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gl ucocorticoids, mneral corticoids). Hereinafter, the termcytokine is to
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mol ecul es invol ved in binding processes or signal transducing processes.
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preferably provided on the surface of target cells. When the messenger

contacts the receptor, in the typical case the latter will trigger an intraceliular

signal transducing cascade resulting in the biological effect within the cell or

tissue. Typical effects which may be triggered by such receptors are, e.g., the

entry of a cell into the cell cycle and therewith an increase of the multiplication

rate or also the triggering of apoptosis, a cell death form. Also in inflammatory

processes, in the immunologic system and many local regulating processes of

the mammalian body cytokines play an important role in the homoeostasis of

the respective organism. With many cytokines, such as, e.g., most members

of the interleukine cytokine family, the receptor at the cell surface consists of

different proteins which converge due to the binding of the cytokine. Hence,

many cytokines have specific binding sites which have to bind to two or more

receptor proteins at the same time to trigger the effect with high efficiency.

This indicates that in the cytokine receptor interaction precisely defined

distances and spatial orientations of the various binding regions in the

cytokine molecule with respect to each other are critical and necessary for the

complete display of the effect. Moreover, with some cytokines the cytokine as

such consist of different proteins which are required to combine in the course

of the receptor interaction (C. Aul, W, Schneider (Eds.), Biological Activities

CONFIRMATION COPY



cytokine nolecule with respect to each other are critical and necessary for
the conplete display of the effect. Mdireover, with sonme cytokines the
cytokine as such consist of different proteins which are required to

conbi ne i nybhespeese of the receptor interaction (C nei der
(Eds.), Biological Activities OONFIRVATION COPY WO 0BG HEr3 o)

PCT/ EP2003/ 008651 - 2 and di nical Efzf _cacies, 1997, Springer Verl ag
Berlin). Recently, a nunber of cytokines has r econbi nantly been prepared to
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expl ai n, ifound, thhexbrmmnsvgtemcareraﬁegn found to be labile and trouble-prone.

2. Since the cytokines are to be administered regularly, it has to be
ensured that they are purified after expression which regularly is performed in
bacteria and subsequently are absolutely free from bacterial contaminants to
avoid a systemic allergy. This necessitates the use of complex methods which
have an enormous impact on the pricing.

3. Many messengers such as, e.g., cytokines, do not have only one binding
site for the receptor but there exist further domains which are in most cases
not completely understood and which may possibly induce signal paths other
than the envisaged ones. This might also explain, i.a., the frequently occurring
side effects which partially make a treatment with these substances

impossible,

4. Proteins prepared by recombination often have tertiary structures
deviating from those of native proteins and therefore are recognized as "alien"
by the human body. The antibodies induced thereby neutralize the cytokine
and result in a loss of activity of the cytokine.

5. Recombinant proteins often exhibit a remarkable lability to proteolytic -
l.e. protein degrading - enzymes. This necessitates a frequent administration
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molecules of, e.g., peptide nature. Such small specific binding molecules
usually have a sequence of less than 100 amino acids. Due to the size thereof,
such molecules cannot contribute to the association of receptor subunits which
would be required for a complete cytokine activity. Normally, they will also not
.be designed to be highly affine for two or more binding sites on a large
receptor molecule at the same time.

By now, peptides can chemicaily be synthesized by numerous standardized
methods quite easily, although an individual synthetic strategy has to be
developed for each peptide. Normally, the peptides are synthesized on solid
phases with the operations of activating an N-terminally protected amino acid,
coupling, washing, deblocking, activating being repeated until the desired
peptide is finished. Sald product is removed from the solid phase, purified by
HPLC and subsequently transferred to further investigations such as, e.g.,
sequence verification and biological tests. Generally, the synthesis is the
simpler and the more reliable the shorter the peptide is.

Some few investigations of peptide oligomers demonstrated that chemically
synthesized and oligomerized peptides show a biological activity, said activity
regularly being below that of the native protein, 1ike, for instance, in the case
of erythropoetine (patent no. WO 96/40772), but often stronger than the
effect of the monomer.



devel oped for each peptide. Normally, the peptides are synthesized on solid
phases with the operations of activating an Ntermnally protected am no
acid, coupling, washing, deblocking, activating being repeated until the
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interferon modified with polyethylene glycol.

Depending on the planned geometrical arrangement of the peptides as specific
binding molecules, one has to use the most different strategies for the
preparation of possible support structures and to develop an individual support
structure for each special problem. Up to the present, suitable approaches to
solve this problem in a synthetical manner by developing a universally
applicable strategy wherein both the number and the type and the mutual
orientation of the specific binding molecules are flexible do not exist. The
previously used appreoaches for preparing suitable support structures are
based either on the formation of disulfide bridges ({a) Nomiz, M., Utani, A.,
Shiraishi, N., Yamada, Y., Roller, P.; "Synthesis and conformation of the
trimeric coiled-coil segment of laminin"; Int J Pept Protein Res (40(1); 1992;
72-79) or the use of dendrimer-like structures on the basis of lysine ((a)
Carrithers, M. D., Lerner, M. R.; Synthesis and characterization of bivalent
peptide ligands targeted to G-protein-coupled receptors”; Chem Biol 3(7);
1996; 537-542; (b) Wada, T., Okada, K., Nakamori, M., Mochizuki, E., Inaki,
Y.; "Synthesis and properties of oligolysine and oligoglutamic acid derivatives
containing nucleosides"; Nucleic Acids Symp Ser 29; 1993; 79-80; (c) Henkel,
W., Vogl, T., Echner, H., Voelter, W., Urbanke, C., Schleuder, D., Rauterberg,
J.; "Synthesis and folding of native collagen III model peptides”; Biochemistry



preparation of possible support structures and to devel op an i ndi vi dual
support structure for each special problem Up to the present, suitable
approaches to solve this problemlIn a synthetical nanner by devel oping a
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not exist. The previously used approaghes for preparing suitable support
structures are based either on the formati on of disulfide bridges ((a)

Nomi z, mada Y.... Rall ; nt hesi s and
conformatl @& %%gé tlr?’lg'hl 9g0| IQJH" g t LHJRAHIESAS| 3%%9‘?"5“@%? 3 pept
Protein Hmalt(amr(\b)‘thdﬁ@ﬁsnbil!ﬂés?Q) or the use of dendrimer-like structures on
the basis of lysine ((a) Carrithers, M D., Lerner, M R ; Synthesis and

char act er Itzistthenobjecbiof ahe niresgrepinivastion garpisv”idar lﬂﬂﬂﬁ@ hﬁ)le@mﬁwhﬂhna coupl ed
receptors

Nakanor | , h'm%&ﬁ?@ﬁ?%d@ty Wﬁ@g d 536‘: gavgﬁ%@ ﬁ@@i"% @ﬁ@'%@p@ﬁW%kﬁf

ol i gol ysi éfebinamhgombiedldst ¢iihe ﬂgﬁedof(iqa,@la{-gt i ves contai ni ng nucl eosi des";
Nucl eic Acids Synp Ser 29; 1993; 79-80; (c) Henkel, W, Vogl, T., Echner,

H., Voel t siirprdingl{) Erlebiede: fon%@rm QH@QJ&SI@Of tﬁé%@éﬁk%rg is aﬂtalneoe‘bthESi s and
fol ding of native ‘col | agen |11 pepti des”; Biochem str 04/ 014951

PCT/ EP200@!‘66‘@65&0'39-’"538(’&%5““9191{593 supprot Bjuchuee (afuat tlh@stappe otishies as
such consgyolddufardsubunie 4d b?'ﬂaa%f: gfvb%ld@f_ﬁélh dublhfs, whEr%ﬁ tﬁ@% Iﬁ‘frtn of the

present invention to provid ecul’'es wth y5| ol ogi cal
activity whwsdaremlymmdq nlaalamvethesmedo‘m lnatamiaamb’or uﬁnatural By

nol ecul es; 08 /44-h e t u [ ot e t he
basi s of PRV G eradts iy Wheref HhE ' JuEnan sibutscSle BV EERy' of

support sbondsdicethef suptpdresisuctomne. cyclic nDIecuIar subunlt and at least two
side chain subunits, wherein the side chain subunits are pol ypeptide chains

synt hesi zEue fayolic rrabl&callarasWmet umrpaeﬂeraﬁly[h anali¢ polypeptideo synthasizad d

wherein tH_e S'n%%urapadrnu%Hg ura Rt edf aerrrﬁ%o acids, an aromatic ring, an
aromatic ring system, a polylactone, a polylactam, benzenetriamide,
trihydroxybenzoic acid, a trilactone or a trilactam. In some preferred
embodiments with exactly two side chains to be linked the cyclic support
structure can also be structurally minimized and be replaced by a linear
symmetrical structure,

The amino acids forming the cyclic polypeptide are advantageously linked by
peptide bonds. A cyclic molecular subunit within the meaning of the invention
is not present if a cyclic structure is formed by the formation of a disulfide
bridge. This type of a cyclic peptide structure is a constituent part of many
naturally occurring proteins. Due to the lability thereof, it is not suited to be
used as the central cyclic molecular subunit of the support structure within the
meaning of the invention. Of course, this does not exclude that the binding
molecules of the invention also contain disulfide bridges in addition to a more
stabile cyclic molecular subunit of the support structure. Such additional
disulfide bonds will preferably be located at sites relatively distant from the
support structure and will be Introduced to stabilize a specific sterical
configuration within and/or between two or more side chains.



bonded to the support structure. The cyclic nol ecular subunit is preferably
a cyclic polypeptide synthesized fromnatural or unnatural D and/or
L-am no acids, an aromatic ring, an aromatic ring system a polylactone, a
pol yl act etriam de, trihydroxybenzoic acid, J L@pe or a
trilactagﬂa?ﬁsgéﬁg preferred enbodinments with exactl§épkghgﬁ@€%chains to be
| i nked the cyclic support structure_qﬁq_also be structurally mnimzed and
be replaced by a linear synmmetrical structure. The amino acids formng the
cyclic polypeptide are advantageously |inked by peptide bonds. A cyclic
mol ecul arifsghenickclid t imoledulte neonity i9f at heycliev polypeptides motprefesant if a
cyclic strugcture iis forned by the formation of a_disuy]fjde ridge. This
Cype of *cemnpdinenss selthet Gast bye side e suhutis GEMe Bindng maleede Sievt ur ol 1y
occur ri nghgHdeldetd18he lyelid thdldildrBiburdit by hehR@f acidt silé dMain Phbibees bp be
used as the central cyclic nolecular subunit of the support structure within
R
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bi ndi ng arietl 88 tod chdR bRl .r%ﬁbéliwﬁo contain disulfide bridges in

addition to a nore stabile cyclic nolecular subunit of the support
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to stabi |6 aminoaplsific sterical configuration within and/ or between two or
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acids |ysj ripe. . threonine, glutamate, asparagi ne and/or aspartate of
t he cycl i@ﬁ%ﬁ%@&k%ﬁhg{%uni t. The cyclic polypeptide preferably consists of
2 to 10, "gb pagticular of 2, 3, 4 or 6 amno acids.
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In preferred enbodi nents, the cyclic nol ecular subunit has one of the
structures a) benzenetriamde: Pep bzw. NH Seq 0 O O Seq NHO O Seq O

Pep OHHO O HNOHNO OPep b) cyclohexapeptide: WO 2004/ 014951

PCT/ EP2003/ 008651 - 7 O-Seq dy SeCl i p\AsP Ody\ 11-01 Iy Asp YO
Seq or a'tQ&%A¥Rpepti de of the sequence DKDKDK wit hPEHEPIHE3/008631hr ee si de

chain peptides Seq, c¢) tril actone:

Se o GIK

Seq

or a cyclohexapeptide of the sequence DKDKDK with one up to three side
chain peptides Seq,

c) trilactone:

Seq

Seq 0

d) trilactame:



Segq OOO Seql Ois ~0O0O0O OOSeq d) trilactanme: W 2004/014951

PCT/ EP2003/008651 - 6 Seq OOO Segq\ H/ NHHN O OO Seq e)

tri hydroxybenzoi c acid support structure: OO0 0 O SegAN O ®N'kSeq HOOH
000 NAWRER cyclic dipeptide: cyclo-L-Ala-L-Lys, derivatized with
Seq, wherein %“é‘g“%%‘ Pep represent the side chain subunt¢WER0IMBEESI Accor di ng
to the invention, the nolecules conprise at |east two side chain subunits
which may be identical or also different fromeach other. If said at |east
two side chain subunits of the binding nolecule of the invention are

pol ypeptide chains, they may have th@eggne am no acid sequence or
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e) trihydroxybenzoic acid support structure:
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f) cyclic dipeptide: cyclo-L-Ala-L-Lys, derivatized with Seq,

wherein Seq or Pep represent the side chain subunits or -OH. According to the
invention, the molecules comprise at least two side chain subunits which may
be identical or also different from each other.

