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GENE THERAPY FOR NEURONAL CEROQID LIPOFUSCINOSES

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED IN
ELECTRONIC FORM
Applicant hereby incorporates by reference the Sequence Listing material filed in

electronic form herewith. This file is labeled "UPN-17-8151PCT_Seq List ST25 txt".

BACKGROUND OF THE INVENTION

The neuronal ceroid lipofuscinoses (NCLs) are a group of rare and inherited
neurodegenerative disorders. They are considered the most common of the neurogenetic storage
diseases, with the accumulation of autofluorescent lipopigments resembling ceroid and lipofuscin
seen in patients. NCLs are associated with variable, yet progressive, symptoms, including
abnormally increased muscle tone or spasm, blindness or vision problems, dementia, lack of
muscle coordination, intellectual disability, movement disorder, seizures and unsteady walk. The
frequency of this disease is approximately 1 per 12,500 individuals. There are three main types of
NCL: adult (Kufs or Parry disease); juvenile and late infantile (Jansky-Bielschowsky disease).
The neuronal ceroid lipofuscinoses (NCLs) originally were defined by their age of onset and
clinical symptoms (as noted herein). However, they have since been reclassified on the basis of
newer molecular findings, which have provided evidence of far more overlap for the different
genetic variants than had previously been suggested by the clinical phenotypes.

At least twenty genes have been identified in association with NCL. NCL patients with
CLN2 mutations are deficient in a pepstatin-insensitive lysosomal peptidase called tripeptidyl
peptidase 1 (TTP1). TTP1 removes tripeptides from the N -terminal of polypeptides. Mutations
have been reported in all 13 exons of the CLN2 gene. Some mutations result in a more protracted
course. Although onset is usually in late infancy, later onset has been described. More than 58
mutations have been described in CLN2.

CLN2 disease, a form of Batten discase, is a rare lysosomal storage disorder (LSD) with
an estimated incidence of 0.07-0.51 per 100,000 live births (Augestad et al., 2006; Claussen et al.,
1992; Mole et al., 2013; National Batten Disease Registry; Poupetova et al., 2010; Santorelli et
al., 2013; Teixeira et al., 2003). CLN2 disease is a fatal autosomal recessive neurodegenerative
LSD caused by mutations in the CLN2 gene, located on chromosome 11q15 and encoding for the
soluble lysosomal enzyme tripeptidyl-peptidase-1 (TPP1). Mutations in the CLN2 gene, and
subsequent deficiency in TPP1 enzymatic activity, result in lysosomal accumulation of storage

material and neurodegeneration of the brain and retina (Liu et al., 1998; Wlodawer et al., 2003).
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CLN2 disease is characterized by early onset at 2-4 years of age with initial features usually
including recurrent seizures (epilepsy) and difficulty coordinating movements (ataxia). The
disease also results in the loss of previously acquired skills (developmental regression). Epilepsy
is often refractory to medical therapy, and the general decay of psychomotor functions is rapid
and uniform between the third and fifth birthday (Schulz et al., 2013) before premature death by
mid-childhood (Nickel M et al., 2016; Worgall et al., 2007).

Enzyme replacement therapy (ERT) with recombinant TPP1 (Brineura® cerliponase alfa,
BioMarin Pharmaceuticals) was recently approved in the United States (US) and European Union
(EU) for the treatment of CLN2 discase and is administered as a biweekly infusion into the lateral
ventricles via a permanently implanted device. The clinical benefit of Brineura® was designated
to be limited to stabilization of motor function by the FDA, while the European Medicines
Agency (EMA) determined that there was a positive impact on language skills as well
(Brineura®, FDA Summary Basis of Approval; Brineura® European Public Assessment Report
[EPAR]; Schulz et al., 2016). Brineura® requires specialized expertise for the implantation of a
port directly into the brain and must be administered during a 4-hour infusion every two weeks in
a healthcare setting by a trained professional knowledgeable in intracerebroventricular (ICV)
administration. Repeat infusions are necessary in part due to the short CSF and lysosomal half-
lives of Brineura® which are estimated to be 7 hours and 11.5 days, respectively (Brineura®,
EPAR). Thus, there remains a significant unmet need for new therapies that can provide durable
and long-term TPP1 enzymatic activity in the central nervous system (CNS) of patients with
CLN2 disease, without the high patient burden and morbidities associated with repeat
administration of ERT. Therefore, compositions useful for delivering and expressing TPP1 in
subjects in need for treating CLN2 discase are needed. A one-time administration of recombinant
adeno-associated virus (rAAV) expressing canine TPP1 (rAAV2.caTPP1) was shown to result in
high expression of TPP1 predominantly in ependymal cells and secretion of the enzyme into the
cerebrospinal fluid leading to clinical benefit. See Katz et al, Sci Transl Med. 2015 Nov 11;
7(313): 313ral80; and KATZ, et al, Gene therapy 2017 Feb 24(4): 215-223., which are
incorporated herein by reference. However AAV2 does not penetrate the brain parenchyma and
does not target neurons, thus limiting the expected benefits compared to what can be achieved

with novel neurotropic AAVs.

SUMMARY OF THE INVENTION
Provided herein in one aspect, is a codon optimized, engineered nucleic acid sequence of

SEQ ID NO: 3 encoding human tripeptidyl peptidase1 (TPP1).
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In another aspect, provided herein is an expression cassette comprising the codon
optimized CLN2 nucleic acid sequence SEQ ID NO: 3 encoding human TPP1. In one
embodiment, the codon optimized human CLN?2, is at least 70% identical to the native human
coding sequence of SEQ ID NO: 2. The alignment of SEQ ID NO: 2 (native) and SEQ ID NO: 3
(codon optimized) is provided in FIGs. 15A-15B.

In another aspect, a recombinant adeno-associated virus (rAAV) is provided. In one
embodiment, the rAAV includes an AAV capsid, and a vector genome packaged therein, said
vector genome comprising: (a) an AAV 5' inverted terminal repeat (ITR) sequence; (b) a
promoter; (¢) a CLN2 coding sequence encoding a human TPP1; and (d) an AAV 3' ITR.

In one aspect, a composition is provided which includes any of the rAAV as described
herein and a pharmaceutical acceptable carrier or excipient. In one embodiment, the composition
is suitable for intracerebroventricular (ICV) or intrathecal (IT) delivery.

In yet another aspect, an aqueous suspension suitable for administration to subject having
Batten disease is provided. In one embodiment, the suspension includes an aqueous suspending
liquid and about 7.5x10'2 GC (7.5x10°GC/gram of brain) to about 1x10'* GC (1x10'?> GC/gram of
brain) or viral particles of a recombinant adeno-associated virus (rAAV) useful as a therapeutic
for Batten, said rAAV having an AAV capsid, and having packaged therein a vector genome
comprising: (a) an AAV 5' inverted terminal repeat (ITR) sequence; (b) a promoter; (¢c) a CLN2
coding sequence encoding a human TPP1; and (d) an AAV 3'[TR.

In another aspect, a method of treating a subject having Batten with arAAV as described
herein is provided.

Other aspects and embodiments will be readily apparent based on the information

described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic representation of the AAV.CB7.CLhTPP1co.RBG vector genome.
I'TR represents an AAV?2 inverted terminal repeat. CB7 represents a chicken beta actin promoter
with cytomegalovirus enhancer. RBG Poly A represents a rabbit beta globin polyadenylation
signal.

FIG. 1B provides a map of the production plasmid of the AAV.hTPP1co vector.

FIG. 2 is a line graph of TPP1 enzyme activity measured in the culture supernatant of
AAV hTPPIco transfected cells (triangles) and control cells (squares) as described in Example 2.

FIGs. 3A to 3D provide TPP1 enzyme activity measured in brain (FIG 3A), CSF (FIG
3B), serum (FI1G. 3C) and liver (FIG. 3D) of wild type mice with no treatment or with an ICV
administration of AAV. hTPPlco at 11 x 10" GC as described in Example 3.
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FIG. 4A is a survival cure of TPP1 KO mice treated with PBS only (male, closed upright
triangles; female, closed inverted triangles), 3 x 10° GC (male, diamonds; female, open circles) or
3 x 10! GC (male, cross; female, open triangles) of the AAV hTPP1co vectors. Wildtype mice
(male, closed circles; female, open squares) were served as control. In each group, both male and
female animals were monitored and recorded separately to reveal potential gender differences.

FIG. 4B provides the median survival calculated based on the data shown in FIG 4A.

FIG. 5 is a line graph showing the body weights in gram of TPP1 KO mice treated with
PBS only (female, closed triangles), 3 x 10° GC (male, open diamonds) or 3 x 10'' GC (male,
open squares; female, open triangles) of the AAV.hTPPlco. Wildtype mice (male, closed circles;
female, closed squares) were served as controls.

FIG. 6 provides results of motor coordination assay tested in TPP1 KO mice treated with
PBS only, 3 x 10° GC or 3 x 10" GC of the AAV hTPPlco as described in Example 5. Wildtype
mice were served as control. In each group, both male and female animals were tested and
recorded separately to reveal potential gender differences. The latency to fall was measured as
the time spent on the rod in second.

FIG. 7A is an ELISA result showing the generation and amount of anti-TPP1 antibodies
in the sera of TPP1 KO mice treated with PBS only, 3 x 10° GC or 3 x 10'" GC of the
AAV hTPPIco as described in Example 5. Wildtype mice were served as control. In each group,
both male and female animals were tested and recorded separately to reveal potential gender
differences. The optical density (OD) measured were plotted in y axis. A higher OD value
indicates a larger amount of anti-TPP1 antibodies.

FIG. 7B provides results of TPP1 enzyme activity tested in the sera of TPP1 KO mice
treated with PBS only, 3 x 10° GC or 3 x 10" GC of the AAV hTPPIco as described in Example
5. Wildtype mice were served as control. In each group, both male and female animals were
tested and recorded separately to reveal potential gender differences.

FIG. 8 provides results of TPP1 enzyme activity tested in the brain section comprising
part of lateral ventricle (LV), hippocampus and thalamus of TPP1 KO mice as well as wildtype
mice as described in Example 5. 0.1 to 10 ug of BSA was utilized as negative control.

FIG. 9 provides results of TPP1 enzyme activity tested in the brain section (labelled as
LV section, comprising part of lateral ventricle (LV), hippocampus and thalamus) as well as
cerebellum and liver of TPP1 KO mice injected with PBS only or 3 x 10'" GC of AAV.hTPPIco,
and wildtype mice injected with PBS only as described in Example 5.

FIG. 10 provides results of TPP1 enzyme activity tested in the sera of TPP1 KO and
wildtype mice treated with PBS only or 1 x 10" GC of the AAV. hTPP1co as described in
Example 4.
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FIG. 11 provides body weights of KO mice injected with PBS (KO + PBS, n=3) or 1 x
10" GC of the AAV.hTPP1co (KO + lell GC, n=5) as described in Example 4.

FIG. 12A provides results of the rocking rotarod assay tested in the TPP1 KO mice
treated with PBS only (KO + PBS, n=4) or 1 x 10" GC of the AAV.hTPPlco (KO + 1e11GC,
n=4) as described in Example 4. The latency to fall was measured as the time spent on the rod in
second.

FIGs. 12B and 12C provides results of the accelerating rotarod assay tested in TPP1 KO
mice treated with PBS only (KO + PBS, n=4) or 1 x 10'! GC of the AAV.hTPP1co (KO +
1e11GC, n=4) in the test starting on the day of injection (DO0) or the test starting 60 days post
injection (D60) as described in Example 4. The latency to fall was measured as the time spent on
the rod in second.

FIGs. 13A and 13B provide the alignment of SEQ ID NO: 2 (native) and SEQ ID NO: 3
(codon optimized) of the TPP1 sequences.

FIG. 14 demonstrates that AAVrh10 vector-based Delivery of CLN2 Prolongs Survival in
CLN2-/- mice (Tppltm1Plob mouse model of CLN2 disease). Figure reproduced from Sondhi et
al., 2008.

FIG. 15 shows survival curves of Tpplm1j mice (denoted as “KO’; n=60) and wild type
littermate controls (n=40). Median survival was observed to be 16 and 19 weeks for males and
females, respectively. Early death in males was attributed to cage fighting-induced seizures.

FIGs. 16A to 16B show TPP1 enzymatic activity in Tpplm1j (KO) and wild-type
littermates (WT) at 1 and 3 months of age (Liver, FIG 16A; and Cerebrum, FIG 16B). Data for
female animals is denoted in blue; data for male animals is denoted in black.

FIG. 17 shows progressive astrocytosis observed in the cortex and hippocampus of
Tpplm1j mice, as early as 1-month of age (pre-symptomatic). Results (GFAP score) are average
number of astrocyte per 20x power field. *** unpaired Mann Whitney test.

FIGs. 18A and 18B provide a neurobehavioral evaluation. FIG. 18A: At 11 weeks post-
injection, motor coordination assay suggests correction of the phenotype for high-dose animals,
but not for low-dose or untreated TPP11m1J control animals. Motor coordination is correlated to
the latency to fall, recorded during a 180 seconds trial on a rocking Rotarod (10rpm, change
direction every rotation). FIG. 18B: At 20 weeks post-injection, motor learning assay performed
on surviving animals showed no difference between WT controls and high-dose animals. Motor
learning is correlated to the latency to fall, recorded on an accelerating Rotarod, 3 successive days
(5 to 40 rpm in 300 sec). Dose levels depicted in figure are based on total/GC per animal and
equivalent to 7.5 x 109 and 7.5 x 1011 GC/g brain mass. P-value by unpaired Mann Whitney test.
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FIGs. 19 and 20 demonstrate TPP1 enzymatic activity in the brain and liver at 30 weeks
post-injection (34 weeks of age) in surviving animals. FIG. 19: WT and high-dose animals (there
were no surviving low-dose animals for analysis). FIG. 20: Increased TPP1 enzymatic activity
following administration of AAV9.CB7.TPP1. In high-dose animals, TPP1 enzymatic activity
was increased to supraphysiological levels in the cerebrum, cerebellum, and liver at 30 weeks
post-injection. M=male; F=female; WT=wild-type littermate.

FIGs. 21A to 21C demonstrate correction of astrocytosis in the brain of high-dose and
Tpplm1J mice (30 weeks post-injection; labeled 7.5mo) and control animals (15 weeks of age;
labeled 3mo). TPP1 KO mice were injected with PBS only or 3 x 10'! GC of AAV hTPPIco as
well as wildtype mice injected with PBS only as described in Example 5. GFAP scores was
established in three different parts of the brain (hippocampus — FIG. 21A; cortex — FIG. 21B;
brainstem — FIG. 21C) of animals in the high-dose group and compared to GFAP scores in 15-
week old Tpplmlj control mice from the natural history study, as no vehicle control animals
were alive at the end of the study. Data presented as average number of astrocytes per x20 power
field. P-value by unpaired Mann Whitney test.

FIGs. 22A and 22B demonstrate increased survival of KO mice treated with
intracebroventricular injection of 3x1011 GC AAV9.CB7. hTPP1co. All vehicle treated KO
animals were found dead or humanely euthanized before the age of 19 weeks whereas 67% of
vector treated females (KO 3ell F) and 57% of vector treated males (KO 3e11 M) were alive at
the scheduled 23 weeks endpoint. **** Log-rank Mantel-Kox test, p<0.0001. FIG. 22A shows
survival, grouped by gender and treatment. FIG. 22B shows survival with genders combined.

FIGs. 23A and 23B shows weekly average body weight in mice treated as in FIGs 22A
and B. Vehicle-treated KO mice started losing weight 6 weeks post injection. Vector-treated
animals maintained their body weight until sacrifice.

FIG. 24 shows weekly average night time motion in mice treated as in FIGs. 22A and
22B. Weekly average night time motion speed monitoring shows therapeutic efficacy before the
onset of clinical symptoms. Comparisons were carried out using linear mixed effect modeling
within the R program. The analysis was not stratified by gender. Statistical Significance was
assessed at the 0.05 level. Treatment effect in KO animals was significant from Vium Day 40 (7.7
weeks post-injection; age 14.7 weeks).

FIGs. 25A and 25B demonstrate that neuroinflammation is reduced in treated KO mice.
(A) Cortical astrocyte average count per 10X field. Black symbols females, open symbols males.
Animals found dead were excluded due to autolysis. (B) Representative immunostaining of

astrocytes using an anti-GFAP antibody.
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DETAILED DESCRIPTION OF THE INVENTION

The methods and compositions described herein involve compositions and methods for
delivering a CLN2 nucleic acid sequence encoding human tripeptidyl peptidasel (TPP1) protein
to subjects in need thereof for the treatment of NCL. In one embodiment, such compositions
involve codon optimization of the CLN2 coding sequence, such as that shown in SEQ ID NO: 3.
It is desirable to increase the efficacy of the product, and thus, increase safety, since a lower dose
of reagent may be used. Also encompassed herein are compositions which include the native
CLN2 coding sequences, as shown in SEQ ID NO: 2.

The TPP1 gene, also known as CLN2, encodes Tripeptidyl-peptidase 1, a lysosomal
serine protease with tripeptidyl-peptidase [ activity. It is also thought to act as a non-specific
lysosomal peptidase which generates tripeptides from the breakdown products produced by
lysosomal proteinases and requires substrates with an unsubstituted N-terminus. As used herein,
the terms "TPP1", "CLN2", and "Tripeptidyl-peptidase 1" are used interchangeably when
referring to the coding sequence. The native nucleic acid sequence encoding human Tripeptidyl-
peptidase 1 is reported at NCBI Reference Sequence NM _000391.3 and reproduced here in SEQ
ID NO: 2. Two isoforms of human Tripeptidyl-peptidase 1 has been reported as
UniProtKB/Swiss-Prot Accessions O14773-1 and O14773-2 (reproduced here as SEQ ID NOs: 1
and 4). Mutations in the CLN2 gene are associated with late-infantile NCL (LINCL) disease.

Described herein is an exemplary AAV.hTPP1co vector, which is sometimes referred to
herein as AAV9.CB7 hCLN2. The use of these terms is interchangeable. In addition, where, in
one embodiment, the AAV9.CB7 hCLN2 vector is referred to, alternate embodiments are
contemplated utilizing the components as described herein.

In certain embodiments of this invention, a subject has neuronal ceroid lipofuscinosis
(NCL), for which the components, compositions and methods of this invention are designed to
treat. As used herein, the term "subject” as used herein means a mammalian animal, including a
human, a veterinary or farm animal, a domestic animal or pet, and animals normally used for
clinical research. In one embodiment, the subject of these methods and compositions is a human.
Still other suitable subjects include, without limitation, murine, rat, canine, feline, porcine,
bovine, ovine, non-human primate and others. As used herein, the term "subject" is used
interchangeably with "patient".

The neuronal ceroid-lipofuscinoses (NCLs) are a group of inherited, neurodegenerative,
lysosomal storage disorders characterized by progressive intellectual and motor deterioration,
seizures, and early death. Visual loss is a feature of most forms. Clinical phenotypes have been
characterized traditionally according to the age of onset and order of appearance of clinical

features into infantile, late-infantile, juvenile, adult, and Northern epilepsy (also known as
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progressive epilepsy with mental retardation [EPMR]). There is however genetic and allelic
heterogeneity; a proposed new nomenclature and classification system has been developed to take
into account both the responsible gene and the age at disease onset; for example, CLN2 discase,
classic late infantile. The first symptoms typically appear between age two and four years,
usually starting with epilepsy, followed by regression of developmental milestones, myoclonic
ataxia, and pyramidal signs. Visual impairment typically appears at age four to six years and
rapidly progresses to light /dark awareness only. Life expectancy ranges from age six years to
carly teenage. As used herein, the term "Batten disease" is used to refer to a CLN2 disease, which
is used interchangeably with "NCL".

In one aspect, a codon optimized, engineered nucleic acid sequence encoding human (h)
TPP1 is provided. In certain embodiments, an engineered human (h) TPP1 ¢cDNA is provided
herein (as SEQ ID NO: 3), which was designed to maximize translation as compared to the native
TPP1 sequence (SEQ ID NO: 2). Preferably, the codon optimized TPP1 coding sequence has less
than about 80% identity, preferably about 75% identity or less to the full-length native TPP1
coding sequence (SEQ ID NO: 2). In one embodiment, the codon optimized TPP1 coding
sequence has about 74% identity with the native TPP1 coding sequence of SEQ ID NO: 2. In
one embodiment, the codon optimized TPP1 coding sequence is characterized by improved
translation rate as compared to native TPP1 following AAV-mediated delivery (e.g., TAAV). In
one embodiment, the codon optimized TPP1 coding sequence shares less than about 99%, 98%,
97%., 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%. 88%, 87%, 86%, 85%, 84%, 83%, 82%,
81%, 80%, 79%, 78%, 77%, 76%, 75%, 74%, 73%., 72%., 71%, 70%, 69%, 68%, 67%, 66%,
65%., 64%, 63%, 62%, 61% or less identity to the full length native TPP1 coding sequence of
SEQ ID NO: 2. In one embodiment, the codon optimized nucleic acid sequence is a variant of
SEQ ID NO: 3. In another embodiment, the codon optimized nucleic acid sequence a sequence
sharing about 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%,
85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%., 75%, 74%, 73%, 72%, 71%, 70%,
69%., 68%, 67%, 66%, 65%, 64%, 63%, 62%, 61% or greater identity with SEQ ID NO: 3. In one
embodiment, the codon optimized nucleic acid sequence is SEQ ID NO: 3. In another
embodiment, the nucleic acid sequence is codon optimized for expression in humans. In other
embodiments, a different TPP1 coding sequence is selected.

The term “percent (%) identity”, “sequence identity”, “percent sequence identity”, or
“percent identical” in the context of nucleic acid sequences refers to the residues in the two
sequences which are the same when aligned for correspondence. The length of sequence identity
comparison may be over the full-length of the genome, the full-length of a gene coding sequence,

or a fragment of at least about 500 to 5000 nucleotides, is desired. However, identity among
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smaller fragments, e.g. of at least about nine nucleotides, usually at least about 20 to 24
nucleotides, at least about 28 to 32 nucleotides, at least about 36 or more nucleotides, may also be
desired.

Percent identity may be readily determined for amino acid sequences over the full-length
of a protein, polypeptide, about 32 amino acids, about 330 amino acids, or a peptide fragment
thereof or the corresponding nucleic acid sequence coding sequences. A suitable amino acid
fragment may be at least about 8 amino acids in length, and may be up to about 700 amino acids.
Generally, when referring to “identity”, “homology™, or “similarity” between two different
sequences, “identity”, “homology™ or “similarity” is determined in reference to “aligned”™
sequences. “Aligned” sequences or “alignments™ refer to multiple nucleic acid sequences or
protein (amino acids) sequences, often containing corrections for missing or additional bases or
amino acids as compared to a reference sequence.

Identity may be determined by preparing an alignment of the sequences and through the
use of a variety of algorithms and/or computer programs known in the art or commercially
available [e.g., BLAST, ExPASy; ClustalO; FASTA; using, ¢.g., Needleman-Wunsch algorithm,
Smith-Waterman algorithm|. Alignments are performed using any of a variety of publicly or
commercially available Multiple Sequence Alignment Programs. Sequence alignment programs
are available for amino acid sequences, e.g., the “Clustal Omega™, “Clustal X, “MAP”, “PIMA”,
“MSA”, “BLOCKMAKER?”, “MEME”, and “Match-Box™ programs. Generally, any of these
programs are used at default settings, although one of skill in the art can alter these settings as
needed. Alternatively, one of skill in the art can utilize another algorithm or computer program
which provides at least the level of identity or alignment as that provided by the referenced
algorithms and programs. See, ¢.g., J. D. Thomson et al, Nucl. Acids. Res., “A comprehensive
comparison of multiple sequence alignments™, 27(13):2682-2690 (1999).

Multiple sequence alignment programs are also available for nucleic acid sequences.
Examples of such programs include, “Clustal Omega™, “Clustal W7, “CAP Sequence Assembly”,
“BLAST”, “MAP”, and “MEME”, which are accessible through Web Servers on the internet.
Other sources for such programs are known to those of skill in the art. Alternatively, Vector NTI
utilities are also used. There are also a number of algorithms known in the art that can be used to
measure nucleotide sequence identity, including those contained in the programs described above.
As another example, polynucleotide sequences can be compared using Fasta™, a program in
GCG Version 6.1. Fasta™ provides alignments and percent sequence identity of the regions of
the best overlap between the query and search sequences. For instance, percent sequence identity

between nucleic acid sequences can be determined using Fasta™ with its default parameters (a
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word size of 6 and the NOPAM factor for the scoring matrix) as provided in GCG Version 6.1,
herein incorporated by reference.

Codon-optimized coding regions can be designed by various different methods. This
optimization may be performed using methods which are available on-line (¢.g., GeneArt),
published methods, or a company which provides codon optimizing services, ¢.g., DNA2.0
(Menlo Park, CA). One codon optimizing method is described, ¢.g., in US International Patent
Publication No. WO 2015/012924, which is incorporated by reference herein in its entirety. See
also, e.g., US Patent Publication No. 2014/0032186 and US Patent Publication No.
2006/0136184. Suitably, the entire length of the open reading frame (ORF) for the product is
modified. However, in some embodiments, only a fragment of the ORF may be altered. By
using one of these methods, one can apply the frequencies to any given polypeptide sequence,
and produce a nucleic acid fragment of a codon-optimized coding region which encodes the
polypeptide.

A number of options are available for performing the actual changes to the codons or for
synthesizing the codon-optimized coding regions designed as described herein. Such
modifications or synthesis can be performed using standard and routine molecular biological
manipulations well known to those of ordinary skill in the art. In one approach, a series of
complementary oligonucleotide pairs of 80-90 nucleotides each in length and spanning the length
of the desired sequence are synthesized by standard methods. These oligonucleotide pairs are
synthesized such that upon annealing, they form double stranded fragments of 80-90 base pairs,
containing cohesive ends, ¢.g., each oligonucleotide in the pair is synthesized to extend 3, 4, 5, 6,
7.8, 9, 10, or more bases beyond the region that is complementary to the other oligonucleotide in
the pair. The single-stranded ends of each pair of oligonucleotides are designed to anneal with the
single-stranded end of another pair of oligonucleotides. The oligonucleotide pairs are allowed to
anneal, and approximately five to six of these double-stranded fragments are then allowed to
anneal together via the cohesive single stranded ends, and then they ligated together and cloned
into a standard bacterial cloning vector, for example, a TOPO® vector available from Invitrogen
Corporation, Carlsbad, Calif. The construct is then sequenced by standard methods. Several of
these constructs consisting of 5 to 6 fragments of 80 to 90 base pair fragments ligated together,
1.¢., fragments of about 500 base pairs, are prepared, such that the entire desired sequence is
represented in a series of plasmid constructs. The inserts of these plasmids are then cut with
appropriate restriction enzymes and ligated together to form the final construct. The final
construct is then cloned into a standard bacterial cloning vector, and sequenced. Additional
methods would be immediately apparent to the skilled artisan. In addition, gene synthesis is

readily available commercially.
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By "engineered" is meant that the nucleic acid sequences encoding the TPP1 protein
described herein are assembled and placed into any suitable genetic element, ¢.g., naked DNA,
phage, transposon, cosmid, episome, etc., which transfers the TPP1 sequences carried thereon to a
host cell, ¢.g., for generating non-viral delivery systems (¢.g., RNA-based systems, naked DNA,
or the like) or for generating viral vectors in a packaging host cell and/or for delivery to a host
cells in a subject. In one embodiment, the genetic element is a plasmid. The methods used to
make such engineered constructs are known to those with skill in nucleic acid manipulation and
include genetic engineering, recombinant engineering, and synthetic techniques. See, ¢.g., Green
and Sambrook, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Press, Cold
Spring Harbor, NY (2012).

As used herein, the term "host cell" may refer to the packaging cell line in which a
recombinant AAV is produced from a production plasmid. In the alternative, the term "host cell"
may refer to any target cell in which expression of the coding sequence is desired. Thus, a "host
cell," refers to a prokaryotic or eukaryotic cell that contains exogenous or heterologous DNA that
has been introduced into the cell by any means, ¢.g., electroporation, calcium phosphate
precipitation, microinjection, transformation, viral infection, transfection, liposome delivery,
membrane fusion techniques, high velocity DNA-coated pellets, viral infection and protoplast
fusion. In certain embodiments herein, the term "host cell" refers to the cells employed to
generate and package the viral vector or recombinant virus. In other embodiments herein, the
term "host cell" refers to cultures of CNS cells of various mammalian species for in vitro
assessment of the compositions described herein. Still in other embodiments, the term "host cell"
is intended to reference the brain cells of the subject being treated in vivo for Batten disease.
Such host cells include epithelial cells of the CNS including ependyma, the epithelial lining of the
brain ventricular system. Other host cells include neurons, astrocytes, oligoedendrocytes, and
microglia.

As used herein, the term "treatment" or "treating" is defined encompassing administering
to a subject one or more compounds or compositions described herein for the purposes of
amelioration of one or more symptoms of Batten disease. "Treatment" can thus include one or
more of reducing onset or progression of neuronal ceroid lipofuscinosis (NCL), preventing
disease, reducing the severity of the disease symptoms, or retarding their progression, including
the progression of blindness, removing the disease symptoms, delaying onset of disease or
monitoring progression of disease or efficacy of therapy in a given subject.

