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ELSUNERSEN / PRAX-222 FOR USE IN THE TREATMENT OF SCN2A-RELATED
DISORDERS

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Patent Application No.
63/689297, filed on August 30, 2024; U.S. Provisional Patent Application No. 63/686359,
filed on August 23, 2024; U.S. Provisional Patent Application No. 63/672118, filed on July
16, 2024; U.S. Provisional Patent Application No. 63/651681, filed on May 24, 2024; U.S.
Provisional Patent Application No. 63/604103, filed on November 29, 2023; U.S. Provisional
Patent Application No. 63/542017, filed on October 2, 2023; and U.S. Provisional Patent
Application No. 63/538713, filed on September 15, 2023. The entire contents of each of the

foregoing applications are hereby incorporated herein by reference.
BACKGROUND

The human gene SCN2A encodes human SCN2A protein, the alpha-1 subunit of the
voltage-gated sodium channel NaV1.2. Mutations in SCN2A are associated with a variety of
neurodevelopmental and intellectual diseases and disorders, such as Developmental and
Epileptic Encephalopathies (DEE), including Early Seizure Onset Epileptic Encephalopathy
(EE), Late Seizure Onset Epileptic Encephalopathy, and Benign Familial Neonatal-Infantile
Seizures (BFNIS). Mutations in SCN2A are also associated with intellectual disability (ID)
and/or autism spectrum disorder (ASD), with or without seizures (Wolff, M, et al., 2019,
Epilepsia 60, S59-S67; Sanders, S., et al., 2018, Trends in Neurosciences 41, 442-456;
Wolff, M., et al., 2017, Brain 140, 1316-1336). DEEs include a broad range of diseases that
include neonatal and early infantile DEE, for example Ohtahara Syndrome and epilepsy with
migrating focal seizures of infancy (EIMFS); infantile and childhood DEE, for example West
Syndrome and Lennon-Gastaut Syndrome; Dravet Syndrome; Idiopathic/Generic Generalized
Epilepsies (IGE/GGE); Temporal Lobe Epilepsy; Myoclonic Astatic Epilepsy (MAE);
Migrating Partial Epilepsy of Infancy (MMPSI); and familial hemiplegic migraines, with or
without epilepsy (Wolff, M., et al., 2019; Harkin, L.A, et al., 2007, Brain 130, 843-852;
Escayg, A, et al., 2010, Epilepsia 51, 1650-1658; Miller L.O, et al., 2007 Nov 29 [Updated
2019 Apr 18]. In: Adam MP, Ardinger HH, Pagon RA, et al , editors. GeneReviews®
[Internet]. Seattle (WA): University of Washington, Seattle; 1993-2020. Available from:
www.ncbi.nlm.nih.gov/books/NBK1318/).
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Symptoms and hallmarks associated with DEEs include seizures, hypotonia, sensory
integration disorders, motor development delays and dysfunctions, intellectual and cognitive
dysfunctions, movement and balance dysfunctions, visual dysfunctions, delayed language and
speech, gastrointestinal disorders, neurodevelopmental delays, sleep problems, and sudden
unexpected death in epilepsy. Seizures include focal, clonic, tonic, and generalized tonic and
clonic seizures, prolonged seizures (often lasting longer than 10 minutes), and frequent
seizures (for example, convulsive, myoclonic, absence, focal, obtundation status, and tonic
seizures) (Guzzetta, F., 2011, Epilepsia 52:S2, 35-38; Anwar et al., 2019, Cureus 11, e5006,
Wolff et al., 2019). Symptoms and hallmarks associated with ID and ASD include motor
development delays, delayed social and language milestones, repetitive actions,
uncoordinated oral movements, gastrointestinal disorders, sleep problems, and seizures

(Wolffetal., 2019).

Currently there is a lack of acceptable options for treating DEEs such as EEs, Late
Onset EEs, and BFNIS; and for treating ID and ASD. It is therefore an object herein to

provide methods for the treatment of such diseases and disorders.
SUMMARY OF THE INVENTION

In one aspect, disclosed herein is a method of reducing frequency of seizures
experienced by a subject with a SCN2A-related disorder, said method comprising
administering to said subject an effective amount of an oligomeric compound, wherein: the
SCN2A-related disorder is caused by a gain-of-function mutation in SCN2A gene; the
oligomeric compound comprises a 6-10-4 MOE gapmer having a sequence (from 5’ to 3”) of
CCACGACATATTTTTCTACA (SEQ ID NO: 3); wherein each of nucleosides 1-6 and 17-
20 (from 5’ to 3’) are 2’-MOE nucleosides and each of nucleosides 7-16 are 2°--D-
deoxynucleosides; wherein the internucleoside linkages between nucleosides 2 to 3, 3 to 4, 4
to 5,5t06,61t0 7, and 17 to 18 are phosphodiester internucleoside linkages, the
internucleoside linkages between nucleosides 1t0 2, 7t0 8,8t09,9t0 10, 10to 11, 11 to 12,
12to 13, 13 to 14, 14to 15, 15 to 16, 16 to 17, 18 to 19, and 19 to 20 are phosphorothioate

internucleoside linkages; and each cytosine is a 5-methyl cytosine.

In some embodiments, the oligomeric compound is administered at a dose of about
0.1 mg to about 20 mg. In some embodiments, the oligomeric compound is administered at a

dose of about 0.1 mg, about 0.2 mg, about 0.3 mg, about 0.4 mg, about 0.5 mg, about 0.6 mg,
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about 0.7 mg, about 0.8 mg, about 0.9 mg, about 1 mg, about 1.5 mg, about 2 mg, about 2.5
mg, about 3 mg, about 3.5 mg, about 4 mg, about 5 mg, about 6 mg, about 7 mg, about 8 mg,
about 9 mg, about 10 mg, about 11 mg, about 12 mg, about 13 mg, about 14 mg, about 15
mg, about 16 mg, about 17 mg, about 18 mg, about 19 mg or about 20 mg. In some
embodiments, the oligomeric compound is administered at a dose of about 0.5 mg, about 1
mg, about 1.5 mg, about 2 mg, about 2.5 mg, about 3 mg, about 3.5 mg, about 4 mg, about 5
mg, about 8 mg, about 12 mg or about 15 mg. In some embodiments, the oligomeric
compound is administered at a dose of about 1 mg. In some embodiments, the oligomeric

compound is administered at a dose of about 8 mg.

In some embodiments, the oligomeric compound is administered at a dose of about
0.5 mg to about 8 mg, e.g., about 0.5 mg, about 1 mg, about 1.5 mg, about 2 mg, about 2.5
mg, about 3 mg, about 3.5 mg, about 4 mg, about 5 mg, about 6 mg, about 7 mg or about 8
mg. Is some embodiments, the oligomeric compound is administered at a dose of about 0.5
mg to about 8 mg, e.g., about 0.5 mg, about 1 mg, about 1.5 mg, about 2 mg, about 2.5 mg,
about 3 mg, about 3.5 mg, about 4 mg, about 5 mg, about 6 mg, about 7 mg or about 8 mg,
every 2-6 weeks, e.g., every 2 weeks, every 3 weeks, every 4 weeks, every 5 weeks or every
6 weeks. Intervals between administrations may be approximate and may be varied by a
clinician based upon medical judgment and/or clinical indications such as for example patient

travel, availability of medical personnel and drug, illness, or adverse event in a patient.

In some embodiments, the oligomeric compound is administered at a total dose of
about 15 mg to about 30 mg over about 20-25 weeks, e.g., about 15 mg, about 20 mg, about
22.5 mg, about 25 mg or about 30 mg over 20 weeks, 21 weeks, 22 weeks, 23 weeks, 24
weeks or 25 weeks. In some embodiments, the oligomeric compound is administered at a

total dose of about 22.5 mg over 23 weeks.

In some embodiments, the oligomeric compound is administered once per month. In
other embodiments, the oligomeric compound is administered more than once per month. In
further embodiments, the oligomeric compound is administered once every two, three, four,

five, or six months, or once per year.

In some embodiments, the seizures are selected from the group consisting of focal

motor seizures, tonic seizures, generalized tonic-clonic seizures and myoclonic seizures.
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In some embodiments, administration of the oligomeric compound results in a
decrease in the average number of daily seizures experienced by the subject in a 28-day
period, as compared to the average number of daily seizures experienced by the subject prior

to administration of the oligomeric compound.

In some embodiments, administration of the oligomeric compound results in a
reduction in the number of seizures experienced by the subject in a 28-day period by at least
about 10%, at least about 15%, at least about 20%, at least about 25%, at least about 30%, at
least about 35%, at least about 40%, at least about 45%, at least about 50%, at least about
55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least
about 80%, at least about 85%, at least about 90%, or at least about 95%, as compared to the
number of seizures experienced by the subject prior to administration of the oligomeric

compound.

In one aspect, disclosed herein is a method of treating a subject with a SCN2A-related
disorder, said method comprising administering to said subject an oligomeric compound at a
dose of about 0.1 mg to about 20 mg, wherein: the SCN2A-related disorder is caused by a
gain-of-function mutation in SCN2A gene; the oligomeric compound comprises a 6-10-4
MOE gapmer having a sequence (from 5’ to 3’) of CCACGACATATTTTTCTACA (SEQ ID
NO: 3); each of nucleosides 1-6 and 17-20 (from 5’ to 3”) are 2’-MOE nucleosides and each
of nucleosides 7-16 are 2’-B-D-deoxynucleosides; the internucleoside linkages between
nucleosides 2t0 3,3 to4,4t05,5t06,6to 7, and 17 to 18 are phosphodiester
internucleoside linkages, the internucleoside linkages between nucleosides 1 to 2, 7to 8, 8 to
9,9t010,10t0 11, 11t0 12, 12 to 13, 13 to 14, 14 to 15, 15 to 16, 16 to 17, 18 to 19, and 19

to 20 are phosphorothioate internucleoside linkages; and each cytosine is a 5-methyl cytosine.

In some embodiments, the oligomeric compound is administered at a dose of about
0.1 mg, about 0.2 mg, about 0.3 mg, about 0.4 mg, about 0.5 mg, about 0.6 mg, about 0.7 mg,
about 0.8 mg, about 0.9 mg, about 1 mg, about 1.5 mg, about 2 mg, about 2.5 mg, about 3
mg, about 3.5 mg, about 4 mg, about 5 mg, about 6 mg, about 7 mg, about 8 mg, about 9 mg,
about 10 mg, about 11 mg, about 12 mg, about 13 mg, about 14 mg, about 15 mg, about 16
mg, about 17 mg, about 18 mg, about 19 mg or about 20 mg. In some embodiments, the
oligomeric compound is administered at a dose of about 0.5 mg, about 1 mg, about 1.5 mg,

about 3 mg, about 3.5 mg, about 4 mg, about 5 mg, about 8 mg, about 12 mg or about 15 mg.
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In some embodiments, the oligomeric compound is administered at a dose of about 1 mg. In

some embodiments, the oligomeric compound is administered at a dose of about 8 mg.

In some embodiments, the oligomeric compound is administered about once per
month. In other embodiments, the oligomeric compound is administered more frequently
than about once per month. In other embodiments, the oligomeric compound is administered

about once every two, three, four, five, or six months, or once per year.

In some embodiments, administration of the oligomeric compound results in a
decrease in the frequency of seizures experienced by the subject, as compared to the
frequency of seizures experienced by the subject prior to administration of the oligomeric

compound.

In some embodiments, administration of the oligomeric compound results in a
reduction in the average number of daily seizures experienced by the subject in a 28-day
period, as compared to the average number of daily seizures experienced by the subject in a

28-day period prior to administration of the oligomeric compound.

In some embodiments, administration of the oligomeric compound results in a
reduction in the number of seizures experienced by the subject in a 28-day period by at least
about 10%, at least about 15%, at least about 20%, at least about 25%, at least about 30%, at
least about 35%, at least about 40%, at least about 45%, at least about 50%, at least about
55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least
about 80% or at least about 85%, as compared to the number of seizures experienced by the

subject prior to administration of the oligomeric compound.

In some embodiments, administration of the oligomeric compound results in an
increase in the number of seizure-free days experienced by the subject, as compared to the
number of seizure-free days experienced by the subject prior to administration of the

oligomeric compound.

In some embodiments, administration of the oligomeric compound results in an
increase in the number of seizure-free days in a time period experienced by the subject, as
compared to the number of seizure-free days experienced by the subject in the same time

period prior to administration of the oligomeric compound.
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In some embodiments, administration of the oligomeric compound results in an
increase in % of seizure-free days per 28-day period experienced by the subject, as compared
to % of seizure-free days per 28-day period experienced by the subject prior to administration

of the oligomeric compound.

In some embodiments, the seizures are selected from the group consisting of focal

motor seizures, tonic seizures, generalized tonic-clonic seizures and myoclonic seizures.

In some embodiments, the subject is a human. In some embodiments, the subject is
between 2 and 18 years old. In some embodiments, the subject is between 0 and 24 months
old. In some embodiments, the subject is a newborn. In some embodiments, the newborn is a
premature newborn. In some embodiments, the newborn has low birth weight with or

without prematurity.

In some embodiments, the SCN2A-related disorder is SCN2A developmental and
epileptic encephalopathy (SCN2A DEE). In some embodiments, the SCN2A-related disorder
is early seizure onset epileptic encephalopathy (EE).

In some embodiments, the gain-of-function mutation in SCN2A gene is selected from
the group consisting of L210Q, A263V, E430A, R1882Q, G879R, Q1479H, V423L,
G1593R, K1502N, V1601L, G211D, S17801, D343H and A1329D. In some embodiments,
the gain-of-function mutation is A1329D.

In some embodiments, the oligomeric compound comprises a modified
oligonucleotide represented by the following chemical notation:
mCesmCeoAeomCeoGeoAeomCdsAdsTdsAdsTdsTdsTdsTdsTdsmCdsTeoAesmCesAe
(SEQ ID NO: 3), wherein: A = an adenine nucleobase, mC = a 5-methyl cytosine nucleobase,
G = a guanine nucleobase, T = a thymine nucleobase, e = a 2’-MOE sugar moiety, d =a 2’-3-
D-deoxyribosyl sugar moiety, s = a phosphorothioate internucleoside linkage, and o = a

phosphodiester internucleoside linkage.

In some embodiments, the oligomeric compound is a modified oligonucleotide

represented by the following chemical structure:
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(SEQ ID NO: 3) or a salt thereof.

In some embodiments, the modified oligonucleotide is a sodium salt or a potassium

5 salt. In some embodiments, the modified oligonucleotide is a sodium salt.

In some embodiments, the modified oligonucleotide represented by the following

chemical structure:
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(SEQ ID NO: 3).

In some embodiments, the oligomeric compound is administered as a part of a
5 pharmaceutical composition comprising the oligomeric compound and a pharmaceutically
acceptable diluent or carrier. In some embodiments, the pharmaceutically acceptable diluent
is artificial CSF (aCSF) or phosphate-buffered saline (PBS). In some embodiments, the

pharmaceutically acceptable diluent is aCSF.
In some embodiments, the oligomeric compound is administered intrathecally.

10
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BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic illustrating dosing of the subjects in the clinical trial.

Figure 2 is a bar graph showing median change in seizures vs. 28 day-baseline after 3

doses.

Figure 3 is a bar graph showing % of seizure free day per dosing period, calculated as

number of seizures over number of days between dose, per patient, after 3 doses.

Figure 4, Panel A is a boxplot showing daily seizure frequency by dosing period (28
days) for subject 2001 after 3 doses.

Figure 4, Panel B is a boxplot showing daily seizure frequency by dosing period (28
days) for subject 2002 after 3 doses.

Figure 4, Panel C is a boxplot showing daily seizure frequency by dosing period (28
days) for subject 2003 after 3 doses.

Figure 4, Panel D is a boxplot showing daily seizure frequency by dosing period (28
days) for subject 2004 after 3 doses.

Figure S, Panel A is a graph showing daily seizure frequency per dose period for

subject 2001 after 3 doses.

Figure 5, Panel B is a graph showing daily seizure frequency per dose period for

subject 2002 after 3 doses.

Figure 5, Panel C is a graph showing daily seizure frequency per dose period for

subject 2003 after 3 doses.

Figure 5, Panel D is a graph showing daily seizure frequency per dose period for

subject 2004 after 3 doses.

Figure 6, Panel A is a bar graph showing mean and median change from baseline in
seizure frequency for four subjects. The results represent overall percentage reduction from

baseline observed through four 28-day periods for 4 subjects.
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Figure 6, Panel B is a bar graph showing mean and median relative percentage
change from baseline in seizure-free days for 4 subjects. The results represent overall

relative percentage increase in proportion of seizure-free days for 4 subjects.

Figure 7, Panel A shows representative aEEG traces in the subject showing a typical

sawtooth pattern resembling EEG-status in week one.

Figure 7, Panel B shows representative aEEG traces in the subject demonstrating

seizure reduction after several loading doses of phenytoin (arrow) in week three.

Figure 7, Panel C shows representative aEEG traces demonstrating that seizure
reduction was not sustainable as status pattern reoccurred even when phenytoin levels were >

40 yg/mL. Seizures were sublinical or motor seizures.

Figure 8, Panel A shows side and intracellular views of the 3D structure of Nav1.2
highlighting the A1329 residue in the intracellular linker between transmembrane segments
S4 and SS in domain IIT (S4-5pm). Also indicated are the four domains (DI-DIV), the

inactivation gate and the 32 subunit.

Figure 8, Panel B shows zoomed-in views of S4-5pm region, before and after in
silico mutagenesis (top, WT;, bottom, A1329D). The D1329-F1489 interaction is likely to
affect the binding of the IFM inactivation motif to its receptor pocket, resulting in delayed

inactivation and persistent current.

Figure 9, Panel A shows sodium current (In.) density-voltage relationships (inset

voltage protocol). Representative Ina traces are shown on the left.

Figure 9, Panel B shows persistent inward Ina-voltage relationships. Representative

Ina traces elicited by -10 mV depolarizations are shown on the left.
Figure 9, Panel C shows voltage dependence of activation.
Figure 9, Panel D shows voltage dependence of inactivation.

Figure 9, Panel E shows dependence of the time course of Ina inactivation on the
membrane potential. Representative WT and A1329D INa traces elicited by -25 mV and -5

mV voltages are shown on the left.

10
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Figure 9, Panel F shows input-output relationships for WT and A1329D variant.

Figure 10, Panel A shows patient clinical course including high-dose SCBs and
introduction of Compound 1 dosing regimen. Associated reduction in seizure frequency is

shown (bottom).

Figure 10, Panel B is a bar graph showing the number of seizures per hour per
medication level of phenytoin (PHT) and carbamazepine (CBZ). A total of seven Compound

1 intrathecal doses were administered (30.5 mg total dose).

Figure 10, Panel C shows aEEG traces 1 day before the first administration of

Compound 1 showing peak seizure frequency (status epilepticus).

Figure 10, Panel D shows aEEG traces 1 week after first administration of

Compound 1.

Figure 10, Panel E shows aEEG traces 7 weeks after first administration of

Compound 1.

Figure 10, Panel F shows aEEG traces 10 weeks after first administration of

Compound 1.
DETAILED DESCRIPTION OF THE INVENTION
Definitions

As used herein, the terms “about” and “approximately” refer to a value that is within

10% above or below the value being described.

As used herein, the term “SCN2A” refers to Nay1.2, the alpha subunit of a voltage-
gated sodium channel that is expressed in the brain, having an amino acid sequence from any
vertebrate or mammalian source, including, but not limited to, human, bovine, chicken,
rodent, mouse, rat, porcine, ovine, primate, monkey, and guinea pig, unless specified
otherwise. SCN2A can, in some embodiments, include one or more mutations that lead to
neurological diseases such as epileptic encephalitis. SCN2A is encoded by the SCN2A gene.
In certain embodiments, SCN2A is a human SCN2A represented by SEQ ID NO: 1 as

described herein.

11
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Example accession numbers for human SCN2A mRNA transcript and human SCN2A

protein are detailed below:

SCN2A mRNA transcript: NM_001040142.2 (SEQ ID NO: 4;
aacagacattgggtaccatcgaatgactgtcagaacagaaagctaaggcaaaggagggaggatgctgtggtcatectttettgtttttttc
ttctttaatgaggatagagceacatgtgagattttactttctactccagtaaaaattctgaagaattgcattggagactgttatattcaacacata
cgtggattctgtgttatgatttacatttttctitatttcagcactttcttatgcaaggagetaaacagtgattaaaggagcaggatgaaaagat
ggcacagtcagtgetggtaccgecaggacctgacagettccgettetttaccagggaatcecttgetgetattgaacaacgceattgeag
aagagaaagctaagagacccaaacaggaacgcaaggatgaggatgatgaaaatggeccaaagecaaacagtgacttggaageag
gaaaatctcttccatttatttatggagacattcctccagagatggtatcagtgececctggaggatctggacecectactatatcaataagaaa
acgtttatagtattgaataaagggaaagcaatctctcgattcagtgecaccectgecectttacattttaactcecttcaaccctattagaaaat
tagctattaagattttggtacattctttattcaatatgctcattatgtgcacgattcttaccaactgtgtatttatgaccatgagtaaccctccag
actggacaaagaatgtggagtatacctttacaggaatttatacttttgaatcacttattaaaatacttgcaaggggcttttgtttagaagatttc
acatttttacgggatccatggaattggttggatttcacagtcattacttttgcatatgtgacagagtttgtggacctgggcaatgtctcagegt
tgagaacattcagagttctccgagcattgaaaacaatttcagtcattccaggectgaagaccattgtgggggccctgatccagtcagtga
agaagctttctgatgtcatgatcttgactgtgttctgtctaagegtgtttacgctaataggattgeagttgttcatgggeaacctacgaaata
aatgtttgcaatggcctccagataattcticetttgaaataaatatcacttecttctttaacaattcattggatgggaatggtactactttcaata
ggacagtgagcatatttaactgggatgaatatattgaggataaaagtcacttttattttttagaggggcaaaatgatgcetetgctttgtggca
acagctcagatgcaggccagtgtcctgaaggatacatctgtgtgaaggctggtagaaaccccaactatggetacacgagctttgacac
ctttagttgggcctttttgtecttatttcgtetcatgactcaagacttctgggaaaacctttatcaactgacactacgtgetgetgggaaaacg
tacatgatattttttgtgctggtcattttcttgggctcattctatctaataaatttgatcttggctgtggtggccatggectatgaggaacagaat
caggccacattggaagaggctgaacagaaggaagctgaatttcageagatgetcgaacagttgaaaaagcaacaagaagaagcetca
ggcggceagetgecagecgeatctgetgaatcaagagacttcagtggtectggtgggataggagttttttcagagagttcttcagtageate
taagttgagctccaaaagtgaaaaagagctgaaaaacagaagaaagaaaaagaaacagaaagaacagtctggagaagaagagaaa
aatgacagagtccgaaaatcggaatctgaagacagceataagaagaaaaggtttecgtttttcettggaaggaagtaggcetgacatatga
aaagagattttcttctccacaccagtecttactgagcateecgtggcteccttttctctccaagacgecaacagtagggegagecttttcaget
tcagaggtcgagcaaaggacattggcetctgagaatgactttgetgatgatgageacageacctttgaggacaatgacagecgaagag
actctctgttcgtgccgeacagacatggagaacggegecacageaatgtcagecaggecagecgtgecteccagggtgctececatec
tgcccatgaatgggaagatgcatagegetgtggactgeaatggtgtggtetecctggtegggggcccttctacectcacatetgetggg
cagctcctaccagagggceacaactactgaaacagaaataagaaagagacggtecagttcttatcatgtttccatggatttattggaagat
cctacatcaaggcaaagagcaatgagtatageccagtattttgaccaacaccatggaagaacttgaagaatccagacagaaatgececac
catgctggtataaatttgctaatatgtgtttgatttgggactgttgtaaaccatggttaaaggtgaaacaccttgtcaacctggttgtaatgga
cccatttgttgacctggcecatcaccatctgeattgtcttaaatacactcttcatggctatggagceactatcccatgacggagceagttcagea
gtgtactgtetgttggaaacctggtettcacagggatcttcacageagaaatgtttctcaagataattgecatggatcceatattattactttca
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agaaggctggaatatttttgatggttttattgtgagecttagtttaatggaacttggtttggcaaatgtggaaggattgtcagttctccgatca
ttccggetgcteegagttttcaagttggeaaaatcttggecaactctaaatatgetaattaagatcattggeaattetgtgggggctetagg
aaacctcaccttggtattggcecatcatcgtcttcatttttgctgtggtcggcatgecagetctttggtaagagetacaaagaatgtgtctgeaa
gatttccaatgattgtgaactcccacgetggeacatgeatgactttticcactccttcctgategtgttccgegtgctgtgtggagagtggat
agagaccatgtgggactgtatggaggtcgetggecaaaccatgtgecttactgtettcatgatggteatggtgattggaaatctagtggtt
ctgaacctcttcttggecttgcttttgagttecttcagttctgacaatettgetgecactgatgatgataacgaaatgaataatctccagattg
ctgtgggaaggatgcagaaaggaatcgattttgttaaaagaaaaatacgtgaatttattcagaaagectttgttaggaagcagaaagettt
agatgaaattaaaccgcttgaagatctaaataataaaaaagacagetgtatttccaaccataccaccatagaaataggcaaagacctca
attatctcaaagacggaaatggaactactagtggcataggcagceagtgtagaaaaatatgtcgtggatgaaagtgattacatgtcatttat
aaacaaccctagectcactgtgacagtaccaattgetgttggagaatctgactttgaaaatttaaatactgaagaattcagcagegagtca
gatatggaggaaagcaaagagaagctaaatgcaactagttcatctgaaggcagceacggttgatattggageteccegecgagggaga
acagcctgaggttgaacctgaggaatcecttgaacctgaagectgttttacagaagactgtgtacggaagttcaagtgttgtcagataag
catagaagaaggcaaagggaaactctggtggaatttgaggaaaacatgctataagatagtggageacaattggttcgaaaccttcattg
tcttcatgattetgetgageagtggggctetggectttgaagatatatacattgagcagegaaaaaccattaagaccatgttagaatatget
gacaaggttttcacttacatattcattctggaaatgetgetaaagtgggttgcatatggttttcaagtgtattttaccaatgectggtactgget
agacttcctgattgttgatgtctcactggttagettaactgcaaatgecttgggttactcagaacttggtgccatcaaatccctcagaacact
aagagctctgaggecactgagagetttgtcccggtttgaaggaatgagggttattgtaaatgctcttttaggagecattecatctatcatga
atgtacttctggtttgtctgatcttttggctaatattcagtatcatgggagtgaatctctttgetggeaagttttaccattgtattaattacaccac
tggagagatgtttgatgtaagcgtggtcaacaactacagtgagtgeaaagcetctcattgagageaatcaaactgecaggtggaaaaatg
tgaaagtaaactttgataacgtaggacttggatatctgtctctacttcaagtagecacgtttaagggatggatggatattatgtatgcagcetg
ttgattcacgaaatgtagaattacaacccaagtatgaagacaacctgtacatgtatctttattttgtcatctttattatttttggttcattctttace
ttgaatcttttcattggtgtcatcatagataacttcaaccaacagaaaaagaagtttggaggtcaagacatttttatgacagaagaacagaa
gaaatactacaatgcaatgaaaaaactgggttcaaagaaaccacaaaaacccatacctcgacctgctaacaaattccaaggaatggtet
ttgattttgtaaccaaacaagtctttgatatcagcatcatgatccteatctgecttaacatggtcaccatgatggtggaaaccgatgaccag
agtcaagaaatgacaaacattctgtactggattaatctggtgtttattgttctgticactggagaatgtgtgctgaaactgatctctettegtta
ctactatttcactattggatggaatatttttgattttgtgstggtcattctetecattgtaggaatgtttctggctgaactgatagaaaagtatttt
gtgtcecctaccctgttccgagtgatecgtettgeccaggattggccgaatectacgtctgatcaaaggageaaaggggatccgeacgct
getetttgetttgatgatgteccttectgegttgtttaacatcggectecticttttcetggteatgttcatctacgecatetttgggatgtecaat
tttgectatgttaagagggaagttgggatcgatgacatgttcaactttgagacctttggecaacageatgatetgectgttccaaattacaac
ctetgetggetgggatggattgetageacctattcttaatagtggaccteccagactgtgaccetgacaaagatcaccctggaagetcagt
taaaggagactgtgggaacccatctgttgggattttcttttttgtcagttacatcatcatatccttcctggttgtggtgaacatgtacatcgeg
gtcatcctggagaacttcagtgttgctactgaagaaagtgcagagectctgagtgaggatgactttgagatgtictatgaggtitgggag
aagtttgatcccgatgegaccceagtttatagagtttgccaaactttetgattttgecagatgecctggatectectcettctcatagecaaaacce

