12 SEP 2005 Novel peptide |igands of |eukocyte integrins Field of the

I nvention *166166* The present invention relates to novel peb?iﬁiPsZUOS
which are useful as antagonists of the 132 integrins, to pharnaceuti cal
conpositions conprising these peptidesy to the use of the novel peptides
for the manufacture of pharnmaceutical conpositions for tmwmmlﬁmwmmumof

I nfl ammat ory di seases and human | eukem as and for i nhibi te
cell adhesion and mgration in general, to a nethod for theraggti c or
prophyl acti c Ngwd Bptide aﬂd%fdf@éﬂ‘l&ilggfeﬁn@l‘ig?mses and- hurman Ieuk_eum\;ﬁs and to
the use of the ngvel pE%tides as I ntegrin antagoni sts for biochem cal

I sol ation and purification procedures in vitro. Backgroun ‘ m | wm‘

i nvention The,mgaration of. | eukocytes through the body and m mu@

| ynphoi d or gi‘*grqqg@athﬁ‘nve@glgﬂt ial element of the immune syst®&m Wil'l
circulating in blood or lynphatic vessels, |eukocytes are in a resting and
| ow adhesi ve state. However, when |eukocytes are stinulated by signals

from the i nmifle prpsenéinveniion retatesdoawivelpepldesvhichata et @p Pelag sty of the

chenoki ne gragdi.ent,. theiy inteqgrin adhesi [ec i d.
The activati 3#%15{2’% % R{Iaé'ﬁ’raf: @ cog:g%ogﬁf{ofﬁgfuz{g rlg%lgéﬁ eﬁgﬁgﬂ%ﬁ’é?%nl}égtgf | eu-
kocytes. Suchpb wBedlipepEdedrter the @iarfeviie of phirfidtaigickDoonosfiivns foralsent i ng
cells, recirculation through |ynph nodes and migration out of the

vascul at ur e arehtmbmtofiflaramatoskdiseases and krmardlevksmigy and fordnhdbitingf | anmat i on.

eukocyte. adredkesits etpBBGOt mmripanht & Boried SGH ot R7 hogRfges: ' = ©
Leukocyt es e%ﬁ@a&%&%ﬁéﬂ%f $uipffina@ty i€askiRittiintan letkdnyias idieto tuse

i ntegrins of our nenbers are curren’tlg/ known. They have a conmmon
132 chai n ( ChrfitBy nbvel peptides as B2 integrin antagonists for

biochemical isolation and

purification procedures in vitro.
Background of the invention

The migration of leukocytes through the body and the various lymphoid organs isan
essential element of the immune system. While circulating in blood or lymphatic
vessels, leukocytes are in a resting and low adhesive state. However, when
Jeukocytes are stimulated by signals from the immune system such as exposure to an
immune complex or a chemokine gradient, their integrin adhesion receptors become
activated. The activation of the integrins is essential for the many functions of leu-
kocytes. Such functions are, for example, binding to antigen-presenting cells,
recirculation through lymph nodes and migration out of the vasculature and through
the extracellular matrix to sites of inflammation. The integrin activation needs to be
tightly regulated as inappropriate leukocyte adhesion leads to significant injury of

normal tissues.

Leukocytes express a specific subset of the integrin family, the B2 integrins of which
four members are currently known. They have a common B> chain (CD 18) but
different o subunits (ar, or CD11a, amor CD11b, oxor CD1lc, and ap or CD11d)
(Gahmberg et al., 1997). The o subunits contain a conserved 200-residue A or I
domain, which is essential for binding of most ligands. The crystal structures of I



different a subunits (aL or CD 11 a, amor CD 1 |b, ax or CD 11,¢, ggﬁD
or CD 11 d) (Gahnberg et al., 1997). The a subunits contain a Egng§$
200-residue A or I domain, which is essential for binding of nost |igands.
The crystal structures of | 12 SEP 2005 2 dormains fromthe al; and am
subunits indicate the presence of a cation binding site called the

net al - dependent adhesion site. Amno acid substitutions in this site

abrogate |igag Qi'ng?}o?zﬂth@'d'i%% bty iﬁ&@iitaﬂl\iﬁ%%enr&lﬂﬁé 8atRhn bihding 4i895) .

The maj or |igands ese integrins, the | CAMs, belong to the |
i munog! obul i palleslithe efetalidependaniadhiesien siBAMsmimotahidstubgtitutignsdn thiesisht bi ndi ng

specificities have heen,  descrjiped. T expressi.on of | endot hel i al
celI's is subj apogets Ligandhindm “a%%aP‘Egp t@?é%ﬁﬁ%ieﬁg&%?ch enhances
the 132 integrin-nedi ated adhesi on of | eukocytes on endothelial cells. In
addition to the I CAMs, fibrinogen and the i C3b conplenent protein are

known | i gands Taé nidjer IREAndnbRibeseriategrias, thelCANsybeldngahiRe invhenoglgbuliBecause

of the inportance of the 132 integrins for | eukocyte function, ,antagonists
of them are pencsfermily, anthfive IGAMswith gigptly ?rﬁl.lt% ING SRFCEHLCIRSS htaﬁ%g%@Z

I ntegrins or the .l . ' L1 Ay ggﬁ&? :

i mmgol ogi cal d&ﬁ"é‘%?%@%&%*g%lﬁ?ts???ggg@%ﬁ%“%@%°+’ln&t‘§§{r‘ggést tcou gﬁgpéo be

\(/ﬁ.| Iuabl et ![ n t{bg jmﬁinl_ 'Zognoa;gﬁsea)ft_lglﬁheﬁ, nhii ch fWisahsﬁfiateigg'heBeldiaIe?udmsﬁfh@ﬁk_em;[ as
al ancette et alL, . wever, only a fe ecul e agoni sts

of the f32 i nieseryies pasrdathalisl erllse ﬁééﬂ@&o}%a?f%:l é‘&.@gen a‘iﬁ? E%eigg‘é;

Kelly et al., . C i .

exam nati on Of%@%g@e&kgﬁ%ﬁ%&e@#ﬁ%ﬂgﬁagﬁﬁﬁﬁ@?%% | nf@iﬁrrﬁgﬁ%% Jﬁiq\lﬁe

| eukem a disggmination as well in inflamatory diseases. In'particular, it

woul d be desirable to design conmpounds that distinguish between the
I nactive and active state of an integrin. Mdeling of such small nol ecul e

i nhibitors ha s Si FuhaRh onfRd\ekS
devel oped so aer%%?%io earl?ri g)p |éc/fe$sﬂ§? Egoé {rgerlll%\n&?ﬁg{?f&% wel | -~ %g%él ned
structure whenhdm af paterial aiti-tnflanAnatory dgentsf Antiiiésrto i Barintegysnetsheli sco-

AN SO ENE T e N R A

I ntegrin-acti ﬂe&z&gtaﬁgfetiﬁg the B, integrins could also be valuable in the development of thera-
peutic strategies to human leukemias (Lalancette et al., 2000). However, only a few
small molecule antagonists of the B integrins have been described so far (Kallen et
al., 1999; Kelly et al., 1999). Lack of such compounds has prevented the detailed
examination of the role of each member of the P integrin family in leukemia
dissemination as well in inflammatory diseases. In particular, it would be desirable to
design compounds that distinguish between the inactive and active state of an
integrin. Modeling of such small molecule inhibitors has been hampered by the large
size of the peptide ligands developed so far. Linear peptides are often without a well-
defined structure when free in solution. Among the few B2 integrin ligands disco-
vered is the 22-amino acid long peptide known as P1 which was derived from
ICAM-2 (Li et al., 1993). This peptide retains the leukocyte integrin-activating effect
that is typical for ICAM-2 (Li et al., 1995; Kotovuori ef al., 1999). Complementary-
determining regions of anti-f; integrin antibodies have been another source to obtain
ligand peptides, and one of the isolated peptides, 23 amino acids in length, showed
similarity to a sequence present on ICAM-1 (Feng et al., 1998).



that is typical for ICAM2 (Li et al., 1995; Kotovuori et al., 99) .
Conpl enmentary- determ ning regions of anti-132 integrin antibod sSER 5
been anot her source to obtain |igand peptides, and one of the isolated
peptides, 23 amno acids in length, showed simlarity to a sequence
present on ICAM1 (Feng et al., 1998). 1 2 SEP 2005 3 To devel op small er
peptide ligand leads to the 132 integrins, the inventors screened random
peptide libraries displayed on filamentous phage. The phage display tech-
ni que has previlmuddvelop smallted peptide digand:lepdypitoithie P4 intpemids, theinvéstors Btegnddn
speci es asf 3i ivunen. et. al..,..1994), g’ P3/Rs (Koivyynen et al., 1995)
and a436 (Kraf trg.zﬁonapq?udeilggg}qs dgﬁpi@’gzlppg}lgp?}itg@ét@gp. Pgéﬁedlﬁ?l%tec}l‘
confirned the ' alal : s ' : '

common recogni teﬁi@%dr? lgc{esc%éeﬁg%ﬂ%?wg&gﬁeb%%eﬁe p %1%2%%@%%&&?#%(3%%%%@ and
Ruosl ahti, 1984Koivumenedtal, 1984), appepaifoininen ged. 985 paides,polKraffePal such as

RLD, K&, and ve en di scovered. The | eukqcyte integrins a4Jii and
a4f 37 are knomﬁ%‘ﬂ%ﬁe leglaégrqqng}gﬁ&ay%qls%g%ﬁr@@ ﬂ&ﬁ@ﬂéﬁﬁﬁﬁ%’@%&%’éﬁér type
of tripeptide W I do¥éhn s mr . .

i nvention The ;gqug ent %?ﬂl\llég?%/g??ﬁg‘vde nogvﬁ ﬁegh%uﬁ%tth%%g% eu %8{;‘%%@}5%3% fic
02 integrins r(Bicogphbachea andbRubslahtinp934i Inadiditionpapparend claegedanalbbtes of
tripeptide fav by.th inteqgrin turned out to, be a previously
unknown adhesi g{ﬁﬁo’i‘%ﬁ @ﬁ%‘%&%}?b_@ﬁg hayebegp disepiveresh TPE‘)Q‘J(EQC,}"‘Q &SP or
R2 integrin |i ' : INAS ;s '

W11 ebr and factay! S Ao BRK dpdiicly foligrak o bRt

i ntegrin ant agarpeytidespiuehee,ted WKobfy4£d:, alyhDel). has a conpact disul fide-
restrained structure as determned by NM.. Especially this biscyclic
peptide is a potent inhibitor of |eukocyte cell adhesion and m gration,
and is a novel dgagh FRRH t he devel opnent of anti-inflanmmtory
agents. It is tdherelg(l)’fg an ggfﬁeﬁn of the present invention to provide novel

pepti des conprising the structure LLG or a structural or chem cal anal ogue

t hereof, which _structure corresponds to the se- ] .
e present gwentors hal?re now found that tﬁe leukocyte-specific B2 integrins

recognize a motif comprising three amino acids. The tipeptide favored by the omp2
integrin turned out to be a breviously unknown adhesion motif LLG. An LLG-motif
is present on ICAM-1, the major B integrin ligand, but also on several matrix pro-
teins including von Willebrand factor and collagens. The inventors developed a
novel P2 integrin antagonist peptide termed LLG-C4, which has a compact di'siﬂﬁde'-'
restrained structure as determined by NMR. Especially this biscyclic peptide is a
potent inhibitor of leukocyte cell adhesion and migration, anc_l is anovel lead

compound for the development of anti-inflammatory agents.-

It is therefore an object of the present invention to provide novel peptides comprising
the structure

LLG

or a structural or chemical analogue thereof, which structure corresponds to the se-
quence shown in SEQ ID No. 1 of the sequence listing.



quence shown in SEQ ID No. 1 of the sequence listing. 1 2 SEP 2005 4 It[)dﬁs
anot her object of the present invention to provide novel pepti ded 2
conprising the structure CXCXLLGCC whigch corresponds to the sequence shown
in SEQID No. 2 of the sequence listing and wherein X is any am no acid
residue, or a structural or chem cal anal ogue the- reof. A further object
of the present invention are peptides conprising the structure CPCFLLGCC
whi ch correspgan t ﬁﬂ]ﬁm i ; eptides BempEsing tee
listing, or g‘lgfnroE@?t?&%&g%gﬁgﬁeca aﬁlgﬁéﬁgg‘{l%eﬁgﬁé he pep ide% of SEQ
| D No. 3 wher ginitndrbe peptide is structurally constrained by two disulfide
bonds are preferred. Especially preferred is the peptide wth one disulfide
bond between the ClL and C8 cysteines, and a second disul fide bond between
the C3 and C9 cysteines. m(geent invention also relates to the use of

t he novel peptides as phaF’ Uuti- cals. Pharmaceutical conpositions
conprising the novel peptides in association with a pharmaceutically

acceptable carrier formalso an object of th nt. i hvention. .The
present i nventwhich carrespands teitheSequence stovay mtseFeg iﬁﬁ? zp%%ﬁ? SRAueRGs ListiAg
manuf acture of ar eutical.co Latd f Bahi¥BNina®ioue the-
i nfl ammat ory &P%&B%r@gia%ﬁﬂan%a mﬁ’ %@g&ﬁ%@ aasn c?%? Ofrr?ﬁl biting Iggﬁkoecyt e

cell adhesion ggd mgration in general. A further object of the invention
is a nethod for the therapeutic or prophy- lactic treatnment of inflamuatory
di seases and human | eukem as whi ch met hod conp- rises admnistering a

t herapeutical l y.or pr.ophyleact i ' @&@%En siry tRO¥@hcturBept i de
according to t%@“i'i“ﬁ’{?%‘?ﬁ‘f @ﬁ?°o¥5’§ §h\é}vg%t§&f#*§g of s idu;t%r eatnent. 1 2 SEP
2005 5 The novel peptides according to the invention can also be used as

X32 integrin
CPCFLLGCC

which corresponds to the sequence shown in SEQ ID No. 3 of the sequence listing,

or a structural or chemical analogue thereof.

