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(57) Abstract: The present invention refers to the use of protein kinase inhibitors and more specifically to the use of mhibitors of

the protemn kinase c¢-Jun amino te:

'minal kinase, JNK mhibitor (poly-)peptides, chimeric peptides, or of nucleic acids encoding

same as well as pharmaceutical compositions containing same, for the treatment of non-chronic or chronic mtlammatory eye dis-
cases, such as milammatory diseases of the blephara, conjunctiva, cornea, sclera, the vitreous body, uvea, ciliary body, choroid,

orbital bone, lacrimal gland, or 1

and myositis of the eye muscle etc..

1s, In particular wherein the mflammatory disease 1s selected from hordeolum, chalazion, con-
junktivitis, keratitis, scleritis, episcleritis, endophthalmitis, panophtalmitis, irititis, uveitis, cyclitis, chorioiditis, orbital phlegmon,
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Use of cell-permeable peptide inhibitors of the [NK signal transduction

hathway for the treatment of chronic or non-chronic inflammatory eve
diseases

The present invention refers to the use of protein kinase inhibitors and more specifically to
the use of inhibitors of the protein kinase c-Jun amino terminal kinase, JNK inhibitor (poly-
)peptides, chimeric peptides, or of nucleic acids encoding same as well as pharmaceutical
compositions containing same, for the treatment of non-chronic or chronic inflammatory
eye diseases, such as hordeolum, chalazion, conjunktivitis, keratitis, scleritis, episcleritis,
endophthalmitis, panophtalmitis, irititis, uveitis, cyclitis, chorioiditis, orbital phlegmon,

and/or myositis of the eye muscle, etc..

The number of ophthalmological (eye) diseases, particularly of non-chronic and chronic
ophthalmological (eye) diseases represents a considerable challenge for the public health
care systems. Ophthalmological diseases are diseases that pertain to the eye. The present
invention focuses on non-chronic or chronic inflammatory eye diseases.These include for
example inflammatory diseases of the blephara, conjunctiva, cornea, sclera, the vitreous
body, uvea, ciliary body, choroid, orbital bone, lacrimal gland, iris, etc. Examples of such
inflammatory diseases are hordeolum, chalazion, conjunktivitis, keratitis, scleritis,
episcleritis, endophthalmitis, panophtalmitis, irititis, uveitis, cyclitis, chorioiditis, orbital

phlegmon, and/or myositis of the eye muscle.

The c-Jun NH2-terminal kinases (JNKs) have been identified as stress-activated protein
kinases that phosphorylate c-Jun on two sites in its NH2-terminal activation domain. The
JNK pathway is activated by certain cytokines, mitogens, osmotic stress and irradiation. The
phosphorylation of the c-Jun component of the activator protein AP-1 transcription factor
results in pro-inflammatory cytokines production. During inflammation, leukocytes
infiltration and rolling result from the early activation of the vascular endothelium that

releases important chemotactic factors such as RANTES, IL-8, ICAM and VCAM. Infiltrating
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cells in turn release distinct sets of pro- or anti- inflammatory products that contribute to tissue

damages and inflammation. Many of the gene products involved in the inflammatory response
are regulated by the transcription factor activator protein-1 (AP-1), and the c-Jun NH2-
terminal kinase (JNK) pathway: COX-2, cyclooxygenase-2; IFN-g, interferon-gamma; iNOS,
inducible nitric oxide synthase; TNF-a, tumor-necrosis factor-alpha; MCP-1, membrane
cofactor protein-1; MIP-1, major intrinsic protein-1; IL-2, interleukin-2, ... In
lipopolysaccharide (LPS)-stimulated monocytes and tissue macrophages, TNF-a is produced

through the JNK pathway activation and modulated by its inhibition.

JNK inhibitors have been therefore used in various models of inflammation and shown to

exert anti-inflammatory and beneficial effects in inflammatory diseases such arthritis and

asthma.

The object of the present invention is thus to provide alternative or improved therapies, which
allow new and preferably improved cure of non-chronic or chronic (inflammatory) eye
diseases, such as hordeolum, chalazion, conjunktivitis, keratitis, scleritis, episcleritis,
endophthalmitis, panophtalmitis, irititis, uveitis, cyclitis, chorioiditis, orbital phlegmon,

myositis of the eye muscle, etc.

This object is solved by the use of a JNK inhibitor (poly-)peptide comprising less than 150
amino acids in length for the preparation of a pharmaceutical composition for treating non-

chronic or chronic inflammatory eye diseases in a subject.

Certain exemplary embodiments provide a chimeric polypeptide comprising a c-Jun amino
terminal kinase (JNK) inhibitor polypeptide for use in the treatment of uveitis, wherein the
chimeric polypeptide comprises the amino acid sequence of SEQ ID NO: 11 with all D amino
acids, or a fragment or variant thereof sharing a sequence identity of at least 90% with the full

length amino acid sequence of SEQ ID NO: 11, having all D amino acids, and having the
same ability as the chimeric polypeptide to specifically bind and inhibit JNK.

Other exemplary embodiments provide a pharmaceutical composition for use in the treatment
of uveitis comprising a chimeric polypeptide comprising the amino acid sequence of SEQ ID

NO: 11 with all D amino acids, or a fragment or variant sharing a sequence i1dentity of at least
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90% with the full length amino acid sequence of SEQ ID NO: 11, having all D amino acids,
and having the same ability as the chimeric polypeptide to specifically bind and inhibit JNK,

together with a pharmaceutically acceptable carrier, excipient, butfer or stabilizer.

Other exemplary embodiments provide use of a chimeric polypeptide comprising a c-Jun
amino terminal kinase (JNK) inhibitor polypeptide in the treatment of uveitis, wherein the
chimeric polypeptide comprises the amino acid sequence of SEQ ID NO: 11 with all D amino
acids, or a fragment or variant thereof sharing a sequence identity of at least 90% with the full
length amino acid sequence of SEQ ID NO: 11, having all D amino acids, and having the
same ability as the chimeric polypeptide to specifically bind and inhibit JNK.

Other exemplary embodiments provide use of a pharmaceutical composition 1n the treatment
of uveitis, the composition comprising a chimeric polypeptide comprising the amino acid
sequence according to SEQ ID NO: 11 with all D amino acids, or a fragment or variant
sharing a sequence identity of at least 90% with the full length amino acid sequence of SEQ
ID NO: 11, having all D amino acids, and having the same ability as the chimeric polypeptide
to specifically bind and inhibit JNK, together with a pharmaceutically acceptable carrier,

excipient, buffer or stabilizer.

The term “non-chronic or chronic inflammatory eye disease” as used herein typically denotes
non-chronic or chronic inflammatory diseases that pertain to the eye. This includes diseases of
the blephara, conjunctiva, cornea, sclera, the vitreous body, uvea, ciliary body, choroid, orbital
bone, lacrimal gland, iris, etc. Preferably included in this respect are hordeolum, chalazion,
conjunktivitis, keratitis, scleritis, episcleritis, endophthalmitis, panophtalmitis, irititis, uveitis,
cyclitis, chorioiditis, orbital phlegmon, myositis of the eye muscle. Particularly preterred in
the context of the present invention is the treatment of uveitis, for example treatment of

anterior uveitis, intermediate uveitis, posterior uveitis and panuveitis.
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The present inventors surprisingly found, that JNK inhibitor (poly-)peptides s are particularly
suitable for treating such chronic or non-chronic inflammatory eye diseases in a subject.
This was neither obvious nor suggested by the prior art, even though JNK inhibitor

(poly-)peptides in general have been known from the art.

In the context of the present invention, a JNK inhibitor (poly-)peptide may be typically
derived from a human or rat 1B1 sequence, preferably from an amino acid sequence as
defined or encoded by any of sequences according to SEQ ID NO: 102 (depicts the IB1
cDNA sequence from rat and its predicted amino acid sequence), SEQ ID NO: 103 (depicts
the IB1 protein sequence from rat encoded by the exon-intron boundary of the rIB1 gene —
splice donor), SEQ 1D NO: 104 (depicts the IB1 protein sequence from Homo sapiens), or
SEQ ID NO: 105 (depicts the IB1 cDNA sequence from Homo sapiens), more preferably
from an amino acid sequence as defined or encoded by any of sequences according to SEQ
ID NO: 104 (depicts the I1B1 protein sequence from Homo sapiens), or SEQ ID NO: 105
(depicts the IB1 cDNA sequence from Homo sapiens), or from any fragments or variants
thereof. In other words, the JNK inhibitor (poly-)peptide comprises a fragment, variant, or
variant of such fragment of a human or rat IB1 sequence. Human or rat IB sequences are
defined or encoded, respectively, by the sequences according to SEQ 1D NO: 102, SEQ ID
NO: 103, SEQ ID NO: 104 or SEQ ID NO: 105.

Preferably, such a JNK inhibitor (poly-)peptide as used herein comprises a total length of
less than 150 amino acid residues, preferably a range of 5 to 150 amino acid residues, more
preferably 10 to 100 amino acid residues, even more preferably 10 to 75 amino acid
residues and most preferably a range of 10 to 50 amino acid residues, e.g. 10 to 30, 10 to

20, or 10 to 15 amino acid residues.

More preferably, such a JNK inhibitor (poly-)peptide and the above ranges may be selected
from any of the above mentioned sequences, even more preferably from an amino acid
sequence as defined according to SEQ ID NO: 104 or as encoded by SEQ ID NO: 105,
even more preferably in the region between nucleotides 420 and 980 of SEQ ID NO: 105 or
amino acids 105 and 291 of SEQ ID NO: 104, and most preferably in the region between
nucleotides 561 and 647 of SEQ ID NO: 105 or amino acids 152 and 180 of SEQ ID NO:
104.
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According to a particular embodiment, a JNK inhibitor (poly-)peptide as used herein
typically binds JNK and/or inhibits the activation of at least one JNK activated transcription

factor, e.g. c-Jun or ATF2 (see e.g. SEQ ID NOs: 15 and 16, respectively) or Elk1.

Likewise, the JNK inhibitor (poly-)peptide as used herein preferably comprises or consists of
at least one amino acid sequence according to any one of SEQ ID NOs: 1 to 4, 13 to 20 and
33 to 100, or a fragment, derivative or variant thereof. More preferably, the JNK inhibitor
(poly-)peptide as used herein may contain 1, 2, 3, 4 or even more copies of an amino acid
sequence according to SEQ ID NOs: 1 to 4, 13 to 20 and 33 to 100, or a variant, fragment
or derivative thereof. If present in more than one copy, these amino acid sequences
according to SEQ ID NOs: 1 to 4, 13 to 20 and 33 to 100, or variants, fragments, or
derivatives thereof as used herein may be directly linked with each other without any linker
sequence or via a linker sequence comprising 1 to 10, preferably 1 to 5 amino acids.
Amino acids forming the linker sequence are preferably selected from glycine or proline as
amino acid residues. More preferably, these amino acid sequences according to SEQ ID
NOs: 1 to 4, 13 to 20 and 33 to 100, or fragments, variants or derivatives thereof, as used

herein, may be separated by each other by a hinge of two, three or more proline residues.

The JNK inhibitor (poly-)peptides as used herein may be composed of L-amino acids, D-
amino acids, or a combination of both. Preferably, the JNK inhibitor (poly-)peptides as used
herein comprise at least 1 or even 2, preferably at least 3, 4 or 5, more preferably at least 6,
7, 8 or 9 and even more preferably at least 10 or more D- and/or L-amino acids, wherein
the D- and/or L-amino acids may be arranged in the JNK inhibitor sequences as used herein

in a blockwise, a non-blockwise or in an alternate manner.