In one embodiment, the nucleic acid sequence encoding TPP1 further comprises a nucleic
acid encoding a tag polypeptide covalently linked thereto. The tag polypeptide may be selected

from known "epitope tags" including, without limitation, a myc tag polypeptide, a glutathione-S-
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transferase tag polypeptide, a green fluorescent protein tag polypeptide, a myc-pyruvate kinase
tag polypeptide, a His6 tag polypeptide, an influenza virus hemagglutinin tag polypeptide, a flag
tag polypeptide, and a maltose binding protein tag polypeptide.

In another aspect, an expression cassette comprising a nucleic acid sequence that encodes
TPP1 is provided. In one embodiment, the sequence is a codon optimized sequence. In another
embodiment, the codon optimized nucleic acid sequence is SEQ ID NO: 3 encoding human
TPPI.

As used herein, an “expression cassette” refers to a nucleic acid molecule which
comprises the coding sequences for TPP1 protein, promoter, and may include other regulatory
sequences therefor, which cassette may be packaged into the capsid of a viral vector (e.g., a viral
particle). Typically, such an expression cassette for generating a viral vector contains the CLN2
sequences described herein flanked by packaging signals of the viral genome and other
expression control sequences such as those described herein. For example, for an AAV viral
vector, the packaging signals are the 5° inverted terminal repeat (ITR) and the 3° ITR. When
packaged into the AAV capsid, the ITRs in conjunction with the expression cassette may be
referred to herein as the "recombinant AAV (rAAV) genome" or "vector genome". In one
embodiment, an expression cassette comprises a codon optimized nucleic acid sequence that
encodes TPP1 protein. In one embodiment, the cassette provides the codon optimized CLN2
operatively associated with expression control sequences that direct expression of the codon
optimized nucleic acid sequence that encodes TPP1 in a host cell.

In another embodiment, an expression cassette for use in an AAV vector is provided. In
that embodiment, the AAV expression cassette includes at least one AAV inverted terminal
repeat (ITR) sequence. In another embodiment, the expression cassette comprises 5' [TR
sequences and 3' ITR sequences. In one embodiment, the 5' and 3' [TRs flank the codon
optimized nucleic acid sequence that encodes TPP1, optionally with additional sequences which
direct expression of the codon optimized nucleic acid sequence that encodes TPP1 in a host cell.
Thus, as described herein, a AAV expression cassette is meant to describe an expression cassette
as described above flanked on its 5 end by a 5’AAYV inverted terminal repeat sequence (ITR) and
onits 3" end by a3” AAV ITR. Thus, this rAAV genome contains the minimal sequences
required to package the expression cassette into an AAV viral particle, i.e., the AAV 5" and 3°
ITRs. The AAV ITRs may be obtained from the ITR sequences of any AAV, such as described
herein. These ITRs may be of the same AAV origin as the capsid employed in the resulting
recombinant AAV, or of a different AAV origin (to produce an AAV pseudotype). In one
embodiment, the ITR sequences from AAV?2, or the deleted version thereof (AITR), are used for

convenience and to accelerate regulatory approval. However, ITRs from other AAV sources may

12



10

15

20

25

30

WO 2018/209205 PCT/US2018/032278

be selected. Where the source of the ITRs is from AAV2 and the AAV capsid is from another
AAV source, the resulting vector may be termed pseudotyped. Typically, the AAV vector
genome comprises an AAV 57 ITR, the TPP1 coding sequences and any regulatory sequences,
and an AAV 3° ITR. However, other configurations of these elements may be suitable. A
shortened version of the 5° ITR, termed AITR, has been described in which the D-sequence and
terminal resolution site (trs) are deleted. In other embodiments, the full-length AAV 57 and 3’
ITRs are used. Each rAAV genome can be then introduced into a production plasmid.

As used herein, the term "regulatory sequences", "transcriptional control sequence" or
"expression control sequence" refers to DNA sequences, such as initiator sequences, enhancer
sequences, and promoter sequences, which induce, repress, or otherwise control the transcription
of protein encoding nucleic acid sequences to which they are operably linked.

As used herein, the term "operably linked" or "operatively associated" refers to both
expression control sequences that are contiguous with the nucleic acid sequence encoding the
TPP1 and/or expression control sequences that act in trans or at a distance to control the
transcription and expression thereof.

In one aspect, a vector comprising any of the expression cassettes described herein is
provided. As described herein, such vectors can be plasmids of variety of origins and are useful
in certain embodiments for the generation of recombinant replication defective viruses as
described further herein.

A "vector" as used herein is a nucleic acid molecule into which an exogenous or
heterologous or engineered nucleic acid transgene may be inserted which can then be introduced
into an appropriate host cell. Vectors preferably have one or more origin of replication, and one
or more site into which the recombinant DNA can be inserted. Vectors often have means by
which cells with vectors can be selected from those without, ¢.g., they encode drug resistance
genes. Common vectors include plasmids, viral genomes, and (primarily in yeast and bacteria)
"artificial chromosomes." Certain plasmids are described herein.

In one embodiment, the vector is a non-viral plasmid that comprises an expression
cassette described thereof, e.g., “naked DNA”, “naked plasmid DNA”, RNA, and mRNA;
coupled with various compositions and nano particles, including, ¢.g., micelles, liposomes,
cationic lipid - nucleic acid compositions, poly-glycan compositions and other polymers, lipid
and/or cholesterol-based - nucleic acid conjugates, and other constructs such as are described
herein. See, e.g., X. Su et al, Mol. Pharmaceutics, 2011, 8 (3), pp 774-787; web publication:
March 21, 2011; W02013/182683, WO 2010/053572 and WO 2012/170930, all of which are

incorporated herein by reference. Such non-viral TPP1 vector may be administered by the routes
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described herein. The viral vectors, or non-viral vectors, can be formulated with a
physiologically acceptable carrier for use in gene transfer and gene therapy applications.

In another embodiment, the vector is a viral vector that comprises an expression cassette
described therein. "Virus vectors" are defined as replication defective viruses containing the
exogenous or heterologous CLN2 nucleic acid transgene. In one embodiment, an expression
cassette as described herein may be engineered onto a plasmid which is used for drug delivery or
for production of a viral vector. Suitable viral vectors are preferably replication defective and
selected from amongst those which target brain cells. Viral vectors may include any virus suitable
for gene therapy, including but not limited to adenovirus; herpes virus; lentivirus; retrovirus;
parvovirus, etc. However, for ease of understanding, the adeno-associated virus is referenced
herein as an exemplary virus vector.

A "replication-defective virus" or "viral vector" refers to a synthetic or recombinant viral
particle in which an expression cassette containing a gene of interest is packaged in a viral capsid
or envelope, where any viral genomic sequences also packaged within the viral capsid or
envelope are replication- deficient; i.¢., they cannot generate progeny virions but retain the ability
to infect target cells. In one embodiment, the genome of the viral vector does not include genes
encoding the enzymes required to replicate (the genome can be engineered to be "gutless" -
containing only the transgene of interest flanked by the signals required for amplification and
packaging of the artificial genome), but these genes may be supplied during production.
Therefore, it is deemed safe for use in gene therapy since replication and infection by progeny
virions cannot occur except in the presence of the viral enzyme required for replication.

In another embodiment, a recombinant adeno-associated virus (rAAV) vector is provided.
The rAAV compromises an AAV capsid, and a vector genome packaged therein.

The vector genome comprises, in one embodiment: (a) an AAV 5' inverted terminal repeat (ITR)
sequence; (b) a promoter; (¢) a coding sequence encoding a human TPP1; and (d) an AAV 3'
ITR. In another embodiment, the vector genome is the expression cassette described herein. In
one embodiment, the CLN2 sequence encodes a full length TPP1 protein. In one embodiment, the
TPP1 sequence is the protein sequence of SEQ ID NO: 1. In another embodiment, the coding
sequence is SEQ ID NO: 3 or a variant thereof.

Adeno-associated virus (AAV), a member of the Parvovirus family, is a small
nonenveloped, icosahedral virus with single-stranded lincar DNA genomes of 4.7 kilobases (kb)
to 6 kb. Among known AAV serotypes are AAV1, AAV2, AAV3, AAV4, AAVS, AAV6,
AAV7, AAVS, AAV9 and others. The ITRs or other AAV components may be readily isolated
or engineered using techniques available to those of skill in the art from an AAV. Such AAV

may be isolated, engineered, or obtained from academic, commercial, or public sources (¢.g., the
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American Type Culture Collection, Manassas, VA). Alternatively, the AAV sequences may be
engineered through synthetic or other suitable means by reference to published sequences such as
are available in the literature or in databases such as, e.g., GenBank, PubMed, or the like. AAV
viruses may be engineered by conventional molecular biology techniques, making it possible to
optimize these particles for cell specific delivery of nucleic acid sequences, for minimizing
immunogenicity, for tuning stability and particle lifetime, for efficient degradation, for accurate
delivery to the nucleus, etc.

Fragments of AAV may be readily utilized in a variety of vector systems and host cells.
Among desirable AAV fragments are the cap proteins, including the vpl, vp2, vp3 and
hypervariable regions, the rep proteins, including rep 78, rep 68, rep 52, and rep 40, and the
sequences encoding these proteins. Such fragments may be used alone, in combination with
other AAV seroptype sequences or fragments, or in combination with elements from other AAV
or non-AAV viral sequences. As used herein, artificial AAV serotypes include, without
limitation, AAV with a non-naturally occurring capsid protein. Such an artificial capsid may be
generated by any suitable technique, using a novel AAV sequence of the invention (e.g., a
fragment of a vpl capsid protein) in combination with heterologous sequences which may be
obtained from another AAV serotype (known or novel), non-contiguous portions of the same
AAV serotype, from a non-AAV viral source, or from a non-viral source. An artificial AAV
serotype may be, without limitation, a chimeric AAV capsid, a recombinant AAV capsid, or a
“humanized” AAV capsid. In one embodiment, a vector contains AAV9 cap and/or rep
sequences. See, US Patent No. 7,906,111, which is incorporated by reference herein.

In one embodiment, an AAV vector having AAV9 capsid characterized by the amino acid
sequence of SEQ ID NO: 6, is provided herein, in which a nucleic acid encoding a classic late
infantile neuronal ceroid lipofuscinosis 2 (CLN2) gene under control of regulatory sequences
directing expression thereof in patients in need thereof.

As used herein, an “AAV9 capsid™ is characterized by DNAse-resistant particle which is
an assembly of about 60 variable proteins (vp) which are typically expressed as alternative splice
variants resulting in proteins of different length of SEQ ID NO: 6. See also Genbank Accession
No. AAS99264.1, which is incorporated herein by reference. See, also US7906111 and WO
2005/033321. Asused herein “AAV9 variants™ include those described in, e.g.,
WO02016/049230, US 8,927,514, US 2015/0344911, and US 8,734,809. The amino acid
sequence is reproduced in SEQ ID NO: 6 and the coding sequence is reproduced in SEQ ID NO:
7. In one embodiment, the AAV9 capsid includes a capsid encoded by SEQ ID NO: 7, or a
sequence sharing at least about 90%, 95%, 95%, 98% or 99% identity therewith.
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The largest protein, vpl, is generally the full-length of the amino acid sequence of SEQ
ID NO: 6 (aa 1 — 736 of SEQ ID NO: 6). In certain embodiments, the AAV9 vp2 protein has the
amino acid sequence of 138 to 736 of SEQ ID NO: 6. In certain embodiments, the AAV9 vp3
has the amino acid sequence of 203 to 736 of SEQ ID NO: 6. In certain embodiments, the vp 1, 2
or 3 proteins may be have truncations (e.g., 1 or more amino acids at the N-terminus or C-
terminus). An AAV9 capsid is composed of about 60 vp proteins, in which vpl, vp2 and vp3 are
present in a ratio of about 1 vp, to about 1 vp2, to about 10 to 20 vp3 proteins within the
assembled capsid. This ratio may vary depending upon the production system used. In certain
embodiments, an engineered AAV9 capsid may be generated in which vp2 is absent.

It is within the skill in the art to design nucleic acid sequences encoding this AAV9
capsid, including DNA (genomic or cDNA), or RNA (e.g., mRNA). In certain embodiments, the
nucleic acid sequence encoding the AAV9 vpl capsid protein is provided in SEQ ID NO: 7. In
other embodiments, a nucleic acid sequence of 70% to 99.9% identity to SEQ ID NO: 7 may be
selected to express the AAVO capsid. In certain other embodiments, the nucleic acid sequence is
at least about 75% identical, at least 80% 1dentical, at least 85%, at least 90%, at least 95%, at
least 97% identical, or at least 99% to 99.9% identical to SEQ ID NO: 7.

As used herein, the term “clade™ as it relates to groups of AAV refers to a group of AAV
which are phylogenetically related to one another as determined using a Neighbor-Joining
algorithm by a bootstrap value of at least 75% (of at least 1000 replicates) and a Poisson
correction distance measurement of no more than 0.05, based on alignment of the AAV vpl
amino acid sequence. The Neighbor-Joining algorithm has been described in the literature. See,
¢.g., M. Nei and S. Kumar, Molecular Evolution and Phylogenetics,Oxford University Press,
New York (2000). Computer programs are available that can be used to implement this
algorithm. For example, the MEGA v2.1 program implements the modified Nei-Gojobori
method. Using these techniques and computer programs, and the sequence of an AAV vpl
capsid protein, one of skill in the art can readily determine whether a selected AAV is contained
in one of the clades identified herein, in another clade, or is outside these clades. See,e.g., G
Gao, et al, J Virol, 2004 Jun; 78(10): 6381-6388, which identifies Clades A, B, C, D, E and F,
and provides nucleic acid sequences of novel AAV, GenBank Accession Numbers AY530553 to
AY530629. See, also, WO 2005/033321. AAV9 is further characterized by being within Clade
F. Other Clade F AAV include AAVhu31 and AAVhu32.

As used herein, relating to AAV, the term variant means any AAV sequence which is
derived from a known AAV sequence, including those sharing at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 97%, at least 99% or greater sequence

identity over the amino acid or nucleic acid sequence. In another embodiment, the AAV capsid
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includes variants which may include up to about 10% variation from any described or known
AAV capsid sequence. That is, the AAV capsid shares about 90% identity to about 99.9 %
identity, about 95% to about 99% identity or about 97% to about 98% identity to an AAV capsid
provided herein and/or known in the art. In one embodiment, the AAV capsid shares at least 95%
identity with an AAV9 capsid. When determining the percent identity of an AAV capsid, the
comparison may be made over any of the variable proteins (e.g., vpl, vp2, or vp3). In one
embodiment, the AAV capsid shares at least 95% identity with the AAV9 over the vpl, vp2 or
vp3.

As used herein, "artificial AAV" means, without limitation, an AAV with a non-naturally
occurring capsid protein. Such an artificial capsid may be generated by any suitable technique,
using a selected AAV sequence (¢.g., a fragment of a vpl capsid protein) in combination with
heterologous sequences which may be obtained from a different selected AAV, non-contiguous
portions of the same AAV, from a non-AAYV viral source, or from a non-viral source. An
artificial AAV may be, without limitation, a pseudotyped AAV, a chimeric AAV capsid, a
recombinant AAV capsid, or a "humanized" AAV capsid. Pseudotyped vectors, wherein the
capsid of one AAV is replaced with a heterologous capsid protein, are useful in the invention. In
one embodiment, AAV2/9 and AAV2/rh.10 are exemplary pseudotyped vectors.

In another embodiment, a self-complementary AAV is used. "Self-complementary AAV"
refers a plasmid or vector having an expression cassette in which a coding region carried by a
recombinant AAV nucleic acid sequence has been designed to form an intra-molecular double-
stranded DNA template. Upon infection, rather than waiting for cell mediated synthesis of the
second strand, the two complementary halves of scAAV will associate to form one double
stranded DNA (dsDNA) unit that is ready for immediate replication and transcription. See, e.g.,
D M McCarty et al, "Self-complementary recombinant adeno-associated virus (scAAV) vectors
promote efficient transduction independently of DNA synthesis", Gene Therapy, (August 2001),
Vol 8, Number 16, Pages 1248-1254. Self-complementary AAV's are described in, e.g., U.S.
Patent Nos. 6,596,535; 7,125,717; and 7,456,683, cach of which is incorporated herein by
reference in its entirety.

The term "exogenous" as used to describe a nucleic acid sequence or protein means that
the nucleic acid or protein does not naturally occur in the position in which it exists in a
chromosome, or host cell. An exogenous nucleic acid sequence also refers to a sequence derived
from and inserted into the same host cell or subject, but which is present in a non-natural state,
¢.g. a different copy number, or under the control of different regulatory elements.

The term "heterologous” as used to describe a nucleic acid sequence or protein means that

the nucleic acid or protein was derived from a different organism or a different species of the
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same organism than the host cell or subject in which it is expressed. The term "heterologous”
when used with reference to a protein or a nucleic acid in a plasmid, expression cassette, or
vector, indicates that the protein or the nucleic acid is present with another sequence or
subsequence with which the protein or nucleic acid in question is not found in the same
relationship to each other in nature.

In still another embodiment, the expression cassette, including any of those described
herein is employed to generate a recombinant AAV genome.

In one embodiment, the expression cassette described herein is engineered into a suitable
genetic element (vector) useful for generating viral vectors and/or for delivery to a host cell, e.g.,
naked DNA, phage, transposon, cosmid, episome, etc., which transfers the CLN2 sequences
carried thereon. The selected vector may be delivered by any suitable method, including
transfection, electroporation, liposome delivery, membrane fusion techniques, high velocity
DNA-coated pellets, viral infection and protoplast fusion. The methods used to make such
constructs are known to those with skill in nucleic acid manipulation and include genetic
engineering, recombinant engineering, and synthetic techniques. See, e.g., Sambrook et al,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Press, Cold Spring Harbor, NY.

For packaging an expression cassette or TAAV genome or production plasmid into
virions, the ITRs are the only AAV components required in cis in the same construct as the
expression cassette. In one embodiment, the coding sequences for the replication (rep) and/or
capsid (cap) are removed from the AAV genome and supplied in trans or by a packaging cell line
in order to generate the AAV vector.

Methods for generating and isolating AAV viral vectors suitable for delivery to a subject
are known in the art. See, e.g., US Patent 7790449; US Patent 7282199; WO 2003/042397; WO
2005/033321, WO 2006/110689; and US 7588772 B2. In a one system, a producer cell line is
transiently transfected with a construct that encodes the transgene flanked by ITRs and a
construct(s) that encodes rep and cap. In a second system, a packaging cell line that stably
supplies rep and cap is transiently transfected with a construct encoding the transgene flanked by
ITRs. In each of these systems, AAV virions are produced in response to infection with helper
adenovirus or herpesvirus, requiring the separation of the rAAVs from contaminating virus.
More recently, systems have been developed that do not require infection with helper virus to
recover the AAV - the required helper functions (i.e., adenovirus E1, E2a, VA, and E4 or
herpesvirus ULS, UL8, UL52, and UL29, and herpesvirus polymerase) are also supplied, in trans,
by the system. In these newer systems, the helper functions can be supplied by transient

transfection of the cells with constructs that encode the required helper functions, or the cells can
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be engineered to stably contain genes encoding the helper functions, the expression of which can
be controlled at the transcriptional or posttranscriptional level.

The term "isolated" means that the material is removed from its original environment
(e.g., the natural environment if it is naturally occurring). For example, a naturally-occurring
polynucleotide or polypeptide present in a living animal is not isolated, but the same
polynucleotide or polypeptide, separated from some or all of the coexisting materials in the
natural system, is isolated, even if subsequently reintroduced into the natural system. Such
polynucleotides could be part of a vector and/or such polynucleotides or polypeptides could be
part of a composition, and still be isolated in that such vector or composition is not part of its
natural environment.

In yet another system, the expression cassette flanked by ITRs and rep/cap genes are
introduced into insect cells by infection with baculovirus-based vectors. For reviews on these
production systems, see generally, ¢.g., Zhang et al., 2009, "Adenovirus-adeno-associated virus
hybrid for large-scale recombinant adeno-associated virus production," Human Gene Therapy
20:922-929, the contents of which is incorporated herein by reference in its entirety. Methods of
making and using these and other AAV production systems are also described in the following
U.S. patents, the contents of each of which is incorporated herein by reference in its entirety:
5,139,941; 5,741,683; 6,057,152; 6,204,059; 6,268,213; 6,491,907, 6,660,514; 6,951,753,
7,094,604 7,172,893; 7,201,898; 7,229,823; and 7,439,065. See generally, ¢.g., Grieger &
Samulski, 2005, "Adeno-associated virus as a gene therapy vector: Vector development,
production and clinical applications," Adv. Biochem. Engin/Biotechnol. 99: 119-145; Buning et
al., 2008, "Recent developments in adeno-associated virus vector technology," J. Gene Med.
10:717-733; and the references cited below, each of which is incorporated herein by reference in
its entirety.

The methods used to construct any embodiment of this invention are known to those with
skill in nucleic acid manipulation and include genetic engineering, recombinant engineering, and
synthetic techniques. See, ¢.g., Green and Sambrook et al, Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Press, Cold Spring Harbor, NY (2012). Similarly, methods of
generating TAAYV virions are well known and the selection of a suitable method is not a limitation
on the present invention. See, ¢.g., K. Fisher et al, (1993) J. Virol., 70:520-532 and US Patent
No. 5,478,745.

"Plasmids" generally are designated herein by a lower case p preceded and/or followed by
capital letters and/or numbers, in accordance with standard naming conventions that are familiar
to those of skill in the art. Many plasmids and other cloning and expression vectors that can be

used in accordance with the present invention are well known and readily available to those of
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skill in the art. Moreover, those of skill readily may construct any number of other plasmids
suitable for use in the invention. The properties, construction and use of such plasmids, as well as
other vectors, in the present invention will be readily apparent to those of skill from the present
disclosure.

In one embodiment, the production plasmid is that described herein, or as described in
WQ02012/158757, which is incorporated herein by reference. Various plasmids are known in the
art for use in producing rAAYV vectors, and are useful herein. The production plasmids are
cultured in the host cells which express the AAV cap and/or rep proteins. In the host cells, each
rAAV genome is rescued and packaged into the capsid protein or envelope protein to form an
infectious viral particle.

In one aspect, a production plasmid comprising an expression cassette described above is
provided. In one embodiment, the production plasmid is that shown in FIG. 1B. This plasmid is
used in the examples for generation of the rAAV-human codon optimized TPP1 vector. Such a
plasmid is one that contains a 5> AAV ITR sequence; a selected promoter; a polyA sequence; and
a 3" ITR; additionally, it also contains an intron sequence, such as the chicken beta-actin intron.
An exemplary schematic is shown in FIG. 1A. In a further embodiment, the intron sequence
keeps the rAAV vector genome with a size between about 3 kilobases (kb) to about 6 kb, about
4.7 kb to about 6 kb, about 3 kb to about 5.5kb, or about 4.7 kb to 5.5 kb. An example of a
production plasmid which includes the TPP1 encoding sequence can be found in SEQ ID NO: 5.
In another embodiment, the production plasmid is modified to optimized vector plasmid
production efficiency. Such modifications include addition of other neutral sequences, or
inclusion of a lambda stuffer sequence to modulate the level of supercoil of the vector plasmid.
Such modifications are contemplated herein. In other embodiments, terminator and other
sequences are included in the plasmid.

In certain embodiments, the rAAV expression cassette, the vector (such as rAAV vector),
the virus (such as rAAV), and/or the production plasmid comprises AAV inverted terminal repeat
sequences, a codon optimized nucleic acid sequence that encodes TPP1, and expression control
sequences that direct expression of the encoded proteins in a host cell. In other embodiments, the
rAAYV expression cassette, the virus, the vector (such as rAAV vector), and/or the production
plasmid further comprise one or more of an intron, a Kozak sequence, a polyA, post-
transcriptional regulatory elements and others. In one embodiment, the post-transcriptional
regulatory element is Woodchuck Hepatitis Virus (WHP) Posttranscriptional Regulatory Element
(WPRE).

The expression cassettes, vectors and plasmids include other components that can be

optimized for a specific species using techniques known in the art including, ¢.g, codon

20



10

15

20

25

30

35

WO 2018/209205 PCT/US2018/032278

optimization, as described herein. The components of the cassettes, vectors, plasmids and viruses
or other compositions described herein include a promoter sequence as part of the expression
control sequences. In another embodiment, the promoter is cell-specific. The term "cell-specific"
means that the particular promoter selected for the recombinant vector can direct expression of
the optimized TPP1 coding sequence in a particular cell or tissue type. In one embodiment, the
promoter is specific for expression of the transgene in ependyma, the epithelial lining of the brain
ventricular system. In another embodiment, the promoter is specific for expression in a brain cell
selected from neurons, astrocytes, oligoedendrocytes, and microglia. In one embodiment, the
promoter is modified to add one or more restriction sites to facilitate cloning.

In another embodiment, the promoter is a ubiquitous or consistutive promoter. An
example of a suitable promoter is a hybrid chicken B-actin (CBA) promoter with cytomegalovirus
(CMV) enhancer elements, such as the sequence shown in SEQ ID NO: 5 at nt 3396 to 4061. In
another embodiment, the promoter is the CB7 promoter. Other suitable promoters include the
human B-actin promoter, the human elongation factor-1a promoter, the cytomegalovirus (CMV)
promoter, the simian virus 40 promoter, and the herpes simplex virus thymidine kinase promoter.
See, ¢.g., Damdindorj et al, (August 2014) A Comparative Analysis of Constitutive Promoters
Located in Adeno-Associated Viral Vectors. PLoS ONE 9(8): €106472. Still other suitable
promoters include viral promoters, constitutive promoters, regulatable promoters [see, ¢.g., WO
2011/126808 and WO 2013/04943]. Alternatively a promoter responsive to physiologic cues
may be utilized in the expression cassette, rAAV genomes, vectors, plasmids and viruses
described herein. In one embodiment, the promoter is of a small size, under 1000 bp, due to the
size limitations of the AAV vector. In another embodiment, the promoter is under 400 bp. Other
promoters may be selected by one of skill in the art.

In a further embodiment, the promoter is selected from SV40 promoter, the dihydrofolate
reductase promoter, a phage lambda (PL) promoter, a herpes simplex viral (HSV) promoter, a
tetracycline-controlled trans-activator-responsive promoter (tet) system, a long terminal repeat
(LTR) promoter, such as a RSV LTR, MoMLV LTR, BIV LTR or an HIV LTR, a U3 region
promoter of Moloney murine sarcoma virus, a Granzyme A promoter, a regulatory sequence(s) of
the metallothionein gene, a CD34 promoter, a CD8 promoter, a thymidine kinase (TK) promoter,
a B19 parvovirus promoter, a PGK promoter, a glucocorticoid promoter, a heat shock protein
(HSP) promoter, such as HSP65 and HSP70 promoters, an immunoglobulin promoter, an MMTV
promoter, a Rous sarcoma virus (RSV) promoter, a lac promoter, a CaMV 35S promoter, a
nopaline synthetase promoter, an MND promoter, or an MNC promoter. The promoter sequences
thereof are known to one of skill in the art or available publically, such as in the literature or in
databases, ¢.g., GenBank, PubMed, or the like.
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In another embodiment, the promoter is an inducible promoter. The inducible promoter
may be selected from known promoters including the rapamycin/rapalog promoter, the ecdysone
promoter, the estrogen-responsive promoter, and the tetracy cline-responsive promoter, or
heterodimeric repressor switch. See, Sochor et al, An Autogenously Regulated Expression
System for Gene Therapeutic Ocular Applications. Scientific Reports, 2015 Nov 24;5:17105 and
Daber R, Lewis M., A novel molecular switch. J Mol Biol. 2009 Aug 28:391(4):661-70, Epub
2009 Jun 21 which are both incorporated herein by reference in their entirety.

In other embodiments, the expression cassette, vector, plasmid and virus described herein
contain other appropriate transcription initiation, termination, enhancer sequences, efficient RNA
processing signals such as splicing and polyadenylation (polyA) signals; TATA sequences;
sequences that stabilize cytoplasmic mRNA; sequences that enhance translation efficiency (i.¢.,
Kozak consensus sequence); introns; sequences that enhance protein stability; and when desired,
sequences that enhance secretion of the encoded product. The expression cassette or vector may
contain none, on¢ or more of any of the elements described herein.

Examples of suitable polyA sequences include, e.g., a synthetic polyA or from bovine
growth hormone (bGH), human growth hormone (hGH), SV40, rabbit B-globin (RGB), or
modified RGB (mRGB). In a further embodiment, the poly A has a nucleic acid sequence from
nt 33 to 159 of SEQ ID NO: 5.

Examples of suitable enhancers include, ¢.g., the CMV enhancer, the RSV enhancer, the
alpha fetoprotein enhancer, the TTR minimal promoter/enhancer, LSP (TH-binding globulin
promoter/alphal-microglobulin/bikunin enhancer), an APB enhancer, ABPS enhancer, an alpha
mic/bik enhancer, TTR enhancer, en34, ApoE amongst others.

