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PEPTIDE ANTAGONIST OF 
INTERLEUKIN-15 ACTIVITY

CLAIM OF PRIORITY

This application is the U.S. National Phase of, and Appli­
cants claim priority from, International Application Number 
PCT/CU2009/000006 filed 30 Sep. 2009 and Cuban Patent 
Application No. 2008-0184 filed 30 Sep. 2008, which are 
incorporated herein by reference.

INCORPORATION OF SEQUENCE LISTING

Incorporated herein by reference in its entirety is the 
Sequence Listing for the above-identified Application. The 
Sequence Listing is disclosed on a computer-readable ASCII 
text file titled “SequenceListing976_75PCTUS.txt”, created 
on Mar. 24, 2011. The sequence.txt file is 8.85 KB size.

FIELD OF THE INVENTION

The present invention is related to the field of molecular 
pharmacology, and particularly describes a peptide derived 
from interleukin-15 (IL-15) that blocks the binding of this 
cytokine to the alpha subunit of its receptor (IL-15Ra), the 
peptide being useful to treat diseases involving the abnormal 
expression of IL-15 and/or IL-15Ra during progression.

PREVIOUS ART

The cytokine known as IL-15 is a 14-15 kDa protein simul­
taneously identified by two research groups as a T cell acti­
vating factor (Grabstein, K. H. et al. Science 1994, 264, 
965-968; Burton, J. D. etal. Proc. Natl. Acad. Sci. USA 1994, 
91, 4935-4939). The messenger ribonucleic acid (mRNA) of 
this cytokine is present in a wide range of cells and tissues, but 
the protein is rarely found in the supernatant of cultured cells 
is expressing the transcript, due to a strong post-transcrip- 
tional control at translational and intracellular trafficking lev­
els (Bamford R N. et al, J. Immunol 1998, 160: 4418-4426; 
Kurys G, et al, J Biol Chem 2000, 275: 30653-30659. 
Besides, it has been described that the active form of IL-15 
can appear as membrane protein (Musso et al. Blood 1999, 
93:3531 -3539), and more recently that it could function both 
as ligand and as a receptor. The IL-15 acts as a receptor when 
expressed as integral membrane protein, through the binding 
of the soluble IL-15Ra, triggering the secretion of the IL-6 
and IL-8 pro-inflammatory cytokines, activation of the so- 
called MAPK and FAK kinases and promoting migration of 
prostate carcinoma cells (PC-3) that express IL-15 at the cell 
membrane (Budalgian et al, J. Biol Chem 2004, 40: 42192- 
42201).

The biological effects of IL-15 are mediated by the binding 
of this cytokine to a receptor found in the cell membrane 
comprising three subunits, named α, β and γ. They can be 
co-expressed in the same cell, or the a subunit-bound IL-15 
could be presented to cells expressing the β and γ subunits 
further inducing the cell signaling by a process known as 
signaling in trans (Burkett et al. J Exp. Med 2004, 200: 
825-834). The IL-15Εβ subunit is shared by the IL-2, a cytok­
ine showing a high structural homology with IL-15, and the 
IL-15Ι/β subunit is also shared with other cytokines, such as 
IL-2, ILA, IL-7, IL-9, IL-21. The IL-15Ra subunit is specific 
for the IL-15, mediating a very high affinity binding (Kd= 
10-11) and can be found either as membrane receptor or in 
soluble form (BudagianV. etal. J Biol Chem. 2004 24:40368- 
75; Mortieretal, J. Immunol 2004, 173: 1681-1688).
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High levels of IL-15 expression have been associated to the 

pathogenesis of autoimmune and inflammatory diseases, like 
in Crohn’s disease (Kirman I, Am. J. Gastroenterol. 1996, 
91: 1789-1794), psoriasis (Ruckert R. J. Immunol 2000, 165: 
2240-2250), leukemias (Yamada Y. Leukemia and Limphoma 
1999,35: 37-45 and rheumatoid arthritis (RA) (Mclnnesl. B, 
Immunology Today 1998, 19: 75-79).

In RA, Mclnnes et al. found abnormal IL-15 expression, 
high concentrations of IL-15 in the synovial fluid and IL-15 
expression in synovial membrane cells. They suggested that 
IL-15 precedes the tumor necrosis factor a (TNFa) in the 
cytokines cascade, proposing a cellular contact-mediated 
mechanism for the induction by IL-15-activated T cells of 
TNFa synthesis in macrophages. They also proposed that 
IL-15 acts as a very relevant factor in T cell migration towards 
the synovial fluid. (Mclnnes et al, Nat Med 1997, 3: 189- 
195). Ziolkowska et al. reported that IL-15 induces the 
expression of IL-17 in the joints of RA patients, and it is also 
known that this cytokine stimulates the secretion of inflam­
mation mediators such as IL-6 and IL-8, granulocytes mac­
rophages colony-stimulating factor and the E2 prostaglandin 
by synovial cells, suggesting a significant role for IL-15 in 
RA pathogenesis (Ziolkowska et al, J Immunology 2000, 
164: 2832-2838). Recently, it was demonstrated that IL-15 
exacerbates collagen-induced arthritis (CIA) in a mouse 
transgenic for this cytokine Yoshihara et al, Eur J. Immunol. 
2007, 37: 2744-2752). All these elements suggest that an 
antagonist of IL-15 could be a potential therapeutic to treat 
RA and other autoimmune and inflammatory diseases.

It has been previously described that the aspartic acid resi­
due at position 56 in the IL-15 molecule is relevant for bind­
ing to the IL-15Ηβ, and glutamine at position 156 for binding 
to the IL-15Ry subunit. Mutated proteins, also calledmuteins, 
behave as molecules antagonizing IL-15 that bind the IL15- 
Ra and hamper signal transduction from II -15Ι/β and γ sub­
units. Antibodies recognizing these aminoacids (aa.) also act 
as IL-15 antagonists (U.S. Pat. No. 6,177,079, U.S. Pat. No. 
6,168,783, U.S. Pat. No. 6,013,480, U.S. Pat. No. 6,001,973, 
U.S. Pat. No. 9,706,931, International patent application No. 
WO9741232).

The use of antagonists for this cytokine has proven useful 
in animal models of psoriasis (Villadsen L. S. et al. J. Clin. 
Invest. 2003, 112: 1571-1580) and RA (Ferrari-Lacraz S. et 
al, J. Immunol 2004, 173: 5818-5826).

Ruchatz et al. generated a soluble fragment of murine 
IL-15Ra that inhibited CIA when administered to DBA/1 
mice (Ruchatz H, J. Immunology 1998, 160: 5654-5660). It 
was subsequently found that IL-15Ra can act as a potent 
agonist of IL-15 biological function (Mortier E. J. Biol. 
Chem. 2006, 281:1612-1619; Rubinstein Μ P, PNAS USA 
2006, 103: 9166-9171).

Genmab owns a patent on antibodies specific for IL-15 
(Patent application No. W003017935) describing four anti­
bodies. Two of them, named 146B7 and 146H5, target the 
IL-15 region interacting with the II-151/γ and inhibit the 
IL-15-induced cell proliferation in the CTLL-2 cell line and 
peripheral blood mononuclear cells (PBMC). That patent also 
describes the 404A8 and 404E4 antibodies that do not inhibit 
cell proliferation. Of those four antibodies, 146B7 is being 
tested in a Phase II clinical trial for RA by the Amgen com­
pany, denominated AMG714.

