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FIELD OF THE INVENTION

The present invention relates to nucleic acid constructs comprising methyl CpG binding
protein 2 (MeCP2) promoter sequences. The present invention further relates to
vectors, viral vectors, host cells and pharmaceutical compositions comprising said
nucleic acid constructs. The present invention also concerns the therapeutic use of said

nucleic acid constructs, vectors, viral vectors and pharmaceutical compositions.

BACKGROUND OF THE INVENTION

Frontotemporal dementia (FTD) is the second most common type of dementia after
Alzheimer’s Disease (Olney et al. Neurol. Clin. 2017 May; 35(2): 339-374). A
mutation in one allele of the GRN gene, which encodes the protein progranulin (PGRN),
is associated with the development of FTD (Baker et al., Nature. 2006 Aug
24;442(7105):916-919). Homozygous mutations in GRN are associated with neuronal
ceroid lipofuscinosis 11 (NCL11), which is characterized by cerebellar ataxia, seizures,
retinitis pigmentosa, and cognitive disorders, usually beginning between 13 and 25

years of age (Faber et al. Brain. 2020; 143(1):303-31).

A variety of mutations can cause a loss of function of PGRN. In PGRN-deficient
mouse models, driving neuronal expression of PGRN using an AAV gene therapy
approach has been shown to correct behavioral deficits associated with FTD (Arrant et
al. Brain. 2017; 140.5: 1447-1465). Thus, there is a strong biological rationale for a
therapeutic approach which increases levels of PGRN in tissues and cells of the central

nervous system (CNS) to treat neurological diseases associated with PGRN deficiency.

Adeno-associated virus (AAV) vectors are a commonly used vehicle to deliver
molecular therapeutics for the treatment of clinical disorders. Many AAV-based
therapies are gene replacement therapies. However, in order to provide robust AAV
production and transgene expression, the AAV construct comprising the transgene of

interest should be between 4.1 kb and 4.7 kb to allow for optimal packaging of the
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AAV. So-called ‘stuffer sequences’ or inert DNA can be added to the transgene or
vector backbone to increase the overall length of the construct. However, vectors are
sensitive to stuffer sequences and must therefore be chosen carefully so as not to
negatively affect transgene expression, patient immune responses, and AAV packaging
efficiency. Another approach to build length into AAV constructs is to modify the
transgene sequence itself. However, this approach may not be suitable where it is

desirable to use the native (wild type) transgene nucleotide sequence.

A further approach to increase the overall length of AAV constructs is through the
inclusion of an engineered promoter sequence. Such promoters must be chosen
carefully so as to ensure suitable in vivo transgene expression levels. Moreover, where
site-specific transgene expression is required for the treatment of neurological disorders,
as in the case of PGRN gene therapy, selection of a promoter which provides targeted

expression of the transgene of interest in the desired tissue or cell type is crucial.

Typically, a nucleotide sequence encoding the PGRN coding sequence is about 1.8 kb
in length, which is significantly shorter than the optimal length of 4.1 to 4.7 kb for
packaging of a nucleic acid construct into an AAV. Thus, there remains a need for
promoter sequences which can be used to increase the length of a viral vector construct

while at the same time providing robust and CNS-targeted expression of PGRN.

SUMMARY OF THE INVENTION

It has been found that promoters derived from the methyl-CpG-binding protein 2
(MeCP2) gene are highly effective for driving CNS-targeted expression of PGRN in a
gene therapy setting. Such promoters were observed to provide higher PGRN
expression and transduction efficiency than equivalent promoters comprising alternative

CNS-specific promoters, such as those derived from the neuron-specific enolase 1
(NSE1) gene.

The inventors have also generated engineered MeCP2 promoters of over 2000 bp in

length. In addition to a minimal MeCP2 promoter sequence, these engineered MeCP2
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promoters comprise an additional intron. The nucleotide sequences of these introns
were derived from a naturally occurring stretch of an MECP2 gene (a natural intron) or
were constructed by combining disparate sequences derived from an MECP2 gene (a
synthetic intron). Gene therapy constructs comprising the engineered MeCP2
promoters of the present invention were found to provide higher expression levels
and/or improved transduction efficiency of CNS cells as compared to constructs
comprising a minimal promoter. Moreover, MeCP2 promoters comprising a synthetic

intron were found to provide the highest expression levels and transduction efficiency.

Thus, the present invention provides a nucleic acid construct comprising a methyl CpG
binding protein 2 (MeCP2) promoter operably linked to a nucleotide sequence encoding
a progranulin (PGRN) protein.

The present invention also provide a nucleic acid construct comprising an engineered
methyl CpG binding protein 2 (MeCP2) promoter operably linked to a nucleotide
sequence encoding a protein of interest (POI), wherein the engineered MeCP2 promoter

comprises a minimal promoter sequence and at least one intron.

The present invention further provides a vector comprising a nucleic acid construct of

the invention. The vector may be a plasmid or a viral vector.

The present invention further provides a host cell which comprises a nucleic acid
construct of the invention and/or a vector of the invention, and/or which produces a
viral vector of the invention, optionally wherein the host cell is a HEK293 cell or a

HEK?293T cell.

Further provided by the present invention is a pharmaceutical composition comprising a
nucleic acid construct of the invention, a vector of the invention, and/or a viral vector of

the invention together with a pharmaceutically acceptable carrier, excipient or diluent.
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Also provided by the present invention is a nucleic acid construct of the invention, a
vector of the invention, a viral vector of the invention, and/or a pharmaceutical
composition of the invention for use in a method of treating or preventing a disease

characterized by progranulin (PGRN) deficiency in a patient in need thereof.

The present invention further provides a method of treating or preventing a disease
characterized by progranulin (PGRN) deficiency in a patient in need thereof, said
method comprising administering to the patient a therapeutically effective amount of a
nucleic acid construct of the invention, a vector of the invention, a viral vector of the

invention, and/or a pharmaceutical composition of the invention.

The present invention also provides the use of a nucleic acid construct of the invention,
a vector of the invention, a viral vector of the invention, and/or a pharmaceutical

composition of the invention for the manufacture of a medicament for the treatment or
prevention of a disease characterized by progranulin (PGRN) deficiency in a patient in

need thereof.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1. A. Schematics showing organization of constructs pAK169, pPG21,
pPG35 and pPG36. MeCP2 (250 bp) denotes a minimal MeCP2 promoter sequence.
GFP denotes a gene encoding green fluorescent protein. 5" MeCP2 (2100 bp) denotes a
natural intron of approximately 2100 bp 5’ to MeCP2 (250 bp). PGRN (1800 bp)
denotes a polynucleotide sequence encoding PGRN. Intron (2100 bp) denotes a
synthetic intron sequence of approximately 100 bp in length. B. Image of western
blot analysis of promoter activity. PGRN expression was evaluated for each of

pAK169, pPG21, pPG35 and pPG36.

Figure 2. A. Schematic showing organization pAK168, pPG20, pPG33 and
pPG34. NSE1 (1300 bp) denotes a minimal NSE1 promoter sequence. GFP denotes a
gene encoding green fluorescent protein. 5' NSE1 (1100 bp) denotes a natural intron of

approximately 1100 bp 5’ to NSE1 (250 bp). PGRN (1800 bp) denotes a polynucleotide
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sequence encoding PGRN. Intron (900 bp) denotes a synthetic intron sequence of
approximately 900 bp in length. B. Image of western blot analysis of promoter
activity. PGRN expression was evaluated for each of pAK 168, pPG20, pPG33 and
pPG34.

Figure 3. Evaluation of PGRN expression in primary neurons and astrocytes for
constructs pPG20, pPG33, pPG34, pPG21, pPG21, pPG35 and pPG36. A. Bar
charts showing: (A) transduction efficiency in neurons; (B) PGRN expression levels in
transduced neurons; (C) transduction efficiency in astrocytes; and (D) PGRN expression

levels in transduced astrocytes.

Figure 4. Evaluation of PGRN secretion by primary neurons and astrocytes. Bar
chart showing concentration of PGRN secreted by neuron-astrocyte co-cultures
transduced with constructs pPG21, pPG35, pPG36, pPG20, pPG26. An untransduced

control is also shown.

Figure 5. Codon-optimization of nucleic acid constructs encoding PGRN. A. Bar
chart showing expression levels of PGRN for GRN - HAP-1 cells transfected with
PGRN-encoding lentiviral vectors, as determined by ELISA. Vectors comprising a
codon-optimized nucleotide sequence encoding PGRN (denoted CpG 0, 4, 9, 17, 25, 40,
71 and 90) were compared to a vector comprising a wild type nucleotide sequence
encoding PGRN (denoted WT). PGRN expression levels for a control transfection with
empty vector and WT HAP-1 cells (GRN"") are also indicated. B. Image of western
blot analysis of PGRN expression levels in GRN” HAP-1 cells transfected with a
lentiviral vector comprising codon-optimized nucleotide sequences encoding PGRN
(denoted CpG 25, 40, 71 and 90) and a vector comprising a wild type nucleotide
sequence encoding PGRN (denoted WT). PGRN expression levels are also indicated
for a control transfection with empty vector (denoted Mock), untransfected wild type
GRN"* HAP-1 cells (denoted WT), and untransfected GRN”- HAP-1 cells (denoted
KO).
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Figure 6. Expression of human PGRN corrects lysosomal deficit in GRN mouse
primary neurons. A. Image of western blot analysis performed to quantify the level
of lysosomal protein cathepsin D in WT (GRN'") and KO (GRN”") primary neurons
transduced with a lentiviral vector comprising the pPG36 construct. B. Bar chart
showing levels of cathepsin D proteins (immature, mature heavy chain and mature light
chain, respectively). Values for expression of cathepsin D are normalized to actin and

GADPH expression level.

Figure 7. ELISA and FRET analysis of CNS expression of human PGRN
(hPGRN) in WT and GRN”- mice following striatal injection of AAVTT-p1PG36.
A. Bar chart showing CSF and plasma levels of hPGRN (ng/ml) as measured by
ELISA. A high level of hPGRN was detected in the CSF (1:100 dilution) of both WT
and GRN” mice in animals injected with AAVTT-pIPG36 (an AAVTT vector
comprising the pPG36 construct). hPGRN was also detected in the plasma of the mice
(1:10 dilution). B. Bar chart showing the results of FRET measurement of hPGRN
concentration (ng/mg) in various brain regions of WT or GRN”" mice injected with
AAVTT-pl1PG36. Highest expression of hPGRN was detected close to the site of
injection (Striatum and Mid-brain). Mid-levels of hPGRN expression was also detected
in cortex and hippocampus. Low-levels of hPGRN expression were detected in distant
brain regions such as brain-stem, olfactory bulb and cerebellum. C. Bar chart showing
CSF levels of hPGRN (ng/ml) as measured by ELISA following WT mice striatal
injection of AAVTT-p1PG36 and AAVTT-p2PG36. A high level of hPGRN was
detected in CSF (1:100 dilution) in animals injected with both AAV constructs.

Figure 8. Images of IHC analysis of CNS expression of human PGRN (hPGRN) in
GRN mice following striatal injection of AAVTT-p1PG36. THC staining of hPGRN
was observed in brain of GRN”"KO mice that received striatal administration of

AAVTT-p1PG36. The immunoreactive signal was specific to human progranulin since
no signal was observed in mice that received vehicle or control AAV-GFP. High levels

of hPGRN were detected mainly throughout the forebrain notably in the striatum,
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thalamus, hypothalamus, cerebral cortex and hippocampus, and in the midbrain in the

substantia nigra of GRN”~ KO mice.

Figure 9. Human PGRN expression impacts cathepsin D activity in vivo. Bar Chart
showing measurement of cathepsin D enzymatic activity the mid-brain lysate of WT
(GRN'") mice treated with vehicle (as indicated by closed circles) and GRN” KO mice
treated with vehicle (closed circles) or AAVTT-p1PG36 (closed triangles). An increase
in cathepsin D enzymatic activity was observed in 4-month old GRN”" mice. A
decrease in cathepsin D activity was observed in GRN” mice injected with AAVTT-

p1PG36 as compared to mice injected with vehicle.

Figure 10. Schematic showing the organization of component nucleic acid

sequences in the AAVTT-pPG36 construct (SEQ ID NO: 17).

Figure 11. Schematic showing the location of the component regions of the

MeCP2_2 intron (SEQ ID NO: 2) within the full length murine MECP2 gene.

BRIEF DESCRIPTION OF THE SEQUENCES

SEQ ID NO: 1 is the nucleotide sequence of the MeCP2 minimal promoter.

SEQ ID NO: 2 is the nucleotide sequence of the MeCP2_2 intron.

SEQ ID NO: 3 is the nucleotide sequence of the MeCP2 2 promoter.

SEQ ID NO: 4 is the nucleotide sequence of exonl of the MeCP2_2 intron.

SEQ ID NO: 5 is the nucleotide sequence of the 5’ intron of the MeCP2_2 intron.
SEQ ID NO: 6 is the nucleotide sequence of the 3’ intron of the MeCP2_2 intron.
SEQ ID NO: 7 is nucleotide sequence of exon2 of the MeCP2 2 intron.

SEQ ID NO: 8 is the nucleotide sequence of the MeCP2_1 promoter.

SEQ ID NO: 9 is the nucleotide sequence of the MeCP2_1 intron.

SEQ ID NOs: 10 and 11 are the nucleotide sequences of constructs pPG35 and pPG36,
respectively.

SEQ ID NOs: 12 and 13 correspond to human PGRN nucleotide and amino acid

sequences, respectively.
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SEQ ID NO: 14 is the nucleotide sequence of the Agel restriction site (5'-ACCGGT-
3n.

SEQ ID NO: 15 is the nucleotide sequence of a woodchuck hepatitis virus (WHP)
posttranscriptional regulatory element (WPRE).

SEQ ID NO: 16 is the nucleotide sequence of an SV40 polyadenylation (poly(A) signal)
sequence.

SEQ ID NO: 17 is the nucleotide sequence of the AAVTT-pPG36 construct.

SEQ ID NO: 18 is the nucleotide sequence of the AAVTT-p1PG36 plasmid.

SEQ ID NO: 19 is the nucleotide sequence of the AAVTT-p2PG36 plasmid.

SEQ ID NO: 20 is the nucleotide sequence of the 5’ ITR as used in the AAVTT-pPG36
construct.

SEQ ID NO: 21 is the nucleotide sequence of the 5’ adjacent fragment as used in the
AAVTT-pPG36 construct.

SEQ ID NO: 22 is the nucleotide sequence of the 3’ adjacent fragment as used in the
AAVTT-pPG36 construct.

SEQ ID NO: 23 is the nucleotide sequence of the 3' ITR as used in the AAVTT-pPG36
construct.

SEQ ID NO: 24 is the nucleotide sequence of the Kozak sequence as used in the
AAVTT-pPG36 construct.

DETAILED DESCRIPTION OF THE INVENTION

All publications, patents and patent applications cited herein, whether supra or infra, are

incorporated by reference in their entirety.

Definitions

@ 9
a

As used in this specification and the appended claims, the singular forms “a”, “an”, and
“the” include plural referents unless the content clearly dictates otherwise. Thus, for

example, reference to “a nucleic acid” includes “nucleic acids”, and the like.
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The term “comprises” (comprise, comprising) should be understood to have its normal
meaning in the art, i.e. that the stated feature or group of features is included, but that
the term does not exclude any other stated feature or group of features from also being
present. For example, a promoter comprising a minimal promoter sequence may
contain other components, such as one or more introns. The term “consists of” should
also be understood to have its normal meaning in the art, i.e. that the stated feature or
group of features is included, to the exclusion of further features. For example, a
promoter consisting of a minimal promoter sequence contains the minimal promoter
sequence and no other components. For every embodiment in which “comprises” or
“comprising” is used, we anticipate a further embodiment in which “consists of” or
“consisting of” is used. Thus, every disclosure of “comprises” should be considered to

be a disclosure of “consists of”.

The terms “protein” and “polypeptide” are used interchangeably herein and, in their
broadest sense, refer to a compound of two or more subunit amino acids, amino acid
analogs, or other peptidomimetics. The terms “protein” thus includes short peptide
sequences and also longer polypeptides. As used herein, the term “amino acid” refers to
either natural and/or unnatural or synthetic amino acids, including both D or L optical

isomers, and amino acid analogs and peptidomimetics.

The terms “patient” and “subject” are used interchangeably herein. Typically, the

patient is a human.

Sequence Homology/Identity

Although sequence homology can also be considered in terms of functional similarity
(i.e., amino acid residues having similar chemical properties/functions), in the context
of the present document it is preferred to express homology in terms of sequence

identity.

Sequence comparisons can be conducted by eye or, more usually, with the aid of readily

available sequence comparison programs. These publicly and commercially available



10

15

20

25

30

WO 2022/034130 PCT/EP2021/072365

10

computer programs can calculate percent homology (such as percent identity) between

two or more sequences.

Percent identity may be calculated over contiguous sequences, i.e., one sequence is
aligned with the other sequence and each amino acid in one sequence is directly
compared with the corresponding amino acid in the other sequence, one residue at a
time. This is called an “ungapped” alignment. Typically, such ungapped alignments are
performed only over a relatively short number of residues (for example less than 50
contiguous amino acids). For comparison over longer sequences, gap scoring is used to
produce an optimal alignment to accurately reflect identity levels in related sequences
having insertion(s) or deletion(s) relative to one another. A suitable computer program
for carrying out such an alignment is the GCG Wisconsin Bestfit package (University of
Wisconsin, U.S.A; Devereux et al.., 1984, Nucleic Acids Research 12:387). Examples
of other software than can perform sequence comparisons include, but are not limited
to, the BLAST package, FASTA (Altschul ef al., 1990, J. Mol. Biol. 215:403-410) and
the GENEWORKS suite of comparison tools.

Typically sequence comparisons are carried out over the length of the reference
sequence. For example, if the user wished to determine whether a given sequence is 70
% identical to SEQ ID NO: 2, SEQ ID NO: 2 would be the reference sequence. For
example, to assess whether a sequence is at least 90 % identical to SEQ ID NO: 2 (an
example of a reference sequence), the skilled person would carry out an alignment over
the length of SEQ ID NO: 2, and identify how many positions in the test sequence were
identical to those of SEQ ID NO: 2. If at least 70 % of the positions are identical, the
test sequence is at least 70 % identical to SEQ ID NO: 2. If the sequence is shorter than
SEQ ID NO: 27, the gaps or missing positions should be considered to be non-identical

positions.

The skilled person is aware of different computer programs that are available to
determine the homology or identity between two sequences. For instance, a comparison

of sequences and determination of percent identity between two sequences can be
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accomplished using a mathematical algorithm. In an embodiment, the percent identity
between two amino acid or nucleic acid sequences is determined using the Needleman
and Wunsch (1970) algorithm which has been incorporated into the GAP program in the
Accelrys GCG software package (available at http://www.accelrys.com/products/geg/),
using either a Blosum 62 matrix or a PAM250 matrix, and a gap weight of 16, 14, 12,
10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6.

The term “fragment” as used herein refers to a contiguous portion of a reference
sequence. For example, a fragment of SEQ ID NO: 2 of 50 nucleotides in length refers
to 50 contiguous nucleotides of SEQ ID NO: 2.

The term “functional variant” as used herein refers to a nucleic acid or amino acid
sequence which has been modified relative to a reference sequence but which retains the
function of said reference sequence. For example, a functional variant of an MeCP2
promoter retains the ability to drive expression of a nucleotide sequence encoding a POI
in cells of the CNS, such as neurons or astrocytes. Similarly, a functional variant of a

PGRN protein retains the activities of the reference PGRN protein.

Nucleic acids

The terms “polynucleotide” and “nucleic acid molecule” are used interchangeably
herein and refer to a polymeric form of nucleotides of any length, either
deoxyribonucleotides or ribonucleotides, or analogs thereof. Non-limiting examples of
polynucleotides include a gene, a gene fragment, messenger RNA (mRNA), cDNA,
recombinant polynucleotides, plasmids, vectors, isolated DNA of any sequence, isolated
RNA of any sequence, nucleic acid probes, and primers. A polynucleotide of the
invention may be provided in isolated or substantially isolated form. By substantially
isolated, it is meant that there may be substantial, but not total, isolation of the
polypeptide from any surrounding medium. The polynucleotides may be mixed with
carriers or diluents which will not interfere with their intended use and still be regarded
as substantially isolated. A nucleic acid sequence which “encodes” a selected

polypeptide is a nucleic acid molecule which is transcribed (in the case of DNA) and
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translated (in the case of mRNA) into a polypeptide in vivo when placed under the
control of appropriate regulatory sequences, for example in an expression vector. The
boundaries of the coding sequence are determined by a start codon at the 5' (amino)
terminus and a translation stop codon at the 3' (carboxy) terminus. For the purposes of
the invention, such nucleic acid sequences can include, but are not limited to, cDNA
from viral, prokaryotic or eukaryotic mRNA, genomic sequences from viral or
prokaryotic DNA or RNA, and even synthetic DNA sequences. A transcription

termination sequence may be located 3' to the coding sequence.

Polynucleotides can be synthesised according to methods well known in the art, as
described by way of example in Sambrook ef al (1989, Molecular Cloning - a laboratory
manual; Cold Spring Harbor Press).

The term “nucleic acid construct” as used herein refers to an artificial (e.g.
recombinantly produced or synthesized) nucleic acid comprising at least one control
sequence (such as a promoter) and at least one nucleotide sequence encoding a protein
of interest (POI). Thus, a nucleic acid construct of the present invention may be
considered an expression cassette. The nucleic acid constructs of the present invention
may be isolated, or substantially isolated. Typically, the nucleic acid constructs of the
present invention comprise a control sequence (such as an MeCP2 promoter) operably
linked to a nucleotide sequence encoding a protein of interest (such as PGRN), thus
allowing for expression of the protein of interest in vivo. Nucleic acid constructs of the
present invention may comprise appropriate promoters, enhancers, initiators, and other
clements, such as for example polyadenylation (polyA) signals and/or a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE) sequence. Nucleic acid
constructs of the present invention may also comprise nucleotide sequences which
facilitate their genetic manipulation, such as restriction sites (e.g. an Agel restriction

site having the nucleotide sequence of SEQ ID NO: 14).

As used herein the term “operably linked” refers to a juxtaposition of two or more

nucleotide sequences which allows cach of said two or more sequences to perform their
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normal function. Typically, the term operably linked is used to refer to the juxtaposition
of a regulatory element (¢.g. a promoter, enhancer, polyA signal sequence, WPRE
sequence, etc.) and a nucleotide sequence encoding a protein of interest (POI). For
example, an operable linkage between a promoter and a protein-encoding nucleotide

sequence permits the promoter to function to drive the expression of the POl in vivo.

In addition to an MeCP2 promoter, the nucleic acid constructs of the present invention
may comprise one or more further regulatory elements. Preferred regulatory elements
are those which function to stabilize an mRNA transcribed from the nucleic acid

construct and/or enhance the expression of a protein of interest (POI) from the nucleic

acid construct, such as PGRN.

A preferred regulatory element which may be used in the nucleic acid constructs of the
present invention is a woodchuck hepatitis virus (WHP) posttranscriptional regulatory
element (WPRE). A WPRE is a DNA sequence which, when transcribed into mRNA,
creates tertiary structure in the mRNA transcript thereby enhancing the stability of the
mRNA and expression of the POI encoded by the nucleic acid construct. In the nucleic
acid constructs of the present invention, the WPRE may be 3’ to the nucleotide sequence
encoding the POI or the PGRN protein. The WPRE may comprise the nucleotide
sequence of SEQ ID NO: 15 or a functional variant or fragment thercof having at least
90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 %
identity to the nucleotide sequence of SEQ ID NO: 15. The functional variant or
fragment of the WPRE retains the characteristics of the corresponding non-variant or
full-length WPRE. Thus, the variant or fragment WPRE may be capable of creating
tertiary structure in an mRNA transcript and/or enhancing the stability of an mRNA
transcript and/or enhancing expression of the POI encoded by the nucleic acid construct.

The enhancement is relative to an mRNA not containing the variant or fragment WPRE.

A preferred regulatory element which may be used in the nucleic acid constructs of the
present invention is a polyadenylation (poly(A)) signal sequence. In eukaryotic cells,

polyadenylation signal sequences within mRNA transcripts are recognized and
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processed to add a poly(A) tail consisting of multiple adenosine monophosphates at the
3’ end of the mRNA transcript. The poly(A) tail functions to promote export of the
mRNA from the nucleus to the cytoplasm and prevents the degradation of the mRNA,
thereby enhancing expressing of the POI encoded by the nucleic acid construct. In the
nucleic acid constructs of the present invention, the polyadenylation signal sequence
may be 3’ to the nucleotide sequence encoding the POI or the PGRN protein. The
polyadenylation signal sequence may comprise the nucleotide sequence SEQ ID NO: 16
or a functional variant or fragment thereof having at least 90 % identity to the
nucleotide sequence of SEQ ID NO: 16. The functional variant or fragment of the
polyadenylation sequence retains the characteristics of the corresponding non-variant or

full-length polyadenylation signal sequence.

The nucleic acid constructs of the present invention may comprise, in the 5’ to 3’
direction, an MeCP2 promoter, a nucleotide sequence encoding the POI or the PGRN

protein, an WPRE, and a polyadenylation signal sequence.

The nucleic acid constructs of the present invention may be provided within vectors
(e.g., plasmids or recombinant viral vectors). A suitable vector may be any vector
which is capable of carrying a sufficient amount of genetic information and allowing
expression of a POI in vivo. A vector comprising a nucleic acid construct of the
invention may be administered directly to a patient in need thereof. Such vectors are
routinely constructed in the art of molecular biology and may for example involve the
use of plasmid DNA and appropriate initiators, promoters, enhancers and other
clements, such as for example polyadenylation signals which may be necessary, and
which are positioned in the correct orientation, in order to allow for expression of a
peptide of the invention. Other suitable vectors would be apparent to persons skilled in
the art. By way of further example in this regard we refer to Sambrook et al. (1989,

Molecular Cloning - a laboratory manual; Cold Spring Harbor Press).

Methyl CpG binding protein 2 (MeCP2) promoters
Methyl CpG binding protein 2 (MeCP2) is a transcriptional repressor and has been
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proposed to globally silence the transcription of genes by binding to methylated
cytosine nucleotides within the promoters of these genes and subsequently recruiting the
co-repressor protein complexes. Additionally, MeCP2 binds to DNA methyltransferase
1 as well as regulates histone methyltransferase activity, which serves to maintain DNA
methylation and facilitates methylation of Lys9 in histone H3. Thus, by binding to
methylated DNA, MeCP2 reinforces its repressive function through multiple epigenetic
modifications, such as the maintenance of DNA methylation and the deacetylation and

methylation of histones.

MeCP2 is highly expressed in the brain, lung and spleen and moderately in the heart and
kidney. In particular, within the central nervous system (CNS), MeCP2 is expressed in

high concentrations in neurons.

The human MECP2 gene (Gene 1D: 4204) is approximately 122 kbp in length, is
located on the long arm of the X chromosome (Xq28) and comprises four coding exons
(Singh et al. Nucleic Acids Research. (2008) Vol. 36, No. 19 6035-6047). The murine
MECP2 gene (Gene ID: 17257) is approximately 59 kbp in length and is located on the
murine X chromosome at position ChrX:73070198-73129296 bp (- strand).

