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Virally expressed inhibitors of PDZ domains, such as PICK1 and uses thereof

Technical field

The present invention relates to virally expressed peptides which bind to PDZ domains,
such as the Protein Interacting with C Kinase — 1 (PICK1) and thereby block PDZ
domains mediated, e.g. PICK1-mediated, protein-protein interactions. The invention

furthermore relates to therapeutic use of said peptides.

Background

Protein-protein interactions (PPIs) are vital for most biochemical and cellular processes
and are often mediated by scaffold and signal transduction complexes. One of the most
abundant classes of human facilitators of PPIs is the family of postsynaptic density
protein-95 (PSD-95)/Discs-large/Z0O-1 (PDZ) domains. Protein Interacting with C
Kinase — 1 (PICK1) is an intracellular scaffold protein primarily involved in regulation of
protein trafficking and cell migration by mediating and facilitating PPIs via its two PDZ
domains. Central to PICK1’s cellular role is its ability to bind and interact with numerous
intracellular molecules including various protein partners, as well as membrane
phospholipids. PDZ domain proteins in the postsynaptic density, which dynamically
regulate the surface expression and activity of the glutamate receptors, represent
attractive alternative drug targets, but it has proven challenging to develop sufficiently
potent small molecule inhibitors and peptide drugs generally suffer from poor
pharmacokinetic profiles. PICK1 is another PDZ domain containing scaffolding protein
that plays a central role in synaptic plasticity. PICK1 is a functional dimer, with two PDZ
domains flanking the central membrane binding BAR domain, which also mediates the
dimerization. For example, the PICK1 PDZ domain interacts directly with the C-
terminus of the GIuA2 subunit of the AMPA receptors (AMPAR) as well as protein
kinase A and C, thereby regulating AMPAR phosphorylation and surface expression
and in turn synaptic plasticity tuning the efficacy of individual synapses.

Synaptic plasticity serves as the molecular substrate for learning and memory.

In diseased states, such as ischemia after stroke, neuropathic pain and addiction,
abnormal synaptic stimulation and transmission cause maladaptive plasticity leading to
hyper-sensitization of glutamatergic synapses in part through expression of calcium
permeable (CP) AMPA-type glutamate receptors (CP-AMPARS).

Although numerous diseased states, including ischemia after stroke and head injury,

amyotrophic lateral sclerosis (ALS), epilepsy, Alzheimer’s disease, neuropathic pain,
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hearing disorders (e.g. tinnitus) and addiction, involve an over-activation or
sensitization of the glutamate system, the NMDA receptor antagonists such as
ketamine (anaesthetic) are, due to general problems with severe side effects, currently
the only drugs in clinical use that target the glutamate system. There is thus a need for
a treatment for diseases such as neuropathic pain, excitotoxicity following ischemia

and drug addiction, three conditions that are currently without any effective therapy.

Summary

The present invention provides the design of a genetically encoded high affinity peptide
inhibitor towards scaffolding proteins, such as for example protein interacting C kinase
1 (PICK1) or postsynaptic density-95 (PSD-95), for viral delivery, using for example
adeno associated virus as a vehicle for genetic delivery. This invention differs from
current glutamate receptor drugs by targeting the scaffolding proteins responsible for
the trafficking of the receptor, rather than targeting the receptor directly. It differs from
existing compounds targeting PDZ domains, such as PICK1, in that it can be delivered
with high efficacy and selectivity as a single viral injection thus lifting therapeutic
outcome, patient compliance in patients with conditions such as neuropathic pain,

excitotoxicity following ischemia or drug addiction while reducing possible side effects.

In a first aspect, the present disclosure provides a polynucleotide comprising a
sequence encoding upon expression a polypeptide comprising:

a) a first polypeptide part comprising or consisting of an amino acid sequence capable
of forming a dimer; and

b) a second polypeptide part comprising or consisting of an amino acid sequence
selected from the group consisting of Class | PDZ domains binding motifs (PBM), Class
[ PBM and Class Ill PBM,

wherein the first and the second polypeptides are optionally operably linked via a linker.

In one embodiment, the present invention provides a polynucleotide comprising a
sequence encoding upon expression:
a) a first polypeptide comprising or consisting of an amino acid sequence capable of
forming a leucine zipper; and b) a second polypeptide comprising or consisting of an
amino acid sequence of the general formula (I1):

2125232475 (SEQ ID NO: 11);

wherein:
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Z4 is a proteogenic or non-proteogenic amino acid, preferably H, L, V,

I, A; oris absent;

Z; is a proteogenic or non-proteogenic amino acid, preferably W, F, S, T;
oris

absent;

Z3is a proteogenic or non-proteogenic amino acid, preferably L, V, |,
F;AY;
Z4 is a proteogenic or non-proteogenic amino acid, preferably K, S, T, R;
and
Zsis V, |, LorC.

In another aspect, the present invention provides a recombinant expression vector

comprising the polynucleotide sequence according to the above aspect.

In another aspect, the present invention provides a polypeptide encoded by the

polynucleotide, or the expression vector according to the above aspects.

In another aspect, the present invention provides a recombinant host cell comprising

the polynucleotide or the expression vector according to the above aspects.

In another aspect, the present invention provides a composition comprising the

polynucleotide, the expression vector or polypeptide according the above aspects.

In another aspect, the present invention provides the polynucleotide, the expression
vector, the polypeptide, the cell, and/or the composition according to the above

aspects, for use as a medicament.

In another aspect, the present invention provides the polynucleotide, the expression
vector, the polypeptide, the cell, and/or the composition according to the above
aspects, for use in treatment of a disease and/or disorder associated with maladaptive

plasticity and/or transmission.

In another aspect, the present invention provides a method of treatment or prevention
of a disease and/or disorder associated with maladaptive plasticity and/or transmission

in a subject in need thereof, comprising administering a therapeutically effective
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amount of the polynucleotide, the expression vector, the polypeptide, the cell, and/or

the composition according to the above aspects.

In another aspect, the present invention provides a use of the polynucleotide, the
expression vector, the polypeptide, the cell, and/or the composition according to any
one of above aspects, for the manufacture of a medicament for the treatment of a

disease and/or disorder associated with maladaptive plasticity and/or transmission.

Description of Drawings

Figure 1: Development of a high affinity, genetically encoded inhibitor of PICK1

The Primary sequence of GCN4-GS4-C5 and variants were used. The sequence
comprises an N-terminal part GCN4 (GCN4p1) from a yeast bZIP transcription factor
mediating potent dimerization (as shown), a GS linker sequence to position the C5
regions from the human dopamine transporter (HWLKV), which is one sequence that
retain favorable PICK1 PDZ domain affinity. Variants of the primary structure with
Proline (P) in position 7 and 14, and with a C-terminal Aspartate (D) (to compromise
PICK1 PDZ domain binding) are illustrated.

Figure 2: Dimeric assembly of GCN4-GS4-C5

Size exclusion chromatography of synthetic GCN4-GS4-C5 demonstrated elution
profile at ~18.3 ml corresponding to a dimeric assembly of the peptide, whereas GCN4-
GS4-7P14P was partly shifted to elution at 19.7 ml corresponding to a monomer.
GCN4-GS4-V-to-D eluted as a homodimer. The tested peptides contained an N-

terminal Biotin and an Ahx (6-aminohexanoic acid) linker.

Figure 3: GCN4-GS4-C5 induces a tetrameric configuration of PICK1

Size exclusion chromatography of (A) purified PICK1 (40uM) in absence of peptide
eluting at 11.7ml that corresponds to the dimeric protein. (B) PICK1 (40uM) incubated
with GCN4-GS4-C5 (10pM) showed induction of tetramer configuration of PICK1
eluting at 10ml. (C) PICK1 incubated with GCN4-GS4-V-to-D (10uM), eluted
exclusively in the dimeric peak of PICK1 and the profile further showed unbound
peptide at ~18ml. (D) PICK1 incubated with GCN4-GS4-7P14P eluted in the dimeric

peak of PICK1 and showed no unbound peptide. Absorbance values have been
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normalized for clarity. The tested peptides contained an N-terminal Biotin and an Ahx

linker.

Figure 4: GCN4-GS4-C5 shows high affinity for PICK1

Fluorescence polarization binding of GCN4 peptides to PICK1 using 5FAM DATC5 as
tracer (20nM). Binding curve of GCN4-GS4-C5 gave an apparent affinity of 152nM
corresponding to a 32-fold increase compared to the monomeric DAT C5 peptide. The
binding curve for GCN4-GS4-7P14P was shifted to higher concentration, indicating a
lower affinity (~5-fold) compared to GCN4-GS4-C5. GCN4-GS4-V-to-D did not show
any binding up to 100uM. The tested peptides contained an N-terminal Biotin and an
Ahx linker.

Figure 5: GCN4-GS4-C5 interaction with PICK1 relies on the PDZ domain.
Fluorescence polarization binding of GCN4-GS4-C5 to PICK1 Wt and A87L using
PEG4 linked dimeric C5 as tracer (20nM). PICK1 A87L, which has a mutation in the
PDZ binding groove, demonstrated 18-fold reduced binding affinity compared to PICK1
wt. The tested GCN4-GS4-C5 peptide contained an N-terminal Biotin and an Ahx

linker.

Figure 6: A model of the self-assemble propensity of the dimeric structure of GCN4-
GS4-C5 oligopeptide. A HA-tag was attached to the N-terminus of each GCN4-GS4-C5
oligopeptide.

Figure 7: Intrathecal AAV8-hSyn-HA-GCN4-GS4-C5-WPRE-pA administered confers
expression towards the grey matter of the spinal cord as revealed by positive HA-stain
(seen as white area) at the spinal vertebra L1-L2 level (A; 10x objective). This
expression appeared to be confined towards neurons within the spinal horn (B; marked
by white arrows, 20x objective), as also predicted by the use of the pan-neuronal

human Synapsin (hSyn) promoter.

Figure 8: Time line for the behavioral experiment testing intrathecal AAV8-hSyn-HA-
GCN4-GS4-C5-WPRE-pA administered in the spared nerve injury (SNI) model of
neuropathic pain. Virus ith. inj. stands for virus intrathecal injection, whereas D stands

for days.



10

15

20

25

30

35

WO 2020/083916 PCT/EP2019/078736

Figure 9: AAV8-hSyn-HA-GCN4-GS4-C5-WPRE-pA treatment completely and
persistently alleviates mechanical hyperalgesia in the mouse SNI model

Animals were injected intrathecally with saline, AAV8-hSyn-tdTomato (serving as a
control vector) (tdTomato) or AAV8-hSyn-HA-GCN4-GS4-C5-WPRE-pA (GCN4-GS4-
C5) 14 days prior to SNI. Von Frey testing revealed complete pain relief for AAVS-
hSyn-HA-GCN4-GS4-C5-WPRE-pA treated mice at day 7, day 14 and day 28 post
SNI, as compared to its own intact paw (contra), and as compared to control animals
(Saline ipsi and tdTomato ipsi). Data are presented as mean £ SEM and were analyzed
using a 2-way ANOVA with Tukey’s post-hoc test, F (30, 196) = 6,511, p < 0.0001.

Figure 10:

Intrathecal AAV8-hSyn-HA-GCN4-GS4-C5-WPRE-pA administered in mice exposed to
the SNI model conferred expression towards the grey matter throughout the spinal cord
at the lumbar vertebra level as visualized for positive immunoreactivity against the HA-

tag (brighter white color).

Figure 11: Effect of single amino acid substitutions in DAT C5 on binding affinity.
Single amino acids substitutions in position Z1-Zs of the sequence HWLKYV were tested
in fluorescence polarization binding in competition with fluorescently labelled DATCS5.

Data are given as fold change compared to the reference peptide HWLKV (set to 1).

Figure 12: Competitive fluorescent polarization binding assay using A) the IETDV PBM
targeting the PDZ1-2 of PSD-95 (PDZ class | PDZ domains), B) the RRTTPV binding
motif targeting all three PDZ domains of PSD-95, and C) the YKQTSV binding motif
primarily targeting PDZ3 of PSD-95. D) The PICK1 specific PBM class Il ligand,
GCN4p1-GS4-HWLKYV, is not capable of binding PSD-95. The tested peptides (in A-D)

contained an N-terminal Biotin and an Ahx linker.

Figure 13: Circular dichroism of A) 7P14P-GS4-HWLKY (random coil) and GCN4p1-
GS4-HWLKYV (a-helix), and B) 7P14P-GS4-RRTTPV (random coil) and GCN4p1-GS4-
RRTTPV (a-helix).

Figure 14: Fluorescence polarization competition binding curves for the unlabelled
peptides. A fixed concentration of PICK1 (0.15uM) and PEG4 linked dimeric C5 as

tracer (20nM) was titrated with increasing concentration of the unlabelled peptides
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(DATCS5, GCN4-GS4-HWLKW, GCN4-GS4-GS4, SSO10a-GS4-HWLKV). This caused
a displacement of the fluorescently labelled molecule (tracer) with the unlabelled
peptides, and gave rise to decrease in the polarization value (mP) as seen in the plot.
Data expressed as mean + SEM (n=3). In the table below, determined affinity (Ki)
values (M) from the ‘One site — Fit’ Ki curve (plot above) for the unlabelled peptides
calculated in GraphPad Prism 7.0. The tested peptides, except DATCS5, contained an

N-terminal Biotin and an Ahx linker.

Figure 15: Size exclusion chromatography of 40uM PICK1 (A) in complex with 20uM
GCN4-GS4-HWLKV (B), 20uM GCN4-GS4-GS4 (C), 20uM SSO10a-GS4-HWLKV (D).

The tested peptides, except PICK1, contained an N-terminal Biotin and an Ahx linker.

Figure 16: Size exclusion chromatography of (A) Peptides GCN4-GS4-C5, 7P14P-
GS4-C5 and GCN4-GS4-V-to-D at a concentration of 400 uM, (B) PICK1 (40 uM) and
GCN4-GS4-C5 (400 uM), (C) PICK1 (40 uM) and 7P14P-GS4-C5 (400 uM), (D) PICK1
(40 uM) and GCN4-GS4-V-to-D (400 uM), (E) PICK1 (40 uM) and GCN4-GS4-C5 (20
UM).

Figure 17: Both AAV8-hSyn-HA-GCN4p1-GS4-C5-WPREpA and AAV8-hSyn-HA-
GCN4p1(7P14P)-GS4-C5-WPREPpA efficiently relief pain in the CFA model of
inflammatory pain. Data was analysed by two-way ANOVA (interaction: F(6,51)=4.203
p=0.0016; Time: F(3,51)=28.40 p<0.0001; Treatment: F(2,17)=11.12 p=0.0008). Post-
Bonferroni analysis revealed significant pain relief at both day 2 and 5 post CFA
injection (7P14Pyay2 p<0.0001; 7P14Pgays p=0.0003; GCN4yay2 p=0.07; GCN4gays
p=0.0008), when comparing pain threshold to the tdTomato control. Furthermore, both
treatments prevented latent sensitization in the CFA model of inflammatory pain. Data
was analysed by two-way ANOVA (interaction: F(4,26)=5.237 p=0.0031; Time:
F(2,26)=16.08 p<0.0001; Treatment: F(2,13)=5.662 p=0.017). Post-Bonferroni analysis
revealed prevention of latent sensitization at 1 hour after naltrexone injection
(7P14P1hrpostntx p<0.0001; GCN41hmosintx p<0.0001), when comparing pain threshold to

the tdTomato control.

Figure 18: Vector treatment with recombinant peptide targeting PICK1 can prevent a
learning deficit in rats with amyloid- pathology. Three weeks prior to the Morris Water

maze testing session, the rats (n = 20) received bilateral intraventricular deposit of
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amyloid-3. At the same time, the rats were either infused with AAV-EGFP (control, n =
10) or AAV-GCN4-GS4-C5 (n = 10) bilaterally into the hippocampus. Escape latency

was tested in three consecutive swims (Swim 1-3).

Figure 19: AAV vector delivery after SNI. AAV8-GCN4(7P14P)-GS4-C5 treatment after
nerve injury completely reverse mechanical hyperalgesia in the mouse SNI model.

Mice were injected intrathecally with AAV8-hSyn-tdTomato-WPREPpA (n = 10, serving
as a control vector) or AAV8-hSyn-HA-GCN4p1(7P14P)-GS4-C5-WPREPpA (n = 10)
two days after SNI. Von Frey testing revealed significant pain relief for AAV8-hSyn-HA-
GCN4p1(7P14P)-GS4-C5 treated mice on day 7, day 14, day 21, day 28, day 35, day
43 post SNI as compared to control animals (tdTomato ipsi). Data are presented as
mean = SEM and were analyzed using a 2-way ANOVA with Tukey’s post-hoc test, F
(24, 324) = 8,644, p < 0.0001.

Detailed description

Definition of abbreviations and terms

Amino acids, that are proteinogenic are named herein using either its 1-letter or 3-
letter code according to the recommendations from IUPAC, see for example
http://www. chem.gmw.ac.uk/iupac. If nothing else is specified an amino acid may be of
D or L-form. In the description (but not in the sequence listing) a 3-letter code starting
with a capital letter indicates an amino acid of L-form, whereas a 3-letter code in small
letters indicates an amino acid of D-form;

Hydrophobic amino acids, are amino acids having a hydrophobic side chain,
examples of hydrophobic amino acids include alanine, isoleucine, leucine, methionine,
phenylalanine, valine, proline and glycine.

CNS, central nervous system;

AAV, adeno associated virus;

AAV1, Adeno-associated virus vectors serotype 1;

AAV2, Adeno-associated virus vectors serotype 2;

AAV5, Adeno-associated virus vectors serotype 5;

AAVS8, Adeno-associated virus vectors serotype 8;

AAV9, Adeno-associated virus vectors serotyped with AAV9 capsid;

PDZ, acronym combining the first letters of the first three proteins discovered to share
the domain Postsynaptic density protein-95 (PSD-95), Drosophila homologue discs
large tumor suppressor (DIgA) and Zonula occludens-1 protein (zo-1) . PDZ domains

are common structural domains of 80-90 amino-acids found in signaling proteins.
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Proteins containing PDZ domains often play a key role in anchoring receptor proteins in
the membrane to cytoskeletal components.

GS, glycine or glycine serine linker

hSyn, Human synapsin 1 gene promoter confers highly neuron-specific long-term
transgene expression from an adenoviral vector.

WPRE, Woodchuck Hepatitis Virus (WHP) Posttranscriptional Regulatory
Element. It is a DNA sequence that, when transcribed creates a tertiary structure
enhancing expression and is commonly used in molecular biology to increase
expression of genes delivered by viral vectors.