Bernard et al. identified in 2004 two sequences of the IL-15 
molecule for binding to IL15-Ra. Those sequences comprise 
aminoacids 44 to 52 and 64 to 68 in the mature protein, and 
they also described muteins that could act as agonists or 
antagonists of IL-15 (Bernard J. et al. J Biol Chem 2004,279: 
24313-24322).
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PEPTIDE ANTAGONIST OF
INTERLEUKIN-15 ACTIVITY

CLAIM OF PRIORITY

This application is the U.S. National Phase of, and Appli-
cants claim priority from, International Application Number Immunology Today 1998, 19: 75-79).
PCT/CU2009/000006 filed 30 Sep. 2009 and Cuban Patent
Application No. 2008-0184 filed 30 Sep. 2008, which are
incorporated herein by reference.

INCORPORATION OF SEQUENCEE LISTING

Incorporated herein by reference in its entirety is the

Sequence Listing for the above-identified Application. The
Sequence Listing is disclosed on a computer-readable ASCII
text file titled "SequenceListing97675PCTUS.txt", created
on Mar. 24, 2011. The sequence.txt file is 8.85 KB size.

FIELD OF THE INVENTION

The present invention is related to the field of molecular
pharmacology, and particularly describes a peptide derived
from interleukin-15 (IL-15) that blocks the binding of this
cytokine to the alpha subunit of its receptor (IL-15Re), the

peptide being useful to treat diseases involving the abnormal
expression ofIL-15 and/or IL-15Ra during progression.

PREVIOUS ART

The cytokine known as IL-15 is a 14-15 kDa protein simul- due at position 56 in the IL-15 molecule is relevant for bind-
taneously identified by two research groups as a T cell acti- ing to the IL-15R§, and glutamine at position 156 for binding
vating factor (Grabstein, K. H. et al., Science 1994, 264, to the IL-15Ry subunit. Mutated proteins, also calledmuteins,
965-968; Burton, J. D. et al., Proc. Natl. Acad. Sci. USA 1994, behave as molecules antagonizing IL-15 that bind the IL15-
91, 4935-4939). The messenger ribonucleic acid (mRNA) of
this cytokine is present in a wide range ofcells and tissues, but units. Antibodies recognizing these aminoacids (aa.) also act
the protein is rarely found in the supernatant of cultured cells as IL-15 antagonists (U.S. Pat. No. 6,177,079, U.S. Pat. No.
is expressing the transcript, due to a strong post-transcrip- 6,168,783, U.S. Pat. No. 6,013,480, U.S. Pat. No. 6,001,973,
tional control at translational and intracellular trafficking lev- US. Pat. No. 9,706,931, International patent application No.
els (Bamford RN. et al., J. Immunol 1998, 160: 4418-4426:
Kurys G, et al., J Biol Chem 2000, 275: 30653-30659.
Besides, it has been described that the active form of IL-15 in animal models of psoriasis (Villadsen L. S. et al. J. Clin.
can appear as membrane protein (Musso et al. Blood 1999, Invest. 2003, 112: 1571-1580) and RA (Ferrari-Lacraz S. et
93: 3531-3539), and more recently that it could function both al, J. Immunol 2004, 173: 5818-5826).
as ligand and as a receptor. The IL-15 acts as a receptor when
expressed as integral membrane protein, through the binding IL-15Re that inhibited CA when administered to DB.A/1
of the soluble IL-15Ra, triggering the secretion of the IL-6 mice (Ruchatz H, J. Immunology 1998, 160: 5654-5660). It
and IL-8 pro-inflammatory cytokines, activation of the so- was subsequently found that IL-15Ra can act as a potent
called MAPK and FAK kinases and promoting migration of agonist of IL-15 biological function (Mortier E. J. Biol.
prostate carcinoma cells (PC-3) that express IL-15 at the cell
membrane (Budalgian et al., J Biol Chem 2004, 40: 42192-
42201).

The biological effects ofIL-15 aremediated by the binding (Patent application No. WO03017935) describing four anti-
of this cytokine to a receptor found in the cell membrane bodies. Two of them, named 146B7 and 146HS, target the

comprising three subunits, named a, B and y. They can be

co-expressed in the same cell, or the @ subunit-bound IL-15 IL-15-induced cell proliferation in the
could be presented to cells expressing the B and y subunits peripheral bloodmononuclear cells (PBMC). That patent also
further inducing the cell signaling by a process known as describes the 404.48 and 404E4 antibodies that do not inhibit
signaling in trans (Burkett et al. J Exp. Med 2004, 200: cell proliferation. Of those four antibodies, 146B7 is being
825-834). The IL-15R subunit is shared by the IL-2, acytok-
ine showing a high structural homology with IL-15, and the pany, denominated AMG714.
IL-15R subunit is also shared with other cytokines, such as
IL-2, IL-4, IL-7, IL-9, IL-21. The IL-15Rea subunit is specific molecule for binding to IL15-Ra. Those sequences comprise
for the IL-15, mediating a very high affinity binding (Kd- aminoacids 44 to 52 and 64 to 68 in the mature protein, and
10'') and can be found either as membrane receptor or in
soluble form (Budagian V. et al. JJ Biol Chem. 2004 24:40368- antagonists ofIL-15 (Bernard J. et al. J Biol
75; Mortier et al., J. Immunol 2004, 173: 1681-1688).
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2
High levels ofIL-15 expression have been associated to the

pathogenesis ofautoimmune and inflammatory diseases, like
in Crohn's disease (Kirman I., Am. J. Gastroenterol. 1996,
91: 1 789-1794), psoriasis (Riickert R. J. Immunol 2000, 165:
2240-2250), leukemias (Yamada Y. Leukemia and Limphoma
1999,35: 37-45 and rheumatoid arthritis (RA) (McInnes I. B.,

In RA, McInnes et al. found abnormal IL-15 expression,
high concentrations ofIL-15 in the synovial fluid and IL-15
expression in synovial membrane cells. They suggested that
IL-15 precedes the tumor necrosis factor raa (TNFa) in the
cytokines cascade, proposing a cellular contact-mediated
mechanism for the induction by IL-15-activated T cells of
TNFa synthesis in macrophages. They also proposed that
IL-15 acts as a very relevant factor in T cellmigration towards
the synovial fluid. (McInnes et al., Nat Med 1997, 3: 189-
195). Ziolkowska et al. reported that IL-15 induces the

expression of IL-17 in the joints ofRA patients, and it is also
known that this cytokine stimulates the secretion of inflam-
mation mediators such as IL-6 and IL-8, granulocytes mac-
rophages colony-stimulating factor and the E2 prostaglandin
by synovial cells, suggesting a significant role for IL-15 in
RA pathogenesis (Ziolkowska et al., J Immunology 2000,
164: 2832-2838). Recently, it was demonstrated that IL-15
exacerbates collagen-induced arthritis (CLA) in a mouse
transgenic for this cytokine Yoshihara et al., Eur J. Immunol.
2007, 37: 2744-2752). All these elements suggest that an
antagonist of IL-15 could be a potential therapeutic to treat
RA and other autoimmune and inflammatory diseases.

It has been previously described that the aspartic acid resi-

Ra and hamper signal transduction from IL-15Rf and y sub-

W09741232).
The use of antagonists for this cytokine has proven useful

Ruchatz et al. generated a soluble fragment of murine

Chem. 2006, 281:1612-1619: Rubinstein M P, PNAS USA
2006, 103: 9166-9171).

