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| NVENTI ON 5 The present invention relates to a chineric
inhibitor protein of a protease conprising an inhibiting polypeptidic
sequence and at | east one pol ypeptidic sequence of a substrate-enzyne
interaction site specific for a protease. O her objects of the
invention are to provide a purified and isol ated DNA sequence 10
encodi ng the chineric inhibitor protein of a protease, an expression
vector characterized in that it conprises said purified and isol ated
DNA sequence, a eukaryotic or prokaryotic host cell transforned with

this expression Vﬁﬁiﬂi&o@%wﬁmﬁ%@@&o@ﬁnsgrﬂg%ﬁ L}EERﬁogch' meric inhibitor

protein. BACKGROUND OF THE | NVENTI ON all proteins
expressed by |iving organisns, R@Lﬁé@ﬁﬁﬁ§wﬁﬁﬁmﬁnbng the nost critica
in medi gting pathways of cell life and death. In fact, the initial

interactions b%mg@ﬁnﬂmﬁtﬁﬂ%&at@@&la SRS, lﬁﬁt@toﬂﬂaelﬁ Hpéﬁ&yﬁ@éon{bh&%ﬁé’age

lie at the base of a vast spectrum of essenti‘al biological évents
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bet ween prpviglases and antlproteases For exanple, in prostate

cancer, which is one of the nbst common di agnosed cancers in Anerican
men, proteases are bel i evedphexdiciyn ar pi@tatmidiol € i n the malignant
behaV|qyr of cancer cells including rapid tunor growh, invasion, and

met ast asi s. Human gl andul ar kallikrein (111(2) protein, is a
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20 These Protease inhibitor candi dates can be sel ected anong
the serpin (serine protease inhibitors) famly, which is a |arge
famly of proteins inplicated in the regulation of conplex
physi ol ogi cal processes. -These proteins of about 45 IcDa can be
subdi vided into two groups, one being inhibitory and the other
non-inhibitory. 25Sei pins contain an exposed flexible reactive-site
| oop or reactive-serpin loop (RSL), whjch is inplicated in the
interaction with the putati ve target proteinase. Follow ng the
binding to enz f the P1-Pl 'scissile bond of the
RSL, a covaﬁh‘ﬁztm& qsﬁgﬁ@ﬁ?%ﬁﬁ@gﬁf%ﬂﬁﬁ Bt Bihumen sseygel pi 35{“?- ucture
of a serpi nB@ElﬁhQ@g@sﬂaﬁm:tqexgmspvvs i nhibition by deformation” Nature
407, 923-6). EB ‘L’I on_of this conplex induces a nal;lgg: 30

&Y

conf or mat i onal At PRt CeR Hﬂpr?tﬁ@fhé BYviienipascstihab et wplicgutdtes to

target protgaseprogtitioh. vl botbnyial FeReGk for Gid eh§\%rb9énr}a§o b4, i@ﬁﬁlﬂﬁllgy
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i nhi bi t or Gn@ﬂf%ﬁefﬁm%éwmﬁwmb%mféaneeaptﬁsmmpr@él |s" ha 10
Cancer 94, 558-BRing inth& bl ?stpkdéﬁ{e’)ﬁss%é @%Iﬁ@&pﬂegmllalwt%b&%n@&%mﬁn

hl C2 and ACT is mainly attributed to residues 8- Ser 359 at
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However, these patents describ production of Tnhibitors that are
homol ogous @@“B’é\?ﬁlqﬁ?eﬁ’é%]@@%‘?‘bl@?‘%?Vf?“%dr}i’ﬁflfﬁﬁ’tl -or | Cunitz domains, and
especi aid y proteins that are honol ogous to |iproproteinassociat ed
coagul ation inhibitor (LAC, i“ Kuni tz domai ns, which specifically
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pl asma kal I*ll crej ?rlgl n a reversible of the major drawback
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pr ot eas 23 restores its activity. Therefore, one advantage of
r
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the for mat iveioh RimgeMad i@l ﬁ&ﬁﬂﬂb@m&w@mﬁ% taf3 B pRtdirhsd, iﬂ&xola&r@tﬂ?eas e
target in an irreversible manner. A further advantage of the present

i nventi on Pladipggfheycazyge mdrlearasn of thediiilescigsle hond ok e RAL-tsowqui cki y
el i m nat ededulp @it (Bhikifon o #1, 2000 “Structure of a serpin-protease complex shows

inhibition by deformation” Nature 407, 923-6). Formation of this complex induces a major

30 conformational rearrangement and thereby traps irreversibly the target protease. The inhibitory
specificity of serpins is largely aftributed to the nature of the residues at P1-P’1 positions and
the length of the RSL. Changing the RSL domain or the reactive site of serping is one



5 DI (US 5,827,662) discloses a nethod of producing reconbi nant
protease (antichynotrpsin variants) inhibitors capable of effectively
nodul ating serine protease activity. These inhibitors conprise a

hi nge region of a reactive serpin |loop (RSL) which have nodified

am no aci d sequences. According to the docunent, this hinge region is
part of the RSL and extends from positions P14 to P9 (see colum 2,
10l'ine 65 through colum 3 line 3) ang is an inportant conponent of
the loop for maintaining the inhibitory activity of serpl ns (see
colum 5, i H/\Bg Qv

al pha- 1- a%% ?@%ﬁ?&r"%ﬁ%‘?aﬁe AV a(?n:'/ssﬁ%g%%% ﬁ?ﬁ?u naélg{éé{cd% P °§| tion
358 or at pussific mbibidor3BaOB61 al. Méé,‘"éheasma:hmngmed a@dmebestduwm’is& P6-P1
|nh|b|tory sed ..15] he, nmedi cament s
for the trle %Bbiwll}hxllgﬁﬁ?ﬁnﬁoﬂ%regctm%\y%% %ﬁ%%e]@%}gg?{?ﬂ%ﬁn&nj ury or
preventi onPl@frzzcbleMdﬂml“d‘h@affe&We% Btdior MVENThi kR Rdhekeiraiee, the

obj ect of re i nventi o reconbi nant i nhi bitor
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sai d puri fiepiicans ikl ajpsid-iNAzgRguUence and a eukaryotic or
prokaryotic host cell 30transfornmed with this expression vector.
A further object of the present invention is to provide a nmethod for
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pol ynucl eqt e i.nt ence, encodi ng, serpin se uence SO
as to obt é’agﬁgt%gerscé@g#]ﬁ §uﬁ{1011 ‘ﬁl’f ‘g GBIt ey ¢ VH‘EE%W‘F?“P c)
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kallllcrelnl €S m under _sui t cQ |t|ons
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Kal |'i k¥Cei rrallibr=iBRI EF DESCRI PTI ON OF THE FI GURES Figure 1 repr esents an
SDS- PAGE anal ysi . nder n i.tions. q ur| fied nbi nant
ACT. Vari ant .eilais IH%SPE l?ﬁﬁ’lagq%fﬂ% ﬂ}fﬁﬁmﬂl{’ Ao quite %m?l—']l foales)
shows the asdbﬁd:hbbmmﬂaal}almﬁmmvémﬁla mﬁrmérsme dfthelniajol dlaybacRGITIAE and its
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that decomplexation of the protease restores its activity.
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Therefore, one advantage of using larger inhibitors, as described herein, is that this

leads to the formation of covalent corplexes which inhibits the protease target in an
irreversible manner. A further advantage of the present invention is that large covalent
complexes are Jmown to be quickly eliminated from circulation.

30



10 Figures 3 A and B show the formati on of conpl ex between hK2 and
reconbi nant inhibitors. Arrows indicate hK2 (E), inhibitor (1), and
hK2- ACT conplex (B-1). Figures 4 A and B show the inhibition of 111(2
by rACTwr and its variants under pseudo-first order conditions.
The interaction of 11K2 and reconbi nant setpins was neasured under 15
pseudo-first order conditions using prdbress curve nethod. Figure 5

cor r esporids a[f;qué 9@7%522 %gcms EYM Nl opsmm.%r&u&elﬁam pRfends @euchmh mntmaam)by

SDS- PAGE an SIS un u0| ng, conditions of inhibitors ]91;13
in exanpl es t&ﬁﬂcaﬁble?éefﬁiﬁtw‘é‘?“]ﬁtmﬂse&}‘m’“@a@ﬁﬂWtYaTWﬁh&’Fﬁs °I§f“8rfsea g
anal ysi s of rEé’tﬁ of arivictdie be@tinylodpaRILD ivhith HoetmweiSal aming avidequenats. Ax@Tdigaidlthe he
human kal | b& 1M Sfngh FELIGHE FirtQfthe I@SIEQndD endb Ebrggﬁlﬁongﬁ)élto Hol (@ ERmA A,

shows th protei n_sequences of MD820 2 sho t he
DNA and rot@???”él@’é%’ili’&‘éé h{’ﬁ’) RIBe 22 R RpTiLeorRongh Bk [‘?’Hé’r Bf\&a'%?ﬁfg\gr otein
sequences ofiniiD83 adfvigyuwf erpibXselvoiwan 1 hes B 7and prot ei n sequences of
MD67 30 Figure 7E shows the DNA and protein sequences of MD61l Figure

| F shows the |n sequ e ure 7
R
conpari son ghsiRBESSvet peicsd GT6 ABFe @nleBuW“IﬂhWhﬁiaﬁﬁd?h@“w %ﬁlﬁtﬁ’taﬁﬂﬁéﬁ used
resi duesisar gy ﬁ@%lbeﬂan&. Qf NGt ents RO Sraathent bneiRmhitRe 6F tie@si, dpafisicinigspond

to nmutation |neno e Qf AGT variants. The putative cleavage site in
semins i s mAREATHY 85 °EFi sks between the Pt-P1' residues. 5 Figure 9

represents the pQEQ expressi o . WA shows t he
I nhibition of tunmor growth by%%%q;@%m{%&géﬁcer cells DU-145 (3
x 106 C@d s), tran%@&&r@%e%ﬂchofméE@Qmm&lﬂbd 1966%!0@de23rec\6ﬁl5n€‘ant|Imlt%t'oﬁdl in

nude m ce and then ure
108 shows. ¢ G2 RIS Th Bi8E BETHEE S aUR: ) ey 1 phsgrsied Mgt
cells 1)1.1- '11145:111éh30wr01®61sc9@tnb133)mSOiaIr @mrisfomprisesdl a \airpih sequpnegrvhirain Iﬂiekﬁ‘e@?‘ﬁa 2,
\é\grR/e i mpl antgglin LQ,gﬂ"P'éjﬁS oF &R s@z@ﬁl skqléhBe &ofn@xﬁs’éﬁﬂ léé&tto?b MBEd adiibe @ sequence
Injectlon e.ln 1t.1 - -
%: grc,' é’ é a%%lﬁk%el mﬁlgatll( §ct1ve% ents req PQHIE@B{ &En%%t@ Q})‘ JVD

Cl. Prostaté? S transfected wt
human kel i keebivion theygefaad/prvpleaintbeebli n nude m ce and then treated vm th
MD Cl (5 or 50R/injection). DETAILED DESCRI PTI ON OF THE | NVENTI ON

' The present invent ifonteebigbes tedgnantionisre piogdd npHrified ad isprtet By segfiengp

pr ot €ase cOMRilifl AkedsmAnt AIIBH frirorAVINBADN Siris GORHSIRRARE Blha
| east one pol %ﬁggtsgtgipan%s%?rg lgtenp BN% ssecl['lu#r%ft_”ar?at g -eu Kar O%IOISI to%r%l{ Q%Bs't QQL

site specifi€ : mer | or’ protein
refers t3 a tpnmre‘idnvitb@f?pmesimgﬁ% or nore pol ypeptl des, Whl ch are
fromdifferent origins, i.e. whi ch do not occur toget her in the

nature. As used her ei U RERIlo8 Qor  prod I
" pol ypepti di c” pep%ugi,éfr erct apég% r,ese ﬁ &%bﬁ' a mrpg used i nt eorrcpfloalr]lcg]]nége{tlﬁ y

herein to dersqoghwfen@ltg@rqteé@f Ma”’éﬁﬁﬂn’r%‘séftﬁhﬁf‘ PRRjsgfEsteps of

a) selecting a polynucleotidic sequence encoding a substrate-enzyme interaction site specific
35 for a said kallikrein,

b) introducing said polynucleotidic sequence into a sequence encoding serpin sequence; so

as to obtain a recombinant inhibitor protein of said kallikrein,

c) allowing expression of said recombinant inhibitor protein of said kallikrein in a cell

expression system under suitable conditions,

40 d) and recovering the chimeric inhibitor protein of a said Kallikrein



connected to the other by peptide bonds between the al pha-am no and
carboxy groups of adjacent residues. 7 The chinmeric protein of
the invention is an inhibitor of a protease and is conposed of an

i nhi biting polypeptidic sequence and of, at |east, one polypeptidic
sequence of a substrate-enzyne interaction site specific for said
prot ease. The pol ypeptidi c sequence of a substrate-enzynme interaction
site confers highly selective propertfes of the inhibitor towards a
particul ar 5protease and this pol ypeptidic sequence is selected on
the basis of the protease tBxilverschibtoN ®@dmE Freuredypi cally, this

pol ypeptidi c sequence of a substrate-enzyne interaction site can be a
substrate active site sequence. "Substrate active site sequence"
refers to .. sequence fo gwgggg suhstrate and which is a preferenti al
recogni ti on S RGPS analpRIsgerigieipe opdiiong osyElisd at e acti ve
site sequeRgeuinmPACT. Vafase ] 0ak 1) 8AkilSpt ReTaeidyat i on, inactivation
or 10degradation of the substrate and nost of the time this high
affinity interaction involves the recognition not only of a specific
sequence bgfonal 1580wRfihd st:o‘i:lﬁh‘!&rf&%ﬁ)&i%t(mﬁ&}ﬂd by rACﬁ'Q;ﬁQﬁH@§§ﬁgts.%e she
present invention is also a nolecular chinera of the substrate active
si te sequelgwlotepgined peinglingreaperessipmemalets p extapelein the 4E ztip Gleythere | eot i de
sequence t hatcepy i nclude a functional portion of the substrate
active site sequence and that will be obtained, for 15 exanple, by
protein chem stry techni ques known by those skilled in the art.