In one embodiment, a Kozak sequence is included upstream of the TPP1 coding sequence
to enhance translation from the correct initiation codon. In another embodiment, CBA exon 1 and
intron are included in the expression cassette. In one embodiment, the TPP1 coding sequence is
placed under the control of a hybrid chicken B actin (CBA) promoter. This promoter consists of
the cytomegalovirus (CMV) immediate early enhancer, the proximal chicken B actin promoter,
and CBA exon 1 flanked by intron 1 sequences.

In another embodiment, the intron is selected from CBA, human beta globin, IVS2,
SV40, bGH, alpha-globulin, beta-globulin, collagen, ovalbumin, p33, or a fragment thercof.

In one embodiment, the expression cassette, the vector, the plasmid and the virus contain
a 5" ITR, chicken beta-actin (CBA) promoter, CMV enhancer, CBA exon 1 and intron, human
codon optimized CLN2 sequence, rabbit globin poly A and 3° ITR. In a further embodiment, the
expression cassette includes nt 1 to 4020 of SEQ ID NO: 9. In yet a further embodiment, the 5’
ITR has a nucleic acid sequence from nt 3199 to nt 3328 of SEQ ID NO: 5 and the 3’ITR has a
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nucleic acid sequence from nt 248 to nt 377 of SEQ ID NO: 5. In a further embodiment, the
production plasmid has a sequence of SEQ ID NO: 5, also shown in FIGs. 1C-1E.

In another aspect, a method for treating Batten discase caused by a defect in the CLN2
gene comprises delivering to a subject in need thereof a vector (such as rAAV) which encodes
TPP1, as described herein. In one embodiment, a method of treating a subject having Batten
disease with a rAAV described herein is provided.

By “administering” as used in the methods means delivering the composition to the target
selected cell which is characterized by a defect in the CLN2 gene. In one embodiment, the
method involves delivering the composition by intrathecal injection. In another embodiment,
ICV injection to the subject is employed. In another embodiment, intrathecal-lumbar (IT-L)
injection to the subject is employed. In still another method, intravascular injections may be
employed. In another embodiment, intramuscular injection is employed. Still other methods of
administration may be selected by one of skill in the art given this disclosure.

By “administering” or “route of administration™ is delivery of composition described
herein, with or without a pharmaceutical carrier or excipient, of the subject. Routes of
administration may be combined, if desired. In some embodiments, the administration is
repeated periodically. The pharmaceutical compositions described herein are designed for
delivery to subjects in need thereof by any suitable route or a combination of different routes. In
some embodiments, direct delivery to the brain (optionally via intrathecal, ICV or IT-L injection),
or delivery via systemic routes is employed, e.g., intravascular, intraarterial, intraocular,
intravenous, intramuscular, subcutaneous, intradermal, and other parental routes of
administration. The nucleic acid molecules, the expression cassette and/or vectors described
herein may be delivered in a single composition or multiple compositions. Optionally, two or
more different AAV may be delivered, or multiple viruses [see, ¢.g., WO20 2011/126808 and
WO 2013/049493]. In another embodiment, multiple viruses may contain different replication-
defective viruses (e.g., AAV and adenovirus), alone or in combination with proteins. As used
herein, the terms "intrathecal delivery" or "intrathecal administration" refer to a route of
administration for drugs via an injection into the spinal canal, more specifically into the
subarachnoid space so that it reaches the cerebrospinal fluid (CSF). Intrathecal delivery may
include lumbar puncture, intraventricular (including intracerebroventricular (ICV)),
suboccipital/intracisternal, and/or C1-2 puncture. For example, material may be introduced for
diffusion throughout the subarachnoid space by means of lumbar puncture. In another example,
injection may be into the cisterna magna.

As used herein, the terms “intracisternal delivery™ or “intracisternal administration” refer

to a route of administration for drugs directly into the cerebrospinal fluid of the cisterna magna
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cerebellomedularis, more specifically via a suboccipital puncture or by direct injection into the
cisterna magna or via permanently positioned tube. A device which is useful for delivering the
compositions described herein into cerebrospinal fluid is described in PCT/US2017/16133, which
is incorporated herein by reference.

Also provided herein are pharmaceutical compositions. The pharmaceutical compositions
described herein are designed for delivery to subjects in need thereof by any suitable route or a
combination of different routes.

In yet other aspects, these nucleic acid sequences, vectors, expression cassettes and rAAV
viral vectors are useful in a pharmaceutical composition, which also comprises a
pharmaceutically acceptable carrier, excipient, buffer, diluent, surfactant, preservative and/or
adjuvant, etc. Such pharmaceutical compositions are used to express the optimized TPP1 in the
host cells through delivery by such recombinantly engineered AAVs or artificial AAVs.

To prepare these pharmaceutical compositions containing the nucleic acid sequences,
vectors, expression cassettes and rAAV viral vectors, the sequences or vectors or viral vector is
preferably assessed for contamination by conventional methods and then formulated into a
pharmaceutical composition suitable for administration to the patient. Such formulation involves
the use of a pharmaceutically and/or physiologically acceptable vehicle or carrier, such as
buffered saline or other buffers, e.g., HEPES, to maintain pH at appropriate physiological levels,
and, optionally, other medicinal agents, pharmaceutical agents, stabilizing agents, buffers,
carriers, adjuvants, diluents, surfactant, or excipient etc. For injection, the carrier will typically
be aliquid. Exemplary physiologically acceptable carriers include sterile, pyrogen-free water and
sterile, pyrogen-free, phosphate buffered saline. A variety of such known carriers are provided in
US Patent Publication No. 7,629,322, incorporated herein by reference. In one embodiment, the
carrier is an isotonic sodium chloride solution. In another embodiment, the carrier is balanced
salt solution. In one embodiment, the carrier includes tween. If the virus is to be stored long-
term, it may be frozen in the presence of glycerol or Tween20.

In one exemplary specific embodiment, the composition of the carrier or excipient
contains 180 mM NaCl, 10 mM NaPi, pH7.3 with 0.0001% - 0.01% Pluronic F68 (PF68). The
exact composition of the saline component of the buffer ranges from 160 mM to 180 mM NaCl.
Optionally, a different pH buffer (potentially HEPES, sodium bicarbonate, TRIS) is used in place
of the buffer specifically described. Still alternatively, a buffer containing 0.9% NaCl is useful.

As used herein, the term "dosage" can refer to the total dosage delivered to the subject in
the course of treatment, or the amount delivered in a single unit (or multiple unit or split dosage)
administration. The pharmaceutical virus compositions can be formulated in dosage units to

contain an amount of replication-defective virus carrying the codon optimized nucleic acid
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sequences encoding TPP1 as described herein that is in the range of about 1.0 x 10° GC to about
1.0 x 10'® GC per dose including all integers or fractional amounts within the range. In one
embodiment, the compositions are formulated to contain at least 1x10°, 2x10°, 3x10°, 4x10°,
5x10°, 6x10°, 7x10°, 8x10°, or 9x10° GC per dose including all integers or fractional amounts
within the range. In another embodiment, the compositions are formulated to contain at least
1x10", 2x10', 3x10'°, 4x10'°, 5x10'°, 6x10'°, 7x10'°, 8x10', or 9x10'° GC per dose including
all integers or fractional amounts within the range. In another embodiment, the compositions are
formulated to contain at least 1x10', 2x10', 3x10', 4x10", 5x10', 6x10', 7x10', 8x10', or
9x10" GC per dose including all integers or fractional amounts within the range. In another
embodiment, the compositions are formulated to contain at least 1x10'?, 2x10'?, 3x10'?, 4x10"2,
5x1012, 6x102, 7x10"2, 8x10"2, or 9x10'* GC per dose including all integers or fractional amounts
within the range. In another embodiment, the compositions are formulated to contain at least
1x10", 2x10", 3x10", 4x105, 5x10", 6x10"3, 7x10", 8x10"3, or 9x10'* GC per dose including
all integers or fractional amounts within the range. In another embodiment, the compositions are
formulated to contain at least 1x10', 2x10%, 3x10', 4x10™, 5x10%, 6x10", 7x10', 8x10", or
9x10" GC per dose including all integers or fractional amounts within the range. In another
embodiment, the compositions are formulated to contain at least 1x10'°, 2x10'5, 3x10", 4x10",
5x10%, 6x10°, 7x10", 8x10", or 9x10'® GC per dose including all integers or fractional amounts
within the range. In one embodiment, for human application the dose can range from 1x10' to
about 1x10' GC per dose including all integers or fractional amounts within the range. All
dosages may be measured by any known method, including as measured by ogPCR or digital
droplet PCR (ddPCR) as described in, e.g., M. Lock et al, Hum Gene Ther Methods. 2014
Apr;25(2):115-25. doi: 10.1089/hgtb.2013.131, which is incorporated herein by reference.

In one embodiment, an aqueous suspension suitable for administration to a Batten patient
is provided. The suspension comprises an aqueous suspending liquid and about 7.5 x10° GC or
viral particles to about 1 x10'> GC or viral particles per gram of brain of a recombinant adeno-
associated virus (rAAV) described herein useful as a therapeutic for Batten discase.

It may also be desirable to administer multiple "booster" dosages of the pharmaceutical
compositions of this invention. For example, depending upon the duration of the transgene
within the CNS, one may deliver booster dosages at 6 month intervals, or yearly following the
first administration. The fact that AAV-neutralizing antibodies were not generated by
administration of the rAAV vector should allow additional booster administrations.

Such booster dosages and the need therefor can be monitored by the attending physicians,
using, for example, the TPP1 activity, and neurocognitive tests described in the examples below.

Other similar tests may be used to determine the status of the treated subject over time. Selection
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of the appropriate tests may be made by the attending physician. Still alternatively, the method of
this invention may also involve injection of a larger volume of virus-containing solution in a
single or multiple infection to allow TPP1 activity levels close to those found in normal subjects.

These above doses may be administered in a variety of volumes of carrier, excipient or
buffer formulation, ranging from about 100 microliters to about 50 mL, including all numbers
within the range, depending on the size of the patient, the viral titer used, the route of
administration, and the desired effect of the method. In one embodiment, the volume of carrier,
excipient or buffer is at least about 500 uL. In one embodiment, the volume is about 750 uL.. In
another embodiment, the volume is about 1 mL. In another embodiment, the volume is about 2
mL. In another embodiment, the volume is about 3 mL. In another embodiment, the volume is
about 4 mL. In another embodiment, the volume is about 5 mL. In another embodiment, the
volume 1s about 6 mL. In another embodiment, the volume 1s about 7 mL. In another
embodiment, the volume is about 8 mL. In another embodiment, the volume 1s about 9 mL. In
another embodiment, the volume is about 10 mL. In another embodiment, the volume is about 11
mL. In another embodiment, the volume is about 12 mL. In another embodiment, the volume is
about 13 mL. In another embodiment, the volume is about 14 mL. In another embodiment, the
volume 1s about 15 mL. In another embodiment, the volume is about 16 mL. In another
embodiment, the volume is about 17 mL. In another embodiment, the volume is about 18 mL. In
another embodiment, the volume is about 19 mL. In another embodiment, the volume is about 20
mL. In another embodiment, the volume is about 21 mL. In another embodiment, the volume is
about 22 mL. In another embodiment, the volume is about 23 mL. In another embodiment, the
volume 1s about 24 mL. In another embodiment, the volume is about 25 mL or more. In one
embodiment, the maximum injected volume is about 10% of total cerebrospinal fluid volume.

In one embodiment, the viral constructs may be delivered in doses of from at least 1x10°
to about least 1x10"* GCs in volumes of about 100 microliters mL to about 1 mL for small animal
subjects, such as mice. For larger veterinary subjects, the larger human dosages and volumes
stated above are useful. See, e.g., Dichl et al, J. Applied Toxicology, 21:15-23 (2001) for a
discussion of good practices for administration of substances to various veterinary animals. This
document is incorporated herein by reference.

It is desirable that the lowest effective concentration of virus or other delivery vehicle be
utilized in order to reduce the risk of undesirable effects, such as toxicity. Still other dosages in
these ranges may be selected by the attending physician, taking into account the physical state of
the subject, preferably human, being treated, the age of the subject, and the degree to which the

disorder, has developed.
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Yet another aspect described herein is a method for treating, retarding or halting
progression of Batten disease in a mammalian subject. In one embodiment, an rAAV carrying
the CLN2 native, modified or codon optimized sequence, preferably suspended in a
physiologically compatible carrier, diluent, excipient and/or adjuvant, may be administered to a
desired subject including a human subject in a therapeutically effective amount. This method
comprises administering to a subject in need thereof any of the nucleic acid sequences, expression
cassettes, rAAV genomes, plasmids, vectors or rAAV vectors or compositions containing them.
In one embodiment, the composition is delivered intrathecally. In another embodiment, the
composition is delivered via ICV. In still another embodiment, the composition is delivered
using a combination of administrative routes suitable for treatment of Batten disease, and may
also involve intravenous administration or other conventional administration routes.

For use in these methods, the volume and viral titer of each dosage is determined
individually, as further described herein. The dosages, administrations and regimens may be
determined by the attending physician given the teachings of this specification. In another
embodiment, the method involves administering the compositions in two or more dosages (€.g.,
split dosages). In another embodiment, a second administration of an rAAV including the
selected expression cassette (e.g., CLN2 containing cassette) is performed at a later time point.
Such time point may be weeks, months or years following the first administration. Such second
administration is, in one embodiment, performed with an rAAV having a different capsid than the
rAAV from the first administration. In another embodiment, the rAAYV from the first and second
administration have the same capsid.

In still other embodiments, the compositions described herein may be delivered in a
single composition or multiple compositions. Optionally, two or more different AAV may be
delivered, or multiple viruses (see, e.g., WO 2011/126808 and WO 2013/049493). In another
embodiment, multiple viruses may contain different replication-defective viruses (¢.g., AAV and
adenovirus).

According to the present invention, a “therapeutically effective amount”™ of the hTPP1 is
delivered as described herein to achieve a desired result, i.¢., treatment of Batten disease or one or
more symptoms thereof. A Unified Batten Disease Rating Scale (UBDRS) has been proposed
which is a comprehensive system which physical, seizure, behavioral, and capability assessments.
See, Mink, J., The Unified Batten Discase Rating Scale, accessible at
rarediscases.info.nih.gov/files/mink.pdf. In one embodiment, the goal of treatment is to limit
progression of the disease. This may be assessed by a quantitative and qualitative evaluation of

symptoms, using the CLN2 disease rating discase scale or UBDRS.
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In another embodiment, the method includes performing additional testing, ¢.g., assays
and neurocognitive testing to determine the efficacy of the treatment. Such tests include those
performed as part of the UBDRS, discussed above, and include, without limitation, assessment
of’ speech clarity, tongue protrusion, visual acuity, tone (arms, legs, neck), strength (arms, legs),
hand tapping, heel stomping, spontancous movements (akinesia), Stereotypies, Dystonia,
myoclonus, tremor, chorea, dysmetria, gait, postural stability, seizures, behavior and mood, and
overall health.

In one embodiment of the methods described herein, a one-time delivery of a composition
as described herein, ¢.g., an AAV delivery of an optimized CLN2 cassette, is useful in treating
Batten disease in a subject. In another embodiment of the methods described herein, a one-time
delivery of a composition as described herein, ¢.g., an AAV delivery of an optimized CLN2
cassette, is useful in preventing Batten discase in a subject having a CLN2 defect.

Thus, in one embodiment, the composition is administered before disease onset. In
another embodiment, the composition is administered prior to the initiation of neurological
impairment. In another embodiment, the composition is administered after initiation of
neurological impairment. In one embodiment, neonatal treatment is defined as being
administered a TPP1 coding sequence, expression cassette or vector as described herein within 8
hours, the first 12 hours, the first 24 hours, or the first 48 hours of delivery. In another
embodiment, particularly for a primate (human or non-human), neonatal delivery is within the
period of about 12 hours to about 1 week, 2 weeks, 3 weeks, or about 1 month, or after about 24
hours to about 48 hours. In another embodiment, the composition is delivered after onset of
symptoms. In one embodiment, treatment of the patient (¢.g., a first injection) is initiated prior to
the first year of life. In another embodiment, treatment is initiated after the first 1 year, or after
the first 2 to 3 years of age, after 5 years of age, after 11 years of age, or at an older age. In one
embodiment, treatment is initiated from ages about 4 years of age to about 12 years of age. In
one embodiment, treatment is initiated on or after about 4 years of age. In one embodiment,
treatment is initiated on or after about 5 years of age. In one embodiment, treatment is initiated
on or after about 6 years of age. In one embodiment, treatment is initiated on or after about 7
years of age. In one embodiment, treatment is initiated on or after about 8 years of age. In one
embodiment, treatment is initiated on or after about 9 years of age. In one embodiment, treatment
is initiated on or after about 10 years of age. In one embodiment, treatment is initiated on or after
about 11 years of age. In one embodiment, treatment is initiated on or after about 12 years of
age. However, treatment can be initiated on or after about 15, about 20, about 25, about 30, about
35, or about 40 years of age. In one embodiment, treatment in utero is defined as administering

the composition as described herein in the fetus. See, e.g., David et al, Recombinant adeno-
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associated virus-mediated in utero gene transfer gives therapeutic transgene expression in the
sheep, Hum Gene Ther. 2011 Apr;22(4):419-26. doi: 10.1089/hum.2010.007. Epub 2011 Feb 2,
which is incorporated herein by reference.

In another embodiment, the composition is readministered at a later date. Optionally,
more than one readministration is permitted. Such readministration may be with the same type of
vector, a different viral vector, or via non-viral delivery as described herein.

The goals of the treatments described herein include limiting or halting the progression of
Batten disease. Desirable results of the treatments include, without limitation, increases in any of
the assessment scores of the UBDRS, an increase in TPP1 activity or expression levels, increase
in (or reduction in progression of impairment of) motor function, as determined by
neurocognitive testing, and increase in (or reduction in progression of impairment of) cortical
volume by MRI. A desired result includes reducing muscle weakness, increasing muscle strength
and tone, or maintaining or increasing respiratory health, or reducing tremors or twitching. Other
desired endpoints can be determined by a physician.

In yet another embodiment, any of the above described methods is performed in
combination with another, or secondary, therapy. The secondary therapy may be any now
known, or as yet unknown, therapy which helps prevent, arrest or ameliorate these mutations or
defects or any of the effects associated therewith. The secondary therapy can be administered
before, concurrent with, or after administration of the compositions described above. In one
embodiment, a secondary therapy involves non-specific approaches for maintaining the health of
the retinal cells, such as administration of neurotrophic factors, anti-oxidants, anti-apoptotic
agents. The non-specific approaches are achieved through injection of proteins, recombinant
DNA, recombinant viral vectors, stem cells, fetal tissue, or genetically modified cells. The latter
could include genetically modified cells that are encapsulated. In one embodiment, the secondary
therapy is intracerebroventricular cerliponase alpha (BMN 190). See, Schulz et al,
Intracerebroventricular cerliponase alfa (BMN 190) in children with CLN 2 disease: results from
a phase 1/2 open label, dose-escalation study, J Inherit Metab Disease, 39:S51, which is
incorporated herein by reference. The recommended dosage is 30-300 mg ICV infusion
administered every other week.

In one embodiment, a method of generating a recombinant rAAV comprises obtaining a
plasmid containing an AAV expression cassette as described above and culturing a packaging cell
carrying the plasmid in the presence of sufficient viral sequences to permit packaging of the AAV
viral genome into an infectious AAV envelope or capsid. Specific methods of rAAV vector

generation are described above and may be employed in generating a rAAV vector that can
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deliver the codon optimized CLN2 in the expression cassettes and genomes described above and
in the examples below.

In certain embodiments of this invention, a subject has Batten discase, for which the
components, compositions and methods of this invention are designed to treat. As used herein,
the term "subject"” as used herein means a mammalian animal, including a human, a veterinary or
farm animal, a domestic animal or pet, and animals normally used for clinical research. In one
embodiment, the subject of these methods and compositions is a human. Still other suitable
subjects include, without limitation, murine, rat, canine, feline, porcine, bovine, ovine, non-
human primate and others. As used herein, the term "subject" is used interchangeably with
"patient".

As used herein, the term "treatment" or "treating" is defined encompassing administering
to a subject one or more compounds or compositions described herein for the purposes of
amelioration of one or more symptoms of Batten disease. "Treatment" can thus include one or
more of reducing onset or progression of Batten disease, preventing disease, reducing the severity
of the disease symptoms, or retarding their progression, including the progression of neurological
impairment, removing the disease symptoms, delaying onset of disease or monitoring progression
of disease or efficacy of therapy in a given subject.

In one aspect, a coding sequence is provided which encodes a functional TPP1 protein.
By “functional hTPP1”, is meant a gene which encodes an TPP1 protein which provides at least
about 50%, at least about 75%, at least about 80%, at least about 90%, or about the same, or
greater than 100% of the biological activity level of the native TPP1 protein, or a natural variant
or polymorph thereof which is not associated with disease.

A variety of assays exist for measuring TPP1 expression and activity levels in vitro. See,
¢.g., Example 2 below. The methods described herein can also be combined with any other
therapy for treatment of Batten disease or the symptoms thereof. The management of CLN2
disease is complex. Patients require extensive multidisciplinary medical care due to the high
symptom load and the rapid rate of functional decline, and families require extensive
psychosocial support, yet no management guidelines currently exist for this condition. See, ¢.g.,
Williams et al, Management strategies for CLN2 discase, Pediatric Neurology 69 (2017)
102e112, which is incorporated herein by reference. However, in certain embodiments, the
standard of care may include intracerebroventricular cerliponase alpha (BMN 190). See, Schulz
et al, Intracerebroventricular cerliponase alfa (BMN 190) in children with CLN 2 discase: results
from a phase 1/2 open label, dose-escalation study, J Inherit Metab Disease, 39:551, which is
incorporated herein by reference. The recommended dosage is 30-300 mg ICV infusion

administered every other week.
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In certain embodiments, the AAV9.CLN2 vector is produced. A number of suitable
purification methods may be selected. Examples of suitable purification methods are described,
e.g., International Patent Application No. PCT/US2016/065970, filed December 9, 2016 and its
priority documents, US Patent Application Nos. 62/322.071, filed April 13, 2016 and 62/226,357,
filed December 11, 2015 and entitled “Scalable Purification Method for AAV9”, which is
incorporated by reference herein.

In the case of AAV viral vectors, quantification of the genome copies ("GC") may be
used as the measure of the dose contained in the formulation. Any method known in the art can
be used to determine the genome copy (GC) number of the replication-defective virus
compositions of the invention. One method for performing AAV GC number titration is as
follows: Purified AAV vector samples are first treated with DNase to eliminate contaminating
host DNA from the production process. The DNase resistant particles are then subjected to heat
treatment to release the genome from the capsid. The released genomes are then quantitated by
real-time PCR using primer/probe sets targeting specific region of the viral genome (for example
poly A signal). Another suitable method for determining genome copies are the quantitative-
PCR (qPCR), particularly the optimized qPCR or digital droplet PCR [Lock Martin, et al, Human
Gene Therapy Methods. April 2014, 25(2): 115-125. doi:10.1089/hgtb.2013.131, published
online ahead of editing December 13, 2013]. Alternatively, ViroCyt3100 can be used for particle
quantitation, or flow cytometry. In another method, the effective dose of a recombinant adeno-
associated virus carrying a nucleic acid sequence encoding the optimized TPP1 coding sequence
is measured as described in S.K. McLaughlin et al, 1988 J. Virol., 62:1963, which is incorporated
by reference in its entirety.

The replication-defective virus compositions can be formulated in dosage units to contain
an amount of replication-defective virus that is in the range of about 1.0 x 10° GC to about 9 x
10" GC (to treat an average subject of 70 kg in body weight) including all integers or fractional
amounts within the range, and preferably 1.0 x 10'? GC to 1.0 x 10'* GC for a human patient. In
one embodiment, the compositions are formulated to contain at least 1x10°, 2x10°, 3x10°, 4x10°,
5x10°, 6x10°, 7x10°, 8x10°, or 9x10° GC per dose including all integers or fractional amounts
within the range. In another embodiment, the compositions are formulated to contain at least
1x10", 2x10', 3x10'°, 4x10'°, 5x10'°, 6x10'°, 7x10'°, 8x10'°, or 9x10'° GC per dose including
all integers or fractional amounts within the range. In another embodiment, the compositions are
formulated to contain at least 1x10'!, 2x10', 3x10'!, 4x10", 5x10'L, 6x10, 7x10', 8x10', or
9x10" GC per dose including all integers or fractional amounts within the range. In another
embodiment, the compositions are formulated to contain at least 1x10'%, 2x10"%, 3x10'?, 4x10'%,

5x1012, 6x102, 7x10"2, 8x10"2, or 9x10'* GC per dose including all integers or fractional amounts
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within the range. In another embodiment, the compositions are formulated to contain at least
1x10", 2x10", 3x10", 4x105, 5x10", 6x10"3, 7x10", 8x10"3, or 9x10'* GC per dose including
all integers or fractional amounts within the range. In another embodiment, the compositions are
formulated to contain at least 1x10', 2x10™, 3x10™, 4x10%, 5x10%, 6x10%, 7x10%, 8x10%, or
9x10" GC per dose including all integers or fractional amounts within the range. In another
embodiment, the compositions are formulated to contain at least 1x10'°, 2x10'5, 3x10", 4x10',
5x105, 6x101, 7x10%, 8x10%, or 9x10'> GC per dose including all integers or fractional amounts
within the range. In one embodiment, for human application the dose can range from 1x10' to
about 1x10" GC per dose including all integers or fractional amounts within the range.

In certain embodiments, the dose may be in the range of about 1 x 10° GC/g brain mass to
about 1 x 10'> GC/g brain mass. In certain embodiments, the dose may be in the range of about 3
x 101 GC/g brain mass to about 3 x 10" GC/g brain mass. In certain embodiments, the dose may
be in the range of about 5 x 10' GC/g brain mass to about 1.85 x 10" GC/g brain mass.

In one embodiment, the viral constructs may be delivered in doses of from at least about
least 1x10° GCs to about 1 x 10'°, or about 1 x 10! to 5 x 10"* GC. Suitable volumes for delivery
of these doses and concentrations may be determined by one of skill in the art. For example,
volumes of about 1 puL to 150 mL may be selected, with the higher volumes being selected for
adults. Typically, for newborn infants a suitable volume is about 0.5 mL to about 10 mL, for
older infants, about 0.5 mL to about 15 mL may be selected. For toddlers, a volume of about 0.5
mL to about 20 mL may be selected. For children, volumes of up to about 30 mL. may be
selected. For pre-teens and teens, volumes up to about 50 mL may be selected. In still other
embodiments, a patient may receive an intrathecal administration in a volume of about 5 mL to
about 15 mL are selected, or about 7.5 mL to about 10 mL. Other suitable volumes and dosages
may be determined. The dosage will be adjusted to balance the therapeutic benefit against any
side effects and such dosages may vary depending upon the therapeutic application for which the
recombinant vector is employed.

The above-described recombinant vectors may be delivered to host cells according to
published methods. In certain embodiments, for administration to a human patient, the rAAV is
suitably suspended in an aqueous solution containing saline, a surfactant, and a physiologically
compatible salt or mixture of salts. Suitably, the formulation is adjusted to a physiologically
acceptable pH, ¢.g., in the range of pH 6 t0 9, or pH 6.5t0 7.5, pH 7.0t0 7.7, orpH 7.2 t0 7.8. As
the pH of the cerebrospinal fluid is about 7.28 to about 7.32, for intrathecal delivery, a pH within
this range may be desired; whereas for intravenous delivery, a pH of 6.8 to about 7.2 may be
desired. However, other pHs within the broadest ranges and these subranges may be selected for

other route of delivery.
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A suitable surfactant, or combination of surfactants, may be selected from among non-
ionic surfactants that are nontoxic. In one embodiment, a difunctional block copolymer
surfactant terminating in primary hydroxyl groups is selected, ¢.g., such as Pluronic® F68
(BASF), also known as Poloxamer 188, which has a neutral pH, has an average molecular weight
of 8400. Other surfactants and other Poloxamers may be selected, i.¢., nonionic triblock
copolymers composed of a central hydrophobic chain of polyoxypropylene (poly(propylene
oxide)) flanked by two hydrophilic chains of polyoxyethylene (poly(ethylene oxide)), SOLUTOL
HS 15 (Macrogol-15 Hydroxystearate), LABRASOL (Polyoxy capryllic glyceride), polyoxy 10
oleyl ether, TWEEN (polyoxyethylene sorbitan fatty acid esters), ethanol and polyethylene
glycol. In one embodiment, the formulation contains a poloxamer. These copolymers are
commonly named with the letter "P" (for poloxamer) followed by three digits: the first two digits
x 100 give the approximate molecular mass of the polyoxypropylene core, and the last digit x 10
gives the percentage polyoxyethylene content. In one embodiment Poloxamer 188 is selected.
The surfactant may be present in an amount up to about 0.0005 % to about 0.001% of the
suspension.

