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WD 2004/ 090157 PCT/ EP2004/ 003739 -1 THE USE OF PDE4D
I N THE SCREENI NG FOR MEDI CAMENTS AGAI NST

weIHERWEST ERCSI S PDE4AD i n at heroscl erosi s The RDE#P2004/003739
" phosphodi est erases exist as a famly of four enzynes,

PDE4A, PDE4AB, PDE4AC and PDE4D. The PDE4 isoenzynes
specifically degrade cAMP and are a comon target for

TRECHSH var PREGD| BYITHRI SCREGBNNING BOR AP GMBNES SGATINST( APFEROSCLEROSIS
exanple, rolipram. O the PDE4D i soform severa

splice forns are known. Anong themare the 5 | ong

i sofornms, of which 6 are known, nanely PDE4D3, PDE4D4,

PDE4D5, PDE4D6, PDE4EDEMirpEapslerasis of these have

in common the LRl and UCRlL sites and the domains

| ocated at the C-term nus of these S|tes but the
haveTht PDE4ephosphediestarasgp exiglorsed fﬂsn N efopur WW@EA{%D% PDE4B,
g@ahomﬁ PRYE4BD! gqfhee;ﬁD@i lso@ é:%&'ﬁéﬁiy' 88y de EAM@ and are a

ferent protelns pro uced nativel pllce
GERNAEDIf rtQj‘g@tt frr pishaph @mmol_'gglcgbégerftp cas antldepressants (for example,

9(53}85 dhedkeppeLD PQ’%‘E‘% Q@J&?al s?h&cftlﬁm art: l&%%%n\mo% Shem are the
539- 54

i soform PDE4D7 was tecentl di scl osed

anzi/s«éfmggzof Whigh rﬁDEmmg)éf@e npgelysPRE: %e%lﬁE‘tDﬁk%laE‘ﬁ% PDE4D6,
&Qb@' &Wﬁ@ﬁél%?bf tHOVBYR in {JHEHEn 1BS Lg@%ﬁ%r@cm sites and the

cation so for an I nvol venent of
éph@rrmsletaéﬂbgt sheofl teegings o jthese 153y, (hut ey haveedifferent N-terminal

S%EETHS' ‘?ﬂ)f(@aﬁ‘bmﬁﬂ?j Shasblida B Qﬁz B £ epra?f taPlYerization of five

i/, was identif a nove tar get

fdcffermteprp@r:erm Pmd@md bn abﬁrr@bmib @nld@dt mENAsaffomethe Jysgan cAMP-

f f I rR! fi
{cllécﬂglrl%ﬁi)ﬁ%hggr&fag{ ngélps §9{§ec ﬁg&gégzlsl ng‘f)e 3?@ %361 548) Isoform

1Plﬁ>éE4Dr7ems mesentlpfiseloseddn Y¥O2/024PRnThe BD B4R gerg locus has been linked

?ﬂ%ﬁ( 0obe44925. Hé)%(fér, tﬁgreaﬁasab 8}/ tu?t{léﬁ?itonf & far for an

|den yi ? compotnds f or erapy o eroscl erosi s,
m\@ﬂ\e‘mzebt of IPE4ie i pthenoa¢lernsis er restenciis| u5| ve Disease
(PAOCD), or of restenosis. As shown in Figures 7 and 8,
the PDE4 inhibitor cilomlast inproved walking
capacity in a rat nodel for PACD. In a preferred
enbodi nent, the novel target is PDE4D, in an even nore

pr ef & thepresenbiaversian Pl Fb ppeferablydiDR4L) geereipsefepblyiDE4Ds or
(pmv%mderﬁl@eadasta%vmﬁgkmpaﬁ iBERM AL DRGSIRE) that can be

used for the treatment of atherosclerosis, preferably of Peripheral Arterial Occlusive

Disease (PAOD), or for the treatment of restenosis.

In the present invention, PDE4 was identified as a novel target for identifying
compounds for therapy of atherosclerosis, preferably of Peripheral Arterial Occlusive
Disease (PAOD), or of restenosis. As shown in Figures 7 and 8, the PDE4 inhibitor
cilomilast improved walking capacity in a rat model for PAOD. In a preferred
embodiment, the novel target is PDE4D, in an even more preferred embodiment, the
novel target is PDE4D5 (Seq ID I\{o. 4 and the homologues from other species) or
PDE4D?7 (Seq ID No. 1 to 3 and homologues from other species). In a most preferred
embodiment, the novel target is PDE4D7. As shown in Figures 1 and 4, PDE4D5 and
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PDE4AD7 (Seq ID No. 1 to 3 and honol ogues from ot her
species). In a nost preferred enbodinent, the novel

WO 20090901565 PDE4AD7. As shown in Figures 1 and 4PCRPEEADE003739

and WD 2004/ 090157 PCT/ EP2004/03739 -2 especially

PDEAD7 are up-regulated in the nmedia and intim of

bsfetiathnPDERDY etk upategulagrdoinithle anetlierandsntinih ufballoos-injured rat
i.nvention provides a novel use of PDE4,

g?‘ré’?graétﬁfl V" PDE4D, 5 nore preferably of PDE4D5 or

PDE4AD7, for identifying a conpound which inhibits

at heroscl erosis, preferably Peripheral Arterial

Cccl usi ve Di sease (PAOD), or restenosis. Most

prefe B )fhe E%%an\)eﬁhgﬁ' SP wdelg nBQ&%%‘Q Lepie %&%ﬁ?ﬁb? PIJE4D,

pr OVI ntifying and
frore pmﬁcrpbiumﬂ PD(EFlDﬁ loe P@gﬁﬁﬂi’f foaudmﬂ@eng ecmpsunds‘ahxdh 1nh1b1ts

e ) [ | .
B RS B e R e O o U RSP P B Dprgegestenosis.
Mast prefdybbly, ATBRAD)7 ismsede pref erably of PDE4D5 or
PDE4D7, nost preferably PDE4D7, and a conpound
identified by said process. Mst preferably, said
conpound is an inhibitor of PDE4, preferably PDE4D,
nore preferably of PDE4D5 or PDE4D7. Most preferably,
said The pmspmﬂjm:mtisnahoipmh\ridq':StmovolfprP@EﬂEOT ideatidpnglemdgbtaining
SQO{@QEH& Forg%%ﬁwgﬁtﬁ {légﬁs gg(ig' Jeys coﬂ{p% Yi% Aqe:lgﬂlq the
retivdtisn or brddbition ohthe péwaviplldesterﬁh ectndlemf PDEéapneﬁemade PDE4D

h A f
GSEe Bl BE pDREDIRY EPIE D RO BB T e R3S B Tothpound
idesti6adby saidrp;ocaéssMoistrprefeml)adnﬂ nompoamd xsranoﬁhlbltor of PDE4,

f
Pe??; p q%er a Worﬁgﬁej%gblg r IEEBJ %DE‘%@? t ﬁ{) r)eégeé%% said
Bbhpdnd isananhibitonel P E4Ih "Pcdnceduh:e tcosmiisamph@phodlesterase activity
ref erabl v . Per r al e
?ree e i]n tﬁe %xg IT? €10 ﬁr {1%%e)iaﬁqp§%fér Pléct% a&aa[sisag d%descrlbed in the
exynupslys. fT‘hd eienuﬁtatloa&fanmpbends”fontHerapytdf a@eeosa]mpjss pieferably of
ich are

? Eheﬁgl?ﬁ:gei%y 8\%u8vee 1sg%se,aorcog ﬁ?s?e&ogi(; \é/r\ggégsg Aoy peaac%vmstratlon of
blodepstin dssugiected|to inhAlpio EDddf prefeeatly RDE4D pitived mipfel ety PDE4DS or
TR R R
PéipherdlFted] Ortlubive Div€ask Adtiresteraisds #ddedd, such as in the rat balloon-
injury model, or, as another non-limiting example, in ApoE knockout mice which are fed
a Western Type diet or a normal Chow diet as a control (eg described by Nakashima et
al., ApoE-deficient mice develop lesions of all phases of atherosclerosis throughout the
arterial tree, Arterioscler. Thromb. (1994) Jan;14(1):133-40) or in the lauric acid model
(Kawamura et al., 1985, Arzneimittelforschung 35/7A):1154-1156). Preferably, said
animal is a non-human animal. Thus, the present invention also provides a process for
identifying and obtaining a compound for therapy of atherosclerosis, preferably of
Peripheral Arterial Occlusive Disease, or restenosis, said process comprising
administering a compound suspected to be an activator or inhibitor of PDE4, preferably
PDE4D, more preferably of PDE4D5 or PDE4D?7, to an animal in which atherosclerosis,
preferably Peripheral Arterial Occlusive Disease, or restenosis is induced, and measuring
the extent of atherosclerosis, preferably of Peripheral Occlusive Disease, or restenosis as

compared to placebo or carrier-treated animals. Most preferably, said compound is an
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(Kawanmura et al., 1985, Arzneimttelforschung
35/ 7A):1154-1156). Preferably, said animal is a

woen4lenten ani mal . Thus, the present inventi onPEI/BP2004/003739

provi des a process for identifying and obtaining a
conmpound for therapy of atherosclerosis, preferably of
Behibipdreyf DB, pefirably POBE4DS moge pleferatsie of PDE4DS beRDEUD7, most
sai.d pro npri sing 30 adm ni stering a conpound
Bﬂgﬁé&yé’gﬁﬁpﬁg' an activator or inhibitor of PDE4,
preferably PDE4D, nore preferably of PDE4D5 or

