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ANTI-ADAMS33 OLIGONUCLEOTIDES AND RELATED METHODS

SEQUENCE LISTING
The instant application contains a Sequence Listing which has been submitted

electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on June 6, 2018, isnamed 60100_UM9-219PC_S| .txt and is 47,628

bytes in size.

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Patent Application Serial No.

62/5 16,3 15 filed June 7, 2017, the entire disclosure of which ishereby incorporated herein by

reference.

BACKGROUND

Short interfering RNAs (sSRNAs) are widely employed as atool for inhibiting gene
function. ADAM33 is agene that has been associated with respiratory diseases,
cardiovascular diseases, immune related diseases, and cancer. Unfortunately, however, the
use of short interfering RNAS results in only poor silencing of ADAM33 mRNA.
Accordingly, there remains aneed for agents that are able to effectively silence ADAM33
mRNA with high potency.

SUMMARY

In one aspect of the invention, a synthetic antisense oligonuclectide (ASO), or a
pharmaceutically acceptable salt thereof, having atarget-recognition sequence that is
sufficiently complementary to an ADAM33 transcript to direct cleavage of the ADAM33
transcript by RNase H is provided.

In certain exemplary embodiments, the ASO comprises achemically modified sugar,
anucleobase, and/or aphosphate linkage.

In certain exemplary embodiments, the target-recognition sequence has the formula
A-B-C, wherein A can comprise from about 0 to about 8, about 2 to about 6, or about 3
modified nucleotides, B can comprise from about 4 to about 18, about 6 to about 12, or about

9 deoxyribonucleic acid (DNA) nucleotides and/or DNA-like nucleotides, and C can
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comprise from about 0to about 8, from about 2 to about 6, or about 3 modified nucleotides,
and wherein the overall length of the ASO is about 10 to about 30 nucleotides.

In certain exemplary embodiments, each of the modified nucleotides is independently
selected from the group consisting of abicyclic nuclectide, and a2'-modified nucleotide.
The bicyclic nuclectide can optionally be selected from the group consisting of alocked
nucleotide, an ethyl-constrained nucleotide, an alpha-L-locked nucleic acid, and atricyclo-
DNA, or any combination thereof. The 2'-modified nucleotide can optionally be selected
from the group consisting of a2'-0-methyl RNA, a2'-O-methoxyethyl RNA, and a 2'-fluoro
RNA, or any combination thereof.

In certain exemplary embodiments, A comprises from about 2 to about 4 or about 3
locked nucleotides, B comprises from about 8 to about 12 or about 9 DNA-like nucleotides,
and C comprises from about 2 to about 4 or about 3 locked nucleotides.

In certain exemplary embodiments, the ASO comprises a phosphorothioate linkage.

In certain exemplary embodiments, the target-recognition sequence is a least 90%
complementary to aportion of the ADAM33 transcript, or is perfectly complementary to a
portion of the ADAM 33 transcript.

In certain exemplary embodiments, the ASO binds: the open reading frame of the
ADAM33 transcript; a5' or 3' untranslated region of the ADAM33 transcript; thejunction
between the open reading frame and the untranslated region of the ADAM33 transcript; a
conserved region of the ADAM 33 transcript; and/or aregion of the ADAM33 transcript
containing adisease-associated single-nucleotide polymorphism.

In certain exemplary embodiments, the target-recognition sequence comprises a
nucleic acid sequence with at least 90% sequence identity to the nucleic acid sequence set
forth in any one of SEQ ID NOs:5-15.

In certain exemplary embodiments, the ASO further comprises a conjugate linked to
the target-recognition sequence. The conjugate may optionally be ahydrophobic conjugate
(e.g., ahexadecyloxypropyl conjugate, a cholesterol conjugate, apolyunsaturated fatty acid
conjugate or the like), atissue-targeting conjugate (e.g., a carbohydrate conjugate, apeptide
conjugate or the like), or a conjugate designed to optimize pharmacokinetic parameters (e.g.,
apolyethylene glycol conjugate).

In certain exemplary embodiments, the conjugate remains stably linked to the target-

recognition sequence after cellular internalization.
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In certain exemplary embodiments, the ASO comprises abiostable nucleic acid
sequence with e least 90% sequence identity to the nucleic acid sequence set forth in any one
of SEQ ID NOsil 1-13.

In certain exemplary embodiments, the ASO further comprises alinker between the
conjugate and the target-recognition sequence, which can optionally be acleavable linker. In
certain embodiments, the cleavable linker degrades when cleaved, or is anuclease-cleavable
linker comprising aphosphodiester linkage. In certain embodiments, the nuclease-cleavable
linker comprises from about 2 to about 8, or about 6 nuclectides. In certain embodiments, the
cleavable linker is cleaved under reducing conditions or changing pH conditions, is cleaved
by an intracellular or endosomal nuclease, or is cleaved by an intracellular or endosomal
protease.

In certain exemplary embodiments, the ASO comprises anucleic acid sequence with
a least 90% sequence identity to the nucleic acid sequence set forth in any one of SEQ ID
NOs:22-24.

In certain exemplary embodiments, the ADAM33 transcript is ahuman ADAM33
transcript.

In certain exemplary embodiments, the ASO is capable of mediating cleavage of a
least about 80% or at least about 90% of ADAM 33 transcripts.

In another aspect of the invention, amethod of treating a subject having an ADAM33-
related disorder, the method comprising administering to the subject apharmaceutical
composition comprising an effective amount of a synthetic ASO, or apharmaceutically
acceptable salt thereof, having atarget-recognition sequence that is sufficiently
complementary to an ADAM33 transcript to direct cleavage of the ADAMS33 transcript by
RNase H, and apharmaceutically acceptable carrier, is provided.

In certain exemplary embodiments, the pharmaceutical composition isformulated for
oral administration, mucosal administration, subcutaneous administration, intramuscul ar
administration, topical administration, intravenous administration, intrathecal administration,
intracerebroventricular administration, or inhalation.

In certain exemplary embodiments, the pharmaceutical composition isformulated for
inhalation, and is optionally formulated as a powder.

In another aspect of the invention, apharmaceutical composition comprising a
synthetic ASO having atarget-recognition sequence that is sufficiently complementary to an
ADAM33 transcript to direct cleavage of the ADAM33 transcript by RNase H, and a

pharmaceutically acceptable carrier, isprovided.
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In certain exemplary embodiments, the ASO comprises achemically modified sugar,
anucleobase, and/or aphosphate linkage.

In certain exemplary embodiments, the target-recognition sequence has the formula
A-B-C, wherein A comprises from about 0to about 8, from about 2 to about 6, or about 3
modified nucleotides, B comprises from about 4 to about 18, from about 6 to about 12, or
about 9 deoxyribonucleic acid (DNA) nucleotides and/or DNA-like nucleotides, and C
comprises from about 0to about 8, from about 2 to about 6 or about 3 modified nucleotides,
and the overall length of the ASO isfrom about 10 to about 30 nucleotides.

In certain exemplary embodiments, each of the modified nucleotides is independently
selected from the group consisting of abicyclic nucleotide, and a2'-modified nucleotide,
optionally wherein A comprises from about 2 to about 4 or about 3 locked nucleotides, B
comprises from about 8to about 12 or about 9 DNA-like nucleotides, and C comprises from
about 2 to about 4 or about 3 locked nucleotides.

In certain exemplary embodiments, the ASO comprises a phosphorothioate linkage.

In certain exemplary embodiments, the target-recognition sequence is a least 90%
complementary to aportion of the ADAM33 transcript or is perfectly complementary to a
portion of the ADAM 33 transcript.

In certain exemplary embodiments, the ASO binds the open reading frame of the
ADAM33 transcript, thejunction the open reading frame and the untranslated region of the
ADAM33 transcript, aconserved region of the ADAM33 transcript, and/or aregion of the
ADAM33 transcript containing adisease-associated single-nucleotide polymorphism.

In certain exemplary embodiments, the target-recognition sequence comprises a
nucleic acid sequence with at least 90% sequence identity to the nucleic acid sequence set
forth in any one of SEQ ID NOs:5-15.

In certain exemplary embodiments, the ASO further comprises a conjugate linked to
the target-recognition sequence, that is optionally selected from the group consisting of a
hydrophobic conjugate, atissue-targeting conjugate, and a conjugate designed to optimize
pharmacokinetic parameters.

In certain exemplary embodiments, the hydrophobic conjugate is
hexadecyloxypropyl.

In certain exemplary embodiments, the ASO comprises ahiostable nucleic acid
sequence with e least 90% sequence identity to the nucleic acid sequence set forth in any one
of SEQ ID NOsil 1-13.
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In certain exemplary embodiments, the ASO further comprises alinker between the
conjugate and the target-recognition sequence.

In certain exemplary embodiments, the linker is anuclease-cleavable linker
comprising aphosphodiester linkage, that optionally comprises about 6 nucleotides.

In certain exemplary embodiments, the ASO comprises anucleic acid sequence with
a least 90% sequence identity to the nucleic acid sequence set forth in any one of SEQ ID
NOs:22-24.

In certain exemplary embodiments, the ADAM33 transcript is ahuman ADAM33
transcript.

In certain exemplary embodiments, the pharmaceutical composition isformulated for
oral administration, mucosal administration, subcutaneous administration, intramuscul ar
administration, topical administration, intravenous administration, intrathecal administration,
intracerebroventricular administration, or inhalation.

In certain exemplary embodiments, the pharmaceutical composition isformulated for
inhalation, and is optionally formulated as a powder.

In another aspect, amethod of treating a subject having an ADAM33-related disorder,
the method comprising administering to the subject an effective amount of a synthetic
antisense oligonucleotide (ASO) having atarget-recognition sequence that is sufficiently
complementary to an ADAM33 transcript to direct cleavage of the ADAM33 transcript by
RNase H is provided.

In certain exemplary embodiments, the ASO comprises achemically modified sugar,
anucleobase, and/or aphosphate linkage.

In certain exemplary embodiments, the target-recognition sequence has the formula
A-B-C, wherein A comprises from about 0to about 8 or from about 2 to about 6 modified
nucleotides, B comprises from about 4 to about 18 or from about 6 to about 12
deoxyribonucleic acid (DNA) nucleotides and/or DNA-like nuclectides, and C comprises
from about 0to about 8 from about 2 to about 6 modified nucleotides; and the overall length
of the ASO is from about 10 to about 30 nucleotides.

In certain exemplary embodiments, each of the modified nucleotides is independently
selected from the group consisting of abicyclic nucleotide, and a2'-modified nucleotide,
optionally wherein A comprises from about 2 to about 4 or about 3 locked nucleotides, B
comprises from about 8to about 12 or about 9 DNA-like nucleotides, and C comprises from
about 2 to about 4 or about 3 locked nucleotides.

In certain exemplary embodiments, the ASO comprises a phosphorothioate linkage.
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In certain exemplary embodiments, the target-recognition sequence is a least 90%
complementary or perfectly complementary to aportion of the ADAM33 transcript.

In certain exemplary embodiments, the ASO binds: the open reading frame of the
ADAMS33 transcript; a5' or 3' untranslated region of the ADAM33 transcript; thejunction
the open reading frame and the untranslated region of the ADAM33 transcript; aconserved
region of the ADAM33 transcript; and/or aregion of the ADAM33 transcript containing a
disease-associated single-nucleotide polymorphism.

In certain exemplary embodiments, the target-recognition sequence comprises a
nucleic acid sequence with at least 90% sequence identity to the nucleic acid sequence set
forth in any one of SEQ ID NOs:5-15.

In certain exemplary embodiments, the ASO further comprises a conjugate linked to
the target-recognition sequence that is optionally selected from the group consisting of a
hydrophobic conjugate, atissue-targeting conjugate, and a conjugate designed to optimize
pharmacokinetic parameters.

In certain exemplary embodiments, the hydrophobic conjugate is
hexadecyloxypropyl.

In certain exemplary embodiments, the ASO comprises anucleic acid sequence with
a least 90% sequence identity to the nucleic acid sequence set forth in any one of SEQ ID
NOs:I-13.

In certain exemplary embodiments, the ASO further comprises alinker between the
conjugate and the target-recognition sequence that is optionally anuclease-cleavable linker
comprising aphosphodiester linkage that optionally comprises about 6 nucleotides.

In certain exemplary embodiments, the ASO comprises anucleic acid sequence with
a least 90% sequence identity to the nucleic acid sequence set forth in any one of SEQ ID
NOs:22-24.

In certain exemplary embodiments, the ADAM33 transcript is ahuman ADAM33
transcript.

In certain exemplary embodiments, the ADAM33-related disorder is selected from the
group consisting of arespiratory disease (e.g., selected form the group consisting of asthma,
chronic obstructive pulmonary disease, pulmonary fibrosis, bronchial disease, respiratory
infection, interstitial lung disease, sarcoidosis, rhinitis, and any cancerous lesion of the
respiratory tract, or any combination thereof), a skin disease (e.g., psoriasis, keloids, and
dermatitis, or any combination thereof), a cardiovascular disease (e.g., atherosclerosis), an

immune disease (e.g., diabetes or systemic lupus erythematosus), and a cancer or tumor (e.g.,
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selected from the group consisting of gastric cancer, glioblastoma, lung cancer, breast cancer,
laryngeal carcinoma, bronchial carcinoma, nasal polyps, and sinonasal papilloma, or any
combination thereof), or any combination thereof.

In certain exemplary embodiments, the ADAM33-related disorder is asthma.

In certain exemplary embodiments, the method reverses/prevents inflammation-
independent or inflammation-dependent airway remodeling and/or airway inflammation
and/or airway hyper-responsiveness.

In certain exemplary embodiments, the ASO is administered to the subject via ora
administration, mucosal administration, subcutaneous administration, intramuscular
administration, topical administration, intravenous administration, intrathecal administration,

intracerebroventricular administration, or inhalation.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantages of the present invention will be more
fully understood from the following detailed description of illustrative embodiments taken in
conjunction with the accompanying drawings. The patent or application file contains at least
one drawing executed in color. Copies of this patent or patent application publication with
color drawing(s) will be provided by the Office upon request and payment of the necessary

fee.

Fig. 1 depicts the types of gene silencing oligonucleotides (top) and chemical
modifications (bottom) used. p = phosphate.

Fig. 2A - Fig. 2D show that ADAM 33 gene expression can be inhibited by SIRNA
and ss-sSiRNA oligonucleotides. (Fig. 2A) Oligonucleotide sequences: 'tt' represents a 3'
terminal overhang of two deoxy thymidines, duplex ssRNAs are otherwise unmodified RNA;
ss-siRNA sequence modifications are *;* (phosphorothioate linkage); red: 2'F-RNA; blue:
20Me-RNA; purple: 2-<9-MOE-RNA; green: LNA; p (5'-phosphate). For SsiRNA duplexes,
passenger strands are listed on top and guide strands underneath. Srepresents sense strand
and A Srepresents anti-sense strand. Fig. 2A discloses SEQ ID NOS 59-92, respectively, in
order of appearance. (Fig. 2B) gRT-PCR results from a screen of SRNA duplexes show that
very few siRNA sequences were active againgt this target. (Fig. 2C) gRT-PCR results
showing gene silencing efficacy of ss<siRNA analogues of the three most potent duplex
siRNAs, in comparison with the parent duplexes. (Fig. 2D) qRT-PCR results comparing

potencies of different chemical modification schemes on ss-sSiRNA activity. For al figure
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parts, error bars represent standard deviation of biological replicates. All oligonucleotides
were transfected at 50nM into MRC-5 lung fibroblasts using Lipofectamine RNAIMAX. All
results were normalized to a scrambled siRNA duplex control.

Fig. 3A - Fig. 3C show that LNA gapmers are highly potent when transfected with a
cationic lipid. (Fig. 3A) LNA gapmer sequence modifications are V (phosphorothioate
linkage); green uppercase: LNA; lower cases DNA. Fig. 3A discloses SEQ ID NOS 93-105,
respectively, in order of appearance. (Fig. 3B) gRT-PCR results showing gene silencing by
LNA gapmers a 50 nM. All results were normalized to a scrambled siRNA duplex control.
Error bars are standard deviation of biological replicates. (Fig. 3C) gRT-PCR results
showing dose response analysis of 33-0 and 33-R. Results were normalized to a scrambled
LNA gapmer control. Error bars for the dose responses represent standard deviation of
technical replicates.

Fig. 4A - Fig. 4B show that gymnotically delivered gapmers are potent inhibitors of
ADAMS33. (Fig. 4A) qRT-PCR time course results of gymnotic delivery of ASO 33-0.
Oligonucleotides were delivered a 1 uM dose and normalized to anon-treated control. Error
bars are standard deviation of technical replicates. The degree of knockdown was
intentionally chosen to be suboptimal (by using IuM rather than 3uM ASO) to allow better
discrimination of any differences in efficacy. (Fig. 4B) Gene silencing measured by gqRT-
PCR after gymnotic delivery. Oligonucleotides are delivered to MRC-5 cells a 3uM dose
and normalized to anon-treated control (NT). Error bars represent the standard deviation of
biologica replicates.

Fig. 5A - Fig. 5D show that lipid-conjugated LNA gapmers show reduced potency
unless the lipid isjoined to the ASO via abiocleavable linkage. (Fig. 5A) Synthesis and
structure of hexadecyloxypropyl LNA conjugates. Reagents and conditions: (i) NaH,
CH4(CH,),5Br, cat. Kl; (ii) "PrNP(O(CH ,),CN)Cl, DIPEA, CH,C1; (iii) standard
oligonucleotide synthesis conditions. (Fig. 5B) Dynamic light scattering shows that addition
of alipid tail causes self-assembly of ASOs into larger structures (comparing 33-0, red bars,
with its biostable conjugate, black bars). (Fig. 5C) qRT-PCR results showing dose response
analysis of A33-N, O, and P and both types of lipid conjugates, after gymnotic delivery to
MRC-5 cells at concentrations from 3to 0.1IuM . Results were normalized to non-treated
control sample (NT). Error bars represent standard deviation of biological replicates. (Fig.
5D) A table providing the sequences of the biostable and biocleavable conjugated LNA
gapmers (SEQ ID NOS 106, 23, 24, 107, 34 and 35, respectively, in order of appearance).
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Fig. 6A - Fig. 6B show the identification of ASOs that provide highly effective
silencing of mouse Adam33 expression in mouse embryonic fibroblasts. (Fig. 6A)
Oligonucleotides were delivered a 50 nM with Lipofectamine RNAIMAX. Error bars
represent the standard deviation of biological replicates. Mouse-targeted sequences are
shown in Table 1 (see, experimental section), and were made as fully phosphorothioate (PS)
3-9-3 LNA gapmers (the same chemical architecture as the human sequences). The sequence
of LNA-scr2, aso aPS 3-9-3 gapmer, isAACacgtctataCGC (SEQ ID NO:54). 33-0 isthe
human sequence from Figure 3, included as an additional negative control. (Fig. 6B) A table
providing the sequences of the ASOs used (SEQ ID NOS 55-58, respectively, in order of

appearance).

DETAILED DESCRIPTION

The present disclosure provides antisense compounds, methods, and compositions for
silencing ADAM33 mRNA. The invention described herein islargely based on the finding
that certain RNase H-dependent antisense compounds provide unexpected improvement in
the silencing of ADAM33 mRNA over siRNAs. The present disclosure provides antisense
compounds, methods, and compositions for the treatment, prevention, or amelioration of
diseases, disorders, and conditions associated with ADAM33 in asubject in need thereof.
Also contemplated are antisense compounds and methods for the preparation of a
medicament for the treatment, prevention, or amelioration of adisease, disorder, or condition
associated with ADAM33. ADAM3 3-related diseases, disorders, and conditions include,
without limitation, respiratory diseases, skin diseases, cardiovascular diseases, immune
diseases, cancers or tumors, or any combination thereof.

It isto be understood that the methods described in this disclosure are not limited to
particular methods and experimental conditions disclosed herein as such methods and
conditions may vary. Itisalso to be understood that the terminology used herein isfor the
purpose of describing particular embodiments only, and isnot intended to be limiting.

Furthermore, the experiments described herein, unless otherwise indicated, use
conventional molecular and cellular biological and immunological techniques within the skill
of the art. Such techniques are well known to the skilled worker, and are explained fully in
the literature. See, e.g., Ausubel, et al, ed., Current Protocols in Molecular Biology, John
Wiley & Sons, Inc., NY, N.Y. (1987-2008), including all supplements, Molecular Cloning: A
Laboratory Manual (Fourth Edition) by MR Green and J. Sambrook and Harlow et al,



10

15

20

25

30

WO 2018/226788 PCT/US2018/036203

Antibodies: A Laboratory Manual, Chapter 14, Cold Spring Harbor Laboratory, Cold Spring
Harbor (2013, 2™ edition).

Unless otherwise defined herein, scientific and technical terms used herein have the
meanings that are commonly understood by those of ordinary skill in the art. In the event of
any latent ambiguity, definitions provided herein take precedent over any dictionary or
extrinsic definition. Unless otherwise required by context, singular terms shall include
pluralities and plural terms shall include the singular. The use of "or" means "and/or" unless
stated otherwise. The use of the term "including,” aswell asother forms, such as "includes’
and "included,” isnot limiting.

Generally, nomenclatures used in connection with cell and tissue culture, molecular
biology, immunology, microbiology, genetics and protein and nucleic acid chemistry and
hybridization described herein are those well-known and commonly used in the art. The
methods and techniques provided herein are generally performed according to conventional
methods well known in the art and as described in various general and more specific
references that are cited and discussed throughout the present specification unless otherwise
indicated. Enzymatic reactions and purification techniques are performed according to
manufacturer's specifications, as commonly accomplished in the art or as described herein.
The nomenclatures used in connection with, and the laboratory procedures and techniques of,
analytical chemistry, synthetic organic chemistry, and medicinal and pharmaceutical
chemistry described herein are those well-known and commonly used in the art. Standard
techniques are used for chemical syntheses, chemical analyses, pharmaceutical preparation,
formulation, and delivery, and treatment of patients.

