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molecftf i nition of an epitope. Because the binding of a
proteln receptor with an epitope can be an inportant
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epitope. Because the blndmg of a protein receptor with an epitope can be an important step

in the etiology of a disease, or conversely, in the treatment of a disease condition, the
identification of functional groups which form epitopes is a potentially fruitful avenue for
development of new drugs, where the drug is an agent comprising an epitope which binds to

the receptor.

Two challenges exist which hinder this approach to new drug development. One is the
identification of epitopes which can be employed as drug molecules to bind to appropriate
receptors in order to treat a disease. The second challenge is to design molecules which can
hold and present the combination of amino acids forming the epitope such that a strong

binding interaction with a cell receptor can be achieved.
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possible combinations of different groups using traditional combinatorial chemistry. The

method simply relies upon proximity of the head groups to provide association-derived
epitopes. Once a set of conjugates has been synthesised, no further synthetic chemistry is
required, only simple mixing of the conjugates to form the different probes by non-covalent

association.

Whilst this new composition and method have been successful for identifying the functional
groups which form the epitope and bind to the target ligand, there is still a requirement to

provide improved compositions which are capable of forming the desired epitope and
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associations; whereby the cyelie oligopeptide is constrained in a single confermation so that

the epitope-forming amino acids form an epitope in each domain, each epitope being capable

of specifically binding to a target ligand.

Cyclic peptides are known in the art to have a conformation which is more restricted than
linear oligopeptides. The freedom of movement of the ends of the peptide is limited in a
cyclic peptide because they have been anchored together chemically. However, cyclic
peptides still have a considerable degree of flexibility which makes them unsuitable for

participating in stable binding interactions with a target ligand.

By constructing cyclic oligopeptides with two or more associating functional groups

positioned so that they form one or more intra-cyclic associations, the cyclic oligopeptide is
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dimensional structures and reactivities of marine macrocycles. Cyeclic octapeptide 1, c[Ile-
Thr-D-Val-Cys-Ile-Thr-D-Val-Cyc-] is very flexible, adopting many low energy structures.
This cyclic octapeptide does not have any intra-cyclic associations and is not constrained in a

single conformation to form a plurality of epitopes.

G. Abbenante et al. “Conformational Control by Thiazole and Oxazoline Rings in Cyclic
Octapeptides of Marine Origin. Novel Macrocyclic Chair and Boat Conformations; J. Am.
Chem. Soc. 1996, 118, 10384-10388 also discloses cyclic peptide 2, c[Ile-Thr-D-(Val)Thz-

Ile-Thr-D-(Val)Thz-], which showed a single pseudochair conformation in solution. Cyclic
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The cyclic oligopeptide comprises a ring of at least six amino acids, wherein the ring
comprises a plurality of amino acid domains, wherein each domain comprising at least two

epitope-forming amino acids, and two or more associating functional groups.

In one embodiment, the cyclic oligopeptide consists of a ring of six amino acids, wherein the
ring consists of two amino acid domains, each domain consisting of two epitope-forming
amino acids, and two associating functional groups. In a preferred embodiment, the cyclic

oligopeptide consists of a ring of eight amino acids, wherein the ring consists of two amino
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The associating functional groups are positioned in the cyclic oligopeptide so that they form
one or more intra-cyclic associations whereby the cyclic oligopeptide is constrained in a
single conformation so that the epitope-forming amino acids form an epitope in each domain.
The formation of a single conformation in a cyclic oligopeptide may be measured by a
number of different methods, which are well known in the art. Standard spectroscopic
methods, such as '"H NMR spectroscopy, circular dichroism, optical rotatory dispersion, or X-

ray crystallography may be used to determine the conformation of the cyclic oligopeptide
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experd@etrﬁall o) obamedah tht ap@bprigs teft naddel, pansdabile selpitt opias acids to
because he can easily sel ect smtabl e am no aci

s 1o .
1nclu¢edmrﬁhaﬁybﬁloélsaﬁepﬁﬁlﬁws Jerqeiiinpe Tormisgi anype Apie A glelgiming which
order 3¢ 2HSnd"B¥ds in each domain provides the best biological activity by testing for the

desired activity.

Examples of .assays for determining the interaction between the cyclic oligopeptide and the
target ligand may include binding assays such as those utilising the ELISA principle for
detection of association between antibody and antigen. Other suitable in vitro assays include
modification of fluorescence of environmentally-sensitive membrane-bound fluorescent
probes, precipitation reactions, enhancement or inhibition of enzyme activity etc. Assays

relying on the ability of materials to alter the behaviour of cells cultured in vitro may also be



be suitable in any given situation and this wll
depend upon the target ligand. Further, the order of
W bh@sastond aci ds in each domain may det er m ne PEEGB2007/003592

activity of the epitope formed and wll also depend

upon the target ligand. It is not necessary to know

the exact chem cal structure of the |igand provided

that the biological activity of the target ligand is

appraomaten . sucEpa'tst @pﬂyﬁ ofori geff  detimo celt i mhslifveafiobe apppthsisie dntiibition or

. e cycl 0 tide of the present ention .
stimiflinccec] o SR SGRAR: SSeTiotin i 2ioBiRE RE Stk SIS0k efingis, syntbesis
of spetifid Gh €A OfntiabellirgvdattulB egasset, tateraib®l B dell dfignalling processes

function associ ated with the I'i gand can be neasured to
etc. st wrariepwys ihevle apimalyor dpmappanay ghadbe parERd ut.ofr example

r I

inco @%’g?}? rqr)\l:fn g%laé)yg gﬂtgt,“% : ggl dgp I%L@%gtlg% pi‘rogg\rvlpgfdgsmqgstlgatlon of its
subsdqndﬁldlstﬁ‘almmaﬁtek ydmpligetiomby nari@sirostet.o i nclude in

the cylic oligopeptide as the epitope form ng am no

acids and determ ne which order of amno acids in
An eﬁ?@% i) 11?5&'}‘1' | Basid. Mendesete, ﬁieq{uﬁgje%‘ af eﬁ‘iﬁ)bbé/ fokdied¥h the cyclic

ting for the desired activity. anpl'es” of assays

oligopeptiddes et hrastltwg, pie€eribly ewaot thm% bTEhfwaetvp@hm ihypelytlic oligopeptide

may E? h}%oﬁﬂg rgu gﬂxeggﬂ? ?;gg)ge ? gj(crnllltg%thﬁ ggﬁ\re different, each

domah Infa lhﬁ{r@dffﬁfent dRiRCAdi A br Yhvass @6ha hindib ALAIRE M a different order.
anti body and antigen. Qther suitable in vitro assays

An examapla@é suckhan epitapeiis thapformed dvdhe epiabingtion of the amino acids serine
t RY; n 0 f 0 n
). FPYSATRL ) Y5 Daube AR SO, LLHOLEARE ecetor on
macrbpiighs. t Bindirgf ofethe ypiopeabd ithd d¢ejl setface MS;ayScauBﬁ ’YNﬁgec:tatlon to be
the ability of materials to alter the behavi our of
inhibglgd| s cultured in vitro may al so be WO 2008/ 035093
PCT/ GB2007/ 003592 8 appropriate, such as assays for
cell death, cell proliferation, apoptosis, inhibition
Intra@yclicAssoolationson of cell-to-cell contact, secretion of
Th cyt oki nes .or o .her sol.ubl e roduc : ¥n rlesi S Oft'd . ol
Gt TR T RRRLIC FROFAEER TR ggein BF o Sridfgpyptide in a single
conf@Ha@bRWifNa V\Efuraﬂﬁf& lof Sh@hdhdill AEmRIMRC eﬁ&e@ﬂo@é-@bnﬂlﬂg WV acids in
assays in ol e animal s or hunmans al so be carri ed

each @lgtnalrr ue ttgbﬂyr;ﬂoastranrrﬁslowﬁb ek bmited friea@nlmoawﬁonntﬂnﬁ plows the
formgt}, fca &!ﬂ%lg %Bﬁ? lﬁaclfx %ﬁ?}}@@?hl@% cﬁﬂq Yol %&tgvglttﬁ Hﬂg}%tre& §t§b1hty and-

Su sequen 1on a mnis ratlo

speciYiaity oith thotatges hgﬂc[d teprddupe a bivldégicaleekpbnseeach domai n.
Therefore, the nunber of epitopes formed in the cyclic

The number of associating functional groups in each cyclic oligopeptide and the type of
associating functional groups selected will depend upon the epitope forming amino acids and
- the target ligand. The number and nature of the associating functional groups may affect the
biological activity of the cyclic oligopeptide. The skilled person can easily select the most
effective number or type of associating functional groups to use by testing for the desired

activity.



ol i gopeptide is at |least two, preferably two or three.
The epitopes in the cyclic oligopeptide nmay be the

wa@ 2008/085093li f ferent. When the epitopes in the cRCI/GB2007/003592
ol i gopeptide are different, gach domain may have :
different am no acids or have the sanme am no acids but
in adifferent order. An exanple of such an epitope
is that fornmed by the conbi nati on of the ami no acids

The emr dm’tﬂore(iﬁ;ra-cpdﬁemyd;(miaainhmae (femedrty tsogirmiore apRpprizibiyqiositioned

t.o a.c surfa tor on hages.
assogiplith foRedioReinErob-t GG T ORe Asesdratict: FaeHoR C@pups preferably
positéHea Betwddh c8@LsRhé MRirochRfdonkdil. bi ted. Intra-cyclic
Associ ations The one or nore intra-cyclic associations

serve to constraln the cyclic ollgopeptlde in a single

The c%ﬁ I)Iolgil {e 1n as fcgcﬁchasgocﬁllﬁjongl téryb covafnn{] ﬁnd%%g?e@ T“}Sle associating

functiorgh gfcmpg ﬁnﬁlta bwmaﬂlgopémldu @idy Yel tm m@b & daffehem, of
notion. This allows the formation of a stable epitope
in each domain which can

[ Ty EAERTY [ Y [ , = .
e SBLEIAH clkile| TAGR/E ¥ AOHL el g s 10 o
embd&iimlenlgtheadsscrc%mingrfsactio'ﬁhbgmup.bene the salesdeimtdfrthe associating amino

functio gr.oups. ch cyclic oligopeptide and
acidy §igfe a0t Binis £ et it won SR B Hiesati deped oo the
side @Eﬁﬁ"lﬁ tH@ Q&o&ﬂaﬁn_r% ﬁintilﬁp cifl QT MGk aBIPlBf ﬁﬁé @ﬁlb@ﬁ‘]ﬂwnﬁ Redepicted in
tar i gand e nunber and nature of

ﬂﬂwagsgbﬂaﬂﬁng functional groups may affect the
bi ol ogi cal activity of the cyclic oligopeptide. The
skilled person can easily select the nost effective

Altemamz&y e dsyfeatiy ABSHEHRtdrosl MAg tHeOb@he FnOtHeSnit@gets @toms of
testing for the desired, activit WO 2008/.035093
peptlﬁetnwg@wm@xmo igppepiideing b subst@tipn of thedydrqgen bonded to the

mtro%%é Iozﬁl g;r{le § ofMifs b dBHeiMs Hé’iﬁc‘c@(ﬁ ' RE Lo H%%PJ‘* ately

assocl at 1 ng Uncti onal groups east
one associ ating functional group is preferably

i tioned, bet n each of the aping acid dommins. The
tn & BBt i et 1 (e SE0UECh G P8 T \Rsi e o other

sultaglr él%ﬁpsc 98@1&{&1 withig ﬁé Sdlf’gbﬁéﬁtﬂg rlﬂgu ReHibIP R ngf Qllrﬁh% hdlds. An
cyclic ol i gopept i e same or different

exarrrpﬂm ofsuet pagrbuy isf &m@ph@rimd%/cgqyo@pg‘goxmty dséd, ywkare the hydroxy group
partu?qs)e‘?’tgsc {naeEnI &y ?im@g%, 1ns1!ea<§ ofa pep%'&e linkage:

The wording “two or more associating functional groups” include the following
embodiments:
e where the intra-cyclic association is non-covalent:

o the associating functional groups are two pendant groups from the
oligopeptide ring borne on associating amino acids within the ring, which
associate to form the non-covalent association;

o the associating functional groups are two pendant groups from the
oligopeptide ring borne on nitrogen atoms of peptide linkages within the ring,

which associate to form the non-covalent association;



enbodi nent the associ ating functional groups are the
side chains of the associating am no acids or the
wOorp@sN3®e si de chai ns of the associating an noP@EUGH2000/003592
t he groups added onto the fide chain of the
associ ating am no acids. An %xanple of this enbodi nent
is depicted in structure | below Alternatively, the
associ ating functional groups may be borne on the
ni tregaRe ahROTHg MARIINEE LbMAARS Wb  HGAEHC! drbups from the
ol i gopeptide ring by substitution of the hydrogen _
bonded aligopenside mingrhogenon aifeesudiableceredpstivskioned ouithaeing, which
i s depi ' tyre L dn.oa further
alter naag %o\% gat%%o%%%en% %Ohélegﬁissg%xil%ﬁnhgr functi onal
o grvihens theaptrdeydiera® cfionid®ialestdi t abl e groups
positioned within the oligopeptide ring, which are not i
anmi n8 4B¢ associating Synstipnad gHTUps @ehtvee gy bpmen afspHating amino
hydroxy, £Rr Raud ik ?i‘fl?,d Wh!\?’ler tblaﬁdéay g(%%ﬁ%/er g%)oflcﬁm the covalent
participates 1n an ester- Tinkage, i1nstead of a
pept i desddcidtiageithciirevity oki viga linker, archrw adi-dastiohsltgrag;
functignal gr.oups” include the foll ow ng, enbodi nents:
wher @ (HGASREALY FTienal SRS 65 Bt ESURS RS\ WoReRatoms of

the asspphidl lRladeyNFhkiANEE MO UPRCR e HARIREMRMer to form the

groups fromthe ~ ol i gopeptide ring borne on

associ apvalgntasssomation eftheniditectly oheia anggkenhsuch as a bi-functional
associate to formthe non-coval ent association; o the
associ g?“r?gohncti onal groups are two pendant groups

fromt hige agdocgng fh@Rnil Eﬂm?@ e tRB GYolipd BEMeab® Hhe?f suitable
peptide |linkages within the ring, which associate to
f or m t 18ECUHS PoEiGoBsdeintthe agcwhich are, bonded tmsites 50G3m the covalent

PCT! 2000008 988er g0, SAen SHFRG Bkl 19 RGBT vy,

groups are two roups I 'gopepti
ring borne on other suitable groups positioned in the

ring, which associate o form.the non-coval ent,
The vyerdig, i, on icagh i 6 OREHAS GRIRS o sabE Syl bapded or
attach€@V# £Mitab® GA&r 85 8RGER4td, faﬁﬂﬁ% L Q8 it RHRRHY & SHE suitable

groups borne on associating am
groups.