aacaaagtccagctcattgccatggatctgeccatggtgagtggtgaccggatccactgtcttgacatcettatttgettttacaaagegtgt
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tttgggtgagagtggagagatggatgcccttcgaatacagatggaagagegattcatggeatcaaaceectccaaagtctcttatgage
ccattacgaccacgttgaaacgcaaacaagaggaggtgtetgctattattatccagagggcettacagacgetacctcttgaagcaaaaa
gttaaaaaggtatcaagtatatacaagaaagacaaaggcaaagaatgtgatggaacacccatcaaagaagatactctcattgataaact
gaatgagaattcaactccagagaaaaccgatatgacgcecttccaccacgtctccaccctegtatgatagtgtgaccaaaccagaaaaa
gaaaaatttgaaaaagacaaatcagaaaaggaagacaaagggaaagatatcagggaaagtaaaaagtaaaaagaaaccaagaattt
tccattttgtgatcaattgtttacagccegtgatggtgatgtgtttatgtcaacaggactcccacaggaggtctatgecaaactgactgttttt
acaaatgtatacttaaggtcagtgcctataacaagacagagacctctggtcagcaaactggaactcagtaaactggagaaatagtateg
atgggaggtttctattttcacaaccagctgacactgctgaagagcagaggegtaatggctactcagacgataggaaccaatttaaaggg
gggagggaagttaaatttttatgtaaattcaacatgtgacacttgataatagtaattgtcaccagtgtttatgttttaactgccacacctgeca
tatttttacaaaacgtgtgctgtgaatttatcacttttctttttaattcacaggttgtttactattatatgtgactatttttgtaaatgggtttatgtttg
gggagagooattaaagggagggaattctacattictctattgtattgtataactggatatattttaaatggaggcatgetgeaattcteatte
acacataaaaaaatcacatcacaaaagggaagagtttacttcttgtttcaggatgtttttagatttttgaggtgcttaaatagetattcgtatttt
taaggtgtctcatccagaaaaaatttaatgtgectgtaaatgttccatagaatcacaagcattaaagagttgttttatttttacataacccatta
aatgtacatgtatatatgtatatatgtatatgtgcgtgtatatacatatatatgtatacacacatgcacacacagagatatacacataccatta
cattgtcattcacagtcccagcagceatgactatcacatttttgataagtgtcctttggcataaaataaaaatatcctatcagtectttctaaga
agcctgaattgaccaaaaaacatccccaccaccactttataaagttgattctgcetttatcctgeagtattgtttagecatcttetgetcttggta
aggttgacatagtatatgtcaatttaaaaaataaaagtctgctttgtaaatagtaattttacccagtggtgcatgtttgagcaaacaaaaatg
atgatttaagcacactacttattgcatcaaatatgtaccacagtaagtatagtttgcaagctttcaacaggtaatatgatgtaattggttccatt
atagtttgaagctgtcactgetgeatgtttatcttgectatgetgetgtatettattecttccactgttcagaagtctaatatgggaagecatat
atcagtggtaaagtgaagcaaattgttctaccaagacctcattcttcatgtcattaagcaataggttgcagcaaacaaggaagagcettctt
getttttattcttccaaccttaattgaacactcaatgatgaaaagecccgactgtacaaacatgttgcaagetgcttaaatctgtttaaaatatat
ggttagagttttctaagaaaatataaatactgtaaaaagttcattttattttatttttcagecttttgtacgtaaaatgagaaattaaaagtatctte
aggtggatgtcacagtcactattgttagtttctgttcctageacttttaaattgaageacttcacaaaataagaagcaaggactaggatgea
gtgtaggtttctacttttttattagtactgtaaacttgcacacatttcaatgtgaaacaaatctcaaactgagttcaatgtttatttgetttcaata
gtaatgccttatcattgaaagaggcttaaagaaaaaaaaaatcagctgatactcttggeattgcttgaatccaatgtttccacctagtettttt
attcagtaatcatcagtcttttccaatgtttgtttacacagatagatcttattgacccatatggcactagaactgtatcagatataatatgggat
cccagctttttttcctctcccacaaaaccaggtagtgaagttatattaccagttacagcaaaatactttgtgtttcacaagcaacaataaatgt
agattctttatactgaagctattgacttgtagtgtgttgatgaaatgeatgcaggaaaatgetgttaccataaagaacggtaaaccacatta
caatcaagccaaaagaataaaggtttcgettttgtttttgtatttaattgttgtctttgtitctatctttgaaatgecatttaaaggtagatttctatc
atgtaaaaataatctatctgaaaaacaaatgtaaagaacacacattaattactataattcatctttcaattttttcatggaatggaagttaatta
agaagagtgtattggataactactttaatattggccaaaaagctagatatggcatcaggtagactagtggaaagttacaaaaattaataaa

aaattgactaaca),
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NM 001040143.2 (SEQ ID NO: 5;
aacagacattgggtaccatcgaatgactgtcagaacagaaagctaaggcaaaggagggaggatgctgtggtcatecttictigttttttte
ttctttaatgaggatagagceacatgtgagattttactttctactccagtaaaaattctgaagaattgcattggagactgttatattcaacacata
cgtggattctgtgttatgatttacatttttctitatttcaggggttttictcectttgettgacacttctetgtectgacaccttgagaagaaggat
gtgtttgcttacccttccgecatgattgtaaatttcctgaggecttcccagecatgeageactcactttcttatgcaaggagcetaaacagtg
attaaaggagcaggatgaaaagatggcacagtcagtgetggtaccgecaggacctgacagcettecgettetttaccagggaateectt
getgetattgaacaacgeattgcagaagagaaagctaagagacccaaacaggaacgcaaggatgaggatgatgaaaatggeecaa
agccaaacagtgacttggaagcaggaaaatctcttccatttatttatggagacattcctccagagatggtgtecagtgcecctggaggate
tggacccctactatatcaataagaaaacgtttatagtattgaataaagggaaagceaatctetcgattcagtgecaccectgecectttacattt
taactcccttcaaccctattagaaaattagctattaagattttggtacattctttattcaatatgcetcattatgtgcacgattcttaccaactgtgt
atttatgaccatgagtaaccctccagactggacaaagaatgtggagtatacctttacaggaatttatacttttgaatcacttattaaaatactt
gcaaggggcttttgtttagaagatttcacatttttacgggatccatggaattggttagatttcacagtcattacttttgcgtatgtaacagaatt
tgtaaacctaggcaatgtttcagetcttcgaactttcagagtcttgagagcetttgaaaactatttctgtaattccaggectgaagaccattgt
gggggccctgatccagtcagtgaagaagcetttetgatgtcatgatettgactgtgttetgtetaagegtatttgcgetaataggattgcagt
tgttcatgggcaacctacgaaataaatgtttgcaatggectccagataattcttectttgaaataaatatcacttecttetttaacaattcattg
gatgggaatggtactactttcaataggacagtgagcatatttaactgggatgaatatattgaggataaaagtcacttttattttttagagggg
caaaatgatgctctgctttgtggcaacagetcagatgcaggecagtgtectgaaggatacatetgtgtgaaggctggtagaaaccecaa
ctatggctacacgagctttgacacctttagttgggcctttttgtccttatttcgtctcatgactcaagacttctgggaaaacctttatcaactga
cactacgtgctgctgggaaaacgtacatgatattttttgtgetggteattttcttgggctcattctatctaataaatttgatcttggetgtgeteg
ccatggcctatgaggaacagaatcaggecacattggaagaggctgaacagaaggaagetgaatttcagcagatgetcgaacagttga
aaaagcaacaagaagaagctcaggeggeagetgeagecgeatctgetgaatcaagagacttcagtggtactggtgggataggagttt
tttcagagagttcttcagtagcatctaagttgagetccaaaagtgaaaaagagetgaaaaacagaagaaagaaaaagaaacagaaag
aacagtctggagaagaagagaaaaatgacagagtccgaaaatcggaatctgaagacagceataagaagaaaaggtttecgttttteett
ggaaggaagtaggctgacatatgaaaagagattttcttctccacaccagtecttactgageatcegtggeteccttttctctccaagacge
aacagtagggcgagccttticagcttcagaggtcgagcaaaggacattggetctgagaatgactttgetgatgatgagcacageacctt
tgaggacaatgacagccgaagagactctetgttcgtgecgeacagacatggagaacggegecacageaatgtcagecaggecage
cgtgecteccagggtgctecccatectgeccatgaatgggaagatgcatagegetgtggactgeaatggtgtggtetcectggteggeg
geccttetaccctcacatetgetgggcagetectaccagagggcacaactactgaaacagaaataagaaagagacggtecagttettat
catgtttccatggatttattggaagatcctacatcaaggcaaagagcaatgagtatagecagtattttgaccaacaccatggaagaacttg
aagaatccagacagaaatgcccaccatgetggtataaatttgetaatatgtgtttgatttggoactgttgtaaaccatggttaaaggtgaaa
caccttgtcaacctggttgtaatggacccatttgttgacctggccatcaccatctgeattgtcttaaatacactcttcatggetatggageac
tatcccatgacggagcagttcageagtgtactgtctgttggaaacctggtettcacagggatcticacagcagaaatgtttctcaagataa
ttgccatggatccatattattactttcaagaaggctggaatatttttgatggttttattgtgagecttagtttaatggaacttggtttggcaaatg

tggaaggattgtcagtictccgatcattccggetgetccgagttttcaagttggcaaaatcttggecaactctaaatatgetaattaagatca
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ttggcaattctgtgggggctctaggaaacctcaccttggtattggecatcategtcetteatttttgetgtggteggeatgeagcetetttggta
agagctacaaagaatgtgtctgcaagatttccaatgattgtgaactcccacgetggeacatgeatgactttttccactecttectgategtg
ttccgegtgctgtgtggagagtggatagagaccatgtgggactgtatggaggtcgetggecaaaccatgtgecttactgtettcatgatg
gtcatggtgattggaaatctagtggttctgaacctettcttggecttgcettttgagttecttcagtictgacaatcttgetgecactgatgatga
taacgaaatgaataatctccagattgetgtgggaaggatgcagaaaggaatcgattttgttaaaagaaaaatacgtgaatttattcagaaa
gectttgttaggaagcagaaagctttagatgaaattaaaccgettgaagatctaaataataaaaaagacagcetgtatttccaaccatacca
ccatagaaataggcaaagacctcaattatctcaaagacggaaatggaactactagtggcataggcageagtgtagaaaaatatgtegt
ggatgaaagtgattacatgtcatttataaacaaccctagectecactgtgacagtaccaattgetgttggagaatctgactttgaaaatttaaa
tactgaagaattcagcagcgagtcagatatggaggaaagcaaagagaagctaaatgcaactagttcatctgaaggcageacggttgat
attggagctcccgecgagggagaacagectgaggttgaacctgaggaatcecttgaacctgaagectgttttacagaagactgtgtac
ggaagttcaagtgttgtcagataagcatagaagaaggcaaagggaaactctggtggaatttgaggaaaacatgctataagatagtgga
gcacaattggttcgaaaccttcattgtcttcatgattctgetgageagtggggctetggectttgaagatatatacattgagcagegaaaaa
ccattaagaccatgttagaatatgctgacaaggttttcacttacatattcattctggaaatgetgctaaagtgggttgcatatggttttcaagt
gtattttaccaatgcctggtgctggctagacttectgattgttgatgtetcactggttagettaactgcaaatgecttgggttactcagaactt
ggtgccatcaaatccctcagaacactaagagcetctgaggecactgagagetttgtecocggtttgaaggaatgagggttattgtaaatgct
cttttaggagccattccatctatcatgaatgtacttctggtttgtetgatcttttggetaatattcagtatcatgggagtgaatctetttgetgge
aagttttaccattgtattaattacaccactggagagatgtttgatgtaagegtggtcaacaactacagtgagtgcaaagctctecattgagag
caatcaaactgccaggtggaaaaatgtgaaagtaaactttgataacgtaggacttggatatctgtctctacticaagtagecacgtttaag
ggatggatggatattatgtatgcagcetgttgattcacgaaatgtagaattacaacccaagtatgaagacaacctgtacatgtatctttatttt
gtcatctttattatttttggttcattctttaccttgaatcttttcattggtgtcatcatagataacttcaaccaacagaaaaagaagtttggaggte
aagacatttttatgacagaagaacagaagaaatactacaatgcaatgaaaaaactgggttcaaagaaaccacaaaaacccatacctcg
acctgctaacaaattccaaggaatggtctttgattttgtaaccaaacaagtctttgatatcagcatcatgatcctcatctgecttaacatggte
accatgatggtggaaaccgatgaccagagtcaagaaatgacaaacattctgtactggattaatctggtgtttattgtictgttcactggaga
atgtgtgctgaaactgatctctcttcgttactactatttcactattggatggaatatttttgattttgtggtggtcattctctecattgtaggaatgt
ttctggctgaactgatagaaaagtattttgtgtccectaccetgttccgagtgatccgtettgecaggattggecgaatectacgtctgate
aaaggagcaaaggggatccgeacgetgetetttgctttgatgatgteccttectgegttgtttaacatcggectccttettttcetggteatg
ttcatctacgcecatctttgggatgtccaattttgectatgttaagagggaagttgggatcgatgacatgttcaactttgagacctttggeaac
agcatgatctgectgttccaaattacaacctetgetggctgggatggattgctageacctattettaatagtggacctecagactgtgace
ctgacaaagatcaccctggaagcetcagttaaaggagactgtgggaacccatetgttgggattttcttttttgtcagttacatcatcatatect
tcetggttgtggtgaacatgtacatcgeggteatectggagaacttcagtgttactactgaagaaagtgcagagectetgagtgaggatg
actttgagatgttctatgaggtttgggagaagtttgatcccgatgegacccagtttatagagtttgccaaactttetgattttgecagatgeect
ggatcctectettctcatagcaaaacccaacaaagtccagetcattgecatggatctgeccatggtgagtggtgaccggatccactgtcet
tgacatcttatttgcttttacaaagegtgtttteggatgagagtagagagatggatgeccttcgaatacagatggaagagcegattcatggea

tcaaacccctccaaagtctettatgageccattacgaccacgttgaaacgcaaacaagaggaggtgtctgcetattattatccagagggcet
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tacagacgctacctcttgaagcaaaaagttaaaaaggtatcaagtatatacaagaaagacaaaggcaaagaatgtgatggaacaccca
tcaaagaagatactctcattgataaactgaatgagaattcaactccagagaaaaccgatatgacgcecttccaccacgtetccaccetegt
atgatagtgtgaccaaaccagaaaaagaaaaatttgaaaaagacaaatcagaaaaggaagacaaagggaaagatatcagggaaagt
aaaaagtaaaaagaaaccaagaattttccattttgtgatcaattgtttacagcccgtgatggtgatgtgtttgtgtcaacaggactcccaca
ggaggtctatgccaaactgactgtttttacaaatgtatacttaaggtcagtgectataacaagacagagacctctggtcagcaaactgga
actcagtaaactggagaaatagtatcgatgggaggtttctattttcacaaccagetgacactgetgaagagcagaggegtaatggetact
cagacgataggaaccaatttaaaggggggoaggoaagttaaatttttatgtaaattcaacatgtgacacttgataatagtaattgtcaccag
tgtttatgttttaactgccacacctgcecatatttttacaaaacgtgtgetgtgaatttatcacttttctttttaattcacaggttgtttactattatatg
tgactatttttgtaaatgggtttgtotttgggcagagggaattaaagggagggaattctacattictctatigtattgtataactggatatatttta
aatggaggcatgctgceaattctcattcacacataaaaaaatcacatcacaaaagggaagagtttacttcttgtttcaggatgtttttagatttt
tgaggtgcttaaatagctattcgtatttttaaggtgtctcatccagaaaaaatttaatgtgectgtaaatgttccatagaatcacaagceattaa
agagttgttttatttttacataacccattaaatgtacatgtatatatgtatatatgtatatgtgcgtgtatatacatatatatgtatacacacatgea
cacacagagatatacacataccattacattgtcattcacagtcccagcagcatgactatcacatttttgataagtgtcctttggcataaaata
aaaatatcctatcagtcctttctaagaagcectgaattgaccaaaaaacatccccaccaccactttataaagttgattctgctttatectgeag
tattgtttagccatcttctgctettggtaaggttgacatagtatatgtcaatttaaaaaataaaagtctgetttgtaaatagtaattttacccagt
gotgcatgtitgagcaaacaaaaatgatgatttaagcacactacttattgcatcaaatatgtaccacagtaagtatagtttgcaagctttcaa
caggtaatatgatgtaattggttccattatagtttgaagcetgtcactgetgceatgtttatcttgcctatgetgetgtatcttattecttecactgtt
cagaagtctaatatgggaagccatatatcagtggtaaagtgaagcaaattgtictaccaagacctcattcttcatgtcattaagcaataggt
tgcagcaaacaaggaagagcttcttgctttttattcttccaaccttaattgaacactcaatgatgaaaageccgactgtacaaacatgttge
aagctgcttaaatctgtttaaaatatatggttagagttttctaagaaaatataaatactgtaaaaagttcattttattttatttttcagcecttttgtac
gtaaaatgagaaattaaaagtatcttcaggtggatgtcacagtcactattgttagtttctgttcctageacttttaaattgaageacttcacaa
aataagaagcaaggactaggatgcagtgtaggtttctgcttttttattagtactgtaaacttgecacacatttcaatgtgaaacaaatctcaaa
ctgagttcaatgtttatttgctttcaatagtaatgecttatcattgaaagaggcttaaagaaaaaaaaaatcagetgatactcttggeattgett
gaatccaatgtttccacctagtctttttattcagtaatcatcagtcttttccaatgtttgtttacacagatagatcttattgacccatatggceacta
gaactgtatcagatataatatgggatcccagctttttttcctctcccacaaaaccaggtagtgaagttatattaccagttacagcaaaatact
ttgtgtttcacaagcaacaataaatgtagattctttatactgaagctattgacttgtagtgtattgstgaaatgeatgcaggaaaatgetgtta
ccataaagaacggtaaaccacattacaatcaagccaaaagaataaaggtttcgcttttgtttttgtatttaattgttgtctttgtttctatctttga
aatgccatttaaaggtagatttctatcatgtaaaaataatctatctgaaaaacaaatgtaaagaacacacattaattactataattcatctttca
attttttcatggaatggaagttaattaagaagagtgtattggataactactttaatattggccaaaaagctagatatggeatcaggtagacta

gtggaaagttacaaaaattaataaaaaattgactaaca),

NM 001371246.1 (SEQ ID NO: 6;

aacagacattgggtaccatcgaatgactgtcagaacagaaagctaaggcaaaggagggaggatgctgtggtcatectttcttgtttttttc

ttctttaatgaggatagagcacatgtgagattttactttctactccagtaaaaattctgaagaattgeattggagactgttatattcaacacata
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cgtggattctgtgttatgatttacatttttctttatttcagcactttcttatgcaaggagcetaaacagtgattaaaggagcaggatgaaaagat
ggcacagtcagtgctggtaccgecaggacctgacagcettccgcettetttaccagggaateccttgetgetattgaacaacgceattgeag
aagagaaagctaagagacccaaacaggaacgcaaggatgaggatgatgaaaatggeccaaagecaaacagtgacttggaageag
gaaaatctcttccatttatttatggagacattcctccagagatggtgtcagtgeccctggaggatctggacccctactatatcaataagaaa
acgtttatagtattgaataaagggaaagcaatctctcgattcagtgecaccectgecectttacattttaactcecttcaaccctattagaaaat
tagctattaagattttggtacattctttattcaatatgctcattatgtgcacgattcttaccaactgtgtatttatgaccatgagtaaccctcecag
actggacaaagaatgtggagtatacctttacaggaatttatacttttgaatcacttattaaaatacttgcaaggggcttttgtttagaagatttc
acatttttacgggatccatggaattggttggatttcacagtcattacttttgegtatgtaacagaatttgtaaacctaggcaatgtttcagetct
tcgaactttcagagtcttgagagctttgaaaactatttctgtaattccaggectgaagaccattgtgggggcccetgatccagtcagtgaag
aagctttctgatgtcatgatcttgactgtgtictgtctaagegtgtttgecgetaataggattgcagttgttcatgggcaacctacgaaataaat
gtttgcaatggcctccagataattcttectttgaaataaatatcacttccttctttaacaattcattggatgggaatggtactactttcaatagg
acagtgagcatatttaactgggatgaatatattgaggataaaagtcacttttattttttagaggggcaaaatgatgctctgctttgtggcaac
agctcagatgcaggccagtgtcctgaaggatacatctgtgtgaaggetggtagaaaccecaactatggetacacgagcetttgacacctt
tagttgggcctttttgtccttatticgtctcatgactcaagacttctgggaaaacctttatcaactgacactacgtgetgetgggaaaacgta
catgatattttttgtgctggtcattttcttgggctcattctatctaataaatttgatcttggetgtggtggecatggectatgaggaacagaate
aggccacattggaagaggctgaacagaaggaagetgaatttcagecagatgetcgaacagttgaaaaagcaacaagaagaagcetcag
gcggceagetgeagecgeatetgetgaatcaagagacttcagtggtgctggtgggataggagttttttcagagagttettcagtageatct
aagttgagctccaaaagtgaaaaagagctgaaaaacagaagaaagaaaaagaaacagaaagaacagtctggagaagaagagaaa
aatgacagagtccgaaaatcggaatctgaagacagceataagaagaaaaggtttecgtttttcettggaaggaagtaggcetgacatatga
aaagagattttcttctccacaccagtecttactgagcatccgtggceteccttttctctccaagacgeaacagtagggegagecttttcaget
tcagaggtcgagcaaaggacattggctctgagaatgactttgetgatgatgageacageacctttgaggacaatgacagecgaagag
actctctgttcgtgecgeacagacatggagaacggegecacageaatgtcagecaggecageegtgectecagggtgetecccatee
tgcccatgaatgggaagatgcatagegetgtggactgeaatggtgtggteteectggtegggggccecttctaccctcacatetgetggg
cagctcctaccagagggcacaactactgaaacagaaataagaaagagacggtecagttcttatcatgtttccatggatttattggaagat
cctacatcaaggcaaagagcaatgagtatagccagtattttgaccaacaccatggaagaacttgaagaatccagacagaaatgeccac
catgctggtataaatttgctaatatgtgtttgatttgggoactgttgtaaaccatggttaaaggtgaaacaccttgtcaacctggttgtaatgga
cccatttgttgacctggecatcaccatctgeattgtcttaaatacactcttcatggetatggagceactatcccatgacggageagttcagea
gtgtactgtetgttggaaacctggtettcacagggatcttcacagcagaaatgtttctcaagataattgecatggatccatattattactttea
agaaggctggaatatttttgatggttttattgtgagecttagtttaatggaacttggtttggcaaatgtggaaggattgtcagttctccgatca
ttccggetgcteegagttttcaagttggeaaaatcttggecaactctaaatatgetaattaagatcattggeaattetgtggggactetagg
aaacctcaccttggtattggccatcatcgtcttcatttttgctgtggtcggeatgeagetctttggtaagagetacaaagaatgtgtctgeaa
gatttccaatgattgtgaactcccacgetggeacatgeatgactttticcactccttcctgategtgttccgegtgctgtgtggagagtggat

agagaccatgtgggactgtatggaggtcgctggccaaaccatgtgecttactgtcttcatgatggteatggtgattggaaatctagtggtt

ctgaacctcttcttggecttgcttttgagttecttcagtictgacaatcttgetgecactgatgatgataacgaaatgaataatctccagattg
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ctgtgggaaggatgcagaaaggaatcgattttgttaaaagaaaaatacgtgaatttattcagaaagectttgttaggaagcagaaagettt
agatgaaattaaaccgcttgaagatctaaataataaaaaagacagetgtatttccaaccataccaccatagaaataggcaaagacctca

attatctcaaagacggaaatggaactactagtggceataggcageagtgtagaaaaatatgtegtggatgaaagtgattacatgtcatttat
aaacaaccctagcctcactgtgacagtaccaattgetgttggagaatctgactttgaaaatttaaatactgaagaattcagcagegagtca
gatatggaggaaagcaaagagaagctaaatgcaactagttcatctgaaggeageacggttgatattggagetcecegecgagggaga

