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METHODS AND COMPOSITIONS FOR TREATING BRAIN DISEASES

RELATED APPLICATION

This application claims priority to U.S. Provisional Patent Application No.

61/859,157, filed July 26, 2013.

BACKGROUND

Gene transfer is now widely recognized as a powerful tool for analysis of biological
events and disease processes at both the cellular and molecular level. More recently, the
application of genc therapy for the treatment of human diseases, either inherited (e.g., ADA
deficiency) or acquired (e.g., cancer or infectious disease), has received considerable
attention. With the advent of improved gene transfer techniques and the identification of an
ever expanding library of defective gene-related diseases, gene therapy has rapidly evolved
[rom a treatment theory (o a practical reality.
Traditionally, gene therapy has been defined as a procedure in which an exogenous
gene is introduced into the cells of a patient in order to correct an inbom genetic error.
Although morc than 4500 human discascs arc currcntly classificd as genctic, specific
mutations in the human genome have been identified for relatively few of these diseases.
Until recently, these rare genctic discases represented the exclusive targets of gene therapy
efforts. Accordingly, most of the NIH approved gene therapy protocols to date have been
directed toward the introduction of a functional copy of a defective gene into the somatic cells
of an individual having a known inborn genetic error. Only recently, have researchers and
clinicians begun to appreciate that most human cancers, certain forms of cardiovascular
disease, and many degenerative diseases also have important genetic components, and for the
purposes of designing novel gene therapies, should be considered "genetic disorders."
Therefore, gene therapy has more recently been broadly defined as the correction of a disease
phenotype through the introduction of new genetic information into the affected organism.

In in vivo gene therapy, a transferred gene is introduced into cells of the recipient
organism in situ that is, within the recipient. /n vivo gene therapy has been examined in
several animal models. Several recent publications have reported the feasibility of direct
gene transfer in situ into organs and tissues such as muscle, hematopoietic stem cells, the
arterial wall, the nervous system, and lung. Direct injection of DNA into skeletal muscle,
heart muscle and injection of DNA-lipid complexes into the vasculature also has been

reported to yield a detectable expression level of the inserted gene product(s) in vivo.

Date Regue/Date Received 2020-11-20
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Treatment of diseases of the central nervous system, e.g., inherited genetic diseases of the
brain, remains an intractable problem. Examples of such are the lysosomal storage diseases
and Alzheimer’s disease. Collectively, the incidence of lysosomal storage diseases (LSD) is
1 in 10,000 births world wide, and in 65% of cases, there is significant central nervous
system (CNS) involvement. Proteins deficient in these disorders, when delivered
intravenously, do not cross the blood-brain barrier, or, when delivered directly to the brain,
are not widely distributed. Thus, therapies for the CNS deficits need to be developed.
SUMMARY

The present invention provides a method of delivering a therapeutic agent (e.g.,
protein or nucleic acid) to the central nervous system of a mammal, comprising administering
to the mammal’s cisterna magna an rAAV particle comprising an AAV capsid protein and a
vector comprising a nucleic acid encoding a therapeutic agent inserted between a pair of
AAV inverted terminal repeats in a manner effective to infect cells that contact the
cerebrospinal fluid (CSF) of in the mammal such that the cells express the therapeutic agent
in the mammal.

The present invention provides a method of treating a disease in a mammal
comprising administering to the mammal’s cisterna magna an rAAV particle comprising an
AAY capsid protein and a vector comprising a nucleic acid encoding a therapeutic agent
(e.g., a therapeutic nucleic acid or a nucleic acid encoding a protein) inserted between a pair
of AAV inverted terminal repeats in a manner effective to infect cells that contact the
cerebrospinal fluid (CSF) in the mammal, wherein the cell expresses the therapeutic agent so
as to treat the disease.

In certain embodiments, the AAV particle is an rAAV2 particle. As used herein, the
term AAV?2/1 is used to mean an AAV2 ITR and AAV1 capsid, the term AAV2/2 is an
AAV2ITR and AAV2 capsid, the term AAV2/4 is an AAV2 ITR and AAV4 capsid, etc. In
certain embodiments, the AAV particle is an rAAVS particle. In certain embodiments, the
AAV particle is an rAAV9 particle. In certain embodiments, the AAV particle is an
rAAVrh10 particle. In certain embodiments, the rAAV capsid has at least 80% homology to
AAV?2 capsid protein VP1, VP2, and/or VP3. In certain embodiments, the rAAV2 capsid has
100% homology to AAV2 capsid VP1, VP2, and/or VP3. In certain embodiments, the rAAV
capsid has at least 80% homology to AAV4 capsid protein VP1, VP2, and/or VP3. In certain
embodiments, the rAAV4 capsid has 100% homology to AAV4 capsid VP1, VP2, and/or
VP3. In certain embodiments, the rAAV capsid has at least 80% homology to AAV9 capsid
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protein VP1, VP2, and/or VP3. In certain embodiments, the rAAV9 capsid has 100%
homology to AAV9 capsid VP1, VP2, and/or VP3.

In certain embodiments, the rAAV particle is an rAAV2 particle that infects the non-
rodent ependymal cell at an rate of more than 20% than the infectivity rate of AAV4, such as
at a rate of more than 50% or 100%, 1000% or 2000% than the infectivity rate of AAV4.

In certain embodiments, the cell expresses the therapeutic agent and secretes the
therapeutic agent into the CSF. In certain embodiments, the cell is an ependymal, pial,
endothelial or meningeal cell. In certain embodiments, the method further comprises
additionally administering the rAAV to the non-human primate’s brain ventricle,
subarachnoid space and/or intrathecal space.

The present invention provides a method of delivering a nucleic acid to a brain cell of
a mammal comprising administering to the brain cell an AAV particle containing a vector
comprising the nucleic acid inserted between a pair of AAV inverted terminal repeats,
thereby delivering the nucleic acid to the brain cell. In certain embodiments, the rAAV is an
rAAV?2 particle that infects the brain cell at an rate of more than 20% than the infectivity rate
of AAV4, such as at a rate of more than 50% or 100%, 1000% or 2000% than the infectivity
rate of AAV4.

In certain embodiments, the disease is a lysosomal storage disease (LSD). In certain
embodiments, the LSD is infantile or late infantile ceroid lipofuscinoses, neuronopathic
Gaucher, Juvenile Batten, Fabry, MLD, Sanfilippo A, , Hunter, Krabbe, Morquio, Pompe,
Niemann-Pick C, Tay-Sachs, Hurler (MPS-I H), Sanfilippo B, Maroteaux-Lamy, Niemann-
Pick A, Cystinosis, Hurler-Scheie (MPS-I H/S), Sly Syndrome (MPS VII), Scheie (MPS-1 S),
Infantile Batten, GM1 Gangliosidosis, Mucolipidosis type II/III, or Sandhoff disease. In
certain embodiments, the disease is LINCL. In certain embodiments, the disease is a
neurodegenerative disease, such as Alzheimer’s disease, Huntington's disease, ALS,
hereditary spastic hemiplegia, primary lateral sclerosis, spinal muscular atrophy, Kennedy’s
disease, a polyglutamine repeat disease, or Parkinson's disease.

In certain embodiments, the mammal is a non-rodent mammal, such as a primate,
horse, sheep, goat, pig, or dog. In certain embodiments, the primate is a human.

In certain embodiments, the therapeutic agent is a therapeutic nucleic acid. In certain
embodiments, the therapeutic agent is a protein.

In certain embodiments, the nucleic acid encodes a lysosomal hydrolase. In certain

embodiments, the nucleic acid encodes TPP1.
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In certain embodiments, the therapeutic protein is a protective ApoE isoform protein.
As used herein, the term “protective ApoE isoform” is used to distinguish ApoE isoforms that
decrease the risk of Alzheimer’s disease by at least 5%, such as 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, 100% or more.

In certain embodiments, the protective ApoE isoform has at least about 80%
homology to ApoE £2. In certain embodiments, the protective ApoE isoform has 100%
homology to ApoE &2.

In certain embodiments, the rAAYV particle is injected at 1-3 locations in the brain,

such as at one, two, or three locations in the brain.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A is an alignment of AAV2 (SEQ ID NO:1) and AAV4 (SEQ ID NO:2)
proteins and Figure 1B is and alignment of AAV2 (SEQ ID NO:3) and AAV4 (SEQ ID
NO:4) nucleotides based on the sequence from AAV2 (NC _001401) and AAV4
(NC _001829).

Figure 2 shows an illustration of “cross correction” between cells. Sands and
Davidson, Mol Ther 13(5):839-849, 2006.

Figure 3. Top: Immunohistochemical staining for human TPP1 after AAV2 mediated

delivery into a LINCL dog model that is deficient in canine TPP1. Left, treated dog. Right,
untreated deficient animal. Compare the strong positive staining on the left to the
background staining in the right panel. Bottom. Western blot for TPP1 showing the presence
of human TPP1 in the treated, deficient (LINCL) dog. Both normal and deficient dogs do not
show the presence of the band, as they do not express human TPP1.

Figure 4A. Microphotographs showing the representative autofluorescence depictive
of the pathological accumulation of lipofuscin in the neuronal ceroid lipofuscinoses. Left
panel, autofluorescence in an AAV2.TPPI treated LINCL dog. Right panel, autofluoresence
in a control, untreated LINCL dog. Note the reduction in autofluorence with therapy.

Figure 4B. MRI scans of an untreated LINCL dog (upper left), a untreated normal
dog (upper right), and two AAV.TPP1 treated dogs (lower panels). The volumes of vector
delivered are indicated in the lower left of the bottom panels. The viral titer was
approximately lel3 genomes/mL.

Figure 4C. Volumetric reconstructions of the ventricles of the dogs imaged in 4B
(left panels). The graph in the right panel denotes the volumes from the images in the left
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panels. Note the extensive reduction in ventricular volume even with these low doses of
vector (stated in Figure 4B legend).

Figure 4D. Immunohistochemical staining in varying brain regions shows extensive
distribution of TPP1 protein after AAV.TPP1 gene transfer to the ventricular system of the
LINCL dog. Top panels are coronal sections from the dog brain atlas; the lower right insets
present the sagittal view of the coronal image. The immunohistochemically stained sections
below the panels from the atlas show the extent of staining in sections from those regions.
Together the data show extensive distribution of enzyme.

Figure 5. huTPP1 enzyme activity in CSF following AAV.TPP1 delivery declined
shortly after viral gene transfer. Left panel: TPP1 activity in CSF in treated Animals Co and
S exceeds normal activity levels very soon after AAV.TPP1 gene transfer, and then rapidly
declines to undetectable levels. Animals N, Po and Pi are normal or heterozygous dogs and
are shown for reference only of the range of TPP1 activity levels in clinically normal dogs.

Figure 6 shows the results of pre-treating with mycophenolate on providing for
sustained activity.

Figure 7. Introduction of mycophenolate at the time of enzyme activity decline, or
prior to gene transfer, dramatically improves the durability of TPP1 expression in dog after
AAV.TPP1 delivery to ependyma. Left and right upper graphs: Enzyme activity as a
function of time. Also indicated is the time at which mycophenolate was administered. Note
the high and sustained levels after recover from loss of expression in Animals SR and B, and
the extremely high sustained levels in Animal F. Thus, mycophenolate pre-treatment in
animals null for recombinant protein helps provide for sustained gene expression in
transduced brain cells. Lower graph: Expansion from the upper right graph to demonstrate
that there is enzyme over and above background levels, and close to normal levels or above
(0.1-0.4 pmol/mg).

