSU) (S09Y )(S0D)SUI)(S09D) ) (S0 )(S03D))
1'T0LILIE-V (0epgun)(soe)gun)(soa)Sun)(s0oL) | 967 9+999700000LSNA
(509DCUN(SOPSUNS LP(SIPSW)(SIPSUNSYPSHPSIPSVPSDOPSIP(S09)CW)(S095)(S03V)(S03Y)(S09Y)
T'TOLILIE-V (09D6u)(509D)(809D) | 1912 97999700000LSNI
Su)(8090)(800D)SYP(SIPSW)(SIPSU)SDHPSYPSYPSLPSYPSLPSOHP(S09Y )(S809Y )(80aV )(S000))(S0aY)
T'00L9LIE-V (091)(s02Dsu)(s09D)(s | LI8T 9¥999T00000LSNA
090))(09Y ) IPSLP(SOPSU)S LPSIP(SOPSW)S Y PSYPSHPSDHP(S005))(S09Y J(S09)SW)(S08 )G )(S00Y)
1'6699L1€-V (09DGW)(803) | €€L 9¥999T00000LSNH
SuI)(8090))(S091 )(S09Y )S I PSHPSOHPSYPSYPSLPSLPSOPSYPSOP(S09Y )(S03)GUI) (8090 )(S09D))(S09D)
1'8699L1€-V (09D)(s00D)(s02D)(S03L) | TF6 97999Z00000LSNA
(8090))SHPSYP(SDPSW)SYP(SIPSW)S LP(SDPSU)SOPSHPS Y P(S08 )W) (S090)) (S08 )G (S0 L)(S09D)
T'L699LIE-V (0apgun)(soangcun(soen)( | 9,6 9¥999700000LSNA
S09D)CW)(S09L)(SOHPSW)S I PSHPSOHPS LPSYPSYPSLPSOHP(SIPSU)(S0aY)(S09 L)(S09)GW) (SO )(S09D))
1'9699L1¢-V (09W)(803L)( | €£€T 9¥999T00000.LSNH
$090))(S09Y)(S091L)S LPSOPS LPSYP(SOPSW)SYPSYPSLPSVPSYP(S09Y )(S03D)SU)(S09D) )(S09D))(S09Y)
1'S699LTE-V (03D Gur)(803)CU)(S03)CUW)(SO3L)(S02D)SD | S99 9$999Z00000LSNH
PSLPSLP(SDPSW)(SOPSUNS LP(SDPSW)(SDIPSW)S LP(SDIPSW (509D )(S09D)(S08)SU)(S02D))(S09D))
I'$699L1€-V (09D)(s00V)(s0 | 9607 9+999700000LSNA
9D)(809Y)(s09Y)(SOPSW)S LPSHPSDHPSYPSOHPSYPSYP(SIPSW)S LP(S09Y ) (802D (8090 )(S09 L)(S09D)
T'€699LTE-V (09)6u)(809D))(09D)(503Y | +TIT 94999T00000LSNA
)(809D))sHPSHP(SHPSW)SLPSIP(SIPSW)SYP(SIPSU)SLPSYP(S09) S (S0 )(S09 )G )(S0 L )(S0Y)
1'2699L1€-V (09v)(s0aDsw) [ €0IT 9¥999C00000LSNH
(503D))(809D))(S00Y )SHPSYPSYPSYPSOHPSOHPS LPSYPSYPSOHP(S09Y )(S08)SU)(S03D))(S080) (S0 S )
1'T1699L1€-V (090)(s09Y)(s09DGUN(SOSL. | ¥i¥ 9¥999TO0000LSNH
)(500D)SHPS LP(SHPSUNS LP(SIPSUNSOPSHPSOHPSYPSHP(S080D)(S09)SU)(S0)SUI)(S09],)(S0aD)G W)
T'0699LTE-V (09V)(s09)(S09V)(s09V)(S09D) | €991 9¥999T00000LSNA
)SDPSIP(SOPSW)(SOPSU)SYPSYP(SOPS) (SHPSW)SHPSYP(S09)SMW)(S03])(S09Y) (809D SI)(S09Y)
1'6899L1¢-V (09D)(8091)(s09 ¥ 9¥999Z00000.LSNH
DSW)(SO3L)(S03Y)(SDPSU)S I PSYPSOPSYPSIPSOPSYPSYPSYP(S09D)(S09L)(S09DSU)(S03D)(S03D))
1'8899L1¢-V (09DSUW)(509DGW)(S03D)(SOIL)(S02 | OFET 9¥999700000LSNA
V)SDPSYP(SDPSW)SYP(SDPSW)S LPSHPSYP(SIPSW)(SIPSU)(SOIL)(S0DSW)(S09)SW)(S09D) ) (SO L)
uoneusisa(q € 0} .G soouanbag apnospNuoSIQ) PIIPOIA JuieN IPNeIPNUOSI)
:ON we uly — dweN
al apnodPNUOSIQ
OAS sudsnuUy

165



PCT/US2022/043948

WO 2023/044094

TPILILIEY (09D)(8021)(S0 | 979 94999TO0000LSNA
9D)(5095)(S09D))SYPSYPSHPSHPSYP(SOPSW)(SIPSW)SHPSIPSDP(S0Y )(S09D)) (509 )(S0aY)(S09Y)
T'ETLILIEY (031)(s0 | ¥I¥T 9%999T00000LSNA
9Y)(809Y)(5031)(S09D)S LPSYPSOPSILPSYPSDPSYPSVPSYPSDP(S09V) (309G (S091)(S03D)(S03 L)
T'TILILIEY (091)(s00DCu)(s09 | 28~ 9¥999Z00000LSNA
D)(s091)(809)SUNSHPSHPSHPSYPSYPSHPSDHPSYPSIP(SIPSW)(S091)(S09)GUI)(S09D))(S09Y)(S09Y)
TTIL9LIEY (091.)(500V)(s09Y) | TTOT 97999T00000LSNA
(8091)(809D)STP(SDPSW)(SOPSUNSHP(SHPSW)SHPSHPSHPSLPSDOP(S09V) (S0 )(S09)(S09V)(509Y)
TOTLILTIEV (09)CUN)(S02)ECUI)(S02D) €T 9%999700000LSNA
Sun)(509V)(5090)S LPSLP(SOPSU)SHPSLPSOPSLP(SOPSW)SHPSYP(S02L) (509 )(S095))(5095)(S03 L)
1'60L9L1E-V (09D)(509D))(s09Y)(S09DCWN(SO | 60T 9¥999Z00000LSNA
8D CUNSHPSYP(SOPSUN (SDPSU)SHPSIP(SIPSI)SHPSHPSDOP(S0L,)(S09)EUN)(S03 )G )(S095)(S03 L)
1'80L9LIEV (09)GW)(5090)(s090) (809D CUN(S0DCWN(S |  TT6 9999TOO000LSNA
OPSUNSHPSHPSTP(SOPSW)(SHPSUNS LP(SOPSWH(SIPSU)S [ P(S09)EUN(S09)GUI) (S0 )(S09D)(S090))
T'LOLILTIEY (09DGU)(5091 )(509D) (509D SW)(S0 | 8ETT™ 97999TO0000LSNA
9DCW)S L PSYP(SOPSU)SYP(SOPSUNSHPSHPS LP(SOPSW)S LP(S09Y ) (SO, ) (S0 )(S09) S (S09) ST
T'90LILTE-V (090)(s09L)(s09Y)(SORL)(SORL)SIP | LITT 9¥999TO0000LSNA
(sDPSU)SIPSIP(SHPSU)(SDPSUN (SDPSW)SYPSYPSLP(S09 YSU)(S09) CT)(S0)EW) (509 ) (509D gT)
1°SOLILIEV (09DGur)(s091)(509 | 9ZST 9¥999T00000LSNH
L)(809)(809)GW)SHPS T PSYP(SDPSW)SIPSYPSYPSYPSDPSDP(S09Y)(S09) G )(8090)(s090)(809D)
I'V0L9LTE-V (031) | TL8T 9¥999T00000LSNH
(809Y)(309Y)(809Y )(S09 1 )SYPSTPSDPSYPSYPSYPSDPSYPSYPSYP(S09D))(S09Y )(509Y )(5090)(S09Y)
uoneusIsaq € 0} .S souanbag IpnodPNuUOSI() PIYIPOIA JuIeN IPNedPNUOSI)
:ON | Weiury — aweN
al | °pnodpnuosiQ
0HSs asuIspuy

