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UNCIZA ANTISENSE OLIGONUCLEOQTIDES

CROSS-REFERENCETO RELATED APPLICATIONS

[0001]  This application claims the benefit of U.S. 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.

FIELD OF THE INVENTION

{0002]  The present tnvention relates to UN{T 13 A cryptic exon antisense oligonucleotides
{ASOs), pharmaceutical compositions containing them, and methods for treating, inhibiting,

suppressing, and preventing neurological or neurodegenerative diseases with them.

BACKGHROUND OF THE INVERTION

o

{0003] 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.

[0004] UNCI3A belongs to a family of genes onginally discovered 1n C. elegans and was
named based on the uncoordinated {unc) movements exhibited by animals with mutations in
these genes, owing to deficits in neurotransmitter refease. UNCI13A encodes a large
muktidomain protein expressed in the nervous system, where it localizes to neuromuscular
junctions and plays an essential role in the vesicle priming step, prior to 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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mislocalization of the RNA-binding protetn TDP-43. Rosa Ma e o/,
https://doil.org/10.1101/2021.04 02 438213, bioRxiv, April 4, 2021

16605]  Amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD) are complex
diseases that result from many diverse genetic eticlogies. Although therapeutic sirategies that
target spectfic causal mutations {(e.g. COORF72 antisense oligonucleotides {ASOs)) may prove
effective against individual forms of ALS or FTD, these approaches cannot address the vast
majority of cases that have unknown genetic etiology. Moreover, given the large number of
different genes that likely contribute to ALS and FTD and the fact that each genetic form 13
relatively rare, this strategy may be diftficult to implement for all cases. Thus, there is a pressing
need for new therapeutic strategies that rescue multiple forms of ALS and FTD, particularly
those with unknown genetic etiologies.

[0006] A recent analysis of 205 patients from the Mayo Chinic bank who had FTD with TDP-
43 pathology, stratified the cases on the basis of UNCI3A genotype, and showed a dose-
dependent decrease in survival time in individuals carrying UNC13A risk alleles (Rosa Ma ef af,,
Nanre, 603:124-130, 2022). Patients with two risk alleles had a median survival time 3 years
fess than those with the normal travseript. Sumilarly, varants of UNCI3A increase the tisk of
ALS (Brown er 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 UNCI13A protein

{(id ).

{0007]  International Publication No. WO 2022/122872 descrnibes 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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{60081 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 relates to UNCI3 A cryptic exon antisense oligonucleotides
{ASOs or UNC13A ASQOs), pharmaceutical compositions containing them, and their use in the
treatmnent of neurodegenerative disorders. In particular, the ASQOs described herein areto a
cryptic exon between canonical exons 20 and 21 of UNCI13 A, and result in exclusion of the
cryptic exon in the UNCI3 A transcript and increased UNC13 A protein expression.

{60108} One embodiment is a single stranded ASQO that suppresses the expression of UNCI3A,
wherein the ASO has a nucleobase sequence that comprises at least 12 or 15 consecutive
nucieobases of any of the nucleobase sequences of SEQ ID NOs: 1-1282. The ASO can also be
any of SEQ ID Nos: 1-1282. In a preferred embodiment, the single stranded ASChasa
nuclecbase sequence that comprises at least 12 or 15 consecutive nuclecbases of any of the
nucleobase sequences of SEQ ID NOs: 4-6, 9-11, 22-25, 53, 55, 359, or 360, In another
preferred embodiment, the single siranded ASO has a nucleobase sequence comprising the
consecutive nuclechases of any of the nuclecbase sequences of SEQ 1D NQGs: 4-6, 9-11, 22-25,

33, 55,359

2

, or 360, In yet ancther preferred embodiment, the ASO 1s any one of SEQ 1D NOs:
645-647, 650-652, 663-666, 694, 696, 1000, and 1001,

{8011] Another embodiment is an oligonucleotide consisting of 12 1o 30 linked nucleosides and

having a nucleobase sequence comprising at feast 8, at least 9, at least 10, at least 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 nuclecbase sequences of SEQ D NOs: 1-1282.

{0012} In certain embodiments, at least one internucleoside hinkage tn the ASO or
oligonucleotide 1s a modified internucleoside linkage, and the modified internucleoside hinkage
may be a phosphorothioate internucieoside linkage or a phosphodiester internucleoside linkage.
At least one of the nucleosides may also be a modified nucleobase.

10013} 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. In certain aspects, the bicyclic sugar motety
comprises a 4-CH(R)-0-2' bridge where the R group is, independently, H, Ci.az alkyl, ora
protecting group.

{0014] Ina preferred embodiment, the ASO 13 a steric blocking ASO. The steric blocking
ASQO binds to the target RNA and sterically denies other molecules access for base pairing to the
RINA. In one embodiment, each nucleoside in the ASQO has a 2'-modified sugar moiety, such as a
sugar moiety with a 2'-O-methoxyethyl group, and each internucleoside linkage is a
phosphorothioate linkage.

{6015]  In certain other embodiments, the nucleobase sequence of the oligonuclestide 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 least 93%, at least
84%, at least 95%, at least 96%, at least 97%, at least 98%%, at least 99%, or 100%
complementary to any one of SEQ ID NQOs: 1-1282,

{0016} In other embodiments, the oligonuclectide 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, 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 nuclecbase sequences of SEQ D NOs: 1-1282.

{6617] In one embodiment, the ASQO or oligonucieotide is 100% complementary to SEQ ID
NGO 1207 (chr19:17641557 - 17642844).

{0018] Another embodiment is a pharmaceutical composition comprising an UNCI13A ASG of
the present invention and one or more pharmaceutically accepiable carriers, diluents, and/or
excipients. In one embodiment, the pharmaceutical composition is suttable for parenteral
administration, such as wutracerebroventricular injection or intrathecal administration.

{B019]  Yet another embodiment s a method of treating a subject having a neurological or
neurcdegenerative disease by administering to the subject a therapeutically effective amount of a
UNCI3A ASO or a pharmaceutical composition described herein. One embodiment 15 a method
of treating amyotrophic lateral sclerosis (ALS) 1o a subject in need thereof by administering to
the subject a therapeutically effective amount of a UNC13A ASQO 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
etfective amount of a UNCI3A ASO or a pharmaceutical corposition described heretn.

{6028]  Yet ancther embodiment is a method of treating a subject having an UNCI13A disease
or disorder by administering to the subject a therapeutically effective amount of an UNCI13A
ASO or a pharmaceutical composition described herein.

{0021]  Yet another embodiment 1s a method of ncreasing UNCI3A protein expression in a
subject in need thereof by administering to the subject an effective amount of a UNCI3A ASD

or a pharmaceutical composition described herein.

Lh
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{60221  In one embodiment of any of the methods described herein, the subject possesses a SNP
variant associated with 1512973192 (C>(G), 1512608932 {(A>C), or both. Subjecis having alleles

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

BRIEF DESCRIPTION OF THE FIGURES

10023] A more complete appreciation of the invention and many of the attendant advantages
thereof will be readily obtained as the same becomes better understood by reference to the
following detailed description when considered 1n connection with the accompanying figures,
wherein:

{0024} FIG 115 a chart showing mRNA levels of UNCI3A cryptic exon (CE) after treatment
with an ASO in a healthy conirol line with TDP-43 5iRNA. For the screen, 14-day old Ngn2-
induced neurons {Ngn2-iNs) were treated with TDP-43 siRNA (siTDP-43) for 7 days. qRT-PCR
were performed with n=4 biclogical replicates. Mean +/- s.e.m. One-way ANOVA was used for
statistical analysis. p-value *<0.05, ¥*#<0.01, #¥#<0.001 ***¥*<0 0001, “NCASQ” refers to a
negative control ASO.

{60251 FIG. 2 shows the locations of the ASQOs with respect to the cryptic exon, TDP-43
binding site, and relative to the SNPs, rs12608932 and rs12973192.

{0026} FIG 3A 15 a chart showing mRNA levels of UNCI3A CE after treatment with an ASO
in a sporadic ALS patient line carryving the risk haplotype on one allele (annotated as +/-}. 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,

10027} FIG. 3B is a chart showing mRNA levels of UNCI3 A after treatment with an ASQO in a

sporadic ALS patient line carrying the risk haplotype on one allele (annotated as +/-3. gqRT-PCR

)
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were performed with n=4 biclogical replicates. Mean +/~ s.e.m. Une-way ANOV A was used for
statistical analysis. p-value *<0.05, ¥#<0.01, ¥*¥#<0.001,%***<0 0001,

{0028] FIG 3C is a chart showing mRNA levels of UNCI3A CE after treatment 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.

10029] FIG. 3D is a chart showing mRNA levels of UNC13A after treatment with an ASG in
one COALS patient line that does vot 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,

{0030} FIG 3E i1s a western blot in which the protein expression of UNCI3A was reduced by
TDP-43 siRNA compared to negative conirol siRNA, where the effect can be rescued by
UNCI3A AROs,

{6031] FIG. 3F is a chart showing that the level of TDP-43 protein was reduced significantly
by TDP-43 siRNA (s1TDP-43) compared to negative control siRNA. One-way ANOVA was
performed for statistical significance.

{0032] FIG. 3G 18 a chart showing that the UNCI3 A protein level was significantly reduced by
TDP-43 KD and was rescued by ASO treatment compared to negative control sSiRNA. One-way
ANOVA was performed for statistical significance.

{0033] FIG. 4A 15 a chart showing that the efficiency wn targeting the UNC 13A cryptic exonis
highly sequence-dependent and does not demonstrate a consistent patiern. Ngn2-induced cortical

excitatory neurons were treated with 10uM of ASOs for seven days before RNA collection. All

~d
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ASOs are with 2MOE modified bases and phosphorothioate linkages. The fold change is relative
to the TDP-43 siRNA+ NCASO treatment group, which not shown in the chart.

10034] FIG. 4B 1s another chart showing that the efficiency in targeting the UNCI3A cryptic
exon 18 highly sequence-dependent and does not demoustrate a consistent patiern, even among
vartations of the same ASO (ASO 553 NgnZ-induced cortical excitatory neurons were freated
with 10uM of ASOs for seven days before RNA collection. All ASOs shown have 2ZMOE
modified bases and phosphonothioate linkages.

{80358] FIG 4C is a chart showing a one-way ANOVA analysis using Bunnett’s multiple
comparison test to compare all test groups to the siTDP43+NCASO group. All results have p
value <0.0001. The chart shows that efficiency in targeting the UNCI3 A cryptic exon is highly
sequence-dependent and does not demonstrate a consistent pattern among ASO 35S vanations.
[8036] 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. Ounly the ASO

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

(¥

5 12-8 groups are removed, ASG 37, 55, 55 12-1, 55 12-2) 55 12-4, and the siNC+NCASO
showed significant differences relative to the reference group.

{60371 FIG. 4E 15 a chart showing ong-way ANOVA analysis using Dunnett’s multipie
comparison test to compare all test groups to the siTDP43+-NCASOQO group, demonstrating that
etficiency in targeting the UNC13A cryptic exon 1s highly sequence-dependent and does not
demonstrate a cousistent pattern arnong ASO 55 vaniations.

{0038} FIG. 4F s a chart showing that efficiency in targeting the UNCI3 A cryptic exon is
highly sequence-dependent and does not demonstrate a consistent pattern among ASQO 5§

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 composttion
of the sequences is highly similar, but the ability to skip the UNC13A CE s largely different.
Ngn2-induced cortical excitatory neurons were treated with 10uM of ASOs for seven days
before RNA collection. All ASOs are with ZMOE modified bases and phosphonothioate

finkages.

PETAILED DESCRIPTION OF THE INVENTION

{8039] Unless otherwise defived, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art. In case of conflict, the
present document, including definitions, will control. Preferred methods and materials are
described below, although methods and matenials 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 1s not intended to be limiting.

{0040] Definitions

(44 52 wC

18041} 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.

{8042} The singular forms “a,” “an” and “the” include plural references unless the context

clearly dictates otherwise.
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{60431 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.

{0044]  As used herein, “2'-deoxynucleoside™ means a nucleoside comprising a 2-H{H)
furanosyl sugar moiety, as found in naturally occurring deoxyribonucleic acids (DNA)Yand a
nucleobase. In certain embodiments, a 2'-deoxynucleoside may comprise a modified nucleobase
and a furanosyl sugar moiety or may comprise an RNA nuclecbase (uracil) furanosyl sugar
motety.

{0045]  As used herein, “2"-substituted nucleoside” means a nucleostde comprising a 2'-
substituted sugar motety. 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.

{0046]  As used herein, “antisense molecule” means an oligomeric nucleic acid or oligomeric
duplex capable of achieving at least one antisense activity.

{60471 The modifier “about” used in connection with a quantity is inclusive of the stated value
and has the meaning dictated by the context (for exarmple, 1t includes at least the degree of error
associated with the measurement of the particular quantity). 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 also discloses the range “from 2 t0 4. The
term “about” may refer to plus or minus 10% of the indicated number. For example, “about
1097 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” may also mean from 0.5 t0 1 4.
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{60481 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 ¢-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, 6.1,62,63,64,65,6.6,67,68, 69, and 7.0 are explicitly contemplated.

{8049] Asused herein, “bicychic sugar” or “bicyclic sugar motety” means a moditied 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 bicyclic structure. In certain embodiments, the tirst
ring of the bicyclic sugar wotety 1s a furanosyl moiety. In certain embodiments, the bicyclic
sugar moiety does not comprise a furanosyl moiety. As used herein, “bicyclic nucleoside” or
“BNA” means a nucleoside comprising a bicyclic sugar motety.

