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WD 2004/ 083376 PCT/ SG2004/ 000063 1 MODULATORS FI ELD
The present invention relates to the fields of

wOoR@noki3né ogy. It also relates to the fields PET/SG2004/000063

medi ci ne, especially therapy and diagnosis. 5
BACKGROUND p21 activated ki,nases (PAKs), relatives of
the yeast Ste20p kinase, were first isolated from
brain as proteins that are activated by
Cdc42Hs and Racl (Ntan&gpg’g{hgﬁﬁglg%). They were
subsequently identified in neutrophils (Prignore et
ﬁ%' 1995; Martin et al., 1995; Knaus et al., 1995).
'gl%ate six isoforms have been cloned and 10
sequenced,; a, (3, y and 6 (PAK1, 3, 2 and 4,

respectively; Manser et a 0. et
Var { (egreselt invenggeclags i the iyt o aﬁalswilege I

Be1dydPatedichnel BpediATlyAHG aphfiindl @iagnosand (3 h ave a nore
restricted expression pattern (Manner and Lim 1999).
PAKs are nulti- domain proteins that contain, a kinase
] ol yproline stretches (P 1-P4), a Cdc42FB/Rac
;%&gi%g¥%% site, and a kinase autoinhibitory site
(Nhnser et aI , 1994; Zhao et 15 al., 1998). Two of
: E: 5)2 ?t 1A ed kle ag’ets:@}'\kggefcé iv soog ﬁl‘ﬂz eE % ﬁteb()]}aglg%%,t witk tﬁﬁt
tolhtcs freﬁh tedin a!; pr,oteilﬁgl&) biad ttb dﬂd&rﬁﬁ:ﬂbatﬁi(b}fﬂdt@éHﬁ act Rucl

PIX res nser et . al. I a_SH3

s o . e e R eaS e PP R B £t -
1995t Pdtintdn 8L, 11803, Knad @YD, 1089K TS Bate, NoKistfortel Hﬁge Bdch @loaddland
the’ aut0|nh|b|tory site. I'n 20 manmmal i an ce

wemeshoeBsi ad &(Ridiles. Sugdetspechaly; Dlaaser 0&919 1895r dleget al.

@é ﬂlgﬂﬁgwgg?j b q?kﬁ%ﬁ?& 82%1 hY@%? algd?%lgg rnzﬁgn gﬁr\{( is ulflqultous while o

#RFBhavee mhote RbtrictedexprestBH Pitterh QU and Lith,S1908). AR a@dnulti-
by studies with p2l -effectaor site nutants gLanarche

dqmaip proteinpghg containea Iipgee ﬁ%?%rﬁ?b’P@]HS stigiehey Tlotra se

ERS PG pﬂH@ﬂn sifd, ACd HASRe QLHBlnﬂl@}f }M:Hs&f £, 1994; Zhao et
sequence 1 de tiés, ranging from OO0 in the Kinase
dor®?8). to approx 95% i n WD 2004/ 083376

PCT/ SG2004/ 000063

Two of the polyproline stretches, P1 and P4, interact with the adaptor protein Nck
(Bokoch et al., 1996; Galisteo et al., 1996) and the Rac1 exchange factor PIX,
respectively, (Manser et al., 1998) via SH3 domains. PAK1-3 are structurally distinct from
PAXK4-6 in that the latter group lack the Nck binding site and the autoinhibitory site. In
mammalian cells overexpression studies suggest that PAK plays a role in cell morphology
pathways downstream of Cdc42Hs/Racl (Manser et. al., 1997; Zhao et. al., 1998; Sells et.
al., 1997), however, this is opposed by studies with p21-effector site mutants (Lamarche
et. al., 1996).

The PAK isoforms o, and y comprise the same domain structure but have

different sequence identities, ranging from 100% in the kinase domain to approx. 95% in



10

15

20

2. the NNtermnal. PAK 4, 5 and 6 have 100% i dentity
in the' kinase domain but do not the Nck binding

W@ 210a/083B06 dat e, no one to our know edge has diBCT/66HH4/000063

i sof orm specific inhibition of PAK isofonns. 5
SUMVARY According to a firgi aspect of the present
i nvention, we provide an isoformspecific antagoni st

G5 Dot 4o £ 8 Yo e a8 1 PRt S gpapi e

Wtk vipditg sitel Ng an interacti on between. an SH3 cont ai ni ng
pol ypepti de and a PAK 10 isoform Preferably, the

i sof orm speci fic antagoni st of PAK ki nase conprises a

ol ecty i AP SR 16 o k&mé{%é‘ hisNBecRed 186 BFh Sicki@ iMitiRord HepAK
bi nding of Nck, preferably Ncka or Nck(3, to a PAK
jsefeferm Preferably, the isoform specific antagoni st

of PAK kinase conprises a peptide, preferably
conprising a sequence froma PAK ki nase isoform
pymgfierabl y a sequence having an accessi on nunber

U23443, 088643 or QL3153 (aPAK), U33314, 15 CAD42791

or 075914 ((3PAK) or Q64303, AN65624, or NP_002568

( y PAKAccordiiged e ifiadd hypecttdi ehelpegatnt ey eB o) e PES/ideranNedorm specific
bi ndi n in. Preferably, the peptide conprises an
Wg%?8§%#g%g§‘P¢@'donain. Preferably, the peptide
conprises a N-termnal portion of a PAK ki nhase

i sof or referably residues 1 to 21, 2 to.21, 1 to 20

or 2 Itrgt]elz yothe isgfopnepeciliranteprisi ol PAK Iinase epmpiisgs a melecule

O B e g o B B BB Ul andd P

iSofetDNIEETkRPIAFRE RVUBN spacdirintagomd st SDRGE IEDIKPRARRISBMBSPlecule
. . bl he . j de. i

(oPETE REmv R ot O R GG PO IS R R Nk

QQQK/ T E Y @r&@ﬂlﬁ%@&fbﬂ@ §M2bidic aﬁta@'nﬁs_ft ef H*)KY{inaEJk_fbmprises a

i sof orm speci fic, antagoni st of PAK kinase conprises an

BEREAG epferablpammsisig afcquches om p Bodykinase sefose maferabbin
Liferdl RHRCANRL b R er 138443088¥643 B1 839153 (aPAK), U33314,

CADA42791 or 075914 (BPAK) or Q64303, AN65624, or NP_002568 (YPAK).

Preferably, the peptide comprises an Nck binding domain. Preferably, the peptide
comprises an isoform specific domain. Preferably, the peptide comprises a N-terminal
portion of a PAK kinase isoform, preferably residues 1 to 21, 2 to 21, 1 to 20 or 2 to 20 of
a PAK kinase isoform. Preferably, the peptide is selected from the group consisting of:
EDKPPAPPMRNTSMI (aP1), SNNGLDIQDKPPAPPMRNTS (aP2),
SDSLDNEEKPPAPPLRMNSN (P2) and SDNGELEDKPPAPPVRMSST (yP2).
Preferably, the peptide comprises a sequence from Nck, preferably a PAK binding portion
of Nck.
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wo b@4iog33fe©r m speci fi ¢ ant agoni st of

anti body sc-1871, antibody sc-1872 and anti body
sc-7117 (Santa Cruz Biotechnology, 1Inc). Preferably,

capable of at |east one 5 activity selected fromthe
group consisting of: induciyng loss of a cell adhesion
conpl ex, activating cell gbreading, activating cel

exte t|v .Qu h preventi o

of £ respey afe i Rt AR S diR TR R s o PR HoslBbasy.
fornatlon Preferably, the isoforn1specif|c ant agoni st
of PAK Ki ase CQ PAK isoforms ific

ant ag&eath ,twaé#lggim eqt%d ram Eﬂawé%%sﬂgg Pﬁﬂmémdﬁ@c 882,
dﬁﬁ%dﬁs@-lgﬂt gﬁtm@aﬁ sc-ﬂ@/z (aﬁ@ bititb@Oe0AS F $antaRrAE BiANelodt
is ca e of stimulating nerve Zﬁgenerat|on

Im)eP@Eeaa@iby thetlwéorrnssmeﬁm@wmsf ofd Adnkiagens epalde ofytieast one

f
L DPEBLERTRCL RSy Eloul SRR LS PRk
@Uvaﬂm cdl sprdadmg,eicatﬂtlylg celt exntenswapabilaing fnelaitb owRroyth,

neurj.t e t gr.owt h _acros r S|ve
ety HPER b Ron 455 i aen elBclBafia FRaL  Ther o
is provided, according to a second aspect of the
present inventjon, a peptide havb@% t he sequence

EDKP PApERKtpsofoppyecifigag i BONRACGIPTiseRs aPAK

yP Pﬂgaggngghg aé%%? |nga%%ba third aspecf%§¥§§ﬁ

(nctesmesm\l’emnablm it i cappblecdfstimuplating wovepegaenton
sequence capabl e of encoding an isoform specific

ant agoni st of PAK kinase. 20 Preferably, the isoform
S pecibrdferabli} thgiofosth slsa‘clfRAKtagézﬁmePAmmaiscs@ﬁn;amesi PR M
specific _ antagoni st of or. a peptlde bot h as
igefern prseidic m@g%psﬁ mfeﬁblaslbe&ﬁpa@%e q Pfél%?%%eﬁflal guidance.

PI@fé{%'BIy' A1 cafnfb?é’ & aﬁl@wﬁ"g%\éﬁﬁjﬁ@ BuBfowei BG5S §h HaMBeY %pulswe
ompri'sing a nucleic acid seqtience as set out above.

MEMQ@&4W$€@8Y6hpcmhééﬁﬁUﬂWOQGﬂGS 4 W\ provide,

according to a fifth aspect of the present invention,

a method of inhibiting an activity of an isoform of

PAK' Kiiheseprovied, aerorine ioarspeons aspgetad fitegpedsemgn antion, a peptide

I spf or m of
i Pagietone LRRRC RPN TSV S o CL DRES Kb Reprayes
AR, KDREPREER PPARP ERIBENNRPD) A sm@mmmﬁvm@w (P2).
antagoni st of PAK kinase, "a peptlde a nucleic acid or

an expression vector as set out.

We provide, according to a third aspect of the present invention, a nucleic acid
comprising a sequence capable of encoding an isoform specific antagonist of PAK kinase.
Preferably, the isoform specific antagonist of PAK kinase comprises an isoform specific

antagonist of PAK or a peptide, both as described.

As a fourth aspect of the present invention, there is provided an expression vector

comprising a nucleic acid sequence as set out above.

PAK ki nasePCESG2004/000063
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The present invention, in a sixth aspect, provides a
nmet hod of inhibiting an activity of an aPAK ki nase

w0 2@io833r6 t he nmet hod conprising contacti ng an BEBEG2004/000063

kinase with an aPAK isoform specific antagonist; a

nmet hod of stinulating neurife outgrowth, the nethod
conpri si ng cont acti ng a cell with an aPAK i soform
specific an ; Qs rrul at

ner v e\;\fl 8@%’%1 ef 2 ordmg t?ﬁﬁﬂkﬁe%pgec I%ﬁl% %rserit 1r|;]ve fl khog of
Gllvlitingiah bctﬁﬁtya)?ﬁ!h(lsofoﬁﬁfoﬁPM(Skﬁiﬁﬁé fchecmealittda@mpnslhg contactlng an

Pr eferg ka{“%‘g‘gi”} éms@;ﬂo{{%orm ||sgpem f|1s ngé@ ?Qalsest

SNNGLDI QDKPPAPPMRNTS (aP2) or an anti body sc- 882

(Santa Cruz Bi ot echnol m Inc). 15 In a seventh

as pechirefsrablynie psoforent Py idpase mon&aﬁé@ with an ispfoun gegifie
5@%@9& &fpphx RELRI & aq)ad@ra Gk ki e o @%Smmﬁe&dram out,

I St or m e met ho Mprising contacting an

ki nase with an 7PAK | sof orm speci fic antagoni st.

ﬁﬁsgaﬂen ester?t 11?\'/’]erng 9/1"9 ea %{%ﬁgt?pﬁg grfo%utdglen I%I (? IOE;] lélhlgltlnﬁ a1|1 activity

gwnm kmmeisdfahh @@ 16 dofpHgng eoHiaRGihd ATBAK RidaseWitthan
PAK i soform 20 speci fic antagoni st. W provide

@B rRifo el ARpRRISA S pRhod K St T icoH e ebpigerhod
AR oo BN Win LA AP T RE Ao Bl 48k b Hfétod of

htﬁnmmt&fgywnxe hezemErhiiagthe argtiod somgridandoaticiingg elloeth anwiPAK
PAK is form S, eC| fic antagonist. WO 2004/ 083376

¥§ PR ERRTH I WG 5 Preferably, the yPAK isoform

speci fic ant agom st conprises a peptide

SDNCGELEDKPPAPPVRMSST (yP2), an antibody sc-1872 or

ant i biyeiprably, the pP AKSipfiorm steeifie 2Bieganist BOTOPTEgy 2 Pm‘ﬁlé? The

BERRERP AR, Ot EARPREF SO ES oty o

8§EGhiith Cald Bioteblitiolighj In¢). an activity of an i sof orm of
PAK ki nase. Preferably, the isoformspecific
ant agoni st of PAK kinase conprises an isoform

speci ﬁx'a%e@éﬂﬁﬁ&ﬁ&:‘t 8t th@pre RAMnkéIRE Sherd iR O848 m&hod of
nucl eic acid or an eXpressi on vector, as
inhibiting an activity of an yPAK kinase isoform, the method comprising contacting an

yPAXK kinase with an yYPAK isoform specific antagonist.

According to an eighth aspect of the present invention, we provide a method of
inhibiting axonal guidance, the method comprising contacting a cell with a YPAK isoform

specific antagonist.

We provide, according to a ninth aspect of the invention, a method of enabling
neurite outgrowth across an attractive / repulsive boundary, preferably a laminin/CSPG
boundary, the method comprising contacting a cell with a yPAK. isoform specific

antagonist.
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descri bed. As an el eventh aspect of the invention, we
provi de use of an aPAK isoform 10 specific antagoni st

W@R00RA833ké nase for specifically inhibiting an BCI/EG2004000063

of aPAK kinase. W further provide use of an aPAK
I sof orm speci fic antagoni st, of PAK ki nase for
stinmulating neurite outgrcw&h and use of an aPAK

i sof ecifi oni st.__of PAK kinase for

iy S N N G e R s N L
5BREGEL ADRPeAPHVRVARE Ia%tanﬁ 5b-38 & al ?@1@71@ (Santa
EDKPPAPPMRNTSM ~ (aP1), SNNGLDI PPAPPMRNTS (aP2) or
grzdhetedaelpes &nc).882 (Santa Cruz Bi ot echnol ogy, |nc).

We provide, according to a twelfth aspect of the

i nvention, use of an yPAK isoform specific antagoni st
of PARclprasers énvieotions pexiefith @glebty piomidedoist iohan aefors slireaiﬁcy

cCco a thirteenth aspect

EieebprLe A Rivs o aR Aol i S e b R i BB piosRax
kin@de OProTe 2P B iht fiso fcamt sPEIRG SitagohistOARARKI Kkiase cfnﬁpnses an isoform
i nhj biting, axonal gui dance.. There i s provided,

SREEIGIF antARPIIshOLP A5 e A PFPlde FARIELetsreoKdpk af Pesion vector, as
hQvenyi on, use of an yPAK isoform specific antagoni st
of PAK ki nase for enabling neurite outgrowth across an
attractive / repul sive boundary, preferably a

l am njn . -

et DB GuB o s HRaBER N F L usp fan s jsgform
Seeigic bhtegonitt AOPAK kinaSOlPEPeSi€ital B 1ﬂﬁl§it1hgiﬁ1 activity of oPAK kinase.
SDNGELEDKPPAPPVRMSST (yP2), an anti body sc-1872 or

anti body sc-7117 (Santa Cruz Biotechnol ogy, Inc).

Acco r’@"e AP Pidk hget Jteh E@Aﬁs&ﬁ&tm Q;CCIEQ Enth) %o‘i‘a?s? BEPAK kinase for
i nventi on, m% provide a nmethod of ©~ 5 identifying an
stamﬂammnsmxe ohtigovdintaad ose oftan oP ARAKflinngseific titegamist hORAK

. d di dat I le, (b
e g e hE bRl ocul e with & peptide

conprising an Nck binding portion of a PAK isoform or
variant or derivative thereof,

a fragnent, homol o
and (Byferbletie; ﬁﬁ@@lﬁ?f@%@e@ﬁwﬁf@gwg@wses #pIRdel e to

RS SN DL SRS oS g sy s

88X (Semn CuzdBipedinotiytlhe. i nventi on, a net hod of

We provide, according to a twelfth aspect of the invention, use of an YPAK isoform

specific antagonist of PAK kinase for specifically inhibiting an activity of yPAK kinase.

According to a thirteenth aspect of the present invention, we provide use of an
yYPAK isoform specific antagonist of PAK kinase for inhibiting axonal guidance.
There is provided, according to a fourteenth aspect of the present invention, use of an
yPAK isoform specific antagonist of PAK kinase for enabling neurite outgrowth across an

attractive / repulsive boundary, preferably a laminin/CSPG boundary.
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w@ a0udiosisre nol ecul e,

identifying an isof ormspecific antagoni st of PAK
ki nase, the nethod conprising: (a) providing a
(b) contacting a peptide PCT/SG2004/000063
conprising an PAK binding portion of Nck, or a
fragnment, honol ogue, vari ant or derivative thereof,
with a candidate nolecule,” and (c) detecting the

bi ndi_ng. of. the e to.the PAK bindin tlde 15

£ r agP GRS GOy P ieau SRR PSS or

JRGEL ESKPE MPVIRdSST iy F8Y,GA LARYIS soM § 7 o@aﬁﬂié&ﬁ&di"ﬁ‘lflUWSanta
aspect of the present inventioh, a nethod of

Crje Ridtdohnelegyakhic). sof or m speci fi ¢ ant agoni st of PAK

ki nase, the nethod conprising: (a) providing a

candi date nol ecul e, (b) contacting the candi date

ol eczwcerdtng t@am@fftﬂehﬁh@smmzﬁthﬁpm@nainvmm bvedovide a method of
ort.i.on o] orm. .0 fra honol .0

BSRe o Gt iyt gu ity Bb A MR B e DPRB LRSS

rodding b cailidafe rslbduld, (B) cOhtadting thepﬁﬂdldedemofeb‘lﬂg WEthTa,peptlde

honol ogue, variant or derjvative therg Pr ef e{ abl )\/I
WHF*‘AK"‘HI Se binsing B obi P4yoAzelorp, gt iragsiept hppglogue, variant
?vauw t}ﬁféﬁp fc? det@ctﬁﬁgﬁiﬁdin%%ff e ThihRE &bl@cu@&fo‘ thé peptide,
pre erabl'y sélected fromthe group consisting of
ﬁrmrrmnehemcleg@t an?mldelgthaﬁ@@Of and i nhibition of
neurite outgrowth across an attractive | 25 repul sive
boundary, preferably a |am nin/ CSPG boundary.
Pr ef éVabioyidetdoenrding lodsittaertihaspect obtip inveationpa oethdil n‘g

f nent., honol arlat or rivativ
rRbitad o TR PR AL K o HeaheCiomg it
Rovidingd c&Qﬁda&&ﬁol@cfuldDM,coﬂtﬁct&gh@%ﬂi@&bmpﬁ%@ﬁ%ﬂ&ﬂﬂﬁ@
PCT/ S&2004/ 000063 7 honol ogue, vari ant ative
RaeTeRffNaki 91 fragRentyhomolpgugvasiapt ord @#@P&@@l@f 5 Hith gspncidate

ﬁ@{e&ﬁ{@tahe(@) hﬂ@&fa fthe'lﬁhcfnl[geofﬂﬁeerﬁgl@&ﬁe {Bfthé I%K‘Bﬁ{dﬁ oGRbikde,
ecul e ect| ng candi date nol ecul es whic
fraghdng hembiogieti vayisbeendesvetivhéiepropt | de and Nck.
Preferably, the nmethod further conprises isolating or
synthesising a selected or identified nolecule. 5 As
an ei Tﬁeteeepxtohldedg e adcoxdbindelveithi aseesnitdenth, aspoet cpfrthn/prd@na

soforms t K Ki 1i d
R et arode ot e BoPUr o T R
RER6Y eSrRin3s@RFbviainglatndifiembicone, (B) dohREHIRAREnaidhte

conposi tion conprising an isoform specific antagoni st
wplepiktod peatds comppiaipg prydick bindiag pertien ef £P AR iwfeg, or a fragment,
BERAE RS hriad QI BLRELiv o @) AWRLEHY b l1Abn P GARMG B e
excl p eht or carrier

peptide, fragment, homologue, variant or detivative thereof.

Preferably, the PAK isoform is aPAK or yPAK. Preferably, the activity comprises
a YPAK isoform specific activity, preferably selected from the group consisting of:

-maintenance of axonal guidance, and inhibition of neurite outgrowth across an attractive /

repulsive boundary, preferably a laminin/CSPG boundary. Preferably, the method further
comprises providing Nck, or a fragment, homologue, variant or derivative thereof, and

contacting the peptide comprising an Nck binding portion of PAK, or a fragment,



10 According to a twentieth aspect of the present

i nvention, we provide use of an isoformspecific
wariagedret of PAK ki nase in a nethod of treatP€NEG2004/000063

prophyl axis or diagnosis of a disease in an

i ndi vidual. There is prOV|9ed according to a

tmenty first aspect of the 'present invention a

R L L e T e A
d%ﬁ%ifvb e ackie ﬂle§efneef oM Andidgk adfidhile C@Hls&lecﬂﬁlg candidate
prophylactlcallﬁ ectlve apount, of __an is

By pding bedrgenthcpeptids iy ?ﬁ%ﬁ%ﬂsa thgmethod
AR OM GRS lsara&l@g&ilsyx&hés%u@ AMRPLY oSREME] aoRe6, Of the

present i nvention, an isoformspecific antagonist of
PAK ki nase for use |n a net hod of treatnent,

5 PLSP\I}%@ ﬁ)é g%te xg:h abe cor ﬁ%‘ lﬁ\{egfl%lf‘ tw%' ‘f’c?ﬁﬂseeahlk& asspec1ﬁc ant]@gonlst
dfmmhe&emdennﬁedehytsudm m\mocpr ovi de use of an isoform
speci fic antagoni st of PAK kinase in the preparation
of a pharmaceutical conposition for the treatnent of
a di seep@vidbraefediapioy nihdienth e@ﬁ@ﬁ@f thém@hﬂfoﬁﬁd pHatrBeutivyl
a defect in nerve regeneration or air
PEPATIBEB TS P B SRS LaniFoT %A&@W@& peptide, or a

RIRRABR iSscriblie 1ot &A% d shafRicBEH Ay icrcgfﬁﬂlé‘@{cﬁﬁém Br carrier.

consi sting of: ~neurodegenerative disorder
anyl oi dosi s, a tauopathy, Al zheiner's disease,

10 Par klﬁ&%&am to We%ﬁgtﬁ ngp B)df l%ﬁﬂ@gg#f%se\ﬁdﬂ&h VJE%ME%%E 6Pan

( DLB) ront ot enpora enen
ipetbink sfeeifio ahtagamisy pBRAK kgmwan ametimd(PRMDentf pophyilads or

r.es e subcortic gliosis, and 5 famlia
cﬁ{gng§1§9§q%§ﬁa§edaggg}dh‘g}31{a]: fam |ial progressive
denmentia with psychosi s, paIIido ni gr al degeneration
and bi pol.ar disorder_(mani c depressiveness)

Pr ef e”l“rhﬁm iy proyided, |a%°<9fdé‘?8ﬁ°§‘6%?t¥’1ﬁé5t ATeS b Hegresgpt ipjgption, a
HBABEr tjrc?tn?eﬂt S a‘ﬁ&ldflﬁ@&a@ Edf¥erRP BFlikdlFto a;.ﬁ‘ffé}gﬁﬁld ﬁhs&@e, Fhe

yPAK | sof orm speci fi¢c antagoni st. "Accord
15  metbed c;onimumghdlampﬁ@armg aftherdpeutinaliy elrnmphyiﬂem I ﬂffeque amount of

a% 1?(% or(ijne S aecfﬁgtmitﬁlg%og s%/‘Q%}o[{K Hng&tt tll’l(g(lld i ndi vi dual

g or o su roma di sease
preferably characterised by a defect in nerve

regenerati on, thod co |S|n dul atin
et e GosRiecaepgRTE R P iR L ieqgent 1vcifon,an
156 8 5B anta féhistBE PRI kGRSPIoF 8RSn h AitHAH bE f€htment, prophylaxis or

diagnosis of a disease in an individual.
20 According to a twenty-third aspect of the present invention, we provide use of an
isoform specific antagonist of PAK kinase in the preparation of a pharmaceutical

composition for the treatment of a disease.

Preferably, the disease is characterised by a defect in nerve regeneration or repair.



an interaction, preferably a binding interaction,

bet ween aPAK ki nase and/or Nck, between yPAK ki nase
w@nah4MBI376 15 Preferably, the disease is sel ect PI/S6L0%/000063

the group consisting of diseases set out above. W

provi de, according to a tmgnty-fifth aspect of the

present invention, a netho of nodul ating cel |l ul ar

gui dance ef er abl xopal qui da t he met hod. . !

dorm 1S St HeaRptiePRS Hom e b (& isuny of

re@roaéleh& ORI dBoERE Gh hingloatdtiaGamiophthPf AIPMmE? 9 disease, BAkinson's

Accordln% to a twenty-sixth aspect of the present

disegestPPb Aemeptiasyigh ety Bodiss (JAleB fropfotemppue! degpsmtip (HTD),
ific e b . |

e AR AR LYo (IR AR BogRaly G P E R and

5 fowilipl myltigestansenerfathy (JIHAK fansibhlaregressive dehérdiaavithayprioss,

in..a e d . l.at ing: uj .

e 3t B PR B BB B RIERRTEE i gne

aspect of the invention, we provide use of an isoform

specific  anti-PAK antjbody as ap_jsoform specifi.c

ant agaqﬁ?rg‘flya&?e Bk FRPAYIS AR § aaéwﬁﬁ%kdﬁqfw

BERECAntRonisN\G ARPRRE N foln¥RATL Hagoffe.Pr OVi de a

conbi nat1on of 'a PAK i soform specific antagoni st

together with a nerve cell. The PAK 5 isoform specific

ant agoni [ i SO .

apectPraSpl £ bR B okl AR B o PRV AT P Byide o method
10  odieatment ftan imlivithel fuffeAag arlikelygo sudtfen fomendiyoass prefhrably

spect. t he, pr.esent invention, rovide a kif .
Bl by dRePaE Ao haeaeeph i e iarrtote hofdting an
1B ST o PRRIRM AR landibi P ARBIG KA I Elerab RO BRMH0S cAfifkises inhibiting

instructions for use in nerve regeneration. 10 The
apristetaction, plefardbly phiediepintaraviientbebveeniP AKdirisognd/ardcks s
ot herw .. ndi cated, conventional techniques of
]?thP§$$€¥“W§T%%ﬁﬁ%r bi ol ogy, mi crobi ol ogy,
reconbi nant DNA and i mmunol ogy, which are within the
capabilities of a person of ordinary skill in the

15 art. Pefemblydhpdiseisels sepeteddiqgm deseryricansisive of figsasas geteout
B66, for exanple, J. Sanbrook, E. F. Fritsch, and T.
Mani atis, 1989, Ml ecular Coning: A Laboratory
Manual , Second 15 Edition, Books 1-3, Cold Spring

Har b 3R Ak QlYin Lo en S eot & thdprofthr bentibd $3Rethod

of modulating cellular guidance, preferably axonal guidance, the method comprising

exposing a cell, preferably a nerve cell, to an isoform specific antagonist of PAK kinase.

20 According to a twenty-sixth aspect of the present invention, we provide the use of a

yYPAX isoform specific antagonist in a method of modulating axonal guidance.

As a twenty-seventh aspect of the invention, we provide use of a YPAK isoform

specific antagonist in a method of modulating axonal guidance.
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peri odi c supplenents; Current Protocols in Ml ecular
Bi ol ogy, ch. 9, 13, and 16, John WIley & Sons, New
wWoeook/08I7er. ); B. Roe, J. Crabtree, and A KahnpPCW/S98)04/000063
DNA I sol ation and Sequenci ng: Essential Techni ques,
John Wley & Sons; J. M P Iak and Janes O D. MCee,
1990, In Situ Hybridizatio Princi ples and Practi ce;
Oxford Unrversrt% Press M 20 J. Galt (Editor), 1984,
a i géddVeERy dehtisysret ok fhe invantmmawe Proxjde Nsg ot sadspforpy gpecific
AHGHK affbBdy 43 an 1;Mfonl1 spEélﬁé aodBd: ok PAK kiRl berg, 1992,
Met hods of 'Enzynol ogy: DNA Structure Part A
Synt hesi s and Physical Analysis of DNA Methods in
Enzy o TS5 .
oot Sep Bty 16 RAG Bollo iR of W Plesc R in RBSE AEREIAL o
dDEJfB(ﬂRhM NP A0F 1SPHEMDRAIINGS g@bistRogpthee with a nerve cell. The PAK
.Col ocal isation of P sof or.ms wi inculin in Bac 1
G A e e I s
APAK BAYSh SR Bcinfagdb88 1 bafht | bodi es a(A), (3 (6 WO
2004/ 083376 PCT/ SGZ004/ 000063 10 and y (E) and
vinculin (red). Colocalisation of PAK with vinculin is
sho I . I
o1 oA eohaiietEs ol ARRS Bop R onfbl did BpVidd £ie
©Biptisieg auvisoforth lspectted antagoniglobP Alkioke, Bagethtr wah pofbhgges.
‘i(%ﬁgp eé% ugi ﬁ_uls are grown t%24 he) in four different
o EORF RSP ER BREPRGIETn Lo 5 vi sual | se
F-actin. Wth serum al one (a), w thout CSF/serum(b)
wth CSF/serum (c), and wth_CSF alone (d). (B) Cells
are JihgPiastice ! tisgrresepiinveation will Py, URIgss 9diogisgndicated,
&B@éﬁﬁ'ﬁ@ﬁlﬁ tRfmiqlefor Qﬂetrﬁ&rynﬁﬁﬂe&hir%kgggyanﬁ@%lﬂ%gﬁ/ AechinBBrant
| apse sequence is shown over 30 mn
I A ran nayerelegye Wi Arayithin the eapablatwsorf amrshn ahardinge kil in
0 e
tﬁé(ﬁ)lg ?ﬁghe{euen L%EQ&% e ﬁltéungé 1nltl?éallti%gﬁ‘e ggg‘ ((%)GE%S@ T Sﬁnﬁrb&& E.
Fr&?mtsomhag & Sl\/ﬂlﬂlaﬁi a98% Moieanlas Efonimgall dnborawdy Maewul, Second

osed to ien f F t hrqugh n an P
G Bpesin CRRESTRE Tedrer Feboutie A g T By 2L (565 ana
fesibdie ¥abldnentsPSurrBRPRbscdls fh M1 BSIESS ch. 9€13, aﬁd 1@mohn
on the side of the cell that is not protected

Wilenssong New) Yarkohls % 8- Regf ferebtiss. 390 4 iKagpddPe. 3/1)64 Falggon
4y as{e@en?lbg‘%sﬁén%??e%hﬁzgﬁée A W? &asons A8 BMak bl Jaéﬁ(s) O’D.

e antagonistic re 467 onshi p between
MeGed, 31/9%]' PaSedibnidBatin. Reocipleheigblrartice] OxforeEriversith Press; M.

chgl-} ?I‘S({ 8r)i’ L%%C @?Igﬂlé{%ot?’ e'._S')S)ntﬁeszs %acn(cA} Approac&z Irﬁires’s and, D.
M. J. Lilley and J. E. Dahlberg, 1992, Methods of Enzymology: DNA Structure Part A:
Synthesis and Physical Analysis of DNA Methods in Enzymology, Academic Press. Each

of these general texts is herein incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Colocalisation of PAK isoforms with vinculin in Bac1 cells. Spreading

Bacl macrophages are doubled stained with PAK isoform (green) antibodies ai(A), 3 (C)
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formation of filopodia and |anellipodia at 24 h
nor phol ogi cal differentiation is seen. Serum LPA

w@easwsases RhoA to i nduce cell rounding. The apdii/$Gz04/000063

of CSF antagoni ses the affect of serunf LPA and vice
versa. The bal ance of the f,actors CSF vs serunt LPA
determ nes the nnrphology 0 the ceIIs 20 Fi gure 3.

Ef f ect II |ffer hon on alls |on
B 74Dl g o Ctoaftidiiof oF BAK S tratndila iR b T
DA OB ITR Sy B th(ifeli Pif6hl Blenak fenfolvad. Bag=wo L aPAK
ant | bodi es and vinculin antibodi es under different
conditions. (A) Gowing Bacl cells with (b,d,f) or

wi t hgy %ar@ Hfeot G CS®)serubn thb eéwlﬁslrpﬁaséy &@ialcﬁmaé&p@@é*s (A)

D) Gowng and serum starved N1E-1
Eall ocli arsgmwo R4af) nafa&Kd@’@reae‘maySwnd thev stﬁmgql Wﬁh phalgjdip to

d
ORI R At LS B P g g
With BSRakdnéYd). EBDGEI& e stﬁﬂécD@iEﬂiSfoaf 240 aaf thaPAgossdttd gradient of

actin vi_ ncul i ss 3T3 cells
G5 ROt Hslt. P s SR g P B0 i ) Bt
ﬁacr@ﬁh s a¥d Ot eniin Qthve&i forf)t h\éQi a0 éiégfgé’lﬁtzﬁ gradient of LPA
PCT/'SG2004/ 000063 11 both in red. | ocalisation is

hraoah a nepdighAttine lagse spqupnqgds ghawnigverd 0 rain. (D) Baghmparophages
étgrﬁg'c{]{(:%{ 565@1 Qfoﬁgaﬁr{ﬂenﬁéxhg%éﬁ ‘#%5 %’raélglﬁt%@@S? %o&ghl'h I(e@dle Bda LpA

or nore ore ~ staining.
dddsétosth€medima. CSF sladdedragaiel (b0 &illogrd bjabBAoRanXli ) sbéw process

areas of _the panel. r owhead [ Al 8a5:\0
Elsraincn iecsht B KALRAGERReCR) o5 ST oy e

FolRhAGT Fikpodia RN (i (€hotploceWibiation BagA d 0 uM. (E) A model
halloidin (red). A z-series is_shown wth panel a

thegntagepistic é%é?tns}pb beiwveemidhqlamdy GTPases HhBiﬂ% é%ﬁcropb%&?é Is
gres%'ﬂfé\é’sc@ 94 R S) Fn&’ﬁ&b@'(Ahe%ttdi 1697 HVIGRE She

how ng co |sat|on of aPAK wth Stress
fortatem dfdiIQpedia alBh}am;elll‘pOdIPM 24Fh @gnpbolsglcz@diffﬁmtw‘scat is e7en.
Rersrhraltes (o AR Sl A SR r cSF lpgprises he
siedctiof sargh/LPve anddtdverad. Thebalmde o thdifactdfl Yy ssnfrdLPA
é&reen) antlbodles and hodam ne conj ugated phal | oi di n

waynes fopporphology)of the (B, B') and y PAK (C C).
Panels A'-C are nmagnifications of areas of greatest
col ocalisation seen in A-C. Colocalisation blue to

p ur pl Bgute éeEfﬁachgf Grandreell diffsreatigtionyondecaljsation obeygAK elgacl
%E@@ges (SABe)nd %z)l and ﬁ?ﬁ I1?5 %eru?obq:sg /IEa% e lt)?are stgnneg with cPAK
antibodies and vinculin antibodies under different conditions. (A) Growing Bac1 cells with

(b,d,f) or without C3 (a, ¢, e). (B) Starved Bacl cells. (C and D) Growing and serum
starved N1E-115 cells. Colocalisation of aPAK (green) with vinculin (red) is shown in
blue (in panel a in C and D). C3 is injected at 100 ng/ml. Bar=5 pM in A and C and 10
puM in B and D.

Figure 4. Colocalisation of aPAK. with F-actin and vinculin in Swiss 3T3 cells.

(A) Cells are stained for aPAK (green) and either phalloidin (a, c, €) or vinculin (b, d, f)
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el ongati on and then doubl ed stained for (a) F-actin
and (b) (3PAK colocalisation with F 15 actin is shown
WO poogo333m t h i ndi vi dual signals renoved. Bar =PADSG2004/000063
Figure 6. Colocalisation of PAK a, (3 and y isoforns
with F-actin in NLE-115 cells. Cells are starved for
24 h and then stained for ﬁAK a, Ror y (green) and

n’faﬂ;‘;‘étr?q? Chloeglhatign s HRBRB IO ) opbiug (. by Bt Dl o1 eshly
DEd MddalveSlodPRhS for @ lﬁqy &y, 4 I’Pfcr g)vd}%aﬂéthaﬁl oM @, ggﬁ:fdi}é

ocal i sation and al |l ow pane ari son.

stmg dusels 7 angPf shoy wagnimakop@EppPY &Gbcrf ageap pf the panel.
AR PSR B S BAHSR | Q) B R e o

dFATD éptdnches Wmﬂbl’h) land)pimﬂlbﬂm (redp.afy entries whan anth panel a being

b faea o heield fhelonsg Byrebs Mebeam i ipu Ryt Vi
ARBEAReELViAg &ch@camtusﬁ (FMhey 0RHPA RBHMOHSssTRRSsiiR R BArA) 10 pM.

25 The upper cells is injected with aP 1 (a), or all
cells injected with aP 1 *(b), or exposed to aP2 with

b' Op el s q@&gp atl§ﬂ: of P@&éﬁﬁﬁdaiﬁgfoggﬁﬂl? F56d @ Ract

S 1n er rea S pPOSsessi ng
rﬁﬁ‘hjdiphhﬁ (A0 rigHs art iarved oﬂﬁiﬂh CBBdyd sernen swbtheddoubled stained with

A °?s%§%5§gﬁ%hla§ B andiodaians sHTSH B POUIU0E BRD- CPAR
@%1PEMRE (6 5 Y2000 Q831 6 RET SC2H0H0RRANIns kot

ronounced l'anmel’|'i podi‘a/ ruffles; defined as cel
grévdigst padswbisation beznmi Ade Catnghlisation ol fourtlhdapendingen @e%

of th el I
1£;en9%$|g5efn g rg§ S alsm@%fgac:l %elﬁfg%éggée sﬁr\%ﬁ tc?%?u
&el datiordnd tRonIREBlEd §iRingefot (2l Bichgind (b) PP AR 2oMtdlisation with F-
bi oporter reagent and cell posseSS|ng neurites | onger

achm s showa in (chiydly indisidyehsignalsregoved/ Bay =Mt 3
experinments (n=900). (D) Cells are exposed to

bi oporter reagent wwth aP2 and after 6 h double

st ai aghrew tColedalddtiamall RAK cuip iamd a'rsbfotms:lWiﬁsF -aftér) in N1E-115 cells.

CRereaer 2 halg ot e Pt AR o Flor o & p dein e

Go10RNitRE P AKASJIH B ah@R-actil HYASyBin pEﬁd‘l@th d Qf infBhRd Wi@?s
P2 from aPAK,. (3PAK, and yPAK on cell

igdividyalsignalsremensd. Amywizads show aepas h@@lqcﬂ} \Eillt"ﬁ panel
S are then incubated for 2 h before
RERRHAT BTl v

ei'ng s th phal |l oi den and exam ned by conf ocal
m croscopy (as descri bed

Figure 7. Effect of aPAK peptides on cell morphology. Cells are starved for 2-3 h
and then either injected with peptides (10 pug/ml) or exposed to peptides with bioporter
reagent. Cells are incubated for a futher 2 h before being stained with phalloiden and
examined by confocal microscopy (as described in the materials and methods section). (A)
The upper cells is injected with oaP1 (a), or all cells injected with aP1#(b), or exposed to
aP2 with bioporter reagent (c). (B) Cells are exposed to peptides in bioporter reagent and
cells possessing neurites longer than 1 cell body are scored. Pronounced filopodia; defined

as a cell that posseses 5 or more dense staining and robust protrusions that are beween 5-
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in the materials and nethods section). (A Cells are

injected wwth 1gG (a), with aP2 (b), wth 13P2 (c)
wara4pEB7¢ d). Bar = 10 M (B) Cells are exposeRCT/8G2004/000063

bi oporter with peptides and presence of neurites,

pronounced fil opodia and pr anounced

Ianelllpodla/ruffles scor ed?15 (definitions as in

ure 7) s ar er exposed to biopqrter

e?rpn@wa?de%mclg\e lq/aléiesz %qgée%?ﬁoce?%ﬂazspoaﬁaeﬁ Ipfacilap egd/or

ﬁ?ﬂe§ ol B3v3E 500K Bf i olf'ﬁl%@eﬂ ReBA s YA Pres&lilag mefiRI+/ V§B’M of 3
[1's are injected wth peptide and stum ated with

s@emmntﬂ*d@ad% szlhbl (C)d?ﬁls lafepadosed & ptidsdpgmnf oa.l?g ivrid
rast

1@% Oé%ef %%@g gr(da ceg 663sessm peur] esIClcr)%ﬁ %D %é celib?dglg%l}g% scored +/-
$161 O B RASRINARTLFD08)) gD COIRRFE dxPodeh & biBp&Rr FAkent W1th ocP2 and

isofornms. 20 Figure 9. Effect of peptides on neurite

gieo A hconda staingd with ABAKGof glaelen anti 9 igsy; (e YV incplig(aPAK, (b)

ept.t d ri.te xposed to
DBRGD e B B 1 TRAP R Myl W AR NGRC
Eﬁwm@mhﬁgwn&m&mssed (B) Cells are plated on
coverslips that been treated to create a Lam nin/ CSGP
boundary. After 6 h cells are exam ned for their

abi | igiyure 8 %@Jc@d)ﬁﬁﬁhdé@ PQ fbRsatAat CFPQ%[K) ) 9@ A8n cell morphology.
substrate boundary. | s exposed to bioporter coated

lesgmtﬁr@@dsfor 2-3)h apgd the(l yy)]eq@p@th mp@d«(scyeliﬁpage thepingubatad|far 2 h
Btoe %§1§% thltn@{f kr;]bEGtR %hzhl%@ﬂ tind SahilRd %§ gg%%% mhcggk‘gféﬂﬁé 8ciibed

ecCl sI o oundary are -cons S are
imethematerials Stdviettdds SectiBf)3JA) (ells afsahjestedwith E(h@3 edthtaP? (b),

eptid d aft 6. h d f biljt
Eitb? 3tz Briom Lk D Al desmersehid bionomposbfeptices
E@ré%%h%g&%on&ﬁcﬁ 5 Rialdhd pPo‘hKuﬁo%@ia%eﬂﬁ)odla/ﬁufﬂes scored

co-ordi nate cel adher ence and cél ext ensi on
Gdeﬁmtlpnseas cohgure %)J {G)drellppre Femruesmsm'l ipebiapiorter r@wéma@ﬁ

degre Han b factors
T GEZRRTRZR b B et 5 Bl sod RSl pocspe
c’tﬂﬂd aﬁ:ﬁﬁybditai)ﬁ'itm Peptidditnd shamhi@d Whthlserntn. F ﬂ)opSéla&ﬁcﬂ:ﬁnﬁallipb&la are
the PIX-A T-Paxillin conplex. PAK i can
feRred PE HEiBe Hmgdinsh phase aon\trs%t EEESOPY- WZ gﬁ? @f}?@ﬁn@ﬁ%{n‘%@

&btﬁﬁﬁﬁ is tMheRSiomh the Bbsedah ankl! 'c&ﬁﬁl%n 1P b TR0 isoforms.
phosphoryl ation of F-actin. aPAK affects the formation

and dissenbly of FA s/FC s and stress fibres and

i nhi tﬁl%llrgg lgiff &‘ Qf np%gf@eggﬁ) B%‘}fdteﬁgrgﬁucttlgn li&feﬁ(oﬂ%\ﬁgﬁﬁh € Effect of

adhere rite out
PAK Ipapiydes sty ﬂbumsmwpaol&w Cellnas exproet] tﬁlcbmtmh pepptide, ocPa }*S@ZP2
influence | evels of cell adherenc? (Pla ys a.role

P2 o1 y}gp@glnguqtg meErhglogy pgessed. (B) Cells ate plate on ¢overslips that been

treated to create a Laminin/CSGP boundary. After 6 h cells are examined for their ability
to project neurites that crossed the substrate boundary. Cells exposed to bioporter coated
peptides, (a) aP2, (b) BP2, and (c) yP2. Only cells possessing neurofilament in the neurites
and facing a decision at the boundary are considered. Results are means +/- SEM(n=161-
263). (C) Cells are exposed to peptides and after 6 h are scored for their ability to cross
boundary from Laminin to CSPG.
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10 inhibition of this isoformleads to defects in
gui dance. Pak 'is involved in lanellipodia formation

wb2i04/083376 nhi bi ti on does not affect guidance. HEESGZ0&000063

presented here suggest that PAK isofornms play major
and distinct roles in cell rgoti ity and can regul ate
both cell adherence and ex]t ensi on. aPAK may play role

on neyrit romh while yP ears, t .
oottt To ARt it co hulREra: d o Rorgrin Hs
TERCRE R P 6P A1S(o It RHESdpeh Lo it EdN D actiation by factors

met hods and conpositions described here are generally
woldiaerigesiip kinasciapihiabpn G1ds4Rag Nsk.dilr? kiase gndsphingosine. PAK
REBEAL AR & FARIYER vRGh MLMT-PRIRRCHLEIL FAK WBRARSEH e

rsoform specific antagonists of protein activity,
mfleeict Featin in 2 aritmgbneyst thrafgh Riw kidaseasBF, [pdsoy ight cipdn

uch ant ni st c bl e lati i nC N
BRerc RS kB P RS PaRar Yt Bmal Bt By
M FA &St s MASras Fibiék hnd @hibitiae opthid ied fornS14eds tafosfoRAK adherence
ki nase isoform "lsoformspecific" neans that th

anskiadistPa of neyrite opighveh- &1 theraathrays figh apra REP BRSP a_ng Citron will
Aoy &RY :le@glk B%eﬁﬁ?ﬁ&%cb.ﬁ?%l?}s aBRSH ﬂﬁ?@di@ﬁﬁfnﬁ(ﬂoﬁ ¥ndf

a particular specific Is of the particular
imhibitiinrof diis BofoyrieadsRp défectadd guidanbe PR @dronlved in lsmellipodia

apabl e of down-regul ati or.. 25 _abaqlishi ng that
R T R QGG FELRUCRER AR CBR PR o0 e e
BARLBESmisMyQhdfor 2hE aRfikbE Rdéyin cCWEmBHIRY aflcaaRe At EgaR cal
whi ch is capable of nodul ating, preferably down WD

adhorencremd Eatep . SEAouBudooRE onmeusit gutgeawth yhie YPAK appears
l.i shi - Jyity of a particular

g;go%é@%ﬂ?gog#g%ﬁggﬁxd%%%d@&m#%sh we refer to as a

"i sof orm speci fic antagoni st of PAK ki nase". W

enonst atce tThI%t it is possible to specifically

&ﬁ%&b&é—%‘“ hi bit each of three PAK isoforns,
nanely, , PAK, f3PAK and yPAK, and therefore provide
for the first time 5 isoformspecific antagoni st of
BAK 1SPRoRM SPREIFIGANTAGEMSES t rat e for the first time
that yPAK kinase is essential for axonal guidance.
Accordingly, we provide the use of .such isoform _
speci Thecmetheds gatheenmesigipnygegeribiedl hers are geagrellvaonesnsg vathak

. . ifi | t . .. of
A8k S oA RIS o B ORE it P R R bR lsoform
st dctantagonissiofgiroteie getivdty adpecificadly, antegowisis f PAK kinase isoforms.
Such antagonists are capable of modulating, including preferably inhibiting, down-

regulating or abolishing at least one activity of the protein such as a PAK kinase isoform.