In a preferred embodiment, the one or more intra-cyclic associations between the associating
functional groups are non-covalant. Non-covalent intra-cyclic associations are particularty-
preferred in the present invention because they allow the cyclic oligopeptide to have the right
balance between rigidity and flexibility. The cyclic oligopeptide is rigid enough to keep the
peptide backbone in one conformation and ensure that the epitope-forming amino acids are
positioned close enough together and correctly to form an epitope capable of specifically
binding to a target ligand. The cyclic oligopeptide is also flexible enough to allow sufficient
movement of the side chains of the epitope-forming amino acids to adapt to the precise
structure of the target ligand to which they can bind. Therefore, cyclic oligopeptides of the
present invention comprising non-covalent intra-cyclic associations can interact with

improved stability and specificity with a target ligand to produce a biological response.



acids within the ring, which are bonded together to
formthe coval ent association either directly or via
w@2008/05p3 such as a bi-functional group; o theCT/GB2007/003592
associ ating functi onal groqfs are two groups borne on
nitrogen atons of peptide 1nkages within the ring,
whi ch are bonded together to formthe coval ent
associ ation either directly or via a linker, such as a
Prefefiblyl YRS tin@RRY clidr84RiatiBhs Qrd NEydasphoBicat | g af pakicilarial preferred
groups are tWwo groups borne on other suitable groups )
‘embogdiisént i there dare riwohaminpragid dpmains And tHenHaephilis asspeiating, functional
Oufor_mthe coval ent association either directly or via
EOUBS | i nker, such as a bi-functional group. The wording
"borne on" neans that the associating groups are

eith di tly bonded ttach [ [ .
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al low sufficient noverment of the side chains of the
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.Therefore, cyclic oligopeptides af. the resent .
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11 Preferably. fntr | | | At lL.eNs . .
xS SRR T ol RENE] o208 AP rion 1 e cxelic
oligobfiRIde rMELmbpbeddthplOyedci W idlgemially prafbriedahdti the ghoups ©n which the

associ ating functional

associating functional groups are borne are linked- i ‘the ring-bypeptide-bonds: I an™- -

alternative embodiment, one or more of the peptide bonds may be replaced by other types of
linkage. Examples of such linkages are ester linkages, ether linkages, thio ester linkages and
thio ether linkages. This may be desirable on occasion in order to limit attack by proteases in

biological fluids.

The associating amino acids may comprise natural amino acids bearing the associating

" functional groups.

Preferably, the associating amino acids are lipidic amino acid analogues. For example, the
associating amino acids may comprise from cysteine, glycine, lysine, aspartic acid or

glutamic acid. In the case of cysteine, the associating functional group may be an aliphatic



groups. The use of non-covalent intra-cyclic
associ ations, particularly by hydrophobic
WO ni08n03soP3 ons, is advantageous because it al | POEGB2007/003592
intra-cyclic associations to be fornmed from
interactions between threéZor nore associating
functional groups. This permts the formation of three
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eases 'ogrcal fluids. The associating am no
acids may conprise natural am no acids bearing the
associating functional groupg. Preferably, the
associating amno acids are |jpidic amno acid
anal ogues. For exanpl t he ssoci ating am no aci ds
may conprise fromcystéine, df) ? % | ysine, aspartic
acid or glutamc acid. In the case of cysteine, the

associ ating functional groupHymy be an aliphatic WO
2008/ 035093 PCT/ GB2007/ 003592‘

CHs

In one embodiment, where the associating functional groups are borne on the nitrogen atoms
of peptide linkages in the ring, non-covalent intra-cyclic associations, such as hydrophobic
associations, may be brought about by substituting the hydrogen atoms on the nitrogens of
the peptide linkages by the associating functional groups such as, for example, the aliphatic

group, as defined above.

Substitution of a hydrogen atom on a nitrogen of a peptide linkage in the cyclic oligopeptide

of the present invention by an associating functional group may be made by first substituting



12 group added onto the side chain of the cysteine via

t he sul phydryl functionality. Lysine, aspartic acid
w@r@sgbwpani c acid may al so be enpl oyed in thi BCIHGB2000§03592

addi ng the associating functional group onto. the side

chain. The associ ating am nb3 aci d may alternatively be

an amno acid in which the side chain residue is a

single aliphatic group, which constitutes the

the hA&68&1 AbinNWith HRedthyBR gﬂﬁﬁ#@ean’ﬁg fa ﬁﬂ‘tﬁﬂ]ﬁlfﬁmcﬁoﬁalaﬁou}i) such as, for
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Y
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1hepmmsmnuwammﬂmmshmangmﬂﬂkﬂammﬂnmnncﬂhched chai n and
unsubstituted or substituted either wholly or
partially, for exanple with hal ogen atons.
Al ternatively, the aliphatic group may be conposed of
silane noieties. In th exanpleZ&tructure | below, the

associ ating am no aci yCi ne\_i n whi ch the al pha
hydr ogen has been r placed y a CI hydr ocar bon chai n.
H NH2 C-000H 11A(CH2)9 | one enbodi nent,
where the associ ati g funcq)onal rargyoups are borne on
the nitrogen atons pept-iNie ] i mkages in the ring,

non-coval ent intra- cyc c associrtlons such as
hydrophobi c associ ati ons, e brought about by

s SO ST, I QRER L A5 0ol BT SARE e

nitroggn ool pestideh hﬁ]&.geﬁ dfet\emmBl/fe addn €/ €l amhaab | r@preggn@iphe ASsociating

efi ned aboyve
functlgnal groups, such as an aliphatic group as defined above, attached to nitrogen.

A further édvantage of using non-covalent, particularly hydrophobic, associating functional
groups is that this may allow inter-molecular interactions, where the hydrophobic associating
functional groups from different cyclic oligopeptides associate with each other to produce
dimers or oligomers containing a multiplicity of repeated epitopes oriented in different
directions. The extent to which such interactions take place depends on the sequence
structure of the cyclic oligopeptide, which determines the relative hydrophilicity of the amino
acid domains. This may further be controlled by judicious choice of the associating
functional group, where the chirality and bulkiness may be varied to control the precise
amount of hydrophobic surface of the oligopeptide exposed.  This may be advantageous in
modulating intermolecular interactions with other internally-constrained cyclic oligopeptides,
or interactions with other molecules such as proteins or cyclodextrins. This may be
advantageous in creating small multimeric structures comprising two or more cyclic
oligopeptides of the present invention, which can bind to two or more cell-surface receptors
at the same time, thereby cross-linking the receptors in such a way that a strong initiation

trigger is presented to the cell, resulting in a signal cascade.



Substitution of a hydrogen atomon a nitrogen of a
peptide linkage in the cyclic oligopeptide of the
w@e@ses093 nventi on by an associ ati ng functi onabChGB®7/003592
may be nmade by first substi gting WD 2008/ 035093
PCT/ GB2007/ 003592 13 the hydrogen atomw th a
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. the oligopeptide exposed, This may be advantageous in

moietgs ¢ |d3ﬁ ﬁﬁffgolﬁtﬂb& HoP@eingaiunptiana} groups s theipehtide weth regions of the

X - r.ai | i i tides, r < g
posh YRS SAR IS DAL FUSREHSS, Sy, s of
one o yoroeskic aligspeplidesofthy poaent invention on the surface of a large protein is

one way of arranging that a multiple array of epitopes on the cyclic-oligopeptides is presented- -

in such a way that triggering signalling interactions in cells is maximised.

In a further embodiment, the one or more intra-cyclic associations between the associating
functional groups are covalent. In this embodiment, the associating functional groups may
also be borne on associating amino acids. For example, the associating functional groups
may be the side chains of cysteines (associating amino acids) and the association is.formed
by an intra-cyclic di-sulphide bond between these side chains. Alternatively, the associating
amino acids may be lysine and glutamic acid, which can associate covalently by formation of
a peptide linkage through the terminal groups on their side chains (associating functional
groups), or glutamic acid and serine, which can react to form an ester linkage. Analogues of

these amino acids bearing the same functional moieties can also be used.



advant ageous in creating small multinmeric structures
conprising two or nore cyclic oligopeptides of the
WEe@ses093 nventi on, which can bind to two or nRPCEGB2007/003592

cell-surface receptors at the same tine, thereby
cross-1linking the receptorslﬁn such a way that a
strong initiation trigger is presented to the cell
resulting in a signal cascade. WO 2008/ 035093
PCT/ GB2007/ 003592 14 Interactions of cyclic
ol i gopepti des of the present invention with other
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cyclic oligopeptides is presented in such a way that

tri erln si.gnal | i ng. |nteract|ons incells is
In 2 aglg bt ph s TR RSy SRRBOUTERIIE X SHORRPtB amprises two

ammd B&Had&ﬁ(eﬁﬁé Gnd 3RO GhclaPng iﬁﬁ&i’éﬁ@ﬁﬁfoﬂﬁl,%éﬂ%g{e' n% an associating

functional groups are coval ent enbo
aminq leidaswd cinaepitapef snforinod diong rtbrgp sepiepe-forming amino acids in each

domain, the cyclic oligopeptide may have the following structure:

/B\/\

\/\/

wherein A, B, C, X, Y and Z represent the epitope-forming amino acids; A and X represent D

amino acids and B, C, Y and Z represent L amino acids or A and X represent L amino acids



al so be borne on associating am no acids. For exanple,
the associ ating functional groups nay be the side
w@ehb@snssoad cysteines (associating am no aci ds)P@naBRGv2/003592

association is formed by an intra-cyclic di-sul phide
bond between these side chalfis. Alternatively, the
associating amno acids nay be |lysine and glutamc
acid, which can associ ate covalently by formation of

and B} BEPLLES. JbRKAGD LRSS BRe kgﬁgqenelfo&{ee QR b8BE C-A-B
di de chains (associating function groups), or

and ayk wpitnpe istirthed rtors 6hé demainh? 4+ Yo aamd reaale £ teprdsemtmaarassociating

._est. | i nkage. Anal gqgues of these am no acids bearing
aming 8 besritbr oo SHAE BTGPt al 20 be used. O
2008/ 035093 PCT/ GB2007/ 003592 15 In one enbodi ment, a
coval ent intracyclic association may be achieve

: d b
In ong grample @f pegclinGligopgetide ascerdingdy thopresrat HiveRiyL ﬁhe‘azaﬁéf and/or

the CPA-IP OB A mal HEAYRI e i nd hThdid LNRREROAL ARIRIFSR, FRS,
unctronal —gr oups, i'ch™ f'or m coval ent “associ at’i'ons.
SRF, 'Blﬁﬁ QBESOQBB} S%g, SIJQ;:L'?GR&IL%] m?tb&chﬁyis aﬂ'@icﬂiﬁiaﬁiiﬁq a@d with a Cyg
. 0 r chaings aring functiopal .groups at their
linear; éwemﬁr Uhride AP Fofth S eviRtciticts ST i Bigferably the Z-X-Y
domaBHRSATS HWREh Afis ?r éﬁ‘ﬁédotﬂﬁg?h%flﬁmaﬁﬁefi‘s 0 BTB88RiorP serine is of L
n the cyclic I the

pepti de |inkage ol 1 gopeptide ©

configureemt aigmientis oof Hy amnfigestion atridngadhudipidionathingr @cid is of L

nmay. . be de by first, .substjtufi he .hydr.oge 0 .
coniHHOT ot RyPEmed GPumIRBuR ¢4 € A RHR G R e S B domain
select8ll OfiPn S Cieqasnces UboGX BB Form I, epifdpe O(Eafp&lblg, of suppressing TNF

subsequently followed by a second step of linking the

secrefigmcArendingys disse sestuanass nfayrherussin fedrepent pRe disease wherein
0 { ' ' 1S £0 | 4t 4 : :
T GRS AR LA oL Tt s SRRty chesy: o
disordergeptditituht disege midtiufkinatatost discases. tEiebes feqeériceomay be used to
within the cyclic oligopeptide) with a_second . )
treat gt HYPIEWRIIGr Gﬁasﬁe%ﬁqu%& oms feumgtaid leﬁoP/gﬂﬂ@lﬁ ovfjerosis and
C Lhe above bi-functional reagent is additionally
rom?lg%kse%%to the functional group of this second
met hyl ene group to create a coval ent |inkage between

In thetcﬁvb\?)&% gtiél%’.{tl?l‘g:t?le ¢ %’gﬁ’d&ﬁ‘gggﬁgi eZthle' éirllrlé? gse %rr &L?fﬁt%elﬂf" frg%gdlic 8omain Z-

X.Y,associ ating functional groups incorporated into the
cyclic oligopeptides, appropriate bifunctiona
reagents woul d be those which conprise a short chain

: : h r ¢ . _ -
o g SRR AP 8 T PSRBT DB B o
domalris$ihd an epiidyexy forneediffves theythiee yitopesiolpingdintho addoimeach domain

i odo, cyanQ, azqQ_and boronic acids, groups.
and preferably the oligopept?de comprises three assoc?atln% func%onal groups.

In a further aspect of the present invention the cyclic oligopeptide comprises two domains
and an epitope is formed from four epitope-forming amino acids in each domain. In one
embodiment of this aspect of the invention the cyclic oligopeptide has the following

structure:



In a particul ar aspect of the present invention

wherein the cyclic oligopeptide conprises two am no
w@eiod/oskonmi ns and two associ ating functional grPOIIESB2007/003592

each borne on an associ at i am no acid, and an

epitope is formed fromthree epitope-formng am no

acids in each domain, the cyclic oligopeptide may

have the following structure: Bz \ A X CY wherein A

B, C X, Y and Z repregent the epitope-form ng am no

acids; A and X repne§§nt no asids and B, C, Y

and Z represent L‘am no aci or A amdt X represent L
am no aci ds WO 2008/ 035093 PCT/ GB2007{003592 16 and
B, C, Y and Z reprkesent D aghno acids] one epitope is

formed fromthe d in C and
formed fromthe donmai -Y,; each E represents an
associating amno acid bearing dn associating

functional group. In one exanple of a cyclic

ol i gopeptide according to the present invention, the .
whergin ¥ B, &nd: Y- X KemebZAPereeesi e pitane- i WEINS o opRe epitope is

: e _ .

formq Yot B Borfifip £ B ftops S Forne oL % dogifls 2 BERW: and
each Bftpiescatsia askdchating@hlino ddidhear hydr ocar bon si de chain

as the associating functional group. Preferably the

Z-X-Y domain is RFS in which it is preferred that
In anPMERMLE BRTLBEInt it Of 1Ry aqebi GUhatihwRtion eid BRlit S)liggpdptide has the

configuration, arginine is of L configuration and each
followingistfuetueayi no acid is of L configuration. In a

preferred enbodi nent the Z-X-Y domain and/or the C-A-B

domain selected fromthe sequences above each form an

epi tope capabl e of suppressing TNF secretion.