{0050} Asused herein, “chirally enriched population” means a plurality of molecules of
identical molecular formula, wherein the mumber or percentage of molecules within the
population that contain a particular stereochemical configuration at a particular chiral center 1s
greater than the number or percentage of molecules expected to contain the same particular
stereochersical configuration at the same particular chiral center within the population if the
particular chiral center were stereorandom. Chirally enriched populations of molecules having
multiple chiral centers within each molecule may contain one or more sterecrandom chiral
centers. In certain embodiments, the molecules are modified oligonucleotides. In certain
embodiments, the molecules are compounds comprising modified oligonuciectides.

[0051]  As used herein, “complementary” in reference to an oligonucleotide means that at least
70% of the nucleobases of the cligonucieotide or one or more regions thereot and the
niucleobases of another nucleic acid or one or more regions thereof are capable of hydrogen

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

11
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nucleic acid are aligned in opposing directions. Complementary nucleobases means nucleobases
that are capable of forming hydrogen 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-methyleytosine (mC) and guanine ((G). Complementary oligonucleotides and/or nucleic
acids need not have nucleobase complementarity at each nucleoside. Rather, some mismaiches
are tolerated. As used herein, “fully complementary” or “100% complementary” in reference to
oligonucleotides means that oligonucleotides are complementary to another oligonucleotide or
nucleic acid at each nucleoside of the oligonucleotide.

{60521  In certain embodiments, oligonuclectides comprise one or more type of modified sugar
and/or unmodified sugar moiety 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.

{8053] In certain embodiments, modified oligonucieotides comprise or consist of 3 region
having a fuily modified sugar motif. In such embodiments, each nucleoside of the fully modified
region of the modified oligonucleotide comprises a moditied sugar moiety. In certain
embodiments, each nucleoside of the entire modified oligonucleotide comprises a modified sugar
motety. In certain embodiments, modified oligonucleotides comprise or consist of a region
having a fully medified 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 13 a uniformly modified
oligonucleotide. In certain embodiments, each nucleoside of a uniformly modified

oligonucleotide comprises the same 2'-maodification.

12
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{6054]  “lnhibit” as used herein refers to the ability to substantiaily 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,

[B0S5]  As used herein, the term “internucleoside linkage” 1s the covalent linkage between
adjacent nucleosides in an oligonucleotide. As used herein “modified internucleoside linkage”
means any internucleoside linkage other than a phosphodiester internucleoside linkage.
“Phosphorothioate linkage” 1s a modified internucleoside linkage in which one of the non-
bridging oxygen atoms of a phosphodiester internucleoside Huokage 1s replaced with a sulfur
atom.

{8056} In certain embodiments, nuclecsides of modified oligonucliectides 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 unmodified or naturally occurring
linkages), phosphotriesters, methylphosphonates or other alkyviphosphonates, phosphoranudates,
and phosphorothicates, and phosphorodithioates. Representative non~phosphorus containing
internucleostde linking groups tnclude but are not limited to methvlenemethyvliimino (-CHaz-
N{CH3)-0-CHy-), thiodiester, thionocarbamate (<O-C{(=0)}NH}-S-}; siloxane (-0-81H:-0-}; and
NN'-dimethylhydrazine (-CHz-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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{60571 Representative internucieoside linkages having a chiral center include, but are not
limited to, alkylphosphonates and phosphorothioates. Modified oligonuciectides 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 phosphorothicate tnternucleoside
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 ant, each
individual phosphorothioate of each individual oligonucleotide molecule has a defined
stereoconfiguration. In certain embodiments, populations of modified oligonucleotides are
enriched for modified oligonuclectides comprising one or more particular phosphorothicate
internucleoside linkages in a particular, independently selected stereochemical configuration. In
certain embodiments, the particular configuration of the particular phosphorothioate linkage 1s
present in at feast 65% of the molecules o the population. In certain erobodiments, the particular
configuration of the particular phosphorothicate linkage is present in at least 70% of the
molecules in the population. In certain embodiments, the particular configuration of the
particular phosphorothioate linkage 1s present in at least 80% of the molecules in the population
In certain embodiments, the particular configuration of the particular phosphorothioate tinkage s
present in at feast 90% of the molecules tn the population. In certain embodiments, the particular
configuration of the particular phosphorothicate linkage is present in at least 99% of the

molecules in the population. Such chirally enriched populations of modified oligonucleotides
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can be generated using synthetic methods known in the art, ¢.g., methods described in Oka ef o/,
JACS 125, 8307 (2003 ), Wan er al , Nuc. Acid. Res. 42, 13456 (2014); Chapter 10 of Locked
Nucleic Acid Aptamers in Nucleie Acid and Peptide Aptamers: Methods and Protocols v 535,
20049 by Barciszewski et al | editor Gunter Mayerand; and WO 2017/015555. In certan
embodiments, a population of modified oligonucleotides is enriched for modified
oligonucleotides having at least one indicated phosphorothioate in the {Sp) configuration. In
another embodiment, a population of modified oligonucleotides 1s enriched for modified
oligonucleotides having at least one indicated phosphorothioate in the (Rp) configuration.
{B058]  As used herein, “MOE” means methoxyethyl. “2-MOE” means a ~-OCHCH2(OCH;3
group at the 2' position of a furanosyl ring.

{0059] A “neurological disease” 1s any disease that causes electrical, biochemical, or structural
abnormalities 1o the brain, spine, or neurons. For exaruple, 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 neurological diseases inchude, 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 1n which TDP-43 depletion oceurs.

{0060} The neurological 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

[
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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.

{0061] The neurological disease may be associated with aberrant lysosome degradation.
Alterations in the fysosome degradation may be present in the neurological disease, suchas a
neurcdegenerative disease. Cathepsin imbalance during aging and age-related diseases may
provoke deleterious effects on central nervous system (CNS) neurons and lysosomes may be
sites for the unfolding and partial degradation of membrane proteins or their precursors that
subsequently become expelled from a cell, or are released from dead cells and accumulate as
pathological entities.

{0062] A health care professional may diagnose a subject as having a disease associated with
motor neuron degeneration by the assessment of one or more symptoms of motor neuron
degeneration. To diagnose a neurclogical disease, a physical exam may be followed by a
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 ot behavior, Nouo-limiting symptoms of a disease associated with a neurological disease
may be weakness in the arms, legs, feet, or ankles; slurring of speech; difficuity hifting the front
part of the foot and toes; hand weakness or clumsiness; muscle paralysis; rigid muscles;
involuntary jerking or writing movements {(chorea); immvoluntary, sustained contracture of
muscles (dystoma); bradykinesia; loss of automatic movements, iropaired 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 eve
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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 sieeping habits; wandering; and change in
appetite.

10063] Tests may be performed to rule diseases and disorders that may have symptoms similar
to those of neurological diseases, measure muscle wnvolvement, assess neuron degeneration.
Non-limiting examples of tests are electromyography (EMG); nerve conduction velocity study;
laboratory tests of blood, urine, or other substances; magnetic resonance imaging (MR},
magnetic resonance spectroscopy; muscle or nerve biopsy; transcranial magnetic stimulation;
genetic screening, x-rays, fluoroscopy,; angiography: computed tornography (CT}), positron
emission tomography, cerebrospinal fluid analysis; intrathecal contrast-enhanced T scan;
electroencephalography; electronystagmography,; evoked response; polysomnogrant;
thermography; and ultrasound. A health care professional may also assess the patient’s fanuly
history of diseases associated with motor neuron degeneration and make a diagoosis in part
based on a familial history of neurological diseases. A healthcare professional may diagnose a
disease associated with neurclogical disease in a subject after the presentation of one or more
Symptoms.

[0064] Neurodegenerative diseases result in the progressive destruction of neurons that affects
neuronal signaling. For example, a neurodegeneration may be amyotrophic lateral sclerosis,

Alzheimer’s disease, Huntington’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.

16665] Diseases associated with motor neuron degeneration may be a condition that results in
the progressive destruction of motor neurons that woterferes with neuronal signaling to the
muscles, Ieading 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 neurons affects activity such as breathing, talking, swallowing, and
walliing, and overtime these functions can be lost. 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 neurotransmitters
acting on the glutamate receptors. Bxcitotoxicity may result from neuronal hyperexcitability.
Excitotoxicity 1s 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,
endonucieases, and proteases such as calpain. These enzymes can damage cell structures such as
components of the cytoskeleton, membrane, and DNA

{8067] Neuronal hyperexcitability may be tnvolved in spinal cord injury, siroke, traumatic
brain injury, hearing loss {through notse overexposure or ototoxicity ), epilepsy, painful

neuropathies, attention deficit hyperactivity disorder, autism, central pain syndromes,
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neurodegenerative diseases, multiple 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 Huntington's disease. Other common conditions that cause
excessive glutamate concentrations arcund neurons 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, “non-bicychic modified sugar moiety” means a modified 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.

{0069] Asused herein, “nuclechase” means an unmodified nucleobase or a modified
nucleobase. As used herein, an “unmodified nucleobase” is adenine (A}, thymine (1), cytosine
(C), uracil (U}, or guanine ((G). Asused 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 unmeditied
nucleobase or modified nuclecbase. A “S-methyleytosine” or “mC” is a modified nucleobase. A
universal base 15 a modified nucleobase 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 oligonucleotide independent of any sugar or internucleoside linkage
modification.

[8078]  In certain embodiments, modified ohigonucieotides comprise one or more nucleoside
comprising an unmodified nucleobase. In certain embodiments, modified oligonuciectides

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

{0071} In certain embodiments, modified nucleobases are selected from: S-substituted
pytimidines, 6-azapyrimidines, alkyl or alkynyl substituted pyrimidines, alkyl substituted
purines, and N-2, N-0 and -0 substituted purines. In certain embodiments, modified
niucleobases are selected from: Z-aminopropyladenine, 5-hydroxymethyleytosine, xanthine,
hypoxanthine, 2-aminoadenine, 6-Nmethylguanine, 6-N-methyladenine, 2-propvladenine, 2-
thiouracil, 2-thiothymine and 2-thiocytosine, S-propynyl (-C=C-CHs) uracil, S-propynyleytosine,
6~azouracil, 6-azocytosine, 6-azothymine, S-ribosyluracil {pseudouracil), 4-thiouracii, 8-halo, 8-
aming, 8-thicl, 8-thicalkyl, 8-hvdroxyl, 8-aza and other 8-substituted purines, 5-halo, particularly
S-bromo, S-trifluoromethyl, S-halouracil, 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-tsobutyryiguanine, 4-N-benzoylcvtosing, 4-N-
benzoyluracil, S-methyl 4-N-benzoylicytosine, 5-methy! 4-N-benzoyluracil, universal bases,
hydrophobic bases, promiscuous bases, size-expanded bases, and fluorinated bases. Further
modified nucleobases include tricychic pyrimidines, such as 1,3~diazaphenoxazine-2-oue, 1,3~
diazaphenothiazine-2Z-one and 9-(2-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-pynidone. Further nucleobases include those disclosed in U.S. Patent No. 3,687,808, those

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

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

2

Edition, 1991, 30, 613; Sanghvi, Y. 8, Chapter 15, Antisense Research and Applications,
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Crooke, 5. T and Lebley, B, Eds., CRC Press, 1993, 273-288; and those disclosed in Chapters 6

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

{0072} Asused herein, “nucleoside” means a compound comprising a nuclecobase and a sugar
moiety. The nucleobase and sugar motety are each, independently, unmodified or modified. As
used herein, “modified nucleoside” means a nucleoside comprising a modified nucleobase and/or
a modified sugar moiety. Modified nucleosides include abasic nucleosides, which lack a
nucleobase. “Linked nucleosides” are nucleosides that are connected in a continuous sequence
{i.e., no additional nucleosides are presented between those that are linked).

{60731 Asused herein, “oligomeric compound” means an oligonuclectide 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 1s complementary to the first oligomeric
compound o may be unpaired. A “singled stranded oligomeric compound” 15 an unpaired
oligomeric compound. The term “oligomeric duplex” means a duplex formed by two cligomeric
compounds having complementary nuclecbase sequences. Each oligomeric compound of an
oligomeric duplex may be referred to as a “duplexed oligomeric compound”

[8074] Asused herein, “oligonuclectide” means a strand of hinked nucleosides connected via
internucleoside 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, “moditfied
oligonucleotide™ means an oligonucleotide, wherein at least one nucleoside or internucleoside
finkage ts modified. As used herein, “unmodified oligonuclectide” means an cligonucleotide

that does not comprise any nucleoside modifications or internucleoside modifications.
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{0078] “U/NCI34) 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 deficiis in neurotransmitter release. UNC {34 encodes a large multidomain
protein expressed 1o the nervous system, where 1t localizes to neuromuscular junciions and plays
an essential role in the vesicle priming step, prior to synaptic vesicle fusion. Variants within

the {/N( /34 gene have been known to increase risk of amyotrophic iateral sclerosis {ALS) and
frontotemporal dementia (FTD), two related neurodegenerative diseases defined by
risiocalization 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 1s not used. As used herein, “unmodified sugar
motety” means a 2-OH(H) furanosyl moiety, as found in RNA {(an “unmedified RNA sugar
moiety”}, or a 2-H{H) motety, as found in DNA (an “unmodified DNA sugar moiety”).
Unmoditfied 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, “moditied sugar moiety” or
“modified sugar” means a modified furanosyl sugar moiety or a sugar surrogate. As used herein,
modified furanosy! sugar moiety means a furanosy! sugar comprising a non-hydrogen substituent
in place of at least one hydrogen of an unimodified sugar moiety. In certain embodiments, a
modified furanosyl sugar moiety is a 2-substituted sugar motety. Such modified furanosyl sugar
moteties inchade bicyelie sugars and nonbicyclic sugars.