 PDE4DA, procesaiforaddntitying activaiothomsinhiditoscioe PDE4BD, may comprise using

ref Peri pher a terial, Qcc e .Di sease, or

RS StblRe o Neh ) whichir s BEMY RebL 3T &Rfio e sequence

abdhatonstofalt PEHI4T) lopg e BbfoymefFiflae 5phewain Mhéitish ycore PDE4D
restenosis as conpared to placebo or

. Di ,
Eﬁfvﬁﬁ?’z’s-}@ﬁr@&%‘d ani mal s. Most preferably, said

conmpound is an WO 2004/ 090157 PCT/ EP2004/ 003739 -3
I nhi Ak tigad ledeiRDR4 terpisghaivatiryr RIEEIE)r ofPDE4S), edtvaeddloy inhibitor of

POEADS. or PDEADY, ef | v of DE4D7. A
B DDt ety laraE e YRR FIEA el opipopipgs that
RER4R ordghibirADVE4s 8 DELDNBDEADS and/oPPEEBDC askilsufinc{Se @ither by
I D. No,. 5) which.is ODEAD Wi ' I.d_seque
g sy 80 4 ptsBefd Rt o PRI e R B Ao S S AOE4D7, or
B lmmiuhalﬂin'g ri]lliﬂibsictljé d‘ﬂe fﬁﬁ_ctﬁtﬁf @fhﬂ:ﬂﬂél PDEADt PDIE2P5aytd/or PDE4D?7, eg. by
i pr.am S erein, the terns "activator or
?ﬁgwr%ilgé}lb@ilugbgaﬂ?t}qgact i vator or inhibitor of
PDE4D', ,, activator or inhibitor of PDE4AD5 or PDE4D7"

refer to conpounds that activate or inhibit PDE4,
PDE4AD, PDE4D5 and/ or PDE4AD7 cel lul ar function, either

by 10, acting.directly on the phosphodiester of
phEs b Eeiett HERE a B RIS R PO By Hod ey a6he
prudegsesidrginbéford desattiedn of PDE4, PDE4D, PDE4D5 and/ or
PDE4D7, eg. by altering its subcellular targeting.

The present invention also pertains to a conpound
identified by any of the 15 processes herei nbefore
described. Further to this, the present invention

per t aFwghé¢rgoahisithe pesenttineation papaiss td Dphararanprticsl cegnposition
pBG by A BlisRlor D MIRLASH or%he SRR RRRSRASESRYE] S¥DEs,
preferably PDE4D, more preferably of PDE4D5 or PDE4D7, identified by the process
herein before described, and a pharmaceutically acceptable carrier. Most preferably, said
pharmaceutical composition comprises an inhibitor of the phosphodiesterase activity of

PDE4, preferably PDE4D, more preferably of PDE4D5 or PDE4D?7.

The phrase "pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human beings and
animals without excessive toxicity, irritation, allergic response, or other problem or

complication, commensurate with a reasonable benefit/risk ratio.

As used herein, "pharmaceutically acceptable salts" refer to derivatives of the
identified agents wherein the parent agent is modified by making acid or base salts
thereof. Examples of pharmaceutically acceptabie salts include, but are not limited to,
mineral or organic acid salts of basic residues such as amines; alkali or organic salts of

acidic residues such as carboxylic acids; and the like. The pharmaceutically acceptable
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preferably PDE4D, nore preferably of PDE4D5 or PDE4D7,
identified by the process 20 herein before descri bed,

waea4aoqbar naceuti cally acceptable carrier. MOBCT/EP2004/003739

preferably, said pharnaceutical- conposition conprises
an inhibitor of the phosphodi esterase activity of
b 4nclad efhe cafventiBhki4on- toRIc8alpy @fthé qhdtyrnafy a{?ﬁE@Bﬁn@ galts of the

E%ﬁggcgagﬁg}cg{] [ as(g f? qucg{n o%pﬁtﬁgﬁ It accgé)?t icbor orgamc acids. For
exdneple,sush coorpbseial nongoxia szdisonclddxsthgsse depivad fraim lorganic acids

c%tas\ﬁ}yamfcﬂlom g[pr?on{: su&é ric gﬁl%qeﬁ h%ljéyg gﬁd ;c]he li.ke;
b@d thesalinprepansi rﬁmrrsowamﬁ@ends eychieas arefis, Pr@pml@,yuccmlc, glycolic,
kedirid, qachte Mali, taefagﬂcccwrﬁsa%@%@o Ainct, REdleiB r}@tak&wnpanelc,

nmpli cati on, nsur reasona
Bgﬂéﬁda}cﬁ"?’ i8 arF”aft Zoa&ssaﬁggg, Eﬁ’ﬁ 'aiﬂﬁ E‘ﬁ%@&‘i’ |ﬁb‘8F1P§/
berrptsalibeics@licnesulohi{ methagesulfoaic sthsnadisilfmic, oxalic, isethionic,
[ d‘?ﬂhﬁl i ed agents wherein the parent agent is nodified

g acid or base salts 30 thereof. Exanples of

phar maceutically acceptable salts include, but are not
| i m Tbdphamacaitmetphcceptablegalts of thepréseainventn basbesynthesized

FRs glléefﬁre?xlt' g%kes 1 u | RS 8rindd lgag c orgEldWrggfébpbfthntvﬁnt‘fgnal chemical

aci di c ‘resi as car xy ic aclid

mekodsThenesllys pckealts @albeyprepazed bwa@wﬂlz ear@don byse forms of
Belé &Rﬂ@&ﬁ&%ﬁf@stomﬁo&@tﬁéamﬁﬁﬂlﬂ&%é APpropre Bhden ahd in water
non-toxic salts or the uaterf%rt% agumsalts of dia lik
PRI A QneamE SABERIAHE BRRES © ax&ieey> Fqrgfficous media like
Bhier tethyil Eceltéftare@amol; isprapagahbcaaeordsile ferprefercadiilies of suitable
galff:s are é)u]nrg grtr’n kgm?n% aﬁr)l { lc):ltlﬁ)r(r:lageﬁct% encgs, Eﬂg etdh aeck Publishing
E}ampabydimsmn, BAl ¥98bi I, 14$&;Ithadxmdpsmhoé\phloh uSdlerqrhytchIporated by

like; 5 and the salts prepared from organic

aC|§s such as acetic, propionic, succinic, glycolic,
stearjc, lactic, malic tartarlc citric, ascorhic,

pal mépe agenky léﬁlatlﬁqqi)hyrthg(mﬁaﬁ} qgi of the %@‘ht}qna@é‘f pg modified to achieve
al) wifidd siledfiz&idh, slﬁe@{rhﬁyéﬂ a@tmt?yl,l hhdyor tli)Clmproved potency, and/or

eto enzo en
(T Eeasie Rty rmea e elAneg T et ARG Y biforspapdsside ffets
axdyor ¢v) medifibd omset of zandn,tch&atllmkef effect, Iindor (vi) modified kinetic

ang{g? G§ ﬁteéo%ﬁ{lég cﬁsqfﬁ cﬂp ln? éfb%lrhtsﬁ a%fl S(E}%tlgli)h?f'?&]/%r I(]vn) modified

€ sy n eS| ze
physide-cemtiedl rpsraand@%rs (wllzhmtadn}fgr@cnmméx,yom taste, odor, stability,

Gy &) SN @ii) $RBFBved keneral specificity, organ/tissue specificity, and/or (ix)
optimized application form and route by (i) esterification of carboxyl groups, or (ii)
esterification of hydroxyl groups with carbon acids, or (iii) esterification of hydroxyl
groups to, e.g. phosphates, pyrophosphates or sulfates or hemi succinates, or (iv)
formation of pharmaceutically acceptable salts, or (v) formation of pharmaceutically
acceptable complexes, or (vi) synthesis of pharmacologically active polymers, or (vii)
introduction of hydrophilic moieties, or (viii) introduction/exchange of substituents on
aromates or side chains, change of substituent pattern, or (ix) modification by
introduction of isosteric or bioisosteric moieties, or (x) synthesis of homologous
compounds, or (xi) introduction of branched side chains, or (xii) conversion of alkyl
substituents to cyclic analogues, or (xiii) derivatisation of hydroxyl group to ketales,
acetales, or (xiv) N-acetylation to amides, phenylcarbamates, or (xv) synthesis of