If said at least two side chain subunits of the binding molecule of the invention
are polypeptide chains, they may have the same amino acid sequence or
different sequences.

The polypeptide chains of the side chain subunits preferably consist of 5 to 60,
preferably 10 to 50, in particular 12 to 40 amino acids. The molecular weight



di fferent sequences. The pol ypepti de chains of the side chain subunits
preferably consist of 5 to 60, preferably 10 to 50, in particular 12 to 40
am no acids. The nol ecul ar wei ght WD 2004/ 014951 PCT/EP2003/008651 9 of

such pol ypehigifsdzhai ns is preferably not greater tha 8RR éﬁgl particul ar
bel ow 8 kDa or below 5 kDa. It is considered part of the preseﬁ I nvention

that the sterical position of two or grore side chains on a cyclic support
structure or at the the ends of a linear connecti ng nol ecul e can be fi xed
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nat ural manner or may_exi st as i de nucl eic acids The
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nol ecul ar unrts acer s cons and unnat ur al
car bohydrlatatsorar nucl ei ¢ aci ds. Preferabl y, the free ends of the side chain
subunits are covalently bonded to suitable protective groups to prevent
exopept i dmﬁhdegbjﬂthmifd:he paeqmmdmmthm areliBndingemolecbles dvmayeinetheeside t he si de
chain sub nlts %She sup
chitin Ss@Bthits ' ard go or polynucleic aclds consisting of natural and

unnatural nucleic acid units. Then, the nucieotides may be connected in a

natural manner or they may exist as peptide nucleic acids (PNA). The

molecular weight of such side chain subunits is preferably not greater than 10

kDa, in particular below 8 kDa or below 5 kDa. For example, such binding

molecules of the invention may be used to bind to DNA-binding proteins or

protein complexes with several DNA-binding sites.

In a preferred embodiment the side chain subunits are connected with the
support structure by spacer molecular subunits (spacers) especially consisting
of natural and unnatural carbohydrates or nucleic acids.

Preférably, the free ends of the side chain subunits are covalently bonded to
suitable protective groups to prevent exopeptidase degradation. Depending on
the type of bonding between the side chain subunits and the support
structure, the N- or the C-terminus may be the free ends. Preferred protective
groups are D-amino acids, preferably as di- or tripeptide, Furthermore,
protective groups usually employed within the scope of solid phase synthesis
and monomeric and polymeric carbohydrates may be used.

To prevent endopeptidases from cleaving the side chain peptides, the internal
amino acids may also covalently be bonded to protective groups. Preferred
protective groups are carbohydrates which preferably are selected from



structure, the N- or the Ctermnus may be the free ends. Preferred
protective groups are D-amno acids, preferably as di- or tripeptide.
Furthernore, protective groups usually enployed within the scope of solid

phase synitesso14993d nononeri c and pol yneric car bohydr 5B used. To
prevent endopepti dases from cl eaving the side chain .peg‘%:ﬁgp @E@li nt er nal

am no acids may al so covalently be bo geg to protective groups. Preferred
protective groups are carbohydrates I'ch preferably are selected from WD

2004/ 014951 PCT/ EP2003100865 - 10 l ucos mapnose,. N-acetyl gl ycosam ne
or N acet Pa%ﬁeac'?’agaﬂ?%eﬁa?“iv'apl%%%@m °rﬁ“acsfﬁ9?'éﬁt°ém rPé'n%EH‘E he
unnat ur alacidd no aci ds which may be a constituent part of the binding

nol ecul e of the invention have the formula NH2(CH2)nOOOH with n = 2 to 8,

in parti ci qdrgfdlrﬁﬁl d:l-wh B@ﬂi&lténtsl\tﬂﬁe( thﬁ')aild @:&@Fbmind\ll-ﬂ(ic?}*]?\hﬁ@mﬂwl -ayThﬁe e eslent
i nvention engbl es t ve nt an eparation of synt heti ca
et o SPEBRROPG: & Hie BT BEaH e DR ey Biev FavE e formua
above- menylgeed) doowackish ofn t he st akg of, the pbftculde NHSESH).COTANt I on
desi gns sugport structures on the skel eton of which binding mof ecul es are

ori ent ed NdfHe)e&OGH er NhEHy«EPOPerti es of a biologically active binding

mol ecul e are m mced. A great advantage of the invention is the sinple
synt het i Tt dpasent diwvestionhengblesi tie rApvelanreentoandh @reparation opf fahe

Chan the S il LR o B Bg DRy ol e b A v Eaey the better
Mor eover ,ahave-mentionpd edrabacks mét iheastaberiafothec bds , The gresentainiveotieri ds or
oter Sulddlibfs STARTAFGcuRd Bnoah EaasloP it HndedeHiadaraps 1011 1t
descr i bedorented oswrihc dhes thhebihdingo arkpertifest b asthadlegicelly t dnekiver binding he
fol I ow ngmioEe%EFe: are mimiced. A great advantage of the invention is the simple
synthetic preparation of the binding molecules of the invention. The organic-
chemical synthesis can be carried out cheaper and controlied better than the
recombinant preparation of an analogous protein molecule. Moreover, in
principle also unnatural amino acids, e.g., D-amino acids or other suitable
monomeric units can be used of which a better compatibility or immunologic

tolerance is to be expected.

Inter.alia, the invention described . here overcomes the drawbacks of the state
of the art In the following items:

a) It describes an easily preparable cyclic support structure which usually
is easily preparable and available and which can be used for the’ positioning of
specific binding molecules.

b) The cyclic structure of the support structure enables the positioning of
speéific binding molecules in practically any desired spatial orienting by
varying the ring size and the distances between the sites the side chain
subunits are bonded to and optionally by incorporating suitable spacer
molecules. Hence, the binding molecules of the invention distinctly differ from
those according to the state of the art where only a random crosslinking of
peptides with synthetic molecules was performed and wherein a defined
spatial orientation of the molecule components is not possible.



a) It describes an easily preparable cyclic support structure which usually
Is easily preparabl e and avail abl e and which can be used for the positioning
of specific binding nolecules. b) The cyclic structure of the support
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di stances between the sites the side g ain subunits are bonded to and
optionally by incorporating suitable acer nol ecul es. Hence, the binding
nol ecul es of the invention distinctly differ from those according to the
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bi ndi ng )l ecThessuppoke struchrpds flexible deth: nesneck b Uhiet sumbey, Aoexant ng t o
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manner can coupl or StI’U ure 1 n one esi S step in
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| atter |s advan t he
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bonded C_and the production costs. Here, a parallel orientation refers to the side chain

subunits all being bonded to the support structure by the N~ or C-terminal end

in the same direction. An antiparalle! orientation refers to at least one side

chain subunit being bonded N-terminally and at least one being bonded C-

terminaily to the support structure.

The flexibility with the planned positioning of specific binding molecules may
bé intreased by using unnatural amino acids and D-amino -acids. The use of
unnatural and D-amino acids or lactones and lactams increases the stability
against proteolytic degradation. Additional functionalities increasing stability
and half life can be introduced due to the variability of the support structures.
This applies to, e.g., glycosylations, acetylations, disulfide-bridging or other
chemical derivatizations known to the skilled person from protective group

chemistry,

If the specific binding molecules to be positioned on the support structure of
the invention are peptides, they are orientable and synthesizable in a parallel
and antiparallel manner on the support skeleton. |

A preferred embodiment of the support structures of the invention are cyclic
peptides. Suitable state-of-the-art protective group strategies are available for
cyclic peptides. Cyclic peptides degrade siower in vivo since they can only be



termnally to the support structure. The flexibility wth the planned
positioning of specific binding nolecules may be increased by using
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I ncorporating unnatural am no acids such as, e.g., D-amno acids. In case of
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ne re eptor is
receptor complex consisting of the subunits a, b and g (also designated as

p55, p75 and p64, resp.). Stimulating the receptor compiex consisting of p75
and p64 is sufficient to induce the complete activity of IL2.

IL2 has stimulating effects on the growth of T and B lymphocytes, activates
. cytotoxic and cytolytic NK cells. Thus it has a central significance in the
regulation of the immune response. Thus, IL2 is of fundamental importance in
the immune response to tumors.and inflammatory reactions. One of the
«— mechanisms which is of importance for the tumor defense with IL2 seems to
be the induction of LAKs {"lymphokine activated killer cells"). These cells are

able to destroy tumor cells.

In recent years various attempts in tumor therapy with IL2 have been made.
By now a recombinantly prepared product (Aldesleukin, Proleukin by Chiron)
for the therapy of metastasizing renal cell carcinoma and metastatic myeloma
is marketed. The recombinant preparaticn has high development, approval
and production costs which results in correspondingly high market prices.
Moreover, recombinant production processes are trouble-prone to a high
degree. Only about 30% of the treated patients show a reaction to the IL2
therapy. A broad clinical application of IL2 is prevented by the extremely short
half life within the human organism (below 10 min) and a broad toxicity, the
treatment-related mortality rate observed during a study being 4 %.
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alpha Helix-A of IL-z. Cytokine 9:488-498). This might be due to the fact that

this peptide only binds to the B- chain of the receptor complex and with that

only activates the medium-affine receptor complex. The like applies to other

described sequences from another IL2 region (Eckenberg, R., Rose, T,

Moreau, J.-L., Weil, R., Gesbert, F., Dubols, S., Tello, D., Bossus, M., Gras, H

Tartar, A., Bertoglio, J., Chouaib, S., Goldberg, M., Jacques, Y., Alzari, PM,,

Théze, J. (2000) The first "-Helix of Interleukin(IL)-2 Folds as a

Homotetramer, Acts as an Agonist of the IL-2 Receptor B Chain, and Induces

Lymphokine -activated Killer Cells. J. Ex'p. Med. 3:529 - 39; Berndt, W.,

Chang, D., Smith, K., Ciardelli, T. (1994) Mutagenic analysis of a receptor

contact site an interleukin 2: Preparation of an Interleukin-2 analog with

increased potency. Blochemistry 33:6571-6577). However, all these peptides

were synthesized without the purposive attachment on a support structure

characterizing the present invention. Hence, they cannot contribute to the

physiological receptor dimerization and exclusively function by medium- to

low-affine receptor subunits. Thus, the activity thereof is weak. Moreover,

these peptides have not been protected against proteolytic degradation by

incorporating protective groups. Hence, they suffer an accelerated in vivo

degradation.