So that the invention may be more readily understood, certain terms are first defined.

The term "nucleoside” refers to amolecule having apurine or pyrimidine base
covalently linked to aribose or deoxyribose sugar. Exemplary nucleosides include
adenosine, guanosine, cytidine, uridine and thymidine. Additional exemplary nucleosides
include inosine, 1-methyl inosine, pseudouridine, 5,6-dihydrouridine, ribothymidine, 2N-
methylguanosine and 2,2N,N-dimethylguanosine (also referred to as"rare" nucleosides).
The term "nucleotide" refers to anucleoside having one or more phosphate groupsjoined in
ester linkages to the sugar moiety. Exemplary nucleotides include nucleoside
monophosphates, diphosphates and triphosphates. The terms "polynucleotide” and "nucleic
acid molecule" are used interchangeably herein and refer to apolymer of nucleotides joined

together by aphosphodiester or phosphorothioate linkage between 5' and 3' carbon atoms.

10
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The term "RNA" or "RNA molecule" or "ribonucleic acid molecule" refersto a
polymer of ribonucleotides (e.g., 2, 3, 4, 5, 10, 15, 20, 25, 30, or more ribonucleotides). An
RNA nucleotide refers to asingle ribonucleotide. The term "DNA" or "DNA molecule’ or
"deoxyribonucleic acid molecule" refers to apolymer of deoxyribonucleotides. A DNA
nucleotide refers to a single deoxyribonucleotide. Asused herein, the term "DNA-like"
refers to a conformation of, e.g. amodified nucleoside or nuclectide which is similar to the
conformation of acorresponding unmodified DNA unit. For example, a DNA-like nucleoctide
may refer to a conformation of amodified deoxyribonucleotide similar to a corresponding
unmodified deoxyribonucleotide. Examples of DNA-like nucleotides include, without
limitation, e.g., 2'-deoxyribonucleotides, 2'-deoxy-2'-substituted arabinonucleotides (e.g., 2-
deoxy-2'-fluoroarabinonucleotides, also known in the art as 2’F-ANA or FANA), and
corresponding phosphorothioate analogs. Asused herein, the term "RNA-like" refersto a
conformation of, e.g. amodified nucleoside or nucleotide which is similar to the
conformation of acorresponding unmodified RNA unit. RNA-like conformations may adopt
an A-form helix while DNA-like conformations adopt a B-form helix. Examples RNA-like
nucleotides include, without limitation, e.g., 2'-substituted-RNA nucleotides (e.g., 2'-fluoro-
RNA nucleotides also known in the art as 2’F-RNA), locked nucleic acid (LNA) nucleotides
(also known in the art as bridged nucleic acids or bicyclic nucleotides), 2'-fluoro-4'-
thioarabinonucleotide (also known in the art as 4S-FANA nucleotides), 2'-0-alkyl-RNA,
and corresponding phosphorothioate analogs.

DNA and RNA can be synthesized naturally (e.g., by DNA replication or
transcription of DNA, respectively). RNA can be post-transcriptionally modified. DNA and
RNA can aso be chemically synthesized. DNA and RNA can be single-stranded (i.e.,
ssRNA and ssDNA, respectively) or multi-stranded (e.g., double stranded, i.e., dsSRNA and
dsDNA, respectively). "mRNA" or "messenger RNA" is single-stranded RNA that specifies
the amino acid sequence of one or more polypeptide chains. This information is translated
during protein synthesis when ribosomes bind to the mRNA.

Asused herein, the term "small interfering RNA" ("ssRNA") (also referred to in the
art as "short interfering RNAS') refers to an RNA (or RNA analog) comprising between
about 10-50 nuclectides (or nucleotide analogs) which is capable of directing or mediating
RNA interference. Preferably, a SsSRNA comprises between about 15-30 nucleotides or
nucleotide analogs, more preferably between about 16-25 nucleotides (or nucleotide analogs),
even more preferably between about 18-23 nucleotides (or nucleotide analogs), and even

more preferably between about 19-22 nucleotides (or nucleotide analogs) (e.g., 19, 20, 210r

11



10

15

20

25

30

WO 2018/226788 PCT/US2018/036203

22 nucleotides or nucleotide analogs). The term "short" sIRNA refers to asiRNA comprising
about 21 nucleotides (or nucleotide analogs), for example, 19, 20, 21 or 22 nucleotides. The
term "long" SIRNA refers to asiRNA comprising about 24-25 nucleotides, for example, 23,
24, 25 or 26 nucleotides. Short SRNAs may, in some instances, include fewer than 19
nucleotides, e.g., 16, 17 or 18 nucleotides, provided that the shorter SSIRNA retains the ability
to mediate RNAI. Likewise, long SSRNAs may, in some instances, include more than 26
nucleotides, provided that the longer SsIRNA retains the ability to mediate RNAI absent
further processing, e.g., enzymatic processing, to a short SRNA.

The term "nucleotide analog” or "altered nucleotide" or "modified nucleotide” refers
to anon-standard nucleotide, including non-naturally occurring ribonucleotides or
deoxyribonucleotides. Exemplary modified nucleotides are modified a any position so asto
alter certain chemical properties of the nucleotide yet retain the ability of the modified
nucleotide to perform its intended function. Examples of positions of the nucleotide which
may be derivatized include the 5 position, e.g., 5-(2-amino)propy! uridine, 5-bromo uridine,
5-propyne uridine, 5-propenyl uridine, etc.; the 6 position, e.g., 6-(2-amino)propyl uridine;
the 8-position for adenosine and/or guanosines, e.g., 8-bromo guanosine, 8-chloro guanosine,
8-fluoroguanosine, etc. Modified nucleotides also include deaza nuclectides, e.g., 7-deaza-
adenosine; O- and N-modified (e.g., alkylated, e.g., N6-methyl adenosine, or as otherwise
known in the art) nucleotides; and other heterocyclically modified nucleotides such asthose
described in Herdewijn, Antisense Nucleic Acid Drug Dev., 2000 Aug. 10(4):297-3 10.

Modified nucleotides may also comprise modifications to the sugar portion of the
nucleotides. For example the 2' OH-group may be replaced by agroup selected from H, OR,
R, F, Cl, Br, I, SH, SR, NH,, NHR, NR,, COOR, or OR, wherein R is substituted or
unsubstituted c1-ces akyl, alkenyl, akynyl, aryl, etc. Other possible modifications include
those described in U.S. Pat. Nos. 5,858,988, and 6,291,438.

The phosphate group of the nucleotide may aso be modified, e.g., by substituting one
or more of the oxygens of the phosphate group with sulfur (e.g., phosphorothioates), or by
making other substitutions which allow the nucleotide to perform its intended function such
as described in, for example, Eckstein, Antisense Nucleic Acid Drug Dev. 2000 Apr.

10(2): 117-21, Rusckowski et a. Antisense Nucleic Acid Drug Dev. 2000 Oct. 10(5):333-45,
Stein, Antisense Nucleic Acid Drug Dev. 2001 Oct. 11(5): 317-25, Vorobjev et a. Antisense
Nucleic Acid Drug Dev. 2001 Apr. 11(2):77-85, and U.S. Pat. No. 5,684,143. Certain of the
above-referenced modifications (e.g., phosphate group modifications) preferably decrease the

rate of hydrolysis of, for example, polynucleotides comprising said analogs in vivo or in vitro.
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Asused herein, the terms "unmodified nucleotide’ or "non-modified nucleotide’
refers to anucleotide composed of naturally occurring nucleobases, sugar moieties, and
internucleoside linkages. In some embodiments, anon-modified nucleotide is an RNA
nucleotide (i.e. B-D-ribonucleoside) or a DNA nucleotide (i.e. B-D-deoxyribonucleoside).

The term "oligonucleotide” refers to a short polymer of nucleotides and/or modified
nucleotides. Asdiscussed above, the oligonucleotides may be linked with linkages which
result in alower rate of hydrolysis as compared to an oligonucleotide linked with
phosphodiester linkages. For example, the nucleotides of the oligonucleotide may comprise
methylenediol, ethylene diol, oxymethylthio, oxyethylthio, oxycarbonyloxy,
phosphorodiamidate, phosphoroamidate, and/or phosphorothioate linkages. Alterations or
modifications of the oligonucleotide can further include addition of non-nuclectide material,
such as to the end(s) of the oligonucleotide or internally (at one or more nucleotides of the
oligonucleotide).

Asused herein, the term "antisense compound" refers to acompound which is
capable of inhibiting or "silencing" the expression of atarget gene. In certain embodiments,
the antisense compound is capable of preventing complete processing (e.g., the full
trandation and/or expression) of an MRNA molecule through apost-transcriptional silencing
mechanism. Antisense compounds include, without any limitation, antisense
oligonucleotides, gapmer molecules, and dual-function oligonucleotides aswell as precursors
thereof. In some embodiments, the antisense compound directs atarget nucleic acid for
cleavage by ribonuclease H (RNase H). For example, an antisense compound of the present
disclosure can be an antisense oligonuclectide that directs cleavage of an ADAM33 transcript
by RNase H. RNase H isafamily of non-sequence-specific endonuclease enzymes that
catalyze the cleavage of RNA in an RNA/DNA substrate via ahydrolytic mechanism.

The term "gapmer" means achimeric antisense compound in which an internal region
having aplurality of nucleosides that support RNase H cleavage is positioned between
external regions having one or more nucleosides, wherein the nucleosides comprising the
internal region are chemically distinct from the nucleoside or nucleosides comprising the
external regions. The internal region may be referred to as a"gap segment” and the external
regions may be referred to as "wing segments.” "Chimeric antisense compound” means an
antisense compound that has at least two chemically distinct regions.

Asused herein, the term "target gene" is agene whaose expression isto be
substantially inhibited or "silenced." This silencing can be achieved by RNA silencing, e.g.,

by cleaving mMRNA corresponding to atarget gene or translational repression of the target
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gene. The term "non-target gene" is agene whose expression isnot to be substantially
silenced. For example, atarget gene of the present invention isADAM33, and anon-target
gene of the present invention is agene that is not ADAM33. In one embodiment, the
polynucleotide sequences of the target and non-target gene (e.g., MRNA encoded by the
target and non-target genes) can differ by one or more nucleotides. In another embodiment,
the target and non-target genes can differ by one or more polymorphisms (e.g., Single
Nucleotide Polymorphisms or SNPs). In another embodiment, the target and non-target
genes can share less than 100% sequence identity. In another embodiment, the non-target
gene may be ahomologue (e.g., an orthologue or paralogue) of the target gene.

The term "antisense activity” means any detectable or measurable activity attributable
to the hybridization of an antisense compound to its target nucleic acid. In some
embodiments, antisense activity is a decrease in the amount or expression of atarget nucleic
acid or protein encoded by such target nucleic acid. "Antisense compound” means an
oligomeric compound that is capable of undergoing hybridization to atarget nucleic acid
through hydrogen bonding. Asused herein, "antisense oligonucleotide” means a single-
stranded oligonucleotide having anucleobase sequence that permits hybridization to a
corresponding region or segment of atarget nucleic acid.

The term "antisense inhibition" means reduction of target nucleic acid levels or target
protein levels in the presence of an antisense compound having atarget-recognition sequence
that is sufficiently complementary to atarget nucleic acid compared to target nucleic acid
levels or target protein levels in the absence of the antisense compound. A target nucleic acid
can be any nucleic acid. For example, atarget nucleic acid of the present invention can be an
ADAM33 transcript.

The term "target-recognition sequence” refers to the portion of an antisense
compound that recognizes atarget nucleic acid. The target-recognition sequence has a
nucleobase sequence that permits hybridization to a corresponding region or segment of a
target nucleic acid.

Asused herein, the "5' end,” asin the 5' end of the open reading frame of an
ADAM33 transcript, refers to the 5' terminal nucleotides, of the open reading frame of the
ADAM33 transcript. Asused herein, the "3 end,” asin the 3' end of the open reading frame
of an ADAMS33 transcript, refers to the 3' terminal nucleotides, of the open reading frame of
the ADAM 33 transcript.

The term "conserved region” refers to aportion, or portions, of anucleic acid

sequence that is conserved, i.e. aportion, or portions of the nucleic acid sequence having a
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similar or identical sequence across species. A conserved region may be computationally
identified, e.g., using any sequence alignment software available in the art.

Asused herein, the term "sufficiently complementary” means that the RNA silencing
agent has a sequence (e.g., an antisense oligonucleotide having atarget-recognition sequence)
which is sufficient to bind the desired target mRNA (e.g., an ADAM33 transcript), and to
trigger the RNA silencing of the target mRNA (e.g., direct cleavage of the target mRNA by
RNase H). For example, atarget-recognition sequence with a least 90% complementarity to
atarget nucleic acid sequence (e.g., aportion of an ADAM33 transcript) may be sufficiently
complementary to trigger silencing of the ADAM33 transcript. The term "perfectly
complementary” refers to, e.g., atarget-recognition sequence with 100% complementarity to
atarget nucleic acid sequence. Complementary nucleic acid molecules hybridize to each
other. The term "hybridization” means the annealing of complementary nucleic acid
molecules. In certain embodiments, complementary nucleic acid molecules include an
antisense compound and atarget nucleic acid.

The term "about" or "approximately" means within 20%, such as within 10%, within
5%, or within 1% or less of agiven value or range.

Asused herein, "administer" or "administration” refers to the act of injecting or
otherwise physically delivering a substance asit exists outside the body (e.g., an antisense
compound provided herein) into apatient, such as by, but not limited to, pulmonary (e.g.,
inhalation), mucosal (e.g., intranasal), intradermal, intravenous, intramuscular delivery and/or
any other method of physical delivery described herein or known in the art. When a disease,
or a symptom thereof, is being managed or treated, administration of the substance typically
occurs after the onset of the disease or symptoms thereof. When adisease, or symptom
thereof, isbeing prevented, administration of the substance typically occurs before the onset
of the disease or symptoms thereof and may be continued chronically to defer or reduce the
appearance or magnitude of disease-associated symptoms, e.g., damage to the involved
tissues and airways.

Asused herein, the term "composition” isintended to encompass aproduct containing
the specified ingredients (e.g., an antisense compound provided herein) in, optionally, the
specified amounts, aswell as any product which results, directly or indirectly, from
combination of the specified ingredients in, optionally, the specified amounts.

"Effective amount” means the amount of active pharmaceutical agent (e.g., an
antisense compound of the present disclosure) sufficient to effectuate adesired physiological

outcome in an individual in need of the agent. The effective amount may vary among
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individuals depending on the health and physical condition of the individual to betreated, the
taxonomic group of the individuals to be treated, the formulation of the composition,
assessment of the individual's medical condition, and other relevant factors.

Asused herein, the terms "subject" and "patient" are used interchangeably. Asused
herein, asubject is can be amammal, such as anon-primate (e.g., cows, pigs, horses, cats,
dogs, rats, etc.) or aprimate (e.g., monkey and human). In certain embodiments, the term
"subject," asused herein, refers to avertebrate, such asamammal. Mammals include,
without limitation, humans, non-human primates, wild animals, feral animals, farm animals,
sports animals, and pets. In one embodiment, the subject isamammal, such as ahuman,
having an ADAM33-related disorder (e.g., asthma). In another embodiment, the subject is a
mammal, such as ahuman, that is a risk for developing an ADAM33-related disorder.

Asused herein, the term "therapy" refers to any protocol, method and/or agent that
can be used in the prevention, management, treatment and/or amelioration of adisease or a
symptom related thereto, such as an ADAM33-related disorder (e.g., asthma). In some
embodiments, the term "therapy" refers to any protocol, method and/or agent that can be used
in the modulation of an immune response to an infection in a subject or a symptom related
thereto. In some embodiments, the terms "therapies’ and "therapy" refer to abiological
therapy, supportive therapy, and/or other therapies useful in the prevention, management,
treatment and/or amelioration of adisease or a symptom related thereto, such as an
ADAM33-related disorder known to one of skill in the art such as medical personnel. In
other embodiments, the terms "therapies' and "therapy" refer to abiological therapy,
supportive therapy, and/or other therapies useful in the modulation of an immune response to
an infection in asubject or a symptom related thereto known to one of skill in the art such as
medical personnel.

Asused herein, the terms "treat," "treatment" and "treating" refer to the reduction or
amelioration of the progression, severity, and/or duration of adisease or a symptom related
thereto, such as an ADAM33-related disorder, resulting from the administration of one or
more therapies (including, but not limited to, the administration of one or more prophylactic
or therapeutic agents, such as an antisense oligonucleotide provided herein). The term
"treating,” as used herein, can also refer to altering the disease course of the subject being
treated. Therapeutic effects of treatment include, without limitation, preventing occurrence
or recurrence of disease, alleviation of symptom(s), diminishment of direct or indirect
pathological consequences of the disease, decreasing the rate of disease progression,

amelioration or palliation of the disease state, and remission or improved prognosis.
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Antisense Compounds

The present disclosure provides an antisense compound that is capable of mediating
cleavage of e least 50%, at |east 55%, a |least 60%, at least 65%, at least 70%, at |east 75%,
a least 80%, at least 85%, e least 90%, a least 95% or more of ADAM33 transcripts. In one
embodiment, the antisense compound is capable of mediating cleavage of at least 80% of
ADAM33 transcripts. In one embodiment, the antisense compound is capable of mediating
cleavage of e least 90% of ADAM 33 transcripts.

In certain embodiments, antisense compounds that is capable of mediating cleavage of
an ADAM33 transcript or portion thereof, have chemically modified subunits arranged in
patterns, or motifs, to confer to the antisense compounds properties such as enhanced the
inhibitory activity, increased binding affinity for atarget nucleic acid, or resistance to
degradation by in vivo nucleases.

In some embodiments, an antisense compound of the present disclosure is an
antisense oligonucleotide. Chimeric antisense oligonucleotides typically contain at least one
region modified so asto confer increased resistance to nuclease degradation, increased
cellular uptake, increased binding affinity for the target nucleic acid, and/or increased
inhibitory activity. A second region of achimeric antisense compound may optionally serve
as a substrate for the cellular endonuclease RNase H, which cleaves the RNA strand of an
RNA:DNA duplex. In some embodiments, an antisense compound of the present disclosure
is achimeric antisense oligonucleotide having agapmer motif. In agapmer an internal
region having aplurality of nucleotides that supports RNaseH cleavage is positioned between
external regions having aplurality of nucleotides that are chemically distinct from the
nucleosides of the internal region.

In some embodiments, the present disclosure provides a synthetic antisense
oligonucleotide having atarget-recognition sequence that is sufficiently complementary to an
ADAM33 transcript or portion thereof, to direct cleavage of the ADAM33 transcript by
RNase H. The target-recognition sequence of the antisense oligonuclectide can be the full
length of the antisense oligonucleotide, or aportion thereof. In some embodiments, the
antisense oligonucleotide comprises agapmer motif.

In the case of an antisense compound having agapmer motif, the gap segment
generally serves asthe substrate for endonuclease cleavage, while the wing segments
comprise modified nucleosides. In certain embodiments, the regions of agapmer are

differentiated by the types of sugar moieties comprising each distinct region. The types of
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sugar moieties that are used to differentiate the regions of agapmer may in some
embodiments include B-D-ribonucleosides, B-D-deoxyribonucleosides, 2'-modified
nucleosides (such 2'-modified nucleosides may include 2-MOE, and 2-0-CH ; (i.e., OMeg),
among others), and bicyclic sugar modified nucleosides (such bicyclic sugar modified
nucleosides may include those having a4'-(CH ,),-0-2' bridge, where n=I or n=2). In some
embodiments, each distinct region comprises uniform sugar moieties.

The gapmer motif can be described using the formula "A-B-C", where "A"
represents the length of the 5' wing region, "B" represents the length of the gap region, and
"C" represents the length of the 3' wing region. Assuch, in some embodiments, an antisense
oligonucleotide of the present disclosure has the formula:

A-B-C.

Asused herein, agapmer described as"A-B-C" has aconfiguration such that the gap
segment is positioned immediately adjacent 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.

In some embodiments, the 5' wing region represented by "A" comprises from about 0
to about 8 modified nucleotides, e.g., from about 1to about 6 modified nucleotides. For
example, the 5' wing region represented by "A" can be0, 1, 2, 3, 4, 5, 6, 7, or 8nucleotides
in length. In some embodiments, the 3' wing region represented by "C" comprises about 0to
about 8 modified nucleotides, e.g., from about 1to about 6 modified nucleotides. For
example, the 3' wing region represented by "C" can be0, 1, 2, 3, 4, 5, 6, 7, or 8 nucleotides
in length. In some embodiments, "A" and "C" are the same, in some embodiments, they are
different.