Mannich bases, imines, or (xvi) transformation of ketones or aldehydes to Schiff's bases,
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nmet hods. Generally, such salts can be prepared by
reacting the free acid or base forns of these

wa@eovponsds with a stoichiometric anount of thePCT/EP2004/003739

appropriate base or acid in water or in an organic
solvent, or in a mxture of the two; generally,
BRnRG Uaetakes TR, tridt@tel§ oﬁidﬁ)ﬁﬂmegttm}bkolﬁﬁﬁésair&ombmatlons thereof;

et ol , i r gpano r refe

i i iBRPE AR ous BE o B-PHichlibn i RaRREPoRlEhy acceptable
Phaienace triieddilBot ewwepsble 1at fragrehce oblekorRebipiostiongor products.
Corrpany Easton, PA, 1985, p. 1418, the disclosure of
Whi ci Jg\%ﬁgxaucaﬁf& ROR AP Eard EarPbe udIBEE B Grrict HatB8ARS be an
|dent| he net he 1 nvention naybe

SEEIPT QXINPIGaBE NG Hta bierfor pipralnpigrqutangous %Paéﬁnt%é Adpinistration.

§Qﬁzﬂﬂé Ed¥riefs 1§&ﬁdél\hith’r, g ARG, Qi drabic] IBRHSY ﬁdrcﬁ?frﬁ@ﬂ‘éélum stearate,

Fa[{ﬁ é{%etabgﬁ@hs)o po ﬁﬁ{”} oy egly Xlggtlrtgllyaél ]gB? ag‘\@? tgx 1{(] lfgl?tglfrmore, the

f)hérrﬂmdutﬁdabﬂrepmabnﬂﬁlaﬁcdntﬁn othittrphiiraaceaficaiffaetite agents.

g‘ﬁg{tlonb d}tlves suc{l-laaD %ﬁ#dr?ne%aﬁgntéksggrbg% gar%ufsﬁgl?lg raQ{ﬂt? IB)uffers and

tim:lﬂq‘el neay bepakd;dsd gvacsrsian ccavith agcapiietl erasticesoifipbatmacgutical
F%&(ﬁﬁ%m ty, color, taste, odor, stability, 25

st a d/or (viii) inproved gen'eral specificity,

organ/tl ssue specificity, and/or (ix) optimzed

application form and route by (i) esterification of

car boxyl groups, or g esterification, of hydroxyl

gr oup4n ane embadimsat &éﬂ‘%ﬁ od gf the présgntdayetion; 1E‘éﬂlY‘€§r§h‘bf

Qarﬂirﬁa«yétmn%qupéralsamcﬁlygeffe%mwrﬁ%faxpxlﬁt@sehgésaig@h@aeoude

or sulfates or hem succinates, tg formation of

bmnmewn%&p%la@%@pfl@mseecs%ﬂailgWl @ny y9quepeshef Bgpeie DNA or

BR %mﬁ%lb&ﬁé WhicB Qn&ﬁ%@@?@@l epx‘é&%lyePEE‘LD%r f¥td preferably

nt hesi s of pharmacol ogically active polyners
?flPMPS ar R ESdHTe 6 wrfo @rewqymrwﬁnpﬁl@n pbiraasiadion of rPD(Eéﬁ MRNA,
gmférgaﬁ%mi RO BAGEG gmﬁsl ST PRARN, m& ??efé}ﬁbly

ai ns hange of” ubstituent pattern,
RE(MQMBRNén Bory anfisensen duwedsy WH%@@P@D@H@% a nuclelc acid

WA L i b 0L e
e¢qa1|ense Qmce(ixirpduced mte asilb rth@¢oraplkyuen@5>f sudentidesiegmbine with
%r?c(lj&% ?&se?@&lcgsg%}%au%eg{bgtﬁé l:é]l)toqg{nll M@ﬁl‘e?&t(a'narﬂs) Bfock either

Naasrelpylloator mnﬂduam e, g p‘kgmyalc&r ¢sh (E3963 Antisensg Therapeutics,

| \%
BTG By MO S BERSS o TEmPR BE Ll paor-17s e
545 €5997 W2 (Rivit HAG.50: 1PES; /aER 20 0u0sl03 2B$1997) Biochem. Mol. Med.

62(1):11-22. Antisense sequences can be any nucleic acid material, including DNA, RNA,

or any nucleic acid mimics or analogs. See, e.g., Rossi et al. (1991) Antisense Res. Dev.
1:285-288; Pardridge et al. (1995) Proc. Nat. Acad. Sci. 92:5592-5596; Nielsen and
Haaima (1997) Chem. Soc. Rev. 96:73-78; and Lee et al. (1998) Biochemistry 37:900-

1010. Delivery of antisense sequences can be accomplished in a variety of ways, such as

through intracellular delivery using a recombinant vector.

Antisense oligonucleotides of about 15 to 25 nucleic acid bases are typically
preferred as such are easily synthesized and are capable of producing the desired
inhibitory effect. Molecular analogs of antisense oligonucleotides may also be used for

this purpose and can have added advantages such as stability, distribution, or limited



-5 oxinmes, acetal es, ketales, enolesters,

oxazol i di nes, thiozolidines or conbinations thereof;
wa@ea40)15f or mul ati ng the product of said nodi f PCEEPING/003739

with a pharmaceutically accept-able carrier or a

carrier/diluent acceptable for fragrance or flavor

iy idvaraagoas inpy pldusiaseutidalyprodumte i addiddn,chemicelly reactive

mat erial, can b tilized... The rrier na ' can_ b

BBl G firer Bpiid b irdiamite b iy 484 G R EPEfar e attached

pedtistmeetigsnateopides nisirgl cladigerf slie RINVA@nthe sdiof Bylirglization.

rriers_nclud ter, l'atin um arahjc, | actose
Thése and Stheg nesiol ardseasg mpGods tognhBiPhE i Aisp brapilfion of genes are
well kabky irethe-agl. \Segles,., Ngicuobakiita j EI88Y AasidBiobkerh.i 17€:289.
Furthernore, the pharmaceutical preparations nmay

cont ai,n, .ot her maceut.i,c ctive agents.

Sl CiHBREbn o PORE CRNBY ST bt s GRbY PDE4DS or PDEADY,

aicabipréfermbly, PEIBADSI sy ndscadenichievedf byeusingnBENAL thtedference. RNA
iR accordance Wth

l ik b dded. d _ ) |
e PRt BNt Lo TP B GY e disclosed in GB
e3t29d5 entinhibitingt thedexphestiva of @sriet igenen i cells onwkwe somprises

the . adnmnistration _.of a therapeutical.l,y effective. .
Inlssion BF Sui &b @onSwe i ol e ke s e Single stranded
siboniedicie P ’RNA) bipreising 5peasd IRNA |syrawd t dshdarfly) viral particles

sequences, of gengmic.DNA or a | ecul.e which.

SHEBBUS SmBechnrL FLPRBFSicFioh 6 ONATOPE" 786 dabity sense RNA
RREADWHetcilPDieddfise &1 afi-tedis® RBMESttarids 2089FisPhd@Blogbus nucleotide
transl ation of §E4 MRNA, greferably PDE4AD, nore
SRABFRICS T I POBICRISS SYA LBBEAEHS TRNA, nost preferabl y

PDEAD7 nmRNA. By "antisense" is neant a conposition
contai'ning a nucleic acid 20 sequence which is

conpl enentary to the "sense" strand of a specific

nucl eic acid sequence. Once introduced into a cell,

the conpl enentary nucl eoti des conbi ne with endogenous

sequRatcasotpl athry balldop itjuey el wellt awcépsedriedupilegyds sy tho

Bk 4 RURGOARAL 09695 051 LR OR s ok amco
s selpreliferative compeneniet REhergsclsrasisebutaicently 9gyylso used as a
RPRAEISG edten ISR afteBfhigioplasty! #he SMOKBporke teinfurylis@ilhr in femoral

b EaEi RERe: NBge oAb mash St seeiuti bych more
epodieitdlayhentcd et inas agplidd n@tlardasdtid drter . B alignénAit iRMAended to

%:%ez nsyrg{)lclijeg loﬁ Eil Eilg%xlia( %#enf%ggg% gfga!}l%%z{}l_s§/% DiseisePAOD which is

atherosclerosis in femoral arteries. As shown in Table 1, the PDE4 inhibitor Rolipram

inhibits neointima formation in this model.