166



WO 2023/044094 PCT/US2022/043948
Table 6. Single-Dose ASO Screen for INHBE in Hep3B cells
Antisense Oligonucleotide INHBE/gapdh INHBE/gapdh
Name — Alnylam Designation 10 nM 1 nM
mean SD mean SD
A-3176625.1 51.192 0.603 93.091 1.689
A-3176626.1 8.059 1.115 74.766 2.605
A-3176627.1 27.184 2.748 104.884 7.820
A-3176628.1 26.400 5.420 99.186 3.441
A-3176629.1 21.365 4.263 92.178 4.841
A-3176630.1 18.348 4.143 85.238 3.977
A-3176631.1 31.065 2.242 82.673 5.501
A-3176632.1 21.348 3.882 91.270 19.564
A-3176633.1 23.428 0.452 85.927 1.955
A-3176634.1 58.174 2.250 86.680 14.990
A-3176635.1 30.935 1.635 107.367 12.928
A-3176636.1 30.134 2.879 108.501 12.691
A-3176637.1 41.079 1.351 110.259 4.245
A-3176638.1 45.650 1.952 104.804 5.896
A-3176639.1 49.022 2.092 110.324 11.820
A-3176640.1 36.498 3.768 101.611 4.682
A-3176641.1 18.946 3.360 91.703 3.943
A-3176642.1 43.043 2.396 102.505 13.448
A-3176643.1 58.410 4.227 114.161 17.325
A-3176644.1 22.435 2.392 85.204 4.508
A-3176645.1 40.724 3.082 98.422 13.411
A-3176646.1 34.737 3.564 87.302 6.244
A-3176647.1 47.141 1.009 92.879 6.005
A-3176648.1 47.229 2.001 80.127 19.028
A-3176649.1 103.484 4.492 95.801 3.731
A-3176650.1 62.530 4.346 103.113 21.362
A-3176651.1 33491 1.963 97.878 33.861
A-3176652.1 46.682 2.328 90.505 5.212
A-3176653.1 46.690 3.856 95.193 2.577
A-3176654.1 81.803 2.870 96.571 4.973
A-3176655.1 23.367 2.439 89.955 3.694
A-3176656.1 50.621 4.052 96.567 5.424
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Antisense Oligonucleotide INHBE/gapdh INHBE/gapdh
Name — Alnylam Designation 10 nM 1M

mean SD mean SD
A-3176657.1 43.979 2.624 98.563 1.943
A-3176658.1 33.114 2.710 88.088 4.503
A-3176659.1 28.785 1.812 89.803 2.435
A-3176660.1 28.643 1.121 92.195 6.855
A-3176661.1 31.450 1.403 88.997 3.281
A-3176662.1 55.488 4.793 117.712 32.655
A-3176663.1 41.608 2.154 93.474 5.595
A-3176664.1 31.959 0.722 80.745 1.631
A-3176665.1 58.038 4.692 97.514 2.907
A-3176666.1 44.189 3.593 89.228 8.710
A-3176667.1 80.541 3.170 97.269 5.151
A-3176668.1 39.789 0.976 79.359 2.412
A-3176669.1 49.085 3.293 89.408 5.140
A-3176670.1 90.673 9.767 98.517 7.050
A-3176671.1 40.467 2.213 95.310 71.768
A-3176672.1 56.793 1.077 93.645 4.505
A-3176673.1 37.695 1.452 72.950 14.812
A-3176674.1 41.638 1.309 89.725 6.216
A-3176675.1 53.549 3.826 108.649 25.494
A-3176676.1 36.859 0.931 79.435 17.412
A-3176677.1 39.240 5.511 86.177 8.146
A-3176678.1 37.041 1.262 80.683 4.706
A-3176679.1 47.681 2.196 95.029 17.729
A-3176680.1 63.520 4.117 84.868 6.457
A-3176681.1 48.092 4.264 86.458 27.868
A-3176682.1 60.122 1.450 89.746 6.488
A-3176683.1 52.770 2.661 79.356 4.009
A-3176684.1 82.456 5.211 89.499 10.451
A-3176685.1 64.430 1.923 97.314 1.501
A-3176686.1 91.745 6.663 104.301 5.023
A-3176687.1 63.608 6.412 96.022 9.206
A-3176688.1 44.602 1.763 97.443 5.151
A-3176689.1 79.137 3.742 101.440 11.939
A-3176690.1 56.697 3.146 97.405 4.025
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Antisense Oligonucleotide INHBE/gapdh INHBE/gapdh
Name — Alnylam Designation 10 nM 1M
mean SD mean SD
A-3176691.1 55.203 3.092 106.389 15.186
A-3176692.1 65.034 3.992 102.017 9.029
A-3176693.1 24.934 1.017 71.277 3.138
A-3176694.1 36.078 1.241 90.845 5.112
A-3176695.1 66.832 1.621 95.640 2.202
A-3176696.1 54.558 1.600 104.647 10.679
A-3176697.1 48.591 1.822 96.709 9.787
A-3176698.1 91.765 4.469 98.363 4.710
A-3176699.1 66.474 2.024 102.313 7.744
A-3176700.1 48.645 2.508 94.161 8.743
A-3176701.1 47411 0.925 100.947 4.900
A-3176702.1 51.405 2.276 103.520 7.957
A-3176703.1 40.230 1.318 92.059 2.618
A-3176704.1 104.175 6.898 98.811 7.772
A-3176705.1 39.979 2.464 90.747 8.034
A-3176706.1 68.163 2.909 104.205 5.295
A-3176707.1 45.798 1.461 92.025 5.975
A-3176708.1 40.917 1.475 91.428 5.292
A-3176709.1 38.277 4.085 95.297 2.152
A-3176710.1 55.263 2.906 96.373 9.721
A-3176711.1 41.687 0.437 102.038 4.486
A-3176712.1 46.838 1.023 95.795 6.415
A-3176713.1 48.598 1431 98.072 7.452
A-3176714.1 56.078 1.668 98.996 6.793
EQUIVALENTS

Those skilled in the art will recognize, or be able to ascertain using no more than routine
5  experimentation, many equivalents to the specific embodiments and methods described herein. Such

equivalents are intended to be encompassed by the scope of the following claims.
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Informal Sequence Listing

