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TREATMENT OF AMYOTROPHIC LATERAL SCLEROSIS AND DISORDERS
ASSOCIATED WITH THE SPINAL CORD

REFERENCE TO RELEVANT APPLICATIONS

{0601} This application claims the benefit of U 5. Provisional Patent Application No.
+2/693,040, entitled “Treatment of ALS and disorders associated with the spinal cord”, filed
July 2, 2018, and U S. Provisional Patent Application No. 62/746,104, entitled “"Treatment of

ALS and disorders associated with the spinal cord”, filed October 16, 2018, the contents of
cach of which are herein incorporated by reference in their entirety.

REFERENCE TO THE SEQUENCE LISTING

{6602}  The present apphication 1s being filed along with a Sequence Listing n electronic
format as an ASCH text file. The Sequence Listing is provided as an ASCH text file entitled
20571070PCT _SEQLST, created on July 2, 2019, which 1s 15,822 bytes in size. The
Sequence Listing 1s incorporated herein by reference in its entirety.

FIELD OF THE DISCLOSURE

{8603}  The present disclosure relates to compositions, methods and processes for the
design, preparation, manufacture and/or formulation of polynucleotides, including AAY
vectors, small interfering RNA (siRNA) duplexes, shRNA, microRNA or precursors thereof
which target or encode molecules which target the superoxide dismmtase | {SOD1) genc to
mterfere with SOD1 gene expression and/or SOD1 enzyme production. In some
embodiments, polynucieotides are mserted into recombinant adeno-associated virus (AAVY)
vectors.

{0604}  Methods for inhibiting SOD or altering the expression of any gene associated
with a spinal cord related disease or disorder in a subject with a discase and/or other disorder
associated with the spinal cord are also disclosed. The method includes the adminmstration of

the at least one polynucleotide 1nto the subject with a disorder associated with the spinal cord
{¢.g.. neurodegencrative discase) via at least the route of intraparcachymal delivery to the
spinal cord. In these embodiments the disease 15 a motor neuron disease, and more
specifically, the disease is amyotrophic lateral sclerosis (ALS).

BACKGROUND

[0005]  Amyotrophic lateral sclerosis (ALS), also known as Lou Gehrig's disease, 15 a fatal
progressive neurodegenerative disease, characterized by the predominant loss of upper and
lower motor neurons (MNs} in primary motor cortex, the brainstem, and the spinal cord.

Upper {¢.g., cortical} and lower motor neurons {e.g., spinal cord) nommally communicate

1.
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messages from the brain to the muscles {o generate voluntary movement. When these
neurons degenerate and/or die, the loss of the message to the muscles results in a gradual
weakening and/or atrophy of the muscle and mability to initiate or control voluntary
movements, untd ultimately, an mdividual suffering from ALS loses muscle strength and the
ability to move, speak, eat and gven breathe. Most patients will require some form of
breathing aid for survival, and even then, most ALS patients die as a result of respiratory
fatlure within 2-35 vears of diagnosis. During disease progression, some patients (e.g., FTD-
ALS) may also develop frontotermnporal dementia.

{8605}  According to the ALS Association, approxmmately 5,600 people in the United
States of America are diagnosed with ALS cach year. The mcidence of ALS is two per
100,000 people, and it is estimated that as many as 30,000 Americans may have the discase at
any given thine.

10607F  Two forms of ALS have been described: one is sporadic ALS {(SALS), which is the
most common form of ALS in the United States of America and accounts for 90 to 93% of all
cases diagnosed; the other 1s famihial ALS (fALS), which occurs in a family lineage mainly
with a dominant inheritance and only accounts for about 5 to 10% of all cases in the United
States of America. sALS and fALS are clinically indistinguishable.

{6608}  Pathological studics have linked numerous cellular processes with discase
pathogenesis such as increased ER stress, generation of free radicals (i.¢., reactive oxygen
species {ROS)), mitochondnal dvsfunction, protein aggregation, apoptosis, inflammation and
glutamate excitotoxicity, spectfically 1 the motor neurons (MNs).

[860%}  The causes of ALS are complicated and heterogeneous. In general, ALS 15
considered to be a complex genetic disorder in which multiple genes in combination with
environmental exposures combine to render a person susceptible. More than a dozen genes
associated with ALS have been discovered, including, SOD1 (Cu*"/Zn®" superoxide
dismutase), TDP-43 (TARDBP, TAR DNA binding protein-43}, FUS (Fused in
Sarcoma/Transiocated in Sarcoma), ANG (Angiogening, ATXN2 (Ataxin-2), valosin
containing protein (VCP), OPTN (Optincuring and an expansion of the noncoding GGGGCC
hexanucieotide repeat in the chromosome 9, open reading frame 72 (CO0ORF723. However,
the exact mechanisms of motor neuron degeneration are still chisive.

18618}  Curmrently, therg is no curative treatment for ALS. Until recently, the only FDA
approved drug was Riluzole, which antagonizes the glutamate response to reduce the

pathological development of ALS. However, only about a three-month life span expansion
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for ALS patients in the carly stages has been reported, and no therapeutic benefit for ALS
patients in the late stages has been observed, indicating a lack of therapeutic options for this
paticnt population {Bensimon G et al, J Newrol. 2002, 249, 609-615). 1o 2017, the FDA
approved Radicava {edaravone) for the treatment of ALS, the first such approval in 22 vears.
Radicava is administered intravenously and serves as a free-radical scavenger, reducing
oxidative stress 1n patients suffering from ALS and thereby slowing discase progression. Ina
chinical Phase 3 tral (NCT01492686) of 137 patients, Radicava slowed the decline in
physical function as compared to those patients taking placebo and as determined bv score on
the ALS Functional Rating Scale-Revised (ALSFRS-R} (Writing group; Edaravong (MCI-
1863 ALS 19 Study Group Lancet Neurol 2017 Jul 16(73:505-512). The approval of
Radicava 1s considered an advance n terms of treatment of ALS, however itis still not a
cure. New freatment strategies that can effectively prevent and/or significantly hinder the
disease progression are still i demand.

{0611}  Mutations in the gene of Cu?/Zn’" superoxide dismutase type 1 {SOD1) are the
most common cause of TALS, accounting for about 20 1o 30% of all fALS cases. Recent
reports indicate that SOD1 mutations may also be linked to about 4% of all sALS cases
{Robberecht and Philip, Nar. Rev. Neurosci, 2013, 14, 248-264). SOD1-linked fALS is most
likely not caused by loss of the normal SOD1T activity, but rather by a gain of a toxic function.
One of the hypotheses for mutant SOD1-linked fALS toxicity proposes that an aberrant
50D enzyme causes small molecules such as peroxynitrite or hydrogen peroxide to produce
damasging free radicals. Other hypotheses for mutant SO neurotoxicity include mhibition
of the proteasome activity, mitochondnal damage, disraption of RNA processing and
formation of intracellular aggregates. Abnormal accumalation of mutant SOD1 variants
and/or wild-type SODT m ALS forms msoluble fibrillar aggregates which are identified as
pathological mnclusions. Aggregated SO protein can induce mitochondria stress
{(Vehvilamen P et al., Front Cell Neurosci., 2014, 8, 126) and other toxacity to cells,
particudarly to motor neurons.

{0612}  These findings indicate that SOD1 can be a potential therapeutic target for both
familial and sporadic ALS. A therapy that can reduce the SODI protein, whether wildtype or
mutant, produced in the central nervous system of ALS patients may amehorate the
symptoms of ALS in patients such as motor neuron degeneration and muscle weakness and
atrophy. Agents and methods that aum to prevent the formation of wild type and/or mutant

S0D1 protein aggregation may prevent disease progression and allow for amelioration of
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ALS symptoms. RNA mterfering (RN A1) mediated gene silencing has drawn researchers’
mterest in recent years, Small double stranded RNA (small interfering RNA) molecules that
target the SOD1 gene have been taught in the art for their potential in treating ALS (Sce, c.g.,
U.S. Pat. No. 7,632,938 and U 5. Patent Publication No. 20060229268).

{0013]  The present disclosure develops an RNA interference, or knock-down based
approach to nhibit or prevent the expression of SOD1 gene in ALS patients for treatment of
discase.

[6614]  The present disclosure provides novel polvnucleotides, including double stranded
RNA (dsRNA) constructs and/or siRNA constructs, shRNA constructs and/or mucroRNA
constructs and methods of their design. In addition, these siRNA constructs may be synthetic
molecules encoded m an expression vector {one or both strands) for delivery mto cells. Such
vectors inclade, but are not himited to adeno-associated viral vectors such as vector genomes
of any of the AAVY serotypes or other viral delivery vehicles such as lentivirus, etc.

{0015}  The present disclosure also provides novel methods for the delivery and/or
transnussion of the AAVY vectors and viral genomes of the disclosure, which may be applied
to other disorders associated with the spinal cord, such as, but not limited to, the larger fanuly
of motor newron disorders, neurcpathies, diseases of myelmation, and propricceptive,
somatosensory and/or sensory disorders.

SUMMARY OF THE DISCLOSURE

10616]  The present disclosure provides AAVY vectors encoding a SOD1 targeting
polynucleotide to interfore with SO gence expression and/or SOD 1 protein production and
methods of use thereot. Methods for treating diseases associated with motor neuron
degeneration such as amyotrophic lateral sclerosis are also included in the present disclosure.
8617}  In certain embodiments, SO is suppressed 30% in a subject treated with an
AAV encoding a SOD1 targeting polvouncleotide as compared to an untreated subject. The
subject may be administered the AAVY n an mfusion or as a bolus at a pre-determined dose
level. As a non-limiting example, the suppression is seen in the €1 to L7 ventral horo region.
{0618}  The present disclosure relates to RNA molecule mediated gene specific
mterference with gene expression and protein production. Methods for treating diseases
associated with motor neuron degeneration, such as amyotrophic lateral sclerosis are also
mehuded in the present disclosure. The siRNA mchided in the compositions featured herein

encompass a dsRNA having an antisense strand (the antisense or guide strand) baving a
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region that 15 30 nucleotides or less, generally 19-24 nmucleotides in length, that is
substantially complementary to at least part of an mRNA transcript of the S0D1 gene.

{0619}  According to the present disclosure, each strand of the siRNA duplex targeting the
SGD1 gene s about 19-25 nucleotides m length, preferably about 19 nucleotides, 20
nucleotides, 21 nucleotides, 22 nucleotides, 23 mucleotides, 24 nucleotides, or 25 nucleotides
i fength. In some aspects, the siRNAs may be unmodified RNA molecules.

{06206}  In certain embodiments, an siRNA or dsRNA mcludes at least two sequences that
are complementary to each other. The dsRNA mcludes a sense strand having a first sequence
and an antisense strand having a second sequence. The antisense strand inclades a nucleotide
sequence that is substantially complementary to at least part of an mRNA encoding SOD1,
and the region of complementarity 15 30 nucleotides or less, and at least 15 nucleotides in
length. Generally, the dsRNA 15 19 t0 24, c.g., 19 t0 21 nucleotides in length. In some
embodiments the dsRNA 1s from about 15 to about 25 nucleotides in length, and in other
embodiments the dsRNA 15 from about 25 to about 30 nucleotides i length.

{8621}  According to the present disclosure, AAV vectors comprising the nucleic acids
encoding the siRNA duplexes, one strand of the siRNA duplex or the dsRNA targeting SOD1
or other neurodegenerative associated gene or spinal cord discase associated gene are
produced, the AAY vector serotype may be AAVE, AAVZ, AAV2GY, AAV3E, AAVSa,
AAV3b, AAV3-3, AAV4, AAV4A-4, AAVS, AAV6, AAVS 1, AAV6.2, AAV6.1.2, AAVT,
AAVT 2 AAVE, AAVYS AAVO. 11, AAVYO. 13, AAV9.16, AAVO.24, AAVY.45, AAVS 47,
AAVY 61, AAVY.68, AAVI 8BS, AAVOD, AAVID, AAVILL AAVI2 AAVI63, AAV24 1,
AAV2T 3 AAVA2 12 AAVA2-1b, AAV42-2, AAV42-3a, AAV42-3b, AAV4AZ-4, AAV42-
54, AAV42-3b, AAV42-6b, AAV4Z-8, AAVA2-10, AAV42-11, AAV42-12, AAV42-13,
AAV42-15, AAV42-aa. AAV43-1, AAV43-12, AAV43-20, AAV43-21, AAV43-23,
AAVA3-25, AAVA3-5 AAVA4 T, AAVA4 2, AAVA4.5, AAV223.1, AAV223.2, AAV223 4,
AAV2235 AAV223.6, AAV223.7, AAVI-7/th 48, AAV 1-8/th 49, AAV2-15/h.62, AAV2-
3/ch 61, AAV2-4/rh 50, AAVZ2-5/rh 51, AAV3 Vhu 6, AAV3 UVhu9, AAV3-9/th.32, AAV3-
11/ch 53, AAVA-8/r11.64, AAV4A-9/vh 54, AAV4-19/4h.55, AAVS-3/vh. 37, AAVS-22/th.58,
AAVT 3/hn7, AAVI6 8/ 10, AAVI6.12/hu i, AAV293/bb 1, AAV29 5/bb.2,

AAVI06. /hu37 AAV1II4 3/he 40, AAVI27 2/hudl, AAVI27 5/hud2, AAVI2E3/had4,
AAVI30.4/hud8, AAVI4AS Vhe 53, AAV145 5/hu 34, AAVI4S 6/hu 55, AAVI6L 1/hu 60,
AAVI6L6/hu 61, AAV3I3 12/hu 17, AAV33.4/hu 15, AAV33 8/hu 16, AAVS2/hu 19,
AAVS2 1/hu 20, AAVSE 2/hu 25, AAVASZ 3, AAVA3 4, AAVAS S, AAVA3T, AAVCH,
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AAVC2, AAVCS, AAV-DJ, AAV-DI8, AAVFE3, AAVFS, AAVHZ, AAVh.72, AAVhug,
AAVh 68, AAVh 70, AAVp 1, AAVM 3, AAVm 2, AAVIh 60, AAVrh 44, AAVh 65,
AAVThSS, AAVTh A7, AAVHh.69, AAVh 45, AAVh 39, AAVhu 12, AAVHG, AAVLKO3,
AAVH-1/hu 1, AAVH-5hu 3, AAVLG-10/h 40, AAVLG-4/th 38, AAVLG-9/hu 39,
AAVNT21-8/th 43, AAVCh.S, AAVCh SR, AAVey 2, AAVey 3, AAVeyv 4, AAVey S,
AAVCY SR, AAVCY SR2, AAVCY SR3, AAVCY SRE, AAVey 6, AAVhu 1, AAVhu 2,
AAVhu3, AAVhu 4, AAVhu.S5, AAVhu 6, AAVhu7, AAVhu 9, AAVhu 10, AAVhu 11,
AAVhu 13, AAVhu 15, AAVhu 16, AAVhu 17, AAVhu 18, AAVhu.20, AAVhu 21,
AAVhu 22 AAVhu 232 AAVhu 24, AAVhu 25, AAVha 27 AAVha 28 AAVhu 29,
AAVHhu29R AAVhu 31, AAVhu 32, AAVhu 34, AAVhu 35, AAVhu 37, AAVhu 39,
AAVhu 40, AAVhu4l, AAVhu 42, AAVhu 43, AAVhu.44, AAVhu 44R1, AAVhu 44R2,
AAVHhu 44R3, AAVIne 45, AAVhu 46, AAVhu 47, AAVhu48 AAVhu 48R1,

AAVHu 48R2, AAVhu 48R3, AAVhu 49, AAVhu ST, AAVhu 52, AAVhu 54, AAVhu 535,
AAVhU.536, AAVhu 57, AAVhu 58, AAVhu.60, AAVhu.61, AAVIu.63, AAVhu 64,
AAVhU.66, AAVhu 67, AAVhu 14/9, AAVhut 19, AAVrh 2, AAVh 2R, AAVTh S,
AAVh BR AAVYh 10, AAVrh 12 AAVh 13, AAVh 13R, AAVh 14, AAVrh 17,
AAVLIE, AAVRIY, AAVTh 20, AAVh 21, AAVHh 22, AAVH 23, AAVrh 24,
AAVTh2ZS5, AAVTh 31, AAVHh 32, AAVh 33, AAVh 34, AAVh 35, AAVIh. 36,

AAVh 37 AAVh 37R2, AAVh 38, AAVh 39 AAVrh 40, AAVh 46, AAVrh 48,
AAVh 481, AAVIh 4812 AAVh 482 AAVTh 49, AAVrh 51, AAVh 52, AAVh 33,
AAYTh 54, AAVh 36, AAVIh 57 AAVIh.58, AAVTh 61, AAVTh.64, AAVh 64R],
AAYTh 64R2, AAVTh 67, AAVTh. 73, AAVTh 74, AAVIhER, AAVHhER AS386R mutant,
AAVhER R533A mutant, AAAY, BAAV capring AAV, bovine AAV, AAVhELTL
AAVHEr1 5, AAVhERL 14, AAVhErL 8, AAVhEr: 16, AAVhEr! 18 AAVhEri 35,
AAVKhEr] 7, AAVhEr1 36, AAVhErR2 29, AAVhERZ 4, AAVhEr2 16, AAVhER 30,
AAVhEr2 31, AAVhEr2.36, AAVhERT 23, AAVhESS 1, AAVZ 5T, AAV-PAEC, AAV-
LKO1, AAV-LKOZ AAV-LKO3, AAV-LKO4 AAV-LKOS, AAV-LKO6, AAYV-LK(O7 AAV-
LKO8, AAV-LKOS, AAV-LKI10, AAV-LKIL, AAV-LKI12, AAV-LKI3, AAV-LK 14, AAY-
LE1I5, AAV-LKIi6, AAV-LEK17, AAV-LKI8 AAV-LK 19, AAV-PAEC2, AAV-PAECY,
AAV-PAECS, AAV-PAECT, AAV-PAECE AAV-PAECH], AAV-PAECI2, AAV-2-pre-
muRNA-101 | AAV-8h, AAV-8b, AAV-h AAV-b, AAV SM 10-2 | AAV Shuffle 100-1 |
AAY Shuftle 100-3, AAV Shuffle 106-7, AAV Shuffiec 10-2, AAY Shuttle 10-6, AAY
Shuttle 10-8, AAY Shuffle 100-2, AAV SM 10-1, AAV SM 10-8 , AAV SM 100-3, AAV
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SM 100-10, BNPol AAV, BNP62 AAV, BNP63 AAV, AAVHh 50, AAVrh 43, AAVIh.62,
AAVh4E, AAVhu 19, AAVhu 11, AAVhu 53, AAV4-8/1h.64, AAVLG-9/he.39,
AAV54.5/Mu 23, AAVS4 Thu 22, AAVS4 7o 24, AAVS4.1/bu 21, AAVI4 4R/ .27,
AAVA6.2/hu.28, AAV46.6/h.29, AAVIZR 1/hu 43, true type AAV (HHAAV), UPENN AAV
10, Japancse AAV 10 scrotypes, AAY CBr-7.1, AAV CBr-7.10, AAY CBr-7.2, AAV CBr-
7.3, AAV CBr-74, AAV CBr-7.5, AAV CBr-7.7, AAV CBr-7.8, AAV {Br-B7.3, AAVY
CBr-B7.4, AAV CBr-El, AAV CBr-E2, AAV CBr-E3, AAV CBr-E4, AAV CBr-E5, AAV
CBr-e5, AAV CBr-E6, AAV CBr-E7, AAV CBr-E8, AAV CHt-1, AAV CHt-2, AAV CHt-3,
AAV CHt-6.1, AAV CHt-6.10, AAY CHt-6.5, AAV CHE-6.6, AAV CHE-6.7, AAYV CHt-6.8,
AAV CHt-PI, AAV CHt-PZ, AAV CHt-PS, AAY CHt-P6, AAYV CHE-PS, AAV CHt-PY,
AAV CKd-1, AAV CEd-10, AAV CKd-2, AAV CKd-3, AAV CKd-4, AAV CKd-6, AAV
CKd-7, AAV CKd-8, AAV CKd-Bl, AAV CKd-B2, AAV CKd-B3, AAV CKd-B4, AAV
CKd-B3, AAV CKd-B6, AAV CKd-B7, AAV CKd-B8, AAV CKd-HI, AAV CKd-H2,
AAY CKd-H3, AAV CKd-H4, AAV CKd-H3, AAV CKd-Hb, AAV CKd-N3, AAY CKd-
N4, AAV CEd-N9, AAV CLg-F1, AAV CLg-F2, AAV CLg-F3, AAV CLg-F4, AAV ClLg-
F5, AAV CLlg-F6, AAV CLg-F7, AAV CLg-F8, AAV CLv-1, AAV CLvl-1, AAV (Iv]-10,
AAV Clvl-2, AAV Clv-12, AAV CLv1-3, AAV Clv-13, AAV CLvi-4, AAY (Ivl-7,
AAV CIvi-8, AAY Civl-9, AAV Clv-2, AAV CLv-3, AAV Clv-4, AAV CLv-6, AAY
CLy-8, AAV CLv-D1, AAV CLv-D2, AAV CLv-D3, AAV CLv-B4, AAV CLv-D3, AAV
CLyv-D6, AAV CLv-D7, AAV CLv-D8, AAV CLv-El, AAV CLv-K1, AAV CLv-K3, AAY
CLv-K6, AAV CLv-L4, AAV CLv-L3, AAV Clv-16, AAV CLv-MI, AAY CLv-Mi1,
AAV CLv-M2, AAV CLv-M3, AAV CLv-M6, AAV CLv-M7, AAV Clv-M8&, AAV CLv-
M9, AAV CLv-R1, AAV CLv-R2, AAV CLv-R3, AAV CLv-R4, AAV CLv-R3, AAV CLv-
R6, AAV CLv-R7, AAV CLv-R8, AAV CLv-RS, AAV CSp-1, AAV C5p-10, AAY Chp-i 1,
AAV CSp-2, AAV CSp-3, AAV CSp-4, AAV C8p-6, AAV CSp-7, AAV CSp-8, AAV CSp-
310, AAV CSp-8.2, AAV CSp-8.4, AAV CSp-8.35, AAV C8p-8.6, AAV Csp-8.7, AAV
CSp-8.8, AAV C5p-8.9, AAV C5p-9, AAV hu 48R3, AAV . VR-355, AAV3B, AAV4,
AAVS AAVFUHSCE, AAVFLIHSCHL, AAVFIZ/HSCI2, AAVFI3/HSCIS,
AAVFI4/HSCI4, AAVFIS/HSCLS, AAVFISHSCL6, AAVELITHSCLHT, AAVF2ZHSC2,
AAVE3HSC3, AAVEFAHSC4A, AAVES/HSCS, AAVES/HSC6, AAVFT/HSCT,
AAVEFS/HSCE, AAVFUHSCS, AAV-PHP B. AAV-PHP A, G2B-26, G2B-13, TH1.1-32,
THI1.1-35, AAVPHP. B2, AAVPHP B3, AAVPHP N/PHP B-DGT, AAVPHP B-EST,
AAVPHP B-GGT, AAVPHP B-ATP, AAVPHP B-ATT-T, AAVPHP B-DGT-T,

-3
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AAVPHP B-GGT-T, AAVPHP B-SGS, AAVPHP B-AQP, AAVPHP B-QQP, AAVPHP B-
SNP(3), AAVPHP B-SNP, AAVPHP . B-QGT, AAVPHP B-NQT, AAVPHP.B-EGS,
AAVPHP B-SGN, AAVPHP B-EGT, AAVPHP B-DST, AAVPHP B-DST, AAVPHP B-
STP, AAVPHP B-PQP, AAVPHP B-5QP, AAVPHP B-QLP, AAVPHP B-TMP,

AAVPHP B-TTP, AAVPHP . S/G2A12, AAVG2ZAIS/G2A3, AAV(G2B4, AAVG2BS and
variants thereof.

{0622}  The present disclosure also provides pharmaceutical compositions comprising at
least one sIRNA duplex targeting the SOD gene and a pharmaceutically acceptable carrier.
In some aspects, a nucleic acid sequence encoding the siRNA duplex is inserted into an AAVY
vector.

[B823]  In some embodiments, the present disclosure provides methods for
mhibiting/silencing of SOD1 gene expression in a cell. Accordingly, the siRNA duplexes or
dsRINA can be used to substantially inhibit SOD1 gene expression in a cell, in particular in a
motor neuron. In some aspects, the inhibition of SOD1 gene expression refers to an mbibition
by at least about 20%, preferably by at least about 30%, 40%, 50%, 60%, 70%, 80%, 85%.
90%, 95% and 100%. Accordingly, the protein product of the targeted gene may be mhibited
by at least about 20%, preferably by at least about 30%, 40%, 50%, 60%, 70%, 80%, 85%,
90%, 95% and 100%. The SOD1 gene can be cither a wild type gene or a mutated SOD1
gene with at least one mutation. Accordingly, the SOD1 protein is etther wild type protein or
a mutated polypeptide with at least one mutation.

10624}  In some embodiments, the present disclosure provides methods for treating, or
ameliorating amvotrophic lateral sclerosis associated with abnormal SOD gene and/or
SOD1 protein in a subject in need of treatment, the method comprising administering to the
subject a pharmaceutically effective amount of at least one siRNA duoplex targeting the SOD1
gene, delivering said siKNA duplex into targeted cells, imhibiting SOD gene expression and
protein production, and amechorating symptoms of ALS in the subject.

10625]  In some embodiments, the AAY vector genome may include a promoter. In one
aspect, the promoter may be H1. In some embodiments. The AAV vector genome may
melude a filler sequence. The filler sequence may be derived from a lentivirus. In some
embodiments, the filler may be derived from a mammalian albumin gene. In some
embodiments the mammalian albumin gene is the human albumin gene.

[0026]  In some aspects, ALS 1s familial ALS hnked to SOD1 mutations. In other aspects,

ALS is sporadic ALS which is charactenzed by abnormal aggregation of SOD1T protein or
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disruption of SOD1 protein function or localization, though not necessarily as a result of
genetic mutation. The symptoms of ALS ameliorated by the present method may mnclude
motor neuron degencration, muscle weakness, stiffness of muscles, slurred speech and /or
difficulty in breathing.

{86277 In some embodiments, the siRNA duplexes or dsRNA targeting SOD1 gene or the
AAY vectors comprising such siRNA-encoding molecules may be introduced directly into
the central nervous system of the subject, for example, by intracranial injection.

{6628}  In some embodiments, the pharmaceutical composition of the present disclosure 13
used as a solo therapy. In other embodiments, the pharmaceutical composition of the present
disciosure 1s used in combination therapy. The combination therapy may be in combination
with one or more neuroprotective agents such as small molecule compounds, growth factors
and hormones which have been tested for their neuroprotective effect on motor nearon
degencration.

16625}  In some embodiments, the present disclosure provides methods for treating, or
ameliorating amvotrophic lateral scierosis by administering to a subject in need thereot a
therapeutically effective amount of a plasmid or AAV vector described herein. The ALS may
be familial ALS or sporadic ALS.

{8636}  The methods may involve administering AAV particles to the subject
mtraparenchymally at ong or more sites. The methods may tovolve administering AAV
particles to the subject intraparenchymally into the spinal cord. In some aspects, the AAVY
particles may be adounistered to two sites within the spinal cord. In some embodiments,
AAV particles may be adnunistered at two sttes within the cervical spinal cord. In some
embodiments, AAYV particles may be administered at levels C3 and C5 of the spinal cord. In
certain embodiments, the volume of administration is from about 3 ul to about 240 uL at
level €3 of the spinal cord and from about 5 ul. to about 240 pl. at fevel C5 of the spinal
cord. In cerfain embodiments, the volume of administration may be from about 5 ul to about
60 ul. at level €3 of the spinal cord and from about 5 pl to about 60 ul at level C5 of the
spinal cord. In one aspect, the volume of administration may be from about 25 to about 40 ul.
at level C3 of the spinal cord and from about 25 to about 40 pL at level C3 of the spinal cord.
The dose administered to the spinal cord may be from about 110! vg to about Ix107 vg at
level C3 of the spinal cord and from about 1x10" vg to about 1x102 vg at level C3 of the
spinal cord. fn some aspects, the dose administered to the spinal cord may be from about

5% 10" vg to about 8x10% vg at level C3 of the spinal cord and from about 5x101 vg to about
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8x10' vg at level C5 of the spinal cord. In certain embodiments, the dose may be from about
2x10' vg to about 7x10'! vg at level C3 of the spinal cord and from about 2x10Y vg to about
7x10' vg at level C5 of the spinal cord. In one aspect, the injection rate may be 5 pl/min.
BRIEF DESCRIPTION OF THE DRAWINGS
{331}  The foregoing and other objects, features and advantages will be apparent from the
following description of particular embodiments of the disclosure, as iliustrated in the
accompanying drawings. The drawings are not necessarily to scale, emphasis instead being
placed upon tlustrating the principles of various embodiments of the disclosure.
8632}  Figure 1 shows the dose response curve for human SOBT mRNA expression with
different 1M concentrations of siRNA.
[B833] Figure 2 shows SOD1 mRNA knockdown in SK-RST cell line.
DETAILED DESCRIPTION
10634}  The present disclosure relates to SOD1 targeting polynuciectides as therapeutic
agents. RNA interfering mediated gene siencing can specifically inhibit gene expression.
The present disclosure therefore provides polvnucleotides such as small double stranded
RNA (dsRNA) molecules (small interfering RNA | siRNA), shRNA, microRNA and
precursors thereof targeting SOD1 gene, pharmaceutical compositions encompassing such
polynucleotides, as well as processes of their design. The present disclosure also provides
methods of their use for inhibiting SOD1 gene expression and protein production, for treating
disorders associated with the spinal cord and/or neurcdegenerative discase, 1n particular,
amyotrophic lateral sclerosis (ALS).
{8635}  The details of one or more embodiments of the disclosure are set forth in the
accompanying description below. Although any materials and methods similar or equivalent
to those described herein can be used in the practice or testing of the present invention, the
preferred materials and methods are now described. Other features, objects and advantages of
the mvention will be apparent trom the description. In the description, the singular forms also
mclude the plural unless the context clearly dictates otherwise. Unless defined otherwise, all
cchnical and scientific terms used herein have the same meaning as commonly understood
by one of ordmary skill in the art to which this mvention belongs. In the case of conflict, the
present description will control.

Disorders associated with the spinal cord

{8636}  The spinal cord is onc of two components that together characterize the central

nervous system (CNS; brain and spinal cord). The spinal cord connects the body to the brain,

=10 -



WO 2020/010042 PCT/US2019/040230

serving as a conduit for the messages and communications necessary for movement and
sensation. The spinal cord is a fragile, thin, tubular bundle made up of nerve fibers and cell
bodics, as well as support celis, housed within the vericbral column.

{3037} The motor neurons and pathways of the spinal cord are important for the imtiation,
gxecution, modification, and precision of movement. When these neurons and/or pathways
are damaged in some manner, such as, but not limited to, frauma, tumorcus growth,
cardiovascular detects, inflammation, de-myelination, neuropathy, degeneration and/or cell
death, the conseguence is typically a detfect in some form of movement. Similarly, sensory
neurons and pathways of the spinal cord are critical for proprioception and sensation, and
when damaged, can result in an inability to sense certain stinmuli and/or pain syndromes,
[0038]  Non-limiting examples of disorders such as those described above, which are
assoctated with the spinal cord inchude, but are not imited to, motor nearon disease,
amyotrophic lateral sclerosis (ALS; Lou (Gehrig's disease), progressive bulbar palsy,
pseudobulbar palsv, primary lateral sclerosis, progressive muscular atrophy, spinal muscular
atrophy, post-polio syndrome, bulbar palsy, Kennedy's disease, hereditary spastic paraplegia,
Frigdreich’s ataxia, Charcot-Marie-Tooth disease, hereditary motor and sensory neuropathy,
peroncal muscular atrophy, neuropathies, de-myelinating diseases, viral de-myelination,
metabolic de-myelination, multiple sclerosis, neuromvelitis optica (Devic’s discase},
concentric sclerpsis (Bald's sclerosis), ataxias, paraplegia, spinocerebellar ataxia, acute-
dissenunated encephalomyelitis, complex regional pain syadrome (CPRS T and CPRS 1),
ataxia telangicctasia, episodic ataxia, multiple system atrophy, sporadic ataxia, lipid storage
diseases, Niemann-Pick disease, Fabry disease, Faber's discase, GM1 or GM?2 ganghosidoses,
Tay-Sachg disease, Sandhoff discase, Krabbe disease, metachromatic leukodystrophy,
Machado-Joseph discase (spinocerebellar ataxia type 3}, meningitis, myelitis, myopathy,
mitochondrial mvopathy, encephalomyopathy, Barth syndrome, Chronic progressive external
ophtalmoplegia, Keamns-Sayre syndrome, Leigh syndrome, mitochondrnal DNA depletion
syndromes, myvoclonus epilepsy with ragged red fibers, NARP {neuropathy, ataxia and
retinitis pigmentosa, discases of the neuromuscular junction, myasthenia gravis, myoclonus,
neuropathic pain, neurodegenerative diseases, Parkinson's disease, Alzheimer's disease,
Huntington's disease, Lewy body discase, Vitamin B12 deficiency, subacute combined
degeneration of the spinal cord (Lichtheim's discase}, tropical spastic paraparesis, distal
hereditary motor neuronopathies, Morvan's syndrome, leukodystrophics, and/or Rett

syndrome.
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{8639}  In certain embodiments, the compositions and methods of the present disclosure
may be used to treat any disease of the central nervous system.

[0046]  In certain embodiments, the compositions and methods of the present disclosure
may be used to treat a disease associated with the spinal cord.

{0841}  In certain embodiments, the compositions and methods of the present disclosure
may be used for the treatment of a newrodegenerative disease.

{0642}  In certain embodiments, the compositions and methods of the present disclosure
may be used for the treatment of a motor neuron disease.

{8643}  In certain embodiments, the compositions and methods of the present disclosure
may be used for the treatment of amvyotrophic lateral sclerosis {ALS).

Amvotrophic lateral sclerosis {ALS) and SOD1

{8344}  Amvotrophic lateral sclerosis (ALS), an adult-onset neurodegenerative disorder, is
a progressive and fatal discase characterized by the selective death of motor neurons in the
motor cortex, brainstem and spinal cord. Patients diagnosed with ALS develop a progressive
muscle phenotype characterized by spasticity, hyperreflexia or hyporeflexia, fasciculations,
muscle atrophy and paralysis. These motor impairments are caused by the de-innervation of
musecles due to the loss of motor neurons. The major pathological features of ALS include
degeneration of the corticospinal tracts and cxtensive loss of lower motor neurons (LMNs) or
anterior horn cells (Ghatak et al., J Newropathol Exp Neurol., 1986, 45, 385-395),
degencration and loss of Betz cells and other pyramidal cells in the primary motor cortex
{Udaka et al., Actg Newropathol, 1986, 70, 289-295; Mackawa ct al, Brain, 2004, 127, 1237-
1251} and reactive ghosis in the motor cortex and spinal cord (Kawamata et al., dm J Pathol
1992, 140,691-707; and Schiffer et al ., J Newro! Sci., 1996, 139, 27-33). ALK is usually fatal
within 3 to 3 vears after the diagnosis due to respiratory defects and/or inflammation
{Rowland LP and Shneibder NA, N Engl. J Med., 2001, 344, 1688-1700).

[0045] A cellular hallmark of ALS 13 the presence of proteinaceous, ubiquitinated,
cytoplasmic inclusions in degenerating motor neurons and surrounding cells {¢.g., astrocytes).
Ubiquitinated inclusions {1.c., Lewy body-like mclusions or Skein-like inclusions) are the
most common and specific tvpe of inclusion 1 ALS and are found i LMNs of the spinal
cord and brainstem, and in corticospinal upper motor neurons (UMNs) (Matsumoto et al, J
Neurol Sci., 1993, 115, 208-213; and Sasak and Marovama, Acia Newropathol ., 1994, 87,
578-583). A few proteins have been identitied to be components of the inclusions, including

ubiquitin, Cuw/Zn superoxide dismutase T (SOD1), periphenn and Dorfin. Neurofilamentous
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melusions are often found in hyaline conglomerate mclusions (HCls) and axonal ‘spheroids’
in spinal cord motor neurons in ALS. Other types and less spectfic mclusions inchide Bunina
bodies (cystatin C-containing inclusions} and Crescent shaped inclusions {(SCis) in upper
layers of the cortex. Other neuropathological features seen i ALS mclude fragmentation of
the Golgi apparatus, mitochondnal vacuolization and ultrastructural abnormalities of synaptic
terminals (Fujita et al | Acia Neuropathol 2002, 103, 243-247).

{0646}  In addition, in frontotemaporal dementia ALS (FTD-ALS), cortical atrophy
{including the trontal and temporal lobes) is also observed, which may cause cognitive
mmpairment in FTD-ALS patients.

8647}  ALS is a complex and multifactorial disease and multiple mechanismsg
hypothesized as responsible for ALS pathogenesis include dystunction of protem
degradation, glutamate excitotoxicity, mitochondrial dysfunction, apoptosis, oxidative stress,
mflammation, protein misfolding and aggregation, aberrant RNA metabolism, and altered
£ENC eXpression,

{6648}  About 10% of ALS cases have fanuly history of the disease, and these patients are
referred to as famihial ALS (FALS) or inherited patients, commonly with a Mendelian
dominant mode of inheritance and high penetrance. The remainder {approximately 90%-
039} 1s classified as sporadic ALS (sALS), as they are not associated with a documented
fanuly history, which is thought to be due to other nisk factors, mehuding envirommental
factors, genetic polvmorphisms, somatic mutations, and possibly gene-environmental
mteractions. In most cases, familial {or inherited) ALS is inherited as autosomal dominant
disease, but pedigrees with autosomal recessive and X-lmked mheritance and incomplete
penetrance exast. Sporadic and familial forms are clinically indistinguishable, suggesting a
common pathogenesis. The precise cause of the selective death of motor neurons in ALS
remains chusive. Progress in understanding the genetic factors in fALS may shed light on
both forms of the disease.

10649} Recently, an explosion in research and understanding of genetic causes of ALS
has led to the discovery of mutations in more than 10 different genes now known to caunse
fALS. The most common ones are found in the genes encoding Cu/Zn superoxide dismutase
1(SODT; ~ 20%) (Rosen DR et al., Narure, 1993, 362, 59-62), fused in sarcoma/transiated in
hposarcoma (FUS/TLS, 1-3%) and TDP-43 (TARDBP; 1-5%). Recently, a hexanuclectide
repeat expansion {GGGGC 1n the C9orf72 gene was identificd as the most frequent cause

of FALS (~ 40%j in the Western population (reviewed by Renton et al., Nat. Newrosci., 2014,
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17, 17-23). Gther genes mutated in ALS include alsin {ALS2), senataxin (SETX), vesicle-
assoctated membrane protein (VAPE), angiogenin (ANG). fALS genes control different
cellular mechanisms, suggesting that the pathogenesis of ALS 1s complicated and may be
related to several different processes finally leading to motor neuron degeneration.

[8630]  SOD1 is one of the three human superoxide dismutases identified and
characterized in mammals: copper-zine superoxide dismutase (Cw/ZnSOD or SOD),
manganese superoxide dismutase {(MnSOD or SOD2), and extracellular superoxide dismutase
(ECSOD or SOD3). SODT 15 a 32 kDa homodimer of a 153-residue polypeptide with one
copper- and one zinc-binding site per subunit, which is encoded by 50D1 gene (GeneBank
access No.: NM_000454 4) on human chromosome 21 (see Table 10}, SOD1 catalyzes the
reaction of superoxide anion {(077) into molecular oxygen (02} and hydrogen peroxide (H202)
at a bound copper ion. The intracellular concentration of SOD1 1s high (ranging from 10 to
100 uM), accounting for 19 of the total protein content in the central nervous system {CNS).
The protein is localized not only n the cvtoplasm but also in the nucleus, lvsosomes,
peroxisomes, and mitochondnal intermembrane spaces in eukarvotic cells (Lindenau J et al.,
Glia, 2000, 29, 25-34).

0651}  Mutations in SOD1 gene are carried by 15-20% of fALS patients and by 1-2% of
all ALS cases. Currently, at least 170 different mutations distributed throughout the 153-
amino acid SOGD1T polypeptide have been found to cause ALS, and an updated list can be
found at the ALS online Genetic Database (ALSOD) (Wroe R et al., Amyvotroph Lateral
Scler., 2008, 9, 249-250). Table 1 lists some examples of mutations in SOD1 in ALS. These
mutations are predominantly single amino acid substitutions (i.¢. missense mutations)
although deletions, msertions, and C-terminal truncations also occur. Different SQDI
mutations display different geographic distribution patterns. For instance. about half of all
Americans with ALS caused by SOD1 gene mutations have a particular mutation AladVal (or
A4V). The A4V mutation 1s typically associated with more severe signs and symptoms. The
11137 mutation is by far the most common mutation in the United Kingdom. The most
prevalent mutation m Europe 1s DY0A substitution.

Table 1. Examples of 50D1 muiations in ALS

Mutations

Exoni (220bp) Q221 E21K, G F200; N19S; GI6A, S; Vi4M, S, GIZR;
GI0G, V, R L8O, V. VTR, CeG, F V5L, A4T, V., 8

Exon2 {$7bp) T34R; E49K; H48R, Q; V47F, A; H46R, F45C; H43R; G415,
D G37R; V29, insA

Exon3 {70bp) D76Y, V; (3728, C; La7TR; Pa6 A N63S; §591, 5

Exond (118bp) D124G,V, V118L, InsAAAAC, L1117V, T116T, R115G;
GHI4A THI3T, F, TLI2M, T, G108V, L1006V, F; 31061,

- 14 -
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eITCACTC; [104F; DI101G. YV, H, N, EI160G, K; 199’\7;
'97L M; DO6N, V; AU5T, V. G938V, A, C,R, I} ,
A; AS9T. V: TS‘EGLIALTGLTGAC V87A, M; N86I, S,D,
K: GB5R, 8; L84V, F; H80OR

ExonS (461bp) TI51T, 5, 1149T; VI481, G, G147D, R; C146R, stop; A145T,
G; LEME S; GI41E, stop, AL40A, G/ MNi39D K, H N
G138E; TI3TR; S134N; E133V, delGAA, insTT; E132insTT,
GI27R, InsTGGG; L1268, dellTT, stop; D126, delTT

U
\D
o)
&

[8632]  To investigate the mechanism of neuronal death associated with SOD1 gene
defects, several rodent models of SOD/-linked ALS were developed in the art, which express
the buman SOD1 gene with different mutations, including nussense mutations, small
deletions or insertions. Some examples of ALS mouse models include SOD1574 SOD144Y,
SOD 1G37R’ SOD 1(,‘-&5&(7 SOD 11)90AD SOD 1L84V, SOD 11113'1‘7 SOD 1H36R/H48Q’ SOD 1(}127}{7
SODIH2X gnd SODIMP2%CNT There are two transgene rat models carrving two different
human SOD1 nuutations: SOD PR and SOD 19X These rodent ALS models can develop
muscle weakness similar to human ALS patients and other pathogenic features that reflect
several characteristics of the human disease, in particular, the selective death of spinal motor
neurons, aggregation of protein inclusions in motor neurons and microghial activation. ¥ is
well known in the art that the transgenic rodents are good models of human SOD/-assocaited
ALS disease and provide models for studving disease pathogenesis and developing discase
treatment.

[B8533]  Studies in animal and cellular models showed that SOD1 pathogenic variants cause
ALS by gain of function. That s 1o say, the superoxide dismutase enzyme gains new but
harmful propertics when aliered by 80D 1 mutations. For example, some SOD1 mutated
variants in ALS increase oxidative stress {¢.g., increased accumulation of toxic superoxide
radicals) by disrupting redox cycle. Other studies also mdicate that some SOD1 nutated
variants m ALS might acquire toxic properties that are independent of its normal
physiclogical function (such as aboormal aggregation of misfolded SOD1 variants). In the
aberrant redox chemistry model, nutant SOD1 s unstable and through aberrant chemistry
mieracts with nonconventional substrates causing reactive oxygen species {(ROS)
overproduction. In the protein toxicity model, unstable, misfolded SOB1 aggregates into
cytoplasmic inclusion bodics, sequestering protemns crucial for cellular processes. These two
hypotheses are not mutually exclusive. It has been shown that oxadation of selected histidme
residues that bind metals in the active site mediates 50D1 aggregation.

{0054]  The aggregated mutant SOD protein may also induce mitochondrial dystunction

{Vchvilamen P et al, Front Cell Neurosci., 2014, 8, 126}, impairment of axonal transport,
P !

-15-



WO 2020/010042 PCT/US2019/040230

aberrant RNA metabolism, ghal cell pathology and glutamate excitotoxicity. In some
sporadic ALS cases, misfolded wild-type SOD1 protem s found in diseased motor nearons
which forms “toxic conformation” that is stmilar to familial ALS-linked SOD1 varnants
(Rotunnoe MS and Bosco BA, Frows Cell Newresci, 2013, 16, 7, 253). Such evidence
suggests that ALS 1s a protein musfolding disease analogous to other neurodegenerative
discases such as Alzheimer’s discase and Parkinson’s discase.

{0655}  Currently, no curative treatments are available for patients suffering from ALS.
Until recently, the only FDA approved drug was Riluzole (also called Ridutek), an mhibitor of
glutamate relcase, with a moderate effect on ALS, only extending sarvival by 2-3 months if it
is taken for 18 months. Unfortunately, patients taking riluzole do not experience any slowing
m disease progression or improvement in muscle function. Therefore, riluzole docs not
present a cure, or even an effective treatment. In 2017, the FDA approved Radicava
{edaravone} for the treatment of ALS, the first such approval n 22 vears. Administered
mitravenousty and serving as a free-radical scavenger and anti-oxidant, Radicava has been
shown to slow disease progression. In a climical Phase 3 trial (NCT01492686) of 137 patients,
Radicava slowed the decline in physical function as compared to those patients taking
placebo and as determined by score on the ALS Functional Rating Scale-Revised (ALSFRS-
R} (Writing group; Edaravone (MCI-186) ALS 19 Study Group Lancet Neurol 2017
Ful;16(7):505-512). The approval of Radicava is considered an advance i terms of treatment
of ALS, however it is still not a cure. Rescarchers continue to search for better therapeutic
agents.

{8656}  One approach to indubit abnormal SOD1 protein aggregation is to silence/inhibit
SODI gene expression in ALS. It has been reported that small interfering RN As for specific
gene silencing of the mutated allele is therapeutically beneficial for the weatment of FALS
{c.g., Ralgh G5 et al, Nat. Medicine, 2005, 11{4}, 429-433; and Raoul C et al., Nor.
Medicine, 2005, 11(4), 423-428; and Maxwell MM et al., PNAS, 2004, 101(9), 3178-3183;
and Ding H et al., Chinese Medical J., 2011, 124(1), 106-110; and Scharz DS et al., Plos
Genet., 2006, 2(9), ¢140; the content of each of which is incorporated herein by reference 1n
their entirety).

{86577  Many other RNA therapeutic agents that target SOD1 gene and modulate SOD
expression in ALS are taught m the art, such RNA based agents include antisense
oligonucleotides and double stranded small interfering RNAs. See, e.g., Wang Hetal , J Biol.

Chem., 2008, 283(23), 15845-15852); U.S. Pat. Nos. 7,498 316; 7,632,938, 7,678,895
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7,951,784, 7,977,314, 8,183,219; 8,309,533 and 8, 586, 554; and U 8. Patent publication
Nos. 2006/0229268 and 2011/0263680; the content of cach of which is herein incorporated
by reference in their entircty.

[B058]  The present disclosure employs viral vectors such as adenc-associated viral (AAV)
vectors to deliver siRNA duplexes or SO targeting polynucleotides mto cells with high
efficiency. The AAV veciors comprising RNA1 molecules, ¢.g., siRNA molecules of the
present disclosure may increase the delivery of active agents into motor neurons. SOD1
targeting polvnucleotides may be able to inlubit SOD1 gene expression (e.g., mRNA level)
significantly mside cells; therefore, amcliorating SGD1 expression mduced stress inside the
cells such as aggregation of protein and formation of inclusions, increased free radicals,
mitochondnal dysfunction and RNA metabolism.

[8639]  Such SODI targeting polynucleotides may be used for treating ALS. According to
the present disclosure, methods for treating and/or ameloratiog ALS 1n a patient comprises
adnunistering to the paticnt an e¢ffective amount of at least one SODI targeting
polynucleotide encoding one or more siRNA duplexes into cells and allowing the
mhibition/stlence of SODI1 gene expression, are provided.

Compositions

Vectors

[8660]  In some embodiments, the siRNA molecules described herein can be inserted into,
or encoded by, vectors sach as plasnuids or viral vectors. Preferably, the siRNA molecules are
mserted into, or encoded by, viral vectors,

{8661}  Viral vectors may be Herpesvirus (HSV) vectors, retroviral vectors, adenoviral
vectors, adeno-associated viral vectors, lentiviral vectors, and the like. In some specific
embodiments, the viral vectors are AAV vectors.

Retroviral veciors

[B862]  In some embodiments, the siRNA duplex targeting SOD1 gene may be encoded by
aretroviral vector (See, eg., U.S. Pat. Nos. 5.399.346; 5,124 283, 4,650,764 and 4,980,289,
the content of cach of which is incorporated herein by reference n their entirety).

Adenoviral vectors

8663} Adenoviruses are eukaryotic BDNA viruses that can be modified to efficiently
deliver a nucleic acid to a variety of cell types in vivo, and have been used extensively in
gene therapy protocols, including for targeting genes o neural cells. Varnious replication

defective adenovirus and nunimum adenovirus vectors have been desenbed for nucleic acid
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therapeutics {See, ¢.g., PCT Patent Publication Nos. W(3199426914, W0 199502697,
W(199428152, W(199412649, WO 159502697 and W0 199622378, the content of cach of
which is mncorporated by reference in their entirety). Such adenoviral vectors may also be
used to deliver siRNA molecules of the present disclosure to cells.

Adeno-associated viral (AAV) vectors

10064 An AAV is a dependent parvovirus. Like other parvoviruses, AAVY is a single
stranded, non-enveloped DNA virus, having a genome of about 5000 nucleotides in length
containing two open reading frames that encode the protemns responsible for replication {Rep)
and the structural protein of the capsid (Cap). The open reading frames are flanked by two
Inverted Terminal Repeat (ITR) sequences, which serve as the origin of replication of viral
genome. Furthermore, the AAVY genome contains a packaging sequence, allowing packaging
of the viral genome into an AAV capsid. The AAV vector requires co-helper {e.g.,
adenovirus) to undergo a productive infection in infected cells. In the absence of such helper
functions, the AAV virions essentially enter host celis and integrate nto cells “genome.
{8665} AAY vectors have been imnvestigated for siRNA delivery because of 1ts several
unigue features. These features include (1) ability to mfect both dividing and non-dividing
cells; (i1) a broad host range for infectivity, including human cells; (iit) wild-type AAV has
never been associated with any discase and cannot replicate in infected cells; (iv) lack of celi-
mediated mnmune response against the vector and (v} ability to integrate into a host
chromosome or persist episomally, thereby creating potential for long-term expression.
Muorcover, infection with AAY vectors has minimal influence on changing the patiern of
cellular gene expression (Stidwell and Samulski et al., Biotechnigues, 2003, 34, 148},

[8666]  Typically, AAV vectors for siRNA delivery may be recombinant viral vectors
which are replication defective because of lacking sequences encoding functional Rep and
Cap proteins in viral genome. In some cases, the defoctive AAYV vectors may lack most of all
coding sequences and essentially only contains one or two AAY TTR sequences and a
packaging sequence.

{0067  AAV vectors may also comprise self-complementary AAY vectors (scAAVSs)
SCAAYV vectors contain both DNA strands which anneal together to form double stranded
DNA. By skipping second strand synthesis, scAAVs allow for rapid expression in the ecll.
{8668}  Methods for producing/ modifving AAY vectors are disclosed in the art such ag

pseudotyped AAV vectors (PCT Patent Publication Nos. WO200028004; W(O200123001;
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WO2ZO04112727, WO 2005005610 and WO 2005072364, the content of cach of which 1s
meorporated herein by reference i their entirety).

[B069]  AAV vectors for delivering siRNA molecules into mammalian cells, may be
prepared or derived from various serotypes of AAVs, mechuding, but not hinuted to, AAV ],
AAV2, AAV3, AAV4, AAV3, AAVE, AAVT AAVE AAVYS, AAVS 47, AAVS(huld),
AAVI0, AAVIEL, AAVIZ AAVHS, AAVhI0, AAV-DIS8 and AAV-DJ. In some cases,
different serotypes of AA Vs may be mixed together or with other types of viruses to produce
chimeric AAV vectors.

{8678}  In certain embodiments, the AAV serotype 18 AAVhI0.

8671}  AAV vectors for siRNA delivery may be modified to enhance the efficiency of
delivery. Such modified AAV vectors containing the siRNA expression casseite can be
packaged efficiently and can be used to mfect successfully the target cells at high frequency
and with minimal toxicity.

16672}  In some embodiments, the AAVY vector for delivering siRNA duplexes of the
present disclosure may be a human serotype AAV vector. Such human AAYV vector may be
derived from any known serotype, ¢.g., from any one of serctypes AAVI-AAVIL. Asnon-
Emiting examples, AAV vectors may be vectors comprising an AAY 1-derived genome in an
AAV1-derived capsid; vectors comprising an AAV2-derived genome 1o an AAY 2-dernived
genome; vectors comprising an AAV4-derived genome 1n an AAV4 derived capsid; vectors
comprising an AAV6-derived genome in an AAVS derived capsid or vectors comprising an
AAVY-derived genome in an AAVY derived capsid.

{86737  In other embodiments, the AAV vector for delivering siRNA duplexes of the
present disclosure may be a pseudotvped AAY vector which contains sequences and/or
components originating from at least two different AAV serotypes. Pseudotyped AAY
vectors may be vectors comprising an AAY genome denived from one AAVY serotype and a
Capsid protein derived at least in part from a different AAV serotype. As non-limiting
examples, such pseudotyped AAY vectors may be vectors comprising an AAV2-derived
genome m an AAV 1-derived capsid; or vectors comprising an AAV2-derived genome in an
AAV6-denived capsid; or vectors comprising an AAV2-derived genome mn an AAV4-derived
capsid; or an AAV2-derived genome i an AAV9-derived capsid.

{8674}  In other embodiments, AAVY vectors may be used for delivenng siRNA molecules
to the central nervous system (e.g., U.S. Pat. No. 6,180,613; the content of which is herein

meorporated by reference mn its entirety).
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180751  In some aspects, the AAV vector for delivering siRNA duplexes of the present
disclosure may further comprise a modified capaid including peptides from non-viral origin.
In other aspects, the AAV vector may contain a CNS specific chimeric capsid to facilitate the
delivery of siRNA duplexes into the bram and the spinal cord. For example, an alignment of
cap nucleotide sequences from AAY vanants exhibiting CNS tropism may be constructed to
identity variable region (VR) sequence and structure.

{0076]  The present disclosure refers to structural capsid proteins (including VPI1, VP2 and
VP3) which are encoded by capsid {Cap) genes. These capsid proteins form an outer protein
structural shell (i.¢. capsid) of a viral vector such as AAV. VP capsid proteins synthesized
from Cap polvnucieotides generally inclade a methionine as the first amine acid in the
peptide sequence (Metl), which is associated with the start codon (AUG or ATG) in the
corrgsponding Cap nucleotide sequence. However, 1t is common for a first-methioning
{Metl) residue or generally any first amino acid (AA1) to be cleaved off after or during
polypeptide synthesis by protein processing enzyvmes such as Met-aminopeptidases. This
“Met/AA-~chipping” process often correlates with a corresponding acetviation of the second
amino acid in the polypeptide sequence (¢.g., alanine, valine, serine, threonine, cte.}. Met-
chipping commonly occurs with VP and VP3 capsid proteing but can also cocur with VP2
capsid proteins.

{80771 Where the Met/AA-clipping 1s incomplete, a mixture of one or more {one, two or
three} VP capsid proteins comprising the viral capsid may be produced, some of which may
mchude a Metl/AAT ammo acid (Met+/AA+) and some of which may lack a Meti/AAL
amine acid as a result of Met/A A-clipping (Met-/AA-). For further discussion regarding
Meot/AA-clipping in capsid proteins, see Jin, ot al. Direct Liguid Chromatographyv/Mass
Spectrometry Analysis for Complete Characterization of Recombinant Adeno-Agsociated
Virus Capsid Proteins. Hum Gene Ther Methods. 2017 Qct. 28(5):255-267, Hwang, ct al. N-
Terminal Acetylation of Cellular Proteins Creates Specific Degradation Signals. Scieace.
2010 February 19. 327(5968}): 973-977; the contents of which are each incorporated herein
by reference i its endirety.

{8678}  According to the present disclosure, references to capsid proteins s not limited 1o
cither clipped (Met-/AA-) or unclipped (Met+/AA+} and may, in context, refer to
mdependent capsid proteins, viral capsids comprised of a mixture of capsid proteins, and/or
polynucleotide sequences {or fragments thercof) which encode, describe, produce or result in

capsid proteins of the present disclosure. A direct reference to a “capsid protein” or “capsid
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polvpeptide” {such as VP, VP2 or VP2} may also comprise VP capsid proteins which
mehide a Metl/AAT amino acid {Met+/AA+) as well as corresponding VP capsid proteins
which lack the Metl/AAT amino acid as a result of Met/AA-clipping (Met-/AA-).

{8679}  Further according to the present disclosure, a reference to a specitic SEQ ID NO:
{whether a protein or nucleic acid) which comprises or encodes, respectively, one or more
capsid proteins which include a Metl/AA T amine acid (Mett+/AA+) should be understood to
teach the VP capsid proteins which lack the Metl/AAT amino acid as upon review of the
sequence, 1t 1s readily apparent anv sequence which merely lacks the first histed amino acid
{whether or not Meti/AATL).

{0088f  Asanon-limiting example, reference to a VP1 polvpeptide sequence which is 736
amino acids in length and which includes a “Meti” amino acid (Met+) encoded by the
AUG/ATG start codon may also be understood to teach a VP polypeptide sequence which s
733 amino acids in length and which does oot include the “Metl” amino acid (Met-) of the
736 amino acid Met+ scquence. As a sccond non-limiting cxample, reference to a VP1
polypeptide sequence which 1s 736 amino acids in length and which includes an “AA1”
aming acid (AA1+) encoded by any NNN initiator codon may also be andersiood to teach a
VP1 polypeptide sequence which is 735 amino acids in length and which does not include the
“AAT” amino acid (AA1-) of the 736 amino acid AA 1+ sequence.

[0081]  References to viral capsids formed from VP capsid proteins (such as reference to
spacific AAVY capsid serotypes), can incorporate VP capsid proteins which include a
Metl/AAL amino acid {(Met+/AA1+), corresponding VP capsid proteins which lack the
Metl/AAT amino acid as a result of Met/A A L-clipping (Met-/AA -}, and combinations
thereof (Met+/AAT+ and Met-/AAT-),

{0082]  Asanon-limiting example, an AAV capsid serotype can include VP
{(Met+/AAT+), VP (Met-/AAL-), or a combination of VP (Met+/AAT+) and VP (Met-
/AAL-). An AAY capsid serotype can also include VP3 (Met+/AA1+), VP3 (Met-/AAL-), or
a combination of VP3 (Met+/AA1+) and VP3 (Met-/AA1-); and can also include similar
optional combinations of VP2 (Met+/AA 1) and VP2 (Met/AAL-).

Viral Genome

{8683}  In certain embodiments, as shown in an AAYVY particle comprises a viral genome

with a pavload region.



WO 2020/010042 PCT/US2019/040230

Viral Genome Size

[0084]  In certain embodiments, the viral genome which comprises a pavload described
herein, may be single stranded or double stranded viral genome. The size of the viral genome
may be small, medium, large or the maximum size. Additionally, the viral genome may
comprise a promoter and a polyA tail.

{8683}  In certain embodiments, the viral genome which compnses a pavload described
herein, may be a small single stranded viral genome. A small single stranded viral genome
mav be 2.7t035kbmsizesuch asabout 2.7,2.8,29,30,3.1,3.2,33, 34, and 3.5kbm
size. As anon-limiting example, the small single stranded viral genome may be 3.2 kb in
size. Additionally, the viral genome may compnse a promoter and a polyA tail.

[0086]  In cortain embodiments, the viral genome which comprises a pavioad described
herein, may be a small double stranded viral genome. A small double stranded viral genome
may be 1.3t0 1. 7kbinsizesuchasabout 1.3, 1.4, 1.5 1.6, and 1.7 kb in size. As anon-
hmiting example, the small double stranded viral genome may be 1.6 kb in size. Additionally,
the viral genome may comprise a promoter and a polyA tail.

[B087]  In certain embodiments, the viral genome which comprises a pavicad described
herein, may a medium single stranded viral genome. A medium single stranded viral genome
may be 3.6t04.3 kb insizesuch asabout 3.6,3.7,38,39,4.0,4.1,4.2 and 43 kb in size. As
a non-limiting example, the medinm single stranded viral genome may be 4.0 kb in size.
Additionally, the viral genome may comprise a promoter and a polvA tail.

{0688}  In certain embodiments, the viral genome which compnses a payload described
herein, may be a medivm double stranded viral genome. A medium double stranded viral
genome may be 1.8 10 2.1 kb in size such as about 1.8, 1.9, 2.0, and 2.1 kb in size. As a non-
limiting exampie, the medium double stranded viral genome may be 2.0 kb in size.
Additionally, the viral genome may comprise a promoter and a polvA tad.

{6689}  In certain embodiments, the viral genome which comprises a pavicad described
herein, may be a large single stranded viral genome. A large single stranded viral genome
may bed 4to60kbinsizesuchasabout 44,45 46,47,48,49,50,51,52,53,54,
55,56,57,58 59and 6.0 kb in size. As a non-limiting exaraple, the large single stranded
viral genome may be 4.7 kb in size. As another non-limiting example, the large single
stranded viral genome may be 4.8 kb in size. As yet ancther non-limiting example, the large
single stranded viral genome may be 6.0 kb in size. Additionally, the viral genome may

comprise a promoter and a polvA tadl.
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{8690}  In certain embodiments, the viral genome which comprises a pavicad described
heremn, may be a large double stranded viral genome. A large double stranded viral genome
mavbe22t030kbinsizesuchasabout2.2,23,24,25,26,2.7,28,2%and 3.0kb
gize. As anon-limiting example, the large double stranded viral genome may be 2.4 kb m
size. Additionally, the viral genome may comprise a promoter and a polyA tail.

Yiral Genome Component. Inverted Terminal Repeais (TTRs)

[6091]  The AAVY particles of the present disclosure comprise a viral genome with at least
one ITR region and a pavload region. In certain embodiments the viral genome has two [TRs.
These two ITRs flank the pavioad region at the 5° and 37 ends. The I'TRs function as origins
of replication comprising recognition sites for replication. ITRs comprise sequence regions
which can be complementary and syounetrically arranged. TTRs incorporated into viral
genomes of the disclosure may be comprised of naturally occurring polynucleotide sequences
or recombinantly dertved polvnucleotide sequences.

8692}  The I'TRs may be denved from the same serotype as the capsid, selected from any
of the serotypes herein, or a derivative thereof. The I'TR may be of a different serotype from
the capsid. In certain embodiments the AAV particle has more than one [TR. In a non-
limiting exampie, the AAV particle has a viral genome comprising two [TRs. In certain
embodiments the I'TRs are of the same serotype as one another. In another embodiment the
ITRs are of different serotypes. Non-limiting examples include zero, one or both of the ITRs
having the same serotype as the capsid. In certam embodiments both I'TRs of the viral
genome of the AAVY particle are AAVZ ITRs.

{0093}  Independently, each ITR may be about 100 to about 150 nucleotides 1 length. An
ITR mayv be about 100-103 nucleotides in length, 106-110 mucleotides in length, 111-115
nucleotides in length, 116-120 nucleotides in length, 121-125 nucleotides in length, 126-130
nucleotides in length, 131-133 nucleotides in length, 136-140 nucleotides in length, 141-143
nucleotides in length or 146-150 nucleotides in length. In certain embodiments the ITRs are
140-142 nuclectides m length. Non limiting examples of I'TR length are 102, 140, 141, 142,
145 oucleotides o length, and those having at least 95% identity thereto.

[0094]  In certain embodiments, the AAVY particle comprises a nucleic acid sequence
encoding an siRNA molecule which may be located near the 5° end ot the fhip I'TR in an
gxpression vector. In another embodiment, the AAYV particle comprises a nucleic acid
sequence encoding an siRNA molecule may be located near the 37 end of the flip ITR n an

expression vector. In vet another embodiment, the AAV particle comprises a nucleic acid
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sequence encoding an siRNA molecule may be located near the 5 end of the flop TR in an
expression vector. In vet another embodiment, the AAV particle comprises a nucleic acid
sequence encoding an sSiRNA molecule may be located near the 37 end of the flop TR inan
expression vector. In certain embodiments, the AAYV particle comprises a nucleic acid
sequence encoding an siRNA molecule may be located between the 57 end of the flip I'TR and
the 3" end of the flop I'TR in an expression vector. In certain embodiments, the AAV particle
comprises a nucleic acid sequence encoding an siRNA molecule may be located between
{c.g., half-way between the 57 end of the flip TR and 37 end of the flop I'TR or the 37 end of
the flop I'TR and the 57 end of the flip I'TR), the 37 end of the flip I'TR and the 5" end of the
flip I'TR n an expression vector. As a non-limiting example, the AAV particle comprises a
nucleic acid sequence encoding an siRNA molecule may be located within 1,2, 3,4, 5,6, 7,
8.9,10, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 or more
than 30 nucleotides downstream from the 5” or 3" end of an [TR {e.g., Flip or Flop ITR) in an
expression vector. As a non-limiting example, the AAV particle comprises a nucleic acid
sequence encoding an siRNA molecule may be located within 1,2, 3,4, 5,6,7, 8,9, 10, i1,
12, 13, 14, 15, 16, 17, 18,19, 20,21, 22,23, 24, 25,26, 27, 28, 29, 30 or more than 30
nucleotides upstream from the 5” or 37 end of an I'TR {(¢.g., Flip or Flop I'TR) i an expression
vector. As another non-limiting example, the AAV particle comprises a nucleic acid sequence
encoding an siRNA molecole may be located within 1-5, 1-10, 1-15, 1-20, 1-25, 1-30, 5-10,
5-13, 5-20, 3-25, 5-30, 10-15, 10-20, 10-25, 10-30, 15-20, 15-25, 15-30, 20-25, 20-30 or 25-
30 nucleotides downstream from the 57 or 37 end of an I'TR {c.g., Flip or Flop {TR} in an
expression vector. As another non-limiting example, the AAYV particle comprises a nucleic
acid sequence encoding an siRNA molecule may be located withia 1-5, 1-10, 1-15, 1.20, 1-
25, 1-30, 5-10, 3-15, 5-20, 5-25, 5-30. 10-13, 10-20, 10-25, 10-30, 15-20. 15-25, 15-30, 20-
25,20-30 or 25-30 upstream from the 5" or 37 end of an I'TR (e.g., Flip or Flop TR} n an
expression vector. As a non-lmiting example, the AAV particle comprises a nucleic acid
sequenae encoding an siRNA molecule may be located within the first 1%, 2%, 3%, 4%, 5%,
6%, 7%, 8%, 9%, 10%, 15%, 20%, 25% or more than 25% of the nucleotides upstream from
the 57 or 37 end of an {TR (e.g., Flip or Flop I'TR) 1n an expression vector. As another non-
hniting example, the AAV particle comprises a nucleic acid sequence encoding an siRNA
molecule may be located with the first 1-5%, 1-10%, 1-15%, 1-20%, 1-25%, 5-109%, 5-15%,
3-20%, 5-25%, 10-15%, 10-20%, 10-25%, 15-20%, 15-23%, or 20-25% downstream from

the 57 or 3" end of an ITR (¢ g., Flip or Flop TR} in an expression vector.
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Viral Genome Component: Promoters

10693}  In certain embodiments, the pavload region of the viral genome comprises at least
one element to enhance the transgene target specificity and expression (See ¢.g., Powell et al.
Viral Expression Cassette Elements to Enhance Transgene Target Specificity and Expression
mn Gene Therapy, 2013; the contents of which are herein incorporated by reference in its
entirety}. Non-limiting examples of elements {o enhance the transgene target specificity and
gxpression include promoters, endogenous miBRNAs, post-transcriptional regulatory elements
{(PRES), polvadenylation {Poly A} signal sequences and upstream enhancers (USEs), CMY
enhancers and ntrons.