Thus, the present invention also provides a method of treatment of
atherosclerosis, preferably of Peripheral Arterial Occlusive Disease, or of restenosis
comprising administering an activator or inhibitor of PDE4, preferably PDE4D, more
preferably of PDE4D5 or PDE4D7 to a subject suffering of atherosclerosis, preferably
Peripheral Arterial Occlusive Disease, or restenosis. In a most preferred embodiment, an
inhibitor of PDE4, preferably PDE4D, more preferably of PDE4D5 or PDE4D7, most
preferably of PDE4D7 is administered. Thus, the present invention pertains to the use of
an activator or inhibitor of PDE4, preferably PDE4D, more preferably PDE4D5 or
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1:285-288; Pardridge et al. (1995) Proc. Nat. Acad.
Sci. 92:5592-5596; Nielsen and Haaima (1997) Chem

wemw4/09as7 96: 73-78; and Lee et al. (1998) Bi ORCIERPED4/§03739

37:900 30 1010. Delivery of antisense sequences can be
acconplished in a variety of ways, such as through
PDEADC €bdl thk ?Ee}ﬁﬁdo‘ﬁ&i’fyi nuslicagneat fcectl@mibnmht veah@bsclerosis,
Anti sense | eqti 5 nucl ei
oD Sb e erab g e Arishek Gty eRist £ arbieb Risforyed

eibbdigsnz o6 iahiditar 6f RRPS lpirefexaﬁlymmlm infigke tpefe @B ST PDE4DS5 or

Lnhi hitor anal ogs of antisense
BﬂséﬁhuEP dFF%E@?HH&RgﬁigJ ﬁged for 35 this purpose
and can have added advantages such as stability,

di stribution, or limted W 2004/ 090157
PCT/ EP2004/ 003739 -6 toxicity advantageous in a

har eutic duct. In.addjtion
Peac ToEPregfitinntgtaho bR foaayel Bro&td, uses and
%rhyd)ﬁﬂitﬂftis&mtﬁhﬁidllgfaﬁ haeiribeforaddésdrifdddsdpebially with fefbence to the
ttached ? anti sense ol i gonucl eoti des, causing

TE e8P ®he RNA at the site of hybridization.
These and ot her uses of antisense nethods to-inhibit
the in vitro translation of genes are 5 well known in
the art. See, e.g., Marcus-Sakura (1988) Anal.
Bi ochem 172:289. Inhibition of PDE4, preferably
PDEAD, nore preferably PDE4D5 or PDE4D7, nost
preferably PDE4AD7 may al so be achieved by using RNA
Britbddseniptireof tRhfigutiest er f erence nay be obtained, as a

non-limting exanple, by the process disclosed in GB
2372995 for inhibiting the expression of a target gene
in cells or tissue conprises 1o infection of said
cells or tissue with (a) viral particles containing
Eigngd B stranded ribonucleic acid (ss RNA) expressing
a sense RNA strand and (b) viral particles containing

gfﬂ %e%a&%[e?%ﬁﬁ%ﬁk%pogﬁ%gﬁgle% \Agecéhgwgl X tR'p\IAeZIeW Ptg.sgorlg)a protein

antl -sen ereln e sense an .
issrdetecsadrvslél Wfﬁ;ﬁtyapmﬁadamprli’@@llhbMbumlmbamﬁmﬁvé’DE4D7

sequenc f t
B gsr rclﬁl &eg rgt?xﬁ oon %rr]eclfJ f?} ca%tgie\;\gﬂq?&%me)lliorgﬁghe control
taohdoﬁrm@ylmma&ﬂudynalh &), mdcdatlﬁg B aﬂrom@mduemmsoﬁ RDE4D7 expression

%égfq&%gi%&%%aﬁoon Cghazé\rllln urt};sed to help the anal ysis
Figure 2:

A: Cross-reactivity human and rat PDE4D5 N-terminus: human and rat PDE4D5 are
98.85% identical.

B: The comparisons between UCR1, UCR2 and the catalytic domains of the PDE4
subfamilies A, B, C and D show that the UCRs are about as well-conserved as the catalytic

domain.

Figure 3:
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muscl e cell proliferative conponent of
at heroscl erosis, but recently was al so used as a

woreaeloons7 rest enosi s after angi opl asty. The SMET/EP2004/003739

response to injury is simlar g fenoral 20 and
carotid arteries. Since it is technically much easier

@6ks @RVt RAinahryt-moake PDE4D7:r epr oduci bl e t he nodel
was applied to the carotid artery. By all nmeans it is

gl ed to S el.\0 [
S mer R DERE SRIBNE n R eulE e BRI Ulseaiongo-2>
Q8ieDesilrinBDE4DN (feyidr Bb. Brteries. As shown in Table
1, the PDE4 inhibitor Rolipram inhibits neointina
ornatigﬁ6ig this nodel. 25 Thus, the present

PRIEREE5%81®0 provi des a method of treatnent of
at herosclerosis, preferably of Peripheral Arterial
ehusieves. OB ease, or of restenosis conprising
adm ni stering an activator or inhibitor of PDE4,
preferably PDE4D, nore preferably of PDE4D5 or PDE4D7
to a subject suffering of atherosclerosis, preferably
30 Peripheral Arterial Ccclusive D sease, or
Festredosis. In a nost preferred enbodi nent, an
i nhi bitor of PDE4, preferably PDE4D, nore preferably

4 . ref. 4D7 is
B R SR
the use of an activator or inhibitor of PDE4,
Bardsds 2k MediDEadintingg, balhean-myjuriedylefeoEata, daygpost balloon inury
2004/ 090157 PCT/ EP2004/ 003739 -7 PDE4AD7 for the
REGRY 21804161 right BRLS AR BhurdREor i) Wi digf ment - of
atherosclerosis, Trestenosis or, preferably,
Peripheral Arterial Occlusive Disease. Inh a nost
berd Ermedia arndrindanarbaliqonainjuradileft easptidfl4mbpost injury
preferably PDE4AD, nore preferably of PDE4AD5 or
PDEARTighFRRbull A RIARNY, KhtBPF4HEys i s used. 5 The
present” | nvention al so provides t%e conmpounds,
processes, uses and conpositions substantially as
hanesi il msdia andspfimaebpllogapaisres, laft carqtid, 7 sgy RGSE By
the foregoing exanples. 10

Lanes 11,12: right carotid, non-injured, 7 days

Figure 5:

Rolipram inhibition. Phosphodiesterase activity of the PDE4D core construct (DC) can
be inhibited by Rolipram. The IC50 of DC phosphodiesterase activity by Rolipram

inhibition was 0.34+/- 0.06 uM.

Figure 6:

Effect of PDE4 inhibitor Cilomilast on Walking Capacity in the Lauric Acid model:
Animals were selected according to their ability to walk on the treadmill and matched in

4 groups. The PDE3 inhibitor Cilostazol was used as a positive control.
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Brief description of the figures: Figure 1. (a) The
catheter injured carotid sanples are shown on top.

w@kmandois7 a ca. 80 kDa protein 15 is detect edrP@u/EP2oDs1@3739

affinity-purified anti-PDE4D7 -raabbit pol ycl onal

anti body. PDE4AD7 was neither detected in the

non-injured right carotid ((a) bottom) nor in the

control carotids fromuntreated aninals (b),

gpdié:,;gti ng a strong induction of PDE4D7 expression as
g&%ns‘equence of balloon catheter injury. 20 Figure 2:

A. Cross-reactivity human and rat PDE4D5-  N-term nus:

Bffeaof BDE4 ialibRoik4bB5N alking Cipa8bPmithehdurdaAcid Baodehaximal

C ari.sons bet ween and the catalytic

SO % G AT ey B G and D show
that the UCRs are about as well-conserved as the
catalytic 25 donmmin. Figure 3: W) 2004/090157

PCT/ EP2004/ 003739 -8 Cross reactivity human-rat-nouse
E%%%E @BC5: nmouse PDE4D7 (Seq I D No. 1); @CHO4:

r AD7 (Seq I D No. 2); @IVD2: human PDE4D7 ( Seq
ID No. 3) human-rat: 96.8 % 5 rat-nouse: 98.8 %

Fidjudeal4esulDbf e effacs PORIABY inditytar i Walking Capacity in the Lauric Acid

|l oppn-injured rat carotids Lanes 1,2,3: Mdia and
?ﬁf?%%£ bal | oon-injured, left carotid, 3 days post
ball oon inury 10 Lanes 4,5,6: Media, right carotis
(uninjured, control), 3 days Lane 7: nedia and intima,
bal | oon-injured, left carotid, 14 d post injury Lane
gﬁg&gght carotid, non-injured, control, 14 days

Effect of PDE4 inhibitors on Body Weight in the Lauric Acid rat model.

