;e3e00| RfF46) T ; WD (12/072G1l8 PCT/ F102/0(1188 Novel peptide |igands of

| eukocyte integrins Field of the invention The present invention relates ,---/‘\, "\
to novel vﬂ?@i?ﬂ@ﬁ: whi ch are useful as antagonists of the g3riovh&gsi NS, tQ
pharmaceut 1 cal conpositions conprising these peptides, to the use of the

novel peptides for the manufacture of pharmaceutical conpositions for the
treatnent of inflammatory di seases and hunman | eukemi as and for inhibiting

| eukocyte cell adhesion and mgration in general, to a nethod for

t her apeutic ggyarptgﬁmﬁ ﬁg{“l“?s (iirlglﬁg&gﬂ,]tmggp{ngf | ammat ory di seases and human
0 ‘the us

| eukem as an 0 Irdes as (e
ant agoni sts for biochem cal isolation and purificati ‘ \m mﬁm \NL in vitro.

Background of the invention The migration of |eukoc 9pugh t he body
and the vari Bigld plahsiByentingans is an essential el enent 0‘15 he i mune
system Wile circulating in blood or Iynphatic vessels, |eukocytes are in
a resting and | ow adhesi ve state. However, when Ieukocyt es are stimulated
by signals fThepicsentimmution sgsteetn mvelhpeptidepashae sefuhns amtagondsteaithe ex or
a chenokine gradient, their integrin adhesion receptors becone activated.
The acti vat i Bhilgringgo Ph@WFWag@I@E@EWF §PMPIBHNG E‘@S%ﬁ?{gﬁldﬁﬁ,ﬁ%fﬁe&ﬁgo f

| eukocyt es. resenting
cells, reci rgﬁﬁgwgwk%t plr oug ﬂfeqnarfuzicnﬁ“gegﬂ gﬁﬁaﬁléuggéél??) gﬁ)%(s)ﬁi?)hé gﬁ ?]?162

vascul at ur e abgtnicht mgflaﬁlhﬁt@ytlfsamb hnd lumameibulkemitoarsi foe snhdbitingf | anmat i on.
The integrin_ activation _needs to be tightly regul ated i nappro r| ate

| eukocyt e adiakprie ralbthesion apg prigrationn 3%‘}31@} yo BP‘er‘uléﬂdrﬁgF therapepii "s

Leukocyt es eﬁg@ﬁg%c?%&@ﬁﬁfeg & it Lmhto & df%&ﬁf:é il{glqﬂlrrﬁéﬂ I%Jﬂ{gﬂll gs arfdns thd fse

i ntegrins of ur ers aré current nown ave comon bi z
chain (CD 18pbf thetnostelffeptidxstas P, sntbghin ztrﬂagoalstxﬁor Biochdmigal mch}latmnﬁlﬁ 11 b, ax or
CD 11 ¢, and an_.or CD 11 d) ,:: h~ .0 (Gahnberg et al., 1997). The a
subuni ts conPBIfcaion PHRGEHVIES IDVEHr esi due A or | domsu n, which is essenti al
for binding of nost |igands. The crystal truct 112/ 1172G18
PCT/FIl12/ U111 SS donains fromthe ar. and aM s ﬁ mmnmﬂ te the
presence of aaeﬁwdmdmfram figentibe call ed the rret adhesi on site.

Amino acid substitutions in this site abrogate |i gaﬁﬁ”‘ﬁ? ndi ng (Huang and
Springer, 1995; Kanata et al., 1995).

The migration of leukocytes through the body and the various lymphoid organs is an
essential element of the immune system. While circulating in blood or lymphatic
vessels, leukocytes are in a resting and low adhesive state. However, when
leukocytes 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 (2 chain (CD 18) but
different o subunits (o or CD11a, am or CD11b, ax or CD1lc, and op or CD11d)
(Gahmberg et al., 1997). The a subunits contain a conserved 200-residue A or I

domain, which is essential for binding of most ligands. The crystal structures of I




The major |ligands of these integrins, the | CAVs, belong to the

i mmunogl obul in superfamly, and five ICAMs with slightly different binding
speci fi ciwd §SoRage been described. The expression of | CAMd@ren2endst hel i al
cells is subject to stinulation by inflamuatory cytoki nes, which enhances
the (err)2 integrin-nedi ated adhesi on of | eukocytes on endothelial cells.
In addition to the | CAMs, fibrinogen and the i C3b conpl enent protein are
known |igands of the (err)2 integrins, particularly of aM-32 (Macl).
Because of tdigndinPRéhanca Aid dysbgity indichiettiegpreseace of a tatidndiyding kitect i on,
antagoni sts of themare potential anti-inflammtory agents. Antibodies to
the biz i nt ewpllpdtheanetaldeppmtas adhesiongite HAmE9aGid %lbétftﬂg@%s inghig giteral nodel s

of i mrunol ogi.cal  dj.sorders. ent s [ i.n h i Nk efgsns coul d al so
be val uabl e a[bhogaﬁeeh%aé\c}%nbds%ﬁ%la&g aphgpgﬁéﬁt ?gggsg?la?ég%t glis" %yogsﬂ'urran | eukem as
. (Lal ancette et al., 2000). However, only a few snmall nol ecul e antagonists

of the (3z integrins have been described so far (Kallen et al., 1999; Kelly
et al., 1999The majok liginds of thesingraningstha HeAMscbalonedg the, tngupeglptuyin

exam nati on of the.rol f . Y k£ a0 i

| eukeri a di s%‘@ﬁfﬁﬁrgfly’oaﬁ‘g ’s}'e\*é?‘?&l ﬁﬁﬁﬁéb&ﬁ{%ﬁ%ﬁ; llld'lélgggg%c'}ﬂ?l{r%%a!rv% ib(l:iét}} ar, it
woul d be desjdsaiib&. T8e Bt BbLNCITEAN Sont dhdbthelisl ceNisisabjebictoweimnldtioa

i nactive and active state of an integrin. Mdeling of such small nplecul e

i nhi bitors hbwinfleematerysatokinesywhinb enbanges the Bringsrrinraediaiet pdeesianginds

devel oped so, far. Linear tides.are.. A Mt . L tructure
when free i nleg@qutqs&q'engw@ﬁl lt"%@&#@&ﬁd&@éﬁ iﬁﬂP é\%(tr:i n !?@é‘)r{]@ghg:ﬁég%q\%ﬁed i's
the 22-am noc&iﬁ%l@m%ﬂﬂ‘;ﬁoﬂ@ﬁﬁr& dRoviR Hdin @D thelp, Witeginsypartidelaily @f ofipo@Id0cAM 2
(Li et al., 1993). This peptide retains the | eukocyte integrin-activating
effect that ik typical for ICAM2 (Li et al., 1995; Kotovuori et al.,
1999). Conpl enentarydeterm ning regions of anti-biz integrin antibodies
have been anot her source to obtain |igand peptides, and one of the isolated
pepti des, 23BaFduls ofhe GPporfarice Bﬂﬂiév\gﬁﬁtegm fei leukavyte funttiorn asegerasts of pr esent
on ICAM1 (Feng et al., 1998). 112/ 072C 1t 3 PCT/ F102/11U188 3 To

devel op snal them grepoieatiallangnfameatesy pgents Antibodipsodhe Printegring of heent or s
screened ran tide librari | 5Pl =Tactc) The phage
di spl ay techﬂ%?%@%ﬁ‘é{%a@?‘*é‘i‘ﬂ%ﬁ%t"@%?%?“ egyglgfiéeag?ﬁve pep{)@ g% ﬁglbg%ﬁ%is to the

i ntegrin speqipBfis &fgetidgiRe Brin@sgriab calld alsdQ4aluable i3 Hik[@velomientvfaherat a7.
1995) and a,,~3e (Kraft et al., 1999). Phage Iibraré screeni ngs hayve al so
confirmed theewindtiatagicsite Huma leukemias Kealencefie gt 9/d d0QQgHEWE RIBY i2deY common

recognition segyence of subset i ' (O sl ahti,
1984) 1 n acarel SR RER B b RA: RS URpFHEEABAEIT R BRI D
and NGR havey bpmg. fiely eval, 8999)Thack efsuele yémpduntiehas prevented the dewdiled( 3~ are
known to have a specificity for peptides containing_an t,heir type of
tripeptide seyusingtion ofibe (e abeachanernbegjof Fhejﬁgwygflrst?ﬂﬁg'r'y ke i nventi on
The present inventor.s hav o} [ t:eq lof daCivdH

i ntegrins re(flbsé?ffl% o ﬁ\{v?l]l ﬂlcl*og%%l?d{sa?or{g %?E?%gqghl%niggg%i lggv.a{i@ﬁdg (%ergllrépﬂéﬁoi de

favored by tf&l@si%%&ﬁpdﬁﬁid@ﬂ{ait distibguistidberwter the biecavpamiactive istate oflemown
adhesion nmotif LLG An LLG notif i s present a

n | CAM I, the jor, (3z
integrin |i gandgribiyiodgliag of puchespmallmolegyle inhibitoss 1&5%56? h%‘PHEFg%Y Wf%arge

W I | ebrand fagtor.and . i . .
Uit egri n-ant a5 S Feafifh {BRRR Bl Ofid S ik pEBNRCORE Siien AL Pl
di sul fi der estdefihf®eingtire e rean stdutionriAmeshghlye e P, iEegavilighnds disvos

bi scyclic peptide is a potent inhibitor of |eukocyte cell adhesion and

i orati on, | aeras e iy Bmino agid IOBEBERIINE KnOWD GhE! SV SRR e o

anti-infla Y AGE . ' . ' 8- F
Trvent{ on' o 1S AT Akt o83 Tl SSpEACI e RRRdy Plncterh RAFHE offec

structural orthetempial fanghagagLi benle D95, Mutatuositer ubs 1499).doomplspentdsy-t o t he

se quence shown in SEQ ID No. 1 of the sequence listing. .
: q determining gegions of anti-B, integrin ant1%ogles have been Artdther 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).