SEQ ID NO: 1

>NM_031479.5 Homo sapiens inhibin subunit beta E (INHBE), mRNA
AGTAGCCAGACATGAGCTGTGAGGGTCAAGCACAGCTATCCATCAGATGATCTACTTTCAGCCTTCCTGAGTCCC
AGACAATAGAAGACAGGTGGCTGTACCCTTGGCCAAGGGTAGGTGTGGCAGTGGTGTCTGCTGTICACTGTGCCCT
CATTGGCCCCCAGCAATCAGACTCAACAGACGGAGCAACTGCCATCCGAGGCTCCTGAACCAGGGCCATTCACCA
GGAGCATGCGGCTCCCTGATGTCCAGCTCTGGCTGGTGCTGCTGTGGGCACTGGTGCGAGCACAGGGGACAGGGT
CTGTGTGTICCCTCCTGTGGGGGCTCCAAACTGGCACCCCAAGCAGAACGAGCTCTGGTGCTGGAGCTAGCCAAGC
AGCAAATCCTGGATGGGTTGCACCTGACCAGTCGTCCCAGAATAACTCATCCTCCACCCCAGGCAGCGCTGACCA
GAGCCCTCCGGAGACTACAGCCAGGGAGTGTGGCTCCAGGGAATGGGGAGGAGGTCATCAGCTTTGCTACTGTCA
CAGACTCCACTTCAGCCTACAGCTCCCTGCTCACTTTTCACCTIGTICCACTCCTCGGTCCCACCACCTGTACCATG
CCCGCCTGTGGCTGCACGTGCTCCCCACCCTTICCTGGCACTCTTTIGCTTGAGGATCTTCCGATGGGGACCAAGGA
GGAGGCGCCAAGGGTCCCGCACTCTCCTGGCTGAGCACCACATCACCAACCTGGGCTGGCATACCTTAACTCTGC
CCTCTAGTIGGCTTGAGGGGTGAGAAGTCTGGTIGTCCTGAAACTGCAACTAGACTGCAGACCCCTAGAAGGCAACA
GCACAGTTACTGGACAACCGAGGCGGCTCTTGGACACAGCAGGACACCAGCAGCCCTTCCTAGAGCTTAAGATCC
GAGCCAATGAGCCTGGAGCAGGCCGGGCCAGGAGGAGGACCCCCACCTGTGAGCCTGCGACCCCCTTATGTTGCA
GGCGAGACCATTACGTAGACTTCCAGGAACTGGGATGGCGGGACTGGATACTGCAGCCCGAGGGGTACCAGCTGA
ATTACTGCAGTGGGCAGTGCCCTCCCCACCTGGCTGGCAGCCCAGGCATTGCTGCCTCTTTCCATTCTGCCGTICT
TCAGCCTCCTCAAAGCCAACAATCCTTGGCCTGCCAGTACCTCCTGTTGTGTCCCTACTGCCCGAAGGCCCCTCT
CTCTCCTCTACCTGGATCATAATGGCAATGTGGTCAAGACGGATGTGCCAGATATGGTGGTGGAGGCCTGTGGCT
GCAGCTAGCAAGAGGACCTIGGGGCTTTGGAGTGAAGAGACCAAGATGAAGTTTCCCAGGCACAGGGCATCTGTGA
CTGGAGGCATCAGATTCCTGATCCACACCCCAACCCAACAACCACCTGGCAATATGACTCACTTGACCCCTATGG
GACCCAAATGGGCACTTTCTTIGTICTGAGACTCTGGCTTATTCCAGGTTGGCTGATGTGTTGGGAGATGGGTAAAG
CGTTTCTTICTAAAGGGGTCTACCCAGAAAGCATGATTTCCTGCCCTAAGTCCTGTGAGAAGATGTCAGGGACTAG
GGAGGGAGGGAGGGAAGGCAGAGAAAAATTACTTAGCCTCTCCCAAGATGAGAAAGTCCTCAAGTGAGGGGAGGA
GGAAGCAGATAGATGGTCCAGCAGGCTTGAAGCAGGGTAAGCAGGCTGGCCCAGGGTAAGGGCTGTTGAGGTACC
TTAAGGGAAGGTCAAGAGGGAGATGGGCAAGGCGCTGAGGGAGGATGCTTAGGGGACCCCCAGAAACAGGAGTCA
GGAAAATGAGGCACTAAGCCTAAGAAGTTCCCTGGTTTTTCCCAGGGGACAGGACCCACTGGGAGACAAGCATTT
ATACTTTICTTTICTTICTITTITTITATTTTTTTGAGATCGAGTCTCGCTCTGTCACCAGGCTGGAGTGCAGTGACACGA
TCTTGGCTCACTGCAACCTCCGTICTCCTGGGTTCAAGTGATTCTTICTGCCTCAGCCTCCCGAGCAGCTGGGATTA
CAGGCGCCCACTAATTTTTGTATTICTTAGTAGAAACGAGGTTTCAACATGTTGGCCAGGATGGTCTCAATCTICTT
GACCTCTTGATCCACCCGACTTGGCCTCCCGAAGTGATGAGATTATAGGCGTGAGCCACCGCGCCTGGCTTATAC
TTTCTTAATAAAAAGGAGAAAGAAAATCAACAAATGTGAGTCATAAAGAAGGGTTAGGGTGATGGTCCAGAGCAA
CAGTTCTTCAAGTGTACTCTGTAGGCTTICTGGGAGGTCCCTTTTCAGGGGTGTCCACAAAGTCAAAGCTATTTTC
ATAATAATACTAACATGTTATTTGCCTTTTGAATTICTCATTATCTTAAAATTGTATTGTGGAGTTTTCCAGAGGC
CGTGTGACATGTGATTACATCATCTTTCTGACATCATTGTTAATGGAATGTGTGCTTGTA

SEQ ID NO: 2 REVERSE COMPLEMENT OF SEQ ID NO: 1

TACAAGCACACATTCCATTAACAATGATGTCAGAAAGATGATGTAATCACATGTCACACGGCCTCTGGAAAACT
CCACAATACAATTTTAAGATAATGAGAATTCAAAAGGCAAATAACATGTTAGTATTATTATGAAAATAGCTTTG
ACTTTGTGGACACCCCTGAAAAGGGACCTCCCAGAAGCCTACAGAGTACACTTGAAGAACTGTTGCTCTGGACC
ATCACCCTAACCCTTICTITTATGACTCACATTITGTITGATTITICTTTICTCCTTTTTATTAAGAAAGTATAAGCCAG
GCGCGGTGGCTCACGCCTATAATCTCATCACTTCGGGAGGCCAAGTCGGGTGGATCAAGAGGTCAAGAGATTGA
GACCATCCTGGCCAACATGTTGAAACCTCGTITTICTACTAAGAATACAAAAATTAGTGGGCGCCTGTAATCCCAG
CTGCTCGGGAGGCTGAGGCAGAAGAATCACTTGAACCCAGGAGACGGAGGTTGCAGTGAGCCAAGATCGTGTCA
CTGCACTCCAGCCTGGTGACAGAGCGAGACTCGATCTCAAAAAAATAAAAAAGAAGAAAGAAAGTATAAATGCT
TGTCTCCCAGTGGGTCCTGTCCCCTGGGAAAAACCAGGGAACTTCTTAGGCTTAGTGCCTCATTTTCCTGACTC
CTIGTTTCTGGGGGTCCCCTAAGCATCCTCCCTCAGCGCCTTGCCCATCTCCCTCTTGACCTTCCCTTAAGGTAC
CTCAACAGCCCTTACCCTGGGCCAGCCTGCTTACCCTGCTTCAAGCCTGCTGGACCATCTATCTGCTTCCTCCT
CCCCTCACTTGAGGACTTTICTCATCTITGGGAGAGGCTAAGTAATTTTTICTCTGCCTTCCCTCCCTCCCTCCCTA
GTCCCTGACATCTTCTCACAGGACTTAGGGCAGGAAATCATGCTTTCTGGGTAGACCCCTTTAGAAGAAACGCT
TTACCCATCTCCCAACACATCAGCCAACCTGGAATAAGCCAGAGTCTCAGACAAGAAAGTGCCCATTTGGGTCC
CATAGGGGTICAAGTGAGTCATATTIGCCAGGTIGGTTGTTIGGGTTGGGGTGTGGATCAGGAATCTGATGCCTCCAG
TCACAGATGCCCTGTGCCTGGGAAACTTCATCTTGGTCTCTTCACTCCAAAGCCCCAGGTCCTCTTGCTAGCTG
CAGCCACAGGCCTCCACCACCATATCTGGCACATCCGTCTTGACCACATTGCCATTATGATCCAGGTAGAGGAG
AGAGAGGGGCCTTCGGGCAGTAGGGACACAACAGGAGGTACTGGCAGGCCAAGGATTGTTGGCTTTGAGGAGGC
TGAAGACGGCAGAATGGAAAGAGGCAGCAATGCCTGGGCTGCCAGCCAGGTGGGGAGGGCACTGCCCACTGCAG
TAATTCAGCTGGTACCCCTCGGGCTGCAGTATCCAGTCCCGCCATCCCAGTTCCTGGAAGTCTACGTAATGGTC
TCGCCTGCAACATAAGGGGGTCGCAGGCTCACAGGTGGGGGTCCTCCTCCTGGCCCGGCCTGCTCCAGGCTCAT
TGGCTCGGATCTTAAGCTCTAGGAAGGGCTGCTGGTGTCCTGCTGTGTCCAAGAGCCGCCTCGGTTGTCCAGTA
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ACTGTGCTGTTGCCTTCTAGGGGTCTGCAGTCTAGTTGCAGTTTCAGGACACCAGACTTCTCACCCCTCAAGCC
ACTAGAGGGCAGAGTTAAGGTATGCCAGCCCAGGTTGGTGATGTGGTGCTCAGCCAGGAGAGTGCGGGACCCTT
GGCGCCTCCTICCTTGGTCCCCATCGGAAGATCCTCAAGCAAAGAGTGCCAGGAAGGGTGGGGAGCACGTGCAGC
CACAGGCGGGCATGGTACAGGTGGTGGGACCGAGGAGTGGACAGGTGAAAAGTGAGCAGGGAGCTGTAGGCTGA
AGTGGAGTCTGTGACAGTAGCAAAGCTGATGACCTCCTCCCCATTCCCTGGAGCCACACTCCCTGGCTGTAGTC
TCCGGAGGGCTCTGGTCAGCGCTGCCTGGGGTGGAGGATGAGTTATTCTGGGACGACTGGTCAGGTGCAACCCA
TCCAGGATTTGCTGCTTGGCTAGCTCCAGCACCAGAGCTCGTTCTGCTTGGGGTGCCAGTTTGGAGCCCCCACA
GGAGGGACACACAGACCCTGTCCCCTGTGCTCGCACCAGTGCCCACAGCAGCACCAGCCAGAGCTGGACATCAG
GGAGCCGCATGCTCCTGGTGAATGGCCCTGGTTCAGGAGCCTCGGATGGCAGTTGCTCCGTCTGTTGAGTCTGA
TTGCTGGGGGCCAATGAGGGCACAGTGACAGCAGACACCACTGCCACACCTACCCTTGGCCAAGGGTACAGCCA
CCTGTCTTCTATTGTCTGGGACTCAGGAAGGCTGAAAGTAGATCATCTGATGGATAGCTGTGCTTGACCCTCAC
AGCTCATGTICTGGCTACT