In some embodiments, the gap region represented by "B" comprises from about 4 to
about 18 DNA nucleotides and/or DNA-like nuclectides, e.g., from about 4 to about 12 DNA
nucleotides and/or DNA-like nucleotides. For example, the gap region represented by "B"
canbe4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, or 18 DNA nucleotides and/or DNA-like
nucleotides in length. Thus, an antisense oligonucleotide of the present disclosure having a
target-recognition sequence with the formula "A-B-C" include, but are not limited to the
following gapmer formats, for example 1-4-1 (i.e., one nucleotide - four nuclectides - one
nucleotide), 1-5-1, 1-6-1, 1-7-1, 1-8-1, 1-9-1, 1-10-1, 1-11-1, 1-12-1, 2-4-2, 2-5-2, 2-6-2, 2-7-
2,2-8-2, 2-9-2, 2-10-2, 2-11-2, 2-12-2, 3-4-3, 3-5-3, 3-6-3, 3-7-3, 3-8-3, 3-9-3, 3-10-3, 3-11-
3, 3-12-3, 4-4-4, 4-5-4, 4-6-4, 4-7-4, 4-8-4, 4-9-4, 4-10-4, 4-11-4, 4-12-4, 5-4-5, 5-5-5, 5-6-5,
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5.7-5, 5-8-5, 5-9-5, 5-10-5, 5-11-5, 5-12-5, 6-4-6, 6-5-6, 6-6-6, 6-7-6, 6-8-6, 6-9-6, 6-10-6, 6-
11-6, or 6-12-6.

In certain embodiments, antisense compounds targeted to an ADAM33 nucleic acid
possess a 3-9-3 gapmer format. In some embodiments, the antisense compound is an
antisense oligonucleotide having atarget-recognition sequence with the 3-9-3 format that is
sufficiently complementary to an ADAM33 transcript, or aportion thereof, to direct cleavage
of the ADAM33 transcript by RNase H. In some embodiments, the target-recognition
sequence has the formula "A-B-C", wherein "A" comprises about 3 modified nucleotides,
"B" comprises about 9 DNA nuclectides and/or DNA-like nucleotides, and "C" comprises
about 3 modified nucleotides. In some embodiments, the target-recognition sequence has the
formula "A-B-C", wherein "A" comprises 3 locked nucleotides, "B" comprises 9 DNA
nucleotides and/or DNA-like nucleotides, and "C" comprises 3 locked nucleotides. In some
embodiments, the target-recognition sequence has the formula "A-B-C", wherein "A"
comprises 3 locked nucleotides, "B" comprises 9 DNA-like nucleotides, and "C" comprises 3
locked nucleotides.

In some embodiments, antisense compounds that target an ADAM33 nucleic acid
possess a"wingmer" motif. The wingmer motif can be described using the formula "X-Y"
or"Y-X", where "X" represents the length of the wing region, and "Y" represents the length
of the gap region. Assuch, in some embodiments, an antisense oligonucleotide of the present
disclosure has the formula:

X-Y, or
Y-X.

Asused herein, awingmer described as"X-Y" or "Y-X" has aconfiguration such
that the gap segment is positioned immediately adjacent to the wing segment. Thus, no
intervening nucleotides exist between the wing segment and the gap segment. Non-limiting
examples of wingmer configurations of an antisense compound of the present disclosure
include, e.g., 1-10, 1-11, 1-12, 2-9, 2-10, 2-11, 2-12, 3-8, 3-9, 3-10, 3-11, 3-12, 4-7, 4-8, 4-9,
4-10, 4-11, 4-12, 5-6, 5-7, 5-8, 5-9, 5-10, 5-11, or 5-12.

In some embodiments, antisense compounds targeted to an ADAM33 nucleic acid
possess agap-widened motif. Asused herein, "gap-widened" refers to an antisense
compound having agap segment of 12 or more contiguous DNA nucleotides and/or DNA-
like nucleotides adjacent to awing region. In the case of a gap-widened gapmer, the gapmer
comprises agap region having 12 or more contiguous DNA nucleotides and/or DNA-like

nucleotides positioned between and immediately adjacent tothe 5' and 3' wing segments. In
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the case of a gap-widened wingmer, the wingmer comprises agap region having 12 or more
contiguous DNA nucleotides and/or DNA-like nucleotides positioned immediately adjacent
to the wing segment.

A nucleoside is abase-sugar combination. The nucleobase (also known as base)
portion of the nucleoside isnormally aheterocyclic base moiety. Nucleotides are nucleosides
that further include aphosphate group covalently linked to the sugar portion of the
nucleoside. For those nucleosides that include apentofuranosyl sugar, the phosphate group
can be linked tothe 2', 3' or 5' hydroxyl moiety of the sugar. Oligonucleotides are formed
through the covalent linkage of adjacent nucleosides to one another, to form alinear
polymeric oligonucleotide. Within the oligonucleotide structure, the phosphate groups are
commonly referred to as forming the internucleoside linkages of the oligonucleotide.

Modifications to antisense compounds encompass substitutions or changes to
internucleoside linkages, sugar moieties, or nucleobases. Modified antisense compounds are
often preferred over native forms because of desirable properties such as, for example,
enhanced cellular uptake, enhanced affinity for nucleic acid target, increased stability in the
presence of nucleases, or increased inhibitory activity.

Chemically modified nucleosides may also be employed to increase the binding
affinity of a shortened or truncated antisense oligonucleotide for its target nucleic acid.
Consequently, comparable results can often be obtained with shorter antisense compounds
that have such chemically modified nucleosides.

The naturally occurring internucleoside linkage of RNA and DNA isa3'to 5'
phosphodiester linkage. Antisense compounds having one or more modified, i.e. non-
naturally occurring, internucleoside linkages are often selected over antisense compounds
having naturally occurring internucleoside linkages because of desirable properties such as,
for example, enhanced cellular uptake, enhanced affinity for target nucleic acids, and
increased stahility in the presence of nucleases.

Oligonucleotides having modified internucleoside linkages include internucleoside
linkages that retain a phosphorus atom aswell as internucleoside linkages that do not have a
phosphorus atom. Representative phosphorus containing internucleoside linkages include,
but are not limited to, phosphodiesters, phosphotriesters, methylphosphonates,
phosphoramidate, and phosphorothioates. Methods of preparation of phosphorous-containing
and non-phosphorous-containing linkages are well known.

In certain embodiments, antisense compounds targeted to an ADAM33 nucleic acid

comprise one or more modified internucleoside linkages. In certain embodiments, the
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modified intemucleoside linkages are phosphorothioate linkages. In certain embodiments,
each intemucleoside linkage of an antisense compound is aphosphorothioate intemucleoside
linkage.

Antisense compounds of the invention can optionally contain one or more nucleosides
wherein the sugar group has been modified. Such sugar modified nucleosides may impart
enhanced nuclease stability, increased binding affinity or some other beneficial biological
property to the antisense compounds. In certain embodiments, nucleosides comprise a
chemically modified ribofuranose ring moieties. Examples of chemically modified
ribofuranose rings include without limitation, addition of substituent groups (including 5' and
2' substituent groups, bridging of non-geminal ring atoms to form bicyclic nucleic acids
(BNA), replacement of the ribosyl ring oxygen atom with S, N(R), or C(R1)(R)2 (R=H, CI-
C12 akyl or aprotecting group) and combinations thereof. Examples of chemically modified
sugars include 2'-F-5'-methyl substituted nucleoside (see PCT International Application WO
2008/101 157 Published on Aug. 21, 2008 for other disclosed 5',2-bis substituted
nucleosides) or replacement of the ribosyl ring oxygen atom with Swith further substitution
a the 2'-position (see published U.S. Patent Application US2005-0130923, published on Jun.
16, 2005) or dternatively 5'-substitution of a BNA (see PCT International Application WO
2007/134181 Published on Nov. 22, 2007 wherein LNA is substituted with for example a 5'-
methyl or a5-vinyl group).

Examples of nucleosides having modified sugar moieties include without limitation
nucleosides comprising 5-vinyl, 5-methyl (R or S), 4'-S, 2'-F (i.e., 2'-fluoro), 2'-0 CPB4 (i.e.,
2'-0-methyl) and 2'-0(CH2)20CH3 (i.e., 2-0-methoxyethyl) substituent groups. The
substituent at the 2' position can also be selected from allyl, amino, azido, thio, O-allyl, O-
C1-C10 akyl, OCF5, O(CH ,),SCH;, O(CH ,),-0-N(R )(R,), and 0-CH ,-C(=0)-N(R )(Ry),
where each R, and R, is, independently, H or substituted or unsubstituted C1-C10 alkyl. 2'-
modified nucleotides are useful in the present invention, for example, 2'-0-methyl RNA, 2'-
O-methoxyethyl RNA, 2'-fluoro RNA, and others envisioned by one of ordinary skill in the
art.

Examples of bicyclic nucleic acids (BNAS) include without limitation nucleosides
comprising abridge between the 4' and the 2' ribosyl ring atoms. A BNA comprising a
bridge between the 4' and 2' ribosyl ring atoms can be referred to as alocked nucleic acid
(LNA), and is often referred to as inaccessible RNA. Asused herein, the term "locked
nucleotide" or "locked nucleic acid (LNA)" comprises nucleotides in which the 2' deoxy

ribose sugar moiety ismodified by introduction of a structure containing aheteroatom
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bridging from the 2' to the 4' carbon atoms. The term "non-locked nucleotide" comprises
nucleotides that do not contain abridging structure in the ribose sugar moiety. Thus, the term
comprises DNA and RNA nucleotide monomers (phosphorylated adenosine, guanosine,
uridine, cytidine, deoxyadenosine, deoxyguanosine, deoxythymidine, deoxycytidine) and
5  derivatives thereof aswell as other nucleotides having a 2'-deoxy-erythro-pentofuranosyl
sugar moiety or aribo-pentofuranosyl moiety. In certain embodiments, antisense compounds
provided herein include one or more BNA nucleosides wherein the bridge comprises one of
the formulas: 4-(CH,)-0-2' (LNA); 4-(CH,)-S-2'; 4-(CH,)-0-2" (LNA); 4-(CH,)2-0-2
(ENA); 4-C(CH )2-0-2' (see PCT/US2008/068922); 4'-CH(CH 5)-0-2' and 4-
10 CH(CH,OCH,) -0-2' (see U.S. Pat. No. 7,399,845, issued on Jul. 15, 2008); 4-CH ,-
N(OCH )-2' (see PCT/US2008/064591); 4'-CH ,-0-N(CH )-2' (see published U.S. Patent
Application US2004-0171570, published Sep. 2, 2004); 4-CH,-N(R)-0-2' (see U.S. Pat.
No. 7,427,672, issued on Sep. 23, 2008); 4'-CH ,-C(CH,)-2' and 4'-CH ,-C(=CH ,)-2' (see
PCT/US2008/066154); and wherein R is, independently, H, C1-C12 akyl, or aprotecting
15  group. Each of the foregoing BNAs include various stereochemical sugar configurations
including for example a-L-ribofuranose and B-D-ribofuranose (see PCT international
application PCT/DK98/00393, published on Mar. 25, 1999 asW O 99/14226).
In some embodiments, antisense compounds provided herein include one or more 2,
4'-constrained nucleotides. For example, antisense compounds provided by the present
20  disclosure include those having one or more constrained ethyl (cEt) or constrained
methoxyethyl (cMOE) nucleotides. In some embodiments, antisense compounds provided
herein are antisense oligonucleotides comprising one or more constrained ethyl (cEt)
nucleotides. The terms "constrained ethyl” and "ethyl-constrained" are used interchangeably.
In certain embodiments, nucleosides are modified by replacement of the ribosyl ring
25  with asugar surrogate. Such modification includes without limitation, replacement of the
ribosyl ring with a surrogate ring system (sometimes referred to as DNA analogs) such as a
morpholino ring, a cyclohexenyl ring, acyclohexyl ring or atetrahydropyranyl ring such as

one having one of the formula:

HO 3

Hx

é T S i
Ty e W
> N , or

7

30 Many other bicyclo and tricyclo sugar surrogate ring systems are also know in the art

that can be used to modify nucleosides for incorporation into antisense compounds (see for
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example review article: Leumann, J. C, Bioorganic & Medicinal Chemistry, 2002, 10, 841-
854). Such ring systems can undergo various additional substitutions to enhance activity.

Methods for the preparations of modified sugars are well known to those skilled in the
art. In nucleotides having modified sugar moieties, the nucleobase moieties (natural,
modified or acombination thereof) are maintained for hybridization with an appropriate
nucleic acid target.

In certain embodiments, antisense compounds targeted to an ADAM33 nucleic acid
comprise one or more kinds of modified nucleotides. In one embodiment, antisense
compounds targeted to an ADAM33 nucleic acid comprise 2'-modified nucleotides. In one
embodiment, antisense compounds targeted to an ADAM33 nucleic acid comprise a2'-0-
methyl RNA, a2'-O-methoxyethyl RNA, or a2-fluoro RNA. In one embodiment, antisense
compounds targeted to an ADAM33 nucleic acid comprise tricyclo-DNA. Tricyclo-DNA
belongs to aclass of constrained DNA analogs that display improved hybridizing capacities
to complementary RNA, see, e.g., Ittig et al., Nucleic Acids Res. 32:346-353 (2004); Ittig et
al, Prague, Academy of Sciences of the Czech Republic. 7:21-26 (Coll. Symp. Series, Hocec,
M., 2005); lvanova et al., Oligonucleotides 17:54-65 (2007); Renneberg et al., Nucleic Acids
Res. 30:2751-2757 (2002); Renneberg et al, Chembiochem. 5:11 14-1118 (2004); and
Renneberg et al., JACS. 124:5993-6002 (2002). In one embodiment, antisense compounds
targeted to an ADAM33 nucleic acid comprise alocked nucleotide, an ethyl-constrained
nucleotide, or an alpha-L-locked nucleic acid. Various apha-L-locked nucleic acids are
known by those of ordinary skill in the art, and are described in, e.g., Sorensen et a, J. Am.
Chem. Soc. (2002) 124(10):2164-2176.

In certain embodiments, antisense compounds targeted to an ADAM33 nucleic acid
comprise one or more modified nucleotides having modified sugar moieties. In some
embodiments, the modified nucleotide is alocked nucleotide. In certain embodiments, the
locked nucleotides are arranged in agapmer motif, e.g. a 3-9-3 gapmer format, wherein 9
non-locked nucleotides are flanked by 3 locked nucleotides on each side.

Nucleobase (or base) modifications or substitutions are structurally distinguishable
from, yet functionally interchangeable with, naturally occurring or synthetic unmodified
nucleobases. Both natural and modified nucleobases are capable of participating in hydrogen
bonding. Such nucleobase modifications may impart nuclease stability, binding affinity or
some other beneficial biological property to antisense compounds. Modified nucleobases
include synthetic and natural nucleobases such as, for example, 5-methylcytosine (5-me-C).

Certain nucleabase substitutions, including 5-methylcytosine substitutions, are particularly
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useful for increasing the binding affinity of an antisense compound for atarget nucleic acid.
For example, 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., Antisense
Research and Applications, CRC Press, Boca Raton, 1993, pp. 276-278).

Additional modified nucleobases include 5-hydroxymethyl cytosine, xanthine,
hypoxanthine, 2-aminoadenine, 6-methyl and other alkyl derivatives of adenine and guanine,
2-propyl and other akyl derivatives of adenine and guanine, 2-thiouracil, 2-thiothymine and
2-thiocytosine, 5-halouracil and cytosine, 5-propynyl (-C=C-CHj5) uracil and cytosine and
other alkynyl derivatives of pyrimidine bases, 6-azo uracil, cytosine and thymine, 5-uracil
(pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl and 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, 2-F-adenine, 2-
amino-adenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine and 7-deazaadenine and 3-
deazaguanine and 3-deazaadenine.

Heterocyclic base moieties may also include those in which the purine or pyrimidine
base is replaced with other heterocycles, for example 7-deaza-adenine, 7-deazaguanosine, 2-
aminopyridine and 2-pyridone. Nucleobases that are particularly useful for increasing the
binding affinity of antisense compounds include 5-substituted pyrimidines, 6-azapyrimidines
and N-2, N-6 and 0-6 substituted purines, including 2 aminopropyladenine, 5-propynyluracil
and 5-propynylcytosine.

In certain embodiments, antisense compounds targeted to an ADAM33 nucleic acid
comprise one or more modified nucleotides having modified sugar moieties. In some
embodiments, the modified nucleotide is alocked nucleotide. In certain embodiments, the
locked nucleotides are arranged in agapmer motif, e.g. a3-9-3 gapmer format, wherein 9
non-locked nucleotides are flanked by 3 locked nucleotides on each side. In certain
embodiments, antisense compounds targeted to an ADAM33 nucleic acid comprise one or
more modified nucleotides. In some embodiments, the modified nucleotide is 5-
methylcytosine. In certain embodiments, each cytosine is a 5-methylcytosine.

In some embodiments, an antisense compound of the present disclosure directs
cleavage of an ADAM33 transcript by RNase H. In such embodiments, the antisense
compound may be referred to as an RNase H-dependent antisense compound. In some
embodiments the antisense compound is an RNase H-dependent antisense oligonucleotide.
In some embodiments, an antisense oligonucleotide of the present disclosure isan RNase H-

dependent antisense oligonucleotide, and may be a single-stranded, chemically modified
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oligonucleotide that binds to a complementary sequence in the target mMRNA (e.g.,, ADAM33
MRNA). An RNase H-dependent antisense oligonucleotide of the present disclosure reduces
expression of atarget gene by RNase H-mediated cleavage of the target mMRNA, and by
inhibition of trandation by steric blockade of ribosomes. In some embodiments, an antisense
compound of the present disclosure is capable of mediating cleavage of at least 50%, &t |east
55%, a least 60%, at least 65%, at least 70%, at least 75%, at |east 80%, e least 85%, a |least
90%, at least 95% or more of ADAM33 transcripts by RNase-H. In one embodiment, the
antisense compound is capable of mediating cleavage of at least 80% of ADAM33 transcripts
by RNase-H. In one embodiment, the antisense compound is capable of mediating cleavage
of a least 90% of ADAMS33 transcripts by RNase-H.

In certain embodiments, an antisense compound that targets an ADAM33 transcript is
from about 6 to about 24 subunits in length. In other embodiments, the antisense compound
that targets an ADAM33 transcript isfrom about 8 to about 80 subunitsin length. For
example, the antisense compounds are 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73, 74, 75, 76, 77, 78, 79, or 80 linked subunits in length, or arange defined by any two of
the above values. In some embodiments, the antisense compounds are less than 40 linked
subunits in length. In some embodiments, the antisense compounds are from about 12 to
about 25 linked subunits in length. In some embodiments, the antisense compounds are from
about 15 to about 20 linked subunits in length. In some embodiments, the antisense
compound is an antisense oligonuclectide that targets an ADAM33 transcript, and the linked
subunits are linked nucleotides.

In certain embodiments antisense compounds targeted to an ADAM33 transcript may
be shortened or truncated. For example, a single subunit may be deleted from the 5' end (5'
truncation), or alternatively from the 3' end (3' truncation). A shortened or truncated
antisense compound targeted to an ADAM 33 transcript may have two subunits deleted from
the 5' end, or aternatively may have two subunits deleted from the 3' end, of the antisense
compound. Alternatively, the deleted nucleosides may be dispersed throughout the antisense
compound, for example, in an antisense compound having one nucleoside deleted from the 5'
end and one nucleoside deleted from the 3' end.

When asingle additional subunit ispresent in alengthened antisense compound, the
additional subunit may be located at the 5 or 3' end of the antisense compound. When two or

more additional subunits are present, the added subunits may be adjacent to each other, for
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example, in an antisense compound having two subunits added to the 5' end (5' addition), or
aternatively to the 3' end (3' addition), of the antisense compound. Alternatively, the added
subunits may be dispersed throughout the antisense compound, for example, in an antisense
compound having one subunit added to the 5' end and one subunit added to the 3' end.

It ispossible to increase or decrease the length of an antisense compound, such as an
antisense oligonucleotide, and/or introduce mismatch bases without eliminating activity. For
example, in Woolf et a. (Proc. Natl. Acad. Sci. USA 89:7305-7309, 1992), a series of
antisense oligonucleotides 13-25 nucleobases in length were tested for their ability to induce
cleavage of atarget RNA in an oocyte injection model. Antisense oligonucleotides 25
nucleobases in length with 8 or 11 mismatch bases near the ends of the antisense
oligonucleotides were able to direct specific cleavage of the target mRNA, abeit to alesser
extent than the antisense oligonucleotides that contained no mismatches. Similarly, target
specific cleavage was achieved using 13 nucleobase antisense oligonucleotides, including
those with 1or 3 mismatches.

Gautschi et al (J. Natl. Cancer Inst. 93:463-471, March 2001) demonstrated the ability
of an oligonucleotide having 100% complementarity to the bcl-2 mRNA and having 3
mismatches to the bcl-xL mRNA to reduce the expression of both bcl-2 and bcl-xL in vitro
and in vivo. Furthermore, this oligonucleotide demonstrated potent anti-tumor activity in
vivo.

Maher and Dolnick (Nuc. Acid. Res. 16:3341-3358, 1988) tested a series of tandem
14 nucleobase antisense oligonucleotides, and a 28 and 42 nucleobase antisense
oligonucleotides comprised of the sequence of two or three of the tandem antisense
oligonucleotides, respectively, for their ability to arrest translation of human DHFR in a
rabbit reticulocyte assay. Each of the three 14 nucleobase antisense oligonucleotides alone
was able to inhibit trandlation, abeit a amore modest level than the 28 or 42 nucleobase

antisense oligonucleotides.

Branched Antisense Compounds

The present disclosure also provides branched antisense compounds comprising at
two or more target-recognition sequences that targets a portion of an ADAM33 nucleic acid.
A branched antisense compound of the present disclosure may be, e.g., abranched antisense

oligonucleotide compound.
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Asused herein, the term "branched antisense compound"” or "branched antisense
oligonucleotide" refers to two or more antisense compounds or antisense oligonucleotides are
described herein, connected together.