Amide bond is formed by a reaction between a carboxylic acid and an amine (and
concomitant elimination of water). Where the reaction is between two amino acid
residues, the bond formed as a result of the reaction is known as a peptide linkage
(peptide bond).

Von Frey test assess touch sensitivity with von Frey filaments. These filaments are
applied to the underside of the paw after the mouse has settled into a comfortable
position within a restricted area that has a perforated floor. The filaments are calibrated
to flex when the set force is applied to the paw. Filaments are presented in order of
increasing stiffness, until a paw withdrawal is detected.

“Proteogenic” as used herein refers to the 20 amino acids that constitute all proteins
that are naturally occurring.

Non-proteinogenic amino acids are amino acids which are not used in nature as
building blocks for protein biosynthesis and are thereby to be clearly demarcated from
the 20 proteinogenic amino acids..

The term ‘absent’ as used herein, e.g. “Z4 is any proteogenic or non-proteogenic amino
acid, preferably H, L, |, A oris absent” is to be understood as that the amino acid
residues directly adjacent to the absent amino acid are directly linked to each other by
a conventional amide bond.

The term ‘operably linked’ as used herein indicates that the polynucleotide sequence
encoding one or more polypeptides of interest and transcriptional regulatory sequences
are connected in such a way as to permit expression of the polynucleotide sequence
when introduced into a cell.

The term “polypeptide” as used herein refers to a molecule comprising at least two
amino acids. The amino acids may be natural or synthetic. The term “polypeptide” is
also intended to include proteins, i.e. functional biomolecules comprising at least one

polypeptide; when comprising at least two polypeptides, these may form complexes, be
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covalently linked or may be non-covalently linked. The polypeptides in a protein can be
glycosylated and/or lipidated and/or comprise prosthetic groups.

The term ‘disorder’ used herein refers to a disease or medical problem, and is an
abnormal condition of an organism that impairs bodily functions, associated with
specific symptoms and signs.

The term ‘polynucleotide’ used herein refers to a molecule which is an organic
polymer molecule composed of nucleotide monomers covalently bonded in a chain. A
“‘polynucleoctide” as used herein refers to a molecule comprising at least two nucleic
acids. The nucleic acids may be naturally occurring or modified.

The term ‘promoter’ used herein refers to a region of DNA that facilitates the
transcription of a particular gene. Promoters are typically located near the genes they
regulate, on the same strand and upstream.

The term ‘'medicament’ refers to any therapeutic or prophylactic agent which may be
used in the treatment (including the prevention, diagnosis, alleviation, or cure) of a
malady, affliction, condition, disease or injury in a patient.

The NMDA receptor refers to the N-methyl-D-aspartate receptor (also known as the
NMDA receptor or NMDAR) and is a glutamate receptor and ion channel protein found
in nerve cells. The NMDA receptor is one of three types of ionotropic glutamate

receptors.

Structure of PDZ domain inhibitors

The polynucleotide of the present invention encodes a PDZ domain inhibitor, such as a
PICK1 inhibitor molecule which is capable of self-assembling into homodimers
(Example 1) which may induce a tetrameric complex of PICK1 (Example 2) and obtain
an affinity for the PDZ domain of e.g. PICK1 in the nanomolar range (Example 3). The
polypeptide coded by the polynucleotide sequence can be expressed by an AAV vector
in cells defined by site of injection and promoter specificity (Example 4). Upon injection
the polypeptide will alleviate symptoms of pain in the spared nerve injury (SNI) model

(Example 5) and Complete Freund’'s Adjuvants (CFA) model (Example 10).

The invention provides a polynucleotide comprising a sequence encoding upon
expression a polypeptide comprising:
a) a first polypeptide part comprising or consisting of an amino acid sequence capable

of forming a dimer; and
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b) a second polypeptide part comprising or consisting of an amino acid sequence
selected from the group consisting of Class | PDZ domains binding motifs (PBM), Class
[ PBM and Class Ill PBM,

wherein the first and the second polypeptides are optionally connected operably linked

via a linker.

The term “capable of forming a dimer” refers to the ability of the first polypeptide part of
said polypeptide to interact with a first polypeptide part of a second polypeptide and
form a dimer, such as a homodimer. Such dimer may for instance be observed by
analysis of the polypeptide by size exclusion chromatography (SEC), such as by the
SEC method as described in Examples 2, 8, and 9 of the present disclosure. Thus, the
polynucleotide of the present disclosure may provide a monomeric polypeptide upon
expression, which is capable of interacting with a second polypeptide to form a dimer,
such as a homodimer. The interaction of the two polypeptides may be facilitated via
interaction of the two first polypeptide parts having an alpha helical secondary
structure, such as an amphipathic helix. Such interaction between two alpha helical first
peptide parts may form a coiled coil interaction. In one embodiment, the first
polypeptide parts of the two polypeptides capable of forming a dimer has a low alpha
helical content, such as determined by circular dichroism. The interaction between
monomers to form a dimer may be facilitated by electrostatic interactions, such as

hydrophobic interactions, salt-bridges and/or hydrogen bonding.

The invention further provides a polynucleotide comprising a sequence encoding upon
expression a polypeptide comprising:

a) a first polypeptide part comprising or consisting of an amino acid sequence capable
of forming an amphipathic helix; and

b) a second polypeptide part comprising or consisting of an amino acid sequence
selected from the group consisting of Class | PDZ domains binding motifs (PBM), Class
[ PBM and Class Ill PBM,

wherein the first and the second polypeptides are optionally operably linked via a linker.

In one embodiment, the second polypeptide part is comprising or consisting of an
amino acid sequence selected from the group consisting of Class | PDZ domains
binding motifs (PBM), Class || PBM and Class Il PBM.
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In one embodiment, the second polypeptide is consisting of or comprising a sequence
selected from the group consisting of Z-¥-W, W-¥-W and ®-¥-Y, wherein

> is Thr or Ser;

¥ is any proteinogenic amino acid;

Y is any hydrophobic amino acid; and

@ is Asp or Glu.

In one embodiment, the second polypeptide part is a Class | PBM comprising or
consisting of a sequence of 2-¥-W, wherein Z is Thr or Ser, ¥ is any proteinogenic
amino acid and W is any hydrophobic amino acid, such as consisting of or comprising a
sequence selected from the group consisting of IETDV (SEQ ID NO: 29), RRTTPV
(SEQ ID NO: 32), and YKQTSV (SEQ ID NO: 35).

In one embodiment, the second polypeptide part is a Class Ill PBM comprising or
consisting of a sequence of ®-¥-W, wherein ® is Asp or Glu, ¥ is any proteinogenic
amino acid and W is any hydrophobic amino acid, such as consisting of or comprising a
sequence selected from the group consisting of KVDSV (SEQ ID NO: 40), GKDYV
(SEQ ID NO: 41), RKDYV (SEQ ID NO: 42), TAEMF (SEQ ID NO: 43) and QEDGA
(SEQ ID NO: 44).

In one embodiment, the second polypeptide part is a Class || PBM comprising or
consisting of a sequence of W-¥-W, wherein ¥ is any proteinogenic amino acid and ¥ is
any hydrophobic amino acid, such as consisting of or comprising the sequence
HWLKYV (SEQ ID NO: 10).

In one embodiment, the second polypeptide part is comprising or consisting of an
amino acid sequence of the general formula (I1):
2125232475 (SEQ ID NO: 11);

wherein:
Z4 is a proteogenic or non-proteogenic amino acid, preferably H, L, V, |, A; or is absent;
Z; is a proteogenic or non-proteogenic amino acid, preferably W, F, T, S; or is absent;
Z3 is a proteogenic or non-proteogenic amino acid, preferably L, V, I, F, A, Y;
Z4 is a proteogenic or non-proteogenic amino acid, preferably K, R, T, S; and
Zsis V, |, LorC.
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In one embodiment, the second polypeptide part is comprising or consisting of an
amino acid sequence of the general formula (I1):
2125232475 (SEQ ID NO: 22);
wherein:
Zyis H, L, V, |, A; or is absent;
Zyis W, F, T, S; oris absent;
ZsisL,V,|,F,AY;
Z4K, R, T, S; and
Zsis V, |, LorC.

In one embodiment, the second polypeptide part is comprising or consisting of an
amino acid sequence of the general formula (I1):
21252372475 (SEQ ID NO: 23);
wherein:
Ziis H, L, V, I, A;
ZisW,F, T,S;
ZsisL,V,|,F,AY;
Z4K, R, T, S; and
Zsis V, |, LorC.

In one embodiment, the second polypeptide part is comprising or consisting of an
amino acid sequence of the general formula (I1):
21252372475 (SEQ ID NO: 24);
wherein:
ZiisH, V, I, A;
Zyis W, F, S;
Zsis L, V,I;
Z:K, R, S; and
Zsis V, or C.

In one embodiment, the second polypeptide part is comprising or consisting of an
amino acid sequence of the general formula (I1):
2125232475 (SEQ ID NO: 25);
wherein:
ZyisH, V, A;
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ZrisWorS;
Zsis L, V,I;
ZisKorR; and
Zsis V.

In one embodiment, the second polypeptide part is selected from the group consisting
of HWLKYV, IETDV, RRTTPV, and YKQTSV.

In one embodiment, the second polypeptide part is selected from the group consisting
of IETDV, RRTTPV, and YKQTSV.

In one embodiment, the second polypeptide part HWLKV.

In one embodiment, the first polypeptide part is comprising or consisting of an amino

acid sequence capable of forming a dimer.

In one embodiment, the first polypeptide part is selected from the group consisting of
GCN4p1 (SEQ ID NO: 8), GCN4p1(7P14P) (SEQ ID NO: 27), Atg16, MDV1 and
SS010a (SEQ ID NO: 45),

In one embodiment, the first polypeptide part is selected from the group consisting of
GCN4p1, GCN4p1(7P14P), and SSO10a.

In one embodiment, the first polypeptide part is GCN4p1 (SEQ ID NO: 8).

In one embodiment, the first polypeptide part is GCN4p1(7P14P) (SEQ ID NO: 27).
In one embodiment, the first polypeptide part has an amino acid sequence of the
general formula (1):

L-[X]6-L-[X]6-L-[X]6-L (formula (I), SEQ ID NO:12),

wherein X is individually selected from any proteinogenic or non-proteinogenic amino

acid residue.

In one embodiment, the first polynucleotide part is capable of forming a leucine zipper.
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In one embodiment, the first polypeptide comprises or consists of the amino acid
sequence RMKQLEDKVEELLSKNYHLENEVARLKKLV (SEQ ID NO: 8).

In one embodiment, the first polypeptide part has an amino acid sequence of the
general formula (1): L-[X]s-L-[X]e-L-[X]e-L (formula (I), SEQ ID NO:12),
wherein X is individually selected from any proteinogenic or non-proteinogenic amino

acid residue.

In one embodiment, the polynucleotide of the present disclosure comprises a sequence
encoding upon expression:
a) a first polypeptide comprising or consisting of an amino acid sequence capable of
forming a leucine zipper; and
b) a second polypeptide comprising or consisting of an amino acid sequence of the
general formula (I1):
2125232475 (SEQ ID NO: 11);
wherein:
Z4 is a proteogenic or non-proteogenic amino acid, preferably H, L,V, |, A;
or is absent;
Z; is a proteogenic or non-proteogenic amino acid, preferably W, F, S, T;
oris
absent;
Z3is a proteogenic or non-proteogenic amino acid, preferably L, V, |,
F:AY;
Z4 is a proteogenic or non-proteogenic amino acid, preferably K, R, S, T;
and
Zsis V, |, LorC.

The invention provides a polynucleotide comprising a sequence encoding upon
expression:
a) a first polypeptide comprising or consisting of an amino acid sequence of the general
formula (1): L-[X]e-L-[X]e-L-[X]e-L (SEQ ID NO:12), wherein X is individually selected
from any proteinogenic or non-proteinogenic amino acid residue; and
b) a second polypeptide comprising or consisting of an amino acid sequence of the
general formula (I1):

2125232475 (SEQ ID NO: 11);
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wherein:
Z4 is a proteogenic or non-proteogenic amino acid, preferably H, L,V, I, A;
or is absent;
Z; is a proteogenic or non-proteogenic amino acid, preferably W, F, S, T;
oris
absent;
Z3is a proteogenic or non-proteogenic amino acid, preferably L, V, |,
F:AY;
Z4 is a proteogenic or non-proteogenic amino acid, preferably K, R, S, T;
and
Zsis V, |, LorC.
In one embodiment, the first polypeptide further comprises any proteinogenic or non-
proteinogenic amino acid [X], conjugated to the N- and/or C-terminus of the sequence

of formula (1).

X as used herein should be understood as any proteogenic or non-proteogenic amino
acid. Thus for example L-[X]s-L-[X]e-L-[X]s-L could be L-VKAEHG-L-DKVEEQ-L-
EVARAK-L (SEQ ID NO: 47). According to the general formula (1), there are six

proteogenic or non-proteogenic amino acids between the amino acids L.

In one embodiment, the first polypeptide comprises the encoding protein sequence of
the leucine zipper of GCN4 Accession number Q877C4, called p1GCN4, devoid of the
DNA binding domain of GCN4. The GCN4 is normally found in yeast, where it serves
as a bZIP transcription factor. The p1GCN4 sequence encodes seven repeats of amino
acids forming an amphipathic a-helix with two surfaces along its lengths. The

hydrophobic face dimerizes with itself, thereby forming a stable homodimeric structure.

In one embodiment, the leucine zipper is not homologous to a mammalian leucine

Zipper.

In one embodiment, the second polypeptide comprises or consists of the amino acid
sequence of HWLKV (SEQ ID NO: 10).
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In one emobodiment, the first polypeptide part and the second polypeptide part is
directly linked via an amide bond formed between the C-terminal carboxylic acid of one

polypeptide and the N-terminal amine of the other polypeptide.

In one embodiment, the first polypeptide is operably linked to the second polypeptide,
such as wherein the first polypeptide is linked to the second polypeptide via a

polypeptide linker.

In one embodiment, the first polypeptide part is operably linked to the second

polypeptide part via a linker, such as a peptide linker.

In one embodiment, the linker is a glycine serine (GS) linker. The glycine serine linker
may be selected from the group consisting of GGS (gLinker2), GGGS (gLinker3, SEQ
ID NO: 48), GGGGS (glinker4, SEQ ID NO: 9), GGGGSG (gLinker5, SEQ ID NO: 49),
GGGGSGG (gLinkers, SEQ ID NO: 50).

In one embodiment, the linker is GGGGS (glinker4, SEQ ID NO: 9).

In one embodiment, the linker comprises 1 to 12 repeats of the GS linker, such as for
example 1 to 12 repeats of the GGGGS moieties (N=1-12).

In yet another embodiment, the polypeptide linker comprises 3 to 12 repeats of the
GGGGS moieties (N=3-12).
In one embodiment, the polypeptide linker is attached to the C-terminus of the first

polypeptide.

In one embodiment, the polypeptide linker is a glycine rich linker. By glycine rich linker,
it is understood that the linker comprise or consists of a plurality of amino acids G.

In another embodiment, the polypeptide linker comprises or consists of the amino acid
sequence of SEQ ID NO: 9.

In one embodiment, the first polypeptide part is positioned N-terminal to the second

polypeptide part.

In one embodiment, the polypeptide further comprises a cell penetrating peptide (CPP).
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In one embodiment, the CPP is connected to the polypeptide via a linker, such as a

polypeptide linker, such as a glycine serine linker.

In one embodiment, the CPP is positioned N-terminal to the first and the second

polypeptide parts.

In one embodiment, the CPP is selected from the group consisting of TAT,
retroinverso-D-TAT, polyarginine, TP10, PNT and MAP.

In one embodiment, the polynucleotide further comprises a promoter that permits high
expression in neurons, such as for example dorsal spinal horn neurons. In a preferred
embodiment, said promoter is neuron-specific. In a most preferred embodiment, said
promoter is a human synapsin promoter. In another embodiment, the promoter is a

human Synapsin1 promoter.

In one embodiment, the promoter is a promoter specific for mammalian cells.
In a further embodiment, said mammalian cell is a neural cell. In yet a further

embodiment, said neural cell is a neuron.

In another embodiment, said promoter is a constitutive promoter. In one embodiment,
the constitutively active promoter is selected from the group consisting of CAG, CMV,
human ubiquitin C, RSV, EF-1alpha, NSE, SV40, Mt1.

In another embodiment, the promoter is an inducible promoter. In one embodiment, the
inducible promoter is selected from the group consisting of Tet-On, Tet-Off, Mo-MLV-
LTR, Mx1, progesterone, RU486 and Rapamycin-inducible promoter.

In one embodiment, the said promoter is an activity-dependent promoter. The said
activity-dependent promoter may be selected from the group consisting of cFos, Arc,

Npas4, Egr1 promoters.

In one embodiment, the promoter is Robust Activity Marking (RAM) promoter. This
promoter is described by Sgrensen et al., 2016, A robust activity marking system for

exploring active neuronal ensembles. eLife 2016; 5:13918s.
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In another embodiment, the polynucleotide sequence of the present invention is
regulated by a post-transcriptional regulatory element. In a preferred embodiment, said
regulatory element is a Woodchuck hepatitis virus post-transcriptional regulatory

element.

The recombinant expression vector

The present invention provides a recombinant expression vector comprising the said

polynucleotide.

Broadly, gene therapy seeks to transfer new genetic material to the cells of a patient
with resulting therapeutic benefit to the patient. Such benefits include treatment or

prophylaxis of a broad range of diseases, disorders and other conditions.

Gene therapy may be classified into two distinct types: germ line gene therapy, wherein
genetic material is transferred into germ cells and will thus be heritable, and somatic
gene therapy, wherein genetic material is transferred into somatic cells and will thus

not be heritable.

In one embodiment, the expression vector is selected from the group consisting of RNA
based vectors, DNA based vectors, lipid based vectors, polymer based vectors and

colloidal gold particles.

In another embodiment, the vector is a viral vector. The viral vector can be a virally

derived DNA vector or a virally derived RNA vector.

Viral vectors are useful tools for delivering genetic material into a host organism.
Viruses useful as gene transfer vectors include papovavirus, adenovirus, vaccinia
virus, adeno-associated virus (AAV), herpes virus, and retroviruses, such as lentivirus,
HIV, SIV, FIV, EIAV, MoMLV.

Thus, in one embodiment, The expression viral vector is selected from the group
consisting of adenoviruses, recombinant adeno-associated viruses (rAAV),
retroviruses, lentiviruses, adeno-associated viruses, herpesviruses, vaccinia viruses,
foamy viruses, cytomegaloviruses, Semliki forest virus, poxviruses, RNA virus vector

and DNA virus vector.
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Preferred viruses for treatment of disorders of the central nervous system are
lentiviruses and adeno-associated viruses. Both types of viruses can integrate into the
genome without cell divisions, and both types have been tested in pre-clinical animal
studies for indications in the nervous system, in particular in the central nervous

system.