{8696} A person skilled in the art may recogmize that expression of the polvpeptides of the
disclosure 1n a target cell may require a specific promoter, including but not hmited to, a
promoter that 1s species specific, inducible, tissue-specific, or cell cycle-specific (Parr et al,
Nai. Med. 3:1145-9 (1997); the contents of which arc herein incorporated by reference in thewr
enfirety),

10097 In certain embodiments, the promoter is deemed to be efficicnt when it drives
expression of the polypeptide(s) cncoded in the pavioad region of the viral genome ot the
AAV particle.

8698}  In certain embodiments, the promoter 1s a promoter deemed to be efficient to drive
the expression of the modulatory polynucieotide.

{0099] 1o certain embodiments, the promoter is a promoter deemed to be ctficient when it
drives expression in the cell being targeted.

10100} In certain embodiments, the promoter drives expression of the pavicad for a periad
of time in targeted tissues. Expression driven by a promoter may be for a period of 1 hour, 2,
hours, 3 hours, 4 hours, 3 hours, 6 hours, 7 hours, 8 hours, 9 hours, 10 hours, 11 hours, 12
hours, 13 hours, 14 hours, 15 hours, 16 hours, 17 hours, 18 hours, 19 hours, 20 hours, 21
hours, 22 hours, 23 hours, 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 1 week, 8 days, 9
days, 10 days, 11 days, 12 days, 13 days, 2 wecks, 15 days, 16 days, 17 days, 18 days, 19
days, 20 davs, 3 weeks, 22 days, 23 days, 24 days, 23 days, 26 days, 27 days, 28 days, 29
days, 30 davs, 31 days, 1 month, 2 months, 3 months, 4 months, 5 months, 6 months, 7
months, 8 months, 9 months, 10 months, 11 months, 1 vear, 13 months, 14 months, 15

months, 16 months, 17 months, 18 months, 19 months, 20 months, 21 months, 22 months, 23
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months, 2 vears, 3 vears, 4 vears, 5 vears, 6 years, 7 vears, 8 vears, 9 vears, 10 vears or more
than 10 vears. Expression may be for 1-5 hours, 1-12 howrs, 1-2 days, 1-5 days, 1-2 weeks, 1~
3 weeks, 1-4 weeks, 1-2 months, 1-4 months, 1-6 months, 2-6 months, 3-6 months, 3-9
months, 4-8 months, 6-12 months, 1-2 vears, 1-3 years, 2-5 vears, 3-6 vears, 3-8 vears, 4-8
vears or 5-10 vears.

10101} In certain embodiments, the promoter drives expression of the paviocad for at least
1 month, 2 months, 3 months, 4 months, 5 months, 6 months, 7 months, & months, 9 months,
10 months, 11 months, | vear, 2 vears, 3 vears 4 vears, 5 vears, 6 vears, 7 vears, § years, 9

years, 10 vears, 11 vears, 12 vears, 13 vears, 14 vears, 15 vears, 16 vears, 17 vears, 18 vears,

P

19 vears, 20 years, 21 years, 22 vears, 23 vears, 24 vears, 25 vears, 26 vears, 27 years, 28
vears, 29 years, 30 years, 31 vears, 32 years, 33 vears, 34 vears, 35 vears, 36 vears, 37 vears,
38 years, 39 years, 40 vears, 41 years, 42 years, 43 vears, 44 vears, 45 vears, 46 vears, 47
rears, 48 years, 49 vears, 50 vears, 55 years, 60 years, 65 vears, or more than 635 years.
{(}1 02}  Promoters may be naturallv occurring or non-naturally occurring. Non-limiting
examples of promoters melude viral promoters, plant promoters and mammalian promoters
In some embodiments, the promoters may be human promoters. In some embodiments, the
promoter may be truncated.
{3103}  Promoters which drive or promote expression in most tissucs include, but are not
Iimited to, human elongation factor lo-subunit (EF la), cyvtomegalovirus {CMVY) immediate-
carly enhancer and/or promoter, chicken B-actin ({CBA) and its derivative CAG. P
glucuronidase {(GUSB), or ubiguitin C (UBC). Tissuc~specific expression elements can be
sed to restrict expression to certaim cell types such as, but not hinuted to, muscle specific
promoters, B cell promoters, monocyte promoters, leukocyie promoters, macrophage
promoters, pancreatic acinar cell promoters, endothelial cell promoters, fung tissue
promoters, astrocyic promoters, or nervous syster promoters which can be used fo restrict
expression to neurons, astrocyies, or ohigodendrocyies.
{0104] Non-limiting examples of muscle-specific promoters include mammalian muscle
creatine kinase (MCK) promoter, mammalian desmin (DES) promoter, mammalian troponin 1
{TNNI2) promoter, and mammalian skeletal alpha-actin (ASKA) promoter {(see, e.g. 1.5,
Patent Publication US 20110212529, the contents of which are herein incorporated by
reference in their entirety)
{0105] Non-linuting examples of tissue-specific expression clements for neurons include

neuron-specific enolase (NSE), platelet-denved growth factor (PDGE), platelet-denived
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growth factor B-chain (PDGF-B), svnapsin (Syn), methyl-CpG binding protem 2 (Me(CP2),
Ca’*/calmodulin-dependent protein kinase I (CaMKIT}, metabotropic glutamate receptor 2
{mGluR2), neurofilament light (NFL} or heavy (NFH), B-globin nunigene np2,
preproenkephalin (PPE}, enkephalin (Enk) and excitatory amino acid transporter 2 (EAATZ)
promoters. Non-limiting examples of tissue-specific expression clements for astrocyies
mchude glial fibnllary acidic protein (GFAP) and EAATZ promoters. A non-himiting example
of a tissuc-specific expression element for oligodendrocyics inchudes the myelin basic protein
{MBP) promoter.

{8106  In certain embodiments, the promoter may be less than 1 kb. The promoter may
have a length of 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340,
350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510, 520,
530, 540, 550, 360, 570, S80, 590, 600, 610, 620, 630, 640, 650, 660, 670, 680, 690, 700,
710, 720, 730, 740, 750, 760, 770, 7RG, 790, 300 or more than 800 nucleotides. The promuoter
may have a length between 200-300, 200-400, 200-500, 200-600, 200-700, 200-800, 300-
400, 300-500, 300-600, 300-700, 300-800, 400-500, 400-600, 400-700, 400-800, 506-600,
500-700, 500-800, 600-700, 600-800 or 700-800.

(7S]

{8107}  In certain embodiments, the promoter may be a combination of two or more
coraponents of the same or different starting or parental promoters such as, but not limited to,
CMYV and CBA. Each component may have a length of 200, 210, 220, 230, 240, 250, 260,
270, 280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 381, 382, 383, 384, 385, 386,
387, 388, 389, 390, 400, 410, 420, 430, 440, 450, 460, 470. 480, 490, 500, 510, 520, 530,
540, 550, 560, 570, 380, 590, 600, 610, 620, 630, 640, 630, 660, 670, 680, 690, 700, 710,
720, 730, 740, 750,
length between 200-300, 200-400, 200-500, 200-600, 200-700, 200-800, 300-400. 300-500,
300-600, 300-700, 300-800, 400-500, 400-500, 400-700, 400-800, 500-600, 500-700, 500-

760, 770, 780, 790, 800 or more than 800, Each component may have a

300, 600-700, 600-800 or 700-800. In certam embodiments, the promoter is a combination of
a 382 nuclectide CMV-enhancer sequence and a 260 mucleotide CBA-promoter sequence.
{0108}  In cortain embodiments, the viral genome comprises a ubiquitous promoter. Non-
himiting examples of ubiquitous promoters include CMV, CBA (including denvatives CAG,
CBh, ete ), EF-1g, PGK, UBC, GUSB (hGBp), and UCOE (promoter of HNRPAZBI-
CBX3).

{0109  Yuotal (Molecular Pain 2011, 7:63; the contents of which are herein incorporated

bv reference in their entirety) evaluated the expression of eGFP under the CAG, EFig, PGK
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and UBC promoters in rat BRG cells and primary DRG cells using lentiviral vectors and
found that UBC showed weaker expression than the other 3 promoters and only 10-12% ghial
expression was seen for all promoters. Soderblom et al. (E. Neuro 2015; the contents of
which are herein incorporated by reference in its entirety)} evaluated the expression of eGFP
i AAVS with CMV and UBC promoters and AAVZ with the CMV promoter after injection
i the motor cortex. Intranasal administration of a plasmid contaning a UBC or EFla
promoter showed a sustained airway expression greater than the expression with the CMV
promoter (See c.g., Gill et al, Gene Therapy 2001, Vol. 8, 1539-1546; the contents of which
are herein incorporated by reference in their entirety). Husain ¢t al. (Gene Therapy 2009; the
contents of which are herein incorporated by reference in its entirety ) evaluated an HEH
construct with a hGUSE promoter, a HSV-1LAT promoter and an NSE promoter and found
that the HBH construct showed weaker expression than NSE in mouse brain. Passint and
Wolfe (J. Vircl 2001, 12382-12392, the contents of which are herein incorporated by
reference in its entirety) evaluated the long term cffects of the HPH vector following an
mitraventricular mjection in neonatal mice and found that there was sustained expression for
at least 1 year. Low expression in all brain regions was found by Xu et al. {Gene Therapy
2001, &, 1323-1332; the contents of which are herein incorporated by reference in their
entirety} when NFL and NFH promoters were used as compared to the CMV-lacZ, CMV-luc,
EF, GFAP, hENK, nAChR, PPE, PPE + wpre, NSE (0.3 kb), NSE (1.8 kb} and NSE (1.8 kb
+wpre). Xu et al. found that the promoter activity 1o descending order was NSE (1 8 kb), EF,
NSE (0.3 kb), GFAP, CMV, hENK, PPE, NFL and NFH. NFL is a 650 nucleotide promoter
and NFH 1s a 920 nucleotide promoter which are both absent in the hiver but NFH 15 abundant
in the sensory proprioceptive neurons, brain and spinal cord and NFH is present in the heart.
ScnBa is a 470 nucleotide promoter which expresses throughout the DRG, spinal cord and
brain with particularly high expression scen in the hippocampal neurons and cerchellar
Purkinje cells, cortex, thalamus and hvpothalamus (See e.g., Drews et al. identification of
evolutionary conserved, functional noncoding elements in the promoier region of ihe sodium
charnel gene SCNEA, Mamm Genome (2007) 18:723-731; and Raymond ¢t al. Kxpression of
Alternatively Spliced Sodngn Channel a-subunit genes, Journal of Biological Chemistry
{2004) 27944} 46234-46241; the contents of cach of which are herein incorporated by
reference in their entiretics).

{0110}  Anv of promoters taught by the aforementioned Yu, Soderblom, Gill, Husain,

Passing, Xu, Drews or Raymond may be used n the present compositions.
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{8111}  In certain embodiments, the promoter 1s not cell specific.

8112}  In certain embodiments, the promoter is a ubiquitin ¢ {(UBC) promoter. The UBC
promoter may have a size of 300-350 nucleotides. As a non-miting example, the UBC
promoter is 332 nucleotides.

{3113}  In certain embodiments, the promoter 1s a B-glucoromdase (GUSB} promoter. The
GUSB promoter may have a size of 350-400 nucleotides. As a non-limiting example, the
GUSB promoter is 378 nucleotides.

{8114}  In certain embodiments, the promoter is a neurofilament light (NFL) promoter. The
NFL promoter may have a size of 600-700 nacleotides. As a non-limiting example, the NFL
promoter i1s 650 mucleotides. As a non-limiting example, the construct may be AAV-
promoter-CMV/globin mtron-modulatory polynucleotide-RBG, where the AAV may be self-
complementary and the AAV may be the DI serotype.

10115} In certain embodiments, the promoter is a neurchilament heavy (NFH) promoter.
The NFH promoter may have a size of 900-950 nucleotides. As a non-limiting cxample, the
NFH promoter 1s 920 nucleotides. As a non-limiting example, the construct may be AAY-
promoter-CMV/globin mtron-modalatory polynucleotide-RBG, where the AAV may be self-
complementary and the AAVY may be the DI serotype.

{3116}  In certain cmbodiments, the promoter 15 a sen8a promoter. The scn8a promoter
may have a size of 450-500 nucleotides. As a non-limiting example, the scn8a promoter is
470 nucleotides. As a non-limiting example, the construct may be AAV-promoter-
CMV/globin intron-modulatory polynucleotide-RBG, where the AAV may be sclf-
complementary and the AAV may be the D serotype

81177 In certain embodiments, the viral genome comprises a Pol HH promoter.

{0118}  In certain embodiments, the viral genome comprises a P promoter.

{6119}  In certain embodiments, the viral genome comprises a FXN promoter.

[3120]  In certain embodiments, the promoter is a phosphoglycerate kinase 1 (PGK)
promoter.

10121} In certain embodiments, the promoter is a chicken Bractin ({CBA) promoter.
{8122}  In certain embodiments, the promoter is a CAG promoter which 1s a construct
comprising the cytomegalovirus {CMV) enhancer fused to the chicken beta-actin (CBA)
promoter.

{3123}  In certain cmbodiments, the promoter 1s a cytomegalovirus (CMV) promoter.

[3124]  In certain embodiments, the viral genome comprises a H1 promoter.
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{8123}  In certain embodiments, the viral genome comprises a Ud promoter.

18126]  In certain embodiments, the promoter is a liver or a skeletal muscle promoter. Non-
hmiting examples of liver promoters include human o-~1-antitrypsin (hAAT) and thyroxine
binding globulin {TBG). Non-limiting examples of skeletal muscle promoters include
Desmin, MCK or synthetic C5-12.

{1271 In certain embodiments, the promoter is a RNA pol 1 promoter. As a non-limiting
example, the RNA pol Hf promaoter is Ub. As a non-limiting example, the RNA pol 1
promoter is Hi.

18128]  In certain embodiments, the viral genome comprises two promoters. As a non-
Emiting exampie, the promoters arc an EFla promoter and a CMV promaster.

[3129]  In certain embodiments, the viral genome comprises an enhancer clement, a
promoter and/or a SUTR intron. The enhancer element, also referred to hergin as an
“enhancer,” may be, but is not limited to, a UMV enhancer, the promoter may be, but is not
hmited to, a CMV, CBA, UBC, GUSB, NSE, Synapsin, McCP2, and GFAP promoter and the
5"UTR/intron may be, but is not imuted to, V440, and CRBA-MVM. As a non-limiting
example, the enhancer, promoter and/or tntron used in combination may be: (1} CMV
enhancer, CMV promoter, SV40 5"UTR intron; (2} CMVY enhancer, CBA promoter, SV 40
STUTR antron; (3) CMV enhancer, CBA promoter, CBA-MYM 5"UTR intron; (4) UBC
promgoter; (3) GUSB promoter; (6} NSE promoter; {7} Synapsin promoter; {8} MceCP2
promaoter, (9) GFAP promoter, (10} Hl promoeter; and (11} U6 promoter.

0138}  In cortain embodiments, the viral genome comprises an enginecred promoter,
{01311  In another embodiment the viral genome comprises a promoter from a naturally
expressed protein.

Viral Genome Component: Untransiated Regions (UTRs)

10132} By defimstion, wild type untranslated regions (UTRs) of a gene are transcribed but
not translated. Generally, the 5” UTR starts at the transcription start site and ends at the start
codon and the 3” UTR starts immediately following the stop codon and continues wntil the
termination signal for transcription.

{30133}  Features typically found in abundantly expressed gencs of specific target organs
may be engineered into UTKs to enhance the stability and protein production. As a non-
hmiting example, a 37 UTR from mRNA normally expressed in the liver {¢.g., albumin,

serem amyloid A, Apolipoprotein A/B/E, transferrin, alpha fetoprotein, erythropoietin, or
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Factor VIII} mayv be used in the viral genomes of the AAV particles of the disclosure to
enhance expression i hepatic cell lines or liver.

{6134}  While not wishing to be bound by theory, wild-type 53" untranslated regions (UTRs)
melude features which play roles m translation initiation. Kozak sequences, which are
commonly known to be mvolved m the process by which the ribosome mitiates transiation of
many genes, are usually included in 57 UTRs. Kozak sequences have the consensus
CCR{A/G) CCAUGG, where R 15 a punine {adenine or guanine) three bases upstream of the
start codon (ATG), which is followed by another ‘G’

8135} In certain emwbodiments, the 5"UTR in the viral genome includes a Kozak
sequence.

[8136]  In certain embodiments, the STUTR w the viral genome does not include a Kozak
sequence.

101377 While not wishing to be bound by theory, wild-type 3’ UTRs arg known to have
stretches of Adenosines and Uridines embedded therein. These AU rich signatures are
particularly prevalent mn genes with high rates of turnover. Based on their sequence features
and functional properties, the AU rich elements (AREs} can be separated into three classes
{Chen et al, 1995, the contents of which are herein incorporated by reference in its entirety);
Class I AREs, such as, but not limited to, ¢-Myc and MyoD, contain several dispersed copics
of an AUUUA montf within U-rich regions. Class H AREs, such as, but not hmited to, GM-
CSF and TNF-a, possess two or more overlapping UUAUUUAU/ANU/A) nonamers. Class
I ARES, such as, but not himited to, c-Jun and Mvogenin, are less well defined. These U
rich regions do not contain an AUUUA motif. Most proteins binding to the AREs are known
to destabilize the messenger, whereas members of the ELAVY family, most notably HuR, have
been documented to increase the stability of mRNA . HuR binds to AREs of all the three
classes. Engincering the HuR specific binding sites into the 3" UTR of nucleic acid moleculcs
will lead to HuR binding and thus, stabilization of the message in vivo,

10138}  Introduction, removal or modification of 3" UTR AU rich eloments {AREs) can be
used to modulate the stability of polynucleotides. When engincering specific polynuclectides,
¢.g.. paviocad regions of viral genomes, one or more copics of an ARE can be introduced to
make polynucleotides less stable and thereby curtail translation and decrease production of
the resultant protein. Likewise, AREs can be identified and removed or mutated to increase

the intraceliular stability and thus increase translation and production of the resultant protein.
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{8139}  In certain embodiments, the 3' UTR of the viral genome may include an oligo(dT)
sequence for templated addition of a poly-A tail.

{0140  To certain ecmbodiments, the viral genome may include at least onc miRNA sced,
binding site or full sequence. microRNAs {or miRNA or miR) are 19-25 nucleotide
noncoding RNAg that bind to the sites of nucleie acid targets and down-regulate gene
expression either by reducing nucleic acid molecule stability or by inhibiting translation. A
microRNA sequence comprises a “seed” region, 1.€., a sequence in the region of positions 2-8
of the mature microRNA, which sequence has perfect Watson-Crick complementarnity to the
miRNA target sequence of the nucleic acid.

0141}  In certain embodiments, the viral genome may be engineerad to inchude, alter or
remove at least one muRNA binding site, sequence or seed region.

142}  Any UTR from any gene known i the art may be meorporated into the viral
genome of the AAY particle. These UTRs, or portions thereof, may be placed in the same
oriendation as in the gene from which they were selected or they may be altered 1n orientation
or jocation. In certain embodiments, the UTR used n the viral genome of the AAV particie
may be mverted, shortened, lengthened, made with one or more other 3" UTRs or 3' UTRg
known n the art. As used herein, the term “altered” as it relates to a UTR, means that the
UTHR has been changed in some way in relation to a reference sequence. For exarple, a 3" or
5 UTR may be altered relative to a wild type or native UTR by the change i onentation or
location as taught above or may be altered by the inclusion of additional nucleotides, deletion
of nucleotides, swapping or transposition of nucleotides.

{6143}  In certain embodiments, the viral genome of the AAY particle comprises at least
one artificial UTRs which is not a vanant of a wild type UTR.

{0144] In certain embodiments, the viral genome of the AAYV particle comprises UTRs
which have been selected from a family of transcripts whose proteins share a common
function, structure, feature or property.

Viral Genome Component: Polvadenylation Sequence

{0145} In certain embodiments, the viral genome of the AAY particles of the present
disclosure comprise at feast one polvadenylation sequence. The viral genome of the AAV
particle may comprise a polvadenylation sequence between the 37 end of the paviocad coding
sequence and the 37 end of the 37ITR.

10146]  In certain embodiments, the polvadenylation sequence or “polyA sequence” may

range trom absent 1o about 500 nucleotides in length. The polvadenvlation sequence may be,
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but 1s not limited to, 1.2, 3.4, 5.6, 7, 8,
26,27, 28,29, 30,
32,53, 34, 35, 536, 37, 58,

23,24, 25,
48, 49, 50, 51,
73, 74,

117, 118, 119,
135, 136, 137,
153, 154, 155,
171,172, 173,

207,208, 209, 2
223,226,
243, 244,

261, 262, 263, 264,

279, 280, 281,
297,298, 2
315,316, 317,
333,334, 335, -
351,352, 353,
369, 370,
387, 388, 38¢
408, 406,
23,424, 425
441, 442,
459, 460, 4
477,478, 4
495, 496,
{0147}

fength.

{0148}

length.

{0149}

3

length.

75,76, 77,78, 79, 80, 81, 82
98, 99, 100, 101, 102, 10
120,
138, 139, 140, 141, 142, 143
136,
174,
189, 190, 191, 192,

121,

157,
175,
. 194, 195, 196, 197,

248,249 250,
5. 266, 267, 268, 269,
33,284, 283, 286, 287,

302,
. 320,

31,32, 33,

83,
3,104, 105,
122, 123, 124, 125,

U,;

138, 139, 160, 161,
176, 177, 178, 179,

212,213, 214, 215,
230, 231, 232, 233,
251,

303, 304, 305,
321,322, 323,
. 339, 340, 341,
. 357,358, 359,

3.374, 375,376,377,
. 392,
3,410, 411, 412, 413,
, 428,429, 430, 431,
, 445,446,447, 448, 449, 450, 451, 4
52, 463,
(3, 481,
, 499, and 500 nuclectides in length,

393,394, 395,

464, 465, 466, 467,
482, 483, 484, 485,

t
3

9,
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9,10, 11, 12, 13, 14, 15, 16, 17, 18. 19, 20, 21, 22,
34,35, 36,37, 38,39, 40, 41, 42, 43, 44, 45, 46, 47.
50,60, 61, 62, 63, 64. 65, 66, 67, 68, 69, 70, 71, 72,
84, §3, 86, 87, 88, 89, 90, 91,
106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116,

93,9495, 96,97,

126,127, 128, 129, 130, 131, 132, 133, 134,
144, 145, 146, 147, 148, 149, 150, 151, 152,

162, 163,
180, 181,

198,199, 2

216,217,
234, 235,
252,253,

270,271, 272,

288, 289,

306, 307,
324,325, 3
342, 343, 3s

360, 361,
378, 379,

396, 397, -

414, 415,
432,433,

468, 469,
486, 487

3

164,
182,

163, 166, 167,
183, 184, 185, 186, 187,
0, 201, 202, 203,
. 219,220, 221,

168, 169, 170,

204, 205,
222,223,

, 237,238, 239, 240,
. 255,256, 257, 258,
273,274,275, 276, 2
L2901, 792,293, 294,

241,

327
. 345,346, 3
. 363, 364,
. 381,382,
. 399, 400,
5. 417, 418,
1435, 436,

470, 471, 472,

8,309, 310,311,
328,329,
47,
363,
383,
401,
419,
437,
. 453, 454, 455,
473,
488, 489, 490, 491,

312,313, 3
330, 331,
348, 34
366, 367,
384,
402, -
420, 421,
438, 439, 440,
456, 457, 458,
474, 475, 476,
492, 493, 494,

1,404,
422,

In ceriain embodiments, the polvadenvlation sequence is 30-100 nucleotides in

In certain embodiments, the polvadenylation sequence is 50-150 nucleotides in

In certain embodiments, the polyadenviation sequence is 30-160 nucleotides in
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[0153]  In certain embodiments, the polvadenviation sequence is 30-200 nucleotides in
length.
{0151] 1o certain emboduments, the polvadenylation sequence is 60-100 nucleotides in
length.

{1521 In certain embodiments, the polvadenylation sequence 1s 60-150 nuclectides in

{0153}  In certain embodiments, the polvadenylation sequence is 60-160 nucleotides in

{8154]  In certain embodiments, the polvadenylation sequence 18 60-200 nucleotides in

[3155]  In certain embodiments, the polvadenylation sequence is 70-100 nucleotides in

{3156]  In certain embodiments, the polyadenylation sequence is 70-150 nuclectides in

{0157  In certain embodiments, the polvadenviation sequence is 70-160 nucleotides in

{0158]  In certain embodiments, the polvadenviation sequence is 70-200 nucleotides in
length.
{3139]  In certain embodiments, the polvadenylation sequence 1s 830-100 nuclectides in
length.
[0168]  In certain embodiments, the polvadenylation sequence is 80-150 nucleotides in
fength.
{81611  In certain embodiments, the polvadenvlation sequence i3 80-160 nucleotides in
length.
{0162}  In certain emboduments, the polvadenylation sequence is 80-200 nucleotides in
length.
{3163}  In certain embodiments, the polyadenylation sequence is 90-100 nuclectides in
length.
[0164]  In certain embodiments, the polvadenviation sequence is 90-150 nucleotides in
length.
{0165]  In certain embodiments, the polvadenviation sequence is 90-160 nucleotides in

length.
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[0166]  In certain embodiments, the polvadenviation sequence is 90-200 nucleotides in
length.

{3167}  In certain embodiments, the AAVY particle comprises a nucleic acid sequence
encoding an siRNA molecule mayv be located upstream of the polyadenviation sequence in an
gxpression vector. Further, the AAV particle comprises a nuclete acid sequence encoding an
siRNA molecule may be located dowastream of a promoter such as, but not imited to, {MV,
U6, CAG, UBA or a CBA promoter with a SV40 mtron or a human beta globin intron in an
expression vector. As a non-limiting example, the AAV particle comprises a nucleic acid
sequence encoding an siRNA molecule may be located within 1,2, 3,4,5,6,7. 8,9, 10, 11,
12,13, 14, 15,16, 17, 18,1920, 21,22, 23,24, 25,26, 27,28, 29, 30 or more than 30
nucleotides downstream from the promoter and/or upstream of the polvadenylation sequence
I an expression vector. As another non-limiting example, the AAVY particle comprises a
nucleic acid sequence encoding an siRNA molecule may be located within 1-5, 1-16, 1-15, 1-
20, 1-253, 1-30, 5-10, 5-15, 5-20, 5-25, 5-30, 10-15, 10-20, 10-25, 10-30, 13-20, 15-25, 15-30,
20-25, 20-30 or 25-30 nucleotides downstream from the promoter and/or upstream of the
polyadenylation sequence in an expression vector. As a non-limiting example, the AAV
particle comprises a nucleic acid sequence encoding an siRNA molecule may be located
within the first 19, 2%, 3%, 4%, 5%. 6%, 7%, 8%, 9%, 10%, 15%, 20%., 25% or more than
25% of the nucleotides downstream from the promoter and/or upstream of the
polyvadenyiation sequence in an expression vector. As another non-limiting example, the
AAYV particle comprises a nucleic acid sequence encoding an siKNA molecule may be
located with the first 1-59%, 1-109%, 1-15%, 1-20%, 1-25%, 5-10%, 5~15%, 5-20%, 5-25%,
10-15%, 10-20%, 10-259%, 15-209%, 15-25%, or 20-25% downstream from the promoter
and/or upstream of the polyadenvlation sequence in an exprogssion vector.

{0168]  In certain embodiments, the AAV particle comprises a rabbit globin
polvadenvlation (poly A} signal sequence (FBGpA).

13169] In certain embodiments, the AAV particle comprises a human growth hormone
polvadenvyiation (polvA} signal sequence.

Viral Genome Component: Introns

{178}  In certain embodiments, the pavioad region comprises at least one clement to
enhance the expression such as one or more introns or portions thereof. Non-limiting
examples of introns imchude, MYM (67-97 bps), F.IX truncated intron 1 {300 bps), B-globin

SD/immunoglobulin heavy chain splice acceptor (250 bps), adenovirus splice
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donor/immunoglobin spiice acceptor (500 bps). SV40 late splice donor/splice acceptor
{195/168) (180 bps) and hyvbrid adenovirus splice donow/lIgG splice acceptor (230 bps}.
{0171} 1o certain embodiments, the intron or intron portion may be 100-500 nucleotides n
length. The mtron may have a length of 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 171,
172,173, 174, 175, 176, 177, 178, 179, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270,
280, 290, 300, 310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450,
460, 470, 480, 490 or 500. The uxtron may have a length between 80-100, 80-120, 80-140,
80-160, 80-180, 80-200, 80-250, 80-300, 80-350, 80-400, 80-450, 80-500, 200-300, 200-400,
200-300, 300-400, 300-300, or 400-300.

8172}  In certain embodiments, the AAY viral genome may comprise a promoter such as,
but not Iimited to, CMV or Ub. As a non-limiting example, the promoter for the AAV
comprising the nacleic acid sequence for the siRNA molecules of the present disclosurc s a
CMYV promoter. As another non-himiting example, the promoter for the AAV comprising the
nucleie acid sequence for the stRNA molecules of the present disclosure is 2 U6 promoter.
{81731  In certain embodiments, the AAV viral genome may comprise a CMYVY promoter.
8174}  In certain embodiments, the AAY viral genome may comprise a U6 promoter.
{8175}  In certain embodiments, the AAY viral genome may comprise a CMV and a U6
promoter.

{3176  In certain embodiments, the AAV viral genome may comprise a HI promoter.
10177 In certain embodiments, the AAVY viral genome may comprise a CBA promoter.
10178}  In certain embodiments, the encoded siRNA molecule may be located downstream
of a promoter in an expression vector such as, but not lumted to, CMV, Us, H, CBA, CAG,
or a UBA promoter with an intron such as $V40 or others known in the art. Further, the
encoded siRNA molecule may also be located upstream of the polvadenylation sequence in
an expression vector. As a non-limiting example, the encoded sitRNA molecule may be
located within 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14,15, 16,17, 18, 19, 20, 21,22, 23, 24,
25,26, 27,28, 29, 30 or more than 30 nuclectides downstream from the promoter and/or
upstream of the polvadenylation sequence in an expression vector. As another non-limiting
example, the encoded siIRNA molecule may be located within 1-5, 1-10, 1-15, 1-20, 1-25, I-
30, 5-10, 5-15, 5-20, 5-23, 5-30, 10-15, 10-20, 10-25, 10-30_15-20_ 15-25, 13-30, 20-23, 20-
30 or 25-30 nucleotides downstream from the promoter and/or upstream of the
polyadenvlation sequence i an expression vector. As a non-linuting example, the encoded

/0 6(/0 7% 8 70, 909,

siRNA molecule may be located within the first 196, 2%, 3%, 4%,
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10%, 13%, 20%, 25% or more than 25% of the nucleotides downstream from the promoter
and/or upstream of the polvadenvlation sequence in an expression vector. As another non-
hmiting example, the encoded siRNA molecule may be located with the first 1-3%, 1-10%,
1-15%, 1-20%, 1-25%, 5-109%, 5-15%, 5-20%, 5-25%, 10-15%, 10-20%, 10-25%, 15-20%,
15-25%, or 20-25% downstream from the promoter and/or upstream of the polyadenylation
sequense i an expression vector.

Viral Genome Component: Filler Sequence

{8179}  In certain embodiments, the viral genome comprises one or more filler sequences.
{3180}  In certain embodiments, the viral genome comprises one or more filler sequences
i order to have the fength of the viral genome be the optimal size for packaging. As a non-
hmiting example, the viral genome comprises at least one filler sequence in order to have the
length of the viral genome be about 2.3 kb. As a non-limiting example, the viral genome
comprises at least one filler sequence in order to have the length of the viral genome be about
4.6 kb.

{3181}  In certain embodiments, the viral genome comprises one or more filler sequences
m order to reduce the hikelihood that a hairpin structure of the vector genome {e.g., a
modulatory polvnucieotide described herein) may be read as an mverted terminal repeat
(I'TR) duning expression and/or packaging. As a non-imiting example, the viral genome
comprises at least one filler sequence m order to have the length of the viral genome be about
2.3 kb. As a non-limiting example, the viral genome comprises at least one filler sequence in
order to have the length of the viral genome be about 4 6 kb

{0182}  In certain embodiments, the viral genome is a single stranded (ss) viral genome
and compniges one or more filler sequences which have a length about between 0.1 kb - 3.8
kb, such as, but not imited to, 0.1 kb, 0.2 kb, 0.3 kb, 0.4kb, 0.5kb, 0.6 kb, 0.7kb, 0.8 kb, 0.9
kb, 1 kb, L1 kb, 1.2kb, 1.3kb, 1.4kb, 1.5kb, 1.6kb, 1.7kb, 1.8kb, 1.9kb, 2kb, 2.1kb, 2.2
kb, 2.3kb, 2.4kb,25kb, 26 kb, 2.7 kb, 2.8 kb, 2.9kb, 3kb, 3.1 kb, 3.2 kb, 3.3 kb, 3.4 kb,
35kb, 3.6kb, 3.7 kb, or 3.8 kb. As anon-limiting example, the total length filler sequence in
the vector genome 1s 3.1 kb. As a non-limiting example, the total length filler sequence in the
vector genome 18 2.7 kb, As a non-liniting example, the total iength filler sequence in the
vector genome 18 0.8 kb, As a non-limiting example, the total length filler sequence m the
vector genome 18 0.4 kb. As a non-limiting example, the length of each filler sequence in the
vector genome 15 §.8 kb. As a non-limiting example, the length of each filler sequence in the

vector genome 15 0.4 kb,
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10183}  In certain embodiments, the viral genome 1s a self-complementary (sc) viral
genome and comprises one or more filler sequences which have a fength about between 0.1
kb — 1.5 kb, such as, but not linuted to, 0.1 kb, 0.2 kb, 0.3 kb, 0.4 kb, 0.5 kb, 0.6 kb, 0.7 kb,
08kb,09kb, T kb, 1.1 kb, 1.2 kb, 1.3 kb, 1 .4 kb, or 1.5 kb. As a non-limiting example, the
total length filler sequence in the vector genome is 0.8 kb, As a non-limiting example, the
total length filler sequence in the vector genome is 6.4 kb. As a non-limiting example, the
length of cach filler scquence in the vector genome 15 0.8 kb, As a non-hmiting example, the
length of cach filler sequence mn the vector genome is 0.4 kb

{8184}  In certain embodiments, the viral genome comprises any portion of a filler
sequence. The viral genome may comprise 1%, 2%, 3%, 4%, 3%, 6%, 7%, 8%, 9%, 10%,
15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 35%, 60%, 653%, 70%, 75%, 80%, 83%, 90%,
95%, or 99% of a filler sequence.

10185) In certainr embodiments, the viral genome is a single stranded (ss) viral genome
and comprises one or more filler sequences in order to have the length of the viral genome be
about 4.6 kb. As a non-limiting example, the viral genome comprises at least one filler
sequence and the filler sequence is located 3” to the 57 FTR sequence. As a non-limiting
example, the viral genome comprises at least one filler sequence and the filler sequence is
located 57 to a promoter sequence. As a non-hmiting example, the viral genome comprises at
least one filler sequence and the filler sequence is located 37 to the polyadenylation signal
sequence. As a non-limiting example, the viral genome comprises at least one filler sequence
and the filler sequence is located 5 to the 37 I'TR sequence. As a non-limiting example, the
viral genome comprises at least one filler sequence, and the filler sequence 1s located between
two mtron sequences. As a non-limiting example, the viral genome comprises at least one
filler sequence, and the filler sequence is located within an mtron sequence. As a non-limiting
cxample, the viral genome comprises two filler sequences, and the first filler sequence is
tocated 37 to the 57 TR sequence and the second filler sequence s focated 37 1o the
polyadenviation signal sequence. As a non-limiting example, the viral genome comprises two
filler sequences, and the first filler sequence is located 57 to a promoter sequence and the
second filler sequence is located 37 to the polvadenylation signal sequence. As a non-limiting
example, the viral genome comprises two filler sequences, and the first filler sequence 13
located 37 to the 5° ITR sequence and the second filler sequence is located 57 1o the 5 FTR

SCquencee.
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{6186}  In certain embodiments, the viral genome 18 a selt~complementary {sc) viral
genome and comprises one or more filler sequences in order to have the length of the viral
genome be abowt 2.3 kb, As a non-liniting cxample, the viral genome comprises at least one
filler sequence and the filler sequence 1s located 37 1o the 3 TTR sequence. As a non-linuting
example, the viral genome comprises at least one filler sequence and the filler sequence is
located 57 to a promaoter sequence. As a non-hmiting example, the viral genome comprises at
least one filler sequence and the filler sequence is located 37 to the polvadenylation signal
sequence. As a non-limiting example, the viral genome comprises at least one filler sequence
and the filler sequence is located 57 to the 3° I'TR sequence. As a non-limiting example, the
viral genome comprises at least one filler sequence, and the filler sequence is located between
two ntron sequences. As a non-himiting example, the viral genome comprises at least one
filler sequence, and the filler sequence 1s located within an mtron sequence. As a non-hmiting
example, the viral genome comprises two filler sequences, and the first filler sequence is
located 37 to the 5” I'TR sequence and the second filler sequence is located 37 to the
polyvadenylation signal sequence. As a non-limiting example, the viral genome comprises two
filler sequences, and the first filler sequence 1s located 37 to a promoter sequence and the
second filler sequence is located 37 to the polyadenylation signal sequence. As a non-limiting
cxample, the viral genome comprises two filler sequences, and the first filler sequence is
located 37 to the 57 ITR sequence and the second filler sequence s located 57 to the 57 TR
sequence.

0187} In certain embodiments, the viral genome may comprise one or more filler
sequences between one of more regions of the viral genome. In certain embodiments, the
filler region may be located before a region such as, but not imited to, a payload region, an
mverted terminal repeat (ITR), a promoter region, an intron region, an enhancer region, a
polyadenvlation signal sequence region, and/or an exon region. In certain cotbodiments, the
filler region may be located after a region such as, but not limited to, a pavioad region, an
mverted terminal repeat (TR}, a promoter region, an intron region, an enhancer region, a
polyvadenviation signal sequence region, and/or an exon region. In certain embodiments, the
filler region may be located before and after a region such as, but not limited to, a payvload
region, an nverted terminal repeat (ITR), a promoter region, an infron region, an enhancer
region, a polyadenviation signal sequence region, and/or an exon region.

{0188]  [Iu certain cmbodiments, the viral genome may comprise one or more filler

sequences which bifurcates at least one region of the viral genome. The bifurcated region of
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the viral genome may comprise 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 35%, 60%, 65%, T0%, 75%, 80%, 85%, 90%, 95%
99% of the of the region to the 57 of the filler sequence region. As a non-limiting example,
the filler sequence may bifurcate at least one region so that 10% of the region 1s located 57 to
the filler sequence and 90% of the region is located 37 to the filler sequence. As a non-
limiting example, the filler sequence may bifurcate at least one region so that 20% of the

region is located 57 to the filler sequence and 80% of the region is located 37 to the filler

sequence. As a non-limiting example, the filler sequence may bifurcate at least one region so
that 30% of the region 1s located 57 to the filler sequence and 70% of the region is located 3
to the filler sequence. As a non-limiting example, the filler sequence may bifurcate at least
one region so that 40% of the region is located 57 to the filler sequence and 60% of the region
is located 37 to the filler sequence. As a non-imiting example, the filler sequence may
bifurcate at least one region s¢ that 50% of the region is located 57 to the filler sequence and
50% of the region is located 3° to the filler sequence. As a non-lumiting example, the filier
sequence may bifurcate at least one region so that 60% of the region 15 located 57 to the filler
sequence and 40% of the region is located 37 to the filler sequence. As a non-limiting
example, the filler sequence may bifurcate at least one region so that 70% of the region is
located 57 to the filler sequence and 30% of the region is located 37 to the filler sequence. As
a non-limiting example, the filler sequence may bifurcate at least one region so that 80% of
the region is located 57 to the filler sequence and 20% of the region is located 37 to the filler
sequence. As a non-limiting example, the filler sequence may bifurcate at least one region so
that 90% of the region 1s located 57 1o the filler sequence and 10% of the region 1s located 37
to the filler sequence.

{0188}  In certain embodiments, the viral genome comprises a filler sequence after the 57
{TR.

[3196]  In certain embodiments, the viral genome comprises a filler sequence after the
promoter region. In certain embodiments, the viral genome compnses a filler sequence after
the payioad region. In certain embodiments, the viral genome comprises a filler sequence
after the intron region. In certain embodiments, the viral genome comprises a filler sequence
after the enhancer region. In certain embodiments, the viral genome comprises a filler
sequence after the polvadenylation signal sequence region. In certain embodiments, the viral

genome comprises a filler sequence afier the exon region.
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{8191}  In certain embodiments, the viral genome comprises a tiller sequence before the
promoter region. In certain embodiments, the viral genome comprises a filler sequence before
the payioad region. In certain embodiments, the viral genome comprses a tiller sequence
before the intron region. In certain embodiments, the viral genome comprises a filler
sequence before the enhancer region. In certain embodiments, the viral genome comprises a
filler sequence before the polvadenylation signal sequence region. In certain embodiments,
the viral genome comprises a filler sequence before the exon region.

10192]  In certain embodiments, the viral genome comprises a filler sequence before the 37
TR

8193}  In certain embodiments, a filler sequence may be located between two regions,
such as, but not limited to, the 57 I'TR and the promoter region. In certain embodiments, a
filler sequence may be located between two regions, such as, but not limited to, the 57 ITR
and the payload region. In certain embodiments, a filier sequence may be located between
two regions, such as, but not limited to, the 53° I'TR and the intron region. In certain
embodiments, a filler sequence may be located between two regions, such as, but not himited
to, the 37 I'TR and the enbancer region. In certamn embodiments, a filler sequence may be
located between two regions, such as, but not limited to, the 57 I'TR and the polvadenyiation
signal sequence region.

3194}  In certain embodiments, a filler sequence may be located between two regions,
such as, but not hmited to, the 3° TR and the exon region.

{0195}  In certain embodiments, a filler sequence may be located between two regions,
such as, but not limited to, the promoter region and the pavicad region. In certain
embodiments, a filler sequence may be located between two regions, such as, but not himited
o, the promoter region and the intron region. In certain embodiments, a filler sequence may
be located between two regions, such as, but not limited to, the promoter region and the
enhancer region. In certan embodiments, a filler sequence may be located between two
regions, such as, but not limited to, the promoter region and the polyadenviation signal
sequence region. In certain embodiments, a filler sequence may be located between two
regions, such as, but not limited to, the promoter region and the exon region. In certain
embodiments, a filler sequence may be located between two regions, such as, but not himited
o, the promoter region and the 37 ITR.

{3196}  In certain embodiments, a filler sequence may be located between two regions,

such as, but not imited to, the payload region and the imtron region. In certain embodiments,
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a filler sequence may be located between two regions, such as, but not hinited to, the payload
region and the enhancer region. In cerfain embodiments, a filler sequence may be located
between two regions, such as, but not limited to, the pavioad region and the polvadenyiation
signal sequence region. In certain embodiments, a filler sequence may be located between
two regions, such as, but not limited to, the payload region and the exon region.

10197} In certain embodiments, a filler sequence may be located between two regions,
such as, but not limited to, the payioad region and the 3° TR,

[8198]  In certain embodiments, a filler sequence may be located between two regions,
such as, but not hmited to, the intron region and the enhancer region. In certain embodiments,
a filler sequence may be located between two regions, such as, but not Emited to, the intron
region and the polvadenylation signal sequence region. In certaim embodiments, a filler
sequence may be located between two regions, such as, but not himited to, the intron region
and the exon region. In certain embodiments, a filler sequence may be located between two
regions, such as, but not limatted to, the ntron region and the 3” F'TR. fo certain embodiments,
a filler sequence may be located between two regions, such as, but not hinited to, the
enhancer region and the polvadenvlation signal sequence region. In certain embodiments, a
filler sequence may be located between two regions, such as, but not limited to, the enhancer
region and the exon region. fn certam embodiments, a filler sequence may be located between
two regions, such as, but not limited to, the enhancer region and the 3° TR,

101991 In certain embodiments, a filler sequence may be located between two regions,
such as, but not limited to, the polyadenylation signal sequence region and the exon region. In
certain embodiments, a filler sequence may be located between two regions, such as, but not
hmited to, the polvadenylation signal sequence region and the 37 ITR.

{0200} In certain embodiments, a filler sequence may be located between two regions,
such as, but not imited to, the exon region and the 3" TR

[0281]  In certain embodiments, the filler sequence may be derived from a region ora
portion of a lentivirus.

10202}  In some embodiments, the filler sequence may be denived from aregionora
portion of the albumin gene. In certain embodiments, the filler sequence may be denved from
a region or a portion of the oman albumin gene (NCBI Reference Sequence: NG_009291.1).
Payloads

{0203} The AAV particles of the present disclosure comprise at least one pavload region.

As used herein, “pavicad” or “pavioad region” refers to one or more polyvnucleotides or

-4 -



WO 2020/010042 PCT/US2019/040230

polynucleotide regions encoded by or within a viral genome or an expression product of such

g, a transgene, a polynuclectide encoding a

&

polyvnuclestide or polynucleotide region, e.
polypeptide or multi~polvpeptide or a modulatory nucleic acid or regulatory nucleic acid.
Payloads of the present disclosure typically encode modulatory polynucieotides or fragments
or variants thereof.

10204}  The payload region may be constructed in such a way as to reflect a region similar
to or mirroring the natural organization of an mRNA.

[0205]  The payload region may comprise a combination of coding and non-coding nucleic
acid seguences.

{0206]  In some embodiments, the AAY payload region may encode a coding or non-
coding RNA.

[207F  In certain embodiments, the AAYV particle comprises a viral genome with a
payload region comprising nucleic acid sequences encoding a siRNA, miRNA or other RNAI
agent. In such an embodiment, a viral genome encoding more than one polypeptide may be
replicated and packaged into a viral particle. A target cell transduced with a viral particle may
express the encoded siRNA, miRNA or other RNA1 agent mside a single cell.

Modulatory Polvnucleotides

{0208]  Io certain embodiments, modulatory polvoucleotides, c.g., RNA or DNA
molecudes, may be used to treat neurodegenerative diseass, i particular, amyotrophic lateral
sclerosis (ALS). As used herein, a “modulatory polynucleotide”™ is any nucleic acid
sequence(s) which functions to modulate (either merease or decrease) the level or amount of
atarget gene, ¢.g., mRNA or protein levels.

18209}  In certain embodiments, the modulatory polviuclectides may comprise at least one
nucleic acid sequence encoding at least one siRNA molecule. The nucleic acids may,
ndependently if there is more than one, encode 1, 2,3, 4,5, 6,7, 8, 9, or more than 9 siRNA
molecules.

10210} In certain embodiments, the molecular scaffold may be located dowanstream of a
CMYV promoter, fragment or variant thercof.

{8211}  In certain embodiments, the molecular scaffold may be located downstream of a
CBA promoter, fragment or vanant thereof.

8212} In certain embodiments, the molecular scaffold may be a natural pri-miRNA
scaffold located downstream of a CMV promoter. As a non-limiting example, the natural pri-

miRNA scaffold is derived from the human miR 153 scaffold.
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10213}  In certain embodiments, the molecular scaffold may be a natural pri-miRNA
scaffold located downstream of a CBA promoter.

{0214}  In certain embodiments, the selection of a molecular scaffold and modulatory
polynucieotide is determined by a method of comparing modulatory polynucleotides n pri-
miRNA {see ¢.g., the method described by Minianikova et al. Design, Characterization, and
Lead Selection of Therapeutic miNAs Targeting Huniingtin for Development of Gene
Therapy for Huntingion’s Disease. Molecular Therapy-Nucleic Acids (2016} 5, ¢297 and
International Publication No. W(2016102664; the contents of each of which are herein
meorporated by reference in their entireties}. To evaluate the activities of the modulatory
polynuclestides, the molecular scaffold used which may be used is a homan pri-miRNA
scaffold (e.g., muR 155 scaffold) and the promoter mav be CMV. The activity may be
determined in virro using HEK293T cells and a reporter {e.g., Luciferase).

10215} In order o evaluate the optimal melecular scaffold for the modulatory
polynucleotide, the modulatory polymucleotide is used in pri-miRNA scaffolds with a CAG
promoter. The constructs are co-transfected with a reporter {¢.g., luciferase reporter) at 50 ng.
Constructs with greater than 80% knockdown at 50 ng co-transfection are considered
cfficient. In one aspect, the constructs with strong guide-strand activity are preferred. The
maolecular scaffolds can be processed 1n HEK 2937 cells by NGS to deternmine guide-
passenger ratios, and processing variability.

10216}  To evaluate the molecular scaffolds and modulatory polynuclestides in vivo the
molecular scaffolds comprising the modulatory polvnucleotides are packaged in AAY {c.3.,
the serotype may be AAVS (see ¢.g., the method and constructs described in
WO2015060722, the contents of which are herein incorporated by reference in their entirety))
and administered to an 7 vive model and the guide-passenger ratios, 57 and 37 end
processing, ratio of guide to passenger strands, and knockdown can be determined
different arcas of the model (¢.g., tissue regions).

10217} In certain embodiments, the selection of a molecular scaffold and modulatory
polynucleotide is determined by a method of comparing modulatory polynucleotides in
natural pri-miRNA and synthetic pri-muRNA . The modulatory polvoucleotide may, but it not
hmted to, targeting an exon other than exon 1. To evaluate the activities of the modulatory
polynuclestides, the molecular scaffold is used with a CBA promoter. In one aspect, the
activity may be determined in virro using HEKZ293T celis, Hela cell and a reporter (¢ g.,

Luciferase) and knockdown efficient modulatory polynucleotides showed SOD1 knockdown
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of at least 80% in the cell tested. Additionally, the modulatory polynucieotides which are
constdered most ctficient showed low to no sigmificant passenger strand {p-strand} activity. In
another aspect, the endogenous SOD1 knockdown efficacy is evaluated by transfection in
vitro using HEK293T cells, Hela cell and a reporter. Efficient modulatory polynucleotides
show greater than 509 endogencus SODT knockdown. In yet another aspect, the endogenous
S0D1 knockdown efficacy is evaluated in different cell types {e.g., HEK293, Hela, primary
astrocytes, U251 astrocvtes, SH-8Y5Y neuron cells and fibroblasts from ALS patients) by
mfection {¢.g., AAV2). Efficient modulatory polvnucleotides show greater than 606%
endogenous 50D1 knockdown.

{0218}  To evaluate the molecular scaffolds and modulatory polynucleotides in vive the
molecular scaffolds comprising the modulatory polynucleotides are packaged in AAV and
administered to an in vive model and the ginde-passenger ratios, 57 and 37 end processing,
ratio of guide to passenger strands, and knockdown can be determined in different arcas of
the model {¢.g.. tissuc regions). The molecular scaffolds can be processed from in vivo
samples by NGS {o determune guide-passenger ratios, and processing variability.

18219}  In certain embodiments, the modudatory polvnucleotide 1s designed using at least
ong of the following properties: loop variant, seed musmatch/bulge/wobble variant, stem
mismatch, loop variant and vassal stem mismatch variant, sced mismatch and basal stem
mismatch variant, stem nusmaich and basal stem mismaich variant, seed wobble and basal
stem wobble variant, or a stem sequence variant.

10220}  The present disclosure relates, in part, to RNA interfering (RNA1) induced
mhibition of gene expression for treating neurodegencerative disorders. Provided are siRNA
duplexes or dsRNA that target SO gene. Such siRNA duplexes or dsRNA can silence
S0P gene expression in cells, for example, motor neurons, therefore, ameliorating
symptoms of ALS such as motor death and muscle atrophy. The SOD1 siRNA may be
encoded m polynucleotides of a recombimant AAV vector.

10221} siRNA duplexes or dsRNA targeting a specific mRNA may be designed and
synthesized as part of a target SOD1 targeting polvnucleotide in vifro and introduced into

cells for activating RN A1 process.

SIRNA Molecules
{0222}  The present disclosure relates to RNA interference {RNAI) induced inhibition of

gene expression for treating neurodegenerative disorders. Provided herein are siRNA
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duplexes or encoded dsRNA that target the gene of interest (referred to herem collectively as
“siRNA molecules™). Such siRNA duplexes or encoded dsRNA can reduce or silence gene
expression in cells, such as but not linuted to, mediom spiny neurons, cortical neurons and/or
astrocvies.

[9223]  RNA: {also known as post-transcriptional gene silencing (PTGS), quelling, or co-
suppression} is a post-transcriptional gene silencing process in which RNA molecules ina
sequence spectfic manner, inhibit gene expression, typically by causing the destruction of
specific mRNA molecules. The active components of RN A are short/small double stranded
RNAs (dsRNAs}), called small interfering RNAs (siRNAg), that typically contam 15-30
nucleotides (e.g., 1910 25, 19 t0 24 or 19-21 nuclectides) and 2 nuclectide 3° overhangs and
that match the nucleic acid sequence of the target gene. These short RNA species may be
naturally produced in vivo by Dicer-mediated cleavage of larger dsRNAs and they are
functional in mammalian cells.

10224}  Naturally expressed small RNA molecules, named microRNAs (miRNAs), chicit
gene silencing by regulating the expression of mENAs, The miRNAs containing RNA
Induced Silencing Complex (RISC) targets mBNAs presenting a perfect sequence
complementarnity with nucleotides 2-7 in the 5’region of the miRNA which is called the seed
region, and other base pairs with its 3’region. miRNA mediated down regulation of gene
gxpression may be caused by cleavage of the target mRNAs, translational inhibition of the
target mRNAs, or mRNA decay. miRNA targeting sequences are usually located in the 3°-
UTR of the target mENAs. A single miRNA may target more than 100 transcripts from
various genes, and one mRNA mav be targeted by different miRNAs,

182251  <iRNA daplexcs or dsRNA targeting a specific mRNA may be designed and
synthesized i vitro and introduced indo cells for activating RNAI processes. Elbashir et al.
demonstrated that 2 1-nucleotide siRNA duplexes {(termed small miertering RNAs) were
capable of effecting potent and specific gene knockdown without inducing immune response
i mammalian cells (Elbashir SM et al, Narure, 2001, 411, 494-498). Since this initial report,
post-transcriptional gene silencing by siRNAs quickly emerged as a powerful tool for genctic
analvsis in mammalian cells and has the potential to produce novel therapeutics.

[8226] RNAI1 molecules which were designed to target against a nucleic acid sequence
that encodes poly-glutamine repeat proteins which cause poly-glutamine expansion disgases
such as Huntington’s Disecase, are described in US Patent No. 9,169,483 and 9,181,544 and

International Patent Publication No, W(G2015179525 the content of each of which s heremn
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mecorporated by reference in their entirety. US Patent Nos. 9,169,483 and 9,181,544 and
International Patent Publication No. WO2015179525 each provide 1solated RNA duplexes
comprising a first strand of RNA {e.g., 15 contiguous nucleotides) and second strand of RNA
{c.g., complementary to at Jeast 12 contiguous nucleotides of the first strand) where the RNA
duplex 1s about 15 to 30 base pairs in length, The first strand of RNA and second strand of
RNA may be operably linked by an RNA loop (~4 to 50 nucleotides) to form a haurpin
structure which may be inseried into an expression cagsetic. Non-limiting examples of foop
portions include SEQ 1D NO: 9-14 of US Patent No. 9,169,483, the content of which is
herein incorporated by refercnce i its entirety. Non-limiting examples of strands of RNA
which may be used, cither full sequence or part of the sequence, to form RNA duplexes
melude SEQ ID NO: 1-8 of US Patent No. 9,169,483 and SEQ ID NO: 1-11, 33-39, 208-210,
213-215 and 218-221 of US Patent No. 9,181,544, the contents of each of which 1s herem
meorporated by reference in its entirety. Non-limiting cxamples of RN A1 molecules include
SEQID NOs: [-8 of US Patent No. 9,169 483, SEQ D NOg: 1-11, 33-59, 208-210, 213-215
and 218-221 of US Patent No. 9,181,544 and SEQ D NGs: 1, 6, 7, and 35-38 of International
Patent Publication No. W(20151795235, the contents of cach of which s herein incorporated
by reference in their entircty.

0227}  Invitro synthetized sikRNA molecules may be introduced into cells in order to
activate RNA1 An exogenous siRNA duplex, when it 1s introduced into cells, similar to the
endogenous dsRNAs, can be assembled to form the RNA Induced Silencing Complex
(RISC), a multiunit complex that interacts with ENA sequences that are complementary to
ong of the two strands of the siRNA duplex (3¢, the antisense strand). During the process,
the sense strand {(or passenger strand}) of the siRNA 13 lost from the complex, while the
antisense strand {or guide strand} of the siRNA is matched with its complementary RNA. In
particular, the targets of siRNA containing RISC complexes arc mRNAs presenting a perfec
sequence complementarity. Then, siRNA mediated gene silencing occurs by cleaving,
releasing and degrading the target.

[0228]  The siRNA duplex comprised of a sense strand homologous 1o the target mRNA
and an antisense strand that is complementary to the target mRNA offers much more
advantage 1 terms of efficiency for target RNA destruction compared to the use of the single
strand {ss5}-siRNAs {¢.g. antisense sirand RNA or antisense oligonucleotides). In many cases,
it requires higher concentration of the ss-sikNA to achieve the cffective gene silencing

potency of the corresponding duplex.
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{82297  Anv ofthe foregoing molecules may be encoded by a viral genome.

Desien and Seguences of siRNA duplexes taroeting sene of interest

{0230}  The present disclosure provides small interfering RNA (51RNA) duplexes {(and
modulatory polvnucleotides encoding them) that target mBNA to miertere with gene
expression and/or protein production.

{0231}  The encoded siRNA duplex of the present disclosure contains an antisense strand
and a sense strand hybridized together forming a duplex structure, wherein the antisense
strand 1s complementary to the nucleie acid sequence of the targeted gene, and wherein the
sense strand 1s homologous to the nucleic acid sequence of the targeted gene. In some
aspects, the 5’end of the antisense strand has a 37 phosphate group and the 3"end of the sense
strand contains a 3 hydroxyl group. In other aspects, there arc none, one or 2 nucleotide
overhangs at the 3 end of each strand.

0232} Some guidelines for designing siRNAg have been proposed in the art. These
guidelines generally recommend generating a 19-nucleotide duplexed region, symmetric 2-3
nucleotide 3 overhangs, 57- phosphate and 37~ hydroxyl groups targeting a region in the gene
to be silenced. Other rules that may govern siRNA sequence preference include, but are not
Imited to, (1} A/U at the 53" end of the antisense strand; (i) G/C at the 5" end of the sense
strand; (111} at least five A/U residues in the 5" torminal one-third of the antisense strand; and
{(iv} the absence of any GC stretch of more than 9 nucleotides in length. In accordance with
such consideration, together with the specific sequence of a target gene, ighiv effective
siRNA molecules essential for suppressing mammabian target gene expression may be readily
designed.

[8233]  According to the present disclosure, siRNA molecules (e.g., siRNA duplexes or
encoded dsRNA) that target the gene of interest are designed. Such siRNA molecules can
specifically, suppress gene expression and proiein production. In some aspects, the siRNA
molecules are designed and used to selectively “knock out” gene vanants in celis, 1.¢.,
mutated transcripts. In some aspects, the siRNA molecules are designed and used to
selectively “knock down” gene varants in cells. In other aspects, the siRNA molecules arc
able to inhibit or suppress both the wild type and mutated version of the gene of intergst,
{0234}  In certain embodiments, an siRNA molecule of the present disclosure comprises a
sense strand and a complementary antisense strand in which both strands are hybnidized
together to form a duplex structure. The antisense strand has sufficient complementarity to

the target mRNA sequence to direct target-specitic RNAI, 1.¢., the siRNA molecule has a
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sequence sufficient to trigger the destruction of the target mRNA by the RN A1 machinery or
Process.

{0235}  In certain embodiments, an siRNA molecule of the present disclosure comprises a
sense strand and a complementary anfisense strand in which both strands are hybndized
together to form a duplex structure and where the start site of the hybndization to the mRNA
1s between nuclestide 10 and 1000 on the target mRNA sequence. As a non-limiting example,
the start site may be between nucleotide 10-20, 20-30, 30-40, 40-30, 60-70, 70-80, 80-90, 90~
100, 100-150, 150-200, 200-250, 250-300, 300-350, 350-400, 400-450, 450-500, 500-350,
550-600, 600-630, 650-760, 700-70, 750-800, 800-850, 850-900, 900-950, 930-1000, on the
target mRNA sequence. As vet another non-limiting example, the start site may be nuclectide
10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 23, 26,27, 28, 29, 30, 31, 32, 33, 34,
35,36,37,38, 39, 40,41, 42,43, 44,45, 46,47, 48, 49,50, 51, 32, 533, 54, 55,56, 57, 58, 59,
60, 61,62, 63, 64, 65,66, 67, 68,69, 70, 71,72, 73,74, 75,76, 77,78, 79, 80, 81, 82, 83, &4,
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 103, 106,
107, 108, 109, 110, 111, 112, Vi3, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124,
125,126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142,
143,144, 145, 146, 147, 148, 149, 130, 151, 152, 153, 154, 155, 156, 157. 158, 159, 160,
161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175,175, 177, 178,
179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 1953, 196,
197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214,
218,216,217, 218,219,220, 221, 222, 223, 224,223, 226,227, 228,229, 230, 231, 232,
233,234, 235,236,237, 238, 239, 240, 241, 242,243, 244,245, 246,247, 248, 249, 250,
251,252,253, 254, 255,256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267 268,
269,270,271, 272,273,274, 275,276, 277,278,279, 280, 281, 282, 283, 284, 285, 286,
287,288, 289, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299,300, 301, 302, 303, 304,
305, 306, 307, 308,309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322,
323,324, 325,326,327, 328,329,330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340,
341, 342, 343, 344, 345, 346, 347, 348, 349, 350,351, 352, 353, 354, 355, 356, 357, 358,
359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372,373, 374, 375, 376,
377,378, 379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394,
395,396, 397, 398, 399, 400. 401, 402 403, 404, 403, 406, 407. 408, 409, 410, 411, 412,
413, 414, 413, 416, 417, 418, 419, 420, 421, 422,423, 424, 425, 426,427, 428, 429, 430,
431, 432,433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448,

i

i
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449, 450, 451, 452, 453, 454, 455, 436, 457, 438, 459, 460, 461, 462, 463, 464, 465, 466,
467, 468, 469, 470, 471, 472, 473, 474, 475, 476_ 477, 478, 479, 480, 481, 482, 483, 484,
485, 486, 487, 485, 489, 490, 491, 492, 493, 404, 493, 406, 497, 498, 499_ 500, 501, 502,
503, 504, 505, 506, 307, 508, 509, 510, 511, 512, 513. 514, 515,516,517, 518, 519
522,523, 524, 525, 526, 527, 528, 529, 530, 531, 532, 533, 334, 535, 536. 537
$39, 540, 541, 542, 543, 544, 345, 546, 547, 548
558,559, 560, 361, 562, 363, 564, 563, 566, 567 71, 572, 573, 374,
76, 577, 578, 379, 580, S81, 582, 583, 584, 385, 586, 387, 385, 589, 590, 501, 592,
595, 596, 597, 398, 399, 600, 601, 602, 603, 604. 605, 606, 607, 608, 609, 610,
613,614, 615, 616,617, 618, 619, 620, 621, 622, 623, 624, 625, 626, 627, 628,
630, 631, 632, 633, 634, 635, 636, 637, 638, 43, 644, 643, 646,
647, 648, 649, 650, 651, 652, 653, 654, 655, 656, 657. 658, 659, 660, 661, 662, 663, 664,
665, 666, 667, 668, 669, 670, 671, 672, 673, 674, 675, 676, 677, 678. 679, 680, 681, 682,
633, 684, 635, 686, 687. 688, 689, 690, 651, 692, 693, 694, 695, 696, 697, 698, 699, 700,
701, 702, 703, 704, 705, 706, 707, 708, 709, 710, 711, 712, 713, 714, 715, 716, T17. 718,
721,722, 723, 724, 725, 726, 727, 728. 729, 730. 731, 732, 733, 734, 735, 736,
7 739, 740, 741, 742, 743, TA4, 745, 746, 747, TA8, 749, 750, 751, 752, 753, 754,
755,756, 757, 738, 759, 760, 761, 762. 763, 764, 765, 766, 767, 168, 769, 770, 771, 17
773, 774, 775, 776, 777, 778, 779, 780, 781, 782, 783. 784, 785, 786, 787, 788, 789, 790,
791, 792, 793, 794, 795, 796, 797. 798, 799, 800, 801, 802, 803, 04, 805, 806, 807, 808,
809, 810, 811, 812, 813, 814, 815. 816, 517, 818, 819, 820, 821, 822. 823, 824, 8253, §26,
827, 828, 829, 830, 831, 832, 833, 834, 535, 836, 837, 835, 830, 840, 841, 542, 843, 544,
845, 846, 847, 848, 849, 850, 851, 852, 853, 854, 855, 856, 837, 858, 859, 860, 861, 862,
863, 864, 865, 866, 867, 868, 869, 870, 871, 872, 873, 874, 875, 876, 877. 878, 879, 880,
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881, 882, 883, 8%4. 883, 856, 887, 558, 889, 890, 891, 892, 893, /94, 593, 895, §97, 898,
899, 900, 901, 902, 903, 904, 905, 906, 907, H0R, 909, 910, 911,912, 913, 914, 9135, 916,
917,918, 919, 920, 921, 922, 923, 924, 925, 926, 927, 928, 929, 930, 931, 932, 933, 934,
935,936, 937, 938, 939, 940, 041, 942, 943, 944, 945, 946, 947, 948, 949, 930, 951, 952,
953, 954, 955, 936, 957. 938, 939, 960, 961, 962, 963, 964, 965, 966, 967, 968, 969, 970,
971, 972, 973. 974, 975, 976, 977, 978, 979, 980, 981, 982, 983, 984, 985, 986, 987. 948,
989, 990, 991, 992, 993, 994_ 995, 996_ 997, 998, 999, and 1000 on the target mRNA

>
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18236}  In some embodiments, the antisense strand and target mRNA sequences have
100% complementarity. The antisense strand may be complementary to any part of the target
mRNA sequence.
{8237} In other embodiments, the antisense strand and target mRNA sequences comprise
at least one mismatch. As a non-himiting example, the antisense strand and the target mRNA
sequence have at least 30%, 40%, 50%, 60%, 70%, 80%, 81%, 82%, &3%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% or at least 20~
30%, 20-40%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%, 20-95%, 20-99%, 30-40%, 30-
50%, 30-60%, 30-70%, 30-80%, 30-90%, 30-95%, 30-99%, 40-50%, 40-60%, 40-70%, 40-
80%, 40-90%, 40-95%, 40-99%, 30-60%, 30-70%, 50-80%, 50-90%, 50-95%, 50-99%, 60~
70%, 60-80%, 60-90%, 60-95%, 60-99%, 70-80%, T70-90%, 70-95%, 70-99%, 80~90%, 80~
95%, 80-99%, 90-95%, 90-99% or 93-99% complementarity.
10238}  In certain embodiments, an siRNA or dsRNA mcludes at least two sequences that
arc complementary to each other.
{8239}  According to the present disclosure, the siRNA molecule has a length from about
10-50 or more nucleotides, 1.¢., each strand comprising 10-50 nucleotides (or nucleotide
analogs). Preferably, the siRNA molecule has a length from about 15-30, e.g., 15, 16, 17, 18,
19,20,21,22,23,24,25,26,27, 28, 29, or 30 nucleotides in cach strand, wherein one of the
strands 18 sufficiently complementanity to a target region. In certain embodiments, each strand
of the siRNA molecule has a length from about 19 t0 23, 1910 24 or 19 to 21 nucleotides. In
certain embodiments, at least one strand of the stRNA molecule 1s 19 nucleotides in length.
In certain embodiments, at least one strand of the siRNA molecule 1s 20 nucleotides in
length. In certain embodiments, at least one strand of the siRNA molecule 18 21 nucleotides
in length. In certain embodiments, at least one strand of the siRNA molecule is 22
nucleotides in length. In certain embodiments, at least one strand of the siRNA molecule is
23 nucleotides o length. In certain embodiments, at least one strand of the siRNA molecule
1s 24 nucieotides in length. In certain embodiments, at least one strand of the siRNA
molecule 15 25 nucleotides in fength.
{8248}  In some embodiments, the siRNA molecules of the present disclosure can be
synthetic RNA duplexes comprising about 19 mucleotides to about 23 nucleotides, and two
overhanging nucleotides at the 3'-end. In some aspects, the siRNA maolecules may be
vomodified KNA molecules. In other aspects, the siRNA nmolecules may contain at feast one

moditied nucleotide, such as base, sugar or backbone modifications.
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{8241}  In certain embodiments, the siRNA molecules of the present disclosure may
comprise an antisense sequence and a sense sequence, or a fragment or vartant thereof. Asa
non-limiting cxample, the antisense sequence and the sense sequence have at least 30%, 40%,
50%, 60%, 70%, 80%, 81%, 82%, 83%, 84%, 835%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98% or 99% or at least 20-30%, 20-40%, 20-50%, 20-60%, 20-
70%, 20-80%, 20-90%, 20-953%, 20-99%, 30-40%, 30-30%, 30-60%. 30-70%, 30-80%. 30-
90%, 30-95%, 30-99%, 40-50%, 40-60%, 40-70%. 40-80%, 40-90%, 40-95%, 40-99%, 50-
60%, 50-70%, 50-80%, 50-90%, 50-93%, 30-99%, 60-70%, 60-80%, 60-90%, 60-95%, 60~
99%, 70-80%, 70-90%, 70-95%, 70-99%, 80-90%, 80-95%, 80-99%, 90-95%, 90-95% or 95~
59% complementarity.

