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ADENO-ASSOCIATED VIRAL VECTORS USEFUL IN TREATMENT OF SPINAL MUSCULAR ATROPY 

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED IN 

5 ELECTRONIC FORM 

Applicant hereby incorporates by reference the Sequence Listing material filed 

in electronic form herewith. This file is labeled "16

7655PCTSEQListing_ST25.txt".  

10 BACKGROUND OF THE INVENTION 

Spinal muscular atrophy (SMA) is a neuromuscular disease caused by 

mutations in telomeric SMN1, a gene encoding a ubiquitously expressed protein 

(survival of motor neuron - SMN) involved in splicesome biogenesis. For unclear 

reasons SMN deficiency results in selective toxicity to lower motor neurons, resulting 

15 in progressive neuron loss and muscle weakness. The severity of the disease is 

modified by the copy number of a centromeric duplication of the homologous gene 

(SMN2), which carries a splice site mutation that results in production of only small 

amounts of the full length SMN transcript. Patients who carry 1-2 copies of SMN2 

present with the severe form of SMA, characterized by onset in the first few months 

20 of life and rapid progression to respiratory failure. Patients with 3 copies of SMN2 

generally exhibit an attenuated form of the disease, typically presenting after six 

months of age. Though many never gain the ability to walk, they rarely progress to 

respiratory failure, and often live into adulthood. Patients with four SMN2 copies 

may not present until adulthood with gradual onset of muscle weakness. There is no 

25 current treatment for SMA other than palliative care.  

The correlation between loss of SMN function and disease severity makes 

SMA a potential target for gene therapy. Previous studies involving administration of 

an adeno-associated virus, AAV8-hSMN, to the CNS (central nervous system) in 

SMA-mouse models demonstrated expression of SMN in the spinal cord and that the 

30 SMA phenotype could be rescued; however, only modest preservation in the number 
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of motor neurons was produced - and long term survival was not achieved. (Passini et 

al., 2010, J Clin Invest 120: 1253-1264).  

The disease presents unique challenges for gene therapy, in part, because the 

SMN gene product is intracellular. Thus, robust transduction efficiency for the 

5 underlying subset of involved motor neurons is important for efficacy. An alternative 

approach to treatment studied the use of antisense oligonucleotides injected into the 

mouse CNS to redirect the splicing of SMN2 and boost production of SMN protein.  

(Passini et al. 2011, Sci Transl Med 3: 72ra18).  

For gene therapy, AAV9 emerged as the vector of choice based on results 

10 achieved in animal studies involving the transfer of genes to the CNS. For example, 

based on dose-response studies of AAV9 transduction of SMN in SMA mouse 

models, Passini tested doses of AAV9 injected intrathecally in non-human primates 

("NHPs") to determine whether adequate transfer of a marker gene (Green 

Fluorescent Protein, "GFP") to motor neurons could be achieved. (Passini et al., 

15 2014, Human Gene Therapy 25:619-630). And others reported the widespread 

distribution of GFP in the CNS of mice and NHPs that received an intrathecal 

injection of AAV9. (Myer et al. 2014, Mol. Ther. 23:477-487 and Hinderer et al., 

2014, Mol Ther 1: 14051). Systemic delivery of AAV9 has also been shown to cross 

the blood-brain barrier and achieve widespread gene transfer of GFP to the CNS.  

20 (Foust et al. 2009, Nature Biotech 27: 59-65; Duque et al. 2009, Mol Ther 17: 1187

1196).  

Recently, an alternative AAV vector, AAVrh1, reported to be at least as 

efficient as AAV9 for transduction of many tissues in mice was analyzed to compare 

the ability to achieve gene transfer of the marker gene, GFP, to the CNS and PNS 

25 (peripheral nervous system) following intravascular delivery in neonatal mice. While 

low dose AAVrh10 appeared to induce higher transduction in the tissues tested, the 

differences were less evident at higher doses likely necessary for a therapeutic effect.  

(Tanguy, et al., 2015, Front Mol Neurosci 8: article 36).  

What is needed are effective treatments for SMA.  

30 

-2-



SUMMARY OF THE INVENTION 

In one aspect, an adeno-associated viral vector (AAV) vector includes an 

AAVrh10 capsid and a vector genome which comprises AAV inverted terminal repeats 

(ITR(s)) and nucleic acid sequences encoding human survival of motor neuron (SMN) 

5 protein and expression control sequences that direct expression of the SMN in a host cell.  

In a further aspect, the invention relates to a recombinant adeno-associated viral 

vector (rAAV) having an AAVrh10 capsid encasing a nucleic acid that contains an AAV 

ITR(s) (inverted terminal repeat) and encodes SIN controlled by a regulatory element(s) 

that directs SIN expression in host cells ("rAAV.SIN") suitable for intrathecal 

10 administration to an animal subject. Such rAAV.SMNs are replication defective and 

advantageously can be used to deliver SMN to the CNS of subjects diagnosed with an 

SMN deficiency; particularly human subjects diagnosed with SMA. In a preferred 

embodiment, the rAAV transduces neurons in the brain and spinal cord, and particularly 

motor neurons. In another preferred embodiment, the rAAV of the invention is not 

15 neutralized by antisera to AAV9 capsid that may be present in the subject to be treated.  

In certain embodiments, the nucleic acid sequences encode SEQ ID NO: 1 or a sequence 

sharing at least 95% identity therewith.  

In another aspect, the invention relates to a recombinant adeno-associated viral 

(AAV) vector comprising an AAVrh10 capsid comprising the amino acid sequence of 

20 SEQ ID NO: 5 and a vector genome comprising a nucleic acid sequence encoding a 

functional SIN protein that is SEQ ID NO: 2, or a sequence at least 75% identical 

thereof that encodes SEQ ID NO: 1, and expression control sequences that direct 

expression of the SIN sequences in a host cell.  

In certain embodiment, the nucleic acid sequences encoding the human SMN 

25 protein ("hSMN") protein can be codon-optimized. See, e.g, the nucleic acid sequence 

encoding the SMN protein is an SMN1 sequence of SEQ ID NO: 2, or a sequence sharing 

at least 70% identity therewith.  

In another aspect, pharmaceutical compositions are provided which include a 

pharmaceutically acceptable carrier and an rAAV vector as described herein.  

30 In yet another aspect, a method for treating spinal muscular atrophy in a subject is 

provided. The method includes administering a pharmaceutical composition as described 

herein to a subject in need thereof.  

In yet another aspect, a method of expressing SMN in a subject is provided. In 

one embodiment, the method includes administering a pharmaceutical composition as 

35 described herein to a subject in need thereof.  
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Other aspects and advantages of the invention will be readily apparent from 

the following detailed description of the invention.  

BRIEF DESCRIPTION OF THE DRAWINGS 

5 FIG 1 is a diagram showing SMN vector genome structure. ITR= AAV2 

inverted terminal repeat. CB7 = chicken beta actin promoter with cytomegalovirus 

enhancer. RBG = rabbit beta globin polyadenylation signal.  

FIG 2 is a photomicrograph demonstrating human SMN expression in the 

spinal cord and dorsal root ganglion of a vector treated SMNA7 mouse. An 

10 expression construct consisting of a codon-optimized human SMN cDNA and CB 

promoter was packaged in an AAVrh10 capsid. 5x01 0 GC were injected into the 

facial vein of newborn SMNA7 mice. The animals were sacrificed on postnatal day 

17 and tissues stained with an antibody against human SMN (2B1, Santa Cruz). The 

spinal cord demonstrated occasional transduced cells, whereas the dorsal root ganglia 

15 were heavily transduced.  

FIG 3 is a Western blot of HEK 293 and Huh7 cell lysate +/- transfection with 

pAAV.CB7.CI.hSMN. Cells were transfected at 90% confluency with lipofectamine 

2000 and harvested 48 hours later.  

FIGs 4A-4B are an alignment of native hSMN1, variant d (Accession no.  

20 NM_000344.3) (Subject; SEQ ID NO: 3) vs. the codon optimized sequence described 

herein (Query; SEQ ID NO: 2).  

FIG 5 is a plasmid map of an AAVrh.10.hSMN1 construct described herein.  

FIG 6 is a survival curve of SMNA7 pups treated IV with various doses of 

AAVrh.10.hSMN1 similar to what is described in Example 2.  

25 

DETAILED DESCRIPTION OF THE INVENTION 

An engineered human (h) survival of motor neuron 1 (SMN1) cDNA is 

provided herein, which was designed to maximize translation as compared to the 

native hSMN1 sequence (as shown in Figure 5, and SEQ ID NO: 3). An intron was 

30 incorporated upstream of the coding sequence to improve 5' capping and stability of 

mRNA (see, Fig. 5 and SEQ ID NO: 4).  
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Also provided herein are viral vectors which include the engineered hSMN1 

sequences. These compositions may be used in methods for the treatment of spinal 

muscular atrophy as described herein. For comparison purposes, an alignment of 

native human SMN1 coding sequence and an engineered cDNA is illustrated in FIG.  

5 4.  

The International SMA Consortium classification defines several degrees of 

severity in the SMA phenotype, depending on the age of onset and motor 

development milestones. SMA 0 designation is proposed to reflect prenatal onset and 

severe joint contractures, facial diplegia, and respiratory failure. Type I SMA, 

10 Werdnig-Hoffmann I disease, is the most severe post-natal form with onset within 6 

months of birth. Patients are unable to sit up and have serious respiratory dysfunction.  

Type II SMA is the intermediate form with onset within the first 2 years; children can 

sit up but are unable to walk. The clinical course is variable. Type III (also called 

Kugelberg-Welander disease) begins after 2 years of age and usually has a chronic 

15 evolution. Children can stand and walk unaided at least in infancy. Adult form (type 

IV) is the mildest, with onset after 30 years of age; few cases have been reported and 

its prevalence is not accurately known.  

SMA is an autosomal recessive disorder in which approximately 95% of SMA 

patients have homozygous absence of exons 7 and 8 (or exon 7 only) of the SMN1 

20 gene. The remainder of patients are compound heterozygotes for SMN1 mutations, 

with a subtle mutation on one chromosome and a deletion or gene conversion on the 

other. Provision of a functioning SMN1 gene has been shown to rescue the 

phenotype. See, Tanguy, cited above.  

In one aspect, a coding sequence is provided which encodes a functional SMN 

25 protein. In one embodiment, the amino acid sequence of the functional SMN1 is that 

of SEQ ID NO: 1 or a sequence sharing 95% identity therewith. In one embodiment, 

a modified hSMN1 coding sequence is provided. Preferably, the modified hSMN1 

coding sequence has less than about 80% identity, preferably about 75% identity or 

less to the full-length native hSMN1 coding sequence (FIG. 4, SEQ ID NO: 3). In 

30 one embodiment, the modified hSMN1 coding sequence is characterized by improved 

translation rate as compared to native hSMN1 following AAV-mediated delivery 

(e.g., rAAV). In one embodiment, the modified hSMN1 coding sequence shares less 
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than about 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 69%, 68%, 

67%, 66%, 65%, 64%, 63%, 62%, 61% or less identity to the full length native 

hSMN1 coding sequence. In one embodiment, the modified hSMN1 coding sequence 

is SEQ ID NO: 2, or a sequence sharing 70%, 75%, 80%, 85%, 90%, 95% or greater 

5 identity with SEQ ID NO: 2.  

