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Description

[0001] The presentinvention relates to the identification of new peptides and peptidomimetics which bind the CXCR4
receptor, capable of forming complexes with receptors for chemokines, in particular with CXCR4. The invention also
relates to the use of these peptides for the treatment, prevention and diagnosis of diseases which involve chemokine
receptors (i.e. neoplasias, metastases, HIV-1 virus infections), and also the mobilization of stem cells of hemopoietic
precursors in the case of autologous transplants. Finally, the invention comprises pharmaceutical compositions and
diagnostic kits comprising said peptides.

[0002] Chemokines are a family of small proteins of 8-10 kDa with a chemotactic activity. They are characterized by
a wide range of biological activities, including the regulation of leukocyte trafficking, modulation of hemopoietic cell
proliferation and adhesion to the extracellular matrix molecules.

[0003] A role of the chemokine-receptor axis for chemokines in human neoplasias has been recently identified. The
CXCR4 receptor and relative chemokine, CXCL12, have been mainly described in numerous neoplasias.

[0004] CXCL12 is a chemokine of the type C-X-C which interacts with a specific receptor, CXCR4, belonging to the
group of transmembrane receptors coupled with G proteins (GPCR). GPCRs are characterised by a common central
domain consisting of seven transmembrane helixes, connected by three intracellular loops (i1, i2 and i3) and by three
extracellular loops (e1, e2 and e3). Two cysteine residues (one on the helix 3 and the other on the loop e2), which are
preserved in most GPCRs, form an important disulfide bridge for the packing and stabilization of the helicoidal domain.
Apart from the sequence variability, GPCRs differ in the length and function of the N-terminal extracellular domain, the
C-terminal intracellular domain and the intracellular loops.

[0005] For a long time it was believed that GPCRs were functionally active monomeric species and only recently,
thanks to numerous experimental demonstrations and combined approaches, is the concept being affirmed that GPCRs
are biologically active as dimers or higher oligomers. The capacity of GPCRs of homo- or hetero-oligomerizing is a
necessary requisite for the function and it is obviously not a random process: the selective dimerization defines the
pharmacology of the ligand and the biological response.

[0006] An extremely controversial question is how the ligands of these receptors alter the dimerization or structural
organization of GPCRs and whether or not the pharmacology of the ligands or function of the heterodimers is different
from that of homodimers. Recent studies have shown that the stoichiometry of the receptors with respect to the G protein
is at least 2:1, whereas the mode with which each receptor in the dimer (or in the oligomer) interacts with the subunits
Go and Gy of heterotrimeric G protein is still an object of study. An important aspect in the functionality of receptor
dimers has been demonstrated by the modification of a receptor subunit made constitutionally active or modified so as
to bind an agonist or antagonist not recognized by the second subunit: the activation of the second receptor, once the
first has been activated, led to a loss of the signal, whereas its inhibition promoted an increase in the signal. The activity
of a homodimeric receptor can therefore be allosterically controlled by means of a differential binding to each receptor
unit. This result is also more important in the case of heterodimers and can lead to an interpretation of the multivariate
response of the ligands in the different signal pathways of GPCRs. In the case of CXCR4, it is well-known that this
receptor can either homo- or hetero-dimerize.

[0007] Mammary neoplasia cells express high levels of CXCR4 and the specific chemokine, CXCL12, is predominantly
expressed atthe level of mammary neoplasia metastases. Treatment with neutralizing antibodies for CXCR4 dramatically
reduces the metastasis. Also in the model of melanomas, carcinomas of the colon, renal carcinomas, colon-rectum,
lungs, glioblastomas, carcinomas of the prostate, the CXCR4/CXCL12 axis has proved to have a central role in met-
astatization. Consequently the receptors for chemokines and relative ligands have a crucial role in the metastatization
process.

[0008] The authors of the present invention have previously demonstrated [1-3] a prognostic role for the expression
of the CXCRA4 receptor in association with the expression of VEGF in neoplasias of the colon-rectum and a prognostic
value for the expression of CXCR4 in primitive melanomas. Considerable experimental evidence suggests that solid
tumours are generated and maintained by a small population of tumoral cells capable of proliferating indefinitely and
producing a progeny of differentiated cells. The expression of receptors for chemokines, and in particular CXCR4, has
been widely described on neoplastic stem cells.

[0009] CXCR4 has also been identified as a co-receptor for the fusion and infection of T cells on the part of the HIV-
1 virus. The entry of the virus into the host cell is mediated by the interaction of some glycoproteins of the viral involucrum
(gp120 and gp41) with receptors of the host cell (CD4 and CCR5 or CXCR4), through a complex sequence of molecular
events which begin with the binding of trimers of the viral protein gp120 to the primary receptor CD4. This interaction is
not sufficient for promoting the entry of the virus into the cell, but serves for making the binding site for the chemokine
receptors accessible on the protein gp120 by the induction of a conformational variation in the glycoprotein. Although
different viral subtypes can be bound to different receptors for chemokines, CCR5 and CXCR4 by far represent the most
common target for HIV-1. The use of ligands of CXCR4 capable of antagonizing the binding of the viral glycoprotein
gp120 to the co-receptors represents a new frontier for the development of anti-AIDS therapeutic agents.
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[0010] Recent evidence emphasizes the role of the CXCR4-CXCL12 axis in medullary homing and consequently in
the mobilization of hemopoietic precursors. In bone marrow and lymphoid tissues, tumoral cells are in direct contact
with stromal cells which form the microenvironment relating to the various stages of the disease. CXCL12 has a wide
range of effects in relation to the development of neoplasias, but the primary role of CXCL12 is in the mobilization of
hemopoietic precursors and in the definition of a niche of neoplastic stem cells in which the high concentration of CXCL12
recalls a subpopulation of highly tumorigenic cells and promotes their survival, proliferation, angiogenesis and metastatic
diffusion.

[0011] The possibility thatthe inhibition of the CXCR4-CXCL12 axis influences the availability of hemopoietic precursors
was evident through Phase 1 studies in healthy volunteers, before beginning Phase Il study in patients affected by AIDS,
with the CXCR4 inhibitor, AMD3100(1,19-[1,4-phenylenebis(methylene)]-bis-1,4,8,11-azatetradecane) [4].

[0012] In these volunteers, there is a rapid increase in the white blood cell series with a peak 6 hours after the
administration of AMD3100. Upon detailed observation, the cells of the white series mobilized expressed the marker
CD34 and they were therefore characterized as hemopoietic precursors [3,4]. It was subsequently demonstrated that
the combination of AMD3100 in association with G-CSF, a mobilizing agent in use, is safe, effective and better than G-
CSF along for the mobilization of hemopoietic precursors in autologous transplants. It also seems that the population
mobilized by AMD3100 is different from that mobilized by G-CSF.

[0013] Calandra et al. have demonstrated that the combination of AMD3100 and G-CSF mobilizes a sufficient number
of CD34+ cells in non-Hodgkin lymphomas, in multiple myelomas and in Hodgkin lymphomas [5].

[0014] Although AMD3100, in the light of the data indicated above, proves to be a rapid and effective mobilizing agent,
it has revealed in previous studies, however, a poor bioavailability, hepatic, cardiac and cerebellar toxicity [4].

[0015] WO-A1-2008150689 discloses cyclic peptides useful as modulators of CXCR4 and used for pertinent purposes.
[0016] In the light of what is specified above, it would be desirable to identify new molecules capable of exerting a
selective action on different pathways associated with the CXCR4-CXCL12 axis causing fewer side-effects, to be ad-
vantageously used in the treatment, prevention and diagnosis of ilinesses in which chemokine receptors are involved
(i.e. neoplasias, metastases, HIV-1 virus), and also to mobilize stem cells of hemopoietic precursors in the case of
autologous transplants.

[0017] The authors of the present invention have now identified new monomeric or dimeric cyclic peptides to be used
in the therapy, prevention and diagnosis of pathologies which are responsive and sensitive to the modulation of the
receptor for CXCR4 chemokines (i.e. tumours, metastases, HIV infections), or for the mobilization of hemopoietic pre-
cursors in the field of autologous bone marrow transplants.

[0018] This receptor is in fact hyper-expressed in the sites of mammary neoplasia metastases. Also in the model of
melanomas, carcinomas of the colon, renal carcinomas, of the colon-rectum, lungs, glioblastomas, carcinomas of the
prostate, the CXCR4/CXCL12 axis has proved to have a central role in metastatization.

[0019] Furthermore, recent evidence emphasizes the role of the CXCR4-CXCL12 axis in medullary homing and con-
sequently in the mobilization of hemopoietic precursors.

[0020] CXCR4 has also been identified as a co-receptor for the fusion and infection of T cells on the part of the HIV-
1 virus.

[0021] The action mechanism of the peptides according to the invention is assumed to regulate the activity of CXCR4
receptors by competition with the endogen chemokine CXCL12 for the orthosteric binding sites, but the possibility that
they act as allosteric effectors is not excluded. Consequently the selected peptides, object of the invention, show the
biological and pharmacological activities of the compounds capable of selectively biding the CXCR4 receptor, useful
both as antitumoral agents and as drugs capable of facilitating the mobilization of hemopoietic precursors in the field of
autologous bone marrow transplants.

[0022] The capacity of the peptides of the invention of binding the CXCR4 receptor, regardless of their agonist or
antagonist activity, also makes them valid candidates as diagnostic markers for neoplastic pathologies.

[0023] The peptides of the invention could be potentially useful as prophylactic anti-AIDS agents, as they can potentially
compete for the binding to the CXCR4 receptor with the viral glycoprotein gp120.

[0024] An object of the present invention therefore relates to monomeric peptides containing up to nine amino acids
characterised in that they have a modulating activity on the CXCR4 receptor having the following general formula (l):

Nt - (Ns) -Nc-X;-X,-X3-Cec-(Cs) -Ct (1)

| te I

wherein:

- the N- terminal group Nt of the peptide is selected from free ammonium, acetyl (Ac), formyl (Fo) and tert-butoxy-



10

15

20

25

30

35

40

45

50

55

EP 2 528 936 B9

carbonyl (tBoc);

- the C terminal group Ct of the peptide is selected from free carboxylate, primary amide (Nam), N-methylamide
(NMe), methyl ester (Ome);

- the N terminal sequence (Ns) optionally present has a formula selected from B-x-; B-x-x- and B-x-x-x-;

- the C terminal sequence (Cs) optionally present has a formula selected from -x-B; -x-x-B and -x-x-x-B; wherein B
represents an encoded basic amino acid residue selected from lysine (K) and arginine (R), or non-encoded, and
wherein x represents any encoded or non-encoded amino acid residue; wherein said sequences (Ns) and (Cs) may
be present with mutual exclusion or both absent;

- the amino acid residues Nc and Cc, the same or different, are selected from the group consisting of cysteine (C),
glutamic acid (E), B-Alanine (3-Ala), o, diaminopropionic acid (Dap), o,y diaminobutyric acid (Dab), ornithine (Orn);

- the bond tc thatinvolves the amino acid residues Nc and Cc in the ring formation is selected from the group consisting
of a disulphide bridge between cysteine side chains (css), backbone-side chain amide bond (abs) and vice-versa
(asb), amide bond between side chains (asc), peptide bond via main chain (abb), backbone-side chain ester bond
(ebs) and vice-versa (esb), ester bond between side chains (esc);

- the central sequence X{-X,-X3 is selected from Ar4-Ar,-B and B-Ar,-Ary, wherein B is an encoded basic amino acid
residue selected from lysine (K) and arginine (R), or non-encoded, and Ar4-Ar, are encoded aromatic residues
selected from phenylalanine (F), tryptophan (W), tyrosine (Y) and histidine (H), or non-encoded; or pharmacologically
acceptable salts thereof.

[0025] A monomeric peptide according to the invention preferably consists of from 5 to about 9 amino acid residues.
More preferably, the cyclic region of the peptide is composed of not more than 5 amino acid residues.

[0026] A pharmacologically acceptable salt of one of the peptides in question can be easily prepared starting from a
peptide (or one of its peptidomimetic analogues) by means of conventional methods. Said salt can be prepared, for
example, by treatment of the peptide with an aqueous solution of the desired pharmacologically acceptable metal
hydroxide or another metal base and subsequently allowing the residual solution to evaporate until it is dry, preferably
under reduced pressure conditions in a nitrogen atmosphere. Alternatively, a solution of a peptide can be mixed with
an alkoxide of the desired metal, and the solution is subsequently evaporated until it is dry.