Par ti cybar peeibs Rahi 9@150“91%13 foﬁﬁaﬁfﬁym%ﬁ}a@b%ﬁ M it oRBHBREE Y,

fragments or subportions thereof are also considered in the present

i nvent i on, Awows indicafeh®d taninkibiter &), apd Bg-Aekeramies E-Bhar i ng at | east 40%
amno acids in length with the respective sequence of the substrate
active site. These seq#ences,cgn be used as long as they 20 exhibit
the same pFigyet4 paud §showibe inkibitigrofdEe herdd v prstiiswiviaatls updsensenferirs e
Pref er abl yorideSRitsRITRNGEScHSH 8 K 2TRY RodnbBifn: §0hs WSl adumlyaefOr € than
80% in_particular nore than 90% am no acids 1n length with the

r especty vePseglishedercositiopnsing arogregcrivemetied e These fragnents
can be prepared by a variety of nethods and techni ques known in the
art such as for exanple chem cal synthesis. 25The present invention
al so i ncl UEEey s¥TeaRnd tothe ffaminglitof de Burke of theankibiios W SHEEAGE. The

t erm " var i agbds it @hk@cit ol dhP 8RLHiiRS dBRYIHETin 8XdnpRs aGhad, sequences
that differ to sone extent froma native Sequence pol ypeptide, that
is am no acid sequences that vary fromthe native sequence by

conser y@t i Bignad§ Aendl bidwsUbssteld Bibd A4 Fis oA [HBIYor9 RBctRh bEREL am no
acids are substituted by another with sane characteristics and

conf or mat i BREPIEEREd andifehumman ipjligeipshkIdEIgYE BB Taf (BiRFHos sess
substitutions, deletions, and/or insertions at certain positions

wi thin the am no acid sequence of the native am no acid sequence.
Conser vat iR8Ta i H™a e §Ne e proteinsraipeest i dMeP ei n defined as exchanges
within one of the following five groups: S I.Small aliphatic,

nonpol 29 Qfiguyl fObLY hPBNAlnd Sisl-RUERencA AMpeer . Thr, Pro, Gy ILPolar,
positively charged residues: H's, Arg, Lys

Figure 7C shows the DNA and protein sequences of MD83

Figure 7D shows the DNA and protein sequences of MD67
30

Figure 7E shows the DNA. and protein sequences of MD61

Figure 7F shows the DNA and protein sequences of MD518

35  Figure 7G shows the DNA and protein sequences of MDCI



| LLPol ar, negatively charged residues: and their am des: Asp, Asa,
GQu, Gn IV.Large, aromatic residues; Phe, Tyr, Trp 5V.Large,
al i phatic, nonpolar residues: Met, Len, Jle, Val, Cys.
Preferably the substrate of the present invention is a serpin, in
this case the substrate active site sequence nay be a Reactive Serpin
Loop sequence, fragnents thereof, a nolecul ar 10chi nera thereof, a
conbi nation thereof and/or variants thereof "Reactive Serpin
Loop" or "Reactive Site Loop" or RSL fefers to an exposed flexible
reactive-site loop found in serpin and which is inplicated in the
i nt er act i offighre hreprawnipeeomppnsen @&%@ql@m@@ﬁ.mﬁwiﬁbmrﬁsihme on
the am no i i ChsSSi L £ he
bond. 1 051 Qaser g BATTSE LB el e PR Bl SRS
t hat f ol | ownf AGE valeeisiThspitaivhdrmlagasits io sdmieds Biked bP2sterisRIetweeat the P1-
Usual |y, t??’r@s‘?‘alnesi s conposed of 6 to 12 am no acid residues.
This RSL sequence can be selected fromthe group conprising the SEQ
ID No 16, 17, 18, 19, 20, 21 and 22, fragtnents thereof, nolecul ar
chinmeras t iarme_cgl,e rcs%gsbghna@jf,goens t her e?f and/ or variants thereof RSL
sequence may alse be sel Bet eGP ORI THE ¥} ol | owi ng possibilities shown
intable L 25 9 Table | Positions in the RSL which can be changed
POS| T1ONS |y, I BT NG ) T L P PpAPRRPRIBIRS. B3 P, il TS
x 109 cells), transfected with human kallikrein 2, were implanted in nude mice and then

10 treated with MD 62 (5 or 25pug/injection).

Figure 10B shows the inhibition of tumor growth by MD 67. Prostate cancer celis DU-145 (3
x 10° cells), transfected with human kallikrein 2, were implanted in mode mice and then

treated with MD 67 (5 or 25ug/injection).

15
Figure 11 shows the inhibition of twmor growth by MDD CI. Prostate cancer cells DU-145 (3 x
108 cells), transfected with human kallikeein 2, were implanted in nude mice and then treated
with MDD CT (5 or 50ug/injection).

20

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a chimeric inhibitor protein of a protease Ecmprising
25  an inhibiting polypeptidic sequence and at least one polypepiidic sequence of a substrate-
enzyme interaction site specific for said protease,
“Chimeric inhibitor protein” refers to a protein comprising two or more polypeptides,
which are from different origins, i.e. which do not occur together in the nature,
As used heyein, the texms “protein”, “polypeptide”, “polypeptidic”, “peptide” and
30 “peptidic” are used interchangeably herein to designate a series of amino acid residues
connected to the other by peptide bonds between the alpha-amino and carboxy groups of

adjacent residues,
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"The chimeric protein of the invention is an inhibitor of a protease and is composed of
an inhibiting polypeptidic sequence and of, at least, one polypeptidic sequence of a substrate-
enzyme inferaction site specific for said protease. The polypeptidic sequence of a substrate-
enzyme interaction site confers highly selective properties of the inhibitor towards a particular
protease and this polypeptidic sequence is selected on the basis of the protease to be inhibited.

Typically, this polypeptidic sequence of a subsirate-enzyme interaction site can be a
substrate active site sequence. “Substrate active site sequence” refers to a sequence found on
a substrate and which is a preferential recognition site for 2 protease. Recognition of the
substrate active site sequence by a protease can lead to the activation, inactivation or
degradation of the substrate and most of the time this high affinity interaction involves the
recognition not only of a specific sequence but also of its 3-D conformation.

Encompassed by the present invention is also a molecular chimera of the subsirate
active site sequence. By “molecular chimera” is intended a polynucleotide sequence that may
include a fanctional portion of the substrate active site sequence and that will be obtained, for
example, by protein chemistry techniques known by those skilled in the art.

Particular combinations of the substrate active site sequence or fragments or
subportions thereof are also considered in the present invention.

“Fragments” refer to sequences sharing at least 40% amino acids in length with the
respective sequence of the substrate active site. These sequences can be used as long as they
exhibit the same properties as the native sequence from which they derive, Preferably these
sequences share more than 70%, preferably more than 80%, in particular more than 90%
amino acids in length with the respective sequence the substrate active site.

These fragments can be prepared by a variety of methods and techniques known in the
art such as for example chemical synthesis.

The present invention also includes variants of the substrate active site sequence. The
term “variants” refer to polypeptides having amino acid sequences that differ to some extent
from a native sequence polypeptide, that is amino acid sequences that vary from the native
sequence by conservative aming acid substitutions, whereby one or more amino acids are
substituted by another with same characteristics and conformational roies, The amine acid
sequence variants possess substitutions, deletions, and/or insertions at certain positions within
the amino acid sequence of the native amino acid sequence. Conservative amino acid

substitutions are herein defined as exchanges within one of the following five groups:



SCGRL TLRF WRN RNKL MRNA TRDR TGSRD | MSRQ LTTSK FRKI

Am no aci d sequence of P4-P3' residues in RSL (Reactive Serpiu Loop)
corresponding to potential 5substrate peptide Bl ank spaces indicate
that there is no nodification needed in order to obtain substrate
specificity to 111(2. Usually the protease is selected fromthe group
conprising kallikrein, chynmotrypsin (Chtr), urolcinase (uPA) and
human neutrophile el astase (TINE) enzynes. Preferably, the 10
protease is a human kallikrein, nost p¥eferably this human kallikrein
is 111 C2 (al so known as hG C1). L1C. 2 belongs to the the

kal i krein gene Sualtiatiphatithionpoldr sr dighiigsReregdued Blaybart Py @ly onl y the
Prostate Sp c Antigen (PSA nd hK2 are expressed at a
hi gh | evel by tle)é?laI’ ?flt%e%gll %mSl@'Pé%% :’iﬁag Yoot enti al physiologic role
of hK2 is tln:e prfvataea&gyﬂme@ ch@ g ldsOMd Eeir tuiidess AG A Tl @pPi Ny gel

formed i nme after ejaculation, particularly the cleavage of
semenogel i n géP&FOB%%‘HF% os: Phe: 2l i on, it was denonstr at ed in an

in vitrostest t Hakge, hl@aﬁ@ﬁbnpﬂmmeg m@puunﬂg vigecgr-om h factor's (1GF)
m togenic action by I GF binding protein 5F1ydro| ysis. in vitro studies

al so showed that hK2 activates prouroki nase, generate bradykinin-
|'i ke substances from ki ni nogens (potential cross-activation of
EGF-receptors vi receptors). and converts proPSA into

a 32 bradyl cinj
an active form ﬁﬁeéé@? #ﬁsﬁg‘aﬁéﬁéf’f e nrpseat pvapiion S @HerPin, i Hirertedba shbsig or  of

a potenti al adh@é Bte 8dqudnadBayitd agxécamlﬂnmcaﬁ sdiBdnbd, FagdicRts RleRofISAbRARE T ON
m gratl on of prostate cancer cells.

and cong E ehui % det ach nt and
hi addit T Ere?:fo"tﬂo peyion HREACRY/AT BEEkt e Oincer devel opnent by
rel ease of m togaeﬁcﬁvd‘mgirm@olaf@ REEEM B QIdpOdr RN to 28 €RREA MSxible

reactive-site loop found in serpin and which is implicated in the inferaction with the putative
target protease, From the residus on the amino acid side of the scissile bond, and moving away
from the bond, residues are conventionally called P1, P2, P3, etc. Residues that follow the

15  scissile bond are called P1°, P2°, P3’, ete. Usually, the RSL is composed of 6 to 12 amino acid
residues.

This RSL sequence can be selected from the group comprising the SEQ ID No 16, 17,

18, 19, 20, 21 and 22, fragments thereof, molecular chimeras thereof, combinations thereof
and/or variants thereof.

20 RSL sequence may also be selected among the following possibilities shown in table I,

23

30



In case the protease to be inhibited is a cystein protease, then this
protease is selected 15 fromthe group conprising cathepsins (K, L,
and S subtypes), the prohmmone thM proteinase and the caspase famly
(Caspases 1, 3, 4, and 8). Cystein proteases, which are proteolyric
enzynes that utilize a cystein residue for their catalytic activity,
can be grouped in at |least 30 protein famlies. Each famly contains

proteins with simlar am no acid sequences and evolutionarily
conserved sequence notifs which 20 reflects the famly nmenber's
simlar 3D structures. The inhibiting pol ypeptidi c sequence of

the chinmeric inhibitor protein isTdslea@al |y a serine or a cysteine

pr ot ease. In the case the _inhibitin ol,ypepti di c sequence is
froma serine proteas ﬁﬁﬁﬁﬂﬂﬁgﬁégfgﬁﬁﬁﬂﬁﬁ%ﬁ&ﬁﬂoLypepLLdic sequence
is preferably a serpin sequenwesnfermgmestert her eof, a nol ecul ar

chi mera thereof, —sescomgrmati on st hergof —@nd/&r—vegTamys thereof. This
sem n sequence c > ] L — i.sing the ai-

| anti chynmotrypsin (ACT), proteiin C gnhibitox (PCl),
0z--lantiproteinase (AAT), thumgh al &ntifrypsin-related protein
precursor (ATR), ce-2-plasnin iwmhibeators(AA P), human anti- 30

t hronbi n-El precursor EATIII), fprotPaseginhibitor 10 (PI10), human
col l agen-binding protein 2r precursdr (©3P2fF, protease inhibitor 7
(PI7), protease inhibitor lyeuserping2 (BHLS2), hdman pl asma protease
A inhibitor (A INH), nondcytel neutrophpil €l astase jnhibitor (MNE),
pl asm nogen activator inhilei tora3 (Al 33, protease inhibitor 4 (Pl4),
protease inhibitor 5 (PI5)S 1% proteasg infibitor 12 (PI12), human
pl asm nogen activator inhibitor-1 precutsor sendet held al (PAH), human
pl asni nogen activator inhibiton-2 pfaceftal i(PAM2), hunman pi gment

epi t hel i um deri ved fact or grec®%xN§(PEpF),Pprotease inhibitor 6
(PI6), protease inhibitor (PlaE) , proteasesi nhigbitor 9 (PI9), human
squanous cell carcinong antigef 1 (SCCA!1), human 5 squanous cel
carci noma antigen 2 (SCCA-2), Tﬂ-bimdin@ gl ebul iPn (TBG, Megsin, and
protease inhibitor 14 fPIlﬁ), fragd%ntsvtheéeofp nmolyecul ar chi nmer as

t hereof, conbinations thergof dnd/ vafiangs thereof.