In one example, the formulation may contain, ¢.g., buffered saline solution comprising
ong or more of sodium chloride, sodium bicarbonate, dextrose, magnesium sulfate (e.g.,
magnesium sulfate -7H20), potassium chloride, calcium chloride (¢.g., calcium chloride -2H20),
dibasic sodium phosphate, and mixtures thereof, in water. Suitably, for intrathecal delivery, the
osmolarity is within a range compatible with cerebrospinal fluid (e.g., about 275 to about 290);
see, e.g., emedicine. medscape.com/article/2093316-overview. Optionally, for intrathecal
delivery, a commercially available diluent may be used as a suspending agent, or in combination
with another suspending agent and other optional excipients. See, e.g., Elliotts B® solution
(Lukare Medical). In other embodiments, the formulation may contain one or more permeation
enhancers. Examples of suitable permeation enhancers may include, ¢.g., mannitol, sodium
glycocholate, sodium taurocholate, sodium deoxycholate, sodium salicylate, sodium caprylate,
sodium caprate, sodium lauryl sulfate, polyoxyethylene-9-laurel ether, or EDTA.

In another embodiment, the composition includes a carrier, diluent, excipient and/or
adjuvant. Suitable carriers may be readily selected by one of skill in the art in view of the
indication for which the transfer virus is directed. For example, one suitable carrier includes
saline, which may be formulated with a variety of buffering solutions (e.g., phosphate buffered
saling). Other exemplary carriers include sterile saline, lactose, sucrose, calcium phosphate,
gelatin, dextran, agar, pectin, peanut oil, sesame oil, and water. The buffer/carrier should include
a component that prevents the rAAV, from sticking to the infusion tubing but does not interfere

with the rAAV binding activity in vivo.
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Optionally, the compositions of the invention may contain, in addition to the rAAV and
carrier(s), other conventional pharmaceutical ingredients, such as preservatives, or chemical
stabilizers. Suitable exemplary preservatives include chlorobutanol, potassium sorbate, sorbic
acid, sulfur dioxide, propyl gallate, the parabens, ethyl vanillin, glycerin, phenol, and
parachlorophenol. Suitable chemical stabilizers include gelatin and albumin.

The compositions according to the present invention may comprise a pharmaceutically
acceptable carrier, such as defined above. Suitably, the compositions described herein comprise
an effective amount of one or more AAV suspended in a pharmaceutically suitable carrier and/or
admixed with suitable excipients designed for delivery to the subject via injection, osmotic pump,
intrathecal catheter, or for delivery by another device or route. In one example, the composition
is formulated for intrathecal delivery. In one embodiment, intrathecal delivery encompasses an
injection into the spinal canal, ¢.g., the subarachnoid space. In one embodiment, the route of
delivery is intracerebroventricular injection (ICV). In another embodiment, the route of delivery
is intrathecal-lumbar (IT-L) delivery.

The viral vectors described herein may be used in preparing a medicament for delivering
hTPP1 to a subject (¢.g., a human patient) in need thereof, supplying functional TPP1 to a
subject, and/or for treating Batten discase. A course of treatment may optionally involve repeat
administration of the same viral vector (e.g., an AAV9 vector) or a different viral vector (e.g., an
AAV9 and an AAVrh10). Still other combinations may be selected using the viral vectors and
non-viral delivery systems described herein.

The hTPP1 ¢cDNA sequences described herein can be generated in vitro and synthetically,
using techniques well known in the art. For example, the PCR-based accurate synthesis (PAS) of
long DNA sequence method may be utilized, as described by Xiong et al, PCR-based accurate
synthesis of long DNA sequences, Nature Protocols 1, 791 - 797 (2006). A method combining
the dual asymmetrical PCR and overlap extension PCR methods is described by Young and
Dong, Two-step total gene synthesis method, Nucleic Acids Res. 2004; 32(7): €59. See also,
Gordeeva et al, J Microbiol Methods. Improved PCR-based gene synthesis method and its
application to the Citrobacter freundii phytase gene codon modification. 2010 May;81(2):147-52.
Epub 2010 Mar 10; see, also, the following patents on oligonucleotide synthesis and gene
synthesis, Gene Seq. 2012 Apr;6(1):10-21; US 8008005; and US 7985565. Each of these
documents is incorporated herein by reference. In addition, kits and protocols for generating
DNA via PCR are available commercially. These include the use of polymerases including,
without limitation, Taq polymerase; OneTagq® (New England Biolabs); Q5® High-Fidelity DNA
Polymerase (New England Biolabs); and GoTaq® G2 Polymerase (Promega). DNA may also be

generated from cells transfected with plasmids containing the hOTC sequences described herein.
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Kits and protocols are known and commercially available and include, without limitation,
QIAGEN plasmid kits; Chargeswitch® Pro Filter Plasmid Kits (Invitrogen); and GenElute™
Plasmid Kits (Sigma Aldrich). Other techniques useful herein include sequence-specific
isothermal amplification methods that eliminate the need for thermocycling. Instead of heat, these
methods typically employ a strand-displacing DNA polymerase, like Bst DNA Polymerase, Large
Fragment (New England Biolabs), to separate duplex DNA. DNA may also be generated from
RNA molecules through amplification via the use of Reverse Transcriptases (RT), which are
RNA-dependent DNA Polymerases. RTs polymerize a strand of DNA that is complimentary to
the original RNA template and is referred to as cDNA. This cDNA can then be further amplified
through PCR or isothermal methods as outlined above. Custom DNA can also be generated
commercially from companies including, without limitation, GenScript; GENEWIZ®; GeneArt®
(Life Technologies); and Integrated DNA Technologies.

The term “expression” is used herein in its broadest meaning and comprises the
production of RNA or of RNA and protein. With respect to RNA, the term “expression” or
“translation” relates in particular to the production of peptides or proteins. Expression may be
transient or may be stable.

The term “translation” in the context of the present invention relates to a process at the
ribosome, wherein an mRNA strand controls the assembly of an amino acid sequence to generate
a protein or a peptide.

It is to be noted that the term "a" or "an" refers to one or more. As such, the terms "a" (or
"an"), "one or more," and "at least one" are used interchangeably herein.

The words "comprise", "comprises”, and "comprising" are to be interpreted inclusively
rather than exclusively. The words "consist", "consisting", and its variants, are to be interpreted
exclusively, rather than inclusively. While various embodiments in the specification are
presented using "comprising" language, under other circumstances, a related embodiment is also
intended to be interpreted and described using "consisting of" or "consisting essentially of™
language.

As used herein, "disease", "disorder" and "condition" are used interchangeably, to
indicate an abnormal state in a subject.

T3]

As used herein, the term "about" or “~” means a variability of 10% from the reference
given, unless otherwise specified.

The term "regulation" or variations thereof as used herein refers to the ability of a
composition to inhibit one or more components of a biological pathway.

Unless defined otherwise in this specification, technical and scientific terms used herein

have the same meaning as commonly understood by one of ordinary skill in the art and by
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reference to published texts, which provide one skilled in the art with a general guide to many of

the terms used in the present application.

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

invention.

Example 1: AAV hTPPlco vectors

The human (h) TPP1-endcoding optimized cDNA was custom-designed for optimal
codon usage and synthesized. The hTPP1co ¢cDNA as shown in FIG. 1F and reproduced as SEQ
ID NO: 3, was then placed in a transgene expression cassette which was driven by a CB7
promoter, a hybrid between a cytomegalovirus (CMV) immediate early enhancer (C4) and the
chicken beta actin promoter, while transcription from this promoter is enhanced by the presence
of the chicken beta actin intron (CI) (FIGs. 1A and 1B). The polyA signal for the expression
cassette is the rabbit beta-globin (RBG) polyA.

A 6841 bp production plasmid of AAV.hTPPlco vector (AAV.CB7.CLhTPP1co.RBG)
was constructed with the hTPP1co expression cassette described herein flanked by AAV?2 derived
ITRs as well as resistance to Ampicillin as a selective marker (FIG. 1B). A similar
AAV hTPPlco production plasmid with resistance to Kanamycin was also constructed. The
vectors derived from both plasmids were single-stranded DNA genome with AAV?2 derived ITRs
flanking the hTPP1co expression cassette described herein.

The AAV.hTPPlco vectors were made by triple transfection and formulated in excipient
consisting of phosphate-buffered saline (PBS) containing and 0.001% Pluronic F68 (PF68). See,
e.g. Mizukami, Hiroaki, et al., A Protocol for AAV vector production and purification, Diss. Di-
vision of Genetic Therapeutics, Center for Molecular Medicine, 1998. Genome titers of the
vector produced was determined via droplet digital PCR (ddPCR). See, e.g., M. Lock et al, Hu
Gene Therapy Methods, Hum Gene Ther Methods. 2014 Apr;25(2):115-25. doi:
10.1089/hgtb.2013.131. Epub 2014 Feb 14.

Example 2: In vitro expression of AAV.hTPPIco vectors

The AAV.hTPP1co was tested for expression of functional TPP1 in vitro. HEK 293 cells
were plated in 6-well plates. When reaching about 90% confluency, the cells were transfected
with 5 ng of AAV.hTPPlco vectors or no DNA. 72 hours later, the supernatant of the cell

cultures was harvested and processed for TPP1 activity / enzyme assay.
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For the TPP1 assay, fluorogenic substrate, AAF-AMC (Bachem, Catolog # [-1415, 10
mM dissolved in DMSO) was diluted in Assay Buffer containing 50 mM sodium acetate and
100mM sodium chloride at pH 5.0) to 500 uM. 50 uL of the tested sample (supernatant) was
firstly loaded into a black well plate in duplicate. 50 pL. of 500 uM substrate was added to each
well to start the reaction of converting substrates to products catalyzed by functional TPP1 and
releasing fluorescent product, AMC. The intensities of fluorescent signal from samples were
monitored for 10 minutes via a fluorescent microplate reader in kinetic mode (the emission
wavelength was set at 460 nm while the excitation wavelength was at 380 nm). 7-Amino-4-
Methylcoumarin (AMC, Thermo Fisher #A191) was utilized as a fluorescence reference standard.
Concentrations of the released fluorescent product were calculated based on the standard curve of
AMC diluted in the Assay Buffer and then plotted in FIG. 2.

During the 10-minute observation period, supernatant from cell cultures transfected with
AAV hTPPlco demonstrated a steady and sharp increase of the fluorescent signal (CB7.CLN2,
upper line in FIG. 2) while the supernatant from the non-transfected cells only showed a minor
increase (Mock, lower line in FIG. 2). This result indicated that the AAV hTPPlco vectors were

able to express human functional TPP1 proteins in vitro.

Example 3: /n vivo expression of AAV.hTPPIco vectors

To assess the in vivo expression of the AAV hTPP1co vectors described herein, 10
C57BL/6] wild-type male mice were injected with the AAV.hTPP1co described herein via
intracerebroventricular administration at 1 x 10" GC. Mice were kept on a 12-hour light/12-hour
dark cycle, and food/water was provided ad libitum. 10 wild-type male mice without injection
served as control. All mice were sacrificed and necropsy was performed 14 days after injection.
Expression of TPP1 and overt toxicity were evaluated.

To assess expression of TPP1 in the murine brain, brain samples of the mice described
above were harvested and homogenized in MPS® tissue lysis buffer. Protein concentration in
brain lysate was determined by the bicinchoninic acid assay (BCA assay). TPP1 enzyme activity
of the brain lysate was measured as described in Example 2 and normalized to units/h/pg brain
protein. Assay buffer incubated with substrates and no brain lysate was served as negative
control. The results were plotted in FIG 3A. Brain lysate of wildtype mice without injection
(WT, FIG. 3A) demonstrated a TPP1 enzyme activity compared to the negative control (blank,
FIG. 3A), while the highest level of TPP1 enzyme activity was observed in the mice treated with
AAV . hTPPlco (WT+lell, FIG. 3A).

Parallel studies of TPP1 enzyme activity using cerebrospinal fluid (CSF, FIG. 3B), serum
(FIG. 3C) and liver (FIG. 3D) of the tested animals described above were performed. CSF
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samples contaminated with blood during collection were excluded from measurement. The result
for liver samples was normalized to units/h/ug liver protein determined by BCA assay while
those for CSF and serum samples were normalized to units/h/ul of liquid volume of the tested
sample used for the assay. Increases in TPP1 enzyme activity of mice injected with the
AAV hTPPlco were observed in CSF (WT+l1ell, FIG. 3B), serum (WT+1ell, FIG. 3C) and
liver (WT+1e11, FIG. 3D) compared to mice without treatment (WT).

In view of the above, injection of the AAV hTPPIco described herein resulted in
expression of functional human TPP1 in vivo.

Tissues and organs of the tested mice, such as brain, eye, liver, lung, kidney and muscle,
were also collected and are processed for toxicity evaluation, such as morphology and

immunostaining of damage response marker (GFAP and etc.).

Example 4: AAV.hTPPl1co vectors in TPP1 knock-out (KO) mice/Mouse model

To assess the efficacy of the AAV hTPPlco injection, TPP1 knock-out (KO) mice were
obtained and maintained on a 12-hour light/12-hour dark cycle with food/water provided ad
libitum. 2-3 month old female TPP1 KO mice (KO mice) were utilized. 5 mice were injected
with 1 x 10" GC of the AAV.hTPP1co vectors via intracerebroventricular administration while 4
mice were injected with phosphate-buffered saline (PBS) as control. Body weights of the tested
mice were monitored and recorded. TPP1 enzyme activity of samples from brain, CSF, serum
and liver were measured. Brain histology, such as lipofuscin auto-fluorescence and astrocytosis
assessed by GFAP expression, was evaluated. Functional and behavioral tests, such as rotarod,
tremor scoring and nest building were performed.

While the Tpplm1j mouse model of CLN2 disease has not been extensively described in
the scientific literature, available data from Karst et al. (2016) and a natural history study
establish that the Tpplm1j mouse model is a biologically-relevant animal model of CLN2 discase
that reproduces many of the characteristic features of the target patient population. The Tpplmlj
mouse model results from a single nucleotide mutation in the splice donor site downstream of
exon 8 of the CLN2 gene, which encodes for the soluble lysosomal enzyme TPP1. As a result of
this mutation, Tpplm1j mice exhibit undetectable levels of TPP1 enzymatic activity in brain
tissue, as well as a similar pathophysiology, phenotype, and mortality as humans with CLN2
discase. Inflammation and glial cell activation in CNS tissues appears to begin as carly as 1-
month of age in this mouse model, while the accumulation of lipofuscin is detectable in neurons
by 2-months of age. Subsequently, animals exhibit progressive neuronal degeneration in the
brain, spinal cord, and motor neurons. Tpplm1j mice initially show intermittent tremor and

hunched posture starting at 2-months of age, before progressing to a constant tremor, diminished
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neurobehavioral function, and weight loss over time. Seizures and death are observed as early as
3.5-months of age, and 100% mortality is observed by 6-months of age (Karst et al., 2016;
unpublished data). In summary, the Tpplm1J mouse model is a biologically-relevant animal
model of CLN2 disecase and is highly similar to other established mouse and canine models,
including the Tpp1tm1Plob mouse (Sleat et al., 2004) and TPP1-null dachshund (Awano et al.,
2006) models.

There are several reported animal models of CLN2 disease, including canine and murine
models. The most well-characterized in the scientific literature is the TPP1-null canine model
first reported in a population of Dachshunds (Awano et al., 2006). As a result of a single
nucleotide deletion in exon 4 of canine TPP1 (canine ortholog of human CLN2) and predicted
frameshift mutation with a premature stop codon, affected canines exhibit many of the clinical
and biochemical manifestations of humans with CLN2 disease, including deficient TPP1
enzymatic activity (<1% WT levels in brain tissue), generalized myoclonic seizures (responsive
to diazepam), retinal degeneration and vision loss, progressive neurological signs (vomiting,
tremors, unresponsiveness to learned commands, proprioceptive ataxia, asymmetric reduction in
menace response, cerebellar ataxia, motor dysfunction, hyperactivity, myoclonus of the head,
decreased cognitive function), and early mortality (~10-12 months of age). Extensive
neuropathology consistent with CLN2 disease in humans is also evident, including neuronal cell
loss, depletion of white matter, progressive brain atrophy, and lysosomal accumulation of
autoflourescent storage granules consisting of characteristic curvilinear-appearing material.
However, breeding constraints and the extremely limited availability of this animal pose
challenges to the use of the TPP1-null canine model in the preclinical testing program for
AAV9.CB7hCLN2.

The most commonly-reported murine model of CLN2 disease in the scientific literature is
the Tppltm1Plob mouse model developed by Dr. Peter Lobel (Sleat et al., 2004). In this model,
the CLN2 gene carries a neomycin cassette in Intron 11. As a result, there is no detectable TPP1
enzymatic activity in the brain of these animals. Pathophysiology and neurobehavioral changes in
this model reflect CLN2 disease in humans, including progressive neurological signs (impaired
motor function, tremor, seizure), extensive neuropathology (progressive lysosomal accumulation
and inflammation in the brain, widespread axonal degeneration), and shortened lifespan (~6
months). The Tppltm1Plob mouse model has been incorporated into the preclinical testing
programs of numerous clinical stage programs (Clinical Trials. gov identifiers: NCT00151216,
NCT01414985, NCT01161576; Passini et al., 2005; Passini et al., 2006; Sondhi et al., 2007;
Sondhi et al., 2008). However, the Tppltm1Plob mouse model is not commercially-available and

thus was not feasible to incorporate into the preclinical testing program for AAV9.CB7. hCLN2.
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The Tpplmlj mouse model of CLN2 disease, which is highly similar to the Tppltm1Plob
mouse model, is commercially-available through Jackson Laboratories. This mouse model results
from a single nucleotide mutation in the splice donor site downstream of exon 8 of the CLN2
gene. As a result of this mutation, Tpplm1j mice exhibit undetectable levels of TPP1 enzymatic
activity in brain tissue, as well as a similar pathophysiology, phenotype, and mortality as humans
with CLN2 disease (Karst et al., 2016).

A natural history study was conducted to further characterize the Tpplm1j mouse model.
Briefly, wild-type (n=40) and Tpplm1j mice (n=60) were monitored for progression of the
disecase phenotype (body weight, clinical observations, survival) with scheduled sacrifices (of
surviving animals, as feasible) at 1- (n=20), 3- (n=20), and 5.5- (n=20) months of age to evaluate
TPP1 enzymatic activity and histopathology (accumulation of lysosomal storage material,
astrocytosis) in brain tissue. Briefly, cage-side observations revealed onset of a moderate gait
abnormality and/or tremors in the majority of Tpplm1j mice at 2-months of age, while a minority
of animals appeared to experience generalized fatal seizures prior to the onset of other clinical
symptoms. A slight impairment of motor coordination was observed in Tpplm1j mice at 3-
months of age upon clinical observations. Grand mal seizures or generalized clonic-tonic seizures
were observed in the majority of animals, beginning as early 3.5-months of age. The seizures
appeared to be caused and/or amplified by environmental stress, such as during cage changes,
loud noises, and fighting (of note, reported instances of apparent fatal startle seizures induced by
environmental stimuli such as loud noises have also been reported in the Tppltm1Plob mouse
model (Sleat et al., 2004)). In general, Tpplm1j mice showed rapid deterioration following onset
of symptoms, including decreased motility, gradual weight loss, inability to feed, partial and then
generalized tremor, seizures, and early mortality (100% mortality by 6-months of age; FIG. 15).
The apparent gender-specific differences in the survival curves are hypothesized to be the result
of a higher incidence of environmental stimuli-induced fatal seizures in male animals due to
fighting.

TPP1 enzymatic activity was measured in the brain and liver of Tpplm1j mice using a
modified version of the protocol by Sohar et al. (Sohar et al., 2000). Data confirm the absence
of any residual TPP1 activity in all tested tissues at all time points (FIG. 16).

Cortex, hippocampus, brainstem, and cerebellum were harvested at 1-, 3-, and 5.5-months
of age and processed to analyze neuropathology and accumulation of lysosomal storage material
as a marker for disease progression. CNS tissue showed progressive lysosomal accumulation and
neuropathology, which was marked by end-stage disease at 5.5-months (data not shown). Briefly,
on H&E stained sections, brain was unremarkable at 1-month of age (whereas mild astrocytosis

was already present upon GFAP immunostaining). At 3-months of age, numerous measures of
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neuropathology were observed including eosinophilic storage material in large brainstem
neurons, gliosis in the cortex, and widespread astrocytosis in multiple regions of the brain. At 5.5-
months of age, storage pathology was prominent in pyramidal cortical neurons and brainstem
large neurons, in addition to widespread and prominent astrocytosis throughout the brain. Storage
material was readily apparent under fluorescent light (without staining), particularly in the
brainstem.

Besides intrinsic neuronal defects, another emerging factor common to many LSDs
(including CLN2 disease) is neuroinflammation, which may negatively impact neuronal survival
and contribute to progressive neurodegeneration. Microglial and astrocyte activation is a hallmark
of many LSDs that affect the CNS, which often precedes and predicts regions where eventual
neuron loss will occur (Bosch et al., 2015). Thus, to enable the objective quantification of
astrocytosis, a scoring system was developed based on GFAP staining (ie, GFAP score). The
GFAP score was defined as the average number of activated astrocytes (stained with anti-GFAP
antibody) per 20x power field. In this natural history study, GFAP scores were calculated in the
hippocampus and in the cortex at 1-, 3-, and 5.5-months of age. Results show a progressive
accumulation of GFAP that coincides with disease progression (FIG. 17). Astrocytosis appears to
be a more sensitive marker of neuropathology than neuronal storage accumulation as it was
observed before storage accumulation (which was detected at 3-months of age). The observation
of astrocytosis as early as 1-month of age in the cortex and hippocampus is consistent with the
hypothetical role of inflammation as a primary cause of neuronal death in CLN2 disease,
although the sensitivity of methods used to detect lipofuscin accumulation (non-specific dyes
with no signal amplification by immunohistochemistry) is decreased relative to GFAP staining. In
summary, the Tpplm1J mouse model is a biologically-relevant animal model of CLN2 disease
and highly similar to other established mouse and canine models, including the Tpp1tm1Plob
mouse (Sleat et al., 2004) and TPP1-null dachshund (Awano et al., 2006) animal models.
Tpplm1j mice exhibit characteristic features of CLN2 disease in humans, including early age at
onset of clinical symptoms, rapid progression of the abnormal phenotype, and shortened lifespan,
as well as similar pathophysiological, biochemical, and functional changes. Starting in the first
weeks of life (and presumably before birth) in the Tpplm1j mouse, the deficiency in TPP1
enzymatic activity culminates in the accumulation of lipid-containing residues of lysosomal
digestion, also known as lipofuscin granules, in the cytoplasm of neurons. Lipofuscin
accumulation in the cytoplasm of neurons is revealed by H&E staining and correlates with an
increase in astrocyte activation or astrocytosis (indicative of neuro-inflammation). Subsequently,
Tpplmlj mice experience progressive deterioration of motor function and gait abnormalities,

tremors, seizures, weight loss and inability to eat, and early mortality.
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A. Weights

Body weights of five TPP1 KO mice injected with 1 x 10" GC of AAV hTPPlco vectors
were monitored about every 14 days after injection (closed squares connected by line shown in
FIG. 11). Three TPP1 KO mice injected with PBS only served as control (closed circles
connected by line in FIG. 11). The fourth TPP1 KO mice died during the study thus was excluded
here. The body weights at day 4 after injection were comparable between the treated mice and
control while treatment with 1x10" GC of AAV9.CB7.CLhCLN2co.RBG appeared to booster
weight gain in KO females.

B. TPP1 enzyme activity

TPP1 enzyme activities in the serum of TPP1 KO females injected ICV with PBS (FIG.
10, KO +PBS, n=4) or 1x10" GC AAV9.CB7.CLhCLN2¢o0.RBG (FIG. 10, KO +1el1, n=5)
were measured. Wildtype male mice without injection (FIG. 10, WT, n=2) or injected ICV with
1x10" GC AAV9.CB7.C1.hCLN2¢co.RBG (FIG. 10, WT +1el1, n=2) as described in Example 3
were tested simultaneously for accurate comparison.

TPP1 enzyme activity was measured in serum and normalized to Units/pl/h by dividing
by the volume of serum used for the assay as described in Example 2. After injection with
AAV hTPPlco, female KO mice did not show elevated TPP1 enzyme activity in serum in
contrast to the male wildtype mice (FIG. 10).

C. Brain histology

60 days post ICV injection with PBS or 1x10"' GC AAV9.CB7.C1L.hCLN2co.RBG,
animals were euthanized and tissues, such as brain, lung, liver, muscle and kidney, were
harvested. The brain samples were sectioned and taken for further histological analysis.

Cortex and thalamus were stained for GFAP (Glial fibrillary acidic protein), a marker of
astrocyte activation, by immunohistochemistry. Astrocyte activation, also known as astryocytosis,
is one of the primary causes of neuron death /loss in NCLs. WT animals showed relatively little
GFAP staining in cortex and thalamus (not shown). PBS treated knockouts showed dramatically
increased GFAP staining in cortex and thalamus (not shown). Knockouts treated with 1x10*' GC
AAVI9.CB7.CLhCLN2co.RBG appeared to show amelioration of GFAP staining in both cortex
and thalamus (not shown).

D. Functional and behavioral tests

a. Nest building
TPP1 KO females injected ICV with PBS (n=4) or 1x10'" GC of
AAV9.CB7.CL.hCLN2¢c0.RBG (n=5) were group housed. Animals were rehoused into new cages

and 24 hours post cage-change, nestlets were observed for signs of nest-building.
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KO females treated with PBS showed minimal signs of tearing up their nestlets
and building a nest, which is consistent with observations described by Ron Crystal in the Peter
Lobel model. KO females treated with 1x10'" GC of AAV9.CB7.CL.LhCLN2co.RBG tore up their
nestlets and built a normal nest, demonstrating an improvement in normal behavior of the mice.
Nest building test is performing on more mice for quantitative purpose.

b. Rocking rotarod test

TPP1 KO females injected ICV with PBS (n=4) or 1x10'! GC of
AAV9.CB7.CL.hCLN2¢c0.RBG (n=5) underwent rocking rotarod testing according to the protocol
below.

For the rotarod test, mice were exposed to the rotarod for 4 consecutive days, one
habituation and rocking rotarod session and then three subsequent training sessions (including
motor learning and rocking rotarod). An increase in the latency to “fail” indicates learning had
occurred. The time period of the day for training and testing was kept the same, which were 8 am
tol2 pm. On the first day, two trials were performed at a constant low speed (5 rpm) to allow the
mouse to habituation to the equipment. Mice were placed on a rotarod running at 5 rpm for 120
seconds. If a mouse fell, the animal was put back on the rod. 2 minutes rest was allowed
between the 2 trials. The Rotarod was set in constant speed mode at 5 rpm. On the same day,
rocking rotarod session was started just after habituation (2 minutes rest in between was allowed).
The rotarod was set at 10 rpm with reverse rotation every other rotation for a total of 180 seconds.
A trial was terminated when a mouse fell off or after 180 seconds. After a 3 min of inter-trial
intervals (ITI), a second trial was performed. After another 3 min I'TI, a third and last trial was
performed. Rotarod setting was set in rocking mode at 10 rpm with reverse rotation after one full
rotation.

3 months old animal were tested starting on the injection day (D0) as well as on
day 60 post-injection (about 5 months old, D60). Each mouse was tested 3 times on DO and 3
times on D60. The average of latency to fall measured as time spent on the rotarod in second for
each group was plotted in FIG. 12A. No significant difference between PBS (KO + PBS, closed
circles connected by line in FIG. 12A, n=4) and AAV.hTPPlco treated KOs (KO + 1el11 GC,
closed squares connected by line in FIG. 12A, n=4) was observed on D60.

¢. Accelerating rotarod test

TPP1 KO females injected ICV with PBS (n=4) or 1x10'" GC of
AAV9.CB7.CL.hCLN2¢0.RBG (n=5) underwent accelerating rotarod testing according to the
protocol below.

Mice were exposed to the Rotarod for 4 consecutive days, one habituation and

rocking rotarod session and then three subsequent training sessions (including motor learning and
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accelerated rotarod). An increase in the latency to “fail” indicated learning had occurred. The
time period of the day for training and testing was kept the same, which were 8 am to12 pm. On
the first day, two trials were performed at a constant low speed (5 rpm) to allow the mouse to
habituation to the equipment. Mice were then placed on a Rotarod running at 5 rpm for 120
seconds. If a mouse fell, the animal was put back on the rod. 2 minutes rest was allowed between
the 2 trials. The rotarod was set in constant speed mode at 5 rpm. On the second to the fourth day,
mice were exposed to accelerated rotarod. The Rotarod was set to accelerate from Srpm to 40
rpm over 300 seconds. A trial was terminated when a mouse fell off, made one passive complete
revolution while hanging on, or after 300 seconds. After a 5 min ITI, a second trial was
performed. After another 5 min ITI, a third and last trial was performed. During this session, the
rotarod was set in accelerated ramp mode from 5 to 40 rpm for 300 second.

3 months old animal were tested starting on the injection day (D0) as well as on
day 60 post-injection (about 5 months old, D60). Each mouse was tested 3 times on DO and 3
times on D60. The average of latency to fall measured as time spent on the rotarod in second for
cach group was plotted in FIGs 12B (D0) and 12C (D60). An improved learning was observed
on the second training date in AAV.hTPP1co treated KOs during the D60 test.