WO 02/ U72018 PCT/FI1 112100188 It is another object of the present invention
to provide novel peptides conprising the structure CXCXLLGCC which

correspopgs.ipPifae sequence shown in SEQ ID No. 2 of the segppsn6qssi sting
and wherein is any amno acid residue, or a structural or chem cal

anal ogue thereof. A further object of the present invention are peptides
conprising the structure CPCFLLGCC which corresponds to the sequence shown
in SEQID No. 3 of the sequence listing, or a structural or chem cal

anal ogue t hegg@byeldPemPAERHeAER 1PanPlRIS 18 hio 8, Tudhipk ahd idvestoRaRdeded | S
structurall ?gon\éet%i ned E’& t\/\o%fg}lsul fide bg%\dsdggre preferred. Esogeci ally
preferred i srandempeptidebbrarieshdispiayedicaufilameetonoplargseThophnge Hsplay tecind C8

teines, and d disulfide bond bet c3 C9. cystei nes. Th
Y esent | nveRcrphEsPegopdl s PR pRBusFERs 1F siripRpn s B oS- T
phar maceut i Cgtéivuﬁ’ aJtWC%i),CéJﬁglﬁg’(IPﬂ%ﬁﬁén%%L,CFD’%D hid RgBl(Reatharegl pepti des

in association wth a pharndceutically acceptable carrier formalso an
obj ect of the99s)eBlerpe librarg streemingstase plse semfirnadvhe carber fndivesithetithRies t he

use of the noyel .peptides .the manuf acture of pharmac i.cal .
conposi ti onstl'fﬂfptlg%geqlu?’é‘j&t HERtS HFOPRP SHHrEREY ° Lgegg%é}ga sglx)éetﬁg%%%grms
| eukent as, - anstofsebadfit MUTdGIahE1I08F) 1 abdHibn, AdhABhIUNARRM aMIGERE 00N | N

general . A further object of the invention is a nethod for the therapeutic
or prophyl acRGD,tsuelatsRED, KIGD,rid 2iaRithary betinsdiseorsrednBhenlgwisnsyteantesrints

whi ch t hod i i ni steri .Lh ticall kcal l
e f oot ve. amGHB0AE a6 Farvh bpvaa e brE: fb pepi B eotBlnelraRey WREBL LD ot
in need of saigqtinealiele, LDV (Komoriya et al., 1991).

Summary of the invention

The present inventors have now found that the leukocyte-specific B2 integrins
recognize a motif comprising three amino acids. The tripeptide favored by the omf2
integrin turned out to be a previously 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 P, integrin antagonist peptide termed LLG-C4, which has a compact disulfide-
restrained structure as determined by NMR. Especially this biscyclic peptide is 2
potent inhibitor of leukocyte cell adhesion and migration, and is a novel 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.



WO U2/ 072118 PCT/ FI U2l (1UL88 The novel peptides according to the invention
can al so be used as (3a integrin antagonists in biochem cal isolation and

purificatj@pphegedures of different integrin species andpdi/ffoshens types
of | eukocytic cells in vitro. The invgntion is herein bel ow described in

nore detail referring to the acconpani ed drawi ngs. Brief description of the
drawings Fig. 1 shows how the binding of LLG C4-GST nonapeptide to ~i 2

| eukocyte integrin and its |I-domain is divalent cation-dependent. In Fig. 1
(A, integrinikapsthe djQPEf fR!presetsiaventionso provideanspl puptidenconprisingtthe er

wel s using the aM subunit anti body MEML70 or KM 1 or the ax subunit

anti body TS2/sttuctiugrified LLG C4- GST or GST control (2 ug/well) was all owed
to bind for 60 mn in the absence or presence of EDTA. After washing, the
bound GST protein was determ ned by using anti-GST antibodies. The results
+ show the means ~ SD fromgxapiiLgare wells. The experinment was repeated
three tinmes with simlar results. In Fig. 1 (B), LLG C4-GST or GST was

i ncubated for 60 mn in mcrotiter wells coated with purified aM subunit

| -domai n. The ,cancentrations of GST. prot el as codi Aft er

washi ng, the V@Bﬁh@%oqgégo tsgﬂ?ﬁllﬁ%%lo\ﬁntlﬁ%a%rg\@ &%{%{Pﬁ?&'b%gﬁ%ge 1lét{'lﬁeger esults
are neans t SRqtWiRMiA K iphif ahtowid @sidlé)er begudthfal vegkensitaliahalogidthewo ot her
experinments. In Fig. 1(C,” LLG C4-GST (10 ug/m ) was incubated in

| - donmai n- coatreaf. wel I s in the absence or presence of EDTA (2.5 mM or the
LLGCA ( 1) peptide ( 100 uM or the inactive LLGC4 (2) peptide (100 uM.
After a 60 mn incubation, the wells were washed and the bi ndi ng was

deter mi ned wiA By @fat bbjeSoraRs plegsit @fventlditart peptides campriting theansurdD from
triplicate wells. Fig. 2 shows how i nmobilized LLG C4 supports biz

integrin-directed cell adhesion. In Fig. 2(A), phorbol ester-activated
THP-1 cells were all omdrﬁfﬂ:ﬁ%&or 60 mn to mcrotiter wells coated with
LLG C4- GST, GST, or al bu . was i ncl uded at WO 02/ 072018

PCT/ F102/ (111188 a 2.5 mM concentration. The bound cells were determ ned by

the assay neasuring cellular phosphatase activity. The data are fhe neans
SD fromtri plwhigheomespbrds tsithd segnence Shown ingFQ@ IDEVG3idhe seaypncedisHas

experiments. 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-
lactic treatment 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.



In Fig. 2(B), THP-1 cells were m xed with each anti body agai nst the (31,
/3z, ps, aL, aM or ax integrin subunit as indicated at a concentration of
50 ug/m fhiguot of cells was then transferred to wel per/pRah@ds W th
LLG C4- and 1 ncubated for 60 mn a 37C. Follow ng washing the bound
cells were determ ned by the phosphatase assay. The results are the nean %
adhesion SD of 2-4 independent experinents each done in triplicate wells.
In Fig. 2(C, the C(1-8;3-9) and C(1-9; 3-8) peptides were coated on
mcrotiter wells by incubating overnight at a concentration of 40 ug/m in
TBS in the absence or presence of glutaral dehyde. Free binding sites on
pl astic wer eThtipovedpentides agsiording o t%sinvemm ¢arcad$q ke Ysed3s Pentiegsing ) wer e
allowed to bind for 6Q.m n at 37C.. After a.wash with PBS. .t .cells
wer e det er i HEAZO %Imtolﬂgcl}e@éiﬁl fsgg’st‘ﬁ&ﬁn& ngﬁ%\’%ﬁm pgggegpref SF 81ff$§e§? gnqgéfnl s. The

experi Mment ol SRRAURtrits of RukbditicR6M in iihg, ax-z i ntegrin transt ected
L cells were allowed to bin

to LLG CAGST or GST. The 7E4 anti body and EDTA
were used as conpetitors. The results nmean % adhesion SD are

representati of three experinents conducted.in triplica | s. . The

di fference i ?ﬁi‘? Hyeﬁfl%isﬁ’ﬁrﬁﬁ)rb{’ﬂﬁﬁ%[@?ﬁr& iy, foredefail feferying ?%El}%g‘gﬁnﬁameﬁ
significant ﬁpﬁ@ngsm). Fig. 3 shows conparison of activities of cyclic LLG
peptides. In Fig. 3(A), THP-1 cells were m xed in suspension with the

pepti de containing either the C(1-8;3-9) or C(1-9;3-8) disulfide. The final
concentrations, of. the peptideg are indicated. Cells were then incubated for
60 min at 37%"!%%dﬁf%ﬂﬁf‘%‘&‘éﬁﬁﬁéﬁ‘?“éﬁaat ed with LLG C4 GST. After washing the
wel l's, the bound cells were quantitated by the phosphatase assay. The
results are the nean SD fromtriplicate wells. Simlar results were

obt ai ned i n g loshoers hewphke bimdimgo N WLIGHCArGPT nerapepiid toP: leukogyty nteRry |

THP-1 cell binding to LLG C4- GST was, exam ned_in e.presepnce qf e
1-8;3-9), CLE lté?—dpﬂ@n@mweabmoaéepw@@%? }Fetlt‘g)’ B@ﬁr?%ﬁgm%1%$£%eéld at
the Concen”q’%é g\%aé DGRk S uref Sh nfdtiteravdR uling thdigy Baundintibedyrel | s wer e
washed WO T 5 072G18 PCT/'FI 112/ UUI 88 and the bound cells were determ ned

by the phospRAERES0as XM Ththedatsabustioantibhdy FE s Purtiied kloir¢4-GST @at e wel | s

q g . th . CE 4 I ;
P et 5T ol U9y AR 0 o B BB b e B sihcEt
celI's vere aldromBgat & f@f fading he BHMRIGIZHidiCANE detbenined by asing kit GSTel | s
in the absence or presence of LLG C4 peptides. Follow nﬁqa 45 mn

i ncubati on, tantibodies The reselts showethe mesnowSP Fom trinkieats wells. Hhe sxkperansnt er
pl ate upsi de down on decant er,.cont.ai ni PBS, and the attached cells were
stained with wggeéxpcd?ﬁw@p}esm@ iy rteglﬁghow % cel | adhesion SD from two

experinents qa¢he WibH IIIG-PUiGST 6r B8 TaHAAADateddbL60Md i mictotférgwell(B) , T
cells were allowed to bind to TNF-a-stinmul ated Eahy, endothelial . cell

nonol ayer s t eaetederith pprified oprsubiinit bemain. Fa¢ penceptratiops obISRAEtEmS NEEE

i ncluded at a concentration of I 1.0 4l then, the
unbound cel | sas\ﬂﬁ‘ﬁ}ﬁfﬁ?%rﬁﬁéav % n?ﬁﬁ%ﬁéﬁm&;& ??é” a%’idgfé(r)qgﬂlnt@glr“qg’l%ed}% a PBS
sol ution, andedieeune rdsutishlfesmaumt & SIB Fntirplidatb wellbeTlphesii ataas simibs ay .
The data are the nean SD of triplicate wells. Fig. 5 shows how THP-1 cell

adhesi on on viortwwiothesloxpatinenéct or and type |V collagen is bl ocked by LLG C4

peptide. In FEig.. N - R I i A Wyl . 3 .

exani ned in t#?%lﬁflg@r{cléa&‘éggf i(L%gé/g@ {a?zgsé%nﬁglifa?ﬁ]l\gl(dygﬂ(@ E%t?@%% it
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

) o)

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




a(33 (LM609) or allb~33 (P2) integrins. Following a 60 mn incubation in
von WI Il ebrand factor-coated wells, the bound cells were determ ned. The

dat a are“;(pﬁa/{rﬁa'rg SD of triplicate wells. The experi nmentp¥apiscRAgst ed
three tines. In Fig. 5(B), THP-1 cells were allowed to bind to mcrotiter

wel l's coated with von Wl lebrand factor, type IV collagen, or fibronectin.
The C(1-8;3-9) peptide was included as a conpetitor in the concentrations
descri bed. The bound cells were determ ned by the phosphatase assay. The

data are the,BaAM corldeRfation! Phé 6and cuRd Werealdteritficd by the hethy hiRadueiag ot her

experinments. Fig. 6 shows that the synthetic LLG C4 peptide prevents
adhesi on andcetulgratiosphatse Tetbeity. The data ave the mepnouy SR kerbdtiplicetenvellsn Fi g.