According to one preferred embodiment the JNK inhibitor (poly-)peptides as used herein
may be exclusively composed of L-amino acids. The JNK inhibitor (poly-)peptides as used
herein may then comprise or consist of at least one ,native JNK inhibitor sequence”
according to SEQ ID NO: 1 or 3. In this context, the term “native” or “native JNK inhibitor
sequence(s)” is referred to non-altered JNK inhibitor (poly-)peptide sequences according to

any of SEQ ID NOs: 1 or 3, as used herein, entirely composed of L-amino acids.
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Accordingly, the JNK inhibitor (poly-)peptide as used herein may comprise or consist of at
least one (native) amino acid sequence NH,-X,%-X,>-RPTTLXLXXXXXXXQD-X,*>-COOH (L-1B
generic (s)) [SEQ ID NO: 3] and/or the JNK binding domain (JBDs) of [B1
XRPTTLXLXXXXXXXQDS/TX (L-IB (generic)) [SEQ ID NO: 19]. In this context, each X
typically represents an amino acid residue, preferably selected from any (native) amino acid
residue. X,? typically represents one amino acid residue, preferably selected from any amino
acid residue except serine or threonine, wherein n (the number of repetitions of X) is O or 1.
Furthermore, each X,” may be selected from any amino acid residue, wherein n (the number
of repetitions of X) is 0-5, 5-10, 10-15, 15-20, 20-30 or more, provided that if n (the number
of repetitions of X) is O for X,?, X,” does preferably not comprise a serine or threonine at its
C-terminus, in order to avoid a serine or threonine at this position. Preferably, X.° represents
a contiguous stretch of peptide residues derived from SEQ ID NO: 1 or 3. X,;? and X, may
represent either D or L amino acids. Additionally, the JNK inhibitor (poly-)peptide as used
herein may comprise or consist of at least one (native) amino acid sequence selected from
the group comprising the JNK binding domain of IB1 DTYRPKRPTTLNLFPQVPRSQDT (L-
IB1) [SEQ ID NO: 17]. More preferably, the JNK inhibitor (poly-)peptide as used herein
further may comprise or consist of at least one (native) amino acid sequence NH,-
RPKRPTTLNLFPQVPRSQD-COOH (L-IB1(s)) [SEQ ID NO: 1]. Furthermore, the JNK
inhibitor (poly-)peptide as used herein may comprise or consist of at least one (native)
amino acid sequence selected from the group comprising the JNK binding domain of IB1 L-
IB1(s1) (NH,-TLNLFPQVPRSQD-COOH, SEQ ID NO: 33); L-IB1(s2) (NH,-
TTLNLFPQVPRSQ-COOH, SEQ ID NO: 34); L-IB1(s3) (NH,-PTTLNLFPQVPRS-COOH, SEQ
ID NO: 35); L-IB1(s4) (NH,-RPTTLNLFPQVPR-COOH, SEQ ID NO: 36); L-IB1(s5) (NH,-
KRPTTLNLFPQVP-COOH, SEQ ID NO: 37); L-IB1(s6) (NH,-PKRPTTLNLFPQV-COOH, SEQ
ID NO: 38); L-IB1(s7) (NH,-RPKRPTTLNLFPQ-COOH, SEQ ID NO: 39); L-IB1(s8) (NH,-
LNLFPQVPRSQD-COOH, SEQ ID NO: 40); L-IB1(s9) (NH,-TLNLFPQVPRSQ-COOH, SEQ
ID NO: 41); L-IB1(s10) (NH,-TTLNLFPQVPRS-COOH, SEQ ID NO: 42); L-1B1(s11) (NH,-
PTTLNLFPQVPR-COOH, SEQ ID NO: 43); L-IB1(s12) (NH,-RPTTLNLFPQVP-COOH, SEQ
ID NO: 44); L-IB1(s13) (NH,-KRPTTLNLFPQV-COOH, SEQ ID NO: 45); L-IB1(s14) (NH,-
PKRPTTLNLFPQ-COOH, SEQ ID NO: 46); L-IB1(s15) (NH,-RPKRPTTLNLFP-COOH, SEQ
ID NO: 47); L-IB1(s16) (NH,-NLFPQVPRSQD-COOH, SEQ ID NO: 48); L-IB1(s17) (NH,-
LNLFPQVPRSQ-COOH, SEQ 1D NO: 49); L-IB1(s18) (NH,-TLNLFPQVPRS-COOH, SEQ ID
NO: 50); L-IB1(s19) (NH,-TTLNLFPQVPR-COOH, SEQ ID NO: 51); L-IB1(s20) (NH,-
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PTTLNLFPQVP-COOH, SEQ ID NO: 52); L-IB1(s21) (NH,-RPTTLNLFPQV-COOH, SEQ ID
NO: 53); L-IB1(s22) (NH,-KRPTTLNLFPQ-COOH, SEQ ID NO: 54); L-IB1(s23) (NH,-
PKRPTTLNLFP-COOH, SEQ ID NO: 55); L-1B1(s24) (NH,-RPKRPTTLNLF-COOH, SEQ ID
NO: 56); L-IB1(s25) (NH,-LFPQVPRSQD-COOH, SEQ ID NO: 57); L-1B1(s26) (NH,-
NLFPQVPRSQ-COOH, SEQ ID NO: 58); L-IB1(s27) (NH,-LNLFPQVPRS-COOH, SEQ ID
NO: 59); L-1B1(s28) (NH,-TLNLFPQVPR-COOH, SEQ ID NO: 60); L-IB1(s29) (NH,-
TTLNLFPQVP-COOH, SEQ ID NO: 61); L-IB1(s30) (NH,-PTTLNLFPQV-COOH, SEQ ID
NO: 62); L-IB1(s31) (NH,-RPTTLNLFPQ-COOH, SEQ ID NO: 63); L-IB1(s32) (NH,-
KRPTTLNLFP-COOH, SEQ ID NO: 64); L-IB1(s33) (NH,-PKRPTTLNLF-COOH, SEQ 1D NO:
65); and L-1B1(s34) (NH,-RPKRPTTLNL-COOH, SEQ ID NO: 66).

Additionally, the JNK inhibitor (poly-)peptide as used herein may comprise or consist of at
least one (native) amino acid sequence selected from the group comprising the (long) JNK
binding domain (JBDs) of IB1 PGTGCGDTYRPKRPTTLNLFPQVPRSQDT (iB1-long) [SEQ 1D
NO: 13], the (long) JNK binding domain of 1B2 IPSPSVEEPHKHRPTTLRLTTLGAQDS (IB2-
long) [SEQ ID NO: 14], the JNK binding  domain of c-Jun
GAYGYSNPKILKQSMTLNLADPVGNLKPH (c-Jun) [SEQ ID NO: 15], the JNK binding
domain of ATF2 TNEDHLAVHKHKHEMTLKFGPARNDSVIV (ATF2) [SEQ ID NO: 16] (see
e.g. FIGS. 1A-1C). In this context, an alignment revealed a partially conserved 8 amino acid
sequence (see e.g. FIG.1A) and a further comparison of the JBDs of IB1 and IB2 revealed

two blocks of seven and three amino acids that are highly conserved between the two

sequences.

According to another preferred embodiment the JNK inhibitor (poly-)peptides as used herein
may be composed in part or exclusively of D-amino acids as defined above. More
preferably, these JNK inhibitor (poly-)peptides composed of D-amino acids are non-native D
retro-inverso sequences of the above (native) JNK inhibitor sequences. The term "retro-
inverso (poly-)peptides" refers to an isomer of a linear peptide sequence in which the
direction of the sequence is reversed and the chirality of each amino acid residue is inverted
(see e.g. Jameson ef al, Nature, 368,744-746 (1994); Brady et a/, Nature, 368,692-693
(1994)). The advantage of combining D-enantiomers and reverse synthesis is that the
positions of carbonyl and amino groups in each amide bond are exchanged, while the

position of the side-chain groups at each alpha carbon is preserved. Unless specifically
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stated otherwise, it is presumed that any given L-amino acid sequence or peptide as used
according to the present invention may be converted into an D retro-inverso sequence or
peptide by synthesizing a reverse of the sequence or peptide for the corresponding native L-

amino acid sequence or peptide.

The D retro-inverso (poly-)peptides as used herein and as defined above have a variety of
useful properties. For example, D retro-inverso (poly-)peptides as used herein enter cells as
efficiently as L-amino acid sequences as used herein, whereas the D retro-inverso

sequences as used herein are more stable than the corresponding L-amino acid sequences.

Accordingly, the JNK inhibitor (poly-)peptides as used herein may comprise or consist of at
least one D retro-inverso sequence according to the amino acid sequence NH,-X,"-
DQXXXXXXXLXLTTPR-X,>-X,>-COOH (D-IB1 generic (s)) [SEQ ID NO: 4] and/or
XS/TDQXXXXXXXLXLTTPRX (D-IB (generic)) [SEQ ID NO: 20]. As used in this context, X,
X 2 and X.? are as defined above (preferably, representing D amino acids), wherein X’
preferably represents a contiguous stretch of residues derived from SEQ ID NO: 2 or 4.
Additionally, the JNK inhibitor (poly-)peptides as used herein may comprise or consist of at
least one D retro-inverso sequence according to the amino acid sequence comprising the
JNK binding domain (JBDs) of 1B1 TDQSRPVQPFLNLTTPRKPRYTD (D-IB1) [SEQ ID NO:
18]. More preferably, the JNK inhibitor (poly-)peptides as used herein may comprise or
consist of at least one D retro-inverso sequence according to the amino acid sequence NH,-
DQSRPVQPFLNLTTPRKPR-COOH (D-IB1(s)) [SEQ ID NO: 2]. Furthermore, the JNK
inhibitor (poly-)peptides as used herein may comprise or consist of at least one D retro-
inverso sequence according to the amino acid sequence comprising the JNK binding
domain (BDs) of 1B1 D-IB1(s1) (NH,-QPFLNLTTPRKPR-COOH, SEQ ID NO: 67); D-1B1(s2)
(NH,-VQPFLNLTTPRKP-COOH, SEQ ID NO: 68); D-1B1(s3) (NH,-PVQPFLNLTTPRK-
COOH, SEQ ID NO: 69); D-IB1(s4) (NH,-RPVQPFLNLTTPR-COOH, SEQ ID NO: 70); D-
IB1(s5) (NH,-SRPVQPFLNLTTP-COOH, SEQ ID NO: 71); D-IB1(s6) (NH,-
QSRPVQPFLNLTT-COOH, SEQ ID NO: 72); D-IB1(s7) (NH,-DQSRPVQPFLNLT-COOH,
SEQ ID NO: 73); D-IB1(s8) (NH,-PFLNLTTPRKPR-COOH, SEQ ID NO: 74); D-IB1(s9) (NH,-
QPFLNLTTPRKP-COOH, SEQ ID NO: 75); D-1B1(s10) (NH,-VQPFLNLTTPRK-COOH, SEQ
ID NO: 76); D-IB1(s11) (NH,-PVQPFLNLTTPR-COOH, SEQ ID NO: 77); D-IB1(s12) (NH,-
RPVQPFLNLTTP-COOH, SEQ ID NO: 78); D-IB1(s13) (NH,-SRPVQPFLNLTT-COOH, SEQ
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ID NO: 79); D-IB1(s14) (NH,-QSRPVQPFLNLT-COOH, SEQ ID NO: 80); D-IB1(s15) (NH,-
DQSRPVQPFLNL-COOH, SEQ ID NO: 81); D-IB1(s16) (NH,-FLNLTTPRKPR-COOH, SEQ
ID NO: 82); D-IB1(s17) (NH,-PFLNLTTPRKP-COOH, SEQ 1D NO: 83); D-IB1(s18) (NH,-
QPFLNLTTPRK-COOH, SEQ ID NO: 84); D-IB1(s19) (NH,-VQPFLNLTTPR-COOH, SEQ ID
NO: 85); D-IB1(s20) (NH,-PVQPFLNLTTP-COOH, SEQ ID NO: 86); D-IB1(s21) (NH,-
RPVQPFLNLTT-COOH, SEQ ID NO: 87); D-1B1(s22) (NH,-SRPVQPFLNLT-COOH, SEQ 1D
NO: 88); D-IB1(s23) (NH,-QSRPVQPFLNL-COOH, SEQ ID NO: 89); D-IB1(s24) (NH,-
DQSRPVQPFLN-COOH, SEQ ID NO: 90); D-1B1(s25) (NH,-DQSRPVQPFL-COOH, SEQ ID
NO: 91); D-IB1(s26) (NH,-QSRPVQPFLN-COOH, SEQ ID NO: 92); D-I1B1(s27) (NH,-
SRPVQPFLNL-COOH, SEQ ID NO: 93); D-IB1(s28) (NH,-RPVQPFLNLT-COOH, SEQ 1D
NO: 94); D-IB1(s29) (NH,-PVQPFLNLTT-COOH, SEQ ID NO: 95); D-IB1(s30) (NH,-
VQPFLNLTTP-COOH, SEQ ID NO: 96); D-IB1(s31) (NH,-QPFLNLTTPR-COOH, SEQ ID
NO: 97); D-IB1(s32) (NH,-PFLNLTTPRK-COOH, SEQ ID NO: 98); D-1B1(s33) (NH,-
FLNLTTPRKP-COOH, SEQ ID NO: 99); and D-IB1(s34) (NH,-LNLTTPRKPR-COOH, SEQ ID
NQO: 100).