Since nost of these serpins hawe dif fergnt manmes, we include bel ow a
tabl e 10summari zing their specigficdiion$: Tablelll Serpin Accession
Number RSL sequence Pl or AAT, MAT RHUVIMN AL®HA- E- ANFI TRYPSI N
PRECURSOR ( ALPHA- 1 PROTEASE | Nl Bl BOR) { ALPHA- 15 ANTI PROTEI NASE)

opl P010001 GTEAAGAMPLEAS PJBI E@E PI3. orf Al Al1AU_HUMVAN
ALPHA- 1- ANTI TRYPSI N- RELATED P e El I‘g PRECUR b K L
‘ S R -

T
1
L T
p

m-E®
D
ARADD
- Ppoo=z

Amino acid sequence of P4-P3’ residues in RSL (Reactive Serpin Loop) corresponding to potential
5 subshate peptide

Blank spaces indicate that there is no modification needed in order to obtain substrate specificity to hK2,

Usually the protease is selected from the group comprising kallikrein, chymotrypsin
(Chtr), urokinase (uPA) and human neutrophile elastase (HNE) enzymes. Preferab ly, the
10 protease is a human kallikrein, most preferably this human kallikrein is hK2 (also known as
hGX-1).
HK?2 belongs to the the kallikrein gene family which is composed of 15 members but
only the Prostate Specific Antigen (PSA or hK3) and hK2 are expressed at a high level by the



3pl P203481 GTEATGAPRLEEKAWSKYOT Pt.! OR AAP, A2AP_HUMAN
ALPHA- 2- ANTI PLASM N PRECURSOR ( ALPHA- 2- PLASM N | NHI Bl TOR)

(ALPHA- 2- Pl ) (ALPHA-2- AP) 5pl P086971 GVEAAAATS/ ANSRVBLSSF MCI, AACT
HUMVAN ALPHA- 1- ANTI CHYMOTRYPSI N PRECURSOR ( ACT) sPI P010111
GTBASAATAVKI TLLSALVE AT3, ANT3_HUMAN ANTI THROMBI N- 111 PRECURSOR
(ATI11) 5p1P01008( GSZAAASTAWI AGRSLNPN PI 10, BOVA HUVAN BOVAPI N

( PROTEASE | NHI BI TOR 10) spl P485951 GTEMAGSGSBI DI Rl RVPS CBP2, CBP2
HUMAN COLLAGEN- BI NDI NG PROTEI N 2 PREGORSOR (COLLI G N 2) spl P50454(
GNPFDLNI TGREELRSPKLY PI'7 or P141, GDN_HUVAN GLI A DERI VED NEXI N
PRECURSOR PRERy QrRONEREmURETel9gjc plpethke)is rRoFeRsepmidial fOR 7)

8pl PO7093| C SSPF QOFACTOR 1 |
PRECURSCR TEC, T DROTEAGE T R B TOR TR N oo LSS 2o possa6L
GTQATTVTTV O1ertior IGHliNgn, It Ges @umﬂaﬂmgwmﬁmmm

| NHI BI TOR Eﬁ%ﬁ%&ﬁ(@& o%&l'}gcto? S I(I%?ﬁ]iﬁ)o%éuc action by IGF binding protein

5  hydrolysis. I vitro studies alsc showed that hK2 activates prourokinase, generate bradykinin-

=

like substances from kininogens (potential cross-activation of EGF-1eceptors via B2
bradykinin receptors) and converts proPSA into an active form. These hK2 activities represent
arguments in favor of a potential role of hK2 in extracellular natrix protein degradation and
consequently detachment and migration of prostate cancer cells. In addition, hK2 could

10 enhance prostate cancer development by release of mitogenic factor and activation of growth

receptors.

In case the protease to be inhibited is a cystein protease, then this protease is selected
15 from the group comprising cathepsins (K, L, and S subtypes), the prohormone thiol proteinase
and the caspase family (Caspases 1, 3, 4, aud 8).
Cystein proteases, which are proteolytic enzymes that utilize a cystein residue for their
catalytic activity, can be grouped in at least 30 protein families, Each family contains proteing
with similar amino acid sequences and evolutionarily conserved sequence motifs which

20 reflects the family member’s similar 3D structures.

The inhibiting polypeptidic sequence of the chimeric inhibitor protein is nsually a
serine or a cysteine protease,

In the case the inhibiting polypeptidic sequence is from a serine protease then this

25  inhibiting polypeptidic sequence is preferably a serpin sequence, fragments thereof, a
molecular chimera fhereof, a combination thereof and/or variants thereof,

This serpin. sequence can be selected from the group comprising the o—
lantichymotrypsin (ACT), protein C inhibitor (PCI), e—lautiproteinase (AAT), human o
lantitrypsin-related protein precursor (ATR), a—2-plasmin inhibitor (AAP), human anti-

30 thrombin-II precursor (ATIIL), protease inhibitor 10 (PI10), munan collagen-binding protein 2
precuzsor (CBP2), protease inhibitor 7 (P17), protease inhibitor leuserpin 2 (HLS2), human
- plasma protease C1 inhibitor (C1 INH), monocyte/meutrophil elastase inhibitor (M/NED),
plasminogen activator inhibitor-3 (PAI3), protease inhibitor 4 (PI4), protease inhibitor 5 (PI5),



GVEAAAASAI SVARTLLVFE ELANH2 or P12, |LEU HUVAN LEUKOCYTE ELASTASE
I'NHI Bl TOR (LElI) (MONOCYTE/ NEUTROPHL ELASTASE | NHI BI TOR) (M NE!) (El)
5pl P307401 GTEAAAATAG ATFCHLMPE PCl or PLANH3 or PROCI, | PSP_HUMAN
PLASMA SERI NE PROTEASE | NHI Bl TOR PRECURSCR (PCl) (PROTEIN C

| NHI Bl TOR) (PLASM NOGEN ACTI VATOR | NHI BI TOR-3) (PAI3) sPl P051541
GTRAAPATGTI FTFRSARLN Pl 4 or MT, KAIN_ HUNAN KALLI STATI N PRECURSOR
(KALLI KREI N | NHI Bl TOR) ( PROTEASE INHI | TOR 4) spl P29022I
GTEAAAATTFAI KFFSAQ N P15, MASP_HUMVAN 'MASPI N PRECURSCR ( PROTEASE

| NHI BI TOR 5) spl P369521 CGDS| EVPGARI LORKI DELN PI 12, NEUS_HUMAN
NEUROSERP 1IN0 PREGURSTRE Ra;tmsaﬂasmmomnﬁmamym@r@wmr endothelial

CoEAATSCe A SO S a0 FOPAE A o, oo
GTVASSSTAWPVS?MWKII@E@ oo Ppresurse (ABPB), privedsinkHuk N (BOASMENOBIERMIBRET] VATOR
8121 i o B R U SR

GTEAAAGT GRI G
5 squamous cell carcinoma antigen 2 (SCCA-2), T4-binding globulin (TBG), Megsin, and

protease inhibitor 14 (P114), fragments thereof, molecular chimeras thereof, combinations

thereof and/or variants thereof, .

Since most of these serpins have different names, we include below a table

10 summarizing their specifications:

Table IT
Serpin Accession RSL sequence

Number
P1 or AAT, ATAT_HUMAN ALPHA-1-ANTITRYPSIN PRECURSOR sp{P01008| GTEARGAMELEATPMSIPPE
{ALPHA-1 PROTEASE INHIBITOR) (ALPHA-1-
ANTIPROTEINASE)
PIL or ATR, A1AU_HUMAN ALPHA-1-ANTITRYPSIN-RELATED spiF20848| GTEATGAPHLEEKAWSKYQT
PROTEIN PRECURSOR
PLI OR AAP, AZAP_HUMAN ALPHA-Z-ANTIPLASMIN splP026T7} GVERAARTSLAMSEMSLSSF
PRECURSOR {ALPHA-2-PLASMIN INRIBITOR) (ALPHA-2-PY)
(ALPHA-2-AF}
AACT, AACT_BUMAN ALPHA-1-ANTICHYMOTRYPSIN spiPO1611| GTEASAATAVKITLLSALVE
PRECURSOR (ACT}
AT3, ANT3_HUMAN ANTITHROMBIN-Il PRECURSOR (ATHY) sp[PO1CO8] GSEAAASTAVVIAGRSLNEN
P10, BOMA_HUMAN BOMAPIN (PROTEASE INHIBITOR 10) 5p|P48595] GTEAARGSGSETDIRIRVPS
CBP2, CBP2_HUMAN COLLAGEN-BINDING PROTEIN 2 . sp|P50454] GNPFDQDIYGREELRSPKLEF
PRECURSOR {COLLIGIN 2}
P17 or PN, BDN_HUMAN GLIA DERIVED NEXIN PRECURSOR sp|PO7083| GTKASAATTATLIARSSPEN
{GDN) (PROTEASE NEXIN [} (PN-1} {PROTEASE INHIBITOR 7}
HCF2, HERPZ_HUMAN HEPARIN COFACTOR Il FREGURSOR splPO5a46( GTQATTVTTVGFMPLSTQVR
(HC-1) (PROTEASE INHIBITOR LEUSERPIN 2) (HLS2)

sp|PO5155] GVEARARSATSVARTLLVEE

G1NH or 1IN, 1C1_HUMAN PLASMA PROTEASE C1 INHIBITOR
PRECURSOR (G1 iNH)

ELANHZ or P12, ILEU_HUMAN LEUKOCYTE ELASTASE sp[F30740] GTEAARATAGIATFCMLMPE
INHIBITOR {LEI) {MONQCY TE/NEUTROPHIL ELASTASE

INHIBITOR) {M/NE3) (D)

PCI or PLANHS or PROCI, IPSP_HUMAN PLASMA SERINE splP05154| GTRARRATGTIFTFRSARLN
PROTEASE INHIBITOR PREGURSOR {PCl) (PROTEIN ©

INHIBITOR) (PLASMINDGEN ACTIVATOR INHIBITOR-3) (PAI3)

Pl4 ar KST, KAIN_HUMAN KALLISTATIN PRECURSOR spiP29622| GTEAAARTTFAIKFFSAQTN
(KALLIKREIN INSIBITOR) (PROTEASE INHIBITOR 4}

PI5, MASP_HUMAN MASPIN PRECURSOR (PROTEASE sp[P36052| GGPEIEVPGARILQHKDELN
INHIBITOR &)

PI12, NEUS_HUMAN NEUROSERPIN PRECURSOR {PROTEASE spj00574| GSERAAVEGMIATSRMAVLY
INHEBITOR 12)

PAI1 or PLANH1, splP05121|PAH_HUMAN PLASMINOGEN sp[PO5121] GTVASSSTAVIVSARMAPEE
ACTIVATOR INHIBITOR-1 PRECURSOR, ENDOTHELIAL (PAl-1)

PAI2 or PLANHZ, PAIZ_ HUMAN FLASMINOGEN ACTIVATOR 5p|P0G120| GTEAAAGTGGVMICRTGHGE

INHIBITOR-2, PLACENTAL (Pah2) (MONOCYTE ARG- SERFIN)




PEDF, PEDF HUMAN PI GVENT EPI THELI UM DERI VED FACTOR PRECURSOR ( PEDF)
(EPC-1) spl P36955] GAGTTPSPOLOPAHLTPPLD PI 6 or p-n, P115 HUMAN
PLACENTAL THROVBI N | NHI BI TOR ( CYTOPLASM C ANTI PROTEI NASE) ( CAP)

( PROTEASE | NHI BI TOR 6) 8pl P352371 GTEAAAATAA/ MAMRCARPV P18,

P11 8_, HUMAN CYTOPLASM C ANTI PROTEI NASE 2 (CAP2) (CAP-2) (PROTEASE

| NHI BI TOR 8) Spl P504621 GTBAAAATAVWRNBRCSRNE P19, P119 HUMAN
CYTGPLASM C ANTI PROTEI NASE 3 (CAPS) (CAP-3) (PROTEASE | NHI Bl TORS)
3141504531 GTBAAAASSCFVWAECCNES SCCA1 SCC1_ HUMAN SQUAMOUS CELL