The peptides of SEQ ID No. 3 wherein the peptide is structurally constrained by two
disulfide bonds are preferred. Especially preferred is the peptide with one disulfide
bond between the C1 and C8 cysteines, and a second disulfide bond between the C3

and C9 cysteines.

The present invention also relates to the use of the novel peptides as pharmaceuti-
cals. Pharmaceutical compositions comprising the novel peptides in association with

a pharmaceutically acceptable carrier form also an object of the present invention.

The present invention also includes the use of the novel peptides for the manufacture
of pharmaceutical compositions for the treatment of inflammatory diseases and
human leukemias, and for inhibiting leukocyte cell adhesion and migration in
general. A further object of the invention is a method for the therapeutic or prophy-
Jactic treatrent of inflammatory diseases and human leukemias which method comp-
rises administering a therapeutically or prophylactically effective amount of a novel

peptide according to the invention to a subject in need of said treatment.



ant agoni sts in biochem cal isolation and purification procedures of
different integrin species and different types of |eukocytic cel 1152 iS§P 2005
vitro. The invention is herein below described in nore detail referring to
t he acconpanied draw ngs. Brief descrBption of the drawings Fig.1l shows
how t he bi nding of LLG C4-GST nonapeptide to P2 | eukocyte integrin and its
| -domain is divalent cation-dependent. In Fig. 1(A), integrin froma bl ood
cell lysate was imunocaptured on mcrotiter wells using the am subunit
anti body MEML70 or OKML or the ax subunit antibody TS2/4. Purified

LLG C4-GST or,  GST control (2 .tg/well. s all | . 60 mn in
the absence of B§HRE ﬁé@tlfeﬁﬁ&@fﬁ“ﬂgt% ee‘iw ’é’ﬂlcﬁﬁgwﬁﬁg%g%cg#(}%ég% otein was
det erm ned by?ﬂ{ﬁ%\cg? t& i1 bioEiRhicARSdIRH £ puliTRafi6bprotediE BNy differefbiargrin SD
fromtriplicate ?s. The experinent was repeated three tines with :
simlar resul §gecies andidifferagtBypesiof Bukocyrealls icgronas i ncubated for 60 min
in mcroliter wells coated with purified am subunit |-donmain. The
concentrations of GST proteins were as indicated. After washing, the bound
GST was_ det 1 i Defl i bhisdiltdia G¥bw @RkBRH Sore BBRilTERHIASoARCRE EnicED
fromtriplicate wells. 1F'he results were simlar in tw other experinents.
In Fig. 1(C), didwings#- GST (10 gg/m ) was incubated in |-domain-coated wells
in the absence or presence of. EDTA (2.5 mM) or the LLGC4 (1) peptide (100
pM or the inactive LLGC4 (2) peptide (100 |.i1Vl). After a 60 mn

i ncubation, the:wal.LS.: :and the binding was determ ned with
anti-GST anti %gﬁe@g%&%n?%fstu taggglr the means SD fromtriplicate wells.
Fig. 2 shows how i mobilized LLG C4 supports P2 integrin-directed cell

adhesion. In_Fig. .2(A),, phorbal ester: ' ed TET-1.cgl{s e_al l.owed
to bind for 6&ignlshoys hw)oc%@mﬂéqg %@%@ﬁ%ﬁ?&‘%@?l-@ﬁ@ @Jet‘lé"vﬁ{ed% gngr
al bumi n. EDTA yag i nolided 3%1&3 cion-aQRRdéntAnip. 1(I),GarEERA oM 4 Bldod T8
bound cel | s wéPe determ ne by the assay neasuring  cCellul ar phosphatase
activity. The |pateaway enrhineocaptares onSBickotiter wellptsingthe oneubynit antibody
MEM170 or OKMI1 or the ax subunit antibody TS2/4, Purified LLG-C4-GST or
GST control (2 pg/well) was allowed to bind for 60 min in the absence or presence
of EDTA. After washing, the bound GST protein was determined by using anti-GST

antibodies. The results show the means + SD from triplicate wells. The experiment

was repeated three times with similar results.

In Fig. 1(B), LLG-C4-GST or GST was incubated for 60 min in microtiter wells
coated with purified ay subunit I-domain. The concentrations of GST proteins were
as indicated. After washing, the bound GST was determined with anti-GST
antibodies. The results are means * SD from triplicate wells. The results were similar
in two other experiments.

In Fig, 1(C), LLG-C4-GST (10 pg/ml) was incubated in I-domain-coated wells in the
absence or presence of EDTA (2.5 mM) or the LLG-C4 (1) peptide (100 pM) or the
inactive LLG-C4 (2) peptide (100 pM). After a 60 min incubation, the wells were
washed and the binding was determined with anti-GST antibodies. The results are

the means % SD from triplicate wells.

Fig. 2 shows how immobilized LLG-C4 supports B, integrin-directed cell adhesion.
In Fig. 2(A), phorbol ester-activated THP-1 cells were allowed to bind for 60 min to
microtiter wells coated with LLG-C4-GST, GST, or albumin. EDTA was included at



Simlar results were obtained in six other experinments. In Fig. 2(B), T 751
cells were m xed with each antibody against the (ii, (32, f33, all 2 Sfrp
integrin subunit as indicated at a congentration of 50 gg/m . An aliquoi of
cells was then transferred to wells coated with LLG C4-GST and i ncubat ed
for 60 mn at 37C. Foll ow ng washing the bound cells were determ ned by

t he phosphatase assay. The results are the nean % adhesion SD of 2-4

i ndependent ex | ' E Blel Leheadilttpe, t he
(15 3-9) anhPoribEaRertRth YHEBol collh Nt Aebmtudty e Bony tees

i ncubating ovegnilgh hatasé @BEHNY. Tht dam acd thénephsit SfiF@Sriphicattieedbsence or
presence of gl utaral dehyde. Free binding sites on plastic were then bl ocked
with 5% BSA. Simiterresisiwere obinedin i other GEPEBENtHwed to bind for 60 nmin at

37C. After a sh,wit LS~ g ng.the

resul ts show T 13’7%&\?’ HT@S?&SW?%%%\Q%@??%@ﬁg?g@perP%garh@’ S (,?'é eat ed
L W gei lE Lchi. QCXLM?&E&% intdpeinaBenit & @dicked bt aosdeatratibn ofS6l gimhemelighbbeed t o
ind to -

or GST. The 7E4 anti hody an wer.e used.as
conpetitors. Thlds w&thlenﬁansfmcd%%@b@@ﬁ@améj*laaegggggéé‘éﬁ? P\?é?%‘f‘sq hr ee

experinments conduc i triplicat ' | | hided N
t opLLG C4- GST™R At éi"%-i@“"?&&o‘i"@?‘@l“%& RNy lpﬁggé]{lét?r%@g&gbi%@e E)EI@sé)lﬂ M?%gés hgws
conparison of a@s%s/i Vi jeasltOfre BEChbm %laGhaent + $B5of 2-4 ifdegendaatdxpeiilats cel | s

were m xed in susSpension with the peptide containing either the C(1-8; 3-9)

or C(1-9; 3- 8kach darefindaplicRteeweliaal concentrations of the peptides are

coat oa wi i h Lleviss Seks e BRI AN Ry OPHE Naid Phretbited B MiEoRler bRl el |

oun S were

quantitated by, tiheARRS BYerhaheat Aéchdsntration of 46 wofml iaTBS indheveimenceSD from

triplicate wel’'s. SimTar results were obtained in two other expepinents
with triplicatpreseatd of glitaraldehyda (Hzpe bimging siteepn PBFHGVEG tlﬂer?qﬁﬁ“(lgeg“%s%ms

exam ned int r ce..of . st he -8 LAASE pB@td de.
The synthetic 'tﬁgg'g %yriélq.l§§8W§ﬁ}wgﬁ?§u§%ﬁvﬁggﬁhggtfle{)ansalﬁlndi cat ed.
Fol | owi ng a 60y @nRyitnPERAE BBuideIMRIdre dsternsined shé theiBsubERhOW @S Mean +
- SD of triplicate wells. The experiment was repeated twice.
In Fig. 2(D), the oxpz integrin-transfected L cells were allowed to bind to LLG-C4-

GST or GST. The 7E4 antibody and EDTA were used as competitors. The results

=

mean % adhesion + SD are representative of three experiments conducted in |
triplicate wells. The difference in the binding to LLG-C4-GST vs. GST is

statistically significant (p=0.016).

Fig. 3 shows comparison of activities of cyclic LLG peptides. In Fig. 3(A), THP-1
cells were mixed in suspension with the peptide containing either the C(1-8;3-9) or
C(1-9;3-8) disulfide. The final concentrations of the peptides are indicated. Cells
were then incubated for 60 min at 37°C in microtiter wells coated with LLG-C4-
GST. After washing the wells, the bound cells were quantitated by the phosphatase
assay. The results are the mean + SD from triplicate wells. Similar results were
obtained in two other experiments with triplicate wells.

In Fig. 3(B), THP-1 cell binding to LLG-C4-GST was examined in the presence of
the C(1-8;3-9), CLLGC or the CAAGC peptide. The synthetic peptides were used at

the concentrations indicated. Following a 60 min incubation the wells were washed



and the bound cells were determ ned by the phosphatase assay. The data show
the means SD fromtriplicate wells and were simlar in two othep sep 2008
experinments. Fig. 4 shows inhibition of |eukocyte cell adhesion to | CAM 1
by LLG C4 peptide. In Fig. 4(A), Jurkaf cells were allowed to attach to

I rmobilized |CAM1-Fe in mcrotiter wells in the absence or presence of
LLG C4 peptides. Following a 45 mn incubation, the unbound cells were

renoved by i mrer si n%pt he microtiter plate upsi de down on a decanter
cont ai ni ng PBSandHg bored eelisawere detesmined fyrthe phesphasasevissdy. Thy datashowbel et .

The results sh xerlrre ts each th tri-
plicate or qua rup€$§§ rﬁqﬁg&q‘?@%ngﬁf%)w Fy'e o ’f%"pﬁpfnﬁ\é\mﬁd to bind
to TNF-a-stinul ated Eahy endothelial cell nonolayers that were grown on
mcrotiter wells. LLG C4 or RG> 4C was included at a concentration of 50

M After a 45 Kig 4dishewpinhibition ofiteultaeyiemell adiesion ieI@AM-Ehp LEG-B4 peptider ki ng

Gt erm nad by Pl AL el itk Aio0 e Rt Rt RV sl ©
triplicate Wehil@ronﬁt9/e11§ﬁﬁ%%séﬂéWo?'E‘Fégén&%‘ElL@dbﬂgep IeQFFo\IBOmgA hf@?g

factor and type IV colla- genis
THP-1 cel | bi nificnbatics, thernbyund eeﬂlsamefranwndbammmgﬁxeMcmmemplam fifec e

Pt ogr i ne Foi AR = delfutn Sortaf b TR And F® abi e Sise M stity &B’éfél ed
well's, the boungoleeiThs redRIte skl 94 E81NEthesibR S SIREBmMAGR éx?énmé‘ﬁ?@ach%@t

triplicate wells. The experiment was repeated three ti
THP- 1 cel | s weplicay¢ poquadrupdichierweliso nicroliter wells coated with von

was. i nel uded Sris L eFIERereREeadh pinalo AR bon iyl Faganaciila il

celI's were det ﬁfononyae%awvér@gm@shp&pbﬁéraﬁﬁr aenarLGlee &R@D-@C%&b&lﬁﬂ%ﬁn SD

of triplicate wells"and were simlar in four other experinents. Fig.
shows t hat thea@mmﬂmonmsmm@e@ﬁcmﬁ)mmu@mms unbovad delis werat | on of

THP-1 cells on_fibri en substratum ), THP-1 ¢
adni ni stered Y ﬂqu%ﬂeﬁsq’%g] %ntgr @?tegp gé? sgl%xog,)anddﬁe %’W\aﬁ(racegﬁsence
of peptides, |i WeﬂeQdeW the phosphatase assay. The data are the mean + SD of triplicate

wells.

Fig. 5 shows how THP-1 cell adhesion on von Willebrand factor and type IV colla-
gen is blocked by LLG-C4 peptide. In Fig. 5(A), THP-1 cell binding to von |
‘Willebrand factor was examined in the presence of antibodies against the B2 (7E4),
ovPs (LM609) or amfs (P2) integrins. Following a 60 min incubation in von
Willebrand factor-coated wells, the bound cells were determiﬁed. The data are the
mean + SD of triplicate wells. The experiment was repeated three times.

