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DESCRIPTION

BACKGROUND

[0001] The N-methyl D-aspartic acid receptor (NMDAR) complex includes more than 60
proteins [4]. The NMDAR complex has been reported to be associated with several
neurological diseases and disorders, including stroke, neurotrauma, neurodegenerative
diseases, memory and long term potentiation, optical and aural neuropathies, pain, and more.
However, several attempts to inhibit the NMDAR complex directly have failed in the clinic
because of excessive side effects.

[0002] Post-synaptic Density protein 95 kD (PSD95) binds directly to the C-terminal NR2
subunits of the NMDAR [11] via its first two PDZ domains, PDZ1 and PDZ2 [12]. It has been
reported that that disrupting the interaction between PSD95 and NMDAR can protect animals
from the damaging effects of stroke without blocking the electrical and calcium flux activities of
the NMDAR[13].

[0003] NADH dehydrogenase subunit 2 (ND2) has been reported to associate with the
tyrosine kinase Src (see Fig. 1A). Src is one of several Src family kinases (SFKs) in the
NMDAR complex (i.e. Src, Fyn, Lyn and Yes) [5-7]. Src is involved in the control of many
functions, including cell adhesion, growth, movement and differentiation. Src is widely
expressed in many cell types, and can have different locations within a cell. It appears that the
subcellular location of Src can affect its function. Src can associate with cellular membranes,
such as the plasma membrane, the perinuclear membrane and the endosomal membrane. At
the plasma membrane, Src can transduce signals from a variety of receptors to internal
signalling pathways that convey these signals to the nucleus, cytoskeleton and other cellular
components. For example, Src can act through the growth factor receptors to affect cell growth
and proliferation.

[0004] A presumed molecular arrangement between NMDARs, Src and ND2 has been
presented in of Liu et al., Nat Med 2008, in which Src is assumed to interact with NMDARSs via
ND2 which acts as an adapter protein. ND2 anchors Src to the N-methyl-d-aspartate (NMDA)
receptor complex in postsynaptic densities (PSDs) to regulate NMDA receptor activity. It has
been reported a fragment of Src termed Src 40-49-Tat can inhibit interactions between Src and
ND2 at excitatory synapses in the brain, reducing phosphorylation of NR2B subunits and
modulating pain [1, 2, 3].

SUMMARY OF THE CLAIMED INVENTION

[0005] The invention provides an ND2 peptide having no more than 20 residues identical to
residues of SEQ ID NO:60, that includes residues 310-321 of SEQ ID NO:60 and inhibits ND2
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interaction with Src. Optionally, the ND2 peptide consists of amino acids 310-321. Any of these
ND2 peptides can be lipidated, for example, by being linked to a fatty acid. Preferably an ND2
peptide is myristoylated. Any of these ND2 peptides can be linked to an internalization peptide
at the N-terminus or C-terminus of the ND2 peptide, for example as a fusion protein. The
internalization peptide can include at least 5 arginine or lysine residues and has a total length
of up to 15 amino acids. The internalization peptide can be a Tat peptide.

[0006] The invention provides a chimeric peptide up to 50 amino acids in length. The peptide
comprises an ND2 peptide of the present invention. The ND2 peptide is linked to an
internalization peptide and/or the ND2 peptide is lipidated. Optionally, the chimeric peptide is
up to 25 amino acids in length. Optionally, the ND2 peptide has an amino acid sequence
consisting of 12-20 contiguous residues between amino acids 289 and 321 of SEQ ID NO:60.
Optionally, the ND2 peptide consists of amino acids 310-321 of SEQ ID NO:60. Optionally, the
ND2 peptide has an amino acid sequence consisting of amino acids 310 to 321 of SEQ ID
NO:60. Optionally, the internalization peptide is linked to the N-terminus of the ND2 peptide.
Optionally, the internalization peptide is linked to the C-terminus of the ND2 peptide. Optionally,
the internalization peptide and ND2 peptide are linked as a fusion peptide. Optionally, the
internalization peptide includes at least 5 arginine or lysine residues and has a total length of
up to 15 amino acids. Optionally, the internalization peptide is a Tat peptide. Disclosed is also
an ND2 peptide having 12-40 residues identical to residues of SEQ ID NO:60 of which at least
12 of the residues are contiguous residues between amino acids 289-321 of SEQ ID NO:60.

[0007] The ND2 peptide of the present invention can be used in a method of treating or
effecting prophylaxis of a neurological disease or disorder, comprising administering an
effective regime of the ND2 peptide to a patient having or at risk of developing a neurological
disorder. Optionally, the neurological disease or disorder is stroke, traumatic injury to the CNS,
epilepsy, anxiety, or a neurodegenerative disease.

[0008] The ND2 peptide of the present invention can further be used in a method of treating
or effecting prophylaxis of pain, comprising administering an effective regime of the ND2
peptide to a patient having or at risk of developing pain. Optionally, the pain is neuropathic or
inflammatory pain.

[0009] The ND2 peptide of the present invention can further be used in a method of treating
or effecting prophylaxis of cancer, comprising administering an effective regime of the ND2
peptide to a patient having or at risk of developing cancer.

[0010] The ND2 peptide of the present invention can further be used in a method of
identifying an agent that inhibits ND2-Src interaction, comprising contacting a Src peptide and
ND2 peptide with an agent; and determining binding between the Src peptide and ND2
peptide, wherein reduced binding in the presence of the agent relative to a control assay
lacking the agent indicates the agent is an inhibitor of Src-ND2 interaction; wherein the agent is
an ND2 peptide as defined above or anywhere herein.