The term "percent (%) identity", "sequence identity", "percent sequence 

identity", or "percent identical" in the context of nucleic acid sequences refers to the 

residues in the two sequences which are the same when aligned for correspondence.  

The length of sequence identity comparison may be over the full-length of the 

10 genome, the full-length of a gene coding sequence, or a fragment of at least about 500 

to 5000 nucleotides, is desired. However, identity among smaller fragments, e.g. of 

at least about nine nucleotides, usually at least about 20 to 24 nucleotides, at least 

about 28 to 32 nucleotides, at least about 36 or more nucleotides, may also be desired.  

Percent identity may be readily determined for amino acid sequences over the 

15 full-length of a protein, polypeptide, about 32 amino acids, about 330 amino acids, or 

a peptide fragment thereof or the corresponding nucleic acid sequence coding 

sequences. A suitable amino acid fragment may be at least about 8 amino acids in 

length, and may be up to about 700 amino acids. Generally, when referring to 

"identity", "homology", or "similarity" between two different sequences, "identity", 

20 "homology" or "similarity" is determined in reference to "aligned" sequences.  

"Aligned" sequences or "alignments" refer to multiple nucleic acid sequences or 

protein (amino acids) sequences, often containing corrections for missing or 

additional bases or amino acids as compared to a reference sequence.  

Alignments are performed using any of a variety of publicly or commercially 

25 available Multiple Sequence Alignment Programs. Sequence alignment programs are 

available for amino acid sequences, e.g., the "Clustal X", "MAP", "PIMA", "MSA", 

"BLOCKMAKER", "MEME", and "Match-Box" programs. Generally, any of these 

programs are used at default settings, although one of skill in the art can alter these 

settings as needed. Alternatively, one of skill in the art can utilize another algorithm 

30 or computer program which provides at least the level of identity or alignment as that 

provided by the referenced algorithms and programs. See, e.g., J. D. Thomson et al, 
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Nucl. Acids. Res., "A comprehensive comparison of multiple sequence alignments", 

27(13):2682-2690 (1999).  

Multiple sequence alignment programs are also available for nucleic acid 

sequences. Examples of such programs include, "Clustal W", "CAP Sequence 

5 Assembly", "BLAST", "MAP", and "MEME", which are accessible through Web 

Servers on the internet. Other sources for such programs are known to those of skill 

in the art. Alternatively, Vector NTI utilities are also used. There are also a number 

of algorithms known in the art that can be used to measure nucleotide sequence 

identity, including those contained in the programs described above. As another 

10 example, polynucleotide sequences can be compared using FastaT M , a program in 

GCG Version 6.1. FastaTM provides alignments and percent sequence identity of the 

regions of the best overlap between the query and search sequences. For instance, 

percent sequence identity between nucleic acid sequences can be determined using 

FastaTM with its default parameters (a word size of 6 and the NOPAM factor for the 

15 scoring matrix) as provided in GCG Version 6.1, herein incorporated by reference.  

In one embodiment, the modified hSMN1 coding sequence is a codon 

optimized sequence, optimized for expression in the subject species. As used herein, 

the "subject" is a mammal, e.g., a human, mouse, rat, guinea pig, dog, cat, horse, cow, 

pig, or non-human primate, such as a monkey, chimpanzee, baboon or gorilla. In a 

20 preferred embodiment, the subject is a human. In one embodiment, the sequence is 

codon optimized for expression in a human.  

Codon-optimized coding regions can be designed by various different 

methods. This optimization may be performed using methods which are available on

line (e.g., GeneArt), published methods, or a company which provides codon 

25 optimizing services, e.g., DNA2.0 (Menlo Park, CA). One codon optimizing method 

is described, e.g., in US International Patent Publication No. WO 2015/012924, which 

is incorporated by reference herein in its entirety. See also, e.g., US Patent 

Publication No. 2014/0032186 and US Patent Publication No. 2006/0136184.  

Suitably, the entire length of the open reading frame (ORF) for the product is 

30 modified. However, in some embodiments, only a fragment of the ORF may be 

altered. By using one of these methods, one can apply the frequencies to any given 
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polypeptide sequence, and produce a nucleic acid fragment of a codon-optimized 

coding region which encodes the polypeptide.  

A number of options are available for performing the actual changes to the 

codons or for synthesizing the codon-optimized coding regions designed as described 

5 herein. Such modifications or synthesis can be performed using standard and routine 

molecular biological manipulations well known to those of ordinary skill in the art. In 

one approach, a series of complementary oligonucleotide pairs of 80-90 nucleotides 

each in length and spanning the length of the desired sequence are synthesized by 

standard methods. These oligonucleotide pairs are synthesized such that upon 

10 annealing, they form double stranded fragments of 80-90 base pairs, containing 

cohesive ends, e.g., each oligonucleotide in the pair is synthesized to extend 3, 4, 5, 6, 

7, 8, 9, 10, or more bases beyond the region that is complementary to the other 

oligonucleotide in the pair. The single-stranded ends of each pair of oligonucleotides 

are designed to anneal with the single-stranded end of another pair of 

15 oligonucleotides. The oligonucleotide pairs are allowed to anneal, and approximately 

five to six of these double-stranded fragments are then allowed to anneal together via 

the cohesive single stranded ends, and then they ligated together and cloned into a 

standard bacterial cloning vector, for example, a TOPO@ vector available from 

Invitrogen Corporation, Carlsbad, Calif The construct is then sequenced by standard 

20 methods. Several of these constructs consisting of 5 to 6 fragments of 80 to 90 base 

pair fragments ligated together, i.e., fragments of about 500 base pairs, are prepared, 

such that the entire desired sequence is represented in a series of plasmid constructs.  

The inserts of these plasmids are then cut with appropriate restriction enzymes and 

ligated together to form the final construct. The final construct is then cloned into a 

25 standard bacterial cloning vector, and sequenced. Additional methods would be 

immediately apparent to the skilled artisan. In addition, gene synthesis is readily 

available commercially.  

In one embodiment, the modified hSMN1 genes described herein are 

engineered into a suitable genetic element (vector) useful for generating viral vectors 

30 and/or for delivery to a host cell, e.g., naked DNA, phage, transposon, cosmid, 

episome, etc., which transfers the hSMN1 sequences carried thereon. The selected 

vector may be delivered by any suitable method, including transfection, 
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electroporation, liposome delivery, membrane fusion techniques, high velocity DNA

coated pellets, viral infection and protoplast fusion. The methods used to make such 

constructs are known to those with skill in nucleic acid manipulation and include 

genetic engineering, recombinant engineering, and synthetic techniques. See, e.g., 

5 Sambrook et al, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor 

Press, Cold Spring Harbor, NY.  

In one aspect, an expression cassette comprising the hSMN1 nucleic acid 

sequence(s) is provided. As used herein, an "expression cassette" refers to a nucleic 

acid molecule which comprises the hSMN1 sequence, promoter, and may include 

10 other regulatory sequences therefor, which cassette may be packaged into the capsid 

of a viral vector (e.g., a viral particle). Typically, such an expression cassette for 

generating a viral vector contains the hSMN1 sequence described herein flanked by 

packaging signals of the viral genome and other expression control sequences such as 

those described herein. For example, for an AAV viral vector, the packaging signals 

15 are the 5' inverted terminal repeat (ITR) and the 3' ITR. When packaged into the 

AAV capsid, the ITRs in conjunction with the expression cassette, are referred to 

herein as the "recombinant AAV (rAAV) genome" or "vector genome".  

Thus, in one aspect, an adeno-associated viral vector is provided which 

comprises an AAV capsid and at least one expression cassette, wherein the at least 

20 one expression cassette comprises nucleic acid sequences encoding SMN1 and 

expression control sequences that direct expression of the SMN1 sequences in a host 

cell. The AAV vector also comprises AAV ITR sequences. In one embodiment, the 

ITRs are from an AAV different than that supplying a capsid. In a preferred 

embodiment, the ITR sequences are from AAV2, or the deleted version thereof 

25 (AITR), which may be used for convenience and to accelerate regulatory approval.  

However, ITRs from other AAV sources may be selected. Where the source of the 

ITRs is from AAV2 and the AAV capsid is from another AAV source, the resulting 

vector may be termed pseudotyped. Typically, AAV vector genome comprises an 

AAV 5' ITR, the hSMN1 coding sequences and any regulatory sequences, and an 

30 AAV 3' ITR. However, other configurations of these elements may be suitable. A 

shortened version of the 5' ITR, termed AITR, has been described in which the D
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sequence and terminal resolution site (trs) are deleted. In other embodiments, the full

length AAV 5' and 3' ITRs are used.  

In one aspect, a construct is provided which is a DNA molecule (e.g., a 

plasmid) useful for generating viral vectors. An illustrative plasmid containing 

5 desirable vector elements is illustrated by pAAV.CB7.CI.hSMN, a map of which is 

shown in Figure 5, and the sequence of which is SEQ ID NO: 4, which is incorporated 

by reference. This illustrative plasmid contains an nucleic acid sequences comprising: 

5' ITR (nt 4150-4279 of SEQ ID NO: 4), a TATA signal (nt 4985-4988 of SEQ ID 

NO: 4), a synthetic hSMN1 coding sequence (nt 18-899 of SEQ ID NO: 4), a poly A 

10 (nt 984-1110 of SEQ ID NO: 4), a 3'ITR (nt 1199-1328 of SEQ ID NO: 4), a CMV 

enhancer (nt 4347-4728 of SEQ ID NO: 4) a chicken beta-actin intron (nt 5107-6079 

of SEQ ID NO: 4) and a CB promoter (nt 4731-5012 of SEQ ID NO: 4). Other 

expression cassettes may be generated using other synthetic hSMN1 coding sequences 

as described herein, and other expression control elements, described herein.  

