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UNCI3A ANTISENSE OLIGONUCLEOTIDES

CROSS-REFERENCETO RELATED APPLICATIONS

[8001] This application claims the benefit of U.8. Provisional Application No. 63/203,409,
filed July 21, 2021, and U.S. Provisional Application No. 63/364,830, filed May 17, 2022, each

of which is hereby incorporated in its entirety by reference.

FIKLD OF THE INVENTION

{08021 The present tnvention relates to UNCI13A cryptic exon antisense oligonucleotides
{ASOs), pharmaceutical compositions containing them, and methods for treating, inhibiting,

suppressing, and preventing neurological or neurodegenerative diseases with them.

BACKGROUND OF THE INVERTION

{6003} Many neurodegenerative disorders in patients are difficult to effectively treat, especially
where the pathology of a neurodegenerative disorder in a particular patient is not completely
understood.

[6004] UNCI3A belongs to a faruily of genes originally discovered in C. elegans and was
named based on the uncoordinated (unc) movements exhibited by animals with mutations in
these genes, owing to deficits in neurotransmitter release. UNCI13 A encodes a large
multidomain protein expressed in the nervous system, where it localizes to neuromuscular
Junctions and plays an essential role in the vesicle priming step, prior o synaptic vesicle fusion.
Yartants within the UNCI3A gene increase the risk of amyotrophic lateral sclerosis (ALS) and

frontotemporal dementia (FTD), two related neurodegenerative diseases defined by
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mistocalization of the RNA-binding protein TDP-43. Rosa Maei of,
https://doi.org/10.1101/2021.04.02 438213, bioRxiv, April 4, 2021,

{8005} Amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD) are complex
diseases that result from many diverse genetic etiologies. Although therapeutic strategies that
target specific causal mutations (e.g. COORFT72 antisense oligonucleotides { ASUs)) may prove
effective against individual forms of ALS or FTD, these approaches cannot address the vast
majority of cases that have unknown genetic eticlogy. Moreover, given the large number of
different genes that likely contribute to ALS and FTD and the fact that each genetic form is
relatively rare, this strategy may be difficult to implement for alt cases. Thus, there is a pressing
need for new therapeutic strategies that rescue multiple forms of ALS and FTD, particularly
those with unknown genetic eticlogies.

{0006] A recent avalysis of 205 patients from the Mayo Clinic bank who had FTD with TDP-
43 pathology, stratified the cases on the basis of UNCI3 A genotype, and showed a dose-
dependent decrease in survival time in individuals carrying UNC13 A risk alleles (Rosa Ma ef af,
Narure, 603:124-130, 2022). Patients with two risk alleles had a median survival time 3 years
tess than those with the normal travscript. Similarly, variants of UNCI3A increase the risk of
ALS (Brown et of., Nature, 603:131-137, 2022). TDP-43 depletion induces robust inclusion of a
cryptic exon in UNCI3 A, resulting in nonsense-mediated decay and loss of UNCI13 A protein
{(id).

{8087] International Publication No. WQ 2022/122872 describes particular antisense
oligonucleotides which are said to be capable of modulating splicing by preventing inclusion of

an UNCI3A cryptic exon into an UNCI3A mature mRNA.
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[0608]  There remains a need for effective treatments for many neurodegenerative disorders,

such as amyotrophic lateral sclerosis (ALS).

SUMMARY OF THE INVENTION

[0009] The present invention refates to UNCI3 A cryptic exon antisense oligonucleotides
(A8QOs or UNC13A ASQs), pharmaceutical compositions containing them, and their use in the
treatment of neurodegenerative disorders. In particular, the ASQOs described herein are to a
cryptic exon between canonical exons 20 and 21 of UNC13A4, and result in exclusion of the
cryptic exon in the UNC13A transcript and increased UNCI3 A protein expression.

{6010} One embodiment is a single stranded ASO that suppresses the expression of UNC13A,
wherein the ASO has a nucleobase sequence that comprises at least 12 or 15 consecutive
nucleobases of any of the nucleobase sequences of SEQ 1D NOs: 1-1282. The ASO can also be
any of SEQ ID Nos: 1-1282. In a preferred embodiment, the single stranded ASC has a
nuclecbase sequence that comprises at least 12 or 15 consecutive nucleobases of any of the
nucleobase sequences of SEQ ID NOs: 4-6, 9-11, 22-25, 53, 55,359, or 360, In ancther
preferred embodiment, the single siranded ASO bas a nucleobase sequence comprising the
consecutive nuclechases of any of the nuciechase sequences of SEQ I3 NGs: 4-6, 9-11, 22-25,
53, 55,359, or 360. In yet another preferred embodiment, the ASQ is any one of SEQ ID NQOs:
645-647, 650-652, 663-666, 694, 696, 1000, and 1001.

{8011} Another embodiment is an oligonucleotide consisting of 12 to 30 linked nucleosides and

having a nucleobase sequence comprising ai least 8, at least 9, at least 10, at feast 11, at least 12,
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at least 13, at least 14, atleast 15, at least 16, at least 17, at least 18, at least 19, or at least 20
consecutive nuclechases of any of the nuclechase sequences of SEQ 1D NOs: 1-1282.

[6012] In certain embodiments, at least one internucleoside linkage in the ASO or
oligonucleotide is a modified internucieoside linkage, and the modified intervucleoside linkage
may be a phosphorothioate internucleoside linkage or a phosphodiester internucleoside linkage.
At least one of the nucleosides may also be a modified nucleobase.

[0013] In other embodiments, at least one nucleoside of the ASO may be a modified sugar
motety, where that modified sugar moiety can be a bicyclic sugar motety, or the modified sugar
moiety may comprise a 2'-O-methoxyethy! group. fn certain aspects, the bicyclic sugar moiety
comprises a 4'-CH{R}-0-2' bridge where the R group is, independently, H, Ci-iz alkyl, ora
protecting group.

[0014] Ina preferred embodiment, the ASO is a steric blocking ASO. The steric blocking
ASO binds to the target RNA and sterically denies other molecules access for base pairing to the
RNA. In one embodiment, each nucleoside in the ASO has a 2'-modified sugar moiety, such as a
sugar moiety with a 2'-O-methoxyethyl group, and each internucieoside linkage is a
phosphorothioate linkage.

{0015] In certain other embodiments, the nucleobase sequence of the oligonucleotide is at least
80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at feast 93%, at least
94%, at least 95%, at least 96%, at least 97%, at lsast 98%%, at leasi 99%, or 100%
complementary to any one of SEQ ID NOs: 11282,

{0016} In other embodiments, the oligonucleoctide consists of 12 to 30 linked nucleosides and

having a nuclecbase sequence comprising at least 8, at least 9, at least 10, at least 11, atleast 12,
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at least 13, at least 14, atleast 15, at least 16, at least 17, at least 18, at least 19, or at least 20
consecutive nuclechases of any of the nuclechase sequences of SEQ 1D NOs: 1-1282.

{8017} In one embodiment, the ASQO or oligonucleotide is 100% complementary to SEQ ID
NGO 1207 (chr19:17641557 — 17642844),

{6018} Another embodiment is a pharmaceutical composition comprising an UNC13A ASQG of
the present invention and one or more pharmaceutically acceptable carriers, diluents, and/or
excipients. In one embodiment, the pharmaceutical composition is suttable for parenteral
administration, such as intracerebroventricular injection or intrathecal administration.

{6019]  Yet ancther embodiment is a method of treating a subject having a neurological or
neurodegenerative disease by administering to the subject a therapeutically effective amount of a
UNC13A ASO or a pharmaceutical composition described herein. One embodiment is a method
of treating amyotrophic lateral sclerosis {ALS) in a subject in need thereof by administering to
the subject a therapeutically effective amount of a UNC13A ASO or a pharmaceutical
composition described herein. Another embodiment is a method of treating frontotemporal
dementia (FTD) in a subject in need thereof by administering to the subject a therapeutically
effective amount of a UNCI3A ASO or a pharmaceutical cormposition described hereto.

j0028] Yet another embodiment is a method of treating a subject having an UNC13A disease
or disorder by administering to the subject a therapeutically effective amount of an UNC13A
ASO or a pharmaceutical composition described herein.

[0021] Yet another embodiment is a method of increasing UNC13A protein expression in a
subject in need thereof by administering to the subject an effective amount of a UNCI13A ASO

or a pharmaceutical composition described herein.
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j0622] Inone embodiment of any of the methods described herein, the subject possesses a SNP
variant associated with 1512973192 (C>(), rs12608932 (A>C), or both. Subjects having alleles

with mutation on both SNPs may show a stronger response to treatment.

BRIEF DESCRIPTION OF THE FIGURES

[8023] A more complete appreciation of the invention and many of the attendant advantages
thercof will be readily obtained as the same becomes better understood by reference to the
following detailed description when considered in connection with the accompanying figures,
wherein:

{6024} FIG. 11isa chart showing mRNA levels of UNC1I3A cryptic exon (CE) after treatment
with an ASO in a healthy control line with TDP-43 siRNA. For the screen, 14-day old Ngn2-
induced neurons (Ngn2-iNs) were treated with TDP-43 siRNA (siTDP-43) for 7 days. gRT-PCR
were performed with n=4 biclogical replicates. Mean +/- s.e.m. One-way ANOVA was used for
statistical analysis. p-value *<0.05, ¥*<Q.01, ¥**<Q.001 ****<0.0001. “NCASQ” refers to a
negative control ASO.

{6025)  FIG. 2 shows the locations of the ASQGs with respect to the cryptic exon, TDP-43
binding site, and relative to the SNPs, rs12608932 and rs12973192.

{6026} FIG. 3A is a chart showing mRINA levels of UNCI13A CE after treatment with an ASO
in a sporadic ALS patient line carryving the risk haplotype on one allele (aunotated as +/-). gRT-
PCR were performed with n=4 biclogical replicates. Mean +/- s.e.m. Ong-way ANOVA was
used for statistical analysis. p-value ¥<0.08, #¥<0.01, #**<0.001,¥¥**<0.0001.

[0027] FIG. 3B is a chart showing mRNA levels of UNCI3 A after treatment with an ASQ in a

sporadic ALS patient line carrying the risk haplotype on one allele (annotated as +/-). gqRT-PCR
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were performed with n=4 biclogical replicates. Mean +/- s.e.m. Une-way ANOVA was used for
statistical analysis. p-value *<0.05, ¥#<Q.01, ¥**<0.001,****<0.0001.

{6028} FIG 3Cis a chart showing mRNA levels of UNC13A CE after treatrnent with an ASO
in one C9ALS patient line that does not carry the UNCI3A SNPs (COALS-SNP-/-). gRT-PCR
were performed with n=4 biological replicates. Mean +/- s.e.m. One-way ANOVA was used for
statistical analysis. p-value ¥<0.05, ¥¥<0.01, ***%<0 001, *%*%<0.0001.

[0029] FIG. 3D is a chart showing mRNA levels of UNCI3 A after treatment with an ASO in
one COALS patient line that does not carry the UNCI3A SNPs (COALS-SNP-/-). qRT-PCR were
performed with n=4 biological replicates. Mean +/- s.e.m. One~way ANOVA was used for
statistical analysis. p-value *<0.05, *#<0.01, ¥**<0.001,****¥<0.0001.

{6030} FIG. 3E is a western blot in which the protein expression of UNCI3A was reduced by
TDP-43 siRNA compared to negative control siRNA, where the effect can be rescued by
UNCI3A ASOs.

{6031} FIG. 3F is a chart showing that the level of TDP-43 protein was reduced significantly
by TDP-43 siRNA (siTDP-43} compared to negative control siRNA. One-way ANOVA was
performed for statistical significance.

{0632} FIG. 3G is a chart showing that the UNCI13 A protein level was significantly reduced by
TDP-43 KD and was rescued by ASO treatment compared to negative control siRNA. One-way
ANOVA was performed for statistical significance.

[0033] FIG. 4A is a chart showing that the efficiency in targeting the UNC 13A cryptic exon is
highly sequence-dependent and does not demonstrate a consistent pattern. Ngn2-induced cortical

excitatory neurons were treated with 10uM of ASQOs for seven days before RNA collection. All
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ASOs are with ZMOE modified bases and phosphorothicate linkages. The fold change is relative
to the TDP-43 siRNA+ NCASQO treatiment group, which not shown in the chart.

{8034} FIG. 4B is another chart showing that the efficiency in targeting the UNCI3 A cryptic
exon i3 highly sequence-dependent and does not demonsirate a consistent patiern, even among
variations of the same ASO (ASO 55} Ngn2-induced cortical excitatory neurons were treated
with 10uM of ASOs for seven days before RNA collection. All ASGs shown have 2MOE
modified bases and phosphonothioate linkages.

{803%] FIG 4C is a chart showing a one-way ANOVA analysis using Dunnett’s multiple
comparison test to compare all test groups to the siTDP43+NCASO group. Al results have p
value <0.0001. The chart shows that efficiency in targeting the UNCI3A cryptic exon is highly
sequence-dependent and does not demonstrate a consistent pattern among ASO 55 variations.
[0036] FIG. 4D is a chart showing one~-way ANOVA analysis using Dunnett’s multiple
comparison test to compare all test groups to the siTDP43+NCASO group. Ouly the ASO

55 12-9 group show a significant difference (p<0.0001}). However, if the ASO 55 12-9 and

55 12-8 groups are removed, ASO 37, 55, 55 12-1, 55 12-2, 55 12-4, and the siNC+NCASO
showed significant differences relative to the reference group.

{6037} FIG. 4E is a chast showing ong-way ANOVA analysis using Dunnett’s multiple
comparison test to compare all test groups to the siTDP43+NCASO group, demonstrating that
efficiency in targeting the UNCI3A cryptic exon is highly sequence-dependent and does not
demonstrate a consistent pattern among ASO SS variations.

{6038} FIG. 4F is a chart showing that efficiency in targeting the UNC13 A cryptic exon is
highly sequence-dependent and does not demonstrate a consistent pattern among ASQO 55

variations. As shown the table, the sequences in blue are identical in the 6 ASOs, and the
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sequences in red in the 3 ASOs were tested. For the 12mer version of ASG-55, the composition
of the sequences is highly similar, but the ability to skip the UNC13A CE is largely different.
Nagn2-induced cortical excitatory neurons were treated with 10uM of ASOs for seven days
before RNA collection. All ASOs are with 2MOE wodified bases and phosphonothioate

linkages.

PETAILED DESCRIPTION OF THE INVENTION

{0839} Uniess otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skilt in the art. In case of conflict, the
present document, including definitions, will control. Preferred methods and materials are
described below, although methods and materials similar or equivalent to those described herein
can be used in practice or testing of the present invention. All publications, patent applications,
patents and other references mentioned herein are incorporated by reference in their entirety.
The materials, methods, and examples disclosed herein are illustrative only and not intended to
be limiting. The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting.

{6049] Definitions

£ 9% ¢

{0041} The terms “comprise(s),” “include(s),” “having,” “has,” “can,” “contain(s}),” “may” and
variants thereof, as used herein, are intended to be open-ended transitional phrases, terms, or
words that do not preclude the possibility of additional acts or structures.

{6042] The singular forms “a,” “an” and “the” include plural references unless the context

clearly dictates otherwise.
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{6043] The present disclosure also contemplates other embodiments “comprising,” “consisting
of” and “consisting essentially of,” the embodiments or elements presented herein, whether
explicitly set forth or not.

{8044] As used herein, “2'-deoxynucleoside” means a nucleoside comprising a 2'-H{H)
furanosyl sugar moiety, as found in naturally occurring deoxyribonucleic acids (BNA) and a
nucleobase. In certain embodiments, a 2'-deoxynucleoside may comprise a modified nucleobase
and a furanosyl sugar moiety or may comprise an RNA nucleobase (uracil) furanosyl sugar
motety.

{6045)  Asused herein, “2'-substituted nucleoside” means a nucleoside comprising a 2'-
substituted sugar moiety. As used herein, “2'-substituted” in reference to a sugar moiety means a
sugar moiety comprising at least one 2'-substituent group other than H or OH.