SEQ ID NO: 3

>NM_008382.3 Mus musculus inhibin beta-E (Inhbe), mRNA
CAAGCAACTGGCTCTAAAGAGGCCCTGCCAGTAGTTAGTCATGAACTGTGAGGGTCACACATAGCTACCCCACCA
GGCGATCTACTCTCAGTICTTCCTGAGTCCTAGGCTATTGAGGACAAGTAGCTTGGTICTGCTCTTTGTCAAGGGTA
GCTGTGACACTGGTTTGCTGTITGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTTC
TGTATCCTICTTTGGGAAATCAGACTCATAAAACTGCCACCCATTCGAGGTTCTCAAAGCAGAGCCATCTACCTGG
AGCATGAAGCTTCCAAAAGCCCAGCTCTGGCTAATACTGCTGTGGGCATTGGTGTGGGTGCAGAGTACAAGATCT
GCGTGCCCGTCCTGTGGGGGCCCAACACTGGCACCCCAAGGAGAACGCGCTCTGGTCCTGGAGCTAGCCAAGCAG
CAAATCCTGGAGGGACTGCACCTAACCAGCCGTCCCAGAATAACTCGGCCTCTGCCCCAGGCAGCACTGACCAGA
GCCCTCCGGAGACTGCAGCCCAAGAGCATGGTICCCTGGCAACCGAGAGAAAGTCATCAGCTTTGCTACCATCATA
GACAAATCCACTTCAACCTACCGCTCCATGCTCACCTTCCAGCTGTCCCCTCTTTGGTCCCACCACCTGTACCAT
GCCCGCCTCTGGCTGCATGTGCCTCCCTCTTTTCCGGGCACTCTGTACCTGAGGATCTTCCGTTGCGGCACCACT
AGGTGCCGAGGATTCCGCACCTTCCTAGCTGAGCACCAAACCACTTCCTICTIGGCTGGCACGCCCTGACTCTGCCC
TCTAGCGGCTTGCGGAGTGAGGACTCTGGCGTCGTGAAACTCCAACTGGAATTTAGACCCCTGGACCTTAACAGC
ACCGCTGCGGGACTGCCACGGCTGCTCTTGGACACAGCGGGACAGCAACGTCCCTTCTTGGAACTTAAGATCCGA
GCTAATGAACCTGGAGCAGGTICGGGCCAGGAGGAGGACTCCCACCTGTGAGCCTGAGACCCCCTTATGTTGTAGG
CGAGACCACTATGTAGACTTCCAGGAGCTGGGGTGGCGGGATTGGATCCTGCAGCCGGAGGGATACCAGCTGAAT
TACTGCAGTGGGCAGTGCCCGCCCCACCTGGCTGGCAGTCCTGGCATTGCTGCCTCCTTCCATTCTGCCGTICTTT
AGCCTCCTCAAAGCCAACAACCCTTIGGCCTGCGGGTTCTICCTGCTGTGTCCCCACTGCACGAAGGCCTCTICTICT
CTCCTCTACCTTGACCATAATGGCAATGTGGTCAAGACCGATGTGCCAGACATGGTAGTAGAGGCCTGTGGCTGC
AGCTAGCAACAGGGCCTGAAGGTTCTGGGTGAAGTTCAAGGTTCAAGTTGGGGGTTCCCACGTGTCTGGAAGCTC
GAGTTCCGGATCCATACTGACACCCAATAAGCTGTGTAGCAGTATGCCTGGGTTTGACCCCTATGGAACTTAAAT
GGGCGTTTTCTTGTCCCAGATTCTGGCCTATTTCAGGCTGTTTCAAATGTGGACAGATGGGTAAAGCGTTGCCTT
TCAAGGGACTGCCTGGCCAGCACCATTTTCTACATCAAGCCCTGTTCCAGGACAGCAGGGATGCCGTGGGAGGGA
AGGAAGAACACAGGGAGAAACTATTTAGTICTICTCCCGAGAAAGAAGTTCCTCAAGTAATGAAGGCGGAAGTAGAA
GGGTGGGCAGATTAGGAAAAGACAAACATACAGGCTAAGAACAGGGTGCATTGCCTGCTTTGACAAGGTCAAGAG
GAAGAGGAGCAGGCGCCGAGGAAGGAGGGGTGTCGGGGTCCCTGGAATCGAGAATCAGTAAAAAGGGGTGCTGAA
CTCGTAAGTTICTTAGGCTTICCCCCTCGAGGACAGGACCCACGCGGGTGACATACATTITTATATTTTCTTAATAAA
AAGGAGAAAGAAAAGCACCAGAGAATTGTGTAAGGGGTTGTTAAAATGGGCCAGAAGCGAAGTGTGGTTTGGGGA
CCTCTGTGCCCCAGCGGGTITTICTGAGACTTTCTCAGGGGTTTTICAAGACTATTTTCATAATCACACTGAGATGTT
ATTTATCATTTGCTACCATTATCTTTACATTGTACAGTGGGAACAGGGTGTGGTGGCTTACACTTATAACTACAG
CACCGTGAGTTCAAGACCGGCCTTCATAGTGAATTC