acagcctgaggttgaacctgaggaatcecttgaacctgaagectgttttacagaagactgtgtacggaagttcaagtgttgtcagataag
catagaagaaggcaaagggaaactctggtggaatttgaggaaaacatgctataagatagtggageacaattggttcgaaaccttcattg
tcttcatgattctgetgageagtggggctetggectttgaagatatatacattgagcagegaaaaaccattaagaccatgttagaatatget
gacaaggttttcacttacatattcattctggaaatgetgctaaagtgggttgcatatggttttcaagtgtattttaccaatgectggtgetgget
agacttcctgattgttgatgtctcactggttagettaactgcaaatgecttgggttactcagaacttggtgecatcaaatccctcagaacact
aagagctctgaggccactgagagctttgtcccggtttgaaggaatgagggottgttgtaaatgetctittaggagecattccatctatcatga
atgtacttctggtttgtctgatcttttggctaatattcagtatcatgggagtgaatctetttgetggeaagttttaccattgtattaattacaccac
tggagagatgtitgatgtaagcgtggtcaacaactacagtgagtgcaaagetctcattgagagcaatcaaactgecaggtggaaaaatg
tgaaagtaaactttgataacgtaggacttggatatctgtctctacttcaagtagecacgtttaagggatggatggatattatgtatgecagetg
ttgattcacgaaatgtagaattacaacccaagtatgaagacaacctgtacatgtatctttattttgtcatctttattatttttggttcattctttace

ttgaatcttttcattggtgtcatcatagataacttcaaccaacagaaaaagaagtttggaggtcaagacatttttatgacagaagaacagaa
gaaatactacaatgcaatgaaaaaactgggttcaaagaaaccacaaaaacccatacctcgacctgctaacaaattccaaggaatggtct
ttgattttgtaaccaaacaagtctttgatatcagcatcatgatcctcatctgecttaacatggtcaccatgatggtggaaaccgatgaccag

agtcaagaaatgacaaacattctgtactggattaatctggtgtttattgttctgttcactggagaatgtgtgctgaaactgatctctettegtta
ctactatttcactattggatggaatatttttgattttgtgstggtcattctetecattgtaggaatgtttctggctgaactgatagaaaagtatttt

gtgtccectacectgttccgagtgateegtettgecaggattggecgaatectacgtetgatcaaaggageaaaggggatccgeacgcet
getetttgetttgatgatgteecttectgegttgtttaacatcggectecttcttttcetggteatgttcatctacgecatcetttgggatgtecaat
tttgectatgttaagagggaagttgggatcgatgacatgttcaactttgagacctttggcaacageatgatctgectgttccaaattacaac
ctctgetggcetgggatggattgetageacctattcttaatagtggacctccagactgtgacectgacaaagatcaccctggaagetcagt
taaaggagactgtgggaacccatctgttgggattttcttttttgtcagttacatcatcatatccttcctggttgtggtgaacatgtacatcgeg

gtcatcctggagaacttcagtgttgctactgaagaaagtgcagagectetgagtgaggatgactttgagatgttctatgaggtttgggag

aagtttgatcccgatgcgacccagtttatagagtttgecaaactttctgattttgcagatgecctggatectectettctcatagcaaaacce
aacaaagtccagctcattgecatggatctgeccatggtgagtggteaccggatecactgtettgacatettatttgettttacaaagegtgt
tttgggtgagagtggagagatggatgcccttcgaatacagatggaagagegattcatggeatcaaaccectccaaagtctcttatgage
ccattacgaccacgttgaaacgcaaacaagaggaggtgtetgctattattatccagagggcettacagacgetacctcttgaagcaaaaa
gttaaaaaggtatcaagtatatacaagaaagacaaaggcaaagaatgtgatggaacacccatcaaagaagatactctcattgataaact
gaatgagaattcaactccagagaaaaccgatatgacgccttccaccacgtctccaccctegtatgatagtgtgaccaaaccagaaaaa

gaaaaatttgaaaaagacaaatcagaaaaggaagacaaagggaaagatatcagggaaagtaaaaagtaaaaagaaaccaagaattt

tccattttgtgatcaattgtttacagcccgtgatggtgatgtgtttgtgtcaacaggactcccacaggaggtctatgeccaaactgactgttttt
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acaaatgtatacttaaggtcagtgcctataacaagacagagacctctggtcagecaaactggaactcagtaaactggagaaatagtatcg
atgggaggtttctattticacaaccagetgacactgetgaagagcagaggegtaatggctactcagacgataggaaccaatttaaaggg
gggagggaagttaaatttttatgtaaattcaacatgtgacacttgataatagtaattgtcaccagtgtttatgttttaactgecacacctgeca
tatttttacaaaacgtgtgctgtgaatttatcacttttctttttaattcacaggttgtitactattatatgtgactatttttgtaaatgggtttgtotttg
gggagagggattaaaggeagggaattctacatttctctattgtattgtataactggatatattttaaatggaggeatgctgeaattcteatte
acacataaaaaaatcacatcacaaaagggaagagtttacttcttgtttcaggatgtttttagatttttgaggtgcttaaatagctattcgtatttt
taaggtgtctcatccagaaaaaatttaatgtgectgtaaatgttccatagaatcacaagceattaaagagttgttttatttttacataacccatta
aatgtacatgtatatatgtatatatgtatatgtgcgtgtatatacatatatatgtatacacacatgcacacacagagatatacacataccatta
cattgtcattcacagtcccagcagcatgactatcacatttttgataagtgtcctttggcataaaataaaaatatcctatcagtectttctaaga
agcctgaattgaccaaaaaacatccccaccaccactttataaagttgattctgctttatcetgeagtattgtttagecatcttetgetcttggta
aggttgacatagtatatgtcaatttaaaaaataaaagtctgctttgtaaatagtaattttacccagtggtgcatgtttgagcaaacaaaaatg
atgatttaagcacactacttattgcatcaaatatgtaccacagtaagtatagtttgcaagctttcaacaggtaatatgatgtaattggttccatt
atagtttgaagctgtcactgctgceatgtttatcttgectatgetgetgtatcttattecttccactgttcagaagtctaatatgggaagecatat
atcagtggtaaagtgaagcaaattgttctaccaagacctcattcttcatgtcattaageaataggttgcagcaaacaaggaagagcettctt
getttttattcttccaaccttaattgaacactcaatgatgaaaagecccgactgtacaaacatgttgcaagetgcttaaatetgtttaaaatatat
gottagagttttctaagaaaatataaatactgtaaaaagttcattttattttatttttcagecttttgtacgtaaaatgagaaattaaaagtatcttc
aggtggatgtcacagtcactattgttagtttctgttcctageacttttaaattgaageacttcacaaaataagaagcaaggactaggatgca
gtgtaggtttctgcttttttattagtactgtaaacttgcacacattticaatgtgaaacaaatctcaaactgagttcaatgtttatttgetttcaata
gtaatgccttatcattgaaagaggcttaaagaaaaaaaaaatcagetgatactcttggeattgettgaatccaatgtttccacctagtcttttt
attcagtaatcatcagtcttttccaatgtttgtttacacagatagatcttattgacccatatggcactagaactgtatcagatataatatgggat
cccagctttttttcctctcccacaaaaccaggtagtgaagttatattaccagttacagcaaaatactttgtgtttcacaagcaacaataaatgt
agattctttatactgaagctattgacttgtagtgtgttgstgaaatgeatgcaggaaaatgetgttaccataaagaacggtaaaccacatta
caatcaagccaaaagaataaaggtttcgettttgtttttgtatttaattgttgtctttgtitctatetttgaaatgecatttaaaggtagatttctate
atgtaaaaataatctatctgaaaaacaaatgtaaagaacacacattaattactataattcatctttcaattttttcatggaatggaagttaatta
agaagagtgtattggataactactttaatattggccaaaaagctagatatggcatcaggtagactagtggaaagttacaaaaattaataaa

aaattgactaaca),

NM 001371247.1 (SEQ ID NO: 7,

atagcagtaacacaattcacctctagtgtgaacatatcaggatggcatagaccageactttcttatgcaaggagctaaacagtgattaaa
ggagcaggatgaaaagatggcacagtcagtgctggtaccgecaggacctgacagettcecgetictttaccagggaateccttgetget
attgaacaacgcattgcagaagagaaagctaagagacccaaacaggaacgcaaggatgaggatgatgaaaatggeccaaagecaa
acagtgacttggaagcaggaaaatctcttccatttatttatggagacattcctccagagatggtgtcagtgecectggaggatctggace
cctactatatcaataagaaaacgtttatagtattgaataaagggaaagcaatctctcgattcagtgccacccctgecctttacattttaacte

ccttcaaccctattagaaaattagctattaagattttggtacattctttattcaatatgceteattatgtgcacgattcttaccaactgtgtatttatg
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accatgagtaaccctccagactggacaaagaatgtggagtatacctttacaggaatttatacttttgaatcacttattaaaatacttgcaag
gggcttttgtttagaagatttcacatttttacgggatccatggaattggttggatttcacagtcattacttttgcatatgtgacagagtttgteg
acctgggcaatgtctcagegttgagaacattcagagttctccgageattgaaaacaatttcagtcattccaggectgaagaccattgtgg
gggccctgatccagtcagtgaagaagcttictgatgtcatgatettgactgtgtictgtctaagegtgtttgegetaataggattgeagttgt
tcatgggcaacctacgaaataaatgtttgcaatggectccagataatteticetttgaaataaatatcacttccttctttaacaattcattggat
gggaatggtactactttcaataggacagtgagcatatttaactgggatgaatatattgaggataaaagtcacttttattttttagaggggacaa
aatgatgctctgetttgtggcaacagcetcagatgeaggecagtgtectgaaggatacatetgtgtgaaggetggtagaaaccecaacta
tggctacacgagctttgacacctttagttgggcctttttgtecttatttcgtetcatgactcaagacttetgggaaaacctttatcaactgaca
ctacgtgctgctgggaaaacgtacatgatattttttgtgctggteattttcttgggcteattctatctaataaatttgatcttggetgtggtgece
atggcctatgaggaacagaatcaggecacattggaagaggcetgaacagaaggaagetgaatttcagecagatgetcgaacagttgaaa
aagcaacaagaagaagctcaggcggcagetgcagecgeatctgetgaatcaagagacticagtggtgctggtegggataggagtttttt
cagagagttcttcagtagcatctaagttgagetccaaaagtgaaaaagagcetgaaaaacagaagaaagaaaaagaaacagaaagaa
cagtctggagaagaagagaaaaatgacagagtccgaaaatcggaatctgaagacagecataagaagaaaaggtttecgtttttcettgg
aaggaagtaggctgacatatgaaaagagattttcttctccacaccagtecttactgagcatccgtggceteecttttctctccaagacgeaa
cagtagggcgagccttttcagettcagaggtcgagecaaaggacattggetctgagaatgactttgetgatgatgageacageacctttg
aggacaatgacagccgaagagactctctgttcgtgecgeacagacatggagaacggcgecacagceaatgtcagecaggecagecg
tgcctccagggtgctecccateetgeccatgaatgggaagatgeatagegetgtggactgeaatggtgtggteteectggtegggggc
ccttetaccctcacatctgetgggeagetectaccagagggceacaactactgaaacagaaataagaaagagacggtecagttcttatca
tgtttccatggatttattggaagatcctacatcaaggcaaagagcaatgagtatagecagtattttgaccaacaccatggaagaacttgaa
gaatccagacagaaatgcccaccatgetggtataaatttgctaatatgtgtttgatttgggactgttataaaccatggttaaaggtgaaaca
ccttgtcaacctggttgtaatggacccatttgttgacctggecatcaccatctgeattgtettaaatacactcttcatggcetatggageactat
cccatgacggagcagttcageagtgtactgtctgttggaaacctggtcttcacagggatcttcacagcagaaatgtttctcaagataattg
ccatggatccatattattactttcaagaaggctggaatatttttgatggttttatigtgagecttagtttaatggaacttggtttggcaaatgteg
aaggattgtcagttctccgatcattccggetgeteegagttttcaagttggeaaaatcttggecaactctaaatatgetaattaagatcattg
geaattctgtgggggoctctaggaaacctcaccttggtattggccatcatcgtcttcatttttgetgtggteggeatgeagcetctttggtaaga
gctacaaagaatgtgtctgcaagatttccaatgattgtgaactcccacgetggeacatgeatgactttttccactecttectgategtgttee
gegtgctgtgtggagagtggatagagaccatgtgggactgtatggagatcgctggccaaaccatgtgecttactgtcttcatgatggte
atggtoattggaaatctagtggtictgaacctcticttggecttgettttgagttccttcagttctgacaatettgctgecactgatgatgataa
cgaaatgaataatctccagattgetgtgggaaggatgcagaaaggaategattttgttaaaagaaaaatacgtgaatttattcagaaage
ctttgttaggaagcagaaagctttagatgaaattaaaccgcttgaagatctaaataataaaaaagacagctgtatttccaaccataccacc
atagaaataggcaaagacctcaattatctcaaagacggaaatggaactactagtggeataggeageagtgtagaaaaatatgtegtag
atgaaagtgattacatgtcatttataaacaaccctagcctcactgtgacagtaccaattgetgttggagaatctgactttgaaaatttaaata
ctgaagaattcagcagcgagtcagatatggaggaaagcaaagagaagctaaatgeaactagttcatctgaaggeageacggttgatat

tggagcetccecgecgagggagaacagectgaggttgaacctgaggaatcecttgaacctgaagectgttttacagaagactgtgtacgg
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aagttcaagtgttgtcagataagcatagaagaaggcaaagggaaactctggtggaatttgaggaaaacatgetataagatagtggage

acaattggttcgaaaccttcattgtcttcatgattctgetgagecagtggggctcetggectttgaagatatatacattgagecagegaaaaacc
attaagaccatgttagaatatgctgacaaggttttcacttacatattcattctggaaatgctgctaaagtgggttgcatatggttttcaagtgt

attttaccaatgcctggtgctggctagacttcctgattgttgatgtctcactggttagettaactgcaaatgecttgggttactcagaacttgg
tgccatcaaatccctcagaacactaagagetctgaggcecactgagagcetttgtceeggtttgaaggaatgagggttgttgtaaatgetctt
ttaggagccattccatctatcatgaatgtacttctggtttgtctgatettttggctaatattcagtatcatgggagtgaatctetttgetggeaa

gttttaccattgtattaattacaccactggagagatgtttgatgtaagcgtggtcaacaactacagtgagtgcaaagcetctcattgagagea
atcaaactgccaggtggaaaaatgtgaaagtaaactttgataacgtaggacttggatatctgtctetacttcaagtagecacgtttaaggg
atggatggatattatgtatgcagcetgttgattcacgaaatgtagaattacaacccaagtatgaagacaacctgtacatgtatctttattttgte
atctttattatttttggttcattctttaccttgaatcttttcattggtgtcatcatagataacttcaaccaacagaaaaagaagtttggaggtcaag
acatttttatgacagaagaacagaagaaatactacaatgcaatgaaaaaactgggttcaaagaaaccacaaaaacccatacctcgacct
gctaacaaattccaaggaatggtctttgattttgtaaccaaacaagtctttgatatcagceatcatgatectcatctgecttaacatggtcace

atgatggtggaaaccgatgaccagagtcaagaaatgacaaacattctgtactggattaatctggtgtttattgttctgticactggagaatg
tgtgctgaaactgatetetettcgttactactatttcactattggatggaatatttttgattttgtggtggtcattetetecattgtaggaatgtttet
ggctgaactgatagaaaagtattttgtgteccctaceetgttccgagtgatecgtettgecaggattggecgaatectacgtetgatcaaa

ggagcaaaggggatccgeacgcetgcetcetttgetttgatgatgteecttectgegttgtttaacatcggectecttcttttcctggteatgttca
tctacgccatctttgggatgtecaattttgcctatgttaagagggaagttgggatcgatgacatgttcaactttgagacctttggcaacage

atgatctgectgttccaaattacaacctctgetggetgggatggattgctageacctattcttaatagtggacctccagactgtgaccectga
caaagatcaccctggaagcetcagttaaaggagactgtgggaacccatctgttgggattttcttttttgtcagttacatcatcatatecttect

ggttatggtgaacatgtacatcgeggteatcctggagaacttcagtgttactactgaagaaagtgcagagectctgagtgaggatgactt
tgagatgttctatgaggtttgggagaagtttgatcccgatgegacccagtttatagagtttgecaaactttetgattttgecagatgecctgga
tcctectettctcatagcaaaacccaacaaagtccagetcattgecatggatetgeccatggtgagtggtgaccggatecactgtettgac
atcttatttgcttttacaaagcegtgttttgggteagagtggagagatggatgcccticgaatacagatggaagagegattcatggeatcaa
acccctccaaagtetcettatgageccattacgaccacgttgaaacgcaaacaagaggaggtgtetgctattattatccagagggcettaca
gacgctacctcttgaagcaaaaagttaaaaaggtatcaagtatatacaagaaagacaaaggcaaagaatgtgatggaacacccatcaa
agaagatactctcattgataaactgaatgagaattcaactccagagaaaaccgatatgacgecttccaccacgtctccacectegtatga
tagtgtgaccaaaccagaaaaagaaaaatttgaaaaagacaaatcagaaaaggaagacaaagggaaagatatcagggaaagtaaaa
agtaaaaagaaaccaagaattttccattttgtgatcaattgtttacagecccgtgatggtgatgtgtttgtatcaacaggactcccacaggag
gtctatgccaaactgactgtttttacaaatgtatacttaaggtcagtgectataacaagacagagacctctggtcageaaactggaactca
gtaaactggagaaatagtatcgatgggaggtttctattttcacaaccagetgacactgetgaagagecagaggegtaatggctactcaga
cgataggaaccaatttaaaggggggagggaagttaaatttttatgtaaattcaacatgtgacacttgataatagtaattgtcaccagtgttt

atgttttaactgccacacctgccatatttttacaaaacgtgtgetgtgaatttatcacttttctttttaattcacaggttgtttactattatatgtgac
tatttttgtaaatgggtttgtotttggggagagggattaaagggagggaattctacatttctctattgtatt gtataactggatatattttaaatg

gaggcatgctgcaattctcatticacacataaaaaaatcacatcacaaaagggaagagtttacttcttgtttcaggatgtttttagatttttgag
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gtgcttaaatagctattcgtatttttaaggtgtctcatccagaaaaaatttaatgtgectgtaaatgttccatagaatcacaageattaaagag
ttgttttatttttacataacccattaaatgtacatgtatatatgtatatatgtatatgtgcgtgtatatacatatatatgtatacacacatgcacaca
cagagatatacacataccattacattgtcattcacagtcccagcagcatgactatcacatttttgataagtgtectttggcataaaataaaaa
tatcctatcagtcctttctaagaagcctgaattgaccaaaaaacatccccaccaccactttataaagttgattctgctttatcctgeagtattg

tttagccatcttctgetcttggtaaggttgacatagtatatgtcaatttaaaaaataaaagtctgctttgtaaatagtaattttacccagtggtac
atgtttgagcaaacaaaaatgatgatttaagcacactacttattgcatcaaatatgtaccacagtaagtatagtttgcaagetttcaacaggt
aatatgatgtaattggttccattatagtttgaagctgtcactgetgcatgtttatettgectatgetgetgtatcttattceticeactgttcagaa

gtctaatatgggaagccatatatcagtggtaaagtgaagcaaattgttctaccaagacctcattcttcatgtcattaagcaataggttgeag
caaacaaggaagagcttcttgetttttattcticcaaccttaattgaacactcaatgatgaaaageccgactgtacaaacatgttgecaaget

gcttaaatctgtttaaaatatatggttagagttttctaagaaaatataaatactgtaaaaagttcattttattttatttttcagecttttgtacgtaaa
atgagaaattaaaagtatcttcaggtggatgtcacagtcactattgttagtttctgttcctagcacttttaaattgaageacttcacaaaataa

gaagcaaggactaggatgcagtgtaggtttctgcttttttattagtactgtaaacttgcacacatttcaatgtgaaacaaatctcaaactgag
ttcaatgtttatttgctttcaatagtaatgccttatcattgaaagaggcttaaagaaaaaaaaaatcagctgatactettggeattgettgaate
caatgtttccacctagtctttttattcagtaatcatcagtcttttccaatgtttgtttacacagatagatcttattgacccatatggceactagaact
gtatcagatataatatgggatcccagctttttttcctctcccacaaaaccaggtagtgaagttatattaccagttacagcaaaatactttgtgt
ttcacaagcaacaataaatgtagattctitatactgaagctattgacttgtagtgtgttggtgaaatgcatgcaggaaaatgetgttaccata
aagaacggtaaaccacattacaatcaagccaaaagaataaaggtttcgcttttgtttttgtatttaattgttgtctttgtttctatctttgaaatge
catttaaaggtagatttctatcatgtaaaaataatctatctgaaaaacaaatgtaaagaacacacattaattactataattcatctttcaatttttt
catggaatggaagttaattaagaagagtgtattggataactactttaatattggccaaaaagcetagatatggcatcaggtagactagtgga

aagttacaaaaattaataaaaaattgactaaca), and

NM 021007.3 (SEQ ID NO: 2;

aagcatgatggaattttagctgcagtcttcttggtgecagcettatcaatcccaaactctgggtgtaaaagattctacagggceactttcttatg
caaggagctaaacagtgattaaaggagcaggatgaaaagatggcacagtcagtgctggtaccgecaggacctgacagettecgette
tttaccagggaatcecttgetgetattgaacaacgeattgcagaagagaaagctaagagacccaaacaggaacgcaaggatgaggat
gatgaaaatggcccaaagccaaacagtgacttggaagecaggaaaatctcttceatttatttatggagacattcctccagagatggtgtea
gtgececctggaggatctggaccectactatatcaataagaaaacgtttatagtattgaataaagggaaageaatctctegattcagtgee
acccctgecctttacattttaactcccttcaaccctattagaaaattagctattaagattttggtacattctttattcaatatgetcattatgtgea
cgattcttaccaactgtgtatttatgaccatgagtaaccctccagactggacaaagaatgtggagtatacctttacaggaatttatacttttg
aatcacttattaaaatacttgcaaggggcttttgtttagaagatttcacatttttacgggatccatggaattggttggatttcacagtcattactt
ttgcatatgtgacagagtttgtggacctgggeaatgtetcagegttgagaacattcagagttctccgagceattgaaaacaatttcagtcatt
ccaggcctgaagaccattgtgggggccctgatccagtcagtgaagaagcetttctgatgteatgatettgactgtgttctgtctaagegtgt
ttgcgctaataggattgcagttgttcatgggcaacctacgaaataaatgtitgcaatggectccagataattcticctttgaaataaatatca
cttecttctttaacaattcattggatgggaatggtactactttcaataggacagtgagceatatttaactgggatgaatatattgaggataaaa
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gtcacttttattttttagaggggcaaaatgatgetctgctttgtggcaacagetcagatgcaggecagtgtectgaaggatacatctgtgtg
aaggctggtagaaaccccaactatggctacacgagcetttgacacctttagttgggectttttgtecttatttcgtetcatgactcaagacttet
gggaaaacctttatcaactgacactacgtgetgetgggaaaacgtacatgatattttttgtgctggteattttcttgggcetcattctatctaata
aatttgatcttggctgtggtgoccatggcectatgaggaacagaatcaggecacattggaagaggctgaacagaaggaagetgaatttc
agcagatgctcgaacagttgaaaaagcaacaagaagaagetcaggeggeagetgeageegceatctgctgaatcaagagacttcagt
ggtgctggtgggataggagttttttcagagagttcticagtageatctaagttgagetccaaaagtgaaaaagagetgaaaaacagaag
aaagaaaaagaaacagaaagaacagtctggagaagaagagaaaaatgacagagtccgaaaatcggaatctgaagacageataaga
agaaaaggtttccgtttttccttggaaggaagtaggctgacatatgaaaagagattttcttctccacaccagtecttactgageatecgtgg
cteccttttctctccaagacgcaacagtagggegagecttttcagettcagaggtegageaaaggacattggetetgagaatgactttge
tgatgatgagcacagcacctttgaggacaatgacagecgaagagactctctgttcgtgecgeacagacatggagaacggegecaca
gcaatgtcagccaggcecagecgtgectccagggtgctccccatcctgeccatgaatgggaagatgeatagegcetgtggactgeaatg
gtgtggtctecctggtegggggecctictaceeteacatetgetgggeagetectaccagagggeacaactactgaaacagaaataag
aaagagacggtccagttcttatcatgtttccatggatttattggaagatcctacatcaaggcaaagagceaatgagtatagecagtattttga
ccaacaccatggaagaacttgaagaatccagacagaaatgeccaccatgetggtataaatttgetaatatgtgtttgatttgggactgttg
taaaccatggttaaaggtgaaacaccttgtcaacctggttgtaatggacccatttgttgacctggecatcaccatctgeattgtcttaaatac
actcttcatggctatggagcactatcccatgacggagceagttcagcagtgtactgtetgttggaaacctggtcttcacagggatcttcaca
gcagaaatgtttctcaagataattgccatggatcecatattattactttcaagaaggcetggaatatttttgatggttttattgtgagecttagttta
atggaacttggtttggcaaatgtggaaggattgtcagttctccgatcattccggcetgeteccgagttttcaagttggecaaaatcttggecaac
tctaaatatgctaattaagatcattggeaattctgtgggggctctaggaaacctcaccttggtattggecatcategtctteatttttgctgtg
gtcggcatgcagctctttggtaagagctacaaagaatgtgtetgcaagatttccaatgattgtgaactcccacgetggeacatgeatgac
tttttccactecttectgategtgttccgegtgctgtgtggagagtggatagagaccatgtgggactgtatggaggtegetggecaaace
atgtgccttactgtcttcatgatggtcatggtgattggaaatctagtggttctgaacctettcttggecttgettttgagttecttcagttetgac
aatcttgetgccactgatgatgataacgaaatgaataatctccagattgetgtgggaaggatgcagaaaggaatcgattttgttaaaaga
aaaatacgtgaatttattcagaaagcctttgttaggaagcagaaagctttagatgaaattaaaccgettgaagatctaaataataaaaaag
acagctgtatttccaaccataccaccatagaaataggcaaagacctcaattatctcaaagacggaaatggaactactagtggcatagge
agcagtgtagaaaaatatgtcgtggatgaaagtgattacatgtcatttataaacaaccctagectcactgtgacagtaccaattgetgttg
gagaatctgactttgaaaatttaaatactgaagaattcagcagcgagtcagatatggaggaaagcaaagagaagcetaaatgcaactagt
tcatctgaaggcageacggttgatattggageteccgecgagggagaacagectgaggttgaacctgaggaatcecttgaacctgaa
gectgttttacagaagactgtgtacggaagttcaagtgttgtcagataagcatagaagaaggcaaagggaaactctggtagaatttgag
gaaaacatgctataagatagtggagcacaattggttcgaaaccttcattgtettcatgattetgetgageagtggggctctggectttgaa
gatatatacattgagcagcgaaaaaccattaagaccatgttagaatatgctgacaaggttttcacttacatattcattctggaaatgetgceta
aagtgggttgcatatggttticaagtgtattttaccaatgectggtgctggctagacttcctgattgttgatgtctcactggttagettaactge
aaatgccttgggttactcagaacttggtgecatcaaatecctcagaacactaagagetctgaggecactgagagetttgtceceggtttga