“Isoform specific” means that the antagonist is capable of modulating, preferably
down-regulating or abolishing at least one activity of a particular specific isoform of the
particular protein or enzyme. Preferably, the antagonist is capable of down-regulating or
abolishing that activity, without significant effect on an activity of another isoform.

Accordingly, we provide an antagonist which is capable of modulating, preferably down-
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10 The isof orm specific antagoni st of PAK ki nase may
in particular conprise a nolecule capabl e of

woreediosdsreg, preferably preventing or hinderi NnBCT/862004/000063

interaction between a PAK isoformand a second
entity, preferably a seconq%polypeptide. The second
pol ypepti de nmay preferably

onpri se a domai n capabl e
of interacti wiith and/qr. binding . to the. o ea AK
RSl SRS R P RURGH P S8 AHASREEI Y fGIoAg o1 PAK, which
10 el asﬂﬁsoi&m%@&ﬂ@iar@&%o&iﬁ?&twg@kiﬁ?éé”.COn'pr' se an SH3
cont ai ni ng pol ypeptide. 1n particular, the
ant agoni sts may prevent or interfere with the binding
of the. 3BosRRE fali ol L sl
The g&% c&%tain?%g pg1f%§%?ﬁ§%&ﬁﬁﬂ%?g%%y Sfﬁﬁgyég%gﬁghhme
AR ohforent mmelypaPAK s@RARNekd yPRIE and dfecrfore ppecicffoicthe first time

ant agoni st s _of PAK.Kk|pase in particular _c rise
R Pr GEo s gm e AR e &bl ble GF e o Ty

| AlaRRasedddshdadiaiyfor &@halgmaaReci fi ¢ antagoni sts of PAK

i nase, small nol ecul e 1 sof orm specific antagoni sts of
PAK ki nase, etc. The isoformspecific inhibitors of

PAK [ : Tane]
R R s
ldedsk,) patteulady uP AKennd/fet YRAR specifisiadapagsts, firothe écamphisnf disease, in

axonal gui dance. W show.t hat isof orm specific

P B B8 P et oo BN R, e R O PR  or
as cell signalling inhibitors of axonal guidance.
Preferably, therefore, the_isoformspecific_inhibitors
of PAReRiO Pwﬁwﬁrﬁ%@nlﬁ@fé’%ﬁpﬁefnw pobulyggmpHse a

Ilﬁg-géu%%)a?%é 0908 Fatink SprefeRslyHevehtiHr ARHAEENC HERuerAREn
pre

are erably used in cases where cellular guidance
hetweanadiAdt safoby andi sesoridsentity, arsfanably/esecenid pojypspifdsi He swcond

: j I ti hev..are ..pref.e LY. .
RS ARpdE G PRty B ol copfeE AR B i
@ tixosr-eadtgPA K wefosingTisd donfaiin @ay contprise gnSH3 bindiag dombini Vies
signal). The isoforms i fic jnhibjtors PAK ar
e o bpep e i CORPIT 4 L P ORE IO BRI g u i
Htago R infaly @RSt Br IMMrfeke WRithRE Bindi of el SEHBWoSRARESS polypeptide to
signal inhibits nerve regeneration or growmh. In other
Bs FAK; ipafpny ThoSHS isentainimg polypertide i ighdy prefesrel ambediments

?%ﬁg phase, in particular, aPAK kinase, have

ﬁ%lrfté«%ﬁtgromﬁh stimulating properties. Such isoform
specific inhibitors of PAK kinase may therefore be

used ”lfh% riso'forr%astpécri] c é)ntcaglgltli%‘c\é oF H&R%inase may in particular comprise peptide

isoform specific antagonists of PAK kinase, antibody isoform specific antagonists of PAK

kinase, small molecule isoform specific antagonists of PAK kinase, etc.

The isoform specific inhibitors of PAK may be used for various purposes. For
example, they may be exposed to a cell (for example a nerve cell) to modulate cellular
guidance, for example, axonal guidance. We show that isoform specific inhibitors of PAK,
in particular, yPAK, can perform as cell signalling inhibitors of axonal guidance.

Preferably, therefore, the isoform specific inhibitors of PAK kinase provided here inhibit
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10 conditions in which neurite outgrowth is
conprom sed or inhibited. They nmay in particular be

wais@d/ 083376 nerve regeneration as described in fPRCT/RE2004/000063

detail below The isoformspecific inhibitors of PAK

may be used singly or in co1 ination, with each other

or with other therapeutics. t heref ore di scl ose

conbi nations of - i spf orm eCIflCInthItOSOf

BT SLEHSRECS S, SRR AR BT I OReoh iR PARTES PO S s

hediktBdbPidl8 (sutiPfaichRrceld) kéhsg b 3B ve &%ﬁz@ IiNpaRieelas, tey are

i nhibitor, or a conbination of an (3PAK isoform

srs@tarbry net rﬁrﬁ iThapesrWherrbe pedingsigpal éeferi}rﬂ@f iagiepwegAtive signal
[

6 El g%(]glitivg F"ﬁ‘%ﬁ% I'I?rg }Sgt{%%ge gf;&%lgi‘torg Bf }?‘K%ére therefore
rmﬁrﬂ mtrnasmlp&m@ntmgrﬂnsebses or onditioss m@rﬂmhmategatwe@éll gmidance
aPA(finin%ch orm segen%{afuloc { nhi hitor, a f3PAK i soform
%%néq PC TRRT B AR RYYPAK i sof or m specific

i nhibitor, each optionally together vvi th 20 ot her
conp nent s PAK | SOF Wier e ref ce is in .
i & TR hAEn T BiRsow ot SoIGHS ReGHs Gt Gsno e e n

SRRl AU VRh&Ihdik REERe oRROFAH diid@dtiig Broperties. Such isoform
p2. 1Cdc42Hs/ Racl- act i vat ed ki nase, fofr exanpl e as

@@srﬁr inhihdtoisrof DK skdnase mag theref®o he uskH dorttesating @AKeventing

%)glh ru‘é#lst ih wh?J?H}‘éhSte OH@EOG({T.R f ol B ARSI trr ﬂ%ﬂmtgﬁ 5rh%g Ry Wﬁcular

erri Ivity demnmons
be usad for ik %@&M@Bﬁﬁ?&es&ﬁéﬂﬁ%ﬁ&/d&ﬁﬂ%&w 16 Ref erence
to a "PAK i soform should be taken as reference to any
i soform of PAK. PAK isoforns, as the termis used

her e, The sfdreh specfiembblityrsion BAKARayHR B BsikdlyASift col@b@Atibn, with
well as an Nck binding domain, Kinase, domains are

99@’(1 Ptthrfzsvoﬁthr other Fhsrappitics AW e thepdire disglprecombinatiens dbésoform
t |
ﬁj%aﬁi: y pr e e?l rf ?di ggr%‘)é}é r?t%gxlbﬁ]ﬁg&%%%ﬁi SO ogl;n]%ﬂg ae? ldc

inh1bﬁmdoganhm mﬁthlasBPAd@rscﬁfm ep:bclﬁctlﬂﬂnlatoe drhesmbishtia@iof an BPAK
tain bi nding site aqr bi ndj ng domai n.

i oL O (B M g P BE PGBt RUOHBBit s of
$dﬁ?oma%)@i|1<of an mYsofoﬁ@p&Mnﬁf)ﬁ&%é&%ugg Zf AREBRSm specific

the term "PAK | sof orns™ does not Inc erence t
thRidior, br Femblination neambel? AK Sufnltmapecﬁminltﬂlbltrﬁ a APAK Gsoform

Sl ik A P ey g, ek arge b

SeRbRpotdatse
PAK ISOFORMS

Where reference is made in this document to “PAK?, this should be taken to refer
to p21 activated kinase, specifically a p21Cdc42Hs/Rac1-activated kinase, for example as
described in Manser et al, 1994. The term “PAK activity” should therefore be construed

generally, as referring to any activity demonstrated by any PAK kinase.
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preferably, the PAK isoformconprises a P 1
pol yproline stretch having for exanple a sequence

WEOXHNPHEEXKS, where P = proline, R = arginine, SPET/SG2004/000063

serine, and X can be any amno acid, e.g, Alanine,
Argi ni ne, Asparagi ne, Aspartic acid, Cysteine,
Gutamne, dutamc acid, 1§ yci ne, Hi stl di ne,

| sol euci ne, Leycine,  Lysine Methioni

Phenfﬂ gqfeé}‘i? e Li’fég }'-SP%’P% ghouldyeifalien asrig eé‘BWF fany isoform of PAK.
HAY RofRhans thEYéaSis SedMereY@HolAGrefb@blp iihie b8 a kinase domain as
embodi ments, PAK speC|f|c i sofornms | nclude those

wehasap Aok gmdig dopagh Kilraéﬂrﬁqma}nwﬁ velbknewings theengndrheind
ticul
e SR A PRI LR e R oo

known as PAK1l, Manser et al., 1995), (3PAK (also

220 P SgthP?@K érﬁe-.c_leet?nb%%lm%ntfgté% ?gkﬁ PA; té:% ltl'éo%oc%l%ggtqg wn

RAkAnedAtith arethosealhich d@@81) an NHAKﬁdmgl dte%&&ﬁzk bilﬂdﬁlg%iﬁam Such

R R T M

SR Aerh st 1 tdfNPRK HOOBhN db@s. RPRERYe redBdck fo “FA]@ 11 Family”
N-termnal. PAK 4, 5 and have 100%.i dentity in the

Rembesesigh ARR A Bub: a@é 6nY!5h101‘E e’ ppniggnangyekdiiningsitee. | n

hi ghly preferred enbodi nments, therefore, the PAK

i soforms which this docunent is concerned with are

a PAK , The Nekkinding dpRial manmefmeblyltemprissragotiipsaine siemain M@e

%?%3 %%ﬁ(r) 1%:%- S%Q&ér%%g%p 16 5 e%p]f%Zhr% sﬁﬁtﬁﬁ Eavn%g, for exaa'lple a
@q@a‘neé PRKPXRRAS, vhpRE £ hidlihd) m Dirpiaie, S SBlire, HANK afd/ € any

in this doc nent refers to any of the sequences haying
el adi.sre Arggnies, {SREAEInG, ASpaye] 3<id, Grifpige fHytamine,

Gfu%ﬁ& h&d) @m@h@s&ldﬁﬁé ﬁ&&}éﬁ{é%ﬂéucm@ RAKinB) rzﬁétﬁfoaplbyp@hﬁaanlne

i ncl udes fragments, variants and derivatives of any of
Prebinse Seréngu Ereestine, ifnypﬁnrhm duifosine omVialaPAK may conpri se
the rat Serine/threonine protein kinase known as
aPKA(al pha- PAK; PAK-1), and having the accession
nunbdn ptd?e314:4 Smb&iimenta P Al RRKifis égtiems éncisle hross enitaiang the

lggh 1dent1ty 1n the ﬁ gs%'dgrgall'rjlz a%é413so comprising a Nck binding domain.

In particular, a PAK isoform should be taken to include aPAK (also known as
PAK1, Manser et al., 1995), BPAK (also known as PAK3, Teo et al. 1995), YPAK (also
known as PAK2, Martin et al., 1995), PAK (also known as PAK4, Abo, et. al., 1998),
PAKS5 and PAKS.

The PAK isoforms a,f3 and y comprise the same domain structure but have
different sequence identities, ranging from 100% in the kinase domain to approx. 95% in
the N-terminal. PAK 4, 5 and 6 have 100% identity in the kinase domain but do not the
Nck binding site. In highly preferred embodiments, therefore, the PAK isoforms which this

document is concerned with are aPAK, BPAK and yPAK, and we therefore disclose in
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VERSI ON U23443.1 3 :2772513 SOURCE Rattus norvegi cus.
ORGANI SM Rattus norvegi cus 15

WOBNMBRIUIDKPPAPPMRNTSTM GAGSKDPGT L NHGSKPL PPPERKREELIBEY00063

RSI LAGDKTNKK
KEKERPEI SLPSDFEHTI H\/GFDAVTGﬁ:TGIVPEQJ\ARL LQTSNI TKSEQKKNP
QAVLDVLEFYNS

DA PALRGpecHio TRBASTS, FPAN specic mhibitors 4hd preferrbl TPAR.
RV T PTRDVATSPI SPTENNTTPPDAL TRNTEKQKKKPKMSDEE! L

KLRSI VSVGDP
KKKYTRFEKI GQGASGT VYTAMDVATGQREVAI KQWNLQQQPKKELI | NEI LVMR

\ /NYLD 20
g@%@é@éﬁ MEYLAGGSL TDVWTETCVDEGQ AAVCRECL QAL EFL HSNQVI
HRDI KSDNI LLG

preViire o R e S N P T R

BT Aol e AKAREA TR Fu Eher o o oA oy

tnolvges feagmenfa, epygeangidenivatiyes pizppy ebithriesedrsndes] Mus 25
nnmscul us] havi ng accessi on nunber 088643. ACCESSI ON
088643 VERSI ON 088643 G : 6093647 gi: 3435253, gi:
343525 partiSOuRGECRAK nmysoniptise théot Serinethrse)ine [30tein kinase
ORGANI SM Nus rmuscul u . .

KNS BB R A BRETESPe Apsessio TsPRPEER R Siaeh an
Xﬁﬁ(lsg -E resented below:

KREKERPEI SLPSDFEHTI HVGEDAVTGEFTGVPEQWARL LQTSNI TKSEQKKN
PQAVLADYESERYN  U23443

SKKTfﬁg NVEFTESAEDBYNSSKT [ANVKTVSETPAVPPVSEDDEDDDDDATP
PPVI L a us norveglicus.

K 3 attus norvegicus
SVYTRSVI EPL PVTPTF{DVATSF’IESPTENNI'TPPDALTRNFEKQ(KKPKI\/BDEE
| LEKLYRSNS/EVEPKPPAPPMRN TSTMI GAGSKDPGTLNHGSKPLPPPEEKKKKDR FYRST LAGDKTNKK

PRI EE ANV A E IR R E N o

MREN ¥V TPTRDVATSPT SPTENNTTPPDALTRNTEKQKKKPKMSDEET LEKLRS IVSVGDP
L DSY L AYGRDERFPAREM RGBS M TR VIHY R CMDE 0 GAREFNHESNQYLD

Vi HRHEKWPWZME@W\?ER BECLEATY: V‘E?@M’WWF%%%&??&EE?
ref %ﬁ%%%&&ﬁ%ﬁg%m% _ sfi k' ggﬁgﬁiﬂ QFLKIAKPLSSL

p
Ser i eptikti@: 40 protein kinase PAK1 havi ng
accessi on nunber QL3153.

Furthermore, «PAK may comprise the mouse p21-actiavted kinase 1 [Mus

musculus] having accession number O88643.

ACCESSION 088643

VERSION 088643 GI:6093647
gil: 3435253, gi: 3435254
SOURCE Mus musculus (house mouse)

ORGANISM Mug musculus

MSNNGVDIQDKPPAPPMRNTSTMIGAGSKDTGTLNHGSKPLPPNPEEKKKKDRFYRSILPGDKTNK
KREKERPEISLERSDFEHTIHVGFDAVIGEFTGMPEQWARLLQTSNITKSEQKKNPQAVLDVLEFYN
SKKTSNSKKYMSFTDKSAEDYNSSNTLNVKTVSETPAVPPVSEDDEDDDDDATPPPVIAPRPEHTK
SVYTRSVIEPLPVTPTRDVATSPISPTENNTTPPDALTRNTEKQKKKPKMSDEEILEKLRSIVSVG
DPKKKYTPFEKIGQGASGTVYTAMDVATGQEVATIKOMNLOQQPKKELI INEILVMRENKNPNIVNY
LDSYLVGDELWVVMEYLAGGSLTDVVITETCMDEGQIAAVCRECLQALEFLHSNQVIHRDIKSDNIL
LGMDGSVKLTDFGFCAQITPEQSK

In highly preferred embodiments, PAK comprises the human Serine/threonine-

protein kinase PAK1 having accession number Q13153,
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WD 2004/ 083376 PCT/ SG2004/ 000063 18 ACCESSI ON Q13153
VERSI ON Q13153 G :2499643 SOURCE Hono sapi ens (hunan)

W 20RE¥IEM Hono sapi ens PCT/SG2004/000063

MBNNGLDI QDKPPAPPNVRNTSTM GVGSKDAGTLNHGSKPL PPNPEEKKKKDRF
YRS| LPGDKTNK

KKEKERPEI SLPSDFEHTI HVGFDAVTCEFTGVPEQMRLL GTSNI TKSEQKKN
PQAV é%

SKKT% FTRRSAEDUNSSNALNVKAVSETPAVPPVSEDEDDDDDDATP
PPVI AeBRREHTK Homo sapiens {(human)

SVYTRIGRHERY P\ TERROVFESE SPTENNTTPPDAL TRNTEKQKKKPKVEDEE
l LEKLNB%%%}@K%QAPPMRNTSTMIGVGSKDAGTLNHGSKPLPPNPEEKKKKDRFYRSILPGDKTNK
DPKKK¥ ket SoRe¥ati MY & AR YA FoEIp Y A AR X Xl ksdfbzha b FYN

VRENI 94RRENIDMS FTDKSAEDYNSSNALNVKAVSETPAVPPVSEDEDDDDDDATEPPVIAPRPEHTK

Y T ' VG
R A R R O
VI HR WVVMEYLAGGSLTDVVTETCMDEGQTARVCRECLQALEFLHSNQVIHRDIKSDNIL
L GVDGSMBtsTRFEEF CAGH TREQSKRSF T X MMNBRUVIRKAYGERK R WBlEcEP
a hAA|qgwﬁqggE;ALYLIATNGTPELQNPEKLSAIFRDFLNRCLDMDVEKRGSAKELLQHQFLKIAKPLS
PYL NERBERALYEFATRIET PEL QNPEKL SAI FRDFLNRCL DVDVEI CRGSAKEL
LQHQFLKI AKPLS  SLTPLI AAAKEATKNNH 15 (3PAlI / PA. 1 PPAK
praKHiPRIBocunent refers to a sequence having an
accessi on nunber 075914and their honol ogues

(functional and/or by sequence) thereof. PPAK

pr ef egradH 3h thidldsQunhAETBRIESD of L QARABI HaFing WA bERBH ther
derivatives of any of these sequences. In particular,

Q7P Ardthsir kargleguse (furpsiomd endier tytseeusnee) ererdon £S5 A Kcprefrably
t.a- . i
N e e

presented bel ow. ACCESSI ON U33314 VERSI ON U33314. 1

CR;at 3' Sé%gégl&l@g gﬁﬁgﬁ IIFI\)E%} go%fforigg t gggrlilﬁi%ﬁreoége 195%%?% as BPAK
@%@Eﬁé@é@&%@%&@ﬁ%&&sﬁ%&%ﬁ%ﬁ@ﬂwﬁb@ Jelfence
RPESSUEEREEHT| HVGFDAVTGEFTG PEQARLLQTSNI TKLEQKKNPQAVL

DVLKRYRREELY  u3ssia

VERSION U33314.1 GI:1039424
SOURCE Rattus norvegicus
ORGANISM Rattus norvegicus

MSDSLDNEEKPPAPPLRMNSNNRDSSALNHSSKPLPMAPEEKNKKARLRSIFPGGGDKTNKKKEKE
RPEISLPSDFEHTIHVGFDAVTGEFTGIPEQWARLLQTSNI TKLEQKKNPQAVLDVLKFYDSKETV
NNQKYMSFTSGDKSAHGYIAAHQSNTKTASEPPLAPPVSEEEDEEEEEEEDDNEPPPVIAPRPEHT
KSIYTRSVVESIASPAAPNKEATPPSAENANSSTLYRNTDRQRKKSKMTDEEILEKLRSIVSVGDP
KKKYTRFEKIGQ

GASGTVYTALDIATGQEVAIKQMNLQQQPKKELI INEILVMRENKNPNIVNYLDSYLVGDELWVVM
EYLAGGSLTDVVTETCMDEGQIAAVCRECLQALDFLHSNQVIHRDIKSDNILLGMDGSVKLTDFGF
CAQITPEQSKRSTMVGTPYWMAPEVVTRKAYGPKVDIWSLGIMATIEMVEGEPPYLNENPLRALYLI
ATNGTPELONPERLSAVFRDFLNRCLEMDVDRRGSAKELLQHPFLKLAKPLSSLTPLILAAKEAIK
NSSR

Furthermore, BPAK may comprise the mouse p21-activated kinase 3 [Mus

musculus] having accession number CAD42791.

ACCESSION CAD42791
VERSION CAD42791.1 GI:21953250

MSDSLDNEEKPPAPPLRMNSNNRDSSALNHSSKPLPMAPEEKNKKARLRSIFPGGGDKTNKKKEKE
RPEISLPSDFEHTIHVGFDAVTGEFTPDLYGSQMCPGKLPEGIPEQWARLLOTSNITKLEQKKNPQ
AVLDVLKFYDSKETVNNQKYMSFTSGDKSAHGY IAAHQSNTKTASEPPLAPPVSEEEDEEEEEEED
DNEPPPVIAPRPEHTKSIYTRSVVESIASPAAPNKEDIPPSAENANSTTLYRNTDRQRKKSKMTDE
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NNQKYMSFTSGDKSAHGYI AAHQSNTKTASEPPL APPVSEEEDEEEEEEEDDNE
PPPVI APRPEHT 30

WE30¥DEBW/ESI ASPAAPNKEATPPSAENANSSTL YRNT DRORKKBKIVEGENR/1100063

EKLRSI VSVGDP KKKYTRFEKI GQ
GASGTV. YTALDI ATGQEVAI KQVNLWKKELI I NEI LVIVRENKNPNI VNYL
DSYLVGDELWVM

%MMQM%X&%W%MMQMEE%@

ﬁi&VNYLDSYLVGDELWVVMEYLAGGSLTDVVTETCMDEGQIAAVCRECLQALDFLHSN

CAQ TREGOKRSTNMEHRYANKLPEYRCRRKICEGRIRYDINMABE GMyPE VR IRAZGERRYINS
| NENPCRMGIFYECGEBPY LNENPLRALYLT ATNGTPELQN PERLSAVFRDFLNRCLEMDVDRRGSAKEL

ATNGTHBE ESAVERDAE RREPERDVDRRGSAKEL L QHPFL KL AKPL SSL

TPLI LAAKEAI K NSSR Furthernore, PPAK may conprise the
nmous dn pfermd embedingntki ffademay fdvugise thedwwen Semsde/ thauiing

e o e e A

VEDSLaMEFK P APELHVINSNNRDS SAL NHSSKPL PMAPEEKNKKARL RSI FPG
GCEDKMRRKKIKEKE 075914 GI:6174887

B 5 fi , ;i 5 .
RPEI ﬁ_ EHTI xrefs B non-sequence ga%a%asesggi :ELEEE@PEEQ;{“, RHVIQTS

NI TKLEIISNPQ
AVL DVLKFYDSKETSOMNGICY VS FSGDIKSAHG | A@SNTKTASEPPLAPPVS

EEEDEREREEED 4Bomo sapiens
DNEPP RPELT ED)L PPSAENANSTT) YRNE,
DRQR%%%@% b E) ﬁ}%gm 2 ﬁ%@%ﬁ%&mgﬁgmsmﬁ

S50
SO GxFod frr
El L EKNRSIMG SYACDRIRKYIFRF EACIr COCASGRVEAEDIEARTKBEENANE KEYVIRA! HT
Q:’KKE@FY%_ ESTASPAVPNKEVTPPSAENANSSTLYRNTDRQRKKSKMTDEET LEKIRSIVSVGDP

T YLD

VVRE ISRy S SR S BCes yaliep R ann T e ViAVieT Sy
ECL QADREIKHSN GFCAQI TPEQSKRSTMVGTPYWMAPEVVTRKAYGPKVDIWSLGIMATEMVEGEPPY

i L FAPGEFORARE FERAFTSSL
% v%%EWWl%WNH@F@WTWK
LG MAI EWEGEPPYLNENPLRALYLI ATNGTPELQNPERL SAVFRDFLNRCLE
MIAORRGRAKEL 5 LOHPFLKLAKPLSSLTPLI | AAKEAI KNSSR | n
preferred enbodi nents, (3PAK may conprise the human
Serine/threoni ne- protein kinase PAK3 havi ng accession
nunbep AR7ia Mid doderSeletNo 9 (afiddee HERm) 6N RéRBh4umber

G : 6174887 10 DBSOURCE xrefs: gi: 3608385, gi: 3608386
NP 002568 and their homologues (functional and/or by sequence) thereof. yYPAK

preferably also includes fragments, variants and derivatives of any of these sequences.

In particular, a yPAK may comprise the Serine/threonine kinase known as
Serine/threonine protein kinase yYPAK (gamma-PAK or PAK-2), and having the accession
number Q64303. Such a YPAK sequence is presented below:

ACCESSION Q64303

VERSION Q64303 GI:2499648

SOURCE Rattus norvegicus
ORGANISM Rattus norvegicus

MSDNGELEDKPPAPPVRMSSTIFSTGGKDPLSANHSLKPLPSVPEEKKPRNKIISIFSSTEKGSKK
KEKERPEISPPSDFEHTIHVGFDAVTGEFTGMPEQWARLLOTSNITKLEQKKNPQAVLDVLKFYDS
NTVKQKYLSFTPPEKDGFPSGTPALNTKGSETSAVVITEEDDDDEDAAPPVIAPRPDHTKSIYTRSV
IDPIPAPVGDSNVDSGAKSSDKQKKKAKMTDEEIMEKLRTIVSIGDPKKKYTRYEKIGQGASGTVE
TATDVALGQEVATIKQINLQKQPKKELTIINEILVMKELKNPNIVNFLDSYLVGDELFVVMEYLAGGS
LTDVVTETCMDEAQIAAVCRECLQALEFLHANQVIHRDIKSDNVLLGMEGSVKLTDFGFCAQITPE
QSKRSTMVGTPYWMAPEVVTRRKAYGPKVDIWSLGIMAIEMVEGEPPYLNENPLRALYLIATNGTPE
LONPEKLSPIFRDFLNRCLEMDVEKRGSAKELLQHPFLKLAKPLSSLTPLILAAKEAMKSNR



xrefs (non-sequence databases): HSSPP24941, M M
300142, SOURCE Hono sapi ens (human) ORGAN SM Hono
WG 2ia8337d.5 PCT/SG2004/000063
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VSDGL DNEEKPPAPPL RMNSNNRDSSAL NHSSKPL PMAPEEKNKKARLRSI FPG
GGEDKTNKKKEKE
RPEI SLPSDFEHTI HVGF DAVTGEFT%P PEQMARLLQTSNI TKLEQKKNPQAVL

DVL KFYN@FDS%KE%@%%amW? WWB%W@%B%@&%%NE

NI\IQ(
&PPML@@BP ccession number AAN65624.
§f YTRSVVESI ASPAVPNKEVTPPSAENANSSTL YRNTDRORKKSKMIDEEI L

EKL RSFYS9GRP 2pNE5624
: s ?ﬁﬁﬁh@ﬁ@hﬁ%ﬂ? KQWNL QQQPKKELI | NEI LVMR

SYLV@@EEW/V VEVLAGESICTOWT BEXGMOECSDAAVCRECL QAL DFLHSNQVI H
RDI KSBRIPEFNS Mus musculus
MDGS YKL R RGN T RERSIRSI M ST RMMRB A P AN R YR F¥Bketab s ki
MAI EW@E‘E%PSDFEHTIHVGFDAVTGEFTGMPEQWARLLQTSNJ:TKLEQKKNPQAVLDVLKFYDS
LNENINEWN_KWEIFAH’WF!E{S 9‘,f PR ISAEFFSR IDPLERP@_DERWD P 0.
PFLK E§%g ﬁ BRKEAI KNSR, EM{E‘ ﬁ-“%@'&%@ﬁi&

hi s Lé@xﬁ#t EA@A@*{}@E @A@E@W@ﬁ@l @NVﬂ]QSMQ@EV&C@ﬁ@ﬁdJP@mTPE
nunbegsmsi‘ﬂﬁ’vcﬁ@%r@%wrdmmevmwm Ve PP VAR LRI ATNGTPEL

and/ GNPERES %@69@ﬁ@éyEMPH’%ﬁRé%*ELLW}E%LAE?Ié%TP&BPV‘%NR
includes fragnments, variants and derivatives of any of
these sequences. In particular, a yPAK may conprise
t he 3Jehighly/préfermatsnmtedicantsd A ownpriss 8O human Serine/threonine

Ser i eoni ne protein PAK ( gamma- PAK or
bﬁ%egﬁﬁég’ﬁﬂmﬁﬁ?ﬁeﬁ ntrﬂlg‘bgr &s@gﬁg nunber Q64303. Such
RecrBABnsegbeaneesd s presented bel ow. ACCESSI ON Q64303

WERBNON Q843035 .12499648599S0URCE Rat t us nor vegi cus
BESOPHOEANI BRTRAt taFSeTHoPY 77:1
VEPNGELE ABER/RNG F[%WDPLSANI—BLKPLPSVPEEKKPRNKII

S| FSSEE<ESK PPAPPVRMSSTI FSTGEKDPLSANHSLKPLPSVPEEKKPRHKI I ST FSGTEKGSKK

KEKEFIREE SRS B FGF DAY R ETRE IR DU N TSR IROORIGDS
TPPEKDGLPSGTPALNAKGTEAPAVVTE EDDDEETAPPVIAPRPDHTKSIYTRSV

%Axk%gﬁg %ﬁﬁ%&m\% GDPKKKYTRYEKIG GASGT\ég

PDHT KSbY RS\ MDEAQI AAVCRECLOALEFLHANQVIHRDIKSDNVLLGMEGSVKLTDFGFCAQITP
EQSKRSTMVGTPYWMAPEVVTRKAYGPKVDIWSLGIMAT EMVEGEPPYLNENPLRALYLIATNGTP
ELONPEKLSPIFRDFLNRCLEMDVEKRGSAKELLOHPFLKLAKPLSSLTPLIMABKEAMKSNR

PAK ISOFORM ACTIVITIES

PAK isoform activities are known in the art, and are also discussed in detail in this
document. The isoform specific antagonists of PAK kinase are described in relation to
their abilities to inhibit specific isoform activities. Furthermore, assays to identify isoform
specific antagonist of PAK kinase (described in detail below) preferably incorporate assays

to detect isoform specific activities of PAK isoforms.

The term “PAK isoform activity”, where reference is made to a particular isoform,

should be taken to referring to any activity of that particular isoform.
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40
| DPI PAPVGDSNVDSGAKSSDKQKKKAKMIDEEI MEKLRTI VSI GOPKKKYTRY

WERI0GQEIRICT VI PCT/SG2004/000063

TATDVALGQEVAI KQ NLQKQPKKELI I NEI' LVMKELKNPNI VNFLDSYLVGDE
LFVWMEYLAGGS
LTDV\/TETCI\/DEAQ AAVCRECL QAL =1 HANQVI HRDI KSDNVLLGVEGSVKL

TDFG-FCAQ «

QSKR Mﬁﬂp@wrﬂhm%ﬁmlmg miif’émmfwwmﬁw Errqlude
ﬁ‘tyﬁshﬁ%ﬂmpﬁmulm localisation in the cell centre, localisation to d

LONPEKLSPI FRDFLNRCL EMNDVEKRGSAKEL LQ—iPFL KLAKPLSgn TPLI LAA
K@qmmcalaéhwg aBustesIBTG / Parlisdpges/ Gl edsaion2ad cell

EO%E? MO%PAK Beu us%lg rétss%ﬁ%%ggesm oﬂ&ztl aaglfy °¥%tc’%d°f
ﬂqékdﬁeﬁ:ﬁﬁﬁes ACCESSI ON AAN65624 VERSI ON AAN65624. 1
G : 25136580 5 DBSOURCE accession AY167030.1 KEYWORDS
SOURCE Mus muscul us (house nobuse) ORGANI SM Mus

MUS CUA Yssed bh this document, “BPAK activities” or “BPAK specific activities” include
VEBDNGEL EDKPPAPPVRVSSTI FSTGGKDPL SANHSL KPL PSVPEEKKPRNKI |

Beasaimkatikkinculin, localisation in the peri-nuclear region, localisation in membrane
ﬁ%g@%kﬁvﬁé%gﬂd@/n%géﬂﬁ melilpoc{E %%én%l;asnl\lel r-lliﬁ“l'e (g<dK IBIEAK

MicIspac e Bintalp b th S CFaBleNT koA ANMY b bDREDAAREN B ties.
PDHTKSI YTRSV
| DPI PAPVGDSNVDSGAKSSDKQKKKAKMIDEEI MEKLRTI VSI GDPKKKYTRY
EKI GQGARS Mhihis document, ¢ ‘YPAK activities” or specific activities” include
TATDVALGEVAI KQ NLQ(C}’KKELI | NEI LVM(I::ZLI QTPNI VNFLDSYLVGD
ca\ganjovey theael pg_lg‘phery, locahsatlon with rib-like structures and filopodia,

kFIWP%&%%Agd main enanc %}%(')Zn% gui1 nlcelz_,l I3111D eﬁ:%or 1ng'1'y%@ 1so%orm

§ERUIRG M EohS S AV\EEp M E BRAY KAl \Afbl: 634 NIt/ EEERR X EINEINSL RA
LYLI ATNGTPEL
ONPEKLSPI FRDFLNRCLEMDVEKRGSAEL L QHPFLKLAKPLSSLTPLI LAAKE
AI\/KS ' R [ :

o hrea i B s A B OO OR i AR SR s oRE Fhich
E@@Wlﬂ af| ﬂowuﬂd:gaiatlh@aﬁ)ME(ﬁﬁ of y;R@ﬂSEﬁﬁle@mlNE’a @0@fbguidance activity

XF}'%MH El?t%%g tantlllly mocéi‘ru?atmg activity of BPAK or aPAK.

The isoform specific antagonists of PAK kinase described here preferably are

capable of modulating an interaction between Nck and a PAK isoform.

By the term “modulation” we mean any change in the interaction between Nck and
a PAK isoform; in particular, the antagonists are capable of modulating binding between
Nck and a PAK isoform. Preferably, they reduce, abolish, or remove the binding between
these two entities. Thus, binding between Nck and the PAK isoform is stronger in the
absence of the antagonist, than in its presence. Put another way, the antagonist increases

the Km of binding between Nck and PAK isoform.
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DBSOURCE REFSEQ accession NM 002577.1 SOURCE Hono
sapi ens (human) 25

WOBDNGEBEDKPPAPPVRMSSTI FSTGGEKDPL SANHSL KPL PSVPBERKEEGE /100063

SI FSGTEKGSKK
KEKERPEI SPPSDFEHTI H\/GFDAVTCﬁ:TGIVPEQ/\ARL LQTSNI TKLEQKKNP
QAVLDVLKFYDS
N KR e TR N TR ARAYM T REPORRETAERY ABR
AR VISR, DROKKISRIGM 6t MirddoliEt. VSI GDPKKKYTRY
EKI GQGASGTVF 30 :
TATDVAL GQEVAI KQ NLQKQPKKELI | NEI' LVIVKELKNPNI VNFLDSYLVGDE
L Fwﬁéﬁ%g they are preferably capable of preventing binding of Nck to a PAX
LTDWT TACIVDEAd’ AAVCRECLQALEFLHA | HR%I KS LLGVEGSVK
isqiororeHeyalyip by way of an Nck binding portion of PAK.
EQSKRSTMWGTPYWVAPEVWTRKAYGPKVDI WELG MAI EMWEGEPPYLNENPL
RALYLI ATNGTP
EL QNPEKIngRr R iNROInENOME K RGSZIGEL DQ‘JEE Ikiﬁaﬁ@l@S@b_tTﬂﬁbMéo
A R T T U o B PSP oo,
Bia@il&sof thel natugkedfaidh dofgbhikts areooudsani gredisedetB810 inogamicular,
sggcificfantggonist %{ PAK ki nase are described in
FReHR PR GmtETS 0 F*r‘.ﬂﬁsgén%Y&Omﬁﬂfe&eph‘ffﬁémmqneglobullns
(iR RRGAGSAid) hdBnallThdItAgEOr e, assays to identify
I soform specific antagoni st of PAK ki nase (descri bed
in detail below) preferably incorporate assays 40 to
@Ekect i sof orm specific activities of PAK isoforns.

e

term"PAK i soformactivity", where reference is
made to a particular isoform should be taken to

ref er.y,i tR.any activity .of that particular isofor

w0 s Rt ttyaah: SRS B oimhh Beptor
plorityendescrirPMan3of Bekdchesil., 0996, GRAdteSAAL] 096, Chou MM,
activities" include localisation with vinculin,

Taude Modimaitsa H (PRE) Tha S ard »&5-coseiame Sk pisyei gansforms
)??bgﬁzmi&z OFNast SRR Hce EPéZé\JateQ?Jgg%%%;%sﬁz@ %vélk.fl\lﬁlélscell Biol

res F-actin clusters, cell esion and ce
198 d¥cg (123 ¥%-42s of or m speci fi c antagonists are
capabl e of nodul ating any or nore of 5 these
activities. As used in this docunent, "I 3PAK
act i VBrefembly, Nek ds us@Hde 15 a8¢13f domaacdontaitingggdteinnplefeckdly

SR e SH P sk ST GO e A 0Dy eI os here comprise
the following domains: SH3 domain 1 (residues 2-61), SH3 domain 2 (residues 111-170),
SH3 domain 3 (residues 195-257), and SH2 domain (residues 285-377/380). The SH3
domain 2 sequence could for example comprise: AYVKFNYMAE REDELSLIKG
TKVIVMEKCS DGWWRGSYNG QVGWFPSNYV TEEGDSPLGD. “SH3 domains”

refers to the Src homology motifs found in nonreceptor tyrosine kinases, Ras GTPase-

activating protein, phosphatidylinositol 3-kinase, and phospholipase C-gamma.
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30

35

ruffles and Il anellipodia, and formation of
| anel |'i podi a and nenbrane ruffles, and (3PAK isoform

W@ p@ai0833ce ant agoni sts are capabl e of nodul at i NBCHAG2008800063

or nore of these activities 10 As used in this
docunent , "yPAK activities' 230" 'yPAK specific
activities" |ncI ude Iocaligation ni the cell

peripher ion. W.th rib-Ili r.uct u
PET oot lims A sbelng et heros e A R L SR Y50
AR lresﬁéHttdél? Cd t@ﬁ&nﬁ%ﬁ” 1] Hi%ll Y pre¥didil einb 6di@Eits should be
speci fi ¢ antagoni sts are capabl e of nodul ati ng any one
tokenrtp rederdd eaches eithee of tb@m»laééhe CABEWTEIHGEy, and as an
exanpl e, a yPAK isoform specific antagonists is one
which 15 is capable of down-regulating an activity of
y PAK In prefereed ambbdimants duferl refigsitel the cgtoplesrinig iptogein HICKIRANICK.

wi t hout su i.al | ivity of (3PAK or
APPRT Profy Bégﬁ%h@%%’é‘iffp@e‘ﬁﬁi‘% 8lll?ﬁ Yts of PAK ki nase
descricbeskiber espset erably are capable of nodul ating

an i nersBt i onrhetneen: Mckszand a PAK i sof orm 20 By

t he tDBEPHRCADAUPFHSFRITE vi@Ch%éiﬁKlaﬁWha%@éSﬁlﬁnﬁi@”

i nt er’ X681 SN befHCeeB&RE and a PAK isoform in

par t iekanyatrevant@g ok S Warmse MMMGHMMWKN@RKAS
bi ndiTv ns@trm@ﬁVKRNEEWPaWPaDHBAWHGﬁ%ﬁY@FNﬂPAWI@FW %;SLIKGTK

they Jepll e SEl bollay s %@%ﬂ%&%@ﬁﬁm@% deger

GLEPSPP
thesebc Wk R P dkEARS

YR8 BEISe KO F8Nsh Kb KEF
PAK i ke ¢ =St ISOMEFBVEYKRARTRESEOa s gnGeiLef t he
antagonist, than in its presence. Put another way, the

anta S e : K
%ﬁ[&keﬁé%%d%?‘{%%%ﬁﬁﬁégﬁto}g%% BBl Rt gz_
adapmr pifoein 2 SERISH adepiosprotoindNCEMSetas OFclsr2n Hovine thetfollavike
in the absence of the antagonist, but not
E98%¥entially in the presence of the ant agonist. In

partiguekedont heysa@ape preferably capabl e of preventing
bi ndivegsofy Nck otze3a RAKe05Bgorm preferably by way of

an NCIRCAYT¥i ng Eppe £RRIRNDT nature o
i sof oPfiSpeci fi ﬁ;ﬁﬁfﬁggﬁgf%& %}{@E hase do oegs“trsig?

matter, so | OI&Qt:ﬁSaddesﬁ)bhthBm\Tﬂ gafIos Mrspedi fOctt 16, 2001.
ant agoni sm of at | east on% effg:\ct of a PAKTG Yo NYVERKNSLKKGS

\Qfg’gﬁfétﬁé %ﬁ%ﬁ@?&% ﬁtpétﬁbyﬂﬂ%ﬁi%&ﬁ
pr 0V| RYTYMEH R v@t&séﬁ@rg@ddwwdt\t@vm%ﬂ @BFLSLR@@ OENEQGSRVLE
Speci hictL ¥t AgERESTBKABTMHVAKK HENDIRFSEK 1ol RQQ&RTWPKIS‘-GTWLSDGPALHPA
pept i ST STIRNASS S L TG R Y TR R S e o1
srml |K1—ﬁ‘6fl%télmi%\§:1 RRFHTMDELVEHYKKAPIFTSEHGEKLYLVRA

TREATMENT OF DISEASES

According to the methods and compositions described here, modulation of activity
of aPAK or yPAK kinase, or both, may be used to treat or prevent disease. Particular
diseases which are treatable or preventable include neural degenerative diseases as well as

diseases associated with defective neural regeneration or regrowth.
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10 NCK The term "Nck" as it is used in this docunent
shoul d be taken to nean an adaptor protein, as

walea@ansizeel i n any of Bokoch et al., 1996, Gal i BCESGHE4/000063

al ., 1996, Chou WM Fajardo JE, Hanafusa H (1992) The
SH2- and SH3- cont ai ni ng Ncl§4protei n transforns
mamal i an fi broblasts in the absence of el evated

phosphat yr osi ne .| l.s. Mol,.Cell,.Biol ,15 1992 [oN

D1 By adir o Ruiungh s dih Aldhdme ek P Rpggaced
doank Fuehairirsidibgases mtledddisdpses haoeibley with ofpavisal bythesranjury
SH2 and three SH3 domai ns. Preferably, Nck as

HEdR ISPIREARE 2BO% B npri ses  the fol | owi ng domai ns: SH3
domain 1 (residues 2-61), SH3 domain 2 (residues
111-170), SH3 domain 3 (residues 195-257), and SH2
dormaiWMe thersfire peoyide §&-agtrg¢raoyf P AR isofokBs, JnparbedarnoPAK and/or

BB e O R O N s,

TEEGDSPLGD. "SH3 domai ns" refers to the Src honol ogy

notifs found i n_nonreceptor tyrosine kinases, .Ras )
GTPade-shaep in/ e ﬁﬁ@nlgi?so_tr@}hlﬂon &é’%#aﬁam PF4de plirgylate neurite

- [ S 0 -
s R BB GG A i SARys Yo BOREN R g nerve
fepamenmtibn. IiNpkticdmdoREK (sBeciflvamtagoni8y Fuchns aBBPeptide siay bessed to
respectively, and the term "Nck" jn highl rred
LB e 2o B T e PRI £ P LR el T et and

etinedllyah wbd@Bht o2 prebéiftiof ONdpal cor@difiyes. | n preferred
enbodi nents, Ncka refers to the cytoplasmc protein

NCK1 (NCK 5 adaptor protein 1) (SH2/ SH3 adapt or

pr ot ej :
& 1250 e RS e e g e
Bonegdsishow Bb6RB31 vP ABRGANSVIrddonsl @ aydiileited, fOexample by exposure

MR ANAGDNACCECELDL KR L S PRMEINT VP

%g&u@@%%vmm%wm&mmwmwé

enable nerve regeneration and regrowth, and down-regulation of YPAK activity (by for

example YPAK specific antagonists) may be used to treat diseases.