{60771  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 §
positions. In certain embodiments one or more non-bridging substituent of nonbicyclic modified
sugar moieties s branched. Examples of 2-substituent groups suitable for non-bicyclic modified
sugar moieties include but are not limited to: 2-F, 2-0CH; ("OMe” or “O-methyl”)}, and 2-
O(CH 12O0CH: ("MOE"). In certain embodiments, 2-substituent groups are selected from
among: halo, allyl, amino, azido, SH, CN, OCN, CF3, OCF;, G-Ci.0 alkoxy, O-Ci.io substituted
alkoxy, O-Ci-ioalkyl, O-Cro substituted alkyl, S-alkyl, N(Rw)-alkyl, O-alkenyl, S-alkenyl,
N{Ruw}-alkenyl, O-alkynyl, S-alkynyl, N(Rm}-alkyoyl, O-alkylenyl-O-alkyl, alliynyl, alkary],
araikyi, O-alkaryl, O-aralkyl, O(CH: R SCH:z, O{CHRpONRa ¥ Re) or OCHC(=0-N{Ru}{(Ra),
where each R and Ra 18, independently, H, an amino protecting group, or substituted or
unsubstituted Ci1o altkyl, and the 2-substituent groups can be further substituted with one or
more substituent groups independently selected from among: hydroxyl, amino, atkoxy, carboxy,
benzyl, phenvl, nitro (N2}, thiol, thicalkoxy, thicalkyl, halogen, alkyl, aryl, alkeny! 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-bicyelic modified sugar moieties include but are not himited to: S-methyl (R or S}, 5-
vinyi, and S-methoxy. In certain embodiments, non-bicyclic moditied sugar moieties comprise
more than one non-bridging sugar substituent, tor example, 2-F-5-methyl sugar moieties and the
like.

{8078 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;,

OCHs, O(CHy 3NH, CHCH=CH,, OCHCH=CH,, OCHCHxOCH;, O(CH2 R SCH;,
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O(CH2 pONRw} Ra), G(CH2 RO{CH2 pN({CHs )2, and N-substituted acetamide (OCH2C(=0)-
N{Rm)(Ry)), where each R and Ru 1s, independently, H, an amino protecting group, of
substituted or unsubstituted Craio alkyl,

{0079]  In certain embodiments, a 2'-substituted nucleoside nonbicyclic modified nucieoside
COMPrises a sugar moiety comprising a non-bridging 2'-substituent group selected from: F,
OCYE;, OCHs, OCHCH2OCH;, O(CH: RSCH:, O(CH ON(CHs )2, G(CH R O(CH2 pN({CHs 1o,
and OCH2C(=0)-NH)CH: ("NMA”).
[B080] In certain embodiments, a 2'-substituted non-bicyclic modified nucleoside comprises a
sugar moiety comprising a nonbridging 2'-substituent group selected from: F, OCH;, and
OCH2CHOCH:,

{0081} 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-
CHu-2, 4-(CHoh-2, 4-(CH2 )52, 4-CH2-0-2 (“LNA”), 4-CH-8-2, 4-(CH)2-0-2 (“ENA”), 4-
CH{CH3)-0-2 (referred to as “constrained ethyl” or “cEt™), 4-CHa-O-CH2-2, 4-CH2-N{(R}-2, 4~
CH(CH:OCH;3)-(-2 (“constrained MOE” or “cMOE”") and analogs thereof, 4-C{CH}{CH:}3-0-2
and analogs thereof, 4-CH-N{(OCH;)-2 and analogs thereof, 4-CH»-OQ-N{(CH3)-2, 4-CHz-
CHYCH)-2, 4-CH2-C(=CH»)-2 and analogs thereof, 4-C{RaRp}-N(R}-0O-2, 4-C(R:Rs)-O-N{(R}-
2, 4-CHa--N(R}-2, and 4-CHz-N{R}-0-2, wherein each R, Ry, and Ry, 13, independently, H, a
protecting group, ot {1z alkyl.

{06082} In certain embodiments, such 4 to 2 bridges independently comprise from 1 to 4 linked

groups independently selected from: -[C{RaMRo ), ~-[CRM R -0, ~-CR=C(Ru)-, ~-C{Ra}=N-~,
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~C{=NRa}-, ~-C{(=0)~, -C(=8}-, ~(-, -St{Ra}p-, -S5(=0)x, and - N(Ra)-; wherein: x1s 0, 1, or 2, nis
1,2, 3, or 4; each Ra and Ry 15, independently, H, a protecting group, hydroxyl, Ci.az alkyl,
substituted Ciz alkyl, Ciz alkenyl, substituted Co-iz alkenyl, Co-2 alkynyl, substituted Co.i2
alkynyl, Cszo aryl, substituted Csa0 aryl, heterocycle radical, substituted heterocycle radical,
hetercarvl, substituted hetercaryl, Us. alicyclic radical, substituted C5-7 alicvclic radical,
halogen, OJy, NIk, 85, N3, COOh, acyl (C(=0)-H), substituted acyl, CN, sulfonyl (S(=0}:-I1),
or sulfoxyl (S(=0)-J1}; and each J1 and Iz 15, independently, H, Ci.12 alkyl, substituted Ciaz alkyl,
Cz.a2 alkenyl, substituted Cra2 alkenyl, Coaz alkynyl, substituted Co.iz alkynyl, Csao aryl,
substituted Csao arvl, acyl (C(=0})-H), substituted acyl, a heterocycle radical, a substituted
heterocycle radical, Cr.i2 amincalkyl, substituted Ci.12 aminoalkyl, or a protecting group.

{0083] Additional bicyclic sugar moieties are known in the art, see, for example: Freier ef af |
Nucleic Acids Research, 1997, 25(22), 4429-4443, Alback et af ., J. Org. Chem 2006, 71, 7731-
7740, Singh ef af | Chem. Commnun., 1998, 4, 455-456,; Koshkin ef o/, Tetrahedron, 1998, 54,
3607-3630; Kumar ef af | Bioorg. Med. Chem. fetf. 1998 8, 2219-2222; Singh ef af | J. Org.
Chem., 1998 63, 10035-10039; Snivastava et af., J. Am. Chem. Soc., 20017, 129, 8362-8379;
Wengel et a, U.S. Pat. No. 7,053,207, Imarnushi et al,, U S, Pat. No. 6,268,490; Imanishi et al.
U.S. 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 etal, 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 ¢t al, US. Pat. No.
6,525,191, Torsten et al., WO 2004/106356; Wengel et al., W 1999/014226; Seth et al., WO
2007/134181; Seth et al, 1.8, Pat. No. 7,547,684; Seth et al., U.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 8. Patent Publication Nos. Allerson et al , US2008/0039618 and Migawa et al |
URZ015/0191727.

{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 a2 non-human. In a preferred embodiment, the
subject or patient is a human. The subject or patient may be undergoing other forms of
treatment.

[B085] 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 individual, and the ability of the drug to elicit 4 desired
response n the individual. This term 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
etfective amount may be administered in one or more administrations {¢. 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 i1s within the scope of the present

disclosure that the drug may be admimstered 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 factors, such as
the goal of treatment {e.g., treating v. preventing), condition of the subject, etc. and can be
readily determined by one skilled 1n the art.

{0086]  As used herein, the term “treat” or “treating” a subject, refers to administering a
composition or agent described herein to the subject, such that at least one symptom 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.

{6087] A hallmark pathological feature of amyotrophic lateral sclerosis (ALS) and
frontotemporal dementia (FTD) is the depletion of RNA-binding protein TDP-43 from the
nucieus 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, sagra). A major function of TDP-43 is as a repressor of cryptic exon
{between canonical exons 20 and 21) inclusion during RNA splicing. Single nucleotide
polymorphisms (SNPs) in UNC13A are among the strongest genome-wide association study
(GWAS) hits associated with FTD/ALS in humans (Diekstra ef af., Amn. Newrol 76, 120-133,
2014}, Evidence has shown that TDP-43 represses a cryptic exon splicing event in UNCI3A
{Unlike normal conserved exons, these cryptic exons lurk to introns and are normally excluded
from mature mRINAs.} Loss of TDBP-43 from the nucleus in the human brain, neuronal cell lines,
and iPSC-derived motor neurons resuited in the inclusion of the cryptic exon in UNCI13A mRNA

and reduced UNCI3 A protein expression. Rosa Ma et al., “TDP-43 represses cryptic exon
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inchusion in FTIVALS gene I/NC/34.7, https://doi.org/10.1101/2021.04 02 438213, hiofxiv
{posted Apr. 4, 2021). The top variants associated with FTEVALS risk in humans are located in
the cryptic exon harboring intron itself and it is shown that they increase UNCI3A cryptic exon
splicing wn the face of TDP-43 dysfunction. Data shows that there 1s a direct functional link
between one of the strongest genetic risk factors for FTD/ALS (UNCI3A genetic variants) and
foss of TDP-43 function.

{0088] According to Rosa Ma, the most significant genetic variants associated with FTD/ALS
disease risk are located within the intron harboring the cryptic exon itself. Brain saroples from
Frontotemporal lobar degeneration (FTLD) with TDP-43 tnclustions (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 tnsufficient
to cause crypiic exon tnclusion because the cryptic exon is not detected 1n RNA sequence data
from healthy control samples (GTEx} and functional studies indicate that TDP-43 dysfunction is
required for UNCI13A cryptic exon inclusion. Instead, the UNCI3A risk alleles exert a TDP-43
toss-of-function-dependent disease modifying effect. Without being bound by any particular
theory, the inventors theorize that tnerease of UNCI3 A protetn expression 1s an effective
treatment for neurodegenerative diseases, such as ALS and FTD.

{8089%] 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 infron. The risk SNPs increase the amount of eryptic exon inclusion
in cortex from ALS and FTD cases in an independent and additive fashion. A recent analysis of

UNCI3A CE 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 UNCI3A CE was detected in
post-mortem tissues from ALS or FTD patients with TDP-43 pathology (Brown er o/, Nafure
603:131-137, 2022}, and not UNCI3A 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.

10090} The herein described methods of treatment comprises administering to a subject in need
thereof a composition compnsing an effective amount of one or more antisense oligonucieotides
that treats neurclogical diseases by suppressing, preventing, or inhibiting transcription of the
cryptic exon of UNCI3A. The one or more antisense oligonuclestides may decrease or inhibit
neurodegeneration.

[0091] Restoring UNCI3A levels in ALS patients who have TDP-43 pathology may result in
extending survival 1o patients with neurological and neurodegenerative diseases, such as ALS or
FTD, for instance by several years. The presently claimed antisense oligonucieotides (ASQOs)
can be injected directly into the spinal cord and achieve sustained target engagement throughout
the central vervous system with miniroal peripheral toxacity.

{60921 The disclosure provides oligonuclectides (modified or unmodified) that can be used to
modulate UNCI3A expression. Table T provides (5' to 3"} generic sequence of bases for the
human UNCI3A antisense oligonucleotides or indubitory nucleic acids of the disclosure.

[0093] UNCI3A risk haplotype associated with ALS/FTD susceptibility potentiates cryptic
exon inclasion when TDP-43 is dysfunctional. SNPs associated with ALS/FTD in UNCI3A
include rs12608932 and rs12973192. rs12608932 (A>C) and rs12973192 (C>G), are both

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

rs12608932

2 and 1512973192
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CCATCCATCCATCTACCTAT

0

1| CATCCATCCATCTACCTATC
21 ATCCATCCATCTACCTATCT
31 TCCATCCATCTACCTATCTA
41 CCATCCATCTACCTATCTAC
445} CATCCATCTACCTATCTACC

446 | ATCCATCTACCTATCTACCC
447} TCCATCTACCTATCTACCC?
448 | CCATCTACCTATCTACCCAT

449 CATCTACCTATCTACCCATC
ATCTACCTATCTACCCATCT
TCTACCTATCTACCCATCTGE
CTACCTATCTACCCATOTGA
TACCTATCTACCCATCTGAC
ACCTATCTACCCATCTGACT
COTATCTACCCATCTGACTA
CTATCTACCCATCTGACTAT
TATCTACCCATCTGACTATC
ATCTACCCATCTGACTATCA
TCTACCCATCTGACTATCAA
CTACCCATCTGACTATCAAC
TACCCATCTGACTATCAACA

ACCCATCTGACTATCAACAA
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463 |  CCCATCTGACTATCAACAAR
464 1 CACCTATCTACTCAATCTTC
46 ACCTATCTACTCAATCTTCC

RN
(X
o i
)
[@]
,__:]
&
=3
[@]
,__:]
o
e
+]
@]
]
@]
!
—
(@]
@]
]

£6 COTTCTAATAACTCAACCAC
46 AATAACTCAACCACACTTCC
46 ATAACTCAACCACACTTCCA

TAACTCARCCACACTTCCAT

fix
J
N OCiWwE o ~d

47 AACTCAACCACACTTCCATC
&7 ACTCAACCACACTTCCATCC
473 CTCAACCACACTTCCATCCA
474 TCAACCACACTICCATCCAT

4751 CBACCACACTTCCATCCATC
476 1  AACCACACTTCCATCCATOC
4771 ACCACACTTCCATCCATCCC
478§ CCACACTTCCATCCATCCCA
4791  CACACTTCCATCCATCCCAT
4801 ACACTTCCATCCATCCCATC

CACTTCCATCCATCCCATCC

i
o

482} ACTTCCATCCATCCCATCCA
483} CTTCCATCCATCCCATCCAA
484 |  TTCCATCCATCCCATCCRAT
485} TCCATCCATCCCATCCAATA
486§  CCATCCATCCCATCCAATAC
4871 CATCCATCCCATCCAATACH
488 | ATCCATCCCATCCAATACAR
489} TCCATCCCATCCAATACAAC
450 CCATCCCATCCAATACAACT
491} CATCCCATCCAATACAACTT
492 |  ACAACTTAATCTGOTCATCC
493 | CRACTTAATCTGCTCATCCA
£94 |  ACTTAATCTECTCATCCAAC
495 |  CTTAATCTGCTCATCCAACA