Two MeCP2 isoforms have been identified: MeCP2_el (e1) and MeCP2_e2 (¢2). The
¢l isoform is 498 amino acids in length and encoded by exons 1, 3 and 4. The e2
isoform is 486 amino acids long and encoded by exons 2, 3 and 4.The promoter regions
of the murine and human MECP2 genes have been characterised by, infer alia, Adachi
et al. (Hum. Mol. Genetics. 2005; 14(23): 3709-3722). A segment of the MECP2 gene
(-677/+56) was found to exhibit strong promoter activity in neuronal cell lines and
cortical neurons, but was inactive in non-neuronal cells and glia. The region necessary
for neuronal-specific promoter activity (termed the MR element) was observed to be

located within a 19 bp region (-63/-45).

As described in Adachi et al. (Hum. Mol. Genetics. 2005; 14(23): 3709-3722), the
sequence of the murine (-677/+56) region of the MECP2 gene is 68 % similar to the

corresponding human MeCP2 promoter. In particular, the human and murine sequences
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are 92 % identical between nucleotide positions —87 and +56, which contains the MR

element.

The MeCP2 sequences described herein (e.g. SEQ 1D NOs: 1-9) and used in the
exemplified constructs are derived from the murine MECP2 gene. However, as noted
above, there is a high level of sequence similarity between the minimal promoter
regions of the murine and human MECP?2 genes. Furthermore, there is a very high
degree of sequence identity between the murine and human MR element, which is
responsible for neuronal specific expression. Accordingly, for each embodiment of the
present invention which comprises one or more murine MeCP2 nucleotide sequences,
there is also provided an embodiment in which said one or more murine MeCP2
nucleotide sequences has been replaced by a corresponding human MeCP2 nucleotide

sequence.

Thus, as used herein the term “MeCP2 promoter” refers to a nucleotide sequence of an
MECP?2 gene (e.g. a murine or a human MECP?2 gene) which is capable of functioning
as promoter, i.e. capable of driving the transcription of a nucleotide sequence to which
said MeCP2 promoter is operably linked, thereby driving the expression of a protein
encoded by said nucleotide sequence. Typically, an MeCP2 promoter sequence as used
in the present invention will be specific for a particular tissue or cell type(s).
Preferably, an MeCP2 promoter used in the present invention will be specific for cells
of the CNS. More preferably, an MeCP2 promoter used in the present invention will
specifically drive expression of a protein of interest (POI), such as PGRN, in the

neurons and/or the astrocytes.

The MeCP2 promoter used in the nucleic acid constructs of the present invention may
be a functional variant or fragment of an MeCP2 promoter described herein. A
functional variant or fragment of an MeCP2 promoter described herein may be
functional in the sense that it retains the characteristics of the corresponding non-variant
or full-length MeCP2 promoter. Thus, a functional variant or fragment of an MeCP2
promoter described herein retains the capacity to drive the transcription of a nucleotide

sequence to which said functional variant or fragment is operably linked, thereby
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driving the expression of a protein encoded by said nucleotide sequence. A functional
variant or fragment of an MeCP2 promoter described herein may retain specificity for a
particular tissue type. For example, a functional variant or fragment of an MeCP2
promoter described herein may be specific for cells of the CNS. A functional variant or
fragment of an MeCP2 promoter described herein may specifically drive expression of a

protein of interest (POI), such as PGRN, in the neurons and/or the astrocytes.

An MeCP2 promoter used in the present invention may comprise a “minimal promoter
sequence”, which should be understood to be a nucleotide sequence of the promoter
region of an MECP?2 gene of sufficient length and which comprise the required
elements to function as an MeCP2 promoter, i.e. capable of driving the transcription of
a nucleotide sequence to which said MeCP2 promoter is operably linked, thereby

driving the expression of a protein encoded by said nucleotide sequence.

The minimal MeCP2 promoter used in the nucleic acid constructs of the present
invention may be a functional variant or fragment of a minimal MeCP2 promoter
described herein. A functional variant or fragment of a minimal MeCP2 promoter
described herein may be functional in the sense that it retains the characteristics of the
corresponding non-variant or full-length minimal MeCP2 promoter. Thus, a functional
variant or fragment of a minimal MeCP2 promoter described herein is of sufficient
length and comprises the required elements to function as an MeCP2 promoter and is
capable of driving the transcription of a nucleotide sequence to which said functional
variant or fragment is operably linked, thereby driving the expression of a protein

encoded by said nucleotide sequence.

A preferred minimal promoter sequence that may be used in the MeCP2 promoters
described herein may comprise or consist of the nucleotide sequence of SEQ ID NO: 1
or a functional variant thereof having at least 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96
%, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to the nucleotide sequence of SEQ ID
NO: 1. Fragments of any length of SEQ ID NO: 1 or said functional variant may also

be used as a minimal promoter sequence in the nucleic acid constructs of the present
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invention. The minimal promoter sequence may be 160-300 bp, 170-290 bp, 180-280
bp, 190-270 bp, 200-260 bp, 210-250 bp, 220-240 bp, or about 230 bp.

An MeCP2 promoter used in the present invention may comprise one or more introns.
As used herein, the term “intron” refers to an intragenic non-coding nucleotide
sequence. Typically, introns are transcribed from the DNA into messenger RNA
(mRNA) during transcription of a gene but are excised from the mRNA transcript by

splicing prior to its translation.

An MeCP2 promoter used in the present invention may comprise a functional variant or
fragment of an intron described herein. A functional variant or fragment of an intron
described herein may be functional in the sense that it retains the characteristics of the
corresponding non-variant or full-length intron. Thus, functional variants or fragments
of an intron described herein are non-coding. Functional variants or fragments of an
intron described herein may also retain the capacity to be transcribed from DNA to

mRNA and/or the capacity to be excised from mRNA by splicing.

An MeCP2 promoter which comprises a minimal promoter sequence and an intron is

referred to herein as an “engineered MeCP2 promoter”.

Introns that may be incorporated in the MeCP2 promoters used in the present invention
may be from naturally non-coding region of an MECP2 gene. Thus, the term intron
encompasses a nucleotide sequence corresponding to a naturally occurring contiguous
nucleotide sequence of an MECP2 gene. Such introns are referred to herein as

“natural” introns.

A preferred intron that may be used in the MeCP2 promoters described herein
comprises or consists of the nucleotide sequence of SEQ ID NO: 9 or a functional
variant thereof having at least 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %,
99 %, 99.5 %, or 99.9 % identity to SEQ ID NO: 9. Fragments of said intron may also
be used. Such fragments may be 1000-2107 bp, 1200-2100 bp, 1400-2000 bp, 1600-
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1900 bp, or 1700-1800 bp in length. Longer nucleotide sequences comprising said

intron may also be used.

A preferred MeCP2 promoter that may be used in the nucleic acid constructs of the
present invention is designated MeCP2 1 (SEQ ID NO: 8). This MeCP2 promoter
comprises an intron having the nucleotide sequence of SEQ ID NO: 9. Thus, the
MeCP2 promoter used in the nucleic acid construct of the present invention may
comprise or consist of the nucleotide sequence of SEQ ID NO: 8 or a functional variant
thereof having at least 90%, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %,
99.5 %, or 99.9 % identity to SEQ ID NO: 8. Fragments of said MecCP2 promoter may
also be used. Such fragments may be 1000-2336 bp, 1200-2300 bp, 1400-2200 bp,
1600-2100 bp, 1700-2000 bp, or 1800-1900 bp in length. Longer nucleotide sequences

comprising said MeCP2 promoter may also be used.

The MeCP2 promoters used in the nucleic acid constructs of the present invention may
comprise a “synthetic intron”. A synthetic intron should be understood as one which
has been constructed from two or more disparate (e.g., distinct and non-contiguous)
sequences, for example of an MECP2 gene. The two or more sequences used to prepare
the synthetic intron can be from any location with an MECP2 gene. The synthetic
intron may therefore comprise a nucleotide sequence of an intron of an MECP?2 gene,

which is thus termed an “intronic sequence”.

Alternatively, the component nucleotide sequences of the synthetic intron need not be
from an intron of an MECP?2 gene and may instead be from an exon (i.e. the protein
encoding nucleotides) of the MECP2 gene. Typically, the nucleotide sequence of an
exon MECP?2 gene will be modified (e.g., by truncation, deletion, substitution, and the
like) and/or arranged within the synthetic intron such that the exonic sequence is non-
expressing. Thus, such nucleotide sequences are not capable of producing a transcript
which may be translated into polypeptide (e.g., an MeCP2 protein or a fragment
thereof). Accordingly, the synthetic introns used in the MeCP2 promoters described

herein may comprise one or more “non-expressing exonic sequences”, for example of
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an MECP2 gene. Suitably, said non-expressing exonic sequences may flank an intronic
sequence to provide splice sites. These splice sites allow the synthetic intron to be
excised by splicing from an mRNA produced by transcription of a nucleic acid

construct comprising said synthetic intron.

A synthetic intron used in the MeCP2 promoters described herein may comprise a
functional variant or fragment of a non-expressing exonic sequence described herein. A
functional variant or fragment of a non-expressing exonic sequence described herein
may be functional in the sense that it retains the characteristics of the corresponding
non-variant or full-length exonic sequence. Thus, functional variants or fragments of
the non-expressing exonic sequences described herein may retain the capacity to flank
an intronic sequence and may comprise splice sites. They may be capable of being

joined (or spliced) together upon removal of the exon.

The synthetic intron used in the MeCP2 promoters described herein may comprise one,
two, three, four, five, six, seven, eight, nine, or ten intronic sequences and/or one, two,
three, four, five, six, seven, eight, nine, or ten non-expressing exonic sequences.
Preferably, the synthetic intron comprises two intronic sequences and two non-

expressing exonic sequences.

A preferred non-expressing exonic sequence that may be used in the MeCP2 promoters
described herein comprises or consists of the nucleotide sequence of SEQ ID NO: 4 or a
functional variant thereof having at least 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %,
97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ ID NO: 4. Fragments of said
non-expressing exonic sequences may also be used. Longer nucleotide sequences

comprising said non-expressing exonic sequence may also be used.

A preferred non-expressing exonic sequence that may be used in the MeCP2 promoters
described herein comprise or consists of the nucleotide sequence of SEQ ID NO: 7 or a
functional variant thereof having at least 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %,
97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ ID NO: 7. Fragments of said
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non-expressing exonic sequences may also be used. Longer nucleotide sequences

comprising said non-expressing exonic sequence may also be used.

A preferred intronic sequence that may be used in the MeCP2 promoters described
herein comprises or consists of the nucleotide sequence of SEQ ID NO: 5 or a
functional variant thereof having at least 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %,
97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ ID NO: 5. Fragments of said
intronic sequences may also be used. Longer nucleotide sequences comprising said

intronic sequences may also be used.

A preferred intronic sequence that may be used in the MeCP2 promoters described
herein comprises or consists of the nucleotide sequence of SEQ ID NO: 6 or a
functional variant thereof having at least 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %,
97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ ID NO: 6. Fragments of said
intronic sequences may also be used. Longer nucleotide sequences comprising said

intronic sequences may also be used.

Thus, the nucleic acid construct of the invention may comprise or consist of an MeCP2
promoter comprising at least one synthetic intron which comprises:

(a) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 4 or a functional variant or fragment thercof having at least 90 %, 91 %,
92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 4;

(b) an intronic sequence comprising a nucleotide sequence of SEQ ID NO: 5
or a functional variant or fragment thereof having at least 90 %, 91 %, 92 %, 93 %, 94
%, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ ID NO: 5;

(c) an intronic sequence comprising a nucleotide sequence of SEQ ID NO: 6
or a functional variant or fragment thereof having at least 90 %, 91 %, 92 %, 93 %, 94
%, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ ID NO: 6; and/or

(d) a non-expressing exonic sequence comprising the nucleotide sequence of

SEQ ID NO: 7 or a functional variant or fragment thereof having at least 90 %, 91 %,
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92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 7.

The synthetic intron may comprise (a), (b), (¢) and/or (d) above in any order in the 5’ to
3’ direction. The synthetic intron may comprise (a), (b), (c) and/or (d) in the order that
they are listed above. For example, in the 5’ to 3’ direction, the synthetic intron may
comprise:
i.  (a)and (b);

ii.  (a)and (c);

iii.  (a)and (d);

iv.  (b)and (¢c);

v. (b)and (d);

vi. (c)and (d);
vii.  (a), (b) and (c);
viii.  (a), (b) and (d);

ix. (b), (c)and (d); or

x.  (a), (b), (c) and (d).
The synthetic intron may comprise a non-expressing exonic sequence at its 5’ terminus.
For example, the synthetic intron may comprise at its 5 ’ terminus:

(a) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 4 or a functional variant or fragment thercof having at least 90 %, 91 %,
92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 4; or
(d) a non-expressing exonic sequence comprising the nucleotide sequence of

SEQ ID NO: 7 or a functional variant or fragment thereof having at least 90 %, 91 %,
92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 7.

The synthetic intron may comprise a non-expressing exonic sequence at its 3’ terminus:
(a) a non-expressing exonic sequence comprising the nucleotide sequence of

SEQ ID NO: 4 or a functional variant or fragment thereof having at least 90 %, 91 %,
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92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 4; or

(d) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 7 or a functional variant or fragment thereof having at least 90 %, 91 %,
92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 7.

The synthetic intron may comprise non-expressing exonic sequences at its 5’ terminus
and at its 3’ terminus. For example, the synthetic intron may comprise at its 5’ terminus:

(a) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 4 or a functional variant or fragment thereof having at least 90 %, 91 %,
92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 4; or

(d) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 7 or a functional variant or fragment thereof having at least 90 %, 91 %,
92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 7; and
the synthetic intron may comprise at its 3’ terminus:

(a)  anon-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 4 or a functional variant or fragment thereof having at least 90 %, 91 %,
92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 4; or

(d) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 7 or a functional variant or fragment thereof having at least 90 %, 91 %,
92 %, 93 %, 94%, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 7.

The non-expressing exonic sequences at the 5’ terminus and the 3’ terminus may flank
one or more intronic sequences, such as one or more intronic sequence described herein.
For example, in the 5' to 3’ direction, a synthetic intron used in the MeCP2 promoters

described herein may comprise:
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i.  (a),(b)and (d);
ii. (a),(c)and (d);
ii. ~ (a), (b), (c) and (d);
iv. (), (c), (b) and (d);
v.  (a), (b)and (a);
vi. (a), (c) and (a);
vii.  (a), (b), (¢) and (a);
viii.  (a), (), (b) and (a)
ix. (d), (b)and (d);
x.  (d), (c)and (d);
xi.  (d), (b), (c) and (d);
xii.  (d), (c), (b) and (d)
xiii.  (d), (b), and (a);
xiv.  (d), (¢) and (a);
xv.  (d), (b), (¢) and (a); or
xvi.  (d), (¢), (d) and (a), where:
(a) corresponds to a non-expressing exonic sequence comprising the

nucleotide sequence of SEQ ID NO: 4 or a functional variant or fragment thereof having
at least 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9
% identity to SEQ ID NO: 4;

(b) corresponds to an intronic sequence comprising a nucleotide sequence of
SEQ ID NO: 5 or a functional variant or fragment thereof having at least 90 %, 91 %,
92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 5;

(c) corresponds to an intronic sequence comprising a nucleotide sequence of
SEQ ID NO: 6 or a functional variant or fragment thereof having at least 90 %, 91 %,
92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 6; and

(d) corresponds to a non-expressing exonic sequence comprising the

nucleotide sequence of SEQ ID NO: 7 or a functional variant or fragment thereof having
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at least 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9
% identity to SEQ ID NO: 7.

A preferred synthetic intron that may be used in the MeCP2 promoters described herein
comprises or consists of, in the 5’ to 3’ direction:

(a) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 4 or a functional variant or fragment thereof having at least 90 %, 91 %,
92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 4;

(b) an intronic sequence comprising a nucleotide sequence of SEQ ID NO: 5
or a functional variant or fragment thereof having at least 90 %, 91 %, 92 %, 93 %, 94
%, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ ID NO: 5;

(©) an intronic sequence comprising a nucleotide sequence of SEQ ID NO: 6
or a functional variant or fragment thereof having at least 90 %, 91 %, 92 %, 93 %, 94
%, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ ID NO: 6; and/or

(d) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 7 or a functional variant or fragment thereof having at least 90 %, 91 %,
92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 7.

A preferred synthetic intron that may be used in the MeCP2 promoters described herein
comprises or consists of, in the 5’ to 3’ direction:

(a) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 4 or a functional variant or fragment thereof having at least 90 %, 91 %,
92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 4;

(b) an intronic sequence comprising a nucleotide sequence of SEQ ID NO: 5
or a functional variant or fragment thereof having at least 90 %, 91 %, 92 %, 93 %, 94
%, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ ID NO: 5;
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() an intronic sequence comprising a nucleotide sequence of SEQ ID NO: 6
or a functional variant or fragment thereof having at least 90 %, 91 %, 92 %, 93 %, 94
%, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ ID NO: 6; and

(d) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 7 or a functional variant or fragment thereof having at least 90 %, 91 %,
92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 7.

A preferred synthetic intron that may be used in the MeCP2 promoters described herein
consists of, in the 5’ to 3’ direction:

(a) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 4 or a functional variant or fragment thereof having at least 90 %, 91 %,
92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 4;

(b) an intronic sequence comprising a nucleotide sequence of SEQ ID NO: 5
or a functional variant or fragment thereof having at least 90 %, 91 %, 92 %, 93 %, 94
%, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ ID NO: 5;

(©) an intronic sequence comprising a nucleotide sequence of SEQ ID NO: 6
or a functional variant or fragment thereof having at least 90 %, 91 %, 92 %, 93 %, 94
%, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ ID NO: 6; and

(d) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 7 or a functional variant or fragment thereof having at least 90 %, 91 %,
92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to SEQ
ID NO: 7.

A preferred synthetic intron that may be used in the MeCP2 promoters described herein
comprises or consists of the nucleotide sequence of SEQ ID NO: 2 or a functional
variant thereof having at least 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %,
99 %, 99.5 %, or 99.9 % identity to SEQ ID NO: 2. Fragments of said synthetic intron
may also be used. Such fragments may be 1000-2005 bp, 1200-2000 bp, 1400-1900 bp,
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1600-1800 bp, or 1700-1800 bp in length. Longer nucleotide sequences comprising

said synthetic intron may also be used.

A preferred MeCP2 promoter that may be used in the nucleic acid constructs of the
present invention is designated MeCP2 2 (SEQ ID NO: 3). This promoter region
comprises a synthetic intron having the nucleotide sequence of SEQ ID NO: 2. Thus,
the MeCP2 promoter used in the nucleic acid constructs of the present invention may
comprise or consist of the nucleotide sequence of SEQ ID NO: 3 or a functional variant
thereof having at least 90%, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %,
99.5 %, or 99.9 % identity to SEQ ID NO: 3. Fragments of said MeCP2 promoters may
also be used. Such fragments may be 1000-2234 bp, 1200-2200 bp, 1400-2100 bp,
1600-2000 bp, or 1700-1900 bp in length. Longer nucleotide sequences comprising

said MeCP2 promoter may also be used.

Nucleic acid constructs comprising the MeCP2 promoters described herein provide
enhanced expression of the protein of interest (POI) that they encode, for example
PGRN. Said constructs also provide enhanced transduction efficiency. Thus, in certain
embodiments, expression of a POI or a PGRN protein from a nucleic acid construct of
the invention comprising an MeCP2 promoter may be increased relative to a construct
lacking an MeCP2 promoter that is otherwise identical. In certain embodiments, the
nucleic acid construct of the invention comprising an MeCP2 promoter provides
increased transduction efficiency relative to a construct lacking an MeCP2 promoter

that is otherwise identical.

Nucleic acid constructs comprising the engineered MeCP2 promoters described herein
provide enhanced expression of the protein of interest (POI) that they encode, for
example PGRN. Said constructs also provide enhanced transduction efficiency. Thus,
in certain embodiments, expression of a POI or a PGRN protein from a nucleic acid
construct of the invention comprising an engineered MeCP2 promoter may be increased
relative to a construct lacking an engineered MeCP2 promoter, such as an equivalent

construct comprising a minimal MeCP2 promoter. In certain embodiments, the nucleic
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acid construct of the invention comprising an engineered MeCP2 promoter provides
increased transduction efficiency relative to a construct lacking an engineered MeCP2

promoter, such as an equivalent construct comprising a minimal MeCP2 promoter.

Nucleic acid constructs which comprise the engineered MeCP2 promoters comprising a
synthetic intron described herein provide enhanced expression of the protein of interest
(POI]) that they encode. Said constructs also provide enhanced transduction efficiency.
Thus, in certain embodiments, expression of a POI or a PGRN protein from a nucleic
acid construct of the invention which comprises an engineered MeCP2 promoter
comprising a synthetic intron may be increased relative to a construct lacking an
engineered MeCP2 promoter which comprises a synthetic intron, such as a construct
comprising a minimal MeCP2 promoter or a construct which comprises an engineered
MeCP2 promoter lacking a synthetic intron. In certain embodiments, the nucleic acid
construct of the invention which comprises an engineered MeCP2 promoter comprising
a synthetic intron provides increased transduction efficiency relative to a construct
lacking an engineered MeCP2 promoter which comprises a synthetic intron, such as a
construct comprising a minimal MeCP2 promoter or a construct which comprises an

engineered MeCP2 promoter lacking a synthetic intron.

Progranulin (PGRN)

Progranulin (PGRN; also known as granulin-epithelin precursor, proepithelin, prostate
cancer (PC) cell derived growth factor and acrogranin) is a secreted glycoprotein that is
expressed by many cell types throughout the body. Encoded by a single gene (GRN;
Gene ID: 2896) on chromosome 17q21, PGRN is a 593-amino acid, cysteine-rich
protein with an estimated molecular weight of 68.5 kDa. It contains 7.5 granulin-like
domains, cach of which consist of highly conserved tandem repeats of a 12 cysteinyl
motif. Proteolytic cleavage of PGRN by extracellular proteases, such as elastase, gives
rise to smaller peptide fragments termed granulins or epithelins (e.g. granulin A,
granulin B, granulin C, etc.). These fragments range in size from 6 to 25 kDa and have

been implicated in a range of biological functions.
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PGRN deficiency is strongly associated with the pathogenesis of frontotemporal
dementia (FTD), also referred to as frontotemporal lobar dementia. A mutation in one
allele of the GRN gene, which encodes the protein progranulin (PGRN), is associated
with the development of FTD (Baker et al., Nature. 2006 Aug 24;442(7105):916-919).
The GRN-related form of FTD is a proteinopathy characterized by the appearance of
neuronal inclusions containing ubiquitinated and fragmented TDP-43 (encoded by the
TARDBP). In PGRN-deficient mouse models, driving neuronal expression of PGRN
using an AAV gene therapy approach has been shown to correct behavioral deficits

associated with FTD (Arrant et al. Brain. 2017; 140.5: 1447-1465).

PGRN deficiency is also associated with neuronal ceroid lipofuscinosis 11 (NCL11). In
particular, homozygous mutations in GRN are associated with neuronal ceroid
lipofuscinosis 11 (NCL11), which is characterized by cerebellar ataxia, seizures,
retinitis pigmentosa, and cognitive disorders, usually beginning between 13 and 25

years of age (Faber et al. Brain. 2020; 143(1):303-31).

Thus, there is a strong biological rationale for a therapeutic approach which increases
levels of PGRN in the central nervous system to treat neurological diseases associated
with PGRN deficiency. The link between PGRN deficiency and CNS disorders,
including FTD and NCL11 is discussed in detail in Mole and Cotman, Biochimica et
Biophysica Acta. 2015; 1852: 2237-2241, Chitramuthu et al. Brain. 2017; 140: 3081-
3104, and Huin et al., Brain. 2020; 143: 303-319).

The nucleotide sequence encoding a PGRN protein used in the nucleic acid constructs
of the present invention may encode a human PGRN protein. The nucleotide sequence
encoding a PGRN protein used in the nucleic acid constructs of the present invention
may encode a wild-type PGRN protein. The nucleotide sequence encoding a PGRN
protein used in the nucleic acid constructs of the present invention may encode a wild-

type human PGRN protein.
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The inventors have found that, for nucleic acid constructs and vectors comprising an
MeCP2 promoter, codon optimization of the nucleotide sequence encoding the PGRN
protein provided lower PGRN expression levels as compared to a wild type nucleotide
sequence encoding PGRN (see Example 5 and Figure 5). Thus, in some embodiments
of the present invention, the nucleotide sequence encoding a PGRN protein is not codon

optimized.

A preferred nucleotide sequence encoding a PGRN protein that may be used in the
nucleic acid constructs of the present invention comprises or consists of the nucleotide
sequence of SEQ ID NO: 12 or a functional variant thereof having at least 70 %, 75 %,
80 %, 85 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or
99.9 % identity to the nucleotide sequence of SEQ ID NO: 12. Fragments of said
nucleotide sequences may also be used. Such fragments may be 1000-1781 bp, 1200-
1750 bp, 1400-1700 bp, or 1500-1600 bp in length.

A preferred nucleotide sequence encoding a PGRN protein that may be used in the
nucleic acid constructions of the present invention encodes a PGRN protein which
comprises or consists of the amino acid sequence of SEQ ID NO: 13 or a functional
variant thereof having at least 70 %, 75 %, 80 %, 85 %, 90 %, 91 %, 92 %, 93 %, 94 %,
95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to the amino acid sequence
of SEQ ID NO: 13. Nucleotides encoding fragments of said PGRN protein may also be
used. Such fragments may be 300-592, 350-490, 400-480, or 450-475 amino acid

residues in length.

In any protein or polypeptide described herein, the amino acid sequence may be
modified by additions, deletions or substitutions, provided that a polypeptide having the
modified sequence exhibits the same activity, as compared to a polypeptide having the
unmodified sequence. By “the same” it is to be understood that the polypeptide of the
modified sequence does not exhibit significantly reduced activity as compared to a
polypeptide of the unmodified sequence. Such a modified protein or the nucleotide

sequence which encodes said modified protein may be considered “functional variants”.
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The nucleic acid constructs of the present invention may comprise a functional variant
or fragment of a nucleotide sequence encoding a PGRN protein described herein. A
functional variant or fragment of a nucleotide sequence encoding a PGRN protein
described herein may be functional in the sense that it retains the characteristics of the

corresponding non-variant or full-length nucleotide sequence encoding a PGRN protein.

The nucleic acid constructs of the present invention may comprise a nucleotide
sequence encoding a functional variant or fragment of a PGRN protein described herein.
A functional variant or fragment of a PGRN protein described herein may be functional
in the sense that it retains the characteristics of the corresponding non-variant or full-

length PGRN protein.

Work to characterize the function and intracellular interactions of PRGN remains
ongoing. Nevertheless, PGRN has been observed to co-localize with the lysosomal
marker protein LAMP-1 (lysosomal-associated membrane protein 1) and to play a role
in the regulation of lysosomal function and biogenesis through acidification of

lysosomes (Tanaka et al., Human Molecular Genetics. 2017; 26(5): 969-988).