Furthermore, we disclose the use of isoform specific antagonists of PAK kinase, in
particular yPAK kinase, in the treatment of such diseases, in particular, diseases associated
with defective neural regeneration or regrowth. The nature of isoform specific antagonists

of PAK kinase, and methods to obtain these, have been described in detail above.

For example, modulation of yYPAK and/or aPAK activity as described above, and
in general isoform specific antagonists of PAK kinase, may be used to treat neural injury,
for example spinal cord injury. They may also be used to treat neurodegenerative disorders
or diseases, such as an amyloidosis, a tauopathy, Alzheimer’s disease, Parkinson's disease
(PD), dementia with Lewy Bodies (DLB), frontotemporal dementia (FTD), pallido-ponto-

nigral degeneration (PPND), familial progressive subcortical gliosis, and familial



VI VVEKCSDGWARGSYNGQVGWEPSNYVTEEGDSPL GDHVGSL SEKL AAVVNNL
NT GQVL HVWQAL

WORRSBSNDEEL NFEKGDVVDVI EKPENDPEWAKCRKI NGWGL VPPEDEEH0MD0063
NNPLTSGLEPSPP 15
QCDYI RPSL TGKFAGNPVIYGKVTRHQAEMAL NERGHEGDFL | RDSESSPNDFS
VSLKAQGKNKHF

KVOLKETVYCI LVEYKKAPI FTSEQGEKLYLVKHLS In .

B ERTLI Al o € RLRDE35F Grget W v b alidee
RizA @dgendiKHiSA abiNGIfolaa disdti @ (mpHi® HeréssidindssyH2/ SH3 adapt or
protei n NCK-beta) (Nck-2), having the follow ng

& 2 0Bt PARERTAEMIE Sapi ens DESOURCE. swi sspr ot

| ocus NCKZ_HUMAN, accession 043639; class: standard.
ggoimm@m@ﬁ@ 83850 (150 RBWNRast B 1630 6f R&lcRfa (BdttendBwith Lewy

ey AP RV TASEOER O seaumin At DDSHTAIRY RNAANRTFGMPEN
T e Fellod e oGRS B Bath:

BEAERBEDERS]: Polymeropoulos, 1998; Spillantini et al., 1998; Trojanowski et al.,

\é/ \ gélvwmgym GWFPSNYVLEEVDEAAAESPSFL SLRKGA

VWQTLYPFSSVTEEELNFEKGETMEVI EKPENDPEWNKCKNARGQVGEL VPKNYV
VWL SECEmtnalaged Encephalopathies

HAPQ SYTGPSSSGRFAGREWYG\VTRHQAECAL NERGVEGDFL | RDSESSPS
DFSVSL KASGKN . . ]
KHEK\OUTRIgie e cessrbetepeitins steh-av iR RS srpagifkemanyerhrapathy (BSE,
JREAd MENTisédbeIna e BERad \forat Bienard®-1hbd d?&mq@mwta kuru are

conposi tions described here, nodul ation of activity

amsesibydimgelipatalpsalanisicidisgandnegiseation ofimgtapiablg proteinsgknown as
: i SeASe. Par Li. o i ceasas. whi

bGP BRI Sl 605 Fog B Rty es, L,

995 e Prmsiatr avé Ddbmend £998% savetal dasinardlyseiesied nasedepedraile

ith defective neural.re ratiqn. or, re h. WO

A CRELRE AR G a8 Gdes XK Trp! AT B e gnuscular
htrsphyl (BBNPAY, b0 fubsal PhIsieaGRianAtrd b (DRPLA),hind @AIS St fidd
prion related diseases. Furthernore, diseases include

s iepde distnt fuma rbepigeersbdler datia X pppereh dediondr/ySCA3 is

better known as Machado-Joseph disease, or MJD) are caused by the aggregation and

incorporation of proteins or protein fragments containing abnormally expanded glutamine

repeats into intranuclear inclusions (Perutz, 1999; Ross, 1997) .
Spinal Cord Injury

Isoform specific inhibitors of PAK, in particular of aPAK and yPAK isoforms, are

useful in treatment of nerve injuries, in particular spinal cord injury.

The spinal cord plays a fundamental role in allowing the brain to sense and respond
to the environment through modulation of skin, muscles and joints as well as other tissues.

The spinal cord is enclosed and protected by the vertebrae. If the vertebrae are dislocated
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due to ischaem a or anoxia. We therefore provide for
antagoni sts of PAK isoforns, in particular, aPAK

wWar@4083376 yPAK isof orns, and their use in treBCTBG2004/000063

prevention (or both) of such diseases. As shown in the
Exanpl es, inhibition of aPAK can be used to stinulate
neurite outgr owt h (neuritogenesis). Accordingly, aPAK
i nhi bitors ed for [ i nerve

R i S O gt o e TORAR B oct SRS dR et o
84680125 daBde paRE hidd I Piapleiasefali@ledid. €t Or prevent
nervous injury, for exanple in central nervous system
(CNS) repair and 10 specifically in treatment or

prev e@ttﬁr&@ntoi mitiieP 8t thix@?éiimb B pYes a¥eh? ﬁﬁeﬁtﬁl &h@’ﬁﬁréu@d foth‘fd in

Exanpl es as’ bei ng ess for axonal dance.

Exatiep afist spirephoarh auurmmdwy\me a8g 903 Pycdf ldsé@blé@& ﬂ@ﬁr damaged
é.l‘g h%rglotfle tgz{nsglgl{tat%%mgtﬁaﬁ}/e 9?‘0[)1{6 rrﬁ%%eﬁtei\flfe@}%s ﬁﬁ’(?&xlﬂ ic

an neurites 1ose t tory
gnmdmmme cues, and are able to grom1across a

| am ni n/ CSPG boundary. Accordingly, this effect may be
used to 15 enabl e nerve regeneration and regrowh, and

Py £9tdcuiNiaR opfPAIPNGragtkvi ty (by for exanple yPAK
speci fic antagoni sts) maybe used to treat diseases.
Furthernore, we disclose the use of isoformspecific

ant agg Bh§ér§bd€lfmé°ﬂ%hé‘1s6‘i%ﬁ§ eoftic aRAEIHIS UF BAR KR dnfRR& a
in the treatnent of such apseases in particular,

pipSda oesn entiSorrisids anentide dfof exeniples a pentida pssociated with another

T
ERAETBIARTSAE 9Nt RNES, 8\l Moo, e
allyl tot dmﬂ;ener lofamsinb eeids. didsdndedscfidr ¢xampiet au-liepadinsytu-peﬁndes,
gl n‘gt@ rrra atllgn of yPAK and/or aPAK activity as
ey lést]a in general isoformspecific
ant agoni st s of PAK ki nase, may be used to treat neural

i njur for exanpl e spinal cord injury. They may al so
be uddeferably; theneptide 6918%95% refugzly graing |a§16$=61&t§ to é%% amino acids

54 BEASKRSin p%ﬁﬁcnas ASndite AT S ﬁl%lilffied @erglah’soﬁ'%ﬂlx}({o ac)lds which may

Al zHei nmer'’s di sease, Parkinson's disease
bredreivatisad (0 dhhngeony omme@sh\(lms@ propetties, farenpoplel water solubility,

%E%;ACE‘?QCFTD) pal | i do- ponto- nigral degeneration

am lial progressive subcortical gliosis, and
famlial WO 2004/083376 PCT/ S&004/000063 25

ARG RE T T o MV IRE 1 Y S,
dipektibh PONadVe &P ARIiSHT6], OPPrefer BBIYASSIMBBRASONA methods as known
in the art. Accordingly, it will be understood that peptide isoform specific antagonists of
PAK kinase specifically include recombinant peptides. The peptide antagonists disclosed
also include homologous sequences obtained from any source, for example related
viral/bacterial proteins, cellular homologues and synthetic peptides, as well as variants or
derivatives thereof. Thus peptide antagonists also include sequences from homologues of
PAK isoforms from other species including other microorganisms. Furthermore,
homologues from higher animals such as mammals (e.g. mice, rats or rabbits), especially

primates, more especially humans are also included.
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Par ki nsons Di sease and Denenti a Parki nson's di sease
(PD) and at | east one formof denentia (Denentia with

wh ewy/08B780di es, or DLB) are caused by the aggre€naGR00#000063

and incorporation of a-synuclein into
i ntracytopl asm c inclusi ons, call ed Lewy bodies (Arima
et al., 1998; Baba et al., 1998; Mezey et al., 1998;

Pol yrer opoul 0s, 1998; Spillantipl et al., 1998: .
Tr 0j e REe ésefogp.Sl?e°1ffg@%ﬂ;g°ﬁ*ft6p§%§évaasea4?aﬂfbsi herg oene
BitoARieneiabadd EAPARNGN 05 ahlbRferaby ?oﬁﬂp@i?e 519aat £pbrtion of a PAK

encephal opat hi es such as bovi ne_spongi f orm )
lawrse phiro prefapblyBseeptideisoforrn dpasw adtagendss @f PP ARGompyses at

human f.or Cr, t-Jakob .di sease (CJD) .an u
L P B £ G o B B B R r g LS
QY1 FRAD1 133 AfreRLBSA pdphite REPEE kPRiflkNAWBoAS of PPAKIKSnase
(Forloni, 1996; Forloni et al., 1996, Horw ch and
oapeipsisesehleast 9 gurtioppf FeBRAK 4P AK3 isplym: haping ierfgpesgprinumber
i ' on : : _
N B ety PR s kRl TR AREY Ll ARl Blhamonistof
akelansse Coiihrisexatl l¢aakaegbraqi ofal yPARDY AR basfonu davihgthe accession

atro B ent af al - pal | i dol uysi an atrophy
‘(“BF'?@E&%‘}%%%%Q&?@O&&@—%%Q genetically distinct forms
of spinocerebellar ataxia (SCA types 1, 2, 3, 6 and 7;
SCA3 is better known as Machado- Joseph di sease, or .
MID) HHmanssayeniss By Praferredy bhcsefate wpepHAeisofone spesHicniagepist of

. ey i B _
A R o R S oA o A AR I BRIV
dcbeskios hamber (P81 38t 2 periti® SpforaspecificOMiaponist BPPAXKI kikdse d
Injuiy Isoformspecific inhibitors of PAK, in .
R 57t A POUPART HHEP ATPARARS drodirmshaving dhe Agessfigh nymgber

. | o o o

bR pEp Bk Bt fltaoh (TEAKIEIRL s e achaked
irfi@vefngPAKY A isofoon bampsthamdessea mombler a2 BPt 602568,
envi ronment through nodul ati on of skin, nuscles and
joints as well as other tissues. The spinal cord is
encl aegildcasndok! Hbafit SdadovistsiE PRET iRRE aRy alsd bé B&ived from Nck
vertebrae are dislocated WO 2004/ 083376 . ,
oIS subiidrycesriset {RE agariealc! Mgk he &Fptise iwirageeriic
iagSEUSLPPAK M SP AR n3RLR Bl 8 theSBluch RASH BAK 4 or

ast ati ng. sease states Such as paraplegia or
Nekaflorh phyegrganism, but preferably from a higher organism, preferably a chordate,

more preferably a vertebrate, even more preferably a mammal, even more preferably a
primate, most preferably from a human. For example, Nck and / or PAK kinase sequences

from rat, mouse or human may be used.

The peptide isoform specific antagonists of PAK kinase may, in addition to Nck or
PAK kinase sequences, comprise other sequences, for example sequences from other
proteins or polypeptides. In particular, they may comprise sequences for expression, for
tagging, for solubility, and for membrane penetration. Where the peptide isoform specific
antagonists of PAK kinase comprise more than one peptide or more than one sequence, the

peptides or sequences (for example, the PAK sequences and the other sequences) need not
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At present, a nunber of therapeutic strategies are

currently being pursued to aid in recovery after
wa@pioa@ag3scord i njury including; the use of 3-D BCEHIGHIOEHB00063

to bridge the damaged 5 area and the transpl antation

of neural stemcells to help regenerate nerves and

their connecti ons. PEPTI ANTAGONI STS OF PAK

| SOFORMS | n. one e t he sofor
S rOAGBII b PR VRE AL Bdsed b Pephap bR e il they
B8 bd SonfugdtEd o%hdlotRer fBNIsk 8LcrbdshifikepRab®n irath® ﬁ}&tﬂcﬁbﬂ:ver they
associ ated wi.ith another 10 entlty whi ch ma el f
pe prfgnbbt prawsied asusierarpteins.dpt sxguple, 4 Wisiga PEpist b‘fftwe%n GST and
Qg&gma,meas%m&g{ ally to a polymer of anino

[ i ncl udes, for exanple, di-peptides,
tri-peptides, oligopeptides and pol ypepti des.

Pref esfe&?éﬁX? fréggfe REPPARAGERTDS b %?ns Q%H{Lﬁlln B8 ned by

aci ds 0 say, amno a i ds eX|st I n
@wﬁged exsrewmhmmltw@reskiow ey synﬁlenh pepadesyEreyinmydeddsted for PAK

am no be deriyvat

Biis” SrBmpiEacaRly brind BY sulbs St do bR EbolL LRI
PRdnglesSreRirhplE, )ﬂney nddyeabstd forhdisted. p AKD6r 1 ek) (Si&nhlbltlon of
ant agoni st _may be nmade by bi ochem cal mnet hods

Rindifp P veqprictie i Nek: Jerarfiaterdreyiagy hﬁé@%dﬁmw@awapﬁﬁxonal
%dﬁﬁ@&s@x{gadbllaﬂ‘nn@lycgﬁé Q&Q% rS%@l‘i s L dél‘chﬁs \@ﬁclli(%\Mlt ddsfed

e art. "Accordi ngly, stood t
Peipity tey bedbemfosyse 64 pqp(udarsofagn Abesific aofag@@stM@&K Kiagee.
specifically include reconbi nant peptides. The peptide
ant agoni sts di scl osed also include honol ogous
se q u eﬂm@Sptuiahmfomdspémﬁmmxgonsts wf BAK Kimise sephgpofany suitable

Fromibleci B3hEEd 30,8 9355 2631 36 BOIES%CE:,

!123 i V1@tdr%$ fdRerearbes. mwe%abw BHely d6mpiidc @ 66Hs it 6f RbvRn 21 to 10
i ncl ude sequences from onologges of _PAK isoforns

tminmeeie Frsiduesp Brorearelersbly 2di HyoroBrernageid i§9AENI ss.

Furt hernore, 25 honol ogues from hi gher aninmals such as
manmal s (e.g. mce, rats or rabbits), especially

pri ndn@gmcutmr the ewsmt@@usﬂmm Ipecifinentzgonisisiof BAKridnasel descritad here

B0 R, T SR04 0003 27 T PR il SO

ago I nNas escri
mﬁlpleeﬂiagadiayremprﬁeﬂleh&stew 0) 6844, 40,3005, 2414, 22, 21, 20, 19, 18,

?r e1f6 elrSa ?éll %3 CIOZH?Ir :)rS 1eO a%gm!) .aecallc?st of?hepﬁl{lt{ I1s(c)>fr'2)r1r(1)1f fo?exzﬁn}éle aPAK,
BPAK or yPAK. In preferred embodiments, they comprise the N-terminal 23, 22, 21, 20,
19, 18,17, 16,15, 14, 13, 12, 11 or 10 amino acids of the PAK isoform. In further
preferred embodiments, they comprise residues 1-13 of the PAK isoform, for example
residues 1-13 of aPAK, BPAK or yPAK. In highly preferred embodiments, they comprise
residues 1-21, 2-21, 1-20 or 2-20 of the PAK isoform, for example residues 1-21 of

aPAK, BPAK or yPAK.

It should be noted that the peptide isoform specific antagonists of PAX kinase need

not comprise the extreme N terminal residues or sequences of the PAK kinase isoform,
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ki nase i soform Preferably, a peptide isoformspecific
ant agoni st of aPAK conprises at |east a portion of an

W@ BK0833RAKL | sof orm havi ng the accessi on nunbRCT/SG2004/000063

U23443, 5 088643 or Q13153. Preferably, a peptide

I sof orm speci fic antagoni st of j3PAK kinase conprises

at least a portion of an J AK / PAK3 i sof orm havi ng

t he accessiaqn_n 14, CAD42791 or_0O

ety Ry 1%0135% v SO HRFRES FPR t%q%%gmaéet isgfprm, in

gﬁé\&ui&l ABSBqANB 6F 3£ 92 at1, t@qgtlaana%usom a3, &, Y PHK1d amino
i sof or m havi ng. the accession nunbe @4303

mmung fsrm RpdbizsBBUS. ﬂ@eqelﬁﬂmrﬁhey@wé“mgmalﬁ €omprise sequences
C

Eége% g%s so{‘&{i; %%%or@?e g% c@gné%s;%f;tgé éégsaﬁl R ﬁle&h&esl -10, 1-11,

ﬂ)dQII -0 lelf4, a-ﬂS,alPNiUWPAK& i-£Hflex0ni BaVi-21y 1£23e2-10, 2- 11 2-12, 2-

essi I [ i.saof orm if
S A P R o, 22 0h A5 3R PERBRE S 1,314,
Bcustj 0f) 3017, ang(ZSBAK 10 E’Ahg?zz 2ot srrzhlawmg 1t2he-13,4 14, 4-15, 4~
cessi on nunb and a sof? m
Sodert naiEgeh el 2l R R siros 1 S P M yse 56 517,

8-1%55-P@rsti008-20f 5.8, x%stzz;Fé% 5%05@7@ nﬁ\sursgailb% 17, 6-18, 6-
aCCESSI on nunber or Nf:’ ggl e isoform

$Dci® b lanBh At 6128, fbf5 Féﬁ%a 1.2ﬁ’a65 » 2116.0/-bb 7dlés V~}18d7-20,
bhem ek ﬁﬁgﬂeﬁgﬁ%xzéﬁﬁhﬁés LhRY 5 G oY %elsaé 1b828¢ 831, 8-

portior o éptide 1’'sof 6r m’spedi fi
221,t8e@o Ri241 &2Hf8 %AB(—ZRJ 8421&8-& SBANO-KT, |9a]§e9-rlﬂ,y9 -P OAs B2, 9-23,

g:}é%?%%e&g 229’2%%; & f@@@ﬂf’}%ﬁqﬁ-lﬁfgﬁ@ ﬁﬁ%’?\‘?f?’/ 2 0-22,10-23,

po-24 erady, y0-26,ab@7det-28, 1809 my-®), po-8i eroady, yca
vertebrate, even nore preferably a manmal, even nore
preferably a primte, nost preferably froma human.

For  epampiny, tpKptRId q,SOIfOI‘QIr spEi¥c Jﬁit{ﬁéﬁﬁts SEHANRNGERe odrhyHEL any -
rat, nouse "or human maybe used pepti de isof orm

9@@@11 pf Totamers goitogeids.prefFakly i hds @ 01’1’15@/01? mate ariihiotacidp fiom the

e O S s Pk s,

SDSLBNEEKOP APBLBMRSNN SNNGIDIQIKHPARPMRNTS) ey mayf
BB AL R R s T e B s e e
sﬂmamqm@mmmmps fSONGEIRBORrA EhRMES FHAKd K nase

rise nore than one peptide or nore than one
KRPWEPLEMNINNES or sequences (for exanple, the

PAK sequences and the other sequences) need not WO

2004/ 083376 PCT/ SG2004/ 000063 28
The peptide antagonists may therefore in highly preferred embodiments comprise

the sequences EDKPPAPPMRNTSMI (¢P1), SNNGLDIQDKPPAPPMRNTS (oP2),
SDSLDNEEKPPAPPLRMNSN (BP2) and SDNGELEDKPPAPPVRMSST (yP2).

In preferred embodiments, an aPAK isoform specific antagonist comprises
SNNGLDIQDKPPAPPMRNTS (aP2). In preferred embodiments, a BPAK isoform
specific antagonist comprises SDSLDNEEKPPAPPLRMNSN (BP2). In preferred
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be conti guous,
by peptide bon

W0 o00ea8d3760t her

art. However,
proteins, for
and a portion

fragments o
TS B

t hey

A

and in particul ar,
For exanpl e,

ds.

they may be

need not be joined

conj ugat ed

by use of crosslinkers as knownCT/8G200&000063

exanple, a f
of a PAK Ki

i
AK ki nase_.or an

isofRrmgRecific antage

. of

are preferably provided as fusion
on protein between GST

e isoform 5 Sequence
its isoforms nmay be

W CHRRESSex pr essi on,  or

NSYEDRPPAPPERIMdeSyp2)hey may be tested for PAK
I nase antagoni st activity using any suitable assay,

as descri bed above and in the

Exanpl es.

For exanpl e,

B o L

famtahg sfledies. FoheympryobeK @il dnd (AR fsbfolh tspaificgfeptide

axona] 10

R A

exhi

bit desired

a | am ni n/ CSPG assay. Such
activity may

be chosen for use as peptide isoformspecific

Mt agoni St of
@5%%%??0 ant ag

sui tabl e | engt

24, 23, 22, 21,

&%KI nadse.

5t B 9epaK |
hant{gonisexanpl e,
20, 19, 18,

AL e o

abfgoibt 40, 3

17, 16, 15, 14,

f &gg}% peptide

bantd€onistS,
13, 12,

ds 10 or 9 or
conpri se or _cqg

PRREPVQLESPHRR 4
AENLE of bet wed

s SDERRYEEKEPARPL
BENN 5 10 15

t ELEDKPPAPPV

HJ acid

Meakdues, nore
residues. In p

;PW@V@#QﬂﬂpyAEﬂ,
RNi'8ul ar, the

SPOLINEERBPERHALN
5N e i sof or

HSNGEGEDKPPAPDY

M8pEdi fic

fbAagoni st s of| SARLRIQRESEARR $ SPEWBEERBPAPPLD [ 8PNGEABPYPPAPPY
conpri se a seduBHEe from an NRMBYNN nal regi pMHTIa PAK

ki nase i soform For exanple, they nmay conprise the

first 7 0,4 , 4 . .
v, 1 Minpipletydth b eSOrgfitn stifisc R & bt
odmiirise hitAd degunogsm f or exanpl e aPAK, 20 (3PAK or

yPAK. In preferred enbodi nents, they conprise the
N-tergipahs 23, 22, 21, 20, 19, 18, 17, 16, 15, 14,

13, 12, 11 or 10 am no acids of the PAK isoform In
further preferred enbodi nents, they conprise residues

1- 13 mfprdffieedRABodisRhR) th pépdite ByRAM lspeciflcemtadbidsts 3f HBK @dnase
aPAK, (3PAK orI¥PAK.,In highlg_preferred enmbodi nent s,
SAymE enmrise & Porfign that js gappbls pf binding to Ncks gr g porfion thatj capable
5AKsHesipt I pdrEGil A UBS peptidd isBform :
A A A R
pragopisisiof BAK Kinase may eqqopriss a Nekbindig Hortivags an betbrmrfpecific

.se the extr termj nal ..re gg S QI ¢ ences
ERIBA LB 0o B Pl ik i 67 55 Shec R BIGRSS
FcHdc H5eet) O8O 0ddeins are described in further detail below. In highly preferred
embodiments, the peptide isoform specific antagonists comprise both an Nck binding

Portion and an Isoform Specific Portion.

In highly preferred embodiments, the Nck binding domain and the isoform specific
domain are derived from the same PAKX kinase isoform. However, embodiments in which
the Nck binding domain is from one PAK kinase isoform, and the isoform specific domain

is from another different PAK kinase isoform, are also included. As an example, we
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29 and that they may include "w ndows" of
sub- sequences fromthe PAK kinase isoform in

w@arotiogisr@r , sub- sequences of 23, 22, 21, 20, BRO/SGB)04/000063

17, 16, 15, 14, 13, 12, 11 or 10 amno acids starting
fromthe N-term nus. Therefgore, they may for exanple
conpri se sequences of the ngt hs as set out above,

GO S SRS SR Gl SDAgRs 3
Yorkadn frdmaPAR ardllen idofaid specifd dorkaint @rom%ﬂ);kk, a %eﬂti%le igdfort3,
2214, 2-15. 2-16, 2-17, 2-18, 2-19, 2-20, 2-21, 2-22,
BpeiBic a@agonjstsPf PAK lBndsg coBpridng @-Nek bind3agldmain frem yBAK and an
3-18, 3-19,. 3-20. 3- 3-22, 3-23, 3-24, 3-25  4-12,
@9%§?S%$%§fbﬁ@T§?mﬁ9g%§fm&-17, 4-18, 4-19, 4-20, 4-21,
4-22, 4-23, 4-24, 4-25, 4-26, 5-13, 5-14, 5-15, 5-186,
5-17, 5-18, 5-19, 5-20, 5-21, 5-22, 5-23, 5-24 5-25,
5. 26 Ths_tye doggaips|are grefeably copgigiays 1 1n dther peprdsgbeqy thesame
gél%%pti@e', 24 m%? ¥elin eftihet %rde@. 'F%ﬂexaﬁlp?eﬁ arrRidRentEN ehmifin 2 Bick
15, 7-16, r-17, 7-18, 7-19, 7-20, 5-21,'7-22, 7- 23,
Bindigg Pripg - Ispfopg Spgcifig Porfiop 8C termpys agd @ ggrm@nug 7 Ncg binding

- ool diad e ot

9-23, 9-24, 9-25, 9-26, 9-27, 9-28, 9-29, 9-30, 9-31,

%8: %5 ; urf%)gfn%gé’, n%%—i:%gi’gu%%:t%é"ls 0% 8‘:3 ies %?gé gposi%?e_g%%y association

402 Rk bigdisg ddbailPteth @Madiboh Spebific DRRiairdRay 5eafsed. For example, the
speci fic antagoni sts of PAK ki nase conpri se. any

P doneninsgnayse spuntech B1sgdingeds eqrpianed, Peatbeise jorped tg cach other.
Q"hQEou%ﬁn Etc TRwR e He ARk BRI doh@ WilE IsSB AN 8P&SRc Domain may
SNNGLDVQDKPPAPPMRNTS, S L EDKPPAPPVRVSST,
BOSIrDNEEKARYRRAERNISNMY ISNUE O GOBKPPARRMRAIES, interactions

RN RPN R RO PRSB\ PR P A o). The
Sﬁ@tﬁ?ﬁbﬂewﬁﬂgg Mtﬁpoﬂaiﬂh 8 bﬂp%ﬁ@p@ﬁﬂagma@m@fmyom
%We{ﬁgég{ﬂg . N ogé%&%ﬂgr EE KE ré%#o e %%l,tyr.rent S conprise
SNNGLDI QDKPPAPPMRNTS (aP2), SDSLDNEEKPPAPPLRIVNSN

((SPZ% and SDNGELEDKPPAPPVRMBST (yP2). 25 In preferred
embodt-pEPhpg tecknelogmaarg Wt igowndp s jart; lirech tinlepgm may be achieved

| P
SOFREHL S LIRS kol oo
Crotipetilinkage SDELONEERBAPRIRMBN e BFIR)s, bitmophimitet toeehe or more

of bi-functional cross-linking agents, as known in the art.

Nck Binding Domain (“Core Motif”)

In preferred embodiments, peptide isoform specific antagonists of PAK kinase
comprise an Nck binding region or Nck binding domain of the PAK isoform, or a portion
thereof. The Nck binding domain is believed to mediate binding between PAK or the PAK
isoform, to Nck (preferably to a PAK binding portion of Nck), though the methods and
compositions described here should not be taken to be bound by this theory.
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WD 2004/ 083376 PCT/ S&2004/ 000063 30 enbodi nents, a
yPAK i sof orm specific antagoni st conprises

WEGDNGERBOKPPAPPVRMSST (yP2). Pepti de ant agoni SPGI/8&3008/@00063

desi gned from PAK i sof orm sequences or honol ogues
from any species. For exanp)l 0ePAK, (3PAK and yPAK
i sof orm specific peptide 5 é%tagonists may i ncl ude the

foll anj sm uP ptide (3PAK tlde PAK~
ot + e N iR Phnine g Romb et Aot ooy, bl oy
W@KPPAPP SDSL DNEEKPPAPPL SDNGELEDKPPAPPV MRNTS

RWMNSNN RMSSTI Mouse SNNGVDI QDKPPAPP  SDG-DNEEKPPAPPL
SDNGELEDKPPAPPV MRNTS RWVNSNN RMSSTI Human

SNNGLg): CLIPIRARR ~NRRINERRRARRYy L ERMGRORRMonMNI fRre

RMNSNN RV TI In highly preferred enpodi nents, the PAK
prsfefablynths pewtideiiso fgrapppdte mgag@iq gty sompier R 1spolypupting stretch

ces.
BRNTRES RunP Tl B kRS A SR -
seslaé andlrx can bphinyeniao fuid,teigpAlanmas Angmmaaa;kdr@umj Abypanith aeil,
a portion t of arm

to bl

e iy S lotsms asida Epsping ok B, Trpkintalrelpne e,

M%@ﬁdnqi@ Piseaf Rlafing 86lide] Serind/ RGeS TS pRHhARAIK élﬂ@&e\falme
y conprise_a Nck bi ndi ng Portion or _an |so

gﬁ@éq&f o2y, Pesicupen gash goeifier e efdhis ot forge AP 2ry4. 5
leaﬁésrétc, 86 fn%ﬁtl@d' m Speci fic Domai n" 15

respectively These domains are described in further
detail below. In highly preferred enbodinents, the

REP" USRS LPSE) FRAR b AT PARPT AP TR AE Mo i

48 pM@iﬂlylnpludéﬁhﬁlmbe@ﬁm;ihm EAPRMRNNSKPJ&PBURN@S

PRERRMERC RAEEMIRTLS R I REr, P HRets At S <

PAPPUREAYS and PAPPLRMNS.

In highly preferred embodiments, the Nck binding domain or Nck binding site

comprises an Ncko binding domain, or an Nck binding domain.

Isoform Specific Domain

The peptide isoform specific antagonists of PAK kinase may preferably comprise
an “Isoform Specific Domain”, The isoform specific domain is believed to mediate the
isoform specificity of the peptide antagonist, although again the methods and compositions

described here should not be bound by this particular theory.

Homologous or similar regions between PAK isoforms, for example between
oPAK, BPAK ‘and YPAK, as well as regions which are not homologous or similar may be
identified. Such non-homologous or heterologous regions may be used as a basis for, and
preferably as, isoform specific domains for incorporation into the peptide isoform specific

antagonists of PAK kinase described here.
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20 the Nck binding domain is fromone PAK ki nase
isoform and the isoformspecific domain is from

waraiosd37eli f f erent PAK ki nase i soform are al sPCT/SG2004/000063

i ncluded. As an exanple, we WO 2004/ 083376
PCT/ SG2004/ 000063 31 i ncl %%e a peptide isoform
speci fic antagoni sts of PAK-ki nase conprising an Nck

bi ndi_n omai n_from aPAK and an.isoforms i fi.c

D omai T BeRfert. 8 RS pe FBTP BT A B K ifase
QRSN poktfonf PRAARKkikdsE 3B Rh GONBRIbIS A1, fon-Hateldpotidlirng

domai n from yPAK and an isoform specific domain from
Lefreapgenequs betsyeqmBAK kinagioisefpimes. Brcferghle therhelrqeensnys.icruisauence
- ] I . .
gh Ll FLoutIREE Ry hLSeBR S colh HAERD Sipiefi Eiepice
tfercohvensnse, Mot a sequedeenig reRoretiitors an “istfrorspedhedinfaiz’). Such
O AR raicst LT B Ba Ao LRI AUS o NOK B Dl i
BETRSeBrOUS THELGP BH S RS DY B P S O mPRIIPE PR HE R
hpbhemestwhkeoragdyar e i ncl uded. Furthernore,

non-conti guous forns of peptides are al so possible.

Any association 10 of a Nck binding donain with a

| sof af, BeRRRAIHibediPRAB] the REM P SpdFR WomERN cofpAbRlaQequeh® of a
two domai ns may be coupl ed, fused, m xed, conbined, or

BiRésofmevhich isawstisamed die Nakbinding sitgesuglof sefigpnceipsiream of a
%ﬁdwamoﬁk KnDisBkA gqegfmbﬁam% BmbRe d&gga@%qumb& of
e nt, an ve

mai N nay per manent or transi y invo
gpwedneresidoes, sigh-asD\BRREN G, 7,18 BriQctl, dAstd. Snicdblyd ath theirenndues

interactio hydr ophobj c. forces, Van der. Wal s .
ARk b e DR S o s oo aiathe (B o BBE by tuded
P@ferdbl¥p Betigiérm §Rcitio Bemas céhgispeRbitian 1L 1capapl @, oflo, 1-11,

i soform_specific antagoni smor inhibition of PAK
400 Bt vi%h 310G bitr My 2t ot barbd-rd vt Kiodrt>
s N4thg 427 u.g Big adlb, Al Nikages 18y, be sa0hb 8y g, 5-@%5-5‘953{6% 5-11,
of a fundtional group on the agent such as a hydroxyl,
EAR0I3y Sod, Pl ibolip-8, 6Pnetl9.dctl, bildkerdd beka 6décrl6, 6-17,

t.hrough a l.i nki j S as, but not limted to,
G 81?5’ cr’ﬁﬁ‘“gl %@&’Wﬁ#&#%&l cross-1inking agents,

as known in the art. Nck Binding Domain ("Core

Motif') In _preferred, epbod| nents,. peptide isoform .
speci eeugwf%ﬁa?ﬁlélﬁgma ‘*jléfh(l_krf@( PRYALIS 50156%?? WYt Wegeneral will
B RdbRsty N ReRABIyRuUHNESt B dddich BofbeiBhddifity! WRerBMS sequence of

i soform or _a portion thereof. The Nck_ bindi ng domain
the igeErinespecdtic domainpverlapsoviththa gpapencaebiire Pk bdingdempingthe

overlapping sequences may be excluded (i.e., the Nck binding domain is directly

contiguous with the isoform specific domain), or the extra overlapping sequences may be

included.

For example, any of the following isoform specific domains may be included in the

peptides to provide the specificity described:
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20

25 isoform to Nck (preferably to a PAK binding
portion of Nck), though the nethods and conpositions

walemaiosizedl here shoul d not be taken to be bouneChyGri#/800063

t heory. WD 2004/ 083376 PCT/ SG2004/ 000063 32 The Nck
bi ndi ng donmai n preferably gan'pri ses at least 9
resi dues, but may conprise nore. For exanple, the Nck

bi ndi ng dopain may ¢ ri se a polyproline [

or of AMABIAR SoRESUB BTG a i PR oA AU Bt B Dk,
XNERTIODKS, Msﬁﬁemi%}smlsm SOV , SANGRPIQDKP K

1ggarrpl élmg sequence PXXPXRXXS, V\hergbgp: proli ndg, R =

SNYONPH@DKE. = serine, and X can be any anmino acid,

e.g, Alanine, Arginine, Asparagine, Aspartic acid,

Cysteine, GQutamne, Gutamc acid, dycine,

Hi st iAdphsK iscdaheypeiifiedonansignence nag coveprise SIS IAPNBEK P,

5 10 residues etc, may be included. Exanples of Nck
bi ndi ng dormai ns conprising the notif set out above,

and : _ _ . . .
et G SRR ERIFRE BBl R Al BRI e
HAPRRNVES K IR AP VNI K PARPISRNIG] LEIMIPPVRMSS  and
PAPPLRWNS. 15 In highly preferred enbodi nents, the Nck

bi ndi ng domain or Nck binding site conprises an Ncka

bi ndimngildemppRciart tAncINBitadiol sTdudtgissfofmbpecifit 86moih Bequences
Speci fi.c. Domai n The pepti.de isof orm specific

- B BrBriPdads T orex e dn Rt g1RY freltde P Pmers fih dogaing dor the

féhﬁ%@b%l@ﬁﬁ?l@fdr@mﬁ%ﬂﬂ@ip@giﬁci 1e isoform specific domain
IS believed to nediate the 20 i soformspecificity of
the peptide antagonist, although again the nethods and
conp . C . p . .
e B SRR BB UPAR ke ey BN By o
tvatbivetinn, Rt daslobtberns withotheetharapéutich V evthers foraisdose (@3 PAK

and.yPAK, _as wel| as regjons which ot hono] ogous
Gt 4 el oe,so S a1 PRAEoNS 8hChK KSR PEgLE S e
hetigs RbRBER Y R InARSHiTBY pIBLK KRR, 8PeRide adkcim sPhoifidthgonist
of aPAK kinase together with a peptide isoform specific antagonist of YPAK kinase, a

peptide isoform specific antagonist of BPAK kinase together with a peptide isoform
specific antagonist of YPAK kinase, optionally together with other components such as
therapeutics. Furthermore, we disclose a combination of a peptide isoform specific
antagonist of aPAK kinase, a peptide isoform specific antagonist of fPAK kinase, and a
peptide isoform specific antagonist of yPAK kinase, optidnally with other components

such as therapeutics.

In another embodiment, peptide isoform specific antagonists of PAK kinase may

also be derived from Nck sequences, so that they comprise at least a portion of Nck.
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25 preferably as, isoformspecific domains for
i ncorporation into the peptide isoformspecific

w@nitagedsret s of PAK ki nase descri bed here. WO PCT/SG2004/000063

2004/ 083376 PCT/ SG2004/ 000063 33 Preferably,

therefore, a peptide isofor$ﬁspecific ant agoni st of

PAK ki nase conprises a portion of PAK kinase which is
het er ol ogou non- honol ogous or.heter eous, bet we
PAK. K SEEPIE SPO o PRI LTS oh B B Jh RBGG N NEk
§dqGerRBHMSNEnprisSa¥itie Whinck df Sk 8HIBidenamE, as Bét@heababd, Yr any
necessary, to confer isoformspecificity to the

perien therost Thepentighireform seesificaagonists &iagegnay comptise any

bf G0t STPSorRAn 1 (SARRE P63 PREIs domafPN B ks 15ULH), sH3
het erogeneous regions may be identified by sequence
donpa B i(seiduaid Pirg> Bebrartisalar, diey gravesamps of Yiedamaing opiyck. The
eye.. | n i ; I 80f i

B B SO RTRRCLIBE Sl GELRSRRSL s
dasdin @aemueficet he Nck bi nding site, such as a sequence

SRR B nEom e R RSB R atsdf Bpersporvree

GRRIPLEBbIf £5dribieHeresi fRofcdblyZa potiorfoapible 8 birdinga PAK kdfdse
11, 12, etc. Suitably, all the residues upstreamof

ﬁﬁgﬂmbk bi nding site, to the N-term nal sequence (or

to residue 2) are included. Preferably, the isoform
speci fic domain conprises residues 1-6, 1-7, 1-8, 1-9,
ANTBODY ANYAGONISTOOF PAK ISQFORMS- 8, 2-9, 2-10, 2-11,

2-12, 2-13, 3-6, 3-7, 3-8, 3-9, 3-10, 3-11, 3-12,

3-13, 15 3-14, 4-6, 4-7, 4-8, 4-9, 4-10, 4-11, 4-12,

4- 13, Isdfoiid spedifit antaberfists GEPAK kinfse ntay%]sowohPriseambiunoglobulins,
5-%%7 5-H§M.5-14, 5-15, 5-16, 6-7, 6-8, 6-9, 6-10,
geppmeggnioodies. 13 .14, 6-15, 6-16, 6-17, etc, of any

or each of aPAK, aPAK and yPAK. The nunber of residues
in the isoformspecific donain can vary, but in .
gener Biprefpired embodinentss the aytibogy isplopm pegific antagenisip pf PAK, kinase
GRRESHIe o?%é&fﬂ@tﬁrﬂﬁx‘fg, ¢ thlaG N trmidhl %%‘?orIJ}% IBRAUSRTR, BF exafle an
the 1soform specifitc domain overlaps with the sequence

Of teinfimal NegonbifiodhiAkg PBAKedryPAKhe over | appi ng sequences

may be excluded (i.e., the Nck binding domain is

directly contiguous with the isoformspecific domain),

or t herefidblyathe\aatib o RofGmSpeift wheponiByo PAK kingk id@gable of
L, B O e ol o 19, 0 T ERE S b o one

isoform, but not substantially to other PAK isoforms. The binding site of the antibody may
be located in a “heterogeneous” region of PAK, that is to say, a region that is not similar or
substantially different between PAK isoforms. For example, this can be an area that is
different in sequence, or not homologous or similar, between aPAK, BPAK and yPAK.
“Heterogeneous” regions may be identified as discussed above for peptides. A preferred
“heterogeneous” region comprises an N terminal region of the PAK isoforms. Therefore,
the antibody antagonist may be capable of specific binding to the first 80, 70, 60, 50, 40,
30, 25, 24, 23, 22,21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11 or 10 amino acids of the PAK
isoform, for example aPAK, BPAK or yPAK. In preferred embodiments, the antibody
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15

25 peptides to provide the specificity described: WO
2004/ 083376 PCT/ S&R2004/ 000063 34 An aPAK isoform

W@ p@aio8izce domai n sequence nmay conpri se NMSNNGLDRCQDEE2004/000063

VSNNGLDI QDKP, MSNNGVDI QDKP, . SNNGLDVQDKP, SNNGLDI QDKP
or SNNGVDI QDKP. A (3PAK ispform specific domain
sequence may conpri se MSDSLDNEEKP, 5 MSDSLDNEEKPNN,

VBDGLDNEEKPNN, S KP, SDSL.DNEEKPNN or.. .. .. .
§B%R§é ﬁmgg%ﬂ%\%w magb%apﬁ% ogmﬁﬁb%&gé%@@dues
B, &eRRE pefrd¥BRERlEDKRTIf the IMSDNGEREDKP, SDNGELEDKPTI

or SDNGELEDKP. It will be appreciated that

combi nations of such isoformspecific domain sequences

10 meypb@ib g lidddseh spEQfic %gég&ﬁis& of ]?RK* lsPbObe FEpYble of

include two or nore such donains for the required
Hipdisk ¢o ant Nekiedingyegion lof thePéKsigefeih.i og  pyrtiofl therqeé Jixadiples of

i sof or. i fi t.agoni.st.s ..of PAK ki nase . be used
LA SRSEL S DRPOTLSNE B0 AR S RS
polipolitcrhappehdicas set\dht dHoee, of opertich teteofe a

conbi nation of a peptide isoformspecific antagoni st

of aPAK ki nase together with a 15 peptide isoform
speci Ahtihoapisa@an ispdciff antadbifits kf S Rinask MEPRIoHRise SOLRHMTIe
speci fic antagoni st = of aPAK ki nase together with a
pepeiige and bessrRPEHeErTIRY berrasy b F@mu@ﬁa%@w PRigeiwlaya
BERibA R hSASRE MRS fidh EDIAR SMIf (upBPAK ki nase
together Wwith a peptide isoform speciflc antagoni st
SNNEPAKQRKRAE PMRNTSORAR), §DSDONEREPPAPPHRMANSS (3P2) or

apeutics., Furthernore, we
P e P A R RS TP S eiimion e Tyt s
ZRibadicapebshadifusB Manddrd BsBniquits RERE kil it ephidds disclosed
speci fic antagoni st _of (3PAK kinase, and a_ peptide
ARAYF 8% PRPHRIEPIPTIR sperifis gBTaEisty et RAKAKingsepa grtigeBht i onal | y
wi th ot her conponents such as therapeutics. In
anot her enbodi nent, peptide isoformspecific
ant agompreftreedembpdikiekisnths entibagy isatlsadedofzorl ¢hrei grap donsisting of the

e o.that th onpri.se at..l east. a
N B3 D TR B0 3B e cone
Cruz Biotechnology, Inc., 2161 Delaware Avenue, Santa Cruz, California 95060, U.S.A.).
Any of these may be used as antibody isoform specific inhibitors of PAK kinase.