6(A), THP-1 eI.Ils. wer e adm ni st et ed t(f et her. Wi%h the C(1-8;3-9) or C(I-9;
3-8), or in H‘é‘%ﬁ%%ﬁi‘éé”%?"%&‘&?&&’e%’f% TEXRGPMEES 072fi 18 PCT/ FI 02/ 00188
mcrotiter weltip sQpt SHPY bdlshidis indeaanih ERhlaavbody aabt thei,ipacBhai] on the

bound cel I's were deternined by the phosphatase assay. The results are the
mean SD of tmi @ dxciategrinshbunibasdndieated st ngdngentrationos SQtugenl. Anpligieieits. I n

1808 S R TR TG L
for 1 h. Aftegfiy ‘é’@?‘f"@goilmin%e\irdsﬁing%@o&inhwﬁﬁwéfé QRihited tyi the piRAPRAtageoat ed
wells in the presence of C(I-8;3-9) or RG>-4C or both peptides at the
concent r at i oassay rithecbwlth. ar@\fhieaneaa %8 0dhesionnic P afiZehindppendenitaperaness wer e

det er m ned. Th?b{esul S .are t‘ﬂf mean SD of triplicate wells and were
simlar in tG@CTIMmern HREAERHSs. At some data points the SD val ues are too

smal | to be sgep 2@, Hiec(166;59) add @(s598LY) geplid@rserbRbfed otidotiet el t he
upper and | ower surface with fibrinogen, 'or | eft uncoated, and then

sat urat ed wi bly iBShatidgPvetnight ats qoscouniratian pB40 pi/iml dn YBhdn hgnbsgnsd obn t he

upper surface of th it i 0%.ser.um.cont ai.ni.n iU 1 g
concentr at i or1?§358‘i‘°edeféhét?lf§‘f4§’}‘y§?1 r‘é gcgr,l%gx%s W%suﬁgﬁrﬁﬁhen%chg@w% AR
hour - cul tur ezBstAwr}@lﬂ-'l!c%ugh@F ﬁgﬁwem%’&é ARG Y fohind Bdrieerminet 87 R tieiaraned. The

cell's were fixed, 'stained, and then counted under a mcroscogg. The results
show neans SBsbfwitt PBS$abe boundawliewpwrdetarmined, ard thegesulig Bow hsteagides of

the Transwel I_ filter.s wer ated with LLG C4- GST. GST, fibrinogen, or BSA.
A total of 5%&9%%11’;*%9?@@'%%8?“8 ESPRPES B filter in 10%

serum cont ai nj g M) YRR offE kiR EBnFadAN. e6llS WerehBotved a3tbint RELDGADr  of
cells mgrated to the | ower surface of filter was counted m croscopically.

The results B8Thonesits ThelE4antitody ead EDIMy wereajspd ps easppeatitors. 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



Fig. 7 shows conparison of structures of cyclic LLG C4 peptide conforners
by NVR In Fig. 7(A), famlies of 40 conformations of C(1-8;3-9) (left) and

C(1-9; 3- Qo hidBks) are shown. The heavy atonms of the di supdjRrmdiesed
backbones are superinposed in each fgmnly and then the two famlies are

transl ated 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 superinposed on the

mai n chain ataﬁd%e%uﬁf@ells%&@ﬁeﬂeﬁnin@ﬁ'ﬁ#t obpraRsk atag, PRAdda o the €W ng.
In the C(1-8;3-9) peptide Cl pairs wt above and C3 wth C9 WO

(12/ 1172(i 1AnRaRLESDI2¢0 HipiSatdhwelismndnvere ginilar i twaiether expetimeniai se, in the
C(1-9;3-8) peptide CL pairs with C9 above and C3 with C38 bel ow the ring.
Det ai | ed description of the invention The novel highly specific peptide

ant agoni sts GGa4anBE thiibigo! Bﬂ&raﬁ(s‘éﬁéicé}h@hbﬁbrpmm- Php e agCapeptidever e

devel oped usi ng phage display. The 'novel peptides inhibit |eukocyte

adhesi on, andfigdéh), Tunketadlls xeds alidwsd toappdr to immpbdiaed dCAMdsicoin. The nost

t] t i st CPCELL |l ed LLG CA). i bi | tide that
e St T uerur b vl ey sins Shpeaer GhLhGrC PR oM A g 1 e
tripeptide bijRgibigonTRic fnbbANPEIR vy rdnisyeBibe imfiefnd Me mitRRitd: lplatédps®pt | de

specifically blocked the p2 integrin-nedi ated | eukocyte adhesion and
i nhi bi ted | evkwoyne dscantenepntaining &BS, aed e attached gellOrmestaimdrvitleErsted, | i ke

ical i i Nl d.th i, d |l adhesi :
b |1 zedt OROBH AL B SPaDgeE wley B BhFEraeTHRS G Wi
| acki ng (32 yggﬁg%}g&dﬁﬁﬁaﬁf\{,@gi veness and | eukocyte specificity of the

peptide is explained by its ability to interact with the I-domain, which is
a known act i g Fig. #6B), il ceHe wieraadlmweddo bindgg TiNFso-stimubatessEalyygingdothalial colh| y

| CAM 1 but t her adhesi t ej ns <inel udi W | d
factor and & yBETYeEInTRER S of FOOtRBien BRLE REGECARY R Couth arEaee "
identified byphagenthid G050 RUr ARbrEHS RS howbdtidal theabdild &Ik argk fact or

and type IV collagen are potential |igands for the |eukocyte (32 integrins.
The acti vi t y refmotdiebynipehersiogithemiomotitgoplatstin a PBS- solutivanaipkibe baend Tigells

trictly d dent t t f ti t isul fi I . Th
s & 2.1 of oVl AreaRtBy FF iieoha ey othedes 48 s koD AiibifRe o'
that differedyqply in the arran genment of the disulfide bridges. The nore

active peptide had a very conpact structure due to "crossing" arrangenent
of the disulfide bonds as shown by NVR Interestingly, the |eucine side

chaL s BroLT e oM NS B G th bSO SRR ORI,
Lo Ur2 116 PO O B0 T T e e e ek eared that
synt heti ¢ pepWillrbsangfactar was etamined3nrtheprssenge of antibodies against the Bz (7E4),
owPs (LM609) or amwPs (P2) integrins. Following a 60 min incubation in von
Willebrand factor-coated wells, the bound cells were determined. The data are the
mean + SD of triplicate wells. The experiment was repeated three times.
In Fig. 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



|CAM1 (Ross et al., 1992) or the corresponding region of ICAM2 {Li et
al ., 1993) support |eukocyte adhesion when the peptides are i mobilized on
plastic. Wwhosehi € forns, the peptides block binding of bepkpembiss cells
to | CAM 1 expressed on an endot helialgcell nonolayer. The LLG &
nonapeptide is significantly smaller than the previously described peptide
| i gands for the ~i~ integrins and showed high activity though | acking a
negatively charged am no acid residue such as glutamate. Also the

pent apept i denfid:bider el bbdtepwik fibrincdasF Sllowihp 4 $0 mid2ndubhi@t ihebbadet i ng

| i gands can be constructed based on the non-charged LLG notif. This is in
accor dance wiells wére deteymingtl by thehosphasase assayt Fheces! sl arpbganeangrSPRE i r st

| g dormai n of | 1 ere the . .LLG sequence | as part of a short (3
st rand appar8H§¢9eé§ 6P§“6¥C%F?é%wﬁﬁmégﬁFé%f?éﬁﬁﬁkw|1 an integrin I-donain

- (Casasnovas @i Fay. 6(B)18%RtivEelidtegriils, TP, 1 ddIR&ere Alranlated bothawith plorbul agenesi s
studies of individual amno acids within the first Iq]donain of I CAM 1 have
&

shown t hat t hetel (56 nMyinsithe BGIho and f(1-863-9) peptides (saeh %5 pMIdPh§hofftpcam 1.

Mut ati on of one .of the. leuci residu crease pindi FVity
partial |y andaiaipgthesslis® effh‘g%é‘fe?g? ﬁgl%éggi%pgg%%&(aﬁﬁé\%l:s lgtﬂ{%rf&,%n%é#) .
Because of tle1ignag) svRED-AE of Bith Bbpitded at MMelcahatrheivtiddicatbd. Defeer @R
suggest ed that the glycine residue does nqt(flay a structural role but

rat her dir ectiiy inawbaticrcthe beindwellhaveredatepmined. Vibe sesubinaredhe mean £8P elspondi ng
val ine and gl ycine am no acids. to alanines in_lI 2 Lve. ei ns
with inpai re&lﬁﬁWESQWF -%’idr%‘?rﬁﬁlmé@f fmﬁ@&ﬁaegggrﬁ%c}‘@?g- 7 Ogﬁ &Italﬁoé@)g %evon

W | ebrand fags ¢fiu&oné &loendlve bbkéensequences but an ability of these
sequences to interact with integrins has not been reported. von WI | ebrand

factor is a fuFig. 6@k Transwell ddterssvare coaterhbethisnily vrpes andloayer pyrfaceiwith and

prevents bl eeding duri vascul ar .i,nj ur nedisat i t ion to
exposed subeﬁﬁ’&‘?ﬁ%ﬁ’q’ Gﬁl[]e%l yncay ‘%’é‘f‘ﬂéh*{"\%%ﬁ%éd gvétguéeib{n‘%glg{ Ig!tl %%g%el@th gé:g)%gf whi ch
i s inportant fipPiadiphded ethRhph&!sBifaéddfabeé fiftetinl03Bserfiavontinigg t 0 the

inventors' know'edge, there are no known nutations in the LLG sequences
associ at ed wirhéditrheBlt enpeehteationeefsC(1nS;3d apd QA BBabldvere 40Q pdk Follgying a

i t f t bi ndi f ' L ouk ' |
Lo von w1 | i eaitttey e FE tabia aleaiF g FAF bRl PRSI B0 2
by the LLG mafdrk fiked,istaideds ahdhb®thr@fedindeh e nieiosdope/Tiegesultstshog elidang +L LG

WO 112/ U72018 PCT/F1U2/(I(1188 11 peptides and by the (32 integrin bl ocking
ant i body 7E4 3dof atdeasbihresmexpgaeis. to the (3s integrins. It is notable that

besi des the LLG. . {1}eb ' is, sinil
Lo those predBMiE OB eRRn i LEBRPHRGHES Wy SARAMPLL GRS, & Bl &
possi bl e t hatGéhefilipen,i HBSAR ©elbab xar0* MHEe! Bellsaeas Almihisteesdaret fittes

between the LLG sequences and adj acent |-domains affecting the folding of
the protein. infl0%ussummosteining wadivet &gHs werregnlivend fgr i%hﬁé‘%tth"eﬁ‘ﬁp%ﬁfr?ft he

hat | oukocyt S0 BB o ehulieP olftr SRR GA R laso B S RS 90T,

as present | nghéasbmt- SOReadieishtredierperinehtier surfaces, and these
interactions could play a role in the initial phases of inflammtion.