exanpl e an i nmunostimnmulating effect). A study could show that an IL2
peptide with the am no acid sequence 1-30 11 2, however only in distinctly
hi gher concentrations, has simlar effects (Eckenberg, R, Xu, D., Moreau,
J., Boss zie, J., Tartar, A, Liu, X, Azarji, P., Bertoglio, J.,
Theze, J. Wio(2:{%455071)4MznaI ysis of human IL-2/1L-" Recept or PGREB0p{0pe51
interactions: Monoclonal antibody I:|2-1 and new | L-2 Mutants define the
critical role of alpha Helix-A of L=Z. Cytokine 9:488-498). This might be
due to the fact that this peptide only binds to the | 3- chain of the
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potency. Biochem stry 33:6571-6577). However, all these peptides were
synt hesi zggkpéd hout the purposive attachnment on a support structure
characterizing the present invention. Hence, they cannot contribute to the

physi ol og’thglse[e%g@ooﬁ.gﬁbgbpgri zation and exclusively function by nedium to
| ow-af fine receptor subunits. Thus, the activity thereof is weak. Moreover,

these pepidesidetrBRf 1 BPEN protected against proteol ytic degradation by
i ncorporating protective groups. Hence, they suffer an accelerated in vivo

degr adat iyeng SR Ho 9pL,-RET/ EP2003/ 008651 - 14 The present invention
enabl es t)ﬁesgr ovI Si onﬂf)?' syrﬁt Hetic I L2R specific binding nolecules with a

hi gh act iyt Lo PEHBER Epg (q,r,@,wbacks associated with the

X® is selected from L or F,

X® is selected from E or D,
X’ is selected from A, G or C,
X8 is selected from A or I and

in the T; position a protective group according to-the state of the art,
preferably a carbohydrate moiety, preferably selected from glucose, mannose,
N-acetyl glucosamine or N-acetylgalactosamine, is covalently bonded to
threonine in a suitable manner as a protection against proteolytic degradation.
According to the invention also binding molecules wherein the side chain
subunits with the stated sequences have sequence homologies of at least 80
%, preferably 90 or 95 % may be used. In this case the sequence deviations
especially are conservative amino acid exchanges.

Preferred binding molecules have the structure:

e  APTSSSTKKT1QLQLEHXX*X3X*X*QMILNGINN -Support Structure-
TIVXSFLNRWIT FX’QSXBISTLT,;

o TIVXSFLNRWITFX’QSXPISTLT,  ~-Support  Structure-  APTSSSTKKT,
QLQLEHX™X2X3X* X5QMILNGINN;



preparation and use of IL-2 or peptide fragnents of IL-2, Here, the side
chain subunits preferably have at | east one of the sequences APTSSSTKKTI
QLQLEHXI X2X3X4 XSQM LNG NN or  TI VX5FLNRW T FX7QSX8I STLTI , wherein X1 is
selected froml or L, X2 is selected froml or L, X3 is selected fromV, L

or M Xdwg08gbeehied fromE, Dor K X5 is selected X6 is
selected fromE or Db X7 is selected fromA, Gor C, {’ééﬁml’is?"’z@f’%& ed fromA

or | and in the Tl position a protect il\ée_group according to -the state of
the art, preferably a carbohydrate mdiety, preferably selected from

gl ucose, mannose, N acetyl ql ucosam ne or N-acetyl gal actosamne, is

coval ent |y BBRISHTKET: QURIEHH NEXIXIMILNGINN mannASupmeta pr Stectirer agai nst

pr ot eol yt} h A 03 l,qvention al so binding nol ecul es
wherein t%@é}ﬁ;@g@wgﬁmﬁﬁkWﬂ?hﬁlk@&ypgt ed sequences have seguence

case the Sedue bl FENRUTo & QBISTLEY) Jolbhsteombmeiiler , AP Fivaiy " ©

exchangesEXPQBXPISECN,bi ndi ng nol ecul es have the structure:
APTSSSTKKTI QLQLEHXI XZX3X4X5QM LNG NN - Support Structure- TIVX6FLNRW T

FX7Q6X8| Shhdtlejn td Wit HEMs TEOX7 KB XBPS T land XA ppe tseficters &Y 1sdicARIFoS TKKTI
QLQLEHXI X2:X3 SV, LNG, NN, Q;(E\D 2004/ 014951, PCT/ EP2003/ 008651 - 15
APTSSSTKKTI” qéH%zm S ‘H&PQNW Bptiventdon alee inding molecules
wherein the side chain subunits have a sequence homology to the stated
sequences of at least 80 %, preferably 90 or 95 % may be used. In this case
the sequence deviations especially are conservative amino acid exchanges.

The IL2R specific binding molecules can overcome the essential drawbacks of
the state of the art. The binding molecules can be produced easily and
economically. High production costs and the high physliological instability of
recombinant molecules do not exist, the Insufficient receptor stimulation
observed with peptides does not occur since the binding molecules of the
invention bind to the receptor complex in a functional cooperative manner in a
defined spatial arrangement with the support structure having no affinity to
the receptor. The receptor molecules of the invention also offer the possibility
to increase the activity and to minimize side effects by a purposive sequence
~ optimization.

The above-mentioned synthetic IL2R specific binding molecules are suited for
the treatment of diseases of the immunologic system, e.g., inflammations and
arthritic processes or of immunodeficiency syndromes of all types and genesis;
diseases connected with an increased proliferation of cells, e.g., carcinoses, for
example in the form of carcinomas, sarcomas, lymphomas and leukaemias; or
infectious processes, It has already been known that recombinant interieukin 2
in combination with interleukin 12 has positive effects in the tumor therapy. In
addition, such agents may also be combined with the pharmaceutical of the
invention as preferred combination agents triggering apoptasis in target cells,
in particular in tumor cells. In this case the expected positive effect on the
therapeutic success is achieved by a local apoptosis within the tumor and a
general immunostimulation by a pharmaceutical of the invention causing a



APTSSSTKKT, QLQLEHX01X02X03X04XOSQM LNGA N N or TI VX6FLNRW T FX7QSXI STLTI
-Support Structure- TIVXO6FLNRW T FX07QSXBI STLTI wherein the am no acids X1
X2 X03X04 and X5 are selected as Indicated for X1, X2, X3, X4 and X5.

Accordin SMRadspvention al so binding nol ecules wh ' si de chain
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characterized forf their ability to bind the respective receptors subunits in cat

or dog. The Invention includes all usual modifications and combinations of

these side chains as outlined above for the human sequences. In preferred

embodiments these sequences can be modified by introduction of conservative

exchanges of amino acids in the sequences, by introduction of SH-containing

residues and disulfide bridging as well as by other chemical modifications,

which optimize the sterical design.and stability of the resulting molecule. As

Side chains they can be combined on a suppeort structure according to the

human . ..TKKTKKTQLQLEHLLLDLOMILNGINNYK...... 100 CEYADETATIVEFLNRWITFCQSIISTLT-
Cat + . . ———TRETOAOLERL L LDURELINGENNEE. . . . . . 97 CRYHDETATIVEFLNEWITFCQSISTLT-
Dog .« . ———TRETEGOMEQT.LLDLCEEINGYNNYE. . . - . . 98 CEYDETATIEEFLNEWITFCQSIESTLT-

invention to become able to bind to receptor dimers.

TRAIL Receptor-specific Binding Molecules

TRAIL (TNF related apoptosis inducing ligand) is a protein belonging to the
TNF family which selectively triggers the programmed cell death (apoptose) in
tumor cells. The TRAIL specific binding and effector molecules synthesized
here preferably on the basis of suitable cyclic support structures specifically
bind to TRAIL receptors expressed by tumor celis and trigger apoptosis.
Proteins triggering apoptosis such as the TNF (tumor necrosis factor) or Fas



general inmmunostinulation by a pharnmaceutical of the invention causing a WO
2004/ 014951 PCT/ EP2003/008651 - 16 |ocal effectivity increase. Here, It Is
especially preferred to use TRAIL (TNF related apoptosis inducing |igand)
receptor-specific binding and effector nolecules. Wile the abovenenti oned
sequences woigholrpngiing nol ecul es are designed to act opLiaBldYedalst he human
| L2- Receptor, it is easily possible to adapt the whole concept to the

| L2- Receptor of any species, fromwhigh the honol ogous sequences are known.
The respective hunman sequences can be replaced by their aninmal counterparts
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i mor . PERCEHAr cEFidREt] phBiihh RBabCed By RS 0K, B o Wk UEFERE
apopt osi srecegtors figr TR4HNBYve been desdrivied: B&AS-dfilnand @, bhth of which being

involved in the signal transmission, and the receptors TRAIL R3 and 4, which,

however, do not have a so-called "death domain" and hence cannot trigger
signals after the binding of TRAIL. Both TRAIL itself and the mentioned
receptors are expressed in most of the human tissues and organs; the
selective tumoricide effect is probably based on the fact that normal cells have
more of the "decoy receptors™ 3 and 4 preventing an efficient signal triggering
by inhibiting the trimerization of the active receptors.

In the amino acid sequence of naturally or recombinantly prepared TRAIL
there are various domains which are responsible for the binding to the
receptor and therefore for biological activity, namely the domains AA131-163,
AA201-205, AA214-220, AA237-240, AA258-283. These short domains
positioned in sterical neighbourhood are cooperatively responsible for the
interaction with the TRAIL receptor.

The present invention enables the provision of binding molecules specifically
binding to TRAIL receptors with high affinity. In binding molecules of the
invention the analogous domains mentioned in the above sections are coupled
to cyclic support structures in a suitable cooperative arrangement in order to
achieve the biological effect.

In preferred embodiments the TRAILR binding molecules of the invention exist
in a trimerized form. Due to the covalent binding to a cyclic molecular subunit
they have a high biological half life and due to the trimerization the biologically



TNF fam |y which selectively triggers the programred cell death (apoptose)
in tunor cells. The TRAIL specific binding and effector nol ecul es
synt hesi zed here preferably on the basis of suitable cyclic support

struct ur egyosRffdifidsgal |y bind to TRAIL receptors expreg, ‘ﬁ@ﬁ”ﬁiﬂ“@ﬁ@)r cells

and trigger apoptosis. Proteins triggering apoptosis TNF (t unor
necrosis factor) or Fas WO 2004/014952.L PCT/EP2 0 0310 0 8 65 1 17 and ACPL
have been known for a | onger tine tB| al | y, t he cytoki ne TNF was

char act eri zed as a tel n stron effect. in
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SKNEKALGRKINSWESSRSGHSFLS

In special embodiments the binding molecules with an affinity for TRAIL
receptors have at least one side chain subunit with the sequence:

SKNEKALGRKIX; X2X3X:SSRXsGHSFLS with
X;=Norl, | |
X=SorQorLorkE,
Xs=WorLorRorAorY,
Xs=EorNorAorDorH,

Xs =S orA,

Another subject of the invention are binding molecules wherein the side chain
subunits have an sequence homology to the mentioned sequences of at least
80 %, preferably 90 or 95 % . Here, the sequence deviations are in particular

amino acid exchanges.