InFig. 5 (B), THP-1 cells were allowed to bind to microtiter wells coated with von
Willebrand factor, type IV collagen, or fibronectin. The C(1-8;3-9) peptide was
included as a competitor in the concentrations described. The bound cells were deter-
mined by the phosphatase assay. The data are the mean + SD of triplicate wells and

were similar in four other experiments.

Fig. 6 shows that the synthetic LLG-C4 peptide prevents adhesion and migration of
THP-1 cells on fibrinogen substratum. In Fig. 6(A), THP-1 cells were administered
together with the C(1-8;3-9) or C(1-9;3-8), or in the absence of peptides, in



8 mcrotiter wells coated with fibrinogen. Following a 60 mn incubation
the bound cells were determ ned by the phosphatase assay. The re$dl §& 2908
the nean SD of triplicate wells andgwere sinmilar in two other
experinments. In Fig. 6(B), to activate integrins, TM1 cells were
stinmulated both with phorbol ester (50 AN and the RGD4C and C(1-8;3-9)
peptides (each 2.5 p.M for 1 h. After washing the cells were allowed to
bind to fibri - ] g FSIRFNiEL a 0 migidcuBatiordthedouRED- 4C or
bot h pepti des‘:ﬁg%%{i &@%ﬁ%gﬁtﬂ%ﬁ%ﬁﬂ%ﬁ%%at ed.gAfter a 30- mn incubation
the bound celdells Weteeddlenened ietle pibsphataseihssey aFke neaultsraeaithe ngyangy SD of
triplicate wells and were_ sim i,n two ot her exgp%rirrents. At sone data

1S siml|ar i
points the Suplicatewslisard werg supilar intwo Ohes SERENF: o~ 6(C), Transwel |
filters were | %8 betd with bhédbohogen,
or left uncoalﬁg"gé'%gﬁgq{) E%%é%\ggerggta g’?}v%q%éggwgfﬁgﬁi@cglbl s (5 g 104 per
filter) were d@,{ea(migpr) ah@d:ﬁl{ﬁbﬂ&and@(:]eSﬁf&):}?@t&ﬂeS Geach 2.5 pMofor 1 b. After ,
serum cont ai ni ng medi um The concentrations .0 1-8:.3-9) .and -9: 328
were 200 PM \m%irtg/\ihﬁg‘clés waig allopd E%\glphﬁ%f%m%e&é?qa%drﬂ’%’é?@% R%%%@gﬁégt h
the filter we letar i AT : ' i @nckdresn-
count ed underéﬁ’ﬁﬁggﬁ%‘t%?o@é tdgy\?[]tg\?vtcmﬁgaﬁ%%l%?gaﬁ Ieasrt three
experi ments. i fhcabatda e bdi@titelis dere detertdinedr The seaults aeithe mean »S2 ot oat ed

with LLG C4-GST, GST, fibrinogen, or  BSA. Atotal of, 5 x 104 THP: ells
was adni ni st etripticate wetlls padwerg S(MB‘DMPLPQP?&WS\WHFW& AP HA RIS e o

cultured for h. and th cells mgrated to the | ower surface
S e

of filter was y. The results show neans SD of at
| east three eympi 6@} Trankwell filfers hevscaatedboth sorthopper ancttowes surdgcecyil i ¢

con or mat | onsSbnagen, o hansqatas ey g seiated Bl ESH RS o8l X A0 per e
heavy atons Oéﬁé$§veg%§é¥ 1%‘2;%{;8%@;%‘?%&2&%191&@51@ i@ 109/ fetsseamadng n each
e am || a

famly and th re translated apart for viewing. .In Fig.
7(B), stereo yjegiten. ofhercontentatiomtcfi(1<83-9) aod C{t-PikcBluvers 260 1M Folloyingipove)
%?eq 1908 8)18 gggx!-gul éi,rﬂ?e gerll]gw'gratlzé) ks B &R Al R el ddfideOTRE ELR Ur es

were fixed, stained, and then counted under a microscope. The results show means +

SD of at least three experiments.

In Fig. 6(D), both sides of the Transwell filters were coated with LLG-C4-GS"I‘,
GST, fibrinogen, or BSA. A total of 5 x 10* THP-1 cells was administered per filter
in 10% serum-containing medium. Cells were cultured for 18 b, and the number of
cells migrated to the lower surface of filter was counted microscopically. The results

_show means + SD of at least three experiments.

Fig. 7 shows comparison of structures of cyclic LLG-C4 peptide conformers by
NMR. In Fig. 7(A), families of 40 conformations of C(1-8;3-9) (left) and C(1-9;3-8)
(right) are shown. The heavy atoms of the disulfide-closed backbones are
superimposed in each family and then the two families are translated apart for
viewing.

In Fig. 7(B), stereo views of representative solution structures C(1-8;3-9) (above)
and C(1-9;3-8) (below) are shown. For this presentation the two structures were
initially superimposed on the main chain atoms of F4, L5 and L6, and then translated

apart for viewing. In the C(1-8;3-9) peptide C1 pairs with C8 above and C3 with C9



inmitially superinposed on the main chain atons of F4, L5 and L6, and then
translated apart for viewing. In the C(1-8;3-9) peptide C pairsH nigee 285
above and C3 with C9 12 SEP 2005 9 bel ow the cyclic structure. Likew se, in
the C(1-9;3-8) peptide Cl pairs with C8 above and C3 with C8 bel ow the
ring. Detailed description of the invention The novel highly specific

pepti de antagoni sts contai ning the unexpected LLG tripep- tide binding

noti f were devel oped usjng phage display., T vel peptigdes,inhibi

| eukocyt e adhesiaynt e&ﬂah%mm%g?ﬁgﬁ’éétha&ﬁgm&QSIR?EWV@ esi on.
The nost acti oSt ~{called LLGC4) is a biscyclic
nonapepti de thaégv%@g?%ﬁgﬁﬁkk%é'ai ned by two disul fi de bonds and
contains a LLG tripeptide binding nmotif favoured by the 32 integrins. The
LLG C4 peptide_specifically blocked the 02 integrin-nediated |eukocyte
adhesi on and i Betabed dgsorinfiancofithe veatiad to their major ligand | CAM 1.
Furthernore, like a typical integrin ligand, the peptide sup- ported cell
adhesi on when i mobilized on plastic and bound | eukocytic cell |ines but

not cells |ackThahoWal highlg@pedific pditile@hfageiisiénapming the eiskpeédd SQagpdp-Ci t y
of the peptide is explained by its ability to interact with the |-donmain,

which is a kndigs binding metif weee daveloped nEngk pRigedispieie ghiernovel prptifdessinhibig v

not only I CAM.1 but. a rber t her ' ' |G s n

W I | ebr and fac@'g?ogﬁc?dpé/ggge)ne’ a{}ggv(])JF ﬁggré'ﬁb@ig% ’%&#@8§g%@§ﬁg@%@%}@%ﬁgquence
identified by mbaaetivh aifdgdyist CRCFRLEUGEallsdDRVG-04) is\abisddelit abiapeptideahor
and type IV collagen are potential |igands for the |eukocyte R2 1ntegrins.

The activity of strusturety reshrained by dyie diggHidetbonds endzoniyinapdd@ Hivepiges

strictly depen-. dent t [ t syl £ j

Ther o was. o 20 PORE et YOS EUEE b WREL, P RLGLCEpHeRl spbdlicdlty Hee
conf or mer s t hate @ int@ridcmedibiéd léukbbre adliesion @dristibited leukecyde biatingde their
bri dges. The nore active peptide had a_very conpact . structure due to

"crossing" ar rajgehigand IGAN e Furtbernore) dikp aiypicaldntegrindigayd, the peptide sup-
Interestingly,_t | euci nesi .chali, r rot ' ] re
| i ke antennas P°§G§§8§?§}}Fdl%‘§€° : é'%’bgiﬁﬁg?lrﬂg%[qﬁfh ?%@&;@Pﬁ %/‘m%%f ﬁg&g%&
integrin. The sgretlls MERES PLintédBinelUEhe effectiveness and leukocyte specificity of the

peptide is explained by its ability to interact with the I-domain, which is a known

-

active site in the leukocyte integrins. Interestingly, not only ICAM-1 but a number of
other adhesion proteins including von Willebrand factor and type IV collagen

contain the consensus PP/XXLLG sequence identified by phage display. Our studies
show that von Willebrand factor and type IV collagen are potential ligands for the
leukocyte B integrins. ’

The activity of the most active antagonist, LLG-C4 nonapeptide, was strictly depen-
dent on the correct formation of two disulfide bridges. There was a 20-fold diffe-
rence in the activities of two biscyclic conformers that differed only in the arran-
gement of the disulfide bridges. The more active peptide had a very compact
structure due to "crossing" arrangement of the disulfide bonds as shown by NMR.
Interestingly, the leucine side chains protrude from the cyclic structure like antennas
suggesting that they can directly interact with the integrin. The small glycine residue

may adjust a correct distance between the two leucine side chains.



may adjust a correct distance between the two | euci ne side chains. F
2005 10 Previous studies have indicated that synthetic peptides §p7ar$ﬁ néﬁs
the LLGregion of |CAM1 (Ross et al.,y1992) or the corresponding region
of ICAM2 (Li et al., 1993) support Ieukocyte adhesi on when t he peptides
are imobilized on plastic. In soluble forms, the peptides block binding
of | eukocytic cells to | CAM1 expressed on an endothelial cell nonol ayer.

The LLG C4 “O?ﬁg%hk%diﬁh?%gﬂ ciafég% ?ﬁtmhégéand Ebanhiﬁ tB’éEEGqu bM of

descri bed peptide I'1gands egrin sh ome h |V|ty

t hough | acki ngIGsAMegmms\seb‘ gl cl@éﬁ)gaotharmrresp@ndnhgrrgmduﬂ%kﬂ %seghh,t 98] e.

Al so the pentapept | d I nhi bj t cel |, ,adhesi o

integrin-tar geSuPRertls HHQ 10"0‘@ tPFH%qeé&r%lggE&IB?F%ﬁ?epl%’ﬁ: By LG

LT O e e SRRSO B I8 Sttt

nodel s of the LLG sequence Is seen as
part of a shorgnddtlsdliabesdl mppeayont The I:EG&EM aoudpeptideds sigpificently smallendhani t h an

integrin |-donain (Casasnovas et al. el | a et al Al ani ne
scanni ng nut aghs@sewously,dessabest psphide ) Ifo’é%erﬁé infegrins aﬂitsﬁ?‘ﬁe‘i highpetiay | g

d f 1CA

foteorin bi nolRyR KRR ek b ﬁ“&%ﬁ%‘feﬁﬁué R plbtarnfl, ARS the
decr Ieasels I (Cé intaﬁélpﬁde P@Lﬁﬂlingi?mmdgantadhéskﬁ ahgs Wimegrmntatgeuhfghgﬁi@sccame
co ete I sher et a eca of t t t t

gl ;E i ne- rrﬁt at ebie capsimated based.n tb@@@p-cw;g&{a&mﬁfa'?ﬂ{sﬁ%%%%ﬁdg%cer@ e
does not play AryRlal A 3 ad dehcRitAl B&stf@l:&ﬁ&&%gom (@TeAM.1WHe e

|ntegr|n. NUta ons e correspon C ne amno acids to
al ani nes in | CAMGseqhéRedd seen ps parcofia smnﬂstmmiaappe:énﬂmq@folemmmly.g

activity (Casasnovas et al 999 von W11 ebrand factor contaj wo LLG

sequences but &entaging wi &W%@i%&ﬁgwn@ésﬁrﬂlgﬂﬁ Bﬁﬁﬁﬁtf‘}nr@a%] ns has
tb t

not been reporA%Everaﬁ'AnXﬂug{ngﬁé .&%Hf%@of&d?miee In&%?&s'vﬁ%ht&dﬂ%ﬂ g/e

l'i gand bi ndi ng”se and prevents g during vascul ar

injury by medi dbmaig @I@M&thaadbmmthait thed 10 segiorsis imp ot &1 therintégrin
contains two RGD sequences at Ieast

f h t di
the platelet bindingoiCA g3 Mutalon &%q%éh%égmﬁ%ﬁg’rdt“g?p r“%%ﬂ‘@d\g | !tﬂgre

are no known binding activity partially and mutation of the glycine completely (Fisher ez al.,
1997). Because of the inactivity of the glycine-mutated ICAM-1, it has been
suggested that the glycine residue does not play a structural role but rather directly

interacts with the integrin. Mutations of the corresponding valine and glycine amino '
acids to alanines in ICAM-2 also give proteins with impaired integrin-binding
activity (Casasnovas et al., 1999).

von Willebrand factor contains two LLG sequences but an ability of these sequences
to interact with integrins has not been reported. von Willebrand factor is a
multifunctional adhesive ligand binding several proteins and prevents bleeding
during vascular injury by mediating platelet adhesion to exposed subendothelium. It
contains two RGD sequences at least one of which is important in binding the
platelet integrin amps. According to the inventors' knowledge, there are no known
mutations in the LLG sequences associated with bleeding disorders in von Wille-
brand's disease. The inventors found strong binding of phorbol ester-activated
leukocytic cells to von Willebrand factor. The binding appeared to be predominantly
mediated by the LLG motif as it was inhibited by the B2 integrin-targeting LLG



mutations in the LLG sequences associ ated with bl eeding disorders in von
Wl le- brand' s disease. The inventors found strong binding of phorbplsgp 2005
ester-activated |eukocytic cells to von Wllebrand factor. The binding
appeared to be predom nantly nediatediby the LLG notif as it was inhibited
by the R2 integrin-targeting LLG 12 SEP 2005 11 peptides and by the 132