Product Cat.# Isotype Epitope

aPAK (N-20) sc-882 | rabbit IgG | N-terminus

BPAK (N-19) sc-1871 | goatIgG | N-terminus

vYPAK (N-19) sc-1872 | goatIgG | N-terminus

YPAK (V-19) sc-7117 | goatIgG | N-terminus

“Cat#” refers to the catalogue number of the antibody, in the Santa Cruz catalogue.
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35 For exanpl e, peptide isoformspecific antagonists
of PAK ki nase based on Nck seguences may conprise any
wo@p®40833n0r e of Nck SH3 dommins, as set out abPUESGZNN4/000063

any portion thereof. The peptide isoformspecific

ant agoni sts -of PAK ki nase ngy conprise any one or

nore of SH3 domain 1 (resi es 2-61), SH3 donmain 2
reS|dues 111- '4%? ? in 3 (residues 195-257).

pepr e AN gr BARIPERE & dormi n 2 of Nok.
The peptide isoform specific antagonlsts of PAK
ki nase may therefore conprise an SH3 _do

2
Sequéﬁé@l WVRWWEB@E@E sygmahppolecules may be used to specifically
NEMAN RN TR Qgﬁﬁ’é W KOBP Ak RRY i3 o8
p y a 6grt|oﬁﬁgé%a e g? |%d|ng a§PAK
ikhibAae, ﬂwellaoﬁaawformwﬁbﬁﬁmr m:mmsn STB oWk ifoipm specific

Wo% 8f % or}rage] asr eCLl] @)y ﬁg{n%alﬁ%téqnugpr%ralﬂl}p&%

1@@nmhﬁgbﬁ§nmﬂgbﬂmﬂefaﬁﬁﬂﬁ.enbodlnents t he antlbody
i sof orm specific antagonists of PAK kinase 15 are

capabl e of specific binding to an N term nal region of
a PAKy €@6ALEBulakieh” W& RERUEE aB hegdtiv @FBd: BA kheRBvashr BEing
PAK, ('3PAK or yPAK. Preferably, the antlbodé I sof orm
gwdied; fiiemanbeigbhios partil. Fing, wharakiading ishepatsiiscisd, candidate

i O b ,
FREPh o R L e AP 4 iR o
attitisd. Rretférably,thet dpvottagrlatiAeT bmdfng r(qmny ?Fﬂner dww(dsr) raghlswed é>y the

f th ti bod
o oo T 107k prgrady IG5 A Sro iRy (IR R
ﬁbﬁh{bf»}f at ‘lHast @%bﬁfe%?dbl}aiﬂle}ésﬁﬂ()f%f @ffﬁﬁblﬁa eﬁlme@‘o%’/ﬁfeferably at least
can pe an area t

hi s hat

m%=fmf@tﬁbly|ahle§é a%fm@f‘emebf ah sest 18 o PIIRYE §°18Paf‘§.4a ml%ﬂmg (or
RELNEER a@tﬁﬂﬁ )ﬁn the3pahcepetny EAidate’ nlf('ﬁécﬁfeogﬁﬁe@éhidldate molecule
regi ons may dentified as di scussed above for
putpble duise & anaefammsé i ontefydrichris gppalele gEredyang kynl 0% more the

Qmm term nal region of the PAK isoforns.
%H éP%&%a%%% he anti body antagoni st may be capabl e
of specific binding to the first 80, 70, 60, 50, 40,
30, 24, 23, 22,.21, 20, 19, 15, 14,.

Vs, 1Ble appbesiih i AER A I herBagech Plogha g ipyolve
EXpRshE g PARRAfornd FotfNSptde, Mif¥c adid) 0Pk Bh@hérthomologue, variant or

enbodi nents, the anti body
derivative thereof to a candidate molecule and detecting an interaction or binding between

the PAK isoform polypeptide, nucleic acid, or a fragment, homologue, variant or
derivative thereof and the candidate molecule. The binding assay may be conducted in
vitro, or in vivo. They may be conducted in a test tube, comprising substantially only the
components mentioned, or they may be conducted using cell free extracts or more or less
purified components. The assays may be conducted within a cell, tissue, organ or

organism.

In a some embodiments, the assays are conducted on whole organisms rather than

cells. Preferably, the organism is one which suffers from a disease as disclosed in this
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WD 2004/ 083376 PCT/ SG2004/ 000063 36 isoform specific
ant agoni st of PAK ki nase nay be capable of specific

whoeovdiosg37é 0o resi dues 1-13, or nore preferabl yPeBSGZO€800063

1-21 of the PAK isoform The antibody isoformspecific
ant agoni sts of PAK ki nase be capabl e of binding
to an Nck bi ndi ng regi on of”the PAK isoform or a

it RS s o TR ks GrRy s ha e B fi ng

- tAdRa elojRuRk hidelischssé 1ﬁ€b€1’ﬂféﬂ@£alﬂﬁel@e,tan@Uipaﬂhﬂlé@,,th@ﬁm@ be in

glortl on ther eof. Anti bOdﬁ)é\i, sof orm speci fi ¢ antagoni sts
¢ fpmotipilihrcy a}f’ﬁ)?hse‘bﬁ%?ﬁ]r‘?e ‘anti - peptide antibodies,
and these in particular nmaybe made by i mmuni sation, or
phage di splay selection, or any other neans, with

EDKPEARPMRligeannoleatas)are coptastei@ibItEDRPPARERNT St nam;i o
BRI AL ESNLL(SER) o B R B e

wnh h BAH iegfonm\abé bmﬂnig taihe RgKssafomatested. dahussayuey alssiimglve

P OSSP SRty B SF e BRiHee B8k Porion ofa PAK

ﬁ&bh@@iﬂ@fetabl@ am&fbﬁfdﬁ@%oﬁlﬂﬂmh PRK iSofofoh ®1ﬁdiﬁg @K}Lﬂé’ can8idate
sel ecte f romt he (gr oup consi sti.n

Polerdo e SIEB el Geperiied drgteaBral bs ermresincihat
ﬁ:ﬁgﬂenﬁ' ﬁ)&ﬁ&%ﬁk Q&hfantd &%ﬁé%%%f 1 BEK BoRrf e@thployed,

| awar e Avenue, Santa Cruz, California
%@G@lthﬁlosmnquCWydlma@Méﬁe may be used as anti body
i sof orm specific inhibitors of PAK kinase. Product
Cat.# |Isotype Epitope OAK (N-20) sc-882 rabbit 1gG
N- t erAnathes bin(iBigAksay dbefif) in islentffﬁﬁg isgfoah sb@(ﬁd‘éntagonﬁttm oBPAK

.PAK. 1 187 t er m nus. PAK -
Khess prbivgt Qb Gmintsafir e e el a peide Hmping Nk
&a&a{g p@i6n BEPARR! andNeck peotaftih R PYeseddd otmeaﬁmatean&xdﬂe

cata ogue V\D 2004/ 08 376 PCT/ G2004/ 000063 37 SMALL
vmdctatg) rrolagyfos nging bgtyregie peptide and Nck, preferably

down-regulate this bmdmg, are chosen.

One type of assay for identifying substances that bind to a polypeptide involves
contacting a polypeptide, which is immobilised on a solid support, with a non-immobilised
candidate substance determining whether and/or to what extent the polypeptide and
candidate substance bind to each other. Alternatively, the candidate substance may be
immobilised and the polypeptide non-immobilised. This may be used to detect substances
capable of binding to PAK isoforms, or fragments, homologues, variants or derivatives

thereof.

In a preferred assay method, the polypeptide is immobilised on beads such as
agarose beads. Typically this is achieved by expressing the PAK isoform, or a fragment,
homologue, variant or derivative thereof as a GST-fusion protein in bacteria, yeast or

higher eukaryotic cell lines and purifying the GST-fusion protein from crude cell extracts
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In addition to peptides and anti bodi es, snmall
nol ecul es may be used to specifically inhibit PAK

wo 3083386 We therefore disclose snmall nol ecul BCERAX04/000063

(3PAK and yPAK inhibitors, as well as assays for
screening for these. Small | ecul e i soformspecific 5
ant agoni sts of PAK ki nase are screened by detectlng

S s By S S iR R S Bt S e

bRdlate\sGbstdnk € cthichis htrva R ANion Protdigith @he imbdodilieél pdlypeptide is
may he total, or partial. Thus, where binding is being

deltianeddn thegheamigstidhe palvpspiets Shsbmding eithe pandidate fe substance fo

iR GMAloDlice lePticlit Men d9&mARAl T}ﬁ@fyﬁg ofggey% RRAGn the art as a
between two 10 entities. Preferabl

G6WpuH dgtin assh i eain. i ﬁmdnttgle(sebst@mm@v hemna@hlhvd waxy the
' ndi date nolecule is at | east 10%
g@gﬁegﬁgﬁcglym%ﬁemhs% 9

[ 1 east 20% preferably at |east 30%

‘preferably at Ieast 40% preferably at | east 50%

B ; Z; kﬁll% o 8% s 1]?1% gslief %O(y‘{hlﬁ r ef 5%?1 ymﬁé d1:ft§ afgwgg pugification

BRtctrsGoraicddising dak Belihe gorﬁlﬁihent.\!\ﬁfdn(‘e&aﬁyﬁ INi@CLA ¥gakdkh ahd)
t he absence of the candi date npol ecul e. Thus, a

bighdingrReed fr@eTanE- 15 suitable for use as an
antagoni st is one which is capable of reducing by 10%
more the binding or other activity. The assays nay
co rrp rBigding ofthe K Raisefayrs, or k fragragnsrhaimoleguelvatiinid daivative
BRABYD thdVBllific RAS AR e féqom?%% TR SRS Sretl-nown
dethe matPIor/ ecauﬂpdfr dmfnohmnmoblamdl cdmbenem)inE}Eblé bded(with for

dete act r bi ndi ng bet.ween 0 the
BRI B P RO el b Mo et Aot BT GoR P ot
meiahmgemnuﬁ@naaptbeq&teﬁhﬁﬁéd\@tlmmnblhgm%tem tbdMiques. For

candi date nol e The bi ndin as%E% bé be conduct ed
Pxrmplg, fhegeactpn mix e gen be]Wégrerﬁﬁg)ﬁB@a heiblet rgbqdrivigh aneagtibody
tHdPGAecHARPAS nsl @1&&&&&1@5@ %ugﬂl hhla]ﬁes IR

menti one they may be con ucte ree
extracts or nDre or |l ess purified conponents The

assay uc S a

or 2 56%1:5%te s%bs(fa c aré @glc\am}; a@%ed 10 a%entai donﬁ] 1 a%; %ﬂs%f%rso%a?g 1000
ﬁmnmm;treﬁe Iﬁefevﬁb@i ﬁaorﬁ) 1 g0/t Thetie dakedf anﬁlﬁidh@,. the final
Preferably, the org?nlsn1 s one which suffers froma

efnEsion e SPGB 140Hp SO0/ Mbougto gmArebly from 200 fo 300
Eg}};{l_SGZOOM 000063 38

Other assays measure the effect of the candidate molecule in the interaction of the
PAK isoform with other molecules, such as other proteins. Thus, for example, we provide
an assay in which a candidate molecule is contacted with a peptide comprising a Nck
binding portion of PAK (or a fragment, etc as described above), and in which modulation
of activity of the peptide, fragment, etc is detected. The activity which is modulated may
be any PAK activity, or preferably, a PAK isoform specific activity, for example an
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docunent, or exhibits one or nore synptons of such a

di sease. The nature etc of candidate nolecules are
wale@essesd in further detail below, and in pare¢TeG2104/000063

they may be in the formof a library, also discussed

bel ow. The candi date nol ecul es are contacted with the

t est protein or proteins, and an 5 effect detected.

In the si say, for exa t he candi dat e

AR P c“&%tsa gpecifjerp W&i&i lgoé?rsnwmgﬁactwwa g

JQcritRg aAK ih BRME dtfiest ed. An assay may al so involve

contacting the candidate nolecule with a a peptide

conprising a relevant portion of a PAK i sof orm

pr ef : f i}

B ning op D SRR ARE AN Rty froalauls 8 BBty down

nephlaed) ielidp mdiaelpmm dfdeonabgudénec, taadi lnhﬂntmn dfinelnée outgrowth

10, f t t
PR s L BT P P B et ©
provided that conprise Nck binding activity. Another
bi ndi n ssay useful in identifying isoformspecific
ant addi gf@?@ %iie%i&kmak pigelateq ﬁwi/ltilsgl%&é)a/@aapﬂai%wn in the art,

TRAph iR il fgiybet ween a peptide conprising a
Nck binding portion of PAK, and Nck protein, in the

presence of a candidate nmol ecul e. 15 Candi date

ggbﬁ&%t duIate bi ndi ng between the peptide
pre era ly down-regulate this binding, are

chosen. One type of assay for identifying subst ances

t hat ti.de inv cont.a

oty iR flab iR RIS st R Er aSSB R Behifies
ch&d’bll@r of @om AF6THD thi36 66110 BRB ARt £id3 i sika PeRides from panels of
det.erm ni ng mhether and/or to what extent the

RFEHISS CARPHENH AV SUHFRIP A SEIUSTISS RO 2K bran veied gepsistently

RipARfide Hhhs fn@ﬁ}t HlV@rLé/pan@lh)? p&AAE H3 6 welpst ance may be
i mobi |1 sed and t he pol ypeptide non-i mobi | i sed. This

may be used to detect substances capable of binding

t f
dor i VP8 plofhue ilecle AR el UATRLP BB (AR, 1
qnochpmptand@olyslohththﬁokhes,esdagmbhhmadsbcslwsj‘chaserﬁ&na@ainesaed

R PPN 5 S R R SRR LA s

ﬂﬁﬁétié@tdbﬂﬁedtdh@lhﬁ:@lfenﬁﬁesaolfé'ﬁﬁudiéé‘ﬁﬂ&n arfl b @alPrddict libraries may be
bacteria, yeast or gher eukaryotic cell |ines and

fstrenedyfon gctltvmé chsvarfde@iednolﬁﬁutﬂs 13 o et i PRy i arpen in batches
&bk @ﬁnﬁ)lm %/BQSAUf AR R8s 1‘)3 Qéa%f,) Qi 80 R3ules of those batches

which show enhancement or reduction of the activity being assayed tested individually.

LIBRARIES

Libraries of candidate molecules, such as libraries of polypeptides or nucleic acids,
may be employed in the methods and compositions described here. Such libraries may be

exposed to the PAK peptide, with or without Nck, as described above, and the relevant
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39 using gl utat hi one-agarose beads (Smth and Johnson,

1988). As a control, binding of the candidate
w@aipe8asce, which is not a GST-fusion protein, PEDSGH®4/000063

i mmobi | i sed pol ypeptide is determned in the absence

of the pol ypeptide. The b| ing of the candi date

substance to the |nnnb|I|s d polypeptide is then

detern]ned Thi of as i s . known i as
S35 CESSP B PURBRE H G s RaRPI oS s KeAneeaLs 0 O orgaiom i
BB EADE 6F tHEYAR PeptiEDRiIH drSeichoat it he  pol ypepti de
non-immobilised. It is also possible to performthis
type of assay using different affinity purification

syst %@Ec&(ﬁf prot3FROIot sl &Hgﬁecp&erht@s SO0 H@Lﬁﬁc:s ard }own in

exanpl e N -NTA agarose and histidine-tagged
thompantipified by phBieditplag tashnigwes. JUsK systapisoinyhiely digerse peptide

FRATEE N TR SRHE s BE R Bl hua Bl E: (SCAPLEKm AP

anhce e varil e
(099(Tmtph£)dﬂvmpﬂokieﬂqr$6ﬁm%r bﬂaaﬁﬂgehb&rries ofambedgeﬂ’qghems (dnd the

bilised co be | abel e r..
P ReTe e i SR D8 et A ey i Selsgon g el Gfption of
SBEHOBAOY RAEnEARL uglataearget afideRr iRt ruéRbivde sBipiREER @ncoding
&hbe determ ned by i mmunol ogi cal detection

A e segiong pre i@k%&ta apnedragmeats pighienendle fgadensicmals it direct
|
e YPBE BERIAC Ltk G clipadl 8ledlf Ul An@hcy ragments are

tect s T he non-mobi T 'sed conponent
dEplgad pe tesiudare oF ﬁlajaacaetrmhdw, tUBledly as @asm;s theltagteriophage coat

psrg bSt e? é: SR ] g):r] Ieagﬁﬁﬁ ,P élg i aix?lgdafgg@ rﬁs are dlslplayed externally on
lﬂmﬁtﬁee[flﬁbé yaphid©(phdgebadids) A matvhitige. of bl‘iag‘ehﬁsedaﬁsplagifsystems is that,
anti bqdi es, .the final c ration used._ is typical
Bergse H16Y e didpmica) pstems g s,teg ?Eﬁﬂ@ﬂ&fﬂl DT §ag b soptiic g

0w Mhe pHEkIntaRIHANS sdlR AR ULy BemBET iR 6ctéfal EdNS. Furthermore,
candldate nol ecule in the interaction of the PAK

ﬁl@@ﬁhﬁrrmchptl@fs sgausare thijlcacadeehe pelypeptige libraryanenghepiseppgined on
T}KHA ( dlf %Jtﬁﬁﬂeseﬂﬁeneﬁi Véx l%ss ("ﬁ{]arﬂ%ﬁ@é ﬁeﬂt %Q%Et‘fcf}n&lpulatlon

can ecu I'S co d W th
woﬂwnwywn@gMﬁNwmﬂ.blndlng portlon of PAK (or a
fragnent, etc as described above), and in which
nmodul ation 25 of activity of t-he peptide, fragnent,

etc iMetﬂ@ds&‘@ﬂtﬁ@con?th&:tlaﬁl6fbabﬁeﬁoﬂﬂa'g@ihtlib8dmsiﬂdyﬂtb®dheﬁaﬁﬁ
be_any PAK activity, or referabl¥ a PAK | so
lapbda Rhage eprgsypR {joragigsareyelhgiogmdp Wi&@@ﬁﬁw el (1990)

fupra; X0 0A410Q998%roc. Natl. Acad. Sci. U.S.A., 88: 4363; Clackson et al. (1991)
Nature, 352: 624; Lowman et al. (1991) Biochemistry, 30: 10832; Burton ef al. (1991)
Proc. Natl. Acad. Sci U.S.A., 88: 10134; Hoogenboom et al. (1991) Nucleic Acids Res.,
19: 4133; Chang et al. (1991) J. Immunol., 147: 3610; Breitling et al. (1991) Gene, 104:
147; Marks et al. (1991) supra; Barbas ef al. (1992) supra; Hawkins and Winter (1992) J.
Immunol., 22: 867; Marks et al., 1992, J. Biol. Chem., 267: 16007; Lerner et al. (1992)

Science, 258: 1313, incorporated herein by reference). Such techniques may be modified if

necessary for the expression generally of polypeptide libraries.
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40 aPAK, (3PAK or yPAK isoformspecific activity. Such
i soform specific activities are described above in

wo ewotlogdz7elet ai | . I n particular, the isoforrn spersér04/000063

activities which are nodul ated, preferably down-
regul ated, include nalnten@ﬁpe of axonal gui dance, and
|nh|b|t|on of neurite outgrowh 5 across an attractive

bo u n l SI at et‘%ﬁ g élg?-f%% g@g{%ﬁ’ L%Salifelbgle U8G {}Igfcé d&glge libraries

éMfé{t R@le‘saﬁ (1988 ®dhSe moxm 6, ersim eBklt, 1988 Mebcl. Natheededci
d for further st udy. ATE MOLECULES Suitabl e

EMP@%@@%W@’@GP@?@%F" ‘E]s@9? Frage Nathav@daiss Hysa- 87: 1066-
L §¥0) Mé@a@&?éz 913%1,996)051151%53@&&1@5& ¥ Af 1§§1§) Q&ﬁm!f&rkéefta@ (ﬁ@l)

or am no acids in size. e ron1pane S
pfpra; Pbiswield eisr/ @AY iTséndg Biotashio M- §Qquﬂ@ ebaloll 982 guimmke &grious
%o%qn%?s\/& g?ﬁ?f‘bré{ﬁés'd‘%sg a%’c?cﬁll b'%[:tt%ﬁ%;lﬁége Q¢ oEéles ‘ﬂgve%een

Iverse pan es may
Geseritel] léefnmmdntsl af ﬁlagvﬂlepﬂm}l @sroabm anemﬂ}iolkdewmrfbn dxonlyle as

Bt MO AR Ry O T BRRe 2F) ane

WBI7ed2EeViapHosys, 5uﬁ@Rwﬁchﬁﬁeeﬂtoﬁp&dt@ﬂiﬂr@§ by reference.

Furt hernore, conbinatorial libraries, peptide and
peptide mmetics, defined chemcal entities,

ol i goRuehRRL ulgﬁt%; se?ce@orn@éh%leglepﬁleﬂu&sackenbp@argb %vawxﬂ?@ssmn
screened for activity. The candi date nol ecul’'es may b

systeths) whiglhmaybe scadenerediesetly dsbagieniephage plafues fros celﬂalmp@fe
%rgogteﬁg) %§th%§ 1%9 oty @ W?e] e%r(ﬁB&ae‘E Ezih gl%g%}aﬂgen%] %4@3% Hafh ana

ose ches oW en uction
Kbpmmlamoypw Nei. mgacas*szawm 1 8% vadlinan i & (1990) Broc. 2!,

545, 351 TSt o Ben el S Breft 0ot ST Apfe: 2452)

oY ae. ’l‘heﬁer@(pf@&&f)@&eﬁﬂ that BERRA kd RS adﬁg&ﬁdrﬂ%ﬁl of different
here. Such libraries be _exposed to the PAK

pepberg ef a lipragy, @rthwrflmﬁ @bcmé k06 04 §VgBIe| (Qrber sSISERIBS SyateEns rely,
kh @xe{nﬁ;l@ A3 'aﬁreé{\@hé%géll/ g:ﬁﬁ%lz_.%f 6l 44 ehe g?rﬁren)}é'tﬁn%d involves

assay carri ed I'ng on’the assay, y
ﬂiesmthmse)i pqsleids @n et bf pns wroglsniushras descritled ipWEEA3 8640 A
31m ar éelghgf ntvol(\j/%g p\c%tgcfg synthevs\'{stolﬂ%ggds,l\vl%’lfibh forms a peptide library in
which each bead is an individual library member, is described in U.S. Patent No.
4,631,211 and a related method is described in W(092/00091. A significant improvement
of the bead-based methods involves tagging each bead with a unique identifier tag, such as
an oligonucleotide, so as to facilitate identification of the amino acid sequence of each

library member. These improved bead-based methods are described in WO93/06121.

Another chemical synthesis method involves the synthesis of arrays of peptides (or
peptidomimetics) on a surface in a manner that places each distinct library member (e.g.,
unique peptide sequence) at a discrete, predefined location in the array. The identity of
each library member is determined by its spatial location in the array. The locations in the

array where binding interactions between a predetermined molecule (e.g., a receptor) and
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Sel ection protocols for isolating desired nenbers of
large libraries are known in the art, as typified by

w@b@gesBrepl ay t echni ques. Such systens, in wWhPCISG2004/000063

di verse peptide 5 sequences are displayed on the
surface of filanmentous bactgyi ophage (Scott and Smth
(1990 supra), have proven uSeful for creating

lib f tib f

geléﬁ{ryg Hg%gy 1?1?{5 eq%%)]cggmg ﬁl&t%]?& g% %hlegﬁy {}%gﬂ%g I usI%%uences o‘ta the
featiBe liban nadbaspl thbbehd sfapatiaf locsioa ﬁﬁeb@mambdmgescnbed in
fr agment s that bind a t ar et anti en %) ﬁgéLgig

Ui eneion. ShabatharoRuLfes i s Pl Sadorat & ence,
gﬂ. 96N b AHIBN S thﬁgmnﬁ; dfvod @aeRr 28ignal s that

Irect’ 10 themto e peri asmc space of E. coli and
as a result the resultant antl body fragnents are

di spl 61%’1? dsy&@m% H)? gﬁé‘fe{t@g %Blgg%st &%o%ﬁ%‘tﬁ@ &%ﬁ@ggtldes lnvolve the

typicalTy as Fons erio e coat
(e.of cell- ﬁéd%mqurﬂél‘machﬁdetydorme inngdrg synttebis bOidy hbnaag.nenbas In

?‘Eﬁ%ﬁ%@ﬁg g%y g‘hg%g%%‘%‘%‘é?gﬁ y 8#3%;3%5%13%&%%81 %f%g 653&931: a target

HYSHQABPCE | afnbﬁﬁeatloﬁ) ENRUSAMAARY (189® SichtHUE 305, ﬂl‘iﬁg@d’tb‘and

selected |ibrary nmenbers can be anplified si b}x

St O 0 B ARG oo iSO cheatied Pteabipy DA
H‘F’EES WRcPEa § féﬂlateﬁﬁhécﬁhunﬁﬂ%ﬂs% E@Jﬁactoﬁﬁ‘ﬂ%@eﬂdﬁ@ Bach

oti de sequ nce that encodes t pol ypeptid
Kh%@)dngclqmemrérRass 18:620%i Brewriry and lnygs@AB¥) driepteadndp;

‘6&?(962965 5?&%@95)]3813& | Vgﬁrﬁiai’?/a;%?h?r? %ﬁﬁé‘r@ﬂt R;gﬁﬂx?sg&‘&)

ron 1s re or war

Ey_mthetslbeepalqugﬁdea as 4 methodl fdr@eﬂiewtmg Mn@gl@oramm Hesymelhsgs vlyich

libraries and da expr essi.on .l i.brari
N L e e A S L i
SEHI0705 7K 009/02d03, WEBQ R0 T, mmmobg aﬁwxbmmss)s Alternatlve
U S. A, 88: 4363; d ackson et al. 19 2

galay 5\ vhish asg not phagg Ppsed; wieh é%ﬁhg%Erdgﬁc o3t 1nf&5@%§22625 and

S D% A e palf s Mgl P REen L opagRfon. These
Rakball the ﬂcﬁegomg%pulﬂmwgsoatre mborp@a@@ h?rem bymefemeode. , 147:
3610; Breitling et al. (1991) Cene, 104: 25 147; Mar ks
et al. (1991) supra; Barbas et al. (1992) supra;
idamMsimnsrornd, Miaheies( 1992) J I nmunol ., 22: 867; Marks
et al., 1992, J. Biol. Chem, 267: 16007; Lerner et

al . (1992) Science, 258: 1313, incorporated herein by

ref er eREgiks, imphrticullR ClMIhEHd @8 cafBilatl 8 dMdedlieh, iR suftably be in the
necessary for the expression generally of pol ypepti de

iferirof cpmbinatoyin] dibouics Gl kgowray capipmriebdeaical hyraries).

A “combinatorial library”, as the term is used in this document, is a collection of
multiple species of chemical compounds that consist of randomly selected subunits.
Combinatorial libraries may be screened for molecules which are capable of acting as

small molecule isoform specific antagonists of PAK kinase.
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One particul arly advant ageous approach has been the
use of scFv phage-libraries (Bird, RE., et al.

W@ 1938333%ci ence 242: 423-6, Huston et al., 198BCT/R6104/000063

Natl. Acad. Sci U S A, 85: 5879-5883; Chaudhary et
al . (1990) Proc. Natl. Aca%_ Sci U S A, 87: 1066-
1070; Ntcafferty et aI 960) supra; G ackson et a

( 1 99 J\i@@‘g’ g}?'\/gma 1b6%rée€ ﬁ’f clgefﬁca} éﬂnp agé \%rrenﬁ\’\gvaﬂal?le,

1(1318&3@ libtdfisaktive\@ainstpsotedtyiraaii Mo potedlytis @faynics Hitariee s
di spl ayed on bacterlopha e coat proteins have been

weale-elhrgologetn ﬁ‘é?ré‘n‘f?@“’& argis Jworg Apirayt %%W@?Bﬂ%%feé{%’ of

Aot alfd?ﬁl’\fbraﬁéé I m AR EhES corlfGioh REPndefis PAAEA62 D3lle and

and W92/ 01047’ di cal Research Council et al.) and

Melsory 0¥ 0Bt cp’r@ggbgzat@mé Ehgmisihiveh | Alogh, 23882 Befercage is
S o R0 Rl SR Gyl Ay S8, B

Ny s*tmnsa,na\mtﬁss;laIQ%yMbéodwzdéﬂwlad iBideg)l;w. 88.

bact eri ophage pl agues or as col onies of |ysogens,

both as previously described (Huse et al. (1989)

Sci enGgtherdédeiende? H@scnﬁag ORengitud coﬂfﬂﬁﬂﬁﬁ\ﬂ Kiborafit€ HE)r frodaction

M oS S B B o Apicten.

Abludind 984 ndhiea Gehaﬁtllon dfodslecud Dlvelfélt? ¥lichad XK. Pgﬁg  DphihR

and are of use. These exFreSS|on S ens may be used
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scree ng SysS rely,
plhwrih mhagqg’ttﬂmmyshbtﬁneh (Hubhshed ﬂnﬂycli@@S) S@nkSupaoit fombinatorial

t hod th f
ERoe LSt e S P KB S it
ﬂ;y@nhg%r omegéimbrpdtminv(u)ﬁlglsa@pmﬁ €995Y: N dreBdptidR Briaihn

forns a peptide library in_20 which each bead is
BercepiosApiagemsts Fromyagytipc ‘“c”] "é?lreqeé Neadertidsddbrry- Spreit

AhedVa abu #2083 hnket IR ARG, DopdI8 S KRENoé Rova Inc.

escri I'n W92/ 00091. A'significant |nprovenent of
(Hmbhéheé&iﬂbdQ%ﬂ Genbiogsriil hemisgy Litagry Desjge nuhg Deaaiacgphdre

entifi n .
Biy e ¥ich DEH ot vt Btnp Y B ety Pl BABHGICE Sl K05 4
g@lﬁgﬁg Sﬁstcglﬁ foe Eﬁhlé)lﬂatohﬁb%ﬁﬂﬁﬁﬁgﬁpdennﬁh’es €raipPamasedd David
ea ase t hods esc ed i.n
Reiinesr Loaieht Carm ey rRBes oo suriegs 1o AUt g 190); An
BYHAES! SlaRfscRbAtaWehiREREBE CEBBIndtOfal CRERIstrH A8 iNEdavEeS hnd
on a surface in a manner that places each di stinct

CotberareyWV higarbemicel Rysign Lich .(%ﬂbélslpyé ply 998k JeselSeftwate Tpols for
9{8 % e(?he&qc%fjﬁ VJe Ft? Ii QC %dﬂgﬁ%' ]fhbz)ﬂ é?fog Malecﬁg? Graphlcs and
I dentl e ts

ach brar er 1s term ne
Thatrétimhl Madeting, dollege df| lPhamtachmﬁEMy lob Textas (ii‘ubhshwdﬂtlt@/July,

1996); Opportunities for Computational Chemists Afforded by the New Strategies in Drug

Discovery: An Opinion, Yvonne Connolly Martin, Computer Assisted Molecular Design
Project, Abbott Laboratories (Published June/July, 1996); Combinatorial Chemistry and
Molecular Diversity Course at the University of Louisville: A Description, Arno F.

Spatola, Department of Chemistry, University of Louisville (Published June/July, 1996);
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array where binding interactions between a

predeterm ned nol ecule (e.g., a receptor) and WD
wWQOM4N8B3B76 PCT/ SG2004/ 000063 43 reactive | iBCEHBG2004/000063

menbers occur is determ ned, thereby identifying the

sequences of the reactive J« brary nmenbers on the

basis of spatial |ocation. These nethods are descri bed

uU.S.- Pat 8 90/ 1507
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I@@WQ rfeﬁ’ﬁvdlsFMﬁmbﬂ 8081 LiltgPutRelped IMeeliulyChe9d), Chedfical Sifdtegies
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Mﬁdhhe-lfﬂﬁﬁiaemmai rschﬁaegbmg xpﬁmfshémné/myubm Data
synthesis of the library nenbers. In one net hod, RNA

m@empréiorﬁ@@@lt@@t Eheniigira Masyin Zekorp ik dhitgn Corporation and
anpl? :Ij-l% bgﬂht‘?% \% av?s Pthgl[nga%élo %11%%%8&8?5 15 &R)f Wa er-Lambert
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Gabpanfzi(Pubhefied rNoaetdber,Sz%él; aid THed8Phot NﬁHnghe’l,‘hr@lgﬁput&]L 83nic

SolsBh B e B TR P 81 e lif iy M 96).

transcription factor (Thiesen and Bach (1990) Nucleic
Aci ds_ Res., 18: 3203;. Beaudry and, Joyce (1992
Sci erfegniqusy in gombinatopighehemes areA1pBisF dorspiafce apgng modem

REtbdsabr W8 YenetaBol bt de® fHaAEbiich0Bads 20a1RRS, Msﬁdettap 1994, J.
synt hesi se pepti des as a nethod for genera

tin
Mad.géem;. B é$33 51 haden, FeMheolod. Lich Mage b?nal3|7y1389 1401.).

R R Ly s G G o

WaSrids (&Bﬂ?ﬁmgﬂ@ﬂl@’rﬁﬁ @tﬁﬁ:turamd eadh partiCI2 B the sdlid Praseaduppet,

R T BERR TP vipb@le3ebrl- HAUTJER R pased Hion

foftdcysrpig) the ﬁﬁcxbﬁ@le@nﬂbr%ﬁ@&e&dtd@teﬂhﬁl%cﬂ%fm@ sfieptel cd@fed by the
for selection. These and t he foregoing docunents

idpftfied rieead & ampbr ekt H%?leNﬁmEﬁﬁ YéPeYienpaliemative to o this
;ffj%ﬁblll\lé—'{m%nhhg gt o &%{ae&-élﬁﬁlafs o?§1e Cblﬂp&ﬁlﬁg fr&ﬂltﬁersohd

rari es can ecul es sui tab y be In
Etubport fwathrnbfeqeanhdsteratimatipmbf dctlmsalmselgtnéla lidsotifiqatiomofthe particle

| ch
?rBr &5@1 e %giv% goﬁqrgg}%%w?s re%gseg ana) % i%atlo o‘%ﬁ %rsng c?ure %y dlrect
Séﬁhtineiiﬁgl(&ﬂmtelﬁ S]c Bldttal. pﬂ993,3@@cf:Nﬁngefd SCSUBAC%H IG@meDM ﬂ)j ®r by
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Sh, Cf99§r19ep‘c:®@§“%| 181970,a081meger AV, B, 8 1ogaDl ecul e
|soforn1spe0| i ¢ ant agoni sts of PAID ki nase.
Proc.Natl. Acad.Sci.USA 90:10922-10926).

Soluble random combinatorial libraries may be synthesized using a simple
principle for the generation of equimolar mixtures of peptides which was first described by
Furka (Furka, A. et al., 1.988, Xth International Symposium on Medicinal Chemistry,
Budapest 1988; Furka, A. et al., 1988, 14th International Congress of Biochemistry,
Prague 1988; Furka, A. et al., 1991, Int. J. Peptide Protein Res. 37:487-493). The

construction of soluble libraries for iterative screening has also been described (Houghten,
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WD 2004/ 083376 PCT/ SG2004/ 000063 44 Vari ous
conbi natorial libraries of chem cal conpounds are

w@eoonesasie avail able, including |ibraries actP@BESG2004/000063
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Conbi nat or i s A Strategy faqr the Future -
o Slwﬁ?to?rrF&?Y"é g??f irg P it oA gredisie o Priojey of
deh A B ¥culdd| RY SerlBnIBRARIxAGe)dI versity libraries
(Published July, 1995); Sol'id Support Conbinatori al

Chem stry in Lead D scovery and SAR Optim zati on,

core el ol 04 o0t RO oL

Briguytidesi proteiRe,oe fitagmentnofpgptivles bsprl;tehm muckioraetis (. @l dryisense;

d Non- Pe tide b Sarvaj it ravarty,
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Chem stry Library Design using Pharmacophore Diversit
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e ntethoDaddsesbed here. Cat heri ne White, Chenical Design
Ltd. (Published July, 1995); Novel Software Tools for
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Laborab@fitord ©NibieleessHeadribéd e, Gpeci) HbraBies hesd 816 files can
Model i ng, Col | ege of Pharmacy, University of Texas

epised togiwees the ﬁléeﬁlﬁﬁl‘% reliabiity Pt repyogunibility afithesnepgpethods.
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representative of many classes of compounds that could potentially result in nonspecific
detection in an assay. Diversity files are commercially available or can also be assembled

from individual compounds commercially available from the vendors listed above.
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Di scovery: An Opinion, Yvonne Connolly Martin,
Conput er Assisted Mol ecul ar Design Project, Abbott

wo 20991083306 | es ( Publ i shed June/July, 1996); PCT/SG2004/000063

Combi natorial Chemi stry and Mlecular Diversity

Course at the University of, Louisville: A Description,

Arno F. 30 Spatol a, Departrfgnt of Chem stry,

Uni versity of Louisville (Published June/July, 1996);
@%W%éé%‘"@cw SG2004/ 000063 45 Chenically

Generated Screening Libraries: Present and Future.

M chael R Pavia, Sphinx _Pharmaceuticals, A D vi
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Di vi si on of Warner-Lanbert Conpany (Published

No¥ehber, 1995); and The Inpact of H gh Throughput
Organic Synthesis on R& in Bio-Based Industries,

John P. Devlin (Published March, 1996) Techni ques in
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ﬁﬁg&}%@%&? :ﬁglgglof{% 5%?16% Q ngiel'lzﬂalg%ﬂ@(g(ﬁﬁés ocrllmﬂénlcgh%ﬁbodies and
‘E/BH— grafted mltl‘@)mesyﬁﬁwll % ;Epec@rfdtmpol@epmle Emrtl&tmore,]_cggﬂpmatonal
él%{a;egapeﬁp@e and eptl e%%i?negic O&ef?ned cl%oﬂ'ﬁ%a‘f Qﬁﬁ% e?f\ql)glg&%lu% é:o?(%%, and
fatihlesdust kilfrandslrbnyaﬂsaﬁere@ﬂirattmlﬂygs ﬁlh[hlfbfseif ditiding of a

structure on art cIe of the sol .support
ROIRSPA P 1 ol AFREtn Sl Fpephir oL PP P Lo e g poretus
$SQ&{HS 'rﬁlbl%ﬁﬁ)hEED @ﬁe $aR8idath 8dEtandth hiah bd Bsddth & Rata$sotdehiin

he macronol ecul ar target, and determ nation of the
atehge of Fos cxamnle &9 subyianges perirershen, RRdihe Sehsipgces Eﬁmse betches

?hmﬁtsho@l mhlbgt%ngtestééqh&wﬁu g“cﬁxﬁl@é ub<ihc&d &lﬁ&l{]ﬁ#tobv %%\'}18/ inin

roac e sequenti a ease 0
alrb geredns smrfh $ hepse dempniwd@sloﬁrrcammh be tsted th whalppadirsystems, such

wth s bse m nat i nof ct Vity i {1
B PR SRS VAo D B S Rkt g el hibiofigr any
5ﬂ1ﬁ@gggédomscﬂe&3ea;sed and elucidation of its

structure by direct 20 sequencing (Salnmon, S. E et

al ., 1993, Proc.Natl.Acad. Sci . USA 90: 11708-11712), or
RY%reogALdi Ng its code (Kerr, J. M et al., 1993,

J. Am Chem Soc. 115: 2529-2531; Ni kolaiev, V. et al.,
1993, Pept. Res. 6:161-170; Onhlneyer, M H J. et al.,

1993, The antibody isoform specific antagonist of PAK kinase described above may

comprise a monoclonal antibody or a polyclonal antibody. This section discusses processes
for the production of monoclonal or polyclonal antibodies which may be used as isoform

specific antagonists of PAK kinase.

If polyclonal antibodies are desired, a selected mammal (e.g., mouse, rabbit, goat,

horse, etc.) is immunised with an immunogenic polypeptide bearing an epitope(s) from a
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Proc. Natl . Acad. Sci . USA 90: 10922-10926). Sol ubl e random
conbi natorial libraries may be synthesized using a

W@ 20vplog332® principle for the generation of equP@DB&2004/000063
m xtures of peptides which was first described by
Furka (Furka, A et al., 19%8, Xth Internationa
Synposi um on Medi ci nal Cheﬁistry, Budapest 1988;
Fur ka, al
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construction of soluble libraries for iterative
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R0 10 T SRAR AP o8y By oA AR o

unexpectedly powerful technique of using insoluble

randgm copbi natorial |ihrar.ie m synt hesi zed

S ot G dysed il e e b HRRE e to knovn
FERROES. If sebifin Edtddinig@fdlyGsapaitibodiedioantefisdpe foaPpuldpade
uni form nol ecul ar structure, and screened th

e
Jontging epiéodigs ihether apfizcss. the nobyriapal angPodierecap e purified by
EROUEHD hO Qe D PR o Sgh Pl R fr g Blyclona
Bfider8 2re $adwn ths art. dn pridenthat yuchfanithadits tay be madeeva hlesprovide

be a synthetic caonbipatorial. Librar .
OGP A e SRR bR g0t blaperliior s impunogens
iagdinay o huishs(e. g., urine, blood, tears, sweat, or
saliva), or other m xture of synthetic or natural
products (e.g., a library of 10 small nolecules or a
f er mangmicioa atiBddits Qirectd dghPEtdpitorh ik B6lyhepHdERYN also be
i nclude, for exagﬁle, am no_aci ds ollgopeptldes,
nsesdilypaestuceiblay, ons skilled ¥dhe w5t The aepsehmsthefolagsiior malsng r

QS tiDofdsey Gy BGdoitas {sGwdlt L InREdEEantibbproBihg cell
ey Bt B bl o R IR0 an ol
lirzes boyednet@iyaell fispnysdatsh &y otesteciEagies seihedirst t he
tespnici R IS man B §i Pisofs DRmaP Pl bt pan
wAR! Rinsls pOmohddshatamipediadtodiceaainkeepitapes titythe polypeptides can
containing a significant quantity of inpurities).
soivFreRed) faT Yayious Bropettifsel ¢ fht s ndeaxt@e,a%wm
Affymetrix, ArQule, Neose Technol ogi es, Sarco, G ddco,
Oxford Asymmetry, Maybridge, Al drich, Pan] abs,
Phar nitdjsoitise technigng invelvey sargsaing)phage,diglaydibepaics wheye, for

é@éaInlale tﬁ@&a@? E}Eb?%‘E s&%ﬁﬁ@n@ﬁg ot Surface of their coat with a large variety

of complementarity determining regions (CDRs). This technique is well known in the art.

Antibodies, both monoclonal and polyclonal, which are directed against epitopes
from polypeptides are particularly useful in diagnosis, and those which are neutralising are
useful in passive immunotherapy. Monoclonal antibodies, in particular, may be used to
raise anti-idiotype antibodies. Anti-idiotype antibodies are immunoglobulins which carry

an “internal image” of the antigen of the agent against which protection is desired.
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ant i BedpodieTarcheysed Bmethod:pl defectingpalypertidey Presat n biological
2 ises! iffng! )Q6Y i ting a
K B e B! By B s 1) teing
hidliogibal sampls patbishid entilwdy andso Fendtipns wbich pliew s thrpfoanation of an

C jnat.orial i brarie [ Hept | ] | CS,
R g T e
doaiprisiag s4id adibedy ib fobned. Bg shismycekss PAKrisfored niayibe detedtad ity
as inhibitors of binding of a polypeptide to the cel
BFSUPS 8T BHP&icl e machi nery, for exanple mitotic/meiotic
apparatus (such as mcrotubul es). The candi date
substances may be used in an initial screen in 15

bat c fwiale sanfrips inslpdersrsacitisguns SRebms St breaptc Qi) Sig, colon,

i 2 It oW erived fr
(il o BH BPLAAGS: Al oRoRey A% Bfcoll i R erived from
smbh G$suehow activity in in vitro screens such as those
descri bed bel ow can then be tested in whole cel

systens, such as manmalian cells which will be
exposk@ ahtibddh esoffoi spédifi angaganibtes PAK Kiodase infak ibbbbindno afolid
any of the stages of the.cell cycle, 20.ANTI | ES

support and/or packaged into kits in a suital‘ﬁe contdiner along with suitable reagents,

controls, instructions and the like.
ANTAGONISTS

The methods and compositions described here rely, in some embodiments, on
blocking an activity of a PAK isoform, for example aPAK, BPAK or YPAK. Agents which
are capable of decreasing or inhibiting the activity of the PAK isoform are referred to as

antagonists of that activity.
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The anti body isoform specific antagoni st of PAK ki nase
descri bed above nmay conprise a nonocl onal antibody or

w@2@aloyisronal anti body. This section di SCussesPCT/SG2004/000063

processes for the production of nonoclonal or
pol ycl onal anti bodi es whic omay be used as isoform
speci fic antagoni sts of PAK"ki nase. 25 |If pol ycl ona

anti bodi es .are desired, .a sel ected mal_ (e. g.

rousa e [ RbEagER b PuBERE L SRl Rt e iopmpommd

s 50047 B o baGORS. e peatwr,
a [ 000063, .48 .po| ypepti de,

gtevedappreied fp 15l broadly des et %ll&lﬂpﬁ@? @&5& Py agfgolecule,

lgo%ﬁwegsgﬁg’ BB g th B, A@&E&iﬂ}xg& lnfised igBRBANIyS Rt cRiAeYdehts @ hich
et erogenous region of PAK " for exanplé, an N term na

aftegl tbogxpoyssian NEKP AR nishifery, fos giamplodPAKy B &% gntF A2djor the

i sof or fo X e r. Al . . e

PR e AP BRa T By e Rt YgP Spe MRG S dypicn s

fRibitsRtay B g noinifyrvanich ih eharasteristcsefdheashizyme ol Bolecule, for

coll ected and_ treated according to known procedures.