Special embodiments are those of the structural formulas



positioned in sterical nei ghbourhood are cooperatively responsible for the
interaction with the TRAIL receptor. The present invention enables the
provi si on of binding nolecules specifically binding to TRAIL receptors with
hi gh af f i @id 2604/d190sp1 Ndi ng nol ecul es of the invention lggﬁﬁ%g&](o%gﬁgus domai ns
mentioned in the above sections are coupled to cyclic Fuctures in
a suitable cooperative arrangenent in.,grder to achieve the biological
effect. In preferred enbodi nents the + | LR bi ndi ng nol ecul es of the
invention exist in atrinerized form Due to the covalent binding to a
cyclic noP @r subunit they have a high biological half life and due to
the trinmerization the biologically WO 2004/ 014951 PCTI EP2003/008651 - 18
maxi mum possiBle activity with mninum side effects at the same tine. These
peptides are the mninmum structure of RAIL required for the biol ogical
activity thereofy This achieves the highest specificity with the snmall est
side effects. Inj preferred enbodinents the triners nmay be prepared either
honotri val ent 0O y a cyclic support structure or by a benzenetriam de

| i nker. Advant ageously, the TRAIL peptides are prepared in a

sacchari de-nodifiedY form such that they have a high biological half life.
This reduces the adwinistration frequency and anount and with that the

stress on the patient NH By a Burposive ino acid exchange the peptides can
be converted on the ope R ' 0 i.ng~evebPepnor e bi ol ogically
active or a forn1haﬂ?ng I ngy eased ioﬂ$gical alf life or on the other

hand i nto an ant agoni sti i.e. depressant - foPm In one enbodi nent at
| east one side chain subunit of the TRAILR-specific binding nolecule has
the foll ow ng sequence:y SKYEKALGRKI NSWVESSRSGHSFLS | n speci al enbodi nent s
t he bi nding nol ecules wijth an affinity for TRAIL receptors have at | east
one side chain subunit~Wwth the sequence:
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0 Pep = SKNEKALGRKINSWESSRSGHSFLS

Pep HZN- -COOH



SKNEKALGRKI XI X2X3X4SSRXSGHSFLS with X1=NorL, X2 = S or Qor L or E, X3= W
or Lor Ror Aor Y, X4 =Eor Nor Aor Oor H X5 =S or A Another

subj ect of the invention are binding nolecul es wherein the side chain

subuni ts haysodsessguence honol ogy to the nmentioned seﬂﬁg gzes of at | east

80 % preferably 90 or 95 % . Here, the sequence devia Fe200y0a84s

particular amno acid excha . S al enbodi nents are those of t he
structural fornulas WO 2004/ EP2003/ 008651 - 19 Pep ONH O NH O
0O/ OH v ~ " | ~" H tg ) Ol O Pep =
SKNEKAL GRKI NSWESSRSGHSFLS Pep - COON WO 2004/ 014951 PCT/ EP2003/ 008651
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According to the invention, also binding molecules wherein the side chain
subunits have a sequence homology to the mentioned sequences of at least 80
%, preferably 90 or 95 % are usable. Here, the sequence deviations are in
particular conservative amino acid exchanges.

Antibodies and the Anti-idiotypes Thereof

Another important, biologically active class of substances relevant for the
present invention are antibodies. Antibodies are substances produced within
the body which show a specific binding to substances which are usually foreign
to the body and designated as antigens. Antibodies are of importance in the
defence against pathogens and for the protection of the organism against
infections. In various therapeutic and diagnostic applications antibodies having
a relevant binding capacity for an planned indication are used or developed.
Thus, antibodies are used to specifically enrich cytostatic agents or other
tumor-impairing agents in tumors, or they are used to depict certain parts of
the body or diseased area in imaging processes by loading them with a

H OnR



0 Pep = SKNEKALGRKI NSWESSRSGHSFLS 0 Seq H2N- -COOH O 0 OO Seq AN O G% |
Seq HOI OO0 0O / NA"'Seq H According to the invention, also binding
nol ecul es wherein the side chain subunits have a sequence honol ogy to the

ment i oned ve@agiues of at least 80 % preferably 90 o 9 sabl e.
Here, the sequence deviations are in .particular conse?gg@’ﬁg%{ﬁ?sﬁo acid

exchanges. Antibodi es and the Anti-Ld&Qtypes Ther eof Anot her i nportant,
bi ol ogically active class of substancéS relevant for the present invention

are anti bodies, Ant[bodi.es are substances,produced within ,the body, which
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having by elstoriof dntibddpcprodoanytoelt it inpdiamaceeilsnshe Mordtioned byped or
devel oped. = Thus, anti bodies are used to specifically enrich cytostatic

agent s or'sglaHen. Mergaversatiopaigsagant alspnbeumpnociagied; iy, rapmbivant ¢ o

depi ct C%ﬁ:ﬁhiﬁp@é“Er%n@ﬁerriﬁgetlﬁo%dmg C{?e%%aéeﬁwfafrﬁatiw INT&gitABleP’ Og&FSes by
| oading themwi th a WO 2004/ 014951 PCT/ EP2003/ 008651 - 22 contrast agent.
Ant i bodi eBagtejalbeoni syeaaterpsedomXPfesThaAYHEas. aRaremiinanthyanprapededs.

Normal 1y, 5 ifccidd Bithy WeObdd Frh PAFispciBS St tdP Ahhfcholbsiin?GEne
repertoire which is sufficiently sequenced and known. Hereinafter, according to
the above description naturally occurring, monoclonally or recombinantiy
prepared antibodies will be referred to.

Antibodies are relatively large molecules, the specific binding area of which
normally contains 6 hypervariable regions (based on the amino acid
sequence). The binding properties of an antibody are defined by these so-
called CDR ("Complementary Determining Regions"). However, in many cases
not all of the 6 regions cooperatively participate in the binding and individual
or several regions are not required for the specific binding in & critical manner.
Both monocional antibodies and recombinantly prepared antibodies are
therapeutically or diagnostically used in various indications. However, several
drawbacks ensue in the therapeutical application of antibodies. On the one
hand, the preparation of antibodies by both methods (monoclonally and
recombinantly) is complicated and very expensive. On the other hand,
antibodies themselves are natural molecules the patient's immunologic system
reacts to. The therapy can substantially be impeded by the production of the
patient's own antibodies (against the therapeutic antibodies} or by
anaphylactic reactions. To overcome these problems, the methods for
preparing therapeutic antibodies have to be changed and, e.g., mural
monoclonal antibodies have to be introduced Into the recombinant production
in a molecular-biological, time-consuming and complicated process and at the
same time humanized in this manner, i.e. optimized for the therapeutical use

by incorporating human sequences.



grown in | aboratory gnawers by i mrunization and subsequently imortalized
by fusion of antibody-producing cells with nyeloma cells and nonocl oned by
i sol ation. Moreover, antibodies can also be nonocloned by recombi nant

techni quesyd saf)§i4641" 1 N9 the codi ng genetic Information uitabl e, often
bacterial or yeast-based expression systems. Reconbi naﬁ{zf’y?’ﬂf’% Q?Séd

anti bodi es may be obtained from all gﬁm es with an i munogl obulin gene
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suitable ‘'monomeric units of which a better compatibility, life time or

immunotolerance is to be expected can be used.

However, antibodies may be important not only in therapy but they may also
be pathogenetic reagents. Thus, antibodies are pathologic if they attack
autologous tissue and thereby trigger a so-called autoimmune disease or If
they are at least associated therewith. Another variant of the pathologic role of
antibodies or other substances of the immunogiobuline superfamily exists in
the challenge by allergenic substances in patients being allergic to the
respective substance. Also these diseases are false reactions of the
immunological apparatus, and the triggering thereof is initiated by the binding
of the respective allergen. In all of these cases it would be desirable to
neutralize the pathogenically relevant antibodies by reacting them with so-
called anti-idiotypic substances. By anti-idiotypic it has to be understood that
the substance specifically binds to the antibody's binding cavity just like the
actual antigen. This prevents the pathologic binding to autologous antigens.

Another subject of the invention is the process for preparing a binding
molecule, said précess being performed as a solid phase synthesis process
wherein the peptide of the side chain subunit bonded to the solid phase is



WD 20041014951 PCT/ EP2003/008631 - 23 According to the state of the art,
already now it is possible to isolate anti- idiotypic substances from
libraries, e.g., reconbinant peptide libraries. Normally, the peptides

i sol at ed two goow@yaeki Nd to the antibody only with | ow %fr}ﬂ%&o%’m(ﬁ&q are not
or only restrictedly able to conpetitively prevent the pathol'ogic anti body
formation. The present invention solveg the above-nentioned probl ens by,
provi ding synthetic binding nolecules wherein the binding properties of a
t her apeut | : (o 1 m ced.. S I tructure of the
i nventi onggﬁég %SIWJE)%E@@&E? ?gnﬂggﬁ%p%@\?grﬁ]@% ?%%;é-gﬁgroﬁﬁ%ﬂ’%fcqw NGt ate of
the art ateithesuppmrtkopcturd fdémsiygin adasgtistepml y synthetic minmetics of the
respective antibodies. The organic-chem cal synthesis can be carried out
nore ecoAoatheslsubjett wif the investiparare peptides ohame séquereeonbi nant preparati on
of an anal ogous nol ecul e. Mreover, basically also unnatural am no acids or
ot her supt AATSSHTHITe QLOUEMXX>OCK* WAOMILNGINN t er copmpatibility, life tine
or inmmunotol erance is to be expected can be used. However, antibodi es may
be i nport antTIMEPFLOMWIT FXIQEX®ASTLTiut t hey may alwleerebe pat hogenetic
reagents. Thus, antibodies are pathologic if they attack autol ogous tissue
and t her ely is seleded feorad-arell,l ed aut oi mune di sease or |f they are at |east
associated therewith. Another variant of the pathologic role of antibodies
or other ¥Xibsselected fofmtlher I,nmrunogi obul i ne superfamily exists in the

chal  enge by all ergenic substances in patients being allergic to the
respecti v tubsecteddrom\sd bhMse di seases are fal se reactions of the

i mrunol ogi cal apparatus, and the triggering thereof is initiated by the

bi ndi ng &f ig feectedFrahiB @ aklkergen. In all of these cases it would be
desirable to neutralize the pathogenically relevant antibodies by reacting
t hem wi t hX8 & seledteddrantli oft Hj ot ypi c substances. By anti-idiotypic it has to
be understood that the substance specifically binds to the antibody's

bi ndi ng cx%id selpdtet frarkeE bhD,

X’ Is selected from A, G or C,
X8 is selected from A or L.

Another object of the invention are peptides wherein the side chain subunits
have a sequence homology to the stated sequences of at least 80 %,
preferably 90 or 85 % and which are not completely homologous to segments
of the TRAIL sequence.

Another subject of the invention are pharmaceuticals and diagnostic agents
containing the binding molecules or peptides of the invention.

The binding molecules of the invention are preférably used in the preparation
of a pharmaceutical or diagnostic agent for the treatment or identification of
diseases of the immunologic system, in particular inﬂammations,- érthritic
processes, immunodeficiency syndromes, auto-immune syndromes and
immuncdeficiency syndromes, fertility disturbances, for the contraception or
antiviral prophylaxis, diseases connected with an increased proliferation of
cells, in particular tumor diseases, carcinoses, sarcomas, lymphomas and
leukaemias; and/or infectious processes with humans or animals.



actual antigen. This prevents the pathol ogic binding to autol ogous antigens.
Anot her subject of the invention is the process for preparing a binding

nol ecul e, said process being perforned as a solid phase synthesis process
wherein the peptide of the side chain subunit bonded to the solid phase is
WO 2004/ 0O 3@4/(d9$1EP2003/ 008651 - 24  successively eyprpgafstsdine
respective amno acids and optionally a coupling to the support structure
follows in a |last step. Another subject; of the invention are peptides of the
sequence  APTSSSTKKTI QLQLEHXI X2X3X4 X5CQM LNG NN or  TI VX6FLNRW T

FX7QBXSI STLT, wherein X1 is selected froml| or L, X2 is selected froml or
L, X3 is Hee ebpanagewinal of theinwgntionyisi provigdedcineppriicolaren thediorm, of X5 | s
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solution, a tablet, an cinment, a suspension, an emulsion, a suppository, an
aerosol, etc. administered in the form of depots (microcapsules, zinc salts,
liposome, etc.). The peptides may be microencapsulated due to the small size
thereof resulting in depot forms with different durations of effect according to
the respective pore size of the capsuies. The depot form may be administered
locally such that the highest concentration is ensured in the required area
(e.g., initial carcinoma) over a long period of time. Inter alia, the mode of
administration of the pharmaceutical depends on the form In which the active
substance is present; it may be performed orallsf or parenterally. The skilled
person knows several methods. The suitable dosage is determined by the
attending physician and depends on several factors, e.g., the age, sex, weight
of the patient, the nature and the stage of the disease, the mode of
administration, etc.