Accordi ngly, these sequences nmay be useful in the

—BpéYepitope is

treatment of a diseas erein i s an exacerbati ng
factor for exaan%iJI a di se s sel ed from cancer
i sorders,paut oi murg di sease and

i nfl ammatory di segses. Theses sequences may be used to
treat an autoi murne di sease ®el ected ffom rheumat oi d
arthritis, Miltipl_SclerosiN and Agpdﬁn's di sease. In
t he above structure, h omai NC- A“B may be the sane
as or different fromtt donain X-Y.

obesity, cardiac j

wherein A, B, C, D, W, X, Y and Z represent the epitope-forming amino acids; one epitope is
formed from the domain D-C-A-B and one epitope is formed from the domain Z-X-Y-W;
each N represents the nitrogen of peptide linkages between B-Z and C-Y and each @

represents an associating functional group attached via the nitrogen.

In one example of a cyclic oligopeptide according to this aspect of the present invention, the
7-X-Y-W domain and/or the D-C-A-B domain may be selected from the amino acid
sequences YEKA, YEAK, YAKE, YAEK, YKAE, YKEA, EYKA, EYAK, EKAY, EKYA,
EAKY, EAYK, KAYE, KAEY, KYAE, KYEA, KEAY, KEYA, AKEY, AKYE, AYEK,
AYKE, AEYK or AEKY and each ¥ is a lipidic amino acid with a linear hydrocarbon side
chain associating functional group comprising a hydrocarbon chain between 8 and 20 carbons

in length. Preferably the Z-X-Y-W domain is YEKA and the D-C-A-B domain is EYAK. In



In a further aspect of the present invention the
cyclic oligopeptide conprises three am no acid
waeleovsiosand an epitope is formed fromthe thrR€r/GB2007/003592
epi tope-form ng am no acids, jn each donain and
preferably the oligopeptideléonprises three
associ ating functional groups. In a further aspect of
the present invention the cyclic oligopeptide
a prefeARR einbO8int o HEBI-WSW @onthi@ andpi the@B-C-4-B domeid seteotet from the
four epitope-form ng am no acids, in each domain. In, .
sequesifes  abRBOAFIFBNIORE f1hi ePipppeearaBle (e INIRLEAE; Brpteqigic activity.

| C I 89| i fal o t =3 P
Aceo il G SRR S (st g e Aenf MR MO activity i
an exabeebaing fActoBuckas Byrdipas¢ulay daeate Zircapatios disordeneand HIV.

epitope-form ng am no acids; one epitope is forned

fromthe domain D-C-A-B and one epitope is forned from

the domain Z-X-Y-W and each E represents an

associating amno acid. In an alternative enbodi nent
In ongfenttoidimens pd dhis afpachef theviavantion, theelogpin DcC-A-B is the same as the

ol i ide has the followi ng structure: A B N ZX
dmn%ﬂkﬁggéﬁ%therein A B C D W X Y and Z represent

the epitope-form ng am no acids; one epitope is

formed fromthe domain D-C-A-B and one epitope is
Compesitigid from t he domain Z- X- Y- each N represents the

W
i 0 i i : _ 7. V., . .

e L

the cpdlicadlippgdeptide dshiefined nlogerand lanplaneaextiogllyeacoéptable watipient and/or

o SECEL S ST AB L SERSEl P RS B e,
cycl@%@hﬂ BN oRE sSEAREHES: BileQats. hl@tl%”é)&g)ié}ﬁiiﬁa nSeHHeNGRRctant it is

YEAK, YAKE, YAEK, YKAE, YKEA, EYKA, EYAK, EKAY,
prefefakigpselected from acyl esters of polyethylene glycol or aliphatic ethers of polyethylene

glycol.

As discussed above, in one embodiment of the invention inter-cyclic associations may form
between separate cyclic oligopeptides where hydrophobic associating functional groups from
different cyclic oligopeptides associate with each other to produce dimers or oligomers
containing a multiplicity of repeated epitopes oriented in different directions. The extent of
inter-cyclic interactions can be modified by co-mixing with excipients which assist in

solubilisation of hydrophobic moieties in aqueous media.

Uses
In a further aspect, the present invention provides a cyclic oligopeptide as defined above or a

composition as defined above, for use as a medicament, a prophylactic or a diagnostic.

The present invention also provide the use of a cyclic oligopeptide as defined above or a
composition as defined above for the manufacture of a medicament for treating a disease
wherein TNF is an exacerbating factor. Preferably the disease is selected from obesity,

cardiac disorders, autoimmune disease and inflammatory diseases. More preferably the



EAKY, EAYK, KAYE, KAEY, KYAE, KYEA, KEAY, KEYA, AKEY,
AKYE, AYEK, AYKE, AEYK or AEKY and each Z is a
wO p@Ba3m9IRN Nno acid with a |inear hydrocarbon BCT6B2007/003592

chai n associ ating functional group conprising a
hydr ocar bon chain between 81dnd 20 carbons in |ength.
Preferably the Z-X-Y-Wdomain is YEKA and the DDC A-B
domain is EYAK. | n WD 2008/ 035093 PCT/ GB2007/ 003592

diseat8 isrhpiabield AthrRIFR WBRITE distSse - Phe oy¥Yidl 8B pBAYAOefined above
the D-C-A-B donmain selected fromthé sequences above
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not lianitedxacearatcangr f inedsotarwes; bkid SatidimoMapsibelid casiesease,
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this aspect of the invention, the domain DDCA-B is
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of polyethylene glycol. As discussed above, in one
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Each epitope in the cyclic oligopeptide may be the same or different.

By virtue of their ability to down-regulate TNF secretion, these oligopeptides may have
efficacy in treatment of such diseases as rheumatoid arthritis, Crohns disease, Multiple
Sclerosis obesity, cardiac disorders, autoimmune disease, and other ailments where
inflammatory process are involved. By virtue of their ability to down-regulate TNF
secretion, these oligopeptides may also have efficacy in treatment of cancer wherein TNF is
an exacerbating factor. The cancer may be benign or malignant. The cancer is preferably a
solid tumor. Such cancers include but are not limited to ovarian cancer, breast cancer, skin

cancers and epithelial cancers.

In one specific embodiment of this invention described above, the cyclic oligopeptide

comprises the amino acids A, K, E and Y as the epitope-forming amino acids in at least one



conposition as defined above, for use as a nedi canent,
a prophylactic or a diagnostic. The present invention
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wherein TNF is an exacerbating factor. Preferably the
di sease is selected fromobesity, cardiac disorders,
of theudophdiiel NThéebe SERSPerRitds havd BEBIRHRWA @ @igﬁﬁf?%ctlw B inhibition of
preferably the WD 2008/ 035093 PCT/ GB2007/ 003592
secrefioB it d NFs (oMb URROTIRESS ¢ hiT i Bro§iTod 1mecis oﬁ.th@ag@bodlment the
o B S o DAy B, 488 s an
the epitepecfommerg amyo bleldstaiemsajenta’r fromil YEK&nand EIY@JCaE}g&[ epifope in the
I|dturmr ch c |ncI e but are .
°Y°hﬁé)?lgPPf‘rR%f%dn%Yo OV Pamme 8%.Hgérentbr awce oggrage (Glatiramer
aceta@@n@efaﬁd&ﬂdcoﬁﬁlyﬂb@do%ﬂprféﬁ@c%ﬁm 44185 er eiéeEt aﬂdquerﬁh' £éhtment of

al’'so provides Use of & cycClic ol igopeptide as
multiplrosederosis.ais consigersi tip de mfeded by élje abdme of diris tchmpound to down-

n C of. a .nedi n i sea
o TP 8 n IEC, TS b M SR hSE8RS, . Mein &
Hohllfefhd:RL&lFﬁﬁnﬁ? ar d\lfmpﬁq'ldlef’dszsd lg&ﬁii&ﬂei ac@b‘d’t@ WrBilsORonocyte reactivity in
sorders_and one specific enbodi nent of the

vitro |aﬁ<i énvivent raélaéw HB}%OrS (2R04pné&n E%lregérdothe g@ﬂmlm@epude cyclo(-
A-K SOV Ksﬁ% EDY ¥ %%%df 7 é&ﬁﬂ) Vﬁ?@ ‘ﬂﬁ’l Ql% &R &Rﬁﬁ 'in %%Rgner}t Sf-multiple '

EYKA, were Shown ih exa
sclergsgs, i smhuebltt cdlﬂ[pmﬂbltlne pant eahiyid | avidsCid i ﬁw-ranﬂamomﬁguranon and

. f th ti des bed ab
aisplERGhE Ry STGH Pl AN 3 B Seeie OB TRavaRSEagangments of
A, KSE hd§; 1nRJ§'€IW bREARbiEes %@Qorafn%%‘ Repr@Sent Hiention  may Ia%lso be used to

epi tope-formng anmino acids in at” | east one
treat lnSclemysse ol i gopepti des have been shown to
di splay activity in inhibition of secretion of TNF
from macrophages. In a preferred aspect of this

An a&tf‘dﬁmye nefrthe iMenedss oC that kiéhd sieeificopialingrifteRRtidhecan be achieved
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In accordance with this aspect of the invention, not only can the cyclic oligopeptide of the

present invention be formulated to interact with a ligand i vitro but also the composition can

be used in vivo.

The cyclic oligopeptide or composition according to the present invention may be
administered via any route appropriate to the disease in question, including, but not limited
to, oral, nasal, rectal, buccal, sub lingual, pulmonary, vaginal, topical, ocular, otic, sub-
cutaneous, intra-dermal, intra-articular, intra-thecal, intra-muscular, intra-cerebral, intra-

cranial and intravenous routes of administration.



Scl erosis obesity, cardiac di sorders, autoimmune

di sease, and other ailnents where inflanmtory
‘Weeoseswoare involved. By virtue of their abi|PCYGBR007/003592

down-regul ate TNF secreti 02% t hese ol i gopepti des may

al so have efficacy in treatfient of cancer wherein TNF

is an exacerbating factor. The cancer nay be benign

or malignant. The cancer is preferably a solid tunor.
The ¢yl oﬁ@ifgm’l@esirﬂw bﬁminhnistemfchnlfmb akjiieduk edlution,aw dm cagunction with

cancer reast cancer, skin,_, s and enpithelial
phargagsutical | eXcipighis Wpdks fORDEREER forite deet smYFﬁ&Qﬂtl orpe cyclic
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007/Q03592 20 o t he o
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into fabletst pograrudg @jupﬁglleg;r dn|thig p@ﬁeeﬂ]grﬁaﬁ%ﬂ%e’pa@getwqmllgfgnay be enteric
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The efflcac% paxope (d atiraner acetate), a

the Oiflémﬁﬂ%’élﬁﬁ ?F%?Ilecf%P @ 3#E%ri no acids A, K, E and Y,
intreatment of multiple sclerosis, is considered to
be reflected by the ability of this conpound to down-

Methodgul ate TNF secretion in vitro. (Ref: Whber M5,

Starck M enpfeil S, Meinl E.. Hoh|f
I achigr et S Broests Hvghien Pigesadopsiat; fn, pioALBE @ cyeti
ohgoﬁﬁ@fit%}’ats%eﬂﬁépﬂjo‘ﬁétc)()nipﬂsm\g*tro and in vivo. Brain 127
370 (2004)). In'this regard, the cyclic
oI 1)gopefp¢ﬂqctieg ﬂsﬁcquepe -forping ammoRCISE. E-Y) tested in
exa :
FospSatiing, o il Sigiptbe fed DEMAT the Wi Il amino
ac1dsa non random confi guration and di spl ays the sane
effect on TNF secretion by nacrophages. O her
sequences arrangnments of A K, E and Y in cyclic
Metl'R)ldE %9%?{85\519 gﬁr ?&e‘?ﬁfﬂh %ﬁ/ﬁcf’gctshelrpfrgﬁﬁ%al' dbﬁ?&ﬁdt&nalr@ﬁémlstry, the
e used t trea I ple Sclerosis.
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ndj be achi eved .wit
carif) PYoPRATRASDF P T COL AT O BRI oA rL G such o
amin® YR @itRtenPloflcPdicad one having to be tested for efficacy. This process is

time-consuming, expensive and is limited by the nature of the chemistry which can be carried

out in linking the different components together.

As discussed above, the epitope-forming amino acids may be selected by a variety of

different methods known to the person skilled in the art.