Pempley B ACBRELPYRg pol ycl onal anti bodies to an

epi tope froma pol ypeptide contains antibodies to

ot her antigens, the polyclonal antibodies can be

pur i fihe@ntpgonist mey Ridrte pid qopetn feirRe SpmagsHites ondbarlyaws
pRlsll P RN PARTAIGRELR Sty G QR P ARBEIBEE Dbl o

ennedytic site oid sindipg eivd afehe A Gbippephs dserited abowagiire oform

t her.eof hapt eni .to anot her, | ypeptide for use.as
R s A A
Rott ohipdp £8 iifdBC PRErA0A i1 tepedd foP RENCH PindiAg region of the PAK
pol ypeptides can al so be readily produced by one
sRfofmed in the art. The general nethodol ogy for making
nonocl onal anti bodi es by hybridomas is well known.

I mortal antibody-producing cell 15 Iines can be

cr eatReefetaplycaich bindmigbiocksithel inggrantion petweereihe moldenle gudanother

%S)nﬁl 2 foarsex drir & Ct?le igl?terr acrt]l%Il gét\%g%nl tﬁQPzgmf(ti%f%g%ea&ﬁc\_{(%?—fovyg%rbthe

0 =

-

eni ranst ecti on ar r
Mitdgdfist iRad abthecdssarityniad dinatly st dapdydices bimdingsite dnd may bind for

agai nst epi.topes in the pol ypepti des. can e screened
FAmlEdp 2 g‘baﬁﬁb% r grampie, at a?dﬂf%sw SF%BVB?JBA%P&%@E‘%{%SD even
afottiePprodein {m @{hﬁlgrep@ﬁméﬁl WIREHS 6Bl JAMAMVIBS eSS mEPsH oftghr
phage display |ibraries where, for 20 exanple the

phihgen eip hessll.ge fengras iy haaing redpcas e astivifsarfdhomzyme ot

FO8RbuINbE HoRo1 i GudkBbA. €1 Y

(@

Where antagonists of a enzyme such as a PAK enzyme are concerned, an
antagonist may include a substrate of the enzyme, or a fragment of this which is capable of
binding to the enzyme. An example is Nck. In addition, whole or fragments of a substrate
generated natively or by peptide synthesis may be used to compete with the substrate for
binding sites on the enzyme. Alternatively, or in addition, an immunoglobulin (for
example, a monoclonal or polyclonal antibody) capable of binding to the PAK isoform, for

example oPAK, BPAK or yYPAK, may be used. The antagonist may also include a peptide
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of conplenentarity determning regions (CDRs). This
technique is well known in the art. Antibodies, both

womwaosBmal and pol ycl onal, which are direct edPE@8GHHH/000063

epi topes from pol ypeptides are particularly useful in
di agnosi s, and those mhichéﬁre neutralising are
useful in passive i munot hérapy. Monocl ona

e PR pee Kb sahulle ol ReaRine ndirs bl aTon, Quer

dxeRpRO S DRIGbHINS arehRbtbItE B drdater dbtail belbw] ahdlwill ARE B affarent to
the antigen of the agent against which protection is
tHegildde™o® 2004/ 083376 PCT/ SG2004/ 000063 49
Techniques for raising anti-idiotype anti bodies are

known in the art. These anti- idiotype antibodi es may
al 'S0 BieskingdheActiy iy ofHe lp gsofome mayielso bappeied bifeduping e level

S

SRR or R A Rop AT IS ror MR R BAFL L AR
enmt@semompeumdsbfon elianpladigomdeptifiarhasing Sequerrcgetpeaifit kg PAK

%; ments include Fv, F(ab') and F(ab')2

?gﬁ%@ > as wel|l as single chain antibodies (scFv).
Furthernore, the antibodies and fragnments thereof
maybe hunanlsed antu@odies,“for exanpl e as descr.i eg
i n EPSASeRiergn 10 geerabdbs e mapepst) Scidenbytat b drged to

geﬁ@ﬁchagamw%m%@ WheBS£ B tnoledull hﬁl_y%g hrﬁﬁéamc&%@a% a
a met hod which conprises: (a) providing a

laﬁlpglb@ @ffectepolpquda Andior ngueleid acid pusiodige em age@hwgh as gbiplegical
olrct%r Bfebtﬁg ?)ﬁr&gl ea{n]i)o(i%{%gﬁael 2 tl\ﬁ@ aqtllcl c a@W iﬁﬁmgg]ﬁuclew acid

Ion G y én gen conp
(CH’NAQ,rqwn_‘usngvmm&ﬂ(h partielaf d Ihmtéyhﬁm ng@mckeomn exynthetic analogue of

ri.sin ai.d anti bo S for cess,
i DRt seibdre oLL it RN, L migepdie 8 uditied
m&a&dtﬂe S ARRSacid) &h ahelﬁlo Quil @m&@etd 5681681 SH@D aéig, a modified
br ai n, breast ovary q col on 15 pancreas

Rige acid anajagag, 2 SFFE@é,l aepra‘ﬁ Pe lipid; 8§ty as1d and ggeprbohydrate. An

ERPLESL SR SSEE0 ) A oSy T
foemb ?;Ehmgentma' ch it fow pfronencared/dimerpelidoagadtd, ot ghdeiviss in a

cOnlialf:suitable contai ner along with suitable reagents,
fol's, instructions and the like. 20 ANTAGONI STS

The terms “antagonist” and “agent” are also intended to include, a protein,
polypeptide or peptide including, but not limited to, a structural protein, an enzyme, a
cytokine (such as an interferon and/or an interleukin) an antibiotic, a polyclonal or
monoclonal antibody, or an effective part thereof, such as an Fv fragment, which antibody
or part thereof may be natural, synthetic or humanised, a peptide hormone, a receptor, a
signalling molecule or other pfotein; a nucleic acid, as defined below, including, but not
limited to, an oligonucleotide or modified oligonucleotide, an antisense oligonucleotide or
modified antisense oligonucleotide, cDNA, genomic DNA, an artificial or natural
chromosome (e.g. a yeast artificial chromosome) or a part thereof, RNA, including mRNA,
tRNA, rRNA or a ribozyme, or a peptide nucleic acid (PNA); a virus or virus-like
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The nmet hods and conpositions described here rely, in
sone enbodi nents, on blocking an activity of a PAK
w0 s@iosisre f or exanpl e aPAK, (3PAK or yPAK AgePCEHSGHI0Eh00063
are capabl e of decreasing or inhibiting the activity
of the PAK isofonn are refgéred to as antagonists of
that activity. WD 2004/ 083376 PCT/ SG2004/ 000063 50

The term "an i st in the

R oo e of b rlsp it Skt it St Rish WaLbs o
nfAiRAZY MBmedited; @ﬂﬂhﬁiinb%ciﬁfdﬁa@@‘dghevtﬂetéoﬂfwhﬁdhﬁn@%)tﬁfﬁhﬁéﬁlm
term as used here however, is intended to refer

upmedidied; anonRARHds de Bt STIRIG Rommesinreteetiwan@ iy 20f a
%:%bgﬁgit@ Small Mol RBRE TR dihg/ m@ﬁéallﬂb o] &Qarﬁ@cﬂehncals, which bind to

as used general 'y, 1t iRAcludes agents
am pmupﬁthaﬁcﬁtef@tsﬁ@ blsherpyreptidcherdly makingdhe suflphcsitefirpocessible

Ie R xR
R oS Tl oG RrcAly 1hret e, BEBSS ARl Eramptes
o$ pm@ll fnbh%t&éﬁ ihsludeybunuie @bt lluﬁltedl taleinbll pepdidesyr pbgtidariike molecules.
activity which is characteristic of the enzyne or
nol ecul e, for exanple, as discussed above. The
ant agoni st may bind to and conpete for one or nore
Bld €5pRkkst he rel evant 10 nol ecule, for exanple, a PAK
Isoform for exanple QAK, (3PAK or yPAK, preferably, a
catalytlc site or a binding site of the PAK isoform

E&g E\up ﬁ%l@%@ PaJeE yﬂtt?)g%ﬂ{;v?] aﬁ%@é\ﬂaﬁdl&gl&méﬁq lafifn

nase ’pre era eres or prevent
pathevaps dvokinsigeaof of vid dustnoentivaneFhiknd Egérmrsr(HaFHr 9%k @Bsyiquns

SBERSHSFa 5928 Ay g1 Ao o

TPy, @faﬂ?lhhlﬁlan@ED@B QbtitaleR O, ©dtd 22Isand Rasioh higluce B foridtion of
(for exanple, the interaction hetween the PAK |sof? ﬂbz

agRstEK o Glneods and ellmpgia Gliox end el TR Ridley ot a

RGBSR, i1bYs; lNoBQs AR 1955, %@a&ﬁt@bmb& ®proiigdi 6g
site, and may bind for ‘exanple to an adjacent site,

ofrdinatedk &idpt 28l and Rael] axe dirctly pouplddrgendretinpAilonsdiaand fameliépodia in
. . r f X r . .

S SR OB L SLSL ARSI Rk 5

ihduct e eakldowsef stressdibas in $wishd TRicatly (Keshacesalt H95) and focal

sGheiars monirl. SO ePEoBr o BRI DO 0%, PAK
BENITEgid BhanRRGRIRES by @ib42Hs and Racl (Kozma et. al., 1995, 1996, 1997).
For example, C3 toxin, the Rho inactivator, induces Cdc42Hs and Racl-dependent neurite
outgrowth in N1E-115 cells and primary neurons (Kozma et al., 1997; unpublished data)
and filopodia formation in Swiss 3T3 cells (Hirose et al., 1998).

RhoA, Racl and Cdc42Hs induce the formation of the multimeric protein
complexes that link integrin receptors to F-actin structures, the so-called ‘focal adhesioﬁs’
(FAs) or more generally ‘focal complexes’ (FCs; Ridley and Hall 1992; Ridley et al.,
1992; Nobes et al., 1995). Typical components of FCs are vinculin, paxillin, integrins and
tyrosine kinases such as FAXK (for review see Llic et. al., 1997). In Swiss 3T3 cells three

distinct FC types can be distinguished and each associates with a different F-actin
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ant agoni st may i nclude a substrate of the enzynme, or a

fragment of this which is capable of binding to the
we@pay08337An exanple is Nck. In addition, whol ePOT/SG2004/000063

fragnents of a substrate 25 generated natively or by

pepti de synthesis may be uggd to conpete with the

substrate for binding Sit on the enzyne

Alternatlvely, i n addijt |nnunq for

SERENS @) OO o i) SLIoYE P Ratie 47 PaY) - B BGe

Béy i Hag 1t995 HBnRAK al. 81@f99)r The &eéhanlemwlﬁchqam Racl and

, y be use e antagoni st may al so
@mézﬂ@@gldatp @mfb@@tlvmfzwmgmomg Saptonigodassnts 51
1&&19£h§es g9 nol ecul e which is capabl e of

nte ?erlng W th the binding interaction. O her
exanples of antagonists are set forth in greater

et ai | al so e ap arent to the

st s s 2R RRRRPIRES o ' & PAR i sof or m
may al so be achi eved by reducing the |evel 5 of
expression of the PAIDisofarmin the cel

ex amé‘l will bepmpreginted thatfragments hamaleaiFs Kariagiand dffatives of the

W¥6i8n spebiffic @?ﬁﬁ’é&is?s d? piAGOIRHAE aH ?'ﬂ@ﬁﬁel@@s‘ﬂa@g PAK isoform
sequences specific to the PAK isoformnRNA. As used

sreqiB¢ antagonistastivitaWe ﬂlﬁeﬁ)t%dlwﬂsa Heagoal seh fipgradnirg bamejogues,
aﬂlg’lmd deﬁ'vn%tﬁgc Qreafaféil! n%/e? ﬁ?e@eﬁ%n%?di@éagp or ol ecul e,

ere n a € nay organic or organic, a 10
bi ol o effector nDIecuIe and/or a nucleic acid
enco %ﬂa%gent such as a biol ogical effector
nol ecul e, a proteln a polypept|de a peptide, a

nucl aci. d e Ie| cu
Fingqelclo text Fh? qcument nucfn lg 1ase seqélgncel taken to 11{0%1%’1’6 an

aviru BoORUC
amnifiy Bdid sdquenca Whicﬁ@kﬁ 1@kt 15a20)26) E)QH(D de, 60a76,\80toh 80% Gdentical,

ORISR Dk 1ot OR AT BT 0 o DY oL et ol S2PES.

ﬁm(b 39\ ﬁ} 78, s@ogb b8 d 166} NG adfihacid® WRChE iafisdt Jeaueam rf@r
aCI ana (0]

g a steroid, a proteoglycan, a lip
dxample, apdnd aiseform mﬂﬁgny@g@tle of q@l@é‘nt{n mWC%e lilqmology
[ r
T 0‘||1 FOI 3%]119 ger !:(glts gtr%ﬁ’ gfgt?trc%E (1& gcttgosefré%} nl%% of %@E@eﬂ& known to be
dss;en'timl btmofeimrfnnabﬁm et flamepp-esential nelghhoglmlmquwtezs, Tltus is
herwi.se in

"ant agoni.st . and
SR Eorh i PP AT e Ao E o Earentes AP gy Hed
@gdnypept i de or peptide including, but not limted to,
a structural protein, an enzyne, a
Although homology can also be considered in terms of similarity (i.e. amino acid

residues having similar chemical properties/functions), in the context of the present

document it is preferred to express homology in terms of sequence identity.

Homology comparisons can be conducted by eye, or more usually, with the aid of
readily available sequence comparison programs. These publicly and commercially

available computer programs can calculate % homology between two or more sequences.
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cytoki ne (such as an interferon and/or an interl eukin)
an antibiotic, a polyclonal or nonoclonal antibody,
w@rooats®fé ecti ve part thereof, such as an Fv fPEDREm4/000063

whi ch anti body or part thereof may be natural,

synt hetic or humani sed, ggptide hor none, a receptor

a signalling nolecule or her protein; a nucleic

acid, ﬁ qef|nqu { , |nclud|$%, but not, 25 |limted.

to, AhPYPFIGBITERWSEIcHBLEPYTRSATYSIEH BRTFETuLT 88T TedrCat

aﬂ‘l édsﬁiﬂﬁﬁe Bihbeqitatoatictleh MDiino ARG dn8 deBide TRBAT compared
onucl eot i de, eDNA,. genomi c DNA, an artificial or
¢ 0TTesRONd BB IREACiddn ghe ofhey segyencsy qrefpsiqugiat a time. This is

c‘éﬂfxﬁm%@%r B TYpLEAE Bt uEhibped Mt e B imed only

c(v@t%z)elatlaely hrontsnupben/pfiressdiies kfer Qﬁ@nm@(lds/s 08830 gontiguous amino
SG&004/ 000063 52 particles; a nucleotide or

%? nucl eoti de or synthetic anal ogue thereof, which

may be nodified or unnodified; an am no acid or

anal ogue hreof, whi ¢ y be nodified or .

unno %P\é%til la%\%?%%wﬂaggwsgtem @f‘%?@ fofp I48/4k5AM0 a

RhQL SRR Yor SambRl fhankhevisE RERRAVSHirHT @equ&ﬁ'@.l; lone insertion
nmol ecul es, |nclud|ng i norgani c and organi c chem cal s,

areletiorhvillranss 1 faleine e acidacsducs (abegiut autof alﬂ%@lent thus
PRSP e L RATR LSRG £y gy
mcﬁt)mmdt Gonssqueniy ernis‘e@qump@ccamadscimnﬂh@s dre démgmﬁll te sroduée

sne nol ecu ut are

] JEBER JE e Ra N At st e el yithont

p&ﬁlsﬂgmnﬁﬂmﬁey)v%ll GIials gH s Thidlis ghievdd byafddrting “gaps” in the
r phol ogi cal cell sigpalli at hways downstream of

%‘#en%@ SRR S B 15?&%&%‘%‘@ O%Hal |, 1994, 1998;

Synons, 1996; Limet al., 1996; Van Aei st and

D Souza- Schorey, 1997). Gowth factors such as LPA,

br adykavrever e nEpeFomARlex MathedsseEn 2 pamiies Alncaringapthat

rmt
s BN o] 1ol A UEREAIIA G s
dRigdinent vath aalfew gab@ QonsmBIeKweﬂmtlm h1g‘rler ;celeit@ﬁEss bhbhaes therigto
995 tivity, of t roteins G-
ST € ikt M 1o? BB OB bpt- o aine s
@eiReie tpglly ideapod bl&rg’i:rhdfeiaﬁwﬂr hicP o6kt for ki exis@Btebof a gap and a
succession (Kozma et al., 1995; Nobes et al 1995

el el g cagh sbreauent aesidueiin thg @ap-{[his ibihe angbramreuly used
ShlEsiels %ré?é'n?%hgl{‘ga%\’ﬂeﬁﬁué-l@ill%?E&Lﬁse(ﬂﬁ&ﬁl@? 9;3{711)11@ %1(%&&35%“11

and focCa adhestons (Manser et. al.,
fappegips Mot dr&nalgmmr%alam@llo&p@m gap pehalties to be modified. However, it

is preferred to use the default values when using such software for sequence comparisons.

For example when using the GCG Wisconsin Bestfit package (see below) the default gap

penalty for amino acid sequences is -12 for a gap and -4 for each extension.

Calculation of maximum % homology therefore firstly requires the production of
an optimal alignment, taking into consideration gap penalties. A suitable computer

program for carrying out such an alignment is the GCG Wisconsin Bestfit package
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20 nor phol ogi cal changes i nduced by Cdc42Hs and Racl
(Kozma et. al., 1995, 1996, 1997). For exanple, C3

wa o00i0833the Rho i nactivator, induces Cdc42Hs apdI/SG2004/000063
Racl- dependent neurite outgromﬁh in NLE-115 cells and
primary neurons (Kozma et ., 1997; unpublished dat a)
and filopodia formation in ss 3T3 cells (H rose et

vy Sh VGOt b Ui PRETTE S v e e Bz 87

Hrlafiplck BE 6éri Bft#@6 @ph @fiBpdronfr samibhdd chnb&ﬁBbhlsf i8sludd, bex are not
so-cal l ed ~focal ~adhesions' = (FAs nor e en r%$%ﬁx

limpigsd4p, thoRiph ek pickageress Ausibe gyl q 9#@4d|— %9
(%?scﬂl,lﬂ et al, 19827, DIGD B, ejr03a410) adPRe GENEYRORRE sﬁm&ﬁﬁ&%on

are vi'nculin, paxillin, integrins and tyrosine
tkolp Brels BEASH ae@,FMRA pre@naifablei fowpfline and pifing seargling (see
4 n t

B e 4R 1R PRS0 BBne B fkn gt pBR G0
B_esﬁ‘itbtdgrdﬂ) 2004/ 083376 PCT/ S&2004/ 000063 53
structure; (i) arrowhead-stress fibres, (ii)
obl ong-fil opodia and (iii) round-lanellipodia (Nobes
and HathboughltB9 8nal KORMMRO16dy. caflbe medRARA)in tefhieoMBaR) tiRrliByment
whi ch, RhoA, Racl and  Cdc42Hs regul ate the formation

REpeoRiiF I ARy 0L brsr e at TR O Brpaeqds scaled
SRSy sk ERREx 3 %é %allﬁusgm% SR son
AND RIVATIVES be appreC|ated that fragnents,
bmflmﬁo@ggwal simiatin plsevawaomy flitandey As exfmplfel suglepmplic

t

CRIHEDH (el RS A1 (oIS Z RS e Bl Tt R JSEAST cuite of
[ACEramk. t@CG Wéisdohsin pfo(gfaﬂms@eﬂmzilba!se titter tie@uidic detawkt values or a

fra nen . _honol o nts and deri I ves.ing .
5 Bl compraon b i G e oBadTon bRben BRI

ﬂré‘feiraﬁto(i@@ﬂﬁ)ﬁ)ﬁblibfdefalﬂlt $ald@CIB GC Ppacki¥Pbraf eHé%ase of other

sequence is taken to include an am no acid sequence

spfvers. the dafeult g, sush apBLOSBM630 40, 50, 60, 70, 80

or 90% identical, preferably at |east 95 or 98%

identical at the am no acid | evel over at |east 10,

15, 20lvagsgeoudy) thefBlLASDalg@thmipemgloyedo@ith poeametdrs Getde default
equence, for 15

Va%uefc‘rp C%A%ﬁl ap%m?p“a i'ss‘% %P %n&an%%:aiﬂ ' c ant agoni st of PAK

ﬁttpna&ew nl:ln rﬂﬁgdeEILAWfblah gm;i.lu@y, wisdtois irdotpynteddktein Bye

rg% S| d ggﬁ‘é"‘%fpafag? : eegfg déi%eé as? %ﬁowg %!etr? eS ad%antggeously set to the

defined default parameters.

Advantageously, “substantial identity” when assessed by BLAST equates to
sequences which match with an EXPECT value of at least about 7, preferably at least
about 9 and most preferably 10 or more. The default threshold for EXPECT in BLAST

searching is usually 10.

BLAST (Basic Local Alignment Search Tool) is the heuristic search algorithm
employed by the programs blastp, blastn, blastx, tblastn, and tblastx; these programs
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essential for protein function rather than

non-essenti al nei ghbouri ng sequences. This is
we@e@aosmlé y i nportant when consi deri ng honol ogPCESG2004/000063

sequences fromdistantly related organisns. 20

Al t hough honol ogy can alsoé%e considered in ternms of

simlarity (i.e. am no aci resi dues having simlar

chem cal. properties/functianps),.i.n.th ont.exf. of e
PR e e edbe skt ot B fig Al
(KArlin@h 8 B\119¢hu$ EIPOCPER. NAEAbLd. Bei. HIOASY:0P4-63) Kadinl 430 Mstschul,
can be conduct ed nore usually, wth the aid

b ege ar
1693, ’f”éﬁdY‘ﬂ’flyA%f{aig‘F’-a%‘F’% G eR[de8% conpari son prograns.
ﬂig@m.ﬂm n§H YovARCh COPRR el ArhnY) v AR hBRLEmGRIMUL B AST
prograns can cal cul ate % honol ogy between two or nore
megramnae $ilowd f0Gqype33MBarPrTya Dot eo0a3to identidy,
honpl | . c i O .. seq .
RTB R dREE e AR oy S B R SRR i of
wfitneadinbasds e Attsdiul @1 ab{1@94 e Genadict €¢19-y2conpar ed
wWith the corresponding amno acid in the other
sequence, one residue at atinme. This is called an
" ungamp Ere BRIAISTHI®Mms abMikbEAdt hitp: /S &I ndbN@aNiR dov perform the

alignments are perfornmed only 5 over a relatively |
foRoving fasksh Blastr - Goawpigs asaming Acid QUaTY PRaUPISs 32k m PERIN

SHBPEAMR A0 G5 pO ) Bl BB i
coeniddataise blastxatcompaes thx sinptame concepivaldtanelptignsoducts of a

identical pair of s ences,. one insertion

Rl Erend AR A R pt T SRR s st -
doghpaks P piotéihl udy seyuér@e agitist a ikl tidOsegadned tatatlake/dynamically
resultlnq i.n a_|arge red&ction i n % honol ogy. when a
tnslaief dl] sk Freding fiames,(bpthsirands); tRIAHY  sRIBRAEFSfhe sidpme
S Eds of & AN e Qe DA . SRt e SkURREL dAsIRARECES
optimal alignments that take into consideration
polesiids sequensedatdboses and del etions wit hout penalising
unduly the overall honol ogy score. This is achi eved by
inserting "gaps" in the sequence alignment to try to
maxi BIAST weathe Haltomligopgarch parklowterser , t hese nore

conpl ex nmet hods assign "gap penalties” to each gap

that occurs in the alignnment so that, for the sane

NUMbeISPOGRIN L DGplayATHishpraae bikored for @SIRRBAEh; dalabfRIRA (See
with as feMIgaps as possible - reflecting higher

pesmagta dhidhe BEAWE Managh t wo

DESCRIPTIONS - Restricts the number of short descriptions of matching
sequences reported to the number specified; default limit is 100 descriptions. (See

parameter V in the manual page).

EXPECT - The statistical significance threshold for reporting matches against
database sequences; the default value is 10, such that 10 matches are expected to be found
merely by chance, according to the stochastic model of Karlin and Altschul (1990). If the
statistical significance ascribed to a match is greater than the EXPECT threshold, the
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conpared sequences - will achieve a higher score than
one with many gaps. "Affine gap costs" are typically

wais@d/08izaé charge a relatively high cost for tP€r/SG2004/000063

exi stence of a gap and a 20 snmaller penalty for each
subsequent residue in the %?p This is the nost
comonly used gap scoringsystem Hi gh gap penalties

b B BN ST SRRt By

R&BAhkhce SndidheHBeiP@pbricddFradtonbWalues Atk acdeptable QEed faeindid E
use the default val ues when using such software for

mdbr et Mampdk i sons.  For exanpl e when using the GCG
Wsconsin Bestfit package (see below) the def ault gap
25 penalty for am no acid sequences is -12 for ap
and -GFQFF dauhff ssare fos rapartinghighreringsagognt feisd: sfgult

narml gﬁ%&eﬁg&ﬁ g{ﬁgag_@g@a axue e%%&% HdiR oRY g&f‘e 'fara Rfabase

an opti |nto onS| era
paumbd ordwif the &tajlstlaaﬂ) blgmﬁoammsenbedpo d@mmtf least @sdnglyasn@uld be

Bt e B 55 17 DR v erotASedbo ) BRI g LUTos

{Allitk ¥R Mmsdrt WriBfenyVicampsd Rewekbhand; meﬁﬂiée bﬁﬂg(re@brt@i (See parameter
1984, Nucl ei ¢ Aci ds, Research 12: npl es of
SitHhs %6%?%?@@'«11% HeRicallh S‘é@ﬁ?@ﬁ?ﬁ@’@&ﬂéﬁ% b@@f%%mﬂ%wév

I ATl wj&mgém@ not limted to, the BLAST package
(se& Ausubel et al., 1999 ibid- Chapter 18), FASTA
(Atschul et al., 1990, J. Ml. Biol., 403-410) and the

FAST are aval ?agFStﬁé%ggﬁ%fa fﬁ%@%%n%‘r%gé Fﬁ{é‘;}s E%\dﬁ%gl ng
Riglescorifgl sagareht yeirs QHSEs) 409&ported; dhe dwayﬁslmﬁ’e 580t 16 mbreGldjabase
However,_ it i referre e the. estfi .
SSRGS e € o e tas LG Dy B Y s sengring oo
EXPEET bfd OO TOHE BEIoY, onlyiRe @httle BRMbed BE QRARS statis@haf 1S
typically not based on an all-or-nothing pair

EgHpenreBaerpriet: £ig pagmsienP dythe BOASTHamADt y score
matrix is generally used that assigns scores to each

pai rwi se conpari son based on chemcal simlarity or
evol MAGREX y Sphicsy am el@mwmscematex &¢r BlufoiTa théSfFKxTBLASTN

|

FRTTENYTGh TFR b e PRSP i SRR 1) e
vnhdgttmwgeh@bal 1hq1ud¢sEAM4t)Jm0&MwE P;AM)!SO end EHENTETY. No
values or a customs 0 Ison.ta
UispRfe s inedpRiricRs g %ﬁ?ﬂ% tl"’F %ﬁﬂgﬁ?}t Srﬁ’é‘ilfyb‘h‘éttg? MsSTRI?%d"ie%t“’e mn
BRASTRIQfuERFrhPnsUs@rbhRsponll. i ¢ default values for the
GCG package, or in the case of other

STRAND - Restrict a TBLASTN search to just the top or bottom strand of the
database sequences; or restrict a BLASTN, BLASTX or TBLASTX search to just reading

frames on the top or bottom strand of the query sequence.

FILTER - Mask off segments of the query sequence that have low compositional
complexity, as determined by the SEG program of Wootton & Federhen (1993) Computers
and Chemistry 17:149-163, or segments consisting of short-periodicity internal repeats, as
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software, the default matrix, such as BLOSUM52.
Advant ageously, the BLAST algorithmis enployed, wth

w@asoaneides s set to default values. The BLAST BCTSGR2008N00063

is described in detail at
http://MMManbi.nih.gov/BngT/blast-help.htrnl, whi ch
IS incorporated herein by reference. The search

ar apet er define s f.oll ows, e .
Biraires bede S Bhpereta et ey 58P oo arShepisey
Advanbage ausBYAS TR sheDUSE|prd gien bi TatusovaRDLipase feed
by BLAST equates to_.sequences which match with an
hppiee g gbn-sih-ggy). Fiigang epsliminpte shtisticaly pigyifigent b s t

uf ﬂl’i Légaﬁt - i l idic-
B?ﬁ?%{é@ﬁl%l Aidferc é(rpeg&%g ﬁ&lﬂ*ﬂleﬁéa%po%ut Y@é.?hlﬁ}gﬁng%gﬂﬂloh acidic-,

XPECT 1n BL searc g I's usually
Hhgic- BipAdine tiBh sigionk tsaving\thegmre biploSisaltcinteTastihg regions ighe

e R D e L S
prograns WO 2004/ 083376 PCT/ SG2004/ 000063 56 ascri be

significance to their findin usi ng the statistical
e h 2 BPIEAIY TG AP B Ler TR iR Rt teter

D90 nudBiGe s fce (& .?M@NNNMHWN?%&T@&éﬁ&&M’H rotein -
A o Qgég,Proc. Natl. Acad. S i

o

and Al tschul 1 ci . USA

GOreBER ie.F; XSEEXNEPEF Dwwmy. ncbi . ni h. gov/ BLAST/ bl ast

hel p.htm) with a few enhancenents. The BLAST 5

prograns are tailored for sequence simlarity

sear dhitenigg isfonty appherptioghet queiydeqriendey(or itomamislotieresrodustsy, not to
[y sequenge.. Fof,. a di %o] f LG d S i

A SRR o S b B AT TRE S G 0 s

Al tschul et al (1994) Nature Cenetics 6:119-129. The

five BLAST prograns, avajl abl e at

nt  poF ARRREBI TR AL DpERPi Ay SG: XPBF ol hen

dpRB&So s@fuBsdePimr SWINYOPRE'S, s@rﬁneﬁ%g@oana indt BHARpYct&ERd URRESyield -

agai nst a protein 10 sequence database; blastn - |

sl Buytharenie ik saneieaspy BayensesiRmasked gethers entiety, indicating

R A e S S S

seqeinendhould bgeepyctsequence (both strands) agai nst a

protei n sequence dat abase; tblastn - conpares a

protein query sequence agai nst a nucl eoti de sequence

dat abacRI-gly 0aiBeS HCIBY gi fdémifislsad BelshoWnah the Sutput, aatiditidn to the

frames (both strands); tblastx - conpares the
acreesipp or locus name.

Most preferably, sequence comparisons are conducted using the simple BLAST
search algorithm provided at http://www.ncbi.nlm.nih.gov/BLAST. In some embodiments,

no gap penalties are used when determining sequence identity.

Once the software has produced an optimal alignment, it is possible to calculate %
homology, preferably % sequence identity. The software typically does this as part of the

sequence comparison and generates a numerical result.
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15 transl ations of a nucl eotide query sequence agai nst
the six-franme translations of a nucleotide sequence

walagoalosssee BLAST uses the foll ow ng search par BOEEEL®3/000063

H STOGRAM - Di splay a histogram of scores for each
search; default is yes. (Sgg paranmeter H in the BLAST
Manual ). 20 DESCRI PTI ONS estricts the nunber of

short descriptions of matching sequences reported to

t he Kﬁﬁﬂ@?“"f@é PAE: default linit is 100
descriptions (See paraneter V in the manual page).
EXPECTs e e bbb Al S USR8 MeRIOLH &
repor mat ches ag ase sequence

dikefoasd Herm&blu@slaﬁy s]]ibsmtsnmi‘oﬂ mtldxﬂoﬂmbmﬁe&ma 106 replpenitaof,
to .be foun rel chanc accaor in to the...
o g At P T R P BRI TePGasyc Mpviig the
r&duthilt S‘ainhrfbadmdssbﬁféh&d 166 uikGEHAIRAH: dathedctiBEyHR teSimmodified
greater than t EXPECT threshol d, the WO 2004/083376
SPOUPRSERIA7E0 tiyanodilied ssqrcnse i pt leasbpnaduolpeipal petity as the

\Qﬁfﬁegﬁ? e LRERRPG i B0 FPA1 Gotifids RI B tunmb &FEA Mu&ﬁ:e

tcheS beling reported. Fractional values
Pacferablyctbp t‘\aibhn;” of ‘Sbevq@arc’éheetaeleaﬁonq lmoltoglealBEwBtV of the peptide
1%\1{?’%1{81 5p)c‘?clﬁc anta%ogljh%%ﬁkg {él{n?sgéf: o escn OFI? t%.alt rllsqt]o Sa» the the ability to
spedifidalinintibitfat asttoheadEXRi-CITthy adlayent(mekmb@\i@)fonﬂ.—ISPs are
reported for a database sequence only if the
statistical significance ascribed to themis at |east

as hipgRpastidvinak e bR andse hdid8QduéiRe shdwang tHdRsdrpHbmgnda
score equal to tﬁe CUTOFF val ue. Hi gher CUTOFF val ues

Exjemplesras figgmenigerdomojagyer theyealanaydiganodifed deraispin thp mgthods
a%g c&g{)%'s%%ig &(%gn Cﬁ%@l% 'ngr tn%dlﬁétl gk d {]'ﬁ cﬁl-tﬁél:namtam the

yp |ca ‘cance t hreshol ds can
lmzipgcal Retivity Df/@b yeqllenqwahmg@chcmnbﬂgit\mmw bm&@mw&ple

l‘? oprf:.’;l,]toq | g T g@ Slgoeﬁ%ﬂlggtgsgasrovtl?ed tgaﬁ Edgeu n(%ﬁépd)s s%%uence regnns the

visipgicdl aclivitl o€ thd @hmduditied $equdncd: SAlﬁﬁlaﬁ{leﬂy, Agdeicd dbrahas e made
S ﬁfnc s than this ha atls éhe statistical

18 PR EAEEE R OBE P ere LB ipRA) A R (Aot Spgific

datdE6Hi& o B ARVinas® Nrind Qﬁd B@Jsﬁtlﬂﬁ&saﬁzﬁlr ih18dd thd'@seDF B-Bithrally

statistical ) i )
occurring analogues, for example to increase blood plasma half-life of a therapeutically

administered polypeptide.

Conservative substitutions may be made, for example according to the Table
below. Amino acids in the same block in the second column and preferably in the same

line in the third column may be substituted for each other:
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15 significance are reported. (See paraneter B in the
BLAST Manual ). MATRI X - Specify an alternate scoring

woradonog33for BLASTP, BLASTX, TBLASTN and TBLASIXI/SG1084/000063

default matrix is BLOSUM62 (Heni koff & Heni kof f,
1992). The valid alternatiye choices include: PAWO,
PAML20, PAMR50 and IDENTIT? alternate scorlng
mat [H=ees—are—avaitable—feor—BEASHN—speeiy-Rg—the
MATRIALIBHAEEL | ve anﬂhkaLASTN request§J¥Eturns a
errpr response. $TRAND - Restrict a f@ﬂN search to
jusy the top or hottomstrand of the | database |
seqliences; or regthdlat vachBigdSTN, BLASTR SOF MTBLAST)
seafch to just reading frames on the N%E or bottgm
strand of the query sequence. FILTER ¢ sk off
segfrent s of the dquislay-skagednce t hat hapes | ow
conpositional 23 conplexity, as determmed by tig SEG
pro@ram of Wottan & Federhen (1993) Chribut ers arfd

CheE;g{@MAﬂﬁcMQ- 163 or segrrents con 'Hthng of

sho ;
PCT/ SG2004/ 000063 58 detern1ned by the XNU progran1of
d av EProiweI&ldStt asceincl(dBnetn mp the prestidena f@hespecfic gntagomsts of

7 STN t he DU
el b st R D o s S ROTo R hods
dfliddnGFyinpdpaapes el vall@aben S At kSt Hredhdnys WillgRiifalle acdpliétat least
bi o] ogically unlnterestlns reports fron1the bl ast

QuRipn acids myre preferablyag lepstd P> 20oHmase gringeeids: 5 pasic- or
proline-rich regions), leaving the nore blologlcally
i nteresting regions of the uery sequence avail abl e
for fpe@deflsqfommpehﬁﬂglt@@aiswg kimsedragmquisrioawlogiesy

SR 4oty RE A B2y Renbinth sRARIEATLLSE they may

usi'n I N nuc
aAwtheanaie by eymghetic ﬁmaﬂs)usmlgdechimquéseﬁdildmo{w(to skillgdrpetsenssuch as

sequences ' . 10 Filteri s. anl lied to
PR RRE Frlebisicamotphs it 05 bats by o RRE, fof frstrbe
tb@id 16 3k MBS L AR AHEOLRE - Exlagipfd bF fufsiohtpﬁftélﬂ Partrersihhldef Or
BLASTN, SEG for other ro rans. i's not unusual for

eetiong-Sairansierase G, Dé@@mdwuandé?r UIBICHPtivtabn

1 I
L Egelt{ qiﬂ{r)ltgl gdggx C?tg%lﬁ%sg\e{aﬁ%E %:E-e cq%gerrléglrt] Eo:iﬂglﬁ(ge a proteolytic
dreavadeasitobetevcer the Sisive posse partee ambhe potear equask eftinierest to
ehfg\ewl rremg\r/]a Io% Elts%h p}ort]equl ge%{lencgs Preferably the fusion protein will not hinder
the function of the protein of interest sequence. Proteins may also be obtained by

purification of cell extracts from animal cells.

The peptide isoform specific antagonists of PAK kinase, variants, homologues,
fragments and derivatives disclosed here may be in a substantially isolated form. It will be
understood that such polypeptides may be mixed with carriers or diluents which will not
interfere with the intended purpose of the protein and still be regarded as substantially

isolated. They may also be in a substantially purified form, in which case it will generally
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15 that the statistical significance of any nmatches
reported against the unfiltered query sequence should
wheosspect . NCBI-gi - Causes NCBI gi identifiPCHSGCO@00063
shown in the output, in addition to the accession

and/ or | ocus nane. Most prﬁgerably, sequence
conpari sons are conducted ing the sinple BLAST 20

CREPEST PR B TR TG0 HERS 1 0% 5% 98% or 9% of
RSB Mhsprepafidiof & p6w@l ti es are used when

determ ning sequence identity. Once the software has
produced an optimal alignnent, it is possible to

cal c liﬂhég)@pu(fé iORIRIsPaYric g5 AR R A ROSRM %ﬁ%ts' ﬁ’cﬁﬁﬁlbé&s,
The software typically does this as part of

fmq@etﬁ eed daivptives divplosed dergarebalabslled mﬂmﬁve@hmg lp@ir,l:ﬂhﬁ
KRB PR ROPRBS i 3 Bl
slﬁam labels inolutihediaisbtopesacg. K egymes; estibodies pblgswettotidas end

cl ud tio ariati an of
S Pl e Pt JHESA b peBias? oy PSR b it gpocggres such as
aﬂdmbasgu@s o&f deRBInk Qf afBHR bf @ﬂ&l}‘z&pﬁ@d ifl8 sdcheNPelypéptidéshe
uence providing the 5 resultant am ng acid sequence

1@@3@@ PRAYRSDSE BYY iﬂéﬂ IP%PS?%@ sgglegicalor peligdigied impaune assays for the
denendi Jriidi %une%%&'ﬁ@ saill R@lﬁl}%ﬁ)ﬁ&ls% aditigls Emﬂlufrﬂaﬁéjusmg standard
sequence has at east 0 ol ogical activity as the
nuetnesds- f | ed sequence, preferably all the biol ogical
activities of the unnodified sequence. Preferably,

the "variant" or "derivative" has at |east one

bi ol dgpepaitie Bofoin spegifisfantapenig @ PP AR ekinabs @ﬁ@emm}mmeRigﬁé c

nt agoni st. ase, .as_d bed v t hat
AT Bihutlys Prip PO Sfirtpul FREled g ARpRY ied G Sotla Bhase,
foﬁ@éfnp@riﬁe @ﬁﬁée\ﬂfwmﬁﬁuﬂomayﬁémmmsu%dﬁlmﬂﬁ&i dn8Rf or m
Pol%peptldes havi ng the am no acid sequence shown in

Hisedpat yreptistes mavibe mERlagprd 81, kifg jin § gu3 pRNpingF along with
Qééﬁé égn&a@ AstrB¥nPiamRAbd %gg Bﬁlg?égﬁ&s g mewbe used

nEth ositions descri Typi cal
lnwﬂbds:@i’cdewn@nauf entipadies tb thtpolypeniided or theirallelin aylspagies #driants by
%FR&YIH& of the sequence. Am no acid substitutions may
DEHEREY £ or exanple 15 from1l1l, 2 or 3 to 10, 20 or 30
substitutions provided that t he nndified sequence

retains the biological |th 6W£e unnDdlfled
seq PRy ah e eIl et 1 e et R e gewrise: (2
providing a polypeptide comprising an epitope bindable by an antibody against said

n—l.

protein; (b) incubating a biological sample with said polypeptide under conditions which
allow for the formation of an antibody-antigen complex; and (c) determining whether

antibody-antigen complex comprising said polypeptide is formed.

The peptide isoform specific antagonist of PAK kinase, variants, homologues,
fragments and derivatives disclosed here may be used in in vitro or in vivo cell culture
systems to study the role of their corresponding genes and homologues thereof in cell

function, including their function in disease. For example, truncated or modified



to deliberately inactivate one or nore functiona

domai ns of the peptide isoformspecific antagonist of
WO2H4k8I326e. Ami no acid substitutions nmay i ncl BCESGI84/000063

use of non-naturally occurring anal ogues, for exanple

to i ncrease bl ood plasm hs%f-life of a

therapeutically 20 adm ni stéred pol ypepti de.

Conser,vative s i on made exa
pquRgTr Y B et reditl BT R o] Br8biRs B Sespo in
1 ea krﬁdpolylpeptﬁagﬂlaﬁb@m&waaecamd) tRé edIEsyaR siy exprdskion sEde

line in the third colum my be substituted for, each

polyRent eﬁ@ﬂf@@%@?@pmmswm@eebde% Thg gxpsgssOPATqteE

&ﬁﬂ? l:%glesg%gnddcib\{e prgﬁibl_@l;f to coh‘tﬁﬁ W&E%ls%l%% Sl’yﬂag S(%r

|nclude fragnments of the peptlde i sof orm specific

5 ant aqﬁ@\ltls%to? aﬁ%oprr 't%ﬁlo?! (]Iéﬁs?: § c%l a3 %lsga %%13:})2 rmea%r%r%lg% g@l@,gl% y

fragments Co east” Sne e
eicptereditd yionige ﬁpn shdgest-taemelaumial mbdlﬁmlonm (etdhenyaistdlation,

ra nts w i.cally,conprise at |east 6 am no.
diep e oppepiear BRAGRY it SFEle o8t g BRan R i o
n?e@'b@%eec@d Regnkedl @pﬂuﬁafbwwgl@pﬁﬁﬂvfty 6n ARbBABIAMIt %Ié;&e@fon BAucts.

ki nase, fragnments, honologues, variants an

Sueh ?@i}la‘i“it\%f@ﬁ“%memtwhéb@ meytlﬁlﬁala%fow spegis piEAEmT ofRAK &inase,
10 Vlimﬁﬁél ﬁBmB es%m ﬁ‘s ﬁﬂi@élvmg dﬁ&’lo&){lrﬂefé@afré gf@ﬁ:ﬁ%naﬁl be used

usi ng tec I ques we nown to. skilled persons suc
i adsaxcsyplams & ggnitfhemidilate Prlstapeastvdiicisiniselyreatithor lgghance the
duc as f ins, for exanple to aid in
fgl%?lf)%s enpoawgpﬁé%S1 | ca?ll on. Exanpl es of fusion ,
protein partners include 10 gl utathi one-S-transferase
GST), 6xH s, GAL4 sDNA bi ndi ng and/ or transcriptiona
POGAHSIOMPOSKTIONYY ( 3- gal act osi dase. It may al so

be convenient to include a proteolytic cleavage site
between the fusion protein partner and the protein
sequédle it ppssible f@g{) he cemmposition comprising the isoform specific antagonist

15 of PAK kinase, for example, a peptide, antibody, or nucleic acid encoding these, or a small
molecule, to be administered alone, it is preferable to formulate the active ingredient as a
pharmaceutical formulation. We therefore also disclose pharmaceutical compositions
comprising isoform specific antagonist of PAK kinase. Such pharmaceutical compositions
are useful for delivery of isoform spéciﬁc antagonist of PAK kinase to an individual for

20 the treatment or alleviation of symptoms as described.