Figure 10:

Side effects of PDEA4 inhibitor in the lauric acid rat model: Abnormal Stool/Diarrhea.

Figure 11:

PK analysis of lauric acid experiment: Plasmalevels of PDE4 inhibitor after oral dosing.

Examples

PDE4D5 and PDE4D7 expression in injured rat carotid arteries

Animal surgery

Male (300 - 400g) Wistar Kyoto Rats (RoRo) were obtained from BRL
CH-Fiillinsdorf. The animals were anaesthetized with 5mg/kg Xylazine (Rhompun,
Bayer, FRG) and 50mg/kg Ketamin (Ketasol 100, Graeub, CH) i.p. The left carotid was
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Lanes 9,10: nedia and intima, balloon-injured, |eft
carotid, 7 days post injury Lanes 11,12: right

w@ 20000957 non-i njured, 7 days 15 Figure 5: Rol PQI/AP2004/003739
i nhi bition. Phosphodi esterase-a@tivity of the PDE4D
core construct (DC) can be inhibited by Rolipram The
EpBedht tlBéZb[fhrmpme g s 2B embelecotriywiathetdry ERghiidp taboratories, USA)
i nhi bi ti

YRS Bsgzie cf) ﬁf#]e br-[’lf}a erd%a-ﬁp8ﬂ1wa§igltﬂledl\&wgklthgur em(?)n.c If(.)ftld artery three
tifvees Laftiri perAan eht tigatedn of tinésnaing] ovestd &@rg dtea&lound was closed and
ccor.di tao their. b|||t on .the admII
Hireimelan sy i SamenchonEenbBene i pS
Cilostazol was used as a positive control. WO
2004/ 090157 PCT/ EP2004/ 003739 -9- Figure 7: Effect of
PDE4 i nhi bitors on Wal king Capacity in the Lauric Acid
gel'myhxinal wal ki ng di stance was neasured in
rfitervals. 5 Figure 8: Individual results of
the effects of PDE4 inhibitor on Wal ki ng Capacity in
the L&uwdeks past ihjulryahe aidels wetr® rdanguinesiz@d aid kidled with an i.v.

iratp ¢ttt ottt P od et o Palcbritialoliflold s va
ahkethleten placedain the aatttlcmnﬂletb:ﬂuéln not the bldstdoahd Bieanrdigaarteries
kgrv'ezlstgclij.rﬁue]é%l:ventitial issues were removed from the arteries with watchmaker
forceps. The carotids were opened longitudinally and any remaining endothelium was-
removed by sliding movements of the forceps. The carotids consist now only of smooth
muscle cell tissue. At this stage the carotids were shock frozen in liquid nitrogen, pooled

and stored at —80 degrees Celsius.

Experimental groups

4 experimental groups were pooled:

1. 11 balloon injured carotids 6 weeks post ballooning
2. 11 contralateral uninjured carotid arteries

3. 12 left carotids of unmanipulated rats

4. 12 contralateral right carotids form unmanipulated rats

Antibodies

An anti-peptide antibody was generated based on the specific sequence in human
PDE4D7 (H,N-CADLKSESENIQRPTS-CONHy,). This antibody was purified using the
column-bound synthetic peptide for affinity chromatography. The specificity of this
antibody was tested by Western blotting using recombinant preparations of human PDE
4D3, PDE4D5, PDE4D6, PDE4D7, PDE4DS8 as samples. The antibody exclusively
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PK anal ysis of lauric acid experinent: Plasnalevels of
PDE4 i nhibitor after oral dosing. Exanples 20 PDE4D5

wW@ea4PBEAD7 expression in injured rat carotid BCT/EP106£003739

Ani mal surgery Male (300 - 400g) -Wstar Kyoto Rats
(RoRo) were obtained fromBRL CHFiillinsdorf. The
detetell HPDEAD7ah desé bgletinrd tswil hdratilig/ I gheddtboidp e cross-react with

3 R e By S e P O B B R A o
2dé DBBADT7, BChowRZOBHLAPE 739 - 10 exposed at the
bi furcati on and a 2F enbol ectony cat heter (Edwards

was. par s PREOGReRHE “BURRO VEa o 414 Bry S PR 4 timilar

vl Based dhtthe speifitBagithcd Hobt CBRSKTARRKSVORKESPaLONH,. Again, the

carotid artery.the woynd . ¢l,osed d..th i.mal.s .
R torfrgssrrect fa SRESSHAPRAET Bieh dREF QHCYHLY AR thg-tefminal portion
bf Riudeand rati BRB4D 5)ak vigsin th Mgak<. post injury the

animal s were reanesthesized and killed with an i.v.

overdose of anesthetics. After opening the body

cavity, rats are perfused with cold PBS via a

catheter placed in the aortic arch to flush out the
Prearachtioarnd simples fir iwadDamnmtesiored ElkOtrophioress ed. The

adventitial issues were renoved fromthe arteries with

wat chomker forceps., The carotids,were ope g

i doeart LSRR Rl A Sier b adtd HEL FoPRP A liuid nitrogen

cestinge Thobhiombehargwasnalemeut B sampldselftmno@dd urdd2 M thiourea, 50

caraot i ds, consi I f _snoot h sgle cell .

el 2A R CrePS {a PR dlamifaer iRl S tonigtrpropane

sl fdriagg) R clnd Diagoestics, dda rédim ABel nsing), diva(wAGDilkigerydsitol, 0.5%
| sius, 15 er | a r xper pyental. groups

Sy Berinotites (EBSHASRR Tlo, Biftancle, BERERS MBe 6 iRe

Bifperbaré 0N 6 Mein. The homogenate was centrifuged at 100,000 x g for 1 h at 4°C

and the supernatant was collected. The protein concentration was estimated using the

BioRad protein assay.

Two-Dimensional Polyacrylamide Gel Electrophoresis

Immobilized pH gradient strips (11cm, pH 4 — 7, Amersham Biosciences, Little
Chalfont, England) were re-swollen in 7 M urea, 2 M thiourea, CHAPS, 0.4% (wlv),
Dithioerythritol, 0.5% (v/v) ampholytes for 6 h, and placed into a Protean IEF cell cup
loading tray (BioRad, Hercules, CA). Equal protein amounts (0.5 mg) of the samples
were loaded into the cups and isoelectric focusing was performed using the following
protocol: 250 V, 2h; gradual increase to 2500 V over 8 h; 2500 V for 8 h. The strips were
equilibrated by two consecutive incubations in 6 M urea, 50 mM Tris-HCl, pH 7.5, 30%
(v/v) glycerol, 2% (w/v) SDS, 30 mM Dithioerythritol, and in 6 M urea, 50 mM Tris-

-HCl, pH 7.5, 30% (v/v) glycerol, 2% (w/v) SDS, 136 mM Thioacetamide for 15 min each.

The equilibrated strips were placed into the IEF well of a Criterion 4-15% gels. SDS-
polyacrylamide electrophoresis and blotting to nitrocellulose membranes (BioRad) was
performed according to the gel manufacturer’s recommendations. A molecular weight

marker (Magic Marker, Invitrogen) was included for molecular weight estimation.
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2. 11 contralateral uninjured carotid arteries 20 3.
12 | eft carotids of unmani pulated rats 4. 12

w@eoninadisat eral right carotids form unmani pul at BGI/ER1084/003739

Anti bodi es An anti-peptide antiipody was generat ed
based on the specific sequence in human 25 PDE4D7
( H2N- CADLKSESENI QRPTS- CONH2) . Thi s anti body was
purified using the columm-bound synthetic peptide for
gifiniii chromat ogr aphy. The specificity of this
tested by Western blotting using
reconbi nant preparations of human PDE 4D3, PDE4D5,
PDE4 DG he BloiedWére bRIIR4DGita$96 aopifasiry kil iaMBShadyshaking overnight

RO o 0 L ot S ESRgpy hginTos

bhes aim) Deekyn 200va3raddsd aebitie bldté Wereliddubatedvitls shakihg for 90 min at

suggested b e hi gh degree, of, conservation t ween,, .

FRAA et The R versened s ERBRFRS cEop ARG 80 AR

antib odyld R deeilu€ieon ars00b@BioRAY apd eRabettdarith the blots for another
§€g{gg$1|t& grlgéeﬁgi@:ggtgg I mw%%[@g%%@%p%ﬂa e&f,%?g@é[t ﬁ@_st Femto substrate
MIBRCE, RBEfoRRTILY 4 dkPosed@s Girh €G3 — iGnsnggest ed by the

hi gh degree of identity in the N-termnal portion of

human and rat PDE4D5, as shown in Figure 2.