A preferred type of viral vector is the AAV. AAV is interesting in gene therapy due to a
number of features. Chief amongst these is the wild-type virus’ apparent lack of
pathogenicity and that it can also infect non-dividing cells. The wild-type AAV genome
integrates most frequently into a specific site (designated AAVS1) in the human
chromosome 19, while random incorporations into the genome take place with a
negligible frequency. The feature makes it somewhat more predictable than
retroviruses, which present the threats of a random insertion and of mutagenesis. With
AAVs as gene therapy vectors, however, this integrative capacity can be eliminated by
removal of the rep and cap from the DNA of the vector. As the rep and cap genes have
no functional value in a replication deficient viral vector, they can be eliminated from
the vector genome. In the place of these wild-type AAV genes, the desired gene(s)
together with a promoter to drive transcription of the gene can be inserted between the
inverted terminal repeats (ITR). The ITRs are important for the viral vector packaging of
the vector DNA and aids in concatamer formation in the nucleus after the single-
stranded vector DNA is converted by host cell DNA polymerase complexes into double-
stranded DNA.

AAV-based gene therapy vectors can form episomal concatamers in the host cell
nucleus. In non-dividing cells, these concatamers can remain intact for the life of the
host cell. In dividing cells, AAV DNA can be lost through cell division, since the
episomal DNA is not replicated along with the host cell DNA. Random integration of
AAV DNA into the host genome is low but may be detectable. AAV's present low
immunogenicity seemingly restricted to the generation of neutralizing antibodies, while
they induce no clearly-defined cytotoxic response. These features, along with the ability
to infect quiescent cells, present some of their advantages over adenoviruses as
vectors for the human gene therapy. These features make AAV an attractive candidate

for creating viral vectors for gene therapy in the central nervous system (CNS).
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At least 11 serotypes of the AAV presently exist. Serotype 2 has been most extensively
investigated, and AAV2 presents natural tropism towards e.g., skeletal muscles,
vascular smooth muscle cells, hepatocytes and in particular neurons. However, other
serotypes have proved effective as tolls for gene therapy; for instance AAV6 , AAV7
and AAVS.

The humoral immunity instigated by infection with the wild type AAV is thought to be a
very common event. The associated neutralizing activity limits the usefulness of the
most commonly used serotype AAV2 in certain applications. Accordingly the majority of
clinical trials currently underway into the brain involve delivery of AAV2, a relatively

immunologically privileged organ.
In addition to using different serotypes of the AAV, it is possible to combine different
serotypes, such as using the plasmid of one serotype packaged in the capsid of

another serotype.

In one embodiment the adeno associated vector (AAV) vector of the present invention
is an AAV2 vector.

In a further embodiment the AAV2 vector is packaged in an AAV capsid other than an
AAV2 capsid.

In yet a further embodiment the AAV2 vector is packed in an AAV5 capsid.
In a preferred embodiment, the adeno associated vector (AAV) vector of the present
invention is an AAVS8 vector. In a further embodiment the AAV8 vector is packaged in

an AAV capsid other than an AAV8 capsid.

In one embodiment the adeno associated vector (AAV) plasmid of the present

invention is packaged as an AAV2 vector.

In a further embodiment the AAV plasmid is packaged as an AAV capsid other than an
AAV2 capsid.

In yet a further embodiment the AAV plasmid is packed as an AAV5 vector.
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In a preferred embodiment, the adeno associated vector (AAV) vector of the present
invention is an AAVS8 vector. In a further embodiment the AAV plasmid is packaged in
an AAV capsid other than an AAV8 capsid.

In yet another embodiment, the AAV plasmid is packaged as an AAV9 vector.

In one embodiment, the vector based on AAV vectors can be of any serotype modified
to express altered or novel coat proteins.
In one embodiment, the vector is based on any AAV serotype identified in humans,

non-human primates, other mammalian species, or chimeric versions thereof.

AAV vectors can be prepared using two major principles, transfection of human cell line
monolayer culture or free floating insect cells. Monolayer cell cultures are transfected
through calcium phosphate precipitation, lipofection or other means with a mix of two or
three plasmid preparations containing a transfer plasmid with the vector genome and
one or two helper plasmids containing the necessary genes for vector capsid synthesis.
For insect sell cultures, this process is normally replaced by transfection of the cells
using baculovirus constructs that contain the same functions. The cells, supernatant or
both are then collected for purification and concentration of the vector. This can be
achieved through any combination of caesium chloride or iodixanol gradient
purification, ion exchange chromatography, gel filtration and affinity chromatography
and ultracentrifugation. Any methods for preparation and delivery to the CNS of AAV

known in the art can be used.

Accordingly, in a main aspect, the present invention relates to a recombinant

expression vector comprising the said polynucleotide sequence.

In one embodiment, the recombinant vector and its resulting oligopeptide is termed HA-
GCN4-GS4-C5, and can be encoded by a viral vector if inserted downstream of a

promoter.

In one embodiment, the recombinant vector encodes a polypeptide termed:
GCN4-GS4-C5 (SEQ ID NO: 6), GCN4(7P14P)-GS4-C5 (SEQ ID NO: 28), GCN4-
GS4-IETDV (SEQ ID NO: 30), GCN4(7P14P)-GS4-IETDV (SEQ ID NO: 31), GCN4-
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GS4-RRTTPV (SEQ ID NO: 33), GCN4(7P14P)-GS4-RRTTPV (SEQ ID NO: 34),
GCN4-GS4-YKQTSV (SEQ ID NO: 36), GCN4(7P14P)-GS4-YKQTSV (SEQ ID NO:
37), or SSO10A-GS4-C5 (SEQ ID NO: 46).

After delivery by a viral vector into living cell, the synthetic encoded DNA sequence is
first transcribed, then translated into a single-stranded oligopeptide (monomer) which is
capable of assembling into a dimeric peptide. This is due to the genetic engineering
and insertion of the first polypeptide such as an element derived from the leucine
zipper of the yeast bZIP transcription factor GCN4 conjugated to the second

polypeptide which constitutes the PDZ domain binding motif (PBM), such as for PICK1.

In one embodiment, the vector comprises or consists of a polynucleotide sequence
selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 13, SEQ ID NO: 14,
SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, and
SEQ ID NO: 60.

In one embodiment, the vector comprises or consists of the polynucleotide sequence
SEQ ID NO: 1.

In one embodiment, the vector is functional in mammalian cells. In a preferred
embodiment, the vector is functional in a neural cell. In another embodiment, the vector

is functional in a neuron.

The present invention provides a polypeptide encoded by the said polynucleotide or the
expression vector. In one embodiment, the polypeptide is in the form of a multimer. In
another embodiment, the polypeptide is in the form of a dimer, a tetramer or a
hexamer. In yet another embodiment, the polypeptide is in the form of a dendrimer.
The present invention provides a recombinant host cell comprising the said expression

vector, the said polynucleotide or the said polypeptide.

Protein-protein interactions of PDZ domains

PDZ domains are known to increase the specificity and efficiency of intracellular
communication networks downstream of receptor activation by facilitating several

protein-protein interactions (PPIs). PDZ domains may be found in multidomain scaffold
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and anchoring proteins involved in trafficking, recruiting, and assembling of intracellular

enzymes and membrane receptors into signal-transduction complexes.

In one embodiment, the second polypeptide of the present invention binds to a PDZ

domain.

In some embodiment, binding of the polypeptide encoded by the polynucleotide of the
present disclosure, result in dimerization of the PDZ domain to which it binds. For
example, the polypeptide may bind to PDZ domains of two separate proteins, thereby
bringing the two proteins together to form a dimer. In one embodiment, the PDZ
domains are inhibited by this dimer formation. In one embodiment, the PDZ domain is
PICK1 which has a dimer configuration. Thus, in one embodiment, binding of the
polypeptide encoded by the polynucleotide of the present disclosure to PICK1, result in
formation of dimers of dimers, such as tetramer formation of PICK1.

In a separate embodiment, the polypeptide encoded by the polynucleotide does not
result in dimerization of the PDZ domain. Thus, in one embodiment, the polypeptide
encoded by the polynucleotide of the present disclosure provides inhibition of the PDZ

domain in the absence of dimerization of the PDZ domain.

In another embodiment, the second polypeptide is capable of inhibiting the protein-

protein interaction of a PDZ domain and its respective binding partner.

In one embodiment, the second polypeptide is capable of inhibiting a protein-protein
interaction with the PDZ domain, such as the interaction between AMPAR and PICK1,
between cytosolic kinases and PICK1, between synaptic scaffold proteins and PICK1,
between membrane embedded proteins and PICK1, between NMDAR and PSD-95,
between membrane embedded proteins and PSD-95, or between synaptic scaffold
proteins and PSD-95.

the second polypeptide inhibits the PDZ domain, such as inhibits PICK1, PSD-95,
Shank1, Shank2, Shank3, nNOS, syntenin, GRIP, MAGI1, MAGI2, MAGI3, PSD-93,
DLG1, ZO-1, Frizzled, PAR3, or PARG, Mint1, or CASK.

In one embodiment, the polypeptide has a K; for the PDZ domain below 25 yM, such as

below 10 uM, such as below 5 uM, such as below 1 yM, such as below 800 nM , such
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as below 600 nM, such as below 400 nM, such as below 300 nM, such as below 200
nM, such as below 160 nM, such as below 150 nM, such as below 140 nM, such as
below 130 nM, such as below 120 nM, such as below 110 nM, such as below 100nM,
such as below 90 nM, such as below 80 nM, such as below 70nM. Ki may be

determined by the method as disclosed in Examples 3, 6, 7 and 8.

AMPAR-PICK1 interaction

AMPARSs are usually only permeable to monovalent cations (i.e. Na+ and K+) due to

presence of the GIuA2 subunit in the receptor complex. A specific type of plasticity
involving strong and sustained depolarization, however, results in a switch to AMPARSs,
excluding the GIUA2 subunit, with increased conductance and Ca?'permeability (CP-
AMPARS) in several types of synapses. Since the AMPARs are readily activated, this
switch renders the synapse hypersensitive with respect to both Na+ and Ca?* calcium
influx stimulated by glutamate. This plasticity plays a central pathophysiological role in
development of addiction, initially in midbrain dopaminergic neurons and subsequently,
as the addiction process progresses, also in medium spiny neurons, where it underlies
cocaine craving. A similar process is involved in the development of neuropathic pain,
first in the dorsal horn and subsequently and conceivably, also in the neurons in
thalamus and sensory cortex. Finally, CP-AMPARSs are also expressed in hippocampal
neurons after ischemia and as such the process rather appears to be a maladaptive
type of plasticity in response to abnormal levels of glutamate in the synapse.
Mechanistically, expression of CP-AMPARSs involves an initial PICK1 dependent down-
regulation of GIuA2 containing AMPARSs, which is mediated by the interaction between
the PICK1 PDZ domain and the C-terminus of theGIuA2 subunit of the AMPARSs.

The downregulation of GIuA2 containing AMPARS is in part regulated by
phosphorylation of the AMPAR C-terminal regions by cytosolic kinases; these
phosphorylations are also regulated by kinase binding to PICK1.

This in turn allows for insertion of GIUAZ lacking receptors in the synapse rendering the

synapse Ca?" - permeable and hypersensitive.

The second polypeptide of the present invention binds to a PDZ domain. Thus, in one
embodiment, the second polypeptide binds to PICK1. In another embodiment, the
second polypeptide is capable of inhibiting the protein-protein interaction between
AMPAR and PICK1 described above. This can thus prevent PICK1 from down-
regulating GluA2 and prevent CP-AMPARSs formation thereby preventing a maladaptive
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type of plasticity in response to abnormal levels of glutamate in the synapse. This in

turn can prevent for example neuropathic pain.

In yet another embodiment, the second polypeptide inhibits PICK1. The inhibition has
the same purpose as the second polypeptide binding to a PDZ domain namely

preventing interaction with AMPA receptors.

In yet another embodiment, the second polypeptide inhibits PICK1. The inhibition has
the same purpose as the second polypeptide binding to a PDZ domain namely
preventing interaction with cytosolic kinases. This can thus prevent PICK1 from down-
regulating GluA2 and prevent CP-AMPARSs formation thereby preventing a maladaptive
type of plasticity in response to abnormal levels of glutamate in the synapse. This in

turn can prevent for example neuropathic pain.

The second polypeptide has a high affinity for PICK1 compared to endogenous peptide
ligands. In one embodiment, said second polypeptide has a Ki for PICK1 below 170
nM, such as below to 160 nM, for example below 150nM, such as below to 140 nM, for
example below 130nM, such as below to 120 nM, for example below 110nM, such as
below to 100 nM, such as below to 90 nM, such as below to 80 nM, for example below
70nM, such as below 60 nM, such as below to 50 nM, for example below 40nM, such
as below 30nM, for example below 20nM, for example below 10nM. In one

embodiment, the AMPAR is comprised in a cell.

Detection

In one embodiment, the first polypeptide further comprises a tag. Conventional tags
known to those of ordinary skill in the art for detection can be used such as a
fluorescent protein or an antibody tag. The detectable tag can be for example GFP,
enhanced GFP (EGFP) or TdTomato and the antibody Tag can be for example HA, c-

myc, His-tag or biotin.

In one embodiment, the tag is conjugated to the N-terminus of the first polypeptide.
In one embodiment, an HA-tag and a GS linker is added to the N terminus of the first
polypeptide, for identification and tracking purposes. In one embodiment, the first
polypeptide is further conjugated to biotin. In another embodiment, the biotin is

attached to the N-terminus of the first polypeptide.
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In one embodiment, the tags can be operably linked to the N-terminus of the first
polypeptide by a linker sequence. For example, a linker sequence comprises or
consists of the amino acid sequence GS. In another embodiment, biotin can be
operably linked to the N-terminus of the first polypeptide by a linker sequence such as
Ahx linker.

Treatment

The present invention provides a composition comprising the polynucleotide, the
expression vector or the polypeptide as disclosed herein. In another embodiment, the
composition is a pharmaceutical composition. Such a composition typically contains the
PDZ inhibitor, such as the PICK1 inhibitor of the invention in a pharmaceutically

accepted carrier.

The present invention provides the polynucleotide, the expression vector, the
polypeptide, the cell, and/or the composition as described herein for use as a
medicament.

The present invention provides the polynucleotide, the expression vector, the
polypeptide, the cell, and/or the composition as described herein for use in treatment of

a disease and/or disorder associated with maladaptive plasticity and/or transmission.

The present invention further provides the polynucleotide, the expression vector, the
polypeptide, the cell, and/or the composition as described herein for the manufacture of
a medicament for the treatment of diseases and/or disorders associated with

maladaptive plasticity and/or transmission.

The present invention further provides a method of treatment or prevention of a
disease and/or disorder associated with maladaptive plasticity and/or transmission in a
subject in need thereof, comprising administering a therapeutically effective amount of
the polynucleotide, the expression vector, the polypeptide, the cell, and/or the
composition as described herein.

The present invention further provides a method of treatment or prevention of pain in a
subject in need thereof, comprising administering a therapeutically effective amount of
the polynucleotide, the expression vector, the polypeptide, the cell, and/or the

composition as described herein.
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By therapeutically effective amount it is understood that the amount of the said
polynucleotide, expression vector, polypeptide, cell and composition of the present
invention is administered in sufficient quantity to achieve the intended purpose, such
as, in this case, to treat disease and/or disorders associated with maladaptive plasticity

and/or transmission in the patient.

The present invention provides the use of the said polynucleotide or the said
recombinant expression vector or the said pharmaceutical composition for the
manufacture of a medicament for the treatment of a disease and/or disorder associated

with maladaptive plasticity and/or transmission.

The term “treatment” as used herein refers to any kind of treatment, including
preventive, ameliorating/ palliative or curative treatment. Treatment may thus result in
the prevention, decrease and/or amelioration/palliation of causes and/or symptoms of

diseases and/or disorders of maladaptive plasticity and/or transmission.

Diseases and disorders

PDZ-containing proteins are known to play an important role in cancer, from tumor
formation to metastasis, especially through canonical interactions of their PDZ domains
in signaling pathways. In fact, 145 of 151 PDZ domain proteins have been suggested
to be associated with cancers. Validated drug targets include Scribbled, Syntenin and

Disheveled.

A large number of PDZ domain-containing proteins are associated with neurological
disorders. Among others, regulating synaptic membrane exocytosis protein 1 (RIMS1),
partitioning defective 3 homolog B (PARD3B), peripheral plasma membrane protein
CASK, and disks large homolog 4 (DLG4, PSD-95) are associated with
neurodevelopmental disorders, which are central nervous system development
disorders with different manifestations. Validated drug targets include PSD95, PICK1
and SHANK.

The interaction between CFTR and CAL has been studied due to its role in cystic
fibrosis, where CAL promotes degradation of CFTR in lysozymes, and thereby reduces

the amount of CFTR expressed at the surface.
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The present invention provides the polynucleotide, the expression vector, the
polypeptide, the cell, and/or the composition as described herein for use in treatment of
a disease and/or disorder associated with maladaptive plasticity and/or transmission.

In diseased states, such as ischemia after stroke, neuropathic pain and addiction,
abnormal synaptic stimulation causes maladaptive plasticity leading to hyper-
sensitization of glutamatergic synapses through expression of calcium permeable (CP)
AMPA-type glutamate receptors (CP-AMPARS).

AMPA-type glutamate receptors (AMPARSs) are, in contrast to NMDA-type glutamate
receptors (NMDARS), usually only permeable to monovalent cations (i.e. Na+ and K+)
due to presence of GIuA2 subunits in the tetrameric receptor complex. Plasticity
changes in response to a strong and sustained depolarization, however, result in a
switch to AMPARs with increased conductance and Ca2+ permeability (CP-AMPARS)
in several types of synapses and this switch renders the synapse hypersensitive.
Mechanistically, expression of CP-AMPARSs involves an initial PICK1-dependent down-
regulation of GIuA2 containing AMPARSs, which is mediated by the interaction between
the PICK1 PDZ domain and the C-terminus of the GIuA2 subunit of the AMPARs. This
in turn allows for insertion of GIUA2 lacking receptors in the synapse (Slot hypothesis)

rendering the synapse Ca2+-permeable and hypersensitive.