SEQ ID NO: 4 REVERSE COMPLEMENT OF SEQ ID NO: 3

GAATTCACTATGAAGGCCGGTCTTGAACTCACGGTGCTGTAGTTATAAGTGTAAGCCACCACACCCTGTTCCCAC
TGTACAATGTAAAGATAATGGTAGCAAATGATAAATAACATCTCAGTGTIGATTATGAAAATAGTCTTGAAAACCC
CTGAGAAAGTCTCAGAAACCCGCTGGGGCACAGAGGTCCCCAAACCACACTTCGCTTCTGGCCCATTTTAACAAC
CCCTTACACAATTCTCTIGGTGCTTTTICTTTCTCCTTTTTATTAAGAAAATATAAAATGTATGTCACCCGCGTGGG
TCCTGTCCTCGAGGGGGAAGCCTAAGAACTTACGAGTTCAGCACCCCTTITTTACTGATTICTCGATTCCAGGGACC
CCGACACCCCTCCTTCCTCGGCGCCTGCTCCTCTTCCTCTTGACCTTGTCAAAGCAGGCAATGCACCCTGTTICTT
AGCCTGTATGTTTGTCTTTTCCTAATCTGCCCACCCTTCTACTTCCGCCTTCATTACTTGAGGAACTTCTTTCTC
GGGAGAGACTAAATAGTTICTCCCTIGTIGTTCTTCCTTCCCTCCCACGGCATCCCTGCTGTCCTGGAACAGGGCTT
GATGTAGAAAATGGTGCTGGCCAGGCAGTCCCTTGAAAGGCAACGCTTTACCCATCTGTCCACATTTGAAACAGC
CTGAAATAGGCCAGAATCTGGGACAAGAAAACGCCCATTTAAGTTCCATAGGGGTCAAACCCAGGCATACTGCTA
CACAGCTTATTGGGTGTICAGTATGGATCCGGAACTCGAGCTTCCAGACACGTGGGAACCCCCAACTTGAACCTTG
AACTTCACCCAGAACCTTCAGGCCCTIGTTGCTAGCTGCAGCCACAGGCCTCTACTACCATGTCTGGCACATCGGT
CTTGACCACATTGCCATTATGGTCAAGGTAGAGGAGAGAGAGAGGCCTTCGTGCAGTGGGGACACAGCAGGAAGA
ACCCGCAGGCCAAGGGTTGTTGGCTTTGAGGAGGCTAAAGACGGCAGAATGGAAGGAGGCAGCAATGCCAGGACT
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GCCAGCCAGGTGGGGCGGGCACTGCCCACTGCAGTAATTCAGCTGGTATCCCTCCGGCTGCAGGATCCAATCCCG
CCACCCCAGCTCCTGGAAGTCTACATAGTGGTCTCGCCTACAACATAAGGGGGTCTCAGGCTCACAGGTGGGAGT
CCTCCTCCTGGCCCGACCTGCTCCAGGTTCATTAGCTCGGATCTTAAGTTCCAAGAAGGGACGTTGCTGTCCCGC
TGTGTCCAAGAGCAGCCGTGGCAGTCCCGCAGCGGTGCTGTTAAGGTCCAGGGGTCTAAATTCCAGTTGGAGTTT
CACGACGCCAGAGTCCTCACTCCGCAAGCCGCTAGAGGGCAGAGTCAGGGCGTGCCAGCCAGAGGAAGTGGTTTIG
GTGCTCAGCTAGGAAGGTGCGGAATCCTCGGCACCTAGTGGTGCCGCAACGGAAGATCCTCAGGTACAGAGTGCC
CGGAAAAGAGGGAGGCACATGCAGCCAGAGGCGGGCATGGTACAGGTGGTGGGACCAAAGAGGGGACAGCTGGAA
GGTGAGCATGGAGCGGTAGGTTGAAGTGGATTTGTCTATGATGGTAGCAAAGCTGATGACTTTCTCTCGGTTGCC
AGGGACCATGCTCTTGGGCTGCAGTCTCCGGAGGGCTCTGGTCAGTGCTGCCTGGGGCAGAGGCCGAGTTATTCT
GGGACGGCTGGTTAGGTGCAGTCCCTCCAGGATTTGCTGCTTGGCTAGCTCCAGGACCAGAGCGCGTTCTCCTTG
GGGTGCCAGTGTTGGGCCCCCACAGGACGGGCACGCAGATCTTGTACTCTGCACCCACACCAATGCCCACAGCAG
TATTAGCCAGAGCTIGGGCTTTTGGAAGCTTCATGCTCCAGGTAGATGGCTCTGCTTTGAGAACCTCGAATGGGTG
GCAGTTTTATGAGTICTGATTTCCCAAAGAGGATACAGAAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCA
GCAGCAGCAGCAGCAACAGCAAACCAGTGTCACAGCTACCCTTGACAAAGAGCAGACCAAGCTACTTGTCCTCAA
TAGCCTAGGACTCAGGAAGACTGAGAGTAGATCGCCTGGTGGGGTAGCTATGTGTGACCCTCACAGTTCATGACT
AACTACTGGCAGGGCCTCTTTAGAGCCAGTTGCTTG

SEQ ID NO: 5

>NM_031815.2 Rattus norvegicus inhibin subunit beta E (Inhbe), mRNA
ATGGGACTTTCAAATGTCCAGCTCTGGACAATACTGCTGTIGGGCATTGGCATGGGTGCAGAGTACAAGATCTGCG
TGCCCGTCCTGTGGGGCCCCAACTCTGACACCCCAAGGAGAACGCGCTCTGGTCCTAGAGCTAGCCAAGCAGCAA
ATCCTGGAGGGGCTGCACCTAACCAGCCGTCCCAGAATAACTCGTCCTCTGCCCCAGGCAGCACTGACCAGAGCC
CTCCGGAGACTGCAGCCCAGGAGCATGGTCCCTGGCAACCGAGAGAAAGTCATCAGCTTTGCTACCAGCATAGAC
AAATCCACTTCAACCTACCGCTCCGTGCTCACCTTCCAACTGTCCCCTCTTTGGTCCCACCACCTGTACCATGCC
CGCCTCTGGCTGCACGTGCCCCCCTCTTTTCCGGCCACTCTGTATCTGAGGATCTTCGGTTGCGGTACCACGAGG
TGCAGAGGATCCCGCACGTTCCTAGCTGATTACCAAACCACTTCCTCCGGCTGGCACGCCCTGACTCTGCCCICT
AGCGGCTTGCGGAGTGAGGAATCTGGAGTCACAAAACTCCAACTGGAATTCAGACCTCTGGACCTTAACAGCACT
ACTGCCAGACTGCCACGGCTGCTGTTGGACACAGCGGGACAGCAGCGTCCCTTCTTGGAACTTAAGATCCGAGCT
AATGAACCCGGAGCAGGCCGGGCCAGGAGGAGGACTCCCACCTGTGAGTICTGAGACCCCCTTATGTTGTAGACGA
GACCACTATGTCGATTTCCAGGAGCTGGGGTGGAGAGACTGGATCCTGCAGCCGGAGGGATACCAGCTGAATTAC
TGCAGTGGGCAGTGCCCGCCCCACCTGGCTGGCAGCCCTGGCATTGCTGCTTCCTTCCATTCTGCTGTCTTTAGC
CTCCTCAAAGCCAACAACCCTITGGCCTGCGGGTTICTTCCTGCTGTIGTCCCCACCGCGCGAAGGCCTCTICTCCCTC
CTCTACCTTGACCATAATGGCAATGTGGTCAAGACCGATGTGCCAGACATGGTTGTAGAGGCCTGTGGCTGCAGC
TAG

SEQ ID NO: 6 REVERSE COMPLEMENT OF SEQ ID NO: 5
CTAGCTGCAGCCACAGGCCTCTACAACCATGTICTIGGCACATCGGTCTTGACCACATTGCCATTATGGTCAAGGTA
GAGGAGGGAGAGAGGCCTTCGCGCGGTGGGGACACAGCAGGAAGAACCCGCAGGCCAAGGGTTGTTGGCTTTGAG
GAGGCTAAAGACAGCAGAATGGAAGGAAGCAGCAATGCCAGGGCTGCCAGCCAGGTGGGGCGGGCACTGCCCACT
GCAGTAATTCAGCTGGTATCCCTCCGGCTGCAGGATCCAGTICTCTCCACCCCAGCTCCTGGAAATCGACATAGTG
GTCTCGTCTACAACATAAGGGGGTCTCAGACTCACAGGTGGGAGTCCTCCTCCTGGCCCGGCCTGCTCCGGGTTC
ATTAGCTCGGATCTTAAGTTCCAAGAAGGGACGCTGCTGTCCCGCTGTGTCCAACAGCAGCCGTGGCAGTCTGGC
AGTAGTGCTGTTAAGGTCCAGAGGTCTGAATTCCAGTTGGAGTTTTGTGACTCCAGATTCCTCACTCCGCAAGCC
GCTAGAGGGCAGAGTCAGGGCGTGCCAGCCGGAGGAAGTGGTTTGGTAATCAGCTAGGAACGTGCGGGATCCTICT
GCACCTCGTGGTACCGCAACCGAAGATCCTCAGATACAGAGTGGCCGGAAAAGAGGGGGGCACGTGCAGCCAGAG
GCGGGCATGGTACAGGTGGTGGGACCAAAGAGGGGACAGTTGGAAGGTGAGCACGGAGCGGTAGGTTGAAGTGGA
TTTGTCTATGCTGGTAGCAAAGCTGATGACTTTCTCTCGGTTGCCAGGGACCATGCTCCTGGGCTGCAGTCTCCG
GAGGGCTCTGGTCAGTGCTGCCTGGGGCAGAGGACGAGTTATTCTGGGACGGCTGGTTAGGTGCAGCCCCTCCAG
GATTTGCTGCTTGGCTAGCTCTAGGACCAGAGCGCGTTCTCCTTGGGGTGTCAGAGTTGGGGCCCCACAGGACGG
GCACGCAGATCTTGTACTCTGCACCCATGCCAATGCCCACAGCAGTATTGTCCAGAGCTGGACATTTGAAAGTCC
CAT