Example 5: Dose efficacy

Experiments were performed to assess the efficacy and toxicity of the AAV.hTPPlco
injection at various doses. TPP1 knock-out (KO) mice and wildtype mice were maintained on a
12-hour light/12-hour dark cycle with food/water provided ad /ibitum. TPP1 KO mice at 1 month
of age were injected with 3 x 10° (low dose) or 3 x 10! (high dose) GC of the AAV.hTPPlco
described above via intracerebroventricular administration. TPP1 KO and Wildtype mice were
also injected with PBS and served as control. Each group contained ten male and ten female
animals. Survival and body weights of the tested mice were monitored and recorded.
TPPlenzyme activity of samples from brain, CSF, serum and liver were measured. Brain
histology, such as lipofuscin auto-fluorescence and astrocytosis assessed by GFAP expression,
was evaluated. Functional and behavioral tests, such as motor coordination assay, were
performed. Furthermore, the anti-TPP1 immune response was also evaluated.

A. Survival curve and body weight

Survival was monitored daily and animal was euthanized if they lost 20% of weight. The
survival curve was plotted in FIG. 4A while the median survival weeks for each tested group
were calculated and listed in FIG. 4B. Death of high dose treated animals was not detected
during the observation period with an exception of one female. All low dose treated animals and

untreated KO were found dead. The median survival weeks of male KO mice were 15 while
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female KO mice demonstrated a 24-week median survival time. In the 3 x 10° GC of
AAV hTPPlco treated KO mice, the median survival of males was 16 weeks while the one of
females was 19 weeks (FIG. 4B).

Animals administered AAV9.CB7 hCLN2 at the high-dose exhibited normalization of
motor learning (cerebellum function) compared to wild-type controls, as well as dramatically
increased survival (85% survival at 30 weeks post-injection versus 0% survival in control
animals) (Figure 4A’). There did not appear to be benefit in survival or other measures of
bioactivity in Tpplm1j mice that were administered AAV9.CB7.hCLN2 at the low-dose (7.5 x
109 GC/g brain mass), with an observed median survival of ~17 weeks in both low-dose and
control animals.

The body weights of all tested animals described above were plotted in FIG. 5. High dose
treated animals showed a moderate weight loss compare to KO.

B. Motor coordination assay

NCL is a CNS disease and neurons death affects the motricity. To evaluate the disease
phenotype, mice were tested for motor coordination on a rotarod as described in Example 4. Mice
were trained on this protocol every 3 weeks since age of one month. The latency to fall measured
in time spent on rotarod in second were recorded. The results of trial 3 at day 3 of the test starting
90 day post therapy were plotted in FIG. 6. Significant differences between untreated and high
dose treated KO were observed, while a same physical ability between the WT and high dose
treated KO were observed. These results demonstrated that the high dose therapy compensated
the disease phenotype in TPP1 KO mice.

C. Anti-TPP1 immune response

To evaluate toxicity and enzyme correction of the AAV.hTPPIco described above, the
immune response against TPP1 was evaluated. At 70 days post ICV injection, 3.3 month old mice
described above in the instant Example were bleed. The produced sera were tested for presence of
anti-TPP1 antibody to evaluate the immune response against TPP1 protein.

Immune response was measured by ELISA as described below. TPP1 proteins at pH7.5
were diluted in regular PBS for a final concentration at 2.5pg/ml. To coat the ELISA plate, 50
uL of diluted TPP1 was loaded to each well and the covered plate was kept in cold room
overnight. Five wash via buffer B were performed on the following day in a plate washer. 200 pl
blocking solution (2% (2g per 100 ml) bovine serum albumin (BSA) diluted in PBS) was added
to each well and incubated for a minimum of 1 hour at room temperature to block the nonspecific
binding sites of the plate. The blocking solution was removed by inverting the plate and shaking
vigorously. The collected serum was diluted a thousand times in regular PBS and each well was

loaded with 50 ul of such diluted sera. PBS only wells were served as negative control while a
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positive sample were diluted at 1/10, 1/30, 1/90, 1/270, 1/810, 1/ 2430 and 1/7290 to generate a
standard curve. Duplicates or triplicates for each tested serum were performed. After a 2-hour
incubation at room temperature, five washes with buffer B were performed in the plate washer.

To test anti-TPP1 IgG, primary antibody, which is HRP conjugated goat anti mouse IgG
antibody, was diluted at 1:10,000 in blocking buffer. 100uL of prepared primary antibody was
added to each well and incubated for 1 hour at room temperature. Five washes with buffer B
were performed in the plate washer. 150 ul HRP substrate (3,3',5,5'"-Tetramethylbenzidine,
TMB) were loaded to each well. 1 to 30 minutes incubation in dark was allowed for develop a
detectable color. 50 pl stop buffer (sulfuric acid) were added to each well with gentle pipetting if
necessary. Signal at 450nm was measured using a plate reader.

For detecting anti-TPP1 IgM, the same protocol as described above were performed with
following modifications. The primary antibody was goat anti mouse IgM. After incubation with
primary antibodies, five washes with buffer B were performed followed by a 30 minute
incubation with 100 ul HRP conjugated anti-goat secondary antibody diluted at 1:10,000 in
blocking buffer.

Both low dose treated male and female KO mice and high dose treated female mice
showed strong immune responses against TPP1 (FIG. 7A), demonstrating this immune response
was independent of the therapeutic dose. Male KOs treated with high dose of the AAV.hTPPlco
vectors showed moderate immune response. The concomitant TPP1 enzymatic activity in the
same sera was measured as described in Examples 2 and 4 and plotted in FIG. 7B and FIG. 20.
Enzyme activity was inversely correlated with presence of anti-TPP1 antibody. Nevertheless, no
difference in therapeutic efficacy was observed between male and female high dose as shown in
Example 5, suggesting no negative impact of the anti TPP1 immune response.

D. TPP1 enzyme activity

To evaluate the TPP1 enzymatic activity in different organs as well as to assess enzymatic
correction in affected tissues (mostly brain), TPP1 enzyme activity was measured as described in
Examples 2 and 4. Brain tissues, such as cortex and sections comprising part of lateral ventricle
(LV), hippocampus and thalamus (labelled as LV section in FIG. 9), were harvested, dissected
and processed as described in Example 4. No TPP1 activity was observed in 3-month-old male
and female TPP1 KO mice and thus was used as baseline demonstrating the total absence of
residual TPP1 in the KOs while one-month-old wildtype mice demonstrated a normal and
detectable level of TPP1 activity (FIG. 8). Similar result was observed in other organs, including
cerebellum and liver in the wildtype mice as well as the KOs injected with PBS only (FIG. 9).
TPP1 enzyme activity treated with 3 x 10" GC of the AAV.hTPP1co described above were also

measured and plotted in FIG 9 for comparison. In the three different organs tested (LV section,

46



10

15

20

25

30

35

WO 2018/209205 PCT/US2018/032278

cerebellum and liver), high dose vector treated KOs provided more TPP1 activity than wild type
while the TPP1 activity level of KO injected with PBS stayed low and thus was subtracted from
all samples shown in FIG. 9, demonstrating a successful cellular enzymatic correction and a
healthy phenotype in KO mice treated with hAAV hTPP1co.

In high-dose animals, TPP1 enzymatic activity (the enzyme encoded by
AAV9.CB7.hCLN2) was increased to supraphysiological levels in the cerebrum, cerebellum, and
liver at 30 weeks post-injection (FIG. 20).

E. Histological analysis

To assess the bioactivity and efficacy of ICV injection of AAV hTPP1co in the brain,
brain samples of the tested mice were stained for GFAP, a marker of activated
astrocytes/astrocytosis, via immunohistochemistry. Images not shown. Both cortex and thalamus
of one-month-old wildtype mice showed no GFAP but the corresponding samples of the KO
animals were observed with astrocytosis at one month of age, indicating that astrocytes were
activated by accumulation of lipids in neurons due to TPP1 mutation and such astrocytosis
progress started at one month old or earlier. In KO mice, astrocytosis kept increasing upon
growth. At 3 months of age, a further elevated level of GFAP was detected in both cortex and
thalamus in the KO mice. In the survival curve shown in FIG. 4, death of KO animals was
observed starting at 3.5 months of age, which is consistent with the reported links between
activated astrocytes and neuronal death observed in different parts of the brain of NCL patients
and animal models. Thus, this neuronal loss conferred the disease phenotype of tremor and motor
coordination abnormality observed in the KO. This conclusion was further supported by the
massive astrocytosis observed via GFAP immunostaining in hippocampus sections adjacent to
lateral ventricles of the 3.5month-old KO mice injected with PBS and found dead as described in
Example 4.

Furthermore, GFAP staining was performed only at 4.5 months of age using the brain
samples of KO animals treated with 1 x 10'" GC of the AAV . hTPP1co described above as well
wildtype and KO mice injected with PBS. The brain of AAV.hTPPIco treated mice was clear of
astrocytosis with an observation similar to wildtype, indicating that the AAV hTPPlco therapy
not only controlled but also actively repressed activated astrocytes. Quantification of astrocytosis
is performed. In high-dose animals, brain neurons exhibited corrections in astrocytosis (marker of
neuroinflammation) and lysosomal accumulation of substrates at 30 weeks post-injection (Figure
9).

In view of the above, the enzyme activity and physiological phenotype of TPP1 KO mice
were successfully restored via administration of AAV.CB7.CLhTPP1co.RBG.

Example 6: Manufacturing
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Briefly, HEK293 cells from the master cell bank (MCB) are transfected with 3 plasmids
to produce the packaged vector genome: a plasmid containing the CLN2 expression cassette and
2 helper plasmids encoding AAV9 capsid proteins and replication elements. Cell culture
supernatant containing the viral vector product is harvested, clarified, and concentrated by
tangential flow filtration (TFF) followed by affinity and anion exchange (AEX) chromatography.
The AEX fractions are pooled and TFF is repeated to produce purified bulk drug substance
(BDS) from which drug product is produced by adjusting concentration (dilution or concentrating
via TFF) with final formulation buffer followed by sterile filtration and filling into a vial. The
AAV9.CB7.hCLN2 BDS and final drug product (FDP) manufacturing processes will be
performed at a contract manufacturing organization(s) (CMOs) using current Good
Manufacturing Practices (¢GMPs) to ensure safety, identity, quality, purity, and potency of BDS
and FDP.

Cell Culture and Harvest

The cell culture and harvest manufacturing process comprises 4 main manufacturing
steps: cell seeding and expansion, transient transfection, vector harvest, and vector clarification.
These process steps are depicted in the overview process flow diagram.

Cell Seeding and Expansion: A qualified HEK293 cell line is used for the production
process. A MCB was produced at WuXi AppTec and fully characterized. Cell culture used for
vector production is initiated from a single, thawed MCB vial and expanded. Cells are expanded
to achieve a total viable cell count of approximately 1.4 x 1010 cells using T-flasks and 10-layer
cell culture chambers (CS-10). The culture is expanded in 4 stages using increasingly larger
surface areas (1 x T-75, 4 x T-225, 2 x CS-10, and 14 x CS-10). In the first stage, the cells are
grown for 3-4 days until confluent and then passaged to the next stage. In subsequent stages, cells
are grown for 4-5 days, then passaged. This expansion allows sufficient cell mass to be generated
for seeding up to fifty 36-layer cell culture vessels (HS-36s) for vector production per BDS lot.
Cells are cultivated in medium composed of Dulbecco’s Modified Eagle Medium (DMEM),
supplemented with 10% gamma irradiated, US-sourced, fetal bovine serum (FBS) throughout the
expansion process. The cells utilized are anchorage dependent and cell disassociation is
accomplished using TrypLE Select, an animal product-free cell dissociation reagent. Cell seeding
is accomplished using sterile, single-use disposable bioprocess bags and tubing sets. The cells are
maintained at 37°C (+ 2°C), in 5% (£ 0.5%) CO2 atmosphere. The total process time from vial
thaw through inoculation of the 50 HS-36s is 15-20 days.

Transient Transfection: Following 4 days of growth (DMEM media + 10% FBS), HS-36
cell culture media is replaced with fresh, serum-free DMEM media and transfected with the 3

production plasmids using an optimized polyethylenimine (PEI)-based transfection method.
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Sufficient DNA plasmid transfection complex is prepared in the biological safety cabinet (BSC)
to transfect up to 50 HS-36s (per BDS batch). Initially, a DNA/PEI mixture is prepared
containing 7.9 mg of pAAV.CB7.CI.CLN2.RBG.KanR vector genome plasmid, 158 mg of
pAdDeltaF6, 79 mg of pAAV29KanRGXRep2 AAV plasmid and PEI (PEIPro, PolyPlus
Transfection SA). After mixing, the solution is allowed to sit at room temperature for 25 min and
then added to serum-free media to quench the reaction and then added to the HS-36s. The
transfection mixture is equalized between all 36 layers of the HS-36 and the cells are incubated at
37°C (£2°C) in a 5% (£ 0.5%) CO2 atmosphere for 5 days.

Vector Harvest: The cell culture supernatant is harvested from the HS-36s by aseptically
pumping the supernatant into disposable bioprocess bags. Following collection, the harvest
material is supplemented with MgCI2 to a final concentration of 2 mM (co-factor for Benzonase)
and Benzonase nuclease is added to a final concentration of > 25 units/mL. The harvest material
(in a disposable bioprocess bag) is mixed and incubated at 37°C for 2 h to provide sufficient time
for enzymatic digestion of residual cellular and plasmid DNA present in the harvest as a result of
the transfection procedure. This step is performed to minimize the amount of residual DNA in the
final vector drug product. After the incubation period, NaCl is added to a final concentration of
500 mM to end digestion and aid in the recovery of the product during filtration and downstream
tangential flow filtration (TFF).

Vector Clarification: Cells and cellular debris are removed from the Benzonase-treated
harvest material using a Sartoguard polyethersulfone (PES) capsule filter (1.2/0.2 um; Sartorius
Stedim Biotech Inc.) connected in series as a sterile, closed tubing and bag set that is driven by a
peristaltic pump. Bioburden reduction filtration ensures that at the end of the filter train, any
bioburden potentially introduced during the upstream production process will be reduced before
downstream purification.

Vector Purification Process

The purification process comprises 4 main manufacturing steps that are described in
detail below: concentration and buffer exchange by TFF, affinity chromatography, anion
exchange chromatography, and concentration and buffer exchange by TFF.

Concentration and Buffer Exchange by Tangential Flow Filtration: Volume reduction
(10-fold) of the clarified product is achieved by TFF using a custom sterile, closed bioprocessing
tubing, bag and membrane set. The principle of TFF is to flow a solution under pressure parallel
to a membrane of suitable porosity (100 kDa). The pressure differential drives molecules of
smaller size through the membrane and effectively into the waste stream while retaining
molecules larger than the membrane pores. By recirculating the solution, the parallel flow sweeps

the membrane surface preventing membrane pore fouling. By choosing an appropriate membrane
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pore size and surface area, a liquid sample may be rapidly reduced in volume while retaining and
concentrating the desired molecule. Diafiltration in TFF applications involves addition of a fresh
buffer to the recirculating sample at the same rate that liquid is passing through the membrane
and to the waste stream. With increasing volumes of diafiltration, increasing amounts of the small
molecules are removed from the recirculating sample. This results in a modest purification of the
clarified product, but also achieves buffer exchange compatible with the subsequent affinity
column chromatography step. Accordingly, a 100 kDa, PES membrane is used for concentration
that is then diafiltrated with > 3.3 volumes of a buffer composed of 20 mM Tris, 400 mM NaCl,
pH 7.5. The diafiltered product is then stored at 2-8°C for > 16 h and then further clarified with a
1.2/0.2 um depth filter capsule to remove any precipitated material. The process time for the
harvest, clarification, and concentration steps is approximately 2 days.

Affinity Chromatography: The diafiltered product is subsequently applied to a POROS®
CaptureSelect® AAV9 affinity matrix (Life Technologies) that efficiently captures the AAV9
serotype. Under these ionic conditions, a significant percentage of residual cellular DNA and
proteins flow through the column, while AAV9 particles are efficiently captured. Following
application, the column is washed using two buffers (20 mM Tris, 1 M NaCl, pH 7.5 and 20 mM
Tris, 400 mM NaCl, pH 7.5) to remove additional feed impurities followed by a low pH step
elution (400 mM NaCl, 20 mM Sodium Citrate, pH 2.5). The eluate is immediately neutralized by
the addition of neutralization buffer (200 mM Bis Tris Propane, 0.01% Pluronic F68, pH 10.2) at
10% the volume of the eluate. The process time for affinity chromatography step is less than 1
day. The process intermediate may be held overnight at 2-8°C prior to further processing.

Anion Exchange Chromatography: To achieve further reduction of in-process impurities
including empty AAV particles, an anion exchange chromatography step is employed. For this
step, the POROS-AAV9 elution pool is diluted 50-fold (20 mM Bis Tris Propane, 0.001%
Pluronic® F68, pH 10.2) to reduce ionic strength to enable binding to a CIMmultus QA monolith
matrix (BIA Separations). Following a low-salt wash (20 mM Bis-Tris Propane, 10 mM NaCl,
pH 10.2), vector product is eluted using a 60-column volume (CV) NaCl linear salt gradient (10-
190 mM NaCl in 20 mM Bis Tris Propane, 0.001% Pluronic F68, pH 10.2). This shallow salt
gradient separates capsid particles without a vector genome (empty particles) from particles
containing vector genome (full particles) and results in a preparation enriched for full capsids.
Fractions are collected into bags containing 3.7% volume of 1 M Bis Tris, 0.27% Pluronic F68,
pH 6.3 to minimize non-specific binding to bags and the length of exposure to high pH,
respectively. The appropriate peak fractions are collected and pooled. The process time for anion
exchange chromatography step is less than 1 day. The process intermediate may be held

overnight at 2-8°C prior to further processing.
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Concentration and Buffer Exchange by Hollow Fiber Tangential Flow Filtration: The
pooled anion exchange intermediate is concentrated and buffer exchanged by using TFF. In this
step, a 100 kDa membrane hollow fiber TFF membrane is used. During the step, the product is
brought to a determined target concentration. Following this concentration step, buffer exchange
is achieved by diafiltration with 4 volumes of formulation buffer. Samples are removed for BDS
testing after 0.45/0.22 um filtration. The process time for the concentration and buffer exchange
step is less than 1 day.

Filling and Storage: Following filtration and sampling, the BDS is filled into

polypropylene bottles and stored frozen at <-60°C in a quarantine location until release for FDP

processing.
Table 1: Proposed Formulation for Proposed formulation for AAV9.CB7.hCLN2
AAV9.CB7.hCLN2 Excipient (mM)
Sodium Chloride 150
Magnesium Chloride 1.2
Potassium Chloride 3
Calcium Chloride 1.4
Sodium Phosphate 1
Dextrose 4.4
Poloxamer 188 0.001%

Thaw and Pooling: Frozen aliquots of BDS are thawed at room temperature. Multiple
BDS batches may be pooled and mixed via swirling. The thawed BDS may be held overnight at
2-8°C.

Optional Concentration by TFF or Dilution: The BDS may be concentrated using hollow
fiber TFF, or diluted with formulation buffer, to achieve the desired concentration (in GC/mL).
The optional concentration step is performed using TFF with a 100 kDa hollow fiber TFF
membrane, and is identical to the hollow fiber TFF concentration step in the BDS process. The
concentrated DP intermediate may be held overnight at 2-8°C.

Sterile Filtration: A bioburden sample of the DP intermediate is taken immediately prior
to filtration. The DP is 0.22 um filtered using a pre-sterilized assembly. The 0.22 pm filter (Pall
miniKleenpak 20 with Fluorodyne II) is flushed with formulation buffer, then drained. The DP
intermediate is then filtered, and the filter, which is pre-use integrity tested by the filter
manufacturer, is post-use integrity tested prior to filling the DP into vials. If the filter fails post-
use integrity testing, the filtered intermediate may be re-filtered using a different filter.

Filling, Storage, and Transportation: Filtered DP is filled into CZ vials using a peristaltic pump.
The initial vials will be filled at a volume optimized for testing (for example 1 mL in a 10 mL
vial). These will be used for sterility, endotoxin, and other release or stability testing. The fill
volume will be increased for the next set of vials (for example 5 mL in a 10 mL vial), which will

be used in the clinic. The final set of vials will again be filled at a lower volume (for example 1
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mL in a 10 mL vial), and used for sterility, endotoxin, and other release or stability testing.
Weight checks are performed at pre-defined intervals. Vials are capped and crimped, then 100%
visually inspected, labelled, packaged in cartons, and frozen at <-60°C.

For shipping to clinical sites, the FDP vials previously packaged into cartons are placed
into a pre-qualified cardboard shipping box with a temperature logger. The box is filled with dry
ice to maintain the shipping temperature of <-60°C. Upon receipt of the shipment, the

temperature logger is read to confirm no temperature excursion during shipping.

Example 7: Future Studies

In the proposed study, AAV9.CB7 hCLN2 will be administered via ICV injection in 4
week old mice at a dose level range of 2 x 1010 GC/g brain mass to the maximum feasible dose
(MFD) of 7.5 x 1011 GC/g brain mass (due to anatomic constraints). Half of the animals will be
sacrificed at 60 days post-injection to coincide with expected neuropathology and mortality in
control animals and evaluated for bioactivity, including TPP1 enzymatic activity, accumulation of
lysosomal storage material and storage pathology, and astrocytosis. The remainder of the animals
will be evaluated for the time to onset of disecase phenotype (defined by tremor and/or gait
abnormality upon clinical observations) and followed for long-term survival for up to 210 days
post-injection, which is beyond when 100% mortality is expected in control animals.

AAV9.CB7 hCLN2 will be administered to Tpplm1j mice via ICV injection in the
proposed study, as was done in the pilot study, because: 1) IC injections are not feasible in
Tpplmlj mice due to anatomic constraints and animal welfare concerns; and i1) the
biodistribution (BD) and transgene expression profiles of AAV9 vector-based products following
ICV injection in mice and IC injection in canines, pigs, and non-human primates (NHPs) have
been shown to be comparable (Haurigot et al., 2013; Hinderer et al., 2017; McLean et al., 2014;
unpublished data) (see Section 3.4.2.5). Importantly, these similarities include the primary target
tissues of vector BD and subsequent transgene expression in the CNS (brain, spinal cord) and
peripheral tissues (liver, spleen), which enable the assessment of transgene expression/over-
expression in both target and non-target tissues. Thus, pharmacology data generated in Tpplm1j
mice following ICV injection of AAV9.CB7.hCLN2 are relevant to the clinical scenario and
planned IC ROA in the target patient population.

EXAMPLE 8: Preclinical Studies

The proposed preclinical testing program for AAV9.CB7.hCLN2 includes a Hybrid
Pharmacology/Toxicology study conducted in the Tpplm1j mouse model of CLN2 disease. Mice
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administered AAV9.CB7 hCLN2 via ICV injection at multiple dose levels will be evaluated for
safety at multiple timepoints, as follows:

» Clinical observations (cage-side, daily)

* Body weight (weekly)

+ Clinical pathology (d60, d90, d210)

* Humoral immune response in serum (anti-hTPP1 antibodies in serum, ELISA)
(baseline, d14, d60, d210)

* Organ weights (d60, d90, d210)

» Gross pathology and histopathology of a comprehensive list of tissues (d60, d90, d210)

In general, hybrid study designs facilitate the evaluation of the safety of a test article in a
disease setting that reproduces the local microenvironment and pathophysiology status of the
target patient population, which may impact the safety and bioactivity of the product in the
clinical setting. Thus, safety/toxicology data generated from the proposed Hybrid
Pharmacology/Toxicology study are anticipated to provide important information regarding the
safety profile of AAV9.CB7.hCLN2. As per Agency guidance recommendations, “The animal
species selected for assessment of bioactivity and safety should demonstrate a biological response
to the investigational [product] similar to that expected in humans in order to generate data to
guide clinical trial design.” Therefore, the selection of the Tpplm1j mouse model of CLN2
disease is appropriate for the evaluation of the safety of AAV9.CB7 hCLN2.

There are some potential challenges of assessing safety in Tpplm1j mice, including the
concen that the underlying pathology and early mortality in the diseased Tpplm1j mice may
mask potential test article-related effects and that the ability to perform some safety assessments
(such as serial bleeds) may be limited due to the susceptibility of Tpplmlj mice to environmental
stimuli-induced fatal seizures. If these concerns are borne out by experience and the Tpplm1j
mouse safety data are not considered sufficient to satisfy regulatory requirements, an additional
GLP-compliant toxicology study will be conducted in C57Bl/6 mice. C57Bl/6 mice are
considered appropriate for detecting potential toxicities associated with AAV9.CB7 hCLN2
because: 1) the C57Bl/6 mouse is the background strain for the Tpp1m1j mouse model used in
pharmacology assessments; ii) the comparability of biodistribution and transgene expression
profiles of AAV9 vector-based products following ICV injection in mice and IC injection in large
animals has been established; iii) the feasibility of performing safety assessments in healthy mice
is not limited by animal handling concerns or susceptibility to environmental stimuli-induced
fatal seizures, such as in the Tpplm1j mouse; and iv) the conduct of GLP-compliant

safety/toxicology studies in healthy mice is feasible, well-established, and statistically-robust.
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In this potential GLP Safety/Toxicology study, AAV9.CB7 hCLN2 will be administered
at a dose level of 7.5 x 1010, 2 x 1011 and the MFD of 7.5 x 1011 GC/g brain mass via ICV
injection in 4-week old C57Bl/6 mice, and mice will be evaluated for safety/toxicity at multiple
time points. The planned scheduled sacrifices (30 and 90 days post-injection) and study duration
(90 days post-injection) were selected to coincide with the kinetics of AAV9 vector
biodistribution and progression of the disease phenotype in Tpplm1j mice. Safety assessments
will include clinical observations, body weight, clinical pathology, immunogenicity, gross
pathology, and histopathology of a comprehensive list of tissues.

There are several reported animal models of CLN2 disease, including canine and murine
models. The most well-characterized in the scientific literature is the TPP1-null canine model
first reported in a population of Dachshunds (Awano et al., 2006), although limited availability of
this animal model and breeding constraints severely restricts the feasibility of its use in
preclinical testing. The most commonly reported mouse model of CLN2 disease in the scientific
literature is the Tppltm1Plob mouse model (Sleat et al., 2004), although this mouse model is not
currently commercially-available and thus is not feasible for use in preclinical testing. The
Tpplmlj mouse model of CLN2 disease, which is highly similar to the TppItm1Plob mouse and
TPP1-null canine models, is commercially available and recapitulates characteristic features of
CLN2 disease in humans. This Tpplm1j mouse model results from a single nucleotide mutation
in the splice donor site downstream of exon 8 of the CLN2 gene. As a result of this mutation,
Tpplmlj mice exhibit undetectable levels of TPP1 enzymatic activity in brain tissue, as well as a
similar pathophysiology, phenotype, and mortality as humans with CLN2 disease (Karst et al.,
2016; unpublished data from natural history study).

Completed pilot studies conducted in the biologically-relevant mouse model of CLN2
disease (Tpplm1j mice) provide preliminary support for the scientific rationale of the AAV9-
mediated delivery of a codon-optimized CLN2 transgene for the treatment of CLN2 disease. In
completed pilot studies, 4-week old Tpplm1j mice were administered AAV9.CB7.hCLN2 at a
dose level of either 7.5 x 109 GC/g brain mass (low-dose) or 7.5 x 1011 GC/g brain mass (high-
dose) via ICV injection, and animals were monitored for disease progression and bioactivity for
30 weeks post-injection. Animals administered AAV9.CB7 hCLN2 at the high-dose exhibited
normalization of motor learning (cerebellum function) compared to wild-type controls, as well as
dramatically increased survival (85% survival at 30 weeks post-injection versus 0% survival in
control animals). All surviving animals were sacrificed at 30 weeks post-injection for evaluation
of TPP1 enzymatic activity and histopathology. In high-dose animals, TPP1 activity (the enzyme
encoded by AAV9.CB7 hCLN2) was increased to supraphysiological levels in the cerebrum,

cerebellum, and liver, and brain neurons exhibited corrections in astrocytosis and lysosomal
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accumulation of substrates. There did not appear to be benefit in survival or other measures of
bioactivity in Tpplm1j that were administered AAV9.CB7. hCLN2 at the low-dose (7.5 x 109
GC/g brain mass), with an observed median survival of ~17 weeks in both low-dose and control
animals.

AAV9.CB7.hCLN2 was administered to Tpplm1j mice via ICV injection in pilot studies
(and 1s planned for the definitive pharmacology and safety/toxicology studies), which is different
than the planned clinical IC route of administration (ROA). However, IC injections are not
feasible in Tpplm1j mice due to anatomic constraints and animal welfare concerns. While IC
administration offers several advantages over ICV in the clinic, data from multiple animal studies
have shown similar biodistribution (BD) and transgene expression profiles of AAV9 vector-based
products following ICV injection in mice and IC injection in canines, pigs, and non-human
primates (NHPs) (Haurigot et al., 2013; Hinderer et al., 2017; McLean et al., 2014; unpublished
data). Thus, pharmacology data generated in TppIm1j mice following ICV injection of
AAV9.CB7hCLN2 are relevant to the clinical scenario and planned IC ROA in the target patient
population.

Data generated from pilot studies, as well as platform data from the preclinical testing
programs of similar AAV9 vector-based products, were used to inform the design of the planned
IND-enabling Hybrid Pharmacology/Toxicology study in a biologically-relevant murine model of
CLN2 disease, Tpplmlj mice. In the proposed study, AAV9.CB7. hCLN2 will be administered
via ICV injection in 4-week old mice, at a vector dose level range of 2 x 1010 GC/g brain mass to
the MFD of 7.5 x 1011 GC/g brain mass. Animals will be evaluated for numerous measures of
bioactivity and safety/toxicity at multiple timepoints. Data generated from this study will be used
to select a safe and efficacious starting clinical dose level and support the favorable benefit:risk
profile of the administration of AAV9.CB7. hCLN2 in the target patient population.