Interestingly, the LLGRPGEA sequence of collagen IV a chain that we

identified by.a homol ogy search.sh _Shml.ar

col | agen-1i keF’ﬁegtng‘%S %@Wrgo%?ii‘%ugﬁﬁeséf&ﬁ@ Pr%ﬁ (?A @ﬁ?&bﬁ%&g‘?l&:ﬂ?ne) whi ch
bi nds to a2(3gMRUuaEE T(ARTehaKs 6f 4Gtonforfidhs o0 -§B ) diett) end €¢l-eh3e8)of t he
peptide is seen to coordinate with a netal ion in a crystal structure of

the conpl ex beighdeare shawn dihe Agary-ateme obibp dissidertioseh Pagldenes Heegri n
| -d in. It | ible t i ndi i i t t
T ocated G t or HRSERRR i shlf arfAa gt oclipd e b fred i Bl D080,

both in | CAM }iesb.col | agen 1V a chain. The LLG C4 nonapeptide is the
shortest and nost efficient peptide |igand yet, developeg fgé 52%5&3f
“integrins, anthBigoV{Besiergo|vians of renieseniative solutionsIEHEREFSHHtafe-B (aa9vs

i ntegrin antagonj ) Nt [tz : e the

~i 2 integrinsg%$€€%28%gg2§§%ﬁﬁggﬁ%%@n%gﬁ‘g%g%cﬂb @g%ﬁ?g ﬁ?ggﬁﬁggfs in the
bone marrow, {digsly supkeahosd calieindinehatneadink vf B4 deSsaiddlés ahd theh argdatedg by
circulating |igands. However, the 35 integrins are ggo to exist g% an

i nactive st at epathiprivicygng ladhs CEr&a-9) peptider ¢ Lpaipwidh 65 38pve @G AWMt &deh as
by chenoki nes or through a contact with antigenpresenting cells. Therefore,
it would be desirable and clinically useful to devel op conpounds bi ndi ng
preferentially to the cells bearing the activated integrins. The inventors
found the LLG C4 peptide to exhibit such properties as the i mobilized
peptide strongly bound cells only after their integrins were fully

] N B o o L I Y R 1




V1' O 0211172G1l8 PCT/ F102/11U188 12 novel function for the proteins in
nmedi ati ng not only platelet but al so | eukocyte adhesion to the
subendot%h?hnmtri x of a damaged bl ood vessel. Consequep¢t¥rozlohs
inhibition of the binding of inflammjory cells and also | eukema cells to
von Wl lebrand factor and type |1V coll agens by the peptides of the
invention could be clinically useful. As |CAM1 functions as the receptor
for rhinoviruses which cause common colds, |CAMI m m cking peptides could
also help th ggd'ﬂg -9eR d1GR$R Wi et al.
1998; Bell a gﬁlgglrtﬁé %hue&rﬂiglgéﬁlﬁieﬂsmgg% he F};gtmnftaléon coul d \af/@%o be
usef ul in thebdveant @nwith{C8ibehamthedingeases, whi ch i ncl ude, but are not
limted to, diabetes, rheumatoid arthritis, Crohn's di sease, psoriasis,
mul ti ple schlerosis, and transplant rejection. In a method for the
- therapeutic %etﬁﬂé@ﬁé@cf‘ﬁkioﬁ deib&ivemtof 1 nflammatory di seases and hunman

| eukem as the therapeutically or prophylactically effective amunt of the
pepti de of the invention to be adm nistered to a subject in need of said

t r eat ment di ) di t bod tc, of
he subj ect e Aatel TEAMTE Spe i bete s ambAs Sonde o BpesrEPEe Gt ve
amount is fornd ngmQL whid dﬂev@iapammg plRGEHRD Ee'm@nwa pa@¥iaBOMBIb Or

|ntraper|tonea Iy, out during one week. In order to have an
i mredi at e ef flakbcyn aﬂlmsiamcymcbwheri mnmdhibizeel; thepisnppagt bnkcmytmadhb%om@"shean

effective anount ip a sin for

peptides of MRSt wggéﬁtagpﬁ%ﬁ%ﬁﬁ@ﬁ (ﬁ?lyﬁ)ig[e@&géds? ’rscﬁ'cg’&ﬁ’gﬁmﬁm%ﬁ

| eukocyte cely ohyR&SIF &Ei%éél Bﬁtwédasﬁmagﬁbﬁt& Al Sofiihshe Vg blige f or typi ng
inflammatory cells or agn05| ng |l eukem as. Cells expressing an activated

form of aM-2 tindimgmiotif favouredsbartin B integring &he $31GrCdpeptidewnscidigalloblogkessue by

Phe corls wi %3%%%%;3%5%@&%&4« S gtistPh e wra kR R Rl B et "0

particul arl y H&'éanPQCAM ql, phitRImIHDERE §It}gﬁca|1 mﬁféﬁdpﬂl@ bittdeQp-

expressi ng a Integrins. The pept pr esen i nvention can
al so be used poﬁe@cdhmdlmstohevlwntlammbdrmd ofi plastic amd bepmidicwsogyéseslinines it s t o
a peptide surfa r.an artifici tide matrix. Such an.artificial
matri x nay ch‘ﬁlsﬁé‘ﬂ%n% tEHENS- eﬁ?fp ?@Vﬁﬂﬁsétalnééﬂﬁ‘r%}%ﬁéﬁflﬁi Ay dbfuici ng

tissue trans eﬁg& g tlﬂ%‘bllhgﬂﬁntetrm wR@Rhé HRohRinS Mhidhli€a kaswa Wi | |
WO 0211172018 Fl 1211111188 13 prevent host reacti ons agai nst a tissue

transpl ant asactibesipeiptthelleukod)itbintegrin® Inferastingly mationbcl @M bitatriumben pt
macr ophages ar{ﬁier a%ﬁes’?naﬂ%tel m&%d%%xtl Willebrand bl P Sind 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 B2 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.



The follow ng exanples illustrate the invention w thout, however, limting
it in any way. Exanple 1. Phage display The aM-2 integrin was purified by
ant i body“a(;]‘,#(p}zglyé chromat ography from buffy coats obt ai negcf/resndiggni sh Red
Cross Bl ood Transfusion Service as dggcribed previously (Li et ad., 1995).
Integrin diluted in Tris-buffered saline (TBS)/ 1 nM M 2 was coated onto
mcrotiter wells overnight at 4C using one ug per well in the first

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

bl ocked Wi t NpRsy ¥ BSdied hdRSinRated tHat%g/gltﬁgt@ ppidéd wanmag edl LG egibn oBs Wit h
TBS. Biopanning was perforned using C

~C and CX9C phage peé)t,i de libraries

essential | y HSANBSRossedal KOQuerthe gorrespondingegion qfﬁé%\é\gr?s L gt.eh,d993x
libraries was nodified so.that the single:stranded. j erate
sequences \/vaéuRPBH\}%‘%l?O@ﬁeiaﬂ%“&mé‘ H@%ﬁlsl’g?t}dfﬁafeedmr“b"?"r‘%%i"ngﬁ g‘gfg;]g]l sggﬂjg PCR
- wth only Fh?orhﬁyﬁxl’e?%ptme's BRIckdlih S 8NetllocgHe bLaR WICAMOteRptdisedroavar se and
forward prinmer. Atotal of 6 ug of the doubl estranded oligonucl eoti de was

purified usi egddfheMEdE PG @laydrf Theal LGrC4k nenageptideiig sigaidicantinsmalley ghags ¢ he

Fuse5 phage vector,. The nu r of, reconhi nant,s.in th i i Jyor e
than 109. Ph&&‘ePfBYIHEﬁT%g?s"é‘ggfl’@ﬁld&ﬁ@a %&8&@8 ﬁ{“t%%%sg‘ﬁéaé‘?%dnﬁ?%g@” ol |
vere repeat egy i tZBsn Reidtedduddrh @k phitarigtb.oRlise thener e
pi cked up angldcsu }(gerfaecghl n ;g?%@ed?%%ﬁﬁeﬁﬁgp TBS in mcrot |gt ea; wel I's at -20C.

For direct copenayemsidg@EiciQiphibted cell adhdsiproThuse 2 integrinhiggeding ligprdssaner e

subjected to,PCR with .10 pnol _each of t or pr.iner. o .
TAATACGACTCABEAF! M%éﬁﬁrﬂﬁf;@rz? ’%‘%ﬁ%‘gt‘%‘é’ ar°8€%1ra‘é°ee Wihthe. 5
CCCTCATAGT TAGHEIAMGATES ardd strud@aFaBdS96ekht ifiesd $g WemneinBITCAM-136hese tHROC f or
30 s, and 72 or 60 s, and the cycle nunber was 35. One ul aliquot of the

PCR react i on IMa sdqmkmeoe i§ svensie gpat of aishorti § istigncdiappprenily eapabla ofediresHE of t he

i d | d ABI 0 P i i , F
Ly e et b ol Tt drpan e st ool TR0 HbILLBY IRED. FoSt
sel ection, t h&naﬁgé gcinhﬁxr%%ﬂtagéa\éﬁs 3R ot ldihi@w] beiPAYidsaRihieXiat 1000- f ol d

enrichment of p ound to the integrin in conparison to background.
Sequenci ng ofdoniwin bbifAMphbaye shewsn shas thedl kG gegiorels imnppijany doithe ditegrat ent

g o cati . f o ! . o b
Ty Four o tutuine ohfc/Nef M@t vr Gt fuBER kRS Gerd P IGAROL 0 LT oet
strongly enr itﬁﬂ&ﬁ%\é@c{\ﬁty%ﬁfd{ﬂy%@d&h@rﬁfﬁth@@lﬁci%h%ﬁjf@"islaﬁ@halqbser ved 15

times in the randomy sel ectéd clones, and these were the only clones
remai ni ng af t K197 Beceuse of tednadtivifh ofthis glyeipe-protaies KCAM-Lidt bas Begly i nt egrin

\
coating concentrations.,!|nterestinqgl LLG I
bi ndi ng sequeﬂ‘@gesé%dotﬁﬁth?ﬁ °B'§5?51§'ges&ld§58%gé? %ﬁg'%ar PHoclgegb L?g&?ltgls @\nﬂat%ﬁi espect
to the conseryali@hwah tiidiateRfif! MifitiohSofthd eorrépyrding valate aryglyimeaminei dues.
Tabl e 1. Seven phage sequences bound to the aM 3z integrin, (%giél) and
1

their al i gnmeadidssotatenineSirc KpAM-? plsg givedquetetns avifrimpaned Mg
pr ot ei ns . .
CPCFL L GOC( 15) R8ARItY €S589 3% 'SRkt D ac( 4) CWBVEL L GOCPPDL FWYC( 4) CPEDLYFFC( 3) CP
EDFI FFC | CAM 1 CDQPKLLA ETPL von W/ | ebrand Factor-A2 TVGPA.LGVSTLG von