The composition may include the isoform specific antagonist of PAK kinase, a
structurally related compound, or an acidic salt thereof. The pharmaceutical formulations
comprise an effective amount of isoform specific antagonist of PAK kinase, together with
one or more pharmaceutically-acceptable carriers. An “effective amount™ of an isoform

25  specific antagonist of PAK kinase is the amount sufficient to alleviate at least one

symptom of a disease as described above.
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all ow renoval of fusion protein sequences. Preferably
the fusion protein will not hinder the function of

WO b@4f8B0€i n of interest sequence. Proteins mapCESEWOB00063

obtai ned by 15 purification of cell extracts from
animal cells. The peptide i of orm speci fic antagoni sts
of PAK ki nase, variants, | ogues, fragnents and

O e DAt e B b e

B0k Yieapd orteISviaRY, a8 evelliaX SiHlerihdibts ORIV tBe & adldl aight cﬁ'the
which wil] not interfere wwth the intended purpose o

pasentphasY 2vancsd @esqlseme Heteigdhasncrs helih of BRprinf ;}hezssventy
#ﬁﬁ’é Q)msTﬁﬁywﬁ@%r ?Aesié?)f@ﬁl dpBeific SRRhANGA PRl ¥inPudrid hdigd
orm  In which case It wll generally WO 2004/ 083376
Panigerd olwhe oomcs:gmbmmmrmr othes thamawigsr otein in a
preparation in which nore than 90% e.g. 95% 98% or
99% of the protein in the preparation is a protein.
The Eajpbhlephdarmodeationlly paepthble caritragenvallsiooh ilPK art and vary

ki hase, .variants, honpl s and .

i 1 Fer R o ARt A PR oL 2P e dppmytasion. For
&EQMPR! he@cdnah@hde dilentSor RVigRhis REcH 28 FidkrsBiNddRE watiig agents,
suitabl e I abel which allows the polypeptide, etc to, be

dispisaieles, surigepefiyeagimih Bbscaniand dhe kgl wicelly.dhrserries igp
%0%5' a lido I IR 0 bieRAHLSr 2 Mﬁfﬁ%%h ﬁi&éo@ 88ciRBrier should be

nker such iotin. Labell'ed polypeptides may be
eaptaable” i thg me oﬁqumemmbé@wzﬂm‘dﬂq ogher ingredien's alsﬁiayﬁynmbmon
{ 1 L1
y b bu{n%ase é&ecgera H‘%llegthﬁﬁ %wg gpﬁgcgt%tt}l 3%1!;%1&/%0&\1%{28 egmthout
elﬁ:&fhglaﬁ adetelregtion(e. o imaaie responkcptvach admmmereascsﬁy hosft or
the 10 detection of imune reactivity to said
pol ypeptides in ani mals and humans using standard

pr ot ogRlpharncOftiRil HfipbsRing ﬂﬁblﬁ@:ﬁ%bxfehﬁ‘clmttﬁ@@ BiiGibleTbr topical
PAK ki nase, variant, honol o fragnent or

a@rqra) afmiyastitien Modidepisn fomu B?IFS&%H'B |p§6f¢répéé’rheéeothe figpue affected
5 lﬁ)r .@gcg/ t%% gigﬁjox.t d%nﬁ@gfoge %Ff psonfi {, e@z’éﬁﬁﬁh@oﬁlgeepldermal

an | noassay |pst|ck Suc
flisdneds). ke mpdtiabfon‘_nﬁlahmmmmdp Hwge Whympmqabé)smsmwlbél the
gacka

suita r W
Hog]%f)léls app eélnetx emaglg Ilﬁ( PI(S?Ct ¢o ?arc]:?\{vﬁﬁ) g}el Kin s uraf% e treatcet&. A
bdnkﬁltg)&lq#haraﬂﬁbmﬂtfbﬂe%r &ipd:algdpgﬁcaﬂmy nhﬁldblﬁm::lk,laﬁ ointment, a
nmet hods .o etection of anti bodies to the _pol ypeptides .
HPAR.RdpHiona f Pals, @ 28k @ 8lifkct Weavy ) fezasek 2 Bgth O?lm%@gggagﬁie like.

Topical therapy is delivered by various vehicles, the choice of vehicle can be important

and generally is related to whether an acute or chronic disease is to be treated. As an
examplé, an acute skin proliferation disease generally is treated with aqueous drying
preparations, whereas chronic skin proliferation disease is treated with hydrating
preparations. Soaks are the easiest method of drying acute moist eruptions. Lotions
(powder in water suspension) and solutions (medications dissolved in a solvent) are ideal
for hairy and intertriginous areas. Ointments or water-in-oil emulsions, are the most
effective hydrating agents, appropriate for dry scaly eruptions, but are greasy and

depending upon the site of the lesion sometimes undesirable. As appropriate, they can be
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| nmunoassay nethods are well known in the art and w |
generally conprise: (a) 20 providing a polypeptide
W@ oipsBITeg an epitope bindabl e by an anti bodyPEmysGH®$/000063
said protein; (b) incubating a biological sanple with
sai d pol ypeptide under conditions which allow for the
formati on of an anti body-anti gen conpl ex; and (c)
det erm ni ng whet her. anti body-anti gen conp
apphgskin sPRBMaUATViR YAgdase; RiEhquiarly SR & is é%@abé%@tw%ase
;t?ﬁél{a]%ﬁfbfstﬁ@ ﬁgén{ Eon?ﬂ%%ﬁ&?ﬁft&é 1e8bn, RAKI RR36n-wWARE bR NS and
ogues, 25 fragnents and derivatives disclosed
gwraee zrbayrbblde amrbate tha most apsmetisally adceptahile te thepdtietu(Quzeeet al, in
h
(23’0 {ngélté gg Ié’lr gocl) g?%a‘lneBQ& (%Hﬁffaﬁ&%c% %ﬁﬁ%‘ c‘% rf%ﬁ?@%ﬁ
! bﬁE)} Cﬁr&amﬁormmiamcms dersendls énclude corap@aris euchtas tpammem la:nohn
d| fjed WD 2004/ 083376 PCT/ S&G2004/ 0000 ?i % 1
f EHENSTUPBR! Sn ey SEcsP IR BB EE §YEHT Firdpigpteteay
JIJ&OP RIcOBteryl HEtdté, QoPropili i sRES laholialcdHRE sﬁ@tﬁmonﬂkﬁrbomen,

ol peptldes may be introduced into the cel

@@thﬂc@&wﬁ%ﬁobwn@fm%th‘sdlsotb@mlp’em cdomethigone %@%%maqwl
ﬁé&%l@éﬁlo@@ X 8eh 9k mi36Es MeLOW) . The expression vector

optionally carries an 1 nducible pronoter to contro
the expression of the polypeptide. 5 The use of

ﬁg&gﬁ%ﬁﬁér%&qlaﬁl%hs By op?cal ai)g?&g&? 1ncﬁ§g %aa@g{p% ?oaggj Cs}%ake lotions,

lan ce O provi
emdslﬁe likeapmhcaﬂarbﬁmke I&ﬂﬁhufatedadi leavesa residup onntie insted}iag slom,such

b Rk it HEwERm S S Pert arg oo T OB e

to confer optimal biological activity on reconbi nant

expression _products. . Such cell culture systens in
whi cHn gensrabehe ?@éeﬁﬁéﬁqlmfﬁh%lpfefew $R‘?Cl§ﬁ enigesiss pf BAK fsjrse

Jg;'rrﬁﬂﬁﬁon H0nY %F) ‘fi‘]] oif eéﬂﬁm A9H ot 09%5%% g t@S’(gA) b{ls elght of

ivatives ere are expressed
thei caswitioygtierblytaboitddn 80 %ymera peiferalle alsub %ﬂ&%c@gl most

whi ch. i nterfer th Qr nhan e the. functions of the
BRGRBoao R 1k e ShefRORRR e

rWHiallﬁ ak Feé@eﬂ@ﬁﬁﬂlr?lb@ te@ondefigativnpOBS Io:cwemd @021@ tapsiicagon of the
the i soformspecific antagonist . 15 of PAK ki nase,
foraypiop may %ésqslf@euena repisE ayplicgtions 3rq e aplied teige Sﬂ{yn 9

RS Ry, ofbe- @m@ licatléﬁﬂf%%%kﬁr dobeorRordfBdRh St phadod dTae,

it is preferable to fornulate the active ingredient as
snallphdpseraiel be pideetive. dhersiragn eeroupemey agt @s @reéeraols and allow

éjrhcﬁﬁ Seigtrﬂnﬁ %ﬁﬁfﬁtnlxtf; ﬂle V(fa%@s(l)(ﬁf l%/éb?ﬂﬁler a prolonged period of time.

In é topical application, a sufficient amount of active ingredient must penetrate a
patient’s skin in order to obtain a desired pharmacological effect. It is generally understood
that the absorption of drug into the skin is a function of the nature of the drug, the
behaviour of the vehicle, and the skin. Three major variables account for differences in the
rate of absorption or flux of different topical drugs or the same drug in different vehicles;
the concentration of drug in the vehicle, the partition coefficient of drug between the

stratum corneum and the vehicle and the diffusion coefficient of drug in the stratum
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conprising isoformspecific antagoni st of PAK ki nase.
Such pharmaceutical conpositions are useful for

waleioweddge of i sof orm speci fic antagoni st of PAKCRBGE®E000063

to an individual for 20 the treatnent or alleviation
of synptons as descri bed. The conposition may include
the isoformspecific antag&ﬁ st of PAK kinase, a

structurally related conpound, or an acidic salt

edraquanflo brigEeqsiva fanieaments & Arug grust rossitemsratugnersrqugewhieh is

Ees]% GbleVbr @1@9 E-r faﬁcnﬁﬁ OF @k Wift Fiﬁn%le{e'raq AODRAMnifiatBh wWhidh
ase, toge one or

pleas ah@un wz@aISklyl et Ieﬁ'em;lae ¥i @ves Ostiengh ef 1 €6 Pharen. Sci.,

sofor |c a i st..of P
RRHEE e o aorb Pt P B e 2R BOREY o gl wes
PdPortisHITNE hakefoiPpetletftias ﬁitéiﬁitdi&ﬁﬁﬁtbﬁedj hahav&in Mo,
2004/ 083376 PCT/ S&2004/ 000063 63 The effective anount
wi || vary dependi ng upon the particul ar di sease or
syndr 9@Bin pbitfod énﬁﬁk@rleﬁEh A |dbl%¥dt@lgﬁgally%§ce}5ﬁbie afi® compatible
ot her factors including the age an
pith therigent sebsidvaprraied miethe f@:@a@émetoon@m@ éleupsnetltah@l of the
e e R e e e L e
Whlcﬁ’mérdasafsa]mhs&phxm Gf@h@cﬁ@hfl@oﬂﬂ}&hﬁi(admaltmﬁklm‘educns the amount

nbi nat W t r therapies.
St e e R Bl BR e e & Mheidpsoing ot of e
tdM@uRtién. SR péﬁétisétloﬂ\blﬂlbndefseiréiﬁéll ks 10 K10 s Horerakaplef dimethyl
adm ni strati rmaceutical fornul ati on. For

gtiorisie 8U-St ﬁ%tyNE a3m71 1&9% alélcd‘Hdu bAtytagediel surfagtans ((oogere h
Bfarfnl §4i€179:119-1G8 Y F984Yyed ddnitenaA0R BE Sthanofh di‘éx@%@&ﬂfl%»l

surface-active agents, |ubricants and the
alyqzhO&: &l 367,41 b 2eotryl- 1 Brhekanedioh (VO S7/084903; depyjunftﬂhxb sulphoxide
r r£0f
LRSI RNT FEEo ne SPR PARROAR Al i
glostpdy, uiplexwdet, Hattyhueidotekiers, AngredliMnpgrdlidondagurea and polyoles

e S PRt TR B L AN acceptable without

eliciting an adverse reactlon (e.g. inmmune response)
when adm nistered to the host. The pharnaceutica
c onpokspsushgich ps bR sisele yaenthongdimeneng #gderodidek(Xpmans by

Pﬁ’a?fn&é}l & pilénﬁeaogr a. 9?@9@9’01?%%8& %mt &&ﬂ@ﬁse@p  (Harrison

formulati ons beli ig preferre ere the tissue a
¢zl mhammccutysaltm 1§k54r’zl 586 ()96 samdiodeiq dond, pelyairjdbm glycol and
apd ot her, ase
EI%B{I gl¥c‘ol {T?%lhghalrrﬁ% i€ é%& Lz th@ Eo) 1}nprove skin
penetraionrofah aaive fitp@edient.

Levels of penetration of an agent or composition can be determined by techniques

known to those of skill in the art. For example, radiolabeling of the active compound,

followed by measurement of the amount of radiolabeled compound absorbed by the skin

enables one of skill in the art to determine levels of the composition absorbed using any of
several methods of determining skin penetration of the test compound. Publications

relating to skin penetration studies include Reinfenrath, W G and G S Hawkins. The
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conposition is applied externally by direct contact
with the skin surface to be treated. A conventi onal
w@baanssseuti cal form for topical application |PCl/S6ES4/600063
soak, an ointnent, a 20 cream a lotion, a paste, a
gel, a stick, a spray, an grosol, a bath oil, a
solution-and the |ike. g cal therapy is delivered

by vari ous. vehicle th oj ce of vehicle c
Werpiergrkshirg it a@élﬁ%fl A %dhl NSRS BRI Pegfiraton.

REWHR P BidtMIRA FesShr A ®. TEmbRsRECEL ) BRh@H, NAS Yaik, 1986, and
exanpl e, an acute skin roliferafion disease generally

Hagvkinsegt S Mafhadnlogy frs *apyiongt pkigp Sk FegpEionher eas
Lg ré&q-{aﬁor%k§glvﬁ{h8h§ Hesah 'A%Qorgﬁc'faig gsgrza;ee%%p LAl SR \Wd Reifenrath,

reparations e easi est
Balet 6Bd Rnéss,cBopa Bgtoa,d@(é’@, ppei7sA0; exdipt GoRsifentadlt, iCompstics &

. 7S exd it o
ToRREe A S W ksol ved i n a sol vent) are i deal for

hairy and intertriginous areas. G ntnents or
water-in-oil emyl sions, are the nost effecti
hydr &% S9greagelifptons hispEepble & sdgpmgieya lopg P‘i}mé:%?}’ﬁ‘c 9fgREnt or

cghﬁ)oﬁﬁcﬁl Wi asnudiidns IHRRANS IHRGrtbRA¢h dshBlysict TR adehi®an be
I'esion sometines undesirable. As appropriate, they can

ieranatebioiy 0B GaPtPustpgndl Joooesta Rurmgspiticadiordica 4:117
(gfseag?,rlg%%ﬂapﬁl atl I'fn ﬁlolﬁﬁﬂegi@ﬂq6 1@5"1;18 El@b?)r N% d\%}q{] 1htHa'u§nrzt

e to increase penetratio
30016p-0$6 {198R)) ont bandageascapding ©rmethedsdmown in ﬂm amtcsncrease the

| si ops..and el.s are absorhahl e and are the nost
oGty PEERGY st BEgRalt Bergot ddsfedn (Guzzo ot al.
in Goodman & G | man's Pharnmacol ogi cal Basis of
Ther apeuti cs, 9th Ed p, 1593- 159 (1996 Crea
for P&P‘P%‘ﬁsthﬁ@ﬁgﬁlafPWI ORF A a&%ﬁ%&ﬂ?@ﬁk@@@% forexample;
p?%tsxrvgﬂn?eg Qichla@ Bty ParabB bé&ﬁgfﬁa\{écﬁﬂﬁ s@b¥ a8l Sr quBtdHdrR hmmonium
gl ycerin, isoprop pal mtate, glyceryl stearate,

compévardy btabiliperivoh as Elb gm@wﬁa@twh@sebum@ hysipgaytoluene or
bﬁéﬁ%&f 1@{(]1 xal!n"s'l(ﬁ ah&]b e&:soﬂl% as a{ré[ﬁglllﬂi ecar bonen,

ori1so hla I none, azollnone
cyclonethlcone and hydroxypropyl nethylcellulose as

wel | s t here mul at i.qn

topi ABF PIRBRUER EoiREP ] 6 erduee e Bty Hfion n e
b bOEBlets, cApshlds BEsdhitiets. Arpdrteiw adidulit dfgs@alfforialdtRh e

to. |l eave a residue on the underlying skin, such

adméniglerafl fp Rafipwel oot times daily updthedyapiRgss of fhectaregiioviated.
1"14%%@&% m&%%% aée%%?éac}s oh TR T@ht aﬁch&)neﬁlﬂﬁ 8P4 pAlchOh

he I sof orm specific antagoni st of PAK ki nase
gemrploéxetdaldmoralrdosm@” agenpiiclass thamr 1200 sgi and e than 400 mgoliret

0,
preferredo &J ily ora? dcgs% 1s5 %c{%t%o %b g‘&t O?al formulations are conveniently

presented in a unit dosage form and may be prepared by any method known in the art of

pharmacy. The composition may be formulated together with a suitable pharmaceutically
acceptable carrier into any desired dosage form. Typical unit dosage forms include tablets,
pills, powders, solutions, suspensions, emulsions, granules, capsules, suppositories. In
general, the formulations are prepared by uniformly and intimately bringing into

association the agent composition with liquid carriers or finely divided solid carriers or



15 the conposition, preferably about 1 to 30% nore
preferably about 2-20% and nost preferably about
wG2098833The concentrati on used can be in the upEESG2004/000063
portion of the range initially, as treatnent
conti nues, the concentratlo? can be | owered or the
application of the f or mul & on may be | ess frequent.
Topi cal applications are_often applied_tw ce dai
negsERE sheping theRgpduch ling Acttys ingredigng eqn qt&d%@mrated into
MRSy bf GAKe M e HabinP 08 Rfuid pafds BbILE br 698Red B %iveen
“effedtive. The stratum corneum may act as a reservoir
effactivalamovnt of peiide dgrgdésnbtorteeet thpdisfasa drug into the
vi abl e skin | ayers over a prolonged period of tine.
In a topical application, a sufficient anount of
act i Qeher dgrapditenpemusitalje figtusaliceciaapahy empasbkldirugs itlmt are

5 e ey Py ST ShOER R T RRRBOY BT Fectl ug

fhiti@atiol ETTEKbIMulfiod ufikiedtih ® Bordindtida t}{wdptym@y@‘e atifithigkred
t he 25 behavi our of the vehicle, and the skin. Three

sraplisneqpaly; ospanentiadly stithothes freatinepteiugh et pomiingd offegtis
Bhic@sorption or flux of different topical drugs or
the sane drug in different vehicles; the
concentration of drug in the vehicle, the partition

coef e
tho vopERioR bR RNEE ol fiunpit B NILRRLRGHP RO
10  fohevisg e:aahmlesV\D 2004/ 083376 PCT/ SGZOO4/ 000063 65
corneum To be effective for treatnent, a drug nust
cross the stratum corneumwhich is responsible for
Exhempasrier function of the skin. In general, a
topi cal fornulation which exerts a high in vitro skin
penetration is effective in vivo. Ostrenga et al (J.
ﬁ%ﬁmmgl§@M£nam§9dgigﬁxgl79 (1971) denonstrated that in
vivo efficacy of topically applied steroids was 5
progg%tlo al to the steroid penetration rate into
der human skin in vitro. A skin penetration
enhancer which is dermatol ogically acceptable and
conp .
Cho. fby ol SiphltE pRATHICAEAE) KOFPE PRERREE ThRphric
15 debivery s.yswtmtp Bmﬂd(tsr)byf(ﬁanm’[hbtepss%rstms and amplid:drﬂny)Q-Biogene, UK.

epi. r n tes enhan

(AR B SRR P o A RERDERE saBBiih fptipo vsed o
dofifiln pdr@ivekyiimiedt@rielies fidAEPRe Bidscitibe0OTR AURH: usind @ithrk the
for an effective treatnent and prOV|des for a Iong%ﬁmﬂm

lprgion 15 Gropr iging- Pgptidep and snibodipsre Bpm Sapip Sriveapatt o

|
a%ﬂﬁ?%?%ﬁ& 12 Er@x}p‘és%ﬂéae *LQ%% éﬂhbt)@}ﬁls ol P 7&%16128&2@ ogleg %%neral

20 ramentsalﬁlenbﬁmnedmtc surfactant (Cooper J.

Cell culture

Swiss 3T3 and N1E-115 cells are grown as described previously (Kozma et al.,
1995, 1997). Bac1.2F5 cells a macrophage cell line subcloned to be CSF-dependent for
growth (Allen et al., 1997). Bacl cells are grown in DMEM containing 10% foetal calf
25  serum (FCS), glutamine, asparagine, 3-mercaptoethanol (all from Sigma) with antibiotic
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Pharm Sci., 73:1153-1156 (1984)); a conbi nation of

et hanol and oleic acid or oleyl alcohol (EP 267,617),
wQ2@iloyiz7d, 3- hexanedi ol (WO 87/ 03490) ; decyl ne€TgG2004/000063

sul phoxi de 15 and Azone. RTM (Hadgraft, Eur. J. Drug.

Met ab. Phar macoki net, 21: 1gg 173 (1996)); al cohols,

sul phoxi des, fatty aci ds, ters, Azone.RTM,

rrolldones a.a ol es Kal bitz et al
P%é? Pl a%&tszé 0@35% E@g Brgat}g% ngtmpﬁ) igadded to final
con@nedtR8a! 32 nMIR IS8 §row a[{@'?“t;n\%n@m amg fi esarrane
J. Pharmacy & Pharnocol ogy, 47:978

tpxpEPRtiORFWRPiAR end g debeveqnad A ®n 20 et aI

Phar maceuti cal Res. 13:542-546 (1996)); and ol ei c

aci d Mipolhyepiytiene gl ycol and propyl ene gl ycol (Singh
et al, Pharmazie, 51:741-744 (1996)) are known to

i mprove skin penetration of an active ingredient.
LevePwptcifs peified framito nolofind(r3 ayante micx-@dntpc;kintw@mivlé%m pH

o YRR ST o SRR ey SR i

RIORP@PE (S,uc@gsﬁﬁl(lhjleﬂmds theyernireed wisasmtBr tlmftmtehﬁ’ mmmm tandby use

SR Sy R o R B B e S dsles Expittaing PRpRALCSE,

TP R DRk @R phlReOhRL ParlilI e Y oBhin SANSHAK FRL BOLS 1997).
determ n| ng skin penet ration of the test compound.

Publ i ing to skin penetration studies
ol CERRR PLERRL Y (0 o8 G S Hawki ns. The VO

2004/ 083376 PCT/ SG2004/ 000063 66 Weani ng Yorkshire
Pig a%o ?ﬁnlmmsesl\é?éjéépréswd ag/@@ﬁ’ Uhdidt3 uERk %étp"@@@kﬁtem for

Penetrati on. Swi né i n Bionedi cal ReSearch

e¥pTkias mreVE)dsly dwcebﬁsirﬁAhm@dﬁt\@s k9941 B96)- Baiedly, aHemki qviony is
BTl IR SRR 00 L, QW

cAbysres ot didwted B1OW dédrpppen toan GINGH0\OF (65 Re ivfhénhrp@idt [PEG fedismM is

Pr.e Boc ton, . 1990, .67-80; and. .
S PTG DB LIRSt & G pBANERSS, pohed joSq F06Bsis p 1
TN SANEMAPR khERbispéfled ir thé Sanfdraffer Wi € 140 KAW0RLE h@kease
a long acti ng formof agent or conposition usi

inibigans after dPkToldhennpentiatioh o gy prefeiahcells a’(ﬁ’cﬂ‘)?‘ﬁ%t%g‘ xXT3fbsecs),
c?ﬁ ﬁéﬁus‘a?searﬁsa ankift‘ffe% amm%adg% @ﬁﬁ %ﬂ%'iﬁf&{e-%hﬁbse colu_rnns

Jungi nger, H. Act a euti ca Ica 4:
Pr@tem&@@.z)uted'ﬁm émﬂ\drgbuhthlene ial50 nivl Tisis phtet. #r50 ahd NaCl/ 2 5 mM

é‘a%lzla%g 'ﬂilé%%iagy]éegx? e@ains”ihg garllneerbu%ef w}tﬂout g u%a%{igrge overnight. Proteins

are frozen at approximately 1-2 mg/ml at 70 °C in aliquots of 50-100 pl.

Peptides

Peptides were made using standard solid phase procedures on an Applied

Biosystems peptide synthesiser.
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39: 761-766 (1988)) or a bandage accordi ng to nethods
known in the arts, to increase the efficiency of

wa@ledouvga3ye of the drug to the areas to be treatBC/SG2004/000063

Optionally, the topical fornulations can have

addi ti onal excipients for %xanple preservatives such
as net hyl paraben, benzyl a dohol , sorbic acid or
quaternary amoni um 15 conpound; stabilizers such as
EDTAMIYRIPHLi dants such as butyl ated hydroxyt ol uene or
butylated hydr oxani sol e, and buffers such as citrate

and ate. The har maceut | osLéion ¢

i DRSS BR e Ry B S i st SR B S ffiers of
Hoaldifddsair ad pSuUCOSs. ©d1ls a2 xmidoﬁ)mmeé\ﬁsmi f.ectibwest 130Mierbsdope,

forpul ati on adm nistered to patients. 1 to
Psﬁﬂ?l?i ?Fé@éﬁ%h‘fﬁ OSWP%’TF a?f‘héo m%%%{) 3?(’(% ?é‘“é?%r@la%f e Individual
lﬁhéeﬁ we%hﬁdfed %glng ee-gfi ceniby @ofﬁz!?&?élﬁﬁd &imﬁtﬂﬁéﬁ wieRassts

on the age, i ght and condition of atient. In
p@eﬁqéwal COf’tﬁPF@l BET9sgoryria pardessat ufrma@bﬁM 1§ Zeiss scaphiag

b R R e R

conveni.ent | resented in a unit dosage form and may
be pﬁ@ﬁ Q%H% Bﬁny met hod known in the art of
pharnacy The conposition may be fornulated t oget her

Wi th F&r iR lsl%&e an h}gg%glg (#Jntd!':lrl(%%nquodge %tqgllog dclﬁlt!i | PAK

nt o any sire un|

aﬁlﬂlﬁdﬁﬁesJ dlictkdifl Bardtalohes Sre as ﬂillb%&,am\N@OS(ralﬁﬂ kastat ﬁﬂﬁao acids 2-
suspensi ons, . enul si ons, granul es,

sul es, ) .
20964 ¢dPilised forat iR pcats 5261744% 8? (&'ﬁeé fmgyss amino acids
= (Q%A%d reQQ’edLI!ﬂ h&rﬁ&‘m&{m@ Q&dg 215(5) R %NK ?Ira}spcg{orl-guﬂaﬂ bfdino acids
oci at on the agent conposition Wt idcarriers
ZJIO)f Vineallip, phx‘vlhﬁi,qﬁloﬁmbtyfbsma el fﬁmSngmaVRegﬂﬁ) 41t83idy B1-integrin
PCT/SG2004/000063 67 both, and as necessar shapi ng
and g6 ite@tict SiftFiom AcYqnpeberes Nk dVetiarlandsnBasd el seshed o
do%rghps nd/ kA Slo¥n Fhr Db ForB Bl Gldad! iS rephhcdd itk SRt O8F @ee,
I'i quid, powder, tablets or capsules to give an

sefufnefitel oreCSHfesum fiod. act i ve i ngredient to treat the

di sease. Ot her therapeutic agents suitable for use
herein are any conpati ble drugs that are 5 effective

f or tAlfier mneiipulskéuohs poiedios eemaed didigsekygtrinagdewith (x 2) CB buffer

(FEPRLFEE Pl 4 bbb SaS v sl i e gy sbigpsaycels

AR edaerigtho, ?a ﬁﬁﬁ@&@inm £ 16 8RN SboA kdr¥peydiirB. Cells are
ot her treatnen such that a conbined effect is
thenrvasheslCB for 2 x10 min. Cells are then permeabilised for 1 min in 0.5 % T X-100 in

CB, washed in CB for 2 x 10 min. Coverslips are then inverted onto 20 pl of blocking
solution (3% BSA, TBS, 20 mM Tris pH, 0.154 mM NaCl, 2 mM EGTA, 2 mM MgCl).

Primary antibodies diluted 1/100 in 1% BSA in TBS are then exposed to coverslips
and incubated at 37°C for 2 h. Cells on coverslips are then washed in TBS 2 x 10 min.
Secondary antibodies diluted in 1 % BSA in TBS are incubated with coverslips for 1 hin a
dark humid chamber. Finally, coverslips are washed 2 x 10 min in TBS and mounted in

Immuno-Flore (ICN Flow). F-actin is stained using rhodamine conjugated phalloidin (0.1
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The invention is described further, for the purpose of

illustration only, in the 10 follow ng exanpl es.
wWEXAMBRB% Exanpl e 1. Material s and Met hods MapPEr/8GL®4/000063

The chondroitin sul phate proteogylcan (CSPG is from

Chem con. The peptide 15 livery systemis BioPorter

by Gene Therapy Systens and ‘supplied by Q—Biogene UK.

7L, B G TP B8 RO it A o

BREJstdpeahy Zéisy 1M et €2bdag i s from Pierce Bioscience.
TRI TC dye used to mark the lamnin is from Si gna.

Pept i re from Santa Cruz apart from
Vi ncu §§nﬁ%%?ﬁgﬁﬁﬂﬁm£ Zgls from Sigma. Lam nin

anti body is from PoI yscience. Al other general 20

r eagerlIsad 'E&té‘drcﬂf@t3| (D08 6411 MeT16Kin a@8hnkn &isH ddAk@nim B$ninin
3T3 and N1E-115 cells are grown as descri bed

qoetsd coesilips. (Tke sovgrstips e fist mpdgd withggyifl usipg & fing pmaagnt s
r?%rg&%ﬁa B{éﬁ ggat%e\lvﬂth ahﬁ]rﬁn 1%)1?1519)" %ﬁ o(f%n% it 19%1@1%0 ?(Wé %@*s 1%

cell's are grown
AB/HM/E]\Meamdias mphgedl\@% $epeth iles maﬂih (DMMH&’M@F@@) and the cells

%ﬁr@%ﬁf?} y\f ?‘P{ ﬁ}af %g%ﬁ ﬂgnéf%ng%r ¥ tg%%%lgeact Ofhe2 eptldes LM hjected at

RGE/HG 084, REAAYG 3t 1 dF/nilAdadied ioaecata tarkgdot ifjetted bdib) .
CSF (a gift fromthe Genetics Institute) is added to
final concentration 1.32 nM Cells are grown at 37C

Wi th ﬁé%@%r@ﬁj%c@@%ﬁﬁ@%%ﬁiénd&rfM%dﬂiﬁéétioﬁ%ﬁ&&tﬁ@dnﬂeﬁl A£R6plan
dlluted to between 1:4 t . Mcronaani pulation 5

lﬁmteé inxigrognapé ¢quanged wisha Eeat@dﬂtagemt@sect &RV i Gaand a 5% CO,
S’ PRl S agthe b e oP Sl witen WP MRt et
iffiacrid Squypeare Hjednad pbswnrej 1ﬁ_1e¢tioar¢hec$edmmelﬂlwnthel time of injection
vigsually at the ti nj ecti on an

Pralis md gaining B teriaie dht ’P&ka‘”eASTP oo Taisiruged
SR BiHaRdY fdr 3 ThifHes2 6E GiviaBA 1M1 i \f/lﬁfo),lt R Bf AR&HS.
near particular cells to obtain gradients (Kozma et

' é‘e?lg CZ)zdance Assays

(a) Coverslips

The coverslips are washed and sterilised and then coated in one of the following

ways.

(i) Permissive/attractive boundary

The coverslips are covered with a solution of Poly-D-lysine at 10pg/ml, and
incubated for 1 hour at RT, then rinsed once with sterile H,O and then allowed to air dry in
the laminar flow hood before a drop of laminin 10ug/ml or fibronectin 10pg/ml is placed
centrally and the coverslips incubated for 1 hour RT. The coverslips are then rinsed twice
in sterile H,O before drying in the hood. (ii) Control boundary. The coverslips are coated
with laminin 10pg/ml for 1 hour at RT then rinsed in sterile water and left to dry.
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10 Reconbi nant Proteins Rho famly GIPases are
expressed as GST fusions using the pCGEX system for

wezesBsireon as previously described (Ahnmed et BECT/SG2004/000063

1994, 1995). Briefly, a single colony is picked from
freshly transfornmed cells d grown overnight in 100
m of LB. Overnight <cultures are diluted 1:100 and

t oD650 of 0.5 whi_ch int. | PT
iggovf@ %?(a)@tagﬁ%a 1&@311%18@?@%5 ap 6'f‘r%a 18"?41 Wik ﬁﬁ# ?%ﬁﬁfﬁy’d-
%v(%:rlsﬁﬁg MERHEHy 1 NGRS BEET hill B Med HliSe Withkterlie Hated b&orEM

2 and resuspended in the same buffer with 0.1% T
aMowing tadey hsfase esgs@il) Ainpdtive/raprksiva PrerdamoBlideslagp coated with
ntration. T 4 f 1 L ns. .cel | '

STk T Four QaP o A PRELD, 8 R B B IPRLGEHES and
SldRed tadiedy btfordrRadrombOaginid #t10].908 is<Spphalto fie: cefkdisime
Proteins are eluted_in 5 mM gl utathione in 50 an[is
qorprylipmddeft faul g 3t R bsfogamsipectyesesn sifpie paish 2vf} Alloydigdo oy
R ARl Thib SoaBE R ARI bR intbJeRRWithGhdHafh gﬁ%%ﬁ% MOhEn the

Proteins are frozen at approxi mately 1- at 70
tehaisein gt thqGSPE appli@edd. | . Pepti des Peptides were

made usi ng standard solid phase procedures on an

Appl iBd4ssdi osyst ens peptide synthesiser. WO

2004/ 083376 PCT/ SG2004/ 000063 69 M croscopy Tine

| apse microscopy is carried out on a heated stage

( 37C) Thervelnara then sgeded entofhe prapaiedicovendipaat2 ] c8lsi@daml ina

|1s are.vi 5 usi [ rt 135
S BB IR T A Sutr 1A 4B AR Rk 4loWed o attach
Sveiyghti-The inhediaVd thaf gﬁhd?éii Mickiﬁ@cdvetjﬁﬂssiﬁfsed inmfdrium' fikeahediband
jmges are, ca red usi Bi o-r sof fware a
T P&?@’&%&R th RsHe &e&ahé%? @%&%ﬂ? the eqnag@gﬁwd and
dtzinddab EhRFhe Worphdlddg ofithb S¥lshl e BOURIAIYSOAR Mettes expressing
m croscope with 3 single line |lasers at 488nM (argon),

BaiilAzantae 3o (HeNe). In situ localisation For in
situ analysis primary/secondary antibodies are used at
1: 10(Prepdruidnaifl BidPKerREBgaant | bodi es, all from
Santa-Cruz, are as follows; aPAK N-20 (raised to rat

am no acids 2- 21), aPAK C-19 (raised to rat am no

aci dBiexGtebreaint i BPpPlied @s aiddetbavslenamdaeushibd dissobiedl dsa solvent

before use. To each tube of BioPorter reagent 2501 of methanol is added and the powder
is re-suspended by vortexing for 10-20 seconds. 10ul of the mix is transferred into new
eppendorf tubes; the methanol is allowed to evaporate for 2 hours in a laminar flow hood.

The dried reagent is stored at —20 °C.

Protein Delivery System

Cells are plated out at 1.5 x10° cells in a 35mm dish containing 2 laminin-coated
coverslips and incubated overnight. The protein or peptide of interest is diluted in 100u1
PBS as to give a final concentration of 10ug/ml and 1l of the FITC labelled goat IgG is

added to act as a marker. This mix is added directly to the tube containing the BioPorter
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2-20), yPAK (raised to human am no acids 2-20) and
yPAK (raised to human am no acids 2-20). Vinculin,

WwW@a00loizmg phosphotyrosi ne are from Signma. | nt BgF/86G2004/000063

anti bodies (31-integrin and a6-integrin a gift from
A. Sonneberg, NCI, Netherlands. Bacl cells are seeded
onto 15 coverslips and then“grown for 24 h before t he

it
e SRR Uap P P SRS R A s
mRoRyed and coverslips rinsed wwth (x 2) CB buffer‘
(10 MM Mes pH 6.1, 150 mM NaCl, 5 nM EGTA, 5 mM MyCl 2,
5 mM glucose). Cells are then fixed with 4%

par afGrer8 hilahydehd RChRe fN@fﬂle&- BnddivAaerORE8 DRIFRE ik bRd then
Cells are 20 then washed CB for 2 xI0O mn. Cells are

bt spemrfies IYEMdg addst! tothpiule pontgnige thepeptidegod BipPort, mix it
1}9’2\3/%?{?% g&lﬂg%efogé' be%ng)%fd&% Ic‘:ﬁ;lg@ MR édits ?,genlﬂ&%a}ge% g& 4 hourss at 37
20. Afbdr Tirel SshquiincGbatiod th@NblNaﬂ: theﬁmmhbamlfé!; a mrth@il 2NBOB)in 5%

' antibqgdies diluted 1/100.in 1%
S PRl BEkn Sl vBTskniad s ResTuh e e BERe AboogRetpgionse in
frunCebd DVIIM.COMREIR drPfixcdagd kthiged. Wwashed in TBS 2 x 10
mn. 25 Secondary antibodies diluted in 1 %BSA in TBS

are i. overslips for 1 hin a dark humd
chanbgﬁygg%%§1Iyﬂqgéversllps are washed 2 x 10 min in

TBS and nounted in | muno- Flore (ICN Flow). F-actin

Vo SoaEPET SR LORGAIR fenean 39&%’%&1@%@' Iﬁle@blq"te%((%]”g)

with Hgbofdy &PITIPAINERN; 6050 §e/tnrmhe110nn@1hnl béuM)en sﬁ) wan@ﬁngﬂbuffer

BofBiNAc oo Bfiieal] S5 B STRRG R 28, 12 oy, 105
ng/atl 8¢ A0 125 atM DY) xaroue ngie lat ®oinnerthpdratise. a 35mm di sh

containing 2 lamnin 5 coated coverslips. The
coverslips are first marked with a grid using a fine

per maNigbdelluldbe Kidrs @bl nmhaﬁh@e @f@aanhﬁbférwS&hpd@ Ibibtting as
i ncybat ed overnight in 10% FCS, 1% . AB/ AM _The

YR o8] peloV bF HBdrarpF BB BT VivERpH AR acl
HBhAM biadidg b{iﬁferqab M NatLy R AR pi 6095 e THEBCT bAEYs, 1.25

flattened an re easier to inject. TheAﬁe ptides

W Methal &t me/m A 2aET, R HgshInE (56) in 50 ml
t h
ﬁﬂ;ﬂf@v& /%Mﬁa@gﬁ%rdfgﬁnﬁ%&g%pe%g 3?? 800 BacadBis(l PPIGTP

are 1njected using an mcroilnjec
aRac Hy iR]GIIP endifx aipityis determined by exposure of mtrocellulose filters to

X-ray film.

Protein purification

Neutrophils are prepared as in (Grogan et al., 1997) and.cytosol which contained
the bulk of the PAKs made to 20 mg/ml in the presence of protease inhibitors; aprotinin,
pepstatin, leupeptin, PMSF and TLK, at 1 pg/ml. Neutrophil cytosol is the applied to a
200 m! fast flow Q-sepharese column equilibrated with Pipes buffer (10 mM Pipes, pH
7.0, 100 mM KCl, 3 mM NaCl, 4 mM MgCl,, in the presence of the above protease

inhibitors.
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inverted m croscope equi pped with a heated stage
mai ntained at 37 C and a 5 CO2 chanber. Humdity is

worahoansddned by a di sh of sterile water inside POESGHR4/000063

chanber. Cells in a grid square are injected and
positive injection checked :éisually at the tinme of
injection or after fixati and st ai ni ng for the

ir gjt Er gg(’lg“é{‘ {fsetix%rh\gaﬁ ﬁ% m;gjdf@(f m* ]g1pes bu?fer ?ﬁot?mggrg Sluted with a 0-1
NENAQD gradiehGh @ipek biiffer\whd heionSET10MMIGbIIE A0S LB of eallefriction is
@Qui dance Assays fa) Coverslips The coverslips

dnhblogell I SPRET I e 2t PIoBIRON BBAENP ATt with {gh2Hs and
%&h [w]agp IRH S prngs(mctBﬁg 8-56 ton%/ i3 pm&my@on@gﬁmaal@y
coverslips are covered wth a solution of

1Rgbyjty Of ﬂyﬁdnféﬂr&tbmcngg aeltiyitaard powlcﬁtmah%weﬂ overtighioy A *gin

d
s e}t DR ek PEIBE b ohioBRt, 4 gl Pl
elppm:chuo [} 21 (hg/Hdpaun agatmemﬂumn rquiGigrated] in Biped tafed
centrally and the coverslips incubated for 1 hour RT.
The coverslips are then rinsed twice 25 in sterile HO
bef oriedolymngs wikshtdid d5aniRipes buffer(Pmteis| ardxxdund ety a st'Eb e

coy. I e_.co d th lamninl0g/mM f

e O rEm MTHRGAT PR e aps oo B Taped e 12 2B b
FRRHN L83 ahalisTioDCAOQMs BRHARG Activid. Pra&ﬁﬁl@ B@twleay@n -@% M NaCl
lamnin is applied as a drop.m xed w

TRI TC
8 Betied e ARG PSR SPLIbOf ot Ve i 2041 GRPTSFiR ot & meml

& 'aﬂ}ﬁ&é’d foVL.CR a\mrﬁctmﬁﬁ @ﬁ %ﬁa@e Mtapplicaed QPﬁenﬂ hé;ﬂ.wse csmmn The
before use. (iii) ttractlve/rﬁfu si ve boundar

ry
elyrpreis ehited veiles Khmbygtemheradigpef g M ypmenige, sulphite3
oty B oS RRITREY il Rl 41186 hPPiRSphae BRE! | € H2O and
allowed to air 'dry before the drop of lamnin at
10g/rr1 is applied to the centre of the coverslip and
| ef t r [ ok
wat er]?frgctc 8&3 ??gé\}hgho t&'it %%091 t%fnﬁl tﬁegbelflly\%tﬁe b@g%ﬁgrl]) I‘Jdlﬁl§
akigioy gto dialyiser argameirﬁ)emM Tﬂs pHheS5,| 186V iNagh (3 thMngSZ 5 mM

S0, L Ao SRS i T B AT
aéaridbd psviahsly (Mank&%t alg 1 998). iBiiefly, il ml 6f Gdc42Hs-GST fusion

protein is loaded with GTP (see “Far-Western” analysis) and 2.5 ml of non-salt elution 1

applied to the column and allowed to interact for 1 h.

The Cdc42Hs column is then washed with (x6) 10ml of 25 mM Mes pH 6.0, 100

.mM NaCl, 0.5 mM MgCl,, 0.05% Triton-X 100. The bound fraction is eluted with lamelli

sample buffer (x 2) buffer and run out on SDS-PAGE and the gel stained with Coomassie
blue. Protein concentrations are determined by the method of Bradford. For protein

sequencing bands at 62, 66 and 68 kDa are cut out, peptides isolated and sequenced.