CARCI NOVA ANTL: | 1 L Q(‘(‘A-1 ) (PROTEIN T4-A) sp| P295081
£ (W] NOLKS. CEL CARCLNOVA
CABATAME Tt ) Sg e Ee
ANTI GEN 2 ( SC0AFREIUR{oR 1) SPI 941 GV TA
THEI G_HUNAW@WR@?QHWPB!GWLN@D@@BWh N TPREREEREQ
GLOBULI N) silirasss 31 CRERRAVPEVEESDUENTP MEGSLIN gi | 4505149| r ef | N
FI8, PTI8_HUMAN CYTOPLASMIC ANTIPROTEINASE 2 (CAP2) sp|P50452] GTERAARTAVVRNSRCSRME
(CAP-2) {PROTEASE INHIBITCR 8)
P19, PTI3_HUMAN CYTOPLASMIC ANTIPROTEINASE 3 (CAPS) sp|P50453] GTERAAASSCFYVAECCMES
(CAP-3) {FROTEASE INHIBITOR )
SCCA1, SCC1_HUMAN SQUAMOUS CELL CARCINOMA spfPzgs08] GABARRATAVVGF@SSPAST
ANTIGEN 1 (SCCA-1} (PROTEIN T4-A)
SCCAZ, SCC2_HUMAN SGUAMOUS CELL CARCINOMA sp{P48594| GVERRAATAVVVVELESFST
ANTIGEN 2 {SCCA-2) (LEUETN)
TBG, THBG_HUMAN THYROXINE-BINDING GLOBULIN splP05543] GTERARVPEVELSDQPENTF
PRECURSOR {T4-BINDING GLOBULIN) )
MEGSIN 9i|4505148]relN GTEATARTGENIVEKQLPOS
P 0037754
PI14, pancpin, TSA2004 gl|3724282]du)IB GSEAATSTGIHIBVIMSLAG
AA337EG,1]

As an example of chimerio inhibitor proteins according to the invention, Applicants
have surprisingly found 6 new chimeric inhibitor proteins specific for the protease hK2 as

5 resumed below in table I, these inhibitors are:

TagLE HI

Chimeric Other name SEQID N°

inhibitors (protein)
I'A.CTg_m MDE20 2
rACT,, MD62 4
l'ACTs_g MDE83 6
rACTeq MD&7 8
rACTs. MDé&1 10
ACTg, MD518 12
10 These chimeric inhibitor proteins have been obtained by modjfﬁng the RSL of ot 1-

antichymotrypsin (rACT), which {5 known to inhibit a large panel of human enzymes such as

chymotrypsin, mast cell chymase , cathepsin G , prostatic kallikreins hK2 and PSA (hK3), in

order to change the specificity of this serpin. Peptide sequences, selected as substrates for the

enzyme hK?2 by phage display technology as explained in detail in Example 1, have been used
15 to replace the scissile bond and neighbour amino acid residues of the RSL. Recombinant

inhibitors were produced in bacteria and purified by affinity chromatography.



P 00377511 GTEATAATGSNI VEKQUQS PI 14, pan*, T5A2004 g1l 3724284113) 113
AA33766. 11 GSEAATSTA MPVI MSLAQ As an exanple of chinmeric) inhibitor

proteins according to the invention, Applicants . have surprisingly
found 6 new chineric inhibitor proteins specific for the protease EC
as 5Sresuned belowin table I'll, these inhibitors are: TABLE II

Chimeri cQ her naneSEQ 1D N i nhi bitors(protein) rACT8.20VMD8202
r ACT6, MD624 r ACT8. 3MDB36 r ACT6aMD678 [,ACT6. 1IMD6110 ACTsaMD51312
10These chineric inhibitor proteins have been obtained by nodi fying

| B ge panel o R B AL AT fhiek MR B R D9t o ihace

, cat hepsi rAGTs hapé ek Abwistohahl o co @l db&pm@v@y\@z&% (hhhl@\)/mlduﬂzs ander to

Cuborr at oe B kit irasel b REB By ROy e T o

expl ai ned iaAd 49! MdubatingwiExargéees ol“whibﬁ&@([ﬂ@@], dﬁ@ﬁl}%ﬁfﬁbﬁuﬂu&?'hﬁﬁ% the
am no acid residues of the

scissile bond and. n

Reconbi mant“FHEFY ?”(h%f'tgiwgnﬁr‘é@@ﬁe@qi‘m Hd A elon Jrhaises rﬂGﬁ 26 @éd by
affinity chpompleesaRbyy% andB % of enz &ekpbc@vel. lfladr e oddMeh, witdhi Ch
inhibited 1iK2 very slowy. (12-16h), the nodified rACTs have been

shown to fd&We r%c%@\?‘éﬁdé}‘?tmh@&f?ﬁ PRSIty B dgRe RS fererERemiseilo fhRlitead
Three of thecsi,y afe@&&ﬁv ﬁqrm@ni&ﬂ%mw@g& o?da%étédl eﬁzy&ﬁ B Lot Uikt QK'CTW

associ ation constants, (se V and VI). ‘Incubating wth an
excess of A4 Fbi’”glb’(“[dﬂwl[ lﬁ‘f Ei 36% ang A00P4 refnsptivelg: A wildetgns ACRKeipn 5
conpl et@l y rhohi,Pikigietd BY to e Berypsif il Rotes ACEE @G, ol EEBTnap& BAS

r ACT8, 20 and, r ACT5. 18 |nh| blte 95 % and, 73 % of enzyme activity,
respect i velR HitFrdiope offiedecerghignnt sesins sogved mbipisery polieity aghigtés kelbikrein
i nhi bi ti onpAaCkiMiply toward 111(2. Anong these variants, two (rACT8.3

and r ACT5, 18) are.specific to hK2, inhibiting no other tested enzyne.
Two ot her vari gHgdionafinenpbicantsiaye Jisadorgd thatrepiacie fesiduog £3-Ra) lpeapiinRSL3s o4

and 100% r esjeeed df AL B bdubMalehetidtRidd6oking\t@iled L, of Protein € inhibitor (PCT)
15 lead to the production of a chimeric inhibitor (MDCI) which is able to inhibit kallikreins hK2
and hI{3.
Therefore, the chimeric inhibitor of a protease may be selected from the group
comprising MD820, MD62, MD61, MD67 and MDCL Preferably this chimeric inhibitor
protein is MD62 or MD61.

It is known that a Stoichiometry of Inhibition (8I) value superior to oue is generally
interpreted as substrate behaviour of serpin. In this scheme, after formation of an initial
Michaelis complex and cleavage in the RSL, most of the complex is broken down into active
enzyme and cleaved inhibitor which is definitively inactivated. Applicanis have analyzed ACT

25  variants-hK2 reactions for non complex forming cleavage of the inhibitor, incubating the
samples at a 10:1 fold excess of inhibitor to protease. These conditions, close to or below
calculated ST values of the tested ACT variants (see Table V1), normally favour proteolysis of
sexpins or serpin-protease complexes. Surprisingly, Applicants have observed a discrepancy to
this hypothesis since degradation of variant ACTs by hK2 was not observed despite high SI

30  values, Without wishing to be bound by the theory, a possible explanation for the lack of ACT
degradation is the condition under which the SI detenmination was performed. Covalent

ACTs-hK2 complexes are forming in vitro very slowly. This is in agreement with our



10 rACTs. 20 inhibited the two chynotrypsin-like proteases Chtr and
PSA but additionally also PK and HNE. None of the reconbinant serpins
showed inhibitory activity against the kallikrein hKL and uPA
Additionally, applicants have al so found that replacing residues
P3-P3' located in RSL structure of rACTw by substrate pentapeptide
coding for the RSL of Protein Cinhibitor (PCl) 15lead to the
production of a chineric inhibitor (MDC) which is able to inhibit
kal l'i kreins hK2 and | a3. Therefore, tHe chimeric inhibitor of a

prot ease nmay be selected fromthe ?pup conprising MX820, M»%2, M)61
MD67 and | \Piscpiionghad plisr dhputesinaibation AedsT eng AHpHs S DV wilditypsARDG 2
or MX61. 9Qaspeen delebted EabBQYha tiRPdveafich RhbiYe0 FBIbhon f 370 kD vt &ty (S )
val ue superior _to one is generally interpreted as substrate behavi our
of ser pi n. PRtalsPwpleeh sk wildivperCT Ghggadon of an initial Mchaelis
conpl ex and cl eavage in the RSL, nost of the conplex is broken down
into active enzyne and cl eaved inhibitor which is definitively

i nacti vat ed. piieenis bave lalay esseased by spedi iAETRE IBsepay indititys tovaz ofhemct i ons
for non co f ek G i .nhi i R L t he
sarpl os ar TRt T8 BB AR nch i) (Vb bbio 36 R 0

condi t i ons (Pseddevbysiolpgisel chulitions) nadrdsy focemen Sistter fhnsbiondbr fuffer tieved ACT
vari ants ; i i or
Bl ey L AUPAE LS BB, QST 0D

ser pi n- pr ot e cqu ave observed a
di scr epanc yastchangei wildiynsdidsio bighly mnsitivhaliibitbest fHrdi2 dh additionamd ofXTFs by
111(2 wags aghs; g]gg LS G Y i.shi.ng to
be boun b?ﬁfﬁgpgﬁggfyj §g%%§?%#e exﬁPgﬁgyﬁggﬁég?M%%gﬁﬂgﬁﬁ% &%T
degr adat i offrgessimiks biolyaighl sibsitategriey aswhabodkalliinsinGHK i BS A rakimatei(@id)was

per f or med. 15: : f 1.NG: b Vi L L ery
Bouty " TN EsE ke didloalise EREP 18 SRR b ALR it ol PY 5
m nut es | n&GEWRINS e develRBaeniof 4 spiyifisihitdior fof BIK2 with wil d-type ACT has

been det ected (kabkifa)kadhd &h@b@g@gg&gﬁ%@% %ﬁgg%géﬂ‘ﬁ\%#b%&ison at

37C, hIC. 2 was only parplarqy co t typ I (Figure
3). S5APPI i ¥atdvelasmy kallframand dumacéagtasehispreysetie £ bropd iphibjtion srecifcitiew

i nhibitors toward ot her protease& The eval uati on has been perforned
under the sanme conditions for all proteases (pseudo-physiol ogical
condi tions) i nThp@Eblingrabmeide sepupse pidhe shiners bibiterotesy eyl her i n
vivo appl i %éc@ﬂ&naIﬂ%inQ?fo%%b&Hex@ﬁw Rthy ShER%AYGelBldcEmiRda NK2 phage
di splay selected substrates has changed wild type ACT into highly
sensi tive inpipoRs of ihiditiop pf qyreine arefeasesdy sameins (Gedies 1o M.R6%Sewini nhi bi t or s
showed 78 UGl GHR, h&BGEshY hdaunMide? il Grlern. 0108075 M08, Blelihamtiidh e
enzymes known to target simlar biological substrates, such as plasma
kal 1i kr ei nirbiaken ofpsthensing loids 118 § & {bhg Fapin squpmions aekeearcinet #eigmmli ighikifiens t ase
(ENE) . To ARRIbERN Bicknomhad8fme &N hfichRndiRin|, biShnitifRQUr lneABH b NG
the devel opnment of a specific inhibitor for 1IC2.

| nt er est i ngFR7Se fFpbTNg0e pameBbOyeisiking i Wrtee geyneC2smpsh and

chyi not rypgigase 58 he REIRerbn MBRKINBABSITE akfd tyl i 1Rinth ARgh BBiMan

el astase, representing a broad inhibition specificity. The

i nhi bi % ng pol ypeptidi c sequence of the chimeric inhibitor protein

may al so be selyggl @b iRhtyed £ BH1HkS BRBRe EVE&ic kB B6tBnBr NOW a
nunber of wel|-docunented instances of inhipition of cysteine

pr ot eases AYOIEEiprererdprce pith e ppser inveptiopgrypleic s ppigeules osfaeniettur e,
mechani Smth%@ejcmm%jmgﬂﬁdga@%efﬁﬁﬁyusgcQZ, 4751-4803). These _
exanpl es i ncl ude i nhi bi tion of catheﬁ5|ns IC, L and S by the serpin

squanmous cel | Esrérnberrespitigeion alse sekifehfota nonfiagnodisdtiedRINeG saakinet

prot ei fbas%n&?iné ﬁll@ clﬁﬂl&ﬁlti ﬂ%frﬁgﬂéﬁﬂ@?é%otfas?gkdde%cﬂﬁ%d% ,on of menbers of

the caspase famly, icluding caspas Interleu ine 1/3 conveni ng
enzyne), caspaseugiiedandisclaicpBlé sauengetrplersid thagtaisiaxpich themnoleiagsifl

molecule encoding the chimeric inhibitor protein of a protease of the invention, or nucleic acid



Therefore the present invention also relates to a purified and

i sol ated DNA sequence 30 encoding the chineric inhibitor protein of a
prot ease as descri bed above. "A purified and isol ated DNA
sequence" refers to the state in which the nucleic acid nolecule
encoding the chineric inhibitor protein of a protease of the
invention, or nucleic acid 15 encoding such chineric inhibitor
protein of a protease will be, in accordance with the present
invention. Nucleic acid will be free & substantially free of
material with which it is naturally associated such as ot her

pol ypept i dewcesingnubichiericiniibitor piotetn ofn proteask will b, iheendation with e pateutr al
envi r onment; I d el |
Ul tur o) wrsr s RRLRHasAREERl o Dol deb ot Ao B

t echnol ogy prsacinicd sich asmthwr Ltoﬂxpelﬂmdca omnuciemcamds with wHDiAL fefouchinétamtibed used

herein is | vd rtucl o uenc |nc

doubl e- st rﬁt%?%ﬁ%@m %Efg%q %%E) lycu;bﬁrg)nvégﬁg’ﬂ\m wher ei n
one or bbt kprqxanaa?cmdsbjaﬁcembmmWdecthﬁolﬁgwpmdrsemIvm ofot agvent s,

doubl e- stranded DNA wherein one or both 10 strands have an

uni nterrupt ed phosphodi ester backbone, DNA contai ning one or nore

si ngl e- st r andedb}s rhich pedp used terein & aay poiytozydiclotideaemitics iahding, e.g.