DK/EP 2621945 T3

[0011] The ND2 peptide of the present invention can further be used in a method of
identifying an agent that inhibits Src-ND2 interaction, comprising contacting a Src peptide and
an ND2 peptide as defined above with an agent; and determining binding between the Src
peptide and ND2 peptide, wherein reduced binding in the presence of the agent relative to a
control assay lacking the agent indicates the agent is an inhibitor of Src-ND2 interaction. Such
a method can also include testing the agent for pharmacological activity against a neurological
disease, pain or cancer in an animal model of one of neurological disease, pain or cancer.

BRIEF DESCRIPTION OF THE FIGURES

[0012]

Figures 1A, B, C: ND2 interacts with Src. A. Cartoon depicting the interactions in the Src-ND2-
NMDAR Complex. B. Structure of different ND2 sequences design to identify the Src-
interacting domain. C: Dot blot demonstrating that the Src-interacting sequences of ND2 reside
between amino acids 239 and 321.

Figures 2A, B, C: A. Structure of ND2 fragments used in the experiment, with numbers
representing amino acids relative to full length ND2. B. Dot blot demonstrating that biotinylated
Src 40-58, but not the scrambled sSRC 40-58, can bind to ND2, ND2.1 and ND 2.1.4 better
than ND2.1.3. C. ELISA demonstrating ND2, ND2.1 and ND2.1.4 can all bind biotinylated Src
40-58.

Figures 3A-C: A. Sequence of ND2 constructs assessed for binding to Src 40-58. B. Dot blot
showing binding of ND2 sequences to Src 40-58. C. ELISA demonstrating binding of ND2
constructs to Src 40-58 but not to a scrambled control.

Figures 4A, B: Dot blots of ND2 fragments demonstrating binding to Src 40-58, with strong
binding from ND2 310-321, ND2 307-318, and ND2 310-318. B. ELISA demonstrating binding
of ND2 constructs to Src 40-58.

Figures 5A-E: A. Dot blot demonstrating biotinylated ND2 310-321 can bind to Src 40-49 and
versions of Src 40-49 with Tat at the amino or carboxy terminal end. B. ELISA demonstrating
the same including binding to Src 40-58. C. ELISA assay demonstrating Src 40-49 can bind
Tat-ND2 310-321. D-E. ELISA assays demonstrating Src 40-49 and Tat Src 40-49 can compete
for binding to ND2 310-321 or Tat ND2 310-321.

Figure 6: ELISA assay demonstrating Src 40-58 is able to bind Tat-ND2 310-321 more strongly
than ND2 310-321.

Figure 7: ELISA demonstrating Tat-ND2 310-321 is able to compete for binding against Src 40-
49 bound to ND2 310-321.

Figures 8A, B: Quantification of the co-localization of ND2 with Src in 14DIV hippocampal
neurons with and without treatment with Tat-ND2 310-321 or Src 40-49-Tat.
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Figures 9A-F: Quantification of the co-localization of proteins in the NMDAR complex in 14DIV
hippocampal neurons with and without treatment with Tat-ND2 310-321 or Src 40-49-Tat. A.
ND2 with NR2B. B. NR2B with ND2. C. ND2 with PSD95. D. PSD95 with ND2. E. NR2B with
PSD95. F. PSD95 with NR2B.

Figure 10: Quantification of the co-localization of Src and NMDAR 2B in 14DIV hippocampal
neurons with and without treatment with Tat-ND2 310-321 or Src 40-49-Tat.

Figure 11: Quantification of the co-localization of Src and PSD95 in 14DIV hippocampal
neurons with and without treatment with Tat-ND2 310-321 or Src 40-49-Tat.

Figures 12A-E. Immunoprecipitation experiments from rat brain lysates showing that antibodies
against ND2, Src, PSD95, NR2B and NR1 can all immunoprecipitate a complex containing the
other proteins.

Figures 13A-D. A. Immunoprecipitation using anti-NR2B antibody from 14DIV hippocampal
neurons that have been treated with control, Tat-ND2 310-321 or Src 40-49-Tat at 1 uM for 1
hour. B. Same, treated with 3 uM for 2 hours. C. Repeat of A using the indicated antibody for
IP. D. Similar to A, using anti-PSD95 as the immunoprecipitation antibody.

Figures 14A, B: ND2 310-321 inhibits PACAP-enhanced NMDA-evoked currents but Src 40-49
does not.

Figure 15: Co-immunoprecipitation using anti-NR2B antibodies from rat brains subjected to
3PVO or 3PVO and treatment with 3 uM Tat-ND2 310-321. C - contralateral brain extract; | -
ipsilateral brain extract. Labels indicate the detection antibody used, and P-Tys indicates an
antibody against phosphorylated tyrosine 100 of Src.

Figures 16A, B: Co-immunoprecipitations using either anti PSD95 or anti NR2B antibodies,
demonstrating the status of proteins with the NR2B complex in the presence or absence of
Src-Tat or Tat-ND2.

Figure 17: Treatment with Tat-ND2 310-321 reduces pain hypersensitivity in a model of CFA-
induced pain.

Figure 18: Infarct sizes of rats subjected to 3PVO in the presence of Tat-NR2B9c¢, src40-49-
Tat, or Tat-ND2 310-321.

Figure 19: Sequence of ND2, with predicted membrane topology. The location of 310-321 is
highlighted and predicted to be intracellular.

Figure 20: Effect of Tat-ND2, myristoylated ND2 and NA-1(also known as Tat-NR2B9c¢) on
blood pressure when injected intravenously into rats at high concentrations.

Figure 21: Graph depicting the minimum blood pressure (maximum blood pressure drop)
observed following intravenous injection of NA-1, Tat-ND2 or myr-ND2.

Figure 22: Graph demonstrating the effect of Tat-ND2, myr-ND2 and myr2-ND2 in protecting
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the rat brain against stroke as induced in the 3PVO model when given intravenously 1 hour
after the onset of the stroke.