WO 01/01140 provides a method for determining molecules which form an epitope capable
of interacting with a desired ligand which uses a non-covalent assembly of a plurality of
distinct conjugates. As described on pages 2 to 5 of WO 01/01140, each conjugate comprises
a head group and a tail group, wherein the tail groups of the conjugates form a hydrophobic



receptors. The cyclic oligopeptide may be relatively
smal |, preferably conprising no nore than 6 or 8
w@pioso3ses ds. Accordingly, the cyclic ol i gopepe@T6B2007/003592

according to the present ia§ention can be nade far

| ess i ”Mmunogeni c than their protein counterparts. In

accordance with this aspect of the invention, not only

can the cyclic oligopeptide of the present invention
aggré¢gatibn and thetcodjugetes hoer faesdomi effmatidn wethdespectto each dthér within the

0 the copgposition ca e ed. in vivo, The cyclic
ssserfp 3 Atk R GrescRifet EBH. BLEGT ARG Bl P Eschtich are the
same SHVETereR) afPYppaGHriabdiphiiSéRIIas fornfa BitdpR tétaﬁam@ of interacting with

appropriate to the di sease in question, "i ncluding, but
the ligend| meder gepnglso thagr each elabead goups dndivigdueldsal , Theubead groups are
i Y opo S Yo, RO i BB BELLE o composcd o
hydrodatlcar thedesalhaldphilica-consaidtedr of flodrocarbed eh4ias,, od silahd-based. By

crani al nd i ntravenous routes of adm nistration. WO
consmlgllg(p@gg@gte;b@ﬁh&é e%ll;gr@%u a. tai] gIguw, glvchailcgroups can associate to

i ; : | i SLELEH ol e
oo SR SSRGS o Sl mch s
micels,ci pinehlas struvturhea tpogoosi ¢ri @herdipid lsgu@nes éntvhich the conjugate are

USRS o PASRERH S5 o AEP e
phas®l BBGHuB 858 coRjugS¥s SleGhSRILY Within e MsBALW SR 1R8h %Vft@]%rs_] are able to

their activL&y as medi ci nal therapeutic agents. .
adophdrvmbst of cliffprgnic pesitions wishinetbe asgprlnl The heagt goups, twhich are

il BRSSP PRTY  f RR Schumsiny,

uirds an
interwapsofeesivedriodadire bilsgicslrionsgaetes iwhich thabeRT SrouM on their own
extruded in pellets. In this case, the capsules,
are nptg3pahls obelighdng et s may be enteric coated, if the
final route of adm nistration is to be oral. For
topi cal application, formulation as a gel, a paste or
In a mafegietl eimdogiarent ofithamirgsestunteadiior, thaimdtleod disclpaedim YaOy01/01140 is

I i nistratio t. l i ti be i
used B 488 P, BBt o G no A atPorfin L5t P RGP AEPE
the present invention provides a nethod for producing

a cyclic oligopeptide as defined above, conprisi ng: .
() i )sekesting e pei@l coriugsies, oprd-doniughisFomprising adiedd group and a tail group,

with an array of head groups, wherein each head group-comprises-an-amino-acid;-

(b) forming a non-covalent association therefrom, in which the tail groups aggregate

hydrophobically and in which the conjugates are movable;

(c) assaying for sufficient interaction between the noncovalent association and the target

ligand;

(d) optionally repeating steps (a) to (c) using a set of conjugates with a modified array of

head groups; and



ii1) producing a cyclic oligopeptide incorporating the
epitope-formng amno acids. Methods are known for
w0 d@sn3Foy3 ng epitopes. In traditional conbi natPCT/&B2007/003592

chem stry, the identificat'gn of the nost favourable
sequence for binding to a s% cific receptor nust be
carried out by synthesis of hundreds of possible
conmbi nations of different groups such as am no acids,

(e) i mudfihfiep esufficderd en‘&racﬁan‘hncst@ ey selegting tHeearh ot £dds 6f the head
ef f.i.cac Thi s S IS I me-consum ng, expensive

grouEs, o Thecsef pacigelsy of fhe CHADRA-oTBHnS HEIME HEKS §t ¥igb (B ch
can be carried out in linking the different
conmponent s together As di scussed above, the

Examgpjsist efpassdysr for i gufﬁmenbm@actmnﬁayaybm@wieebmémgmssas such as those

A od known t

T RSN ——

Otheld ahfaibm M RgraTekRes iedudd infddifiQith T SRbkaRAcE @paaabﬁomnemauy-
interacting wth a desired |ligand which uses a

Sensﬂh\é% TRCSERRSTPOURS s ARpegcedt RIORRSurmapdipijation ragicensycqnhancement or

1nh1b1‘81%?10&1fg%’ e ad?ﬁivfgg %j%l’.l 'g Z}esea}g grn‘gﬁﬁg Z)gzthg %ﬁﬁgfo E)f %tenals alter the

behavi@irlof gelduguiturdaer eirro thg atsaibe agpropristepfuch e assays f@gaéle &eath cell
PCT/ GB2007/ 003592

for. dr.ophobi ¢ WO 2008/.03509
thff%r?“% é@flﬁdﬂﬁgﬂ’d’nﬁ étl%ﬁﬁtleﬁ 8? 6§ o578l qonkast gefTeffon of cytokines
or ot do‘lﬂ'blé’\" Hliu(zfés BfithesiO 0P LIRS tﬂ?RN’At ﬁhﬁc%lfﬁ?ar @éﬁﬁﬁplt}’ansport
so that, |n he presence of a Iigand, at |east two of
alteratibre of eell Slgn@ihpg pftasksseh eter elnt hiw assayseinowhole fahenas oy hamens may
positioned to f.orm pe, capabl e o
aiso PERGPR RAE' Vil RoinAlE Foeghitaifhr” BeiGisTy i afc cuBiolecular
assentbﬁleﬂ eollo@éd Upin\&e@ﬂ%aﬁoﬁl@ itsYsubddtRicHe igtrIiALP ey &lmlmstratlon by
typically hydrophilic and the tail groups typically
varioyyrgit§hhobi ¢, eg |i pophilic, conposed of hydrocarbon
chai ns, halophilic, constructed of fluorocarbon
chains, or silane based. By constructing conjugates

Accord&irt@toathlme&dﬂg)dw por&bﬁhamnal approgthoispysedl ie wideh agﬁ@gﬁ@f ﬁlfferent
assocCi at form drophobl c aggr egati on iC
supra I%qu%lcm Ao 5K oo ) als S y Sashc Poptpinng a  different

combfﬁbﬁ@ﬂ bﬁoorﬂléa&@?éﬂ:&éd %ﬁlua?f)ﬂérszn h@sﬂsé%ﬂ”@eﬁ:ﬁu&{ Bthe ¢ appropriate

l'ipid structure, conjugate are oril ent
conjugdies why be haseti mdmgmmmspeam@ ctfrtheu gingetﬂlg'amd ot map Slmply involve the

roximiy when ous
use off Ry itl R Bo R B NS e BRI Sz DR et agore of the
head gfoRpPsvidr ﬁmﬁbziuﬁ epiope for the ligand. In this way, following the assay for

sufficient interaction between the probe and the ligand as described above, the combination
of conjugates found to be most effective may be modified by adding further head groups,
removing some head groups, or both, and assaying the resultant probes once again for
sufficient interaction. Eventually, the most favourable combination of head groups may be

identified and selected for use as the epitope-forming amino acids.



adopt a nunber of different positions within the
assenbly. The head groups, which are typically

woeosioskent i cal , are ther efore free to nove w tEPCTIGBR@®7/003592

assenbly and, surprisingly, i nteract cooperatively
to i nduce bi ol ogi cal conseqaénces whi ch the head
groups on their own are not capable of eliciting. In
a preferred enbodi nent of the present invention, the

EXAmIER! di scl osed in WO 01/01140 is wused to select the

epi tope-form ng amnQ acids, wherein this nethod

Exar ,-Mg@@msggqsesrgﬁ cxelig ﬂ@g@eg@{e B SupEReSSyS B seglerion stimulated
by lq\%{\{?ﬂﬁﬂ%ﬁ:‘ﬁg WJ{)%L 2 WnferPf. eQ"e[l V\ﬁleand a tail group,

an array o ead gr rein each head group
conpri ses an am no aci d, (b) forn1ng a non-coval ent
in which the tail groups

ag%?cg@@‘{l Eﬁ?reﬁ%@?ec%ﬁ“ﬁ}“%nd in which the conjugates

ar gydpuBPley-K-OF-95sRY ng for sufficient interaction
betmeen t he noncoval ent association and the target

| IYj&fhcﬁyn'(}léglsﬁﬁpﬂlﬁmgaﬁﬂa?dﬁf@p@&thoﬁg asedhsox ghe tMe{r@ﬁeld resin-based

ey RN a AR bR Y084 M B Rb BBl vpg propared

( ee)s odvlitiondh distiled fakt ey cinstgtrahicdNmgmbt ep (c)
sel ecting the am no acids of the head groups of the
set of conjugates as the epitope-form ng am no acids

| R Sk 6Rg é‘%preﬁﬁ@ﬂ@ le gﬁ tfo‘gxﬁﬁ%l YainihQheids Hhd E‘fﬂﬁ'&tents the associating

interaction” may in ng assays such as those
ut funetsimd gtdup UeineSn firei assoqidtingf ammind etelcwhaninghe associating amino

aSSO i ation between antibody. and, anti

SR T ARDF PG oS RRTN e SEERBter g PG sroup is a side
fl é}ﬁhﬁ%@ﬁﬁ@ @orﬁfs‘uﬁé%f 5 SRTBR Aiphic GRARSEOnklBing ten carbon atoms.
menbr ane- bound flUorescent probes, precipitation

reactl ons enhancerrent or inhibition of enzyne

aCA a(il% %A? Sﬁg %EO%HXJDE 3V 81%10393% oqgérM% of

rour of S cultured in
V|tro nay al so be appropriate, such as assays for cel
death, cell _ pragliferatiaon, apopt05|s i nhibition or
stAH@HHW?@Hd%ﬁe@@kq oRepaire berdst act, secretion of
cyt oki nes or other soluble products synt hesi s of
specific mRNA, intracellular vesicular transport,
aI Y784 ALT ceilsab eerdphapg el line)gwpreodetsd est &t all thenwellyof a 24-well

S Skt & S T3S of ST c Bt el (15T RPMT T640 “Gulture

medium per well), and incubated overnight at 37 °C in 5% COy/air.

The following day, the solution from step 1 was administered to fifteen wells
containing cells in step 2, to give three wells each with a final concentration of 50, 25,
12.5, 6.25 or 3.125 ug/ml. The remaining wells were left untreated. The plate was
incubated for a further four hours at 37 degC.

Lipopolysaccharide (from E. coli strain 0111 B4) was added to the wells receiving the
octapeptide solution, as well as three of the wells receiving no peptide. The final

concentration of lipopolysaccharide was 0.625ug/ml.



al so be carried out, for exanple incorporation of
radi ol abel into the supranol ecul ar assenblies,
w0 odoBOS#eAB by | nvestigation of its subsequent PCT/GB2007/003592

di stribution after adninis%gation by various routes.
According to this nmethod a Conbi natorial approach is
used in which a range of different supra-nolecul ar
assenblies (or "probes") is prepared, each containing

5. aTHé fpie¢ ends incabuddn avérnightyf andothe ufpllbwings dise thee surferrptangs were
pre-synt hesi sed bank. Se]ﬁﬁthﬁgﬁ%f t he appropriate
comprgdoe ENFayIngE OFERTC "oroperties of the
target ligand or nmay sinply involve the use of a very
wi de range of head groups to increase the probabili%¥ )
t Ratultswhtaimedsrtoavnoin thégableheelel gieisteaie (that thy aptixHy of the cyclic

epj.tope.for the I|i Ln this; )
Blegpepine Istppeur Bl T starich fisfied bPLSA Bbckifted
and the ligand as described above, the conbination of
conjugates found to he npst ' —modifi ed
b oackutrator of t hefNIh eentenirdings(pe/miy nﬂ?}@ds%ﬁg“ﬁ@ad

gr,o ) ot h, and assaying the resultant probes
oﬁﬁé&%g(gg#lyor sufficient interaction. Eventually,
the nost favourable conbinati on of head groups may be
identified and selected for use as the e %éo_ e-form ng
ami no adi ds. WO 2008/ 03E85% PCT/ CB2007/ 0BEES 24
EXAMPLE ngxaan e 1- dosgof spponse of cychrrsgs

ol i gopeptide in suppressing TNF secretion stinulated
by I'i pemsl ysaccharide (84620in a macr ophdged4cel | |i ne.
1. A cyclic octapeptid i the structurg

cycl o(ﬁ%ﬁ S-E-R-DF- S E‘ipé’(\gg{]was synt hesi s@dmusi ng

st andang gret hods based g tshe Merrifiel d 14esi n- based
techni que, followed by sol uti on-phase cyclisation. The
purifi &8.0pepti de was pr@datled as a sol uthodt in
tstiHed—water—at—a—concentrattom of —Inmg/m—. R F and
S represent the epitope-form ng am no acids and Z
represents the associating functional group borne on
the associating anm no acid wherein the assqci

tin ,
Exangile Be theeffectiof c,mﬁi_c pligpm;éia!wﬁ@ gm&(%spgag&g ﬁu%ﬁgnqlrgé'o ups in
SUppressing LRt D NSl RRka 8 OhReratoRinS PETB) fragment in a macrophage

cell line.

1. Cyclic oligopeptides were prepared with the following structures:

cyclo(-DF-R-Z1p-S-DF-R-X1¢-S-)
cyclo(-DF-S-Z1p-R-DF-8-Z19-R-)
cyclo(-DF-R-%4-S-DF-R-%4-S-)
cyclo(-DF-S-24-R-DF-8-24-R~)

wherein S, F and R represent the epitope-forming amino acids, X represents the
associating functional group borne on the associating amino acid, wherein Xo represents a
racemic associating amino acid which is an aminocarboxylic acid and the associating

functional group is a side-chain residue consisting of an unbranched —CioHy; and 34



chai n residue consisting of a straight aliphatic chain

containing ten carbon atons. Al amno acids are in
wao b@sk3Foes m unl ess i ndi cated otherwi se. Al aP@TGB2007/003592

acids are linked by peptidedonds. 2. J774A. 1 cells

(a macrophage cell line) were plated out in all the

wells of a 24-well cluster pl ates at a seedi ng

density of 5"x 105cells/m/well"" (Im"'" RPMI' 1640
deC@tﬂSth]@ucmédWhW}@eﬁhe\ﬁéi*qc}atmgr@n?tmb&’to@ﬂ ig\fas pidgphaig; of four
cmﬁ C in 5% COz/air. 3. The follow ng day, the sol ution

Pom step 1 was admnistered to fifteen wells
contalnlng cells in step 2, to glve three wells each
a final ancentratlon of ?

Thege gaele gFigppertifies WERRPRATY! efq iqpi i BT} i cRpgipration of
Smg;ﬂd ﬂleﬁtdﬁu’t’t\ﬁsto a cBﬁééQﬁ‘Ei%}l J)folrmag?mfl W bi@tioh BEAisTIM Watdd.

LI popol ysacchari fromE. coli strain
0111134) mas added to the wells rece|V|ng t he

0 e e,sol uti as well as es,

LR P b5 6 Battbp ke 3 MR huef® plafiaS b a1Be Wk B 2 24-vel
| bﬁ@ﬂ@phjmcwmdedﬁl oV\@sisiy 625@@/1 U%eﬂé/@l/aféﬂ&nﬁﬁacMI 1640 culture
PCT/ GB2007/ 003592 25 5. The te was_incubated

owsdhing her, w@ﬁdanm@cuhatqd&meﬁggfa@w He 1593y Pttt s wer e
assayed for TNF using a comrercial ELISA kit. Results

obt ai ned, shown in the table below, denonstrate that

t e aeliowingydaf, thdigomyiohs ¢rono Isiegobeqaird: addmiimistered to twelve wells

suppressi ng TNF secretjon stimil ated by LPS is dose
r EPIHRIBHE © ﬁ]ééﬁp 2ai9 giye dhreg e @gm & J.Qﬂl1 CE”Eﬁf ﬁ:p‘smn of 12.5

Shggﬁg Siﬁu %1?%941‘& f@tﬁtﬂﬂ:’aﬁh) The %ﬁ@@wgsgm@@&t&ﬁfor 2 further
4 53 1 7 83 6.25 1346.20 45.84 12.5 1037. '

9030Lﬁ7hou®516762gc75 14.53 50.0 613.70 15.46

Cholera toxin B (CTB) fragment was added to the wells receiving the octapeptide
solutions, as well as three of the wells receiving no peptide. The concentration of

cholera toxin B fragment was 10ug/ml.