Figure 8. Sustained enzyme expression in CSF elevates interstitial levels of enzyme.
Enzyme activity in various brain regions is above normal.

Figure 9A and 9B. Immunohistochemical staining in varying brain regions shows
extensive distribution of TPP1 protein after AAV.TPP1 gene transfer to the ventricular
system of the LINCL dog. Representative panels from the dog brain atlas show the region of
the brain being evaluated, which is also depicted by the line. Together the data show
extensive distribution of enzyme.

Figure 10 AAV.TPP1 gene therapy delays the onset of disease phenotypes
(appearance of the first red line on the left vs. the first blue line on the left) and the
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progression of disease (the spacing of the red lines vs. the spacing of the blue lines). Animal
life span was nearly doubled in some dogs, others are still under evaluation.

Figure 11 Animals with sustained TPP1 secretion from ependymal show evidence of
enzyme activity in peripheral organs and brain dura. For two animals, BG and SR, there was
notable enzyme activity in brain dura and also the liver.

Figure 12 The approach used to provide clinical benefit to the LINCL dog is
translatable to primates. Rhesus macaques were given an intraventricular injection of
AAV2.TPP1 (1.5 mL of 1e13 vector genomes/mL) and TPP1 activity in brain stem (Medulla;
left graph) and CSF (right graph) measured 3 months after gene transfer. These are normal
monkeys with normal levels of TPP1 activity (range noted — Control). In all but one animal,
the enzyme activity exceeds that of normal monkeys. Evidence of TPP1 activity in monkey
brain 3 months after gene transfer using immunohistochemistry staining against the
recombinant human TPP1 expressed from the AAV vector.

Figure 13 shows the vestibular area (brainstem) in the non-human primates.

Figure 14 provides the Human TPP1 amino acid sequence.

Figure 15 provides the Human TPP1 nucleic acid sequence.

Figure 16 provides the Macaca mulatta TPP1 amino acid sequence.

Figure 17 provides the Macaca fascicularis TPP1 amino acid sequence.

DETAILED DESCRIPTION

Adeno associated virus (AAV) is a small nonpathogenic virus of the parvoviridae
family. AAYV is distinct from the other members of this family by its dependence upon a
helper virus for replication. In the absence of a helper virus, AAV may integrate in a locus
specific manner into the q arm of chromosome 19. The approximately 5 kb genome of AAV
consists of one segment of single stranded DNA of either plus or minus polarity. The ends of
the genome are short inverted terminal repeats which can fold into hairpin structures and
serve as the origin of viral DNA replication. Physically, the parvovirus virion is non-
enveloped and its icosohedral capsid is approximately 20 nm in diameter.

To-date numerous serologically distinct AAVs have been identified, and more than a
dozen have been isolated from humans or primates. The genome of AAV?2 is 4680
nucleotides in length and contains two open reading frames (ORFs). The left ORF encodes
the non-structural Rep proteins, Rep 40, Rep 52, Rep 68 and Rep 78, which are involved in
regulation of replication and transcription in addition to the production of single-stranded

progeny genomes. Furthermore, two of the Rep proteins have been associated with the
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preferential integration of AAV genomes into a region of the q arm of human chromosome
19. Rep68/78 has also been shown to possess NTP binding activity as well as DNA and
RNA helicase activities. The Rep proteins possess a nuclear localization signal as well as
several potential phosphorylation sites. Mutation of one of these kinase sites resulted in a
loss of replication activity.

The ends of the genome are short inverted terminal repeats (ITR) which have the
potential to fold into T-shaped hairpin structures that serve as the origin of viral DNA
replication. Within the ITR region two elements have been described which are central to the
function of the ITR, a GAGC repeat motif and the terminal resolution site (trs). The repeat
motif has been shown to bind Rep when the ITR is in either a linear or hairpin conformation.
This binding serves to position Rep68/78 for cleavage at the trs which occurs in a site- and
strand-specific manner. In addition to their role in replication, these two elements appear to
be central to viral integration. Contained within the chromosome 19 integration locus is a
Rep binding site with an adjacent trs. These elements have been shown to be functional and
necessary for locus specific integration.

The AAYV virion is a non-enveloped, icosohedral particle approximately 25 nm in
diameter, consisting of three related proteins referred to as VP1, VP2 and VP3. The right
ORF encodes the capsid proteins VP1, VP2, and VP3. These proteins are found in a ratio of
1:1:10 respectively and are all derived from the right-hand ORF. The capsid proteins differ
from each other by the use of alternative splicing and an unusual start codon. Deletion
analysis has shown that removal or alteration of VP1 which is translated from an alternatively
spliced message results in a reduced yield of infections particles. Mutations within the VP3
coding region result in the failure to produce any single-stranded progeny DNA or infectious
particles. An AAV particle is a viral particle comprising an AAV capsid protein. An AAV
capsid polypeptide can encode the entire VP1, VP2 and VP3 polypeptide. The particle can
be a particle comprising AAV2 and other AAV capsid proteins (i.e., a chimeric protein, such
as AAV4 and AAV?2). Variations in the amino acid sequence of the AAV2 capsid protein are
contemplated herein, as long as the resulting viral particle comprises the AAV2 capsid
remains antigenically or immunologically distinct from AAV4, as can be routinely
determined by standard methods. Specifically, for example, ELISA and Western blots can be
used to determine whether a viral particle is antigenically or immunologically distinct from
AAV4. Furthermore, the AAV?2 viral particle preferably retains tissue tropism distinct from
AAV4.
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An AAV2 particle is a viral particle comprising an AAV?2 capsid protein. An AAV?2
capsid polypeptide encoding the entire VP1, VP2, and VP3 polypeptide can overall have at
least about 63% homology (or identity) to the polypeptide having the amino acid sequence
encoded by nucleotides set forth in SEQ ID NO:1 (AAV2 capsid protein). The capsid protein
can have about 70% homology, about 75% homology, 80% homology, 85% homology, 90%
homology, 95% homology, 98% homology, 99% homology, or even 100% homology to the
protein set forth in SEQ ID NO:1. The capsid protein can have about 70% identity, about
75% identity, 80% identity, 85% identity, 90% identity, 95% identity, 98% identity, 99%
identity, or even 100% identity to the protein set forth in SEQ ID NO:1. The particle can be a
particle comprising another AAV and AAV?2 capsid protein, i.e., a chimeric protein.
Variations in the amino acid sequence of the AAV2 capsid protein are contemplated herein,
as long as the resulting viral particle comprising the AAV2 capsid remains antigenically or
immunologically distinct from AAV4, as can be routinely determined by standard methods.
Specifically, for example, ELISA and Western blots can be used to determine whether a viral
particle is antigenically or immunologically distinct from AAV4. Furthermore, the AAV2
viral particle preferably retains tissue tropism distinction from AAV4, such as that
exemplified in the examples herein, though an AAV?2 chimeric particle comprising at least
one AAV?2 coat protein may have a different tissue tropism from that of an AAV?2 particle
consisting only of AAV2 coat proteins.

As indicated in Figures 1A and 1B, AAV2 capsid sequence and AAV4 capsid
sequence are about 60% homologous. In certain embodiments, the AAV2 capsid comprises
(or consists of) a sequence that is at least 65% homologous to the amino acid sequence set
forth in SEQ ID NO:1.

In certain embodiments, the invention further provides an AAV?2 particle containing,
i.e., encapsidating, a vector comprising a pair of AAV2 inverted terminal repeats. The
nucleotide sequence of AAV2 ITRs is known in the art. Furthermore, the particle can be a
particle comprising both AAV4 and AAV?2 capsid protein, i.e., a chimeric protein. Moreover,
the particle can be a particle encapsidating a vector comprising a pair of AAV inverted
terminal repeats from other AAVs (e.g., AAV1-AAV9 and AAVth10). The vector
encapsidated in the particle can further comprise an exogenous nucleic acid inserted between
the inverted terminal repeats.

The following features of AAV have made it an attractive vector for gene transfer.
AAV vectors have been shown in vitro to stably integrate into the cellular genome; possess a

broad host range; transduce both dividing and non dividing cells in vitro and in vivo and
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maintain high levels of expression of the transduced genes. Viral particles are heat stable,
resistant to solvents, detergents, changes in pH, temperature, and can be concentrated on
CsCl gradients or by other means. The present invention provides methods of administering
AAV particles, recombinant AAV vectors, and recombinant AAV virions. For example, an
AAV2 particle is a viral particle comprising an AAV2 capsid protein, or an AAV4 particle is
a viral particle comprising an AAV4 capsid protein. A recombinant AAV2 vector is a
nucleic acid construct that comprises at least one unique nucleic acid of AAV2. A
recombinant AAV?2 virion is a particle containing a recombinant AAV?2 vector. To be
considered within the term "AAV2 ITRs" the nucleotide sequence must retain one or both
features described herein that distinguish the AAV2 ITR from the AAV4 ITR: (1) three
(rather than four as in AAV4) "GAGC" repeats and (2) in the AAV2 ITR Rep binding site the
fourth nucleotide in the first two "GAGC" repeats is a C rather than a T.

The promoter to drive expression of the protein or the sequence encoding another
agent to be delivered can be any desired promoter, selected by known considerations, such as
the level of expression of a nucleic acid functionally linked to the promoter and the cell type
in which the vector is to be used. Promoters can be an exogenous or an endogenous
promoter. Promoters can include, for example, known strong promoters such as SV40 or the
inducible metallothionein promoter, or an AAV promoter, such as an AAV p5 promoter.
Additional examples of promoters include promoters derived from actin genes,
immunoglobulin genes, cytomegalovirus (CMV), adenovirus, bovine papilloma virus,
adenoviral promoters, such as the adenoviral major late promoter, an inducible heat shock
promoter, respiratory syncytial virus, Rous sarcomas virus (RSV), etc.

The AAV vector can further comprise an exogenous (heterologous) nucleic acid
functionally linked to the promoter. By "heterologous nucleic acid" is meant that any
heterologous or exogenous nucleic acid can be inserted into the vector for transfer into a cell,
tissue or organism. The nucleic acid can encode a polypeptide or protein or an antisense
RNA, for example. By "functionally linked" is meant such that the promoter can promote
expression of the heterologous nucleic acid, as is known in the art, such as appropriate
orientation of the promoter relative to the heterologous nucleic acid. Furthermore, the
heterologous nucleic acid preferably has all appropriate sequences for expression of the
nucleic acid, as known in the art, to functionally encode, i.e., allow the nucleic acid to be
expressed. The nucleic acid can include, for example, expression control sequences, such as
an enhancer, and necessary information processing sites, such as ribosome binding sites,

RNA splice sites, polyadenylation sites, and transcriptional terminator sequences. The
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nucleic acid can encode more than one gene product, limited only by the size of nucleic acid
that can be packaged.

The heterologous nucleic acid can encode beneficial proteins that replace missing or
defective proteins required by the subject into which the vector in transferred or can encode a
cytotoxic polypeptide that can be directed, e.g., to cancer cells or other cells whose death
would be beneficial to the subject. The heterologous nucleic acid can also encode antisense
RNAs that can bind to, and thereby inactivate, mRNAs made by the subject that encode
harmful proteins. In one embodiment, antisense polynucleotides can be produced from a
heterologous expression cassette in an AAV viral construct where the expression cassette
contains a sequence that promotes cell-type specific expression.