ATCTGOTCATCCAACATTTC
TOTGOTCATCCRACATTTCR
CTGCTCATCCARCATTTCAT
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9 TGCTCATCCAACATTTCATC
500 GCTCATCCAACATTTCATCT
1 CCAACATTTCATCTATCCAC
502 CAACATTTCATCTATCCACC
503 ARCATTTCATCTATCCACCC

504 ACATTTCATCTATCCACCCA
505 CATTTCATCTATCCACCCAG
506 ATTTCATCTATCCACCCAGT
507 TITCATCTATCCACCCAGTC
538 TTCATCTATCCACCCAGTCA
509 TCATCTATCCACCCAGTCAA

510 CATCTATCCACCCAGTCAAT
511 ATCTATCCACCCAGTCAATC
512 TCTATCCACCCAGTCAATCA
513 CTATCCACCCAGTCAATCAT

514 | TATCCACCCAGTCAATCATC
515 | ATCCACCCAGTCAATCATCT
516 | TCCACCCAGTCAATCATCTA

Ul
Iy
~J

CCACCCAGTCAATCATCTAT

518 CACCCAGTCAATCATCTATC
519 ACCCAGTCARTCATCTATCC

CCCAGTCAATCATCTATCCA
CCAGTCAATCATCTATCCAG
CAGTCAATCATCTATCCAGC
AGTCAATCATCTATCCAGCA
STCAATCATCTATCCAGCAR
CAATCATCTATCCAGCAATC

N
2
Ll R ]

Ul

A9

U

Ut
V8 }

N

Ul

S8}
A f N

5 CATCTATCCAGCAATCTATC
527 ATCCAGCAATCTATCTATCC
528 TCCAGCAATCTATCTATCC!
529

CCAGCAATCTATCTATCCAC
CAGCAATCTATCOTATCCAC

AGCAATCTATCTATCCACTC
GCAATCTATCTATCCACTCA
CTATCTATCCACTCATCAAG

ATCCACTCATCAAGTTATCC

(O8]

Ut g n
&3]
i O

Ut
[y

&
L
3

Ul
w
1Y

44



WO 2023/004049

Ul

CA 03227115 2024-01-19

TCCACTCATCAAGTTATCCA

PCT/US2022/037888

o
Wi w
A f N

CCACTCATCAAGTTATCCAT

o
G
el

CACTCATCARGTTATCCATC

N
(98]
o]

ACTCATCAAGTTATCCATCC

N
(98]
W

CTCATCAAGTTATCCATCCA

CATCAAGTTATCCATCCATC

Ul

CCATCATCTAACAATTACCC

i O

CATCATCTAACAATTACCCC

Ut
N BN BN IS

o
3

ATCATCTAACAATTACCCCC

TCATCTAACAATTACCCICA

CATCTAACAATTACCCCCAA

ACAATTACCCCCARATTOAC

CAATTACCCCCAAATTCACC

CCATCCCATACATTGATCCG

CATCCCATACATTGATCCGE

550 | ATCCCATACATTGATCCGCA
551 | TCCCATACATTGATCCGCAA
552 | CCCATACATTGATCCGCAAL
553 § CCATACATTGATCCGCAACT
554 | CATACATTGATCCGCAACTT
555 | CATTGATCCGCAACTTAATC
556 | ATTGATCCGCAACTTAATCC

TTGATCCGCAACTTAATICA

TGATCCGCAACTTAATCCAC

GATCCGCAATTTAATCCACT

ATCCGCAACTTAATCCACCT

TCCGCAACTTAATCCACCTA

562 | CCGUAACTTAATCCACCTAL
563 | CGCAACTTAATCCACCTACC
564 | COATTCATCCACCCACCCAT
565 | COCATTCATCCATTTGTCCA

)
]

CCATCATCCATCTAGCCACG

Ut g n
[S )0 BEON

CATCATCCATCTAGCCALCG:

Ut
02
[2: 928 B

ATCATCCATCTAGCCACGAA

u
[4)
O

TCATCCATCTAGCCACGAAT

Ul
~
(]

CATCCATOTAGCCACGAATC
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572 | TCCATCTAGCCACGAATCTA
573 | CCATCTAGCCACGAATCTAC
574 | CATCTAGCCACGAATOTACT
575 | ATCTAGCCACGAATCTACCC

CGAATCTACCCAC

g Fan]
CCA
TAGCCACGAATCTACCCACE

580

AGCCACGAATCTACCCACCA
2

581

GCCACGAATCTACCCACCAA
e

CACGAATCTACCCACCAAL

582 | CACGAATCTACCCACTAACT
583 | ACGAATCTACCCACCRACTC
584 | CGARATCTACCCACCARCTCA
585 | GACATACCCAGACACAAACS
586 | ACATACCCAGACACAAACGE
587 | CATACCCAGACACAAACGEC
588 | GUCAGARAGAGGAAGAGOTG

Ul
ee]

CAGAAAGAGGARAGAGCTGG

GGCAGGCAGGAATGETGAGT

o
[tel
[l R I BN

59 GCAGGCAGGAATGGTGAGTG
592 | CAGGCAGGAATGGTGAGTGG
592 | AGGCAGGAATGGTGAGTGGA
594 | GGCAGGAATGGETGAGTGGAA
535 | GCAGGAATGGETCAGTGGAAG
596 | CAGGAATGGTGAGTGGAAGT
537 | AGGAATGGTGAGTGGAAGTG
588 | GGAATGETGAG TGGAAGTGG
559 | GAATGGTGAGTGGAAGTGGEL
600 | AATGGTGAGTGGEGAAGTGGECA
&0 ATGETGAGTGGAAGTGGCAT
02 | TGETGAGTGGAAGTGGCATG
603 | GGTGAGTGGAAGTGGCATGG
504 | TCATTCATCTET
605 | CTCATTCATOTG
606 | ACTCATTCATCT
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607 | CACTCATTCATC

608 | TCACTCATTCAT

609 | ATCACTCATTCA

610 | CATCACTCATTC

611 | TCATCACTCATT

612 | CTCATCACTCAT

613 | CACTCATTCATOTGT

614 | TCACTCATTCATCTG

615 | ATCACTCATTCATOT

616 | CATCACTCATTCATC

617 | TCATCACTCATTCAT

618 | CTCATCACTCATTCA

619 | TCACTCATTCATCTET

620 | ATCACTCATTCATCTE

621 § CATCACTCATTCATCT

622 | TCATCACTCATTCATC

623 CTC r1/1A/\lr1/1Arllr1/1Arll

624 | ATCACTCATTCATCTGT

625 | CATCACTCATTCATCTS

626 | TCATCACTCATTCATOT

627 | CTCATCACTCATTCATC

628 | CATCACTCATTCATCOTET

629 | TCATCACTCATTCATUTG

630 | CTCATCACTCATTCATCT

631 | TCATCACTCATTCATCTGT
632 | CTCATCACTCATTCATOTG
633 | CTCATCACTCATTCATCTETT
634 | AOTCATCACTCATTCATCTGT
635 | CTCATCACTCATTCATCTGETT
636 | ACTCATCACTCATTCATCTGTT
637 | TACTCATCACTCATTCATCTET
638 | CTCATCACTCATTCATCTOTTCA
639 | ACTCATCACTCATTCATOTETTC
640 | TACTCATCACTCATTCATCTETT
641 | CTACTCATCACTCATTCATCTET
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{0094]  As shown in FI(Gs. 4A-4F, ASO 55 (SEQ ID. NG 55) variations listed above are

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

SEQ ID NO. |Alternate Identifier
604 | hUNC13A-AS055 12-1
505 | hUNC13A-ASC055 12-2
606 | hUNCL3A-AS0OES 12-3
6507 | hUNC12A-AS055 12-4
608 | hUNC13A-AS055 12-5
609 | HUNC13A-AS055 12-6
610 | hUNC13A-A8055 12-7
611 | hUNC13A-AS055 12-8
612 | hUNC13A-ASCES 12-9
612 | hUNC13A-AS055 15-1
614 | hUNC13A-A8055 15-2
615 | hUNCL13A-AS055 15-3
616 | hUNC12A-AS055 15-4
617 | hUNC13A-A8055 15-5
618 | hUNC13A-AS055 15-6
€19 | hUNC13A-ASO55 16-1
620 | hUNC13A-AS055 16-2
621 | hUNC13A-AS05E5 16-3
622 | hUNC13A-A8055 16-4
823 | hUNC13A-A8055 16-5
624 | hUNCL13A-A8055 17-1
625 | hUNC123A-A8055 17-2
626 | hUNC13A-A8055 17-3
627 | hUNC13A-A8055 17-4
€28 | hUNC13A-AS0O55 18-1
629 | hUNC13A-AS055 18-2
630 | hUNC13A-AS055 18-3
631 | hUNC13A-AS055 19-1
632 | hUNCL13A-AS055 19-2
633 | hUNC13A-AS055 21-1
634 | hUNC123A-A8055 21-2
635 | hUNC13A-A8055 22-1
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636 | NUNC13A-AS055 22-2
637 | hUNC13A-AS0O55 22-3
€38 | hUNC13A-AS055 23 -
€39 | hUNC13A-AS0R5 23-2
€40t NUNC13A-ASCRS 23-3
641 | NUNC13A-ASCS5 23-4

i

{60951 In one embodiment, the disclosure provides modified oligonucleotides consisting of 12~
30 linked nucleosides and having a nuclechase sequence comprising at least 8, at least 9, at least
10, at least 11 at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, atleast 18, at
least 19 or at least 20 consecutive nucleotide bases of any of the nuclecbase sequences of SEQ
D N 1-641 10 Table 1. In some embodiments, the modified oligonucleotide is at least 80% to
100% (1.e., 0%, 82%, 84%, 86%, 88%, 00%, 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 NO:1-641. The sequences provided 1o Table 1 can be used to design
antisense molecules for inhibition of UNC13A cryptic exon expression.

18096}  In some embodiments, the oligonuclectide is single stranded. In some embodiments the
oligonucleotide comprises or 18 complexed with a moiety that neutralizes charge on the
oligonucleotide to promote uptake and transfer across a cell membrave.

{8097} In another embodiment, each of the ASOs in Table 1 has a motif where each nucleobase
has a 2'-0OCHCH:-OCH: group (i.e, 2'-MOE) and each intermucleoside linkage is a
phosphorothioate linkage. This would be the motift
IMOE*2MOE*2MOE*2MOCE*2MOE*2MOE*2MOE* 2MOE*2MOE* 2MOE*2MOE*2MOE*
ZMOE*ZMOE*ZMOE*ZMOE* 2MOE*2MOE*2MOE*2MOE where (1)} 2MOE 1s a nuclechase
with a 2°-OCHCH»-OCH; group (1.e., 2'-MOE), and (i1} the asterisk (*) refers to a

phosphorothicate inkage. Table 2 below shows this motif,
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{6098] Table 2: The Sequence of Bases in UN{C13A Antisense Oligonucleotides (ASUs).
Capital letters are 2'-methoxyethylribose nucleosides; lower case are DNA nucleosides; asterisks
{*} are phosphorothicate linkages; linkages which do not have an asterisk are phosphodiester
Hinkages)

TABLE 2

SEQ ID NO, Segquence
542 | GXAFXAXTHOx TR AXCH O CRAXCHRCR DT [X R Cx AxT
AR NS AL L SLIGLACL Y CASL IS0V L L ACL M ACLY LRI

3
Gad | AFTHCORTHRAFCORCH O [FRCHCOH QR AFCH TR O D[FTHOR

45 | T*O*T*A*CHC*CrAXCH O AXARCH TR O AR TR R C*A

46 | CHTXAFCHCHCRAFCHCHARAFCRTHCH AR T* CHCFART

ARCHRORCOR PR OFARDFOR RO QAR OR O [FROFT

CHOHCHDAFCHCHQAFDFCHTHCEDF RO CHDQFTHOFTHAN

6
6
647 | THAXCHCRCAAXCHCRAF MK CH TR R AR THCXCR A*TH
6
6

G50 | OFCHRARCHOR AT AR CH TR CrQAFTH R Cr AR Tx O*TxA*T

G5 | C¥A®CHCHR AR DT T ke Qo T O O Qo T O P o e (O

6 52 A*C*C*A*A*C*T*C*A*T*C*C*A*T*C*T*A*T*C*C
6573 | CHORPXARCR TR CR AR THORCAARTHORTHARTH O C*A
€54 | CHAXA*CHTrOx QA T* OrCR QX TR O TR AR THO* O Q*T
655 | AFAXCHT*OHAXTH Cx Ok A% Tx Ok Tor A% TH O Cr Ax T
656 | A*CRTHOR AR THCH O RF TR TH AR TR CH O [FTH R

6R7 | CFTHOHAFTHORCFAFTHOFPHARTHOH O AFTHTRCOHD

558 | T¥C*AXTHC*CRA* THCH TR A ThOx Ok A% Tr Ok Ok A% T
Gua | CYAFTHOFCR QxR CORTHAF TR O QX THOFCHDFTH G
60 FAXTHCHOFAXTHCxTH AFTHCx R [ TH O Ok A G
el | TxCOHOH AR TR TR QR TR CH O QAT THCOFCHDFTHRGHTHR
o § CFCOHAXTHORTHAFTHOH A DR TTHOF O A FTHGHTH D&
663 § CFAXYTHCHTHRAXTHCHOF QTR O CHF QX TR G TR AT
664 F AFTXCH PR AR THOFCRAFTHCORCHAFTHEH R AR CHTH
e | THOXTHAXTHO*CHAXTHOHCOFA*THGR AKX CHTHOHA
666 § CHTHRAX RO Or QX TR O CE QKT H QAT R QX CHTHOH [
G567 § TH¥AF T OFCRQF TR OO AFTHEHTHAFCHTH O F O
568 | AXTHO*ORAXTHOXCRA*THERTHAXCORTHOF Ax Ok O