In the event that adequate safety data are unable to be obtained from the planned Hybrid
Pharmacology/Toxicology study due to animal handling and welfare concerns (ie, potential
challenges to conducting some safety assessments in Tpplm1j mice, such as serial bleeds), data
may be complemented by additional safety data generated following the ICV administration of
AAV9.CB7.hCLN2 in a GLP-compliant Safety/Toxicology study in C57Bl/6 mice. C57Bl/6 mice
are considered appropriate for detecting potential toxicities associated with AAV9.CB7 hCLN2
because: 1) the C57Bl/6 mouse is the background strain for the Tpp1m1j mouse model used in
pharmacology assessments; ii) the comparability of biodistribution and transgene expression
profiles of AAV9 vector-based products following ICV injection in mice and IC injection in large
animals has been established; iii) the feasibility of performing safety assessments in healthy mice

(eg, serial bleeds) is not limited by animal handling concerns or susceptibility to environmental
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stimuli-induced fatal seizures, such as in the Tpplm1j mouse; and iv) the conduct of GLP-
compliant safety/toxicology studies in healthy mice is feasible, well-established, and statistically-
robust.

In this potential GLP Safety/Toxicology study, AAV9.CB7 hCLN2 will be administered
at a dose level of 7.5 x 10", 2 x 10", or the MFD of 7.5 x 10" GC/g brain mass via ICV injection
in 4-week old C57Bl/6 mice, and mice will be evaluated for safety/toxicity at multiple time
points. The planned scheduled sacrifices at 30 and 90 days post-injection) and study duration (90
days post-injection) were selected to coincide with the kinetics of AAV9 vector biodistribution
and progression of the disease phenotype in Tpplm1j mice. Safety assessments will include
clinical observations, body weight, clinical pathology, immunogenicity, gross pathology, and
histopathology of a comprehensive list of tissues.

Proof-of-Concept (POC) and Pharmacology

Scientific Rationale for Increasing TPP1 Enzymatic Activity in the CNS to Treat CLN2
Discase

The scientific rationale for the targeting of increases in TPP1 enzymatic activity as
treatment for CLN2 disease is supported by preclinical and clinical experience with ERT and the
administration of Brineura® in the treatment of CLN2 disease (Katz et al., 2014; Brincura®,
FDA Summary of Basis of Approval; Brineura® EPAR; Schulz et al., 2016). The biweekly
infusion into the lateral ventricles of Brineura® via a permanently implanted device was
determined to stabilize motor function in patients with CLN2 disease by the FDA, while the
EMA determined that there was a positive impact on language skills as well. The CSF and
lysosomal half-lives of Brineura® is estimated to be 7 hours and 11.5 days, respectively; as a
result, repeat infusions of Brineura® are necessary to maintain elevated TPP1 enzymatic activity
levels (and presumably clinical benefit). Thus, there remains an unmet need for new therapies
that can provide durable and long-term TPP1 enzymatic activity in the CNS without the high
patient burden and morbidities associated with repeat administration of ERT.

Scientific Rationale for AAV9-mediated Gene Transfer of CLN2 to Treat CLN2 Discase

The ability of AAV vector-based products to target the CNS has been demonstrated in
numerous models of monogenic CNS disease, and several early human trials evaluating first-
generation AAV vector-based products have shown the safety of vector delivery to the brain
(Bartus et al., 2014; Janson et al., 2002; Kaplitt et al., 2007; Mandel et al., 2004). However, many
factors including the low transduction efficiency of these first-generation AAV vectors prevented
the translation of the bioactivity observed in animal models to the clinic. With the advent of
second-generation AAV vectors, the potential for gene transfer to the brain has been greatly

enhanced. In particular, the ability of AAV9 vector-based products to selectively target the CNS
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and achieve widespread gene transfer with high efficiency has been demonstrated in rodents, cats,
dogs, NHPs (Foust et al., 2010; Gray et al., 2013; Hinderer, 2014 et al; Hinderer et al., 2014b;
Hinderer et al., 2016; Hinderer, 2016b; Haurigot et al., 2013; Bucher et al., 2014; Passini et al.,
2014; Hinderer et al., 2017; Figure 15). This ability has led to the initiation of numerous clinical
trials to evaluate AAV9 vector-based products for a variety of indications, including variant
CLNG6 disease, Spinal Muscular Atrophy Type I, Giant Axonal Neuropathy, MPS I, MPS Illa,
and MPS IlIb.

The successful AAV-mediated delivery of a CLN2 transgene (encoding for soluble TPP1)
to the CNS has also been demonstrated in numerous animal studies conducted in mouse and dog
models of disease, as well as healthy rats and NHPs (Hacket et al., 2005; Sondhi et al., 2005;
Sondhi et al., 2012). The ability of an AAV?2 vector expressing CLN2 to induce robust and
sustained levels of TPP 1 enzymatic activity in the CNS, delay discase onset, and increase
survival following ICV infusion and direct striatal or cerebellar injection was demonstrated in
mouse and canine models of CLN2 disecase (Haskell et al., 2003; Katz et al., 2015; Katz et al.,
2017). Similarly, animal studies conducted in a mouse model of CLN2 disease (Tppltm1Plob
mice) demonstrated the ability of both AAVS and AAVrh10 vectors to deliver the CLN2
transgene to the CNS following direct intracranial injection, with consequent increases in TPP1
expression and enzymatic activity, improvements in neurobehavioral function, and improvements
in overall survival (Passini et al., 2005; Passini et al., 2006; Sondhi et al., 2007; Sondhi et al.,
2008). These effects appeared to be age-dependent in mice; neonatal CLN2 mice (Tppltm1Plob
mouse model; Sleat et al., 2004) administered the AAVrh10 vector-based product at 2 days old
demonstrated persistent TPP1 expression and concomitant improvements in neurobehavioral
function and survival, as compared to mice given the product at 3- and 7-weeks old (FIG. 14;
Sondhi et al., 2008).

These promising animal data supported the initiation of multiple clinical trials in patients
with CLN2 disease (ClinicalTrial.gov Identifiers: NCT00151216, NCT014 14985,
NCTO01161576). In a Phase 1 clinical trial, an AAV?2 vector-based product incorporating CLN2
was administered to 12 locations in the CNS via direct intracranial injection though six burr holes
to ten subjects with CLN2 disease. Assessments of motor function, seizure activity, and language
skills by the modified Hamburg LINCL clinical rating scale showed that the gene therapy was
associated with a statistically significant slower decline in neurologic status compared with
concurrent control subjects at both 12- and 18-month follow-ups (Worgall et al., 2008; Human
Gene Therapy, 2004). A subsequent clinical trial evaluating an AAVrh10 vector-based product
delivering the identical transgene was initiated based on the observation in animal studies that

AAVrh10 vector-mediated delivery of the CLN2 transgene resulted in greater vector BD in the
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CNS in CLN2 (Tppltm1Plob) mice, as compared to AAV2, AAVS, and AAVS vector-based
products (Sondhi et al., 2007) (clinical data from this trial are not available). Collectively, these
preclinical and clinical experiences support the scientific rationale of AAV-mediated delivery of
the CLN2 transgene to the CNS to treat CLN2 disease; however, these AAV2 and AAVrh10
vector-based approaches incorporated a series of invasive intracranial injections to target the CNS
and failed to halt discase progression in clinical testing.

AAV9.CB7.hCLN2 was developed to address these issues. The AAV9 serotype which is
incorporated into AAV9.CB7. hCLN2 allows for efficient transduction of the CLN2 transgene and
widespread biodistribution in the CNS following non-invasive IC injection. In patients with
CLN2 disease, the non-invasive delivery of the CLN2 transgene encoding TPP1 to cells within
the CNS could potentially provide a permanent source of secreted TPP1, thus restoring TPP1
enzymatic activity and allowing for the long-term correction of cells throughout the CNS. Based
on published data from an animal study that evaluated mouse CLN2 mutants that express
different amounts of TPP1, even low levels of TPP 1 enzymatic activity appear to be sufficient to
dramatically delay disease onset and increase survival: approximately 3% of normal TPP1
activity in brain delayed discase onset and doubled lifespan to a median of ~9 months compared
to mice expressing ~0.2% of normal levels; expression of 6% of normal TPP1 activity
dramatically attenuated disease, with a median lifespan of ~20 months which approached that of
unaffected mice (Sleat et al., 2008). Additional clinical data from patients with CLN2 discase
suggest that certain mutations in CLN2 may lead to an incomplete loss of TPP1 enzymatic
activity (at least in peripheral tissues) and a subsequently protracted phenotype (Sleat et al., 1999;
Bessa et al., 2008; Schulz et al., 2013). Thus, even modest levels of TPP1 enzymatic activity in

the target patient population may be clinically meaningful.

Example 9: Biodistribution of AAV9/Safety in NHP

The biodistribution (BD) of AAV9 vector-based products following IC injection have
been characterized in multiple species, including cats, dogs, and NHPs for up to two years post-
injection as part of the preclinical testing programs for similar products. To summarize, similar
AAV9 vector-based products widely distributed and persisted in the brain and spinal cord after
intracisternal (IC) injection in a variety of animal species. Where multiple dose levels were
evaluated, vector tissue levels were roughly dose-dependent. Vector distribution to the liver and
spleen were generally as high, and sometimes higher, than that observed in the brain. Vector
concentrations in tissues other than the CNS and liver were highly variable both within studies
and between studies, but the majority of tissues evaluated contained vector. Overall, data

collected across multiple studies showed consistent BD profiles (kinetics and target
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tissues/organs) for AAV9 vector-based products, with wide distribution in the CNS (brain, spinal
cord) and periphery (liver, spleen).

These pre-existing data on the BD of similar AAV9 vector-based products (and their
animal analogues) are applicable to AAV9.CB7 hCLN2 because the products are similar, and the
BD of viral-mediated vectors is believed to be primarily independent of the transgene (Brandon et
al., 2010; Tiesjema et al., 2010; Gonin et al., 2004; Cearley et al., 2006; Zincarelli et al., 2008).

The safety of the planned clinical route of administration (ROA), intracisternal (IC)
injection (intrathecal delivery via image-guided suboccipital puncture into the cisterna magna), is
based on safety data from GLP-compliant NHP studies conducted as part of the preclinical testing
program for a similar AAV9 vector-based product. Briefly, the administration procedure was
well-tolerated in all animals; there were no clinical, gross, or histological findings related to the
administration procedure in any animals at 14, 30, or 90 days post-1C injection.

The scientific rationale for the use of immunosuppression in the planned clinical trial is
based in part on histopathologic findings of minimal-mild axonopathy and neuronal degeneration
in the CNS and dorsal root ganglia of NHPs administered similar AAV9 vector-based products,
findings which appeared to be at least partially immunologically-mediated although were not
associated with any observed clinical abnormalities.

Example 10: Clinical Trial

In the FIH clinical trial titled “AAV9.CB7. hCLN2 Gene Therapy: An Open-Label,
Multicenter, Sequential Single Intracisternal Dose Escalation Study in Pediatric Subjects with
Late-Infantile Neuronal Ceroid Lipofuscinosis Type 2 (CLN2) to pediatric patients with CLN2
disease during a single administration procedure via intracisternal (IC) injection. The trial will be
comprised of two parts.

In Part I of the trial, the primary focus will be on safety and tolerability and up to two
dose levels are planned as part of a conservative dose escalation design — subjects who are >2
years of age with a baseline CRS (combined motor and language domains) score of 3-5 during
treatment with IT ERT (Brineura®) will be enrolled sequentially, a minimum of 8 weeks apart,
with ongoing safety committee review. Trough levels of TPP1 enzymatic activity in the CSF will
be measured just prior to regular IT ERT infusion. Trough TPP1 activity (ie, any residual activity
from prior ERT infusion) are expected to be undetectable/low from the ongoing ERT treatment
based on the short half-life of Brineura®, while sustained TPP1 activity from the gene therapy is
expected to be measurable by 1-4 weeks post-injection of AAV9.CB7. hCLN2. Once trough TPP1
activity is measurable (ie, secretion of TPP1 from cells transduced following administration of
AAV9.CB7hCLN2), an Internal Safety Committee (ISC) could decide to discontinue subsequent

IT ERT infusions if certain pre-specified criteria are met (eg, not yet identified, but criteria such
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as the suitability of stable CRS, sustained TPP1 enzymatic activity are being considered).
Subjects at a minimum would receive [T ERT at 2 and 4 weeks post-injection of
AAV9.CB7hCLN2 and will have been off IT ERT for up to 4 weeks prior to the Week 8 visit.
Two subjects will be dosed at the first dose level.

In Part II of the study, an external Independent Data Monitoring Committee (IDMC) will
determine if it is safe to proceed to dosing two subjects at a higher dose level in the same manner
as the first dosing cohort. The highest-tolerated dose cohort may be expanded up to a total of 13
additional subjects and will include a patient population of both IT ERT-treated and IT ERT
naive subjects (Figure 6). Inclusion/exclusion criteria will otherwise remain the same in this
expanded population, including a score of 3-5 on the CLN2 Disease CRS. Criteria dictating
clinically-appropriate IT ERT “rescue” infusion will be prospectively defined for patients who
were previously treated with IT ERT.

In the proposed clinical trial, multiple measures of efficacy will be evaluated including
TPP1 enzymatic activity in the CSF and the proportion of subjects who are categorized as
responders, which is defined as subjects: 1) without an unreversed (sustained) 2 category decline
(ie, 1 in each of Language and Motor Domains or 2 in Motor Domain alone) in the 6-point
combined Language and Motor Domains of the CLN2 Disease CRS (Steinfeld et al., 2002); and
i1) without a “rescue” IT ERT infusion. Two sets of patient populations (ie, IT ERT naive and IT
ERT-treated) are planned in the Part II expansion cohort, where IT ERT naive subjects will be
followed for 72 weeks and IT ERT-treated subjects will be followed for 80 weeks, and the
combined two patient populations will be compared to a natural history cohort. The primary
reason to combine these two populations is to facilitate trial enrollment due to the rarity of CLN2
disease in general and the further reduction of IT ERT naive patients following the recent
approval of Brineura®.

Due to the potential impact of any residual ERT in IT ERT-treated patients and
potentially confounding effects on assessment of safety and bioactivity of AAV9.CB7 hCLN2, a
“wash-out” period is incorporated into the study design. Pharmacokinetic (PK) data for
Brineura® in CSF and plasma suggest no apparent accumulation or PK time-dependence with a
half-life of approximately 7 hours and 11.5 days in CSF and lysosomes, respectively (Brineura®
EPAR), thus, the proposed “wash-out” period of up to 4 weeks following discontinuation of I'T
ERT is appropriate.

The assessment of language skills and development is a key component of CLN2 disease
progression and thus is incorporated into the CRS (Steinfeld et al., 2002). To address any
concerns regarding the utility of the Language domain of the 6-point combined Language and
Motor Domains of the CRS (which were identified by FDA/CDER during review of Brineura®
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marketing application [Brineura®, FDA Summary Basis of Approval]), a comprehensive
mitigation plan will be implemented to remove potential biases.

FDA provides multiple opportunities to expedite drug development for rare diseases and
specifically addresses the targeting of a deficient gene in the FDA Draft Guidance for Industry:
Expedited Programs for Serious Conditions — Drugs and Biologics — 2014. This guidance also
provides some insights relevant to endpoints that may be sufficient to support registration of a
product for rare genetic diseases, stating that “for some well understood enzyme deficiencies,
replacement of a deficient enzyme reliably predicts clinical benefit.” This suggests that a gene
therapy that reliably demonstrates transgene expression activity could meet the standard for
accelerated approval under 21 CFR 314, subpart H. Moreover, based on this assertion, the case
for early approval endpoints could be made for diseases in which deficient enzyme levels are
linked to known etiology and their correction or normalization is associated with clinically
meaningful effect.

In the setting of a previously-approved ERT, the correlation between enzyme levels
(typically a secondary endpoint) and clinically meaningful outcomes (the precedent primary
endpoint) is already established. In these instances, such as in many LSDs including CLN2
disease, successful delivery of a functioning gene copy and subsequent expression of the
transgene product is evident at early timepoints (such as though measurement of reductions in
CSF lysosomal storage material or enzymatic activity) well in advance of observed improvements
in clinical outcomes. This suggests that enzymatic activity after gene therapy can be used as a
proxy for clinical benefit. The use of enzyme activity as a basis for approval proposed is also
consistent with FDA precedent, as recently stated in the FDA Directors memo accompanying the
Summary Basis of Approval documents for Brineura® which states: “Since CLN2 is specifically
attributed to deficiency of TPP1, reversal or prevention of its manifestations are theoretically
possible if the replacement of TPP1 is durable or treatment is begun early in the course of the
disease.” Therefore, the potential for using TTP1 activity as an endpoint is consistent with FDA
guidance.

In the proposed clinical trial, multiple measures of efficacy will be evaluated including
sustained measure of TPP1 enzymatic activity in the CSF and stabilization in the 6-point
combined Language and Motor Domains of the CLN2 Disease CRS. Based on the established
role of TPP1 enzymatic activity in preventing pathological accumulation of lysosomal storage
material and known etiology of CLN2 disease, significant and sustained increases in TPP1
activity are likely to be predictive of long-term stabilization in neurobehavioral function. Based
on data from a study that evaluated mouse CLN2 mutants that express different amounts of TPP1,

TPP1 enzymatic activity levels of 3-6% of normal appear to be sufficient to dramatically delay
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discase onset and increase survival (Sleat et al., 2008). Additional clinical data from patients with
CLN2 disease suggest that certain mutations in CLN2 lead to an incomplete loss of TPP1
enzymatic activity (at least in peripheral tissues) and a subsequently protracted phenotype (Sleat
et al., 1999; Bessa et al., 2008; Schulz et al., 2013). Furthermore, ERT with recombinant TPP1
(Brineura®, cerliponase alfa, BioMarin Pharmaceuticals), administered as a biweekly infusion
into CSF via a permanently implanted device, was determined to stabilize declines in 1) motor
function over a 96-week study period by the FDA; and ii) both motor and language function over
a 48-week study period by EMA. AAV9.CB7.hCLN?2 is designed for the efficient and sustained
expression of TPP1 in the CNS, and the one-time delivery of AAV9.CB7 hCLN2 into the CSF
has the potential to provide a long-term source of the TPP1 enzyme and halt (or significantly
delay) disease progression and neurocognitive decline in this rare genetic disease with high unmet
need. Thus, if clinical data indicate significant and sustained measures in TPP1 enzymatic activity
in the CSF at early timepoints that are suggestive of longer-term improvements in clinically
meaningful stabilization in CRS, the adequacy of these data to provide primary support for the
efficacy of AAV9.CB7.hCLN2 in a future marketing application will be discussed with the FDA.

EXAMPLE 11: Completed Pilot Studies

Several in vitro and in vivo preclinical research and pilot studies were conducted to select
the clinical candidate and collect preliminary data on the bioactivity of AAV9.CB7 hCLN2,
including the Pilot Dose Ranging Study in Tpplm1j mice (Study #W2553) (Research and pilot
studies will be summarized in the IND). In Study #W2553, one-month old Tpplm1j mice were
administered AAV9.CB7.hCLN2 via ICV injection at a dose level of either 7.5 x 109 GC/g brain
mass (low-dose; n=10/sex) or 7.5 x 1011 GC/g brain mass (high-dose; n=10/sex) in a total
volume of Sul. Knock-out (n=10/sex) and wild type control (n=10/sex) animals were
administered PBS via ICV injection. Animals were monitored for disecase progression and
survival for 30 weeks post-injection; preliminary measures of safety and bioactivity were
collected at multiple time points, including clinical observations, body weight, rotarod-based
neurobehavior assays (motor coordination and motor learning), humoral immune responses to the
human TPP1 transgene product, TPP1 enzymatic activity in the brain and liver, astrocytosis,
lysosomal accumulation of substrates, and survival.

Tremors and gait abnormalities were qualitatively noted upon daily clinical observations
in animals in the Tpplm1j control and low-dose groups beginning around 8 weeks post-injection
and progressively worsening for the duration of the study. Environmental stimuli-induced
seizures became visible between 13 and 17 weeks of age for untreated KO and low dose treated

KO, respectively. Assessments of motor coordination and motor learning were performed to
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evaluate neurobehavioral function in surviving animals at 7, 11 and 20 weeks post-injection. In
the motor coordination assay performed at 11 weeks post-injection (180 second trial on rocking
rotarod to assess latency to fall; 10 rpm), animals in the low-dose and Tpplm1j control groups
appeared to exhibit decreased function as compared to animals in the high-dose and wild-type
control groups (FIG. 18A). In the motor learning assay performed at 20 weeks post-injection (300
second trial on accelerating rotarod over three consecutive days; 5-40 rpm), there did not appear
to be a difference between surviving animals in the wild-type and high-dose groups (FIG. 18B),
which is suggestive of a prevention of cerebellar functional decline following administration of
AAV9.CB7.hCLN?2 in this pilot study. Evaluation of neurobehavioral function at other time
points was highly variable (data not shown).

While data from this pilot study are suggestive of an effect of AAV9.CB7 hCLN?2 on the
prevention of cerebellar functional decline, the utility of these neurobehavioral assays is limited
in Tpplmlj mice. Early mortality prevents the evaluation of Tpplm1j control animals at later
time-points, and data appeared to be highly variable in these assays despite clearly impaired
function upon clinical observations (eg, pronounced gait abnormalities and tremor). The rapid
progression from disease onset to carly mortality, as well as the potential for environmental
stimuli-induced fatal seizures during animal handling, pose additional challenges.

Overall, there were no differences in survival between Tpplm1j control and low-dose
animals, while all high-dose animals survived beyond the expected median survival of Tpplmlj
mice based on natural history data. At 30 weeks post-injection, survival in the high-dose group
was 85% (10/10 males; 7/10 females) versus 0% in the low-dose and Tpplm1j control groups
(FIG. 4A). All surviving animals were necropsied at 30 weeks post-injection for histopathology.

All surviving animals at 30 weeks post-injection were euthanized (ie, high-dose and WT
control groups only; no animals survived from the Tpplm1j control or low-dose groups), and
tissues were harvested for evaluation of TPP1 enzymatic activity, inflammation (astrocytosis),
and accumulation of substrates in the lysosomes. Collectively, data provide additional evidence
of the bioactivity of AAV9.CB7 hCLN2, including: 1) increases in TPP1 enzymatic activity to
wild type levels in the serum (data not shown) and supraphysiological levels in the cerebrum,
cerebellum, and liver (FIG.s 19 and 20); i1) near complete correction of astrocytosis in several
parts of the brain, most markedly in the hippocampus (FIG. 21A) and cortex (FIG. 21B) (FIG.
21C shows brainstem); and iii) qualitative correction of the abnormal lysosomal storage
phenotype in neurons as shown via three different techniques (data not shownLysosomal storage
in brainstem neurons can be visualized using three different techniques: auto-fluorescence, H&E
and Periodic acid—Schiff (PAS) staining. Representative images from wild type control mice and

Tpplmlj mice administered the high-dose of AAV9-hCLN2 at 30 weeks post-injection were
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obtained (not shown). Representative images from Tpplmlj control mice (denoted as ‘KO’) at
5.5-months of age were obtained (not shown). These three different techniques show a similar
pattern of lysosomal accumulation. Abnormal storage accumulates in neurons of Tpplmlj control
mice and appears to be corrected in high-dose animals. While these techniques are qualitative
only, the reduction of lysosomal storage in large neurons of the brainstem of high-dose animals at
30 weeks post-injection was readily detected. Biodistribution to the liver was observed (data not
shown), with levels of cell transduction appearing to correlate with TPP1 enzymatic activity in
both the liver and serum. No other tissues were evaluated for biodistribution in this pilot study.
Humoral immune responses to the human TPP1 transgene product were assessed in serum
using ELISA at 3, 10 and 30 weeks post-injection of AAV9.CB7 hCLN2 in Tpplm1j mice. Data
indicated a sustained immune response, although levels appeared highly variable — humoral
immune responses to the human TPP1 transgene product appeared highest in low-dose males at
10 weeks post-injection, with only a minimal response observed in high-dose males at both 10
and 30 weeks post-injection; within the high-dose group, anti-TPP1 immune responses were also
higher in females than males at both 10 and 30 weeks post-injection. These pilot data may be
suggestive of potential gender-specific differences in AAV9.CB7 hCLN?2 biodistribution and
transgene expression in mice or subsequent partial tolerance. There is some evidence that liver
transduction efficiency of AAV vector-based products in mice may be testosterone-dependent
(Davidoff, 2003), although it is likely that variable data in this pilot study are more illustrative of
the challenges to the evaluation of immune responses to human proteins in animals (and
challenges in their interpretability and applicability to the human clinical scenario), than any
gender specific-differences in the biodistribution profile or immunogenicity of
AAV9.CB7hCLN2. Nonetheless, any potential gender-specific differences, specifically any
effect on bioactivity or immunogenicity, will be evaluated further in the planned IND-enabling

Hybrid Pharmacology/Toxicology study.

EXAMPLE 12: Comparability of Intracerebroventricular (ICV) and Intracisternal (IC) Routes of
Administration

In pilot studies conducted in the Tpplm1j mouse model, AAV9.CB7 hCLN2 was
administered via ICV injection. This route of administration is different than the planned clinical
IC route of administration, however IC injections are not feasible in Tpplm1lj mice. During IC
injection procedures, it is necessary to withdraw a small volume of CSF to decrease pressure in
the CSF compartment and confirm correct needle placement in the cisterna magna. Due to the
relatively small CSF volume in mice, correct needle placement cannot be confirmed by

withdrawing CSF. Thus, it is necessary to dissect fascia and muscle to expose the dura mater
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prior to injection. This surgical procedure is time-consuming and presents the risk of procedure-
induced motor impairment and/or pathology in mice.

Considering that IC injections are not feasible in Tpplm1j mice, the ICV route of
administration was selected for pharmacology/toxicology studies due to similarities of the
biodistribution and transgene expression profiles of AAV9 vector-based products following IC
injection in large animals and [CV administration in mice.

In the preclinical testing program for a similar AAV9 vector-based product, the
biodistribution profile (target tissues/organs) was shown to be comparable following ¢ither ICV
injection in mice and IC injection in NHPs. Similarly, in a study published by Haurigot et al.,
(2013), AAV9 vector biodistribution and GFP mRNA expression were compared in canines
following CSF delivery of 2 x 10" vg/animal of AAV9.GFP vectors through either IC (n=1) or
ICV (n=2) injection. Side-by-side analyses of AAV9 vector biodistribution and transgene
expression profiles in the CNS and somatic organs were not suggestive of major differences in
the vector transduction profile with either route of delivery.

Thus, pharmacology/toxicology data generated in Tpplm1j mice following ICV injection
of AAV9.CB7 hCLN2? are relevant to the clinical scenario and planned IC route of administration

in the target patient population.

EXAMPLE 13: Planned Hybrid Pharmacology/Toxicology Study in Tpplm1lj Mouse Model of
CLN2 disease

The proposed preclinical testing program for AAV9.CB7 hCLN2 includes an IND-
enabling Hybrid Pharmacology/Toxicology study conducted in the Tpplm1lj mouse model of
CLN2 disease. In general, hybrid study designs facilitate the evaluation of the safety and
bioactivity of a test article in a disease setting that reproduces the local microenvironment and
pathophysiology status of the target patient population, which may impact the safety and
bioactivity of the product in the clinical setting. As a result, data generated in hybrid studies are
oftentimes more relevant than data obtained from studies conducted in healthy animals. Thus,
data generated from the proposed Hybrid Pharmacology/Toxicology study will help to inform the
selection of a safe and efficacious initial clinical dose level.

In the proposed study, AAV9.CB7 hCLN2 will be administered via ICV injection in 4-
week old mice at a dose level range of 2 x 10'° GC/g brain mass to the MFD of 7.5 x 10" GC/g
brain mass. Half of the animals will be sacrificed at 60 days post-injection to coincide with
expected neuropathology and mortality in control animals and evaluated for bioactivity, including
TPP1 enzymatic activity, accumulation of lysosomal storage material and storage pathology, and

astrocytosis. The remainder of the animals will be evaluated for the time to onset of disecase
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phenotype (defined by seizure, tremor and/or gait abnormality upon clinical observations) and
followed for long-term survival for up to 210 days post-injection, which is beyond when 100%
mortality is expected in control animals. All mice will be evaluated for limited assessments of
safety at multiple time points, as feasible.

While data from pilot studies were suggestive of an effect of AAV9.CB7.hCLN2 on the
prevention of cerebellum functional decline in TppIm1j mice, the utility of these neurobehavioral
assays was limited and data on long-term survival is considered a more objective measure of
bioactivity. Thus, the neurobehavioral assays used in pilot studies were not incorporated into the
design of this study. Specifically, early mortality prevented the evaluation of Tpplm]lj control
mice at later time points, and data from pilot studies appeared to be highly variable despite clearly
impaired function upon clinical observations (eg, pronounced gait abnormalities and tremor). The
rapid progression from discase onset to carly mortality, as well as the potential for environmental
stimuli-induced fatal seizures during animal handling, pose additional challenges for conducting
these assessments in Tpplmlj mice.

