Pepti de and Uses Thereof Field of the Invention This
application relates to a peptide and its use in
woreiohoeis4of treatnment. In particular, it rel atBGI/GB2@7/000744
cat hepsi n propeptide, nmethods of its production and
uses of the propeptide. Background to the Invention
Proteases are a large group oflproteins that conprise
approxi mately 2% of all gene products (Raw ings and
Bar reeidi 99N uROteases,cat al yse the hydrol ysis of
peptide bonds and are vital for the proper functioning
of all cells and organisns. Proteol ytic processing
event: j tdRfenl wi de range of cellul ar
pr o?té"s%s?'éa;%lfnc%%i ng ng‘%é)q’f ormati on, wound heal i ng,
angi ogenesi s and apoptosis. The |ysosomal cysteine
pr ot eases re initially thought to be enzynes that

ver € s P15 LRSS & iov @i &ttt t6F use in
Pr obRithddsh e reksasenes. NopBlv.associat ed Wiy o 4
| ocalisation in the | ysosones, these proteases were

or i §erdlepg inhpremertd dee owithodsvolfvédsi prddmction and
non-.sel_ectd deqr i.ogn of proteins in endosonal
cowﬁ%%?w%%{é%eHggéﬁgﬁ%l?ﬁéy are now known to be
accountable in a nunber of specific cellular

processes, h%ying roles in antigen presentation (Honey
andBﬁﬁggﬁ?W?, 5805hepIPYRRELOP| 0egh, 2004) apopt osi s
(Zheng et al ., 2005; Broker et al ., 2005),

pr o- hor none processi ng (Hook et al.,2004) and

ext Pie&kRhskar amat Bi Xargsodebbibongf( Crapeanset-halt. comprise

199ébp9B§R%§@e§§ a%’o%ggza'gene products (Rawlings and

Barrett, 1999). Proteases catalyse the hydrolysis of

peptide bonds and are vital for the proper
functioning of all cells and organisms. Proteolytic
processing events are important in a wide range of
cellular processes including bone formation, wound

healing, angiogenesis and apoptosis.

The lysosomal cysteine proteases were initially
thought to be enzymes that were responsible for non-
selective degradation of proteins in the lysosomes.
Normally associated with localisation in the
lysosomes, these proteases were originally thought to
be only involved in the non-selective degradation of
proteins in endosomal compartments. However, they are
now known to be accountable in a number of specific
cellular processes, having roles in antigen
presentation (Honey and Rudensky, 2003; Bryant &
Ploegh, 2004) apoptosis (Zheng et al., 2005; Broker

et al., 2005), pro-hormone processing (Hook et al.,



Cat hepsins are proteolytic enzynes. To date, eleven
human cat hepsi ns have been identified, but the

waep@eio9d3es i n vivo roles of each are still to bRCT/GB2007/000744

determ ned (Katunuma et al, 2003) . Cathepsins B, L
H, F, O, X and C are expressed in nost célls,
suggesting a possible role in2regulating protein
turnover, whereas cathepsins S, K, Wand V are
restidd ot ethd QsRaFd dSUl T a € ehd S BN Or drhSEESI ng N leabrhany
that they may have nore specific roles (Kos e t al,
2004t &erdovisdd, Cooamen €atdbpsit 11 i ke proteases

(which include t ) oteOl yii L €
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species, binding to the active site of the protease in
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proteolytic enzymes which belong to the CA clan of

cysteine proteases. Each of these lysosomal
proteases has been implicated in the progression of
various tumours. It is thought that their abnormally
high secretion from tumour cells leads to the
degradation of the extracellular matrix (ECM). This
aberrant breakdown of ECM components such as elastin
and collagen accelerates the penetration and invasion

of these abnormal cells to surrounding normal tissue.

Cathepsin L-like proteases are produced as inactive
precursors, containing an N terminal propeptide
domain. This propeptide has previously been shown to
act as both as a chaperone for the folding of the
nascent protease and inhibitor of the active species,
binding to the active site of the protease in
immature lysosomes. Inhibition studies have shown
that the CatS propeptide (CatSPP) has a Ki in the low

nanomolar range towards activated CatS and perhaps



nanonol ar range towards activated Cats and

per hapssurprisingly, also has simlar properties
wagarnsi4bot h Cat K and CatL, al though it has aPGDGB2@M000744

shown to have no effect on the | ess honol ogous Cat B,

CatH or papain. Mreover, this property of the Cat SPP

is unique in that the propeptides of K and L do not

have the sane uniforminhibition profile to each of

i ts sxngnale don | wIhers sinGatarS (rEudepssd ainas
originally identified frombovine Ié)‘r%ph nodes and

ol S P Eh bRt I orth (ICOHEY T GRS FFRrbeen shown
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is ini.tiall.y translated into an unprocessed precursor
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unproeessed piratfRirh iSHEeRAsed o33k am NeACIdS i &

15 am no acid signal peptide, a 99 amno acid

pr oY tGe fSeden&emmeaFsa 217 anino aci d peptide. Cat
Sisinitially expressed with a signal peptide that is
renmoved after it enters the |lunmen of the endoplasmc

r et iCaddl @ (Celtdremsdpest)i dess equericea 1iyndsidn itthesdadtrione

site of. the protease, rendering it inactive unti] it
nas B53ERS 1 ANERoFCORS 67N ERIGR ¢ adeoramat forn
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removed and the protease is activated (Baker et al,
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i nv@nicadied by the Cat S gene is initially translated
into an unprocessed precursor protein with a
molecular weight of 37.5 kDa. The unprocessed protein
is composed of 331 amino acids; a 15 amino acid
signal peptide, a 99 amino acid pro-peptide sequence
and a 217 amino acid peptide. Cat S is initially
expressed with a signal peptide that is removed after
it enters the lumen of the endoplasmic reticulum. The
propeptide sequence binds to the active site of the
protease, rendering it inactive until it has been
transported to the acidic endosomal compartments,
after which the propeptide sequence is removed and

the protease is activated (Baker et al, 2003).

Cat S has been identified as a key enzyme in major
histocompatibility complex class II (MHC-II) mediated
antigen presentation, by cleavage of the invariant
chain, prior to antigen loading. Studies have shown

that mice deficient in Cat S have an impaired ability



chain, prior to antigen |oading. Studies have shown
that mce deficient in Cat S have an inpaired

W@Rioziop9pa present exogenous proteins by APCs PCEKBI@RQ00744
et al, 1999) . The specificity of Cat Sin the
processing of the invariant chain li, allows for Cat S
specific therapeutic targets i the treatnment of
condi ti ons such as asthma and autoi mmune di sorders

(Chapmpireglendl exb@@hbus Gabltepsisn by WPE ‘e | (Jlakaldaywa et
isolated fromthe | ysosones of rat Ilver before the

huméd - f 6PMas ThdeFPeCdd G Y1 968 BGal® dfid %6t {pggffgﬁslng
198%vf %%e %v%fm%'nt 1288h leh 819908 eR0dANY Catdetas

mapped human chronmpbsonme 9q2 2 (Fan et aI 1989;
Chaahmaexeuadlc tEg9R) sarid |tilecmr@@$m$r¢f odi gmndems

and seven introns . _The gene tra ate
R e D s
and sis poegessed into two enzymatically acti ve

i sofornms; a single chalnformof 31 kDa and a
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to the mature active enzyme can occur Vvia
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CatL has endopept| dase activity, and preferentiall y
cl e@redlpeptidde ) bards 1 [PRPEEShIRdhiSE AF FEoRs @rid

resisdues, i1 the P2 and 23 Po3idd s i(Kangels 18l Rl into a

preproprotein with a molecular weight of 39 kDa and
is processed into two enzymatically active isoforms;
a single chain form of 31 kDa and a two-chain form
comprised of a 24 kDa heavy chain and a 5kDa light
chain (Mason et al, 1989). The processing of pro-CatL
to the mature active enzyme can occur via various
mechanisms including autocatalytic activation
(Salminen & Gottesman, 1990) and by the action of
CatD (Nishimura et al., 1989; Wiederanders &
Kirschke, 1989) or metallo-endopeptidases (Hara et

al., 1988).

CatlL has endopeptidase activity, and preferentially
cleaves peptide bonds with hydrophobic amino acid
residues in the P2 and P3 positions (K&rgel et al.,
1980, 1981). It has been shown to hydrolyze several
proteins with the same specific activity as cathepsin
S (Kirschke et al., 1989). However, it favours

aromatic residues in the P2 position, distinguishing



1980, 1981) . It has been shown to hydrolyze several

proteins with the sane specific activity as cathepsin
w2y sehke et al ., 1989). However, it favouP&GI/GB2007/000744

aromatic residues in the P2 position,

di stinguishingitself fromthe closely related

cathepsins S and K (McGrath, 1999). CatL has been

proposed to have a major role in nmany bi ol ogi cal

pr ocessEst | fedmidiing ¢ VSOSOBe P @ Obysh Sp s beNngng x
resorl\&)ti on, as well as in several diseases such as

ar t 3§ hd ¥819)gnancy (Rukanp and Powers, 2002)

The role of |ysosomal cysteine proteases in antigen

presentation has been extensively researched wthin

t he (gt Heoww byessn r@atdedhaso Beare i aphd tat eﬂffbléllirblrﬁany

process through its ability to performthe final step

of TGSt Q%O??F%%?t%@uqlrﬁﬁﬁ]cy%%ﬁqw|%’¥O%%<P13é915
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the Ii chain has the ability to interact wth the
mat FETCRS. Pitdreitis iaa pialirapancy adhikdny amtl Powers,
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R e P R ORI et aes i
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degr a% tiié]Io of thg: invariant chain in cortical
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and iexhinhid ed- &l timTuddetieed 4 1G4+ b %)%rlfohrm the
selection (Roth et al, 2000) . Mce l|acking cat epsin
L alfd@adevdlspped Fér ivsditetaisis des cand iapsild erymiic
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met @dtlagisoform of the Ii chain has the ability to
interact with the mature Catl protein, inhibiting its
activity and stabilising it in neutral pH
environments (Ogrinc et al, 1993; Bevec et al, 1996).
Studies on CatL-deficient mice were observed to be
incapable of the degradation of the invariant chain
in cortical epithelial cells of the thymus (Nakagawa
et al, 1998) and exhibited a distinct defect in CD4+
T cell selection (Roth et al, 2000). Mice lacking
cathepsin L also developed periodic hair loss and
epidermal hyperplasia due to alterations in hair

follicle morphogenesis.

The role of CatL in tumour invasion and metastasis
has also been studied in great detail due to its
ubiquitous expression and its ability to degrade
components of the extracellular matrix and basement
membrane. Elevated expression levels of Catl have

been associated with a wide range of malignancies



has al so been studied in great detail due to its
ubi qui t ous expression and its ability to degrade
w@eopoyss s of the extracellular matrix and baBEeBR007/000744
menbr ane. El evated expression |evels of CatL have been
associated with a wi de range of malignanci esincl udi ng
breast, colon, prostate, kidnéy carci nomas and
astrocytonmas . Recent evidence has al so suggested that
Cat bnaBMaiHECheAs 8 dolbansproptheaal kaaheyatarcinomas
Al ternative isofornms of CatL have previously been
r epontledstRes¥heraft et al, 1996; Seth et al, 2003),
however an isoformlacking the N-term nal signa
pepti de has been shown to | ocalise to the nucleus,
suggesthigeaideheef hasCalkoi pugbespedcebstngadh nby
CDP/ Cux transcription factor. This heoE wa .
r ei AFBFELARLGSsRubFBESGhiRAL P f?E%éH? %Fbr%&FgngFlve

whi ¢hoapprar ed tachangva prekedubegusbeanripoCbBECUX
processing (Goulet et al, 2004) . Cathepsin K was

fir4Resrbaéeitr oin ebNALPABbi FeFh 2992l Té20Ra ehoypyer
1994) ., pri 1e d iption.:qf 1t . hql
a%oﬁﬁ%%#%é §QC£E§9 %ﬁgrhpkégﬁéﬂgl ggggggfgﬁggﬁﬁg 8ds

t he ear sever al epen
(Brpesr ehoah, td99braShseetoakhe 41883pubnaskggestahg a

1995) . Th ing CatK is si d
chr ERBEMEOFBELit KB CaROOF BEBSASICATS  PuGURLtifg

that -LheseipwooRr eheases MRYshaveoayCarEDReahirgrdedl e
pronoter structure of CatKis simlar to that of Cats

wi t BtutéeaboanCatdf dafTATANGo% thypbhRERst hehirds sRpeared
Of LB0pRbsl ShiteRiaaP bR EQTBRN 1heRbY) BaxOb-8RRES 1 1! ¢

sho Stri
(Goulet et al, 2004).

Cathepsin K was first cloned from cDNA rabbit in 1994
(Tezuka et al, 1994), prior to the description of the
human ortholog the following year by several
independent groups (Bromme et al, 1995; Shi et al,
1995; Inaoka et al, 1995). The gene encoding CatK is
situated on human chromosme 1g2l, the same locus as
CatS, suggesting that these two proteases may have a
common origin. The promoter structure of CatK is
similar to that of CatS with the absence of a TATA
box but with the presence of two AP-1 sites; both
common features of genes which show restricted
expression patterns. Human CatK expression has been
shown to be restricted and is found predominantly in
osteoclasts and in the ovary (Bromme et al, 1995;

Drake et al, 1996).



expression patterns. Human Cat K expression has been

shown to be restricted and is found predom nantly in
wWo@signed3ast s and in the ovary (Brome et al, 1BOBGB2007/000744

Drake et al, 1996) .The am no acid sequence of CatK

shows hi gh sequence simlarity with cathepsins S and L

(52% and 46% respectively) and together these three

genes forma snmall subfamly within the nmanmal i an

| yspson®hi Y st eldes prosteasest CatK Slaswherhgh sequence
characteri sed as one of the nost potent elastingégtic

enzyimslant th g et eathersing yStdad bahet eadie

el ast ase at . 996, genes ebral
199%?Spe?Yl%$£5)h%%éfﬁgéagl$%t§ﬁ?%éc§$% §2e the
hydeh y5i subfaedlyagethiypehé mamhahhan| Wekaphehah et

al, 1998) . The physiol ggic¢ rel evance of the.
coIFﬁ@%ﬁbﬁ?tP€°5€?¥@?tyc%?Kgg?%F?§e?l?B@f?%%%ﬁl§ﬁ?o%§h
I ts, %ngi@ﬁépﬂogkt ot BB bengsdiss1deic enzymes, with

pycnodysostosis (Gelb et al, 1996) . Pycnodysostosis
i s ancaue¢nsarbivibretbavepenareeibf ehafhater pEeBtiby®

OStzg%gﬁﬁéféL2%§ndl§gﬁggg?%§ﬁ%§t@L QYSph§§5?: It also

Gst urs al ance bet ween bone
respapt tpa apdifeymabi oathagsbeehedhgdupligdisf afouri ng

resorption. Resorption is_nediated.b st eocl as
mhi@ﬁfééﬁ@Fangﬁn ac?@i@n@nGVrgﬁﬁgﬁ?xﬁg £ e?h’sﬁ?g86f
attachnment where the proteol ytic degradation of the

matri x occurs . CatK has been inplicated in this
pr otkssphueibbovheaildestpranaei o shensrémgenolytic

et PERTE FeePD CRCRI TorannroARR RREYRaN TEree Al oo

exhgBkbc@ation with the bone disorder, pycnodysostosis
(Gelb et al, 1996). Pycnodysostosis is an autosomal
recessive condition characterised by osteosclerosis
and severe skeletal dysplasia. Osteoporosis occurs
when the balance between bone resorption and
formation has been disrupted, favouring resorption.
Resorption is mediated by osteoclasts which generate
an acidic environment at their site of attachment
where the proteolytic degradation of the matrix
occurs. CatK has been implicated in this process due
to the identification of nonsense, missense and stop
codon mutations in pycnodysostosis patients (Gelb et
al, 1996). CatK knockout mice also exhibit a
decreased matrix degrading activity in their
osteoclasts, however the murine phenotype is less

severe than in the human condition (Saftig et al,

1998} .



decreased matrix degrading activity in their

osteocl asts, however the nurine phenotype is |ess
waeaweogsshan in the human condition (Saftig etPEl/GB2007/000744

1998) . CatK expression appears to be upregul ated at

sites of inflammation and by retinoic acid in

osteoclastic cells |ines (Sané%hlge et al, 1995) . Its

expressi on has been detected in giant cel | tumours of

t hechorRecxprastabe apfehreasd bvarapnegusatiubaksites of

al, 2003; Littl ewood-Evans, et al, 397 as_wel| as.,in
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CatL (7899 (Sa et _al 998 er e
gen@réﬁEﬁ ?nﬁn%agﬁeﬁﬁg ngﬁlﬁgm%%d%?r&%ﬁﬁéﬁ ch %EbSZOOB
99211 221 ep@baceohntocCabl, The7hi gb wemdl agyiandhel ose
proximty between the CatL and V genes suggests th

t hesywovppot EabESLHBSCRa0E E@EF@@gSfW6ﬁPargﬁﬁﬁﬁﬁ°l

anc e (Lt obh- et 1999; Bronme et a

- %ggg?atgéméggﬁﬁé%hékm?ées%?ggd expression pattern
observed with CatL has not been m m cked by CatV, wth
expressi on.restrict t h testis :
corﬁagﬁeeﬁﬁ?h¥|waﬁ1%AﬁﬁghFHSPE ¥ §9S§0m8ro%%%ggtbgﬁﬁn
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expression of this protease is indicative
speexrgepsaanplArt RdFhaRETPLOPY ERoGERE tH§?>cé§9nt§marla

esseat Lal hpgw.? fihassvhl, aphiboghnker eseBkahb0kakl has

specifrc ¢
been mapped to human chromosome 9g21-22, adjacent to

CatL. The high homology and close proximity between
the CatlL and V genes suggests that the two proteases
may have evolved from a common ancestral precursor
(Itoh et al., 1999; Bromme et al., 1999). However,
the widespread expression pattern observed with CatL
has not been mimicked by CatV, with expression
restricted to the thymus, testis and corneal
epithelium (Adachi et al, 1998, Bromme et al, 1999,
Tolosa et al, 2003). The restricted tissue expression
of this protease is indicative of specialised
function and it is thought that CatV is essential in
MHC class II antigen presentation in specific cell
types (Shi et al., 1999; Tolosa et al., 2003).
Sequence alignment with other human cathepsins has
placed CatV in the same phylogenetic branch of human
Cl peptidases as CatL, S and K (Buhling et al.,
2000) .



types (Shi et al ., 1999; Tolosa et al ., 2003).
Sequence al ignnment with ot her human cat hepsi ns has
wWeb@ceeh3@at V in the same phyl ogenetic branch oPCHGBR097/000744
Cl peptidases as CatL, S and K (Buhling et al ., 2000)
. Pat hol ogi cal associ ati on of Cat hepsins The
alterations in protease expreSsion patterns underlie
many hunan pat hol ogi cal processes. The deregul at ed
expsLesh Dhg Bl agd s vt 1t Dbn cof hepshassimas been |inked
to @ Ttange of conditrons including neurodegenerative
di sorders, autoinmune di seases and tumpuri genes is .
Cat,3 upregul et io0 has,Peen,dinked-Lo; 56N epatterns
neurodegenerative disorders. It is believed to have a
rol endart he pawguctihan pdthdkobi pebtpdecerses . fFom t he

anyl oi d precursor protei APP Nu
andd?¥§g%L%F%_s?%ﬂgﬁ%§féﬂe%n§h%ﬁ%lYg ef%ﬁbﬁgé%%§§§§%,
i n B9t hpAbzhel AREGSL O easegands Devna st Syndr oneluding

(Lenmere et al, 1995) . Cat S may also have a.role in
Mul népredSeeeebatsvandl cPEURES o ARLOIIHREBE diseases and

t hrough th LLity of Cat S to degrade nyelin basic
pro?%%%?rﬁsgggé%%fal autoantigen inplicated in the
pat hogenesis of MS (Beck et al, 2001) and in CID

patients, Cat S expression_has bee hown to _inpcrease
nnr%thﬁnFPBﬁguiﬁFgO? Eﬁrbg?naf}ngﬁézgo.S%Kg%ggnt Cat

S expnesabgBnbastal:soabpgenrdassociat ed welheved to have a
atherosclerosis . Cat S expression is negli%ible in

nor palleat hethesprpéuchiimanoét hbeofreoebsptiay 3Bt ofigom the
i mmuno [
unoreactivity (Sukhova el dhppt9MhngEY LReL1, 1995)

and its expression has been shown to be upregulated

in both Alzheimer’s Disease and Down'’s Syndrome
(Lemere et al, 1995). Cat S may also have a role in
Multiple Sclerosis and Creutzfeldt - Jakob disease
through the ability of Cat S to degrade myelin basic
protein, a potential autoantigen implicated in the
pathogenesis of MS (Beck et al, 2001) and in CJD
patients, Cat S expression has been shown to increase

more than four fold (Baker et al, 2002).