[0027] The term "pharmacologically acceptable salt" refers to bases added to non-toxic acids, inorganic anion con-
tributors, such as chloride, bromide, phosphate, sulfate, perchlorate, nitrate, or organic anions such as acetate, oxalate,
maleate, malate, tartrate, citrate, succinate, malonate, formiate, lactate, p-toluenesulfate, or acids added to non-toxic
bases, cation contributors which include, but not exclusively, those based on alkalis or alkaline-earth metals, such as
sodium, lithium, potassium, calcium, magnesium and the like, and also non-toxic ammonium, quaternary ammonium
and cationic amines, including, but not exclusively, ammonium, tetramethylammonium, tetraethylammonium, methyl-
amine, dimethylamine, trimethylamine, triethylamine, ethylamine, and the like.

[0028] According to preferred embodiments of the present invention, the N terminal sequence Ns is: a) absent; b) the
dipeptide RA, RP, RG, KA, KP o KG; c) tripeptide RPA, KPA, RAP or KAP.

[0029] According to preferred embodiments of the present invention, the C terminal sequence Cs is: a) absent; b) the
dipeptide AR, PR, GR, AK, PK o GK; c) the tripeptide APR, APK, PAR or PAK.

[0030] Said central sequence X-X,-X5 preferably selected from RHW, RFF, WHR, FHR, RHF, FYR, RYF, FFR, WYR,
RYW, WFR, RFW.

[0031] Accordingto preferred embodiments, the peptides having formula (1) having a modulating activity on the CXCR4
receptor can be selected from the group consisting in:

Ac-C-W-H-R-C-Nam C-F-F-R-C C-W-H-R-C
| _css_ | | _css_ | | ess_ |
(SEQ ID NO:1) (SEQ ID NO:2) (SEQ ID NO:3)
R-A-C-R-Y-W-C C-F-F-R-C-Nam C-W-Y-R-C-A-R
| _css__| | __css__ | | _c¢ss_ |
{SEQ ID NO:4) (SEQ ID NO:5) (SEQ ID NO:6)
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R-A-C-R-F-F-C R-A-C-R-H-W-C RAla-W-H-R-BAla
| _ecss_ | | ecss | | abb
(SEQ ID NO:7) (SEQ ID NO:8) (SEQ ID NO:9)
C-W-H-R-C-A-R C-W-W-R-C
_css__| | css |
(SEQ ID NO:10) : (SEQ ID NO:11)

Ac-K—G-D?p—F—H—R-E
— |

(SEQ ID NO:12)

Ac-C-W-H-R-C Ac-C-F-F-R-C
| _css__| | ess__|
(SEQ ID NO:14) (SEQ ID NO:15)
Ac-C-W-Y-R-C C- F R C-A-R
|__css__| | _css__|
(SEQ ID NO:17) (SEQ ID NO:18)
C-W-H-R-C-Nam. C-W-Y-R-C-Nam..
|_css__| |__css__|
(SEQ ID NO:20) (SEQ ID NO:21)

R-P-A-C-R-F-F-C
| __css_ |

Ac-K-G-Dap-F-H-R-E-Nam

asc__

(SEQ ID NO:13)

C-W-H-R-C-A-R

| _ecss__|

(SEQ ID NO:16)
Ac-C-W-Y-R-C-Nam
| _css
(SEQ ID NO:19)
C-R-H-W-C
|__css__|
(SEQ ID NO:22)

K-A-P-C-R-F-F-C

| css__ |

(SEQ ID NO:23) (SEQ ID NO:24)

[0032] The peptides of the invention comprise both monomeric and dimeric cyclic peptides, their combinations and

pharmacologically acceptable salts.

[0033] An object of the present invention relates to homodimers and heterodimers between two peptides having

formula (1) as previously defined, selected from the group consisting in:

a) tail-head or head-tail dimers having the following general formula (II):

Nt'l—Nsl“Ncl-Xlll"X].2'X1.3‘CC1‘CSl"Linker—N52‘NCz"lel—XZ'z"Xz‘;}‘CCZ_

te,

Csg,-Ct,

b) tail-tail dimers having the following general formula (l11) :

te,

(IT)
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Ntl»Nsl-Ncl-Xl,1—X1,2—X1,3—Cc1-Cs1 1

tc, | Linker (II1)
Ntz"NSz‘NCz‘Xz,1—X2,2"X2'3—CC2-C52 d
te,

c) head-head dimers having the following general formula (IV) :

r”‘NSl'Ncl"xl,1‘X1,2"X1,3-CC1"C51-Ct1

Linker | tcy | (IV)
L‘NSz"NCz'Xz,1_'X2’2‘X2,3-CC2-C52—Ct2
tcy

wherein Nty, Nsy, Ncy, Ccq, Csq, Cty, X4 4, X4 5, X4 g arerelative to the first peptide and have the same meaning indicated
above; wherein Nt,, Ns,, Ny, Ccy, Csy, Cty, Xj 4, X320, X, 3 are relative to the second peptide and have the same
meaning indicated above;

wherein the bond between said first peptide and said second peptide occurs through substitution of the terminal groups
Nt; and Nt,, Ct; and Ct,, Nt; and Ct, or Ct; and Nt, with a linker group selected from polyethylene glycol (PEG),
hexamethylenediamine (N6), PEG600, PEG300-aminomalonyl-PEG300. These hydrosoluble molecules serve to give
the peptides of the invention a greater bioavailability, solubility and stability, in addition to reducing theirimmunogenicity.
[0034] Dimeric peptides exert the same therapeutic effects as the monomer peptides of the invention.

[0035] Theterm "peptide" is used to indicate a polymeric molecule consisting of a relatively low number of amino acids
(lower than 100 residues) joined by a peptide binding. When an amino acid is inserted in a peptide chain, it is called
"amino acid residue". The peptide chain is characterised by two ends, the "head" and "tail", not engaged in a peptide
binding: the head is the N-terminal end which has a free amide group, whereas the tail is the C-terminal end and carries
a free carboxyl group.

[0036] The term "main chain" or "backbone" is used to indicate the amino acid portion consisting of the atoms which
form the peptide binding i.e. the carbonyl carbon atom, the oxygen atom, the nitrogen atom and carbon atom in alpha
position.

[0037] The term "sidechain" relates to the variable part of each amino acid, capable of conferring specific chemical
characteristics to each residue, on the basis of which they are classified as: 1) aromatic: phenylanine (F), tryptophan
(W), tyrosine (Y) and histidine (H); 2) positively charged: lysine (K) and arginine (R); 3) negatively charged: aspartic acid
(D) and glutamic acid (E); 4) polar: asparagine (N), glutamine (Q), treonine (T), serine (S) and 5) hydrophic: valine (V),
leucine (L) isoleucine (I), alanine (A), methionine (M), cysteine (C), glycine (G), Proline (P).

[0038] With the exception of glycine, amino acids are chiral molecules, characterised by the presence of an asym-
metrical alpha carbon atom. They are marked by the letters L or D depending on whether substituents of the chiral
carbon atom have an arrangement similar to that of L-glyceraldehyde or that of D-glyceraldehyde.

[0039] The term "encoded" amino acid refers to one of the twenty amino acids encoded in the genetic code for protein
synthesis, the term "non-encoded" refers to amino acids not encoded in the genetic code and obtained in nature by
means of post-translational modifications and/or other biosynthetic pathways different from protein synthesis or artificially,
by means of chemical synthesis processes.

[0040] According to alternative embodiments of the present invention, derivatives of monomeric or dimeric peptides
having formula (I) - (IV) can be used, wherein said peptides are functionalized by a covalent bond of fluorescent,
chemiluminescent, magnetic or radioactive groups (i.e. radiomarkers such as 125], 32P o 353) at the level of the main
chain, side chains or linker group. The detectable group can also be a detectable protein group, i.e. a testable enzyme
or an antibody epitope. Analogously, the detectable group can be a substrate, a co-factor, an inhibitor or an affinity ligand.
[0041] The invention relates to peptides characterised in that they have an agonist activity on the CXCR4 receptor,,
which stimulate the repopulation of the ischemic tissues at a cardiac and neuronal level [6-12], selected from the group
which consists in:

Ac-C-W-H-R-C Ac-C-F-F-R-C C-W-H-R-C-A-R
| _ecss__| | _ecss_ | | ess |
(SEQ ID NO:14) (SEQ ID NO:15) (SEQ ID NO:16)
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Ac-C-W-Y-R-C C-F-F-R-C-A-R Ac-C-W-Y-R-C-Nam
| _css | | _ecss_ | . |  css__ |
(SEQ ID NO:17) (SEQ ID NO:18) (SEQ ID NO:19)
C-W-H-R-C-Nam C-W-Y-R-C-Nam
| _ess__ | | css_ |
(SEQ ID NO:20) (SEQ ID NO:21)

[0042] Although the peptides of the invention are described mainly using the term "peptide" or "peptides”, an expert
in the field, when reading the present description, will understand that these terms also include structural analogues and
derivatives of the peptides described above. For example, together with the peptides described above, which can
comprise amino acids presentin nature, there are also peptidomimetics of the peptides according to the presentinvention.
Peptide analogues are commonly used in the pharmaceutical industry as non-peptide drugs with analogous properties
to those of peptide templates. These types of non-peptide compounds are called "mimetic peptides" or "peptidomimetics"
and are usually developed with the help of computerized molecular modeling [16-18].

[0043] Mimetic peptides which are structurally similar to peptides that are advantageous from a therapeutic or pro-
phylactic point of view, can be used for producing an equivalent therapeutic or prophylactic effect. Peptidomimetics are
generally structurally similar to a model peptide (i.e. a peptide which has a biological or pharmacological activity), but
they have one or more peptide bonds optionally substituted by a bond selected from the group which consists of: -CH,
NH,-, -CH,S-, - CH,-CH,-, -CH=CH- (cis and trans), -CO CH,-, -CH(OH)CH,-, and -CH,SO-. These peptidomimetics
can be generated by means of the methods known in the art and further described in the bibliographical references
[19]-[29] cited hereunder.

[0044] Mimetic peptides can have significant advantages with respect to mimed peptides, including, for example: more
economical production; greater chemical stability; improved pharmacological properties (half-life, absorption, power,
effectiveness); altered specificity (i.e. a wide range of biological activities); reduced antigenicity.

[0045] Due to their capacity of binding the receptor for CXCR4 chemokines and exerting an agonist or antagonist
action on the functionality of the receptor, the peptides of this invention are advantageously used for the treatment or
prevention of a wide range of diseases and disturbances which respond or are sensitive to the modulation of the activity
of the CXCR4 receptor.

[0046] An object of the present invention therefore relates to the use of at least one monomeric or dimeric peptide
having formula (1)-(1V), or their derivatives, or mixtures thereof, for the preparation of a medicament for the treatment
and prevention of tumours or relapses/metastases in tumoral pathologies whose cells overexpress the receptor for
chemokines CXCRA4.

[0047] Said tumours are preferably selected from the group which consists in neoplasias of the breast, colon, stomach,
glioblastomas and melanomas [13, 14].

[0048] A further object of the present invention relates to the use of at least one monomeric or dimeric peptide having
formula (1)-(IV), or their derivatives, or mixtures thereof, for the preparation of a medicament for the treatment and
prevention of HIV-1 infections from viral subtypes which use receptors for chemokines of the host cell, as co-receptors.
[0049] Theinvention alsorelates to the use of monomeric or dimeric peptides having formula (I)-(1V), or their derivatives,
or mixtures thereof, for the preparation of a medicament in the therapy of bone marrow transplants for the mobilization
of the stem cells. The mobilization of hematopoietic precursors is in fact necessary in the area of autologous bone
marrow transplants in subjects necessitating this.

[0050] The term "subject" is used for indicating an animal, such as a mammal, including human beings. Non-human
animal subjects to be treated include, for example, fish, birds and mammals such as cattle, sheep, swine, horses, dogs
and cats.

[0051] Theinvention also relates to the use of monomeric or dimeric peptides having formula (1)-(1V) as tumoral markers.
[0052] This diagnosis can be effected in vivo by the administration of an effective quantity of a suitably marked peptide
of the invention, in a subject.