W | ebrand Factor-D3 GRYIILLGKALSV type | col |l agen-a2 type_ N col | agen-a4
ost eopont i n PERQHil¢RE factpcPmtanePEERG\seapancesiut eppbitine of thesiosedBeIEEs t hat

are identical to th age peptides. are I 1F (AM 1 sequence
is fromthe fforlé‘fera}cg“gtgr’r&eﬁgn%% ‘\‘}’IS)R"*WFf (Ke}ge\rgg‘r’ld ac%bggrmdsfeagtggnces are from
A2 and D3 donpjyRsiAadnhlRihkdPelifan@tdndivg s6letAgancineaubpreesits beediag chai ns.
The osteopontin sequence includes residues no. 5-17. The n%nb I ?.f iiol at ed
Ba‘f%\aﬁlﬁ@y%.

nucl eoti de sedusmzesscaacioiitnyy eeasintingatelst adhesioriforgposed

Screeni ng protein data es I ndi cat - hPsihdg. 8auence is
'l ocated on t hEOIFtFIP§?W‘I’ S‘E@%‘?‘F@luﬁm%% gflﬁg\%ﬁw%g@ﬁ&gg@gﬁg t he %H%- 34 residue
which is cri t'gﬁa@életfiﬁtre oL Adcogtingtd e ienmiskaovilet g there fiStralmben. et

al ., 1990; Stanley ané Hogg, i ) ) . . .
' mutations in the LLG sequences associated with bleeding disorders in von Wille-

Besi on

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 B, integrin-targeting LLG



WO 112/1172(r18 PCT/FI 112/110188 |; 1998). The CWKLLGSEEEC pepti de showed
the highest simlarity, five out six consecutive residues being identical
to the hﬁl{?@ﬂz/hwl sequence (Table 1). The LLG tripeptidpcpppdangs IS al so
contai ned in domains A2 and D3 of von;WIlebrand factor, in a chains of
type | and IV collagen, and in osteopontin. None of these LLGcontai ning
sequences, except that of |CAM 1, has been previously reported to contain
potential cell attachnment sites. von WIIlebrand factor (Savage et al.,
1996) and osf&pR éﬂcﬂb&( I8l WitdbrBiblSdking ARDRNy FES bRt St®lyRntibehads tf B3 he
RCGD- di r ect eglgé? 39%1nte rt:l:jggkbﬁg whet hergthey %an addi t?gnal ly bind to the
. (32 integri nntdgsinndt iserotakihe thatibesides thieddl§ sequepees|voa dVillgheand Bagtorr ecent | y
been shown to be l.i gand of. the _aX~3z integrin (Garn | €t .al. 2000).
Exanplo 2. | SRR Hopagn sqrildayesepeait bt s o Siafie i,
- proteins Th?rﬁ.&kch%@%bé%?oléﬁﬁ%e&e@r@ﬁﬁk'aﬁﬁ)le‘cﬁrar ok Gt &rholR8laPieraeminsf i ed from
phage DNA with the primers containing a BanH | (5'

AGGCT CGAGCATREWeabETACHaEBerces ahd adjdceanl-gowring affeeting(the folding of the

AGGTCTAGAATT 3'"). The PCR pr.oduct 0 f
gel , digest eHro\'iﬁ"E'ﬁftS% IPWBaCPQE% ‘?‘iCB'E’i%Zﬁé( CQHE{}?}EE% eﬁ\é\%ﬁ} @ggﬁa‘gh?ﬁh?@h? Reagar o%¢
PGEX- 2TK Vec{%&%&m Shah WaBpaRifact&. Olu sddultbnRsattahat MRdends cdiasadbi nant s

expressing L -GST were verified by DNA sequencing. LLG C4-GST was
produced in @ inmdbilised faim oBroR Willetdaplifactor csicihgs plesandithvasadanf finity

chromat ography fol |l owed by _dial ysis. M.1Fc fusion.protein c ai ning the
five | CAM 1 F‘é’eagﬁ’fgf’%‘ém% thet %H%E%Sda?‘i]t%gﬁdngeéﬁtlgnﬁﬁ(ﬂﬂgg VAR lﬁgﬁ %rotein A
affinity chrmlﬁ,gﬁgégwinfﬁ%ﬁﬁgnmtel y 20 ng of LLG C4-GST was produced,

a

whi ch was nore than 95 % pure as anal yzed by SDS gel el ectrophoresis on the
Phast Syst em appar at us ( Aner sham Pharmaci a). Anti bodi es against the integrin

3 buni t 7E4, 11 FO, 1 D 10 d 2 | i |
(Nor tam. et erestiggiy e RRORPEER scmghstopTiaeaTy el Tl WOREaRRELRE """ ¥
MEM 83 (Monogagmg hilcRRASYs a JR@etRisiRaitg o BENbIla MR RBtde wia

02/ 072G18 PCI/F102/011188 1C MEM'170 were agai nst the anti aM subunit, and
t he anti body cfti€al GROGER méte (Exhypdroxyproligd)iwhieh binds tolpfgintegrindEmgley ef 1995) |

e 211U LS el Godt PEaues B ciaasts L AL ATHIRL Ty (R B 11
anti body 6S6;f 59@5@%&% o(f_Tt?erB%‘del@(i beéefden thBEWHgeR-1ike ?@bt!iﬁb AAIBY &P Nt egrin

was i munocapt ur on mcrotiter wells that were coated with the aM subunit
anti bodi es Okiibgrin I-HEMATHO]E it pessihle thatpeintbinding trouyintegpinghe ghwmipeci fic 1 gG

Dako, Caipinteri CA).. .Th t i bodi .coat ed . ' f
10 <o/ mi 1 n Jessektsi Shed e AR PRl iR B S kB GRIE URTH 5"y
BSA, a 200 ulcahrqupld Bflagénaviwétam.coat lysate in 1 %octyl gl ucoside/ 1 nmM

Mhd 2/ TBS was allowed to i ncubate for 2 h at 4C. The wells were then
washed five tinmes with the octyl gl ucosi de-contai ning buffer. LLG C4-GST or

cctyl ol ucosi R HHRE Papigr & B SRAlsFie o ol Rebiige hefd vEfteve,
wel [, the b 5o n@eRel Mddvits 10 simé Rnltickadilopmédinges ham

Pharmaci a), which were |abeled with an Eu3+-chel ate according to the
i nstructi ons iofegtihentagenista endipetentjahanti-ieflammatery, agenis; Beespse the §2 miegrins

fl uorescence was neasurt Lth a 0 Ar ( For
exani nation J¥® F’Hﬂeﬁs-egéﬂe@?ﬁé B‘it‘]ﬁd’inéé?oo\%e% eﬁﬁeé:fu% gglﬁe%é%ﬁ I}Cnée{l%&gﬂ(\}}l?s-e domai n
expressed as jaeEis ShtulPhe RadilehdtedsiblEforeargetigshyéisalatingdigahisdHootevear, . |
1994). The fusion protein was purified by affinity chromatography on

gl ut at hi one- cthe Bt infegrinads, knava tolesisypcrnvinediiverstaghindpaceme aptewrisd anle

reconbi nant | -gdomai n exhihiti.ng ,a [ f _The

‘I -domai n was acfgeagﬁxslglﬁgmsg%{hisgg}} a% (ﬁlgeﬁlé% {nae\g@%)ggélrlﬁ%raa | 83# Sftﬁfggg%l/ n, and
the bindi ng ofreddntinERellESTharetbrEHwoea beiddsiiadll anbsinidally GéefEED deuslopn
protein, but 'not GST al one, was found to have potent activjty and bound to

“the aM-2 i nt eqpmpaynisbindingyaeterentialhy foghe sdlsdiepringthemstivated intsgrigs+ThS cal
integrin ligand. The.catjoR- at or i 1hi il hndi

LG SacsT 1 o Pentpiiaf 8 LesCh Beflocg AL bifhel e aPidBfBL e, |
with the aM sydydb stramdly Bechd SV after tHéMintekiigs wel)fullyactiviated. The

EDTA- i nhi bi t abl'e binding of LLG C4-GST was detected on the alL~2 integrin,
whi ch was cappresenge i LhG-like seapengesinvopodillebrand fastorgsd qollagens §uasest ot
differ from GST control and was not




WO (12/072G18 PCT/F1112/ (111188 17 inhi bitable by EDTA, when a nonspecific
| gG was used for inmunocapture (not shown). W al so studi ed whether the
pepti de W(Qéfzﬁ@“y interact with the I-domain of aM 3a p@fp@bbéisst he
known Iigand- inding site. LLG C4-GST, exam ned at the concentrations of
0.01-100 ug/ M, showed a concentration-dependent binding to isol ated
| -domain of the aM subunit (Fig. 1B). GST at the sane concentrations did
not bind. The ability of the I-domain to bind LLG C4- GST was dependent on
the M2+ catigng radeed 5ot Beotbih i Meditmib AbtlonBnslaehe bat dlgledutyteni t h EDTA
bl ocked t he E"lgﬂﬁl ng (Fi gl. 10). To show t hat thgqlﬂ-dorrai n can al so bind the
LLG C4 nonapaghdsiba tarie subendothglial matrixuefi actammged bloed visesel ronprsipniby thene
bi scyclic LLG C4A peptide. However, we had diffjculties to prepare an active
and wat er - soI‘@B\"é‘O‘b@%f}}e&é‘} “é%ﬁgﬁngﬁ’tnln}fu%(?ﬁlgssaé‘drﬁq%el u lglﬁlcFﬁsdtésy%{elasi ly
- formed duri ngygfehrR pglab a-%&w L1fFefns(th) the pERATeA OF (e iWpsntioh GUIN bact i ve
and bl ocked ngeg%aﬁﬁif%&o thie |-donmain 13[1570 b?ﬁg the LLGC4-GST (Fig. 1 Q).
The sane peptclidiealiyssediis As ECAM- functive$ bs thar¢ogpior éxppbmonanses W Heer

Gi <ot de. borsammpraasulekREt Rvne et b aai e S RBHER B0

Exanpl e 3. i for GBI 199Ri BE1$a &1 09 ETHd 1sBtillésgand

The Jurkat %ggflfaﬁlgg lgc#]ﬁgb%?gﬂrgga%@@yﬁ%g?gz), U—9_37 hi st??gyti c. ;nphoma

(no. CRL- 1593fBe, ineerdiok5681derlsc e udefu irethie dregtment abBomynedis¢ases, whichwer e

mai ntained in RPM 1640 nedi um su enenfed wi.th 2. | utam n 10 nv

HEPES, 1 M dBeindarbplsawat ‘é’}"tgé?ﬂs @Fﬁle‘ieﬁ rf‘e‘lf'%?éo‘é/aﬁt%{l, 15,3‘?‘#’5‘6@?%&7%% ( 100

ug/m) and 13%651%%5?'111 H#)IE s?ﬁéﬂé@i‘sﬁfﬁ%amﬂiﬁﬁ‘réje@%l@.cyti c leukem a cells (ATCC
cu n

Tl B-202) wer ure e same nmedium containing in addition 0.05 nv
2- mer capt oet hanol . The nonl eukocytic cell |ines Eahy926, HT1080, KS6717 and

SKOV- 3 i nt aj i ously d i.bed (Koi t.al ., 1999). T
cell s wer e i deladnahod fos i RCi opragRct Ferbieat bt RGeS Lha i on
fol l oned b t - £995) .
ol | owed by pﬁﬁ%@g% 106@}@& Ry hfé?aﬂieﬂzaﬁ&an&gr gggp?_)(fa\a!ﬁ&my Fndti@anden of tht995)

W1 d-type nouse and ax-i 2 721 18 PCT/FI 112/110188 18
i ntegri n-tr ansdpede efithe-imention tolee admisistanedatiorasbjechit moed ofrsaid fpatmgahgan

uni ity Hospital, Nij CONL i bri £ tin .