[8046] As used herein, “antisense molecule” means an oligomeric nucleic acid or oligomeric
duplex capable of achieving at least one antisense activity.

{6047} The modifier “about” used in connection with a quantity is inclusive of the stated value
and has the meaning dictated by the context (for example, it includes at least the degree of error
associated with the measurement of the particular guantity). The modifier “about” should also
be considered as disclosing the range defined by the absolute values of the two endpoints. For
example, the expression “from about 2 to about 47 alsc discloses the range “from 210 4 The
term “about” may refer to plus or minus 10% of the indicated number. For example, “about
10%” may indicate a range of 9% to 11%, and “about 17" may mean from 0.9-1.1. Other
meanings of “about” may be apparent from the context, such as rounding off, so, for example

“about 1”7 may also mean from 0.5t 1 4.
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{6048] For the recitation of numeric ranges herein, each intervening number there between
with the same degree of precision is explicitly contemplated. For example, for the range of 6-9,
the numbers 7 and § are contemplated in addition to 6 and 9, and for the range 6.0-7.0, the
number 6.0,6.1,6.2, 63,64, 65,6.6,6.7, 68,69, and 7.0 are expliciily contemplated.

{6049] As used herein, “bicyclic sugar” or “bicyclic sugar moiety” means a modified sugar
moiety comprising two rings, wherein the second ring is formed via a bridge connecting two of
the atoms in the first ring thereby forming a bicyelic structure. In certain embodiments, the first
ring of the bicyclic sugar motety s a furanosyl moiety. In certain embodiments, the bicyclic
sugar moiety does not comprise a furanosyl molety. As used herein, “bicyclic nucleoside” or
“BNA” means a nucleoside comprising a bicyclic sugar moiety.

{6050} As used herein, “chirally enriched population” means a plurality of molecules of
identical molecular formula, wherein the number or percentage of molecules within the
population that contain a particular stereochemical configuration at a particular chiral center is
greater than the number or percentage of molecules expected to contain the same particular
stereochemical configuration at the same particular chiral center within the population if the
particalar chiral center were stereorandom. Chirally enriched populations of roolecules having
multiple chiral centers within each molecule may contain one or more steregrandom chiral
centers. In certain embodiments, the molecules are modified oligonucleotides. In certain
embodiments, the molecules are compounds comprising modified oligonucieotides.

[6051]  As used herein, “complementary” in reference to an oligonucieotide means that at least
70% of the nucleobases of the cligonucieotide or one or more regions thereof and the
nucleobases of another nucleic acid or one or more regions thereof are capable of hydrogen

bonding with one another when the nuclecbase sequence of the oligonucleotide and the other

11
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nuclete acid are aligned in opposing directions. Complementary nuclecbases means nucleobases
that are capable of forming hvdrogen bonds with one another. Complementary nucleobase pairs
include adenine {A) and thymine {(T); adenine {A) and uracil {U}; cytosine {(C) and guanine {G);
and S-methyleyiosine (ruC) and guanine {G). Complementary oligonucleotides and/or nucleic
acids need not have nucleobase complementarity ai each nuclecside. Rather, some mismaiches
are tolerated. As used herein, “fully complementary” or “100% complementary” in reference to
oligonuclectides means that oligonucleotides are complementary to another oligonucleotide or
nucleic acid at each nucleoside of the oligonucleotide.

j0652] In certain embodiments, oligonuclectides comprise one or more type of modified sugar
and/or unmodified sugar motety arranged along the oligonucleotide or region thereof in a defined
pattern or sugar motif. In certain instances, such sugar motifs include, but are not limited to, any
of the sugar modifications discussed herein.

{6053] In certain embodiments, modified oligonucleotides comprise or consist of a region
having a fully modified sugar motif. In such embodiments, each nucleoside of the fully modified
region of the modified oligonucleotide comprises a modified sugar moiety. In certain
embodiments, each nucleoside of the entire modified oligonucleotide comprises a modified sugar
moiety. In certain embodiments, modified oligonucleotides comprise or counsist of a region
having a fuily modified sugar motif, wherein each nucleoside within the fully modified region
comprises the same modified sugar moiety, referred to herein as a uniformly modified sugar
motif. In certain embodiments, a fully modified oligonucleotide is a uniformly modified
oligonucleotide. fn certain embodiments, each nucleoside of a uniformly modified

oligonuclestide comprises the same 2'-modification.

12
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[0054] “Inhibit” as used herein refess to the ability to substantially antagonize, prohibit,
prevent, suppress, restrain, slow, disrupt, alter, eliminate, stop, or reverse the progression or
severity of the activity of a particular agent (e.g, infectious agent) or disease.

[0055]  As used herein, the term “interoucleoside linkage™ is the covalent linkage between
adjacent nucleosides in an oligonucleotide. Asused herein “modified internucleoside linkage”
means any internuclecside linkage other than a phosphodiester internucleoside linkage.
“Phosphorothicate linkage” 15 a modified internucleoside linkage in which one of the non-
bridging oxygen atoms of a phosphodiester internucleoside Hukage 1s replaced with a sulfur
atom.

{0056} In certain embodiments, nucleosides of modified oligonuciectides may be linked
together using any internucleoside linkage. The two main classes of internucleoside linking
groups are defined by the presence or absence of a phosphorus atom. Representative
phosphorus-containing internucleoside linkages include, but are not limited to, phosphates,
which contain a phosphodiester bond {also referred to as unmeodified or naturally occurring
hinkages), phosphotriesters, methylphosphonates or other alkylphosphonates, phosphoramidates,
and phosphorothioates, and phosphorodithiocates. Representative non~phosphorus containing
internucleoside linking groups include but are not limited to methyvlenemethylimino (~CHz-
N{CH3)-O-CHy-}, thiodiester, thionocarbamate (-O-C(=0)NH}-8-); siloxane {-0-8iH2-0-); and
N MN-dimethylhydrazine (-CHa-N{CH3)-N{CHs}-}. Modified internucleoside linkages, compared
to naturally occurring phosphate linkages, can be used to alter, typically increase, nuclease
resistance of the oligonuclectide. Methods of preparation of phosphorous-containing and non-

phosphorous-containing internucleoside linkages are well known to those skilled in the art.
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{6057] Representative internucleoside linkages having a chiral center include, but are not
limited to, alkylphosphonates and phosphorothicates. Modified oligonucleotides comprising
internucleoside linkages having a chiral center can be prepared as populations of modified
oligonucleotides comprising stereo-random internucleoside linkages, or as populations of
modified oligonucleotides comprising phosphorothicate linkages in particular stereochemical
configurations. In certain embodiments, populations of modified oligonuclectides comprise
phosphorothioate internucleoside linkages wherein all of the phosphorothioate internucleoside
finkages are stereo-random. Such modified oligonucleotides can be generated using synthetic
methods that result in random selection of the stereochemical configuration of each
phosphorothioate linkage. Nonetheless, as is well understood by those of skill in the art, each
individual phosphorothicate of cach individual oligonuctectide molecule has a defined
stereoconfiguration. In certain embodiments, populations of modified oligonucleotides are
enriched for modified oligonucleotides comprising one or more particular phosphorothioate
internucleoside linkages in a particular, independently selected sterenochemical configuration. In
certain embodiments, the particular configuration of the particular phosphorothioate linkage is
present in at {east 65% of the mwolecules o the population. In certain embodirnents, the particular
configuration of the particular phosphorothioate linkage is present in at feast 70% of the
molecules in the population. In certain embodiments, the particular configuration of the
particular phosphorothioate linkage is present in at least 80% of the molecules in the population.
1o certain embodiments, the particular configuration of the particular phosphorothioate linkage is
present in at {east 90% of the molecules in the population. In certain embodiments, the particular
configuration of the particular phosphorothioate linkage 15 present in at least 99% of the

molecules in the population. Such chirally enniched populations of modified oligonucleotides
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can be generated using synthetic methods known in the art, ¢ g., methods described in Oka er af |
JACS 125, 8307 (2003 ), Wan er al., Nuc. Acid. Res. 42, 13456 {2014); Chapter 10 of Locked
Nucleie Acid Aptamers in Nucleic Acid and Peptide Aptamers: Methods and Protocols v 535,
2009 by Barciszewski et al., editor Gunter Mayerand; and WO 2017/015555. In certain
embodiments, a population of modified oligonucleotides is enriched for modified
oligonucleotides having at least one indicated phospherothicate in the (Sp) configuration. In
another embodiment, a population of modified oligonucleotides is enriched for modified
oligonucleotides having at least one indicated phosphorothioate in the (Rp) configuration.
{6058]  Asused herein, “MOE” means methoxvethyl. “2-MOE” means a ~OCH2CH2(0CH;3
group at the 2' position of a furanosy! ring.

{B059] A “neurological disease” is any disease that causes electrical, biochemical, or structural
abnormalities in the brain, spine, or neurons. For example, a neurological disease may be a
neurodegenerative disease. The neurodegenerative disease may result in motor neuron
degeneration, for example. The neurological disease may be amyotrophic lateral sclerosis
(ALS), Huntington’s disease, Alzheimer’s disease, or frontotemporal dementia, for example.
Further examples of neurclogical diseases include, but are not Himited to, Parkinson’s disease,
chronic traumatic encephalopathy, multiple sclerosis, peripheral myopathy, Rasmussen’s
encephalitis, attention deficit hyperactivity disorder, autism, central pain syndromes, anxiety,
and/or depression, for example. In one embodiment, the patient suffers from a neurological
disease in which TDP-43 depletion occurs.

{8060] The neurclogical disease may be associated with aberrant endosomal trafficking. For
example, endosomal pathways and endosomes are necessary components for the recycling or

breakdown of membrane-bound proteins, trafficking of Golgi-associated proteins, and the

e
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extracellular release of proteins in exosomes. These processes aid neurotransmission and drive a
balance between recycling and degradation of synaptic vesicles or neurotransmitter receptors, for
example.

{8061] The neurological disease may be assoctated with aberrant lysosome degradation.
Alterations in the lysosome degradation may be present in the neurological disease, such as a
neurodegenerative disease. Cathepsin imbalance during aging and age-related diseases may
provoke deleterious effects on central nervous systermn (CNS) neurons and lysosomes may be
sites for the unfolding and partial degradation of merbrane proteins or their precursors that
subsequently become expelled from a cell, or are released from dead cells and accumulate as
pathological entities.

[6062] A health care professional may diagnose a subject as having a disease associated with
motor neuron degeveration by the assessment of one or more symptors of motor neuron
degeneration. To diagnose a neurological disease, a physical exam may be followed by 2
thorough neurological exam. The neurological exam may assess motor and sensory skills, nerve
function, hearing and speech, vision, coordination and balance, mental status, and changes in
mood or behavior, Nou-limiting symptoms of a disease associated with a neurological disease
may be weakness in the arms, legs, feet, or ankles; slurring of speech; difficulty lifting the front
part of the foot and toes; hand weakness or clumsiness; muscle paralysis; rigid muscles;
involuntary jerking or writing movements {chorea}; involuntary, sustained contracture of
muscles (dystonia), bradykinesia; loss of automatic movements; impaired posture and balance;
fack of flexibility; tingling parts in the body; electric shock sensations that occur with movement
of the head; twitching in arm, shoulders, and tongue; difficulty swallowing; difficulty breathing;

difficulty chewing; partial or complete loss of vision; double vision; slow or abnormal eye
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movements; tremor; unsteady gait; fatigue; loss of memory; dizziness; difficulty thinking or
concentrating; difficulty reading or writing; misinterpretation of spatial relationships;
disorientation; depression; anxiety; difficulty making decisions and judgments; loss of impulse
control; difficulty in planning and performing familiar tasks; aggressiveness; irritability; social
withdrawal; mood swings; dementia; change in sleeping habits; wandering; and change in
appetite.

[0063] Tests may be performed to rule diseases and disorders that may have syrptoms similar
to those of neurclogical diseases, measure muscle tovolvement, assess neuron degeneration.
Non-hmiting examples of tesis are electromyography (EMG); nerve conduction velocity study,
laboratory tests of blood, urine, or other substances; magnetic resonance imaging (MR1};
magnetic resonance spectroscopy; muscle or nerve biopsy; transcranial magunetic stimulation;
genetic screening; x-1ays, fluoroscopy; angiography; computed tomography (CT); positron
emission tomography, cerebrospinal fluid analysis; intrathecal contrast-enhanced CT scan;
electroencephalography; electronystagmography; evoked response; polysomnogram;
thermography; and ultrasound. A health care professional may also assess the patient’s family
history of diseases associated with motor neuron degeneration and make a diaguosis in part
based on a familial history of neurclogical diseases. A healthcare professional may diagnose a
disease associated with neurclogical disease in a subject after the presentation of one or more
symptoms.

[6064] Neurodegenerative diseases result in the progressive destruction of neurons that affects
neuronal signaling. For example, a neurodegeneration may be amyoirophic lateral sclerosis,

Alzheimer’s disease, Huntingtorn’s disease, Friedreich’s ataxia, Lewy body disease, Parkinson’s
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disease, spinal muscle atrophy, primary lateral sclerosis, progressive muscle atrophy, progressive
bulbar palsy, and pseudobulbar palsy.

[6065) Diseases associated with motor neuron degeneration may be a condition that results in
the progressive destruction of motor neurons that interferes with neuronal signaling to the
muscles, leading to muscle weakness and wasting. In healthy individuals, upper motor neurons
transmit signals from the brain to lower motor neurons in the brain stem and spinal cord, which
then transmit the signal to the muscles to result in voluntary muscle activity. The destruction of
upper and lower motor neurous affects activity such as breathing, talking, swallowing, and
walking, and overtime these functions can be fost. Examples of motor neuron diseases include,
but are not limited to, amyotrophic lateral sclerosis, primary lateral sclerosis, progressive muscle
atrophy, progressive bulbar palsy, and pseudobulbar palsy.

{0066] Neuronal hyperexcitability may occur when receptors for the excitatory
neurotransmitter glutamate (glutamate receptors) such as the NMDA receptor and AMPA
receptor are over-activated by excess glutamate or by other compounds or neurotransimitters
acting on the glutamate receptors. Excitotoxicity may result from neuronal hyperexcitability.
Excitotoxicity is the pathological process by which nerve cells are damaged or killed by
excessive stimulation. The excessive stimulation allows high levels of calcium ions (Ca’") to
enter the cell. Ca™" influx into cells activates a number of enzymes, including phospholipases,
endonucleases, and proteases such as calpain. These enzvmes can damage cell structures such as
componentis of the cytoskeleton, membrane, and DNA.

{6067} Neuronal hyperexcitability may be involved in spinal cord injury, stroke, traumatic
brain injury, hearing loss {through noise overexposure or ototoxicity), epilepsy, painful

neuropathies, attention deficit hyperactivity disorder, autism, central pain syndromes,
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neurcdegenerative diseases, muliipie sclerosis, Alzheimer's disease, amyotrophic lateral sclerosis
(ALS), Parkinson's disease, frontotemporal dementia, schizophrenia, Rasmussen’s encephalitis,
Huntington’s disease, alcoholism or alcohol withdrawal and especially over-rapid
benzodiazepine withdrawal, and also Huntingtou's disease. Other common conditions that cause
excessive glutamate concentrations arcund neurcns are hypoglycemia. Blood sugars are the
primary glutamate removal method from inter-synaptic spaces at the NMDA and AMPA
receptor site,

{0068] As used herein, “nov-bicyclic modified sugar moiety” means a wodified sugar moiety
that comprises a modification, such as a substituent, that does not form a bridge between two
atoms of the sugar to form a second ring.

{6069]  As used herein, “nucleobase” means an unmodified nucleobase or a modified
nuclecbase. As used herein, an “anmodified nucleobase” is adenine (A), thymine (T}, cytosine
(C), uracil (U}, or guanine (G). As used herein, a “modified nuclecbase” is a group of atoms
other than unmodified A, T, C, U, or G capable of pairing with at least one unmodified
nuclecbase or modified nucleobase. A “S-methyleytosing” or “mC” is a modified nucleobase. A
universal base is a moditied nuclecbase that can pair with any one of the five unmodified
nucleobases. As used hergin, “nucleobase sequence” means the order of contiguous nucleobases
in a nucleic acid or oligonuclectide independent of any sugar or internucleoside linkage
modification.