I ntegrin blocking anti body 7E4 but not by antibodies to the 13 integrins.
It is notable that besides the LLG sequences von W1 Il ebrand factor

contains | dopeptides ard by ke B2 tintegtimblocking satibodyn7Eeut ot byhantibodies to thieds ( 32
integrins. Thus,,it_is possible that, t are intr cul or

i nt er mol ecul alntegrins, Kds poja 3%59% tPﬁgEﬁ%qEQfﬁ%ﬁ%agP@ a“éﬁﬁg%t%nt

| - domai ns aff I s | Gl ¥ f ' Ny L ONS
occur, they cgﬁiéﬁgﬁhggﬁiﬁ’eﬁ%ﬁ%tﬁﬂﬁslg%f%sjaa%ﬁl\%?g S{étﬁuntftﬁgbmgl %?ﬁrr%%]ﬁ%éf?m of von
W I | ebrand faThas, it i©possils that theseigrg dstrarhdlacnlireorkinteyhelscutarinteractions o

i mmobilized formof von WI I ebrand factor Edsuch as..pr.es i.n vascul ar

subendot hel i uB¢teenthechLG sequeness andsdiacenid W‘@%P%&ggﬁlbﬂkﬂ cglﬂ%f*y arole

inthe initi ' | ' P

sequence of c%ﬂ@%’@ﬁiﬁ@%ﬁ%@g%’%% é‘%th? ?%&eﬁ%%/{n tﬂaeqﬁ%ér?g S%earch
shows a seq]che m&ﬁsg‘m afi/drlyVVtikbgbtriml ﬁcﬂoige(@;grrehﬂiseug@ptuhdﬁeukdcyteacamhliihdi cal
GFOGER not i 0= r.ox oline i.C inds to a2J31 integrin (Enmsley et
al., 2000). The ok Pl vim SV pbreRd Bsias, Sl % Sreseibn FESoBbr di nat e vi ¢ h
a metal ion GibeRabih¥hilor Bitet Glces, Ahd (HISe RGN BELNBRD d A in the

col | agen-1i ke pep I'ntegrin I-domal n. I'S possi bl e that
upon bi ndi ng imtisliphasdsafinfiammétiongl ut amate |ocated C-termnal to the LLG
notif plays a simlar metal ion-binding role both in ICAM1 and col | agen
IV a chain. The LLG C4 nonapeptide is the shortest and nost efficient
peptide |ligan : ' ' Is ad
structure for ﬂ%tﬁlggtb@g’ﬁg%iﬁggﬁgﬁ %Eéd&:éﬂ egﬂ@yggﬁ%%ﬁ@g&gﬂ/ 1%:21? gﬁ? Pgl

ant-i - i nf | amrag Goyokggsearch Beowsis sequbrcelsidilarityetg theollagerelileqmpdds eithian bl ood

|1 d bl ood | 1 ( I n_the bg w, th , .1 ng ' houl d
SR e T N S M
132 integrins  ArgdoNopl difkafisteThsiltfe Stht Pofiide'is sethdb CotBfhaRGHAT RG] iort €d

only

in a crystal structure of the complex between the collagen-like peptide and the a2
integrin I-domain. It is possible that upon binding to an integrin, the glutamate
located C-terminal to the LLG motif plays a similar metal ion-binding role both in
ICAM-1 and collagen IV a chain. |

The LLG-C4 nonapeptide is the shortest and most efficient peptide ligand yet deve-
loped for the B, integrins, and provides a lead structure for the'development of B2
integrin antagonists and potential anti-inflammatory agents. Because the f2 integrins
are expressed in blood cells and blood cell precursors in the bone marrow, these
integrins should be readily accessible for targeting by circulating ligands, However,
the B; integrins are known to exist in an inactive state and become activated only
after physiologic stimuli such as by chemokines or through a contact with antigen-
presenting cells, Therefore, it would be desirable and clinically useful to develop
compounds binding preferentially to the cells bearing the activated integrins. The
inventors found the LLG-C4 peptide to exhibit such properties as the immobilized
peptide strongly bound cells only after their integrins were fully activated. The

presence of LLG-like sequences in von Willebrand factor and collagens suggest a ;



after physiologic stinmuli such as by chenokines or through a contact with
antigen- presenting cells. Therefore, it would be desirable and cljpnggy hﬁS
useful to develop conpounds binding prgferentially to the cells bearing
the activated integrins. The inventors found the LLG C4 peptide to exhibit
such properties as the inmmobilized peptide strongly bound cells only after
their integrins were fully activated. The presence of LLG|ike sequences

in von WII ebr . : a&qﬁt el
function for t@gghﬁg?{é%g&?%%g a%| %etﬁ%{; on )?ﬁlaf@?tgﬁgpag%% 1élglédg:?‘lhéeukocyte
adhesi on t o t heihssibe feithiesabémlothedinl matrixfofa diaraggé Hldodomssel 3omedquently, the

Consequently, the, inhibition of the binding of infla tory.cells and al so
| eukemi a cel | sinhigitiesof the bl@ﬁ%@ﬁ%@&”%ﬁ%ﬁ%&ﬂqq}e efqn&g‘[éllf’smﬁﬁnt he

pepti des of thg;.4 ' b dHGR! ﬂﬁgn tions
as the recept 2§J ﬂ?%ﬁﬁ%ﬁ%\#ﬁ%b&? th‘i%’llﬁ‘g@ég’?ethy@%ﬁn%ﬁ Iogo s‘?&ﬁ%ﬁﬂwgg

mi m cki ng pept ¢kl aASIC AM- b fildvtionkeasethe psveptor 6idr rhinovizhiseamtiohi canse
conpounds (Casasnovas et al., 1998; Bella gt al The pti des of

98; ) 1998) . e
the invention ewsunen gelds IcAMskmimickingneatidescouiibalso g?lpiﬂi*ﬁﬁﬁ’{élgamg%%fge

S,
which el ode. but ar SCh b .
Orohn s o seaciovet il Biepbuisi Chrebort ARt 19%8; BARHIR b ieiebtides,
In a method f ogfthé ervieRB6REANE ko B uséfabiiythe Geatendnt efiniramie difeases] Whithat ory

di seases and human | eukem as the therapeuticall, eqéﬁgr o(géh%,act ically
ef fective anmpulnclude, husere pesbimites tos dighpies, feumateid & & (ol 8 108e%fed to a

subject in need of .said.tre . ing on the condition,
body wei ght, a@s@}'la%lﬁ’gpglgpiet%éﬁg%?’%ggtﬁaxﬁ@;laehég&g?jbgéid treatnment. For a
nouse a suitable effective anbunt is for exanple 0.2 to 1 ng daily,

adm ni stered intravenously or int r,aperi;pggeal.l é or ab lgg 10 n%bg,uri ng one
week. In or dekn a metheddonthe tharaprusic Or prapaylacts, F@Q@B’&?ﬁ ampgioty, figeAse

ani mal s or human,bein . [ | s '

exanple 10 to i’é’o‘—‘ ax?{%}}k%g%g%ﬁ%g%@gﬁyp %%*%P@S g%%ﬂ&%\%ﬁ?&o@ggﬁéfa %o be

used for identhéptide@fkiedinoention t6deladniiyipesedan prsabjsctrig need of iy reatmemtdamay
be valuable for typing inflammtory cells qr  di agnosin | eukem as,. Cells
expressing an wevidgnensing en thegondition, bofyusishi, agoFic. 8 g’gﬁ}@?ct&%ﬁee@é’fsa‘d

I sol ated from blLood, Pl b SiiSe RYuRARE LEELTE anoBRPH 8 &:Athpld 6.2 WD mgtRily,

administered intravenously or intraperitoneally, or about 10 mg during one week. In

order to have an immediate effect on leukocytes, for bigger animals or human beings

an effective amount in a single dose is for example 10 to 100 mg i.v.

The peptides of the present invention can also be iised for identifying leukocyte cell
types expressing P integrins and may be valuable for typing inﬂammatory cells or
diagnosing leukemias. Cells expressing an activated form of amf2 integrin, for
example, can be isolated from blood or tissue by passing cell population through the
surface of a column, and then eluting the cells with EDTA or a competitor peptide.
This method may be particularly useful for isolating subsets of lymphocyte
population expressing a panel of integrins.

The peptidés of the present invention can also be used to promote the attachment of
p. integrin expressing cells to a peptide surface or an artificial peptide matrix. Such
an artificial matrix may work like a bone marrow or lymphatics and help in

producing tissue transplants, On the other hand, the peptide in soluble form will .



surface of a colum, and then eluting the cells with EDTA or a coggetitor
peptide. This method may be particularly useful for isolating suUbdcE® 205
| ynphocyte popul ati on expressing a panel of integrins. The peptides of the
present invention can also be used tojpronote the attachnment of p2
integrin expressing cells to a peptide surface or an artificial peptide
matrix. Such an artificial matrix may work |i ke a bone marrow or

| ynphatics and help in producing tissue transplants. On the other hand, the
pepti de in sqliflnehé@riobldaghing: SERu6RBsplantas theqrptifioinhibinaiatogenagal nst
a tissue transplant as the péptide inhibits R2 integrin directed mgration
of macr ophagetireated naigratiop afiyiacngphages m@qmpanmstmigqﬁmafmér%wr&m ng
exanples illustrate the invention without, however, limting it in any way.
Exanpl e 1. Phage display The ahl132 integrin was purified by antibody
affinity chr Ye te®Biventddl with@d, Rovwever;ilinmitiap iRadnr oss
Bl ood Tr ansfggﬁ%ﬂé%eé{é&g@g?ssgﬁebed pre- viously (Li et al Q 1995?.’
I'ntegrin diluveyd in Tris-buffered saline (TBS)/ 1 nM MiCl2 was coated onto
mcrotiter wells overnight at 4C using one g per well in the first

bi opanni ng and 100, 10 and 1 ng in subsequent pannings. The wells were

bl ocked wt 9 ' r 1 h at 22C and then washed five tinmes with
TBS. Bi opan- r@ﬁ?"r{gf’%a%? I:)Heag%—gﬁrg?rlég usi ng CX7C and CX9C phage peptide libraries
essentially as described (Koivunen et al., 1994). The construction of

libraries was_nodi fi.ed so that..the singl,e-str. _ ' enerate

sequences wasTBoMReRiegrin wespuyif W%ﬁ?’&ﬁﬁﬂ%ﬁg%%a@@?% sgof PCR

with only the.d fusGe@biinditRideRss Blocy Thasfulioh Schitduslduscritssdaree and
otal o g

forward primer. of the double- stranded ol igonucleatide was
purified usi ngoRAGENRCRINS).iThiegrin dintediin Tasdutferegaeline (FHEY/ kM MaChhe
FuseS phage vector. The nunber of reconbi.na I n | ' nor e
t han 109. Pha@é’a_st‘ipﬂﬁflﬁﬁ@ %F{%ﬁ%ﬁvﬂlrﬁ&vgﬁ?ﬁ%bg&%fﬁ“%ﬂ%?’?%‘ %g%wgﬂj |§1ﬁth A8t oi |
were repeat edb{ok))é[rﬁ%%é Iggr;cpgooig@iﬁ i g if@ﬂiéed}%ﬁf‘pa"iﬂlﬂ%@' CTley wells wedelogkedwer e

pi cked up and"s ol Ume of Sin mcrotiter wells at -20C
For with 5 % BSA in TBS for 1 h at 22°C and then washed five times with TBS. Biopan-

ning was performed using CX7C and CXsC phage peptide libraries essentially as
described (Koivunen et al., 1994). The construction of libraries was modified so that
the single-stranded DNA encoding degenerate sequences was converted into a
double-stranded form using 5 cycles of PCR with only the reverse primer and @en
11 cycles with both the reverse and forward primer. A total of 6 pg of the double-
stranded oligonucleotide was purified using QIAGEN PCR purification kit and
ligated with 42 pg of the Fuse5 phage vector. The number of repombinants in the
libraries was more than 10°. Phage binding, elution and subsequent_amplification in
E. coli were repeated five times, and after each panning bacterial colonies were
picked up and stored in a 10 l volume of TBS in microtiter wells at -20°C. For
direct colony sequencing, one pl aliquots of the thawed samples were subjected to
PCR with 10 pmol each of the forward primer 5' TAATACGACTCACTATAGGG-
CAAGCTGATAAACCGATACAATT 3' and the reverse primer 5' CCCTCATAGT-
TAGCGTAACGATCT 3'. The PCR conditions were 92°C for 30 s, 60°C for 30 s,
and 72°C for 60 s, and the cycle number was 35. One pl aliquot of the PCR reactign
was taken for sequencing using 15 pmol of either one of the primers and analyzed on

an ABI 310 apparatus (PE Applieci Biosystems, Foster City, CA).



di rect col ony sequencing, one | aliquots of the thawed sanples were
subjected to PCR with 10 pnol each of the forward priner 5' 12 SEP 2005
TAATACGACTCACTATAGGG CAAGCTGATAAACCGAI CAATT 3' and the reverse priner 5'
CCCTCATAGT- TAGCGTAACGATCT 3'. The PCR tonditions were 92C for 30 s, 60C
for 30 s, and 72C for 60 s, and the cycle nunber was 35. One gl aliquot of
the PCR reaction was taken for sequencing using 15 pnol of either one of

Fostor G 1y, - ajer G tBRrins Slschon e TRE RPRehEria A BRI EeBheR et o

CX7C library qayes 2166018 lefi Qi Bgﬁ’d}ge 86tind foBEiedROR-doplpdigprtbchment of

phage bound to the integrin in conp on to background. Sequencing of the
bound phage r éaeledreundiSequeatcingrofdind found phagaicveadedaltogethey anlysewsn diffeicott i ng

Sonc i noa o gt BB el me e o i S b
! ) .
enriched wer ﬁ?%:l)s@gua Qgéﬁégifﬂn%ge@fgg% Tﬁ@%%@qﬁ@&ebfnga%ﬁro@g edcidd"eS

in the rando ec ones; hese were the only clon remai ni ng
af t er sear chi ngere CRCHLIGRCE(LLGHTS) dad CWKLLGSEEEQigablvobserneddSitimes amthieng
concentrations. Interestingly, Lng A | ooqlﬁs Hk a _consensus, bi ndi.n
sequence as alrpndarelyselssiedoionshsa dhess were thg oply @engsgempinife aiier to
the conservati Lo eUel ?%{ﬂ/ | R YRl RerdsEaLRues.
Tabl e 1. Seveniigg%1 ggtf@g ueﬁgéergs%ggﬁg%‘gﬁltt aEI\‘/iFQZ Fﬁ%céaplﬁn%c-i) a%%yt hei r
al i gnnment wi t LILGE&4 okaliké o gorsensue birdingmegaente as all dled peptidéscshiowad pimtit ei ns
CPCFLLGCC( 15) CWKLLGSEEEC(15) CWHKDLLGC( 4 VEL L 4) . CPP
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cysteine residues.