Preparation of sanples for Two-Di nensi onal
El ectrophoresis 10 The frozen carotid arteries were

reddn aortar wth lihquid “niteo - .
LD s o PultiLPoaliol M R SauBlel OARA s A% freres by the
BDE4, inRibiot holgprama, 50 nM Tris, 2% (w v) CHAPS
(2-[ (3-Chol am dopr opyl ) di net hyl - anmoni o] 1- propane
,Cgﬁﬁlgoche D agnostics, Mannheim Gernmany), 0.4%
I thioerythritol, 0.5% (v/v) anphol ytes

(Resoi /tes 3.5 - 10, BDH, Pool e, England)) dleft at

r oonﬂ{fﬁp{%ﬁeﬁpﬁf RRTEE EANCIRITFHAR W@Wée%%g’é’e%%g‘g)o\égmg or

oS d/ il LgRidoadedliffd @bt rfinifimps (2062 AKEL) tadelivehe constant dose of
pernatant. was coll ected he .Br otein con ent r&ti AN positi £

DT Sans Rel SEERETRY R B oRAUPRPBo R Iased g i the'néck position o

the rat under anesthesia during surgery for the balloon catheter injury. The minipump

was connected to the jugular vein via a sylastic catheter to ensure constant i.v. infusion

over the entire experimental period of 14d.

Plasmalevels were determined at the end of the experiment using LCMSMS.

Results following balloon catheter injury (see under animal surgery above):

As shown in Table 1, rolipram inhibited neointima formation in balloon catheter
injured rat carotid arteries significantly at 0.8 and 8mg/kg/day iv. To confirm the results,
the higher dose was repeated in an independent experiment with a new set of rats (exp 2).
At the end of the experiment still 20% of the original volume is present in the pumps due
to the slower pumprate of a PEG 400 solution rather than water. Thus, the plasma levels

determined at the end of the experiment reflect steady state exposure. It is interesting to



10

15

20

25

Two- Di nensi onal Pol yacryl am de CGel El ectrophoresis 20
| mobi li zed pH gradient strips (11lcm pH 4 - 7,

w@emreanTt Bi osci ences, Little Chalfont, Engl anci/Er@n€003739

re-swollen in 7 Murea, 2 Mthiypurea, CHAPS, 0.4%

(wv), Dthioerythritol, 0.5% (v/v) anpholytes for 6
RotedRd g safagehel s HrOwall RitBlLdR ekfdctcdBhhgeCfiKi of Ralipragn for PDE4
tray (BioRad, Hercules, CA). Equal proteln anount s

{8 %) of t he sanples were |oaded into the cups and

I soel ectric focusing was performed using the foll ow ng

25 protocol: 250 V, 2h; gradual increase to 2500 V

over 8 h; 2500 V for 8 h. The strips wer e

L e A L A G R IM’%% P

ZMITF% SDS, 30 nMDthloe%thrltol and|n6 rea,
ars- HCl (mplkg/d)s,  306% Gomyplagibpier ol 2%‘%@/
SDS, 136 mM Thi oacetanm de for 15 mn each The

equilibrated strips were placed into the IEF well of a
Criterion 4-15%gels. SDS 30 pol yacryl am de

ophoregi s and bl ot{j ng trocel | ul
2&3@0 %nes (BgoRad) was éerfo5?8 accor di ng°>t5(§05t he gel 10
manuf acturer's recomendati ons. A nol ecul ar wei ght
R8O%3F (Magi 8.8Marker, | n3dtroded was i ncl udel0F or 10
nol ecul ar wei ght estimation. WD 2004/ 090157
PSR- EP2004/ 093739 - 12- YgstgsgwiBpotti ng Thesdhot s
were bl ocked with 5% non-fat dry mlk in TBS with
shaki ng overnight at 4C After washing, 100 ng/m of
the affinity-purified anti-PDE4D7 antibody in TBS + 5
0.1% (v/v) Tween 20 was added and the blots were
Tablktliaheds e shnahalyiofi hef effica®P d:Ith nf aﬂiprarm omdiated inhibition of

BEPBRrdsatuid Dot Sue IR aRe on plasic ombeddeg cros

getitions (operta®AD0, Bi oRad) and i ncubated with the

blots for another 90 min. After washing, the blots

wer e devel oped with Super Signal Wst Fento substrate

(PIERCE, Rockford, IL) and exposed to filmfor 5 - 10
BBy bPILCHbl AR PDESAIAY TSR 197 gB0p, 0 bl cor

| nh| bitor rolipram

\O

Cloning of the PDE4D isoforms 5 and 7 and the core construct

Core construct:

A cDNA encoding the core fragment that is common for all the PDE4D isoforms 3-
8 starting with the amino acid sequence FDV carboxyterminal to the LF1 splice site was
generated by PCR using a 5' oligonucleotide with a HindIIl cloning site
(gatgaattcaagctttttgatgtggacaatggeaca) introducing two additional amino acid (K and L)
in front of the FDV sequence. At the 3’ end a set of primers was used that either
generated the native sequence (gtgatatctcattatcacgtgtcaggagaacgatcatctatgaca) or added a
sequence encoding 6xHis residues (gtgatatctcattatcaa
tgggatggtgatggtecgtgtcaggagaacgatcatctatgac) to enable rapid purification of the
recombinant proteins. The cDNA encoding the core construct was cloned as a EcoRI-

EcoRV fragment into the expression vector pENTRTMla (GIBCO/BRL)
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Drug application Rolipramat appropriate concentration
was prepared in PE&G400 (25ng or 15 2.5ng/nm) and

wo edeebisnt o osnoti c m ni punps (2002 Al zet) t oPCiEEP2004/003739

a constant dose of 0.8 or 8nglkg/d respectively per

rat. The m ni punp was placed sc. in the neck position
dfoforintye exa@pt cordesnsarvett hesi a during surgery for the
bal | oon catheter injury. The m ni punp was connected

to t vel n_ v

constBROA GEPIR Ins S EcRb Gefitt AP R R faed by
neihg @ﬁlthétldgﬂrgonﬁﬂecﬁlcbs Wﬂihemeﬂnsalwestﬂctatm eizmmsdeslbr EteRI and

E—gmﬁg% tc%rg)toﬁa AT for re]:tct cynsaz Hg Ive%e 130%6S qutegiﬁE gl\k&) Waé}gents
aleevfeyed tdthe l:mMIIGonsuru'Eakﬁqaeﬂ.qe vnao’dhle [H'ladliII sitei 1btrbéuic1ng two additional

BE5ATL TR TR BRSPS SRS D

Seqylekighg pyiof to expeessionf i rm t he results, the higher
dose was repeated in an i ndependent experinment with a
new set of rats (exp 2). At the end of the experinent

still 20% of the original volune is present in the
punps due to the slower punprate of a PEG 400
Fapresiiamof the REE4Dhsofowas @nd thE p bteu gy sacticelse| s

determ ned at the end of the experl ment refl ect steady

P BT i A TS O A i 100 o

mepﬂesmrt hn ninsdre @lpeatdether aractst Wk{re @ﬁnmqu banseqoencing. After

PDE4
recombiz 1n 2% rtrﬂt?( cuicf\rl?ljﬁg ﬁg?i.rhg Kcﬁgr?g) e% 471 é% %Bftransformed
fntorthp Ixmab@)ls ($0c elPd)@QrewltareﬁSatSFiﬁﬂ Gn ﬂbﬁl@ﬁ rmedlum (BioWhittaker)
3.£024 > 5.1 9
Sl Bl Ot TRl R 08
@br lapged alaprohdiiahed thalsofoirtnis dF1240E fermentations of Sf9 ce]ls were infected
with a MOI of 1.

In one example, the 6xHis tagged PDE4D polypeptides DC, D5 and D7 were-
produced in Sf9 cells in 1L spinner flasks using SF1 medium in the absence of serum.

Infected cells were harvested 3 days after infection with the recombinant baculoviruses.

In another example, the PDE4D core construct DC was produced in a 24 L Airlifter
Fermenter with 15 L medium (SF1 with 0% serum), 0.15 L lipids and 9 L SO cells.
During the entire fermentation procedure the cells were cultured at pH 6.2, 27.0+/- 0.2°C
and a pO; of 30.0+/- 0.5 %. Cells were grown for 3 days. The cell number at infection was
2.3x10° cells/ml. Cells were infected with 450 ml recombinant baculovirus. Cells were
harvested at 68h post infection and the cell pellet as well as the cconcentrated supernatant

stored at -80°C until further processing.