(v
e
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669 | TRCHO*AFTH ROk QAR THEGHTHRAF Ok TR O AR O* CFO* ]

670 C*F’*'\*IE*C*F’* *1_[1*£3_*1f *f‘i*rli*f'i*r\*f‘i*c*ri*r\*xf

671 | CHAXTHCOHCHANTHEHTHAXCHTRCHAXCHO*CHAFTHC

72 F AR TRCHCH QR TR GH TR AT CHTHCH [  ChCH O Bk T CF T
672§ THOXCHAXTHGHTHARCHFTHCOFAFCH OO AFTHCHTH
674 § CHCERAXTHRGRT* QAR Ok ok O o Ok Ay Tk (ke T (T
575 | C¥A*XT*GrT* A Cr T CrA*CH O OR AR TR ORTr Ok Tre

576 | AXTHGHTHAXCHTHCHAXCHORCH AR THORTHCHTH OO

GFFF TR GE TR T O A O O e B T O e Cr e O (T

678 | GXTHAXCHFTHOR A CRO*CRAFTHOR TR O TH O, O* A% T

&

679 | THAXCHTHCHA*CHOHCHA* TR CHTHC*Tx O CHA*T*
6RO | AXCHTHC* AR CHXCHCHAFTHCHRTHCHT*CHCR AR THCHC

GR1 | CFTHCRAXCHO*CRAXRTHO*THORTHO*CHAKXTHO*CHA

EH2 ] THCHAXCH X CrAXTH X TH X TH X Cr QX TH X CFAXT

CrpA*xCxCx O AR TR Cx P OX TR OO DN 5T OX O D570

584 | AXCHCHCHAXTHCxTHCxTHCH CHA*THCH O AFTHCHC

685 | CXCHRCFAFTHRCHR TR R TR O CRARTHCHCHRAFT* R T

686 | CXCHFAXTHO*THOHTHOK O AXTHO*CHAXTHO*CHTHT

687 | CHARTH O T*Cr TR CR AR THCHOx AR TR Cr O THTHT
688 *ll}*c*ll}*c*ll}*c*f‘!* *ll}*c*f‘!* *ll}*c*f‘!*(li*l_[} (li*l'_[]

689 | THONTHORTHCNCHAXTHCHCHARTHCHCHTHTHTHTHA

640 | CHFTHCOHTHCOFOHRAFTHOROH QT Tx Ok T TR w Tk A&
G971 | T*CO*THO*CRAFTH A CR QS TR O* O ThTH TR THA* T
592 | CxTHCHCFAXTHRCHCFA*THACH Ox PP H TR A Tox OxT
593 | Cx¥CHFAXTHCH O AFXTHOxCFPr xR x Ax T OxTrA*C
604 | CYTHAXCHFTHORANTH O DX TH TR OH QX TR TH[F xR
6o5 | ARCHTRCH K TR R AR THCOH QR THR TR Ck QAT Rk (G
606 | CHTHCHA*TH R A*CH TR C* AR TrTH Cr A* TR OR PR G*T
€97 | CHRA*THC*A* O THC[AFT* TR CR AR T CR TR GR T
698 | THCHARTHTHCHAFTHTHOCHAFTHLHCH QX CHCHAXGHC
699 | CHAXTHTHCOFAXTHTHOFAXTH TR COFAFCOROHAFGHCOHA
00 | GYGHRANTHAXARGQEAFGRTHTHORTHTH TR O [*GHG
701 | GXAFRTHAFAXGRAXGH T THCOrTrRTH xR O CFAXGHEFD
702 P TxTHCxCOrAXQH G AFAXAFCR O OXAFEGH G OXQF G
703 P THCHOSAFGHEHF AN AR AR CHONCHAXGHEHCORAXGH O T
04 § AFGRCHTHGHGRYAFANGHANGHANCHAYTHAYCH XA
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o
—
)

GrOFTHGREHAA*GHA*GEAXCFAXTHA*CHO*CHA*G

5
FO6 | CHI*GrGrAFAXGYAXGHFAYCHAXT X AX OO AXGHA
T07 ) T*G*¥GrA*A*G A*XGXA*CHA*F TR AR CH OO QA*GFA*C
708 | GFG*¥AFAFGFANXGRANCHANTHANXCHOHCFAXGHAYCHA
709 | GFAYAFGURANGRARCH AR THAFCHCHOAFGRARCHA*C
710 KR AKRCOFARCOE DA TR AR ORO*ORARCRAROFA*CORD

711 FAYGFANGHFANCHANTHAXCH O CHAXGHFAXCHAXCHAXD
712 | GFA*GYA*CYA*T*A*Cx Cr CxA*GYA*CHA*CHA*A*D

TA3 ) AXGFARCHEFANTRANCOFNORCHAFGRAFCHARCHAXQFAXC

Ta4 §GFORCHORAFARTH O CHTHGHAXGHTHGHGYTHTYA*G
TAs | OO CFRAXAF T OO THGAFQ TR G EF T IHAYGZ*G
T16 | GFGROR TR GG AFAXTHAXOHANDAFCHGFAYAFGHARA
T GYCHTHEXEHAXAFTHAFCR AN AXCHEYAFYAXGHAXAHFT
718 | CHFTHGHGrAFARTHAXG AR DR CHGR DX ARGH AR D, C*
710 | THGAC AR AR TH AR IR ARAFC*IHAXDXEH DX AR O*T
- eIk AR D F TR D AR A * A (IH KD F A X (DH [ KD H Ok OF (D

701 | GYAFAXTHAXCHAXAFCRQHAXAFCHAFAXCHO*THE*A
TR FAYTHFANGHFANAFNGROFANAFGRAF AN CHOFTHEGRAYTHG
3 THAYGRAFDIGRGHRAFRRGHAFARCH O THQEAFTHEGHA
To4 | AXCGHARARCHGRAF AR TR ARDFCORCOR TR IR A*T* G *T
5 GFAYAFCGYAFAXAFCYAFAXCHOHTHEXAFTHGHAXT*E
Foh F AFARGEFGRAF ARG ANRAFCH COHTHGHAFTHGIAFTHOG A
27 P ARGHGRARANGEARDK O CHTHGHANTH QY AFTHGHAYG
728 | GRO*AXAFGHAFAXCOR O [HGH QAT G A THG* R4 E*T
709 | GYARAXQGFAXAFCHOR PG AXTHEXQAF TR O A*GH TR
O AYAFGRAFANCHFOHPHFGRAFTHRGFANTHEHAFGHTHAXG
731 | AFGRAFANRCHCHTH QR AFTHGRAXTH QARG THAYGHT
732§ GFAYAFCHOR TR QAR THRE* QX THGH AT TR AXGHT*G
33 | AXAXCA O THEHAF TG AXTHEHAFCGHTHAXGHTHI*A
4§ AFCHCHFTHRFAXTHREFAFTHAFAXSHTRAFRCETHE DG
3R | CFCOHTHFGRAFTHQEARTHGRAFGRTHANRQGETHGEFARGHA
736 | C¥ TG A*THG A*TRGHAXGFTHRA* G TG ARG A% 3
T T*G*A* TG A*T* G A*G*FT*A*G* T*GrA*G*A*G* T
735 | GYART*AFAXTHEXAFEHTHAXGH TR CFA*XGHAXGHTx
G | AR THGRAFHRQEANRQETHQFGRPHGRAFGRAFGHTH A

3
40 | THG AR THEGHAXGHTHAXGHTHGRAXGYA*GHT*C*AXA

¥4
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741§ GRAXTHQYARGYTHAXGH THEGHAXGHAXGH T O AXA*(
T4 § AFTHGFRAXGH T AFGHTrQFA*GrAFG* T O+ AXOxC
743 | THG*A*G*THAXQr TG A*GFAXGH TrCR AXAFOX O]
F44 | GFAXGH T AFGRTHGHANGHAFGRTHOF[FAXCHO*THG
745 | AYGHRTHANXGHTHRQFANGRANGH TR CHFAF[FOHCHTHEHG
746 | GFTHAYGH THGRAYGHAXGH T ORAF DS OHCHTHGRGYA
747 | T*AXGE TG AFQFAFGHTHF O AFXAXCH O THFGHGAYG
748 | AXGHT*QrAXGHA*QF T O AXAFCORORTH GG AFE* (3
749 | GFTHERAFGRAFQGRTHORAFAROROHRTHREGRGEFARGHREHO
FEQ | THT*CRCH O ARGHRANGRGQFYAFGREGF TG A O*O*T
751 | CFC*YAFGQYAXGGFAXGFQF T rGrAFCH O CF I*GrAFA
750 | CFAXQHAXQHGYAFGHAHT*QGHAXCH OO T*GH AKX QX T
TR [ AYGRAFGHGFANGHRGIFTHGRAFCHOFCFTHGFAFAFTH(
54 | GFARGRGHFANGRGQFTHGRAF OO COH TR AXAXTH T
TRE | A¥GHRGFAFGHR G T GHANCH OO TG AXAST*CxT* 3
756 | GXQFRAXQFEXTHEXAFCCOFOFTHERAFA*THO*THE* (3
757 | GY¥ARGRQFTHEFAXCRORCHFTHEFAXAFTRCFTHEHE*A
TER §AXGHFGHTHGRAFCHCOFCHFTHGFRAFAFTHOFTHGFGFARC
TEG | GG THRGRAFCHCH O THRQEAF AR TH O TR QG AXC*T
F60 | GFT*GFRAXCH O CFTHGRAFDF T OFTHGrEeA*C*T*T
761 | THGYARCHCOFCxPFGrAFAXTHOXTHEGHGRAXCHT* [T
FE2 §GFANCHOH COF TR RF QT TR COHTHROGHGF AT TFTHTHTHG
763 § ARCHOHCHTHGRAF DS TR OFTHGRGEFAF O THTHTRGYD
764 | CxCHOHTHGrAFAFTH O THAGHGRAXCF TR TG AT
765 | OXCORTHQrAXDAFTHCHTRQFEYAFCH TR THTHEX QT3
766 | CYTHEXAFAXTHOHTHEGROQFAFCORTHHTHRQEFANTHE*G
F67 § THGQYAFAFTH O TR GRAFCOFTHTHTHGRAXT RGN
TEG | GFAXAFTHCHTHGHGHA*CHTHTHTHGrA*T*G*GrA*T
769 | AFTHOF TR GrGErAFCFTrRPHTH QR AFTHGRQYA*T*A*(G
770 | THCO*THE*QrAXCR TR TR T*GFA*THE* QT AXTHAXCHE
FTL ) GFCGRAVGHGFARGIF TR TR IHTHORCHAFGREHF THARAYA
772§ GFARGEGHANGR AT, TR TR CONCRAXGHGHTH A [ DAY
773 AXGHGEAFGH TR THTH T OF O AFQFGF T AFAXL*EYE
774 | GXORCXAFGHQHAXCFAXGH TR GH TR GRGHA* T* G G* T
TR O COFANGHRGRAFGRAFGHTHEH T G G AXT G G TG
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1022 | AFT*CHOHTHT*CrCRAFT* THCRAFT* CrCRARCHCO*C

1022 | THOXCHT*THO*CHANTHTHCHAXTHOR O AKX CHO* R

1004 | CRO*THTH ROk QTR TR O, QFTH OOk AR O* O O*[*C

1025 F!*rli*l_[}*c*/'i* * % (li*/‘!* *xf*C*rq* *rq*C*rq* *rq*c

1026 | THTHC*CHAXTHTHCHAKRTHCHCFA*CHC*CHR*CHCHC

1027 § T*OFCxAFTRTHORQFTRCOFOR IO CHORPF O CHO*RD

1028 | CrAXTHRTRORAXTHRORCEAXCHORCFAXCHOROEF[ARTHT
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1029 AF T TR DK POk O Dk CR OO [ xOF O, OR[N & TR TR

1030 | THTHCHA*T*CrCrA*CHOHCRA*CHOHCRA*THTH A
1031 | THOXARTHCHCHAFCHCRCHARCHCHCR AR TR THCH AT

1032 CHEAXTHEOROR[ARCOR OO [RCOHORCEQ/XTHER RO AXTHT

10323 | ARTRORORARCORORORAFCOROROR DR TR TR O DA TR OFC

10734 | THO*CRA*CRCRCRAXCR O, COF QAR TR TR CRAXTHORCR ]

1035 | CXCHA*CHOHCHA*CHCHCHA*THTHC* A*THCHCx AT
1036 | CXARCHCHCHRARCHCHCHAFT*TH AR T*CH CHA* TR

1037 | AXCHCHOFA*CHO*CFAXRTHTHCH A*TH Ok Cr AXTHTHT

1038 | CRO*CFRAXCHRCORCOFAXTHRTHOFAXTHR O OFAXTHTHTR(G

1039 | CrC*A*XCHOFCrAFTHTHCHAFTHOFCHQAFTHTHFTHGHT

1040 | C*AXCHC*CHAXTHTXCRAXTHCHCr QX PrTxTRGr P
1041 | A¥CHCHOF AR TR TH TR QAT TR O Ox [FTRTHTHRGHT*CH
1042 | CHOrRAFTHTHCFPAFTHOFCHARTH TR TRGF T CROx[*T