Table 1. Seven phage sequences bound to the omBz integrin (Mac-1) and their
alignment with LLG-containing sequences present in cell adhesion proteins

CPCFLLGCC (15)
CWKLLGSEEEC (15)
CWHKDLLGC (4)
CWSMELLGC
CPPDLFWYC @)
CPEDLYFFC 3)
CPEDFIFFC
ICAM-1 CDQPKLLGIETPL

von Willebrand Factor-A2 TVGPGLLGVSTLG
von Willebrand Factor-D3 GRYIILLGKALSY

type I collagen-a2 PGPQGLLGAPGIL
type IV collagen-o4 PGPPGLLGRPGEA
osteopontin VICFCLLGITCAI

The amino acids that are identical to the phage peptides are shown in bold. The
ICAM-1 sequence is from the first Ig domain. The von Willebrand factor sequences
are from A2 and D3 domains and the type I and IV collagen sequences from o
chains. The osteopontin sequence includes residues no. 5-17. The number of isolated
nucleotide sequences encoding each peptide is indicated in parenthesis.

Screening protein data bases indicated that the LLG tripeptide sequence is located on
the first Ig domain of ICAM-1 just preceding the Glu-34 residue which is critical for
ICAM-1 binding to the arp; integrin (Staunton et al., 1990; Stanley and Hogg,



ICAM1 von WII|ebrand Factor-A2 von WII|ebrand Factor-D3 type |

col l agen-a2 type |V coll agen-a4 osteopontin CDQPKLLGE ETPL TVGPG2LSMSTAS
GRYI | LLGKALSY PGPQGLLGAPG L  PGPPGLLGRPGEA VI CFCLLG TCAI The ami no aci ds
that are identical to the phage peptiges are shown in bold. The |ICAM1
sequence is fromthe first 1g domain. The von WI Il ebrand factor sequences
are from A2 and D3 domains and the type |I and IV coll agen sequences froma
chains. The osteopontin sequence includes residues no. 5-17. The nunber of
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consecutive residues being identical to the Bu n | CAM 1, se yence (Tabl e
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1). The LLG tontpiejngsdeuesces exespt that of A Mdn B PESY IS HER e 0and D3 of
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| CAM 1, has b oﬁ%?h YIie Badt, 2000)aire protsialigamistod tite RGDedirdctedtfaachnent
sites. von WF’?@B?% agltior (Savage”e)?ra ., 1996)

.and .ost eoppntin
(Hel luin et alintegrB0) whethepthey esnradditipnatiy bd to He ﬁaeﬁieaﬁ’*?selé_tﬂé’ﬁge%? |
ng\?mg_rl ns but lgmte%tstri]r?grly,tt?}?é/ I goqﬂgéandﬁja!str&%ﬂﬁi' lo¥erPdHddmts bk R%ighRd bPEREBNS 1S not
integrin (Garnotel et al., 2000).

Example 2. Integrin binding assays

Prenaration of GST and Fe fiision pmteins

The nucleotide sequence coding for LLG-C4 was PCR-amplified from phage DNA
with the primers containing a BamH I (5' AGGCTCGAGGATCCTCGGCC-
GACGGGGCT 3" and an EcoR Isite (5' AGGTCTAGAATTCGCCC-
CAGCGGCCCC 3. The PCR product was purified on an agarose gel, digested with
the two reétriction enzymes, and ligated into the PGEX-2TK vector (Amersham
Pharmacia Biotech, Uppsala, Sweden). Recombinants expressing LLG-C4-GST were

- vyerified by DNA sequencing, LLG-C4-GST was produced in E coli strain BL 21
and purified by glutathione affinity chromatography followed by dialysis. ICAM-1-
Fc fusion protein containing the five ICAM-1 Ig domains was produced in CHO
cells and purified by protein A affinity chromatography. Approximately 20 mg of
LLG-C4-GST was produced, which was more than 95 % pure as analyzed by SDS
gel electrophoresis on the PhastSystem apparatus (Amersham Pharmacia).

onaclonal antibod
Antibodies against the integrin Ba subunit were 7E4, 11D3, 3F9, 1D10, and 2E7 as
described previously (Nortamo ef al., 1988). The anti o subunit antibodies were

| TS2/4 and MEM-83 (Monosan, Netherlands). The antibodies OKM1, OKM10 and



Interestingly, type | collagen has recently been shown to be a |ligand of
the a,,(32 integrin (Garnotel et al., 2000). Exanple 2. Integrin 1bp ngp NShos
assays Preparation of CEST and En i si protei ns The nucl eoti de sequence
coding for LLGC4 was PCR-anplified fromphage DNA with the priners
containing a BanH | (5 AGSCTCGAGGATCCTCGECC- GACGGGECECT 3') and an EcoR |
site (5 AGGTCTAGAATTCGCCC CAGCGGCCCC 3). The PCR product was purified on

an agarose ¢ |3?s£ o at ed
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ced in E. coli straln BL rified by
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LLG C4- GST was produced, which vvas nore than 95 % pure as anal yzed by SDS
gel el ectrophoresis on the PhastSystem apparatus (Anersham Pharnaci a).
Monocl onal anlntégyiti bindimaspaydi es against the integrin R2 subunit were 7E4,

1103, 3F9, 1D and 2E7 as 1988).

The anti aL s %ﬁ{ﬂ aﬁ%?%gﬁa%‘i%’?%ﬁ%y y§k;l¥§l£4(’)§gé'% o"g{g}]&!ew

Net her | ands) . o ifigitaHibbgids OXKNKM MEMWIO) thed, Sububitnidly TISR/AbMdnéPectfic e

agai nst the anti am subunit, and the antibody 3.9 agai nst the ax qﬂgubunlt
%ta&glr Olva

(Li et al., 133(Dako, eﬁamnntena;L@A)s)Thmv@ adies 3’5“? 3t & copeFagn

h df I
ot body  Lo8s B IHeo A Afel B ShaaPRE yotfadel 9% bRk aabfy,
CA). Trite n hj t'&ﬁ@&ﬁf}scdaﬂly@ﬁélnlﬂIWQ@ctymgtummmedvIn@hHTBswast or well's

that were coate am subunit _anti bodi es G(I\/Il or ML70, th ax
subunit anti baﬂw6’$m mebatﬂ&iQple%,tAPCc The ytells peerotherarashas fave tmescih

antibodi es s fgqaéc?&de-con Aiing BERLY. itﬂ@@,‘@(fis%%r control GST was incubated at a

concentration of 10 pg/ml in 25 mM octylglucoside/ TBS /1 mM MnCl; for an hour.
Following washing of the wells, the bound GST was determined with anti-GST
antibodies (Amersham Pharmacia), which were labeled with an Eu’*-chelate
according to the instructions of the manufacturer (Wallac, Turku, Finland). The Eus‘_‘-
fluorescence was measured with a 1230 Arcus fluorometer (Wallac). For
examination of the I-domain binding, we used the recombinant oy I-domain ex-
pressed as a GST fusion protein in E. coli as described (Ueda et al., 1594). The
fusion protein was purified by affinity chromatography on glutathione-coupled
beads, and cleaved with thrombin to release the recombinant I-domain exhibiting a
molecular weight of about 23 kDa. The I-domain was coated on microtiter wells ata

concentration of 20 pg/ml, and the binding of LLG-C4-GST and GST was studied.

The LLG-C4-GST fusion protein, but not GST alone, was found to have potent acti-
vity and bound to the amP; integrin in a divalent cation-sensitive manner like a
typical integrin ligand. The cation-chelator EDTA inhibited the binding of LLG-C4-
GST to the integrin, which was immunocaptured on microtiter wells with the am
subunit antibody MEM170 or OKM1 (Fig. 1A). Similar EDTA-inhibitable binding
of LLG-C4-GST was detected on the ozp; integrin, which was captured with the
TS2/4 antibody. LLG-C4-GST binding did not differ from GST control and was not



g’m in TBS overnight at 4C. After saturation of the wells with 5 % BSA, a
200 | aliquot of the buffy coat |lysate in 1 % octylglucoside/ 1 niyl Ms€Ep 25
TBS was allowed to incubate for 2 h at 4C. The wells were then washed five
times with the octylglucoside-containfng buffer. LLG C4-GST or control GST
was i ncubated at a concentration of 10 g/m in 25 mM octyl gl ucosi de/ TBS
/1 mM WMnCl2 for an hour. Follow ng washing of the wells, the bound GST was
determined with anti-GST antibodies (Anersham Pharmaci a), which were

| abel ed with pmidfaBletheEDTA, when amdnspycifio IgGavasised frsimanEopaptyrs ot

manuf acturer (Wallac, Turku, Finland). The Eu3+- fluorescence was neasured
with a 1230 Askay®)f| uoroneter (Wallac). For exanmination of the |-domain

bi ndi ng, we used the reconbi nant am|-donain ex- pressed as a GST fusion
protein in E. coli as described (Ueda et al., 1994). The fusion protein
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| i gand- bi ndi ngpphiestly bedaus¥mGET, digdfddsceslyformedduring riearidation Rae dd.G-

0. 01-100 g/, "showed a concentration-de dent .bi ndi.n 0+ kSOl

| - domai n of t He4 GnpsensEation Wasi hyghly B?t.we(%%%i‘ic‘f‘f‘ﬁ&uglesagﬂbty%ﬁ@elﬁtorr% lﬁgﬁ@ngi d
the LLG-C4-GST (Fig. 1 C). The same peptide was also active in cell culture
experiments. Another preparation, LLG-C4 (2), was inactive apparently due to
disadvantageous disulfide bonding and did not inhibit LLG-C4-GST binding to the I-

domain.

Example 3. Cell culture and adherence of cell lines to nonapeptide ligand

Thé Jurkat T cell leukemia (ATCC no. TIB-152), U-937 histiocytic lymphoma (no.
CRL-1593.2), and K562 erythroleukemia (no. 45507) cell lines were maintained in
RPMI 1640 medium supplemented with 2 mM glutamine, 10 mM HEPES, 1 mM
sodium pyruvate, penicillin (100 U/ml), streptomycin (100 pg/ml) and 10% fetal calf
serum (FCS). THP-1 monocytic leukemia cells (ATCC TIB-202) were cultured in
the same medium containing in addition 0.05 mM 2-mercaptoethanol. The non-
leukocytic ceil lines Eahy926, HT1080, KS6717 and SKOV-3 were maintained as
previously described (Koivunen ef al., 1999). T cells were isolated from blood buffy
coats by Ficoll-Hypaque centrifugation followed by passage through nylon wool
columns (Valmu and Gahmberg, 1995). Wild-type mouse 1929 cells and oxf2



not bind. The ability of the I-domain to bind LLG C4- GST was dependent on
the M2+ cations added to the binding nmedium and chel ating M2+ diSER ZIOTA
bl ocked the binding (Fig. 1C). To shqy that the I-donmain can also bind the
LLG ¢4 nona- peptide and not only the fusion protein, we synthesized the

bi scyclic LLG C4 peptide. However, we had difficulties to prepare an
active and water-soluble peptide, apparently because m xed disul fides

easily forned,durin r-o hi ghly
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A recombi nant #6280 min at room temperature to activate the integrins. Alternatively, cells were
stimulated for 60 min at 37°C with the phorbol ester (50 nM) and the C(1-8;3-9) and
RGD-4C peptides each at a 2.5 uM concentration, after which the peptides were
removed by washing with PBS / 2.5 mM EDTA. Cells were incubated in the micro-
titer wells (100 000 cells per well) for 60 min at 37°C in the absence or presence of
competing peptides, antibodies or EDTA. Unbound cells were removed by gently

washing with PBS and pressing the plate against paper towels. The bound cells were
determined by an assay measuring cellular phosphatase activity. Briefly, 100 pl of 50
mM sodium acetate buffer, pH 5.0, containing 1 % Triton X-100 and 6 mg/ml p-nit-
rophenyl phosphate was added per well and incubated for 1 h at 37°C. The reaction
was stopped with 50 pl of 1 M NaOH. The absorbance at 405 nm was read on a mic-
roplate reader. Alternatively, the attached cells were stained with Crystal Violet

essentially as described (Mould ef al., 1995).