{0242}  In other embodiments, the siRNA molecules of the present disclosure can be
encoded m plasmud vectors, AAV particles, viral genome or other nucleie actd expression
vectors for delivery to a cell.

10243}  DNA cxpression plasmids can be used to stably express the siRNA duplexes or
dsRNA of the present disclosure 1n cells and achieve long-term inhibition of the target gene
expression. In gne aspect, the sense and antisense strands of a siRNA duplex are typically
linked by a short spacer sequence leading to the expression of a stem-loop structure termed
short hairpin RNA (shRNA). The bhairpin is recognized and cleaved by Dicer, thus gencrating
matare siRNA molecules.

10244}  According to the present disclosure, AAY particles compnsing the nucleic acids
encoding the siRNA molecules targeting the mRNA are produced, the AAY serotypes may
be any of the serotypes listed herein. Non-limiting examples of the AAYV serotypes include,
AAVI, AAVZ, AAV3, AAV4, AAVS, AAVE, AAVT, AAVSE, AAVY, AAVS 47,
AAVO(huld), AAVIO, AAVEL, AAVIZ, AAVIhE, AAVIhI0, AAV-DIE, AAV-DJ AAV-
PHP.A, AAV-PHP B, AAVPHP B2, AAVPHP B3, AAVPHP N/PHP B-DGT, AAVPHP B-
EST, AAVPHP B-GGT, AAVPHP B-ATP, AAVPHP B-ATT-T, AAVPHP B-DGT-T,
AAVPHP B-GGT-T, AAVPHP B-5GS, AAVPHP B-AQP, AAVPHP B-QQP, AAVPHP B-
SNP(3), AAVPHP B-SNP, AAVPHP B-QGT, AAVPHP B-NQT, AAVPHP B-EGS,
AAVPHP B-SGN, AAVPHP B-EGT, AAVPHP .B-DST, AAVPHP B-DST, AAVPHP . B-
STP, AAVPHP B-PQP, AAVPHP B-SQP, AAVPHP B-QLP, AAVPHP B-TMP,

AAVPHP B-TTP, AAVPHP S/GZA12, AAVGZAIS/G2A3, AAVG2B4Y, AAVG2BS, and

variants thereof.
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{8245}  In some embodiments, the siRNA duplexes or encoded dsRNA of the present
disclosure suppress (or degrade) the target mRNA . Accordingly, the siRNA duplexes or
encoded dsRNA can be used to substantially inhibit the gene expression in a cell, for example
a neuron. In some aspects, the mhibition of the gene expression refers to an inhibition by at
least about 20%, preferably by at least about 309, 31%, 32%, 33%, 34%,. 35%, 36%, 37%,
38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%. 47%, 48%, 49%, 50%, 51%, 52%, 53%
54%, 55%, 36%., 57%, 58%, 39%, 60%, 61%, 62%, 63%, 6/—1%, 63%., 66%, 67%, 68%, 69%,
T0%, 71%, 72%, 73%, 74%, 75%, T6%, 77%, T8%, T9%, §0%, 81%, 82%, §3%, 84%, 85%,
90%, 95%, 99% and 100%, or at least 20-30%, 20-40%, 20-50%, 20-60%, 20-70%, 20-80%,
20-90%, 20-95%, 20-100%, 30-40%, 30-45%, 30-50%, 30-60%, 30-70%. 30-80%. 30-90%.
30-95%, 30-100%, 35-45%, 40-50%, 40-60%, 40-70%, 40-80%, 40-90%, 40-95%, 40-100%,
45-50%, 45-35%, 50-60%, 50-70%, 50-75%, 50-80%, 30-90%, 50-95%, 50-100%, 55-65%,
57-68%. 60-70%, 60-80%., 60-90%, 60-95%, 60-100%, 70-80%, 70-85%, 70-90%, 70-95%
70-100%, 80-90%, 80-95%, 80-100%, 85-99%, 90-95%, 90~100% or 95-100%. ACCO},’djngiy,

the protein product of the targeted gene may be mhibited by at least about 20%, preferably by

at least about 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%
43%, 44%. 45%, 46%, 47%., 48%, 49%. 50%. 51%, 32%. 53%. 54%,. o 56%, 7%, 58%,
59%, 60%. 61%, 62%, 63%. 64%, 63%, 66%. 67%, 68%, 69%. T0%, T1%, T2%., T3%, T4%,

75%, 76%, 77%, 780/, 79%, 80%, 810/, 82%, 83%, 849, 85%, 90%, 93%, 89% and 100%,
or at least 20-30%, 20-40%, 20-50%, 20-60%, 20-70% 2,()_8()%, 2()_90%, 20-95%, 20-100%,
30-40%, 30-45%, 30-50%, 30-60%, 30-70%, 30-80%, 30-90%, 30-95%, 30-100%, 35-
45%,40-50%, 40-60%, 40-70%, 40-80%, 40-90%, 40-93%, 40-100%, 45-50%, 45-55%, 50~
60%, 50-70%, 30-75%, 30-80%, 50-90%, 50-95%, 30-100%, 55-65%, 57-68%, 60-70%, 60-
80%, 60-90%, 60-95%, 60-100%, 70-80%, 70-85%, 70-90%, 70-95%, 70-100%, 80-90%,
80~95%, 80-100%, 85-99%, 90-95%, 90-100% or 95-100%. As a non-limiting example, the
mhibition may be 30-40%. As a non-limiting examplie, the inhibition may be 30-45%. Asa
non-limiting example, the inhibition may be 35-45%. As a non-limiting example, the
mhibition may be greater than 50%. As a non-limiting example, the inhibition may be 50-
60%. As a non-limiting example, the inhibition mayv be greater than 60%. As a non-limiting
example, the inhibition may be 50-75%. As a non-limiting example, the inhibition may be
55-65%. As a non-limiting example, the inhibition may be 57-68%. As a non-limiting
cxample, the inhibition may be 70-80%. As a non-limiting cxample, the inhibition may be

T70-85%. As a non-limiting example, the ihibition may be 85-99%. As a non-limiting
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example, the mhibition may be 353%. As a non-limiting example, the inhibition may be 36%.
As a non-limiting example, the inhibition may be 40%. As a non-limiting example, the
mhibition may be 41%. As a non-limiting example, the imhibition may be 43%. As a non-
hmiting example, the inhibition may be 45%. As a non-hnuting example, the inhibition may
be 49%. As a non-limiting example, the inhibition may be 62%. As a non-limiting example,
the inhibition may be 64%. As a non-limiting example, the inhibition may be 74%. As a non-
hmiting example, the inhtbition may be 77%. As a non-hmiting example, the inhibition may
be 84%. As a non-limiting example, the inhibition may be §7%. As a non-limiting example,
the inhibition may be 95%. As a non-limiting example, the imhibition may be 99%. As a non-
Emiting exampie, the inhibition may be 100%
[0246]  In certain embodiments, the siRNA duplexes or encoded dsRNA of the present
disclosure suppress {or degrade) the target mRNA in spinal cord motor neurons. In some
aspects, the inhibition of the gene expression refers 1o suppression of at least about 20%,
preferably by at least about 30%, 31%, 32%, 33%, 34%, 35%, 36%. 37%, 38%, 39%, 40%,
41%, 42%, 43%, 44%, 43%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 36%,
57%, 38%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, T1%, 72%,
73%, 74%, T5%, 76%, 77%, T8%, T9%, 80%, 81%, 82%, 83%. 84%, 85%, 90%, 95%, 99¢
and 100%, or at feast 20-30%, 20-40%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%, 20-
95%, 20-100%, 30-40%, 30-45%, 30-50%, 30~60"?/’<’>, 30-70%, 30-80%, 30-90%, 3()~95“/£>, 30-
100%, 35-43%, 40-50%, 40-60%, 40-70%, 40-80%, 40-90%, 40-95%, 40-100%, 435-50%,
45-535%, 50-60%, 50-70%, 50-75%, 50-80%, 50-90%, 50-93%, 50-100%, 55-65%, 57-68%,
60-70%., 60-80%, 60-90%, 60-95%, 60-100%, 70-80%, 70-83%, T0-90%, 70-93%, T70-100%,
83-909%, 80-95%, 80-100%, 85-99%, 90-95%, 90-100% or 95-100%. Accordingly, the

@

protein product of the targeted gene may be mhibited by at least about 20%, preferably by at
lcast about 30%, 31%, 32%, 33%, 34%. 35%, 36%. 37%. 38%, 39%, 40%, 41%, 42%. 43%.
44%, 45%, 46%, 47%, 48%, 49%, 50%, S1%, 32%, 53%, 54%, 35%, 56%, 57%, 58%, 59%
60%, 61%, 62%, 63%, 64%, 65%. 66%, 67%, 68%. 69%, 70%, 71%, 72%, 73%, 74% 75%,
T6%, T7%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 90%, 95%, 99% and 100%, or at
least 20-30%, 20-409%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%, 20-95%, 20-100%, 30-
40%, 306-45%, 30-50%, 30-60%, 36-70%, 30-80%, 30-90%, 30-95%, 30-100%, 35-45%, 40-
50%, 40-60%., 40-70%, 40-80%, 40-90%, 40-95%, 40-100%, 45-50%, 45-55%, 50-60%, 50-
T70%, 50-75%, 50-80%, 50-90%, 50~95%, 30-100%, 55-65%, 57-68%, 60-70%, 60~-80%, 60-
9(%, 60-95%, 60-100%, 70-80%, T0~85%, 70-90%, 70-95%, 70-100%, 80-90%, 80-95%
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80-100%, 85-999%, 90-95%, 30-100% or 95-100%. As a non-limiting example, the

suppression may be 30-45%. As a non-limiting example, the suppression may be 35-45%. A
- o & B - A

o

a non-limiting cxample, the suppression may be greater than 50%. As a non-limiting
example, the suppression may be greater than 60%. As a non-hmiting example, the
suppression may be 530-60%. As a non-limiting example, the suppression may be 55-65%. As
a non-limiting example, the suppression may be 50-75%. As a non-limiting example, the
suppression may be 37-68%. As a non-lumiting example, the suppression may be 70-80%. As
a non-limiting example, the suppression may be 70-85%. As a non-limiting example, the
suppression may be 83-99%. As a non-limiting example, the suppression may be 35%. Asa
non-limiting example, the suppression may be 36%. As a non-limiting example, the
suppression may be 40%. As a non-limiting example, the suppression may be 41%. As a non-
hmiting example, the suppression may be 43%. As a non-limiting example, the suppression
may be 45%. As a non-limiting example, the suppression may be 49%. As a non-limiting
example, the suppression may be 62%. As a non-limiting example, the suppression may be
64%. As a non-limiting example, the suppression may be 74%. As a non-limiting example,
the suppression may be 77%. As a non-limiting example, the suppression may be 84%. Asa
non-limiting example, the suppression may be 87%. As a non-limiting example, the
suppression may be 95%. As a non-limiting example, the suppression may be 99%. As a non-
hmiting example, the suppression may be 100%.

10247} In certain embodiments, the siRNA daplexes or encoded dsRNA of the present
disclosure suppress {or degrade) the target mRNA in spinal cord motor neurons by 78%.
{0248}  In certain embodiments, the siRNA duplexes or encoded dsRNA of the present
disclosure suppress {or degrade) the target mRNA m spimal cord motor neurons by 45-55%.
0249}  In certain embodiments, the siRNA duplexes or encoded dsBNA of the present
disclosure suppress {or degrade) the target mRNA in vg+ cells of motor neuron morphology.
In some aspects, the inhibition of the gene expression refers to an inhibition by at least about
20%, preferably by at least about 309%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%,
49%, 50%, 51%, 52%, 53%, 34%. 55%, 56%, 37%. 58%, 59%, 60%., T0%, 71%, 72%, 73%,
4%, 75%, 76%, TT%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 90%, 953% and 100%,
or at least 20-30%, 20-40%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%, 20-95%, 20-100%,
30-40%, 30-50%, 30-60%, 30-70%, 30-80%, 30-90%, 30-953%, 30-100%. 40-50%, 40-60%,

40-T0%, 40-80%, 40-90%, 40-95%, 40-100%, 45-50%, 45-55%, 50-60%, 50-70%, 50-80%,

4l
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70-95%, 70-100%, 80-90%, 80-95%, 80-100%, 90-95%, 90-100% or 95-100%. Accordingly,
the protein product of the targeted gene may be inhibited by at least about 20%, preferably by
at feast about 30%, 40%, 41%. 42%, 43%, 44%. 45%, 46%, 47%, 48%, 49%, 50%. 31%,
32%, 53%., 54%, 55%, 56%, 37%, 58%, 59%, 60%, 7(}%3 71%? 2%, 73%, 74%, 75%, 76%,
77%, T8%, T9%, 80%, 81%, 82%, 83%, 84%, 835%, 90%, 95% and 100%, or at least 20-30%,
20-40%, 20-30%, 20-60%, 20-70%, 20-80%, 20-90%, 20-95%, 20-100%, 30-40%, 30-50%
30-60%. 30-70%, 30-80%, 30-90%, 30-93%, 30-100%, 40-50%, 40-60%, 40-70% 40-8(‘:%,
40-90%, 40-95%, 40-100%, 45-50%, 45-55%, 50-60%, 50-70%, 50-80%, 50-90%, 50-95%,
50-100%, 60-70%, 60-80%, 60-90%, 60-93%, 60-100%, 74-80%, 70-90%, 70-95%, 70-
100%, %0-90%, 80-85%, 80-100%, 90-95%, 90-100% or 95-100%
{63250} In certain embodiments, the siRNA duplexes or encoded dsKNA of the present
disclosure suppress {or degrade) the target mRNA 1n vg+ cells of motor neuron morphology
by 53%.
10251}  In certain embodiments, the siRNA molecules comprise a miRNA seed match for
the target located in the guide strand. In another embodiment, the siRNA molecules comprise
a miRNA seed match for the target located 1n the passenger strand. In yet another
embodiment, the siRNA duplexes or encoded dsRNA targeting the gene of tnterest do not
comprise a seed match for the target located in the guide or passenger strand.
[232]  In certain embodiments, the siRNA duplexes or encoded dsRNA targeting the gene
of interest may have almost no significant full-length off target effects for the guide strand. In
another embodiment, the siRNA duplexes or encoded dsRNA targeting the gene of uterest
may have almost no significant fuli-length off target effects for the passenger strand. The
siRNA duplexes or encoded dsRNA targeting the gene of imterest may have less than 1%,
2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 20%, 25%. 30%
35‘3@ 40%, 45%, 50%, 1-5%, 2-6%, 3-7%, 4-8%, 5-9%, 5-10%, 6-10%, 5-15%, 5-20%, 5~
25% 5-30%, 10-20%, 10-30%, 10-40%, 10-50%, 15-30%, 15-40%, 15-45%, 20-40%, 20-
509, 25-50%, 30-40%, 30-50%, 35-30%, 40-30%, 45-50% full-length off target effects for
the passenger strand. In yet another embodiment, the siRNA duplexes or encoded dsRNA
targeting the gene of interest may have almost no significant full-length off target eftects for
the guide strand or the passenger strand. The siRNA duplexes or encoded dsRNA targeting
the gene of interest may have less than 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%,
12%, 13%, 14%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 1-5%, 2-6%, 3-7%, 4-8%, 5-

9%, 3-10%, 6-10%, 3-15%, 3-20%, 5-25% 5-30%, 10-20%, 10-30%, 10-40%, 10-30%, 15-
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30%, 15-40%, 15-45%, 20-40%, 20-50%, 25-50%, 30-40%, 30-30%, 35-50%, 40-50%, 45-
50% full-length off target effects for the guide or passenger strand.

{0253}  In certain embodiments, the siRNA duplexes or encoded dsRNA targeting the gene
of interest may have high activity in visre. In another embodiment, the siRNA molecules may
have low activity in vifro. In vet another embodiment, the siRNA daplexes or dsRNA
targeting the gene of mterest may have high guide strand activity and low passenger strand
activity i vitre.

{0254}  In certain embodiments, the siRNA molecules have a high guide strand activity
and low passenger strand activity in vitro. The target knock-down {KD) by the guide strand
may be at least 40%, 50%, 60%, 65%, 70%, 75%. 80%, 85%, 90%, 95%, 99%, 99.5% or
100%. The target knock-down by the guide strand may be 40-50%, 45-50%, 30-35%, 50-
60%, 60-65%, 60-70%, 60-75%, 60-80%, 60-85%, 60-90%, 60-95%, 60-99%, 6(-99.5%, 60-
100%, 65-70%, 65-73%, 65-80%, 65-85%, 65-90%, 65-95%, 63-99%, 65-99.3%, 65-100%.
70-75%, T0-80%, 70-83%, 70-90%, 70-93%, 70-99%, 70-99 5%, 70-100%, 75-80%, 75-
85%, 75-90%, 75-95%, 753-99%, 75-99.5%, 75-100%, 80-85%, 80-90%, 80-95%, &0-99%,
80-99.5%, 80-100%, 85-90%, 85-95%, 85-99%, 85-99.5%, 85-100%, 90-95%, 90-99%, 90-
99 3%, 90-100%, 95-99%, 95-99.5%, 95-100%, 99-99.53%, 99-100% or 99.5-100%. Asa
non-~limiting example, the target knock-down (K1) by the guide strand 15 greater than 70%.
As a non-hmiting example, the target knock-down (KD} by the guide strand 1s greater than
60%.

{0255}  In certain embodiments, the highest knock~down from delivery of the siRNA
molecules 1s seen around the injection site(s).

18256}  In certain embodiments, knock-down s seen in the ventral horn and around the
mjection site(s) after delivery of the siRNA molecules.

{0257} 1o certain embodiments, the siRNA duplex is designed so there is no miRNA sced
match for the sense or antisense sequence 1o the non-gene of inferest sequence.

10258}  In certain embodiments, the ¥Cso of the guide strand for the nearest off target 1s
greater than 100 multiplied by the 1Cso of the guide strand for the on-target gene. As a non-
himiting example, 1t the 1Cs0 of the guide strand for the nearest off target is greater than 1060
multiphied by the ICso of the guide strand for the target then the siRNA molecule is said to
have high guide strand selectivity for inhibiting the gene of inferest i vitro.

{0259}  In certain emboduments, the 3™ processing of the guide strand has a correct start {n)

atthe 57 end at least 75%, 80%, 859, 90%, 95%, 99% or 100% of the time in vitro or in vivo,
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As a non-limiting example, the 57 processing of the guide strand is precise and has a correct
start (n} at the 57 end at least 99% of the time /in vifro. As a non-limiting example, the &7
processing of the guide strand is precise and has a correct start (n) at the 37 end at least 99%
of the time in vivo. As a non-limiting example, the 5° processing of the guide strand is precise
and has a correct start {n) at the 5 end at least 90% of the time i vifro. As a non-limiting
example, the 37 processing of the guide strand is precise and has a correct start (n) at the 57
end at least 90% of the tune i vivo. As a non-limiting example, the 5° processing of the
guide strand 1s precise and has a correct start (n) at the 57 end at least 85% of the time in
vitro. As a non-limiting example, the 537 processing of the guide strand is precise and has a
correct start {n) at the 5 end at least 859% of the time in vivo.

[0260] In certain embodiments, the guide to passenger (G:P) {also referred to as the
antisense to sense) strand ratio expressed 13 110, 19, 18, 1:7, 1:6, 15, 14, 1.3, 122, 1.1,
210,29, 2:8, 27, 2:6,2:5,2:4.2:3,2:2,2:1,3:10, 3.9, 3:8, 3.7, 3:6, 3:3, 3:4, 3.3, 3:2, 3.1,
410,49, 4:8, 47, 4:6,4:5, 44,43, 4:2, 41, 5:10,5:9,5:8, 5.7, 5:6, 5:5, 5:4,5:3,5:2, 5.1,
6:10,6:9,6:8,6:7,6:6,6:5,6:4,6:3,6:2,6:1, 710, 7.9, 7.8, 7.7, 7.6, 7.5, 7.4, 7.3, 7.2, T:1,
8:10,8:9 88, 8:7,8:6, 85, 84, 83,82 81,910,999, 98§, 8.7 96, 95 94,93,92, 6.1,
10:10, 10:9, 10:¢, 10:7, 10:6, 10:5, 10:4, 10:3, 10:2, 10:1, 1:99, 5:95, 10:90, 15:¥5, 20:80,
25:75, 30:70, 35:65, 40:60, 45:55, 50:50, 55:45, 60:40, 65:35, 70:30, 75:25, 80:20, 85:15,
S0:10, 95:5, or 99:1 in vitro or in vive. The guide to passenger ratio refers 1o the ratio of the
guide strands to the passenger strands after intracellular processing of the pri-microRNA. For
example, a 80:20 guide-to-passenger ratio would have 8 guide strands to every 2 passenger
strands processed from the precursor. As a non-limiting example, the guide-to-passenger
strand ratio is 8:2 in vitre. As a non-limiting example, the guide-to-passenger strand ratio is
8:2 in vivo. As a non-limiting example, the guide-to-passenger strand ratio is 9.1 in vifro. As
a non-limiting cxample, the guide-to-passenger strand ratio is 9:1 in vivo.

{0261}  In certain embodiments, the guide to passenger (G:P) strand ratio is i a range of 1-
99, 1.3-99, 5-69,10-99, 15-99, 20-99, 25-99, 30-99, 35-99, 40-99, 45-99_ 50-99, 55-99, 60~
99, 65-99, 70-99, 75-99, 80-99, 85-09, 90-99, 93-99_1-10, 1-15, 1-20, 1-235, 1-30, 1-35, 1-40,
1-45, 1-50, 1-35, 1-60, 1-63, 170, 1-75, 1-80, 1-83, 1-90, 195, 5-10, 5-185, 5-20, 5-25, 5-30,
3-35, 5-40, 5-45, 5-50, 5-55, 5-60, 5-65, 5-70, 5-75, 5-80, 5-85, 5-90, 5-95, 10-15, 10-20, 10-
25, 10-30, 10-33, 10-40, 10-45, 10-50, 10-535, 10-60, 10-65, 10-70, 10-75, 10-80, 10-85, 10-
00, 10-95, 15-20, 15-25, 15-30, 15-35, 15-40, 15-45, 15-50, 15-55, 15-60, 15-65, 15-70, 15-
75, 15-80, 15-85, 15-90, 15-95, 20-25, 20-30, 20-35, 20-40, 20-45, 20-50, 20-55, 20-60, 20-
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65, 20-70, 20-75, 20-80, 20-85, 20-90, 20-95, 25-30, 25-35, 25-40, 25-45, 25-50, 25-35
60, 25-65, 25-70, 25-75, 25-80, 25-85, 25-90, 25-95, 30-35, 30-40, 30-45, 30-50, 30-33
60, 30-63, 30-70, 30-75, 30-80, 30-85, 30-90, 30-93, 35-40, 35-45, 35-30, 35-53, 33-60, 35~
63, 35-70, 35-75, 35-80, 35-85, 35-90, 35-05, 40-45, 40-30, 40-55, 40-60, 40-65, 40-70, 40~
75, 40-80, 40-85, 40-90, 40-93, 45-50, 45-55, 45-60, 45-65, 45-70, 45-75, 45-80, 43-85, 45-
90, 45-95, 50-535, 50-60, 50-65, 50-70, 50-75, 30-80, 50-85, 50-90, 50-93, 55-60, 53-65, 55-
70, 35-75, 53-80, 55-85, 55-90, 55-95, 60-65, 60-70, 60-75, 60-80, 60-83, 60-90, 60-93, 65-
70, 65-75, 65-80, 65-85, 65-90, 65-95, 70-75, 70-80, 70-85, 70-90, 70-95, 75-80, 75-83, 75-
90, 75-95, 80-85, 80-90, 80-95, 85-90, 85-95, or 90-95. As a non-limiting example, the guide
o passenger ratio is a range of 1.3 10 99. As a non-limiting example, the guide to passenger
ratio 1s a range of 10 to 99

[8262]  In certain embodiments, the guide to passenger (G:P) strand ratio 15 10, 10.5, 11,

115,12, 125, 13,135, 14, 145, 15, 155, 16, 165,17, 17.5, 18, 18.5, 19, 193,20, 20.5, 21,

21.3,22,22.5.23,23.5, 24, 24,5, 25, 255,26, 26.5. 27, 27.5, 28. 28.5, 29, 29 5, 30, 30.3, 31,

31.5,32,32.5,33, 33.5, 34, 34.5, 35, 35.5, 36, 36.5, 37, 37.5, 38, 38.5, 39, 39.5, 40, 40.5, 41,

415,42, 425, 43,435, 44 44,5, 45,455, 46, 46.5, 47, 47.5, 48, 48.5, 49, 49 550, 50.5, 51,

51.5,52,52.5,53, 53.5, 54, 54.5,55, 5.5, 56, 56.5, 57. 57.5, 58, 58.5, 59, 59.5, 60, 60.5, 61,
)

613,62, 62.3, 63, 63.5. 64, 64.5, 65,

]
(]
N
(]

66, 66.5, 67, 67.5. 68, 68.5, 69, 69.5, 70, 70.5, 71,
71.5.72,72.5,73. 73.5. 74, 74.5, 75, 75.5, 76, 76.5, 77, 77.5, 78, 78.5. 79, 79.5, 80, 80.5. &1,
81.5, 82, 82.5, 83, 83.5, 84, 84.5. 85, 83.5, 86. 86.5. 87, 87.5, 88, 88.5, 89, 89.5, 90.90.5, 91
91.5,92, 925,93, 93.5,94. 945,95, 955,96, 96.5, 97, 97.5, 98, 98.5, ar 99. As a non-

Iy

-3
W
(s

W

3

himiting example, the guide to passenger (G:P) strand ratio 1s 11.3. As a non-hmiting
example, the guide to passenger (G:P) strand ratic 18 99.

10263}  In certain embodiments, the guide to passenger (G: P} (also referred to as the
antisense to sense) strand ratio expressed is greater than 1.

[0264]  In certain embodiments, the guide o passenger (G P) (also referred to as the
antisense to sense) strand ratio expressed is greater than 2.

10265}  In certain embodiments, the guide to passenger (G P) (also referred to as the
antisense to sense) strand ratio expressed is greater than 5,

18266]  In certain embodiments, the gaide to passenger (G: P} {also referred to as the
antisense to sense) strand ratio expressed is greater than 10

{0267}  In certain embodiments, the guide to passenger (G P) (also referred to as the

antisense to sense) strand ratio expressed is greater than 20
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[0268]  In certain embodiments, the guide to passenger (G0 P) (also referred to as the
antisense to sense) strand ratio expressed is greater than 50

{0269]  In certain embodiments, the guide to passenger (G: P} (also referred to as the
antisense to sense) strand ratio expressed is greater than 300,

{0276}  In certain embodiments, the guide to passenger (G P} (also referred to as the
antisense to sense) strand ratio expressed is 314

{02711 In certain embodiments, the guide to passenger (G: P} (also referred to as the
antisense to sense) strand ratio expressed is greater than 400,

182721 In certain embodiments, the gaide to passenger {G: P} {also referred to as the
antisense to sense) strand ratio expressed is 434.

{8273}  In certain embodiments, the ginde o passenger (G P) (also referred to as the
antisense to sense) strand ratio expressed is at least 3:1.

10274}  In certain embodiments, the guide to passenger (G P) (also referred to as the
antisense to sense) strand ratio expressed is at least 5:1.

{8273}  In certain embodiments, the guide to passenger (G0 P) (also referred to as the
antisense o sense) strand ratio expressed is at Igast 1011

{0276}  In certain embodiments, the guide to passenger (G: P} (also referred to as the
antisense to sense) strand ratio expressed is at least 20:1.

1682777 In certain embodiments, the guide to passenger (G P} (also referred to as the
antisense o sense) strand ratio expressed is at least 501

10278}  In certain embodiments, the passenger to guide (P.G) (also referred to as the sense
to antisense) strand ratio expressed 1s 1110, 1:9, 1:8, 17, 1:6, 1:5, 14, 1:3, 1.2, 1,1, 2:10, 2:9,
2:8,2:7.2:6,2:5, 2.4, 2:3,2:2,2:1,3:10, 3:9, 3.8, 3:7,3:6,3:5,3:4,3:3, 3.2, 3:1, 410, 4.9,
4:8,4:7 4.6 45 44 43 4:2,4:1, 510,59, 58,57, 56,55,5:4, 53,52 51,610, 69,
6:8.6:7,6:6,65, 64,63,62,6:1, 710,79, 78, 7.7, 76,75 74 73,72, 71,810,889,
8:8,8:7, 86,85, 84,83, 82, 81,910, 99, 9:8,9:7,9:6,9:5, 94, 93,92, 91, 10:10, 10:9,
1:8, 1007 10:6, 1005, 1004, 10:3, 10:2, 1001, 1:99, 5:95, 10:90, 15:85, 20:80, 25:75, 30:70,
35:65, 40:60, 45:55, 50:50, 55:45, 60:40, 65:35, 70:30, 75:25, 80:20, 85:15, 90:10, 955, or

k,)
(9]

m
tu

99:1 in vitro or in vive. The passenger to guide ratio refers fo the ratio of the passenger
strands to the guide strands after the ntracellular processing of the pri-microRNA. For
example, an 80:20 of passenger-to-guide ratio would have R passenger strands o every 2
guide strands proccssed from the precursor. As a non-lumiting example, the passenger-to-

guide strand ratio 18 80:20 im vitre. As a non-limiting example, the passenger-to-guide strand
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ratio is 80:20 in vivo. As a non-limiting example, the passenger-to-guide strand ratio 1s 8:2 in
vitro. As a non-limiting example, the passenger-to-guide strand ratio is 8.2 in vive. As a non-
Lmiting example, the passenger-to-guide strand ratio 1s 9:1 iz vifro. As a non-limiting
example, the passenger-to-guide strand ratio 1s 9:1 in vivo.

[0279]  In certain embodiments, the passenger to guide (P:(G) strand ratio is in a range of 1-
99, 1.3-99, 5-69, 10-99, 15-99, 20-99, 25-99, 30-99, 35-99, 40-99, 45-99_ 50-99, 55-99, 60~
99, 65-99, 70-99, 75-99, 80-99, §5-99, 90-99, 95-99_1-10, 1-15, 1-20, 1-25, 1-30, 1-35, 1-40,
1-45, 1-50, 1-35, 1-60, 1-63, 1-70, 1-75, 1-80, 1-83, 1-90, 195, 5-10, 5-15, 5-20, 5-25, 5-30,
5-35, 5-40, 5-45, 5-50, 5-55, 5-60, 5-65, 5-70, 5-75, 5-80, 5-85, 5-90, 5-95, 10-15, 10-20, 10-
25, 10-30, 10-35, 10-40, 10-45, 10-50, 10-35, 10-60, 10-65, 10-70, 10-75, 10-80, 10-83, 10-
00, 10-95, 15-20, 15-25, 15-30, 15-35, 15-40, 15-45, 15-30, 15-55, 15-60, 15-65, 13-70, 15-
75, 15-80, 15-85, 15-90, 15-95, 20-23, 20-30, 20-35, 20-40, 20-45, 20-50, 20-55, 20-60, 20-
65, 20-70, 20-75. 20-80, 20-85, 20-90, 20-95, 25-30, 25-35, 25-40, 25-45, 25-50, 23-55, 25-
60, 25-65, 25-70, 25-75, 25-80, 25-85, 25-90, 25-93, 30-35, 30-40, 30-45, 30-50, 30-55, 30-
60, 30-63, 30-70, 30-75, 30-80, 30-85, 30-90, 30-95, 35-40, 35-45, 35-530, 35-55, 35-60, 35-
65, 35-70, 35-75, 35-80, 35-85, 35-90, 35-95, 40-45, 40-50, 40-55, 40-60, 40-65, 40-70, 40-
75, 40-80, 40-83, 40-90, 40-95, 45-50, 45-35, 45-60, 45-65, 45-70, 43-75, 45-80, 45-83, 45-
90, 45-93, 530-55, 50-60, 30-65, 50-70, 50-75, 50-80, 50-85, 30-90, 50-93, 55-60, 53-65, 55~
70, 55-75, 55-80, 55-85, 55-90, 55-65, 60-65, 60-70, 60-75, 60-80, 60-83, 60-90, 60-95, 65-
70, 65-75, 63-80, 63-85, 65-90, 65-95, 70-75, 70-80, 70-85, 70-90, 70-93, 75-80, 73-85, 75-
90, 75-93, 80-85, 80-90, 80-93, 85-00, 85-95, or 9093,

2
Ln
L'J

g
W
_5:.>

~
A
N

».h

{02806}  In certain embodiments, the passenger to guide (P:G) strand ratio1s 10, 10.5, 11,
115,12, 125,13, 13.5, 14, 145, 15, 155, 16, 165, 17, 17.5, 18, 18.3, 19, 19.5, 20, 20 5, 21,

23.5,24,24.5,25,25.5,26,26.5, 27, 27.5, 28, 28.5, 29, 29.5, 30, 30.5, 31,
33,335, 34, 34.5, 35, 35.5, 36, 36.5, 37. 37.5. 38, 38.5, 30,395, 40, 40 5, 41,
415,42,42.5, 43,435, 44, 44.5, 45,455, 46, 46.5, 47, 47.5, 48, 45.5, 49, 49.5, 50, 50.5. 51,
5,53, 53.5, 54, 54.5. 55, 53.5, 56, 56.5. 57, 57.5, 58, 58.5, 59, 59.5, 60, 60.5, 61,

61,5, 62,625, 63, 63.5, 64. 645, 65,655, 66, 66.5. 67, 67.5, 63, 68.5, 69, 69 5, 70. 70.5, 71,

L2
5]

W

715,72, 725,73, 73.5, 74, 745,75, 75.5, 76, 76.5, 77, 77.5, 78, 78.5, 79, 79.5, 80, 80.5, 81,
81.3, 82, 82.5, 83, 83.5, 84, 84.5_ 85, 85.5, 86, 86.5, 87, 87.5, 8%, 88.5, 89, 89.5. 90, 90.5, 91,

0135,92,925,93,935,94,945,95,955,96,965,97 975 98, 98.5, or 99,
[0281] In certain embodiments, the passenger to guide (P G) (also referred to as the

sense to antisense) strand ratio expressed is greater than 1.
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{0282]  In certain embodiments, the passenger to guide (P
to antisense) strand ratio expressed is greater than 2.

{0283}  In certain embodiments, the passenger to guide (P:
to antisense) strand ratio expressed is greater than 5.

[0284]  In certain embodiments, the passenger to guide (P
to antisense) strand ratic expressed is greater than 10

10285}  In certain embodiments, the passenger to guide (7.
to antisense) strand ratio expressed is greater than 20.

10286}  In certain embodiments, the passenger to guide (P
to antisense) strand rafio expressed is greater than 50.

{0287}  In certain embodiments, the passenger to guide (P:
to antisense) strand ratic expressed is at least 3.1,

10288}  In certain embodiments, the passenger to guide (B
to antiscnse) strand ratio expressed is at least 5:1.

{6289}  In certain embodiments, the passenger to guide (P:
to antisense) strand ratio expressed 1s at least 10:1.

{0298}  In certain embodiments, the passenger to guide (P
to antisensc) strand ratio expressed is at least 20:1.

{291}  In certain embodiments, the passenger to guide (P

o antisense) strand ratic expressed is at least 50:1.

PCT/US2019/040230

(3} (also referred o as the sense

G} {(also referred to as the sense

() (also referred to as the sense

(3} (also referred 1o as the sense

(3} (also referred to as the sense

() (also referred o as the sense

(3) (also referred to as the sense

(3} (also referred o as the sense

(3} (also referred to as the sense

() (also referred to as the sense

{0292}  In certain embodiments, a passenger-guide strand duplex is considered effective

when the pri- or pre-microRNAs demonstrate, but methods known in the art and described

herein, greater than 2-fold guide to passenger strand ratio when processing is measared. Asa

non-limiting examples, the pri- or pre-microRNAs demonstrate great than 2-fold, 3-fold, 4-
fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 11-fold, 12-fold, 13-fold, 14-fold, 15-fold,
or 2 to 5-fold, 2 to 10-fold, 2 to 15-told, 3 to 5-told, 3 to 10-fold, 3 to 15-fold, 4 to 5-fold, 4
to 10-fold, 4 to 13-fold, 5 to 10-fold, 5 to 15-fold, 6 to 10-fold, 6 to 15-fold, 7 to 10-fold, 7 to
15-fold, & to 10-fold, 8 to 15-fold, 9 to 10-fold. 9 to 15-fald, 1010 15-fold, 11 to 15-fold, 12

to 15-fold, 13 1o 15-fold, or 14 to 15-fold guide 1o passenger strand ratio when processing 18

measured.

10293}  In certain embodiments, the vector genome encoding the dsRNA comprises a

sequence which is at least 60%, 65%, 70%, 75%, 80%, 85%. 90%, 95%, 99% or more than

-
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99% of the full length of the construct. As a non-limiting example, the vector genome
comprises a sequence which is at least 80% of the full-length sequence of the constract.
{0294}  In certain cmbodiments, the siRNA molecules may be used to silence wild tvpe or
mutant version of the gence of interest by targeting at least one exon on the gene of interest
sequence. The exon may be exon 1, exon 2, exon 3, exon 4, exon 5, exon 6, exon 7, exon 8,
oxon 9, exon 10, exon 11, exon 12, exon 13, exon 14, exon 15, exon 16, exon 17, exon 14,
exon 19, exon 20, exon 21, exon 22, exon 23, exon 24, exon 25, exon 26, cxon 27, exon 28,
exon 29, exon 30, exon 31, exon 32, exon 33, exon 34, exon 35, exon 36, ¢xon 37, exon 38,
exon 39, exon 40, exon 41, exon 42, exon 43, exon 44, exon 45, exon 46, exon 47, exon 48,
exon 49, exon 50, exon 51, exon 52, oxon 33, exon 34, exon 35, exon 56, exon 57, exon 58,
exon 39, exon 60, exon 61, exon 62, exon 63, exon 64, exon 63, exon 66, and/or exon 67.

Diesion and Sequences of siRNA duplexes targeting SQD1 cene

{0295}  The present disclosure provides small inderfering RNA (5iRNA) duplexes (and
maodulatory polynucleotides encoding theny) that target SODT mRNA to mnterfore with SO
gene expression and/or SOD1 protemn production.

[3296]  The encoded stRNA duplex of the present disclosure contains an antisense strand
and a sensc strand hvbridized together fornung a duplex structure, wherein the antisense
strand 1s complementary to the nucleie acid sequence of the targeted SOD1 gene, and
wherein the sense strand 1s homologous to the nucleic acid sequence of the targeted SODH
gene. In some aspects, the 57end of the antisense strand has a 57 phosphate group and the

3 end of the sense strand contains a 3 hvdroxyl grovp. In other aspects, there are none, one or
2 nucleotide overhangs at the 3'end of each strand.

{2977 Some guidelings for designing siRNAs have been proposed in the art. These
guidelines generally rocommend generating a 19-nucleotide dupiexed region, symmetric 2-3

B

nucleotide 3’overhangs, 3”- phosphate and 3°- hydroxyl groups targeting a region in the gene
to be silenced. Other rules that may govern siRNA sequence preference include, but are not
hoted to, () A/U at the 5" end of the antisense strand; (113 G/C at the 53" end of the sense
strand; (i1} at least five A/U residues in the 5" terminal one-third of the antisense strand; and
{iv} the absence of any GC stretch of more than 9 nuclectides in length. In accordance with
such consideration, together with the spectfic sequence of a target gene, highly effective
siRNA molecules essential for suppressing the SO gene expression may be readily

designed.
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[8298]  According to the present disclosure, siRNA molecules {¢.g., siRNA dupiexes or
encoded dsRNA) that target the SOD1 gene are designed. Such siRNA molecules can
specifically, suppress SO gene expression and protein production. In some aspects, the
siRNA molecules are designed and used to selectively “knock out” SODI gene varants m
cells, i.e., mutated SOD1 transcripts that are identified in patients with ALS discase. In some
aspects, the siRNA molecules are designed and used to selectively “knock down” SOD1 gene
variants i cells. In other aspecis, the siRNA molecules are able to inhibit or suppress both
the wild type and mutated SOD1 gene.

18299}  In certain embodiments, an sitRNA molecule of the present disclosure comprises a
sense strand and a complementary antisense strand in which both strands are hvbridized
together to form a duplex structure. The antiscnse strand has sufficient complementarity to
the SOD T mRNA sequence to direct target-specific RNA1 1.¢, the siRNA molecule has a
sequence sufficient to trigger the destruction of the target mRNA by the RNAi1 machinery or
process.

{8308}  In certain embodiments, an siRNA molecule of the present disciosure comprises a
sense strand and a complementary antisense strand in which both strands are hvbridized
together to form a duplex structure and where the start site of the hybridization to the SOD1
mRNA is between nucleotide 15 and 1000 on the SODT mRNA sequence. As a non-limiting
gxample, the start site may be between nucleotide 15-25, 15-50, 15-75, 15-100, 100-150,
150-200, 200-250, 230-300, 300-350, 350-400, 400-450, 450-500, 500-350, 550-600, 600-
650, 630-700, 700-70, 750-800, 800-850, 830-900, 900-950, and 950-1000 on the SOD1
mRNA sequence. As vet another non-himiting example, the start site may be nucieotide 26,
27, 28,29, 30,32,33,34,35,36,37, 74,76, 77, 78, 149, 153, 157,160, 177, 192, 193, 195,
196, 197, 198, 199, 206, 209, 210, 239, 241, 261, 263, 264, 268, 269, 276, 278, 281, 284,
290, 291, 295, 296, 316, 317, 329, 330, 337, 350, 351, 352, 354, 357, 358, 364, 375, 378,
383,384, 390, 392, 395, 404, 406, 417, 418, 469, 470, 473, 476, 480, 487, 494, 496, 497,
501, 504, 515, 518, 522,523, 524,552, 554, 535,562, 576, 577,578,579, 581, 583, 584,
583, 587, 588, 589, 593, 594, 595, 596, 597, 598, 599, 602, 607, 508, 609, 610, 611, 612,
613,616, 621, 633, 635, 636, 639, 640, 641, 642, 643, 644, 645, 654, 660, 661, 666, 667,
668, 669, 673, 677, 692, 698, 699, 700, 701, 706, 749, 770, 772, 775, 781, 800, 804, 819,
829, 832, 833, %51, 854, 855, 857, 858, 859, 861, #69, 891, 892_ 906, 907, 912, 913, 934,
044, and 947 on the SOD1 mRNA sequence.

~d

(s
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{8301}  In some embodiments, the antisense strand and target SOD1T mRNA sequences
have 100% complementarity. The antisense strand may be complementary to any part of the
target SOD1 mRNA sequence.

[6302] In other embodiments, the antisense strand and target SOD1 mRNA sequences
comprise at least one mismatch. As a non-limiting example, the antisense strand and the
target SOD1 mRNA sequence have at least 30%, 40%, 50%, 60%, 70%, 80%, 81%, 82%,
83%, 84%, 83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%
or 99% or at least 20-30%, 20-40%, 20-50%, 20-60%, 20~70%, 20-80%, 20-90%, 20-95%,
20-99%, 30-40%, 30-50%, 30-60%6, 30-70%, 30-80%, 30-90%, 30-93%, 30-99%, 40-50%,
40-60%, 40-70%, 40-80%, 40-90%, 40-95%, 40-99%, 50-60%, 50-70%. 50-80%, 50-90%,
50-95%, 50-99%, 60-70%, 60-80%, 60-90%, 60-35%, 60-89%, 70-80%, 70-90%, 70-95%,
70-99%, 80-90%, 80-95%, 80-99%, 90-95%, 90-99% or 95-99% complementarity.

10303} In certain embodiments, an siRNA or dsRNA targeting SOD1 includes at least two
sequences that are complementary to cach other.

[6304]  According to the present disclosure, the siRNA molecule targeting 50D hasa
length from about 10-50 or more nucleotides, 1.¢e., each strand comprising 10-30 nucleotides
{or nuclectide analogs). Preferably, the siRNA molecule has a length from about 15-30, ¢.g,
15,16, 17,18, 19,20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleatides in each strand,
wherein one of the strands is sufficiently complementarity to a target region. In certain
embodiments, cach strand of the siRNA molecule has a length from about 1910 25, 19t 24
or 19 to 21 nucleotides. In certain embodiments, at least one strand of the siRNA molecule is
19 nucleotides m length. In certam embodiments, at least one strand of the siIRNA molecule
i3 20 nuclectides in length. In certain embodiments, at least one strand of the siRNA
molecule is 21 nucleotides in length. In cortain embodiments, at least one strand of the
siRMNA molecule 15 22 nuclentides in length. In certain embodiments, at least one strand of
the siRNA molecule 15 23 nucleotides i length. In certain embodiments, at least one strand
of the siRNA molecule is 24 nucleotides in length. In certain embodiments, at least one
strand of the siRNA molecule is 25 nucleotides in length.

{8303}  In some embodiments, the siRNA molecules of the present disclosure targeting
SO can be synthetic RNA duplexes comprising about 19 nucleotides to about 25
nucleotides, and two overhanging nucleotides at the 3'-end. In some aspects, the siRNA
molecules may be unmodified RNA molecules. Tn other aspects, the siRNA molecules may

contain at least one modified nucleotide, such as base, sugar or backbone modifications.
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{8306}  In certain embodiments, the siRNA molecules of the present disclosure targeting
SOD1 may comprise a nacleotide sequence such as, but not himited to, the antisense {guide)
sequences i Table 2 or a fragment or variant thereof. As a non-lumiting example, the
antisense sequence used in the siIRNA molecule of the present disclosure is at Ieast 30%,
40%, 50%, 60%, 70%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%. 95%, 96%, 97%. 98% or 99% or at least 20-30%, 20-40%, 20-50%, 20-
60%, 20-70%, 20-80%, 20-90%, 20-93%, 20-99%. 30-40%, 30-50%, 30-60%, 30-70%, 30-
80%, 30-90%, 30-95%, 30-99%, 40-50%, 40-60%, 40-70%, 40-80%, 40-90%, 40-95%, 40-
99%, 50-60%, 30-70%, 30-80%, 50-90%, 50-95%, 30-99%, 60-70%, 60-80%, 60-90%, 60-
95%, 60-99%, 70-80%, 70-90%, 70-95%, 70-99%, 80-90%, 80-95%, 80-99%, 90-95%, 90~
949% or 95-99% of a nucleotide sequence in Table 2. Ag another non-limiting example, the
antisense sequence used in the siRNA molecule of the present disclosure comprises at feast 3,
4.5,6.7,8,9 10,11, 1213, 14, 15, 16, 17, 18, 19. 20, 21 or more than 21 consecutive
nucleotides of a nucleotide sequence in Table 2. As vet another non-huniting example, the
antisense sequence used in the siRNA molecule of the present disclosure comprises
nucleotides 11022, 1t0 21, 11020, 110 19, 110 18, 1 to 17, 110 16, 1 10 15, 1 to 14, 1 to 13,
Ttol12, 1to 11, 11010, 1109, 1108 21022, 2t 21, 210 20,210 19,210 18, 2t 17, 2 10
16,210 15,2014, 210 13,210 12, 210 11,210 10,210 9,210 8. 3t0 22,310 21, 310 20, 3
t0 19,310 18, 3t0 17,310 16,3t0135, 31014, 31013, 3t012,31011,310 10,3109, 3108,
41022. 41021, 41020, 410 19. 410 18, 410 17, 410 16, 410 15, 410 14,410 13, 410 12, 4 10
11,490 10,4109, 4108, 5022, 510 21,51020, 5t 19,510 18, 510 17, 5t0 16, 510 15,5
o014, 5t 13,5310 12,510 11,510 10,5109, 510 8,610 22,610 21,610 20, 6t0 19, 6 10 1§,
61017, 6t0 16,610 15,610 14,610 13,610 12, 610 11,610 10, 7t0 22, Tt 21, Tto 20, 7 to
197t 18, 710 17, 710 16, Tt0 15, Tto 14, 7t0 13, Tt0 12, 816 22, 8 t0 21, 810 20, 8 {0 19,
810 18,810 17,810 16,810 15,810 14,8t 13,810 12,91022,910 21,91t 20,910 19, 910
18,9106 17,910 16,910 15, 9t0 14, 1010 22, 1010 21, 1010 20, 1010 19, 1010 18, 1010 17,
1010 16,1010 15, 10to 14, 111022, 11 t0c 21, 111020, 1110 19, 1 to 18, Il to 17, 11 to 16,
1o 15 111014, 121022, 121021, 121020, 1210 19, 1210 18, 1210 17, 1210 16, 13 10 22,
131021, 131020, 1310 19, 1310 18, 1310 17, 13t0 16, 1410 22, 14 10 21, 1410 20, 14 10 19,
141018, 141017, 151622, 1510 21, 131020, 1510 19, 1510 18, 16 10 22, 16 10 21, 16 t0 20,

171022, 17 10 21, or 1% to 22 of the sequences in Table 2.
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Table 2. Antisense Sequences

Antisense ID Sequenge SEQID XD
A-4002 UAUUAAAGUGAGGACCUGCUUY i

{0307} 1o certain embodiments, the siRNA molecules of the present disclosure targeting
S0D1 may comprise a nucleotide sequence such as, but not limited to, the sense (passenger)
sequences in Table 3 or a fragment or vanant thereof. As a non-hmiting example, the sense
sequenae used in the siRNA molecule of the present disclosure is at least 30%, 40%, 50%,
60%, 70%, 80%. 81%, 82%, 83%. 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%., 93%,
94%, 95%, 96%, 97%, 98% or 99% or at least 20-30%, 20-40%, 20-50%, 20-60%, 20-70%,
20-800%, 20-90%, 20-95%, 20-99%, 30-40%, 30-50%, 30-60%, 30-70%. 30-80%, 30-90%,
30~95%, 30-99%, 40-50%, 40-60%, 40-70%, 40-80%, 40-90%, 40-95%, 40-99%, 50-60%,
50-70%, 50-80%, 50-90%, 50-95%, 50-99%, 60-70%, 60-80%, 60-90%, 60-95%, 60-99%,
70-80%, 70-90%, 70-95%, 70-99%, 80-50%, 80-95%, 80(-99%, 90-95%, 90-99% or 95-59%
of a nucleotide sequence in Table 3. As ancther non-limiting example, the sense sequence
used in the siRNA molecule of the present disclosure comprises at least 3, 4, 5,6, 7, 8, 9, 10,
11,12, 13, 14, 13,16, 17, 18, 19, 20, 21 or more than 21 consecutive nuclestides of a
nucleotide sequence in Table 3. As vet another non-himiting example, the sense sequence
used in the siRNA molecule of the present disclosure comprises nucleotides 110 22, 1 10 21,
Tto20, 1t0 19, 1to 18, Tto 17, lto 16, 1 t0 5, 1to 14, 11013, 10 12, fto i), 110 10, 1 1o
9. 1t08,21022,2t021,21020,2t0 19,210 18,210 17,210 16, 2t0 15,210 14, 210 13, 2
012,210 11,21 10,2t 9,2t08,31022,3t0 21,310 20,310 19,3 to 18, 310 17, 3 15 16,
310 15,310 14,310 13,310 12,310 11,310 10,310 9,3108. 41022, 410 21,410 20,4 t0
19,410 18,410 17,410 16,410 15,410 14,410 13,410 12,410 11,410 10,4109, 4108, 3
t022,51021,5t020,51t0 19, 510 18, 5t0 17,510 16,5t0 15, St0 14,510 13, 5t0 12, 510
11,510 10,510 9,510 8,610 22,610 21. 610 20,610 19,610 18, 6 t0 17. 610 16, 610 15, 6
0 l14,61013,61012,610 11,610 10,7022, 71021, 7t020. 710 19, 710 18, 7t0 17, 710
16, 71015, 7t0 14, T10 13, 710 12, 810 22, Bto 21, 810 20, 810 19, 8 10 18, Bt0 17, 810 16,
8t0 15,810 14,810 13,810 12,91022, 91021, 91020, 910 19,910 18,910 17,910 16, 910
15,910 14, 10t0 22, 1010 21, 1010 20, 1010 19, 1010 18, 1010 17, 1010 16, 10t0 15, 1010
14, 1022, Hto21, 111020, 11t0 19, 1110 18, 1o 17, 11to 16, Hto 15, 1l to 14, 12¢0
22,1210 21, 121020, 1210 19, 1210 18, 12t 17, 1210 16, 131022, 1310 21, 1310 20, 13 10
191310 18, 131017, 1310 16, 141022, 14t0 21, 1410 20, 1410 19, 14 t0 I8, 1410 17, 1510
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22,1510 21, 154020, 1510 19, 1510 18, 1610 22, 1610 21, 1616 20, 1710 22, 17t0 21, or 18
to 22 of the sequences in Table 3.

Table 3. Sense Sequences

Sense ID Seguence SEGID NG
5-4003 GCAGGUCCUCACUUUAAUGCU 2

[8308]  In certain embodiments, the siRNA molecules of the present disclosure targeting
S0D1 may comprise an antisense sequence from Table 2 and a sense sequence from Table 3,
or a fragment or variant thercof. As a non-hmiting cxample, the antiscnse sequence and the
sense sequence have at least 30%, 40%, 50%, 60%, 70%, 80%, 81%, &2%, 83%, 84%, &5%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% or at least
20~30%, 20-40%, 20-50%, 20~60%, 20-70%, 20-80%, 20-90%, 20-95%, 20-99%, 30-40%,
30-30%, 30-60%, 30-70%, 30-80%, 30-90%, 30-95%, 30-89%, 40-50%, 40-60%, 40-70%,
40-80%, 40-90%, 40-95%, 40-99%, 50-60%, 50-70%, 30-80%, 50-90%, 50-95%, 50-99%,
60-70%, 60-80%, 60-90%, 60-95%, 60-99%, 70-80%, 70-90%, 70-95%, 70-99%, 80-90%,
80-95%, 80-99%, 90-95%, 90-99% or 95-99% complementarity.

{8309}  In certain embodiments, the siRNA molecules of the present disclosure targeting
SOD1 may comprise the sense and antisense siRNA duplex as described in Table 4. Asa
non-limiting cxample, these siRNA duplexes may be tested for in vifro mhibitory activity on
endogenous SOD1 gene expression.

Table 4. Sense and antisense strand sequences of SOD1 dsRNA

siRNA | SSID | Sense Strand 58 AS ID Antisense Strand AS
Duplex Sequence (53°-3") SEQ Sequence (§'-37) SEQ
1D D iD
D-4012 | S-4003 | GCAGGUCCUCAC |2 A-4002 | UAUUAAAGUGA 1
UUUAAUGIU GGACCUGCUU

13310}  In other embodiments, the siRNA molecules of the present disclosure targeting
SOD1 can be encoded in plasnid vectors, AAY particles, viral genome or other nucleic acid
expression vectors for delivery to a cell.

{8311}  DNA expression plasouds can be used to stably express the siRNA duplexes or
dsRNA of the present disclosure targeting SOD1 m cells and achieve long-term inhibition of
the target gene expression. In one aspect, the sense and antisense strands of a siRNA duplex
arc typically linked by a short spacer sequence leading to the expression of a stem-loop
structure termed short hairpin RNA (shRNA). The hairpin is recognized and ¢leaved by

Dicer, thus generating mature siRNA molecules.
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{8312}  According to the present disclosure, AAV particles comprising the nucleic acids
encoding the siRNA molecules targeting SOBT mRNA are produced, the AAVY serotypes
may be any of the serotvpes listed herein. Non-limiting examples of the AAVY serotypes
mehude, AAVL, AAV2, AAV3E, AAV4, AAVS, AAVG, AAVT, AAVE, AAVY, AAVG 47,
AAVO(huld), AAVIO, AAVLL, AAVI2, AAVIRS, AAVI0, AAV-DNE, AAV-DI AAV-
PHP A, and/or AAV-PHP B, AAVPHP B2, AAVPHP B3, AAVPHP N/PHP B-DGT,
AAVPHP B-EST, AAVPHP B-GGT, AAVPHP B-ATP, AAVPHP B-ATT-T, AAVPHP B-
DGT-T, AAVPHP B-GGT-T, AAVPHP . B-SGS, AAVPHP B-AQP, AAVPHP.B-QQP,
AAVPHP B-SNP(G), AAVPHP B-SNP, AAVPHP B-QGT, AAVPHP B-NQT, AAVPHP B-
EGS, AAVPHP B-SGN, AAVPHP B-EGT, AAVPHP B-DST, AAVPHP B-DST,

AAVPHP B-STP, AAVPHP B-PQP, AAVPHP B-SQP, AAVPHP . B-QLP, AAVPHP B-
TMP, AAVPHP B-TTP, AAVPHP S/G2A12, AAVGZAIS/G2A3, AAVGZB4, AAVG2BS,
and vartanis thereof.

{0313}  In some embodiments, the siRNA duplexes or encoded dsRNA of the present
disclosure suppress (or degrade) SODT mRNA. Accordingly, the siRNA duplexes or encoded
dsRNA can be used to substantially mhibit SOD1T gene expression in a cell. In some aspects,
the nhibition of SOD1 gene expression refers to an inhibition by at least about 20%,
preferably by at least about 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 953% and 100%, or
at least 20-309%, 20-409%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%, 20-93%, 20-100%,
30-40%, 30-30%, 30-60%, 30-70%, 30-80%, 30-90%, 30-93%, 30-100%, 40-50%, 40-60%,
40-70%, 40-80%;, 40-90%, 40-95%, 40-100%, 50-60%, 30-70%, 50-80%, 50-90%, 50-95%,
50-100%, 60-70%, 60-80%, 60-90%, 60-93%, 60~100%, 70-80%, 70-90%, 70-95%, 70~
100%, 80-90%, 80-95%, 80-100%, 90-95%, 90-100% or 95-100%. Accordingly, the protein
product of the targeted gene may be inhibited by at least about 20%. preferably by at least
about 30%, 40%, 50%, 50%., 70%, 80%, 85%. 90%. 95% and 100%. or at least 20-30%, 20-
409%, 20-50%, 20-60%, 20-70%, 20-80%, 20-90%, 20-95%, 20-100%, 30-40%, 30-50%, 30-
60%, 30-70%, 30-80%, 30-90%, 30-93%, 30-100%. 40-50%. 40-60%, 40-70%, 40-80%, 40-
90%, 40-95%, 40-100%, 50-60%, 50-70%, 50-80%, 50-90%, 50-95%, 50-100%, 60-70%,
60-80%, 60-90%, 60-95%, 60-100%, 70-80%, 70-90%, 70-95%, 70-100%, 8§0-90%, 80-95%,
80-100%, 90-93%, 90-100% or 95-100%

18314}  According to the present disclosure, the siRNA molecules are designed and tested

for their ability in reducing S0D1 mRNA levels in cultured celis. Such siRNA molecules
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may torm a duplex such as, but not limited to, mclude those listed in Table 4. As a non-
Emiting example, the siRNA duplexes may be siRNA duplex [D D-4012.
{3315}  In certain emboduments, the siRNA molecules comprise a miRNA seed match for
SGD1 located in the guide strand. In another embodiment, the siRNA molecules comprise a
miRNA seed match for SOD located in the passenger strand. In yet another embodiment, the
siRNA duplexes or encoded dsRNA targeting SOD1 gene do not comprise a seed match for
SOD1 located in the guide or passenger strand.
{8316}  In certain embodiments, the siRNA duplexes or encoded dsRNA targeting SOD1
gene may have almost no significant foll-length off target effects for the guide strand. In
another embodiment, the siRNA duplexes or encoded dsRNA targeting SOD1 gene may have
almost no significant full-length off target effects for the passenger strand. The siRNA
duplexes or encoded dsRNA targeting SODT gene may have less than 1%, 2%, 3%, 4%, 5%,
6%, 7%. 8%, 9%, 10%,11%, 12%, 13%, 14%, 15%, 20%. 253%, 30%, 35%. 40%. 45%, 50%,
1-5%, 2-6%, 3~7%, 4-8%, 5-9%, 5~10%, 6-10%, 5-15%, 5-20%, 5-25% 5-30%, 10-20%, 10-
30%, 10-40%, 10-50%, 15-30%, 15-40%, 15-45%, 20-40%, 20-50%, 25-50%, 30-40%, 30-
50%, 35-50%, 40-50%, 45-50% full-length off target cffects for the passenger strand. In vet
another embodiment, the siRNA duplexes or encoded dsRNA targeting SOD1 gene may have
almost no significant full-length off target effects for the guide strand or the passenger strand.
The siRNA duplexes or encoded dsRNA targeting SOD1 gene may have less than 1%, 2%,
%, 4%, 5%, 6%, 7%, 8%, 9%, 10%.,11%, 12%. 13%, 14%, 15%, 20%, 25%, 30%, 33°
40%, 45%, 50%, 1-5%, 2-6%, 3-7%, 4-8%. 5-9%, 5-1 0%, 6~10%, 5-15%, 5-20%, 5-25% 5-
30%, 10-20%, 10-30%, 10-40%, 10-50%, 15-30%, 15-40%, 15-45%, 20-40%, 20—50%9 25-
50%, 30-40%, 30-50%, 35-50%, 40-50%, 45-50% full-length off target cffects for the guide
or passenger strand.
{0317}  Io certain ecmbodiments, the siRNA duplexes or encoded dsRNA targeting SOD1
gene may have high activity in vitro. In another embodiment, the siRNA molecules may have
low activity in vitre. In yet another embodiment, the siRNA duplexes or dsRNA targeting the
SOD1 gene may have bigh guide strand activity and low passenger strand activity in vitro.
[6318]  In certain embodiments, the siRNA molecules targeting SOD 1 have a hugh guide
strand activity and low passenger strand activity in vitro. The target knock-down (KD} by the
guide strand may be at least 40%, 50%, 60%, 63%, 70%, 75%, 80%. 83%, 90%, 95%, 99%,
99 5% or 100%. The target knock-down by the guide strand may be 40-30%, 45-30%, 50-
5%, 50-60%, 60-65%, 60-70%, 60-75%, 60-80%, 60-85%, 60-90%, 60-95%, 60-99%, 60-
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99.5%, 60-100%, 65-70%, 65-75%, 63-80%, 63-85%, 65-90%, 65-95%, 63-99%, 65-99.5%,
65-100%, 70-73%, 70-80%, 70-85%, 70-90%, 70-93%, 70-99%, 70-99.5%, 70-100%, 75-
80%, 75-85%, 75-90%, 75-95%, 75-99%, 75-99 5%, 75-100%, 80-85%, 80-90%, 80-95%,
30-99%, 80-99.5%, 80-100%, 85-90%, 85-95%, §5-99%, §5-99.5%, 85-100%, 90-95%, 90~
99%, 90-99 5%, 90-100%, 93-959%, 95-99.5%, 95-100%, 99-69.5%, 99-100% or 99.5-100%.
As a non-limiting example, the target knock-down (Kb} by the guide strand is greater than
70%. As a non-limiting example, the target knock-down (KD} by the guide strand is greater
than 60%.

18319}  In certain embodiments, the siRNA duplex target SOD1 1s designed so there is no
mRNA seed match for the sense or antisense sequence to the non-S0D1 sequence.

{0320} 1o certain embodiments, the ICso of the guide strand in the siRNA duplex targeting
S0D1 for the nearest off target 1s greater than 100 muoltiplied by the 10 of the guide strand
for the on-target gene, SOD1. Ag a non-Hmiting example, if the ICse of the guide strand for
the nearest off target is greater than 100 nwltiplied by the 1Cs0 of the guide strand for the
target then the siRNA molecules are said to have high guide strand selectivity for inhibiting
SOD1Y inviro.