In certain embodiments, the functional variant or fragment of a nucleotide sequence
encoding a PGRN protein encodes a PGRN protein which is capable of co-localization
with LAMP-1. Co-localization of the PGRN protein encoded by the functional variant
or fragment and LAMP-1 may be at least about 50 %, 60 %, 70 %, 75%, 80 %, 85 %, 90
%, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, or 99 % of the co-localization
between a PGRN protein encoded by the corresponding non-variant or full-length
nucleotide sequence and LAMP-1 under the same conditions. Co-localization of the
PGRN protein encoded by the functional variant or fragment and LAMP-1 may be
substantially the same as, or greater than, the co-localization between a PGRN protein
encoded by the corresponding non-variant or full-length nucleotide sequence and

LAMP-1 under the same conditions.
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In certain embodiments, the functional variant or fragment of a PGRN protein is capable
of co-localization with LAMP-1. Co-localization of the variant of fragment of a PGRN
protein and LAMP-1 may be at least about 50 %, 60 %, 70 %, 75%, 80 %, 85 %, 90 %,
91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, or 99 % of the co-localization
between the corresponding non-variant or full-length PGRN protein under the same
conditions. Co-localization of the variant of fragment of a PGRN protein may be
substantially the same as, or greater than, the co-localization between the corresponding

non-variant or full-length PGRN protein under the same conditions.

Co-localization of a PGRN protein and LAMP-1 may be evaluated and/or quantified
using any suitable technique known in the art. For example, cultured cells deficient in
PGRN (e.g. GRN"" cells, or cells in which expression PGRN expression has been down
regulated by siRNA) may be transfected with a vector which comprises the nucleic acid
construct comprising the functional variant or fragment of the nucleotide sequence
encoding the PGRN protein. The cells may then be immunostained using a first
fluorescently labelled (e.g. green) antibody specific for PGRN and a second
fluorescently labelled (e.g. red) antibody specific for LAMP-1. Co-localization of the
red and green staining can then be assessed using a fluorescence microscopy (see

Tanaka et al., Human Molecular Genetics. 2017; 26(5): 969-988).

In certain embodiments, the functional variant or fragment of a nucleotide sequence
encoding a PGRN protein encodes a PGRN protein which is capable of regulating
lysosomal acidification. The regulation of lysosomal acidification by the PGRN protein
encoded by the functional variant or fragment may be at least about 50 %, 60 %, 70 %,
75 %, 80 %, 85 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, or 99 % of
the regulation of lysosomal acidification by a PGRN protein encoded by the
corresponding non-variant or full-length nucleotide sequence under the same conditions.
The regulation of lysosomal acidification by the PGRN protein encoded by the
functional variant or fragment may be substantially the same as, or greater than, the
regulation of lysosomal acidification by a PGRN protein encoded by the corresponding

non-variant or full-length nucleotide sequence under the same conditions.
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In certain embodiments, the functional variant or fragment of a PGRN protein is capable
of regulating lysosomal acidification. The regulation of lysosomal acidification by the
variant or fragment of a PGRN protein may be at least about 50 %, 60 %, 70 %, 75 %,
80 %, 85 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, or 99 % of the
regulation of lysosomal acidification by the corresponding non-variant or full-length
PGRN protein under the same conditions. The regulation of lysosomal acidification by
the variant or fragment of a PGRN protein may be substantially the same as, or greater
than, the regulation of lysosomal acidification by the corresponding non-variant or full-

length PGRN protein under the same conditions.

In certain embodiments, the functional variant or fragment of a nucleotide sequence
encoding a PGRN protein encodes a PGRN protein which is capable of increasing
lysosomal acidification. The PGRN protein encoded by the functional variant or
fragment may be capable of increasing lysosomal acidification to at least about 50 %,
60 %, 70 %, 75%, 80 %, 85 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98
%, or 99 % of the increase in lysosomal acidification provided by a PGRN protein
encoded by the corresponding non-variant or full-length nucleotide sequence under the
same conditions. The PGRN protein encoded by the functional variant or fragment may
be capable of increasing lysosomal acidification to an extent which is substantially the
same as, or greater than, the increase in lysosomal acidification provided by a PGRN
protein encoded by the corresponding non-variant or full-length nucleotide sequence

under the same conditions.

In certain embodiments, the functional variant or fragment of a PGRN protein is capable
of increasing lysosomal acidification. The variant or fragment of a PGRN protein may
be capable of increasing lysosomal acidification to at least about 50 %, 60 %, 70 %, 75
%, 80 %, 85 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, or 99 % of
the increase in lysosomal acidification provided by the corresponding non-variant or
full-length PGRN protein under the same conditions. The variant or fragment of a

PGRN protein may be capable of increasing lysosomal acidification to an extent which
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is substantially the same as, or greater than, the regulation of lysosomal acidification by

the corresponding non-variant or full-length PGRN protein under the same conditions.

The effect PGRN on lysosomal acidification may be evaluated using any suitable
technique in the art. For example, cultured cells deficient in PGRN (e.g. GRN”" cells, or
cells in which expression PGRN expression has been down regulated by siRNA) may
be transfected with a vector which comprises the nucleic acid construct comprising the
functional variant or fragment of the nucleotide sequence encoding the PGRN protein.
The acidification of lysosomes in the transfected cells can then be assessed using cell
permeable dyes, such as LysoSensor DND-189 or acridine orange (see Tanaka et al.,
Human Molecular Genetics. 2017; 26(5): 969-988). LysoSensor DND-189
fluorescence increases dependently on lysosomal acidity. Acridine orange monomer
emits green fluorescence, whereas its dimer and oligomers formed when it is
protonated. Thus, the ratio of red/green fluorescence indicates the relative acidity of the
lysosomes. Fluorescent signal generated by the dyes may be measured using

fluorescent microscopy or a fluorescent plate reader.

Any comparison of activity between sequences is to be conducted using the same assay.
Unless otherwise specified, modifications to a polypeptide sequence are preferably
conservative amino acid substitutions. Conservative substitutions replace amino acids
with other amino acids of similar chemical structure, similar chemical properties or
similar side-chain volume. The amino acids introduced may have similar polarity,
hydrophilicity, hydrophobicity, basicity, acidity, neutrality or charge to the amino acids
they replace. Alternatively, the conservative substitution may introduce another amino
acid that is aromatic or aliphatic in the place of a pre-existing aromatic or aliphatic
amino acid. Conservative amino acid changes are well-known in the art and may be
selected in accordance with the properties of the 20 main amino acids as defined in
Table A1 below. Where amino acids have similar polarity, this can be determined by

reference to the hydropathy scale for amino acid side chains in Table A2.
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Table A1 — Chemical properties of amino acids

PCT/EP2021/072365

Ala (A) [aliphatic, hydrophobic, neutral Met (M)hydrophobic, neutral

Cys 1 polar, hydrophobic, neutral IAsn (N) [polar, hydrophilic, neutral

Asp (D) [polar, hydrophilic, charged (-) Pro (P) |hydrophobic, neutral

Glu I polar, hydrophilic, charged (-) Gln (Q) |polar, hydrophilic, neutral

Phe (F) [aromatic, hydrophobic, neutral Arg I  [|polar, hydrophilic, charged (+)
Gly (G) |aliphatic, neutral Ser (S) [polar, hydrophilic, neutral

His (H) |ar0matic, polar, hydrophilic, charged (+) [Thr (T) [polar, hydrophilic, neutral

Ile (I) aliphatic, hydrophobic, neutral Val (V) |aliphatic, hydrophobic, neutral
Lys (K) [polar, hydrophilic, charged(+) Trp (W) |aromatic, hydrophobic, neutral
Leu (L) [aliphatic, hydrophobic, neutral Tyr (Y) |aromatic, polar, hydrophobic

Table A2 — Hydropathy scale

Side Chain Hydropathy
Ile 4.5
Val 4.2
Leu 3.8
Phe 2.8
Cys 2.5
Met 1.9
Ala 1.8
Gly -0.4
Thr -0.7
Ser -0.8
Trp -0.9
Tyr -1.3
Pro -1.6
His -3.2
Glu -3.5
Gln -3.5
Asp -3.5
Asn -3.5
Lys -3.9
Arg -4.5
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Vectors

The present invention provides vectors comprising the nucleic acid constructs of the
present invention. The vector may be of any type. For example, the vector may be a
plasmid vector or a minicircle DNA. Typically however, vectors of the invention are
viral vectors. The viral vector may be based on the herpes simplex virus, adenovirus or
lentivirus. The viral vector may be an adeno-associated virus (AAV) vector or a
derivative thereof. The viral vector derivative may be a chimeric, shuffled or capsid

modified derivative.

The viral vector may comprise an AAV genome from a naturally derived serotype,
isolate or clade of AAV. The AAYV serotype determines the tissue specificity of
infection (or tropism) of an AAV virus. Preferably, the AAV used in the present
invention is capable of transducing cells of the CNS, for example neuronal cells,
astrocytes and/or oligodendrocytes. For example, the AAV serotype may be AAV2,
AAVS5 or AAVS, preferably AAV2.

The efficacy of gene therapy is, in general, dependent upon adequate and efficient
delivery of the donated DNA. This process is usually mediated by viral vectors. Adeno
associated viruses (AAV), a member of the parvovirus family, are commonly used in
gene therapy. Wild-type AAV, containing viral genes, insert their genomic material into
chromosome 19 of the host cell (Kotin, et al. PNAS USA 1990. 87:2211-2215). The
AAYV single-stranded DNA genome comprises two inverted terminal repeats (ITRs) and
two open reading frames, containing structural (cap) and packaging (rep) genes
(Hermonat et al., J. Virol 1984. 51:329-339). For therapeutic purposes, the only
sequences required in cis, in addition to the therapeutic gene, are the ITRs. The AAV
virus is therefore modified: the viral genes are removed from the genome, producing
recombinant AAV (rAAV). This contains only the therapeutic gene, the two ITRs. The
removal of the viral genes renders rAAV incapable of actively inserting its genome into
the host cell DNA. Instead, the rAAV genomes fuse via the ITRs, forming circular,
episomal structures, or insert into pre-existing chromosomal breaks. For viral

production, the structural and packaging genes, now removed from the rAAV, are
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supplied in trans, in the form of a helper plasmid. AAYV vectors are limited by a

relatively small packaging capacity of roughly 4.8 kb.

Most gene therapy vector constructs are based on the AAV serotype 2 (AAV2). AAV2
binds to the target cells via the heparin sulphate proteoglycan receptor (Summerford and
Samulski J. Virol, 1998, 72:1438-1445). The AAV2 genome, like those of all AAV
serotypes, can be enclosed in a number of different capsid proteins. AAV2 can be
packaged in its natural AAV?2 capsid (AAV?2/2) or it can be pseudotyped with other
capsids (e.g. AAV2 genome in AAV1 capsid; AAV2/1, AAV2 genome in AAVS5
capsid; AAV2/5 and AAV2 genome in AAVS capsid; AAV2/8).

The vector of the present invention may comprise an adeno-associated virus (AAV)

genome or a derivative thereof.

An AAV genome is a polynucleotide sequence which encodes functions needed for
production of an AAV viral particle. These functions include those operating in the
replication and packaging cycle for AAV in a host cell, including encapsidation of the
AAYV genome into an AAV viral particle. Naturally occurring AAV viruses are
replication-deficient and rely on the provision of helper functions in trans for
completion of a replication and packaging cycle. Accordingly and with the additional
removal of the AAV rep and cap genes, the AAV genome of the vector of the invention

is replication-deficient.

The AAV genome may be in single-stranded form, either positive or negative-sense, or
alternatively in double-stranded form. The use of a double-stranded form allows bypass
of the DNA replication step in the target cell and so can accelerate transgene expression.
The AAV genome may be from any naturally derived serotype or isolate or clade of
AAV. Asis known to the skilled person, AAV viruses occurring in nature may be

classified according to various biological systems.
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Commonly, AAV viruses are referred to in terms of their serotype. A serotype
corresponds to a variant subspecies of AAV which owing to its profile of expression of
capsid surface antigens has a distinctive reactivity which can be used to distinguish it
from other variant subspecies. Typically, a virus having a particular AAV serotype
does not efficiently cross-react with neutralizing antibodies specific for any other AAV
serotype. AAV serotypes include AAV1, AAV2, AAV3, AAV4, AAVS, AAV6,
AAV7, AAV8, AAV9, AAV10 (AAVrH10) and AAV11, also recombinant serotypes,
such as Rec2 and Rec3 identified from primate brain. In the vectors of the invention,
the genome may be derived from any AAYV serotype. The capsid may also be derived
from any AAV serotype. The genome and the capsid may be derived from the same
serotype or different serotypes. In vectors of the invention, it is preferred that the
genome is derived from AAV serotype 2 (AAV2), AAV serotype 4 (AAV4), AAV
serotype 5 (AAVS5) or AAV serotype 8 (AAVS). It is more preferred that the genome is
derived from AAV2.

It is even more preferred that the AAV is AAV-TT. AAV-TT is described in detail in
Tordo et al., Brain. 2018; 141(7): 2014-2031 and WO 2015/121501, which are

incorporated herein by reference in their entirety.

Reviews of AAV serotypes may be found in Choi et al (Curr Gene Ther. 2005; 5(3);
299-310) and Wu et al (Molecular Therapy. 2006; 14(3), 316-327). The sequences of
AAV genomes or of elements of AAV genomes including ITR sequences, rep or cap
genes for use in the invention may be derived from the following accession numbers for
AAYV whole genome sequences: Adeno-associated virus 1 NC 002077, AF063497;
Adeno-associated virus 2 NC_001401; Adeno-associated virus 3 NC_001729; Adeno-
associated virus 3B NC_001863; Adeno-associated virus 4 NC_001829; Adeno-
associated virus 5 Y18065,5AF085716; Adeno-associated virus 6 NC _001862; Avian
AAV ATCC VR-865 AY 186198, AY629583, NC _004828; Avian AAV strain DA-1
NC_006263, AY629583; Bovine AAV NC_005889, AY388617.
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AAV viruses may also be referred to in terms of clades or clones. This refers to the

phylogenetic relationship of naturally derived AAV viruses, and typically to a

phylogenetic group of AAV viruses which can be traced back to a common ancestor,

and includes all descendants thereof. Additionally, AAV viruses may be referred to in

terms of a specific isolate, i.¢. a genetic isolate of a specific AAV virus found in nature.

The term genetic isolate describes a population of AAV viruses which has undergone

limited genetic mixing with other naturally occurring AAV viruses, thereby defining a

recognizably distinct population at a genetic level. Examples of clades and isolates of

AAYV that may be used in the invention include:

Clade A: AAV1 NC 002077, AF063497, AAV6 NC_001862, Hu. 48
AY530611, Hu 43 AY530606, Hu 44 AY530607, Hu 46 AY530609;

Clade B: Hu. 19 AY 530584, Hu. 20 AY530586, Hu 23 AY530589, Hu22
AY530588, Hu24 AY530590, Hu21 AY530587, Hu27 AY530592, Hu28
AY530593, Hu 29 AY530594, Hu63 AYS30624, Hu64 AY530625, Hul3
AY530578, Hu56 AY530618, Hu57 AY530619, Hu49 AY530612, Hu58
AY530620, Hu34 AY530598, Hu35 AY530599, AAV2 NC 001401, Hu45
AY530608, Hu47 AY530610, HuS51 AY530613, Hu52 AY530614, Hu T41
AY695378, Hu S17 AY695376, Hu T88 AY 695375, Hu T71 AY695374, Hu
T70 AY695373, Hu T40 AY 695372, Hu T32 AY695371, Hu T17 AY695370,
Hu LG15 AY695377,

Clade C: Hu9 AY 530629, HulO AY530576, Hull AY530577, Hu53 AY530615,
Hu55 AY530617, Hu54 AY530616, Hu7 AY530628, Hul8 AY 530583, Hul5
AY530580, Hul6 AY530581, Hu25 AY530591, Hu60 AY 530622, Ch5
AY243021, Hu3 AY530595,Hul AY530575, Hu4 AY530602 Hu2, AY530585,
Hu61 AY530623;

Clade D: Rh62 AY530573, Rh48 AY530561, Rh54 AY530567, Rh55
AY530568, Cy2 AY243020, AAV7 AF513851, Rh35 AY243000, Rh37
AY242998, Rh36 AY242999, Cy6 AY243016, Cy4 AY243018, Cy3
AY243019, Cy5 AY243017, RhI3 AY243013;

Clade E: Rh38 AY 530558, Hu66 AY530626, Hu42 AY 530605, Hu67
AY530627, Hu40 AY530603, Hu4l AY530604, Hu37 AY530600, Rh40
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AY530559, Rh2 AY243007, Bbl AY243023, Bb2 AY243022, RhlO AY?243015,
Hul7 AY530582, Hub AY530621, Rh25 AY530557, Pi2 AY530554, Pil
AY530553, Pi3 AY530555, Rh57 AY530569, Rh50 AY530563, Rh49
AY530562, Hu39 AY530601, Rh58 AY530570, Rhbl AY530572,
Rh52AY 530565, Rh53 AY530566, Rh51 AY530564, Rh64 AY530574, Rh43
AY530560, AAV8 AF513852, Rh8 AY242997, Rhl AY530556; and

e C(Clade F: Hu 14 (AAV9) AY530579, Hu31 AY530596, Hu32 AY 530597,
Clonal Isolate AAVS5 Y18065, AF085716, AAV 3 NC_001729, AAV 3B
NC_001863, AAV4 15 NC_001829, Rh34 AY243001, Rh33 AY243002, Rh32
AY243003.

The skilled person can select an appropriate serotype, clade, clone or isolate of AAV for
use in the present invention on the basis of their common general knowledge. It should
be understood however that the invention also encompasses use of an AAV genome of

other serotypes that may not yet have been identified or characterized.

Typically, the AAV genome of a naturally derived serotype or isolate or clade of AAV
comprises at least one inverted terminal repeat sequence (ITR). Vectors of the
invention may comprise two ITRs, preferably one at each end of the genome. An ITR
sequence acts in cis to provide a functional origin of replication, and allows for
integration and excision of the vector from the genome of a cell. Preferred ITR
sequences are those of AAV2 and variants thereof. The AAV genome typically
comprises packaging genes, such as rep and/or cap genes which encode packaging
functions for an AAV viral particle. The rep gene encodes one or more of the proteins
Rep78, Rep68, Rep52 and Rep40 or variants thereof. The cap gene encodes one or
more capsid proteins such as VP1, VP2 and VP3 or variants thereof. These proteins

make up the capsid of an AAYV viral particle. Capsid variants are discussed below.

Preferably the AAV genome will be derivatised for the purpose of administration to
patients. Such derivatisation is standard in the art and the present invention

encompasses the use of any known derivative of an AAV genome, and derivatives
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which could be generated by applying techniques known in the art. Derivatisation of
the AAV genome and of the AAV capsid are reviewed in Coura and Nardi (Virology
Journal. 2007; 4:99), and in Choi et al, referenced above.

Derivatives of an AAV genome include any truncated or modified forms of an AAV
genome which allow for expression of a Rep-1 transgene from a vector of the invention
in vivo. Typically, it is possible to truncate the AAV genome significantly to include
minimal viral sequence yet retain the above function. This is preferred for safety
reasons to reduce the risk of recombination of the vector with wild-type virus, and also
to avoid triggering a cellular immune response by the presence of viral gene proteins in
the target cell. Typically, a derivative will include at least one inverted terminal repeat
sequence (ITR), preferably more than one ITR, such as two ITRs or more. One or more
of the ITRs may be derived from AAV genomes having different serotypes, or may be a
chimeric or mutant ITR. A preferred mutant ITR is one having a deletion of a #rs
(terminal resolution site). This deletion allows for continued replication of the genome
to generate a single-stranded genome which contains both coding and complementary
sequences i.e. a self-complementary AAV genome. This allows for bypass of DNA

replication in the target cell, and so enables accelerated transgene expression.

The one or more ITRs will preferably flank the nucleic acid construct of the present
invention, i.c. the nucleotide sequence comprising the MeCP2 promoter and the
nucleotide sequence encoding the PGRN protein. The inclusion of one or more ITRs is
preferred to aid packaging of the vector of the invention into viral particles. In preferred
embodiments, ITR elements will be the only sequences retained from the native AAV
genome in the derivative. Thus, a derivative will preferably not include the rep and/or
cap genes of the native genome and any other sequences of the native genome. This is
preferred for the reasons described above, and also to reduce the possibility of
integration of the vector into the host cell genome. Additionally, reducing the size of the
AAYV genome allows for increased flexibility in incorporating other sequence elements

(such as regulatory elements) within the vector in addition to the transgene.
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With reference to the AAV?2 genome, the following portions could therefore be
removed in a derivative of the invention: One inverted terminal repeat (ITR) sequence,
the replication (rep) and capsid (cap) genes. However, in some embodiments, including
in vitro embodiments, derivatives may additionally include one or more rep and/or cap
genes or other viral sequences of an AAV genome. A derivative may be a chimeric,
shuffled or capsid-modified derivative of one or more naturally occurring AAV viruses.
The invention encompasses the use of capsid protein sequences from different
serotypes, clades, clones, or isolates of AAV within the same vector. The invention also
encompasses the packaging of the genome of one serotype into the capsid of another
serotype i.e. pseudotyping. Chimeric, shuffled or capsid-modified derivatives may be
selected to provide one or more desired functionalities for the viral vector. Thus, these
derivatives may display increased efficiency of gene delivery, decreased
immunogenicity (humoral or cellular), an altered tropism range and/or improved
targeting of a particular cell type compared to an AAV viral vector comprising a
naturally occurring AAV genome, such as that of AAV2. Increased efficiency of gene
delivery may be effected by improved receptor or co-receptor binding at the cell
surface, improved internalization, improved trafficking within the cell and into the
nucleus, improved uncoating of the viral particle and improved conversion of a single-
stranded genome to double-stranded form. Increased efficiency may also relate to an
altered tropism range or targeting of a specific cell population, such that the vector dose

is not diluted by administration to tissues where it is not needed.

Chimeric capsid proteins include those generated by recombination between two or
more capsid coding sequences of naturally occurring AAV serotypes. This may be
performed for example by a marker rescue approach in which non-infectious capsid
sequences of one serotype are co-transfected with capsid sequences of a different
serotype, and directed selection is used to select for capsid sequences having desired
properties. The capsid sequences of the different serotypes can be altered by
homologous recombination within the cell to produce novel chimeric capsid proteins.
Chimeric capsid proteins also include those generated by engineering of capsid protein

sequences to transfer specific capsid protein domains, surface loops or specific amino
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acid residues between two or more capsid proteins, for example between two or more
capsid proteins of different serotypes. Shuffled or chimeric capsid proteins may also be
generated by DNA shuffling or by error-prone PCR. Hybrid AAV capsid genes can be
created by randomly fragmenting the sequences of related AAV genes e.g. those
encoding capsid proteins of multiple different serotypes and then subsequently
reassembling the fragments in a self-priming polymerase reaction, which may also
cause crossovers in regions of sequence homology. A library of hybrid AAV genes
created in this way by shuffling the capsid genes of several serotypes can be screened to
identify viral clones having a desired functionality. Similarly, error prone PCR may be
used to randomly mutate AAV capsid genes to create a diverse library of variants which

may then be selected for a desired property.

The sequences of the capsid genes may also be genetically modified to introduce
specific deletions, substitutions or insertions with respect to the native wild-type
sequence. In particular, capsid genes may be modified by the insertion of a sequence of
an unrelated protein or peptide within an open reading frame of a capsid coding
sequence, or at the N- and/or C-terminus of a capsid coding sequence. The unrelated
protein or peptide may advantageously be one which acts as a ligand for a particular cell
type, thereby conferring improved binding to a target cell or improving the specificity of
targeting of the vector to a particular cell population. The unrelated protein may also be
one which assists purification of the viral particle as part of the production process i.e.
an epitope or affinity tag. The site of insertion will typically be selected so as not to
interfere with other functions of the viral particle e.g. internalisation, trafficking of the
viral particle. The skilled person can identify suitable sites for insertion based on their
common general knowledge. Particular sites are disclosed in Choi et al, referenced

above.

The invention additionally encompasses the use of sequences of an AAV genome in a
different order and configuration to that of a native AAV genome. The invention also
encompasses the replacement of one or more AAV sequences or genes with sequences

from another virus or with chimeric genes composed of sequences from more than one
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virus. Such chimeric genes may be composed of sequences from two or more related

viral proteins of different viral species.

The present invention also provides an AAV viral particle comprising a vector of the
invention. The AAV particles of the invention include transcapsidated forms wherein
an AAV genome or derivative having an ITR of one serotype is packaged in the capsid
of a different serotype. The AAV particles of the invention also include mosaic forms
wherein a mixture of unmodified capsid proteins from two or more different serotypes
makes up the viral envelope. The AAYV particle also includes chemically modified
forms bearing ligands adsorbed to the capsid surface. For example, such ligands may

include antibodies for targeting a particular cell surface receptor.

The vectors, including AAV vectors, of the invention and AAV viral particles of the
invention may be prepared by standard means known in the art for provision of vectors
for gene therapy. Thus, well established public domain transfection, packaging and

purification methods can be used to prepare a suitable vector preparation.

Nucleic acid constructs and vectors of the invention comprising a nucleotide sequence
encoding a PGRN protein have the ability to rescue loss of PGRN function, which may
occur for example by mutations in one or both alleles of a GRN gene of a patient.
“Rescue” generally means any amelioration or slowing of progression of a phenotype
associated with PRGN deficiency, for example restoring the presence of PGRN protein

in the brain and/or a reducing neuronal pathologies.

The properties of nucleic acid constructs and vectors of the present invention may be
tested using techniques known by the person skilled in the art. For example a nucleic
acid construct of the invention can be assembled into a vector of the invention and
delivered to a PRGN deficient test animal, such as a mouse or a primate, and the effects

observed and compared to a control.
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SEQ ID NO: 10 corresponds to the nucleotide sequence of construct pPG36, which
comprises the MeCP2_2 promoter. In certain embodiments, the nucleic acid construct
or the viral vector of the present invention comprises or consists of the nucleotide
sequence of SEQ ID NO: 10 or functional variant or fragment thereof having at least 70
%, 75 %, 80 %, 85 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %,
99.5 %, or 99.9 % identity to the nucleotide sequence of SEQ ID NO: 10.

SEQ ID NO: 11 corresponds to nucleotide sequence of construct pPG35, which
comprises the MeCP2 1 promoter. In certain embodiments, the nucleic acid construct
or the viral vector of the present invention comprises or consists of the nucleotide
sequence of SEQ ID NO: 11 or functional variant or fragment thereof having at least 70
%, 75 %, 80 %, 85 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %,
99.5 %, or 99.9 % identity to the nucleotide sequence of SEQ ID NO: 11.

SEQ ID NO: 17 corresponds to the nucleotide sequence of AAVTT-pPG36, i.e. an
AAVTT vector genome comprising the nucleotide sequence of construct pPG36. In
certain embodiments, the viral vector of the present invention, such as an AAV vector
or an AAVTT vector, comprises or consists of the nucleotide sequence of SEQ ID NO:
17 or functional variant or fragment thereof having at least 70 %, 75 %, 80 %, 85 %, 90
%, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity
to the nucleotide sequence of SEQ ID NO: 17.

SEQ ID NO: 18 and 19 correspond to the nucleotide sequence of two alternative
AAVTT vector genomes designated AAVTT-p1PG36 and AAVTT-p2PG36,
respectively. Both AAVTT-p1PG36 (SEQ ID NO: 18) and AAVTT-p2PG36 (SEQ ID
NO: 19) comprise the nucleotide sequence of SEQ ID NO: 17. In certain
embodiments, the viral vector of the present invention, such as an AAV vector or an
AAVTT vector, comprises or consists of the nucleotide sequence of SEQ ID NO: 18 or
a functional variant or fragment thereof having at least 70 %, 75 %, 80 %, 85 %, 90 %,
91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to

the nucleotide sequence of SEQ ID NO: 18. In certain embodiments, the viral vector of
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the present invention, such as an AAV vector or an AAVTT vector, comprises or
consists of the nucleotide sequence of SEQ ID NO: 19 or a functional variant or
fragment thereof having at least 70 %, 75 %, 80 %, 85 %, 90 %, 91 %, 92 %, 93 %, 94
%, 95 %, 96 %, 97 %, 98 %, 99 %, 99.5 %, or 99.9 % identity to the nucleotide
sequence of SEQ ID NO: 19.