CP-AMPARSs are critically involved in the mediating craving after withdrawal from
cocaine self-administration in rats (Conrad et al 2008). PICK1 has been implicated in
the expression of CP-AMPAR in the VTA dopaminergic neurons in midbrain and in
nucleus accumbens during development of cocaine craving (Luscher et al 2011 and

Wolf et al 2010) suggesting PICK1 as a target in cocaine addiction.

Upregulation of AMPA-type glutamate receptors (AMPARS) in the dorsal horn (DH)
neurons causes central sensitization, a specific form of synaptic plasticity in the DH
sustainable for a long period of time (Woolf et al 2000 and Ji et al 2003). Moreover,
both peripheral inflammatory pain and nerve injury induced pain, cause upregulation of
Ca2+-permeable AMPARs (CP-AMPARSs) (Vikman et al 2008, Gangadharan et al 2011
and Chen et al 2013). Initial evidence for a role of PICK1 in neuropathic pain came
from Garry et al 2003 demonstrating that peptide inhibitors of PICK1 alleviated pain
induced by chronic constriction injury (CCI). Subsequently, it was demonstrated the

shRNA mediated knock down of PICK1 alleviated complete Freud's adjuvans (CFA)
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induced inflammatory pain and it was found that PICK1 knock-out mice completely fail
to develop pain in response to spinal nerve ligation (SNL) (Wang et al 2011 and
Atianjoh et al 2010). Indeed, i.t. administration of the polynucleotides of the present
disclosure reduces mechanical allodynia in a model of neuropathic pain (SNI model —

example 5) and inflammatory pain (CFA model — example 10).

Both TDP-43 pathology and failure of RNA editing of the AMPA receptor subunit
GluA2, are etiology-linked molecular abnormalities that concomitantly occur in the
motor neurons of the majority of patients with amyotrophic lateral sclerosis (ALS). Pain
symptoms in a mouse model with conditional knock-out of the RNA editing enzyme
adenosine deaminase acting on RNA 2 (ADAR?2) are relieved by the AMPAR
antagonist perampanel, suggesting a likely symptomatic relief by the polynucleotides or

polypeptides of the present disclosure.

Given the effect of the polynucleotides or polypeptides of the present disclosure on
pain and predicted effect on addiction, we expect also good efficacy of virally encoded

PICK1 inhibitors on patient with comorbidity e.g. pain patients with opioid addiction.

Similar central sensitization is thought to underlie the allodynia in hyperalgesic priming,
which serves as an experimental model for lower back pain and migraine (Kandasamy
et al 2015). Similarly, the etiology for tinnitus hold several parallels with neuropathic
pain including central sensitization (Vanneste et al 2019, Peker et al 2016 and Moller et
al 2007).

A role for PICK1 in the surface stabilization/insertion of CP-AMPARSs has been
described for oxygen-glucose depletion in cultured hippocampal neurons (Clem et al
2010 and Dixon et al 2009). This evokes PICK1 as a putative target in the protection of

neural death after ischemic insult.

Loss of PICK1 has been demonstrated to protect neurons in vitro and in vivo against
spine loss in response to amyloid beta (Marcotte et al 2018 and Alfonso et al 2014).
Consequently, PICK1 is a putative target for symptomatic and perhaps preventive

treatment of Alzheimer’s disease, as demonstrated in Example 11.
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PICK1 interacts and inhibits the E3 ubiquitin ligase Parkin, which is involved in
mitophagy. Parkin loss of function is associated with both sporadic and familial
Parkinson's disease (PD). As a result, PICK1 KO mice are resistant to 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine (MPTP)-mediated toxicity (He et al 2018).
Consequently, PICK1 is a putative target for symptomatic and perhaps preventive

treatment of Parkinson’s disease.

Overstimulation of glutamate receptors resulting in excessive intracellular calcium
concentrations is a major cause of neuronal cell death in epilepsy. The GIuR2 (GluA2)
hypothesis states that following a neurological insult such as an epileptic seizure, the
AMPA receptor subunit GIURZ2 protein is downregulated. This increases the likelihood
of the formation of GluR2-lacking, calcium-permeable AMPA receptor which might

further enhance the toxicity of the neurotransmitter, glutamate (Lorgen et al 2017).

PICK1 is overexpressed in tumor cells as compared to adjacent normal epithelia in
breast, lung, gastric, colorectal, and ovarian cancer. As judged by immunostaining
breast cancer tissue microarrays, high levels of PICK1 expression correlates with
shortened span of overall survival. Accordingly, transfection of MDA-MB-231 cells with
PICK1 siRNA decreased cell proliferation and colony formation in vitro and inhibited
tumorigenicity in nude mice (Zhang et al 2010). Consequently, PICK1 is a putative

target for cancer treatment and prognostics.

In one embodiment, the polynucleotide as disclosed herein is for use in the prophylaxis
and/or treatment of neuropathic pain, drug addiction, amyotrophic lateral sclerosis,
epilepsy, tinnitus, migraine, ischemia, Alzheimer’s disease, and/or Parkinson’s disease.
In one embodiment, the polynucleotide as disclosed herein is for use in the prophylaxis
and/or treatment of neuropathic pain, drug addiction, amyotrophic lateral sclerosis,
epilepsy, tinnitus, and/or migraine. The drug addiction may be opioid addiction. In a
preferred embodiment, the polynucleotide as disclosed herein is for use in the

prophylaxis and/or treatment of neuropathic pain.

In another embodiment, the polynucleotide as disclosed herein is for use in the
prophylaxis and/or treatment of pain in a subject. The pain can be inflammatory pain or
neuropathic pain. The pain, to be treated, may be chronic pain, which may be chronic

neuropathic pain or chronic inflammatory pain. The neuropathic pain may be induced
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by damage to the peripheral or central nervous system as a result of traumatic injury,
surgery, or diseases such as diabetes or autoimmune disorders. The neuropathic pain
may be induced by treatment with chemotherapy. Where pain persists, the condition is
chronic neuropathic pain. Chronic inflammatory pain may be induced by inflammation
after nerve injury, as well as being initiated by inflammation induced by alien matter,
where mediators released by immune cells cause a sensitization of pain pathways, i.e.
a ‘wind up” of sensory neurons located in the spinal cord. Thus, an effective analgesic
drug must be able to reach spinal cord tissue and find its target, in this case PICK1, in
order to have a pain-relieving effect. Thereby, the polynucleotide must be able to pass
the blood-brain barrier and/or blood-spinal cord barrier to be able to reach spinal cord

tissue and/or be expressed in desirable cells e.g. neurons.

In yet another embodiment, the polynucleotide as disclosed herein is for use in the
prophylaxis and/or treatment of drug addiction. The drug addiction may be opioid
addiction or cocaine addiction. For example the opioid addiction may be morphine

addiction.

In yet another embodiment, the polynucleotide as disclosed herein is for use in the

prophylaxis and/or treatment of head injury.

In yet another embodiment, the polynucleotide as disclosed herein is for use in the

prophylaxis and/or treatment of stroke or ischemia.

In yet another embodiment, the polynucleotide as disclosed herein is for use in the

prophylaxis and/or treatment of Alzheimer’s disease.

In yet another embodiment, the polynucleotide as disclosed herein is for use in the

prophylaxis and/or treatment of Parkinson’s disease.

In yet another embodiment, the polynucleotide as disclosed herein is for use in the

prophylaxis and/or treatment of cancer, such as breast cancer.

In one embodiment, the pharmaceutical composition is for use in the prophylaxis
and/or treatment of neuropathic pain, drug addiction, amyotrophic lateral sclerosis,

epilepsy, tinnitus, migraine, ischemia, Alzheimer’s disease, and/or Parkinson’s disease.
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In one embodiment, the present invention provides the expression vector, the
polypeptide, the cell, and/or the composition as described herein for use in the
prophylaxis and/or treatment of neuropathic pain, drug addiction, amyotrophic lateral
sclerosis, epilepsy, hearing disorders (i.e. tinnitus) and migraine. The drug addiction
may be opioid addiction. In another embodiment, the drug addiction may be cocaine
addiction. The opioid addiction may be for example morphine addiction. In a preferred
embodiment, the expression vector, the polypeptide, the cell, and/or the composition is
for use in the prophylaxis and/or treatment of neuropathic pain. In another embodiment,
the expression vector, the polypeptide, the cell, and/or the composition is for use in the
prophylaxis and/or treatment of pain in a subject. The pain can be inflammatory pain or
neuropathic pain. The pain, to be treated, may be chronic pain, which may be chronic
neuropathic pain or chronic inflammatory pain. The neuropathic pain may be induced
by damage to the peripheral or central nervous system as a result of traumatic injury,
chemotherapy, surgery, or diseases such as diabetes or autoimmune disorders. Where
pain persists the condition is chronic neuropathic pain. Chronic inflammatory pain may
be induced by inflammation after nerve injury, as well as being initiated by inflammation
induced by alien matter, where mediators released by immune cells cause a
sensitization of pain pathways, i.e. a ‘wind up” of sensory neurons located in the spinal
cord. Thus, an effective analgesic drug must be able to reach or be expressed in spinal
cord tissue and find its target, in this case the PICK1 inhibitor peptide, in order to have

a pain-relieving effect.

Thus, in one embodiment, the disease and/or disorder associated with maladaptive
plasticity is selected from the group consisting of neuropathic pain, drug addiction,
ischemia, Alzheimer’s disorder, Parkinson’s disease, amyotrophic lateral sclerosis,

hearing disorders (e.g. tinnitus), migraine and epilepsy.

In one embodiment, the disease and/or disorder associated with maladaptive plasticity
is selected from the group consisting of neuropathic pain, drug addiction, ischemia,
Alzheimer’s disorder, Parkinson’s disease, amyotrophic lateral sclerosis, hearing

disorders (e.g. tinnitus), migraine, breast cancer and epilepsy.

Subjects at risk or presently suffering from the above disorders and diseases may be

given either prophylactic treatment to reduce the risk of the disorder or disease onset
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or therapeutic treatment following the disorder or disease onset. The subject may be a

mammalian or human patient.

Administration
Conventional methods, known to those of ordinary skill in the art of medicine, can be

used to administer compositions to the subject or patient.

Conventional methods, known to those of ordinary skill in the art of medicine, can be
used to administer the pharmaceutical formulation(s) of the present invention to the
patient. The pharmaceutical compositions of the present invention can be administered
alone, or in combination with other therapeutic agents or interventions. Specifically, the
compositions of the present invention may further comprise a plurality of agents of the
present invention. The present invention further includes a method of providing
prophylaxis and/or treatment of diseases and/or disorders associated with maladaptive
plasticity or pain in a subject, comprising administering the above pharmaceutical

composition to the subject in need thereof.

In one embodiment, the pharmaceutical composition of the present disclosure is
administered prior to observing symptoms of a given indication, such as administered
prior to injury for the treatment of pain. In one embodiment, the pharmaceutical
composition of the present disclosure is administered after observing symptoms of a

given indication, such as administered after injury for the treatment of pain.

Items

1. A polynucleotide comprising a sequence encoding upon expression a
polypeptide comprising:
a) a first polypeptide part comprising or consisting of an amino acid sequence
capable of forming a dimer; and
b) a second polypeptide part comprising or consisting of an amino acid
sequence selected from the group consisting of Class | PDZ domains binding
motifs (PBM), Class Il PBM and Class Il PBM,
wherein the first and the second polypeptides are optionally operably linked via

a linker.
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2. The polynucleotide according to item 1, wherein the second polypeptide is

consisting of or comprising a sequence selected from the group consisting of -
¥-W, W-¥-y, and o-¥-W, wherein

> is Thr or Ser;

¥ is any proteinogenic amino acid;

Y is any hydrophobic amino acid; and

@ is Asp or Glu.

. The polynucleotide according to any one of the preceding items, wherein the

second polypeptide part is a Class | PBM comprising or consisting of a
sequence of =-¥-W, wherein Z is Thr or Ser, ¥ is any proteinogenic amino acid
and W is any hydrophobic amino acid, such as consisting of or comprising a
sequence selected from the group consisting of IETDV, RRTTPV, and
YKQTSV.

. The polynucleotide according to any one of the preceding items, wherein the

second polypeptide part is a Class Ill PBM comprising or consisting of a
sequence of ®»-¥-W, wherein ® is Asp or Glu, ¥ is any proteinogenic amino acid
and W is any hydrophobic amino acid, such as consisting of or comprising a
sequence selected from the group consisting of KYDSV, GKDYV, RKDYYV,
TAEMF and QEDGA.

. The polynucleotide according to any one of the preceding items, wherein the

second polypeptide part is a Class || PBM comprising or consisting of a
sequence W-¥-W, wherein ¥ is any proteinogenic amino acid and W is any
hydrophobic amino acid, such as consisting of or comprising the sequence
HWLKV.

. The polynucleotide according to any one of the preceding items, wherein the

second polypeptide part is comprising or consisting of an amino acid sequence
of the general formula (I1):
2125232475 (SEQ ID NO: 11);

wherein:

Z4 is a proteogenic or non-proteogenic amino acid, preferably H, L, V,

[, A; or is absent;
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Z; is a proteogenic or non-proteogenic amino acid, preferably W, F, T, S;
or is absent;

Z3is a proteogenic or non-proteogenic amino acid, preferably L, V, |,
F;AY;

Z4 is a proteogenic or non-proteogenic amino acid, preferably K, R, T, S;

and

Zsis V, |, LorC.

7. The polynucleotide according to any one of the preceding items, wherein the
second polypeptide part is comprising or consisting of an amino acid sequence
of the general formula (I1):

2122232475 (SEQ ID NO: X);
wherein:
Z1is H, L, V, |, A; or is absent;
Zyis W, F, T, S; oris absent;
ZsisL,V,I,F,AY;
Z4K, R, T, S; and
Zsis V, |, LorC.

8. The polynucleotide according to any one of the preceding items, wherein the
second polypeptide part is comprising or consisting of an amino acid sequence
of the general formula (I1):

2122232475 (SEQ ID NO: X);
wherein:
ZiisH, L, V, I, A;
Z,isW,F, T,S;
Zsis L, V, I, F,AY;
Z4K, R, T, S; and
Zsis V, I, LorC.

9. The polynucleotide according to any one of the preceding items, wherein the
second polypeptide part is comprising or consisting of an amino acid sequence
of the general formula (I1):

2122232475 (SEQ ID NO: X);

wherein:
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ZiisH, V, I, A;
ZisW, F, S;
Zsis L, V, I
Z:K, R, S; and
Zsis V or C.

10. The polynucleotide according to any one of the preceding items, wherein the

11.

12.

13.

14.

15.

second polypeptide part is comprising or consisting of an amino acid sequence
of the general formula (Il):
2122232475 (SEQ ID NO: X);

wherein:

Zyis H, V, A;

ZrisWorS;

Zsis L, V, I

ZisKorR;and

Zsis V.

The polynucleotide according to any one of the preceding items, wherein the
second polypeptide part is selected from the group consisting of HWLKY,
IETDV, RRTTPV, and YKQTSV.

The polynucleotide according to any one of the preceding items, wherein the

first polypeptide part is positioned N-terminal to the second polypeptide part.

The polynucleotide according to any one of the preceding items, wherein the

optional linker is a peptide linker, such as a glycine serine (GS) linker.

The polynucleotide according to any one of the preceding items, wherein the
optional linker is a glycine serine linker selected from the group consisting of
GGS (gLinker2), GGGS (gLinker3), GGGGS (glinker4 SEQ ID NO: 9),
GGGGSG (gLinker5), GGGGSGG (gLinker6).

The polynucleotide according to any one of the preceding items, wherein the
optional linker is GGGGS (glinker4 SEQ ID NO: 9).
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17.

18.

19.

20.

21.

22.

23.

24.

25.

38

The polynucleotide according to any one of the preceding items, wherein the

polypeptide linker comprises 1 to 12 repeats of the GGGGS moieties (N=1-12).

The polynucleotide according to any one of the preceding items, wherein the

polypeptide further comprises a cell penetrating peptide (CPP).

The polynucleotide according to any one of the preceding items, wherein the
CPP is connected to the polypeptide via a linker, such as a polypeptide linker,

such as a glycine serine linker.

The polynucleotide according to any one of the preceding items, wherein the

CPP is positioned N-terminal to the first and the second polypeptide parts.

The polynucleotide according to any one of the preceding items, wherein the
CPP is selected from the group consisting of TAT, retroinverso-D-TAT,
polyarginine, TP10, MAP and PNT.

The polynucleotide according to any one of the preceding items, wherein the
first polypeptide part is selected from the group consisting of GCN4p1,
GCN4p1(7P14P), Atg16, MDV1 and SSO10a,

The polynucleotide according to any one of the preceding items, wherein the
first polypeptide part is selected from the group consisting of GCN4p1,
GCN4p1(7P14P), and SSO10a.

The polynucleotide according to any one of the preceding items, wherein the
first polypeptide part is GCN4p1 (SEQ ID NO: 8).

The polynucleotide according to any one of the preceding items, wherein the
first polypeptide part has an amino acid sequence of the general formula (I):
L-[X]e-L-[X]e-L-[X]e-L (formula (I), SEQ ID NO:12),

wherein X is individually selected from any proteinogenic or non-proteinogenic

amino acid residue.

The polynucleotide according to any one of the preceding items, wherein the

first polynucleotide part is capable of forming a leucine zipper.
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26. The polynucleotide according to any one of the preceding items, wherein said

27.

28.

29.

30.

polynucleotide comprises a sequence encoding upon expression:
a) a first polypeptide comprising or consisting of an amino acid sequence of the
general formula (1): L-[X]s-L-[X]e-L-[X]e-L (SEQ ID NO:12), wherein X is
individually selected from any proteinogenic or non-proteinogenic amino acid
residue; and
b) a second polypeptide comprising or consisting of an amino acid sequence of
the general formula (I1):
2125232475 (SEQ ID NO: 11);

wherein:

Z4 is a proteogenic or non-proteogenic amino acid, preferably H, L, V,

I, A; oris absent;

Z; is a proteogenic or non-proteogenic amino acid, preferably W, F, T, S;

or is absent;

Z3is a proteogenic or non-proteogenic amino acid, preferably L, V, |,

F:AY;

Z4 is a proteogenic or non-proteogenic amino acid, preferably K, R, T, S;

and

Zsis V, |, LorC.

The polynucleotide according to any of the preceding items, wherein the first
polypeptide part further comprises any proteinogenic or non-proteinogenic
amino acid [X], conjugated to the N- and/or C-terminus of the sequence of

formula (1).

The polynucleotide according to any of the preceding items, wherein the first

polypeptide further comprises a tag.

The polynucleotide according to any one of the preceding items, wherein the

tag is conjugated to the N-terminus of the polypeptide.

The polynucleotide according to any one of the preceding items, wherein the

tag is an HA-tag.
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32.

33.

34.

35.