{0321}  In certain embodiments, the 37 processing of the guide strand of the siRNA duplex
targeting SOD1 has a correct start (n) at the 57 end at least 75%, 80%, 85%., 90%. 95%, 99%
or 100% of the time in vitro or in vive. As a non-limiting example, the 57 processimg of the
guide strand s precise and has a correct start (o} at the 37 end at least 99% of the time in
vitro. As a non-limiting example, the 5 processing of the guide strand 15 precise and has a
correct start (n) at the 37 end at least 99% of the time /7 vive. As anon-limiting example, the
57 processing of the guide strand is precise and has a correct start (n) at the 57 end at least
50% of the time in vitro. As a non-limiting example, the 57 processing of the guide strand is
precise and has a correct start (n} at the 37 end at least 90% of the time 72 vive. As a non-
hmiting example, the 5 processing of the guide strand 18 precise and has a correct start (n) at
the 537 end at least 85% of the time in vifro. As a non-himiting example, the 57 processing of
the guide strand is precise and has a correct start (n) at the 5” end at least 85% of the time in
Vive,

183221  In certain embodiments, the 537 processing of the guide strand of the siIRNA duplex
targeting SOD1 has a correct start (n} at the 57 end in a range of 75-85%, 75-90%, 75-85%,

75-80%, 80-95%, 80-90%, 80-85%, 85-95%, 85-90%, or 90~-95%. As a non-limiting
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example, the 57 processing of the guide strand of the siRNA duplex targeting SOD1 has a
correct start (n) at the 5 end in a range of 75-95%.
{0323] 1o certain embodiments, the 37 processing of the guide strand of the siRNA duplex
targeting SODI has a correct start (n) at the 57 end for 75%, 75.1%, 75.2%, 75.3%, 75.4%,
75.5%, 75.6%, 75.7%, 75.8%, 75.9%, 76%, 76.1%, 76.2%, 76.3%, 76.4%, 76.5%, 76.6%,
76.7%, 76.8%, 76.9%, T7%, 77.1%, 77.2%, 77.3%. 77.4%, 77.5%, 77 6%, 77.7%, 77.8%,
77.9%, 78%, 78.1%, 78.2%, 78.3%, 78.4%, 78 5%, 78.6%, 78.7%, 78.8%, 78.9%, 79%,
79.1%, 79.2%, 79.3%, 79.4‘3/0, 79.5%, 79.6%, 79.7%, 79.8%, 79.9%, 80%, 80.1%, 80.2%,
80.3%, 80.4%, 80.5%, 80.6%, 80.7%, 80.8%, 80.9%, 81%, 81.1%, 81.2%, 81.3%, 81 4%,
81.5%, 81.6%, &1.7%, 81.8%. 81.9%, 82%, 82.1%, 82.2%, 82.3%, 82.4%, 82.5%, 82.6%,
82.7%, 82.8%, 82.9%, §3%, 83.1%, 83.2%, 83.3%, 83.4%, 83.5%, 83.6%, 83.7%, 83.8%,
83.9%, 84%, 84.1%, 84.2%, 84.3%, 84.4%, 84.5%, 84.6%, 84.7%, 84.8%, 84.9%, 85%,
85.1%, 85.2%, 85.3%, 85.4%, 85.3%, 85.6%, 85.7%, 85.8%. 85.9%, &6%, 86.1%, 86.2%,
86.3%, 86.4%, 86.5%, 86.6%, 86.7%, 86.8%, 86.9%, 87%, 87.1%, 87.2%, 87.3%, 87 4%,
87.5%, 87.6%, 87.7%, 87.8%, 87.9%, 88%, 88.1%, 88.2%, 88.3%, 88.4%, 88.5%, 88.6%,
88.7%, 88.8%0, 88.9%, 89%, 89.1%, 89.2%, 89.3%, 89.4%, 89.5%, 89.6%, 89.7%, 89.8%,
89.9%, 90%, 90.1%, 90.2%, 90.3%, 90.4%, 90.5%, 90.6%, 90.7%, 90.8%, 90.9%, 91%,
91 1%, 91.2%, 91.3%, 91.4%, 91.5%, 91.6%, 91.7%, 91 8%, 91.9%, 92%, 92.1%, 92.2%,
92.3%, 92.4%, 92.5%, 92.6%, 92.7%, 92 8%, 92.9%, 93%, 93.1%, 93.2%, 93.3%, 93.4%,
93.5%, 93.6%, 93.7%, 93 8%, 93.9%, 94%, 94.1%, 94.2%, 94.3%, 94 4%. 94.5%, 94 6%,
94.7%, 94.8%, 94.9%, or 95% of the constructs expressed. As a non-luniting example, the 57
processing of the guide strand of the siRNA duplex targeting S0OD1 has a correct start {(n) at
the 57 end for 1% of the constructs expressed. As a non-limiting example, the 37 processing
of the guide strand of the siRNA duplex targeting SGD1 has a correct start {n} at the 57 end
for 90 % of the constructs expressed.
[3324]  In certain embodiments, a passenger-guide strand duplex for SOD1 is considered
effective when the pri- or pre-microRNAs demonstrate, by methods kaown in the art and
described berein, greater than 2-fold guide to passenger strand ratio when processing is
measured. As a non-himiting examples, the pri- or pre-microRNAs demonstrate great than 2-
fold, 3-fold, 4-fold, S-fold, 6-fold, 7-fold, &-fold, 9-fold, 10-fold, 11-fold, 12-fold, 13-fold,
14-fold, 15-fold, or 2 to S-fold. 2 to 10-fold, 2 to 15-fold. 3 to 5-fold, 3 to 10-fold, 3 to 13-
fold, 4 to 3-fold, 4 1o 10-fold, 4 to 15-fold, 5 to 10-fold, 5 to 15-fold, 6 to 10-fold, 610 15-
fold, 7 to 10-fold, 7 to 15-fold, 8 to 10-fold, 8 to 13-fold, 8 1o 10-fold, St 15-fold, 1010 15~
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fold, 11 10 15-fold, 12 1o 15-fold, 13 to 15-fold, or 14 to 15-fold gmide to passenger strand
ratic when processing 1s measured.

{3325}  In certain cmbodiments, the siRNA molecules may be used to silence wild tvpe or
mutant SOD1 by targeting at Jeast one exon on the 50D sequence. The exon may be exon 1,
exon 2, exon 3, exon 4, exon 5, exon 6, exon 7, exon 8, exon @, exon 10, exon 11, exon 12,
exon 13, exon 14, exon 153, exon 16, exon 17, exon 18, exon 19, exon 20, oxon 21, exon 22,

oxon 23, exon 24, exon 235, exon 26, exon 27, exon 28, exon 29, exon 30, exon 31, exon 32,

'.;)

exon 33, exon 34, exon 35, exon 36, exon 37, exon 38, exon 39, exon 40, cxon 41, exon 42,
exon 43, exon 44, exon 45, exon 46, exon 47, exon 48, exon 49, exon 30, exon 51, exon 52,
exon 53, exon 54, exon 55, exon 56, oxon 37, exon 38, exon 39, exon 60, cxon 61, exon 62,
exon 63, exon 64, exon 63, exon 66, and/or exon 67,

[8326]  In certain embodiments, the range of guide strands to the total endogenous pool of
miRNAs 15 0.001-0.6%, 0.005-0.6%, 0.01-0.6%, 0.015-0.6%, 0.02-0.6%, $.025-0.6%, 0.03-
0.6%, 0.035-0.6%, 0.04-0.6%, 0.045-0.6%, 0.05-0.6%., 0.055-0.6%, 0.06-0.6%, 0.065-0.6%,
0.07-0.6%, 0.075-0.6%, 0.08-0.6%, 0.085-0.6%, 0.09-0.6%, 0.095-0.6%, 0.1-0.6%, 0.15-
0.6%, 0.2-0.6%, 0.25-0.6%, 0.3-0.6%, 0.35-0.6%, 0.4-0.6%, 0.45-0.6%, 0.5-0.6%, 0.55-
0.6%, 0.001-0.5%, 0.005-0.5%, 0.01-0.5%, 0.015-0.5%, 0.02-0.53%, 0.025-0.5%, 0.03-0.5%
$.035-0.5%, 0.04-0.5%, 0.045-0.5%, 0.05-0.5%, 0.055-0.5%, 0.06-0.5%, 0.065-0.5%, 0.07-
0.5%, 0.075-0.5%, 0.08-0.5%, 0.085-0.5%, 0.09-0.5%, 0.095-0.5%, (.1-0.5%, 0.15-0.5%,
0.2-0.5%, 0.25-0.5%, 0.3-0.5%, 0.35-0.5%, 0.4-0.5%, 0.45-0.5%, 0.001-0.4%, 0.005-0.4%,
0.01-0.4%, 0.015-0.4%, 0.02-0.4%, 0.025-0.4%, 0.03-0.4%, 0.035-0.4%, 0.04-0.4%, 0.045-
0.4%, 0.05-0.4%, 0.055-0.4%, 0.06-0.4%, 0.065-0.4%, 0.07-0.4%, 0.075-0.4%, 0.08-0.4%
0.085-0.4%, 0.09-0.4%, 0.095-0.4%, 0.1-0.4%, 0.15-0.4%, 0.2-0.4%, 0.25-0.4%, 0.3-0.4%,
0.35-0.4%, 0.001-0.3%, 0.005-0.3%, 0.01-0.3%, 0.015-0.3%, 0.02-0.3%, 0.025-0.3%, 0.03-
0.3%, 0.035~0.3%, 0.04-0.3%, 0.045-0.3%, 0.05-0.3%, 0.055-0.3%. 0.06-0.3%, 0.065-0.3%,
0.07-0.3%, 0.075-0.3%, 0.08-0.3%, 1.085-0.3%, 0.09-0.3%, 0.095-0.3%, 0.1-0.3%, 0.15-
0.3%, 0.2-0.3%, 6.25-0.3%, 0.001-0.2%, 0.005-0.2%, 0.01-0.2%, 0.015-0.2%, 0.02-0.2%,
0.025-0.2%, 0.03-0.2%, 0.033-0.2%, 0.04-0.2%, 0.045-0.2%, 0.05-0.2%, 0.055-0.2%, 0.06-
0.2%, 0.065-0.2%, 0.07-0.2%, 0.075-0.2%, 0.08-0.2%, 0.085-0.2%, 0.09-0.2%, 0.095-0.2%,
0.1-0.2%, 8.15-0.2%, 0.001-0.1%, 0.003-0.1%, 0.01-0.1%, 0.015-0.1%, 0.02-0.1%, 0.025~
0.1%, 0.03-0.1%, 0.035-0.1%, 0.04-0.1%, 0.045-0.1%, 0.05-0.1%, 0.055-0.1%, 0.06-0.1%,
0.063-0.1%, 0.07-0.1%, 0.075-0.1%, 0.08-0.1%, 0.085-0.1%, 0.09-0.1%, or 0.095-0.1%. As a
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non-hmiting example, the range 1s 0.06-0.6%. As a non-lmuting example, the range is 0.4-
0.5%.

{3327}  In certain embodiments, the percont of guide strands to the total endogenous pool
of miRNAs 1s 0.001%, 0.002%, 0.003%, 0.004%, 0.005%, 0.006%, 0.007%, 0.008%,
0.009%, 0.01%, 0.02%, 0.03%, 0.04%, 0.05%, 0.06%, 0.07%, 0.08%, 0.09%, 0.1%, 0.2%,
0.3%, 0.4%, 0.5%, or 0.6%. As a non-limiting example, the percent is 8.06%. As a non-
himiting cxample, the percent is 0.4%. As a non-limiting example, the percent 15 0.5%.

siRNA modification
[3328] In some embodiments, the siRNA molecules of the present disclosure, when not

delivered as a precursor or BDNA | may be chemically modified to modulate some features of
RNA molecules, such as, but not bmited to, morcasing the stability of siRNAs in vive. The
chemically modified siBNA molecules can be used in human therapeutic apphications, and
are improved without compromising the RNA1 activity of the siRNA molecules. As a non-
Emiting example, the siRNA molecules modified at both the 37 and the 53’ end of both the
sense strand and the antisense strand.

[6329]  In some aspects, the siRNA duplexes of the present disclosure may contain one or
more modified nucleotides such as, but not limited to, sugar modified nucleotides, nucleobase
modifications and/or backbone modifications. In some aspects, the siRNA molecule may
contain combined modifications, for example, combined nucleobase and backbone
modifications.

183308}  In certain embodiments, the modified nuclectide may be a sugar-modified
nucleotide. Sugar modified nucleotides melude, but are not limited to 2'-Huoro, 2'-amino and
2'-thio modified ribonucleotides, ¢.g. 2'-fluoro modified nbonucieotides. Modified
nucleotides may be modified on the sugar moiety, as well as nucleotides having sugars or
analogs thereof that are not ribosyl. For example, the sugar moieties may be, or be based on,
mannoses, arabinoses, glucopyranoses, galactopyranoses, 4'-thioribose, and other sugars,
heterocycles, or carbocyeles.

18331}  In certain embodiments, the modified nuclectide may be a nucleobase-modified
nucleotide.

{8332}  In certain embodiments, the modified nucleotide may be a backbone-modified
nucleotide. In some embodiments, the siRNA duplexes of the present disclosure may further
comprise other modifications on the backbone. A normal “backbone™, as used herein, refers

1o the repeating alternating sugar-phosphate scquences in a DNA or KNA molecule. The
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deoxvribose/nbose sugars are joined at both the 3'-hydroxyl and 5'-hydroxyl groups to
phosphate groups in ester links, also known as "phosphodiester” bonds/linker (PO hnkage).
The PO backbones may be modified as “phosphorothioate backbone {(PS linkage). in some
cases, the natural phosphodiester bonds may be replaced by amide bonds but the four atoms
between two sugar units are kept. Such amide modifications can facilitate the solid phase
synthesis of oligonucicotides and morease the thermodynamic stability of a duplex formed
with siRNA complement. Sec e.g. Mesmacker et al, Pure & Appl. Chem., 1997, 3, 437-440;
the content of which is meorporated herein by reference in its entirety.

18333} Modified bases refer to nucleotide bases such as, for example, adenine, guaning,
cyvtosing, thyvmine, uracil, xanthine, inosine, and queuosing that have been modified by the
replacement or addition of one or more atoms or groups. Some examples of modifications on
the nucleobase moieties mclude, but are not limited to, alkyvlated, halogenated, thiolated,
aminated, amidated, or acetylated bases, mdividually or in combination. More specific
examples include, for example, 5-propynviuridine, S-propyavicvtidine, 6-methyladening, 6-
methviguanine, NN ~dimethyladenine, 2-propvladenine, 2-propviguanine, 2-ammoadenine,
-methvhinosine, 3-methyvhinidine, S-methyleytidine, S-methyluridine and other nucleotides
having a modification at the 5 position, 3-(2-aminopropyl uridine, 5-halocytidine, 3-
halounidine, 4-acetvicytidine, 1-methyladenosing, 2-methyladenosine, 3-methvicytidine, 6-
methyluridine, 2-methylguanosine, 7-methylguanosine, 2,2-dimethylguanosing, 5-
methylaminocthyiuridine, 3-methyioxvuridine, deazanucieotides such as 7-deaza-adenosine,
G-azouridine, 6-azocviidine, 6-azothymidine, S-methyl-2-thiouridine, other thio bases such as
2-thioundine and 4-thiouridine and 2-thiocviidine, dihvdrounidine, pseudoundine, queuosine,
archaeosine, naphthy] and substituted naphthyi groups, any O- and N-alkylated purines and
pyrimidines such as No-methyladenosine, S-methvicarbonvimethviuridine, uridine 5-
oxvacetic acid, pyridine-4-one, pyridine-Z-one, phenyl and modified pheny! groups such as
ammophenol or 2 4, 6-trimethoxy benzene, modified cviosines that act as G-clamp
nucleotides, Z-substituted adenings and guamines, S-substituied uracils and thymines,
azapvrimnidines, carboxvhydroxyalkyvl mucleotides, carboxvalkylaminoalkyl nucieotides, and
atkvlcarbonvlalkvlated nucleotides.

18334} In certain embodiments, the modified nuclectides may be on just the sense strand.
18335}  In another embodiment, the modified nmucleotides may be on just the antisense

strand.
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{8336} In some embodiments, the modified nucleotides may be in both the sense and
antisense strands.

{3337} 1o some embodiments, the chenmically modified nuclectide does not affect the
ability of the antisense strand to pair with the target mRNA sequence.

[8338]  In certain embodiments, the AAV particle comprising a nucleic acid sequence
encoding the siRNA molecules of the present disclosure may encode siRNA molecules which
arc polycistronic molecules. The siRNA molecules may additionally comprise one or nore
linkers between regions of the siRNA molecules.

Molecular Scaffold

{8339}  In certain embodiments, the siRNA molecules may be encoded in a modulatory
polyvnucleotide which also compnises a molecular scaffold. As used herein a “molecular
scaffold™ is a framework or starting molecule that forms the sequence or structural basis
against which to design or make a subsequent molecule.

10340}  In certain embodiments, the molecular scaffold comprises at least one 5 flanking
region. As a non-limiting example, the 57 flanking region may comprise a 3 flanking
sequence which may be of any length and may be denved in whole or in part from wild type
microRNA sequence or be a completely artificial sequence.

{3341}  In some embodiments, one or both of the 57 and 37 flanking sequences are absent.
18342}  In some embodiments the 37 and 37 flanking sequences are the same length,
103343}  In some embodiments the 57 Hanking sequence is from 1-10 mucleotides in length,
from 5-15 nucleotides in length, from 10-30 nucleotides in length, from 20-50 nucleotides in
length, greater than 40 nucleotides m length, greater than 50 nucleotides mn length, greater
than 100 nucleotides in length or greater than 200 nucleotides in length.

{0344}  In some embodiments, the 57 flanking sequence may be 1,2, 3,4, 5, 6,7,8.9, 10,
P12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23, 24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36,37, 38,39,40, 41, 42,43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56,57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68,69, 70, 71,72, 73,74, 75,76, 77, 78, 79, 80, 81, 82, 43, 84, &3,
86, 87, 88, 89,90, 91, 92, 93, 94, 95,96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107,
108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125,
126, 127,128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142 143,
144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161,
162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179,
180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197,
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198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 213,
216,217, 218,219, 220, 221, 222, 223, 224, 225,226, 227, 228, 229, 230, 231, 232, 233,
234, 235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251,
250,253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269,
270,271,272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 2
288, 289, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305,
306, 307, 308, 300, 310, 311, 312, 313, 314, 315, 316, 317. 318, 319, 320, 321, 322, 323
324,325, 326, 327, 325, 329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341,
342,343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353. 354, 355, 356, 357, 358, 359,
360, 361, 362, 363, 364, 363, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376,
, 379, 380, 381, 382, 383, 384, 355, 386, 387, 388, 389, 390, 301, 392, 393, 394, 395,
396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406, 407, 408, 400, 410, 411, 412, 413,
414, 415, 416, 417, 418, 419, 420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 430, 431,
432, 433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444, 445 446, 447, 448, 449,
450, 451, 452, 453, 454, 455, 456, 457, 458, 439, 460, 461, 462, 463, 464, 463, 466, 467,
468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478, 479, 480, 481, 482, 483, 484, 483,
486, 487, 488, 489, 490, 491, 492, 493_ 494, 495, 496, 497, 498, 499, or 500 nucleotides in

3

length.

18345}  In some embodiments the 37 flanking sequence 18 from 1-10 nucleotides i length,
from 5-15 nucleotides in length, from 10-30 nucleotides in length, from 20-50 nucleotides in
length, greater than 40 nucleotides i length, greater than 50 mucleotides n length, greater
than 100 nucleotides m length or greater than 200 nucleotides m length.

18346}  In some embodiments, the 37 flanking sequence may be 1,2, 3,4, 5,6, 7,8, 9, 10,
11,12, 13, 14, 13,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35,
36,37,38,39, 40,41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66,67, 68, 69,70, 71,72, 73,74, 75,76, 77,78, 79, 80, 81, 82, 83, 84, 83,
86, 87, 88, 89,90, 91, 9293, 94, 95,96, 97, 9& 99 100, 101, 102, 103, 104, 105, 106, 107,
108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125,
126, 127,128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143,
144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161,
162, 163, 164, 165, 166, 167, 168,169, 170, 171, 172, 173, 174, 175,176, 177, 178, 179,
180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197,
198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215,
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216,21
234,235, 23¢
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L 220,221, 222,223, 224, 225,226, 227, 228, 229, 230, 231, 232, 233,
7,238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251,
250,253, 254, 255, 256, 237, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269,
270,271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 283, 286, 287
288, 289, 290, 291, 292, 263, 294, 295, 296_ 297, 298, 299, 300, 301, 302, 303, 304, 305.
306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 323,
324, 325,326, 327, 328. 329, 330, 331, 332, 333, 334, 335, 336, 337. 338, 339, 340, 341,
347,343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359,
360, 361, 362. 363, 364, 365, 366, 367, 368, 369, 370, 371. 372, 373, 374, 375, 376, 377,
378, 379, 380, 381, 382, 383, 384, 383, 386, 387, 388, 389, 390, 391, 392, 393, 304, 395,
396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413,
414, 415, 416, 417, 418, 419, 420, 421, 422, 423, 424 425, 426, 427, 428, 429, 430, 431
432, 433, 434, 435,436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 449,
450, 451, 452, 453, 454, 455, 456, 457, 438, 459, 460, 461, 462, 463, 464, 465, 466, 467,
468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478, 479, 480, 451, 482, 483, 484, 483,
486, 487, 488, 489, 490, 491, 492, 403, 494, 493,496, 497, 498, 499, or 500 nucleotides in
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length.

{0347}  In some embodiments the 57 and 37 flanking sequences are the same sequence. In
some embodiments they differ by 2%, 3%, 4%, 5%, 10%, 20% or more than 309 when
aligned to each other.

{0348]  In certain embodiments, the molecular scaffold comprises at least one 3 flanking
region. As a non-limiting example, the 37 flanking region may comprise a 3 flanking
sequence which may be of any length and may be denved in whole or in part from wild type
microRNA sequence or be a completely artificial sequence.

{0349] 1o certain embodiments, the molecular scaffold comprises at feast onc loop motif
region. As a non-limiting example, the loop motif region may comprise a sequence which
may be of any length.

{03508}  In certain embodiments, the molecular scaffold comprises a 5° flanking region, a
loop motif region and/or a 37 flanking region.

{8351}  In certain embodiments, at least one sIRNA, miRNA or other RNA1 agent
described herein, may be encoded by a modulatory polynucleotide which may also comprise
at least one molecular scatfold. The molecular scaffold may comprise a 5 flanking seguenee

which may be of any length and may be derived 1 whole or in part from wild type
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microRNA sequence or be completely artificial. The 37 flanking sequence may mirror the 57
flanking sequence and/or a 37 flanking sequence i size and ongin. Hither flanking sequence
may be absent. The 37 flanking sequence may optionally contain one or more CNNC motifs,
where “N” represents any nucleotide.

[83532]  Forming the stem of a stem loop structure 1s a minimum of the modulatory
polynucleotide encoding at least one siRNA, miRNA or other RNAI agent described herein.
In some embodiments, the siRNA, nuRNA or other KN A1 agent described herein comprises
at least one nucleic acid sequence which 1s in part complementary or will hyvbridize to a target
sequence. In some embodiments the pavioad is an siRNA molecule or fragment of an siRNA
molecule.

[3333] In some embodiments, the 537 arm of the stem loop structure of the modulatory
polynucieotide compnses a nucleic acid sequence encoding a sense sequence. Non-limiting
examples of sense sequences, or fragments or vanants thereof, which may be encoded by the
modulatory polvnucleotide are described 1n Table 3.

{6354} In some embodiments, the 3 arm of the stem loop of the modulatory
polvnucieotide comprises a nucleic acid sequence encoding an antisense sequence. The
antisense sequence, in some instances, comprises a “G” nucleotide at the 5 most end. Non-
hmiting examples of antisense scquences, or fragments or variants thereof, which may be
encoded by the modulatory polynucleotide are described in Table 2.

13355}  In other embodiments, the sense sequence may reside on the 37 arm while the
antisense sequence resides onthe 57 arm of the stem of the stem loop structure of the
modulatory polvnucleotide. Non-limiting examples of sensc and antisense sequences which
may be encoded by the modulatory polveucleotide are described in Tables 2 and 3.

18356}  In certain embodiments, the sense and antisense sequences may be completely
corplementary across a substantial portion of their length. In other cmbodiments the sense
sequence and antisense sequence may be at least 70, 80, 90, 95 or 99% complementarity
across independently at least 50, 60, 70, 80, 85, 90, 95 or 99 % of the length of the strands.
{0357}  Neither the dentity of the sense sequence nor the homology of the antisense
sequence need to be 100% complementarity to the target sequence.

{0358}  In certain embodiments, separating the sense and antisense sequence of the stem
loop structure of the modulatory polvnucleotide is a loop sequence {also known as a loop
maotif, linker or linker motif). The loop sequence may be of any length, between 4-30

nucleotides, between 4-20 nucleotides, between 4-15 nucleotides, between 5-13 nucleotides,

'

~

&
P



WO 2020/010042 PCT/US2019/040230

between 6-12 nucleotides, 6 nucleonides, 7 nucleotides, 8 nucleotides, 9 nucleotides, 10
nucleotides, 11 nucleotides, 12 nucleotides, 13 nucleotides, 14 nucleotides, and/or 15
nucleotides.

[3339]  In some embodiments, the loop sequence comprises a nucleic acid sequence
encoding at least one UGUG motif. In some embodiments, the nucleic acid sequence
encoding the UGUG motif is located at the 57 terminus of the loop sequence.

{0366}  In certain embodiments, spacer regions may be present in the modulatory
polynucleotide to separate one or more modules (e.g., 5 flanking region, loop motif region,
37 flanking region, sense sequence, antisense sequence) from one another. There may be one
or more such spacer regions present.

[3361]  In certain embodiments, a spacer region of between 8-20, 1.¢., 8,9, 10, 11, 12, i3,
14,15, 16, 17, 18, 19, or 20 nucleotides may be present between the sense sequence and a
flanking region sequence.

10362}  In certain embodiments, the length of the spacer region 1s 13 nucleotides and is
located between the 57 termmuinus of the sense sequence and the 37 terminus of the flanking
sequence. In certain embodiments, a spacer is of sufficient length to form approximately one
helical turn of the sequence.

{3363}  Tn certain embodiments, a spacer region of between 8-20, 1.¢., 8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, or 20 nucleotides may be present bebtween the antisense sequence and a
flanking sequence.

{0364}  In certain embodiments, the spacer sequence is between 10-13,1¢, 10, 11, 12 or
13 nucleotides and is located between the 37 terminus of the antisense sequence and the 57
terminus of a flanking sequence. In certain embodiments, a spacer is of sufficient length to
form approximately one helical turn of the sequence.

{3365}  In certain embodiments, the molecular scaffold of the modulatory polynucleotide

3

coraoprises in the 57 to 37 direction, a 57 flanking sequence, a 37 arm, a loop mouf, a 37 am

and a 37 flanking sequence. As a non-limiting example, the 3° arm may comprise a nucleic

acid sequence encoding a sense sequence and the 37 arm comprises a nucleic acid sequence
encoding the antisense sequence. In another non-limiting example, the 37 arm compnises a

nucleic acid sequence encoding the antisense sequence and the 37 arm comprises a nucleic

acid sequence encoding the sense sequence.

[3366]  In certain embodiments, the 57 arm, sense and/or antisense sequence, loop motif

and/or 3”7 arm sequence may be altered {¢.g., substituting | or more nucleotides, adding
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nucleotides and/or deleting nucleotides). The alteration may cause a beneficial change in the
function of the constract {¢.g., increase knock-down of the target sequence, reduce
degradation of the construct, reduce off target effect, increase efficiency of the payload, and
reduce degradation of the pavioad).
18367}  In certain embodiments, the molecular scafiold of the modulatory polynucleotides
1s aligned i order to have the rate of excision of the guide strand (also referred to herein as
the antisense strand) be greater than the rate of excision of the passenger strand (also referred
to herein as the sense strand). The rate of excision of the guide or passenger strand may be,
mdependently, 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 0%, 35%, 40%, 45%, 30%,
559, 60%, 65%, 70%, 73%, 80%, 83%. 90%, 95%, 99% or more than 99%. As a non-
bmiting example, the rate of excision of the guide strand 1s at least 80%. As another non-
hmiting example, the rate of excision of the guide strand is at least 90%.
13368}  In certain embodiments, the rate of excision of the guide strand 1s greater than the
rate of excision of the passenger strand. In one aspect, the rate of excision of the guide strand
may be at least 19, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99% or more than 99% greater than the
passenger strand.
{3369}  In certain embodiments, the efficiency of excision of the guide strand is at least
6%, 65%, 70%, 75%, 80%, &5%, 90%, 95%, 99% or more than 99%. As a non-limiting
example, the efficiency of the excision of the guide strand is greater than 80%.
10376}  In certain embodiments, the efficiency of the excision of the guide strand is greater
than the excision of the passenger strand from the molecular scaffold. The excision of the
guide strand may be 2,3, 4, 5, 6,7, 8, 9, 10 or more than 10 times more efficient than the
ision of the passenger strand from the molecular scaffold.
{3371} 1o certain embodiments, the molecular scaffold comprises a dual-function targeting
modulatory polynucleotide. As used herein, a “dual-function targeting” modulatory
polynucleotide is a polvnuciectide where both the guide and passenger strands knock down
the same target or the guide and passenger strands knock down different targets.
18372}  In certain embodiments, the molecular scaffold ot the modulatory polynucieotides
described herein may comprise a §” flanking region, a loop motif region and a 37 flanking
region. Non-limiting examples of the sequences for the 57 flanking region, loop motif region

{may also be referred to as a linker region) and the 37 flanking region which may be used, or
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fragments thereof used, in the modulatory polvnucleotides described herein are shown in

Tables 5 - 7.

Table 5. 3° Flanking Regions for Molecular Scaffold

5 Flanking
Region Name

§* Flanking Region Sequeunce

5’ Flanking
Region SEQ I

SF1

CTCCLCGCAGAACACCATGCGCTCCACGGAA

3

52 GTGCTGGGCGGGGGGUGEUGGGCCUTCCCGT | 13
AGAACACCATGUGCTCTTCGGAA
5F3 GTGCTGGGCGGGGGGCGGCGGGUCCTCCCGE | 14
AGAACACCATGCGCTCCACGGAA
Tabie 6. Loop Motif Regions for Molecular Scaffold
Loop Motif Loop Motif Region Sequence Loop Motif
Region Nawme Region SEQ ID
Li GTGGCCACTGAGAAG 4
L2 TGTGATTTGG 15
L3 GTGGCCACTGAGAAG 16
Table 7. 3° Flanking Regions for Molecalar Scaffeld
3" Flanking 3" Flanking Region Sequence 3" Flanking
Fegion Name Region SEQ ID
3F1 CTGAGGAGCGUUTTGACAGCAGCCATGGGAG | 5
GGCC
3F2 TGGCCGTGTAGTGCTACCCAGCGCTGGCTGLC | 17
TCCTCAGCATTGCAATTCCTCTCCCATCTGGG
CACCAGTCAGCTACCCTGGTGGGAATCTGGGT
AGCC
3F3 CTGTGGAGCGCCTTGACAGCAGCCATGGGAG | 18
GGCCGCCCCCTACCTCAGTGA
183731  In certain embodiments, the molecular scaffold mav comprise at least one 37

flanking region, fragment or vanant thercof listed n Table 5. As a non-himiting example, the
57 flanking region may be 5F1.

{8374}  In certain embodiments, the molecular scaffold may comprise at least ong SF1
flanking region.

{0373}  In certain embodiments, the molecular scaffold may comprise at least one loop
motif region, fragment or variant thercof histed in Table 6. As a non-himiting example, the

loop motif region may be L1

{3376}  In certain embodiments, the molecular scaffold may comprise at least one L1 loop
motif region.
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{83777  In certain embodiments, the molecular scaffold mav comprise at least one 37
flanking region, fragment or vanant thereof listed m Table 7. As a non-limiting example, the
3" flanking region may be 3F 1.

[3378]  In certain embodiments, the molecular scaffold may comprise at least one 3F1
flanking region.

1083791 In certain embodiments, the molecular scaffold may comprise at least ong 57
flanking region, fragment or variant thereof, and at least one loop motif region, fragment or
variant thereof, as described 10 Tables 5 and 6. As a non-limiting example, the 57 flanking
region and the loop motif region may be SFl and L1

{0388f  In certain embodiments, the molecular scaffold mav comprise at least one 37
flanking region, fragment or variant thercof, and at least one motif region, fragment or vanant
thereof, as described in Tables 6 and 7. As a non-limiting example, the 37 flanking region and
the loop motif region may be 3F1 and L1

0381}  In certain embodiments, the molecular scaffold may comprise at least one 5°
flanking region, fragment or vanant thereof, and at least one 37 flanking region, fragment or
variant thereof, as described in Tables 5 and 7. As a non-limiting example, the flanking
regions may be 5F1 and 3F1.

{3382}  In certain embodiments, the molecular scaffold may comprise at least one §7
flanking region, fragment or varant thercof, at least one loop motif region, fragment or
variant thereof, and at least one 37 flanking region as described in Tables 5~ 7. As a non-
hmiting example, the flanking and loop motif regions may be 5F1, L1 and 3F1

[0383]  In certain embodiments, the molecular scaffold may be a natural pri-miRNA
scatfold. As a non-limiting example, the molecular scaffold may be a scaffold derived from
the human miR 153 scaffold.

[3384]  In certain embodiments, the molecular scaffold may comprise one or more linkers
known m the art. The hinkers may separate regions or one molecular scaffold from another.
As a non-linuting example, the molecular scaffold may be polyeistronic.

Modulatory Polynucleoiide Comprising Molecular Scaffold and siRNA Molecules Targeting
SODI

{8385}  In certain embodiments, the modulatory polynuclestide may comprise 5™ and 37
flanking regions, loop motif region, and nucleic acid sequences encoding sense sequence and
antisense sequence as described in Table 8. In Tablc 8, the DNA sequence identifier for the

passenger and guide strands are described as well as the 57 and 37 Flanking Regions and the
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Loop region {also referred to as the linker region}. In Table 8, the “miR” component of the
name of the sequence does not necessarily correspond to the sequence numbering of miRNA
genes {¢.g., YOYSODImiR-102 is the name of the sequence and does not necessarily mean
that miR~102 is part of the sequence).

Table 8. SOD1 Modulatory Polynucleotide Sequence Regions (5 t0 37)

Modulatory 5’ Flanking to 5 Passenger | Loop SEQ | Guide | 3 Flanking
Polynucleotide 3 Flanking Flankin | SEQ ID I NG SEQ SEQID NO
Construct Name SEQID NG 2 SEQ NGO I NGO

B NO
VOYROD I miRi04- 6 3 7 4 8 k!
788.2
VOYSODImiR127-860 19 i3 20 13 21 17
YVOYSODimiR114-861 22 14 23 6 24 18

AAV Particles Comprising Modulatory Polynucleotides

13386}  In certain embodiments, the AAV particle comprises a viral genome with a
pavload region comprising a modulatory polynucleotide sequence. fn such an cmbodiment, a
viral genome encoding more than one polyvpeptide may be replicated and packaged mto a
viral particle. A target cell transduced with a viral particle comprising a modulatory
polynuclestide may express the encoded sense and/or antisense sequences in a single cell.
{3387}  In some embodiments, the AAV particles are useful in the ficld of medicine for the
treatment, prophylaxis, palliation or amelioration of nearclogical diseases and/or disorders.
10388}  In certain embodiments, the AAV particles comprising modulatory polynuclectide
sequence which comprises a nucleic acid scquence encoding at least one sitRNA molecule
may be introduced mto mammalian cells.

[8389] Where the AAY particle payload region compnses a modulatory polynucleotide,
the modulatory polvnucieotide may comprise sense and/or antisense sequences to knock
down atarget gene. The AAV viral genomes encoding modulatory polynucieotides described
herein may be useful in the fields of human disease, viruses, infections veterinary
applications and a vanety of in vivo and in vitro settings.

10390}  In certain embodiments, the AAV particle viral genome may comprise at least one
mverted terninal repeat (ITR) region. The TR region(s) may, mdependently, have a length
such as, but not hmited to, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 8§, 89, 90, 91, 92,
93,94, 95,96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108,109, 110, 111, 112,
P13, 114, 135, 116, 117, 118, 119,120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130,
131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148,
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149, 150, 151, 152, 153, 134, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166,
167, 168,169, 170, 171, 172, 173, 174, and 175 nuclectides. The length of the ITR region for
the viral genome may be 75-80, 75-83, 75-100, 80-85, 80-90, 80-105, 85-90, 85-95, 85-110,
90-95, 90-100, 90-1 15, 95-100, 95-103, 95-120, 100-105, 100-110, 100-125, 105-110, 105~
115, 105-130, 110-115, 110-120, 110-135, 115-120, 113-125, 115-140, 120-125, 120-130,
120-145, 125-130, 125-135, 125-150, 130-135, 130-140, 130-155, 135-140, 135-145, 135-
160, 140-145, 140-150, 140-165, 145-150, 145-155, 145-170, 150-155, 150-160, 1536-175,
155-160, 155-165, 160-163, 160-170, 165-170, 165-175, and 170-175 nucleotides. As a non-
hEmiting example, the viral genome comprises an I'TR that is about 105 nacleotides in length.
As a non-limiting example, the viral genome comprises an ITR that is about 141 nucieotides
m length. As a non-limiting example, the viral genome comprises an [TR that is about 130
nucleotides in length.

10391} In certain embodiments, the AAVY particle viral genome may comprises two
mverted terminal repeat (ITR) regions. Each of the TR regions mav independently have a
length such as, but not lunited to, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, §5, 86, 87, 88, 89, 90,
91,92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 113, 114, 115, 116, 117, 118, 119,120, 121, 122, 123, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147,
148, 149, 150, 151, 152, 153, 154, 155, 156, 137, 158, 159, 160, 161, 162, 163, 164, 165,
166, 167, 168, 169, 170, 171, 172, 173, 174, and 175 nucleotides. The length of the ITR
regions for the viral genome may be 75-80, 75-85, 75-100, 80-85, 80-90, 80-105, 85-90, §5-
95, 85110, 9095, 90-100, 80-115, 65-100, 95-105, 95-120, 100-105, 100-110, 100-125,
105-110, 105-115, 105-130, 110-115, 110-120, 110-135, 115-120, 115-125, 115-140, 120-
125, 120-130, 120-145, 125-130, 125-135, 125-150, 130-133, 130-140, 130-135, 135-140,
135-145, 135-160, 140-145, 140-150, 140-165, 145-150, 145-155, 145-170, 150-155, 150-
160, 150-173, 155-160, 155-165, 160-165, 160-170, 165-170, 165-175, and 170-173
nucleotides. As a non-limiting example, the viral genome comprises an ITR that is about 105
nucleotides in length and 141 nucleotides in length. As a non-limiting exarnple, the viral
genome comprises an ['TR that 15 about 105 nucleotides mn length and 130 nucleotides in
length. As a non-limiting example, the viral genome comprises an I'TR that is about 130
nucleotides in length and 141 nucleotides in length.

{0392] 1o certain emboduments, the AAV particle viral genome comprises two TR

sequence regions.
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[6393]  In certain embodiments, the AAYV particie viral genome may comprise at least one
multiple filler sequence region. The filler region(s} may, mdependently, have a length such
as, but not himited to, 50, 51, 32, 53, 54, 55, 36, 57, 38, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,
69,70, 71, 72,73, 74,75, 76,77, 78,79, 80, §1, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93,
94, 95,96, 97,98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113,
114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131,
132,133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 1406, 147, 148, 149,
150, 151, 152, 153, 154, 135, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167,
168,169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185,
186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203,
204, 208, 206, 207,208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221,
222,223 224,225 226,227,228, 229,230, 231,232, 233, 234, 235, 236,237, 238, 239,
240, 241, 242, 243, 244 245,246 247, 248, 249, 250, 251, 252, 253, 254, 255,256, 25
258,259,260, 261, 262, 263, 264, 268, 266, 267, 268, 269, 270, 271,272, 273, 274, 275,
276,277,278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293,
294,295,296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311,
312,313,314, 315,316, 317, 318, 319,320, 321,322, 323, 324,325, 326, 327, 328, 329,
330, 331, 332, 333,334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347,
348,349,350, 351, 352, 353, 354, 35: 358,359, 360, 361,362, 363, 364, 365,

384, 385, 386, 387, 385, 389, 350, 391, 392, 393, 304, 395, 306, 397, 398, 399, 400, 401,
402, 403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415,416, 417, 418, 419,
420,421, 422, 423, 424, 425, 426, 427, 428, 429 430, 431, 432, 433, 434, 435, 436, 437,
443, 444, 445, 446, 447, 448, 449,450, 451, 452, 453, 454, 453,
436, 457, 458, 459, 460, 461, 462, 463, 464, 465, 466, 467, 465, 469, 470, 471, 472, 473,
474, 475, 476, 477, 478, 479, 480, 481, 482, 483, 484 485, 456, 487, 458, 489, 490, 491,
492, 493, 494, 495496, 497, 498, 499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509,
516,517, 518, 519, 520, 521, 522, 523, 524, 525, 526, 527,
533,536, 537, 338, 539, 340, 541, 542, 543, 544, 543,
546, 547, 548, 549, 350, 551, 552, 553, 554, 555, 556, 557. 538, 559, 560, 561, 562, 563,
564, 565, 366, 367, 368, 569, 570, 571, 572, 573, 574, 375, 576, 577, 578. 579, 580, 581,
582, 583, 584, 585, 386, 587, 588, 589, 590, 501, 592, 593, 594, 595, 596, 597, 508, 599,
600, 601, 602, 603, 604, 605, 606, 607, 608, 609, 610, 611, 612, 613, 614, 615, 616, 617,
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618, 619, 620, 621, 622. 623, 624, 625, 626, 627, 628, 629, 630, 631, 632, 633, 634, 633,
636, 637, 638, 639, 640, 641, 642, 643, 644, 645, 646, 647. 648, 649, 650, 651, 652, 653,
654, 655, 656, 657, 638, 639, 660, 661, 662, 663, 664, 665, 666, 667, 6568, 669, 670, 671,
672, 673, 674, 675, 676, 677. 678, 679, 680, 681, 632, 683, 684, 685, 686, 687, 638, 689,
690, 691, 692, 693, 694, 695, 696, 697, 698, 699, 700, 701, 702, 703, 704, 705, 706, T07.
708, 709, 710, 711, 712, 713, 714, 715, 716, 717, 718, 719, 720, 721, 722, 723, 724,
726, 727, 728, 729, 730, 731, 732, 733, T34, 735, 736, 737, 73R, 739, 740, T41, 742, 743
744, 745, 746, 747, 745, 749, 750, 751, 752, 753, 754, 755, 756, 757, 758, 739, 760, 761,
762, 763, T64. 765, 766, 767, 768, 769, 770, 771, 772, T73. 774, 775,776, 777, 778, 779,
780, 781, 782, 783, 784, 785, 786, T87. 788, 789, 790, 791, 792, 793, 794, 793, 796, 797,
798, 799, 800, 801, 802, 803, 804, 503, 806, 507, 805, 809, 810, 811, 812, 813, §14, 815,
816, 817, 818, 815, 820, 821, 822, 823, 824, 825, 826, 827, 828, 829, 830, 831, 832, 833,
834, 835, 836, 837, 838, 839, 840, 841, 842, 843, 844, 845, 846, 847, 848, 849, 850, 85
852, 853, 854, 835, 836, 857, 858, 859, 860, 861, 862, 863, 864, 865, 866, 567, 868, §69
R70, 71, 872. 873, 874, 875, 876, 877, 578, 879, 880, 881, 882, 883, 884, 853, 886, 587,
888, 889, 890, 891, 892, 893, 894, 893, 596, 897, 898, 899, 900, 901, 902, 903, 904, 903,
906, 907, 908, 909, 810, 911, 912, 913, 914, 915, 916, 917, 918, 919, 920, 921, 922, 923,
924, 925, 926, 927, 928, 929, 930, 931, 932, 933, 934, 935, 936, 937, 938, 939, 940, 941,
542, 943, 944, 945, 946, 947, 948, 949, 950, 951, 952. 953, 954, 955, 956, 957, 958, 959,
960, 961, 962, 963, 964, 965, 966, 967, 968, 969, 970, 971, 972, 973, 974, 975, 976, 977,
978, 979, 980, 981, 982, 983, 984, 083, 986, 987, 988, 980, 990, 991, 992, 993, 994, 993,
996, 997, 995, 999, 1000, 1001, 1002, 1003, 1004, 1003, 1006, 1007, 1008, 1009, 1010,
1011, 1012, 1013, 1014, 1015, 1016, 1017, 1018, 1019, 1020, 1021, 1022, 1023, 1024, 1025,
1026, 1027, 1028, 1029, 1030, 1031, 1032, 1033, 1034, 1035, 1036, 1037, 1038, 1039, 1040,
1041, 1042, 1043, 1044, 1045, 1046, 1047, 1048, 1049, 1050, 1051, 1052, 1053, 1054, 1055,
1036, 1057, 1058, 1059, 1060, 1061, 1062, 1063, 1064, 1065, 1066, 1067, 1065, 1069, 1070,
1071, 1072, 1073, 1074, 1075, 1076, 1077. 1078, 1079, 1080, 1081, 1082, 1083, 1084, 1085,
1086, 1087, 1088, 1089, 1090, 1091, 1092, 1093, 1094, 1095, 1096, 1097, 1098, 1099, 1100,
1101, 1102, 1103, 1104, 1105, 1106, 1107, 1108, 1109, 1110, 1111, 1112, 1113, F114, 1115,
1116, 1117, 1118, 1119, 1120, 1121, 1122, 1123, 1124, 1125, 1126, 1127, 1128, 1129, 1130,
1131, 1132, 1133, 1134, 1135, 1136, 1137, 1138, 1139, 1140, 1141, 1142, 1143, 1144, 1145,
1146, 1147, 1148, 1149, 1150, 1151, 1152, 1153, 1134, 1155, 1156, 1157, 1158, 1159, 1160,
1161, 1162, 1163, 1164, 1165, 1166, 1167, 1168, 1169, 1170, 1171, 1172, 1173, 1174, 1175,
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1176, 1177, 1178, 1179, 1180, 1181, 1182, 1183, 1184, 1185, 1186, 1187, 1188, 1159, 1190,
1191, 1192, 1193, 1194, 1195, 1196, 1197, 1198, 1199, 1200, 1201, 1202, 1203, 1204, 1205,
1206, 1207, 1208, 1209, 1210, 1211, 1212, 1213, 1214, 1215, 1216, 1217, 1218, 1219, 1220,
1221, 1222, 1223, 1224, 1225, 1226, 1227, 1228, 1229, 1230, 1231, 1232, 1233, 1234, 1235,
1236, 1237, 1238, 1239, 1240, 1241, 1242, 1243, 1244, 1245, 1246, 1247, 1248, 1249, 1250,
1251, 1252, 1253, 1254, 1255, 1256, 1257, 1258, 1259, 1260, 1261, 1262, 1263, 1264, 1265,
1266, 1267, 1268, 1269, 1270, 1271, 1272, 1273, 1274, 1275, 1276, 1277, 1278, 1279, 1280,
1281, 1282, 1283, 1284, 1285, 1286, 1257, 1288, 1289, 1290, 1291, 1292, 1293, 1204, 1295,
1296, 1297, 1298, 1269, 1300, 1301, 1302, 1303, 1304, 1305, 1306, 1307, 1308, 1309, 1310,
1311, 1312, 1313, 1314, 1315, 1316, 1317, 1318, 1319, 1320, 1321, 1322, 1323, 1324, 1325,
1326, 1327, 1328, 1329, 1330, 1331, 1332, 1333, 1334, 1335, 1336, 1337, 1338, 1339, 1340,
1341, 1342, 1343, 1344, 1345, 1346, 1347, 1348, 1349, 1350, 1351, 1352, 1353, 1354, 1355,
1356, 1357, 1358, 1359, 1360, 1361, 1362, 1363, 1364, 1365, 1366, 1367, 1368, 1369, 1370,
2, 1373, 1374, 1375, 1376, 1377, 1378, 1379, 1380, 1381, 1382, 1383, 1384, 1385,
1388, 1389, 1390, 1391, 1392, 1393, 1394, 1395, 1396, 1397, 1398, 1399, 1400,
1401, 1402, 1403, 1404, 1405, 1406, 1407, 1408, 1409, 1410, 1411, 1412, 1413, 1414, 1415,
1416, 1417, 1418, 1419, 1420, 1421, 1422, 1423, 1424, 1425, 1426, 1427, 1428, 1429, 1430,
31, 1432, 1433, 1434, 1435, 1436, 1437, 1438, 1439, 1440, 1441, 1442, 1443, 1444, 1445,
1446, 1447, 1448, 1449, 1450, 1451, 1452, 1453, 1454, 1455, 1456, 1457, 1458, 1459, 1460,
1463, 1464, 1465, 1466, 1467, 1468, 1469, 1470, 1471, 1472, 1473, 1474, 1475,
1476, 1477, 1478, 1479, 1480, 1481, 1452, 1483, 1484, 1485, 1486, 1487, 1488, 1489, 1490,
1491, 1492, 1493, 1494, 1495, 1496, 1497, 1498, 1499, 1500, 1501, 1502, 1503, 1504, 1505,
1506, 1507, 1508, 1509, 1510, 1511, 1512, 1513, 1514, 1515, 1516, 1517, 1518, 1519, 1520,
1521, 1522, 1523, 1524, 1525, 1526, 1527, 1528, 1529, 1530, 1531, 1532, 1533, 1534, 1535,
1536, 1337, 1538, 1539, 1540, 1541, 1542, 1543, 1544, 1545, 1546, 1347, 1548, 1549, 1550,
1551, 1352, 1353, 1554, 1555, 1556, 1557, 1558, 1539, 1560, 1361, 1562, 1563, 1564, 1565,
1566, 1567, 1568, 1569, 1570, 1571, 1572, 1573, 1574, 1575, 1576, 1577, 1578, 1579, 1580,
1581, 1582, 1383, 1584, 1585, 1586, 1557, 1588, 1589, 1390, 1591, 1592, 1593, 1594, 1595,
1596, 1397, 1598, 1599, 1600, 1601, 1602, 1603, 1604, 1605, 1606, 1607, 1608, 1609, 1610,
1611, 1612, 1613, 1614, 1615, 1616, 1617, 1618, 1619, 1620, 1621, 1622, 1623, 1624, 1625,
1626, 1627, 1628, 1629, 1630, 1631, 1632, 1633, 1634, 1635, 1636, 1637, 1638, 1639, 1640,
1641, 1642, 1643, 1644, 1645, 1646, 1647, 1648, 1649, 1630, 1651, 1652, 1653, 1654, 1655,
1636, 1657, 1658, 1659, 1660, 1661, 1662, 1663, 1664, 1665, 1666, 1667, 1665, 1669, 1670,
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1671, 1672, 1673, 1674, 1675, 1676, 1677, 1678, 1679, 1680, 1681, 1682, 1683, 1654, 1685,
1686. 1687, 1688, 1689, 1690, 1691, 1692, 1693, 1694, 1695, 1696, 1697, 1698, 1699, 1700,
1701, 1702, 1703, 1704, 1705, 1706, 1707, 1708, 1709, 1710, 1711, 1712, 1713, 1714, 1715,
1716, 1717, 1718, 1719, 1720, 1721, 1722, 1723, 1724, 1725, 1726, 1727, 1725, 1729, 1730,
1731, 1732, 1733, 1734, 1735, 1736, 1737, 1738, 1739, 1740, 1741, 1742, 1743, 1744, 1745,
1746, 1747, 1748, 1749, 1750, 1751, 1752, 1753, 1754, 1755, 1756, 1757, 1758, 1759, 1760,
1761, 1762, 1763, 1764, 1765, 1766, 1767, 1768, 1769, 1770, 1771, 1772, 1773, 1774, 1775,
1776. 1777, 1778, 1779, 1780, 1781, 1752, 1783, 1784, 1785, 1786, 1787, 1788, 1759, 1790,
1791, 1792, 1793, 1794, 1795, 1796, 1797, 1798, 1799, 1800, 1801, 1802, 1803, 1804, 1805,
1806, 1807, 1808, 1809, 1810, 1811, 1812, 1813, 1814, 1815, 1816, 1817, 1818, 1819, 1820,
1821, 1822, 1823, 1824, 1825, 1826, 1827, 1528, 1829, 1830, 1831, 1832, 1833, 1834, 1535,
1836, 1837, 1838, 1839, 1840, 1841, 1842, 1843, 1844, 1845, 1846, 1847, 1845, 1849, 1850,
1851, 1852, 1853, 1854, 1855, 1856, 1857, 1858, 1859, 1860, 1861, 1862, 1863, 1864, 1865,
1866, 1867, 1868, 1869, 1870, 1871, 1872, 1873, 1874, 1875, 1876, 1877, 1878, 1879, 1830,
1881, 1882, 1883, 1884, 1885, 1886, 1857, 1888, 1889, 1590, 1891, 1892, 1893, 1894, 1895,
1896. 1897, 1898, 1859, 1900, 1901, 1902, 1903, 1904, 1505, 1906, 1907, 1908, 1909, 1910,
1911, 1912, 1913, 1914, 1915, 1916, 1917, 1918, 1919, 1920, 1921, 1922, 1923, 1924, 1925,
1926, 1927, 1928, 1929, 1930, 1931, 1932, 1933, 1934, 1935, 1936, 1937, 1938, 1939, 1940,
1941, 1942, 1943, 1944, 1945, 1946, 1947, 1948, 1949, 1950, 1951, 1952, 1953, 1954, 1955,
1936, 1957, 1958, 1959, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968, 1969, 1970,
1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985,
1986, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000,
2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015,
2016, 2017, 2018, 2019, 2020, 2021, 2022, 2023, 2024, 2025, 2026, 2027, 2028, 2029, 2030,
2031, 2032, 2033, 2034, 2035, 2036, 2037, 2038, 2039, 2040, 2041, 2042, 2043, 2044, 2045,
2046, 2047, 2048, 2049, 2050, 2051, 2052, 2053, 2054, 2055, 2056, 2057, 2038, 2039, 2060,
2061, 2062, 2063, 2064, 2063, 2066, 2067. 2068, 2069, 2070, 2071, 2072, 2073, 2074, 2075,
2076, 2077, 2078, 2079, 2080, 2081, 2082, 2083, 2084, 2085, 2086, 2087, 2088, 2089, 2090,
2091, 2002, 2093, 2094, 2095, 2096, 2097, 2098, 2099, 2100, 2101, 2102, 2103, 2104, 2105,
2106, 2107, 2108, 2109, 2110, 2111, 2112, 2113, 2114, 2115, 2116, 2117, 2118, 2119, 2120,
2121, 2122, 2123, 2124, 21252126, 2127, 2128, 2129, 2130, 2131, 2132, 2133, 2134, 2135,
2136, 2137, 2138, 2139, 2140, 2141, 2142, 2143, 2144, 2145, 2146, 2147, 2148, 2149, 2150,
2151, 2152, 2153, 2154, 2155, 2156, 2157, 2158, 2159, 2160, 2161, 2162, 2163, 2164, 2165,
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2166, 2167, 2168, 2169, 2170, 2171, 2172, 2173, 2174, 2175, 2176, 2177, 2178, 2179, 2180,
2181, 2182, 2183, 2184, 2185, 2186, 2187, 2188, 2189, 2190, 2191, 2192, 2193, 2194, 2195,
2196, 2197, 2198, 2199, 2200, 2201, 2202, 2203, 2204, 2205, 2206, 2207, 2208, 2209, 2210,
2211, 2212, 2213, 2214, 2215, 2216, 2217, 2218, 2219, 2220, 2221, 2222, 2223, 2224, 2225,
2226, 2227, 2228, 2229, 2230, 2231, 2232, 2233, 2234, 2235. 2236, 2237, 2238, 2239, 2240,
2243, 2244, 2245, 2246, 2247, 2248, 2249, 2250, 2251, 2252, 2253, 2254, 2255,
2256, 2257, 2258, 2259, 2260, 2261, 2262, 2263, 2264, 2265, 2266, 2267, 2268, 2269, 2270,
2271.2272, 2273, 2274, 2275, 2276, 2277, 2278, 2279, 2280, 2281, 2282, 2283, 2254, 2285,
2286, 2290, 2291, 2292, 2293, 2294, 2295, 2296, 2297, 2298, 2259, 2300,
, 2304, 2305, 2306, 2307, 2308, 2300, 2310, 2311, 2312, 2313, 2314, 2315,
2316, 2317, 2318, 2319, 2320, 2321, 2322, 2323, 2324, 2325, 2326, 2327, 2328, 2329, 2330,
2331, 2332, 2333, 2334, 2335, 2 2, 2339, 2340, 2341, 2342, 2343, 2344, 2345,
17,2348, 2349, 2350, 2351, 2352, 2353, 2354, 2355, 2356, 2357, 2358, 2359, 2360,
2, 2363, 2364, 2365, 2366, 2367, 236%, 2369, 2370, 2371, 2372, 2373, 2374, 2375,
, 2379, 2380, 2381, 2352, 2383, 2384, 2385, 2386, 2387, 2388, 2389, 2390,
2394, 2395, 2396, 2397, 2398, 2399, 2400, 2401, 2402, 2403, 2404, 2405,
2406, 2407, 2408, 2409, 2410, 2411, 2412, 2413, 2414, 2415, 2416, 2417, 2418, 2419, 2420,
2421, 2422, 2423, 2424, 2425, 2426, 2427, 2428, 2429, 2430, 2431, 2432, 2433, 2434, 2435,
2436, 2437, 2438, 2439, 2440, 2441, 2442, 2443, 2444, 2445 2446, 2447, 2448, 2449, 2450,
2451, 2452, 2453, 2454, 2455, 2456, 2457, 2458, 2459, 2460, 2461, 2462, 2463, 2464, 2465,
2466, 2467, 2468, 2469, 2470, 2471, 2472, 2473, 2474, 2475, 2476, 2477, 2478, 2479, 2430,
2481, 2482, 2483, 2484, 2485, 2486, 2457, 2488, 2489, 2490, 2491, 2492, 2493, 2494, 2495,
2496, 2497, 2498, 2499, 2500, 2501, 2502, 2503, 2504, 2505, 2306, 2507, 2508, 2509, 2510,
2511, 2512, 2513, 2514, 2515, 2516, 2517, 2518, 2519, 2520, 2521, 2522, 2523, 2524, 2525,
2506, 2527, 2528, 2529, 2330, 2531, 2532, 2533, 2534, 2535, 2536, 2537, 2538, 2539, 2340,
2541, 2542, 2543, 2544, 2545, 2546, 2547, 2548, 2549, 2550, 2551, 2552, 2533, 2354
2 2358, 2559, 2560, 2561, 2562, 2563, 2564, 2565, 2366, 2367, 2568, 2569, 2570,
2571, 2572, 2373, 2574, 2575, 2576, 2577, 257%, 2579, 2580, 2581, 2582, 2583, 2584, 2585,
2586. 2387, 2588, 2589, 2590, 2591, 2592, 2593, 2594, 2595, 2396, 2597, 2598, 2599, 2600,
2601, 2602, 2603, 2604, 2605, 2606, 2607, 2608, 2609, 2610, 2611, 2612, 2613, 2614, 2615,
2616, 2617, 2618, 2619, 2620, 2621, 2622, 2623, 2624, 2625, 2626, 2627. 2628, 2629, 2630,
2631, 2632, 2633, 2634, 2635, 2636, 2637, 2638, 2639, 2640, 2641, 2642, 2643, 2644, 2645,
2646, 2647, 2648, 2649, 2650, 2651, 2652, 2653, 2654, 2655, 2656, 2637, 2638, 2639, 2660,
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2661, 2662, 2663, 2664, 2665, 2666, 2667, 2668, 2669, 2670, 2671, 2672, 2673, 2674, 2675,
5. 2677, 2678, 2679, 2680, 2681, 2682, 2683, 2684, 2685, 2686, 2687, 2688, 2689, 2690,
2601, 2692, 2693, 2694, 2695, 2696, 2697, 2698, 2699, 2700, 2701, 2702, 2703, 2704, 2705,
2706, 2707, 2708, 2709, 2710, 2711, 2712, 2713, 2714, 2715, 2716, 2717, 2718, 2719, 2720,
2721, 2722, 2723, 2724, 2725, 2726, 2727, 2728, 2729, 2730, 2731, 2732, 2733, 2734, 2735,
2736, 2737, 2738, 2739, 2740, 2741, 2742, 2743, 2744, 2745, 2746, 2747, 2748, 2749, 2750,
2751, 2752, 2753, 2754, 2755, 2756, 2757, 2758, 2759, 2760, 2761, 2762, 2763, 2764, 2765,
2766. 2767, 2768, 2769, 2770, 2771, 2772, 3775, 2776. 2777, 2718, 2779, 2780,
2781, 2782, 2783, 2784, 2785, 2786, 2787, 2788, 2789, 2790, 2791, 2792, 2793, 2794, 2795,
2796, 2797, 2798, 2799, 2800, 2801, 2802, 2803, 2804, 2805, 2806, 2807, 2808, 2809, 2810,
2811, 2812, 2813, 2814, 2815, 2816, 2817, 2518, 2819, 2820, 2821, 2822, 2823, 2824, 2§25,
2826, 2827, 2828, 2829, 2830, 2831, 2832, 2833, 2834, 2835, 28436, 2837, 2838, 2839, 2840,
2841, 2842, 2843, 2844, 2845, 2846, 2847, 2848, 2849, 2850, 2851, 2852, 2853, 2854, 2855,
2836, 2837, 2838, 2859, 2860, 2861, 2862, 2863, 2864, 2565, 2866, 2867, 2868, 2869, 2870,
2871, 2872, 2873, 2874, 2875, 2876, 2877, 2878, 2879, 2580, 2881, 2882, 2883, 2854, 2885,
2886. 2887, 2888, 2889, 2890, 2891, 2852, 2893, 2894, 285, 2896, 2897, 2898, 2859, 2900,
2901, 2902, 2903, 2904, 2905, 2906, 2907, 2908, 2909, 2610, 2011, 2912, 2913, 2914, 2915,
2916, 2917, 2918, 2919, 2920, 2921, 2922, 2923, 2924, 2925, 2926, 7927, 2928, 2929, 2930,
2931, 2932, 2933, 2934, 2635, 2936, 2937, 2938, 2939, 2940, 2941, 2942, 2943, 2944, 2945,
2946, 2947, 2948, 2949, 2950, 2951, 2952, 2953, 2054, 2955, 2956, 2957, 2958, 2959, 2960,
2961, 2962, 2963, 2964, 2965, 2966, 2967, 296%, 2069, 2970, 2971, 2972, 2973, 2974, 2975,
2976. 2977, 2978, 2979, 2080, 2981, 29582, 2983, 2084, 2985, 2986, 2987, 2088, 2959, 2090,
2091, 2992, 2993, 2994, 2995, 2996, 2997, 2098 2999, 3000, 3001. 3002, 3003, 3004, 3005,
3006, 3007, 3008, 3000, 3010, 3011, 3012, 3013, 3014, 3015, 3016, 3017, 3018, 3019, 3020,
3021, 3022, 3023, 3024, 3025, 3026, 3027, 3028, 3029, 3030, 3031, 3032, 3033, 3034, 3035,
3036, 3037, 3038, 3039, 3040, 3041, 3042, 3043, 3044, 3043, 3046, 3047, 3048, 3049, 3030,
3031, 3052, 3053, 3054, 3055, 3056, 3057, 30358, 3059, 3060, 3061, 3062, 3063, 3064, 3063,
3066, 3067, 3068, 3069, 3070, 3071, 3072, 3073, 3074, 3075, 3076. 3077, 3078, 3079, 3080,
3081, 3082, 3083, 3084, 3085, 3086, 3057, 3088, 3089, 3090, 3091, 3092, 3093, 3094, 3095,
3096, 3097, 3098, 3099, 3100, 3101, 3102, 3103, 3104, 3105, 3106, 3107, 3108, 3109, 3110,
3111,3112, 3113, 3114, 3115, 3116, 3117, 3118, 3119, 3120, 3121, 3122, 3123, 3124, 3125,
3126, 3127, 3128, 3129, 3130, 3131, 3132, 3133, 3134, 3135, 3136, 3137, 3138, 3139, 3140,
3141, 3142, 3143, 3144, 3145, 3146, 3147, 3148, 3149, 3150, 3151, 3152, 3133, 3134, 3135,
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3156, 3157, 3158, 3159, 3160, 3161, 3162, 3163, 3164, 3165, 3166, 3167, 3168, 3169, 3170,
3171,3172, 3173, 3174, 3175, 3176, 3177, 3178, 3179, 3180, 3181, 3182, 3183, 3184, 3185,
3186, 3187, 3188, 3189, 3190, 3191, 3192, 3193, 3194, 3195, 3196, 3197, 3198, 3199, 3200,
3201, 3202, 3203, 3204, 3205, 3206, 3207, 3208, 3209, 3210, 3211, 3212, 3213, 3214, 3215,
3216,3217,3218, 3219, 3220,3221, 3222, 3223, 3224, 3225, 3226, 3227, 3228, 3229, 3230,
3231, 3232,3233, 3234, 3235, 3236, 3237, 3238, 3239, 3240, 3241, 3242, 3243, 3244, 3245,
3246, 3247, 3248, 3249, and 3250 nucleotides. The length of any filler region for the viral
genome may be 50-100, 100-150, 150-200, 200-250, 250-300, 300-350, 350-400, 400-450,
450-500, 500330, 550-600, 600-650, 650-700, 700-750, 750-800, 800-850, 830-900, 900-
950, 9530-1000, 1000-1050, 1050-1100, 1100-1150, 1150-1200, 1200-1250, 1250-1300,
1300-1350, 1350-1400, 1400-1450, 1450-1500, 1500-1550, 1550-1600, 1600-1650, 1650-
1700, 1700-1750, 1750-1800, 18001850, 1850-1900, 1900-1950, 1950-2000, 2000-2050,
2050-2100, 2100-2150, 2150-2200, 2200-2250, 2250-2300, 2300-2350, 2350-2400, 2400~
2450, 2450-2500, 2500-2550, 2550-2600, 2600-2650, 2630-2700, 2700-2750, 2750-2800,
2800-2850, 2850-2900, 2900-2950, 2950-3000, 3000-3050, 3050-3100, 3100-3150, 3150-
3200, and 3200-3250 nucleotides. As a non-limiting example, the viral genome comprises a
filler region that is about 55 nucleotides 1n length. As a non-limiting exaraple, the viral
genome comprises a filler region that 15 about 56 nucleotides in length. As a non-limiting
example, the viral genome comprises a filler region that 1s about 97 nocleotides in length. As
a non-limiting example, the viral genome comprises a filler region that is about 103
nucleotides in length. As a non-luniting example, the viral genome comprises a filler region
that 13 about 103 nucleotides in length. As a non-limiting example, the viral genome
comprises a filler region that is about 357 nucleotides in length. As a non-limiting example,
the viral genome comprises a filler region that is about 363 nucleotides in length. As a non-
hmiting example, the viral genome comprises a filler region that 1s about 712 nucleotides m
length. As a non-limiting example, the viral genome comprises a filler region that is about
714 nucleotides in length. As a non-limiting example, the viral genome comprises a filier
region that 1s about 1203 nucleotides in length. As a non-himiting cxample, the viral genome
comprises a filler region that is about 1209 nucleotides in length. As a non-himiting example,
the viral genome compnises a filler region that is about 1512 noclestides in length. As a non-
Emiting example, the viral genome comprises a filler region that is about 1519 nucleotides in
length. As a non-limiting example, the viral genome comprises a filler region that is about

2393 nucleotides n length. As a non-limiting example, the viral genome comprises a filler
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region that is about 2403 nucleotides in length. As a non-limiting example, the viral genome
comprises a filler region that is about 2405 nucleotides in length. As a non-limiting example,
the viral genome comprises a filler region that is about 3013 nucleotides in fength. As a non-
hmiting example, the viral genome comprises a filler region that is about 3021 nucleotides in
length.