Figure 23: Graphs demonstrating that two different concentrations of myr-ND2 are able to
significantly reduce pain by measuring allodynia by paw withdrawal threshold in animals
subjected to peripheral nerve injury.

DEFINITIONS

[0013] A "chimeric peptide" means a peptide having two component peptides not naturally
associated with one another joined to one another as a fusion protein or by chemical linkage.

[0014] A "fusion" protein or polypeptide refers to a composite polypeptide, ie., a single
contiguous amino acid sequence, made up of sequences from two (or more) distinct,
heterologous polypeptides which are not normally fused together in a single polypeptide
sequence.

[0015] Agents are usually provided in isolated form. Isolated means that an object species
(e.g., a peptide) has been at least partially separated from contaminants with which it is
naturally associated or which are used in its manufacture but does not necessarily exclude the
presence of other components intended to act in combination with an isolated species, such as
an internalization peptide or pharmaceutical excipient. Preferably an agent is the predominant
macromolecular (e.g., polypeptide) species present in a sample (i.e., on a molar basis in a
composition and typically comprises at least about 50 percent (on a molar basis) of all
macromolecular species present. Generally, an isolated pharmacologic agent comprises more
than 80 to 90 percent of all macromolecular species present in a composition. Most preferably,
a pharmacological agent is purified to essential homogeneity (i.e., contaminant species cannot
be detected in a composition by conventional detection methods), such that the composition
consists essentially of a single macromolecular species.

[0016] The term "specific binding" refers to binding between two molecules, for example, a
ligand and a receptor, characterized by the ability of a molecule (ligand) to associate with
another specific molecule (receptor) even in the presence of many other diverse molecules,
i.e., to show preferential binding of one molecule for another in a heterogeneous mixture of
molecules. Specific binding of a ligand to a receptor is also evidenced by reduced binding of a
detectably labeled ligand to the receptor in the presence of excess unlabeled ligand (i.e., a
binding competition assay). Specific binding can be the result of formation of bonds between
particular functional groups or particular spatial fit (e.g., lock and key type) whereas nonspecific
binding is usually the result of van der Waals forces.

[0017] Excitotoxicity is the pathological process by which neurons are damaged and killed by
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the overactivation of glutamate receptors, such as NMDA receptors.

[0018] The term "patient" or "subject" includes humans and other mammals, particularly,
rodents, cats, dogs, ungulates, porcines and nonhuman primates.

[0019] The term "agent" includes any element, compound, or entity that has or may have
pharmacologic activity. Agents can be biologies (e.g., peptides, peptidomimetics, or antibodies)
or organic small molecules (usually less than 500 Da) among others. Agents can be products
of nature or synthetic compound. Agents include compounds that are known (i.e., approved by
FDA or similar body in other countries) drugs, compounds for which pharmacological activity
has been identified but which are undergoing further evaluation, or compounds that being
screened for a pharmacologic activity.

[0020] An agent can be described as having pharmacological activity if it exhibits an activity in
a screening system that indicates that the active agent is or may be useful in the prophylaxis or
treatment of a disease. The screening system can be in vitro, cellular, animal or human.
Agents can be described as having pharmacological activity notwithstanding that further testing
may be required to establish actual prophylactic or therapeutic utility in treatment of a disease.

[0021] Unless otherwise apparent from the context, reference to an agent means the agent or
pharmacological agent either alone or linked to an internalization peptide.

[0022] A Tat (or TAT or tat) peptide means a peptide comprising or consisting of
GRKKRRQRRR (SEQ ID NO:1), in which no more than 5 residues are deleted, substituted or
inserted within the sequence, which retains the capacity to facilitate uptake of a linked peptide
or other agent into cells. Preferably any amino acid changes are conservative substitutions.
Preferably, any substitutions, deletions or internal insertions in the aggregate leave the peptide
with a net cationic charge, preferably similar to that of the above sequence. The amino acids of
a Tat peptide can be derivatized with biotin or similar molecule to reduce an inflammatory
response.

[0023] Statistically significant refers to a p-value that is < 0.05, preferably < 0.01 and most
preferably < 0.001.

[0024] When a peptide or amino acid sequence is said to occur within a range or amino acids,
the peptide can include the beginning and end point defining the range as well as amino acids
in between.

[0025] For purposes of classifying amino acid substitutions as conservative or
nonconservative, amino acids may be grouped as follows: Group | (hydrophobic side chains);
met, ala, val, leu, ile; Group Il (neutral hydrophilic side chains): cys, ser, thr; Group Il (acid
side chains): asp, glu; Group IV (basic side chains): asn, gin, his, lys, arg; Group V (residues
influencing chain conformation): gly, pro; and Group VI (aromatic side chains): trp, tyr, phe.
Conservative substitutions involve substitutions between amino acids in the same group. Non-



DK/EP 2621945 T3

conservative substitutions constitute exchanging a member of one of these groups for a
member of another.

[0026] A peptide is maximally aligned with a reference sequence when the number of exact
matches between the peptide and the reference sequence is maximized. Aligned can be
performed by eye. Alternatively, Software for performing BLAST analyses is publicly available
through the National Center for Biotechnology Information (http://www.ncbi.nim.nih.gov/).
Typically, default program parameters can be used. For amino acid sequences, the BLASTP
program uses as defaults a wordlength (W) of 3, an expectation (E) of 10, and the BLOSUM®62
scoring matrix (see Henikoff & Henikoff, Proc. Natl. Acad. Sci. USA 89, 10915 (1989)).

[0027] A peptide occurring within a specified range of amino acids can include a peptide
including either or both amino acids defining the limits of the range as well as a peptide
including only amino acids in between the amino acids defining the range.