In one embodiment, abranched oligonucleotide compound comprises two or more
target-recognition sequences, wherein the target-recognition sequences are connected to one
another by one or more moieties selected from alinker, a spacer, and abranching point.
Target-recognition sequences are described herein. In some embodiments, the branched
oligonucleotide compound comprises 2, 3, 4, 5, 6, 7, 8, or more target-recognition sequences,
wherein each target-recognition sequences comprises a5’ end and a3' end, and each target-
recognition sequence is independently connected to alinker, a spacer, or abranching point at
the 5" end or the 3' end. In some embodiments, each target-recognition sequence is
connected to alinker, a spacer, or abranching point a the 5' end. In some embodiments,
each target-recognition sequence is connected to alinker, a spacer, or abranching point a the
3" end. In another embodiment, each target-recognition sequence is connected to alinker, a
spacer, or abranching point. In some embodiments, each of the target-recognition sequences
are antisense compounds and/or oligonucleotides that target a portion of an ADAM33 nucleic
acid.

In some embodiments, abranched oligonucleotide compound of the present
disclosure has the formula

L-(N) o
wherein N represents atarget-recognition sequence of the present disclosure; n represents an
integer, eg., 2, 3,4, 5,6, 7, or 8; and L represents alinker selected from an ethylene glycol
chain, an akyl chain, apeptide, RNA, DNA, aphosphate, a phosphonate, a phosphoramidate,
an ester, an amide, atriazole, and any combination thereof.

In some embodiments, abranched oligonucleotide compound of the present
disclosure has the formula

L-(N) o
wherein the compound optionally further comprises one or more branching points B, and
wherein the compound optionally further comprises one or more spacers S. In such
embodiments, each of the one or more branching points B independently represents a
polyvalent organic species or derivative thereof, and each of the one or more spacers Sis
independently selected from an ethylene glycol chain, an alkyl chain, apeptide, RNA, DNA,

aphosphate, aphosphonate, aphosphoramidate, an ester, an amide, atriazole, and any
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combination thereof. For example, abranched oligonucleotide compound of the present
disclosure having the formula L-(N)n has a structure, not to be limited in any fashion, e.g.,

N—L—N

N-SL-SN
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Target-Recognition Sequences

The present disclosure provides an antisense compound comprising atarget-
recognition sequence that targets a portion of adisintegrin and metalloproteinase domain-
containing protein 33 (ADAM33) nucleic acid (e.g., ADAM33 mRNA). In certain
embodiments, an antisense compound has anucleobase sequence that, when written in the 5'
to 3' direction, comprises the reverse complement of aportion of an ADAM33 nucleic acid.
In some embodiments, an antisense compound is an antisense oligonucleotide. In certain
such embodiments, an antisense oligonuclectide has anucleobase sequence that, when
written in the 5'to 3' direction, comprises the reverse complement of aportion of an
ADAMS33 nucleic acid.

In certain embodiments, atarget region is a structurally defined region of an
ADAM33 nucleic acid. For example, atarget region may encompass a 3' untranslated region
(UTR), a5' untrandated region (UTR), an exon, an intron, an exon/intron junction, acoding
region, atrandation initiation region, translation termination region, or other defined nucleic
acid region, for example, an open reading frame, or thejunction between an open reading
frame and an untrandated region and any combinations thereof. The structurally defined
regions for ADAM33 can be obtained by accession number from sequence databases such as
NCBI and such information isincorporated herein by reference. In certain embodiments, a
target region may encompass the sequence from a5' target site of one target segment within
the target region to a 3' target site of another target segment within the same target region.

In some embodiments, atarget region may encompass a disease-associated single-
nucleotide polymorphism (SNP), and an antisense compound of the present disclosure binds
aregion of an ADAMS33 transcript containing adisease-associated SNP. Various ADAM33
SNPs have been curated into the SNP database (dbSNP) for the National Center for
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Biotechnology Information (NCBI). Various ADAM33 SNPs have been identified that are
associated with certain diseases. For example, asthma-associated ADAM33 SNPs have been
described in, e.g., Werner et a, Clin. Exp. Allergy (2004) 34(1):26-31; Sharmaet al., Allergy
Rhinol (Providence) (201 1) 2(2):e63-€70; Al Al-Khayyat et a., Ann. Saudi Med. (2012)
32(5):479-486; and Martinez et a, Invest. Clin. (2016) 57(2): 176-186. ADAM33 SNPs
associated with susceptibility to ventilator impairment in wood dust-exposed workers have
been described in, e.g., Saad-Hussein, et al., Human Exp. Toxicol. (2015) 35(9):966-973.
ADAM33 SNPs associated with keloid scars have been described in, e.g., Han, et a., Cell.
Phys. Biochem. (2014) 34:981-987. ADAM33 SNPs associated with systemic lupus
erythematosus have been described in, e.g., Kim et al., J. Rheum. Dis. (2016) 23(2):88-95.
ADAM33 SNPs associated with alergic rhinitis have been described in, e.g., Zihlif et a.,
Gene (2013) 531(2):462-466; and Chen et a, PLoS One (2014) 9(4):e95033. ADAM33
SNPs associated with the risk of idiopathic pulmonary fibrosis have been described in, eg.,
Uh et al, Lung (2014) 192(4):525-532.

Targeting includes determination of a least one target segment to which an antisense
compound hybridizes, such that adesired effect occurs. In certain embodiments, the desired
effect isareduction in mMRNA target nucleic acid levels, i.e., areduction in ADAM33 mRNA
levels. In certain embodiments, the desired effect is reduction of levels of protein encoded by
the target nucleic acid or a phenotypic change associated with the target nucleic acid, e.g., a
reduction in the level of ADAMS33 protein.

A target region may contain one or more target segments. Multiple target segments
within atarget region may be overlapping. Alternatively, they may be non-overlapping. In
certain embodiments, target segments within atarget region are separated by no more than
about 300 nucleotides. In certain embodiments, target segments within atarget region are
separated by anumber of nuclectides that is, is about, isno more than, is no more than about,
250, 200, 150, 100, 90, 80, 70, 60, 50, 40, 30, 20, or 10 nucleotides on the target nucleic acid,
or isarange defined by any two of the preceding values. In certain embodiments, target
segments within atarget region are separated by no more than, or no more than about, 5
nucleotides on the target nucleic acid. In certain embodiments, target segments are
contiguous.

Suitable target segments may be found within a5' UTR, acoding region, a3' UTR, an
intron, an exon, and/or an exon/intronjunction. Target segments containing a start codon or a
stop codon are also suitable target segments. A suitable target segment may specifically

exclude acertain structurally defined region such asthe start codon or stop codon.
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The determination of suitable target segments may include a comparison of the
sequence of atarget nucleic acid (e.g., ADAM33) to other sequences throughout the genome.
For example, the BLAST algorithm may be used to identify regions of similarity amongst
different nucleic acids. This comparison can prevent the selection of antisense compound
sequences that may hybridize in anon-specific manner to sequences other than a selected
target nucleic acid (i.e., non-target or off-target sequences). The determination of suitable
target segments may include comparison of the sequences of atarget nucleic acid (e.g.,
ADAM33 mRNA) across severa species. For example, various sequence alignment software
are known in the art and can be used to identify regions of similar or identical sequence
across species.

There may be variation in activity (e.g., as defined by percent reduction of target
nucleic acid levels) of the antisense compounds within an active target region. In certain
embodiments, reduction in ADAM33 mRNA levelsisindicative of inhibition of ADAM33
expression. Reductions in levels of an ADAM33 protein are also indicative of inhibition of
target MRNA expression. Further, phenotypic changes are indicative of inhibition of
ADAM33 expression. In some embodiments, reduction in the MRNA levels of agene that
operates within an ADAM33 genetic pathway can indicate inhibition of ADAM33
expression. For example, reduction in the mRNA levels of adownstream component of an
ADAM33 genetic pathway isindicative of inhibition of ADAM33.

An antisense compound and atarget nucleic acid (e.g., an ADAM33 transcript or
portion thereof) are complementary to each other when a sufficient number of nucleobases of
the antisense compound can hydrogen bond with the corresponding nucleobases of the target
nucleic acid, such that adesired effect will occur (e.g., antisense inhibition of atarget nucleic
acid, such asan ADAM33 transcript or portion thereof).

Non-complementary nucleobases between an antisense compound and an ADAM 33
nucleic acid may betolerated provided that the antisense compound remains able to
specifically hybridize to atarget nucleic acid. Moreover, an antisense compound may
hybridize over one or more segments of an ADAM33 nucleic acid such that intervening or
adjacent segments are not involved in the hybridization event (e.g., aloop structure,
mismatch or hairpin structure).

In certain embodiments, the antisense compounds provided herein, or a specified
portion thereof, are, or are at least, 70%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% complementary to an ADAM33 nucleic
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acid, atarget region, target segment, or specified portion thereof. Percent complementarity of
an antisense compound with atarget nucleic acid can be determined using routine methods.

For example, an antisense compound in which 18 of 20 nucleobases of the antisense
compound are complementary to atarget region (e.g., an equal length portion of an ADAM33
transcript), and would therefore specifically hybridize, would represent 90 percent
complementarity. In this example, the remaining honcomplementary nucleobases may be
clustered or interspersed with complementary nucleobases and need not be contiguous to
each other or to complementary nucleobases. As such, an antisense compound which is 18
nucleobases in length having 4 (four) noncomplementary nucleobases which are flanked by
two regions of complete complementarity with the target nucleic acid would have 77.8%
overall complementarity with the target nucleic acid and would thus fall within the scope of
the present invention. Percent complementarity of an antisense compound with aregion of a
target nucleic acid can be determined routinely using BLAST programs (basic loca
alignment search tools) and PowerBLAST programs known in the art (Altschul et a, J. Mal.
Biol, 1990, 215, 403 410; Zhang and Madden, Genome Res., 1997, 7, 649 656). Percent
homology, sequence identity or complementarity, can be determined by, for example, the
Gap program (Wisconsin Sequence Analysis Package, Version 8for Unix, Genetics
Computer Group, University Research Park, Madison Wis.), using default settings, which
uses the algorithm of Smith and Waterman (Adv. Appl. Math., 1981, 2, 482 489).

In certain embodiments, the antisense compounds provided herein, or specified
portions thereof, are fully complementary (i.e. 100% complementary) to atarget nucleic acid,
or specified portion thereof. For example, antisense compound may be fully complementary
to an ADAM33 nucleic acid, or atarget region, or atarget segment or target sequence
thereof. Asused herein, "fully complementary” or "perfectly complementary” means each
nucleobase of an antisense compound is capable of precise base pairing with the
corresponding nucleobases of atarget nucleic acid. For example, a 20 nucleobase antisense
compound is perfectly complementary to atarget sequence that is 400 nucleobases long, so
long asthere is acorresponding 20 nucleobase portion of the target nucleic acid that isfully
complementary to the antisense compound. Perfectly complementary can also be used in
reference to a specified portion of the first and/or the second nucleic acid. For example, a20
nucleobase portion of a 30 nucleobase antisense compound can be "fully complementary” to
atarget sequence that is 400 nucleobases long. The 20 nucleobase portion of the 30
nucleobase oligonucleotide isfully complementary to the target sequence if the target

sequence has a corresponding 20 nucleobase portion wherein each nucleobase is
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complementary to the 20 nucleobase portion of the antisense compound. At the same time,
the entire 30 nucleobase antisense compound may or may not be fully complementary to the
target sequence, depending on whether the remaining 10 nucleobases of the antisense
compound are also complementary to the target sequence.

In some embodiments, the ADAMS33 nucleic acid is ahuman ADAM33 transcript. In
some embodiments, the human ADAM33 transcript is any of the sequences set forth in
GenBankNCBI Reference Sequence: NM_00 1282447.2 (incorporated herein as SEQ 1D
NO: 1), GenBank NCBI Reference Sequence: NM_025220.4 (incorporated herein as SEQ ID
NO:2), GenBank NCBI Reference Sequence: NM_153202.3 (incorporated herein as SEQ ID
NO:3), and GenBank NCBI Reference Sequence: NM_025220.3 (incorporated herein as SEQ
ID NO:4). In some embodiments, the ADAM33 nucleic acid is amouse ADAM33 transcript.
In some embodiments, the mouse ADAM33 transcript is of the sequence set forth in
GenBankNCBI Reference Sequence: NM_033615.2.

In some embodiments, the present disclosure provides an antisense compound having
atarget-recognition sequence that is sufficiently complementary to an equal length portion of
an ADAM33 transcript as set forth in GenBank NCBI Reference Sequence:

NM _001282447.2 (incorporated herein as SEQ ID NO:l). In some embodiments, the
antisense compound comprises atarget-recognition sequence that is at least 70%, at least
75%, a least 80%, at least 85%, at least 86%, at |east 87% a least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% complementary to an equal length portion of the ADAM33
transcript as set forth in SEQ ID NO: 1. In some embodiments, the antisense compound
comprises atarget-recognition sequence that is perfectly complementary to an equal length
portion of the ADAM33 transcript as set forth in SEQ ID NO: 1.

In some embodiments, the present disclosure provides an antisense compound having
atarget-recognition sequence that is sufficiently complementary to an equal length portion of
an ADAM33 transcript as set forth in GenBank NCBI Reference Sequence: NM_025220.4
(incorporated herein as SEQ ID NO:2). In some embodiments, the antisense compound
comprises atarget-recognition sequencethat is at least 70%, at least 75%, at least 80%, a
least 85%, a least 86%, a least 87% at |east 88%, e |east 89%, at least 90%, a least 91%, at
least 92%, a least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
a least 99% complementary to an equal length portion of the ADAM33 transcript as set

forth in SEQ ID NO:2. In some embodiments, the antisense compound comprises atarget-
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recognition sequence that is perfectly complementary to an equal length portion of the
ADAM33 transcript as set forth in SEQ 1D NO:2.

In some embodiments, the present disclosure provides an antisense compound having
atarget-recognition sequence that is sufficiently complementary to an equal length portion of
an ADAM33 transcript as set forth in GenBank NCBI Reference Sequence: NM_153202.3
(incorporated herein as SEQ ID NO: 3). In some embodiments, the antisense compound
comprises atarget-recognition sequence that is at least 70%, at least 75%, at least 80%, a
least 85%, a least 86%, a least 87% at |east 88%, e least 89%, at |east 90%, a least 91%, at
least 92%, a least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
a least 99% complementary to an equal length portion of the ADAM33 transcript as set
forth in SEQ ID NO:3. In some embodiments, the antisense compound comprises atarget-
recognition sequence that is perfectly complementary to an equal length portion of the
ADAM33 transcript as set forth in SEQ 1D NO:3.

In some embodiments, the present disclosure provides an antisense compound having
atarget-recognition sequence that is sufficiently complementary to an equal length portion of
an ADAM33 transcript as set forth GenBank NCBI Reference Sequence: NM_025220.3
(incorporated herein as SEQ ID NO:4). In some embodiments, the antisense compound
comprises atarget-recognition sequence that is at least 70%, at least 75%, at least 80%, a
least 85%, a least 86%, a least 87% at |east 88%, e least 89%, at |east 90%, a least 91%, at
least 92%, a least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
a least 99% complementary to an equal length portion of the ADAM33 transcript as set forth
in SEQ ID NO:4. In some embodiments, the antisense compound comprises atarget-
recognition sequence that is perfectly complementary to an equal length portion of the
ADAM33 transcript as set forth in SEQ 1D NO:4.

In some embodiments, the present disclosure provides an antisense compound having
atarget-recognition sequence that is sufficiently complementary to an equal length portion of
the 3' end of the open reading frame of an ADAM33 transcript. In some embodiments, the
antisense compound comprises atarget-recognition sequence that is at least 70%, at least
75%, a least 80%, at least 85%, at |least 86%, at least 87% a least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, a least 96%, a least
97%, at least 98%, or at least 99% complementary to an equal length portion of the 3' end of
the open reading frame of the ADAM33 transcript as set forth in SEQ ID NO: 1. In some
embodiments, the antisense compound comprises atarget-recognition sequence that is

perfectly complementary to an equal length portion of the 3' end of the open reading frame of
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the ADAM33 transcript as set forth in SEQ ID NO: 1. In some embodiments, the antisense
compound comprises atarget-recognition sequence that is a least 70%, at least 75%, a |least
80%, et least 85%, a least 86%, at least 87% at least 88%, at |east 89%, at least 90%, a least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, a least 97%, a least
98%, or a least 99% complementary to an equal length portion of the 3' end of the open
reading frame of the ADAM33 transcript as set forth in SEQ ID NO:2. In some
embodiments, the antisense compound comprises atarget-recognition sequence that is
perfectly complementary to an equal length portion of the 3' end of the open reading frame of
the ADAM33 transcript as set forth in SEQ ID NO:2. In some embodiments, the antisense
compound comprises atarget-recognition sequence that is a least 70%, at least 75%, a |least
80%, et least 85%, a least 86%, at least 87% at least 88%, at |east 89%, at least 90%, a |least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, a least 97%, a least
98%, or a least 99% complementary to an equal length portion of the 3' end of the open
reading frame of the ADAM33 transcript as set forth in SEQ ID NO:3. In some
embodiments, the antisense compound comprises atarget-recognition sequence that is
perfectly complementary to an equal length portion of the 3' end of the open reading frame of
the ADAM33 transcript as set forth in SEQ ID NO:3. In some embodiments, the antisense
compound comprises atarget-recognition sequence that is a least 70%, at least 75%, a least
80%, et least 85%, a least 86%, at least 87% at |east 88%, at |east 89%, at least 90%, a least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, a least 97%, a least
98%, or a least 99% complementary to an equal length portion of the 3' end of the open
reading frame of the ADAM33 transcript as set forth in SEQ ID NO:4. In some
embodiments, the antisense compound comprises atarget-recognition sequence that is
perfectly complementary to an equal length portion of the 3' end of the open reading frame of
the ADAM33 transcript as set forth in SEQ ID NO:4.

In some embodiments, the present disclosure provides an antisense compound having
atarget-recognition sequence that is sufficiently complementary to an equal length portion of
the 5' end of the open reading frame of an ADAM33 transcript. In some embodiments, the
antisense compound comprises atarget-recognition sequence that is at least 70%, at least
75%, a least 80%, at least 85%, at |least 86%, at least 87% a least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, a least 95%, a least 96%, at least
97%, at least 98%, or at least 99% complementary to an equal length portion of the 5' end of
the open reading frame of the ADAM33 transcript as set forth in SEQ ID NO: 1. In some

embodiments, the antisense compound comprises atarget-recognition sequence that is
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perfectly complementary to an equal length portion of the 5' end of the open reading frame of
the ADAM33 transcript as set forth in SEQ ID NO: 1. In some embodiments, the antisense
compound comprises atarget-recognition sequence that is a least 70%, at least 75%, a least
80%, et least 85%, a least 86%, at least 87% et |east 88%, e least 89%, at |east 90%, at |east
91%, at least 92%, at least 93%, at least 94%, at least 95%, a least 96%, a least 97%, at |least
98%, or a least 99% complementary to an equal length portion of the 5' end of the open
reading frame of the ADAM33 transcript as set forth in SEQ ID NO:2. In some
embodiments, the antisense compound comprises atarget-recognition sequence that is
perfectly complementary to an equal length portion of the 5' end of the open reading frame of
the ADAM33 transcript as set forth in SEQ ID NO:2. In some embodiments, the antisense
compound comprises atarget-recognition sequence that is a least 70%, at least 75%, & least
80%, at least 85%, a least 86%, at least 87% at |east 88%, at |east 89%, at least 90%, a least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, a least 97%, a least
98%, or a least 99% complementary to an equal length portion of the 5' end of the open
reading frame of the ADAM33 transcript as set forth in SEQ ID NO:3. In some
embodiments, the antisense compound comprises atarget-recognition sequence that is
perfectly complementary to an equal length portion of the 5' end of the open reading frame of
the ADAM33 transcript as set forth in SEQ ID NO:3. In some embodiments, the antisense
compound comprises atarget-recognition sequence that is a least 70%, at least 75%, a |least
80%, at least 85%, a least 86%, at least 87% at |east 88%, at |east 89%, at least 90%, a least
91%, at least 92%, at least 93%, at least 94%, at least 95%, a least 96%, a least 97%, at |least
98%, or a least 99% complementary to an equal length portion of the 5' end of the open
reading frame of the ADAM33 transcript as set forth in SEQ ID NO:4. In some
embodiments, the antisense compound comprises atarget-recognition sequence that is
perfectly complementary to an equal length portion of the 5' end of the open reading frame of
the ADAM33 transcript as set forth in SEQ ID NO:4.