Aberrant Cat S expression has also been associated
with atherosclerosis. Cat S expression is negligible
in normal arteries, yet human atheroma display strong
immunoreactivity (Sukhova et al, 1998). Further
studies using knockout mice, deficient in both Cat S
and the LDL-receptor, were shown to develop
significantly less atherosclerosis (Sukhova et al,
2003). Further research has linked Cat S expression

with inflammatory muscle disease and rheumatoid



studi es using knockout mice, deficient in both Cat S

and the LDL-receptor, were shown to devel op
war@mniosdsennt |y | ess at herosclerosis (Sukhova ePCEEGB2007/000744

2003) . Further research has linked Cat S expression

with inflammatory nuscl e di sease and

rheumat oi darthritis. Miscle bildbsy speci mens from

patients with inflamuatory nyopathy had a 10 fold

| nCreaseri f LAt EXPresSh O GUWBREh tOr GRBEO ents with
musc| e sections (Wendl et al, 2003), and levels of
Cat @ Bh e shydad cantd yEdh@hiercieasynbvi @t S
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specific malignancies. The expression of Cat S was
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tissue (Kos et al, 2001, Fernandez et al, 2001) and
suggesite Patpaatir is imy(Heabd mp ol & ianl t uafdir) - .

i nvasi on and di sease progression. Recent work in this

| aboratory on Cat S denonstrated the significance of

i ts Tepresld af iGuthuEmdreastiisec Hanrms ridannersecetial
2003; Fl.annery et al, ,2006). | mmunohi st.ochem ca
anal3Pas Srofed YR ssithf FRERSS3qth of S@telS ofas
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but appeared absent from normal astrocytes, heurones,
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expr [ e hi t o ra | V .t unour d
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| evel's of extra ul'ar a WEre
suggested that Cat S may have a role in tumour

invasion and disease progression.

Recent work in this laboratory on Cat S demonstrated
the significance of its expression in human
astrocytomas (Flannery et al, 2003; Flannery et al,
2006) . Immunohistochemical analysis showed the
expression of Cat S in a panel of astrocytoma biopsy
specimens from WHO grades I to IV, but appeared
absent from normal astrocytes, neurones,
oligodendrocytes and endothelial cells. Cat S
expression appeared highest in grade IV tumours and
levels of extracellular activity were greatest in

cultures derived from grade IV tumours.

Cat S has been shown to be active in the degradation
of ECM macromolecules such as laminin, collagens,
elastin and chondroitin sulphate proteoglycans

(Liuzzo et al, 1999) and invasion assays using the



cultures derived fromgrade IV tunours. Cat S has been

shown to be active in the degradation of ECM
wore@rovsiecul es such as |am nin, collagens, elBSU/GB2@MLH00744

chondroitin sul phate proteoglycans (Liuzzo et al

1999) and invasi on assays using theU251MG grade |1V

glioblastoma cell |ine showedldp to 61% reduction in

invasion in the presence of a Cat S inhibitor LHVS29

(Fl anBemy etadk 1v2603bb1ikicsmwoukdisuggesthbhaly Gat 8
may have an inportant role in the process of tunour

i nvasPolerHCaiPRodYt dRISARE LhetbPoPECABYCHe 04 Bafgdt S
for:anti-inyasi h tL.h a eep, f.ound
L e B B
pat bobggstakheondiati gnsaiynabudi ag tnpoutegenesils inThde
generation of CatL knockout m¢e revealed a critica

r ol BYPHSEFi G&r FHMOHEmeBYRELPE, 1ReqiFaPFERoBRSt BBGhaj r

cyctBerafdrMeagl 88Sal bARGLAL edrapht9ennphreseat ahiea ., .
in cortical epithelial cells of the thynus (Relnheckey
et al, 2001) . Cat K expression has previously been

cor t j a,.rang dif ferent . pathol ogi es .
incF§g$n§982%2%80P8§ﬁs%8§ ds%écﬁ?yg ﬁﬁ ?Eﬁgﬁ i 881eFpdn a
r ar easkel efabtii€ordhtopathytogiysdstosistisnsatsedullyng
a deficiency in,Cat CatK normal ly functions to )
degFﬁﬂ%uF§9%@§S&6rlEaﬁngﬁﬂﬁrﬁFﬁ@P Bbne2phokBprgout mice
(MotyckayagagdoFi shesi %Q@a)iﬂhspQééfﬂgiaﬁBﬁeEFegbis
patients with Pycnodysostosis are dysfunctiona ue to
mut BEgeh3ERPENPR the BaihepstheK gedeMiCetbass &l

199ﬁgdiaE§&Kéﬁ%f&&ﬁsﬁggséﬁtggfgﬁifﬁegoyégga uggithelial

cells of the thymus (Reinheckel et al, 2001).

Cat K expression has previously been correlated with
a range of different pathologies including
osteoporosis and specific malignancies. The rare
skeletal condition, pycnodysostosis is caused by a
deficiency in CatK. CatK normally functions to
degrade type-1 collagen and other bone proteins
(Motyckova and Fisher, 2002) The osteoclasts from
patients with Pycnodysostosis are dysfunctional due
to mutations within the cathepsin K gene (Gelb et al,
1996) .

CatK expression is associated with lung
adenocarcinomas yet absent from the non-invasive
bronchioalveolar carcinomas, acting as a potential
marker of the invasive growth of lung carcinomas
(Rapa et al, 2006). In addition, CatK has also been

identified as the principal protease in giant cell



adenocar ci nomas yet absent fromthe non-invasive

bronchi oal veol ar carci nonas, acting as a potentia
worenoRe993ed t he i nvasi ve growth of | ung carci noOPEEGBRApA0744

et al, 2006) . In addition, CatK has al so been

identified as the principal protease in giant

cel l tunour of the bone (Linder&n et al, 2004) and an

association with breast carcinonas (Littlewbod-Evans

et alumcl@99f hake heere shawsentieref are, AdR) and an

devel opment of CatK inhibitors has great potential,

par BiSeRCdRItL g ‘Aﬁétlh élr@@qSéCalcaémoma@ns< Litidrlewoasedtyans

ost egelast 13 vald o ARd hong T GRALALION oGars such

as 0st eoporosi's onée asi’'s "an ti'ple nyelona
CatdvmﬂippmeqyruﬁIthmdamhﬂhuﬁmnsnh@@I@&%@&abdﬁaitlal
br east .car LI as certain qvarian and

r en&P &G ﬂ Qﬁ?lggﬁﬁ§9eFﬁ€dﬂ Es YNFLS excess

excepliicrallsy Ricgh Rerhoghd ®oGal kealkt3Y: i CPARNRBIE duch
et al., 1998). Moreover, the gene for CatV has been

napﬁédOﬁﬁeﬁ@ﬁﬁﬁséﬁhoﬁﬁ%@hﬁﬁg@ztazzs adidaowdtcipd eCat L.
The glg% honol ogy and close proximty of their
encoding genes suggests that the two proteases nmay
have evol ved froma comon ancestral precursor (Itoh
1999; Br.omme However , aIthough
Cat aﬁaglWﬁﬁegﬁﬁgﬁﬁaﬁﬁgs&ée@%ﬁﬁé§9l6ﬁ cespyecsal and

nor gkbY tr el elbagd st o %h%eﬁhygﬁscek%éﬁhso@%glgﬂra%@
epi t hel i um ( Adachi et al ., 1998; Brome et

199@Fna¢h§e és?ﬁﬁ@ﬂ@@mﬁﬁs§§eae%yﬁé@sn@np@btehsg w1th

e L U T
et al., 1998) . Moreover, the gene for CatV has been
mapped to human chromosome 9g21-22, adjacent to CatlL.
The high homology and close proximity of their
encoding genes suggests that the two proteases may
have evolved from a common ancestral precursor (Itoh
et al., 1999; Bromme et al., 1999). However,
although CatL has widespread tissue expression, CatVv
is normally restricted to the thymus, testis and
corneal epithelium (Adachi et al., 1998; Bromme et
al., 1999). The restricted tissue expression of this
protease is indicative of specialised function and it
is thought that CatV is essential in MHC class IT
antigen presentation in specific cell types (Shi et

al., 1999; Tolosa et al., 2003).

The increase in expression and activity of the
cathepsin L-like proteases has been observed in a
range of diseases and implicated in their

pathogenesis. Therefore, the generation of inhibitors



antigen presentation in specific cell types (Shi et

al ., 1999; Tolosa et al ., 2003). The increase in
wexpression and activity of the cathepsin L-IiR&/GB2007/000744

prot eases has been observed in a range of diseases and

inmplicated in their pathogenesis. Therefore, the

generati on of inhibitorsspecif%%ally targeting these

prot eases have the potential as therapeutic agents .

| nhidpaaion afl Gat theepse i dg | thes orntceasesNeEve the

prot eases .are over expr essed, therapeutlc strategies
havé® %5%U§éﬂ' ?é%ﬁﬁ S« nhibitors to block

the activity of these enzymes . The generati on of
specific small nDIec%ie |nh|b|tors to the cathep5|ns

W th selecf|V|ty and speC|f|C|ty The dlpeptlde

a- ket o- b-al dehydes devel oped as potent reversible

i nhivhidrona-dtoedSads Sty dMéﬂ(&xpaieﬂed hateddiewahid ity
to inhibhit Cat B and. L , albeit with |ess eff|C|ency
(VA KR Q918S DB HOUREY IR Ghte SISt of

4- Mortal 1 sy 635 Lkﬁ%d?@'@?@%d&%t%ﬂ'cﬁ‘%éé—@@yn@é

al so been shown to inhibit other cathepsins when used
at  Ifilgh erensyradeimy aqﬁ e iFE) qresmadil amolelcgglaa inlfiiel tors

dev t cu r or, . t
Cat Eéq R{g;enpﬁao hee ses ah? éeﬁo&eg] kgfeééa)lincs ]itr rlel}/[elcﬁ'lsel kﬁaes,t’
is whld tdogresited mﬂtﬂa(ﬁéﬂﬂcﬂﬂlv@@plamtspﬁtﬁi@j@. The
conmpounds is questionabl e due to poor specificity,

i nhidkingosd &F e fordi-edstahvides lapiesk wes paiirnt

possi:lé%/leqfsrl%e_‘l.cet llghl)bz.ttoo@syﬁ:toaryaecr S by Walker et al, had
the ability to inhibit Cat B and L, albeit with less
efficiency (Walker et al, 2000) and the Cat S8
inhibitor 4-Morpholineurea-Leu-HomoPhe-vinylsulphone
(LHVS) has also been shown to inhibit other
cathepsins when used at higher concentrations (Palmer

et al, 1995).

The development of small molecule inhibitors for the
CatL-like proteases, both reversible and
irreversible, is well documented. The clinical
application of such compounds is questionable due to
poor specificity, inhibition of the proteases in
normal tissues, and possible reactivity to bystander
proteins (Turk et al., 2004). Therefore alternative
strategies that could target only secreted
proteolytic activities are attractive. Furthermore,
inhibitors that have high selectivity for this sub-
family of proteases, yet broad specificity within

this group may prove more useful, due to the overlap



proteins (Turk et al., 2004). Therefore alternative

strategies that could target only secreted proteolytic
waewrvsies are attractive. Furthernore, inhi bPCDGB2007/000744

that have high selectivity for this sub famly o f

prot eases, yet broad specificity wwthin this group nmay

prove nore useful, due to theldverlapin function that

has been shown from gene knockout studies (Saftig et

al , 11998 nchakagana tehadl bechdfBoviakagangectle &hock3P
O all the characterised propeptides, Cat SPP has the

nosﬁtuﬁﬂ§ﬁeé§@ﬁ§lﬁhWﬁb@ﬂor}9ﬁﬁneﬁﬁ@a§ﬁ®ﬁiK@faés iL{0 %8s

an ef |v i bitor of both CatL and CatK

in a g% a%% f%s §98%Bbach and co-workers showed in
conpetltlve enzyne bi ndi ng assays that Cat SPP i s an

equi, nh| itor of .Cats &Ki of,%:27 nM and CatL
(Ki ° G656 1L IaPTOPEPEEFRS \WHELERE REFe the
reCﬁletV\@hKeSrkégﬁﬁi S 1Ak CakSPRiheraet bablry 18 Mike ¢ is
potent inhibitor of CatL (K 1 of 0.46 n than it is

of &8t SAURILLyT eff@chiycanihhls tanost bogéntrtal and Catk

effi.ca s (Ki
So0bf SR LLR e Sl ke Pl CELR B pogpee
Cathepsbmpetﬁein&tena&marbﬁeﬂﬁndeaBBdgsgﬁhataCatSPP is
conf or nat i, onal i s rel eased. After r el ease,

Che®Br SRupPPAE Es SPHebandd 06 BB CLedthdants. Bummr yab

t hechavenki opr THEs Res e Mlia hBYENt 8F Sz have; o Pr | hoglys
shown that the exo;enously appl i ed cathep3|n

pro§@§?|§é0€eﬁtgpp Ruggespset ehetspacPPPc iEnBicbiusdly a
aCthBPeoBotent inhibitor of CatlL (K; of 0.46 nM) than it

is of CatS (K; of 7.6 nM) and has almost identical
efficacy against CatkK (K; of 7.0 nM) (Guay et al.,
2000).

As described above, on normal, activation of
cathepsin, the natural propeptide undergoes a
conformational change and is released. After

release, the propeptide is presumed to be redundant.
Summary of the Invention

The present inventors have surprisingly shown that
the exogenously applied cathepsin S propeptide
(CatSPP) has a potent gpecific inhibitory action on
the activity of cathepsin L -like proteases in
invasive cancer models. This result was particularly
unexpected given that it is thought that, once the
cysteine cathepsin protease is activated in vivo, the

remnant propeptide fragment is redundant and can no



the activity of cathepsin L -like proteases in

i nvasi ve cancer nodels . This result was particularly
wap@gpested given that it is thought that, oncECT/G82007/000744

cysteine cathepsin protease is activated in vivo, the

remant propeptide fragnent is redundant and can

nol onger have any effect on tHe protease. It was

assuned that, under the same conditions in vivo,

exoganaus d added of opeptddenoubebistagearty wave no

effect”. Mdreover, given that the propeptide, is pasic

i n asgumed thatpsiwndekethetsane | @G es@®t +H %WhEC on

the cell woud r OQSROUS

prd%%ﬁi??ﬁ?éﬁyT%%%%§ﬁ§§%§%%ﬁﬁﬁgﬂ§§$%§t at?ﬁ%%n rary tpo
expeetatt ONsor &atde psdhven opept | des peypdet idedis goasic
attenuate the progressipon of invasive or net statéﬁd on
cantRMaErTS: anaYRHLE ™ Ha§S bRCLSEHTT 7° T ReTApeliti &
context o1 AL Hh NGL YexhBcBedl EStoASRRCEOR dhe
present invention, there is provided a nethod of
i nhekogenguacprepeytofiea. cat hepsin L-1i ke protease in
cells or tissue, said nmethod conprising adm nistration
of a cathepsin propeptide or a nucleic acid encoding a
cat hepsknrpsapept ideitatsatdatel tenbratyssae. I n one
enbodi nent, the nethod is in vitro, .In anotger thg

q used to

met BEReF §aFHous v oCa AP ULt DTARGP bedFRNTBY t
conpl eLl ¥ rtﬂér%kébkéssibﬂsofh@nﬂ@éb@é sRymbeabsedic

to reduce aberrant activity to normal activity. In a
secoadcaspeellsf anflethresuay baveaefonl gheperpgeutic

context.

Accordingly, in a first aspect of the present
invention, there is provided a method of inhibiting
activity of a cathepsin L-like protease in cells or
tissue, said method comprising administration of a
cathepsin propeptide or a nucleic acid encoding a

cathepsin propeptide to said cells or tissue.

In one embodiment, the method is in vitro. In another

the method is in vivo.

Activity may be inhibited completely or partially.
Thus the method may be used to reduce aberrant

activity to normal activity.

In a second aspect of the present invention, there is
provided a method of inhibiting overexpression of a
cathepsin L-like protease in cells or tissue, said

method comprising administration of a cathepsin



provi ded a nethod of inhibiting overexpression of a
cathepsin L-like protease in cells or tissue, said
woreaonoe3eonpri si ng adm ni stration of a PCT/GB2007/000744
cat hepsi npropeptide or a nucleic a ¢ id encoding a
cat hepsin propeptide to said cells or tissue. In a
further aspect, there is provilded a nethod of treating
a condition associated with overexpressi on and/ or
abe pramlepttide ioky a0fhua1ealcheRSIaN dhdloidk @ P EOIRA$RpisA nd
patient in need of treatnent thereof, said netho
conPreBeRG 18enitri serisk iced 16f o& &aSKessi n propeptide or
a nucl eic acid encodi ng a cathepsin propeptide.
Further provided is a cathepsin propeptide or a
nuclei e dordhemceadiprgta cakhepdisnppooneptl de rkeahodse £
in nedici.ne. The i.nvention further proyides a )
cat heSSTTIgh BpERPide 6P AoRaELa et d e AESaRIGTRSS Lo
cat hepgor Bberephitde chek i¥ge ofN ot CaR’hERRt n0f -3 1ike
condi tion associated with overexpression and/ or
abePreRE2EEL il yPatigntathepsied Pl tkeapmensasberabso
proyiLded. i e f..cat e [ r.a .
ucrare merybl Btk 168 AaSLD R agihl B3 & dpgosin
pr epapatptndef oa mediucdrent atdd theotiieat seabtbkpain
condi tion associ ated with overexpressi on and/ or
abePFSH?pE&a?vity of a cathepsin L-like protease. In a
further aspect, the invention provides a
phar maceuti cal conposition conprising a cathepsin
pr opepthes BrovifAgel éscaacpihensoni pyorepaiAepsirna
proﬁﬁeﬁbgg'g@&aegﬁbgd&nélEk8a€ﬁgﬁgﬂﬁe§rgggﬁkﬁgeogor use
cathepsin L
in medicine.

The invention further provides a cathepsin propeptide
or a nucleic acid encoding a cathepsin propeptide for
use in treatment of a condition associated with
overexpression and/or aberrant activity of a

cathepsin L-like protease.