DETAILED DESCRIPTION

l. GENERAL

[0028] The invention is based in part on identifying a core region of ND2 responsible for
interacting with Src to within residues 289-321 of ND2 and more particularly residues 310-321
of ND2. Peptides including, overlapping or from within this region can be used to inhibit ND2
interaction with Src. Inhibition of this interaction is useful for treatment or prophylaxis of
neurological diseases and disorders, pain and cancer.

Il. PROTEINS

[0029] Unless otherwise apparent from the context, ND2 protein refers to a natural human
form of ND2, for which an exemplary sequence is assigned Swiss Prot P03891 and reproduced
below and in Fig. 19. The initial M residue can be cleaved off. About 20 single amino acid

natural variants of the sequence are listed in the Swiss-Prot database.
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o o0 30 350
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LLLPIS PFMIMIL (SEQ ID NO:60)

[0030] Likewise unless otherwise indicated, Src means a natural human sequence of Src,
such as is provided by Swiss-Prot. P12931 with or without the first Met residue.

Il AGENTS

[0031] Agents of the invention include ND2 peptides having no more than 20 residues
identical to residues of SEQ ID N0:60 and including or preferably consisting of residues 310-
321 of the ND2 protein (SEQ ID NO:60). An ND2 peptide preferably binds to a Src protein
within the unique domain at a site approximately including or within amino acids 40-49 of Src
and competitively inhibits interactions with ND2 protein and Src protein. ND2 peptides typically
have up to 12, 15 or 20 residues of SEQ ID NO:60 meaning that the designated number of
residues in the ND2 peptide are identical to corresponding residues in the full length ND2
sequence when maximally aligned with it. At least 12 of these residues are contiguous residues
within residues 289-321, namely residues 310-321 of ND2. Preferably peptides have 12-20
amino acids identical to corresponding residues from the ND2 sequence when maximally
aligned with it. Some ND2 peptides have an amino acid sequence consisting of 12-20
contiguous residues between amino acids 289 and 321 of SEQ ID NO:60. Some ND2 peptides
have an amino acid sequence consisting of 12 contiguous residues, namely amino acids 310-
321 of SEQ ID NO:60. Some ND2 peptides consist of residues 310-321 of SEQ ID NO:60.

[0032] Flanking amino acids unrelated to SEQ ID NO:60 can be linked to an ND2 peptide, for
examples, an internalization peptide, as discussed below, to facility membrane crossing, as
can a tag, such as biotin or GST, to assist in purification, identification or screening. Except for
unrelated flanking sequence of amino acids, any amino acids within an ND2 peptide differing
from SEQ ID NO:60, is preferably a conservative substitution relative to the corresponding
residue in SEQ ID NO:60. ND2 peptides having a sequence differing from SEQ ID NO:60 (not
including unrelated flanking sequences) preferably have no more than 6, 5, 4, 3, 2 or 1
deletions, insertions or substitutions relative to SEQ ID NO:60. ND2 peptides preferably have
no more than 40, 30, 20, 15, or 12 amino acids in total (not including unrelated flanking
sequences, such as an internalization peptide).

[0033] A peptidomimetic is a synthetic chemical compound which has substantially the same
structural and/or functional characteristics as an ND2 peptide consisting of natural amino acids
but has at least one non-peptide bond or at least one non-natural amino acid.

[0034] The peptidomimetic can contain entirely synthetic, non-natural analogues of amino
acids, or can be a chimeric molecule of partly natural peptide amino acids and partly non-
natural analogs of amino acids. A peptidomimetic can also incorporate any amount of natural
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amino acid conservative substitutions as long as such substitutions also do not substantially
alter the mimetic's structure and/or inhibitory or binding activity. In a peptidomimetic of a
chimeric peptide comprising an ND2 peptide and an internalization peptide, either the active
moiety or the internalization moiety or both can be a peptidomimetic.

[0035] Peptides of the invention and peptidomimetics can contain modified amino acid
residues for example, residues that are N-alkylated. N-terminal alkyl modifications can include
e.g., N-Methyl, N-Ethyl, N-Propyl, N-Butyl, N-Cyclohexylmethyl, N-Cyclyhexylethyl, N-Benzyl, N-
Phenylethyl, N-phenylpropyl, N-(3,4-Dichlorophenyl)propyl, N-(3,4-Difluorophenyl)propyl, and
N-(Naphthalene-2-yl)ethyl). Peptides or peptidomimetics can also be acetylated,
phosphorylated and/or glycosylated.

[0036] In some peptidomimetics, any amino acid naturally occurring in the L-configuration
(which can also be referred to as the R or S, depending upon the structure of the chemical
entity) can be replaced with the amino acid of the same chemical structural type or a
peptidomimetic, but of the opposite chirality, generally referred to as the D-amino acid, but
which can additionally be referred to as the R- or S-form. Thus, a peptidomimetic may include
1,2, 3, 4, 5, at least 50%, or all D-amino acid resides. A peptidomimetic containing some or all
D residues is sometimes referred to an "inverso" peptide.

[0037] Peptidomimetics also include retro peptides. A retro peptide has a reverse amino acid
sequence. Peptidomimetics also include retro inverso peptides in which the order of amino
acids is reversed from so the originally C-terminal amino acid appears at the N-terminus and
D-amino acids are used in place of L-amino acids.

[0038] Individual peptidomimetic residues can be joined by peptide bonds, other chemical
bonds or coupling means, such as, e.g., glutaraldehyde, N-hydroxysuccinimide esters,
bifunctional maleimides, N,N-dicyclohexylcarbodiimide (DCC) or N,N-diisopropylcarbodiimide
(DIC). Linking groups that can be an alternative to the traditional amide bond ("peptide bond")
linkages include, e.g., ketomethylene (e.g., -C(=0)-CH2- for - C(-O)-NH-), aminomethylene
(CH2-NH), ethylene, olefin (CH=CH), ether (CH2-0), thioether (CH2-S), tetrazole (CN4--),
thiazole, retroamide, thioamide, or ester (see, e.g., Spatola (1983) in Chemistry and
Biochemistry of Amino Acids, Peptides and Proteins, Vol. 7, pp 267-357, A Peptide Backbone
Modifications, Marcell Dekker, NY).