Genmab owns a patent on antibodies specific for IL-15

IL-15 region interacting with the IL-15Ry and inhibit the
TLL-2 cell line and

tested in a Phase IJ clinical trial for RA by the Amgen com-

Bernard et al. identified in 2004 two sequences of the IL-15

they also described muteins that could act as agonists or
Chem 2004, 279:

24313-24322).
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Santos et al. described a IL-15 antagonistic peptide (Patent 
application No. W02006/029578). The use of a small size (10 
aa.) peptide as an antagonist of IL-15 is advantageous due to 
its selective blocking of the IL-15 binding to the IL-15Ra, 
also mediating or avoiding the effects of that interaction.

However, the identification of peptide sequences of higher 
solubility and enhanced biological activity to antagonize 
IL-15 compared to the previously mentioned peptide is par­
ticularly relevant.

DETAILED DESCRIPTION OF THE INVENTION

This invention contributes to solve the abovementioned 
problem by providing a more soluble and active peptide than 
that described in the Patent application No. W02006/029578, 
decreasing its inhibitory concentration 50 (IC50), that is the 
concentration of the substance generating a 50% of inhibi­
tion, from 130 μΜ to 8 μΜ by substituting Thr for the second 
Lys and obtaining a peptide dimer. Said sequence, SEQ ID 
No. 12, is synthesized as a 10 aa. linear peptide, interacting 
with the IL-15Ra and showing IL-15 antagonist capacity.).

The said peptide was optimized by point aminoacid sub­
stitutions to identify the aminoacids essential for its antago­
nistic activity for IL-15. Specifically for the second Lys, 
substitutions affecting the charge such as replacing it with a 
neutral Thr residue or a negatively charged Glu aminoacid, a 
ten-fold antagonistic activity was obtained for this peptide. 
Besides, it was found that the dimer formed between two 
peptide molecules linked through the free cystein was seven 
times more active than the monomer.

A peptide ten times more active in the IL-15-dependent 
proliferation assay of the CTLL-2 cell line was obtained, 
resulting from the substitution previously mentioned. This 
peptide also retains the capacity to bind to the IL-15Ra.

The resulting peptide, which is the aim of the present 
invention, comprises the peptide sequence described as SEQ 
ID No. 12 in the list of sequences. The increased activity 
found after the indicated Lys to Thr aminoacid change was 
surprising. Such an increase in the biological activity of the 
peptide after the change on its primary sequence was unex­
pected for any people skilled in the art on this field of tech­
nique, based on previous findings, as demonstrated in the 
examples of the embodiments of the present invention.

The chemically synthesized peptide dimer obtained by the 
linkage of monomers identified in the List of sequences as 
SEQ ID No. 12 through the free Cys was seven times more 
active than the monomer and 15 times more active than the 
original peptide described in patent No. W02006/029578.

The peptide identified with the aminoacid sequence listed 
as SEQ ID No. 12 can inhibit the reverse signaling effect 
through the membrane IL-15 reported by Budalgian et al. in 
2004 (Budalgian et al, J. Biol Chem 2004,40:42192-42201), 
through binding of said peptide to the soluble alpha chain.

The present invention comprises the use of said peptide to 
treat RA, alone or combined with any other appropriate mol­
ecule, such as steroid anti-inflammatory drugs (e.g, corticos­
teroids) and drugs modifying the course of disease (e.g, 
methotrexate).

Another embodiment of the present invention comprises 
the topical use of this peptide to treat skin diseases in which 
lesions IL-15 is detected during the course of disease, such as 
psoriasis and cutaneous T cell lymphoma.

In another embodiment of the present invention, the pep­
tide is used to inhibit the binding of the soluble IL-15Ra to the 
IL-15 expressed in the tumor cell membrane and to inhibit 
tumor cell migration.
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4
The peptide subject of the present invention can be a linear 

peptide or form a dimer, mainly characterized by its activity 
antagonistic of IL-15. On the other hand, the in vitro effect of 
the peptide subject of the present invention is demonstrated in 
a cell proliferation assay of the CTLL-2 murine cell line and 
the human lymphocytic Kit225 leukemia cell line.

The peptide describe in the present invention was identified 
by Ala scanning of the peptide described in the patent appli­
cation No. W02006/029578. Each mutated peptide was 
chemically synthesized by the solid phase synthesis method. 
The resulting peptides were purified by high performance 
liquid chromatography (HPLC) and analyzed by mass spec­
trometry, for more than 95% of purity. Each peptide was 
evaluated for the effectiveness to inhibit the biological activ­
ity of IL-15.

The peptide subject of the present invention inhibits the 
expression of IL-8 induced by the IL-15Ra. This same pep­
tide inhibits the expression of IL-6 and the release of tumor 
necrosis factor alpha (TNFa) induced by the IL-15Ra.

In another embodiment of the present invention the peptide 
is obtained by genetic manipulation or by chemical synthesis. 
In an embodiment of the present invention the peptide is 
obtained as a dimer formed between two molecules of the 
peptide comprising the aminoacid sequence identified as 
SEQ ID No. 12. In a particular embodiment, the dimer is 
obtained from two peptide molecules dimerized through the 
free cystein.

Is also subject of the present invention the deoxyribo­
nucleic acid (DNA) coding for the peptide with the sequence 
listed as SEQ ID No. 12, its expression product being able to 
bind the IL-15Ra or its soluble fraction, inhibiting the bio­
logical activity of IL-15. In an embodiment of the present 
invention, a vector bearing said DNA sequence can be used 
for the expression of the peptide sequence. The results 
obtained suggest the use of the peptide claimed in the present 
invention as therapeutic tool to treat diseases as those previ­
ously mentioned, which are characterized by an over-expres­
sion of IL-15 and justify the use of IL-15 antagonists.

Therefore, is also subject of the present invention a thera­
peutic pharmaceutical composition able of inhibiting the bio­
logical activity of IL-15 that depends on the IL-15Ra, 
wherein said pharmaceutical composition comprises the ami­
noacid sequence described in the List of sequences as SEQ ID 
No. 12. In an embodiment of the resent invention, the thera­
peutic pharmaceutical composition comprises the peptide 
dimerized. In another embodiment of the invention, the thera­
peutic pharmaceutical composition able of inhibiting the 
IL-15Ra-dependent biological activity of IL-15 comprises 
the peptide as a monomer or as a dimer, conjugated or mixed 
with acceptable pharmaceutical excipients. In another 
embodiment, the therapeutic pharmaceutical composition 
able of inhibiting the IL-15Ra-dependent biological activity 
of IL-15 contains the nucleic acid strand coding for the said 
peptide (SEQ ID No. 12).

Is also a subject of the present invention the use of a peptide 
comprising the aminoacid sequence described in the List of 
sequences as SEQ ID No. 12 to manufacture a medicine to 
treat rheumatoid arthritis, Crohn’s disease, psoriasis and 
prostate cancer.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1. Effect of different concentrations of the peptide on 
the IL-15-induced proliferation of the CTLL-2 cell line. 
CTLL-2 cells were incubated with 300 pg/mL of IL-15 com­
bined with serial dilutions of the peptides. Proliferation was 
measured by using mitochondrial staining with 3-(4,5-dim-
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Santos et al. described a IL-15 antagonistic peptide (Patent
applicationNo. WO2006/029578). The use ofa small size (10
aa.) peptide as an antagonist ofIL-15 is advantageous due to
its selective blocking of the IL-15 binding to the IL-15Ra,
also mediating or avoiding the effects of that interaction.