It is not feasible to collect all proposed measurements of safety and bioactivity in all
groups due to limited tissue availability and susceptibility of Tpplm1j mice to environmental
stimuli-induced fatal startle seizures (which may limit the ability to perform in-life safety
assessments that require animal handling, such as serial bleeds). Thus, assessments of bioactivity
will be prioritized in Groups 1-6, and assessments of safety/toxicology will be prioritized in
Groups 7-9.

Key design elements for the proposed study, and a discussion of their scientific rationale, is

provided below:

1) Animal model of disease: The Tpplm1j mouse model is a biologically-relevant murine
model of CLN2 disease.

2) Test article: The intended clinical product and formulation (buffer/diluent) will be
evaluated.

3) Dose level range: Multiple dose levels in a range from 2 x 10'° GC/g brain mass to 7.5 x
10" GC/g brain mass will be evaluated to identify the minimum effective dose (MED)
and no-observed-adverse-effect-level NOAEL). In pilot studies, there did not appear to
be benefit in survival or other measures of bioactivity in Tpplm1j mice that were
administered AAV9.CB7.hCLN2 at dose level of 7.5 x 10° GC/g brain mass. The MFD in
Tpp1mlj mice utilizing the ICV route of administration (ROA) is 7.5 x 10" GC/g brain
mass.

4) Intracerebroventricular (ICV) route of administration (ROA): Please see Section 3.4.2.5
for a detailed description of the similarities between the IC and ICV routes, which
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5)

6)

7)

supports the applicability of the ICV route in mice to the planned clinical scenario. The
acute safety of IC injection procedures was previously established in NHP studies
conducted under IND #17565.

Scheduled sacrifices and study duration: The scheduled sacrifices at 60 and 90 days post-
injection were selected to coincide with the onset of the disease phenotype in the
Tpplmlj mouse model (disease onset is characterized by onset of gait abnormalities,
tremors, seizures, and sudden death) and expected neuropathology and early mortality,
respectively. Based on natural history data, it is not expected that any Tpplm1j control
mice will survive until the final scheduled sacrifice at 210 days post-injection.
Pharmacology/bioactivity endpoints: The quantitative endpoints to evaluate bioactivity
will include: time to onset of disease phenotype (defined as gait abnormality and/or
tremor upon clinical observations), astrocytosis correction at 60 days post-injection, body
weight changes (measured weekly), TPP1 enzymatic activity in brain tissue at 60 days
post-injection, and survival through 210 days post-injection. At necropsy (day 60 post-
injection), qualitative histology of lysosomal storage correction and TPP1 enzymatic
activity in the cerebrum, cerebellum, liver, and serum will provide additional measures of
bioactivity. Data from pilot studies indicated that neurobehavioral measurements
(rotarod-based assays) are of limited utility in the Tpplm1j mouse model; thus, these
assessments have not been incorporated into the design of this study.

Safety/Toxicity endpoints: Control mice and Tpplm1j mice administered
AAV9.CB7.hCLN2 via ICV injection at the highest dose level (MFD) will be evaluated
for safety and immunogenicity at multiple time points, as follows:

+ Clinical observations (cage-side morbidity and mortality examinations, daily)

* Detailed clinical observations (weekly)

* Body weight (weekly)

» Complete clinical pathology (d30, d90)

* Immunogenicity (anti-TPP1 antibodies in serum, ELISA) (baseline, d14, d60, d210)

* Organ weights (d60, d90)

* Gross pathology and histopathology of a comprehensive list of tissues and any tissues

showing macroscopic abnormalities (d60, d90)

8) Immunogenicity assessments: Humoral immune responses (serum antibodies against hTPP1)

will be evaluated at baseline and 14, 60, and 210 days post-injection. Humoral immune
response to transgene products in mice have been shown to correlate to the responses
observed in NHPs (data not shown). However, cellular immune responses (ie, interferon

gamma T cell ELISPOT assays) are not as informative in mice as it is not technically
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feasible to isolate adequate PBMC from whole blood to run the assay. For this reason,
ELISPOT assays in mice would need to be performed with splenocytes, however data
from the previous studies that included evaluation of T cell responses in splenocytes
isolated from NHPs did not correlate with data obtained in PBMC from the same NHPs.
Thus, evaluation of T-cell immune response are not incorporated into the study design.
9) Unscheduled deaths: Necropsy and other assessments, as appropriate, will be performed on all

unscheduled deaths in an attempt to determine the cause of death.

EXAMPLE 14: Safety/Toxicology and Biodistribution

Potential GLP Safety/Toxicology Study in C57Bl/6 Mice
The proposed preclinical testing program for AAV9.CB7. hCLN2 includes a Hybrid
Pharmacology/Toxicology study conducted in the Tpplm1j mouse model of CLN2 disease. Mice
administered AAV9.CB7. hCLN2 via ICV injection at multiple dose levels up to the MFD will be
evaluated for safety at multiple in-life timepoints and scheduled sacrifices, as follows:

» Clinical observations (cage-side, daily)

* Body weight (weekly)

+ Clinical pathology (d60, d90, d210)

* Humoral immune response in serum (anti-hTPP1 antibodies in serum, ELISA)

(baseline, d14, d60, d210)

* Organ weights (d60, d90, d210)

» Gross pathology and histopathology of a comprehensive list of tissues (d60, d90, d210)

on any surviving animals (100% mortality is expected in control animals by 6-months of

age).

In general, hybrid study designs facilitate the evaluation of the safety of a test article in a
disease setting that reproduces the local microenvironment and pathophysiology status of the
target patient population, which may impact the safety and bioactivity of the product in the
clinical setting. Thus, safety/toxicology data generated from the proposed Hybrid
Pharmacology/Toxicology study are anticipated to provide important information regarding the
safety profile of AAV9.CB7.hCLN2. As per Agency guidance recommendations, “The animal
species selected for assessment of bioactivity and safety should demonstrate a biological response
to the investigational [product] similar to that expected in humans in order to generate data to
guide clinical trial design.” Therefore, the selection of the Tpplm1j mouse model of CLN2
disease is appropriate for the evaluation of the safety of AAV9.CB7 hCLN2.

There are some potential challenges of assessing safety in Tpplm1j mice, including the

concern that the underlying pathology and early mortality in the disease Tpplm1j mice may mask
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potential test article-related effects and that the ability to perform some safety assessments (such
as serial bleeds) may be limited due to the susceptibility of Tpplm1j mice to environmental
stimuli-induced fatal seizures. If these concerns are borne out by experience, and the Tpplmlj
mouse safety data are not considered sufficient to satisfy regulatory requirements, an additional
GLP-compliant toxicology study will be conducted in C57Bl/6 mice. C57Bl/6 mice are
considered appropriate for detecting potential toxicities associated with AAV9.CB7 hCLN2
because: 1) the C57B1/6 mouse is the background strain for the Tpplm1j mouse model used in
pharmacology assessments; ii) the comparability of biodistribution and transgene expression
profiles of AAV9 vector-based products following ICV injection in mice and IC injection in large
animals has been established; iii) the feasibility of performing safety assessments in healthy mice
is not limited by animal handling concerns or susceptibility to environmental stimuli-induced
fatal seizures, such as in the Tpplm1j mouse; and iv) the conduct of GLP-compliant
safety/toxicology studies in healthy mice is feasible, well-established, and statistically-robust.
The selection of rats as an alternative species is potentially appropriate and would theoretically
enable the incorporation of the planned clinical [C ROA (which is not feasible in mice), however
this species has not been sufficiently characterized (eg, biodistribution profile of AAV9 vector-
based product following delivery into the CSF) to support its use in the preclinical testing
program for AAV9.CB7 hCLN?2.

In this potential GLP Safety/Toxicology study, AAV9.CB7 hCLN2 will be administered
at a dose level of 7.5 x 1010, 2 x 1011 and the MFD of 7.5 x 1011 GC/g brain mass via ICV
injection in 4-week old C57Bl/6 mice, and mice will be evaluated for safety/toxicity at multiple
time points. The planned scheduled sacrifices (30 and 90 days post-injection) and study duration
(90 days post-injection) were selected to coincide with the kinetics of AAV9 vector
biodistribution and progression of the disease phenotype in Tpplm1j mice. Safety assessments
will include clinical observations, body weight, clinical pathology, immunogenicity, gross
pathology, and histopathology of a comprehensive list of tissues. The safety of the proposed IC
ROA has previously been established in studies conducted in NHPs under IND #17565.

Scientific Rationale and Safety of the Administration of AAV9.CB7 hCLN2 via
Intracisternal Injection

Intracisternal (IC) injection was selected as the route of administration (ROA) for
AAV9.CB7hCLN2 to allow direct and non-invasive delivery of the vector to the target CNS
tissue within the confined CSF compartment (Hinderer et al., 2014b; Hinderer et al., 2017; IND
#17565). While intravenous delivery of AAV9 vector-based products has also been shown to

target cells within the CNS, delivery into the CSF has been shown to achieve more efficient
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transduction in the brain at lower vector dose levels and with less transduction of peripheral
organs (Nathwani et al., 2011; Gray et al., 2013; Hinderer et al., 2014; Hinderer et al., 2014b).

The definitive safety assessment of IC injection via image-guided suboccipital puncture
into the cisterna magna (ie, planned clinical ROA) was previously evaluated in GLP-compliant
NHP studies conducted as part of the preclinical testing programs for similar AAV9 vector-based
products. Briefly, the administration procedure was well-tolerated in all animals across multiple
studies; there were no clinical, gross, or histological findings related to the administration
procedure in any animal at 14, 30, or 90 days post-IC injection. Complete preclinical study
reports (and available clinical data) will be provided at the time of IND submission.

Existing Biodistribution Data for AAV9 Vector-based Products following IC Injection

The likely biodistribution profile of AAV9.CB7.hCLN2 following IC injection in the
target patient population is informed by pre-existing biodistribution data generated for similar
AAV9 vector-based products. For example, the biodistribution of similar AAV9 vector-based
products have been comprehensively characterized in multiple species, including cats, dogs, and
NHPs for up to two years following IC injection, and the definitive assessments of biodistribution
were conducted in GLP-compliant NHP studies designed with the input of FDA/CBER/OTAT
(PTS #PS002653 and PTS #PS002919). To summarize, these products were shown to widely
distribute and persist in the brain and spinal cord after IC injection in a variety of animal species.
Where multiple dose levels were evaluated, vector tissue levels were roughly dose-dependent.
Vector distribution to the liver and spleen were generally as high, and sometimes higher, than that
observed in the brain; limited data suggests that preexisting titers to AAV9 may reduce peripheral
tissue vector expression, though there was no observable effect on CNS expression. Vector
concentrations in tissues other than the CNS and liver were highly variable both within studies
and between studies, but all tissues evaluated contained vector. Furthermore, vector expression
did not change meaningfully for up to 6-months following administration in the definitive
assessment of the biodistribution in NHPs.

Overall, biodistribution profiles (target tissues/organs and kinetics of biodistribution) for
AAV9 vector-based products have been shown to be consistent across multiple species and

studies.

EXAMPLE 15: CLINICAL TRIAL

Overview of Clinical Development Program and Planned Pivotal Clinical Trial

The proposed clinical development program for AAV9.CB7. hCLN2 includes a single
trial conducted in two parts (Figure 26; Figure 27). A detailed synopsis is provided in Section 4.
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In Part I of the trial, the primary focus will be on safety and tolerability and up to two
dose levels are planned as part of a conservative dose escalation design — subjects who are >2
years of age with a baseline CRS (combined motor and language domains) score of 3-5 during
treatment with IT ERT (Brineura®) will be enrolled sequentially, a minimum of 8-weeks apart,
with ongoing ISC review. Two subjects will be dosed at the first dose level and an external
IDMC will determine if it is safe to proceed to dosing two subjects at a higher dose level after an
evaluation of safety.

In Part II of the study, the highest-tolerated dose cohort may be expanded up to a total of
15 subjects and will include a patient population of both IT ERT-treated and IT ERT naive
subjects. Inclusion/exclusion criteria will otherwise remain the same in this expanded population,
including a score of 3-5 on the CLN2 Disease CRS.

In Part I of the trial, the focus will be on safety and tolerability, although efficacy
parameters will be measured. In the first dosing cohort, two eligible subjects on IT ERT will be
enrolled sequentially at a minimum of 8 weeks apart to receive the lower dose, which is expected
to be an efficacious dose. Each subject will undergo screening (Day -35 to Day -1) and if eligible
will receive a single IC dose of AAV9.CB7 hCLN2 on Day 1 and will remain in the hospital for
approximately 30 to 36 hours after dosing for observation. The subject will continue to receive [T
ERT every 2 weeks during screening and up to 8 weeks post-administration of
AAV9.CB7hCLN2. Trough levels of CSF TPP1 activity will be measured just prior to the [T
ERT infusion. Trough TPP1 activity are expected to be undetectable from the infusions while
TPP1 activity from the gene therapy would be expected to be measurable from 1 to 4 weeks post
administration. Once trough TPP1 activity is measurable and if pre-specified criteria are met, then
the ISC could decide to stop IT ERT infusions if certain pre-specified criteria are met. Subjects
would at a minimum receive IT ERT at 2 and 4 weeks post AAV9.CB7.hCLN2 and will have
been off IT ERT for up to 4 weeks prior to the Week 8 visit. The ISC will review the safety data
obtained during the first 8 weeks (including data obtained during the Week 8 visit) for this
subject, and if there are no safety concerns, the next subject may be enrolled. The second subject
would undergo the same process in determining when to discontinue IT ERT. If no Safety
Review Triggers (SRTs) are observed (Table 35), all safety data obtained up to and including the
Week 8 visit for the 2nd subject will be evaluated by the IDMC. If any event meets the criteria of
a Stopping Rule, dosing of any new subjects will be suspended until a complete review of all
safety data has been performed. At any given IDMC meeting, whether planned at the conclusion
of a dose cohort or called for by an SRT, the IDMC may recommend to stop the trial, dose
additional subjects at the current dose, proceed to the next dose cohort, or proceed at a lower

dose. In real time, the safety and tolerability of each dosed subject will be assessed as follows:
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Table 35: Safety Review Triggers and Actions  Safety Review Action

Safety Review Trigger Event

A Stopping Rule is met (defined below) An external IDMC will review all
available safety data and provide a
recommendation on whether to enroll
additional subjects.

Any Grade 4 or 5 adverse event (AE), regardless of relationship to treatment

Any Grade 3 AE considered treatment related (by the principal investigator)

Any Grade 3 AE considered unrelated to treatment (by An Internal Safety Committee will review

the principal investigator) all available safety data. If safety concerns
arise while a cohort is enrolling, they may
ask the IDMC to review and make a
recommendation on whether to keep
enrolling subjects in that cohort.

Any report by the principal investigator of technical issues with the AAV9.CB7.hCLN2 administration

procedure that may warrant modifications to the procedure or instruments

2 Recognizably
abnormal.

1 Hardly
understandable.

0 Unintelligible or
no language.

If the decision is to proceed to the second dosing cohort, the subsequent 2 eligible
subjects on [T ERT in Part I will follow the same dosing scheme as the initial dose cohort with
dosing of each subsequent patient occurring after all safety data obtained during the first 8 weeks
(including data obtained during the Week 8 visit) for the previous subject have been reviewed. If
no SRTs are observed, all safety data obtained up to and including the Week 8 visit for the 2nd
subject will be evaluated by the IDMC.

If the IDMC determines that it is safe to proceed into Part II of the trial, then
approximately 13 additional subjects who either are receiving IT ERT or are naive to IT ERT,
will be enrolled in a competitive and parallel manner. There would be a planned biannual IDMC
meeting but the ISC could decide to call for an IDMC meeting at any time, which could also
involve halting enrollment.

Those subjects currently on [T ERT will be asked to discontinue ERT approximately 4-6
weeks after AAV9.CB7 hCLN2 therapy when appropriate pre-specified criteria have been met
(eg, stable CRS, evidence of CSF TPP1 activity from the gene therapy, and other criteria are
being considered). The CRS (Motor and Language domains) will be measured every 8 weeks or
more frequently if changes are observed. Specific guidelines for restarting IT ERT will be
prospectively defined at protocol development and will likely be based on changes in the CRS
scores and the investigators” own clinical evaluation and judgement. In reference to the latter,
different clinical situations (eg, illness, seizure frequency) in proximity to the CRS measurement
could impact the score and not be reflective of disease progression; thus, therapeutic interventions
(eg, change in seizure medication) and additional testing may be performed to assess the

reversibility in CRS scores.
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Since application of vector into the IC space has not been previously conducted in
humans, risks for this procedure have not yet been determined. The procedure was originally
described in 1919 when it was performed without any imaging. A case series of 43 procedures in
20 subjects reported no serious complications and concluded that the technique should prove safe
in the hands of a careful operator (Ayer et al., 1920). There are potentially serious complications
from a suboccipital puncture which represents more than minimal risk. However, the protocol
proposes a thorough mitigation strategy to minimize these risks. Patients who may be at higher
risk for complications based on their medical and surgical history or anatomic abnormalities
present on MRI are excluded from the study. Furthermore, the MRI images obtained during the
screening period are reviewed by a group of neuroradiologists/neurosurgeons at the participating
centers and a consensus will be required to proceed with the procedure which is done under CT
guidance to further minimize the risks. A training program is also required for physicians that
will be performing this procedure in the planned clinical trial. Overall, the expectation is that the
risks we may see will be much like those seen with lumbar puncture, including headache and
injection site reactions.

The clinical safety and efficacy of AAV serotypes loaded with a therapeutic transgene has
been demonstrated in the EMEA-approved gene therapy GLYBERA® (alipogene tiparvovec;
GLYBERA SmPC, 2016) indicated for lipoprotein lipase deficiency. Clinical trial experience
with AAV vectors for inherited forms of blindness (MacLaren et al., 2014; Maquire et al., 2008),
hemophilia B (Nathwani et al., 2014), and many other disease indications (Luo et al., 2015)
provides additional support for the safety and potential efficacy of AAV gene therapy. There are
several ongoing gene therapy studies utilizing AAV, including AAV9. However, direct clinical
data addressing long-term risks of AAV-mediated gene transfer are limited, and the long-term
risks remain unknown.

IS therapy will be implemented in the present study and will include corticosteroids
(methylprednisolone 10 mg/kg intravenously [[V] once on Day 1 predose and oral prednisone
starting at 0.5 mg/kg/day on Day 2 with gradual tapering and discontinuation by Week 12),
tacrolimus (0.5 mg/kg twice daily [BID]| by mouth [PO] Day 2 to Week 24 with target blood level
of 2-4 ng/mL and tapering over 8 weeks between Week 24 and 32), and sirolimus (a loading dose
of 1 mg/m2 every 4 hours x 3 doses on Day -2 and then from Day -1: sirolimus 0.5 mg/m2/day
divided in BID dosing with target blood level of 1-3 ng/ml until Week 48).

Immunosuppression has been included in other CNS-directed AAV gene therapy studies
to minimize the impact of an immune response against AAV and/or the transgene on both safety
and efficacy and appears to be safe and well-tolerated. Two companies, Lysogene (developing an

AAVrh.10 vector-based product) and uniQure (developing an AAVS5 vector-based product),
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conducted clinical trials in patients with Sanfilippo syndrome (MPS III), utilizing an IS regimen
of prednisolone, MMF, and the calcineurin inhibitor, tacrolimus. Lysogene reported that safety
data over 3 years following gene therapy showed good tolerability, absence of adverse events
(AEs) related to the injected product, and no biological sign of toxicity related to
immunosuppressive drugs (Tardieu et al., 2017). Similarly, uniQure reported no local
inflammation or other safety concerns related to the investigational therapy or the procedure over
1 year following gene therapy (UniQure, 2015).

In an ongoing AAV9-mediated IT gene transfer study, GAN patients with at least 1
missense mutation in the GAN gene received IS with corticosteroids only, while 1 patient with a
null mutation received IS with corticosteroids, tacrolimus, and sirolimus to minimize a potential
higher risk for an adaptive anti-transgene response (Bharucha-Goebel et al., 2017). So far, the
therapy has been reported to be clinically well-tolerated and the observed rises in both CSF and
peripheral AAV9 NAB titer and CSF pleocytosis do not appear to impact clinical safety.

In the proposed study, an IS regimen is considered relevant to use and is being planned
for the following reasons:

* To prevent or minimize a potential exaggerated immune response against TPP1,
especially in patients with gene mutations that may result in complete absence of the gene
product. Such an immune response may increase the risk of a hypersensitivity reaction or an
immune mediated reaction against tissues expressing the transgene.

* To prevent the formation of NAbs against TPP1 or an increase in NAbs against TPP1
(in patients on ERT who likely have pre-existing NAbs), which may potentially reduce the
bioactivity of AAV9.CB7 hCLN2 and/or IT ERT.

Corticosteroids are prudent to reduce the immediate degree of inflammation that may be
seen early after AAV treatment and thus minimize the ability of an inflammatory response that
can cause tissue damage as well as to prime a T- and B-cell-mediated adaptive immune response.
Tacrolimus is a calcineurin inhibitor, which blocks very early steps in T-cell activation, leading to
impaired cytokine production and blockade of T-cell expansion and differentiation into effector
cells. It is routinely used as part of a post-transplant regimen with steroids and MMF primarily in
liver and kidney transplantations (Scalea et al., 2016). Tacrolimus is an effective drug available to
prevent a T-cell-mediated immune response against exogenous antigens such as the transgene. As
T-cell help is also required for B-cell antibody production to the transgene, this agent can be
expected to be effective at blocking both cell-mediated and humoral immunity.

Sirolimus (RAPAMUNE® USPI, 2017), also known as rapamycin, acts via a mechanism
distinct from that of calcineurin inhibitors; it inhibits the ability of cytokines to promote T-cell

expansion and maturation by blocking intracellular signaling and metabolic pathways. However,
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its net effect is to target many of the same cellular processes. It is also commonly used in post-
transplant IS (Zhao et al., 2016). In addition, nonclinical and clinical studies suggest that
sirolimus may provide relative sparing of the regulatory T lymphocytes (Treg), which could
allow withdrawal of the drug without rebound immune reactions (Hendrix et al., 2009; Ma et al.,
2009; Mingozzi et al., 2007; Singh et al., 2014). There is precedent in both the gene therapy
literature and the solid organ transplantation clinical trials for patients to be initially treated with
tacrolimus and then have successful “conversion” to rapamycin, with excellent sustainment of
immunosuppressive efficacy (El-Agroudy et al., 2017).

The duration of therapy for the various immunosuppressive agents is based partially on
their successful use in human transplantations and on the designs utilized for MPS Il or GAN
gene therapy studies. Subjects will be monitored closely by laboratory and clinical examinations
for any AEs during the study especially at times when IS reduced or discontinued.

The following endpoints are proposed:

Safety Assessments:

* Safety post-AAV9.CB7. hCLN2 dosing: AEs, SAEs, laboratory evaluations, vital signs,
ECGs, EEG, physical examinations, vision, developmental milestones, and neurologic
assessments

» Immunogenicity measurements

* Neutralizing antibodies to AAV9 and binding antibodies to TPP1 in CSF and plasma

* Enzyme-linked immunospot (ELISPOT) assay: T-cell response to AAV9 and TPP1

» Viral shedding: Vector concentration in CSF, serum, and urine

Efficacy Assessments:

* TPP1 activity in plasma and CSF

* Proportion of subjects without an unreversed (sustained) 2 category decline (ie, 1 in
cach of Language and Motor domains or 2 in Motor domain alone) in the 6-point combined
Language and Motor domains of the CRS and without a rescue medication through 72 weeks for
IT ERT naive subjects and 80 weeks for IT ERT-treated subjects post AAV9.CB7 hCLN?2 as
compared to a natural history cohort

* Proportion of subjects without an unreversed (sustained) 2 category decline (ie, 1 in
cach of Language and Motor domains or 2 in Motor domain alone) in the 6-point combined
Language and Motor domains of the CRS and without a rescue medication through 96 (IT ERT
naive)/104 (IT ERT-treated) weeks post AAV9.CB7 hCLN2 as compared to a natural history
cohort
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*» Mean rate of decline in the 6-point combined Language and Motor domains of the CRS
through 72 (IT ERT naive)/80 (IT ERT-treated), and 96 (IT ERT naive)/104 (IT ERT-treated)
weeks post AAV9.CB7 hCLN2 as compared to a natural history cohort and change from baseline

* Mean rate of decline in combined and individual component (Motor, Language, Vision,
Seizure domains) scores of CRS through 72 (IT ERT naive)/80 (IT ERT-treated), and 96 (IT ERT
naive)/104 (IT ERT-treated) weeks post AAV9.CB7 hCLN2 dosing as compared to a natural
history cohort and change from baseline

* Time to unreversed 2-category decline in the 6-point combined Motor and or Language
domain of the CRS

* Validated instrument for intelligence quotient (IQ) (Wechsler Abbreviated Scale of
Intelligence [WASI-II])

» Parent reporting from Vineland Adaptive Behavior Scales, Second Edition (VABS-II)

* Volumetric analysis of gray and white matter and CSF ventricles by MRI.

* Retinal thickness by SD-OCT

* QOL measurements: Pediatric Quality of Life Inventory (PedsQL) Generic Core Scales
and CLN-2 Specific supplement; Infant Toddler Quality of Life Questionnaire™ (ITQOL)

In the proposed clinical trial, multiple measures of efficacy will be evaluated including
TPP1 enzymatic activity in the CSF and the proportion of subjects who are categorized as
responders which is defined as subjects: 1) without an unreversed (sustained) 2 category decline
(ie, 1 in each of Language and Motor Domains or 2 in Motor Domain alone) in the 6-point
combined Language and Motor Domains of the CLN2 Disease CRS (Steinfeld et al., 2002); and
i1) without a “rescue” IT ERT infusion. Two sets of patient populations (ie, [T ERT naive and IT
ERT-treated) are planned in the Part II expansion cohort, where IT ERT naive subjects will be
followed for 72 weeks and IT ERT-treated subjects will be followed for 80 weeks, and the
combined two patient populations will be compared to a natural history cohort. The primary
reason to combine these two populations is to facilitate trial enrollment due to the rarity of CLN2
disease in general and the further reduction of IT ERT naive patients following the recent
approval of Brineura®. Due to the potential impact of any residual ERT in IT ERT-treated
patients and potentially confounding effects on assessment of AAV9.CB7 hCLN2, a “wash-out”
period is incorporated into the study design. PK data for Brineura® in CSF and plasma suggest
no apparent accumulation or PK time-dependence with a half-life of approximately 7 hours and
11.5 days in CSF and lysosomes, respectively (Brineura® EPAR), thus the proposed “wash-out”
period of up to 4 weeks following discontinuation of IT ERT is appropriate. An analysis will be
conducted using a responder analysis by comparing combined I'T ERT naive and [T ERT-treated
subjects in AAV9.CB7. hCLN2 high dose group to the closest 1-1 matched subjects in the
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external natural history control group. The McNemar’s Exact test will be performed to analyze
the matched population. The 1-1 matched subjects from the natural history control group are
selected based on baseline CLN2 score, age =6 months, and common genotype. When more than
one match occurs, the selection will be narrowed further by matching on additional criteria in the
following order (1) detailed genotype and (2) sex. This analysis will be performed at 72 weeks for
IT ERT naive subjects and 80 weeks for IT ERT-treated subjects. The baseline CRS (combined
motor and language domains) score will be pre AAV9.CB7. hCLN2 injection for
AAVI9.CB7.hCLN2 group. The data through Week 72 for the matched subjects in the natural
history control group will be used for the analysis.

The approval of Brincura® in the US was based on the primary efficacy endpoint of the
proportion of subjects with an absence of an unreversed (sustained) 2-category (raw) decline or
an unreversed score of 0 in the Motor domain of the CLN2 Disease CRS over a 96-week period.
The originally proposed primary efficacy endpoint by BioMarin Pharmaceuticals was the
proportion of patients with an absence of an unreversed (sustained) 2-point rate (slope) of decline
or a score of 0 in the Motor-Language total score over 48 weeks. The agency disagreed with
using the Motor-Language total score and recommended the use of the Motor domain only. The
time point for the primary efficacy analysis was also modified from Week 48 to Week 96 after no
substantial evidence of efficacy was found at Weeks 48 and 72. In contrast, Brineura® was
approved by the EMA based on proportion of subjects who did not have a 2-point decline on the
combined Motor and Language Domains of the CLN2 Disease CRS during a 48-week study
period, as compared to historical natural history data. Several sensitivity and supportive analyses
also confirmed these results.