[0053] The invention also relates to pharmaceutical compositions comprising at least one of the monomeric or dimeric
peptides having formula (I)-(1V), their derivatives, or mixtures thereof, as active principle together with one or more
excipients or pharmacologically acceptable carriers.

[0054] Theterm"pharmacologically acceptable carrier" comprises any carrier, buffers and excipients, pharmacological
standard, which comprise a buffer-phosphate saline solution, water, and emulsions (such as an oil/water or water/oil
emulsion), and various types of wetting agents and/or adjuvants. Pharmacologically acceptable carriers and their for-
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mulations are described in [30]. Pharmacologically preferred carriers depend on the administration mode of the active
agent proposed. Typical administration modes are oral, endovenous, intramuscular, rectal, subcutaneous.

[0055] The invention provides pharmaceutical compositions in the form of a single dosage which comprise a pharma-
cologically acceptable carrier per dosage unit within a range of 0.01 milligrams (mg) to about 1,000 mg of the peptides
of the invention or their pharmacologically acceptable salts. In a preferred aspect, the invention provides pharmaceutical
compositions in the form of a single dosage comprising a pharmacologically acceptable carrier per dosage unit and a
range of about 1 mg to about 100 mg of the peptides of the invention or their pharmacologically acceptable salts.
According to another aspect, the invention provides peptide polymers which comprise at least two peptides.

[0056] The preselected form of these pharmaceutical compositions depends on how they are to be administered and
on the therapeutic application. The compositions can comprise, depending on the desired formulation, pharmacologically
acceptable, non-toxic carriers or diluents, which are defined as vehicles commonly used in the formulation of pharma-
ceutical compositions for human or animal administration.

[0057] The peptides according to the invention are hydrosoluble at the low concentrations in which they are typically
used. These peptides are preferably used in the form of their acid or alkaline salts formed with pharmacologically
acceptable agents, such as acetic acid, citric acid, maleic acid, or succinic acid. The soluble salts without the peptides
in question can also be converted into salts with a low solubility in body fluids by modification with a slightly hydrosoluble
pharmacologically acceptable salt (such as tannic acid or palmoic acid), by inclusion in a formulation with controlled
release of the peptide (such as through covalent coupling with a larger protein carrier or a peptide), or by inclusion in
capsules with controlled release and similar products. The acid salts of the peptides of the invention are generally
biologically and pharmacologically equivalent to the same peptides.

[0058] In some cases, it may be advisable to stabilize the monomeric or dimeric peptides according to the invention
and their analogues or derivatives to increase their half-life and the pharmacokinetic half-life. The stability of the half-
life is improved by adding excipients such as: a) hydrophobic agents (i.e. glycerol); b) sugars (i.e. sucrose, mannose,
sorbitol, ramnose, or xylose); ¢) complex carbohydrates (i.e. lactose); and/or d) bacteriostatic agents. The pharmacok-
inetic half-life of the peptides in question can be modified by coupling with carrier peptides, polypeptides, and carbohy-
drates using chemical derivatization (i.e. by coupling a side chain or N- or C-terminal residues), or chemically altering
an amino acid of the peptide in question. The pharmacokinetic half-life and pharmacodynamics of these peptides can
also be modified by: a) encapsulation (i.e. in liposomes); b) control of the hydration degree (i.e. by controlling the entity
and type of glycosylation of the peptide; and c) control of the electrostatic charge and hydrophobicity of the peptide.
[0059] Finally, the invention contemplates kits for the diagnosis of tumoral pathologies comprising one or more mon-
omeric or dimeric peptides having formula ()-(IV) and/or their derivatives.

[0060] For some applications in the diagnostic field, it may be desirable to provide the peptides of the invention as
marked entities, i.e. covalently attached or bound to a detectable group, to facilitate the identification, detection and
quantification of the peptide in a certain circumstance. These detectable groups can comprise a detectable protein group,
i.e. a testable enzyme or an antibody epitope. Alternatively, the detectable group can be selected from a variety of other
detectable groups or markers, such as radiomarkers (i.e., 1251, 32P or 35S) or a chemiluminescent or fluorescent group.
Analogously, the detectable group can be a substrate, a co-factor, an inhibitor or an affinity ligand.

[0061] The presentinvention will now be described for illustrative and non-limiting purposes, according to its preferred
embodiments with particular reference to the figures of the enclosed drawings, in which:

figure 1 shows the evaluation of calcium release in CCFR-CEM cells in the presence of CXCL12 and peptide
inhibitors of CXCR4; CCFR-CEM (500,000 cells) resuspended in 1 ml of Loading Buffer (PBS 1X, 1 mM CaCl,, 1
mM MgCl,, 1% FBS inactivated with heat) at 37°C, and incubated with 4 ul of calcium tracer FLUO3-AM (1 mg/ml;
Sigma) and 4 ul of pluronic acid F-127 (1 mg/mlin 2% of DMSQO; Invitrogen) in the dark for 30" at 37°C under stirring.
The specific inhibitor of CXCR4 AMD3100 or the peptide tested is added at a concentration of 10 uM; incubation in
the dark (15 minutes at room temperature) followed by cytofluorimetric analysis: Ac-css:[C-WHR-C]-Nam reduces
Calciumrelease by 40,7%, css:[C-FFR-C] by 53,3%, css:[C-FFR-C]-Nam by 59,9% and RA-css:[C-RYW-C] by 56%.
figure 2 shows the evaluation of the binding to the CXCR4 receptor in the presence of specific peptides inhibiting
CXCR4 (css:[C-WHR-C], RA-css:[C-RFF-C], RA-css:[C-RHW-C], RA-css:[C-RYW-C]). The CCRF-CEM cells were
pre-incubated with each peptide for 30’ and then incubated again in the presence of the antibody anti-CXCR4. In
order to verify the number of receptor molecules available for the anti-CXCR4 antibody, a test was used which
allows the number of fluorescent antibodies bound to the cell to be quantified by comparison through the known
value of fluorescent spheres conjugated with phycoerythrin.

figure 3 shows the results of the migration test in the presence of CXCL12 and specific peptides inhibiting CXCR4
according to the invention (css:[C-WHR-C]; css: [C-WYR-C] -AR ; RA-css: [C-RFF-C] ; RA-css: [C-RHW-C] ; RA-
css: [C-RYW-C] ; abb: [B-Ala-WHR-B-Ala] ; css: [C-WWR-C] ; css : [C-FFR-C] -Nam and css : [C-WHR-C]-AR),
using a human melanoma cell line, PES43 previously characterized by expression of CXCR4 and migratory capacity
in response to increasing concentrations of CXCL12. The migration index was defined as the ratio between the
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migration of the cells of the experimental group divided by the control group. The positive control of the experiment
consists in the migration of the cells towards serum.

figure 4 shows the results of the evaluation assay of p-ERK induction by means of Immunoblotting in the presence
of CXCL12 and specific concentrations of peptides inhibiting CXCR4 according to the invention (css: [C-WHR-C]
(10 uM), css: [C-FFR-C] (10 uM), css: [C-FFR-C]-Nam (10 uM), css: [C-WYR-C] -AR (10 uM), RA-css: [C-RFF-C]
(10 uM), RA-css: [C-RHW-C] (10 uM), abb: [B-Ala-WHR-B-Ala] (10 uM). Human melanoma cells, PES43, grown on
100 mm plates, were treated with SDF-1a, for 2-5-7-10 minutes. Through this experiment, it was observed that
SDF-1a is capable of inducing the phosphorylation of ERK 1, 2 at 2 and 5 minutes. CXCL12 activates the phos-
phorylation of ERK and this phosphorylation is inhibited by both AMD3100 (1 uM), and by the peptides css:[C-WHR-
C] (10 uM), css:[C-FFR-C] (10 uM), css: [C-FFR-C] -Nam (10 uM), css: [C-WYR-C] -AR (10 uM), RA-css: [C-RFF-
C] (10 uM), RA-css:[C-RHW-C] (10 uM), abb: [B-Ala-WHR-B-Ala] (10 uM).

figure 5 shows microscopic and macroscopic analysis of melanoma lung metastasis effected on 25 female mice
C57/B, between the sixth and eighth week of life and with a weight of about 18 g. The mice were divided into 5
groups, each containing 5 mice, depending on the specific treatment: GROUP A: treatment with 100 uL PBS;
GROUP B: treatment with 1.25 mg/Kg AMD 3100 in 100 p.L of PBS; GROUP C: treatment with 2 mg/Kg RA-css:[C-
RHW-C] in 100 pL of PBS; GROUP D: treatment with 2 mg/Kg RA-css:[C-RFF-C] in 100 pL of PBS; GROUP E:
treatment with 2 mg/Kg css : [C-WHR-C] in 100 pL of PBS.

[0062] The presentinvention is further illustrated through the following examples. These examples are purely illustrative
of the present invention and should not be considered as limiting the scope of the present invention.

EXAMPLES

[0063] Asrevealed by the examples provided hereunder, the peptides, object of the present invention, bind the CXCR4
receptor and show both an antagonist and agonist activity on the activation of the receptor in various in vitro biological
assays such as:

a) cytofluorimetric evaluation of the release of Ca2* following stimulation with SDF-1a;
b) modulation of the cell migratory capacity in the presence or absence of the specific ligand SDF-1a,;
¢) modulation of the activation of ERK-1,2.

[0064] As previously indicated, CXCR4 receptors are hyper-expressed in different tumoral pathologies. One of the
functional responses to the activation of the CXCR4 receptor in relation to the relative metastatic capacity is the induction
of migration. Some of the peptides of the invention have shown an antagonist action, with respect to the induction to
migration induced by the ligand, almost comparable to the best characterized inhibitor AMD3100

[0065] The study carried out in vivo relating to the melanoma lung metastasis assay showed a significantly reduced
number of lung metastases in the groups of mice treated with the peptides, object of the invention. Consequently the
peptides of the invention, suitably selected, can be advantageously used as antitumoral agents or for the diagnosis of
neoplasias.

Cell lines

[0066] For all the subsequent in vitro examples, two cell lines were used: CCFR-CEM and PES 43; the first is a
leukaemia T CD4+ cell line with a high expression of the CXCR4 receptor, grown in a RPMI 1640 culture medium
enriched with 10% of Fetal Bovine Serum (FBS) inactivated with heat and 1% of L-Glutamine; the second is a cell line
deriving from melanoma lung metastasis called PES43 with a high expression of the CXCR4 receptor, grown in Iscove’s
Modified Dulbecco’s Medium (IMDM) supplemented with 10% of Fetal Bovine Serum (FBS) inactivated with heat and
1% of Penicillin-Streptomycin.

Peptides synthesis

[0067] In the present invention, the peptides were chemically synthesized using the solid phase procedure. This
technique is based on the use of a solid carrier suitably functionalized on which the complete development of the peptide
chain takes place. The technique consists in binding the C-terminal amino acid of a peptide to be synthesized to an
insoluble polymer and in synthesizing the peptide step-by-step in a C — N terminal direction adding the amino acid
residue envisaged at each step.

[0068] When the synthesis in solid phase has been completed, the peptide is removed from the resin by appropriate
treatment.
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[0069] The most significant advantage of this procedure is that the purification can be effected after each synthesis
cycle by simply washing the resin with a suitable solvent.

[0070] From a chemical point of view, the formation of a peptide bond comprises a condensation reaction between
the free amine function of an amino acid and the free carboxyl function of a second amino acid. The formation reaction
of this amide bond envisages activation of the carboxyl group. At the same time, in order to avoid side-reactions which
wouldlead tolow or zeroyields, the amino acid to be bound has the a.-amine function "temporarily" protected. Furthermore,
the possible functional groups present on the side chains are also protected to prevent them from interfering in the
condensation reaction. The side-chain groups must be stable under the deprotection conditions of the a-amine function,
but easily removable in the final detachment process of the peptide from the resin.

[0071] Atfter binding the first amino acid to the resin by means of the COOH group, each synthesis cycle is effected
by means of a series of steps which can be schematized as follows:

1) removal of the protector group on the NH, of the last amino acid residue inserted in the peptide sequence;
2) accurate washing of the resin;

3) activation of the COOH of the amino acid to be reacted;

4) condensation reaction;

5) accurate washing of the resin.