However, the identification ofpeptide sequences ofhigher
solubility and enhanced biological activity to antagonize
IL-15 compared to the previously mentioned peptide is par-
ticularly relevant.

DETAILED DESCRIPTION OF THE INVENTION

This invention contributes to solve the abovementioned
problem by providing amore soluble and active peptide than
that described in the Patent application No. WO2006/029578,
decreasing its inhibitory concentration 50 (IC), that is the
concentration of the substance generating a 50% of inhibi-
tion, from 130 LLM to 8 uM by substituting Thr for the second
Lys and obtaining a peptide dimer. Said sequence, SEQ ID
No. 12, is synthesized as a 10 aa. linear peptide, interacting
with the IL-15Ra and showing IL-15 antagonist capacity.).

The said peptide was optimized by point aminoacid sub-
stitutions to identify the aminoacids essential for its antago-
nistic activity for IL-15. Specifically for the second Lys,
substitutions affecting the charge such as replacing it with a
neutral Thr residue or a negatively charged Glu aminoacid, a
ten-fold antagonistic activity was obtained for this peptide.
Besides, it was found that the dimer formed between two
peptide molecules linked through the free cystein was seven
times more active than the monomer.
A peptide ten times more active in the IL-15-dependent

proliferation assay of the TLL-2 cell line was obtained,
resulting from the substitution previously mentioned. This
peptide also retains the capacity to bind to the IL-15Ra.

The resulting peptide, which is the aim of the present
invention, comprises the peptide sequence described as SEQ
ID No. 12 in the list of sequences. The increased activity
found after the indicated Lys to Thr aminoacid change was
surprising. Such an increase in the biological activity of the
peptide after the change on its primary sequence was unex-
pected for any people skilled in the art on this field of tech-
nique, based on previous findings, as demonstrated in the

examples of the embodiments of the present invention.
The chemically synthesized peptide dimer obtained by the

linkage of monomers identified in the List of sequences as
SEQ ID No. 12 through the free Cys was seven times more
active than the monomer and 15 times more active than the

original peptide described in patent No. WO2006/029578.
The peptide identified with the aminoacid sequence listed

as SEQ ID No. 12 can inhibit the reverse signaling effect
through the membrane IL-15 reported by Budalgian et al. in
2004 (Budalgian et al., J. Biol Chem 2004, 40: 42192-42201),
through binding of said peptide to the soluble alpha chain.
The present invention comprises the use of said peptide to

treat R.A, alone or combined with any other appropriate mol-
ecule, such as steroid anti-inflammatory drugs (e.g., corticos-
teroids) and drugs modifying the course of disease (e.g.,
methotrexate).

Another embodiment of the present invention comprises
the topical use of this peptide to treat skin diseases in which
lesions IL-15 is detected during the course ofdisease, such as

psoriasis and cutaneous T cell lymphoma.
In another embodiment of the present invention, the pep-

tide is used to inhibit the binding of the soluble IL-15Ra to the
IL-15 expressed in the tumor cell membrane and to inhibit
tumor cell migration.
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The peptide subject of the present invention can be a linear

peptide or form a dimer, mainly characterized by its activity
antagonistic of IL-15. On the other hand, the in vitro effect of
the peptide subject of the present invention is demonstrated in
acell proliferation assay of the TLL-2 murine cell line and
the human lymphocytic Kit225 leukemia cell line.
The peptide describe in the present invention was identified

by Ala scanning of the peptide described in the patent appli-
cation No. WO2006/029578. Each mutated peptide was
chemically synthesized by the solid phase synthesis method.
The resulting peptides were purified by high performance
liquid chromatography (HPLC ) and analyzed by mass spec-
trometry, for more than 95% of purity. Each peptide was
evaluated for the effectiveness to inhibit the biological activ-
ity of IL-15.
The peptide subject of the present invention inhibits the

expression of IL-8 induced by the IL-15Ra. This same pep-
tide inhibits the expression of IL-6 and the release of tumor
necrosis factor alpha (TNFa) induced by the IL-15Ra.

In another embodiment of the present invention the peptide
is obtained by genetic manipulation or by chemical synthesis.
In an embodiment of the present invention the peptide is
obtained as a dimer formed between two molecules of the
peptide comprising the aminoacid sequence identified as

SEQ ID No. 12. In a particular embodiment, the dimer is
obtained from two peptide molecules dimerized through the
free cystein.

Is also subject of the present invention the deoxyribo-
nucleic acid (DNA) coding for the peptide with the sequence
listed as SEQ ID No. 12, its expression product being able to
bind the IL-15Re or its soluble fraction, inhibiting the bio-
logical activity of IL-15. In an embodiment of the present
invention, a vector bearing said DNA sequence can be used
for the expression of the peptide sequence. The results
obtained suggest the use of the peptide claimed in the present
invention as therapeutic tool to treat diseases as those previ-
ously mentioned, which are characterized by an over-expres-
sion ofIL-15 and justify the use ofIL-15 antagonists.
Therefore, is also subject of the present invention a thera-

peutic pharmaceutical composition able of inhibiting the bio-
logical activity of IL-15 that depends on the IL-15Ra,
wherein said pharmaceutical composition comprises the ami-
noacid sequence described in the List of sequences as SEQ ID
No. 12. In an embodiment of the resent invention, the thera-
peutic pharmaceutical composition comprises the peptide
dimerized. In another embodiment of the invention, the thera-
peutic pharmaceutical composition able of inhibiting the

IL-15Ra-dependent biological activity of IL-15 comprises
the peptide as a monomer or as a dimer, conjugated ormixed
with acceptable pharmaceutical excipients. In another
embodiment, the therapeutic pharmaceutical composition
able of inhibiting the IL-15Ra-dependent biological activity
ofIL-15 contains the nucleic acid strand coding for the said
peptide (SEQ ID No. 12).

Is also a subject of the present invention the use ofa peptide
comprising the aminoacid sequence described in the List of
sequences as SEQ ID No. 12 to manufacture a medicine to
treat rheumatoid arthritis, Crohn's disease, psoriasis and

prostate cancer.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1. Effect ofdifferent concentrations of the peptide on
the IL-15-induced proliferation of the TLL-2 cell line.
CTLL-2 cells were incubated with 300 pg/mL of IL-15 com-
bined with serial dilutions of the peptides. Proliferation was
measured by using mitochondrial staining with 3-(4,5-dim-
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ethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT). 
FIG. 1A: Evaluation of peptides SEQ ID No. 4 and SEQ ID 
No. 5; FIG. IB: Evaluation of peptides SEQ ID No. 2 and 
SEQ ID No. 3; FIG. 1C: Evaluation of peptides SEQ ID No. 
7, SEQ ID No. 8 and SEQ ID No. 9.

FIG. 2. Diagram representing peptide binding of human 
IL-15Ra. The displacement of binding of IL-15 to IL-15Ra 
by the peptides was evaluated by ELISA.

FIG. 3. Effect of different peptide concentrations on the 
IL-15-induced proliferation of the K1T225 cell line. The 
Kit225 cells were incubated with IL-15 at 300 pg/mL, com­
bined with serial dilutions of peptides. Proliferation was mea­
sured by using the MTT mitochondrial staining.