10394} In certain embodiments, the AAVY particle viral genome may comprise at least one
multiple filler sequence region. The filler region(s) may, mdependently, have a length such
as, but not himuted to, 30, 51, 52, 53, 54, 55, 56, 57, 58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68,
69,70, 71,72,73,74, 75,76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, §7, 88, 89, 90, 91, 92, 93,
04,95, 96,97, 98,99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113,
114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131,
132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149,
150, 151, 152, 153, 154, 155, 156, 157, 138, 159, 160, 161, 162, 163, 164, 165, 166, 167,
168,169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, i85,
186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203,
204, 205,206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221,
222,223,224, 225,226,227, 228 229 230,231,232, . 235,236,237, 238, 239,
240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257,
259,260, 261, 262, 263, 264, 2653, 266, 267, 268, 269, 270, 271, 272, 273, 274, 275,
277,278,279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289,290, 291, 292, 293,
294, 293,296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311
312,313, 314, 315,316,317, 318,319,320, 321,322, 323,324 327,328, 329,
330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 343, 346, 347,
348, 349, 350, 351,352, 353, 354, 355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 363,
366, 367, 368, 369, 370, 371, 372, 373,374, 375,376, 377, 378, 379, 380, 381, 382, 383,
384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401,
402, 403, 404, 405, 406, 407, 408, 409, 410, 411,412, 413, 414, 415,416, 417_418, 419,
420,421,422, 423,424, 425, 426, 427, 428, 429, 430, 431, 432, 433, 434, 435, 4306, 437
438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 453, 454, 455,
456, 457, 458, 459, 460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473,
474,475, 476,477, 478, 479, 480, 481, 482, 483, 484, 485486, 487, 488, 489, 490, 491,
492, 493, 494, 495, 496, 497, 498, 499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509,
510,511,512, 513,514, 515, 516,517, 518, 519, 520, 521, 522, 323,524, 525, 5326
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5, 537, 538, 539, 540, 541, 542, 543,
548,549, 550, 551, 552 553,556, 557, 558, 359, 560, 561,
6, 567, 568, 369, 570, 571, 572, 573, 574, 575, 576, 577, 378. 579
587, 588, 589, 590, 391, 592, 593, 594, 593, 596, 597, 598, 599,
600, 601, 602, 603, 604, 605, 606, 607, 608, 609, 610, 611, 612, 613, 614, 615, 616, 617,
618, 619, 620, 621, 622, 623, 624, 625, 626, 627, 628, 629, 630, 631, 632, 633, 634
640, 641, 642, 643, 644, 643, 646, 647, 648, 649, 650, 651, 652, 653
, 659, 660, 661, 662, 663, 664, 663, 666, 667, 668, 669,
674, 675, 676, 677, 678, 679, 680, 681, 632, 683, 684, 685, 686, 687, 6388, 689,
692, 693, 694, 695, 696, 697. 698, 699, 700, 701, 702, 703, 704, 705, 706, 707,
708, 709, 710, 711, 712, 713, 714, 715, 716, 717, 718, 719, 720, 721, 722
5, 727,728, 729, 730, 731, 732, 733, 734, 735, 736, 737, 738, 739, 740, 741, 742, 743,
750, 751, 752, 753
762, 763, 764, 765, 766, 67, 68, 169, 770, 771, 772, 173, T14, 775,776, 777, 17%
785, 786, 787, 788, 789. 790, 791, 792, 793, 794
800, 801, 802, 803, 804, 805, 806, 807, 808, 809. 810, 811, 812, 813, 814, 815,
816, 817, 818, 819, 820, 821, 822, 823. 824, 825, 826, 827, 828, 829, 830, 831, 832, 833,
5, 836, 837, 838, 839, 840, 841, 842, §43, 844, 845, 846, 847, 848, 849, §50, 851,
853, 854, 855, 836, 857, 858, 859, 860, 861, 862. 863, 864, 865, 866, 867, 868
870, 871, 872, 873, 874, 875, 876. 877, 878, 879, 880, #81, 882, 883, 884, 885, 886, 887,

838, 889, 890, 891, 892, 893, §94. 895, §96, 897, 898, 899, 900, 901, 902, 903, 904, 903,

906, 907, 905, 909, 910, 911, 912, 913, 914, 915, 916, 917. 918, 919, 920, 921, 922, 923,

924,925, 926, 927, 928, 929, 930, 931, 932, 933, 934, 935 936, 937, 938, 939, 940, 941,

047,943, 944, 945, 046, 947, 048, 949, 950, 951, 952, 953, 954, 955, 936. 957, 958, 959,

960, 961, 962, 963, 964, 965, 966, 967, 968, 969, 970, 971, 972, 973, 974, 975, 976, 977

978, 979, 980, 981, 982, 983, 984, 983, 986, 987, 985, 989, 990, 991, 992, 993, 994, 995,

996, 997, 998, 999, 1000, 1001, 1002, 1003, 1004, 1005, 1006, 1007, 1008, 1009, 1010,

1011, 1012, 1013, 1014, 1015, 1016, 1017, 1018, 1019, 1020, 1021, 1022, 1023, 1024, 1025,
1026, 1027, 1028, 1029, 1030, 1031, 1032, 1033, 1034, 1035, 1036, 1037, 1038, 1039, 1040,
1041, 1042, 1043, 1044, 1045, 1046, 1047, 1048, 1049, 1050, 1051, 1052, 1053, 1054, 1055,
1036, 1057, 1058, 1059, 1060, 1061, 1062, 1063, 1064, 1065, 1066, 1067, 1068, 1069, 1070,
1071, 1672, 1073, 1074, 1075, 1076, 1077, 1078, 1079, 1080, 1081, 1082, 1083, 1084, 1085,
1086, 1087, 1088, 1089, 1090, 1091, 1092, 1093, 1094, 1095, 1096, 1097, 1095, 1099, 1100,
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1101, 1102, 1103, 1104, 1105, 1106, 1107, 1108, 1109, 1110, 1111, 1112, 1113, F114, 1115,
1116, 1117, 1118, 1119, 1120, 1121, 1122, 1123, 1124, 1125, 1126, 1127, 1128, 1129, 1130,
1131, 1132, 1133, 1134, 1135, 1136, 1137, 1138, 1139, 1140, 1141, 1142, 1143, 1144, 1145,
1146, 1147, 1148, 1149, 1150, 1151, 1152, 1153, 1154, 1135, 1156, 1157, 1158, 1159, 1160,
1161, 1162, 1163, 1164, 1165, 1166, 1167, 1168, 1169, 1170, 1171, 1172, 1173, 1174, 1175,
1176, 1177, 1178, 1179, 1180, 1181, 1182, 1183, 1184, 1185, 1186, 1187, 1188, 1189, 1190,
1191, 1192, 1193, 1194, 1195, 1196, 1197, 1198, 1199, 1200, 1201, 1202, 1203, 1204, 1205,
1206, 1207, 1208, 1209, 1210, 1211, 1212, 1213, 1214, 1215, 1216, 1217, 1218, 1219, 1220,
1221, 1222, 1223, 1224, 1225, 1226, 1227, 1228, 1229, 1230, 1231, 1232, 1233, 1234, 1235,
1236, 1237, 1238, 1239, 1240, 1241, 1242, 1243, 1244, 1245, 1246, 1247, 1248, 1249, 125

1251, 1252, 1253, 1254, 1255, 1256, 1257, 1258, 1259, 1260, 1261, 1262, 1263, 1264, 1265
1266, 1267, 1268, 1269, 1270, 1271, 1272, 1273, 1274, 1275, 1276, 1277, 1278, 1279, 1280
1281, 1282, 1283, 1284, 1285, 1286, 1287, 1288, 1289, 1290, 1291, 1292, 1293, 1294, 1295,
1296, 1297, 1298, 1209, 1300, 1301, 1302, 1303, 1304, 1305, 1306, 1307, 1308, 1309, 1310,
1311, 1312, 1313, 1314, 1315, 1316, 1317, 1318, 1319, 1320, 1321, 1322, 1323, 1324, 1325,
1326, 1327, 1328, 1329, 1330, 1331, 1332, 1333, 1334, 1335, 1336, 1337, 1338, 1339, 1340,
1341, 1342, 1343, 1344, 1345, 1346, 1347, 1348, 1349, 1350, 1351, 1352, 1353, 1354,
., 1357, 1358, 1359, 1360, 1361, 1362, 1363, 1364, 1365, 1366, 1367, 1368, 1369, 1370,
1371, 1372, 1373, 1374, 1375, 1376, 1377, 1378, 1379, 1380, 1381, 1382, 1383, 1384, 1385
1386, 1387, 1388, 1389, 1390, 1391, 1392, 1393, 1394, 1395, 1396, 1397, 1398, 1399, 1400,
1401, 1402, 1403, 1404, 1405, 1406, 1407, 1408, 1409, 1410, 1411, 1412, 1413, 1414, 1415,
1416, 1417, 1418, 1419, 1420, 1421, 1422, 1423, 1424, 1425, 1426, 1427, 1428, 1429, 1430,
1431, 1432, 1433, 1434, 1435, 1436, 1437, 1438, 1439, 1440, 1441, 1442, 1443, 1444, 1445,
1446, 1447, 1448, 1449, 1450, 1451, 1452, 1433, 1454, 1455, 1456, 1457, 1458, 1459, 1460,
1461, 1462, 1463, 1464, 1465, 1466, 1467, 1468, 1469, 1470, 1471, 1472, 1473, 1474, 1475,
1476, 1477, 1478, 1479, 1450, 1481, 1482, 1483, 1484, 1485, 1486, 1487, 1485, 1489, 1490,
1491, 1492, 1493, 1494, 1495, 1496, 1497, 1498, 1499, 1500, 1501, 1502, 1503, 1504, 1505,
1506, 1507, 1308, 1509, 1510, 1511, 1512, 1513, 1514, 1515, 1516, 1517, 1518, 1519, 1520,
1521, 1522, 1523, 1524, 1525, 1526, 1527, 1528, 1529, 1530, 1531, 1532, 1533, 1534, 1535,
1536, 1537, 1538, 1539, 1540, 1541, 1542, 1543, 1544, 1545, 1346, 1547, 1548, 1549, 1550,
1551, 1552, 1553, 1554, 1555, 1556, 1557, 1538, 1539, 1560, 1361, 1562, 1563, 1564, 1565,
1366, 1367, 1568, 1569, 1570, 1571, 1572, 1573, 1574, 1575, 1376, 1377, 1578, 1579, 1580,
1581, 1382, 1383, 1584, 1585, 1586, 1587, 1588, 1589, 1590, 1391, 1592, 1593, 1594, 1595,
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1596, 1397, 1598, 1599, 1600, 1601, 1602, 1603, 1604, 1605, 1606, 1607, 1608, 1609, 1610,
1611, 1612, 1613, 1614, 1615, 1616, 1617, 1618, 1619, 1620, 1621, 1622, 1623, 1624, 1625,
1626, 1627, 1628, 1629, 1630, 1631, 1632, 1633, 1634, 1635, 1636, 1637, 1638, 1639, 1640,
1641, 1642, 1643, 1644, 1645, 1646, 1647, 1648, 1649, 1650, 1631, 1652, 1653, 1654, 1655,
1636, 1657, 1658, 1659, 1660, 1661, 1662, 1663, 1664, 1665, 1666, 1667, 1668, 1669, 1670,
1671, 1672, 1673, 1674, 1675, 1676, 1677. 1678, 1679, 1680, 1681, 1682, 1683, 1684, 1685,
1686, 1687, 1688, 1689, 1690, 1691, 1692, 1693, 1694, 1695, 1696, 1697, 1698, 1699, 1700,
1701, 1702, 1703, 1704, 1705, 1706, 1707, 1708, 1709, 1710, 1711, 1712, 1713, 1714, 1715,
1716, 1717, 1718, 1719, 1720, 1721, 1722, 1723, 1724, 1725, 1726, 1727, 1728, 1729, 1730,
1731, 1732, 1733, 1734, 1735, 1736, 1737, 1738, 1739, 1740, 1741, 1742, 1743, 1744, 1745,
1746, 1747, 1748, 1749, 1750, 1751, 1752, 1753, 1754, 1755, 1756, 1757, 1758, 1759, 1760,
1761, 1762, 1763, 1764, 1765, 1766, 1767, 1768, 1769, 1770, 1771, 1772, 1773, 1774, 1775,
1776, 1777, 1778, 1779, 1780, 1781, 1782, 1783, 1784, 1785, 1786, 1787, 1788, 1789, 1790,
1791, 1792, 1793, 1794, 1795, 1796, 1797, 179%, 1799, 1500, 1801, 1802, 1803, 1804, 1805,
1806, 1807, 1808, 1809, 1810, 1811, 1812, 1813, 1814, 1815, 1816, 1817, 1518, 1819, 1820,
1821, 1822, 1823, 1824, 1825, 1826, 1827, 1828, 1829, 1830, 1831, 1832, 1833, 1834, 1835,
1836, 1837, 1838, 1839, 1840, 1841, 1842, 1843, 1844, 1845, 1846, 1847, 1848, 1849, 1850,
1851, 1852, 1853, 1854, 1855, 1856, 1857, 1858, 1839, 1860, 1861, 1862, 1863, 1864, 1865,
1866, 1867, 1868, 1869, 1870, 1871, 1872, 1873, 1874, 1875, 1876, 1877, 1878, 1879, 1880,
1881, 1882, 1883, 1884, 1885, 1886, 1887, 1888, 1889, 1890, 1891, 1892, 1893, 1894, 1895,
1896, 1897, 1898, 1899, 1000, 1901, 1902, 1903, 1904, 1905, 1906, 1907, 1908, 1909, 1910,
1911, 1912, 1913, 1914, 1915, 1916, 1917, 1918, 1919, 1920, 1921, 1922, 1923, 1924, 1925,
1926, 1927, 1928, 1929, 1930, 1931, 1932, 1933, 1934, 1935, 1936, 1937, 1938, 1939, 1940,
1941, 1942, 1943, 1944, 1945, 1946, 1947, 1948, 1949, 1950, 1951, 1952, 1953, 1954, 1955,
1956, 1957, 1958, 1959, 1960, 1961, 1962, 1963, 1964, 1965, 1966, 1967, 1968, 1969, 1970,
1971, 1972, 1973, 1974, 1975, 1976, 1977, 1978, 1979, 1980, 1981, 1982, 1983, 1984, 1985,
1986, 1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, 1997, 1998, 1999, 2000,
2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015,
2016, 2017, 2018, 2019, 2020, 2021, 2022, 2023, 2024, 2025, 2026, 2027, 2028, 2029, 2030,
2031, 2032, 2033, 2034, 2035, 2036, 2037, 2038, 2039, 2040, 2041, 2042, 2043, 2044, 2045,
2046, 2047, 2048, 2049, 2050, 2051, 2052, 2033, 2034, 2055, 2056, 2057, 2058, 2059, 2060,
2061, 2062, 2063, 2064, 2065, 2066, 2067, 2068, 2069, 2070, 2071, 2072, 2073, 2074, 2075,
2076, 2077, 2078, 2079, 2080, 2081, 2082, 2083, 2084, 2083, 2086, 2087, 2088, 2089, 2090,
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2091, 2002, 2093, 2094, 2095, 2096, 2097, 2098, 2099, 2100, 2101, 2102, 2103, 2104, 2105,
2106, 2107, 2108, 2109, 2110, 2111, 2112, 2113, 2114, 2115, 2116, 2117, 2118, 2119, 2120,
2121, 2122, 2123, 2124, 2125, 2126, 2127, 2128, 2129, 2130, 2131, 2132, 2133, 2134, 2135,
2136, 2137, 2138, 2139, 2140, 2141, 2142, 2143, 2144, 2145, 2146, 2147, 2148, 2149, 2150,
2151, 2152, 2153, 2154, 2155, 2156, 2157, 2158, 2159, 2160, 2161, 2162, 2163, 2164, 2165,
2166, 2167, 2168, 2169, 2170, 2171, 2172, 2173, 2174, 2175, 2176, 2177, 2178, 2179, 2180,
2181, 2182, 2183, 2184, 2185, 2186, 2187, 2188, 2189, 2190, 2191, 2192, 2193, 2194, 2195,
2198, 2199, 2200, 2201, 2202, 2203, 2204, 2203, 2206, 2207, 2208, 2209, 2210,
2214, 2215, 2216, 2217, 2218, 2219, 2220, 2221, 2222, 2223, 2224, 2225,
2230, 2231, 2232, 2233, 2234, 2235, 2236, 2237. 2238, 2239, 2240,
2245, 2246, 2247, 2248, 2249, 2250, 2251, 2252, 2253, 2254, 2253,
2257, 2258, 2259, 2260, 2261, 2262, 2263, 2264, 2265, 2266, 2267, 2268, 2269, 2270,
2271, 2272, 2273, 2274, 2275, 2276, 2277, 227%, 2279, 2280, 2281, 2282, 2283, 2284, 2285,
2286, 2287, 2288, 2289, 2290, 2201, 2292, 2293, 2094, 2295, 2296, 2297, 2298, 2299, 2300,
2301, 2302, 2303, 2304, 2305, 2306, 2307, 2308, 2309, 2310, 2311, 2312, 2313, 2314, 2315,
, 2319, 2320, 2321, 2322, 2323, 2324, 2325, 2326, 2327, 2328, 2329, 2330,
1, 2335, 2336, 2337, 2338, 2339, 2340, 2341, 2342, 2343, 2344, 2345,
2349, 2350, 2351, 2352, 2333, 2334, 2355, 2356, 2357, 2358, 2359, 2360,
2361, 2362, 2363, 2364, 2365, 2366, 2367, 2368, 2369, 2370, 2371, 2372, 2373, 2374, 2375,
7,2378, 2379, 2380, 2381, 2382, 2383, 2384, 2385, 2386, 2387, 2388, 2389, 2390,
2, 2393, 2394, 2395, 2396, 2397, 2398, 2399, 2400, 2401, 2402, 2403, 2404, 2405,
2406, 2407, 2408, 2409, 2410, 2411, 2412, 2413, 2414, 2415, 2416, 2417, 2418, 2419, 2420,
2424, 2425, 2426, 2427, 2428, 2429, 2430, 2431, 2432, 2433, 2434, 2435,
2439, 2440, 2441, 2442, 2443, 2444, 2445, 2446, 2447, 2448, 2449
3, 2454, 2435, 2436, 2457, 2458, 2459, 2460, 2461, 2462, 2463, 2464, 2465,
2466, 2467, 2468, 2469, 2470, 2471, 2472, 2473, 2474, 2475, 2476, 2477, 2478, 2479
2481, 2482, 2483, 2484, 2485, 2486, 2487, 2488, 2489, 2490, 2491, 2492, 2493, 2494, 2495,
2496, 2497, 2498, 2499, 2500, 2501, 2502, 2503, 2504, 2305, 2506, 2507, 2308, 2509, 2510
, 2514, 2515, 2516, 2517, 2518, 2519, 2520, 2521, 2522, 2523, 2524, 2525,
2526, 2527, 2528, 2529, 2530, 2531, 2532, 2533, 2534, 2535, 2336, 2537, 2538, 2539, 2540,
2344, 2545, 2546, 2547, 2548, 2549, 2550, 2551, 2552, 2533, 2554, 2355,
. 2557, 2558, 2559, 2560, 2561, 2562, 2563, 2564, 2565, 2366, 2367, 2568, 2569, 2570,
2571, 2572, 2573, 2574, 2575, 2576, 2577, 2578, 2579, 2580, 2581, 2582, 2583, 2384, 2585,
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2586. 2387, 2588, 2589, 2590, 2591, 2592, 2593, 2594, 2595, 2396, 2597, 2598, 2599, 2600,
2601, 2602, 2603, 2604, 2605, 2606, 2607, 2608, 2609, 2610, 2611, 2612, 2613, 2614, 2615,
2616, 2617, 2618, 2619, 2620, 2621, 2622, 2623, 2624, 2625, 2626, 2627, 2628, 2629, 2630,
2631, 2632, 2633, 2634, 2635, 2636, 2637, 2638, 2639, 2640, 2641, 2642, 2643, 2644, 2645,
2646, 2647, 2648, 2649, 2650, 2651, 2652, 2653, 2654, 2635, 2636, 2657, 2658, 2659, 2660
2661, 2662, 2663, 2664, 2665, 2666, 2667, 2668, 2669, 2670, 2671, 2672
2676, 2677, 2678, 2679, 2680, 2681, 2652, 2683, 2684, 2685, 2686, 2687, 2688, 2689, 2690,
2691, 2692, 2693, 2694, 2695, 2696, 2697, 2698, 2699, 2700, 2701, 2702, 2703, 2704, 2705,
2706, 2707, 2708, 2709, 2710, 2711, 2712, 2713, 2714, 2715, 2716, 2717, 2718, 2719, 2720,
2721, 2722, 2723, 2724, 2725, 2726, 2727, 2728, 2729, 2730, 2731, 2732, 2733, 2734
2736, 2737, 2738, 2739, 2740, 2741, 2742, 2743, 2744, 2743, 2746, 2747, 2748, 2749, 2750,
2752, 2753, 2754, 2755, 2756, 2757, 2758, 2759, 2760, 2761, 2762, 2763, 2764, 2765
2766, 2767, 2768, 2769, 2770, 2771, 2772, 2773, 2774, 2775, 2776, 2777, 2778, 2779, 2780,
2781, 2782, 2783, 2784, 2785, 2786, 2 2789, 2790, 2791, 2792, 2793, 2794, 2795
2796, 2797, 2798, 2799, 2800, 2801, 2802 7803, 2806, 2807, 2508, 2809, 2810,
2814, 2815, 2816, 2817, 2818, 2819, 2820, 2821, 2822, 2823, 2824, 2825,
2829, 2830, 2831, 2832, 2833, 2834, 2835, 2836, 2837, 2838, 2839, 2840,
3, 2844, 7845, 2846, 2847, 2848, 2849, 2850, 2851, 2832, 2833, 2834, 2835,
2857, 2838, 2859, 2860, 2861, 2862, 2863, 2864, 2865. 2866, 2867, 2868, 2869, 2870,
2871, 2872, 2873, 2874, 2875, 2876, 2877, 2878, 2879, 2880, 2881, 2882, 2883, 2884, 2885,
2886, 2887, 2888, 2889, 2890, 2891, 2892, 2893, 2894, 2595, 2896, 2897, 2898, 2899, 2900,
2901, 2902, 2903, 2904, 2905, 2906, 2907, 2908, 2009, 2910, 2911, 2912, 2913, 2914, 2915,
2916, 2917, 2918, 2919, 2920, 2921, 2922, 2923, 2924, 2925, 2926, 2927, 2928, 2929, 2930,
2932, 2933, 2934, 2935, 2936, 2937, 2938, 2939, 2940, 2041, 2942, 2943, 2944, 2945,
2946, 2947, 2948, 2049, 2950, 2951, 2952, 2953, 2954, 2955, 2956, 7937, 2958, 2959, 2960,
2961, 2962, 2963, 2064, 2965, 2966, 2967, 2968, 2969, 2970, 2971, 2972, 2973, 2974, 2975,
2976, 2977, 2978, 2979, 2980, 2081, 2982, 2983, 2084, 2085, 2986, 2087, 2988, 2989, 2990,
2991, 2992, 2993, 2994, 2995, 2996, 2997. 299%, 2999, 3000, 3001, 3002, 3003, 3004, 3005,
3006. 3007, 3008, 3009, 3010, 3011, 3012, 3013, 3014, 3015, 3016. 3017, 3018, 3019, 3020,
3021, 3022, 3023, 3024, 3025, 3026, 3027, 3028, 3029, 3030, 3031, 3032, 3033, 3034, 3035,
3036, 3037, 3038, 3039, 3040, 3041, 3042, 3043, 3044, 3045, 3046, 3047, 3048, 3049, 3050,
. 3052, 3053, 3054, 3055, 3056, 3057, 3058, 3039, 3060, 3061, 3062, 3063, 3064, 3065,
3066, 3067, 3068, 3069, 3070, 3071, 3072, 3073, 3074, 3075, 3076, 3077, 3078, 3079, 3080,
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3081, 3082, 3083, 3084, 3085, 3086, 3087, 3088, 3089, 3090, 3091, 3092, 3093, 3094, 3095,
3096, 3097, 3098, 3009, 3100, 3101, 3102, 3103, 3104, 3105, 3106, 3107, 3108, 3109, 3110,
JEPL, 3012,3103, 3114, 3115, 3116, 3117, 3118, 3119, 3120, 3121, 3122, 3123, 3124, 3125,
3126, 3127,3128, 3129, 3130, 3131, 3132, 3133, 3134, 3135, 3136, 3137, 3138, 3139, 3140,
3141, 3142, 3143, 3144, 3145, 3146, 3147, 3148, 3149, 3150, 3151, 3152, 3153, 3154, 3155,
3156, 3157, 3158, 3159, 3160, 3161, 3162, 3163, 3164, 3165, 3166, 3167, 3168, 3169, 3170,
3171, 3172, 3173, 3174, 3175, 3176, 3177, 3178, 3179, 3180, 3181, 3182, 3183, 3184, 3185,
3186, 3187, 3188, 3189, 3160, 3191, 3192, 3193, 3194, 3195, 3196, 3197, 3198, 3199, 3200,
3201, 3202, 3203, 3204, 3205, 3206, 3207, 3208, 3209, 3210, 3211, 3212, 3213, 3214, 3215,
3216, 3217, 3218, 3219, 3220, 3221, 3222, 3223, 3224, 3225, 3226, 3227, 3228, 3229, 3230,
3231, 3232,3233, 3234, 3235,3236, 3237, 3238, 3239, 3240, 3241, 3242, 3243, 3244, 3245,
3246, 3247, 3248, 3249, and 3250 nuclestides. The length of any filler region for the viral
genome may be 30-100, 100-150, 150-200, 200-250, 250-300, 300-350, 350-400, 400-450,
450-300, 500-550, 550-600, 600-650, 630-700, 700-750, 750-800, 800-850, 850-900, 900-
950, 930-1000, 1000-1050, 1050-1100, 1100-1150, 1150-1200, 1200-1250, 1250-1300,
1300-1350, 1350-1400, 1400-14350, 1450-1500, 1500-1550, 1550-1600, 1600-1650, 1650-
1700, 1700-1750, 1750-1800, 1800-1850, 1850-1900, 19001950, 1950-2000, 2000-2050,
2050-2100, 2100-2150, 2150-2200, 2200-2250, 2250-2300, 2300-2350, 2350-2400, 2400-
2450, 2450-2500, 2500-2550, 2550-2600, 2600-2650, 2650-2700, 2700-2750, 2750-2800,
2800-2850, 2850-2900, 2900-2950, 2950-3000, 3000-3030, 3050-3100, 3100-3150, 3150-
3200, and 3200-3250 nucleotides. As a non-linvting exarple, the viral genome comprises a
filler region that 1s about 35 nucleotides n length. As a non-himiting example, the viral
genome comprises a filler region that 1s about 56 nucleotides in length. As a non-hnnting
example, the viral genome comprises a filler region that is about 97 nucleotides in length. As
a non-limiting cxample, the viral genome comprises a titler region that is about 103
nucleotides in length. As a non-limiting example, the viral genome comprises a filler region
that 1s about 105 nucleotides in length. As a non-limiting example, the viral genome
comprises a filler region that 1s about 357 nucleotides in length. As a non-limiting example,
the viral genome comprises a filler region that is about 363 nucleotides i length. As a non-
hEmiting example, the viral genome comprises a filler region that 1 about 712 nucleotides m
length. As a non-limiting example, the viral genome comprises a filier region that is about
714 nucleotides o length. As a non-limiting example, the viral genome comprises a filler

region that 1s about 1203 mucleotides in length. As a non-limiting example, the viral genome
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comprises a filler region that is about 1209 nucleotides in length. As a non-himiting example,
the viral genome comprises a filler region that is about 1512 nacleotides in length. Ag a non-
hmiting example, the viral genome comprises a filler region that is about 1519 nucleotides in
length. As a non-limiting example, the viral genome comprises a filler region that is about
2395 nucleotides in length. As a non-limiting example, the viral genome comprises a filler
region that 1s about 2403 nucleotides in length. As a non-limiting example, the viral genome
comprises a filler region that 15 about 2405 nucleotides in length. As a non-limiting cxample,
the viral genome comprises a filler region that is about 3013 nucleotides in length. As a non-
hmiting example, the viral genome comprises a filler region that is about 3021 nucleotides in
length.

[3395]  In certain embodiments, the AAV particie viral genome may comprise at least one
enhancer sequence region. The enhancer sequence region(s) may, independently, have a
length such as, but not limited to, 300, 301, 302, 303, 304, 303, 306, 307, 308, 309, 310, 311,
312,303,314, 315,316,317, 318, 319, 320, 321,322, 323, 324, 325,326, 327, 328, 329,
330,331, 332, 333, 334, 335, 336, 337, 338,339,340, 341, 342, 343, 344, 345, 346, 347,
348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365,
366, 367, 368, 369, 370, 371, 372,373,374, 375,376, 377, 378, 379, 380, 381, 382, 383,
384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, and 400
nucleotides. The length of the enhancer region for the viral genome may be 300-3180, 300-
325, 305-313, 310-320, 315-325, 320-330, 325-335, 325-350, 330-340, 335-345, 340-350,
345-355, 350-360, 350-375, 355-365, 360-370, 365-375, 370-380, 375-385, 375-400, 380-
390, 385-395, and 390-400 nucleotides. As a non-limiting example, the viral genome
comprises an enhancer region that is aboat 303 nucleotides in length. As a non-limiting
example, the viral genome comprises an enhancer region that is about 382 nucleotides in
length.

[3396]  In certain embodiments, the AAV particie viral genome may comprise at least one
promoter sequence region. The promoter s¢quence region{s) may, independently, have a
fength such as, but not lunited to, 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14,15, 16,17, 18, 19, 20, 21,
22,23,24,25,26,27, 28,29, 30, 31, 32, 33, 34, 35,36, 37,38, 39, 40, 41, 42, 43, 44, 435, 46,
47 48,49 50,351,52 53, 54, 55,56, 57, 58, 59, 60, 61, 62,63, 64, 63, 66, 67, 68, 69, 70, 71,
72.73,74, 75,76, 77, 78,79, 80, 81, 82, 83, 84, 83, 86, 87, 88, 89, 90, 91, 92,93, 94, 95, 96,
97,98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,
e, 117, 118, 119, 120, 121, 122,123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133,
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134, 135, 136, 137, 135, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151,
152, 153, 154, 155, 156, 157, 158, 139, 160, 161, 162, 163. 164, 165, 166, 167, 168, 169,
170, 171, 172, 173. 174, 175, 176, 177. 178, 179, 180, 181, 182, 183, 184, 185, 186, 187,
188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205,
206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223,
224,225,226, 227, 228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241,
242, 243, 244, 245, 246, 247, 248, 249, 230, 251, 252, 253, 254, 255, 256, 257, 258, 239,
260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 273, 274, 275, 276, 277,
278,279, 280, 281, 282, 283, 284
296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313,
314,315,316, 317, 318, 319, 320,
5

332,333,334, 335,

>

350,351, 352, 353, 354, 355
368, 369, 370, 371, 372, 373
386, 387, 385, 389, 390, 391, 392, 393, 394, 395, 306, 397, 398, 395 400, 401, 402, 403,
404, 405, 406, 407, 408, 409, 410, 411, 412, 413,414, 415, 416, 417, 418, 419, 420, 421,
422,423, 424, 425, 426,427, 428, 429, 430, 431, 432, 433, 434, 435,436,437, 438, 439,
440, 441, 442, 443, 444, 445 446, 447, 448, 449, 450, 451, 452, 453, 454, 455, 4356, 457
458, 459, 460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475,
476, 477, 478, 479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 493,
494, 495, 496, 497, 498, 499, 300, 501, 502, 503, 504, 503, 506, 507. 508, 509, 510, 511,
512,513,514, 515, 516,517, 8 5, 527, 528, 529,
530, 531, 532. 533, 334, 535, 536 . 544, 545, 546, 547,
548, 549, 550, 551, 352, 533, 554, 555, 556, 557, 558, 559, 560, 561, 562. 563, 564, 563,
566, 567, 568, 369, 370, 571, 572, 573, 574, 575, 576, 577, 578, 579, 580, 581, 582, 583,
554, 585, 586, 587, 388, 589, 590, 591, 592, 593, 594, 595, 366, 597, 598, 599, and 600

W

nucleotides. The length of the promoter region for the viral genome may be 4-10, 16-20, 10-
50, 20-30, 30-40, 40-50, 50-60, 50~-100, 60~70, 70-80, 80-90, 90-100, 100-110, 100-150, 110-
120, 120-130, 130-140, 140-150, 150-160, 150-200, 160-170, 170-180, 180-190, 190-200,
200-210, 200-250, 210-220, 220-230, 230-240, 240-250, 250-260, 250-300, 260-270, 270-
280, 280-290, 290-300, 300-310, 300-350, 310-320, 320-330, 330-340, 340-330, 350-360,
350-400, 360-370, 370-380, 380-390, 390-400, 400-410, 400-450, 410-420, 420-430, 430-
440, 440-450, 450-460, 450-300, 46(~470, 470-480, 480-490, 490-500, 500-510, 500-550,
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510-520, 520-330, 530-340, 540-530, 550-560, 550-600, 560-570, 570-580, 580-590, and
590-600 nuclectides. As a non-limiting example, the viral genome comprises a promoter
region that is about 4 nucleotides in length. As a non-lmiting example, the viral genome
coraprises a promoter region that is about 17 nucleotides m length. As a non-limiting
example, the viral genome comprises a promoter region that is about 204 nucleotides in
length. As a non-limiting example, the viral genome comprises a promoter region that is
about 219 nucleotides m length. As a non-limiting cxample, the viral genome comprises a
promoter region that 1s about 260 nucleotides in length. As a non-limiting example, the viral
genome comprises a promoter region that is about 303 nucleotides 1n length. As a non-
Emiting example, the viral genome compriscs a promoter region that 1s about 382 nucleotides
mn length. As a non-limiting example, the viral genome comprises a promoter region that is
about 588 nucleotides i length.

10397} In certain embodiments, the AAVY particle viral genome may comprise at least one
gxon sequence region. The exon region{s) may, independently, have a length such as, but not
hmated to, 2,3, 4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27,28,29,30,31, 32,33, 34, 35, 36,37, 38, 39,40, 41, 42, 43, 44, 45, 46,47, 48, 49, 50,
51,52,53, 54, 55,56,57, 58, 59,60, 61, 62, 63, 64, 65, 66, 67, 68, 69,70, 71,72, 73, 74, 75,
76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,93, 94, 95, 96, 97, 98, 99,
100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135,
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, and 150 nucleotides.
The length of the exon region for the viral genome may be 2-10, 5-10, 5-15, 10-20, 10-30,
10-40, 13-20, 15-25, 20-30, 20-40, 20-50, 25-30, 25-35, 30-40, 30-30, 30-60, 35-40, 35-45,
40-50, 40-60, 40-70, 45-30, 45-55, 50-60, 50-70, 50-80, 55-60, 55-63, 60-70, 60-80, 60-90,
65370, 65-75, 70-80, 70-90, 70-100, 75-80, 75-85, 80-90, 80-100, 80-110, 85-90, 85-95, 90~
100, 90-110, 90-120, 95-1060, 95-105, 100-110, 100-120, 100-130, 105-110, 105-115, 110~
120, 110-130, 110-140, 115-120, 115-125, 120-130, 120-140, 120-150, 125-130, 125-135,
130-140, 130-150, 135-140, 135-145, 140-150, and 145-150 nucleotides. As a non-limiting
example, the viral genome comprises an exon region that is about 53 nucleotides in length.
As a non-limiting example, the viral genome comprises an exon region that is about 134
nucleotides 1o length.

{3398}  In certain embodiments, the AAVY particle viral genome may comprise at least one

mitron sequence region. The ntron region{s) may, mdependently, have a length such as, but
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not limited to, 25, 26, 27, 28, 29, 30, 31, 32, 33,34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46,47, 48,49, 50, 51,52, 53, 54, 53, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,
71,72,73,74,75,76,77,78. 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114,
115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132,
133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,
151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
169, 170, 171, 172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186,
187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204,
205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218,219, 220, 221, 222,
223,224, 225,226,227, 228,229, 230, 231, 232,233, 234, 235, 236, 237, 238, 239, 240,
241,242 243, 244,245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255,256, 257, 258,
259,260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 273, 274, 275, 276,
277,278,279, 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 200, 291, 292, 293, 294,
295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 303, 306, 307, 308, 309, 310, 311, 312,

313,314, 315,316, 317, 318, 319, 320, 321, 322,323, 324, 325, 326,327, 328, 329, 330,
331,332, 333,334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348,
349, and 350 nucleotides. The length of the intron region for the viral genore may be 23-35,
50-75, 35-65, 63-75, 75-83, 75-100, 85-95, 95-105, 100-125, 105-113,
, 125-135, 125-150, 135-145, 145-155, 150-175, 155-163, 165-175, 175-185, 175~
200, 185-195,195-205, 200-225, 205-215, 215-225, 225-235, 225-250, 235-245, 245-235,

250-275, 255-265, 265-275, 275-285, 275-300, 285-295, 295-305, 300-325, 303-315, 315-

-
Jo—
W
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325, 325-335, 325-350, and 335-345 nuclectides. As a non-limiting example, the viral
genome Comprises an intron region that is about 32 nuclectides in length. As a non-limiting
example, the viral gonome comprises an intron region that 1s about 172 nucleotides in length.
As a non-limiting example, the viral genome comprises an intron region that is about 201
nucleotides in length. As a non-limiting example, the viral genome comprises an intron
region that 1s about 347 nucleotides 1n length.

{6399}  In certain embodiments, the AAYV particie viral genome may comprise at least one
polvadenylation signal sequence region. The polyadenviation signal region seguence
region{s} may, independently, have a length such as, but not mited 10, 4, 5, 6,7, 8,9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19,20, 21, 22,23, 24,25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39,40, 41, 42, 43, 44, 45, 46, 47,48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
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62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72. 73, 74, 75, 76, 77. 78, 79, 50, 81, 82, 83, 84. 83, 86,
87, 85,89, 90, 91, 92, 93, 94, 95,96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108,
109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,
127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137. 138, 139, 140, 141, 142, 143, 144,
145, 146, 147, 148, 149, 150, 151, 152, 133, 154, 155. 156, 157, 158, 159, 160, 161, 162,
163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174, 175, 176 177, 178, 179, 180,
181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198,
199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216,
217,218, 219,220, 221, 222, 223, 224, 225, 226227, 228, 229, 230, 231, 232, 233, 234,
235,236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251,
234,255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269
272,273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286, 287, 288,
289, 200, 291, 292, 293, 294, 295. 296, 297, 29%, 299, 300, 301, 302, 303, 304, 303, 306,
308,309,310, 311, 312, 313, 314, 315, 316, 317, 315. 319, 320, 321, 322, 323,
327,328, 329, 330, 331, 332, 333, 334, 335 338,339, 340, 341, 342,
343,344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358, 359, 360,
361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378,
| 382,383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396,
398, 399, 400, 401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414,
415, 416, 417, 418, 419, 420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 430, 431, 432,
433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 449, 450,
7, 438, 459, 460, 461, 462, 463, 464, 465, 466, 467, 468,
471,472, 473, 474, 475, 476, 477, 478, 479, 480, 481, 482, 483, 484, 485, 486,
487, 488, 489, 490, 491, 492, 493, 494_ 495, 496_ 497, 498, 499, 500, 501, 502, 503, 504,
505, 506, 507, 508, 509, 510, 511, 512, 513, 514, 515,516, 517, 518, 519, 520, 521, 522.
528,520, 530, 531, 532, 533, 534, 535, 536, 537, 538, 539, 540,
542, 543, 344, 545, 546, 547, 548, 549, 550, 551, 552, 553, 554, 555, 556, 557, 558,
550,560, 561, 362, 363, 564, 565, 566, 567, 568, 569, 570, 571, 572, 573, 574, 573, 576,
577,578, 579, 380, $81. 582, 583, 584, 585, 586, 587, 585, 589, 590, 591, 592, 593, 504,

>

[\
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o

595, 5396, 597, 598, 599, and 600 nucleotides. The length of the polyadenyiation signal
sequence region for the viral genome may be 4-10, 10-20, 18-50, 20-30, 30-40, 40-30, 50-60,
30-100, 60-70, 70-80, 80-90, 90-100, 100-110, 100-130, 110-120, 120-130, 130-140, 140-
150, 150-160, 150200, 160-170, 170-180, 180-190, 190-200, 200-210, 200-250, 210-220,
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226-230, 230-240, 240-250, 250-260, 250-300, 260-270, 270-280, 280-290, 290-300, 300-
310, 300-350, 310-320, 320-330, 330-340, 340-350, 350-360, 350-400, 360-370, 370-380,
380-~390, 390-400, 400-410, 400-450, 410-420, 420-430, 430-440, 440-450, 4530-460, 450~
500, 460-470, 470-480, 480-490, 490-500, 500-510, 500-350, 510-520, 520-530, 530-540,
540-550, 550-560, 550-600, 360-570, 570-580, 580-590, and 590-600 nucleotides. As a non-
fmiting example, the viral genome comprises a polyadenylation signal sequence region that
1s about 127 nucleotides in length. As a non-limiting example, the viral genome comprises a
polvadenviation signal sequence region that 1s about 225 nucleotides n length. As a non-
hEmiting example, the viral genome comprises a polvadenylation signal sequence region that
is about 476 nucleotides in length. As a non-limiting example, the viral genome comprises a
polvadenvlation signal sequence region that 1s about 477 nucleotides n length.

[3400]  In certain embodiments, the AAYV particle viral genome comprises more than one
polyA signal sequence region.

{0401}  Non-limiting examples of TR 1o ITR sequences of AAV particles comprising a
viral genome with a pavicad region comprising a modulatory polynucleotide sequence are
described in Table 9A. Table 9A also provides an alternate name for the [TR to I'TR construct

mdicated by the "VOYS0OD" identifier.

Table 9A. I'TR to I'TR Sequences of AAY Particles, Hl.mir 184-788.2 (with
fentivirus derived filler) comprising Modulatery Polynucieotides

TR [TR TR ITR Modulatory

Construct Name SEG IR NO Polynucleotide SE 1D
NG

HI.mir 104-788.2 with 9 6

lentivirus derived filler

(VOYSOD16)

{0402]  Table 9B provides ITR to ITR sequence of H1 mir104-788 .2 with albumin denived
filler. Also provided in Table 9B are the components that comprise the TR to ITR scquence.
In some embodiments, the components may be separated from ecach other by vector backbone

sequence.

Table 9B, ITR to I'TR of AAVY Particles, Hl.our104-788.2 (with albumisn derived
filler) comprising Modulatory Polynucleotides and its components

Description SEG ID NG,
ITR t0 ITR of HI.mirl04-788.2 | 25
with albumin denved flier
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ITR-ITR Components of Hi.mirl04-788.2 (with albumin

derived filler)

5TTR 26

Albumin derived filler 27

H1 promoter 2 8

Modulatory Polyuucleotide 6

{SOD1-miR104-788.2)

BGpA 29

3TTR 30

10403]  In certain embodiments, the AAV particle comprises a viral genome which
comprises a seguence which has a percent identity to SEQ 1D NO: 9. The viral genome may
have 1%, 2%, 3%, 4%, 5%. 6%, 7%, 8%, 9%, 10%, 15%, 20%. 25%, 30%, 35%, 40%, 45%
50%, 53%, 60%, 65%, 70%. T75%, 80%, 83%, 90%, 95%, 99% or 100% identity to SEQ ID
NG: 9. The viral genome may have 1-10%, 10-209, 30-40%, 50-60%, 50-70%, 50-80%, 50-
950%, 50-99%, 30-100%, 60-70%, 60-80%, 60-90%, 60-99%, 60-100%, 70-80%, 70-90%,
70-99%, 70-100%, 80-85%, 80-90%, 80-93%, 80-99%, 80-100%, 90-95%, 90-99%, or 90~
100% to SEQ 1D NGO: 9. As a non-limiting example, the viral genome comprises a sequence
which as 80% identity to SEQ 1D NG: 9. As another non-limiting example, the viral genome
comprises a sequenee which as 85% dentity to SEQ 1D NGO 9. Ag another non-linmiting
cxample, the viral genome comprises a sequence which as 90% identity to SEQ 1D NO: 9. As
another non-limiting example, the viral genome comprises a scquence which as 93% identity
to SEQ ID NO: 9. As another non-limiting example, the viral genome comprises a sequence
which as 99% identity to SEQ 1D NO: 9.

10404}  In certain embodiments, the AAV particle comprises a viral genome which
comprises a sequence which has a percent identity to SEQ 1D NO: 25, The viral genome may
have 1%, 2%, 3%, 4%, 3%, 6%, 7%, 8%, 9%, 10%, 15%, 20%. 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%., 90%, 95%, 99% or 100% identity to SEQ D
NG: 25. The viral genome may have 1-10%, 10-20%, 30-40%, 50-60%, 50-70%, 50-80%,
50-90%, 50-99%, 50-100%, 60-70%, 60-80%, 60-90%, 60-99%, 60-100%, 70-80%, 70-950%,
70-99%, T70-100%, 80-85%, 80-90%, 80-95%, 80-99%, 80-10(%, 90-95%, 90-99%, or 90~
100% to SEQ 1D NO: 25, As a non-himiting exaraple, the viral genome comprises a sequence
which as 80% identity to SEQ ID NG: 25, As another non-limiting example, the viral genome
comprises a sequence which as 85% identity to SEQ 1D NO: 25, As ancther non-linyting
cxample, the viral genome comprises a sequence which as 90% identity to SEQ 1D NG: 25,

As another non-limiting example, the viral genome comprises a sequence which as 93%
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wdentity to SEQ ID NG: 25, As another non-limiting example, the viral genome comprises a
sequence which as 99% identity to SEQ ID NQ: 25,

[0405] AAV particles mayv be modified to enhance the efficiency of delivery. Such
modified AAV particles comprising the nucleic acid sequence encoding the siRNA molecules
of the present disclosure can be packaged efficiently and can be used to successfully infect
the target cells at high frequency and with minimal toxicity.

[0406]  In some embodiments, the AAY particle comprising a nucleic acid sequence
encoding the siRNA molecules of the present disclosure may be a human serotyvpe AAY
particle. Such human AAYVY particle may be denived from any known serotvpe, e.g., from any
one of serotypes AAVI-AAVIL. As non-limiting examples, AAV particles may be vectors
coraprising an AAV 1-denived genome in an AAV 1-denived capsid; vectors comprising an
AAV2-dertved genome in an AAV2-derived capsid; vectors comprising an AAV4-derived
genome in an AAV4 derived capsid; vectors comprising an AAVS-derived genome in an
AAVS derived capsid or vectors comprising an AAV9-derived genome in an AAVY derived
capsid.

{8407}  In other embodiments, the AAV particle comprising a nucleic acid sequence for
encoding siRNA molecules of the present disclosure may be a pseudotyped hybrid or
chimeric AAY particle which contains sequences and/or components originating from at least
two different AAVY serotvpes. Pseudotyped AAV particles may be vectors comprising an
AAY genome denved from one AAY serotype and a capsid protein derived at least in part
from a different AAY scrotype. As non-lmiting examples, such pseudotyped AAV particies
may be vectors comprising an AAV2-derived genome in an AAV I-derived capsid; or vectors
comprising an AAV2-derived genome in an AAV6-derived capsid; or vectors comprising an
AAV2-derived genome in an AAV4-derived capsid; or an AAV2-derived genome 10 an
AAV9-derived capsid. In like fashion, the present disclosure conteraplates any hybrid or
chimeric AAYV particle.

13408}  In other embodiments, AAV particles comprising a nucleic acid sequence encoding
the siRNA molecules of the present disclosure mav be used to deliver siRNA molecules to
the central nervous system {e.g., U5, Pat. No. 6,180,613; the contents of which is herein
meorporated by reference in its entivety}.

10409}  In some aspects, the AAY particles comprising a nucleic acid sequence encoding
the siRNA molecules of the present disclosure may further comprise a modified capsid

meluding peptides from non-viral origin. In other aspects, the AAV particle may contain a
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CNS specitic chimeric capsid to facilitate the delivery of encoded siRNA duplexes into the
brain and the spinal cord. For example, an alignment of cap nucleotide sequences from AAVY
varianis exhibiting CNS tropism may be constructed to identify variable region (VR)
sequence and structure.

[34106]  In other embodiments, the siRNA molecules of the present disclosure can be
encoded m plasmid vectors, viral vectors (o.g.. AAY vectors}, genome or other nucleic acid
expression vectors for delivery to a cell.

{8411} DNA expression plasmids can be used to stably express the siRNA duplexes or
dsRINA of the present disclosure in cells and achieve long-term inhibition of target gene.
{0412}  In onc aspect, the sense and antisense strands of a siRNA duplex encoded by a
S0D1 targeting polynucleotide are tvpically linked by a short spacer seqguence leading to the
expression of a stem-loop structure termed short hatrpin RNA (shRNAS. The hairpin is
recognized and cleaved by Dicer, thus generating mature siRNA molecules.

{0413]  According to the present disclosure, AAV vectors comprising the mucleic acids of
the siRNA molecules targeting SOD 1 mRNA are produced, the AAV vectors may be AAV,
AAV2, AAV3, AAV4A AAVS AAVE, AAVT, AAVSE, AAVY, AAV9 47, AAVS(huld),
AAVI0, AAVIL AAVI2, AAVhE AAVRIO, AAV-DIE and AAV-DJ, and vanants
thercof.

[8414]  In some embodiments, the siRNA duplexes or dsRNA of the present disclosure
when expressed suppress {or degrade) target mRNA (i.e. SOD1}. Accordingly, the siRNA
duplexes or dsRNA encoded by a SOD1 targeting polynucleotide can be used to substantially
mhibit SOD1 gene expression m a cell, for example a motor neuron. In some aspects, the
mhibition of SOD1 gene expression refers to an inhibition by at least about 20%, preferably
by at least about 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 953% and 100%. Accordingly,
the protein product of the targeted gene mav be inhibited by at least about 20%, preferably by
at feast about 30%, 40%, 50%, 60%, 70%, 8G%, 83%, 90%, 95% and 100%. The SODI gene
can be either a wild type gene or a mutated SODT gene with at least one mutation.
Accordingly, the protein is etther wild type protein or a mutated polypeptide with at least ong
mutation.

Viral production

{0415}  The present disclosure provides a method for the generation of parvoviral particles,
e.g AAV particles, by viral genome replication in a viral replication cell comprising

contacting the viral replication cell with an AAV polvnucieotide or AAV genome.
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{8416}  The present disclosure provides a method for producing an AAV particle having
enhanced {increased, improved) transduction efficiency comprising the steps of! 1) co-
transfecting competent bacterial cclis with a bacmid vector and cither a viral construct vector
and/or AAV payload construct vector, 2) isolating the resultant viral construct expression
vector and AAYVY pavicad construct expression vector and separately transfecting viral
replication cells, 3} isclating and purifyving resultant pavload and viral construct particles
comprising viral construct expression vector or AAY pavioad construct expression vecior, 4)
co-infecting a viral replication cell with both the AAV payload and viral construct particles
comprising viral construct expression vector or AAVY pavioad construct expression vector,
and 5) harvesting and purifying the viral particle comprising a parvoviral genome.

{8417}  In certain embodiments, the present disclosure provides a method for producing an
AAY particle comprising the steps of 1) simultaneously co-transtecting mammalian cells,
such as, but not himited to HEK293 cells, with a payload region, a construct expressing rep
and cap genes and a helper construct, 2) harvesting and purifying the AAVY particle
comprising a viral genome.

Lells

{0418}  The present disclosure provides a cell comprising an AAVY polymuclectide and/or
AAV genome.

8419} Viral production disclosed herein describes processes and methods for producing
AAY particles that contact a target cell to deliver a payicad construct, e.g. 3 recombinant
viral construct, which comprises a polvnucleotide sequence encoding a payload molecule.
{8428}  In certain embodiments, the AAV particles may be produced in a viral replication
cell that comprises an insect cell.

{0421}  Growing conditions for insect cells in culture, and production of heterclogous
products i insect cells 1n culture are well-known in the art, see U.S. Pat. No. 6,204,059, the
contents of which are herein incorporated by refercnee in their entirety.

13422}  Any insect cell which allows for replication of parvovirus and which can be
maintained m culture can be used 1 accordance with the present disclosure. Cell lines may be
used from Spodoptera frugiperda, mclading, but not himited to the 59 or S£21 cell hines,
Drosophile cell lines, or mosquito cell lines, such as Aedes albopictus derived cell lines. Use
of msect cells for expression of heterologous proteins is well documented, as are methods of
mtroducing nucleic acids, such as vectors, e.g., insect-cell compatible vectors, into such cells

and methods of maintaining such cells i culture. See, for example, Methods in Molecular
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Biology, ed. Richard, Humana Press, NJ (1995}, O'Reilly er o/, Baculovirus Expression
Vectors, A Laboratory Manual, Oxtord Univ. Press (1994); Samulski er ol J Vir63:3822-8
{1989); Kajigava er ol ., Proc. Nat'l Acad. Sci. USA 88: 4646-30 (1991}, Ruffing er !, §. Vir
66:6922-30 (1992); Kimbauver er ¢/, Fir. 219:37-44 (1996); Fhac et ol , Vir.272:382-93
{2000); and Samulski ef o/, U.S. Pat. No. 6,204,059, the contents of cach of which 18 herein
meorporated by reference in its entirety.

{0423}  The viral replication cell may be selected from any biological organism, including
prokarvotic {e.g., bacterial) cells, and eukarvotic cells, including, insect cells, veast cells and
mammalian cclls. Viral replication cells may comprise mammalian cells such as A549,
WEHI, 373, 10TV/Z, BHK, MDCK, CO8 1, €08 7, BSC 1, BSC 40, BMT 10, VERO.
W38, Hela, HEK 293, Saos, C2C12, L cells, HT1080, Hep(G2 and primary fibroblast,
hepatocyie and myoblast cells derived from mammals. Viral replication cells comprise cells
derived from mammalian species mehuding, but not imited to, human, monkey, mouse, rat,
rabbit, and hamster or cell type, including but not himited to fibroblast, hepatocvte, tumor

cell, cell hine transformed cell, ete.

Mammahian cell (small scale) production of AAY Particles

10424}  Viral production disclosed herein describes processes and methods for producing
AAV particles that contact a target cell to deliver a payload, e.g. a recombinant viral
construct, which comprises a polvnuclestide sequence encoding a payload.

10425]  In certain embodiments, the AAVY particles may be produced in a viral replication
cell that comprises a manumalian cell.

10426]  Viral replication cells commonly used for production of recombinant AAV
particles include, but are not limited to 293 cells, COS cells, Hela cells, KB cells, and other
mammalian cell lines as descnibed in U.S. Pat. Nos. 6,156,303, 53,387 484, 5,741 683,
5,691,176, and 5,688,676, U.S. patent apphication 2002/0081721, and International Patent
Applications WO 00/47757, WO 00/24916, and WO 96/17947, the contents of cach of which
are herein incorporated by reference in their entireties.

104271  In certain embodiments, AAV particles are produced in mamumalian-cells wherein
all three VP proteins are expressed at a stoichiometry approaching 1110 (VP1. VP2 VP3).
The regulatory mechanisms that allow this controlled level of expression melude the
production of two mRNAg, one for VP, and the other for VP2 and VP3, produced by
differential splicing.
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{6428}  In another embodiment, AAY particles are produced in mammalian cells using a
triple transfection method wherein a payload construct, parvoviral Rep and parvoviral Cap
and a helper construct are comprised within three different constructs. The triple transfection
method of the three components of AAV particle production may be utilized to produce small
lots of virus for assays including transduction efficiency, target tissue (tropism) evaluation,
and stability

[0429]  AAV particles described herein may be produced by triple transfection or
baculovirus mediated virus production, or any other method known in the art. Any suitabie
permissive or packaging cell known in the art may be emploved to produce the vectors.
Mammalian cells are often preferred. Also preferred are {rans-complementing packaging cell
lings that provide functions deleted from a rephication-defective helper virus, e.g., 293 cells or
other Ela trans-complementing cells.

13430}  The gene cassetie may contain some or all of the parvovirus {e.g., AAV) cap and
rep genes. Preterably, however, some or all of the cap and rep functions are provided in trans
by introducing a packaging vector(s) encoding the capsid and/or Rep proteins into the cell.
Most preferably, the gene cassette does not encode the capsid or Rep proteins. Alternatively,
a packaging cell ling is used that is stably transformed to express the cap and/or rep genes.
{0431}  Recombinant AAY virus particles are, in some cases, produced and punfied from
culture supernatants according to the procedure as descertbed in US20160032254, the contents
of which are incorporated by reference. Production may also involve methods known in the
art including those using 2937 cclls, sf9 insect cells, triple transfection or any suitable
production method.

18432} In some cases, 2937 cells {(adhesion/suspension) are transfected with
polyethviencimine (PEL) with plasmids required for production of AAV, 1.e., AAVZ rep, an
adenoviral helper construct and a FTR flanked transgenc cassetic. The AAVY rep plasmid also
containg the cap sequence of the particular virus being studied. Twenty~-four hours after
transfection (no medium changes for suspension), which occurs in PMEM/F17 with/without
serum, the medium is replaced with fresh medium with or without serum. Three (3) days after
transfection, a sample 1s taken from the culture medium of the 293 adherent cells.
Subsequently cells are scraped, or suspension cells are pelleted, and transferred into a
receptacie. For adhesion cells, after centrifugation to remove cellular pellet, a second sample
is taken from the supematant afier scraping. Next, cell fysis is achicved by three consecutive

freeze-thaw cveles (-80C to 37C) or adding detergent trniton. Cellular debris s removed by
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centrifugation or depth filtration and sample 3 is taken from the medium. The samples are
quantified for AAV particles by DNase resistant genome titration by DNA gPCR. The total
production yield from such a transfection is equal to the particle concentration from sample 3.
[8433] AAV particle fiters are measured according to genome copy number (genome
particles per malliliter). Genome particle concentrations are based on DNA quantitaiive PCR
of the vector DNA as previously reported {Clark et al. (1999) Hum. Gene Ther,, 10:1631-
1039; Veldwijk et al. (2002) Mol. Ther., 6:272-278).

Baculovirus

{8434}  Particle production disclosed herein descnbes processes and methods for
producing AAY particles that contact a target cell to deliver a payload construct which
comprises a polyvaucleotide sequence encoding a payload.

{3435}  Briefly, the viral construct vector and the AAY pavioad construct vector are each
mcorporated by a transposon donor/acceptor system into a bacmid, also known as a
baculovirus plasmid, by standard molecular biology techniques known and performed by a
person skilled in the art. Transfection of separate viral replication cell populations produces
two baculoviruses, one that compnses the viral construct expression vector, and another that
compnses the AAV paviocad construct expression vector. The two baculoviruses may be used
to infect a single viral replication cell population for production of AAY particles.

[8436]  Baculovirus expression vectors for producing viral particles in insect cells,
mchuding but not himited to Spodopiera frugiperda (519} cells, provide high titers of viral
particle product. Recombinant baculovirus encoding the viral construct expression vector and
AAV pavload construct expression vector initiates a productive mfection of viral rephcating
cells. Infections baculovirus particles released from the primary infection secondarily infect
additional cells in the culture, exponentially infecting the entire cell culture population in a
number of infection cycles that is a function of the witial multiplicity of infection, see Urabe,
M. ef al., ] Virol. 2006 Feb; 80 (4):1874-85, the contents of which are herein mcorporated by
reference in their entirety.

10437}  Production of AAY particles with baculovirus in an insect cell svstem mayv address
known baculovirus genetic and phvsical instability. In certain embodiments, the production
system addresses baculovirus instability over maltiple passages by utilizing a titerless
mfected-cells preservation and scale-ap system. Small scale seed cultures of viral producing
cells are transfocted with viral expression constructs encoding the structural, non-structural,

components of the viral particle. Baculovirus-mfecied viral producing cells are harvesied into
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aliguots that may be crvopreserved n liquid nitrogen; the aliquots retain viabihity and
mfectivity for infection of large scale viral prodacing cell culture Wasilko DJ er o/, Protein
Expr Punif, 2009 Jun; 65(2):122-32, the contents of which are herein incorporated by
reference in their entirety.

[3438] A genetically stable baculovirus may be used to produce source of the one or more
of the components for producing AAV particles n invertebrate cells. In certain embodiments,
defective baculovirus expression vectors may be maintained episomallv 1o insect cells. In
such an embodiment the bacmud vector is engineered with replication control elements,
mecluding but not limited to promoters, enhancers, and/or cell-cyvele regulated replication
clements.

[8439]  In certain embodiments, baculoviruses may be engimeered with a (non-) selectable
marker for recombination into the chitinase/cathepsin locus. The chia/v-cath locus is non-
essential for propagating baculovirus in tissue culture, and the V-cath (EC 3422 50} isa
cysteine endoprotease that is most active on Arg-Arg dipeptide containing substrates. The
Arg-Arg dipeptide is present in densovirus and parvovirus capsid structural proteins but
mfrequently occurs in dependovirus VPL.

{0448}  In certain embodiments, stable viral replication cells permissive for baculovirug
mfection are engineered with at least one stable micgrated copy of anv of the clements
necessary for AAV roplication and viral particle production including, but not limited to, the
entire AAVY genome, Rep and Cap genes, Rep genes, Cap genes, cach Rep protein as a
separate transcription cassette, cach VP protein as a scparate transcription casscite, the AAP
{assembly activation protein}, or at least one of the baculovirus helper genes with native or
non-native promoters.

Large-scale production

{0441}  In some embodiments, AAVY particle production may be modified to increase the
scale of production. Large scale viral production methods according to the present disclosure
may include any of those taught 1n US Patent Nos. 5,756,283, 6,258 595, 6,261,551,
6,270,996, 6,281,010, 6,365,394, 6,475,769, 6,482,634, 5,485,966, 6,943,019, 6,953,690,
7,022,519, 7238526, 7,291 498 and 7,491,508 or International Publication Nos.
WO1996039530, WO 1998010088, W(1995014354, W 1999015685, W 1999047691,
WO2000055342, WO2000075353 and WO2001023597, the contents of each of which are
herein incorporated by reference in thetr entirety. Methods of increasing viral particle

production scale typically comprise mcreasing the number of viral replication cells. In some
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embodiments, viral replication cells comprise adherent cells. To increase the scale of viral
particle production by adherent viral replication cells, larger cell culture surfaces are required.
In some cases, large-scale production methods comprise the use of roller botties to increase
cell culture surfaces. Other cell culture substrates with increased surface areas are known m
the art. Examples of additional adherent cell cultire products with increased surface areas
include, but are not limited to CELLSTACK®, CELLCUBE® (Coming Corp., Coming, NY)
and NUNC™ CELL FACTORY™ (Thermo Scientific, Waltham, MA ) In some cases, large-
scale adherent cell surfaces may comprise from about 1,000 cm? to about 100,000 om’. In
some cases, large-scale adherent cell cultures may comprise from about 107 to about 10°
celis, from about 10% to about 10'° cells, from about 10° to about 1012 cells or at least 102
cells. In some cases, large-scale adherent cultures may produce from about 107 to about 10%,
from about 10 to about 10°3, from about 10V to about 10, from about 107 to about 10% or
at least 10% viral particles.

10442}  In some embodiments, large-scale viral production methods of the present
disclosure may comprise the use of suspension cell cultures. Suspension cell culture allows
for significantly increased nambers of cclls. Typically, the number of adherent cells that can
be grown on about 10-50 cm? of surface area can be grown in about 1 ¢m’ volume in
SUSpPeNsion.

{8443}  Transfection of replication cells in large-scale culture formats may be carried out
according to any methods known in the art. For large-scale adherent cell cultures, transfection
methods may mclude, but are not limited to the use of inorganic compounds {e.g. calcium
phosphate), organic compounds {e.g. polvethviencimine (PED}] or the use of non-chemical
methods {e.g. electroporation.} With cells grown in suspension, transfection methods may
mehude, but are not limited to the use of calcium phosphate and the use of PEL In some cases,
transfection of large scale suspension cultures may be carried out according to the section
entitled “Transfection Procedure” described in Feng, L. er o/, 2008, Biotechnol Appl.
Biochem. 50:121-32, the contents of which are herein incorporated by reference in their
entirety. According to such embodiments, PEI-DNA complexcs may be formed for
mtroduction of plasmids to be transfected. In some cases, cells being transfected with PEI-
DNA complexes may be “shocked’ prior to transfection. This comprises lowering cell culture
temperatures to 4°C for a period of about 1 howr. In some cases, cell cultures may be shocked
for a period of from about 10 minutes to about 5 hours. In some cases, cell culturcs may be

shocked at a temperature of from about 0°C to about 20°C.
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{8444}  In some cases, transfections may include one or more vectors for expression of an
RNA effector molecule to reduce expression of nucleic acids from one or more AAVY payload
construct. Such methods may enhance the production of viral particles by reducing cellular
resources wasted on expressing pavload constructs. In some cases, such methods may be
carried according to those taught in US Publication No. US2014/0099666, the contents of
which are herein incorporated by reference in their entirety.

Biorcactors

{8445}  In some embodiments, cell culture bioreactors may be used for large scale viral
production. In some cases, bioreactors comprise stirred tank reactors. Such reactors generally
compnse a vessel, typically cvlindrical in shape, with a stirrer {e.g. impeller.} In some
embodiments, such bioreactor vessels may be placed within a water jacket to control vessel
temperature and/or to minimize effects from ambient temperature changes. Bioreactor vessel
volume may range in size from about 300 ml to about 2 L, from about 1 Lo about 5 L, from
about 2.5 L to about 20 L, from about 10 L to about 50 L, from about 25 L to about 100 L,
from about 75 L to about 300 L, from about 250 L to about 2,000 L, from about 1,000 L 1o
about 10,000 L, from about 3,000 L to about 50,000 L or at least 50,000 L. Vessel bottoms
may be rounded or flat. In some cases, animal cell cultures may be maintained in bioreactors
with rounded vessel bottoms.

[3446]  In some cases, bioreactor vessels may be warmed through the use of a
thermocirculator. Thermocirculators pump heated water around water jackets. In some cases,
heated water may be pumped through pipes (e. 2. coiled pipes) that are present within
bioreactor vessels. In some cases, warm air may be circulated around bioreactors, including,
but not hmited to air space directly above colture medium. Additionally, pH and COn levels
may be maintained to optimize cell viability,

{0447}  In some cases, bioreactors may comprise hollow-fiber reactors. Hollow-fiber
bioreactors may support the culture of both anchorage dependent and anchorage independent
cells. Further bioreactors may inchude, but are not limuted to packed-bed or fixed-bed
bioreactors. Such biorcactors may comprise vessels with glass beads for adherent cell
attachment. Further packed-bed reactors mav comprise ceramic beads.

{0448}  In some cases, viral particles are produced through the ase of a disposable
bioreactor. In some embodiments, such bioreactors may include WAVE™ disposable

bioreactors.
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{8449}  In some embodiments, AAV particle production in animal cell bioreactor cultures
may be carried out according to the methods tanght i US Patent Nos. 5,064764, 6,194,191,
6,566,118, 8,137,948 or US Patent Application No. US2011/0229971, the contents of cach of
which are herein incorporated by reference in their entirety.

Cell Lysis

10450]  Cells of the disclosure, including, but not limited to viral production cells, may be
subjected to cell lysis according to any methods known in the art. Cell Iysis may be carried
out to obtain one or more agents (e.g. viral particles) present within any cells described
herein. In some embodiments, cell lysis may be carried out according to any of the methods
histed in US Patent Nos. 7,326,555, 7,579,181, 7,048,920, 6,410,300, 6,436,394, 7.732.129,
7.510,875, 7,445,930, 6,726,907, 6,194,191, 7,125,706, 6,995,006, 6,676,935, 7,968,333,
5,756,283, 6,258,595, 6,261,551, 6,270,996, 6,281,010, 6,365,394, 6 475,769, 6482634,
6.485.966, 6,943,019, 6,953,690, 7.022,519, 7,238,526, 7,291,498 and 7 491,508 or
International Publication Nos. W 1996039330, WO 1998010088, W(1999014354,
WOI999015685, W(1999047691, WO2000055342, WO2000075353 and WO2001023597,
the contents of each of which are herein incorporated by reference i their entirety. Cell bysig
methods may be chemuical or mechanical. Chemical cell bysis typically comprises contacting
one or more cells with one or more lysis agent. Mechanical lysis typicallv comprises
subjecting one or more cells to one or more lysis condition and/or one or more lysis force.
10451}  In some embodiments, chemical lvsis may be used to lyse cells. As used hergin,
the term “lvsis agent” refers to any agent that may aid in the disruption of a cell. fn some
cases, lvsis agents are infroduced in solutions, termed lvsis solutions or fysis buffers. As used
herein, the term “lysis solution” refers to a solution (typically aqueous) comprising ong or
more lysis agent. In addition to lysis agents, tvsis solutions may include one or more
buffering agents, solubilizing agents, surfactants, preservatives, cryoprotectants, enzymes,
enzyme inhibttors and/or chelators. Lysis buffers are lysis solufions comprising one or more
buffering agent. Additional components of lysis solutions may include one or more
solubilizing agent. As used herein, the term “solubilizing agent” refers to a compound that
enhances the solubility of one or more components of a solution and/or the solubility of one
or more entities to which solutions are applied. In some cases, solubilizing agents enhance
protein solubiity. In some cases, solubilizing agents are selected based on their ability to

enhance protein solubility while maintaining protein conformation and/or activity.
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104521  Exemplary lvsis agents may include any of those descnibed 1in US Patent Nos.
8,685,734, 7,901,921, 7,732,129, 7,223,585, 7,125,706, 8,236,495, 8,110,351, 7,419,936,
7,300,797, 6,699,706 and 6,143,567, the contents of cach of which are herein incorporated by
reference in their entivety. In some cases, fvsis agents may be selected from lysis salts,
amphoteric agents, cationic agents, ionic detergents and non-ionic detergents. Lysis salts may
mnclude, but are not limited to, sodium chloride (Nal'l) and potassium chloride (K1) Further
Iysis salts may include any of those described in US Patent Nos. 8,614,101, 7,326,555,
7,579,181, 7,048,920, 6,410,300, 6,436,394, 7,732,129, 7,510,875, 7,445,930, 6,726,507,
6,194,191, 7,125,706, 6,995,006, 6,676,935 and 7,968,333, the contents of cach of which arc
herein incorporated by reference in their entirety. Concentrations of salts may be increased or
decreased to obtain an effective concentration for rupture of cell membranes. Amphoteric
agents, as referred to herein, are compounds capable of reacting as an acid or a base.
Amphoteric agents may inclade, but are not limited to lysophosphatidylcholine, 3-((3-
Cholamidopropy!} dimethvlammonium)-1-propancsulfonate (CHAPS), ZWITTERGENT®
and the like. Cationic agents may include, but are not imited to, cetyltnmethylammonium
bromide (C (16) TAB) and Benzalkoniom chlonde. Lysis agents comprising detergents may
melude iontc detergents or non-ionie detergents. Detergents may function to break apart or
dissolve cell structures including, but not limited to cell membranes, cell walls, lipids,
carbohydrates, lipoproteins and glveoproteins. Exemplary ionic detergents inchude any of
those taught in US Patent Nos. 7,625,570 and 6,593,123 or US Publication No.
US2014/0087361, the contents of cach of which are herein incorporated by reference in their
entirety. Some ionic detergents may include, but are not limited to, sodium dodecyl sulfate
{§DS), cholate and deoxycholate. In some cases, 1onic detergents may be included in lysis
solutions as a solubilizing agent. Non-ionic detergents may include, but are not limited to
octylglucoside, digitonin, lubrol, C12ER, TWEEN®R-20, TWEEN®-80, Triton X-100 and
Noniodet P-40. Non-ionic detergents are tvpically weaker lysis agents but may be included as
solubilizing ageuts for solubilizing cellular and/or viral proteins. Further lysis agents may
mclude enzymes and urea. In some cases, one or maore lysis agents may be combined in a
Fysis solution in order to enhance one or more of cell lysis and protein solubility. In some
cases, enzyme inhibitors may be included in lysis solutions in order to prevent proteolysis
that may be triggered by cell membraneg disruption.