SEQ ID NO: 7

>XM_001115958.3 PREDICTED: Macaca mulatta inhibin subunit beta E (INHBE),
mRNA
AAATAAAATAAAATAAAATTTAAATTTCAAAAAGTTAAGAAAAAAAAGACCTGGCACTACTTCTAGGATGCCCCA
AATTTAGGCAACTCTCACAGTCACTTGAAAGAGAAGTGGCAGCTGGGTATATGCCCTCCCAAGTGTCATGCCCCT
TGACAGTCCTGATGGACCCTGCCCTGTGCAAGATTGCATCACCACCACCACCACCTCTCTGGGCTTCCCCAGACA
TCACAGGAACACATTCCCCACCCCAACCCCCCCGCTCTGGCCCTCCTCCACATCATGCTGCAGGCCAACTGGACT
CTGGGCGGCCAGCACAGGCAGGGTCAGGGGGTGACTTICTGTGCCTCGTGGCACTGCCATCTGGGCCTGAGCAAGA
GGATTCCATTCTCCGACCCACCCAACCCCTCACCCCTGTCCCAACATCAATGCTAGAAATAAAGAGACCAGAATT
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TTCCTTCTGGCCTAAGGGCCCCAGAGAAATACCCACTGGAGCTCACAGCTGCCTCATGGAAACTGCTACAGCAGT
GGTGAAGCTAGAAAGACTAGAGGTATGAGGGAAAATTGCCCTTCCCCACCTGGCTCATAAGGCGTTCCCTCCCCC
GAGTTCCAGACCTTGGGGACTGAGCATGTGAAATCATCCTICTTTICTTGCATCATGCGTGTCCACATTGCACCCCC
CCACCCCCATACCCCTACTTCAGGCCCAGTCACCATGGCCAGATGGTGAAACCTGAGCTGGTGGGGAGGAGGACC
TCCACCCCCTGCAGGGGCCTGATGGGCAGCACAGCTGGCCAATCCTGGGACTCAGAGGGTAGGTCGGCTGGCTGA
CCACTAGGTTTGGAAGCCCCAGGCAGCTGGCTCTAAAGAGGCCCCAGGTCAGTAGCCAGACATGAGCTGTGAGGG
TCAAGCACAGCTATCCATCAGATGATCTACTTITCAGCCTTCCTGAGTCCCAGGCAATAGAAGACAGGTGGCTCTA
CCCTTGGCCAAGGGTGGGTGTGGCAGTGGTGTCTGCTGTCACTGTGCCTTCATTGGCCCCCAGCAATCAGACTCA
ACAGACGGAGCAACTGCCATCTGAGGCTCCCGAACCAGGGCCATTCACCAGGAGCATGGGGCTCCCTGTTGTCCA
GCTCTGGCTGGTGCTGCTGTGGACACTGGTGCGAGCACAGGGGACAGGGTCTGTGTGTCCCTCCTGTGGGGACTC
CAAACTGGCACCCCAAGCAGAACGAGCTCTIGGTGCTGGAGCTAGCCAAGCAGCAAATCCTGGAGGGGTTGCATCT
GACCAGTCGTCCCAGAATAACTCATCCTCCACCCCAGGCAGCGCTGACCAGAGCCCTCCGGAGACTACAGCCGGG
GAGTGTGGCTCCAGGGAATGGGGAGGAGGTCATCAGCTTTGCTACTGTCACAGACTCCACTTCAGCCTACAGCTC
CCTGCTTACCTTTCACCTGTCCACTCCTCGGTTCCATCACCTGTACCATGCCCGCCTGTGGCTGCACATGCTCCC
CACCCTTCCIGGCACTCTTTGCTTGAGGATCTTCCGATGGGGACCAAGGAGGAGGCACCAAAGGTCCCGCACCCT
TTTGGCTGAGCACCACATCACCAACCTGGGCTGGCATGCCTTAACTCTGCCCTCTAGTGGCTTGAGGGGTGAGAA
GTICTGGTGTCCTGAAACTGCAACTAGACTGCAGACCCCTAGAAGGCAACAACAGCACAGTTACTGGACAACCAAG
GCGGCTCCTGGACACAGCAGGACACCAGCAGCCCTTCCTAGAGCTTAAGATCCGAGCCAATGAGCCTGGAGCAGG
TCGGGCCAGGAGGAGGACCCCCACCTGTGAGCCTGCAACCCCCTTATGTTGCAGGCGAGATCATTACGTAGACTT
CCAGGAACTGGGATGGCAAGACTGGATACTGCAGCCCGAGGGGTACCAGCTGAATTACTGCAGTGGGCAGTGCCC
TCCCCACCTGGCTGGCAGCCCAGGCATTGCTGCCTCTTTCCATTCTGCCGTCTTCAGCCTCCTCAAAGCCAACAA
TCCTTGGCCTGCCAGTACCTCCTGCTGTGTCCCTACTGCCCGAAGGCCCCTTTCTCTCCTCTACCTGGATCATAA
TGGCAATGTGGTCAAGACGGATGTGCCAGATATGGTGGTGGAGGCCTGTGGCTGCAGCTAGCAAGAGGACCTGGG
GCTTTGGAGTGAAGAGACCAAGATGAAGTTTICCCAGGCACAGGGCATCTGCGGCTGGAGGCATCAGATTCCTGAT
CCACACCCCAACCCAACAACCACCTGGCAATATGACTCACTTGACCCCTATGGAACCCAAATGGGCACTTTICTTG
TCTGAGACTCTGGCTTGTTCCAGGTTGGCTGATGTGTTGGCAGATGGGTAAAGCATTTGTTCTAAA