aggaatgagggttgttgtaaatgctcttitaggagecattccatctatcatgaatgtacttetggtttgtctgatettitggctaatattcagtat
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catgggagtgaatctctttgctggcaagttttaccattgtattaattacaccactggagagatgtttgatgtaagegtggtcaacaactaca
gtgagtgcaaagcetctcattgagagcaatcaaactgecaggtggaaaaatgtgaaagtaaactttgataacgtaggacttggatatctgt
ctctacttcaagtagccacgtttaagggatggatggatattatgtatgcagetgttgattcacgaaatgtagaattacaacccaagtatgaa
gacaacctgtacatgtatctttattttgtcatctttattatttttggttcattctttaccttgaatcttttcattggtgtcatcatagataacttcaacc
aacagaaaaagaagtttggaggtcaagacatttttatgacagaagaacagaagaaatactacaatgcaatgaaaaaactgggttcaaa
gaaaccacaaaaacccatacctcgacctgetaacaaattccaaggaatggtetttgattttgtaaccaaacaagtctttgatatcageate
atgatcctcatctgecttaacatggtcaccatgatggtggaaaccgatgaccagagtcaagaaatgacaaacattctgtactggattaate
tggtgtttattgttctgttcactggagaatgtgtgctgaaactgatctctcttcgttactactatttcactattggatggaatatttttgattttgtg
gtggtcattctetecattgtaggaatgtttctggctgaactgatagaaaagtattttgtgtcccctacectgttcecgagtgateegtettgeca
ggattggccgaatectacgtetgatcaaaggagcaaaggggatcegeacgetgctctttgetttgatgatgteecttectgegttgtttaa
catcggcctccttettttcctggtcatgttcatctacgecatctitgggatgtecaattttgectatgttaagagggaagttgggatcgatgac
atgttcaactttgagacctttggcaacagcatgatctgectgttccaaattacaacctetgetggetgggatggattgctageacctattctt
aatagtggacctccagactgtgaccctgacaaagatcaccctggaagetcagttaaaggagactgtgggaacccatctgtigggatttt
cttttttgtcagttacatcatcatatccttcctggttgtggtgaacatgtacatcgeggteatcctggagaacttcagtgttgetactgaagaa
agtgcagagcctctgagtgaggatgactttgagatgttctatgaggtttgggagaagtttgatcccgatgegacccagtttatagagtttg
ccaaactttctgattttgcagatgccctggatectectctictcatagcaaaacccaacaaagtccagetcattgecatggatctgeccatg
gtgagtggtgaccggatccactgtcttgacatcttatttgcttttacaaagegtgttttgggteagagtggagagatggatgcecttegaat
acagatggaagagcgattcatggcatcaaacccctccaaagtctcttatgageccattacgaccacgttgaaacgcaaacaagagga
ggtgtctgetattattatccagagggcttacagacgcetacctettgaagcaaaaagttaaaaaggtatcaagtatatacaagaaagacaa
aggcaaagaatgtgatggaacacccatcaaagaagatactctcattgataaactgaatgagaattcaactccagagaaaaccgatatg
acgccttccaccacgtctccaccctegtatgatagtgtgaccaaaccagaaaaagaaaaatttgaaaaagacaaatcagaaaaggaag
acaaagggaaagatatcagggaaagtaaaaagtaaaaagaaaccaagaattttccattttgtgatcaattgtttacagcccgtgatggtg
atgtgtttotgtcaacaggactcccacaggaggtctatgecaaactgactgtttttacaaatgtatacttaaggtcagtgectataacaaga
cagagacctctggtcagcaaactggaactcagtaaactggagaaatagtatcgatgggaggtttctattttcacaaccagetgacactg
ctgaagagcagaggcgtaatggctactcagacgataggaaccaatttaaaggggggagggaagttaaatttitatgtaaattcaacatg
tgacacttgataatagtaattgtcaccagtgtttatgttttaactgccacacctgcecatatttttacaaaacgtgtgetgtgaatttatcacttttc
tttttaattcacaggttgtttactattatatgtgactatttttgtaaatgggtitgtgtttggooagagooattaaagggagogoaattctacattt
ctctattgtattgtataactggatatattttaaatggaggcatgcetgcaattctcattcacacataaaaaaatcacatcacaaaagggaaga
gtttacttcttgtttcaggatgtttttagatttttgaggtgcttaaatagetattcgtatttttaaggtgtctcatccagaaaaaatttaatgtgect
gtaaatgttccatagaatcacaagcattaaagagttgttttatttttacataacccattaaatgtacatgtatatatgtatatatgtatatgtgegt
gtatatacatatatatgtatacacacatgcacacacagagatatacacataccattacattgtcattcacagtcccagcageatgactatca
catttttgataagtgtcctttggcataaaataaaaatatcctatcagtcctttctaagaagectgaattgaccaaaaaacatccccaccacca
ctttataaagttgattctgcetttatcctgeagtattgtttagecatcttetgetettggtaaggttgacatagtatatgtcaatttaaaaaataaaa

gtctgcetttgtaaatagtaattttacccagtggtgcatgtttgagcaaacaaaaatgatgatttaagcacactacttattgcatcaaatatgta
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ccacagtaagtatagtttgcaagctttcaacaggtaatatgatgtaattggticcattatagtttgaagcetgtcactgctgeatgtttatcttge
ctatgctgctgtatettattecttccactgttcagaagtctaatatgggaagecatatatcagtggtaaagtgaageaaattgttctaccaag
acctcattcttcatgtcattaagcaataggttgcagcaaacaaggaagagcttcttgctttttattcttccaaccttaattgaacactcaatgat
gaaaagcccgactgtacaaacatgttgcaagetgcettaaatctgtitaaaatatatggttagagtttictaagaaaatataaatactgtaaaa
agttcattttattttatttttcagccttttgtacgtaaaatgagaaattaaaagtatcttcaggtggatgtcacagtcactattgttagtttctgtte
ctagcacttttaaattgaagcacttcacaaaataagaagcaaggactaggatgcagtgtaggtttctgcttttttattagtactgtaaacttge
acacatttcaatgtgaaacaaatctcaaactgagttcaatgtttatttgctttcaatagtaatgecttatcattgaaagaggcttaaagaaaaa
aaaaatcagctgatactcttggcattgcttgaatccaatgtttccacctagtctttttattcagtaatcatcagtcttttccaatgtttgtttacac
agatagatcttattgacccatatggcactagaactgtatcagatataatatgggatcccagctttttttcctctcccacaaaaccaggtagtg
aagttatattaccagttacagcaaaatactttgtgtttcacaagcaacaataaatgtagattctttatactgaagctattgacttgtagtgtgtt
ggtgaaatgcatgcaggaaaatgctgttaccataaagaacggtaaaccacattacaatcaagccaaaagaataaaggtttcgettttgttt
ttgtatttaattgttgtctttgtttctatctitgaaatgecatttaaaggtagatttctatcatgtaaaaataatctatctgaaaaacaaatgtaaag
aacacacattaattactataattcatctttcaattttttcatggaatggaagttaattaagaagagtgtattggataactactttaatattggeca

aaaagctagatatggcatcaggtagactagtggaaagttacaaaaattaataaaaaattgactaaca); and

SCN2A protein: NP_001035232.1 (SEQ ID NO: 8;
MAQSVLVPPGPDSFRFFTRESLAAIEQRIAEEKAKRPKQERKDEDDENGPKPNSDLEA
GKSLPFIYGDIPPEMVSVPLEDLDPYYINKKTFIVLNKGKAISRFSATPALYILTPFNPIR
KLAIKILVHSLFNMLIMCTILTNCVFMTMSNPPDWTKNVEYTFTGIYTFESLIKILARG
FCLEDFTFLRDPWNWLDFTVITFAYVTEFVDLGNVSALRTFRVLRALKTISVIPGLKTI
VGALIQSVKKLSDVMILTVFCLSVFALIGLQLFMGNLRNKCLQWPPDNSSFEINITSFF
NNSLDGNGTTFNRTVSIFNWDEYIEDK SHF YFLEGQNDALLCGNSSDAGQCPEGYIC
VKAGRNPNYGYTSFDTFSWAFLSLFRLMTQDFWENLYQLTLRAAGKTYMIFFVLVIF
LGSFYLINLILAVVAMAYEEQNQATLEEAEQKEAEFQOMLEQLKKQQEEAQAAAAA
ASAESRDFSGAGGIGVFSESSSVASKLSSKSEKELKNRRKKKKQKEQSGEEEKNDRV
RKSESEDSIRRKGFRFSLEGSRLTYEKRFSSPHQSLLSIRGSLFSPRRNSRASLFSFRGR
AKDIGSENDFADDEHSTFEDNDSRRDSLFVPHRHGERRHSNVSQASRASRVLPILPM
NGKMHSAVDCNGVVSLVGGPSTLTSAGQLLPEGTTTETEIRKRRSSSYHVSMDLLED
PTSRQRAMSIASILTNTMEELEESRQKCPPCWYKFANMCLIWDCCKPWLKVKHLVN
LVVMDPFVDLAITICIVLNTLFMAMEHYPMTEQFSSVLSVGNLVFTGIFTAEMFLKIIA
MDPYYYFQEGWNIFDGFIVSLSLMELGLANVEGLSVLRSFRLLRVFKLAKSWPTLN
MLIKIIGNSVGALGNLTLVLAIIVFIFAVVGMQLFGKSYKECVCKISNDCELPRWHMH
DFFHSFLIVFRVLCGEWIETMWDCMEVAGQTMCLTVFMMVMVIGNLVVLNLFLAL
LLSSFSSDNLAATDDDNEMNNLQIAVGRMQKGIDFVKRKIREFIQKAFVRKQKALDE
26
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IKPLEDLNNKKDSCISNHTTIEIGKDLNYLKDGNGTTSGIGSSVEKY VVDESDYMSFIN
NPSLTVTVPIAVGESDFENLNTEEFSSESDMEESKEKLNATSSSEGSTVDIGAPAEGEQ
PEVEPEESLEPEACFTEDCVRKFKCCQISIEEGKGKLWWNLRKTCYKIVEHNWFETFI
VFEMILLSSGALAFEDIYIEQRKTIKTMLEYADKVFTYIFILEMLLKWVAYGFQVYFTN
AWCWLDFLIVDVSLVSLTANALGYSELGAIKSLRTLRALRPLRALSRFEGMRVVVN
ALLGAIPSIMNVLLVCLIFWLIFSIMGVNLFAGKFYHCINYTTGEMFDVSVVNNYSEC
KALIESNQTARWKNVKVNFDNVGLGYLSLLQVATFKGWMDIMYAAVDSRNVELQP
KYEDNLYMYLYFVIFIIFGSFFTLNLFIGVIIDNFNQQKKKFGGQDIFMTEEQKKYYNA
MKKLGSKKPQKPIPRPANKFQGMVFDFVTKQVEDISIMILICLNMVTMMVETDDQSQ
EMTNILYWINLVFIVLFTGECVLKLISLRYYYFTIGWNIFDFVVVILSIVGMFLAELIEK
YFVSPTLFRVIRLARIGRILRLIKGAKGIRTLLFALMMSLPALFNIGLLLFLVMFIYAIF
GMSNFAY VKREVGIDDMFNFETFGNSMICLFQITTSAGWDGLLAPILNSGPPDCDPD
KDHPGSSVKGDCGNPSVGIFFFVSYHISFLVVVNMYIAVILENFSVATEESAEPLSEDD
FEMFYEVWEKFDPDATQFIEFAKLSDFADALDPPLLIAKPNKVQLIAMDLPMVSGDR
IHCLDILFAFTKRVLGESGEMDALRIQMEERFMASNPSKVSYEPITTTLKRKQEEVSAI
HQRAYRRYLLKQKVKKVSSIYKKDKGKECDGTPIKEDTLIDKLNENSTPEKTDMTPS
TTSPPSYDSVTKPEKEKFEKDKSEKEDKGKDIRESKK),

NP _001035233.1 (SEQ ID NO: 9,

MAQSVLVPPGPDSFRFFTRESLAAIEQRIAEEK AKRPKQERKDEDDENGPKPNSDLEA
GKSLPFIYGDIPPEMVSVPLEDLDPYYINKK TFIVLNKGKAISRFSATPALYILTPFNPIR
KLAIKILVHSLFNMLIMCTILTNCVFMTMSNPPDWTKNVEYTFTGIYTFESLIKILARG
FCLEDFTFLRDPWNWLDFTVITFAYVTEFVNLGNVSALRTFRVLRALKTISVIPGLKTI
VGALIQSVKKLSDVMILTVFCLSVFALIGLQLFMGNLRNK CLQWPPDNSSFEINITSFF
NNSLDGNGTTFNRTVSIFNWDEYIEDK SHFYFLEGQNDALLCGNSSDAGQCPEGYIC
VKAGRNPNYGYTSFDTFSWAFLSLFRLMTQDFWENLYQLTLRAAGKTYMIFFVLVIF
LGSFYLINLILAVVAMAYEEQNQATLEEAEQKEAEFQQMLEQLKKQQEEAQAAAAA
ASAESRDFSGAGGIGVFSESSSVASKLSSKSEKELKNRRKKKKQKEQSGEEEKNDRV
RKSESEDSIRRKGFRFSLEGSRLTYEKRFSSPHQSLLSIRGSLFSPRRNSRASLFSFRGR
AKDIGSENDFADDEHSTFEDNDSRRDSLFVPHRHGERRHSNVSQASRASRVLPILPM
NGKMHSAVDCNGVVSLVGGPSTLTSAGQLLPEGTTTETEIRKRRSSSYHVSMDLLED
PTSRQRAMSIASILTNTMEELEESRQK CPPCW YKFANMCLIWDCCKPWLK VKHLVN
LVVMDPFVDLAITICIVLNTLFMAMEHYPMTEQFSSVLSVGNLVFTGIFTAEMFLKIIA
MDPYYYFQEGWNIFDGFIVSLSLMELGLANVEGLSVLRSFRLLRVFKLAKSWPTLN
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MLIKIIGNSVGALGNLTLVLAIVFIFAVVGMQLFGKSYKECVCKISNDCELPRWHMH
DFFHSFLIVFRVLCGEWIETMWDCMEVAGQTMCLTVFMMVMVIGNLVVLNLFLAL
LLSSFSSDNLAATDDDNEMNNLQIAVGRMQKGIDFVKRKIREFIQKAFVRKQKALDE
IKPLEDLNNKKDSCISNHTTIEIGKDLNYLKDGNGTTSGIGSSVEKY VVDESDYMSFIN
NPSLTVTVPIAVGESDFENLNTEEFSSESDMEESKEKLNATSSSEGSTVDIGAPAEGEQ
PEVEPEESLEPEACFTEDCVRKFKCCQISIEEGKGKLWWNLRKTCYKIVEHNWFETFI
VFMILLSSGALAFEDIYIEQRKTIKTMLEYADKVFTYIFILEMLLKWVAYGFQVYFTN
AWCWLDFLIVDVSLVSLTANALGYSELGAIKSLRTLRALRPLRALSRFEGMRVVVN
ALLGAIPSIMNVLLVCLIFWLIFSIMGVNLFAGKFYHCINYTTGEMFDVSVVNNYSEC
KALIESNQTARWKNVKVNFDNVGLGYLSLLQVATFKGWMDIMY AAVDSRNVELQP
KYEDNLYMYLYFVIFIIFGSFFTLNLFIGVIIDNFNQQKKKFGGQDIFMTEEQKKYYNA
MKKLGSKKPQKPIPRPANKFQGMVFDFVTKQVFDISIMILICLNMVTMMVETDDQSQ
EMTNILYWINLVFIVLFTGECVLKLISLRYYYFTIGWNIFDFVVVILSIVGMFLAELIEK
YFVSPTLFRVIRLARIGRILRLIKGAKGIRTLLFALMMSLPALFNIGLLLFLVMFIYAIF
GMSNFAYVKREVGIDDMFNFETFGNSMICLFQITTSAGWDGLLAPILNSGPPDCDPD
KDHPGSSVKGDCGNPSVGIFFFVSYHISFLVVVNMYIAVILENFSVATEESAEPLSEDD
FEMFYEVWEKFDPDATQFIEFAKLSDFADALDPPLLIAKPNKVQLIAMDLPMVSGDR
IHCLDILFAFTKRVLGESGEMDALRIQMEERFMASNPSKVSYEPITTTLKRKQEEVSAI
INQRAYRRYLLKQKVKKVSSIYKKDKGKECDGTPIKEDTLIDKLNENSTPEKTDMTPS
TTSPPSYDSVTKPEKEKFEKDKSEKEDKGKDIRESKK), and

NP_066287.2 (SEQ ID NO: 1;
MAQSVLVPPGPDSFRFFTRESLAAIEQRIAEEKAKRPKQERKDEDDENGPKPNSDLEA
GKSLPFIYGDIPPEMVSVPLEDLDPY YINKK TFIVLNKGKAISRFSATPALYILTPFNPIR
KLAIKILVHSLFNMLIMCTILTNC VFMTMSNPPDWTKNVEYTFTGIYTFESLIKILARG
FCLEDFTFLRDPWNWLDFTVITFAYVTEFVDLGNVSALRTFRVLRALKTISVIPGLKTI
VGALIQSVKKLSDVMILTVFCLSVFALIGLQLFMGNLRNK CLQWPPDNSSFEINITSFF
NNSLDGNGTTFNRTVSIFNWDEYIEDK SHFYFLEGQNDALLCGNSSDAGQCPEGYIC
VKAGRNPNYGYTSFDTFSWAFLSLFRLMTQDFWENLYQLTLRAAGKTYMIFFVLVIF
LGSFYLINLILAVVAMAYEEQNQATLEEAEQKEAEFQQMLEQLKKQQEEAQAAAAA
ASAESRDFSGAGGIGVFSESSSVASKLSSK SEKELKNRRKKKKQKEQSGEEEKNDRV
RKSESEDSIRRKGFRFSLEGSRLTYEKRFSSPHQSLLSIRGSLFSPRRNSRASLFSFRGR
AKDIGSENDFADDEHSTFEDNDSRRDSLFVPHRHGERRHSNVSQASRASRVLPILPM
NGKMHSAVDCNGVVSLVGGPSTLTSAGQLLPEGTTTETEIRKRRSSSYHVSMDLLED
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PTSRQRAMSIASILTNTMEELEESRQKCPPCWYKFANMCLIWDCCKPWLKVKHLVN
LVVMDPFVDLAITICIVLNTLFMAMEHYPMTEQFSSVLSVGNLVFTGIFTAEMFLKITA
MDPYYYFQEGWNIFDGFIVSLSLMELGLANVEGLSVLRSFRLLRVFKLAKSWPTLN
MLIKIIGNSVGALGNLTLVLAIVFIFAVVGMQLFGKSYKECVCKISNDCELPRWHMH
DFFHSFLIVFRVLCGEWIETMWDCMEVAGQTMCLTVFMMVMVIGNLVVLNLFLAL
LLSSFSSDNLAATDDDNEMNNLQIAVGRMQKGIDFVKRKIREFIQKAFVRKQKALDE
IKPLEDLNNKKDSCISNHTTIEIGKDLNYLKDGNGTTSGIGSSVEKY VVDESDYMSFIN
NPSLTVTVPIAVGESDFENLNTEEFSSESDMEESKEKLNATSSSEGSTVDIGAPAEGEQ
PEVEPEESLEPEACFTEDCVRKFKCCQISIEEGKGKLWWNLRKTCYKIVEHNWFETFI
VFMILLSSGALAFEDIYIEQRKTIKTMLEYADKVFTYIFILEMLLKWVAYGFQVYFTN
AWCWLDFLIVDVSLVSLTANALGYSELGAIKSLRTLRALRPLRALSRFEGMRVVVN
ALLGAIPSIMNVLLVCLIFWLIFSIMGVNLFAGKFYHCINYTTGEMFDVSVVNNY SEC
KALIESNQTARWKNVKVNFDNVGLGYLSLLQVATFKGWMDIMYAAVDSRNVELQP
KYEDNLYMYLYFVIFIIFGSFFTLNLFIGVIIDNFNQQKKKFGGQDIFMTEEQKKYYNA
MKKLGSKKPQKPIPRPANKFQGMVFDFVTKQVFDISIMILICLNMVTMMVETDDQSQ
EMTNILYWINLVFIVLFTGECVLKLISLRYYYFTIGWNIFDFVVVILSIVGMFLAELIEK
YFVSPTLFRVIRLARIGRILRLIKGAKGIRTLLFALMMSLPALFNIGLLLFLVMFIYAIF
GMSNFAY VKREVGIDDMFNFETFGNSMICLFQITTSAGWDGLLAPILNSGPPDCDPD
KDHPGSSVKGDCGNPSVGIFFFVSYIISFLVVVNMYIAVILENFSVATEESAEPLSEDD
FEMFYEVWEKFDPDATQFIEFAKLSDFADALDPPLLIAKPNKVQLIAMDLPMVSGDR
IHCLDILFAFTKRVLGESGEMDALRIQMEERFMASNPSKVSYEPITTTLKRKQEEVSAI
HNQRAYRRYLLKQKVKKVSSIYKKDKGKECDGTPIKEDTLIDKLNENSTPEKTDMTPS
TTSPPSYDSVTKPEKEKFEKDKSEKEDK GKDIRESKK).

As used herein, the term “2’-deoxynucleoside” refers to a nucleoside comprising a 2’-
H(H) deoxyfuranosyl sugar moiety. In certain embodiments, a 2’-deoxynucleoside is a 2’-3-
D-deoxynucleoside and comprises a 2’-f3-D-deoxyribosyl sugar moiety, which has the 3-D
ribosyl configuration as found in naturally occurring deoxyribonucleic acids (DNA). In
certain embodiments, a 2’-deoxynucleoside may comprise a modified nucleobase or may

comprise an RNA nucleobase (uracil).

As used herein, the term “2’-MOE” refers to a 2’-OCH2CH2OCHs3 group in place of
the 2’-OH group of a furanosyl sugar moiety. A “2’-MOE sugar moiety” means a sugar

moiety with a 2’-OCH2CH2OCH3 group in place of the 2’-OH group of a furanosyl sugar
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moiety. Unless otherwise indicated, a 2’-MOE sugar moiety is in the f-D-ribosyl
configuration. “MOE” means O-methoxyethyl.

As used herein, the term “2’-MOE nucleoside” refers to a nucleoside comprising a 2’-

MOE sugar moiety.

As used herein, the term “S-methyl cytosine” refers to a cytosine modified with a

methyl group attached at the 5 position. A 5-methyl cytosine is a modified nucleobase.

As used herein, the term “ameliorate”, used in reference to a treatment, refers to an
improvement in at least one symptom or hallmark relative to the same symptom or hallmark
in the absence of the treatment. In certain embodiments, amelioration is the reduction in the
severity or frequency of a symptom or hallmark or the delayed onset or slowing of
progression in the severity or frequency of a symptom or hallmark. In certain embodiments,
the symptom or hallmark is seizures, hypotonia, sensory integration disorders, motor
dysfunctions, intellectual and cognitive dysfunctions, movement and balance dysfunctions,
visual dysfunctions, delayed language and speech, neurodevelopmental delays, sudden
unexpected death in epilepsy, motor development delays, delayed social and language
milestones, repetitive actions, uncoordinated oral movements, gastrointestinal disorders (for
example, gastroesophageal reflux, diarrhea, constipation, dysmotility, and the like), or sleep
problems. In certain embodiments, the seizures are focal, clonic, tonic, and generalized tonic
and clonic seizures, prolonged seizures (often lasting longer than 10 minutes), or frequent
seizures (for example, convulsive, myoclonic, absence, focal, obtundation status, or tonic
seizures). In certain embodiments, the seizures are focal motor seizures, tonic seizures,

generalized tonic-clonic seizures or myoclonic seizures.

As used herein, the term “cerebrospinal fluid” or “CSF” refers to the fluid filling the
space around the brain and spinal cord. The term“artificial cerebrospinal fluid” or “aCSF”

refers to a prepared or manufactured fluid that has certain properties of cerebrospinal fluid.

As used herein, the term “effective amount” of an oligomeric compound described
herein refers to a quantity of the oligomeric compound sufficient to, when administered to the
subject, including a human, effect beneficial or desired results, including clinical results. For
example, in the context of treating a SCN2A-related disorder, e.g., a SCN2A-related disorder
caused by a gain-of-function mutation, in a subject, an “effective amount” is an amount of an

oligomeric compound that reduces the number of seizures experienced by the subject, as
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compared to the number of seizures experienced by the subject prior to the administration of
the oligomeric compound. In some embodiments, an “effective amount” of an oligomeric
compound is, when administered to a subject with a SCN2A-related disorder, e.g., a SCN2A-
related disorder caused by a gain-of-function mutation, is sufficient to achieve a treatment
response, such as a decrease in one or more symptoms, as compared to the response obtained

without administration of the oligomeric compound.

As used herein, the term “gapmer” refers to a modified oligonucleotide comprising an
internal region having a plurality of nucleosides that support RNase H cleavage positioned
between external regions having one or more nucleosides, wherein the nucleosides
comprising the internal region are chemically distinct from the nucleoside or nucleosides
comprising the external regions. The internal region may be referred to as the “gap” and the
external regions may be referred to as the “wings” or “wing segments." In certain
embodiments, the internal region is a deoxy region. The positions of the internal region or
gap refer to the order of the nucleosides of the internal region and are counted starting from
the 5’-end of the internal region. Unless otherwise indicated, “gapmer” refers to a sugar
motif. In certain embodiments, each nucleoside of the gap is a 2’-p-D-deoxynucleoside. In
certain embodiments, the gap comprises one 2’-substituted nucleoside at position 1, 2, 3, 4, or
5 of the gap, and the remainder of the nucleosides of the gap are 2’-f-D-deoxynucleosides.
As used herein, the term “MOE gapmer” refers to a gapmer having a gap comprising 2’-f3-D-
deoxynucleosides and wings comprising 2’-MOE nucleosides. As used herein, the term
“mixed wing gapmer” refers to a gapmer having wings comprising modified nucleosides
comprising at least two different sugar modifications. Unless otherwise indicated, a gapmer
may comprise one or more modified internucleoside linkages and/or modified nucleobases
and such modifications do not necessarily follow the gapmer pattern of the sugar

modifications.