Compl enent <SPS it BN Pt Pol Ao pib GRS ieant on

partial ly coapghk mmtpase;i of iofocmbia fradiidAls, dodhiastandel! PNACHIesetbnDMNAoth | near

DNA, coyal ent | CLOSS: nt hesi zed DNA,
cor - ot e th 8 i B ot e i qu ORI DR oo P ety By BRete
enzyne- di gessanddi @Nﬁp(sﬁném&dnﬂ%puﬂl@%ﬁ&dpdﬂ%@)m srandedN@l abel ed

DNA and | %1%?1@]15%1%& shaarl? C%JIPNAin B\Ié‘:é u%% Cs% %f%ec?BI\e:A WEEQL%&%DNA

non- nat ural 'y “occurri ng speC|
sequences tshatdls anmmeirttaﬂpccmdpﬂmnm, dirpafidr DNAQCovp]B:ﬂIy&ldﬁbe@DNA, lpeatDease,

f h d.b d i cal
Fechni quas O PSEER et BN ot hoiS R S-S RE S e, PR
aut omat Bd $iosokhetd BNmmaﬂmsalmdd PRAp@tnedigested DNA, shéaecd [DIVA, fabetel and
I SOl at ed D%At EEH %}gcﬁol Eagmgana EHOIGCEEOIDG-EEI‘) &B@A%ﬁtg %Paqn&){i%eoge or

according to |nven Ion my a
t echni ques mom&natwwmfmngsmc@mmmsgawml ch cl eave nucl eic acid

e ol aer DEfeldad, HECANRL L Nna R HONGERo LA T UAEH: L fudebll 21 ©
nucl ei ¢ aci d sequen rom arger nuclerc cul'és co a| ni ng
t he 25 nuclhsfeef, %ﬁ)@syy@mﬁbbstméﬂé phegdcalDiAni(uss, fRNAmld) S resgtesicftar t he
chi merig | bl 40t REALE! Bn@ksidiRino, Ll FORBBRoLNeT €0, Encompassed by

the present invention is so a nuclerc acid 1n the forth of a
pol yri bo n ucl eotTheleurifiRhpayl jsolated D sagyience 6@0¢In$mn@tmlsmmm¢amtm

oy onae o RBAER Y iRl S ook ARSI BN RSN Qe N

strands are conpose two or tan

wher ei n onezypeshtith cleayeamelsic hddmolasiles mprﬁﬁ@‘bﬁilmcadlhph@swh@dcae% er

backbone, moq&me%a&@gc@gagu &sﬁ%%‘m%%f ﬁ?ﬂe% adifl ggﬁe@ g}%&%ﬁgé s) and
n on ') e-s

one or nore double- 16 str ed port

wher ei A3 t heiciRiAc sqeqpames sugh es P Koy REBrRtendss fothy chithenidinkgbitor piattrdlead RNA
wherein thg, liands are only partially conplenmentary, covalently
crossli nke enzyne-di gested RNA, sheared RNA, nRNA,

chem cal |l y- synt heS| zed RNA, sem -synthetic RNA, biosynthetic RNA
natural |l y-isol %Nﬁ, 1,0l-a d RNA and

£ uor ocl UorTe- | g%:%ﬁ%%{h@%ﬁgn 111%1'5%@.11@3&10551 c?‘xgthe o 'Eln %at ural I y-
occur ri ng mpeibinugedifie R shadudamgi dg Smgle stra’ﬁﬂe}imldbm’céﬂ steeandkdiR0Y, at ed DNA
sequen epead se IS refe ably
sel ect ?é‘g fdragm gt%dcg%pﬁ%%#porn% Olhgopd g%%s %E) f%“% E% BRI ID N
5, 10 SEQW@-@E@GD&M@E@MQM&&S&@ m\d@m&mﬁdmepqacmsmhbdwstwenti on

backbone, RNA containing one or more single-stranded portion(s) and one or more double-




nucl eoti de sequences that vary fromthe reference sequence by
conservative nucl eoti de substitutions, whereby one or nore

nucl eoti des are substituted by another with sanme characteristics. 15
Yet anot her concern of the present invention is to provide an
expression vector conprising the purified and isol ated sequence
encoding the chimeric inhibitor protein of a protease as described
above. The choice of an expression vector depends directly, as it is
wel | known in the art, on the functional properties desired, e.g.,
chimeric inhibitor protein 20expression and the host_cell to be

t r ansf or medfrapged prrfprdP tontderstranded RNAswhsror tp R4 srandsiee falbpfomslemerayect or

may furt hegousRARMUIGERIA REQOPHERNARGIAPLY odiy PRy EupidiRni! dobdigely and
i sol ated DNA sequence. This means that the 1inked isol ated and

purified DREsknkedRNGensimeskienel KNG sbaredBNAcnRNA Semisellysydheized of a
pr ot ease %A%P&ﬁﬁﬁhﬁf%w grfo%th% AA, H&%ﬁy—ﬁ&?éf{a Iaiutxﬁibel%d RiLL QR &

regul atory sequence Ws expression, I.e. transcription 25and
transl af i ofdiofbalad®NAnad firaerhiomytlzbeied RANA IR pinfainiad; oDl magu@nce.
As used hef@i . chﬁﬁﬁﬁé%éé BF RPRLSLa designates any additional
regul atory sequences a nown 1 n t%e art e.g. a pronoter and/or an
enhancer, pol yadenylation sites and splice junctions usually enpl oyed
for the expresgjon:afs i Lncl. ) kL y one
o more separ ot RapdhRIB0l MRENLLAR: Ckodlih AR AR A h0RR L
sel ect abl errpforeili pelecied Gom the BruBempniichiSEAD Wel, SEQ & pf S\SEQID N°tFat such
pronot e s qzdﬁfmp i o WM l..ane e.g pronoters
obtainZ% f?% t e’%%%?%@é&g%thEﬁégg§§hc g%nglyona Vi rus,
adenovi rus ( suthe piesendderendivi slepsngdydes peipitd df grepformenignéduohnas tebi ne
papi | | oma yikla) seq@ifibd RS RHFOPY ] ohedal.ovi qksuch as
=rine or hunqn‘c$?02§g§FOV|rus f%#% .S?S%%%%¥g pron%%g#%%ﬁgg
retrovi r ussubstiiyons; whesebRongior mere npgieptiGis pie arbstifived by #Oh¢ryabliaes SV 40
early and Jhat8.REQNOters) or pronoters obtained from heterol ogous
manmal i an pronoters, such as the actin pronoter or an inmunogl obulin
pronot & or heat shock pronoters. SEnhancers whi ch can be used are
e.0. enhancer SQGHANEEHcdNoN LLOM{IBRBF (ARGRE Skdliichy: el ast ase,
al bumn, a-fetoprotein, and insulin) or enhancer froma eukaiyotic
cel | vi rusomgsye thepurifindapd selredreanencernrediagy o pugericoviigsprelainiofa
pronoter ?ﬂhé’a@&ﬁ Hesciide a9t Y RTB oA Bl RERROM Febidr &B&ﬁ%@tﬁ&@, ?s]igg‘gm de

mo may be enp In

vari ety of host/expression vector conbinations nay Dbe oye

expr essi ngreHe BAsWdhrdredanabirroreries desird.er. chimeriesbibiir Pt essi on
vect or®), feQfreSNARMRIIR holRY 6 BORInsoml ooR QeI of chronmpsomal ,

non- chronosomal . and syntheti ¢ DNA sequences. Suitable vectors include
derivatives ofAdSiuser!birioe ReSwIPLIEEY &y BFthyseenaprisgg promotegpperaldy ligksd |

pl asm ds Gothe flrifie@5ARlisolaRBR3A%equeBOT ANkt N8 the #BFcl Ydlalel 81 pulfi@s M ds
such as RP4; phage DNAs, . .the 15 nunerous derivatives of phage

S, €. Q. 1 :
X e. g., TRpBEenracodnn e iksrsdulmar preicing! 2 pipipme affte ppeRmvaLions
singl e st ARESdorRBEMS skhiie ra\gﬁﬁt&fys&lhaﬁéﬂhi%alﬁwgékp%ictnhﬁe. ZhSedpligsm d or
derivatives thereof; vectors uséful |n eukaryotic celTs, such as
vect o u&wkimnsiation piibeiaterte isqhiorpad pusfic BNp sedumset or s deri ved from

combi nations qfs uMdae@indfe RRAC-PRIRGE" ddNAStes 2 GRaASaPEAS ) djudblats have

been nodified to enpl oy phage DNA or ot her "expression control
sequencesXuogdn ﬂ“ﬁéﬂf-&@é’?‘m@@ﬁ/ﬁ@{“ Bt @h@paioladendation it axd BlicowetesF | s
PQRE-9. usuallyMARINES fo&ﬁé\%ﬁfeﬁioﬁfofﬂu@?olﬁ%ﬁﬁ@&tmdyrﬁ‘{c%ﬂ[e b RRiohalyloRe # OVi de a
eukaryotic or prokaryotic host cell transfonned or transgécted wth
an expr es¥PEAchpEtatBectigpssaienese andieqy eptipnally encode a selectyipje mpiprrrogelps

t ranskect ghlich @ bo 68l brobilANRE QLA REmoR are bEANATIE G L B hofRTlAYed cell”
25 neans the celfiinéglmhich tﬂgggﬁtrggefﬁﬁlar DNA has&%gen

i nt r oduc egfompiers phigised-iomibe genornds of wsuses atsh s npbama P, adprirpNmichight be

Adenovirus 2), papilloma virus (such as bovine papilloma virus), avian sarcoma virus,




18 used. Wth regard to these nethods, see for exanple, Maniatis et
al . 1982, Ml ecular Coning, A laboratory Manual, Cold Spring Harbor
Laboratory and commercially avail abl e net hods. The chineric

i nhibitor proteins disclosed herein are preferably produced,

reconmbi nantly, in a cell expression system 5A wi de variety of

uni cel lular host cells are useful in expressing the DNA sequencesof
this invention. These hosts may include well known eukaryotic and
prokaryotic hosts, such as strains ofl’E. coil, Pseudormpnas, Bacillus,
Streptonyces fungl such as yeasts, and animal cells, such as CHO
TB/ 20, NSO,°Vigpsegatavirgy(sich as nRipg errheimpn ayfogegaloyiusAifumiediatn eoCly pemotbyik ey

ki dney cel |r§tro(v§'us &paﬁﬁ%ﬂ% afd&Bnifn VF@Q ;gs Q%%Q’ 40308, BMEEQ p%dmo%ers

cells (e. g., ),an 10human cel d plant Cari’e i*n

cul ture. PrPéﬁl@Feé%qb;ame{l fiem Reigrploga mamalign bamb%@m sath a5 dielagtinpometer or an
preferably 1ﬁﬂmfogloﬁlﬁfnf rdﬁ%ltello heatshoci[EI%th]élgsent invention is also
directed to a phar rraceutl cal conposition conprising the chineric

i nhi bitor prot eftiangys whigkeanbevkehar o rulasceasqaotes nmvadent manopiizonal | y
i n combi na L cce abl e
carriers. %ﬁg(gﬁ?l\gmes% ak F&MB T Ftt%?ga%gﬁgﬁ iorleeaag%ér g L}t]f?l?f‘g'rplc’?:u

i nhi bi tor pietes ﬁheaﬁéfﬁlae@@mbéad cﬁen@aimmls enely ploabivpabarcérCtad polyoap.eEd t i on
may cont ai RaHBELOLLARES Pharmaceutical ly acceptable carriers, such as
exci pients, carriers and/or auxiliaries which facilitates processing
of the active conpounds into preparati on which can be used

phar macgut i cal | ients tabilizers
are nonl%t oxi ¢ t}%‘mrd ggﬁ%ﬁgﬁ{l@éxﬁ#ﬁ&% osai?ldmebé11 ag?llp ma%&uc OrYECfIFS’f'Péessmg
enpl oyed, #¥PNAnsiugdess biikis Bretioy éheﬁasand:m&phama, fomxb:maé @nay adiistaff her