Examples of heterologous nucleic acids which can be administered to a cell or subject
as part of the present AAV vector can include, but are not limited to the nucleic acids
encoding therapeutic agents, such as lysosomal hydrolases; tumor necrosis factors (TNF),
such as TNF-alpha; interferons, such as interferon-alpha, interferon-beta, and interferon-
gamma; interleukins, such as IL-1, IL-1beta, and ILs-2 through -14; GM-CSF; adenosine
deaminase; secreted factors such as growth factors; ion channels; chemotherapeutics;
lysosomal proteins; anti-apoptotic gene products; proteins promoting neural survival such as
glutamate receptors and growth factors; cellular growth factors, such as lymphokines; soluble
CD4; Factor VIII; Factor IX; T-cell receptors; LDL receptor; ApoE; ApoC; alpha-1
antitrypsin; ornithine transcarbamylase (OTC); cystic fibrosis transmembrane receptor
(CFTR); insulin; Fc receptors for antigen binding domains of antibodies, such as
immunoglobulins; and antisense sequences which inhibit viral replication, such as antisense
sequences which inhibit replication of hepatitis B or hepatitis non-A, non-B virus.
Furthermore, the nucleic acid can encode more than one gene product, limited only by the
size of nucleic acid that can be packaged.

An AAV?2 particle is a viral particle comprising an AAV?2 capsid protein. Variations
in the amino acid sequence of the AAV2 capsid protein are contemplated herein, as long as
the resulting viral particle comprising the AAV2 capsid remains antigenically or
immunologically distinct from AAV4, as can be routinely determined by standard methods.
Specifically, for example, ELISA and Western blots can be used to determine whether a viral
particle is antigenically or immunologically distinct from other AAV serotypes.

The term "polypeptide” as used herein refers to a polymer of amino acids and includes
full-length proteins and fragments thereof. Thus, "protein" and “polypeptide" are often used

interchangeably herein. Substitutions can be selected by known parameters to be neutral. As
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will be appreciated by those skilled in the art, the invention also includes those polypeptides
having slight variations in amino acid sequences or other properties. Such variations may
arise naturally as allelic variations (e.g. due to genetic polymorphism) or may be produced by
human intervention (e.g., by mutagenesis of cloned DNA sequences), such as induced point,
deletion, insertion and substitution mutants. Minor changes in amino acid sequence are
generally preferred, such as conservative amino acid replacements, small internal deletions or
insertions, and additions or deletions at the ends of the molecules. These modifications can
result in changes in the amino acid sequence, provide silent mutations, modify a restriction
site, or provide other specific mutations.

The present method provides a method of delivering a nucleic acid to a cell
comprising administering to the cell an AAV particle containing a vector comprising the
nucleic acid inserted between a pair of AAV inverted terminal repeats, thereby delivering the
nucleic acid to the cell. Administration to the cell can be accomplished by any means,
including simply contacting the particle, optionally contained in a desired liquid such as
tissue culture medium, or a buffered saline solution, with the cells. The particle can be
allowed to remain in contact with the cells for any desired length of time, and typically the
particle is administered and allowed to remain indefinitely. For such in vitro methods, the
virus can be administered to the cell by standard viral transduction methods, as known in the
art and as exemplified herein. Titers of virus to administer can vary, particularly depending
upon the cell type, but will be typical of that used for AAV transduction in general..
Additionally the titers used to transduce the particular cells in the present examples can be
utilized. The cells can include any desired cell in humans as well as other large (non-rodent)
mammals, such as primates, horse, sheep, goat, pig, and dog.

More specifically, the present invention provides a method of delivering a nucleic
acid to a cell with contact to the circulating CSF, such as an ependymal cell, a pial cell,
meningeal cell, a brain endothelial cell, comprising administering to the cell an AAV particle
containing a vector comprising the nucleic acid inserted between a pair of AAV inverted
terminal repeats, thereby delivering the nucleic acid to the cell.

The present invention further provides a method of delivering a nucleic acid to a cell
in a subject comprising administering to the subject an AAV particle comprising the nucleic
acid inserted between a pair of AAV inverted terminal repeats, thereby delivering the nucleic
acid to a cell in the subject.

Also provided is a method of delivering a nucleic acid to an ependymal, pial or other

meningeal cell in a subject comprising administering to the subject an AAV particle
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comprising the nucleic acid inserted between a pair of AAV inverted terminal repeats,
thereby delivering the nucleic acid to the ependymal, pial or other meningeal cell in the
subject.

In certain embodiments, the amino acid sequence that targets brain vascular
endothelium targets brain vascular endothelium in a subject that has a disease, e.g., a
lysosomal storage disease.

In certain embodiments, the amino acid sequence that targets brain vascular
endothelium targets brain vascular endothelium in a subject that does not have a lysosomal
storage disease.

In certain embodiments, the viral vector comprises a nucleic acid sequence encoding a
therapeutic agent. In certain embodiments, the therapeutic agent is TPP1.

Certain embodiments of the present disclosure provide a cell comprising a viral vector
as described herein.

Certain embodiments of the present disclosure provide a method of treating a disease
in a mammal comprising administering a viral vector or the cell as described herein to the
mammal.

In certain embodiments, the mammal is human.

In certain embodiments, the disease is a lysosomal storage disease (LSD). In certain
embodiments, the LSD is infantile or late infantile ceroid lipofuscinoses, Gaucher, Juvenile
Batten, Fabry, MLD, Sanfilippo A, Late Infantile Batten, Hunter, Krabbe, Morquio, Pompe,
Niemann-Pick C, Tay-Sachs, Hurler (MPS-I H), Sanfilippo B, Maroteaux-Lamy, Niemann-
Pick A, Cystinosis, Hurler-Scheie (MPS-I H/S), Sly Syndrome (MPS V1I), Scheie (MPS-1 S),
Infantile Batten, GM1 Gangliosidosis, Mucolipidosis type II/III, or Sandhoff disease.

In certain embodiments, the disease is a neurodegenerative disease. In certain
embodiments, the neurodegenerative disease is Alzheimer’s disease, Huntington's disease,
ALS, hereditary spastic hemiplegia, primary lateral sclerosis, spinal muscular atrophy,
Kennedy’s disease, a polyglutamine repeat disease, or Parkinson's disease.

Certain embodiments of the present disclosure provide a method to deliver an agent to
the central nervous system of a subject, comprising administering to the CSF with a viral
vector described herein so that the transduced ependymal, pial, endothelial and/or other
meningeal cells express the therapeutic agent and deliver the agent to the central nervous
system of the subject. In certain embodiments, the viral vector transduces ependymal, pial,

endothelial and/or other meningeal cells.
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Certain embodiments of the present disclosure provide a viral vector or cell as
described herein for use in medical treatments.

Certain embodiments of the present disclosure provide a use of a viral vector or cell
as described herein to prepare a medicament useful for treating a disease, e.g., a lysosomal
storage disease, in a mammal.

The vector may further comprise a lysosomal enzyme (e.g., a lysosomal hydrolase), a
secreted protein, a nuclear protein, or a cytoplasmic protein. As used herein, the term
“secreted protein” includes any secreted protein, whether naturally secreted or modified to
contain a signal sequence so that it can be secreted.

Certain embodiments of the present disclosure provide a use of a viral vector or cell
as described herein to prepare a medicament useful for treating a disease, e.g., Alzheimer’s
disease, in a mammal.

The vector may further comprise a protective ApoE isoform protein. As used herein,
the term “secreted protein” includes any secreted protein, whether naturally secreted or
modified to contain a signal sequence so that it can be secreted. Nucleic acid is "operably
linked" when it is placed into a functional relationship with another nucleic acid sequence.
Generally, "operably linked" means that the DNA sequences being linked are contiguous.
However, enhancers do not have to be contiguous. Linking is accomplished by ligation at
convenient restriction sites. If such sites do not exist, the synthetic oligonucleotide adaptors
or linkers are used in accordance with conventional practice. Additionally, multiple copies of
the nucleic acid encoding enzymes may be linked together in the expression vector. Such
multiple nucleic acids may be separated by linkers.

The present disclosure also provides a mammalian cell containing a vector described
herein. The cell may be human, and may be from brain. The cell type may be a stem or
progenitor cell population.

The present disclosure provides a method of treating a disease such as a genetic
disease or cancer in a mammal by administering a polynucleotide, polypeptide, expression
vector, or cell described herein. The genetic disease or cancer may be a lysosomal storage
disease (LSD) such as infantile or late infantile ceroid lipofuscinoses, Gaucher, Juvenile
Batten, Fabry, MLD, Sanfilippo A, Late Infantile Batten, Hunter, Krabbe, Morquio, Pompe,
Niemann-Pick C, Tay-Sachs, Hurler (MPS-I H), Sanfilippo B, Maroteaux-Lamy, Niemann-
Pick A, Cystinosis, Hurler-Scheie (MPS-I H/S), Sly Syndrome (MPS VII), Scheie (MPS-I S),
Infantile Batten, GM1 Gangliosidosis, Mucolipidosis type II/IIL, or Sandhoff disease.
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The genetic disease may be a neurodegenerative disease, such as Huntington's
disease, ALS, hereditary spastic hemiplegia, primary lateral sclerosis, spinal muscular
atrophy, Kennedy’s disease, Alzheimer’s disease, a polyglutamine repeat disease, or focal
exposure such as Parkinson's disease.

Certain aspects of the disclosure relate to polynucleotides, polypeptides, vectors, and
genetically engineered cells (modified in vivo), and the use of them. In particular, the
disclosure relates to a method for gene or protein therapy that is capable of both systemic
delivery of a therapeutically effective dose of the therapeutic agent.

According to one aspect, a cell expression system for expressing a therapeutic agent
in a mammalian recipient is provided. The expression system (also referred to herein as a
"genetically modified cell") comprises a cell and an expression vector for expressing the
therapeutic agent. Expression vectors include, but are not limited to, viruses, plasmids, and
other vehicles for delivering heterologous genetic material to cells. Accordingly, the term
"expression vector" as used herein refers to a vehicle for delivering heterologous genetic
material to a cell. In particular, the expression vector is a recombinant adenoviral, adeno-
associated virus, or lentivirus or retrovirus vector.

The expression vector further includes a promoter for controlling transcription of the
heterologous gene. The promoter may be an inducible promoter (described below). The
expression system is suitable for administration to the mammalian recipient. The expression
system may comprise a plurality of non-immortalized genetically modified cells, each cell
containing at least one recombinant gene encoding at least one therapeutic agent.

The cell expression system is formed in vivo. According to yet another aspect, a
method for treating a mammalian recipient in vivo is provided. The method includes
introducing an expression vector for expressing a heterologous gene product into a cell of the
patient in situ, such as via intravenous administration. To form the expression system in vivo,
an expression vector for expressing the therapeutic agent is introduced in vivo into the
mammalian recipient i.v., where the vector migrates via the vasculature to the brain.

According to yet another aspect, a method for treating a mammalian recipient in vivo
is provided. The method includes introducing the target protein into the patient in vivo.

The expression vector for expressing the heterologous gene may include an inducible
promoter for controlling transcription of the heterologous gene product. Accordingly,
delivery of the therapeutic agent in situ is controlled by exposing the cell in situ to conditions,

which induce transcription of the heterologous gene.
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The mammalian recipient may have a condition that is amenable to gene replacement
therapy. As used herein, "gene replacement therapy" refers to administration to the recipient
of exogenous genetic material encoding a therapeutic agent and subsequent expression of the
administered genetic material in situ. Thus, the phrase "condition amenable to gene
replacement therapy" embraces conditions such as genetic diseases (i.e., a disease condition
that is attributable to one or more gene defects), acquired pathologies (i.e., a pathological
condition which is not attributable to an inborn defect), cancers and prophylactic processes
(i.e., prevention of a disease or of an undesired medical condition). Accordingly, as used
herein, the term "therapeutic agent" refers to any agent or material, which has a beneficial
effect on the mammalian recipient. Thus, "therapeutic agent" embraces both therapeutic and
prophylactic molecules having nucleic acid or protein components.