Also provided is the use of cathepsin propeptide or a
nucleic acid encoding a cathepsin propeptide in the
preparation of a medicament for the treatment of a
condition associated with overexpression and/or

aberrant activity of a cathepsin L-like protease.

In a further aspect, the invention provides a
pharmaceutical composition comprising a cathepsin
propeptide or a nucleic acid encoding a cathepsin

propeptide.



prot ease, cathepsin S protease, cathepsin K protease

and cat hepsin V proteases. Cathepsin propeptides for
waig@7io3tdhe i nvention may be a cat hepsi n propeptT/a827/000744

any species . In one enbodinment, the species is a

manmal i an speci es, for exanple, nouse, rat, human etc.

I n one enbodi nent, the cathepslih propeptide is a human

cat hepsi n propeptide, for exanple the human cat hepsin

pr opepiteate ikavi RQ iaE R AL SEQUARGE (C T esRANING P
amno acid residues 17 to 113 of the cathepsin

pr ofERLe3Re dicdhheRsdd 7 aredsiisen e tBI6Y6 K protease
(r eRrROAUCR B3 13T Q 0l Jesidues 13 to 109 of the

am no acid séquence shown In Figure 3 ) . In the
context of the present invention, cathepsin

ropepti des _include cat hepsi n propepti des conpr.i si ng
{ ho CAMTG a8 § S BREIeE o 0F WA £y b e T4y be
cat aew’cmxe@tsme@tﬂgg%g@m% WFAGREN I 1GR1 T Vat] Yoo
thereof. 1n one enbodi ment, the cathepsin propeptide
con§MHOsigenithe thepsibgsigsyilvg & eramlienasibecsesuefor
of i ty i.an epsin propeptide. J.n one
erbodrmeae AR Rase: R B 18 o e AR Ry
f r agimentcathepedh bropepeiide tilkea hvedh eB.thepgin .

cat hepsin, S propeptide, for exanple, consisting o

am R REPGE gy E8%1f§agpa€h5 PHERS f28hsPstidase as

di splrepedtiBeateesab0RmiacMIREA6 sCHERMOAUEET A3 R0 o
acid residues 13 to 109 of the amno acid sequence
shok PRiPPgaFéd3kbpsifhescalhépsild3pedpepe detimpsin S
i ncRLRREALE 8s! 89schiBhed in accession no M90696,

(reproduced as amino acid residues 13 to 109 of the

amino acid sequence shown in Figure 3).

In the context of the present invention, cathepsin
propeptides include cathepsin propeptides comprising
the amino acid sequence of a wild type mammalian
cathepsin propeptide or a fragment or derivative
thereof. In one embodiment, the cathepsin propeptide
consists of the peptide having the amino acid
sequence of a wild type mammalian cathepsin

propeptide.

In one embodiment, the cathepsin propeptide or
derivative or fragment thereof for use in the
invention is a cathepsin S propeptide, for example,
consisting of amino acids 17 to 113 of the cathepsin
S protease as disclosed in accession no M90696
(reproduced as amino acid residues 13 to 109 of the

amino acid sequence shown in Figure 3b).



exanple a polyH s tag. In one enbodi nent, the
cat hepsin propeptide is the cathepsin propeptide
whawi7ngp3as poly His tag as shown as the anmi no aRCTGB2007/000744
sequence 1-118 of Figure 3b. As described in the
Exanpl es, a particularly potent inhibition of tunour
i nvasi on was denonstrated in &8t unour invasion assay
when using a cat hepsin propeptide fused to an anti body
Fc portion. G ven that by providing the cathepsin
proepptide as a fusion peptide with the Fc portion,
t he T§RaF8 LHEPERE RECPERIE SRRy Bacexpecrée o telander
it rt eyl sucpri sin hat ; ly.did the
cat%%%g%%epﬁo%gp&%gg %g%;iﬁbiggga%l P?§ e%%rnhlﬁ t the
i nvasitbepbut phapeptts denhisbither yaatikbwiity pwapeptide
signifi,cantl reater than that of the_ cathepsin |,
pro%@ﬁ?ﬁ@éamﬁpﬂgu%lﬁhgaﬁbaﬁo OWﬂ.aﬁcEQFd?WjB?,aFﬁdone
enbedigienteof -tthe biveniuee 3bhe cathepsin propeptide
conprises an anti body Fc portion. In one such
enbodi nent, the Fc portion is an 1gG Type b Fc
por ti.0 d anpl ' gG_. T tion.
Cat fiepare ot Soan R LR, BHelRE ok B s B v et
usednhibtheotr edt renbuaf iavpstondivhsodemohbtwhiteld in a
abegrant exgression of a cathepsin L -like protease is

assOtf'atEd " Egr-8XafpfFey WoRdi ttons Fncﬂﬁpéﬁ?ﬂﬁe

i nveRbpepriBy kesdaedol Ael HA@ibBUYL BEepBetibhM £8¢eho,

neopl astic disease, inflammtory .

di s6Raér Byneupyddyereraei ¢vetirpeidepsopgntoiananea

ghgggg%%ﬁipgﬁkﬁﬁg'nghaEﬁgrg%Cbg§9§bﬁ} kﬂeogﬁape of the
molecule would be expected to change, it was

particularly surprising that, not only did the
cathepsin propeptide retain its ability~to inhibit
the invasion but that its inhibitory activity was
significantly greater than that of the cathepsin
propeptide without the Fc portion.

Accordingly, in one embodiment of the invention, the
cathepsin propeptide comprises an antibody Fc
portion. In one such embodiment, the Fc portion is
an IgG Type b Fc portion, for example a murine IgG

Type b Fc portion.

Cathepsin propeptides for use in the invention may be
used in the treatment of any condition with which
aberrant expression of a cathepsin L -like protease
is associated. For example, conditions in which the
invention may be used include, but are not limited

to, neoplastic digease, inflammatory disorders,



invention, the condition is a condition associ ated

W th overexpressi on and/ or aberrant activity of
weaionepsish S . Preferred features of each asperdT/6B2G0M000744

invention are as for each of the other aspects nutatis

mut andi s unl ess the context demands ot herw se.

Det ai | ed Description As described above and

denonstrated in the exanples, the present inventors

havgeshewagthatateoBt Hasyrierexpectaimnose dasbegers,
propepti des act in tunopur invasion assays tg,gotently
i nheBEhneheoAcRERPTgSELcEaEhEpsi A8 PLREyBEPRrONEREeL” the

in ' r YLty Of t - ted
o R R R e a0t Feas s ™o pent faae

pot ehthyobknekpraspioni avdgponabarbreastctivion, of
prostate and astrocytoma tunour nodels using a
nodffFBEPBdYdEn chanber invasion assay. These results
denonstrate the effect that this nol ecul e can have on
tunorigenesis to attenuate the progression of invasive
or Reeisraeflcfeakuspscel| sachcaprepsi REpFBpephigRSLON

Cat o gsgg.eggpgakhdsgeﬁgg HSBel-NakBBckOVaNLLeRs M thEdis

a cathepsi n propepti any specres, for exanple a
mangaleap shecitestekn demamidbodichentvisthe cat hepsin
propeptide is a hunman cat hepsi n propeptide, forexanple
a cat hepsin propeptide conprising am no acids having

t hepgegueBacpegereppeBdi Ng to that of amno acid
residues 17 to 113 of MB0696 (reproduced as am no acid
residues 13 to 109 of the amno acid

As described above and demonstrated in the examples,
the present inventors have shown that, contrary to
expectations, cathepsin propeptides act in tumour
invasion assays to potently inhibit the activity of
cathepsins L-type proteases, in particular the
activity of Cat$, CatL, CatV and CatK, and have shown
that cathepsin propeptides potently block tumour
invasion in breast, colon, prostate and astrocytoma
tumour models using a modified Boyden chamber
invasion assay. These results demonstrate the effect
that this molecule can have on tumorigenesis to
attenuate the progression of invasive or metastatic

cancer cells.

Cathepsin propeptides

Cathepsin propeptides for use in the invention may be
a cathepsin propeptide of any species, for example a
mammalian species. In one embodiment, the cathepsin

propeptide is a human cathepsin propeptide, for



sequence shown in Figure 3 ) . In the context of the
present invention, cathepsin propeptides include

W@ aionepsis propepti des conprising the am no acPdI/GB2007/000744
sequence of a wild type mammal i an cat hepsin propeptide
or a fragnment or derivative thereof. In one
enbodi nent, the cathepsin proﬁ@ptide consists of the
pepti de having the am no acid sequence of a wild type
mamegkingl ec at kephiepspno pepbiegé:iden conpréshadi merino wleeds
cat hepsi n propeptide or derivative or fr nt t hereof
f or PGY&TPn tHRe SEAVERC o OF < SEPOREAESS TR %%g$p8ftamlno

protbeage RsqReRE 4. ton 18xaEPheoclte (¢abhepsided as
propeptide or derivative or faggnent t hereof for use

i n eménioneend sesidycse 18 ¢at RdFsior Sher eppac geida
fragnent of a.cathepsi tide for use in the

i nv ﬁﬁPgﬁcﬁéﬁngPIj%ng§ﬁ§E§P§5retch of am no acid
resi dues of at |east 10 contiguous am no acids,

typically at |east 20, for exanple at | east at | east,
30, LSutHCaSOREFEasSE FHOPIRSFE e IAVEL Ve AMTEPSLD

aci ds 0k iWdlsds nonRe1C 2EReRSISN nPRReRItd@lesA comprising
"derivative" of cathepsin propeptide for use in the

i nveshiel emingpiacald ¢ emrigns ca ofoley pépid depghingimalian
conpared wi.th_a w | d-type_ cat i ropept.| :

i smodi eg&lgypggpf?hdt%ﬁgré%i%%%ég?ﬁﬁég%hg%%gsaéﬂf.

by mariredlfat i an ohd keboddheint achd escbeiped it keropeptide
protein _or by altering the protein itself. Such

der ICPREIFES Py TR BIFPE IR SPMIEH, TAGPFTER, 3%t i on
and/isuRst it QR 1ef 19RR HantRNe AR IRGds: | n one

propeptide.

In one embodiment, the cathepsin propeptide or
derivative or fragment thereof for use in the
invention is a cathepsin L-type protease propeptide.
For example, the cathepsin propeptide or derivative
or fragment thereof for use in the invention may be

a cathepsin S proppetide.

A fragment of a cathepsin propeptide for use in the
invention generally means a stretch of amino acid
residues of at least 10 contiguous amino acids,
typically at least 20, for example at least at least
30, such as at least 50 or more consecutive amino

acids of a wild-type cathepsin propeptide.

A “derivative” of cathepsin propeptide for use in the
invention typically means a polypeptide which,

compared with a wild-type cathepsin propeptide, is



enbodi nent, derivatives may involve the insertion,

addition, deletion and/or substitution of 25 or fewer
wa@pdoioosdes ds, for exanple 15 or fewer, typical PGI/GB2@7/000744

fewer, such as 5 or fewer for exanple of 1 or 2 am no

acids only. Derivatives of the cathepsin propeptide

peptide nmay contain other ani @d acids than the natural

am no acids or substituted am no acids. For exanple,

der hvatirves egnvheyebtainedahiam peptl demBBbkCS . gl.Nby

one enbodi nent of the invention, the cathepsin ‘ .

pr opeptPuéatérpr PSeShannrelpart p6ad PREGRBAEDS the protein

derb¥a55vs§tgkiaatEﬁgg@ggeg9369£g@§%.thsah"a%rQQaEi%%s

in the invention pre 'y retain cathepsin

pr opept ideoflurctinernakiant i aidtlyrisai, ddetkicvbhy ahei/ng

t he a?i%%%ﬁtto i nhibit tunour invasion, for exanple,
in %P8 h88ePl PBF 8%alpre &YtRE &CAHa:f L8dOBGyden

chashiBbdliA¥As] OBeassayivbkl ARG enbediBeRhe tRASertion,
cat hepsi n propeptide fragnents or derivatives retain

at PEdstigpy, dpdptéranphe/ar FeRstigwioat ofedst og85%ewer
or .l east.:- 90% t ur i nyasi i nhj bt t.i

act ARG b Re" B (IRe bl R hanCtat RBsy nevBLth?ly 10 or
pr opeperdesGahhepsbnopr fpepti des, ekamgients andr 2 amino
derivatives.for_use in.the inveption may be produced

Usi G- 3y SHEY hoBERRBALVASt e RE O=FBRETR, DFRBSDEIGe

preseptibBVRALOEEnPaYR geMelopring nevel shanl Lhked
method for the sinplified reconbinant production of

cat hepsral propept peeds AsrshvhAtihuthd Ewanpl esidsheFor
'nvgﬁéﬁﬁfeba&§r99QPQ§££aégg Egagbtained from

peptidomimetics.

In one embodiment of the invention, the cathepsin

propeptide comprises an Fc portion.

Fragments or derivatives of cathepsin propeptides
which may be used in the invention preferably retain
cathepsin propeptide functional activity, said
activity being the ability to inhibit tumour
invasion, for example, in a tumour model, for example
using a modified Boyden chamber invasion assay. In
one embodiment, the cathepsin propeptide fragments or
derivatives retain at least 50%, for example at least
75%, at least 85%, or at least 90% of the tumour
invasion inhibition activity of the wild-type human

cathepsin propeptide.



recombi nant cathepsin propeptides may be successfully
expressed with an N-termnal hexahistidine tag and
w@eo7fvsds using refold netal ion affinity PCT/GB2007/000744
chromat ography (I MAC) . Accordingly, in one aspect of
the invention, the cathepsin propeptide is produced by
a method involving a purifica&don step involving netal
ion affinity chromatography (IMAC) . Indeed, in a
f dei\%[?éﬂ?&%@ﬁéﬁt?&@@,ctfﬁgﬁé}ecé et dom, vd heves i Sor
provided a nmethod for the reconbi nant production of
catumpsim propepréneson seal bﬁét@ﬂ&fi‘\é‘é@ﬁgrlﬂ%‘r% any method
expressin cat hepsin propeptide with an N-term na
pol ?@Tl%?ﬁ%é?éﬁgghd purifying the expressed
?fﬁﬁﬁft'df using netal ion affinity chromatography
( . I'n one enbodi nent, the propeptide js rifj
i n HelgeyRieschie® BYSEreh %%Nﬁ%ﬁ?ﬁgghgﬂgf% Ve%%%g& b Hh0e1
pr é‘ﬁhﬂ £8; 8f hMYHAT Bofenes ak | o BPPI 861 Abesnbynshose
of ski inthe art. It is believed that adsorption is
prqdfcémeﬂl@m thechohems ioroeeoepbdal 29ofapPwat Honthe
co ex _between a.netal i j [ L] h i on
on ﬁ%m%_§%rb§ﬂ? h%Y??g?r%g%agggggé%%%ggggggt?%%Edonor
aU1£§c©ﬁbﬂ§aﬁﬁ thenspsinaceropep hidps omei nbeoshecboshdlly
Simlarly, the addition of pol -a%st'di e.tags,to
r ecorBraapedprbERi AR N§tﬁém+n%¥o e l?EédéPg Fagopnd
exappl-erisGeubth By Pako1llnetabblod d4rshlistel ¢ Aci d
Nucteic acid of and for use in the present invention
chromatography (IMAC).

Accordingly, in one aspect of the invention, the
cathepsin propeptide is produced by a method
involving a purification step involving metal ilon

affinity chromatography (IMAC).

Tndeed, in a further independent aspect of the
invention, there is provided a method for the
recombinant production of cathepsin propeptides, said
method comprising expressing a cathepsin propeptide
with an N-terminal polyhistidine tag and purifying
the expressed propeptide using metal ion affinity
chromatography (IMAC). In one embodiment, the
propeptide is purified in the presence of urea

containing buffer.

The principles of IMAC are genera}ly appreciated by
those of skill in the art. It is believed that
adsorption is predicated on the formation of a metal

coordination complex between a metal ion, immobilized



may conprise DNA or RNA. It may be produced
reconbi nant 1y, synthetically, or by any neans
wa@rlgdske to those in the art, including clonP@CGB10MGO0744
standard techniques . The nucleic acid my be inserted
into any appropriate vector. In one enbodi nent the
vector is an expression vectdd3 and the nucleic acid is
operably linked to a control sequence which is capable
of 1 oM 0 i X P8 SSh O f o F1hien 1 Uket 4 Ox ACkEH | dc@edrorible
cel . A variety of vectors may be used. For exanp| e,
sui ¢ ler e clener iyl nacReds oR uses FEEERCe QhCErR a
Vi rus,, adenovi.ru ulovirus etc); yeast vectors,
phd%%?t%ﬁ?owﬁg%ﬁgg?gﬁﬁtificiaI chr onosones, pl asni ds,
or cosmd DNA. The vectors nmay be used to introduce
the nucleic acids intp a host cell. A wde variety, of
hoSELBSHPE s the HAGHEFoR ok ph st B bt IERS FagE oF S
aC'PeéS’&ﬂﬁir'ﬁ&nt NolbEeiAyenti el Suhbmhl enhept setls for
use in the invention may be prokaryotic or eukaryotic.
Thegiamoblde @eet@rﬁa,P@tg.NE-.46@6¥;7%%ast, i nsect
cells and manmalian cells. Mammalian cell |ines which
may be used include Chinese hanster ovary cells, baby
hangtelekedneydcel | s, NSO nouse nel anoma cells, nonkey
and human cell lines and derivatives thereof and nmany
others . A host cell strain that nodul ates the
expiessbon 9k aMBei fhescoandiar iapeskf beakkytpincessesn
t he gene product nmay be used. Such processing may
i nvobyecghycosgl BNRonr BNAqui Aat re, Pai BuPErdebond
forgggggginantly, synthetically, or by any means
available to those in the art, including cloning

using standard techniques.

The nucleic acid may be inserted into any appropriate
vector. In one embodiment the vector is an expression
vector and the nucleic acid is operably linked to a
control sequence which is capable of providing
expression of the nucelic acid in a host cell. A
variety of vectors may be used. For example,
suitable vectors may include viruses (e. g. vaccinia
virus, adenovirus, baculovirus etc); yeast vectors,
phage, chromosomes, artificial chromosomes, plasmids,

or cosmid DNA.

The vectors may be used to introduce the nucleic
acids into a host cell. A wide variety of host cells
may be used for expression of the nucleic acid for
use in the invention. Suitable host cells for use in

the invention may be prokaryotic or eukaryotic. They



and general post-translational nodification. For

further details relating to known techni ques and
weeoroesks for mani pul ati on of nucleic acid, fBCT/GB2007/000744

exanpl e, in preparation of nucleic acid constructs,

mut agenesi s, sequencing, introduction of DNA into

cel s and gene expression, and4nal ysis of proteins,

see, for exanple, Current Protocols in Ml ecular

Bi oliagyludinbasteAusubelg ete alco1idSyeagt JOIHE MY &Yt s
Sons, 1992 and, Mdlecular Coning: a Laboratory Manua

- 3P0 %R BT 1Bdhisiddie -etMammaliagy|aplSord imeHartorth may
Labgyat Priess, : t " Treatnent ' 4 ncl.udes
mw%fﬁ%%iﬁm &ﬁ?&?ﬁ%ﬁl Lﬁﬁ?ﬁmﬁgé%%% bﬂw
ani mans tethé& itdreat mentlsaWNdD endusa espentionef @flls,

i sti jtion or be prophylactic |
Cor SrEa FE Rl L ey 4 it e hereot

cur akadv enamgt lonHeadd .on or prophylactic effects . The
cat hepsin propeptides, nucleic acids and methods of
and for use in the invention may be used in the

treat r [ ondi.ti ons . These
inc%hggﬂﬁﬁg%gﬁhgﬁgggrﬁ?%%&gg#§ﬁ$k§%§ degEnSr &t &R ToR of,
di sowoderfs esauoidimmepdiciddsed ] vC aretfessast e arthe

at herosclerosis. In particular, they may be used in
theptrlpgéftc REYoPS BREY i 0 ks S5CGCESSd 1R ey involve

OVepexRoesI @A o, - @bigleaker dhhamiishi1$:i¥d ¥ond formation
conparabl e normal healthy cells) and/or aberrant

act Pt yepegagr eacér tepas Lo ionmill modddmsartdloine nor nal
heal t hy cells) of cathepsin proteases.