15 The expression cassette typically contains a promoter sequence as part of the 

expression control sequences, e.g., located between the selected 5' ITR sequence and 

the hSMN1 coding sequence. The illustrative plasmid and vector described herein 

uses the ubiquitous chicken P-actin promoter (CB) with CMV immediate early 

enhancer (CMV IE). Alternatively, other neuron-specific promoters may be used 

20 [see, e.g., the Lockery Lab neuron-specific promoters database, accessed at 

http://chinook.uoregon.edu/promoters.html]. Such neuron-specific promoters include, 

without limitation, e.g., synapsin I (SYN), calcium/calmodulin-dependent protein 

kinase II, tubulin alpha I, neuron-specific enolase and platelet-derived growth factor 

beta chain promoters. See, Hioki et al, Gene Therapy, June 2007, 14(11):872-82, 

25 which is incorporated herein by reference. Other neuron-specific promoters include 

the 67 kDa glutamic acid decarboxylase (GAD67), homeobox Dlx5/6, glutamate 

receptor 1 (GluRI), preprotachykinin 1 (Tac) promoter, neuron-specific enolase 

(NSE) and dopaminergic receptor 1 (Drdla) promoters. See, e.g., Delzor et al, 

Human Gene Therapy Methods. August 2012, 23(4): 242-254. In another 

30 embodiment, the promoter is a GUSb promoter 

http://www.jci.org/articles/view/41615#B30.  
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Other promoters, such as constitutive promoters, regulatable promoters [see, 

e.g., WO 2011/126808 and WO 2013/04943], or a promoter responsive to physiologic 

cues may be used may be utilized in the vectors described herein. The promoter(s) 

can be selected from different sources, e.g., human cytomegalovirus (CMV) 

5 immediate-early enhancer/promoter, the SV40 early enhancer/promoter, the JC 

polymovirus promoter, myelin basic protein (MBP) or glial fibrillary acidic protein 

(GFAP) promoters, herpes simplex virus (HSV-1) latency associated promoter (LAP), 

rouse sarcoma virus (RSV) long terminal repeat (LTR) promoter, neuron-specific 

promoter (NSE), platelet derived growth factor (PDGF) promoter, hSYN, melanin

10 concentrating hormone (MCH) promoter, CBA, matrix metalloprotein promoter 

(MPP), and the chicken beta-actin promoter.  

In addition to a promoter, an expression cassette and/or a vector may contain 

one or more other appropriate transcription initiation, termination, enhancer 

sequences, efficient RNA processing signals such as splicing and polyadenylation 

15 (polyA) signals; sequences that stabilize cytoplasmic mRNA for example WPRE; 

sequences that enhance translation efficiency (i.e., Kozak consensus sequence); 

sequences that enhance protein stability; and when desired, sequences that enhance 

secretion of the encoded product. Examples of suitable polyA sequences include, 

e.g., SV40, SV50, bovine growth hormone (bGH), human growth hormone, and 

20 synthetic polyAs. An example of a suitable enhancer is the CMV enhancer. Other 

suitable enhancers include those that are appropriate for CNS indications. In one 

embodiment, the expression cassette comprises one or more expression enhancers. In 

one embodiment, the expression cassette contains two or more expression enhancers.  

These enhancers may be the same or may differ from one another. For example, an 

25 enhancer may include a CMV immediate early enhancer. This enhancer may be 

present in two copies which are located adjacent to one another. Alternatively, the 

dual copies of the enhancer may be separated by one or more sequences. In still 

another embodiment, the expression cassette further contains an intron, e.g, the 

chicken beta-actin intron. Other suitable introns include those known in the art, e.g., 

30 such as are described in WO 2011/126808. Optionally, one or more sequences may 

be selected to stabilize mRNA. An example of such a sequence is a modified WPRE 

sequence, which may be engineered upstream of the polyA sequence and downstream 
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of the coding sequence [see, e.g., MA Zanta-Boussif, et al, Gene Therapy (2009) 16: 

605-619.  

These control sequences are "operably linked" to the hSMN1 gene sequences.  

As used herein, the term "operably linked" refers to both expression control 

5 sequences that are contiguous with the gene of interest and expression control 

sequences that act in trans or at a distance to control the gene of interest.  

An adeno-associated virus (AAV) viral vector is an AAV DNase-resistant 

particle having an AAV protein capsid into which is packaged nucleic acid sequences 

for delivery to target cells. An AAV capsid is composed of 60 capsid (cap) protein 

10 subunits, VP1, VP2, and VP3, that are arranged in an icosahedral symmetry in a ratio 

of approximately 1:1:10 to 1:1:20, depending upon the selected AAV. The AAV 

capsid may be chosen from those known in the art, including variants thereof In one 

embodiment, the AAV capsid is chosen from those that effectively transduce neuronal 

cells. In one embodiment, the AAV capsid is selected from AAV1, AAV2, AAV7, 

15 AAV8, AAV9, AAVrh.10, AAV5, AAVhu.11, AAV8DJ, AAVhu.32, AAVhu.37, 

AAVpi.2, AAVrh.8, AAVhu.48R3 and variants thereof See, Royo, et al, Brain Res, 

2008 Jan, 1190:15-22; Petrosyan et al, Gene Therapy, 2014 Dec, 21(12):991-1000; 

Holehonnur et al, BMC Neuroscience, 2014, 15:28; and Cearley et al, Mol Ther. 2008 

Oct; 16(10): 1710-1718, each of which is incorporated herein by reference. Other 

20 AAV capsids useful herein include AAVrh.39, AAVrh.20, AAVrh.25, AAV10, 

AAVbb.1, and AAV bb.2 and variants thereof Other AAV serotypes maybe selected 

as sources for capsids of AAV viral vectors (DNase resistant viral particles) 

including, e.g., AAV1, AAV2, AAV3, AAV4, AAV5, AAV6, AAV6.2, AAV7, 

AAV8,AAV9, rh1O, AAVrh64R1, AAVrh64R2, rh8, rh.10, variants of any of the 

25 known or mentioned AAVs or AAVs yet to be discovered. See, e.g., US Published 

Patent Application No. 2007-0036760-Al; US Published Patent Application No.  

2009-0197338-Al; EP 1310571. See also, WO 2003/042397 (AAV7 and other 

simian AAV), US Patent 7790449 and US Patent 7282199 (AAV8), WO 

2005/033321 and US 7,906,111 (AAV9), and WO 2006/110689, and WO 

30 2003/042397(rh.10). Alternatively, a recombinant AAV based upon any of the 

recited AAVs, may be used as a source for the AAV capsid. These documents also 

describe other AAV which may be selected for generating AAV and are incorporated 
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by reference. In some embodiments, an AAV cap for use in the viral vector can be 

generated by mutagenesis (i.e., by insertions, deletions, or substitutions) of one of the 

aforementioned AAV Caps or its encoding nucleic acid. In some embodiments, the 

AAV capsid is chimeric, comprising domains from two or three or four or more of the 

5 aforementioned AAV capsid proteins. In some embodiments, the AAV capsid is a 

mosaic of Vpl, Vp2, and Vp3 monomers from two or three different AAVs or 

recombinant AAVs. In some embodiments, an rAAV composition comprises more 

than one of the aforementioned Caps. As used herein, relating to AAV, the term 

variant means any AAV sequence which is derived from a known AAV sequence, 

10 including those sharing at least 70%, at least 7 5 %, at least 80%, at least 8 5 %, at least 

9 0 % , at least 9 5 %, at least 9 7 %, at least 9 9 % or greater sequence identity over the 

amino acid or nucleic acid sequence. In another embodiment, the AAV capsid 

includes variants which may include up to about 10% variation from any described or 

known AAV capsid sequence. That is, the AAV capsid shares about 90% identity to 

15 about 99.9 % identity, about 95% to about 99% identity or about 97% to about 98% 

identity to an AAV capsid provided herein and/or known in the art. In one 

embodiment, the AAV capsid shares at least 95% identity with an AAV capsid.  

When determining the percent identity of an AAV capsid, the comparison may be 

made over any of the variable proteins (e.g., vpl, vp2, or vp3). In one embodiment, 

20 the AAV capsid shares at least 95% identity with the AAV8 vp3. In another 

embodiment, a self-complementary AAV is used.  

In one embodiment, the capsid is an AAVrh.10 capsid, or a variant thereof 

As used herein, "AAVrh10 capsid" refers to the rh.10 having the amino acid sequence 

of GenBank, accession: AAO88201, which is incorporated by reference herein. This 

25 sequence is also reproduced in SEQ ID NO: 5. Some variation from this encoded 

sequence is acceptable, which may include sequences having about 99% identity to 

the referenced amino acid sequence in SEQ ID NO: 5, AA088201 and US 

2013/0045186A1. Methods of generating the capsid, coding sequences therefore, and 

methods for production of rAAV viral vectors have been described. See, e.g., Gao, et 

30 al, Proc. Natl. Acad. Sci. U.S.A. 100 (10), 6081-6086 (2003) and US 

2013/0045186A1 Other capsids, such as, e.g., those described in WO 2003/042397; 
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WO 2005/033321, WO 2006/110689; US 7588772 B2, which are incorporated by 

reference herein may be used in human subjects.  

In one embodiment, a self-complementary AAV is provided. The 

abbreviation "sc" in this context refers to self-complementary. "Self-complementary 

5 AAV" refers a construct in which a coding region carried by a recombinant AAV 

nucleic acid sequence has been designed to form an intra-molecular double-stranded 

DNA template. Upon infection, rather than waiting for cell mediated synthesis of the 

second strand, the two complementary halves of scAAV will associate to form one 

double stranded DNA (dsDNA) unit that is ready for immediate replication and 

10 transcription. See, e.g., D M McCarty et al, "Self-complementary recombinant adeno

associated virus (scAAV) vectors promote efficient transduction independently of 

DNA synthesis", Gene Therapy, (August 2001), Vol 8, Number 16, Pages 1248-1254.  

Self-complementary AAVs are described in, e.g., U.S. Patent Nos. 6,596,535; 

7,125,717; and 7,456,683, each of which is incorporated herein by reference in its 

15 entirety.  

Methods for generating and isolating AAV viral vectors suitable for delivery 

to a subject are known in the art. See, e.g. US Published Patent Application No.  

2007/0036760 (February 15, 2007), US Patent 7790449; US Patent 7282199; WO 

2003/042397; WO 2005/033321, WO 2006/110689; and US 7588772 B2]. In a one 

20 system, a producer cell line is transiently transfected with a construct that encodes the 

transgene flanked by ITRs and a construct(s) that encodes rep and cap. In a second 

system, a packaging cell line that stably supplies rep and cap is transiently transfected 

with a construct encoding the transgene flanked by ITRs. In each of these systems, 

AAV virions are produced in response to infection with helper adenovirus or 

25 herpesvirus, requiring the separation of the rAAVs from contaminating virus. More 

recently, systems have been developed that do not require infection with helper virus 

to recover the AAV - the required helper functions (i.e., adenovirus El, E2a, VA, and 

E4 or herpesvirus UL5, UL8, UL52, and UL29, and herpesvirus polymerase) are also 

supplied, in trans, by the system. In these newer systems, the helper functions can be 

30 supplied by transient transfection of the cells with constructs that encode the required 

helper functions, or the cells can be engineered to stably contain genes encoding the 

helper functions, the expression of which can be controlled at the transcriptional or 
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posttranscriptional level. In yet another system, the transgene flanked by ITRs and 

rep/cap genes are introduced into insect cells by infection with baculovirus-based 

vectors. For reviews on these production systems, see generally, e.g., Zhang et al., 

2009, "Adenovirus-adeno-associated virus hybrid for large-scale recombinant adeno

5 associated virus production," Human Gene Therapy 20:922-929, the contents of each 

of which is incorporated herein by reference in its entirety. Methods of making and 

using these and other AAV production systems are also described in the following 

U.S. patents, the contents of each of which is incorporated herein by reference in its 

entirety: 5,139,941; 5,741,683; 6,057,152; 6,204,059; 6,268,213; 6,491,907; 

10 6,660,514; 6,951,753; 7,094,604; 7,172,893; 7,201,898; 7,229,823; and 7,439,065.  