W oo and f AP penendise SRe epidiah boisyetel REf eis. of MR8 R in kBP0t said

proteins or Sefé‘a?ﬁlgﬁt! FolRERbhEESs@ER cfRakRAnuntisChPExdngile 021t S nag daly,
(0]

concentration ug i1n 50 p,I TBS unl ess otherw se indicated. A

recombi nant vadmidisterebiniiaverfoaslyer intraperitopeattyupt shpub b meodiyingong werk.da| y

ided by Drs. J.. J. Si and .pPh t ' it ' t
Ck recht, the WEHSIHAHHAL )RR BoorEg: oklonkoepiss Bk piadst HEala nh Bbet 0l ™
gl utaral dehydﬁn Yo 198 drRuatind shigladiose afR BkAple 40 t0100nR5%. The wells were

saturated with 5% BSA and then washed five tines with PBS. Prior to
adhesi on assays, cells were treated with 50 nM 4(3-Phorbol 12, 13di butyrate

or with 200 uM Pl pepti Kot ovuori. et al, .. 1 | f jrum f or
30 nin at roo&ﬂ’? B‘T’PE@E%Pﬂ&‘E&%e%dPY%IPE cpAse by g%%ﬁé&iﬁ@%‘%‘?@@ﬁghca l's
were stinulat gghef Ornr8Qin¥ PindlerRd ndvrkf bk RRuphle fhiahp@gtieflanibitonMelland t he
C(1-8;3-9) and"RGD-4G peptides each at a 2.5 uM concentration, after which
the peptides dingaosirgieukeinipy. Qrllslekprgssing #n Fugizated form pfaebTAleeinbIPG wer e

i ncubated in the mcrotite | s 100..000 . per : 1 at
37C in the ab& e’cFPn%?Féi"iﬂ’F\é@p"B?‘ @8??8%&‘?%3 ‘%ﬁ%%@*&@??%#‘?%%‘?ﬁﬂe“s&% BeBra
Unbound cel | s qywes of 8 ¥BMich, Bid BRAtelutingathiang with BDPRSrandnipetits pagidehe

pl at e agai nst paper towels. The bound cells were determ ned by an assay

measuring cel Mhisamethodbuyelide pesicatarlywisefl fopisolating subssts Qflymphegytenv sodi um
acetate buffer, @ .5.0, cont ai ni%)11 t%TFiton X-100 and 6 ng/m
‘p- ni t r opheny! PBA gbwaff’@f%é@g&cp&& dP°FS and incubated for 1 h at 37C.
The reaction was stopped with 50 ul of 1 M NaOH The absorbance at 405 nm
was read on a mcroplate reader. Alternatively, tc[;e attached cells vgre

¢ tolggs)

ALY y
“stained with GhpgeplidesiofthspreseabinventiancanglsadssisedioPremgts the attackmen

To study T cel] .hinding to. an_gndot hel.i I M

endot hel i al C&Fﬁe%}g&ﬁsgpggeg%%rﬁ %e%k}fi?%ugr?a%glogtgggﬂgﬁag%%nsi t%ag'fsughx 104
celI's per wel lanangh@sianatrik afayt Wérkaikdayone farsiv onlymphatidsenphelguict i on of

| CAM 1, the cells were further grown for 16 B in the presaﬁlggefgof TNF-a at a

concent r at i on peédutingrigsng tramsplaats, On(the ether hepd, the peplidy i M 3ed to
bind to Eahy926 cells first for 30 mn at 4C, then 15 mn at WO

112/ 072G18 PCT/ FI (121011188 19 37C. The unbound T cells were renoved by
imrersing the mcrotiter plate up side



down in PBS. The bound cells were determ ned by the phosphatase assay.

Phor bol ester-activated THP-1 nonocytic | eukem a cells efficiently bound to
LLGCA- GS%Z (?h‘f/n Aely to GST or peptide-GST controls (CLRSGRGicfambz/o0188

CPPWAS ) coated on mcrotiter welhks (Fig. 2A). EDTA at a concentration
of 2.5 nmM conpl etely abolished the binding on LLG C4-GST. Screening with a
panel of antiintegrin antibodies indicated that the cell adhesion on

LLG C4- GST was conpletely inhibited by the blocking antibody to the (3z
chain, 7E4 ( (LM509,
555 had o rpient B zebhAliaPa litut RAn Gkl GO B0t AT BacLDe

ant i bodi es Idlﬁdbﬁedanxgrzﬂﬁa of]itaeropha@s apfl acmHauymg@lyﬂamﬁmathef tehetmms( 3z
antibodies is the same as obtained previously in a granul ocyte cell
aggregati on assay, 7E4 being the nost active inhibitor of cell aggregation
- foll owed by E T st udi ed
the biz chai ﬁl%%%l?@%ﬁ@n@%@ ilﬁ%ﬁ%%ﬁilzﬁge%té%%?utClglﬁvéggltV?ﬂ\i}g?ﬂé@ ieh Aty

bi z-i ntegri nwagdi at ed cell adhesion. In accordance, the three antl bodi es
stinmulated THP-1 cell adhesion on LLG C4-GST (data not shown). Studies with
anti bodi es agai nst the | eukocyte integrin a subunits showed that a

particul arly on adhesi on was obtained with the aX subunit
anti body 3. 9E§%EMMI§%%€E|{SPQQM| bodi es OKM 10, MEM 170 and 60.1 were
weakly inhibitory, whereas the alL-directed anti bodies TS1/22 and TS 2/4 had

har dl t. THP-1 | but | L d
e ant | body The i EgHA HROPHLES & Shore BTy R RAaP e o Ehhe
i nhi bi tion 0§oal?s ébtﬁ’iﬁ@& sy ﬁﬁﬁlﬁpk@tﬁ etbst Hiodd PRhifufbAdbReeas dﬁa&c@ﬂa‘eﬂ@&en {Li

et al., 1995 Furthernore, the inventors found that the aX anti body 3.9
and the aM awioutlpdli €pii msmddtegrlnyldetegmﬂ“ne—beffm@dtsawve(ﬁ“ BsodeM ddpdilner

causing a conplete inhibition of .the ce si.on enent
of t hegcyst ngp?é coBisd SnIPmICHRLItSL Y qlf;lotvmht Eﬁ%@"ﬁ%%%&g %Welwgﬁ%ﬁﬁgg
present int Bf(') %&ﬁﬁ)étl@ﬁﬁ’d ?h%%&ﬁﬁéetﬁﬁhglgdnﬂn@sf’f}%r\?als WEH¥ Blocked st udi ed

how t he arrang rrent cysteine bonds affects the activity. For this
pur pose, we pithF¥dSsymTREforcl Ipet?2°Gemdwhdrhwakhed fve times il 'lfBSjé310pan-

configurations. WO 02/ ( 721 P / 12/00188 t| des

synt hesi zed BEEMESHGHOIREES ‘ghs‘ﬁépﬂ?‘%‘ﬁpegfégygﬁa 7% CSIEYH yA?éBA
(Foster Gty adHani um
bi car bonat e geﬁ%ed %ﬂ%’gé“%{gglr Y]Y?ght nggﬁt@gg%mgﬂ?r% Iﬁéesnw%ur%lg%llﬂgécij by ﬂPLC on
an acetonitr thesnggladﬂrmdbd DBt encadingdegknatats stquedess wassovverfadrintoc by mass
spectronetry a yS| S 9 3 8) t| des wi,t.h the

gui ded di sui fif e*ﬁﬁrﬁ%ﬁgé O%Pcs(éﬂf’cggw?#ﬁ*&g“ %t 6"‘(}% Prgganddion e
ACDCRGDCFCG ﬁ%lﬁﬁmﬂ%gﬁf tHerdvkRE \AH@?&W‘ﬁFd Fimer. Agagé) oﬂ‘@ﬁ%Q’Pﬁ@'d&@glef rom Dr.