1043 C*A*rf rl"k’-’* *111*C*f'1* ’k’f rli*rf*(}*rf*C*c*A*rf*C

']_04 4 ’I‘*k'l"'kC*A'){"I‘*C'kC*A*’I‘*'I‘*’I‘*G.*’I‘*C*C*A*’I‘*C*’I‘*G.
1045 | THCrRAXTHCRCHAXRTHT* THG*THCO*Cr AXTHCHTHEHC
.1.046 "“*A*T*("*”*A*T*T*T*G*T*(’*”*A*T*("*T*G "““k(“‘
104'7 *kr[’* *”*“*T*T*T* *kr[’* *"‘1&’7_\1*‘—[’* *kr[’* *k"‘t&’ kT
1048 rI‘*kC*kC*A*rI‘*’I’*rI‘*G*rI‘*C*C*A*rr*kC*rI‘*G*C*C*rI‘*A
104:9 C'kC*A*’I‘*'I‘*’I‘*G.*’I‘*C'kC*A*’I‘*C*’I‘*G.*C*C*’I‘*A*’I‘
1050 | CFAXTHT*THG*THO* CHRXTHOHTHEHCOXTHAXTHA
1051 | AXTHTHT*GHTHCHCHRRTHCRTHGHCHCHTHAXTHA*C
1052 | T*¥T*TRG*TxCr O A* TR THGHCHCRTH AKX THR*C*R
']_053 ’I‘*'I‘*G*k'l"*kC*kC*A*'l"*kC*'I‘*G*kC*C*'I‘*A*'I‘*A*C*A*'I‘

1085 Gx T, O D[FTHOFTRGROR TR TR A*TH A SOH D

2y 2y

*PECHC

1056 | T*CHCHART*CHTHGRCrOFTH AR THAXCHARTH X CHA

1Oq7 C*f‘i*r\*xf*c*xf*ﬁﬂ*ri*c*xf ’k’f *,-1* .kxf*c*f'i*r\*xf

1058 | CHAXTHCHRTHE*CHOR THAXTHAXCH AN THCX CHA*T*C
1059 | AYTROH TG O* O TR AR TR AF TR QFTrOW IR QTR OR

1060 | THO*THG*OxCr TR AKX THAXCOFAX TR O CRA*THORO* ]

10671 | CX¥THG*CrOXTHAXTHAXCHA*THC*CHAXT*CxCrAXT
1062 | T*¥Q*CxCrTRARTAA*CxAFT*CFCXAFTHCRCR AR TR

1063 | GXCRCHTHR*THAXCHARTHOHCH A*THO* CHAXTHO*C

1064 CROFT AR TR AR AT RO AT, OO, NRTRORTRN
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1065 | Cx THA*XTHA*Cx AT Ok CRA*THORCRAXTH O, OF A% T

1066 | THAXTHAXCHART xR CAA*THCHCr AR TR CRCHA*THE
1067 | AR T*AFC* AR T* R CR AR TR CH C*AHFT* R CX AR TR Cx

1068 | THANCHANTH Ok (o Jk T Ok (o [k T ke o Ak T O O 3y

1069 | ARCYAFTHCHOr AR THCH O AR THCH XA T, Cr CxAHT

1070 CED* TR O D[ * TR OO D *TRTR O[S TR, DFTERT

1LG7L | A THCRCHARTHCHCH AR THC*CH AR THC*CrA*THC*C
1072 | THCHRCHART*CHRCR AR THCHCX AR THCHCX AR THCH XD

1073 | CROFAFRTHROROFAFRTHROROFARTROROFARTHOROFAFT

1074 | CHARTHCOHRCHARTHCRCHARTH RO AR TH R CHARTHC
1075 ,\*,f*c*rq* *xf*C*f'q* *l_[]*c*f‘!* *l_[]*c*f‘!* *xf*c*xf
1076 | THCOXCHANTHCXCHANTHCXCHANTHCXCHAXTHCXTHA

1077 § CFCr AR TR OO AR TR OF O AR TR OF O DA R OF TR DFC

1078 EARTRORCR DS ORORD ST, CEDSTRO,TERDNRCORT

1079 | AXTHORCR AR TH R CAAXTH R Cr AR TH O TR A* O CXT
1080 | THCHCRRFTRCH e Qo T Ok Cx Ak T O TR Aok (e O TR R

1081 | CXCHAXTHCHCHAXTH O CHAXTH O TH A*CH O THAFT
W

1082 | CYAFTHOROHAF TR OHOH [ R TH CH o Q& Tk CH xR QT

0873 | A*XTHO* R A* TR O CRAFTHORTRAKCH O, TH AKX TR O*T

1084 | THCHCHAXTHCXCHAXTHCx T AR CHONTHAXTHCHTHA
1085 | CHO¥ARTHCHCR AR T* CHTHAFCXCHTH AR TR CH TR AR

1086 | CFAXTHOXCHAXTHO*THAXCOHCO*THAXTHO* THA*CH

1087 | AXT*CHCHARTHCHTH AKX CHCHTHARTH CHTHA*CH OO
1OQ8 l_[]*c*f‘!* *ll}*c*ll} *F!*C*ll} *ll}*c*ll} *F!*C*f‘!*l\
1089 | CXCHAXTHCHRTHAXCHOHTHAXTH O THA*CHCXCHAFT

1060 | CYAFTHOFTHRAFOHRCHTH[F AR CH TR Q& TR OO PQFTH

1097 | AXTHO*THA* OOk TR AKX THO* TR AR OO CRA*THO* T

1092 | T*C*TxA*CHCHTHAXTHRCHTHAXCHCHCFAXTHRCHTHG
1093 | CHT*AXCRORTHA*T*CrT*A* R CRCH AR THOXTH G5 A
1094 | THAXCHCTHRAXTH O THAXCHCHORAXTH O THEGYAXC
1095 | AFCKCRTH AR TR CHTHAFCxCn Cx ARTHCRTHGr AR CHT
1096 Ok TH A THO* TR RSO O O A*THOFTRE, AT, TR
1067 | CHTHA*THR O TR AXCR OO AR TH O TR G AR OFTHA ST
1098 § TxA*T*COx T Dax O Cn Ok D[ O [ (G [ O e A w0

1100 T*OCE2T, AR, OO, QTR ORVTRERA*OH TR AT RO Dk D
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1107 | O THA*CHO* O A*THO*THEG*A*CR TR AKX TH O, R* A%

1102 | T*RAXCHORCHAXTHCHTHG*A*CH THAXTHCHA*AXCHA
1103 AFCOXOROx AR TR O PH T AXCHTIASTHOAAXAFCHDAFND

1104 §f CHOXCOHAXTHOHTHEGRAFCHTHAFTHOFAFARCHAFD[FA

1106 CHEAXCOR O TR AR THO, TR AR TR O DS ASTHOHRTXTHT

e

1106 | AXC*CFTHRA*TH O TR AR O, TH Ok AR AT O*THTHO* O
110,—7 F!*C*ll} *ll}*c*ll} *f‘!*(li*f‘!* *A*(li*F!*(li*l_[}*c*/‘!*(li
1308 | CxOx xR CxTFAXAF AR AXRCOR R ORAXARCRCOFA*C

1100 | AXAFT*AFAXCHT*CH AKX AHT* Cr AKX CHAX O THTH ¥

11310 § A THAXAXCH THORAF DS COHCHAR TR QX CHTHTH O TR D

1111 § THFAXAXCHTH O AFAFCH O AF O QX O LT OFCOxAxT

1102 | AXAXCHTHCRAXAFCHCFA*CH AR CRTHTHCxCk Axe T
1113 | A¥CFTHO*AF AR CHCHARCR RS R TH TR Cx CRRF T, R

K ORTR TR OO DR TR O O]

Y

1114 | C*T*C*A* R+ T O DX CHA

1115 | THCHAXARCRCHARRCHAXCHTH TH Cr CHAXTHCRCHAXT
1116 | CHAFAXCHOXAFCHAFCHTHTHCHCRAFTHCHCRAFTHC

LT | ARAFCHCHR AR QK R R (e (o % T (T O % Tk 3

1 AKX IH Ok A OOR A KO, TTH TR OO A XN TR OO TR A XN TR TIR Y
1118 § A*CHO*AF O AFOFTH PR O OR QAFTr CR Ok Q& Ix Ok %

1119 | Ok CHAXCHFAXCF TR TR O*CRAFTHORCRAXTHO*ORO* ]

1120 C*A*C*A*C*ll} (li*F!*C*A*(li*F!*C*A*(li*F!*C*/‘!* *l_[]
1120 | AFCRAFCRTHRTRCHCRQAFTRCH XA F TR CF X Ok R Xk

1122 | CFARCHTRTH CRCF ARTH xR AXTHORCRCRARTHOHC

1122 § A*C* T ThCH O AR TH OO QR T OR O OR [ THTHCR D
1124 | O T*T*CrOxAF T O Cr QX TR OR OO A* TR OROR QXD
1125 | T*T*CxCrA*TH O Cr X PH O Cr CH AR TH OO [AF AT

1126 | T*OFCxAFTROFOR QX TR COFOHCEARTHOHCHARDATHD

1127 | O Q¥ A* T OsCRAFTH O OO QA*THOF O,k A A THAXC

o A

1128 C*A*rla*rq*C*A*rli*rq*C*rq*r\*xf*C*rq* *A*rli*A*C*A
1129 | A* T OO AxTH OO OFAXTH O CHFAFAFTHAFCHAFA
1130 | THCxCHFAXTHOHCOF CHQAFTH O XA T AXTHAXCHAXAS

11371 | CFO* AR TH O Ox R A*TH OO AXAFTHAH Tk Ar A% CHT

1132 CED*TR O OO AR TR O AR D, TEDNSCED K, DX TERT
1133 | AXCHARARCH TR TR AR AR THCRTHGECHTHCHARTH O C
1134 | CXAFRXCHTHTHAXAF TR CHTHGr CxTHCAF TR CHCHA
1135 AXCOE TR TR AKRDAF TR O TR QAO* PO, QASTHOHOXAFYAXC
1136 CxTETR AR AR TR THCHOTRORDSTEO,OEDNSDRTHRN
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113'7 *kr[’* *kr[’* *"‘*T*"‘*,_,‘\*T* *”*Z\m*A* *A*T*T*T*r‘
1138 rli_krq*rli*G*C*,f*C*A*rli*rq*C*A* *rq* Dk rli*rf*c*A
1139 C*’I‘*G.*C*'I‘*C*A*’I‘*C'){‘C*A*A*C*A*'I‘*’I‘*'I‘*C*A*’I‘

1140 | THG*CHTRCHAXTHO* CHRXAF R AFTHTH T CH RxTH
1141 G "“*T* "“*A*T*("* "“*Z}n& "\“k(”‘ah AFTHET*TTH "“*A*T*("*T
1142 | CFCHAXA*CHA*THTHTHCHARTHCFTH A*T*CHC*A*C
114 CH ARO[ TR PR TR R QR PR ORI R QKT H Ok (ke ok (O
1744 | A¥AFCHARTHTHTRCH AR THO*THAFTHOXCHAXCH R
1145 | B¥CHAXTHTHTHOR AT CHT* AR T*CH O*AFCHCHCHA
1146 | CxAFT*THTHOR A TR O THAFTH Ok CR A CRO*CF[*C
1147 | A*T*THT*CRA*THCxTx AXTH O CrA*CHORCHR*GHT
1148 | THTXTHO*AFTHCHRTRAFTHCHC*AF X CHCRAFGHTH

il

1149 TH T, CHAXTHOXTHANTHORORARCOH O, OF QRGP THOR N

1150 | THO*A*THOx T AR TR OO,k Ar Ok CR Ok AFGHTHORA®]

1151 | C*A*T* O TrAF T CrCrAFCHOFCHAFQRTFCHAFAXT

1152 | A¥T*Cx T A*X TR O COr AR OO O AXGF RO AXAF[*O

1153 xR OETHAXTHOHFCOXDARCOHOR O ARG TR OXATAXTHOND

1154 § C*THAXTHOHCOHFAXCHOHCF ARG THCHANA* O[T

1155 | THA*T*CxCr AR CHORCARARGRTH O AXA*THO* AR TH
1156 | AXTHCrCRDrCROA O ARG TACF A AXTHCRAF TR OAT
1157 | THC*CFAX QRN CHARGH IR CF QXD R TR COF X TH O xR
1158 | CHOXAFCRCHOHARGHTH O QX AFTHOH QX TR O THQFT
1159 | CYARCROACHARGHTHCRAK AR TH R AR THORTHA*TH O
1160 § AYCHOHOFAXGH TR CFAXAXTHOx QX THROxTr [T O*
1167 | OXCAC*AFCHTHCOR AR AR THCORAF TR TR AR THOR R

11673 | CkARC* TR O*DFA* TR A ARTRCH TR [T R OR Ok P k(T

1164 | AXCRTH O QxR x TR O QTR O TR X TR CrCRAXGHORA
1166 § GFTYCRAXAFR TR ORAXT RO TRAXT RO CRARGRORAFTA
1166 | CHAXA*R T ORAXTTHORTH [XPH O ORAXGHOx[x [x[x

1187 CHEAXTHEORTHRAKR TR OO ARQYORQA Y QAXTHOXTHERAXTHT

1168 | A¥T* OO AF G CR DX PR THCR TR QA FTH O TH AR Tx Cx
1169 | T¥C*C*RAG O AXA* T ORT*A* TR ORTH QA T*O* %]
1170 | C¥CHR*GHCxAF AKX THOx o RxTH O Tr BxTH Ok Ok A%
1171 § CrAFYGHOFAFAF TR COF I B[R TH CHTH Q& Td O O [F O T

1172 VAFGRCH AN AR TR CATRAFTH O TR QTR OHCH QX CH TR
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1173 | GRCHAXAFTHOR TR AR TR CORTHRAFTHOR O AR O*THO*]
1174 C*xf*r\*xf*c*xf *l_[]*c*f‘!* *f‘!*(li*f‘!* *lf*C*A* *G
1175 | A*T*CHCxA*Cx THCHA*TH O A*DFGFTHTHAFT*COxC