To study T cell binding to an endothelial cell monolayer, Eahy926 endothelial cells
were plated on microtiter plates at a density of 5 x 10* cells per well and grown for
three days. To stimulate the production of ICAM-1, the cells were further grown for
16 h in the presence of TNF-a at a concentration of 10 ng/ml. T cells (1.5 x 10° per
well) were allowed to bind to Eahy926 cells first for 30 min at 4°C, then 15 min at



Wl ebrand factor and a capturing antibody to it kindly provided by Drs. J.
J. Sixma and Ph. G de Goot (University Medical Center Urechty % Rgep 2005
Net herl ands) were also used. To prepare polynerized peptides,

gl ut ar al dehyde was added at a final copcent- ration of 0.25% The wells
were saturated with 5% BSA and then washed five tines wth PBS. Prior to
adhesi on assays, cells were treated with 50 nM 413- Phorbol 12, 13-

di butyrate or with 200 M P1 peptide (Kotovuori et al., 1999) in serumfree

medi um for 3@760 T ulteand TUFRE ffcteolsd %cmmmgtwda@tﬁwmm up side
Alternatively, cells were stinmulated for 60 mn at 37C wth the phorbol

ester (50 nM dewd in RBSCThe doandiellamere qapmicdlapthe pbespbatese assaya 2.5 pM
concentration, after which the peptides were renoved by washing with PBS /
2.5 mM EDTA. Oells were incubated in the mcro- titer wells (100 000 cells

per well) for pRQ:yHl Bstalactitfatdd THDLE n%%@ﬁfﬁeﬂenﬂé@é%c@ﬁﬂ BAMRSS LNG-
peptides, antibodi es or EDTA. Unbound cells were renpved %'b%ﬂ?ntly washi ng

with PBS and [4e68Trigt nbttofFST er papsider€tSToeoninolst(CRRSESRGGE B VEWSQEC-wer e
det db t t fly,
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the mcrotiter plate up sid own In bound cells were determ ned
by the phosphdNasemass ay, 17330 Hel inestas alacsﬂudadéhb far¢hain antihedisst i1210, 8Bkeni a

gglr,![ fo|efsf I( aﬁ%@b&q{ cat@g A CAB;-%;rgrPn Igue&g%ed cell Cﬂsﬂm B a%cor 1cE, &e
three antibodies stimulated THP-1 cell adhesion on LLG-C4-GST (data not shown).

Studies with antibodies against the leukocyte integrin « subunits showed that a parti-
cularly strong inhibition on adhesion was obtained with the ax subunit antibociy 3.9.
The oy subunit antibodies OKM10, MEM170 and 60.1 were weakly inhibitory,
whereas the op-directed antibodies TS1/22 and TS 2/4 had hardly any effect. TEHP-1
cells express ax and oy but only little ar, and the antibody inﬁibition profile is
similar to that obtained for the inhibition of P1 peptide-stimulated THP-1 cell
binding on fibrinogen (Li et al., 1995). Furthermore, the inventors found that the ox
antibody 3.9 and the o antibody OKM10 had a synergistic effect when added

together, causing a complete inhibition of the cell adhesion.
Example 4. Arrangement of the cysteine bonds on the activity of LLG-C4
As the four cysteines present in the LLG-C4 can theoretically pair in different ways,

we studied how the arrangemenf of the cysteine bonds affects the activity. For this

purpose, we prepared synthetic peptides with different disulfide configurations.



GST) coated on microliter wells (Fig. 2A). EDTA at a concentration of 2.5
mM conpl etely abolished the binding on LLG C4-GST. Screening wth 2aSperah
of anti- integrin antibodies indicat ed2 hat the cell adhesion on LLG C4-GST
was conpletely inhibited by the bl ocki'ng anti body to the [32 chain, 7E4
(Fig. 2B). Antibodies to the 01 (6S6) and R3 integrins (LM509, P2) had no
effect. Parti al |nh| bition was obtained w<th the [32 chain antibodies 11D3

d h
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THP-1 cells ) 3Yas,P

i nhi bition prqj)btlltgtd gangllégol en)to that obtained for the inhibition of P1
peptide-stinmulated THP-1 cell 'binding on fibrinogen (Li et al., 1995).
Furthernore, the |nventors found that the ax antibody 3.9 and the am
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the LLG C4 can theoretically pair in ifferent ways, we studied how the
arrangement ofC3 aed €9 syseines. dbngeptids €€1-8; 3t-$1)ehad¢hﬂ disulfide bndeSPnebveepdhq)ose

we prepared s epti des th di fld | 12
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oxidation in 10 anmoni um bi car onate buffer %eﬁﬁdover ni ght. Pe ti des

were then puri8)idishlfigesiPiac26) Crosslinkingofithe A(L3gr e with giytareldshy

disul fides vvasﬁmgglf éﬂhnaggedbc%ﬂ%dﬁng,%%ﬁgeg hd'to better coating of the multimeric
peptide, whereas the same treatment of the C(1-9;3-8) peptide gave no cell binding.
In general, the C(1-8;3-9) peptide specifically supported the binding of B, integrin-
expressing cell lines such as B integrin-transfected L cells and the leukocytic vcell
lines THP-1, U937 and Jurkat. The binding of axpz-transfected L cells to LLG-C4-
GST was inhibited by EDTA and the B integrin blocking antibody 7E4 (Fig. 2 D).
Non-leukocytic cell lines 1929, K562, SKOV-3, KS6717 and Eahy96, which do not
express P integrins, showed no binding to the peptide or GGL-C4-GCT, whether the

cells were pretreated with phorbol ester or not (data not shown).

Example 5. Blocking of B2 integrin-mediated adhesion of leukocyte cell lines by
LLG-C4 nonapeptide

The ability of LLG-containing peptides to block leukocyte binding to adhesion
proteins containing or lacking a LLG tripeptide sequence was examined. THP-1 cell
adhesion on LLG-C4-GST was inhibited by the C(1-8;3-9) peptide with an ICso of
20 uM (Fig. 3 A). The other conformer, C(1-9;3-8), was 20-fold less active than C(1-



anal ysis. The C(1-8;3-9) and C(1-9;3-8) peptides with the guided disulfide
bridges were custom nmade by Anaspec (San Jose, CA). The ACDCRGPGFSER 2005
(RGD-4C) peptide (Koivunen et al., 1995) was obtained fromDr. E

Ruosl ahti (Burnham Institute, San D egb, CA). The nobst active peptide
C(1-8;3-9) was obtained by directing formation of one disul- fide bond
between the C and C8 cysteines, and a second disul fi de bond between the
C3 and C9 cysteines. The peptide C(1-9;3-8) had the disulfide bridges
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In general, the 1-8;3-9) peptide specifically supported the hinding of p2
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i ntegrin bl ockydieatiiptd $eeific Ficbehitios of ThedLG i byehikPriviteting (Rig. 3 Bpes L929,
K562, SKOV-3, KS6717 and Eahy96, which do not express p2 integrins, showed
no binding to the peptide or G&.-C4-GCT, whether the <cells were pretreated
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The ability ofofliuatedisad ICAN-DEP rédisbifiant Prareils, Whick dnjides hendifstliy domain

adhesion proteins containing or |acking a LLG triﬁﬂe]ptl le sequence was
exam ned. TB?-witletielLLG aeauencsnwanalse examingS tCAM- 1rkhvas dissstiyyrodtpe ot 1- 8;

3-9 tid A J Csq .of, 20.0nM.{Fi 1-9;
3 8). Pons 20. fapficfleia PR A of idOltet s dnfBbu 86 ScEkn 6B BEgRBieny X 1 ©
whet her the LLighibiti st the €(E8BUBHRptills of Mirkhicdel atthdsion waxfognd,tand ICHywast he

(32 integrins, the inventors prepared the m nimal CLLGC gﬁgt i de cont gl ni ng

cys- teines atabohe8QpMFig 4iA)TbeCAL-0i3s8) donfumenirss serrbfplddqsgagtiveand| n 4
control pepti %dthg.?dly any effect. The C(1-8;3-9) peptide similarly inhibited the binding of
freshly isolated T cells to cultured endothelial cells which were stimulated to express
ICAM-1 by treatment with TNF-a (Fig. 4 B). T cells did not bind to unstimulated
endothelial cells. As a control, an RGD-containing peptide RGD-C4 had no effect on
T cell binding to endothelial ICAM-1.

von Willebrand factor and type IV collagen are novel potential f2 integrin ligands as
tﬁey contain LLG-like peptide motifs. The inventors found that phorbol ester-
activated THP-1 strongly bound to both proteins. The B2 integrin antibody 7E4
blocked the THP-1 cell binding to von Willebrand factor (Fig. 5A) and was nearly as
efficient inhibitor as the cation-chelator EDTA (data not shown). The Ps integrin
antibodies LM609 and P2 were without effect. The C(1-8;3-9) peptide was a potent
inhibitor of THP-1 cell binding to von Willebrand factor. The peptide inhibited with
an ICso of about 20 UM (Fig. 5 B). In addition, the CLLGC but not the CAAGC
peptide inhibited at a 500 pM concentration (data not shown). Similar C(1-8;3-9)
peptide-mediated inhibition was observed on Jurkat cell binding to von Willebrand
factor (not shown). THP-1 adhesion on type IV collagen was partially inhibited by
the C(1-8;3-9) peptide. The ICso was about 200 uM. To further study the specificity



| 'euci nes were replaced by alanines. THP-1 cell adhesion experinents usi ngm
the LLG C4-GST substratumindicated that CAAGC was a weak conpet ilt &SEBf 2005
cel | adhesion whereas CLLCC readily iphibited cell adhesion at _
concentrations of 1 mMor higher, indi‘cating a specific recognition of the
LLG notif by the p2 integrins (Fig. 3 B). The ability of LLG contai ning
peptides to inhibit the aLP2 integrin-nediated binding of Jurkat cells to
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cells which : ' t ress |CAM1 by treatment with TNF-a
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(Fig. 4 B). not to unstinulated endothelial cells. As a
control, an RGD containing peptide RG> C4 had no effect on T cell binding

botent 1 al - xs2 Tharias) peitee S ity Boman i i o R R e RRBasE £ o
The inventors &@EEQ%;@?G&Q%Q%ngé %ncﬂ?ﬁé@)?q'hzkﬁs ofeht Q(199;3-§ound to

bot h proteins. ntegrin antibody 7E4 blocked the THP:-1 cell

bi ndi ng to vorcowfdrhebhatwb éffizxt on fibfncgenhiyding dAasarding tor angibady indibitien ent
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pot ent i nhi bi -1 1 : DinB e B 9ard0 09 MtV sagr?aéuid teBbrtedl(ld er
pepti de i nhi biérggoﬁkﬁﬁw%%m%%ggl%ﬂfwgkg%t ZOMM %,%Iht:] B)(.) si%ﬁ egdd? t?gr?, t he

CLLGC but not #&ha99HACA-8BePtsimBaryinhibited theefi> integuin-rpadiaterhHbrnegsr bEHliZiat a
not . shown). Sim.| ar 1

Jurkat cell biRdi%y B @gﬁ?@@ﬁﬁﬁggﬁﬁg% d%%%ﬁé‘?@%&%%%@%%ﬁgggnm
s s about 908 N 2 B B ety 15, SeF 2008 20 of
the LLG pept i dfibinogengthanctivity ofEI1-8;%abnoshatiof RETP-461 6 potent Hgand of sexasalift gand
of and P integrins, was compared. THP-1 cells with low concentrations of the C(1-8;3-
9) and RGD-4C peptides were prestimulated to fully activate both the f; and RGD-
dependent integrins. After the peptide prestimulation, RGD-4C inhibited THP'-I cell
adhesion on fibrinogen more effectively than C(1-8;3-9) (Fig. 6B). To study whether
C(1-8,3-9) and RGD-4C target different integrins, the peptides were given together
to cells. The effects of C(1-8;3-9) and RGD-4C were additive and the peptide

combination blocked cell adhesion efficiently.
Example 6. Cell migration assay

‘The in vitro migration of THP-1 cells was studied in closely physiological conditions

containing 10% serum to not interfere with adhesive properties of cells. Both the
upper and lower surfaces of 8 pm pore size Transwell filters were coated with fib-