Optionally, the hSMN1 genes described herein may be used to generate viral 

vectors other than rAAV. Such other viral vectors may include any virus suitable for 

gene therapy may be used, including but not limited to adenovirus; herpes virus; 

lentivirus; retrovirus; etc. Suitably, where one of these other vectors is generated, it is 

15 produced as a replication-defective viral vector.  

A "replication-defective virus" or "viral vector" refers to a synthetic or 

artificial viral particle in which an expression cassette containing a gene of interest is 

packaged in a viral capsid or envelope, where any viral genomic sequences also 

packaged within the viral capsid or envelope are replication-deficient; i.e., they cannot 

20 generate progeny virions but retain the ability to infect target cells. In one 

embodiment, the genome of the viral vector does not include genes encoding the 

enzymes required to replicate (the genome can be engineered to be "gutless" 

containing only the transgene of interest flanked by the signals required for 

amplification and packaging of the artificial genome), but these genes may be 

25 supplied during production. Therefore, it is deemed safe for use in gene therapy since 

replication and infection by progeny virions cannot occur except in the presence of 

the viral enzyme required for replication. Such replication-defective viruses may be 

adeno-associated viruses (AAV), adenoviruses, lentiviruses (integrating or non

integrating), or another suitable virus source.  

30 Also provided herein are pharmaceutical compositions. The pharmaceutical 

compositions described herein are designed for delivery to subjects in need thereof by 

any suitable route or a combination of different routes. In one embodiment, direct 
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delivery to the CNS is desired and may be performed via intrathecal injection. The 

term "intrathecal administration" refers to delivery that targets the cerebrospinal fluid 

(CSF). This may be done by direct injection into the ventricular or lumbar CSF, by 

suboccipital puncture, or by other suitable means. Meyer et al, Molecular Therapy (31 

5 October 2014), demonstrated the efficacy of direct CSF injection which resulted in 

widespread transgene expression throughout the spinal cord in mice and nonhuman 

primates when using a 10 times lower dose compared to the IV application. This 

document is incorporated herein by reference. In one embodiment, the composition is 

delivered via intracerebroventricular viral injection (see, e.g., Kim et al, J Vis Exp.  

10 2014 Sep 15;(91):51863, which is incorporated herein by reference). See also, Passini 

et al, Hum Gene Ther. 2014 Jul;25(7):619-30, which is incorporated herein by 

reference. In another embodiment, the composition is delivered via lumbar injection.  

Typically, these delivery means are designed to avoid direct systemic delivery 

of the suspension containing the AAV composition(s) described herein. Suitably, this 

15 may have the benefit of reducing dose as compared to systemic administration, 

reducing toxicity and/or reducing undesirable immune responses to the AAV and/or 

transgene product.  

Alternatively, other routes of administration may be selected (e.g., oral, 

inhalation, intranasal, intratracheal, intraarterial, intraocular, intravenous, 

20 intramuscular, and other parental routes).  

The hSMN1 delivery constructs described herein may be delivered in a single 

composition or multiple compositions. Optionally, two or more different AAV may 

be delivered [see, e.g., WO 2011/126808 and WO 2013/049493]. In another 

embodiment, such multiple viruses may contain different replication-defective viruses 

25 (e.g., AAV, adenovirus, and/or lentivirus). Alternatively, delivery may be mediated 

by non-viral constructs, e.g., "naked DNA", "naked plasmid DNA", RNA, and 

mRNA; coupled with various delivery compositions and nano particles, including, 

e.g., micelles, liposomes, cationic lipid - nucleic acid compositions, poly-glycan 

compositions and other polymers, lipid and/or cholesterol-based - nucleic acid 

30 conjugates, and other constructs such as are described herein. See, e.g., X. Su et al, 

Mol. Pharmaceutics, 2011, 8 (3), pp 774-787; web publication: March 21, 2011; 

W02013/182683, WO 2010/053572 and WO 2012/170930, both of which are 
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incorporated herein by reference, Such non-viral hSMN1 delivery constructs may be 

administered by the routes described previously.  

The viral vectors, or non-viral DNA or RNA transfer moieties, can be 

formulated with a physiologically acceptable carrier for use in gene transfer and gene 

5 therapy applications. A number of suitable purification methods may be selected.  

Examples of suitable purification methods for separating empty capsids from vector 

particles are described, e.g., the process described in International Patent Application 

No. PCT/US16/65976, filed December 9, 2016 and its priority documents US Patent 

Application Nos. 62/322,098, filed April 13, 2016 and US Patent Appln No.  

10 62/266,341, filed on December 11, 2015, and entitled "Scalable Purification Method 

for AAV8", which is incorporated by reference herein. See, also, purification 

methods described in International Patent Application No. PCT/US16/65974, filed 

December 9, 2016, and its priority documents, US Patent Applications 

No.62/322,083, filed April 13, 2016 and 62/266,351, filed December 11, 2015 

15 (AAV1); International Patent Appln No. PCT/US16/66013, filed December 9, 2016 

and its priority documents US Provisional Applications No. 62/322,055, filed April 

13, 2016 and 62/266,347, filed December 11, 2015 (AAVrhO); and International 

Patent Application No. PCT/US16/65970, filed December 9, 2016, and its priority 

applications US Provisional Application Nos. 62/266,357 and 62/266,357 (AAV9), 

20 which are incorporated by reference herein. Briefly, a two-step purification scheme is 

described which selectively captures and isolates the genome-containing rAAV vector 

particles from the clarified, concentrated supernatant of a rAAV production cell 

culture. The process utilizes an affinity capture method performed at a high salt 

concentration followed by an anion exchange resin method performed at high pH to 

25 provide rAAV vector particles which are substantially free of rAAV intermediates.  

In the case of AAV viral vectors, quantification of the genome copies ("GC") 

may be used as the measure of the dose contained in the formulation. Any method 

known in the art can be used to determine the genome copy (GC) number of the 

replication-defective virus compositions of the invention. One method for performing 

30 AAV GC number titration is as follows: Purified AAV vector samples are first treated 

with DNase to eliminate contaminating host DNA from the production process. The 

DNase resistant particles are then subjected to heat treatment to release the genome 
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from the capsid. The released genomes are then quantitated by real-time PCR using 

primer/probe sets targeting specific region of the viral genome (for example poly A 

signal). Another suitable method for determining genome copies are the quantitative

PCR (qPCR), particularly the optimized qPCR or digital droplet PCR [Lock Martin, 

5 et al, Human Gene Therapy Methods. April 2014,25(2): 115-125.  

doi:10.1089/hgtb.2013.131, published online ahead of editing December 13, 2013].  

The replication-defective virus compositions can be formulated in dosage 

units to contain an amount of replication-defective virus that is in the range of about 

1.0 x 109 GC to about 1.0 x 1015 GC (to treat an average subject of 70 kg in body 

10 weight) including all integers or fractional amounts within the range, and preferably 

1.0 x 1012 GC to 1.0 X 1014 GC for a human patient. In one embodiment, the 

compositions are formulated to contain at least 1x109 , 2x109 , 3x109 , 4x109 , 5x109 , 

6x10 9, 7x10 9, 8x10 9, or 9x10 9 GC per dose including all integers or fractional amounts 

within the range. In another embodiment, the compositions are formulated to contain 

15 at least x 1 0 , 2x101 , 3x10 1 , 4x10 1 , 5x101 , 6x101 , 7x10 1 , 8x101 , or9x10 °GC 
per dose including all integers or fractional amounts within the range. In another 

embodiment, the compositions are formulated to contain at least 1x10 1 , 2x1011 , 

3x10 , 4x10, 5x10, 6x10, 7x10, 8x10, or 9x10 11 GC per dose including all 

integers or fractional amounts within the range. In another embodiment, the 

20 compositions are formulated to contain at least 1x10, 2x10, 3x10, 4x10, 5x10, 

6x101 , 7x10, 8x10 1 , or9x10 1 GC per dose including all integers or fractional 

amounts within the range. In another embodiment, the compositions are formulated 
13 13 13 13 13 13 13 13 to contain at least ix1O 2x10 3x10 4x10 5x10 6x10 7x10 ,8x10 'or 

9x1013 GC per dose including all integers or fractional amounts within the range. In 

25 another embodiment, the compositions are formulated to contain at least 1x10 14 , 

2x1014 , 3x1014, 4x1014 5x1014, 6x1014 7x1014, 8x104, or 9xl014 GC per dose 

including all integers or fractional amounts within the range. In another embodiment, 

the compositions are formulated to contain at least 1x10, 2x10, 3x10, 4x10, 
15 15 15 15 1 

5x10, 6x10, 7x10, 8x10 , or9x101 GC per dose including all integers or 

30 fractional amounts within the range. In one embodiment, for human application the 

dose can range from ix10 to about 1x10 2 GC per dose including all integers or 

fractional amounts within the range.  
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These above doses may be administered in a variety of volumes of carrier, 

excipient or buffer formulation, ranging from about 25 to about 1000 microliters, 

including all numbers within the range, depending on the size of the area to be treated, 

the viral titer used, the route of administration, and the desired effect of the method.  

5 In one embodiment, the volume of carrier, excipient or buffer is at least about 25 pL.  

In one embodiment, the volume is about 50 pL. In another embodiment, the volume 

is about 75 pL. In another embodiment, the volume is about 100 pL. In another 

embodiment, the volume is about 125 pL. In another embodiment, the volume is 

about 150 pL. In another embodiment, the volume is about 175 pL. In yet another 

10 embodiment, the volume is about 200 pL. In another embodiment, the volume is 

about 225 pL. In yet another embodiment, the volume is about 250 pL. In yet 

another embodiment, the volume is about 275 pL. In yet another embodiment, the 

volume is about 300 pL. In yet another embodiment, the volume is about 325 pL. In 

another embodiment, the volume is about 350 pL. In another embodiment, the 

15 volume is about 375 pL. In another embodiment, the volume is about 400 pL. In 

another embodiment, the volume is about 450 pL. In another embodiment, the 

volume is about 500 pL. In another embodiment, the volume is about 550 pL. In 

another embodiment, the volume is about 600 pL. In another embodiment, the 

volume is about 650 pL. In another embodiment, the volume is about 700 pL. In 

20 another embodiment, the volume is between about 700 and 1000 pL.  

In other embodiments, volumes of about 1 pL to 150 mL may be selected, 

with the higher volumes being selected for adults. Typically, for newborn infants a 

suitable volume is about 0.5 mL to about 10 mL, for older infants, about 0.5 mL to 

about 15 mL may be selected. For toddlers, a volume of about 0.5 mL to about 20 

25 mL may be selected. For children, volumes of up to about 30 mL may be selected.  