According to one embodiment, the mammalian recipient has a genetic disease and the
exogenous genetic material comprises a heterologous gene encoding a therapeutic agent for
treating the disease. In yet another embodiment, the mammalian recipient has an acquired
pathology and the exogenous genetic material comprises a heterologous gene encoding a
therapeutic agent for treating the pathology. According to another embodiment, the patient
has a cancer and the exogenous genetic material comprises a heterologous gene encoding an
anti-neoplastic agent. In yet another embodiment the patient has an undesired medical
condition and the exogenous genetic material comprises a heterologous gene encoding a
therapeutic agent for treating the condition.

As used herein, the terms “a protective ApoE isoform,” “lysosomal enzyme,” a
“secreted protein,” a “nuclear protein,” or a “cytoplasmic protein” include variants or
biologically active or inactive fragments of these polypeptides. A “variant” of one of the
polypeptides is a polypeptide that is not completely identical to a native protein. Such variant
protein can be obtained by altering the amino acid sequence by insertion, deletion or
substitution of one or more amino acid. The amino acid sequence of the protein is modified,
for example by substitution, to create a polypeptide having substantially the same or
improved qualities as compared to the native polypeptide. The substitution may be a
conserved substitution. A “conserved substitution” is a substitution of an amino acid with
another amino acid having a similar side chain. A conserved substitution would be a
substitution with an amino acid that makes the smallest change possible in the charge of the
amino acid or size of the side chain of the amino acid (alternatively, in the size, charge or
kind of chemical group within the side chain) such that the overall peptide retains its spacial

conformation but has altered biological activity. For example, common conserved changes

15



10

15

20

25

30

Ca 02918902 2016-01-20

WO 2015/013148 PCT/US2014/047338

might be Asp to Glu, Asn or Gln; His to Lys, Arg or Phe; Asn to Gln, Asp or Glu and Ser to
Cys, Thr or Gly. Alanine is commonly used to substitute for other amino acids. The 20
essential amino acids can be grouped as follows: alanine, valine, leucine, isoleucine, proline,
phenylalanine, tryptophan and methionine having nonpolar side chains; glycine, serine,
threonine, cystine, tyrosine, asparagine and glutamine having uncharged polar side chains;
aspartate and glutamate having acidic side chains; and lysine, arginine, and histidine having
basic side chains.

The amino acid changes are achieved by changing the codons of the corresponding
nucleic acid sequence. It is known that such polypeptides can be obtained based on
substituting certain amino acids for other amino acids in the polypeptide structure in order to
modify or improve biological activity. For example, through substitution of alternative
amino acids, small conformational changes may be conferred upon a polypeptide that results
in increased activity. Alternatively, amino acid substitutions in certain polypeptides may be
used to provide residues, which may then be linked to other molecules to provide peptide-
molecule conjugates which, retain sufficient properties of the starting polypeptide to be
useful for other purposes.

One can use the hydropathic index of amino acids in conferring interactive biological
function on a polypeptide, wherein it is found that certain amino acids may be substituted for
other amino acids having similar hydropathic indices and still retain a similar biological
activity. Alternatively, substitution of like amino acids may be made on the basis of
hydrophilicity, particularly where the biological function desired in the polypeptide to be
generated in intended for use in immunological embodiments. The greatest local average
hydrophilicity of a “protein”, as governed by the hydrophilicity of its adjacent amino acids,
correlates with its immunogenicity. Accordingly, it is noted that substitutions can be made
based on the hydrophilicity assigned to each amino acid.

In using either the hydrophilicity index or hydropathic index, which assigns values to
each amino acid, it is preferred to conduct substitutions of amino acids where these values are
+2, with 1 being particularly preferred, and those with in £0.5 being the most preferred
substitutions.

The variant protein has at least 50%, at least about 80%, or even at least about 90%
but less than 100%, contiguous amino acid sequence homology or identity to the amino acid
sequence of a corresponding native protein.

The amino acid sequence of the variant polypeptide corresponds essentially to the

native polypeptide’s amino acid sequence. As used herein “correspond essentially to” refers
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to a polypeptide sequence that will elicit a biological response substantially the same as the
response generated by the native protein. Such a response may be at least 60% of the level
generated by the native protein, and may even be at least 80% of the level generated by native
protein.

A variant may include amino acid residues not present in the corresponding native
protein or deletions relative to the corresponding native protein. A variant may also be a
truncated “fragment” as compared to the corresponding native protein, i.e., only a portion of a
full-length protein. Protein variants also include peptides having at least one D-amino acid.

The variant protein may be expressed from an isolated DNA sequence encoding the
variant protein. “Recombinant” is defined as a peptide or nucleic acid produced by the
processes of genetic engineering. It should be noted that it is well-known in the art that, due
to the redundancy in the genetic code, individual nucleotides can be readily exchanged in a
codon, and still result in an identical amino acid sequence.

The present disclosure provides methods of treating a disease in a mammal by
administering an expression vector to a cell or patient. For the gene therapy methods, a
person having ordinary skill in the art of molecular biology and gene therapy would be able
to determine, without undue experimentation, the appropriate dosages and routes of
administration of the expression vector used in the novel methods of the present disclosure.

According to one embodiment, the cells are transformed or otherwise genetically
modified in vivo. The cells from the mammalian recipient are transformed (i.e., transduced or
transfected) in vivo with a vector containing exogenous genetic material for expressing a
heterologous (e.g., recombinant) gene encoding a therapeutic agent and the therapeutic agent
is delivered in situ.

As used herein, "exogenous genetic material” refers to a nucleic acid or an
oligonucleotide, either natural or synthetic, that is not naturally found in the cells; or if it is
naturally found in the cells, it is not transcribed or expressed at biologically significant levels
by the cells. Thus, "exogenous genetic material” includes, for example, a non-naturally
occurring nucleic acid that can be transcribed into anti-sense RNA, as well as a "heterologous
gene" (i.e., a gene encoding a protein which is not expressed or is expressed at biologically
insignificant levels in a naturally-occurring cell of the same type).

In the certain embodiments, the mammalian recipient has a condition that is amenable
to gene replacement therapy. As used herein, "gene replacement therapy" refers to
administration to the recipient of exogenous genetic material encoding a therapeutic agent

and subsequent expression of the administered genetic material in situ. Thus, the phrase
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"condition amenable to gene replacement therapy" embraces conditions such as genetic
diseases (i.e., a disease condition that is attributable to one or more gene defects), acquired
pathologies (i.e., a pathological condition which is not attributable to an inborn defect),
cancers and prophylactic processes (i.e., prevention of a disease or of an undesired medical
condition). Accordingly, as used herein, the term "therapeutic agent" refers to any agent or
material, which has a beneficial effect on the mammalian recipient. Thus, "therapeutic agent"
embraces both therapeutic and prophylactic molecules having nucleic acid (e.g., antisense
RNA) and/or protein components.

Alternatively, the condition amenable to gene replacement therapy is a prophylactic
process, i.e., a process for preventing disease or an undesired medical condition. Thus, the
instant disclosure embraces a cell expression system for delivering a therapeutic agent that
has a prophylactic function (i.e., a prophylactic agent) to the mammalian recipient.

In summary, the term "therapeutic agent" includes, but is not limited to, agents
associated with the conditions listed above, as well as their functional equivalents. As used
herein, the term "functional equivalent” refers to a molecule (e.g., a peptide or protein) that
has the same or an improved beneficial effect on the mammalian recipient as the therapeutic
agent of which is it deemed a functional equivalent.

The above-disclosed therapeutic agents and conditions amenable to gene replacement
therapy are merely illustrative and are not intended to limit the scope of the instant disclosure.
The selection of a suitable therapeutic agent for treating a known condition is deemed to be
within the scope of one of ordinary skill of the art without undue experimentation.

AAV Vectors

In one embodiment, a viral vector of the disclosure is an AAV vector. An "AAV"
vector refers to an adeno-associated virus, and may be used to refer to the naturally occurring
wild-type virus itself or derivatives thereof. The term covers all subtypes, serotypes and
pseudotypes, and both naturally occurring and recombinant forms, except where required
otherwise. As used herein, the term "serotype" refers to an AAV which is identified by and
distinguished from other AAVs based on capsid protein reactivity with defined antisera, e.g.,
there are eight known serotypes of primate AAVs, AAV-1 to AAV-9 and AAVrhl0. For
example, serotype AAV?2 is used to refer to an AAV which contains capsid proteins encoded
from the cap gene of AAV2 and a genome containing 5' and 3' ITR sequences from the same
AAV?2 serotype. As used herein, for example, rAAV1 may be used to refer an AAV having
both capsid proteins and 5'-3' ITRs from the same serotype or it may refer to an AAV having
capsid proteins from one serotype and 5'-3' ITRs from a different AAV serotype, e.g., capsid
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from AAV serotype 2 and ITRs from AAV serotype 5. For each example illustrated herein
the description of the vector design and production describes the serotype of the capsid and
5'-3' ITR sequences. The abbreviation "rAAV" refers to recombinant adeno-associated virus,
also referred to as a recombinant AAV vector (or "rAAYV vector").

An "AAV virus" or "AAV viral particle" refers to a viral particle composed of at least
one AAV capsid protein (preferably by all of the capsid proteins of a wild-type AAV) and an
encapsidated polynucleotide. If the particle comprises heterologous polynucleotide (i.e., a
polynucleotide other than a wild-type AAV genome such as a transgene to be delivered to a
mammalian cell), it is typically referred to as "rAAV".

In one embodiment, the AAV expression vectors are constructed using known
techniques to at least provide as operatively linked components in the direction of
transcription, control elements including a transcriptional initiation region, the DNA of
interest and a transcriptional termination region. The control elements are selected to be
functional in a mammalian cell. The resulting construct which contains the operatively linked
components is flanked (5' and 3') with functional AAV ITR sequences.

By "adeno-associated virus inverted terminal repeats” or "AAV ITRs" is meant the
art-recognized regions found at each end of the AAV genome which function together in cis
as origins of DNA replication and as packaging signals for the virus. AAV ITRs, together
with the AAV rep coding region, provide for the efficient excision and rescue from, and
integration of a nucleotide sequence interposed between two flanking ITRs into a mammalian
cell genome.

The nucleotide sequences of AAV ITR regions are known. As used herein, an "AAV
ITR" need not have the wild-type nucleotide sequence depicted, but may be altered, e.g., by
the insertion, deletion or substitution of nucleotides. Additionally, the AAV ITR may be
derived from any of several AAV serotypes, including without limitation, AAV1, AAV2,
AAV3, AAV4, AAVS, AAV7, etc. Furthermore, 5' and 3' ITRs which flank a selected
nucleotide sequence in an AAV vector need not necessarily be identical or derived from the
same AAV serotype or isolate, so long as they function as intended, i.e., to allow for excision
and rescue of the sequence of interest from a host cell genome or vector, and to allow
integration of the heterologous sequence into the recipient cell genome when AAV Rep gene
products are present in the cell.