Pharmaceutical compositions and dosages

The nucleic acid constructs and vectors of the present invention can be formulated into
pharmaceutical compositions. The present invention thus provides a pharmaceutical
composition comprising a nucleic acid construct of the invention, a vector of the
invention and/or a viral vector of the invention together with a pharmaceutically

acceptable carrier, excipient or diluent.

The pharmaceutical composition of the invention may comprise a pharmaceutically
acceptable excipient, carrier, buffer, stabilizer or other materials well known to those
skilled in the art. Such materials should be non-toxic and should not interfere with the
efficacy of the active ingredient. The precise nature of the carrier or other material may

be determined by the skilled person according to the route of administration.

The pharmaceutical composition may be provided in liquid form. Liquid pharmaceutical
compositions generally include a liquid carrier such as water, petroleum, animal or
vegetable oils, mineral oil or synthetic oil. Physiological saline solution, magnesium
chloride, dextrose or other saccharide solution or glycols such as ethylene glycol,
propylene glycol or polyethylene glycol may be included. In some cases, a surfactant,

such as pluronic acid (PF68) 0.001% may be used.

For injection at the site of affliction, the active ingredient will be in the form of an
aqueous solution which is pyrogen-free and has suitable pH, isotonicity and stability.
Those of relevant skill in the art are well able to prepare suitable solutions using, for
example, isotonic vehicles such as Sodium Chloride Injection, Ringer’s Injection,

Lactated Ringer’s Injection, Hartmann’s solution. Preservatives, stabilizers, buffers,
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antioxidants and/or other additives may be included, as required. For delayed release,
the vector may be included in a pharmaceutical composition which is formulated for
slow release, such as in microcapsules formed from biocompatible polymers or in

liposomal carrier systems according to methods known in the art.

Dosages and dosage regimes can be determined within the normal skill of the medical

practitioner responsible for administration of the composition.

Methods of therapy and medical use

The present invention also encompasses the use of the nucleic acid constructs, vectors,
viral vectors and pharmaceutical compositions described herein in treating or preventing

a disease or condition in a patient.

The present invention thus provides a nucleic acid construct of the invention, a vector of
the invention, a viral vector of the invention, and/or a pharmaceutical composition of
the invention for use in a method of treating or preventing a disease or a condition in a
patient in need thereof. The present invention further provides a method of treating or
preventing a disease or condition in a patient in need thereof, said method comprising
administering to the patient a therapeutically effective amount of a nucleic acid
construct of the invention, a vector of the invention, a viral vector of the invention,
and/or a pharmaceutical composition of the invention. The present invention also
provides the use of a nucleic acid construct of the invention, a vector of the invention, a
viral vector of the invention, and/or a pharmaceutical composition of the invention for
the manufacture of a medicament for the treatment or prevention of a disease or

condition in a patient in need thereof.

The disease or condition may be characterized by PGRN deficiency. Said PGRN
deficiency may arise as a result of a loss of function mutation in one or both alleles of a

GRN gene of the patient to be treated.
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Thus, the present invention thus provides a nucleic acid construct of the invention, a
vector of the invention, a viral vector of the invention, and/or a pharmaceutical
composition of the invention for use in a method of treating or preventing a disease
characterized by progranulin (PGRN) deficiency in a patient in need thereof. The
present invention further provides a method of treating or preventing a disease
characterized by progranulin (PGRN) deficiency in a patient in need thereof, said
method comprising administering to the patient a therapeutically effective amount of a
nucleic acid construct of the invention, a vector of the invention, a viral vector of the
invention, and/or a pharmaceutical composition of the invention. The present invention
also provides the use of a nucleic acid construct of the invention, a vector of the
invention, a viral vector of the invention, and/or a pharmaceutical composition of the
invention for the manufacture of a medicament for the treatment or prevention of a

disease characterized by progranulin (PGRN) deficiency.

The disease characterized by PGRN deficiency to be treated with a nucleic acid
construct of the invention, a vector of the invention, a viral vector of the invention,
and/or a pharmaceutical composition of the invention may be a disease of the central

nervous system (CNS).

The disease characterized by PGRN deficiency to be treated with a nucleic acid
construct of the invention, a vector of the invention, a viral vector of the invention,
and/or a pharmaceutical composition of the invention may be frontotemporal dementia

(FTD).

The disease characterized by PGRN deficiency to be treated with a nucleic acid
construct of the invention, a vector of the invention, a viral vector of the invention,
and/or a pharmaceutical composition of the invention may be neuronal ceroid

lipofuscinosis type 11 (NCL11).

The disease characterized by PGRN deficiency to be treated with a nucleic acid

construct of the invention, a vector of the invention, a viral vector of the invention,
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and/or a pharmaceutical composition of the invention may be further characterized by
lysosomal dysfunction, such as a dysregulation of lysosomal acidification. Said
lysosomal dysfunction may be characterized by increased expression levels and/or

activity of cathepsin D, preferably mature heavy and/or light chain cathepsin D.

The patient in need of treatment with a nucleic acid construct of the invention, a vector
of the invention, a viral vector of the invention, and/or a pharmaceutical composition of
the invention may be male or female. Said patient may have been previously identified
as being at risk of, or having, a disease characterized by PGRN deficiency. Said patient
may have been previously identified as being at risk of, or having, FTD. Said patient

may have been previously identified as being at risk of, or having, NCL11.

The dose of a vector of the invention may be determined according to various
parameters, especially according to the age, weight and condition of the patient to be
treated; the route of administration; and the required regimen. A physician will be able

to determine the required route of administration and dosage for any particular patient.

The nucleic acid constructs, vectors, viral vectors, or pharmaceutical compositions of
the invention may be administered to the brain and/or the cerebrospinal fluid (CSF) of
the patient. The delivery to the brain may be selected from intracerebral delivery,
intraparenchymal delivery, intraputaminal delivery, and combinations thereof. Further
target regions in the brain may include the thalamus, cerebellum, subthalamic nucleus,
and combinations thereof. The delivery to the CSF may be selected from intra-cisterna
magna delivery, intrathecal delivery, intracerebroventricular (ICV) delivery, and

combinations thereof.

The delivery to the brain and/or the cerebrospinal fluid (CSF) of the patient may be by
injection. The injection to the brain may be selected from intracerebral injection,
intraparenchymal injection, intraputaminal injection, and combinations thereof. The
delivery to the CSF may be selected from intra-cisterna magna injection, intrathecal

injection, intracerebroventricular (ICV) injection, and combinations thercof.
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The injection to the brain and/or the cerebrospinal fluid may comprise convection
enhanced delivery (CED). The CED procedure involves a minimally invasive surgical
exposure of the brain, followed by placement of small diameter catheters directly into
the target area of the brain. CED is described, for example by Debinski et al. (2009)
Expert Rev Neurother. 9(10):1519-27.

The dose of the nucleic acid construct, vector, viral vector or pharmaceutical
composition of the invention may be provided as a single dose, but may be repeated in
cases where vector may not have targeted the correct region. The treatment is
preferably a single injection, but repeat injections, for example in future years and/or

with different AAV serotypes may be considered.

Host cells

The present invention additionally provides a host cell comprising a nucleic acid
construct of the invention, a vector of the invention, a viral vector of the invention
and/or an AAV viral particle of the invention. The present invention also provides a
host cell which produces a viral vector of the invention and/or an AAV particle of the

invention.

Any suitable host cell may comprise a nucleic acid construct of the invention, a vector
of the invention, a viral vector of the invention and/or an AAV viral particle of the
invention. Further, any suitable host cell can be used to produce a viral vector of the
invention and/or an AAV particle of the invention. In general, such cells will be
transfected mammalian cells but other cell types, e.g. insect cells, can also be used. In
terms of mammalian cell production systems, HEK293 and HEK293T are preferred for
AAV vectors. BHK or CHO cells may also be used.
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Kits

The present invention further provides kits comprising the nucleic acid constructs of the
invention, the vectors of the invention, the viral vectors of the invention, and/or

pharmaceutical compositions of the present invention.

The present invention is further illustrated by the following examples that, however, are
not to be construed as limiting the scope of protection. The features disclosed in the
foregoing description and in the following examples may, both separately and in any

combination thereof, be material for realizing the invention in diverse forms thereof.

EXAMPLES

Example 1 — Materials and methods

Cell culture

HEK?293T cells were obtained from the American Tissue Collection Center (ATCC,
Manassas, VA, USA) and were maintained in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10 % FBS and 1 % penicillin/streptomycin. A549 cells
were obtained from Sigma Aldrich (St Louis, MO, USA) and were maintained in
Kaighn’s modification of Ham’s F-12 medium (F-12K) supplemented with 10 % FBS
and 1 % penicillin/streptomycin. CaSki cells were obtained from the ATCC (Manassas,
VA, USA) and were maintained Roswell Park Memorial Institute’s 1640 medium
(RPMI-1640) supplemented with 10 % FBS and 1 % penicillin/ streptomycin, COS-7
cells were obtained from the ATCC (Manassas, VA, USA) and were maintained in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10 % FBS and 1 %
penicillin/streptomycin. VERO cells were obtained from ATCC (Manassas, VA, USA)
and were maintained in Eagle’s minimum essential medium (EMEM) supplemented
with 10 % FBS and 1 % penicillin/ streptomycin. Neuro-2A cells were obtained from
the ATCC (Manassas, VA, USA) and were maintained in Eagle’s minimum essential
medium (EMEM) supplemented with 10 % FBS and 1 % penicillin/ streptomycin.
NIH3T3 cells were obtained from ATCC (Manassas, VA, USA) and were maintained in
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Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10 % FBS and 1 %
penicillin/streptomycin. HAP1 cells and HAP1 GRN KO cells were obtained from
Horizon Discovery (Waterbeach, United Kingdom) and were maintained in Iscove’s
Modified Dulbecco’s Medium (IMEM) supplemented with 10% FBS and 1%

penicillin/streptomycin.

Codon Optimization

Codon optimized nucleotide sequences encoding PGRN having reduced CpG content
were generated. The codon optimized sequences were designated “CpG X” where X
denotes the percentage of wild-type CpG sites retained in the codon optimized
sequence. For example, the nucleotide sequence designated CpG 90 comprises 90 % of
the Cp@G sites of the corresponding wild-type sequence. The resulting sequences were

cloned into an expression vector.

Lentivirus production

All lentiviral vectors used were second generation and were produced using standard
viral production methods previously described in Salmon, P. and D. Trono (‘Production
and titration of lentiviral vectors’. Curr Protoc Neurosci, 2006. Chapter 4: Unit 4.21).
Briefly, 5.7 million HEK293T cells were plated per 10 cm dish. The following day,
cells were transfected with lipofectamine2000 (ThermoFisher) with 10 pg of transfer
vector, 3 pg of pMD2G and 8 pg psPAX2. The media was changed 12-14 hrs post-
transfection. The viral supernatant was collected 24 and 48 hrs after this media change
for a total of 20 mL of virus, and passed through a 0.45 pm filter. The viral supernatant
was concentrated to 20x in PBS using Lenti-XTM concentrator (CloneTech) prior to

being snap frozen.

Lentivirus titration

All lentiviruses were titered using Lenti-X qRT-PCR Titration Kit (Takara).
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Lentiviral transduction

Cells were resuspended and plated into equal concentration of viral supernatant
supplemented with 4 ug/ml polybrene. The viral supernatant was exchanged for fresh
medium 12-24 h later. Cos-8, NIH3T3, A549, CaSKi, HEK293T, SK-N-SH cells were
transduced at a MOI of 200. VERO and Neuro-2A cells were transduced at a MOI of
1000.

Western Blot Analysis

HEK?293T cells were transfected with constructs of interest using lipofectamine 2000
(ThermoFisher) per the manufacturer’s instructions. Two days post transfection, cells
were lysed in RIPA buffer (Sigma-Aldrich) supplemented with protease inhibitor
cocktail (Sigma-Aldrich). Protein concentration was measured using BCA protein assay
reagent (ThermoFisher) and Varioskab LUX Microplate Reader (ThermoFisher).
Lysates were mixed with loading buffer; equal amounts of protein were run on Mini-
PROTEAN TGX 4-15% precast polyacrylamide gels (Bio-Rad) and transferred to
nitrocellulose membranes using the Trans-Blot Turbo System (Bio-Rad). Nonspecific
antibody binding was blocked with Intercept TBS blocking buffer (Li-Cor) for 1 hr at
room temperature. The membranes were incubated with the following primary
antibodies: anti-PGRN (1:200 dilution, AF2420, R&D Systems) in Intercept T20 TBS
(Li-Cor) overnight at 4 °C; anti-Actin (1:5000 dilution, Sigma-Aldrich, A2066) in
Intercept T20 TBS (Li-Cor) overnight at 4 °C. The membranes were washed with
TBST for 15 min and incubated for 45 min with Donkey anti-goat 680 RD (Li-Cor,
1:5000) and Donkey anti-rabbit 800 CW (Li-Cor, 1:5000) antibodies in Intercept T20
TBS and subsequently washed with TBST for 15 min. Membranes were visualized

using the Odyssey CLx (Li-Cor).

GRN'" HAP-1 (wild-type) cells and GRN"" HAP-1 (KO) cells were transfected with
constructs of interest using lipofectamine 2000 (ThermoFisher) per the manufacturer’s
instructions. Two days post transfection, cells were lysed in RIPA buffer (Sigma-
Aldrich). Protein concentration was measured using Pierce BCA protein assay reagent

(ThermoFisher) and SpectraMax 13X Multiplate Reader (Molecular Devices). Lysates
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were mixed with loading buffer; equal amounts of protein were run on Mini-PROTEAN
TGX 4-15% precast polyacrylamide gels (Bio-Rad) and transferred to nitrocellulose
membranes using the Trans-Blot Turbo System (Bio-Rad). Nonspecific antibody
binding was blocked with Intercept TBS blocking buffer (Li-Cor) for 1 hr at room
temperature. The membranes were incubated with the following primary antibodies:
anti-PGRN (1:200 dilution, AF2420, R&D Systems) in Intercept T20 TBS (Li-Cor)
overnight at 4 °C; anti-Actin (1:10000 dilution, Sigma-Aldrich, A2066) in Intercept T20
TBS (Li-Cor) overnight at 4 °C. The membranes were washed with TBST for 15 min
and incubated for 1 hr with donkey anti-goat 680 RD (Li-Cor, 1:5000) and donkey anti-
mouse 800 CW (Li-Cor, 1:5000) antibodies in Intercept T20 TBS and subsequently
washed with TBST for 15 min. Membranes were visualized using the Odyssey CLx
(Li-Cor).

Neuron-astrocyte co-culture and transduction

Primary neuron-astrocyte co-cultures were prepared from embryonic day 17, C57BL/6J
mice (Janvier Labs, France). Freshly dissected cortical tissue was first dissociated using
papain solution (Sigma Aldrich, P4762). Cells were diluted in neuronal attachment
medium and plated (10000 cells/well) on 96-well plates pre-coated with poly-D-Lysine
(CORNING 356692). The neuronal attachment media consists of Neurobasal plus
medium (ThermoFisher Scientific, A3582901) supplemented with 2.5% heat inactivated
fetal bovine serum (ThermoFisher Scientific, A3840002), 1 mM sodium pyruvate
(ThermoFisher Scientific, 11360070), 2 mM Glutamax-100X (ThermoFisher Scientific,
35050061), B27 Plus Supplement (ThermoFisher Scientific, 17504044), and 50 units/ml
penicillin/streptomycin (ThermoFisher Scientific, 15070063). Cells were maintained by
supplementing with fresh serum-free neurobasal medium every week. Lentiviral
mediated transduction was performed on DIV 3 (Days In Vitro). Lentivirus stocks were
diluted in culture medium and applied on top of cells at given MOI (Multiplicity of
Infection) as indicated in figure legends. At DIV 14, i.e. 10-days post transduction,

cells were fixed, and immunocytochemistry performed.
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Immunolabeling and Imaging

Immunocytochemistry was performed following transduction in primary neurons and
astrocytes. Cells were washed three times (1X PBS) followed by fixation using 4%
PFA (ThermoFischer Scientific, 28908) for 10 min at room temperature. Cells were
then permeabilized using 0.25%-Triton-X/3%-BSA/1X-PBS solution for 10 min (BSA:
Bovine Serum Albumin, VWR, 1005-30-1L; Triton-X-100 from Sigma Aldrich,
T8787). Following permeabilization, cells were blocked using 3%-BSA/1X-PBS
solution for 30min. Cells were then labeled with primary antibodies (60 min) followed
by fluorescent conjugated secondary antibodies (45 min) (see below for the list of
antibodies). Imaging was performed on Zeiss LSM 880 (SH-SYSY cells) and Perkin
Elmer Opera Phenix (Neurons/Astrocytes) instruments. Thresholding and

Quantification was performed on Image J or Perkin Elmer Harmony software.

PRIMARY ANTIBODIES
Name Host Species Catalog No. Supplier Dilution
NeuN Mouse MAB377 Millipore 1:2500
GFAP Rabbit 70334 DAKO 1:2500
Human Progranulin Goat AF2420 R&D Systems 1:1000
SECONDARY ANTIBODIES
Name Host Species Catalog No. Supplier Dilution
Anti-Goat 550 Donkey A32816 ThermoFisher 1:600
Anti-Mouse 488 Donkey A32766 ThermoFisher 1:600
Anti-Rabbit 647 Donkey A32795 ThermoFisher 1:600
ELISA

A human progranulin ELISA kit (AG-45A-0018YEK-KI01, Adipogen) was used to
quantify the level of secreted human PGRN following transduction of mice neuron-
astrocyte co-culture. The cell culture media was collected 10-days post transduction.
Samples were diluted to 1:100 and ELISA measurement performed as per the supplier’s
instructions. The colorimetric reaction was measured using standard plate reader (Flex

Station3, Molecular Devices).
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A human progranulin ELISA kit (DPGRNO, RD Systems) was used to quantify the
level of secreted human progranulin following transfection GRN™" HAP-1 (wild-type)
cells and GRN"- HAP-1 (KO) cells. The cell culture media was collected 24 hours post
transfection. ELISA measurement performed as per the suppliers’ instruction. The
colorimetric reaction was measured on a SpectraMax 13X Multiplate Reader (Molecular

Devices).

Brain sectioning, immunohistochemistry and acquisitions

Brain sectioning was performed at Neuroscience Associates (TN, USA). First, brains
were treated overnight with 20% glycerol and 2% dimethyl sulfoxide to prevent freeze-
artifacts, and embedded in a gelatin matrix using MultiBrain® Technology. After
curing, the blocks were rapidly frozen by immersion in isopentane chilled to —70°C
with crushed dry ice, and mounted on the freezing stage of an AO860 sliding
microtome. The MultiBrain® blocks were sectioned in the coronal plane at 40 um. All
sections were collected sequentially into 24 containers per block that were filled with
Antigen Preserve solution (49% PBS pH 7.0, 50% Ethylene glycol, 1% Polyvinyl

Pyrrolidone). Sections not stained immediately were stored at —20°C.

Free-floating sections were stained by immunochemistry with an antibody to human
progranulin (R&D - AF2420), diluted at 1:15.000. All incubation solutions from the
blocking serum onward used Tris buffered saline (TBS) with Triton X-100 as the
vehicle; all rinses were with TBS. Endogenous peroxidase activity was blocked by
0.9% hydrogen peroxide treatment and non-specific binding was blocked with 1.26%
whole normal serum. Following rinses, the sections were stained with a primary
antibody overnight at room temperature. Vehicle solution contained 0.3% Triton X-100
for permeabilization. Following rinses, sections were incubated with an avidin-biotin-
HRP complex (Vectastain Elite ABC kit, Vector Laboratories, Burlingame, CA) for one
hour at room temperature. Following rinses, the sections were treated with
diaminobenzidine tetrahydrochloride (DAB) and 0.0015% hydrogen peroxide to create
a visible reaction product, mounted on gelatinized (subbed) glass slides, air-dried,

lightly stained with thionine, dehydrated in alcohols, cleared in xylene, and cover-
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slipped with Permount mounting media. Digital images of stained sections were

obtained using an AxioScan Z1 slide scanner with a 20x objective (Zeiss).

AAV vectors

AAYV vectors were sourced from two different providers. The corresponding plasmid
sequences are provided in SEQ ID NO: 18 (AAVTT-p1PG36) and SEQ ID NO: 19
(AAVTT-p2PG36). AAV vectors were produced using a triple plasmid transfection
method as described previously in Grieger et al (‘Production of Recombinant Adeno-
associated Virus Vectors Using Suspension HEK293 Cells and Continuous Harvest of
Vector From the Culture Media for GMP FIX and FLT1 Clinical Vector’ Molecular
Therapy vol. 24 no. 2, 287-297 feb. 2016) using HEK 293T or HEK293 cells
respectively, including a helper plasmid, a Rep/Cap encoding plasmid, and a plasmid
comprising SEQ ID NO: 17 (AAVTT-pPG36). Figure 10 provides a schematic
showing the component parts of the nucleotide sequence of SEQ ID NO: 17.

Example 2 — Generation and evaluation of engineered promoter constructs

Lentiviral vector constructs pAK169, pPG21, pPG35 and pPG36 were generated as
described above. All of these constructs comprise a neuronal specific MeCP2 promoter
sequence, as shown in Figure 1A. Constructs pAK169 and pPG21 each comprise a
minimal MeCP2 promoter sequence of 229 bp in length (SEQ ID NO: 1).

Construct pPG35 (SEQ ID NO: 10) comprises an engineered promoter region
designated MeCP2_1 (SEQ ID NO: 8). The MeCP2_1 promoter comprises the minimal
promoter sequence (SEQ ID NO: 1) and a natural intron. The natural intron is a 2108
bp nucleotide sequence of the murine MeCP2 gene of bp in length (SEQ ID NO: 9) and
is arranged 5’ to the minimal promoter sequence. The MeCP2_1 promoter sequence is

2337 bp in length.

Construct pPG36 (SEQ ID NO: 11) comprises an engineered promoter region
designated MeCP2_2 (SEQ ID NO: 3). The MeCP2_2 promoter comprises the minimal
MeCP2 promoter sequence (SEQ ID NO: 1) and a 2006 bp synthetic intron (SEQ ID
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NO: 2), which is arranged 3’ to the minimal promoter sequence. The MeCP2 2
promoter is 2235 bp in length. The synthetic intron (MeCP2_2 intron; SEQ ID NO: 2)
was constructed from two intronic sequences and two silenced (i.e. non-expressing)
exons of the murine MECP2 gene. The exons were silenced by directed mutation to
remove start codons. See Figure 11 for a schematic showing the construction of the
MeCP2_2 intron (SEQ ID NO: 2).

5" to 3’ the engineered MeCP2_2 promoter comprises: the MeCP2 minimal promoter
sequence (SEQ ID NO: 1), Agel restriction site (ACCGGT; SEQ ID NO 14), Exonl
(SEQ ID NO: 5), 5" intron (SEQ ID NO: 6), 3 intron (SEQ ID NO: 7), and Exon2 (SEQ
ID NO: ).

Control lentiviral vector constructs pAK168, pPG20, pPG33 and pPG34 were also
generated. Each of these constructs comprises a neuronal specific NSE1 promoter
sequence, as shown in Figure 2A. Constructs pAK168 and pPG20 comprise a minimal
NSE1 promoter sequence of about 1300 bp. Constructs pAK168 and pPG20 were used
as the equivalent controls for pAK169 and pPG21, respectively.

Construct pPG33 comprises an engineered promoter region designated NSE1 1, which
the minimal promoter sequence and a 1100 bp naturally occurring sequence of the
human NSE! gene, which is arranged 5' to the minimal promoter sequence. Construct
pPG34 comprises an engineered promoter region designated NSE_2, which comprises
an synthetic intron of about 0.9 kb in length. Constructs pPG33 and pPG34 were used
as the equivalent controls for pPG35 and pPG36, respectively.

HEK?293T cells were transfected with each of the MeCP2 and NSE1 vectors.
Expression of PGRN was evaluated by western blot. The results of these experiments

are shown in Figures 1B and 2B.
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The constructs comprising MeCP2 promoters, i.e. pPG21, pPG35 and pPG36, provided
higher PGRN expression levels than those constructs comprising NSE1 promoters (i.e.
pPG20, pPG33 and pPG34).

It was also observed that construct pPG36 (comprising the MeCP2_2 promoter)
provided higher PGRN expression levels relative to constructs pPG21 (comprising the
minimal MeCP2 promoter sequence) and pPG35 (comprising the MeCP2_1 promoter).

Example 3 — Evaluation of transgene expression by NSE1 and MeCP2 promoters
in primary neurons and astrocytes

Wild-type murine primary cortical neuron-astrocyte co-cultures were transduced to
express human progranulin protein using lentivirus. Lentiviruses were applied at
different multiplicity of infection (MOls) as depicted in Figure 3. 10-days post
lentiviral transduction, cells were fixed and immunolabeled using NeuN (neuron
marker), GFAP (astrocyte marker) and human progranulin antibody. The percentage of
cells transduced is shown Figures 3A (neurons) and 3C (astrocytes) and the expression

level (fluorescence intensity/cell) is shown Figures 3B (neurons) and 3D (astrocytes).

It was found that constructs comprising engineered NSE1 promoters (pPG33 and
pPG34) did not change the transduction efficiency or expression level compared to
construct pPG20, which comprises the minimal NSE1 promoter. In contrast, constructs
comprising promoters MeCP2 1 and MeCP2 2 (pPG35 and pPG36, respectively)
increased the transduction efficiency or expression level compared to construct pPG21,
which comprises the minimal MeCP2 promoter. Notably, the MeCP2 2 promoter
(pPG36) performed best of all the promoters tested in terms of transduction efficiency

and PGRN expression levels.
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Example 4 — Evaluation of PGRN secretion by neurons and astrocytes transfected
with vectors comprising MeCP2 promoters

Wild-type mouse primary cortical neuron-astrocyte co-cultures were transduced to
express human progranulin protein using lentivirus vector. Lentiviruses were applied at
multiplicity of infection (MOlIs) of 20. 10-days post lentiviral transduction, culture
media was collected and ELISA performed. The results of this experiment are shown in
Figure 4. It was found that the constructs comprising engineered promoters MeCP2 1
and MeCP2_2 (pPG35 and pPG36, respectively) increased the secretion PGRN as
compared to the construct comprising the minimal MeCP2 promoter (pPG21).

Promoter MeCP2_2 (pPG36) provided the highest expression levels of secreted PGRN

of all of the promoters tested.

Example 5 — PGRN codon optimization

Unmethylated CpG sites may induce innate immune responses meditated by toll-like
receptor 9 (TLRY). Thus, codon-optimized nucleotide sequences encoding human
PGRN which have a reduced CpG content were generated and cloned into expression
vectors denoted CpG 0, 4, 9, 17, 25, 40, 71 and 90. Each of these vectors comprises a
codon-optimized human PGRN nucleotide sequence having reduced CpG content

relative to the corresponding WT sequence.