[0039] Mimetics of aromatic amino acids can be generated by replacing with e.g., D- or L-
naphylalanine; D- or L-phenylglycine; D- or L-2 thieneylalanine; D- or L-1, -2,3-, or 4-
pyreneylalanine; D- or L-3 thieneylalanine; D- or L-(2-pyridinyl)-alanine; D- or L-(3-pyridinyl)-
alanine; D- or L-(2-pyrazinyl)-alanine; D- or L-(4-isopropyl)-phenylglycine; D-(trifluoromethyl)-
phenylglycine; D-(trifluoromethyl)-phenylalanine; D-p-fluorophenylalanine; D- or L-p-
biphenylphenylalanine; K- or L-p-methoxybiphenylphenylalanine; D- or L-2-
indole(alkyl)alanines; and, D- or L-alkylainines, where alkyl can be substituted or unsubstituted
methyl, ethyl, propyl, hexyl, butyl, pentyl, isopropyl, iso-butyl, sec-isotyl, iso-pentyl, or a non-
acidic amino acids. Aromatic rings of a nonnatural amino acid include, e.g., thiazolyl,
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thiophenyl, pyrazolyl, benzimidazolyl, naphthyl, furanyl, pyrrolyl, and pyridyl aromatic rings.

[0040] Mimetics of acidic amino acids can be generated by substitution by, e.g., non-
carboxylate amino acids while maintaining a negative charge; (phosphono)alanine; sulfated
threonine. Carboxyl side groups (e.g., aspartyl or glutamyl) can also be selectively modified by
reaction with carbodiimides (R-N-C-N-R=) such as, e.g., 1-cyclohexyl-3(2-morpholinyl-(4-ethyl)
carbodiimide or 1-ethyl-3(4-azonia-4,4-dimetholpentyl) carbodiimide. Aspartyl or glutamyl can
also be converted to asparaginyl and glutaminyl residues by reaction with ammonium ions.

[0041] Mimetics of basic amino acids can be generated by substitution with, e.g., (in addition
to lysine and arginine) the amino acids ornithine, citrulline, or (guanidino)-acetic acid, or
(guanidino)alkyl-acetic acid, where alkyl is defined above. Nitrile derivative (e.g., containing the
CN-moiety in place of COOH) can be substituted for asparagine or glutamine. Asparaginyl and
glutaminyl residues can be deaminated to the corresponding aspartyl or glutamyl residues.

[0042] Arginine residue mimetics can be generated by reacting arginyl with, e.g., one or more
conventional reagents, including, e.g., phenylglyoxal, 2,3-butanedione, 1,2-cyclohexanedione,
or ninhydrin, preferably under alkaline conditions.

[0043] Tyrosine residue mimetics can be generated by reacting tyrosyl with, e.g., aromatic
diazonium compounds or tetranitromethane. N-acetylimidizol and tetranitromethane can be
used to form O-acetyl tyrosyl species and 3-nitro derivatives, respectively.

[0044] Cysteine residue mimetics can be generated by reacting cysteinyl residues with, e.g.,
alpha-haloacetates such as 2-chloroacetic acid or chloroacetamide and corresponding amines;
to give carboxymethyl or carboxyamidomethyl derivatives. Cysteine residue mimetics can also
be generated by reacting cysteinyl residues with, e.g., bromotrifluoroacetone, alpha-bromo-
beta-(5-imidozoyl) propionic acid; chloroacetyl phosphate, N-alkylmaleimides, 3-nitro-2-pyridyl
disulfide; methyl 2-pyridyl disulfide; p-chloromercuribenzoate; 2-chloromercuri-4 nitrophenol;
or, chloro-7-nitrobenzo-oxa-1,3-diazole.

[0045] Lysine mimetics can be generated (and amino terminal residues can be altered) by
reacting lysinyl with, e.g., succinic or other carboxylic acid anhydrides. Lysine and other alpha-
amino-containing residue mimetics can also be generated by reaction with imidoesters, such
as methyl picolinimidate, pyridoxal phosphate, pyridoxal, chloroborohydride,
trinitrobenzenesulfonic acid, O-methylisourea, 2,4, pentanedione, and transamidase-catalyzed
reactions with glyoxylate.

[0046] Mimetics of methionine can be generated by reaction with, e.g., methionine sulfoxide.
Mimetics of proline include, e.g., pipecolic acid, thiazolidine carboxylic acid, 3- or 4-hydroxy
proline, dehydroproline, 3- or 4-methylproline, or 3,3,-dimethylproline. Histidine residue
mimetics can be generated by reacting histidyl with, e.g., diethylprocarbonate or
parabromophenacyl bromide.
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[0047] Other mimetics include, e.g., those generated by hydroxylation of proline and lysine;
phosphorylation of the hydroxyl groups of seryl or threonyl residues; methylation of the alpha-
amino groups of lysine, arginine and histidine; acetylation of the N-terminal amine; methylation
of main chain amide residues or substitution with N-methyl amino acids; or amidation of C-
terminal carboxyl groups.

[0048] A linker, e.g., a polyethylene glycol linker, can be used to dimerize an ND2 peptde or
peptidomimetic thereof to enhance its affinity and selectivity towards Src. Optionally, about 2-
10 copies of a PEG can be joined in tandem as a linker.