The plate was incubated overnight, and the following day the supernatants were

assayed for TNF using a commercial ELISA kit.

Results obtained, shown in the table below, demonstrate that the presence of long-chain
hydrocarbon side-chains consisting of an unbranched —CoH,; as the associating functional
group gives rise to activity of the cyclic oligopeptides in suppressing TNF secretion
stimulated by cholera toxin B fragment. Cyclic oligopeptides where the associating
functional group has a chain length of only four carbons do not possess any inhibitory

activity.



Exanple 2 - the effect of cyclic oligopeptides with

varyi ng associ ating functional groups in suppressing
waesssmeet i on stinul ated by chol era toxin B (BIBEB2007/003592

fragment in a macrophage CS{ZI: line. 1. Cyclic

ol i gopepti des were prepared“with the foll ow ng

structures: cyclo(-DF-R-EIOS-DF-REl0o-S) cyclo

(-DF-S -E 10-R-DF-S -E 10-R)

Peptidzycl o( - DF- R- E4- S- DF- R- E4- S-) Concentration of Standard
cyclo(-DF-S-E4-R-DF-S-E4-R-) wherein S, F and R | |
represent the epitope-forning an AdTatngdsl) £ deviation

represents the associ ating functiomat —group borne on
t he associating am no acid, wherein E10 represents a

Mediumacemial associ ati ng am no acid whichgf$ an 6.7
) arboxyl.i ci and t he associatin functi onal
CYﬁ%ﬁg- '%“ﬁgéﬁdg-’gmgﬁﬂ(ggﬁ due consi st8®y of an 179
cydopprehedr- 631 _and. 4rgNO 2008/ 038993 3,
YP@?GBZIC%{%/ 003592 10 22di ndi cat es norl euci ne, wher e1| n6

cyd¢(eDEdb8aiSalPF Ry F4utfot GBI group is Gd4et si de chaisy.bf

erelof K8 R kA SPACINCT tr anscut o) e concent 4] on

CTB £éne Sng/ M, then diluted to a concerdgpag i on of | gyl g

by addition of distilled water. 2. J774A 1 cells (a
macr ophage cell line) were plated out in all the wells

24 uster..pl at at..a seeding density of 3 ,
Exanffle 3 319 U I b Y BT PR o acics
and wetotherfiol corfihahRshsoyRiv @bcialing tnkinb uchiko %O08updréssing TNF
3. The follow.ng day, the solutions fromstep 1 were

secregeppstinulatedly Eropolisicsliatide (IPS) dw armaaivopipgesell §nen st ep
2, to give three wells each with a final concentration
of 12.5 wug/m. The remaining wells were |eft
1. unityclapedpepfites pleat mepaed with tifzafoldwingrstracfurast her  f our
hours at 37 degC. 4. Cholera toxin B (CIB) fragnent
was added to the wells receiving the octapeptide

cyg@t_m];i_g.lzﬁ,Rm_gﬁjLLR_?s three of the wells receiving no
pepti de. The concenfration of

cyclo(-DF-S8-%; -R-DF-S-Zp-R-)

cyclo(-DF-S-2p-R-DF-S-Zp-R~)

cyclo(-DF-R-%; -S-DF-R-Z; -S-)

cyclo(-DF-R-Z; -S-DF-R-Zp-S-)

cyclo(-DF-R-Zp-S-DF-R-Zp-S-)

wherein F, S and R are the epitope-forming amino acids, ¥, represents an associating
amino acid which is an L-alpha aminocarboxylic acid in which the associating functional
group is a side-chain residue consisting of an unbranched —CjoH,;; Xp represents an
associating amino acid which is a D-alpha aminocarboxylic acid in which the associating
functional group is a side-chain residue consisting an unbranched ~CjoHz;. These cyclic

oligopeptides were prepared as solutions in distilled water at a concentration of 1mg/ml.



cholera toxin B fragment was 10ug/m . 5. The plate was

i ncubat ed overnight, and the foll ow ng day the
waoapensmtant s were assayed for TNF using a coPEEGBR@I7/003592

ELI SA kit. Results obtaine shown in the table bel ow,

denonstrate that the presence of |ong-chain

hydr ocar bon si de-chai ns consi sting of an unbranched

-Cl0H21 as the associating functional group gives

r U'sBt-1 &eﬁs:(d wiatypphéget dudl ﬁl}ﬂ)|W&‘Ie qllatgdbpepin aléshd wells of a 24-well

suppressi ng TNF ecr ol '

o ORRiE B et Mo et b bt cana e R S, ¥ cutture
f Hﬂz‘&lﬂnﬁ’ﬁ@tj W&D%H?l 1H'é«§3a@ed°<ﬁ@frﬂgﬂt%ﬂm PC of 5t @,/hieur
carbons do not possess any inhibitory activity. WD

2008/ 035093 PCT/ GB2007/ 003592 27 Peptide _ _

CHTFTRA I b AT P UL L i v
El@ntﬁn)ng"ceﬁﬂ Bn 269 B, th7gite tlﬁ@ﬁ:bv@ﬂs BchSwitk hOff] lBEn&ntratmn of 50
E10- R-) CIB 85.7 13.6 | o( - DF- R- E4- S- DF-

- ggfmly Toveerpaining wellsfwery éqfél(nﬁrsﬁteé Tg plage ps @Cu@&ed fier g further

CTB al one 690.8 58.6 Exanple 3 - the
eff&%to%gaté;c%c ol i gopeptides with varying

epi tope-form ng am no acids and stereochem cal

g:l:&ﬂnf ipg g?cﬁ% A fo§t% %@S %r%%lgﬁ H}E&‘Q{a‘g%fn & .{odt%e iwrc]alls receiving the
| LpapQiiie asitinks d8s (Wéths ithred SREHORBAISed®lihg IdoNBeptie. The
CyclTc octapepti des were prepared with the fo%l oW ng

stonrehiratig: of lwpDI(YSf(CCEFIdS VRIS- IR RAE- EL- R-)

?&%ﬁ-é@tﬁd’yﬁ et Oé?ﬂgu%hé’y%;lfdo%g@ﬁ_“ﬁl_g day fhe supgmaants were

assayed for TNF using a commercial ELISA kit.

Results obtained, shown in the table below, demonstrate that cyclic oligopeptides
containing amino acids in the order R-DF-S have high activity in suppressing TNF
secretion stimulated by LPS , and that the presence of at least one associating amino acid
which is L-alpha aminocarboxylic acid with an associating functional group which is a
side-chain residue consisting of an unbranched —CyoHy; is required, the other associating

amino acid being the same aminocarboxylic acid in either the L or D form.

Peptide Concentration of Standard
TNF (pg/ml) deviation
LPS alone , 1861.9 108.7
cyclo(-DF-S-%; -R-DF-S-% -R-) + LPS 865.4 68.1
cyclo(-DF-S-Z; -R-DF-S-%p-R-) + LPS 987.1 16.1
cyclo(-DF-S-Zp-R-DF-S-Zp-R-) + LPS 1438.0 32.6
cyclo(-DF-R-%; -S-DF-R-% -S-) + LPS 1990.4 n/a
cyclo(-DF-R-Z; -S-DF-R-%p-S-) + LPS 1625.2 59.6

cyclo(-DF-R-Zp-S-DF-R-Zp-S-) + LPS 1573.3 45.0




cyclo(-DF-R-EL-S-DF-R-ED-S -)' cyclo
(-DF-R-ED-S-DF-R-ED-S-) wherein F, S and R are the
we@piosop®93 or m ng ami no aci ds, EL represents anPCT/GB2007/003592
associating amno acid mhigﬁ is an L-al pha
am nocar boxylic acid in whi t he associ ating
functional group is a side-chain residue consisting
of an unbranched - Cl10H21; ED represents an
associ ating amno acid which is a D al pha
' lic acid . in which the associati

Bindipg gl €7 ﬂ%xt g0 Hhs eyl eligrpeptidgsipt s Etebhps rpdpicgithe level
of inteREHSMCRLHeen @O E?élr ﬂab@éﬁad*&gﬁq ffeergﬁ’ﬂ dl?g%?&ﬁ{deg “hd WrlsSrevent the

prepared as solutions in
form@m&fdamtaggwgdﬁs ]_\Mlgp'smactlm 209 Be08&Hae3 compared with monomers or

PCT/.(3B2007/.003592 2, J774- 1 ells macr ophage
oligo g bR Mo ISP CHRIop oS Arasaies o
24-well cluster plates at a seeding density of 3 X

105cel s/ mM/well (1M RPM 1640 culture nedium per
Exanw #)- doseteletad effect ofian vletﬂmlljbftcoastr@ﬂed?c,}whc vlig@paytideformulated

/ t he tions f.rom
it e B B BB il 5 AR R T e S5 e eptpe
Sormigge pardinot Oadilsv E‘thliF-sF_‘ VRl lsappsdingd tANB fseb@lion stimulated by
onc?ntratlon of 50 wug/mn The remai ni ng wel l's were

lipopelgsceheride £LPY)in ﬂh@aswﬁegwgﬂ ilfreupearcd wide rangaiof tepelodextrin
concdi@ifioR@urs at 37 degC. 4. Lipopolysaccharide (fromE

coli strain 0111 B4) was added to the wells receiving

the octapeptide solutions, as well as three of the

1. Vﬁ%gﬁe§§l v ngglvgﬂl tﬁgg‘ctrﬁcdr%&éf%ﬁ(-mg %ﬂ g%l gﬁ%—%ﬁ%) gvfgg prepared as a

| B6lubah attrasetdl ARtconadratifieof Hhbe RfedaYre %fé@ents the associating
supernatants were assayed for TNF USing onTer ci al

ERMGr i€ as madalpha r@mnaparb@xyhgrmwmamdnﬂxemsqcmmg fga¢tmzval group

g?ﬁgﬁ%%ar{:l %ga S%ér%?a{uﬁléyorlger gg%mhrleﬂ 8‘?95%)%1%% of ¢ straight

s alipitatis Shaig chﬁiEini@etene&ﬂboma@msnul ated by LPS , and
that the presence of at |east one associating am no

2. aSiﬂsep‘dﬁ't&Eh(# tslofed 0DRRoAHe RORAOLR G ¥ebCl @f@l‘edtréﬂsfe?re@% fresh 8ml
associ ating unctlonal group which is a i de-chain

r sigisoand mingd ivath g oortexing wtha¥ b af a snl@trm of Bydroxy-propyl beta
" EMb Ak Hin b HeBRtaRRSRE LI DY, 6.25, 3.125 or 1.5625me/m] in distilled

water

2. J774A.1 cells (a macrophage cell line) were plated out in all the wells of a 24-well
cluster plates at a seeding density of 5 x 10°cells/ml/well (Iml RPMI 1640 culture

medium per well), and incubated overnight at 37 °C in 5% CO,/air.

3. The following day, each of the solutions from step 1 were administered in appropriate
volumes to wells containing cells in step 2, to give three wells each with a final
concentration of 8, 4, or 2 ug/ml. The remaining wells were left untreated. The plate

was incubated for a further four hours at 37 degC.



am no acid being the sane am nocarboxylic acid in
either the L or D form Peptide Concentration of

wE@sazsed TNF (pg/ m ) deviation LPS al one 18Bd1/6B2007/003592
108.7 cycl o(-DF-S-EL-R-DF- SsFL-R-) + LPS 865.4 68.1
cycl o(-DF-S-EL-R DF-S-ED-R-§7+ LPS 987.1 16. 1
cyclo(-DF-S-ED-R-DF-S-ED-R-) + LPS 1438.0 32.6
cyclo(-DF-R-EL-S-DF-R-EL-S-) + LPS 1990.4 n/a
cYdbatolPhaedrakitle Grddh-FRe@Dstiai) 0111 B%) WB25ddRd 3O wells receiving the
cycl oél;3 -R.ED-S-DF-R-ED-S-) + LPS 1573.3 45.0 WO
25EP lgion @R BaLoel thegwellsercpiyingrno peptide. The final
CYeohog@stibh Bl AW 'gﬂgﬁﬁides of this
i nventi oﬁ%glﬂpl)%@togﬁ?cggﬁ%%é ‘tgﬁsgé'fsev f'of i nteractions
bet ween t he hydrophobic parts of different

ol-l,aopept i des nd .t hus .prevent, t formati on of
P HRORER WS SaclRieg Vil A0 0 iSloBE B8 Fubermatants were
C eRRgES br\WNINugBN 0 0BhMeftial FISAQFEr S because of steric

hi ndrance of epitopes in these | arge aggregates.
Exanple 4 - dose related effect of an internally

i i i tide f | at ,th . .
"SRR DBREY i o) 0 BAP A L SHTIRIE vy of
e pctappreiiefin sugmessingMNThe: cespioh @figruldial 5 DBS &k B6sca6liathd.

HA—supbressing-ITNE secretion stimilated bv

i F@B&%@E‘Eéfrd\é (BP%? Ofn_ a macr ophdge cel | Standardy er
a Vpegds g{gg;glgof C@fél&ﬁﬁﬁ% o CQ@{@EQ@?&{ ons. 4diathdn

cyclic o ptide wt e stru
cycl o( - DF- S- E- R- DiptiSe by Reejghtas pr ¢aamdd as a sol ution
. I . ﬁ o I

I 7
represents the associating amno acid as an L-al pha
am nocampboxylic acid and the asso%%gng functi&nf\l
group borne on the associating amno acid as a ~

si de-chdin residue cofisting of as4sdzai ght algqhatic
chain cgnt aining ten g(ﬁr bon atons. 2. Six separate

al i quot § of 200ul of the solution2f3tep 1 wer¥-4

transfepred to fresh 8l 2978.3 89.4
2 5 2177.2 110.9
2 2.5 2314.2 101.8
2 1.25 2161.8 94.7
4 400 - 1646.5 98.4
4 20 1488.1 16.6
4 10 1474.8 80.6
4 5 1477.5 33.2
4 2.5 1538.7 80.4
4 1.25 1599.9 106.4
8 40 1276.9 106.5
8 20 1298.4 17.3
8 10 1218.7 20.6
8 5 1140.6 34.5
8 2.5 1105.7 35.9
8 1.25 1130.9 71.8



vials and m xed with slow vortexing wth 800ul of a
sol ution of hydroxy-propyl beta cyclodextrin at a
w@orwsesiopat i on 50, 25, 12.5, 6.25, 3.125 or 1.PpGREBYOM003592

in distilled water 2. J77 A1 cells (a macrophage

cell line) were plated out in all the wells of a

24-well cluster plates at a seeding density of 5 x
105cells/m/well (1m RPM 1640 culture rmedium per

wel l), and incubated overnight at 37 Cin 5% C02/air.