In one embodiment, AAV ITRs can be derived from any of several AAV serotypes,
including without limitation, AAV1, AAV2, AAV3, AAV4, AAVS, AAV7, etc.
Furthermore, 5' and 3' ITRs which flank a selected nucleotide sequence in an AAV
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expression vector need not necessarily be identical or derived from the same AAV serotype
or isolate, so long as they function as intended, i.e., to allow for excision and rescue of the
sequence of interest from a host cell genome or vector, and to allow integration of the DNA
molecule into the recipient cell genome when AAV Rep gene products are present in the cell.

In one embodiment, AAV capsids can be derived from AAV2. Suitable DNA
molecules for use in AAV vectors will be less than about 5 kilobases (kb), less than about 4.5
kb, less than about 4kb, less than about 3.5 kb, less than about 3 kb, less than about 2.5 kb in
size and are known in the art.

In one embodiment, the selected nucleotide sequence is operably linked to control
elements that direct the transcription or expression thereof in the subject in vivo. Such control
elements can comprise control sequences normally associated with the selected gene.
Alternatively, heterologous control sequences can be employed. Useful heterologous control
sequences generally include those derived from sequences encoding mammalian or viral
genes. Examples include, but are not limited to, the SV40 early promoter, mouse mammary
tumor virus LTR promoter; adenovirus major late promoter (Ad MLP); a herpes simplex
virus (HSV) promoter, a cytomegalovirus (CMV) promoter such as the CMV immediate
early promoter region (CMVIE), a rous sarcoma virus (RSV) promoter, pol Il promoters, pol
III promoters, synthetic promoters, hybrid promoters, and the like. In addition, sequences
derived from nonviral genes, such as the murine metallothionein gene, will also find use
herein. Such promoter sequences are commercially available from, e.g., Stratagene (San
Diego, Calif.).

In one embodiment, both heterologous promoters and other control elements, such as
CNS-specific and inducible promoters, enhancers and the like, will be of particular use.
Examples of heterologous promoters include the CMV promoter. Examples of CNS-specific
promoters include those isolated from the genes from myelin basic protein (MBP), glial
fibrillary acid protein (GFAP), and neuron specific enolase (NSE). Examples of inducible
promoters include DNA responsive elements for ecdysone, tetracycline, hypoxia and aufin.

In one embodiment, the AAV expression vector which harbors the DNA molecule of
interest bounded by AAV ITRs, can be constructed by directly inserting the selected
sequence(s) into an AAV genome which has had the major AAV open reading frames
("ORFs") excised therefrom. Other portions of the AAV genome can also be deleted, so long
as a sufficient portion of the ITRs remain to allow for replication and packaging functions.

Such constructs can be designed using techniques well known in the art.
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Alternatively, AAV ITRs can be excised from the viral genome or from an AAV
vector containing the same and fused 5' and 3' of a selected nucleic acid construct that is
present in another vector using standard ligation techniques. For example, ligations can be
accomplished in 20 mM Tris-Cl pH 7.5, 10 mM MgCl,, 10 mM DTT, 33 pg/ml BSA, 10
mM-50 mM NaCl, and either 40 uM ATP, 0.01-0.02 (Weiss) units T4 DNA ligase at 0°C (for
"sticky end" ligation) or 1 mM ATP, 0.3-0.6 (Weiss) units T4 DNA ligase at 14°C (for "blunt
end" ligation). Intermolecular "sticky end" ligations are usually performed at 30-100 pg/ml
total DNA concentrations (5-100 nM total end concentration). AAV vectors which contain
ITRs.

Additionally, chimeric genes can be produced synthetically to include AAV ITR
sequences arranged 5' and 3' of one or more selected nucleic acid sequences. Preferred
codons for expression of the chimeric gene sequence in mammalian CNS cells can be used.
The complete chimeric sequence is assembled from overlapping oligonucleotides prepared by
standard methods.

In order to produce rAAV virions, an AAV expression vector is introduced into a
suitable host cell using known techniques, such as by transfection. A number of transfection
techniques are generally known in the art. See, e.g., Sambrook et al. (1989) Molecular
Cloning, a laboratory manual, Cold Spring Harbor Laboratories, New York. Particularly
suitable transfection methods include calcium phosphate co-precipitation, direct micro-
injection into cultured cells, electroporation, liposome mediated gene transfer, lipid-mediated
transduction, and nucleic acid delivery using high-velocity microprojectiles.

In one embodiment, suitable host cells for producing rAAV virions include
microorganisms, yeast cells, insect cells, and mammalian cells, that can be, or have been,
used as recipients of a heterologous DNA molecule. The term includes the progeny of the
original cell which has been transfected. Thus, a "host cell" as used herein generally refers to
a cell which has been transfected with an exogenous DNA sequence. Cells from the stable
human cell line, 293 (readily available through, e.g., the American Type Culture Collection
under Accession Number ATCC CRL1573) can be used in the practice of the present
disclosure. Particularly, the human cell line 293 is a human embryonic kidney cell line that
has been transformed with adenovirus type-5 DNA fragments, and expresses the adenoviral
Ela and E1b genes. The 293 cell line is readily transfected, and provides a particularly
convenient platform in which to produce rAAV virions.

By "AAV rep coding region" is meant the art-recognized region of the AAV genome
which encodes the replication proteins Rep 78, Rep 68, Rep 52 and Rep 40. These Rep
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expression products have been shown to possess many functions, including recognition,
binding and nicking of the AAV origin of DNA replication, DNA helicase activity and
modulation of transcription from AAV (or other heterologous) promoters. The Rep
expression products are collectively required for replicating the AAV genome. Suitable
homologues of the AAV rep coding region include the human herpesvirus 6 (HHV-6) rep
gene which is also known to mediate AAV-2 DNA replication.

By "AAYV cap coding region" is meant the art-recognized region of the AAV genome
which encodes the capsid proteins VP1, VP2, and VP3, or functional homologues thereof.
These Cap expression products supply the packaging functions which are collectively
required for packaging the viral genome.

In one embodiment, AAV helper functions are introduced into the host cell by
transfecting the host cell with an AAYV helper construct either prior to, or concurrently with,
the transfection of the AAV expression vector. AAV helper constructs are thus used to
provide at least transient expression of AAV rep and/or cap genes to complement missing
AAV functions that are necessary for productive AAV infection. AAV helper constructs lack
AAYV ITRs and can neither replicate nor package themselves. These constructs can be in the
form of a plasmid, phage, transposon, cosmid, virus, or virion. A number of AAV helper
constructs have been described, such as the commonly used plasmids pAAV/Ad and
pIM29+45 which encode both Rep and Cap expression products. A number of other vectors
have been described which encode Rep and/or Cap expression products.

Methods of delivery of viral vectors include injecting the AAV2 into the CSF.
Generally, rAAYV virions may be introduced into cells of the CNS using either in vivo or in
vitro transduction techniques. If transduced in vitro, the desired recipient cell will be removed
from the subject, transduced with rAAYV virions and reintroduced into the subject.
Alternatively, syngeneic or xenogeneic cells can be used where those cells will not generate
an inappropriate immune response in the subject.

Suitable methods for the delivery and introduction of transduced cells into a subject
have been described. For example, cells can be transduced in vifro by combining recombinant
AAYV virions with CNS cells e.g., in appropriate media, and screening for those cells
harboring the DNA of interest can be screened using conventional techniques such as
Southern blots and/or PCR, or by using selectable markers. Transduced cells can then be
formulated into pharmaceutical compositions, described more fully below, and the
composition introduced into the subject by various techniques, such as by grafting,

intramuscular, intravenous, subcutaneous and intraperitoneal injection.
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In one embodiment, pharmaceutical compositions will comprise sufficient genetic
material to produce a therapeutically effective amount of the nucleic acid of interest, i.e., an
amount sufficient to reduce or ameliorate symptoms of the disease state in question or an
amount sufficient to confer the desired benefit. The pharmaceutical compositions will also
contain a pharmaceutically acceptable excipient. Such excipients include any pharmaceutical
agent that does not itself induce the production of antibodies harmful to the individual
receiving the composition, and which may be administered without undue toxicity.
Pharmaceutically acceptable excipients include, but are not limited to, sorbitol, Tween80, and
liquids such as water, saline, glycerol and ethanol. Pharmaceutically acceptable salts can be
included therein, for example, mineral acid salts such as hydrochlorides, hydrobromides,
phosphates, sulfates, and the like; and the salts of organic acids such as acetates, propionates,
malonates, benzoates, and the like. Additionally, auxiliary substances, such as wetting or
emulsifying agents, pH buffering substances, and the like, may be present in such vehicles. A
thorough discussion of pharmaceutically acceptable excipients is available in Remington's
Pharmaceutical Sciences (Mack Pub. Co., N.J. 1991).

It should be understood that more than one transgene could be expressed by the
delivered viral vector. Alternatively, separate vectors, each expressing one or more different
transgenes, can also be delivered to the CNS as described herein. Furthermore, it is also
intended that the viral vectors delivered by the methods of the present disclosure be combined
with other suitable compositions and therapies.

As is apparent to those skilled in the art in view of the teachings of this specification,
an effective amount of viral vector which must be added can be empirically determined.
Administration can be effected in one dose, continuously or intermittently throughout the
course of treatment. Methods of determining the most effective means and dosages of
administration are well known to those of skill in the art and will vary with the viral vector,
the composition of the therapy, the target cells, and the subject being treated. Single and
multiple administrations can be carried out with the dose level and pattern being selected by
the treating physician.

In certain embodiments, the rAAV is administered at a dose of about 1-5 ml of 1x10°
-1x1016vg/m1. In certain embodiments, the rAAYV is administered at a dose of about 1-3 ml of
1x10’ -1x1014vg/m1. In certain embodiments, the rAAYV is administered at a dose of about 1-
2 ml of 1x10® -1x10Pvg/ml.

Formulations containing the rAAV particles will contain an effective amount of the

rAAYV particles in a vehicle, the effective amount being readily determined by one skilled in
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the art. The rAAV particles may typically range from about 1% to about 95% (w/w) of the
composition, or even higher or lower if appropriate. The quantity to be administered depends
upon factors such as the age, weight and physical condition of the animal or the human
subject considered for treatment. Effective dosages can be established by one of ordinary
skill in the art through routine trials establishing dose response curves. The subject is treated
by administration of the rAAV particles in one or more doses. Multiple doses may be
administered as is required to maintain adequate enzyme activity.

Vehicles including water, aqueous saline, artificial CSF, or other known substances
can be employed with the subject invention. To prepare a formulation, the purified
composition can be isolated, lyophilized and stabilized. The composition may then be
adjusted to an appropriate concentration, optionally combined with an anti-inflammatory
agent, and packaged for use.

TPP1 Protein

In certain embodiments, the nucleic acid being administered encodes TPP1, a TPP1
that has substantial identity to wildtype TPP1, and/or a variant, mutant or fragment of TPP1.
The human TPP1 amino acid sequence is provided in Figure 14, and the nucleic acid
sequence is provided in Figure 15. Figure 16 provides the Macaca mulatta TPP1 amino acid
sequence, and Figure 17 provides the Macaca fascicularis TPP1 amino acid sequence. In
certain embodiments, the TPP1 protein can have about 70% homology, about 75%
homology, 80% homology, 85% homology, 90% homology, 95% homology, 98% homology,
99% homology, or even 100% homology to the protein set forth in Figures 14, 16 or 17. The
TPP1 protein can have about 70% identity, about 75% identity, 80% identity, 85% identity,
90% identity, 95% identity, 98% identity, 99% identity, or even 100% identity to the protein
set forth in Figures 14, 16 or 17.