{0453}  In some embodiments, mechanical cell lysis is carned out. Mechanical cell lysis

methods may mclude the use of one or more tysis condition and/or one or more lysis force.
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As used herein, the term “lysis condition” refers to a state or circumstance that promaotes
cellular disraption. Lysis conditions may comprise corfain temperatures, prossures, osmotic
purity, salinity and the like. In some cases, lvsis conditions comprise increased or decreased
temperatures. According to some embodiments, lysis conditions comprise changes in
temperature to promote cellular disruption. Cell lysis carried out according to such
embodiments may include freeze-thaw lysis. As used herein, the term “frecze-thaw lysis”
refers to cellular fvsis in which a cell solution 1s subjected to one or more freeze-thaw cycle.
According to freeze-thaw lvsis methods, cells in solution are frozen to induce a mechamcal
disruption of cellolar membrancs caused by the formation and expansion of ice crystals. Cell
solutions used according freeze-thaw lysis methods, may further comprise one or more lysis
agents, solubihizing agents, buffering agents, crvoprotectants, surfactants, preservatives,
enzymes, enzyvme inhibitors and/or chelators. Once cell solutions subjected to freczing are
thawed, such components may enhance the recovery of desired cellular products. In some
£ases, one o more crvoprotectants are included in cell solutions undergoing frecze-thaw
Iyvsis. As used herein, the term “crvoprotectant” refers to an agent used o protect one or more
substance from damage due to freezing. Crvoprotectants may include any of those taught in
US Publication No. US2013/0323302 or US Patent Nos. 6,503,888, 6,180,613, 7,888,096,
7,091,030, the contents of each of which are herein incorporated by reference in their
entirety. In some cases, cryoprotectants may include, but are not hmited to dimethyl
sutfoxide, 1.2-propanediol, 2.3-butanediol, formamide, glveerol, ethylene glveol, 1,3-
propancdinl and n~-dimethy! formamide, polyvinvipyrrolidone, hvdroxyethvl starch, agarose,
dextrans, inositol, glucose, hvdroxyethyistarch, lactose, sorbitol, methvl glucose, sucrose and
urea. In some embodiments, freeze-thaw lysis may be carried out according to any of the
methods described i US Patent No. 7,704,721, the contents of which are herein incorporated
by reference in their entircty.

[8454]  As used herein, the term “lysis force” refers to a physical activity used to disrupt a
cell. Lysis forces may include, but are oot limited to mechanical forees, sonic forces,
gravitational forces, optical forces, electrical forces and the like. Cell lysis camried out by
mechanical force 18 referred to herein as “mechanical lysis.” Mechanical forces that may be
used according to mechanical lysis may include hugh shear fluid forces. According to such
methods of mechanieal lysis, a microfluidizer may be used. Microfluidizers typically
comprise an inlet reservoir where cell solutions may be applied. Cell solutions may then be

pumped into an mnteraction chamber via a pump {(e.g. high-pressure pump) at high speed
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and/or pressure to produce shear fluid forces. Resulting lysates may then be collected in one
or more output reservoir. Pump speed and/or pressure may be adjusted to modulate cell lysis
and enbance recovery of products {¢.g. viral particles.} Other mechanical lysis methods may
melude physical disruption of celis by scraping.

[8455]  Cell lvsis methods may be selected based on the cell culture format of celis to be
bysed. For example, with adherent cell coltures, some chemical and mechanical lysis methods
may be used. Such mechanical lvsis methods may include freeze-thaw lysis or seraping. In
another example, chemical lysis of adherent cell cultures may be carried out through
meubation with lysis solutions comprising surfactant, sach as Triton-X-100. In some cases,
cell lysates generated from adherent cell cultures may be treated with one more nuclease to
tower the viscosity of the lvsates caused by hberated DNA.

[8436]  In certain embodiments, a method for harvesting AAV particles without lysis may
be used for efficient and scalable AAV particle production. In a non-limiting example, AAY
particles may be produced by culturing an AAV particle lacking a heparin binding site,
thereby allowing the AAV particle to pass into the supernatant, in a cell culture, collecting
supernatant from the culture; and isolating the AAYVY particle from the supematant, as
described in US Patent Application 20090275107, the contents of which are incorporated
herein by reference i their entirety.

Clarification

10457} Cell Ivsates comprising viral particles may be subjected to clarification.
Clarification refers to mitial steps taken m puritication of viral particles from cell lysates.
Clarification serves to prepare lysates for further purification by removing larger, insoluble
debris. Clarification steps may include, but are not imited to centrifugation and filtration.
DBuring clarification, centnfogation may be carned out at low speeds to remove larger debris
only. Similarly, filtration may be carried out using filters with larger pore sizes so that only
targer debris is removed. In some cases, tangential flow filtration may be used during
clartfication. Objectives of viral clarification inchide high throughput processing of cell
bysates and to optimize ultimate viral recovery. Advantages of inchuding a clarification step
mehude scalability for processing of larger volumes of lysate. In some embodiments,
clartfication may be carried out according to any of the methods presented in US Patent Nos.
8,524,446, 5756283, 6,258,595, 6,261,551, 6,270,996, 6,281,010, 6,365,394, 6,475,769,
6,482,634, 6,485,966, 6,943,019, 6,953,690, 7.022.519, 7,238,526, 7,291,498, 7,491,508, US
Publication Nos. US2013/0045186, US2011/0263027, USZ011/0151434, US2003/0138772,

-119-



WO 2020/010042 PCT/US2019/040230

and International Publication Nos. W(O2002012455, W 1996039530, W(1998010088,
W(1999014354, W 1999015685, W(1999047691, WO2000055342, WO2000075353 and
WO2001023597, the contents of cach of which are herein mcorporated by reference in their
entirety.

[3438]  Methods of cell lvsate clarification by filtration are well understood in the art and
may be carried out according to a variety of available methods including, but not linuted to
passive filtration and flow filtration. Filters used may comprise a varcty of materials and
pore sizes. For example, cell lysate filters may comprise pore sizes of from about 1 uMto
about 5 uM, from about 0.5 uM to about 2 pM, from about 0.1 pM to about 1 uM, from
about 0.05 M to about 8.05 uM and from about 0.001 uM to about 0.1 uM. Exemplary pore
sizes for cell lysate filters may include, but are not linuted 10, 2.0, 1.9, 18, 1.7, 1.6, 1.5, 1 4,
13,12, 11 1,85,08,07,06,05,04,03,02,01,095,09,0385,08,0.75,0.7, 0.65,
06,055 05,045,04,03503,02502,0.15,0.1,0.05,022 021, 0.20,0.19,0.18,0.17,
0.16,0.15,0.14,0.13,0.12, 0.11, 0.1, 0.09, 0.08, 0.07, 0.06, 0.05, 0.04, 0.03, 0.02, 0.01, 0.02,
0.019,0.018, 0.017, 0.016, 0.015,0.014, 0.013,0.012, 0.011, 0.01, 0.009, 0.008, 0.007,
0.006, 0.005, 1.004, 0.003, 0.002, 0.001 and 0.001 uM. In certain embodiments, clanfication
may comprise filtration through a filter with 2.0 pM pore size to remove large debiis,
followed by passage through a filter with 0.45 pM pore size to remove intact cells.

[3439]  Filter materials may be composed of a vartety of materials. Such materials may
mchude, but are not limifed to polymeric materials and metal materials {c.g. sintered metal
and pored alumimum ) Exemoplary materials may include, but are not Hmited to nylon,
cellulose materials {e.g. cellulose acetate), polyvinvlidene fluoride (PVDFE), polvethersulfone,
polyamide, polysulfone, polypropvlene, and polyethylene terephthalate. In some cases, filters
pseful for clarification of cell lvsates may include, but are not limited to ULTIPLEAT
PROFILE™ filters (Pall Corporation, Port Washmgton, NY}), SUPOR™ membrane filters
(Pall Corporation, Port Washington, NY}

10460}  In some cases, flow filtration may be carried out to increase filtration speed and/or
cffectivencss. In some cases, flow filtration may comprise vacuum filtration. According to
such methods, a vacoum 18 created on the side of the filter opposite that of cell ysate to be
filtered. In some cases, cell lysates may be passed through filters by centrifugal forces. In
some cases, a pump 15 used to force cell lysate through clarification filters. Flow rate of cell
lvsate through one or maore filters may be modulated by adjusting one of channel size and/or
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{8461}  According to some embodiments, cell lysates may be clarified by centrifugation.
Centrifugation may be used to peliet insoluble particles in the lysate. During clanfication,
centrifugation strength [expressed in terms of gravitational units (g), which represents
multiples of standard gravitational force] may be lower than in subsequent puritication steps.
In some cases, centrifugation may be carned out on cell Iyvsates at from about 200 g to about
800 g, from about 500 g to about 1500 g, from about 10006 g to about 5040 g, from about

| 200 g to about 10000 g or from about 8000 g to about 15000 g. In some embodiments, cell
Iyvsate centrifugation is carmed out at 8000 g for 15 minutes. In some cases, density gradient
centrifugation may be camed out i order to partition particulates in the cell ysate by
sedimentation rate. Gradients used according to methods of the present disclosure may
melude, but are not linuted to cesium chioride gradients and wodixanol step gradients,

Purification: Chromatoeraphv

13462}  In some cases, AAY particles may be purified from clanfied cell lysates by one or
more methods of chromatography. Chromatography refers to anv number of methods known
m the art for separating out one or more clements from a miture. Such methods may include,
but are not hmited to ion exchange chromatography (e.g. cation exchange chromatography
and anion exchange chromatography), immunoaffinity chromatography and size-exclusion
chromatographv. In some cmbodiments, methods of viral chromatography may include any
of those taught in US Patent Nos. 5,756,283, 6,258,595, 6,261,551, 6,270,996, 6,281,010,
6,365,394, 6,475,769, 6,482,634, 6,485,966, 6,943,019, 6,953,690, 7,022,519, 7,238,526,
7,291,498 and 7,491,508 or International Publication Nos. WG 1996039530,
WOI998010088, W(1999014354, WO 1999015683, WO 1999047691, W(2000035342,
WO2000075353 and W(0O2001023597, the contents of each of which are herein incorporated
by reference in their entirety.

{0463}  In some embodiments, ion exchange chromatography mav be used to isolate viral
particles. fon exchange chromatography is used to bmd viral particles based on charge-charge
mteractions between capsid proteins and charged sites present on a stationary phase, typically
a column through which viral preparations {(e.g clarified lvsates} are passed. After
application of viral preparations, bound viral particles may then be eluted by applving an
clution solution to disrupt the charge-charge mnteractions. Elution solotions may be optimized
by adjusting salt concendration and/or pH (o enhance recovery of bound viral particies.
Depending on the charge of viral capsids being isolated, cation or anion exchange

chromatography methods may be selected. Methods of 1on exchange chromatography may
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melude, but are not limited to any of those taught in US Patent Nos. 7419,817, 6,143,548,
7,094 604, 6,593,123, 7,015,026 and 8,137,948, the contents of each of which are herein
mcorporated by reference in their entirety.

[3464]  In some embodiments, immunocaftinity chromatography may be used.
Immunoatfinity chromatography is a form of chromatography that utilizes one or more
immune compounds {e.g antibodies or antibody-related structures) to retain viral particles.
Immune comapounds may bind specifically to onc or more structures on viral particle
surfaces, mcluding, but not timited to one or more viral coat protem. In some cases, immune
compounds may be specific for a particular viral variant. In some cases, immune compounds
may bind to multiple viral variants. in some embodiments, immune compounds may include
recombmant single~chain antibodies. Such recombinant singie chain antibodies may include
those described in Smith, RH. er af., 2009. Mol Ther. 17(11}:1888-96, the contents of which
are herein incorporated by reference in their entirety. Such immune compounds are capable
of binding to several AAY capsid variants, including, but not imited to AAV1, AAV2,
AAV6 and AAVS.

18463}  In some embodiments, size-exclusion chromatography (SEC) may be used. SEC
may comprise the use of a gel to separate particles according to size. In viral particle

v

purification, SEC filtration is sometimes referred to as “polishing.” In some cases, SEC may
be carried out to generate a final product that 1s near-homogenous. Such final products may in
some cases be used in pre-clinical studies and/or clinical studies (Kotin, R M. 2011, Human
Molecular Genetics. 20(1)R2-Ré6, the contents of which are herein incorporated by reference
i their entirety.) In some cases, SEC may be carried out according to any of the methods
taught in US Patent Nos. 6,143,548, 7,015,026, 8,476,418, 6,410,300, 8,476,418, 7419817,
7,094,604, 6,593,123, and 8,137 948, the contents of cach of which are herein incorporated
by reference in their entircty.

[8466]  In certain embodiments, the compositions comprising at least one AAV particle
may be isolated or punficd using the methods descnbed in US Patent No. US 6146874, the
contents of which are herein incorporated by reference in its entircty.

{8467}  In certain embodiments, the compositions comprising at least one AAV particle
may be isolated or purified osing the methods described in US Patent No. US 6660514, the

contents of which are herein incorporated by reference n its entirety.
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[8468]  In certain embodiments, the compositions comprising at least one AAV particle
may be isolated or purified osing the methods described in US Patent No. US 8283151, the
contents of which arc herein mcorporated by reforence in its entirety.

[3469]  In certain embodiments, the compositions comprising at least one AAV particle
may be 1solated or punfied using the methods described in US Patent No. US 8524446, the
contents of which are herein incorporated by reference in ils entirety,

Introduction into cells

{8478}  To ensure the chemical and biological stability of siRNA duplexes, it 18 important
to deliver polynucleotides encoding the siRNAs inside the target cells. The polvnucleotides
of the present disclosure may be introduced into cells using any of a variety of approaches.
{8471}  In some embodiments, the polvnucleotide of the present disclosure 1s mtroduced
mnto a cell by contacting the cell with the polynocleotide. In some embodiments, the
potymucleotide is introduced mto a cell by contacting the celf with a composition comprising
the polynucleotide and a lipophilic carrier. fn other embodiments, the polymucleotide s
mtroduced 1nto a cell by transfecting or infecting the cell with a vector comprising nucleic
acid sequences capable of producing the siRNA duplex when transcribed 1n the cell.

10472} In some ¢mbodiments, the siRNA duplex is introduced into a cell by injecting into
the cell a vector comprising nucleic acid scquences capable of producing the siRNA duplex
when transcribed in the cell.

13473}  In other embodiments, the polynuclestides of the present disclosure may be
delivered into cells by electroporation (e.g. U.S. Patent Publication No. 20050014264, the
content of which is herein incorporated by reference n its entirety).

18474}  In addition, the siRNA molecules mserted into viral vectors (e.g. AAV vectors)
may be delivered into cells by viral mfection. These viral vectors are engineered and
optimized to facilitate the entrv of s1iRNA molecule into cells that are not readily amendable
to transfection. Also, some synthetic viral vectors possess an ability o integrate the shRNA
mito the cell genome, thereby leading to stable stRNA expression and long-term knockdown
of a target gene. In this manner, viral vectors arc engineered as vebicles for specific delivery
while lacking the deleterious replication and/or mtegration features found m wild-type virus.
18475}  In some embodiments, the cells may mchude, but are not fimited to, cells of
mammalian origin, cells of human origins, embryonic stem cells, induced pleripotent stem

cells, neural stem cells, and neural progenttor cells.
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Pharmaceutical compositions and formulation

18476]  In addition to the pharmaceutical compositions, e.g., siRNA duplexes (including
the encoding plasmids or expression vectors, such as viruses, ¢.g2., AAV) to be delivered,
provided herein are principally directed to pharmaceutical composttions which are suitable
for administration to humans, it will be understood by the skilled artisan that such
compositions are gencrally suttable for administration to any other animal, ¢ g, to non-human
animals, ¢.g. non-human mammals. Modification of pharmaceutical compositions suitable for
adnunistration to humans in order o render the compositions suitable for administration to
various animals 1s well understood, and the ordimarily skilled veterinary pharmacologist can
design and/or pertorm such modification with merely ordinary, if any, experimentation.
Subjects to which administration of the pharmaceutical compositions is contemplated
mclade, buot are not Iimited to, humans and/or other primates; mammals, including
commercially relevant mammals such as cattle, pigs, horses, sheep, cats, dogs, mice, and/or
rats; and/or birds, including commercially relevant birds such as poultry, chickens, ducks,
geese, and/or turkevs.

184777  In some embodiments, compositions are administered to humans, human patients
or subjects. For the purposes of the present disclosure, the phrase “active ingredient”
generally refers cither to synthetic siRNA duplexes or to the viral vector carrving the siRNA
duplexes, or to the siRNA molecule delivered by a viral vector as described herein.

18478}  Formulations of the pharmaceutical compositions described herein may be
prepared by any method known or hercafter developed in the art of pharmacology. In general,
such preparatory methods mclude the step of bringing the active ingredient into association
with an excipient and/or one or more other accessory ingredients, and then, if necessary
and/or desirable, dividing, shaping and/or packaging the product into a desired single- or
multi-dose unit.

[8479]  Relative amounts of the active ingredient, the pharmaceuticallv acceptable
excipient, and/or any additional ingredients 1n a pharmaceutical composition in accordance
with the disclosure will vary, depending upon the identity, size, and/or condition of the
subject treated and turther depending upon the route by which the composition is to be
administered.

{04807  The siBNA duplexes or viral vectors encoding them can be formulated using one

or more gxcipients to: (1) increase stability; (2) mcrease cell transfection or transduction; (3)



WO 2020/010042 PCT/US2019/040230

permit the sustained or delaved release; or (4) alter the biodistnibution (¢.g., target the viral
vector to specific tissues or cell types such as brain and motor neurons},

{0481}  Formulations of the present disclosure can include, without limitation, saling,
bipidoids, liposomes, lipid nanoparticles, polymers, hipoplexes, core~-shell nanoparticles,

peptides, proteins, cells transfected with viral vectors (e.g.

ot

for transplantation nto a subject),
nanoparticle mimics and combinations thercof. Further, the viral vectors of the present
disclosure may be fornwlated using self-assembled nucleic acid nanoparticles.

{6482}  Formulations of the pharmaceutical compositions described herein may be
prepared by any method known or hereatier developed in the art of pharmaceology. In general,
such preparatory methods include the step of associating the active ingredient with an
excipient and/or one or more other accessory ingredients.

[3483] A pharmaceutical composition in accordance with the present disclosure may be
prepared, packaged, and/or sold in bulk, as a single unit dose, and/or as a plurality of single
unit doses. As used herein, a “unit dose” refers to a discrete amount of the pharmaceutical
composition comprising a predetermined amount of the active mgredient. The amount of the
active ingredient 1s generally equal to the dosage of the active ingredient which would be
administered (o a subject and/or a convenient fraction of such a dosage such as, for example,
one-half or one-third of such a dosage.

[3484]  Relative amounts of the active ingredient, the pharmaceatically acceptable
excipient, and/or any additional ingredients in a pharmaceutical composition in accordance
with the present disclosure may vary, depending upon the dentity, size, and/or condition of
the subject being treated and further depending upon the route by which the composition is to
be administered. For example, the composition may comprise between 0.1% and 99% (w/w)
of the active ingredient. By way of example, the composition may comprise between 0.1%
and 100%, ¢.g., between .5 and 50%, between 1-30%, between 5-809%, at least 80% (w/w)
active imgredient.

13485}  In some embodiments, the formulations described herein may contain at least one
SOD1 targeting polynucleotide. As a non-hmiting example, the formulations may contain 1,
2,3, 4 or 5 polynucleotide that target SOD1 gene at different sites.

[8486]  In some embodiments, a pharmaceutically acceptable excipient may be at least
05%, at least 96%, at least 97%, at loast 98%, at least 99%. or 100% pure. In some
cmbodiments, an excipicnt is approved for use for humans and for veterinary use. In some

embodiments, an excipient may be approved by United States Food and Drug Adounisiration.
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In some embodiments, an excipient may be of pharmaceutical grade. In some embodiments,
an excipient may meet the standards of the United States Pharmacopogia (USP), the
European Pharmacopoeia (EP), the British Pharmacopoeia, and/or the futernational
Pharmacopoeia.

{3487}  Excipients, which, as used herein, mclades, but is not limited to, any and all
solvents, dispersion media, diluents, or other liquid vehicles, dispersion or suspension aids,
surface active agents, isotonic agents, thickening or emulsifving agents, preservatives, and
the like, as suited to the particular dosage form desired. Varnious excipients for formulating
pharmaceutical compositions and techniques for preparing the composition are known in the
art {sec Remington: The Science and Practice of Pharmacy, 21% Edition, A. R. Gennaro,
Lippincott, Williams & Wilkins, Baltimore, MD, 2006, mcorporated herein by reference in
its entirety}. The use of a conventional excipient medium may be contemplated within the
scope of the present disclosure, except insofar as any conventional excipient medium may be
mcompatible with a substance or its derivatives, such as by producing any undesirable
biological effect or otherwise interacting in a deleterious manner with any other
component(s) of the pharmaceutical composttion.

{0488}  Exemplary diluents mchide, but are not nuted to, calcium carbonate, sodium
carbonate, calcium phosphate, dicalcium phosphate, calcium sulfate, calcium hydrogen
phosphate, sodinm phosphate lactose, sucrose, cellulose, microcrystalline cellulose, kaolin,
mannitol, sorbitcl, mosttol, sodium chloride, dry starch, comstarch, powdered sugar, efc.
and/or combinations thereof.

{6489}  In some embodiments, the formulations may comprise at least one inactive
mgredient. As used herein, the term “inactive ingredient” refers to one or more nactive
agents inchuded 1n formulations. In some embodiments, all, nong or some of the inactive
ingredients which may be used in the formulations of the present disclosure may be approved
by the US Food and Drug Administration (FDA).

10490}  Formulations of viral vectors carrying SOD1 targeting polynucleotides disclosed
herein may nclude cations or anions. In certain embodiments, the formulations include metal

cations such as, but not limited to, Zn*", Ca?", Cu’", Mg" and combimnations thereof.

18491}  Asused heren, “pharmaceutically acceptable salts™ refers to dertvatives of the
disciosed compounds wherein the parent compound is modified by converting an existing
acid or base moicty to its salt form (¢.g., by reacting the free base group with a suitable

organic acid). Examples of pharmaceutically acceptable salts include, but are not hnuted to,
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mineral or organic acid salts of basic residues such as amines; alkali or organic salts of acidic
residues such as carboxylic acids; and the like. Representative acid addition salts include
acetate, acetic acid, adipate, alginate, ascorbate, aspartate, benzencsulfonate, benzene suifonic
acid, benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate, citrate,
cyclopentanepropionate, digluconate, dodecyisulfate, ethanesulfonate, fumarate,
glucoheptonate, glycerophosphate, hemisulfate, heptonate, hexanoate, bydrobromide,
hydrochlonde, hydroindide, 2-hvdroxy-ethanesulfonate, lactobionate, lactate, laurate, laury!
sulfate, malate, maleate, malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate,
nitrate, oleate, oxalate, palmitate, pamoate, pectinate, persulfate, 3-phenvipropionate,
phosphate, picrate, pivalate, propionate, stearate, succinate, sulfate, tartrate, thiocyanate,
toluenesulfonate, undecanoate, valerate salts, and the Iike. Representative alkali or alkaline
garth metal salts mclude sodivm, hthium, potassium, calcium, magnesium, and the bike, as
well as nontoxic ammonium, guatemary ammoniom, and amine cations, including, but not
himited to ammonium, tetramethylammonium, tetracthvianymonium, methylanmine,
dimethylamine, tnmethylamine, tricthvlamine, ethylamine, and the like. The
pharmaceutically acceptable salts of the present disclosure mclude the conventional non-toxic
salts of the parent compound formed, for example, from non-toxic morganic or organic acids.
The pharmaceutically acceptable salts of the present disclosure can be synthesized trom the
parent compound which contains a basic or acidic moiety by conventional chemical methods.
Generally, such salis can be prepared by reacting the free acid or base forms of these
compounds with a stoichiometric amount of the appropriate base or acid in water or in an
organic solvent, or in a mixture of the two; generally, nonagueous media like ether, cthyl
acetate, ethanol, isopropanol, or acetonitnile are preferred. Lists of suitable salts are found
Remington’s Pharmaceutical Sciences, 1T ed., Mack Publishing Company, Easton, Pa.,
1985, p. 1418, Pharmaceutical Salis: Properties, Selecrion, and Use, P.H. Stahl and C.G.
Wermuth (eds.), Wiley-VCH, 2008, and Berge ¢t al., Jowrnal of Pharmaceutical Science, 66,
1-19 (1977}, the content of each of which s mcorporated herein by reference in their entirety.
10492}  The term “pharmaceutically acceptable solvate,” as used herein, mcans a
compound of the disclosure wherem molecules of a suitable solvent are incorporated in the
crystal lattice. A suitable solvent is physiologically tolerable at the dosage administered. For
example, solvaies may be prepared by crystallization, recrystallization, or precipitation from
a solution that includes organic solvents, water, or a mixture thercof. Exaraples of suitable

solvents are ethanol, water {(for example, mono-, di-, and tri-hvdrates), N-
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methvipyrrolidinone (NMP}, dimethyl] sulfoxide (DMSO), NN -dimethylformamide (DMF),
NN -dimethylacetamide (BMACQ), 1,3-dimethyl-2-imidazohidinone (BDMEU), 1,3-dimethyi-
3.4,5, 6-tctrahvdro-2-( 1 Hy-pyrimidinone (DMPU), acctonitrile (ACN), propylene glveol, cthyl
acetate, benzyl alcohol, Z-pvrrolidone, benzyl benzoate, and the like. When water 1s the
solvent, the solvate is referred to as a “hydrate.”

10493}  According to the present disclosure, the SOD 1 targeting polynuclectides, or AAY
vectors comprising the same, may be formulated for UNS delivery. Agents that cross the
brain blood barrier may be used. For example, some cell penetrating pepitides that can target
siRNA molecudes to the bram blood barrier endothelium may be used to fornnulate the siRNA
duplexes targeting SOD1 gene {e.g.. Mathupala, Kxpert Opin Ther Far., 2009, 19, 137-140;
the content of which is incorporated herein by reference 1n its entirety),

[3494]  In certain embodiments, the AAY particles of the disclosure may be formulated in
PBS, i combination with an ethylene oxide/propylene oxide copolymer {also known as
pluronic or poloxamer).

{8493}  In certain embodiments, the AAYV particies of the disclosure may be formulated in
PBS with 0.001% pluronic acid (F-68) (poloxamer 188} at a pH of about 7.0,

{0496]  In certain embodiments, the AAY particles of the disclosure may be formulated in
PBS with 0.001% pluronic acid (F-68) (poloxamer 188) at a pH of about 7.3.

{3497}  In certain embodiments, the AAY particles of the disclosure may be formulated in
PBS with 0.001% pluronic acid (F-68) {poloxamer 188} at a pH of about 7 4.

{0498]  In certain embodiments, the AAY particles of the disclosure may be formulated in
a solution compnising sodium chlonde, sodium phosphate and an ethylence oxade/propylene
oxide copolymer.

{04991  In certain embodiments, the AAY particles of the disclosure may be formulated in
a solution comprising sodivm chloride, sodium phosphate dibasic, sodium phosphate
monobasic and poloxamer 188/pluronic acid (F-68).

Administration

10500]  The SOD1 targeting polvnucleotides of the present disclosure may be administered
by any route which results in a therapeutically effective outcome. These include, but are not
hmted to intraparenchymal {into brain tissue}, intraparenchymal (spinal cord),
mitraparenchymal (CNS), enteral {into the intestine)}, gastroenteral, epidural (into the dura
matter), oral {by way of the mouth), transdermal, peridural, intracerebral (into the cercbhrum},

miracercbroventricular (into the cerebral venincles), epicutaneous {application onto the skin),
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miradermal, (into the skin itselt), subcutaneous (under the skin), nasal adminstration
{through the nose), intravenous (into a vein}, intravenous bolus, mtravenous drip, intraarterial
{into an artery), intramuscular {into a muscle), intracardiac {into the heart), intraosseous
mfusion (into the bone marrow), intrathecal (into the spinal canal), intraperitoneal, (imfusion
or injection into the peritoncum), intravesical infusion, mtravitreal, (through the eve),
mtracavernous injection {intc a pathologic cavity) intracavitary {into the base of the penig),
mtravaginal administration, mirauterine, extra-amniotic administration, transdermal
{dittusion through the mtact skin for systenuc distribution), transmucosal {diffusion through a
mucous membrane), transvaginal, msufflation (snorting), subkingual, sublabial, enema, eve
drops {onto the conjunctiva), in ear drops, auncular {in or by way of the car}, buccal {direcied
toward the check), conjunctival, cutancous, dental (to a tooth or teeth), electro-osmosis,
endocervical, endosinusial, endotracheal, extracorporeal, hemodialysis, infiltration,
mterstitial, ntra-abdominal, intra-amuniotic, intra-articular, intrabiliary, intrabronchial,
mtrabursal, imtracartilaginous (within a cartilage}, intracaudal (within the cauda equine),
mtracisternal (within the cisterna magna cerebellomedularis), mtracorneal (within the
cornea), dental infracornal, intracoronary (within the coronary arteries), tracorporus
cavernosum {within the dilatable spaces of the corporus cavernosa of the penis), intradiscal
{within a disc), intraductal {within a duct of a gland}, mtraduodenal (within the duodenum),
mtradural (within or beneath the dura), intraepidermal (to the epidermis), intragsophageal (1o
the esophagus}, intragastric {(within the stomach), intragingival (within the gingivae),
mitratleal (within the distal portion of the small intestine), intralesional (within or introduced
directly to a localized lesion), intraluminal (within a lumen of a tube), ntralymphatic (within
the lymph)}, intramedullary {within the marrow cavity of a bone}, intrameningeal (within the
meninges}, intraccular (within the eye), intraovanan {within the ovary), intrapericardial
{within the pencardium), intrapleural {(within the pleura), intraprostatic (within the prostate
gland), mtrapulmonary (within the lungs or its bronchi), mtrasmal (within the nasal or
periorbital sinuses), mtraspinal (within the vertecbral column}, intragynovial {within the
synovial cavity of a joint), intratendinous (within a tendon), intratesticular (within the
testicle), mtrathecal (within the cerebrospinal thud at any level of the cerebrospinal axis),
mtrathoracic (within the thorax), mtratabular (within the tubules of an organ), intratumor
{within a tumor}, intratympanic {(within the aures media), intravascular (within a vessel or
vessels), intraventricular (within a ventricle), iontophoresis (by means of electric current

where ions of soluble salts migrate into the tissues of the body), irmigation (to bathe or flush
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open wounds or body cavities), laryngeal (directly upon the larynx}, nasogastric (through the
nosc and into the stomach), occlusive dressing technigue (topical route administration which
is then covered by a dressing which occludes the arca), ophthalmic (to the external eve),
oropharyngeal {directlv to the mouth and pharynx), parenteral, percutancous, perarticular,
peridural, perineural, periodontal, rectal, respiratory (within the respiratory tract by ihaling
orally or nasally for local or systemic effect), retrobulbar {(behind the pons or behind the
eveball), soft tissue, subarachnoid, subconjunctival, submucosal, topical, transplacental
{through or across the placenta), transtracheal {through the wall of the trachea), transtympanic
{across or through the tympanic cavity), ureteral {to the ureter), arethral (to the urethra),
vaginal, caudal block, diagnostic, nerve block, biliary perfusion, cardiac perfusion,
photopheresis, intrastriatal (within the striatum) infusion or spinal.

{8501}  In specific embodiments, compositions incloding AAVY vectors comprising at least
one SOD1 targeting polynucieotide may be adminisiered n a way which allows them to enter
the central nervous system and penetrate o motor ncurons.

{6502} In some embodiments, the therapeutics of the present disclosure may be
administered by muscular injection. Rizvanov et al. demonstrated for the first time that
siRNA molecules, targeting mutant human SOBT mRNA, is taken up by the sciatic nerve,
retrogradely transported to the perikarva of motor neurons, and wnhibits mutant SOD1 mRNA
in SOD19%* ransgenic ALS mice (Rizvanov AA ctal., Fxp. Brain Res., 2009, 195(1), 1-4;
the content of which is mcorporated herein by reference in its entirety). Another study also
demonstrated that muscle delivery of AAV expressing small hatrpin RNAs (shRNAs} agamst
the mutant SOD1 gene, led to significant mutant SOD1T knockdown in the muscle as well as
mnervating motor neurons (Towne Cetal, Mol Ther., 2011, 19(2): 274-283; the content of
which is incorporated herein by reference 1 its entirety).

{0803} In some embodiments, AAY vectors that express sitRNA duplexes of the present
disclosure may be admimistered to a subject by peripheral injections and/or intranasal
delivery. It was disclosed in the art that the peripheral administration of AAV vectors for
siRNA duplexes can be transported to the central nervous svstem, for example, to the motor
neurons {(¢.g., U. 5. Patent Publication Nos. 20100240739; and 20100130594, the content of
cach of which is incorporated herein by reference in their entirety).

{0504} In other embodiments, compositions comprising at least one siRNA duplex of the
disclosure may be administered to a subject by intracramial delivery (See, e.g., U. 5. Pat. No.

3,119,611, the content of which 1s imcorporated heremn by reference in its entirety).

- 130-
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[0505]  The SOD1 targeting polvnucleotides of the present disclosure may be adnunistered
i any suitable forms, either as a Hquid solution or suspension, as a solid form suitable for
lguid solution or suspension in a hquid solution. They may be formulated with any
appropriate and pharmaceutically acceptable excipient.

[3506]  The SODP1 targeting polvnuclectides of the present disclosure may be administered
mn a “therapeutically effective” amount, i.¢., an amount that is sufficient to alleviate and/or
prevent at least one syraptom associated with the disease, or provide improvement in the
condition of the subject.

18507}  In some embodiments, the pharmaceutical compositions of the present disclosure
may be administered by intraparenchymal injection or infusion. As used herein, “injection”
and “infusion” may be used imterchangeably and indicate the same. As a non-hmiting
example, the pharmaceutical compositions of the present disclosure may be administered to a
subject by intraparenchymal injection. In certain embodiments, the intraparenchymal
mjection may be a spinal intraparenchymal injection, wherein the pharmaceutical
compositions may be administered divectly to the tissue of the spinal cord. In certam
embodiments, the mtraparenchymal injection may be a CNS (central nervous system})
mtraparenchymal injection wherein the pharmaceutical compositions may be administered
directly to the tissue of the CNS.

[0508]  In certain embodiments, the pharmaceutical compositions of the present disclosure
may be adounistered to the cisterna magna in a therapeutically effective amount to transduce
spinal cord motor neurons and/or astrocyics.

{8509}  In certain embodiments, the pharmaceutical composttions of the present disclosure
may be administered by intrastriatal infusion.

10518}  In some embodiments, the pharmaceutical compositions of the present disclosure
may be administered by intraparenchymal mjection as well as by another route of
administration described hereim.

10511} In some embodiments, the pharmaceutical compositions of the present disclosure
may be adonunistered by intraparenchymal mjection to the CNS, the bramn and/or the spinal
cord.

8512}  In some embodiments, the pharmaceutical compositions of the present disclosure
may be administered by intraparenchymal injection and infrathecal injection. In certain
cmbodiments, the pharmaceutical compositions of the present disclosure may be

administered by mtraparenchymal injection and intrastriatal injection.

-131-
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{6513}  In certain embodiments, the AAV particle described herein 1s adounistered via
mtraparenchymal (IPa} infusion at any level of the spmal cord, at a single or at multiple sites,
at a valume of more than lul. In certain embodiments, a volume of 1ul-100ul. is
adminustered. In certain embodiments, a volume of 1ul-~240ul is admimstered. In certain
embodiments, a volume of 1ul-240ull is adounistered. In certain embodiments, a volume of
1ul~220uL 15 administered. In certain embodiments, a vohime of between 1ub-200ul is
adnunistered. In certain embodiments. a volume of 1ul-180ul 1s administered. In certain
embodiments, a volume of lul-160sL is adoumistered. In certain embodiments, a volume of
1ul-150ul i1s admuenistered. In certain embodiments, a volume of Tul-140ul is administered.
In certain embodiments, a volume of Tul-130ul. 1s admumistered. In certain embodiments, a
volume of [ul-120ul is adnunistered. In certain embodiments, a volume of 1ul-110ul s
adminigtered. In certamn embodiments, a volome of 1ul-90ul. 1s admimstered. In cortain
embodiments, a volume of between 1ul-80ul 1s administered. In certain embodiments, a
volume of 1ul-70ull s administered. In certain embodiments, a volume of 1ul-60ul. 15
adounistered. Tn certain embodiments, a volume of 1ul-530ull 1s adnunistered. In certan
embodiments, a volume of 1ul~40ul is admimstered. In certain embodiments, a volume of
1uL-30ul 1s admimstered. In certain embodiments, a volume of Tul-20ul is administered. In
certain embodiments, a volume of 5ul-60ul. s admunistered. In certain embodiments, a
volume of S3ul-240uL 1s administered. In certain embodiments, a volume of 10ul-20ul. is
administered. In certain embodiments, a volume of 10ul-30ul 1s administered. In certain
embodiments, a volume of 10ul-40ul is adnunistered. In certain embodiments, a volume of
10ul~-50ul. 1s adnunistered. In cortamn embodiments, a volume of 10ul-60ul 1s adminustered.
In certain embodiments, a volume of 10ul-80ul. 1s admimstered. In certain embodiments, a
volume of 10ul-90ul is administered. In certain embodiments, a volume of 20ul-240 ul. 15
adminustered. In certain embodiments, a volume of 20ul-200ull is administered. In certain
embodiments, a volume of 20ul.-180 ul. 1 admunistered. In certamn embodiments, a volume
of 20ul-150ul 15 administered. In certain embodiments, a volume of 20uL-120uL 1s
adnunistered. In certain embodiments, a volume of 20ul-100uL. is administered. In certain
embodiments, a volume of 20ul~80uL is admunistered. In certain embodiments, a volume of
20ul-60ul 1s admunistered. In certain embodiments, a volume of 20ul-50ul 15 admimsterad.
In certain embodiments, a volume of 20ul-40ul. 1s adminmistered. In certain embodiments, a
volume of 20ul-30ul. 1s adounistered. In certain embodiments, a volume of 50ul~-200 ul. 1s

adminustered. In certain embodiments, a volume of S0ul-180ul is adounistered. In certam
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embodiments, a volume of 30ulL-150ul 15 adnunistered. In certain embodiments, a volume of
50ul-100ul is admanistered. In certain embodiments, a volume of 50ul-80aL is
adminustered. In certain embodiments, a volume of 50ul-70ul. 1s administered. In certain
embodiments, a volume of 100uL-240ul. 15 admistered. In certain embodiments, a volume
of 100ul-200 ul. is adounistered. In certain embodiments, a volame of 100aL-180ul 18
administered. In certain embodiments, a volume of 100ul-150uL 1s administered.

{0514}  The spinal cord is sttuated within the spine. The spine consists of a serics of
vertebral segments. There are 7 cervical {(C1-C7}, 12 thoracic (T1-T1i2), 5 lumbar (L1-L.3),
and 5 sacral (51-85) vertebral scgments. Intraparenchymal mjection or infusion into the
spinal cord of AAV particles descnibed herein may occur at one or multiple of these vertebral
segments. For example, intraparenchymal injection or infusion into the spinal cord of AAY
particles described herein may occur at 1, 2, 3, 4, 5, or more than 5 sites. The
mitraparenchymal injection or mnfusion sites may be at one or more regions independently
selected from the cervical spinal cord, the thoracic spinal cord, the lumbar spinal cord, and
the sacral spinal cord. In some embodiments, AAV particles described herein are
administered via intraparenchymal (FPa) infasion at two sites mto the spinal cord.

{0515}  In some embodiments, the AAV particle described herein may be administered via
ntraparenchymal (IPa) infusion to one or more sites {¢.g., 2. 3, 4 or 5 sites) selocted from C1,
€2, C3, C4, 5, C6, and C7. In some embodiments, the AAV particle described herein may
be admuinistered via intraparenchymal {IPa} infusion o two sites selected from C1, €2, 3,
C4, C5, C6, and C7.

[6516]  In some embodiments, the AAY particle described herein may be administered via
mtraparenchymal (IPa} infusion to one or more sites {c.g., 2, 3, 4 or 5 sites) selected from T1,
T2, T3, T4, 75,76, T7, T8, T9, T10, T11, and T12. In some embodiments, the AAY particle
described herein may be administered via intraparcnchymal (IPa) infusion to two sites
selected from T4, T2, T3, T4, T35, T6, T7, T8, T9, T10, Ti1, and T12.

10517} In some embodiments, the AAY particle described herein may be administered via
mtraparenchymal (IPa} infusion to one or more sites (c.g., 2, 3, 4 or 5 sites) selected from L1,
L2, 13,14, and LS. In some embodiments, the AAV particle described herein may be
administered via intraparenchymal (IPa) infusion to two sites selected from L1, L2, 1.3, 14,
and L3

{0518}  In some embodiments, the AAV particle described herein may be adnunistered via

miraparenchymal {(IPa) infusion to one or more sites {¢.g., 2, 3, 4 or 5 sites) selected from S,
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52,83, 84, and 55. In some embodiments, the AAYV particle descnibed herein may be
administered via intraparenchymal (IPa} infusion to two sites selected from 51, 82, 53, 54,
and S5

{0519}  In some embodiments, the AAYV particle described herein may be adnunistered via
mtraparenchymal (IPa}) infusion at one or more sites (.2, 2, 3, 4 or 3 sites) selected from €1,
C2,C3.C4,C5,C6,C7.T1, 12,73, T4, T35, 76, T7, T8, 79, T10. T11, T12. L1, L2, L3, L4,
L3, 81, 82, 83, 54, and $3. In certain embodiments, the AAVY particle described herein may
be adnmunistered via intraparenchymal (IPa) infusion at two sites selected from C1, C2, 3,
C4,C5,C6,C7, T 12,73, T4, 75, T6, T7, 18,79, T10, T11, Ti2, L1, L2, L3, L4, L5, S,
82, 83, 84, and 85.

[85206] In some embodiments, the AAV particle described herein may be adnunistered fo
one or more sites (e.2., 2, 3, 4 or 5 sites) selected from C1, C2, €3, C4, C5, C6, C7, T1, 12,
T3.T4,75,7T6, T7. T8, T9, T10, T11, T12, L1, L2, L3, L4, and L3. In certain embodiments,
the AAV particle described herein may be adounistered via intraparcnchymal (IPa) mfusion
at two sites selocted from CL, €2, C3, C4, C5, €6, C7,T1, T2, T3, T4, TS, To, T7, TR, T9,
TI0, T TI2, L1, L2, L3, L4, and L5,

10521}  In some embodiments, the AAYV particle described herein may be administered {o
one or more levels (e.g., 2, 3, or 4 sites) selected from C1, C2, C3, C4, C5, T, C7, 171, T2,
T3, T4, T5, 76, T7, T8, T9, T10, T11, and T12. In certain embodiments, the AAY particle
described herein may be administered via intraparenchymal (1Pa) infusion at two sites
selected from C1, C2, C3, C4, C5, Co, C7,T1, T2, T3, T4, T5, 76, 77, T8, 19, T10, T, and
T12. As a non-limiting example, the two sites may inclade one site from the cervical spinal
cord region {e.g., C1-C7) and one site from the thoracic spinal cord region {e.g., T1-T12}.
10522} In some embodiments, the AAV particle described herein may be administered {o
one or more levels (e.g., 2, 3, or 4 sites) selected from C1, C2, C3, C4, C5, T, C7, L1, L2,
L3, L4, and L3. In certain embodiments, the AAV particle described herem may be
administered via intraparenchymal (1Pa) infusion at two sites selected from C1, €2, 3, 4,
C5, C6, C7, L1, L2, L3, L4, and L5, As a non-limiting example, the two sites may include
ong site from the cervical spinal cord region {e.g., C1-C7) and one site from the lumbar spinal
cord region {e.g., L1-L3).

10523}  In some embodiments, the AAYV particle described herein may be administered {o
one or more levels (e.g., 2, 3, or 4 sites) selected from T1, T2, T3, T4, T35, T6, 17, T8, 19,

T10,T11, Ti2, L1, L2, L3, 14, and L5, In certain embodiments, the AAY particle described
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herein may be adnunistercd via intraparenchymal (IPa) infusion at two sites selected from T1,
12,73, T4, 75,776, T7, T8, T9, T10, TH1, T12, L1, L2, 1.3, L4, and L3, As a non-limiting
cxample, the two sites may nclude one site from the thoracic spinal cord region (¢ g., T1-
T12) and one site from the lumbar spinal cord region (e.g., L1-L5).

10524}  In certain embodiments, the AAV particle described herein i1s administered via
mtraparenchymal (IPa} infusion at C1, €2, C3, {4, C5, €6, C7, and/or L1,

10525}  In certain embodiments, the AAYV particle described herein is adnunistered via
mtraparenchymal (1Pa) infusion at C1. In cerfam embodiments, the AAV particle described
herein 1 administered via intraparenchymal (1Pa) mfusion at C2. In certain embodiments, the
AAV particle described herein is administered via mtraparenchymal (1Pa) infusion at T3, In
certain embodiments, the AAV particle described herein is admimstered via
mtraparenchymal (IPa} infusion at C4. In certain embodiments, the AAY particle descnibed
herein 1s administered via intraparenchvmal (1Pa} ifusion at C5. In certain embodiments, the
AAY particle described herein is administered via intraparcnchymal (IPa) infusion at €6. In
certain embodiments, the AAY particle described herein 1s adnunistered via
mtraparenchymal (FPa} infusion at C7.

10526}  In certain embodiments, the AAY particle deseribed herein is administered via
mtraparenchymal (IPa) infusion at two sites. o cortain embodiments, the AAY particle
described herein 1s administered via intraparenchymal (1Pa) nfusion at C1 and €2, In certain
embodiments, the AAVY particle described herein is admimistered via intraparenchymal (IPa)
mfusion at C1 and C3. In certain embodiments, the AAY particle described herein is
adnunistered via intraparenchymal (IPa) infusion at C1 and C4. In certain embodiments, the
AAYV particle described herein is administered via intraparenchymal (IPa} infusion at C1 and
5. In certain embodiments, the AAV particle described herein i3 adnunistered via
mtraparenchymal (IPa) infusion at C1 and C6. In certain embodiments, the AAV particle
described herein is admunistered via intraparenchymal (IPa) infusion at C1 and C7.

10527} In certain embodiments, the AAV particle described herein is admunistered via
mtraparenchymal (IPa) infusion at two sites. In certain embodiments, the AAV particic
described herein is administered via intraparenchymal (IPa) mfusion at C2 and C3. In certain
embodiments, the AAY particle described herein ts administered via intraparenchymal (IPa)
mfusion at C2 and C4. In certain embodiments, the AAY particle described herein is
administered via intraparenchvmal (IPa) infusion at C2 and C3. In certain embodiments, the

AAV particle described herein is admimisiered via intraparenchymal (IPa) infusion at €2 and
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C6. In certain embodiments, the AAV particle descrbed herein is administered via
mtraparenchymal (FPa} infusion at €2 and C7.

{0528}  In certain emboduments, the AAY particle described herein is administered via
miraparenchymal (IPa) infusion at two sites. In certain embodiments, the AAV particle
described herein 1s administered via intraparenchymal (1Pa) nfusion at U3 and C4. In certain
embodiments, the AAVY particle described herein is admimistered via intraparenchymal (IPa)
mfusion at 3 and €5, In certain embodiments, the AAV particle described herein is
adnunistered via intraparenchymal (IPa) infusion at €3 and C6. In certain embodiments, the
AAYV particle described herein is administered via intraparenchymal (IPa) infusion at €3 and
7.

[0529]  In certain embodiments, the AAY particle described herein is administered via
mtraparenchymal (IPa} infasion at two sites. In certain embodiments, the AAV particle
described herein is administered via intraparenchymal (1Pa) infusion at €4 and €5, In certain
embodiments, the AAY particle described herein is adnunistered via intraparenchymal (IPa)
mfusion at C4 and C6. In certain embodiments, the AAV particle described herein 1s
administered via intraparenchymal (FPa) infasion at €4 and C7.

10538}  In certain embodiments, the AAY particle described herein is administered via
mtraparenchymal (IPa) infusion at two sites. o certain embodiments, the AAY particle
described herein 1s administered via intraparenchymal (1Pa) nfusion at €5 and 6. In certain
embodiments, the AAVY particle described herein is admimistered via intraparenchymal (IPa)
mfusion at C5 and C7.

{6831}  In certain embodiments, the AAV particle described herein 1s adounistered via
mtraparenchymal (IPa} infusion at two sites. In certain embodiments, the AAVY particle
described herein is administered via intraparenchymal (1Pa) infusion at C6 and €7 of the
spinal cord.

{0532}  In certain embodiments, the AAY particle described herein is administered via
spintal cord infusion at two sites. In another embodiment, the AAV particle described herein
comprises administration at level C3 or €5 of the spinal cord. In vet another crmbodiment, the
AAV particle described herein are admunistered at levels €3 and C5 of the spinal cord.
18533}  The intraparenchymal (IPa) infusion may be for 1,2, 3.4, 6,7, 8,9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20, 21,22, 23, 24, 25,26, 27, 28. 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39,40,41, 42,43, 44, 45,46, 47, 48, 49, 50, 51, 52, 533, 54, 55, 56, 57, 58, 59, 60 or more

than 60 minutes. As a non-hinuting example, the infusion is for 10 minutes. As a non-limiting
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example, the mfusion is for 11 ninutes. As a non-limiting example, the mfusion is for 12
minutes. As a non-limiting example, the infusion s for 13 minuates. As a non-limiting
cxample, the infusion 1s for 14 minutes. As a non-limiting example, the infusion s for 15
minues.

[8534]  The miraparenchyvmal (IPa}, e g., spinal cord, infusion may be, independently, a
dose volume of about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 53, 60, 80, 120, 240 or more than
240 ul.. As a non-limiting example, the dosc volume 1s about 20 vl.. As a non-limiting
example, the dose volume is about 25 ul.. As a non-linuting example, the dose volume 1s
about 30 ul. As a non-limiting example, the dose volume is about 35 uL. As a non-limiting
example, the dose volume is about 40 ul. Ag a non-hmiting example, the dose volume is
about 45 ul.. As a non-limiting example, the dose volume is about 50 ul.. As a non-hmiting
gxample, the dose volume is about 60 ul.. As a non-limiting example, the dose volume 15
about 80 ul.. As a non-limiting example, the dose vohume is about 120 vl As 3 non-linuting
example, the dose volume is about 240 ul..

{65835}  In certain embodiments, the dose volume 1s Sul~-60ull per site of adnunistration. In
another embodiment, the dose volume 18 25ubL-400L per site of administration. In certain
embodiments, the dose volume 1s Sul-60ul for admunistration to level C3, C5, €6, or 7 of
the spinal cord. In certain embodiments, the dose volume is Sul~-60ul. for administration o
level €3 of the spinal cord. In ancther embodiment, the dose volume 15 5ul-60ul for
administration to level €3 of the spinal cord. In vet another embodiment, the dose voluime is
Sul-60ul. for adminstration to level C3 of the spinal cord and the dose volume for
adnunistration to level €S of the spinal cord is Sul-60ul. In certain embodiments, the dose
volume ts 25ul-40ul. for administration to level C3, C5, €6, or €7 of the spinal cord. In
certain embodiments, the dose volume 1s 25ul-40ull for administration to level 3 of the
spinal cord. In another crabodiment, the dose volume is 25ul-40ul. for admuustration to
tevel €5 of the spinal cord. In vet another embodiment, the dose volume is 25ul-40ul. for
administration to level €3 of the spinal cord and the dose volume for adnunistration to level
C5 of the spinal cord is 25ul-40ulL.

{6836}  The intraparenchymal (IPa), e. 2., spinal cord, infusion mayv be at an injection rate
of 1,2,3,4,5,6,7.8 9, 10,11, 12 13, 14, 15, or more than 15 ul/min. As a non-limiting
example, the injection rate is 5 ul/min.

{0837}  The intraparcnchvmal (1Pa), e.g., spinal cord, infusion may be at a dosc between

about Ix10° VG and about 1x10' VG, In some embodiments, delivery may comprise a
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composition concentration of about Ix10°8, 2x10°, 3x10°, 4x10° 3x10°, 6x10°, 7x10°, 8x10°,
Ox10°, 1x107, 2x107, 3107, 4x107, 5107, 65107, Tx107, 8x107, 9x107, 1x10%, 2x108, 3x10%.
4108, %105 6x 108, Tx 105, 8x 108, Ox 108, 1x 10, 2x10°, 3x10, 4x10°, 3% 10, 6x10°. Tx10°,
$x10° Ox10° 1x10M 2x101%, 3x1010 4x1010 5100, 6x 1010, Tx 10, 8x101°, 9x101. 1x10M
2x10%, 2 1<10ML, 225107, 2.3x 101, 2.4x10' 2.5x101, 2.6x10, 2.7x101, 2.8x 101,
29101, 3510, 4x10%, 4 1x10ML 42101 431011 4.4x101 4 5¢10' 4.6x101 4.7x101
4.8x10M, 4.9x10', 3x10M, 6x10Y, 6.1x107, 6 2x10Y, 6.3x10', 6.4x10Y, 6.5x 10, 6.6x107,
6.7x107, 6 8x10W, 6.9x 10, 710V, 7 Ix 10U, 7.2x10', 73x10Y, 7 4101 7.5x10Y,
763101, 7 x 10, 78510, 7.9x10%, $x10'%, Ox 10, 1x10', 1.1 x10'2, 1.2<10'2 1.3x10'2,
14x1012, 1.5x1012, 1.6x1012, 1.7x1012, 1 8x10'2, 1 951012 2x10%2, 3x10%2, 4x1012, 4 1x10'2,
42x10%, 43x10%, 4 4% 10, 4 5x1072.4.6x10%, 4.7x107°, 4 8x10'%, 4 9x101, 5x10'7, 6x 1077,
Tx10%2, $x1012, 8.1x10'2, 8 2x10'2, 8 3x10'2, 8 4x10'2 8 5x10'2 8.6x10'2 8 7x10'2, 8.8
X1012, 8.0x10'2 9x 1012, 1x101, 2x101, 3x101. 4x 101, 5x101%, 6x1013, 6.7x1013, 7x10%3,
x108, Ox1013, Ix101, 2x 10 3x10M, 4x10M 3x10M oxi0M 7x104, &x1014, 9x10H,
1105, 2x1015, 3x1075 4x10'5, 5% 1015, 6x10'5, 7x 1015, 851015, 9x10%, or Ix101° VG, Asa
non-limiting cxample, the dose 1s 4 4210 VG. As a non-limiting example, the dose is
14x10M VG, As a non-limiting example, the dose is 4.1x10' VG. As a non-limiting
example, the dose is 4 4x10Y VG. As a non-limiting example. the dose is 5.0x10M VG Asa
non-limiting example, the dose is 3. 1x10Y VG, As a non-limiting example, the dose is
6.6x101 VG, As a non-limiting example. the dose is 7.2x10 VG, As a non-limiting
example, the dose is 8.0x10M VG, As a non-limiting cxample, the dose is 8. Ix101 VG Asa
non-limiting example, the dose 1s 1.0x10 VG, As a non-limiting example, the dose is
LIx10'2 VG, As a non-limiting example, the dose is 1.2x10'? VG. As a non-limiting
example, the dose is |.3x10' VG, As a non-limiting example, the dose is 1.0x10%Y ve-
1L.Ox10? VG. As a non-limiting example, the dose is 5.0x10" vg- 8 Ox 10" VG,

[0538]  In certain embodiments, the intraparenchymal (JPa), e.g., spinal cord, infusion may
be between about 1.0x10"° VG/ml and about 3x107 VG/ml. In another embodiment, the
intraparenchymal (IPa), e.g., spinal cord, infusion is | 5x10" VG/mi-3.0 x108° VG/ml. In vet
another embodiment, the intraparenchymal (IPa), e.g., spinal cord, infusion is 1 8x10"
VG/ml - 2 5510 VG/ml. In certain embodiments, the intraparenchymal (IPa), e g, spinal
cord, infusion is 1.8x10Y VG/ml, 1.83x108 VG/ml, 1.9<107 VG/ml, 1.95x108 VG/ml,
2108 VG/ml, 2.01x108 VG/ml, 2.02x108 VG/ml, 2.03x100 VG/ml, 2.04x108° VG/ml,
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2.05x10" VG/ml, 2.06x10% VG/ml, 2.07x1077 VG/ml, 2.08<10P VG/ml, 2.09x10° VG/ml,
or 2.10x10% VG/ml.

{0539}  In certain embodiments, the dose volume is Sul-60ul. per site of admimstration
and the dose is 1.0x10° VG- 1.0x10Y2 VG, In certain embodiments, the dose volume 15 Sul-
60uL per site of administration and the dose is 5.0x10" VG- 8.0x101' VG, In another
embodiment, the dose volume is 25uL-40ul per site of administration and the dose is
1.0x10° VG- 1.0x101 VG, In another embodiment, the dose volume is 25ul~-40ul. per site
of administration and the dose is 5.0x10 VG- § 0x10"' VG. Tn certain embodiments, the
dose volume is Sul-60ul for administration o level C3, C5, €6, or 7 of the spinal cord and
the dose is 1.0x1040 VG- 1.0x104 VG, In certain embodiments, the dose vohume is 5ul-600L
for administration to level €3, €5, €6, or C7 of the spinal cord and the dose is 5.0x10! VG-
3.0x10" VG. In certain embodiments, the dose volume is SuL-60ul. for administration to
evel (3 of the spinal cord and the dose is 1 0x10'° VG- 1.0x10P2 VG, In certain
embodiments, the dose volume is Sul.-60ul. for administration to level €3 of the spinal cord
and the dose i1s 5.0x 10" VG- 8.0x10 VG, In another embodument, the dose volume is Sul-
60uL for administration to level C3 of the spinal cord and the dose is 1.0x10° VG- 1 0x107?
V&, In another embodiment, the dose volume 1s Sul~-60ul. for admmistration to level €5 of
the spinal cord and the dose is 5.0x10!! VG- 8.0x10' VG. In yet another embodiment: 1) the
dose vohime 13 Sol-60ul for administration to level C3 of the spinal cord and the dose is
1.Ox1010 VG- 1.0x10°° VG, for example, 5.0x101 VG- 8.0x10!! VG, and i) the dose volume
for administration to level C3 of the spinal cord is Sul~-60ul. and the dose is 1.0x10Y9 VG-
1.0x101? VG, for example, 5.0x101 VG- 8. 0x10' VG In certain embodiments, the dose
volume ts 25ul-40ul. for administration to level C3, C5, €6, or €7 of the spinal cord and the
dose is 1.0x109 VG- 1.0x10'? VG. In certain embodiments, the dose volume is 25ul-40ul
for administration to level €3, €5, €6, or C7 of the spinal cord and the dose is 5.0x10! VG-
3.0x10"' VG, In certain embodiments, the dose volume is 25ul-40ul for administration to
fevel (3 of the spinal cord and the dose is 1 .0x10'® VG- 1.0x102 VG, In certain
embodiments, the dose volume is 25ub.-40uL. for administration to level C3 of the spinal cord
and the dose i1s 5.0x 10" VG- 8.0x10 VG, In ancther embodiment, the dose volume s 25ul~
40ul for administration to level €3 of the spinal cord and the dose is 1.0x10'° VG- 1 0x107?
V. In another embodiment, the dose volume i1s 23ul~-40ull for administration to level €5 of
the spinal cord and the dosce is 5.0x10!! VG- 8 0x 10! VG. Tn yet another embodiment, 1) the

dose volume 1s 25ul~40ul. for administration 1o level C3 of the spinal cord, and the dose 1s
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1.0x10' VG- 1.0x10P VG, for example, 5.0x10' VG- 8.0<10 VG, and i) the dose volunie
for administration to level C3 of the spinal cord is 25uL-40uL, and the dose is 1.0x10° VG-
1L.Ox102 VG, for example, 5.0x101 VG- 8.0x101 VG,

[3348]  In certain embodiments, the AAV particle described herein encoding siRNA
molecules may be administered via intraparenchymal (IPa) mfusion at two sites. The AAV
particles may be delivered at the same or different volume for both sites. The AAV particles
may be delivered at the same or different volumes for both sites. The AAV particles may be
delivered at the same or different mfusion rates for both sites.

18541}  In certain embodiments, the AAV particle deseribed herein encoding siRNA
molecules may be administered via intraparenchymal (1Pa) infusion at two sites. The AAY
particles may be delivered at the same volume for both sites. The AAVY particles mav be
debivered at the same dose for both sites. The AAV particles may be delivered at the same
mfusion rates for both sites.

[0542]  In certain embodiments, the AAV particle described herein encoding siRNA
molecules may be admunistered via intraparenchymal (IPa) mfusion at two sites. The AAV
particles may be delivered at different volumes for both sites. The AAV particles may be
delivered at different doses for both sites. The AAVY particles may be delivered at different
mfusion rates for both sites.

185431  In certain embodiments, the AAV particle described herein encoding siRNA
molecules may be administered via intraparenchymal {IPa} infusion at two sites. The AAVY
particles may be delivered at the same volume for both sites. The AAV particles may be
delivered at different dose for both sites. The AAV particles may be delivered at different
mfusion rates for both sites.

{0544}  In certain embodiments, the AAV particle deseribed herein encoding siRNA
molecules may be administered via intraparenchymal (1Pa) infusion at two sites. The AAY
particles may be delivered at the same volume for both sites. The AAVY particles mav be
delivered at different dose for both sites. The AAV particles may be delivered at the same
mfusion rates for both sites.

[0545]  In certain embodiments, the AAY particle described herein encoding siRNA
molecoles may be administered via intraparenchymal (IPa) infusion at two sites. The AAV
particles may be delivered at the same volume for both sites. The AAY particles may be
delivered at the same dose for both sites. The AAY particles may be delivered at different

mifusion rates for both sites.
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[0546]  In certain embodiments, the AAV particle described herein encoding siRNA
molecoles may be administered via intraparenchymal (IPa) infusion at two sites. The AAV
particles may be delivered at difforent volumes for both sites. The AAVY particles may be
delivered at the same dose for both sites. The AAVY particles may be delivered at the same
mfusion rates for both sites.

18547]  In certain embodiments, the AAV particle described herein encoding siRNA
molecules may be administered via intraparcochymal (IPa) infusion at two sites. The AAY
particles may be delivered at different volume for both sites. The AAY particles mav be
delivered at different dose for both sites. The AAV particles may be delivered at the same
mfusion rates for both sites.

[3348]  In certain embodiments, the AAV particle described herein encoding siRNA
molecules may be administered via intraparenchymal (IPa) mfusion at two sites. The AAV
particles may be delivered at different volumes for both sites. The AAV particles may be
delivered at the same dose for both sites. The AAV particies may be delivered at different
mfusion rates for both sites.

18549  In certain embodiments, the AAV particle deseribed herein encoding siRNA
molecules may be administered via intraparenchymal (1Pa) wfusion at €3 and C5. For the
infusion at C3, the volume may be 235 uL and the dose may be 4.1x10! vg. For the infusion at
(3, the volume may be 40 vl and the dose may be 6.6x10" vg. The injection rate for both
mfusions may be 5 ul/min for about 13 minutes.

10550}  In some embodiments, IPa infusions (¢.g., spinal cord) may result in dehivery of
the pharmaceutical compositions (1.e., AAV particles) along the extent of the rostral-caudal

axis of the spinal cord. In some embodiments, IPa mfustons {e.g.

=

spinal cord} vield a
rostrocaudal gradient of AAY particle transmission. In some embodiments, [Pa infusions
{c.g., spinal cord) result in delivery of the pharmaceutical compositions to regions distal to
the mmjection site. While not wishing to be bound by theory, AAY particles of the disclosure
may travel the length of the rostral candal axis of the spinal cord subsequent to IPa infusion at
a particular sitc. In other words, the AAV particles may not confined to the immediate
vieimty of the mjection site. As a non-himiting example, the AAV particles may be
transported by a trans-synaptic {across the synapse) mechanism. This trans-svnaptic
mechanism may follow a tract or chamnel present along the rostral-caudal axis of the spinal

cord.
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Devices

8551}  Asused herein, the term “device” refers to any article constructed or modified to
suit a particular purpose, such as facilitating the delivery of the pharmaceutical compositions
to a subject or the detection of the adnunistered pharmaceutical compositions in a subject.
[85532]  In some embodiments, the devices may be utthized for intraparenchymal injection
of the pharmaceutical compositions. Devices may also be used to administer the
phammaceutical compositions to the spinal cord.

[6553]  In some embodiments, the device may be a custom floating cannula. In certain
embodiments, the custom infusion cannula with a narrow diameter is used for the njections.
The cannula may include a 30-gauge beveled needle of fixed length connected to a 30-gauge
flexable silastic tubing of variable length. The distal end may be fitted with a Hamilton luer
lock, which, m turn, may be attached to a microiniector pump. The proxamal silastic tubing
may be ensheathed within a 24-gauge rigid outer cannula that is seated on the proximal end
of the injection needic flange. The flange seats the outer cannula and may serve as a depth
stop for the mjection needle

{0554}  In certain embodiments, the device may be an intraspinal cannula. The intraspinal
cannula may include proximal syringe connection and a distal tip. The proximal svringe
connection comprises a fomale luer lock svringe connector which may be connected to a 3-
20" cannula with protective sheathing. The canmila may include a single internal lomen from
the distal tip to the syringe. The cannula may melude a 4-6" flexible portion near the distal
tip. The distal tip inchudes a flange/depth stop and a blunt rigid tip. The intraspinal cannula
may also include a mechanism for attachment to the subject.