FIG. 4. Effect of the peptide on the proliferation of the 
CTLL-2 cell line induced by different concentrations of 
IL-15 at a fixed peptide concentration. The IL-15 concentra­
tions were 75 pg/mL (1); 150 pg/mL (2); 300 pg/mL (3).

FIG. 5. Diagram showing the inhibitory effect of the pep­
tide on the induction of mRNA of IL-8 (FIG. 5A) and IL-6 
(FIG. 5B) in cells of the PC-3 cell line incubated with the 
IL-15Ra.

FIG. 6. Inhibition of the release of TNFa by incubating 
synovial fluid cells with the peptide. Synovial fluid cells from 
RA patients were simultaneously incubated with IL-15 (100 
ng/mL) and the peptide (65 μΜ) for 48 h. Amounts of TNFa 
were measured by ELISA. Data of controls showing synovitis 
caused by trauma are shown.

DETAILED DESCRIPTION OF
REALIZATION/EXAMPLES FOR REALIZATION

The present invention is explained through the following 
realizacion examples:

Example 1

Optimizing of an IL-15 Peptide that Binds to the 
IL-15Ra and Inhibits the Biological Function of

IL-15

Design
A panel of peptides was design by substituting each ami­

noacid on the sequence of the peptide claimed in the patent 
application No. W02006/029578 by the alanine (Ala) ami­
noacid. In another set of peptides, cysteine (Cys) was substi­
tuted by Ser and Lys by Thr or Glu.
Peptide Synthesis

The peptides were synthesized by using the Fmoc/tBu 
strategy in syringes. The Fmoc-AM-MBHA resin was used at 
0.54 mmol/g and the synthesis procedure was carried out 
under mechanical agitation. The peptides were treated with 
trifluoroacetic acid and lyophilized, and further characterized 
by HPLC and mass spectrometry. All the peptides were 
obtained with more than 95% of purity and their correspond­
ing masses were as expected for their aminoacid sequence.

Example 2

Effect of the Peptides Described on the Proliferation 
ofthe CTLL-2 and K1T225 Cell Lines

The CTLL-2 and K1T225 cell lines depend on IL-15 and 
proliferate when this cytokine is present. Those molecules 
able to bind IL-15 and that blocking signal transduction from 
the IL-15R inhibit proliferation of these two cell lines.

To evaluate the neutralizing capacity of the peptides of the 
present invention, serial dilutions of these peptides were car­
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6
ried out in 96-well plates (Costar, USA) in a 25 μΐ volume of 
RPMI medium (Gibco) supplemented at 10% with calf fetal 
serum (Gibco). Previously washed CTLL-2 or K1T225 cells 
were added at 5x 103 cells/well and incubated for 30 min, and 
a saturating amount of 300 pg/mL IL-15 was added per well.

The antagonistic activity of the peptides was also evalu­
ated, by varying the concentration of IL-15 at a fix concen­
tration of260 μΜ of each peptide. Incubation was carried out 
for 72 h at 37° C. and 5% CO2. Proliferation was assessed by 
using the MTT mitochondrial staining method (Cosman et 
al. Nature 1984, 312: 768-771). MTT is reduced to red for- 
mazan by the mitochondrial dehydrogenase of live cells. The 
IC50 was determined to each peptide at a IL-15 concentration 
of 300 pg/mL.

TABLE 1

List of peptides evaluated and values of IC50 obtained in the 
proliferation assay for the CTLL-2 cell line.

Peptide IC50 (μΜ)

KVTAMKCFLL 130
KVTAMKCFLA 260
KVTAMKCFAL 200
KVTAMKCALL 0
KVTAMKAFLL 0
KVTAMACFLL n.d
KVTAAKCFLL 130
KVAAMKCFLL 130
KATAMKCFLL 130
AVTAMKCFLL n.d
KVTAMKSFLL 0
KVTAMTCFLL 24.6
KVTAMECFLL 0
KVTAMTCYLL 57.7

n.d: Not determined
This assay was used to evaluate all the peptides, allowing to 

obtain the IC50 values shown in table 1. The IC50 values show 
the loss of the inhibitory effect of the peptide in the Cys-Ala, 
Cys-Ser, Phe-Ala and Gly-Glu mutants; and this effect is 
affected in almost 50% in the Leu-Ala mutants. A five-fold 
inhibitory activity is obtained for the Lys-Thr mutant and 
15-fold in the dimeric form of the Lys-Thr mutant.

FIGS. 1A, IB and 1C represent the behavior of the optical 
density (O.D.) at 576 nm for the different peptide concentra­
tions of the Phe-Ala, Cys-Ala, Leu 1 -Ala, Leu2-Ala, Met-Ala, 
Thr-Ala and Vai-Ala mutants. FIG. 3 shows the behavior of 
the Lys-Thr mutant as monomer and dimer, showing an 
inhibitory effect depending on the concentration of the pep­
tide and a higher inhibitory effect forthe dimer of the Lys-Thr 
mutant.

The antagonistic activity of the peptides was also evaluated 
by varying IL-15 concentration at a fixed peptide concentra­
tion. FIG. 4 shows the dependence of the antagonistic activity 
of the mutant Lys-Thr peptide on the IL-15 concentration.

Example 3

Competition ELISA to Study the Capacity of the 
Peptides to Displace the Binding to IL-15Ra

Peptide binding to the IL15-Ra was characterized by 
ELISA. Briefly, 96-well plates were coated with purified 
IL-15 in phosphate buffered saline (PBS) and blocked with 
bovine albumin at 1% in PBS. Dilutions of each peptide were 
added to the wells and plates were incubated for 1 h at 37° C. 
The plates were washed with PBS-Tween 20 and incubated 
with an IL-15Ra-Fc for 1 h at 37° C. Plates were washed 
again with PBS-Tween 20 and further incubated an anti Fc- 
human IgG-peroxidase conjugate for 1 h at 37° C. After 
washing, the antigen-antibody reaction was run by adding the 
substrate and 3,3',5,5'-Tetramethylbenzidine (TMB), and 
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ethylthiazol-2-yl)-2,5-dipheny] tetrazolium bromide (MTT).
FIG. 14: Evaluation of peptides SEQ ID No. 4 and SEQ ID
No. 5; FIG. 1B: Evaluation of peptides SEQ ID No. 2 and

SEQ ID No. 3: FIG. 1C: Evaluation of peptides SEQ ID No.
7, SEQ ID No. 8 and SEQ ID No. 9.
FIG. 2. Diagram representing peptide binding of human

IL-15Ra. The displacement of binding ofIL-15 to IL-15Ra
by the peptides was evaluated by ELISA.
FIG. 3. Effect of different peptide concentrations on the

IL-15-induced proliferation of the KiT225 cell line. The
Kit225 cells were incubated with IL-15 at 300 pg/mL, com-
bined with serial dilutions ofpeptides. Proliferation wasmea-
sured by using the MTT mitochondrial staining.
FIG. 4. Effect of the peptide on the proliferation of the

CTLL-2 cell line induced by different concentrations of
IL-15 at a fixed peptide concentration. The IL-15 concentra-
tions were 75 pg/mL (1); 150 pg/mL (2); 300 pg/mL (3).
FIG. 5. Diagram showing the inhibitory effect of the pep-

tide on the induction ofmRNA of IL-8 (FIG. 5A) and IL-6
(FIG. 5B) in cells of the PC-3 cell line incubated with the
IL-15Ra.
FIG. 6. Inhibition of the release of TNFa by incubating

synovial fluid cells with the peptide. Synovial fluid cells from
RA patients were simultaneously incubated with IL-15 (100
ng/mL) and the peptide (65 1M) for 48 h. Amounts ofTNFa <

weremeasured by ELISA. Data ofcontrols showing synovitis
caused by trauma are shown.