In some embodiments, the present disclosure provides an antisense compound having
atarget-recognition sequence that is sufficiently complementary to an equal length portion of
the 3' untrandated region of an ADAM33 transcript. In some embodiments, the antisense
compound comprises atarget-recognition sequence that is a least 70%, at least 75%, a least
80%, at least 85%, a least 86%, at least 87% at |east 88%, at |east 89%, at least 90%, a least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, a least 97%, a least
98%, or a least 99% complementary to an equal length portion of the 3' untranslated region
of the ADAM33 transcript as set forth in SEQ ID NO: 1. In some embodiments, the antisense
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compound comprises atarget-recognition sequence that is perfectly complementary to an
equal length portion of the 3' untranslated region of the ADAM33 transcript as set forth in
SEQ ID NO: 1. In some embodiments, the antisense compound comprises atarget-
recognition sequence that is at least 70%, e least 75%, a least 80%, at least 85%, at least
86%, at least 87% at least 88%, at least 89%, at |east 90%, at least 91%, a least 92%, a least
93%, at least 94%, at least 95%, a least 96%, at least 97%, at least 98%, or a least 99%
complementary to an equal length portion of the 3' untranslated region of the ADAM33
transcript as set forthin SEQ ID NO:2. In some embodiments, the antisense compound
comprises atarget-recognition sequence that is perfectly complementary to an equal length
portion of the 3' untranslated region of the ADAM33 transcript as set forth in SEQ 1D NO:2.
In some embodiments, the antisense compound comprises atarget-recognition sequence that
is at least 70%, at least 75%, a least 80%, a |least 85%, a least 86%, at least 87% d least
88%, at least 89%, a least 90%, at least 91%, at least 92%, at least 93%, at least 94%, d least
95%, a least 96%, at least 97%, at least 98%, or at least 99% complementary to an equal
length portion of the 3' untranslated region of the ADAM33 transcript as set forthin SEQ ID
NO: 3. In some embodiments, the antisense compound comprises atarget-recognition
sequence that is perfectly complementary to an equal length portion of the 3' untranslated
region of the ADAM33 transcript as set forth in SEQ ID NO:3. In some embodiments, the
antisense compound comprises atarget-recognition sequence that is at least 70%, at least
75%, a least 80%, at least 85%, at |least 86%, at least 87% a least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, a least 95%, a least 96%, at least
97%, at least 98%, or at least 99% complementary to an equal length portion of the 3'
untrandated region of the ADAM33 transcript as set forthin SEQ ID NO:4. In some
embodiments, the antisense compound comprises atarget-recognition sequence that is
perfectly complementary to an equal length portion of the 3' untranslated region of the
ADAM33 transcript as set forth in SEQ 1D NO:4.

In some embodiments, the present disclosure provides an antisense compound having
atarget-recognition sequence that is sufficiently complementary to an equal length portion of
the 5' untrandated region of an ADAM33 transcript. In some embodiments, the antisense
compound comprises atarget-recognition sequence that is a least 70%, at least 75%, a |least
80%, et least 85%, a least 86%, at least 87% at |east 88%, at |east 89%, at least 90%, a least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, a least 97%, a least
98%, or a least 99% complementary to an equal length portion of the 5' untranslated region
of the ADAM33 transcript as set forth in SEQ ID NO: 1. In some embodiments, the antisense
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compound comprises atarget-recognition sequence that is perfectly complementary to an
equal length portion of the 5' untranslated region of the ADAM33 transcript as set forth in
SEQ ID NO: 1. In some embodiments, the antisense compound comprises atarget-
recognition sequence that is at least 70%, e least 75%, a least 80%, at least 85%, at least
86%, at least 87% a least 88%, at least 89%, at least 90%, at least 91%, at least 92%, a least
93%, at least 94%, at least 95%, a least 96%, at least 97%, at least 98%, or a least 99%
complementary to an equal length portion of the 5' untranslated region of the ADAM33
transcript as set forthin SEQ ID NO:2. In some embodiments, the antisense compound
comprises atarget-recognition sequence that is perfectly complementary to an equal length
portion of the 5' untranslated region of the ADAM33 transcript as set forth in SEQ 1D NO:2.
In some embodiments, the antisense compound comprises atarget-recognition sequence that
is at least 70%, at least 75%,  least 80%, a least 85%, at least 86%, at least 87% at least
88%, at least 89%, at least 90%, at least 91%, at least 92%, a least 93%, a least 94%, at |least
95%, a least 96%, at least 97%, at least 98%, or at least 99% complementary to an equal
length portion of the 5' untranslated region of the ADAM33 transcript as set forthin SEQ ID
NO: 3. In some embodiments, the antisense compound comprises atarget-recognition
sequence that is perfectly complementary to an equal length portion of the 5' untranslated
region of the ADAM33 transcript as set forth in SEQ ID NO:3. In some embodiments, the
antisense compound comprises atarget-recognition sequence that is at least 70%, at least
75%, a least 80%, at least 85%, at |least 86%, at least 87% a least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, a least 95%, a least 96%, at least
97%, at least 98%, or at least 99% complementary to an equal length portion of the 5'
untrandated region of the ADAM33 transcript as set forthin SEQ ID NO:4. In some
embodiments, the antisense compound comprises atarget-recognition sequence that is
perfectly complementary to an equal length portion of the 5' untranslated region of the
ADAM33 transcript as set forth in SEQ 1D NO:4.

In some embodiments, the present disclosure provides an antisense compound having
atarget-recognition sequence that is sufficiently complementary to aconserved region of an
ADAM33 transcript, e.g., of ahuman ADAM33 transcript. In some embodiments, the
antisense compound comprises atarget-recognition sequence that is at least 70%, at least
75%, a least 80%, at least 85%, at |least 86%, at least 87% a |least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, a least 96%, a least
97%, at least 98%, or at least 99% complementary to an equal length portion of aconserved
region of the ADAM33 transcript as set forth in SEQ ID NO: 1. In some embodiments, the
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antisense compound comprises atarget-recognition sequence that is perfectly complementary
to an equal length portion of aconserved region of the ADAM33 transcript as set forth in
SEQ ID NO: 1. In some embodiments, the antisense compound comprises atarget-
recognition sequencethat is at least 70%, e least 75%, a least 80%, at least 85%, at least
86%, at least 87% at least 88%, at least 89%, at least 90%, at least 91%, a least 92%, a least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or a least 99%
complementary to an equal length portion of aconserved region of the ADAM33 transcript as
set forth in SEQ ID NO:2. In some embodiments, the antisense compound comprises a
target-recognition sequence that is perfectly complementary to an equal length portion of a
conserved region of the ADAM33 transcript as set forth in SEQ ID NO:2. In some
embodiments, the antisense compound comprises atarget-recognition sequence that is at least
70%, a least 75%, at least 80%, at least 85%, at least 86%, at |east 87% at |east 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, a |least 94%, a least 95%, at least
96%, at least 97%, at least 98%, or at least 99% complementary to an equal length portion of
aconserved region of the ADAM33 transcript as set forth in SEQ ID NO:3. In some
embodiments, the antisense compound comprises atarget-recognition sequence that is
perfectly complementary to an equal length portion of aconserved region of the ADAM33
transcript as set forth in SEQ ID NO:3. In some embodiments, the antisense compound
comprises atarget-recognition sequencethat is at least 70%, at least 75%, at least 80%, a
least 85%, a least 86%, a least 87% at |east 88%, e |least 89%, at |east 90%, a least 91%, at
least 92%, a least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
a least 99% complementary to an equal length portion of aconserved region of the
ADAM33 transcript as set forth in SEQ ID NO:4. In some embodiments, the antisense
compound comprises atarget-recognition sequence that is perfectly complementary to an
equal length portion of aconserved region of the ADAM33 transcript as set forth in SEQ ID
NO:4.

In some embodiments, the present disclosure provides an antisense compound having
atarget-recognition sequence that is sufficiently complementary to aconserved region of a
non-human (e.g., non-human primate, rodent, etc.) ADAM33 transcript. In some
embodiments, the antisense compound comprises atarget-recognition sequence that is at least
70%, a least 75%, at least 80%, at least 85%, at least 86%, at |east 87% at |east 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, a least 94%, a least 95%, at least
96%, at least 97%, at least 98%, or at least 99% complementary to an equal length portion of

aconserved region of anon-human (e.g., non-human primate, rodent, etc.) ADAM33
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transcript. 1n some embodiments, the antisense compound comprises atarget-recognition
sequence that is perfectly complementary to an equal length portion of aconserved region of
anon-human (e.g., non-human primate, rodent, etc.) ADAM 33 transcript.

In certain embodiments, the present disclosure provides an antisense oligonuclectide
targeting ahuman ADAM 33 transcript, having atarget-recognition sequence that comprises a
nucleic acid sequence with at least 70%, at least 75%, e |least 80%, a |least 85%, a least
86%, at least 87% at least 88%, at least 89%, at least 90%, at least 91%, a least 92%, a least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or a least 99%

sequence identity to the nucleic acid sequence of any of the following:

5'-T,GAtc.C0:t.0:t.9.9, T, T.G- 3" (SEQ |
' A T.Giast sC5C0st 0t s9:G T T-3"  (SEQ |
"-AGA T gsast ;c .0t gt (GG T3 (SEQ |
'-CAAt Oiast cc gt 9. T.G,G3"  (SEQ |
5'-T,GT.cast 0:09:t t t t ,CAG=3" (SEQ I
5'- GG T.0:t ;coast (9.0t t T, T.C-3" (SEQ |
5'-AGGit sgst sCsast 99t T T T-3" (SEQ |
5
5

(&)]

o »

F-TCAt sttt a.0.0:a:9:.C.T,A—8 (SEQ |
=T, TCast ttta,9.9.a,G,CT-3"  (SEQ |
=T, G T tscqast t tt.a,0,GAG=3" (SEQ |
'-T,C.C.0st s0:9.a.a5a,t 1 ;GC,A—3" (SEQ |

o
O O 0O 0O 0O 0O 0O UT U U O

EEEB8B8865555

(&)]

wherein an 'S denotes a phosphorothioate linkage, an uppercase letter denotes alinked
nucleotide (LNA), and alower case letter denotes a deoxyribonucleotide. In certain
embodiments, the present disclosure provides an antisense oligonucleotide having atarget-
recognition sequence that comprises anucleic acid sequence with at least 70%, at least 75%,
a least 80%, at least 85%, et least 86%, e |least 87% at least 88%, at least 89%, at least 90%,
a least 91%, a least 92%, a least 93%, a least 94%, a least 95%, at least 96%, at least 97%,
a least 98%, or at least 99% sequence identity to the nucleic acid sequence as set forth in any
of SEQ ID NOs:5-15. In some embodiments, an antisense oligonuclectide of the present
disclosure comprises anucleic acid sequence with at least 90% sequence identity to the
nucleic acid sequence set forth in any one of SEQ ID NOs:5-15. In some embodiments, an
antisense oligonucleotide of the present disclosure comprises anucleic acid sequence with a
least 95% sequence identity to the nucleic acid sequence set forth in any one of SEQ ID
NOs:5-15.
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In some embodiments, the present disclosure provides an antisense oligonucleotide
targeting amouse ADAM33 transcript, having atarget-recognition sequence that comprises a
nucleic acid sequence with a least 70%, at least 75%, a least 80%, a least 85%, a least
86%, at least 87% at least 88%, at least 89%, e least 90%, a least 91%, at least 92%, e least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or a least 99%

sequence identity to the nucleic acid sequence of any of the following:

'-TsGAst 050505t 5951 :0:09:T;TsG 3 (SEQ 1D NO:5)
'-AGGcast et 5€59:0:t TS TG 3 (SEQ | D NQO 55)
' - T,AAQ.Ctc.a.0.,a.0,t ., T.C.G3 (SEQ |ID NO 56)
'-G,GT,a.,a.0.c.t.c.,a.,g.a.G, T, T-3' (SEQ I D NGO 57)
'-T,C,T,a.t . g.a,c.a,a,c.,a,G,C.,T-3' (SEQ |ID NO 58)

a o o a o

wherein an 's denotes a phosphorothioate linkage, an uppercase letter denotes alinked
nucleotide (LNA), and alower case letter denotes a deoxyribonuclectide. In certain
embodiments, the present disclosure provides an antisense oligonucleotide targeting a mouse
ADAM33 transcript, having atarget-recognition sequence that comprises anucleic acid
sequence with at least 70%, a least 75%, a least 80%, a least 85%, at least 86%, e least
87% a least 88%, a least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, a least 96%, at least 97%, a least 98%, or at least 99% sequence identity
to the nucleic acid sequence as set forth in any of SEQ ID NOs:5 and 16-19.

Conjugated Antisense Compounds

Antisense compounds may be covalently linked to one or more moieties or conjugates
which enhance the activity, cellular distribution or cellular uptake of the resulting antisense
oligonuclectides. Antisense compounds may be covalently linked to one or more moieties or
conjugates which enhance and/or optimize pharmacokinetic parameters. Various
pharmacokinetic parameters are known to aperson of ordinary skill in the art, for example,
absorbance, concentration of acompound in the body, the degree to which a compound
permeates the body, the rate of elimination/clearance of acompound, the volume of plasma
cleared of acompound per unit time, and others.

Typica conjugate groups include cholesterol moieties and lipid moieties. Such
moieties include, but are not limited to, lipid moieties such as a cholesterol moiety (Letsinger
et al., Proc. Natl. Acad. Sci. USA, 1989, 86, 6553-6556), cholic acid (Manoharan et al,
Bioorg. Med. Chem. Let, 1994, 4, 1053-1060), athioether, e.g., hexyl-S-tritylthiol
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(Manoharan etal, Ann. N.Y. Acad. Sci., 1992, 660, 306-309; Manoharan et al, Bioorg. Med.
Chem. Let., 1993, 3, 2765-2770), athiocholesterol (Oberhauser et al, Nucl. Acids Res.,
1992, 20, 533-538), an diphatic chain, e.g., dodecandiol or undecyl residues (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 triethylammonium 1,2-di-O-hexadecyl-rac-
glycero-3-H-phosphonate (Manoharan et a, Tetrahedron Lett., 1995, 36, 3651-3654; Shea et
a, Nucl. Acids Res., 1990, 18, 3777-3783), apolyamine or apolyethylene glycol chain
(Mancharan et a, Nucleosides & Nucleotides, 1995, 14, 969-973), or adamantane acetic acid
(Manoharan et a, Tetrahedron Lett, 1995, 36, 3651-3654), apamityl moiety (Mishra et al.,
Biochim. Biophys. Acta, 1995, 1264, 229-237), or an octadecylamine or hexylamino-
carbonyl-t oxycholesterol moiety (Crooke et a., J. Pharmacol. Exp. Ther., 1996, 277, 923-
937). For example, alipid moiety based on I-0-hexa-decyloxy-|,3-propanediol  can be
conjugated to an antisense compound of the present disclosure. Such alipid moiety has
previously been shown to increase small molecule uptake and improve the oral bioavailability
of nucleoside drugs (see, e.g., Aldern et al., Mol. Pharmacol. 2003, 63:678-681; and
Hostetler, Antiviral Res. 2009, 82:A84-A98). Additional conjugate groups include
carbohydrates, phospholipids, biotin, phenazine, folate, phenanthridine, anthraquinone,
acridine, fluoresceins, rhodamines, coumarins, and dyes. In some embodiments, conjugation
of aligand to an antisense compound allows recognition by cell-surface receptors (see, e.g.,
Wolfrum et a, Nat. Biotechnol. 2007, 25: 1149-1 157; Hostetler et al, Antiviral Chem.
Chemother. 2001, 12:61-70; and Prakash et al, Nucleic Acids Res. 2014, 42:8796-807).
Methods of attaching one or more moieties or conjugates are well known in the art.

Antisense compounds can also be modified to have one or more stabilizing groups
that are generally attached to one or both termini of antisense compounds to enhance
properties such as, for example, nuclease stability. Included in stabilizing groups are cap
structures. These termina modifications protect the antisense compound having terminal
nucleic acid from exonuclease degradation, and can help in delivery and/or localization
within acell. The cap can be present a the 5'-terminus (5'-cap), or a the 3'-terminus (3'-
cap), or can be present on both termini. Cap structures are well known in the art and include,
for example, inverted deoxy abasic caps. Further 3' and 5'-stabilizing groups that can be used
to cap one or both ends of an antisense compound to impart nuclease stability include those
disclosed in WO 03/004602 published on Jan. 16, 2003.

In some embodiments, an antisense compound of the present disclosure comprises a

conjugate. In one embodiment, an antisense compound of the present disclosure comprises a
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target-recognition sequence and a conjugate, wherein the conjugate is linked to the target-
recognition sequence. In some embodiments, the conjugate is selected from any of the
conjugates described herein, for example, ahydrophobic conjugate, atissue-targeting
conjugate, or a conjugate designed to optimize pharmacokinetic parameters. A hydrophobic
conjugate useful for conjugating to antisense compounds of the present disclosure, includes a
hexadecyloxypropyl conjugate, acholesterol conjugate, apolyunsaturated fatty acid
conjugate, and others known in the art that may improve cellular uptake of a conjugate
antisense compound. In some embodiments, the conjugate may be atissue-targeting
conjugate, for example, a carbohydrate conjugate, or apeptide conjugate, or any conjugate
known in the art that can target an antisense compound of the present disclosure to a specific
tissue. In some embodiments, an antisense compound of the present disclosure is conjugated
with apolyethylene glycol conjugate. In one embodiment, apolyethylene glycol conjugate
antisense compound optimizes pharmacokinetic properties of the antisense compound.

In certain embodiments, the present disclosure provides abiostable antisense
oligonucleotide having atarget-recognition sequence that comprises anucleic acid sequence
with at least 70%, e least 75%, a |least 80%, a least 85%, at least 86%, at least 87% at least
88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, a least 94%, a least
95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to the nucleic

acid sequence of any of the following:

5'-T,GAt c.C0:t.0:t 9.9, T, TG 3" (SEQ |
'-A T Gast s€5C 0t 0t 9 G T, T8 (SEQ |
'-BA T gsast ;c.c 0.t 0.t GG T3 (SEQ |
'-CAAt baast cc gt 9. T.G,G38"  (SEQ |
'-T.GT.Coast 0.0ttt t ,CAG=3" (SEQ |
-GG T gt e at 9.0t t T, T.C-3" (SEQ |
' AG Gt gstsCiast (059t ST T T-3" (SEQ |
F-TCAtttta.0.0:a.0.C.T,A—8" (SEQ |
'-T.TCoast sttt .a:0:9:a:G,C. T3 (SEQ |
=T GTtcoastt it ta.9:.GAG3" (SEQ |
' -T.C.C.0st c0:0:asasast st ;G,C,A—=8"  (SEQ |

g o o o o a ua

(&)]

o
O O 0O 0O 0O 0O 0O O o O O

FEEB8B8B8865555

(&)]

wherein an 'S denotes a phosphorothioate linkage, an uppercase letter denotes alinked
nucleotide (LNA), and alower case letter denotes a deoxyribonucleotide, and wherein the
biostable antisense oligonucleotide comprises a hydrophobic conjugate terminal to the target-

recognition sequence. In some embodiments, the hydrophobic conjugate is
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hexadecyloxypropyl (HOP). In such embodiments, the biostable antisense oligonucleotide
having atarget-recognition sequence that comprises anucleic acid sequence with a least
70%, at least 75%, a least 80%, at least 85%, d least 86%, at least 87% e least 88%, a least
89%, at least 90%, at least 91%, at least 92%, at least 93%, a least 94%, a least 95%, at least
96%, at least 97%, a least 98%, or at least 99% sequence identity to the nucleic acid

sequence of any of the following:

5'- (HOP) (T.GAst sCsC0st Qs c0:9:TT:G-3" (SEQ I D NO:16)
5' - (HOP) A T ,Giast sCsC:0st 9:t 509G T, T—=" (SEQ ID NO:17)
5' - (HOP) ;AsAsTsQgsast sCsCsQst sgst sGsGsT—-3' (SEQ I D NO:18)
5'- (HOP) ,C,A A t  gsast CsC.0.t 9. TsG.,G=3" (SEQ ID NO:19)
5'- (HOP) (T G,T.C.a.t.0:9:t .ttt ,C;AA,G-3" (SEQ ID NO:20)
5'- (HOP) ;GsGsTsgst sCs@st sgsgst st sTsTsC-3" (SEQ 1D NO:21)
5' - (HOP) ,A,G,Gst .0t sCeast 959t T, T,T—3' (SEQ I D NO:22)
5'- (HOP) (T ,C/A.t t t .t .a.0.9.a;9.C.T.A—3" (SEQ ID NO:23)
5'- (HOP) (T T.C.aststotot.a.0:9:a:G.C;T—3" (SEQ |ID NO:24)
5'- (HOP) (T.G.T.t Csast .t t t.a.0.GA;G3" (SEQ |ID NO:25)
5' - (HOP) (TsC.C.0st :0:.0sasasast st sG.CsA—3" (SEQ | D NO:26)

wherein an 's denotes a phosphorothioate linkage, an uppercase letter denotes alinked
nucleotide (LNA), alower case letter denotes a deoxyribonucleotide, and (HOP) denotes a
hexadecyloxypropyl conjugate. In certain embodiments, the present disclosure provides a
biostable antisense oligonucleotide having atarget-recognition sequence that comprises a
nucleic acid sequence with a least 70%, at least 75%, a least 80%, at least 85%, a least
86%, at least 87% a least 88%, at least 89%, a least 90%, a least 91%, at least 92%, a least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or a least 99%
sequence identity to the nucleic acid sequence as set forth in any of SEQ ID NOs:. 16-26. In
some embodiments, abiostable antisense oligonucleotide of the present disclosure comprises
anucleic acid sequence with at least 90% sequence identity to the nucleic acid sequence set
forth in any one of SEQ ID NOs: 16-26. In some embodiments, abiostable antisense
oligonucleotide of the present disclosure comprises anucleic acid sequence with at least 95%
sequence identity to the nucleic acid sequence set forth in any one of SEQ ID NOs: 16-26.

In some embodiments, the present disclosure provides abiostable antisense
compound. In one embodiment, the biostable antisense compound comprises atarget-
recognition sequence and a conjugate, wherein the conjugate islinked to the target-

recognition sequence. In some embodiments, the conjugate of aconjugated antisense
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compound remains stably linked to the antisense compound after cellular internalization. In
one embodiment, the conjugate of a conjugate antisense compound remains stably linked to
the target-recognition sequence after cellular internalization.