The JNK inhibitor (poly-)peptides as used herein and as disclosed above are presented in
Table 1 (SEQ ID NO:s 1-4, 13-20 and 33-100). The table presents the name of the JNK
inhibitor (poly-)peptides/sequences as used herein, as well as their sequence identifier
number, their length, and amino acid sequence. Furthermore, Table 1 shows sequences as
well as their generic formulas, e.g. for SEQ ID NO’s: 1, 2, 5, 6, 9 and 11 and SEQ ID NO'’s:
3,4, 7,8, 10 and 12, respectively. Table 1 furthermore discloses the chimeric sequences
SEQ ID NOs: 9-12 and 23-32 (see below), L-IB1 sequences SEQ ID NOs: 33 to 66 and D-
IB1 sequences SEQ ID NOs: 67 to 100.

TABLE 1

SEQUENCE/PEPTIDE | SEQ ID [AA |SEQUENCE -
INAM_E _ NO . L - -
L-1B1(s) 1 RPKRPTTLNLFPQVPRSQD

i (NH,-RPKRPTTLNLFPQVPRSQD-COOH) o
D-IB1(s) 2 DQSRPVQPFLNLTTPRKPR

(NH,-DQSRPVQPFLNLTTPRKPR-COOH)

' L-1B (generic) (s) 3 [19 [ NHXP-X *-RPTTLXLXXXXXXXQD-X,P-COOH B
D-IB (generic) (s) 4 19 | NH,-X,-DQXXXXXXXLXLTTPR-X *-X,>-COOH
L-TAT 5 GRKKRRQRRR
) (NH,-GRKKRRQRRR-COOH)
D-TAT 6 10 | RRRQRRKKRG

(NH,-RRRQRRKKRG-COOH)

[L-generic-TAT(s) | 7 |11 [NH,-X,>-RKKRRQRRR-X_>-COOH
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_ —
11 [ NH,-X ®-RRRQRRKKR-X >-COOH B

31 | GRKKRRQRRRPPRPKRPTTLNLFPQVPRSQD
(NH,-GRKKRRQRRRPPRPKRPTTLNLFPQVPRSQD-COOH)

NH,-X,P-RKKRRQRRR-X P-X -RPTTLXLXXXXXXXQD-X P-COOH
31 | DQSRPVQPFLNLTTPRKPRPPRRRQRRKKRG
(NH,-DQSRPVQPFLNLTTPRKPRPPRRRQRRKKRG-COOH)
NH,-X,>-DQXXXXXXXLXLTTPR-X,>-X,°>~-RRRQRRKKR-X *-COOH

29 |PGTGCGDTYRPKRPTTLNLFPQVPRSQDT
(NH,- PGTGCGDTYRPKRPTTLNLFPQVPRSQDT -COOH)

GAYGYSNPKILKQSMTLNLADPVGNLKPH

(NH,- GAYGYSNPKILKQSMTLNLADPVGNLKPH -COOH)

ATF2

L-1B1

16

17

29 | TNEDHLAVHKHKHEMTLKFGPARNDSVIV
(NH,- TNEDHLAVHKHKHEMTLKFGPARNDSVIV -COQOH)

23 | DTYRPKRPTTLNLFPQVPRSQDT
(NH,- DTYRPKRPTTLNLFPQVPRSQDT -COOH)

D-IB1

18

23 | TDQSRPVQPFLNLTTPRKPRYTD
(NH,- TDQSRPVQPFLNLTTPRKPRYTD -COOH)

L-1B (generic)

D-1B (generic)

L-generic-TAT

19 |19
20 [19 | XS/TDQXXXXXXXLXLTTPRX
(NH,- XS/TDQXXXXXXXLXLTTPRX -COOH)

D-generic-TAT

L-TAT-1B1

L-TAT-IB (generic)

D-TAT-IB1

XRPTTLXLXXXXXXXQDS/TX
(NH,- XRPTTLXLXXXXXXXQDS/TX -COOH)

17 | XXXXRKKRRQRRRXXXX
(NH,- XXXXRKKRRQRRRXXXX -COOH)
17 | XXXXRRRQRRKKRXXXX
(NH,- XXXXRRRQRRKKRXXXX -COOH)
35 | GRKKRRQRRRPPDTYRPKRPTTLNLFPQVPRSQDT
(NH,- GRKKRRQRRRPPDTYRPKRPTTLNLFPQVPRSQDT -COOH)
XXXXXXXRKKRRQRRRXXXXXXXXRPTTLXLXXXXXXXQDS/TX
(NH,-
XXXXXXXRKKRRQRRRXXXXXXXXRPTTLXLXXXXXXXQDS/TX —
COOH) _
TDQSRPVQPFLNLTTPRKPRYTDPPRRRQRRKKRG
(NH,- TDQSRPVQPFLNLTTPRKPRYTDPPRRRQRRKKRG -COOH)

42

D-TAT-IB (generic) 26 |42 | XT/SDQXXXXXXXLXLTTPRXXXXXXXXRRRQRRKKRXXXXXXX
(NH,-
XT/SDQXXXXXXXLXLTTPRXXXXXXXXRRRQRRKKRXXXXXXX -

| COOH) . _

L-TAT-IB1(s1) 27 |30 | RKKRRQRRRPPRPKRPTTLNLFPQVPRSQD

] _ (NH,-RKKRRQRRRPPRPKRPTTLNLFPQVPRSQD-COOH)

L-TAT-IB1(s2) 28 |30 | GRKKRRQRRRX ‘RPKRPTTLNLFPQVPRSQD
(NH,-GRKKRRQRRRX, ‘RPKRPTTLNLFPQVPRSQD-COOH)

L-TAT-I1B1(s3) 29 [29 |RKKRRQRRRX ‘RPKRPTTLNLFPQVPRSQD

N (NH,-RKKRRQRRRX, RPKRPTTLNLFPQVPRSQD-COOH)

D-TAT-IB1(s1) 30 |30 | DQSRPVQPFLNLTTPRKPRPPRRRQRRKKR
(NH,-DQSRPVQPFLNLTTPRKPRPPRRRQRRKKR-COOH)

D-TAT-IB1(s2) 31 |30 | DQSRPVQPFLNLTTPRKPRX RRRQRRKKRG

| (NH,-DQSRPVQPFLNLTTPRKPRX ‘RRRQRRKKRG-COOH)

D-TAT-1B1(s3) 32 |29 | DQSRPVQPFLNLTTPRKPRX ‘RRRQRRKKR

| - | (NH,-DQSRPVQPFLNLTTPRKPRX “RRRQRRKKR-COOH)

L-IB1(s1) 33 |13 | TLNLFPQVPRSQD

(NH,-TLNLFPQVPRSQD-COOH)
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L-1B1(s2) 13 | TTLNLFPQVPRSQ
_ (NH,-TTLNLFPQVPRSQ-COOH)
L-1B1(s3) 35 |13 |[PTTLNLFPQVPRS
- (NH,-PTTLNLFPQVPRS-COOH)
L-1B1(s4) 36 |13 |RPTTLNLFPQVPR
(NH,-RPTTLNLFPQVPR-COOH)
L-IB1(s5) 37 KRPTTLNLFPQVP
- (NH,-KRPTTLNLFPQVP-COOH)
L-1B1(s6) 38 PKRPTTLNLFPQV
| (NH,-PKRPTTLNLFPQV-COQOH)
L-IB1(s7) 39 |13 |RPKRPTTLNLFPQ
| - (NH,-RPKRPTTLNLFPQ-COOH})
L-IB1(s8) 40 [12 [LNLFPQVPRSQD
] (NH,-LNLFPQVPRSQD-COOH)
L-1B1(s9) 41 12 | TLNLFPQVPRSQ
| B (NH,-TLNLFPQVPRSQ-COOH})
L-IB1(s10) 42 |12 |TTLNLFPQVPRS
- - (NH,-TTLNLFPQVPRS-COOH)
L-IB1(s11) 43 |12 |{PTTLNLFPQVPR
| (NH,-PTTLNLFPQVPR-COOH)
L-IB1(s12) 44 [12 | RPTTLNLFPQVP
-. (NH,-RPTTLNLFPQVP-COOH)
L-1B1(s13) 45 KRPTTLNLFPQV
- (NH,-KRPTTLNLFPQV-COOH)
L-IB1(s14) 46 |12 |PKRPTTLNLFPQ
(NH,-PKRPTTLNLFPQ-COOH)
L-IB1(s15) 47 |12 | RPKRPTTLNLFP
(NH,-RPKRPTTLNLFP-COOH)
L-1B1(s16) 48 |11 |NLFPQVPRSQD
(NH,-NLFPQVPRSQD-COOH)
L-IB1(s17) 49 [11 |LNLFPQVPRSQ
| (NH,-LNLFPQVPRSQ-COOH)
L-1B1(s18) 50 |[11 |[TLNLFPQVPRS
| (NH,-TLNLFPQVPRS-COOH)
L-IB1(s19) 51 |11 |[TTLNLFPQVPR
| . (NH,-TTLNLFPQVPR-COOH)
L-1B1(s20) 52 |11 |PTTLNLFPQVP
| | (NH,-PTTLNLFPQVP-COOH)
[-IB1(s21) RPTTLNLFPQV
| (NH,-RPTTLNLFPQV-COOH)
L-1B1(s22) KRPTTLNLFPQ
(NH,-KRPTTLNLFPQ-COOH)
L-1B1(s23) PKRPTTLNLEP
o (NH,-PKRPTTLNLFP-COOH})
L-IB1(s24) RPKRPTTLNLF
(NH,-RPKRPTTLNLF-COOH)
L-IB1(s25) LFPQVPRSQD
(NH,-LFPQVPRSQD-COOH)
L-1B1(s26) NLFPQVPRSQ
(NH,-NLFPQVPRSQ-COOH)
L-IB1(s27) LNLFPQVPRS
, (NH,-LNLFPQVPRS-COOH) -
L-1B1(s28) TLNLFPQVPR
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-- (NH,-TLNLFPQVPR-COOQOH) ]
L-1B1(s29) 61 TTLNLFPQVP
(NH,-TTLNLFPQVP-COOH)
L-1B1(s30) PTTLNLFPQV
(NH,-PTTLNLFPQV-COOH)
L-1B1(s31) 63 RPTTLNLFPQ
(NH,-RPTTLNLFPQ-COOH)
L-1B1(s32) 64 KRPTTLNLFP
B (NH,-KRPTTLNLFP-COOH) ]
L-1B1(s33) 65 |10 [PKRPTTLNLF
_ (NH,-PKRPTTLNLF-COOH)
L-IB1(s34) 66 |10 |[RPKRPTTLNL o
(NH,-RPKRPTTLNL-COOH)
D-IB1(s1) 67 |13 |[QPFLNLTTPRKPR
| (NH,-QPFLNLTTPRKPR-COOH)
D-IB1(s2) 68 |13 | VQPELNLTTPRKP
(NH,-VQPFLNLTTPRKP-COOH)
D-1B1(s3) 69 [13 [PVQPFLNLTTPRK
| (NH,-PVQPFLNLTTPRK-COQOH)
D-IB1(s4) 70 |13 |RPVQPFLNLTTPR
(NH,-RPVQPFLNLTTPR-COOH)
D-1B1(s5) 71 |13 [ SRPVQPFLNLTTP
(NH,-SRPVQPFLNLTTP-COOH)
D-1B1(s6) 72 |13 | QSRPVQPFLNLTT
(NH,-QSRPVQPFLNLTT-COOH)
D-1B1(s7) 73 [13 [ DQSRPVQPFLNLT
(NH,-DQSRPVQPFLNLT-COOH)
D-1B1(s8) 74 |12 [PFLNLTTPRKPR
_ (NH,-PFLNLTTPRKPR-COOQOH) __
D-1B1(s9) 75 |12 | QPFLNLTTPRKP
(NH,-QPFLNLTTPRKP-COOH)
D-1B1(s10) 76 |12 [ VQPFLNLTTPRK
(NH,-VQPFLNLTTPRK-COOH)
| D-IB1(s11) 77 12 [PVQPFLNLTTPR
(NH,-PVQPFLNLTTPR-COOH)
D-1B1(s12) 78 |12 |RPVQPFLNLTTP
(NH,-RPVQPFLNLTTP-COOH)
D-I1B1(s13) 79 |12 [SRPVQPFLNLTT
(NH,-SRPVQPFLNLTT-COOH)
'D-IB1(s14) 80 |12 | QSRPVQPFLNLT
(NH,-QSRPVQPFLNLT-COOH)
D-IB1(s15) 81 DQSRPVQPFLNL
(NH,-DQSRPVQPFLNL-COOH)
D-1B1(s16) 82 |11 [FLNLTTPRKPR
(NH,-FLNLTTPRKPR-COOH)
D-1B1(s17) 83 |11 |[PFLNLTTPRKP
(NH,-PFLNLTTPRKP-COOH) B
D-IB1(s18) 84 |11 [QPFLNLTTPRK
- _ (NH,-QPFLNLTTPRK-COOH)
D-1B1(s19) 85 |11 |VQPFLNLTTPR
(NH,-VQPFLNLTTPR-COOH) o
D-1B1(s20) 86 |11 |PVQPFLNLTTP