Immunoblot analysis

Proteins are run out on 10% SDS-PAGE for 50 min at 180V and then placed in
blotting buffer (48 mM Tris, 39 mM glycine, 3 mM SDS) with 20% methanol and left on a
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35mm petri dish, in DVMEM 10 % FCS, and 1% AB/ AM
Cells are allowed to attach overnight. The nedia is

wo b@n/osBroved and the coverslips rinsed in serpPoOT/SGE®O4/000063
medi a and incubated overnight (18 h) in serumfree
medi a. After the starvatlon7 the cells are fixed and
stained to show t he rmrphol ogy of the cells at the

6 E8 oY it arafe e PSR- S0 S ERiie aln b Snug BEEM gpri-any

H1&@e HiltdrSars blppkddea SESmitk ptrw@‘led (Mﬁ’%i)’z‘PBS/Dd %ﬂ]@éentfér 1 h at room

dlssolved in a sol vent f use. To each tube of
PO 1P A e SRR B0 R BRST i LS BhGoR fbe: e
powder is re-suspended by vortexing for 10-20
seconds. 1 Ol of the mx is transferred into new

eppe rz?ef@r ashinge §lters prs inpubatedhip|primarygntibogdydn P@S@\ﬂa/p di w&%l%
rfn?lg % g{rﬁlxlepffg6d ﬂﬁﬂ aﬁ%onﬁ l:e {é éj The gﬁﬁa %dry eagent
'S S

ore Proteln Ivery S are
rpinataeldayomshlag in1505nbPRIE ©oeb ngn (n5)and Sqmmdmsdntib@cm aglded. Adter

AU ] AR TR P8, AN PASAISHE, RIREI Sl

L&&g%fi @?geh@ (gtgélfahzgn F?ﬁgﬁa(}lﬁ Bm&:ﬂ) malﬂleﬁpéb;@cg tolID@erflmEtd.
1 of the FIT apel |l e oat GIS eq to act as a
(Gamerdrm PR BioEdD Ride iy E@tlwufl%b%?tﬁ gripgRygsecondary

8P A ked el BioaRkanfi&r WO 2004/ 083376 _ _
PCT/ SG&2004/ 000063 72 reagent is mxed by pipetting up

d d f 5
m nu?geémfﬁio@rof gﬁlﬁff( ”1§”%u9%pﬁl)€§ afrg \?vgzﬂed g:me

wth serumfree DMEM nedia and then |Im of serumfree

DVEMp s AARGR aI'eOché Hl%o} eREERAGR ﬂhﬁ‘ig% ER) 11&@195&191%pﬁﬂ‘ fytosol

Bi oPorter mx i1t I's vortexed gent bef ore bei ng
asdidected by. o‘haelay: ashys. (meeore et ils 1%9r5d\/lmﬁn Qbﬁit &9P5).oko characterise

L -

A0 e a0 e R AT et
MECH e HE aiid Rz&:ll 1(Q6 Hr}d,éZrP@BTh]g)rd)es Ll‘imtrbpﬂibcyglasbkia puefied through
the 2 hou i nc E9 0 ser free M

R Gt Flugay” dAGD S aparn Aol e harone and
Cdaaty st} (hs GeeABSIn AB@il Rakt Mpt@aRSn@ MR iHodspaioayl by
i ncubating purified proteins (1-5 g)

Starting material for the Cdc42Hs-affinity column is approximately 30% pure and
using Ste20 antibodies three distinct PAK bands in the molecular mass range 62-66 kDa
are visualised (Fig.1A). Cdc42Hs and Rac1 probes also detected these bands and in
addition signals above and below the Ste20 signals are present. With the Cdc42Hs probe
in particular, which detected the bands more strongly than Racl, two bands at 66-68 kDa

could be seen.

To confirm that the proteins detected by anti-Ste20 antibodies and Cdc42Hs/Racl
probes are indeed PAK proteins bands are excised from a gel after Cdc42Hs-affinity
chromatography and the derived peptides sequenced. The band running at approximately
62 kDa is confirmed as yPAK (FYDSNTVK matches residues 129-136 of yYPAK).
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with 1 | of [732P]GIP (NEN; 6000 C/mol, 10 nCG/m ;1.6
PM in 50 | exchange buffer (50 nmM Nadll, 25 nM Mes pH
WG 2®4/02876rM Tri s-HCL pH 7.5, 1.25 nmM EDTA, 1. 2BCT/8G2004/000063

BSA, 1.25 nM DTT) for 10 mn at room tenperature.
Nitrocellulose filters witb7 i mmobi | i sed proteins
(transfer by sem -dry blotti'ng as 15 descri bed bel ow)

Shters AR 31086 TS RO PGT PR P bRl hists i i

poddible so ¢dﬂcﬁd5whi25 PAK idoforsnstdeSlprpdent/(e B, GTEBBAVWH@%&

25\’%1”[{’)2 Sionnnd 3 HOn i oimarsEby b fripi Spprosmaiely 70

1AM © wot (Okect&] YT ank-FOED @B%@Zﬂ}@ﬁcl @fb&eﬁmodnd
%fSZP ] GTP binding_activity is determ ned by exp

g h*t FRPEBATAY 88 Paptidy %GQtl%lcmg@f Sk A3 KTpq g rw%}%ﬁhht itis

Mekﬁllxqa@h@qlo{\@,g@flpphl |s are prepared as in (G ogan et
al ., 199 and, cytosol which contained the bul k of

the PAKs made to 20 ng/mm in the presence of prot ease

i nhi 1ﬁf§%ﬁ¥l§y F and
TLK, qlgtggg&eéja nﬁggsg%??%% [ cytdgghoelﬂ@gﬂt e app ﬁ{Sd to

Gdc2SHIBEC arid Stwtpréﬂeswg@miphm theghree glaommliem BAKS br @ emtly
(Mﬂtn%g%l@ Elf’{n, aE:l esentr%n ttIHs [g)urﬁieecsl gnH&egaI gér{l HCUQI‘ 1\1/ 5?0501.%@
eﬁiﬁmt}qaaméled PAIKI firdction i cxéMn&D@ﬁh@&ﬁ&ﬁﬁof&@ﬂ' s!pS@ﬂ@ a0 GRised
t h hed wi .4
e O N G B PR o ARl e MRE R Mo

ety buffer and fractions of 10 m collected. 5| of
each fraction is dot blotted onto nitrocellul ose and
a "Far-Western" analysis carried out with Cdc42Hs and

Racl A@éﬁ%‘PMPAk"{‘ﬁgl SO AREStiesTdREEH HR3ifit BarkR, v-62 kDa, p-
(0.25-0.45 M NaCl) containing the 5 majority of the

ka2 obb46R Klop. Qutilayi df yhear, § and glavidradingraghsshpwed|that the 62,

BB 20 e B B K oGP Bone

@PB) dn@Bodi& igsidMlaiio tﬁ'ﬁ}:ﬂ;ﬁl ShtAGRANATEHhE ClL 9 Hi’(hb@dljdialthcbfgﬁmd did
in Pipes buffer, The columm is ‘E?Shed in 25 n Pll}%

e preferensp & dhe25-68 kDadiapdse 4hyg th afteEInigodygs aeR-grseitic
Antioly SighAidNaChicaRd b%Qhé‘ﬁmﬁlfn@s%g‘ 2P8des Bl R bPEontrol peptides.

Fractions are then anal by
Taken together, these results shows t at at least three different PAK isoforms are
expressed in neutrophils and that the peptide antibodies can detect specifically PAK «, 3

and y isoforms.

PAK isoforms in Bacl macrophages and N1E-115 neuroblastoma

To investigate the in situ localisation of endogenous PAK a, 3 and y isoforms the
model macrophage cell line Bacl.2F5 is used. As shown in figure 1C, PAK a, B and y are
well expressed in Bacl macrophages. The signals obtained with the «PAK antibody
suggest the presence of phosphorylated forms of this protein or related isoforms. Similar

results are obtained with neutrophils.
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10 "Far-Western" analysis for Cdc42Hs bi ndi ng

activity. Fractions between 0.1 -0.2 M NaCd are
w@owkesBiand di al ysed agai nst phosphate buffer PCT/SG2004/000063

overnight. 20 m of protein at 0.85 ng/m is adjusted

to 1.2 M anmmoni um sul phat eﬁgd applied to a Phenyl

sepharose colum. The col is eluted with a 10 m

Bt TS Rt st o pHARTTore o Ca bt

phosphate buffer. 15 Fractions 1-4 of the no salt

el ution contai.ning_the bulk of the Cdc42Hs bindin
act i JofgrmatPeciff Aty Baepnbipedissere wed topeplic P& CTjingemoBs pr rSisip. The

s?@&ﬁ@@' of it aNIYhMBQZs cohfirmdiMsinEalkitats Bl cdil ik BIdTplﬁﬁ'i@d
hen applied to a Cdc42Hs affinity colum which is

kil e K efore seateinedegdierplbusibpvManser et al .

1994). Briefly, 1 m of Cdc42Hs-GST fusion proteln i's
| oaded with GIP (see "Far-Wstern" analysis) and 2.5

m  ofWammeesal 4 rapgatficolh 1iﬂes2,ﬂd toppd Bed debls torespieed hignlewgisiof

d to int f [
i rofien b rPh Himg Hheioei forgSeafiaiB Shg S ¢GRI 6
MR Phresty ﬁat’éﬁ/lsﬂ\‘@ﬂn?g, ceﬂs &3fesd ﬁv'oﬁlﬁfbe Hot&fkely iaq)obs@ssn d

fraction is eluted with |anell] anple buffer (x 2)
perphelpgiem gricireoigpognt mselbm@lﬂaﬁwdwef lgeqdiz dagpeilingdia and

'Igg}lgqxa §_si e blue. Protein concentrations are
1ﬁéete?m' nfef% by the nethod of Bradford. For protein 25

sequenci ng bands at 62, 66 and 68 kDa are cut out,

pepti.des i soI at ed and.sequenced
et VAT WS I AP BRABES LA s o
FGgin aﬁrealﬁig\éeaﬂdlbtlharstrﬂétaeeddiaﬁng dit tttt the hgdiny tdger roid8 nM

Tris, 39 m\/l cin 20%. mret hanol
qoapPlegiear ot 62 mﬁg@ﬁéemé@ﬁgge% 655 0% B confrenf ﬁwéﬁll
1}{&@5 aré Ghdi Rt to s‘@ht%lﬁgea mﬁfe&a l@ﬁa@&&eﬂm %Hiﬂg réuger(gsiﬁg tets@a&d

lters usin Bi o-rad sem -d |otter Iters are

dﬂmjg lesepllinedi /@?manqxomoﬁmlé ﬂaP§W%PWMBP@Y51310f%WME@h reveals

bl R il 65y 86 et RR e
(\damhompwﬁ) Iters are incubated in primary anti body in
PBS/0.1 % Tween/1 % 5 mlk on a roller mxer for 60
mn at roomtenperature. The primary anti body is then

r enDVe finbJoubRSkHinlg bfspRadifg cdABRNThPAK Bofdi-spcitly) andbetlies and
secondary anti bog% added. After incubation for 1 h .
Yinqulia patibedies yaysHedidiptinchpdpralisation patistogy P &t cotpcplisgd il

\;1H&ﬁ]in %ﬂﬁg lC&RI%q)f the cell (Figure 1, panels A and B), YPAK at the periphery and in
particular with the rib-like structures and filopodia (Figure 1, panels E and F) while fPAK
colocalised with vinculin predominantly in the peri-nuclear region with membrane ruffles

and at the periphery with lamellipodia (Figure 1, panels C and D).

Interestingly, aPAK is never found at the periphery of spreading cells or in areas
of membrane ruffling (Figure 1 and data not shown). The o PAK complexes stained
positive for a number of typical FC components including; paxillin, o.1 and B6 integrins,

and phosphotyrosine (data not shown). Taken together, these results suggest that yPAK
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usi ng ECL reagents (Amersham Pharnaci a Bi otech). And

exposed to HyperfilmECL (Anmersham Pharnaci a Bi ot ech)
wWo 00040880 i n. For i munobl ots pri mary/ secondarPgT/3G2004/000063

anti bodies are used at 1:1000 dilution. Ildentification

of PAK isofornzs in neutrophils PAK proteins are the

maj or Cdc42Hs/ Racl bi ndi ng ‘proteins in neutrophil

cytosol as det cte by, overlay assa Pri re et

s PP Ao St widh f%volf%@)ceﬁ%e@ “51%(316& Is apgqipated

WAKBCPRES edlin b ABLER RS PAK 1§§f€§n R8s Adh RO £8

and a "Far-Wstern" analysis 15 with Cdc42Hs and Racl

qbeaned)in sy ceftP{daigmebgwwnNeut r ophi | cytosol is

purified through four chromatographic col ums:

Q Sephar ose, Heparin agarose, Phenyl-Sepharose and

ool 8- Cd HEHE/Rypck Astivhtion cabddtagonideRhoA finctiphdn Bacl cells

Mat erials and Method section). Starting material for

the Cdc42Hs-affinity colum is approxi mately 30% pure

and TwSkiaBlishivethe it AR REmERxdshE@Se Rhs A iaBityTKspacifiel mhibitor

in the nol ecul ar mass range 62-66 kDa =20 are

G tovita i employed: ¢ cpmplicatige w,@h&heaﬁ@c)ﬁ%as tt SHRE- Bl Ssapd Swiss 313
%ﬂ R4dafiol a@ﬁ%ﬁo@@ﬂé@l—ﬂ'ﬁgd REk13RGLhi a1 su&aahﬁo@%@me 19%3 In

ow the Ste20 signals are present. Wt he Cdc4
thesslsell types qnatntag@uf#t@rrelamsmh b@l@@@t@@MZHB{Baeblamdmeeusts
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I ndeed. PAK proteins bands are excised froma gel after
BEIYEL - af finity chromatography and the derived
peptides sequenced. The band running at approxi mately

62 kDa is confirned as  yPAK (FYDSNTVK mat ches resi dues
129- ¥se fgst %@Ak)md%nﬂ%@Q}BbB%mPW 6der 25 iae BandzzhoA

W?eﬁ%ﬁ't ‘g{ng %%ijosellg gﬁgﬁ@ gAalganQIGC)GWiql ﬁ&oﬁ{l%v?% &P Plooked

pept | I's not” possi
3 direcifgcied \thwsezthﬁaﬁneﬁts endet mrsplalagy pnéEentlm (tmcglres Cells starved of

B YT P SRR i SRR 50 e
aé}:dgdlﬂéz‘d arl col st@i@é@t; gilo@thiF ]Eghrez’m’t Iparféll BXQDG?HI Eﬂah'@di b£SSPfounded
4 Racl obes, is u er_arrow
‘rpa@é%usa . Pa ?‘ééﬂfgﬂ'ee&‘ﬁ é%r«ﬁa Qo ieﬁa\f %‘zlbaecg%ﬁ glongated
(P80 £ Dahdl BY. dificel BF MR Y2 Hs dnd Xadl (QlenOAWIDI7) and

serum (LPA) activates RhoA these results suggest that the former two GTPases drive cell

extension and the latter GTPase induces cell rounding, possibly by increasing levels of cell

adhesion.

To investigate the effects of Rho family GTPases further we carry out a phase-
contrast time lapse analysis of Bac1 cells responding to gradients of CSF and LPA (Figure
2B-D). CSF induces the formation of filopodia and lamellipodia (Figure 2B) and over the
time course of the experiment (30 min) cells are seen moving towards the source of CSF
(needle). In contrast, the serum component LPA induces cell rounding and collapse of

processes (Figure 2C).



The nol ecul ar masses 62, 66 and 68 kDa of the PAK
bands seen with Cdc42Hs/ Rac and Ste20 probes

wGewgessed that the three mammal i an PAKS a, ( 3PEI8G3004/000063
(Manser and Lim 1999) are present in this purified
material from neutrophil & osol. The 10 affinity
purified PAK fractlon is e nined further with isoform

speci anti bqd f

C T nhii s itk S5 i B opi P RS R 1 LB i pteppion
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anti bodij es dete i flc -6 65
Wishe i arodetses! Sk%a“ tr%ldgl& 3 e}fm& R shown in
F"}gﬁrQ hBG QAR C%@Qé"ﬁﬂsa&eﬂ@ﬁa éxlﬂe%dl@%) a B&c'-:l &0 pofiddsHB pkddBsses.

bands are distinct (Fig. 1B). The conbi ned signals
5 dofrdisren LA i added (athg medipng. & ﬂlﬁ)‘ﬂbs&m@n B édF ekl 4 sauspsyellar

R AR e R AR i
fedmh EPJlka]ﬁetdentedam(:)dgtsccdyaps& Inoeddigge céllsinear the%m:xTcg ggglﬁllj tcan be seen
908 Sy SEFAE0 DU ADS AT LI BORLLER B B
Strovgidshatur@d and@@st clobiree didsrer ent PAK isofornms are

20 expressed in neutrophils and that the peptide
anti bodi es can detect specifically PAK a, R and y

10 | SOf QfBxin Rikodn _I_%Q{l&f i Bde1 @élfélmcmégsr iy ?Qﬁﬁd@ﬂgn bt fiogobita
neurobl astoma To investigate the in situ |ocalisation

aofl thim isdgldaved dy RmellipodiaFommatioy andwembiage MEHNG (wnder time-lapse
qlager OOHH%%% CI%%}%!)%J h{]rgn(%% W%Fﬁrohessi @%@\g??r&%n $0054 4 Sbeur 3 h

RgUTe y ‘are expressed 1 n
dBreC3 mcrbmpbmgﬁblloxﬂ'éaﬂ)ysngpmmgmdﬂydlffaeedmmlctﬂ"at 2hé. Gialection

tibody su t e h |.at e or
oY R e s R R Cape s 1 pimapn O glogp g end
15  18hellipbdiairespebidely (datenst k)| ThesdAkudie KovOhaE d5in Swiss 3T3 cells
PCT/ SG2004/ 000063 76 Exanpl e 2. PAK Isofornms Lqcali se

a0g NhEst iSrrells. FoedRis epdBrel ey aptreamyse Rhohrivntion patyifq yersa

lsJiak antibodies are used to localize endogenous
g}otel . The specificity of the antibodies is
confirmed using extracts fromcell |ines and purified

eutro n@; K i.sof or r e Exanpl e 1 above).

lg g‘r éﬂgﬁ‘ogalpgﬁwtﬁ é{ﬂo‘]% ‘ge&efl‘qﬂt &€ and found Bacl

ceIIs to express high levels of .
From the analysis presented above (Figure 2), if the «PAK containing complexes

20  are dependant on RhoA activity, the effects of C3 toxin should be to cause a redistribution
of FCs from the cell center to the periphery.

Figure 3A shows an experiment where a growing cell is microinjected with C3
toxin and then double stained for aPAK and vinculin. The C3 microinjected cell is
flattened, the FCs in the centre of the cell have dispersed and prominent FCs at the cell

25  periphery that do not colocalise with aPAK are formed. The colocalisation of aPAK with
vinculin in the cell body is significantly reduced by C3 toxin microinjection (Figure 3 A,

compare panels A and B).
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PAK i soforns a, 3 and y, naking themideal for
| ocalization studies. Initially, we examned freshly

wQb@umsB3spr eadi ng cell s as these woul d be nor ePCT/REL0P4/000063

to possess norphol ogi cal structures inportant for

cell motility such as, filopodia, |anellipodia and
menbrane ruffles. 10 In sitd staining wth vinculin

anti hodi es reveals three jor. a | stinct types of

FCs. YESHF ekt g e hess AL koA RlyRiEso poifo agpect
QAN 01 1hend fetiaguRldsne diffRbtiatioA (LAY 65 BogddellitiiRs show

| eadi ng edge and snul ler round conplexes in the centre

bt thhezecand inumbeyj o g PAKecoptapningiCst dscigeses with diffesaagation and
fil opodi.a.-t hat .L.rai _ i i
e SR b

e it Easilex@n edrittts vidfh Badich Gl Bhoredadhscd Buridgatk!l
menbr ane ruffling occurred from.the perinucl ear region

gravitrie (detitiacy dopinpprs dpang cell difprentishen- shown) . 1n

situ doubl e staining of spreading cells with PAK

i sof orm specific anti bodies and vinculin antibodies
Eeaneplk 6 dolih K iliondisecto| RymamiisBAS ard Pliess diibres ingFyrs 383 Cells
colocalised with vinculin in the centre of the cel
(Figure 1, panels A and B), yPAK at the periphery and

I N 20rhealataipedstréd abobdsughstsrthdd olPiakelogdlisesab Rhes-daphdent FCs in

filopodia (Figure 1, panels E and F) while (3PAK
Bylge NiBelg5 ﬁ?lfsh_swﬁ%fﬁ F9HiS pPsserd ﬂi‘er?éaﬁfﬂv:\f{i SR Shaped FAs that
REhite A ﬁﬁi!i/it%f%g HRR dalloNBHA f098). AT hb WS pre@Bekipt the

periphery with |anellipodia (Plgure 1, panels C and
(Dharmawaadtage ttradyl 1997k MAKound thee eBAKf didinet catocalise with vinculin in

PR PRt Sl PE ST . LRSS AT AT S
TONRAIS ¥S18d BS @ies the 281atPRStabiliPofl tBése BorpIERE cobarbd/ @i FAIK
FC conponent s InC|UdIEgiqﬁaX|llln' al and (36

omtaigng Kss m BagansyEy $si ne (data not shown).

Taken together, these results suggest that yPAK WO

2004/ 083376 PCT/ S&2004/ 000063 77 and (3PAK are

as s ocCTeetddebssihistpoailslity rweoiiNiewifréshlyqddtéd SxiseHES ets hdvase these

aRPAK i s assoi cat i.t.h FCs invol in.cell .
&n Bl o AL FC ol s B S e b i T2 cons
lafderglo(at&@ieﬁcgmbf inlibrlg{o;m@ﬁ(ﬁ?eveﬁds i hditgt fopudia amb Gamellipotfia

anpl e 3. 421 H cl . Activalion, can_Antagoni ze
RABRHP A F1eHbrann néﬁegR%@éleﬁi toéheré’n_é%‘%%?féﬁ- Qa%_étaﬁefPﬂowed for
?ﬁfi th i b?%?gaghgm st o TAR Ar-AGHnMA UihclIRE AS PRGkES Hlating cells
are round with circular whorls of F-actin and cytoplasmic F-actin clusters (Figure 4A,

panel A). Vinculin staining is present on the periphery and in the clusters (Figure 4A,

panel B).

At this stage aPAK colocalises with F-actin and vinculin in clusters (Figure 4A
panels A and B). At 4 h after plating of Swiss 3T3 cells aPAK colocalises with the newly
forming stress fibres and FAs (Figure 4A, panels C and D and insets ¢’ and d’). By 24 h
after plating aPAK does not colocalise significantly with either stress fibres or FAs which
now appeare stable and well formed. (Figure 4A, panels E and F). During the 24 h time
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C3 toxin is enployed. A conplication with the use of

C3 is that in NIE-115 and Swiss 3T3 cells it leads to
wa@eauwsisron Cdc42Hs and Racl (Kozna et al., 19BFT1/SG2004/000063

H rose et al., 1998). In these cell types an

antagoni stic relationship %tvveen Cdc42Hs/ Racl and

RhoA exists (Kozna et aI 1995, 1997) Thus, it is

nt to establ rel atj,onsh
ceton ot B grbertinly s st b PR pe L S T dpredinor
Bhégpdda.of C3 toxin can be interpreted. As a first
step in understanding the rel ati onshi p between
Cdc42Hs/ Rac 1 and RhoA we conpare growi ng Bacl cells
(Fi g%d@r@m sIRANGI 7-Chieiph A58, & h¥Gdiof Sl a@&sifocal
| ooke at the effect of these treatnents on cel
mtsrrqsmple @ga,lymmf al%pmaqhng] Swiss BiEY Qﬁllebublezetair@d giith rooPédK a;ﬁ Fig:tin.

SELUm.LO dnderaent & Jlfdeng Nt 2kl o RLAEPSS: win

&t BOFR *H& Ser?& PTYRE RS B Je8s 988 5 “éx%l% &
&8kl P A eNERTscd Fa Fagtih wﬁ @e Elﬁsteﬂf(F%hreQB pﬁﬂl D)s and stress
starved of CSF rounded wup ure 2A, panel A) and

ftutd GiggrotR @and ) buiet @émfmna ﬁggeccgrgutﬁe@ ranely %ﬁl@alp)e gPAK is

i Lo il g SN Bl BoncHRT el B Re once
déliml@ax@?me@mer\edLHptadsaggest t hat the former two GIPases
drive cell 20 extension and the |latter GIPase induces
cell rounding, possibly by increasing |evels of cell

adhesihe BxpefinenR\sBG# 1 @k’ﬂi@ré Jn evlietvftRe fosmatonfdfetrdsafibley and FAs.
GlPases further we carry a ntrast ti
Tapemmefypys E%ﬂ%ft %'areqkdew P S@éﬁfgﬁ nﬁé‘%ﬁ 66@%&%5? iss
3 R ard Rdatkd Qltﬁ blagiifin agcﬁdc@ﬂe sfarled FHAHCAE aﬁcﬂe—actm/v)mculm.

formation of filopodia and lanellipodia (Figure 2B
@K gsrecruitdvieto Dbthtstram fiboas rasdaFM diring tmqpeq:qsmmsae{e@lbm (d3ta

cells are. seen Vin the S

et A Rk Ao R £ AT sttt B blop e et
Qdtdrs vk DikMeh @3 n6Qdhb ?hlﬁfocPAH{ RERHSEPTI del191d peséftin
WO 2004/ 083376 PCT/ S&004/ 000063 78 Thus it appears
dymamic bagngtistablefieys apéptress fipres, Cdc42Hs/ Racl pronote
cell extension while RhoA pronotes cell rounding
(Kozma et al ., 1997; Sarner et al., 2000). To exam ne
BExeiple 5. X289k IpofoitmCh acalizd th DidtinetFlab¥n Sadctiresd cel |
roundi ng, the experinent shown in Figure 2D is
carried out. CSF is released via a needle to a Bacl

cel | TRR&EEHHRtheMePBEB $Forms colocalise with F-actin structures

differentiated Bacl and N1E-115 cells are examined. Differentiated cells are chosen as

they possess distinct F-actin structures in contrast to the heterogeneous and relatively small
growing cells. Bacl cells that have been starved of CSF and serum (Figure 5) or of serum
alone (data not shown) are double stained with PAK isoform specific antibodies and
phalloidin. As shown in Figure 2 CSF/serum starvation causes Bacl cells to elongate

while starvation of serum alone induces the formation of long processes.

In contrast to spreading cells, cells undergoing elongation and process outgrowth

undergo intense membrane ruffling and form more robust filopodia at the leading edge



10

15

20

25

5 After 1.5 mn LPAis added to the nedium In the
absence of CSF, LPA causes cell rounding. Figure 2D

W@ bamesdhat CSF can protect the process near esPCT/8GL00¢000063
source of CSF from LPA nedi ated process collapse. In
addition, cells near the sgg:ce of CSF can be seen to
put out filopodia (Figure ) and the surface of the

(er 3 i GERIFIBR rerthamg dedihioon s ik s PAKis

Fhsd Qi BRtd &Mhd EH1GyiBAEAa1GOIHdF-40fE UREBrstWifcH 88 hﬂre numerous
i nduction of filopodia and this is followed b

inatoopating eellsdFigarerddy, paelsadvd hibaroindwly differentiated C(eﬁfh GEAK
éo%ogm%%eg@ﬁﬁ F-a@‘!!ﬁ?ﬁlqhé: o %r&ﬁ&éleaﬂe%%%%‘f MLell g@t,tn%t AGhe ceﬁl periphery

rocess fornm seen to occur
(Mg‘uws,éq}amlmm »n JB@AK[ el |ﬁmﬁ1& Ipfommilﬂpm mnbﬂaﬂé nfiles ahdl with

differentiation_ at |njecth P ?
lawgilippdjpbutgeiin ﬁéopefhap@@mem penels BBk FisPieed e&a colocalises
$ L ﬁ%&ﬁlﬂﬁos@gb\flbdsmﬁ%@ﬁl ialand B ke 1826 S the processes (Figure

respectively (data not shown). These results show
Imaenel £4C°).vPBKI is wediig assedisted willneread E nietBrang|riffling.
Cdc42Hs and Racl can antagoni se RhoA function and vice
versa (Figure 2E). Exanple 4. aPAK Localises to
Rh 0A- ’Kﬂ)&t{ﬁﬁﬁhdemht th€ R cHisation dT® ARNiadfpnsSto distise Ft-atin athonees is
Fi gure i f the aPAK contai.ni ng canpl exe 20 are
A SRR Eh A O CAEY PO i THEREPYEOTENS P Bgetthfiy ed NIE-

?l% Figgrelb? AOwBRHRE 2Ad SRS STS bé?lét LA cObcdnsSs Wikt actin
center to the periphery. Figure 3A shows an

@usp@s buteitt nonbelpealise withhWiantin iwdilépodia omiaoredlinodiac B%walpwhses

Vit latpeltiaid R RS RS PAR Rl BRear i fioBSd 080, ¢ ne

FCs in the centre of the cell have dispersed and

rom nent FCs at the cell 25 periphery that do not
Bemieyi Nerspins] Pepiifiesshas af BARJa0 MRS Hed SaibEersi on of
aPAK with wvinculin in the cell body is significantly

reduced by C3 toxin mcroinjection (Figure 3A
conpaWehpareind tixongioanlysis W2 dspf@BQaBIIEY sequences that the N-

P HCJ{ng(éZQ 9 nﬁ%&? 9(? Il)és1d‘z‘% 1%?’8‘321}1%?%@ %)%ratté;qléeg%%i gféﬁmgg id

occur vinculin ¢o

el ]ﬂﬁilh§ siteh@prebasetheimdsg rdfyergenichattiof flentrotains on
(Figure 3). Both cell types show that the size and
nunber of aPAK containing FCs decreases with

di f f ewe Riveakdr&Bredsigned peptides from these sequences for use as potential

targets for isoform-specific inhibitors.

Although not wishing to be bound by any particular theory, we believe that
peptides from this region serve as isoform-specific inhibitors of PAK function by

preventing interaction with Nck (or other potential targets).

Pl and cP1*%

Initially, we used two 13mer peptides from the N-terminal of aPAK in
combination: EDKPPAPPMRNTSMI («P1) and EDKPPAPPMRNTS*MI (aP1%).
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peri pheral aPAK non-staining FCs are formed (Figure 3B
and D, panels A). This loss of 5 aPAK/vinculin

W@ ooplogdses correlates with a switch from RhoA POTBGZN0¢/@00063

during cell growth to CUc42FB'RacI dom nance duri ng
cell differentiation. E a aePAK 1Localiseo to
Dynam ¢ FAs and Stress F|brgs |n Swiss 3T3 Cello The

dat t b t hat aPA I

Rhon- HE aN LT BBt r R P Spep ity el By

IﬁfB@plﬁﬁ)lz{tai qamﬁm&ﬂhsmﬂﬁﬁsﬁo@lqhevaﬁt@ @EReebinging NeH (ﬁﬁs etal.,
OA_activity for their fornmati

1(9%) o 1@9%5“@ et AiS RRPSPLdes W Bt seruphsiamvaihs Rl 4t to
Rlivate E9ABHs aNER LOURBK doatro By Rt K 22 Qtna G, Qbﬂﬁaalnﬂs e wth
vinculin in FAs in growng SwWss 3T3 cel I's (data not

ool sicatlh énagtiee heee roftiadlpAptuinstarykd N IE- BiiosHs arg Zdendly| s

Ao R T RSt et Sk bl B BB penipe

rhlﬂfEs Xeffls ergdckesl. withPTgposstisl n@sisesttiit sre[ﬂaﬁeneb iahd tngrphelogically

e fres at ed 1 ss 3T3 cel | cause these
bt SR Rk B Rerire B8 cafp R bl G B saicanay
dffbie fronf @sitblunpljedk@cteBnFsgnsa78).cel I's  undergo a
sequence of norphol ogi cal events including fil opodi a

and | I'lipodia formati on and nmenbrane ruffling that
lead T0 the formation of FAs. Cells are followed for
24 h after plating wwth staining for aPAK, F-actin and
Vi NCutyk 13 nd pebtille f%gﬁr@sren@ e do&gse&l?elnl:esfor ROk Bi&adiiBHNext we

With circular whorl's of F-actin and cytoplasmc
ema@mﬂaﬁ affecis pes braer2Querpeptide, §NMLMQDKHPM@MIH\ITS (oP2),
é Aﬁg is present on the periphery and in the

ust ers (Figure 4A, panel B). At this stage aPAK
colocallses with F-actin and vinculin in clusters

Fi 4A A and B). At 4 h af t
St SEPE Pl Tdoaren ol o s ibtesey bR bt dgo ot al,
190B)TRGpIh6 9IS efféd@ bﬁoa)zai@ dlol?eﬁ&oﬁdﬁhasdrtﬁan%e oIPBN8 Infer geéﬁﬁg

D and _jnsets c' d). B h after plating
Figue 7Rb cellsqrogssss qeg@te%#h@?ﬂrf héfﬁﬁ’t g lopgenand atlmher mrrcexstgge of

Jellpﬁéas%s&?i n%ﬁ?teé"’gf’f {ﬁjecféﬁwisl?sod?@s@fg/g s%n@f% enig h\éﬁée ll)efﬂ serum

gure ane r I nNg
staryesl m%&lﬁll@mﬁfﬁl di%@ﬁieﬁ@z@l(fdik ODRE6Ect of GPZ: Buloszge dépendent

RSB ASshBShRgS ghe 105 PorO"TY

As shown in Figure 3, neurite outgrowth induced by serum starvation for 24 h or

—

C3 toxin injection (data not shown) is associated with loss of «PAK containing FC’s. By
double staining oP2 injected cells with vinculin and oPAK antibodies we find that peptide
treatment also leads to loss of FC’s (Figure 7D). These results support the idea the « PAK
is required for maintenance of Rho-dependent FA’s and FC’s and plays a role in cell
adhesion. The results presented in Figure 7 establish the use of aP2, a 20 mer peptide
derived from the Nck binding site of aPAK, as a inhibitor of PAK function that is
potentially aPAK specific.
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Figure 4B shows a Z-series (panel A-bottom to panel
F-top) froma confocal mcroscope analysis of a

W@ progasiz3ng Swi ss 3T3 cell doubl e stained w th BEBEEGZ04/000063

F-actin. 5 Stress fibres are seen formng and this
cell also contains F-acti n8c3‘l usters and a ruffling
edge. aPAK col ocalises with™F-actin in both the

cl USE??S éF}) ure 4B, panel D) and stress fibres

(Fi géfé ?’%anel G but not the ruffling edge (Figure
4B, panels C and D). aPAK is present in |arge
aggregates.in cent ' el
1 R el e e s DS rare AR () B
SI2NGHLEDR PTFRRPERPIBRT MY, SeSVsadviForh PP AR ghd £ 24K, fredpbamellyiso
formatjon of stress fibres and FAs. To exam ne events
Tatie snveific KECWY ensel MBPhooRt ress fibres and FAs serum
starved Swiss 3T3 cells are treated with bradykinin
and doubl e stained for aPAK and F-actin/vinculin.

aPAK Pepfided®R itieatedl ceBs prssassedmpmsrous filppedia alnue Freyvly frrmed

05208 AN 63000 DR kS

lenbitipadii &5 nb filopedie (Higurd BAY IThs stekingwidrpholgiss (lebemtlidg irtile

not. sh . .Thus aPAK.in Sw 3 ells i esent Jin
A bt eahieoRag ohitd ot Pk &e pet Bubl Eiplsus.
The rE¥ks bi5p@és? (HABpdpAEARH2AR0dkS 1kl eBipotiatfodma6t while yP2 peptide
Structures To determ ne whet her PAK i sof orns

Rleks étgrrdia foymeon-InganfrastoP peptiflessomsdp s nsraiteith it B2
shd 30 Nhbakl SefRls Pnoh6 BA Mo AL pHANI LA, 3012 6 1p9)

are chosen as 2 ey possess distinc .
gve wuquemephalogiesnandaontral peptides hayve ap offedicuggsstatitrt the peptides

relatively. ?‘ral [ Wi cells. Bacl cells that have
reeaecc;;ﬁ‘ln tma?ryvlgo Og?'s%égrc%haaﬂ%'er um (Figure 5) or of serum
al one (data not shown) are double stained with PAK

i sof Q. m speci fic, antibodi es d hal | qi di n sh

e FraRslexse FuBmectims afthoph Bt v Be pd Ry
1BlREAbiBpoMet te@gdht B AkthRRNIY ofSRpHIBs 36 AR cb foifiu®ioh e
formati on of |ong processes. 25 In contrast to

replie aepserieddia Figsre Fesupportiid angeinipgtien ewgamensh YRAK inhibition

der- ' I uffld
AR, S BRSO ES, RO 00
iARGHI0A 8337 B RGTH SERARL000063 81 (Figure 5). The

three PAK i sofornms localise with distinct F-actin
structures. aPAK is found in the centre of the cell

Wi t h 19Rhfimt BYNANEmRES-tfectddURiHEPS MBI péfifed TRV Edefects in
nuner ous -
filopodia and lamellipodia formation we undertook a phase contrast time-lapse analysis.

Cells are exposed to a gradient of Insulin-like growth factor (IGF) and morphology
followed for 60 min scoring for the formation of filopodia and lamellipodia. Cells injected
with oP2 respond to IGF morphologically in a manner similar to controls with significant

filopodial and lamellipodial activity.

In contrast, cells injected with yP2 and BP2 peptides inhibit the formation of
filopodia and lamellipodia, respectively (Figure 8C). Taken together, the results presented



10

15

20

in elongating cells (Figure 5A, panels A/A') than in

fully differentiated cells. aPAK colocalises wth
wO2@8M083376 N t he centre/ nucl ear region of the ceCT/SGR04/000063

not at the cell periphery 5 (Figure 5A, panels A/A).

(3PAK is found prom nently g,n menbrane ruffles and

W th Ianellipodia but not 1n filopodia (Figure 5A,

nels B/ u ol ocal i i th

REEH T s S P Ea i AR Eof RS iRl gfﬁr&\‘%%??& el
&&B%lbi)ﬁﬁndﬁﬁ&ewfme&§ﬁ&st{rﬁt Blsen céAmotppiel C C ). yPAK
is weakly associated with areas of nenbrane ruffling.
To confirmthat the |ocalisation of PAK isoforns to
ﬁiﬁﬂl@@tR&e BELAR 1S5h MRS MIBSnhEGHifa@t uni que to Bac 1
cell's we carry out in situ staining experiments with
serum starved N1E- 115 (Flgure 6). As with Bacl and
ol ust%{ea%}% ?!)1 dd%g 19 ides g%% ésczﬁsc V\lllnt etn{};fé&?% &t Il?i&rph&ogy
afrudlcapmjmsad ag PAKmifdrmpstpdmﬁc infDRI v@aie&balams&;ﬂle e/fk”ebfnf these

I i podi imarily while yPAK col ocalises with

??F%ﬁ&ﬂﬁ&”?ﬁ%ﬁ f4e6) . "Exanple 7. N-terminal Peptides
Act as PAK Isoform Specific Inhibitors 15 W have
f ound through anal ysi s, of PAK | soform pri

sequeVeEsilamey p?%e REUTiEeS AF sRfpd @aaowglaﬁyﬁ%spgd tg Laminin/CSPG
BRAdAY bengrolzma;ungs h])d'noy\tt}b& hind ma&a%a %&Eﬁﬁy LiEgibO) &ofedf

amno acid resid bi ndi ng s represents the

appx. K% crhganptidsa d@ n@tfmltﬂhtenqymﬂ uigrewihdtselhoeer thiedinest aoptse of
t f

e e R e A

Riuk bop gdd yRAK wieatol egeritial foendupitenaitdyywebny parti cul ar

theory, we believe that peptides fromthis region

serve as isoforn}specific i nhibitors of PAK function

by  pe Rt §tﬁﬁn E)Fj' RERbWired wia P el 948 8Fanched and splky
potential targ e Pl and aPl * Inltlally, we used

JugeestmAant tb@/phawel ls§f HolasHy @W@om@senmwfmoéfa U [ rpetiphave

T

Qvd2 omd Racjiti$ Biednihet o&Pe\ﬂ%mader ﬂfa:ers@ntlibbmp dpssindtisavbeifingtion in

dehEmpriCea iP5 B R R e et Bl R i SRer owen
dodbaTheheudite morphI8&s geﬁé&aﬂeﬂl YR akeiPOR peptile aed &fh@f@;t‘énmlth arole

Pe ptides we first serumstarve the cells for 2-4 hto
or yPAK in filopodia formation and BPAK in lamellipodia formation as seen in

experiments presented in Figure 8.

Next we examine the role of PAK isoforms in making guidance decisions. Cells
incubated with «P2 and P2 are not affected in their ability to detect the boundary. In
contrast, yP2 cells do not to recognize the boundary with 60-70% crossing over and

thereby are defective in the decision making process (Figure 9C).
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activate Cdc42Hs and Rac. Unlike control cells which
are small, round and 5 norphologically inactive, these

w@aooniosdsrey serum starved NLE-115 cel |l s are genk€EBEG3H004/000063

el ongated with short processes and possess active
filopodia, |lamellipodia an nbrane ruffles. Cells
injected with aPl posses neurites that are flattened

Rt R RRBHof R op RSl o QRN RS G rupa i,

fiagmidliagaellss y different fromcontrol uninjected cells

(Figure 7A). 10 aP2 The 13 ner peptide respresents the

core sequence for Nek interaction. Next we exam ne

the eahkesd3TOLIR Urat gﬁﬁ?ﬁn #d d¥e42HaRducE the formation of peripheral F-

SNNGL DI QDKPPAPPMRNTS (aP2) from aPAK.  aP2 possesses

eqtin npiprastalecs @ PER pS %}ﬁSSan saéasd‘@rqq Seeraaagt gl £ 199 SINd ke morphological
[ [

e g G s e T g

pnemudeePA (Iﬁngwreé a17 B)995)ch1| NE-pldswBs ét haebeentsbewn hat CdedeHs

1n§uc§;ggg 8d1a forrr on is 1&5121?@ bjy%eﬁx &H‘g gaf 0 gﬁgg ﬁ(ﬂnbltor %13 toxin

frﬁﬁ@ﬁ’ﬂie&"omahbﬁ of mapodwmﬂ liaeatpsier bymcti gdtiag %d42ﬁhran& Radl.

and have taken on a neuronal fate. The effect of aP2

i s dosage dependent wth 10 g/m being optinmal for

the m‘iﬁﬂﬁ%ﬂb@é ¢ PANRAGESdriveh ddak col?e@)sebfs SHTGWA by fhe presence

gure , neurite outgrowt h i nduced serum

¢ (ae42B s Rpgl acsiyatpr é@etyl@htl%%qama 5} @cﬂ?% Tpdiae bheqllp {3 toxin

fw t
B g 5 A 55 v
%4 hpwlcess ostgrhvalPAud differetiidive & S\'ml Ini B 1 cbidst LiFemdinabd collapse of

HHERAREL s R B Por b Pae FeDoRiR N5 Sl sdtpoked
bythe pRidiice 6HOSE afbetRaor daprMdend RFA. s and FC s and

plays a role in cell 25 adhesion. The results

presented in Figure 7 establish the use of 02, a 20

Mer PRaRbh #8eth&leihibieadsults bW the thekishh laﬂtlaglﬁuﬁlb t&atf¥nship
aPAK, as a inhibitor of PAK function that

bqugml{lm fplyllgﬁjﬂka@ﬁgg termg of tagix g@@l@q)}glggqgcal effects. RhoA‘s role

N T T

cell extension. It is important to consider these antagonistic interactions between Rho

family GTPases when examining their function.

In N1E-115 and PC12 cells C3 has been shown to induce cell differentiation
(Jalink et al., 1994; Morii and Narumiya, 1995). Notably, in N1E-115 cells C3 toxin
induces neurite outgrowth in the presence of serum by activating Cdc42Hs and Racl
(Kozma et al., 1997). In Bac1 cells serum withdrawal in the presence of CSF at 24 h
induces process outgrowth and morphological differentiation. Similarly, in N1E-115 cells
serum withdrawal leads to neurite outgrowth and growth inhibition. In N1E-115, PC12
and Bacl cells the data suggest that RhoA dominance is required for cell growth while

Cdc42Hs and Racl dominance are required for cell differentiation.
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SDNGEL EDKPPAPPVRVSST (yP2), derived from | 3PAK and
yPAK, respectively, also have specific effects on

wa@ edok/osasrohol ogy. 5 Peptide PP2 injected cel |l SPCT/SG2004/000063

possessed nunerous filopodia along a newWy forned

leading edge with no |anelly odi a. Peptide yP2
%a

injected cells possessed a rge fan-shaped

v ik i S Ps sprBE BT gorksi g hemdlfing of acti

KRJsRe1Eo0BtaBS Yhealot elopirehtd) pwittiChiebidtheell rowtiodndycBR and

f3P2 are never found in control cells. The results

diffgge@ionhat peptide pP2 bl ocks | amel lipodia formation

whil e yP2 peptide 10 bl ocks filopodia formation. In

contrast, aP2 peptide seens to synergise with both

s 16, eaion: &3 babreined BGl®e The fact that

these three PAK peptides (02, fP2 and yP2) give

uni que nor phol ogi es, and control peptides have no

ef f eclthe obseggéisn that drasophiteP HE pecatizes with lpbosah@fmgin'e m mplti-

|soform eci f.i nner . carrie a.statis

R ITTBE 4 M R P e AL LG m o G Bl S o

xh@hﬂ'sddﬂ@)rﬁﬂ@ﬁelb bﬁm (t[-lﬁlfdeh %ﬂﬂle m994). Q\/Iflrﬁﬁalhantmi 1SS Iﬁjﬁﬁeﬂ slNQérmmal
eptides into the ce u The Its

??ﬂ%@é?ﬂt% cpthlopq ’é‘il?héméﬁ ﬁ‘ﬁfb‘? S%GE?lml%%gct i on

experiments. yPAK inhibition leads to |oss of

filopodia, (3PAK inhibition |eads to |oss of

| amel Pyopwaressianef Rephand CdRHs i Tkl caliigduces eeyttment of

S5REANP L BBt F R, 1ABRAC Bl R P LR il b
mparthg melk i lpwdlusmg ﬂ’Aimatthaw mpiinemid @rateo kggnegatea{sManser et al.,

R R R T T e PRl R 07 o BT fi oflin

WRICH bR oghkillih ond m@l(fv@rth&ﬁAmt@ 1084102% it BC6 «grrurhéiet al., 1999;
formati on of filopodia and | anellipodia,

Mapsse anddmad 399)- Reoert 30PoESSE tha@ﬂwr%\%% F‘?SIQPYES MWW% fgea
COMPIE! loc;sdhg&t{oﬁrth&\?glpﬁﬁﬁlﬁﬂosa ML GBI/ Bk f Ibagcﬁﬁﬁ complex
fil'opodia) and | anel |i podial activity. In contrast,
mdériendantly etiNed(Bxpwh eS/PE, 20609). (3P2 pepti des i nhibit the
formation of filopodia and |anellipodia, respectively
(Figure 8C). Taken together, the results presented WO
2004/ B33 3616 pRssEssIFIO OMA6ZGen@ PAK fkighg i# an Wealgisi@im to
show that a, R and AK i sof onns cg ér ol | ff r ent
SSpaie heder Enslogenop, ‘gﬁé Pragg;ma?mnisr? F g“fi%& B and
ﬁ*ﬁ?ﬁ ksBfkmb %l&%llé%l%lhcdmf 4 szlﬁﬁ()nent of FCs, at dlstmct sites. YPAK

marked preferentially rib-like structures and filopodia, BPAK membrane

ruffles/lamellipodia and aP AK localised with vinculin in complexes present in the
centre/nuclear region of the cell. Interestingly, in the three different cell types studied
oPAK did not colocalise with vinculin at the cell periphery with filopodia/lamellipodia or

areas of membrane ruffling.