In some embodiments, the present disclosure provides biocleavable analogues of
antisense oligonucleotides described herein. In such cases, biocleavable analogues comprise
ahydrophobic conjugate that leads to stronger association with cell membranes and alinker.
In one embodiment, the linker is acleavable linker that when cleaved, rel eases the antisense
oligonucleotide, e.g., releases the antisense oligonucleotide into endosomes. In some
embodiments, an antisense compound comprises acleavable linker, wherein the cleavable
linker degrades when cleaved. In some embodiments, the linker is anuclease-cleavable
linker comprising a phosphodiester linkage. In some embodiments, the nuclease-cleavable
linker comprising aphosphodiester linkage is about 2 to about 8 nucleotides. For example, a
nuclease-cleavable phosphodiester linker can be 3, 4, 5, 6, 7, 8 nucleotides in length, or
longer, eg., 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 nucleotides in length, or longer. In one
embodiment, the nuclease-cleavable linker comprises about 6 nucleotides. In some
embodiments, the cleavable linker is cleaved after cellular internalization. In some
embodiments, the cleavable linker is cleaved within an endosome. In some embodiments, the
cleavable linker is cleaved under reducing conditions. In some embodiments, the cleavable
linker is cleaved under changing pH conditions, for example the cleavable linker is cleaved
when the pH decreases, or when the pH increases. In some embodiments, the cleavable
linker is cleaved by an intracellular nuclease or protease. In some embodiments, the
cleavable linker is cleaved by an endosomal nuclease or protease.

In certain embodiments an antisense oligonuclectide of the present disclosureisa
biocleavable antisense oligonucleotide comprising anucleic acid sequence with at least 70%,
a least 75%, at least 80%, et least 85%, e |least 86%, a least 87% at least 88%, at least 89%,
at least 90%, a least 91%, a least 92%, a least 93%, a least 94%, at least 95%, at least 96%,
a least 97%, at least 98%, or at least 99% sequence identity to the nucleic acid sequence of

any of the following:

5'- (HOP)ttttttT GAt CCs0st 0t 0,9, TT,G3"' (SEQ ID NGO 27)
5'- (HOP)ttttttA ,T,Ga,t cC 0t 0:t9,GT,T-3' (SEQ I D NO 28)
5'- (HOP)tttttt A A;T,0 8.t sCC0:t 0t GG T-3' (SEQ I D NO 29)
5'- (HOP)ttttttC AAt g.at.c.c0.t 9. T.G,G3 (SEQ I D NO 30)
5'- (HOP)ttttttT GT,c.act (g.0.t sttt .CAG3 (SEQ I D NO 31)
5'- (HOP)tttttt G (GT 0.t Cqagt (905t t T, T,CG3  (SEQ I D NO 32)
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5'- (HOP) ttttttA (GGt 0.t .Cc.a.t.0.9.,t . T.T.T-3' (SEQ ID NGO :33)
5'- (HOP) ttttttT _C/,At .t .t t_a.,9.9.a,0.C.T.A-3' (SEQ ID NGO :34)
5'- (HOP) ttttttT _T,C,at t .t t_a.g.9.a.G,C.,T-3' (SEQ ID NGO :35)
5'- (HOP) ttttttT G Tt c.ast t .t t.a,0.GA.G-3' (SEQ ID NO:36)
5'- (HOP) ttttttT ,C,C,0.t 0.0;asasast t ;GC,A-3" (SEQ ID NO:37)

wherein an V denotes a phosphorothioate linkage, an uppercase letter denotes alinked
nucleotide (LNA), alower case |etter denotes a deoxyribonucleotide, and (HOP) denotes a
hexadecyloxypropyl conjugate. In certain embodiments, the present disclosure provides a
biocleavable antisense oligonucleotide comprising anucleic acid sequence with at least 70%,
a least 75%, at least 80%, et |least 85%, e |least 86%, a least 87% at least 88%, at least 89%,
at least 90%, a least 91%, a least 92%, a least 93%, at least 94%, at least 95%, at least 96%,
a least 97%, at least 98%, or at least 99% sequence identity to the nucleic acid sequence as
set forth in any of SEQ ID NOs.27-37. In some embodiments, abiocleavable antisense
oligonucleotide of the present disclosure comprises anucleic acid sequence with a least 90%
sequence identity to the nucleic acid sequence set forth in any one of SEQ ID NOs:27-37. In
some embodiments, abiocleavable antisense oligonuclectide of the present disclosure
comprises anucleic acid sequence with at least 95% sequence identity to the nucleic acid
sequence set forth in any one of SEQ ID NOs:27-37.

Pharmaceutical Compositions and For mulations

Provided herein are pharmaceutical compositions and formulations which include the
antisense compounds described herein. For example, the antisense oligonucleotides
described herein can be admixed, encapsulated, conjugated or otherwise associated with other
molecules, molecule structures or mixtures of compounds. A pharmaceutical composition of
the invention is formulated to be compatible with its intended route of administration.
Examples of routes of administration include oral administration, mucosal administration,
subcutaneous administration, intramuscular administration, topical administration,
intravenous administration, intrathecal administration, intracerebroventricular administration,
or inhalation. Examples of routes of administration include parenteral, e.g., intravenous,
intradermal, subcutaneous, intraperitoneal, intramuscular, oral (e.g., inhalation), transdermal
(topical), and transmucosal administration. Solutions or suspensions used for parenteral,
intradermal, or subcutaneous application can include the following components. a sterile
diluent such aswater for injection, saline solution, fixed oils, polyethylene glycols, glycerine,

propylene glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol or
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methyl parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such
as ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates and agents
for the adjustment of tonicity such as sodium chloride or dextrose. pH can be adjusted with
acids or bases, such as hydrochloric acid or sodium hydroxide. The parenteral preparation
can be enclosed in ampoules, disposable syringes or multiple dose vials made of glass or
plastic.

Pharmaceutical compositions suitable for injectable use include sterile agueous
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. For intravenous administration,
suitable carriers include physiological saline, bacteriostatic water, Cremophor EL.TM.
(BASF, Parsippany, N.J.) or phosphate buffered saline (PBS). In all cases, the composition
must be sterile and should be fluid to the extent that easy syringability exists. It must be
stable under the conditions of manufacture and storage and must be preserved against the
contaminating action of microorganisms such asbacteria and fungi. The carrier can be a
solvent or dispersion medium containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyetheylene glycol, and the like), and suitable
mixtures thereof. The proper fluidity can be maintained, for example, by the use of a coating
such as lecithin, by the maintenance of the required particle size in the case of dispersion and
by the use of surfactants. Prevention of the action of microorganisms can be achieved by
various antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenal,
ascorbic acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic
agents, for example, sugars, polyalcohols such as manitol, sorbitol, sodium chloride in the
composition. Prolonged absorption of the injectable compositions can be brought about by
including in the composition an agent which delays absorption, for example, aluminum
monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporating the active compound in
the required amount in an appropriate solvent with one or acombination of ingredients
enumerated above, as required, followed by filtered sterilization. Generally, dispersions are
prepared by incorporating the active compound into a sterile vehicle which contains abasic
dispersion medium and the required other ingredients from those enumerated above. Inthe
case of sterile powders for the preparation of sterile injectable solutions, the preferred
methods of preparation are vacuum drying and freeze-drying which yields a powder of the
active ingredient plus any additional desired ingredient from apreviously sterile-filtered

solution thereof.
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Oral compositions generally include an inert diluent or an edible carrier. They can be
enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic
administration, the active compound can be incorporated with excipients and used in the form
of tablets, troches, or capsules. Oral compositions can also be prepared using afluid carrier
for use as amouthwash, wherein the compound in the fluid carrier is applied orally and
swished and expectorated or swallowed. Pharmaceutically compatible binding agents, and/or
adjuvant materials can be included as part of the composition. The tablets, pills, capsules,
troches and the like can contain any of the following ingredients, or compounds of asimilar
nature: abinder such as microcrystalline cellulose, gum tragacanth or gelatin; an excipient
such as starch or lactose, adisintegrating agent such as alginic acid, Primogel, or corn starch;
alubricant such as magnesium stearate or Sterotes; aglidant such as colloidal silicon dioxide;
a sweetening agent such as sucrose or saccharin; or aflavoring agent such as peppermint,
methyl salicylate, or orange flavoring.

The pharmaceutical compositions can be administered in anumber of ways depending
on, for example, whether local or systemic treatment is desired and/or the areato be treated.
In one embodiment, administration istopical to the surface of the respiratory tract,
particularly nasal and pulmonary, e.g., by nebulization, inhalation, or insufflation of powders,
solutions, gels, or aerosols (e.g., drops or sprays), by mouth and/or nose. For example, in
some embodiments, aonce-daily inhaler or aonce-weekly nebulized formulation can be used.
For administration by inhalation, the compounds are delivered in the form of an aerosol spray
from pressured container or dispenser which contains a suitable propellant, e.g., agas such as
carbon dioxide, or anebulizer.

The pharmaceutical compositions and formulations provided herein can, in some
embodiments, be conveniently presented in unit dosage form and can be prepared according
to conventional techniques well known in the pharmaceutical industry. Such techniques can
include bringing into association the active ingredients with the pharmaceutical carrier(s) or
excipient(s). In general, the formulations can be prepared by uniformly and intimately
bringing into association the active ingredients with liquid carriers, finely divided solid
carriers, or both, and then, if necessary, shaping the product (e.g., into a specific particle size
for delivery). In one embodiment, the pharmaceutical formulations are prepared for
pulmonary administration in an appropriate solvent, e.g., water or normal saline, and
optionally in a sterile formulation with carriers or other agentsto allow for the formation of

droplets of the desired diameter for delivery using inhalers, nasal delivery devices,
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nebulizers, and other devices for pulmonary delivery. Alternatively, the pharmaceutical
formulations can be formulated as dry powders for use in dry powder inhalers.

In some embodiments of the compositions (e.g., pharmaceutical compositions or
formulations) provided herein, the synthetic antisense oligonucleotide isformulated to be
administered by systemic administration. Systemic administration can also be by
transmucosal or transderma means. For transmucosal or transderma administration,
penetrants appropriate to the barrier to be permeated are used in the formulation. Such
penetrants are generally known in the art, and include, for example, for transmucosal
administration, detergents, bile salts, and fusidic acid derivatives. Transmucosal
administration can be accomplished through the use of nasal sprays or suppositories. For
transdermal administration, the active compounds are formulated into ointments, salves, gels,
or creams as generally known in the art.

In other embodiments, the synthetic antisense oligonucleotide isformulated to be
administered by local administration. In some embodiments, the synthetic antisense
oligonuclectide isformulated to be administered by intranasal, intratracheal, sublingual,
aerosol and/or respiratory administration. In other embodiments, the synthetic antisense
oligonuclectide is administered by insufflation or as anasal spray or nasal gel. In other
embodiments, the synthetic antisense oligonucleotide is formulated to be administered using
anebulizer, nasal inhaler, metered dose inhaler, dry powder inhaler, pulmonary inhaler, or a
combination thereof.

The compounds can also be prepared in the form of suppositories (e.g., with
conventional suppository bases such as cocoa butter and other glycerides) or retention
enemeas for rectal delivery.

An agent of the present disclosure, e.g., an antisense compound targeting an
ADAMS3 transcript can aso be administered by transfection or infection using methods
known in the art, including but not limited to the methods described in McCaffrey et al.
(2002), Nature, 418(6893), 38-9 (hydrodynamic transfection); Xia et a. (2002), Nature
Biotechnol, 20(10), 1006-10 (viral-mediated delivery); or Putnam (1996), Am. J. Headlth
Syst. Pharm. 53(2), 151-160, erratum at Am. J. Health Syst. Pharm. 53(3), 325 (1996).

An agent of the present disclosure, e.g., an antisense compound targeting an
ADAM33 transcript can also be administered by any method suitable for administration of
nucleic acid agents, such as aDNA vaccine. These methods include gene guns, bio injectors,
and skin patches as well as needle-free methods such as the micro-particle DNA vaccine
technology disclosed in U.S. Pat. No. 6,194,389, and the mammalian transdermal needle-free
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vaccination with powder-form vaccine asdisclosed in U.S. Pat. No. 6,168,587. Additionally,
intranasal delivery ispossible, asdescribed in, inter alia, Hamgjima et a. (1998), Clin.
Immunol. ImmunopathoL, 88(2), 205-10. Liposomes (e.g., as described in U.S. Pat. No.
6,472,375) and microencapsulation can also beused. Biodegradable targetable microparticle
delivery systems can also be used (e.g., as described in U.S. Pat. No. 6,471,996).

In one embodiment, the active agents are prepared with carriers that will protect the
compound against rapid elimination from the body, such as a controlled release formulation,
including implants and microencapsulated delivery systems. Biodegradable, biocompatible
polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid,
collagen, polyorthoesters, and polylactic acid. Methods for preparation of such formulations
will be apparent to those skilled in the art. The materials can aso be obtained commercially
from Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions (including
liposomes targeted to infected cells with monoclonal antibodies to viral antigens) can also be
used as pharmaceutically acceptable carriers. These can be prepared according to methods
known to those skilled in the art, for example, as described in U.S. Pat. No. 4,522,81 1.

It is especially advantageous to formulate oral or parenteral compositions in dosage
unit form for ease of administration and uniformity of dosage. Dosage unit form as used
herein refers to physically discrete units suited as unitary dosages for the subject to be
treated; each unit containing a predetermined quantity of active compound calculated to
produce the desired therapeutic effect in association with the required pharmaceutical carrier.
The specification for the dosage unit forms of the invention are dictated by and directly
dependent on the unique characteristics of the active compound and the particular therapeutic
effect to be achieved, and the limitations inherent in the art of compounding such an active
compound for the treatment of individuals.

Toxicity and therapeutic efficacy of such compounds can be determined by standard
pharmaceutical procedures in cell cultures or experimental animals, e.g., for determining the
LD50 (the dose lethal to 50% of the population) and the ED50 (the dose therapeutically
effective in 50% of the population). The dose ratio between toxic and therapeutic effectsis
the therapeutic index and it can be expressed asthe ratio LD50/ED50. Compounds that
exhibit large therapeutic indices are preferred. Although compounds that exhibit toxic side
effects may be used, care should be taken to design adelivery system that targets such
compounds to the site of affected tissue in order to minimize potential damage to uninfected

cells and, thereby, reduce side effects.
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The data obtained from the cell culture assays and animal studies can be used in
formulating arange of dosage for use in humans. The dosage of such compounds lies
preferably within arange of circulating concentrations that include the ED50 with little or no
toxicity. The dosage may vary within this range depending upon the dosage form employed
and the route of administration utilized. For any compound used in the method of the
invention, the therapeutically effective dose can be estimated initially from cell culture
assays. A dose may be formulated in animal models to achieve acirculating plasma
concentration range that includes the EC50 (i.e., the concentration of the test compound
which achieves ahalf-maximal response) as determined in cell culture. Such information can
be used to more accurately determine useful doses in humans. Levels in plasma may be
measured, for example, by high performance liquid chromatography.

The pharmaceutical compositions can be included in a container, pack, or dispenser
together with instructions for administration.

An antisense compound targeted to an ADAM33 nucleic acid can be utilized in
pharmaceutical compositions by combining the antisense compound with a suitable
pharmaceutically acceptable diluent or carrier. A pharmaceutically acceptable diluent
includes phosphate-buffered saline (PBS). PBS isadiluent suitable for use in compositions
to be delivered parenterally. Accordingly, in one embodiment, employed in the methods
described herein is apharmaceutical composition comprising an antisense compound targeted
to an ADAM33 nucleic acid and apharmaceutically acceptable diluent. In certain
embodiments, the pharmaceutically acceptable diluent is PBS. In certain embodiments, the
antisense compound is an antisense oligonucleotide.

Pharmaceutical compositions comprising antisense compounds encompass any
pharmaceutically acceptable salts, esters, or salts of such esters, or any other oligonucleotide
which, upon administration to an animal, including ahuman, is capable of providing (directly
or indirectly) the biologically active metabolite or residue thereof. Accordingly, for example,
the disclosure is also drawn to pharmaceutically acceptable salts of antisense compounds,
prodrugs, pharmaceutically acceptable salts of such prodrugs, and other bioequivalents.
Suitable pharmaceutically acceptable salts include, but are not limited to, sodium and
potassium salts. A prodrug can include the incorporation of additional nucleosides at one or
both ends of an antisense compound which are cleaved by endogenous nucleases within the

body, to form the active antisense compound.

M ethods of Treatment
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The present disclosure provides a method of treating a subject having an ADAM33-
related disorder. Methods of treatment include administering to the subject in need thereof an
effective amount of an antisense compound described herein. In some embodiments, the
antisense compound comprises atarget-recognition sequence that is sufficiently
complementary to an ADAM33 nucleic acid (e.g., an ADAMS33 transcript) to direct cleavage
of the ADAM33 nucleic acid by RNase H.

Methods of treating a subject having an ADAM3 3-related disorder are useful in
treating any ADAM3 3-related disorder known to those of ordinary skill in the art. For
example, an ADAM3 3-related disorder includes, without limitation, e.g., arespiratory
disease, askin disease, acardiovascular disease (e.g., atherosclerosis), an immune disease
(e.g., systemic lupus erythematosus), and acancer or tumor, or any combination thereof.

In some embodiments, a method of treating an ADAM3 3-related disorder is useful in
treating a subject having an ADAM3 3-related respiratory disease known to those of ordinary
skill in the art. For example, an ADAM3 3-related respiratory disease includes, without
limitation, asthma, chronic obstructive pulmonary disease, pulmonary fibrosis, bronchial
disease, respiratory infection, interstitial lung disease, sarcoidosis, rhinitis, and any cancerous
lesion of the respiratory tract, or any combination thereof. In one embodiment, amethod of
treating an ADAM3 3-related disorder isuseful in treating a subject having asthma. In one
embodiment, amethod of treating an ADAM3 3-related disorder isuseful in
reversing/preventing airway remodeling and/or airway inflammation and/or airway
hyperresponsiveness. In one embodiment, airway remodeling is inflammation-dependent. In
one embodiment, airway remodeling is inflammation-independent. For example, see, Davies
et al., JCI Insight (2016) 1(11):e87632.

In some embodiments, a method of treating an ADAM3 3-related disorder is useful in
treating a subject having an ADAM3 3-related skin disease known to those of ordinary skill in
the art. For example, an ADAM3 3-related skin disease includes, without limitation,
psoriasis, keloids, and dermatitis, or any combination thereof.

In some embodiments, amethod of treating an ADAM 3 3-related disorder isuseful in
treating a subject having an ADAM3 3-related cancer or tumor known to those of ordinary
skill in the art. For example, an ADAM3 3-related cancer or tumor includes, without
limitation, gastric cancer, glioblastoma, lung cancer, breast cancer, laryngeal carcinoma,

bronchial carcinoma, nasal polyps, and sinonasal papilloma, or any combination thereof.
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The contents of the articles, patents, and patent applications, and all other documents
and electronically available information mentioned or cited herein, are hereby incorporated
by reference in their entirety to the same extent asif each individual publication was
specifically and individually indicated to be incorporated by reference. Applicants reserve
the right to physically incorporate into this application any and all materials and information
from any such articles, patents, patent applications, or other physical and electronic
documents.

While the present invention has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various changes
may be made and equivalents may be substituted without departing from the true spirit and
scope of the invention. It will bereadily apparent to those skilled in the art that other suitable
modifications and adaptations of the methods described herein may be made using suitable
equivalents without departing from the scope of the embodiments disclosed herein. In
addition, many modifications may be made to adapt aparticular situation, material,
composition of matter, process, process step or steps, to the objective, spirit and scope of the
present invention. All such modifications are intended to be within the scope of the claims
appended hereto. Having now described certain embodiments in detail, the same will be
more clearly understood by reference to the following examples, which are included for

purposes of illustration only and are not intended to be limiting.

EXAMPLES

The present invention is further illustrated by the following examples which should

not be construed as further limiting.

Example 1: Materials and Methods
General methods:

% c,*'PNMR spectrawere recorded on Bruker DPX or Bruker AV NMR
spectrometers operating at 400, 101 and 162 MHz respectively. Small molecules were
analyzed using aWaters (Manchester, UK) TQD mass spectrometer equipped with atriple
quadrupole analyzer. Samples were introduced to the mass spectrometer via an Acquity
UPC? system including a UPC2 Waters HSS C18 SB column (100 mm x 3.0 mm 1.8uin)
Gradient 90% CO,:10% methanol modifier (25mM ammonium acetate) to 60% CO,:40%
methanol modifier (25mM ammonium acetate) in 3 min at aflow rate of 1.5 mL/min. The

make-up flow (methanol / 1% formic acid) was pumped a aflow rate of 0.45 mL/min into

53



10

15

20

25

30

WO 2018/226788 PCT/US2018/036203

the mass spectrometer. Mass spectra were recorded using positive ion electrospray
ionization.
Oligonucleotides:

The first set of SIRNAs for sequence screening was purchased from Integrated DNA
Technologies (Leuven). All other oligonucleotides were synthesized in-house a a 1 pinoi
scale on Applied Biosystems 394 DNA/RNA synthesizers with Unylinker (ChemGenes) or
nucleoside-loaded CPG supports and standard detritylation and capping reagents. Activation
was achieved with 5-Benzylthio-IH-Tetrazole (BTT, 0.3M in acetonitrile). Oxidation was
achieved using 0.02 M iodine in THF/water/pyridine. Sulfurization was accomplished with
the 1,2,4-dithiazolines EDITH (Link Technologies) or DTT (0. 1M, ChemGenes). RNA, 2'F-
RNA and 20Me-RNA phosphoramidites (ChemGenes) were dissolved to a concentration of
0.15M in anhydrous acetonitrile immediately prior touse. LNA and MOE phosphoramidites
were synthesized by standard methods from 3'-hydroxyl precursors (Rasayan) using 2-
cyanoethyloxy (N,N-diisopropylamino)phosphonamidic chloride and were used at 0.10r 0.15
M in acetonitrile, with the exception of LNA 5-MeC (al "LNA-C" isactualy LNA 5-Me-C)
which was dissolved in a 3:1 mixture of THF: acetonitrile. Coupling times for all modified
phosphoramidites were 10 minutes.