In a preferred embodiment the use of a binding molecule of the invention
takes place in particular IL2-specifically by using said molecule for the
preparation of human LAK (Lymphokine Activated Killer Cells) ex vivo. In such
an ex vivo therapy, celis are taken from the patient, treated with the active
substance and activated in a culture dish and subsequently re-infused into the
patient.

In particular embodiments of the invention interleukin 12, an interieukin 12
receptor-specific binding and effector molecule, or recombinant IL12 is used as
an additional active substance.



i mmunodefi ci ency syndrones, fertility disturbances, for the contraception or
antiviral prophylaxis, diseases connected with an increased proliferation of
cells, in particular tunor diseases, carcinoses, sarcomas, |ynphomas and

| eukaem asyo w0fd1@ss1! nf ecti ous processes with humans or @P’FF@E’@ osergp

2004/ 014951 PCT/ EP2003/ 008651 - 25 The pharnaceuticaf ention is
provided in particular in the form of 8 _ m cro encapsul ation, |iposonal
preparation or depot preparation cont&rning suitable additives, carriers,
adjuvants and/or at |east one additional active substance. Optionally, the
phar macedni aatthef edmbodmwmtt ITBAIL s(TNfoveldextl iapoptasidiindtcing ligdrid)a acommon
sui tabl e maceutical ¢ e For_ ex e sui table carriers include
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accordin he reSpective pore size the capsul es. depot form nmay
be adni nltbﬁém\é@!‘tlolno%%ﬂlﬂ@dgﬁlﬂﬂaﬂ petve ﬁ‘ébﬂﬁ'?@(li%st concent ratl on is ensured in

the required are . initial carcinoma) over a |long period of tine.

I nter al |Pwotheresubi@@t@% thedinvantien ds i2oRinsiing Haolgralenwberrin dhie spPONtls on t he
formin h re fe0 orally
or par en}(’%‘fpﬁ%ﬂe &I[ﬁﬁgtb I? Zggé':)gregﬁ %ﬁ(@ms@gélggg‘% a@hpﬁe&sﬁlheéﬁlét abl e
dosage i sbeite{llbi.falamdelgr Nihef CHa}COMH (witipxy=si3ci 8 and depends on sever al
factors, e.g., the age, sex, weight of the patient, the nature and the

st age of Exmmpledase, the node of admnistration, etc. In a preferred
enbodi mrent the use of a blndlng nDIecuIe of the |nvent|on takes place in
parti cul afultime?izationi Arinch B : \ qig oh

A: Antiparallel Dimers:

A cyclic peptide is generafed and used as the starting point for the solid phase
synthesis. Initially, the first peptide strand is synthesized on the solid phase,
then the cyclopeptide is coupled thereto and subsequently the second peptide
strand is either synthesized on this loaded resin step by step or the previously
purified peptide B is coupled thereto.



preparation of hunan LAK (Lynphoklne Actlvated Killer Cells) ex vivo. In

such an ex vivo therapy, cells are taken fromthe patient, treated with the

active substance and activated in a culture dish and subsequently

re-infused_into the patient. in particular enbodinents of the invention

i nterl euki WM YISEnt er | eukin 12 receptor-specific bi Peliiypepoesndsai f ect or

nol ecul e, or reconblnant IL12 is used as - an additional active substance. WO

2004/ 014951 PCT/ EP2003/ 008651 - 26 —Il&7anot her enbodi nent TRAIL (TNF

rel ated apoptosis inducing ligand), a TRAIL receptor-specific binding and

effector nolecule, or recogbinantly prepared TRAIL is used as an additi onal

active substance. thTa spe |aI enbodi nent a virostatic, in particular a

virostatic capabl e ofPetiddf arEiong or bl ocking the entry of virus particles,

in particular HV particles, into target cells, in particular

T-1ynmphocytes, is added fo t he pharmaceutical of the invention as an

addi tional active substajce. Another subj

nol ecul e wherein tghe suppogd, structur

10 ami no aci ds sel ect A7 om G het a-
3 - 8). Exanple 1: Multinmerization Principle of Peptides on the Basis of

CVCIobeptldes A Antipa all el °§ . A cyclic peptide is generated and

used as the starting point for the golid phase synthesis. Initially, the

first peptide strand is pynthe the solid phase, then the

cycl opeptide is coupled }heret angd subsequently the second peptide strand

is either synthesized on| t¥#% | oaded resin step by step or the previously

purified peptide B is colpled thereto. WO 2004/ 014951 PCT/ EP2003/ 008651 27
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Antiparalleles Hetero oder Homodimer

Coupling_of lysine cvclopeptides and asparaginic acid in solution

Zero point two ml of NMM and 1 mmol of COMT are added to a solution of 1
mmol of the asparagines acid derivative in 10 ml of methylene chloride cooled
to 0 °C under an argon atmosphere, and this mixture is stirred at 0 °C for 2 h,
Subsequently, additional 0.2 m! of NMM and 1 mole equivalent of the
cyclopeptide in 10 m! of absolute DMF are added. This mixture is stirred at 0
°C for 2 h and at room temperature over night, 50 ml of ice water are added,



Harz, Peptid A° N Fnoc NHFnoc Harr. Peptid A NH2Z H ON N O HOO H
NHFmoc HNHNO 11 Harz, Peptid A NHO HNY Peptid B Froc 0 HO N H
NO JJ HPeptidAANH O Antiperaileles Hetero oder Honodi mer Coupling of

| ysi ne cvey@popbiogs and asoaraginic acid in solution | wo m of
NW and 1 mmol of CDMI are added to a solution of 1 ﬁf&g@%/@gé&par agi nes
acid derivative in 10 m of nethyl ene,ghloride cooled to O C under an argon
at nosphere, and this mxture is stirred at 0 C for 2 h. Subsequently,

addi t Onaalnd0 it%s%xt%ct'élw tv?hr:'g vlvitwo% i uti)fvgéhpywacgtattehgach. The combined
organic phases are extracted . by' shaking with saturated sodium
hydrogencarbonate solution and 5 % of sodium hydrogensulfate solution. After
drying over sodium sulfate, the remaining solution is concentrated In a
Rotavapor and the residue is suspended in methylene chioride, where the
product is obtained in the form of a white solid.

Batch size:

Boc-L-Asp{OBz) 162 mg 0.5 mmo!
cyclo-L-Ala-L-Lys 100 mg 0.5 mmol
CDMT 89 mg

NMM ‘ 0.2 ml

Methylene chloride 5ml

DMF 5 mi

Yield:

Theoretical: 0.25 g100 %

Actual; 0.18972 %

B: Parallel Ditners

A cyclohexapeptide of the sequence D-K-D-K-D-K is generated according to
the scheme mentioned below. By selecting the protective group appropriately,
the cyclopeptide can be bonded to a polymer support by the side chain of one
of the asparaginic acids, optionally by spacer molecules, and then three
peptide strands can be synthesized on the resin in paraliel or the purified
peptides can be coupled to a solid phase.



cycl opeptide in 10 mM of absolute DMF are added. This mxture Is stirred at
O Cfor 2 h and at roomtenperature over night, 50 ml of ice water are
added, WD 2004/ 014951 PCT/ EP2003/008651 28 and it is extracted twice with
100 M of eWI @ﬁZﬁtSate each. The conbi ned organic phases are extracted by
shaki ng wit A &d sodi um hydr ogencar bonat e sol ut i dCzER0G/08868f SOdi um
hydr ogensul fate solution. After drying over sodiumsulfate, the remaining
solution is concentrated in a Rotavapot?2 and the residue is suspended in
met hyl ene chloride, where the product Is obtained In the formof a white
solid, Batch size: #ggec-L-Asp(0OBz) 162 ng 0.5 mmol cyclo-L-Al a-L-Lys 100 ny
0.5 nmol CDMT 89 ng NMM 0.2 ml  Methylene chloride 5 M DV 5 nl Yield:
Theoretical : B gELOONg,é) Actual: 0.18 g72 % B: Parallel D ners A

cycl ohexapeprdue-Bf tHie séquence D-K-D-K-D-K is generated according to the
schenme nenti oned b\el/dw. By selecting the protective group appropriately,
the cycl opeptide cadh be bonded to a pol yner support by the side chain of one
of the asparagi ni c ¥®Ggs, optionally by spacer nol ecules, and then three
pepti de strands canf be synthesized on the resin in parallel or the purified
pepti des can be coulpl ed to a solid phase. WD 2004/ 014951 PCT/ EP2003/ 008651
29 '
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A = DB = KX, Y = spacer molecules
PG1 / PG2 = orthogonal protective groups

PG3 / PG4 = orthogonal protective groups

Example 2
Embodiment for peptide A according to example 1B in the form of IL2R-
specific binding molecules:

The peptides are synthesized as follows:
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Synthesis: Using solid phase synthesis (100 mg Wang resin (0.4 mmol/g) per
assay), peptides having variable sequences are automatically prepared in a
synthesis robot (Sophas-3, Zinsser Analytik). As monomer units Fmoc-
derivatized amino acids (c = 0.5 mol/l) with suitable additional protective
groups according to the state of the art were used. The amino acid units and
coupling reagents (HOBt, c = 0.766 g/ml; PyBOP, ¢ = 0.2602 g/ml) were
provided dissolved in DMF. The individual coupling steps were performed for 2
x 45 min each and the resin was washed with DMF between the steps. The
cleavage of Fmoc was performed by a 20 min treatment with 50 % (v/v) of
piperidine in DMF. The subsequent cleavage from the resin was performed in
the presence of a mixture of 95 % of trifluoroacetic acid, 2.5 % of water, 2.5
% of diisopropylsilane for 20 min. The cleaved peptides were precipitated by

- adding tert-butyl methy! ether, centrifuged off and again combined with tert-

butyl methyl ether and centrifuged off. Subsequently, the peptides were
lyophilized and purified by reversed phase HPLC and characterized by LC/MS
(Thermoguest LCQDuo). The purified peptides were checked in a cell culture
for the cytotoxicity increasing effect thereof.

The peptides with the structures

Sequence 1: APTSSSTKKT QLQLEHLLLK LOMILNGINN
Sequence 2: APTSSSTKKT QLQLEHFLLD FOMILNGINN
Sequence 23: APTSSSTKKT QLOLEHFLMK FOMILNGINN

were prepared and tested.

Cytotoxicity test:

For the cytotoxicity measurement, NK cells, which specifically kill tumor cells,
as effector cells were incubated with tumor cells as target cells in the presence
of the test peptides. The cytotoxicity measurement was performed by
measuring the release of lactate dehydrogenase (LDH) according to the
standard protocol by a cytotoxicity test kit (Promega, Germany) and in a
microwell plate reader. As NK cells (E), YT cells (DSMZ, Germany) were used.
As target cells (T), Daud! celis (DSMZ, Germany) were used. YT and Daudi
cells were seeded in microwell plates at a ratio of 1:10 and incubated in the

Goss} | PG2



Exanpl e 2 Enbodi nent for peptide A according to exanple 113 In the form of
11-211- specific binding nolecules: The peptides are synthesized as foll ows:
WO 2004/ 014951 PCT/ EP20031008651 - 30 Synthesis: Using solid phase
synthesis (100 ng Wang resin (0.4 nwl 5g)-per assay), peptides having

vari abl e sequences are automatically prepared in a synthesis robot
(Sophas-3, Zinsser Analytik). As nononer units Fnoc- derivatized am no acids
(c = 0.5pnesgnce of 013,shi 3QbiN tasidpepiodallfopibtlectivren HraupSigasoindé ng to the
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subsequent cl eavage fromthe resin was perforned in t presence of a
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as that of human IL-2.