[6079] In certain embodiments, modified oligonucieotides comprise one or more nucleoside
comprising an unmedified nucleobase. In certain embodiments, modified oligonuciectides

comprise one or more nucleoside comprising a modified nuclecbase. In certain embodiments,
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modified cligonucleotides comprise one or more nucleoside that does not comprise a nucleobase,
referred to as an abasic nucleoside.

{6071} In certain embodiments, modified nucleobases are selected from: 5-substituted
pytimidines, 6-azapyrimidines, alkyl or alkynyl substituted pyrimidines, alkyl substituted
purines, and N-2, N-6 and O-0 substituted purines. In certain embodiments, modified
nucleobases are selected from: Z-aminopropyladenine, 5-hydroxymethvlcytosine, xanthine,
hypoxanthine, 2Z-aminoadenine, 6-Nmethvlguanine, 6-N-methyladenine, 2-propyladenine, 2-
thiouracil, 2-thiothymine and 2-thiocytosine, S-propynyl (-<C=C-CHs) uracil, S-propynyleytosine,
6~azouracil, 6-azocyiosine, 6~-azothymine, S-ribosyluracii {pseudouractl}, 4-thicuracil, 8-halo, 8-
amino, 8-thicl, 8-thicalkyl, 8-hydroxyl, 8-aza and cther S-substituted purines, 5-halo, particularly
S-bromo, S-trifluoromethyl, S-halouract], and S-halocytosine, 7-methylguanine, 7-
methyladenine, 2-F-adenine, 2-aminoadenine, 7-deazaguanine, 7-deazaadenine, 3-deazaguanine,
3-deazaadenine, 6-N-benzoyladenine, 2-N-isobutyrylguanine, 4-N-benzoylcytosing, 4-N-
benzoyiuracil, S-methyl 4-N-benzovicytosine, 5-methy! 4-N-benzoyluracil, universal bases,
hydrophobic bases, promiscuous bases, size-expanded bases, and fluorinated bases. Further
modified nucleobases include tricyclic pyrimidines, such as 1,3-diazaphenoxazine-2-oue, 1,3~
diazaphenothiazine-2-one and 9-(2Z-amincethoxy)-1,3-diazaphenoxazine-2-one {G-clamp).
Modified nucleobases 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. Further nucleobases include those disclosed in U.S. Patent No. 3,687,808, those

disclosed in The Concise Encyclopedia Of Polymer Science And Engineering, Kroschwitz, J. 1,

Hd., John Wiley & Sons, 1990, 858-859; Englisch et al , Angewandte Chemie, International

Edition, 1991, 30, 613; Sanghvi, Y. 8§, Chapter 15, Antisense Research and Applications,
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Crooke, 8. T, and Lebley, B, Eds., CRC Press, 1993, 273-288; and those disciosed in Chapters 6

and 15, Antisense Drug Technology, Crooke 8. 1., Ed., CRC Press, 2008, 163-166 and 442-443.

[6072] Asused herein, “nucleoside” means a compound comprising a nuclecbase and a sugar
moiety. The nucleobase and sugar motety are each, independently, unmodified or odified. As
used herein, “modified nucleoside” means a nucleoside comprising a modified nuclecbase and/or
a modified sugar moiety. Modified nucleosides include abasic nucleosides, which lack a
nuclecbase. “Linked nucleosides” are nucleosides that are connected in a continuous sequence
{(i.e., no additional nucleosides are presented between those that are linked).

{6073)  Asused herein, “oligomeric compound” means an ofigonucleotide and optionally one or
more additional features, such as a conjugate group or terminal group. An oligomeric compound
may be paired with a second oligomeric compound that is complementary to the first oligomeric
compound or may be unpaired. A “singled stranded oligomeric compound” is an unpaired
oligomeric compound. The term “cligomeric duplex™ means a duplex formed by two oligomeric
compounds having complementary nuclecbase sequences. Each oligomeric compound of an
oligomeric duplex may be referred to as a “duplexed oligomeric compound”

{0874} As used herein, “oligonucleotide” means a strand of linked nucleosides connected via
internucteoside linkages, wherein each nucleoside and internucleoside linkage may be modified
or unmodified. The internucleoside linkages may be any described herein. Unless otherwise
indicated, oligonucleotides consist of 8-50 linked nucleosides. As used herein, “modified
oligonucleotide” means an oligonucleotide, wherein at least one nucleoside or internucleoside
linkage is modified. Asused herein, “unmodified oligonuclectide” means an oligonucleotide

that does not comprise any nuclecside modifications or internucleoside modifications.
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{6078) “UNCI34,) belongs to a family of genes originally discovered in C. elegans and was
named based on the uncoordinated (unc) movements exhibited by animals with mutations in
these genes, owing to deficits in neurotransmoitier release. UNCI3A4 encodes a large multidomain
protein expressed in the nervous system, where it focalizes to neuromuscular junctions and plays
an essential role in the vesicle priming step, prior to synaptic vesicle fusion. Variants within
the I/NC {34 gene have been known to increase risk of amyotrophic lateral sclerosis (ALS) and
frontotemporal dementia (FTD), two related neurodegenerative diseases defined by
mistocalization of the RNA-binding protein TDP-43.

{6076]  Asused herein, “sugar moiety” means an unmodified sugar moiety or a modified sugar
motety. The superscript prime symbol (') is used to describe the numbering of a sugarina
nucleoside or nucleotide {the nucleobase positions are numbered without the prime). When
describing the sugar only, the prime symbol is vot used. As used herein, “unmodified sugar
motety” means a 2-OH(H) furanosyl moiety, as found in RNA (an “unmeodified RNA sugar
moiety”), or a 2-H{H) moiety, as found in BNA (an “unmeoditied DNA sugar moiety”}.
Unmodified sugar moieties have one hydrogen at each of the 1, 3, and 4 positions, an oxygen at
the 3 position, and two hydrogens at the 5 position. As used herein, “modified sugar moiety” or
“modified sugar” means a modified furanosy! sugar moiety or a sugar surrogate. As used herein,
modified furanosyl sugar moiety means a furanosy! sugar comprising a non-hydrogen substituent
in place of at least one hydrogen of an unmodified sugar moiety. In certain embodiments, a
modified furanosyl sugar moiety is a 2-substituted sugar motety. Such modified furanosy! sugar
moieties include bicyclic sugars and nonbicyclic sugars.

{66771 In certain embodiments, modified sugar moieties are nonbicyclic modified sugar

moieties comprising a furanosyl ring with one or more substituent groups none of which bridges
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two atoms of the furanosyl ring to form a bicyclic structure. Such non bridging substituents may
be at any position of the furanosyl, including but not limited to substituents at the 2, 4, and/or 5
positions. In certain embodiments one or more non-bridging substituent of nonbicyeclic modified
sugar moieties is branched. Examples of 2-substituent groups suitable for non-bicyclic modified
sugar moieties include but are not Himited to: 2-F, 2-0CH; (“OMe” or “G-methy!™), and 2-
O(CH23:0CH; ("MOE"). In certain embodiments, 2-substituent groups are selected from
among: halo, allyl, amino, azide, SH, CN, OCN, CF;, OCFs, O-Ci.ae alkoxy, O-Ciao substituted
alkoxy, O-Ciasalkyl, O-Crao substituted alkyl, S-alkyl, N(Rm)-alkyl, O-alkenyl, S-alkenyl,
N{Ru-alkenyl, G-alkynyl, S-atkyayl, N(Rm -alkyoyl, O-alkyienyl-O-alkyl, alkynyt, alkaryl,
aralkyl, O-alkaryl, O-aralkyl, O(CH:SCH:, O(CH:zRONERm )} Re) or OCHC(=0-NRu)Ra),
where each Rm and Ra is, independently, H, an amino protecting group, or substituted or
unsubstituted Ciio alkyl, and the 2-substituent groups can be further substituted with one or
more substituent groups independently selected from among: hydroxyl, amino, atkoxy, carboxy,
benzyl, phenyl, nitro (NOz), thiol, thicalkoxy, thicalkyl, halogen, alkyl, aryl, alkenyt and alkynyl.
Examples of 4'-substituent groups suitable for non-bicyclic modified sugar moieties include but
are not limited to alkoxy {e.g, methoxy), and alkyl. Examples of S-substituent groups suitable
for non-bicyclic modified sugar moieties include but are not limited to: S-methyl (R or 8}, 5-
vinyl, and S-methoxy. In certain embodiments, non-bicyclic modified sugar moieties comprise
more than one non-bridging sugar substituent, for example, 2-F-5-methyl sugar moteties and the
like,

{6078] In certain embodiments, a 2'-substituted non-bicyclic modified nucleoside comprises a
sugar moiety comprising a nonbridging 2'-substituent group selected from: F, NHz, N3, OCF;5,

OCH;, O(CHsNH, CHCH=CH;, OCHCH=CH,, OCH:CHOCH;, O(CH2»SCH;,
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O{CH2 ONRm){Ra), G{CH2O{CHzN{CHs )2, and N-substituted acetamide (OCH:C(=0)-
N{Rm}Ra)), where each Rm and Ra is, independently, H, an amino protecting group, or
substituted or unsubstituted Cio alkylh

[6079] In certain embodiments, a 2'-substituted nucleoside nonbicyclic modified nucleoside
comprises a sugar moiety comprising a non-bridging 2'-substituent group selected from: F,
OCF;, OCH;3, OCHCH20CH;, O(CH2SCH:, O(CH ON(CHs )2, O(CH2pOCH2 N(CH;s 1o,
and OCHC{(=0)}-NH)YCH; (“NMA”}.

{0080} 1o certain embodiments, a 2'-substituted non-bicyclic modified nucleoside comprises a
sugar moiety comprising a nonbridging 2'-substituent group selected from: F, OCH3, and
CCH.CHOCHs,

{6081} Certain modified sugar moieties comprise a substituent that bridges two atoms of the
furanosyl ring to form a second ring, resulting in a bicyclic sugar moiety. In certain such
embodiments, the bicyclic sugar moiety comprises a bridge between the 4 and the 2 furanose
ring atoms. Examples of such 4 to 2 bridging sugar substituents include but are not limited to: 4-
CHz-2, 4-(CHap-2, 4-(CHa}s-2, 4-CH2-0-2 ("LNA”), 4-CH2-8-2, 4-(CH2)2-0-2 (“"ENA”), 4-
CH{CH3)}-0-2 (veferred to as “constrained ethyl” or “cEt”), 4-CHe~0-CHa-2, 4-CHz-N{R)-2, 4-
CH(CH:OCH3)(3-2 (“constrained MOE” or “cMOE”} and analogs thereof, 4-C(CH}(CH3)}-0-2
and analogs thereof, 4-CH:-N{OCH3)-2 and analogs thereof, 4-CHz-O-N(CH1)-2, 4-CHa-
CHY}CH5)-2, 4-CH2-C(=CH2)-2 and analogs thereof, 4-C(RaRp}-N(R}-0-2, 4-C{RRu)-0-N{R}-
2, 4-CHa-3-N(R})-2, and 4-CHz-N{R}-G-2, wherein each R, Ry, and Ry, 13, independently, H, a
protecting group, or Tz atkyl.

{6082] In certain embodiments, such 4 to 2 bridges independently comprise from 1 to 4 linked

groups independently selected from: ~[C{Ra}Ro}]n-, -[CENM R0, -CR=C(R ), -C(Raj=N-,
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~C{=NRa}-, -C{(=0)~, -C(=8}-, -(I-, -St{Ra}h~, -8{=0k-, and - N{Ra)~; wherein: xis 0, 1, 0r 2. n is
1,2, 3, or 4; each Rq and Re is, independently, H, a protecting group, hydroxyl, Ciaz alkyl,
substituted Crz alkyl, Craz alkenyl, substituted Co-i2 alkenyl, Co.i2 alkynyl, substituted Ca.2
alkynyl, Csao aryl, substituted Cs.0 aryl, heterocycle radical, substituted heterocycle radical,
heteroaryl, substituted hetercaryl, Cs.7 alicyclic radical, substituted €5-7 alicyclic radical,
halogen, Oy, NIz, 851, N3, COOh, acyl (C(=0)-H), substituted acyl, CN, sulfonyl (S(=0x-J1),
or sulfoxyl (S(=0)-J1); and each J1 and B2 15, independently, H, Ci.uz alkyl, substituted Ciaz alkyl,
Cz-12 alkenyl, substituted Caaz alkenyl, Caaz alkynyl, substituted Co-iz alkynyl, Csao aryl,
substituted Cso aryl, acyt (C{=0)-H), substituted acyl, a heterocycle radical, 3 substituted
heterocycle radical, Ci.i2 aminoalkyl, substituted Ci-12 aminocalkyl, or a protecting group.

{6083} Additional bicyclic sugar moieties are known in the art, see, for example: Freier ef o/,
Nucleic Acids Research, 1997, 25(22), 4429-4443, Alback et o/, J Org Chem , 2006, 71, 7731-
7740, Singh et al, Chem. Commun. 1998, 4, 455-456; Koshkin ef of , Tetrahedron, 1998, 54,
3607-3630; Kumar ef ai., Bioorg. Med. Chem. Lert. 1998, 8 2219-2222; Singh et al, J. Org.
Chem., 1998 63, 10035-10039; Srivastava et af., S Am. Chem. Soc., 20017, 129, 8362-8379;
Wengel et a., U.S. Pat. No. 7,053,207, Imarishi et al,, UK. Pat. No. 6,268,490; Imanishi et al.
U.8. Pat. No. 6,770,748, Imanishi et al., U .S RE44.779; Wengel et al,, U.S. Pat. No. 6,794,499,
Wengel et al., U.S. Pat. No. 6,670,461, Wengel et al, U.S. Pat. No. 7,034,133; Wengel et al,
U.S Pat. No. 8,080,644; Wengel et al, US. Pat. No. §,034,909; Wengel etal , U.S. Pat. No.
8,153,365, Wengel et al,, US Pat. No. 7,572,582; and Ramasamy et al, U.S. Pat. No.
6,525,191, Torsten et al., WO 2004/106356; Wengel et al, W 1999/014226; Reth et al., WO
2007/134181; Seth et al., U8, Pat. No. 7,547,684; Seth et al., 1.8, Pat. No. 7,666,854; Seth et

al.,, U.S Pat No. 8,088,746; Seth et al., U.S. Pat. No. 7,750,131, Seth et al, U.S. Pat. No.
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8,030,467 Seth et al., 1J.8 Pat. No. 8,268,980; Seth et al, 1J.S. Pat. No. 8,546 556; Seth et al |
U.S. Pat. No. §,530,640; Migawa et al., U.S. Pat. No. 9,012,421, Sethetal, US. Pat. No.
8,501,805, and U.S. Patent Publication Nos. Allerson et al., US2008/0039618 and Migawa et al,
UR2015/0191727.

{0084] “Subject” and “patient” as used hergin interchangeably refers to any vertebrate,
including, but not limited to, a mammal {e.g., cow, pig, camel, llama, horse, goat, rabbit, sheep,
hamsters, guinea pig, cat, dog, rat, and mouse, a non-human primate (for example, a monkey,
such as a cynomolgous or rhesus monkey, chimpanzee, eic.) and a human). In some
embodiments, the subject may be a human or a non-human. lu a preferred embodiment, the
subject or patient is a human. The subject or patient may be undergoing other forms of
treatment.

[6085] A “therapeutically effective amount,” or “effective dosage” or “effective amount” as
used interchangeably herein unless otherwise defined, means a dosage of a drug effective for
periods of time necessary, to achieve the desired therapeutic result. An effective dosage may be
determined by a person skilled in the art and may vary according to factors such as the disease
state, age, sex, and weight of the tndividual, and the ability of the drug to elicit a desired
response in the individual, This terny as used herein may also refer to an amount effective at
bringing about a desired in vive effect in an animal, mammal, or human. A therapeutically
effective amount may be administered in one or more administrations (e.g., the agent may be
given as a preventative treatment or therapeutically at any stage of disease progression, before or
after symptoms, and the like), applications or dosages and is not intended to be limited to a
particular formulation, combination or administration route. It is within the scope of the present

disclosure that the drug may be administered at various times during the course of treatment of
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the subject. The times of administration and dosages used will depend on several faciors, such as
the goal of treatment (e.g., treating v. preventing), condition of the subject, etc. and can be
readily determined by one skilled in the art.