Unmodified RNA was deprotected using a 3:1ratio of NH,OH/ EtOH for 48 hours &
room temperature. The RNA 20 H tert-butyldimethylsilyl protecting group was removed
with a4:1DMSO / TEA-3HF solution at 65°C for 3 hours. The reaction was cooled to room
temperature then precipitated by the addition of 3M NaOAc (25 pL) and BUuOH (1mL). The
mixture was centrifuged at 4°C for 5 minutes at 8000 rpm, washed with 70% EtOH, air dried,
and the pellet was resuspended in RNase-free water. 2-modified RNA, LNA and DNA were
deprotected with concentrated NH,OH & 55°C overnight.

Oligonucleotides were evaporated to dryness by rotary evaporation then resuspended
in 1mL RNase-free water. If LCMS and analytical PAGE (see below) indicated that the
oligomer was sufficiently pure, it was desalted with aNap- 10 column (GE Healthcare) and
used directly. All oligonucleotides were characterized on Bruker MicrOTOF Ultimate 3000
or Agilent Q-TOF LCMS systems with electrospray ionization and time of flight analysis,
using negative ionization mode.

20uM working stocks of SiIRNAs were prepared by annealing the sense and antisense
strands in afinal 2.5x PBS buffer. The solutions were heated & 95°C for 10 minutes and then
cooled to room temperature at arate of 1°C per minute.

Oligonucleotidepurification and electrophoresis:
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Approximately 20 a2s0 units (preparative gel) or 0.1a260 units (analytical gel) was
loaded into a 20% polyacrylamide gel containing 7M urea and run a 400V for ~3 hours.
Analytical gels were visualized using Stains-All (Sigma). For preparative gels, the product
band was briefly visualized by UV shadowing, excised from the gel and incubated in RNase-
free water overnight. The agueous solution was then concentrated by rotary evaporator,
resuspended in RNase-free water, and desalted via aNap-25 column (GE Healthcare). The
desalted oligonucleotide was evaporated to dryness again and resuspended in a small volume
of RNase-free water.

Hexadecyloxypropyl-conjugated oligonucleotides were purified by ion exchange
chromatography using an Agilent 1200-series HPLC, an Agilent PL-SAX column, and
eluents containing 30% agueous acetonitrile with increasing sodium perchlorate.

Cdll culture and transfaction:

MRC-5 embryonic fibroblasts were maintained a 37°C and 5% CC"in DMEM
supplemented with 10% FBS, 2% L-Glutamine, 1% NEAA, and 1% sodium pyruvate (all
from Sigma). Cells were plated in 6-well plates & 150,000 cells/well (cationic lipid) or 25k
cell/well (gymnotic) 24 hours prior to transfection, unless otherwise stated. Mouse
embryonic fibroblasts (MEFs) were maintained in DMEM supplemented with 10% FBS and
were plated in 6-well plates a 100k cells/well 24 hours prior to transfection.

Oligonucleotides were transfected a 50nM concentration for single dose or
decreasing doses for dose responses. Cells were transfected using RNAIMAX (Life
Technologies) using 0.75uL lipid per 1 uL of oligonucleotide (SSRNA) or 0.67 pL per 1puL
oligonucleotide (LNA) in OptiMEM (Life Technologies). Gymnotic delivery was achieved
using 1 uM or 3 uM oligonucleotide concentration in full cell culture media. Cells were
harvested for RNA analysis 3 days after transfection (lipid) or 7 days post treatment
(gymnotic) unless otherwise stated.

RNA harvest and Quantitative real-time PCR (gQRT-PCR):

Total RNA from cells was harvested 3 days post transfection (lipid transfection) or 7
days post transfection (gymnotic) unless otherwise stated. After washing each well with ImL
PBS, ImL of RiboZol (Amresco) was added to each well, incubated for 2 min a room
temperature and transferred to 1.5-mL microcentrifuge tube. Chloroform (200 uL) was
added to each tube and the mixture was shaken vigorously for 1 minute then incubated a
room temperature for 10 minutes. The mixture was centrifuged at 13,000 rpm for 20 min,
and then the clear agueous layer was transferred to anew 1.5-mL tube, avoiding any

interphase. 2-propanol (600 pL) was added to the aqueous layer followed by a 1-min
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vigorous shake then a20-min incubation a -20°C followed by a 15-min centrifugation at 14k
rpm a 4 °C. The resulting pellet was washed with ice cold 70% ethanol, re-centrifuged a
8000 rpm for 10 min at 4 °C, and then briefly alowed to air dry. The pellet was resuspended
in RNase-free water, heated to 55°C for 5 min, then was quantitated by UV spectroscopy.

1 ug of RNA was treated with 2 units of DNase | (Worthington Biochemical
Corporation) for 10 min at 37°C followed by 10 min & 75°C. RNA was reverse transcribed
using aHigh Capacity cDNA Reverse Transcription Kit (Life Technologies) per
manufacturer's protocol.

gRT-PCR was performed using iTaq Supermix (BioRad) on aBioRad CFX96 real
time system. Data were normalized relative to levels of GAPDH mRNA. A primer/probe
assay (IDT) specific for the ADAM33 3-untrandated region was used (unless otherwise
stated): forward primer, 5-GGCCTCTGCAAACAAACATAATT-3' (SEQ ID NO:38);
reverse primer, 5-GGGCTCAGGAACCACCTAGG-3 (SEQ ID NO:39); probe, 5-
CTTCCTGTTTCTTCCCACCCTGTCTTCTCT-3' (SEQ ID NO:40). GAPDH primer/probe
assay (IDT); forward primer, 5-TGGTCCAGGGGTCTTACT-3' (SEQ ID NO:41); reverse
primer, 5-CCTCAACGACCACTTTGT-3' (SEQ ID NO:42); probe, 5-
CTCATTTCCTGGTATGACAACGAATTTGGC-3 (SEQ ID NO:43). For mouse Adam33
MRNA quantitation, the TagMan (ThermoFisher) probe set MmM00459697 gl was used. All
gRT-PCR experiments were performed in technical replicates. The qRT-PCR cycle was as
follows. 95°C for 7 minutes; (95°C for 15 seconds; 60°C for 30 seconds) x 40 cycles.
Dynamic light scattering:

The lyophilized gapmer ASO (33-0) and its hexadecyloxypropyl conjugate (33-0
biostable conjugate) were dissolved in RNase-free water a a concentration of 20 nM and
filtered with 0.2 um filter prior to measurement. The filtered samples were then transferred
to a384-well microplate and placed into a DynaPro PlateReader-I1 system (WYATT
Technology) for DLS measurement. The data was collected by averaging 10 measurements
(~5 seach) for each sample.
2-cyanoethyl (3-(hexadecyloxy)propyl) diisopropylphosphoramidite:

3-(Hexadecyloxy)propan-I-ol was synthesized in one step according to the method of
Yamano, Y. et a., Biorg. Med. Chem. (2012) 20:3658-3665 and recrystallized from hexane.
The crystalline product (200mg, 0.67mmol) was dissolved in dry CH,CI, and
diisopropylethylamine (0.70 mL, 2.68 mmol, 4 equiv) was added while stirring a RT. 2-
Cyanoethyloxy(N,N-diisopropylamino) phosphonamidic chloride (0.18mL, 0.8mmol, 1.2 eq)

was added dropwise and the solution was stirred for 45min. After completion 15mL of
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CH2CI2 were added and the organic phase was washed with saturated aqueous NaHCO03 and
dried over MgSQ,. The crude product was purified on asilica column with Hex:EtOAC:NEt3
50:50: 1 as eluent to afford the title compound as a colorless liquid (175mg, 52% yield). R;in
EtOAc =0.28. M S (ESI): found 501 (M+H); mass expected for (C,gHs7N,G;P + H = 501.4).
% NMR (400 MHz, CDC1,) 6 0.89 (t, J=6.85 Hz, 3H, CH"CHz) 1.19 (dd, J=6.72, 3.42 Hz,
12H, 2 (CH*CHN) 1.26 (s, 26 H, 13 (CHi),) 1.56 (quin, J=6.94 Hz, 2H, OCH,CH,CH,)
1.88 (quin, J¥6.30 Hz, 2H, POCH ,CH,CH,0) 2.64 (t, J56.60 Hz, 2H, CH,CN) 3.40 (t,
J6.66 Hz, 2H, OCH,CH,CH,) 3.50 (t, 6.30 Hz, 2H, POCH ,CH,CH,0) 3.54 - 3.65 (m,
2H, 2 CH) 3.65 - 3.79 (m, 2H, POCH ,CH,CH,0) 3.79 - 3.93 ppm (m, 2H, POCH ,CH,CN).
BCNMR (101 MHz, CDC1,) & 14.1 (s, IC, CH,CH,) 20.3 (d, J=6.60 Hz, IC, CH,CN) 22.7
(s, IC, CH,CH,CH3) 24.5 and 24.63 (2d, J7.70 Hz, 2x2C, (CH,),CHN) 26.2 (s, IC,
OCH2CH2CH2) 29.3 (s, ICH ,) 29.5 (s, ICH ,,) 29.6 (s, 2CH ;) 29.6 (s, ICH ,) 29.7 (s,
5CH,,) 29.8 (s, ICH ;) 31.5 (d, J=7.34 Hz, IC, POCH ,CH,CH,0) 31.9 (s, ICH ,) 43.0 (d,
Jl 1.74 Hz, 2C, 2 CH) 58.3 (d, J=19.07 Hz, IC, POCH,CH,CN) 60.7 (d, 17.61 Hz, IC,
POCH ,CH,CH,0) 67.3 (s, IC, POCH ,CH,CH,0) 71.1 (s, IC, OCH,CH,CH,), 117.6 ppm (s,
IC, CN). *’PNMR (162 MHz, CDC1,, 'H-decoupled) & 147.56 ppm (9).

Example 2: ADAM 33 Silencing by siRNAs and ss-siRNAs.

Four types of oligonucleotide-based gene silencing agents were compared for the
inhibition of ADAM33/Adam33 (Figure 1): (i) duplex siRNAs, (ii) chemically modified
single-stranded sIRNASs (ss-siRNAs) that operate by the RISC pathway, (iii) LNA gapmer
antisense oligonucleotides (ASOs) operating via the RNase H mechanism, and (iv) novel
biocleavable lipid conjugates of potent ASOs described herein (including biocleavable
conjugates).

A panel of 13 duplex siRNAs targeting different regions of the ADAM33 transcript
were designed and synthesized (Figure 2A). The efficacy of these SRNAs were tested in
MRC-5 human lung fibroblast cells, transfecting the sSRNAs with alipid transfection reagent
and measuring silencing by gPCR. Most of the sequences were found to be inactive, while
the most active duplexes were able to attain about 70% silencing (Figure 2B).

Single-stranded oligonucleotides can be recognized by the RNAI machinery and serve
as guide strand, if the oligomer is stabilized to resist nuclease cleavage and contains a5'-
phosphate or phosphonate. To explore whether changing the biophysical properties of the
RNAI trigger could improve activity, sssiRNA analogues of three SRNA sequences were

synthesized and tested: highly active sequence, HMH-1, moderately active sequence HP-2,
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and inactive sequence HP-3. The ss-siRNA analogues showed reduced efficacy (HMH1, HP-
2) or maintained inactivity (HP-3, Figure 2C). For the most active ssSRNA sequence HMH-1,
achemical optimization of the ss<siRNAs was carried out and one analogue was found with
activity that was comparable but not superior to the parent duplex RNA (Figure 2D). Only
the ssssiRNA with 20Me-RNA modifications a the 3'-terminus was able to approach the
potency of the duplex siRNA (ssi-HMH-Ic, Figure 2D). Neither SRNAsnor ssssiRNAs
were able to surpass 70% silencing of the ADAM33 transcript under any of the conditions that

were tested.

Example 3: LNA Gapmers Show High Potency when Transfected with a Cationic Lipid.
Ancther major class of single stranded gene silencing oligonucleotides are gapmer
antisense oligonucleotides (ASOs). Gapmer ASOs operate through adifferent mechanism
than the sIRNAs and ss-siRNAs above: they recruit RNase H to cleave target mRNAS.
Twelve phosphorothioate (PS) locked nucleic acid (LNA) 3-9-3 gapmers targeting various
regions of ADAM33 mRNA were designed and synthesized (Figure 3A). The LNA gapmers
were tested a 50 nM concentration in MRC-5 fibroblasts using Lipofectamine RNAIMAX as
transfection agent. LNAs 33-G, 33-N, 33-0, 33-P, 33-Q, and 33-R al achieved >80%
silencing of ADAM33 when normalized to a scrambled SsIRNA duplex control (Figure 3B).
These very high hit rates and maximal efficacies contrasted sharply with the low hit rates and
maximal efficacies observed when using RISC dependent oligonuclectides (ssSRNAs and ss-
SiRNAS) for thistarget. Furthermore, adose response analysis showed potent, dose-
dependent ADAM33 inhibition for 33-0 and 33-R to concentrations < 0.16nM (Figure 3C).

Example 4: Gymnatic Delivery of LNA Gapmers.

Ex vivo lung tissue and in vivo lung experiments require oligonucleotides with the
ability to exert potent silencing without the use of transfection agents, which can betoxic.
Naked LNA or 2'-fluoroarabinonucleic acid (2’F-ANA) gapmers can be taken up by most
types of dividing cellsin culture in aprocess termed "gymnosis." Gymnotic delivery does
not require serum additives or transfection reagents. It tends to show low toxicity and shows
an improved correlation between in vitro and in vivo resullts.

The gymnotic approach was adopted to test: (a) if the LNA gapmers could enter the
MRC-5 cells without the use of transfection agents; (b) how the potency of the LNA gapmers
delivered via gymnotic delivery compared to the transfections using a cationic lipid; and (c)

whether the gymnotically delivered LNA gapmers were toxic to cultured cells.
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A time course experiment was performed gymnotically delivering 33-0 into MRC-5
cellsa a 1 uM dose to determine the optimal day to harvest the cells after treatment, between
day 4 and day 9. Results indicate that day 7 post-treatment was an appropriate time to
harvest cells (Figure 4A). LNA gapmers 33-G, N, O, P, and R were then selected for further
testing. Oligomers 33-N, O, and P achieved >80% reduction of ADAM33 transcript levels,
while 33-R showed 60% ADAM33 silencing a a 3uM dose (Figure 4B).

The LNA gapmers were able to efficiently silence ADAM33 expression without the
aid of transfection agents. The gymnotically delivered LNASs showed no toxicity to cultured
cells (based on phenotype and cell confluence).

Example 5: Hexadecyloxypropyl Conjugates for Cellular Uptake.

The use of oligonucleotides as therapeutic agents may be impeded due to relatively
poor uptake into most cells. One solution isthe covalent attachment of aligand that allows
recognition by cell-surface receptors. A lipid moiety based on |-O-hexa-decyloxy-1,3-
propanediol, which has been previously shown to increase small molecule uptake by MRC-5
fibroblast cells and improve the oral bioavailability of nucleoside drugs, was attached to the
LNA gapmers to improve uptake.

A 1-O-hexadecylpropanediol phosphoramidite was synthesized in two steps (Figure
5A). Treatment of propanediol in dimethylformamide with sodium hydride followed by
addition of hexadecyl bromide and catalytic potassium iodide gave I-O-hexadecyl-1,3,-
propanediol in asingle step; recrystallisation with hexane yielded white crystals of excellent
purity. The phosphoramidite was synthesized under standard conditions using 2-
cyanoethyloxy (N,N-diisopropylamino)phosphonamidic chloride. The phosphoramidite was
then conjugated to the 5'-end of LNA gapmers 33-N, O, and P via solid phase synthesis
(Figure 5A).

Without intending to be bound by scientific theory, in addition to direct recognition of
cell-surface receptors by conjugated small molecules, conjugation approaches may also
change the biophysical properties of the oligonucleotide which may affect their cell uptake in
amore indirect way. For example, avariety of amphiphilic oligonucleotide conjugates have
been shown to assemble into micelle-type structures. Previous work has described very long
polymer conjugates that induce self-assembly of oligonuclectides into clusters, aswell as
oligonucleotides with shorter hydrophobic tails that assemble around aliposomal core.

The conjugates were tested to see if they could self-assemble using dynamic light
scattering. Indeed, it was found that conjugation of ahexadecyloxypropyl tail clearly
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induced assembly of oligonucleotides into clusters (Figure 5B). This demonstrates that even
asimple hydrophobic conjugate may be sufficient to induce efficient self-assembly into
clusters/micelles.

Clustering/assembly of oligonucleotides often correlates with enhanced uptake and
activity, across multiple size scales and likely via multiple mechanisms. In spite of the
efficient self-assembly observed for the lipid tail conjugates, the biostable
hexadecyloxypropyl conjugates showed reduced silencing efficacy in cells (Figure 5C). A
highly lipophilic tail might lead to stronger association with cell membranes but fails to
release active oligonuclectide into the cytoplasm. Biocleavable analogues were generated
based on a section of phosphodiester (PO)-linked DNA between the lipid tail and the
phosphorothioate (PS) gapmer ASO (Figure 5A). Nuclease cleavage a the PO linkages
would allow release of the gapmer from the lipid tail inside endosomes. It was found that
treatment of cells with these biocleavable constructs produced similar potency silencing of
ADAM33 relative to the anal ogous unconjugated gapmers, but did not provide apotency
advantage in vitro (Figure 5C). Sequences of the biostable hexadecyloxypropyl conjugates
and hiocleavable analogues are provided in Figure 5D. Hydrophobic conjugates of gapmer
oligonucleotides may provide an advantage for tissue distribution or other in vivo properties,
and data point to the importance of making hydrophobic conjugates in abiocleavable manner,

to avoid any membrane entrapment and associated potency reduction.

Example 6: ASOs Designed to Homologous Regions of the Mouse ADAM 33 Transcript
are also Active.

To explore the biological role of ADAM33 / Adam33 in asthma progression, a series
of mouse models have been developed. The mouse and human ADAM33 / Adam33
transcripts are relatively well conserved in the coding region, but diverge substantially toward
the 3'-end of the ORF and in their 3-UTR sequences (for example, the mouse transcript has
amuch shorter UTR sequence than the human transcript).

Two of the active ASOs targeting the human ADAM33 transcript described herein
also had significant sequence homology to the mouse transcript (G and N, Table 1). While
the sequence conservation in the 3-UTR was very poor, an anaysis of the conservation of
structural features was performed using T-coffee (see, Notredame, C. et a, J. Mal. Bial.
(2000) 302:205-217), and targets were designed to regions of conserved structure (P and Q,
near the end of the ORF, and R, inthe 3-UTR, Table 1).

Table 1: Design of mouse analogues of lead ASO sequences.
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Name ASO Sequence SEQ ID NO:
451 465
33-G TGATCCGTGTGGTTG 44
m33-G TGATCCGTGTGGTTG 45
627 641
2217 2231
33-N AGGTGTCATGGTTTT 46
m33-N AGGCATCICGGTTTG 47
2393 2407
2575 2589
33-P TCATTTTAGGAGCT 48
m33-P TAAGCTCAGAGTTICG 49
2675 2689
2577 2591
33-Q TGTTCATTTTAGGAG 50
m33-Q GGTAAGCTCAGAGTT 51
2677 2691
2929 2934
33-R TCCGTGGAAATTGCA 52
m33-R TCTATGACAACAGCT 53
2876 2890

In Table 1, numbers refer to the base numbering within the target transcripts (in each
case human on top, mouse below). Bolded, underlined nucleotides in the mouse ASOs
represents non-sequence-conserved residues relative to the human ASOs. While P, Q, and R
showed only very modest sequence conservation, they showed a greater degree of structural
conservation as predicted by T-coffee (see, Notredame, C. et al, J.Mal. Biol. (2000)
302:205-217). RefSeq accession numbers of the sequences used for alignments were as
follows: human, NM_025220.3 (3573 nt total length, where the ORF ends at 2569); and
mouse, NM_033615.2 (3165 nt total length, where the ORF ends at 2694).

These five sequences were synthesized as 3-9-3 LNA gapmers and tested for their
ability to inhibit Adam33 expression in mouse embryonic fibroblasts (Figure 6A). The most
active ASOs in terms of silencing mouse Adam33 expression were those targeting the 3'-end
of the ORF or the 3-UTR (Figure 6A), which were also the three sequences that were less
well conserved relative to the human hits. Sequences of the five 3-9-3 LNA gapmers are
provided in Figure 6B.
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CLAIMS

What isclaimed is:

1. A synthetic antisense oligonucleotide (ASO), or apharmaceutically acceptable salt
thereof, having atarget-recognition sequence that is sufficiently complementary to an

ADAM33 transcript to direct cleavage of the ADAM33 transcript by RNaseH.

2. The ASO of claim 1, comprising a chemically modified sugar, anucleobase, and/or a

phosphate linkage.

3. The ASO of claims 1or 2, wherein the target-recognition sequence has the formula:
A-B-C, wherein:
A comprises from about 0to about 8 modified nucleotides;
B comprises from about 4 to about 18 deoxyribonucleic acid (DNA)
nucleotides and/or DNA-like nucleotides; and
C comprises from about 0to about 8 modified nucleotides;

and the overall length of the ASO is about 10 to about 30 nucleotides.

4. The ASO of claim 3, wherein A comprises from about 2 to about 6 modified
nucleotides, B comprises from about 6 to about 12 DNA nucleotides and/or DNA-like

nucleotides, and C comprises from about 2 to about 6 modified nucleotides.