[0072] The synthesis strategy which is usually performed is the so-called Fmoc, i.e. which uses as protector group for
the a-amine function, the 9-fluorenylmethoxycarbonyl group (Fmoc) which can be quantitatively removed by treatment
with piperidine. This strategy envisages the use of protector groups on the side-chain of amino acids which can be
removed, on the contrary, under acid conditions. For the detachment from the resin and deprotection of the side-chains,
a mixture of trifluoroacetic acid (TFA) and scavengers is in fact used. These reagents "block" the highly reactive species,
generally carbo-cations, which are formed during the deprotection of the side-chains of the amino acid residues.

Formulae of the cyclic peptides of the invention

[0073] The following Schemes 1-4 represent the general formulae of the monomeric and dimeric peptides according
to the invention and the relative coding used in the text (see Tables 2-6 for the meaning and codes of the various groups).

Scheme 1: Monomers
[0074]
Nt-Ns-Nc-X,-X,-X3-Cc-Cs-Ct

| tc_ |

Coding: Nt-Ns-tc: [Nc-X4X,X3-Cc]-Cs-Ct
Scheme 2: Tail-head dimers (or head-tail, through permutation of the subscripts 1 and 2):

[0075]

Ntl-Nsl'Ncl‘Xll—Xlz"X13—Ccl"csl‘Lnk‘N52-NC2“X21—X22’XZ3—CC2'
tc, l | tc,

Cs,-Ct,
COding: Link: {Nt1-NS1-tC1: [NC1-X11X12X13-CC1]-CS1-*} {*-NSZ-tCZ : [NC2-X21X22X23-CC2] -CSz-Ctz}
Scheme 3: Tail-tail dimers

[0076]
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Ntl-Nsl-Ncl’Xll‘xlz‘X13-CC1"C31'|

ter | Lnk
Nt,-Ns,-NC2-X5; -X5,-X53-CCy - CSzJ
te,

Coding: Link: {Nt;-Ns;-tc,: [Nc4-X441X425X43-Ccq]-Cs4-* {Nty-Nsy-tcy: [NCy-X51Xo5X53-Cey] -Csy-*}
Scheme 4: Head-head dimers

[0077]

rNtl"NSl"NCl‘Xll"Xlz'X13-CC1“CS]_

Lnk | tc,
LNt,=Ng,-NCz-X21-Xp2-Xz23-CCa-CS>
tc,

Coding: Lnk: {*-Ns4-tc,: [Nc4-X44X45X3-Cc4]-Cs4-Ct4} {*-Nsy-tcy: [NCy-X51X50Xo5-Cey] -Csy-Cto}

[0078] The types of central tripeptide X;X5X3 (or X44X12X13 or X54-X55-X53) admissible for the peptides according to
Schemes 1-4 are Ary-Ary-B e B-Ary-Ary.

[0079] Ar, and Ar, represent aromatic amino acid residues encoded or not encoded (including peptidomimetic resi-
dues), B represents basic amino acid residues encoded or not encoded (including peptidomimetic residues). For all
these residues, IUPAC-IUB one-letter codes [31] are used in the text and claims for encoded amino acids, and specific
abbreviations, defined therein for the other residues.

[0080] The stereochemistry of Ca. is not explicitly specified in these general formulae, which include all possible L or
D chirality combinations, whereas when specific examples of peptides are described in the text or claims, the convention
is adopted of using the capital letter for one-letter codes in the encoded residues or for the first letter of the abbreviation
of the non-encoded residues in the case of L chiral centres, and the corresponding small letters for D chiral centres:
Table 1 below indicates the possible N-terminal (Nt) groups of peptides according to Schemes 1-4 (the empty Nt space
corresponds to the omission of the corresponding code in the coding of the name of the peptide):

Table 2 indicates the possible C-terminal (Ct) groups of peptides according to Schemes 1-4 (the empty Ct space cor-

Table 1
Name of group Chemical formula of group | Nt code
None (free ammonium) -H*
Acetyl CH3CO- Ac-
Formyl HCO- Fo-
tert-Butoxycarbonyl (t-Boc) (CH3)3COCO- tBoc-

responds to the omission of the corresponding code in the coding of the name of the peptide):

Table 2
Name of group Chemical formula of group | Nt code
None (free carboxylate) -O-
Primary Amide -NH, -Nam
N-methylamide -NHCH, -NMe
Methylester -OCHj4 -OMe

[0081] Various cyclization modes are possible (tc, tc1, tc2) of the peptides according to Schemes 1-4, involving the
amino acid residues Nc and Cc, which will be indicated by the corresponding IUPAC-IUB one-letter code [23] for the
encoded residues, and by suitable abbreviations for non-encoded residues. For the latter, we are citing, for non-limiting
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illustrative purposes, some of the most widely-used abbreviations: p-Ala=p-alanin, Dap = a,B-diaminopropionic acid,
Dab = a,y-diaminobutyric acid, Orn = ornithine. For the absolute stereochemistry of the Nc and Cc residues, the same
convention described above will be used.

[0082] Table 3 below illustrates these different cyclization modes.

Table 3
Description of bond tc code

Disulfide bridge between cysteine side-chains css
Peptide bond via main chain (backbone-backbone) abb
Backbone-sidechain amide bond abs
Sidechain-backbone amide bond asb
Sidechain-sidechain amide bond asc
Backbone-sidechain ester bond ebs
Sidechain-backbone ester bond esb
Sidechain-sidechain ester bond esc

[0083] Table 4 shows the possible sequences of the peptides at the N- (Ns) and C-terminal (Cs) ends of the cyclic
peptide according to Schemes 1-4. The notation adopted, and the considerations on the stereochemistry are the same
as those indicated above. "x" represents any residue, and in round brackets the ends are indicated, at which the peptide
can be adopted:

Table 4

No peptide (Ns,Cs)
B-x- (Ns)
B-x-x- (Ns)
B-x-x-x- (Ns)
-x-B (Cs)
-x-x-B (Cs)
-x-x-x-B (Cs)

[0084] Table 5 indicates the possible covalent linkers (Lnk) for the dimerization of the peptides according to Schemes
2-4.

Table 5
Name of linker Chemical formula of linker Nt code
None (direct bond) 0
1,6-diaminohexane or Hexamethylenediamine -HN-(CH,)g-NH- N6
Polyethyleneglycol (PEG) 600 -0O-(C,H40),- PEG600
PEG 300-aminomalonyl-PEG 300 -0-(C,H,0),,-COCH(NH,)CO-0-(C,H,0),- | 2P300AM

Examples:

[0085] Monomer with Acetyl N-terminal group, N-terminal sequence Lys-Gly, closing of the cycle between a Dap
residue and a Glu residue via sidechain-sidechain amide bond, central tripeptide Phe-His-Arg, C-terminal sequence null
and primary amide C-terminal group: Ac-KG-asc:[Dap-FHR-E]-Nam (SEQ ID NO:12)

[0086] Monomercorrespondingto the firstexample, butwith without protector group at the C-terminal (free carboxylate):
Ac-KG-asc: [Dap-FHR-E] (SEQ ID NO:13)

[0087] Dimer formed by the same monomer of the second example, and by a peptide similar to the monomer of the
second example except for the central tripeptide, having the sequence Phe-Tyr-Lys, tail-tail dimerized via 1,6-hexylen-
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ediamine:
N6:{Ac-KG-asc:[Dap-FHR-E]-*}{Ac-KG-asc:[Dap-FYK-E]-*}
Example 1: In vitro assays: cytofluorimetric determination of the release of Ca?*

[0088] The determination of the release of intracellular Calcium was effected in CCFR-CEM cells. The cells (500,000
cells) were washed with PBS, resuspended in 1 ml of Loading Buffer (PBS 1X, 1 mM CaCl,, 1 mM MgCl,, 1% FBS
inactivated with heat) at 37°C, and incubated with 4ul of the calcium tracer FLUO3-AM (1 mg/ml; Sigma) and 4ul of
Pluronic Acid F-127 (1 mg/ml in 2% of DMSO; Invitrogen) in the dark for 30’ at 37°C under stirring. In order to remove
the excess FLUO3-AM, 3 ml of Loading Buffer are added, this is followed by a centrifugation for 5’ at 1,000-1,200 rpm.
The pellet thus obtained is resuspended in 1 ml of Loading Buffer. The specific inhibitor of CXCR4 AMD3100 and/or the
peptide tested is added at a concentration of 10 uM; incubation in the dark (15 minutes at room temperature) followed
by cytofluorimetric analysis:

* determination of the calcium release in the presence of a specific ionophore (ionomycin 1 mg/ml) in cells identified
as vital (no accumulation of propidium iodide) represents the maximum calcium release.

* determination of the calcium release in the presence of a specific ligand for the CXCR4 receptor (SDF-1a.) in cells
identified as vital, is considered the positive control.

* determination of the calcium release in the presence of a specific ligand for the CXCR4 receptor (SDF-1a) and
AMD3100 (10 uM) in cells identified as vital, is considered the negative control.

[0089] Through cytofluorimetric evaluation of the release of Ca2* the authors demonstrated that some of these peptides
exert an antagonist activity on the activation of the receptor following stimulation with SDF-1a. In particular, the best
results were obtained with the use of the peptides Ac-css: [C-WHR-C] -Nam, css: [C-FFR-C], css: [C-FFR-C]-Nam, RA-
css:[C-RYW-C]. As shown in Figure 1, the addition of the above peptides reduced Calcium release. In particular, Ac-
css:[C-WHR-C]-Nam by 40.7%, css : [C-FFR-C] by 53.3%, css: [C-FFR-C] -Nam by 59.9% and RA-css:[C-RYW-C] by
56%. Furthermore, peptides were also identified by means of this test, with a possible agonist function such as, for
example, Ac-css: [C-WHR-C], Ac-css: [C-FFR-C], Ac-css: [C-WYR-C] and css: [C-FFR-C]-AR which show an increase
in the receptor activity in the release of the calcium ion. This increase is equal to 104% for css: [C-FFR-C] -AR, 106%
for Ac-css: [C-FFR-C], 113.7% for Ac-css: [C-WYR-C] and 121% for Ac-css: [C-WHR-C].

[0090] The activity of the peptides was compared with that of AMD3100 used as inhibitor of CaZ* release. Consequently:

The peptides: Ac-css:[C-WHR-C]-Nam (40%), css:[C-FFR-C] (53,3%), css: [C-FFR-C] -Nam (59,9%) and RA-css:
[C-RYW-C] (56%), inhibit the Ca2* release induced by the activation of the receptor on the part of SDF-1a;
AMD3100 (10 uM) inhibits the release of the Ca2* ion induced by SDF-1a by 70%.

Example 2: In vitro assays: quantitative determination of the fluorescence

[0091] The bond of the peptides to the CXCR4 receptor was indirectly tested by means of flow cytofluorimetry, with
the use of a phycoerythrinate antibody anti-CXCR4 (R&D, Inc.).

[0092] In order to obtain a qualitative measurement of the ratio of bond between peptides and CXCR4, the cells were
incubated with the peptide for 30’ and then incubated again in the presence of the antibody anti-CXCR4. In order to
verify the number of receptor molecules available for the antibody anti-CXCR4, a test was used, which allows the number
of fluorescent antibodies bound to the cell to be quantified by comparing the fluorescence value obtained with the known
value of fluorescent spheres conjugated with phycoerythrin (PELe cells CCRF-CEM (500,000 cells/ml), they are grown
in RPMI 1640 + 1% Glutamine, treated with AMD3100 or peptide (10 uM) and incubated at 37°C for 30’. A washing is
effected with 2 ml of PBS 1X and another washing with 2 ml of PBS + 0.5% BSA, centrifuging for 5’ at 1,000-1,200 rpm.
5 ul of monoclonal antibody anti-CXCR4 are added to the pellet together with a new dose of AMD3100 or peptides and
the pelletis incubated for 30’-45’ in ice, in the dark. A new washing is effected with PBS + 0.5% BSA, resuspending the
cells in 500 ul of PBS; this is followed by cytofluorimetric analysis. For the determination of the binding of the peptides
to CXCR4, a known fluorescence sample was used as standard (PE Fluorescence quantification Kit, BD Inc.).

[0093] The results obtained are indicated in Figure 2, from which the binding affinity of the peptides css:[C-WHR-C],
RA-css: [C-RYW-C], RA-css: [C-RFF-C] and RA-css: [C-RHW-C] can be deduced, for the CXCR4 receptor. In particular,
the quantity of normalized fluorescence registered, with the various peptides is: css: [C-WHR-C] 45%; RA-css: [C-RYW-
C] 22% ; RA-css: [C-RFF-C] 21% ; RA-css: [C-RHW-C] 17%.