3. .The fol]| ow a ach of the solutions fr step .
The rysuls, raiiiF sPat Sr PR aB PR AEEDSRTu D PSR IE! sives o
signifie@ntiAkiBHIBE of ENFSsebiRtish 8OwR to 4 Gorbeii@atidd FQuphllis tRAGHue culture
with a final concentration of 8, 4, or 2 ug/m. The

well, anshihiah gy inhébitien jeprchiqvst tovan & reide sangeTolecysiaestringgpgicentrations
..l ncubat. f rther four hours at 37 degC. WO
ranglnfgﬁ%?%@'ggfgs‘%@@%@ﬁ%?/ 003592 30 4.
Li popol ysaccharide (fromE. coli strain 0111 B4) was
added to the wells receiving the octapeptide
solution, as well as three of the wells receiving no
| de e dngr bl ' ' ‘ ted with
Exanfls CRed 6 b leru S8 SORAGIGE T Ue olgo, pepride formulated with
hydroxyprapydt baa-oyaodixglin,, aaddcanvening epitapey faymedgfrom the epitope-

formig§ G ¢ % oI5R dmotiebeso 1 TVEnatrare. saralred b

lipop RPN FLPS| Btass he activity of the octapeptide in
p‘psuppress?%g’%NF secretion stinulated by LPS was dose

rel ated. Concentration of Ratio of TNF Standard
Peptide (ug/m) Cyclodextrin to concentration
devi ation peptide by weight (pg/m) 0 - 2519.3 64.4
1. 2A4Qyfb Qctpbtide wath? Ghe2 22TcQurd Tydlo(DFIDTR-DB-BL0) 4 where X

2 5 2177.2 110,9 i ) . . .
represents the associating amino acid as an L-alpha aminocarboxylic acid and the

associating functional group borne on the associating amino acid as a side-chain residue
consisting of a straight aliphatic chain containing ten carbon atoms, was prepared as a
solution in transcutol and hydroxypropyl beta-cyclodextrin as described in example 4,
where the concentration of peptide was lmg/ml, and the final concentration of

cyclodextrin was 40mg/ml.

2. Rats weighing 250g were injected i.p. with 1ml of peptide solution (1mg peptide per
rat). A second group of rats received 1 ml of the transcutol/cyclodextrin vehicle
containing no peptide. One hour later, the rats were further injected with Img of

lipopolysaccharide (from Salmonella abortus equi).

3. 150 minutes later, blood samples were taken, and TNF levels measured in the two
groups by ELISA. The results shown in the table below demonstrate that the peptide is
capable of inhibiting TNF production by cells in response to a stimulus, giving a reduction

of greater than 75%.



2 2.5 2314.2 101.8 2 1.25 2161.8 94.7 4 40" 1646.5
98.4 4 20 1488.1 16.6 4 10 1474.8 80.6 4 5 1477.5
wW@2008/03492. 5 1538.7 80.4 4 1.25 1599.9 106. 4 PGI/¢B2007/003592
1276.9 106.5 8 20 1298.4 1%23 8 10 1218.7 20.6 8 5
1140.6 34.5 8 2.5 1105.7 359 8 1.25 1130.9 71.8 WO
2008/ 035093 PCT/ GB2007/ 003592 31 The results
denmonstrate that fornulation of the octapeptide with
cycl odextrin gives a significant inhibition of TNF
secretion down to a concentration of 2ug/m in the
tissue culture well, and that this inhibition is
achi eved over a wi de range of cyclodextrin
concentrations ranging from40:1 ybpidd dupmwar ds.
Exanple 5 - effect of an internally constrai ned cyclic
ol i go pepti d&F{R¥ I ated with hydr8&\pr ogyio
bet a- cycl odesttri n, and cont ai ni ng eggrsopegsdorned from
the epitope- formng amno acids R-DFS, in
suppressi ng TNF secretion stinulated by
| i popol yscciarof géméle pS)graup rats. 1. A cyclise
octapeptide with the structure
cyclo(-DF-S-E-R-DF-S-E-R-), where E represents the
associ ating amno acid as an L-al pha am nocar boxylic

acid and the, a Lating functiopal group borne on .
Exangiile 6 s pprestion @7 ANt gecuelton boa syaicomalagierps apaeres (Glatiramer

acetate).

1. Two cyclic oligopeptides were prepared with the following structures:

cyclo(-A-K-2-Y-E-K-A-Z-E-Y-)
cyclo(-A-K-2-E-Y-K-A-%-Y-E-)

All amino acids are in the L form unless indicated otherwise.
All amino acids are linked by peptide bonds.

A, K, Y and E represent the epitope-forming amino acids and ¥ represents the
associating functional group borne on the associating amino acid wherein the
associating amino acid is an L-alpha aminocarboxylic acid and the associating
functional group is a side-chain residue consisting of a straight aliphatic chain

containing ten carbon atoms.

The cyclic oligopeptides were prepared as solutions in hexafluoro-isopropanol (HFIP)
at a concentration of 10mg/ml, then mixed with equal volumes of HFIP solution
containing beta-hydroxypropyl cyclodextrin at a concentration of 50mg/ml. The

organic solutions were then dried down under nitrogen, and the peptide/cyclodexirin



consi sting of a straight aliphatic chain containing
ten carbon atons, was prepared as a solution in

wo e@s®swddl and hydr oxypropyl beta-cycl odextri PCEHEB2007/003592

described in exanple 4, whegre the concentration of

peptide was 1ng/m, and the final concentration of

cycl odextrin was 40ng/ M. 2. Rats wei ghing 2509 were
injected i.p. with 1nl of peptide solution (ling

pephipits petfissolvatl) in Aissiled nelatgr aaipgioé a dingl reenedmmetorl of cyclic
m of th tr%QSf tol /cycl odextrin vehicle containing
nliganthtige of glﬂulour later, the rats were further

injected with ling of 1|ipopolysaccharide (from

Sal nonel | a abortus equi). 3. 150 mnutes |ater, blood

sdiptad aells éa macraphagnekliThire) | vesre phatetb axluined] the wells afigo24-well

SRR et iep AR pha ¥ IO Ry iR BT SR B cute

Treddi L veID)) aly inebdied dveriighin B3 eCtin 58 SOh/alil us,
giving a reduction of greater than 75% WO
2008/ 035093 PCT/ GB2007/ 003592 32 Vehicle Peptide TNF

( 0 ani .
PR oA 2 SR80 17D OB AL, Bt i
a celcin steprakogive thfee Goglbxaank Wit afinnbéoreentrametat )5 ug/ml of

1. Tw cyclj.c oli eptides were prepared w t h
e Yk ot OB B e S SR o e B 4Bl vere ato
CYfedated - Pa&krdmndiniYpvdtsEndio et viMrbatBdl NPe§ftitd SyAriBcdbAted for a
the L formunless i'ndicated otherwi se.  Al'l- am no
adindkerfowr Hoursas 3 7islggept i de bonds. A, K, Y and E

represent the epitope-form ng anm no acids and E
represents the associating functional group borne on

t NepasorRataialing (fodth M0 calk btehi 81 EBM) Wheadded to the wells receiving the
cyclic oligopeptide solution, as well as three of the wells receiving no peptide. The

final concentration of lipopolysaccharide was 0.1ug/ml.

The plate was incubated overnight, and the following day the supernatants were

assayed for TNF using a commercial ELISA kit.

Peptide (12.5ug/ml) LPS TNF Standard
concentration deviation
(pg/ml)
cyclo(-A-K-Z-Y-E-K-A-Z-E-Y) + 486.9 33.5
cyclo(-A-K-Z-E-Y-K-A-2-Y-E) + 928.8 72.7
Cyclodextrin alone + 622.3 22.9
Medium + LPS + 637.6 26.0

Medium control - 50.8 9.0




associating amno acid is an L-al pha am nocarboxylic
acid and the associating functional group is a
W@ e@e/sd93 n resi due consi sting of a strai ght aPCpb&aRI0C/003592
chain containing ten carbgq atons. The cyclic
ol i gopepti des were prepared-as solutions in
hexaf | uoro-i sopropanol (HFIP) at a concentration of
10ng/ M, then m xed with equal volunes of HFIP
solution containing beta-hydroxypropyl cyclodextrin
at a concentration of 50nmg/m . The organic solutions
were then dried down under nitrogen, and the
p 0 i i
B S T
f bgdpepitdts eadtecahaverancdfiecy il suppresing ApEpsacaionfstimmigted by LPS.

2. JI7T4A'1 cells (a rophage cel.l Ii,n wer.e pl at
e et TR SRBAT R i ch B G A on
S@@% NG SER%HLoE 1R ol oeptRfRC ElycRi1H-KuplY -E(RLM -sRPM WiB4R useful
culture nedrum per well), and incubated overnight at )
3ih @atmeswf @oRiiple scle®sisTHrcefibeqrantises thespme @mdno acids (exceptin a

solutians fr step. 1l re i NisS t |.s

c BRIy OB ey BpPuif M UBbERS (e e effsct on TNF
WidchetRnfbynahcresHagednt ration of 12.5 ug/m of peptide.

Addi tional wells containing cyclodextrin al one at

62.5ug/ M were also prepared. The remaining wells
were left untreated. The plate was incubated for a
further four hours at 37 degC. 4. Lipopolysaccharide
( Excample 7 ¢ ShkibRiohaif enfidladtitity vhthremliad to the wel |'s
receiving the cyclic oligopeptide solution, as well
as three of the wells receiving no peptide. The fina

cen lfcaél;i/%ge]]ﬁfdeh o FRO I BRGED BfrhHEreVaerd syhtH@Hidel - asSpreviously

The plate ncubated overnight, and the followi ng
ddysctihed, suplepreptradtis asepdexed sfory evith eyclpiitia a gogcentration of

M VTGS TRNERE 1 L e -
1) cyclo(-R-E-2-S-R-E-R-¥-S-E-)
() cyclo(-A-K-2-E-Y-K-A-X-Y-E-)
(iii) cyclo(-dF-R-C-S-dF-R-C-S-)
(iv)  cyclo(-dF-S-C-R-dF-S-C-R-)
All amino acids are in the L form unless indicated otherwise.
All amino acids are linked by peptide bonds.
Wherein R, E, S, Y, K and A represent the epitope-forming amino acids, X represents

the associating functional group borne on the associating amino acid wherein the

associating amino acid is an L-alpha aminocarboxylic acid and the associating



cyclo(-A-K-E-Y-E-K-A-E-E-Y) + 486.9 33.5
cyclo(-A-K-E-E-Y-K-A-E-Y-E) + 928.8 72.7 Cyclodextrin

W@L@8035995622. 3 22.9 Medium + LPS + 637.6 26. 0 PdkaB207/003592

control - 50.8 9.0 WD 2008/ 035093 PCT/ GB2007/ 003592

34 Results obtained, shown 3in the table, denpnstrate

that one, but not both, of the cyclic oligopeptides
tested have an effect in suppressing TNF secretion

St qpah, ﬂélegrok&%ﬂ f‘sp§ deAGRR! s leycontsﬂﬁ_?%‘%ﬂUE %%1@% AiBBatic chain
am no aci nCeach domai n has an e ct on

bicohtamiiigalen acirbod dtgymsfand Beepieseptpeysteinte whereln the cysteines in each
Cycl of -A—K E-WLTIE K—A—E—E—@. i1l be useful in

t FiegerRepdised o fopp g dnigrop Ugies, since it conprises

the sane am no acids (except in a non-random
configuration) as Copaxone and displays the sang

eﬂf elt welts FRE 39§e\&¢113m1@mplb§fﬁ ﬁﬁ@r@fp in spluiep| (8.07mg/ml) were
hi bi t f |
o gty PetiER SR il Mo MR R dich, V! ©

synt hesi sed as previously descrlbed and prepared in
conpl exed formw th cycl odextrin at_ concent r@tl on

1r$g/ ROubAf rhh iebsatea hewheinhpray - 8sP P ¥ EU/sHA Of%@e&ylcoumaﬂn

Srﬁl%?ﬂllrﬂ%gg @ ghﬂg)%\lg&lg %@El‘@ %h xsvéll )and the time course of generation

cyotfbﬂisfréteKmE-m&siﬁel&- A-E---Y-E-) (iii)
cyclo(-dF-R-CGS-dF-R-CS-) (iv)
cyclo(-dF-S-CGR-dF-S-C-R-) All amno acids are in the

L 4 forf'}bif(ﬁn|l:}€e3§eshﬁ§"sﬁ@&lﬁdmoﬁleetraMeSBelowAit' caé‘ln”baoseél@ltﬂﬁ the cyclic
are by peptide bonds. Werein R_E, Ka

nd
Aoﬂlgppqmém studéede yhaveo pleffﬁr@rrtmi regifeaisi molrsmblagg @Ombln Proteolytw
g{l g,ent ﬁg%aitt ﬂge 8' %pgwgen é}enr Fa%éd By Bat%.?er eﬂx%i Shbination

assocl at i
a'@fﬂ@e amiirh acﬁdéiihcl-udaﬂ ﬂﬂaheafﬂlg]OEtafsth@ylthaI aﬁ‘,ﬂhdhamdrrbd‘t&:howe of
assom atin
amino acids gstructures based upon the constrained cyclic oligopeptide template can
be created which are sufficiently rigid to exert significant effects on the activity of

enzymes.