5. The ASO of claims 3 or 4, wherein A comprises about 3 modified nucleotides, B
comprises about 9 DNA nucleotides and/or DNA-like nucleotides, and C comprises about 3

modified nucleotides.

6. The ASO of any one of claims 3-5, wherein each of the modified nuclectides is
independently selected from the group consisting of abicyclic nucleotide, and a2'-modified

nucleotide.
7. The ASO of claim 6, wherein the bicyclic nuclectide is selected from the group

consisting of alocked nucleotide, an ethyl-constrained nucleotide, an alpha-L-locked nucleic

acid, and atricyclo-DNA, or any combination thereof.
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8. The ASO of claim 6, wherein the 2'-modified nucleotide is selected from the group
consisting of a2-0-methyl RNA, a2'-O-methoxyethyl RNA, and a2-fluoro RNA, or any

combination thereof.
9. The ASO of any one of claims 3-7, wherein A comprises from about 2 to about 4
locked nucleotides, B comprises from about 8to about 12 DNA-like nucleotides, and C

comprises from about 2 to about 4 locked nucleotides.

10. The ASO of claim 9, wherein A comprises about 3 locked nucleotides, B comprises

about 9 DNA-like nucleotides, and C comprises about 3 locked nucleotides.

11. The ASO of any one of claims 1-10, wherein the ASO comprises a phosphorothioate
linkage.

12, The ASO of any one of claims 1-11, wherein the target-recognition sequence is a

least 90% complementary to aportion of the ADAM33 transcript.

13. The ASO of any one of claims 1-12, wherein the target-recognition sequence is

perfectly complementary to aportion of the ADAM33 transcript.

14. The ASO of any one of claims 1-13, wherein the ASO binds the open reading frame
of the ADAM33 transcript.

15. The ASO of any one of claims 1-13, wherein the ASO binds a5' or 3' untranslated
region of the ADAM33 transcript.

16. The ASO of any one of claims 1-13, wherein the ASO binds the junction between the
open reading frame and the untrandated region of the ADAM33 transcript.

17. The ASO of any one of claims 1-13, wherein the ASO binds a conserved region of the
ADAMS3 transcript.

18. The ASO of any one of claims 1-13, wherein the ASO binds aregion of the ADAM33

transcript containing a disease-associated single-nuclectide polymorphism.
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19. The ASO of any one of claims 1-13, wherein the target-recognition sequence
comprises anucleic acid sequence with at least 90% sequence identity to the nucleic acid
sequence set forth in any one of SEQ ID NOs:5-15.

20. The ASO of any one of claims 1-19, wherein the ASO further comprises a conjugate

linked to the target-recognition sequence.

21. The ASO of claim 20, wherein the conjugate is selected from the group consisting of
ahydrophobic conjugate, atissue-targeting conjugate, and a conjugate designed to optimize
pharmacokinetic parameters.

22, The ASO of claim 21, wherein the hydrophobic conjugate is selected from the group
consisting of ahexadecyloxypropyl conjugate, acholesterol conjugate, and a polyunsaturated

fatty acid conjugate.

23. The ASO of claim 21, wherein the tissue-targeting conjugate is selected from the

group consisting of a carbohydrate conjugate, and apeptide conjugate.

24, The ASO of claim 21, wherein the conjugate designed to optimize pharmacokinetic

parameters is apolyethylene glycol conjugate.

25. The ASO of any one of claims 20-24, wherein the conjugate remains stably linked to

the target-recognition segquence after cellular internalization.
26. The ASO of any one of claims 20-25, wherein the ASO comprises abiostable nucleic
acid sequence with at least 90% sequence identity to the nucleic acid sequence set forth in

any one of SEQ ID NOs:11-13.

27. The ASO of any one of claims 20-26, wherein the ASO further comprises alinker

between the conjugate and the target-recognition sequence.

28. The ASO of claim 27, wherein the linker is acleavable linker.

29. The ASO of claim 28, wherein the cleavable linker degrades when cleaved.
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30. The ASO of claims 27 or 28, wherein the cleavable linker is anuclease-cleavable

linker comprising a phosphodiester linkage.

31. The ASO of claim 30, wherein the nuclease-cleavable linker comprises from about 2

to about 8 nucleotides.

32. The ASO of claims 30 or 31, wherein the nuclease-cleavable linker comprises about 6

nucleotides.

33. The ASO of any one of claims 28-32, wherein the cleavable linker is cleaved under

reducing conditions or changing pH conditions.

34. The ASO of any one of claims 28-33, wherein the cleavable linker is cleaved by an

intracellular or endosomal nuclease.

35. The ASO of any one of claims 28-33, wherein the cleavable linker is cleaved by an

intracellular or endosomal protease.
36. The ASO of any one of claims 27-34, wherein the ASO comprises anucleic acid
sequence with at least 90% sequence identity to the nucleic acid sequence set forth in any one

of SEQ ID NOs:22-24.

37. The ASO of any one of claims 1-36, wherein the ADAM33 transcript is ahuman
ADAM33 transcript.

38. The ASO of any one of claims 1-37, wherein the ASO is capable of mediating
cleavage of a least 80% of ADAMS33 transcripts.

39. The ASO of any one of claims 1-38, wherein the ASO is capable of mediating
cleavage of a least 90% of ADAM33 transcripts.

40. A method of treating a subject having an ADAM3 3-related disorder, the method

comprising administering to the subject apharmaceutical composition comprising an
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effective amount of the ASO of any one of claims 1-39, and apharmaceutically acceptable

carrier.

41. The method of claim 40, wherein the pharmaceutical composition isformulated for
oral administration, mucosal administration, subcutaneous administration, intramuscular
administration, topical administration, intravenous administration, intrathecal administration,

intracerebroventricular administration, or inhalation.

42. The method of claims 40 or 42, wherein the pharmaceutical composition is
formulated for inhalation.

43, The method of claims 4 1 or 42, wherein the pharmaceutical composition for

inhalation isformulated as a powder.

44, A pharmaceutical composition comprising a synthetic antisense oligonucleotide
(ASO) having atarget-recognition sequence that is sufficiently complementary to an
ADAM33 transcript to direct cleavage of the ADAMS33 transcript by RNaseH, and a

pharmaceutically acceptable carrier.

45, The composition of claim 44, wherein the ASO comprises achemically modified

sugar, anucleobase, and/or aphosphate linkage.

46. The composition of claims 44 or 45, wherein the target-recognition sequence has the
formula:
A-B-C, wherein:
A comprises from about 0to about 8 modified nucleotides,
B comprises from about 4 to about 18 deoxyribonucleic acid (DNA)
nucleotides and/or DNA-like nucleotides; and
C comprises from about 0 to about 8 modified nucleotides;

and the overall length of the ASO is from about 10 to about 30 nucleotides.
47. The composition of claim 46, wherein A comprises from about 2 to about 6 modified

nucleotides, B comprises from about 6 to about 12 DNA nucleotides and/or DNA-like

nucleotides, and C comprises from about 2 to about 6 modified nucleotides.
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48. The composition of claims 46 or 47, wherein A comprises about 3 modified
nucleotides, B comprises about 9 DNA nuclectides and/or DNA-like nuclectides, and C

comprises about 3 modified nucleoctides.

49, The composition of any one of claims 46-48, wherein each of the modified
nucleotides is independently selected from the group consisting of abicyclic nucleotide, and

a?2'-modified nucleotide.
50. The composition of claim 49, wherein A comprises from about 2 to about 4 locked
nucleotides, B comprises from about 8to about 12 DNA-like nucleotides, and C comprises

from about 2 to about 4 locked nucleotides.

51 The method of claims 49 or 50, wherein A comprises about 3 locked nucleotides, B

comprises about 9 DNA-like nucleotides, and C comprises about 3 locked nucleotides.

52. The composition of any one of claims 44-5 1, wherein the ASO comprises a

phosphorothioate linkage.

53. The composition of any one of claims 44-52, wherein the target-recognition sequence

is at least 90% complementary to aportion of the ADAM33 transcript.

54. The composition of any one of claims 44-53, wherein the target-recognition sequence

is perfectly complementary to aportion of the ADAMS33 transcript.

55. The composition of any one of claims 44-54, wherein the ASO binds the open reading
frame of the ADAM33 transcript.

56. The composition of any one of claims 44-54, wherein the ASO binds a5' or 3'

untranslated region of the ADAMS33 transcript.

57. The composition of any one of claims 44-54, wherein the ASO binds thejunction the

open reading frame and the untranslated region of the ADAMS33 transcript.
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58. The composition of any one of claims 44-54, wherein the ASO binds a conserved

region of the ADAMS33 transcript.

59. The composition of any one of claims 44-54, wherein the ASO binds aregion of the

ADAMS33 transcript containing adisease-associated single-nucleotide polymorphism.

60. The composition of any one of claims 44-54, wherein the target-recognition sequence
comprises anucleic acid sequence with at least 90% sequence identity to the nucleic acid
sequence set forth in any one of SEQ ID NOs:5-15.

61. The composition of any one of claims 44-60, wherein the ASO further comprises a

conjugate linked to the target-recognition sequence.

62. The composition of claim 61, wherein the conjugate is selected from the group
consisting of ahydrophobic conjugate, atissue-targeting conjugate, and a conjugate designed

to optimize pharmacokinetic parameters.

63. The composition of claim 62, wherein the hydrophobic conjugate is

hexadecyloxypropyl.
64. The composition of any one of claims 61-63, wherein the ASO comprises abiostable
nucleic acid sequence with a least 90% sequence identity to the nucleic acid sequence set

forth in any one of SEQ ID NOs: 11-13.

65. The composition of any one of claims 44-64, wherein the ASO further comprises a

linker between the conjugate and the target-recognition sequence.

66. The composition of claim 65, wherein the linker is anuclease-cleavable linker

comprising aphosphodiester linkage.

67. The composition of claim 66, wherein the nuclease-cleavable linker comprises about

6 nucleotides.
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68. The composition of any one of claims 65-67, wherein the ASO comprises anucleic
acid sequence with at least 90% sequence identity to the nucleic acid sequence set forth in
any one of SEQ ID NOs:22-24.

69. The composition of any one of claims 44-68, wherein the ADAM33 transcript is a

human ADAM 33 transcript.

70. The composition of any one of claims 44-69, wherein the pharmaceutical composition
is formulated for oral administration, mucosal administration, subcutaneous administration,
intramuscular administration, topical administration, intravenous administration, intrathecal

administration, intracerebroventricular administration, or inhaation.

71 The composition of claim 70, wherein the pharmaceutical composition isformulated

for inhalation.

72. The composition of claims 70 or 71, wherein the pharmaceutical composition for

inhalation isformulated as a powder.

73. A method of treating a subject having an ADAM33-related disorder, the method
comprising administering to the subject an effective amount of a synthetic antisense
oligonucleotide (ASO) having atarget-recognition sequence that is sufficiently
complementary to an ADAM33 transcript to direct cleavage of the ADAMS33 transcript by
RNaseH.

74. The method of claim 73, wherein the ASO comprises achemically modified sugar, a

nucleobase, and/or aphosphate linkage.

75. The method of claims 73 or 74, wherein the target-recognition sequence has the
formula:
A-B-C, wherein:
A comprises from about 0to about 8 modified nucleotides;
B comprises from about 4 to about 18 deoxyribonucleic acid (DNA)
nucleotides and/or DNA-like nucleotides; and

C comprises from about 0 to about 8 modified nucleotides;
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and the overall length of the ASO is from about 10 to about 30 nucleotides.

76. The method of claim 75, wherein A comprises from about 2 to about 6 modified
nucleotides, B comprises from about 6 to about 12 DNA nucleotides and/or DNA-like

nucleotides, and C comprises from about 2 to about 6 modified nucleotides.

77. The method of claims 75 or 76, wherein each of the modified nucleotides is
independently selected from the group consisting of abicyclic nucleotide, and a2'-modified

nucleotide.

78. The method of any one of claims 75-77, wherein A comprises from about 2 to about 4
locked nucleotides, B comprises from about 8to about 12 DNA-like nucleotides, and C

comprises from about 2 to about 4 locked nucleotides.
79. The method of any one of claims 75-78, wherein A comprises about 3 locked
nucleotides, B comprises about 9 DNA-like nucleotides, and C comprises about 3 locked

nucleotides.

80. The method of any one of claims 73-79, wherein the ASO comprises a

phosphorothioate linkage.

8l The method of any one of claims 73-80, wherein the target-recognition sequence is at

least 90% complementary to a portion of the ADAM33 transcript.

82. The method any one of claims 73-81, wherein the target-recognition sequence is

perfectly complementary to the ADAM33 transcript.

83. The method of any one of claims 73-82, wherein the ASO binds the open reading
frame of the ADAM33 transcript.

84. The method of any one of claims 73-82, wherein the ASO binds a5' or 3'
untranslated region of the ADAM33 transcript.
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85. The method of any one of claims 73-82, wherein the ASO binds thejunction the open
reading frame and the untranslated region of the ADAM33 transcript.

86. The method of any one of claims 73-82, wherein the ASO binds aconserved region of
the ADAM 33 transcript.

87. The method of any one of claims 73-82, wherein the ASO binds aregion of the

ADAM33 transcript containing adisease-associated single-nucleotide polymorphism.

88. The method of any one of claims 73-82, wherein the target-recognition sequence
comprises anucleic acid sequence with at least 90% sequence identity to the nucleic acid

sequence set forth in any one of SEQ ID NOs;5-15.

89. The method of any one of claims 73-88, wherein the ASO further comprises a

conjugate linked to the target-recognition sequence.

90. The method of claim 89, wherein the conjugate is selected from the group consisting
of ahydrophobic conjugate, atissue-targeting conjugate, and a conjugate designed to
optimize pharmacokinetic parameters.

o1 The method of claim 90, wherein the hydrophobic conjugate is hexadecyloxypropyl.
92. The method of any one of claims 89-91, wherein the ASO comprises anucleic acid
sequence with e least 90% sequence identity to the nucleic acid sequence set forth in any one

of SEQ ID NOs!| |-13.

93. The method of any one of claims 73-92, wherein the ASO further comprises alinker

between the conjugate and the target-recognition sequence.

94. The method of claim 93, wherein the linker is anuclease-cleavable linker comprising

aphosphodiester linkage.

95. The method of claim 94, wherein the nuclease-cleavable linker comprises about 6

nucleotides.
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96. The method of any one of claims 93-95, wherein the ASO comprises anucleic acid
sequence with at least 90% sequence identity to the nucleic acid sequence set forth in any one
of SEQ ID NOs:22-24.

97. The method of any one of claims 73-96, wherein the ADAMS33 transcript is ahuman
ADAM33 transcript.

98. The method of any one of claims 73-97, wherein the ADAM3 3-related disorder is
selected from the group consisting of arespiratory disease, a skin disease, a cardiovascular

disease, anh immune disease, and a cancer or tumor, or any combination thereof.

99. The method of claim 98, wherein the skin disease is selected from the group

consisting of psoriasis, keloids, and dermatitis, or any combination thereof.

100. The method of claim 98, wherein the cardiovascular disease is atherosclerosis.

101. The method of claim 98, wherein the immune disease isdiabetes or systemic lupus

erythematosus.

102. The method of claim 98, wherein the cancer or tumor is selected from the group
consisting of gastric cancer, glioblastoma, lung cancer, breast cancer, laryngeal carcinoma,

bronchial carcinoma, nasal polyps, and sinonasal papilloma, or any combination thereof.

103. The method of claim 98, wherein the respiratory disease is selected form the group
consisting of asthma, chronic obstructive pulmonary disease, pulmonary fibrosis, bronchial
disease, respiratory infection, interstitial lung disease, sarcoidosis, rhinitis, and any cancerous

lesion of the respiratory tract, or any combination thereof.

104. The method of claim 103, wherein the ADAM3 3-related disorder is asthma

105. The method of claims 103 or 104, wherein the method reverses/prevents

inflammation-independent or inflammation-dependent airway remodeling and/or airway

inflammation and/or airway hyper responsiveness.
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106. The method of any one of claims 73-105, wherein the ASO is administered to the
subject via oral administration, mucosal administration, subcutaneous administration,
intramuscular administration, topical administration, intravenous administration, intrathecal

administration, intracerebroventricular administration, or inhaation.
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. Sequence Calculated Found
siRNA Uppercase: RNA; Lowercase: DNA Gﬂf]gn ?&7:1?)')
HMH-1 5' GGAAGUACCUGGAACUGUA S: 61247 |S: 61238
tt CCUUCAUGGACCUUGACAU AS: 6567.0 | AS: 6565.8
HIMH-2 5' GGUGAGAGGUAGCUCCUAA S: 61407 |S: 6139.8
) tt CCACUCUCCAUCGAGGAUU AS: 6566.0 | AS: 6564.9
HP-1 5' AGAAAGACAUGUUGGCUAU S: 6109.7 |S: 6108.7
tt UCUUUCUGUACAACCGAUA AS: 6552.0 | AS:6550.8
HP-2 5' GGGAGAUGCUCAUGGARAAC S: 61638 |S: 6162.7
tt CCCUCUACGAGUACCUUUG AS: 6543.0 |AS: 6542.7
HP-3 5' UGCUUGAGCUGGAGAAGAA S: 61648 |S: 6163.7
- tt ACGAACUCGACCUCUUCUU AS: 6527.0 | AS: 6525.7
HP-4 5' UGGUGAACUCUGCGGGAGA S: 6156.7 |S: 61557
tt ACCACUUGAGACGCCCUCU AS: 6565.0 |AS: 6564.8
HP-5 5' CCCAACCACACGGAUCAUU tt |S 65721 [S: 6570.9
tt GGGUUGGUGUGCCUAGUAA 5" |AS:6743.1 |AS: 67429
HP-6 5' UGGCCCUGUGCAGGCUGAA tt |[S 67011 |S: 6701.0
. tt ACCGGGACACGUCCGACUU 5' |AS: 6644.1 |AS: 6643.0
HP.7 5' AGUCCAGAUGCCAAGAUCC tt |S: 66521 |S: 6652.0
- tt UCAGGUCUACGGUUCUAGG 5" |AS: 6663.0 | AS: 6662.9
HP-8 5' CCAGACGUUUACCUACUGG tt |S: 6606.0 |S: 66059
tt GGUCUGCAAAUGGAUGACC 5' |AS:6709.1 | AS: 6708.0
HP-9 5' AGGGCGCCACAGUGGGCCU tt |S: 67391 |S: 6739.0
tt UCCCGCGGUGUCACCCGGA 5' | AS:6636.1 | AS: 6636.0
HP-10 5' GAUCAAGUCCAGAUGCCAA tt |S: 6676.1 |S: 6675.0
: £t CUAGUUCAGGUCUACGGUU 5" | AS:6624.0 |AS: 6623.8
HP-11 5' UAGCAACCAUAACUGCCAC tt |[S: 659.1 |S: 65949
tt AUCGUUGGUAUUGACGGUG 5'|AS:6704.0 | AS: 6703.9
Ser 5' AGUGGAGGGCGCCUGCCAC tt |[S: 6739.1 |S: 6739.05
£t UCACCUCCCGCGGACGGUG 5' | AS: 6636.1 |AS: 6634.99
Sequence (5-3) Calculated| Found
ss-siRNA | -, phosphorothioate; LNA 2-F-RNA: 2'-O-methyl- | mass mass
RNA: MOE P. 5' phosphate (g/mol) (g/mol)
ssi-HMH-1a | P-U;ACAGUUCCAGGgUACsUsUsCsCoASA 7131.0 7131.6
SSi-HP-Z P'GsuUUCCAUGAGCSA8USCSUSCSCSCSASA 71070 71066
ssi-HP-3 P-UsUCUUCUCCAGCUCsAGAsGsCsAsAA 7091.0 7090.6
SSi-HMH-1b P-USASCASGUSUCSCASGGSUASCSUSUSCSCSASA 71960 71957
ssi-HMH-1¢ | P-U;A;CAGUUCCA GG UACUUsCsCLAA | 7108.1 7107.7
SS|'HMH'1d P-USASCASGUSUCSCASGGSUASCSUSUSCSCSASA 71041 71036

Fig. 2A
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Sequence (5'-3') Calculated | Found
LNA -'s: phosphorothioate; LNA; Lowercase: | mass mass
gapmer | pNA: HOP: Hexadecyloxypropyl (9/mol) (9/mol)
33-G TsGsAstsCsCslstsstsdsls s TsG 5023.0 5023.1
33-H AgTGgagtsCsCoOstsdstsdsCsGs T 5007.0 5007.1
33| AsAs T s85astsCoClstsdtsGsGsT 5016.0 5016.1
33-J CsAsAstsg5astsCsCslstsds TsGsG 5015.0 5015.0
33-L TsGsToCsagtsgsgstststts CoASG 4996.0 4996.0
33-M GsGsTs0stsCsastsgsPststs TsTsC 5012.0 5012.1
33-N AsGsGgtegstsCoastsgsdsts TsTsT 5022.0 5022.0
33-0 TsCsAststststsasdsdsasgsCsTsA 5003.0 5003.1
33-P TsTsCsagtstststsasgs9sasGsCsT 4994.0 4994 1
33-Q TsGsTstsCsastatststsasdsGsAsG 5006.0 5006.0
33-R TsCsColstssdsasasaststs GsCsA 5027.0 5027.1
Ina ctrl AsTsTststsagtstsCs8:95asGsCsT 4980.0 4980.4
Ina scr2 ASASCSaS.'“chStS'“cStSaS.tSaSCSGSC 49841 49835

(MC is 5-methycytosine)

Fig. 3A
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