DETAILED DESCRIPTION OF
REALIZATION/EXAMPLES FOR REALIZATION

The present invention is explained through the following
realizacion examples:

Example 1

Optimizing of an IL-15 Peptide that Binds to the
IL 15Re and Inhibits the Biological Function of

IL-15

Design
A panel of peptides was design by substituting each ami-

noacid on the sequence of the peptide claimed in the patent
application No. WO2006/029578 by the alanine (Ala) ami-
noacid. In another set ofpeptides, cysteine (Cys) was substi-
tuted by Ser and Lys by Thr or Glu.
Peptide Synthesis

Thy peptides ue syuthesizd by using the Tine tBu
strategy in syringes. The Fmoc-AM-MBHA resin was used at

under mechanical agitation The peptides were treated with
trifluoroacetic acid and lyophilized, and further characterized
by HPLC and mass spectrometry. All the peptides were
obtained with more than 95% ofpurity and their correspond-
ing masses were as expected for their aminoacid sequence.

Example 2

Effect of the Peptides Described on the Proliferation
of the TLL-2 and KiT225 Cell Lines

The TLL-2 and KiT225 cell lines depend on IL-15 and
proliferat. ficn this cyt Mie is present

Th scone tect tes
able to bind IL-15 and that blocking signal transduction from
the IL 15R inhibit proliferation ot these two cell lines

To evaluate the neutralizing capacity of the peptides of the
present invention, serial dilutions of these peptides were car-

10

15

30

45

35

6

65

6
ried out in 96-well plates (Costar, USA) in a 25 uL volume of
RPMI medium (Gibco) supplemented at 10% with calf fetal
serum (Gibco). Previously washed TLL-2 or KiT225 cells
were added at 5x10° cells/well and incubated for 30min, and
a saturating amount of 300 pg/mL IL-15 was added per well.
The antagonistic activity of the peptides was also evalu-

ated, by varying the concentration of IL-15 at a fix concen-
tration of260 uM ofeach peptide. Incubation was carried out
for 72 hat 37° C. and 5% CO.,,. Proliferation was assessed by
using the MTT mitochondrial staining method (Cosman et
al., Nature 1984, 312: 768-771). MTT is reduced to red for-
mazan by themitochondrial dehydrogenase of live cells. The
IC.,, was determined to each peptide at a IL-15 concentration
of 300 pg/mL.

TABLE 1

List ofpeptides evaluated and values of IC, obtained in the
proliferation assay for the CTLL-? cell line.

Peptide IC49 (uM)

KVTAMKCFLL 130
KVTAMKCFLA 260)
KVTAMKCFAL 200
KVTAMKCALL 0
KVTAMKAFLL 0
KVTAMACFLL nd
KVTAAKCFLL 130
KVAAMKCFLL 130
KATAMKCFLL 130
AVTAMKCFLL nd
KVTAMKSFLL 0
KVTAMTCFLL 24.6
KVTAMECFLL 0

KVTAMTCYLL 37.7

n.d: Not determined
This assay was used to evaluate all the peptides, allowing to

obtain the IC... values shown in table 1. The values show
the loss of the inhibitory effect of the peptide in the Cys-Ala,
Cys-Ser, Phe-Ala and Gly-Glu mutants; and this effect is
affected in almost 50% in the Leu Ala mutants A five fold
inhibitory activity is obtained for the Lys-Thr mutant and
15-fold in the dimeric form of the Lys-Thr mutant.
FIGS. LA, 1B and 1C represent the behavior of the optical

density (O.D.) at 576 nm for the different peptide concentra-
tions of the Phe-Ala, Cys-Ala, Leul-Ala, Leu2-Ala,Met-Ala,
Thr-Ala and Val-Ala mutants. FIG. 3 shows the behavior of
the Lys-Thr mutant as monomer and dimer, showing an
inhibitory effect depending on the concentration of the pep-
tide and a higher inhibitory effect for the dimer of the Lys-Thr
mutant.

aulupouole abtily ui ihe pepides was also evaluated
by varying IL-15 concentration at a fixed peptide concentra-

LIG Wie ol Ue auld dels ity
of the mutant Lys Thr peptide on the IL 15 concentration.

0.54 nin d utd

Example 3

Competition ELISA to Study the Capacity of the
Peptides to Displace the Binding to IL-15Ra

Peptide binding to the IL15-Ra was characterized by
ELISA. Briefly, 96-well plates were coated with purified
IL-15 in phosphate buffered saline (PBS) and blocked with
bovine albumin at 1% in PBS. Dilutions of each peptidewere
added to the wells and plates were incubated for 1 h at 37° C.
The plates were washed with PBS-Tween 20 and incubated

again with PBS-Tween 20 and further incubated an anti Fe-
human IgG peroxidase conjugate for 1 h at 37° C. After
washing, the antigen-antibody reaction was run by adding the
substrate and 3,3',5,5'-Tetramethylbenzidine (TMB), and

thou
Ww ISR OT fot Pl d
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O.D. was read at 450 nm. Results are show in FIG. 2, showing 
that the Cys-Ala mutant (SEQ ID No. 5) does not displace the 
binding of IL-15 to the IL15-Ra and the mutant Phe-Ala 
(SEQ ID No. 4) displaces IL-15 only 10%.

Example 4

Evaluation of the Effect of Peptide (SEQ ID No. 12) 
on the Expression of IL-6 and IL-8 in the Prostate 

Cancer Cell Line PC-3

The effect of peptide (SEQ ID No. 12) on the expression of 
IL-6 and 11-8 was evaluated, such an expression mediated by 
the binding of 11-15 to the IL15-Ra on the cellular membrane 
of PC-3 cells (Budagian V, et al. J. Biol. Chem 2004 279: 
42192-42201).

The experiment was carried out in 24-well plates by incu­
bating 1.5xl06 cells with peptides SEQ ID No. 1 and SEQ ID 
No. 12 at 100 pg/mL and IL15-Ra (1 ng/mL), and also 
combinations of IL15-Ra and peptides SEQ ID No. 1 and 
SEQ ID No. 12.

The RNA was isolated by the TriReagent method (Sigma) 
and analyzed by measuring the O.D. 260/280 nm ratio and 
Agarose gel electrophoresis. The real time reverse transcrip­
tion and polymerase chain reaction were carried out by using 
the Quantitect Reverse Transcription Kit and QuantiTect 
SYBR Green PCR (QIAGEN) in a Rotor Gene 6000 equip­
ment.

FIGS. 5A and 5B show that the peptide SEQ ID No. 12 
inhibits transcription mediated by IL15-Ra of the pro-in­
flammatory cytokines IL-6 and IL-8.

Example 5

Inhibition of the IL-15-Mediated TNFa Production 
Induced by the Peptide SEQ ID No. 12 as a Dimer, 

in Sinovial Fluid Cells of RA Patients

After obtaining a written informed consent, synovial fluid 
from RA patients was extracted and incubated with hyalu-

35

8
ronidase at 10 pg per mL of fluid for 45 min at 37° C. Synovial 
fluid cells were obtained after centrifugation at 1200 rpm for 
10 min.