PGRN expression levels were evaluated for HAP-1 GRN knockout (GRN™") cells
transfected with the codon-optimized vectors and a WT vector were evaluated by
ELISA and western blot. The expression level data are shown in Figure 5. It was
observed that the vector comprising the WT PGRN nucleotide sequence provided a

higher level of PGRN expression than all of the codon-optimized vectors tested.
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Example 6 — Expression of human PGRN corrects lysosomal deficit in GRN"

mouse primary neurons.

Western blot analysis was performed to quantify the level of lysosomal protein
cathepsin D. Cathepsin D is a soluble lysosomal aspartic endopeptidase. The immature
form is proteolytically cleaved yielding mature active lysosomal protease_which is
composed of heavy (~30 kDa) and light (14 kDa) chains linked by non-covalent
interactions. Cathepsin D is a marker of lysomosal dysfunction and an increased level
of cathepsin D suggests impaired protein degradation and accumulation of autophagy

cargos.

Mouse primary cortical neurons were prepared from WT or GRN-/- (KO) mice. Three
days post plating, neurons were transduced with lentiviral constructs (MOI of 20) to
express human PGRN protein. Ten days post transduction, cells were harvested and
protein extracted using RIPA buffer. The protein lysates were then subjected to western
blotting to detect cathepsin D protein. Western blot levels of cathepsin D were
normalized to the expression level of actin and GAPDH. Data are from three

independent experiments.

Compared to WT neurons, an increase in the level of mature cathepsin D was observed
in KO neurons in untransduced conditions. Lentiviral-mediated expression of hPGRN
(pPG36) prevented the maturation of cathepsin D. These results are presented in Figure
6.

Example 7 - CNS expression of human PGRN (hPGRN) in WT and GRN”~ mice
following striatal injection of AAVTT-p1PG36

Striatum of adult (4 months old) WT or GRN” mice were bilaterally injected with
AAVTT-p1PG36 (AAVTT containing the construct of MeCP2_2 promoter + human
PGRN transgene; SEQ ID NO: 18) or AAVTT-GFP (MeCP2_2 promoter + GFP

transgene) or vehicle at a total dose of 2'° vector genomes (vg). Animals were
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sacrificed after 4 weeks and CSF, plasma and brain tissue were collected and analyzed.
Transcardial perfusion was performed with 1x PBS prior to dissection. Half of the brain
was fixed for immunohistochemistry analysis, while other half was used for

biochemical analysis (FRET). Different brain regions were dissected and frozen.

ELISA and FRET analysis

CSF and plasma levels of hPGRN (ng/ml) were measured using ELISA (Adipogen). A
high level of hPGRN was detected in the CSF (1:100 dilution) of both WT and GRN”
mice in animals injected with AAVTT-p1PG36 (SEQ ID NO: 18) and AAVTT-p2PG36
(SEQ ID NO: 19). These results are presented in Figure 7A and 7C. Low levels of
hPGRN was also detected in the plasma of the mice (1:10 dilution). These results are
presented in Figure 7A .

FRET (Cisbio) was used to measure hPGRN concentration (ng/mg) in various brain
regions of WT or GRN”" mice injected with AAVTT-p1PG36. Highest expression of
hPGRN was detected close to the site of injection (Striatum and Mid-brain). Mid-levels
of hPGRN expression was also detected in cortex and hippocampus. Low-levels of
hPGRN expression were detected in distant brain regions such as brain-stem, olfactory

bulb and cerebellum. These results are presented in Figure 7B.

Immunohistochemistry

IHC staining of hPGRN was observed in brain of GRN”" KO mice that received intra-
striatal administration of AAV-p1PG36 (SEQ ID NO: 18). Specific human PGRN
signal was only detected in AAVTT-p1PG36 injected mice but not GFP injected mice.
Similar to the FRET results, strong immunoreactivity was observed in the striatum of
the mice where injection was performed. hPGRN immunoreactivity was also observed
in brain regions away from the injection site, namely thalamus, mid-brain, substantia
nigra, cortex and hippocampus. Cellular (cell-body) immunoreactivity was

predominantly observed close to the site of injection, namely in the striatum, part of
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cortex, part of hippocampus, thalamus, mid-brain, suggesting transduction of cells with
AAVTT-p1PG36 in these regions. Diffuse staining could be observed in most other
brain regions, with a decrease in intensity from site of injection. This indicates that
hPGRN is secreted in the extracellular space and gets diffused to distal brain regions via
ISF and CSF flow. The results obtained for GRN-/- mice are presented in Figure 8, but
similar images were obtained for the WT mice injected with AAV-p1PG36.

Immunofluorescence

It was shown that MeCP2 promoters were able to drive neuron-specific expression of
hPGRN in vitro in primary mixed astrocyte-neuron culture (see Examples 3 and 4
above). In order to determine whether this neuronal-specificity is maintained in vivo in
mice, double immunofluorescent labelling was performed on sections obtained from
mice injected with AAVTT-p1PG36 (SEQ ID NO: 18) to label human PGRN and NeuN
(neuronal marker) according to the following protocol (all steps performed at room

temperature):

Sections were incubated with the neuronal marker NeuN (1:2,000; Abcam, ab177487)
and human progranulin (1:1,000; R&D - AF2420) primary antibodies together, diluted
in PBS containing 0.3% Triton X-100, overnight in a humidified chamber. Following
incubation, the sections were washed three times with PBS, then incubated with the
anti-rabbit Alexa 488 and anti-goat Alexa 647 secondary antibodies (all diluted at
1:1,000 in PBS; all from Thermo Fisher) for 1 hour. Sections were then counterstained
with DAPI to label cell nuclei and washed three times with PBS. The sections were
finally mounted with Prolong Gold anti-fade mounting media (Life Technologies) and a
coverslip was applied. Digital images of stained sections were obtained using an

AxioScan 71 slide scanner with a 20x objective (Zeiss).

It was observed that almost all the cells expressing human PGRN in the cell body were
NeuN positive. This demonstrates that AAVTT-p1PG36-mediated expression of hGRN

is neuron specific in vivo. Neuronal expression of hGRN was observed in all various
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brain regions including striatum, cortex, hippocampus and thalamus. Importantly, no
cellular expression hGRN was observed in the cell body of astrocytes (identified using
GFAP staining) or microglia (identified using Ibal staining). Thus, these in vivo data

support the conclusion that MeCP2_2 promoter used is a neuron-specific promoter.

Example 8 - Human PGRN (hPGRN) expression impacts cathepsin D activity in
vivo in WT and GRN"- mice following striatal injection of AAVTT-p1PG36.

An increased level of cathepsin D suggests impaired protein degradation and
accumulation of autophagy cargos. Cathepsin D enzymatic activity was measured in
the mid-brain lysate of WT (GRN"") mice treated with vehicle (as indicated by closed
circles) and GRN”- KO mice treated with vehicle or AAVTT-p1PG36 (SEQ ID NO:
18). These results are presented in Figure 9.

In vitro work revealed an accelerated maturation of cathepsin D maturation in GRN”-
primary neurons that was reversed by expression of pPG36 (see Example 6 above).
Increased maturation is expected to be associated with an increase in Cathepsin D
activity. A small increase in cathepsin D enzymatic activity in various brain regions of
young (4-5-month) GRN”" mice compared to WT mice. Notably the increase in
cathepsin D activity is more prominent in older animals (e.g. 1-year old). Thus, it is
proposed that cathepsin D activity is an early marker of stress in GRN”" mice detectable

as early as 4-5 months of age.

In any case, expression hGRN mediated by AAVTT-p1PG36 in 4-months old GRN"
mice led to a reduction in cathepsin D enzymatic activity. This demonstrates that AAV-
mediated hPGRN expression driven by the neuronal-specific MeCP2_2 promoter

directly impacts cathepsin D activity (a marker of lysosomal dysfunction).
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Sequence

AGCTGAATGGGGTCCGCCTCTTTTCCCTGCCTAAACAGACAGGAACTCCTGCCAAT
TGAGGGCGTCACCGCTAAGGCTCCGCCCCAGCCTGGGCTCCACAACCAATGAAGGG
TAATCTCGACAAAGAGCAAGGGGTGGGGCGCGGGCGCGCAGGTGCAGCAGCACACA
GGCTGGTCGGGAGGGCGGGGCGCGACGTCTGCCGTGCGGGGTCCCGGCATCGGTTG
CGCGC

gcgctceccectectceteggagagagggctgtggtaaaaccegtecggaaaltggecege
cgctgccgccaccgcecgeccgecgccgecgegecgageggaggaggaggaggaggeg
aggaggagagactgtgagtgggaccgccaaggecgcgggcggggacccecttgetggg
gggcgggtaggggcegggacgtggecgegggaggggeccgeggggtegggegacacgg
ctggcggTtggcgtcectectcectetaccecteccectececectetgecgeecggtggtygg
ctttctccactcecgtcteccecgecaatcgecgagegacggttetcagegegatectecctyg
gagccaccttcgaTtgacgcccteccececgetgcececegeccecatectgtgegecatectagg
ccccagctgtgcaagegeccttgtegtetgggettegecagttggggetgegegeyg
ctcectgeccttettggggetttgggecteggecactgtegegegeccgeggteecgyg
ccteteectggatecgegetgtececttectecctegegegeccecacteecgttact
tgctccceecctcecacacacacagactggegegegtgegeagtecatcetecegttggg
agagtgcgccacaagggctcecctgagcectettacecccatectectgggttttgeteect
cctcectecteteccatteecgtgactttttgeccecactgecaagegagteggteecat
cagctccattccccacttggcaggaacaagttgagggttattgteccacccacaaaa
aggactagacattTtgttcctaggtcccacaactcatcataaagagTtggttgtag
ttctcatcaggaaccgtgggcaagggactgtgecgttcctcagcactcgaagetett
ccgtgagaccTtgeccgecagggtgectetggttetttggggTtgetgtgetgtgget
tcggaatTtgagcgtcttcceccacccteectececteccttegeccagegttetgtet
acaagaaagaataggcaggtgtccttggatatCgtagttgctaatCgectatacac
tgttctattacacctttctgctaaggatagggtttttggttttggttttggttttyg
ttcceccacccteccagtttggtttagttttggttttggecatttagggttttttgggg
gggagtaatatcttgtggtaaagacccatCtgacccaagataccttttttectecata
ctggaaccctaggcagcagttgcectatttececctgagttagecaatagttttacagtat
tttgaggccttttgtccataattctcacggaatCectcagggatCagattagetyge
tgttgggatCaggaaattgggttacaccgctgaaatctettgetggggececttgtt
ttgaattggaaagtcaggaggctggaacgaaggctcacaagttaacagtgecaget
gctcttecagaagecctggattecagteccaccaatecatCgegggtcecacaaccate
tgtaacttcagtcccaaggggtccgaAgecctettetggetttgecctattattte
atttatcttatCtgtttttgtcttgtcatCtggcaagecccagggggecattgggtyg
caacttataaactgacttctgtatCttaagaagccaaccatacagtgcttacattce
cagaaaaaaaatCtgccactttaacagcactagaactagggtttagagaagtatCa
taaaggtcaaatatCtttgaccaatatcaccagcaacctaaagctgttaagaaatc
tttgggccccagecttgacccaaggatacagtatcctagggaagttaccaaaatcag
agatagtatgcagcagccaggggtctcatgtgtggcactcaagctcacctatacte
actactgtgcagacagctgtgttctctgtaatacttacatatttgtttaatactte
agggaggaaaagtcagaagaccaggatctccagggcectca

SEQUENCES

SEQ ) .
Description

ID NO

1 MeCP2
minimal
promoter

2 MeCP2 2
intron

3 MeCP2 2
promoter

AGCTGAATGGGGTCCGCCTCTTTTCCCTGCCTAAACAGACAGGAACTCCTGCCAAT
TGAGGGCGTCACCGCTAAGGCTCCGCCCCAGCCTGGGCTCCACAACCAATGAAGGG
TAATCTCGACAAAGAGCAAGGGGTGGGGCGCGGGCGCGCAGGTGCAGCAGCACACA
GGCTGGTCGGGAGGGCGGGGCGCGACGTCTGCCGTGCGGGGTCCCGGCATCGGTTG
CGCGCACCGGTgcgctecctecteteggagagagggetgtggtaaaaccecgtecgyg
aaaTtggccgcecgotgecgecaccgeccgeagecgecgeagegecgageggaggagyg
aggaggaggcgaggaggagagactgtgagtgggaccgccaaggccgegggcegggga
ccettgetggggggcgggtaggggegggacgtggegegggaggggeccgeggggte
gggcgacacggctggeggltggegtecctectetectacecteccectecctetgee
gccggtggtggctttectecactegtetececgecaatecgegagegacggttcetecageg
cgatctcccectggagcecaccttcecgaltgacgeccctecccgetgececgecececatetgtg
cgcatcctaggccceccagcectgtgecaagcegeeccttgtegtetgggettegecagttygg
ggctgcgcecgcegetectgeccttettggggetttgggectecggecactgtecgegegee
cgcggtcccecggcectcectecctggatcecgegetgteceecttetecctegegegecceea
ctccecgttacttgeteccccecectecacacacacagactggegegegtgegeagteecat
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ctccecegttgggagagtgcecgecacaagggcetectgagcectettacececcatectetggg
ttttgctcectectectectecteccattecgtgactttttgecececcactgcaageg
agtcggtccatcagctceccattceccccacttggcaggaacaagttgagggttattgte
cacccacaaaaaggactagacattTtgttcctaggtcccacaactcatcataaaga
gltggttgtagttctcatcaggaaccgtgggcaagggactgtgecgttectcageac
tcgaagctcecttcegtgagaccTtgececgecagggtgetectggttetttggggTtget
gtgctgtggcttcecggaatTtgagcecgtecttcecccaccctecctecccecteecttegeca
gcgttctgtctacaagaaagaataggcaggtgtecttggatatCgtagttgetaat
Cgcctatacactgttctattacacctttctgectaaggatagggtttttggttttgg
ttttggttttgttccccacccectecagtttggtttagttttggttttggecatttagg
gttttttgggggggagtaatatcttgtggtaaagacccatCtgacccaagataccet
tttttctcatactggaaccctaggcagecagttgctatttceectgagttageaatag
ttttacagtattttgaggccttttgtccataattectcacggaatCectecagggatC
agattagctgctgttgggatCaggaaattgggttacaccgctgaaatctcettgetyg
gggcccttgttttgaattggaaagtcaggaggctggaacgaaggctcacaagttaa
cagtgccagcectgcectettecagaagecctggattcagteccaccaatceccatCgecgygyg
tcacaaccatctgtaacttcagtcccaaggggtceccgaAgecctettectggetttge
cctattattttatttatettatCtgtttttgtettgtcatCtggcaagecccaggygyg
gccattgggtgcaacttataaactgacttcectgtatCttaagaagccaaccatacag
tgcttacattccagaaaaaaaatCtgccactttaacagcactagaactagggttta
gagaagtatCataaaggtcaaatatCtttgaccaatatcaccagcaacctaaagct
gttaagaaatctttgggccccagcttgacccaaggatacagtatcectagggaagtt
accaaaatcagagatagtatgcagcagccaggggtctcatgtgtggecactcaagcet
cacctatactcactactgtgcagacagctgtgttctctgtaatacttacatatttg
tttaatacttcagggaggaaaagtcagaagaccaggatctccagggectca

4 MeCP2 2
intron -
exonl

gcgctcecectectetecggagagagggctgtggtaaaacceecgtecggaaalTtggecge
cgctgccgecaccgocgecgecgecgecgogecgageggaggaggaggaggaggog
aggaggagagact

5 MeCP2 2
intron - 57
intron

gtgagtgggaccgccaaggcegegggeggggaccecttgetggggggegggtagggy
cgggacgtggcgegggaggggeecgeggggtegggegacacggetggeggTtggeyg
tceccectectcetectaccecteccecteecctetgeecgecggtggtggetttetecacteg
tctceccgecaatcgecgagegacggttectecagegegatecteecctggagecaccttega
Ttgacgcccteecgcectgececgeeccatetgtgegecatectaggeececagetgtgea
agcgccecttgtegtcectgggettegecagttggggetgegegegetectgeecttet
tggggctttgggccteggecactgtecgegegeccgeggtececggecteteecectggat
cgcgctgtceccecttetecctegegegecceccecacteecgttacttgeteccecectea
cacacacagactggcgcgcegtgcegcagtcecatcecteccgttgggagagtgegecaca
agggctcctgagetcttaccceccatctetgggttttgetececctectectectetee
cattccgtgactttttgcecccecccactgcaagegagtecggteccatcagetecattece
cacttggcaggaacaagttgagggttattgtccacccacaaaaaggactagacatt
Ttgttcctaggtcccacaactcatcataaagagltggttgtagttctecatcaggaa
ccgtgggcaagggactgtgegttectcagecactecgaagetecttecgtgagaccTtg
cccgcagggtgctetggttetttggggTtgetgtgetgtggetteggaatTtgage
gtcttcceccaccctececcteccecteccttegecageg

6 MeCP2 2
intron - 3’
intron

ttctgtctacaagaaagaataggcaggtgteccttggatatCgtagttgctaatCge
ctatacactgttctattacacctttcectgctaaggatagggtttttggttttggttt
tggttttgttccccaccctecagtttggtttagttttggttttggecatttagggte
ttttgggggggagtaatatettgtggtaaagacccatCtgacccaagatacctttt
ttctcatactggaaccctaggcagcagttgetatttcecctgagttagcaatagttt
tacagtattttgaggeccttttgtecataattctcacggaatCcectcagggatCaga
ttagctgctgttgggatCaggaaattgggttacaccgectgaaatectcecttgetgggg
ccecttgttttgaattggaaagtcaggaggcectggaacgaaggctcacaagttaacag
tgccagctgcectcttccagaagcectggattcagteccaccaatccatCgecgggtea
caaccatctgtaacttcagtcccaaggggtccgaAgccecctecttectggetttgeect
attattttatttatcttatCtgtttttgtcecttgtcatCtggcaagecccagggggec
attgggtgcaacttataaactgacttctgtatCttaagaagccaaccatacagtge
ttacattccagaaaaaaaatCtgccactttaacagcactagaactagggtttagag
aagtatCataaaggtcaaatatCtttgaccaatatcaccagcaacctaaagetgtt
aagaaatctttgggccccagcttgacccaaggatacagtatectagggaagttace
aaaatcagagatagtatgcagcagccaggggtctcatgtgtggcactcaagetcac
ctatactcactactgtgcagacagctgtgttctctgtaatacttacatatttgttt
aatacttcag
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7 MeCP2 2
intron -
exon?2

ggaggaaaagtcagaagaccaggatctccagggcecctca

8 MeCP2 1
promoter

CTCTACCATTACGTTTTATCCTCAGACTCTATCTCCCCATTTTAAAGGAATATTAT
TTTTAAATGCTACACTCTCATTTTTTAAATGGCTCCTTTTAATTCTACTGCTARAA
TACTTTTGGTACAATATGCCTTTTTTTCTATTTTTTTTTTTTAGTGCAAGTATAAA
ATATGTCATTTAAATCTCTTTTATCTAATTTAAGGAACTTAAGATTTTCTTCCCAA
AATTTCACAAGGTAGGAAAATGATGTACTTTATTTTTGTGAATGATATTGCACTGT
AGATCTTGCTGTTTCTTGCTTTGTTCTCAATTAAATATCATGTTTCCTCTACAGCT
TTATAGACATTTTGATCAGATTAAGGACATTCTAATTATAGTTCTTTAAGGTGTTT
TTAAAATCATATGTAGGTATTGAATTTTATTAAATGCTTTTTCCTGCATGTATTGG
GATACTCACATGATCTGTTCTTAAAATTATAATTGATTTCTAATTTTAAACCATCC
TTGCATTCGTGGAATAAAACTCAGCCTGAAGGTGTGGCTGGAGAGATGGCTTGTTG
CTCTTGCAGAGGACCCAAGTTCAGATCCTATTCTCTGTATATGCAAATACCTGTAT
TCTCACACCCCAACATACACACACACACACACACACACACACACACACACTACCAC
TCTTACCCACTTGTTTTTTACATTTCTATCTTAGTATTTTATGTGTATAAGTGTTT
TGCCTGGTGCTCACTGTGGTCAGAAGAGGGCACAGGATTCCCTGAGACTAGAATTA
CAAATGGTTTAGAATGGCCATATGGGAAATCCTCTAGATTTCCCCCACTGTAGTAA
GATATTCACTTAGGTGATCCTGTCCCAAAGTCAGCCATCATCCTTATTTTTTTTCT
TTCTTTCCATCTGATATCCAATACTTTTGGCTCAATTTTTAACATAAATCTTAACT
ATCACAACTTATCAGATTTCAACTGCTACTGTCCTGGTTAAAGCCTTCATCATCTA
TCTTTCTTCAACTGCTGCCAGGACCTCTGGACCAGCCAGTTCTTCATTCTTCACTG
GCAACATAGGTTTTATGGTGACAGCTAGTGACTCAAATATTTATCAAGGGCTTCTC
ATCTCAAAATAATCTCCTAGTTCTTTTGGTGGCCTAGGTCTCTCTCCAGTCACACT
GGCCTCCTTAGTAAGGCAGGCATAGTCCTTCCTTAGAGTGTTTAAACTTGCCTAGA
ATGTTTTCCCCAATTACCCATATTGGGAGACGACATGAGGGCAAAAGCTAGAGGGT
ATCATAATAGCACTTCTTTTGTCCTTGCCCTATCTATTTCAAAGTCTTTATCTCTG
TGCAAAATTTTAAGTTCTACTTTCTTGTATGTTTAGTATGACTCTTCCTTACCAGG
AGTCTAGTTTGTCTCCTTGTTCAGTACTAAAACAGTGCCTAGCAAATAAATGAATA
GAGAGGGGAGCCAAATTTGAATCAGAAAGTCTCTTGTTGCATAGTGTTTAAAAAAC
AAACAAAGAAAGAAAGTCTCTTGTTGAGCATTTGTTTAGCACAAAGAGCATTGGAT
GCTGACTGGTATCAGGGTAAGGCTGCTTTGACAATGCTCCCTCTGGCCTCACTCCC
TTTTATACGTACTTCCATCAAACCATCTGATTCAACAATGACAGACCGATCTCTTA
TGGGCTTGGCACACACCATCTGCCCATTATAAACGTCTGCAAAGACCAAGGTTTGA
TATGTTGATTTTACTGTCAGCCTTAAGAGTGCGACATCTGCTAATTTAGTGTAATA
ATACAATCAGTAGACCCTTTAAAACAAGTCCCTTGGCTTGGAACARCGCCAGGCTC
CTCAACAGGCAACTTTGCTACTTCTACAGAAAATGATAATAAAGAAATGCTGGTGA
AGTCAAATGCTTATCACAATGGTGAACTACTCAGCAGGGAGGCTCTAATAGGCGCC
AAGAGCCTAGACTTCCTTAAGCGCCAGAGTCCACAAGGGCCCAGTTAATCCTCAAC
ATTCAAATGCTGCCCACAAAACCAGCCCCTCTGTGCCCTAGCCGCCTCTTTTTTCC
AAGTGACAGTAGAACTCCACCAATCCGCTTAATTAAAGCTGAATGGGGTCCGCCTC
TTTTCCCTGCCTAAACAGACAGGAACTCCTGCCAATTGAGGGCGTCACCGCTAAGG
CTCCGCCCCAGCCTGGGCTCCACAACCAATGAAGGGTAATCTCGACAAAGAGCAAG
GGGTGGGGCGCGGGCGCGCAGGTGCAGCAGCACACAGGCTGGTCGGGAGGGCGGGG
CGCGACGTCTGCCGTGCGGGGTCCCGGCATCGGTTGCGCGC

9 MeCP2 1
intron

CTCTACCATTACGTTTTATCCTCAGACTCTATCTCCCCATTTTAAAGGAATATTAT
TTTTAAATGCTACACTCTCATTTTTTAAATGGCTCCTTTTAATTCTACTGCTAAAA
TACTTTTGGTACAATATGCCTTTTTTTCTATTTTTTTTTTTTAGTGCAAGTATAAA
ATATGTCATTTAAATCTCTTTTATCTAATTTAAGGAACTTAAGATTTTCTTCCCAA
AATTTCACAAGGTAGGAAAATGATGTACTTITATTTTTGTGAATGATATTGCACTGT
AGATCTTGCTGTTTCTTGCTTTGTTCTCAATTAAATATCATGTTTCCTCTACAGCT
TTATAGACATTTTGATCAGATTAAGGACATTCTAATTATAGTTCTTTAAGGTGTTT
TTAAAATCATATGTAGGTATTGAATTTTATTAAATGCTTTTTCCTGCATGTATTGG
GATACTCACATGATCTGTTCTTAAAATTATAATTGATTTCTAATTTTAAACCATCC
TTGCATTCGTGGAATAAAACTCAGCCTGAAGGTGTGGCTGGAGAGATGGCTTGTTG
CTCTTGCAGAGGACCCAAGTTCAGATCCTATTCTCTGTATATGCAAATACCTGTAT
TCTCACACCCCAACATACACACACACACACACACACACACACACACACACTACCAC
TCTTACCCACTTGTTTTTTACATTTCTATCTTAGTATTTTATGTGTATAAGTGTTT
TGCCTGGTGCTCACTGTGGTCAGAAGAGGGCACAGGATTCCCTGAGACTAGAATTA
CAAATGGTTTAGAATGGCCATATGGGAAATCCTCTAGATTTCCCCCACTGTAGTAA
GATATTCACTTAGGTGATCCTGTCCCAAAGTCAGCCATCATCCTTATTTTTTTTCT
TTCTTTCCATCTGATATCCAATACTTTTGGCTCAATTTTTAACATAAATCTTAACT
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ATCACAACTTATCAGATTTCAACTGCTACTGTCCTGGTTAAAGCCTTCATCATCTA
TCTTTCTTCAACTGCTGCCAGGACCTCTGGACCAGCCAGTTCTTCATTCTTCACTG
GCAACATAGGTTTTATGGTGACAGCTAGTGACTCAAATATTTATCAAGGGCTTCTC
ATCTCAAAATAATCTCCTAGTTCTTTTGGTGGCCTAGGTCTCTCTCCAGTCACACT
GGCCTCCTTAGTAAGGCAGGCATAGTCCTTCCTTAGAGTGTTTAAACTTGCCTAGA
ATGTTTTCCCCAATTACCCATATTGGGAGACGACATGAGGGCAAAAGCTAGAGGGT
ATCATAATAGCACTTCTTTTGTCCTTGCCCTATCTATTTCAAAGTCTTTATCTCTG
TGCAAAATTTTAAGTTCTACTTTCTTGTATGTTTAGTATGACTCTTCCTTACCAGG
AGTCTAGTTTGTCTCCTTGTTCAGTACTAAAACAGTGCCTAGCAAATAAATGAATA
GAGAGGGGAGCCAAATTTGAATCAGAAAGTCTCTTGTTGCATAGTGTTTAAAARAAC
AAACAAAGAAAGAAAGTCTCTTGTTGAGCATTTGTTTAGCACAAAGAGCATTGGAT
GCTGACTGGTATCAGGGTAAGGCTGCTTTGACAATGCTCCCTCTGGCCTCACTCCC
TTTTATACGTACTTCCATCAAACCATCTGATTCAACAATGACAGACCGATCTCTTA
TGGGCTTGGCACACACCATCTGCCCATTATAAACGTCTGCAAAGACCAAGGTTTGA
TATGTTGATTTTACTGTCAGCCTTAAGAGTGCGACATCTGCTAATTTAGTGTAATA
ATACAATCAGTAGACCCTTTAAAACAAGTCCCTTGGCTTGGAACAACGCCAGGCTC
CTCAACAGGCAACTTTGCTACTTCTACAGAAAATGATAATAAAGAAATGCTGGTGA
AGTCAAATGCTTATCACAATGGTGAACTACTCAGCAGGGAGGCTCTAATAGGCGCC
AAGAGCCTAGACTTCCTTAAGCGCCAGAGTCCACAAGGGCCCAGTTAATCCTCAAC
ATTCAAATGCTGCCCACAAAACCAGCCCCTCTGTGCCCTAGCCGCCTCTTTTTTCC
AAGTGACAGTAGAACTCCACCAATCCGCTTAATTAA