As used herein, the term “internucleoside linkage” refers to the covalent linkage
between contiguous nucleosides in an oligonucleotide. As used herein, the term “modified
internucleoside linkage” refers to any internucleoside linkage other than a phosphodiester
internucleoside linkage. The term “phosphorothioate internucleoside linkage” or “PS
internucleoside linkage” refers to a modified internucleoside linkage in which one of the non-
bridging oxygen atoms of a phosphodiester internucleoside linkage is replaced with a sulfur

atom.
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As used herein, the term “linker-nucleoside” refers to a nucleoside that links, either
directly or indirectly, an oligonucleotide to a conjugate moiety. Linker-nucleosides are
located within the conjugate linker of an oligomeric compound. Linker-nucleosides are not
considered part of the oligonucleotide portion of an oligomeric compound even if they are

contiguous with the oligonucleotide.

As used herein, the term "nucleobase" refers to an unmodified nucleobase or a
modified nucleobase. As used herein an “unmodified nucleobase” is adenine (A), thymine
(T), cytosine (C), uracil (U), or guanine (G). As used herein, a “modified nucleobase” is a
group of atoms other than unmodified A, T, C, U, or G capable of pairing with at least one
unmodified nucleobase. A “5-methyl cytosine” is a modified nucleobase. A universal base is
a modified nucleobase that can pair with any one of the five unmodified nucleobases. As
used herein, “nucleobase sequence” means the order of contiguous nucleobases in a target
nucleic acid or oligonucleotide independent of any sugar or internucleoside linkage

modification.

As used herein, the term “nucleoside” refers to a compound or a fragment of a
compound comprising a nucleobase and a sugar moiety. The nucleobase and sugar moiety
are each independently unmodified or modified. As used herein, the term “modified
nucleoside” refers a nucleoside comprising a modified nucleobase and/or a modified sugar
moiety. Modified nucleosides include abasic nucleosides, which lack a nucleobase. The
term “linked nucleosides” refers to nucleosides that are connected in a contiguous sequence
(i.e., no additional nucleosides are presented between those that are linked). An
oligonucleotide may be described herein as comprising a sequence of linked

oligonucleosides.

As used herein, the term "oligomeric compound" refers an oligonucleotide and
optionally one or more additional features, such as a conjugate group or terminal group. An
oligomeric compound may be paired with a second oligomeric compound that is
complementary to the first oligomeric compound or may be unpaired. A “singled-stranded
oligomeric compound” is an unpaired oligomeric compound. The term “oligomeric duplex”
means a duplex formed by two oligomeric compounds having complementary nucleobase
sequences. Each oligomeric compound of an oligomeric duplex may be referred to as a

“duplexed oligomeric compound.”
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As used herein, the term "oligonucleotide" refers to a strand of linked nucleosides
connected via internucleoside linkages, wherein each nucleoside and internucleoside linkage
may be modified or unmodified. Unless otherwise indicated, oligonucleotides consist of 8-50
linked nucleosides. As used herein, the term “modified oligonucleotide” refers to an
oligonucleotide, wherein at least one nucleoside or internucleoside linkage is modified. As
used herein, the term “unmodified oligonucleotide” refers to an oligonucleotide that does not

comprise any nucleoside modifications or internucleoside modifications.

As used herein, the term “pharmaceutically acceptable carrier or diluent” refers to any
substance suitable for use in administering to a subject. Certain such carriers enable
pharmaceutical compositions to be formulated as, for example, tablets, pills, dragees,
capsules, liquids, gels, syrups, slurries, suspension and lozenges for the oral ingestion by a
subject. In certain embodiments, a pharmaceutically acceptable carrier or diluent is sterile

water, sterile saline, sterile buffer solution or sterile artificial cerebrospinal fluid.

As used herein, the term “pharmaceutically acceptable salt” refers to any
physiologically and pharmaceutically acceptable salt of a compound, e.g., an oligomeric
compound. Pharmaceutically acceptable salts retain the desired biological activity of the

parent compound and do not impart undesired toxicological effects thereto.

As used herein, the term “pharmaceutical composition” refers to a mixture of
substances suitable for administering to a subject. For example, a pharmaceutical

composition may comprise an oligomeric compound and a sterile aqueous solution.

As used herein, the term “subject” refers to any organism to which an oligomeric
compound disclosed herein may be administered, e.g., for therapeutic purposes. Typical
subjects include any animal (e.g., mammals such as mice, rats, rabbits, non-human primates,
and humans). A subject may seek or be in need of treatment, require treatment, be receiving
treatment, be receiving treatment in the future, or be a human or animal who is under care by

a trained professional for a particular disease or condition.

In particular embodiments, a “subject” is a human subject. In further embodiments, a
human subject is a pediatric subject. A pediatric subject is a child under the age of 18 years,
such as under the age of 17 years, under the age of 16 years, under the age of 15 years, under
the age of 14 years, under the age of 13 years, under the age of 12 years, under the age of 11

years, under the age of 10 years, under the age of 9 years, under the age of 8 years, under the

b3
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age of 7 years, under the age of 6 years, under the age of 5 years, under the age of 4 years,
under the age of 3 years, under the age of 2 years, under the age of 1 year, under the age of 6
months, under the age of 3 months or under the age of 1 month. In some embodiments, the
pediatric subject may be 2-18 years old, e.g., 2 years old, 3 years old, 4 years old, 5 years old,
6 years old, 7 years old, 8 years old, 9 years old, 10 years old, 11 years old, 12 years old, 13
years old, 14 years old, 15 years old, 16 years old, 17 years old or 18 years old. In some
embodiments, the pediatric subject may be 0-24 months old, e.g., 1 month old, 2 months old,
3 months old, 4 months old, 5 months old, 6 months old, 7 months old, 8 months old, 9
months old, 10 months old, 11 months old, 12 months old, 13 months old, 14 months old, 15
months old, 16 months old, 17 months old, 18 months old, 19 months old, 20 months old, 21
months old, 22 months old, 23 months old or 24 months old. In some embodiments, the
pediatric subject is a newborn. In further embodiments, the pediatric subject is a premature
newborn. In some embodiments, the newborn has low birth weight with or without

prematurity.

As used herein, the term “sugar moiety” refers to an unmodified sugar moiety or a
modified sugar moiety. Asused herein, the term “unmodified sugar moiety” refers to a 2’-
OH(H) p-D-ribosyl moiety, as found in RNA (an “unmodified RNA sugar moiety”), ora 2’-
H(H) B-D-deoxyribosyl sugar moiety, as found in DNA (an “unmodified DNA sugar
moiety”). Unmodified sugar moieties have one hydrogen at each of the 1°, 37, and 4’
positions, an oxygen at the 3 position, and two hydrogens at the 5” position. As used herein,
the terms “modified sugar moiety” or “modified sugar” refer to a modified furanosyl sugar

moiety or a sugar surrogate.

As used herein, the term “symptom or hallmark”™ refers to any physical feature or test
result that indicates the existence or extent of a disease or disorder. In certain embodiments,
a symptom is apparent to a subject or to a medical professional examining or testing said
subject. In certain embodiments, a hallmark is apparent upon invasive diagnostic testing,
including, but not limited to, post-mortem tests. In certain embodiments, a hallmark is

apparent on a brain MRI scan.

As used herein, the term “SCN2A-related disorder” refers to a class of neurological
genetic diseases or disorders characterized by aberrant function of SCN2A. SCN2A-related
disorders include, for example, epilepsy, pediatric epilepsy, benign familial neonatal/infantile
seizures, severe early-onset epilepsy, epileptic encephalopathy, early infantile epileptic
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encephalopathy (i.e., early onset epileptic encephalopathy), late seizure onset epileptic
encephalopathy, Ohtahara syndrome, infantile spasm syndrome (i.e., West syndrome),
Lennox-Gastaut syndrome, generalized epilepsy with febrile seizures, migrating partial
epilepsy of infancy (i.e., epilepsy of infancy with migrating focal seizures), infantile spasms,
autism spectrum disorder, movement disorder, and drug-resistant epilepsies. In some
embodiments, a SCN2A-related disorder may be caused by a gain-of-function SCN2A
mutation. SCN2A-related disorders that may be caused by a gain-of-function SCN2A
mutation include, for example, Ohtahara syndrome, epilepsy of infancy with migrating focal
seizures, developmental and epileptic encephalopathy (DEE), including early seizure onset
epileptic encephalopathy (EE). In some embodiments, a gain-of-function mutation in
SCN2A that is associated with a SCN2A-related disorder includes a mutation selected from
the group consisting of L210Q, A263V, E430A, R1882Q, G879R, Q1479H, V423L,
G1593R, K1502N, V1601L, G211D, S17801, D343H, and ¢.3986C>A p.(A1329D).

Oligomeric Compound

Methods of the present disclosure comprise administering to a subject with a SCN2A-
related disorder an oligomeric compound that comprises a 6-10-4 MOE gapmer having a
sequence (from 5’ to 3”) of CCACGACATATTTTTCTACA (SEQ ID NO: 3); wherein each
of nucleosides 1-6 and 17-20 (from 5’ to 3”) are 2’-MOE nucleosides and each of nucleosides
7-16 are 2’-B-D-deoxynucleosides; wherein the internucleoside linkages between nucleosides
2to3,3t04,4t05,5t06,6to7,and 17 to 18 are phosphodiester internucleoside linkages,
the internucleoside linkages between nucleosides 1to2, 7t08,8t09,91t0 10, 10to 11, 11 to
12,12t0 13, 13 to 14, 14 to 15, 15t0 16, 16 to 17, 18 to 19, and 19 to 20 are

phosphorothioate internucleoside linkages; and wherein each cytosine is a S-methyl cytosine.

In some embodiments, the oligomeric compound comprises a modified
oligonucleotide represented by the following chemical notation:
MCesMCeoAco"CeoGeoAeo"CasAds TdsAds Tas TasTas Tas Tas™Cas TeoAes™ CesAe (SEQ ID NO: 3),

wherein:
A = an adenine nucleobase,
MC = a 5-methyl cytosine nucleobase,

G = a guanine nucleobase,
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T = a thymine nucleobase,
e =a 2’-MOE sugar moiety,
d=a 2’-B-D-deoxyribosyl sugar moiety,
s = a phosphorothioate internucleoside linkage, and
5 o = a phosphodiester internucleoside linkage.

In some embodiments, the oligomeric compound is a modified oligonucleotide

represented by the following chemical structure:

(SEQ ID NO: 3) or a salt thereof.

10 The modified oligonucleotide may be a sodium salt or a potassium salt. In one
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embodiment, the modified oligonucleotide is a sodium salt.

In some embodiments, the modified oligonucleotide may be represented by the

following chemical structure:

5 (SEQIDNO: 3).

In some embodiments, the oligomeric compound of the present disclosure may also be

referred to herein as “Compound 17 or “elsunursen”.

In the context of the present disclosure, the oligomeric compound of the disclosure
may be administered as a part of a pharmaceutical composition comprising the oligomeric
10 compound and a pharmaceutically acceptable carrier or diluent. In certain embodiments, a

pharmaceutical composition comprises or consists of a sterile saline solution and the
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oligomeric compound. In certain embodiments, the sterile saline is pharmaceutical grade
saline. In certain embodiments, a pharmaceutical composition comprises or consists of the
oligomeric compound and sterile water. In certain embodiments, the sterile water is
pharmaceutical grade water. In certain embodiments, a pharmaceutical composition
comprises or consists of the oligomeric compound and phosphate-buffered saline (PBS). In
certain embodiments, the sterile PBS is pharmaceutical grade PBS. In certain embodiments,
the pharmaceutical composition comprises or consists of the oligomeric compound and
artificial cerebrospinal fluid (“artificial CSF” or “aCSF”). In certain embodiments, the

artificial cerebrospinal fluid is pharmaceutical grade.

In certain embodiments, the pharmaceutical composition may comprise the
oligomeric compound of the disclosure and one or more excipients. In certain embodiments,
excipients are selected from water, salt solutions, alcohol, polyethylene glycols, gelatin,
lactose, amylase, magnesium stearate, talc, silicic acid, viscous paraffin,

hydroxymethylcellulose and polyvinylpyrrolidone.

In the context of the present disclosure, the oligomeric compound may be
administered to a subject by an injection (e.g., intravenously, subcutaneously,
intramuscularly, intrathecally (IT), intracerebroventricularly (ICV), intraneurally,
perineurally, efc.). In some embodiments, the oligomeric compound is administered to a

subject intrathecally.
Methods of Treating SCN2A-Related Disorders

Disclosed herein are methods of reducing number of seizures experienced by a subject
with a SCN2A-related disorder caused by a gain-of-functon mutation in SCN2A gene that

comprise administering to the subject an oligomeric compound of the present disclosure.

The present disclosure also provides methods of reducing frequency of seizures
experienced by a subject with a SCN2A-related disorder that comprise administering to the
subject an effective amount of an oligomeric compound of the present disclosure. In some
embodiments, the term “frequency of seizures” refers to the number of seizures experienced
by a subject in a given time period, e.g., a time period of a day, a week, 14 days, 28 days, a

month, 3 months, 6 months or a year.
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The present disclosure also provides methods of reducing the number of average daily
seizures experienced by a subject with a SCN2A-related disorder that comprise administering

to the subject an effective amount of an oligomeric compound of the present disclosure.

The present disclosure also provides methods of increasing the number of seizure-free
days experienced by a subject with a SCN2A-related disorder that comprise administering to

the subject an effective amount of an oligomeric compound of the present disclosure.

The present disclosure also provides methods of reducing seizure burden experienced
by a subject with a SCN2A-related disorder or experienced by a caregiver of a subject with a
SCN2A-related disorder that comprise administering to the subject an effective amount of an
oligomeric compound of the present disclosure. In some embodiments, the term “seizure
burden”, as used herein, encompasses seizure frequency, seizure severity and burdens
associated with seizure unpredictability. Burdens associated with seizures are discussed, e.g.,
in Berg et al., Fpilepsia Open 2019, 4:293-301, the entire contents of which are hereby

incorporated herein by reference.

In some embodiments, methods of the present disclosure allow achieving a reduction
in seizures from baseline on top of, e.g., additional to the reduction in seizures based upon,
best available standard of care. In some embodiments, a subject being administered
Compound 1 in the context of the present disclosure in combination with standard of care
therapy experiences a greater reduction in the number of seizures, e.g., the number of average
daily seizures, than a subject who is administered standard of care therapy but is not
administered Compound 1. In some embodiments, a subject being administered Compound 1
in the context of the present disclosure in combination with standard of care therapy
experiences a greater reduction in the frequency of seizures than a subject who is
administered standard of care therapy but is not administered Compound 1. In some
embodiments, a subject being administered Compound 1 in the context of the present
disclosure in combination with standard of care therapy experiences a greater increase in the
number of seizures-free days than a subject who is administered standard of care therapy but
is not administered Compound 1. In some embodiments, a subject being administered
Compound 1 in the context of the present disclosure in combination with standard of care
therapy experiences a greater decrease in seizure burden than a subject who is administered

standard of care therapy but is not administered Compound 1.
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The term “standard of care therapy”, as used herein, encompasses any therapy (other
than Compound 1) that is useful for treating a SCN2A-related disorder. In some
embodiments, the standard of care therapy may comprise one or more sodium channel
blocking medications, e.g., carbamazepine, oxcarbazepine, lamotrigine, valproate or

topiramate.

Also disclosed herein are methods of treating a subject with a SCN2A-related disorder
caused by a gain-of-function mutation in SCN2A gene that comprise administering to the
subject an oligomeric compound of the present disclosure at a dose of about 0.1 mg to about

20 mg.

The methods disclosed herein may be used to ameliorate one or more symptoms of
early-onset DEE, including, for example, seizures, limitations in communication, such as
delayed language and speech; autonomic dysfunction; developmental delay; gastrointestinal
abnormalities; movement disorders, such as choreoathetosis, dystonia, ataxia; anxiety;
sensory issues; urinary retention problems; irritability; sleep problems (e.g., inability to fall
asleep and inability to stay asleep); and behavior issues. Seizures include focal, clonic, tonic,
and generalized tonic and clonic seizures, prolonged seizures (often lasting longer than 10

minutes), and frequent seizures.

The methods disclosed herein for treating a subject with a SCN2A-related disorder
may have a disease-modifying effect on the subject. The disease-modifying effect may
include one or more of, e.g., a reduction in seizure frequency experienced by a subject, an
increase in the number of seizure-free days experienced by a subject; and an increase in
survival of a subject, as compared to a subject who is administered standard of care therapy
but is not administered Compound 1, or as compared to a subject who is not treated. In some
embodiments, the disease modifying effect may also include a normalized developmental
curve which includes one or more of, e.g., an increased ability of a subject to nurse, to
interact socially, to process and/or manage outside stimuli, to grow and/or to develop
language and/or speech, as compared to a subject who is administered standard of care

therapy but is not administered Compound 1, or as compared to a subject who is not treated.

In some embodiments, methods of the present disclosure reduce the number of
seizures experienced by the subject, as compared to the number of seizures experienced by

the subject prior to the administration of the oligomeric compound. In some embodiments,
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seizures may include one or more of focal, clonic, tonic, and generalized tonic and clonic
seizures, prolonged seizures (often lasting longer than 10 minutes), and frequent seizures. In
some embodiments, seizures may include one or more of focal motor seizures, tonic seizures,

generalized tonic-clonic seizures and myoclonic seizures.

In certain aspects, methods of the present disclosure comprise a dose escalation phase
(or a titration phase) and a maintenance phase. Typically, the dose escalation phase is used to
to determine a maximum dose for the subejct and the maintenace phase is used to administer
the maximum dose to the subject on an ongoing basis. In certain aspects, the method does
not include a dose escalation phase and a selected dose (also referred to herein as a

maintenance dose) is administered to the subject on an ongoing basis.

In some embodiments, the oligomeric compound is administered to a subject in the
context of the present disclosure at a dose of about 0.1 mg to about 20 mg., e.g., about 0.1 mg
to about 0.5 mg, about 0.1 mg to about 1 mg, about 1 mg to about 5 mg, about 0.5 mg to
about 8 mg, about 0.5 mg to about 10 mg, about 1 mg to about 8 mg, about 1 mg to about 10
mg, about 2 mg to about 10 mg or about 5 mg to about 15 mg. In some embodiments, the
oligomeric compound is administered at a dose of about about 0.1 mg, about 0.2 mg, about
0.3 mg, about 0.4 mg, about 0.5 mg, about 0.6 mg, about 0.7 mg, about 0.8 mg, about 0.9 mg,
about 1 mg, about 1.5 mg, about 2 mg, about 2.5 mg, about 3 mg, about 3.5 mg, about 4 mg,
about 5 mg, about 6 mg, about 7 mg, about 8 mg, about 9 mg, about 10 mg, about 11 mg,
about 12 mg, about 13 mg, about 14 mg, about 15 mg, about 16 mg, about 17 mg, about 18
mg, about 19 mg or about 20 mg. In some embodiments, the oligomeric compound is
administered at a dose of about 0.5 mg, about 1 mg, about 1.5 mg, about 2.0 mg, about 2.5
mg, about 3 mg, about 3.5 mg, about 4 mg, about 5 mg, about 8 mg, about 12 mg or about 15
mg. In one embodiment, the oligomeric compound is administered at a dose of about 1 mg.

In some embodiments, the oligomeric compound is administered at a dose of about 8 mg.

In some embodiments, the the oligomeric compound is adminsitered at a dose of at
least 0.25 mg. In some embodiments, the the oligomeric compound is adminsitered at a dose
of at least 0.5 mg. In some embodiments, the the oligomeric compound is adminsitered at a
dose of at least 0.75 mg. In some embodiments, the the oligomeric compound is
adminsitered at a dose of at least 1 mg. In some embodiments, the the oligomeric compound
is adminsitered at a dose of at least 0.25 mg, at least 0.5 mg, at least 0.75 mg, at least 1 mg, at

least 1.5 mg, at least 2 mg, at least 2.5 mg, at least 3 mg, at least 4 mg, at least 5 mg, at least 6
41
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mg, at least 7 mg, at least 8 mg, at least 9 mg, at least 10 mg, at least 11 mg, at least 12 mg, at
least 13 mg, at least 14 mg, at least 15 mg, at least 16 mg, at least 17 mg, at least 18 mg, at

least 19 mg, or at least 20 mg.

In one aspect, the dosage of the oligomeric compound may be titrated one or more
times. In certain embodiments, the dosage is increased 0.5-fold to 10-fold between each
titrated dose, 1-fold to 10-fold or 1.25-fold to 5-fold between each titrated dose. In certain
embodiments, the dosage is increased 1.25-fold to 2-fold, 1.5-fold to 3-fold, 1.5-fold to 2.5-
fold, or 1.5-fold to 2-fold between each titrated dose. In certain embodiments, the dosage is
increased 1.25-fold to 1.75-fold between each titrated dose. In certain embodiments, the
dosage is increased 2-fold, up to 8 mg, followed by no more than a 1.5-fold increase for all

subsequent doses.

In various embodiments, the dosage may be titrated upwardly or downwardly in the
medical judgment of a clinician based upon any clinical factors such as for example, patient
response, or lack of response, at a particular dosage, laboratory results (e.g., blood count,
ECG results, brain scan results, results of pharmacokinetic assessments, efc.), patient illness

or adverse events.

Downward titration may occur any number of times by any factor such as decreasing
the dosage 0.5-fold to 10-fold between each downwardly titrated dose, decreasing the dosage
1-fold to 10-fold or 1.25-fold to 5-fold between each downwardly titrated dose. In certain
embodiments, the dosage is decreased 1.25-fold to 2-fold, 1.5-fold to 3-fold, 1.5-fold to 2.5-
fold, or 1.5-fold to 2-fold between each downwardly titrated dose. In certain embodiments,
the dosage is decreased 1.25-fold to 1.75-fold between each titrated dose. In certain
embodiments, the dosage is decreased 0.5-fold, 1-fold, or 2-fold. In an embodiment,

downward titration may include immediate cessation of dosing or a pause in dosing.

In various embodiments upward titration may be followed by downward titration. In

other embodiments, downward titration may be followed by upward titration.

In certain embodiments, during the dose escalation phase, the dosage of the
oligomeric compound may be titrated from an initial dose of about 1 mg to a maximum dose
of at least about 1.5 mg, about 2 mg, about 3 mg, about 3.5 mg, about 4 mg, about 5 mg,
about 8 mg, about 10 mg, about 12 mg, about 15 mg, about 18 mg, about 20 mg, about 25

mg, about 30 mg, about 32 mg, about 35 mg, about 40 mg, about 45 mg, about 50 about mg,
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about 55 mg, about 60 mg, about 65 mg, about 70 mg, about 75 mg, about 80 mg, about 85
mg, about 90 mg, about 100 mg, or more. In certain embodiments, during the dose escalation
phase, the dosage of the oligomeric compound is titrated from an initial dose of about 0.25
mg, about 0.5 mg, about 0.75 mg, about 1 mg, about 1.5 mg, about 2 mg, about 3 mg, about 4
mg, about 5 mg, about 6 mg, about 7 mg, about 8 mg, about 9 mg, about, 10 mg, about 11
mg, about 12 mg, about 13 mg, about 14 mg, or about 15 mg to a maximum dose of at least
about 20 mg, about 25 mg, about 30 mg, about 35 mg, about 40 mg, about 45 mg, about 50
mg, about 60 mg, about 65 mg, about 70 mg, about 75 mg, about 80 mg, about 85 mg, about
90 mg, about 95 mg, about 100 mg, or more. In certain embodiments, the maximum dose is
about 4-100 mg, about 4-50 mg, about 4-25 mg, about 4-15 mg, about 1-10 mg, about 1.5-10
mg, about 4-8 mg, about 1 to 5 mg, about 1.5 to 5 mg, about 1.5 to 8 mg, about 8-100 mg,
about 8-75 mg, about 8-50 mg, about 8-25 mg, or about 8-15 mg. In certain embodiments,
the maximum dose is about 15-100 mg, about 15-75 mg, about 15-50 mg, about 15-40 mg,
about 15-30 mg, about 15-25 mg. In certain embodiments, during the dose escalation phase,
the dosage of the oligomeric compound is titrated from an initial dose of about 1 mg to a
maximum dose of at least about 15 mg. In certain embodiments, during the dose escalation
phase, the dosage of the oligomeric compound is titrated from an initial dose of about 1 mg to
a maximum dose of about 32 mg. In certain embodiments, during the dose escalation phase,
the dosage of the oligomeric compound is titrated from an initial dose of about 1 mg to a
maximum dose of about 32-64 mg. In certain embodiments, the dosage of the oligomeric

compound is titrated from an initial dose of about 1 mg to a maximum dose of at least 64 mg.

In certain embodiments, the dosage of the oligomeric compound may be administered
from an initial dose of about 1 mg to a cumulative dose of at least about 5 mg, about 7 mg,
about 8 mg, about 10 mg, about 20 mg, about 30 mg, about 40 mg, about 50 mg, about 60
mg, about 70 mg, about 80 mg, about 90 mg, about 100 mg, about 110 mg, about 120 mg,
about 130 mg, about 140 mg, about 150 mg, about 160 mg, about 170 mg, about 180 mg,
about 190 mg, about 200 mg, about 500 mg, about 1 g, about 10 g, or about 54 grams or
more. In certain embodiments, the dosage of the oligomeric compound is administered from
an initial dose of about 1 mg, about 1.5 mg, about 2 mg, about 2.5 mg, about 3 mg, about 3.5
mg, about 4 mg, about 5 mg, about 6 mg, about 7 mg, about 8 mg, about 9 mg, about 10 mg,
about 11 mg, about 12 mg, about 13 mg, about 14 mg, about 15 mg, about 16 mg, about 17
mg, about 18 mg, about 19 mg, about 20 mg, about 25 mg, or about 30 mg to a cumulative

dose of at least about 50 mg, about 60 mg, about 70 mg, about 80 mg, about 90 mg, about
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100 mg, about 110 mg, about 120 mg, about 130 mg, about 140 mg, about 150 mg, about 160
mg, about 170 mg, about 180 mg, about 190 mg, about 200 mg, about 500 mg, about 1 g,

about 10 g, or about 54 grams or more.