Purification of 6xHis tagged PDE4D isoforms
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neoi ntinma formation as measured by histonorphonetry on
pl asti ¢ enbedded cross sections (2 per carotid). 15

waxpregason of reconbi nant PDE4D5 and PDE4AD7 i BOTf/BP1084/003739

C oning of the PDE4AD isoforns_psand 7 and the core
construct Core construct: A cDNA encoding the core

fr aggmnknd fgh 1 1&&&1}1’&?&%@1& o@bﬂexﬁﬂ%@s1£@ﬁé@es@§&fv@ﬁ§6¥orﬁt were
20 8 starting wth the am no acid se

b thongecboRichn 0 51 SRENFIEIS Tid 4.5 SobmpSiaCh L end rpigiacole, 1

HW PR léﬁ‘)]{flgm@néd Wi p?'@ﬂe'é@ iBRbiEe (b ?r(ﬁea{ﬂb tHibikor cocktail tablet
oni ng s gat gaat t caagctttttgatg

qwmniemcli%fxtfm ;dghe) Opaning of edls 3@s gerfe % H&%@Yﬁ% f% 50 mi
Doghte ngbéﬁlﬁgg aﬁa‘iH@H&xﬁo%e%teo&MD@ureW c@nt%‘ﬁi%eaffor 1 hour at

priners that eith enerated the na
g@QQﬁég ged 4°C (Kontron TFT 45.94 rotor at 30'000 rpm). The supernate was filtrated

ég@{ Qﬁgéﬁ@l{tﬁ Qgg?ecﬁeq;fci WQ%&Q% @%}t%hﬁg @& Ahn Py and then

sequence enco 6xH s T1esidues
égplgedttata(ﬁth t-2tldaagarose colurnn at 2 ml/min. After equilibration with 50 mM

HE631,99) RGO AL ALE S AIMGAREIRLAR!A L A0 BNARA e 30 ml |

rification o reco nt proteins. The
gRlEene frood 1 htp 33endoinsdezotesinthe sanyedeufter ditaetions cntaining the

Rl RO, <SR P o

-fﬂ)den MsEOAL.FeeshNieNpA agaiose wetesial wat Ysed Torevenval 1fferent PDE4D
1so Exteg %B&q i :3%151‘ gby pr i t A JT F‘&ﬁgﬁlﬁﬂ Gioh¥olf H‘Hrﬂis Wer €

gener Ic o |gonuc eotides wt
term nal restrlction enzyne sites for EcoRl and

H ndl 11 incorporated for directional cloning. These
i soform specific DNA fragnents 5 were fused to the

%Bégﬁ& QS tek'%%ﬁ%g w}’\Q&FPME@DH%@Oﬂﬁdl Il site

It oducl TWO additronal am no acid residues (K and
Q The integrity of the clones was confirned by

sequielativg ccprqe@ﬁrat@@seﬁ Dlia¥EA agprogepyrified isoforst p{eﬁératmns were
O PO 0 LSy, PSSl bt i
@lgrddieech(idol 29 Nadagd; hitrpgan). @&greiqgg‘pghoreﬁs thedeqqmassie stained
%ﬂyl(g?ryﬁ%dg E& Wik %y&ﬁ%y%@eoQﬂﬂEfng@&erﬁYOﬁﬁ&‘l‘ 8BGitS of PDE4D
bands were integrated using a Macintosh computer and the public domain software
"NIH Image", version 1.61 (developed at the U.S. National Institutes of Health and
available on the Internet at http://rsb.info.nih.gov/nih-image/). The integrated arbitrary
units per PDE4D band as returned by the software reflect the relative PDE4D
concentrations within the original pools. Identities of PDE4D and tubulin bands had

been verified by independent SDS-PAGE, excision of corresponding bands, trypsin
cleavage and identification of tryptic peptides by MALDI-MS.

Activities of equal volume amounts of 10°-fold diluted purified isoforms were
determined by use of a commercial radioactive phosphodiesterase assay (cAMP-
dependent phosphodiesterase [*H] assay; Amersham Pharmacia Biotech), following the |
instructions of the manufacturer. The obtained arbitrary activity units reflect the relative

PDEA4D activities within the original pools.

Relative specific activities of PDE4D isoforms were calculated by dividing relgtive

activity values by relative concentration values.
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reconbi nation into the bacul ovirus genone the purified
viral DNAs were transforned into the insect cells.

wek@409i155 were cultured at 27C in TC100 medi upCT/EP2004/003739

(Biowhittaker) wth 5% (v/v)_-figtal calf serum Virus
stocks were generated with a titer of 1.5x 109 pfu/m.
15 For large scale production of the isoforns 1-24 L

fermentations of Sf9 cells were infected wth

in 1L sp| nner. fI asks usi ng SFl medl umin the absence
of s Mf NiZNTAndgertse purifdd isoforn rdparatsived 1B)edta§l énto a Superose

£ (B BrR 2 AP AR M B a): equifbrated

RithBOGEN THRCIAH 2.7A100 mM dlaCl, Bey O MYCIMatt A lchb rdte of 0.1 ml/min

nedi u SFl th 0% se l i

e s Chbgai oy neere mcmcg)draé?aiwamtﬁlgﬂ%e off fubippilome, the
esluhin aeite wasitdlieeRd aab0 pHr4tidns.27. 0+/ - 0.2C 25 and a

P2 of 30.0+/- 0.5 % Cells were grown for 3 days. The

cell nunber at infection was 2.3x106 cells/m. Cells

were infected with 450 m reconbi nant bacul ovi rus.

Cells were harvested at 68h post infection and the
aetivitpatdveinddshivitidn Efphblghodimeesatetblitgd super nat ant

stored at -80C until further processing. 30

5 36‘4}’*‘@33@{%@ %B%%)ég’é%gg%ggg %gepg)eﬁ’%rémg%téo 8fTB hé’s\opgcrlrllesferase activity.

The phogphlodieserdse attivityoofethe xpreesmimgt sitb PDESPSCS iovd was measured

' sof ?%enhgg‘gr%&z(éj %‘gn%f%q&ggg ecul% ]jﬂ c%(%.rgi\}ﬁ HEPBEADS or 7

Stl BDIEQDchredomtxtdat Qr}dtcffaﬂM]]’ (ﬂm dofiiiad tsnc(enneum of éaad1) and 1 pl of
i nhi bitor cocktail tabl | et

KOy e SR ot BT B A Ly TR d R pf Bindipe Solution
ptovid ddoin elee la@rm@@nb@at Qlliluftddl 8100 Wweenddatausl thexdeadtidn mixture

was, centrifu ou 70' 000

meghtted nonrli’Tgb?g‘ 5908 o o, ThepEGEn TRy ST 0f &b gpmples was
Ylﬂ:&sdrb&l %\IA{ aPeekard BIdSU@ﬁceﬁFlfsidri SFPWMT bsiAg @Qirﬁerﬁisﬁentﬁter a Polarizer
t565 émé(am ag:qi%{{étprhgé %gﬁfﬂﬁ#ggt%)zlnﬁf dlmt)lh oF e El?ospgodlesterase

a&iityl dITthe PODEAD Edtre R9nstiict HEE’B&eﬂHm%dalsufgoﬁoliﬁ‘{bﬁiaﬁ inhibitor, and

10 mMM.inm.dazol e, protein eluted with i ne 30
pping PDE4D core COI‘lStI‘I?lCt at 30 ng\/NaIS ar

Rat Lauric Acid model for PAOD (Kawamura et al., 1985, Arzneimittelforschung
35/7A):1154-1156)

Rats were injected intra-arterially with 75ug of Lauric acid in 10ul of pure ethanol.
The injection site at the proximal femoral artery was closed with histo-acryl. The wound
was closed and the animal allowed to recover. Rats had been trained to walk on a
treadmill prior to LA injection as indicated in Fig 6. Drugs were applied by gavage as
indicated. The treatment causes inflammation in small vessels, which can lead to PAOD.
Rats were forced to exercise on the treadmill at 25m/min and 4.5% slope untilAthey
fatigued. Fatigue was defined as the time needed until a total of 5 small electric stimuli

have been cumulatively applied as re-enforcement for the rat to run on the treadmill.