10

pPG35

GGCTGTGACCAGCACACCAGCTGCCCGGTGGGGCAGACCTGCTGCCCGAGCCTGGG
TGGGAGCTGGGCCTGCTGCCAGTTGCCCCATGCTGTGTGCTGCGAGGATCGCCAGC
ACTGCTGCCCGGCTGGCTACACCTGCAACGTGAAGGCTCGATCCTGCGAGAAGGAA
GTGGTCTCTGCCCAGCCTGCCACCTTCCTGGCCCGTAGCCCTCACGTGGGTGTGAA
GGACGTGGAGTGTGGGGAAGGACACTTCTGCCATGATAACCAGACCTGCTGCCGAG
ACAACCGACAGGGCTGGGCCTGCTGTCCCTACCGCCAGGGCGTCTGTTGTGCTGAT
CGGCGCCACTGCTGTCCTGCTGGCTTCCGCTGCGCAGCCAGGGGTACCAAGTGTTT
GCGCAGGGAGGCCCCGCGCTGGGACGCCCCTTTGAGGGACCCAGCCTTGAGACAGC
TGCTGTGAGGCCAggcCGGCCGAATTCGATATCAAGCTTATCGATAATCAACCTCT
GGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTA
CGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATG
GCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTT
GTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCC
CCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTC
CCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGAL
AGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGT
CCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTC
TGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCC
GGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCC
TTTGGGCCGCCTCCCCGCATCGATACCGTCGACCTCGAGACCTAGAAAAACATGGA
GCAATCACAAGTAGCAATACAGCAGCTACCAATGCTGATTGTGCCTGGCTAGAAGC
ACAAGAGGAGGAGGAGGTGGGTTTTCCAGTCACACCTCAGGTACCTTTAAGACCAA
TGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAAGGGGGGACTG
GAAGGGCTAATTCACTCCCAACGAAGACAAGATATCCTTGATCTGTGGATCTACCA
CACACAAGGCTACTTCCCTGATTGGCAGAACTACACACCAGGGCCAGGGATCAGAT
ATCCACTGACCTTTGGATGGTGCTACAAGCTAGTACCAGTTGAGCAAGAGAAGGTA
GAAGAAGCCAATGAAGGAGAGAACACCCGCTTGTTACACCCTGTGAGCCTGCATGG
GATGGATGACCCGGAGAGAGAAGTATTAGAGTGGAGGTTTGACAGCCGCCTAGCAT
TTCATCACATGGCCCGAGAGCTGCATCCGGACTGTACTGGGTCTCTCTGGTTAGAC
CAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCA
ATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTG
GTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGARAAATCTCTAGCAGGGCC
CGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTIGTTG
TTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTT
TCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCT
GGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGC
ATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGC
TCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGT
GGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCG
CTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTARAT
CGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAARAA
ACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTC
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GCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGA
ACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGAT
TTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTAAT
TCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCA
GAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCA
GGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAT
AGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATT
CTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCT
GCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTG
CAAARAGCTCCCGGGAGCTTGTATATCCATTTTCGGATCTGATCAGCACGTGTTGA
CAATTAATCATCGGCATAGTATATCGGCATAGTATAATACGACAAGGTGAGGAACT
AAACCATGGCCAAGTTGACCAGTGCCGTTCCGGTGCTCACCGCGCGCGACGTCGCC
GGAGCGGTCGAGTTCTGGACCGACCGGCTCGGGTTCTCCCGGGACTTCGTGGAGGA
CGACTTCGCCGGTGTGGTCCGGGACGACGTGACCCTGTTCATCAGCGCGGTCCAGG
ACCAGGTGGTGCCGGACAACACCCTGGCCTGGGTGTGGGTGCGCGGCCTGGACGAG
CTGTACGCCGAGTGGTCGGAGGTCGTGTCCACGAACTTCCGGGACGCCTCCGGGLC
GGCCATGACCGAGATCGGCGAGCAGCCGTGGGGGCGGGAGTTCGCCCTGCGCGACC
CGGCCGGCAACTGCGTGCACTTCGTGGCCGAGGAGCAGGACTGACACGTGCTACGA
GATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCG
GGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCC
ACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACA
AATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACT
CATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGT
AATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACAC
AACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTA
ACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGT
GCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGG
CGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCG
AGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATA
ACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAARAGGCCAGGARCCGTAAALAG
GCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAARAA
TCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGT
TTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGA
TACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTG
TAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAAC
CCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAAC
CCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAG
AGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCT
ACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGA
AAAAGAGTTGGTAGCTCTTGATCCGGCAAACARACCACCGCTGGTAGCGGTGGTTT
TTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTT
TGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATT
TTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATG
AAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAAT
GCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTT
GCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCC
CAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAA
TAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCC
TCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAA
TAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGT
TTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCC
CCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAG
TAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTA
CTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCA
TTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGA
TAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTT
CGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCC
ACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTG
AGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGARAAT
GTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTAT
TGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGT
TCCGCGCACATTTCCCCGAAARAGTGCCACCTGAC
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11

PPG36

CTCTGCCCAGCCTGCCACCTTCCTGGCCCGTAGCCCTCACGTGGGTGTGAAGGACG
TGGAGTGTGGGGAAGGACACTTCTGCCATGATAACCAGACCTGCTGCCGAGACAAC
CGACAGGGCTGGGCCTGCTGTCCCTACCGCCAGGGCGTCTGTTGTGCTGATCGGCG
CCACTGCTGTCCTGCTGGCTTCCGCTGCGCAGCCAGGGGTACCAAGTGTTTGCGCA
GGGAGGCCCCGCGCTGGGACGCCCCTTTGAGGGACCCAGCCTTGAGACAGCTGCTG
TGAGGCCAggCcCGGCCGAATTCGATATCAAGCTTATCGATAATCAACCTCTGGATT
ACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTA
TGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTT
CATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGC
CCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACT
GGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCT
CCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGG
CTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGARAATCATCGTCCTTT
CCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTA
CGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGCTC
TGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGATCTCCCTTTGG
GCCGCCTCCCCGCATCGATACCGTCGACCTCGAGACCTAGAAAAACATGGAGCAAT
CACAAGTAGCAATACAGCAGCTACCAATGCTGATTGTGCCTGGCTAGAAGCACAAG
AGGAGGAGGAGGTGGGTTTTCCAGTCACACCTCAGGTACCTTTAAGACCAATGACT
TACAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAAGGGGGGACTGGAAGG
GCTAATTCACTCCCAACGAAGACAAGATATCCTTGATCTGTGGATCTACCACACAC
AAGGCTACTTCCCTGATTGGCAGAACTACACACCAGGGCCAGGGATCAGATATCCA
CTGACCTTTGGATGGTGCTACAAGCTAGTACCAGTTGAGCAAGAGAAGGTAGAAGA
AGCCAATGAAGGAGAGAACACCCGCTTGTTACACCCTGTGAGCCTGCATGGGATGG
ATGACCCGGAGAGAGAAGTATTAGAGTGGAGGTTTGACAGCCGCCTAGCATTTCAT
CACATGGCCCGAGAGCTGCATCCGGACTGTACTGGGTCTCTCTGGTTAGACCAGAT
CTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATARA
GCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAAC
TAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGGGCCCGTTT
AAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGC
CCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTA
ATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGG
GTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCT
GGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCTAG
GGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTA
CGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTC
TTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGG
GCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTG
ATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCT
TTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTITGTTCCAAACTGGAACAAC
ACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGG
CCTATTGGTTAAAARAATGAGCTGATTTAACAAAAATTTAACGCGAATTAATTCTGT
GGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGT
ATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGARAGTCCCCAGGCTC
CCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCC
CGCCCCTAACTCCGCCCATCCCGCCCCTARCTCCGCCCAGTTCCGCCCATTCTCCG
CCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCTGCCTC
TGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAA
AGCTCCCGGGAGCTTGTATATCCATTTTCGGATCTGATCAGCACGTGTTGACAATT
AATCATCGGCATAGTATATCGGCATAGTATAATACGACAAGGTGAGGAACTAAACC
ATGGCCAAGTTGACCAGTGCCGTTCCGGTGCTCACCGCGCGCGACGTCGCCGGAGC
GGTCGAGTTCTGGACCGACCGGCTCGGGTTCTCCCGGGACTTCGTGGAGGACGACT
TCGCCGGTGTGGTCCGGGACGACGTGACCCTGTTCATCAGCGCGGTCCAGGACCAG
GTGGTGCCGGACAACACCCTGGCCTGGGTGTGGGTGCGCGGCCTGGACGAGCTGTA
CGCCGAGTGGTCGGAGGTCGTGTCCACGAACTTCCGGGACGCCTCCGGGCCGGCCA
TGACCGAGATCGGCGAGCAGCCGTGGGGGCGGGAGTTCGCCCTGCGCGACCLGGLC
GGCAACTGCGTGCACTTCGTGGCCGAGGAGCAGGACTGACACGTGCTACGAGATTT
CGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGRAATCGTTTTCCGGGACG
CCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCC
AACTTGTTTATTGCAGCTTATAATGGTTACAAATARAGCAATAGCATCACAAATTT
CACARATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCA
ATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCA
TGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACAT
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ACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCA
CATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAARACCTGTCGTGCCAG
CTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTC
TTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGG
TATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCA
GGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGC
GTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGAC
GCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTITCCC
CCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCT
GTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGT
ATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCC
GTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGT
AAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGA
GGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACT
AGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAG
AGTTGGTAGCTCTTGATCCGGCAARACAAACCACCGCTGGTAGCGGTGGTTTTTTTG
TTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATC
TTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGT
CATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTT
TTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTA
ATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTG
ACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTG
CTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAAC
CAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCAT
CCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTT
TGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGT
ATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCAT
GTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGT
TGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTC
ATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCRAAGTCATTCTG
AGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATA
CCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAARACGTTCTTCGGGG
CGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCG
TGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAA
AAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGA
ATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCT
CATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGC
GCACATTTCCCCGAARAAGTGCCACCTGAC

12

Human PGRN
coding
sequence

ATGTGGACCCTGGTGAGCTGGGTGGCCTTAACAGCAGGGCTGGTGGCTGGAACGCG
GTGCCCAGATGGTCAGTTCTGCCCTGTGGCCTGCTGCCTGGACCCCGGAGGAGCCA
GCTACAGCTGCTGCCGTCCCCTTCTGGACRAAATGGCCCACAACACTGAGCAGGCAT
CTGGGTGGCCCCTGCCAGGTTGATGCCCACTGCTCTGCCGGCCACTCCTGCATCTT
TACCGTCTCAGGGACTTCCAGTTGCTGCCCCTTCCCAGAGGCCGTGGCATGCGGGG
ATGGCCATCACTGCTGCCCACGGGGCTTCCACTGCAGTGCAGACGGGCGATCCTGC
TTCCAAAGATCAGGTAACAACTCCGTGGGTGCCATCCAGTGCCCTGATAGTCAGTT
CGAATGCCCGGACTTCTCCACGTGCTGTGTTATGGTCGATGGCTCCTGGGGGTGCT
GCCCCATGCCCCAGGCTTCCTGCTGTGAAGACAGGGTGCACTGCTGTCCGCACGGT
GCCTTCTGCGACCTGGTTCACACCCGCTGCATCACACCCACGGGCACCCACCCCCT
GGCAAAGAAGCTCCCTGCCCAGAGGACTAACAGGGCAGTGGCCTTGTCCAGCTCGG
TCATGTGTCCGGACGCACGGTCCCGGTGCCCTGATGGTTCTACCTGCTGTGAGCTG
CCCAGTGGGAAGTATGGCTGCTGCCCAATGCCCAACGCCACCTGCTGCTCCGATCA
CCTGCACTGCTGCCCCCAAGACACTGTGTGTGACCTGATCCAGAGTAAGTGCCTCT
CCAAGGAGAACGCTACCACGGACCTCCTCACTAAGCTGCCTGCGCACACAGTGGGG
GATGTGAAATGTGACATGGAGGTGAGCTGCCCAGATGGCTATACCTGCTGCCGTCT
ACAGTCGGGGGCCTGGGGCTGCTGCCCTTTTACCCAGGCTGTGTGCTGTGAGGACC
ACATACACTGCTGTCCCGCGGGGTTTACGTGTGACACGCAGAAGGGTACCTGTGAA
CAGGGGCCCCACCAGGTGCCCTGGATGGAGAAGGCCCCAGCTCACCTCAGCCTGCC
AGACCCACAAGCCTTGAAGAGAGATGTCCCCTGTGATAATGTCAGCAGCTGTCCCT
CCTCCGATACCTGCTGCCAACTCACGTCTGGGGAGTGGGGCTGCTGTCCAATCCCA
GAGGCTGTCTGCTGCTCGGACCACCAGCACTGCTGCCCCCAGGGCTACACGTGTGT
AGCTGAGGGGCAGTGTCAGCGAGGAAGCGAGATCGTGGCTGGACTGGA

GAAGATGCCTGCCCGCCGGGCTTCCTTATCCCACCCCAGAGACATCGGCTGTGACC
AGCACACCAGCTGCCCGGTGGGGCAGACCTGCTGCCCGAGCCTGGGTGGGAGCTGG
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GCCTGCTGCCAGTTGCCCCATGCTGTGTGCTGCGAGGATCGCCAGCACTGCTGCCC
GGCTGGCTACACCTGCAACGTGAAGGCTCGATCCTGCGAGAAGGAAGTGGTCTCTG
CCCAGCCTGCCACCTTCCTGGCCCGTAGCCCTCACGTGGGTGTGAAGGACGTGGAG
TGTGGGGAAGGACACTTCTGCCATGATAACCAGACCTGCTGCCGAGACAACCGACA
GGGCTGGGCCTGCTGTCCCTACCGCCAGGGCGTCTGTTGTGCTGATCGGCGCCACT
GCTGTCCTGCTGGCTTCCGCTGCGCAGCCAGGGGTACCAAGTGTTTGCGCAGGGAG
GCCCCGCGCTGGGACGCCCCTTTGAGGGACCCAGCCTTGAGACAGCTGCTGTGA

13

Human PGRN
amino acid
sequence

MWTLVSWVALTAGLVAGTRCPDGQFCPVACCLDPGGASYSCCRPLLDKWP
TTLSRHLGGPCQVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCP
RGFHCSADGRSCFQRSGNNSVGAIQCPDSQFECPDEFSTCCVMVDGSWGCC
PMPQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV
ALSSSVMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHCCPQD
TVCDLIQSKCLSKENATTDLLTKLPAHTVGDVKCDMEVSCPDGYTCCRLQ
SGAWGCCPFTQAVCCEDHIHCCPAGFTCDTQKGTCEQGPHQVPWMEKAPA
HLSLPDPQALKRDVPCDNVSSCPSSDTCCQLTSGEWGCCPIPEAVCCSDH
QHCCPQGYTCVAEGQCQRGSEIVAGLEKMPARRASLSHPRDIGCDQHTSC
PVGQTCCPSLGGSWACCQLPHAVCCEDRQHCCPAGYTCNVKARSCEKEVY
SAQPATFLARSPHVGVKDVECGEGHFCHDNQTCCRDNRQGWACCPYRQGV
CCADRRHCCPAGFRCAARGTKCLRREAPRWDAPLRDPALRQLL

14

Agel
restriction
site (5’ to
3/
direction)

ACCGGT

15

WPRE

TCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACT
ATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTAT
CATGCTATTGCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATC
CTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTG
GCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATT
GCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTAT
TGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGG
CTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGARAATCATCG
TCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGAC
GTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCC
GCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCT
CAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCA

16

PolyA signal
sequence
(SV40)

gatccagacatgataagatacattgatgagtttggacaaaccacaactag
aatgcagtgaaaaaaatgctttatttgtgaaatttgtgatgctattgett
tatttgtaaccattataagctgcaataaacaagttaacaacaacaattgce
attcattttatgtttcaggttcagggggaggtgtgggaggttttttag

17

AAVIT-pPG36

GCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGE
CGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGA
GTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGATTAACCTCTG
ctagcAGCTGAATGGGGTCCGCCTCTTTTCCCTGCCTAAACAGACAGGAA
CTCCTGCCAATTGAGGGCGTCACCGCTAAGGCTCCGCCCCAGCCTGGGCT
CCACAACCAATGAAGGGTAATCTCGACAAAGAGCAAGGGGTGGGGCGLGG
GCGCGCAGGTGCAGCAGCACACAGGCTGGTCGGGAGGGCGGGGCGCGACG
TCTGCCGTGCGGGGTCCCGGCATCGGTTGCGCGCACCGGTgegeteecte
ctctcggagagagggctgtggtaaaacccgteccggaaaTtggeccgecget
gccgecaccgecgecgecgecgecgegecgageggaggaggaggaggagyg
cgaggaggagagactgtgagtgggaccgccaaggccgcgggecggggaccee
ttgctggggggcgggtaggggcgggacgtggcgcgggaggggcccgcyggy
gtcgggcgacacggctggeggTtggegtcececctectectctacecteccect
ccctetgecgecggtggtggetttetecactegteteccecgecaategegayg
cgacggttctcagcgcgatctecctggagecaccttecgaTtgacgececte
ccgcectgeccgeccecatectgtgegecatectaggecccagetgtgecaagege
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ccttgtegtectgggcttegecagttggggectgecgegegetectgecctte
ttggggctttgggecteggecactgtecgegegececgeggteceggectete
cctggatcgcgcectgteccccecttetececctegegegeccceccactececgttact
tgctccecceccectcacacacacagactggegegcegtgegcagtecatctecece
gttgggagagtgcgccacaagggctectgagetcttaccecccatectetgg
gttttgctccctectectecteteccattecgtgactttttgeccecact
gcaagcgagtcggtccatcagctccattccccacttggcaggaacaagtt
gagggttattgtccacccacaaaaaggactagacattTtgttcctaggte
ccacaactcatcataaagagTtggttgtagttctcatcaggaaccgtggg
caagggactgtgcgttcctcagcactcgaagctcttecgtgagaccTtge
ccgcagggtgctcectggttcectttggggTtgetgtgetgtggetteggaatT
tgagcgtcttcccaccctcecectececcteccttecgecagegttetgtetac
aagaaagaataggcaggtgtccttggatatCgtagttgctaatCgcctat
acactgttctattacacctttctgctaaggatagggtttttggttttggt
tttggttttgttccccacccteccagtttggtttagttttggttttggeat
ttagggttttttgggggggagtaatatcttgtggtaaagacccatCtgac
ccaagataccttttttctcatactggaaccctaggcagcagttgetattt
ccctgagttagcaatagttttacagtattttgaggecttttgteccataat
tctcacggaatCcecctcagggatCagattagctgetgttgggatCaggaaa
ttgggttacaccgctgaaatctcttgectggggceccttgttttgaattgga
aagtcaggaggctggaacgaaggctcacaagttaacagtgccagctgcete
ttccagaagccctggattcagtcccaccaatccatCgcgggtcacaacca
tctgtaacttcagtcccaaggggtccgaAgecctettetggetttgecect
attattttatttatcttatCtgtttttgtcttgtcatCtggcaagcccag
ggggccattgggtgcaacttataaactgacttctgtatCttaagaagcca
accatacagtgcttacattccagaaaaaaaatCtgccactttaacagcac
tagaactagggtttagagaagtatCataaaggtcaaatatCtttgaccaa
tatcaccagcaacctaaagctgttaagaaatctttgggccccagettgac
ccaaggatacagtatcctagggaagttaccaaaatcagagatagtatgca
gcagccaggggtctcatgtgtggcactcaagctcacctatactcactact
gtgcagacagctgtgttctctgtaatacttacatatttgtttaatactte
agggaggaaaagtcagaagaccaggatctccagggecctcaACCGGTGGCC
CaggCGGCCACCATGTGGACCCTGGTGAGCTGGGTGGCCTTAACAGCAGG
GCTGGTGGCTGGAACGCGGTGCCCAGATGGTCAGTTCTGCCCTGTGGLCT
GCTGCCTGGACCCCGGAGGAGCCAGCTACAGCTGCTGCCGTCCCCTTCTG
GACAAATGGCCCACAACACTGAGCAGGCATCTGGGTGGCCCCTGCCAGGT
TGATGCCCACTGCTCTGCCGGCCACTCCTGCATCTTTACCGTCTCAGGGA
CTTCCAGTTGCTGCCCCTTCCCAGAGGCCGTGGCATGCGGGGATGGCCAT
CACTGCTGCCCACGGGGCTTCCACTGCAGTGCAGACGGGCGATCCTGCTT
CCAAAGATCAGGTAACAACTCCGTGGGTGCCATCCAGTGCCCTGATAGTC
AGTTCGAATGCCCGGACTTCTCCACGTGCTGTGTTATGGTCGATGGCTCC
TGGGGGTGCTGCCCCATGCCCCAGGCTTCCTGCTGTGAAGACAGGGTGCA
CTGCTGTCCGCACGGTGCCTTCTGCGACCTGGTTCACACCCGCTGCATCA
CACCCACGGGCACCCACCCCCTGGCAAAGAAGCTCCCTGCCCAGAGGACT
AACAGGGCAGTGGCCTTGTCCAGCTCGGTCATGTGTCCGGACGCACGGTC
CCGGTGCCCTGATGGTTCTACCTGCTGTGAGCTGCCCAGTGGGAAGTATG
GCTGCTGCCCAATGCCCAACGCCACCTGCTGCTCCGATCACCTGCACTGC
TGCCCCCAAGACACTGTGTGTGACCTGATCCAGAGTAAGTGCCTCTCCAA
GGAGAACGCTACCACGGACCTCCTCACTAAGCTGCCTGCGCACACAGTGG
GGGATGTGAAATGTGACATGGAGGTGAGCTGCCCAGATGGCTATACCTGC
TGCCGTCTACAGTCGGGGGCCTGGGGCTGCTGCCCTTTTACCCAGGCTGT
GTGCTGTGAGGACCACATACACTGCTGTCCCGCGGGGTTTACGTGTGACA
CGCAGAAGGGTACCTGTGAACAGGGGCCCCACCAGGTGCCCTGGATGGAG
AAGGCCCCAGCTCACCTCAGCCTGCCAGACCCACAAGCCTTGAAGAGAGA
TGTCCCCTGTGATAATGTCAGCAGCTGTCCCTCCTCCGATACCTGCTGCC
AACTCACGTCTGGGGAGTGGGGCTGCTGTCCAATCCCAGAGGCTGTCTGC
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TGCTCGGACCACCAGCACTGCTGCCCCCAGGGCTACACGTGTGTAGCTGA
GGGGCAGTGTCAGCGAGGAAGCGAGATCGTGGCTGGACTGGAGAAGATGC
CTGCCCGCCGGGCTTCCTTATCCCACCCCAGAGACATCGGCTGTGACCAG
CACACCAGCTGCCCGGTGGGGCAGACCTGCTGCCCGAGCCTGGGTGGGAG
CTGGGCCTGCTGCCAGTTGCCCCATGCTGTGTGCTGCGAGGATCGCCAGC
ACTGCTGCCCGGCTGGCTACACCTGCAACGTGAAGGCTCGATCCTGCGAG
AAGGAAGTGGTCTCTGCCCAGCCTGCCACCTTCCTGGCCCGTAGCCCTCA
CGTGGGTGTGAAGGACGTGGAGTGTGGGGAAGGACACTTCTGCCATGATA
ACCAGACCTGCTGCCGAGACAACCGACAGGGCTGGGCCTGCTGTCCCTAC
CGCCAGGGCGTCTGTTGTGCTGATCGGCGCCACTGCTGTCCTGCTGGCTT
CCGCTGCGCAGCCAGGGGTACCAAGTGTTTGCGCAGGGAGGCCCCGCGLT
GGGACGCCCCTTTGAGGGACCCAGCCTTGAGACAGCTGCTGTGAGGCCAY
gcCGGCCGaattcGATCCAGACATGATAAGATACATTGATGAGTTTGGAC
AAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGT
GATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAA
CAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGG
AGGTTTTTTAGGGATCCTCAGgttaatcattaactacaaggaacccctag
tgatggagttggccactccctcetetgegegetegetegetcactgaggee
gggcgaccaaaggtcgcccgacgcecccgggcetttgeccgggeggectecagt
gagcgagcgagcgcege