E. Ruosl ahti amlinstitute, San Diego, CA). The nost active peptide
C(1-8;3-9) \/\/auamiada)hgelmclﬁptld@ wes:pmm@edmnm@IMENfPQiheu@ﬁwwﬂﬂ(ﬁ@ndond

bet th d d djsul d. b th
&5 ana o oy SR aen Hh i Siefs Pies et Vostiy PRCH HRE b FESmpiild i oo | "
between the ¢ 2Rd wag nfoté Hf‘ah nes Phag%lh%wan&%d%b@qdexﬁ&nw%@ﬂldm Cell's

bound to the dl 8, 3-9) disulfide-containing peptide but failed to bind to
t he conf or neE. bk WefE(fbpwt@Bﬁvmmmeﬂ ﬁn@eﬁer(eﬁclgpalmﬂ)g bactesigbeolomiphyerst t he

1-8:3-9 | t | f | d
aoparent Ly nked gt doreddad Ry PRt iR Fr R SRS o PSS e
same treat menf of co‘l&fg gépem g &')e ;H%Hhﬁ&@ oﬂﬁ%@hd%bdcs@hlble@w&i‘é Rtbjediéd @ener al ,

the C(1-8;3-9) pepti I cally supported the binding of ~2
i nt egri nexpr @R withd®limdl eachsofdle foragrd3imeérr EQATACEHA BATAGEG] s and

oG 5t okt SASBATGATRR AT ATALRATT Hhnd the Rhersd B! RUCCIEATAGT: o,
integrin bl ockigecaAdedxCts! fife HGR dolditio¥aierk 9w4®ﬁr130cs 6810 forB0es L929,

K562, SKOV-3, KS6717 and Eahy96, which do not express ~i2 int eél’l ns, showed
“no bi ndi ng t ant&°@dt60cks and theoyclCaudhE wasmkt. ne 1t Bhquas of §o G r?@ﬁ%‘?ﬂf eat ed

wi th phorbol est not (data.noj. sho Exarrp |

"t 6bt . o ARG SRBACGTE Vi brgRaT S R T pri e e A sd o
The ability %M}ﬁ%flpéﬂp@faﬁis'IPEQ!ﬁﬂﬁ1'e&'B‘io§y@teﬁﬂsOFd%tdr@iinGﬂ)e bi nding to

adhesi on proteins containing or TTacking ™a LLG tri peptide sequence was

exam ned. THP-1 cell adhesion on LLG C4-GST was inhibited by the C(1-8; 3-9)

peptide with an I1C50 of 20 uM{Fig. 3 A). The other conforner, C(1-9;3-8),
was 20-fold | ess active than C(1 WO (12/11721 18 PCT/ F102/ (10188 21



8;3-9). To study whether the LLG tripeptide sequence is sufficient for
recognition by the (3z integrins, the inventors prepared the mnimal CLLGC
peptide ¢apbAdRE139 cysteines at the ends to induce a di supdi/fR2608st r ai ned
structure. I'n a control peptide the lgucines were replaced by al anines.
THP-1 cel |l adhesi on experinments using the LLGC4A-GST substratum indi cated

t hat CAAGC was a weak conpetitor of cell adhesion whereas CLLGC readily

i nhibited cell adhesion at concentrations of 1 mMor higher, indicating a
specific re Rg&' the ‘Pi‘?th%uﬁ&@f sleteg’t sRihd cRyC 'hbﬁa gavd DE®PIId Enridhh@nt #hdB) - The
ability of LLG contalning p destoml he aL~i 2 integrin-nediated
bi ndi ng of JOKk@Aa 16904f¢sldtemr1bmntbf Ehageémumfgtmﬂmtlntpglmmq@mpnmqmtol ncl udes

Gl et |y coaHBONIG AR, P PO e s cRe LAl eetier oupi wien FRotBE - "o
- cases a Concé:egh&fbteé %‘dtg@tﬂﬁgs‘gf‘cghoﬁ Bf‘épgblhb ‘ib@ptlﬁi’estb?‘%hgnjceg%n%‘r %le @?i!lio}&ﬁ@f on

Jur kat cell esl on Was was about 80 uM {( The
C(1-9; 3-8) cthefuoromzinadethe m&m@bpﬁdulmbﬂfe’i?he o seqaemdntoatdstmgldl eprig

ool at edT?ﬂw@&t%@&ﬁf@ﬁiﬁ%&q@%@@#& sl e d o

express | CAM ] g8t & éﬁ]&néﬁ‘ A AANE v rd Eiegml)flcl@)les r@mﬁﬁt‘tﬂgsaf%k geaiéHingi nd to

unstinul ated en ot I's. As a control, RGD- contai ni ng peptide
RGD- C4 had nﬁ)rdnig}ea:fﬁnmyt biﬁdefslbly Usingdbwgnicgrie mﬂtmlg@bn@ﬂntram Intergsiingly,

Wl | ebrand f o] e 1V coll.agen are nove tenti.al integrin

| i gands as tﬁ& é%ﬂ?@ﬁﬁt@éé-%t%“&@%f%%eqﬁﬁt%aé a“%ﬁ%l’?ﬂji\%%t"f? g 'd that
phor bol est e t v RHGE &ig The ~
integrin ant| g Y%Wiltg E%tdt%tt ée)&%ﬂégv 1 cel Ithﬁyﬁglt&lﬁgle?égﬁvonm%ei | ebr and
factor (Fig. cﬁs@émamﬂlm nearly as efficient inhibitor as the

cation-chel ator EDTA (data not shown). The (33 integrin antibodi es LM509
and P2 were without effect. The C(1-8;3-9) peptide was a potent inhibitor

of THP-1 cel lp Biddisag ;‘%yehgémogﬁgdtoftﬁghgﬁz inld¥@inR®RicL Jand Bfeibi ted with
Sgp'lt Icgg ?thagﬁ)%] JE:QS%HM &g%o it o s ﬁtﬂet?cggglte's%g’m Eét?ad%k p(%lémsfmt the CAAGC

ata not sho Simla
C(1-8;3-9) pepti de rredl ated inhi bgﬁ obser Sg on Jurkat cel | bi ndi ng
to von WIlebrand factor (not sho g II’ 0% n on type IV collagen
was partially inhibited by the £ ) The 1 G50 was about 200
wM To further study the speC|f| (12/ 07(211| 18 PCT/ F102/ (1188 22 of
the LLG peptides, we exani ned TI-@%ME{hbGC‘on to fibronectin, a known |ligand
of several |31 and (3s integrins.CPIBELIOVY-(B; 3- 9)(4pept i de showed no
significant inhibition of fibronesgEmLYFRAi Ng by@3JHP-1 cells. The C(1-8;
3-9) peptide also had no effect qppdr@pd (33 integrin-nediated binding of

HT1080 fi brosarcoma cells on fibronectin or fibrinogen (data not shown).
The C(1-8; 3- t| de was capab '1@1@1 ng THP-1 adhesion to

fibrinogen, C ta ce (Fig. 6 A). The less
pot ent C(1-9;v8n lnd@g S?ﬁﬁﬁm d Z ol P(I?bri nogen bi ndi ng. Accordi ng
to antibody iveRiWillbenddaperilientR nce of phorbol

ester-st i nul dyped colRgan-62| | s to PARQGIEEAR Lpr edomi nantly nediated via
the aM 32 andype\32ollagtegdi ns as POPRGIJUSRYGEgported (Li et al., 1995).
C(1-8; 3-9) siggicopomtin | nhi bi ted t MeCFGRLGITEAI n- medi ated fi brinogen bi nding
to U937 nonocytoid | eukem a cel | s, vvhi ch express the aMj 32 and ax(32

integrins (dafa dﬁﬂh %étem) RSd e;mdé%fm #ann sblgoTRedi at e
cell att achgt;?éu\q Iﬂ:%gé?}gmtt 951 gégge(drﬁéin heQOll ‘&’tl@b‘bge)ndttréctt)mhuéﬁceﬁm 4C,

a potent EQ g%{keéq ﬁs&ﬁlgg S% gHP-1 cells

with | ow con

‘prestimul at e B‘Sf t%RPPPU%P@ %ﬁeﬂh es rﬁséd ‘hte e‘f‘%hsgla}l ns.
After the pepictpstig ?é%quieﬁ‘iﬂsﬁpi’ gRHqeR “Eaé & adhe5|on on
fi brinogen nore effectlvelythan C(1839) (Fig. GB) To study whet her
"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 RGD4C were additive and

t he peptide conbi nati on bl oc ed C S I cien

mgration asseSFeCRS Piotain datg ﬁ"f‘ecjr"a‘{lFad?fld‘g‘? q’ﬁ&‘g {}‘{:PFPE éuacamqgaeﬁ?(ﬁon

cl osely physi ' cod delifng tHOGNRS Wildue wiRdh ik BEifEA g6ie Wit h
adhesi ve pr op@%??éetggg?&g%ﬂ Otlﬁﬁ&:@& uppgr and | ower surfaces of 8 um
pore size TralCAdel1 bindirteetosheeife integring(@tamntan dtiaby 1978 Stanleylagd E0gEST, or GST
at a concentration of 40 ug/m overnight at 4C. Free binding sites were

bl ocked by incubation with 5% BSA/ TBS. THP-1 cells (5 x 104 in 100 ul) were

pI ated on the upper conpartnent in 10% FCS-contai ni ng medium The C(1-8;
9) or C(1-9; 3-8) pept| de were |ncI uded at a concentratl on of 200 uM The

A = v A AN FPNAOVT ] AL W] LA A A AN NS T o r " N — p—

l!._'(l.l




1 WD 02/ 0721A8 2~ PCT/FI 112/ (10188 with no restraint violations above 0.2 A
were selected fromfamlies of 200 structures generated by sinmul ated

anneal i ngy program. The structure determ nations apeptide
resul ted |(§1Q\}\(/e -sdefi ned backbone corformati ons. RVSD of O{%emrrg/?ﬂ% hai n
atons was 0.4 0.2 Afor C(1-8;3-9) and 0.3 0.2 ~ for C(1-9; 3-8)

cal cul ated fromensenbles of 40 structures. For both peptides all main
chain dihedrals (err) and (err) are in the favourable and all owed regions

of Ramachandygyg)plid cWRISIGSEEEC pBp a/defsﬁwwea:ﬁiqughe@ﬁmmﬁ@eﬁv@ammerrent s
(nCes) to deflne the side chain orientation and thereforé the side chain

di hedr al s of canggcutige agsitlues being idsaticaldo frerhumand CAM desegeance KTeple 1). Ahe The

fot | phi des_i f t th
ﬁ?'n;'ngt Cte LERor R e Teaktisalip ol BitR b A g DT &ST | he
C(1-8:3 9) pepidrin «aRfkoRtypeliRfd IVRLHA ensaﬁmto@feep@ﬁtﬁlhmhe bhﬂqeséDEG

'‘paral l el arrangenent of disul phides" o C(1-9;3-8) peptide. This is
refl ected bycd)l‘rtmnharsg@enmmbmeptﬂlatwfd§AMdehaﬂebﬁefl@re\tltmsl}(l(epoﬁedstw) pepti de

Shor1er di st Sontmpetshacst atheifRdRL . Yo bl iEneRnluaep drdla N h « hose
of the C(1-9; ﬁde SatedPRRLH ﬁ?elluﬁ?etaalr 8 &r@?ro‘téﬁhﬁéﬁﬂs%ﬂ& A& DPd@tCtead, t he

di sul phi des there are 1 nterresidue n ound exclusively in one of the
structures, Bﬁegrmstﬂuéw@thelah%l @1)!1 geldigionaldy hind tQ thei [ integringy(is-not 131089n pept i de.

The crossi ng f dis ph| de n the 8

{opol ogr cal | PR EG e el Rt iR ARy bkt G bF adieme PO HeBo( 1- 0: a- o)
peptide. In qrﬁ Soral\@dmdinaRepidody t he adj acent disul phides wit h | arge van
der Waal s radll of “sul phur atons” give rise to nunerous steric restraints.