(NH,-PVQPFLNLTTP-COOH)
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D-IB1(s21) 87 |11 |RPVQPFLNLTT
(NH,-RPVQPFLNLTT-COOH)
D-1B1(s22) 88 |11 |SRPVQPFLNLT
(NH,-SRPVQPFLNLT-COOH)
89 QSRPVQPFLNL

D-1B1(s24) DQSRPVQPFLN
““ (NH,-DQSRPVQPFLN-COOH)
D-1B1(s25) 91 DQSRPVQPFL
(NH,-DQSRPVQPFL-COOH)
D-1B1(s26) 92 QSRPVQPFLN
(NH,-QSRPVQPFLN-COOH)
D-I1B1(s27) 93 SRPVQPFLNL
(NH,-SRPVQPFLNL-COOH) )
D-1B1(s28) 94 |10 |RPVQPFLNLT
(NH,-RPVQPFLNLT-COOH)
D-1B1(s29) 95 |10 |PVQPFLNLTT
i _ | [(NH,-PVQPFLNLTT-COOH) )
D-1B1(s30) 96 |10 | VQPELNLTTP
| (NH,-VQPFLNLTTP-COOH)
D-1B1(s31) 97 |10 |QPFLNLTTPR
(NH,-QPFLNLTTPR-COOH) B
D-1B1(s32) 98 PFLNLTTPRK

(NH,-PFLNLTTPRK-COOH)

D-1B1(s33) 99 FENLTTPRKP
(NH,-FLNLTTPRKP-COQH)

LNLTTPRKPR
(NH,-LNLTTPRKPR-COOH)

D-1B1(s34) 100

It will be understood by a person skilled in the art that a given sequence herein which is
composed exclusively of D-amino acids is identified by “D-name”. For example, SEQ ID
NO:100 has the sequence/peptide name “D-IB1 (s34)”. The given amino acid sequence is

LNLTTPRKPR. However, all amino acids are here D-amino acids.

It will be also understood by a person skilled in the art that the terms “entirely composed of

1

L-amino acids”; “exclusively composed of D-amino acids” “entirely composed of D-amino
acids” and/or “exclusively composed of D-amino acids” and the like refer to sequences
which need not (but may) exclude the presence of glycine residues. Glycine is the only
amino acid which is non-chiral. Therefore, the terms “entirely composed of L-amino acids”;
“exclusively composed of D-amino acids” “entirely composed of D-amino acids” and/or
“exclusively composed of D-amino acids” are intended to make clear that L-amino acids or
D-amino acids, respectively, are used where possible. Nevertheless, if presence of a glycine
is necessary or favored at a given position in the amino acid sequence, then it may remain

there. A good example is L-TAT (SEQ ID NO:5). As used herein said sequence is considered
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to be exclusively composed of L-amino acids “although” said sequence comprises a non
chiral glycine residue. Likewise, D-TAT (SEQ ID NQO:6), as used herein, may be considered
to be exclusively composed of D-amino acids “although” said sequence comprises a non

chiral glycine residue.

According to another preferred embodiment, the JNK inhibitor (poly-)peptide as used herein
comprises or consists of at least one variant, fragment and/or derivative of the above defined
native or non-native amino acid sequences according to SEQ 1D NOs: 1-4, 13-20 and 33-
100. Preferably, these variants, fragments and/or derivatives retain biological activity of the
above disclosed native or non-native JNK inhibitor (poly-)peptides as used herein,
particularly of native or non-native amino acid sequences according to SEQ ID NOs: 1-4,
13-20 and 33-100, i.e. binding JNK and/or inhibiting the activation of at least one JNK
activated transcription factor, e.g. c-Jun, ATF2 or Elk1. Functionality may be tested by
various tests, e.g. binding tests of the peptide to its target molecule or by biophysical
methods, e.g. spectroscopy, computer modeling, structural analysis, etc.. Particularly, an
JNK inhibitor (poly-)peptide or variants, fragments and/or derivatives thereof as defined
above may be analyzed by hydrophilicity analysis (see e.g. Hopp and Woods, 1981. Proc
Natl Acad Sci USA 78: 3824-3828) that can be utilized to identify the hydrophobic and
hydrophilic regions of the peptides, thus aiding in the design of substrates for experimental
manipulation, such as in binding experiments, or for antibody synthesis. Secondary
structural analysis may also be performed to identify regions of an JNK inhibitor (poly-
)peptide or of variants, fragments and/or derivatives thereof as used herein that assume
specific structural motifs (see e.g. Chou and Fasman, 1974, Biochem 13: 222-223).
Manipulation, translation, secondary structure prediction, hydrophilicity and
hydrophobicity profiles, open reading frame prediction and plotting, and determination of
sequence homologies can be accomplished using computer software programs available in
the art. Other methods of structural analysis include, e.g. X-ray crystallography (see e.g.
Engstrom, 1974. Biochem Exp Biol 11: 7-13), mass spectroscopy and gas chromatography
(see e.g. METHODS IN PROTEIN SCIENCE, 1997, ). Wiley and Sons, New York, NY) and
computer modeling (see e.g. Fletterick and Zoller, eds., 1986. Computer Graphics and
Molecular Modeling, In: CURRENT COMMUNICATIONS IN MOLECULAR BIOLOGY,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY) may also be employed.
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Accordingly, the JNK inhibitor (poly-)peptide as used herein may comprise or consist of at
least one variant of (native or non-native) amino acid sequences according to SEQ ID NOs:
1-4, 13-20 and 33-100. In the context of the present invention, a “variant of a (native or
non-native) amino acid sequence according to SEQ ID NOs: 1-4, 13-20 and 33-100” is
preferably a sequence derived from any of the sequences according to SEQ ID NOs: 1-4,
13-20 and 33-100, wherein the variant comprises amino acid alterations of the amino acid
sequences according to SEQ ID NOs: 1-4, 13-20 and 33-100. Such alterations typically
comprise 1 to 20, preferably 1 to 10 and more preferably 1 to 5 substitutions, additions
and/or deletions of amino acids according to SEQ ID NOs: 1-4, 13-20 and 33-100, wherein
the variant exhibits a sequence identity with any of the sequences according to SEQ ID

NOs: 1-4, 13-20 and 33-100 of at least about 300/0, 500/0, 700/0, 800/0, 900/0, 950/0, 98% or

even at least about 99%.

If variants of (native or non-native) amino acid sequences according to SEQ ID NOs: 1-4,
13-20 and 33-100 as defined above and used herein are obtained by substitution of specific
amino acids, such substitutions preferably comprise conservative amino acid substitutions.
Conservative amino acid substitutions may include synonymous amino acid residues within
a group which have sufficiently similar physicochemical properties, so that a substitution
between members of the group will preserve the biological activity of the molecule (see e.g.
Grantham, R. (1974), Science 785, 862-864). It is evident to the skilled person that amino
acids may also be inserted and/or deleted in the above-defined sequences without altering
their function, particularly if the insertions and/or deletions only involve a few amino acids,
e.g. less than twenty, and preferably less than ten, and do not remove or displace amino
acids which are critical to functional activity. Moreover, substitutions shall be avoided in
variants as used herein, which lead to additional threonines at amino acid positions which
are accessible for a phosphorylase, preferably a kinase, in order to avoid inactivation of the
JNK-inhibitor (poly-)peptide as used herein or of the chimeric peptide as used herein /n vivo

or /n vitro.

Preferably, synonymous amino acid residues, which are classified into the same groups and

are typically exchangeable by conservative amino acid substitutions, are defined in Table 2.

TABLE 2
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Preferred Groups of Synonymous Amino Acid Residues
Amino Acid Synonymous Residue
Ser Ser, Thr, Gly, Asn
Arg Arg, GIn, Lys, Glu, His
Leu lle, Phe, Tyr, Met, Val, Leu
Pro Gly, Ala, (Thr), Pro
Thr Pro, Ser, Ala, Gly, His, Gln, Thr
Ala Gly, Thr, Pro, Ala
Val Met, Tyr, Phe, lle, Leu, Val
Gly Ala, (Thr), Pro, Ser, Gly
lle Met, Tyr, Phe, Val, Leu, lle
Phe Trp, Met, Tyr, lle, Val, Leu, Phe
Tyr Trp, Met, Phe, lle, Val, Leu, Tyr
Cys Ser, Thr, Cys
His Gluy, Lys, Gln, Thr, Arg, His
Glin Glu, Lys, Asn, His, (Thr), Arg, Gln
Asn Gln, Asp, Ser, Asn
Lys Glu, Gin, His, Arg, Lys
Asp Glu, Asn, Asp
Glu Asp, Lys, Asn, Gln, His, Arg, Glu
Met Phe, lle, Val, Leu, Met
Trp Trp

A specific form of ‘a variant of SEQ ID NOs: 1-4, 13-20 and 33-100 as used herein is a
fragment of the (native or non-native) amino acid sequences according to SEQ 1D NOs: 1,
1-4, 13-20 and 33-100” as used herein, which is typically altered by at least one deletion as
compared to SEQ ID NOs 1-4, 13-20 and 33-100. Preferably, a fragment comprises at least
4 contiguous amino acids of any of SEQ ID NOs: 1-4, 13-20 and 33-100, a length typically
sufficient to allow for specific recognition of an epitope from any of these sequences. Even
more preferably, the fragment comprises 4 to 18, 4 to 15, or most preferably 4 to 10
contiguous amino acids of any of SEQ ID NOs: 1-4, 13-20 and 33-100, wherein the lower
limit of the range may be 4, or 5, 6, 7, 8, 9, or 10. Deleted amino acids may occur at any

position of SEQ ID NOs: 1-4, 13-20 and 33-100, preferably N- or C-terminally.