organi c ac i e:
preservat i %/ée%wmgél}f:chlgglgg%% go ec Flggun{a?wgﬁ%enzy@‘e %Cﬁhﬁugeqtl%‘feftaﬁ
hexamet honi%WWPWF@@fSMQKWBWMMdd&g t&nczlqﬂdmtds whBshl ori de;
phenol , bup y met.hyl or
propyl par a%ﬂgn @%‘ éxﬁg%l;]&?%g%e%%%r }‘Llas%?/c{é ?‘pcﬁex anof g%ﬁlbré aﬁ‘iélfey and
m cresdP) ; HWWU%W!@WFW@MP Fht. 24 NM9ES, arivcoti:caiogs DXA), of gthBmS)

pol ypeptid

o Ahnog] ofT s RaSEE o ke S BT Rl Thhos BE DB betlit BAm it one
ami no aci déeerfcyeoias “@qﬁ&‘@i %@YO@P efllamiches vegtopaseky imiesectivi smmnlalme pells;

ar gi ni ne, @kiolsWslivae SHHE %‘1\(?54

car bohydrat es incl uﬁlmme uggﬁsgg? i?rsgtﬁdﬁggdeﬁg% g&@ﬁa sp?a&gﬁg’fhgtﬁ?%e
agent s suclhfengodiisifo e x@%@’aahége%wr@&ewmme Gommqemes, amdtbﬁadeose or
sor bi t gf ; Sa|thdfo§tﬁof9fé%iﬁﬁ’é%%z‘3531oh9&'§o1 RyeR.as sodium metal compl exes
(e.g. Zn-protein conpl exes) ionic surfactants such as
TWEEN(r), PLURONI CS(r) or poI yet hyI ene glycol (PEG. 19 The
form of admi ni Akt bedle hd}fes AR IREEYLT £ Bko-CUMABEL b iYichS:

system c or top| cal. For exanple, admnistration
conposi t i dff 1 rapsfopeed prianeadedyhhen eereation wselpialssosbrdfiensin. subcut aneous,
| ntravenous, | TeltdglofdMalunstdoBl 04 Gl Rfmed! E&“&gﬂ%&b&/%%e g anasal

transdennal, buccal routes or via an I nplante evi ce y al so
be del %fverl@aﬂsa@e o8 oy high thecexGacaiia HNA has been mheduperdammwmomame
conposi t i QRuAaMRF Dﬁh%&@%@{ﬂe%ﬁoﬁ\ﬂbﬂh%%& oblf Qefel: Pre 1 PfaRGL | bed
herein, as an active agent may al so be incorporated or 1npregnated
into a bi GRESHleHr é“l‘?gf magemel integrait pres e extpralirpissoielicepeatdni ni st er ed
in the formof a suspension of matrix, a gel or a solid support. In
addition the matrix may be conpri sed of a bi opol yner.

10Sust ai ned- r eirssenapepdpeacino! mpyoptive pkepdceproBuitichseclxatpl es
of susgpai ﬁ%;r erneabl e .matri ces of
solid hyd%%ﬁrg%?;g%g%ﬁcﬁﬁelrﬁ gﬁ%gﬁ?ﬁé%?ﬂn}@&& a’%? enE) arcco TR thrnatt rices
are in thélVﬁfﬂéﬁrFFSéﬁco@Piab@(byaietl iﬂ@lwesneﬂledsghat fypicaﬁ?/demdmtmopssqfsedtces



15 No. 3,773,919), copolyners of L-glutam c acid and [ gamma]

et hyl -L- gl utamat e, nondegr adabl e et hyl ene-vi nyl acetate, degradable
| actic acid-glycolic acid copolynmers such as the LUPRON DEPOT(TM
(injectable m crospheres conposed of lactic acid-glycolic acid
copolynmer and | euprolide acetate), and poly-D-(-)-3-hydroxybutyric

aci d. The fornul ations to be used for in vivo
adm ni stration nust be sterile. This is readily 20 acconplished for
exanpl e by filtration through sterile®filtration nmenbranes. I t

i's understood R’Egt tH? 1ﬁuita | e dosage of a chinmeric inhibitor
protein of PRE RGO Porg Btpdsenior frapaled@piata el 10PeMokriar Saings ex,

heal th, - anda neiaibly sebud U1 Pk DHARS LabeloRsly Bl (GRARGHERALIbE FRERENL, 1
any and the nature of the effect desired.” 25The appropriate dosage
formwi |l dependieghimeRRinkPiis aroisins diselosehianeit e pefsnablyptodwcepr ot ei n,  and
t he node ofre@qmnmtg,tiﬁ@ggnqgl',regggﬁjjsggjnl ities include tablets, capsules,
| ozenges, dental pastes, suppositories, i nhal ants, sol utions,
oi ntments and pamédstvaich of geipdiplsr hosj caldsareamefvion expiossingditi DN seianpes obf
the amino aghk dser@bn, riGe Kdis HBY bbrdd Wit i o host @58
enconpassed in ?hen " egentS i?\\?elﬁii%\géﬁl?&%\ﬂf%@%y@%‘e{hpg‘g%?ﬁ?chl'o%t?"Sucﬁas
cross- | i nkisHgns HE- ©Hi freidprose Bagilishiitepiomynes fimgisuthos geavataed anims ol ubl e
matrix or the StscHRes I & i QL 1.0, d.oprove -t h
sol ubility, adsorption, gﬁ%?‘ﬁg’ggﬁﬁﬁtw i1 ol RS ol
barrier. Skfey 2B EediGoSdatPd hPSEi BB ank BYTR0) insettivellsde. fz., S anBy
al ter naty velMadeli i gk oQfs 14 ' esLlable side
effect of the preot ei?li‘arﬁd S'tuﬂﬁest&%?g@%g&%l a}ejggé%frl%{‘%lrlﬁ% a(f)%naafcr?g’cnéolﬁ?i cal
conposi t i ofrGFase Epgoliselht i nvention conprises a 5chimeric inhibitor
protein as an active agent, an alternative pharnmaceutical conposition
may contain a purified and isol ated DNA sequence encodi ng the
chi meri ¢ i nhi bi¥eprefspigrntipnds aly dypinddasBammseutied conipbetbrvempisimg s an
active ageBhimehibiRRaERGEM: LG nr@IRIS I g Ldiher the
sole purifi (_auémand ilso?!gt ed DNA seqeuencgféclgkg%iﬂg’?%gg@gynﬂg@@%a&l&
conpr i sPng “aPY PEPTRIEHCARralssteateedcaies. sequence or a host cel |
previ ously {1 aneremhed wikih 38 ILASKPLERSL ANGaRE, dRagIL Rad.ckel .

I I referably B d

In this latter exanple, host cel W p e 1solated from
the pati enPbhapropicy! paapogifion payspRian oner aosipbrapsputzalls ageniable tayriqes obl em
These genesangs @piknd, %ﬁéﬁéﬁdﬁpﬁ%ﬁﬁ%%ﬁicﬁfa@iliﬁ%pﬁrﬁke@iljﬁyof%la gyl ted for
patients requiring repeated adm nistration of e pharnaceuti cal
conposi t i ofPPeRHE BiomREaatin g KRl oo egerdahumposwicalbed DNA sequence,
expresgpon veciodep@lle biafks, H@lptenid) @ Vhigkbals )ér_egl[)@—&%fc%ﬁﬁmm $t he@Bsa
expressi on vector can be 15 m_cog(rorat ed into the patient's ceﬁ

whi ch wi | 1 ¢ REREITREHE eer R 2pt Belaerdntrgenobesplate, citrate, amydhop prgeimt

di scl osur eaciis;satiddans AlasdiR AREBOHihd kbRRAH greQJwaB{’re_%Xs%&I ng a -
proteol ysi s-assqci ated di sorder in a mammal "conprising aém ni stering
to said melfifAiYEmstyherramagniie shlotdshssanatiopigmgbloridss bapdedinver ei n.

20The pr esRrtiddyBénbaibnii dhiogdd; blﬂﬂol%uty@fn@é&ﬁﬁtaic%l;%ﬂcyi arabens such as .
proteo% si s-associ at ed_di sorder can be useful 1'n Case the disorder is

a di sof-der™§™H! QirropK PRiakey; satspholkesaicholaeyeloRaxanplBwertanch apbmwesiols bvh as a
cancer, anncdéiied veighn@esSlinGOIER10 reiBuds) HolyBEIREL: i

Beni gn Prostati c@li’%yﬁpgerst rophy, oE ) g%ésjili;?l ecti o?gyta]?éé%%ggﬁmﬁé?ﬁp?ﬁa
"cancer” R & ipgelogwing iy frarnhifonely e §ich prrplyyilylponidons] arng agids

manmal s t Badh ab Gyeine, glatamine, asparagine, histidine, arginine, or lysine; monosaccharides,

disaccharides, and othey carbohydrates including glucose, mannose, or dextrins; chelating
30 agents such as EDTA; sugars such as sucrose, mannitol, trehalose or sorbitol; sali-forming
counter-ions such as sodium; metal complexes (e.g. Zu-protein complexes); and/or nbn—ionic

surfactants such as TWEEN®, PLURONICS® or polyethylene glycol (PEG).



25 typically characterized by unregul ated cell growh. Exanples of
cancers, which can be treated, include but are not limted to
prostate cancer, breast cancer or a netastasic cancer. In
preferred nmethods, the mammal is a human patient, and the

adm nistered chineric inhibitor protein is selected fromthe

reconbi nant serpin exanples of Table ifi, which specifically inhibits
the hK2 protease. 30 21 prevention of a proteolysis-associated
disorder in a mammal in case the disdfder is a disorder in which 110
kal i krein activity is detrinental such as a cancer, an autoi nmune

di sorder, an i fht rmafdmpstiipo piige pismuhentisl BewpogirnPraybe gistemic or
prertroph r i cl ude
Ut ar ¢ ot PP Satopls S o o b Ehamn TR Be B AERLR AR

5net ast asi &k m‘@uﬁaﬂeous mirémeoue, Hitradering), inirdaiubiutag intppeotabadntahastine

i nvention e amu eye the . nt ended
pur pose. %ﬁnls&engzﬁ rf)%c%f rLﬁ(t%sl%?wggn '%\],3 eaHt[ecT?‘@ew&I : I r%agra%o ?ﬁ@eh tﬁ-ed LRy B nstarh

i nhi bitoér pmmselns or t he pharnaceutlcal conp03|t|ons thereof are

admnlsteredo | eutica eff ¢iive anp
"t her apeut i cal I y 1@5?” %F(\J/agcoglﬁoﬁh * m%rjsgﬁaﬁlﬂ% ek?@e%?te\’)e Liiﬁ%}i‘bcﬁd
anel i or at ehemmn,psmaeimeagdnmwb@mmcmmdmmp@aggatédhﬂo 8 biostisvradbleof , t he

subj ect bel hera eutl fective
Srount i o arr R AR B P g 1 o A SLEBER ¢ FR R B e
especi al | ysoiuhsdpprghin agfititrhibe Watbanbes chihgisbosfabipgys ded herein. For

syst em adm n era i call %}ectl v unt or dose
can be gstl mat bl(izlsttaimr‘ﬁri % ﬁprep?r?%cﬁgﬁuvpfepge%ggl 5“@8&3 %ﬁ?ﬁﬁﬁlg a dose
can be formhhsap:eplarahnnaamludaben%mmﬁ&l msatiices afedlldeydrohobic palithas | ng
concentr at | nge th des the 0 termned. in cell :
culture. Ogﬁmmﬁf ormn%jt0 |36n gé]ﬁqB%‘:'s S dhs %ﬂ%ﬁﬁapg(ﬁ%ﬁkﬁt &t ¥eer mi ne

usef ul dosesrocapsiies rﬁﬁqamples afiststadrled-chra@snan s iadlgie pligssest iytmpad(fdir om i n

vi vo dat a, n known

" The- arioSapls P8R R Rt e ot SR R inh Dol Py B brmt w20

Sdm nh 4% r afd. 6ﬁ71ﬁ9hmmhmeﬂsa§eglu’mmwamdam[gaiaﬂ@etﬁyl&g&mthxhata afn-cour se,
epend on r

sever ity oFRpRaliglegt Rk BRLEEY R Lo Pl G b

j udgenent ISIPRONDIEIENTEY]) (ijeetblp mjsdspheass composed of lactic aaiﬂglypurleeetht

i bi tor S PEOABARSAR By B 0Kl Ol s T g Che st eps

of a) selecti n”g‘heeforpmlammlbe@sﬁmr@emd@mammmgteale This is readily

substrgf e jease, b

i nt rodlfﬁ:l ﬁg&ﬁﬂﬁe%ﬁéﬁﬁﬁ%%@?%&ﬁu ﬁ%’?}r&%ﬁlfr%tg Blﬁ%mgmguence enz:odl ng an

inhibitor protein of a serine or cysteine protease, so as to obtain a

chimer i ¢ Sequens Sricfof kAl LB 833108 iRk gmem'om bieseiequence

in a cell expression systemunder s e con
mvention will be dependent upon the age, sex, health, and weight of the recipient, kind of

concurrent treatment, if any and the nature of the effect desired.

25 The appropriate dosage form will depend on the disease, the chimeric inhibitor protein,
and the mode of administration; possibilities include tablets, capsules, lozenges, dental pastes,
suppositories, inhalants, solutions, ointrents and parenteral depots.