For further details relating to known techniques and
protocols for manipulation of nucleic acid, for
example, in preparation of nucleic acid constructs,
mutagenesis, sequencing, introduction of DNA into
cells and gene expression, and analysis of proteins,
see, for example, Current Protocols in Molecular
Biology, 2nd ed.,Ausubel et al. eds. , John Wiley &
Sons, 1992 and, Molecular Cloning: a Laboratory
Manual: 3% edition Sambrook et al., Cold Spring

Harbor Laboratory Press, 2000.

Treatment

“Treatment" includes any regime that can benefit a
human or non-human animal. The treatment may be in
respect of an existing condition or may be
prophylactic (preventative treatment). Treatment may
include curative, alleviation or prophylactic

effects.



The propeptides , nucleic acids and nethods of and for

use in the invention nmay be used in the treatnent of
w@a0ceys48 " Tr eat nent of cancer” includes treatP&NGBRG07/000744

condi tions caused by cancerous growth and includes the

treatnment of neoplastic growmhs or tunours. The

invention may be particularly 2seful in the treatnent

of existing cancer and in the prevention of the

r ecurieneeidpLancefopép el ddd) thad1d 1 €M IR Dhd methods
surgery. Exanples of tunmours that can be treated using

t he Al i BT 149 U, therinvettine, nasarkeomesed in the
. . . o >
o e G SO R B 20 med SHP SHIENPRe ese

carci nonas, e.g., ung-,

pr ositratlexde ciol folremmartemt rdismimsaseur@%émcén; ative
liver-, uterine-, prostate_ ., cervical and ovari an

car c#lﬁgocﬁﬁg,[eﬁ WW@@?%IWW%@%W%d asthma and
non-gHagetd o1 ARSI ek O S0 Mey 1 41e! e used in
nmyel one, W1 ms tunor, and | eukemi as, including acute

| y npHth | taaa etk sl eorethich g @Sﬂ@m%tvgftth

Ieu&g&gi . t , 'qQ5§ d r.eti nobl.ast onas.
In one enbodi nS{el%tcry @hn'ges'c%céear is tgl%necjtned“fr?lo]rﬁlbr east

cancampagsiore canoer], hadsitat eaddroeraraitbasaeydraias
. Infla tory and/ or_aut i nmune di sqrders whi ch may
be tFedtedusiory 9855 Tort? feftid& mAmRsaeable

scl eiR%ial, Ha=Aehs dA19eASeF IdHHREBLP - JUSE &

di sease and rheumatoid arthritis. Neur odeg_ene_rat'i ve
di sorders which nay be treated using 'the binding

nEnH?k§pf3§§ﬁ%ﬂﬁé§?‘#ﬁéygiémiﬁ%gsand methods of and for

use in the invention may be used in the treatment of
cancers. "Treatment of cancer" includes treatment of
conditions caused by cancerous growth and includes
the treatment of neoplastic growths or tumours. The
invention may be particularly useful in the treatment
of existing cancer and in the prevention of the
recurrence of cancer after initial treatment or

surgery.

Examples of tumours that can be treated using the
invention include, for instance, sarcomas, including
osteogenic and soft tissue sarcomas, carcinomas,
e.g., breast-, lung-, bladder-, thyroid-, prostate-,
colon~, rectum-, pancreas-, stomach-, liver-,
uterine-, prostate , cervical and ovarian carcinoma,
lymphomas, including Hodgkin and non-Hodgkin
lymphomas, neuroblastoma, melanoma, myeloma, Wilms

tumor, and leukemias, including acute lymphoblastic



of the invention include, but are not limted to,
Al zhei ner' s Di sease, Parkinson's Disease, Miltiple
w@eloenesis and Creut zfel dt - Jakob di sease. O PEr/GB2007/000744
conditions which may be treated using the nethods of °
the invention include atherosclerosis and tubercul osis
Evi dence has been shown | i nkiotng at heroscl erosi s and
obesity with aberrant Cats. Cathepsin L has been shown

t0 [reesesmhitB aH igens iy d1IfAGHaRs 1 ddkserel haps
preventing their proper processing. Phar maceut’i ca

ConpedaA o™ rte FdmaEs gasl aed imeblleistoasisds of and
for use in the invention nmay be admi ni stered as a
phar maceuti cal conposition. Pharmaceutica

conmpes icticorsibacdorditng the dheceresents dlweerid oErcand
for use |n accordangﬁ_MAththe present invention may

ConpriceE’ CRUGEdIt o Fo CRPC e PRGPEGitencencgr and

phacReeWiealalsy acceptable excipient, a carrier,
buffer stabiliser or other materials well known to

those skilled in the art (see for exanple, Renington:

EQEgﬁ%ﬁ%ﬁ&%t%?@ PE@ rcgu% Ipp nco?%sﬁf &gﬁg&gl may be

W | kireszeB005)ing Bheh 1|fm’ee.|tllalns ineyudec hude ipakf er s
s acetate, Tris, phosphate, citrate, and other

such
orgﬁﬁﬁ?rgéﬁﬁs Grﬁﬁ?l§xP&§ﬁ?§e'pF€§éPV§@F@é§ MYE6ELEI ns,

SUCHl@éa§§rHHB@EB@&hBtoQ@'ﬁEkHrlQEs'nnun09|0bU||nS
hydrophil'ic polymers such aspol yvi nyl pyrrolidone;

am no acids such as glycine, glutam ne, asparagine,
i Skbdi-B808h010L0Ge AYbYALOS HILROMUY! BLES:
e 1
chel'StT ARG ggenks? so¥aklE w 1cg m%y %e %reated
using the binding members, nucleic acids and methods
of the invention include, but are not limited to,
Alzheimer'’s Disease, Parkinson’s Disease, Multiple

Sclerosis and Creutzfeldt - Jakob disease.

Other conditions which may be treated using the
methods of the invention include atherosclerosis and
tuberculosis. Evidence has been shown linking
atherosclerosis and obesity with aberrant Cats.
Cathepsin L has been shown to process TB antigens in
infections, thus perhaps preventing their proper

processing.
Pharmaceutical Compositions

The propeptides and nucleic acids of and for use in
the invention may be administered as a pharmaceutical
composition. Pharmaceutical compositions according to

the present invention, and for use in accordance with



tonicifiers,- or surfactants. The conposition may also

contain one or nore further active conpounds sel ected
wa@sooneesssary for the particular indication beP€myGB2007/000744

treated, preferably with conplenentary activities that

do not adversely affect the activity of the

propeptide, nucleic acid or cohposition of the

i nvention. For exanple, in the treatnent of cancer, in

addiyd o 4080 BnFRitieRsimhprengptide, tiheadarmbmtion
ey comnprise an anti body which binds one or nore
c?ﬁhspsvm 1ng bl e ot a3ha wracRl BHEd bbd 2 ¢ oeR bR ©

ot her target such as.a gr - €~g. t
thee’@?JoQ&%ﬁb‘f ?’h%aji)ralr%’cu arf]%]gﬂ%%%lia{r}%%roro% oBhigots
ChQﬁ@@%ﬁ__@_’({j@p@L&b%ﬁ%l augm,ﬁ]n Tdhetlact ¢ vekihe@dimntlse (ary.
propepti des an or chenot her apeut.i c ents) may b
adnﬂﬁ?%te?%@ %*%m%%%rd%%m%?%%?g"%?%c%%%%?% and ° ©

i pQPe?ée@ﬁce%Peﬁﬁ%ﬁﬁ IthCa ab@i EEbh VetynSysb EAR, For

exanp active ingredients nmay be entrapped w thin
n1oabpa@SgleSme%mem®§ Bl braparediiisinexadple) - pjuch
coacervation techni gue [ pnterfacial ;
poIWﬁE??}%f?d%?yf%?c &aﬁgP%gyﬁégr%&%ﬁe#ﬁy?%%F?E bse or’
gel ghbSPhEt ¢ apstt&6e Andnodbyhet nethyhivet Aatgs at e)

m crocapsul es, respectively, in col]oidal dru

del aweE9*X598TEHE PTRFCEXARDYES | PHBEBHES! ﬁFBﬁnﬁ“ﬁ serum
m cL sphe esge%%ﬁiﬁ?n@fsiﬂﬂ§n05§89upﬁﬁéECh?&r@@ﬁilic

nanocapsu es ~I'n macroenul sions . For further |
det pblgmesses®ehi agbohyvihel Serenttdand PREERP cBCAFS

Phar macy, 21st edition,  Gennaro -al., . 2
Li pprhtoft 9@¥F?3§$ %?9%?@%%%{ igg%Fgglﬂg’ AfSridine,
arginine, or lysine; carbohydrates; chelating agents;

tonicifiers; or surfactants.

The composition may also contain one or more further
active compounds selected as neéessary for the
particular indication being treated, preferably with
complementary activities that do not adversely affect
the activity of the propeptide, nucleic acid or
composition of the invention. For example, in the
treatment of cancer, in addition to an a cathepsin
propeptide, the formulation may comprise an antibody
which binds one or more cathepsin L-type proteases,
or an antibody to some other target such as a growth
factor that e.g. affects the growth of the

particular cancer, and/or a chemotherapeutic agent.

The active ingredients (e.g. propeptides and/or
chemotherapeutic agents) may be administered via

microspheres, microcapsules liposomes, other



Sust ai ned-rel ease preparations may be used for

delivery of active agents . Suitable exanples of
WGeamradesesl- r el ease preparations include senm -PeT/GBa09TO00744

matrices of solid hydrophobic polynmers containing the

anti body, which matrices are in the formof shaped

articles, e. g . films, supptsitories or

m crocapsul es. Exanpl es of sustained-rel ease matrices

i ”3&1%&9}&/@&!19&@@ QYOrRge) Ssyfdtaimexanmbe, expatyl ¢ 2-

hydroxyet hyl - et hacryl ate) , or poly (vinylal cohol) ),
poladtaicte desgadiats pray b, emrra 1 whigyin

copol yners of. L-qgl.ut aim ' I ,
noﬁ%lle%rroa%?a%ﬁ;%l Tt %")’#le%éqﬁ%?% ac aa]feééc,ﬁ]y dfeclérr g%}g%ﬁ%%? Py
| actdgcaehse Dby coddlen Bghek capdby neniser Badiapbl y- D-

(-)-3- hydi butyrj id. Th i '
T B et el The pronen ek et
b e, admii st gh et $Qafs HUERNL04 SN (ReTE) 1hethacylate)

nedlpa treatment. Peptides are typically adm nistered
pareiteraipyyland neyodetieatly | yirretabbPidal B%UPl asma

proteases. Oral. _adm nisirati whi ' h
il bice VS TR R
NOr g FObbeEBEE £. ml Bro&euss bomsh, nacodpslegiatles and -

enzynes break down peptides . Those peptides that
suryaRecEBseheet PhelPnPRSTPHAN ?h?%gt Pe gﬁBF@%Fed

to éggéiigpaéegrﬁéﬁ9£¥§bﬁza§héh§&iéﬁ§e09ﬂ§iPﬂ@dﬁhye of
barraged by a variety of enzymes, including gastric
andppancaegt | 1ehzgdesionxoGenndrentBpepti dases8dSand

brush borde i d .
LT aREn T PG FRb FaNEnc o Tt R o 80PPPa T Ao The

Sustained-release preparations may be used for
delivery of active agents. Suitable examples of
sustained-release preparations include semi-permeable
matrices of solid hydrophobic polymers containing the
antibody, which matrices are in the form of shaped
articles, e. g. films, suppositories or
microcapsules. Examples of sustained-release matrices
include polyesters, hydrogels (for example, poly (2-
hydroxyethyl-methacrylate), or poly (vinylalcohol)),
polylactides (U. S. Pat. No. 3, 773, 919), copolymers
of L-glutamic acid andy ethyl-L glutamate,non-
degradable ethylene-vinyl acetate, degradable lactic
acid-glycolic acid copolymers, and poly-D- (-)-3-
hydroxybutyric acid.

The propeptides described herein are intended, at
least in some embodiments, to be administered to a

human or other mammal for medical treatment.



bl oodstream can be severely limted. However, various

prodrugs have been devel oped that enabl e parentera
w@na70988 adm ni stration of therapeutic pepti dBGI/GB2007/000744

Peptides can be conjugated to various noieties, such

as polyneric noieties, to nodify the physio chem ca

properties of the peptide drug® for exanple, to

i ncrease resistance to acidic and enzymatic

degrragatiiday ik LY ARANGE feNeliiAtd N areitleUds, ana

across nucosal nenbranes. For exanple, uchowski™ and
Dav'$vh&fe rReskirivbare tpdaldysedndnhadaisiusy proteases. Oral

deri . zat, : 0 . Vi t.er - sol ubl .
non S TRy TS 0 A e i ls IR s ve
pol yerts -ofn zydwe nd doircits on’, Erag/yl nes eaa&éﬂmml\leEdi -,
Hol d Roberts, J . Wley an ons, w York,
N . PEORLRIBTIE - At s I CHRE DR CHICESFES SP LS

VY endfyre@N el BGWEN RS At N RYIOE b, JTRLS 135

such as dextrans, polyvinyl pyrrolidones , _ ]

gl yEOF@pMicdéS, gndleyetting em@qﬂﬁwm@ﬂdamdapalwmm ﬁ&@g@@ied

The .resul &:i nj t ol ypeptides retain. .their

bi ol Sgr ool ST R PYOE SRS R SR T AR ¢ ki

par batreegledapy iaCc &birdrsy J$ énk§&3%37ﬁmgg@@g&gp%@@ﬂﬁmg

pepti des to pol yethyl ene glycol or polypropraopyl ene

gl y& ﬁ&@?ﬁ%agfﬁoﬁgéymﬁﬁjmé?ﬁhta@@-§@§0P€921&§ﬁ?5r and

Dal bedsh! orueH depd iBR¥e0! agi eahly,a¢t i yg JuaR of

i munogeni ¢ wat er sol ubl e pol ypeptide composition. The

poI?@p%}ﬂéﬁef@b@c@heoﬁuméhypﬁoﬁ@hen@tgﬁygobhpmame¢h$

t he iL.de om_| gss _of -acti.vi. and_t he

comsEPHRTRkEA" b By 8Pehertt o pea Hohver,
various prodrugs have been developed that enable
parenteral and oral administration of therapeutic

peptides.

Peptides can be conjugated to various moieties, such
as polymeric moieties, to modify the physiochemical
properties of the peptide drugs, for example, to
increase resistance to acidic and enzymatic
degradation and to enhance penetration of such drugs
across mucosal membranes. For example, Abuchowski
and Davis have described various methods for
derivatizating enzymes to provide water-soluble, non-
immunogenic, in vivo stabilized products ("Soluble
polymers-Enzyme adducts," Enzymes as Drugs, Eds.
Holcenberg and Roberts, J. Wiley and Sons, New York,
N.Y. (1981)). Abuchowski and Davis discuss various
ways of conjugating enzymes with polymeric materials,
such as dextrans, polyvinyl pyrrolidones,

glycopeptides, polyethylene glycol and polyamino



manmal i an circul atory systemw th substantially no

I mmunogeni ¢ response. US 5,681,811, US 5,438,040 and
wQR05/038% 030 di scl ose stabilized, conjugated PCT/GB2007/000744

pol ypepti de conpl exes including a therapeutic agent

coupled to an oligonmer that includes Iipophilic and

hydrophilic noieties . Garnen30et al . describe a

protei n- PEG prodrug (Garman, A.J., and Kalindjian, S

. B. achEEBS Letle reb@8tind23on36ladcldbol vDeRtaddid reRRin
be prepared using this chem stry, by first preparing a
mal gih@lafnm@ﬂiO@éCﬁéa@@ﬁthﬂfté@Sp@myﬂdrsspéelﬂosédtwprg@w&a@er
and e ' ti [ - ent . 1.0 ,t p [

i stPos b paratay YRptlcariBaaeT: ol 13 dh30Y [Rppnes
mal ebcpddhydpieges des wel bokgewhylEhe bygicolly sirs ofdthe
mal eyl - am de bond to reformthe am ne- _contai ning drug
is Q%Eg&rsyrpﬁgﬁspgsgﬂgEO&phﬁwgnﬁépgws&@pﬁéa#y@@1ght of

car Boyy kognoup gandat kengeerebyvelicabt ek <36t o B 1+
t he doubl e bond. The peptides can be rel eased (by

hydﬁ§¢}§esn@ﬂ—ﬂm@uppééﬂégswa@@@eso@n@épop@gy@@ptiqe
B i B TR B E g FRh e B O bR e

t he propepti se’Irn p
pepgﬂ&eslcQMOabsasbeheoppﬂgﬁep@iﬂelyﬁemslosucgfaactivity
pol ydi_spersed PEG, via a degradahle |inkage, for
exa%ﬁgegg?hQOWQQFéEéBPeCPPn §geRdREWAN WPER F8Spect to

fogubabeds s Ceten: kgt gy gpnsHhatl oo

pepiingesoganigl sespenkenked to pol ymers such as PEG

using 1,6 or 1,4 benzyl elimnation (BE)
US 5,681,811, US 5,438,040 and US 5,359,030 disclose
stabilized, conjugated polypeptide complexes
including a therapeutic agent coupled to an oligomer
that includes lipophilic and hydrophilic moieties.
Garmen, et al. describe a protein-PEG prodrug
(Garman, A.J., and Kalindjian, S.B., FEBS Lett.,
1987, 223, 361-365). A prodrug can be prepared using
this chemistry, by first preparing a maleic anhydride
reagent from polydispersed MPEG5000 and then
conjugating this reagent to the peptides disclosed
herein. The reaction of amino acids with maleic
anhydrides is well known. The hydrolysis of the
maleyl-amide bond to reform the amine-containing drug
is aided by the presence of the neighboring free
carboxyl group and the geometry of attack set up by
the double bond. The peptides can be released (by
hydrolysis of the prodrugs) under physiological

conditions.



strategies (see, for exanple, Lee, S., et al .,

Bi oconj ugate Chem , (2001), 12, 163-169; Geenwald, R
wo Bioy/oe34s@l ., US 6,180, 095, 2001; G eenwal d, RPCBGB200e000744

al., J . Med. Chem, 1999, 42, 3657-3 667.); the use

of trinmethyl |ock lactonization (TM.) (G eenwald, R

.B., et al., J . Med. Chem, 3000, 43, 475-487); the

coupling of PEG carboxylic acid to a hydroxyterm nated

car wmeH it raticdildker, (JoOkeIoyd b deliveradN

Sci ., 1998, 87(11), 1440-1445), and PEG prodrugs

i nvEMPORP AR ifes é\‘SGIVFlEGtémemrlesﬁﬂierlsﬂmittWEG

benzam des |inked to an am ne- containing drug via an

aryl carbamate (Roberts, M.J ., et al ., Adv. Drug
DeIH%&rye@&idesZ@@&,aﬂ@p He9-oblfp)led nel wdiIRghe Ppr adidlg as
struc re |nvoI a neta re tlonshlp bet ween t he
car B4l A& leud gkepe s

and e&%&t@ﬁl&s th'éV@e‘é'J:%@a%lreeqli‘ht}da% W' @A respect
opposed to a hydrolysis mechani sm (Zali psky, S., et al

., Bioopegylgatel Gherarfek@90 o-PB)S)in RéBRrME/) M.Sone et
appro aches_ i nvol ve _usi n enéyrre inhibitors to slow th

raté1 of @éﬁra@eﬁqgoPe&F et &57s rartd Ggeptidied 39 4 ke

gastrointestinal tract and may b e used for the
propepti des described herein; manipulating pHto
i nadheyreptides C@iﬂgélétslov@eeﬂzv#@ﬁ tgs Pegd ypemse &icin as

enh e roye.the pti-on.of  pepti by
|nc?ggsp%éh hgr% %§r§¢2|P%?%?5 e&lpﬁgﬁg %%5
trassmatégleusM@@enamomaekbmbe& a&e@arslqu@@tal
carrj,ers to facilitate |ntact absor ption by

i nt 840; ﬁé‘ljugﬁltlengﬁeﬁ%n depidilal Ly, Péyered; pé;tr&%]yald

R.B., et al., US 6,180,095, 2001; Greenwald, R.B., et
al., J. Med. Chem., 1999, 42, 3657-3667.); the use of
trimethyl lock lactonization (TML) (Greenwald, R.B.,
et al., J. Med. Chem., 2000, 43, 475-487); the
coupling of PEG carboxylic acid to a hydroxy-
terminated carboxylic acid linker (Roberts, M.J., J.
Pharm. Sci., 1998, 87(11), 1440-1445), and PEG
prodrugs involving families of MPEG phenyl ethers and
MPEG benzamides linked to an amine-containing drug
via an aryl carbamate (Roberts, M.J., et al., Adv.
Drug Delivery Rev., 2002, 54, 459-476), including a
prodrug structure involving a meta relationship
between the carbamate and the PEG amide or ether (US
6,413,507); and prodrugs involving a reduction
mechanism as opposed to a hydrolysis mechanism
(Zalipsky, S., et al., Bioconjugate Chem., 1999,
10(5), 703-707).



and to increase resistance to enzyne degradati on;
liquid emul sions to protect the drug fromchem cal and

we eyttt breakdown in the intestinal |unmen; BETGB2007/000744
mcelle fornmulati ons for poorly water-sol ubulized _
drugs . In some cases, the peptides can be provided in
a suitable capsule or tablet wWizh an enteric coating,
so that the peptide is not released in the stomach.