SEQ ID NO: 8 REVERSE COMPLEMENT OF SEQ ID NO: 7
TTTAGAACAAATGCTTTACCCATCTGCCAACACATCAGCCAACCTGGAACAAGCCAGAGTCTCAGACAAGAAAGT
GCCCATTTGGGTTCCATAGGGGTCAAGTGAGTCATATTGCCAGGTGGTTIGTTGGGTTGGGGTGTGGATCAGGAAT
CTGATGCCTCCAGCCGCAGATGCCCTGTGCCTGGGAAACTTCATCTTGGTCTCTTCACTCCAAAGCCCCAGGTCC
TCTTGCTAGCTGCAGCCACAGGCCTCCACCACCATATCTGGCACATCCGTICTTGACCACATTGCCATTATGATCC
AGGTAGAGGAGAGAAAGGGGCCTTCGGGCAGTAGGGACACAGCAGGAGGTACTGGCAGGCCAAGGATTGTTGGCT
TTGAGGAGGCTGAAGACGGCAGAATGGAAAGAGGCAGCAATGCCTGGGCTGCCAGCCAGGTGGGGAGGGCACTGC
CCACTGCAGTAATTCAGCTGGTACCCCTCGGGCTGCAGTATCCAGTICTTGCCATCCCAGTTCCTGGAAGTCTACG
TAATGATCTCGCCTGCAACATAAGGGGGTTGCAGGCTCACAGGTGGGGGTCCTCCTCCTGGCCCGACCTGCTCCA
GGCTCATTGGCTCGGATCTTAAGCTCTAGGAAGGGCTGCTGGTGTCCTGCTGTGTCCAGGAGCCGCCTTGGTTGT
CCAGTAACTGTIGCTIGTITGTTGCCTTCTAGGGGTCTGCAGTCTAGTTGCAGTTTCAGGACACCAGACTTCTCACCC
CTCAAGCCACTAGAGGGCAGAGTTAAGGCATGCCAGCCCAGGTTGGTGATGTGGTGCTCAGCCAAAAGGGTGCGG
GACCTTTGGTGCCTCCTCCTTGGTCCCCATCGGAAGATCCTCAAGCAAAGAGTGCCAGGAAGGGTGGGGAGCATG
TGCAGCCACAGGCGGGCATGGTACAGGTGATGGAACCGAGGAGTGGACAGGTGAAAGGTAAGCAGGGAGCTGTAG
GCTGAAGTGGAGTCTGTGACAGTAGCAAAGCTGATGACCTCCTCCCCATTCCCTGGAGCCACACTCCCCGGCTGT
AGTCTCCGGAGGGCTCTGGTCAGCGCTGCCTGGGGTGGAGGATGAGTTATTCTGGGACGACTGGTCAGATGCAAC
CCCTCCAGGATTTGCTGCTTGGCTAGCTCCAGCACCAGAGCTCGTTCTGCTTGGGGTGCCAGTTTGGAGTCCCCA
CAGGAGGGACACACAGACCCTGTCCCCTGTGCTCGCACCAGTGTCCACAGCAGCACCAGCCAGAGCTGGACAACA
GGGAGCCCCATGCTCCTGGTGAATGGCCCTGGTTCGGGAGCCTCAGATGGCAGTTGCTCCGTCTGTTGAGTCTGA
TTGCTGGGGGCCAATGAAGGCACAGTGACAGCAGACACCACTGCCACACCCACCCTTGGCCAAGGGTAGAGCCAC
CTGICTTCTATTGCCTGGGACTCAGGAAGGCTGAAAGTAGATCATCTGATGGATAGCTGTGCTTGACCCTCACAG
CTCATGTCTGGCTACTGACCTGGGGCCTCTTTAGAGCCAGCTGCCTGGGGCTTCCAAACCTAGTGGTCAGCCAGC
CGACCTACCCTCTGAGTCCCAGGATTGGCCAGCTGTGCTGCCCATCAGGCCCCTGCAGGGGGTGGAGGTCCTCCT
CCCCACCAGCTCAGGTTTCACCATCTGGCCATGGTGACTGGGCCTGAAGTAGGGGTATGGGGGTGGGGGGGTGCA
ATGTGGACACGCATGATGCAAGAAAGAGGATGATTTCACATGCTCAGTCCCCAAGGTCTGGAACTCGGGGGAGGG
AACGCCTTATGAGCCAGGTGGGGAAGGGCAATTTTCCCTCATACCTCTAGTCTTTCTAGCTTCACCACTGCTGTA
GCAGTTTCCATGAGGCAGCTGTGAGCTCCAGTGGGTATTTCTCTGGGGCCCTTAGGCCAGAAGGAAAATTCTGGT
CICTITTATTTICTAGCATTGATGTTIGGGACAGGGGTGAGGGGTTGGGTGGGTCGGAGAATGGAATCCTCTTGCTCA
GGCCCAGATGGCAGTGCCACGAGGCACAGAAGTCACCCCCTGACCCTGCCTGTGCTGGCCGCCCAGAGTCCAGTT
GGCCTGCAGCATGATGTGGAGGAGGGCCAGAGCGGGGGGGTTGGGGTGGGGAATGTGTTCCTGTGATGTCTGGGG
AAGCCCAGAGAGGTGGTGGTGGTGGTGATGCAATCTTGCACAGGGCAGGGTCCATCAGGACTGTCAAGGGGCATG
ACACTTGGGAGGGCATATACCCAGCTGCCACTTCTCTTTCAAGTGACTGTGAGAGTTGCCTAAATTTGGGGCATC
CTAGAAGTAGTGCCAGGTICTITTTTTTICTTAACTTTTTGAAATTTAAATTTTATTTTATTTTATTT
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We claim:

1. A modulator of inhibin subunit beta E (INHBE).

2. The modulator of claim 1, wherein the modulator is an oligonucleotide that targets INHBE.
3. The modulator of claim 2, wherein the oligonucleotide that targets INHBE is a double

stranded ribonucleic acid (dsSRNA).

4. The modulator of claim 2, wherein the oligonucleotide that targets INHBE is an antisense

polynucleotide agent.

5. The modulator of claim 1, wherein the modulator is an antibody, or antigen-binding fragment

thereof, that specifically binds INHBE.

6. The modulator of claim 5, wherein the antibody, or antigen-binding fragment thereof, that
specifically binds INHBE is a human monoclonal anti-INHBE antibody, or antigen-binding fragment
thereof.

7. The modulator of claim 1, wherein the modulator is a small molecule.

8. The modulator of claim 1, wherein the modulator is a guideRNA that effects ADAR editing.

9. The modulator of claim 8, wherein the guideRNA comprises a stem loop structure that binds

the ADAR enzyme.

10. The modulator of claim 1, wherein the modulator is a guideRNA that effects CRISPR

editing.

11. The modulator of claim 4, wherein the antisense polynucleotide agent comprises 4 to 50
contiguous nucleotides, wherein at least one of the contiguous nucleotides is a modified nucleotide,
and wherein the nucleotide sequence of the agent is 80% complementary over its entire length to the

equivalent region of the nucleotide sequence of any one of SEQ ID NOs:1, 2, 4, 6, 8, or 10.

12. The modulator of claim 11, wherein the equivalent region is any one of the target regions of

SEQ ID NO:1 provided in Table 4.
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13. The modulator of claim 4, wherein the antisense polynucleotide agent comprises at least 8
contiguous nucleotides differing by no more than 3 nucleotides from any one of the nucleotide

sequences listed in Table 3.

14. The modulator of any one of claims 4 and 11-13, wherein substantially all of the nucleotides

of the antisense polynucleotide agent are modified nucleotides.

15. The modulator of any one of claims 4 and 11-14, wherein all of the nucleotides of the

antisense polynucleotide agent are modified nucleotides.

16. The modulator of any one of claims 4 and 11-15, wherein the antisense polynucleotide agent

is 10 to 40 nucleotides in length.

17. The modulator of any one of claims 4 and 11-15, wherein the antisense polynucleotide agent

is 10 to 30 nucleotides in length.

18. The modulator of any one of claims 4 and 11-15, wherein the antisense polynucleotide agent

is 18 to 30 nucleotides in length.

19. The modulator of any one of claims 4 and 11-15, wherein the antisense polynucleotide agent

is 10 to 24 nucleotides in length.

20. The modulator of any one of claims 4 and 11-15, wherein the antisense polynucleotide agent

is 18 to 24 nucleotides in length.

21. The modulator of any one of claims 4 and 11-15, wherein the antisense polynucleotide agent

is 14 to 20 nucleotides in length.

22. The modulator of any one of claims 4 and 11-15, wherein the antisense polynucleotide agent

is 14 nucleotides in length.

23. The modulator of any one of claims 4 and 11-15, wherein the antisense polynucleotide agent

is 20 nucleotides in length.

24. The modulator of any one of claims 4 and 11-23, wherein the modified nucleotide comprises

a modified sugar moiety selected from the group consisting of a 2'-O-methoxyethyl modified sugar
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moiety, a 2'-methoxy modified sugar moiety, a 2'-O-alkyl modified sugar moiety, and a bicyclic sugar

moiety.

25. The modulator of claim 24, wherein the bicyclic sugar moiety has a (—CH2—)n group
forming a bridge between the 2' oxygen and the 4’ carbon atoms of the sugar ring, wherein nis 1 or 2

and wherein R is H, CH3 or CH30OCH3.

26. The modulator of any one of claims 4 and 11-25, wherein the modified nucleotide is a 5-
methylcytosine.
27. The modulator of any one of claims 4 and 11-26, wherein the modified nucleotide comprises

a modified internucleoside linkage.

28. The modulator of claim 27, wherein the modified internucleoside linkage is a

phosphorothioate internucleoside linkage.

29. The modulator of any one of claims 4 and 11-28, comprising a plurality of 2'-

deoxynucleotides flanked on each side by at least one nucleotide having a modified sugar moiety.