Since amino acid modifications of the amino acids of the chimeric inhibitor protein are
also encompassed in the present invention, this may be useful for cross-linking the chimeric

30  inhibitor protein to a water-insoluble matrix or the other macromolecular carriess, or to

improve the solubility, adsorption, and permeabilify across the blood brain barrier, Such



d)and recovering the chinmeric inhibitor protein of a protease. 22
Sel ecting a pol ynucl eoti di c sequence encoding a substrate active site
specific for a protease can be done by the follow ng different

t echni ques such as, for exanple, displaying substrates for protease
sel ection such as a nuirine | eukem a retrovirus displaying a peptide
S5directly fromliving cells thus avoi ding passage in bacteria
(Buchhol z et al., 1998) or a simlar nethod using chinmeric Sindbis
virus libraries which was al so enpl oy®d for the in vivo sel ection of
prot ease cl eavage sites using mammalian cells transfected with the
enzyne of mwtlidcaists afeFeadlilnowiein thalart aR00F alterhativaly slimiseed o2 ettdnmite af

prot ease cl eavage, sites..by.. usi chinmerjc,.Sindbis virus libraries" 1
ViroL 74, ﬁ%s:ﬂ\@gg% Ea%g)ﬂfie E??xﬁ%ﬁi%@ \gefns%“%hlg ¥s a yeast system GASP
(genetic assay for site specific proteolysis) which consists in

the aft achment RPRE G AP B ERE BB AE YRsH oA e
cyt opl asmi ehiintréurisigiiiopfrbein af ACKDEIzRE i dMefhttive @haphaERic8 coRfosi@iod RPOT t er
oere. {Kens ettt gero RS B Al S e S By |
have ener gedtease/ i ileibe®heraQrbinnafivrapal. TP FBabutkdl BrddokiBsh ther

determ nin rotease subsirate specifjcity. These include ..

conbi nat or FERE %FB@@HP‘F"I@%H&@ o e HRISSHEL T B Tomprising
scanni ng- sydid fréitibdng RoleMBNAkb@bnck Xamadt k@BpreviRiely Bedsfered igthn Named
ety 202 BBePi ekt b o B o e
méasur; ng fibmoreakencss bt?e@tgﬂ flopRBiotayoid sy it esatlywidbRA. massgl nédd cdlI0 ;
identify the scissile bond .by Edman sequencing . (Hu et_al. ,2002 " Rapi
det er ni nat Sﬁ%pyoai’l’rg?Yb%“tafea?fpé“g%e‘%ﬁﬂfg\“??f‘?‘S}gﬁ]ﬁ“"ﬂe& f‘ﬁgﬁ iR HTEEEIENT Fun
bet acol | aga pisenasaitiog canpokitiei khdeitizanld pilicd 6 iddldpa @A seduendd] 0l . Chem
8, 277 (10):8366-71). . n case. supstrate.specificity of a

pr ot ease i%"pﬁf’&?"é‘r"ﬁ‘ijf%{é’ﬂhqﬁgﬁ%Hﬁ?&“shﬁ Bﬁ‘bﬁ?“&ﬁ?df” FhEPHERP VEFWS&“%‘:’

phage- ds s pinaygehtedaite drpaept s ceiewhiclbwinlen piotite @e st dndezebum@r sity i s
generated and screened with purified protease. This known techni que
has been adapted to the specific case as described herein in order to
construct a phaggraes pldyed asamddishinzthad yf ttehiitls of predeuithgd paltdolygiossi bl e
am no acid conp&g.ati on of a cijef' ned |.en tth' o{ i no jds. Thus | arge
libraries Arg - ISOﬂcl:%1r11ﬂsatﬁr1 uc ae%Pl%Ji}SH&‘%asdBlI‘rgilmﬂé Or%rﬁ%]&ﬁf@@ Uences on the
extrem ty whmfadutierbrvioposiiqphadesibed lrvefn. 30anpl i fi ed and screened toward
a protease to say _rapid i ts specificit 23 . Accordi.ng to
ol 8277 and % b AP ek Be SRS i s RS TR
cont ai ni ngusdiiBx &B8hé diskedre pdaisbrderianfoiPE@tikreintucivity altidictttienhhbe
e SAIPh L AR DR Pl S s BRSO

f at her corfiperregdhytonen m@cidosdiesdr.of t he pentanmer inserts. Then 5 phage
di splaying th Q n tides are fused to a.ligand Hi s)
and are i mobi Teaat TP ARG 5Tl s B Bel Bprtiioh AR et

mat ri x25 Faydieily cheraéterzediatuneulated dall ploethpE:atpks ef cafckn, wiinh capiggreattd,
cxamp! o liod U5 BRA BORG IR S R cplge s B SR g Senet i ve
used to i nfecthpefposd hethodk dietnenina! i e hineantprtiang tueidtheudahirdsngoddichinede  These

hages are .tk rifie ecipitation, anplifi d.then 10

anobi 11 P ppraile p BeebaRireb Bl aPPBl & Rl B PatHG o

sel ect i on spetiiicaly sdibdeth bE2 pbteggent apept i des has been repeated 8 tinmes

in totﬁl in order to obtain high specific polynucleotidic sequence.

Phages fromthe |last round are cloned by plating onto Petri dishes
Embraced by the scope of the present invention is also the use of the pharmaceutical

composition described herein for the preparation of 2 medicament for the treatment or



and DNA of individual phages is anplified in region encoding a
substrate active site to determ ne the sequences cl eaved by the
enzyne. 15 Pol ynucl eoti di ¢ sequences encoding a substrate active
site are then introduced into a sequence encoding an inhibitor of a
serine protease, for exanple into a sequence encoding rACT, so as to
obtain a chineric sequence. Two silent restriction sites Sac Hand Mt
previously incorporated 18 bp upstream and 18 bp downstream of Pl
codon in RSL domain of 20 rACT al |l owe¥ the subcloning of the selected
pol ynucl eoti di c sequence encoding a substrate active site.

Reconbi nantpravhitinesfiagrotalybibhs@isedaiserderios mencaslil @se thH didtte el a Bigorddd 1
E.coli strain f abl e. qul t.ur. dltlons |tableclturing
condi ti ons c‘ﬁﬁ @%(Q}UWSFI%%%’&‘%E ﬁ'g% Ch 357 FBE- a%u?‘ﬁ%@m‘ﬂ? léf"ﬁﬁ:’i’rs
dependi ng dfiatnhetoryeionttristhns BeadinPedstatic HyfaitldpiypsrSn tnfeches expigssed.

Sur pri singly, %ol icants hav(gw;hom that in the case of exanples 1
and 2, a tenperdtOpe obsanggEn |bH‘tjlrell¥§’H1%1Fefi@R/\bgoséﬁteé’a@’fbp’@%‘%‘?%ﬁr%fr?d t he
pr oduct ison nefasthsid dayted. Nt act variants of rACTs. Finally, reconbinant

chi neri c inhi bi ors can _he recovered either fromthe culturing 30
medi um when t H&® PR  PTRR R RE e dneRiion ill ssperplly be é%?iiétaéamow o

extract ed hehodve thB BiteB @ KBRS So @ et E bR BN @rdeh e LBGORIIHIBR I,
chineric inhibitor i.s not secreted, and purified by art-known

t echni ques PRLER 0L Hpgcgyiat empantass feigef ae wiiviatdoy pealpdin 2 gel

el ect r ophoeREpEticall? dfecive binfint. W ‘ChEDEREOYEARAYe artdlultr B &:Muﬁ@éff@d&vel on
exchanﬁﬁ and the Ii ke. The actual conditions used to purify
a

parti cuPar ‘GEEOHHP PR oRt fie RERALENS prRloedre svivi! of gﬁéﬁﬂﬂc" ]Pel*?gﬁléfr‘t?d on
factors subDbiemsnafes ofe faRgRtcdly drRRRRIEI: isyvell Wtﬁh%f&hﬂabxﬁh&s)éf h&deC. and

will be ap nt_to thos he, art. For, affinity

chr omat ogr Qﬁ%“btﬂ?ﬁ ?Sgﬁfaﬁﬁﬁﬁ‘ggﬁmﬁHftﬁli‘?géwlweﬁ?"@&@?ﬁem cal Iy binds to
the 5 recombi n@odsyadmiic®iriGstiafidt, Ditk@Feutdalt} Zrebifie kbt &8s FRYsebe used.

O her affi n|t¥ ‘ED“\?\W%JE’H‘ such as Ni2-nitrilotriacetic linked to

agar ose be SHEtEH Vg aspacior pregpleys dopp cembe fopnlaeddn el ) so
envi si Qﬂedmbﬁblstt@&hj@fﬁﬁﬁaﬂatMQV@Bédtx@tﬁbn rahB&tha MioREd tRe ICBMAsk®Bin-ALOt €i NS
may t hen f%"ﬂtﬂﬁnepg ed for their ability to inhibit 10 the

activity o Getopgrbese hEoRdre /dgRPieTvEPIdfal et hod
such as thmnﬁnatchard met hod (Scatchard 1949 Ann NY Acad Sci 51:
660-669). This od descri bes assi.c qQd of asuring and
anal ysing bi ndI"fl‘lntga ?s(??'flaifﬁée @gﬁtegﬁﬁ‘f’?nevdv‘:‘t at%“ﬁf“ﬂcﬁ‘?“ﬁgeﬁ‘?‘ngprot ei ns
and requi reshnigedsdtat arewsll lmuwmmphmteoﬁb mﬁrﬁﬁmﬂla:bﬂabhrtgouldaeadﬂ)sdphﬂgul sh
bound ot rom nbou 15A.s cond app § or
measurl%ng at(:ﬂﬁ"mmfi (e TR A a%eﬁlo%l?’l?’% df%ﬁ’f‘%ﬂlo“? ¢ %t%?%g ?S'%‘Witymes i's
t 0 neasur ebefrgdremddl én thesutbet’s heighthihemvértly éntRrddbenSe anst fw t he action
of the enzyne. Thl S res ndi.ng on the speed at which
the enzyne Bfe 5’53%‘{% ?%Pgﬁggﬁﬁp?%ﬂgﬁﬁlﬂﬁl ity of chronpgenic or
fluorogenic substrates relatively pure chimeric inhibitor proteins.
20Pr ef er abl y, nhi bi t or I he pres

i nvention inhl’ghetpmf%l{mbe%?l 233110383?1’*3\9,‘15 {%F# go‘gﬂc’@ﬁ@f’l ?rf“ﬂ?'inﬁrthan
their 24| d:mtgapﬁaqnmmteefamandﬂmdcompnsmgthe?lb;fs ofhi meric i nhi bi tor pr ot ei ns

di scl osed herein .are pref.erabl r oduc onbi nantl a cell
expr essi or: sysstefgct g‘TﬂﬁH ugend ’gr“f‘%qélgrﬁ %O%W%@BPW?)W mb%ﬁ%lryotl c
25host cel | .  specific fds awtoti@seyari ety of unicellular host cells are

useful 1 n_expr.e e chinmeric inhibitor proteins of
vent | on o A POt R R lret e P R G o1 Rl

prokaryotic hqsdt&inof&ua'theaﬁcy&'é]hﬁpzﬁﬁasafso5&: 694ih o cHRs@ltdapenas, Bacil | us,
sts, and ani cel]s, such,as CHO

Strep anyces, such a I
V15/ bG0 E,  SER gty S R RneGe e £ ) R EPEA NGO 30 Monkey
Ki dney cells (satablgcondﬁﬁﬁ, 1, COS 7, BSCl, BSC40, and BMr1i0), i nsect

d) and recovering the chimeric inhibitor protein of a protease.