By comparing o.P AK/vinculin co-staining in conditions where RhoA is active

(LPA/serum without CSF) with conditions where it is inactive (by microinjection C3
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& anple S. Role of PAK froforme in Axonal CQuidance
Havi ng established that peptides are specific in their

wetdeoss7eon cel | norphology 5 and can be usedPE@ESEAI4/000063

i soform specific inhibitors we next exam ne the effect
of these peptides on axon gui dance. Neurofi | ament
postive neurites are scored for how they respond to

n/ CSPG Dbo t
R BB e df 1R besaron CLE S R HE B R o 3 s iR
kOfm Tecaghért 6BFChrefting R ADAdtiviteH Bdc® o1t AR

itself over the tinme course of 10 the assay (data not
asiveniiyd Fhiosmatamed pardllini nhesphgbyrdsingand nd AR imegrins.

nor phol ogi es (Figure 9A). Thus a, p and y PAK are not

essential for neurite outgrowh. The nost striking

mor p Ha IS&gs,s 3118 ceibstostiAied rodrbited pdPRhoA-dbpendai EAD dafipheebmbly

[ gestl g .that they have | ost pol arl ty_and
G @fﬁg %‘a}ﬁﬂ%%fsraﬁa% Abragyissrying piafed-celly) spggepiinedhat oFAK 1s
AREIRELIh ARiasRe mﬁa%wggg %ﬁ@éﬁb@ dis4RMAY nfhﬁQbAkqédf&ms play a
Si nce serum starvation |y activates 15 Cdc4
Rigein the dynamic REthy FCHpat oalymolwd desell prtpneion bwtdtlsplcglth gdheswn
&;%g not have a function in determ ning cell
rfjhol ogy. yP2 cells are snooth and flattened wth
fan shaped growth cones. The neurite norphol ogi es
enera t.he K t| de consistent with a
%?'Epleﬁgﬁ)'ﬁé&?{o? n‘P‘ﬁFII%S &fsé‘“?if ?n‘g't"l on and pPAK in
| amel i podia formation as seen in experinents
presented in Figure 8 20 Next we exam ne.the role of

PAK i Qusrrpressiooh el g YupiRcellkasibesiofaund tgdnduge changes in

e eir
R i S v St b

6@4BH8/@@clnmdeneodenemegmnmm (B4l ebdut®3).y Wi th 60-70%

crossing over and thereby are defective in the

deci si on maki ng process (Figure 9C). WO 2004/ 083376

PCT/ K324howh 06 aiove Brarplagyiv Bacd .andiNg EU_SS Icém, we find that PAK

Rel| ati onship between Cdc42Hs/ Racl] and RhoA

iR ey d ,@qut éocvlwa@wss@@%@ feund tg cﬁlP%?&lﬁ?mﬁ?tﬁ“‘a‘%D’ with F-

406 A2 ol OB o5 ah ORI i 9P AR I oBAIRE Pl sy Bitn

m cr ospl as well as a loss'of stress res ozma

®lppedia., 1995). The norphological 5 effects of

bradyki nin are inhibited by dom nant negative Cdc42Hs

and by the RhoA

oPAK does not localise to filopodia or lamellipodia/membrane ruffles and is never

found on the cell periphery with these F-actin based structures. Rather aPAK colocalised
with small F-actin clusters in the centre of the cell and with stress fibres. The function of
these clusters is unclear but they may act as a reservoir for F-actin filaments and other

cytoskeletal components or be involved in cell adherence.

Dharmawardhane et al., (1997) have suggested that aPAK in Swiss 3T3 cells is
present at the leading edge associated with membrane ruffles and lamellipodia. In contrast,

our studies of the three different cell lines, including Swiss 3T3, under various conditions,
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activator LPA (Kuzma et al., 1995). In NLE-115 cells,
it has been shown that Cdc42Hs i nduced fil opodia

wo ocoor@si3ne i s i nhibited by RhoA and that the RPCESG2004/000063
inhibitor C3 toxin induces the formation of filopodia
and | anel |i podi a by activaggng Cdc42Hs and Rae 1.
Furthernore, LPA (RhoA) driven growth cone collapse is

L nhi bi t t.he . .10 of th Hs/ Racl
T S R PR e o G g s
#ele18adimg ddexi n i nduces the formation of filopodia and

lanmel lipodia within mnutes of mcroinjection. By 24
h process outgrowth and differentiation is seen.

n
Bac kyg ﬁl‘l(!l éPJQLEI’%o ﬁd@gl% %qthcs&!sés FBRE dQ{hIlg ﬁ)ﬁllétioﬂraﬁl% E@ﬁ%ﬂbl? but

phenonenon anal ogous to neurite co apse 1 n
e ith stable stibss dibed. P A carhghopphesdane; enyofin G8Fy chsin (Brzeska et al.,

PR, SR AR BB 1 OSE 20GHASE » LR

kigdsa(Danghadd Bdrothveesn) Rng résans sugedsT MASBAK idofforing hifk spécific

their. rapi d norphol ogi cal effects. RhoA s role, . .
A stipd relgs igdempdediag ﬁlemﬂm&r%&n SR ERREPERR otllsipduding
dRatsds. Cdc42Hs and Racl is to induce cell extension.
It is inportant to consider these antagonistic
interactions between Rho famly GIPases when

/i £ heir. f ' . . .cell
ERIO DA B POE o bma iy Dol st sl el | <
(Jalink et al., 1994; Morii and Narum ya, 1995).

Not a I NLE-1 cells C3.toxin. induce it .
out or e P RE kG e Emapras P LS Sord A fsbforms n
&oiladifhls cél]l:]lgorﬁﬁallbgy tﬂyﬁﬁlﬁﬁ& Mébre@ler, ,the]l?&fé)éatidnﬁedzﬁﬁﬁ %;qhoﬁi&hzlttSPAK
serumwi thdrawal in the presence of. F at 24 s
lﬁ?fala’aseféprs%ttgé Sh HRIGRSAPIROBHE b sHErTeRitges FC's present within
differentiation. Simlarly, in NNE-115 cells 25 serum

wi t hdrawal |eads to neurite outgrowh and growh
inhibition. In NlE-115, PCl2 and Bacl cells the data

suggest i ' ' s
o oy SR ire RARLLEREARIAL rlfe AECML RECHAL 8 ity
dndogemetd praieinf fenatioh batisiogpepiids iRBDAMO 8B8A6E&In-protein interaction. The
PCI/ SG2004/ 000063 6 Thus,. o, fam I ins a r,
RGPS G HORY B raprgenBas g Dol PRI s prar B s
©ioR S8V ddn Bi#iding| 050 of the SHE UehSRIBMh@ddapiol blokidREMeEeN
cell growth and cell differentiation. EHanple 10.

Pi scuooi on: PAK | oof orms and 1FCs/ PAs
- The peptides should alter the ability of PAK to interact with Nck and since this

interaction has been shown to be important for PAK function/localisation (Hing et. al.,
1999; Ruan et., al. 1999) would be predicted to inhibit PAK function in vivo. However,
the mechanism by which the peptides give rise to specific inhibition of PAK isoforms

function is unclear.

To date, two isoforms of Nck, o and 3, have been identified with each isoform
having a different cellular localization/function (Chen et. al., 2000). Clearly this in itself is
insufficient to provide three different phenotypes observed with the PAX peptides. One
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5 The observation that drosophila PAK |ocalises with
phosphotyrosine in nulti- protein conplexes at the

wo e@diosd37edge of cells involved in dorsal cl osSPEESG2004/000063

suggested that it mght be a conponent of FCs (Harden
et al., 1996). Mammalian PAKs possess N-term nal
sequences that can localise“themto FCs and FAs

Manner. et . 997 Over.ex

SR e RictordBR e AR BE LRREER ORF AR B tooft play arole
infiaeaétRatveth NAfminl pes laph sflaAK foformd urtRecw 6k eangeary to
factor Pl X seens to |rrportant role in
regndes oy they Pepaides a5t i‘srfé%f%mhﬁﬂet’liﬁﬁﬁ]l"i‘lﬂ °Bf ot ei n aggr egat es
(Manser et al. 1998; Gberineir et al., 1998). Another
protein p95PKL/GI T, an ARF-GAP like protein which
bi nddn geExpmples, :;hmpept@@s agg mmds,lc«tdwl@tom{s boeithgtmicrgigiegtign or

it PP . e en i BAR Ty P T B g whot

fapations®t callph h«stumecatapw Widmntrﬁmdlpgﬂul‘banwl Ti@ Iihencﬂlypes

Pl X- (A T2/ PKL) - paxi|lin c | e nde

B eEPidet s, £ 3o BE VR o B BE8H pgtforad Bt
SheRN0geRAMEmPAK making it an ideal system t 0

exam ne et her endogenous PAKs are conponents of FCs.

Ve found that a, (3 and yPAK isoforns colocalise with

vi nc I

20" ey e B R SRR o lratdafathe Rl sk g W ortant
for ﬁlmpmtia ﬁ)méwmﬁrfmﬂamdhmdﬁﬁmssbﬂammﬂlqs Foiatiommul oP AK for
CHaSnes R et Aagftipele! PrbORRr R SRR i o
Cdcathrd Rhivlegfectof, ﬁﬁn&mtelyeﬂmomey ﬁxeﬁgﬂamty tﬁdtunaﬁé%fdmdA-

PoHeR ot e TpoaPa oy et el Bt anc.

ruffling. 25 By conparing aPAK/ vi ncul [ n co-staining in
condi tions where RhoA is active (LPA/serum w thout
CsF) Teeethercoiiuthe rdessugrsiedhere fary apdaRAK frecelisytension a model

f& 50 COLOES QPREA offghedd QOB ﬁ%ﬁm‘? Qé%@Q%%&fmeAng

toxin, or serum st ation int resence o
&ree Pdm eoibnn sioeventhd (Figire l(amgulanhgmbmhmcztﬂiw IoyotigdAemd Rac

RUGR B prh Sy e oY o Rt SF i i Samplene

@bdciatdl witH §refeind Suchl 43 IBVSS N-JTBSESId MRERAK is recruited
t o RhoA-dependent FAs dur i ng assenbly

Example 13. Discussion: PAK Isoforms Play Distinct Roles in Axonal Guidance

The Examples also show experiments which examinethe affect of these isoform-

specific peptides inhibitors on axonal guidance using a matrix boundary assay.

The peptide data suggest that PAK isoforms, at least individually, are not essential
for neurite outgrowth. However, P2 and yP2, but not oP2 did affect neurite morphology.
In the presence of BP2 neurites are branched and spiky with lamellipodia and ruffles

inhibited while in the presence of yP2 neurites had flattened growth cones and very few
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5 (spreading cells) and di sassenbly
(bradykinin-treated cells) suggesting that aPAK is

WO 200al0833d6 i N both the formati on of FAs and t heP€T/SG2004/000063

di sassenbly. Thus PAK isofornms play a role in the
dynam cs of the FCs not only, i nvolved in cel
extension but also cell adhesion (FAs). Exanple 11.

i scussion:, PAK of ar, nd F-actin [e SSi
Snan? ekt BRLPARERR Lok hilprtilt Y REHELRIAIAR.:
debRnges in F-actin structures, nanely the formation
of nenbrane ruffles, via a kinase and Cdc42Hs/Rac 1
-i ndependent mechanism (Sells et al. 1997). As shown
i Nt hg;AbQWes EondiiRhteSith thevi3aalat &tsholNs Bad b ifiSdrtaht W in
find that PAK . r isoforns have distinct
guadsabd degisioanPenflomag Tosar-Bayiaondo! 3861 Glist fisd- 183Y)- In
RSy exieilinfs b Bty HTEHcL A M R0 on axonal
duidappotdivards HFAK Nide §1 Snastls.| The dhth s cousidtént wptb diealamimin/CSPG

| anel | i podi a/ menfar an ffle nd..is n r u .
o s
thé IGE gMﬂe&z;ée edpatilnedt raBﬁle tat greaddesdow deivh thesiedikibn making
F-actin clusters in the centre of. the cell an ith
REprass & TR EREIST Ay (O SHESTBR  BIPPORIVE R o &Dg 40@1115 PAK

HOYeHE B axBRl ghiafite (RYMAIHr aAS S SAKBSE i¥Riblishe@Hathy, act i n
filaments and ot her- cytoskel etal conponents or be

i nvolved in cell adherence. Dhar mawar dhane et al.

(199%)p; i | L35 o19doprdt&h kEM d
oD cRIABPA S g8l BAPplvobrdiih (OMEf), an
Wiyélfn assoicuted Glzevptdtéip @diA&), ih thewenttal asvous sysiem gtettbiought fof

the three different cell |ines,. i.ncludi Swiss 3T3,.
RiRGret ot e AR et SO o 3R g oy W Bive Tentifed P2
RGlBRANMGRNES of BBniiduldabd? valieimazPfe 6Hlit) eadtingilihg nerve

with F-actin in filopodia or |anellipodia/nmenmrane

regirieragion. T isolgion etrAptidesdlpy blockroteimprofsgpinieracons and can act
e T T L T A P

asse ress fibres. PA
weAvoUp ystqphepsit. dn Siturepxpsiimehtehyiselonn-specHicaeptide ivhibiggrs of

ﬁ@%g?gcgﬁ% %ﬁ?ﬁl 1}3}/31,1]%%25 fmg ng%?lgﬁngfl%%ﬁfeéggﬂﬂgsre%r&éihs 1%' cell

function and disease states.

In conclusion, this is the first study that has compared the endogenous cellular
localization of PAK isoforms. The data clearly show that o, p and yPAK isoforms are
present at locations that may allow them to play different roles in cell motility. The use of
isoform-specific peptide inhibitors confirms that o, p and yPAK isoforms do indeed play
distinct roles in cell motility and further that yPAK is essential for axonal guidance.
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ki nase (Daniels and Bokoch, 1999). Qur results suggest
that PAK isoforns have specific and distinct roles in

WO 0vaed3reng the maj or F-actin structures presePCT/B6G2004/000063

cells including stress fibres. Exanple 12.

Di scussion: PAK | soforms Plgy Distinct Roles in Cel
Motility 10 The localization results suggest inportant
nd distinct roles for PAK isofornms in controlling

ék@ﬁg¥%$%hology dynam cs. Moreover, the |ocalization
results show that PAK isoforns represent the first
uni que ¢ onents of t i ffer types_F e

Wi t hiAbo. Rehig %I?Smlﬁ‘éaflf’ﬂ@? g‘h’éa’P &?:@t“éﬁﬁgpiKB?‘go% o %ﬁaﬁgé'eand

RREH, L Y0oREP £ROS0VE ebfedtorBACHdAINHB] i indflicapd pgrnous
protein function by using peptide inhibitors of
pergrsatiop phihe painichiodelstan a9d in the dormsipn eiddepodice EYERQ ety
&ﬁ?-%ﬂ? N-termnal region (aa's 1-22, Pl1) of PAK
|soéorﬁs and this region is involved in binding one

of the SH3 domains of the adaptor protein Nck. The
peptides shoyl d alt the api.lity P | : .
b AR aRemE s Fn O itk B Bl P Afibpegin
4@ e Qr tipias. MakodPAEdApmer. i 196/ 11delabi sati on (Ring et.

al., 20 1999; Ruan et., al. 1999) woul d be predicted
to inhibit PAK function in vivo. However, the

mechaGingdl BYLWs CWeh TeP DERId, 485, 1, YSBRéSR, MonfREW.f Kezm,
i nhi bition of PAK isoforms function is unclear. To
Riagns Limab. (1894) Brepkpeint qliester regioncgeae produdicg)aedydaappin of n-

. fied.witl . . e '
i DRy Rl R Bl AR TR SR o
Bhietorayanahyiss. I. BidltGhel, 268, 17882-1 H&8f f i ci ent to provi de
three different phenotypes observed with the PAK

pepti des. One WD 2004/ 083376 PCT/ SG2004/ 000063 89
possiAlidn| Wy Ei, Sodebat. Baddilhidph aV. aing BlidieynAs p&tdo7) Rho, Racl and
targets or Nck rel gted no] ecul es, pl.ay a role _i .
deHia zeenlaie a5 FrERTGPRPHLC Fsioh jn WagpPhsaR. T SGlloSsknce
Y wdetaomork is necessary to resolve how the peptides
act as isoformspecific inhibitors. In the Exanples,

the peptides are introduced into cells by either

m cr Gi nj ' . 5 S| t i : .
% B e i A5 M PRI By e
ghethecongrodeptiedd of fidopodlia be Lytechalasib dregtmenti. Ndturead23dTH2-TiSt h
m ni mal perturbance. The phenotypes

Brown, M. C., west, K. A., and Turner, C. E. (2002) Paxillin-dependent Paxillin

Kinase Linker and p21-Activated Kinase Localisation to Focal Adhesions Involves a

Multistep Activation Pathway. Mol. Biol. Cell 13, 1550-1565.

Brzeska, H., Kaus, U.G., Wang, Z-Y., Bokoch, G. M., and Ko E. D. (1997) p21-
activated kinase has substrate specificity similar to Acanthamoeba myosin 1. Proc. Natln.

Acad. Sci. USA, 94, 1092-1095.
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obt ai ned by peptides a, p, and y (P2) are distinct
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qegaés\aenolegid apabiyofipegicnting ar ixéniivmg RAK thd rindibg of Nek, of
P ' es veal s e nDrphoIoglcaI rol es
IE@'\%?QY&\Z%‘H‘]OB;‘J%E@&%P% ‘Ffé%‘? Cell Biol., 18,
2153-2163. Each of the appllcatlons and patents
mentioned in this docunment, and each docunent cited
or r feisaihme sbebim‘lc eategonist of PEK dkbeseacapping tc@Claomd, %wnﬁ which
atents, i WD 2004/ 083376 RCT/ / 000063
10 GRS OR oA SRR T AR P Es
#8RraBRl LR Fene PRI af 8ddeQfbnGiuber USDQLBLHE] hr @M1 S3NYPAK),
manufacturer's instructions or catal ogues for an

PrBdactADEI e ar 07 S91AEPR A herd24430BAdle5 tnﬁ‘éP_OOZSQé (YPAK).
applications and patents and in any of the application
cited docunents, are hereby incorporated herein by

§.ef er gngSfornt bﬁe&f‘ﬁ@ AREShist 8 PAR XEHaBERL S dfls ¥ @ Alain UNintWhich the
text, and all docunments cited or referenced in
REptidmesmpsisesiandikibinding domeinct . and any

15 6. An isoform specific antagonist of PAK kinase according to Claim 4 or 5, in which

the peptide comprises an isoform specific domain.

7. An isoform specific antagonist of PAK kinase according to Claim 4, 5 or 6, in
which the peptide comprises a N-terminal portion of a PAK kinase isoform, preferably

residues 2 to 21 of a PAK kinase isoform.

20 8. An isoform specific antagonist of PAK kinase according to any of Claims 4 to 7, in

which the peptide is selected from the group consisting of: EDKPPAPPMRNTSMI (aP1),
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manuf acturer's instructions or catal ogues for any
products cited or nentioned in this text, are hereby

w0 p@angsrat ed herein by reference. Various PCT/SG2004/000063

nodi fications and variations of the described nethods
and system of the inventi Q will be apparent to those
skilled in the art w thout "departing fromthe scope

FarpferREAPp N 5Lt B Perbhh SR e ana

SIReGELEOKPPAPPVROESE QM nents, it should be
understood that the invention as clained should not

be unduly limted to such specific enbodinents

| ndeed, rious..nodi e . describ

dor ey HHiEe uadrit PR ingtn acH g TOBvRb ooy o 8. in
WIeS e phitlde @6mprikes AgREIdE BHmNM pERkrdly 4 BAR LM p@h@bﬁ of
are intended to be within the scope of the clains.

Ngs. 2004/ 083376 PCT/ SG2004/ 000063 99 CLAIMS 1. An

i sof orm speci fic antagoni st of PAK kinase. 2. An

i sof onn specific antagonist of PAK kinase according to
10, ai Mnlisofddm §lcific @nfpFInEesf BAKRIngGHccorgiapabCRi®f, 2 or 3, which
nodul ati ng_an interaction between an SH3 containing 5
WEPYESRAEEdNd a PAK i soform 3. An isoform specific

ant agoni st of PAK ki nase according to Caim1l or 2,

whi ch conprises a nol ecul e capabl e of preventing or

i1nt erAreisofognm wpetific btegdmish of F@K@fnaﬁﬂécordmg & €laah |1®’ ilNe/ki#wh the

or. kK(3, to a PAK isoform, C
agﬂ?%d%f'%%cwﬁrﬁmhe ﬁ‘foﬂ%%ns%i@&%?fd fm@o&scé%?ﬂ ?ﬁ%ﬁ ‘532%‘@7%9
ATh&dY sc-’h@vmm%hs&\z &7 PR Crimbréblogy,apapr i sing a
sequence froma PAK kinase isoform preferably a
sequence having an accessi on nunber U23443, 088643 or

35303 S i RIS e . PSR “ooordE Gy g g i

vsmacis chpabRifagienst sie RfiviAKlckied 856 tREEOHFIENGisfing B @tubing
in which the peptide conprises an Nck binding

la%frPé? el adhegion pgples peivating et spreeding, peftyainastell srtepsiga,

Ashmg nBGROLELRYH, Grebtiolof fiBpodta fdrfati¥ll, Sl pr@\h:ﬁtlon of
peptide conprises an isoformspecific donai'n

lamellipodia formation.

13. Anisoform specific antagonist of PAK kinase according to any preceding claim,

which comprises a aPAK isoform specific antagonist.

14.  Anisoform specific antagonist of PAK kinase according to Claim 13, which is

capable of stimulating neurite outgrowth (neuritogenesis).

15.  Anisoform specific antagonist of PAK kinase according to Claim 13 or 14, which

is capable of stimulating nerve regeneration.



10

15

20

7. An isoform specific antagonist of PAK kinase
according to Cdaim4, 5 or 6, in which the peptide

w@eompsses a N-termnal portion of a PAK ki nasECT/SG2004/000063

isoform preferably residues 2 to 21 of a PAK ki nase
isoform 20 8. An isoform s]%?ci fic antagoni st of PAK
ki nase according to any of ains 4 to 7, in which

oD SRF e AR5 O PR oy precoding i,
s & Bofolid GpaMYGRRLGRPPAPPMRNTS (aP2)
SDSLDNEEKPPAPPLRWNSN (13P2) and SDNGELEDKPPAPPVRMVSST
(yP2). 9. An isoformspecific antagonist of PAK kinase

cordi.ng. to any. of O ai 4 to 8, in. which.th
B pe 1T BatrbpitEs SrogusiBhe A g ek Rimg e B g yrhien i
RBH6106 MARBEin X dnaDMidhcd Nck. 10. An isoform specific
ant agoni st of PAK ki nase according to Claim1, 2 or 3,
whi ch conprises an antibody. 11. An isoformspecific

t agond of PAK kinas din Q I M. 10, in .
) CADkbeg ineri ayioR g of LER I sk fina sl 16 b7, whicn
i€ ofmbls boif Aifpveihg naimitd AeEywheaed82an atrdctibotypid gvd Bathdard 0
ant i pody sc- nd anti body sc-7117 (Santa Cruz
3P {%&Jﬁd&%@@ég’%ﬁg und§®y.  An i sof orm specific
ant agoni st of PAK ki nase according to any preceding

claim which is capable of at |east one activity
Bel ecA pobtifle banitgthe grgoerpe EDEPPAPPMRNESMINGBEL ng | oss
f hesj onpl e clivat] I di ng,
Sonfy Bfons PERFRVERTEEPorSos B EYRbP B RN ERPD and
ontiaELrbRePRPBYRNIISANy®). fil opodia formation, and
prevention of 15 lanmellipodia formation. 13. An
i sof orm speci fic antagoni st of PAK kinase according to
ny pr ec?di ng.claim which co i ses a.aPAK i sof or
iﬂpeci/‘f Peeledn g eHMINISING PACIURRCS BRACGT FheBfREen soform specitic
amgaﬁ@ﬂufml@ltinfs%éswa%% aftf 6Q01IRA tha8 6t 2bEPtilid accbhintzto
I s capable of stinmulating neurite outgrowh
Chbwt9.t ogenesis). 20 15. An isoform specific
ant agoni st of PAK ki nase according to Claim 13 or 14,
which is capable of stinulating nerve regeneration.
21.  An expression vector comprising a nucleic acid sequence according to Claim 20.

22. A method of inhibiting an activity of an isoform of PAK kinase, the method
comprising contacting an isoform of PAK kinase with an isoform specific antagonist of

PAKXK kinase.

23. A method according to Claim 22, in which the isoform of PAK kinase is contacted
with an isoform specific antagonist of PAK kinase according to any of Claims 1 to 18, a
peptide according to Claim 19, a nucleic acid according to Claim 20 or an expression

vector according to Claim 21.
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WD 2004/ 083376 PCT/ SG2004/ 000063 101 16. An isoform
speci fic antagoni st of PAK ki nase according to any

w@e@amsizng claim  which conprises a yPAK i sof BET8G2004/000063

speci fic antagonist. 17. An isoformspecific
antagonlst of PAK ki nase aqiﬁrdlng to Caim16, which
capabl e of inhibiting axdonal guidance. 5 18 An

%392 oK e Sk ph g R AR b A R B o
Iﬂfsﬁgﬁc&t@&lﬁg 88 o BAKUiAs @G th H@ocPAKQ@J%r&i 3pecihe hhﬁﬁig’iihiét.

preferably a 'am ni n/ CSPG boundary. 19. A peptide
havi ng the sequence EDKPPAPPMRNTSM (aPl),

%%\I %E 55%%%%_ 2@&52\%’%@%1%5 Kg P%%Ml\llg’g\ontactmg a

OGL 181 & B ise MR sh&EifhntgsAguUence capabl e of encoding
an i soform specific antagoni st of PAK ki nase

accordlng to any of Clalns 1 to 18 or a peptide

cor . 21, n vector

B epr et &t st niive Peusition B BERGH dPGreE epipie
29 withldh AAK RoftBhRAiRS antaghiili ting an activity of an
i sof orm of PAK ki nase, the nmethod conprising
contactlng an |soforn1of PAK ki nase with an isoform

ecific anta |st f ase.. 3 .ha )
cor Moq aCc oS0 2. ShPCR. st GF ARopo PRkepecific
Kﬂtz[g%ﬁﬁt do'%np@i@é%ta & & Emm@mﬁ@ém fargpeci fic
|

ant agoni st of nase according to any of C.ains 1
SYNGSDIQDKPBABBMRNIES (a@@berdn ppfitiody &3-882ntSaga Cauzigjetedinelogy,
jd according to Caim 20 or an expression vector
according to Claim21. WD 2004/ 083376

PCT/ S&004/ 000063 102 24. A nethod of inhibiting an
activity of an aPAK ki nase isoform the nethod

L25) rrp r& giethgd @f)mh@mrigr@g agliviyPARL 10 Ada bimasg isqioram ﬂzfpmthod
T S T TR

contacting a

29. A method of inhibiting axonal guidance, the method comprising contacting a cell

with a yPAK isoform specific antagonist.

30. A method of enabling neurite outgrowth across an attractive / repulsive boundary,
preferably a laminin/CSPG boundary, the method comprising contacting a cell with a

yPAK isoform specific antagonist.

31. A method according to Claim 28, 29 or 30, in which the YPAK isoform specific
antagonist comprises a peptide SDNGELEDKPPAPPVRMSST (yP2), an antibody sc-
1872 or antibody sc-7117 (Santa Cruz Biotechnology, Inc).

32.  Use of an isoform specific antagonist of PAK. kinase for specifically inhibiting an

activity of an isoform of PAK kinase.
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cell wth an aPAK i soform specific antagonist. 5 26. A
nmet hod of stinulating nerve regeneration, the nethod

w@oimpsBieg contacting a cell with an aPAK i spEDBGER004/000063

speci fic antagonist. 27. A method according to Claim
24, 25 or 26, in which the %PAK i sof orm specific
ant agoni st conprises a pept]i 3e EDKPPAPPMRNTSM  ( aP

v ONNG DI PAP. NTS P2 . i, bod: -
U O USRS ORI By B <pfie P Qi TAR fnase

tonprdéstani@fam spedifiyyartygoaist GHP AKPKIKadéiab@8ding B LATlathel to
nmet hod, conpr.i sing .contacting an yPAK kinase with an |
i aRentids @%ﬁoml%f@&ﬁmcl Sap Pulanrad accoringfo (faip 4 oppn expression
b Ricbidng BXeRAl219ui dance, the nethod conpri sing
contacting a cell wth a yPAK isoform specific
antagoni st. 15 30. A nethod of enabling neurite
outgrowt h across an attractive [ re ive boundary,
th-ef disuist gm &P AR oot peits H&%ﬂ?&ﬁ?@ﬁ&%ﬁmfﬁﬁfmemgw}ﬁy

IoSh 0&+8 ' cell wwth a yPAK isoform
glgfei%[ngi%ggglnt gg%?éitﬂ%?e A net hod according to Caim
28, 29 or 30, in which the yPAK i sof orm specific
ant agoni st conpri ses a pepti de SDNGELEDKPPAPPVRMSST .
3y p2)Usepf a@%?&oﬂ@weg@c argaenist offife kivasp ferstimpaging neurite
&@gﬂg Cruz Biotechnology, Inc). 32. Use of an isoform
speci fic antagoni st of PAK kinase for specifically
inhibiting an activity of an isoformof PAK kinase.
WD 2004/ 083376 PCT/ S&2004/ 000063 103 33. Use . _
e c orldnernd an gP &K dsoforapsperific gpipgonist ¢fd ALK bimpterfPiybigwilating nerve

st of PAK kinase conprises an isoform

%g‘lé‘%?“??fé ant agoni st of PAK ki nase according to any of
Clainms 1 to 18, a peptide according to Claim19, a
nucl ei c acid accor di%}g to O aim20 or _an expression

Yect dseqecasiing togClaign T 4P a1 3601 in whigh the gP dKootgpm gpegjéic

j i A9 S PNIRN jpigse for

%%gé’?%ﬁggﬁﬁgés aip(r‘?ﬁt?(%i ting %lxnp act ?%%)@Pg " aPAK ki nase.

SENGUDEQDKPRAPBRMRA TISs(0dPd) anas petihioly sc-88% (Rgta Csuz Bibtebhidlogy,
ic{]ase for stimulating neurite

38.  Use of a yPAK isoform specific antagonist of PAK kinase for specifically
inhibiting an activity of yPAK kinase.

39.  Use of ayPAK isoform specific antagonist of PAX kinase for inhibiting axonal
guidance.

40.  Use of a yPAK isoform sioeciﬁc antagonist of PAK kinase for enabling neurite

outgrowth across an attractive / repulsive boundary, preferably a laminin/CSPG boundary.
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outgrowth. 36. Use of an aPAK isoform specific
ant agoni st of PAK kinase for stinmulating nerve 10

WO e@engd3aé i on 37. Use according to C aim 34, 3BCDBGBEB$/000063

in which the aPAK i sof orm specific antagoni st
conprises a peptide EDKPPAPPQ(RNTSM (aPl1),

SNNGLDI QDKPPAPPMRNTS (aP2) 1(9r an anti body sc-882

Santa Cruz_Bi ot echngl ogy, Inc). 15 .Use of a.yPAK
$Sof Oarssetns OIS Su a0, B A g spedind
a%gﬁs'- i SRbliYes alpBSHdRISONGEBDIREE A PHVIRMOS T WPAK ak b8y sc-
39. {ﬂge g’%p aeSf}IB%E I sof orm speci fic_ant aggyﬁi js(ta of PAl >
Ki7A as antibody scritlil Bi(antaf rax Bivgdchnajedydlake. 40. Use of a
yPAK i sof orm speci fic antagoni st of PAK ki nase for
enabling neurite 20 outgrow h across an attractive /

A£pul S 8ol OHRERAIing BX %Bﬁﬁﬁcj?ﬁeﬁifﬁ ahﬁ?%rﬁ'ét Rf EBRGinase, the method
boundary. WO 20047 0%3376 PCT/ SG20047 000063 104 41.

togrrigivgopiiragiding aChedidateagolegie, ¢ caacting thejapdidats mojePrlg

RSB RBR R e DR AR ARER) e

Taomhdl bgmelyvasient bt ddriveBenthere6l ail (Bi detestigoihdigy of thecndiddz.
A hod. of i.dentifyi an i sofaorm specific, antagoni st
BPlEpR oS i o SR e e R AHOT G hg

a candi date nol ecule, (b) contacting the candi date
mol ecule wth a peptide conprising an Nck binding
for t i dmethbd af Mawifyisg o isnforro spegificrantpgemst of PAEvhase)iles method
vari ant der.i vative. thereof tecti ‘s
s Gl oPRned s o RORG e b inehofds hprsing an
P AR (YRl poltinmlf Digkicor avieugmantt homolalme) waaitt\oe dérhvatienthereof, with
43. nmet hod. of Jidentifyi an. i sof orm speci fi .
affrdiaiTimalecyte me atﬁggé ¢ piadipeoh g m%%&ﬂ%ﬁﬂﬁ’%@?ﬁmg
SR HaYmeit Nl datlaltQr 8lveeH Beredfh) contacting a
pepti de conprising an PAK binding portion of Nck, or
a fragnment, honol ogue, variant or derivative thereof,

(th  a candidate nolecule, and. (c) detecti .t he

ndi bGP EhSHEEE aF GoloGh SR IS oh ARG dhe method
ErRgRRRB! (2) fOvRINRALANdiNAS mBREU1E(bYiBhiavtadg tHecdntidae @folecule to a
peptide comprising an Nck binding portion of a PAK isoform, or a fragment, homologue,

variant or derivative thereof, and (c) detecting modulation of activity of the peptide,

fragment, homologue, variant or derivative thereof.

45. A method according to Claim 42, 43 or 44, in which the PAK isoform is aPAK,
yPAK, or both.

46. A method according to any of Claims 42 to 45, in which the activity comprises a
yPAK isoform specific activity, preferably selected from the group consisting of:
maintenance of axonal guidance, and inhibition of neurite outgrowth across an attractive /

repulsive boundary, preferably a laminin/CSPG boundary.



44. A nethod of identifying an isoformspecific
ant agoni st of PAK ki nase, the nethod 15 conpri sing:
w@ 200408337 di ng a candi date nol ecul e, (b) cont apCT/6G2008@00063
candi date nol ecule to a peptide conprising an Nck
bi ndi ng portion of a PAK i orm or a fragment,
honol ogue variant or derivative thereof, and (c)

t dul at f t f th ti.de,
4F o mefod e ol ks ¥a 4R Vi B8 HebiBitqupner
cARpridss PRIVEAL REIG 6F &lfr#8ndng hoindlogue} ganaﬁgoﬁen%ve Itlibredﬂ,l aabh

the PAK isoformis aPAK %O yPAK, . or both
cpaier theRaphds fgrrisng Ay Nek biediag pertien of bAKsor 4 fff‘g&]"ﬂﬂe h

HoRRIRRE, WMkidY OP&?REﬁV%Qﬁer@)f “Mtﬁ%k' &of i?e[gmeﬁp 8&hdib&ue, variant or
activity, preferably selected fromthe group

5 degvativetienept of the purseiner efiibereadidats metavale, egldusgllaﬁm canghidpte
h n attractive /

mcgl éu?ég%hg&br%dugﬁeuﬂlh&lg% 9#& oqaéy pegagg gEvdn att)
boundary WO 2004/ 083376 PCT/ SG2004/ 000063 105 47. A

nmet hod according to any of Cains 42 to 46, in which
48he Aempibad pgeidimgrto aleydﬁ&lm@é@ i b inwhigh themethpd further

E@gg@%o’laﬁtﬁg dﬂaﬁﬁsmg’ Qgél%fgd o? qdeﬂﬁ'ﬁéd\{ﬂ&lééﬁ?e t her eof ,
cont ac e peptide conprising an Nck bi nd| ng
portion of PAK, or a fragnent, honol ogue, vari ant or

derivative thereof with Nck, or a fr nment
49ari dnisotgpm spegiiciapiagane of RAK st Henie d By éwﬂwé 2RO t0
10 mggpl@ﬁ%gﬂgla,gcul e, and selecting candidate nolecules
nodul at e bi ndi ng between the peptide and Nck.

48. A nethod according to any of Clains 42 to 47, in
whi ch the nethod further ri ses _isol at

¢ e Leshor B TR FO S Bk s ogst of RAK
WisRE SEBaBmes ahy & @ﬁh@qqa |1§En(p/19 Eﬁfﬁ)ﬂﬁb Béi)‘é&hhgjt%@lblfﬂ @d ora

by a nethod accordi ng of Clains 42 to
moleicacistraeordins tn Cleim %@rr?dogag@th@mmémﬁiwnmcﬁ@maw acgaft@frl@n
%P?fe‘n“rca } agoni st of PAK kinase according to any of
1'to 18 and 49, a peptide according to Caim
or a nucleic acid according to Caim20 or 21,
toget her with a pharmaceutica accept abl e exci pi ent

||
15y o dFSioEM isqlgms pecis anigonishof %%K&W%lﬁééﬁ“ﬁi“@ of treatment,
ﬁ&g}@g&ﬁ'o?tdla%ﬁosﬁ%a IisBRS & dinvidgiihod of , treatnent,

52. A method of treatment of an individual suffering or likely to suffer from a disease,
the method comprising administering a therapeutically or prophylactically effective

amount of an isoform specific antagonist of PAK kinase to the individual.

20 53.  Anisoform specific antagonist of PAK kinase for use in a method of treatment,

prophylaxis or diagnosis of a disease in an individual.

54.  Use of an isoform specific antagonist of PAK kinase in the preparation of a

pharmaceutical composition for the treatment of a disease.



prophyl axi s or diagnosis of a disease in an

i ndividual. 52. A nethod of treatnment of an individua
wagdoresismg or |likely to suffer froma di sease, PCT/B€2004/000063

nmet hod conprising admi nistering a therapeutically or

prophyl actical ly effective1 mount of an isoform

speci fic antagoni st of PAK PPnase to the individual .

20 53. An isgoform.spegcifi¢c ant ni st.. of PAK ki nase.
For * dupropsoRHBITIRREH S LG Copriiiy it 2o ot isoform
HbAghARIRNRE ofP AM R8RS Forl dhis@Bs dpBElEVd BhbRIn acBftdinkfCRIm 8%in
I soformspecific antagoni st of PAK kinase in the
Wriglpthe distasp isghargeterigd gm defeetile BTV SAPSELON BTHCPBY- t he
treatnment of a di sease. WD 2004/ 083376
PCT/ SG2004/ 000063 106 55. A use according to Caimb54
B S uR, WEhHOsk issTeai ?J'bﬂﬁc hitadonit 8 K kidbseddcdrSiaf @ iy of
speci fic _antagoni st_of PAK kinase for a use_ as
5 Glaiaesiflite §5:tip abishghegHeaieds trgected fopnihgetonr copsisiipg e t he
tarl t Al ReiEF inson'
PR ISKAT EEhHRARY, LalTARS AL RRerY Ercass. Prkinson's
dipesi (PDY, damentipomitiskevof Badios (RLR A srontetromoni] dgmentia dRlD)of
9 ai 51 55...inN HGH 2 ] ' .
TR iPel Beneb LANOO i B REAT T LR F B, and
flinfltat chaltisysdin anypatiydBBI T, faailiabpropratsine, dedkmiveritepsyshosis,
di sease,. Parkinson's . di seas PD)., .denentia with Lewy
0 TR PR Ar e a R S TPRTEp)
pal | i do- pont o-ni gral degeneration (PPND), famli al
progressive subcortical gliosis, and famlia
il t issyst mathbdooipeforlny spefili pntagomist bi BAK pinograssailing to any of

AaEar G boh VAT B 5O o8 Ffef T AL kimse i an aPAK
{SSIBFE §eL R A8 Sonist, Df a yPARSforEpBAlc Mtagdonfdf, Of BAGPECI T C

ant agoni st of PAK ki nase according to any of O ains
51 to 55, in which the isoformspecific antagoni st of

AK kinase is an aPAK isoform specific antagonist, or
'y PATEL0R 8F HESPGE P AT GHGIE o6 g Frrrgatoa dias
15 pretehel Bbrabic@al BRR U0l iRferl Obitiethtioh, tBdbhbBbd AenpRising
likely to suffer froma disease 15 preferab

wpdnlaing en pelivity oy cBAR &inage, of modidating an@géﬁ@roévl?/gﬁﬁ kingggg or both.
met hod conprising nodulating an activity of aPAK

ki nase, or nodul ating an activity of yPAK ki nase,

. " Dot hhethod Bf trd& BQErd g th (RAMBRNn VARADHE ol Gorfpriedn
58, in which the nmethod conprises inhibiting . an

inhibiing en inderactipnafrelerablyyr bindingridieragtiom betwaen «RAK kinasamgad iNck,

&%%e%ﬁ ?ﬁ&ﬁ k%lré]lge al}llali\lck or both.

20 60, A method according to Claim 59, in which the disease is selected from the group

consisting of diseases set out in Claim 56.

61. A method of modulating cellular guidance, preferably axonal guidance, the method
comprising exposing a cell, preferably a nerve cell, to an isoform specific antagonist of

PAK kinase.



or between yPAK ki nase and Nck or both. 20 60, A
met hod according to aimb59, in which the disease is

W@ eleo8Bde from t he group consisting of di seasPCT/S€2004/000063
out in Caim56. 61. A nethod of nodul ating cellul ar
gui dance, preferably axonahoguidance, t he net hod
conprising exposing a cell, preferably a nerve cell

to an isof orm specific t agoni.st of . PAK.kinase,

B0 PP gP Peern oo g soRg g i st R sl abiy
05%9£Q£n1specific antagoni st in a nethod of stimulating
neu

ral  outgrowmh. 63. Use of a yPAK i sof orm specific
antagoni st in a nethod of nodul ati ng axonal gui dance.

5 64, Use of an jsoformspecific antj- ant.i.bod

Gn' 1 Dt S riro BT o GBESEota & MelRR] Rl RAL gatoft?

géﬁﬁﬂknation of a PAK isoform specific antagoni st
ogether with a nerve cell. 66. A conbination

according to Caim&65, in which the PAK isoform

specific. antagoni st. co |.Se n i SOf :
5 @hecter 6 aedadhmpne g by e af ot iolohB s ampgonist of
B0t gedel st, or both. 67. A kit conprising an isoform

speci fic antagoni st of PAK kinase, together with
packagi ng conponents and instructions for use in nerve

component s and i nstruct o |
R R S S SR U R

with reference to and as shown in the acconpanying

drawi ngs. 15 69. A nucleic acid encoding an isoform

&fpeciX ¢amtamtiayeerostingyp i 6% inaduchsthe B ARrisqfonm specifig

her ei.nbef or.e desgribe ' . : 3

PRECHE EBSARgT AD ra eeiE LIRS ot SyPRE i ipufine
10 aneblist, et antially as hereinbefore described with

reference to and as shown in the acconpanying

drawi ngs. 71. A nethod of identifying an isoform

by cinbbr P RfRdlodly GRACLIRRRUIRANG Gleag NiRe

padkdghig campommeranil igstrdet@mws fogsse in nerve regeneration.

68.  Anisoform specific antagonist of PAK kinase substantially as hereinbefore

described with reference to and as shown in the accompanying drawings.

15 69. A nucleic acid encoding an isoform specific antagonist of PAK kinase substantially

as hereinbefore described with reference to and as shown in the accompanying drawings.

70.  An expression vector substantially as hereinbefore described with reference to and

as shown in the accompanying drawings. -

71. A method of identifying an isoform specific antagonist of PAX kinase substantially

20 as hereinbefore described with reference to and as shown in the accompanying drawings.