The residue P2 also limts conformational freedom whereas G7 contributes to
it. The inpa tQ on the steric restraints is apparent from
repr esent atl&'té‘ prlg[g‘t Bgﬁ%gygafs"’éjs The C(1-8;3-9) peptide is nore
conpact than the C(1-9; 3 8) peptide. Furthernore, there is a continuous
hydr ophobi ¢ surface patch corrposed of aliphatic groups of P2, F4 and LS in
the C( 1-8; 3P¥papad iglhs ul phi de br|dges and the F4-L6
strand are b

peptide t heylﬁléé‘uc 39@6252%}%9 E@ﬂﬁ?%é%%lws lp&‘g %%]’g}&ée %H?ﬁ 2

l'i kel y accouryis thepriidf RaRifhg MBagiH B@' A@GGT@GAEGR?CCT@C&%@CQ) peptide
and may contribute to its higher activity. Sequence Listing Free Text
GACGGGGCT 3'") and an EcoR Isite (5' AGGTCTAGAATTCGCCC-
CAGCGGCCCC 3"). The PCR product was purified on an agarose gel, digested with

the two restriction enzymes, and ligated into the PGEX-2TK vector (Amersham

Pharmacia Biotech, Uppsala, Sweden). Recombinants expressing LLG-C4-GST were
verified 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).

M Jonal anibodi
Antibodies against the integrin B2 subunit were 7E4, 11D3, 3F9, 1D10, and 2E7 as
described previously (Nortamo e al., 1988). The anti oL subunit antibodies were

TS2/4 and MEM-83 (Monosan, Netherlands). The antibodies OKM1, OKM10 and
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pressed as a GST fusion protein in E. coli as described (Ueda et al., 1994). 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 at a

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 omf: 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. 1 A). Similar EDTA-inhibitable binding
of LLG-C4-GST was detected on the arp> integrin, which was captured with the
TS2/4 antibody. LLG-C4-GST binding did not differ from GST control and was not
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CRIL-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 cell lines Eahy926, HT1080, KS6717 and SKOV-3 were maintained as
previously described (Koivunen et 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 L.929 cells and ox[2
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2) ration of 0.25%. The wells were saturated with 5% BSA and then washed five times
with PBS. Prior to adhesion assays, cells were treated with 50 nM 4f-Phorbol 12,13-
dibutyrate or with 200 uM P1 peptide (Kotovuori ef al., 1999) in serum-free medium
for 30 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 pM 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 ul 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 et 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-o 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



wherein X is any amno acid residue, or a structural or chem cal anal ogue
thereof. 3. A peptide conprising the structure CPCFLLGCC (SEQ ID NGO 3) or

a struct W@l pheghem cal anal ogue thereof. 4. The peptldeP@f;ﬁm,ﬁ‘hgg to
claim2 or 3, wherein said peptide iggstructurally const rained by two

di sul fide bonds. 5. The peptide according to claim4, wherein said peptide
contains one disul fide bond between the C1 and C8 cystei nes, and a second
di sul fide bond between the C3 and C9 cysteines. 6. The peptide according to
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completely abolished the binding on LLG-C4-GST. Screening with a panel of anti-

integrin antibodies indicated that the cell adhesion on LLG-C4-GST was completely
inhibited by the blocking antibody to the B, chain, 7E4 (Fig. 2B). Antibodies to the

B1 (6S6) and B3 integrins (LM609, P2) had no effect. Partial inhibition was obtained

with the B, chain antibodies 11D3 and 3F9. The order of the potency of the three 82
antibodies is the same as obtained previously in a granulocyte cell aggregation assay,

7E4 being the most active inhibitor of cell aggregation followed by 11D3 and 3F9

(Nortamo et al., 1988). The inventors also studied the B2 chain antibodies 1D10, 2F3

and 2E7 that can activate the po-integrin mediated cell adhesion. In accordance, the

three antibodies stimulated THP-1 cell adhesion on LL.G-C4-GST (data not shown).

Studies with antibodies against the leukocyte integrin o subunits showed that a parti-
cularly strong inhibition on adhesion was obtained with the ox subunit antibody 3.9.
The oM subunit antibodies OKM10, MEM 170 and 60.1 were weakly inhibitory,
whereas the ap-directed antibodies TS1/22 and TS 2/4 had hardly any effect. THP-1
cells express ox and oy but only little ar, and the antibody inhibition 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 lthe Olx
antibody 3.9 and the oy 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 arrangement of the cysteine bonds affects the activity. For this

purpose, we prepared synthetic peptides with different disulfide configurations.
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GST was inhibited by EDTA and the P2 integrin blocking antibody 7E4 (Fig. 2 D).
Non-leukocytic cell lines L929, K562, SKOV-3, KS6717 and Eahy96, which do not

express B 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 B 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-
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8;3-9). To study whether the LLG tripeptide sequence is sufficient for recognition by
the B. integrins, the inventors prepared the minimal CLLGC peptide containing cys-
teines at the ends to induce a disulfide-constrained structure. In a control peptide the
leucines were replaced by alanines. THP-1 cell adhesion experiments using the LLG-
C4-GST substratum indicated that CAAGC was a weak competitor of cell adhesion
whereas CLLGC readily inhibited cell adhesion at concentrations of 1 mM or higher,
indicating a specific recognition of the LLG motif by the B, integrins (Fig. 3 B).

The ability of LLG-containing peptides to inhibit the o2 integrin-mediated binding
of Jurkat cells to ICAM-1-Fc recombinant protein, which includes the first Ig domain
with the LLG sequence, was also examined. ICAM-1-Fc was directly coated or
captured via protein A on microtiter wells. In both cases a concentration dependent
inhibition by the C(1-8;3-9) peptide on Jurkat cell adhesion was found, and ICso was
about 80 uM (Fig. 4 A). The C(1-9;3-8) conformer was several fold less active and
had hardly 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 conirol, 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 §, integrin ligands as
they contain LLG-like peptide motifs. The inventors found that phorbol ester-
activated THP-1 strongly bound to both proteins. The B, 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 B3 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 pM (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 pM. To further study the specificity
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of the LLG peptides, we examined THP-1 adhesion to fibronectin, a known ligand of
several B and B3 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) peptide also had no effect on
B1and Bs integrin-mediated binding of HT1080 fibrosarcoma cells on fibronectin or

fibrinogen (data not shown).

The C(1-8;3-9) peptide was capable of inhibiting THP-1 adhesion to fibrinogen,
which does not contain a LLG sequence (Fig. 6 A). The less potent C(1-9;3-8)
conformer had no effect on fibrinogen binding. According to antibody inhibition
experiments, the adherence of phorbol ester-stimulated THP-1 cells to fibrinogen is
predominantly mediated via the ampP, and axp2 integrins as previously reported (Li ef
al., 1995). C(1-8;3-9) similarly inhibited the B, integrin-mediated fibrinogen binding
to U937 monocytoid leukemia cells, which express the omB2 and oxp: integrins (data
not shown). As RGD-dependent integrins can also mediate cell attachment on
fibrinogen, the activity of C(1-8;3-9) to that of RGD-4C, a potent ligand of several B
and [; 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-1 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 um pore size Transwell filters were coated with fib-
rinogen, LLG-C4-GST, or GST at a concentration of 40 ug/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 upper 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
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lowing a culture for 18 h at 37°C the filters were immersed in methanol for 15 min,
in water for 10 s, and in 0.1% toluidine blue for 5 min. The filters were then washed
3-5 times with water until cell staining was clear. Cells were removed from the upper
surface of the filter with a cotton swap, and cells migrated on the lower surface were

counted microscopically. Student's t-test was used for statistical analysis.

Cells effectively migrated in the presence of 10% serum. The C(1-8;3-9) peptide at a
concentration of 200 uM completely abolished the ability of the cells to traverse the
filter and bind to its lower surface (Fig. 6C) (p=0.005, n=6). The C(1-9;3-8) confor-
mer was less active than C(1-8;3-9) and inhibited only partially (p=0.01, n=6). The
activity difference between the C(1-8;3-9) and C(1-9;3-8) peptides was significant
(p=0.003). Cells did not spontaneously drop to the lower chamber through 8 pm-size
pores of the filter. The majority of cells remained on the upper chamber after a one-
day culture. 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/H20 (90/10) and C(1-9;3-8) in H>O 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 lI—I—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



109%& ()-::::;;"=v=xY:/ 10 10%&' () -
18%% 0 - a)%&' )-109&' ()-!sz10%& ()-s10%& ()- 10v==>8??7@lE: /
" 109%& Be& ()- 109%& ()- 109 ()-10%& ()-m 109& A s BCCCCd YNC
10 10 10 1%%% f/%%' ()-&Y1-109%&' ()-. 1Q9& ()-*10‘(%)&' 0)-) 10%"6%/- ®
CCC) DNDt Dcl dEYNC 10 | @ 10% &' ()-F 10%& ()--10%& ()-,10%& ()-
17210% & ()-10%& ()-cl INJRKKKKKLxmbC 10s™ 10%&' ()- 10z 10z
10z99610% & () - &Y110% & ()-G MLO% & () -f, 10% & () - Lf LOP~RRRAEnMHC

with no restraint violations above 0.2 A were selected from families of 200 structures

generated by simulated annealing (DYANA program).

The structure determinations of each nonapeptide resulted in well-defined backbone
conformations. RMSD of the main chain atoms was 0.4 + 0.2 A for C(1-8;3-9) and
0.3 + 0.2 A for C(1-9;3-8) calculated from ensembles of 40 structures. For both
peptides all main chain dihedrals ¢ and y are in the favourable and allowed regions
of Ramachandran plot. There are only few nuclear Overhauser enhancements (nOes)
to define the side chain orientation and therefore the side chain dihedrals of F4, L5

and L6, in particular, are dispersed (Fig. 7 A).

The pairing of the disulphides in the two ways influenced the structure of the
nonapeptide considerably. The "crossing arrangement of disulphides" of the C(1-8;3-
9) peptide constrain the overall structure tighter than the "parallel arrangement of
disulphides" of the C(1-9;3-8) peptide. This is reflected by the larger number of nOes
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) peptide whereas in the C(1-9;3-8) peptide they are
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extended. This likely accounts for the poorer water solubility of the C(1-8,3-9)

peptide and may contribute to its higher activity.

Sequence Listing Free Text

For Seq. ID No. 2:
Variable aa, Xaa in position 2 can be any amino acid

Variable aa, Xaa in position 4 can be any amino acid
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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 comprising a peptide according to any one of

claims 1 to 6 in association with a pharmaceutically acceptable carrier.
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9. Use of a peptide according to any one of claims 1 to 6 for the manufacture of a
pharmaceutical composition for the treatment of inflammatory diseases and human

leukemias.

10. Use of a peptide according to any one of claims 1 to 6 as a 2 integrin antagonist
for biochemical isolation and purification procedures of different integrin species

and different types of leukocytic cells in vitro.

11. A method for the therapeutic or prophylactic treatment of inflammatory diseases
and human leukemias which comprises administering a therapeutically or
prophylactically effective amount of a peptide according to any one of claims 1 to 6

to a subject in need of said treatment,

12. 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.