In certain embodiments, the cumulative dose is about 40-200 mg, about 50-200 mg,
about 50-175 mg, about 50-150 mg, about 50-125 mg, about 50-100 mg, about 50-75 mg,
about 40-50 mg, about 75-200 mg, about 75-175 mg, about 75-150 mg, about 75-125 mg,
about 75-100 mg, about 100-200 mg, about 100-175 mg, about 100-150 mg, about 100-125
mg, about 125-200 mg, about 125-175 mg, about 125-150 mg, about 150-200 mg, or about
150-175 mg. In certain embodiments, the dosage of the oligomeric compound is
administered from an initial dose of about 1 mg to a cumulative dose of at least about 40 mg
or 50 mg. In certain embodiments, the dosage of the oligomeric compound is administered
from an initial dose of about 1 mg to a cumulative dose of at least about 100 mg. In certain
embodiments, the dosage of the oligomeric compound is administered from an initial dose of
about 1 mg to a cumulative dose of at least about 40-100 mg, 50-100 mg, 100 mg to 200 mg,
200 mg to 500 mg, about 500 mg to about 1 g, about 1 g to about 10 g, about 10 g to about
540 g,

In some embodiments, the dosing of the oligomenric compound, including dose
escalations and reductions during treatment, is determined by a clinician in light of available
information and relevant considerations. The relevant considerations may include any
considerations deemed relevant by a clinician, such as, by way of non-limiting example,
overall health of patient, response to drug treatment, infectious disease state and
management, vital signs, seizure counts and/or test results, e.g., blood count, ECG results,

brain scan results, results of pharmacokinetic assessments, efc.

In one aspect, the maximum dose is reached after administration of multiple titrated
doses of the oligomeric compound. In certain embodiments, the maximum dose of the dose
escalation phase is reached after administration of 2-20 titrated doses of the oligomeric
compound, including after 2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20
titrated doses of the oligomeric compound. In certain embodiments, the maximum dose of
the dose escalation phase is reached after administration of 2-4, 2-10, 4-16, 4-12, 4-10, 4-8,
5-15, 5-12, 5-10, 5-8, 6-12, 6-10, 8-12, or 8-10 titrated doses of the oligomeric compound. In
certain embodiments, the maximum dose of the dose escalation phase is reached after

administration of up to about 4 to about 12 titrated doses of the oligomeric compound. In
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other embodiments, no titration is needed to reach the maximum dose, e.g., dose 1 is the

maximum dose.

In one aspect, each administration of the titrated dose of the oligomeric compound is
separated by about 3-20 weeks. In certain embodiments, each administration of the titrated
dose of the oligomeric compound is separated by about 1 week, 2,3,4,5,6,7,8,9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19, or 20 weeks. In certain embodiments of the dose escalation
phase, the titrated dose of the oligomeric compound is administered about every 4-6 weeks.
In certain embodiments, each administration of the titrated dose of the oligomeric compound
is separated by at least about 6 weeks. In certain embodiments, each administration of the
titrated dose of the oligomeric compound is separated by at least about 2-4 weeks. In other
embodiments, each administration of the titrated dose of the oligomeric compound is
separated by at least about 2 weeks, at least about 3 weeks, or at least about 4 weeks. In
certain embodiments, a titrated dose of the oligomeric compound is administered no more
frequently than every 6 weeks. In other embodiments, a titrated dose of the oligomeric
compound is administered no more frequently than every 4 weeks. In other embodiments, a
titrated dose of the oligomeric compound is administered no more frequently than every 3
weeks. In other embodiments, a titrated dose of the oligomeric compound is administered no

more frequently than every 2 weeks.

In some embodiments, the oligomeric compound is administered to a subject every
week. In some embodiments, the oligomeric compound is administered to a subject every 2
weeks. In some embodiments, the oligomeric compound is administered to a subject every 3
weeks. In some embodiments, the oligomeric compound is administered to a subject every 4
weeks. In some embodiments, the oligomeric compound is administered to a subject every 6
weeks. In some embodiments, the oligomeric compound is administered to a subject every 8
weeks. In some embodiments, the oligomeric compound is administered to a subject every
10 weeks. In some embodiments, the oligomeric compound is administered to a subject
every 12 weeks. In some embodiments, the oligomeric compound is administered to a

subject every month.

In certain embodiments, during the dose escalation phase, the dosage of the
oligomeric compound is titrated from an initial dose of about 1 mg to a maximum dose of
about 15 mg. In certain embodiments, during the dose escalation phase, the dosage of the

oligomeric compound is titrated from a first dose of about 1 mg to a second dose of about 2
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mg, and optionally to a third dose of about 4 mg, and optionally to a fourth dose of up to
about 8 mg, and optionally to a fifth dose of up to about 12 mg, and optionally to a sixth dose
of up to about 15 mg. In certain embodiments, the fourth dose of about 8 mg is titrated to a
fifth dose of about 15 mg. In certain embodiments, 2-6 weeks separate the administration of
each titrated dose. In other embodiments, the titration can continue up to a maximum dose of

100 mg.

In one aspect, the method of treatment further comprises administering a maintenance
dose during a maintenance phase. In certain embodiments, the maintenance phase follows
the dose escalation phase. In certain embodiments, the maintenance dose is the maximum
dose following the dose escalation phase. In other embodiments, the maintenance dose is

selected and administered to a subject without the subject undergoing a dose escalation phase.

In certain embodiments, the maintenance dose is administered about every 16-20
weeks or every 2-20 weeks. In certain embodiments, the maintenance dose is administered
aboutevery 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 weeks. In
certain embodiments, the maintenance dose is administered about every 1-4 weeks, 1-6
weeks, 1-8 weeks, 1-16 weeks, 2-16 weeks, 2-8 weeks, 6-18 weeks, 6-16 weeks, 6-14 weeks,
6-12 weeks, 6-10 weeks, 8-18 weeks, 8-16 weeks, 8-14 weeks, 8-12 weeks, 8-10 weeks, 10-
18 weeks, 10-16 weeks, 10-14 weeks, or 10-12 weeks. In certain embodiments, the

maintenance dose is administered about every 12 weeks.

In one aspect of the methods of treatment, the maintenance dose is administered after
the maximum dose, as described herein, has been reached during the dose escalation phase.
In certain embodiments, the maintenance dose is administered after a maximum dose of about
1-15 mg, e.g., a maximum dose of about 1 mg, about 1.5 mg, about 2 mg, about 2.5 mg,
about 3 mg, about 4 mg, about 5 mg, about 6 mg, about 7 mg, about 8 mg, about 10 mg,
about 12 mg or about 15 mg has been reached. In certain embodiments, the maintenance
dose is administered after the maximum dose of about 15 mg has been reached. In certain
embodiments, the maintenance dose is administered after a maximum dose of greater than 15
mg has been reached. In certain embodiments, the maintenance dose is administered after a
maximum dose of about 15-32 mg has been reached. In certain embodiments, the
maintenance does is administered after a maximum dose of about 30-50 mg has been
reached. In certain embodiments, the maintenance dose is administered after a maximum

dose of greater than 50 mg has been reached.
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In one aspect, multiple maintenance doses are administered. In certain embodiments
each administration of the maintenance dose is separated by about 2-20 weeks. In certain
embodiments, each administration of the maintenance dose is separated by about 2, 3, 4, 5, 6,
7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 weeks. In various embodiments, each
administration of the maintenance dose is separated by about a month. In certain
embodiments, each administration of the maintenance dose is separated by about 8-16, 8-14,
8-12, 8-10, 10-16, 10-14, or 10-12 weeks. In certain embodiments, the maintenance dose is

administered at least about every 12 weeks.

In one aspect, maintenance doses are administered over a period of 6 months or
greater. In certain embodiments, maintenance doses are administered for the remainder of a
subject’s life. In certain embodiments, maintenance doses are administered for at least 1-50
years. In certain embodiments, maintenance doses are administered for at least 1, 2, 3, 4, 5,
6,7,8,9,or 10 years. In certain embodiments, maintenance doses are administered for at
least 2-50 years, 2-40 years, 2-35 years, 2-30 years, 2-25 years, 2-20 years, 2-15 years, 2-10
years, or 2-5 years. In certain embodiments, maintenance doses are administered for at least 2

years.

In one aspect, the method of treatment comprises inhibiting the expression of SCN2A
in neuronal cells in the subject. In various aspects, the method of treatment comprises
inhibiting the expression of SCN2A mRNA in the subject by about 10% to about 90%, about
35% to about 80%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%,
about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about
85%, about 90%, about 95%, or more than about 95% but less than 100%. In other aspects,
about 25% to about 50% or about 35% to about 40% knockdown of SCN2A mRNA is

achieved.

In an aspect, the subject has been diagnosed with early-onset DEE prior to one year of
age. In another aspect, the subject has been diagnosed with early-onset DEE prior to three
months of age. In certain embodiments, the subject has been diagnosed with early-onset DEE
prior to two months or prior to one month of age. In certain embodiments, the subject has
been diagnosed with early-onset DEE in utero. Typically, the diagnosis comprises
determining that the subject carries an SCN2A mutation prior to administering the oligomeric
compound. Any SCN2A mutation can be used to diagnose early-onset DEE, including any

known SCN2A mutation and any SCN2A mutation identified in the future. In certain
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embodiments, the SCN2A mutation comprises one or more of A263V, E430A, E430G,
R1882Q, G879R, G1593R, K1502N, V1601L, G211D, S17801, D343H, R1626Q, G882E,
M1545V, 1.210Q, Q1479H, N1662D, F1597L, V423L, A215T, I891T, A1329D, or a
combination thereof. In some embodiments, the SCN2A mutation comprises one or more of
Q1531K, L1563V, E1321K, Y1589C, M252V, R223E, L1330F, V208E, R36G, R1882G,
D343G, V261L, F1651C, R1319Q, A263V, Q383E, V13251, K908E, V261M, S9871,
R1629H, R1882Q, M1338T, E999K, R856Q, V423L, S1336Y, R1626Q, G882E, N212D,
E1211K, D195G, L1342P, R220Q, R853Q, R1435*, K503fs*, R937C, or a combination
thereof. In some embodiments, the SCN2A mutation comprises one or more of L210Q),
A263V, E430A, R1882Q, G879R, Q1479H, V423L, G1593R, K1502N, V1601L, G211D,
S1780I, D343H and A1329D, or a combination thereof. In some embodiments, the SCN2A

mutation comprises A1329D.

In one aspect, the subject is a human or non-human animal. In certain embodiments,
the subject is a human. In certain embodiments, the subject is a human from 2 years old to 18
years old. In other embodiments, the subject is a human older than 2 years old or younger

than 18 years old. In other embodiments, the subject is a human older than 18 years old.

In certain embodiments, the subject is a human younger than 2 years old. In certain
embodiments, the subject is a human infant. In further embodiments, the infant is 6 months
or younger, 5 months or younger, 4 months or younger, 3 months or younger, 2 months or

younger or 1 month or younger.

In certain embodiments, the subject is a human newborn. In further embodiments, the
newborn is a full term newborn, i.e., born after 39 or more weeks of gestation. In other
embodiments, the newborn is a premature newborn, i.e., born after less than 39 weeks of
gestation. In some embodiments, the subject is a human premature newborn born after less
than 38 weeks, less than 37 weeks, less than 36 weeks, less than 35 weeks, less than 34
weeks, less than 33 weeks, less than 32 weeks, or less than 31 weeks, less than 30 weeks, or
less than 28 weeks of gestation. In various embodiments, the newborn has a low birth weight

regardless of gestational age.

An oligomeric compound described herein may be administered to a subject in the
context of the present invention in combination with another agent or therapy, e.g., an

antiepilepsy agent. Non-limiting examples of the anti-epilepsy agents include brivaracetam,

48



10

15

20

25

30

WO 2025/059511 PCT/US2024/046682

carbamazepine, clobazam, clonazepam, diazepam, divalproex, eslicarbazepine, ethosuximide,
ezogabine, felbamate, gabapentin, lacosamide, lamotrigine, levetiracetam, lorazepam,
oxcarbezepine, permpanel, phenobarbital, phenytoin, pregabalin, primidone, rufinamide,
tigabine, topiramate, valproic acid, vigabatrin, zonisamide, and cannabidiol. In an

embodiment, an oligomeric compound is administered in combination with carbamazepine.

In addition to intrathecal administration, the oligomeric compounds described herein
may also be administered, for example, by oral, parenteral, intracerebroventricular,
intraparenchymal, buccal, sublingual, nasal, rectal, patch, pump, or transdermal
administration. Parenteral administration includes intravenous, intraperitoneal, subcutaneous,
intramuscular, transepithelial, nasal, intrapulmonary, intrathecal, intracisternal,

intracerebroventricular, intraparenchymal, rectal, and topical modes.

Other SCN2A disorders can be treated according to the methods disclosed in this
application include developmental or epileptic encephalopathy (DEE), such as, Ohtahara
Syndrome; epilepsy with migrating focal seizures of infancy (EIMFS); infantile and
childhood DEE, for example West Syndrome and Lennon-Gastaut Syndrome; Dravet
Syndrome; Idiopathic/Generic Generalized Epilepsies (IGE/GGE); Temporal Lobe Epilepsy;
Myoclonic Astatic Epilepsy (MAE); Migrating Partial Epilepsy of Infancy (MMPSI); and
familial hemiplegic migraines, with or without epilepsy. In certain embodiments, the
SCN2A-related disorder is late seizure onset epileptic encephalopathy. In certain
embodiments, the SCN2A-related disorder is Benign Familial Neonatal-Infantile Seizures. In
certain embodiments, the SCN2A-related disorder is an intellectual disability (ID). In certain
embodiments, the SCN2A-related disorder is an autism spectrum disorder (ASD).

The methods of treatment disclosed herein may be used to ameliorate one or more
symptoms of SCN2A disorders, including seizures, hypotonia, sensory issues, such as
sensory integration disorders, motor development delays and dysfunctions, intellectual and
cognitive dysfunctions, movement and balance dysfunctions, visual dysfunctions, delayed
language and speech, gastrointestinal disorders, neurodevelopmental delays, and sleep
problems. Seizures include focal, clonic, tonic, and generalized tonic and clonic seizures,

prolonged seizures (often lasting longer than 10 minutes), and frequent seizures.

In some embodiments, administration of an oligomeric compound to a subject in need

thereof in the context of the present disclosure results in a decrease in the frequency of
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seizures experienced by the subject, as compared to the frequency of seizures experienced by
the subject prior to the administration of the oligomeric compound. In some embodiments,
administration of an oligomeric compound to a subject in need thereof in the context of the
present disclosure results in a decrease of at least about 5%, at least about 10%, at least about
15%, at least about 20%, at least about 25%, at least about 30%, at least about 35%, at least
about 40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%, at
least about 65%, at least about 70%, at least about 75% at least about 80%, at least about
85%, at least about 90% or at least about 95% in the frequency of seizures experienced by the
subject, as compared to the frequency of seizures experienced by the subject prior to the
administration of the oligomeric compound. In some embodiments, a decrease in the
frequency of seizures in the subject is observed at least 1 week, at least 2 weeks, at least 4
weeks, at least 6 weeks, at least 8 weeks, at least 10 weeks, at least 12 weeks, at least 14
weeks or at least 16 or more weeks after the start of the administration of an oligomeric
compound. In some embodiments, a decrease in frequency of seizures experienced by the
subject is observed within 28 days after the start of administration of the oligomeric
compound. In some embodiments, the term “frequency of seizures” refers to the number of

seizures experienced by a subject in a given time period, e.g., a time period of 28 days.

In some embodiments, administering an oligomeric compound to a subject with a
SCN2A-related disorder in the context of the present disclosure results in a decrease in the
number of average daily seizures experienced by the subject, as compared to the number of
average daily seizures experienced by the subject prior to administering the oligomeric
compound. In some embodiments, administering an oligomeric compound to a subject in
need thereof in the context of the present disclosure results in a decrease of at least about 5%,
at least about 10%, at least about 15%, at least about 20%, at least about 25%, at least about
30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, at least
about 55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at
least about 80%, at least about 85%, at least about 90% or at least about 95% in the number
of average daily seizures experienced by the subject, as compared to the number of average
daily seizures experienced by the subject prior to administering an oligomeric compound. In
some embodiments, a decrease in the number of average daily seizures experienced by the
subject is observed at least 1 week, at least 2 weeks, at least 4 weeks, at least 6 weeks, at least
8 weeks, at least 10 weeks, at least 12 weeks, at least 14 weeks or at least 16 or more weeks

after the start of the administration of an oligomeric compound. In other embodiments, a
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decrease in the number of average daily seizures is observed within 24 hours after the start of
administration of an oligomeric compound. In some embodiments, a decrease in the number
of average daily seizures is observed within 28 days after the start of admnistration of the
oligomeric compound. In some embodiments, a decrease in the number of average daily
seizures 1s observed following administration of a single dose of the oligomeric compound.
In some embodiments, a decrease in the number of average daily seizures is observed
following administration of multiple doses of the oligomeric compound, i.e., two doses of the
oligomeric compound, three doses of the oligomeric compound, or four or more doses of the

oligomeric compound.

In some embodiments, administering of an oligomeric compound to a subject with a
SCN2A-related disorder in the context of the present disclosure results in a decrease in the
frequency of focal motor seizures experienced by the subject, as compared to the frequency
of focal motor seizures experienced by the subject prior to the administration of the
oligomeric compound. In some embodiments, administration of an oligomeric compound to
a subject in need thereof in the context of the present disclosure results in a decrease of at
least about 5%, at least about 10%, at least about 15%, at least about 20%, at least about 25%,
at least about 30%, at least about 35%, at least about 40%, at least about 45%, at least about
50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%, at least
about 75% at least about 80%, at least about 85%, at least about 90% or at least about 95% in
the frequency of focal motor seizures experienced by the subject, as compared to the
frequency of focal motor seizures experienced by the subject prior to the administration of the

oligomeric compound.

In some embodiments, administering of an oligomeric compound to a subject with a
SCN2A-related disorder in the context of the present disclosure results in a decrease in the
frequency of tonic seizures experienced by the subject, as compared to the frequency of tonic
seizures experienced by the subject prior to the administration of the oligomeric compound.
In some embodiments, administration of an oligomeric compound to a subject in need thereof
in the context of the present disclosure results in a decrease of at least about 5%, at least
about 10%, at least about 15%, at least about 20%, at least about 25%, at least about 30%, at
least about 35%, at least about 40%, at least about 45%, at least about 50%, at least about
55%, at least about 60%, at least about 65%, at least about 70%, at least about 75% at least
about 80%, at least about 85%, at least about 90% or at least about 95% in the frequency of
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tonic seizures experienced by the subject, as compared to the frequency of tonic seizures

experienced by the subject prior to the administration of the oligomeric compound.

In some embodiments, administering of an oligomeric compound to a subject with a
SCN2A-related disorder in the context of the present disclosure results in a decrease in the
frequency of myoclonic seizures experienced by the subject, as compared to the frequency of
myoclonic seizures experienced by the subject prior to the administration of the oligomeric
compound. In some embodiments, administration of an oligomeric compound to a subject in
need thereof in the context of the present disclosure results in a decrease of at least about 5%,
at least about 10%, at least about 15%, at least about 20%, at least about 25%, at least about
30%, at least about 35%, at least about 40%, at least about 45%, at least about 50%, at least
about 55%, at least about 60%, at least about 65%, at least about 70%, at least about 75% at
least about 80%, at least about 85%, at least about 90% or at least about 95% in the frequency
of myoclonic experienced by the subject, as compared to the frequency of myoclonic seizures

experienced by the subject prior to the administration of the oligomeric compound.

Interictal epileptiform discharges (IEDs) are abnormal electrical brain activity
patterns that occur between seizures in patients with epilepsy (Smith e7 al., Elife. 2022 Jan
20;11:€73541. doi: 10.7554/eLife.73541. PMID: 35050851; PMCID: PMC8813051). It has
been reported that IEDs in children with idiopathic epilepsy can affect both cognitive
function and academic performance. (Cheng et al., BMC Neurol. 2020 Jun 6;20(1):233. dot:
10.1186/s12883-020-01807-z. PMID: 32505173; PMCID: PMC7275426). IEDs can be
measured non-invasively using electroencephalography (EEG), a technique that records
electrical activity in the brain through electrodes placed on the scalp. This makes it possible

to monitor changes in IED frequency in real-time without causing discomfort to the subject.

Without wishing to be bound by a specific theory, it is believed that [EDs may be
used clinically, e.g., to test effects of various therapies in subjects with DEEs. For example,
IEDs can serve as an objective biomarker for the presence and severity of epileptic activity.
By measuring the frequency and distribution in the brain of IEDs before and after
administering a drug treatment, the drug's effectiveness in reducing epileptic activity can be
monitored. It is also believed that changes in IED frequency and distribution may be
detectable before any significant changes in seizure frequency or other clinical signs. Thus,
IEDs can provide an early indication of the drug’s effectiveness in treating DEE in a clinical

trial, and may be used to inform target engagement and dosing strategies. It is also believed
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that a decrease in IED frequency after drug treatment may be associated with improved
seizure control and cogntive outcomes. Thus, monitoring IEDs during a clinical trial can

provide valuable information on the potential long-term benefits of the treatment.

In some embodiments, administering an oligomeric compound to a subject in need
thereof in the context of the present disclosure results in a decrease in the frequency of IEDs
in the subject, as compared to the frequency of IEDs in the subject prior to administering an
oligomeric compound. In some embodiments, administering an oligomeric compound to a
subject in need thereof in the context of the present disclosure results in a decrease of at least
about 5%, at least about 10%, at least about 15%, at least about 20%, at least about 25%, at
least about 30%, at least about 35%, at least about 40%, at least about 45%, at least about
50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%, at least
about 75% or at least about 80% in frequency of IEDs in the subject, as compared to the
frequency of IEDs in the subject prior to administering an oligomeric compound. In some
embodiments, the decrease in the frequency of IEDs in the subject is observed at least 1
week, at least 2 weeks, at least 3 weeks, at least 4 weeks, at least 6 weeks, at least 8 weeks, at
least 10 weeks, at least 12 weeks, at least 14 weeks or at least 16 or more weeks after the start
of the administration of an oligomeric compound.In some embodiments, administering an
oligomeric compound to a subject in need thereof in the context of the present disclosure
results in a decrease in the frequency of amplitude-integrated electroencephalography (aEEG)
signals, as compared to the frequency of aEEG signals in the subject prior to administering an
oligomeric compound. In some embodiments, administering an oligomeric compound to a
subject in need thereof in the context of the present disclosure results in a decrease of at least
about 5%, at least about 10%, at least about 15%, at least about 20%, at least about 25%, at
least about 30%, at least about 35%, at least about 40%, at least about 45%, at least about
50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%, at least
about 75% or at least about 80% in frequency of aEEG signals in the subject, as compared to
the frequency of aEEG signals in the subject prior to administering an oligomeric compound.
In some embodiments, the decrease in the frequency of aEEG signals in the subject is
observed at least 1 week, at least 2 weeks, at least 3 weeks, at least 4 weeks, at least 6 weeks,
at least 8 weeks, at least 10 weeks, at least 12 weeks, at least 14 weeks or at least 16 or more
weeks after the start of the administration of an oligomeric compound. In other
embodiments, the decrease in frequency of aEEG signals in a subject is observed within 24

hours after the start of administration of an oligomeric compound.
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EXEMPLIFICATION OF THE INVENTION

Example 1: A Seamless, Clinical Trial to Investigate the Safety and Efficacy of Multiple
Doses of Compound 1 in Pediatric Participants with Early Onset SCN2A
Developmental and Epileptic Encephalopathy

This is a seamless, in part non-randomized, open label, and in part randomized,
placebo procedure-controlled, double-blind, clinical trial to explore the safety, tolerability,
PK, and efficacy of ascending doses of Compound 1 in pediatric participants with early onset
SCN2A DEE, aged 2 to 18 years. The trial is being conducted in 4 parts: the preliminary
safety Part 1 (open label), dose-escalation Part A (double blind), confirmatory Part B (double
blind), followed by an open-label extension in Part C.