The agency raised some concerns over the comparability of the CLN2 Disease CRS used
across the different studies in the Brineura® marketing application (Brineura®, FDA Summary
Basis of Approval). The first key issues identified in the Clinical Outcome Assessment Review
was the concern that the potential difference in descriptors used may not lend itself to a clear
understanding of what a particular score means clinically, especially in the cited examples of the
qualitative descriptors around a score of “2”. The second issue identified by the Agency was
around both: 1) the different methods of rating, where subjects in the natural history study were
rated by clinicians both retrospectively and prospectively through live assessment and secondary
sources (eg, medical charts, parental interviews, etc.), while subjects in the Brineura® pivotal
study were rated by clinicians prospectively through live assessment only; and i1) the different
schedules of assessments, where the CLN2 CRS scale was assessed approximately every 12
weeks and 8 weeks in the natural history study and the Brineura® pivotal study, respectively. We
understand from the Agency’s review that the findings from the Video Comparability study also
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did not support the use of the language item in the CLN2 Motor-Language total score as there
was disagreement of ratings on the CLN2 scales used in the natural history study and the
Brineura® pivotal study. It was observed that there was greater discordance with the language
item.

The assessment of language skills and development is critical in the CLN2 disease patient
population and thus is incorporated into the CRS in the planned clinical trial of
AAV9.CB7hCLN2. To address potential concerns regarding the utility of including the
Language Domain (which were identified by FDA/CDER during review of Brineura® marketing
application [Brineura®, FDA Summary Basis of Approval]), a mitigation plan will be
implemented to remove potential biases using this tool, specifically:

» The original descriptive text of the Language Domain ratings, as used in the natural
history study, will be used so that consistent Language Domain ratings can facilitate the
interpretation and direct comparison of the Motor-Language total score within each study and
between studies.

+ Evaluations will incorporate multiple random reviews of video assessments by multiple
independent blinded examiners, where only one of multiple reviews for each subject is completed
in the correct/real chronological order (the other reviews would be performed on a randomly
permuted ordering of the video assessments (and discarded)). In this way, longitudinal and intra-
individual scoring are performed by the same examiner without introducing any potential biases.

Sample size calculations have been performed using McNemar’s exact test for the
proportion of subjects without an unreversed (sustained) 2 category decline (ie, 1 in each of
Language and Motor domains or 2 in Motor domain alone) in the 6-point combined Language
and Motor domains of the CRS and without a rescue medication through 72 weeks for [T ERT
naive subjects and 80 weeks for IT ERT-treated subjects post AAV9.CB7 hCLN2 as compared to
a natural history cohort. In addition to 2 eligible subjects in the first cohort, a total of 15 subjects
in the high dose of AAV9.CB7.hCLN2 group would be required to detect around 60% difference
in the proportion of responders at Week 72 for IT ERT naive subjects and Week 80 for IT ERT-
treated subjects, assuming the response rate of around 35% and 95% in the natural history control
group and IT ERT naive and IT ERT-treated AAV9.CB7 hCLN2 group, respectively, a two-sided
significance level of 0.05, and 80% power. The response rate of 35% at Week 72 in the natural
history control group was estimated based on the Brineura® study results, where the response
rate of 45% was reported at Week 48.

Establishment of Clinical Efficacy based on Totality of Data

FDA provides multiple opportunities to expedite drug development for rare diseases and

specifically addresses the targeting of a deficient gene in the FDA Draft Guidance for Industry:
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Expedited Programs for Serious Conditions — Drugs and Biologics — 2014. This guidance also
provides some insights relevant to endpoints that may be sufficient to support registration of a
product for rare genetic diseases, stating that “for some well understood enzyme deficiencies,
replacement of a deficient enzyme reliably predicts clinical benefit.” This suggests that a gene
therapy that reliably demonstrates transgene expression activity could meet the standard for
accelerated approval under 21 CFR 314, subpart H. Moreover, based on this assertion, the case
for early approval endpoints could be made for diseases in which deficient enzyme levels are
linked to known etiology and their correction or normalization is associated with clinically
meaningful effect.

In the setting of a previously-approved ERT, the correlation between enzyme levels
(typically a secondary endpoint) and clinically meaningful outcomes (the precedent primary
endpoint) is already established. In these instances, such as in many LSDs including CLN2
disease, successful delivery of a functioning gene copy and subsequent expression of the
transgene product is evident at early timepoints (eg, such as though measurement of reductions in
CSF lysosomal storage material or enzymatic activity) well in advance of observed improvements
in clinical outcomes. This suggests that enzymatic activity after gene therapy can be used as a
proxy for clinical benefit. The use of enzyme activity as a basis for approval proposed is also
consistent with FDA precedent, as recently stated in the FDA Directors memo in the approval of
Brineura® which speaks to the approvability of duration of response: “Since CLN?2 is specifically
attributed to deficiency of TPP1, reversal or prevention of its manifestations are theoretically
possible if the replacement of TPP1 is durable or treatment is begun early in the course of the
disease.” Therefore, the potential for using TTP1 activity as an endpoint is consistent with FDA
guidance.

Based on the established role of TPP1 enzymatic activity in preventing pathological
accumulation of lysosomal storage material and known etiology of CLN2 discase, significant and
sustained increases in TPP1 activity are likely to be predictive of long-term stabilization in
neurobehavioral function. Based on data from a study that evaluated mouse CLN2 mutants that
express different amounts of TPP1, TPP1 enzymatic activity levels of 3-6% of normal appear to
be sufficient to dramatically delay disease onset and increase survival (Sleat et al., 2008).
Additional clinical data from patients with CLN2 disease suggest that certain mutations in CLN2
lead to an incomplete loss of TPP1 enzymatic activity (at least in peripheral tissues) and a
subsequently protracted phenotype (Sleat et al., 1999; Bessa et al., 2008; Schulz et al., 2013).
Furthermore, ERT with recombinant TPP1 (Brineura®, cerliponase alfa, BioMarin
Pharmaceuticals), administered as a biweekly infusion into CSF via a permanently implanted

device, was determined to stabilize declines in 1) motor function over a 96-week study period by
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the FDA; and i1) both motor and language function over a 48-week study period by EMA.
AAVI9.CB7.hCLN?2 is designed for the efficient and sustained expression of TPP1 in the CNS,
and the one-time delivery of AAV9.CB7.hCLN2 into the CSF has the potential to provide a long-
term source of the TPP1 enzyme and halt (or significantly delay) disease progression and
neurocognitive decline in this rare genetic disease with high unmet need. Thus, if clinical data
indicate significant and sustained increases in TPP1 enzymatic activity in the CSF at early
timepoints that are suggestive of longer-term improvements in clinically meaningful stabilization
in CRS, the adequacy of these data to provide primary support for the efficacy of
AAV9.CB7hCLN2 in a future marketing application will be discussed with the FDA.

Example 16: Assessment of intracerebroventricular AAV9.hCLN2co efficacy in Batten
mice using a digital vivarium

CLN2 disease, a form of Batten discase, is a neurodegenerative lysosomal storage
disorder caused by mutations in the gene encoding the soluble enzyme, tripeptidyl-peptidase- 1
(TPP1). The disease is characterized by carly onset at 2-4 years of age with seizures and ataxia
before death by mid-childhood. Enzyme replacement therapy (ERT) with recombinant TPP1
(Brineura®, BioMarin Pharmaceuticals) was recently approved and is administered as a biweekly
infusion into the lateral ventricles via a permanently implanted device. Repeat infusions are
necessary due to the short half-lives of recombinant enzymes. Thus, there remains a significant
unmet need for therapies that can provide sustained TPP1 activity in patients without the high
burden associated with repeat administration.

To address this, we conducted a study to assess the efficacy of intracerebroventricular
(ICV) AAV9 encoding human 7PP/ in a mouse model of CLN2 disease, the TPP1™Y mutant.
The TPP1™Y mice recapitulate most features of the human disease, such as shortened lifespan,
seizures, or abnormal gait. Objective monitoring of the neurobehavioral function in this model is,
however, challenging as they are prone to stress-induced fatal seizures after 3 months of age and
do not present any measurable deficit before this age. To circumvent this, we used an unbiased
non-invasive full-time monitoring system in a digital vivarium (Vium, Inc.). This technology
allows continuous recording in the home cage of single-housed mice without any operator
manipulation, thus limiting stress and external bias. Seven-week-old C57B1/6 TPP1™Y KO mice
received a single dose of 3x10"" GC of AAV9-hCLNco in the right cerebral ventricle; vehicle-
injected WT littermates and TPP1™" mice were used as controls. Recordings started 2 weeks
after treatment and continued until sacrifice or unscheduled death. At study termination, 16 weeks

post-ICV injection, necropsies were performed and brain and liver were sampled.
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All mice were single-housed in Vium smart houses with continuous recording of the
following parameters:

- Nightly motion

- Daily motion

- Breathing rate

- Circadian rhythms

In addition, weekly clinical observations and body weights were documented. Recordings
started 2 weeks after AAV9-hCLNco ICV injection (age 9 weeks) and continued until the
scheduled sacrifice (16 weeks post injection, age 23 weeks) or before in case of unscheduled
death. Deaths and euthanasia of moribund animals were recorded throughout the study. At
scheduled study termination, 16 weeks post-ICV injection, necropsies were performed in the
animals that remained, brain and liver weights were recorded, and assessment of histopathology
in the brain and liver was conducted.

All untreated KO animals had tremors, hunched posture, abnormal gait, or seizures, or
were found moribund or found dead, whereas 54% of vector treated KO animals were
unremarkable throughout the study. All vehicle-treated KO had reported clinical signs starting as
carly as 14.9 weeks whereas 54% of vector treated KO (7 out of 13) were clinically unremarkable
throughout the study. The average age at first clinical event was 16.1 weeks in KO vehicle treated
animals and 18.6 weeks in the 6 vector-treated KO that had clinical events recorded; 7 vector-
treated KO had no clinical event. Treatment was well tolerated in all animals, produced
supraphysiologic TPP1 activity in liver, and increased the lifespan of KO mice. At the terminal
endpoint (age 23 weeks), 62 % of treated KO versus 0% of untreated KO mice were alive (FIG.
22B). The vector delayed and decreased the incidence of clinical events (Table 2). The lifespan
of vector-treated mice was significantly increased (FIGs. 25A and 25B). The median survival of
vehicle treated animals was 17.6 weeks in KO males and 17.4 weeks in KO females (absence of
gender effect on survival of single-housed untreated TPP1m1J mice) (FIG. 22A). Death occurred
on average 1.5 weeks after the onset of clinically visible signs. At the terminal sacrifice endpoint
(16 weeks post injection, age 23 weeks), 57 % of treated males (4 out of 7) and 67% of treated
females (4 out of 6) were alive whereas all untreated KO mice were dead by the age of 19 weeks
(FIG. 22A and 22B). The comparison of survival curves of treated KO mice and vehicle treated
KO mice shows a statistically significant increased survival in treated animals (Log-rank Mantel-
Kox test, p<0.0001).

Table 2. Clinical events (incidence) of TPPIm1J and WT littermates treated with
intracebroventricular injection of vehicle or of 3x1011 GC AAV9.CB7.hTPPlco
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Clinical KO PBS n=10 KO AAV9 n=13 WT PBS n=13
event
BARH 0% 61.5% 100%
throughout
study
Tremors 60% 38.5% 0%
Seizure 40% 7.7% 0%
Moribund 60% 15.4% 0%
Found 40% 23.1% 0%
dead

st 14.9 1017.6 weeks 17 to >23 weeks /
1 clinical
event

PBS: Phosphate buffered saline (vehicle control)

BARH: bright, alert, responsive, and hydrated

Further, AAV9.CB7.hTPP1co vector prevented disease-related weight loss (FIGs. 23A
and 23B). Treatment preserved the biphasic circadian motion profile (data not shown), and
weekly average night time motion (FIG. 24). Both WT and treated KO animals showed a clear
biphasic circadian motion profile whereas vehicle treated mice started to lose the biphasic profile
around 16 weeks of age. Continuous recording of motion using the smart cages allowed detection
of neurobehavioral impairment in vehicle treated TPPIm1J mice from 14.7 weeks of age onward,
in otherwise asymptomatic mice (FIG. 24). Breathing rate was comparable in all groups (not
shown).

Taking advantage of the repeated measurements allowed by the digital vivarium, the
statistical analysis of nightly motion speed using linear mixed effect modeling showed a
significant therapeutic benefit in vector-treated KO mice starting at 14.7 weeks of age, while the
average age at first clinical event was 16.1 weeks. This demonstrates that KO mice have
neurobehavioral impairment that precedes the onset of grossly visible clinical signs and that
treatment rescued this impairment. Corresponding to the rescue of neurobehavioral parameters,
astrocytosis (FIGs. 25A and 25B), a marker of neuroinflammation, was decreased in vector-
treated animals.

Altogether, these results demonstrate the therapeutic efficacy of AAV9-mediated gene
therapy to prevent neurobehavioral manifestations, increase survival, maintain quality of life, and
rescue the neuroinflammation related to CLN2 disease. Using a state-of-the art digital vivarium,
we also demonstrated the presence of circadian rhythm abnormality in presymptomatic mice
providing objective early efficacy readout in this model. This pilot study suggests that a single
administration of AAV9 in the cerebrospinal fluid could be an alternative to repeat ERT for the
treatment of CLN2 disease.

32



10

WO 2018/209205 PCT/US2018/032278

All published documents cited in this specification are incorporated herein by reference,
as are US Provisional Patent Application No. 62/652,006, filed April 3, 2018, US Provisional
Patent Application No. 62/599,816, filed December 18, 2017 and US Provisional Patent
Application No. 62/504,817, filed May 11, 2017. Similarly, the SEQ ID NOs which are
referenced herein and which appear in the appended Sequence Listing are incorporated by
reference. While the invention has been described with reference to particular embodiments, it
will be appreciated that modifications can be made without departing from the spirit of the

invention. Such modifications are intended to fall within the scope of the appended claims.

(Sequence Listing Free Text)

The following information is provided for sequences containing free text under numeric

identifier <223>.
SEQ ID NO: Free text under <223>
(containing free
text)
3 <223> constructed sequence
5 <223> constructed sequence
6 <213> adeno-associated virus 9
7 <213> adeno-associated virus 9
8 <223> constructed sequence
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WHAT IS CLAIMED IS:

1. A recombinant adeno-associated virus (rAAV), comprising an AAV capsid, and a vector
genome packaged therein, said vector genome comprising:

(a) an AAV 5' inverted terminal repeat (ITR) sequence;

(b) a promoter;

(c) a CLN2 coding sequence encoding a human TPP1;

(d) an AAV 3'ITR.

2. The rAAV according to claim 1, wherein the coding sequence of (¢) is a codon optimized
human CLN2, which is at least 70% identical to the native human coding sequence of SEQ ID

NO: 2.

3. The rAAV according to claim 1 or 2, wherein the coding sequence of (¢) is SEQ ID NO:

4. The rAAV according to any of claims 1 to 3, wherein the rAAV capsid is an AAV9 or a

variant thereof.

5. The rAAV according to any of claims 1 to 4, wherein the promoter is a chicken beta actin
(CBA) promoter.

6. The rAAV according to any of claims 1 to 5, wherein the promoter is a hybrid promoter

comprising a CBA promoter sequence and cytomegalovirus enhancer elements.

7. The rAAV according to any of claim 1 to 6, wherein the AAV 5' [TR and/or AAV3' ITR
is from AAV?2.

8. The rAAV according to any of claims 1 to 7, wherein the vector genome further

comprises a polyA.
9. The rAAV according to claim 8, wherein the polyA is a synthetic poly A or from bovine

growth hormone (bGH), human growth hormone (hGH), SV40, rabbit B-globin (RGB), or
modified RGB (mRGB).
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10. The rAAV according to any of claims 1 to 9, further comprising an intron.

11. The rAAV according to claim 10, wherein the intron is from CBA, human beta globin,
IVS2, SV40, bGH, alpha-globulin, beta-globulin, collagen, ovalbumin, or p53.

12. The rAAV according to any of claims 1 to 11, further comprising an enhancer.

13. The rAAV according to claim 12, wherein the enhancer is a CMV enhancer, an RSV
enhancer, an APB enhancer, ABPS enhancer, an alpha mic/bik enhancer, TTR enhancer, en34,
ApoE.

14. The rAAV according to any of claims 1 to 13, wherein the vector genome is about 3

kilobases to about 5.5 kilobases 1n size.

15. The rAAV according to any of claims 1 to 14, wherein the vector genome is about 4

kilobases in size.

16. A composition comprising the TAAV of any of claims 1 to 15 and a pharmaceutical

acceptable carrier or an excipient suitable for delivery to the central nervous system.

17. A composition comprising the TAAV of any of claims 1 to 15 and a pharmaceutical

acceptable carrier or an excipient suitable for ICV intrathecal delivery.

18. An aqueous suspension suitable for administration to subject having Batten disease, said
suspension comprising an aqueous suspending liquid and about 1 x10° GC (7.5¢9GC/gr of brain)
to about 1 x10" (1e12 GC/gr of Brain) or viral particles of a recombinant adeno-associated virus
(rAAV) useful as a therapeutic for Batten, said rAAV having an AAV capsid, and having
packaged therein a vector genome comprising:

(a) an AAV 5' inverted terminal repeat (ITR) sequence;

(b) a promoter;

(c) a coding sequence encoding a human TPP1; and

(d) an AAV 3' ITR.

19. The suspension according to claim 18, wherein the suspension is suitable for intrathecal

delivery.
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20. The suspension according to claim 18, wherein the suspension is suitable for intrathecal

delivery selected from ICV and intrathecal lumbar (IT-L) injection.

21. The suspension according to any of claims 18 to 20, wherein the suspension further

comprises a surfactant, preservative, and/or buffer dissolved in the aqueous suspending liquid.

22. The suspension according to any of claims 18 to 21, wherein the promoter is nt 3396 to nt
4061 of SEQ ID NO: 5 and the coding sequence encoding a human TPP1 is SED ID NO: 3.

23. The suspension according to any of claims 18 to 22 wherein the AAV 5' ITR is nt 3199 to
3328 of SEQ ID NO: 5 and the AAV 3'ITR is 248 to 377 of SEQ ID NO: 5.

24, The suspension according to any of claims 18 to 23, wherein the vector genome further

comprises a polyA sequence of nt 33 to 159 of SEQ ID NO: 5.

25. The suspension according to any of claims 18 to 24, wherein the rAAV capsid is an
AAV9 capsid.

26. A method of treating a subject having Batten with a rAAV according to any of claims 1
to 16, a suspension according to any of claims 18 to 25, or a composition according to claim 16 or
17.

27. The method according to claim 26, wherein the rAAV dosage is about 1 x 10° to about 1

x 10'® vector genomes in an aqueous suspension.

28. The method according to any of claims 26 to 27, wherein said composition is

administered intrathecally.

29. The method according to any of claims 26 to 27, wherein said intrathecal administration

is selected from ICV and intrathecal lumbar (IT-L) injection.
30. The method according to any of claims 26 to 29, wherein said rAAV is administered in a

dosage of from 1 x 10” to 1 x 10* rAAV in a volume comprising about or at least 1 to 20

milliliters.
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31. The method according to any of claims 26 to 30, wherein said subject is human.

32. Use of arAAV according to any of claims 1 to 16, a suspension according to any of
claims 18 to 25, or a composition according to claim 16 or 17 for the preparation of a medicament

for the treatment of Batten.

33. The use according to claim 32, wherein the rAAV dosage is about 1 x 10° to about 1 x

10'¢ vector genomes in an aqueous suspension.

34, The use according to any of claims 32 to 33, wherein said composition is administered
intrathecally.
35. The use according to any of claims 32 to 33, wherein said intrathecal administration is

selected from ICV and intrathecal lumbar (IT-L) injection.
36. The use according to any of claims 32 to 35, wherein said rAAV is administered in a
dosage of from 1 x 10” to 1 x 10" rAAV in a volume comprising about or at least 1 to 20

milliliters.

37. The use according to any of claims 32 to 36, wherein said subject is human.
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multiple sequence alignment - 78.56% identity

atgggactccaagcctgcctcecctagggctcetttgecctecatectetcectggecaaatgcagt
atgggactgcaggcctgtctgctgggactgttcgecctgatectgagecggcaagtgcage

khkhkhkhkhkhkk Kk Khkhkhkk *k *k *k *k *k *hkkkk *hkkkxk kkkk Kk Kk kKK

tacagcccggagcccgaccagcggaggacgctgeccccaggcectgggtgtecctgggeegt

tacagccccgagcccgaccagagaagaacactgcectceccaggectgggtgtecctgggecaga
khkhkhkhkhkhkk KAhkhkhkhkhkhkhkhkhkhtkk * Kk Kk K hkhkhkk K hkhkhkhkhkhkhkhkhhhrhkhkhkhkhkhkhkkk *

gcggaccctgaggaagagctgagtctcacctttgecctgagacagcagaatgtggaaaga
gctgaccctgaagaggaactgagcctgaccttcgecctgecggcagcagaacgtggaaaga
khk hkhkhkhkhkhkhkk Kk KAk kAhkhkhkk KAk KAhkhkhkk KAhkhkhkhkk k KAk hkhkhkhkhk Kkkkkkkkkk

ctctcggagctggtgcaggctgtgtcggatcccagectctectcaatacggaaaatacctg
ctgagcgagctggtgcaggccgtgtccgatcctagcagecctcagtacggcaagtacctg
* * kA hkhkhkhkhkhkhkhkhAkhkhkhkk K hkkkk *hkkkk **%k% khkhkhkhk khkhkkk kk  Kkokokokokok

accctagagaatgtggctgatctggtgaggccatccccactgaccctceccacacggtgcaa

accctggaaaacgtggccgacctegtgeggectageccctcectgacactgcacacecgtgecag
khkhkhkk Kk Kk Kkhkhkkk *k *k *hkk *kkx khkk khkhkhkk kk khkkkk  Kkkokokok

aaatggctcttggcagccggagecccagaagtgccattctgtgatcacacaggactttetyg

aagtggctgctggctgceccggecgcectcagaaatgccacteccgtgatcacccaggactttetyg
Kk Kk k ok kK hkhkhkk Kkhkhkhkk Kk KAhkhkhkk Ahkhkhkk kk KAhkhkhkhkhkhkhk Kkhkkkkkkkkkkk

acttgctggctgagcatccgacaagcagagctgctgcteccectggggctgagtttcatcac

acctgttggctgagcatccggcaggccgaactgctgctgecctggggeccgagtttcaccac
khk kk Kkhkhkhkhkhkhkhkhkhkhkhkhkk kk kk kk KAhkhkhkhkhkhkk KAhkhkhkhkhkhthk *hkhkhkhkhkkk K*kk

tatgtgggaggacctacggaaacccatgttgtaaggtccccacatccctaccagecttceca

tatgtgggcggacccaccgagacacatgtcgtgecgcageccacacccttaccagetgeca
Ak hkhkhkhkhkk Khkhkhkk *k Kk *k *hkkkk X% * khkhkhk Ak Kk khkkkkkkk  Kkkk

caggccttggccceccccatgtggactttgtggggggactgcaccgttttccecccaacatca

caggctctggcccecctcacgtggactttgtgggaggectgcacagattcecccecccaaccage
* kK kK hkhkhkhkhkhkk Kk KAhkhkhkhkhkhkhkhkhkhkhkhkk Kk *hkhkhkhkk * Kk K*hkkkkkkk

tccctgaggcaacgtcectgagcecgcaggtgacagggactgtaggectgcatctgggggta
agcctgagacagaggcctgagccacaagtgaccggcacagtgggcectgcatctgggegtyg

kk kKKK kK k hkhkhkhkhkhkhkk Kk KAhkhkhkk kk *khk Kk KAhkhkhkhkhkhkhkhkhkhkhkkk kK

accccctcectgtgatccgtaagcgatacaacttgacctcacaagacgtgggctctggcecacc

acacctagcgtgatccggaagcggtacaacctgaccagccaggatgtgggcagecggcacc
Kk kK khkhkhkhkhkhkk KAhkhkhkk *hkhkkkk *kkkx kk kk Kk k ok ok ok ok Kk kK kK

agcaataacagccaagcctgtgcccagttecctggagcagtattteccatgactcagacctyg

agcaacaatagccaggcctgcgcecccagttectggaacagtactteccacgacagecgatcectyg
khkhkhkk Kk Kkhkhkhkk KAhkhkhkk Ahkhkhkhkhkhkhkhkhkhkhkhkt *hkhkhkkt *hkhkk* K*k*k Kk Kk ok

gctcagttcatgcgcecctcttecggtggcaactttgecacatcaggcatcagtagececegtgtyg

gcccagttcatgecggctgttcggeggcaacttcgecacatcaggctagecgtggeccagagtce
khk AhkhkhkhkhAkhAkAk Ak, *k *Ahkhkhkk *Ahkhkhkhkhkhkk *hkhkhkhkkkkkxx Kk kKK Kk kk

gttggacaacagggccggggccgggccgggattgaggeccagtctagatgtgcagtacctyg
gtgggccagcagggaagaggcagagccggaattgaggectcececctggacgtgcagtacctyg

Kk kk kK Kk kk Kk k khkk Kk Kkhkhkhkk KAk hkkkkkKk Kk kk Kk ok ok ok ok ok ok ok ok ok ok ok

atgagtgctggtgccaacatctccacctgggtctacagtagceccctggeccggcatgaggga

atgagcgctggcgccaacatcagcacctgggtgtacagcageccceggcagacacgagggc
khkhkhkk Khkhkhkk KAk kkkkkKx khkhkhkhkhkhkhkk Khkhkhkk Khkhkhkk KAk Kk K*k Kkkkkk

caggagcccttcctgcagtggctcecatgectgcectcagtaatgagtcageccctgecacatgtg
caggaaccttttctgcagtggctgatgctgctgagcaacgagagcgccecctgectecatgtyg
khkhkhkk Kk Kk KAhkhkhkhkhkhkhkhkhkk *hkhkhkhkkkk ** X%k *k%x kok ok ok ok ok ok ok ok ok ok ok ok ok
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Kk Kk kKK khkk Kkk Kk Kk KhkkkkKk khkk Khhkhkhkhk Ak Ak Ak Ak Ak Ak hkhkhkhkkkk Kk Kkk

aacactgagctcatgaaggctgccgcecteggggtcectcaccctgectettegectcaggtgac

aacaccgagctgatgaaggccgctgccaggggactgaccctgectgtttgectctggegat
khkhkhkk Khkhkhkk KAhkhkhkhkhkkk Xk X% khkhkk Kk KkhkhkhkhkhkhAkhk Kk khkkkk Kkk Kkk

agtggggccgggtgttggtcectgtcectctggaagacaccagttceccgecctacctteectgec

agcggagccggctgttggagtgtgtcaggeccggcaccagttcagacccacctttectgec
khk kK kA hkhkk KkhkkkkKk Kk Kk KKk kK k khkhkhk Ak Ak Ak Ak Kk Kk khkkkk  Kkkkkkk

tccagcccecctatgtcaccacagtgggaggcacatceccttceccaggaacctttectcecatcaca

agctccccecctacgtgacaaccgtgggecggcacctectttcaggaacccttectgatcacce
* khkhkhkhkk Kk Kk Kk KAhkhkhkk KAhkhkhkk KAhkhkhkk KAhkhkhkhkhkhkk *hkhkhkk Kkkkkk

aatgaaattgttgactatatcagtggtggtggcttcagcaatgtgttcccacggecttca

aacgagatcgtggactacatcagcggcggaggcttcagcaacgtgttcceccagacccagce
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taccaggaggaagctgtaacgaagttcctgagctctagcecccccacctgccaccatccagt

taccaggaagaggccgtgaccaagttcectgteccteccagecctecatectgcececcccagetec
khkhkhkhkhkhkk Kk Kk kk Kk *khkhkhkhkkkkx khkk khkhkhkk Kk Khkhkkk kK *

tacttcaatgccagtggccgtgcectacccagatgtggectgecactttctgatggectactgg

tacttcaacgccagcggcagagcctacccagatgtggecgetcectgtceccgacggectactgg
hkhkhkhkhkhkhkk Khkhkhkk Kk, K, Ahkhkhkhkhkhkhkhkhkhkhkhkhkhkhtkt |k Kk Kk K*k Khkkkkkkkk

gtggtcagcaacagagtgcccattccatgggtgtccggaacctcggectcectactecagtyg
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khkhkhkk Kk Khkhkhkk KAhkk kAhkhkhkhkhkk *Ahkhkhkhkhkkk *hkkkx K hkk ok kkkkk kK

ggctttctcaacccaaggctctaccagcagcatggggcaggactctttgatgtaaccegt

ggcttcctgaaccctagactgtaccagcagcacggcgctggectgttecgatgtgaccaga
khkhkhkk Kk Kkhkhkhkk Kk kk KAhkhkhkhkhkhkhkhkhkk Kk Kk Kk Kk Kk *hkhkkk Kkkk K

ggctgccatgagtcctgtcectggatgaagaggtagagggccagggtttctgetctggtect
ggctgccacgagagctgcctggacgaggaagtggaaggccagggcttctgttctggeect

Kk Kk khkk kK KKK khkk Kkhkhkhkk Kk Kk Kk kk Ahkhkhkhkhkhkk KAhkhkkhkk K*hkkkk Kkkk

ggctgggatcctgtaacaggctggggaacacccaacttcccagctttgctgaagactcta

ggctgggatcctgtgaccggatggggcacccctaacttceccececgecectgctgaaaacactyg
khkhkhkhkhkhkhkhkhkhkhkhkk *k **k *,hkkkk* **k k% *hkhkkkkkkx *% K kk ok kkk  kk kK

ctcaacccctgac 1693
ctgaacccctgat 1693

k ok ok kkk ok ok kKK
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FIG. 22A
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FIG. 25A
Cortex astrocyte count
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