[0049] Appropriate pharmacological activity of peptides, peptidomimetics or other agent can
be confirmed, if desired, by showing inhibition of Src-ND2 interaction in vitro or in an animal
model as described below. Useful peptides or peptidomimetics typically have IC50 values of
less than 50 uM, 25 pM, 10 pM, 0.1 pM or 0.01 uM in such an assay. Preferred peptides
typically have an 1C50 value of between 0.001-1 yM, and more preferably 0.05-0.5 or 0.05 to
0.1 M.

IV. INTERNALIZATION PEPTIDES AND LIPIDATION

[0050] Internalization peptides, also known as cell membrane transduction peptides or cell
penetrating peptides, are a well-known class of relatively short (e.g., 5-30 or 7-20 or 9-15
amino acids) peptides that allow many cellular or viral proteins to traverse membranes. Such
peptides typically have a cationic charge from an above normal representation (relative to
proteins in general) of arginine and/or lysine residues that is believed to facilitate their passage
across membranes. Some such peptides have at least 5, 6, 7 or 8 arginine and/or lysine
residues. Examples include the antennapedia protein (Bonfanti, Cancer Res. 57, 1442-6
(1997)) (and variants thereof), the Tat protein of human immunodeficiency virus, the protein
VP22, the product of the UL49 gene of herpes simplex virus type 1, Penetratin, SynB1 and 3,
Transportan, Amphipathic, gp41NLS, polyArg, and several plant and bacterial protein toxins,
such as ricin, abrin, modeccin, diphtheria toxin, cholera toxin, anthrax toxin, heat labile toxins,
and Pseudomonas aeruginosa exotoxin A (ETA). Other examples are described in the
following references (Temsamani, Drug Discovery Today, 9(23):1012-1019, 2004; De
Coupade, Biochem J., 390:407-418, 2005; Saalik Bioconjugate Chem. 15: 1246-1253, 2004,
Zhao, Medicinal Research Reviews 24(1):1-12, 2004; Deshayes, Cellular and Molecular Life
Sciences 62:1839-49, 2005)

[0051] A preferred internalization peptide is Tat from the HIV virus. A Tat peptide reported in
previous work comprises or consists of the standard amino acid sequence

[0052] YGRKKRRQRRR (SEQ ID NO:2) found in HIV Tat protein. SEQ ID NO:2 is designated
as the standard Tat peptide. If additional residues flanking such a Tat motif are present (beside
the pharmacological agent) the residues can be for example natural amino acids flanking this
segment from a Tat protein, spacer or linker amino acids of a kind typically used to join two
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peptide domains, e.g., gly (ser)4 (SEQ ID NO:44), TGEKP (SEQ ID NO:45), GGRRGGGS
(SEQ ID NO:46), or LRQRDGERP (SEQ ID NO:47) (see, e.g., Tang et al. (1996), J. Biol.
Chem. 271, 15682-15686; Hennecke et al. (1998), Protein Eng. 11, 405-410)), or can be any
other amino acids that do not significantly reduce capacity to confer uptake of the variant
without the flanking residues. Preferably, the number of flanking amino acids other than an
active peptide does not exceed ten on either side of YGRKICRRQRRR (SEQ ID NO:2). One
suitable Tat peptide comprising additional amino acid residues flanking the C-terminus of
YGRKKRRQRRR (SEQ ID NO:2) is YGRKKRRQRRRPQ (SEQ ID NO:48). However, preferabily,
no flanking amino acids are present.

[0053] Variants of the above Tat peptide having reduced capacity to bind to N-type calcium
channels are described by W0/2008/109010. Such variants can comprise or consist of an
amino acid sequence XGRKKRRQRRR (SEQ ID NO:49), in which X is an amino acid other
than Y or nothing (in which case G is a free N-terminal residue). A preferred Tat peptide has
the N-terminal Y residue substituted with F. Thus, a tat peptide comprising or consisting of
FGRKKRRQRRR (SEQ ID NO:3) is preferred. Another preferred variant tat peptide consists of
GRKKRRQRRR (SEQ ID NO:1). Other tat peptides that can be used include
GRKKRRQRRRPQ (SEQ ID NO:4) and GRKKRRQRRRP (SEQ ID NO:59). Other Tat peptides
comprise at least eight contiguous amino acids of the sequence GRKKRRQRRR. Other tat
peptides that facilitate uptake of an agent without inhibiting N-type calcium channels include
those presented above. Another preferred Tat peptide is referred to as rv-Tat or
RRRQRRKKRGY (SEQ ID NO:58).

X-FGRKKRRQRRR (F-Tat) (SEQ ID NO:3)
X-GKKKKKQKKK (SEQ ID NO:34)
X-RKKRRQRRR (SEQ ID NO:35)
X-GAKKRRQRRR (SEQ ID NO:36)
X-AKKRRQRRR (SEQ ID NO:37)
X-GRKARRQRRR (SEQ ID NO:38)
X-RKARRQRRR (SEQ ID NO:39)
X-GRKKARQRRR (SEQ ID NO:40)
X-RKKARQRRR (SEQ ID NO:41)
X-GRKKRRQARR (SEQ ID NO:42)
X-RKKRRQARR (SEQ ID NO:43)
X-GRKKRRQRAR (SEQ ID NO:50)
X-RKKRRQRAR (SEQ ID NO:51)
X-RRPRRPRRPRR (SEQ ID NO:52)
X-RRARRARRARR (SEQ ID NO:53)
X-RRRARRRARR (SEQ ID NO:54)
X-RRRPRRRPRR (SEQ ID NO:55)
X-RRPRRPRR (SEQ ID NO:56)
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X-RRARRARR (SEQ ID NO:57)

[0054] X can represent a free amino terminus, one or more amino acids, or a conjugated
moiety. Internalization peptides can be used in inverso or retro or inverso retro form with or
without the linked peptide or peptidomimetic being in such form.