Accordingly, cyclic oligopeptides according to the present invention which have an
effect inhibiting thrombin proteolytic activity may be used to treat diSeases wherein
protease activity is an exacerbating factor, including cardiovascular disease,

circulation disorders and HIV.,



WD 2008/ 035093 PCT/ GB2007/ 003592 35 functional group

is a side-chain residue consisting of a straight
wa@bkdioploatopx chain containing ten carbon atons BPETGB2007/003592

represents cysteine, wherein the cysteines in each

ring are oxidised to form atf i nternal bri dge. 2. In

wells of a 394-well. mcroplate, 20ul of thronbin

solution (0.01ng/ M) were dispensed, and m xed with

60ul of CcycTTC OI T gOP&MiditdR oS THréMBiPproRBolyi BEhviQT the
substrate

boc- bet a- benzyl - Asp- Pr FIRIG o8 Yo AN Rounar i n
hydrBeRl ori @ent(dd. 01ngfm ) was(iladded t@) each w1, and
t N@minLEB) CO(léﬁ'fXﬁ,eOf generation of substrate was

measur ed. mthe results shown in the table bel ow
it can be s@@ﬁ'e} hat the cyclic oligopeptides studied
have 2di f f er eff0i%al ef41@&t s | MAi0dhi bi t634¢ t hr obds

pr ot %qj yticgaCliVvitggand thaty theslgeglgfferﬁaggal
activities are related to the nature_and conbi nati on

of the%ani né'6k5 ds iMEtided 1$°4 he r1|7ﬁ@9 It §985-8| ear
that j5.0M t h ©2R&8.zor r d688.€hoi de9®d aniod®7 aci dgs1.7
S”U%b”es *é@z%oeéj upgggg e CQ@§'H3' n oFXC' ' C18431

ol i gopepti de npl at e_can created which are
suf f ¢ ?entl§3$1%|d ﬂ97%&ert1§7§%|f|é%ﬁﬁ7effé@@éson t he
activity of enzymes. Accordingly, cyclic
ol i gopepti des according to the present invention which
It canhizevseendrone tifectableithdti soinei aygli¢ hiigopsptidesrimtiegybaten activity than others
deper ctivitghn%¥_b%iused"tﬁ treq% di seases wherein
P %F@t‘ﬂ’é’g SEPPRRTAIIAQ acils 10.eaeh dOMRn o f act or , i ncl udi ng
cardi ovascul ar di sease, circulation di sorders and
H V. WO 2008/ 035093 PCT/ GB2007/ 003592 36 Inhibition
of Thronbin proteolytic activity (Fluorescence Units
-Arbitrary Units) Tinme Control (i) (ii) (iii) (iv)
(m nutes) (enzyne

Example 8 - suppression of TNF secretion by cyclic oligopeptides containing two different
epitopes.

1. Two cyclic oligopeptides were prepared with the following structures:
(i) cyclo(-dF-S-Z-Q-dL-S-2-R~)
and
(ii) cyclo(-dF-S-2-L-dQ-S-2-R)
All aminoyacids are in the L form unless indicated otherwise.

All amino acids are linked by peptide bonds.

wherein Q, L, S, R and F represent the epitope-forming amino acids and X represents the

associating functional group borne on the associating amino acid wherein the associating



alone) 2.0 770.9 410.8 410.8 634.5 523.2 5.0 1821.1

816.4 816.4 1368.8 1205.3 10.0 2163.5 1189.4 1189.4
waZ®8/085094586. 9 15.0 2253.2 1398.6 1398. Q 1980rCT/GBAD7/H03592

20.0 2345.8 1592.1 1592.1 07.4 1843.1 25.0 2359.0

1673.2 1673.2 2159.7 1864.8 1t can be seen fromthe

tabl e that sonme cyclic oligopeptides had greater

activity than others depending upon the order of

amanui avdd ascmdk alphaeanimocmmyﬂhc akoardl e GssocHHpg rf@ﬁ?cﬁﬂoﬁﬁl gftf)up isa
lic,oligopeptides contalning

tion c
Sld%r"NF?I ue CQBﬂﬁ%fb%%f a sfraighfyaliphatic chaip ConjaipEe i égrhmra@ms
prepared with the follow ng structures: (i)
cyclo(-dF-S-E-QdL-S-E-R-) and (ii)
Th@‘ﬁ?cﬁ ICdﬁlﬁpEpmdaSQN@seEpRpanédl asasdlntiomsc urdstraas@tom:ytlbée)itrm as

cat ed ot id
desfjﬁgiﬁeglq %%%@Eﬁ i detobg]rY s? h%?yrcé’ﬂlﬁe@auﬁn (g] p??t%d Og 1mg/ ml, and
cycl®@lekeEen0pAnEpPi t ope-form ng am no acids and E

represents the associating functional group borne on
the associating am no acid wherein the associating WD

pri%/ Ofségl%?(a ﬁgg{q@ x@ c?e/llqgéfgég rpjgtFﬁ rgnutnlg gggmgwielisggfthee 24-well

a am nocar
fdusten phtds ayraosepding densisi 63 chad’vellsha]/ o (CANRPAT 1§10 culture

strai al_i.ph t| chaln cont ai n|n ten carbon
a’FIS%tlm pefﬁg‘@éﬂ agddng Bt MRS’ Gl 30 G Qe R ed as
solutions in transcutol/cyclodextrln as described in

exanple 4, to give a final concentration of peptide of
| ‘g Frillovamgy day;\ytb¢ eolgsionsi ﬁloratStGZJOhUs/em adinisidiéd Ao iveﬁelcbﬁtammg

(BTRE LORBABE G Ired WAR ol Wi Aad Somtbhtriiortof 5. 35, 12.5, 6.25
or 3.125 ug/ml of cyclic oligopeptide. Additional wells containing cyclodextrin at 1,
0.5, 0.25, 0.125 and 0.0625 mg/ml were also prepared. The remaining wells were left
untreated. The plate was incubated for a further four hours at 37 degC.

Lipopolysaccharide (from E. coli strain 0111 B4) was added to the wells receiving the
octapeptide solution, as well as three of the wells receiving no peptide. The final

concentration of lipopolysaccharide was 0.1ug/ml.

The plate was incubated overnight, and the following day the supernatants were

assayed for TNF using a commercial ELISA kit.

Results obtained, shown in the table below, demonstrate that cyclic oligopeptides
containing two non-identical epitopes, of which one is comprised of F ,R and S amino
acids, are able to down-regulate the secretion of TNF from J774 cells in a dose-

dependent manner.



cluster plates at a seeding density of 3 x
105cells/m/well (Inl RPM 1640 cul ture nmedi um per
wowisp3soand i ncubat ed overni ght at 37 C in 5% BORGRR607/003592
3. The follow ng day, the solutions fromstep 1 were
admi nistered to wells contadhing cells in step 2, to
give three wells each with a final concentration of
50, 25, 12.5, 6.25 or 3.125 ug/m of cyclic
ol e D .
at 1, 0.5, 0.25, 0.125 and 0.0625 nmg/mM were al so
prepared. The remaini ng wel INEgmeentration (pg/mbat-ed.
The plate was incubated for a further four hours at 37
degC. 4. Lipopolysaccharide (fromE. coli strain 0111
Bd%e%%?smﬁﬂdé\ﬂequﬁnt he wel fis receivinglthe oct SPEQerHR
sol utg/mh, ascomtbl as three of the wells receiving no
peptide. The final concentration of
| i popol ysaccharide was 0.1lug/m . 5. The plate was

i ncub&t ed ovedfitght, amP€he fol | owfd¥§" day t he 2856°
supeglgg ants were assaygg: for TNRgusi-ng a compgsg:al
ELI SA kit. Results obtained, shown_in the table_bel ow,
denmo?r at e that cycl iz@%@* gﬁopep%@EiGEOnt ai ni AP wo
non-itdenti cal epitopes59®feshi ch orres 20conpri sesbeof F
R and am no acids, ar leto ~Legul at
secret7‘$on of TNF from@é}%ﬁgel l's iﬂgﬁ@gése- de%ghggzﬂt
mannefQ WO 2008/ 0350938RCH2GB2007/10013582 38 2496 + 51
c ,

Cycl odextrin (ug/m) control 0 27+3 2856* 2856* 2856*
3. 125 28RGAdiREMBch&InaDHE maxtnih déb@bledimi®325 67
2856* 12.5 1595 64 1748 20 2856* 25 1341 50 1437
85 2376 21 50 843 42 1081 142 2225 51



* Readi ngs higher than the maxi num detectable Iimt W
2008/ 035093 PCT/ GB2007/003592 39 dCdains: 1. An
WO niogn0smb3 y- constrai ned cyclic oligopeptide con@r/GBRIVG/003592
aring of at |least six amno acids for specifically
binding to a target |igand, 3@herein the ring conprises
a plurality of amno acid domains, each donain
conprising at |east two epitope-form ng am no acids,
ClajffPd two or nore associating functional groups
positioned so that they formone or nore intra- cyclic
associ ations; whereby the cyclic oligopeptide is
constrained in a, single conforomation .so that th . .
L oo SETRBT PR SIaRT R0 o PR SPTSTESELR R dglepst six amino
acidsHRIRbELIfiGAS biRRInE 209 Rl Jigak® PRARIr&inChe ?fiii?_ckioﬁipii@bs! ¥ plurality of
binding to"a target ligand.” 2. A cyclic oligopeptide |
aming @cior dtinragns, ¢adi damain compesiag At lsagivasRiPpe-O5RE Qeigo acids, and

three epi.tope-farm m. NQ .aC] :
two BBt Per g0 L FOREEAEs e L5, f6BR e or more inta
cyclié asdoe e bayyivaletsané icgelicadligopsptidd. is Aomstlried in a single conformation
ol i gopepti de according tq claim1l or claim2, wherei.n )
so thetHbe griters-fRening aaeo apide ferm 13 RIPER P Yy eég}i‘ geitope being
' ' roms thereof. 4. A cyclic
Capa@fg‘;ogg%egg{%gz%?gg%g?r%rgte@igéﬁg precedi ng claim wherein
the one or nore intra-cyclic associations between the
associ gti functi onal. groups are coval ent. .5. .A .
2. CyBiseltpolGepaies decgiolr i Gy b BPGFIH Fep LR coprises three
epitoBS-3aliAd 1aRfind YBHE |80 ahe FhRY &%jtoﬁé—ﬁ)rﬁﬁr@/ hel@fd Bids have alternating
ystel nés joined by a disul phide bridge. 6. A cyclic
stercottiegugpé ponftgratéwsr di ng to any of claims 1 to 3,
wherein the one or nore intra-cyclic associations
bet ween the associ ating functional groups are
3. NOAR-&eN@bBBépepiide Accdydihg @ olaigdpepilhide 2achercih thg dndno acids are
claimé6, erein the one or nopre intr%;cyclic
naturgH% equating e ineacids crning acidesalopugsi B P -riordt ekl gr oups
are hydrophobic. 8 A cyclic oligopeptide according
any of the preceding clains, wherein at |east one
4. asaosgicht iotigopeptidt isoomtingrioumyi prepmisng claimedwhertinethe ergeor more

intra%gfcr:rl?é sts’,écie\ll‘&?)n% %gt%\//e%g Oega%so%%{ng 0c iZ)/anog%gl?pzs are covalent.

5. A cyclic oligopeptide according to claim 4 wherein the associating functional groups

are provided by cysteines joined by a disulphide bridge.

6. A cyclic oligopeptide according to any of claims 1 to 3, wherein the one or more

intra-cyclic associations between the associating functional groups are non-covalent.

7. A cyclic oligopeptide according to claim 6, wherein the one or more intra-cyclic

associations between the associating functional groups are hydrophobic.

8. A cyclic oligopeptide according any of the preceding claims, wherein at least one

associating functional group is positioned between the domains.



40 9. A cyclic oligopeptide according to claim 8,
wherei n each epitope-formng amno acid adjacent to
wW@ro0a®3mes ati ng functional group has the sanme PCT/GB2007/003592

stereochem cal configuration as the adjacent

associ ating functional groupg0 10. A cyclic

ol i gopepti de according to any preceding claim wherein

t he epitopes are the sane. 11 A cyclic oligopeptide

acgo wher ei
7 assgog 11?811%&3 unc | gﬁcggé ’g‘%}é r%reﬁ@ %’ﬁ%pe -forming amino acid
adjacens tearnidsogattny fidcieiatl grouiﬁlas &@Mﬁiel SereddheRRAP tbrEfuration as the

d accordi.ng any of clainms 6 to 11, wherein the
a Ja%?%‘%%%f’%{ﬁtﬂ%&“%ﬁ% g%¥Pds are |ipidic anmino acids. 13.

A cyclic oligopeptide according to claim 12, wherein
at | east one of the associating functional groups
10. boAreyche oligepebtigé aicording toarycpreseding @aitf-wIReih ilfedgitopes are the
hydr ocarbon side chain. 14. A cyclic oligopeptide
according to claim 12, wherein the Iinear hydrocarbon
side chain is a Cl0 - C16 linear hydrocarbon side
chain. 15. A cyclic oligopeptide according to any
. prAcesis goltgoamﬁdemmc@rdmaéo whe rrededingi elgim,swhereinuthe: asdociating
and Z represent the
funcgoré%% E orm ﬁie%gﬁ%sa%dlggrg&mm%a%%d X represent D
am no aci ds and B, C Y and Z represent L am no acids
or A ag i(re pr.esent amno acids, and B, C_-Y and Z
2.y e‘ﬁrcé@ folePRERiAe aﬁ%‘?ré@g t@r?élye‘?f Qlélﬁ‘es $ 40 fldr bgrein g associating

ammg%ldgg{émﬁdl@aﬁm% 2840 one epitope is formed fromthe

same

domai n Z-X-Y; and each represents an associating

am no aC| d. WD 2008/ 035093 PCT/ GB2007/003592 41 16. A

cyeli i de a cordin wherein the
258, g?ﬁaﬁ@% BFCOiES o Clgh agrﬁé(}lwe}nsatgle% epe gt fhepprsociating

funcﬂidiﬁl Qﬁhp@b(ﬂfﬁé 6n SRAYSNE A i RidsRSh Cg@ﬁinfﬁ%ﬁgﬁboﬁ& chain.

14. A cyclic oligopeptide according to claim 12, wherein the linear hydrocarbon side

chain is a Cjp — Cy¢ linear hydrocarbon side chain.

15. A cyclic oligopeptide according to any preceding claim, which has the following

/B\/\

\/
\/Y

structure:

wherein A, B, C, X, Y and Z represent the epitope-forming amino acids; A and X represent D
amino acids and B, C, Y and Z represent L amino acids or A and X represent L amino acids
and B, C, Y and Z represent D amino acids; one epitope is formed from the domain C-A-B
and one epitope is formed from the domain Z-X-Y; and each % represents an associating

amino acid.