10 gradient from 10 to 230 mM i m dazole in the sane

buffer. Fractions containing the PDE4D isoform as
wanakyas? by Coomassi e stai ned SDS- PAGE wer e ppol/EP20a416)3739

stored frozen at -80C. Fresh-NF-NTA agarose nmateria

was used for every different PDE4AD i soform

preparation in order to prevent cross contam nation of

RRE T R R e

Qilloktak&10isi 58l Gh Nehe rtRRBhE: | fon P ABID Gandethiit BBives aba positive control.
SDS- PAGE. Equal vol une_anounts of isoformpre araflons

\S\?élroenb%ptp%hpyed euipatent effirasyras gempaugd 19 64lrpteeg)
Invitrogen). After el ectrophoresis the Cbona55|e
stained polyacryl am de gel was inmaged by a video
i magiThiy expetiment igpicatenthatie RBFYinisibisér RDEAPra@ Wedkidg distance in a
d using a Macintosh conputer and the
raBVkagggggéﬁsoftmare “"NIH | mage", version 1.61
(developed at the U S. National Institutes of Health
and available on the Internet at
http://rsb.info.nih.gov/nih-inmge/). The integrated
arbitrary wunits per PDE4D band as returned by the
software reflect the relative PDE4AD concentrations
within the original pools. Identities of PDE4D and
tubul i n bands had 25 been verified by independent
SDS- PAGE, exci sion of correspondi ng bands, trypsin
cl eavage and identification of tryptic peptides by
MALDI - M5. Activities of equal volunme anmounts of
106-fold diluted purified isoforms were determn ned by
use of a conmercial radi oactive phosphodi esterase
assay (cAMP- dependent phosphodi esterase [3H] assay;
Amer sham Phar maci a Bi otech), following the . 30
instructions of the manufacturer. The obtai ned
arbitrary activity units reflect the relative PDE4D
activities within the original pools. Relative
specific activities of PDE4D i sof orns were cal cul at ed
by dividing relative activity values by relative
concentration val ues. WO 2004/ 090157 PCT/ EP2004/ 003739
-16 Qualitative investigation of aggregation by size
excl usi on chromat ography (SEC) 50 | of Ni -NTA agarose
purified isoformpreparation was injected into a
Super ose
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12 size exclusion colum (type PC3.2/30; Anmersham
Pharmaci a Bi otech), equilibrated 5 with 50 mM Tri sHC

wW@R004/09015200 mM NaCl, 0.5 nM MgCl2 at a fl ow red BEPf004/003739

0.1 mM/mn at 4C. Chronmatad§rans were recorded at 278
nm Starting fromthe elution volunme, the columm
el uate was col l ected as 50 IClhimactions. Activity assay
and i nhibition of phosphodi esterase activity 10 An
| MAP FP- Assay was used for the det.erm nation of
phasehi@DEgtfer Reetifririg adonypoundivehighinbfilisdilesdseteasss or restenosis.
activity of the core contruct and PDE4D3, 5 or 7 was
nmeasured using the HEFP Phosphodi esterase Assay Kit
(Mol ecul ar Devices). 2 | of PDE4D5 or 7 or PDE4D core
construct, 2 pl of cAMP (to a final concentration of
20 THYusanficldim 1| wiofreintths PDE4BRIAAE or carrier were
i ncubated for 45 min on a shaker. 12 111 of Bi nding
Sol ution 15 provided by the kit (with beads dil uted
1: 320) were added, and the reaction mxture incubated
on a shaker for 2 hours. Fluorescence pol ari sation of
8 heéltearspbbdaimad wharsars thedDE4D & PR of BPEBHET.ence
Fusi on a-FP HT using as an em ssion filter a Polarizer
535, and as an excitation filter, Fluorescein 485/ 20.
I nhi bition of the phosphodi esterase activity of the
PDE4D core construct was determnm ned using Rolipram as
£nhitsi use of claime2 whereis thed THEEN D PAYi47const ruct at 30
ng/m . Rat Lauric Acid nodel for PAOD (Kawanura et
al ., 1985, Arzneimttelforschung 35/7A):1154-1156)
Rats were injected intra-arteri ally with 75ug of
Lauric acid in 10ul of pure ethanol 25 The. i nj eCtlﬁ
8i tlhegise phrnynfslaimal to éwﬁhgﬁmaalﬂépwmgdemlabéaPWRh?r Arterial
hlqﬁgmggkxh“m;ge wound was cl osed and the ani nmal

to recover. Rats had been trained to walk on a
treadm || prior to LAinjection as indicated in Fig 6.
Drugs were applied by gavage as indicated. The
treatment causes inflannation in small vessels, which
gan pRRE:sor 18 F&%H%bv_aﬁﬁlﬁg hRbRPdub® fNBEGHS Sf anertola@erosm or
treadm || at_ 25 n1n and 4.5% sl ope until, they
f attegjerRass, sid PW@SWQ@PWBMSQHP agtiYREOR OF &éabﬁlﬁp.qf the
a fﬁfo@%hﬁesérmlﬁw &PDHE«L stinuli  have been

Ively applied as re-enforcenent for the rat to
run on the treadm||. WD 2004/ 090157 PCT/ EP2004/ 003739

7. The process of claim 6, wherein said PDE4 is PDE4D.
8. The process of claim 7 wherein the PDE4D is PDE4D5 or PDE4D?7.
9. The process of claim 7 wherein the PDE4D is PDE4D7.

10. The process of any one of claims 6 to 9, wherein a compound is obtained for the

treatment of Peripheral Arterial Occlusive Disease.



-17 The PDE4 inhibitor cilom|ast was conpared to the
PDE3 i nhibitor Cilostazol. Cilostazol is used in the

wo eewabmast for PAOD and thus serves as a posi t PBEP2004/003739

control. G lomlast showed9equi potent efficacy as
conpared to Cilostazol (Fig. 7). 5 This experinment
i ndi cates that a PDE4 inhibitor can inprove wal ki ng
di stance in a rat nodel for PACD. WO 2004/ 090157

PCT/ EP2004/ 003739. 18 O ains 1. Use qf. PDE4 for )
ilgl‘ﬁtpir‘?%?%ér ad%es qm?lewgiarﬁqmoe@gef%@gm PEpibgsosclerosis, or
Or fe€2h8diNSdi8 procdss chierisffy adinifilstirimed, 16t Budpaeted to b

PDEA? ] SQ%QDEJ ?I.OS %S.C hq)é ﬁ%e of1 SI. aiimilg COMPSr el nutﬁﬁee 0 eén.
PDE#BVRIT tog 0 BB 5 27 e maT R ICH A1 el apir restenoss i

whemhaubed, Bed RIdEHPingth AV Of atHrScledddR dt3&stéfosBRAY cithpared to
wherein said conpound inhibits

cl ai ms toﬁé, y

Per fWel-drealkd@mimals.  occl usi ve Di sease. 6. A process
for identifying and obtaining a conpound for therapy
of atherosclerosis or restenosis, said process
conprising neasuring the activation or inhibition of

e.1l5 phosphqdi esterase activity. PDE4A. 7. The
e B At B e S PR e BRI oot 5. The
process of claim?7 wherein the PDE4D i s PDE4D5 or

PDE4AD7. 20 9. The process of claim7 wherein the
PDE4D i s PDE4D7. 10. The process of any one of clains
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14. The process of claim 12 wherein the PDE4D is PDE4D?7.

15. The process of any one of claims 11 to 14, wherein the compound is for the therapy

of Peripheral Arterial Occlusive Disease.

16. A compound identified by the process of any one of claims 6 to 15.

17. A pharmaceutical composition comprising a compound of claim 16 and a

pharmaceutically acceptable carrier.

18. Use of a compound of claim 16 for the preparation of a medicament for the

treatment of atherosclerosis, restenosis.

19. The use of claim 18, wherein said compound is used for the preparation of a

medicament for the treatment of Peripheral Arterial Occlusive Disease.



19 11. A process for identifying and obtaining a
conpound for therapy of atherosclerosis, or

wo e®ioyasi s, said process conpri sing adm ni st ePCTIBPA04/003739
conmpound suspected to be ano activator or inhibitor of
PDE4 to an animal in which atherosclerosis or
restenosis is 5 induced, and neasuring the extent of
at herosclerosis or restenosis as conpared to
control -treated aninmals. 12. The process of claim 11,
wWheFhe qompriugdRpEacessss,RBEMDd chOnpbBitionisebyiaedly 9s béreinbefore
cl af - j ; ' Dr7. 14.
Th Z“‘“‘E?Fr?;% dYEpEAND Wi r R A D
15. The process of any one of clains 11 to 14, wherein
the compound is for the therapy 15 of Periphera
Arterial GQCcclusive Disease. 16. A conpound identified
by the process of any one of clains 6 to 15. 17. A
phar maceuti cal conposition conprising a conpound of
claim16 and a 20 pharmaceutically acceptable
carrier. 18. Use of a conmpound of claim 16 for the
preparation of a nmedicament for the treatnent of
at heroscl erosis, restenosis. 25 19. The use of claim
18, wherein said conmpound is used for the preparation
of a nedicanent for the treatnent of Periphera
Arterial Ccclusive D sease. WO 2004/ 090157
PCT/ EP2004/ 003739 20 20. The compounds, processes,
uses and conposition substantially as herei nbefore
descri bed, especially with reference to the foregoing
exanpl es.