[0055] Internalization peptides can be attached to agents by conventional methods. For
example, the agents can be joined to internalization peptides by chemical linkage, for instance
via a coupling or conjugating agent. Numerous such agents are commercially available and are
reviewed by Wong, Chemistry of Protein Conjugation and Cross-Linking, CRC Press (1991).
Some examples of cross-linking reagents include J-succinimidyl 3-(2-pyridyldithio) propionate
(SPDP) or N,N'-(1,3-phenylene) bismaleimide; N,N'-ethylene-bis-(iodoacetamide) or other such
reagent having 6 to 11 carbon methylene bridges (which relatively specific for sulfhydryl
groups); and 1,5-difluoro-2,4-dinitrobenzene (which forms irreversible linkages with amino and
tyrosine groups). Other cross-linking reagents include p,p'-difluoro-m, m'-dinitrodiphenylsulfone
(which forms irreversible cross-linkages with amino and phenolic groups); dimethyl adipimidate
(which is specific for amino groups); phenol-1,4-disulfonylchloride (which reacts principally with
amino groups); hexamethylenediisocyanate or diisothiocyanate, or azophenyl-p-diisocyanate
(which reacts principally with amino groups); glutaraldehyde (which reacts with several different
side chains) and disdiazobenzidine (which reacts primarily with tyrosine and histidine).

[0056] For agents that are peptides attachment to an internalization peptide can be achieved
by generating a fusion protein comprising the peptide sequence fused, preferably at its N-
terminus, to an internalization peptide.

[0057] Peptides, optionally fused to Tat peptides, can be synthesized by solid phase synthesis
or recombinant methods. Peptidomimetics can be synthesized using a variety of procedures
and methodologies described in the scientific and patent literature, e.g., Organic Syntheses
Collective Volumes, Gilman et al. (Eds.) John Wiley & Sons, Inc., NY, al-Obeidi (1998) Mol.
Biotechnol. 9:205-223; Hruby (1997) Curr. Opin. Chem. Biol. 1:114-119; Ostergaard (1997)
Mol. Divers. 3:17-27; Ostresh (1996) Methods Enzymol. 267:220-234. Peptides or
peptidomimetics linked to internalization peptides as fusion peptides or otherwise preferable
include no more than 50 amino acids total, and more preferably no more than 25 or 20 amino
acids.

[0058] Instead of or as well as linking an ND2 peptide to an internalization peptide, an ND2
peptide can be linked to a lipid (lipidation) to increase hydrophobicity of the conjugate relative
to the peptide alone and thereby facilitate passage of the linked ND2 peptide across cell
membranes and/or across the brain barrier. Lipidation is preferably performed on the N-
terminal or C-terminal amino acid but can also be performed on internal amino acids, provided
the association constant of the ND2 peptide for Src is not reduced by more than 50%. Lipids
are organic molecules more soluble in ether than water and include fatty acids, glycerides and
sterols. Suitable forms of lipidation include myristoylation, palmitoylation or attachment of other
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fatty acids preferably with a chain length of 10-20 carbons, such as lauric acid and stearic acid,
as well as geranylation, geranylgeranylation, and isoprenylation.

[0059] Lipidations of a type occurring in posttranslational modification of natural proteins are
preferred. Lipidation with a fatty acid via formation of an amide bond to the alpha-amino group
of the N-terminal amino acid of the peptide is also preferred. Lipidation can be by peptide
synthesis including a prelipidated amino acid, be performed enzymatically in vitro or by
recombinant expression, by chemical crosslinking or chemical derivatization of the peptide.
Amino acids modified by myristoylation and other lipid modifications are commercially
available.

[0060] Lipidation preferably facilitates passage of a linked ND2 peptide across a cell
membrane and/or the blood brain barrier without causing a transient reduction of blood
pressure as has been found when a standard Tat peptide is administered at high dosage (e.g.,
at or greater than 3 mg/kg), or at least with smaller reduction that than the same ND2 peptide
linked to a standard Tat peptide.

[0061] If a transient reduction of blood pressure occurs when administering an ND2 peptide
(e.g., when linked to a standard Tat peptide and administered at high dosage), it can mitigated
by co-administration of an anti-inflammatory, preferably a mast cell degranulation inhibitor
(see, e.g., WO/2009/07610)).

V. PATIENTS AMENABLE TO TREATMENT OR PROPHYLAXIS

[0062] Agents of the present invention are useful in treating or effecting prophylaxis of
neurological disease or disorders, pain and cancer. These classes are not of course mutually
exclusive. For example, a brain cancer could fall under all three classes.

[0063] A variety of neurological diseases and disorders are amenable to treatment or
prophylaxis. Such diseases and disorders include anxiety, epilepsy, optical or retinal
neuropathies, stroke (e.g., spontaneous, acute ischemic, hemorrhagic, procedurally induced),
epilepsy, hypoxia, traumatic injury to the CNS not associated with stroke such as, neurotrauma,
traumatic brain injury and spinal cord injury, Alzheimer's disease, Parkinson's disease, other
dementias associated with Lewy bodies, Huntington's disease, ALS, bovine spongiform
encephalopathy, Creutzfeldt-Jakob disease, multiple sclerosis, spinal cord degeneration,
spinocerebella ataxia, Tay-Sachs disease, and transmissible spongiform encephalopathy. Such
disorders also include patients undergoing surgery that affects or may affect a vessel (e.g.,
jugular vein or carotid artery) supplying or removing blood to or from the brain, particularly
patients undergoing neurosurgery, such as endovascular surgery to repair an aneurysm or
endovascular surgery to a blood vessel supplying a limb, spinal cord, retina or kidney. Such
repair can be effected for example by inserting a stent or coil into the blood vessel subject to
the aneurysm. Neurological diseases and disorders associated at least in part with
excitotoxicity are particularly amenable to treatment by a method using an agent of the
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invention.