30. The modulator of claim 29, wherein the antisense polynucleotide agent is a gapmer
comprising a gap segment comprised of linked 2'-deoxynucleotides positioned between a 5’ and a 3'

wing segment.

31. The modulator of claim 29 or 30, wherein the modified sugar moiety is selected from the
group consisting of a 2'-O-methoxyethyl modified sugar moiety, a 2'-methoxy modified sugar moiety,

a 2'-O-alkyl modified sugar moiety, and a bicyclic sugar moiety.

32. The modulator of claim 30 or 31, wherein the 5’-wing segment is 1 to 6 nucleotides in length.
33. The modulator of any one of claims 30-32, wherein the 3’-wing segment is 1 to 6 nucleotides
in length.

34. The modulator of any one of claims 30-33, wherein the gap segment is 5 to 14 nucleotides in
length.

35. The modulator of any one of claims 30-34, wherein the 5’-wing segment is 2 nucleotides in
length.

176



10

15

20

25

30

35

WO 2023/044094 PCT/US2022/043948

36. The modulator of any one of claims 30-35, wherein the 3’-wing segment is 2 nucleotides in

length.

37. The modulator of any one of claims 30-36, wherein the 5’-wing segment is 3 nucleotides in

length.

38. The modulator of any one of claims 30-37, wherein the 3’-wing segment is 3 nucleotides in

length.

39. The modulator of any one of claims 30-38, wherein the 5’-wing segment is 4 nucleotides in

length.

40. The modulator of any one of claims 30-39, wherein the 3’-wing segment is 4 nucleotides in

length.

41. The modulator of any one of claims 30-40, wherein the 5’-wing segment is 5 nucleotides in

length.

42. The modulator of any one of claims 30-41, wherein the 3’-wing segment is 5 nucleotides in

length.

43. The modulator of any one of claims 30-42, wherein the gap segment is 10 nucleotides in

length.

44. The modulator of any one of claims 4 and 11-43, wherein the antisense polynucleotide agent
comprises

a gap segment consisting of linked deoxynucleotides;

a 5’-wing segment consisting of linked nucleotides;

a 3’-wing segment consisting of linked nucleotides;

wherein the gap segment is positioned between the 5’-wing segment and the 3’-wing segment

and wherein each nucleotide of each wing segment comprises a modified sugar.

45. The modulator of claim 44 , wherein the gap segment is ten 2'-deoxynucleotides in length and

each of the wing segments is five nucleotides in length.

46. The modulator of claim 44, wherein the gap segment is ten 2'-deoxynucleotides in length and

each of the wing segments is four nucleotides in length.
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47. The modulator of claim 44, wherein the gap segment is ten 2'-deoxynucleotides in length and

each of the wing segments is three nucleotides in length.

48. The modulator of claim 44, wherein the gap segment is ten 2'-deoxynucleotides in length and

5  each of the wing segments is two nucleotides in length.

49. The modulator of any one of claims 44-48, wherein the modified sugar moiety is selected
from the group consisting of a 2'-O-methoxyethyl modified sugar moiety, a 2"-methoxy modified
sugar moiety, a 2'-O-alkyl modified sugar moiety, and a bicyclic sugar moiety.

10
50. The modulator of any one of claims 44-49, wherein all of the nucleotides comprise a modified

internucleoside linkage.

51. The modulator of any one of claims 4 and 11-50, wherein the modulator further comprises a

15  ligand.

52. The modulator of claim 51, wherein the modulator is conjugated to the ligand at the 3’-

terminus.

20 53. The modulator of claim 51, wherein the ligand is an N-acetylgalactosamine (GalNAc)

derivative.
54. The modulator of claim 53, wherein the ligand is
Ho O
Q H H
HO O\/\/\rrN\/\/N

25
55. A pharmaceutical composition for inhibiting expression and/or activity of INHBE comprising

the modulator of any one of claims 1 to 54.
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56. The pharmaceutical composition of claim 55, wherein modulator is present in an unbuffered
solution.

57. The pharmaceutical composition of claim 56, wherein the unbuffered solution is saline or
water.

58. The pharmaceutical composition of claim 56, wherein the modulator is present in a buffer
solution.

59. The pharmaceutical composition of claim 58, wherein the buffer solution comprises acetate,

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

60. The pharmaceutical composition of claim 58, wherein the buffer solution is phosphate

buffered saline (PBS).

61. A pharmaceutical composition comprising the modulator of any one of claims 1-54, and a

lipid formulation.

62. The pharmaceutical composition of claim 61, wherein the lipid formulation comprises a LNP.

63. The pharmaceutical composition of claim 61, wherein the lipid formulation comprises a MC3.

64. A method of inhibiting the expression and/or activity of INHBE in a cell, the method
comprising:

(a) contacting the cell with a modulator of any one of claims 1-54 or a
pharmaceutical composition of any one of claims 55-63; and

(b) maintaining the cell produced in step (a) for a time sufficient to obtain
inhibition of INHBE expression and/or activity, thereby inhibiting expression and/or activity of

INHBE in the cell.

65. The method of claim 64, wherein the cell is within a subject.
66. The method of claim 65, wherein the subject is a human.
67. The method of any one of claims 64-66, wherein the INHBE expression and/or activity is

inhibited by at least 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 98% or to below the level of

detection.
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The method of claim 65 or 66, wherein the subject has an INHBE-associated disorder.

The method of claim 68, wherein the INHBE-associated disorder is a metabolic disorder.

The method of claim 69, wherein the metabolic disorder is metabolic syndrome.

The method of claim 68, wherein the INHBE-associated disorder is cardiovascular discase.

The method of claim 68, wherein the INHBE-associated disorder is hypertension.

A method of treating a subject having a disorder that would benefit from reduction in inhibin

subunit beta E (INHBE) expression and/or activity, comprising administering to the subject a

therapeutically effective amount of the modulator of any one of claims 1-54, or the pharmaceutical

composition of any one of claims 55-63, thereby treating the subject having the disorder that would

benefit from reduction in INHBE expression.

74.

A method of preventing at least one symptom in a subject having a disorder that would

benefit from reduction in inhibin subunit beta E (INHBE) expression and/or actovoty, comprising

administering to the subject a prophylactically effective amount of the modulator of any one of

claims 1-54, or the pharmaceutical composition of any one of claims 55-63, thereby preventing at

least one symptom in the subject having the disorder that would benefit from reduction in INHBE

expression.

75. The method of claim 73 or 74, wherein the disorder is an INHBE-associated disorder.

76. The method of claim 75, wherein the INHBE-associated disorder is a metabolic disorder.
7. The method of claim 76, wherein the metabolic disorder is metabolic syndrome.

78. The method of claim 76, wherein the INHBE-associated disorder is cardiovascular disease.
79. The method of claim 77, wherein the INHBE-associated disorder is hypertension.

80. The method of any one of claims 73-79, wherein the subject is a human.

81. The method of any one of claims 73-80, wherein administration of the modulator to the

subject causes a decrease in INHBE protein accumulation in the subject.
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82. The method of any one of claims 73-81, wherein the modulator is administered to the subject

at a dose of about 0.01 mg/kg to about 50 mg/kg.

&3. The method of any one of claims 73-82, wherein the modulator is administered to the subject
subcutaneously.
84. The method of any one of claims 73-83, further comprising administering to the subject an

additional therapeutic agent for treatment of an INHBE-associated disorder.

85. The method of claim 84, wherein the additional therapeutic agent is selected from the group
consisting of insulin, a glucagon-like peptide 1 agonist, a sulfonylurea, a seglitinide, a biguanide, a
thiazolidinedione, an alpha-glucosidase inhibitor, an SGLT?2 inhibitor, a DPP-4 inhibitor, an HMG-

CoA reductase inhibitor, a statin, and a combination of any of the foregoing. .

86. A kit comprising the modulator of any one of claims 1-54 or the pharmaceutical composition

of any one of claims 55-63.

87. A vial comprising the modulator of any one of claims 1-54 or the pharmaceutical

composition of any one of claims 55-63.

88. A syringe comprising the modulator of any one of claims 1-54 or the pharmaceutical

composition of any one of claims 55-63.
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