[0094] Consequently the use of the peptides css: [C-WHR-C] (45%), RA-css: [C-RFF-C] (21%), RA-css: [C-RHW-C]
(17%) and RA-css:[C-RYW-C] (21%) considerably reduced the number of antibodies bound per cell, and therefore led
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to a decrease in the fluorescence per cell; this shows that these peptides are capable of binding CXCR4 thus displacing
the antibody anti-CXCR4.

Example 3: In vitro assays: modulation of the cell migratory capacity in the presence or absence of the specific
ligand SDF-1c-

[0095] Migration induction is one of the functional responses to the activation of the CXCR4 receptor in relation to the
relative metastatic capacity. The evaluation of the activity of the peptides in receptor interaction was evaluated through
the migration test. A human melanoma cell line, PES43, was used, previously characterized by expression of CXCR4
and migratory capacity in response to increasing concentrations of SDF-1a.

[0096] The migration was tested in specific transwell plates having 24 wells using baskets (Corning Inc., Corning, NY)
with membranes having pores of 8 um. The membranes were coated with collagen (human collagen of the type I/11l)
and fibronectin (20 wg/ml each) The human melanoma cells PES43 were sown in the upper basket (2.5x10° cells/well)
in IMDM culture medium containing 1% of BSA (migration medium), and 20 ng/ml of SDF-10. were added to the lower
basket. The experiment was carried out at least three times. After 16 hours of incubation, the cells in the upper surface
of the filter were removed using a padded rod. The migration of the cells towards the serum-free migration medium was
compared with the migration towards 20 ng/ml of SDF-1a.. The cells were counted in 10 different fields with a magnification
of 40X. The migration index was defined as the ratio between the migration of the cells of the experimental group divided
by that of the control group. The positive control of the experiment consisted of the migration of the cells towards the serum.
[0097] Through the migration test, the interference activity with the migration on the part of the following peptides was
demonstrated: css:[C-WHR-C], css: [C-WYR-C] -AR, RA-css: [C-RFF-C], RA-css: [C-RHW-C], RA-css: [C-RYW-C],
abb: [B-Ala-WHR-B-Ala], css: [C-WWR-C].

[0098] These peptides showed an antagonist action with respect to migration induction induced by the ligand almost
comparable with the most highly characterized inhibitor AMD3100. The activity of the peptides inhibiting migration induced
by the ligand is compared with the inhibition mediated by AMD3100. In particular, the reductions in migration normalized
for the control are equal to: css: [C-WHR-C] 80%; css: [C-WYR-C] -AR 40%; RA-css:[C-RFF-C] 20%; RA-css:[C-RHW-
C] 75%; RA-css: [C-RYW-C] 20%; abb: [B-Ala-WHR-B-Ala] 45%; css: [C-WWR-C] 37%.

[0099] Furthermore, it was revealed thatthe peptides css: [C-FFR-C]-Nam and css: [C-WHR-C]-AR cause anincrease
in the cell mobility in response to SDF-1a, and therefore have an additional action with respect to SDF-1a equal to 190%
for css: [C-FFR-C] -Nam and 170% for css: [C-WHR-C] -AR, i.e. equal to almost the double of that of the non-treated
basal (Figure 3).

Example 4: In vitro assays: modulation of the activation of ERK-1,2

[0100] The activation of CXCR4 induces the transduction path of MAPK through the phosphorylation of ERK 1,2. For
this reason, the modulation of the induction of P-ERK was evaluated in relation to treatment with SDF-1a. (100 ng/ml),
peptides (10 uM) and AMD3100 (1 uM).

[0101] In order to demonstrate that SDF-1a activates a cascade of signals downstream, we examined the activation
of ERK 1/2 in PES43 by means of Immunoblotting with antibodies which recognize the phosphorylated form (and therefore
active) of these two kinases. The cells were deprived of serum for 24 hours and then stimulated with SDF-1a.

[0102] The human melanoma cells, PES43, grown on 100 mm plates, were treated with SDF-1a, for 2-5-7-10 minutes.
The cells were then mechanically detached, lysed in a specific buffer to which protease inhibitors and phosphatase
inhibitors were added (120 mM NaCl, 40 mM Hepes, 5 mM MgCl,, 1 mM EGTA, 0.5 mM EDTA, 0.6% Triton, 10%
glycerol, 10mM aprotinin, 1 mM NaszVO,, 1 mM NaF). The cell lysates thus obtained (50 ng of total proteins) were first
denatured with Laemmli 4x and then separated with SDS-PAGE on gel at 10% in the presence of a running buffer (Tris
Base, Glycine, SDS); the proteins were subsequently transferred onto a nitrocellulose membrane in incubated with
primary antibodies specific for the following proteins: phospho-ERK 1/2, total ERK. The filters were then washed with
0.01M T-TBS and incubated with the relative secondary antibodies. The visualization of the immunocomplexes was
effected using ECL.

[0103] Through this experiment, we observed that SDF-1a is capable of inducing the phosphorylation of ERK 1, 2 at
2 and 5 minutes.

[0104] Theligand SDF-1a activates the phosphorylation of ERK and this phosphorylation is inhibited by both AMD3100
(1 uM) and by the peptides css: [C-WHR-C] (10 uM), css: [C-FFR-C] (10 uM), css: [C-FFR-C] -Nam (10 uM), css: [C-
WYR-C] -AR (10uM), RA-css:[C-RFF-C] (10 uM), RA-css: [C-RHW-C] (10uM), abb: [B-Ala-WHR-B-Ala] (10 uM). A
discrete agonist capacity in the presence of SDF-1a was also observed, on the part of the peptides Ac-css:[C-WHR-C]
(10 uM), Ac-css: [C-WYR-C] (10 uM), Ac-css: [C-WYR-C]-Nam (10 uM), css: [C-WHR-C] -Nam (10 uM), css: [C-WYR-
CJ]-Nam (10 uM), css: [C-FFR-C] -AR (10 uM) and css: [C-WHR-C] -AR (10 uM).

[0105] In order to better analyze a possible agonist action on the part of the above peptides, their activity without SDF-
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10 was evaluated. From this analysis, it can be seen that the induction of p-ERK is equal to 300% (compared with SDF-
1a) following treatment with the peptides Ac-css: [C-WYR-C] (10 uM), Ac-css: [C-WYR-C]-Nam (10 uM) and css: [C-
WHR-C] -AR (10 uM).

[0106] In conclusion, from an evaluation of p-ERK, the behaviour of the following peptides: css: [C-WHR-C] ; css: [C-
FFR-C] ; css: [C-FFR-C] -Nam; css: [C-WYR-C] -AR; RA-css: [C-RFF-C] ; RA-css: [C-RHW-C] ; abb: [B-Ala-WHR-p-
Ala] as antagonists and of the following peptides: Ac-css: [C-WYR-C], Ac-css :[C-WYR-C] -Nam, css: [C-WHR-C] -AR
as agonists, can be deduced (see Figure 4).

Example 5: In vivo studies: melanoma lung metastasis assay

[0107] The in vivo study was carried out on 25 female mice C57/B, between the sixth and eighth week of life and with
a weight of about 18 g, acquired from Charles-River Italia (Milan, Italy). The mice were kept under specific conditions
according to the protocols approved by the "G. Pascale" Foundation in accordance with the guidelines for the treatment
and use of animals, of the Italian Ministry of Health. The animals were acclimatized for a week, before beginning the
injections with neoplastic cells.

[0108] The mice were divided into 5 groups, of 5 mice for each group, depending on the treatment:

GROUP A: treatment with 100 pL PBS

GROUP B: treatment with 1.25 mg/Kg AMD 3100 in 100 pL of PBS
GROUP C: treatment with 2 mg/Kg RA-css: [C-RHW-C] in 100 uL of PBS.
GROUP D: treatment with 2 mg/Kg RA-css:[C-RFF-C] in 100 p.L of PBS.
GROUP E: treatment with 2 mg/Kg css: [C-WHR-C] in 100 p.L of PBS.

[0109] B16-CXCRA4 cells (500,000 cells/mouse) were separated by means of trypsin and washed twice in PBS; they
were then pre-treated with

GROUP A: no treatment

GROUP B: 10 puM AMD3100

GROUP C: 10 uM RA-css: [C-RHW-C]
GROUP D: 10 uM RA-css: [C-RFF-C]
GROUP E: 10 pM css: [C-WHR-C].

[0110] The pre-treatment was effected for 30 minutes at 37°C.

[0111] 5x105B16-CXCR4, resuspended in 100 pL of PBS were then inoculated into the caudal vein. In the same day
(TO) the treatment was initiated systemically by a daily intraperitoneal injection, for 5 days a week, for two weeks.
[0112] In particular:

GROUP A: treatment with 100 pL PBS

GROUP B: treatment with 1.25 mg/Kg AMD 3100 in 100 pL of PBS
GROUP C: treatment with 2 mg/Kg RA-css:[C-RHW-C] in 100 pL of PBS.
GROUP D: treatment with 2 mg/Kg RA-css:[C-RFF-C] in 100 p.L of PBS.
GROUP E: treatment with 2 mg/Kg css: [C-WHR-C] in 100 p.L of PBS.

[0113] On the 21st day of injection, the animals were sacrificed and the organs explanted (lungs, liver and spleen),
two operators distinctly provided for the examination of the same and setting up of the histological preparations. The
only organs in which metastases were found were the lungs, the metastatic lesions present therein were then counted.
Macroscopic and microscopic analysis showed a significantly reduced number of lung metastases in the groups of mice
treated with the peptides RA-css: [C-RFF-C], RA-css: [C-RHW-C], css: [C-WHR-C] (see Figure 5).
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<211>5
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide

<220>
<221> DISULFID
<222> (1)..(5)

EP 2 528 936 B9

<223> Disulfid bond between Ac-C and C-Nam

<220>

<221> ACETYLATION
<222> (1)..(1)

<223> Acetyl-Cystein

<220>

<221> AMIDATION

<222> (5)..(5)

<223> N Amidation of C-terminal Cys

<400> 1

<210> 2
<211>5
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide

<220>
<221> DISULFID
<222> (1)..(5)

Cys Trp His Arg Cys
1 5

<223> Disulfide bond between N terminal and C-terminal Cys

<400> 2

<210> 3
<211>5
<212> PRT
<213> Artificial

<220>
<223> cyclic peptide

<220>
<221> DISULFID
<222> (1)..(5)

1

Cys Phe Phe Arg gys
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<223> Disulfide bond between N terminal and C-terminal Cys

<400> 3

<210> 4
<211>7
<212> PRT
<213> Artificial

<220>
<223> cyclic peptide

<220>
<221> Disulfide
<222> (3)..(7)

Cys Trp His Arg Cys
1 5

<223> Disulfide bond between cys in position 3 and C-terminal Cys

<400> 4

Al\r'g Ala Cys Arg gyr' Trp Cys

<210>5
<211>5
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide

<220>
<221> DISULFIDE
<222> (1)..(5)

<223> Disulfide bond between N-terminal and C-terminal Cys

<220>

<221> AMIDATION

<222> (5)..(5)

<223> N Amidation of C-terminal Cys

<400> 5

<210> 6
<211>7
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide

gys Phe Phe Arg (S:ys
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<220>

<221> DISULFIDE

<222> (1)..(5)

<223> Disulfide bond between N terminal CYs and Cys in position 5

<400> 6

gys Trp Tyr Arg gys Ala Arg

<210>7
<211>7
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide

<220>

<221> DISULFIDE

<222> (3)..(7)

<223> Disulfide bond between Cys in position 3 and C terminal cys

<400> 7

érg Ala Cys Arg I5>he Phe Cys

<210> 8
<211>7
<212> PRT
<213> Artificial

<220>

<223> Cyclic peptide

<220>

<221> DISULFID

<222> (3)..(7)

<223> Disulfid bond between the Cys in position 3 and C-terminal Cys

<400> 8

?rg Ala Cys Arg rsn's Trp Cys

<210>9
<211>5
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide

<220>
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<221> BINDING
<222> (1)..(5)
<223> Peptide bond (backbone-backbone) between N terminal B-Ala and C-terminal B-Ala