[0064] A stroke is a condition resulting from impaired blood flow in the CNS regardless of
cause. Potential causes include embolism, hemorrhage, thrombosis and surgery. Some
neuronal cells die immediately as a result of impaired blood flow. These cells release their
component molecules including glutamate, which in turn activates NMDA receptors, which
raise intracellular calcium levels, and intracellular enzyme levels leading to further neuronal cell
death (the excitotoxicity cascade). The death of tissue from lack of oxygen is referred to as
infarction. Infarction Volume (i.e., the volume of dead neuronal cells resulting from stroke in the
brain) can be used as an indicator of the extent of pathological damage resulting from stroke.
The symptomatic effect depends both on the volume of an infarction and where in the brain it
is located. Disability index can be used as a measure of symptomatic damage, such as the
Rankin Stroke Outcome Scale (Rankin, Scott Med J;2:200-15 (1957)), the NIH stroke scale
and the Barthel Index. The Rankin Scale is based on assessing directly the global conditions of
a patient as follows.

0 No symptoms at all

No significant disability despite symptoms; able to carry out all usual duties

1 and activities.

Slight disability; unable to carry out all previous activities but able to look
after own affairs without assistance.

3 Moderate disability requiring some help, but able to walk without assistance

Moderate to severe disability; unable to walk without assistance and unable
to attend to own bodily needs without assistance.

Severe disability; bedridden, incontinent, and requiring constant nursing care
and attention.

[0065] The Barthel Index is based on a series of questions about the patient's ability to carry
out 10 basic activities of daily living resulting in a score between 0 and 100, a lower score
indicating more disability (Mahoney et al, Maryland State Medical Journal 14:56-61 (1965)).

[0066] Alternatively stroke severity/outcomes can be measured using the NIH stroke scale,
available at world wide web ninds.nih.gov/doctors/NIH_Stroke_Scale_Booklet.pdf

[0067] The scale is based on the ability of a patient to carry out 11 groups of functions that
include assessments of the patient's level of consciousness, motor, sensory and language
functions.

[0068] An ischemic stroke refers more specifically to a type of stroke that caused by blockage
of blood flow to the brain. The underlying condition for this type of blockage is most commonly
the development of fatty deposits lining the vessel walls. This condition is called
atherosclerosis. These fatty deposits can cause two types of obstruction. Cerebral thrombosis
refers to a thrombus (blood clot) that develops at the clogged part of the vessel "Cerebral



DK/EP 2621945 T3

embolism" refers generally to a blood clot that forms at another location in the circulatory
system, usually the heart and large arteries of the upper chest and neck. A portion of the blood
clot then breaks loose, enters the bloodstream and travels through the brain's blood vessels
until it reaches vessels too small to let it pass. A second important cause of embolism is an
irregular heartbeat, known as arterial fibrillation. It creates conditions in which clots can form in
the heart, dislodge and travel to the brain. Additional potential causes of ischemic stroke are
hemorrhage, thrombosis, dissection of an artery or vein, a cardiac arrest, shock of any cause
including hemorrhage, and iatrogenic causes such as direct surgical injury to brain blood
vessels or vessels leading to the brain or cardiac or pulmonary surgery. Ischemic stroke
accounts for about 83 percent of all cases of stroke.

[0069] Transient ischemic attacks (TIAs) are minor or warning strokes. In a TIA, conditions
indicative of an ischemic stroke are present and the typical stroke warning signs develop.
However, the obstruction (blood clot) occurs for a short time and tends to resolve itself through
normal mechanisms. Patients undergoing heart, pulmonary or neuro-surgery are at particular
risk of transient cerebral ischemic attack.

[0070] Hemorrhagic stroke accounts for about 17 percent of stroke cases. It results from a
weakened vessel that ruptures and bleeds into the surrounding brain. The blood accumulates
and compresses the surrounding brain tissue. The two general types of hemorrhagic strokes
are intracerebral hemorrhage and subarachnoid hemorrhage. Hemorrhagic stroke result from
rupture of a weakened blood vessel. Potential causes of rupture from a weakened blood vessel
include a hypertensive hemorrhage, in which high blood pressure causes a rupture of a blood
vessel, or another underlying cause of weakened blood vessels such as a ruptured brain
vascular malformation including a brain aneurysm, arteriovenous malformation (AVM) or
cavernous malformation. Hemorrhagic strokes can also arise from a hemorrhagic
transformation of an ischemic stroke which weakens the blood vessels in the infarct, or a
hemorrhage from primary or metastatic tumors in the CNS which contain abnormally weak
blood vessels. Hemorrhagic stroke can also arise from iatrogenic causes such as direct
surgical injury to a brain blood vessel. An aneurysm is a ballooning of a weakened region of a
blood vessel. If left untreated, the aneurysm continues to weaken until it ruptures and bleeds
into the brain. An arteriovenous malformation (AVM) is a cluster of abnormally formed blood
vessels. A cavernous malformation is a venous abnormality that can cause a hemorrhage from
weakened venous structures. Any one of these vessels can rupture, also causing bleeding into
the brain. Hemorrhagic stroke can also result from physical trauma. Hemorrhagic stroke in one
part of the brain can lead to ischemic stroke in another through shortage of blood lost in the
hemorrhagic stroke.

[0071] The present agents are also useful for treatment or prophylaxis of pain. Pain is an
experiential phenomenon that is subjective to the individual experiencing it, and is influenced
by the individual's mental state, including environment and cultural background. "Physical” pain
can sometimes be linked to a stimulus perceivable to a third party that i