' rinogen, LLG-C4-GST, or GST ata concentration of 40 pg/ml overnight at 4°C. Free
binding sites were blocked by incubation with 5% BSA/TBS. THP-1 cells (5 x 10*in
100 pl) were plated on the uppei' compartment in 10% FCS-containing medium. The
C(1-8;3-9) or C(1-9;3-8) peptide were included at a concentration of 200 uM. The



several Pi and 133 integrins. The C(1-8;3-9) peptide showed no significant
inhibition of fibronectin binding by THP-1 cells. The C(1-8; 3-9)1 H&gPi 2085
al so had no effect on Pi and X33 integrin-nedi ated bi ndi ng of HT1080
fibrosarcoma cells on fibronectin or ®£Bbrinogen (data not shown). The
C(1-8;3-9) peptide was capable of inhibiting THP-1 adhesion to fibrinogen,
whi ch does not contain a LLG sequence (Fig. 6 A). The | ess potent C(1-9;
3-8) conforner had no effect on fibrinogen bindin Accordi ng to_anti body
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concentrati O”Sccgintidﬁic%s%tzaﬁbﬁi . Brudifls (et Wiz e fdrdesisued anpygst i nul ated to
fully activate both the 0O anc?,RGD dependent integrins. Aftér the peptide

prestimulation, RG-4C inhibited T} -1 cell adhesion on fibrinogen nore

RGD4C t ar et Gkt et opbietirhia B hiespisarads fiare el Fasuomike sl
cells. The eff s&ﬁc%nﬁiﬁoﬁ&fﬁz%owboﬁaﬁt%diﬁhwme agﬂﬁ'* gf%@ cli$holthSerd Hel de

1
conbi nati on bl ocked ce adhesion effitciently. Exanp Cell mgration
assay The in vfilterand bjndita itslower Judfact (Fig 66) é@rﬁwﬁmfédl“hmcéh-&éél)yonfor-

hysi ol [ I diti ) WAl 0% X . f '
Dahes: ve pr apefie aias b aeivedbargltBided R RA e Bieee i G et e o
pore size Trangygk &iﬂ‘exfegéez%ee@é% nﬁ@@(‘?@;%@%&&@@ﬂtﬂ&z%ﬁtﬁﬁesMa@si@ﬂiﬁ@ﬁi or

GST at a concentration o ag over ni ght at ree bindi n% sites
were bl ocked byp=+003)aCelsdidnotspotaBSAIsTBE0p To-#fe lower dhgmpsr thraugh Sipnm-size0 | )

(18 5 0) or o of Bedies e tauionst of GHE PR LA B CBREGHEPLrIR BF5200 M
The 12 SEP Zooﬁayzgulture. In a reverse strategy where the filter was coated with LLG-C4, cell mig-
ration was strongly enhanced. Approximately 10-fold more cells migrated on the
LLG-C4-GST substratum than on control GST substratum (Fig. 6D). Cell migration
on LLG-C4-GST was also more efficient than on fibronectin or fibrinogen coatings.
C(1-8;3-9) at the 200 UM concentration completely suppressed the cell migration on
LLG-C4-GST (p=0.0026, n=6) (data not shown).

Example 7. NMR analysis of peptides

C(1-8;3-9) and C(1-9;3-8) peptides were analyzed by NMR spectroscopy to de-
termine whether there are differences in peptide conformations due to the directed
arrangement of the disulfide bonds. For the determination, the C(1-8;3-9) peptide
was dissolved in DMSO/H,0 (90/10) and C(1-9;3-8) in H20 at the concentrations of
1-3 mM. The different solvents were due to the different solubility properties of the
two peptides. Two-dimensional spectra, acquired with spectrometers operating at
600 and 800 Mhz 'H-frequency, allowed us to identify 114 nuclear Overhauser
enhancements (nOes) for C(1-8;3-9) and 85 for C(1-9;3-8) peptide. Forty structures



| ower conpartment was filled with 750 | of 10% FCS-cont ai ni ng medi uh? JEB 2005
lowing a culture for 18 h at 37C the filters were i mersed in nmethanol for
15 min, in water for 10 s, and in 0.19tol uidine blue for 5 mn. The
filters were then washed 3-5 tines with water until cell staining was
clear. Cells were renoved fromthe upper surface of the filter with a
cotton swap, and cells mgrated on the |l ower surface were counted
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(data not shown). Exanpl.e 7. NVR anal ysis.qf. peptides C(1-8;3-9) and C(1-9;
3-8) pepti des apdLS, irparisHer, W%B@gr%&%py to de- term ne whether
there are differences in peptide conformations due to the directed
arrangenment of the disulfide bonds. For the determ nation, the 1-8; 3-9)
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allowed us to nucl ear Overhauser enhancenents (noes) fo
C(1-8; 3-9) anddiffiphides"@f thOCA-BP-8) ppptidte Thisds reflested ytthe basger_zmeipr 9%&6524
observed for the C(1-8;3-9) peptide (114) than for the C(1-9;3-8) peptide (85). There
is no bias towards shorter distance restraints in the C(1-8;3-9) peptide compared with
those of the C(1-9;3-8) peptide. As a result of the two ways of pairing the di- |
sulphides there are interresidue nOes found exclusively in one of the structures, 37 in

the C(1-8;3-9) peptide and 20 in the C(1-9;3-8) peptide.

The crossing arrangement of disulphides in the C(1-8 ;3-9) peptide is topologically
more complicated than the parallel bridging in the C(1-9;3-8) peptide. In the short
nonapeptide the adjacent disulphides with large van der Waals radii of sulphur atoms
give rise to numerous steric restraints. The residue P2 also limits conformational
freedom whereas G7 contributes to it. The impact of mere topology on the steric
restraints is apparent from representative structures (Fig. 7 B). The C(1-8;3-9)
peptide is more compact than the C(1-9 :3-8) peptide. Furthermore, there is a
continuous hydrophobic surface patch composed of aliphatic groups of P2, F4 and
L5 in the C(1-8;3-9) peptide. Overall, the disulphide bridges and the F4-L6 strand
are buckled in the C(1-8;3-9) pepﬁde whereas in the C(1-9;3-8) peptide they are



with no restraint violations above 0.2 A were selected fromfamlies of 200
structures generated by sinulated annealing (DYANA program). Thel &tSaPRc006e
determ nati ons of each nonapeptide resulted in well-defined backbone
conformati ons. RVSD of the main chain asons was 0.4 0.2 A for (C(1-8;3-9)
and 0.3 0.2 Afor C(1-9;3-8) calculated fromensenbles of 40 structures.
For both peptides all main chain dihedrals cp and q are in the favourable
and all owed regions of Ramachandran plot. There are only few nucl ear

Over hauser enhaxtereledrThs [ikédp aycounts foetherpeotdravasérdelubliay of drei E(h8:8-Ppn and
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i nfluenced the structure of the nonapeptide considerably. The "crossing
arrangenment of disul phides" of the C(1-8;3- 9) peptide constrain the
overall structure tighter than the "parallel arrangenent of disul phides”
of the C(1-9;3-8) peptide. This is reflected by the |arger nunber of noes
observed for t¥equepde BistingFreedextde (114) than for the C(1-9;3-8) peptide
(85). There 1is no bias towards shorter distance restraints in the C(1-8;
3-9) peptide conpared with those of the C(1-9;3-8) peptide. As a result of
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numerous steric restraints. The residue P2 also limts conformational
freedom whereas G7 contributes to it. The inpact of nere topol ogy on the
steric restraints is apparent fromrepresentative structures (Fig. 7 B).
The C(1-8;3-9) peptide is nore conpact than the C(1-9; 3-8) peptide.
Furthernore, there is a continuous hydrophobic surface patch conposed of
al i phatic groups of P2, F4 and L5 in the C(1-8;3-9) peptide. Overall, the
di sul phide bridges and the F4-L6 strand are buckled in the C(1-8;3-9)
peptide whereas in the C(1-9;3-8) peptide they are 1 2 SEP 2005 25




extended. This likely accounts for the poorer water solubility of, the
C(1-8,3-9) peptide and may contribute to its higher activity. Se&@eﬁﬁ:% 2005
Listing Free Text For Seq. ID No. 2: riable aa, Xaa in position 2 can be
any amno acid Variable aa, Xaa in position 4 can be any amno acid 1 2
SEP 2005 26 References Bella, J., Kolatkar, P. R, Marlor, C. W, Geve, J.
M and Rossmann, M G (1998). The structure of the two am no-term nal
domai ns of hw}_l CAM 1 suggests how it functions as a rhinovirus receptor

and as an LF EYrin ligand. Proc. Natl Acad. Sci. USA 95, 4140-4145.
Casasnovas, J. M, Stehle, T

., Liu, J. ng, .Jd.., Spri nger .
(1998). A diBRell, &, Kolatiean) P. .- Metlar, €. 1y &Wg F\d‘ﬂe?ﬁﬁsg’?%g@oﬁam?%f
i nt er cel | ul arThktestuweaof fheltec aminatterpingtdomping ofeyman KAM-|spegssfs how it
4134- 4139. Cafuastiongas a tiinoMrys eceptardnd aCan Lidd]1 SpegrigligandrProg, Netl dogyl.
Lynphocyte fuggtiiQR-95080-4pt5ed antigen-1 binding residues in intercellular
adhesi on nol ecul e-2 (fCAM 2) and the integrin binding surface in the | CAM

subfam 1y, Prefsshihl, 10A sweiE) T., LR, %%gaﬁé%d@%%geggke%%?u%mi ght, C
, Farndale, 7R . r o : : : _
Structural ba%%ﬁf@&qr; ergﬁgl%é\ll' %?;%éjﬁf‘ﬁ‘%i"ﬁﬁﬁﬁoi‘?u Cel 186%1,1 47- 56.
Feng, Y., Chulglecye-1. tl Acad. Gl D, Scardina, J.,
McFadden, K., Guzzetta, A, Lam A , Abraham iLu, D, and Endenann,
G (1998). Pe@asasmvas,deM.yRBidrond.dem m@m&m%&i’éﬁ#&%ﬂ%ﬁe@“ i ons of
anti - Mac- 1 anhdsbeiated antidemsk bindinigaesidhdsin intergelindar astiesion solgcaler? (1A=t i on
with Mac-1. JandihelintegebindRgInrfacedn th&RIM sibfngly, Proc. Nafl Acad. Sci, URAddI e,
L., Kim K Jog J3i¢sbaz. L. G, and Bodary, S. C. (1997). Identification of
t he bi nding si t’_e inintercellular adhesion nolecule 1 for its receptor,
| eukocyte fungllph: AsgRehaled. ARk R Rl w MBhmeS) Ml 1, &l Liddfetd0R: 815.

(2000). Structural basis of collagen recognition by integrin c2f1. Cell 100, 47-56.

Feng, Y., Chung, D., Garrar, L., McEnroe, G., Lim, D., Scardina, J., McFadd.en, K.,
Guzzetta, A., Lam, A., Abraham, J., Liu, D., and Endemann, G. (1998). Peptides
derived from the complementary-determining regions of anti-Mac-1 antibodies block
intercellular adhesion molecule-1 interaction with Mac-1. J. Biol. Chem. 273, 5625-
5630.

Fisher, K. L., Lu, J., Riddle, L., Kim, K. J., Presta, L. G., and Bodary, S. C (1997).
Identification of the binding site in intercellular adhesion molecule 1 for its receptor,
leukocyte function-associated antigen 1. Mol. Biol. Cell, 8, 501-515.

Gahmberg, C. G., Tolvanen, M., and Kotovuori, P: (1997). I_.,eukocyte qdhesion.
Structure and function of human leukocyte integrins and their cellular ligands. Eur. J.
Biochem. 245, 215-232. E

Garmnotel, R., Rittié, L., Poitevin, S., Monboisse, J .-C., Nguyen, P., Potron, G.,
Magquart, F.-X., Randoux, A. and Gillery, P. (2000). Human blood monocytes
interact with type I collagen through o2 integrin (CD1 1c-CD18, gp150-95). J.
Immunol. 164, 5928-5934.

Helluin, O., Chan, C., Vilaire, G., Mousa, S., DeGRado, W.F,, and Bennett,.J.S.
(2000). The activation state of ovPs regulates platelet and lymphocyte adhesion to
intact and thrombin-cleaved osteopontin. J. Biol. Chem. 275, 18337-1 8343,

Huang, C. and Springer, T. A. (1995). A binding interface on the I domain of

i i i - ired for specific interaction
lymphocyte function-associated antigen-1 (LFA-1) require p
with intercellular adhesion molecule-1 (CAM-1). J. Biol. Chem. 270, 19008-1 9016.