{6086]  As used herein, the term “treat” or “ireating” a subject, refers {o administering a
composition or agent described herein to the subject, such that at least one sympiom of a disease
or disorder is healed, alleviated, relieved, altered, remedied, reduced, ameliorated, or improved.
Treating includes administering an amount effective to alleviate, relieve, alter, remedy, reduce,
ameliorate, and/or improve one or more symptoms associated with a disease or disorder. The
treatment may inhibit deterioration or worsening of a symptom associated with the disease or
disorder.

{60871 A hallmark pathological feature of amyotrophic lateral sclerosis (ALS) and
frontotemporal dementia (FTD} is the depletion of RNA-binding protein TDP-43 from the
nucleus of neurons in the brain and spinal cord to the cytoplasm where it aggregates into
insoluble inclusion bodies in more than 95% of ALS cases and about 45% of FTD cases
postmortem (Brown, supra). A major function of TDP-43 i3 as a repressor of cryptic exon
{between canonical exons 20 and 21) inclusion during RNA splicing. Single nucleotide
poelvmorphisms (8NPsy in UNC13A are among the strongest genome-~wide association study
(GWAS) hits associated with FTD/ALS in humans (Diekstra ef af., Amn. Neurol 76, 120133,
2014}, Evidence has shown that TDP-43 represses a cryptic exon splicing event in UNCI3A.
{Unlike normal conserved exons, these cryptic exons lurk in introns and are normally excluded
from mature mRNAs.} Loss of TDP-43 from the nucleus in the human brain, neuronal cell lines,
and iPSC-derived motor neurons resulted in the inclusion of the cryptic exon in UNCI3A mRNA

and reduced UNCI3 A protein expression. Rosa Ma et al., “TDP-43 represses cryptic exon
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inclusion tn FTIVALS gene /NC/34.7, https://doi.org/10.1101/2021.04.02 438213, bioRxiv
{posted Apr. 4, 2021). The top variants associated with FTD/ALS risk in humans are located in
the cryptic exon harboring intron itself and it is shown that they increase UNCI3 A cryptic exon
splicing in the face of TDP-43 dysfunction. Data shows that there is a direct functional link
between one of the strongest genetic risk factors for FTD/ALS (UNC13A genetic variants) and
foss of TDP-43 function.

10088] According to Rosa Ma, the most significant genetic variants associated with FTD/ALS
disease risk are located within the intron harboriug the cryptic exon itself. Brain samples from
Frontotemporal fobar degeneration (FTLD} with TDP-43 inclusions (FTLD-TDP) patients
carrying these SNPs exhibited more UNCI3A cryptic exon inclusion than those from FTLD-
TDP patients lacking the risk alleles. These risk alleles, according to Rosa Ma, are insufficient
fo cause cryptic exon inclusion because the cryptic exon is not detected in RNA sequence data
from healthy control samples (GTEx) and functional studies indicate that TDP-43 dysfunction is
required for UNC13A cryptic exon inclusion. Instead, the UNCI3A risk alleles exert a TDP-43
tosg-of -function-dependent disease modifying effect. Without being bound by any particular
theory, the inventors theorize that increase of UNCI3 A protein expression is an effective
treatment for neurcdegenerative diseases, such as ALS and FTD.

{0089} The cryptic exon occurs in two forms distinguishable by their size, between exons 20
and 21 after TDP-43 knockdown. One risk SNP, rs12973192, lies 16 base pairs inside the
cryptic exon, and another is located 534 base pairs downstream of the donor splice site of the
cryptic exon within the same intron. The risk SNPs increase the amount of cryptic exon inclusion
in cortex from ALS and FTD cases in an independent and additive fashion. A recent analysis of

UNCI3A CF inclusion in bulk RNA-seq data from brain and spinal cord tissues of 377
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individuals including ALS, FTD and controls, showed that the UNC13A CH was detected in
post-mortem tissues from ALS or FTD patients with TDP-43 pathology (Brown e o, Nature
603:131-137, 2022}, and not UNC13A risk SNP carriers. Cryptic exon expression mirrored the
known tissue distribution of TDP-43 aggregation and clearance: it was specific to ALS spinal
cord and motor cortex as well as FTD frontal and temporal cortices, but was absent from the
cerebellum in both disease and control.

[00%0]  The herein described methods of treatment comprises administering to a subject in need
thereof a composition comprising an effective amount of one or more antisense oligonucleotides
that treats neurclogical diseases by suppressing, preventing, or inhibiting transcription of the
cryptic exon of UNC1I3A. The one or more antisense oligonucleotides may decrease or inhibit
neurodegeneration.

[6091] Restoring UNCI3A levels in ALS patients who have TDP-43 pathology may result in
extending survival in patients with neurological and neusodegenerative diseases, such as ALS or
FTD, for instance by several years. The presently claimed antisense oligonucleotides {ASQs)
can be injected directly into the spinal cord and achieve sustained target engagement throughout
the central nervous system with miniral peripheral toxicity.

[6092]  The disclosure provides oligonuciectides (modified or unmodified) that can be used to
modulate UNCI3A expression. Table 1 provides (5' to 3') generic sequence of bases for the
human UNCI3A antisense oligonucleotides or inhibitory nucleic acids of the disclosure.

[0093] UNCI3A risk haplotype associated with ALS/FTD susceptibility potentiates cryptic
exon inclusion when TDP-43 is dysfunctional. SNPs associated with ALS/FTD in UNCI13A
include rs 12608932 and rs12973192. 1512608932 (A>C) and rs12973192 (C>(), are both

tocated in the same intron that was found to harbor the cryptic exon. FIG. 2 shows the locations
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of the ASOs with respect to the cryptic exon, TDP-43 binding site, and relative to the SNPs,

rs1Z608932

2 and rs12973192.

TABLE 1

SEQ ID NO. Sequence
1 GAATCTACCCACCAACTCAT
2 AATCTACCCACCAACTCATC
3 ATCTACCCACCAACTCATCC
4 TCTACCCACCAACTCATCCA
5 CTACCCACCAACTCATCCAT
& TACCCACCAACTCATCCATC
7 ACCCACCAACTCATCCATCT
& CCCACCAACTCATCCATCTA
9 CCACCAACTCATCCATCTAT
10 CACCAACTCATCCATCTATC
i1 ACCAACTCATCCATCTATCC
1z CCAACTCATCCATCTATCC
i3 VACTCATCCATCTATCCA
ié ANCTCATCCATCOTATCCATC
i5 ACTCATCCATCTATCCATCC
1é CTCATCCATCTATCCATCCA
17 TCATCCATCTATCCATCCAT
i8 CATCCATCTATCCATCCATG
19 ATCCATCOTATCCATCCATGET
20 TCCATCTATCCATCCATGETA
21 CCATCTATCCATCCATGTAC
22 CATCTATCCATCCATGTACT
23 ATCTATCCATCCATGTACTC
24 TCTATCCATCCATETACTCA
25 CTATCCATCCATGTACTCAC
26 TATCCATCCATETACTCACC
27 ATCCATCCATGTACTCACCC
28 TCCATCCATGTACTCACCCA
29 CCATCCATETACTCACCCAT
30 CATCCATETACTCACCCATC
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TCCATGTACTCACCCATCTC

33 CCATGTACTCACCCATCTCT
34 CATGTACTCACCCATCTCTC
35 ATGTACTCACCCATCTCTCC
36 TGTACTCACCCATCTCTCCA
37 GTACTCACCCATCTCTCCAT

TACTCACCCATCTCTCCATC

39

ACTCACCCATCTCTCCATCC

40

CTCACCCATCTCTCCATCCA

41

TCACCCATCTCTCCATCCAT

42

CACCCATCTCTCCATCCATC

43

ACCCATCTCTCCATCCATCC

42 4

CCCATCTCTCCATCCATCCT

45

CCATCTCTCCATCCATCCTT

46

CATCTCTCCATCCATCCTTT

47

ATCTCTCCATCCATCOTTIT

48

TCTCTCCATCCATCCTTTTA

49

CTCTCCATCCATCCTTTTAT

o

TCTCCATCCATCCTTTTATC

Ut
)

CTCCATCCATCCTTTTATCT

521 COATCCATCCTTTTATCTAC
531  CTACTCATCACTCATTCATC
54 1 ACTCATCACTCATTCATCTG
551 CTCATCACTCATTCATOTGT

56

CATCACTCATTCATCTGTTC

571 TCATTCATTCATTCACCAGC
581 CATTCATTCATTCACCAGCE
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176 CATCCATCCATCATCCATCT
177 ATCCATCCATCATCCATCTA
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180 CATCCATCATCCATCTAGCC
181 ATCCATCATCCATCTAGCCA
182 TCCATCATCCATCTAGCCAC
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285 ATCCATCCCATACATTGATC
286 TCCATCCCATACATTGATCC
287 GCAACTTAATCCACTTACCC
288 CAACTTAATCCACCTACCCA
289 AACTTAATCCACCTACCCAA
230 ACTTAATCCACCTACCCAAT
291 CTTAATCCACCTACCCAATC
292 TTAATCCACCTACCCAATCA
283 TAATCCACCTACCCAATCAT
254 ARTCCACCTACCCAATCATT
285 ATCCACCTACCCAATCATTC
296 TCCACCTACCCAATCATTCA
287 CCACCTACCCAATCATTCAT
298 CACCTACCCAATCATTCATT
Z99 ACCTACCCAATCATTCATTC
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571 § ATCCATCTAGCCACGARTCT
572 | TCCATCTAGCCACGAATCTY
573 | CCATCTAGCCACGAATCTAL
574 | CATCTAGCCACGAATCTACC
575 | ATCTAGCCACGAATCTACCT
576 § TOTAGCCACGAATCTACCCA
577 § CTAGCCACGAATCTACCCA
578 | TAGCCACGAATCTACCCACC
579 | AGCCACGAATCTACCCACCA
580 | GCCACGAATCTACCCACCAA
581 | CCACGAATCTACCCACCAALC
582 | CACGAATCTACCCACCAACT
583 | ACGAATCTACCCACCRAACTC
584 | CGAATCOTACCCACCAACTCA
585 | GACATACCCAGACACAAACG
586 | ACATACCCAGACACAAACGEG
587 | CATACCCAGACACAAACGGC
588 | GCCAGAAAGAGGAAGAGCTG
589 | CCAGAAAGAGGAAGAGCTGG
580 | GGCAGGCAGGAATGGETGAGT
5391 | GCAGGCAGGAATGGTGAGTG
552 | CAGGCAGGAATGGETGAGTGG
5393 | AGGCAGGAATGGETGAGTGGA
594 | GGCAGGAATGGTGAGTGGAA
525 | GCAGGAATGGETGAGTGGAAG
596 | CAGGAATGGETGAGTGGRAGT
597 | AGGAATGGETCGAGTGGAAGTG
588 | GGAATGGTGAGTGGAAGTGG
599 | GAATGGETGAGTGGAAGTGGC
600 | AATGGETCGAGTGCGAAGTGGCA
&0 ATGGETGAGTGGAAGTGGCAT
02 | TGGTGAGTGGAAGTGGCATG
603 | GGTGAGTGGAAGTGGCATGG
504 | TCATTCATCTGT
605 | CTCATTCATCTG
606 | ACTCATTCATCT
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ACTCATCACTCATTCATCTGTT

TACTCATCACTCAT TCATOTET

CTOATOACTOATTCATCTOTTOA

ACTCATCACTCATTCATCTGTTC

TACTCATCACTCATTCATCTGTT

CTACTCATCACT CATTCATCOTET
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j0694]  As shown in FIGs. 4A-4F, ASQ 55 (S8EQ ID. NO. 55) variations listed above are

alternately labeled as below, to be more clearly identifiable as variations of ASG 55:

SEQ ID NO. | Alternate Identifier
604 | hUNC13A-AS055 12-1
605 | hUNCL3A-AS055 12-2
606 | hUNC13A-AS055 12-2
607 | hUNC13A-AS055 12-4
608 | hUNC13A-AS055 12-5
609 | hUNC13A-AS055 12-6
610 | hUNC13A-AS055 12-7
611 | hUNC13A-AS055 12-8
612 | hUNC13A-AS055 12-9
613 | hUNC13A-AS055 15-1
614 | hUNCL3A-AS055 15-2
615 | hUNC13A-AS055 15-2
616 | hUNC13A-AS055 15-4
617 | hUNC13A-AS055 15-5
618 | hUNC13A-AS055 15-6
€19 | hUNC13A-AS055 16-1
620 | hUNC13A-AS055 16-2
621 | hUNC13A-AS055 16-3
622 | hUNC13A-AS055 16-4
623 | hUNCL3A-AS055 16-5
624 | hUNC13A-AS055 17-1
625 | hUNC13A-AS055 17-2
626 | hUNC13A-AS055 17-3
627 | hUNC13A-AS055 17-4
628 | hUNC13A-AS055 18-1
629 | hUNC13A-AS055 18-2
630 | hUNC13A-AS055 18-3
631 | hUNC13A-AS055 19-1
632 | hUNC13A-A8055 19-2
633 | hUNC13A-AS055 21-1
634 | hUNC13A-AS055 21-2
635 | hUNC13A-AS055 22-1

43



WO 2023/004049 PCT/US2022/037888

636 | NUNC12A-AS055 22-2
637 | NUNC13A-AS055 23-3

638 | hUNC13A-AS055 23-1
639 | hUNC13A-AS055 23-2
640 | RUNC13A-ASCBS 23-3

641 | hUNCI3A-AS0RS 223-4

RN

{6095]  In one embodiment, the disclosure provides modified oligonucleotides consisting of 12-
30 linked nucleosides and having a nuclecbase sequence comprising at least 8, at least 9, at least
10, atleast 11 at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at
least 19 or at feast 20 counsecutive nucieotide bases of any of the nuclecbase sequences of SEQ
1D N{:1-641 in Table 1. In some embodiments, the modified oligonucieotide is at least 30% to
100% (i.e., 80%, 82%, 84%, 86%, 88%:, 90%, 92%, 94%, 96%, 98% or 100%; or any numerical
range or value between any of the foregoing values) identical to any of the sequences comprising
or consisting of SEQ ID N(:1-641. The sequences provided in Table 1 can be used o design
antisense molecules for inhibition of UN{C13A cryptic exon expression.

j00%6]  In some embodiments, the oligonucleotide is single stranded. In some embodimenis the
oligonucleotide comprises or is complexed with a motety that neutralizes charge on the
oligonucleotide to promote uptake and transfer across a cell membrane,

{6097} In another embodiment, each of the ASOs in Table 1 has a motif where each nucleobase
has a 2'-OCH2CH»-OCH:s group (i.e., 2'-MOE) and each internucleoside linkage is a
phosphorothioate linkage. This would be the motift
IMOE*2MOE*2MOE*2MOE*2MOE*2MOE*2ZMOE*2MOE* 2MOE* 2MOE*2MOE*2MOE*
ZMOE*2MOE*ZMOE*2MOB*2MOE*2MOE*2MOE*2MOE where (1) 2MOEF is a nuclecbase
with a 2°-OCHCH2-OCH; group (e, 2'-MOE), and (it} the asterisk (*) refers to a

phosphorothicate linkage. Table 2 below shows this motif,
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[6098] Table 2: The Sequence of Bases in UNCI3A Antisense Oligonucleotides (ASOs),
Capital letters are 2'-methoxyethyiribose nucleosides; lower case are DNA nucleosides; asterisks
{*} are phosphorothicate linkages; linkages which do not have an asterisk are phosphodiester
linkages)