PART 1: PRELIMINARY SAFETY

Objective Endpoint

Primary

To evaluate the safety and tolerability of Incidence and severity of treatment-emergent
Compound 1 administered by intrathecal adverse events (TEAEs)
(IT) injection in participants with early Changes in findings on physical and
onset SCN2A DEE neurological examinations
Changes in video electroencephalogram
(VEEG) characteristics as determined by a
central reader
Changes in vital sign measurements
Changes in clinical laboratory results
Changes in electrocardiogram (ECG)
parameters

Secondary

To explore the preliminary efficacy of Seizure frequency per 28 days, as assessed by
Compound 1 in participants with early seizure diary, over the time period after
onset SCN2A DEE the 4" dose administration

Seizure frequency per 28 days over the time

period immediately after each dose
administration

Percent change from baseline in seizure

frequency per 28 days over the time period
immediately after each dose administration

Response, defined as >50% reduction in

seizure frequency per 28 days over the time
period immediately after each dose
administration
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Objective ‘

Endpoint

PK

To characterize the pharmacokinetics (PK) of
Compound 1

Plasma and cerebrospinal fluid (CSF)
concentrations of Compound 1

Plasma Compound 1 PK parameters

Exploratory

To explore additional preliminary efficacy of
Compound 1

Electroencephalogram (EEG) characteristics,
including but not limited to electrographic
seizures, interictal epileptiform discharges,
background frequency, and features of sleep
at each post dose timepoint

To evaluate the impact of Compound 1 on
inflammatory markers

Levels of inflammatory markers (including
C-reactive protein [CRP] and complement
[test for total complement activity — CH50,
C3a, Bb and C5a], fibrinogen)

To evaluate the potential for immunogenicity
towards Compound 1

Presence of anti-drug antibodies (ADA) in
plasma

PART A: DOSE ESCALATION

Objective

Endpoint

Primary

To evaluate the safety and tolerability of
ascending doses of Compound 1
administered by intrathecal (IT) injection
in participants with early onset SCN2A
DEE

Incidence and severity of TEAEs

Changes in findings on physical and
neurological examinations

Changes in vEEG characteristics as
determined by a central reader

Changes in vital sign measurements
Changes in clinical laboratory results
Changes in ECG parameters

Secondary

To explore the preliminary efficacy of
Compound 1 compared with placebo in
participants with early onset SCN2A
DEE

Seizure frequency per 28 days, as assessed by
seizure diary, over the time period after
the 6 dose administration

Seizure frequency per 28 days over the time
period immediately after each dose
administration

Percent change from baseline in seizure
frequency per 28 days over the time period
immediately after each dose administration

Response, defined as >50% reduction in
seizure frequency per 28 days over the time
period immediately after each dose
administration
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Objective

Endpoint

PK

To characterize the PK of Compound 1

Plasma and CSF concentrations of Compound
1

Plasma Compound 1 PK parameters

Exploratory

To explore additional preliminary efficacy of
Compound 1 compared with placebo

EEG characteristics, including but not limited
to electrographic seizures, interictal
epileptiform discharges, background
frequency, and features of sleep at each post
dose timepoint

Clinical Global Impression-Severity (CGI-S)
at baseline and Clinical Global Impression-
Improvement (CGI-I) scores at each post
dose timepoint

Caregiver Global Impression-Severity
(CgGI-S) at baseline and Caregiver Global
Impression-Improvement (CgGI-I) scores at
each post dose timepoint

Quality of life as assessed by Quality of Life
Inventory-Disability (QI-Disability) at the
end of Part A

evelopmental milestones as assessed by
Bayley Scales of Infant Development —
Third Edition (Bayley-3) domain and
subtest scores

Behavior as assessed by Aberrant Behavior
Checklist — 2™ Edition (ABC-2) total and
subscale scores at the end of Part A

Sleep as assessed by Sleep Disturbance Scale
for Children at the end of Part A

To evaluate the impact of Compound 1 on
inflammatory markers

Levels of inflammatory markers (including
CRP and complement [CH50, C3a, Bb and
C5al, fibrinogen)

To evaluate the potential for immunogenicity
towards Compound 1

Presence of ADA in plasma

PART B: CONFIRMATORY

Objective

Endpoint

Primary

e To assess the efficacy of Compound 1
administered by IT injections compared
with placebo in participants with early

onset SCN2A DEE

e Seizure frequency per 28 days, as
assessed by seizure diary, over the time
period after the 6™ dose administration
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Objective Endpoint

Secondary

e To assess the secondary efficacy of Seizure frequency per 28 days during the
Compound 1 administered by IT time period immediately after each dose
injections compared with placebo in administration
participants with early onset SCN2A Percent change from baseline in seizure
DEE frequency per 28 days over the time

period immediately after each dose
administration

Response, defined as >50% reduction in

seizure frequency per 28 days, over the
time period immediately after each dose
administration

EEG characteristics, including but not

limited to electrographic seizures,
interictal epileptiform discharges,
background frequency, and features of
sleep at each post dose timepoint

CGI-S at baseline and CGI-I scores at each

post dose timepoint

CgGI-S at baseline and CgGI-I scores at

each post dose timepoint
Quality of life as assessed by Quality of
Life Inventory-Disability (QI-Disability)
at the end of Part B

Developmental milestones as assessed by
Bayley Scales of Infant Development —
Third Edition (Bayley-3) domain and
subtest scores

Behavior as assessed by ABC-2 total and

subscale scores at the end of Part B

Sleep as assessed by Sleep Disturbance

Scale for Children at the end of Part B

Safety

e To evaluate the safety and tolerability of | e Incidence and severity of TEAEs

Compound 1 administered by IT ¢ Changes in findings on physical and
injection in participants with early onset neurological examinations

SCN2A DEE e Changes in VEEG characteristics as

determined by a central reader
e Changes in vital sign measurements
o Changes in clinical laboratory results
e Changes in ECG parameters

PK

e To characterize the PK of Compound 1 | Plasma and CSF concentrations of
Compound 1
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Objective

Endpoint

Plasma Compound 1 PK parameters

Exploratory

e To evaluate the impact of Compound 1

on inflammatory markers

e Levels of inflammatory markers
(including CRP and complement [CH50,
C3a, Bb and C5a], fibrinogen)

¢ To evaluate the potential for

immunogenicity towards Compound 1

Presence of ADA in plasma

PART C: OPEN-LABEL EXTENSION

Objective

Endpoint

Exploratory

¢ To evaluate the durability of efficacy of
Compound 1 administered by IT
injections at a maintenance dosing

schedule

Seizure frequency per 28 days, as
assessed by seizure diary, over the time
period immediately after each dose
administration

Percent change from baseline in seizure
frequency per 28 days over the time
period immediately after each dose
administration

Response, defined as >50% reduction in
seizure frequency per 28 days over the
time period after each dose
administration

EEG characteristics, including but not

limited to electrographic seizures,

interictal epileptiform discharges,

background frequency, and features of

sleep at each post dose timepoint

CGI-S at baseline and CGI-I scores at each
post dose timepoint

CgGI-S at baseline and CgGI-I scores at
each post dose timepoint

Quality of life as assessed by Quality of
Life Inventory-Disability (QI-Disability)
at the end of Part C

Developmental milestones as assessed by
Bayley Scales of Infant Development —
Third Edition (Bayley-3) domain and
subtest scores

Behavior as assessed by ABC-2 total and
subscale scores at the end of Part C

Sleep as assessed by Sleep Disturbance

Scale for Children at the end of Part C
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Objective Endpoint

e To evaluate the impact of Compound 1 o Levels of inflammatory markers

on inflammatory markers (including CRP and complement [CH50,
C3a, Bb and C5a], fibrinogen)

e To evaluate the potential for e Presence of ADA in plasma
immunogenicity towards Compound 1

Safety

e To evaluate the safety and tolerability of | e Incidence and severity of TEAEs
Cgmpound 1_ admiqistered by IT o e Changes in findings on physical and
injection during maintenance dosing in neurological examinations
participants with early onset SCN2A

o Changes in VEEG characteristics as

DEE determined by a central reader
o Changes in vital sign measurements
¢ Changes in clinical laboratory results
¢ Changes in ECG parameters
PK
e To characterize the PK of Compound 1 | Plasma and CSF concentrations of
during maintenance dosing Compound 1

e Plasma Compound 1 PK parameters

Part 1: Preliminary Safety

Part 1 is being conducted with the objective of obtaining clinical safety data which
will further inform the dose escalation in Part A. In this open label, non-randomized part of
the trial, at least 4 participants are enrolled and are receiving Compound 1 at 1 mg doses at

>4-week intervals for up to 13 weeks.

Safety, along with available PK data, is being assessed by the sponsor on an ongoing
basis along with scheduled quarterly Data Monitoring Committee (DMC) reviews after each
interim analysis, and ad hoc reviews as needed based on emerging safety data. Preliminary

efficacy in seizure reduction and safety was assessed after 4 doses.

Following their final dose, participants from Part 1 will have the potential to transition
to long term extension, subject to the FDA’s further review and approval of the trial

continuation, and pending updated chronic toxicology data.

Part A: Dose Escalation
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Part A will initiate upon completion of Part 1. The goal of Part A is to identify a
cumulative dose of Compound 1 with a favorable benefit-risk profile for seizure reduction
that can be further assessed in Part B. Part A will consist of up to 16 participants. Initially, 8
treatment-naive participants will be randomized 3:1 to receive ascending doses of Compound
1 or a placebo procedure. The first 4 participants must reach at least 4 weeks after their first
dose before additional participants can be administered study drug. Administrations will
occur at >4-week intervals for the first 4 doses, and at >6-week intervals for the subsequent
doses. Dose escalations will be within-participant. The starting dose will be 1 mg with <2-
fold increase for subsequent doses with specific dose escalation criteria. The target is to
reach a cumulative dose of up to 42 mg, which is predicted to correspond to approximately

35% knock down (KD), divided into 6 administrations.

Safety, along with available PK data, will be assessed by the sponsor on an ongoing
basis along with scheduled quarterly DMC reviews and ad hoc reviews as needed based on
emerging safety data. Preliminary efficacy in seizure reduction and safety will be assessed
during the time period after the 6 dose administration after up to 8 participants have reached

a cumulative dose of up to 42 mg or a corresponding placebo procedure.

The dosing regimen may be revised based on the analysis of safety and efficacy.
Maximum tolerated dose (MTD) in this trial is defined as 1 dose level below a single or
cumulative dose associated with 2 or more Dose Limiting Toxicities (DLTs) in Part A or
a 25% rate trial-wide. Up to 8 additional participants may be added (Group 2, randomized to
active or placebo in a 3:1 ratio) to further assess the safety and efficacy of escalating doses of
Compound 1. The starting dose for these additional participants will be up to the highest
tolerated single dose previously administered. A second planned analysis assessing safety
and efficacy during the time period after the 6™ dose will occur after up to 8 participants have
reached up to 100 mg cumulatively. After the final dose (or placebo procedure), participants

will subsequently have the opportunity to enter Part C/ open-label extension.

Part B: Confirmatory Phase

Part B will further assess and confirm the safety and efficacy of the cumulative dose
identified in Part A in a randomized, placebo procedure-controlled design. Up to
40 treatment-naive participants will be randomized, with no more than 75% to receive

Compound 1 over placebo treatment (3:1 randomization maximum). The final sample size
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and randomization scheme will be further confirmed based on the preliminary data and power

calculations from Part A.

The cumulative dose and highest single dose will not exceed the respective MTD in
Part A. The cumulative dose from Part A will be divided into <6 administrations of
Compound 1 or placebo procedure and will be given no more frequently than every 6 weeks.
If tolerability issues arise, participants may be titrated to safely reach the cumulative dose

identified in Part A.

The primary endpoint will be seizure frequency over the time period after the 6™ dose
as assessed by the seizure diary. Thus, the duration of participation in Part B is up to
30 weeks. After the final dose (or placebo procedure) participants will subsequently have the

opportunity to enter the open-label extension of the trial, Part C.

Parts 1, A, and B will each consist of 3 periods: Screening Period, Intervention Period

(open-label in Part 1, double-blind in Parts A and B), and Follow-up Period.

Screening Period

Prior to any clinical trial procedures, the participant/caregiver will provide written
informed consent and satisfy inclusion/exclusion criteria. Key assessments during Screening
will include medical and disease history, demographic data, body weight, height and head
circumference, physical examination (including detailed neurological examination), clinical
laboratory evaluations, magnetic resonance imaging (MRI) of the brain, vital signs

measurements, 12-lead ECGs, and a review of concomitant medications/procedures.

Caregivers will complete a daily seizure diary for at minimum 4 weeks during the
Baseline Observation period (prior to Baseline Dosing Visit) through EOT, including the
days without visits. Other screening assessments may still occur during this 4-week period
(and do not necessarily have to be completed prior to the start of the daily seizure diary).
Each participant’s eligibility will be reviewed and approved by an Eligibility Review
Committee (ERC) before they are included into the trial. A baseline prolonged vEEG will be

completed within the 4 weeks prior to Baseline Dosing Visit.

Intervention Period
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Part 1 (Open-label Intervention): Participants will be admitted to the trial site on Day -

1 for Baseline Dosing Visit. On Day 1, after confirmation of eligibility, they will receive
Compound 1 via IT administration. Each participant will remain inpatient for a minimum of
24 hours, and up to 48 hours after dosing for physical examination (including detailed
neurological examination), clinical laboratory evaluations, vital signs measurements, 12-lead
ECGs, and any other trial assessments in this visit. The corresponding procedures and
assessments including Compound 1 administration, will take place again in intervals of
approximately (but not more frequent than) every 4 weeks, for up to 4 doses in total. Dosing

in Part 1 may be less frequent based on the tolerability of the study drug.

Approximately 2 weeks after each Compound 1 administration, home-health visits, as
well as home vEEG, will be conducted. Home-health visits may be conducted at home (i.e.,
remote to the investigational site) or in the clinic (at the investigational site), at the discretion
of the participant together with the investigator. If there are any concerning AEs, or changes
in the participant’s examination, the participant may return at the discretion of the

investigator for an unscheduled visit in the clinic for further evaluation.

Parts A and B (Double-blind Interventions): Participants will be admitted to the trial

site on Day -1 for Baseline Dosing Visit. On Day 1, after confirmation of eligibility, they will
receive Compound 1 via IT administration, or placebo procedure per the randomization
schedule. Each participant will remain inpatient for a minimum of 24 hours, and up to 48
hours after dosing for physical examination (including detailed neurological examination),
clinical laboratory evaluations, vital signs measurements, 12-lead ECGs, and any other trial
assessments in this visit. The corresponding procedures and assessments including
Compound 1 administration, or placebo procedure, will take place again in intervals of
approximately (but not more frequent than) every 4 weeks for the first 4 doses and every

6 weeks for the subsequent doses in Part A, and every 6 weeks in Part B.

Approximately 2 weeks after each Compound 1 administration or placebo procedure,
home-health visits, as well as home VEEG, will be conducted. Home-health visits may be
conducted at home (i.e., remote to the investigational site) or in the clinic (at the
investigational site), at the discretion of the participant together with the investigator. If there
are any concerning AEs, or changes in the participant’s examination, the participant may
return at the discretion of the investigator for an unscheduled visit in the clinic for further

evaluation.
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Safety Follow-up Period

During the 6-month follow-up period, home-health visits, as well as home VEEG, will
be conducted. Home-health visits may be conducted at home (i.e., remote to the
investigational site) or in the clinic (at the investigational site), at the discretion of the
participant together with the investigator. If there are any concerning AEs or changes in the
participant’s examination (per caregiver report or noted at the home-health visit), the
participant may return at the discretion of the investigator for an unscheduled visit in the
clinic for further evaluation. A final visit to the clinic will occur for the end of trial

assessments.

The Follow-up Period may be extended based on the results of the assessments at the
end of study (EOS) visit and the investigator’s best clinical judgement. Should it be
considered necessary, the extended follow-up will include assessments for the presence of

potential long-term and developmental effects.

Part C: Open-Label Extension

Participants Part C is an open-label extension of the trial that will assess the safety
and durability of effect of Compound 1 on seizures and other outcomes measures of a
maintenance dosing regimen over up to 2 years. The open label extension will be available
for any patient with prior exposure to Compound 1 or if they are rolling over from an active

Compound 1 trial.

Following Part 1

Following their final dose in Part 1, participants will have the potential to transition to
the long-term extension in Part C, which will start >6 weeks after the final dose in Part 1, and
after the FDA approval for dosing in Part C to proceed, whichever occurs later. Part C will
have an initial titration period to allow for the maintenance dose to be reached safely. The
starting dose in the titration period will be no more than the MTD in Part A, and the exact
titration regimen will be determined following DMC’s review of the interim analysis results
from Part A. During the titration period, participants will receive 4 doses of Compound 1 at
>4-week intervals, with the subsequent maintenance doses administered at >12-week
intervals. All the doses in Part C for participants transitioning from Part 1 will be

administered in an unblinded fashion.
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If the results of the interim analysis from Part A do not become available within
6 weeks of the Part 1 completion and/or the FDA approval to proceed to Part C is not
received within the same timeframe, participants may continue to be dosed with 1 mg of
Compound 1, as an early Part C, at >6-week intervals in the interim, before commencing the
titration period in Part C. This interim dosing may start >6 weeks after the final dose in Part
1 and continue until both the FDA approval for dosing in Part C is received and the titration

regimen for this part is determined based on the results of the interim analysis from Part A.

Following Part A or B

Participants from Parts A and B will have the potential to enroll in Part C. Part C will
have an initial titration period to allow participants which previously received placebo in
Parts A or B to reach the Compound 1 maintenance dose safely, and to avoid breaking the
study blind. During the titration period, participants who were on placebo in Part A or B will
be administered 4 ascending doses of Compound 1 at >4-week intervals, with the fourth
titration dose planned to be the MTD from Parts A and B. Participants who were on active in
Part A or B will be administered the MTD of Compound 1 at the start (dose 1) and at the end
of the titration period (dose 4); doses 2 and 3 of the titration regimen for these participants
will comprise the placebo procedure. After the initial titration period, all the participants will
receive Compound 1 maintenance doses at >12-week intervals. The first 3 titration doses in
Part C for participants transitioning from Part A or B will be administered blinded; all other

doses in Part C will be administered in an unblinded fashion.

The highest dose administered in Part C will be up to the maximum tolerated single
dose from Part A and Part B. This dose level may change as Part A and Part B progress. It is
expected that dosing every 12 weeks will be sufficient to maintain KD levels. Therefore,
following the titration period, dosing will be at least 12 weeks apart for up to a total of
2 years. Participants may receive lower doses or less frequent dosing based on their

tolerability.

The Follow-up Period may be extended based on the results of the assessments at the
EOS visit and the investigator’s best clinical judgement. Should it be considered necessary,
the extended follow-up will include assessments for the presence of potential long-term and

developmental effects.

Efficacy Assessments
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Seizure Diary

An electronic device (e.g., tablet/phone, watch application, and/or other devices) was
used to collect information about participant’s seizures and daily concomitant medication use
during the clinical trial. The diary was completed daily for at minimum 28 days prior to
Baseline dosing visit, during the Baseline Observation Period (after the Screening visit) and
daily throughout the remainder of the clinical trial. The diary from the Baseline Observation
Period serves as an eligibility check, and to establish a baseline. Prompts were used to ensure
adequate data capture in addition to spontaneous reporting. The diary was completed by the
same caregiver as often as possible. Daily seizure diary data collected as part of an ongoing
observation trial that falls within the Screening window per this protocol may be used without

having to be repeated.
Video EEG

To the extent allowed by local regulations, a VEEG was performed by a trained
technician throughout the trial in order to record brainwave activity and to evaluate for
changes over time. Prolonged VEEG was completed at home or in a facility, ideally with a
minimum of 12 hours of continuous recording and capturing periods of both wakefulness and
sleep. VEEGs collected within the Screening window per this protocol, as part of an ongoing

observational trial, would not have to be repeated during the Screening period.
Bayley Scales of Infant Development-Third Edition (Bayley-3)

The Bayley-3 is a standardized neurodevelopmental assessment measure used by
clinicians to evaluate key domains in early childhood development for individuals between
16 days and 42 months after birth. These domains include adaptive behavior, cognition,
language, motor function (gross and fine), and social-emotional development. The Bayley-3

assessments will be videorecorded to the extent allowed by local regulations.
Sleep Disturbance Scale for Children

The parent-reported Sleep Disturbance Scale for Children (SDSC) is a 27-item scale
rated on a 5-point Likert scale and designed to categorize sleep disorders in children. In

addition to an overall score, the instrument provides 5 sub-scores for the following: disorders
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of initiating and maintaining sleep, sleep breathing disorders, disorders of arousal or

sleep-wake transition disorders, disorders of excessive somnolence, and sleep hyperhidrosis.
Quality of Life Inventory-Disability (QI-Disability)

The QI-Disability is a parent-report measure for children with intellectual disabilities.
It is a reliable and valid measure of the quality of life across the spectrum of intellectual
disability. It has the potential to allow for clearer identification of support needs and

measures responsiveness to interventions.
Aberrant Behaviors Checklist-2"" Fdition (ABC-2)

The ABC-2 is a clinician-assessed rating scale that measures the severity of a range of

problem behaviors commonly observed in individuals with intellectual disabilities.

Clinical Global Impression-Severity (CGI-S) and Clinical Global Impression-Improvement
(CGI-I)

The CGI was developed for use in NIH-sponsored clinical trials in individuals with
mental health disorders. The CGI provides an overall assessment of improvement over a
specified period. The CGI includes two, 7-point Likert rating scales: the CGI-S and the CGI-
I scale. The CGI will be anchored with reference to domains/symptoms experienced by
participants with SCN2A-DEE. Participants will be assessed by the clinician at Baseline
(Day 1) for the severity of SCN2A-DEE symptoms using the CGI-S. Change from baseline
in SCN2A-DEE symptoms will be assessed by the clinician using the CGI-1.

Caregiver Global Impression-Severity (CgGI-S) and Caregiver Global Impression-
Improvement (CgGlI-1)

These scales are similar to the CGI-S and CGI-1. Participants will be assessed by the
caregiver at Baseline (Day 1) for the severity of their SCN2A-DEE symptoms using the
CgGI-S. Change from baseline in SCN2A-DEE symptoms will be assessed by the caregiver
using the CgGI-1.

Results from Part 1: Preliminary Safety
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In part 1, participants received Compound 1 intrathecally at > 4 week intervals for up

to 13 weeks. The incidence and severity of treatment-emergent adverse events was assessed,

with preliminary efficacy and safety also assessed after 4 doses.

Four subjects participated in Part 1 of the trial as shown in Table 1 below.

5  Table 1. Subject Demographics

Subject Age at Gender Race Ethnicity Number of dosing
ID consent visits completed
(years)
2001 3 Female White Not Hispanic 4
or Latino
2002 14 Male White Not Hispanic 4
or Latino
2003 2 Female White Not Hispanic 4
or Latino
2004 2 Male Other Hispanic or 4
(Hispanic) Latino

Each subject received 1 mg of Compound 1 every 4 weeks, or monthly. The

schematic illustrating dosing of the subjects is shown in Figure 1.

The subjects exhibited no clinically significant abnormalities in vital signs and

10 physical and neurological signs upon examination.

Table 2 below shows the summary values of the seizure diary data for the subjects.

Table 2. Summary values of the seizure diary data

# of seizures % reduction in the number
Subject of seizures from baseline
1)) . Dose . After 1 After 2™
Baseline Period 1 Dose Period 2 Dose dose
2001 146 56 84 61.64 42 .46
2002 41 21 22 48.78 46.34
2003 10 0 7 100 30
2004 345 331 134 4.05 61.16
1%t Dose 2n Pose
5 —
% mean reduct19n in 5361 4408
the number of seizures
5 - —
% median reduct}on in 5591 44.00
the number of seizures
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Figure 2 is a bar graph showing median change in seizures vs. 28 day-baseline after 3
doses. The results shown in Figure 2 indicate that Compound 1 exhibits efficacy in reducing

seizures even after 1 dose.

Figure 3 is a bar graph showing % of seizure free day per dosing period, calculated as
number of seizures over number of days between dose, per patient, after 3 doses. The results
shown in Figure 3 indicate that there is a significant increase in seizure-free days vs. baseline,

with improvements observed after one dose.

Figure 4, Panel A is a boxplot showing daily seizure frequency by dosing period (28
days) for subject 2001 after 3 doses.

Figure 4, Panel B is a boxplot showing daily seizure frequency by dosing period (28
days) for subject 2002 after 3 doses.

Figure 4, Panel C is a boxplot showing daily seizure frequency by dosing period (28
days) for subject 2003 after 3 doses.

Figure 4, Panel D is a boxplot showing daily seizure frequency by dosing period (28
days) for subject 2004 after 3 doses.

Figure S, Panel A is a graph showing daily seizure frequency per dose period for

subject 2001 after 3 doses.

Figure S, Panel B is a graph showing daily seizure frequency per dose period for

subject 2002 after 3 doses.

Figure S, Panel C is a graph showing daily seizure frequency per dose period for

subject 2003 after 3 doses.

Figure 5, Panel D is a graph showing daily seizure frequency per dose period for

subject 2004 after 3 doses.

Table 3 below shows seizure diary summary data for Subject 2001 after 3 doses.
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Table 3. Seizure summary data for subject 2001.

Baseline | Dosing Period

1 2 3
Number of days in the dosing period 28 28 28 13
Average daily seizures 5.21 2.0 3 2.38
Number of seizure free days 1 9 1 0
Number of focal motor seizures 43 31 25 11
Number of tonic seizures 50 10 34 12
Number of generalized tonic-clonic seizures 0 0 0 0
Number of myoclonic seizures 50 6 19 8
Number of times rescue medication was used 5 5 12 4
Average percentage rescue medication 17.86% | 17.86% | 42.86% | 30.77%

Table 4 below shows seizure type frequency data for subject 2001.

Table 4. Seizure type frequency data for subject 2001 after 2 doses.

Baseline Dosing Period % reduction after
Seizures/month
1 2 1 dose 2 doses
Focal 43 31 25 27.90 41.86
seizures
Tonic 50 10 34 80 32
GTC No generalized No No No No
T-C seizures in generalized | generalized | generalized | generalized
the period T-C seizures | T-C seizures | T-C seizures | T-C seizures
in the period | in the period | in the period | in the period
Myoclonic 50 6 19 88 62

Table 5 below shows seizure diary summary data for Subject 2002 after 3 doses.

Table 5. Seizure summary data for subject 2002.

Baseline | Dosing Period

1 2 3
Number of days in the dosing period 28 28 | 28 8
Average daily seizures 1.46 0.7510.79 | 0.25
Number of seizure free days 7 14 13 7
Number of focal motor seizures 0 0 1 0
Number of tonic seizures 40 21 | 21 2
Number of generalized tonic-clonic seizures 0 0 0 0
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Number of myoclonic seizures 0 0 0 0
Number of times rescue medication was used 0 0 0 0
Average percentage rescue medication 0% 0% | 0% | 0%

Table 6 below shows seizure type frequency data for subject 2002.

Table 6. Seizure type frequency data for subject 2002 after 2 doses.

Baseline Dosing Period % reduction after
Seizures/month
1 2 1 dose 2 doses
Focal No focal seizures | No focal 1 No focal Increase of
seizures in the baseline seizures seizures 1%
Tonic 40 21 21 47.5 47.5
GTC No generalized No No No No
T-C seizures in generalized | generalized | generalized | generalized
the period T-C seizures | T-C seizures | T-C seizures | T-C seizures
in the period | in the period | in the period | in the period
Myoclonic | No myoclonic No No No No
seizures in the myoclonic | myoclonic | myoclonic | myoclonic
baseline period seizures in | seizures in seizures in | seizures in
the period the period the period the period

Table 7 below shows seizure diary summary data for Subject 2003 after 3 doses.

Table 7. Seizure summary data for subject 2003.

Baseline | Dosing Period
1 2 3

Number of days in the dosing period 28 28 28
Average daily seizures 0.42 0 | 025
Number of seizure free days 17 23 24
Number of focal motor seizures 0 0 0
Number of tonic seizures 9 0 4
Number of generalized tonic-clonic seizures 0 0 0
Number of myoclonic seizures 0 0 0
Number of times rescue medication was used 2 0 1
Average percentage rescue medication 4.17% | 0% | 3.57%

Table 8 below shows seizure type frequency data for subject 2003.
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Table 8. Seizure type frequency data for subject 2003 after 2 doses.

Baseline Dosing Period % reduction after
Seizures/month
1 2 1 dose 2 doses
Focal No focal seizures | No focal No focal No focal No focal
seizures in the baseline seizures in | seizures in seizures in | seizures in
the period the period the period the period
Tonic 9 0 4 100 55.56
GTC No generalized No No No No
T-C seizures in generalized | generalized | generalized | generalized
the period T-C seizures | T-C seizures | T-C seizures | T-C seizures
in the period | in the period | in the period | in the period
Myoclonic | No myoclonic No No No No
seizures in the myoclonic | myoclonic | myoclonic | myoclonic
baseline period seizures in | seizures in seizures in | seizures in
the period the period the period the period

Table 9 below shows seizure diary summary data for Subject 2004.

Table 9. Seizure summary data for subject 2004 after 3 doses.