A mutant protein refers to the protein encoded by a gene having a mutation, e.g., a
missense or nonsense mutation in TPP1. The term "nucleic acid" refers to
deoxyribonucleotides or ribonucleotides and polymers thereof in either single- or double-
stranded form, composed of monomers (nucleotides) containing a sugar, phosphate and a
base that is either a purine or pyrimidine. Unless specifically limited, the term encompasses
nucleic acids containing known analogs of natural nucleotides that have similar binding
properties as the reference nucleic acid and are metabolized in a manner similar to naturally
occurring nucleotides. Unless otherwise indicated, a particular nucleic acid sequence also
encompasses conservatively modified variants thereof (e.g., degenerate codon substitutions)

and complementary sequences, as well as the sequence explicitly indicated. Specifically,
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degenerate codon substitutions may be achieved by generating sequences in which the third
position of one or more selected (or all) codons is substituted with mixed-base and/or
deoxyinosine residues.

A "nucleic acid fragment" is a portion of a given nucleic acid molecule.
Deoxyribonucleic acid (DNA) in the majority of organisms is the genetic material while
ribonucleic acid (RNA) is involved in the transfer of information contained within DNA into
proteins. Fragments and variants of the disclosed nucleotide sequences and proteins or
partial-length proteins encoded thereby are also encompassed by the present invention. By
"fragment” or "portion" is meant a full length or less than full length of the nucleotide
sequence encoding, or the amino acid sequence of, a polypeptide or protein. In certain
embodiments, the fragment or portion is biologically functional (i.e., retains 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
99% or 100% of enzymatic activity of the wildtype TPP1).

A "variant" of a molecule is a sequence that is substantially similar to the sequence of
the native molecule. For nucleotide sequences, variants include those sequences that,
because of the degeneracy of the genetic code, encode the identical amino acid sequence of
the native protein. Naturally occurring allelic variants such as these can be identified with the
use of molecular biology techniques, as, for example, with polymerase chain reaction (PCR)
and hybridization techniques. Variant nucleotide sequences also include synthetically
derived nucleotide sequences, such as those generated, for example, by using site-directed
mutagenesis, which encode the native protein, as well as those that encode a polypeptide
having amino acid substitutions. Generally, nucleotide sequence variants of the invention
will have ai least 40%, 50%, 60%, to 70%, e.g., 71%, 72%, 73%, 74%, 75%, 76%, 77%,
78%, to 79%, generally at least 80%, e.g., 81%-84%, at least 85%, e.g., 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, to 98%, sequence identity to the native
(endogenous) nucleotide sequence. In certain embodiments, the variant is biologically
functional (i.e., retains 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 99% or 100% of enzymatic activity of the wildtype
TPP1).

“Conservatively modified variations™ of a particular nucleic acid sequence refers to
those nucleic acid sequences that encode identical or essentially identical amino acid
sequences. Because of the degeneracy of the genetic code, a large number of functionally
identical nucleic acids encode any given polypeptide. For instance, the codons CGT, CGC,
CGA, CGG, AGA and AGG all encode the amino acid arginine. Thus, at every position
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where an arginine is specified by a codon, the codon can be altered to any of the
corresponding codons described without altering the encoded protein. Such nucleic acid
variations are "silent variations," which are one species of "conservatively modified
variations." Every nucleic acid sequence described herein that encodes a polypeptide also
describes every possible silent variation, except where otherwise noted. One of skill in the
art will recognize that each codon in a nucleic acid (except ATG, which is ordinarily the only
codon for methionine) can be modified to yield a functionally identical molecule by standard
techniques. Accordingly, each “silent variation” of a nucleic acid that encodes a polypeptide
is implicit in each described sequence.

The term "substantial identity" of polynucleotide sequences means that a
polynucleotide comprises a sequence that hag at least 70%, 71%, 72%, 73%, 74%, 75%, 76%,
T7%, 78%, or 79%, or at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, or 8§9%,
or at least 90%, 91%, 92%., 93%, or 94%, or even at least 95%, 96%, 97%, 98%, or 99%
sequence identity, compared to a reference sequence using one of the alignment programs
described using standard parameters. One of skill in the art will recognize that these values
can be appropriately adjusted to determine corresponding identity of proteins encoded by two
nucleotide sequences by taking into account codon degeneracy, amino acid similarity,
reading frame positioning, and the like. Substantial identity of amino acid sequences for
these purposes normally means sequence identity of at least 70%, at least 80%, 90%, or even
at least 95%.

The term "substantial identity" in the context of a peptide indicates that a peptide
comprises a sequence with at least 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%., 78%, or
79%, or 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, or 89%, or at least 90%, 91%,
92%, 93%, or 94%, or even, 95%, 96%, 97%, 98% or 99%, sequence identity to the reference
sequence over a specified comparison window. An indication that two peptide sequences are
substantially identical is that one peptide is immunologically reactive with antibodies raised
against the second peptide. Thus, a peptide is substantially identical to a second peptide, for
example, where the two peptides differ only by a conservative substitution.

Apolipoprotein E (ApoE)

There are several different human apolipoprotein E (ApoE) isoforms, the presence of
some of these isoforms in the brain increase the risk for Alzheimer’s disease (AD), whereas
the presence of other isoforms decreases the risk for AD. The presence of the ApoE €4
isoform is a strong genetic risk factor for late-onset, sporadic AD. (Casellano et al., Sci
Transl Med, 3(89):89ra57 (29 June 2011).) The ApoE &4 allele strongly increases AD risk
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and decreases age of onset. On the other hand, the presence of the ApoE &2 allele appears to
decrease AD risk. It is suggested that human ApoE isoforms differentially affect the
clearance or synthesis of amyloid-f (AB) in vivo.

In certain embodiments, the nucleic acid being administered encodes ApoE, a ApoE
that has substantial identity to wildtype ApoE, or a variant, mutant and/or or fragment of
ApoE. In certain embodiments, the nucleic acid encodes ApoE €2, an ApoE &2 that has
substantial identity to wildtype ApoE €2, and/or a variant, mutant or fragment of ApoE €2.

Immunesuppression Agents

In certain embodiments, an immunesuppression agent is also administered to the
mammal. In certain embodiments, the immuesuprression agent is an anti-inflammatory
agent. In certain embodiments, the anti-inflammatory agent is mycophenolate. In certain
embodiments, the anti-inflammatory agent is administered prior to the administration of the
rAAYV particles. In certain embodiments, the anti-inflammatory agent is administered
concurrently to the administration of the rAAV particles. In certain embodiments, the anti-
inflammatory agent is administered subsequent to the administration of the rAAV particles.

In certain embodiments, the anti-inflammatory agent is administered parenterally,
such as by intramuscular or subcutaneous injection in an appropriate vehicle. Other modes of
administration, however, such as oral, intranasal or intradermal delivery, are also acceptable.
In certain embodiments, a composition comprising the rAAYV particle and the anti-
inflammatory agent is prepared and the anti-inflammatory agent and rAAV particle are
administered simultaneously to the mammal’s cisterna magna and/or to the mammal’s brain
ventricle, subarachnoid space and/or intrathecal space.

Methods for Introducing Genetic Material into Cells

The exogenous genetic material (e.g., a cDNA encoding one or more therapeutic
proteins) is introduced into the cell in vivo by genetic transfer methods, such as transfection
or transduction, to provide a genetically modified cell. Various expression vectors (i.e.,
vehicles for facilitating delivery of exogenous genetic material into a target cell) are known to
one of ordinary skill in the art.

As used herein, "transfection of cells" refers to the acquisition by a cell of new genetic
material by incorporation of added DNA. Thus, transfection refers to the insertion of nucleic
acid into a cell using physical or chemical methods. Several transfection techniques are
known to those of ordinary skill in the art including: calcium phosphate DNA co-

precipitation; DEAE-dextran; electroporation; cationic liposome-mediated transfection; and
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tungsten particle-faciliated microparticle bombardment. Strontium phosphate DNA co-
precipitation 1s another possible transfection method.

In contrast, "transduction of cells" refers to the process of transferring nucleic acid
into a cell using 2a DNA or RNA virus. A RNA virus (i.e., a retrovirus) for transferring a
nucleic acid into a cell is referred to herein as a transducing chimeric retrovirus. Exogenous
genetic material contained within the retrovirus is incorporated into the genome of the
transduced cell. A cell that has been transduced with a chimeric DNA virus (e.g., an
adenovirus carrying a cDNA encoding a therapeutic agent), will not have the exogenous
genetic material incorporated into its genome but will be capable of expressing the exogenous
genetic material that is retained extrachromosomally within the cell.

Typically, the exogenous genetic material includes the heterologous gene (usually in
the form of a cDNA comprising the exons coding for the therapeutic protein) together with a
promoter to control transcription of the new gene. The promoter characteristically has a
specific nucleotide sequence necessary to initiate transcription. Optionally, the exogenous
genetic material further includes additional sequences (i.e., enhancers) required to obtain the
desired gene transcription activity. For the purpose of this discussion an "enhancer" is simply
any non-translated DNA sequence which works contiguous with the coding sequence (in cis)
to change the basal transcription level dictated by the promoter. The exogenous genetic
material may introduced into the cell genome immediately downstream from the promoter so
that the promoter and coding sequence are operatively linked so as to permit transcription of
the coding sequence. A retroviral expression vector may include an exogenous promoter
element to control transcription of the inserted exogenous gene. Such exogenous promoters
include both constitutive and inducible promoters.

Naturally-occurring constitutive promoters control the expression of essential cell
functions. As aresult, a gene under the control of a constitutive promoter is expressed under
all conditions of cell growth. Exemplary constitutive promoters include the promoters for the
following genes which encode certain constitutive or "housekeeping" functions:
hypoxanthine phosphoribosy! transferase (HPRT), dihydrofolate reductase (DHFR),
adenosine deaminase, phosphoglycerol kinase (PGK), pyruvate kinase, phosphoglycerol
mutase, the actin promoter, and other constitutive promoters known to those of skill in the art.
In addition, many viral promoters function constitutively in eucaryotic cells. These include:
the early and late promoters of SV40; the long terminal repeats (LTRs) of Moloney Leukemia
Virus and other retroviruses; and the thymidine kinase promoter of Herpes Simplex Virus,

among many others. Accordingly, any of the above-referenced constitutive promoters can be
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used to control transcription of a heterologous gene insert.

Genes that are under the control of inducible promoters are expressed only or to a
greater degree, in the presence of an inducing agent, (e.g., transcription under control of the
metallothionein promoter is greatly increased in presence of certain metal ions). Inducible
promoters include responsive elements (REs) which stimulate transcription when their
inducing factors are bound. For example, there are REs for serum factors, steroid hormones,
retinoic acid and cyclic AMP. Promoters containing a particular RE can be chosen in order
to obtain an inducible response and in some cases, the RE itself may be attached to a different
promoter, thereby conferring inducibility to the recombinant gene. Thus, by selecting the
appropriate promoter (constitutive versus inducible; strong versus weak), it is possible to
control both the existence and level of expression of a therapeutic agent in the genetically
modified cell. If the gene encoding the therapeutic agent is under the control of an inducible
promoter, delivery of the therapeutic agent in situ is triggered by exposing the genetically
modified cell in situ to conditions for permitting transcription of the therapeutic agent, e.g.,
by intraperitoneal injection of specific inducers of the inducible promoters which control
transcription of the agent. For example, in situ expression by genetically modified cells of a
therapeutic agent encoded by a gene under the control of the metallothionein promoter, is
enhanced by contacting the genetically modified cells with a solution containing the
appropriate (i.e., inducing) metal ions in situ.