QS, @SL, SQ, SLQ L@ or LSQ and each Eis a lipidic
amno acid with a linear hydrocarbon side chain

w@s®emssvs ng functional group conprising a hydPOUEGBR®M003592
chain between 8 and 20 carbons in length. 17. A
cyclic oligopeptide accordirdg to claim 16, wherein the
Z-X-Y domai n and/or the G AB domain form an epitope
capabl e of suppressing TNF secretion. 18. A cyclic
ol i gopepti de according to any of clainms 1 to 11,
wherein the associating functional groups are borne

16. onAtdyelinbligopgptidesdcoomlingy toptin ide whRkpne 731y Hbﬁam@ld/or the C-

| 19. A cyclic ol ti

A-B Pfgitis el o e Bmi @eﬁcayeggén?wgﬁgf RSRi KSR FRs, skE, SER,

QLSS*QSLNSQE SLO; Lq*j ér ﬁsl% gchYE"‘Qee[ B amBio chd&nh a linear
resént th ope-

J) e epi ormn no acl ds:
hydrecmrbcaqogl es chefin rasemjblétmgmfmweodairrgrmp Ce i syl aoﬂngdrocarbon chain

or ITe omthe domain Z-X-Y; each N
beth: églgcg%égar ?‘gﬂgﬁben of peptide |inkages between
B- Z and C-Y and each (J) represents an associating

functional group attached via the nitrogen. 20. A
17. cygiayel 100@1&9@9@5@. ageordingdp ¢laing 16owberainrthd §-X+ih dorehin antiéer the C-

A-B é%ﬁ%aﬁ{ AR El[IJ gﬂ)g/ cg%abt@gf s%ﬁgéfs?’mdo ’ gg‘%’%u%g ected from

€ amno a €Nces S, SRF, SFR,
as, QSL SQ, SLQ LQS or LSQ and each 4) represents
an aI| hat.ic h grocwon chain _between 8 and 20
8. ca%b%(ﬁ o g@@ﬁé t acefesing o8/ a3 sfodaipsT) GB2b0 WheGss R assomatmg

o o U e PGS AP LS G

oligopgntldec ol i gopepti de according to claim20 or claim 21,
wherein the Z-X-Y domain and the C A-B domain each
form an epitope capabl e of suppressing TNF secretion.

19. A cyclic oligopeptide according to claim 18, which has the following structure:
~ N / \
A /
\ /N \
C

wherein A, B, C, X, Y and Z represent the epitope-forming amino acids; one epitope is
formed from the domain C-A-B and one epitope is formed from the domain Z-X-Y; each N
represents the nitrogen of peptide linkages between B-Z and C-Y and each @ represents an

associating functional group attached via the nitrogen.

20. A cyclic oligopeptide according to claim 19, wherein the Z-X~Y domain and/or the C-
A-B domain is selected from the amino acid sequences RFS, RSF, FSR, FRS, SRF, SFR,
QLS, QSL, SQL, SLQ, LQS or LSQ and each ® represents an aliphatic hydrocarbon chain
between 8 and 20 carbons in length.



23. A cyclic oligopeptide according to claim?21 or
claim 22, wherein phenylalanine is of D

wa@oenBiogfewat i on, serine is of L configuration, BCHGBRVE/003592
is of L configuration and each lipidic amno acid is

of L configuration. 24. A cyelic oligopeptide
according to any of clains 15 to 17 or 19 to 23,
wherein the domain CA-Bis the sane as the domain

Z- X-Xn1i 2Rt ] oy i accordi.ng, t o. )
21. K ofulic BiadbepH hicoflib@RPAR, 1€ of B3 Bbr At 23 domain
is RRSonpri ses two domains and an epitope is formed from

the three epitope-formng anmno acids in each domain.

26. A cyclic oligopeptide according to claim25,
22, whergi . y c , e .

U D AR R 25 6P o 21 PR8EA AL Py, domain
and the CadyyB démainaactsfotmtan epitope cab8hle wh euppressing € NB/ @cition.

ol i gopepti de conprises three domains and an epitope is

formed fromthe three epitope- formng amno acids in

23. eagkydan®ligbpepiic a‘éc@ﬁd@ﬂ% © MimIPP&PLLALIRGHN A %?eelré}%lanine is of

cl.ai m, 27, erein the oligopeptide conprises t

D copliguation iseiane \sraftli eandigueptionpargind'e. is Af dyednifiguration and each lipidic
inQhk; [ rding to any of clains 1, 3 to 14 or
amml%{”%?\ﬁ@f%ﬁ%@g&%& i gopepti de conprises two domai ns
and an epitope is fornmed fromfour epitope-formng

ampno acids in_each domain. WO 2008/ 035093
2. o festophmsBiGyaccaning to Anx gEFimbIS dodpt 190 23, wherein the

doma®E COAH RIhd Qnfd Al Wil ey -has the follow ng
1structure: B Z xméawlmegglyh A B C D W X Y and

Z represent the epitope-form ng am no acids; one

epito is. formed fromthe domain D,C- A-B and one )
23 eét‘@%@‘:i ligeyPhidy PP 8e (U ot Brepediny. hpinynavhesd hihe cyclic
_oligopepiide s6MbHsedwd ARG hhA n 3PP 18€drfhed from the three epitope-forming

amino acids in each domain.

26. A cyclic oligopeptide according to claim 25, wherein the oligopeptide comprises two

associating functional groups.

27. A cyclic oligopeptide according to any of claims 1 to 14 or 18, wherein the cyclic
oligopeptide comprises three domains and an epitope is formed from the three epitope-

forming amino acids in each domain.

28. A cyclic oligopeptide according to claim 27, wherein the oligopeptide comprises three

associating functional groups.

29. A cyclic oligopeptide according to any of claims 1, 3 to 14 or 18, wherein the
oligopeptide comprises two domains and an epitope is formed from four epitope-forming

amino acids in each domain.



31. A cyclic oligopeptide according to claim 30,
wherein the Z-X-Y-Wdomai n and/or the D C A-B donain
w0 20080803 ed fromthe am no acid sequences YEKECT/EB2147/003592

YAKE, YAEK, YKAE, YKEA, EYKA, EYAK, EKAY, EKYA, EAKY,
EAYK, KAYE, KAEY, KYAE, KYEA, KEAY, KEYA, AKEY, AKYE,
AYEK, AYKE, AEYK or AEKY and each Zis a lipidic
amno acid wwth a |inear hydrocarbon side chain

30. assegiltdlip@péptietic@iding 96 SdPn 29%&1& B4 e?olMﬁ GRIdQA.
chain between 8 and 20 carbons in | engt 32. A cyclic
ol i gopepti de according to claim 31, wher e| n the
Z-X-Y-Wdomain is YEKA and the DDCA-B domain is
EYAK. 33. A cyclic oligopeptide according to claim 31
or claim 32, wherein tig Z-X-Y-W domai n and/or the

D-C A-B domai n forma/n eb\%e/cap}ble of inhibiting
proteolytic activity. WD 2@Q08/ 035093X

PCT/ GB2007/ 003592 | 44 34. A cyclic oIJgopepti de
according to claim29, whickyhas the foll ow ng
structure: A NX N DAdkwherein, B, C, DL W X
Y and Z represent the i ngram no aci ds; one
epitope is forned fro 1"!n D-C-A-B and one
epitope is forned fromthe domain Z-X-Y-W each N
represents the nitrogen of peptide |inkages between
B-Z and CY and each c repr esents an associ at i ng

A, 018, 120 8 PRG5BS e

formegd ﬂonwh.s/cmfeam ﬁ) GnMJBoafndtdme epi%&lé\ﬁﬁnﬁdﬁﬁinﬂthe?do&%h@zt)@-‘y W; and
each 3 oM t he am no, acid se ue ces YEKA, YEAK, YAKE, YAEK,
IERECSCYIR B aS§eCiaHDE BRIIO aClAY, EKYA, EAKY, EAYK, KAYE,

KAEY, KYAE, KYEA, KEAY, KEYA, AKEY, AKYE, AYEK, AYKE,

AEYK or AEKY and each ¢ represents an aliphatic
31, hydewstacksepeptids nccb@ne@mlana}m mreu:mﬂkecmx Y eiW domgii and/or the

tide accor di

D-C- 8 flic tfiefe GORIRE RO I ieates SR & PBAR, vakE, vark,
YKAE, YKEA, EYKA, EYAK, EKAY, EKYA, EAKY, EAYK, KAYE, KAEY, KYAE,

KYEA, KEAY, KEYA, AKEY, AKYE, AYEK, AYKE, AEYK or AEKY and each T is a

lipidic amino acid with a linear hydrocarbon side chain associating functional group

comprising a hydrocarbon chain between 8 and 20 carbons in length.

32. A cyclic oligopeptide according to claim 31, wherein the Z-X-Y-W domain is YEKA
and the D-C-A-B domain is EYAK.

33. A cyclic oligopeptide according to claim 31 or claim 32, wherein the Z-X-Y-W
domain and/or the D-C-A-B domain form an epitope capable of inhibiting proteolytic

activity.



and the DG A-B domain is EYAK 37. Acyclic

ol i gopepti de according to claim 35 or claim 36,
woL@sms393 he Z- X-Y-W domain and the D G A- B dpOEGB2007/003592

each form an epitope capabl e of inhibiting proteolytic

activity. 38. A cyclic oliddpeptide according to any

of clains 30 to 37, wherein the domain DG A-B is the

sarre as the domain Z-X-Y-W 39. A cyclic oligopeptide

34, Cé%ﬁb BEg&&gﬁ@é’a&&dﬁﬂ‘g@ina&&% RBich 1Ak B fBHéwﬁf{g%tr@Stu@e

medi"canen | actic or di agnosti c.
2008/ 035093 PCT/ GBZOO?/ 003592 45 40. Use of a cyclic
ol i gopepti de accordi ng to claim 7 or claim22 for the

manuf acture of a en;df angrgt ating a disease
wherein TNF is anp€xacerba n/g(a%x 41. Use
according to clai g 40, V\,her@ n said d%sease IS

sel ected from cancer, obesi , cardiac disorders,
aut oi mune di seasé and infl tory d| seases. 42. Use

according to cl ai 41 vvh sal/eh sease i s an
aut oi mmune di sease S w heunmat oi d
arthritis, Mltiple Sc er05|s and Crohn's disease. 43.
Use of a cyclic oligopeptide accor ding to claim33 or

claim 37 for th uf act ur di canent . .
wherein AaB; frgD av\évl}é> Sgég? %H%Hr%iieﬁt SP’é%&e iqgﬂnﬂ}o ia%ﬁ?iﬁme epitope 1s
formefR5ft ftH@‘de%uI BCENB 4 oﬂﬁﬁal@g&% flirR@d tRork Rd Borftdin Z-X-Y-W;

wherein said disease Is sel écted from cardi ovascul ar
each N sapassentscihecnilragénonf gegtidedbnkagandetwogn BsZ apd C-Y and each @

armaceuti.ca sition riging a cyclic
repre%p S FBASHFIAYaS M@Pngﬁ O‘ipoattgﬁvrgpvfm th "™ to 38 and a
phar maceuti cal | y accept abl e exci pi ent and/ or adj uvant.

46. A pharmaceutical conposition according to _cla
35. 48\ cyshie obigppaptide ascorgingiet clpim 34 gyherain gher4-gm!-W domain and/or the

D-C-EESHHL 3oL TR By P MRS S s A Y

YKABDIKIRC OBV Kog| Y ARDGHAY OBKAUC O AKNG RAYEL KAVESKAEY, KYAT,
46 inth - jopi f t
KYEL RER ok Gin MY c8KSTS A ERory Ly PRI oty ARK g and cach @

represhisRR3ibfatRI YRk Seaffon chain between 8 and 20 carbons in length.

36. A cyclic oligopeptide according to claim 35, wherein the Z-X-Y-W domain is YEKA
and the D-C-A-B domain is EYAK.

37. A cyclic oligopeptide according to claim 35 or claim 36, wherein the Z-X-Y-W
domain and the D-C-A-B domain each form an epitope capable of inhibiting proteolytic

activity.

38. A cyclic oligopeptide according to any of claims 30 to 37, wherein the domain D-C-
A-B is the same as the domain Z-X-Y-W.

39. A cyclic oligopeptide according to any of the preceding claims for use as a

medicament, a prophylactic or a diagnostic.



pol yet hyl ene glycol. 48. A nmethod for producing a
cyclic oligopeptide for specifically binding to a
WO 2008085093 | gand, as defined in any of clains 1PCDGB307/003592
conprising: i) providing the epitope-form ng am no
acids; ii) producing a cycl &b oligopeptide
i ncorporating the epitope-formng amno acids. WO
2008/ 035093 PCT/ GB2007/ 003592 46 49. The net hod

40, oGy, & 0119 fi 1ée8accmﬂ 1H1e17s$recﬂa181f 2D Vﬂ19 ifAlufacture of
sk pfphen L22%

the ep s conp

a meﬁlehlﬁeﬁtl fﬁgtrehtmgta di)éeammljlemgaﬂéﬁ? 1se:a®hambqtmgafmor
conprising a head group and a tail group, wth an
array of head groups, wherein each head group

. COPRY h&BRdiRg t@'ﬂeﬁ‘ﬁi 268 Wheréif) saf(P Hﬁba&g i s@E@feGoﬂ‘(ﬁh &ahcer, obesity,

assoclation therefrom in which the tail groups

cardlacg@use]glaxseauthlyrdnmmﬂlmamndynﬂﬂdmatomﬂlscwei he conj ugates
are novable; (c) assaying for sufficient interaction
bet ween t he noncoval ent associ ation and the target

42, | i gsnsbcofdg @PtiafRall] wheeResid Agkesdeeip n(dtoitngnune)disease selected
using a set of conj ugates with a nodjfied array of

fromﬁb@magwé@ﬁbnuad\éulw)e wierpsinadigrobatsidigeamt i nteraction
in step (c) selecting the amno acids of the head
groups of the set of conjugates as the epitope-formng
43, anyswofactydicioligspepridé ajcording to claim 33 or claim 37 for the manufacture of

a medicament for treating a disease wherein protease activity is an exacerbating factor.

44,  Use according to claim 43, wherein said disease is selected from cardiovascular

disease, circulation disorders and HIV.

45. A pharmaceutical composition comprising a cyclic oligopeptide according to any of

claims 1 to 38 and a pharmaceutically acceptable excipient and/or adjuvant.

46. A pharmaceutical composition according to claim 45, wherein the excipient is
selected from transcutol, poloxamer block-copolymers, cyclodextrins, non-ionic surfactants

or bile salts.

47. A pharmaceutical composition according to claim 45 or claim 46, wherein the non-
ionic surfactants are selected from acyl esters of polyethylene glycol or aliphatic ethers of

polyethylene glycol.

48. A method for producing a cyclic oligopeptide for specifically binding to a target
ligand, as defined in any of claims 1 to 38, comprising:

i) providing the epitope-forming amino acids;

if) producing a cyclic oligopeptide incorporating the epitope-forming amino

acids.
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49.  The method according to claim 48, wherein the step of providing the epitope-forming

amino acids comprises

(a)  selecting a set of conjugates, each conjugate comprising a head group and a tail group,

with an array of head groups, wherein each head group comprises an amino acid;

(b)  forming a non-covalent association therefrom, in which the tail groups aggregate

hydrophobically and in which the conjugates are movable;

(c) assaying for sufficient interaction between the noncovalent association and the target

ligand;

(d) optionally repeating steps (a) to (c) using a set of conjugates with a modified array of

head groups; and

(e) on finding sufficient interaction in step (c) selecting the amino acids of the head

groups of the set of conjugates as the epitope-forming amino acids in step (a).