Baseline | Dosing Period
1 2 3

Number of days in the dosing period 28 28 21
Average daily seizures 12.32 11.82 9.81
Number of seizure free days 0 0 0
Number of focal motor seizures 0 0 0
Number of tonic seizures 325 277 167
Number of generalized tonic-clonic seizures 20 54 39
Number of myoclonic seizures 0 0 0
Number of times rescue medication was used 25 3 12
Average percentage rescue medication 17.86% | 10.71% | 9.52%

Table 10 below shows seizure type frequency data for subject 2004.

Table 10. Seizure type frequency data for subject 2004 after 2 doses.

Baseline Dosing Period % reduction after
Seizures/month
1 2 1 dose 2 doses
Focal No focal seizures No focal No focal No focal No focal
seizures in the baseline seizures in seizures in seizures in seizures in
he period the period the period the period
Tonic 325 277 109 14.76 66.46
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GTC 20 54 25 -170 -25
(increase) (increase)

Myoclonic No myoclonic No No No No
seizures in the myoclonic | myoclonic | myoclonic | myoclonic
baseline period seizures in | seizuresin | seizuresin | seizuresin
the period | the period the period the period

A vEEG scores were determined for each subject at base line and after each dosing
period. In the VEEG scoring system, normal vEEG score = 0, and a pathological vEEG score
is greater than O, with the worst score being 11. No changes in the vEEG scores throughout
the dosing periods were observed for subject 2004, and an increase in the VEEG scores was

observed for subjects 2001, 2002 and 2003 as shown in Table 11 below.

Table 11. VEEG scores for subjects during each dosing period after 2 doses.

Subject ID | Baseline | Dosing Period
1 2
2001 7.8 11 9
2002 1.8 5.4 7.6
2003 22 7.6 7.6
2004 11 11 11

It is noted that there are limitations of the VEEG scoring system. Specifically, VEEG
scores are highly impacted by numerous variables and represent a snapshot of one day. The

vEEG scoring system is not yet validated, so caution is needed when interpreting the results.

During the study, subjects 2001 and 2004 experienced serious adverse events that
were unrelated to the study drug. Subjects 2001, 2002 and 2004 also experienced non serious

adverse events that were mild or moderate in severity. All TEAEs were resolved.

Figure 6, Panel A is a bar graph showing mean and median change from baseline in
seizure frequency for four subjects. The results represent overall percentage reduction from

baseline observed through four 28-day periods for 4 subjects.

Figure 6, Panel B is a bar graph showing mean and median relative percentage
change from baseline in seizure-free days for 4 subjects. The results represent overall

relative percentage increase in proportion of seizure-free days for 4 subjects.
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Safety assessment after 4 doses showed that Compound 1 is well-tolerated with no
drug-related AEs. Specifically, no TEAEs or SAEs were related to Compound 1, and all
TEAESs were recovered or resolved. Assessments, such as physical and neurological
examinations, vital sign measurements and electrocardiogram (ECG) parameters showed no
clinically significant changes. Clinical laboratory results also showed no clinically
significant changes, except for “elevated WBC” reported for 1 subject. There were 3 subjects
with any TEAESs, of which 3 subjects had non-serious TEAEs and 2 subjects had any serious
TEAEs. There were 10 individual TEAESs, of which 5 were non-serious TEAEs and 5 were
any serious TEAEs. The any serious TEAEs included infection, which is common in this

subject population.

Conclusions from Part 1

The preliminary results demonstrate that Compound 1 achieved significant and
sustained seizure reduction at 1 mg dose levels, with unexpected benefits across all treated
participants. Compound 1 was also well-tolerated with no drug-related AEs. Thus,
preliminary results demonstrate tolerability of Compound 1 and its unprecedented efficacy in

early onset SCN2A-DEE.

After administration of 4 doses of Compound 1, participants achieved a 43% median
reduction in seizures from baseline on top of best available standard of care, and had an
increased number of days without seizures, achieving a 48% relative median increase in
seizure-free days from baseline. Treated participants were 1.6 times more likely to
experience a seizure-free day. There were no TEAEs or SAEs considered related to study

drug, and all TEAEs recovered/resolved.

Compound 1 has the potential to be the first disease-modifying treatment for early

onset SCN2A GoF (gain-of-function) DEE.
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Example 2: Treatment of Early Onset SCN2A4 Developmental and Epileptic
Encephalopathy Using Compound 1: A First-in-Patient Report in a Preterm Infant with
Refractory Status Epilepticus

Patient 1:

A preterm infant (29+4 weeks gestation; birthweight 1400 grams) was diagnosed
prenatally using exome sequencing with a pathogenic SCN24 mutation. The pathogenic
SCN2A variant identified was ¢.3986C>A p.(Ala1329Asp). The infant presented with status
epilepticus (SE), as shown in Figure 7. The infant had ongoing seizures since birth,
confirmed by continuous EEG resembling SE, as well as a history of intrauterine seizures and

arthrogryposis.

Figure 7 shows representative aEEG traces demonstrating the subject’s clinical course
in the first weeks of life. Specifically, Figure 7, Panel A shows representative aEEG traces
in the subject showing a typical sawtooth pattern resembling EEG-status in week one.

Figure 7, Panel B shows representative aEEG traces in the subject demonstrating seizure
reduction after several loading doses of phenytoin (arrow) in week three. Figure 7, Panel C
shows representative aEEG traces demonstrating that seizure reduction was not sustainable as
status pattern reoccurred even when phenytoin levels were > 40 ug/mL. Seizures were

subclinical or motor seizures.

As shown in Figure 7, anti-seizure treatment revealed only partial effect of high-dose
sodium channel blockers (SCBs) and insufficient control of SE. Eligibility for Compound 1
treatment was evaluated using in silico protein structural modeling and in vitro

electrophysiology studies aiming to ascertain GoF status and inform dosing strategies.
Results

Variant characterization and GoF confirmation

Voltage clamp experiments confirmed structural modeling predictions that the
pathogenic p.Alal329Asp variant interferes with binding of the inactivation motif that would
lead to GoF via impaired inactivation and increased persistent current. Dynamic action

potential clamp (DAPC) experiments, performed to assess the impact of the variant on
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intrinsic neuronal excitability, showed a large increase in action potential firing across the

entire input range and significantly reduced rheobase compared to WT.

Figure 8 shows the location of the A1329D Nav1.2 channel mutation. Specifically,
Figure 8, Panel A shows side and intracellular views of the 3D structure of Nav1.2
highlighting the A1329 residue in the intracellular linker between transmembrane segments
S4 and S5 in domain III (S4-5pm). Also indicated are the four domains (DI-DIV), the
inactivation gate and the B2 subunit. Figure 8, Panel B shows zoomed-in views of S4-5pm
region, before and after in silico mutagenesis (top, WT; bottom, A1329D). The D1329-
F1489 interaction is likely to affect the binding of the IFM inactivation motif to its receptor

pocket, resulting in delayed inactivation and persistent current.

Figure 9 shows biophysical characteristics of the A1329D variant and its impact on
neuronal excitability relative to WT. In Figure 9, data is presented as mean £ SEM; *P<0.05
vs. WT. Specifically, Figure 9, Panel A shows sodium current (Ina) density-voltage
relationships (inset voltage protocol). Representative Ina traces are shown on the left. Figure
9, Panel B shows persistent inward Ina-voltage relationships. Representative In, traces
elicited by -10 mV depolarizations are shown on the left. Figure 9, Panel C shows voltage
dependence of activation. Figure 9, Panel D shows voltage dependence of inactivation.
Figure 9, Panel E shows dependence of the time course of Ina inactivation on the membrane
potential. Representative WT and A1329D INa traces elicited by -25 mV and -5 mV voltages
are shown on the left. Figure 9, Panel F shows input-output relationships for WT and

A1329D variant.

Results demonstrate safety of Compound 1 and its temporal association with seizure

reduction

Following confirmation of GoF status, treatment with Compound 1 was initiated
when patient was 1 month and 2 weeks old. Administration of a total of 15 doses have been
reported. The first 6 doses, administered over 17 weeks, were (1 mg, 0.5 mg, 1 mg during the
first 5 weeks; followed by 4 mg, 8 mg and 8 mg at intervals of about 4 weeks. The total
cumulative dose of Compound 1 administered over 23 weeks was 22.5 mg, and the total
cumulative dose of Compound 1 administered over 28 weeks and 5 days was 30.5 mg. The
total cumulative dose administered after 12 doses was 70.5 mg. The total cumulative dose

administered after 15 doses was 94.5 mg of Compound 1. The dosing, including drug
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escalations and reductions, was determined by clinician. A summary of the dosing for Patient

1 is summarized below in Table 12:

Table 12. Dosing Regime for Patient 1

Dose Date
# Dose (days after
Amount initial dose) Weight (kg) Height (cm) Cumulative

1 1 mg 0 days 2.485
2 0.5 mg 15 days 2.915
3 1 mg 31 days 3.350 51
4 4 mg 80 days 4.380 52
5 8 mg 122 days 5.280 58

N/A* 131 days* 5.622 61
6 8 mg 164 days 5.955 61.5
7 8 mg 200 days 5.8 62
8 8 mg 242 days 7 64
9 8 mg 296 days 8 66
10 8 mg 339 days 8.7 70
11 8 mg 376 days 8.9 73
12 8 mg 409 days 9.08 74
13 8 mg 437 days 93 75 78.5 mg
14 8 mg 466 days 9.6 76
15 8 mg 495 days 9.8 76 94.5 mg

*No dose on this date. Ht/Wt are for plasma sample collection

Figure 10 shows patient clinical course following introduction of Compound 1
treatment regimen and effects on seizures. Specifically, Figure 10, Panel A shows patient
clinical course including high-dose SCBs and introduction of Compound 1 dosing regimen.
Associated reduction in seizure frequency is shown (bottom). Figure 10, Panel B is a bar
graph showing the number of seizures per hour per medication level of phenytoin (PHT) and
carbamazepine (CBZ). A total of 7 Compound 1 intrathecal doses were administered (30.5
mg total dose). Figure 10, Panel C shows aEEG traces 1 day before the first administration
of Compound 1 showing peak seizure frequency (status epilepticus). Figure 10, Panel D
shows aEEG traces 1 week after first administration of Compound 1. Figure 10, Panel E
shows aEEG traces 7 weeks after first administration of Compound 1. Figure 10, Panel F

shows aEEG traces 10 weeks after first administration of Compound 1.
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The data shown in Figure 10, Panels D-F demonstrate modulation and reduction of
seizure activity (often in close timely relationship to SCB administration). It is also noted
that seizure exacerbation between July 2 and 9 shown in the aEEG traces was due to

urosepsis and concomitant decrease of SCB plasma levels.

A postnatal brain magnetic resonance imaging (MRI) at 5-weeks-old revealed T1
hyperintensities, periventricular thinning, prominent, extended lateral ventricles and
periventricular medullary obliteration in addition to germinal matrix and periventricular
leukomalacia possibly related to periventricular hemorrhagic infarction, demonstrating
previous brain insults. A multitude of ASMs were administered immediately after birth and
adjusted throughout the treatment period as deemed necessary by the treating physician, but
the patient never adequately responded, sustaining refractory status epilepticus from birth

until Compound 1 was administered.

Compound 1 treatment, in combination with best standard of care ASMs, was well
tolerated with no severe or serious drug-related AEs up to a cumulative total of 94.5 mg over

16 months or 70 weeks.

To date, the patient has been administered a total of 15 doses of Compound 1 (1, 0.5,
1,4,8,8,8,8 8, 8,8, 8 8, 8, 8 mg) initiating at 6 weeks after birth, over a 70-week period.
Dose levels were selected by the treating physician based on continuous evaluation of the
infant’s disease status while resident in the hospital. Compound 1 continues to be well
tolerated, with no reported drug-related serious adverse events (SAEs) reported over the

entire treatment period.

Importantly, no related AEs have been observed at the highest single doses of 8 mg
(equivalent WT NHP dose of 0.8 mg with a total cumulative exposure of 3.05 mg).
Following 6 doses with a cumulative exposure of 22.5 mg of dosing over 25 weeks, the CSF
concentration of Compound 1 was determined to be 1.51 ng/mL. The exposures achieved
demonstrate the safety and tolerability of Compound 1 in an infant, who had a bodyweight of
2 kg when the first dose was administered. Potential benefit of Compound 1 was evident
soon after the first administration of Compound 1, where status epilepticus was interrupted
intermittently 8 days after the first dose and ultimately ceased following continued dosing.
Following the first administration of 4 mg of Compound 1, the patient stabilized, such that

discharge from the intensive care unit for the first time was determined to be possible. A
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reduction in seizure frequency in excess of 50% was observed during follow-up assessments
with seizure frequency and severity being markedly attenuated throughout the treatment
period. Seizure frequence remains stable with ongoing dosing and was maintained after
tapering phenytoin at age 14 months, with no worsening of neurodevelopment at age 18

5 months. Compound 1 was well-tolerated and no severe or serious adverse events were

reported.
Patient 2:

Patient 2 is an 8-year old patient who was diagnosed with SCN2A-related Gain-of-
Function DEE. The patient had a history of refractory seizures, global cerebral atrophy,
10 global developmental delay, frequent oculogyric movement, and severe dystonia while

awake.

The patient has received a total of 10 doses over a period of about 9 months at
approximately monthly (about 3-4 week in this case) intervals with the highest dose of 5 mg
and cumulative exposure of 22 mg to date. There have been no drug-related AEs reported,

15  and the procedure and dosing have been well tolerated. A summary of the dosing for Patient

2 is summarized below in Table 13:

Table 13. Dosing Regime for Patient 2

Dose Dose Date
# Amount (days after Weight (kg) Cumulative
initial dose)
1 1 mg 0 days
2 1 mg 22 days
3 1 mg 53 days
4 1 mg 83 days
5 1.5mg 109 days 5.5 mg
6 1.5 mg 137 days
7 3 mg 166 days
8 3 mg 195 days
9 4 mg 223 days 17 mg
10 5 mg 250 days 22 mg

Prior to the administration of Compound 1, the patient experienced urinary calcinosis,
20 likely secondary to ethosuximide, and previous attempts to wean the medication led to

worsening of facial myoclonus and inability to feed. Two weeks after the second dose of
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Compound 1, a 0.5 mL weekly reduction of ethosuximide was achieved and facial myoclonus

subsided during waking hours.

Also, after the second dose, nystagmus was reportedly much less, tone was much
improved, and administration of Botulinim toxin was ceased. Additionally, after
administration of Dose 2, the patient was reported to have a drastic decrease in seizures and
previous full tonic-clonic seizures appeared as subtle tongue movement with the jaw
(reportedly how the tonic-clonic seizures previously began), but the tongue movement did not
progress to tonic-clonic seizure. It was further reported by the care team that after Dose 2, the
patient appeared happy and calm as compared to prior to treatment with Compound 1 when
the patient was more agitated and exhibited more crying and screaming. After Dose 2, the
patient was observed to make subtle hand movements not made before, and it was reported
that she moved her arm to greet a visitor. The patient was also observed by teachers at school
as being more alert than prior to treatment. Daily seizure counts are not currently being
provided; however, a 24-hour EEG, conducted between Dose 2 and Dose 3, showed
significantly fewer clinical and electrographic seizures; multifocal and generalized epileptic

discharges remained abnormal.

In general, Compound 1 has been well tolerated over the administrations.
Additionally, there have been several notable improvements in quality-of-life, as
communicated by caregivers and medical personnel who provide support to the patient,

including that:

o the family reported a reduction in tonic-clonic seizure intensity as well as
improvement in attention and vocalization. The family reported that the patient is

smiling more often;

o the family reported that the patient is more comfortable in a wheelchair and is more
tolerant of sensory stimuli in general. As a result, they have begun going to

restaurants;

e an occupational therapist reported improved range of motion and botulinic toxin

administration was withheld;

o a speech therapist was able to provide liquids without thickening and reported that
gazing communication and alertness improved,
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Digestion has improved significantly, and suppositories are able to be withheld.

Patient 3:

Patient 3 is a patient from Example 1 (ID No. 2001) and was granted continued access

to Compound 1. A summary of the continued dosing for Patient 3 is summarized below in

5 Table 14:

Table 14. Dosing Regime for Patient 3

Dose Dose Date
# Amount | (days afterinitial | Weight (kg) Cumulative
dose)

1 1 mg 0 days 20

2 1 mg 35 days 20

3 1 mg 63 days 20 3 mg

4 1 mg 98 days 20

5 1 mg 132 days 5 mg

Compound 1 continues to be well tolerated by Patient 3.
Patient 4:
10 Patient 4 is a patient from Example 1 (ID No. 2004) and was granted continued access

to Compound 1. A summary of the continued dosing for Patient 4 is summarized below in

Table 15:

Table 15. Dosing Regime for Patient 4

Dose Dose Date
# Amount (days after Weight (kg) Cumulative
initial dose)
1 1 mg 0 days 19
2 1 mg 31 days 19
3 1 mg 79 days 19 3 mg
4 1 mg 114 days 4 mg
5 1 mg 145 days
15 Compound 1 continues to be well tolerated by Patient 4.
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Conclusion:

First-in-patient findings demonstrate Compound 1 to be the first disease-modifying
treatment for early onset GoF SCN2A-DEE, with early clinical experience in combination
with SCBs indicating safety and a temporal association with seizure reduction, including

cessation of previous refractory SE.
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CLAIMS
What is claimed is:

1. A method of reducing frequency of seizures experienced by a subject with a SCN2A-
related disorder, said method comprising administering to said subject an effective amount of

an oligomeric compound, wherein:
the SCN2A-related disorder is caused by a gain-of-function mutation in SCN2A gene;

the oligomeric compound comprises a 6-10-4 MOE gapmer having a sequence (from

5’ t03”) of CCACGACATATTTTTCTACA (SEQ ID NO: 3);

wherein each of nucleosides 1-6 and 17-20 (from 5’ to 3”) are 2’-MOE nucleosides

and each of nucleosides 7-16 are 2’-B-D-deoxynucleosides;

wherein the internucleoside linkages between nucleosides 210 3, 3 to 4, 4to 5, 5 to 6,
6 to 7, and 17 to 18 are phosphodiester internucleoside linkages, the internucleoside linkages
between nucleosides 1to 2, 7t08,8t09,9t0 10, 10to 11, 11 to 12, 12 to 13, 13 to 14, 14 to
15,1510 16, 16 to 17, 18 to 19, and 19 to 20 are phosphorothioate internucleoside linkages;

and
each cytosine is a 5S-methyl cytosine.

2. The method of claim 1, wherein the oligomeric compound is administered at a dose of

about 0.1 mg to about 20 mg.

3. The method of claim 1, wherein the oligomeric compound is administered at a dose of
about 0.1 mg, about 0.2 mg, about 0.3 mg, about 0.4 mg, about 0.5 mg, about 0.6 mg, about
0.7 mg, about 0.8 mg, about 0.9 mg, about 1 mg, about 2 mg, about 2.5 mg, about 3 mg,
about 3.5 mg, about 4 mg, about 5 mg, about 6 mg, about 7 mg, about 8 mg, about 9 mg,
about 10 mg, about 11 mg, about 12 mg, about 13 mg, about 14 mg, about 15 mg, about 16
mg, about 17 mg, about 18 mg, about 19 mg or about 20 mg.

4. The method of claim 1, wherein the oligomeric compound is administered at a dose of

about 0.5 mg, about 1 mg, about 4 mg, about 8 mg, about 12 mg or about 15 mg.
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5. The method of claim 4, wherein the oligomeric compound is administered at a dose of
about 1 mg.
6. The method of any one of claims 1-5, wherein the oligomeric compound is

administered about once per month.

7. The method of any one of claims 1-6, wherein the seizures are selected from the
group consisting of focal motor seizures, tonic seizures, generalized tonic-clonic seizures and

myoclonic seizures.

8. The method of any one of claims 1-7, wherein administration of the oligomeric
compound results in a decrease in the average number of daily seizures experienced by the
subject in a 28-day period, as compared to the average number of daily seizures experienced

by the subject prior to administration of the oligomeric compound.

9. The method of any one of claims 1-8, wherein administration of the oligomeric
compound results in a reduction in the number of seizures experienced by the subject in a 28-
day period by at least about 10%, at least about 15%, at least about 20%, at least about 25%,
at least about 30%, at least about 35%, at least about 40%, at least about 45%, at least about
50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%, at least
about 75%, at least about 80%, at least about 85%, at least about 90%, or at least about 95%,
as compared to the number of seizures experienced by the subject prior to administration of

the oligomeric compound.

10. A method of treating a subject with a SCN2A-related disorder, said method
comprising administering to said subject an oligomeric compound at a dose of about 0.1 mg

to about 20 mg, wherein:
the SCN2A-related disorder is caused by a gain-of-function mutation in SCN2A gene;

the oligomeric compound comprises a 6-10-4 MOE gapmer having a sequence (from

5’ to 3”) of CCACGACATATTTTTCTACA (SEQ ID NO: 3),

each of nucleosides 1-6 and 17-20 (from 5’ to 3) are 2’-MOE nucleosides and each

of nucleosides 7-16 are 2’-B-D-deoxynucleosides;
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the internucleoside linkages between nucleosides 2t03,3t04,4t05,5t06,6t0 7,
and 17 to 18 are phosphodiester internucleoside linkages, the internucleoside linkages
between nucleosides 1t02, 7t0 8,8t09,9t0 10, 10to 11, 11 to 12, 12 to 13, 13 to 14, 14 to
15,1510 16, 16 to 17, 18 to 19, and 19 to 20 are phosphorothioate internucleoside linkages;

and
each cytosine is a 5-methyl cytosine.

11. The method of claim 10, wherein the oligomeric compound is administered at a dose
of about 0.1 mg, about 0.2 mg, about 0.3 mg, about 0.4 mg, about 0.5 mg, about 0.6 mg,
about 0.7 mg, about 0.8 mg, about 0.9 mg, about 1 mg, about 2 mg, about 2.5 mg, about 3
mg, about 3.5 mg, about 4 mg, about 5 mg, about 6 mg, about 7 mg, about 8 mg, about 9 mg,
about 10 mg, about 11 mg, about 12 mg, about 13 mg, about 14 mg, about 15 mg, about 16
mg, about 17 mg, about 18 mg, about 19 mg or about 20 mg.

12.  The method of claim 11, wherein the oligomeric compound is administered at a dose

of about 0.5 mg, about 1 mg, about 4 mg, about 8 mg, about 12 mg or about 15 mg,

13.  The method of claim 12, wherein the oligomeric compound is administered at a dose

of about 1 mg.

14.  The method of any one of claims 10-13, wherein the oligomeric compound is

administered about once per month.

15.  The method of any one of claims 10-14, wherein administration of the oligomeric
compound results in a decrease in the frequency of seizures experienced by the subject, as
compared to the frequency of seizures experienced by the subject prior to administration of

the oligomeric compound.

16. The method of claim 15, wherein administration of the oligomeric compound results
in a reduction in the average number of daily seizures experienced by the subject in a 28-day
period, as compared to the average number of daily seizures experienced by the subject in a

28-day period prior to administration of the oligomeric compound.

17. The method of any one of claims 10-16, wherein administration of the oligomeric

compound results in a reduction in the number of seizures experienced by the subject in a 28-

day period by at least about 10%, at least about 15%, at least about 20%, at least about 25%,
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at least about 30%, at least about 35%, at least about 40%, at least about 45%, at least about
50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%, at least
about 75%, at least about 80% or at least about 85%, as compared to the number of seizures

experienced by the subject prior to administration of the oligomeric compound.

18. The method of any one of claims 10-14, wherein administration of the oligomeric
compound results in an increase in % of seizure-free days per 28-day period experienced by
the subject, as compared to % of seizure-free days per 28-day period experienced by the

subject prior to administration of the oligomeric compound.

19. The method of any one of claims 15-18, wherein the seizures are selected from the
group consisting of focal motor seizures, tonic seizures, generalized tonic-clonic seizures and

myoclonic seizures.

20.  The method of any one of claims 1-19, wherein the subject is a human.

21.  The method of claim 20, wherein the subject is between 2 and 18 years old.
22. The method of claim 20, wherein the subject is between 0 and 24 months old.
23.  The method of claim 22, wherein the subject is a newborn.

24, The method of claim 23, wherein the newborn is a premature newborn.

25.  The method of any one of claims 1-24, wherein the SCN2A-related disorder is
SCN2A developmental and epileptic encephalopathy (SCN2A DEE).

26.  The method of claim 25, wherein the SCN2A-related disorder is early seizure onset
epileptic encephalopathy (EE).

27.  The method of any one of claims 1-26, wherein the gain-of-function mutation in
SCN2A gene is selected from the group consisting of L210Q, A263V, E430A, R1882Q),
G879R, Q1479H, V423L, G1593R, K1502N, V1601L, G211D, S17801, D343H and
A1329D.

28.  The method of claim 27, wherein the gain-of-function mutation is A1329D.

29.  The method of any one of claims 1-28, wherein the oligomeric compound comprises a

modified oligonucleotide represented by the following chemical notation:
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TCes™CeoAco"CeoGeoAco"CasAdsTdsAds Tas TasTas Tas Tas™Cas TeoAes™CesAe (SEQ ID NO: 3),

wherein:

A = an adenine nucleobase,
MC = a 5-methyl cytosine nucleobase,

5 G = a guanine nucleobase,
T = a thymine nucleobase,
e =a 2’-MOE sugar moiety,
d =a 2’-B-D-deoxyribosyl sugar moiety,
s = a phosphorothioate internucleoside linkage, and

10 o = a phosphodiester internucleoside linkage.

30. The method of claim 29, wherein the oligomeric compound is a modified

oligonucleotide represented by the following chemical structure:
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(SEQ ID NO: 3) or a salt thereof.

31.  The method of claim 30, wherein the modified oligonucleotide is a sodium salt or a

potassium salt.
32.  The method of claim 31, wherein the modified oligonucleotide is a sodium salt.

33. The method of claim 32, wherein the modified oligonucleotide represented by the

following chemical structure:
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(SEQ ID NO: 3).

34.  The method of any one of claims 1-33, wherein the oligomeric compound is
administered as a part of a pharmaceutical composition comprising the oligomeric compound

and a pharmaceutically acceptable diluent or carrier.

35. The method of claim 34, wherein the pharmaceutically acceptable diluent is artificial
CSF (aCSF) or phosphate-buffered saline (PBS).

36.  The method of claim 35, wherein the pharmaceutically acceptable diluent is aCSF.

37. The method of any one of claims 1-36, wherein the oligomeric compound is

administered intrathecally.
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