<220>

<221> B-Ala
<222> (1)..(1)
<223> Beta-alanine

<220>

<221> B-Ala
<222> (5)..(5)
<223> Beta-alanine

<400> 9

Ala Trp His Arg Ala
1 5

<210> 10
<211>7
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide

<220>

<221> DISULFID

<222> (1)..(5)

<223> Disulfide bond between N-terminsl Cys and Cys in position 5

<400> 10

gys Trp His Arg (5:ys Ala Arg

<210> 1
<211> 5
<212> PRT
<213> Artificial

<220>

<223> cyclic peptide

<220>

<221> DISULFID

<222> (1)..(5)

<223> Disulfid bond between N-terminal and C-terminal Cys

<400> 11

Cys Trp Trp Arg Cys
1 5

<210> 12
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<211>7
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide

<220>

<221> Acetylation
<222> (1)..(1)

<223> Acetylation of Lys

<220>
<221> BINDING
<222> (3)..(7)

<223> Amide bond between acid a,R diaminopropionic in position 3 and C-terminal glutamic acid residue

<220>
<221> Acid a,3 diaminopropionic
<222> (3)..(3)

EP 2 528 936 B9

<223> xaa : acid a,l} diaminopropionic

<400> 12

<210> 13
<211>7
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide

<220>

<221> Acetylation

<222> (1)..(1)

<223> Acetylation of N-terminal Lys

<220>
<221> Bonding
<222> (3)..(7)

<223> Amide bond between acid a,R diaminopropionic in position 3 and C-terminal glutamic acid residue

<220>
<221> AMIDATION
<222> (7)..(7)

&ys Gly Xaa Phe ?is Arg Glu

<223> N Amidation of C-terminal glutamic acid

<400> 13

<210> 14

iys Gly Xaa Phe ?is Arg Glu
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<211>5
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide

<220>
<221> DISULFIDE
<222> (1)..(5)
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<223> Disulfide bonding between Nt and Ct Cys

<220>

<221> Acetylation

<222> (1)..(1)

<223> Acetylation of N terminal cys

<400> 14

<210> 15
<211>5
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide

<220>
<221> Bonding
<222> (1)..(5)

Cys Trp His Arg gys
1

<223> Disulfide bonding between Nt and Ct Cys

<220>

<221> Acetylation

<222> (1)..(1)

<223> Acetylation of N-terminal cys

<400> 15

<210> 16
<211>7
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide

<220>
<221> DISULFID
<222> (1)..(5)

gys Phe Phe Arg gys
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<223> Disulfide bonding between Nt Cys and Cys in position 5

<400> 16

Cys Trp His Arg gys Ala Arg
1

<210> 17
<211>5
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide

<220>
<221> DISULFID
<222> (1)..(5)

<223> Disulfide bonding between Nt and Ct Cys

<220>

<221> ACETYLATION

<222> (1)..(1)

<223> Acetylation of N-terminal Cys

<400> 17

<210> 18
<211>7
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide

<220>
<221> DISULFID
<222> (1)..(5)

gys Trp Tyr Arg gys

<223> Disulfide bonding between Nt Cys and cys in position 5

<400> 18

gys Phe Phe Arg gys Ala Arg

<210> 19
<211>5
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide
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<220>

<221> DISULFID

<222> (1)..(5)

<223> Disulfide bonding between Nt and Ct Cys

<220>

<221> ACETYLATION

<222> (1)..(1)

<223> Acetylation of N terminal Cys

<220>

<221> AMIDATION

<222> (5)..(5)

<223> Amidation of C terminal Cys

<400> 19

<1:ys Trp Tyr Arg (5:ys

<210> 20
<211>5
<212> PRT
<213> Artificial

<220>
<223> cyclic peptide

<220>

<221> DISULFID

<222> (1)..(5)

<223> Disulfide bonding between Nt and Ct Cys

<220>

<221> AMIDATION

<222> (5)..(5)

<223> Amidation of C terminal Cys

<400> 20

Cys Trp His Arg Cys
1 5

<210> 21
<211>5
<212> PRT
<213> Artificial

<220>
<223> cyclic peptide

<220>

<221> DISULFID

<222> (1)..(5)

<223> Disulfide bonding between Nt and Ct Cys

<220>
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<221> AMIDATION
<222> (5)..(5)

<223> Amidation of C terminal Cys

<400> 21

<210> 22
<211>5
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide

<220>
<221> DISULFID
<222> (1)..(5)

<223> Disulfide bonding between Nt and Ct Cys

<400> 22

<210> 23
<211>8
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide

<220>
<221> DISULFID
<2225 (4)..(8)

<223> Disulfide bonding between cys in position 4 and Ct Cys

<400> 23

<210> 24
<211>8
<212> PRT
<213> Artificial

<220>
<223> Cyclic peptide

<220>
<221> DISULFIDE
<2225 (4)..(8)

1
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Cys Trp Tyr Arg gys
1

Cys Arg His Trp Cys
1 5

Arg Pro Ala Cys érg Phe Phe Cys
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<223> Disulfide bonding between Cys in position 4 and Ct Cys

<400> 24

Claims

:liys Ala Pro Cys lsxrg Phe Phe Cys

1. Cyclic monomeric peptides containing up to nine amino acids characterised in that they have a modulatory activity
on the CXCR4 receptor having the following general formula (1):

Nt- (Ns) -Nc-X;-X,-X5-Cc- (Csg) -Ct (I)
l tc |

wherein:

- the N- terminal group Nt of the peptide is selected between free ammonium, acetyl (Ac), formyl (Fo) and tert-
butoxycarbonyl (tBoc);

- the C terminal group Ct of the peptide is selected between free carboxylate, primary amide (Nam), N-methy-
lamide (NMe), methyl ester (Ome);

- the N terminal sequence (Ns) optionally present has a formula selected between B-x-; B-x-x- and B-x-x-x-;

- the C terminal sequence (Cs) optionally present has a formula selected between -x-B; -x-x-B and -x-x-x-B;
wherein B represents an encoded basic amino acid residue selected from lysine (K) and arginine (R), or a not-
encoded one, and wherein x represents any encoded or not-encoded amino acid residue; wherein said se-
quences (Ns) and (Cs) may be present with mutual exclusion or both be absent;

- the amino acid residues Nc and Cc, the same or different each other, are selected from the group consisting
of cysteine (C), glutamic acid (E), B-Alanine (-Ala), o, diaminopropionic acid (Dap), o,y diaminobutyric acid
(Dab), ornithine (Orn);

- the bond tc that involves the amino acid residues Nc and Cc in the ring formation is selected from the group
consisting of disulphide bridge between cysteine side chains (css), backbone-side chain amide bond (abs) and
vice-versa (asb), amide bond between side chains (asc), peptide bond via main chain (abb), backbone-side
chain ester bond (ebs) and vice-versa (esb), ester bond between side chains (esc);

- the central sequence X-X,-Xj is selected from Ar4-Ar,-B and B-Ar,-Ar,, wherein B is an encoded basic amino
acid residue selected from lysine (K) and arginine (R), or a not-encoded one,

and Arq-Ar, are encoded aromatic residues selected from phenylalanine (F), tryptophan (W), tyrosine (Y) and
histidine (H), or not-encoded ones;
or pharmacologically acceptable salts thereof.

2. Peptides according to claim 1, wherein the N terminal sequence Ns is: a) absent; b) a dipeptide selected from RA,

RP,

RG, KA, KP or KG or c) a tripeptide selected from RPA, KPA, RAP or KAP.

3. Peptides according to claim 1, wherein the C terminal sequence Cs is: a) absent; b) a dipeptide selected between
AR, PR, GR, AK, PK or GK or c) a tripeptide selected between APR, APK, PAR, or PAK.

4. Peptides according to anyone of the claims 1-3, wherein the central sequence X,-X5-X5 is selected between RHW,
RFF, WHR, FHR, FYR, RYF, FFR, WYR, RYW, WFR, RFW.

5. Peptides according to anyone of the claims 1-4, characterised in that they have a modulatory activity on the CXCR4
receptor selected from the group consisting of:
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Ac-C-W-H-R-C-Nam

Css

(SEQ ID NO:1)

R-A-C-R-Y-W-C
Css

(SEQ ID NO:4)

R-A-C-R-F-F-C
Css

(SEQ ID NO:7)

C-W-H-R-C-A-R
|__css___|
(SEQ ID NO:10)

Ac-K-G-Dap-F~H-R-E
asc

|—~asc___|

(SEQ ID NO:12)

Ac-C-W-H-R-C
CcSs

|__css__|

(SEQ ID NO:14)

Ac-C-W-Y-R-C
|___Css
(SEQ ID NO:17)

C-W-H-R-C-Nam
i__css__ |
(SEQ ID NO:20)

(SEQ ID NO:8)

EP 2 528 936 B9

C~-F-F-R-C C-W-H-R-C
|__css__| |__css__|
(SEQ ID NO:2) ({SEQ ID NO:3)

C-F-F-R-C-Nam
css

C-W-Y-R-C-A-R
css

| —css__| |css__|

(SEQ ID NO:5) (SEQ ID NO:6)

R-A-C-R-H-W-C pAla-W-H-R-PAla

css___| [ abb |

(SEQ ID NO:9)

C-W-W-R-C
|__css__|
(SEQ ID NO:11)

Ac-K-G-Dap-F-H-R-E-Nam
asc

(SEQ ID NO:13)

C-W-H-R-C-A-R
Css

Ac-C-F-F~R-C
Css

(SEQ ID NO:15) (SEQ ID NO:16)

Ac-C-W-Y-R-C-Nam
|__css__ |
(SEQ ID NO:19)

C-F-F-R-C-A-R
| __css__ |
(SEQ ID NO:18)

C-R-H-W-C
| __css___|
(SEQ ID NO:22)

C-W-Y-R-C-Nam
| _css__ |}
(SEQ ID NO:21)

27



10

15

20

25

30

35

40

45

50

55

EP 2 528 936 B9

R-P-A-C~R-F-F-C K-A-P-C-R-F-F-C
|__css___| |__css___|
(SEQ ID NO:23) (SEQ ID NO:24)

Homodimers or heterodimers between two peptides as defined according to anyone of the preceding claims, selected
from the group consisting of:

a) tail-head or head-tail dimers having the following general formula (1l):

Ntl—NSl-Ncl‘Xl, 1—X1' Z—Xl, 3“CC1“CSl—Linker—N52—NCZ—Xz' 1—X2' 2"X2' 3’CC2-
| tcy ! I te, |

Cs,~Ct,
(IT)

b) tail-tail dimers having the following general formula (l11):

Nt;-Ns1-Nc;-Xjp,1-X1,2-X;,3-CC1-Csq 4
| tc, } Linker (IIT)

Nt,-Ns,-NC—-Xs,1- X2, 2~ X2, :~Cc2—Cs, 4
[ tec, I

c) head-head dimers having the following general formula (V) :

r‘NSl—NC]_—XL 1—X1, 2—X1, 3-Cc1-Cs3-Cty

Linker | tey I (IV)
L-Ns,-Ncz~X2, 1-X2, 2~ X2, 3-CC2-Cs,-Ct,,
| _tco |

wherein Nt;, Ns4, Ncq, Ccy, Csy, Cty, X4 4, X4 2, X4 3 are relative to the first peptide and have the same meaning
indicated in claims 1-6; wherein Nt,, Ns,, Nc,, Ccy, Csy, Cty, X; 4, X, 9, X, 3 are relative to the second peptide
and have the same meaning indicated in claims 1-5; wherein the bond between said first peptide and said
second peptide occurs through substitution of the terminal groups Nt, and Nt,, Ct, and Ct,, Nt; and Ct, or Ct,
and Nt, with a linker group selected from polyethylene glycol (PEG), hexamethylenediamine (N6), PEG600,
PEG300-aminomalonyl-PEG300.

Derivatives of monomeric or dimeric peptides according to anyone of the preceding claims, wherein said peptides
are functionalised through covalent bonding of fluorescent, chemiluminescent, magnetic or radioactive groups at
the level of the main chain, the side chains or the linker group.