36.

37.

40

The polynucleotide according to any one of the preceding items, wherein the

tag is an ¢c-Myc or His-tag.

The polynucleotide according to any one of the preceding items, wherein the

tag is a Biotin tag.

The polynucleotide according to any one of the preceding items, wherein the
biotin tag is operably conjugated to the polypeptide by a 6-aminohexanoic acid
(Ahx) linker.

The polynucleotide according to any of the preceding items, wherein the second

polypeptide binds to a PDZ domain.

The polynucleotide according to any of the preceding items, wherein the second
polypeptide is capable of inhibiting a protein-protein interaction with the PDZ
domain, such as the interaction between AMPAR and PICK1, between
cytosolic kinases and PICK1, between synaptic scaffold proteins and PICK1,
between membrane embedded proteins and PICK1, between NMDAR and
PSD-95, between membrane embedded proteins and PSD-95, or between
synaptic scaffold proteins and PSD-95.

The polynucleotide according to any of the preceding items, wherein the second
polypeptide inhibits the PDZ domain, such as inhibits PICK1, PSD-95, Shank1,
Shank2, Shank3, nNOS, syntenin, GRIP, MAGI1, MAGI2, MAGI3, PSD-93,
DLG1, ZO-1, Frizzled, PAR3, or PARG, Mint1, or CASK.

The polynucleotide according to any of the preceding items, wherein
polypeptide has a Ki for the PDZ domain below 25 M, such as below 10 M,
such as below 5 uM, such as below 1 yM, such as below 800 nM, such as
below 600 nM, such as below 400 nM, such as below 300 nM, such as below
200 nM, such as below 160 nM, such as below 150 nM, such as below 140 nM,
such as below 130 nM, such as below 120 nM, such as below 110 nM, such as
below 100nM, such as below 90 nM, such as below 80 nM, such as below
70nM.
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39.

40.

41.

42.

43.

44,

45.

46.

47.

41

The polynucleotide according to any one of the preceding items further

comprising a promoter sequence.

The polynucleotide according to any of the preceding items, wherein said

promoter is a human Synapsin1 promoter.

The polynucleotide according to any of the preceding items, wherein said

promoter is a constitutive promoter.

The polynucleotide according to any of the preceding items, wherein said
constitutively active promoter is selected from the group consisting of CAG,
CBA, CMV, human UbiC, RSV, EF-1alpha, NSE, SV40, Mt1.

The polynucleotide according to any of the preceding items, wherein said

promoter is an inducible promoter.

The polynucleotide according to any of the preceding items, wherein said
inducible promoter is selected from the group consisting of Tet-On, Tet-Off, Mo-

MLV-LTR, Mx1, progesterone, RU486 and Rapamycin-inducible promoter.

The polynucleotide according to any of the preceding items, wherein said

promoter is an activity-dependent promoter.

The polynucleotide according to any of the preceding items, wherein said
activity-dependent promoter is selected from the group consisting of cFos, Arc,

Npas4, Egr1 promoters.

An expression vector comprising the polynucleotide according to any of the

preceding items.

The expression vector according to any of the preceding items, wherein the
vector is selected from the group consisting of RNA based vectors, DNA based

vectors, lipid based vectors, polymer based vectors and colloidal gold particles.
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49.

50.

51.

52.

53.

54.

55.

56.

42

The expression vector according to any of the preceding items, wherein the

vector is a viral vector.

The expression vector according to any of the preceding items, wherein the

viral vector is a virally derived DNA vector or a virally derived RNA vector.

The expression vector according to any of the preceding items, wherein the
vector is selected from the group consisting of adenoviruses, recombinant
adeno-associated viruses (rAAV), retroviruses, lentiviruses, adeno-associated
viruses, herpesviruses, vaccinia viruses, foamy viruses, cytomegaloviruses,

Semliki forest virus, poxviruses, RNA virus vector and DNA virus vector.

The expression vector according to any of the preceding items, wherein the

expression vector is an adeno associated vector (AAV).

The expression vector according to any of the preceding items, wherein the
adeno associated vector (AAV) is an AAV1 vector, an AAV2 vector, an AAV5,
an AAVS8 or an AAV9 vector.

The expression vector according to any of the preceding items, wherein the
capsid of the AAV1 vector is packaged in an AAV capsid other than an AAV1

capsid.

The expression vector according to any of the preceding items, wherein the
capsid of the AAV2 vector is packaged in an AAV capsid other than an AAV2

capsid.

The expression vector according to any of the preceding items, wherein the
capsid of the AAV8 vector is packaged in an AAV capsid other than an AAVS8

capsid.

The expression vector according to any of the preceding items, wherein the
capsid of the AAV9 vector is packaged in an AAV capsid other than an AAV9

capsid.
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The expression vector according to any of the preceding items, wherein said
vector is comprising a sequence encoding upon expression the polypeptide

according to any one of the preceding items.

The expression vector according to any of the preceding items, wherein said
vector is comprising a sequence encoding upon expression a polypeptide
comprises or consists of the amino acid sequence of GCN4-GS4-C5 (SEQ ID
NO: 6), GCN4(7P14P)-GS4-C5 (SEQ ID NO: 28), GCN4-GS4-IETDV (SEQ ID
NO: 30), GCN4(7P14P)-GS4-IETDV (SEQ ID NO: 31), GCN4-GS4-RRTTPV
(SEQ ID NO: 33), GCN4(7P14P)-GS4-RRTTPV (SEQ ID NO: 34), GCN4-GS4-
YKQTSV (SEQ ID NO: 36), GCN4(7P14P)-GS4-YKQTSV (SEQ ID NO: 37),
and SSO10A-GS4-C5 (SEQ ID NO: 46).

The expression vector according to any of the preceding items, wherein said

vector is functional in mammalian cells.

The expression vector according to any of the preceding items, wherein the

mammalian cell is a neural cell.

The expression vector according to any of the preceding items, wherein the

neural cell is a neuron.

A polypeptide encoded by the polynucleotide, or the expression vector

according to any one of the preceding items.

A host cell comprising the polynucleotide, the expression vector or polypeptide

according to any one of the preceding items.

A composition comprising the polynucleotide, the expression vector or

polypeptide according to any one of the preceding items.

The composition according to any of the preceding items, wherein the

composition is a pharmaceutical composition.

The polynucleotide, the expression vector, the polypeptide, the cell, and/or the

composition according to any one of the preceding items, for use as a
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medicament.

The polynucleotide, the expression vector, the polypeptide, the cell, and/or the
composition according to any one of the preceding items for use in the
prophylaxis and/or treatment of a disease and/or disorder associated with

maladaptive plasticity and/or transmission.

The polynucleotide, the expression vector, the polypeptide, the cell, and/or the
composition for use according to any of the preceding items, wherein the
disease and/or disorder associated with maladaptive plasticity and/or
transmission is selected from the group consisting of neuropathic pain, drug
addiction, ischemia, Alzheimer’s disease, Parkinson’s disease, amyotrophic

lateral sclerosis, hearing disorders (e.g. tinnitus), migraine, and epilepsy.

The polynucleotide, the expression vector, the polypeptide, the cell, and/or the
composition according to any of the preceding items, for use in the prophylaxis

and/or treatment of pain in a subject.

The polynucleotide, the expression vector, the polypeptide, the cell, and/or the
composition for use according to any of the preceding items, wherein the pain is

inflammatory pain or neuropathic pain.

The polynucleotide, the expression vector, the polypeptide, the cell, and/or the
composition for use according to any of the preceding items, wherein the drug

addiction is cocaine addiction.

The polynucleotide, the expression vector, the polypeptide, the cell, and/or the
composition for use according to any of the preceding items, wherein the drug

addiction is opioid addiction.

The polynucleotide, the expression vector, the polypeptide, the cell, and/or the
composition for use according to any of the preceding items, wherein the opioid

addiction is morphine addiction.

The polynucleotide, the expression vector, the polypeptide, the cell, and/or the

composition for use according to any of the preceding items, wherein the
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disease and/or disorder associated with maladaptive plasticity and/or

transmission is Alzheimer’s disease.

A method of treatment or prevention of a disease and/or disorder associated
with maladaptive plasticity and/or transmission in a subject in need thereof,
comprising administering a therapeutically effective amount of the
polynucleotide, the expression vector, the polypeptide, the cell, and/or the

composition according to any one of the preceding items.

Use of the polynucleotide, the expression vector, the polypeptide, the cell,
and/or the composition according to any one of the preceding items, for the
manufacture of a medicament for the prophylaxis and/or treatment of a disease

and/or disorder associated with maladaptive plasticity and/or transmission.
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Examples

The following examples demonstrate that polypeptides comprising a first polypeptide
part capable of forming a dimer and a second polypeptide comprising a PDZ binding
domain (PBM) can obtain high affinity binding to PDZ domains. Upon expression in
tissue, including spinal cord/dorsal root ganglion (DRG), the polypeptide can fully
alleviate symptoms of pain and upon expression in the hippocampus improve the

cognitive ability in a model of Alzheimer’s disease.

Example 1
Materials and Methods
Design of a high affinity inhibitor of PICK1

It was hypothesized that a recombinant polypeptide which was capable of forming a

dimeric structure would further increase the affinity towards PICK1 and PDZ domains.
Hence, a synthetic encoding DNA sequence that upon delivery by a vector to a living
cell, would first be transcribed and translated into a single-stranded polypeptide and
then potentially assembled into a dimeric peptide, was constructed. Inspired from the
structural features of the leucine zipper of the yeast bZIP transcription factor GCN4
(Gonzarlez et al 1996, Nat. Struct. Biol.; Lee et al 2014 Nat. Commun.; Oshaben et al
2012 Biochemistry; O'Shea et al 1991 Science), a recombinant polypeptide that form a
stable homodimeric structure tethered with two DATCS motifs was genetically
engineered. A DNA vector encoding the protein sequence of the leucine zipper (coiled-
coil domain) of GCN4, called GCN4p1 or p1GCN4, devoid of the DNA binding domain
of GCN4 was synthesized. This GCN4p1 sequence encodes a short structure that form
a homodimeric structure. In addition, a GS (glycine serine) linker was attached to the
N-terminus upon which a HA-tag (human influenza hemagglutinin molecule
corresponding to amino acid 98-106; YPYDVPDYA) was attached to the N-terminus of
GS, whereas a glycine rich linker (GS region) terminating with the DATC5 motif was
attached to the C-terminus of p1GCN4. This DNA sequence had a 5'start codon (ATG)
and was terminated with a 3 stop codon (TAA). The resulting recombinant polypeptide
was termed HA-GCN4-GS4-C5. A model of the self-assemble propensity of the dimeric
structure of HA-GCN4-GS4-C5 polypeptide is graphically shown in Figure 6.

1. Plasmid design
The DNA region spanning the entire coding sequence of HA-GCN4-GS4-C5

oligopeptide with appropriate 5° and 3" restriction sites was ordered as a pre-
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manufactured circular plasmid, pEX, from Eurofins Genomics. In this example, a GS
region containing the amino acid composition: G-G-G-G-S (GS4) was used. The DNA
insert was next by traditional “cut and insert” cloning technigue inserted into a generic
AAV plasmid backbone. This AAV plasmid backbone contained an upstream human
Synapsin1 (pan-neuronal) promoter, followed by a multiple cloning site (MCS,
containing similar restriction sites as found in the flanking region of the oligopeptide
DNA sequence), and terminated by WPRE and Poly A signal. This DNA sequence
within the AAV plasmid backbone back was flanked by the 5°- and 3°-ITRs. The HA-
GCN4-GS4-C5 oligopeptide sequence was inserted into the MCS via its restrictions
sites. Correct insertion and integrity of the pAAV plasmid was finally confirmed by PCR
sequencing. pAAV plasmids with HA-GCN4-GS4-V-to-D mutant and HA-GCN4-GS4-
7P14P mutant coding sequences were produced similarly as described above. The

genetic encoded vector pAAV-hSyn-tdTomato was used as a control.

2. Viral production

All AAV viruses were generated in-house using a FuGene6 mediated triple plasmid co-
transfection method in HEK293FT cells. These procedures have been described earlier
(Sgrensen et al., 2016, eLife). For the triple transfection, AAV pHelper plasmid, AAV
Rep(2)-Cap(8) plasmid and our AAV plasmid vectors were used. Three days after
transfection, cells were harvested and virus was purified using an adapted lodixanol
gradient purification protocol. Genomic AAYV titer was determined by a PicoGreen-
based method. Before use, all viruses were carefully examined in Western Blots for
purification, and, if needed, diluted in DPBS for optimized titer. The final AAV vectors
were:

1. AAV8-hSyn-HA-GCN4-GS4-C5-WPRE-pA

2. AAV8-hSyn-HA-GCN4-GS4-D-V-WPRE-pA

3. AAV8-hSyn-HA-GCN4-GS4-7P14P-WPRE-pA

3. Synthetic peptides
The following synthetic peptides were used in the experiments: Synthetic variants of
GCN4-GS4-C5, GCN4-GS4-7P14P, or GCN4-GS4-V-to-D, with an N-terminal Biotin

and an Ahx linker.

Conclusion
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This example demonstrates how viral constructs were prepared, and how equivalent
synthetic peptides were designed. The procedure was applied to other viral constructs

and synthetic peptides of the present disclosure.

Example 2

Materials and Methods

Protein expression and purification of PICK1

E. Coli cultures (BL21-DE3-pLysS) transformed with a PICK1 encoding plasmid
(pPGEX4T2)( Madsen et al.,2005), was inoculated in LB with Ampicillin medium

overnight and transferred into Luria-Betani (LB) medium with Ampicillin and grown at

37°C until OD600=0.6. Protein expression was induced with 10mM Isopropy! -D-1-
thiogalactopyranoside (IPTG) and grown overnight at 20°C. Bacteria were harvested
and resuspended in lysis buffer containing 50mM Tris, 125mM NaCl, 2mM DTT, 1%
TritonX-100, 20pg/ml DNAse 1 and half a tablet of complete protease inhibitor cocktail
pr. 1L culture. Resuspended pellet was frozen at -80°C to induce cell lysis. The
bacterial suspension was thawed and cleared by centrifugation. The supernatant was
collected and incubated with Glutathione-Sepharose 4B beads for 1 hour at 4°C under
gentle rotation. The beads were pelleted at 4000 x g for 5 min and supernatant was
removed and beads were washed 2 times in 50mM Tris, 125mM NaCl, 2mM DTT and
0.01% Triton-X100 pH 7.4. Washed beads were transferred to an empty gravity column
with a filter bed. Bead solution was incubated with thrombin protease (Millipore)
overnight at 4°C under gentle rotation. PICK1 was eluted on ice and absorption at 280-
nm was measured on a NanoDrop2000, and protein concentration was measured
using lambert beers law (A=¢cl), éA280PICK1=32320 (cm*mol/L )™.

Size exclusion chromatography

GCN4-GS4-C5 (10uM), GCN4-GS4-7P14P (10uM), or GCN4-GS4-V-to-D (10uM) was
incubated in absence or presence of PICK1 (40uM) in 50mM Tris, 125mM NaCl, 2mM
DTT, 0.01% TX100, pH 7.4 and sample oligomeric composition was validated using
SEC (Superdex200 Increase 10/300) measuring the absorbance at 280 nm.

Results

GCN4-GS4-C5 effectively dimerizes and shifts PICK1 into a tetrameric configuration

Using size exclusion chromatography it was demonstrated that the synthetic GCN4-
GS4-C5 peptide eluted as a single peak at ~18.3ml. GCN4-GS4-V-to-D likewise eluted
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exclusively in peak at ~18ml indicating intact dimer formation. GCN4-GS4-7P14P,
which has two prolines inserted into the GCN4 sequence to compromise dimerization
(Leder et al 1995 Blochemistry), on the other hand, is partly shifted to a peak at 19.8ml
indicating partially disruption of the dimerization (Figure 2). Hence, GCN4-GS4-7P14P

was found as a mixture of dimers and monomers at the conditions of the experiment.

Upon incubation of PICK1 (40uM) with the GCN4-GS4-C5 (10uM), PICK1 shifted partly
from an elution at 11.7ml (Figure 3A), which represents the dimeric form of the protein,
to an elution at ~10ml indication formation of the tetrameric configuration of PICK1
critical for obtaining high affinity binding (Figure 3B). GCN4-GS4-V-to-D, designed to
have the PDZ interacting sequence disrupted, did not cause the shift in PICK1 elution
(11.7ml) (Figure 3C), however, an unbound fraction of the peptide eluted at ~18ml, in
agreement with figure 2 and disrupted binding to PICK1. Finally, PICK1 (40uM)
incubated with GCN4-GS4-7P14P (10uM) also eluted at 11.7ml (Figure 3D), indicating

that this peptide construct was not capable of inducing tetramer formation of PICK1.

Example 3
Materials and Methods

Fluorescence Polarization in vitro binding to PICK1

Fluorescence polarization was carried out in saturation mode and competition mode. In
brief, saturation experiments were carried out using an increasing amount of protein
incubated with a fixed concentration of fluorescent tracer 5SFAM-hDAT-C5 or PEG4
linked dimeric hDATC5 20nM. Competition was performed at a fix concentration of
protein and tracer, against an increasing concentration of unlabeled peptide. The
fluorescence polarization was measured after 17-20 hours of incubation at 4°C on an
Omega POLAR star plate reader using excitation filter at 488-nm and long pass

emission filter at 535-nm.

Results
GCN4-GS4-C5 binds to PICK1 with high affinity through the PDZ domain

Fluorescent polarization experiments were performed to determine binding affinity for

PICK1. Competition experiments using the DAT C5 peptide as fluorescent tracer
demonstrated a 32-fold increase in affinity of GCN4-GS4-C5 over the DAT C5 peptide
to an apparent affinity of 151nM. GCN4-GS4-7P14P had a 5-fold reduced affinity
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compared to GCN4-GS4-C5. Finally, GCN4-GS4-V-to-D, designed to have the PDZ
interacting sequence disrupted, showed no binding to PICK1 (Figure 4).

To confirm that the interaction of GCN4-GS4-C5 was mediated by the PICK1 PDZ
domain, the PICK1 A87L, which has a mutation in the PDZ domain peptide binding
groove, was used. Indeed, GCN4-GS4-C5 showed 18-fold lower affinity for PICK1
A87L than for PICK WT, demonstrating strong dependence on the PDZ domain for
binding (Figure 5).