Accordingly, the amount of therapeutic agent that is delivered in sifu is regulated by
controlling such factors as: (1) the nature of the promoter used to direct transcription of the
inserted gene, (i.e., whether the promoter is constitutive or inducible, strong or weak); (2) the
number of copies of the exogenous gene that are inserted into the cell; (3) the number of
transduced/transfected cells that are administered (e.g., implanted) to the patient; (4) the size
of the implant (e.g., graft or encapsulated expression system); (5) the number of implants; (6)
the length of time the transduced/transfected cells or implants are left in place; and (7) the
production rate of the therapeutic agent by the genetically modified cell. Selection and
optimization of these factors for delivery of a therapeutically effective dose of a particular
therapeutic agent is deemed to be within the scope of one of ordinary skill in the art without
undue experimentation, taking into account the above-disclosed factors and the clinical
profile of the patient.

In addition to at least one promoter and at least one heterologous nucleic acid
encoding the therapeutic agent, the expression vector may include a selection gene, for

example, a neomycin resistance gene, for facilitating selection of cells that have been
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transfected or transduced with the expression vector. Alternatively, the cells are transfected
with two or more expression vectors, at least one vector containing the gene(s) encoding the
therapeutic agent(s), the other vector containing a selection gene. The selection of a suitable
promoter, enhancer, selection gene and/or signal sequence (described below) is deemed to be
within the scope of one of ordinary skill in the art without undue experimentation.

The therapeutic agent can be targeted for delivery to an extracellular, intracellular or
membrane location. If it is desirable for the gene product to be secreted from the cells, the
expression vector is designed to include an appropriate secretion "signal" sequence for
secreting the therapeutic gene product from the cell to the extracellular milieu. If it is
desirable for the gene product to be retained within the cell, this secretion signal sequence is
omitted. In a similar manner, the expression vector can be constructed to include "retention"
signal sequences for anchoring the therapeutic agent within the cell plasma membrane. For
example, all membrane proteins have hydrophobic transmembrane regions, which stop
translocation of the protein in the membrane and do not allow the protein to be secreted. The
construction of an expression vector including signal sequences for targeting a gene product
to a particular location is deemed to be within the scope of one of ordinary skill in the art

without the need for undue experimentation.

Example 1

Methods of Gene Transfer in Large Mammals

Lysosomal storage disorders (LSDs) constitute a large class of inherited metabolic
disorders. Most LSDs are caused by lysosomal enzyme deficiencies which lead to organ
damage and often central nervous system (CNS) degeneration. Late infantile neuronal ceroid
lipofuscinosis (LINCL) is an autosomal recessive neurodegenerative disease caused by
mutations in a ceroid-lipofuscinosis (CLN), neuronal 2 gene CLN2, which encodes the
lysosomal protease tripeptidyl peptidase 1 (TPP1). LINCL is characterized clinically by
normal birth and early development, onset of seizures by 18-24 months, progressive motor
and cognitive decline, and premature death. The disease is due to a deficiency in TPP1,
which is a soluble, M-6-P decorated lysosomal enzyme.

Enzyme-replacement therapy (ERT) is currently available for lysosomal storage
diseases affecting peripheral tissues, but has not been used in patients with central nervous
system (CNS) involvement. A recent study investigated whether enzyme delivery through
the cerebrospinal fluid was a potential alternative route to the CNS for LINCL (Chang et al.,
Molecular Therapy 16:649-656, 2008). Treated mice showed attenuated neuropathology, and
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decreased resting tremor relative to vehicle-treated mice. ‘

In the present work, it was investigated whether global delivery of a vector could be
effectively performed in order to achieve steady-state levels of enzyme in the cerebrospinal
fluid (CSF) by means of injection in the brain. Studies were performed in a dog model of
LINCL. The LINCL dogs are normal at birth, but develep neurological signs around 7
months, testable cognitive deficits at ~ 5-6 months, seizures at 10-11 months, and progressive
visual loss. The CLN2 gene mutation in the LINCL dog renders the TPP1 protein non-
functional, and TPP1 protein is undetectable. With disease progression, brain tissues shrink,
leading to enlarged ventricular spaces in thé brain. Neurological symptoms include decline in
balance and motor functions, loss of vision, tremors.

Affected LINCL pups were given gene therapy at three months of age. For gene
therapy, AAV2-CLN2 generated (see WO 2012/135857), and was injected at a single site
(lateral ventricle) or at two sites (lateral ventricle plus cisterna magna) in the brain. Needles
were placed into the ventricle, or into the ventricle and cistern magna, and vector infused
slowly over several minutes. While much of the TPP1 made within a cell stayed in that cell,
a portion was secreted and taken up by neighboring cells. This property of secretion and
uptake is called “cross-correction” (Figure 2). Cross-correction is valuable in the context of
gene therapy in that if the CLN2 gene is transferred to strategically situated cells in the
LINCL brain, then this can allow for cross-correction of many surrounding cells.

In the present study, the problem of globally delivering the therapeutic vector took
advantage of the CSF flow in the brain by targeting cells that line the ventricles and cells that
make up the meninges. AAV2-CLN2 was injected at a single site (lateral ventricle) or at two
sites (lateral ventricle plus cisterna magna) in the brain. TPP1 expression was observed in
Cln2" dogs after AAV delivery (Figure 3). A significant positive impact was observed on
ventricular volume. The effect of AAV.TPP1 on autofluorescence was also evaluated
(Figure 4A). Figure 4B shows T1-MRI images of untreated and treated dogs. Figure 4C
shows the effects of AAV.TPP1 in LINCL dogs. Figure 4D shows huTPP1 distribution after
AAV2/2-huCLN2 administration.

In untreated affected dogs, ventricular spaces enlarge to ten times the size of normal
dogs, whereas AAV2-CLN2 gene therapy significantly reduced this effect. Further, a broad
distribution of enzyme was observed, as was a clinical benefit (lifespan and clinical
examination). Without treatment, affected dogs show signs of disease in all 22 tests by 30
weeks of age. They reach end-stage disease and must be euthanized between 45 and 48

weeks of age. In dogs that received AAV2-CLN2 gene therapy, the onset of every one of
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these signs was delayed or prevented.

An increase in TPP1 activity was observed in CSF after combined cisterna and
ventricular delivery.

Thus, in the LINCL dog, AAV2-CLN2 gene transfer resulted in TPP1 protein
replenishment to many areas of the brain, and the results indicated that AAV2-CLNZ2 gene
transfer provided significant therapeutic effects, reduced or delayed symptoms and improved
the quality of life for the LINCL dogs.

The huTPP1 activity in CSF declined shortly after injection (Figure S). A broad
distribution of enzyme was observed, but the levels were low at the time of sacrifice 6-8
months post-gene therapy. It was postulated that the decline in activity was a result of an
immune response to the human enzyme in the dogs. In order to inhibit the decline in activity,
an anti-inflammatory agent (mycophenolate) was introduced. The results indicated that the
anti-inflammatory agent did not inhibit the enzymatic activity of the huTPP1, and was
effective in extending the length of time that the enzyme activity was present (Figure 6), and
sustained enzyme activity levels were observed.

High caTPP1 activity in CSF was observed along the time after AAV2caCLN2
intraventricular injection and early mycophenolate treatment (Figure 7).

An increase in TPP1 enzyme activity was observed in many tissues two months post-
administration (Figure 8, 9A and 9B).

Figure 10 shows the onset of clinical signs in LINCL dogs. caTPP1 activity was
observed in meninges and peripheral tissue, such as the liver (Figure 11).

Thus, the inventors have shown the transformation of pendymal cells by AAV2/2, that
canine TPP1 enzyme was produced and flowed with CSF, and that mycopheolate treatment

pro rot caCLN2 injection could prevent immunoresponse in dogs.

Example 2
Studies in Non-Human Primates

Using techniques similar to those described above, the inventors observed that
AAVeGFP transduced ependyma in nonhuman primate brain. /r vivo assessment of
AAV2/2.TPP1 delivery in rhesus brain was performed by injecting AAV.TPP1 into the
ventricle or cisterna magna, harvesting the tissue 4-12 weeks later, and evaluating the TPP1
activity in CSF or tissue lysates (Figure 12). Activity was observed in the vestibular area
(brainstem) in the non-human primates (Figure 13). Thus, the ventricular lining cells

provided a source of recombinant enzyme for broad CNS distribution.
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While in the foregoing specification this invention has been described in relation to certain
preferred embodiments thereof, and many details have been set forth for purposes of
illustration, it will be apparent to those skilled in the art that the invention is susceptible to
additional embodiments and that certain of the details described herein may be varied
considerably without departing from the basic principles of the invention.

The use of the terms "a" and "an" and "the" and similar referents in the context of
describing the invention are to be construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by context. The terms "comprising,"
"having," "including," and "containing" are to be construed as open-ended terms (i.e.,
meaning "including, but not limited to") unless otherwise noted. Recitation of ranges of
values herein are merely intended to serve as a shorthand method of referring individually to
cach separate value falling within the range, unless otherwise indicated herein, and each
separate value is incorporated into the specification as if it were individually recited herein.
All methods described herein can be performed in any suitable order unless otherwise
indicated herein or otherwise clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., "such as") provided herein, is intended merely to
better illuminate the invention and does not pose a limitation on the scope of the invention
unless otherwise claimed. No language in the specification should be construed as indicating
any non-claimed element as essential to the practice of the invention.

Embodiments of this invention are described herein, including the best mode known to
the inventors for carrying out the invention. Variations of those embodiments may become
apparent to those of ordinary skill in the art upon reading the foregoing description. The
mventors expect skilled artisans to employ such variations as appropriate, and the inventors
itend for the invention to be practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications and equivalents of the subject matter
recited in the claims appended hereto as permitted by applicable law. Moreover, any
combination of the above-described elements in all possible variations thercof is
encompassed by the invention unless otherwise indicated herein or otherwise clearly

contradicted by context.
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WHATIS CLAIMED IS:

1. A use of an TAAV particle and an immunosuppression agent for delivering a
therapeutic agent to the central nervous system of a mammal, wherein said TAAV
particle comprises an AAV capsid protein and a vector comprising a nucleic acid
encoding a therapeutic agent, wherein the therapeutic agent is tripeptidyl peptidase
1 (TPP1) inserted between a pair of AAV inverted terminal repeats, and wherein
said tTAAYV particle is for use in the mammal’s cisterna magna, brain ventricle,
subarachnoid space or intrathecal space in a manner effective to infect cells that
contact the cerebrospinal fluid (CSF) of the mammal such that the cells express the

therapeutic agent in the mammal.

2. A use of an rAAV particle and an immunosuppression agent for treating a disease
in a mammal, wherein said rAAYV particle comprises an AAV capsid protein and a
vector comprising a nucleic acid encoding a therapeutic agent, wherein the
therapeutic agent is tripeptidyl peptidase 1 (TPP1) inserted between a pair of AAV
inverted terminal repeats, wherein said rAAV particle is for use in the mammal’s
cisterna magna, brain ventricle, subarachnoid space or intrathecal space in a manner
effective to infect cells that contact the cerebrospinal fluid (CSF) of the mammal,

and wherein the cell expresses the therapeutic agent so as to treat the disease.

3. The use of claim 1 or claim 2, wherein the cell expresses the therapeutic agent and

secretes the therapeutic agent into the CSF.

4. The use of claim 1 or claim 2, wherein the cell is an ependymal, pial, endothelial,

brain ventricle, or meningeal cell.