Kallen, J., Welzenbach, K., Ramage, P., Geyl, D., Kriwacki, R., Legge, G., Cottens,



Gahnberg, C. G, Tolvanen, M, and Kotovuori, P. (1997). Leukocyte

adhesi on. Structure and functlon of human | eukocyte integrins and flyesgp 2005
cellular ligands. Eur. J. Biochem 245, 215-232. Garnotel, R, Rtti6, L.,
Poitevin, S., Mnboisse, J.-C., Nguyem? P., Potron, G, I\/aquart, F.- X,
Randoux, A. and Gllery, P. (2000). Human bl ood nobnocytes interact with

type | collagen through ax32 integrin (CDllc-CD18, gpl50-95). J.
| munol . 164, 5928-5934. Heliuin, 0., Chan, C, Vilaire, G, Musa, S.,
DeGRado, W F. g, aneitBsetagidt,.G. ,JarﬁHo(nﬁ{w,(U (199&) Strictwat basis fr AFA-binhibities

regul ates pl ag‘ﬁbﬂovagtgnﬂu Gy e @D esI-aombia. J.iMélaBiolangk, t1k.onbi n- cl eaved
ost eopont i n. Bi ol 75 18337- 18343 Huang, C. and Springer, T. A

1995). A bi

Funct) on- as'szmp oty E‘*@Fﬁﬁg d?%.k%s* Ll gg %ﬁﬁm %@1 et
th int I :

\imgoosl 19016, nsqmlﬂae lﬁCAMel)zaéﬁ -,J- SR 0 52 . Kriwacki,

R, Legge, G, Cotters, 12 SEP 2005 27 S., Witz- Schm dt, G, and Hormel

U (1999). St KetlyyTah.,Bemifavre,dd. DiMcNdibB. B+ Waska IindnRi,Reildy,& En bi ndi ng
to the CD 11 afdin6ifiyEL A., Kishiivoto, KBiMI, Nabéayy, G- 8., Z{atmt& Bormany Bght andr. |,
and Takada, YRo(tElgﬁﬁk %16999) iACghall hfoﬂa&almt@omsasﬁaFAﬂcmadnattd oeb adithsizs.

w thin the | %ﬁﬁ 10 sP3176epr.ins for interactions of intercellular
adhesi on ol gg% ° CAM 1) "and C3bi. J. Biol. Chem 270, 12531-12535.

Eel I yi\/aT f\f eanf av k)llahn ﬁ%ﬁw%) %53 Bf%éh%hl pemB@l Iy, P.
- i nol fi,
Bor mann, B. - Jli gaa%@f%;% 0?3199@&‘? prF g(?lljll e an g\?303|358t0 of

LFA- 1- madl ated cell adhesi on. munol 163, 5173- §R77 Ko vunen,
e

Wang, B., and KuivencahEi, Wang, B%M)RHOIS@B%E i($99%0¢Phaggl qgc,cyc\“? gand
for the aspi ipeptides with different phggizestiligahd ypacifinitigsyof the -pirggted mteggns
373-380. Koi BigfechiologWdf@65R270. and Ruosl ahti, E. (1995). Phage libraries
di splaying cyclic peptides with different ring sizes: ligand specificities
of the RGD-di el @skd B 0hp W, VaBiaabd & Rethiofly, A3M ek, TV ., Heikidls, P.,
Kantor, C., Gahmberg, C. G., Salo, T., Konttinen, Y. T., Sorsa, T., Ruoslahn E., and
Pasqualini, R. (1999). Tumor targeting with a selective gelatmase mh1b1tor Nature
Biotechnol. 17, 768-774.

Komoriya, A., Green, L.J., Mervic, M., Yamada, S. S., Yamada, K. M., and
Humpbhries, M J. (1991). The mnumal essential sequence for a major cell type-
specific adhesion site (CS1) within the alternatively spliced type III connecting
segment domain of fibronectin is Jeucine-aspartic acid-valine. J. Biol, Chem. 266,
15075-15079.

Kotovuori, A., Pessa-Morikawa, T., Kotovuori, P., Nortamo, P., and Gahmberg, C.G.
(1999). ICAM-2 and a peptide from its binding domam are efﬁcwnt activators of
leukocyte adhesion and integrin affinity. J. Immunol. J 62, 6613-6620.

Kraft, S., Diefenbach, B., Mehta, R., Jonezyk, A,, Luckenbach, G.A., and Goodman,
S. L. (1999) Definition of an unexpected ligand recognition motif for a.fs integrin.
J. Biol. Chem. 274, 1979-1985.

Lalancette, M., Aoudpt F., Potworowski, E. F., and St-Pierre, Y. (2000). Resistance
of ICAM-1 deficient mice to metastasis overcome by increased aggressiveness of
lymphoma cells. Blood. 95, 314-319.

Li, R., Nortamo, P., Valmu, L., Tolvanen, M., Huuskonen, J., Kantor, C,, and
Gahmberg, C.G. (1993) A peptlde from ICAM-Z binds to the leukocyte integrin
CD11a/CD18 and inhibits endothelial cell adhesion. J. Biol. Chem. 268, 17513-

17518,

Li, R., Xie, J., Kantor, C., Koistinen, V., Altieri, D. C., Nortamo, P., and Gahmberg,



Koi vunen, E., Arap, W, Valtanen, E., Rainisalo, A, Mdina, 0. P.,

Hei kkila, P., Kantor, C, Gahnberg, C..G, Salo, T., Konttinen, ¥.2 $EP 2003
Sorsa, T., Ruoslahti, E., and Pasqual i'sni , It. (1999). Tunor targeting with
a selective gelatinase inhibitor. Nature Biotechnol. 17, 768-774.

Konmoriya, A, Geen, L.J., Mervic, M, Yanada, S. S., Yanada, K. M, and
Hunmphries, M J. (1991). The mninal essential sequence for a major cell

) i he . Wi 2t . :
P Comhect o L A e s B0 st et
2 . A )

aci d-val i ne. 3he avigfy oicdhe fRuUKkode ntagras
Pessa- Mori kawd29,11143kd58vuori, P., Nortano, P., and Gahnberg, C. G (1999).
| CAM2 and a peptide fromits binding domain are efficient activators of

| eukocyt e adhasoud, Arel, Akiyaomi 8. K andHugnphaies, Mk 01295). 1Regulaiondf ggegin
Kraft, S., D gf@npsbnechn intdkiotions by divdlenioayions. Eviddnoe Kerndistinief clases of and

Goodman, —S. Em&ﬂ%ﬁ%-fo%m' §*0Rn@ICaAN TUBRX IGIRhe ¢ 70] D6RTE-2620RgNi ti on
notif for a"po integrin. J. Biol. Chem 274, 1979-1985. Lal ancette, M,

Aoudjit, F., Botyoro o atariayo Gk, Ridbhdki, I¥and erg ESGSLAREE  Of
bt b s e 4

aan oc
Tol vanen, M,bmlmmml,anﬁbpdﬁa-rﬁfap?ﬁ., Ral- 9, C G (1993). A
peptide fromI|ICAM 2 binds to the | eukocyte integrin CD 11 a/CD 18 and
i nhi bi ts endotHiekéhbacksr) M. BileadiRuoslati, Bi (3984) elbgtachmennctiyitg o8, L,
It., Xie, J., fitasieetin cth be Haplidateddry, small frafirhents of th®maBzculdidNaturen?09P3Q- and
Gahnberg, 12 SgP 2005 28 C. G (1995). A peptide derived fromthe
i ntercel lul ar adhesi on nol ecule-2 regulates the avidity of the |eukocyte

i ntegrins CDLI 1 GRLIGA (A3 Shy, 1. (1980). HRhigition cFMolt-tlehdothdd. Moul d,
A B A yamd oS Lt a% gyaéﬁ%e%sﬁy O g SEOCRiml 24707 1
asj3i - fi bror‘?&g%‘gl ‘?3#‘% HedT y iV al%est cations. Evidence for distinct
cl asses of 8337-854

Savage, B., Saldivar, E., and Ruggeri, Z. M. (1996). Initiation of platelet adhesion by
arrest onto fibrinogen or translocation on von Willebrand factor. Cell. 84, 289-297.

Stanley, P., and Hogg, N. (1998). The I domain of integrin LFA-1 interacts with
ICAM-1 domain 1 at residue Glu-34 but not GIn-73. J. Biol. Chem, 273, 3358-3362.

Staunton, D. E., Dustin, M. L., Erickson, H. P., and Springer, T. A. (199.0).. The.
arrangement of the immunoglobulin-like domains of ICAM-1 and the binding sites
for LFA-1 and rhinovirus. Cell 61, 243-254.

Ueda, T., Rie, P., Brayer, J., and Amaout, M. A. (1994). Identification of the
complement iC3b binding site in the B, integrin CR3 (CD1 1b/CD18). Proc. Natl
Acad, Sci. USA 91, 10680-10684.

Valmu, L., and Gahmberg, C. G. (1995). Treatment with ocadaic acid reveals strong
threonine phosphorylation of CD18 after activation of CD11/CD18 leukocyte
integrins with phorbol esters or CD3 antibodies. J. Immunol. 155, 1175-1183.



bt nding sites for M2}, Mgt+, and Cat+. J. Biol. Chem 270, 26270-26277.
Nortano, P., Patarroyo, M, Kantor, C., Suopanld, J. and Gahnber gy ZCSEIQZO%
(1988). I nmmunol ogi cal mappi ng of the human | eukocyte adhesi on gl ycoprotern
gp90 (CD18) by nonocl onal antibodies. Bcand. J. Imunol. 28, 537-546.

Pi erschbacher, M D., and Ruoslahti, E. (1984). The cell attachnent
activity of fibronectin can be duplicated by small fragnents of the

nol ecul e. Nature. 309, 30- 33. Ross, L., Hassman, F., and Ml ony, L.
(1992). I nhi bi tQlaimef Ml t-4-endot helial adherence by synthetic peptides
fromthe sequence of ICAM1. J. Biol. Chem 267, 8537-8543. Savage, B.,
Sal divar, E., and Ruggeri, Z. M (1996). Initiation of platelet adhesion by
arrest onto fi ir Arpep&de comprisingsthe stzétare on von Wl ebrand factor. Cell. 84,
289-297. Stanley, P., and Hogg, N (1998). The | domain of integrin LFA-1
interacts wwth ICAM1 domain 1 at residue Qu-34 but not An-73. J. Biol.
Chem 273, 3358-3362. L&Gaunton, D. E., Dustin, M(SEQIIEN:K3on, H P., and
Springer, T. A (1990). The arrangenent of the i mmunogl obulin-I1ike domai ns
of ICAM1 and the bindi Pg sites, for LFA-1 and rhinovirus. Cell 61,

243-254. Ueda, °F2 stpgtargl onshemggal gralogue thersefy Arnaout, M A (1994).

| dentification of the conplenent iC3b binding site in the P2 integrin CR3
(CD11b/ CD18) . C. tl Acad.,Sci. USA 91, 10680-10684. Valmu, L., and
Gahnberg, C. G '81‘5@ ¢ CORRIISINEthE STIGtWeoc adai ¢ acid reveal s strong

t hr eoni ne phosphoryl ation of CD18 after activation of CD1 1/CD18 | eukocyte
integrins with phorbol est r anti bodies. J .~155, 1175-1183.
1 2 SEP 2005 29 d ains 1.8X&8§T)II(I§§§ conpri si ng t@Eg%ﬁu? LLG or a
structural or chemi cal anal ogue thereof. 2. A peptide conprising the
structure wherein X is any amino acid residue, or a structural or chemical analogue thereof.

3. A peptide comprising the structure
CPCFLLGCC _ (SEQ ID NO: 3)

or a structural or chemical analogue thereof,

4. The peptide according to claim 2 or 3, wherein said peptide is structurally const-
rained by two disulfide bonds,

5. The peptide according to claim 4, wherein said peptide contains one disulfide
bond between the C1 and C8 cysteines, and a second disulfide bond between the C3

and C9 cysteines.

6. The peptide according to claim 4, wherein said peptide contains one disulfide
bond between the C1 and C9 cysteines, and a second disulfide bond between the C3
.and C8 cysteines.

7. A peptide according to any one of claims 1 to 6 for use as a pharmaceutical.

8. A pharmaceutical composition ;:omprising a peptide according to any one of

claims 1 to 6 in association with a pharmaceutically acceptable carrier.



CXCXLLGCC (SEQ ID NO 1) (SEQ ID NO 2) wherein X is any amno acid
residue, or a structural or chenical anal ogue thereof. 3. A peptliZiSEP 2005
conprising the structure CPCFLLGCC (SEQ ID NO 3) or a structural or
chem cal anal ogue thereof. 4. The peptide according to claim?2 or 3,
wherein said peptide is structurally const- rained by two disulfide bonds.
5. The peptide according to claim4, wherein said peptide contains one

di sul fide bond between the C and C8 cysteines, and a second disul fide
bond between the C3 and C9 cysteines. 6. The peptide according to claim4,
wherein said peptide contains one disulfide bond between the Cl and C9
cysteines, and a second disul fide bor between the C3 and C8 cysteines. 7.
A peptide according to any one of clains 1 to 6 for use as a
pharmaceutical. 8. A pharnmaceutical conposition conprising a peptide
according to any one of <clainms 1 to 6 in association with a
pharmaceutical ly acceptable carrier. 12 SEP 2005 30 9. Use of a peptide

phar macent | caCRsRePtiE Pl sk bok B ehiths I Rt bERpofrestace and

human | eukeppasmacdifical Sotnpatition RERAS ﬁ@atﬁﬁﬁ@éﬁhﬂ&nfn@tcﬁ*?mseﬁb%s @hd Bhhds 1 to
6 as a Rz integrin antagonist for biochem cal isolation and purification

procedur es ofeukérhiaer ent integrin species and different types of |eukocytic
cells in vitro. 11. Use of a peptide conprising the tripeptide nmotif LLG or .
its structural or chem cal analogue for the manufacture of pharnaceuti cal

conposi ti ons1d Qsel dFaipeplidddtchitlglo aby bfie 6£LIInAINRSE 892 PPFtdPri Ak dgoRist
for biochemical isolation and purification procedures of different integrin species

and different types of leukocytic cells in vitro.

11.Use of a peptide comprising the tripeptide motif LLG or its structural or chemical
analogue for the manufacture of pharmaceutical compositions for inhibiting leuko-

cyte cell adhesion and migration.