Al t egoiad iatdnbadeddivdionaldging e ARt e 0t D o
provided as a prodrug. In one enbodi ment, the peptides

ar e Prs e inR thefe IArPARITiareraf dud gt mp%@sies
. Fr ' r ; Y. Q noM
t he lgg pﬁgd g% Sc%#qbrg?gués% d %trlo Ct%{)a% r‘a{ﬂéf ﬁ%ylp gapetgiudgeés) i%ro the
pr ommptﬂamdﬂgxﬁmwdmmnpgm%m@rﬁiﬂg H ay no
id i.due, ar_ a _pol.ypept.ide chain of two or nore

(o g e a0l HHRRT R (SR 1 s e S on
ar e cge\alceMd yd @m&%ﬁéﬂ@@%&%@ﬁﬂ%ﬂ@&d§é&ﬂ&e by
am no, hydroxy or carboxylic acid groups of various
pol VEFEaSIHT &yl @,ar@@leﬂéukl)alre@éldgl?t@gimdmlﬂd

ol I .. Pr .al,s0. i_ncl ude .co unds
ey ol U e e e, S ed U, 0 AR rHOLe
est ers rdree sc dvalfentilly tharddd the tt Bhsahoed cpeptt des

thrqugh the G-termnal, carboxyli.c _acids. Prodrugs
conﬁpg§$ﬁdnﬁﬁéeﬁ&g@ﬁgégn%pﬁ§§@ﬁFP&é§7 GEYSTe 5 mpiiesn
Or Rher Gl cre@aMiceh sReplides, eh ihe VeI M on;
(i ncluding anal ogues and fragnments) are released or

ar e Lield gs gHud saoasc Grs pdeted tt ¢hise dawioi Fatony edregfi aefie
'nvgﬂh'%%zymatic breakdown in the intestinal lumen; and

micelle formulations for poorly water-solubulized

drugs.

In some cases, the peptides can be provided in a
suitable capsule or tablet with an enteric coating,
so that the peptide is not released in the stomach.
Alternatively, or additionally, the peptide can be
provided as a prodrug. In one embodiment, the
peptides are present in these drug delivery devices

as prodrugs.

Free amino, hydroxyl, or carboxylic acid groups of
the peptides can be used to convert the peptides into
prodrugs. Prodrugs include compounds wherein an
amino acid residue, or a polypeptide chain of two or
more (e.g., two, three or four) amino acid residues
which are covalently joined through peptide bonds to
free amino, hydroxy or carboxylic acid groups of

various polymers, for example, polyalkylene glycols



Pepti dom netics The present invention further

enconpasses the use of mnetic propeptides which can
wheoogse4as t herapeutic peptides . Mnetic proPQEGBR@ES00744

are short peptides which mmc the biological activity

of the cathepsin propeptides described herein. Such

m nmetic peptides can be obtai d&d from net hods known in

the art such as, but not limted to, phage display or

comgiuedt efd dolghematene fiicAXaBlRrddie BNt 1 ude
di scl osed by Wighton, et al ., Science 273:458-463

( 19FEFPeAR e WisE® i Cgamenatesni maﬂbﬁn@wgmsgamages and
epti . e ' | ej ci encodi ng

Cat g ot aed e S ey sl e Hoag ot

t r epepentdesSudirougtl ¢he acitdsmitplbead@dxyaried 80 ds.

cells of interest using any suitable technique known
in the art. Nucleic acid (optionally contained in a

vectRblriy Remdelisauednto rrpRallent(propedldiBddsi RF the

in vivo or ex vivo techniques . For in vivo techniques
, t r ARFPEELOHN O P ovidicalg sy devor shiishc peps iddenodi ths,

Her [ ex . LK eno-.assaciated virus) and

[T iR a et By A B S et e

t ramsflensefl theageneciresBOIMA2rBOREnandeREdhel bef or

exanple) may b e _used (see fqQr exanple, Anderson et a

. gg?é%éélﬁgé ofgg 98%§V€T§9?¥: See al so WD 93/ 25673)
In ex vivo techniques, the nucleic acid is

introduced into isolated cells of the patient with the

nodi fied cells being adm nistered to the patient
ei t Reptidomimetics

The present invention further encompasses the use of
mimetic propeptides which can be used as therapeutic
peptides. Mimetic pro peptides are short peptides
which mimic the biological activity of the cathepsin
propeptides described herein. Such mimetic peptides
can be obtained from methods known in the art such
as, but not limited to, phage display or
combinatorial chemistry. For example, the method
disclosed by Wrighton, et al., Science 273:458-463
(1996) can be used to generate mimetic QUB 698.8
peptides.

As described above nucleic acids encoding cathepsin
propeptides may also be used in methods of treatment.
Such nucleic acids may be delivered to cells of
interest using any suitable technique known in the
art. Nucleic acid (optionally contained in a vector)
may be delivered to a patient's cells using in vivo

or ex vivo techniques. For in vivo techniques,



directly or, for exanple, encapsulated w thin porous
menbr anes which are inplanted into the patient (see, e
WO 2@7/099348 S . Patent Nos . 4 , 892, 538 and 5PCT/&83)07/000744
187). Techni ques avail abl e for introducing nucleic
acids into viable cells may include the use of

retroviral vectors, |iposones34 el ectroporation,
m croinjection, cell fusion, DEAE-dextran, the calcium
ph S P £ Rit @t I Pirdethshold Cisddie o apdpidvlerus,

nucleic acid, agent, product or_ conposition may pe
adrianstersdmien 1 ocaisePREAfRRO TS L EIMERE EHEE br

other ~desired sit r b |V D Ao Epnergin

whi i PP RRdd e B DB oL fh ad folmnne

t hefapi Sscdrayrdes isedt ocltel gares dthe ROTYAe DYRRAtand DC-

nore specifically to certain]%%ggs of ce% tr$%use
b .

I, b

of €hehetforly RMRMR) Jih 2R 535S or %%I?¥%%%C|fic
|| gands-oJiargeting, nay; becdesis abl ogos1a vasdBly oée
reasons, for exanple if the agent is unacceptably
t oxatso oW0i 937256031 d ot herwi se require too high a
dosage, or ifit would not otherwi se be able to enter
the target cells . Dose The propeptides, nucleic acids
or €QNPRSH1veNscdhini e NVvient i wachetcpaeidr abl yntroduced
adm nistered to_an individual in a,"tgera eug'callg. .

3 h ified

ef f BREP veSahatRe " Cethfs Bbi HgestrFierbnt 1t SREW™

b?”?&iistﬂ 1he hadividualea Thecnetyaliednsagetnegi men
W | depen% on a nunber of factors including the
conditéonlpedng foracwdnples sevepsuyateflewphiiBnporous

belﬂgmﬁgggégdWhggﬁ are implanted into the patient (see,

e. g. U. S. Patent Nos. 4, 892, 538 and 5, 283, 187).
Techniques available for introducing nucleic acids
into viable cells may include the use of retroviral
vectors, liposomes, electroporation, microinjection,
cell fusion, DEAE-dextran, the calcium phosphate

precipitation method, etc.

The propeptide, nucleic acid, agent, product or
composition may be administered in a localised manner
to a tumour site or other desired site or may be
delivered in a manner in which it targets tumour or
other cells. Targeting therapies may be used to
deliver the active agents more specifically to
certain types of cell, by the use of targeting
systems such as antibody or cell specific ligands.
Targeting may be desirable for a variety of reasons,
for example if the agent is unacceptably toxic, or if

it would otherwise regquire too high a dosage, or if



agent being used, and will be at the discretion of the

physi ci an. The optimal dose can be determ ned by
w@bopgiogddahs based on a nunber of parameters i nPCTIGBR@;/000744

for exanple, age, sex, weight, severity of the

condition being treated, the active ingredient being

adm ni stered and the route of 3&m ni stration. The

invention will now be described further in the

Fol hewhida1B0Rdt Brhdieriaml a9 RILILNCE Ithd B4 ddi
t he acconpanylng drawi ngs in which: Figure 1

i || GSi&t-es the anplification of CatSPP. The cDNA
sequence of the CatSPP was anplified froma human
spl een cDNA library. A single band of approximtely
330Dbgewas produced, equivalent in size to that
expected for the Cat SPP cDNA sequence. Fi gure 2a
illustrates the results of Colony PCR from Cats PP

cl onheg pir-BhepR =3 , 0 nficgwh e g%lﬂ!|%§tg% E@%o@@Ao%n@he

protei n sequence for the conplete rea rane of
r Cat-BPPItE O8hewe @geéeﬁQ@&Ntadmlmngtemgdrtpoanlnto

pCE re._3 |k| rate Purification.of the
§§%ﬁ lﬁh g %n a )tghge at 6ﬁa%}gfﬁ &6 1V Re SPELPEPP

b )thhembeSB@ BAGEiatahysis ehomra@hea@% teommhe

second.brqad._peak, as indicated by the arrow c )

| mufeBlS HFlpurlhﬁcéFFHﬁ f HaePPensegimgy wall depend on

ant pg; t bdi a Figur t
he-TABIErE: b Jechef tbppedingCau ecf g Lakes

denbrseEatediby SQSEPAGE,ahbempsteentbbeungngreatpd the
Anagéghﬁ Bglgacﬁgéhalan 1?? gé at the discretion of

the physician.

The optimal dose can be determined by physicians
based on a number of parameters including, for
example, age, sex, weight, severity of the condition
being treated, the active ingredient being

administered and the route of administration.

The invention will now be described further in the
following non-limiting examples. Reference is made to

the accompanying drawings in which:

Figure 1 illustrates the amplification of CatSPP.

The cDNA sequence of the CatSPP was amplified from a
human spleen cDNA library. A single band of
approximately 330 bp was produced, equivalent in size

to that expected for the CatSPP cDNA sequence.



SDS- PAGE and coonmassi e blue staining b ) Blotting wth

an anti-pol yhistidine tag anti body. Mol ecul ar wei ght
worenReys4are i ndi cated at the left of each i maREr/GBDRY/000744

. Figure 5 illustrates progress curves for the

hydrol ysis of Cbz-Val-Val-Arg-AMC in the presence of

rCat SPP. A control (His) 6-tagged protein, produced

fromthe sane vector and purified in the sane manner,

Vas Figeeted2aa 1¢0REeh teR0Q My N T8t bf. CI1@Ke FRR from
shows a graph of non-linear regression analysis

( MoFRitSoR Pakd opansh integ®@PFaBi0owi ng for t he
determination of the inhibition constant (Ki) .Figure
7 : Inhibition of cathepsins K, V, L and B by the

r CaF$BRxrer @beilh lusitmg tilsutiuee DNAC aass @y teil g@o@ebce
il stra&8§ |nh bition of Cats elastlnlytlc act|V|ty

The "PrusPEgERTR ?Gﬁsf‘fleﬁfﬂén@l ZLPPR- B8O WS G5Ed 1s

monkheimt B8 gl askinel Wi qtgum@\é%l% GakS b@E@,f@e
presence of CatSPP (50 - 500 nM over a 60 mnute

i ncubation Figure 9 shows relatlve expressi on of

Cat by h-h\% B 9&?@%‘1’:%%%”@%9%%&%’ el R8s b t%lﬁ’lfPe

10a s he res vVitro nvas on assa

fouprbuean.nablgnaeﬂuc&bh bmb&ilbYoflthé rH@EBPPGb
U251Hg, MDA- VB ﬁ gure 10b shows t he
resd ysoﬁDﬁnPéﬁFrénP Vﬁéﬁoﬁfa§§§§§lpﬁswéﬁom ¢ér §econd

F'95&6a&1p§59“5a5he1h@§%BE%dQEyaEh¥W£r§%®aﬁ&asSeSS'ng
cytotoxic or proliferative effects of the rCat SPP
pr of@nynoblotof purification fractions using an anti-

polyhistidine tag antibody.

Figure 4 illustrates the inducibility of rCatSpp
expression by IPTG as demonstrated by SDS-PAGE and
western blotting. a) Analysis of bacterial lysates by
SDS~PAGE and coomassie blue staining b) Blotting with
an anti-polyhistidine tag antibody. Molecular weight
markers are indicated at the left of each image

(kDa) .

Figure 5 illustrates progress curves for the
hydrolysis of Cbz-val-val-Arg-AMC in the presence of
rCatSPP. A control (His)6-tagged protein, produced
from the same vector and purified in the same manner,

was used as a control (500 nM) (inset).

Figure 6 shows a graph of non-linear regression
analysis (Morrison and Walsh, 1988) allowing for the

determination of the inhibition constant (XKi).



Figure 12 illustrates Col ony PCR anal ysis of Cat SPP
cloning into pRSET A-Fc. Figure 13 shows the

wezpression of the rCat SPP-Fc fromthe pRSET AP@UEGBRI07/000744
was i nduced by the addition of |IPTG as resol ved by
SDS- PAGE and western blotting perfornmed using an
anti-pol yhistidine tag antibody. Figure 14:
Purification of rCatSPP-Fc.a ) shows the purification
profi berehovsthMendi sbhnet pgakspsanshar pvpeakaall B by
after approximately 200 mns and a second broader peak
bet Weenr25SARdP2E0ehnEsing) fsn6ABCERECanBPF¥Ps - of
eluted fractions fromthe purification, ¢ ) shows
anal ysis of purification fractions by western blotting
usi pgganeant i pohiybiratiedi heht bdtironoofofakSarfbbbdylytic
Figure 15 illustrates Cats thib#tion by Ehe nC@é&PPFc
usi A§CAVEFYor oRBEr £AUSESHG 1R §UPETERCE] FygPFaPe8? Was
Vestery bhofsndeppnsheaki A9+t A815tabI kuk¥oobrCakEscRBs in
versus Cats PP-Fc. Figure 17 illustrates a histogram

showhrgpgearhitabifvEatGRrRraripOof PAE PHY PHeAsPoAVaBdaite
in the presence of is CatSPP Fc Figure 18 illustrates
his%BﬁPg *8Howi ng quantitative summary of the HCTII b

I nvasi on assay in the presence of Cat SPP and Cat SPP-Fc
reconbi nant proteins_.

) Fi%ure 19 shows %oiggigip nse
cur Fagureecd £8OHEL ERPAPHEVECSHPYEEGES™ S PP%and
rCa 268l B n33l tuAvunigekls. Exanples
P S :

Figure 10a shows the results of in wvitro invasion
assays in four human malignant cell lines by; i-iv:

HCT116, U251mg, MDA-MB-231 and PC3.

Figure 10b shows the results of in vitro invasion

assays in MCF-7 cells.

Figure 11 shows the results of an MIT assay assessing
cytotoxic or proliferative effects of the rCatSPP

protein.

Figure 12 illustrates Colony PCR analysis of CatSPP

cloning into pRSET A-Fc.

Figure 13 shows the expression of the rCatSPP-Fc from
the pPRSET A vector was induced by the addition of
IPTG as resolved by SDS-PAGE and western blotting

performed using an anti-polyhistidine tag antibody.

Figure 14: Purification of rCatSPP-Fc.



C oni ng and expression of Cat SPPThe human Cat SPP,
residues 17-113, was anplified froma human spl een

wae DNaobasks ary (Origene) using primnmers CATSPPF PGI/GBIN7/000744
TTTGGATCC CAGITGCATAAAGATCCTAC ) and CATSPPR (5
TTTTTTGTCGAC CCGATTAGGGITTGA ) contai ning Bam H. 1 and
Sal X restriction sites respect3vely (as underlined)
The expected band of 330 bp was visualised by agarose
el egt r OphRE eshs pudii Scdansh aso gel e psthods etwandistinct
cloned using BairiH and Sail into PQE3 0 (Q agen) ,
whi peelksicor polharedoank Nt e b A4l aPRRART B BFhE gg% Fors
downstr ea j i s Li I S r ;
B S R T
accessipowauvher ah®Dg96s &F sehgtedveraétedngl nemwase
used i n_subsequent experinents .,C opin agd .
expPeELf b2 bt Okat SPPS W%o?n%i%ﬁ%ﬁgogfp?ﬁ% EERFEPBY nt o
t hee pRSETsE B%X&r@éteiﬁeb%&§ﬁguﬁgﬁﬁg"\@ﬁ anplii-fied
using priners TSPPFCF (5' TTTTTT GGATCC CAGITGCATAAA
GATYo anildi SATSPRE CRe.¢ SMOTFTF T e ETECACC TAT CCGATTAGGGT T
), again with B apH. 1 and Sail restriction enzyne
sites respectively (as underlined) . The anplified
bangigaseges extusedanad chofednhnbbtihe pRSEMe rCatSPP-
bacterial expression vector which had previously been
engFReBFERIt 8 EORPRPACERIFgRBSR¥ domai n. Positive
clones were identified by colony PCR and sequence
al igned to accessi on nunber MB0696. A single verified
cl ofdowae LEedlinsarptegb¥egtent BkBEFi ABRPBSLTPLIRE Fhe

eXPLessi 90, g PULLEI 63t i,ap.a5 CatsPBrapd.