Table 1: Overview of Results for the Cytotoxicity Test

Substance (sequence #) Cytotoxicity
Control 10 %
IL-2 60 %
Sequence 1 30 uM 30 %
Sequence 1 3 pM | 30 %
Sequence 1 0.3 UM 30 %
Sequence 2 30 uM | 10 %
Sequence 2 3 pM 80 %
Sequence 2 0.3 uM 30 %
Sequence 3 30 pM 0 %
Sequence 3 3 uM 20 %
Sequence 3 0.3 pM 0 %




For the cytotoxicity nmeasurenment, NK cells, which specifically kill tunor
cells, as effector cells were incubated with tunor cells as target cells in
the presence of the test peptides. The cytotoxicity measurenment was

per f or med vy 2000084 i Ng the rel ease of lactate dehydrogggﬁie SH@%% accordi ng
to the standard protocol by a cytotoxicity test kit ( ﬂﬂ’o Inany) and
ina mcrowll plate reader. As NK_c Els (E), YT cells (DSMz, GCermany) were
used. As target cells (T), Daudi ceIIs (DSMz, Germany) were used. YT and
Daudi cells were seeded in mcrowell plates at a ratio of 1:10 and

i ncubat edExampte3: 31 presence of 0.3, 3, 30 pMtest peptide for 16 h.

Human | L-2 (Slgna) in a concentratlon of 5 nMserved as the positive
control . =3 ' ;) XYL B 1) chnte were added to the cells
and the ceIIs were incubated for additional 2 h Subsequently, 5 pl of the

agent were tmmslf erred '_1 nt ebpzoecond m cropel | @Hand combi ned wi th 50
pi of supstrdte byffer. 12 3 30 m n I ncubami C
t er mi nat ed 0 pl o_si_op_s_oj_uLLon 9°t h b

col or conpl s neasured in a mcrowell plGte

that already iln a concentration of 0.3 pMthe cyt tOXI CI ty inducing effect

of the descri ®d test peptides is equal Iy high Iot hat of human |L-2. Table
st

1: Overview of Results for the Cytotoxicity Te Subst ance (sequence #)
Cytotoxicity Control 10 % IL-2 60 % Sequence AHME 30 % Sequence 1 3 pM

30 % Sequence 1 0.3 pM 30 % Sequence 2 30 pM 10 % Sequence 2 3 pM 80 0/0
Exact Mass =1085
Molecular Formula =Cg,H,N,O,,

Assay:
2,4,6-trihydroxybenzoic Acid 170 mol 4 mol 0.68 g
Fmoc-Ala-OPfp 477.4 g/mol | 16 mmol 7.16 g
HOBt 135.1 g/mol | 13 mmol 176 g
DMF ' 100 ml

Four mmol! trihydroxybenzoic acid are dissolved in as little aqueous sodium
carbonate solution (pH = 9) as possible and added £o a suspension of 16 mmol
of the pentafluorophenol ester in 130 ml of acetone. The mixture is stirred at
room temperature overnight and acidified with 5 % of HC| at 0 °C to pH = 1.
The solution is concentrated in the Rotavapor to half of the initial volume and
extracted by shaking with 2 x 150 ml of ethy! acetate. The combined organic
phases are extracted by shaking with 100 ml of water and 5x with
concentrated sodium hydrogensulfate solution and dried over sodium sulfate.
After removing the volatile components in the Rotavapor, the residue is
suspended in methanol, filtered off under suction and rewashed with cold
methano!l. If the product does not precipitate, it is completely rotary-

evaporated.



Sequence 2 0.3 pM 30 % Sequence 3 30 pM 0O 0/0 Sequence 3 3 pM 20 %
Sequence 3 0.3 pM 0 % WO 2004/ 014951 PCT/ EP2003/ 008651 - 32 Exanple 3:
Synt hesis of the Trihydroxybenzoic Acid Support Structure COON Fnoc- Al a- OPfp
COON - - 1Y wb20ddd1496 12h RT NHfnocO | O NHinoc O O OH O-O NH npc Exact
Mass =1065 Mbl ecul ar Fornul a =C52H55N3014 Assay: 2, 4, 4RGP benzoi ¢
Acid 170 nmol 4 nol 0.68 g Fnoc-Al a-_0§‘3p_477.4 g/mol 16 mmol 7.16 g HOBt
135.1 g/nmol 13 nmmol 1.76 g DWVF 100 m™ Four mmol trihydroxybenzoic acid are
dissolved in as little agqueous sodium carbonate solution (pH = 9) as

possi bl e Examaleat to a suspension of 16 mol of the pentafl uorophenol
ester in 130 m of acetone. The mxture is stirred at roomtenperature
over ni ght Syntthesisiafian Interetkins ¥nafurtd@herat 0 C to pH = 1. The solution is
concentrated in the Rotavapor to half of the initial volune and extracted
by shaki nghemicchal 2Frmiae af tife euhstarmectatlee synehewivsidned or gani ¢ phases
are extracted by rha.& ng Wthel0Q n of water and 5x with concentrated

sodi um hydrogensu| fate solution and dried over sodiumsulfate. After
renoving the volatile conmponents In the Rotavapor, the rlesi due is suspended
i n et hempdo-fivie s EIRATTIAHOE 1 TR e s BAS tHad-Eopn1a Arker eMAs e pyddiNe ki

X = D-Alanin

BAla = bata-Alanin

Abbreviations Substance

DMF N,N-Dimethylformamide {peptide synthesis grade)

DCM Dichloromethane (peptide synthesis grade)

HOBT 1-Hydroxybenzotriazole (anhydrous)

DBU 1,8-Diazabicycio[5,4,0]Jundec-7-en 98%

PyBOP Benzotriazole-1—yl-oiy-tris-pyrrolidino-phosphonium-
hexafluorophosphate

DIPEA N-Ethyldiisopropylamin 98+%

TIS Triisopropylsilan 99%

MeOH Methanol HPLC (gradient grade)

TFE 2,2,2-Trifluorethanol 99.8%

EDT Ethanedithiol

General strategy:

The synthesis is carried out on 2-chlorotrityl chloride resin (200-400 mesh)
with a substitution rate of 0.2mmol/g. The first seven amino acids are coupled
as a fragment. Attachement of the following amino acids is achieved by singie,
double or triple coupling with 10fold excess of amino acids and
PyBOP/HOBT/DIPEA as coupling additives. N-terminal deprotection of the
growing peptide chain is achieved by double treatment with piperidine/DMF
(1/3). In difficult cases a third treatment is done with DBU/piperidine/DMF



met hanol . |If the product does not precipitate, it is conpletely rotary-
evapor at ed. WO 2004/ 014951 PCT/ EP2003/008651 - 33 Exanple 3: Synthesis of
an Interleukin-2 I munoner Chem cal Formula of the substance to be

synt hesi zagp 20040395

HHHH- } | X- TI VESOl RW TFAQSI | STLT- (3Ala- G G 3Al a- TKKTQLQLEFTEPHIPURE N xx X
- D-Alanin fAla = beta- Al ani n Abbrevi afi ons Substance DVF

N, N- Di et hyl f ormam de (peptide synthesis grade) DCM Di chl or onet hane

tid ' - ' U
170D age Zorbedh Efiber, BECQuinlo b RENERbh Ftted AU ¥ Sowd®
Benzot ri dpoltiee 1fojlbwing -sahieme y{Intorimdtioo- pho siiffiounit uceupiingsaf deprotychiorghat e
DI PEA N b ) +0 Ll il 99% McOH Met h |
oPLC. (gr Wi by TGRSR Bt BectPdhdntior B AREERAS, 55 BT Et hanedi thi ol
CGener al + eogl) b S ' Sy ol | hlorid
resin (2(S)’%i%%‘gﬂﬁn%%%?ﬁém%ﬂgﬁ%g%%%??%ﬁﬁr%gs%% /g. e fCi rg'[I sgven
am no aci ¢PALNG touBREd1 2L 13 11+ hAARRR 22 /R A338RBFEIR33GB33IA33B3BBH M ng ani no

acids i s pedloR¥ef: D 20kpsh 22209300 222052 1323383 893HY3883 M9 3894H| d excess
of am no acids and PyBOP/ HOBT/ DI PEA as coupling additives. N-term nal

depr ot ect 1.8n3 & nymper of coupling or deprotection cycles
X = D-Alanine
B = B-Alanine
Protocol 1: Synthesis of the first peptide fragment

2mmol of the first amino acid and 4mmol DIPEA are dissolved in 10ml! dry
DCM. This solution is added to 1.0g of dry 2-chlorotrityl chloride resin (200-
400 mesh) and the mixture aliowed to react for 60 minutes on a vortexer. At
the end of the reaction the resin is allowed to react twice with 20ml of
DCM/MeOH/DIPEA for 3 minutes, washed twice with 20m! DCM and twice with
DMF. The resin is then treated twice with 20ml piperidine/DMF (1:3) for 3/20
minutes and washed 6 times with 20ml DMF, The attachment of amino acids
2-7 is achieved by the following procedure: 5mmol of the amino acid,
7.5mmol HOBT and 10mmol DIPEA are dissolved in 15ml DMF. After 5 minutes
S5mmol of PyBOP and 10mmol DIPEA are added and this solution is poured
onto the resin. After 60 minutes on a vortexer the resin is washed 6 times with
20ml DMF, treated twice with 20ml piperidine/DMF (1:3) for 20/20 minutes
and washed 6 times with 20ml DMF. In case of the N-terminal amino acid the
resin is not treated with piperidine/DMF.

Protocol 2: Cleavage of the peptide fragment

After attachement of the last amino acid the resin is washed 6 times with 20m!
DMF, twice with 20ml DCM and then allowed to react with 50ml TFE/DCM
(2/8) for 60 minutes. The resin is filtered off, the solvents removed in vacuo
and the crude peptide fragment used without further purification.

Protocol 3: Reattachement of the peptide fragment



growi ng peptide chain |Is achi eved by double treatnment wi th piperidi ne/ DMF
(1/3). Indifficult cases a third treatnent is done with DBU piperidi ne/ DVF
WO 2004/ 014951 PCT/ EP2003/ 008651 - 34 (2/2/96). The nunber of coupling and
depr ot ect man200y6d4e53 used and is shown in the follow nge. f&pﬁgﬁooﬂsﬁf ormati on
on difficult couplings/deprotections gained by nonitoring o

el ongation by HPLC- MS.) 35
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i s al | onsiminutespawashed teicaivwith 80ml DOM abEdvideGWitPISREA DMF, 3 m nutes, washed
twice with 20ni DCM and twice with DMF. The resin is then treated tw ce

w t h 20niPreitpeol 4i Coupling of amihoracidg@®@-5 nut es and washed 6 tines with
20mL DMF. The attachnment of amno acids 2-7 is achieved by the foll ow ng

procedur eTheSuiviet edsin hig albowed awi dwell 7irb 50m! u@Pdmeanys)leaEﬁsoare
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are added and this solution is poured onto the resin. After 60 minutes on a
vortexer the resin is washed twice with 30ml DMF and the coupling repeated
once or (in difficult cases) twice for 60 minutes. The resin is then washed 6
times with 30ml DMF. The resin can directly be used to couple the next amino
acid or ~ after 2 washings with 30ml DCM - dried in vacuum and stored at ~
80°C.