For pre-teens and teens, volumes up to about 50 mL may be selected. In still other 

embodiments, a patient may receive an intrathecal administration in a volume of 

about 5 mL to about 15 mL are selected, or about 7.5 mL to about 10 mL. Other 

suitable volumes and dosages may be determined. The dosage will be adjusted to 

30 balance the therapeutic benefit against any side effects and such dosages may vary 

depending upon the therapeutic application for which the recombinant vector is 

employed.  
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In one embodiment, the viral constructs may be delivered in doses of from at 

least 1x10 9 to about least 1x1011 GCs in volumes of about l pL to about 3 pL for small 

animal subjects, such as mice. For larger veterinary subjects, the larger human 

dosages and volumes stated above are useful. See, e.g., Diehl et al, J. Applied 

5 Toxicology, 21:15-23 (2001) for a discussion of good practices for administration of 

substances to various veterinary animals. This document is incorporated herein by 

reference.  

The above-described recombinant vectors may be delivered to host cells 

according to published methods. The rAAV, preferably suspended in a 

10 physiologically compatible carrier, may be administered to a human or non-human 

mammalian patient. In another embodiment, the composition includes a carrier, 

diluent, excipient and/or adjuvant. Suitable carriers maybe readily selected by one 

of skill in the art in view of the indication for which the transfer virus is directed. For 

example, one suitable carrier includes saline, which may be formulated with a variety 

15 of buffering solutions (e.g., phosphate buffered saline). Other exemplary carriers 

include sterile saline, lactose, sucrose, calcium phosphate, gelatin, dextran, agar, 

pectin, peanut oil, sesame oil, and water. The buffer/carrier should include a 

component that prevents the rAAV, from sticking to the infusion tubing but does not 

interfere with the rAAV binding activity in vivo.  

20 Optionally, the compositions of the invention may contain, in addition to the 

rAAV and carrier(s), other conventional pharmaceutical ingredients, such as 

preservatives, or chemical stabilizers. Suitable exemplary preservatives include 

chlorobutanol, potassium sorbate, sorbic acid, sulfur dioxide, propyl gallate, the 

parabens, ethyl vanillin, glycerin, phenol, and parachlorophenol. Suitable chemical 

25 stabilizers include gelatin and albumin.  

The compositions according to the present invention may comprise a 

pharmaceutically acceptable carrier, such as defined above. Suitably, the 

compositions described herein comprise an effective amount of one or more AAV 

suspended in a pharmaceutically suitable carrier and/or admixed with suitable 

30 excipients designed for delivery to the subject via injection, osmotic pump, intrathecal 

catheter, or for delivery by another device or route. In one example, the composition 
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is formulated for intrathecal delivery. In one embodiment, intrathecal delivery 

encompasses an injection into the spinal canal, e.g., the subarachnoid space.  

The viral vectors described herein may be used in preparing a medicament for 

delivering hSMN1 to a subject (e.g., a human patient) in need thereof, supplying 

5 functional SMN to a subject, and/or for treating spinal muscular atrophy. A course of 

treatment may optionally involve repeat administration of the same viral vector (e.g., 

an AAVrh.10 vector) or a different viral vector (e.g., an AAV9 and an AAVrh10).  

Still other combinations may be selected using the viral vectors and non-viral delivery 

systems described herein.  

10 The hSMN1 cDNA sequences described herein can be generated in vitro and 

synthetically, using techniques well known in the art. For example, the PCR-based 

accurate synthesis (PAS) of long DNA sequence method may be utilized, as described 

by Xiong et al, PCR-based accurate synthesis of long DNA sequences, Nature 

Protocols 1, 791 - 797 (2006). A method combining the dual asymmetrical PCR and 

15 overlap extension PCR methods is described by Young and Dong, Two-step total 

gene synthesis method, Nucleic Acids Res. 2004; 32(7): e59. See also, Gordeeva et 

al, J Microbiol Methods. Improved PCR-based gene synthesis method and its 

application to the Citrobacter freundii phytase gene codon modification. 2010 

May;81(2):147-52. Epub 2010 Mar 10; see, also, the following patents on 

20 oligonucleotide synthesis and gene synthesis, Gene Seq. 2012 Apr;6(1):10-21; US 

8008005; and US 7985565. Each of these documents is incorporated herein by 

reference. In addition, kits and protocols for generating DNA via PCR are available 

commercially. These include the use of polymerases including, without limitation, 

Taq polymerase; OneTaq@ (New England Biolabs); Q5@ High-Fidelity DNA 

25 Polymerase (New England Biolabs); and GoTaq@ G2 Polymerase (Promega). DNA 

may also be generated from cells transfected with plasmids containing the hSMN 

sequences described herein. Kits and protocols are known and commercially 

available and include, without limitation, QIAGEN plasmid kits; Chargeswitch@ Pro 

Filter Plasmid Kits (Invitrogen); and GenElute TM Plasmid Kits (Sigma 

30 Aldrich). Other techniques useful herein include sequence-specific isothermal 

amplification methods that eliminate the need for thermocycling. Instead of heat, 

these methods typically employ a strand-displacing DNA polymerase, like Bst DNA 
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Polymerase, Large Fragment (New England Biolabs), to separate duplex DNA. DNA 

may also be generated from RNA molecules through amplification via the use of 

Reverse Transcriptases (RT), which are RNA-dependent DNA Polymerases. RTs 

polymerize a strand of DNA that is complimentary to the original RNA template and 

5 is referred to as cDNA. This cDNA can then be further amplified through PCR or 

isothermal methods as outlined above. Custom DNA can also be generated 

commercially from companies including, without limitation, GenScript; 

GENEWIZ@; GeneArt@ (Life Technologies); and Integrated DNA Technologies.  

The term "expression" is used herein in its broadest meaning and comprises 

10 the production of RNA or of RNA and protein. With respect to RNA, the term 

"expression" or "translation" relates in particular to the production of peptides or 

proteins. Expression may be transient or may be stable.  

The term "translation" in the context of the present invention relates to a 

process at the ribosome, wherein an mRNA strand controls the assembly of an amino 

15 acid sequence to generate a protein or a peptide.  

According to the present invention, a "therapeutically effective amount" of the 

hSMN1 is delivered as described herein to achieve a desired result, i.e., treatment of 

SMA or one or more symptoms thereof As described herein, a desired result includes 

reducing muscle weakness, increasing muscle strength and tone, preventing or 

20 reducing scoliosis, or maintaining or increasing respiratory health, or reducing 

tremors or twitching. Other desired endpoints can be determined by a physician.  

In some instances, SMA is detected in a fetus at around 30 to 36 weeks of 

pregnancy. In this situation, it may be desirable to treat the neonate as soon as 

possible after delivery. It also may be desirable to treat the fetus in utero. Thus, a 

25 method of rescuing and/or treating a neonatal subject having SMA is provided, 

comprising the step of delivering a hSNM1 gene to the neuronal cells of a newborn 

subject (e.g, a human patient). A method of rescuing and/or treating a fetus having 

SMA is provided, comprising the step of delivering a hSMN1 gene to the neuronal 

cells of the fetus in utero. In one embodiment, the gene is delivered in a composition 

30 described herein via intrathecal injection. This method may utilize any nucleic acid 

sequence encoding a functional hSMN protein, whether a codon optimized hSMN1 as 

described herein or a native hSMN1, or an hSMN1 allele with potentiated activity, as 
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compared to a "wild type" protein, or a combination thereof In one embodiment, 

treatment in utero is defined as administering an hSMN1 construct as described herein 

after detection of SMA in the fetus. See, e.g., David et al, Recombinant adeno

associated virus-mediated in utero gene transfer gives therapeutic transgene 

5 expression in the sheep, Hum Gene Ther. 2011 Apr;22(4):419-26. doi: 

10.1089/hum.2010.007. Epub 2011 Feb 2, which is incorporated herein by reference.  

In one embodiment, neonatal treatment is defined as being administered an 

hSMN1 construct as described herein within 8 hours, the first 12 hours, the first 24 

hours, or the first 48 hours of delivery. In another embodiment, particularly for a 

10 primate (human or non-human), neonatal delivery is within the period of about 12 

hours to about 1 week, 2 weeks, 3 weeks, or about 1 month, or after about 24 hours to 

about 48 hours.  

In another embodiment, for late onset SMA, the composition is delivered after 

onset of symptoms. In one embodiment, treatment of the patient (e.g., a first 

15 injection) is initiated prior to the first year of life. In another embodiment, treatment 

is initiated after the first 1 year, or after the first 2 to 3 years of age, after 5 years of 

age, after 11 years of age, or at an older age.  

In another embodiment, the construct is readministered at a later date.  

Optionally, more than one readministration is permitted. Such readministration may 

20 be with the same type of vector, a different viral vector, or via non-viral delivery as 

described herein. For example, in the event a patient was treated with rAAV9 

encoding SMN and requires a second treatment, rAAVrh.10.SMN can be 

subsequently administered, and vice-versa. Also, if a patient has neutralizing 

antibodies toAAV9, rAAVrh.10.SMN can be administered to the patient instead.  

25 Treatment of SMA patients may require a combination therapy, such as 

transient co-treatment with an immunosuppressant before, during and/or after 

treatment with the compositions of the invention. Immunosuppressants for such co

therapy include, but are not limited to, steroids, antimetabolites, T-cell inhibitors, and 

alkylating agents. For example, such transient treatment may include a steroid (e.g., 

30 prednisole) dosed once daily for 7 days at a decreasing dose, in an amount starting at 

about 60 mg, and decreasing by 10 mg/day (day 7 no dose). Other doses and 

immunosuppressants may be selected.  
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By "functional hSMN1", is meant a gene which encodes the native SMN 

protein such as that characterized by SEQ ID NO: 1 or another SMN protein which 

provides at least about 50%, at least about 75%, at least about 80%, at least about 

90%, or about the same, or greater than 100% of the biological activity level of the 

5 native survival of motor neuron protein, or a natural variant or polymorph thereof 

which is not associated with disease. Additionally, SMNhomologue- SMN2 also 

encodes the SMN protein, but processes the functional protein less efficiently. Based 

on the copy number of SMN2, subjects lacking a functional hSMN1 gene demonstrate 

SMA to varying degrees. Thus, for some subjects, it may be desirable for the SMN 

10 protein to provide less than 100% of the biological activity of the native SMN protein.  

In one embodiment, such a functional SMN has a sequence which has about 

95% or greater identity to the native protein, or full-length sequence of SEQID NO: 

1, or about 97% identity or greater, or about 99% or greater to SEQ ID NO: 1 at the 

amino acid level. Such a functional SMN protein may also encompass natural 

15 polymorphs. Identity may be determined by preparing an alignment of the sequences 

and through the use of a variety of algorithms and/or computer programs known in the 

art or commercially available [e.g., BLAST, ExPASy; ClustalO; FASTA; using, e.g., 

Needleman-Wunsch algorithm, Smith-Waterman algorithm].  