TABLE 2

SEQ ID NG, Seguence
A2 | G¥AFAXTHCHTHFAXCHCHCOFAXCHFCXAFAXCF X CF QX
643 F AXBFT*CH TR AR CHCHCHRFCHCHRKPHFC*THCH AT THC

Gaa § ARTHCHTHAXCHCH O AF O CHANAR O TR O ARTHOHC

645 | THOXTHAXCHOXCHAXCHOXARAXCHTHCHAXTHC*CHA

646 | CHT*AFCHOHCXAFCHCHAXAFCHTHCXAFTHCHCXAFT

647 | THAXCHCHACRAXCHCH AR AXCHTHCRAXTHC* CRAXTH
648 | A¥CHCHCHRARCHCHBXARCHTH CXART* o CXARTHCH T

649 | CXCHOFAFCHCHAXDARCOHTH O ARTHCOHCHARTHCHTHA

550 | CXCHAXCHCRAFARCHT*Cr AXTH O CA AR TH xR T*A*T

651 | CYA*CHCHAXAFCHPHCrAF TR O CHAF TR O TR AFTH O

6 52 A*C%'C*A*A*C‘A'T*C*A*T‘h'C*C*A*T‘A'C*T*A*T*C*C
653 | CHORXARCHTHCHARTHCRCHARTHCRTHARTHCHCHA
654 | CHAYAFCHTHCXAFTHCACHAFTH O T AT ORCRART
655 | AFAXCHT*CH AxTH xR Ax T Cx T A% THCx Ok AXTHC
656 | AFC*THO*AFTHCHOx AR THCHTH AR Tx CrCx ArT* O

Gr7 | C¥THCFAFTHOHCFARTHOHTHARTHOHCHAFTHCOHCOHA

658 ‘1’*C*A*T‘*C*C*A*T‘*C*T‘*A*T‘*C*C*A*T'*C*C*A*T'
650 | CXAXTHCHCRAFTHCHTHAXTHCHCRAFTHCHCRAXT*(
6;; O A"k'r‘kC*C*A*'r*c*'l“*A*'r*C*C*A*’E*C*C*A*'P*G*'r
661 | THCHCHAFTHCHTHANT*CHORAFTHCHCHAFTHGHT*A

662 | CROFAFTHCHTHAFTHOH O ARTHOH CFAXTHGHTHART

653 | CRAXTHCHTHA*THCHCrAXTHCHCRAXTHGHTHA*C*T

664 § AFTHCH TR AFTHCHCHAF IO CHAFTHGRTHAFCHLHC

665 THOxTHAXTHR OO ARTHORCOEAXTHEH T ARCHTRORA
6566 CHTR AT OO, A TR OO QAR THQETRARTHTHT,ART

567 | THAXTHCHCHA*XTHCHCHAFTHEr TR A*CHTHCRA*C*C

568 | AXTHCOXCHFAXTHCHCHAXTHGHTHAXCH R CFAXCHC*C

A
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669 | THOCHAXTH O CHAXTHGHTHAXCHTHORAXCTH O OFD
670 | CHOFAXT*CHCHQAFTH G T QX CxTHCAFCHCHCHQFT
671 § CHAXTH O CHFAXTHQXTHFAXCH PR COFAXCHCHCFAXTHC
672 | AR THCHORPAFTHGH TR A CFTH O AFCHCHOCHAFTHCOFT

673§ THORCHAXTHGHTH AN CH TR O A*COHCHROHAXTHOHTH

674 § CRCHFAXTHGHTHAXCH TR CFAXCH OO AFTH O THORT
675 | CrAFTr G T QX CxTH O QAFCHCACHQFTHOx T OFT*C

6 | AXTHGXTHFAXCH DX CHAXCHCHCRAXTH OO PHC*C
678§ GRT AFCHTHCOHAFCHCH O AFTH O TR ORTHOHCHAFT
679 | T*AXCHT*CrAXCACHCHAXTHCHTH O TR O CHAXTHC

680 { AXCHTHCxAFCHCACHAF THOF PR OH TR OFCxAFTH X

i [ MR TR F C IS IO IO F S TS M T M T TG F M TR IO I
R CHTHCHFAXCHORCHFAXTHOXTH O PHOCH O AXTHO* O

682 | THCHA*CHCrCHANTHCHTHCHTHCHCRARTHCHCHART
3 | CXARCHCHCRARTROHTHCHTHCH O AXTHCRCRARTHC
584 A¥XCxOxCr[AxTHOxTHOxTH O CRAXTHROCXCHA[NXTHOxC

685 | CHCHCXAFTHCHTHCRTHCHCHARTHCHCHXAFTHCH X T

686 | CXOFARTHCHTHONTHOKCRAXTH R CH RN THORCHT*T

687 | CHANTHCHTHCHTHCHCHARTHCHCHARTHCHCHTHTHT
688 | AXT*CHTHCHTXRCHORAXTHCHCHA*THCHCHTHTHTHT

689 | THOXTHCrTHCxCHAXTHORCH AR THOx CHTHTHT*THA

GO0 | CHFTHCHTRCHCHAF TR OF CHAF TR OH OHTHTHTHTHAFT
691 § TH¥CHTHCHCHAFTHCH O AFTHCH O TR THTHTH [T

592 | CXTHC*CRAXTHCRCF AR THCR O THTHT* Tk Ax Tk Cx T

3

593 | CXCHAXTHCHCRAXTHC*CR TR THTHTHA*THC*THAXC
594 | CXTHAXCHTHCHAXTHCKANCHTHCHAFTHTHCORANTHC
695 | AXCHTHCHAXTHCHA*CHTHCHAXTHTHCHA*THCHT*G
696 | CHTXCHAXTHCFA*CH TR CH AKX THTHCH AR THCHT*G*T
697 | CHAXTHCHRAFCHTHCRA*THTHCH AR TR ORTHGHT*T*C
698 | THOXAFTHTHC*AFT* TrCx A* THTHCH AR CHCRAXQHC
699 | CHAXTHTXCORAXTHTHORAXTHTH O AXCRO*QFGHCOH
700 | GXGRAXTHAXA*GrAXGTATHCHTHTHTHCHCRA*GHG
701 | GXAXT*A*AXGHA*GH T T THTHTHC*CHA*THEHA
702 '_[‘*VDXC*C*A*GXG*A*A*AXC*C*C*A*G*G*C*A*G*C
703 | T¥CHCH*AFGHGFAXANAXCHOXCHAXGHGHCHAXGHC*T
704 | AXGHCHTHGHGFAXA*GHAXGHAXCHAXTHA*CHC*C*A

(o4
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705 | GXCHTHGHGHAFA*GRAXGH AKX CHAXTHA*CHO*CRA*G
706 | CHT*GHGFA*A*GFARGRAYCHAXTHARCHCRCRAXGHA
707 | THGXQHAXA*GRA*G*ARCXAFTHAFCxCHCRARGRARC

T8 | GYGXAYANGFANGHF AN CH [N TH AR O ORCOFAXGFANCHE

709 | GFANAFGRAFGHRAFCHAXTR AR CxCrCr AR GRARCRAHC

710 | AXAKGHAXGRAXCRAXTHAXCHCHCRAXGRAXCRAKCH]

711 | AXGHRAXCHAXCHA*THANCHORCHAXGHFAXCHARCHAYD

T12 | GYAFGYAFCHAFTH QAN CRCOHCHAFGYAFCHAFCHDFAYAD

713 | AXGHANCHAKNTHAKRCH RO AXGHAKRCH AR O AKX A AR

T14 § GRORCHOHAFAXTH O CHTHGHANGHTHGHRGYTH T ARG

b

715 | CHOXCHARAXTHCHOHTHGRAXGHTHGREHTHTHAXG*G
706 | GFORCHTHGH G AR AXTHAXGHAXAFGHGFAXAFGFANA
717 | GRCHTHGHGFAYAFTH A GHAFAXGHGHAFAXGFAXARC

718 | C¥THGQHGHAYAFTHANGYAFAYGHGRAFAXGHFAXAX OO

719 | T*GrQYAFAXTHFAXGHFAYDAFGYGHAYAFQYAFAXCHO* T
720 | G¥GFAXAFTYAFG¥A*A*GFEYAFAXGFAXAF O CF TG
721 | GXAFAXTHAXGFAXYAFGYGFAYAFQYAFAXCHCHTHEYA
722 V AXTHAXGHFARRFCGHRGRAXAFGRAFAXCHOHTHGHAFYTH*G
723 | THAYGHAYDAFGHYGHAYARGRAFAYCH O THEYAFTHYGHA
T24 | AFGYAFAXGHRGYAFANGIRAXAFCHCHTHGFAXT G A*T
725 | GFAYAFGRGFAXAFQRAFAXCHCHTHGHAXTHGHAXT*G
o6 | AFANGHGRAFANGHFARRFCHCHTHRGHANTHGRAFYTHGRA
27 V ARGHGFARDARGHAR AR O CHTHGRAFTHGEAFTHGHAXG
728 | G¥GFAYAFQRAFANCHOCHTHGHA*XTHGFAXTHGrAXG* T
720 | G¥AFAXGFANAFCOXCFTHGFANTHG*AFTHEFAXGHT*A
730 | AYAFRGHRAFANRCHCHTHGR AN THGHAXTHEHAYGHTHAYG
T3 ARGHFAFARCH O THQRAFTHGHAYTHG ARG THAYG*T
T30 | GFAYAFCHCH DX GHFAXTHGYAFTHGHAXGH T AXGYT*G

(V3

AFAXCHCHTHGA*XTHGRANTHQEAFGH HAXGHT*G*A
AR CHCHPHGRAFTHGRAFTHEHFAXGHTHAXQGH TG A*G
CHOHTHGHRAFTHRGFANTHEGRAYGHTHA*GH T GYAYGHYA

CHTHRGHAFTHGRAFTHQEAF G THARGH T GHAXGHAYG

R I BN BN
I VS I VS I B
(520 B R EY)

[e%)
[

737 | T*G*AXT*GRA*T* G AX G THA*Gx T GrA*GXA*G*T
738 | GYAFTRQFAXTHERAFE*THAXGHTHFA*TFA*GHT*
739 | AXTHGYANTHGrAXGHTHANGHTHE¥AYGHAYGHTHCO*A
740 | THGrA*XTHGrAXGrTHA*GHTHGrA*GHA*GHTHCrA*A

(4
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741 | GHRARTHGRAXGHTAARGHTHGRARGH ARG THOR AR A
740 | AXT*GHAXGR TR AFGTHGrAFGRA*GHTHCRA* AR C* (7
7 /t 3 ']_"*G*A‘)rG*'I‘*A*G.*’I‘*G*A* ".*A*G*’I‘*C*A*A*C*C*’I’
744 | GFANGHFTHAFGHTHGHAXGRAF G TH O AN AR CRO*THE
745 | ARGHTHAXGHTRGHAXGHFAKGHT*CH AKX AR R CHTRGHE
746 | GFTHA*GHTHGHAXGHAXGHTH O AXA* OO THG*G A
747 | T*A*GHTHG*A*GRAXGHTH XA AR CH O THEHGHA* G
7( 8 A*Gfk’I’*G.*A*G.*A*G.'}r’l’*C*A*A'}rC*C*’I’*G.*G*A*G*G.
749 | GFTHGHA*GHRAYGHTH CR AR AKX CHORTHGRGRHANGHEHC
TE0 | THT*CHCHCHAXGHAXGRGYAXGRGR TG ARCHORCHT
757 | CROFAFGRA*CGHGFAXGHEHTHGRA* X OO THERAXA
'7(;‘2 C*A"A’ ".*A*G.*G*A*G*G*’I’*G.*A*C*C*C*’I‘*G*A*A*’I‘
753 | AFGHAFGHGFARGHGRTHGRAR O OO THGRARANTHC
754 | GFARGHFEHAARGHGHTHGRAXCH OO TG A*A*TH T
TEE | AXGHGRAFCRGHTRGAARCHCRORTHGR A A*T*Cx T3
756 G*G.*A*G,*G*'I‘*G*A*C’“kC'}rC*"I‘*G*A*A*"F*C*’r*G*G.
757 | G¥A*GHOFTHOFAXCHCRCHTRGHAX AR T O T*GRG*A
158 | AXGHFGHTHEHAFCHCHCRTHGR AR AR THO*THE*GRANC
750 | GXGFTHGYA*CROACRTHGr AR A THCH TAGRIHA*C*T
TEO | GFRTHGHFARCHORCHTRGHAX AR TR OR PR GrGRA*CFTHT
TE1 | THE*AFCRCHCHTHGRAR AKX TH X THGRGH A* R TR HT
TED | GFANCHCHCHTHGH AR AR TR CHTRGHGRARC*THT*THE
767 | AXCHOR O THEGHAXA*THOATHGRGRARCHTHTHTAGHA
764 | CXCHOXTHGRAFAXTHC*THEHGHA*CHTRT* TG AXT
765 C"kC"k’I‘*G,*A*A*’I‘*C*'I’*G.*G*A*C*’r*’l‘*"l"*G*A*’I‘*G.
766 | O THEH AR RN THORTHEGHGFAXCHTHTH TR G AR THG* G
767 | THGRAR AR TH R THGGHARCATHTHTH G A THGHG*A
TEG | GFANAFTHCATHGHGRAXCH TR T TG A*THG*G*A*T
769 | AXT*CATRGHGrARCRTHTH TAGRA*TH GG A TXA*C
77 Q "I‘*C*'l"‘kG*G*A*C*’I’*‘I‘*’I‘"kG.*A*'r*G*G.*A*'r*A*G.*G
771 | GFGrAFGHGFARGHF TR TH TR TH O CHAGHGRTHAYARA
770 | GRA*GHGRARGH TR T THTH OO A*GHGHTH AR AKX ARG
777 | AXGHGRAXGRTH TR TR T*CaCxAXGHGHTYA*AXAX G
774: G"k Ck C*A*G"kG.*A"kG,*A“kG.'}r’I‘"kG,*‘I’*G.*G*A*‘I’*G.*G‘."k"_]_"
775 | ORCHARGHGRAFGRANGHTHGRTHEHGF AR THEHGHT* G
7 '76 C*A*G*(_;*A*C_'r*_,"_\x*[‘,;*T*kC}*T*C}*G*A*T*C}*G*T*G*T

4
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777 | BXGHGHAXGHAXGHTHGATH GG AXTH GG TG T*G
778 (E*G*A*G*A*G*T‘*G*T‘*G*C}*A*T‘*G*(}*’I‘*(}*’I’*(}*G
77 c) G.*A* ".*A*G.*’I‘*G.*)r’1‘*G*G*A*}r’1‘*@*@*'1‘*@*'_[‘*@*(}*C
TR0 | AFAXTHTH AR C*CHO*CHOXAF AKX AFTHTHOXARCHCORC

81§ AFTHRTHARCHOHCOHOH O [F QI AF TR TR O AR CHOH N

782 | T*¥T*AXCHCHCH OO RX DA AXTH TR CHAXTH O CHAXT
783 | T*A*CxCHCHCH O AXAXAFTHTHCH QX OO CHDQFTHC
784 | AXCHOHCHCRCHR* QT DX THR TR R B3 Ok Ox Ok Jx Tk O3 O
785 § OO OHCHCHAF AR PR AT O AR CHCOHOHAFTHCHT*AD
786 § CROXCHCOHAFAXDNFTHTH O AF OO ARTHCHCHAFT
F87 | CrOFCHFAXAFAXTHA T CxAXCHCHCHAXTH O CHAXT A
TRE | CFCHAFAXAF X PHCHQFCHCOACHAFTHCORCHAF AR
TRG | CHANAFAXTH TR CHARCHCHCHARTHOHCHARTHARCHA
790 § AYAFTHTHCOAFCOHCOR O AFTHOHCHDAFTHAXCHAFTHC
791 | AYTHRTYCHAXCH O CHRAXTH OO QX TR AXCHF /AT HOx T
702 | T*THCxA*CH OO A TH OO A THAFCHAFTHCOFT*AD
793 | T¥CHAXCHOHCOHAXTHOr CHAXTHAXCHAXTHOXPHAXT
794 § CRARCHOFOH QA THCHCEQF TR RO PR TR O PATHR
o5 § ARCRCHCOHAFTHOH O AFTH AR AR THORTHARTHANC
796 | CrOFCHAXTH O CAAXTHAXCHAXTH O THAAXTHAXCHT
797 | CHAXTHAXTHAXTH OO AXPHCH O AX PR CHTHEGHTHC
798 | AR THRAFTRRFTHCHOCRPHFTHCHCH QT THCOHTHGHTH OO
769 | TH*AFTHAXTH OO AFTHCH O NFTHCHPHGHTHTH A
800 | A¥THFAXTHCHCHFAXTH O CHAXTH O TG O CF AT
SOL | T*¥A* T CrCrAFTH O CHAF TR Cr PR GH T O CxAFTHO
SG2 | ARTHOHCHARTHOHCHAFTHOHTHGRTHOXCHAXTHO*C