{05558}  In certain embodiments, the device may be a complex stereotactic frame.

{0556}  In certain embodiments, the device may be a simplified stereotactic frame.

{0557}  In certain embodiments, the pharmaceutical compositions may be delivered
without a frame.

10558]  In certain embodiments, the device may be magnetic resonance imager. Such
mmagers when used in conjunction with contrast agents such as Gadolintum can detect the
administered pharmaceutical compositions in 4 subject.

18559}  In certain embodiments, any of the devices described herein may be combined to

deliver and/detect the administered phamnaceutical compositions.
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Dosing

85688}  The pharmaceutical composttions of the present disclosure may be administered to
a subject using any amount effective for preventing and treating a SOD1 associated disorder
{e.g., ALS) The exact amount required will vary from subject to subject, depending on the

&
species, age, and general condition of the subject, the severity of the disease, the particular
composition, its mode of administration, its mode of activity, and the like.

10561}  The compositions of the present disclosure are typically formulated in unit dosage
form for ease of administration and unifornuty of dosage. It will be understood, however, that
the total daily usage of the compositions of the present disclosure may be decided by the
attending physician within the scope of sound medical judgment. The specific therapeutically
effectiveness for any particular patient will depend upon a variety of factors including the
disorder being treated and the severity of the disorder; the activity of the specific compound
employed; the specific composition employed; the age, body weight, general health, sex and
diet of the patient; the fime of administration, and route of administration,; the duration of the
treatment; drugs used in combination or coincidental with the specific compound emploved;
and like factors well known in the medical arts.

{0562]  In some specific embodiments, the doses of AAV vectors for delivering siRNA
duplexes of the present disclosure may be adapted dependent on the disease condition, the
subject and the treatment strategy, ete. Typically, about 10°, 108, 102, 107, 10% 107 10 10
viral genome {unit} may be admunistered per dose.

{0563}  The desired dosage may be delivered three times a day, two times a day, once a
day, every other day, every third day, every week, every two weeks, every three weeks, or
every four weeks.

{0564}  In certain embodiments, the desired dosage may be debivered using multiple
administrations (e.2.. two, three, four, five, six, seven, ¢ight, ning, ten, eleven, twelve,
thirteen, fourteen, or more administrations). When multiple adnunistrations are employed,
split dosing regimens such as those described herein may be used. As used herein, a “split
dose” 1s the division of single unit dose or total daily dose into two or more doses, e.g., two
or more administrations of the single unit dose. As used herein, a “single umit dose™ 1s a dose
of any modulatory polymucleotide therapeutic administered i one dose/at one time/single
route/single point of contact, i.¢., single administration event. As used herein, a “total daily
dose” is an amount given or prescribed in 24 hr period. it may be admunistered as a single

unit dose. In certain embodiments, the viral vectors comprising the SOD1 targeting
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polynucleotides of the present disclosure are administered to a subject mn splhit doses. They

may be formulated in buffer only or in a formulation described hereim.

Methods of treatment of disorders associated with the spinal cord, including ALS

{3565]  Provided in the present disclosure are methods for introducing the SOD1 targeting
polynucleotides described herein into cells, the method comprising introducing into said cells
any of the polynucleotides in an amount sutticient for degradation of target SOD1 mRNA to
occur. In some aspects, the cells may be stem cells, nearons such as motor newrons, muscle
cells and glial cells such as astrocytes.

[0566]  Described here are methods for delivering AAV particles to the spinal cord, for the
treatment of disorders associated with the spinal cord, such as, but not limited to motor
neuron disease (¢.g., ALS). In certain embodiments, these methods result in trans-synaptic
ITansmission.

165677  Disclosed herein are also methods for treating ALS associated with abnormal
SODHuanction in a subject in need of treatment. The method optionally comprises
administering to the subject a therapeutically effective amount of a composition comprising
ot encoding at least one siRNA duplex targeting SOD1 gene. Said siRNA duplex will silence
SOD1 gene expression and imhibit SOB1 protein production and reduce one or more
symptoms of ALS in the subject such that ALS is therapeutically treated.

{0568}  In some embodiments, the SODI targeting polynucleotide of the present disclosure
or the composition comprising or encoding is administered to the central nervous system of
the subject. In other embodiments, the siRNA duplex of the present disclosure or the
composition comprising it s adoinistered to the muscles of the subject

[0869]  In particular, the SODI targeting polynucleotides mav be delivered into specific
types of targeted cells, including motor neurons; ghal cells including oligodendrocyie,
astrocvie and microglhia; and/or other cells surrovnding neurons such as T cells. Studies i
human ALS patients and animal SOD1 ALS mode! implicated that ghial cclis play an early
role in the dvsfunction and death of ALS neurons. Normal SOD1 in the surrounding,
protective glial cells can prevent the motor neurons from dying even though mustant S0D1 is
present in motor neurons {e.g., reviewed by Philips and Rothstein, Exp. Neuro!., 2014, May
22 piv S0014-4886(14)00157-5; the content of which is incorporated herein by reference in

its entirety).
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{8578  In some specific embodiments, at least one siRNA duplex targeting SOD1 gene
used as a therapy for ALS 1s inserted in a viral vector, such as an AAV vector.

{6571}  In some embodiments, the present composition is administered as a single
therapeutic or combination therapeutics for the treatment of ALS.

185721 The viral vectors comprising or encoding siRNA duplexes targeting SOD1 gene
may be used 1 combination with one or more other therapeutic, agents. By “in combination
with,” it 18 not intended to 1mply that the agents must be administered at the same time and/or
formulated for delivery together, although these methods of delivery are within the scope of
the present disclosure. Compositions can be admunistered concurrently with, prior to, or
subsedpient to, one or more other desired therapeutics or medical proceduires. In general, each
agent will be administered at a dose and/or on a time schedule determined for that agent.
18573}  Therapeutic agents that may be used in combination with the SOIM targeting
polynucleotides of the present disclosure can be small molecule compounds which are
antioxidants, anti-inflammatory agents, anti-apoptosis agents, calcium regulators,
antighitamatergic agents, structural protem mhibitors, and compounds involved in metal ion
regulation.

10574}  Compounds used in combination for treating ALS may include, but are not hmited
to, agents that reduce oxidative stress, such as free-radical scavengers, or Radicava
{edaravone}, antighutamatergic agents: Riluzole, Topiramate, Talampanel, Lamotrigine,
Dextromethorphan, Gabapentin and AMPA antagonist; Anti-apoptosis agents: Minocyching,
Sodium phenyibutyvrate and Arimoclomol; Anti-inflammatory agent: ganglioside, Celecoxib,
Cyelosporme, Azathiopring, Cyclophosphamide, Plasmaphoresis, Glatiramer acetate and
thabdomide; Ceftriaxone (Berry ¢t al., Plos One, 2013, 8(4)}; Beat-lactam antibiotics;
Pramipexole (a dopamine agomist) {Wang ot al., Amivorrophic Lateral Scler., 2008, 9(1}), 50-
58); Nimesulide in U.S. Patent Publication No. 20060074991, Diazoxide disclosed in U.S.
Patent Publication No. 20130143873); pyrazolone dertvatives disclosed in US Patent
Publication No. 20080161378, frec radical scavengers that inhibit oxidative stress-induced
cell death, such as bromocnptine {US. Patent Publication No. 2011105517); phenyl
carbamate compounds discussed in PCT Patent Publication No. 2013100571, neuroprotective
compounds disclosed 1 US Pat. Nos. 6,933,310 and #,399,514 and US Patent Publication
Nos. 20110237907 and 20140038927, and glycopeptides taught in U.S. Patent Publication
No. 20070185012; the content of each of which is incorporated herein by reference in their

entirety.
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{6873}  Therapeutic agents that may be used in combination therapy with the siRNA
duplexes targeting SO gene of the present disclosure may be hormones or variants that can
protect neuron loss, such as adrenocorticotropic hormone {(ACTH) or fragments thereof (c.g.,
U.S. Patent Publication No. 20130259875); Estrogen {(e.g., U.S. Pat. Nos. 6,334,998 and
6,592,845); the content of each of which is meorporated herein by reference in their entirety.
{3576]  Neurotrophic factors may be used in combination therapy with the siRNA
duplexcs targeting SOD1 gene of the present disclosure for treating ALS. Generally, a
neurotrophic factor is defined as a substance that promotes survival, growth, differentiation,
proliferation and /or maturation of a neuron, or stimulates increased activity of a neuron. In
some embodiments, the present methods further comprise delivery of one or more trophic
factors into the subject 1n need of treatment. Trophic factors may include, but are not limited
to, IGF-I, GBNF, BDNF, UTNF, VEGF, Colivelin, Xaliproden, Thyvrotrophin-releasing
hormone and ADNF, and variants thereof.

105777 Inone aspect, the AAV vector comprising at least one siRNA duplex targeting
SO gene may be co-admimstered with AAY vectors expressing newrotropluc factors such
as AAV-IGF-1 (Vincent et al., Neuromolecular medicine, 2004, 6, 79-83; the content of
which is incorporated herein by reference in its entirety ) and AAV-GDONF (Wang et al, J
Newrosci., 2002, 22, 6920-6928; the content of which 1s ncorporated herein by reference in
its entirety}.

10578}  In some embodiments, the composition of the present disclosure for treating ALS
1s administered to the subjoct in need intravenously, itramuscularly, subcutaneously,
miraperitoneally, intrathecally, intraparenchymally (CNS, brain, and/or spinal cord) and/or
mtraventricularly, allowing the siRNA duplexes or vectors comprising the siRNA duplexes to
pass through one or both the blocd-brain barrier and the blood spinal cord barnier. In some
aspects, the method includes admimnistering (e.g.. intraparenchymally administering,
miraventricularly administering and/or intrathecally administering) directly to the central
nervous system (CNS) of a subject (using, ¢.g., an infusion pump and/or a delivery scaffold)
a therapeutically cffective amount of a composition comprising at least one siKNA duplex
targeting SODI gene or AAV vectors comprising at least one siRNA duplex targeting SODI
gene, silencing/suppressing SOD1T gene expression, and reduicing one or more sympioms of
ALS i the subject such that ALS is therapeutically treated.

{0579}  In some embodiments, the composition of the present disclosure for treating ALS

is admanistered to the subject m need intraparenchyvmally (CNS, brain, and/or spinal cord),
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atllowing the siRNA duplexes or vectors comprnising the siRNA duplexes to pass through one
or both the blood-brain barrier and the blood spinal cord barrier.

{0880}  In certain aspects, the sympitoms of ALS including motor neuron degeneration,
muscle weakness, muscle atrophy, the stiffness of muscle, ditficulty mn breathing, slurred
speech, fasciculation development, frontotemporal dementia and/or premature death are
improved in the subject treated. fo other aspects, the composition of the present disclosure is
applied to one or both of the brain and the spinal cord. In other aspects. one or both of muscle
coordimation and muscle function are improved. In other aspects, the survival of the subject 1s
prolonged.

Befinitions

{0581}  Unless stated otherwise, the following terms and phrases have the meanings
described below. The definitions are not meant to be limiting in nature and serve 1o provide a
clearer understanding of cortain aspects of the present disclosure.

{0582}  Asused herein, the term “nucleic acid”, “polynucleotide™ and ‘oligonucleotide”
refer to any nucleic acid polvmers composed of erther polvdeoxyribonucleotides (containing
2-dgoxy-D-ribose}, or polyribonucleotides (containing D-ribose}, or any other type of
polynuclestide which is an N glycoside of a purine or pyrimidine base, or modified purine or
pvrimiding bases. There 1s no intended distinction 1n length between the term “nucleic acid™,
“polynuclestide™ and “oligonucleotide™, and these terms will be used interchangeably. These
terms refer only to the primary stracture of the molecule. Thus, these terms include double-
and single-stranded DNA, as well as double- and single stranded RNA.

[6583]  Asused heren, the term “RNA” or “RNA molecule” or “nbonucleic acid
molecule” refers to a polymer of ribonucleotides; the term “DNA” or “DNA molecule” or
“deoxyribonucleic acid molecule” refers o a polymer of deoxyrbomucleotides. DNA and
RNA can be synthesized naturally, ¢.g., by DNA replication and transcription of DNA,
respectively; or be chemically synthesized. DNA and RNA can be smgle-stranded (1.¢.,
ssRNA or ssBNA| respectively) or multi-stranded {¢.g., double stranded, i.e., dsRNA and
dsDNA, respectively). The term “"mRNA” or “messenger RNA”, as used herem, refersto a
single stranded RNA that encodes the anuno acid sequence of one or more polypeptide
chains.

{0584f  As used herein, the term “RNA interfering” or “RNAT refers to a sequence
specific regulatory mechanism mediated by RNA molecules which results in the inhibition or

mierfering or “silencing” of the expression of a corresponding protein-coding gene. RNAi
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has been observed in many types of organisms, mncluding plants, animals and fungi. RNAs
occurs in cells naturally to remove foreign RNAs {c.g., viral RNAs). Natural RNAi proceeds
via fragments cleaved from free dsRNA which direct the degradative mechanism to other
similar RNA sequences. RNA1 is controlled by the RNA-induced silencing complex (RISC)
and 15 nitiated by short/small dsRNA molecules in cell eytoplasm, where they mteract with
the catalytic RISC component argonaute. The dsRNA molecules can be introduced indo cells
exogenously. Exogenous dsRNA initiates RNAI by activating the nibonuclease protein Dhcer,
which binds and cleaves dsRNAs to produce double-stranded fragments of 21-25 base pairs
with a few unpaired overhang bases on each end. These short double stranded fragments are
called small interfering RNAs (siRNAg).

[0585]  As used herein, the term “small/short interfering RNA™ or “siRNA” refers to an
RNA molecule (or RNA analog) comprising between about 5-60 nuclestides (or nucleotide
analogs} which is capable of directing or mediating RNAI. Preferably. a siRNA molecule
comprises between about 15-30 nucleotides or nucleotide analogs, more preferably between
about 16-25 nucleotides (or nucleotide analogs), even more preferably between about 18-23
nucleotides (or nucleotide analogs), and even more preferably between about 16-22
nucleotides (or nucleotide analogs) (e.g.. 19, 20, 21 or 22 nuclectides or mucleotide analogs).
The term “short” siRNA refers to a siRNA comprising 3-23 nucleotides, preferably 21
nucleotides {or nucleotide analogs}, for example, 19, 20, 21 or 22 nucleotides. The term
“long” siRNA refers to a siRNA comprising 24-60 nucleotides, preferably about 24-25
nucleotides, for example, 23, 24, 25 or 26 nucleotides. Short siRNAs may, in some instances,
melude fewer than 19 nucleotides, e.g., 16, 17 or 18 nucleotides. or as few as 5 nucleotides,
provided that the shorter siRNA retains the ability to mediate RNAi Likewise, long siRNAs
may, in some mstances, include more than 26 nucleotides, e.g., 27, 28, 29, 30, 35, 40, 45, 50,
53, or even 60 nucleotides, provided that the longer siRNA retains the ability to mediate
RNA1 or translational repression absent further processing, ¢.g., enzymatic processing, 1o a
short siRNA. siRMNAg can be single stranded RNA molecules (ss-siRNAg) or double stranded
RNA molecules (ds-siRNAs) comaprising a sense strand and an antisense strand which
hybridized to form a duplex structure called siRNA duplex. According to the present
disclosure, recombinant AAY vectors may encode one or more RNA1 molecules such as an
siRNA, shRNA, microRNA or precursor thergof.

[0586]  As used herein, the term “the antisense strand” or “the first strand”™ or “the guide

strand” ot a siRNA molecule refers 1o a strand that 1s substantially complementary to a
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section of about 10-50 nucleotides, ¢.g., about 15-30, 16-25, 18-23 or 19-22 nucleotides of
the mRNA of the gene targeted for silencing. The antisense strand or first strand has sequence
sufficiently complementary to the desired target mRNA sequence to direct target-specific
silencing, e.g., complementanty sufficient to tngger the destruction of the desired target
mRNA by the RNAI machinery or process.

10587}  As used herein, the term “the sense strand” or “the second strand™ or “the
passenger strand” of a siRNA molecule refers 1o a strand that is complementary to the
antisense strand or fivst strand. The antisense and sense strands of a siRNA molecule are
hybridized to form a duplex structure. As used herein, a “siRNA duplex” includes a siRNA
strand having sufficient complementarity to a section of about 10-50 nuclectides of the
mRNA of the gene targeted for silencing and a siRNA strand having sufficient
complementarity to form a duplex with the siRNA strand. According to the present
disclosure, recombinant AAV vectors may encode a sense and/or antisense strand.

{0588}  Asused herein, the term “complementary” refers to the ability of polvoucleotides
to form base pairs with one another. Base pairs are typically formed by hydrogen bonds
between nucleotide units in antiparallel polynucleotide strands. Complementary
polynuclestide strands can form base pair in the Watson-Crick manner{e g, Ato T, Ato U,
C to (3}, or in any other manner that allows for the formation of duplexes. As persons skitied
in the art are aware, when using RNA as opposed to DNA, vracil rather than thymine is the
base that is considered to be complementary to adenosine. However, when a U s denoted 1n
the context of the present disclosure, the ability to substitute a T is implied, unless otherwise
stated. Perfect complementanity or 100% complementarity refers to the situation in which
cach nucleotide unit of one polynucleotide strand can form hydrogen bond with a nucleotide
pnit of a second polynucleotide strand. Legs than perfect complementarity refers to the
situation in which some, but not all, macicotide units of two strands can form hydrogen bond
with each other. For example, for two 20-mers, if only two base pairs on each strand can torm
hydrogen bond with each other, the polynuclectide strands extubit 10% complementarity. In
the same example, if 18 base pairs on each strand can form bydrogen bonds with cach other,
the polynucleotide strands exhibit 90% complementarnity.

{0589}  Asused heren, “targeting” means the process of design and selection of nucleic
acid sequence that will hybridize to a target nucleic acid and induce a desired effect.

[0590]  The torm "gene expression” refers 1o the process by which a nucleic acid sequence

undergoes successful transeription and in most instances translation to produce a protein or
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peptide. For clanty, when reference is made to measurement of “gene expression”, this
should be understood to mean that measurements may be of the nucleic acid product of
transcription, ¢.g., RNA or mRNA or of the anuno acid product of translation, ¢.g.,
polyvpeptides or peptides. Methods of measuring the amount or levels of RNA, mRNA,
polypeptides and peptides are well known in the art.

13591} Asused herein, the term “rmutation” refers to any changing of the structure of a
gene, resulting in a variant (also called “mutant™) form that may be transmitted to subsequent
generations. Mutations in a gene may be caused by the alternation of singie base in DNA, or
the deletion, insertion, or rearrangement of larger sections of genes or chromosomes.

10592}  Asused herein, the term “vector” means any molecule or motety which transports,
transduces or otherwise acts as a carrier of a heterologous molecule such as the SOD1
targeting polyvnucleotides of the disclosure. A “viral vector” 1s a vector which comprises one
or more polyvnucieotide regions encoding or comprising a molecule of interest, e.g.. a
transgene, a polymucieotide encoding a polypeptide or multi-polvpeptide or a modulatory
nucleic acid such as small interfering RNA (siRNA). Viral vectors are commonly used to
deliver genetic materials into cells. Viral vectors are often modified for specific applications.
Types of viral vectors inclode retroviral vectors, lentiviral vectors, adenoviral vectors and
adeno-associated viral vectors.

[8593]  The term “adenoc-associated virus” or “AAV” or “AAYV vector” as used herein
refers to any vector which comprises or derives from components of an adeno associated
vector and s suitable to infect mammalian cells, preferably human cells. The term AAV
vector typically designates an AAV type viral particle or virion comprising a nucleic acid
molecule encoding a siRNA duplex. The AAY vector may be derived from various serotypes,
mehuding combinations of serotypes (i.e., “pseudotyped” AAV) or from varicus genomes
{c.g., single stranded or sclf~complementary). In addition, the AAY vector may be replication
defective and/or targeted.

13594}  As used herein, the phrase “inhibit expression of a gene™ means to cause a
reduction in the amount of an expression product of the genc. The expression product can be
a RNA molecule transenbed from the gene (e.g., an mRNA) or a polypeptide translated from
an mBNA transcribed from the gene. Typically, a reduction i the level of an mRNA results
in a reduction in the level of a polvpeptide translated therefrom. The level of expression may

be determined using standard techniques for measuring mRNA or protein.
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{6593}  Asused heren, the term “in vifre” refers to events that occur 1n an arfificial
environment, e.g., in a test tube or reaction vessel, in cell culture, 1 a Petn dish, efc., rather
than within an organism {e.g., arumal, plant, or microbe}.

[8596]  As used herein, the term “in vive” refers to events that occur within an organism
{e.g., antmal, plant, or microbe or cell or tissue thereof).

105977 Asused herein, the term “modified” refers {0 a changed state or structure of a
molecule of the disclosure. Molecules may be modified in many ways including chemically,
structurally, and functionaliv.

10598}  Asused herem, the term “synthetic” means produced, prepared, and/or
manufactured by the hand of man. Synthesis of polynucleotides or polypeptides or other
molecules of the present disclosure may be chenucal or enzymatic.

185991 As used heremn, the term “transfection” refers to methods to introduce exogencus
nucleic acids ko a cell. Methods of transfection mclude, but are not limited to, chemical
methods, phvsical treatments and cationic lipids or mixtures. The list of agents that can be
transfected into a cell 1s large and includes, but is not hmited to, siRNA, sense and/or anti-
sense sequences, AAV vectors or particles, BNA encoding one or more genes and organized
into an expression plasmid, proteins, protein fragments, and more.

[0600]  As used herein, “off target” refers to any unintended cffect on any one or more
target, gene, or cellular transcript.

13681} As used herein, the phrase “pharmmaceutically acceptable” is employed herein to
refer to those compounds, materials, compositions, and/or dosage forms which are, within the
scope of sound medical judgment, suitable for use in contact with the tissues of human beings
and animals without excessive toxicity, writation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratio.

[0602]  As used heremn, the term “effective amount” of an agent is that amount sufficient to
effect beneficial or desired results, for example, clinical results, and, as such, an “effective
amount” depends upon the context in which it is being applied. For example, in the context of
adnunistering an agent that treats ALS, an effective amount of an agent is, for example, an
amount sufficient to achieve treatment, as defined herein, of ALS, as compared to the
response obtained without administration of the agent.

{0603}  As used hercin, the term “therapeutically effective amount” means an amount of an
agent to be delivered {e.g., nucleic acid, drug, therapeutic agent, diagnostic agent,

prophyiactic agent, efe. ) that is sufficient, when adnunistered to a subject suffering from or
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susceptible to an infection, disease, disorder, and/or condition, to treat, improve symptoms of,
diagnose, prevent, and/or delay the onset of the infection, disease, disorder, and/or condition.
{0604]  As used herein, the term “subject” or “patient” refers to any organism to which a
composition in accordance with the disclosure may be adnunistered, e.g., for experimental,
diagnostic, prophylactic, and/or therapeutic purposes. Typical subjects include animals (e.g.,
mammals such as mice, rats, rabbits, non-human primates such as chimpanzees and other
apes and monkey species, and humans) and/or plants.

10603]  Asused herein, the term "preventing” or "prevention” refers to delaying or
forestatling the onset, development or progression of a condition or disease for a period of
time, inchiding weeks, months, or vears.

[8686]  The term "treatment” or "reating”, as used herein, refers to the application ot one
or more specific procedures used for the cure or ameboration of a disgase. In certain
embodiments, the specific procedure is the admunistration of one or more pharmaceutical
agents. In the context of the present disclosure, the specific procedure is the admunistration of
ong or more siRNA duplexes or dsBNA targeting SOD1 gene.

{8607]  As uscd herein, the term "amelioration” or “amcliorating” refers to a lessening of
severity of at least one indicator of a condition or discase. For example, in the context of
neurodegeneration disorder, amelioration includes the reduction of neuron loss.

[0608]  As used herein, the term "administering” refers to providing a pharmaceutical
agent or composition to a subject.

10609]  As used herein, the term “neurodegeneration” refers to a pathologic state which
results in neural cell death. A large number of neurological disorders share neurodegeneration
as a common pathological state. For example, Alzhetmer's disease, Parkinson's disease,
Huntington's disease, and amyotrophic lateral sclerosis (ALS) all cause chronic
neurodegeneration, which is characterized by a slow, progressive neural cell death overa
period of several vears, whereas acute neurodegeneration is characterized by a sudden onset
of noural cell death as a result of ischemua, such as stroke, or trauma, such as traumatic brain
mjury, or as a result of axonal transcction by demyelination or trauma caused, for example,
by spinal cord injury or multiple sclerosis. In some neurological disorders, mainly one type of

neuron cells is degenerative, for example, motor neuron degeneration in ALS.
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EXAMPLES
Example 1, SOD1 Targeting Pol
[06106]  siBNA design is carried out to identify siRMNAs targeting human 50D1 gene. The

nucleotide Desion (sIRNA

design uses the SOD1 transcripts from human (GenBank access No. NM_ 000454 4 (SEGQ ID
NG: 10}), cynomolgus (GenBank access No. NM_001285406.1 (SEQ ID NQG: 11)), rhesus
SOD1 transcript {GenBank access No. NM_001032804.1 (SEQ 1D NO: 11)), and Sus scrofa
{GenBank access No. NM_001190422.1 (SEQ 1D NG: 12)}, respectively (Table 10). The
siRNA duplexes are designed with 100% 1dentity to the human SODI transcnpt for positions
2-18 of the antisense strand, and partial or 100% identity to the non-human SOD transcript
for positions 2-18 of the antisense sirand. In all siRNA duplexes, position | of the antiscuse
strand 1s engmeered to a U and position 19 of the sense strand 1s engineered to a C, in order
to unpatr the duplex at this position.

Table 14, SOD1 gene sequences

SO Access SEQID Sequence

transcripts No. N,

Human NM_006 | 10 GTTTGGGGCCAGAGTGGGCGAGGCGUGGAGGTCTGGCC
{Homo 454 4 TATAAAGTAGTCGCGGAGACGGGGTGCTGGTTTGCGTCG
sapiens) TAGTCTCCTGCAGCGTCTGGGGTTTCCGTTGCAGTCLOTCG
SOD1 GAACCAGGACCTCGGCGTOGCCTAGCGAGTTATGGCGA
c¢DNA COAAGOCCOTETGCOTGCTHOAAGGGCGACGGCTTAGTG
{981bm CAGGGCATCATCAATTTCGAGCAGAAGGAAAGTAATGG

ACCAGTGAAGGTGTGGGCAAGCATTAAAGGACTGACTG
AAGGCCTGCATGGATTCCATGTTCATCGAGTTTGGAGATA
ATACAGCAGGCTGTACCAGTGCAGGTCCTCACUTTITAATC
CTCTATCCAGAAAACACGOTGOGGCTUAAAGGATGAAGAG
AGGCATGTTGGAGACTTGGOCAATGTGACTGCTGACAA
AGATGGTGTOOCCGATOTGTCTATTGAAGATTUTGTGAT
CTCACTCTCAGGAGACCATTGCATCATTGGCCGCALACY
GOTCGTCCATGAAAAAGCAGATCACTTGGGCAAAGGTG
GAAATGAAGAAAGTACAAAGACAGGAAACGCTGGAAGT
COTTTGGCTTGTGGTGTAATTIGGGATCGUCCAATAAACA
TTCCCTTGGATGTAGTCTGAGGCCCCTTAACTCATCTGEIT
ATCCTGCTAGCTGTAGAAATGTATCCTGATAAACATTAA
ACACTGTAATCTTAAAAGTGTAATTGTIGTCGACTITITCA
GAGTTGCTTTAAAGTACCTGTAGTGAGAAACTGATTTAT
GATCACTTGGAAGATTTGTATAGTTITTATAAAACTCAGT
TAAAATGTCTGTTTCAATGACCTGTATTTTGCCAGACTTA
AATCACAGATGGGTATTAAACTTGTCAGAATTTICTTITGT
CATTCAAGCCTGTGAATAAAAACCCTGTATGGCACTTAT
TATGAGGCTATTAAAAGAATCCAAATTCAAACTAAAAA

AAAAAAAAAAAAA
Cynomolgus | NM_001 | 11 ATGGCGATGAAGGCCOTGTGCGTGTTGAAGGGCGACAG
(Macaca 285406.1 CCCAGTGCAGGGCACCATCAATTTCGAGCAGAAGGAAA
fascicularis) GTAATGGACCAGTGAAGGTGTGGGGAAGCATTACAGGA
SOD1 TTGACTGAAGGCCTGCATGGATTCC ATGTTCATCAGTTT

¢DNA GGAGATAATACACAAGGCTGTACCAGTGCAGGTCCTCA

(465bp) CTTTAATCCTCTATCCAGACAACACGGTGGGCCAAAGGA

TGAAGAGAGGCATGTTGGAGACCTGGGCAATGTGACTG
CTGGCAAAGATGGTGTGGCCAAGGTGTCTTTCGAAGATT

-133-
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CTGTGATCTCGCTCTCAGGAGACCATTCCATCATTGGCC
GCACATTGGTGGTCCATGAAAAAGCAGATGACTTGGGC
AAAGGTGGAAATGAAGAAAGTAAAAAGACAGGAAACG
CTGGAGGTCGTCTGGCTTGTGGTGTAATTGGGATCGCCC
AATAA

rhesus NM_001 | i1 ATGGCGATCGAAGGCCGTGTGCGTGTTGAAGGGLGACAG
{Macaca 0328041 CCCAGTGCAGGGCACCATCAATTTCGAGCAGAAGGAAA
mulatta) GTAATGGACCAGTGAAGGTGTGGGGAAGCATTACAGGA
SOD1 TTGACTGAAGGCCTGCATGCGATTCCATGTTCATCAGTTT
cDNA GGAGATAATACACAAGGCTGTACCAGTGCAGGTCCTCA
{465bp) CTTTAATCCTCTATCCAGACAACACGGTGGGCCAAAGGA
TGAAGAGAGGCATGTTGGAGACCTGGGCAATGTGACTG
CTGGCAAAGATGGTGTGGCCAAGGTGTCTTTCGAAGATT
CTGTGATCTCGCTCTCAGGAGACCATTCCATCATTGGCC
GCACATTGGTGGTCCATGAAAAAGCAGATGACTTGGGC
AAAGGTGGAAATGAAGAAAGTAAAAAGACAGGAAACG
CTGGAGGTCOTCTGOCTTGTGGTGTAATTIGGGATCGCCC
AATAA
Pig {Sus NM_00t | 12 CGTCGGCGTGTACTGLGGLCTCTCCCGOTGCTTCTGGTA
scrofa) 190422 1 CCCTCCCAGCCCGGACCGGAGCGCGCCCCOCGCGAGTCAT
SOD1 GGCGACGAAGGCLGTGTGTGTGLTGAAGGGCGACGGCT
cDNA (638 CGOTGCAGGGCACCATCTACTTCGAGCTGAAGGGAGAG
bp) AAGACAGTGTTAGTAACGGGAACCATTAAAGGACTGGC

TGAAGGTGATCATGGATTCCATGTCCATCAGTTTGGAGA
TAATACACAAGGCTGTACCAGTGCAGGTCCTCACTTCAA
TCCTGAATCCAAAAAACATGGTGGGCCAAAGGATCAAG
AGAGGCACGTTGGAGACCTGGGCAATGTGACTGCTGGC
AAAGATGGTCTGGCCACTGTGTACATCGAAGATTCTGTG
ATCGUCCTCTCGGGAGACCATTCCATCATTGGUCGLCACA
ATGGTGGTCCATGAAAAACCAGATCGACTTGGGCAGAGG
TGOGAAATGAAGAAAGTACAAAGACGGGAAATGCTGGAA
GTCOTTTGGCCTGTGOTGTAATTGGGATCACCCAGTAAA
CATTCCCTCATGCCATGOTCTGAATGCCAGTAACTCATC
TGITATCTTGCTAGTTCTAGTTGTAGAAATTTAACTTGAT
AAACATTAAACACTGTAACCTTAAAAAAAAAAALAAAA
AA

Example 2, Intraparenchvmal delivery of AAY to spinal cord
{0611}

Traditional routes of AAV delivery, such as mirathecal or intravenous
administration, have not yielded robust transduction of the cervical and thoracic spinal cord
i large mammals so a new route of AAY delivery - intraparenchymal injection - was
evaluated for improved cervical spinal cord transduction cfficiency. Biodistribution of viral
genomes and SOD1 mRNA knockdown were evaluated m the ventral horn at multiple levels
of the spinal cord, including the cervical fevel.

{0612f  In the first experiment, three Gottingen adult (6 months of age}, female mini-pigs
weighing 14-20 kg each were utilized for the study. Animals were not pre-screened for
neutralizing antibodies to AAV. A 4-5 cm laminectomy was performed between C3 and €5,
atllowing for 3 cm between njections. Self-complementary (sc) AAY vectors {(scAAV) with

ITR 1o I'TR sequence of SEQ 1D NO: 9, including an H1 promoter and modulatory
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polynucleotide (SEQ 1D NO: 6) comprising siRNA targeting SOD1 were packaged in
AAVTHIO (scAAV-muRSOD ).

[0613] Two injections of the scAAV-miRSOD] (titer 2.03x16P vg/mL) were
administered, for a total dose/animal of 1.3x107 vg. At the rostral end of the laminectomy,
i.e. at the C3 level of the spinal cord, a single 23uL (5.1x10Y vg) volume was injected into
the ventral horn of the spinal cord. At the caudal end of the laminectomy, i.¢. at the 5 level
of the spinal cord, a single 40ul (8.1x10! vg) volume was injected into the ventral born of
the contralateral side. Both mjections were administered at the rate of Spl/min, vielding an
approximately 13-minute total mfusion time. Four weeks followmg the procedure, animals
were sacrificed, and spinal cord tissue was collected for analyses.

{0614}  To determine if mtraparenchymal adounistration of the scAAV-miRSODI leads to
transduction of the spinal cord and knockdown of SOB1 mRNA, ventral hom punches were
analyzed by the branched DNA (bDNA) method to quantify levels of SODT mRNA,

and peptidviprolyi isomerase A (PPTA) mRNA levels. These normalized SO0D1 mRNA
levels were then expressed relative to normalized SODM mRNA levels in ventral homn
punches from the lumbar region of the spinal cord (L1-L3) from the same animals.

{0615]
Cl to T7-10, relative to 50D1 mRNA levels in ventral horn punches from L1-L3, with

Significant SOD 1 mRNA knockdown was evident in ventral hom punches from

similar SOB1 mRNA levels in ventral horn punches from both sides of the spinal cord. One-
way ANOVA and Dumnett’s test indicated significant SO mRNA knockdown at each level
of the spmal cord (C1-T5 p< 0.0001; T7-10 p<0.05). As shown in Table 11, spinal cord
segments closest to the injections exhibited the greatest SOD T mRNA knockdown. Spinal
segments C1 through €8 had robust and significant knockdown of SODT mRNA
{approximately 50-75% knockdown}. Even at spinal segment T3, distant from the site of

vector ingection, significant knockdown of SODI mRNA (32.6 & 5.1% knockdown) was

observed.
Table 11. SOD1 mBNA levels relative to L1-L3
Spinal SO mBNA level normalized to geomean (ACTE, TBP and PPIA) (relative to L1-13, %6)
cord Pig #301 Pig #3092 Pig #303 Mean +
segment Ventral Ventral Ventral Ventral Ventral Ventral Standard
Horn i Horn 2 Horn 1 Horn 2 Horn 1 Horn 2 Error
Cl 472 499 432 487 48.3 448 470510
C2 39.9 413 423 410 49.6 46.5 43 45153
C3eostral | 25.1 28.2 18.1 15.0 22.6 32.5 236426
C3~caudal | 14.0 17.0 331 357 287 213 251837
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CS-rostral | 214 19.0 14.6 210 36.1 353 246437
CS-caudal | 254 26.6 38.2 33.8 31.7 32.8 314420
C7 31.9 15.6 53.6 48.9 441 39.2 389456
C8 50.1 45.1 50.5 487 36.7 42.8 457422
Ti-12 54.0 77.7 55.6 56.0 553 552 59.0+3 .8
s 65.3 531 63.0 58.0 84.9 80.2 67.4+43.3
T7-T16 84.6 815 8530 68.0 943 931 84,1439
LEI-L3 98.2 93.8 102.0 96.8 105.2 103.9 100.0+1.8

13616]  Nommalized SODI mRNA lfevels in ventral horn punches from AAV particle-
treated pigs were also expressed relative to nommalized SOD1 mRNA lovels in ventral horn
punches from the spinal cord of a single naive pig. SOD1 mRNA levels were normalized to
the geometric mean of beta-actin (ACTB), TATA-box binding protein {TBP) and
peptidyiprolyl isomerase A (PPIA) mRNA levels. SOD1 mRNA levels from ecach cervical
segment of the treated pigs were then expressed relative to normalized SOD I mRNA levels
using C2 SOD1 mRNA levels from the naive pig. Thoracic S0D1 mRNA levels (treated
pigs) were normalized using T2 S0D1 mRNA levels {naive pig), and lumbar SOD1 mRNA
levels (treated pigs) were normalized using L2 SODT mRNA levels from the natve pig.
Ventral hom punches from the naive pig spinal cord were collected from €2, T2 and L2
levels. As shown in Table 12, 80D mRNA levels in the ventral horn punches of the
sCAAV-miRSOD 1 administered pigs showed significant knockdown relative to the naive pig
{one-way ANOVA and Dunnett’s test; p<0.0001} at all spinal cord levels tested. Similar
S0D1 mRNA levels were observed in ventral horn punches from both sides of the spinal
cord. SODI mRNA knockdown was strongest near the C3 and C5 injection sites (79-84%
knockdown). Even at spinal cord levels distant from the sites of AAV injection, ventral hom
punches exhibited significant SOD1 mRNA knockdown. At the T5, T7-T10, and L1 spinal
cord levels, ventral hom punches showed significant 55.1 £ 3.4%, 44,0+ 2.6% and 33.4 +
1.2% knockdown of SOD1 mRNA, respectively.

Table 12. SOD1 mRNA levels relative to naive control

SO mRNA level normalized to geomean (ACTER, TBP and PPIA) (relative to nalve
o control, %)
Spinal cord Pig #301 Pig #302 Pig #303
segment ~ - : ~ Mean £
Ventmi VYentral Ventmi Yentral thml Ventral Standard
Horn Horm Horn Horm Horn Horn Ervor
Punch 1 Punch 2 Punch 1 Punch 2 Punch 1 Punch 2
Ci 313 33.2 8.8 324 32.1 208 31,3407
C2 26.6 27.5 28.2 27.3 33.0 30.9 289410
C3~rostral 16.7 13.8 12.1 10.0 13.0 21.6 15.7€1.8
C3-caudal 9.3 1t3 220 23.8 19,8 4.2 16.7£2 4
CS-rostyal 143 12.6 9.7 14.0 24.0 235 16.4+2.4
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CS-caudal 16.9 17.7 25.5 22.3 211 218 209413
7 212 1.4 35.7 326 29.3 261 259437
C8 333 30.0 33.6 324 24.5 28.3 30.4+1 4
Ti-2 36.0 51.7 37.0 37.3 36.8 36.8 393425
TS 43.5 353 41.9 38.6 56.5 53.4 44945 4
T7-30 56.4 547 553 4352 62.8 62.0 36.0+2.6
Ll 65.4 62.5 679 4.5 70.1 69.2 66,6412

Ll o]
13617}  Asshown in Table 13, the analysis of vector genome bicdistribution by digital
droplet PCR showed high vector genonie copy mumber per diploid cell m ventral horn
punches of the cervical spinal cord nearest the injection sites. Vector genome copy numbers
dropped steeply (>10-fold} from C3 10 €2, and from 7 to ¥ spinal cord levels. However,
cven at spinal cord levels distant from the C3 and C5 sites of AAV injection, ventral homn
punches exhibited significant vector genome copies. Atthe TS, T7-T10, and L1-L3 spinal
cord levels, ventral homn punches showed significant 1.7+ 1.2, 0.2 + 0.0, and 0.5 + 0.2 vector
genome copies per diploid cell, respectively.

Table 13. Vector Genome (uantification

Vector Genome/Diploid Cell (vg/de)
ST Pig #301 Pig #302 Pig #3063 -
5 i:;ﬁ;: : d Ventral chral chral Ventral Ventral V;rmrai Sl‘:if;:iiiﬁ
i} HBorn Horn Horn Hom Horn Horn Frroe
Puach 1 Punch 2 Punch 1 Puach 2 Punch 1 Punch 2

C1 44 4.8 10.7 7.2 4.7 3.1 58+1.1

C2 14.1 6.6 254 32.1 19.8 13.2 1854338

C3-rostral 7631 13038 6181 2.2 798.4 2862 6389 £177.3

C3-caudal 147.3 8376 144357 785 1854 817.1 5854 &
2210

C3-Rostral | 6777 448.0 17638 411 70.5 1382 3132+
2787

C3-Caudal | 6443 60.7 564.6 76.2 78.0 1747 2654 £
109.0

7 294 12257 55 6.1 24.4 93 2167+
201.8

8 12.0 224 42 17 7.7 116 99+30

T1-12 6.7 0.4 1.3 1.6 33 1.9 25£09

Ts 0.6 77 0.6 0.3 0.4 0.2 1712

T7-T10 0.3 0.3 0.3 04 0.1 0.2 02+00

Li-L3 0.5 04 0.3 0.1 1.4 0.2 05402

[3618]  Vector genome distribution showed a linear correlation to levels of SODI mRNA
knockdown in both analyses, i.e., when SOD1 knockdown was compared to L1-L3 (r’=0.26,
p<0.0001) and when compared to naive control (r°=0.26, p<0.0001). Low vector genome

copy number per diploid cell (<1 vg/de) such as 0.2 or .5 vector genome copies per diploid

cell on average, still vielded substantial SOD1 mRNA knockdown.
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{6619}  In a second experiment, six Gottingen adult (>9 months of age) fernale and male
mini-pigs weighing 15-30 kg cach were utilized. Ammals were not pre-screcned for
neutralizing antibodies to AAV. A multi-level laminectomy was performed at the C3 10 C5
levels to access the spinal cord, allowing for 3 cm between injections.

10628]  In the first group of three pigs, two injections of the scAAV-miRSOD] (titer
2.03x10V%vg/mbL) were administered, for a total dose/animal of 1.6x10%vg. At the rostral end
of the laminectomy, a single 40ulL (8. 1x10"vg) volume was injected into the ventral hom at
rostral C3 on the nght side. At the caudal end of the laminectomy, a single 40uL (8. 1E1lvg)
volume was injected into the ventral horn at caudal C5 on the left side. Both injections were
administered at the rate of Spl/min, vielding an approximately 16-minute total infusion time.
In the second group of three pigs, vehicle was injected with the same dosing paradigm. Four
weekas following the procedure, amimals were sacrificed, and apinal cord tissue was collected
for analyses.

{0621}  Ventral hom punches were analyzed by the branched DNA (bDNA) method for
knockdown of SOD1 mRNA, normalized to the geometric mean of beta-actin {ACTE),
TATA-box binding protein (TBP} and peptidylprolvl isomerase A (PPIA) mRNA levels, and
expressed relative to normalized SOD1 mRNA levels in ventral hom punches from the same
spinal cord level of vehicle treated animals. Significant SOD 1 mRNA konockdown was
evident in punches taken from the left ventral hom from C1 to T12 and in punches taken
from the right ventral hom from €1 to L1, with similar SOD1 mRNA levels in ventral homn
punches from both sides of the spinal cord. Two-way ANOVA and Sidak’s multiple
comparisons test indicated significant SOD 1 mRNA knockdown at cach level of the spinal
cord relative to the vehicle control group (left side: C1-T7 p<0.0001; T10 p=<<0.001, T12
P<0.01; right side: C1-T10 p< 0.0001; T12 p<0.001, L1 P<0.01). As shown in Table 14,
spinal cord segments closest to the injections exhibited the greatest SOD 1 mENA
knockdown, with the maximal SOD1 mRNA knockdown at CS. Spinal segments C1 through
T5 had robust and significant knockdown of SODT mRNA (50-82% knockdown). Even at
spinal segment T12 on the lcft side and at spinal cord segment L1 at the right side, distant
from the site of vector injection, sigmificant knockdown of SOD1 mRNA (35224 2.76%;

29 14+ 10.36% knockdown, respectively ) was observed.
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Table 14. SODI mRNA levels relative to vehicle group

SOD1 mRNA level normalized to geometric mean of housekeeping genes ACTE, TBP and
PPIA (velative to vehicle control, %)

Left Ventral Horn

é’g;ff Vehicle AAY
Segments Pig ’I’ig Pig Mean + Pig Pig _ Pig _ Mean +
#1001 #1002 #1003 Standard #1003 #1004 | #1006 Standard
Error Error
Ci 101.66 51.48 106.86 10024 .52 38.45 32.18 3733 1 35924191
C2 79.26 103.29 11745 | 100+11.15 2749 30.11 35.06 | 30.88+2.22
C3 110.32 107.20 82.48 {00+8.81 3571 41.30 34.96 1 37324200
35-Rostral 98.87 122.26 78.86 100+12.54 11.33 14,71 28.73 18,2643 33
C5-Caudal 99.80 9121 108.99 100+5.13 21.56 20.63 1597 10.39%1 73
C7 99.00 96.50 104.49 100+2.36 22553 23.66 2687 | 2436+1.30
C8 106.34 92.34 10131 10044 .09 23.27 32.11 2059 | 28324263
Ti $9.95 52.54 F17.51 100+8.78 36.34 41.09 3528 | 3857 k&li
T4 84.33 100.11 115,56 10029 02 40,53 4511 4178 | 4247413
75 100.90 97.83 101.30 {00+1.10 4422 43.50 41.29 43.1)(,,1_(,.88
7 91.75 102.39 10585 1004 .24 63.00 49.46 4949 53.98+4 51
Ti0 88.91 111.54 99.55 100+6.54 62.41 50,33 61,55 | 38.10+£3.89
Ti2 87.58 107.32 195,09 1002624 6837 64.13 6985 | 64.78+£2.76
Li 102.63 104.40 92.95 [00+3.56 65.43 58.89 107.53 | 77.29+15.2
4
Right Veatral Horn
Spinal Yehicle AAVY
cord Piz Pig Pig Mean + Pig Pig Pig Mean +
Segments | #1001 #1002 #1003 Standard #1005 #1004 | #1006 Standard
Error Error
Ci 93.18 91.40 11542 100+£7.73 3606 33.77 4178 | 43874652
C2 100.83 9111 108.07 100491 31.20 31.88 39.79 1 34294276
C3 115.93 96 42 87.63 1004836 27.03 18.23 3333 1 26204438
C3-Rostral 81.86 99.3 11883 | 100+10.68 23.50 13.53 30.29 | 22444487
C3-Candal | 10672 92.42 106.86 [00+4.15 32.02 i8.18 19.09 3.1024 .47
C7 108.37 88.48 103.15 10045.95 31.51 27.44 24.66 27.8’7i1.99
C8 107.49 86.23 106.29 100+6.90 23.05 26,39 33.22 1 273554299
T1 87.93 96.86¢ 115.19 100+8.02 46 68 38.93 3715 | 40914293
T4 93.02 99.40 107.57 1004 21 41.22 41.82 4736 | 4347+1.96
T3 90.86 99 08 118,06 1004:5.56 55.96 45.69 4232 1 479944 1§
T7 89.32 99.61 110.87 1002617 32.97 51.09 53.84 | 52634081
Ti0 98.17 92.35 109.47 100+5.03 55.06 54.18 61.05 | 56765216
Ti2 86.00 102.54 11146 10047.46 37.66 55.25 7035 | 61.09+4.69
L} 96.12 94.31 109.57 100+4.81 67.49 54.85 90.26 | T70.86+10.3
6
{6622}  Asshown in Table 15, the analysis of vector genome biodistribution by digital

droplet PCR showed high vector genome copy namber per diploid cell i ventral hom

punches of the cervical spinal cord nearest the imjection sites. Vector genome copy numbers

dropped steeply (>10-fold on average) from C3 to €2, and from C5 to C7 spinal cord levels.

However, even at spinal cord levels distant from the C3 and CS sites of AAV injection,

ventral homn punches exhibited vector genome copies well above background levels. At the

5,77, T10, T12, and L1 spinal cord levels, ventral horn punches showed 0.

734018,
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0.354£0.03, 0.2740.04, 0.254£0.03, and 0.38+0.19 vector genome copies per diploid cell,

respectively.
Table 15: Vector Genome Quantification
Vector Genome/Diploid Cell (ve/dc)
Spiaal Lelt Ventral Horn Right Ventral Horn
Cord Mean + Mean +
Segments Pig Pig Pig Standard Pig Pig Pig Standard
#1005 #1004 #1006 Error #1008 | #1004 | #1006 Error

C1 1.74 3.02 P16 £.97+0.55 2.59 2.12 1.29 2.00+0.38

C2 9.57 9.73 4.52 7.94x1.71 10.69 14.29 4.42 9 80+2 .88

3 28 66 35,58 27.98 31.06+2.29 58567 § 63371 | 28,65 416.01+£194.17
CS5-Rostral | 92.67 18713 § 439,19 § 2396010342 | 4337 201,47 155495 § 267.27+150.74
5-Candal 2029‘4 760.00 | 332.53 é373'991836'3 13237 ] 960.73 | 200.71 | 461.27253 88
C7 18.39 28.38 56.81 34.53+11.51 9.52 27.43 4111 26.0249.14

C8 515 6.82 §1.99 7.98+2 .06 3,57 10.37 15.65 9.86::3.50

Ti 2.03 4.03 7.06 4.37+1.46 2.66 4.4¢ 5.83 4.304+0.92

T4 (.51 (.52 (.84 0,630, 11 (.63 115 0.95 0.91+0.15

TS 0.43 1.54 (.58 (.85+0.35 0.35 0.92 0.55 0.60+0.17

T7 0.23 0.42 (.31 (.3240.06 0.40 .41 0,32 0.38+0.03

T10 0.13 0.27 (.36 (.25+£0.07 0.26 0.36 0,24 0.29+0.04

Ti2 0.21 0.17 (.28 (.22+0.03 0.27 0.22 0,38 0.29+0.05

L1 1.32 0.16 0.12 (.53+0.39 0.25 0.30 0.13 0.22+0.05

86231  Vector genome distribution showed linear correlation to levels of SODT mRNA
knockdown, when compared to vehicle control (r2=0.15, p=0.0002). 50% S0OD1 knockdown
was achicved with low vector genome copy number per diploid cell (< 1vg/de) such as 0.2 or
0.5 vector genome copies per diploid cell on average, in ventral hom punches ~30cm caudal

to the mjection site.

Example 3: SOD1 reduction in tissues and cells

[8624]  In situ hybridization studies of SOD1 mRNA were conducted using fissue sections
derived from the ventral horn of the spinal cord of the animals used in the wtraparenchymal
delivery study (Example 2).

{6623}  The ventral horn of the €6 and the T5 spinal cord segments of g 302 injected
with scAAV-miRSOD1 particles showed Little to no SOD1 mRNA specific staining,
mdicating SOD1T knockdown. A substantial reduction in the endogencus SODT mBNA
expression was observed in the large motor neurons in a rostrocaudal gradient, with strongest
reduction m the cervical region. SOD mRNA specific staining was observed m the L1-1.3

spinal cord segments of pig 302 injected with scAAV particles, which is consistent with the

- 160 -
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bDNA method data for L1-L.3- showing limited knockdown of SOD1 in the L1-L3 spinal
cord segments. As expected, the ventral horn of the spinal cord segment L2 of naive
vninjected pigs showed strong staining for SO mRNA

[8626] SOD1 mRNA levels were measured 1 motor neuron pools isolated from the spinal
cord segment T13 by laser capture, in depleted grev matter or a cross section of the whole
spintal cord segment from the study described in Example 2. The levels of Choline Acetyl
Transferase (ChAT), a motor neuron cyioplasmic marker were also measured to confirm the
enrichment of motor neurons in the isolated motor neuron samples. The results are shown in
Table 16a, where VH indicates ventral horn, MN indicates motor neuron, DGM indicates
depleted grey matter and left/right indicate the side of cord from which the sample was
obtained. The SGD1 fold change values in Table 16a are relative to vehicle group and the
ChAT enrichment was measured relative to vehicle T13 cross section of the entire spinal
cord. The values are represented as averages =+ standard error.

Table 16a. Relative SOD1 mRNA levels and ChAT enrichment in motor neurons

Sample and Side of SODI mRNA ChAT (fold)
cord Vehicle AAV
VH MN Left 1004005 0.7 10,09 360343 .14
VH MN Right F.00+0 10 G. 724005 31.1442.73
DOM Left 1.0040.04 3924002 17.3943.59
DGM Right 1.004:0.06 $.83£0.05 18244 34
T13 Cord Cross section 1.02+0.25 0.95+0.09 1.16x0.57

18627}  Isolated motor neurons obtamed from both the left and the right ventral horn,
showed a significant reduction of SOD1 mRNA levels (p<<0.05, 2-way ANOVA, Sidak's Test
compared to matched vehicle control}. These results are similar to the SOD1 mRNA levels
(bDNA assay) in T12 and L1 scgments from the same pigs. ChAT enrichment was observed
i the isolated motor neurons but not in the T13 cord cross section samples.

16628}  SOD1 mRNA levels were measured in motor neurons isolated from the spinal cord
segment C4 by laser capture and in depleted grey matter from the study descnbed in Example
2. The results are shown m Table 16b, where VH indicates ventral hom, MN mdicates motor
neuron, DGM mndicates depleted grev matter and lefi/mght indicate the side of cord from
which the sample was obtained. The SOD1 fold change values in Table 16b arc relative to
vehicle group was measured relative to vehicle C4 cross section. The values are represented

as averages + standard error.
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Table 16b. Relative SOD1 mRNA levels in motor neurons

Sample and Side of SO mRNA
cord Vehicle AAY
VH MN Left 1.00+0.07 0.03+0.00
VH MN Right 1.00+0.04 0.03+0.00
DGM Left 1.0440.19 0.32+0.05
DGM Right 1.01=0.08 0.28+0.02

18629}  Both isolated motor ngurons and motor neuron depleted greyv matter (DGM) at €4
show a significant reduction m SOD1 mRNA levels (p<0.05, 2-way ANOVA Sidak’s Test
compared to matched vehicle control). These data are consistent with the SODI mRNA
tevels at C3 and C5 (bDNA assay}. These data also demonstrate a further specific increase in
observed reduction of SOD1 mRNA in motor neurons compared to grey matter, resulting in
almost complete suppression of SOD1 mRNA (knockdown of 97%;) in cervical spinal cord
motor neurons.

8634} The hypoglossal nucleus and the nucleus ambiguus are regions of the bramn stem
nuclei that can be affected by ALS. The hvpoglossal nucleus contains a prominent cluster of
large motor neurons that supply the muscles of the tongue and the nucleus ambiguus contains
large motor neurons which are strongly associated with speech and swallowing. In situ
hybridization of 50D1 mRNA was conducted using tissue sections derived from the brain
stem of pigs injected intraparenchymally to the spinal cord with scAAV-miRSOD1. SOBi
mENA levels were found to be similar in the vehicle treated and the SODT AAV particle
treated groups as measured by i sit hvbndization. To determine if intraparenchymal spinal
cord administration of the AAV particles led to tranaduction of the brain stem and
knockdown of 50D mRNA, left and night caudal brain stem samples were also analyzed by
the branched DNA (bDNA)Y method. The mRNA levels were normalized to the geometric
mean of beta-actin (ACTB), TATA-box binding protein (TBP) and peptidyiprolyl isomerase
A {PPIA) mRNA levels. The normalized SODRT mRNA levels are expressed relative to
normabized SODT mRNA levels in the brain stem from animals treated with vehicle control
{Table [7). Vector genome biodistribution was measured by digital droplet PCR for both
doses of the scAAV-miRS0D1 and the number of vector genomes/diploid cell was measured
{Table 17). In Table 17, BLLQ stands for “below the lower hmit of quantification” and is

approximately <0.005 vg/dc for a 40ng template mput.
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Table 17. SOD1 mRNA and vector genome distribution in brainstem

Caudal Rostral
Parameter Left side Right side Left side Right side

Vehicle AAY Vehicle AAY Vehicle AAV ¥ehicle AAVY
rig};i 100+£3.03 | 83.16£1 51| 1002489 | 78.22+1 65 | 100+4.62 | 95464172 | 10044 85 | 89414982
Vector
genome/ . 0 4640 17 . 0 6340 717 N 2040 05 Ty PPN
diploid BLLG 0.46+0.17 BLLQ 634022 BLLQ 0.29+0.05 BLLO 0.25+0.06

cell

{8631}  Statistically significant SOD 1 mRNA knock down was observed m left and night

sides of candal brainstem with a p value <0.01 and p value < 0.001 respectively (one way-
ANOVA and Duannett’s multiple comparison test). Vector genomes were detected in
brainstem regions at levels stmilar to those observed at spinal cord segments T35 through L1
after [Pa dosing.

{0632}

miRSOD or vehicle control were measured. No correlation between the neutralizing

Serem neutralizing antibody levels in the plasma of pigs injected with sSCAAY-
antibody status and the levels of SOD1 mRNA or viral genome were observed. These results
suggest that the neutralizing antibodies do not impact the observed SOD1 mRNA levels,
Examyple 4: Effect of SOB1 siRNA in vitro

[0633]

human SOD1 expression in HuH-7 cells. Transfection of HuH-7 cells with varving doses of

miR788.2 siRNA targeting SOD1 was assayed for inlubition of endogenous

siRNA was carried out with Lipofectamine 2000 (Invitrogen/Life Technologies) according to
the manufacturer’s instructions. Quantitation of human SOD1 and GAPDH (control) mRNA
levels was performed using the bDNA (branched DNA} assay. The percent human SOD
mBNA expression levels are shown in Figure 1. As seen in Figure 1, increasing the
concentrations of the stRNA decreased the relative human SOD1 mRNA expression levels.
The IC50 is the concentration of sitRNA required to achieve 30% buman SOD1 mRNA
expression levels as indicated by the dotted hne m Figure 1.

{0634}
antisense strand was used to identify 9 potential human off-target genes. These genes
meluded Slit Gundance Ligand 2 (SLIT2), Nuclear Receptor Coactivator 2 (NCOA?2),
Phospholipase C Eta 1 (PLCHI), BRD4 Interacting Chromatin Remodeling Complex
Associated Protein Like (BICRAL), Bromodomain Containing 1 (BRD1), Scm Like With
Four Mbt Domains 1 (SFMBT1), Dvoein Axoncemal Heavy Chain 7 (DNAHT), Zinc Finger
Matrin-Type 3 {(ZMAT3) and Malate Dehvdrogenase 1B (MDHIB). Cell hines that

To test if miR788.2 is selective to human SODI, bicinformatics analysis of the
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expressed both human SOD1 and one of these potential off-targets were selected, and SOD1
siRNA containing the guide strand of muR788.2 was transfected, and the levels of SOD1, the
potential off-target and glveeraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA
expression were evaluated. The activity of the SOD 1 siRNA containing the guide strand of
miR788.2 on any given on- or off-target was expressed as percent on- or off-target mRNA
level {(normalized to GAPDH mRNA) in treated cells, relative to the mean on- or off-target
mENA levels (normalized to GAPDH mRNA), respectively, across control wells. ICso values
for SOD1I knockdown by the SOD1 siRNA containing the guide strand of muR788.2 were
<0.02 nM i Hoh-7 celis and <0.15 oM 1n €42 cells, indicating potent on-target knockdown.
In contrast, no 10 value for any potential off-target could be caloulated with a concentration
range of 0.1 pM 1o 24 nM of the SODT siRNA containing the guide strand of ouiR788.2.
These results show that there is an ICso separation of on-target (human SOD1) versus off-
target mRNA suppression of at least 160-fold for the 9 potential off-targets. Thus, the guide
strand of miR788 2 is selective for SO over the nearest predicted potential off targets by at
least 160-fold.

Example 5, In Vitro Activity of AAV-miRNA Vectors Tarseting SOQD]

10635}  The miRNA expression vectors were designed by engingering YVOYSODImiR104-
788.2 targeting SOD1 (modulatory polynucleotide SEQ 1D NO: 6), within an [TR to ITR
sequence comprising one of two different filler sequences 1.e. ITR to I'TR with a lentivirus
derived filler (SEQ 1D NGO, 9) or ITR to TR with an albumin filler (SEQ ID NO. 25). The
ITR to I'TR sequences were packaged in AAVHhIO to generate scAAVh 10 HI mirl04-788.2
{lenti) or scAAVHI0 HI nmir104-788.2 (albumin) constructs respectively. As used herein the
term, "lenti" indicated in parenthesis of the construct name indicates that the construct
compnses a lentivirus derived filler sequence. whereas the term "albumin” indicated in
parenthesis of the construct name means that the construct comprises an albumin gene
derived filler sequence. AAV particles were produced using the HEK293T and triple
transtection {TT1) method using roller bottles. The particles were ifected into HEK293T
cells. A vector comprising AAV1h10 with a green fluorescent protein (GFP) transgene was
used as a negative control. HEKZ93T cells were plated into 96-well plates (2.0 x 10*
cells/well in 100 pk cell cultire medium} and mfected with 9 different multiplicity of
infections (MOIs) ranging from 1.52 x 10° to 1 x 107, with triplicate wells per condition.
Forty-cight hours afier mtection, the cells were harvested for immediate cell tysis. Cell

lvsates were used for quantitative RT-PCR to quantify human SOD1 mRNA levels as well as
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mBNA levels of housckeeping genes. Human SODI mRNA levels were normalized to the

geometrie mean of alany-IRNA synthetase (AARS) and glveeraldehyde 3-phosphate

dehydrogenase (GAPDH) mRNA levels, and then further normalized to the GFP control

group to obtain relative human SOD1 mRNA jevels. The MOIs and relative human SOD1

mRNA levels normalized to geometric mean of AARS and GAPDH {relative to GFP control,

%) arc shown in Table 18 for both vectors tested.

Table 18, Human SOD1 mBNA levels with different doses of AAV-muRSOD1

vectors

MO

Relative remaining human SODI mRNA
{average + standard error)

scAAVIIG HE onri04-788.2

scAAVIMIO HE miri04-788.2

(lenti) {albumin}

PO0E+HGT 57+£0.2 58+£03

3.33E+06 6004 6605
FIIEAGS 75403 §940G4
3 70E+HDS 178+08 249+18
1.23E+05 37723 464+£13
4.126+04 61864 T34 33
3TEA04 786+39 796+2.9
4 578+03 8BO£56 922+£340
1.32E+G3 91537 977433
0 953444 1009243

[0636]

Dose dependent knockdown of human SODT mRNA was obscrved for both

vectors scAAVThI0 HE mir104-788.2 (lenti) and scAAVrh10.HT mir]04-788.2 {albumin) n

HEK293T cells. The relative mRNA values of homan SOD T were also fitted onto a curve and

the values are shown in Table 19,

Table 19. Best {3t values for AAV-miRSOD

Best Fit | scAAVrhI0. HLmiri0d-788.2 | scAAVrhi0 HI. miri04-788.2
Values {lenti) {albumin)
Boitom 4.08 1.99
Top 94.13 99.58
Hilislope 1.02 0.86
ICs0 7 18E+04 9 .62E+04
loglC50 4.86 4.98
pvahie 0.08
{8637}  As shown in Table 19, similar potency was observed with both vectors withap

value of 0.08. IC50 values were also similar and in the 10* range for both vectors.

[0638]

Viral genomes and capsid proteins were independently extracted from purified

AAY preparations. Genome integrity was evaluated using devaturing gel which detected an
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approximately 3 kb band. Capsid integrity was measured using silver staining of capsid
proteins with polyacrylamide gel eloctrophoresis which showed 3 bands in the 75kDa range.

Example 6. fr vive human SOD1 knockdown in transocenic mouse model

[863%]  Scif-complementary (s¢) AAV vectors (scAAVY) with an siRNA construct
(VOYSOP1mR104-788 .2} targeting SODT and containing different filler sequences within
the I'TR to I'TR as described in Example 4 were packaged in AAVrh10 and formulated in
phosphate buffercd saline (PBS) with 0.001% F-68. Female or male Tg(S0D1)3Ce/} mice
{Jackson Laboratory, Bar Harbor, ME), 14-30 weeks of age, which express human SODH,
received bilateral mtrastriatal infusions (5 pb at 0.5 ul/min} of scAAVh10 Hl mir104-788.2
{lentn), scAAVrh10 H1 mir104-788 2 {albumin), or vehicle {(n of 3 to 5 per group). For
scAAVTHIO HE.miri04-78R .2 (fenti), vector concentrations were 1.5 x 103, 3.0 « 1012, 5.6 x
10 or 1.9 = 10" vg/mL, corresponding to total doses of 7.5 x 100, 1.5 x 101 2.8 x 10% or
9.4 x 10% vg. For scAAVh10 HI.mir104-788 2 (albumin), vector concentrations were 1.5 x
10Y, 3.0 x10%2, 5.7 x 10 or 1.9 « 10" vg/mL, corresponding to total doses of 7.6 x 1019, 1.5
X 101, 2.9 % 10 0r 9.5 x 10* vg. Four weeks after dosing, animals were euthanized, brains
were removed, and left and right striatal regions were dissected and flash frozen. For each
animal, the entire striatal sample was evaluated for human SOD1 mRNA suppression by
gRT-PCR. Total RNA was extracted from siniatal tissuc samplcs using the RNeasy Mini Kit
according to the manufacturer’s protocol (QIAGEN). Complementary DNA syathesis was
performed by reverse transcription using the High-Capacity ¢DNA Reverse Transcription Kit
{Applied Biosystems). Al TagMan assays and master mixes were ordered from Life
Technologies and used according to the manufacturer’s recommendations. gRT-PCR was
performed using the CFX384 real-time system {BIO-RAD) and data were analyzed with the
AALT method. Human SOD1 mRNA levels were normalized to munne GAPDH
{mGAPDH) mENA levels, and then further normalized to the vehicle control group. These
group averages were calculated to obtain a group (treatment) average. The gRT-PCR mRNA
results are shown below m Table 20, The homan SODT mRNA lovels are represented as
percent averages + standard deviation (8D},

Table 20. Human SODI mRNA suppression in wild-iype buman SOD1 transgenic
mouse striatum

Groups Daose Normalized Human SODI mRNA
(vl 5 uly
Vehicle 3 100428 4
scAAVHhIO H1 mirl04- 5.4« 10° 39.65+12 63
788.2 (lenti) 2.8 = 10° 51.862:39.68
1.5 x 1010 363641811
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sCAAVRIO HL mirl04- 9.5 x 10° 339342220
788.2 (albumin) 2.9 > 10° 40.1048.90

1.5 <30t 29.78+11.95

7.6 % 10% 21.27+5.46

[06406]  In human SOD1 transgenic mouse striatum, sCAAVrh10.H1L mir104-788.2 (lenti)
caused about 48% to 64% silencing of human SOD1 mRNA at about 28 davs after
intrastriatal infusion of 9.4 x 108vg to 1.5 x 10'% vg per striatum. scAAVrh10 H1 mirl04-
788.2 (albumin} caused about 60% to 79% silencing of human SOD1 mRNA at about 28
days after intrastriatal infusion of 1.0 x 107 vg to 8.0x10' vg per striatum. Maximum
knockdown of 79% was observed with scAAVrh10 HI mir104-788.2 (albumin} 8.0x 10'¢
dose of viral genome (vg)/5 ul.. A substantial knockdown was observed even with the lowest
dose of cither vector tested.

[8641]  The tolerability of the AAYV vectors adnmunistered by intrastriatal infusion was
mvestigated in human SQD1 transgenic mice. Body weight was recorded before and after
dosing with the vehicle, scAAVh10 HI miri04-788.2 (Jlenti), or scAAVrh10.H]l mirl 04~
788.2 (albumn}. The body weight change obtained with each group is shown as the
percentage of body weight measared prior to dosing 1n Table 21.