Cells were incubated in 96-well plated at 2x10s cells per 
well with 50 pg/mL of peptide and 60 ng/mL of IL-15 and 
also a combination of peptide plus IL-15. After incubation for 
48 h, supernatants were collected and stored at -70° C. until 
evaluation. The amount of TNFa was quantified by EL ISA 
(R&D DTA50).

FIG. 6 shows that peptide SEQ ID No. 12 inhibits TNFa 
secretion in synovial fluid cells of RA patients

Example 6

Xenotransplant SCID Mice Model of Human 
Psoriasis

Two to three months-old SCID mice were transplanted 
with a skin graft of 1.5 cmxl.5 cm from a psoriasis patient. 
Three weeks after, mice were randomized and distributed in 
three groups: placebo, mice treated with peptide SEQ ID No. 
12at 10 mg/kg ofbody weight and cyclosporin A at lOmg/kg 
in alternate days for two weeks. One week after the last 
injection, mice were sacrificed and a 4 mm biopsy was taken 
from each xenotransplant. Biopsies were fixed in formalin for 
paraffin embedding, and were stained with hematoxilin and 
eosin dyes (Η & E).

As a result, it was observed that the skin grafts from pso­
riasis patients coming from mice treated with peptide SEQ ID 
No. 12 or as a dimer show a reduction in the severity of the 
disease, a significant reduction in the thickness of the epider­
mis, a significantly decreased number of inflammatory cells 
and keratinocytes’ cycles and a lowered grade of parakerato­
sis in the psoriatic lesion.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 14

<210> SEQ ID NO 1
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence: peptide 

that binds to the alpha subunit of IL-15

<400> SEQUENCE: 1

Lys Vai Thr Ala Met Lys Cys Phe Leu Leu
15 10

<210> SEQ ID NO 2
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence: 

synthetic peptide modified from sequence 1

<400> SEQUENCE: 2

Lys Vai Thr Ala Met Lys Cys Phe Leu Ala
15 10

US 8,431,524 B2
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O.D. was read at 450 nm. Results are show in FIG. 2, showing
that the Cys-Ala mutant (SEQ ID No. 5) does not displace the

binding of IL-15 to the IL15-Ra and the mutant Phe-Ala
(SEQ ID No. 4) displaces IL-15 only 10%.

Example 4

Evaluation of the Effect of Peptide (SEQ ID No. 12)
on the Expression of IL-6 and IL-8 in the Prostate

Cancer Cell Line PC-3

The effect ofpeptide (SEQ ID No. 12) on the expression of
IL-6 and II-8 was evaluated, such an expression mediated by
the binding ofI-15 to the IL15-Ra on the cellularmembrane
of PC-3 cells (Budagian V., et al. J. Biol. Chem 2004 279:
42192-42201).

The experiment was carried out in 24-well plates by incu-
bating 1.5x10° cells with peptides SEQ ID No. 1 and SEQ ID
No. 12 at 100 ug/ml and IL15-Re (1 ng/mL), and also
combinations of IL15-Ra and peptides SEQ ID No. 1 and
SEQ ID No. 12.
The RNA was isolated by the TriReagent method (Sigma)

and analyzed by measuring the O.D. 260/280 nm ratio and

Agarose gel electrophoresis. The real time reverse transcrip-
tion and polymerase chain reaction were carried out by using
the Quantitect Reverse Transcription Kit and QuantiTect
SYBR Green PCR (QLAGEN) in a Rotor Gene 6000 equip-
ment.
FIGS. 54 and 5B show that the peptide SEQ ID No. 12

inhibits transcription mediated by IL15-Ra of the pro-in-
flammatory cytokines IL-6 and IL-8.

Example 5

Inhibition of the IL-15-Mediated TNFa Production
Induced by the Peptide SEQ ID No. 12 as a Dimer,

in Sinovial Fluid Cells ofRA Patients

After obtaining a written informed consent, synovial fluid
from RA patients was extracted and incubated with hyalu-

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 14

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1
LENGTH: 10
TYPE: PRT
ORGANISM: Artificial sequence
FEATURE:

that binds to the alpha subunit of IL-15

<400> SEQUENCE: 1

Lys Val Thr Ala Met Lys Cys Phe Leu Leu
1 5 10

<210> SEQ ID NO 2
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:

synthetic peptide modified from sequence 1

<400> SEQUENCE: 2

Lys Val Thr Ala Met Lys Cys Phe Leu Ala
1 5 10

10

15

ty

OTHER INFORMATION: Description of the Artificial Sequence:

8
ronidase at 10 ug permL of fluid for 45 min at 37° C. Synovial
fluid cells were obtained after centrifugation at 1200 rpm for
10 min.

Cells were incubated in 96-well plated at 2x10° cells per
well with 50 g/mL of peptide and 60 ng/mL of IL-15 and
also a combination ofpeptide plus IL-15. After incubation for
48 h, supernatants were collected and stored at -70° C. until
evaluation. The amount ofTNFa was quantified by EL ISA
(R&D DTASO).
FIG. 6 shows that peptide SEQ ID No. 12 inhibits TNFa

secretion in synovial fluid cells ofRA patients

Example 6

Xenotransplant SCID Mice Model of Human
Psoriasis

Two to three months-old SCID mice were transplanted
with a skin graft of 1.5 cmx1.5 cm from a psoriasis patient.
Three weeks after, mice were randomized and distributed in
three groups: placebo, mice treated with peptide SEQ ID No.
12 at 10mg/kg ofbody weight and cyclosporin A at 10mg/kg
in alternate days for two weeks. One week after the last
injection, mice were sacrificed and a 4 mm biopsy was taken
from eachxenotransplant.Biopsieswerefixedinformalinfor
paraffin embedding, and were stained with hematoxilin and

30 eosin dyes (H & EF).

As a result, it was observed that the skin grafts from pso-
riasis patients coming frommice treated with peptide SEQ ID
No. 12 or as a dimer show a reduction in the severity of the
disease, a significant reduction in the thickness of the epider-
mis, a significantly decreased number of inflammatory cells
and keratinocytes' cycles and a lowered grade ofparakerato-
sis in the psoriatic lesion.

peptide

<223> OTHER INFORMATION: Description of the Artificial Sequence:
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-continued