Figure 17 illustrates a histogram showing
gquantitative summary of the PC3 invasion assay in the

presence of is CatSPP Fc

Figure 18 illustrates histograms showing gquantitative
summary of the HCT116 invasion assay in the presence

of CatSPP and CatSPP-Fc recombinant proteins.
Figure 19 shows dose-response Curves used to

determine EC50 values for rCatS PP and rCatS PP-Fc in

MDA-MB-231 tumour cells.

Examples

Materials and Methods

Cloning and expression of CatSPP



Cat SPP-FcFor expression analysis, the Cat SPP positive
clone was transfornmed into TOPI OF' cells and cul tured

WO pooglogdses fl asks (500 m) until reaching m d POLGBR@SIO00744
(A 550 0.5, 37 C). Expression analysis of the Cat SPPFc
positive clone was perfornmed by transformation " using
the BL21 (DE3) pLysS strain of89B.coli. Expression of
bot h reconbi nant proteins was i nduced by the addition

of irhephopwn- cotBeEhi egaliackesinde 10BRTGasl aRigW flied Feon
bacterial cultures and propagated for a further 4
houfs NPFesr spderar ¢ONR Adbresy (peiidens)wesdng primers

o (e 1ot gt RN AR b Rinacy) g
ThecéﬁﬁﬂéRddﬁatWﬁ@@TEQQ@G&C@EGA@EAGGGE@@G?y contalnlng
ti.0 60 m.nutes at ,
R e et 5o st RS  SERaC A e 2
Nl2&nd@@§lh@ﬂTrapTie”bxﬁ@b%@a pEEdHezl BReALR) was
Nonspeci fi cal | éybound mat eri al was washed fromthe

col UAfiuasdimgds nﬁgmaﬂseoeéﬁcgroph@@@saSn|n@hgswb@méawas

300 a o]

r ef glg%/: ﬁg%;grggdégg%bofg égkgrgeaa#% gldt %8& té)r

200pQBeBdmiQuebenmes. wReéthl dadoepbuameclound Nmakeni ak1was
ed#}n'ét gda further. 20 col um vol umes of 5Q mM NaH

B0 CAM RAE JqHBSS6 AW f“ﬁF&IQE&PElOBﬁ or to
e|UPbQﬂtﬂbbhcﬁgngyl%@féZEQEHngl@d %QOCHWBH?ggCﬁnQna5O

mM i m dazole. Protein fractions were col
desafgBENFAt 81 PBReEnHCaREF P8l obynBDBePATE04AE - wedt er n

blog;hgg thQEEEEH‘BfoBErwB¥ 80dg hegibEYquahecks of

uri reco nant
experiments.

Cloning and expression of CatSPP-Fc

For cloning of the CatSPP into the pRSET-Fc vector,
the DNA sequence was amplified using primers
CATSPPFCF (5’ TTTTTTGGATCCCAGTTGCATAAA GAT) and
CATSPPFCR (5’ TTTTTTGTCGACTATCCGATTAGGGTT), again
with BamHI and Sall restriction enzyme sites
respectively (as underlined). The amplified band was
gei excised and cloned into the pPRSET bacterial
expression vector which had previously been
engineered to contain an IgG, Fc domain. Positive
clones were identified by colony PCR and sequence
aligned to accession number M90696. A single verified

clone was used in all subsequent experiments.

Protein expression and purification of CatSPP and

CatSPP-Fc



were stored at -20 OC prior to use. Inhibition of

Cysteine Cathepsins with rCat SPPEnzymati ¢ assays were
wais@dotsmscertain the ability of the rCat SPP P@I/GB2007/000744

inhibit the peptidolytic activity of human cat hepsins

S, L, K, Vand B (Cal biochem . Assays were

performed in triplicate in 96fGel | nmicrotitre plates

in the presence of 100 mM sodi um acetate, 1 nM et hyl

enegAT RSt &l ARG el By BT Alne adSbBrpgsaniiva dlone
dithiothreitol (DIT) at pH 5.5 Cats activity was .
noniaorecenst ornedel 1 QoPOHEIT ¢ &bkt rage cultured in

i SN A T i i

for g@gg,g h@lpsi n:$’|/'_L9cr:]) K ‘xl'mﬂré#smbole apeaivshedofisihg CatSPP-
car bobenzl oxy- L- phenyl al anyl -L- ar gi nyl am do-4- I
coOURarpes 7 PheC APYS ANES 2 rwlﬁle(gn}a%a “§%§§f%¥‘%{%
ver e pet f op oegl 551 NgRgArhobeszioxyihasgi Bytkani do

-L-arginyl am do- 4-met hyl coumarin (ZArg- Arg- AMC, 25
M Expsessbstraf ebotPure¢oedi naat SPPohasnadyee tpduced

as i red | - )
SygE SRS £ L ST ol OO L0
gy:?ggg@r(i)mﬁpogosgﬁétBQEtEHQéln@ﬁ@tuﬂébhaﬁ&cbtabhgated

I

run and em ssion at 460 run. To confirm that
t hefo€at SPReEbeal 4ohhudst heiabi tpt Harverhhngi t Cehé

activi of Cats, flur [
L S L B s e, o
of ghe,rEahSRPnFag( OMNY-280 BM) mMR¥aPTRaadalPsidl of

Cystei ne cat hepsin ' Th | ati '
| everstazpienc BysPErHE. BaPRCHFHs &2 B "ok BAdVETR

a pggeheﬂkrﬁfﬂggtion (10,000 g, 60 minutes at 4 ¢C),
prior to application to a IMAC column charged with
Ni%* ions (HiTrap 1 ml column, GE Healthcare). Non-
specifically bound material was washed from the
column using 50 mM NaHp,POs pH 8.0, containing 8 M
urea, 300 mM NaCl and 20 mM imidazole, prior to on-
column refolding by reduction of the urea from 8 to O
M over 200 column volumes. Refolded column bound
material was washed with a further 20 column volumes
of 50 mM NaH,PO, pH 8.0, 300 mM NaCl and 20 mM
imidazole, prior to elution with 50 mM NaH;POs pH 8.0,
300 mM NaCl and 250 mM imidazole. Protein fractions
were collected, desalted into PBS and analysed by
9DS-PAGE and western blotting to determine purity and
integrity. Stocks of purified recombinant protein

were stored at -20 °C prior to use.

Inhibition of Cyéteine Cathepsins with rCatSPP



mal i gnant cell |ines was determ ned by RT-PCR

anal ysis. RNA was extracted from U251ng, NMDA- MB-231,
woidnriods4eand PC3 cel | |ines using the Absol ut ePGT/GB2007/000744

RNA(tm) RT-PCR M niprep kit and quantified using

aspectrophotoneter. RT-PCR was perforned using the

One-Step RT-PCR kit under the 4lol | owi ng conditions :

5Q0C for 30 mn, 950C for 15 mn, and 35 cycl es of

940@nfinak il RusBHE Mairel uddl ard af2erf@linl tH 23R 1ity
sec, followed by 72 OC for 10 min or as detailed in

t he Ofetie ARGSRPc&Q dmbgbid $be esrdi dglstidin@ctivity
cat hepsy f usi ng t r4 ner t.al led \in
Che Bl e ol o R T 2at o of PhS B ASF B e e
us edssgsyan wiemtee pealf ooy din thorighdniaaster dire 96Guadl 1

i.ng. , RT- I d I
ol LU PRONOr 661 & BRAS o b Cwer Sk en nddl OV R

usi agekkadak hDmB e4hYSBneefibwane rand--a dirgidal (E‘iﬁ@&f&rf a.
Gene RT-PCR priner sequence CatS (F) GGG TAC CTC ATG

TGAVCAR Brédt snERl THMASETRICFRreACOIGEDTTA 6 Ot ET.(SF)
AT : AG A - : T C A
GO CrA QBT CORY TR TE B R () A TS R Cr RS
GTTsGhStCacCat I&a@:ﬁ))b?é@élﬁmj—mvamy%—@(@é i%@ c—:gact Vv

F) _ATG AAT CIT TCG CIC.GIC CTG,GC CatV
(AT)Taé%énA&Aﬁm%? “é@@e%é’ n CPEeATE féGVéACV)éACAK@cA#‘f?@ 25
TACUBAT €86aGEGree AalthBpRhECT, CAT 2AGT vCGECH B rmed
TGA TCC ACA TCT GC In-vitro invasion assays In-vitro

i nVASIBA §3%Rpbenelexpebtohrayladionylal-arginylamido-4-
methyl coumarin (Z-Phe-Arg-AMC, 25 uM) and assays for
CatB were performed using carbobenzloxy-L-—
arginylamido -L-arginylamido-4-methyl coumarin (Z-
Arg~-Arg-AMC, 25 uM) as substrates. Purified rCatSPP
was added to assays as required at various
concentrations (0-1000 nM). All experiments were
performed using a Cytofluor® 4000 spectrofluorimeter
with excitation at 395 nm and emission at 460 nm. To
confirm that the rCatSPP-Fc also had the ability to
inhibit the activity of CatS, flurometric assays were
performed using CatS, Z-Val-Val-Arg-AMC, 25 uM) in
the presence of the rCatSPP-Fc (0 nM-200 nM).

RT-PCR analysis of Cysteine cathepsin expression
The relative expression levels of the cysteine
cathepsins S, L, K and V in a panel of human
malignant cell lines was determined by RT-PCR
analysis. RNA was extracted from U251mg, MDA-MB-231,
HCT11l6 and PC3 cell lines using the Absolutely RNA™
RT-PCR Miniprep kit and quantified using a



nodi fi ed Boyden chanmber with 12-nm pore nenbranes

(Costar Transwell plates, Corning Costar Corp.,
w@220vb09sge, MA, USA) . The nenbranes were coatRCI/aBR97/000744

Matrigel (100 ng/cm 2) (Becton Dickinson, Oxford, UK)

and allowed to dry overnight in a |amnar flow

hood. Cel | s were added to each 4ill in 500 m of

serumfree mediumin the presence of predeterm ned

conegrddiatdns afetdie. rGatigRP.way |pé\§_f§&5f§ed\ﬁ[§1r§gariﬂ§d
out in triplicate and invasion plates were incubated

at PrPoCtER BosRER kldqr wemrrfse affqlelrowmg: rearedd sions :

)
::nng;vqeu %%nljn@gﬂ ded cel Gcéjéosc)i:l t\%ar HOY' S f?&é’fﬁ/
for 9UPaifitut els miAf t €35 T Vg, 1 trthm el ei2af dd¥e 1 min 30

' ded [l t ed w th Hoechst 33258 (50
g M5 P B30 TR a0 g e AR e

chamgs denger tamias mashadd W ide B3 Jouns secdel'r{}on

Citifluor and invaded cells were viewed wwth a N
ECI |C@stélep§3rmo waame@sfwmedn@mm Premetisgidetdailed

§§tﬁq ﬁ: %§%ﬂhﬁh}viﬂ8 f%é&ﬂ%ggeg?%ﬁ%%§}%%mﬁﬂxgene

tl‘lp | cate ranes wer e en usi ng
di glwtaal usmaieraas atn Imijmrfrla(latdo@itr@ﬁ. X20 delfrgtesild squal

al ysed using Lucja G- 4.60 by Laboratory
31 ﬁg‘ Ery% wer e G r§ Sa¥'ex S EredntERse Rt d9nrased gel
Ce' leS e cERIdp Yk ld tahc’ﬁ%%@)ée@’%tr@“t%k% Rl @RAtI V¢
effects of the rCat SPP was determ ned by MIT assay

usi H§itiee Kadekl 6 Dc &l-dr 8Bals ofameineomadc @ Idildire,1 @alrdara
were added at a concentration of 1 x 104 cells per 200
m to a 96-well

Gene RT-PCR primer sequence

Cats (F) GGG TAC CTC ATG TGA CAA G

Cats (R) TCA CTT CTT CAC TGG TCA TG

CatL (F) ATG AAT CCT ACA CTC ATC CTT GC

CatlL, (R) TCA CAC AGT GGG GTA GCT GGC TGC TG

CatK (F) ATG TGG GGG CTC AAG GTT CTG C

CatK (R) TCA CAT CTT GGG GAA GCT GCGC C

CatV (F) ATG AAT CTT TCG CTC GTC CTG GC

CatV (R) TCA CAC ATT GGG GTA GCT GGC

Actin (F) ATC TGG CAC CAC ACC TTC TAC AAT GAG CTG CG
Actin (R)CGT CAT ACT CCT GCT TGC TGA TCC ACA TCT GC

In-vitro invasion assays

In-vitro invasion assays were performed using a
modified Boyden chamber with 12-um pore membranes
(Costar Transwell plates, Corning Costar Corp.,
Cambridge, MA, USA). The membranes were coated with
Matrigel (100 ug/cn@) (Becton Dickinson, Oxford, UK)

and allowed to dry overnight in a laminar flow hood.



plate. 200 nMrCat SPP, a control protein generated

fromthe sane vector under identical conditions and a
woehrodssonl y control were added to the cel |l s BETGB2007/000744

i ncubated for 24, 48 and 72 hrs at 370C and 5% C02 .

After this the rredl umwas carefully renoved and 200 ni

of 0.5 mg/m 3-4, 5-dinethyltéiazol-2 ,5 diphenyl

tetrazollun1bron1de (MI'T) was added and i ncubat ed at 37

%fiﬁzw L& o dhEa MIJ égéﬂeﬁélﬁﬂ§nr§@@V@ﬁ andséhem- free
| nso

ormazan crystals were dissolved in 100 m
f DMSOLuAbisor thaceressnoeasiirededet S70inasiand t he

Vi EPREEICERERPBF | £ o1 BRFOFCPETRL vELT oRRRRe vere

Vehb&f?ﬁ@ﬁYoﬁ@nlﬁOtrlpfibat@séﬁdmﬁﬁﬁagﬁbﬁODHEdesnwere
guintuplicate . Results and D scussion Previously t

purifiehated af 3heCABPPh{Lhéen 2hiNOVES By B8 Which
nunpey gfrgﬁéig @g %agéggﬁﬁﬁér sthphach, @nd e membrane

co-vvor ers produ rom an Escherichia coli
expweﬁélﬁémsysﬁeandi$nVaﬂédgcehéspépKedeln Carnoy’s
correspondi n esidues 16-114 rom | ncI usi

t .
bo‘3|ﬁé§aﬁ5.‘}’vﬁeg%rdiL g agHr it Hhecert d uC(:)lr1el of

gr aghenti n{Madbachi et fete, sE9942d Qﬂan Haacnstleagaes(5o
al so produced the PP (resjdues 17-114) in E . coli,

usmg/ltﬂlhé BNt RBRATON &3 QApFoEeds A TRIUUETMRETILHES o The
g|Ut Q%gnex§s%£@ e%Qéﬁeéﬁ%ﬁ?cé:lntﬁﬁénrﬁ%uﬁ@@&oﬂn

The“rét fant. protei N Was agal n_produced in
i nctusi ebubodibed, inkbdhdwertlsulysequeneivedr Uﬁ-@hdélekOﬂ
agai nst a

cgeLnel 2 GInEE) eoncentialion gLadionl, ALLOGibecal
images of representative fields from each of the
triplicate membranes were taken using a Nikon DXM1200
digital camera at magnification of x20. The results
were analysed using Lucia GF 4.60 by Laboratory

Imaging and were expressed as a percentage of invaded

cells.

Cell viability assay

Cytotoxic or proliferative effects of the rCatSPP was
determined by MTT assay using the HCT116 colorectal
carcinoma cell line. Cells were added at a
concentration of 1 x 10% cells per 200 pl to a 96-well
plate. 200 nM rCatSPP, a control protein generated
from the same vector under identical conditions and a
vehicle only control were added to the cells and
incubated for 24, 48 and 72 hrs at 37°C and 5% CO2.
After this the medium was carefully removed and 200
ul of 0.5 mg/ml 3-4,5-dimethylthiazol-2,5 diphenyl

tetrazolium bromide (MTT) was added and incubated at



colum and the PP renoved fromthe GST fusion by a
thronbi n cl eavage step (Guay et a.l1., 2000). This

wo 20709938 ocedur e has al so been used for the pPOTGBL006/1000744
o f the CatKPP and CatLPP. Both these previous methods
produced bi oactive protein, but are |aborious and tine
consum ng, particularly w t h t4% isol ation and
refol ding of inclusion bodies . In an effort to

det @MiMefa@r moner ; aphal Wi dddat: nRihodsvédaand the
production of CatSPP, the inventors expressed the
peptithRP (UL dfRinazan 1yvsiia ke arene tdrseared in 100 pl

hexaly shidh Nl gt DU b d i Pral elh g, 18101 e

| MAC. Using the gene specific priners
CATSRRRIdwt aidwe exnteestfpm:h aseaadlpug:dermmgem:bobmglt he

ro t ere es s. 17-113) were a i fied
Prorlqnlelg]gclgl aleji(fﬂﬁ\}éa oéqcr[ﬁ]\:bgqjl‘iﬁ' ‘i/n%&‘/:h vehicle-
pol )diﬂf}a&iﬁ)rfﬂlf&jll’l rZﬁLal_CtdéHts( Rfdde poreiwnalised by
agarose el ectrophoresis, a band of the expected size
was MR SEig 1 ) . Fol I owing gel extraction,

the band was cloned into a commercially avail abl e
vector (pQE3 0 ) . . The analysis of 16 clones by

col ResRER radeDiscussdmh of approxi mately 650 bp
anplified fromcolony 10 (figure 2a. This would

suggest that only colony 10 may contain the Cat SPP

cDNArsaquends dienemtirsuteession of ivHe ddiesQead Qaeen
bact erial expression vector. DNA sequenced for full

vaI P@gltlle&‘?d( Lo GemEDe i0gn 64 fferARGe SFITParheser
a@%?%h%!gﬂigm&@kxs ﬁr%%h%%%?%a%@%&ﬁiﬂﬁﬁ1%?ed

for aII fur pr opagat i
Escherichia coli expression system, isolating the

peptide, corresponding to residues 16-114, from
inclusion bodies by refolding against a GdnHC1
concentration gradient (Maubach et al., 1997). Guay
and colleagues also produced the PP (residues 17-114)
in E. coli, using the alternative approach of
producing it as a glutathione S-transferase (GST) C-
terminal fusion. The recombinant protein was again
produced in inclusion bodies, which were subsequently
refolded against a GAnHCl concentration gradient,
prior to affinity purification on a GST-Sepharose
column and the PP removed from the GST fusion by a
thrombin cleavage step (Guay et al., 2000). This
latter procedure has also been used for the
production of the CatKPP and CatLPP. Both these
previous methods produced bioactive protein, but are
laborious and time consuming, particularly with the
isolation and refolding of inclusion bodies. 1In an

effort to determine a more rapid simplified method



and fernmentation, fromwhich the rCat SPP speci es was
isolated for further study. rCat SPP expression from

wao b@7egdsiglat ed cl one was then anal ysed, first|BCT/GB2007/000744
over- express ion of the protein and verification that
it contained an N term nal histag and was the expected
nmol ecul ar wei ght of 16 kDa and5t hat the expression of
the protein was under the control of the T5 pronoter,

i ndgeirb k@ ewpbtbduBESohhe ff Cat-SBB, Was <% pressed of e ldigea
QE-3 0 bacterial expression vector and purified using

gn &Bﬁuﬁﬁpﬁéﬁ@|d¢ﬁgldwﬁ@ 1As1dRowwiith Bingdr &ezajinphe
& heRarRER i ROk LN RLEEE NN AR PR o

arp |n|t|a pea m ns
br oa¥Ageak between 190 and 195 mins. Fractions from
the second broad peak, as indicated by the arrow in

Figure 3b, were resol ved by SDS-PAGE and reveal ed the

pregenag eheagehBgkpebiighly pRuhblkedabardr Wniih cArsprr
mol ecul ar wei ght of approximtely 16 kDa,

cor fespeneingthe ohan pradivpefrboe ﬁhéO@Hng)tﬁetagged
purﬁfggepgiggr?eg Lnsnggglgﬂggogbog _zowgﬁﬁsgyggﬁglﬁgg

Ion fractrons using an an
antfbomyaconmmentnhélprasamaabmé aDNRsiibaggedbspeci es

t i mat el The inducibility of rCatSPP
oxoPBLkRBRARs PRI MASoHEBRs(PaRbd byl ShaPAGESSAIDY

weshgsRoBkObY ERErbbheYESid,) a- bANE @Eakxé'éxggcted size
bacterial |ysates by SDS- PAGE and coomassi e

st av@f nyisnahssefie (Bigséhce BplinwingaggbPeatraction,

L L
vector (pQE30) . The analysis of 16 clones by colony
PCR reveals a band of approximately 650 bp amplified
from colony 10 (figure 2a. This would suggest that
only colony 10 may contain the CatSPP c¢cDNA sequence
cloned successfully into the pQE-~30 bacterial

expression vector.