Furthermore, a fragment of the (native or non-native) amino acid sequences according to
SEQ ID NOs: 1-4, 13-20 and 33-100, as described above, may be defined as a sequence
sharing a sequence identity with any of the sequences according to SEQ 1D NOs: 1-4, 13-20
and 33-100 as used herein of at least about 30%, 50%, 70%, 80%, 90%, 95%, 98%, or

even 99%.
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The JNK inhibitor (poly-)peptides/sequences as used herein may further comprise or consist
of at least one derivative of (native or non-native) amino acid sequences according to SEQ
ID NOs: 1-4, 13-20 and 33-100 as defined above. In this context, a “derivative of an (native
or non-native) amino acid sequence according to SEQ ID NOs: 1-4, 13-20 and 33-100” is
preferably an amino acid sequence derived from any of the sequences according to SEQ ID
NOs: 1-4, 13-20 and 33-100, wherein the derivative comprises at least one modified L- or
D-amino acid (forming non-natural amino acid(s)), preferably 1 to 20, more preferably 1 to
10, and even more preferably 1 to 5 modified L- or D-amino acids. Derivatives of variants

or fragments also fall under the scope of the present invention.

“A modified amino acid” in this respect may be any amino acid which is altered e.g. by
different glycosylation in various organisms, by phosphorylation or by labeling specific
amino acids. Such a label is then typically selected from the group of labels comprising:
(i) radioactive labels, i.e. radioactive phosphorylation or a radioactive label with
sulphur, hydrogen, carbon, nitrogen, etc.;
(i) colored dyes (e.g. digoxygenin, etc.);
(ili)  fluorescent groups (e.g. fluorescein, etc.);
(iv)  chemoluminescent groups;
(V) groups for immobilization on a solid phase (e.g. His-tag, biotin, strep-tag, flag-
tag, antibodies, antigen, etc.); and

(Vi) a combination of labels of two or more of the labels mentioned under (i) to (v).

In the above context, an amino acid sequence having a sequence “sharing a sequence
identity” of at least, for example, 95% to a query amino acid sequence of the present
invention, is intended to mean that the sequence of the subject amino acid sequence is
identical to the query sequence except that the subject amino acid sequence may include
up to five amino acid alterations per each 100 amino acids of the query amino acid
sequence. In other words, to obtain an amino acid sequence having a sequence of at least
95% identity to a query amino acid sequence, up to 5% (5 of 100) of the amino acid
residues in the subject sequence may be inserted or substituted with another amino acid or

deleted.
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For sequences without exact correspondence, a "% identity" of a first sequence may be
determined with respect to a second sequence. In general, these two sequences to be
compared are aligned to give a maximum correlation between the sequences. This may
include inserting "gaps" in either one or both sequences, to enhance the degree of
alignment. A % identity may then be determined over the whole length of each of the
sequences being compared (so-called global alignment), that is particularly suitable for
sequences of the same or similar length, or over shorter, defined lengths (so-called local

alignment), that is more suitable for sequences of unequal length.

Methods for comparing the identity and homology of two or more sequences, particularly as
used herein, are well known in the art. Thus for instance, programs available in the
Wisconsin Sequence Analysis Package, version 9.1 (Devereux et al, 1984, Nucleic Acids
Res. 72, 387-395.), for example the programs BESTFIT and GAP, may be used to determine
the % identity between two polynucleotides and the % identity and the % homology
between two polypeptide sequences. BESTFIT uses the "local homology" algorithm of (Smith
and Waterman (1981), J. Mol. Biol. 747, 195-197.) and finds the best single region of
similarity between two sequences. Other programs for determining identity and/or similarity
between sequences are also known in the art, for instance the BLAST family of programs
(Altschul ef a/, 1990, ). Mol. Biol. 275, 403-410), accessible through the home page of the
NCBI at world wide web site ncbi.nlm.nih.gov) and FASTA (Pearson (1990), Methods
Enzymol. 783, 63-98; Pearson and Lipman (1988), Proc. Natl. Acad. Sci. U. S. A 85, 2444-
2448.).

JNK-inhibitor (poly-)peptides /sequences as used according to the present invention and as
defined above may be obtained or produced by methods well-known in the art, e.g. by
chemical synthesis or by genetic engineering methods as discussed below. For example, a
peptide corresponding to a portion of an JNK inhibitor sequence as used herein including a
desired region of said JNK inhibitor sequence, or that mediates the desired activity /in vitro

or /in vivo, may be synthesized by use of a peptide synthesizer.

JNK inhibitor (poly-)peptide as used herein and as defined above, may be furthermore be

modified by a trafficking (poly-)peptide, allowing the JNK inhibitor (poly-)peptide as used
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herein and as defined above to be transported effectively into the cells. Such modified JNK

inhibitor (poly-)peptides are preferably provided and used as chimeric (poly-)peptides.

According to a second aspect the present invention therefore provides the use of a chimeric
(poly-)peptide including at least one first domain and at least one second domain, for the
preparation of a pharmaceutical composition for treating non-chronic or chronic
inflammatory eye diseases in a subject, wherein the first domain of the chimeric peptide
comprises a trafficking sequence, while the second domain of the chimeric (poly-)peptide
comprises an JNK inhibitor sequence as defined above, preferably of any of sequences

according to SEQ ID NO: 1-4, 13-20 and 33-100 or a derivative or a fragment thereof.

Typically, chimeric (poly-)peptides as used according to the present invention have a length
of at least 25 amino acid residues, e.g. 25 to 250 amino acid residues, more preferably 25
to 200 amino acid residues, even more preferably 25 to 150 amino acid residues, 25 to 100

and most preferably amino acid 25 to 50 amino acid residues.

As a first domain the chimeric (poly-)peptide as used herein preferably comprises a
trafficking sequence, which is typically selected from any sequence of amino acids that
directs a peptide (in which it is present) to a desired cellular destination. Thus, the
trafficking sequence, as used herein, typically directs the peptide across the plasma
membrane, e.g. from outside the cell, through the plasma membrane, and into the
cytoplasm. Alternatively, or in addition, the trafficking sequence may direct the peptide to a
desired location within the cell, e.g. the nucleus, the ribosome, the endoplasmic reticulum
(ER), a lysosome, or peroxisome, by e.g. combining two components (e.g. a component for
cell permeability and a component for nuclear location) or by one single component having
e.g. properties of cell membrane transport and targeted e.g. intranuclear transport. The
trafficking sequence may additionally comprise another component, which is capable of
binding a cytoplasmic component or any other component or compartment of the cell (e.g.
endoplasmic reticulum, mitochondria, gloom apparatus, lysosomal vesicles). Accordingly,
e.g. the trafficking sequence of the first domain and the JNK inhibitor sequence of the
second domain may be localized in the cytoplasm or any other compartment of the cell.

This allows to determine localization of the chimeric peptide in the cell upon uptake.
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Preferably, the trafficking sequence (being included in the first domain of the chimeric
peptide as used herein) has a length of 5 to 150 amino acid sequences, more preferably a
length of 5 to 100 and most preferably a length of from 5 to 50, 5 to 30 or even 5 to 15

amino acids.

More preferably, the trafficking sequence (contained in the first domain of the chimeric
peptide as used herein) may occur as a continuous amino acid sequence stretch in the first
domain. Alternatively, the trafficking sequence in the first domain may be splitted into two
or more fragments, wherein all of these fragments resemble the entire trafficking sequence
and may be separated from each other by 1 to 10, preferably 1 to 5 amino acids, provided
that the trafficking sequence as such retains its carrier properties as disclosed above. These
amino acids separating the fragments of the trafficking sequence may e.g. be selected from
amino acid sequences differing from the trafficking sequence. Alternatively, the first domain
may contain a trafficking sequence composed of more than one component, each
component with its own function for the transport of the cargo JNK inhibitor sequence of

the second domain to e.g. a specific cell compartment.

The trafficking sequence as defined above may be composed of L-amino acids, D-amino
acids, or a combination of both. Preferably, the trafficking sequences (being included in the
first domain of the chimeric peptide as used herein) may comprise at least 1 or even 2,
preferably at least 3, 4 or 5, more preferably at least 6, 7, 8 or 9 and even more preferably at
least 10 or more D- and/or L-amino acids, wherein the D- and/or L-amino acids may be
arranged in the JNK trafficking sequences in a blockwise, a non-blockwise or in an alternate

manner.

According to one alternative embodiment, the trafficking sequence of the chimeric (poly-
)peptide as used herein may be exclusively composed of L-amino acids. More preferably,
the trafficking sequence of the chimeric peptide as used herein comprises or consists of at
least one ,native” trafficking sequence as defined above. In this context, the term “native”

is referred to non-altered trafficking sequences, entirely composed of L-amino acids.

According to another alternative embodiment the trafficking sequence of the chimeric (poly-

)peptide as used herein may be exclusively composed of D-amino acids. More preferably,
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the trafficking sequence of the chimeric peptide as used herein may comprise a D retro-

inverso peptide of the sequences as presented above.

The trafficking sequence of the first domain of the chimeric (poly-)peptide as used herein may
be obtained from naturally occurring sources or can be produced by using genetic engineering
techniques or chemical synthesis (see e.g. Sambrook, J., Fritsch, E. F., Maniatis, T. (1989)
Molecular cloning: A laboratory manual. 2nd edition. Cold Spring Harbor Laboratory Press,

Cold Spring Harbor, N.Y.).

Sources for the trafficking sequence of the first domain may be employed including, e.g.
native proteins such as e.g. the TAT protein (e.g. as described in U.S. Patent Nos. 5,804,604
and 5,674,980, VP22 (described in e.g. WO 97/05265; Elliott and O'Hare, Cell 88 : 223-233
(1997)), non-viral proteins (Jackson et al, Proc. Natl. Acad. Sci. USA 89 : 10691-10695
(1992)), trafficking sequences derived from Antennapedia (e.g. the antennapedia carrier
sequence) or from basic peptides, e.g. peptides having a length of 5 to 15 amino acids,
preferably 10 to 12 amino acids and comprising at least 80 %, more preferably 85 % or even
90 % basic amino acids, such as e.g. arginine, lysine and/or histidine. Furthermore, variants,
fragments and derivatives of one of the native proteins used as trafficking sequences are
disclosed herewith. With regard to variants, fragments and derivatives it is referred to the
definition given above for JNK inhibitor sequences as used herein. Variants, fragments as well
as derivatives are correspondingly defined as set forth above for JNK inhibitor sequences as
used herein. Particularly, in the context of the trafficking sequence, a variant or fragment or

derivative may be defined as a sequence sharing a sequence identity with on¢ of the native

proteins used as trafficking sequences as defined above of at least about 30%, 50%, 70%,

80%, 90%, 95%, 98%, or even 99%.

In a preferred embodiment of the chimeric (poly-)peptide as used herein, the tratficking

sequence of the first domain comprises or consists of a sequence derived from the human

immunodeficiency virus (HIV)]1 TAT protein, particularly some or all of the 86 amino acids

that make up the TAT protein.
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For a trafficking sequence (being included in the first domain of the chimeric peptide as
used herein), partial sequences of the full-length TAT protein may be used forming a
functionally effective fragment of a TAT protein, i.e. a TAT peptide that includes the region
that mediates entry and uptake into cells. As to whether such a sequence is a functionally
effective fragment of the TAT protein can be determined using known techniques (see e.g.
Franked et a/, Proc. Natl. Acad. Sci, USA 86 : 7397-7401 (1989)). Thus, the trafficking
sequence in the first domain of the chimeric peptide as used herein may be derived from a
functionally effective fragment or portion of a TAT protein sequence that comprises less
than 86 amino acids, and which exhibits uptake into cells, and optionally the uptake into
the cell nucleus. More preferably, partial sequences (fragments) of TAT to be used as carrier
to mediate permeation of the chimeric peptide across the cell membrane, are intended to

comprise the basic region (amino acids 48 to 57 or 49 to 57) of full-length TAT.