Table 21. Body weight change in huaman SOD1 transgenic mouse striatum

Groups Pose Body weight chaage (% of pre-
v/ 3 uly dosing)
Vehicle i3 -§.28+2.93
SCAAVThI0.H 1L mirl04- 5.4 » 10° 2232334
788.2 (lenti) 2.8 % 107 45445 35
1.5 x 1G5 -14.9248 .86
scAAVhI0.HL mirl04- 8.5 x 108 3.2443.93
788.2 (albuminy 2.9 > 10° 1.3046.17
1.5 <101 ~2.0443 90
7.6x 1010 -22.87£11.62

{0642}  The p valuc was calculated using the one-way ANOVA, Dunnett's test. A p value
of <0.05 was obtained with the highest dose 1.60E+10 (vg/ 5 pl) of the

scAAVhIO HI nmirl04-788.2 (fenti) vector and a p value of <0.001 was obtained with the
highest dose 8 00E+10 (vg/ 5 b)) of the scAAVHIO Hl mir104-783 2 {albumin} vector
suggesting that a significant weight loss occurred at the highest doses of the vectors.
Morbidity was also ghserved in the higher dose groups. At adose of 1.60E+10 (ve/ 5 ul),
2/6 mice in the scAAVrh10 HI mir104-788.2 (albumin) group and 5/5 mice in the
scAAVhI0 HI mir104-788.2 (lenti) group were either found dead or cuthanized by week 4

after the injection. 2/3 mice in the highest dose (8.00E+10) of the sc AAVThI0 Hlmiri04-

- 167 -



WO 2020/010042 PCT/US2019/040230

788.2 (albumin} group were found dead at 2 days and 3.5 weeks respectively. Postmoriem
analysis revealed that the death may have been due to Klebsiella oxyioca or Klebsiella
preumoniae afection.

Example 7. Effect of SO siRNA in vire

{0643} VOYSODImiR104-788.2, VOYSODImiR127-860, VOYSODImiR114-806 and
YOYSOBImiR114-861 were engineered into scAAVDI vectors with a UBA promoter. The

porcine epithelial cell hine, SK-RST was cultured 7 virro and infected with the described
vectors at 3 different MOls, namely 4 0GE+03, 2. 00E+04, and 1.00E+03. A control
scAAVDIY. EGFP vector was also evaluated at these MOIs. The expression of SO mRNA
was measured and normalized to porcine GAPDH mRNA. The relative SOD 1T mRNA levels
are shown as relative to % GFP expression in Figure 2. VOYSODImiR104-788.2 showed the

strongest dose dependent knockdown.

Example 8, Intraparenchvmal deliverv of SO siRNA to spinal cord

{8644}  Biodistribution of viral genomes and 50D 1 mRNA knockdown were evaluated in
the ventral horn at multiple levels of the spinal cord, inchuding the cervical level in pigs.
{0645]  Three Gottingen adult (6 months of age), female mini-pigs weighing 14-20 kg each
were utihized for cach of the groups in the study. Animals were not pre-screencd for
neutralizing antibodies to AAV. A 4-5 om laminectomy was performed between C3 and €5,
atllowing for 3 cm between injections. Self-complementary (s¢) AAY vecior {sCAAV) with
modulatory polvnucicotide (SEQ 1D NO: 6) comprising siRNA targeting SOD1 and ITR to
I'TR sequence of (SEQ 1D NO: 253 which includes an albumin derived filler sequence were
packaged mto AAVrh10 vector to generate scAAVh 10 HT mir104-788 .2 (albamin}.

{0646}  For a high dose, two injections of the scAAV (titer 1.73x105 vg/mL) were
administered. At the rostral end of the laminectony, 1.¢. at the U3 level of the spinal cord, a
single 40uL (6.9x10! vg/injection) volume was injected into the ventral hom of the spinal
cord. At the caudal end of the laminectomy, 1.e. at the 5 level of the spinal cord, a single
40uL (6.9x 10 vg/injection) volume was injected into the ventral hom of the contralateral
side, for a total dose of 1.38x10"? vg. For the lower of the two doses, two injections of the
SCAAV (titer 5.8 x10' vg/mL.} were administered (1/30® of high dose). At the rostral end of
the laminectomy, i.e. at the C3 level of the spinal cord, a single 40uL (2.3x10' vg/injection)
volume was injected into the ventral homn of the spinal cord. At the caudal end of the

faminectomy, i.e. at the C5 level of the spinal cord, a single 40ul. {2 3510 vg/injection)
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volume was injected into the ventral hom of the contralateral side, for a total dose of 4.6x10!°
vg. All injections were administered at the rate of SuL/min, yvielding an approximately 13-
minute total infusion time. Four weeks following the procedure, animals were sacrificed, and
spinal cord tissue was collected for analyses.

18647}  To determine if intraparenchymal administration of the AAV particles fed to
transduction of the spinal cord and knockdown of SOD1 mRNA, ventral hom punches were
analyzed by the branched DNA (bDNA) method. mENA fevels of SOD1 mRNA were
normalized to the geometric mean of beta-actin (ACTB), TATA-box binding protein (TBP)
and peptidylprolvl isomerase A (PPIAY mRNA levels. The normalized SOD1 mRNA levels
arc expressed relative to nommalized SODT mRNA levels in ventral horn punches from
animals treated with vehicle control.

0648}  Significant SOD] mRNA knockdown was evident in ventral horn punches from
Clto L1 of the pigs treated with 6 9E+11 vg/injection. The mRNA knockdown was assessed
relative to SODT mRNA fevels in ventral horn punches from vehicle control treated animals.
The results are shown in Table 22a. Similar SOD1 mRNA levels were obtained from the
ventral horn punches from both sides of the spinal cord. Two-way ANOVA and Sidak’s
multiple comparison test indicated significant SOB1 mRNA knockdown at cach level of the
spinal cord (C1-T12 left side p< 0.0001; T12 right side p<0.001, L1 p<0.01). As shown in
Table 22a, spinal cord segments closest to the injections exhibited the greatest SOD1 mRNA
knockdown. Spinal segments C1 through T12 had robust and significant knockdown of
SOD1 mRNA {(approximately 50-75% knockdown). Even at spinal cord segment L1, distant
from the site of vector injection, sigmificant knockdown of SOD1 mRNA (approximately,
38% knockdown ) was observed.

Table 22a. SOD1 mRMA levels (high dose group) relative to vehicle group (%)

Lelt Ventral Horn
o - Vehicle scAAVrhi0 HI.miR104.788.2 (high dose)
Spinal Cord - - :
Sepments , . , Me;m * , . . Mean &
" Pig Pig Pig Standard Pig Pig Pig Standard
#1003 #1002 #1003 Ervor #1007 | #1008 | #1009 Error
1 99,52 82.32 118.16 | 100+£10.35 1 2835 35.77 36.21 33,4442 55
2 80.14 104.77 115.69 | 100£1037 {1 2017 30.83 29.35 29.79+0.53
C3 1i3.62 104 .09 $2.29 1004:9.27 24.00 3245 2766 28,0442 45
C5-Rostral 98.62 98.05 103.34 | 100+6.08 8.43 22.08 8.64 16.28+2.01
{5-Candal 103.97 88.05 107.97 | 100+1.68 2,29 13.99 14.57 13.05+4 .52
c7 105.90 90.03 104.07 | 100+£3.02 22.13 23.29 25.95 23.79+1.13
C8 102.23 91.45 106,32 | 10044 44 22.93 4848 6117 | 44.20+11.25
11 20.02 93 .74 11624 | 1004819 34.67 37.90 42.68 38,4242 .33
T4 92.86 93.95 113,19 | 10046 .60 44.20 34.30 4707 | 41.89+3.89
T3 90.21 92.92 116.87 | 1004847 44.77 3312 4637 | 42.0943.52
T7 91.07 99.06 109.87 | 1004545 35.20 42.85 56.77 31.61=4.40
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Ti0 94,64 102.90 102.46 | 1004:2.69 58.37 43.06 5412 51.85+4 .56
Ti2 88.93 102.39 108.69 | 1004583 63.12 23.62 59,50 | 48.75+£12.61
L1 104.69 110.00 83,31 1007 50 63.08 58.74 72.94 64,9244 20
14 103.62 98.20 98.18 10041 .81 R7.88 77.19 76.96 80.68+3.60
L3 92 656 102.98 104.36 | 100+3.69 21.76 81.98 7913 80.96::0 .91
Right Ventral Horn
Spinal Cord Vehicle _ scAAVrhi0. H1.miR104.788.2 (high dose)
Segments . ) " ‘Mw“ = ) ) ‘ ‘Mesm +
= Pig Pig Pig Standard Pig Pig Pig Standard
#1001 #1002 #1003 Error #1007 | #1008 #1069 Error
Ci 92.12 92.70 115,18 | 10047 .59 37.53 4421 48.4¢6 43 40+3 .18
2 98.71 89.22 112.07 | 10046 .63 39.02 38.3¢0 43.18 40.204:1.50
C3 113.69 106.21 86.10 10047 .96 19.00 36.45 17.37 24274611
(5-Rostral 80.97 98,73 120,30 | 100+3.50 27.63 35,75 26.53 253942 36
C5-Candal 105.99 93.87 100,14 | 1001137 § 2908 20.94 26.23 29.98+2 90
7 107.82 94.14 98.04 1004 07 30.91 2934 34.60 31.62+1.56
C8 101.64 96.70 101.67 | 106041.65 29.67 31.2% 36.78 32.5742.15
T 92.80 90,42 11678 | 100+8.42 4493 42.69 49.11 45 58+1.88
T4 93.18 106.01 106.81 | 100+3.93 5331 44 39 58.06 51.98+3.95
T3 90,78 97.88 11134 | 1004603 49.25 40.02 61.22 50.1656.14
T7 86.50 109.82 103.69 | 100+6.98 56.43 46.52 7273 38.56x7.64
110 101.21 97.75 10104 | 100+1.13 54 .48 52.29 68.33 58.37+£3.02
Ti2 94,32 99 39 106.08 | 100+3 40 57.18 5337 82.46 64.3449.13
L1 96.60 9426 109.14 | 10044.62 64.35 60.99 86.46 70.604:7.99
L4 103.62 90.24 106,13 | 10044 93 81.26 7438 88.89 81.51+4.19
L5 104.84 95.90 99.27 10042 61 91.68 87.28 90.66 89 87+1.33

{0649]  Comparing the SOD1 mRNA levels obtained with scAAVh10 H1mir104-788.2
{lenti} (Table 11} to the levels obtained with scAAVh10 HY miri04-788 2 {albumin) (Table
22a) showed that similar SOD1 mRNA knockdown was achioved with both the AAY
containing the lentivirus derived filler (1.6E+12 vg total) or containing the albunun derived
filler {1 4E+12vg total).

{3658]  The results for the pigs injected with the lower dose of the scAAVH 10 HE mirl04-
788.2 (albumin) are shown in Table 22b.

Table 22b. SOD1 mRNA levels {lower dose group) relative {o vehicle group (%)

Left Ventral Horn
Spinal Yehicle scAAY rh 10 HIL.miR104.788.2 Jow dose)
Cord Mean + Mean +
Segments Pig Pig Pig Standard Pig Pig Pig Standard
#1401 #1002 #1403 Erxror #1018 #1611 #1412 Error
C1 899,52 82.32 118.16 100+10.35 | 79.40 84 98 6541 76.60%5 82
2 85.14 164.77 115.09 100£10.37 | 70.49 79.44 5618 68.7046.77
C3 113.62 104,09 82.29 100+£9.27 | 71.23 3643 5.03 48.90+11.19
CS5-Rostral | 98.62 98.03 103,34 100+6.08 | 3541 47.21 20.12 48,1949 .61
C5-Caudal | 103.97 88.05 107.97 100168 | 64.13 49.52 30.93 34.25+7 84
7 105.80 80.03 104 .07 {00£35.02 | 7751 77.03 58.26 71.27+6 .00
C8 102.23 5145 106.32 10044 44 | 63.60 75.69 64.47 67.92+3 89
Tl 80.02 93.74 116.24 100+8.19 | 98.42 110.11 50.03 99.52+3.82
T4 92 86 93,85 113.19 1004660 | 94,22 93.60 8765 91.8242.09
TS 90.21 82,92 116.87 100847 | 9211 50.63 76.65 86.47+4 .92
T7 91.07 99.06 109.87 100545 | 9643 83.33 $3.99 87,9244 26
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Ti0 94.64 102.90 102.46 10042.69 | 85.88 84.50 74.36 81.58+3.63
Ti2 88.93 102.39 108.69 100+£583 | 84.25 89.38 80.24 84.63+2 .65
Ll 104.69 F10.00 | 8331 100+£7.50 | 88.86 11116 §7.87 85.67+7.60
Right Ventral Hom
Spinal Vehicle scAAVrh10. HimiR104.788.2 (low dose)
Cord Mean + Mean +
Segments Pig Pig Pig Standard Pig Pig Pig Standard
#1003 #1002 #1003 Error #1010 #1011 #1012 Error
C1 92.12 92.70 115,18 100+£7.59 | 98.99 102.92 79.90 03.04+7 11
C2 98.73 89,22 112.07 100663 | 84.94 94.50) 78.86 86.10+4.55
C3 113.69 100.21 | 86.10 100£7.96 | 65.48 39.95 35.08 46,8449 43
C3-Rostral 1 86.97 98.73 120.30 1002350 | 42.30 38.75 3870 49.55+5.11
C5-Caudal | 105,99 | 93.87 100.14 10041337 | 5942 46.92 4231 39.98+1.26
C7 10782 19414 98.04 100:4.07 | 76.81 89.17 71.36
8 101.64 96,70 101.67 100+£1 .63 7410 94.59 84.69
T1 2 80 90.42 116.78 100+8.42 1 96,90 110.21 87.72
T4 93,18 100.01 106.81 1004393 | 9748 93.65 97.57 96.9040.63
T3 9078 97.88 111.34 100+6.03 | 90.17 82.25 83.27 §5.50+2.31
T7 86.50 F09.82 103.69 1004698 | 104.906 | 91.90 100.84 1 99.21x3.84
TiO 161.21 19775 101.04 1604113 | 99.26 98.84 96.51 08.20+0.85
Ti2 94.32 99.59 106.08 100340 | 12315 103,11 104,85 110.37+6 41
L 96.68 94.26 109.14 1002462 | 93.11 104.16 96.39 47,8943 27

{0651}  Pigs injected with the lower of the two doses, {2 3E+10 vg/injection) showed
SODI mRNA knockdown in the ventral hom punches from spinal cord segments, C2 to C8.
Similar SODT mRNA levels were obtained from the ventral homn punches from both sides of
the spinal cord. Two-way ANOVA and Sidak’s multiple comparison test indicated significant
SGD1 mRNA knockdown at cach level of the spmal cord (C3-C5 p<0.0001 with 530 %
knockdown).

103652]  The SCD1 mRNA levels obtained with 6 9E+11 vg/injection were compared to the
SOD1 mRNA levels obtained with 2. 3E+10 vg/injection. Two~way ANOVA and Sidak’s
multiple comparison test indicated that the SOD1 mRNA knockdown is significantly lower in
the lower dose groups at the following spinal cord segments: C1 right side, C2 right side, {7,
C8 right side, T1-T4, T7 left side, T10 right side, T12 right side {(p< 0.0001); {1 left side, T3
{p<0.001); C2 left side, T7 right side, T12 left side (p< 0.01; C5 left side, and L1 (p<<0.05).
No significant difference m the knockdown was observed at injection site £3-C5.

13653} Vector genome biodistribution was measured by digital droplet PCR for both doses
of the scAAVHh10 Hl mir104-788.2 (albumin). The results for both dose levels are shown in
Table 23 as mean of vector genome {ve) per diplowd cell (do) £ standard ervor of the mean

(SEM).
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Table 23. Vector genome biodistribution

Yector Genome/Diploid Cell (ve/de)

High dose (6.9E+11 vo/injection)

Spinal cord Left Ventral Horn Right Ventral Horn
Segments . . . Mean + . . . Mean +
- Pi Pi Pig Pi P Pig
s1007 | sr00s | sroge | Stamdard 1Bl des | saage | Standard
Error Error
Cl1 121 .60 1.57 1.1320.28 1.04 0.63 0.95 0.87+0.12
{2 6.21 248 5.87 4852119 6.54 1.83 4.33 4.23+1.36
{3 6247 8.35 31.38 33.934+15 46 26536 §F 18.57 | 34919 | 211.04+£9923

C3-Rostral | 517.66 | 14.36 | 29354 | 27519414538 | 2392 | 13.25 | 7308 367541842

C5-Caudal 2857 1 21086 § 163.63 | 134.69+34.30 13.47 1 8629 | 1831 39 36:4:23.51

7 8.36 16.83 6.71 19.63+3.13 3.42 8.18 2.70 4775172
8 214 5.80 0.12 2,691 .66 {74 3.356 2.39 7 560153
T1 0.85 £33 0.88 1.02+0,16 0.58 1.28 74 0.87+0.21
T4 0.20 0.28 0.20 0.23+0.03 0.17 0.29 0.19 0.224+0.04
T35 0.15 0.20 0.13 0.16+0.02 0.09 0.23 0.18 0.17+0.04
17 0.13 0.15 0.14 0.144+0.01 0.10 0.16 0.11 0.12+0.02
T12 0.11 0.13 0.14 0.1340.01 0.20 0.13 0.09 0.1440.03
T10 0.13 0.09 (.09 0.1040.01 0.07 0.13 .08 0.09:4+0.02
L1 0.04 (.38 011 0,180,190 0.05 0.11 (.03 0.07+0.02
Low dose (2.3E+10 ve/injection}
Left Ventral Born Right Veniral Horn

Spinal cord

Segments Pig Pig Pig Mean =+ . Mean £

Pig Pig Pig

#1019 | #1011 | #1012 Standard | 1000 |srots | siprn | Standard
Torror Torror

Cl 020 | 014 | 023 01940 .03 604 | 007 | 012 0.08+0.02

2 025 | 030 | 072 04240 15 619 1 321 | 0.50 1304096

C3 071 | 230 | 288 1.96+0 65 061 | 590 | 1033 | 5612281
C5-Rosiral | 563 | 070 | 2165 9334632 211 | 315 | 595 3734118
C5-Caudal | 072 | 065 | 4.58 1.98+1 30 045 | 085 | 111 0.80+0.19
C7 051 | 037 | 081 0564013 013 | 026 | 048 0.29+0.10

8 015 | 013 | 035 0212007 613 | 016 | 030 02040 05

T3 005 | 008 | 0.16 0.10+0.03 604 | 007 | 013 0.0840.03

T4 003 | 004 | 010 0.06+002 602 | 002 | 065 0.0320.01

T3 003 | 004 | 047 0.0340.01 027 1 003 | 008 0134007

7 005 | 002 | 047 0.0340.01 D04 | 003 | 006 0.04+0 01
T12 001 | 003 | 003 0074001 017 | 010 | 065 0114004
T10 002 | 01f | 062 00340 03 004 | 006 | 031 01440 09

L1 003 | 017 | 062 0.0740 05 0.0f | 002 | 061 0.0120.00

{6654}  The high dose (6.9E+11 vg/injection} group showed high vector genome copy
number per diploid cell in ventral hom punches of the cervical spinal cord nearest the
mfusion sites. Vector genome copy numbers then dropped steeply (>10-fold) from (3 to {1,
and from C7 to T1 spinal cord levels, and then beld constant from T4 through L1, The ratio
of the mean for vector genome copy numbers of both dose groups was calculated and is

shown in Table 24, where VH indicates ventral hom.
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Table 24. Ratio of means for vg/de of 6.9E+11 vg/injection: 2.3E+16 vgiinjection dose

groups

Spinal Cord Level Left VH | Right VH Overall VH
1 3.93 11.53 7.53

C2 11.46 3.26 5.28

>3 17.28 37.39 32.33

35-R 29.51 9.84 23.88

C3-C $7.92 49.01 62.47

C7 18.87 16.43 18.04

8 12.8 12.86 12.83
T 10.55 10.81 10.67
T4 4 7.01 5.06
T5 3.43 {31 .88
T7 3 2.81 2.91
Ti0 343 1.31 2.05
Ti2 2.47 $.67 1.04
Li 241 39 2.9

{0655}  Vector genome distribution levels were found to be similar on both sides of the
spinal cord, except close to the injection sites. The ratio of the vector genome between high
dose (6.9E+11 vg/injection) and low dose (2.3E+10 vg/injection) groups near the injection
sites is similar to the 30-fold differcnee in dose, but this ratio gradually decreased to 1-3 fold
m regions distal to the injection site (T35 through L1

{0656}  Similar vector genome distribution was observed with scAAVrh10.H mirl 04~
788.2 (lenti) and scAAVThiO H1 miri04-788.2 (albumin) as shown in Table 25, where VH
mdicates ventral hom.

Tabie 28. Comparison of vector genome copies in veniral horn punches of
seAAYrRIOHL mirl(4-788.2 (lenti) and scAAVrhI1G.HL mir104-788.2 (albumin)
groups

Vector Genome/Biploid Cell (va/de)

scAAVrhIO Himiri04-788.2 (albumin} @ High dese (6.9E+11 vo/infection)

Sg;ﬁgi Left Ventral Horn Right Ventral Horn
#1067 #1008 | #1009 S #1007 | #1008 #1009 -
Ervor Error
C1 1.21 0.60 1.57 1.1340.28 1.04 $.63 0.95 0.87+0.12
C2 621 2.48 5.87 4.85+1.19 6.54 183 4.33 4.23+1.36
C3 62.07 3,35 3138 339315 46 263,36 18.57 34919 | 21104%99.23

5-Rosual 517.66 1436 § 29334 | 275.19+14538 § 23,92 13.25 73.08 3675418 42

C3-Caudal 2957 210.86 § 163.63 134.694:54.30 13.47 86.29 i831 393623 51

C7 8.36 16.83 6.71 10.63+3.13 342 8.18 2.70 4,771,772
C8 2.14 5.80 0.12 2.69+1.66 1.74 3.56 2.39 2.563+0.53
T 0.85 1.33 0.88 1.02+0.16 0.58 1.28 0.74 0.87+0.21
T4 0.20 0.28 0.20 0.23+0.03 0.17 0.29 0.19 0.22+0.04
T3 0.15 0.20 0.13 0.16+0.02 0.09 0.23 0.18 0.17+0.04
7 0.13 (.15 0.14 0.14+0.01 0.10 ¢.16 0.11 0.1240.02
Ti2 0.11 (.13 0.14 0.1320.01 0.20 0.13 0.09 0.1440.03
110 0.13 (.09 0.09 0.10+£0.01 0.07 0.13 .08 0.09+0.02
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L1 004 | 038 L ooun b owass030 o005 1 ooy b ooes | 007002
scAAYrh10. Himir104-788.2 (lenti) (@ B.1E+11 valinjection
Spinal Left Ventral Hora Right Ventral Horn
cord . . . Mean = . . . Mean +
Pi Pi Pi - Pi Pi Pig
Segments | obs | saoga | sons | S0 Lol ! aits | #1006 Standard
Error Error
1 .74 3.02 .16 1.97+0.55 2.59 2.12 1.29 2.00x0.38
2 957 9.73 4,52 7.94+1.71 10.69 14.29 4.42 0 80+2 .88
3 29.66 35,55 27.98 31.06+2.29 58567 | 633.71 28.65 § 41601+194.17
C5-Rostral 92.67 18713 § 439.19 § 23966103 42 4537 201,47 & 554,95 § 267.27+150.74
CS-Candal | 302944 760 332.53 § 137399483688 § 13237 1 560,73 | 290.71 § 461.27+£253 88
7 18.39 28.38 5681 34.53+11.51 9.52 27.43 41.11 26 02+9 14
C8 515 6.82 11,99 7.98+2 .06 3.57 10.37 1565 9. 864:3.50
Ti 203 4.03 7.06 4.37+1.46 2,66 4.4 5.83 4.304:0.92
T4 .51 (.52 (.84 0.63+0,11 (.63 {15 0.95 0.9140.15
T3 0.43 i.54 0.58 0.85+0.35 (.35 .92 0.55 0.60:0.17
T7 0.23 0.42 0.31 0.32+0.06 0.4 .41 0.32 0.38+0.03
Ti2 0.13 0.27 0.36 0.25+0.07 (.26 .36 0.24 0.29+0.04
Ti0 0.21 0.17 0.28 (.22+0.03 27 0.22 (.38 0.29+0.05
Li 1.32 0.1¢6 0.12 (.53+0.39 0.25 0.3 0.13 0.22+0.05

{8657}  Similar vector genome distnibutions were observed, with a trend (albeit small),
towards more vector genomes observed with scAAVrh10 H1 mir104-788 2 (lenti}. The
largest difference between the two groups was observed at C5 where the vector comprising
the lentivirus derived filler sequence had a value that was 4-9-fold higher than the vector
comprising the albumin derived filler sequence. Statistically significant difference in vector
genome distribution between the two groups was observed at T4 right side, T7 right side and
T12 night side (p<0.01).

{6658}  Histopathological analysis was conducted using H&E staining of tissue sections
from the C3 myjection site in the spinal cord. Change in histopathology relative to vehicle
control was assessed for all the constructs shown 1n Table 26, The samples were graded as
one of the following: Grade 1. Miimal, Grade 2: Mild, Grade 3. Moderate, Grade 4:
Marked, or Grade 5: Severe difference between the constract and vehicle control. In Table 26
the number in parenthesis adjacent to the grade indicates the number of specimens {pigs} that
showed the indicated phenotype.

Table 26. Spinal cord histopathology

Parameters Yehicle scAAVYB IO HLmirl04- seAAVehI0. HLmiri 04-788.2
measured 788.2 (lenti) {albumin}
8.1E+11 vg/injection 6.9E+11 230410
velinjection ve/injection
high dose low dose
Axonal Grade 1(2), Grade 1- | Grade 1(2), Grade 1-2 Grade 1 (1), Grade | Grade 1 (2),
degeneration 3 () ) 1-2 {2) Grade -2 (1)
Drystroplic axon Grade 1 (2) Grade 1 () Grade 1 (1) Grade 1 (2)
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Gliosis None Grade 1 (23 Grade 1 (1), Grmade | None

2D
Infiltrates None Grade 1 (1) Grade 2 (2) Nong
Necrosis None Nong Grade 2 (1) None
Neuronephagia None Grade 1{1) Grade 1 (1) Grade 1 (1)
Chromatolysis Nong Grade 1(2), Grade 2 (1) | Grade 1 (2) Grade 1 (3}

186597  Mimimal to mild changes were observed in AAV-treated groups.

10668} I sity hybridization (1SH) for pig SOD1 mRNA and vector genome was
conducted on cross-sections of the cervical and thoracic spinal cord from animals treated with
vehicle or scAAVhI0HI mir104-788 2 (albuming. Vector genome signal in the motor
neurons of both sides of the ventral horn was observed in AAYV treated animals. The vg signal
was more abundant in the motor neurons on the side closest to the injection. A substantial
reduction i the endogenous SOD1 mRNA signal was observed in the large motor neurons in
a rostrocaudal gradient, with strongest reduction in the cervical region. Dramatic reduction of
SOPT mRBNA signal was observed in the motor neurons in the ventral horn of both sides of
the C5 spinal cord segments of animals injected with AAV . Reduction of SGD1 mRNA by
ISH correlated with the SGD1 mRNA knockdown in ventral hom punches as assessed by
bDNA.

Eguivalents and Scope

10661}  Those skilled in the art will recognize or be able to ascertain using no more than
routing experimentation, many cquivalents to the specific embodiments m accordance with
the disclosure herein. The scope of the present disclosure is not mtended to be hmited to the
above Description, but rather is as set forth in the appended claims.

[8662]  In the claims, articles such as “a,” “an,” and “the” may mean one or more than one
unless indicated to the contrary or otherwise evident from the context. Claims or deseriptions
that inclade “or” between one or more members of a group are considered satisfied if ong,
more than one, or all of the group members are present in, emploved in, or otherwise relevant
to a given product or process unless indicated to the contrary or otherwise evident from the
context, The disclosure includes embodiments 1o which exactly one member of the group is
present in, emploved in, or otherwise relevant to a given product or process. The disclosure
meludes embodiments i which more than one, or the entire group members are present in,
employed in, or otherwise relevant to a given product or process.

10663}  Itis also noted that the term “comprising” is intended to be open and permits but
does not require the inclusion of additional clements or steps. When the torm “comprising” is

used heremn, the term “consisting of” is thus also encompassed and disclosed.
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[8664]  Where ranges are given, endpoints are included. Furthermore, it 1s 1o be understood
that unless otherwise indicated or otherwise evident from the context and understanding of
one of ordinary skill mn the art, values that are expressed as ranges can assume any specific
value or subrange within the stated ranges in different embodiments of the disclosure, to the
tenth of the anit of the lower limit of the range, unless the context clearly dictates otherwise.
13665}  In addition, it is to be understond that any particular embodiment of the present
disclosure that falls within the prior art may be explicitly excluded from anv one or more of
the claims. Since such embodiments are deemed to be known fo one of ordinary skili in the
art, they may be excluded even 1f the exclusion is not set forth explicitly hercin. Any
particelar embodiment of the compositions of the disclosure {e.g., any antibiotic, therapeutic
or active ingredient; anv method of production; any method of use; efe.) can be excluded
from any one or more claims, for any reason, whether or not related to the exustence of prior
art.

{0666}  Itis to be undersiood that the words which have been used are words of description
rather than hnutation, and that changes may be made within the purview of the appended
claims without departing from the true scope and spirit of the disclosure in its broader
aspects.

{8667} While the present disclosure has been described at some length and with some
particularity with respect to the several described embodiments, it is not intended that it
should be hmirted to any such particulars or embodiments or any particular embodiment, but
it is to be construed with references to the appended claims 50 as to provide the broadest
possible interpretation of such claims in view of the prior ait and, theretore, to effectively
encompass the intended scope of the disclosure.

10668}  All cited sources, for example, references, publications, databases, database
entrics, and art cited herein, are incorporated nto this application by reference, even it not
expressly stated in the citation. In case of conflicting statements of a cited source and the
mstant application, the statement in the iostant application shall control.

{0669}  Section and table headings are not intended to be himiting.



WO 2020/010042 PCT/US2019/040230

CLAIMS

We claim:

1. A method for inhibiting the expression ot the SOD1 gene in a cell comprising
administenng to a subject at one or more sites by intraparenchymal debivery a
composition comprising an adeno-associated viral (AAVY} vector, said AAY vector
comprising a nucleic acid sequence positioned between two wmverted ternunal repeats
(I'TRs) for inhibiting or suppressing expression of SOD1 in a cell, wherein said nucleic
acid sequence comprises a sense strand sequence and an antisense strand sequence,
wherein the sense strand sequence comprises at least 15 contiguous nucleotides differing
by no more than 3 nucleotides from the nucleotide sequence of SEQ 1D NG: 7 and the
antisense strand sequence comprises at least 15 contiguous nucleotides differing by no
morg than 3 nucleotides from the nucleotide sequence of SEQ ID NO: 8 and wherein said
sense strand sequence and antisense strand sequence share a region of complementarity of

at least four nucleotides m length.

2

. The method of claim 1, wherein the expression of 50D is inhibited or suppressed.

3. The method of claim 2, wherein the SOD1 15 wild type SODI, mutated SODT with at

least one mutation or both wild type SOD1 and mutated SOD 1 with at least one rutation.

4. The method of claim 2, wherein the expression of SOD1 is inhibited or suppressed by

about 20% to about 100%.

5. The method of any of claims 1-4, wherein the nucleic acid sequence comprises a sense

strand sequence and an antisense strand sequence of an siRNA duplex.

6. The method of claims 1-5, wherein said nucleic acid sequence positioned between two

mverted terminal repeats (1TRs) including said ITRs consists of SEQ 1D NO: 23,

7. The method of any of claims 1-5, wherein the region of complementanty is at least 17

nucleotides in length.
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8. The method of claim 7, wherem the region of complementarity is between 19 and 21

nucleotides o length.

9. The method of claim &, wherein the region of complementanty i1s 19 nucleotides 1n

length.

10. The method of anv of claims 1-3, wherein the sense strand sequence and the antisense

strand sequence are, mdependently, 30 nucleotides or less.

11, An adenc-associated viral (AAV) vector, said AAV vector comprising a nucleic acid
sequence positioned between two mverted terminal repeats (ITRs) for inhibiting or
suppressing expression of SOD1 in a cell, wherein said nucleic acid sequence comprises a
senge strand sequence and an antisense strand sequence, wherein the sense strand
sequence comprises at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the nucleotide sequence of SEQ 1D NO: 7 and the antisense strand
sequence comprises at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the nucleotide sequence of SEQ 1D NO: 8 and wherein said sense strand
sequence and antisense strand sequence share a region of complementanity of at least four

nucleotides in length.

12. A polvnucleotide sequence comprising SEQ 1D NGO: 9.

13. A polyvnucleotide sequence consisting of SEQ 1D NO: 25,

14. An adeno-associated viral (AAV) vector, said AAVY vector comprising a vector

genome sequence compnsing SEQ D NO: 25 packaged m an AAV capsid.

15. The adeno-associated viral (AAV) vector of claim 14, wherem the AAV capsid

serotype is selected from AAVRhI0 and AAVY.

16. The adenc-associated viral (AAV) vector of claim 14 wherein the vecior genome is

self-complementary (scAAV).
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17. A method for treating and/or ameliorating a neurodegenerative or spinal cord related
disease i a subject in need of treatment, the method comprising administering to the
subject at more than one site by idraparenchymal delivery a therapeutically effective
amount of a composition compnising an adeno-associated viral (AAV) vector, said AAY
vector comprising a nucleic acid sequence posttioned between two inverted terminal
repeats {ITRs} for inhibiting or suppressing expression of a gene associated with said
neurodegenerative or spinal cord related discase in a cell, wherein said nucleic acid
sequence comprises a sense strand sequence and an antisense strand sequence, wheremn
the sense strand sequence comprises at least 15 contiguous nucleotides and the antisense
strand sequence comprises at least 15 contiguous nuclectides and wherein said seuse
strand sequence and antisense strand sequence share a region of complementarity of at

least four nucleotides i length.

18. The method of anv of claim 17, wherein the region of complementarity is at least 17

nucleotides in length.

19 The method of claim 18, wherein the region of complementarity is between 19 and 21

nucleotides in length.

2. The method of claim 19, wherein the region of complementarity is 19 nucleotides in

length.

21. The method of claim 17, wherein the sense strand sequence and the antisense strand

sequence are, independently, 30 nuclectides or less.

22, The method of claim 17, wherein the AAV vector comprises a capsid serotype
selected from the group consisting of AAVE AAVZ, AAVZ(GY, AAV3, AAV3a, AAV3D,
AAV3-3, AAV4A, AAV4-4, AAVS, AAVE, AAVE 1, AAVO.2, AAV6 12, AAVT,
AAVT 2 AAVE, AAVS, AAVO. 11, AAVY 13, AAVY. 16, AAVO 24, AAVS 45,
AAVI 4T AAVS. 61, AAVS.68, AAVO .84, AAVIS, AAVID, AAVIL, AAVIZ,
AAVI63, AAV24 1, AAV2T 3, AAV42. 12, AAVA2-1b, AAV42-2, AAV42-3a, AAV42-
3b, AAV42-4, AAVA2-5a, AAVA42-5b, AAVAZ-6b, AAV42-8, AAVA42-10, AAV42-11,
AAVAZ-12, AAV4A2-13, AAVA2-15, AAV42-aa, AAV43-1, AAVA3-12, AAV43-20,
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AAV4A3-21, AAVA3-23, AAVA43-25 AAVA3-5, AAV44. 1, AAV442, AAV4A4 S,
AAV223 1, AAV2232 AAV223.4 AAVI235 AAV2236 AAV223 7 AAV1-Tith 48,
AAVI-8/rh 49, AAV2-15/th 62, AAV2-3/rh.61, AAVZ-4/rh 50, AAV2-5/th 51,

AAV3 1/bu.6, AAV3 1/hu9, AAV3-9/rh.52, AAV3-11/th.53, AAV4-8/r11.64, AAV4-
O/th .54, AAVA-19/th 55, AAVS-3/vh 57, AAVS-22/th 58, AAVT 3/ 7, AAV16.8/hu 10,
AAVI6 12/he 11, AAVZ93/hb 1, AAV205/bb 2 AAVIN6 1/hu 37, AAYV114.3/ha 40,
AAVI27 2Mhu 41, AAVIZT 5/hud2, AAV 128 3/hu 44, AAV130.4/hu 48,
AAV 145 1/hu 33, AAVI45 5/hu54, AAVI45.6/hu 33, AAVI6T . 10/hu.60,
AAVI6L 6/ 61, AAV33.12/hu 17, AAV33 4/ha 15, AAV33 8/ 16, AAVS52/hu 19,
AAVSZ 1/hu 20, AAVS8 2/hu 25 AAVA3 3 AAVA3 4 AAVAIS AAVA3T AAVCE,
AAVCE, AAVCS, AAV-DI, AAV-DIE, AAVF3, AAVFS, AAVHZ, AAVHh 72,
AAVhu 8 AAVIHh 68 AAVIR 70, AAV L, AAVM 3, AAVp.2, AAVTh 60, AAVrh 44,
AAVh 65, AAVh 35, AAVIh 47 AAVIh 69, AAVTh 45 AAVrh 59, AAVRu 12,
AAVHS, AAVLKO3, AAVH-T/hu 1, AAVH-5/hu 3, AAVLG-10/rh 40, AAVLG-4/rh 38,
AAVLG-9hu39, AAVNT2E-8/rh.43, AAVCh S, AAVCh.ISRI, AAVey .2, AAVey 3,
AAVey 4, AAVey 5, AAVUy SR, AAVCY SR2, AAVCY 3R3, AAVCy SR4, AAVey 6,
AAVhe 1, AAVhu?2, AAVhu 3, AAVhu 4, AAVhe 5, AAVhu 6, AAVha 7 AAVhu 9,
AAVHhu 10, AAVhu 11, AAVhu 13, AAVhu 15, AAVhu 16, AAVhu 17, AAVhu 18,
AAVhu 20, AAVhu 21, AAVha22, AAVhu 232, AAVhy 24, AAVRu 25 AAVhu27,
AAVHu 28 AAVhu 29 AAVha 29R AAVhu 31 AAVhu 32, AAVhu 34, AAVhu 35,
AAVhu 37, AAVHhu.39, AAVhu 40, AAVhu4l, AAVhu 42, AAVIu 43, AAVhu 44,
AAVhu44R1, AAVhu 44R2, AAVhu44R3, AAVhu 4S5, AAVhu 46, AAVhu 47,
AAVhu 48, AAVhu 48R1, AAVho 48R2, AAVhu 48R3, AAVhu 49, AAVhu 51,
AAVHhu 52, AAVhu 54, AAVhu 55, AAViu 56, AAVhu. 57, AAVha 58, AAVhu 60,
AAVHhu 61, AAVHhu 63, AAVhu 64, AAVhu 66, AAVhu 67, AAVhu 14/9, AAVhut 19,
AAVhZ, AAVIM 2R, AAVrh B, AAVh B8R, AAVh. 10, AAVh 12, AAVL 13,

AAVh 13R, AAVh 14, AAVh 17, AAVHh 18, AAVIR 19, AAVTh 20, AAVrh 21,
AAVTh 22 AAVh 23, AAVIh 24, AAVIh.25, AAVTh 31, AAVrh32, AAVh 33,
AAYTh 34, AAVTHh 35, AAVh 36, AAVIh.37, AAVrh37R2, AAVrh.38, AAV1h.39,
AAVh 40, AAVrh 46, AAVrh 48, AAVh 481, AAVh 4812 AAVIh 482, AAVrh 49,
AAVh 51, AAVrh 52, AAVh 53, AAVh 54, AAVh 56, AAVh 57, AAVrh 58,
AAVTh.61, AAVTh.64, AAVh 64RY, AAVIh.64R2, AAVIh.67, AAVILT3, AAVh.74,
AAVhER, AAVrhER ASE6R mutant, AAVrh8R R333A mutant, AAAV, BAAV, capring
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AAV. bovine AAV, AAVREL 1, AAVREr1.5, AAVhERI 14, AAVhEr] 8, AAVRErL 16,
AAVhEr1 .18, AAVhEr].35, AAVhErl.7, AAVhEri.36, AAVhEr2.29, AAVhE2 4,
AAVRER. 16, AAVhE.30, AAVRER.31, AAVhER.36, AAVRER] 23, AAVhER.1,
AAV25T, AAV-PAEC, AAV-LKOI, AAV-LK02, AAV-LK03, AAV-LK04, AAV-
LKO05, AAV-LK06, AAV-LKO7, AAV-LKOS, AAV-LK09, AAV-LK10, AAV-LK11,
AAV-LK12, AAV-LK13, AAV-LK14, AAV-LKIS, AAV-LK16, AAV-LK17, AAV-
LK18, AAV-LK19, AAV-PAEC2. AAV-PAECA, AAV-PAECS, AAV-PAECT. AAV-
PAECS. AAV-PAECI], AAV-PAEC12, AAV-2-pre-miRNA-101 . AAV-8h, AAV-5b,
AAV-h, AAV-b, AAV SM 10-2 . AAV Shuffle 100-1, AAV Shuffle 100-3, AAV
Shuffle 100-7, AAV Shuffle 10-2, AAV Shuffle 10-6, AAV Shuffle 10-8, AAV Shuffle
100-2, AAV SM 10-1, AAV SM 10-8 , AAV SM 100-3, AAV SM 100-10, BNP6] AAV,
BNP62 AAV, BNP63 AAV, AAVrh 50, AAVh .43, AAVh.62, AAVth 48, AAVhu 19,
AAVhu 11, AAVhu 33, AAV4-8/rh 64, AAVLG-9/hu.39, AAVS4.5hu 23,

AAVSEL 2hu22, AAVS4.Thu.24, AAVS4. 1/hu 21, AAV34 4R/Mu.27, AAV4A6 2/ 28,
AAV46.6/Mu.29, AAV128.1/hu43, true type AAV (HAAV), UPENN AAV 10, Japanese
AAV 10 serotypes, AAV CBr-7.1, AAV CBr-7.10, AAV CBr-7.2, AAV CBr-7.3. AAV
CBr-7.4, AAV CBr-7.5, AAV CBr-7.7, AAV CBr-7.8, AAV CBr-B7.3, AAV CBr-B7 4,
AAV CBr-El, AAV CBr-E2, AAV CBr-E3, AAV CBr-E4, AAV CBr-ES, AAV CBr-e5.
AAV CBr-E6, AAV CBr-E7. AAV UBr-E8, AAV CHt-1, AAV CHt-2, AAV CHt-3,
AAV CHt-6.1, AAV CHE-6.10, AAV CHt-6.5, AAV CHt-6.6, AAV CHt-6.7. AAV CHt-
6.8, AAV CHE-P1, AAV CHE-P2, AAV CHI-PS, AAV CHE-P6, AAV CH-PS, AAV CHt-
PO, AAV CKd-1, AAV CKd-10, AAV CKd-2, AAV CKd-3, AAV CKd-4, AAV CKd-6,
AAV CKd-7, AAV CKd-8, AAV CKd-B1, AAV CKd-B2, AAV CKd-B3, AAV CKd-
B4, AAV CKd-BS5. AAV CKd-B6, AAV CKd-B7, AAV CKd-BS, AAV CKd-H1, AAV
CKd-H2. AAV CKd-H3, AAV CKd-H4, AAYV CKd-H5, AAV CKd-H5, AAV CKd-N3,
AAV CKd-N4, AAV CKd-N9, AAV CLg-F1, AAV CLg-F2, AAV CLg-F3, AAV CLg-
F4, AAV CLg-F5, AAV CLe-F6, AAV CLg-F7, AAV CLg-F8. AAV CLv-1, AAV
CLvi-1, AAV Clvi-10, AAV CLv1-2, AAV CLv-12. AAV CLv1-3, AAV CLv-13, AAV
CLv1-4, AAV Clvi-7, AAV ClvI-8, AAV Clv1-9, AAV CLv-2, AAV CLv-3, AAV
CLv-4, AAV CLv-6, AAV CLv-8, AAV CLv-D1, AAV CLv-D2, AAV CLv-D3, AAV
CLv-D4, AAV CLv-D3, AAV CLv-D6, AAV CLv-D7, AAV CLv-D8, AAV CLv-EL
AAV CLv-K1, AAV CLv-K3. AAV CLv-K6, AAV CLv-L4, AAV CLv-L5, AAV CLv-
16, AAV CLv-ML. AAV CLv-Mi1, AAV CLv-M2, AAV CLv-M5, AAV CLv-M§6,
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AAV CLv-M7, AAV CLv-M8, AAV CLv-M9, AAV CLv-R1, AAV CLv-R2, AAV
CLv-R3, AAV CLv-R4, AAV CLv-RS, AAV CLv-R6, AAV CLv-R7, AAV CLv-RS,
AAV CLv-R9, AAV CSp-1, AAV CSp-10, AAV C8p-11, AAV C8p-2, AAV CSp-3,
AAY CSp-4, AAV CSp-6, AAV C8p-7, AAV CSp-8, AAV Csp-8.10, AAV CS5p-8.2,
AAY CSp-8.4, AAV C5p-8.5, AAV C5p-8.6, AAV US5p-8.7, AAV C8p-8.8, AAV {Sp-
8.9 AAV CSp-9, AAV hud8R3, AAV VR-355, AAV3B, AAV4E AAVS, AAVFI/HSCH,
AAVELI/HSCIL, AAVEFI2/HSCL2, AAVFIZHSCI3, AAVFIAHSCH4,
AAVEFISHSCIS, AAVELGHSCle, AAVFITHSCI?, AAVE2ZHSC2, AAVE3HSCS,
AAVFA/HSC4, AAVESHSCS, AAVEF6/HSCo, AAVETHSCT, AAVFS/HSECS,
AAVFY/HSCO, AAV-PHP B, AAV-PHP A, G2B-26, G2B-13, TH1.1-32, TH1.1-35,
AAVPHP B2, AAVPHP B3, AAVPHP N/PHP B-DGT, AAVPHP B-EST, AAVPHP B-
GGT, AAVPHP B-ATP, AAVPHP B-ATT-T, AAVPHP B-DGT-T, AAVPHP B-GGT-T,
AAVPHP B-SGS, AAVPHP B-AGQP, AAVPHP B-QQP, AAVPHP B-SNP(3),

AAVPHP B-SNP, AAVPHP B-QGT, AAVPHP B-NQT, AAVPHP B-EGS, AAVPHP B-
SGN, AAVPHP B-EGT, AAVPHP B-DST, AAVPHP B-DST, AAVPHP B-STP,
AAVPHP B-PQP, AAVPHP B-SQP, AAVPHP B-QLP, AAVPHP B-TMP, AAVPHP.B-
TTP, AAVPHP S/G2A12, AAVGZATS/GIZAZ, AAVG2B4, AAVGZBS and variants
thereof,

23. The method of claim 22, wherein the capsid serotype is AAVrh 10

24. The method of claim 22, wherein the AAV vector comprises a promoter, and wherein

the promoter 1s HL.

25 The method of claim 27, wherein the AAV comprises a filler sequence.

26. The method of claim 25, wherein the filler sequence is selected from a lentivirug

derived filler sequence and an albumin gene derived filler sequence.

27. The method of claims 1 or 17, wherein the administening step by intraparenchymal

delivery occurs at two sites within the spinal cord.
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28. The method of claims 1 or 17, wherein the administration by intraparenchymal

delivery occurs at two sites within the cervical spinal cord.

29, The method of claims 1 or 17, wheremn the two sites of admunistration are at levels C3

and 5 of the spinal cord.

30. The method of claums | or 17, wherein the volume of administration s from about 5 ul. to
about 240 pl. at level C3 of the spinal cord and from about 5 plb to about 240 ulL at level €5

of the spinal cord.

31, The method of claims 1 or 17, wheremn the volume of admunistration is from about 5 ulto
about 60 gL at fevel O3 of the spmal cord and fiom about § ul to about 60 uL at level C5 of

the spinal cord.

32. The method of ¢laim 31, wherein the volume of admubustration 1s from about 25 1o
about 40 uL at level C3 of the spinal cord and from about 25 to about 40 ul at level €3

of the spinal cord.

33. The method of claims 1 or 17, wherein the dose is from about 1x10'Y vg to about
1x10%? vg at level C3 of the spinal cord and from about 1x10Y vg to about 1x10'2 vg at

level C5 of the spinal cord.

34. The method of claim 33, wherein the dose is from about 3x10Y vg to about 810" vg
at fevel (3 of the spinal cord and from about 5x10! vg to about 8x10!! vg at level C5 of
the spmal cord.

35. The method of claim 33, wherein the dose is from about 2x10'% vg to abouat 7x10!! ve
at level C3 of the spinal cord and from about 2x10% vg to about 7x10'% vg at level C5 of

the spmal cord.

36. The method of anv of claims 30-35, wherein the injection rate 15 5 ul/min.
o 2 Ly

- 183 -



WO 2020/010042 PCT/US2019/040230

/2

Figure 1

140
120+

100

80 - \\}f\-

60} N

40 - ‘T
) \x\
20k M .

- T e
: ; L ; ! '

Q 3
0,0001 0,01 1
XD-11256 SOD-1 siRNA concentration [niM]

relative SOD1 mRNA expression [%]
§




PCT/US2019/040230

WO 2020/010042

2/2

SIOPOR HU TOOS-AVY
fag-pyian a-frIam 884 pOT IR AR #1353
S+¥L P HL e+ %Y SHEAL AL £+ S+RY PBT €AY S+RL PR €+ 3P S+ALP+EY ¢4+ EP o
- 02
- %
- §1%
~ 8
- o1
- 021

{HOdYS D1 pazypuLIou]
S8 1SH-NS U1 SID18A U TGOS-AYY Ay UMDPPROUY YW TO0S %id

s 30 %}
IRAT) WHEW TQOs Sid aapie

By

i

7 sundig




<11e>

<120>

<130>

<140>
<141>

<150>
<151>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>
<220>

<221>
<223>

<400>

20571070PCT_SEQLST. txt

SEQUENCE LISTING

VOYAGER THERAPEUTICS, INC.

TREATMENT OF AMYOTROPHIC LATERAL SCLEROSIS AND DISORDERS

ASSOCIATED WITH THE SPINAL CORD
2057.1070PCT

PCT/US2019/XXXXXX
2019-07-02

62/746,104
2018-10-16

62/693,040
2018-07-02

30

PatentIn version 3.5
1

21

RNA
Artificial Sequence

source

/note="Description of Artificial Sequence:

polynucleotide™

1

uauuaaagug aggaccugcu u

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

2

21

RNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

polynucleotide

2

gcagguccuc acuuuaaugc u

<210>
<211>

3
30

Page 1

Synthetic

Synthetic

21

21



20571070PCT_SEQLST. txt

<212> DNA
<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

polynucleotide™

<400> 3
ctcccgcaga acaccatgeg ctccacggaa

<210> 4

<211> 15

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:
polynucleotide™
<400> 4

gtggccactg agaag

<210> 5

<211> 35

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:
polynucleotide™
<400> 5

ctgaggagcg ccttgacagc agccatggga gggcc

<210> 6

<211> 122

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

polynucleotide™

<400> 6

Synthetic

Synthetic

Synthetic

Synthetic

ctcccgecaga acaccatgecg ctccacggaa gcaggtcctc actttaatge tgtggccact

Page 2

30

15

35

60



20571070PCT_SEQLST. txt

gagaagtatt aaagtgagga cctgcttctg aggagcgcct tgacagcagc catgggaggg

cc

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

7

21

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

polynucleotide"

7

gcaggtcctc actttaatge t

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

8

21

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

polynucleotide"

8

tattaaagtg aggacctgct t

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

9

1406

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

polynucleotide™

9

Synthetic

Synthetic

Synthetic

ctgcgegete getcgetcac tgaggeccgec cgggcaaage ccgggegteg ggegaccttt

ggtcgcccgg cctcagtgag cgagcgageg cgcagagagg gagtgtagec atgctctagg

aagatcaatt caattcacgc gtccatggct tagaaggcaa gaatcctggc tgtggaaaga

tacctaaagg atcaacagct cctggggatt tggggttgct ctggaaaact catttgcacc

Page 3

120

122

21

21

60

120

180

240



actgctgtgc
acgacctgga
attgaagaat
tgggcaagtt
ataatgatag
aatagagtta
ggacccgaca
attcgattag
attcgaacgc
ggaacaccca
ccctgcaata
ttggatttgg
gaacaccatg
ttaaagtgag
acggggtgaa
tcatgaagcc
tagtgtgttg
ttaatcatta
cgctecgctca
gcctcagtga
<210>
<211>

<212>
<213>

10
981
DNA
Homo

<400> 10
gtttggggcc

ggtgctggtt

cttggaatgc
tggagtggga
cgcaaaacca
tgtggaattg
taggaggctt
ggcagggata

ggCcccgaagsg

tgaacggatc
tgacgtcatc
gcgegegtgce
tttgcatgtc
gaatcttata
cgctccacgg
gacctgcttc
ctacgcctga
ccttgagcat
gaattttttg
actacaagga
ctgaggecegg

gcgagcgagc

sapiens

agagtgggcg

tgcgtcgtag

20571070PCT_SEQLST. txt

tagttggagt
cagagaaatt
gcaagaaaag
gtttaacata
ggtaggttta
ttcaccatta
aatagaagaa
tcgacggtat
aacccgctcc
gccctggeag
gctatgtgtt
agttctgtat
aagcaggtcc
tgaggagcgc
ggatccgatc
ctgacttctg
tgtctctcac
acccctagtg

gcgaccaaag

gcgeag

aataaatctc
aacaattaca
aatgaacaag
acaaattggc
agaatagttt
tcgtttcaga
gaaggtggag
cgatcacgag
aaggaatcgc
gaagatggct
ctgggaaatc
gagaccacac
tcactttaat
cttgacagca
tttttccctc
gctaataaag
tcggcctagg
atggagttgg

gtcgcccgac

tggaacagat
caagcttaat
aattattgga
tgtggtatat
ttgctgtact
cccacctccc
agagagacag
actagcctcg
gggcccagtg
gtgagggaca
accataaacg
cggtaccgag
gctgtggeca
gccatgggag
tgccaaaaat
gaaatttatt
tagataagta
ccactccctce

gccegggett

ttggaatcac
acactcctta
attagataaa
aaaattattc
ttctatagtg
aaccccgagg
agacagatcc
agcggccgea
tcactaggcg
gegagtggeg
tgaaatgtct
ctctcccgea
ctgagaagta
ggcctcgagg
tatggggaca
ttcattgcaa
gcatggeggg
tctgegeget

tgcccgggceg

aggcgcggag gtctggccta taaagtagtc gcggagacgg

tctcctgcag cgtctggggt ttccgttgca gtcctcggaa

Page 4

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1406

60

120



ccaggacctc
cgacggccca
ggtgtgggga
tggagataat
acacggtggg
Caaagatggt
ttgcatcatt
aaatgaagaa
gatcgcccaa
tgctagctgt
gtgtgacttt
tggaagattt
ttgccagact
ctgtgaataa
actaaaaaaa
<216> 11

<211> 465
<212> DNA

ggcgtggect
gtgcagggca
agcattaaag
acagcaggct
Cccaaaggatg
gtggccgatg
ggccgcacac
agtacaaaga
taaacattcc
agaaatgtat
ttcagagttg
gtatagtttt
taaatcacag
aaaccctgta

ddddaaadadaa

<213> Macaca sp.

<400> 11
atggcgatga

ttcgagcaga
gaaggcctgc
gcaggtcctc
catgttggag
gaagattctg

catgaaaaag

gctggaggtc

aggcegtgtg
aggaaagtaa
atggattcca
actttaatcc
acctgggcaa
tgatctcgct
cagatgactt

gtctggcttg

20571070PCT_SEQLST. txt

agcgagttat
tcatcaattt
gactgactga
gtaccagtgc
aagagaggca
tgtctattga
tggtggtcca
caggaaacgc
cttggatgta
cctgataaac
ctttaaagta
ataaaactca
atgggtatta
tggcacttat

a

cgtgttgaag
tggaccagtg
tgttcatcag
tctatccaga
tgtgactgct
ctcaggagac

gggcaaaggt

tggtgtaatt

ggcgacgaag
cgagcagaag
aggcctgcat
aggtcctcac
tgttggagac
agattctgtg
tgaaaaagca
tggaagtcgt
gtctgaggcc
attaaacact
cctgtagtga
gttaaaatgt
aacttgtcag

tatgaggcta

ggcgacagcec
aaggtgtggg
tttggagata
caacacggtg
ggcaaagatg
cattccatca

ggaaatgaag

gggatcgccc
Page 5

gcegtgtgeg
gaaagtaatg
ggattccatg
tttaatcctc
ttgggcaatg
atctcactct
gatgacttgg
ttggcttgtg
ccttaactca
gtaatcttaa
gaaactgatt
ctgtttcaat
aatttctttg

ttaaaagaat

cagtgcaggg
gaagcattac
atacacaagg
ggccaaagga
gtgtggccaa
ttggccgcac
aaagtaaaaa

aataa

tgctgaaggg
gaccagtgaa
ttcatgagtt
tatccagaaa
tgactgctga
caggagacca
gcaaaggtgg
gtgtaattgg
tctgttatcc
aagtgtaatt
tatgatcact
gacctgtatt
tcattcaagc

ccaaattcaa

caccatcaat
aggattgact
ctgtaccagt
tgaagagagg
ggtgtctttc
attggtggtc

gacaggaaac

180

240

300

360

420

480

540

600

660

720

780

840

900

960

981

60

120

180

240

300

360

420

465



<210> 12
<211> 658
<212> DNA

<213> Sus scrofa

<400> 12

cgtcggegtg tactgcggcc

cgcgececcecg
gcagggcacc
taaaggactg
aggctgtacc
ggatcaagag
cactgtgtac
cacaatggtg
aaagacggga
attccctcat
gtagaaattt
<210> 13

<211> 54

<212> DNA
<213>
<220>

<221>
<223>

cgagtcatgg
atctacttcg
gctgaaggtg
agtgcaggtc
aggcacgttg
atcgaagatt
gtccatgaaa
aatgctggaa
gccatggtct

aacttgataa

source
/note="Description of Artificial Sequence: Synthetic

polynucleotide™

<400> 13

20571070PCT_SEQLST. txt

tctcccgetg
cgacgaaggc
agctgaaggg
atcatggatt
ctcacttcaa
gagacctggg
ctgtgatcgc
aaccagatga
gtcgtttggc
gaatgccagt

acattaaaca

Artificial Sequence

cttctggtac
cgtgtgtgtg
agagaagaca
ccatgtccat
tcctgaatcc
caatgtgact
cctctcggga
cttgggcaga
ctgtggtgta
aactcatctg

ctgtaacctt

cctcccagcc
ctgaagggcg
gtgttagtaa
cagtttggag
aaaaaacatg

gctggcaaag

gaccattcca
ggtggaaatg
attgggatca
ttatcttgct

ddddaadadadaa

cggaccggag
acggcccggt
cgggaaccat
ataatacaca
gtgggccaaa
atggtgtggc
tcattggccg
aagaaagtac
cccagtaaac
agttgtagtt

dadddaaaad

gtgctgggcg gggggeggeg ggecctceccg cagaacacca tgecgectcttc ggaa

<210> 14
<211> 54
<212> DNA

<213> Artificial Sequence

<220>

<221> source

Page 6

60

120

180

240

300

360

420

480

540

600

658

54



<400>

20571070PCT_SEQLST.txt
<223> /note="Description of Artificial Sequence: Synthetic

polynucleotide™

14

gtgctgggcg gggggeggeg ggecctcccg cagaacacca tgcgectccac ggaa

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

15

10

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

polynucleotide™

15

tgtgatttgg

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

16

15

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

polynucleotide™

16

gtggccactg agaag

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

17

100

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

polynucleotide™

17

Synthetic

Synthetic

Synthetic

tggccgtgta gtgctaccca gcgectggetg cctcctcage attgcaattc ctctcccatc

tgggcaccag tcagctaccc tggtgggaat ctgggtagcc

<210>

18
Page 7

54

10

15

60

100



<211>
<212>
<213>

<220>

<221>
<223>

<400>

20571070PCT_SEQLST.txt
52
DNA
Artificial Sequence

source
/note="Description of Artificial Sequence: Synthetic
polynucleotide™

18

ctgtggagcg ccttgacagc agccatggga gggccgecccc ctacctcagt ga 52

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

19

260

DNA

Artificial Sequence

source
/note="Description of Artificial Sequence: Synthetic
polynucleotide™

19

gaagcaaaga aggggcagag ggagcccgtg agctgagtgg gccagggact gggagaagga 60

gtgaggaggc agggccggca tgcctctget gectggccaga ccccttaact catttgttcc 120

cgtctgcacc tgtcactagt aacagatgag ttaaggggtt tggccgtgta gtgctaccca 180

gcgectggetg cctcctcage attgcaattc ctctcccatc tgggcaccag tcagctaccc 240

tggtgggaat ctgggtagcc 260

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

20

21

DNA

Artificial Sequence

source
/note="Description of Artificial Sequence: Synthetic
polynucleotide™

20

ccccttaact catttgttcc c 21

<210>
<211>
<212>

21
21
DNA

Page 8



<213>
<220>

<221>
<223>

<400>

20571070PCT_SEQLST. txt

Artificial Sequence

source

/note="Description of Artificial Sequence:

polynucleotide™

21

taacagatga gttaaggggt t

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

22

158

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

polynucleotide™

22

Synthetic

Synthetic

gtgctgggcg gggggeggeg ggecctcccg cagaacacca tgecgectcttc ggaaccctta

actgatctgt taacctgtga cctggttaac agatgagtta agggttctgt ggagcgcctt

gacagcagcc atgggagggc cgccccctac ctcagtga

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

23

21

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

polynucleotide™

23

cccttaactg atctgttaac c

<210>
<211>
<212>
<213>

<220>
<221>
<223>

24

21

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

polynucleotide™

Page 9

Synthetic

Synthetic

21

60

120

158

21



<400> 24

20571070PCT_SEQLST. txt

ttaacagatg agttaagggt t

<210>
<211>
<212>
<213>

25
1412
DNA

<220>
<221>
<223>

source
/note="Description of Artificial Sequence:

polynucleotide™

<400> 25
ctgcgcgctc

ggtcgeeegg
aagatcaatt
gtttacaaca
ttgacacttg
tgttttcagc
gaatcaacta
ggttagtgga
acctgtacca
tttattaatt
aaacttgaaa
caagggttaa
gccgcaattc
taggcgggaa
gtggcgccect
atgtctttgg
cccgcagaac

gaagtattaa

gctcgctcac
cctcagtgag
caattcacgc
tttgctgccc
gggtactttc
aaggcaagaa
agatgttgct
gggtagaaaa
cttgcataat
tcttctttca
gatacaagta
attaaaagta
gaacgctgac
cacccagcgc
gcaatatttg
atttgggaat

accatgcgct

agtgaggacc

Artificial Sequence

tgaggccgcc
cgagcgagcg
gtatagtctt
acttttccta
ttggtgtaac
actgtctaac
atgttccatt
cattctcctg
cttgggaaag
ataaaacctg
gaaaatggaa
gtaaagtatt
gtcatcaacc
gcgtgecgecc
catgtcgcta
cttataagtt
ccacggaagc

tgcttctgag

cgggcaaagc
cgcagagagg
ctgcacaggg
ggtttcttga
gaactaatag
atagtagata
catcatatta
aacaactagt
tgagttgcct
gagagagctt
ggaaatatat
ataattaatc
cgctccaagg
tggcaggaag
tgtgttctgg
ctgtatgaga
aggtcctcac

gagcgccttg

Page 10

ccgggegtceg
gagtgtagcc
cattcttttt
gacctctaca
cctgaaaaaa
aaacagagaa
tctccatctg
taaacttggc
aattcagtga
catatgtatc
ctgactcaat
tgacatggta
aatcgcgggc
atggctgtga
gaaatcacca
ccacaccggt
tttaatgctg

acagcagcca

Synthetic

ggcgaccttt
atgctctagg
gcttcaggat
agagttggag
agaagtcatg
cacttggccg
cagagtagtg
tttgagttcc
cattaataaa
agcatatgct
agggatagtt
ccctctageg
ccagtgtcac
gggacaggga
taaacgtgaa
accgagctct

tggccactga

tgggagggcc

21

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



tcgaggacgg
gggacatcat
ttgcaatagt
ggcgggttaa
cgcgctcgcet

cgggeggect

<210>
<211>
<212>
<213>

26
105
DNA

<220>
<221>
<223>

ggtgaactac
gaagcccctt
gtgttggaat
tcattaacta
cgctcactga

cagtgagcga

source
/note="Description of Artificial Sequence: Synthetic

polynucleotide™

<400> 26
ctgcgcgctc

ggtcgcccgg

<210> 27
<211> 570
<212> DNA
<213> Homo

<400> 27
atagtcttct

ttttcctagg
ggtgtaacga
tgtctaacat
gttccattca
ttctcctgaa
tgggaaagtg
aaaacctgga

aaatggaagg

20571070PCT_SEQLST. txt

gcctgaggat
gagcatctga
tttttgtgtc
caaggaaccc
ggceggegega

gcgagcegcegc

Artificial Sequence

ccgatctttt
cttctggcta
tctcactcgg
ctagtgatgg
Ccaaaggtcg

ag

tccctctgec
ataaaggaaa
cctaggtaga
agttggccac

cccgacgecc

aaaaattatg
tttattttca
taagtagcat
tccctctctg

gggctttgcec

gctcgctcac tgaggccgecc cgggcaaage ccgggegtecg ggecgaccttt

cctcagtgag cgagcgagcg cgcagagagg gagtg

sapiens

gcacagggca

tttcttgaga
actaatagcc
agtagataaa
tcatattatc
caactagtta
agttgcctaa
gagagcttca

aaatatatct

ttctttttgc
cctctacaag
tgaaaaaaag
acagagaaca
tccatctgca
aacttggctt
ttcagtgaca
tatgtatcag

gactcaatag

ttcaggatgt
agttggagtt
aagtcatgtg
cttggccgga
gagtagtggg
tgagttccac
ttaataaatt
catatgctaa

ggatagttca
Page 11

ttacaacatt
gacacttggg
ttttcagcaa
atcaactaag
ttagtggagg
ctgtaccact
tattaatttc
acttgaaaga

agggttaaat

tgctgeccac
gtactttctt
ggcaagaaac
atgttgctat
gtagaaaaca
tgcataatct
ttctttcaat
tacaagtaga

taaaagtagt

1140

1200

1260

1320

1380

1412

60

105

60

120

180

240

300

360

420

480

540



20571070PCT_SEQLST. txt

aaagtattat aattaatctg acatggtacc

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

28

219

DNA

Artificial Sequence

source
/note="Description of Artificial Sequence: Synthetic
polynucleotide™

28

aattcgaacg ctgacgtcat caacccgctc caaggaatcg cgggcccagt gtcactaggce

gggaacaccc agcgegegtg cgeccctggea ggaagatgge tgtgagggac agggagtggc

gccctgeaat atttgcatgt cgectatgtgt tctgggaaat caccataaac gtgaaatgtc

tttggatttg ggaatcttat aagttctgta tgagaccac

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

29

127

DNA

Artificial Sequence

source
/note="Description of Artificial Sequence: Synthetic
polynucleotide™

29

gatctttttc cctctgccaa aaattatggg gacatcatga agccccttga gcatctgact

tctggctaat aaaggaaatt tattttcatt gcaatagtgt gttggaattt tttgtgtctc

tcactcg

<210>
<211>
<212>
<213>

<220>
<221>
<223>

30

130

DNA

Artificial Sequence

source
/note="Description of Artificial Sequence: Synthetic
polynucleotide"

Page 12

570

60

120

180

219

60

120

127



20571070PCT_SEQLST. txt

<400> 30

aggaacccct agtgatggag ttggccactc cctctctgeg cgetecgeteg ctcactgagg 60
ccgggegacc aaaggtcgec cgacgeccgg getttgeccg ggeggectca gtgagegagc 120
gagcgcgcag 130
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