DNA sequenced for full validation (sequences aligned
to Accession number M90696) (see Figure 2b). A
selected clone was used for all further propagation
and fermentation, from which the rCatSPP species was

isolated for further study.

rCatSPP expression from the validated clone was then
analysed, firstly for over-expression of the protein
and verification that it contained an N terminal
histag and was the expected molecular weight of 16
kDa and that the expression of the protein was under

the control of the T5 promoter, inducible with IPTG.



The transfer of the bacterial |ysates to
nitrocel |l ul ose nenbrane and blotting with an
wa@edorped3yhi sti di ne tag anti body confirns expr eBST/GB2@f7/000744
the protein in the induced |lane b only. (Figure 4b)
Mol ecul ar wei ght markers are indicated at the |eft of
each image (kDa) . After finalkédesalting into PBS, the
propepti de was then tested for its biologica
activity. Thebiological activity o f the rCat SPP
prot%%n was ascertained by fluronetric assay using

Cat S&nd PHePF| WEH GERTESSERSs frafe thsz POA-Vabamterimd
in %&gr@s%%w@e%tforp 5%@%%@155&%@ a%%gn%@goﬁ o f
rcCatS 500 n ves

P (0 nMto . Progress cu or e
hydrelfpdiddng fTMBEz- ¥al sYalnAig- ANMGuire Bhe pmheseice ionf

Cat SPR. lotte t he dose- dependent
R B R S B R L beaks 159 A
conthakp( Hhskibhit peaedapreteins Rraduced1fibomd ke same

vector and purified in the same manner, was used as a
conPFERY BEXNRFtecBoAPOr AREhe IpeminsbaFirerte ohsCitrom

aCtEﬁEt%e@@ﬁgdﬂgoga.Eggkrcggspgnéﬁgg%%h byA%%%y%rw%%ein
all performed Intriplicate.” The progress~curves are
i ndF¢atiree3b, f welre aetbadmed byaspbemabEndhndgrevealed the

ible inhibitor. . The, t . first r rate
o 4B Sk aPSes b BN Re b OPhanbRhbfderehorg, Wi a

nonmbi BealakegeeghioBranghysksmbMaI L senkaad Val sh,
1988) where the production o f fluorescence [P] over
ti nECEARSBOBIIBEr E8efihal BrydireeflofPswrhe dgdal fohagged

Eﬁ%r5a¥s§§.'F£¥ﬁ§e'3¥?)sﬁéﬁse%ﬂ&hgglgﬁ£i£g)é% obs + d
purification fractions using an anti-polvyhistidine
tag antibody confirm the presence of a his-tagged

species at approximately 16 kDa.

The inducibility of rCatSPP expression by IPTG was
demonstrated by SDS-PAGE and western blotting (figure
4) . The analysis of bacterial lysates by SDS-PAGE and
coomassie blue staining shows the presence of the
rCatSPP at approximately 16 kDa in lane b which has
been induced but not in uninduced lane a. (Figure 4a)
The transfer of the bacterial lysates to
nitrocellulose membrane and blotting with an anti-
polyhistidine tag antibody confirms expression of the
protein in the induced lane b only. (Figure 4b)
Molecular weight markers are indicated at the left of

each image (kDa).

After final desalting into PBS, the propeptide was
then tested for its biological activity. The



Using GraFit (r) software, the values for the

progression curves shown in Fig 7a were fitted by
wmoew7v93esr regression analysis into equati on ¥d)/GB2007/000744

producing a graph o f v s against [I] , fromwhich K

(observed) was determi ned. This was then corrected to

account for conpeting substratd, as shown in equation

(2) .(KL = Ki (observed) / U+[ S]]/ K) . (2)

Usi g il caenlalayesd issi ¢ o v alree s-oserr e vt ditre Qo o1

i nhibition of Cats with rCatSPP. (Figure 6 ) . Further

to PRCET TR NHbWY Tl WOgRtEir asmaw swdmd &aas%aaryi the

WBV%H%EJQ%ﬁﬁQ:%ﬂﬂglfgﬁ$%ﬁ§ Kya1¥ar é%(éhe

respective In the pr esence pr edét er i ne
con@efmaeeﬂqa)mi mfretdﬂar@am@a:’coﬁqmt&mm WES rCatSPP

rmnl for ns and t he RFU Iot er tinme tq
gener a(rspfﬁ R tnﬂ FrOGrEss %fp lysis
first Olbiel\/’aﬂaiv%tlcm@ AMCS 1Ry Q%‘&%‘ie@én@%e dfhickiddan

of the cat hepS| ns t()% the rCat SPP were subjected to

non Yt e &L (rign Qopsi-slepensent dmatibing arhef
?et @%L'E‘Sn%'.i:'tqr\]fl‘%}f 8’3\%) %!b%leg%&ﬁog%ﬁ%lﬂ%% K ;A’ Wkt H M
respgédei \6elty5~gg&dl pffotredmet pu:odassa’lyfmﬁw ehp;e IRt dtdr

I t t.h Wth establishnent of
;ﬁltol I—pgﬁ)t%?"&%llfpl E*ee&%"levisf—"ﬁl S BRPPERed Y3th&SiSN &t 6r s

theﬂoh&@dlthSODC@MSPEot@oﬂ%ﬁ@ﬁSEh@t@ek%%r%%kﬁbEYCEOCatS
bl ock the elastinolytic activity of Cats. The

f1 UBFESERATY ¥aBsEgt EOEIhsSt rRatBePwddngssd toAﬁﬁﬁamsowere
thea@ha%EHEQIrWeSlC %“E%g%cgfce@ats in the presence of
500 n over a

Cat SPP (50 -
The progress curves are indicative of the action of a
slow-binding reversible inhibitor. The apparent
first order rate order curves produced were then
subjected to non-linear regression analysis (Morrison
and Walsh, 1988) where the production of fluorescence
[P] over time can be represented by the following

equatiorn:
[P] = vst - (Ve = Vo) (1- exp (~Kapst) ) /kons + d (1)

Using GrafFit® software, the values for the progression
curves shown in Fig 7a were fitted by non-linear
regression analysis into equation (1), producing a
graph of vs against [I], from which Ki (observeq) was
determined. This was then corrected to account for

competing substrate, as shown in equation (2).



60 m nute incubation and the inventors were able to

denonstrate inhibition of this activity (Fig 8 ) . The
wezpression of Cats, L, Kand V in four humanPCT/GB2007/000744

mal i gnant cell |ines was eval uated by RT-PCR Each of

the cat hepsins appears to be expressed in the fourcel

lines and anplification of Actd8n was used as an

internal control (Figure 9 ) . Based on the ful

peptirdat yiti ¢ Lahibirien prpﬂ | £ €glcul ated for the

r Cat SPP, and evidence that e astlnolytlc activity of
at I@ést Cats could be shown, the inventors proceeded
to anal yse the effectiveness of the peptide to bl ock
the activity of these proteases in invasive cancer
nodeélssing Farist hesd yexper Krenssuébewbpyeaboesal aephoyed
st udi es. exam ni g the invasion of tumour cells through

mat ri éPlG&QFe&’nf%ﬁq% &8 CBoy e SERantdERSUEE fnery et

al ., 2003). These experinents were carried out on
cell lines representative of common types of cancer.
Spe&LfitE I ot Fdse  werse sRCBM( proftigueecdl,| Fliuxemet rHCT

(or B5SE) oG PP bR IR o GBI E e ThodnoPH 2

Fi guaedlo::eép@mtevmya iihl ublkr areschite afabyesdet@rmined
four human mal |%hant cell lines by in vitro invasion
assEYICEIGTREPRE 6T, tBSSTRELSHBA- RBUPT ESERECPCYRS

Eactﬁoﬁ@tbréan%o%hgbeﬁl%gahta' eaat R%%d%gggg%d ?yteg”gﬂne

cell invasion in the presence of the
0.0%o genergte flgrgm@trﬁ&*progressOcO@@Eﬁa Ahle apparent

o G eare: Peget BESPPRC i chnaryEeh PoP Y GRBuATELPE tion
of the cathepsins by the rCatSPP were subjected to
non-linear regression analysis (inset) enabling the
determination of inhibition constants (Ki) as 17.6 nM
(£ 1.3), 4.8 nM (* 0.6), and 0.62 nM (*+ 0.14),
respectively. All flurometric assays were performed

in replicates of three.

With establishment of anti-peptidolytic activity
confirmed, the inventors then used the rCatSPP to
demonstrate its ability to block the elastinolytic
activity of CatS. The fluorogenic substrate Elastin-
DQ was used to monitor the elastinolytic turnover of
CatS in the presence of CatSPP (50 - 500 nM) over a
60 minute incubation and the inventors were able to

demonstrate inhibition of this activity (Fig 8).

The expression of CatS, L, K and V in four human
malignant cell lines was evaluated by RT-PCR. Each of

the cathepsins appears to be expressed in the four



i nvasi on. The standard errors were plotted as error

of the nean. Statistical significance was cal cul at ed
wa@gingoBie students t-test. Figure 10 b shows BCT/GB2007/000744

hi stogramillustrating significant reduction (63% in

MCF7t unour cell invasion in the presence of the:-

Cat SPPAn MIT assay was perfordfed to assess the

cytotoxic or proliferative effects of the rCat SPP

prot i .1 e M assal: fBsa Pesh oF freck b NgadiGld¢d Bas an
colorecték carcinonma cells, incubated with 200 nM of

t helntGat18PP, comtne bl (Hrwees nd and vehi cl e-only control
The results (Figure 11) illustrate that the

reconbi nant protein has no significant effect on cel

or o fleg A Wiae | Bl BSpaet £ds Bpent ethth ibijui ot uptefildhe
inventors proceeded to investigate the_effec

!
pr 053 e whe eed FECHoF R o dh° The 23 h%%%@ﬁnﬁ?oB%%{ide on

the_{ nbibit{0p; of s Le 1 ¥Pey, CaE hepsi BaPk Ot gBSEchiild be
i nvasive cancer nodels. "A cathepsin S propeptide

conghowhngtiae Citeemiond Propeedednte GarEPPSEci@as

cl on and expressged_usin h S SGLI

o oo SRS B R L LA E PR RS ROy o
cl opgds&np Lot besORSET Pntasieet cancérsmbéel sonForf tBese
colonies fromthe positively transforned plate was,. .
sub?é@@é@m@%téoF%ﬁylﬁwﬁﬁéﬂﬁFy§W€lB¥?ﬂgS§%§f8? §peni e

pri?ﬁ%?in éignC?£O€%ﬁ§u§pE§§isp@ﬁk&ﬁ&ﬁ fderiget hecated
anp ication o a band o f approximately 1100 Eg
(Fi godefiad Bhedempckssbensof FLavneTdt SPPake / f £BRBY he

PROETBcVECh oL MBS  Lndueed By, 1 08 8401 bhopeot 1 PR
representative of common types of cancer.
Specifically these were PC3 (prostate cell line), HCT
116 (colorectal), U251MG (astrocytoma) MDA-MB-231
(breast) and MCF7 (breast), and results are shown in
Figure 10. Figure 10 a illustrates the analysis of
four human malignant cell lines by in vitro invasion
assay; a-d: HCT116, U251lmg, MDA-MB-231 and PC3. Each
cell line showed significant reduction in tumour cell
invasion in the presence of the CatSPP. (* = p: <
0.01, ** = p: < 0.001, *** = p: < 0.0001). All
variables were performed in triplicate with ten
digital images captured and analysed for tumour cell
invasion. The standard errors were plotted as * error
of the mean. Statistical significance was calculated
using the students t-test. Figure 10 b shows a
histogram illustrating sigmnificant reduction (63%)in
MCF7tumour cell invasion in the presence of the

CatSPP



results are shown In Figure 13 . Sanples in |anes A,

B, C and D contain uninduced and induced (B= 0. 2,
w@2007/093ad D=0O. 7 OD (A550 run) respectivel y)PCBaBpi02900744

were resol ved by SDS-PAGE and western blotting

performed using an anti-polyhistidine tag anti body.

The Hi s-tagged protein speciess@W th a nol ecul ar wei ght

o f approximately 46 kDa was detected, equivalent to

t he 1 et taesh &y 20 Hfpdrad Y R ddieddaued iQn Ofoxic or
expression in the culture with an OD of 0.2 appeared

nos PSP iR 2 §ore Ridtaste plodita ixiRt SR PICHSRP- Fthe MTT
was i i MAC Dys W [ t-s -termnal.

Hi s-a%t%g V‘%&e%su I:s arL%yls om%dﬁnl%f:iég%lroe C4tagl ) Thetema
pur ideldat,i dmqrimfidde vsiidwe tovmMicst itted EalkeRP a2 Shatdfbl
peag) at, after approxi.mately 200 mns and a second

bro é)rteﬁerhléarb t 12nOTVy OB 9 ins TS yregelts (Figure

analiisi s 1gfusdrited diactimns-ddamithe, PWAdd&at 1L no
suggests that the first peak represents el ution of
nonSFEcit Gaay 1SE fssiin @prastldi e ofitdm Hd. osimibles were

(fr%e%dl-i@ ,quvyl}lq;ug%sett.he broad secondary peak

shows el ution of a sp es of approximately 46 kDa, in
agreenent with the expected size of the rCat SPP-Fc

(frq1 .tei Qns, 6-%?3) . cc) e@{% sig of pyrification

frad |0ﬁ§'ﬁ?’ & BELCE %& &awﬁfq%gate the effect of

ant prpetiyhingt idi PR LHRE cTRAOSHORAe aathRody shows 18 5o

presence of a his- tagged species of approximatély 4

k Da O8s t8gpestaditdon ﬁ% F-CAYSRPCREheDisé ni miviottiepisen iof
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assay using the fluorogenic substrate
A cathepsin S propeptide comprising a C-terminal Fc
portion (CatSPP Fc) was cloned and expressed using
the methods as described for CatSPP above. The cDNA
sequence of the CatSPP was cloned into the pRSET A-Fc
vector. A selection of 8 colonies from the positively
transformed plate was subjected to colony PCR
analysis using vector specific primers. All 8
colonies appear positive due to the amplification of
a band of approximately 1100 bp (Figure 12)
The expression of the rCatSPP-Fc from the PRSET A
vector was induced by the addition of IPTG. The
results are shown In Figure 13. Samples in lanes A,
B, C and D contain uninduced and induced (B=0.2,
C=0.5 and D=0.7 OD (A550 nm) respectively). Samples
were resolved by SDS-PAGE and western blotting
performed using an anti-polyhistidine tag antibody.

The His-tagged protein species with a molecular

weight of approximately 46 kDa was detected,



Z-WR-AMC to determine if the species had the ability
toretain its inhibition of Cats after the addition of

W b@78g3gomai n Wi t hout any negative effects onPCT&B2007/000744
kinetics. The results are shown in Figure 15: a)
Progress curves denonstrate the imhibition of Cats
activity in the presence of ixlkreasing concentrations
of the rCatSPP-Fc (0 nMto 200 nM . a , inset) The

Feeqnifd1 SEoted e LQ0-sMcthad 10z &li SEercbdP-Fe.. The
effgctsonlcats activity, b ) Rates were extrapol at ed
f r oimduz: v QS SRR SBEORNEH t e K WeE1ES of1fhean OD of

inhibjtion were cal.cu S 2,

wer e’ e?%%?%ﬁe$hm%%tt+§%§$fﬁc§r g%%%%%yé%?d%éf?%:’
vegsuganLE EP-FC was assessed as follows. The rCat SPP
and r Cat -Fc proteins were incupate i th HCTI b
col Brect@tedft %d%%?@%?¥%f%%éa%%%%% ﬁ%&6s?%bY+F%9eo?f
thaﬁlﬁ_%@l@éﬂﬁ‘ﬂafrﬂ@lﬁgby Agdi tdom of 4he @nbihody

| g& Fc-domai n. Sanpl es of supernatant were assessed
by mestesnlbl @ tThe Phigiitealsyntorabi be nfRewst BBPI ity

within the cell, supernatant e

det ST BHFAE B°HFS aher 5eRl ot ?éc%f‘?'?ﬁe&?%g?%%%??%lv
appean snifpr aneds soeoh@ birsadet estaknbatwveen2a2hrand
As controls, cell supernpatants_co taiﬁLEgﬁgo.adde

pr o220 iuins - vt eThP senas¥esSedt aft"he Elaﬁ?egrom
Staﬁﬂgd?&%igigga §AUsREHetPsCORAL T fheadal st opdhrg of

£
supernatants . Experinents were perforned in )
tri ptbrasentFheletient ob6f nohespacsPPcatlynPestfepsPhess

Qgs QoﬁntﬁétEglhﬁﬁa%%ggcgﬁgﬁg yskng pipstats PR3 pebhks
secondary peak shows elution of a species of
approximately 46 kDa, in agreement with the expected
size of the rCatSpP-Fc (fractions 6-15). c) Analysis
of purification fractions by western blotting using
an anti-polyhistidine tag monoclonal antibody shows

the presence of a his-tagged species of approximately

46 kDa as expected for the rCatSPP-Fc.

The inhibition of CatS peptidolytic activity using
CatSPP Fc was measured. The rCatSPP-Fc was assessed
by fluorometric assay using the fluorogenic substrate
7_VVR-AMC to determine if the species had the ability
to retain its inhibition of CatS after the addition
of the Fc-domain without any negative effects on the
kinetics. The results are shown in Figure 15: a)
Progress curves demonstrate the imhibition of Cats
activity in the presence of increasing concentrations
of the rCatSPP-Fc (0 nM to 200 nM). a, inset) The Fc-

control protein (200 nM) had no discernable effects



then tested. The results are shown in Figure 17. The
hi st ogram shows a quantitative sunmary of the PC3
WO poasyosws assay in the presence of Cat SPP Fc (PeB&Brivy/000744
Each assay was performed in triplicate and ten
fields were counted in each assay. The effect of the
Cat SPP Fc on cathepsin S in amZ2in vitro invasion assay
usi ng other tunour cell lines was then tested (Figure

18) othedteat3RRand, I @3t SRRRG RFRLLidlS MBIA AR 1180 Ahe
in vitro invasion assa?/s using the HCTI| "b col orectal

cel PUAGHES SASEyS ﬁ}élref éfrlmﬁlum Otfhé:h;ﬂ gsdridd tafon

i nCLeas| t tSPP. (0 nMto 250
nM of %%El%gg-gct%%gn%lto rTl\/p ‘gﬂ PSSPt i at e
contoepleapreot eihrseatt iee .maxi mal concentrati on.