A variety of assays exist for measuring SMN expression and activity levels in 

20 vitro. See, e.g., Tanguy et al, 2015, cited above. The methods described herein can 

also be combined with any other therapy for treatment of SMA or the symptoms 

thereof. See, also, Wang et al, Consensus Statement for Standard of Care in Spinal 

Muscular Atropy, which provides a discussion of the present standard of care for 

SMA and http://www.ncbinlmnnihoov/booksNBK1352.For example, when 

25 nutrition is a concern in SMA, placement of a gastrostomy tube is appropriate. As 

respiratory function deteriorates, tracheotomy or noninvasive respiratory support is 

offered. Sleep-disordered breathing can be treated with nighttime use of continuous 

positive airway pressure. Surgery for scoliosis in individuals with SMA II and SMA 

III can be carried out safely if the forced vital capacity is greater than 30%-4 0%. A 

30 power chair and other equipment may improve quality of life. See also, US Patent 

No. 8211631, which is incorporated herein by reference.  
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It is to be noted that the term "a" or "an" refers to one or more. As such, the 

terms "a" (or "an"), "one or more," and "at least one" are used interchangeably herein.  

The words "comprise", "comprises", and "comprising" are to be interpreted 

inclusively rather than exclusively. The words "consist", "consisting", and its 

5 variants, are to be interpreted exclusively, rather than inclusively. While various 

embodiments in the specification are presented using "comprising" language, under 

other circumstances, a related embodiment is also intended to be interpreted and 

described using "consisting of'or "consisting essentially of"language.  

As used herein, the term "about" means a variability of 10 % ( 10%) from the 

10 reference given, unless otherwise specified.  

As used herein, "disease", "disorder" and "condition" are used 

interchangeably, to indicate an abnormal state in a subject.  

Unless defined otherwise in this specification, technical and scientific terms 

used herein have the same meaning as commonly understood by one of ordinary skill 

15 in the art and by reference to published texts, which provide one skilled in the art with 

a general guide to many of the terms used in the present application.  

The following examples are illustrative only and are not intended to limit the 

present invention.  

Example 1 - AAV Vectors Containing hSMN1 

20 Using the SMNA7 mouse model, we evaluated AAV-mediated gene therapy 

for the treatment of SMA. A neurotropic AAVrh.10 vector was constructed bearing a 

codon-optimized human SMN1 cDNA under the control of a ubiquitous CB promoter 

(figure 1). Newborn SMNA7 pups were injected with 5 x 1010 genome copies of the 

vector (5 x 1013 genome copies/kg) via the facial vein. Treatment resulted in robust 

25 expression in peripheral neurons such as dorsal root ganglia (Figure 2), as well as 

transduction within the spinal cord at this dose. Some improvement in survival (21 

days vs 14 in untreated mice) was also observed.  

Example 2 - Additional dosage studies 

Newborn SMNA7 pups were injected with 5 x 1012 genome copies/ pup of the 

30 vector via IV injection. The median survival of the pups was 10 days. Aspartate 

aminotransferase (AST) and Alanine aminotransferase (ALT) levels were elevated.  

Figure 6.  
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49 SMNA7 pups in the age range of 4-15 days were injected with 5 x 10" 

genome copies/ pup of the vector via IV injection. The designations M44, M46, M37, 

M45, M47 and M36 refer to the different litters of pups used in the study. At day 30, 

49 pups remained alive. Figure 6.  

5 

Example 3: Intrathecal delivery of AAV vectors containing hSMN 

The dosing and efficacy of AAVrh.10.SMN delivered directly to the cerebral 

spinal fluid (CSF) via single injection is evaluated.  

Intracerebroventricular (ICV) delivery of AAVrh.10.SMN or 

10 sAAVrh.10.GFP is evaluated in newborn SMNA7 pups. Animals from each treatment 

group are sacrificed at 7, 14, 30, 60 or 90 days after vector administration for analysis 

of vector biodistribution and enzyme expression. Mice are monitored daily of 

survival and weight gain. Behavioral testing on the mice includes being tested for 

righting reflex by determining their ability to right themselves within 30 seconds after 

15 being put on their side. The dose of AAVrh.10.SMN that rescues the phenotype of 

the pups is determined and is informative as to the dose administered to the pig SMA 

model.  

Intrathecal delivery of AAVrh.10.SMN or sAAVrh.10.GFP is evaluated in a 

pig SMA model, as described in Duque et al. Ann Neurol. 2015, 77(3): 399-414.  

20 Longitudinal electrophysiological studies, histology, and neuropathology studies are 

performed for analysis of efficacy, vector biodistribution, and enzyme expression.  

The dose of AAVrh.10.SMN that rescues the phenotype of the pigs is determined and 

is informative as to the dose for administered to non-human primates and humans.  

Cynomolus macaques are administered sAAVrh.10.GFP using a single 

25 intrathecal sacral infusion or injection. Two weeks following dosing, the macaques 

are euthanized and immunofluorescence staining is performed for analysis of vector 

biodistribution and enzyme expression and DNA and RNA biodistribution.  
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(Sequence Listing Free Text) 

The following information is provided for sequences containing free text under 

numeric identifier <223>.  

SEQ ID NO: Free text under <223> 

(containing free text) 

2 <223> constructed sequence 

4 <223> constructed sequence 

5 <223> Adeno-associated virus 

rh10VP1 protein 

5 

All published documents cited in this specification and priority document US 

Provisional Patent Application No. 62/267,012, filed December 14, 2014, are 

incorporated herein by reference in their entirety. Similarly, the SEQ ID NO which 

are referenced herein and which appear in the appended Sequence Listing are 

10 incorporated by reference. While the invention has been described with reference to 

particular embodiments, it will be appreciated that modifications can be made without 

departing from the spirit of the invention. Such modifications are intended to fall 

within the scope of the appended claims.  
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What is Claimed Is: 

1. A recombinant adeno-associated viral (AAV) vector comprising an 

AAVrh1O capsid comprising the amino acid sequence of SEQ ID NO: 5 and a vector 

genome comprising a nucleic acid sequence encoding a functional SMN protein that is 

SEQ ID NO: 2, or a sequence at least 75% identical thereof that encodes SEQ ID NO: 

1, and expression control sequences that direct expression of the SMIN sequences in a 

host cell.  

2. The AAV vector of claim 1, wherein the expression control sequences 

comprise a promoter.  

3. The AAV vector of claim 2, wherein the promoter is a CB promoter, 

optionally wherein the promoter is a CB7 promoter.  

4. The AAV vector of claim 2, wherein the expression control sequences 

comprise a tissue-specific promoter, optionally, wherein the tissue-specific promoter is 

a neuron-specific promoter.  

5. The AAV vector of any one of claims 1 to 4, further comprising one or 

more of an intron, a Kozak sequence, a polyA, WPRE, and post-transcriptional 

regulatory elements.  

6. The AAV vector of any one of claims 1 to 5, further comprising AAV 

inverted terminal repeat (ITRs) sequences.  

7. The viral vector of claim 6, wherein the ITRs are from an AAV 

different from the AAV supplying the capsid, optionally wherein the ITRs are from 

AAV2.  

8. A pharmaceutical composition comprising a pharmaceutically 

acceptable carrier and a viral vector according to any one of claims 1 to 7.  

9. A vector according to any one of claims I to 7 or a composition 

according to claim 8, when used in treating spinal muscular atrophy in a human 

subject.  
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10. The vector or composition according to claim 9, wherein said vector or 

composition is administered in combination with another therapy.  

11. The vector or composition according to claim 10, wherein said vector or 

composition is administered: 

(a) at a dosage of from about 1x101 0 GC/kg to about 1x104 GC/kg; 

(b) at a dosage of about 5x101 3 GC/kg; or 

(c) at a dosage of about 2.5x10 1 2 GC/kg.  

12. The vector or composition according to 9 to 11, wherein said vector or 

composition is administered more than once.  

13. The composition of claim 8 when used in treating spinal muscular 

atrophy in a subject in need thereof, optionally wherein the subject is a mammal.  

14. The composition of claim 13, wherein said composition is administered 

intrathecally.  

15. The recombinant AAV vector of claim 1, wherein the nucleic acid 

sequence encoding the function SMN protein is a sequence at least 90% identical to 

SEQ ID NO: 2 that encodes SEQ ID NO: 1.  

16. The recombinant AAV vector of claim 1, wherein the nucleic acid 

sequence encoding the functional SMN protein is a sequence at least 95% identical to 

SEQ ID NO: 2 that encodes SEQ ID NO: 1.  

17. A method to treat spinal muscular atrophy in a subject, said method 

comprising administering the composition of claim 8 to a subject in need thereof.  

18. The method according to claim 17, wherein said composition is 

administered intrathecally.  

19. The method according to claim 17 or 18, wherein said subject is a 

mammal, optionally wherein the subject is a human.  

20. Use of the AAV vector according to any one of claims 1-7 in the 

preparation of a medicament for the treatment of spinal muscular atrophy in a subject 

in need thereof.  
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                         SEQUENCE LISTING

<110>  The Trustees of the University of Pennsylvania
 
<120>  COMPOSITIONS USEFUL IN TREATMENT OF SPINAL MUSCULAR ATROPY

<130>  UPN-16-7655PCT

<150>  62/267,012
<151>  2015-12-14

<160>  5     

<170>  PatentIn version 3.5

<210>  1
<211>  294
<212>  PRT
<213>  Homo sapiens

<400>  1

Met Ala Met Ser Ser Gly Gly Ser Gly Gly Gly Val Pro Glu Gln Glu 
1               5                   10                  15      

Asp Ser Val Leu Phe Arg Arg Gly Thr Gly Gln Ser Asp Asp Ser Asp 
            20                  25                  30          

Ile Trp Asp Asp Thr Ala Leu Ile Lys Ala Tyr Asp Lys Ala Val Ala 
        35                  40                  45              

Ser Phe Lys His Ala Leu Lys Asn Gly Asp Ile Cys Glu Thr Ser Gly 
    50                  55                  60                  

Lys Pro Lys Thr Thr Pro Lys Arg Lys Pro Ala Lys Lys Asn Lys Ser 
65                  70                  75                  80  

Gln Lys Lys Asn Thr Ala Ala Ser Leu Gln Gln Trp Lys Val Gly Asp 
                85                  90                  95      

Lys Cys Ser Ala Ile Trp Ser Glu Asp Gly Cys Ile Tyr Pro Ala Thr 
            100                 105                 110         

Ile Ala Ser Ile Asp Phe Lys Arg Glu Thr Cys Val Val Val Tyr Thr 
        115                 120                 125             

Gly Tyr Gly Asn Arg Glu Glu Gln Asn Leu Ser Asp Leu Leu Ser Pro 
    130                 135                 140                 

Ile Cys Glu Val Ala Asn Asn Ile Glu Gln Asn Ala Gln Glu Asn Glu 
145                 150                 155                 160 