1176 | THO*CHAXCH TR O AXTHOR AR AR GrTHTHAXTHO*CHA

1177 FCHCHAFRCHRTHOH AR THCOF AR DS GHTH R QX TR CHTHQFT
1178 | C*A* O THCRAXTHOA AR DG TH TR QS TH Ok ORA*TH
1179 § AYCHFTHOFAXTH O DAFAX G THAXTH O O AT HO*
1180 | Cx I CrART*CrFAXAFGH [T AFTHOFCHAFTHOFCFL
1181 § CYAFTHOFAFAFGRTF LTI QR THCH OH QA TH OO QFTH
K TRORPFTHCORTHARARCOE D, AR TR TRA* &%
1183 | CrAXTHCHAATHCR TR AXAXCR AR AR T* TR A* Ok Cr Ok
1184 | A¥THCHFAXTHOx HAXAFCX QAT HTH AR O Cx O

- Nk (YR A
1182 | C*C*

&

1185 | THOXAR TR CH TR AR AN O ARDAFTH TR ANCHORCHOHCORA

1186 AR PR OR TR AR AR OR AR AN TR TR AR OO OR O OR[N D
1187 | AXCHAXA* TR TR A*CRCr O Cr Ch QAR A* AR TR TR Ok A%
1188 | CrAFAX TP AFCHCFCH O CH AT QXA T XL HCx D *Cx

1189 | CxOxA*XTHCx O CxQAF P AFCHAFHRLHQRAFTHOHC*

1190 | C*RAFTHCHOH O AXTHAXCHAXTHT*GH A*THO* CRGXC

1197 | A*XTHO*CFOARA* TR AR O AR THTH G AT O O*GHO* ]

119: rr*fﬂ*c*fﬂ* ’k’f *,-1* ’k’f rli.kG* *111*C*F1*£3*F1* *A

1193 C'}i‘C“kC*A*‘I‘*A*C*A*'I‘*’I’*G.*A*’I‘*C*C*G*C*A*A'}cc
11-94 (”‘*”*A*T*A*”*A*T*T*G*A*T*(’*"“*G ”*A*T\*("*T
1795 | C*A* T A CH A TH TG AFTH ARG OR A QX O, THT
119¢ | C*A*XT*THG*A* T Or Cr G Ox QA AR O TH TR A* DA Tx O
']_197 A*'I‘*’I’*G.*A*’I‘*C“kC*G*C*A*A'}i‘C*'I‘*’I‘*A*A*'I‘*C*C
1198 T*T*G*A*T*(‘“*C*G "“*Z}nﬁ7\*(‘1*T*T*7\*A*T*(’*”*A
1199 T*Cfr ,_.‘\*r[’* *(‘*r‘*C*Z\m*A*C*T*T*A*Lm*T* *”*Z\m*c
1200 *A*rl‘*r’*C*G*C*A* 'k"’*rl‘*‘f *A*rl"k"’*(:*A*C'k’"
1207 | A% T*CACH GO DA ACCH TR TH A AR TR O CrPx OO
12@2 ‘1"'){‘C“kC*G*C*A*A'}i‘C*'I‘*’I’*A*A*’I‘*C*C*A*C*C*'F*A

203 | OFCORGROXAFAXCH TR THAKRAF T, COHO* Qo Ox CH TR A

1204 | OGO AF R+ O THTA AR AR TH R OR R* OO, THAKC*

&

1205 | CXCrA*THTHCr A*THCHCr A*CHCHCrA*CHCHCHAFT
1206 | CXCRCFARTHTHCH AR THCHCRART* TR THGHTHCFCHA
1207 | CXCHRAXTHCHRART*CHCRART*CHTHARGHCH CRAR TG

1208 | CxAFT*CFRFTH O CR AKX THO*TH ARG O CHA*CFGH]

\

N
(¥4
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1209 A*TEO, AR T OO, QTR ORVTRARCHR O T AXTHEE D, D
1210 rl‘—k"’*'\-k‘f*(:‘*"’* -k‘_[’*(:‘-k‘f *G*C*"’* *F’*QE*A* *'T
1211 CRAXPHROROE AN O AXNCGHORCEAXOCGHAFAXTH
12712 | AFT*CHO*RF TR CH TR AR G*CHOR R COxGrA*QAFTHO* T

12702 | THOXOFAXTHORTHAXQH IR ORA*COHGRRAF AR THORTHA

1274 | CYCQ*RAFTHOFTHRAX S CH O QX CHEHAFRFTHCH TR A *C
17215 | C*A* TR C* TR A*GH O Cr QA CrGH AR AR TR O TR A*Cx
1216 | A¥THCx T A*GROXCFAXCFQRAFAX TR O A*XCHO*C
1217 § TROFTxRAFEGROFOFAFORQEARDPI TR COA TR QAT CH xRN

1218 | Ok THA*GFOx O A CRG*AFAFTHOR TR AKX CR O, OF A%

L2 AN o A

1219 § THFAXG*CHCHFAXCHRQFAFA*TH O THACCH O OFAXC*C
1220 | A*GrRORCRAFCHRQH AR A*THOR TR A* CRCR CXPF CH R R

1227 | GFONCHAFOHEH AN AFTHORTHAXCOFONOF QX CHORARA

1222 | C*O*A*CHGFA*AFTHCH TR AR OR O QRO CHARA*C

1227 | C*A*C*G*A*AF T O T* A*CxOR O DX Cr Ch A* DAC*T

1224 | A¥CHQrAXAX TR O TR AXCRCRCOFAXCRCHRAFAXCOF* O
1225 | CrOFA*XAF [ COF QX CHCFAFCRCFAXAXCELHC*A
1226 | GFARCFRAF R AFCOROFORDAFEGRAFCRAFCORDAFAXDXOXG

1227 § AFCHAR TR AN O CORCHF RS GRAF O AR CHAF DR AF GG

1228 | CrA*THAXCHCOFCAAXGHAXCHAXCFAX[XAXCHGr G+
1229 | QFCOXCHAXQFAYAFA*IHAXAFEYAFAXCHAXGFO*T*E
1230 | CHO*RFGYAFAXAFEYAFYEHCFAXAFEHAF G CHTHE*E
1231 | GROGFRORAFRQROGFRORAFQRGFARAFTRGRGRTRGRARG*T
1222 | GXCrAXGHGYCFAXGHGRAFAXTHG G T*GFA*G*T*G
1233 § CYA*GYQrCxAFCHQFAYAFTH QG THE¥A*EG* THE* 3
1234 | A*GFGY¥CFAYGHGYAYAF T Qr G T GQrRA*GF T*G*G*A
1235 | GFGQRCFAXGRQRAFAXTHRQRGFTHGFAXGFTHGFGYARA
1236 | GFC*AFQrGFAYAF T GFQTHFQRAFQYTHFQYGFAYAFG
1237 | CHFAXGHGXAXAXT*G G T GHA*XGH T GHGrYA*A*XG*T
1238 | A*GYQrAXAFT* QG TG A*G¥THE*QrA¥AFE*T*G
1239 | GFOG¥AFAXTHE QR THGHAXGH TH G GrA*AXGHF T G*G
1240 | G*A*AFTHE* G TG AXGHTH GG A*A* G T*G*G*C
1247 | AXA*XT* GG TG A*XGr T*G¥GAAXA*XCGH T*G* G Cx D
1242 | AXTHE*G*Tx QA QR T*Q*G* DA ARG T*I*Gx R pxT
1243 | T*G*G*THG*A*GYTHE ¥GHA*A*GHX TG G C*A*T*G

1244 | GHGFT*GHA*GHT*GrGrA* ARG TG G CHA*XTHG*G
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1245 | T CxAXTHTx O A*PHCx[HGE*T
1246 § CxTHOFARTHDH O DS THCOHTHG
1247 | AxCRTHRCH[FTHTH R [FTH T
1248 § CFAXCHTOHAX TR Cx [T
1249 § THCxAxCxPHCr AR T THCx AT
250 | A THCFAFCORPHCOFAFTHFLHOHRL
1251 | CHAXTHOXAXCHTHOHAFT*TH
1252 § THCHAX TR O QKO CHAFRTHT
1253 | O CrAFT*Cx AXCFTH IR AT
1254 | CxA*CxTHCxAxTxPa Cx QAR T CxTx T
1255 § T CHFAXCOHFTHCOFAFRTHTH R [FTHOHTHG
1256 | AxTHCHF AR CRTH O [T Ok [aThk Ox T
1257 § CHAX T CHTH O QX Cr AFT*
1258 | THCx A TCrHA*XCHDHCr[F TR THCrB[FT
1259 § O T CFAXTHOHARCHDTHORAFTHTHOHR
1260 | T*CrA*CFTROFAXTHRTROF[XTRCORTHRGRT
1261 | AxTHCrAFCHTHCrQFTHTHRCH D FTHOFTH (5
1262 | CrAxTHOrAXCHTHOFAX xR Ox [xTx Ox T
1263 | T*CrA* T CxAFCHPH CrQx [ [x Cx A5 [*
1264 § CxTHOFARTHRCOFAFRCHTH R [T Tx CF A% T
1265  AxTHCHAXCHTHCHAXTH TR Co QX THCO*THGrT
1266 | CFAXTHCxAFCH TR CHAFTHTHCH AT OxT*(3
267 § THCxAFTH O [FXCHTH OR[> TH T Cx [xTxOx T
1268 | O T COFARTHOF[RCOHTHOH QA THTH O AFTH
1269 | CxA*RTrORAXCFTROFAXTHRTROA [T RCORTHRGRT
1270 § TrCxAXTHCxAxCrTHCr [AXTHLH O QX TH Ox (3
1271 § CxUaCr AR T COFAXCHF xR Ox [ox[x T O AxTxOx ]
1272 § TxCHFAXTHOHAFOHTHOHF B[R AP H Ch [aTa ChTx G
1273 § CFTHCHFAXTHRCHDF CH TR R [ATH TR R QKT ChTH
1274 | CHTHCHFAF TR CHDF CH TR Cx [ TR Ok [ Ok Tr G THT
1275 § AFCxTxCrAFTHOFAFCF TR OF QX TR O [Tk O Tx G
276 § CHFIxCFAFTHROHAFCHPHFCHAFTHLHCH QTP O TrGHTFTHC
1277 § ARCHTH O AF TR O DK COF TR O [ TTHR A Ok [Tk CxToh Gx [ HT
127 THAFCHFTH O DFTH TR QT CF TR QR TR & Ok Bk Tk O (x T
1279 § O Cr AR T Cr AR CFTHOFAXTH TR OFAX TR O TR GRTHTH TN
1280 | AxCHTH O AXTHCxAFCH IR CH QX THLHCx Qx [ O T GurxTx

&7
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1281 | THA*C*THCxAFTHCR AR CR TR CH Q% THT* Ok % Tr Ok Tr Gr T
1282 § Cx T AXCHTHCOFARTHOH QR OHDHOH D& THTTH Ok AT O H GF T
[0099] ASO 55 (SEQ ID. NO. 55) variations with a motif where each nucleobase has a 2'-

OCHCHR-OCH

3 group {1.e., 2'-MOE) and gach internucleoside linkage is a phosphorothicate

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

with the aforementioned motif and internucleoside linkage:

SEQ ID NO. Alternate Identifier
1245 { hUNC13A-AS8085 12-1
1246 | hUNC12A-AS055 12-2
1247 § hUNCI2A-AS055 12-3
1248 | hUNC12A~-AS055 12-4
1249 { hUNCL3A-AS0ES 12-5
1250 { hUNCL3A-AS055 12-6
1251 | hUNC13A-AS055 12-7
1252 | hUNC13A-AS055 12-8
1253 § hUNC1I3A-AS80555 12-9
1254 { hUNC13A-A8055 15-1
1255 | hUNC12A-AS055 15-2
1256 | hUNC13A~-AS055 15-3
1257 { hUNCL3A-AS0O55 15-4
1258 { hUNC13A-A5055 15-5
1259 | hUNC13A-AS055 15-6
1260 | hUNC13A-AS055 16-1
1261 | hUNC13A-AS055 16-2
1262 { hUNCL3A-AS055 16-3
1263 § hUNC13A-A805%5 16-4
1264 | hUNC13A~-AS055 16-5
1265 hUNC."a.BA—ASOSSwl7-1
1266 { hUNCL3A-ASOSL5 i7-2
1267 { hUNCLI3A-AS055 17-3
1268 UD\C*ZAP‘:}OS",’7 4
1269 | hUNC13A-AS055 18-
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1270 | hUNCI3A-AS0O55 18-2
1271 § hUNCI3A-AS0OLS5 18-3
1272 § hUNCI3A-AS055 19-~1
1273 { hUNCI3A-AS055 19-2
1274 § hUNCI3A-AS055 21-1
1275 § hUNCI3A-AS055 21-2
1276 § hUNCI3A~-AS055 22-1
1277 | hUNC13A-AS055 22-2
1278 § hUNC1I3A-ASO55 22-3
1279 § hUNCI3A-AS055 23-1
1280 § hUNCI3A-ASOR5 23-2
1281 § hUNCI3A-AS055 23-3
1282 { hUNCI3A-AS055 23-4

{0100} The UNCI3A antisense or inhibitory nucleic acids of the disclosure can inhibit the
expression of the cryptic exon between canonical exons 20 and 21 of UNCI3 A and increase
UNC13A protein expression. The UNCI3 A aotisense or inhubitory nucleic acids can include any
combination of the oligonuciectides set forth in Table 2 and sequences that are 98%:-99%
identical thereto.

{0181] In one embodiment, the ASQO or oligonucieotide is 100% complementary to SEQ ID

NGO 1283 (chri9: 17641557 — 17642844).