Example 4
Material and Methods

Immunohistochemistry of spinal horn tissue

1. Surgery and virus injection

Mice were initially anaesthetized with 4% isoflurane and kept under constant
anaesthesia (1.8-2% isoflurane) during surgery and virus injection. The hair on the
back was shaved off and 70% ethanol was sprayed on. The back was opened by a
small skin incision at the level of vertebrae L2 (i.e. vertebrae 5 as counted from the rear
of the spinal cord) to visualize the spinal cord. The dorsal artery was visible and lined
the separation of the lateral sides. A glass pulled pipette, filled with virus and attached
to a Stoelting injection pump, was inserted halfway through the spinal cord (approx. 1
mm) on both sides of the dorsal artery to perform a bilateral injection. 0.5 pL virus
(AAV8-hSyn-HA-GCN4-GS4-C5-WPRE-pA) was injected on each side at a rate of
0.1uL/min via the automatic pump. Once injected, the needle was kept in place for 5
min to avoid leakage through the injection site. The skin of the back was glued together
to close the incision. The mice recovered fully following surgery. All described
procedures were approved by the local ethical committee on the use of experimental

animals.

2. Perfusion and spinal cord dissection

Three weeks following virus injection, mice were completely anesthetized with
pentobarbital (i.p. 50 mg/kg). Mice were perfused first with ice-cold PBS then with 4%
PFA, and the vertebral column was separated in a tissue block, which was left in 4%
PFA for 1h. The spinal cord was further dissected by cutting the sides of the vertebrae
along the rostro-caudal axis, and the bone and other tissues were torn off. The spinal
cord was gently lifted to avoid damage when cutting and kept hydrated during

dissection. After dissecting out the spinal cord, it was left in 4% PFA for another 1h in
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horizontal position on ice. Afterwards, the tissue was transferred to 30% sucrose in
Milli-Q H20 until saturated (i.e. non-floating). The tissue was stored in antifreeze (15uM
NaH>PQO., 38uM NaHPO4, 30% ethylenglycol, 30% glycerol, 40% MQ H20) at -20
degrees until use. Before embedding, the tissue was placed in 30% sucrose as
described above until saturated. The lumbar and thoracic parts of the spinal cord was
separated and snap frozen in moulds with Tissue-Tek O.C.T Compound by adding dry
ice to isopentane. Spinal cords were cut on cryostat with a 30um thickness and
transferred to cold PBSfilled 24-well plates. Several washes with PBS were performed

to remove O.C.T.

3. Immunohistochemistry

Free-floating sections were blocked with 5% donkey serum in PBST (PBS + Triton X-
100 0,1%) for 1h at RT before incubated with primary antibody against HA (human
influenza hemagglutinin molecule corresponding to amino acid 98-106; YPYDVPDYA)
raised in rabbit at a concentration of 1:100 in PBST with 5% donkey serum at 4
degrees for 5 days. Three washes with PBS were performed for 1h at RT. Then the
sections were incubated with secondary antibody (Donkey anti-Rabbit IgG; Alexa Flour
488) at a concentration of 1:500 in PBS with 5% donkey serum for 1h at RT in
darkness. Three washes in PBS for 2h were performed. The sections were mounted on
Superfrost Menzel-Glaser Thermo Scientific microscope glasses and dried in
fumehood for 2h. Coverslips were mounted with ProLong™ Gold Antifade Mountant
with DAPI.

4. Imaging

Microscopy was performed on a Zeiss Axiovert 100 equipped with epifluorescence.
DAPI was visualized using a 10x objective (exposure time of 1sec, 1x gain), while
Alexa Flour 488 to visualize HA-staining was performed with a 10x or 20x objective

(exposure time of 4sec, 3x gain).

Results

Intrathecal AAV8-hSyn-HA-GCN4-GS4-C5-WPRE-pA administered conferred
expression towards the grey matter of the spinal cord as visualized for positive HA-
stain (seen as brighter area) at the vertebra L1-L2 level (Figure 7A; 10 x objectives).

This expression appears confined towards neurons within the spinal horn (Figure 7B;
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marked by white arrows, 20x objective), as also predicted by the use of the human

Synapsin (hSyn) promoter.

Example 5
Materials and Methods

Mouse spared nerve injury (SNI) model

1. Animals

For the study, C57BL/6 mice were used. After delivery, mice habituated for
approximately 1 week before start of experiments. Animals had access to food and
water ad libitum. A 12h light/12h dark cycle was used, and the experimental
procedures were performed during the light cycle. All described procedures were

approved by the local ethical committee on the use of experimental animals.

2. Virus preparation and administration

Virus was administered intrathecally in a volume of 5 pl to anesthetized mice with 10l
Hamilton syringe and 30G needle in the intervertebral space between L5/L6 (in order to
minimize the possibility of spinal damage). Prior to injection, the virus was diluted 1:5 in
DPBS. Atfter dilution, the viral titers of AAV8-hSyn-HA-GCN4-GS4-C5-WPRE-pA and
AAV8-hSyn-tdTomato were 2.74E+12 vg/mL and 2.12E+12 vg/mL, respectively. With
intrathecally injections, the correct positioning of the needle was assured by a typical
flick of the tail.

3. Surgical procedure

Spared nerve injury model (SNI) was performed according to methods described in
Richner et al., 2011. Briefly, under isoflurane (2%) anesthesia, the skin on the left
lateral surface of the thigh was incised and the biceps femoris muscle was divided and
spread lengthwise to expose the three branches of the sciatic nerve. After exposing the
three branches (common peroneal, tibial and sural) in anesthetized mice, the common
peroneal and tibial branches were carefully segregated from surrounding tissues,
tightly ligated and axotomized ~2 mm of the distal nerve stump, while the sural branch
was left intact. Animals were monitored daily for signs of stress or discomfort but in all

cases recovered uneventfully.

4. Behavioral assessments
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The development and level of mechanical threshold was determined both before and
after the SNI procedure by using Von Frey filaments ranging from 0.02 to 1.4 g. Both
the ipsilateral (injured) and contralateral (intact) hind paw was used for the testing. In
the current experiments filaments in ascending order were applied to the lateral part of
the hind paws. Mice were placed in a red colored plastic cylinders placed on a wire
mesh in order to let them habituate for 15 min in cylinders prior to testing. Each Von
Frey hair was applied five times over a total period of 30 seconds (approximately 2
seconds per stimulus) and the mouse's reaction was assessed after each application;
the threshold for a positive test was set at 3 trials, which evoked responses out of a
maximum of 5 trials. A positive pain reaction is defined as sudden paw withdrawal,
flinching and/or paw licking induced by the filament. Furthermore, a positive response
in three or more out of five repetitive stimuli is defined as the pain threshold. Forces of
the instrument are measured with units “g” and represent the gram-forces.The paw
withdrawal threshold (PWT) was estimated by using the following formula:

PWT= (Number of response failures) / (Total number of trials) x ((filament A+1 gr)-

(filament A gr)) + filament A gr.

5. Overview of experimental timeline
The SNI behavioral experiment was performed during a 6 week period as outlined in

Figure 8.

6. Immunohistochemistry of spinal cord tissue.

After end experiments, all mice were deeply euthanized with isofluorane and then
decapitated with scissors. The skin of the back was cut open and 70% ethanol sprayed
on. The vertebral column was separated from the rest of the tissue by cutting on each
side of it in a rostro-caudal direction until the hips of the mouse were reached. A
horizontal cut across the lower back was performed to free the tissue block. A pipette
tip was inserted into the spinal cavity in the rostral end (tail end) and through steady
pressure; the spinal cord was pressed out with cold PBS into a petri-dish with cold
PBS. The spinal cords were next transferred to 4% PFA on ice in for 6 hours, before
being transferred to 30% sucrose at 4 degrees until saturated (non-floating). The
lumbar and thoracic parts of the spinal cord was separated and snap frozen in moulds
with Tissue-Tek O.C.T Compound by adding dry ice to isopentane, and then stored at -
80 degrees. Spinal cords were cut on a cryostat at 30um thickness and transferred to

cold PBS-filled 24-well plates. Several washes with PBS were performed to remove
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O.C.T. For staining, free-floating sections were blocked with 5% donkey serum in
PBST (PBS + Triton X-100 0,1%) for 1h at RT before incubation with primary antibody
at a concentration of 1:100 in PBST with 5% donkey serum at 4 degrees for 5 days.
Three washes with PBS were performed for 1h at RT. Then the sections were
incubated with secondary antibody (Donkey anti-Rabbit IgG; Alexa Flour 488) at a
concentration of 1:500 in PBS with 5% donkey serum for 1h at RT in darkness. Three
washes in PBS for 2h were performed. The sections were mounted on Superfrost
Menzel-Glaser Thermo Scientific microscope glasses and dried in fumehood for 2h.
Coverslips were mounted with ProLong™ Gold Antifade Mountant with DAPI. Images

were obtained using AxioScan.Z1 microscope.

7. Transgene expression in mice exposed to SNI.
Intrathecal AAV8-hSyn-HA-p1GCN4-gLinker4-DATC5 administered confers expression
towards the grey matter throughout the spinal cord as visualized for positive HA-

immunoreactivity (bright white color) at the lumbar vertebra level (Figure 10).

Results

AAV8-hSyn-HA-GCN4-GS4-C5-WPRE-pA treatment completely and persistently
alleviates mechanical hyperalgesia in the mouse SNI model (Figure 8-9). Animals were
injected intrathecally with saline, AAV8-hSyn-tdTomato (control vector) (tdTomato) or
AAV8-hSyn-HA-GCN4-GS4-C5-WPRE-pA (GCN4-GS4-C5). Von Frey test shows
complete pain relief for AAV8-hSyn-HA-GCN4-GS4-C5-WPRE-pA treated mice at day
7, day 14 and day 28 post SNI, as compared to its own intact paw (contra), and as
compared to control animals (Saline ipsi and tdTomato ispi). Data was analyzed using
2-way ANOVA with Tukey’s post-hoc test, F(30, 196) = 6,511, p < 0.0001.

Example 6
Variants of the PDZ binding peptide (DAT-C5, SEQ ID NO: 10)

To test the stringency of the PICK1 PDZ binding motif in the DAT C5 sequence (i.e.
position Z4-Zs) and to indicate putatively peptides with better affinity, we performed
fluorescence polarization binding of C5 peptides to purified PICK1 with each residue in

the HWLKYV sequence substituted to the indicated amino acids.

Materials and Methods

PICK1 was expressed and purified as described in example 2.
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Fluorescence polarization: Fluorescence polarization was carried out in competition

mode at a fixed concentration of protein and tracer (SFAM-DATCS5, 20nM), against an
increasing concentration of unlabelled C5 peptide with point substitutions as indicated.
The plate was incubated 20 min on ice in a black half-area Corning Black non-binding
surface 96-well plate and the fluorescence polarization was measured directly on an
Omega POLARstar plate reader using excitation filter at 488-nm and long pass
emission filter at 535-nm. The data was plotted using GraphPad Prism 6.0, and fitted to
the One site competition, to extract Kd values, which were All correlated to the WT C5

affinity, which was finally plotted.

Results

Substitution in general were well tolerated however with lower tolerance in position Z3
and Z5 in agreement with the important role for these residues in PDZ specificity.
Notable increases in affinity were Z1to V, Z21t0 S, Z3 to | and V, and Z4. No

substitutions at Z5 increased affinity (Figure 11).

Example 7

Variants of PDZ-binding ligands to target other PDZ domains

A study of other C-terminal peptides that can target any PDZ domain containing protein
using class I, Il and lll PDZ domain binding motif (PBM) was conducted to investigate
the potency of the dimeric constructs towards other PDZ domains.

Class | PBM is defined by the consensus sequence -T/S-¥-¥, Class Il is defined by the
consensus sequence -W-¥-W and class Il is defined by the consensus sequence -D/E-
¥-Y, where W is defined as hydrophobic amino acids and ¥ is any proteinogenic amino
acid. In PSD-95, all PDZ domains favors class | PBM'’s, but with different specificity for

the remaining amino acid positions.

Materials and Methods
Protein expression and purification of FL-PSD-95: E. Coli cultures (BL21-DE3-pLysS)
transformed with a TRX-6xHis-hPSD95 1-724 encoding plasmid (pET-MG-3C) (Zeng et

al. 2016), was inoculated in Luria-Betani (LB) media supplemented with ampicillin and

chloramphenicol overnight and transferred into LB medium supplemented with

ampicillin and chloramphenicol and grown at 37°C until OD600=0.6. Protein expression
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was induced with 1mM Isopropyl B-D-1-thiogalactopyranoside (IPTG) and grown for 8-
16 hrs at 16-20°C. Bacteria were harvested and frozen at -80°C. Pellet was thawed
and resuspended in 50 mM Tris (pH 8.0), 300mM NaCl, TmM TCEP, 20ug/ul DNAse, 1
tablet of cOmpete Protease inhibitor pr. 1L culture. Resuspended bacteria were
sonicated for 2 minutes to induce lysis and lysaste was cleared by centrifugation at
30.000 g for 20 min. The supernatant was collected and run through to a 5ml HisTrap
HP column and column was washed with 50mM Tris (pH 8.0), 300mM NaCl, 10mM
Imidazole, 1TmM TCEP. Bound protein was eluted using a linear gradient from 10-
500mM Imidazole in 50mM Tris (pH 8.0), 300mM NaCl, 1mM TCEP. Protein containing
fractions were pooled and purified further using a Superdex 200pg 1.6/600 Size
exclusion column equilibrated in 50mM Tris (pH 8.0), 300mM NaCl, 10mM EDTA, 1mM
TCEP. Protein purity was validated to be at least above 90% using SDS-PAGE, UPLC
and LC-MS.

Fluorescence polarization: Fluorescence polarization was carried out in competition
mode at a fixed concentration of protein (150nM) and tracer (SFAM-NPEG4(IETAV )y,
5nM), against an increasing concentration of unlabeled peptide. The plate was
incubated 2 hrs on ice in a black half-area Corning Black non-binding surface 96-well
plate and the fluorescence polarization was measured directly on a Omega POLARstar
plate reader using excitation filter at 488-nm and long pass emission filter at 535-nm.
The data was plotted using GraphPad Prism 6.0, and fitted to the One site competition,

to extract Kl values.

Circular dichroism (CD): Circular dichroism (CD) spectra was recorded using a Jasco

J1500 at 25°C spectrum was recorded from 190-260nm in 0.1nm intervals, using a
1mm cuvette. Indicated peptides were diluted to 8uM in 50mM Sodium Phosphate

(NaPi) buffer (pH 8), and spectra was collected.

Results
To establish proof-of-concept of the strategy of the present disclosure, we chose to
target the postsynaptic density protein 95 (PSD-95), a major PDZ containing

scaffolding protein found in the excitatory postsynaptic density.

PSD-95 PDZ1-2 binding PBM:
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First, we chose a PDZ1-2 specific PBM amino acid sequence, IETDV, previously
shown to have high affinity and specificity for PSD-95 PDZ1-2 domain (Bach et al.,
2012). For this, we tested a GCN4-GS4-IETDV and 7P14P-GS4-IETDV variant. We
found using fluorescent polarization (FP) assay that GCN4p1-GS4-IETDV had a Ki
value of 0.7 yM towards PSD-95. The 7P14P-GS4-IETDV variant had a Ki value of
20.8 uM towards PSD-95 (Figure 12A).

PSD-95 PDZ1-3 binding PBM:

We designed a PSD-95 PDZ promiscuous variant (GCN4p1-GS4-RRTTPV), derived
from the AMPAR receptor Auxiliary protein TARP-y2/Stargazin, with the C-terminal
sequence RRTTPV, supposedly able to bind all PDZ domains in PSD-95 (Sainlos et al.
2011) and variant 7P14P-GS4-RRTTPV. Using FP, we found that GCN4p1-GS4-
RRTTPV had Ki value of 0.25 uM towards PSD-95, whereas the 7P14P-GS4-RRTTPV
variant had Ki value of 8.0 yM towards PSD-95 (Figure 12B).

PSD-95 PDZ3 binding PBM:
We designed a PSD-95 PDZ3 specific variant (GCN4p1-GS4-YKQTSV), derived from
the neuronal adaptor protein Cysteine-rich PDZ-binding protein (Cript), with the C-

terminal sequence YKQTSV, supposedly with >15-fold specificity towards PDZ3 over
PDZ 1 and 2 in PSD-95 (Toto et al. 2016) and variant 7P14P-GS4-RRTTPV. Using FP,
we found that GCN4p1-GS4-YKQTSV had a Ki value of 0.14 uyM towards PSD-95,
whereas 7P14P-GS4-YKQTSV had a Ki value of 3.9 uM towards PSD-95 (Figure 12C).

Negative control experiment:

A specificity control experiment was performed studying the affinity of the PICK1
binding variant, GCN4p1-GS4-HWLKYV towards PSD-95. This peptide was not capable
of binding PSD-95 (Figure 12D).

Tertiary structure analysis by circular dichroism:

Circular dichroism (CD) measurements showing helical structure of different variants of
GCN4-GS4-X binding proteins (Figure 13A-B) was performed. GCN4-GS4-HWLKV
shows typical alpha-helix signature with local minima at 208 and 222nm, while the
variant 7P14P show random coil indicating disruption of the helical structure (Figure
13A). Similar structural features were observed for GCN4p1-GS4-RRTTPV and
7P14P-GS4-RRTTPV (Figure 13B).
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Conclusion
These examples provide proof-of-principle that the constructs of the present disclosure
provide means for selective targeting of various PDZ domains, with the PBMs selective

for the respective PDZ domain with increased affinity.

Example 8

Variants of amphipathic helix

A study of other polypeptides which are capable of forming a dimer was conducted to
investigate the potency of the constructs towards PDZ domains. Examples of other
polypeptides capable of forming a dimer include without limitation Atg16, MDV1, and
SSO10a.

In this experiment, we tested whether the a4 helix of SSO10a protein can serve as an
alternative backbone to achieve high affinity binding toward PICK1. The SSO10a
proteins are small DNA-binding proteins expressed by the crenarchaeal model

organism Sulfolobus solfataricus (Chen et al. 2004).
In this series of experiment, the following peptides were studied;
S$S010a-GS4-HWLKYV (SEQ ID NO: 46):

GEELLEDIRKFNEMRKNMDQLKEKINSVLSIRQ-GGGGS-HWLKV

GCN4-GS4-HWLKYV (SEQ ID NO: 6):
RMKQLEDKVEELLSKNYHLENEVARLKKLV-GGGGS-HWLKV

GCN4-GS4-GS4 (SEQ ID NO: 38):
RMKQLEDKVEELLSKNYHLENEVARLKKLV-GGGGS-GGGGS

All three peptides furthermore contained an N-terminal Biotin and an Ahx linker.

Materials and Methods

PICK1 was expressed and purified as described in example 2.