Asn Glu Ser Gln Val Ser Thr Asp Glu Ser Glu Asn Ser Arg Ser Pro 
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                165                 170                 175     

Gly Asn Lys Ser Asp Asn Ile Lys Pro Lys Ser Ala Pro Trp Asn Ser 
            180                 185                 190         

Phe Leu Pro Pro Pro Pro Pro Met Pro Gly Pro Arg Leu Gly Pro Gly 
        195                 200                 205             

Lys Pro Gly Leu Lys Phe Asn Gly Pro Pro Pro Pro Pro Pro Pro Pro 
    210                 215                 220                 

Pro Pro His Leu Leu Ser Cys Trp Leu Pro Pro Phe Pro Ser Gly Pro 
225                 230                 235                 240 

Pro Ile Ile Pro Pro Pro Pro Pro Ile Cys Pro Asp Ser Leu Asp Asp 
                245                 250                 255     

Ala Asp Ala Leu Gly Ser Met Leu Ile Ser Trp Tyr Met Ser Gly Tyr 
            260                 265                 270         

His Thr Gly Tyr Tyr Met Gly Phe Arg Gln Asn Gln Lys Glu Gly Arg 
        275                 280                 285             

Cys Ser His Ser Leu Asn 
    290                 

<210>  2
<211>  882
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  constructed sequence

<400>  2
atggccatgt cgagtggggg cagtggaggg ggagtgccag aacaggaaga ttccgtgctg       60

ttcaggcgag gaaccgggca gagtgacgac agtgacattt gggacgacac ggccctgatc      120

aaggcctatg acaaagccgt ggcctccttc aagcacgcgc tgaagaacgg cgacatttgc      180

gaaaccagcg gcaagcctaa gaccacccct aaacggaagc ccgccaagaa aaataagtcc      240

cagaaaaaga acacagccgc aagtcttcag caatggaagg tgggggataa gtgctccgcg      300

atatggagtg aagacgggtg catctatcct gccaccatcg ccagcataga cttcaagcgc      360

gaaacctgcg tggtggtgta cactggatac gggaaccggg aggagcagaa cctgagcgac      420

ctgttgagcc ctatttgtga ggtggccaac aacatcgagc agaatgcgca agaaaatgaa      480

aacgagagtc aggtgtccac cgatgagagt gaaaacagta ggagccccgg caacaaatcc      540

gacaatatca agcccaaaag cgcaccctgg aatagcttcc ttccaccccc ccccccaatg      600
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cccggacctc gactgggccc cggaaagcct ggcctgaagt tcaacggccc ccctcctcct      660

cctccccctc ctccccccca cctgctgagc tgctggttgc cccctttccc ttcgggaccc      720

cctatcatac ctcccccccc ccctatttgc cctgactccc tggacgacgc ggacgcgctg      780

ggcagtatgc tcatctcgtg gtacatgtca ggataccaca ccgggtacta catgggcttc      840

agacaaaatc agaaggaagg acgatgtagt cactccctga at                         882

<210>  3
<211>  885
<212>  DNA
<213>  Homo sapiens

<400>  3
atggcgatga gcagcggcgg cagtggtggc ggcgtcccgg agcaggagga ttccgtgctg       60

ttccggcgcg gcacaggcca gagcgatgat tctgacattt gggatgatac agcactgata      120

aaagcatatg ataaagctgt ggcttcattt aagcatgctc taaagaatgg tgacatttgt      180

gaaacttcgg gtaaaccaaa aaccacacct aaaagaaaac ctgctaagaa gaataaaagc      240

caaaagaaga atactgcagc ttccttacaa cagtggaaag ttggggacaa atgttctgcc      300

atttggtcag aagacggttg catttaccca gctaccattg cttcaattga ttttaagaga      360

gaaacctgtg ttgtggttta cactggatat ggaaatagag aggagcaaaa tctgtccgat      420

ctactttccc caatctgtga agtagctaat aatatagaac aaaatgctca agagaatgaa      480

aatgaaagcc aagtttcaac agatgaaagt gagaactcca ggtctcctgg aaataaatca      540

gataacatca agcccaaatc tgctccatgg aactcttttc tccctccacc accccccatg      600

ccagggccaa gactgggacc aggaaagcca ggtctaaaat tcaatggccc accaccgcca      660

ccgccaccac caccacccca cttactatca tgctggctgc ctccatttcc ttctggacca      720

ccaataattc ccccaccacc tcccatatgt ccagattctc ttgatgatgc tgatgctttg      780

ggaagtatgt taatttcatg gtacatgagt ggctatcata ctggctatta tatgggtttc      840

agacaaaatc aaaaagaagg aaggtgctca cattccttaa attaa                      885

<210>  4
<211>  6079
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  constructed sequence

<400>  4
aattctagct tgccaccatg gccatgtcga gtgggggcag tggaggggga gtgccagaac       60

aggaagattc cgtgctgttc aggcgaggaa ccgggcagag tgacgacagt gacatttggg      120

acgacacggc cctgatcaag gcctatgaca aagccgtggc ctccttcaag cacgcgctga      180
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agaacggcga catttgcgaa accagcggca agcctaagac cacccctaaa cggaagcccg      240

ccaagaaaaa taagtcccag aaaaagaaca cagccgcaag tcttcagcaa tggaaggtgg      300

gggataagtg ctccgcgata tggagtgaag acgggtgcat ctatcctgcc accatcgcca      360

gcatagactt caagcgcgaa acctgcgtgg tggtgtacac tggatacggg aaccgggagg      420

agcagaacct gagcgacctg ttgagcccta tttgtgaggt ggccaacaac atcgagcaga      480

atgcgcaaga aaatgaaaac gagagtcagg tgtccaccga tgagagtgaa aacagtagga      540

gccccggcaa caaatccgac aatatcaagc ccaaaagcgc accctggaat agcttccttc      600

cacccccccc cccaatgccc ggacctcgac tgggccccgg aaagcctggc ctgaagttca      660

acggcccccc tcctcctcct ccccctcctc ccccccacct gctgagctgc tggttgcccc      720

ctttcccttc gggaccccct atcatacctc cccccccccc tatttgccct gactccctgg      780

acgacgcgga cgcgctgggc agtatgctca tctcgtggta catgtcagga taccacaccg      840

ggtactacat gggcttcaga caaaatcaga aggaaggacg atgtagtcac tccctgaatt      900

aatgatagct agaattcacg cgtggtacct ctagagtcga cccgggcggc ctcgaggacg      960

gggtgaacta cgcctgagga tccgatcttt ttccctctgc caaaaattat ggggacatca     1020

tgaagcccct tgagcatctg acttctggct aataaaggaa atttattttc attgcaatag     1080

tgtgttggaa ttttttgtgt ctctcactcg gaagcaattc gttgatctga atttcgacca     1140

cccataatac ccattaccct ggtagataag tagcatggcg ggttaatcat taactacaag     1200

gaacccctag tgatggagtt ggccactccc tctctgcgcg ctcgctcgct cactgaggcc     1260

gggcgaccaa aggtcgcccg acgcccgggc tttgcccggg cggcctcagt gagcgagcga     1320

gcgcgcagcc ttaattaacc taattcactg gccgtcgttt tacaacgtcg tgactgggaa     1380

aaccctggcg ttacccaact taatcgcctt gcagcacatc cccctttcgc cagctggcgt     1440

aatagcgaag aggcccgcac cgatcgccct tcccaacagt tgcgcagcct gaatggcgaa     1500

tgggacgcgc cctgtagcgg cgcattaagc gcggcgggtg tggtggttac gcgcagcgtg     1560

accgctacac ttgccagcgc cctagcgccc gctcctttcg ctttcttccc ttcctttctc     1620

gccacgttcg ccggctttcc ccgtcaagct ctaaatcggg ggctcccttt agggttccga     1680

tttagtgctt tacggcacct cgaccccaaa aaacttgatt agggtgatgg ttcacgtagt     1740

gggccatcgc cctgatagac ggtttttcgc cctttgacgt tggagtccac gttctttaat     1800

agtggactct tgttccaaac tggaacaaca ctcaacccta tctcggtcta ttcttttgat     1860

ttataaggga ttttgccgat ttcggcctat tggttaaaaa atgagctgat ttaacaaaaa     1920

tttaacgcga attttaacaa aatattaacg cttacaattt aggtggcact tttcggggaa     1980

atgtgcgcgg aacccctatt tgtttatttt tctaaataca ttcaaatatg tatccgctca     2040
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tgagacaata accctgataa atgcttcaat aatattgaaa aaggaagagt atgagtattc     2100