Peptides according to anyone of the claims 1-4, characterised in that they have an agonist activity on the CXCR4

receptor, which stimulate the repopulation of the ischemic tissues at the cardiac and neurone level, selected from
the group consisting of:
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Ac-C-W-H-R-C Ac-C~F-F-R-C C~-W-H-R-C-A-R
css___| | —css__| css___|

(SEQ ID NO:14) (SEQ ID NO:l5) (SEQ ID NO:16)

Ac-C-W-Y-R-C C-F-F~-R-C-A-R Ac-C-W-Y-R-C-Nam
|__css__ | {__cCcss css__ |
(SEQ ID NO:17) (SEQ ID NO:18) (SEQ ID NO:19)

— —

C-W-H-R-C-Nam C-W-Y-R~-C-Nam
|__css__ | |__css
(SEQ ID NO:20) (SEQ ID NO:21)

et l

Use of atleast one monomeric or dimeric peptide according to anyone of the claims 1-6, or their derivatives according
to claim 7, or their mixtures, for the preparation of a medicament for the treatment and prevention of tumours or
relapses/metastasis in tumour pathologies whose cells over-express the chemokine CXCR4 receptor.

Use according to claim 9, wherein said tumours are selected from the group consisting of cancers of the breast,
colon, stomach, glioblastomas and melanomas.

Use of atleast one monomeric or dimeric peptide according to anyone of the claims 1-6, or their derivatives according
to claim 7, or their mixtures, for the preparation of a medicament for the treatment and prevention of HIV-1 infections
by virus sub-types using the chemokine receptors of the host cell as co-receptors.

Use of atleast one monomeric or dimeric peptide according to anyone of the claims 1-6, or their derivatives according
to claim 7, or their mixtures, for the preparation of amedicamentin bone marrow transplant therapy for the mobilization
of stem cells.

In vitro Use of the monomeric or dimeric peptides according to anyone of the claims 1-7, as tumour diagnostic agents.

Use of the peptides according to claim 8, for the preparation of a medicament for the repopulation of the ischemic
tissues at the cardiac and neurone level.

Pharmaceutical compositions comprising at least one of the monomeric or dimeric peptides as defined according
to anyone of claims 1-6, their derivatives as defined according to claim 7, or their mixtures as active ingredient
together with one or more pharmacologically acceptable excipients or adjuvants.

Kit for the diagnosis of tumour pathologies comprising one or more monomeric or dimeric peptides as defined
according to anyone of the claims 1-6, and/or their derivatives as defined according to claim 7.

Patentanspriiche

1.

Zyklische monomere Peptide, enthaltend bis zu neun Aminosauren, dadurch gekennzeichnet, dass sie modula-
torisch auf den CXCR4-Rezeptor mit folgender allgemeiner Formel (1) wirken:

Nt- (Ng) -Nc-¥:-X;-X;-CC~ ((:5) =0t (I)
te
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wobei:

- die N-terminale Nt-Gruppe des Peptids aus freiem Ammonium, Acetyl (Ac), Formyl (Fo) und Tert-Butoxycar-
bonyl (tBoc) ausgewahlt ist;

- die C-terminale Ct-Gruppe des Peptids aus freiem Carboxylat, primarem Amid (Nam), N-Methylamid (NMe),
Methylester (Ome) ausgewahlt ist;

- die optional vorhandene N-terminale Sequenz (Ns) eine Formel hat, die aus B-x-; B-x-x- und B-x-x-x- ausge-
wahlt ist;

- die optional vorhandene C-terminale Sequenz (Cs) eine Formel hat, die aus -x-B; -x-x-B und -x-x-x-B ausge-
wahlt ist;

wobei B einen codierten basischen Aminosaurerest darstellt, der aus Lysin (K) und Arginin (R) oder einem nicht
codierten ausgewahlt ist, wobei x jeden beliebigen codierten oder nicht codierten Aminsaurerest darstellt; wobei
solche Sequenzen (Ns) und (Cs) sich gegenseitig ausschlieRend vorhanden oder beide nicht vorhanden sein
kénnen;

- die gleichen oder unterschiedliche Aminosaurereste Nc und Cc aus der Gruppe bestehend aus Cystein (C),
Glutaminsaure (E), B-Alanin (B-Ala), o,p-Diaminopropionsaure (Dap), o,y-Diaminobutterséure (Dab), Ornithin
(Orn) ausgewahlt sind;

- die tc-Verbindung, die die Aminosaurereste Nc und Cc bei der Ringbildung betrifft, aus der Gruppe bestehend
aus Disulfidbriicken zwischen der Cysteinseitenkette (css), der Backbone-Seitenkette-Amidverbindung (abs)
und umgekehrt (asb), der Amidverbindung zwischen Seitenketten (asc), der Peptidverbindung ber die Haupt-
kette (abb), die Backbone-Seitenkette-Esterverbindung (ebs) und ungekehrt (esb), die Esterverbindung zwi-
schen Seitenketten (esc) ausgewahlt ist;

- die zentrale Sequenz X;-X,-X5 ausgewahlt ist aus Ar-Ary- B und B-Ar,-Ar,, wobei B ein codierter basischer
Aminosdurerest ist, ausgewahlt aus Lysin (K) und Arginin (R) oder einem nicht codierten,

und Ar4-Ar, codierte aromatische Reste sind, ausgewahlt aus Phenylalanin (F), Tryptophan (W), Tyrosin (Y) und
Histidin (H) oder nicht codierten;
oder pharmakologisch annehmbare Salze hiervon.

Peptide nach Anspruch 1, wobei die N-terminale Sequenz Ns: a) nicht vorhanden ist; b) ein Dipeptid ausgewahlt
aus RA, RP, RG, KA, KP oder KG ist; oder c) ein Tripeptid ausgewahlt aus RPA, KPA, RAP oder KAP ist.

Peptide nach Anspruch 1, wobei die C-terminale Sequenz Cs: a) nicht vorhanden ist; b) ein Dipeptid ausgewahlt
aus AR, PR, GR, AK, PK oder GK ist; oder c) ein Tripeptid ausgewahlt aus APR, APK, PAR, oder PAK ist.

Peptide nach einem beliebigen der Anspriiche 1 bis 3, wobei die zentrale Sequenz X;-X,-X5 aus RHW, RFF, WHR,
FHR, FYR, RYF, FFR, WYR, RYW, WFR, RFW ausgewahlt ist.

Peptide nach einem beliebigen der Anspriiche 1 bis 4, dadurch gekennzeichnet, dass sie modulatorisch auf den
CXCR4-Rezeptor wirken, der ausgewahlt ist aus der Gruppe bestehend aus:

Bo=C==H=RaC~Ham (e P o o Cmll=H~R~-0
| e S BB | f_tsz_ | b o - i
(30 1D Mo iy (SEQ ID NO:2)  (5BQ ID NO:3)
B o (o Pt an o CmFuFef=0-lat Ol e R CnlwR
| oss | l_ess_ | =58 |
(BEQ ID MO:4) (BEQ ID HO:8) (BEQ ID HO:8)
=0 T L B B s B Flo e fhla-W-H-R~-pBhla
|z | fu88, .1 | ably |
{5E0 ID WO:7T) (BEQ ID WO:HE) ‘ {BEQ ID WO:9)
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C-W~H~B~C-A~R

§__oss__ |
(SEQ ID NO:1D)

AseRK=G-Dap-F~-H-R-E

AEC

-

(BEQ ID HO:1Z)

Bt H e
o858 |

{SEQ ID MWO:l4)

B L=t -B-C
D854
{BEQ ID HO:1T)

CW-H-R-C—Ham
=1

(ZEQ ID MO:24)

B-P-k-C-B-F-F-C
w88, |
ESEQ ID MO:23)

EP 2 528 936 B9

C-H-W-F~0
-
{SEQ ID MO:lld

Ao-E-GeDapef-H-f~E-lam
boase, .|

{SBQ ID MOIL13)

LB o B
| _cag |

A O F-F-R-0
cEs,_ |

}

{SEQ ID HG:I5) {SEQ ID HWO:1lE)

[ 0 2 T
| - . 5_
(5B ID BO:lE)

Ao~ C-W-Y-B-C-HNam
|58 ___1

{SEQ ID WO:l®)

C-F-B-W-0
bocss |
{SEDQ ID MO:22:

G Y oo B M
[ 85|
{5E0 ID BO:21}

Hoo Jy Boe s B o B
| B |
(EEQ 1D MoiZd)

Homodimere oder Heterodimere aus zwei Peptiden wie in einem beliebigen der vorstehenden Anspriiche definiert,
ausgewahlt aus der Gruppe bestehend aus:

a) Schwanz-zu-Kopf- oder Kopf-zu-Schwanz-Dimere mit folgender allgemeiner Formel (11):

Heg-Rag-Ho =Ky, -85, o Ky, - 08 T8 - Linker e Re =N, By, - %, 505
s |

LT i

Cag-DE;

(11}

b) Schwanz-zu-Schwanz-Dimere mit folgender allgemeiner Formel (ll1):

- Hg Moy =y g=My 2 ¥y 30— 08y 5
| tey | Linkey {EX1)

HEg=Map-Hop=Ke, 1= Ny, g~ Ko, - Cz=C83 o
[ £ey |

c) Kopf-zu-Kopf-Dimere mit folgender allgemeiner Formel (1V) :

r-Magetioy-K, 1-%, - %), o Tog Dy -0y L
LANKSL | b | {IW}
Lo Hsa-Wea-Hg, 1~y 2= Ra, 5~ Ulp-C8a—Cha
i T b

wobei Nt;, Ns4, Ncq, Ccy, Csq, Cty, Xq 4, Xq 2, E4 3 sich auf das erste Peptid beziehen und dieselbe, in den
Anspriichen 1 bis 6 angegebene Bedeutung haben, wobei Nt,, Ns,, Nc,, Ccy, Cs,, Cty, X; 4, X5 9, X5 3 sich auf

31



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

16.

EP 2 528 936 B9

das zweite Peptid beziehen und dieselbe, in den Anspriichen 1 bis 5 angegebene Bedeutung haben;

wobei die Verbindung zwischen dem ersten Peptid und dem zweiten Peptid durch Austausch der terminalen
Gruppen Nty und Nt,, Ct; und Ct,, Nt; und CH, oder Ct4 und Nt, durch eine Linkergruppe, entsteht, die aus
Polyethylenglykol (PEG), Hexamethylenediamin (N6), PEG600, PEG300-Aminomalonyl-PEG300 ausgewahlt
ist.

Derivate von monomeren oder dimeren Peptiden nach einem beliebigen der vorstehenden Anspriiche, wobei solche
Peptide durch die kovalente Bindung von fluoreszierenden, chemilumineszierenden, magnetischen oder radioakti-
ven Gruppen an der Hauptkette, den Seitenketten oder den Linkergruppen funktionalisiert werden.

Peptide nach einem beliebigen der Anspriiche 1 bis 4, dadurch gekennzeichnet, dass sie als Agonist auf den
CXCR4-Rezeptor wirken, der die Repopulation des ischdmischen Gewebes auf neuronaler und kardialer Ebene
stimuliert, ausgewahlt aus der Gruppe bestehend aus:

B -W-H-B-T he-C~F~F~-B~T CoWrH-R-C—A~§
|__cea_ | |__esa, | b ess |
(B0 1D MWo:14) {SEQ ID HO:15) {BED 1D HO:l6)
L Cml=T-R~0 LmfwP-B-C-A—R B Cmigl= Y ~R~-C~Ham
.ess__ | lmss | i ess__ |
(5B ID MO:L17) (5EQ ID HO:o18) (BED ID MO:ly)
C-W-H- B C-Wam C-Wef=Rel<Ham
(- | it 1
(BED ID NO:20) {BEQ ID MNO:21)

Verwendung von mindestens einem monomeren oder dimeren Peptid nach einem beliebigen der Anspriiche 1 bis
6 oder deren Derivate nach Anspruch 7 oder deren Mischungen zur Herstellung eines Medikaments zur Behandlung
und Prophylaxe von Tumoren oder Ruckfallen bzw. Metastasen bei Tumorerkrankungen, deren Zellen ein erhéhtes
Vorkommen des Chemokine-Rezeptors CXCR4 aufweisen.

Verwendung nach Anspruch 9, wobei die Tumoren aus der Gruppe bestehend aus Brustkrebs, Dickdarmkrebs,
Magenkrebs, Glioblastom und Melanom ausgewahlt sind.