18

AAVTT-plPG36

AATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAACTCATGAC
CAAAATCCCTTAACGTGAGTTACGCGCGCGTCGTTCCACTGAGCGTCAGA
CCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCG
TAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGT
TTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAG
CAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGCCC
ACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATC
CTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTT
GGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGG
GGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTG
AGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAG
AAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCA
CGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGG
TTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGG
GCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGG
CCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGAT
TCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCAAGG
CTGACTGCAGGGCGAGAAGATTGCGAGCTGTGCGGCTGAGTTGACGTATC
TGTGCTGGATGATTACTCATAACGGCACCGCTATCAAACGTGCCACGTTC
ATGTCCTACAGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCC
GGGCGTCGGGCGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGLG
CAGAGAGGGAGTGGCCAACTCCATCACTAGGGGTTCCTTGTAGTTAATGA
TTAACCTCTGctagcAGCTGAATGGGGTCCGCCTCTTTTCCCTGCCTAAA
CAGACAGGAACTCCTGCCAATTGAGGGCGTCACCGCTAAGGCTCCGCCCC
AGCCTGGGCTCCACAACCAATGAAGGGTAATCTCGACAAAGAGCAAGGGGS
TGGGGCGCGGGCGCGCAGGTGCAGCAGCACACAGGCTGGTCGGGAGGGLG
GGGCGCGACGTCTGCCGTGCGGGGTCCCGGCATCGGTTGCGCGCACCGGT
gcgcteccectectectecggagagagggectgtggtaaaaccegtecggaaaTt
ggccgcecgctgecgceccaccgecgecgecgccgecgecgecgagcggaggayg
gaggaggaggcgaggaggagagactgtgagtgggaccgccaaggccgcegg
gcggggacccttgetggggggegggtaggggegggacgtggegegggagyg
ggcccgcggggtcgggcgacacggctggeggTtggegtecctecteteta
ccctcececcecectecectetgecgecggtggtggetttetecactegteteeceg
caatcgcgagcgacggttctcagecgecgatctccectggagecaccttegaT
tgacgccctcecccecgetgeccgecccatectgtgegecatectaggecccaget
gtgcaagcgcccttgtegtectgggettecgeccagttggggetgegegeget
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cctgcceccecttettggggcetttgggecteggcactgtegegegeccgeggte
ccggcectcectecctggatcgegetgteececcttetecctegegegeccccac
tccegttacttgetcecccectecacacacacagactggecgegegtgecgeayg
tccatctcececgttgggagagtgcgccacaagggctectgagetettaccee
ccatctctgggttttgctcectectectectecteccattececgtgactttt
tgcccceccactgcaagcecgagtcecggtecatcagetecatteccccacttggea
ggaacaagttgagggttattgtccacccacaaaaaggactagacattTtg
ttcctaggtcccacaactcatcataaagagTtggttgtagttctcatcag
gaaccgtgggcaagggactgtgcgttectcagcactcgaagectctteegt
gagaccTtgccegcagggtgcectectggttetttggggTtgetgtgetgtgg
cttcggaatTtgagcgtcttcecccacccteecctececcteeccttegecagey
ttctgtctacaagaaagaataggcaggtgtccttggatatCgtagttget
aatCgcctatacactgttctattacacctttctgectaaggatagggtttt
tggttttggttttggttttgttccccaccctecagtttggtttagttttyg
gttttggcatttagggttttttgggggggagtaatatcttgtggtaaaga
cccatCtgacccaagataccttttttectcatactggaaccctaggcagea
gttgctatttccctgagttagcaatagttttacagtattttgaggecttt
tgtccataattctcacggaatCcctcagggatCagattagctgectgttygg
gatCaggaaattgggttacaccgctgaaatctcttgectggggececcttgtt
ttgaattggaaagtcaggaggctggaacgaaggctcacaagttaacagtyg
ccagctgctcttccagaagecctggattcagtcccaccaatecatCgegg
gtcacaaccatctgtaacttcagtcccaaggggtccgaAgccctettetyg
gctttgccctattattttatttatcttatCtgtttttgtettgtcatCtg
gcaagcccagggggccattgggtgcaacttataaactgacttctgtatCt
taagaagccaaccatacagtgcttacattccagaaaaaaaatCtgccact
ttaacagcactagaactagggtttagagaagtatCataaaggtcaaatat
Ctttgaccaatatcaccagcaacctaaagctgttaagaaatctttgggec
ccagcttgacccaaggatacagtatcctagggaagttaccaaaatcagag
atagtatgcagcagccaggggtctcatgtgtggcactcaagctcacctat
actcactactgtgcagacagctgtgttctctgtaatacttacatatttgt
ttaatacttcagggaggaaaagtcagaagaccaggatctccagggcctca
ACCGGTGGCCCaggCGGCCACCATGTGGACCCTGGTGAGCTGGGTGGCCT
TAACAGCAGGGCTGGTGGCTGGAACGCGGTGCCCAGATGGTCAGTTCTGC
CCTGTGGCCTGCTGCCTGGACCCCGGAGGAGCCAGCTACAGCTGCTGLCG
TCCCCTTCTGGACAAATGGCCCACAACACTGAGCAGGCATCTGGGTGGCC
CCTGCCAGGTTGATGCCCACTGCTCTGCCGGCCACTCCTGCATCTTTACC
GTCTCAGGGACTTCCAGTTGCTGCCCCTTCCCAGAGGCCGTGGCATGCGG
GGATGGCCATCACTGCTGCCCACGGGGCTTCCACTGCAGTGCAGALGGGC
GATCCTGCTTCCAAAGATCAGGTAACAACTCCGTGGGTGCCATCCAGTGC
CCTGATAGTCAGTTCGAATGCCCGGACTTCTCCACGTGCTGTGTTATGGT
CGATGGCTCCTGGGGGTGCTGCCCCATGCCCCAGGCTTCCTGCTGTGAAG
ACAGGGTGCACTGCTGTCCGCACGGTGCCTTCTGCGACCTGGTTCACACC
CGCTGCATCACACCCACGGGCACCCACCCCCTGGCAAAGAAGCTCCCTGC
CCAGAGGACTAACAGGGCAGTGGCCTTGTCCAGCTCGGTCATGTGTCCGG
ACGCACGGTCCCGGTGCCCTGATGGTTCTACCTGCTGTGAGCTGCCCAGT
GGGAAGTATGGCTGCTGCCCAATGCCCAACGCCACCTGCTGCTCCGATCA
CCTGCACTGCTGCCCCCAAGACACTGTGTGTGACCTGATCCAGAGTAAGT
GCCTCTCCAAGGAGAACGCTACCACGGACCTCCTCACTAAGCTGCCTGCG
CACACAGTGGGGGATGTGAAATGTGACATGGAGGTGAGCTGCCCAGATGG
CTATACCTGCTGCCGTCTACAGTCGGGGGCCTGGGGCTGCTGCCCTTTTA
CCCAGGCTGTGTGCTGTGAGGACCACATACACTGCTGTCCCGCGGGGTTT
ACGTGTGACACGCAGAAGGGTACCTGTGAACAGGGGCCCCACCAGGTGCC
CTGGATGGAGAAGGCCCCAGCTCACCTCAGCCTGCCAGACCCACAAGCCT
TGAAGAGAGATGTCCCCTGTGATAATGTCAGCAGCTGTCCCTCCTCCGAT
ACCTGCTGCCAACTCACGTCTGGGGAGTGGGGCTGCTGTCCAATCCCAGA
GGCTGTCTGCTGCTCGGACCACCAGCACTGCTGCCCCCAGGGCTACACGT
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GTGTAGCTGAGGGGCAGTGTCAGCGAGGAAGCGAGATCGTGGCTGGACTG
GAGAAGATGCCTGCCCGCCGGGCTTCCTTATCCCACCCCAGAGACATCGG
CTGTGACCAGCACACCAGCTGCCCGGTGGGGCAGACCTGCTGCCCGAGCC
TGGGTGGGAGCTGGGCCTGCTGCCAGTTGCCCCATGCTGTGTGCTGCGAG
GATCGCCAGCACTGCTGCCCGGCTGGCTACACCTGCAACGTGAAGGCTCG
ATCCTGCGAGAAGGAAGTGGTCTCTGCCCAGCCTGCCACCTTCCTGGCCC
GTAGCCCTCACGTGGGTGTGAAGGACGTGGAGTGTGGGGAAGGACACTTC
TGCCATGATAACCAGACCTGCTGCCGAGACAACCGACAGGGCTGGGLCTG
CTGTCCCTACCGCCAGGGCGTCTGTTGTGCTGATCGGCGCCACTGCTGTC
CTGCTGGCTTCCGCTGCGCAGCCAGGGGTACCAAGTGTTTGCGCAGGGAG
GCCCCGCGCTGGGACGCCCCTTTGAGGGACCCAGCCTTGAGACAGCTGCT
GTGAGGCCAggcCGGCCGaattcGATCCAGACATGATAAGATACATTGAT
GAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTG
TGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATA
AACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGG
GAGGTGTGGGAGGTTTTTTAGGGATCCTCAGgttaatcattaactacaag
gaacccctagtgatggagttggccactcecctectetgegegetegeteget
cactgaggccgggcgaccaaaggtegeccgacgeccgggetttgeceggyg
cggcctcagtgagcgagcgagcgcgcACTGTCATTAGCAACTCCTTGTCC
TTCGATCTCGTCAACAACAGCTTGCAGTTCAAATACAAGACCCAGAAGGC
GACTATTCTGGAAGCGAGCTTGAAGAGTTAACCTGCAGAGAGCCCCCGCA
GTGTCGACAATTAATCATCGGCATAGTATATCGGCATAGTATAATACGAC
AAGGTGAGGAAGTAAAAAATGAGCCATATCCAACGGGAAACGTCGAGGCC
GCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTC
GCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGCTTGTATGGGAAG
CCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAA
TGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGC
CACTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTA
CTCACCACTGCGATCCCCGGAAAAACAGCGTTCCAGGTATTAGAAGAATA
TCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCC
GGTTGCACTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTA
TTTCGCCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGC
GAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGA
AAGAAATGCATAAACTTTTGCCATTCTCACCGGATTCAGTCGTCACTCAT
GGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGG
TTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTG
CCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGG
CTTTTTCAAAAATATGGTATTGATAATCCTGATATG

19

AAVTT-p2PG36

gaagcattttgttaaaattcgcgttaaatttttgttaaatcagctatttt
ttaaccaataggccgaaatcggcaaaatcccttgtaaatcaaaagaatag
accgagatagggttgagtgttgttccagtttggaacaagagtccactatt
aaagaacgtggactccaacgtcaaagggcgaaaaaccgtctatcagggeg
ttggcccactacgtgaaccttcaccctaatcaagttttttggggtcgagg
tgccgtaaagcactaaatcggaaccctaaagggagceccccgatttagage
ttgacggggaaaccggcgaacgtggcgagaaaggaagggaagaaagcgaa
aggagcgggcgctagggcgctggcaagtgtagcggtcacgectgegegtaa
ccaccacacccgccgcgctaagecgcecgctacagggegegteecttegect
tcaggctgecgtcgagtactgtactgtgagccagagttgeccecggegcetcete
cggctgcggtagttcaggcagttcaatcaactgtttaccttgtggagega
ctccagaggcacttcaccgcttgccageggcttacgatccagegcecacga
tccagtgcaggagatcgttatcgctatacggaacaggtattecgetggtcea
cttcgataaggtttgcccggataaacggaactggaaaaactgctgcectggt
gttttgcttccgtcagtgectggatecggegtgeggtecggcaaagaccagac
cgttctaacagaactggcgattgttcggecgtatcgccaaaatcaccgecy
taagccgaccacgggttgccgttttcagcaggatttaatcagecgactgat
ccacccagtcccagacgaagccgcecctgtaaacggggatactgacgaaac
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gcctgccagtatttagcgaaaccgccaagactgttacccaagegtgggeyg
tattcgcaaaggatcagcgggcgcegtetcectccaggtagecgaaagectttt
ttgatcgacctttcggcacagccgggaagggctggtcettcaaccacgege
gcgtacaacgggcaaataatatcggtggccgtggtgtcecggetceccgecgec
ttcaactgcaccgggcgggaaggatcgacagatttgatccagecgatacag
cgcgtcgtgattagcgceccgtggectgattcaattecccagecgaccagtag
atcacactcgggtgattacgattgcgctgcaccagtcgegttacggtteg
ctcttecgccggtagcecagegecggatcacggtcagacgattegttggecacy
atccgtgggtttcaatactggcttcaaaccaccactaacaggccgtageg
gtcgcacagcgtgtaccacagcggttggttcggataatcgaacagegeac
ggcgttaaagttgttctgcttcaacagcaggatattctgcaccttegtet
gctcttectaacctgaccaagcagaggatctgetegtgacggttaatect
cgaatcagcaacggcttgccgttcagcagcagcagaccaagttcaatceg
cacctcgcggaaaccgacaacgcaggcttectgettcaatcagegtgecgt
cggcggtgtgcagttcaaccaccgcacgatagagattcgggatttcggeg
ctccacagtttcgggttttcgacgttcagacgtagtgtgacgecgatetge
aaaccaccacgctcaacgataatttcaccgccgaaaggcgcggtgecget
ggcgacctgcgtttcaccctgccagaaagaaactgttaccecgtaggtagt
cacgcaactcgccgcacactgaacttcagectceccagtacagecgcggctyga
aatcgtcttaaagcgagtggcaactggaaatcgctgatttgtgtagtcgg
tttagcagcaacgagacttcacggaaaatccgctaatccgecacagatcece
tgatcttccagataactgccgtcactccaacgcagcaccttcaccgcgayg
gcggttttctececggecgegtaaaaatecgctcaggtcaaattcagacggecaa
acgactgtcctggccgtaaccgacccagcecgcecccgttgcecaccacagattyga
aacgccgagtttacgcctcaaaaataattcgegtetggecttectgtage
cagctttcacaactataatagtgagcgagtaacaacccgtcggattctece
gtgggaacaaacggcggattgaccgtatagggataggttacgttggtgta
gtagggcgctccgtaaccgtgctactgccagtttgaggggacgacgacag
tatcggcecctcaggaagatcgcactccageccagectttecggecacegettet
ggtactggaaaccaggcaaagcgcctatcgectatcaggctgcacaactyg
ttgggaagggcgatctgtgcgggectettegectattacgccagettgega
aagggggtagtgctgcaaggcgattaagttgggtaacgccagggttttee
cagtcacgacgttgtaaaacgacgggatctatcagecgctaCATGTTCTTT
CCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTG
AGCTGATACCGCTCAAGGCTGACTGCAGGGCGAGAAGATTGCGAGCTGTG
CGGCTGAGTTGACGTATCTGTGCTGGATGATTACTCATAACGGCACCGCT
ATCAAACGTGCCACGTTCATGTCCTACAGCGCGCTCGCTCGCTCACTGAG
GCCGCCCGGGCAAAGCCCGGGCGTCGGGCGACCTTTGGTCGCCCGGLCTC
AGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGGCCAACTCCATCACTAGGG
GTTCCTTGTAGTTAATGATTAACCTCTGctagcAGCTGAATGGGGTCCGC
CTCTTTTCCCTGCCTAAACAGACAGGAACTCCTGCCAATTGAGGGCGTCA
CCGCTAAGGCTCCGCCCCAGCCTGGGCTCCACAACCAATGAAGGGTAATC
TCGACAAAGAGCAAGGGGTGGGGCGCGGGCGCGCAGGTGCAGCAGCACAC
AGGCTGGTCGGGAGGGCGGGGCGCGACGTCTGCCGTGCGGGGTCCCGGCA
TCGGTTGCGCGCACCGGTgegecteectectectecggagagagggetgtggt
aaaacccgtccggaaaTtggccecgecgectgeccgeccaccgecgecgecgecy
ccgcgecgagcggaggaggaggaggaggcgaggaggagagactgtgagtyg
ggaccgccaaggccgegggcggggaccettgetggggggegggtagggge
gggacgtggcgcgggaggggceccgeggggtegggegacacggetggeggT
tggcgtceccctectetcectacecteccecctecctectgecgecggtggtgget
ttctccactegtectececcgecaatcgecgagecgacggttectcagegegatete
cctggagccaccttecgaTtgacgccecctececgetgeccgeccecatetgtyge
gcatcctaggceccccagetgtgcaagegeccttgtegtetgggettegeca
gttggggctgcgcgegctectgececcttettggggetttgggecteggecac
tgtcgcgcgeccecgeggtcececeggectectecctggategegetgtecectte
tccctegegegeccecccactecegttacttgetecccectcacacacacag
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actggcgcgcgtgcgcagtceccatctececgttgggagagtgcgceccacaagy
gctcecctgagetcettaccececccatctetgggttttgetecctectectecte
tcccattcececgtgactttttgecccccactgcaagecgagteggtecatecage
tccattccccacttggcaggaacaagttgagggttattgtccacccacaa
aaaggactagacattTtgttcctaggtcccacaactcatcataaagagTt
ggttgtagttctcatcaggaaccgtgggcaagggactgtgecgttectcag
cactcgaagctcttceccgtgagaccTtgeccgcagggtgectectggttettt
ggggTtgctgtgctgtggcttecggaatTtgagegtctteccacccteect
cccctececttegecagegttectgtctacaagaaagaataggcaggtgtece
ttggatatCgtagttgctaatCgcctatacactgttctattacaccttte
tgctaaggatagggtttttggttttggttttggttttgttccccacccte
cagtttggtttagttttggttttggcatttagggttttttgggggggagt
aatatcttgtggtaaagacccatCtgacccaagataccttttttctcata
ctggaaccctaggcagcagttgctatttceccctgagttagcaatagtttta
cagtattttgaggccttttgtccataattctcacggaatCcctcagggat
CagattagctgctgttgggatCaggaaattgggttacaccgctgaaatct
cttgctggggcceccttgttttgaattggaaagtcaggaggctggaacgaayg
gctcacaagttaacagtgccagctgctcecttccagaagececctggattcagt
cccaccaatccatCgcgggtcacaaccatctgtaacttcagtcccaaggg
gtccgalAgccctettetggetttgecctattattttatttatettatCtyg
tttttgtcttgtcatCtggcaagcccagggggccattgggtgcaacttat
aaactgacttctgtatCttaagaagccaaccatacagtgcttacattcca
gaaaaaaaatCtgccactttaacagcactagaactagggtttagagaagt
atCataaaggtcaaatatCtttgaccaatatcaccagcaacctaaagctyg
ttaagaaatctttgggccccagcttgacccaaggatacagtatectaggyg
aagttaccaaaatcagagatagtatgcagcagccaggggtctcatgtgtyg
gcactcaagctcacctatactcactactgtgcagacagctgtgttctctyg
taatacttacatatttgtttaatacttcagggaggaaaagtcagaagacc
aggatctccagggecctcaACCGGTGGCCCaggCGGCCACCATGTGGACCC
TGGTGAGCTGGGTGGCCTTAACAGCAGGGCTGGTGGCTGGAACGCGGTGC
CCAGATGGTCAGTTCTGCCCTGTGGCCTGCTGCCTGGACCCCGGAGGAGC
CAGCTACAGCTGCTGCCGTCCCCTTCTGGACAAATGGCCCACAACACTGA
GCAGGCATCTGGGTGGCCCCTGCCAGGTTGATGCCCACTGCTCTGCCGGC
CACTCCTGCATCTTTACCGTCTCAGGGACTTCCAGTTGCTGCCCCTTCCC
AGAGGCCGTGGCATGCGGGGATGGCCATCACTGCTGCCCACGGGGCTTCC
ACTGCAGTGCAGACGGGCGATCCTGCTTCCAAAGATCAGGTAACAACTCC
GTGGGTGCCATCCAGTGCCCTGATAGTCAGTTCGAATGCCCGGACTTCTC
CACGTGCTGTGTTATGGTCGATGGCTCCTGGGGGTGCTGCCCCATGCCCC
AGGCTTCCTGCTGTGAAGACAGGGTGCACTGCTGTCCGCACGGTGCCTTC
TGCGACCTGGTTCACACCCGCTGCATCACACCCACGGGCACCCACCCCCT
GGCAAAGAAGCTCCCTGCCCAGAGGACTAACAGGGCAGTGGCCTTGTCCA
GCTCGGTCATGTGTCCGGACGCACGGTCCCGGTGCCCTGATGGTTCTACC
TGCTGTGAGCTGCCCAGTGGGAAGTATGGCTGCTGCCCAATGCCCAACGC
CACCTGCTGCTCCGATCACCTGCACTGCTGCCCCCAAGACACTGTGTGTG
ACCTGATCCAGAGTAAGTGCCTCTCCAAGGAGAACGCTACCACGGACCTC
CTCACTAAGCTGCCTGCGCACACAGTGGGGGATGTGAAATGTGACATGGA
GGTGAGCTGCCCAGATGGCTATACCTGCTGCCGTCTACAGTCGGGGGLCT
GGGGCTGCTGCCCTTTTACCCAGGCTGTGTGCTGTGAGGACCACATACAC
TGCTGTCCCGCGGGGTTTACGTGTGACACGCAGAAGGGTACCTGTGAACA
GGGGCCCCACCAGGTGCCCTGGATGGAGAAGGCCCCAGCTCACCTCAGLC
TGCCAGACCCACAAGCCTTGAAGAGAGATGTCCCCTGTGATAATGTCAGC
AGCTGTCCCTCCTCCGATACCTGCTGCCAACTCACGTCTGGGGAGTGGGG
CTGCTGTCCAATCCCAGAGGCTGTCTGCTGCTCGGACCACCAGCACTGCT
GCCCCCAGGGCTACACGTGTGTAGCTGAGGGGCAGTGTCAGCGAGGAAGC
GAGATCGTGGCTGGACTGGAGAAGATGCCTGCCCGCCGGGCTTCCTTATC
CCACCCCAGAGACATCGGCTGTGACCAGCACACCAGCTGCCCGGTGGGGL
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AGACCTGCTGCCCGAGCCTGGGTGGGAGCTGGGCCTGCTGCCAGTTGCCC
CATGCTGTGTGCTGCGAGGATCGCCAGCACTGCTGCCCGGCTGGCTACAC
CTGCAACGTGAAGGCTCGATCCTGCGAGAAGGAAGTGGTCTCTGCCCAGC
CTGCCACCTTCCTGGCCCGTAGCCCTCACGTGGGTGTGAAGGACGTGGAG
TGTGGGGAAGGACACTTCTGCCATGATAACCAGACCTGCTGCCGAGACAA
CCGACAGGGCTGGGCCTGCTGTCCCTACCGCCAGGGCGTCTGTTGTGCTG
ATCGGCGCCACTGCTGTCCTGCTGGCTTCCGCTGCGCAGCCAGGGGTACC
AAGTGTTTGCGCAGGGAGGCCCCGCGCTGGGACGCCCCTTTGAGGGACCC
AGCCTTGAGACAGCTGCTGTGAGGCCAggcCGGLCCGaattcGATCCAGAC
ATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTG
AAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAA
CCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTT
ATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAGGGATCCTCAGY
ttaatcattaactacaaggaacccctagtgatggagttggccactccecte
tctgcgegcetegetegectcactgaggecgggcgaccaaaggtegeccgac
gccecgggctttgececgggeggectcagtgagegagecgagegegcACTGTC
ATTAGCAACTCCTTGTCCTTCGATCTCGTCAACAACAGCTTGCAGTTCAA
ATACAAGACCCAGAAGGCGACTATTCTGGAAGCGAGCTTGAAGAGTTAAC
CTGCAGAGAGCCCCCGCAGTGtcgactgttaaccttaattaaccatttaa
atcgtagtgcaaccgaacgcgaccgttggtcagaagccgggcaaatcage
gcctggcagcagtggcgtectggecggaaaacctcagtgtgacgcteccececege
cgcgtcccacgcecttgttececcggatectgaccaccagecgaaatecgattttt
gcaccgagctgggtaataagcgttggcaatttaaccgccagtcaggettt
ctttcacagtgtggattggcgataaaaaacaactgctgacgeccgetgege
gatcagttcacccgttcaccgctggataacgacttggecgtaagtgaageg
acccgtaagaccctaacgcecctgggtcgaacgctggaaggcggecgggcecaa
accaggccgaagcagcgttgttgcagttcacggcagatacacttgectgtt
gcggtgctgattacgaccgctcactegtggcagcaacaggggaaaacctt
atttatcagccggaaaacctaccggattgttggtagtggtcaataggcga
ttaccgttgtgttgaagtggcgagcgatacaccgcttecggegeggattyg
gcctgaactgceccaactggecgcaggtagcagagegggtaaactggectegga
ttagggccgcaagaaaactatcccgaccgecttactgecgectgttttyga
ccgctgggatctgccaagtcagacagtatagcccgtacgtcectteccgage
gaaaacggtctgcgctgcgggacgcgcgaattgaatttggecccacaccag
tggcgcggcgacttccagttcaatatcageccgectacagtgaacagcaact
gttggaaaccagccttcgccaactgectgcacgecggaagaaggcactgget
gaatatcgacggtttccagttggggattggtggcgacgactcecctggagec
cgtcagtatcggcggacttccaactgagcgceccggtegctaccttaccagt
tggtctggtgtcaaaaagcgtccgcttgagtctagecgatcgegegcagat
ctgtcatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggcece
gcgttgctggegttttteccataggctecgececececctgacgagcatcacaa
aaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagat
accaggcgtttccccecctggaagcectecctegtgegetetectgttecgace
ctgccgcttaccggatacctgteccgectttecteeccttecgggaagegtgyge
gctttctcatagctcacgctgtaggtatctcagttecggtgtaggtegtte
gctccaagctgggctgtgtgcacgaacccceccecgttcageccgaccgetyge
gccttatccggtaactatecgtcecttgagtccaacccggtaagacacgactt
atcgccactggcagcagccactggtaacaggattagcagagcgaggtatyg
taggcggtgctacagagttcttgaagtggtggcctaactacggctacact
agaagaacagtatttggtatctgcgctctgctgaageccagttaccttcgg
aaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtageyg
gtggtttttttgtttgcaagcagcagattacgcgcagaaaaaaaggatct
caagaagatcctttgatcttttctacggggtctgacgctcagtggaacga
aaactcacgttaagggattttggtcatgagattatcaaaaaggatcttca
cctagatccttttcacgtagaaagccagtccgcagaaacggtgcetgacce
cggatgaatgtcagctactgggctatctggacaagggaaaacgcaagcge
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aaagagaaagcaggtagcttgcagtgggcttacatggcgatagctagact
gggcggttttatggacagcaagcgaaccggaattgccagetggggegece
tctggtaaggttgggaagccctgcaaagtaaactggatggetttettgece
gccaaggatctgatggcgcaggggatcaagatctgatcaagagacaggat
gaggatcgtttcgcatgattgaacaagatggattgcacgcaggttcteeg
gccgcttgggtggagaggctattecggectatgactgggcacaacagacaat
cggctgctctgatgeccgcecgtgtteccggetgtcagegcaggggegeccygg
ttctttttgtcaagaccgacctgtececggtgecctgaatgaactgcaagac
gaggcagcgcggctatcgtggctggeccacgacgggcecgttecttgecgecage
tgtgctcgacgttgtcactgaagcgggaagggactggctgectattgggeg
aagtgccggggcaggatctcecctgtcatctcaccttgetectgecgagaaa
gtatccatcatggctgatgcaatgcggcggctgcatacgettgatccgge
tacctgcccattcgaccaccaagcgaaacatcgcatcgagecgagcacgta
ctcggatggaagccggtcecttgtcgatcaggatgatctggacgaagageat
caggggctcgcgceccagceccgaactgttegeccaggctcaaggegagecatgece
cgacggcgaggatctcecgtcegtgacccatggcecgatgectgettgecgaata
tcatggtggaaaatggccgcttttctggattcatcgactgtggecggetyg
ggtgtggcggaccgctatcaggacatagcgttggctaccecgtgatattge
tgaagagcttggcggcgaatgggctgaccgecttcectegtgetttacggta
tcgccgcecteccgattecgcagegecatcgecttcectategecttettgacgag
ttcttctgaatttaaagcccaatacgcaaaccgectcectceccecegegegttyg
gcc

sequence

20 5’ ITR GCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGLGTCGGE
CGACCTTTGGTCGCCCGGCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGA
GTGGCCAACTCCATCACTAGGGGTTCCT

21 5’ adjacent TGTAGTTAATGATTAACC

fragment

22 3’ adjacent GTTAATCATTAACTACA

fragment

23 3’ ITR AGGAACCCCTAGTGATGGAGTTGGCCACTCCCTCTCTGCGCGCTCGCTCG
CTCACTGAGGCCGGGCGACCAAAGGTCGCCCGACGCCCGGGCTTTGCCCG
GGCGGCCTCAGTGAGCGAGCGAGCGCGC

24 Kozak GCCACC
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Further aspects of the present invention:

1. A nucleic acid construct comprising a methyl CpG binding protein 2 (MeCP2)
promoter operably linked to a nucleotide sequence encoding a progranulin (PGRN)

protein.

2. The nucleic acid construct of paragraph 1, wherein the MeCP2 promoter is an
engineered MeCP2 promoter comprising a minimal promoter sequence and at least one

intron.

3. A nucleic acid construct comprising an engineered methyl CpG binding protein
2 (MeCP2) promoter operably linked to a nucleotide sequence encoding a protein of
interest (POI), wherein the engineered MeCP2 promoter comprises a minimal promoter

sequence and at least one intron.

4. The nucleic acid construct of paragraph 3, wherein the POI is a progranulin
(PGRN) protein.
5. The nucleic acid construct of any one of paragraphs 2-4, wherein: (a) the at least

one intron is 3’ to the minimal promoter sequence; or (b) the at least one intron is 5’ to

minimal promoter sequence.