<210> SEQ ID NO 3
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence: 

synthetic peptide modified from sequence 1

<400> SEQUENCE: 3

Lys Vai Thr Ala Met Lys Cys Phe Ala Leu
15 10

<210> SEQ ID NO 4
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence: 

synthetic peptide modified from sequence 1

<400> SEQUENCE: 4

Lys Vai Thr Ala Met Lys Cys Ala Leu Leu
15 10

<210> SEQ ID NO 5
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence: 

synthetic peptide modified from sequence 1

<400> SEQUENCE: 5

Lys Vai Thr Ala Met Lys Ala Phe Leu Leu
15 10

<210> SEQ ID NO 6
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence: 

synthetic peptide modified from sequence 1

<400> SEQUENCE: 6

Lys Vai Thr Ala Met Ala Cys Phe Leu Leu
15 10

<210> SEQ ID NO 7
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence: 

synthetic peptide modified from sequence 1

<400> SEQUENCE: 7

Lys Vai Thr Ala Ala Lys Cys Phe Leu Leu
15 10

<210> SEQ ID NO 8
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence: 

synthetic peptide modified from sequence 1

400> SEQUENCE: 8

US 8,431,524 B2
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-continued

<210> SEQ ID NO 3
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence:

synthetic peptide modified from sequence 1

<400> SEQUENCE: 3

Lys Val Thr Ala Met Lys Cys Phe Ala Leu
1 5 10

<210> SEQ ID NO 4
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence:

synthetic peptide modified from sequence 1

<400> SEQUENCE: 4

Lys Val Thr Ala Met Lys Cys Ala Leu Leu
1 5 10

<210> SEQ ID NO 5
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence:

synthetic peptide modified from sequence 1

<400> SEQUENCE: 5

Lys Val Thr Ala Met Lys Ala Phe Leu Leu
1 5 10

<210> SEQ ID NO 6

<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence:

synthetic peptide modified from sequence 1

<400> SEQUENCE: 6

Lys Val Thr Ala Met Ala Cys Phe Leu Leu
1 5 10

<210> SEQ ID NO 7
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence:

synthetic peptide modified from sequence 1

<400> SEQUENCE: 7

Lys Val Thr Ala Ala Lys Cys Phe Leu Leu
1 5 10

<210> SEQ ID NO 8
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence:

synthetic peptide modified from sequence 1

<400> SEQUENCE: 8
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-continued

Lys Vai Ala Ala Met Lys Cys Phe Leu Leu
15 10

<210> SEQ ID NO 9
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence: 

synthetic peptide modified from sequence 1

<400> SEQUENCE: 9

Lys Ala Thr Ala Met Lys Cys Phe Leu Leu
15 10

<210> SEQ ID NO 10
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence: 

synthetic peptide modified from sequence 1

<400> SEQUENCE: 10

Ala Vai Thr Ala Met Lys Cys Phe Leu Leu
15 10

<210> SEQ ID NO 11
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence: 

synthetic peptide modified from sequence 1

<400> SEQUENCE: 11

Lys Vai Thr Ala Met Lys Ser Phe Leu Leu
15 10

<210> SEQ ID NO 12
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence: 

synthetic peptide modified from sequence 1 with increased 
biological activity

<400> SEQUENCE: 12

Lys Vai Thr Ala Met Thr Cys Phe Leu Leu
15 10

<210> SEQ ID NO 13
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence: 

synthetic peptide modified from sequence 1

<400> SEQUENCE: 13

Lys Vai Thr Ala Met Glu Cys Phe Leu Leu
15 10

<210> SEQ ID NO 14
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence

US 8,431,524 B2
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-continued

Lys Val Ala Ala Met Lys Cys Phe Leu Leu
1 5 10

<210> SEQ ID NO 9
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence:

synthetic peptide modified from sequence 1

<400> SEQUENCE: 9

Lys Ala Thr Ala Met Lys Cys Phe Leu Leu
1 5 10

<210> SEQ ID NO 10
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence:

synthetic peptide modified from sequence 1

<400> SEQUENCE: 10

Ala Val Thr Ala Met Lys Cys Phe Leu Leu
1 5 10

<210> SEQ ID NO 11
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence:

synthetic peptide modified from sequence 1

<400> SEQUENCE: 11

Lys Val Thr Ala Met Lys Ser Phe Leu Leu
1 5 10

<210> SEQ ID NO 12
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence:

synthetic peptide modified from sequence 1 with increased
biological activity

<400> SEQUENCE: 12

Lys Val Thr Ala Met Thr Cys Phe Leu Leu
1 5 10

<210> SEQ ID NO 13
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence:

synthetic peptide modified from sequence 1

<400> SEQUENCE: 13

Lys Val Thr Ala Met Glu Cys Phe Leu Leu
1 5 10

<210> SEQ ID NO 14
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
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-continued
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence: 

synthetic peptide modified from sequence 1

<400> SEQUENCE: 14

Lys Vai Thr Ala Met Thr Cys Tyr Leu Leu
15 10

The invention claimed is:
1. An isolated peptide antagonizing the activity of IL-15,

said peptide consisting of the amino acid sequence of SEQ ID 
NO: 12. 15

2. The peptide according to claim 1, wherein said peptide is 
obtained by gene manipulation or by chemical synthesis.

3. An isolated peptide homodimer, wherein each molecule 
consists of the amino acid sequence of SEQ ID NO:12.

4. The peptide homodimer according to claim 3, wherein 
said dimer is is obtained by dimerization through the free 
cysteine in the two molecules of the dimer.

5. A pharmaceutical composition comprising a peptide 
consisting of the amino acid sequence of SEQ ID NO: 12.

6. A pharmaceutical composition comprising a homodimer 
of a peptide consisting of the amino acid sequence of SEQ ID 
NO:12.

7. A pharmaceutical composition comprising a monomer 
or a homodimer of a peptide consisting of the amino acid 
sequence of SEQ ID NO: 12, and pharmaceutically accept­
able excipients.

8. As isolated nucleic acid molecule encoding a peptide 
consisting of the amino acid sequence of SEQ ID NO: 12, 
wherein the peptide binds to bind to the alpha subunit of the 
cellular receptor of IL-15 or to its soluble fraction, and inhib­
its the biological activity of IL-15.

9. A vector comprising the nucleic acid molecule of claim
8.

US 8,431,524 B2
13 14

-continued
<220> FEATURE:
<223> OTHER INFORMATION: Description of the Artificial Sequence:

synthetic peptide modified from sequence 1

<400> SEQUENCE: 14

Lys Val Thr Ala Met Thr Cys Tyr Leu Leu
1 5 10

The invention claimed is:

1. An isolated peptide antagonizing the activity of IL-15,
said peptide consisting of the amino acid sequence ofSEQ ID
NO: 12.

2. The peptide according to claim 1, wherein said peptide is
obtained by gene manipulation or by chemical synthesis.

3. An isolated peptide homodimer, wherein each molecule
consists of the amino acid sequence of SEQ ID NO: 12.

4. The peptide homodimer according to claim 3, wherein
said dimer is is obtained by dimerization through the free
cysteine in the two molecules of the dimer.

5. A pharmaceutical composition comprising a peptide
consisting of the amino acid sequence of SEQ ID NO: 12.

15

20

6.A pharmaceutical composition comprising a homodimer
ofa peptide consisting of the amino acid sequence ofSEQ ID
NO: 12.

7. A pharmaceutical composition comprising a monomer
or a homodimer of a peptide consisting of the amino acid
sequence of SEQ ID NO: 12, and pharmaceutically accept-
able excipients.

8. As isolated nucleic acid molecule encoding a peptide
consisting of the amino acid sequence of SEQ ID NO: 12,
wherein the peptide binds to bind to the alpha subunit of the
cellular receptor of IL-15 or to its soluble fraction, and inhib-
its the biological activity ofIL-15.

9. A vector comprising the nucleic acid molecule of claim
8.

* * * * *
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Column 7, line 11

Now reads: "IL-6 and II-8 was evaluated";

Should read: -- IL-6 and IL-8 was evaluated --.

Column 7, line 12

Now reads: "the binding of II-15 to the";

Should read: -- the binding of IL-15 to the -.

Signed and Sealed this

Twenty-ninth Day ofOctober, 2013

Teresa Stanek Rea

Deput Director of the United States Patent and T1ademarh Office
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