Fluorescence Polarization:




10

15

20

25

30

35

WO 2020/083916 PCT/EP2019/078736

59

The competition binding assay was carried out using a fixed concentration of PICK1
(0.15uM) and fluorescent PEG4 linked dimeric C5 tracer (20nM) incubated with
increasing concentrations of unlabelled peptides using black half-area Corning non-
binding surface 96 well plates (Sigma-Aldrich, Ref. no. 3686). The plates were
incubated 48 hrs at 4 degrees and the fluorescence polarization was measured on an
Omega POLARSstar plate (BMG LABTECH) reader using excitation filter at 485nm and
long pass emission filter at 535nm. The data was plotted in GraphPad Prism 7.0 and
fitted to a ‘One site — Fit’ Ki curve and the apparent affinities (K;) for the unlabelled

peptides were determined using correction for depletion.

Fast protein liguid chromatography— FPLC:

FPLC size exclusion chromatography was done using a Akta purifier with a
Superdex200 Increase 10/300 column, where 500uL of 40uM PICK1 in absence or
presence of 20uM GCN4-GS4-HWLKV, GCN4-GS4-GS4 or SSO10a-GS4-HWLKV
respectively. Absorbance profile was measured at 280nm and plotted against elution

volume using Graph Pad Prism.

Results

Fluorescent polarization

Fluorescent polarization (FP) experiments were performed to determine binding affinity
for PICK1. Competition experiment using fluorescent PEG4 linked dimeric C5 tracer
demonstrated the highest affinity for GCN4-GS4-HWLKYV (SEQ ID NO: 6), approx. a
40-fold shift compared to DATC5, whereas an approx. 16-fold increase was observed
for SS010a-GS4-HWLKYV (SEQ ID NO: 46) over DATCS5 (Figure 14). Together, this
comparison shows that other polypeptides than GCN4, which are capable of forming a

dimer, can be used to achieve high affinity toward target.

Fast protein liquid chromatography — FPLC

Size exclusion chromatography was done in order to evaluate the in-solution behavior
of the SS010a variant together with PICK1. Elution volumes suggested that SS010a,
like GCN4, induces tetrameric structures of PICK1 (Figure 15A,B and D). When
incubated with PICK1, the variant GCN4-GS4-GS4 (SEQ ID NO: 38) did not induce a
tetrameric state of PICK1 and could be seen at elution volume ~18 ml (Figure 15A, C),
suggesting that GCN4-GS4-GS4 did not bind to PICK1.
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Example 9
Oligomerization of PICK1 upon binding to GCN4-GS4-C5

As demonstrated in example 2, incubation of PICK1 with GCN4-GS4-C5 in a 4:1 ratio
and example 8, incubation of PICK1 with GCN4-GS4-C5 in a 2:1 ratio, resulted in
formation of tetrameric configuration of PICK1. A study of the tetramerization was

conducted using different PICK1:peptide ratios.

Materials and Methods

Size exclusion chromatography

PICK1 (40uM) was incubated in absence or presence of GCN4-GS4-C5, GCN4-GS4-
V-to-D or GCN4-GS4-7P14P (20uM or 400uM), in 50mM Tris, 125mM NaCl, 2mM
DTT, 0.01% TX100, pH 7.4 resulting in a 2:1 and 1:10 PICK1:peptide ratio,

respectively. Sample oligomeric composition was validated using SEC (Superdex200

Increase 10/300) measuring the absorbance at 280 nm.

Results

At both ratios, 2:1 and 1:10, GCN4-GS4-C5 effectively shifts PICK1 into a tetrameric
configuration, as seen in Table 1 and Figure 16. ‘“Yes’ or ‘No’ indicate whether the
peptide was able to induce higher oligomerization of PICK1. GCN4-GS4-V-to-D,
designed to have the PDZ interacting sequence disrupted, and variant GCN4-GS4-
7P14P (i.e. 7P14P-GS4-C5) did not cause PICK1 to oligomerize even at higher

concentration.

Table 1: Overview of peptides and their ability to induce higher oligomers of PICK1
assessed through FPLC.

Induction of higher oligomers of PICK1

1:2 (peptide:PICK1) 10:1 (peptide:PICK1)
Synthetic peptide Yes No Yes No
GCN4-GS4-C5 X X
7P14P-GS4-C5 X X
GCN4-GS4-V-to-D X X

Upon incubation of PICK1 (40uM) with the GCN4-GS4-C5 (20uM (Figure 16E) or
400uM (Figure 16B)), PICK1 shifted fully from an elution at 11.7ml (figure xx), which



10

15

20

25

30

35

WO 2020/083916 PCT/EP2019/078736

61

represents the dimeric form of the protein, to an elution at ~10ml indication formation of
the tetrameric configuration of PICK1 critical for obtaining high affinity binding. GCN4-
GS4-V-to-D (400uM), designed to have the PDZ interacting sequence disrupted, did
not cause PICK1 to oligomerize (Figure 16C). Finally, PICK1 (40uM) incubated with
GCN4-GS4-7P14P (400uM) also eluted at 11.7ml (Figure 16D).

Example 10
Efficacy study of AAV8-GCN4-GS4-C5 and AAV8-GCN4(7P14P)-GS4-C5 in a model

of inflammatory pain.

Assessment of the efficacy of a single i.t. administration of AAV8-hSyn-HA-GCN4p1-
GS4-C5-WPREpA (AAV8-GCN4-GS4-C5) or AAV8-hSyn-HA-GCN4p1(7P14P)-GS4-
C5-WPREPpPA (AAV8-GCN4(7P14P)-GS4-C5) as compared to AAV8-hSyn-tdTomato-
WPREDpA to relief inflammatory pain induced by administration of Complete Freund’s
Adjuvant (CFA).

Materials and Methods

Animals; 6-9 male C57BL6/N mice (SPF status, Janvier, France) of 8 weeks of age at
beginning of experiment were used in each group. Mice were allowed at least 7 days of
habituation to our facility before initiation of experiment. Mice were group-housed in
IVC-cages in a temperature-controlled room maintained on a 12:12 light:dark cycle

(lights on at 6 AM) and allowed access to standard rodent chow and water ad libitum.

Virus; Mice were injected with one of three viruses; AAV8-hSyn-HA-GCN4p1-GS4-C5-
WPREPA (n = 6 mice), AAV8-hSyn-HA-GCN4p1(7P14P)-GS4-C5-WPREpA (n =6
mice) or the control virus, AAV8-hSyn-tdTomato-WPREpPA (n = 9 mice). All three
viruses were diluted (final titer 2.2E+12 vg/mL, 2.1E+12 vg/mL, and 2.1E+12 vg/mL,
respectively) in Dulbecco's Phosphate-Buffered Saline prior to the injection. The virus
was delivered by i.t. administration in a volume of 7 yL to mice under isofluorane
anesthesia using a 10 yL Hamilton syringe and 30G, 20 mm long, 11 angle tip needle
inserted in the intervertebral space between L5/L6 3 weeks prior to the von Frey test.

The correct position of the needle was assured by a typical flick of the tail.

Induction of inflammatory pain; On day 19 after virus injection, inflammatory pain was

induced by the use of Complete Freund’s adjuvant (CFA). Mice were placed under very
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light isoflurane anesthesia. The right hind paw of the mice was sterilized with ethanol,
and 5 uL of CFA was injected intraplantar to the right hind paw with an insulin needle.
Mice woke up within seconds of being removed from the isoflurane, and were left for 48
hours while inflammatory pain developed. The development and level of mechanical
hyperalgesia / allodynia was determined in the affected hind paws 2, 5, 11 and 12 days
after the CFA procedure by using Von Frey filaments ranging from 0.04 to 2 g. The
filaments are applied to the underside of the paw after the mouse has settled into a
comfortable position within a restricted area that has a perforated floor. The filaments
are calibrated to flex when the set force is applied to the paw. Filaments are presented
in order of increasing stiffness, until a paw withdrawal is detected. In the current
experiments filaments in ascending order were applied to the central part of the hind
paws. Each Von Frey hair was applied five times over a total period of 30 seconds and
the mouse's reaction was assessed after each application; the threshold for a positive
test was set at 3 trials, which evoked responses out of a maximum of 5 trials. A positive
pain reaction is defined as sudden paw withdrawal, flinching and/or paw licking induced
by the filament.

The non-injected left hind paw was used as an unaffected control (contra).

Measuring the effect of the viral constructs on pain threshold; The pain threshold of the
mice was measured before virus injection (no significant difference between groups),

before CFA injection (no significant difference between groups), and 2 and 5 days after
CFA injection, where hyperalgesia is normally observed in the CFA-injected paw of the

animals. This was indeed the case for AAV8-tdTomato injected control mice.

Reinstatement of hyperalgesia; On day 11 after CFA administration, remission phase
was confirmed by testing the pain threshold of the animals with von Frey filament, to
make sure their apparent pain threshold being back to the pre-injury level. Mice were
then injected s.c. with 3 mg/kg naltrexone (NTX), which is a p-opioid receptor (MOR)
inverse agonist with a half-life of 2-4 hrs unmasking the latent sensitization of the
animals. The pain threshold of the animals was measured after 60 min and 24 hours of
the NTX injection.

Results
Both AAV8-hSyn-HA-GCN4p1-GS4-C5-WPREpA and AAV8-hSyn-HA-
GCN4p1(7P14P)-GS4-C5-WPREPpA efficiently relief pain in the CFA model of
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inflammatory pain. Data was analysed by two-way ANOVA (interaction: F(6,51)=4.203
p=0.0016; Time: F(3,51)=28.40 p<0.0001; Treatment: F(2,17)=11.12 p=0.0008). Post-
Bonferroni analysis revealed significant pain relief at both day 2 and 5 post CFA
injection (7P14Pyay2 p<0.0001; 7P14Pgays p=0.0003; GCN4yay2 p=0.07; GCN4gays
p=0.0008), when comparing pain threshold to the tdTomato control (Figure 17).
Furthermore, both treatments prevented latent sensitization in the CFA model of
inflammatory pain. Data was analysed by two-way ANOVA (interaction: F(4,26)=5.237
p=0.0031; Time: F(2,26)=16.08 p<0.0001; Treatment: F(2,13)=5.662 p=0.017). Post-
Bonferroni analysis revealed prevention of latent sensitization at 1 hour after naltrexone
injection (7P14P thrposintx P<0.0001; GCN4 1hrposintx p<0.0001), when comparing pain
threshold to the tdTomato control (Figure 17).

Conclusion
This experiment demonstrates that treatment with a viral construct expressing GCN4-
GS4-C5 and 7P14P-GS4-C5 are capable of inducing pain relief in a model of

inflammatory pain.

Example 11

Treatment of Alzheimer’s disease

Alzheimer’s disease (AD) is a devastating neurological disorder with 36 million new
cases each year with no cure and no drugs that can delay its progression. An early
symptom found in brain tissue is synapse loss, which leads to cognitive impairment,
and can be correlated with elevation in soluble amyloid beta (AR) levels. These
pathological events occur prior to neuronal death, suggesting that treatment strategies
that can prevent synapse loss as an early target may provide a better prognosis for AD
therapy than simply altering synaptic transmission. Recent evidences suggest that
protein interacting with C kinase 1 (PICK1) is required for AR to weaken and eliminate
synapses. In PICK1 deficient mice (KO), AR fails to reduce synapses, and similar
results have been obtained with small molecule inhibitors against PICK1 in neuronal
cultures. Soluble AR enhances the internalization of AMPA receptors through a GIuA2-
dependent mechanism. Importantly, the synaptic trafficking of the AMPA GIuA2 subunit
is controlled by PICK1 that can bind to the C-terminus of the GIuA2 subunit via the
PICK1-PDZ domain. Collectively, these evidences suggest that if PICK1 can be
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blocked, then AR will fail to induce synapse loss, and ultimately neuronal cell death.

Thus, selective PICK1-GIluA2 inhibitors may prove useful for the treatment of AD.

We therefore rationalize that the viral vector treatment of the present disclosure (e.g.
AAV8-hSyn-HA-GCN4-GS4-C5-WPREpA) can be relevant for AD, not for prevention,
but as an early life-long intervention that can significantly delay the progression of AD

e.g. in subjects genetically disposed to develop AD.

Materials and Methods

Male adult wistar rats (n = 20, Charles River) weighing 225-250g at the beginning of
the experiment were used, and housed on a 12h day/night cycle with ad libitum access
to food and water. The viral vectors were produced in-house, and diluted with
Dulbecco’s Phosphate Buffer prior to injection to reach a final titer of 3 x1012 vg/ml. A
total of 2 pyl AAV vector was injected into each hippocampus (2ul in each side; 500 nl
per injection site). Amyloid- 25-35 (3mg/ml; Bacher AG, Switzerland) was bilateral
injected into the lateral ventricles (5ul each side). Animals were kept on isoflurane
anesthesia throughout the surgical procedures.

Coordinates for amyloid-B deposit (in mm): AP -1.0; ML +/- 1.5; DV +4.1

Coordinates for vector injection (in mm) for dorsal hippocampus: AP -3.3; ML +/- 2.2;
DV -3.3/-2.6; for ventral hippocampus: AP -4.9; ML +/-5.2; DV -6.3/-3.7.

For the Morris Water Maze a circular tank with a diameter of 160cm and a height of
60cm was used. It was filled with water up to 20cm below the top and had a
temperature of 21°C. The tank was divided into four quadrants and cues were put on
the walls for orientation. A rescue platform (10cm of diameter) was placed 1.5 cm
below the water level in the tank. The rats were placed in different locations of the
maze and the time they needed to find the platform was counted. If the rats did not find
the platform within 90 seconds, they were guided to the platform. The rats were
allowed to sit at the platform for 20 seconds. A break of 20 seconds followed before the

trail was repeated with a different starting point for two more times.

Results

To obtain proof-of-concept for a learning protective effect of our vector treatment, all
rats were bilateral injected with Amyloid-f3 into the lateral ventricles. Such deposit is
known to give rise to cognitive deficits. During the same surgical procedure, rats were
injected into the hippocampus with AAV8-hSyn-HA-GCN4-GS4-C5-WPREpA (n = 10)
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or a control vector, AAV8-hSyn-EGFP-WPREpA (n = 10). Three weeks after, rats were
trained in the Morris Water Maze to assess their spatial learning ability (Figure 18).
Rats treated with the recombinant GCN4-GS4-C5 peptide learned significantly faster
where to find the hidden platform (P < 0.05, t-test).

Example 12
AAV8-GCN4(7P14P)-GS4-C5 treatment after nerve injury completely reverse

mechanical hyperalgesia in the mouse SNI model.

Materials and Methods

Mouse spared nerve injury (SNI) model

The present example was performed as described in example 5, but with a few
exceptions, as explained in the following. After dilution, the viral titers of AAV8-hSyn-
HA-GCN4p1(7P14P)-GS4-C5-WPREpPA and AAV8-hSyn-tdTomato-WPREpA were
2.14E+12 vg/mL and 2.12E+12 vg/mL, respectively. Von Frey was tested on multiple
occasions; before SNI, on day -2 and -1; 2 day after SNI (prior to virus administration);
and tested 7, 14, 21, 28, 35, and 43 days after SNI. Virus was administered
intrathecally 2 days after SNI (and after Von Frey tested the same day).

Results:

AAV8-hSyn-HA-GCN4(7P14P)-GS4-C5 treatment after injury completely reverse
mechanical hyperalgesia in the mouse SNI model (Figure 19). Mice were injected
intrathecally with AAV8-hSyn-tdTomato-WPRE-pA (n = 10, serving as a control vector)
or AAV8-hSyn-HA-GCN4p1(7P14P)-GS4-C5-WPRE-pA (n = 10) 2 days after SNI. Von
Frey testing revealed complete pain relief for AAV8-hSyn-HA-GCN4p1(7P14P)-GS4-
C5 treated mice on day 7, day 14, day 21, day 28, day 35, day 43 post SNI, as
compared to its own intact paw (contra), and as compared to control animals
(tdTomato ipsi and tdTomato contra). Data are presented as mean £ SEM and were
analyzed using a 2-way ANOVA with Tukey’s post-hoc test, F (24, 324) = 8,644, p <
0.0001.
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Sequences

DNA sequence

SEQID NO: 1 (HA-GCN4p1-gl4-DATC5)
atgtatccgtatgatgtgccggattatgcgggcagecgcatgaaacagetggaagataaagtggaagaactgctgagce
aaaaactatcatctggaaaacgaagtggcgegcectgaaaaaactggtgggecggeggeggceagcecattggcetgaaagt
gtaa

This sequence contains a 5’ start codon (atg) and 3’stop codon (taa), but could be any
stop codons (TTA, TGA, TAG).

SEQ ID NO: 2: HA-tag
tatccgtatgatgtgccggattatgcg

SEQ ID NO: 3: WT GCN4 PDB:2ZTA (GCN4p1 fragment) (including linker to connect
HA to GCN4p1)
ggcagccgcatgaaacagctggaagataaagtggaagaactgctgagcaaaaactatcatctggaaaacgaagtgg

cgcgcctgaaaaaactggtg

SEQ ID NO: 4: gLinker region (gl4 or GS4)
ggcggceggcggeage

SEQID NO: 5. DATC5 (C)5)
cattggctgaaagtg

SEQ ID NO: 13: (HA-GCN4p1(7P14P)-gl4-DATC5)
Atgtatccgtatgatgtgecggattatgcgggcagecgcatgaaacagcetggaaccgaaagtggaagaactgetgecg
aaaaactatcatctggaaaacgaagtggcgegcectgaaaaaactggtgggecggeggeggceagcecattggcetgaaagt
gtaa

This sequence contains a 5’ start codon (atg) and 3’stop codon (taa), but could be any
stop codons (TTA, TGA, TAG).

SEQ ID NO: 14 (HA-GCN4p1-gl4-IETDV)
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atgtatccgtatgatgtgccggattatgcgggcagecgcatgaaacagetggaagataaagtggaagaactgctgagce
aaaaactatcatctggaaaacgaagtggcgegcectgaaaaaactggtgggecggeggeggcagcatcgagaccgac

gtgtaa

This sequence contains a 5’ start codon (atg) and 3 stop codon (taa), but could be any
stop codons (TTA, TGA, TAG).

SEQ ID NO: 15 (HA-GCN4p1(7P14P)-gl4-IETDV)
atgtatccgtatgatgtgccggattatgcgggcagcecgcatgaaacagetggaaccgaaagtggaagaactgetgecg
aaaaactatcatctggaaaacgaagtggcgegcectgaaaaaactggtgggecggeggeggcagcatcgagaccgac

gtgtaa

This sequence contains a 5’ start codon (atg) and 3’stop codon (taa), but could be any
stop codons (TTA, TGA, TAG).