Protocol 5: Cleavage and deprotection

After coupling of the last amino acid the N-terminal protecting group is
removed by a double treatment with 30ml piperidine/DMF (1/3) for 20
minutes and treatment with DBU/piperidine/DMF (2/2/96) for 20 minutes. The
resin is washed 6 times with 30ml DMF, twice with 30m| DCM and treated with
50ml TFE/DCM (2/8) for 180 minutes. After filtration the solvent is removed in
vacuo and the protecting groups removed by treatment with 30mi
TFA/TIS/EDT/water (94/1_/2.5/2.5) for 180 minutes wunder an inert
atmosphere. This solution is poured into 300m! cold ether, the precipitate
dissolved in methanol and the peptide purified by RP-HPLC (Kromasil 100 C4
10pm, 250x4.6mm) and the collected fractions directly used for the refolding

procedure.

Protocol 6: Refolding Procedure



After attachenment of the last amno acid the resin is washed 6 tinmes with
20m. DWMF, twice with 20mL. DCM and then allowed to react wth 50m TFE/ DCM
(2/8) for 60 mnutes. The resin is filtered off, the solvents renoved in
vacuo andvs crude peptide fragment used without further purification.
Prot ocol 3: WHPUHenent of the pepti de fragment WO 200¢TEPABT 108651

PCTI EP2003/ 008651 -35 1nmol of the fragnment and 2mmol DI PEA are di ssol ved
in 50mL dry DCM This solution is add®® to 5.0y of dry 2-chlorotrityl
chloride resin (200-400 mesh) and the mixture allowed to react for 12 hours

t ! s | i | : t

on, 3, VOr{ PKB recBleahiE e R trace FERE LR e iRl inel JOJSR LarEaCt |
and twi ce exattly Bonbambersolvendt axcoeing :présantl inthe @lution fractien.dEhig-sslutibime dri ed

T I e 0 : L i ne/ ) 1
{roat ed wil KSGHIR MRk By BBy (5 SE R abired btbadauetl M Som of
BE/IL:J/ pilger imhn]?Nﬁll:ﬂ'P( SM%wB@iagén)qumEeHCB:srslmmd Fgitdtizh g?}aia nbsakert HI_‘he30|n1 .

: 0 e no aci n e i ssol ve
in 30m%pemqvg,pa§tmﬂﬁmegg Hﬁfkﬁgﬁg‘i’i‘f am@vgﬁﬁw in Bﬁééai{a%g Ydded and
thi's sol utEnoFPLICS ieAIrRY UBME® thé ehFathatograliHyeprogParminiial of hie machiMe, tixer the
resin is washed tw ce with 30nmL DVF and the cou‘ﬁ&é\_gtre eated once or (in
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wth 30m 1%%%%%%%%5&1 fof ﬁi’h along the column, while the eluate was constantly

recirculated into the reservoir bottle.

At the end of the 24h period, the final product, being refolded and sealed by
disulfide bridging was eluted by the use of Phosphate Buffered Saiine (PBS, pH
7,2)containing 150mM imidazole or by using 0.1M Acetate buffer (pH 4.5).

The binding molecule is able to bind to the beta/gamma Intetleukin 2 Receptor
Heterodimer, to activate it and to induce signal transduction.



50m TFE/DCM (2/8) for 180 mnutes. After filtration the solvent is renoved
in vacuo and the protecting groups renoved by treatnent with 30nl
TFA/ TI S/ EDT/ wat er (94/1/2.5/2.5) for 180 mi nutes under an inert atnosphere.

Thi s sol uiigoidod/diegaeur ed i nto 300mL cold ether, the pr i i ssolved in
met hanol and the peptide purified by RP-HPLC (Kromasi Ielgél"ggl;@?%"i%bm

250x4. 6nm and the coll ected fract i_on§7 directly used for the refolding
procedure. Protocol 6: Refolding Procedure WO 2004/ 014951 PCT/ EP2003/ 008651
- 36 The respective elution fractions were diluted to a final volune of
20ml using exactly the same solvent as being present in the elution
fraction. This solution of the purified product was incubated for 30 mn.
at roomtenperature with 10m N -@QTAiSuperflow (Q agen) under slight
agitation in a beaker. The Superflow particles were packed into an enpty
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During oxNgiAnRbUARs afe €BRSIEARY bohadd 8 thd BLppore svrgr@assed for 24h al ong the
colum, while the eluate was constantly recirculated into the reservoir

bottle. At thehenginging hRoktlieP@F Adimt ie dHapadteREedURt thAeitRE Epdiel ded and
seal ed by disulfide bridging was el uted bé t he use of Phosphate Buffered
&

Sal i ne ( PEECYiRr subunicism _svﬁi%r@lwmeq sirdbesred Genppatispher DAMAtNER! at e
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3. The binding rmolecule of claim 2, characterized in that the amino acids
forming the cyclic polypeptide are linked by polypeptide bonds.

4, The binding molecule of claim 2 or 3, characterized in that the cyclic
molecular subunit is a cyclic polypeptide and said at least two side chain
subunits are linked to the cyclic molecular subunit by amino acid side chain
moieties of the amino acids lysine, serine, threonine, glutamate, asparagine
and/or aspartate of the cyclic molecular subunit.

5. The binding molecule of at least one of claims 2 to 4, characterized in
‘that the cyclic polypeptide consists of 2 to 10, preferably 2, 3, 4 or 6 amino

acids.

6. The binding molecule of claim 1, characterized in that has one of the
structures:

a) benzenetriamide:



-37 Cains 1. A binding nolecule consisting of a support structure of at

| east one cyclic nolecular subunit and at |east two side chain subunits,
characterized in that the side chain subunits are pol ypeptide chains

consi sti ngv@booyaisvéial and/ or unnatural D and/or L-ani j d/ or

pol ynucl eoti de chains and the side chain subunits ar ?gg@gﬁgﬂﬁsgﬂbonded to
the support structure. 2. The binding sgplecule of claim1, characterized in
that the cyclic nolecular subunit is a cyclic polypeptide synthesized from
natural or unneg ural D and/or L-am no acids, an aromatic ring, an aromatic

ring syst pol yl act one, a polylactam benzenetrlam de, a trilactone or
atrilactam 8. The binding nolecule of claim2, characterized in that the
amno acids formng the cyclic pol ypeptide are |inked by pol ypepti de bonds.
4. The binding | ecule of claim2 or 3, characterized in that the cyclic

mol ecul ar subuni®NH s a cyclic polypeptide and said at |east two side chain
subunits are |i d to the cyclic nolecular subunit by am no acid side chain
noi eties of th® amjno acids | ysine, serine, threonine, glutamate, asparagi ne
and/ or aspartate of\\the cyclic nol ecular subunit. 5. The binding nol ecul e of
at | east one of clai 2 to 4, characterized in that the cyclic pol ypeptide
consists of 2 to 10, gferably 2, 3, 4 g 6 amino acids. 6. The binding

nol ecul e of claim 1, charactefj zed in thgt has one %f the structures: a)
FeB8 Pep ANHNH OO
ﬁ%&@&llr p

benzenetrlam de: WO @ N
H

Pep

b) cyclohexapeptide:

Seq e GIK

Gly. Gly
/
\Asp

(o)
Seq

or a cyclohexapeptide of the sequence DKDKDK with one up to three side
chain peptides Seq,

c) trilactone:



OH vvH~ xPep HNOII HN Oa Pep b) cyclohexapeptide: 05eq Qdy
Seg~Asp Asp Ol I dy ~dy Asp O eq or a cyclohexapeptide of the
sequence DKDKDK with one up to three side chain peptides Seq, c)

tril act onewoYéosdf9d/ 014951 PCT/ EP2003/ 008651 - 39 Se Oeqg OOO
OO0Seq d) trilactane: Seq OO/ I O Seq H (}CTEP%O%“S%’

- 39 -
Seq
O O 0]
eqwo
0 0] 0

d} trilactame:

Seq

Seq

Iz

NH HN O

0 Seq

e) trihydroxybenzoic acid support structure:

ngwm
TS e



VNH HN O o ~I O Seq e) trihydroxybenzoic acid support structure: OO0 0 Q

O O N11
PCT/ EP20
wi th Seq
The bi nd

that the pol ypeptide chains have the gghe amno acid sequence. 8. The
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t he poly

parti cul d cyglia dipgptides; axcleddia-L-oys Wrivatizgd vgthBeacul e of at | east one of
to 8, characterized in that the side chain subunits are bonded to

clains 1

| Seq Seq NHO O H OOO NKSeq | H W 2004/014951

03/008651 -40 f) cyclic dipeptide: cyclo-L-Al a-L-Lys, derivatized
, WOMRI@Igs1Seq or Pep represent the side chaing /Emi):{/(ﬁ)s‘%ﬁ -OH 7.

ing nolecule of at |east one of clains 1 to 6, characteri zed

nmol ecul e of at |east one of clains 1 to 7, characterized in
pepti de chains consist of 5 to 60, preferably 10 to 50, in
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The binding molecule of at least one of claims 1 to 7, characterized in
that the polypeptide chains consist of 5 to 60, preferably 10 to 50, in
particular 12 to 40 amino acids.

9. The binding molecule of at least one of claims 1 to 8, characterized in
that the side chain subunits are bonded to the support structure by spacer
molecular subunits (spacers) especially consisting of carbchydrates or nucleic
acids.

10. The binding molecule of at least one of claims 1 to 9, characterized in
that the unnatural amino acids have the formula NH;{(CH;),COOH with n = 2 to

8, in particular NH,(CH,),COOH, NH3(CH,)sCOOH or NH,(CH,),COOH.

11. The binding molecule of at least one of claims 1 to 10, wherein the side
chain subunits attached to the support structure have at least one of the

sequences

. APTSSS.TKKT1 QLQLEHX*XDX3X* XSQMILNGINN (5C1) or
o TIVXSFLNRWIT FX'QSXPISTLT, , | (SC2) or
o TKETQQQLEQLLLDLRLLLNGVNNPE (SC3) or
» TKETEQQMEQLLLDLQLLLNGVNNYE (SC4) or
o NYDDETATIVEFLNKWITFAQSIFSTLT (SC5) or
o EYDDETATITEFLNKWITFAQSIFSTLT (5C8),
wherein

X! is selected from I or L,
X2 is selected from I or L,

X3 is selected from V, L or M,

~



11. The binding nolecule of at |east one of clains 1 to 10, wherein the side
chain subunits attached to the support structure have at |east one of the
sequences APTSSSTKKT1 QQLEHX X2X3X4 X5QM LNG NN (SCI) or TI VX6FLNRW T
FX QSXBl SWd boosn{4d$2) or TKETQQQ_EQ_LLDLRLLLNGVNNPEV\??EE%Q(B]{_Z
TKETEQQVEQLLLDLQLLLNGVNNYE ( SC4) or NYDDETATI VEFLN (5l %lff_sf (SC5) or
EYDDETATI TEFLNKW TFAQSI FSTLT (SC6), _ wherein Xl |Is selected froml| or L, X2
is selected froml or L, X3 is selected fromV, L or M WD 2004/ 014951

PCT/ EP2003/ 008651 - 41 X4 is selected fromE, Dor K, X5 is selected from
L or F, X6 isselestetfroth EfBrorKor D, X7 |s selected fromA Gor C X8 is
selected fromA or |I; at the Tl threonine a protective group according to

t he st at eX’df sehested from progffer abl y a carbohydrate moiety, preferably sel ected
fromglucose, mannose, N-acetyl glucosam ne or N acetyl gal actosam ne, is
opt i onal | ¥ le ®ebdcker frpm Bawd2d in a suitable nmanner as a protection against
proteol yti c degradation; protection agai nst exopeptidases |Is optionally

achi eved Xyis setentédrfrom Af GowoC, D- ani no aci d residues at the free C and/or

N Termi nus; the sequences are optionally nodified by replacenent of single
resi dues Xis setesketl&enwitdr ISH- group(s) in order to prepare for disulfide
bridgi ng between the polypeptide side chains after attachnent to the
support sdtr tted Ul ethreonine a protective group according to the state of the art,

preferably a carbohydrate moiety, preferably selected from glucose, mannose,
N-acetyl glucosamine or N-acetylgalactosamine, is optionally covalently
bonded in a sultable manner as a protection against proteolytic degradation;

protection against exopeptidases is optionally achieved by attachment of two
D-amino acid residues at the free C- and/or N-Terminus;

the sequences are optionally modified by replacement of single residues by
residues with SH-group(s) in order to prepare for disulfide bridging between
the polypeptide side chains after attachment to the support structure;

“and binding molecules, wherein the side chain subunits have sequence
homologies to the stated sequences of at least 80 %;

and fragments of the above mentioned sequences, which are shortened for
maximally 6 amino acids from the N- or the C-terminus.