803 | THORCHARTHORCHARTHOHTAGRTHORCRARTHORO*A
804 | CHOXAFTHCACKAFTRORTRGH TR O* R QA* TR R QT
805 | CRAXTHCXC*AXTHCRTHGHTHCRCx AR TH R COr AT *

BO6 | AFT*CHCHRART* CHRTHQHT* O O AT T CH Cx AT THCH

B07 | THCHCOHFAXTHOHTHGFTHOH O AFRTHORCOHA*THTHCR R
g | CHCHFAXTHOFTH G TH O CHFAXTH OO AFTHOXCHAXT
g0 | CrAX T CxTr G T CxCrAF T OO AKX T O CxAXT*C
§10 | AXTHO*THG LA CHCHAXTHOCHCOFAXTH O CHAXTHCHA
11 | THOHTHGHTH OO AR TH O OH AR TR COHOHAFTHCHA*T

g1 | CHTHEHFTHCH O AFTHOH CHAFTHOH CFAFXTHTHAXT R

(v
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813 | THGHTHCHCHAFTHCRCRARTH R CHARTHCRA*THO*C
814 | GFTHCHCKXAKXTHCHCRAFTHCHCRAFTHCHAXTHC*C*A
B15 | THCHCHARTHCHACH AR TR C* CrAXTHCR AR TR CHCHAFT
BLE | CHOHAFTHCH AN THCRCrART* R AR TH O CH AXTHE
G17 | CHRRTHCHCH AR THCx Cr A x Th R AR TR o O AR THCHT,
818 | AXTHCHCHAKXTHCHCrARTHCRAXTHCHCH AKX THC*THA
§10 | THCHCXAXTHCHCRAXTHCHAXTHCRCHAXTHCRTHA*

8§20 Cx O [x RO Or[NXTHO*DAFTRCHCHAFTRCOHFTHAXG*

8§21 | CRA*THOR R AR TR CH AR THC*CF Ak THC*THAXGHO*C

22 FARTHCHCOH AR THCOR AT RO R QAR COHTHARGHONTHA
823 | T*CHCHAxT*OxAFTHCx CHAFTHOHTH ARG CHCxAXC
874 | GFGYAFCYAFEYAFAXQ G THE*THOXAFTY I G*A*E
BoR | GFAYGHAXGHFANAFAXGH T EHTH O AKX THEGHGHYAYGRA
826 | AYGRANGHRAY AR AXGHTHGHTHCAAXTHRQRGHFAYGHAYG
G227 | GYAFQYAFAXDAFGHTHGH THCHA*XTHGREYAFGrAFG* T
§28 | A¥GFAXAFANAF T OrTrCrAYTHG*Gr A% G AXEG* T3
8§29 | GYAXAXAFQFTHEY IO AFTHGFCGYAFGXAXGY T G*
830 § G¥GFCOFAFGHRCHTHTTHJx CH [, TH O QTR COH O P THC
831 | GROXAFGRCHTHTHARCHAXTH QX THOH O [LTHT*T

832 | CrAYGOxTH T AFCxAX T CAAXTH O CA AT O T*G

e

833 | AFGYOR T TH AXCHAXTHOXAF TR Or Cx QR T OrTxGH
8734 | GFO*TH TR CRAFTHCHAXTHO*CHA*TH O THE*Cr
g3n | O THTHAXCHAFTHCFAXTH O CH AR T RO THGHOF T

8§36 | THTHAXCHA*THCHAXT*CACHA*TH AT G CxCHT*3

8§37 | TXA*CXARTHCRAXTHOHCRAXTH X TR G*CrOxTHREHT
8§38 | AXCHAXTHOYANTHCHCHANTHCHTHGHC*CHTHGHTHT
839 | CHANTHCRAXTHCHCRAXTHCHTHQHCHCHTHGHTHTHT
840 | AXTHCHAXTHCRCAAXTHCHTHGRCACHTHGTHT*THA
B4l | THO*AFT*CACHAFT*CHTHGr OO THGHTRTH T AT
842 | CHAXTHO*CHAXTHCO* THE*CHCx THERTHT*TH AXTHT
843 | AFT*CHOxAFTHCHTHGHCx CHTHGH TR THT* AFT* T
844 | THO*CHAXTHCO*THG*CHCrTHG*THTHTHA*THTHC*A
845 | CXCHAXTHCRTHGRCrCxTrGHTr T T* AxTHTHCx AT
846 | CRTHARCHTH R THTH TR H A% Tk Cre Ok A¥ Tk O Cr A0
8§47 | AXCHTH O THTHTHTHAXTHCHCHAXTHOHCHAXCHA*C

848 | CHTHCHTHTHTHTHAXTHCOXCAAXTH O CHAYCTHAYTHA

v
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849 ThO®TRTRT R TR D GTRCRORDNSTRORCORD SO DGO DR

T S S T W T

850 | CHTHTHTHT*A*THCHCHAXTHCHCHAXCHAXCHA*C*C

A5l | THFT*THT*xAFTXCACHQAFTHCOACHAFCHAFCHAFCH X

852 | THT*THAXTHO*CHAXTHO*CHAXCHAKCHAKCHO*CHA

g5 | THTHA*THCHCRAFTHRCOHCR AR Cx AR C* AR Ok CR R AT

854 TEA* TR, O DN, TR OO D[RO D5 O D5 C TR O[S CORC

e A R Y -

a5n A*'I‘*C*C*A*'I‘*C*C*A*C*A*C*A*C*C*C*A*C*C*C

§56 | THCHCRAFTHCHCHAFCRAFCHAFCHCHCRARCHOR A

8§57 | CXCRARTHCO*CH ARCHAXCH RN CHCRCHAKCHCRCRAKT

858 | CYANTHCHCHANCHAXCH AR CHCHCH AR CHCHCHARTHC
BEQ | AXT*CHCHAXCRAFCHA*CRCHCHA*CRCHCRAFTHCHT
BE0 | THONCHAXCHAXCHAXCHOHCHAXCHOHCHA*THCORTHA
BEL | CHOXAFCHANCHAFCHCHORAFCXCROHAFTHCOHTHAR R

86D | C*A*CHA*CRA*CROx O QAF O OHCRPAFTHO*TH AKX AR

AT T AT AT P S,

863 | AXCHAXCHARCHCHCHARCHCHCH AR THORTHR*A*C* T

64 | CXARCHARCHCHRCXAFCHCHCRAFTHOR TR AR AXCHTHA

5:5 A*C*A*C‘kC’*C*A*C‘kC“kC*A*T"}cC*'I‘*A*A*C*'F*A*C
866 | CXAYCHRCHCHARCHCORCK AR THCHTH AR AR CHTRARC*

867 | AXCHOHORAXCORCRCH AN THOR TR AR AR CH TR AKX CHOH

BES | CHOXCHAXCHONCHAXTHCRTHAXA*CRTHAXCHCRC*C
BEG | CHUXAFCHORCXAFTHCRTH AR Ax CHTHAKCx CFCHCHA

B870 § CHAXCHOHOHAXTHOH TR AN DA CHTHARCOHOHCHCHAF R

871 § AYCHROHCHAFTH A THAX[F O THARCHCOHCHCHAFAYA

8§72 | CXCHCXA*THCRTHA*AXCH TR A*CRCrCrCAXRFAXT

8§73 RIS FC MR IS N FICF T IS N FC IO IS IO ISR FE I T F T L A
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1742 | CXCHAXAXCHAXTHTHTHCh A THCHTHAXTHCH O*A*C
171472 | C¥AFA*CHAXTHT* TR C* AR THORTH AR TH OO A*Cx O
1144 | AXAFC*AFTHTHTHCHR*THCHTH AR THO*CHAXCHO*C

1145 § AXCHANTH TR THCOr [ TR OFTHRPFTHRCHTHAFTH O CHRD

1146 | CHAXTH T TR O AFTHCORTHAXTHOHCOHAF OO OYARG
1147 F AFT*THT*CrA*TH O TR AT H O CrAXCH O CFAXGHT
1148 § THTHIHCHAFTHCHRTHAFTRCORCHAFCHCOFCXAFGHTHC
1149 § THTHCHAXTHOCHPHAXTHOH CHAXCHCHCOHARGHTHCORA
1150 | TH¥CHAYTH O THAXTHORCAANCHOFCHFAXGHTHCOFAYA
1151 | CxAFTXCHT*AFTH OO AR O CACHQFGHTH O QX AXT
1152 | AXTHC*THAXTHCH CrAXCHCHCAAXGHR TR O A*[*T*C

1153 | THCHT*ARTH O CHAFCHCHCF ARG THCFAFAXTH XA

1154 § CFTHAXTHCOH O A* OO OFAXGH TR CH DRI QT A CF [T
1155 | THAYTH OO AXCHOHCRARGHRTHOFAY NS THCHAXT
1156 | AFTHCHCxAFCHCH O AXGH T O AFX AN TH O AFT*C*T
1157 | THCHCHAXCHRCHCOrAXGHTHCA AN AR TH O AXTHOHTHA
1158 § CHCrAFCHOHCHAFGHTHCHAFAFXTHOHAFTHCHTHAHFT
1159 § C*¥A*XCHCHORAXGITHCORAFAXTHCRAFTHCHTHA*TH(C
1160 | A¥CHOXCHAXGH T CHRAXAF TR CAAXTH O PHAXTHC*C

1161 | CXCHRO*ARGHTHCH AR AR THCOXAFT* CrT*A* THCHCHA

1162 § CROFAFGHTH RN QAT THROFAXTHOH TR AFTHORCOHARG
1163 § CHAYGF THCrRAXAFTHCORPAFTH O TR AXTHOCHAXGH
1164 | AFGYTHCrAFXAXTH O QX THCHATAXTHCACHAXGHCFA
1165 | GFT*CrAXAFTHCAAXTHCHPHAXTHCOHCHAXGHORAFA
1166 | CHAYA*RTHCFAXTHRCHTHAXTH O CFAXGHOXAFAXT*C
1167 § CH¥A*XTHOHTHAXTHOHCORAFGHOF AR AN THOFTHANTHC
1168 § AY¥THO*CHAXGH O AFQXTHOFTHR QX TH OF TR QKT O
1160 | T*OrCR RGO RN QFTHCR TR R TR CA TR QX TR O Cx D
1170 § CxCrAXGHC* A AXTHCxTHAXTHCHTHAXPHCHCOH AN
1171  CFAFGROFARDFTHCHTHRAFTHCHTHRAFNTHCHCH[*T*T

1172 FARGHYCHAFARTHCOHTHARTHOHTEAKRTHOH A OHTHC
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1173 § GFOAFAXT RO THAXT A O THAARTH O CAAXCTHTH D
1174 § CHT*AF T CrTHAFTHCr O AFCTH O AFTHCFAXA*G
1175 | A% THCHCRDFCRTHR O DR TR R R¥* Ak Gx T TR A*T* Ok

1176 | THOXCHAKCHTHCH AR THCHARAXGHT*THAXTH O CHA
1177 | CFO¥ARCHTHORAFTHCH AR AR GHTH TR AFTHCH CHART
1178 | C*A*CHTHCHAXTHCHAXA*GHTHTHA*THCH CHAXTHC
1170 | AXCHT*CHAAXTH O AFA*GTH THAXTHCHCRAXTHO*C
1180 | CXTHC*ARTHCrAXAFGRTHT* AR T* R Cr QK THCHCHA

11871 § CFAFTH CH[x [ GHTH xR PR Tw Ok Ok Qoo ke Ok Tl v T 0

1182 | CHOFAFTH o AN TH O TR AR AKX CH AR QX TH PR DX O T
1183 | CHAYTH O AFTHCH T AXAXCHFAXAXTHTHAXCH O CF
1184 | A* T CrA*TH O AXAFCRAFAXTHTHRAFCXCHCxOxC
1185 | THCHANTHCORTHAFAKXCH AR NS TR TH AKX CHCHOHOHCOHA
1186 | C¥AFTHCFTHAFANCAARARTATHAXCH O CH O CHA*Y
118 Lyl A*C*A*A*‘I’*’I‘*A*C*C*C*C*C*A*A*A*T‘*‘I’*C*A*C

1188 | C*A*XAXTHT*AXCx CACx O CXAFAXAFTHPHCHAXCHC

1189 | CxCHFAXTHOCX O CH QX TR AFCHAFTHPHRGHAF PO C* (G

1190 § CYA*THCH xR A*THARCOFAXTH LRGN HTH OGO
1191 | AFTHCH O CHAXTH AN CRARTHTHGHAXTH O CHGH A
1192 | THCxCHOCrAFTHAXCH AR QAR COH OGO A*A
1193 | CHONCHEARTHAXCHAXTHTHEHA*THCHChGRCHRQAXA*
1194 | CHOXRAFT*A*CH AR THTHGRAF TR OGO, [*A*CHT

1195 | CH¥AFTHAXCOHAFTHTHQRAXTHCOHCHGHOFYAFAXCFTHT

1196 | CHAFTYTHGrA*TH OO GRONAFAXCHTHTHAXQXT*C

1197 { A*XTHT*GHAXTHCH CrGrROFAXAFCH PR THAF AT HT*

1198 | T*THG AFTHR OO QRO AN AN CHTHTHAXAFTHCOHO*AD
1199 | T*G*A*THCHCHGHOXAFAXCHTHTHARAFTH RO AR
1200 | GFAYTH O CHAGHYCHFAXAXCHTHTHAXAXTH O CHAXCHC
1201 P A THCOH O GrROXAFAXCHTHPHAXDFPH OO AXCHOFT
1202 | THC*CHG*CrAXAF O THT* QX AX TR OH O AR O C*THA
1203 § CFCHGH O AFARCHTHTHAFAFTHCRCHAFOCHCHTHAFT

1204 § CH¥GrROFAFAXCHTHTHQX[ATH OO AKX O CHTHAX O

205 | CXCHAXTHT*CHAXTHC*CHAXCHCRCHAXCHORCHAXT

1206 | CXCHRCHAFTHTHCRAFTHCHCRAF TR THTHGH TR CXA

1207 § CROrRAFTHORAFTHOCHCHAFTHORTHAFGHOHTHAYT*G

1208 § CHA*THCAAFRTHCHCH AR THCFTRAKGH O CHAFCFGHA

[N
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1209 | AXTHCHAXTHR O CHAXTH O TH ARG O CFAYCTHGHAFA
1210 § THC*A* T RO AFTHCrTHAFGHCr O AFCHGFAXAFT
1211 | CHFAXTHCHCHAXTHCHTHAXGHCH O AKX CHERAFAXTH
1212 | AFTHCOHCEQF TR O TR QAR GROFOHPFOHEHAFRFTHOFT
12172 | THORCHARTHORTHARGHCRCRARCHGRAR ARTHORTHA
1214 | CHCHFAXTHOXTHAXQGHORCH ARG AR AFTH O TH AR
1215 | CrAFT*CHATHAXGH OO AFCHGFAXQFTHCx T A*C*C
1216 A*'P*C*VI"}CA*G.*C*C*A*C*G*A*A*'F*C*'l‘*A*C*C*C

1217 | THOHTHARGROFCHRA*CRGHAXAFTHCH TR AR CRCOH O

1218 | CHT*A*G* OO AKX CHGRAX[FTHCR TR AF TR O
1219 § TH*A*GHOxCrAXCHEGFAXAXTH O T A CH O CrAXC*C
1220 | A*GXCHOFAFCHOFARDAF TR CRTRAFCXCRCRAFCHOH
1221 § GFCHCHAFXCRGIAFAXTHOHTHAXCHCHCHARCHOHARA