St andard deviations are plotted as error bars. Assays

were repeated in triplicate with ten i mages captured

frommeaghapihe st drdad ded handl @a@%a@ﬁ—ww Lcell

invasion is plotted as error bars. Simlar resuts
wer @sE@gsed @ sart lAvarsi-ofhas $8p USEEN duct edalSiPRy

val BeDTrare dars ppitet "tb%ﬁéﬁﬁﬁﬁgoﬁé?%k ef?itg

of NBAcNBoR31 cteurmurcocejsbesava&eoatamuheypb@sm@e of
var |nggﬁ%oncentrat| ons of the rCat SPP or rCat SPP-Fc

eEPBE PEORGATEI R¥afIPe§ie8sPén taRaPySiiHodNd I9G2
SigF@L@@haQQSeSé @%@S%f0§ﬁ¥%§nEQQﬁEr%%E%dgsg%ﬁseg gy
nM an -3

resul tant EC50 val ues wer e ound to be 7 ‘
nM Wgetele PaptitauSpPignde( bf) tCatiSPPrfdne stability

res%ﬁ%h&ﬁekﬁe cell supernatant. The rCatSPP can only be
detected at 0 hr whereas stability of the rCatSPP-Fc
appears improved, due to its detection after 24 hrs.
As controls, cell supernatants containing no added
protein (-) were also assessed and membranes were
stained with Ponceau Red to confirm equal loading of
supernatants. Experiments were performed in

triplicate.

The effect of the CatSPP Fc on cathepsin S in an in
vitro invasion assay using prostate PC3 cells was
then tested. The results are shown in Figure 17. The
histogram shows a quantitative summary of the PC3
invasion assay in the presence of CatSPP Fc (0-32
nM) . Each assay was performed in triplicate and ten

fields were counted in each assay.

The effect of the CatSPP Fc on cathepsin S in an in
vitro invasion assay using other tumour cell lines

was then tested (Figure 18) The rCatSPP and rCatSPP-



As can be seen, CatSPP Fc acted as a potent inhibitor

of the cathepsin S in the invasion assays, wth the
wOoreoo7/asus nhi biti on being significantly great ePCEHGB2G0MO00744

i nhibitory concentration being significantly |ess than

that produced with CatSPP with no Fc portion.

Al t hough, it may have been expgected that the stability

of the Cat SPP nol ecul e woul d be enhanced to a snal
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surprising that the inclusion ofthe Fc portion so
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peeﬁ%%lzc%rﬂﬁrl R si"r?}brk_tﬂ gé)q %ﬁgaﬁ%m%!ﬁpﬂﬁ%ﬂt@

| nhidairiteioS. @frotRlitRP N THA daWTHa19eRRSIh dmRds] 5,
demonstrating simlar effects. Joyce and col | eagues
enplSSpEdiarive Aeye adt arpMaoR: plattesl laspermeablers. Assays
anal pgue I t ei,.ne cathepsin

i nhi bi to#&ﬁ%&%dg i %&I%@gg(%#&{gr %%le D Rt g5 Atpg ed

(Joyeerekaghl The?@4ndatdeseviiate otevdel aRapaRtiRatd Gell
i slet _tunmours at 14 weeks due to the presence of

12-
thelgﬁggégﬁi&SS@&@%Feﬁhﬁﬁgén?r?ﬁ%ykﬁ%ﬁbnstrated t hat

the adm nistration of this broad spectruminhibitor to
these nmice could significantly inhibit multiple stages
of FufddrTdEeESHremers foludi iy ehe idvesliopmestsaof

h SRkKcLeYeR Ve ngr kAo OB gL oL aBk e ugra Ve

andillustrates relative EC50 values for rCatS PP and
rCatS PP-Fc. The relative rate of MDA-MB-231 tumour
cell invasion in the presence of varying
concentrations of the rCatSPP or rCatSPP-Fc were
subjected to non-linear regression analysis and
sigmoidal dose-response curves constructed. The
resultant EC50 values were found to be 78.0 nM and
8.3 nM for the (a) rCatSPP and (b) rCatSPP-Fc

respectively.

As can be seen, CatSPP Fc acted as a potent inhibitor
of the cathepsin S in the invasion assays, with the
maximum inhibition being significantly greater and
the inhibitory concentration being significantly

less than that produced with CatSPP with no Fc
portion. Although, it may have been expected that
the stability of the CatSPP molecule would be
enhanced to a small extent by the Fc portion, it is

nevertheless very surprising that the inclusion of



co-wor kers exam ned the use of

4- nor phol i neur ea- LeuhonoPhe- vinyl sul fone (LHVS) , in
whb@ckyalgs ast rocyt oma i nvasi on. Using the sanePCTGB2000/00744

nodel as the inventors have enpl oyed here, it was

denonstrated that LHVS, which potently inhibits Cats

and to a | esser extent Cat cod4d bl ock W51IMG cells

invading at up to 60% at a 50 nM concentration
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previ ous studies clearly dermnstrate firstly the role
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therapeutl c targets for canceéer erapeutl cs
conard:@@mlder estancteseftfher tisshitdie iext et tthé tai?atlrxatgz of
of ea of .t hes roteases in tunor igenes is is

HS;}naE;p SLPEPCASE Y Wﬁst%ﬁﬁsdio%rﬁﬂﬂﬁls

of @\tlh@n@;%u@q'éét SRS tRRIA Al uish Adh & RJrakdown
of elastin, collagen _and other conponents of the

ext ERESHTIa STwaLr Mol esde tlhﬂéh}bhé;\mmb@eﬁw f@cl‘reexsadlsoyn
t he (t o [ II Ho ral e .t hese
play 1nt ﬁ%?lggglsvg& |do%r:1LSain\é)i‘:é I;Itsrtaa%lpgegéﬁ“ er r%%ﬁ%s

ot hevylces sncll esdlpapeleat @hpﬂb@’te@aiﬁé usuch fagvh®EL, an
nmet aII pr ot easgi IS nQw ener (Kobayash| et al .,

199§)e %FE‘S@ e REF é’@u&eﬁ’ beore SRR ght

t he chekeiok @é%%ebglhhgngﬁ%ékggwﬁ6@f Eﬁtr%ﬁdg%&'%%d
anti-angi ogeni ¢ factors, and production of

pr o&HGNEGERiLe Bé@r@agdenp@g (Doyoer er edr-es 2004 ) (\Wihgse

o i, S80Rop BipCUeTuInt caten LIal.less, ot ateg
due to the presence of the oncogenic SV40 T antigen.
They demonstrated that the administration of this
broad spectrum inhibitor to these mice could
significantly inhibit multiple stages of tumour
development, inclﬁding the development of highly
invasive carcinomas upon histological analysis of the
animals. In an another investigation, Flannery and
co-workers examined the use of 4-morpholineurea-Leu-
homoPhe-vinylsulfone (LHVS), in blocking astrocytoma
invasion. Using the same invasion model as the
inventors have employed here, it was demonstrated
that LHVS, which potently inhibits CatS and to a
lesser extent Cat could block U25IMG cells invading
at up to 60% at a 50 nM concentration (Flannery et
al., 2003). Collectively, these previous studies
clearly demonstrate firstly the role that CatL-like
proteases play in invasion processes in these cell
lines, and secondly their potential as therapeutic

targets for cancer therapeutics.
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tumour . Concl usions Here the inventors have descri bed
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production of cathepsin propeptides, for exanple

Cat SPP. The inventors have denonstrated that, by

i nhibition of cathepsin L-type53proteases using

cat hespi n propeptides, for exanple rCat SPP, tunor

igenes is may be attenuated. G ven the inhibition

profiles that the inventors have seen in in vitro
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reginmes. The ability to rapidly produce the rCat SPP

f r ofPBROFERIEE odulthgr extangedppilpri masadees ohgld yhiay
th i i d that | | d
ChSy L LOYas A FROfhe B9SR! deh 162

represent a nove h™to 1
t heHapeuwkir¢ phet eade itheiki tarsmesAbll agodumehies

ref er i s sgecéficatio are herein
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var cabkeny telbheasdgserihedsemodhmgat spaf the
inventions will be apparent to those skilled in the

ar t "R BhéaPraépaseiengst nom cherséope (Enbaypishilt e¢f atlhe

invegbion. HhtAgualh the, ovidence has come to highlight
the role of CatS in the breakdown of matrix-derived
anti-angiogenic factors, and production of pro-
angiogenic factors during tumour progression (Wang et
al., 2005). This demonstrates that these proteases
could have more roles than simply the digestion of
surrounding ECM to allow progression and migration of

tumour.

Conclusions

Here the inventors have described a novel expression
and purification method for the production of
cathepsin propeptides, for example CatSPP. The
inventors have demonstrated that, by inhibition of
cathepsin L-type proteases using cathespin
propeptides, for example rCatSPP, tumorigenesis may
be attenuated. Given the inhibition profiles that the
inventors have seen in in vitro invasion assays using

a range of different tumour cell lines, it is clear
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All documents referred to in this specification are
herein incorporated by reference. Various
modifications and variations to the described
embodiments of the inventions will be apparent to
those skilled in the art without departing from the
scope and spirit of the invention. Although the
invention has been described in connection with
specific preferred embodiments, it should be
understood that the invention as claimed should not
be unduly limited to such specific embodiments.
Indeed, various modifications of the described modes
of carrying out the invention which are obvious to
those skilled in the art are intended to be covered

by the present invention.
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to 4 , wherein the cathepsin propeptide is a human
cat hepsi n propeptide conprising am no acid sequence
w@orrespendi ng to am no acid residues 17 to 11BCDGBRGVE/000744
cathepsin S protease as disclosed in accession no
MD0696. 6 The nethod according to any one of the
precedi ng cl ai ns, wherein the €athepsin propeptide is
a human cat hepsi n propepti de having am no acid
sequeptgigarresponding to am no aci d sequence 1-118 of
Figure 3 . 7 The nmethod according to any one of the
Brecedi ng cl ai ms, wherein the cathepsin propeptide
onpri ses an [ pariian. 8 The nethod
gccor di ﬁlg to %%é%%gé/o ftJ‘rl%lceﬁlp]érl(e)tclerl R EIA e UWhet ein
the cat hepsi rcdihides ipr at-dades iwroadhepsimn &119 &
at'‘hepsi n propeptide or, a nucleic acid encoding a
gat hepsi n pr e FHrd R&FHF miRG iieingo A
gat hepsi n pr oRepi{ 4 At BUct ¢ %Mé{)sﬁ%%%ﬁcide or
cat hepsin propeptide for use in treatment of
¢ondi tion assochutled aiadichbrgahinact icd themmmnidl or
ver expr essi f cat hepsin l-like protease. 11 The
gr opept i de o%r}r???cﬁpg:llc&a(r:}:log Sa%lcd(;rca% t9 ci&aTHe o
fherein the condition associated wi th aberrant

1 ctivity and/or overexpression of a cathepsin L-Iike
@roteas i s é.method of inhibiting overexpression of a

11 cathepsin L-like protease in cells or

12 tissue, said method comprising

13 administration of a cathepsin propeptide or
14 a nucleic acid encoding a cathepsin

15 propeptide to said cells or tissue.

16

17 3 A method of treating a condition associated
18 with aberrant activity and/or overexpression
19 of a cathepsin L-like protease in a patient
20 in need of treatment thereof, said method
21 comprising administration of a cathepsin

22 propeptide or a nucleic acid encoding a

23 cathepsin propeptide.

24

25 4 The method according to claim 3 wherein the
26 condition associlated with aberrant activity
27 and/or overexpression of a cathepsin L-~like
28 protease is a neoplastic disease, an

29 inflammatory disorder, a neurodegenerative
30 disorder, an autoimmune disorder, asthma, or
31 atherosclerosis.

32



neopl asti c di sease, an inflanmatory di sorder, a
neur odegener ati ve di sorder, an autoi nmune di sorder,
w@gaomneg340r at herosclerosis . 12 The propepti deCDGB2007/000744
nucl eic acid according to any one of clainms 9 to 11,
wherein the cathepsin propeptide is a human cat hepsin
propepti de conprising am no acé2 sequence
corresponding to anmno acid residues 17 to 113 of the
gat hepsim S prigd epsenas s td) BEFESSE B N aing 1
MB0696. 13 The propeptide or nucleic acid according to
any one of cl®% e oherain tireredthedwicatmpaitide is a
ropepti de i ' epti de havin .
I e T e
dequence 1-1k3-ief deguerecd codrkesihendiropent idei s acid
&Ecleic acid according to any one of claims 9 to 13,

erein the J&ft $ o depti e oiist | S eRP EhtS body
6C portion. Lyothedy eperiide HedUd el bn no
according to any one of clains 9 to 14 wherein
Yhecat hepsi nM206%e protease is cathepsin S. 1 6 The
se of cathepsin propeptide or a nucleic acid encodi ng
a cathepsin propeptide in the preparation of a
fredi cament  f arhe e thohtaidrdiing wordiy igR assagiat ed

gﬁth aberrant activity and/ or overexpression of a
1 precedindg claims, wherein the cathepsin

11 propeptide is a human cathepsin propeptide
12 having amino acid sequence corresponding to
13 amino acid sequence 1-118 of Figure 3.

14

15 7 The method according to any one of the

16 preceding claims, wherein the cathepsin

17 propeptide comprises an antibody Fc portion.
18

19 8 The method according to any one of the

20 preceding claims wherein the cathepsin L-
21 like protease is cathepsin S.

22

23 9 A cathepsin propeptide or a nucleic acid

24 encoding a cathepsin propeptide for use in
25 medicine.

26

27 10 A cathepsin propeptide or a nucleic acid

28 encoding a cathepsin propeptide for use in
29 treatment of a condition associated with

30 aberrant activity and/or overexpression of a
31 cathepsin L-like protease.

32



cathepsin L-1ike protease. 17 The use according to
claiml 6 wherein the condition associated wth

W@b@roga3us acti vity and/ or overexpressi on of a PEX/O8p®I7000744
L-1i ke protease is a neoplastic disease, an
i nfl ammat ory di sorder, a neurodegenerative disorder,
an aut oi mmune di sorder, asthneg3 or atherosclerosis. 18
The use according to claim16 or claim17, wherein the
cat hepsiin pr apepidxds det i@ WRmMEAIRPSH I PIRRRIEIR to
conprising am no aci d sequence correspondi ng to ami no
acid resi dueslein 401 ydesfeizhdhen it o8 Psstosisd esb

isclosed in essi . T use. accordin
?o any one opﬂgﬁﬁﬁﬁkﬁ?gﬁgb%ggggﬁﬁ%%g¥ﬁﬂ§ﬁ%c@b%ﬁﬁ&ﬁ%§s on
propepti de i 9fashunahepatimepsili ker grepidade Havieng
m no acid s%%yggpe gorresponding tq am no acid
eq R

3
i

phar maceuti c

uence 1-1

gny one of claises-aké,t @ hu MRl e Athersiddy,
ropepti de conprises an anti body Fc portion. 21 The

et 18 C5® TRE J4¢ [8TEeaAg to

an

se accor di nguteiampnenglisordiedi mestémeo 2@ wher ei n
the cathepsingggoéglggg%ggse is cathepsin S . 22 A
a

conposition conprising a cathepsin

propeptide or a nucleic acid encoding a cathepsin

lgropept&ge.

The propeptide or nucleic acid according to

11 any one of claims 9 to 11, wherein the

12 cathepsin propeptide is a human cathepsin
13 propeptide comprising amino acid sequence
14 corresponding to amino acid residues 17 to
15 113 of the cathepsin S protease as disclosed
16 in accession no M90696.

17

18 13 The propeptide or nucleic acid according to
19 any one of claims 9 to 12, wherein the

20 cathepsin propeptide is a human cathepsin
21 propeptide having amino acid sequence

22 corresponding to amino acid sequence 1-118
23 of Figure 3.

24

25 14 The propeptide or nucleic acid according to
26 any one of claimg 9 to 13, wherein the

27 cathepsin propeptide comprises an antibody
28 Fc portion.

29

30 15 The propeptide or nucleic acid according to
31 any one of claims 9 to 14 wherein the



23 The pharmaceutical conposition according to claim
22, wherein the cathepsin propeptide is a human
W@ 200hepsih propeptide conprising am no aci d SePLEGB2007/000744
corresponding to amino acid residues 17 to 113 of the
cathepsin S protease as disclosed in accessi on no
M 90696. 24 The pharnmaceuti cal64conposition according
to claim22 or claim23, wherein the cathepsin
propeptide i sazxryzEm mﬁw?}o&r&%@tﬂsd%a@é n s.
am no acid sequence corresponding to am no aci
%equence 1-118 of Figure 3 . 25 The pharnmaceutica
onposi tizon or din f. clai 22 tq 24 .
Sherein the SEnafeRe BARCRIS Brelelidban b Alsapic
£c portion. 26cTlde ephadiace et icaahepeipo piricped tdGeorid tthe
o any one of cl ai 22 tq 25 erein the cathepsin
-li ke prote§§§3a§ggépﬁeﬁ§iﬁ égglfﬁmﬁnﬁeﬁﬁﬁﬁt#ﬁ# t he
geconbi nant prEARGEINEN oFf aCRLRGRSBPEAReRL IS IR
met hod conpri sing expressing a cathepsin propeptide
Wi th an N-t epheRZRRSoREIITEILY Radyay aNenssprepisignt lnd a
gxpressed pr 3%?%b%gfyiﬁﬂgkﬁﬁb§bt%%%e@ff'n'ty

chr omat ogr aphy
9

10 17 The use according to claim 16 wherein the

11 condition associated with aberrant activity
12 and/or overexpression of a cathepsin L-like
13 protease is a neoplastic disease, an

14 inflammatory disorder, a neurodegenerative
15 _ disorder, an autoimmune disorder, asthma, or
16 atherosclerosis.

17,

18 18 The use according to claim 16 or claim 17,
19 wherein the cathepsin propeptide is a human
20 cathepsin propeptide comprising amino acid
21 sequence corresponding to amino acid

22 residues 17 to 113 of the cathepsin S

23 protease as disclosed in accession no

24 M90696.

25

26 19 The use according to any one of claims 16 to
27 18, wherein the cathepsin propeptide is a

28 human cathepsin propeptide having amino acid
29 sequence corresponding to amino acid

30 sequence 1-118 of Figure 3.

31
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The use according to any one of claimg 16 to
19, wherein the cathepsin propeptide

comprises an antibody Fc portion.

The use according to any one of claims 16 to
20 wherein the cathepsin L-like protease is

cathepsin S.

A pharmaceutical composition comprising a
cathepsin propeptide or a nucleic acid

encoding a cathepsin propeptide.

The pharmaceutical composition according to
claim 22, wherein the cathepsin propeptide
is a human cathepsin propeptide comprising
amino acid sequence corresponding to amino
acid residues 17 to 113 of the cathepsin S
protease as disclosed in accession no

M90696.

The pharmaceutical composition according to
claim 22 or claim 23, wherein the cathepsin
propeptide is a human cathepsin propeptide

having amino acid sequence corresponding to

amino acid sequence 1-118 of Figure 3.

The pharmaceutical composition according to
any one of claims 22 to 24 wherein the
cathepsin propeptide comprises an antibody

Fc portiomn.
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26 The pharmaceutical composition according to
any one of claims 22 to 25 wherein the

cathepsin L-like protease is cathepsin S.

27 A method for the recombinant production of
cathepsin propeptides, said method
comprising expressing a cathepsin propeptide
with an N-terminal polvhistidine tag and

purifying the expressed propeptide using

o W 0 N oo Ul W NP

=

metal ion affinity chromatography (IMAC).