6. The nucleic acid construct of any one of paragraphs 2-5, wherein the at least one

intron is synthetic.

7. The nucleic acid construct of paragraph 6, wherein the at least one synthetic
intron comprises one or more nucleotide sequences of an MECP2 gene, optionally
wherein the at least one synthetic intron comprises one or more intronic sequences of an
MECP?2 gene and/or one or more non-expressing exonic sequences of an MECP2 gene,

preferably wherein the MECP2 gene is a human MECP2 gene.
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8. The nucleic acid construct of paragraph 6 or 7, wherein the at least one synthetic
intron comprises two intronic sequences of a human MECP2 gene and two non-

expressing exonic sequences of a human MECP?2 gene.

9. The nucleic acid construct of any one of paragraphs 6-8, wherein the at least one
synthetic intron comprises:

(a) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 4 or a nucleotide sequence having at least 90 % identity to SEQ ID NO: 4;

(b) an intronic sequence comprising the nucleotide sequence of SEQ ID NO:
5 or a nucleotide sequence having at least 90 % identity to the nucleotide sequence of
SEQ ID NO: 5;

() an intronic sequence comprising the nucleotide sequence of SEQ ID NO:
6 or a nucleotide sequence having at least 90 % identity to the nucleotide sequence of
SEQ ID NO: 6; and/or

(d) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 7 or a nucleotide sequence having at least 90 % identity to the nucleotide
sequence of SEQ ID NO: 7.

10.  The nucleic acid construct of any one of paragraphs 6-9, wherein, in the 5’ to 3’
direction, the at least one synthetic intron comprises:

(a) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 4 or a nucleotide sequence having at least 90 % identity to the nucleotide
sequence of SEQ ID NO: 4;

(b) an intronic sequence comprising the nucleotide sequence of SEQ ID NO:
5 or a nucleotide sequence having at least 90 % identity to the nucleotide sequence of
SEQ ID NO: 5;

(c) an intronic sequence comprising the nucleotide sequence of SEQ ID NO:
6 or a nucleotide sequence having at least 90 % identity to the nucleotide sequence of

SEQ ID NO: 6; and
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(d) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 7 or a nucleotide sequence having at least 90 % identity to the nucleotide
sequence of SEQ ID NO: 7.

11.  The nucleic acid construct of any one of paragraphs 6-10, wherein the at least
one synthetic intron comprises the nucleotide sequence of SEQ ID NO: 2 or a
nucleotide sequence having at least 90 % identity to the nucleotide sequence of the

nucleotide sequence of SEQ ID NO: 2.

12. The nucleic acid construct of any one of paragraphs 2-5, wherein the at least one

intron is a natural intron.

13. The nucleic acid construct of paragraph 12, wherein the at least one natural
intron comprises a nucleotide sequence of an MeCP2 gene, preferably a human MeCP2

gene.

14. The nucleic acid construct of paragraph 13, wherein the at least one natural
intron comprises the nucleotide sequence of SEQ ID NO: 9 or a nucleotide sequence

having at least 90 % identity to the nucleotide sequence of SEQ ID NO: 9.

15.  The nucleic acid construct of any one of paragraphs 2-14, wherein the minimal
promoter sequence comprises the nucleotide sequence of SEQ ID NO: 1, or a functional
variant or fragment thereof having at least 90 % identity to the nucleotide sequence of
SEQ ID NO: 1.

16.  The nucleic acid construct of any one of paragraphs 1-11, wherein the
engineered MeCP2 promoter comprises the nucleotide sequence of SEQ ID NO: 3 ora
functional variant or fragment thereof having at least 90 % identity to the nucleotide

sequence of SEQ ID NO: 3.
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17.  The nucleic acid construct of any one of paragraphs 1-5 or 12-14, wherein the
engineered MeCP2 promoter comprises the nucleotide sequence of SEQ ID NO: 8 or a
functional variant or fragment thereof having at least 90 % identity to the nucleotide

sequence of SEQ ID NO: 8.

18. The nucleic acid sequence of any one of paragraphs 1-17, wherein the MeCP2
promoter is at least about 1000 bp, 1500 bp, 2000 bp, 2100 bp, 2150 bp, 2175 bp, 2200
bp, 2210 bp, 2220 bp, 2230 bp, 2240 bp, 2250 bp, 2260 bp, 2280 bp, 2290 bp, 2300 bp,
2310 bp, 2320, 2330 bp in length, preferably wherein the MeCP2 promoter is about
2200-2350 bp in length.

19.  The nucleic acid construct of any one of paragraphs 1, 2 or 4-18, wherein:

(a) the PGRN protein is a human PGRN protein;

(b) the PGRN protein is a wild type protein;

(©) the nucleotide sequence encoding the PGRN protein is a human
nucleotide sequence;

(d) the nucleotide sequence encoding the PGRN proteins is a wild type
nucleotide sequence;

(e) the nucleotide sequence encoding the PGN protein is not codon
optimised; and/or

® the nucleotide sequence encoding the PGRN protein is at least about
1600 bp, 1700 bp, 1750 bp, 1760 bp, 1770 bp, or 1780 bp, preferably wherein the
nucleotide sequence encoding the PGRN protein is about 1780 bp in length.

20. The nucleic acid construct of any one of paragraphs 1, 2 or 4-19, wherein:

the nucleotide sequence encoding the PGRN protein comprises the nucleotide
sequence of SEQ ID NO: 12 or a functional variant or fragment thereof having at least
70 % identity to the nucleotide sequence of SEQ ID NO: 12; and/or

the PGRN protein comprises the amino acid sequence of SEQ ID NO: 13 ora
functional variant or fragment thereof having at least 70 % identity to the amino acid

sequence of SEQ ID NO: 13.
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21. The nucleic acid construct of any one of paragraphs 1-20, which further
comprises:

(a) a woodchuck hepatitis virus (WHP) posttranscriptional regulatory
clement (WPRE) sequence, optionally wherein the WPRE is 3’ to the nucleotide
sequence encoding the POI or the PGRN protein and/or the WPRE comprises the
nucleotide sequence of SEQ ID NO: 15 or a functional variant or fragment thereof
having at least 90 % identity to the nucleotide sequence of SEQ ID NO: 15;

(b) a polyadenylation signal sequence, optionally wherein the
polyadenylation signal sequence is 3’ to the nucleotide sequence encoding the POI or
the PGRN protein and/or the polyadenylation signal sequence comprises the nucleotide
sequence SEQ ID NO: 16 or a functional variant or fragment thereof having at least 90
% identity to the nucleotide sequence of SEQ ID NO: 16; or

(©) (a) and (b) above, optionally wherein, in the 5’ to 3’ direction, the nucleic
acid construct comprises the MeCP2 promoter, the nucleotide sequence encoding the

POI or the PGRN protein, the WPRE, and the polyadenylation signal sequence.

22. The nucleic acid construct of any one of paragraphs 1-21, which is 3700 to 4700
bp, 3800 to 4800 bp, 3900 to 4700 bp, 4000 to 4600 bp, 4000 to 4500 bp, 4000 to 4400
bp, 4000 to 4300 bp, or 4000 to 4200 bp in length.

23. A vector comprising a nucleic acid construct as defined in any one of paragraphs
1-22.

24.  The vector of paragraph 23, which is a plasmid or a viral vector.

25. The vector of paragraph 23 or 24, which is a viral vector comprising the
nucleotide sequence of:

(a) SEQ ID NO: 11 or a functional variant or fragment thereof having at
least 70 % identity to the nucleotide sequence of SEQ ID NO: 11; or



WO 2022/034130 PCT/EP2021/072365
86

(b) SEQ ID NO: 10 or a functional variant or fragment thereof having at
least 70 % identity to the nucleotide sequence of SEQ ID NO: 10.

26.  The vector of paragraph any one of paragraphs 23-25, which is a viral vector
selected from: (a) an adeno-associated virus (AAV) vector or which comprises an AAV
genome or a derivative thereof, optionally wherein said derivative is a chimeric,
shuffled or capsid modified derivative; or (b) a lentiviral vector or which comprises a

lentivirus genome or a derivative thereof.

27. The viral vector of paragraph 26, which is an AAV vector comprising a genome
derived from AAV serotype 2 (AAV2), AAV serotype 3 (AAV3), AAV serotype 4
(AAV4), AAV serotype 5 (AAVS), AAV serotype 6 (AAV6), AAV serotype 7
(AAV7T), AAV serotype 8 (AAVS), AAV serotype 9 (AAV9), or AAV serotype rh10
(AAVrh10), preferably wherein the AAV comprises a genome derived from AAV2,
AAV9 or AAVrH10.

28. The AAV vector of paragraph 27, wherein the AAV vector comprises a genome
derived from AAV2, preferably wherein the AAV is AAV-TT.

29. A host cell which comprises a nucleic acid construct according to any one of
paragraphs 1-22 and/or a vector according to any one of paragraphs 23-28, and/or which
produces a viral vector according to any one of paragraphs 25-28, optionally wherein

the host cell is a HEK293 cell or a HEK293T cell.

30. A pharmaceutical composition comprising a nucleic acid construct according to
any one of paragraphs 1-22, a vector according to paragraph 23 or 24, and/or a viral
vector according to any one of paragraphs 25-28 together with a pharmaceutically

acceptable carrier, excipient or diluent.

31. A nucleic acid construct as defined in any one of paragraphs 1-22, a vector as

defined in paragraph 23 or 24, a viral vector as defined in any one of paragraphs 25-28,
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and/or a pharmaceutical composition as defined in paragraph 30 for use in a method of
treating or preventing a disease characterized by progranulin (PGRN) deficiency in a
patient in need thereof.

32. A method of treating or preventing a disease characterized by progranulin
(PGRN) deficiency in a patient in need thereof, said method comprising administering
to the patient a therapeutically effective amount of a nucleic acid construct as defined in
any one of paragraphs 1-22, a vector as defined in paragraph 23 or 24, a viral vector as
defined in any one of paragraphs 25-28, and/or a pharmaceutical composition as defined

in paragraph 30.

33.  Use of a nucleic acid construct as defined in any one of paragraphs 1-22, a
vector as defined in paragraph 23 or 24, a viral vector as defined in any one of
paragraphs 25-28, and/or a pharmaceutical composition as defined in paragraph 30 for
the manufacture of a medicament for the treatment or prevention of a disease

characterized by progranulin (PGRN) deficiency in a patient in need thereof.

34.  The nucleic acid construct, vector, viral vector, or pharmaceutical composition
for use according to paragraph 31, the method of paragraph 32, or the use of paragraph
33, wherein:

the disease characterized by PGRN deficiency is a disease of the central nervous
system,

the disease characterized by PGRN deficiency is characterized by a deficiency
of PGRN in the neurons and/or the astrocytes of the patient;

the patient has a loss of function mutation in at least one allele of their GRN
gene; and/or

the patient has a loss of function mutation in both alleles of their GRN gene.

35.  The nucleic acid construct, vector, viral vector, or pharmaceutical composition
for use according to paragraph 31 or 34, the method of paragraph 32 or 34, or the use of
paragraph 33 or 34, wherein the disease characterized by PGRN deficiency is
frontotemporal dementia (FTD) or neuronal ceroid lipofuscinosis type 11 (NCL11).
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36. The nucleic acid construct, vector, viral vector, or pharmaceutical composition
for use according to paragraph 31, 34 or 35, the method of paragraph 32, 34 or 35, or
the use of paragraph any one of paragraphs 33-35, wherein said nucleic acid construct,
vector, viral vector, or pharmaceutical composition are administered to the patient by
delivery to the brain and/or the cerebrospinal fluid (CSF) of the patient, optionally
wherein the delivery is by injection to:

(1) the brain of the patient, preferably wherein the injection to the brain is
selected from intracerebral injection, intraparenchymal injection, intraputaminal
injection, and combinations thereof; and/or

(i)  the CSF of the patient, preferably wherein the injection to the CSF is
selected from intra-cisterna magna injection, intrathecal injection,

intracerebroventricular (ICV) injection, and combinations thereof.
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CLAIMS

1. A nucleic acid construct comprising a methyl CpG binding protein 2 (MeCP2)
promoter operably linked to a nucleotide sequence encoding a progranulin (PGRN)

protein.

2. The nucleic acid construct of claim 1, wherein the MeCP2 promoter is an
engineered MeCP2 promoter comprising a minimal promoter sequence and at least one

intron.

3. A nucleic acid construct comprising an engineered methyl CpG binding protein
2 (MeCP2) promoter operably linked to a nucleotide sequence encoding a protein of
interest (POI), wherein the engineered MeCP2 promoter comprises a minimal promoter

sequence and at least one intron.

4. The nucleic acid construct of claim 3, wherein the POI is a progranulin (PGRN)
protein.
5. The nucleic acid construct of any one of claims 2-4, wherein: (a) the at least one

intron is 3’ to the minimal promoter sequence; or (b) the at least one intron is 5’ to

minimal promoter sequence.

6. The nucleic acid construct of any one of claims 2-5, wherein the at least one

intron is synthetic.

7. The nucleic acid construct of claim 6, wherein the at least one synthetic intron
comprises one or more nucleotide sequences of an MECP2 gene, optionally wherein the
at least one synthetic intron comprises one or more intronic sequences of an MECP2
gene and/or one or more non-expressing exonic sequences of an MECP2 gene,
preferably wherein the MECP2 gene is a murine or a human MECP2 gene, more
preferably wherein the MECP2 gene is a murine MECP?2 gene.
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8. The nucleic acid construct of claim 6 or 7, wherein the at least one synthetic
intron comprises two intronic sequences of a murine MECP2 gene and two non-

expressing exonic sequences of a murine MECP2 gene.

9. The nucleic acid construct of any one of claims 6-8, wherein the at least one
synthetic intron comprises:

(a) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 4 or a nucleotide sequence having at least 90 % identity to SEQ ID NO: 4;

(b) an intronic sequence comprising the nucleotide sequence of SEQ ID NO:
5 or a nucleotide sequence having at least 90 % identity to the nucleotide sequence of
SEQ ID NO: 5;

(©) an intronic sequence comprising the nucleotide sequence of SEQ ID NO:
6 or a nucleotide sequence having at least 90 % identity to the nucleotide sequence of
SEQ ID NO: 6; and/or

(d) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 7 or a nucleotide sequence having at least 90 % identity to the nucleotide
sequence of SEQ ID NO: 7.

10. The nucleic acid construct of any one of claims 6-9, wherein, in the 5’ to 3’
direction, the at least one synthetic intron comprises:

(a) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 4 or a nucleotide sequence having at least 90 % identity to the nucleotide
sequence of SEQ ID NO: 4;

(b) an intronic sequence comprising the nucleotide sequence of SEQ ID NO:
5 or a nucleotide sequence having at least 90 % identity to the nucleotide sequence of
SEQ ID NO: 5;

(©) an intronic sequence comprising the nucleotide sequence of SEQ ID NO:
6 or a nucleotide sequence having at least 90 % identity to the nucleotide sequence of

SEQ ID NO: 6; and
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(d) a non-expressing exonic sequence comprising the nucleotide sequence of
SEQ ID NO: 7 or a nucleotide sequence having at least 90 % identity to the nucleotide
sequence of SEQ ID NO: 7.

11. The nucleic acid construct of any one of claims 6-10, wherein the at least one
synthetic intron comprises the nucleotide sequence of SEQ ID NO: 2 or a nucleotide
sequence having at least 90 % identity to the nucleotide sequence of the nucleotide

sequence of SEQ ID NO: 2.

12. The nucleic acid construct of any one of claims 2-5, wherein the at least one

intron is a natural intron.

13. The nucleic acid construct of claim 12, wherein the at least one natural intron
comprises a nucleotide sequence of an MECP2 gene, preferably a murine or a human

MECP?2 gene.

14. The nucleic acid construct of claim 13, wherein the at least one natural intron

comprises a nucleotide sequence of a murine MECP?2 gene.

15. The nucleic acid construct of claim 14, wherein the at least one natural intron
comprises the nucleotide sequence of SEQ ID NO: 9 or a nucleotide sequence having at

least 90 % identity to the nucleotide sequence of SEQ ID NO: 9.

16. The nucleic acid construct of any one of claims 2-15, wherein the minimal
promoter sequence comprises the nucleotide sequence of SEQ ID NO: 1, or a functional
variant or fragment thereof having at least 90 % identity to the nucleotide sequence of

SEQ ID NO: 1.

17.  The nucleic acid construct of any one of claims 1-11, wherein the engineered

MeCP2 promoter comprises the nucleotide sequence of SEQ ID NO: 3 or a functional
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variant or fragment thereof having at least 90 % identity to the nucleotide sequence of

SEQ ID NO: 3.

18.  The nucleic acid construct of any one of claims 1-5 or 12-15, wherein the
engineered MeCP2 promoter comprises the nucleotide sequence of SEQ ID NO: 8 or a
functional variant or fragment thereof having at least 90 % identity to the nucleotide

sequence of SEQ ID NO: 8.

19.  The nucleic acid sequence of any one of claims 1-18, wherein the MeCP2
promoter is at least about 1000 bp, 1500 bp, 2000 bp, 2100 bp, 2150 bp, 2175 bp, 2200
bp, 2210 bp, 2220 bp, 2230 bp, 2240 bp, 2250 bp, 2260 bp, 2280 bp, 2290 bp, 2300 bp,
2310 bp, 2320, or 2330 bp in length, preferably wherein the MeCP2 promoter is about
2200-2350 bp in length.

20. The nucleic acid construct of any one of claims 1, 2 or 4-19, wherein:

(a) the PGRN protein is a human PGRN protein;

(b) the PGRN protein is a wild type protein;

(c) the nucleotide sequence encoding the PGRN protein is a human
nucleotide sequence;

(d) the nucleotide sequence encoding the PGRN proteins is a wild type
nucleotide sequence;

(e) the nucleotide sequence encoding the PGN protein is not codon
optimised; and/or

® the nucleotide sequence encoding the PGRN protein is at least about
1600 bp, 1700 bp, 1750 bp, 1760 bp, 1770 bp, or 1780 bp, preferably wherein the
nucleotide sequence encoding the PGRN protein is about 1780 bp in length.

21. The nucleic acid construct of any one of claims 1, 2 or 4-20, wherein:
the nucleotide sequence encoding the PGRN protein comprises the nucleotide
sequence of SEQ ID NO: 12 or a functional variant or fragment thereof having at least

70 % identity to the nucleotide sequence of SEQ ID NO: 12; and/or
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the PGRN protein comprises the amino acid sequence of SEQ ID NO: 13 ora
functional variant or fragment thercof having at least 70 % identity to the amino acid
sequence of SEQ ID NO: 13.

22. The nucleic acid construct of any one of claims 1-21, which further comprises:

(a) a woodchuck hepatitis virus (WHP) posttranscriptional regulatory
element (WPRE) sequence, optionally wherein the WPRE is 3’ to the nucleotide
sequence encoding the POI or the PGRN protein and/or the WPRE comprises the
nucleotide sequence of SEQ ID NO: 15 or a functional variant or fragment thereof
having at least 90 % identity to the nucleotide sequence of SEQ ID NO: 15;

(b) a polyadenylation signal sequence, optionally wherein the
polyadenylation signal sequence is 3’ to the nucleotide sequence encoding the POI or
the PGRN protein and/or the polyadenylation signal sequence comprises the nucleotide
sequence SEQ ID NO: 16 or a functional variant or fragment thereof having at least 90
% identity to the nucleotide sequence of SEQ ID NO: 16; or

(c) (a) and (b) above, optionally wherein, in the 5’ to 3’ direction, the nucleic
acid construct comprises the MeCP2 promoter, the nucleotide sequence encoding the

POI or the PGRN protein, the WPRE, and the polyadenylation signal sequence.

23. The nucleic acid construct of any one of claims 1-22, which is 3700 to 4700 bp,
3800 to 4800 bp, 3900 to 4700 bp, 4000 to 4600 bp, 4000 to 4500 bp, 4000 to 4400 bp,
4000 to 4300 bp, or 4000 to 4200 bp in length.

24. A vector comprising a nucleic acid construct as defined in any one of claims 1-
23.

25. The vector of claim 24, which is a plasmid or a viral vector.

26. The vector of claim 24 or 25, which is a viral vector comprising the nucleotide

sequence of:
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(a) SEQ ID NO: 11 or a functional variant or fragment thereof having at
least 70 % identity to the nucleotide sequence of SEQ ID NO: 11;

(b) SEQ ID NO: 10 or a functional variant or fragment thereof having at
least 70 % identity to the nucleotide sequence of SEQ ID NO: 10.

27. The vector of claim any one of claims 24-26, which is a viral vector selected
from: (a) an adeno-associated virus (AAV) vector or which comprises an AAV genome
or a derivative thereof, optionally wherein said derivative is a chimeric, shuffled or
capsid modified derivative; or (b) a lentiviral vector or which comprises a lentivirus

genome or a derivative thereof.

28. The viral vector of claim 27, which is an AAV vector comprising a genome
derived from AAV serotype 2 (AAV2), AAV serotype 3 (AAV3), AAV serotype 4
(AAV4), AAV serotype 5 (AAVS), AAV serotype 6 (AAV6), AAV serotype 7
(AAVT), AAV serotype 8 (AAV8), AAV serotype 9 (AAV9), or AAV serotype rh10
(AAV1h10), preferably wherein the AAV comprises a genome derived from AAV2,
AAV9 or AAVrH10.

29. The AAV vector of claim 28, wherein the AAV vector comprises a genome

derived from AAV2, preferably wherein the AAV is AAV-TT.

30.  The AAV vector of claim 28 or 29, wherein the AAV vector comprises a
nucleotide sequence which, in the 5’ to 3’ direction, comprises one or more of:

(a) a5 ITR;

(b) a 5’ adjacent fragment;

(©) a minimal MeCP2 promoter sequence;

(d) at least one synthetic intron;

() a Kozak sequence;

() a polynucleotide sequence encoding a PGRN protein;

(g) an SV40 poly(A) sequence;

(h) a 3’ adjacent fragment; and
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(i) a3'ITR.

31. The AAYV vector of claim 30, wherein:

(a) the 5' ITR comprises or consists of the nucleotide sequence of SEQ ID
NO: 20 or a functional variant or fragment thereof having at least 70 % identity to SEQ
ID NO: 20;

(b) the 5’ adjacent fragment comprises or consists of the nucleotide sequence
of SEQ ID NO: 21 or a functional variant or fragment thercof having at least 70 %
identity to SEQ ID NO: 21;

(c) the minimal MeCP2 promoter sequence comprises or consists of the
nucleotide sequence of SEQ ID NO: 1 or a functional variant or fragment thereof having
at least 70 % identity to SEQ ID NO: 1;

(d) the at least one synthetic intron comprises or consists of the nucleotide
sequence of SEQ ID NO: 2 or a functional variant or fragment thereof having at least 70
% identity to SEQ ID NO: 2;

(e) the Kozak sequence comprises or consist of the nucleotide sequence of
SEQ ID NO: 24;

) the polynucleotide sequence encoding a PGRN protein comprises or
consists of the nucleotide sequence of SEQ ID NO: 12 or a functional variant or
fragment thereof having at least 70 % identity to SEQ ID NO: 12;

(g) the SV40 poly(A) sequence comprises or consists of the nucleotide
sequence of SEQ ID NO: 16 or a functional variant or fragment thereof having at least
70 % identity to SEQ ID NO: 16;

(h) the 3" adjacent fragment comprises or consists of the nucleotide sequence
of SEQ ID NO: 22 or a functional variant or fragment thereof having at least 70 %
identity to SEQ ID NO: 22; and/or

(1) the 3’ ITR comprises or consists of the nucleotide sequence of SEQ ID
NO: 23 or a functional variant or fragment thereof having at least 70 % identity to SEQ
ID NO: 23.
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32. The AAV vector of any one of claims 29-31, wherein the AAV vector comprises
the nucleotide sequence of SEQ ID NO: 17 or a functional variant or fragment thercof

having at least 70 % identity to the nucleotide sequence of SEQ ID NO: 17.

33.  The AAV vector of any one of claims 29-32, wherein the AAV vector comprises
or consists of the nucleotide sequence of:

(a) SEQ ID NO: 18 or a functional variant or fragment thereof having at
least 70 % identity to the nucleotide sequence of SEQ ID NO: 18; or

(b) SEQ ID NO: 19 or a functional variant or fragment thereof having at
least 70 % identity to the nucleotide sequence of SEQ ID NO: 19.

34. A host cell which comprises a nucleic acid construct according to any one of
claims 1-23 and/or a vector according to any one of claims 24-33, and/or which
produces a viral vector according to any one of claims 26-33, optionally wherein the

host cell is a HEK293 cell or a HEK293T cell.

35. A pharmaceutical composition comprising a nucleic acid construct according to
any one of claims 1-23, a vector according to claim 24 or 25, and/or a viral vector
according to any one of claims 26-33 together with a pharmaceutically acceptable

carrier, excipient or diluent.

36. A nucleic acid construct as defined in any one of claims 1-23, a vector as
defined in claim 24 or 25, a viral vector as defined in any one of claims 26-33, and/or a
pharmaceutical composition as defined in claim 35 for use in a method of treating or
preventing a disease characterized by progranulin (PGRN) deficiency in a patient in

need thereof.

37. A method of treating or preventing a disease characterized by progranulin
(PGRN) deficiency in a patient in need thereof, said method comprising administering

to the patient a therapeutically effective amount of a nucleic acid construct as defined in
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any one of claims 1-23, a vector as defined in claim 24 or 25, a viral vector as defined in

any onc of claims 26-33, and/or a pharmaceutical composition as defined in claim 35.

38.  Use of a nucleic acid construct as defined in any one of claims 1-23, a vector as
defined in claim 24 or 25, a viral vector as defined in any one of claims 26-33, and/or a
pharmaceutical composition as defined in claim 35 for the manufacture of a medicament
for the treatment or prevention of a disease characterized by progranulin (PGRN)

deficiency in a patient in need thereof.

39.  The nucleic acid construct, vector, viral vector, or pharmaceutical composition
for use according to claim 36, the method of claim 37, or the use of claim 38, wherein:

the disease characterized by PGRN deficiency is a disease of the central nervous
system,;

the disease characterized by PGRN deficiency is characterized by a deficiency
of PGRN in the neurons and/or the astrocytes of the patient;

the patient has a loss of function mutation in at least one allele of their GRN
gene; and/or

the patient has a loss of function mutation in both alleles of their GRN gene.

40. The nucleic acid construct, vector, viral vector, or pharmaceutical composition
for use according to claim 36 or 39, the method of claim 37 or 39, or the use of claim 38
or 39, wherein the disease characterized by PGRN deficiency is frontotemporal

dementia (FTD) or neuronal ceroid lipofuscinosis type 11 (NCL11).

41.  The nucleic acid construct, vector, viral vector, or pharmaceutical composition
for use according to claim 36, 39 or 40, the method of claim 37, 39 or 40, or the use of
claim any one of claims 38-40, wherein said nucleic acid construct, vector, viral vector,
or pharmaceutical composition are administered to the patient by delivery to the brain
and/or the cerebrospinal fluid (CSF) of the patient, optionally wherein the delivery is by

injection to:
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(1) the brain of the patient, preferably wherein the injection to the brain is
selected from intracerebral injection, intraparenchymal injection, intraputaminal
injection, and combinations thereof; and/or

(i)  the CSF of the patient, preferably wherein the injection to the CSF is
selected from intra-cisterna magna injection, intrathecal injection,

intracerebroventricular (ICV) injection, and combinations thereof.