1222 F C*¥CrAXCHQRARANTHCORTHAXNCHCRCHAXCHOHAFAYC

1223 | CXA*CHQHAXAF TR O TR A*CXCRCRAFCHCRAXAFC*T
1224 | AXCHG*AFRXTH O THAXCRCXCRAXCHCX AR AXCHT*C
1225 | CXQFAXARTHCHTHRARCHCHRCHARCHCRRXARCHTHC*A

1226 § GY¥A*YCHAFTH AN CHCHOCRFGRAFCHAXOHAYAFA*T*G

1227 | AXCHANTHA*XCHCACHANGRAXCHARCHA*AYAXCHEHE

Iy

1228 | CHAYTHAXCHORCHAXCHAXCHAXCHAXR*AXCHGHIH(
122 (} G*C*CXA*G*A*AXA*G*A*GkG*A*A*GkA*GkC*'EkG
1230 | CHCYA*GHAFAXAFGXAF QRGP AXAXGYAFGXCHT*G*G

1231 § G¥GrRO*YAFGRGH O AFGQRGI AR AFTRGHGH TG A*G*T

1232 | G¥CHFAXGHGYCHAX GG AFAXTHQ GH T GHA*G*T*(5

1233 | CXA*G*QrCrAXGRQFAXAFTHGHE* TG A G THE*(

1234 | AXGFGXCHAXGHGYARAXTHEXGHTHGHAXGHT*GHG*A
1235 | GHGHCHANGHGHARARTHE G THEHAXGTHEHGHA*A
1236 | G*FCFAXGHOrAXAFT* GG TG A*GXT*G* G AXA*G
1237 | CARXGHE A AN THERGHT*GHAXGHT*GHEYAXA*GHT
12’3 8 A*G*G.*A*A*’I‘*G.*G*‘I‘*G*A*G*'I‘*G*G.*A*A*G*'E*G
1239 | GG AFAXTHE*GH T QrAXGHT*GrGYAYAXGHT*G*G
1247 | AXAFTHGAGRTHGRAXGH TG G AXA*GH TG 3+ C*A
-]24.:2 A"k":[_"'kG*G,'k'I’"kG.*A"kG,'k"_[’“kG.*G*A*A*G.*’I‘*G.*G* C*A*"r
1243 | T*¥GH G THEYAFGXTHE*GHAXA*GHTHE*GrC*A* TG

1244 § GRGH¥ TG AXGYTHGHGrAYAFGRTHGHGHOYAFTHG*G
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1245 | T*CxAXTHT*R O AXTHCHTHEG*T

1246 § CxTHCHAFTRTHOHAFTHOHTHG

1247 § A*CH TR O [RTHTHOHAFTHCHT

1248 | CHFAXCHT*CHAXTHT*CxA*T*C

1249 § T*CxA*Cx TR Cr AT THCx AT

1250  AFTHCHAXCHRTHCOHAXTHTHCFA

1251 | CHAXTHOFAXCHTHOH QX THTHC

1252 | THCHFAXTH O A*COHTH R AXTHT

1253 | CxT*CxAFT* O AXCHTHCHAXT

1254 | CxA*Cx T CxQAFTHPHCxAF PR COFTHEHT

1255  T*CHARCH TR O AFTH TR O AFTHTHTHG

1250 | A*TH O R*CFTH O P[FTHTHCh [x Tk 8T

1257 | CHA*THCxA*CHTHCr AT O A5 T*

125 THC*A*RTCARFCH D Cr[AFTFTHCRAFT

1259 § CHTHCHAFXTHOHAXOHTHOHAFTHTHTHR

1260 § T*CrAXCHFTHCHAXTHTHCHAFTHCHTHGHT

1261  AxTHCHAFCTH O QAT TR CX QAKX THOHT*(3

1262 | CxAFT*CHAXCHTH O QX TR T Ok AxTHOx T

1263 | T*CrAX T CxAXCxTHCHAFTHPHCHAXTHC

1264 | CxTHOFAFTHRCH[FCHTHROHF [ THTHOH[*T

1265 | A*THCO*rA*CHTH O PFTHTH O QX TH O TH T

1266 | CHAXTHCrA*CHTHCrAXTHTHCHAFTH CHT* 5

1267 | THCYAFT*CFA* xR COx [xr P Ok Ak Tox Cx T

1268 § CHTH O AFXTHOHAF R THOHAFTRTHTH AKX T*(

1269 § CxA*TH A AXCH TR A QX THPH O QX TH CH TR GHT

1270 § TxCrAXTHCxA*CHTHCAFTH TR CAXTHCHFTH(G

1271 | CxLHCxA*THCOF AXCHTH O Ax TR OF A [T

1272 § THCHAXTHCOHRFCHTHOH DI T A& QAT CF TR GHT

1273 J CHT O RAXTHCH AR O TH O DA TR TR [FTHOHTHG

1274 § CHTHCOrAFTH O QX O TH O PFTH TR O [FTHOHTHEHTET
1275 FAFCHTHCr AT COFAXCHTHCHAXTH T CA AT H O TR GH T
1276 | CFDxCHAXTHCHARCH RO AFTHPHCH D& PR CHPHGHTHTHC
1277 | AFCHTH R QT TR CF Rx CR TR Ok Dok oAk O [k ok Ok T G TH T
1278 § T*A* O TH O AF TR A QX CHTH O QX THTH O [XTH O THGT
1279 § CxTrCrAFT O AN CH T O AXTH TR O AXTHCHTHGHTHTHCOFA
1280 § AxCHT*CHAXTHOXAFCXTH O AFTHTH CH QAR PR OHPHGHRP* T
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1282

CHTHAFCHTHRCH [T THOCRPFCHTHCHRFTHDHCHQHF TR CHTHGHT

[8099] ASO 55 (SEQ ID. NO. 55) variations with a motif where each nucleobase has a 2'-

OCHCH2-OCH; group (L.e, 2'-MOE) and each internucleoside linkage is a phosphorothicate

linkage are alternately labeled as below, to be more clearly identifiable as variations of ASC 55

with the aforementioned motif and internucleoside linkage:

SEQ ID NO. Alternate Identifier
1245 { hUNC13A-AS8055 12-1
1246 | hUNC12A-AS055 12-2
1247 § hUNCL3A-AS055 12-2
1248 | hUNCL13A-AS055 12-4
1249 { hUNCL3A-AS055 12-5
1250 { hUNC1I3A-AS055 26
1251 { hUNC13A-AS0L5 12-7
1252 { RUNC13A-AS055
1253 { hUNC13A-~-A8055 12-9
1254 § hUONC13A-AS8055 15-1
1255 | hUNC13A-AS055 15-2
1256 | hUNC12A~AS055 15-2
1257 | hUNC1I3A-AS055 15-4
1258 | hUNC1I3A-AS055 15-5
1259 | hUNC13A-AS055 15-6
1260 { hUNC13A-AS055 16-1
1261 | hUNC13A-AS055 16-2
1262 | hUNC13A-AS055 16-3
1263 | hUNCI3A-AS055 16-4
1264 | hUNC13A-AS055 16-5
1265 | hUNC12A-AS055 17-1

5
hUNCL3A-AS055 17-2

HUNC13A-AS055 17-4

HUNC13A-AS055 18-1
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1270 | hUNC13A-AS055 18-2
1271 | hUNC12A~AS055 18-2
1272 | hUNC13A~AS055 »_:19-1.
1273 | hUNC13A-AS055 19-2
1274 11UNC15A~ASOSS_21~1
1275 | RUNC13A-AS055 21-2
1276 { hUNC13A-AS055 22-1
1277 | KUNC13A-AS055 22-2

1278 | RUNC13A-AS055 22-3
1279 | RUNC13A-AS055 23-1
1280 | hUNC12A-ASOES 23-
1281 | hUNC12A-ASO55 23-3
1282 | hUNC13A-AS055 23-4

[

{6100} The UNCI13A antisense or inhibitory nucleic acids of the disclosure can inhibit the
expression of the cryptic exon hetween canonical exons 20 and 21 of UNCI3 A and increase
UNCI13A protein expression. The UNCI3A antisense or inhibitory nuclete acids can include any
combination of the oligonuclectides set forth in Table 2 and sequences that are 98%-99%
tdentical thereto.

{6181} In one embodiment, the ASO or oligonucleotide is 100% complementary to SEQ ID

NGO 1283 (chr19:17641557 — 17642844).

S5EQ ID GUGAGGGUCA UUGCUCGGCC CCUCCCAUGT CACUUCCACT CACCAUUCCU

NO: 1283 | GCCUGCCCAG CUCUUCCUCYU UUCUGGCCAC ACCAUCCACA CUCUCCUGGEL

CCUCUGAGAC UGCCCGCCAU GCCAUUCCCU UUACCUGGAA AACUCCUCCC

TAUCCAUCAA AGUCCAGAUT CAGGGUCACC UCCUCUGGGA AGCCCACCUU

GGCCUCCAGG UUGACUCUCA CUACUCAUCA UCAGGUUCUU CCUUCUAUULC

CAGCCCUAAC CACUCAGGAU UGGGCCGUUL GUGUCUGGEU AUGUCUCUUC

CAGCUGCCUG GGUUUCCUGG AARGAACUCU UAUCCCCOAGG AACUAGUUUG
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UUGAAUAAAT

GAUGGAUGAG

GGACAGAUGG

AUGGGUGAAL

UGACUGGGEUG

AUGGGAUGGA

UGAAUGGAAG

CAURAUUUCT

CGRAAABUGG

GUUGGAAGAG

UGGAUGGAUA

TUGCACUCUC

GCUGGUGAAT

AUGGAUAIAU

UUGGGGGUAA

GAUAGAUGAA

U UGUUGAUAGU

UGUATUAGGCA

GAUGUGUGGU

GAAUAUUUAG

AUGGUUGGAT

G AAUGGAUGGE

CAUGACACUYU

GAAUGAATUGA

UGGAGAGAUG

GAUUCGUGGT

GAUUGGAACUA

DUGUUAGAUG

g4

AGUGGAUAGA

AUGUUGGAUG

GUUGAGUUAU

UGAACUAUUG

ARATIGAUGG

GUAGGUGGAU

UGGAUGGAUG

AARUUUGGEGEEG

UGAAUGAALTT

ACCCUGGGAC

UCUCUCCCAU

UUGAACAGAU

GGUGAGUAC

UAGAUGGAUG

UUGAAAGUAL

AUGGAUGAGY

AGCAGAUTAA

UGGAUGAAUG

CAAGUATUGA

UAAGUUGCGG

UGUGGUUGAA

UAGUUAGAUG

AAUGAATAAA

GAAUGAGUGA

UGGAUGGAUA

AUGGAUGGAU

AGAUGUAUGG

AUAGAUGAAU

GAUAGAUGAU

GUUGUAUUGG

2

GGUGGGUGGA

GGUUGGUUGU

AUCAAUGUAU

JUACUGAAAG

CAGGCAGAUG

CGGLCGACCCT

[6102] Methods of treatment may include any number of modes of administering a disclosed
composition. Modes of administration may include aqueous, lipid, oily or other solutions,

solutions in simulated cerebrospinal fluid, emulsions such as cil-in-water emulsions, liposomes,
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aqueous or aily suspensions and the like. Typically, an ASO of the disclosure will be
administered directly to the CNS of the subject. Accordingly, the formulation or composition
will be sterile and more preferably be suttable for injection. The following formulations and
methods are merely exemplary and are in no way limiting.

{6183} Formulations suitable for parenteral administration include aqueous and non-aqueous,
isotonic sterile injection solutions, which may contain anti-oxidants, buffers, bacteriostats, and
solutes that render the formulation 1sotonic with the blood of the intended recipient, and aqueous
and non-aquecus sterile suspensions that may include suspending agents, solubilizers, thickening
agents, stabilizers, and preservatives. The formulations may be presented in unit-dose or multi-
dose sealed containers, such as ampules and vials, and may be stored as liquids or in a freeze-
dried (lyophilized) condition requiring only the addition of the stertle liquid excipient, for
example, water for injections, immediately prior to use. Extemaporaneous injection solutions and
suspensions may be prepared from sterile powders, granules, and tablets. The formulation may
be provided in a pre-filled syringe.

i0104] Additional therapeutic agent{s) may be administered simultaneously or sequentially
with the disclosed one or more antisense or inhibitory nucleic acids and compositions. Sequential
administration includes administration before or after the disclosed one or more antisense or
inhibitory nucleic acids or compositions. In some embodiments, the additional therapeutic agent
or agents may be administered in the same composition as the disclosed one or more antisense or
inhibitory nucleic acids. In other embodiments, there may be an interval of time between
administration of the additional therapeutic agent and the disclosed one or more antisense or
inhibitory nucleic acids. In some embodiments, administration of an additional therapeutic agent

with a disclosed one or more antisense or inhibitory nucleic acids may allow lower doses of the
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other therapeutic agents and/or administration at fess frequent intervals. When used in
combination with one or more other active ingredients, the one or more antisense or inhibitory
nucleic acids of the disclosure and the other active ingredients may be used in lower doses than
when each is used singly. Accordingly, the pharmaceutical compositions of the disclosure
include those that contain one or more other active ingredients, in addition {0 one or more
antisense or inhibitory nucleic acids of the disclosure. The above combinations include
combinations of one or more antisense or inhibitory nucleic acids of the disclosure not only with
one other active compound, but also with two or more other active compounds. For example, the
compound of the disclosure may be combined with a variety of drugs to treat neurclogical
discases. The antisense oligonucleotide may be covalently linked to another oligonucleotide,
such as one with a target other than PIKFYVE. The antisense oligonucleotide may be covalently
linked to an antibody.

{6185] The disclosed ong or more antisense or inhibitory nucleic acids can be combined with
the following, but are not limited, anticholinergic drugs, anticonvulsants, antidepressants,
benzodiazepines, decongestants, muscle relaxants, pain medications, and/or stimulants.
Additional types of therapy and treatment include, but are not limited to digital communication
devices, feeding tubes, mechanical ventilation, nutritional support, deep brain stimulation,
occupational therapy, physical therapy, and/or speech therapy.

{6186] The disclosed composition(s) may be incorporated into a pharmaceutical composition
suitable for administration to a subject (such as a patient, which may be a human or non-human).
The pharmaceutical compositions may comprise a carrier {e.g., a pharmaceutically acceptable
carrier). Any suitable carrier can be used within the context of the disclosure, and such carriers

are well known in the art. The choice of carrier will be determined, in part, by the particular use
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of the compostiion {e.g., administration to an animal) and the particular method used to
administer the composition. Accordingly, there is a wide variety of suitable formulations of the
composition of the present invention.

{6187} The pharmaceutical compositions may include a therapeutically effective amount or a
prophylactically effective amount of the antisense oligonucleotide. A therapeutically effective
amount of the composition may be determined by a person skilled in the art and may vary
according to factors such as the disease state, age, sex, and weight of the individual, and the
ability of the composition to elicit a desived response in the individual, A therapeutically
effective amount is also one in which any toxic or detrimental effects of one or more antisense or
inhibitory nucleic acids of the disclosure are outweighed by the therapeutically beneficial effects.
A “prophylactically effective amount” refers to an amount effective, at dosages and for periods
of time necessary, to achieve the desired prophylactic result. Typically, since a prophylactic
dose ts used in subjects prior (o or at an earlier stage of disease, the prophylactically effective
amount will be less than the therapeutically effective amount.