According to a more preferred embodiment, the trafficking sequence (being included in the
first domain of the chimeric peptide as used herein) may comprise or consist of an amino
acid sequence containing TAT residues 48-57 or 49 to 57, and most preferably a generic
TAT sequence NH,-X,*-RKKRRQRRR-X,>-COOH (L-generic-TAT (s)) [SEQ ID NO: 7] and/or
XXXXRKKRRQ RRRXXXX (L-generic-TAT) [SEQ ID NO: 21], wherein X or X ® is as defined
above. Furthermore, the number of “X > residues in SEQ ID NOs :8 is not limited to the
one depicted, and may vary as described above. Alternatively, the trafficking sequence
being included in the first domain of the chimeric peptide as used herein may comprise or
consist of a peptide containing e.g. the amino acid sequence NH,-GRKKRRQRRR-COOH
(L-TAT) [SEQ ID NO: 5].

According to another more preferred embodiment the trafficking sequence (being included
in the first domain of the chimeric peptide as used herein) may comprise a D retro-inverso
peptide of the sequences as presented above, i.e. the D retro-inverso sequence of the
generic TAT sequence having the sequence NH,-X,>-RRRQRRKKR-X,>-COOH (D-generic-
TAT (s)) [SEQ ID NO : 8] and/or XXXXRRRQRRKKRXXXX (D-generic-TAT) [SEQ ID NO:
22]. Also here, X, is as defined above (preferably representing D amino acids).
Furthermore, the number of “X °“ residues in SEQ ID NOs :8 is not limited to the one

depicted, and may vary as described above. Most preferably, the trafficking sequence as
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used herein may comprise the D retro-inverso sequence NH,-RRRQRRKKRG-COOH (D-
TAT) [SEQ ID NO: 6].

According to another embodiment the trafficking sequence being included in the first
domain of the chimeric peptide as used herein may comprise or consist of variants of the
trafficking sequences as defined above. A “variant of a trafficking sequence” is preferably a
sequence derived from a trafficking sequence as defined above, wherein the variant
comprises a modification, for example, addition, (internal) deletion (leading to fragments)
and/or substitution of at least one amino acid present in the trafficking sequence as defined
above. Such (a) modification(s) typically comprise(s) 1 to 20, preferably 1 to 10 and more
preferably 1 to 5 substitutions, additions and/or deletions of amino acids. Furthermore, the
variant preferably exhibits a sequence identity with the trafficking sequence as defined
above, more preferably with any of SEQ ID NOs: 5 to 8 or 21-22, of at least about 30%,
50%, 70%, 80%,90%, 95%, 98% or even 99%.

Preferably, such a modification of the trafficking sequence being included in the first
domain of the chimeric peptide as used herein leads to a trafficking sequence with
increased or decreased stability. Alternatively, variants of the trafficking sequence can be
designed to modulate intracellular localization of the chimeric peptide as used herein.
When added exogenously, such variants as defined above are typically designed such that
the ability of the trafficking sequence to enter cells is retained (i.e. the uptake of the variant
of the trafficking sequence into the cell is substantially similar to that of the native protein
used a trafficking sequence). For example, alteration of the basic region thought to be
important for nuclear localization (see e.g. Dang and Lee, }. Biol. Chem. 264 : 18019-18023
(1989); Hauber et al, ). Virol. 63 : 1181-1187 (1989) ; et al, ). Virol. 63 : 1-8 (1989)) can
result in a cytoplasmic location or partially cytoplasmic location of the trafficking sequence,
and therefore, of the JNK inhibitor sequence as component of the chimeric peptide as used
herein. Additional to the above, further modifications may be introduced into the variant,
e.g. by linking e.g. cholesterol or other lipid moieties to the trafficking sequence to produce
a trafficking sequence having increased membrane solubility. Any of the above disclosed
variants of the trafficking sequences being included in the first domain of the chimeric

peptide as used herein can be produced using techniques typically known to a skilled



10

15

20

235

30

CA 02807036 2013-01-30
WO 2012/048721 PCT/EP2010/006284

23

person (see e.g. Sambrook, )., Fritsch, E. F., Maniatis, T. (1989) Molecular cloning: A
laboratory manual. 2nd edition. Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.)

As a second domain the chimeric peptide as used herein typically comprises an JNK
inhibitor sequence, selected from any of the JNK inhibitor sequences as defined above,

including variants, fragments and/or derivatives of these JNK inhibitor sequences.

Both domains, i.e. the first and the second domain(s), of the chimeric peptide as used
herein, may be linked such as to form a functional unit. Any method for linking the first and

second domain(s) as generally known in the art may be applied.

According to one embodiment, the first and the second domain(s) of the chimeric peptide as
used herein are preferably linked by a covalent bond. A covalent bond, as defined herein,
may be e.g. a peptide bond, which may be obtained by expressing the chimeric peptide as
defined above as a fusion protein. Fusion proteins, as described herein, can be formed and
used in ways analogous to or readily adaptable from standard recombinant DNA
techniques, as described below. However, both domains may also be linked via side chains

or may be linked by a chemical linker moiety.

The first and/or second domains of the chimeric peptide as used herein may occur in one or
more copies in said chimeric peptide. If both domains are present in a single copy, the first
domain may be linked either to the N-terminal or the C-terminal end of the second domain.
If present in multiple copies, the first and second domain(s) may be arranged in any possible
order. E.g. the first domain can be present in the chimeric peptide as used herein in a
multiple copy number, e.g. in two, three or more copies, which are preferably arranged in
consecutive order. Then, the second domain may be present in a single copy occurring at
the N- or C-terminus of the sequence comprising the first domain. Alternatively, the second
domain may be present in a multiple copy number, e.g. in two, three or more copies, and
the first domain may be present in a single copy. According to both alternatives, first and
second domain(s) can take any place in a consecutive arrangement. Exemplary
arrangements are shown in the following: e.g. first domain — first domain — first domain —
second domain; first domain — first domain — second domain — first domain; first domain —

second domain — first domain — first domain; or e.g. second domain — first domain — first
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domain - first domain. It is well understood for a skilled person that these examples are for
illustration purposes only and shall not limit the scope of the invention thereto. Thus, the

number of copies and the arrangement may be varied as defined initially.

Preferably, the first and second domain(s) may be directly linked with each other without
any linker. Alternatively, they may be linked with each other via a linker sequence
comprising 1 to 10, preferably 1 to 5 amino acids. Amino acids forming the linker
sequence are preferably selected from glycine or proline as amino acid residues. More
preferably, the first and second domain(s) may be separated by each other by a hinge of

two, three or more proline residues between the first and second domain(s).

The chimeric peptide as defined above and as used herein, comprising at least one first and
at least one second domain, may be composed of L-amino acids, D-amino acids, or a
combination of both. Therein, each domain (as well as the linkers used) may be composed
of L-amino acids, D-amino acids, or a combination of both (e.g. D-TAT and L-IB1(s) or L-
TAT and D-IB1(s), etc.). Preferably, the chimeric peptide as used herein may comprise at
least 1 or even 2, preferably at least 3, 4 or 5, more preferably at least 6, 7, 8 or 9 and even
more preferably at least 10 or more D- and/or L-amino acids, wherein the D- and/or L-
amino acids may be arranged in the chimeric peptide as used herein in a blockwise, a non-

blockwise or in an alternate manner.

According to a specific embodiment the chimeric peptide as used herein comprises or
consists of the L-amino acid chimeric peptides according to the generic L-TAT-IB peptide
NH,-X,>-RKKRRQRRR-X,?-X,>-RPTTLXLXXXXXXXQD-X,>-COOH (L-TAT-IB (generic) (s))
[SEQ ID NO: 10], wherein X, X,? and X,” are preferably as defined above. More preferably,
the chimeric peptide as used herein comprises or consists of the L-amino acid chimeric
peptide NH,-GRKKRRQRRRPPRPKRPTTLNLFPQVPRSQD-COOH (L-TAT-IB1 (s)) [SEQ ID
NO: 9]. Alternatively or additionally, the chimeric peptide as used herein comprises or
consists of the L-amino acid chimeric peptide sequence GRKKRRQRRR PPDTYRPKRP
TTLNLFPQVP RSQDT (L-TAT-1B1) [SEQ ID NO: 23], or XXXXXXXRKK RRQRRRXXXX
XXXXRPTTLX LXXXXXXXQD S/TX (L-TAT-IB generic) [SEQ ID NO: 24], wherein X is
preferably also as defined above, or the chimeric peptide as used herein comprises or

consists of the L-amino acid chimeric peptide sequence
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RKKRRQRRRPPRPKRPTTLNLFPQVPRSQD  (L-TAT-IB1(s1)) [SEQ ID NO: 27],
GRKKRRQRRRX, ‘RPKRPTTLNLFPQVPRSQD (L-TAT-IB1(s2)) [SEQ 1D NO: 28], or
RKKRRQRRRX, ‘RPKRPTTLNLFPQVPRSQD (L-TAT-IB1(s3)) [SEQ ID NO: 29]. In this
context, each X typically represents an amino acid residue as defined above, more
preferably X, represents a contiguous stretch of peptide residues, each X independently
selected from each other from glycine or proline, e.g. a monotonic glycine stretch or a
monotonic proline stretch, wherein n (the number of repetitions of X, is typically 0-5, 5-
10, 10-15, 15-20, 20-30 or even more, preferably 0-5 or 5-10. X,° may represent either D

or L amino acids.

According to an alternative specific embodiment the chimeric peptide as used herein
comprises or consists of D-amino acid chimeric peptides of the above disclosed L-amino
acid chimeric peptides. Exemplary D retro-inverso chimeric peptides according to the
present invention are e.g. the generic D-TAT-IB peptide NH,-X,-DQXXXXXXXLXLTTPR-X2-
X, P>-RRRQRRKKR-X,>-COOH (D-TAT-IB (generic) (s)) [SEQ ID NO: 12]. Herein, X, X,* and
X,? are preferably as defined above (preferably representing D amino acids). More
preferably, the chimeric peptide as used herein comprises or consists of D-amino acid
chimeric peptides according to the TAT-IB1 peptide NH,-
DQSRPVQPFLNLTTPRKPRPPRRRQRRKKRG-COOH (D-TAT-IB1(s)) [SEQ ID NO: 11].
Alternatively or additionally, the chimeric peptide as used herein comprises or consists of
the D-amino acid chimeric peptide sequence
TDQSRPVQPFLNLTTPRKPRYTDPPRRRQRRKKRG (D-TAT-IB1) [SEQ ID NO: 25], or
XT/SDQXXXXXXXLXLTTPRXXXXXXXXRRRQRRKKRXXXXXXX (D-TAT-IB. generic) [SEQ 1D
NO: 26], wherein X is preferably also as defined above, or the chimeric peptide as used
herein comprises or consists of the D-amino acid chimeric peptide sequence
DQSRPVQPFLNLTTPRKPRPPRRRQRRKKR  (D-TAT-IB1(s1)) [SEQ ID NO: 30],
DQSRPVQPFLNLTTPRKPRX,‘RRRQRRKKRG (D-TAT-IB1(s2)) [SEQ ID NO: 31], or
DQSRPVQPFLNLTTPRKPRX,‘RRRQRRKKR (D-TAT-IB1(s3)) [SEQ ID NO: 32]. X, may be

as defined above.

The first and second domain(s) of the chimeric peptide as defined above may be linked to
each other by chemical or biochemical coupling carried out in any suitable manner known

in the art, e.g. by establishing a peptide bond between the first and the second domain(s)
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e.g. by expressing the first and second domain(s) as a fusion protein, or e.g. by crosslinking

the first and second domain(s) of the chimeric peptide as defined above.