aacatttccg tgtcgccctt attccctttt ttgcggcatt ttgccttcct gtttttgctc     2160

acccagaaac gctggtgaaa gtaaaagatg ctgaagatca gttgggtgca cgagtgggtt     2220

acatcgaact ggatctcaac agcggtaaga tccttgagag ttttcgcccc gaagaacgtt     2280

ttccaatgat gagcactttt aaagttctgc tatgtggcgc ggtattatcc cgtattgacg     2340

ccgggcaaga gcaactcggt cgccgcatac actattctca gaatgacttg gttgagtact     2400

caccagtcac agaaaagcat cttacggatg gcatgacagt aagagaatta tgcagtgctg     2460

ccataaccat gagtgataac actgcggcca acttacttct gacaacgatc ggaggaccga     2520

aggagctaac cgcttttttg cacaacatgg gggatcatgt aactcgcctt gatcgttggg     2580

aaccggagct gaatgaagcc ataccaaacg acgagcgtga caccacgatg cctgtagcaa     2640

tggcaacaac gttgcgcaaa ctattaactg gcgaactact tactctagct tcccggcaac     2700

aattaataga ctggatggag gcggataaag ttgcaggacc acttctgcgc tcggcccttc     2760

cggctggctg gtttattgct gataaatctg gagccggtga gcgtgggtct cgcggtatca     2820

ttgcagcact ggggccagat ggtaagccct cccgtatcgt agttatctac acgacgggga     2880

gtcaggcaac tatggatgaa cgaaatagac agatcgctga gataggtgcc tcactgatta     2940

agcattggta actgtcagac caagtttact catatatact ttagattgat ttaaaacttc     3000

atttttaatt taaaaggatc taggtgaaga tcctttttga taatctcatg accaaaatcc     3060

cttaacgtga gttttcgttc cactgagcgt cagaccccgt agaaaagatc aaaggatctt     3120

cttgagatcc tttttttctg cgcgtaatct gctgcttgca aacaaaaaaa ccaccgctac     3180

cagcggtggt ttgtttgccg gatcaagagc taccaactct ttttccgaag gtaactggct     3240

tcagcagagc gcagatacca aatactgttc ttctagtgta gccgtagtta ggccaccact     3300

tcaagaactc tgtagcaccg cctacatacc tcgctctgct aatcctgtta ccagtggctg     3360

ctgccagtgg cgataagtcg tgtcttaccg ggttggactc aagacgatag ttaccggata     3420

aggcgcagcg gtcgggctga acggggggtt cgtgcacaca gcccagcttg gagcgaacga     3480

cctacaccga actgagatac ctacagcgtg agctatgaga aagcgccacg cttcccgaag     3540

ggagaaaggc ggacaggtat ccggtaagcg gcagggtcgg aacaggagag cgcacgaggg     3600

agcttccagg gggaaacgcc tggtatcttt atagtcctgt cgggtttcgc cacctctgac     3660

ttgagcgtcg atttttgtga tgctcgtcag gggggcggag cctatggaaa aacgccagca     3720

acgcggcctt tttacggttc ctggcctttt gctggccttt tgctcacatg ttctttcctg     3780

cgttatcccc tgattctgtg gataaccgta ttaccgcctt tgagtgagct gataccgctc     3840

gccgcagccg aacgaccgag cgcagcgagt cagtgagcga ggaagcggaa gagcgcccaa     3900

tacgcaaacc gcctctcccc gcgcgttggc cgattcatta atgcagctgg cacgacaggt     3960

Page 5



16-7655PCT_SEQ_Listing_ST25.txt

ttcccgactg gaaagcgggc agtgagcgca acgcaattaa tgtgagttag ctcactcatt     4020

aggcacccca ggctttacac tttatgcttc cggctcgtat gttgtgtgga attgtgagcg     4080

gataacaatt tcacacagga aacagctatg accatgatta cgccagattt aattaaggcc     4140

ttaattaggc tgcgcgctcg ctcgctcact gaggccgccc gggcaaagcc cgggcgtcgg     4200

gcgacctttg gtcgcccggc ctcagtgagc gagcgagcgc gcagagaggg agtggccaac     4260

tccatcacta ggggttcctt gtagttaatg attaacccgc catgctactt atctaccagg     4320

gtaatgggga tcctctagaa ctatagctag tcgacattga ttattgacta gttattaata     4380

gtaatcaatt acggggtcat tagttcatag cccatatatg gagttccgcg ttacataact     4440

tacggtaaat ggcccgcctg gctgaccgcc caacgacccc cgcccattga cgtcaataat     4500

gacgtatgtt cccatagtaa cgccaatagg gactttccat tgacgtcaat gggtggacta     4560

tttacggtaa actgcccact tggcagtaca tcaagtgtat catatgccaa gtacgccccc     4620

tattgacgtc aatgacggta aatggcccgc ctggcattat gcccagtaca tgaccttatg     4680

ggactttcct acttggcagt acatctacgt attagtcatc gctattacca tggtcgaggt     4740

gagccccacg ttctgcttca ctctccccat ctcccccccc tccccacccc caattttgta     4800

tttatttatt ttttaattat tttgtgcagc gatgggggcg gggggggggg gggggcgcgc     4860

gccaggcggg gcggggcggg gcgaggggcg gggcggggcg aggcggagag gtgcggcggc     4920

agccaatcag agcggcgcgc tccgaaagtt tccttttatg gcgaggcggc ggcggcggcg     4980

gccctataaa aagcgaagcg cgcggcgggc ggggagtcgc tgcgacgctg ccttcgcccc     5040

gtgccccgct ccgccgccgc ctcgcgccgc ccgccccggc tctgactgac cgcgttactc     5100

ccacaggtga gcgggcggga cggcccttct cctccgggct gtaattagcg cttggtttaa     5160

tgacggcttg tttcttttct gtggctgcgt gaaagccttg aggggctccg ggagggccct     5220

ttgtgcgggg ggagcggctc ggggggtgcg tgcgtgtgtg tgtgcgtggg gagcgccgcg     5280

tgcggctccg cgctgcccgg cggctgtgag cgctgcgggc gcggcgcggg gctttgtgcg     5340

ctccgcagtg tgcgcgaggg gagcgcggcc gggggcggtg ccccgcggtg cggggggggc     5400

tgcgagggga acaaaggctg cgtgcggggt gtgtgcgtgg gggggtgagc agggggtgtg     5460

ggcgcgtcgg tcgggctgca accccccctg cacccccctc cccgagttgc tgagcacggc     5520

ccggcttcgg gtgcggggct ccgtacgggg cgtggcgcgg ggctcgccgt gccgggcggg     5580

gggtggcggc aggtgggggt gccgggcggg gcggggccgc ctcgggccgg ggagggctcg     5640

ggggaggggc gcggcggccc ccggagcgcc ggcggctgtc gaggcgcggc gagccgcagc     5700

cattgccttt tatggtaatc gtgcgagagg gcgcagggac ttcctttgtc ccaaatctgt     5760

gcggagccga aatctgggag gcgccgccgc accccctcta gcgggcgcgg ggcgaagcgg     5820
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tgcggcgccg gcaggaagga aatgggcggg gagggccttc gtgcgtcgcc gcgccgccgt     5880

ccccttctcc ctctccagcc tcggggctgt ccgcgggggg acggctgcct tcggggggga     5940

cggggcaggg cggggttcgg cttctggcgt gtgaccggcg gctctagagc ctctgctaac     6000

catgttcatg ccttcttctt tttcctacag ctcctgggca acgtgctggt tattgtgctg     6060

tctcatcatt ttggcaaag                                                  6079

<210>  5
<211>  738
<212>  PRT
<213>  Artificial sequence

<220>
<223>  Adeno-associated virus rh10 VP1 protein

<400>  5

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser 
1               5                   10                  15      

Glu Gly Ile Arg Glu Trp Trp Asp Leu Lys Pro Gly Ala Pro Lys Pro 
            20                  25                  30          

Lys Ala Asn Gln Gln Lys Gln Asp Asp Gly Arg Gly Leu Val Leu Pro 
        35                  40                  45              

Gly Tyr Lys Tyr Leu Gly Pro Phe Asn Gly Leu Asp Lys Gly Glu Pro 
    50                  55                  60                  

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp 
65                  70                  75                  80  

Gln Gln Leu Lys Ala Gly Asp Asn Pro Tyr Leu Arg Tyr Asn His Ala 
                85                  90                  95      

Asp Ala Glu Phe Gln Glu Arg Leu Gln Glu Asp Thr Ser Phe Gly Gly 
            100                 105                 110         

Asn Leu Gly Arg Ala Val Phe Gln Ala Lys Lys Arg Val Leu Glu Pro 
        115                 120                 125             

Leu Gly Leu Val Glu Glu Gly Ala Lys Thr Ala Pro Gly Lys Lys Arg 
    130                 135                 140                 

Pro Val Glu Pro Ser Pro Gln Arg Ser Pro Asp Ser Ser Thr Gly Ile 
145                 150                 155                 160 

Gly Lys Lys Gly Gln Gln Pro Ala Lys Lys Arg Leu Asn Phe Gly Gln 
                165                 170                 175     
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Thr Gly Asp Ser Glu Ser Val Pro Asp Pro Gln Pro Ile Gly Glu Pro 
            180                 185                 190         

Pro Ala Gly Pro Ser Gly Leu Gly Ser Gly Thr Met Ala Ala Gly Gly 
        195                 200                 205             

Gly Ala Pro Met Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser 
    210                 215                 220                 

Ser Ser Gly Asn Trp His Cys Asp Ser Thr Trp Leu Gly Asp Arg Val 
225                 230                 235                 240 

Ile Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His 
                245                 250                 255     

Leu Tyr Lys Gln Ile Ser Asn Gly Thr Ser Gly Gly Ser Thr Asn Asp 
            260                 265                 270         

Asn Thr Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn 
        275                 280                 285             

Arg Phe His Cys His Phe Ser Pro Arg Asp Trp Gln Arg Leu Ile Asn 
    290                 295                 300                 

Asn Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn 
305                 310                 315                 320 

Ile Gln Val Lys Glu Val Thr Gln Asn Glu Gly Thr Lys Thr Ile Ala 
                325                 330                 335     

Asn Asn Leu Thr Ser Thr Ile Gln Val Phe Thr Asp Ser Glu Tyr Gln 
            340                 345                 350         

Leu Pro Tyr Val Leu Gly Ser Ala His Gln Gly Cys Leu Pro Pro Phe 
        355                 360                 365             

Pro Ala Asp Val Phe Met Ile Pro Gln Tyr Gly Tyr Leu Thr Leu Asn 
    370                 375                 380                 

Asn Gly Ser Gln Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr 
385                 390                 395                 400 

Phe Pro Ser Gln Met Leu Arg Thr Gly Asn Asn Phe Glu Phe Ser Tyr 
                405                 410                 415     

Gln Phe Glu Asp Val Pro Phe His Ser Ser Tyr Ala His Ser Gln Ser 
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            420                 425                 430         

Leu Asp Arg Leu Met Asn Pro Leu Ile Asp Gln Tyr Leu Tyr Tyr Leu 
        435                 440                 445             

Ser Arg Thr Gln Ser Thr Gly Gly Thr Ala Gly Thr Gln Gln Leu Leu 
    450                 455                 460                 

Phe Ser Gln Ala Gly Pro Asn Asn Met Ser Ala Gln Ala Lys Asn Trp 
465                 470                 475                 480 

Leu Pro Gly Pro Cys Tyr Arg Gln Gln Arg Val Ser Thr Thr Leu Ser 
                485                 490                 495     

Gln Asn Asn Asn Ser Asn Phe Ala Trp Thr Gly Ala Thr Lys Tyr His 
            500                 505                 510         

Leu Asn Gly Arg Asp Ser Leu Val Asn Pro Gly Val Ala Met Ala Thr 
        515                 520                 525             

His Lys Asp Asp Glu Glu Arg Phe Phe Pro Ser Ser Gly Val Leu Met 
    530                 535                 540                 

Phe Gly Lys Gln Gly Ala Gly Lys Asp Asn Val Asp Tyr Ser Ser Val 
545                 550                 555                 560 

Met Leu Thr Ser Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr 
                565                 570                 575     

Glu Gln Tyr Gly Val Val Ala Asp Asn Leu Gln Gln Gln Asn Ala Ala 
            580                 585                 590         

Pro Ile Val Gly Ala Val Asn Ser Gln Gly Ala Leu Pro Gly Met Val 
        595                 600                 605             

Trp Gln Asn Arg Asp Val Tyr Leu Gln Gly Pro Ile Trp Ala Lys Ile 
    610                 615                 620                 

Pro His Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe 
625                 630                 635                 640 

Gly Leu Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val 
                645                 650                 655     

Pro Ala Asp Pro Pro Thr Thr Phe Ser Gln Ala Lys Leu Ala Ser Phe 
            660                 665                 670         
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Ile Thr Gln Tyr Ser Thr Gly Gln Val Ser Val Glu Ile Glu Trp Glu 
        675                 680                 685             

Leu Gln Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr 
    690                 695                 700                 

Ser Asn Tyr Tyr Lys Ser Thr Asn Val Asp Phe Ala Val Asn Thr Asp 
705                 710                 715                 720 

Gly Thr Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg 
                725                 730                 735     

Asn Leu 
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