5. The use of any one of claims 1 to 4, wherein the mammal is a non-rodent mammal.

6. The use of claim 5, wherein the non-rodent mammal is a primate, horse, sheep,

goat, pig, or dog.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

The use of claim 6, wherein the mammal is a dog.

The use of claim 6, wherein the non-rodent mammal is a primate.

The use of claim 8, wherein the primate is human.

The use of any one of claims 1 to 9, wherein the disease is a lysosomal storage

disease (LSD).

The use of claim 10, wherein the LSD is infantile or late infantile ceroid

lipofuscinoses (LINCL).

The use of claim 11, wherein the disease is LINCL.

The use of any one of claims 1 to 12, wherein the rAAV particle is for injection at

1-5 locations in the brain.

The use of claim 13, wherein the rAAV particle is for injection at a single location

in the brain.

The use of any one of claims 1 to 14, wherein the rAAV particle is an TAAV2,
rAAV4, rAAVS or rAAV9 particle.

The use of claim 15, wherein the rAAV particle is an rAAV?2 particle.

The use of claim 15, wherein the rAAV particle is an rAAV9 particle.

The use of any one of claims 1 to 17, wherein the therapeutic agent is for use in a

single dose in the mammal’s cisterna magna.
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19.

20.

21.

22.

23.

The use of any one of claims 1 to 18, wherein the immunosuppression agent is an

anti-inflammatory agent.

The use of claim 19, wherein the anti-inflammatory agent is mycophenolate.

The use of any one of claims 1 to 20, wherein the rAAV is for use at a dose of about

1-5 ml of 1x10° to 1x10'%vg/ml.

The use of any one of claims 1 to 20, wherein the rAAV is for use at a dose of about

1-3 ml of 1x107 to 1x10'vg/ml.

The use of any one of claims 1 to 20, wherein the rAAV is for use at a dose of about

1-2 ml of 1x10® to 1x103vg/ml.
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Figure 7

L

Mycophenolate Mycohenolate
(Dog F) (Dogs SR & BQG)
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Figure 7 (cont.)

i

L

Region from 50 to 200 expanded below for Dogs SR and BG
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Figure 9A

Rostral ependyma

\

thalamus
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Figure 12

In vivo assessment of AAV2/2. TPP1 deliver in rhesus brain

TPP1 activity in medulla
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Figure 13
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Figure 14
Human TPP1 amino acid sequence:

MGLQACLLGLFALILSGKCSYSPEPDQRRTLPPGWVSLGRADPEEELSLTFALRQONVERLSEL
VQAVSDPSSPQYGKYLTLENVADLVRPSPLTLHTVQKWLLAAGAQKCHSVITODFLTCWLSIRO
AELLLPGAEFHHYVGGPTETHVVRSPHPYQLPQALAPHVDFVGGLHEFPPTSSLRORPEPQVTG
TVGLHLGVTPSVIRKRYNLTSQDVGSGTSNNSQACAQFLEQYFHDSDLAQFMRLFGGNFAHQAS
VARVVGQQGRGRAGTIFASLDVQYLMSAGANISTWVYSSPGRHEGQEPFLOQWLMLLSNESALPHV
HTVSYGDDEDSLSSAYIQRVNTELMKAAARGLTLLFASGDSGAGCWSVSGRHQFRPTFPASSPY
VTTVGGTSFQEPFLITNEIVDYISGGGFSNVFPRPSYQEEAVTKFLSSSPHLPPSSYFNASGRA
YPDVAALSDGYWVVSNRVPIPWVSGTSASTPVFGGILSLINEHRILSGRPPLGFLNPRLYQQHG

AGLFDVTRGCHESCLDEEVEGQGFCSGPGWDPVTGWGTPNFPALLKTLLNP

Figure 15 -- Human TPP1 nucleic acid sequence:

6l
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1821
1881
2041
2101
2161
2221
2281

cgcggaaggg
ctggcaaatg
tgtccetggg
agaatgtgga
acggaaaata
tccacacggt
cacaggactt
ctgagtttca
cctaccagcet
ttcecececcaac
tgcatctggg
tgggctectgg
atgactcaga
cagtagcccg
atgtgcagta
gccggceatga
ccctgecaca
acatccagcg
tcgectecagg
ctaccttccecce
ctttcctcat
tcecacggec
tgccaccatc
ctgatggeta
cctctactcce
gecgeeocee
ttgatgtaac
tctgectctgg
tgctgaagac
ccctgaaget
actattgact
actcccaacc
caataagatg
ttttcaatca
ttcattecce
gacatccaga
atcatagttg
cttgtcttcc
tttgtagatt

cagaatggga
cagttacagc
ccgtgeggac
aagactctcg
cctgacccta
gcaaaaatgg
tctgacttge
tcactatgtg
tccacaggece
atcatcecctg
ggtaacccce
caccagcaat
cctggctcecag
tgtggttgga
cctgatgagt
gggacaggag
tgtgcatact
ggtcaacact
tgacagtggg
tgcctcececage
cacaaatgaa
ttcataccag
cagttactte
ctgggtggte
agtgtttggg
tcttggettt
ccgtggetge
tecectggetgg
tctactcaac
ggcagttcag
gctgecagaca
ctaccatget
ctgtaactag
ggcttttcca
aattcactgce
aacaatggece
cccactcecet
tctectecatca
tttgctectte

ctccaagcect
ccggageceg
cctgaggaag
gagctggtge
gagaatgtgg
ctcttggcag
tggctgagcea
ggaggaccta
ttggccceee
aggcaacgtc
tctgtgatcc
aacagccaag
ttcatgcgcec
caacagggcc
gctggtgecea
cccttectge
gtgagctatg
gagctcatga
gcecgggtgtt
ccctatgtca
attgttgact
gaggaagctyg
aatgccagtg
agcaacagag
gggatcctat
ctcaacccaa
catgagtcct
gatcctgtaa
ccctgaccct
tececettatte
gcttatctece
ccatcatact
cattttttga
aagggttgta
aaggagacct
tccagtgeat
ctecttactt
atttctgett
tcagtttact

gcctcecctagg
accagcggag
agctgagtcet
aggctgtgtce
ctgatctggt
ccggagecca
tcecgacaage
cggaaaccca
atgtggactt
ctgagccgca
gtaagcgata
cctgtgecca
tctteggtygg
ggggceggge
acatctccac
agtggctcat
gagatgatga
aggctgctge
ggtctgtcte
ccacagtggg
atatcagtgg
taacgaagtt
gcegtgecta
tgcccattece
ccttgatcaa
ggctctacca
gtctggatga
caggctgggg
ttcctatcag
tgceetygttyg
ctaaccctga
caggtctcce
atgcctctee
tacagactct
ctactgtcac
acttctcaat
agcttcecagg
cttcatggaa
cattgtccce

gctectttgece
gacgctgcecce
cacctttgce
ggatcccage
gaggccatcce
gaagtgccat
agagctgctg
tgttgtaagg
tgtgggggga
ggtgacaggg
caacttgacc
gttcctggag
caactttgca
cgggattgag
ctgggtctac
gctgctcagt
ggactccctce
tcggggtcte
tggaagacac
aggcacatcc
tggtggcttc
cctgagetct
cccagatgtg
atgggtgtcce
tgagcacagg
gcagcatggg
agaggtagag
aacacccaac
gagagatgge
gaagccctgce
aatgctgtga
tactcctgece
ctcegceatcet
gtgcactatt
cgtttactct
ctttgcttta
tcttaacttce
tgctgacctt
tggaacaaat

ctcatcctcet
ccaggcetggg
ctgagacagc
tctectecaat
ccactgacce
tctgtgatca
ctceectgggg
tccecacate
ctgcaccatt
actgtaggcece
tcacaagacg
cagtatttcc
catcaggcat
gccagtctag
agtagccectg
aatgagtcag
agcagcgcect
accctgcetcet
cagttcegee
ttccaggaac
agcaatgtgt
agccccecace
gctgcacttt
ggaacctcgg
atccttagtg
gcaggactct
ggccagggtt
ttceecagett
ttgtcceetg
tgaaccctca
gcttgacttg
ttagattcct
catctttctce
tcacttgata
ttcctaccet
tggectttece
tctgactact
cattgctcca
cactgacatc
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3481

tacaaccatt
tgtaagatgc
ctcgtttctt
tcttttecacc
cttaaatata
aacttatcca
aaaagtgtcc
atcaggccac
ccagcccccea
ttttcecteet
ccttaccacc
agaagtcacc
tgaaaaatcc
gagagagact
gaatatcaat
gtgcttggca
ccctgtgect
tctgecttec
ttgtgttcce
aaacaaa

accatctcac
gtgatactca
cttggtaaat
ccaccttceaa
tctttatcag
cttatatccc
ttacttcctg
ttggatgaaa
atcatagctc
ccecteeccaa
cctgatacaa
ttctttegtg
tagattttct
gggtcaagta
acctgccttt
cctggaagta
acctctagca
tttccaagac
aggtcctacce
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taaataagac
acatttcatc
gatgctatge
tcaacaagtc
tccacaagtce
cactgctact
ccaatcccca
acccttcaag
acaaaccttce
accccaagga
ctgccaggtt
aatgttttga
aaacaaaacc
agcttatctce
cataatcacc
ggtggcagat
ttgtaacgac
cgttggtgcece
tcaggagttg

tttetatceca
gtccacctte
tttttccaac
ctcaatcaac
cttccaatta
accttagttt
agtcatcttc
gattactgga
cttgctattt
actctcactce
aatttccaga
ttcectgagg
tgtttgaatc
cctgaggcetg
agggaataaa
gttaacgccece
cacatagtat
tagaggacta
gcaaataaga

PCT/US2014/047338

ataatgattg
ccaaccccaa
caagccagaa
aagtcctact
tatttcccaa
agggctatat
cagagtaaaa
tagaattcayg
gttcttaagt
ttgctcaagce
attcttgcaa
ctactttatt
ttggttctga
tttecctegte
gtggaataat
ttcecteectt
tgaaatggcce
gaatcgtgte
attaaatgtc

atacctcaaa
acaattccat
acctgtgtca
gactgcacat
gtatatctag
tctecttgaaa
tgcaaatccce
gcetttecect
aaaaaatcat
tgttcegtee
gactcagttce
ttggtatggce
tatggactag
tgttaagtgt
gttgataaca
gcactgcgec
agtttacttg
ctatttaact
tgctacaccg
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Figure 23 - Macaca mulatta (Rhesus macaque) TTP1l
sequence

10 20 30 a0 a0 60

QAGFATADHS SQETETEKAM DRLARGAQSV PNDSPAQGEG THSEEEGFAM DEEDSDGELN

00 B 90 o100 110 120
TWELSEGTNC PPKEQPGDIF NEDWDLELKA DQGNPYDADD. IQESISQELK PWVCCAPQGD

130 0 180

MIYDPSWHHP PPLIPHYSKM VFETGQEDDA ED

Figure 24 -- Macaca fascicularis (Crab-eating macaque)
(Cynomolgus monkey) TTPl sequence

10 20 o300 40

0 0 , 50 €0
QRGFATADHS SQERETEKAM DRLARGAQSV. PNDSPARGEG THSEEEGFAM DEEDSDGELN

70 B0 90 100 1400 120

TWELSEGTNC PPKEQPGDIF NEDWDLELKA DQGNPYDADD. IQESISQOELK PWVCCAPQGD =

130 140 150

MIYDPSWHH? PPLIPHYSKM VFETGQFDDA ED
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