Many known methods suitable for chemical crosslinking of the first and second domain(s) of
the chimeric peptide as defined above are non-specific, i.e. they do not direct the point of
coupling to any particular site on the transport polypeptide or cargo macromolecule. As a
result, use of non-specific crosslinking agents may attack functional sites or sterically block
active sites, rendering the conjugated proteins biologically inactive. Thus, preferably such
crosslinking methods are used, which allow a more specific coupling of the first and second

domain(s).

In this context, one way to increasing coupling specificity is a direct chemical coupling to a
functional group present only once or a few times in one or both of the first and second
domain(s) to be crosslinked. For example, cysteine, which is the only protein amino acid
containing a thiol group, occurs in many proteins only a few times. Also, for example, if a
polypeptide contains no lysine residues, a crosslinking reagent specific for primary amines
will be selective for the amino terminus of that polypeptide. Successful utilization of this
approach to increase coupling specificity requires that the polypeptide have the suitably
rare and reactive residues in areas of the molecule that may be altered without loss of the
molecule's biological activity. Cysteine residues may be replaced when they occur in parts
of a polypeptide sequence where their participation in a crosslinking reaction would
otherwise likely interfere with biological activity. When a cysteine residue is replaced, it is
typically desirable to minimize resulting changes in polypeptide folding. Changes in
polypeptide folding are minimized when the replacement is chemically and sterically
similar to cysteine. For these reasons, serine is preferred as a replacement for cysteine. As
demonstrated in the examples below, a cysteine residue may be introduced into a
polypeptide's amino acid sequence for crosslinking purposes. When a cysteine residue is
introduced, introduction at or near the amino or carboxy terminus is preferred.
Conventional methods are available for such amino acid sequence modifications, wherein
the polypeptide of interest is produced by chemical synthesis or via expression of

recombinant DNA.
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Coupling of the first and second domain(s) of the chimeric peptide as defined above and
used herein can also be accomplished via a coupling or conjugating agent. There are
several intermolecular crosslinking reagents which can be utilized (see for example, Means
and Feeney, CHEMICAL MODIFICATION OF PROTEINS, Holden-Day, 1974, pp. 39-43).
Among these reagents are, for example, N-succinimidyl 3-(2-pyridyldithio) propionate
(SPDP) or N,N'-(1,3-phenylene) bismaleimide (both of which are highly specific for
sulfhydryl groups and form irreversible linkages); N, N'-ethylene-bis-(iodoacetamide) or
other such reagent having 6 to 11 carbon methylene bridges (which are relatively specific
for sulfhydryl groups); and 1,5-difluoro-2,4-dinitrobenzene (which forms irreversible
linkages with amino and tyrosine groups). Other crosslinking reagents useful for this
purpose include: p,p'-difluoro-m, m'-dinitrodiphenylsulfone which forms irreversible
crosslinkages 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).

Crosslinking reagents used for crosslinking the first and second domain(s) of the chimeric
peptide as defined above may be homobifunctional, i.e. having two functional groups that
undergo the same reaction. A preferred homobifunctional crosslinking reagent is
bismaleimidohexane ("BMH"). BMH contains two maleimide functional groups, which react
specifically with sulfhydryl-containing compounds under mild conditions (pH 6.5-7.7). The
two maleimide groups are connected by a hydrocarbon chain. Therefore, BMH is useful for

irreversible crosslinking of polypeptides that contain cysteine residues.

Crosslinking reagents used for crosslinking the first and second domain(s) of the chimeric
peptide as defined above may also be heterobifunctional. Heterobifunctional crosslinking
agents have two different functional groups, for example an amine-reactive group and a
thiol-reactive group, that will crosslink two proteins having free amines and thiols,
respectively. Examples of heterobifunctional crosslinking agents are succinimidyl 4-(N-
maleimidomethyl)cyclohexane-1-carboxylate ("SMCC"), m-maleimidobenzoyl-N-
hydroxysuccinimide ester ("MBS"), and succinimide 4-(p-maleimidophenyl)butyrate

("SMPB"), an extended chain analog of MBS. The succinimidyl group of these crosslinkers
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reacts with a primary amine, and the thiol-reactive maleimide forms a covalent bond with

the thiol of a cysteine residue.

Crosslinking reagents suitable for crosslinking the first and second domain(s) of the chimeric
peptide as defined above often have low solubility in water. A hydrophilic moiety, such as a
sulfonate group, may thus be added to the crosslinking reagent to improve its water
solubility. In this respect, Sulfo-MBS and Sulfo-SMCC are examples of crosslinking reagents

modified for water solubility, which may be used according to the present invention.

Likewise, many crosslinking reagents yield a conjugate that is essentially non-cleavable
under cellular conditions. However, some crosslinking reagents particularly suitable for
crosslinking the first and second domain(s) of the chimeric peptide as defined above contain
a covalent bond, such as a disulfide, that is cleavable under cellular conditions. For
example, Traut's reagent, dithiobis(succinimidylpropionate) ("DSP"), and N-succinimidy!| 3-
(2-pyridyldithio)propionate ("SPDP") are well-known cleavable crosslinkers. The use of a
cleavable crosslinking reagent permits the cargo moiety to separate from the transport

polypeptide after delivery into the target cell. Direct disulfide linkage may also be useful.

Numerous crosslinking reagents, including the ones discussed above, are commercially
available. Detailed instructions for their use are readily available from the commercial

suppliers. A general reference on protein crosslinking and conjugate preparation is: Wong,
CHEMISTRY OF PROTEIN CONJUGATION AND CROSSLINKING, CRC Press (1991).

Chemical crosslinking of the first and second domain(s) of the chimeric peptide as defined
above may include the use of spacer arms. Spacer arms provide intramolecular flexibility or
adjust intramolecular distances between conjugated moieties and thereby may help
preserve biological activity. A spacer arm may be in the form of a polypeptide moiety that
includes spacer amino acids, e.g. proline. Alternatively, a spacer arm may be part of the

crosslinking reagent, such as in "long-chain SPDP" (Pierce Chem. Co., Rockford, IL., cat.
No. 21651 H).
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Furthermore, variants, fragments or derivatives of one of the above disclosed chimeric
peptides may be used herein. With regard to fragments and variants it is generally referred

to the definition given above for JNK inhibitor sequences.

Particularly, in the context of the present invention, a “variant of a chimeric peptide” is
preferably a sequence derived from any of the sequences according to SEQ ID NOs: 9 to 12
and 23 to 32, wherein the chimeric variant comprises amino acid alterations of the chimeric
peptides according to SEQ ID NOs: 9 to 12 and 23 to 32 as used herein. Such alterations
typically comprise 1 to 20, preferably 1 to 10 and more preferably 1 to 5 substitutions,
additions and/or deletions (leading to fragments) of amino acids according to SEQ ID NOs:
9 to 12 and 23 to 32, wherein the altered chimeric peptide as used herein exhibits a
sequence identity with any of the sequences according to SEQ ID NOs: 9-12 and 23 to 32
of at least about 30%, 50%, 70%, 80%, or 95%, 98%, or even 99%. Preferably, these
variants retain the biological activity of the first and the second domain as contained in the
chimeric peptide as used herein, i.e. the trafficking activity of the first domain as disclosed
above and the activity of the second domain for binding JNK and/or inhibiting the activation

of at least one JNK activated transcription factor.

Accordingly, the chimeric peptide as used herein also comprises fragments of the afore
disclosed chimeric peptides, particularly of the chimeric peptide sequences according to
any of SEQ ID NOs: 9 to 12 and 23 to 32. Thus, in the context of the present invention, a
“fragment of the chimeric peptide” is preferably a sequence derived any of the sequences
according to SEQ ID NOs: 9 to 12 and 23 to 32, wherein the fragment comprises at least 4
contiguous amino acids of any of SEQ ID NOs: 9 to 12 and 23 to 32. This fragment
preferably comprises a length which is sufficient to allow specific recognition of an epitope
from any of these sequences and to transport the sequence into the cells, the nucleus or a
further preferred location. Even more preferably, the fragment comprises 4 to 18, 4 to 15,
or most preferably 4 to 10 contiguous amino acids of any of SEQ ID NOs: 9 to 12 and 23 to
32. Fragments of the chimeric peptide as used herein further may be defined as a sequence
sharing a sequence identity with any of the sequences according to any of SEQ ID NOs: 99
to 12 and 23 to 32 of at least about 30%, 50%, 70%, 80%, or 95%, 98%, or even 99%.
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Finally, the chimeric peptide as used herein also comprises derivatives of the afore
disclosed chimeric peptides, particularly of the chimeric peptide sequences according to
any of SEQ ID NOs: 9 to 12 and 23 to 32.

A particularly preferred use of the present invention is the use of a JNK inhibitor
(poly-)peptide consisting of or comprising the amino acid sequence of SEQ ID NO: 11, or
consisting of or comprising an amino acid sequence sharing a sequence identity of at least
about 30%, 50%, 70%, 80%, 90%, 92% or even 95% with SEQ ID NO: 11, for the
treatment of inflammatory eye diseases, in particular for the treatment of uveitis, for
example for the treatment of anterior uveitis, intermediate uveitis, posterior uveitis or
panuveitis. The JNK inhibitor (poly-)peptide consisting of or comprising the amino acid
sequence of SEQ ID NO: 11, or consisting of or comprising an amino acid sequence sharing
a sequence identity of at least about 30%, 50%, 70%, 80%, 90%, 92% or even 95% with
SEQ ID NO: 11 may be administered for example locally to the eye or systemically.
However, the present application also clearly contemplates the use of other JNK inhibitor
chimeric (poly-)peptides, i.e. where the JNK inhibitor poly-)peptide used does not consist of
or comprise the amino acid sequence of SEQ ID NO: 11 for the treatment of inflammatory
eye diseases, in particular for the treatment of uveitis, for example for the treatment of

anterior uveitis, intermediate uveitis, posterior uveitis or panuveitis.

Furthermore, the inventors also clearly contemplate the use of the JNK inhibitor
(poly-)peptides of the present invention, in particular where the JNK inhibitor poly-)peptide
used consists of or comprises the amino acid sequence of SEQ ID NO: 11 or consists of or
comprises an amino acid sequence sharing a sequence identity of at least about 30%, 50%,
70%, 80%, 90%, 92% or even 95% with SEQ ID NO: 11, for the treatment of inflammatory
eye diseases other than inflammation of the uvea and/or retina, e.g. for the treatment of
inflammatory eye diseases which are not uveitis and/or retinitis. Moreover, it must be noted
that the present invention does in particular not contemplate the treatment of (non-

inflammatory) retinopathy.

The present invention additionally refers to the use of nucleic acid sequences encoding JNK
inhibitor sequences as defined above, chimeric peptides or their fragments, variants or

derivatives, all as defined above, for the preparation of a pharmaceutical composition for
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treating non-chronic or chronic inflammatory eye diseases in a subject as defined herein. A
preferable suitable nucleic acid encoding an JNK inhibitor sequence as used herein is
typically chosen from human I1B1 nucleic acid (GenBank Accession No. (AF074091), rat IB1
nucleic acid (GenBank Accession No. AF 108959), or human I1B2 (GenBank Accession No
AF218778) or from any nucleic acid sequence encoding any of the sequences as defined

above, i.e. any sequence according to SEQ ID NO: 1-26.

Nucleic acids encoding the JNK inhibitor sequences as used herein or chimeric peptides as
used herein may be obtained by any method known in the art (e.g. by PCR ampilification
using synthetic primers hybridizable to the 3'- and 5'-termini of the sequence and/or by
cloning from a cDNA or genomic library using an oligonucleotide sequence specific for the

given gene sequence).

Additionally, nucleic acid sequences are disclosed herein as well, which hybridize under
stringent conditions with the appropriate strand coding for a (native) JNK inhibitor sequence
or chimeric peptide as defined above. Preferably, such nucleic acid sequences comprise at
least 6 (contiguous) nucleic acids, which have a length sufficient to allow for specific
hybridization. More preferably, such nucleic acid sequences comprise 6 to 38, even more

preferably 6 to 30, and most preferably 6 to 20 or 6 to 10 (contiguous) nucleic acids.