I0108] The pharmaceutical compositions may include one or more pharmaceutically acceptable
carriers. The term “pharmaceutically acceptable carrier,” as used herein, means a non~toxic, inert
solid, semi~solid or liquid filler, diluent, encapsulating material or formulation auxiliary of any
type. Some examples of materials which can serve as pharmaceutically acceptable carriers are
sugars such as, but not limited to, lactose, glucose and sucrose; starches such as, but not limited
to, corn starch and potato starch; cellulose and its derivatives such as, but not limited to, sodium
carboxymethyl cellulose, ethy! cellulose and cellulose acetate; powdered tragacanth, malt;
gelatin; talc; excipients such as, but not limited to, cocoa butter and suppository waxes; oils such

as, but not imited to, peanut oil, cottonseed oil, safflower oil, sesame otl, olive oil, corn oil and
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soybean oil; glycols; such as propylene glycol; esters such as, but not limited to, ethy! cleate and
ethyl laurate; agar; buffering agents such as, but not limited to, magnesium hydroxide and
aluminum hydroxide; alginic acid; pyrogenfree water; isotonic saling; Ringer's solution; ethyl
alcohol, and phosphate buffer solutions, as well as other non-toxic compatible lubricants such as,
but not limited to, sodium laury! sulfate and magnesium stearate, as well as releasing agents,
coating agents, preservatives and antioxidants may also be present in the composition, according
to the judgment of the formulator.

{6189] The route by which the disclosed one or more antisense or inhibitory nucleic acids are
administered, and the form of the composition will dictate the type of carrier to be used.

{0110} The pharmaceutical compositions of the disclosure can be administered in a number of
ways depending upon whether local or systemic treatment is desired and upon the area to be
ireated. Administration can be parenteral including intravenous, intraarterial, subcutaneous,
intraperitoneal or intramuscular injection or infusion; or intracranial, e.g., intrathecal,
intracerebroventricular, or intraventricular, administration. In one embodiment the antisense or
inhibitory nucleic acid 18 administered by intravenous, intraperitoneal, or as a bolus injection or
administered divectly into the target organ. In another embodimeny, the antisense or inhibitory
nuclete acid is administered intrathecally or intra-cerebroventricular as a bolus injection.

j0111} Carriers for systemic administration typically include at feast one of solvents, diluents,
tubricants, binders, disintegrants, colorants, flavors, sweeteners, antioxidants, preservatives,
glidants, solvents, suspending agents, wetting agents, surfactants, combinations thereof, and

others. All carriers are optional in the compositions.
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[0112] Suitable dituents include sugars such as glucose, lactose, dextrose, and sucrose; diols
such as propylene glycol; calcium carbonate; sodium carbonate; sugar aicohols, such as glycerin;
mannitol; and sorbitol.

{8113} Suitable lubricanis include silica, tale, stearic acid and its magnesium salts and calcium
salts, calcium sulfate; and liquid lubricants such as polyethyiene glycol and vegetable oils such
as peanut oil, cottonseed oil, sesame oil, olive oil, corn oil and oil of theobroma. The amount of
habricant(s) in a systemic or topical composition is typically about 5 to about 10%.

{0114} Suitable binders include polyvinyl pyrrolidone; magnesium aluominum silicate; starches
such as corn starch and potato starch; gelatin; tragacanth; and cellulose and its derivatives, such
as sodium carboxymethylcellulose, ethyl cellulose, methyicellulose, microcrystailine cellulose,
and sodium carboxymethylcellulose. The amount of binder(s) in a systemic composition is
typically about 5 to about 50%.

{6115] Suitable disintegrants include agar, alginic acid and the sodium salt thereof,
etfervescent mixtures, croscarmelose, crospovidone, sodium carboxymethyl starch, sodium
starch glycolate, clays, and ion exchange resins. The amount of disintegrant{s) in a systemic
composition is typically about 0.1 to about 10%.

{6116} Suitable colorants include a colorant such as an FD&C dye. When used, the amount of
colorant in a systemic or topical composition is typically about 0.005 to about 0.1%.

{6117} Suttable flavors include menthol, peppermint, and fruit flavors. The amount of
flavor{s}, when used, in a systemic or topical composition is typically about 0.1 to about 1.0%.
{6118} Suitable antioxidants include butylated hydroxyanisole (“BHA™), butylated
hydroxytoluene ("BHT”), and vitamin E. The amount of antioxidant(s) in a systemic or topical

composition is typically about 0.1 to about 5%.
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{6119]  Suitable preservatives include benzalkonium chloride, methy! paraben and sodium
benzoate. The amount of preservative(s) in a systemic or topical composition is typically about
0.01 to about 5%.

[8129] Suitable glidants include silicon dioxide. The amount of glidant(s} in a systemic or
topical composition is typically about 1 to about 5%.

{6121} Suitable solvents include water, isotonic saline, ethyl oleate, glycerine, hydroxylated
castor oils, alcohols such as ethanol, and phosphate buffer solutions. The amount of solvent(s) in
a systemic or topical composition is typically from about 0 to about 100%.

{6122]  Suitable suspending agents include AVICEL RC-591 (from FMC Corporation of
Philadelphia, PA) and sodium alginate. The amount of suspending agent{s) in a systemic or
topical composition is typically about 1 to about 8%,

[8123] Suitable surfactants include lecithin, Polysorbate 80, and sodium laury! sulfate, and the
TWEENS from Atlas Powder Company of Wilmington, Delaware. Suitable surfactants include
those disclosed in the C. T F A, Cosmetic Ingredient Handbook, 1992, pp.587-592; Remington's
Pharmaceutical Sciences, 15th Ed. 1975, pp. 335-337; and McCutcheon's Volume 1, Emulsifiers
& Detergents, 1994, North Awerican Edition, pp. 236-239. The amount of surfactant(s) in the
systemic or topical composition is typically about 0.1% to about 5%.

{0124} Compositions and formulations for parenteral, intrathecal, intra-cerebroventricular, or
intraventricular administration can include sterile aqueous solutions which can also contain
buffers, diluents and other suitable additives such as, but not limited to, penetration enhancers,
carrier compounds and other pharmaceutically acceptable carriers or excipients. For example, an
intrathecal cerebrospinal fluid (CSF) catheter can be used to deliver antisense formulations of the

disclosure. The catheter can be ingerted at the L3 or L4 vertebrae. The distal tip of the catheter
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extends within the intrathecal space to approximately the L1 vertebrae. Antisense
oligonucleotides are dissolved in saline, are sterilized by filtration, and are administered at 0.33
ml/min in a 1.0 mi volume followed by a 0.5 mi sterile water flush. Total infusion time is 4.5
min.

{8125] Although the amounts of components in the systemic compositions may vary depending

on the type of systemic composition prepared, in general, systemic compositions include 0.01%

parenteral administration typically include 0.1%% to 10% of actives and 90% to 99.9% of a cartier
inchuding a diluent and a solvent.

j8126} The amount of the carrier employed in conjunction with a disclosed compound is
sufficient to provide a practical quantity of composition for administration per unit dose of the
medicament. Techniques and compositions for making dosage forms useful in the methods of
this invention are described in the following references: Modern Pharmaceutics, Chapters 9 and
10, Banker & Rhodes, eds. (1979); Lieberman et al., Pharmaceutical Dosage Forms: Tablets
(1981); and Ansel, Introduction to Pharmaceutical Dosage Forms, 2nd Ed., (1976).

{01271 1In vivo testing of candidate antisense or inhibitory nucleic acids may be conducted by
means known to one of ordinary skill in the art. For example, the candidate one or more
antisense or inhibitory nucleic acids may be administered to a mammal, such as a mouse or a
rabbit. The mammal may be administered, by any route deemed appropriate, a dose of a
candidate antisense or inhibitory nucleic acids. Counventional methods and criteria can then be
used to monitor animals for signs of reduction or improvement of motor neuron activity and/or
expression or activity of {/NC/34 gene or protein, respectively. If needed, the results obtained

in the presence of the candidate antisense or inbubitory nucleic acids can be compared with
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results in control animals that are not treated with the candidate antisense or inhibitory nucleic
acids. Dosing studies may be performed in, or in conjunction with, the herein described methods
for identifying one or more antisense or inhibitory nucleic acids capable of ireating a
neurological disease and/ot any follow-on testing of candidate antisense or inhibitory nucleic
acids in vivo. One of skill in the art of medicine may determine the appropriate dosage of one or
more antisense or inhibitory nucleic acids. The dosage may be determined by monitoring the
subject tor signs of disease inhibition or amelioration. The dosage may be increased or
decreased to obtain the desired frequency of treatment. The toxicity and efficacy of one or more
antisense or inhibitory nucleic acids may be determined by standard pharmaceutical procedures
in cell cultures or experimental animals, e.g. determining the lethal dose to 50% of the
popultation (LD50) and the dose therapeutically effective in 50% of the population (ED50). The
dose ratio of LDSO/EDSO is the therapeutic index and, indicating the ratio between the toxic and
therapeutic effects. A delivery system may be designed to help prevent toxic side effects, by
delivering the one or more antisense or inhibitory nucleic acids to specific targets, e.g., delivered
specifically to motor or ceniral nervous system neurons. The optimal dose of the one or more
antisense or inhibitory nucleic acids may be determined based on results of clinical
electrophysiology or electromvography to analvze excitability in peripheral nerves, for example.
{0128} The dosage for use in humans may be determined by evaluating data obtained from
animal studies and cell culture assays. The preferred dosage wiil have little or no toxicity and
include the EDSO. The dosage may vary depending on the dosage form and route of
administration. For any antisense or inhibitory nucleic acid used in the methods described
herein, the dosage may be estimated initially in cell culture. A dose may be formulated in animal

models that includes the concentration of the test compound which achieves a half maximal

78



WO 2023/004049 PCT/US2022/037888

inhibition of symptoms (11250} as determined in cell culture. Such information obtained from
cell cultures and animal models may be used to more accurately determine useful doses in
humans.

[8129] The disclosure provides ASQs that suppress expression of a cryptic exon between
canonical exons 20 and 21 of UNC13A in human cells. The accompanying data suggest that

these ASOs may be capable of preventing neurodegeneration.

Examples

[6139] Example 1

{8131} To assess if patient neurons could recapitulate the cryptic exon inclusion phenotype, the
genetic sequencing data of the approximately 80 ALS / FTD patient lines were reviewed, and an
ALS patient heterozygous for the UNCI3 A risk allele was identified. Induced excitatory cortical
neurons {(iNs} were generated from the patient’s iPSCs using the doxycycline-inducible Ngn2
method. Ngn2-iNs express at high levels the telencephalic markers Brn-2, Cux! and FoxG1,
which are characteristic of layer 2/3 excitatory cortical neurons. They form mature pre- and
postsynaptic specializations and integrate into existing synaptic networks when transplanted wnto
mouse brains. After generating iNs from this UNCI3A risk SNP carrier, quantitative RT-PCR
was performed and confirmed the presence of the cryptic exon cryptic exon. Since cryptic exon
inclusion is known to only occur in nuclei depleted of TDP-43 postmortem, quantitative RT-PCR
was performed on iNS derived from three patient lines in which TDIP-43 expression was reduced
using siRNA. It was found that the depletion of TDIP-43 caused a >1,000 fold increase in crypiic

exon levels and significantly reduced levels of the UNC13 A regular transcript and protein (FIGs.
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3E-3G). Thus, reduced levels of TDP-43 in the context of ALS and FTI» disease cause the
inclusion of a cryptic exon in UNCI13A mRNA that resuits in lowered UNCI3A protein levels.
{6132} Example 2. ASG-Mediated Suppression of Cryptic Exon Inclusion Can Rescue
UNCI13A Levels in Patient-Derived Neurons

18133} ASO sequences were identified based on the gene between exon 20 and 21, to tile
around the cryptic exon and TDP-43 binding sites. and screened for reduction in cryptic exon
inclusion and increase normal transcript expression against a control (NCASQO) {data in FIG. 1),
Several ASQO sequences were identified that potently blocked cryptic exon inclusion (FIGs. 3A-
3G, while also identifying a number of ASQ sequences that did not.

{0134} FIGs. | and 4A-4F are charts of ASOs in UUNC13A exon 20-21 to block cryptic exon

expression agatnst a control {(INCASO).
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{6135] The foregoing description and drawings should be considered as illustrative only of the
principles of the invention. The invention is not intended to be limited by the preferred
embodiment and may be implemented in a variety of ways that will be clear to one of ordinary
skill in the art. Numerous applications of the invention will readily occur to those skitied in the
art. Therefore, it is not desired to limit the invention to the specific examples disclosed or the
exact construction and operation shown and described. Rather, all suitable modifications and
equivalents may be resorted to, falling within the scope of the invention. All references cited

herein are incorporated by reference.
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CLAIMS

1. A single stranded antisense oligonucleotide that suppresses the expression of a
cryptic exon in UNC13A, wherein the antisense oligonuclectide has a nucleobase sequence that
comprises at least 12 consecutive nucleobases of any of the nucleobase sequences of SEQ ID
N{bs: 1-641.

2. The antisense oligonuclectide of claim 1, wherein the antisense
oligonuclectide has a nuclecbase sequence that comprises at least 15 consecutive nucleobases of
any of the nucleobase sequences of SEQ ID NOs: 1-1282.

3 The antisense oligonucieotide of claim 1, wherein the antisense

oligonucleotide has a nucleobase sequence that comprises at least 15 consecutive nucleobases of

(98]

any of the nuclecbase sequences of SEQ ID NOs: 4-6, 9-11, 22-25, 533, 55, 339, or 360.

4. The antisense oligonucleotide of claim 1, wherein the antisense
oligonucleotide has a nucleobase sequence of any one of SEQ I NOs: 1-1282.

5. The antisense oligonuclectide of claim 1, wherein the antisense
oligonuclectide has a nucleobase sequence of any one of SEQ ID NOs: 4-6, 9-11, 22-25, 53, S5,
359, or 360.

6. The antisense oligonucieotide of claim 1, wherein the antisense
oligonucleotide has a nucleobase sequence of any one of SEQ [ NGs: 645-647, 650-652, 663~
666, 694, 696, 1000, and 1001,

7. The antisense oligonucleotide of any one of the preceding claims, wherein the
antisense oligonuclectide has 18 to 20 linked nuclecsides.

8. The antisense oligonucieotide of any one of the preceding claims, wherein at

teast one internucleoside linkage 1s a modified internucleoside linkage.
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g The antisense oligonuciectide of claim 3, wherein at feast one modified
internucleoside linkage is a phosphorothioate internucleoside linkage.

10. The antisense oligonucleotide of claim 8, wherein each modified
internucleoside linkage is a phosphorothioate internucleoside linkage.

11 The antisense oligonucleotide of any one of the preceding claims, wherein at
feast one nucleoside comprises a modified nuclecbase.

12. The antisense oligonucieotide of any one of the preceding claims, wherein at
feast one nucleoside of the antisense oligonucleotide comprises a wodified sugar moiety.

13. The antisense oligonucieotide of claim 12, wherein the modified sugar moiety
comprises a 2-O-methoxyethyl group.

4. The antisense oligonucleotide of claim 1, wherein each nucleoside of the
antisense oligonucleotide comprises a modified sugar moiety having a 2'-O-methoxyethyl group
and each internuclecside linkage is a phosphorothioate internucleoside linkage.

15. The antisense oligonucleotide of any of the preceding claims, wherein the
antisense oligonucleotide comprises 15 to 50 nucleosides.

16. A pharmaceutical composition comprising the antisense oligonucleotide of any
one of the preceding claims, and a pharmaceutically acceptabie carrier, diluent and/or excipient.

17. The pharmaceutical composition of claim 16, wherein the pharmaceutical
composition is suitable for parenteral delivery.

18 The pharmaceutical composition of claim 16, wherein the pharmaceutical

composition is suitable for intracerebroventricular or intrathecal administration.
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19. A method of ireating a subject having a neurological or neurodegenerative
disease in need thereof comprising administering to the subject a therapeutically effective
amount of the pharmaceutical composition of any one of clairus 16-18,

20. The method of claim 19, wherein the neurclogical disease is selected from the
group consisting of familial and sporadic amyotrophic lateral sclerosis {ALS) and familial and
sporadic frontotemporal dementia (FTD).

21 A method of increasing UNC13A protein expression in a subject tn need
thercof comprising administering to the subject a therapeutically effective armnount of the
pharmaceutical composition of any one of claims 16-18.

22. The method of any one of claims 19-21, wherein the pharmaceutical
composition is administered by intracerebroventricular or intrathecal administration.

23. The method of any one of claims 19-21, wherein the subject possesses a SNP

variant associated with 1312973192 (C>G), rs12608932 (A>C), or both.
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