12. A binding molecule of claim 11 having the structure
SCX -Support Structure- SCY

wherein SCX (Side Chain X) can be any of the six side Chains (SC1-6) of claim
11, and SCY (Side Chain Y) can be any of the side chains (SC1-6) of claim 11.

13. The binding molecule of at least one of claims 1 to 11, wherein at least
one side chain subunit has the sequence

SKNEKALGRKIX XoX3X4SSRXsGHSFLS, with
X = N or L,

Xa=SorQorlLorkE,



and bi ndi ng nol ecul es, wherein the side chain subunits have sequence

honol ogies to the stated sequences of at |east 80 % and fragnents of the
above nentioned sequences, which are shortened for maxinmally 6 am no acids
fromthe Wo 2040448 G termnus. 12. A binding nol ecul e xﬁf’v@@ds}ﬁb havi ng the
structure SCX -Support Structure- SCY wherein SCX (Side aln can be any
of the six side Chains (SCl-6) of claim _11, and SCY (Side Chain Y) can be
any of the side chains (SCl-6) of claim1l. 13. The binding nol ecul e of at

| east one of clains 1 to 11, wherein at |east one side chain subunit has

t he sequefce VIINEKAL RIRIKIAKOKYX3X4SSRX5GHSFLS, with X1=NorL, X2 = S or Qor L
or E, WD 2004/014951 PCT/ EP2003/ 008651 42 X3 = Wor L or Ror A or Y,
X4=Eor Nor¥orgbeHN ong or DsonH, A, and bi ndi ng, nol ecul es wherein the side
chai n subunits have sequence honologies to the stated sequences of at | east
80 G o. 1M =TherBinding nolecule of claim1, characterized in that it has
one of the structural forrmulas: Pep O Y II\ bzw. O Seq Vg NH O SeO NH O
O 0 / Pepand binding . molecules wherein the side chain subunits have sequence

homologies to the stated sequences of at least 80 %.

14, The binding molecule of claim 1, characterized in that it has one of the
structural formulas:

[a] Seq
o]
Seq [o]
NH [o] 0
/\/\)L Pap
© N E’\/\gf Seq = OM4-Om3-Pep
HN (=] o
Omd=  wn n/\/\/lk
HN [s}
Om3c e -
) Pap = SKNEKALGRKINSWESSRSGHSFLS ﬁ/\/\([)(
Pep HN- ~COOH

or



HIl Seq=Om4.OnBPep OHINOO OmW. ... ~NM-... JJIN O O Pep=

SKNEKAL GRKI NSVESSRSGHSFLS N Pep H2N- - COON 0 or V\D 2004/ 014951

PCT/ EP2003/ 008651 43 Seq = Om®2-Om3-Pep O ... = ~ Seq ~~qgsp ly\p~p H
011 Ay \wboGhdoMdsPB = Seq v ~lIIr 'y 0 Pep = SKNEKA GHSFLS
H2N- -000H or Seq Seq = O2-Om-Pep OO0 0 0O Seq + OL@@&@\Q%“%&EQIS OOOHDO

Pep = SKNEKALGRKI NSVESSRSGHSFLS - 43 -

Seq = Om2-Om3-Pep

O
senhff“’\r?ﬁm e I

O
Gly N /Gly
Asp Om3= - \ /\/Y
N ”
(0}
Seq
Pep = SKNEKALGRKINSWESSRSGHSFLS
HN- -COOH
or
Seq Seq = Om2-Om2-Pep
o) O o]
0
Seq)}\[(:(u\o Oomz= .. \N/\)k
o 0 o H
O
Pep = SKNEKALGRKINSWESSRSGHSFLS
o Seq H,N- -COOH
or
Seq Seq = Om2-Om2-Pep
O o] 0
0]
NH HN S0 H
0
Pap = SKNEKALGRKINSWESSRSGHSFLS
-CO0OH

18] Seq H,N-

or



0 Seq H2ZN- -COON or Seq Seq = O-On2-Pep 0 0 Oo0o Seqg | HOM® = ~N~-\

NH HN O H O Pep = SKNEKALGRKI NSVESSRSGHSFLS O Seq H2N- - COON or WO

2004/ 014951 PCT/ EP2003/008651 - 44 OO0 00 Seq ANOOI Seq HO I O Q00
I'N Seq Hwanghohbmeiing nol ecul es wherein the side chain its have
sequence honologies to the stated sequences of at |eag¢+l@gﬂg/§mo%5_1 A process
for the preparation of a binding m)l_eghllg according to at |east one of
claims 1 to 14, wherein the process isS perforned as a solid phase synthesis
process wherein the peptide of the side chain subunit is bonded to the
solid phase, successively ded by the respective am no acids and
optionally a uplijng to t support structure follows in a last step. 16. A
peptide havinglthe Istrugturel APESSSTKKT1 QLEHX' X2X3X4 XSQM LNG NN or

TI VX6 FL NP FX7IREX8 L ein l?l Seq

0o H
0.__0
I 0

N)J\Seq

and binding molecules wherein the side chain subunits have sequence

homologigs to the stated sequences of at least 80 %.

15. A process for the preparation of a binding molecule according to at least
one of claims 1 to 14, wherein the process is performed as a solid phase
synthesis process wherein the peptide of the side chain subunit is bonded to
the solid phase, successively extended by the respective amino acids and
optionally a coupling to the support structure follows in a last step.

16, A peptide having the structure

o APTSSSTKKT; QLQLEHX'X®X*X* X®*QMILNGINN or
o TIVX®FLNRWIT FX’QSX"ISTLT, ,Wherein
X! is selected from I or L,

X% is selected from I or L,

X® is selected from V, L or M,

X* is selected from E, D or K,

X5 is selected from L or F,

Xt is selected from E or D,

X7 is selected from A, G or C,

X8 is selected from A or I,

and binding molecules wherein the side chain subunits have a sequence
homology to the stated sequences of at least 80 %.



X1l is selected froml or L, X2 is selected froml or L, X3 Is selected from
V, Lor M X' Is selected fromE, Dor K X5 Is selected fromL or F, X6
is selected fromE or Db X is selected fromA, Gor C, Xl is selected
from A orwio 20edad4dsi ndi ng nol ecul es wherein the side chgl %H&U@é have a
sequence honology to the stated sequences of at | east 0 604/014951
PCT/ EP2003/ 008651 45 17. A pharmaceytical containing binding nol ecul es
according to any one of <clains 1 to 14 and/or peptides according to claim
16. 18. Di_agnostic agent containing binding nol ecul es according to any one
of claind-1 AoPharmacebicabegntainirg Sinstingimejecwes |agronding ta @nylere of bi ndi ng

nol ecul e ' ﬁﬁe | : and/ or peptides according
to cl ai m%i%ﬁ\%.g{ f’dp?gpagl;a/ﬁgiﬁg [') as?én%cgtﬁ?gﬁgﬂd%ﬁ\ %ﬁ'agnost ic agent for the

to claim | _ _ t for the
i et ans Do T b SRaRe®, Bhdrtf melRIe: RRLdr ey dhe | e

syndr oneslaims 1 torikd e/ o peptidessyocdrdingso daimt 160ty di st urbances, for the
contraception or antiviral prophylaxis, diseases connected with an
i ncr eased r olUstenfavindimgoiotasliles, adcording tto carlyaone ofrolainds slets @4,andfar ci noses,

o ani maiPEPHBBE RErg oo e T or. BB g S SR A B R o o o
m cr oencagent & the, treatmentned detection of diseases ofeyhet inpmepakgld systerapimi ni ng
sui table additiyvese Catil Sl oA Whedtd/ Ynrdinddiitlend) Ssiiiibined
auto-immune syndromes and immunodeficiency syndromes, fertility
disturbances, for the contraception or antiviral prophylaxis, diseases
connected with an increased proliferation of cells, in particular tumor diseases,
carcinoses, sarcomas, lymphomas and leukaemias; and/or infectious

processes with humans or animals,

20. The pharmaceutical according to claim 17 in the form of a
microencapsulation, liposomal preparation or depot preparation containing
suitable additives, carriers, adjuvants and/or at least one additional active
substance.

21. The pharmaceutical according to claim 17, characterized in that
interleukin 12, an interleukin 12 receptor-specific binding and effector
molecule or recombinant 1112 is used as the additional active substance.

22. The pharmaceutical according to claim 17, characterized in that TRAIL
(TNF related apoptosis inducing ligand), a TRAIL receptor specific binding and
effector molecule or recombinantly prepared TRAIL Is used as the additional
active substance.

23. The pharmaceutical according to claim 17, characterized in that a
virostatic, in particular a virostatic capable of retarding or blocking the entry of
virus particles, in particular HIV particles, into target cells, in particular T-
lymphocytes, is used as the additional active substance.

24. The Binding Molecule according to claim 1 and 12, characterized in that
exactly two side chains are bonded to the support structure and that the



21. The pharmaceutical according to claim 17, characterized in that
interleukin 12, an interleukin 12 receptor-specific binding and effector

nol ecul e or reconbinant 1L12 is used as the additional active substance. 22.
The phar neaepiseabsiaccording to claim 17, characterizeg @ﬁ #hﬁ%wTRAIL ( TNF
rel ated apoptosis inducing ligand), a TRAIL receptor s GUEPTOL ﬁﬁlng and
effector nolecule or reconbinantly prepared TRAIL is used as the additional
active substance 23. The pharnaceutical according to claim17,

characterj z Vi T rt| V|r statlc able of
ret ar di n§"B O%I %Eﬁ&mj a'ﬁ ﬁ%&&ofm ?/ll §aF‘ﬂ"&%| sHI v
pg(r]I t |t cl e&lpmpms_mg ar (st twblcnﬁezznemtmmlhggamgcjwsaewztlbuml 0(9; ESb(ejt_laSalua?m ias_ t hi
addi ti ona v nge. 24. Ihe Binding ecul e according to claim
and 12, éﬁ$ﬁ§i¢g§kéégﬁfﬁ”ﬁh§t %exéﬁtly two side chains are bonded to the
support ructyre and tha the ND 2004/ 01 95% PCI/ EP2003/ 008651 - 46
suppor t ructﬂ?eeb'ing ﬁﬁ a'"& vlﬁl@ﬁpe QMEI'HEOUT‘“% - 10 amino acids
conprising at |east two dlfferent am no acids selected fromG P
bet a-al anine or NH2(CH2),COCH (with x = 3 - 8). 25. The binding nol ecul e of
claim 24, defined hy+hetormubas—F—s—s—=—+
HHHH-XX-TIVESCNRMVIFAQSIISTLT PAl a- G 0- PA3. a- TKKTCLCLEHLLFDLdeL4 DI GnW XX
X - D-Aanin jAl a = beta-Al anin

Hnnn-xi-mzvsscunwzmrAstISTLT pALa-G-G~PALla-~TRKTQLOLEHLLLDLOMCINGINN-XX

X = D-Alanin

pAla = bata-Alanin