“Stringent conditions” are sequence dependent and will be different under different
circumstances. Generally, stringent conditions can be selected to be about 5°C lower than
the thermal melting point (TM) for the specific sequence at a defined ionic strength and pH.
The TM is the temperature (under defined ionic strength and pH) at which 50% of the target
sequence hybridizes to a perfectly matched probe. Typically, stringent conditions will be
those in which the salt concentration is at least about 0.02 molar at pH 7 and the
temperature is at least about 60°C. As other factors may affect the stringency of
hybridization (including, among others, base composition and size of the complementary
strands), the presence of organic solvents and the extent of base mismatching, the

combination of parameters is more important than the absolute measure of any one.

“High stringency conditions” may comprise the following, e.g. Step 1: Filters containing

DNA are pretreated for 8 hours to overnight at 65°C in buffer composed of 6*SSC, 50 mM
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Tris-HCI (pH 7.5), 1 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.02% BSA, and 500 pg/ml
denatured salmon sperm DNA. Step 2: Filters are hybridized for 48 hours at 65°C. in the
above prehybridization mixture to which is added 100 mg/ml denatured salmon sperm
DNA and 5-20*10° cpm of *’P-labeled probe. Step 3: Filters are washed for 1 hour at 37°C
in a solution containing 2*SSC, 0.01% PVP, 0.01% Ficoll, and 0.01% BSA. This is followed
by a wash in 0.1*SSC at 50°C for 45 minutes. Step 4: Filters are autoradiographed. Other
conditions of high stringency that may be used are well known in the art (see e.g. Ausubel
et al., (eds.), 1993, Current Protocols in Molecular Biology, John Wiley and Sons, NY; and

Kriegler, 1990, Gene Transfer and Expression, a Laboratory Manual, Stockton Press, NY).

“Moderate stringency conditions” can include the following: Step 1: Filters containing DNA
are pretreated for 6 hours at 55°C. in a solution containing 6*SSC, 5*Denhardt's solution,
0.5% SDS and 100 mg/ml denatured salmon sperm DNA. Step 2: Filters are hybridized for
18-20 hours at 55°C in the same solution with 5-20*10° cpm **P-labeled probe added. Step
3: Filters are washed at 37°C for 1 hour in a solution containing 2*SSC, 0.1% SDS, then
washed twice for 30 minutes at 60°C in a solution containing 1*SSC and 0.1% SDS. Step 4:
Filters are blotted dry and exposed for autoradiography. Other conditions of moderate
stringency that may be used are well-known in the art (see e.g. Ausubel et a/, (eds.), 1993,
Current Protocols in Molecular Biology, John Wiley and Sons, NY; and Kriegler, 1990,

Gene Transfer and Expression, a Laboratory Manual, Stockton Press, NY).

Finally, “low stringency conditions” can include: Step 1: Filters containing DNA are
pretreated for 6 hours at 40°C in a solution containing 35% formamide, 5X SSC, 50 mM
Tris-HCl (pH 7.5), 5 mM EDTA, 0.1% PVP, 0.1% Ficoll, 1% BSA, and 500 pg/ml denatured
salmon sperm DNA. Step 2: Filters are hybridized for 18-20 hours at 40°C in the same
solution with the addition of 0.02% PVP, 0.02% Ficoll, 0.2% BSA, 100 pg/ml salmon sperm
DNA, 10% (wt/vol) dextran sulfate, and 5-20 x 106 cpm *’P-labeled probe. Step 3: Filters
are washed for 1.5 hours at 55 C in a solution containing 2X SSC, 25 mM Tris-HCl (pH 7.4),
5 mM EDTA, and 0.1% SDS. The wash solution is replaced with fresh solution and
incubated an additional 1.5 hours at 60°C. Step 4: Filters are blotted dry and exposed for
autoradiography. If necessary, filters are washed for a third time at 65-68°C and reexposed
to film. Other conditions of low stringency that may be used are well known in the art (e.g.

as employed for cross-species hybridizations). See e.g. Ausubel et al/, (eds.), 1993,
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CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley and Sons, NY; and
Kriegler, 1990, GENE TRANSFER AND EXPRESSION, A LABORATORY MANUAL, Stockton
Press, NY.

The nucleic acid sequences as defined above according to the present invention can be
used to express peptides, i.e. an JNK inhibitor sequence as used herein or an chimeric
peptide as used herein for analysis, characterization or therapeutic use; as markers for
tissues in which the corresponding peptides (as used herein) are preferentially expressed
(either constitutively or at a particular stage of tissue differentiation or development or in
disease states). Other uses for these nucleic acids include, e.g. molecular weight markers in

gel electrophoresis-based analysis of nucleic acids.

According to a further embodiment of the present invention, expression vectors may be
used for the above purposes for recombinant expression of one or more JNK inhibitor
sequences and/or chimeric peptides as defined above. The term “expression vector” is used
herein to designate either circular or linear DNA or RNA, which is either double-stranded or
single-stranded. It further comprises at least one nucleic acid as defined above to be
transferred into a host cell or into a unicellular or multicellular host organism. The
expression vector as used herein preferably comprises a nucleic acid as defined above
encoding the JNK inhibitor sequence as used herein or a fragment or a variant thereof, or
the chimeric peptide as used herein, or a fragment or a variant thereof. Additionally, an
expression vector according to the present invention preferably comprises appropriate
elements for supporting expression including various regulatory elements, such as
enhancers/promoters from viral, bacterial, plant, mammalian, and other eukaryotic sources
that drive expression of the inserted polynucleotide in host cells, such as insulators,
boundary elements, LCRs (e.g. described by Blackwood and Kadonaga (1998), Science 287,
61-63) or matrix/scaffold attachment regions (e.g. described by Li, Harju and Peterson,
(1999), Trends Genet. 75, 403-408). In some embodiments, the regulatory elements are
heterologous (i.e. not the native gene promoter). Alternately, the necessary transcriptional
and translational signals may also be supplied by the native promoter for the genes and/or

their flanking regions.
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The term “promoter” as used herein refers to a region of DNA that functions to control the
transcription of one or more nucleic acid sequences as defined above, and that is
structurally identified by the presence of a binding site for DNA-dependent RNA-
polymerase and of other DNA sequences, which interact to regulate promoter function. A
functional expression promoting fragment of a promoter is a shortened or truncated
promoter sequence retaining the activity as a promoter. Promoter activity may be measured
by any assay known in the art (see e.g. Wood, de Wet, Dewji, and DelLuca, (1984),
Biochem Biophys. Res. Commun. 724, 592-596; Seliger and McElroy, (1960), Arch.

Biochem. Biophys. 88 136-141) or commercially available from Promega®).

An "enhancer region" to be used in the expression vector as defined herein, typically refers
to a region of DNA that functions to increase the transcription of one or more genes. More
specifically, the term “enhancer”, as used herein, is a DNA regulatory element that
enhances, augments, improves, or ameliorates expression of a gene irrespective of its
location and orientation vis-a-vis the gene to be expressed, and may be enhancing,

augmenting, improving, or ameliorating expression of more than one promoter.

The promoter/enhancer sequences to be used in the expression vector as defined herein,
may utilize plant, animal, insect, or fungus regulatory sequences. For example,
promoter/enhancer elements can be used from yeast and other fungi (e.g. the GAL4
promoter, the alcohol dehydrogenase promoter, the phosphoglycerol kinase promoter, the
alkaline phosphatase promoter). Alternatively, or in addition, they may include animal
transcriptional control regions, e.g. (i) the insulin gene control region active within
pancreatic beta-cells (see e.g. Hanahan, et a/, 1985. Nature 315: 115-122); (ii) the
immunoglobulin gene control region active within lymphoid cells (see e.g. Grosschedl, et
al, 1984, Cell 38 : 647-658); (iii) the albumin gene control region active within liver (see
e.g. Pinckert, et al, 1987. Genes and Dev 1: 268-276; (iv) the myelin basic protein gene
control region active within brain oligodendrocyte cells (see e.g. Readhead, et a/, 1987,
Cell 48: 703-712); and (v) the gonadotropin-releasing hormone gene control region active
within the hypothalamus (see e.g. Mason, et al., 1986, Science 234: 1372-1378), and the
like.
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Additionally, the expression vector as defined herein may comprise an amplification
marker. This amplification marker may be selected from the group consisting of, e.g.
adenosine deaminase (ADA), dihydrofolate reductase (DHFR), multiple drug resistance gene
(MDR), ornithine decarboxylase (ODC) and N-(phosphonacetyl)-L-aspartate resistance
(CAD).

Exemplary expression vectors or their derivatives suitable for the present invention
particularly include, e.g. human or animal viruses (e.g. vaccinia virus or adenovirus); insect
viruses (e.g. baculovirus); yeast vectors; bacteriophage vectors (e.g. lambda phage); plasmid

vectors and cosmid vectors.

The present invention additionally may utilize a variety of host-vector systems, which are
capable of expressing the peptide coding sequence(s) of nucleic acids as defined above.
These include, but are not limited to: (i) mammalian cell systems that are infected with
vaccinia virus, adenovirus, and the like; (ii) insect cell systems infected with baculovirus
and the like; (iii) yeast containing yeast vectors or (iv) bacteria transformed with
bacteriophage, DNA, plasmid DNA, or cosmid DNA. Depending upon the host-vector
system utilized, any one of a number of suitable transcription and translation elements may

be used.

Preferably, a host cell strain, suitable for such a host-vector system, may be selected that
modulates the expression of inserted sequences of interest, or modifies or processes
expressed peptides encoded by the sequences in the specific manner desired. In addition,
expression from certain promoters may be enhanced in the presence of certain inducers in a
selected host strain; thus facilitating control of the expression of a genetically-engineered
peptide. Moreover, different host cells possess characteristic and specific mechanisms for
the translational and post-translational processing and modification (e.g. glycosylation,
phosphorylation, and the like) of expressed peptides. Appropriate cell lines or host systems
may thus be chosen to ensure the desired modification and processing of the foreign
peptide is achieved. For example, peptide expression within a bacterial system can be used
to produce an non-glycosylated core peptide; whereas expression within mammalian cells

ensures "native" glycosylation of a heterologous peptide.
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The present invention further provides the use of antibodies directed against the JNK
inhibitor sequences and/or chimeric peptides as described above, for preparing a
pharmaceutical composition for the treatment of non-chronic or chronic inflammatory eye
diseases as defined herein. Furthermore, efficient means for production of antibodies
specific for JNK inhibitor sequences according to the present invention, or for chimeric
peptides containing such an inhibitor sequence, are described and may be utilized for this

purpose.

According to the invention, JNK inhibitor sequences and/or chimeric peptides as defined
herein, as well as, fragments, variants or derivatives thereof, may be utilized as immunogens
to generate antibodies that immunospecifically bind these peptide components. Such
antibodies include, e.g. polyclonal, monoclonal, chimeric, single chain, Fab fragments and
a Fab expression library. In a specific embodiment the present invention provides antibodies
to chimeric peptides or to JNK inhibitor sequences as defined above. Various procedures

known within the art may be used for the production of these antibodies.

By way of example, various host animals may be immunized for production of polyclonal
antibodies by injection with any chimeric peptide or JNK inhibitor sequence as defined
above. Various adjuvants may be used thereby to increase the immunological response
which include, but are not limited to, Freund's (complete and incomplete) adjuvant, mineral
gels (e.g. aluminum hydroxide), surface active substances (e.g. lysolecithin, pluronic
polyols, polyanions, peptides, oil emulsions, dinitrophenol, etc.), CpG, polymers, Pluronics,

and human adjuvants such as Bacille Calmette-Guerin and Corynebacterium parvum.

For preparation of monoclonal antibodies directed towards a chimeric peptide or a JNK
inhibitor sequence as defined above, any technique may be utilized that provides for the
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