SEQ ID NO: 16 (HA-GCN4p1-gl4-RRTTPV)
atgtatccgtatgatgtgccggattatgcgggcagecgcatgaaacagctggaagataaagtggaagaactgctgagce
aaaaactatcatctggaaaacgaagtggcgcegcectgaaaaaactggtgggecggecggcggcagcagaagaaccace

ccigtgtaa

This sequence contains a 5’ start codon (atg) and 3 stop codon (taa), but could be any
stop codons (TTA, TGA, TAG).

SEQ ID NO: 17 (HA-GCN4p1(7P14P)-gl4-RRTTPV)
atgtatccgtatgatgtgccggattatgcgggcagecgcatgaaacagetggaaccgaaagtggaagaactgetgecg
aaaaactatcatctggaaaacgaagtggcgcegcectgaaaaaactggtgggcggecggcggcagcagaagaaccace

ccigtgtaa

This sequence contains a 5’ start codon (atg) and 3’stop codon (taa), but could be any
stop codons (TTA, TGA, TAG).

SEQ ID NO: 18 (HA-GCN4p1-gl4-YKQTSV)
atgtatccgtatgatgtgccggattatgcgggcagecgcatgaaacagctggaagataaagtggaagaactgctgagce
aaaaactatcatctggaaaacgaagtggcgegcectgaaaaaactggtgggecggeggeggcagcetacaagcagacce

agcgtgtaa
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This sequence contains a 5’ start codon (atg) and 3’stop codon (taa), but could be any
stop codons (TTA, TGA, TAG).

SEQ ID NO: 19 (HA-GCN4p1(7P14P)-gl4-YKQTSV)
atgtatccgtatgatgtgccggattatgcgggcagecgcatgaaacagetggaaccgaaagtggaagaactgetgecg
aaaaactatcatctggaaaacgaagtggcgegcectgaaaaaactggtgggecggeggeggcagcetacaagcagacce

agcgtgtaa

This sequence contains a 5’ start codon (atg) and 3'stop codon (taa), but could be any
stop codons (TTA, TGA, TAG).

SEQ ID NO: 20: (SSO10A- gl4-HWLKV)
atgtatccgtatgatgtgccggattatgcgggcagcggcegaggagcetgctggaggacatcaggaagticaacgagatg
aggaagaacatggaccagctgaaggagaagatcaacagcgtgctgagcatcaggcagggecggceggeggeageca
ttggctgaaagtgtaa

This sequence contains a 5’ start codon (atg) and 3 stop codon (taa), but could be any
stop codons (TTA, TGA, TAG).

SEQ ID NO: 21: (tdTomato)

atggtgagcaagggcgaggaggtcatcaaagagttcatgcgceticaaggtgegcatggagggceticcatgaacggceca
cgagttcgagatcgagggcgagggcgagggccgcccctacgagggcacccagaccgccaagctgaaggtgacca
agggcggccccctgeccticgectgggacatcctgtccccccagttcatgtacggctccaaggegtacgtgaagcacce
cgccgacatccccgattacaagaagctgtecttccccgagggcttcaagtgggagegcegtgatgaacticgaggacgg
cggtctggtgaccgtgacccaggactcctccctgcaggacggcacgcetgatctacaaggtgaagatgcgeggcaccaa
cttccecececccgacggceccegtaatgcagaagaagaccatgggetgggaggectccaccgagegectgtaccececegeg
acggcgtgctgaagggcegagatccaccaggcecctgaagctgaaggacggceggcecactacctggtggagttcaagac
catctacatggccaagaagcccgtgcaactgcccggctactactacgtggacaccaagctggacatcacctcccacaa
cgaggactacaccatcgtggaacagtacgagcgctccgagggecgccaccacctgttcctggggcatggcaccggcea
gcaccggcagcggcagctccggcaccgcectecctccgaggacaacaacatggecgtcatcaaagagttcatgegcttc
aaggtgcgcatggagggctccatgaacggccacgagticgagatcgagggcgagggecgagggecgeccctacgag
ggcacccagaccgccaagctgaaggtgaccaagggcggcecccctgeccticgectgggacatcctgtccccecagttc
atgtacggctccaaggcegtacgtgaagcaccccgcecgacatcceccgattacaagaagctgtecticcccgagggctica

agtgggagcgcgtgatgaactticgaggacggcggtctggtgaccgtgacccaggactcctcecctgcaggacggcacg
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ctgatctacaaggtgaagatgcgcggcaccaacttcccccccgacggecccgtaatgcagaagaagaccatgggctg
ggaggcctccaccgagcegcectgtacccccgegacggegtgctgaagggcegagatccaccaggecctgaagetgaag
gacggcggccactacctggtggagticaagaccatctacatggccaagaageccgtgcaactgccecggcetactactac
gtggacaccaagctggacatcacctcccacaacgaggactacaccatcgtggaacagtacgagcegcetccgagggec

gccaccacctgttcctgtacggcatggacgagctigtacaagtaa

This sequence contains a 5’ start codon (atg) and 3 stop codon (taa), but could be any

other stop codons

Amino acid sequence
SEQ ID NO: 6 (GCN4p1-GS4-DATC5)
RMKQLEDKVEELLSKNYHLENEVARLKKLY-GGGGS-HWLKV

SEQ ID NO: 7: HA-tag
YPYDVPDYA

SEQ ID NO: 8: WT GCN4 PDB:2ZTA (GCN4p1 fragment)
RMKQLEDKVEELLSKNYHLENEVARLKKLV

SEQ ID NO: 9: gLinker region (GS4 or gl4)
GGGGS

SEQ ID NO: 10. (DATCS5 or C5)
HWLKV

SEQID NO: 11.

21257232475
wherein:
Z4 is a proteogenic or non-proteogenic amino acid, preferably H, L, V, |,
A; or is absent;
Z; is a proteogenic or non-proteogenic amino acid, preferably W, F, S, T;
or is absent;
Z3 is a proteogenic or non-proteogenic amino acid, preferably L, V, |,
F,AY;

Z4 is a proteogenic or non-proteogenic amino acid, preferably K, R, S, T;
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and
ZsisV, |, LorC.

SEQID NO: 12.
L-[X]e-L-[X]e-L-[X]6-L

wherein X is individually selected from any proteinogenic or non-proteinogenic amino

acid residue.

SEQ ID NO: 22.

VAVLYLYIVE

wherein:

Zyis H, L, V, I, A; oris absent;
Zyis W, F, S, T; oris absent;
ZsisL,V,I,F,AorY;
ZiisK,R,SorT,; and

Zsis V, |, L or C.

SEQ ID NO: 23.

VAVLYLYIVE

wherein:

Z1isH, L, V,lorA;
ZyisW,F,SorT,
ZsisL,V,I,F,AorY;
Z4is K, R, SorT; and
Zsis V, |, L or C.

SEQ ID NO: 24.

VAVLYLYIVE

wherein:

Zyis H, V, lor A;
Zris W, ForS;
ZsisL,Vorl;
Z4is K, R, S; and
Zsis Vor C.

PCT/EP2019/078736
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SEQID NO: 25.

21257232475
wherein:
Zyis H, VorA;
Zyis WorS;
ZsisL,Vorl;
Zsis Kor R; and
Zsis V.

SEQ ID NO: 26 (HA-GCN4p1-GS4-DATCS5)
YPYDVPDYAGSRMKQLEDKVEELLSKNYHLENEVARLKKLV-GGGGS-HWLKV

SEQ ID NO: 27 (GCN4p1(7P14P) or 7P14P)
RMKQLEPKVEELLPKNYHLENEVARLKKLV

SEQ ID NO: 28 (GCN4p1(7P14P)-GS4-DATC5 or 7P14P-GS4-C5 or GCN4-GS4-
7P14P)

RMKQLEPKVEELLPKNYHLENEVARLKKLV-GGGGS-HWLKV

SEQ ID NO: 29
IETDV

SEQ ID NO: 30 (GCN4-GS4-IETDV)
RMKQLEDKVEELLSKNYHLENEVARLKKLV-GGGGS-IETDV

SEQ ID NO: 31 (GCN41p(7P14P)-GS4-IETDV)
RMKQLEPKVEELLPKNYHLENEVARLKKLV-GGGGS-IETDV

SEQ ID NO: 32
RRTTPV

SEQ ID NO: 33 (GCN4p1-GS4-RRTTPV)
RMKQLEDKVEELLSKNYHLENEVARLKKLV-GGGGS-RRTTPV

SEQ ID NO: 34 (7P14P-GS4-RRTTPV)
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RMKQLEPKVEELLPKNYHLENEVARLKKLV-GGGGS-RRTTPV

SEQ ID NO: 35
YKQTSV

SEQ ID NO: 36 (GCN4p1-GS4-YKQTSV)
RMKQLEDKVEELLSKNYHLENEVARLKKLV-GGGGS-YKQTSV

SEQ ID NO: 37 (7P14P-GS4-YKQTSV)
RMKQLEPKVEELLPKNYHLENEVARLKKLV-GGGGS-YKQTSV

SEQ ID NO: 38 (GCN4-GS4-GS4)
RMKQLEDKVEELLSKNYHLENEVARLKKLV-GGGGS-GGGGS

SEQ ID NO: 39 (GCN4-GS4-V-to-D)
RMKQLEDKVEELLSKNYHLENEVARLKKLV-GGGGS-HWLKD

SEQ ID NO: 40
KVDSV

SEQ ID NO: 41
GKDYV

SEQ ID NO: 42
RKDYV

SEQ ID NO: 43
TAEMF

SEQ ID NO: 44
QEDGA

SEQ ID NO: 45 (04 helix of the SSO10a protein)
GEELLEDIRKFNEMRKNMDQLKEKINSVLSIRQ

PCT/EP2019/078736
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SEQ ID NO: 46: (SSO10a-GS4-HWLKYV)
GEELLEDIRKFNEMRKNMDQLKEKINSVLSIRQ-GGGGS-HWLKV

SEQ ID NO: 47
L-VKAEHG-L-DKVEEQ-L-EVARAK-L

SEQ ID NO: 48 (gLinker3)
GGGS

SEQ ID NO: 49 (gLinker5)
GGGGSG

SEQ ID NO: 50 (gLinker6)
GGGGSGG

Synonyms
The terms HWLKV, DATC5, and C5 refer to the same peptide having the amino acid
sequence of SEQ ID NO: 10.

The terms GCN4, p1GCN4, and GCN4p1 refer to the same peptide having the amino
acid sequence of SEQ ID NO: 8.

The terms glinker4, gl4, and GS4 refer to the same peptide having the amino acid
sequence of SEQ ID NO: 9.

The terms containing 7P14P refers to a peptide comprising the amino acid sequence of
SEQ ID: 27

The terms GCN4-GS4-DATC5, GCN4-GS4-C5, GCN4-GS4-HWLKV, GCN4p1-GS4-
DATC5, GCN4p1-GS4-C5, and GCN4-GS4-HWLKYV, p1GCN4-GS4-C5 or GCN4-gl4-
HWLKYV, refer to the same peptide having the sequence of SEQ ID NO: 6

GCN4p1(7P14P)-GS4-DATC5, 7P14P-GS4-C5 and GCN4-GS4-7P14P refer to the
same peptide having the sequence of SEQ ID NO: 28.
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. A polynucleotide comprising a sequence encoding upon expression a

polypeptide comprising:

a) a first polypeptide part comprising or consisting of an amino acid sequence
capable of forming a dimer; and

b) a second polypeptide part comprising or consisting of an amino acid
sequence selected from the group consisting of Class | PDZ domains binding
motifs (PBM), Class ||l PBM and Class Il PBM,

wherein the first and the second polypeptides are optionally operably linked via

a linker.

. The polynucleotide according to claim 1, wherein the second polypeptide part is

a Class || PBM comprising or consisting of a sequence W-¥-W, wherein ¥ is any
proteinogenic amino acid and W is any hydrophobic amino acid, such as

consisting of or comprising the sequence HWLKYV.

. The polynucleotide according to any one of the preceding claims, wherein the

first polypeptide part is selected from the group consisting of GCN4p1,
GCN4p1(7P14P), and SSO10a.

. The polynucleotide according to any one of the preceding claims, wherein the

optional linker is a glycine serine linker selected from the group consisting of
GGGGS (glinkerd), GGS (gLinker2), GGGS (gLinker3), GGGGSG (gLinkerb),
GGGGSGG (gLinker6).

. The polynucleotide according to any one of the preceding claims, wherein the

second polypeptide is consisting of or comprising a sequence selected from the
group consisting of Z-¥-W, W-¥-Ww  and ®-¥-W, wherein

> is Thr or Ser;

¥ is any proteinogenic amino acid;

Y is any hydrophobic amino acid; and

@ is Asp or Glu.

. The polynucleotide according to any one of the preceding claims, wherein the

second polypeptide part is a Class | PBM comprising or consisting of a
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sequence of Z-¥-W, wherein Z is Thr or Ser, ¥ is any proteinogenic amino acid
and W is any hydrophobic amino acid, such as consisting of or comprising a
sequence selected from the group consisting of IETDV, RRTTPV, and
YKQTSV.

. The polynucleotide according to any one of the preceding claims, wherein the

second polypeptide part is a Class Ill PBM comprising or consisting of a
sequence of ®»-¥-W, wherein ® is Asp or Glu, ¥ is any proteinogenic amino acid
and W is any hydrophobic amino acid, such as consisting of or comprising a
sequence selected from the group consisting of KYDSV, GKDYV, RKDYYV,
TAEMF and QEDGA.

. The polynucleotide according to any one of the preceding claims, wherein the

second polypeptide part is comprising or consisting of an amino acid sequence
of the general formula (I1):
21252372475 (SEQ ID NO: 23);

wherein:

ZiisH, L, V, |, A;

Z,isW,F, T,S;

Zsis L, V, I, F,AY;

Z4K, R, T, S; and

Zsis V, I, LorC.

. The polynucleotide according to any one of the preceding claims, wherein the

second polypeptide part is comprising or consisting of an amino acid sequence
of the general formula (Il):
2125232475 (SEQ ID NO: 25);

wherein:

Zyis H, V, A;

ZrisWorS;

Zsis L, V, I

ZisKorR;and

Zsis V.
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15.

16.

17.
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The polynucleotide according to any one of the preceding claims, wherein the

polypeptide further comprises a cell penetrating peptide (CPP).

The polynucleotide according to any one of the preceding claims, wherein the

first polypeptide further comprises a tag.

The polynucleotide according to any one of the preceding claims, wherein the

second polypeptide binds to a PDZ domain.

The polynucleotide according to any one of the preceding claims, wherein the
second polypeptide is capable of inhibiting a protein-protein interaction with the
PDZ domain, such as the interaction between AMPAR and PICK1, between
cytosolic kinases and PICK1, between synaptic scaffold proteins and PICK1,
between membrane embedded proteins and PICK1, between NMDAR and
PSD-95, between membrane embedded proteins and PSD-95, or between
synaptic scaffold proteins and PSD-95.

The polynucleotide according to any one of the preceding claims, wherein the
second polypeptide inhibits the PDZ domain, such as inhibits PICK1, PSD-95,
Shank1, Shank2, Shank3, nNOS, syntenin, GRIP, MAGI1, MAGI2, MAGI3,
PSD-93, DLG1, ZO-1, Frizzled, PARS3, or PARG6, Mint1, or CASK.

The polynucleotide according to any one of the preceding claims, wherein
polypeptide has a Ki for the PDZ domain below 25 M, such as below 10 M,
such as below 5 uM, such as below 1 yM, such as below 800 nM, such as
below 600 nM, such as below 400 nM, such as below 300 nM, such as below
200 nM, such as below 160 nM, such as below 150 nM, such as below 140 nM,
such as below 130 nM, such as below 120 nM, such as below 110 nM, such as
below 100nM, such as below 90 nM, such as below 80 nM, such as below
70nM.

The polynucleotide according to any one of the preceding claims further

comprising a promoter sequence.

The polynucleotide according to claim 16, wherein said promoter is a human

Synapsin1 promoter.



10

15

20

25

30

35

WO 2020/083916 PCT/EP2019/078736

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

81

An expression vector comprising the polynucleotide according to any of the

preceding claims.

The expression vector according to claim 18, wherein the expression vector is

an adeno associated vector (AAV).

The expression vector according to any of claim 18 to 19, wherein said vector is

functional in mammalian cells.

The expression vector according to claim 20, wherein the mammalian cell is a

neural cell.

A polypeptide encoded by the polynucleotide, or the expression vector

according to any one of the preceding claims.

A host cell comprising the polynucleotide, the expression vector or polypeptide

according to any one of the preceding claims.

The polynucleotide, the expression vector, the polypeptide and/or the cell

according to any one of the preceding claims, for use as a medicament.

The polynucleotide, the expression vector, the polypeptide and/or the cell
according to any one of claims 1 to 23 for use in the prophylaxis and/or
treatment of a disease and/or disorder associated with maladaptive plasticity

and/or transmission.

The polynucleotide, the expression vector, the polypeptide and/or the cell for
use according to claim 25, wherein the disease and/or disorder associated with
maladaptive plasticity and/or transmission is selected from the group consisting
of neuropathic pain, drug addiction, ischemia, Alzheimer’s disorder, Parkinson’s
disease, amyotrophic lateral sclerosis, hearing disorders (e.g. tinnitus),

migraine, epilepsy, Alzheimer’s disease and Parkinson’s disease.

The polynucleotide, the expression vector, the polypeptide and/or the cell
according to any one of claims 1 to 23, for use in the prophylaxis and/or

treatment of pain in a subject.



10

15

20

WO 2020/083916 PCT/EP2019/078736

28.

29.

30.

31.

32.

82

The polynucleotide, the expression vector, the polypeptide and/or the cell for
use according to claim 27, wherein the pain is inflammatory pain or neuropathic

pain.

The polynucleotide, the expression vector, the polypeptide and/or the cell
according to any one of claims 1 to 23, for use in the prophylaxis and/or

treatment of drug addiction.

The polynucleotide, the expression vector, the polypeptide and/or the cell for
use according to claim 29, wherein the drug addiction is cocaine addiction,

opioid addiction or morphine addiction.

The polynucleotide, the expression vector, the polypeptide and/or the cell for
use according to claim 25, wherein the disease and/or disorder associated with

maladaptive plasticity and/or transmission is Alzheimer’s disease.

The polynucleotide, the expression vector, the polypeptide and/or the cell for
use according to claim 25, wherein the disease and/or disorder associated with

maladaptive plasticity and/or transmission is cancer, such as breast cancer.
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Fig. 11
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Fig. 12 (Contd.)
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Fig. 13
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Fig 16 (Contd.)
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Fig. 18

O Beta-amyloid + AAV-EGFP
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