Verwendung von mindestens einem monomeren oder dimeren Peptid nach einem beliebigen der Anspriiche 1 bis
6 oder deren Derivate nach Anspruch 7 oder deren Mischungen zur Herstellung eines Medikaments zur Behandlung
und Prophylaxe von HIV-1-Infektionen durch Virus-Subtypen unter Verwendung der Chemokine-Rezeptoren der
Wirtszelle als Ko-Rezeptoren.

Verwendung von mindestens einem monomeren oder dimeren Peptid nach einem beliebigen der Anspriiche 1 bis
6 oder deren Derivate nach Anspruch 7 oder deren Mischungen zur Herstellung eines Medikaments bei der Knochen-
marktransplantationstherapie zur Mobilisierung von Stammzellen.

In-vitro-Verwendung der monomeren oder dimeren Peptide nach einem beliebigen der Anspriiche 1 bis 7 als Tu-
mordiagnostika.

Verwendung der Peptide nach Anspruch 8 zur Herstellung eines Medikaments fiir die Repopulation des ischami-
schen Gewebes auf neuronaler und kardialer Ebene.

Pharmazeutische Zusammensetzungen umfassend mindestens ein monomeres oder dimeres Peptid, wie in einem
beliebigen der Anspriiche 1 bis 6 definiert, deren Derivate wie in Anspruch 7 definiert, oder deren Mischungen als

Wirkstoff zusammen mit einem oder mehreren pharmakologisch annehmbaren Tragerstoffen oder Hilfsstoffen.

Diagnosekit fir Tumorerkrankungen umfassend ein oder mehrere monomere oder dimere Peptide, wie in einem
beliebigen der Anspriiche 1 bis 6 definiert und/oder deren Derivate wie in Anspruch 7 definiert.
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Revendications

1.

Peptides monomeéres cycliques contenant jusqu’a neuf acides aminés caractérisés en ce qu’ils ont une activité
modulatrice sur le récepteur CXCR4 ayant la formule générale suivante (l) :

ou :

Nt - (Ns) -NE:-X1~X2~X3~(|Z'C~ (Cs)-Ct (I)
i tc

- le groupe N- terminal Nt du peptide est sélectionné entre ammonium libre, acétyle (Ac), formyle (Fo) et tert-
butoxycarbonyl (tBoc) ;

-le groupe C terminal Ctdu peptide estsélectionné entre carboxylate libre, amide primaire (Nam), N-méthylamide
(NMe), ester méthylique (Ome) ;

- la séquence N terminale (Ns) éventuellement présente a une formule sélectionnée entre B-x- ; B-x-x- et B-x-
X-X- ;

- la séquence C terminale (Cs) éventuellement présente a une formule sélectionnée entre -x-B ; -x-x-B et -x-x-
x-B;

ou B représente un résidu d’acide aminé basique codé sélectionné parmi lysine (K) et arginine (R), ou un résidu
non codé et ou x représente n'importe quel résidu d’acide aminé codé ou non codé ; ou lesdites séquences
(Ns) et (Cs) peuvent étre présentes avec exclusion mutuelle ou étre toutes deux absentes ;

- les résidus d’acide aminé Nc et Cc, les mémes ou différents I'un de I'autre, sont sélectionnés a partir du groupe
comprenant cystéine (C), acide glutamique (E), B-Alanine (B-Ala), acide o, diaminopropionique (Dap), acide
o,y diaminobutyrique (Dab), ornithine (Orn) ;

- la liaison fc qui implique les résidus d’acide aminé Ne et Cc dans la formation de cycle est sélectionnée a
partir du groupe comprenant : pont disulfure entre chaines latérales de cystéine (css), liaison amide squelette-
chaine latérale (abs) et inversement (asb), liaison amide entre chaines latérales (asc), liaison peptidique via
chaine principale (abb), liaison ester squelette-chaine latérale (ebs) et inversement (esb), liaison ester entre
chaines latérales (esc) ;

- la séquence centrale X4-X,-X3 est sélectionnée parmi Ar4-Ar,-B et B-Ar,-Ary, ou B est un résidu d’acide aminé
basique codé sélectionné parmi lysine (K) et arginine (R), ou un résidu non codeé,

et Ary-Ar, sont des résidus aromatiques codés sélectionnés parmi phénylalanine (F), tryptophane (W), tyrosine
(Y) et histidine (H), ou des résidus non codés ;

ou leurs sels pharmacologiquement acceptables.

Peptides selon la revendication 1, dans lesquels la séquence N terminale Ns est : a) absente ; b) un dipeptide
sélectionné entre RA, RP, RG, KA, KP ou KG ou c) un tripeptide sélectionné entre RPA, KPA, RAP ou KAP.

Peptides selon la revendication 1, dans lesquels la séquence C terminale Cs est : a) absente ; b) un dipeptide
sélectionné entre AR, PR, GR, AK, PK ou GK ou c) un tripeptide sélectionné entre APR, APK, PAR ou PAK.

Peptides selon I'une quelconque des revendications 1 a 3, dans lesquels la séquence centrale X4-X,-X5 est sélec-
tionnée entre RHW, RFF, WHR, FHR, FYR, RYF, FFR, WYR, RYW, WFR, RFW.

Peptides selon 'une quelconque des revendications 1 a 4, caractérisés en ce qu’ils ont une activité modulatrice
sur le récepteur CXCR4, sélectionnés a partir du groupe comprenant :

Ag~C-W-H-R-C-Ham C-F-F-R-C G-W-H-R-C
s | j__wes_ | | ecss_ |
(SEQ ID No:l) (SEQ ID MO:2)  (SEQ ID ND:3)
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R-3-C~-B-¥-W-C CoF-F=R-C~Mam C=W-Y-RB-C-R-R
|.css_ | |__=as | | cs5s_ |
{SEQ ID NO: 4 {(S5EQ ID NO:5) (SEQ ID MOz&)
BR-A-C-B-F-F={ B By T o Pl P oo W pala-~W-H-F-3Ala
j_oss_ | {o a5 | i abl |
[SEQ ID NO:T7) {5EQ ID HO:8) (SEQ ID NO:B}
T o B o B B C-W-W-P-C
o 88 | l..c88 .1
{SEQ ID Mo:10) {BED I MO:11})
Bo=B=G=Dap-F=H~R=E he-E~G-Dap-F-H-B~E-~Ham
__asc 1 - T I
{BEQ ID HO:12) {EEQ ID HO:13)
Be=C=W-H=R-C Ac-C-F-F-R-C C-W-H-R~C~A~F,
| uss_ | { . ca=s__| |___ess |

{3EQ 1D HO:14) {SEQ ID WO:135) (SEQ ID WO:le)

A~ Lol Y-B-C CuF-F=R={~A~F Ao-Cri- Y -R-C-Ham
v |__w=ss__| lmCss_ | l.ces |
{8EQ ID WMO:1MY (5B ID NO:18} I5EQ ID HO:1®)
C=¥=H=R=C=Nam C-W-Y-R-C-Ham C-R~H-W-C
i__cas | | css_ | -1
{SE{I ID NO:120]0 (SEQ ID MO:Z1) {BEQ ID WO:22)
B-P-f-C-R-P-P-O T T A )
| oss5 | i ecss |
(SEQ ID No:23) {5EQ ID NOo:s24)

Homodiméres ou hétérodiméres entre deux peptides comme définis selon I'une quelconque des revendications

précédentes, sélectionnés a partir du groupe comprenant :

a) dimeres queue-a-téte ou téte-a-queue ayant la formule générale suivante (ll) :
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Ht i -Hs 1'1'] [= I 1, g“"‘}: 1, 2""’}(1, e -y -1l fike -1 51*”‘92*‘:‘{2, 17 xl, Fa x;ﬁq g~

{ Ly J J e _te i
C8y-Ly
(11}
b) diméres queue-a-queue ayant la formule générale suivante (lll) :
Wt =Nsy-Hey—Xy, a=%, 2=¥1, -0 - 081 4
I By | Linker {IIT
Mt y-Hsz-Neg-Xg, 1~ Xz, 2~ Kz, 1~CCy-Cs;
i e |
c) diméres téte-a-téte ayant la formule générale suivante (IV) :
prolgy~Ho,—X,, =%y, O A % e T 4 SR ) ) ’
Linker | | A=T | IV}
LeNgy~Nep-X;, 1— Xz, = %2, 1~ Coa—Usp-Tts
N - i

ou Nt4, Nsy, Ncy, Ccq, Csy, Cty, X4 4, X4 2, X4 3 sont relatifs au premier peptide et ont la méme signification
indiquée dans les revendications 14 6 ; ou Nt,, Ns,, Nc,, Ccy, Cs,, Cty, X5 4, X5 5, X5 5 s0nt relatifs au deuxieme
peptide et ont la méme signification indiquée dans les revendications 1 a 5 ; ou la liaison entre ledit premier
peptide et ledit deuxiéme peptide se produit par substitution des groupes terminaux Nt et Nt,, Ct; et Ct,, Nt4
et Ct, ou Ct, et Nt, parungroupe de liaison sélectionné parmi polyéthyléne glycol (PEG), hexaméthylénediamine
(N6), PEG600, PEG300-aminomalonyl-PEG300.

Dérivés de peptides monomeres ou diméres selon I'une quelconque des revendications précédentes, dans lesquels
lesdits peptides sont fonctionnalisés par liaison covalente de groupes fluorescents, chimioluminescents, magnéti-
ques ou radioactifs au niveau de la chaine principale, des chaines latérales ou du groupe de liaison.

Peptides selon 'une quelconque des revendications 1 a 4, caractérisés en ce qu’ils ont une activité agoniste sur
le récepteur CXCR4, qui stimule la repopulation des tissus ischémiques au niveau cardiaque et neuronal, sélec-
tionnés a partir du groupe comprenant :

Bo~CelmH R Ac=Q=F~F-R-G Gl -B-C-8-F
(BE0 ID WO:rldl {SEQ ID HO:15) (EED ID MO:lé)
B Qi Y =R~ 2 Dufuf-R-C-k-R B Cwi=-Y-R-C-Ham

I rcas_ | j a8 | |__css__ |
(8EQ ID MO:17) {EEQ ID WO 18) (SEQ ID NO:19)
T Hoow B O Bl Ceti=Y ~H~C~Hanm
f_css_ | {_eas |
(SEQ ID Ho:2h (SEQ ID WMozl

Utilisation d’au moins un peptide monomeére ou dimére selon I'une quelconque des revendications 1 a 6, ou leurs
dérivés selon la revendication 7, ou leurs mélanges, pour la préparation d'un médicament pour le traitement et la
prévention de tumeurs ou de rechutes/métastases dans des pathologies tumorales dont des cellules sur-expriment
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le récepteur CXCR4 de la chimiokine.

Utilisation selon la revendication 9, dans laquelle lesdites tumeurs sont sélectionnées a partir du groupe comprenant
cancers du sein, du colon, de I'estomac, glioblastomes et mélanomes.

Utilisation d’au moins un peptide monomeére ou dimére selon I'une quelconque des revendications 1 a 6, ou leurs
dérivés selon la revendication 7, ou leurs mélanges, pour la préparation d'un médicament pour le traitement et la
prévention d’infections par le HIV-1 par des sous-types de virus utilisant les récepteurs de la chimiokine de la cellule
hote comme corécepteurs.

Utilisation d’au moins un peptide monomeére ou dimére selon I'une quelconque des revendications 1 a 6, ou leurs
dérivés selon la revendication 7, ou leurs mélanges, pour la préparation d’'un médicament en thérapie de greffe de
moelle osseuse pour la mobilisation de cellules souches.

Utilisation in vitro des peptides monomeres ou diméres selon 'une quelconque des revendications 1 a 7, comme
agents de diagnostic de tumeurs.

Utilisation des peptides selon la revendications 8, pour la préparation d’'un médicament pour la repopulation des
tissus ischémiques au niveau cardiaque et neuronal.

Compositions pharmaceutiques comprenant au moins un des peptides monoméres ou dimeres comme définis selon
'une quelconque des revendications 1 a 6, leurs dérivés comme définis selon la revendication 7 ou leurs mélanges

comme ingrédient actif conjointement a un ou plusieurs excipients ou adjuvants pharmacologiquement acceptables.

Kit pourle diagnostic de pathologies tumorales comprenant un ou plusieurs peptides monomeéres ou diméres comme
définis selon I'une quelconque des revendications 1 a 6, et/ou leurs dérivées comme définis selon la revendication 7.
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