—
SHE

rf)

ib GUGAGGGUCA TUGCUCGECC CCUCCCAUGT CACUUCCACT CACCAUUCCU

NO: 1283 | GCCUGCCCAG CUCUUCCUCU UUCUGGCCAC ACCAUCCACA CUCUCCUGEC

CCUCUGAGAC UGCCLCGCCAU GCCAUUCCCU DUACCUGGAA AACUCCUCCC

UAUCCAUCAA AGUCCAGAUT CAGGGUCACC UCCUCUGGGA AGCCCACCUU

GGCCUCCAGG UUGACUCUCA CUACUCAUCA UCAGGUUCUU CCUUCUAUUC

CAGCCCUAAC CACUCAGGAU UGGGCCGUUD GUGUCUGEEU AUGUCUCUUC

CAGCUGCOUG GGUUUCCUGE AARGAACUCT UAUCCCCOAGG AACUAGUUUG
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TUGAATUAAAT

GGACAGATGG

AUGGGUGAAD

IGaC

UGGEUG

AUGGGAUGGA

GAUGGAUGGEA

CAUAAUUUCT

CGARAAAUGEG

AUGAAAGAAU

GAUGAUGUAA

TUGCACUCUC

GCUGGUGAAL

AAAGGAUGGA

AUGGAUAIIAU

UAACUUGAUG

GAUAGAUGAA

UGGAAGUGUG

BGUUGAUAGU

UGUAUAGGECA

GAUGUGUGGU

AUGGUUGEAT

AAUGGAUGGA

CAUGACACUU

GAAUGAATUGA

UGGAGAGAUG

GAUGCGUGET

GAUUGAACTA

1y

AGUGGAUAGA

AUGUUGGAUG

UGAACUATUUG

AUGGAUGGUU

ARAUUGAUGGE

GUAGGUGGAU

UGGAUGGAUG

AAARUUUGGEEE

UGAANGAATTY

ACCCUGHGGAC

JCUCUCCCAaU

UUGAACAGAU

GGUGAGUACA

UAGAUGGAUG

UUGAAAGUAL

UAGAUUGCUG

AGCAGAUNIAA

GAUAGGUAGA U

VAAGUUGCGG

UGUGGUUGAA

UAGUUAGAUG

A”AUGAAUAAA

CUCUGACCCC

GGUGGCAG

GAAUGAGUGA

AUGGAUGGAU

AGAUGUATGG

AUAGAUGAAU

GUUGUAUUGG

GGUUGGUUGU

AUCAAUGUAU

GAAAG

CAGGCAGAUG

(,,(-‘(JfVﬂA(-‘fK.‘ o~

[0102] 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 fhmd, emulsions such as cil-in-water emulsions, liposomes,
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aqueous or oily 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 suitable for injection. The following tformulations and
methods are merely exemplary and are 1o no way limiting.

{8163} Formulations suitable for parenteral administration include aqueous and non-aqueous,
isotonic stertle injection solutions, which may contain anti-oxidants, buffers, bacteriostats, and
solutes that render the formulation isotonic with the blood of the intended recipient, and aqueous
and non-aqueous 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 (lvophilized} condition requiring only the addition of the sterile liquid excipient, for
exaruple, water for injections, imruediately prior to use. Extemporaneous injection solutions and
suspensions may be prepared from sterile powders, granules, and tablets. The formulation may
be provided in a pre-filled syringe.

10104] 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 1n the same composition as the disclosed one or more antisense or
inhibitory nucleic acids. In other embodiments, there may be an 1uterval of tiroe 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 less 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 to 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 combingd with a variety of drugs to treat neurclogical
diseases. 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
Hinked to an antibody.

{8165} The disclosed one 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 tnclude, but are not lirotted to digital communication
devices, feeding tubes, mechanical ventilation, nutritional support, deep brain stimulation,
occupational therapy, physical therapy, and/or speech therapy.

{0106} The disclosed composition{s) may be incorporated into a pharmaceutical composition
suttable 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 composition {g.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.

{0107] The pharmaceutical compositions may include a therapeutically etfective amount or a
prophylactically effective amount of the antisense oligonuclectide. 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 composttion to elicit a desired respouse in the individual, A therapeutically
effective amount is also one in which any toxic or detrimental effects of one or more antisense or
inhthitory 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 1s used in subjects prior o or at an earlier stage of disease, the prophylactically effective
amount will be less than the therapeutically effective amount.

{0108] 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 awaliary of any
type. Some examples of materials which can serve as pharmaceutically acceptable carriers are
sugars such as, but not linited 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 timited to, sodium
carboxymethyl cellulose, ethyl 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 limited to, peanut oil, cottonseed oil, saffiower oil, sesame oil, olive oil, corn ol and
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soybean oil; glycols; such as propyiene glycol; esters such as, but not limited to, ethyl cleate and
ethyl laurate; agar; buffering agents such as, but not limited to, magnesium hydroxide and
aluminum hydroxide; alginic acid; pyrogenfree water; isotonic saline; Ringer's solution; ethyl
alcohol, and phosphate buffer solutions, as well as other non-toxic compatible hubricants such as,
but not limited to, sodium lauryl suifate and magnesium stearate, as well as releasing agents,
coating agents, preservatives and antioxidants may also be present inn the composition, according
to the judgment of the formulator.

{81069] The route by which the disclosed one or more antisense or inhibitory nucleic acids are
administered, and the form of the composttion will dictate the type of carrier to be used.

{811¢] 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 ntravenous, ntraarterial, subcutaneous,
intraperitoneal or intramuscular injection or infusion; or infracranial, 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. o another embodiment, the antisense or inhibitory
nucleic acid 1s administered intrathecally or intra~-cerebroventricular as a bolus injection.

{8111} Carriers for systemic administration typically include at feast one of solvents, diluents,
tubricants, binders, disintegrants, colorants, flavors, sweeteners, antioxidants, preservatives,
ghidants, solvents, suspending agenis, wetting agents, sutfactants, combinations thereof, and

others. All carriers are optional in the compositions.
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{61121 Suitable diluents include sugars such as glucose, lactose, dextrose, and sucrose; diols
such as propylene glycol; calcium carbonate; sodium carbonate; sugar alcohols, such as glycerin;
mannitol; and sorbitol.

{0113] Saitable lubricanis include silica, tale, stearic acid and its magnesiom salts and calciurm
salts, calcium suifate; and liquid hubricants such as polyethylene glycol and vegetable oils such
as peanut oil, cottonseed oil, sesame ot olive ail, corn oil and otl of theobroma. The amount of
tubricant(s) in a systemic or topical composition is typically about 5 to about 10%.

{0114] Suitable binders include polyvinyl pyrrolidone; magnesium aluminum silicate; starches
such as corn starch and potato starch; gelatin; tragacanth; and cellulose and its derivatives, such
as sodium carboxymethyiceliulose, ethyl cellulose, methyicelivlose, microcrystalline celiulose,
and sodium carboxymethylcellulose. The amount of binder{(s) in a systemic composition i
typically about 5 to about S0%,.

{8115} Suitable disintegrants include agar, alginic acid and the sodium salt thereof,
effervescent mixtures, croscarmelose, crospovidene, sadium carboxymethy! 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%.

{0117} Suitable 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%.
{0118] Suitable antioxidants include butylated hyvdroxyanisole ("BHA™), butylated
hydroxytoluene (“BHT”), and vitamin E. The amount of antioxidant(s) in a systemic or topical

composition 18 typically about 0.1 to about 5%.
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{61191 Suitable preservatives include benzaikonium chloride, methyl paraben and sodium
benzoate. The amount of preservative(s) in a systemic or topical composition is typically about
0.01 to about 5%.

{0128] Saitable ghidants include silicon dioxide. The armount of glidant(s} in a systemic or
topical composition is typically about 1 to about 5%,

{0121} Suitable solvents include water, isotonic saline, ethyl oleate, glycerine, hydroxylated
castor oils, alcohels 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%.

{#122] 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%,

{0123] Suitable surfactants include lecithin, Polysorbate 80, and sodium lauryl 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 American Edition, pp. 236-239. The amount of surfactant(s) in the
systemic or topical composition is typically about 0.1% to about 5%.

{8124} Compositions and formulations for parenteral, intrathecal, intra-cerebroventricular, or
intraventricular administration can wnclude sterile aqueous solutions which can also contain
bufters, 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 inserted at the L3 or L4 vertebrae. The distal tip of the catheter
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extends within the intrathecal space to approximately the L] veriebrae. Antisense
oligonucleotides are dissolved in saline, are sterilized by filtration, and are administered at 0.33
ml/minin a 1.0 ml volurne followed by a 0.5 ml sterile water flush. Total intusion time is 4.5
i,

{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%
to 50% of active cornpound and 50% to 99.99% of one or more carriers. Compositions for
parenteral administration typically include 0.1% to 10% of actives and 90% to 99.9% of a carrier
inchuiding a diluent and a solvent.

{8126} The amount of the carrier emploved in conjunction with a disclosed compound is
sutficient to provide a practical quantity of composition for administration per unit dose of the
medicament. Technigues 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}

{81271 In wvivo 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. Conventional 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. I needed, the results obtained

in the presence of the candidate antisense or inhibitory nucleic acids can be compared with
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results in control animals that are not treated with the candidate antisense or inhibitory nucieic
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 treating a
neurological disease and/or 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 for signs of disease inhubition or amelioration. The dosage may be increased or
decreased to obtain the desired frequency of treatmoent. The toxicity and efficacy of one ot 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
population {LD50) and the dose therapeutically etfective in 50% of the population (ED50). The
dose ratio of LDAG/EDSO 1s the therapeutic index and, indicating the ratio between the toxic and
therapeutic effects. A delivery system may be designed 1o help prevent toxic side effects, by
delivering the one or more antisense or inhibitory mucleic acids to specific targets, e.g., delivered
specifically to motor or central nervous systern neurons. The optimal dose of the one or more
antisense or inhibitory nucleic acids may be determined based ou results of clinical
electrophysiology or electromyography to analyze excitability in peripheral nerves, for example.
{8128} The dosage for use in humans may be determined by evaluating data obtained from
ammal studies and cell culture assays. The preferred dosage will have hittle or no toxicity and
include the EDSO. The dosage may vary depending oun the dosage form and route of
administration. For any antisense or inhibitory nucieic 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
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inhibition of symptoms {(1.D50} 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.

{0129] The disclosure provides ASOs 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

{6130] 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 nisk 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, Cux1 and FoxG1,
which are characteristic of layer 2/3 excitatory cortical neurons. They form mature pre- and
postsynaptic specializations and integrate 1nto existing synaptic networks when transplanted into
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 nuclel depleted of TDP-43 postmortem, quantitative RT-PCR
was perforroed on INS derived from three patient fines in which TDP-43 expression was reduced
using siRNA. It was found that the depletion of TDP-43 caused a >1,000 fold increase in cryptic

exon levels and significantly reduced levels of the UNCI13 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 crypiic exon in UNC13A mRNA that results in lowered UNCI3A protein levels.
10132] Example 2. ASO-Mediated Suppression of Cryptic Exon Inclusion Can Rescue
UNCI3A Levels in Patient-Derived Neurons

{8133} 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 (NCASO) (data in FIG 1)
Several ASQO sequences were wdentified that potently blocked cryptic exon inclusion (FIGs. 3A-
3G, while also identifying a number of ASQ sequences that did not.

{8134} FliGs. | and 4A-4F are charts of ASOs in UNCI13A exon 20-21 to block cryptic exon

expression agatnst a control (NCASGO).
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{#135] 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 skilied in the
art. Therefore, it 1s not desired to limit the tnvention 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. Al 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 oligonucleotide has a nuclecbase sequence that
comprises at least 12 consecutive nucleobases of any of the nucleobase sequences of SEQ ID
N 1-641,

2. The antisense oligonuciectide of claim 1, wherein the antisense
oligonucleotide has a nucleobase sequence that comprises at least 15 consecutive nucleobases of
any of the nucleobase sequences of SEQ 1D 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
any of the nucleobase sequences of SEQ 1D NOs: 4-6, 9-11, 22-25, 53, 55, 359, or 360,

4. The antisense oligonucieotide of claim 1, wherein the antisense
oligonucleotide has a nuclecobase sequence of any one of SEQ 1D NQOs: 1-1282.

5. The antisense oligonuciectide of claim 1, wherein the antisense
oligonucleotide has a nucleobase sequence of any one of SEQ 1D 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 1D NOs: 645-647, 650-652, 663-
666, 694, 596, 1000, and 1001,

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

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

least one internucieoside linkage 1s a modified internucleoside linkage.
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G The antisense oligonuciectide of claim B, wherein at feast one modified
internucleoside linkage is a phosphorothioate internucleoside linkage.

10, The antisense oligonucieotide of claim 8, wherein each modified
internucleoside linkage 15 a phosphorothioate internucleoside linkage.

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

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

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

i4. The antisense oligonucieotide of claim 1, wherein each nucleoside of the
antisense oligonucleotide comprises a modified sugar motety having a 2'-O-methoxyethyl group
and each internucleoside linkage is a phosphorothioate internucleoside linkage.

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

i6. A pharmaceutical composition comprising the antisense oligonucleotide of any
one of the preceding claims, and a pharmaceutically acceptable 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 treating a subject having a neurological or neurodegenerative
disease in need thereot comprising administering to the subject a therapeutically effective
amount of the pharmaceutical composition of any one of claims 16-18.

20. The method of claimy 19, wherein the neurclogical disease 1s selected {from the
group consisting of familial and sporadic amyotrophic lateral sclerosts (ALS) and familial and
sporadic frontotemporal dementia (FTD).

21 A method of increasing UNC 13 A protein expression in a subject tn need
thereof corprising administering to the subject a therapeutically effective amount of the
pharmaceutical composition of any one of claims 16-18.

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

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

vartant associated with 1312973192 (C>(G), rs12608932 {A>C), or both,
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