25 Erwinia. Mire preferably the bacterial host cell is an an E. col
cell. Transformation or transfection of appropriate eul caryotic or
prokaryotic host cells with an expression vector conprising a
purified an isol ated DNA sequence according to the 5 invention is
acconplished by well known nethods that typically depend on the type
of vector used. Wth regard to these nethods, see for exanple,

Mani atis etal. 1982, Ml ecul ar Clonlngzl A | aboratory Manual, Cold
Spring Harbor Laboratory and conmerci & |y avail able methods. A
further object of the present invention is to provide an diagnostic
1dt for the 10 detection of a protease, in vivo or in vitro in a

speci nen conpri and i sol ted l.ected
fromthe group %egeﬁ%lﬁ%ﬁ%ﬁd%@ﬁ? 15 1 Nl i m%a S"%%B aetiiﬂ ° Sgw a fEequence
conpl enent arofeatdren bodope Eyrth@hﬁowlsg dszmmtaéhmqaudﬁ(mras Varekaupiles disgigfgof
Alternatlvel ts%e 0esen off vegtlon alf envi |onqﬂgf di agn ggtlc Kit
for the det ecﬁ% 57 S5 1oPOR PR A% T g Tl RS TR YRR A B

chineri ¢ i niivedily from liging tedls thuodvoling ek pa ibadan (Buthing d 6l tlhtB) mraesmm

invention ri.c.inhibit in o ro a f or
el o bt ab S R BlRe e Pk e R E RS 1o o1,
MD67 and I\/IEaIEéltion Mprasectldenesiis uﬁﬂgémahﬁraﬁa 'cslfye@ansietad wﬁtﬁﬁﬁl’e&yﬁ:@ ofany

suitabl e sa hat pntain a uence encodlng
For o prot SBE g ol Dot e br e ToE eRHRE Y BRe SRt ef §
or the pur iStideid vian ihaadsated-dNA zetpgenwy. encodi ng for said chineric

i nhi bitgr protei The d nostic Ki |ncIu e as enab i ng
the det®tion of Egelﬁ’i‘sbo?‘édﬁgy?ﬂﬁéﬁ?ﬁb@g%eﬂ‘bﬁ“g Or RSP qI%GrFé‘PteW’is
depend on txhizhasmid@in Eﬁng}ﬁrmbﬁaﬁﬁtr@és%ﬁﬂﬁtagr@fh&mb‘ﬂa@ﬂ:&dmtmﬁ&ﬂ&mbﬁg flet ect ed
visually o stru 055|ble signal s i,ncl ude uctlon
of col our e&tta"g@enlt P{fg @é‘%’%%ﬂ %?er?qﬂ"?ﬁeﬁﬂé‘gtg"gl?ﬁ Qﬁf{gg‘ ‘mscé'lpf“g’r D of
t he char actiat ncqirmﬁcser@fa ’Pp&hf ght Kanoe: aermm[siAamnptfaveﬁ Skt fR B ghigtian
assay conponen duc nd .pr or agglutination of a
conponent 631'5%96{%%“6" e ErS{‘?%IB% ﬂ’{‘ﬁréé 3@6{@5 2315; e.g. a radioi sotope,
a fluorigphore, Iamnénh@rmner@demmﬁm yfmmbmnorendymmlsmhﬁésrfai@teuﬁrmng

coupl cd < PREF=C O ERE AT T AT bl PP Rar ety N DB T T eq
and 30 i soberitedal Bitdnispyueticeophinseiat litrasied .hi s di agnostic kit.
br event i ng & propBoIpLioR AR TS A ArEaF Har o (rATMEr R of“l%?t.x 's.”ﬁg‘”
adm ni st er subgratecpeificiy freatiial) fa eph arenbe elihe Galry bpmmmg ﬂomresc@m@r i sing
2 oo Mkl . LURE, SSLALR 50 ASLLNE SRS ki E SRS ARL] ond
Eglnl IbEr g Is ﬁ&l%ZOOE hRapaisbtetahmtm s&xuid:&ate S];@mﬁcﬂdloﬁ@tﬂsdﬂmm stoifricodn bl

co

G sor der SR e PEhAR IR HES AR Sy o BB T

prertrophy or an |nfect|ous dlsorder The fore90|ng descri ption

w1 be nore f HJ (!aéle sHlpsggg ?ptegﬁgw% a protré ase %r S neEl Qy phase display technology, a

25  phage-displayed random peptide library with exhaustive diversity is generated and screened

with purified protease. This known technique has been adapted to the specific case as
described herein in order to construct a phage-displayed random library that included afl
nossible amino acid combination of a defined length of amino acids. Thus large libraries are
constructed by displaying random sequences on the extremity of filamentous phages, then

30  amplified and screened toward a protease to assay rapidly its specificity.



10 foll ow ng Exanpl es. Such Exanples, are, however, exenplary of

met hods of practising the present invention and are not intended to
limt the scope of the invention. EXAMPLES 15 Exanple 1: Devel opnent
of reconbi nant ACT inhibitors specific to human |i K 2 using phage

di spl ay sel ected substrates. 20 Material |i K2 and hK3 (PSA) were
purified front human senmen as previously described (Frenefte G
Gervais Y, Trenblay RR, Dube JY. 1998 "Contam nation of purified
prostate-specific antigen preparatiod$ by kallilcrein I3K2" J Urol
159, 1375-8), anti-hK2 and anti-PSA nonocl onal antibodies were a gift
from Prof essor ARRrdigeaBtaaylcs L anid, Apflicaetaid iynshante@ntadibt Biary2 5

chynot rypsi n tr),.surolc nase | asm nog actj vat Q uPA), human
kal |'i krei n“H# 111g|1”§%§9 ndgpg ‘f AL “’("gﬁ? 1en eﬁéﬁ?‘?ﬂ%ﬁl I
el astase (Bbdike, aNEoBQIMRHED. @ho%&ﬂ&lﬁ@ﬂ; ﬁ@htaﬁéfaeq@ém%wd&a%&a{tédy psin)
were purc ,ﬁsed from Cal bi ochem _Z-Phe-Arg

a=

Suc- Al aAl allSEpises oARIEses firthen ropd rVeNh@ra.AWess of the pentamer inserts. Then
MeOSuc- Al aphAbatdplagnMad rad@tGeiRictidas 6 hideiasl f a@ﬂﬁ%@w%obmzed%

CFP- TFRSA- YFP fl uorescent .substrate was _devel oped as previ ousl

descri bed TNBAERSSuRSTR T cargg N HAg e ﬁll?a”émmcg\la?é@%wﬂ} %P@%@»r&n

protein prigé @@&ﬁeﬁﬂ@&&[@h@&hdﬁ&@a@éw&s@ﬁz 5 eyéspi-&ﬂlg%nsﬁﬂ@@&bé&aﬁs ate
caspases durin aoopt osis" Chem B DNA for human

al - ant khy rigis the goEg-phassyd e r&“@é@l@ﬁéﬁ’ﬁ e @?“'f‘ fo 1¥1§eﬁﬁrﬂ9ﬁ1ﬁv IP%&":%%FO Reibi n

(Uni ver si tiraeh aﬁ%g\ﬁﬂddvﬁﬁée%hages % thetl §uBfiH Uy edeBHarivi taay ?Qﬁbﬁ%@m&%@' | owi ng
t he subcl ani nglg CT .cDNA'into pQE-9 expression vec

e rand S ReHaTLERS > ShRiY EHEOT TS oI B SPyion (g st

N-ter mi nal pefiipe Mm@ beehyuped&sa%ttﬂegﬁﬂt&a n§él&é°r$o obtaAfot shectRd M ul ; were
i ncor por at eg’@]E ko upstream and 18 gr downst ream of P1 codon in RSL

domai n red ‘i/seq“FH‘@s@aéqst&é%l tedsskroppdas cdagehiy ating prto Fat difhieen

usi ng ol i geauEkeehiRsl phaxgbak ﬂi&ﬁ@@@f@@%ﬂéﬁ&&@%%ﬁe sife@s Sac Hand
5'- GCACAATGGTACGCGTCT%CA for Mu |l site and follow ng the

qui ckchang’jéteﬂ‘il’feéb‘éﬁ’i‘@’s???sﬁ?aﬁfdd%’ﬂe °§ﬂ’ﬁ1ﬁi ied by Stratagene. 10

Construction of the substrate phage display |ibrary Substrate phage
l'ibraries Were rat.ed using a nodified plli0508b phagem d. ( Lowran
et al. 1001 » VGEFRY: HGREAFIPHPE SR RGFIGe BROTEl RO BgHOENl ent
phage di spkayice Bic&ﬁlﬂ;&ﬁllﬁﬁﬁityr oF3 sexih@&B@asB)f@r eﬂ:iﬂalé:ﬁﬁ%ts&}d@ﬁcb 8Ro®@NSI st s

of aH|56 ei ther .end, of er-re 5 rich
ot on ¢ nablEst nsf Bt e Rgieaubios, KAt Feoi s ROA L TBA0. 106) of
t he ML3 gereioldy iidveporaasdde tp mm@m&w&mmmmﬁ&&@mﬂﬁmﬁm\su on

of the te eleoflde a riate restrictjon sites
posi ti gnegle{:)ﬁ E’B’f#}thg °IB‘i‘g HHE S %C&é‘ hlﬁl&'g %&8‘%’“3 encoding a subsirate

51 TGACCT Aied AATAGGT GGCGGTNNS1NSNNSNNSNNSGGGT CGACGT CGGT
CATAGCAGTCGCTCGCA-3' (where N is any nucleotide and Sis either 0 or
C) using 205" biotinylated prinmers corresponding to the flanking
regi ons: Recombinant chimeric inhibitors are, for example, produced in TG1 E.coli strains at

suitable culturing conditions. Suitable culiuring conditions can be comprised between 10
25 40°C during 10-30 hours depending on the recombinant chimeric inhibitors to be expressed.

Surprisingly, Applicants have shown that in the case of examples 1 and 2, a temperature of

16°C during 16h allows the expression and the production of fully intact variants of rACTs.

Finally, recombinant chimeric inhibitors can be recovered either from the culturing
30 medium, when the recombinant chimeric inhibitor is secreted, or extracted from the cell
expression system when the recombinant chimeric inhibitor is not secreted, and purified by

art-known techniques such as high performancs liquid chromatography, gel electrophoresis,



5' TGAGCTAGICTAGATAGGTG 3' and 5' - TGCAGCGACTGCTATGA-3' . PCR tenpl ates
are digested and purified as described previously (Smth- G P, Scott
J.K 1993 "Libraries of peptides and proteins displayed on

filanment ous phage" Methods' Enzynol. 217, 228-57), inserted into
XbaT/ Sal | di gested pi-10508h vector, and el ectroporated into XL1-Bl ue
25 (F The extent of the library was estimated fromthe transformation
efficiency determned by plating a snﬁll portion of the transforned
cells onto Luria-Bertani plates containing anpicillin and

tetracycli (I’jli? 100 and 15 p.g.m-1,. re)ég)ecti vel ﬁ The rest of the

t ransf or me y plaoipaipssarts alfaiUBation dorprehangsma e ks Bhegeipalisonditivatmsed i ng
overni ght hy {ﬂﬁfﬁ‘gé Picanr MobhQf cﬁﬁx’eﬁceilﬁhiﬂtbggﬁl Bhend it PRCENRGAL én@ﬂ'%sg'uv') ng

a multiplici f infection of 100 plaque formng units 30 (p.
per ni. Phagegagmhgapbolicydydrorhilisiy.tcireand wbkherrapasant to divee silled injteschriby
pol y(et hyl ene oty e@hily B BaloRiaf i plu@fhati :
selected arbitrarily j;‘pr_0 sé_’g‘lﬁgﬁ’t@i{“(ﬁ%f‘tt‘% a&%?ﬁ?gdytyﬁ]ggrsaﬁggﬁﬁgg{tﬂ%lgjrt]hcof
t he | i brar yecombiganppiageicdibahiipray éuthp Histaepepbé ehed. Oithisr ffinitygaiesled sugh «Fhi s
new pent apep#i Lok ar i ' : : | ng
e i e e e B
coupl ed t o eBEHITES ke BeaEvERPR+- nitrilotriacetic acid resin) was
washed with 10 nL NaC /Pi containing 1 ngnL BSA. 5 Phage particles
(10") were added to the equilibrated Ni2+-nitrilotriacetic acid resin
and al | owed t o Bienkimepic inhiyonprbieinagry thes forthef pras@yed fattheit aglityTvelibiesi n
was subgequentd Ng{ MW gl?rga - ey e, 0.1%
Tween 20) to r%‘%%é@ﬁ%ﬁg%{ﬁn pﬁéaﬂzg%g éé‘”’??&’ he#e%%jg?lll hr“J g%ugg%sﬁlﬁe NaCYPi .
The subst r #cachpidaeptodtisateinpbs¥a Ao N dcad ci § 1. 6669 Bhic ewfwdderaih)s aof
hl{.2 for 4R - | ' : BASH, RS
al so perfor rrsescﬁj&l Tﬁ%d%%m%ﬁg@ g@mﬁﬂ%n@ ﬁ#@?%@ﬂé}g‘éﬁ# gbﬁhﬁg{og%per nig}tggnt
wer e anpl i froéips gad mgpimy relaiBielyeuwEpetiar indiicabibiylte distingpishhonnd psuei from
subsequent LRuhds of selection. After eight rounds of panning, about
15 individual clones were picked fromthe fifth, sixth and eighth
round o sel ect &eendmsthpd epsvepdptoipmoepswing iths offiniteef chimgrisisbjbitmpottinsn t he
regi on enceggi EOL 1ol 8 SU ~ : ShibHChA jzon of
reconbi nant. Wi T d %[ge ACT g%%{h?){ cgtvicrﬁ?ngﬁ{@ﬂlﬁ%?hﬂoegf %&%@Qﬁﬁcﬁ
cor r es pond thegnzme Hargretiopregwies. densoding en the pesdEowiichi the gaiadestrs bet ween
P3 and P3' (1366 TaltheavhiMoiie] o Whom MR o OB BRE A StbsheR R bRAST on of
the tenpl ate ol igonucl eoti des: r ACTsi 0,
T- TACCGOGGH {COBTEETTCTCGAGCAGTGGA 20 GACGCGT GA- 3';
ACTS, 305" - TACOREGIHCAGMTH o LG i GAAGAEE Ao Rase
r ACT83, T- TACCGCGGT TCAGEGCGAGATCTGAGT TAGTG GAGACGCGTGA- 3" ; 25
r ACT6. 7, T- TACOECEGE AR ANEANTRPC RTINS TGGAGACCGCTGA- 3 ;
r ACT6. 1, T- TACCGCGGT CAAAATCATGACAAGATCTAACTTAGT GGAGACGCGTGA- 3';
r ACT5A8, 5' - TACCGCGGT CAAAATCACCGAGCGTGTCTCGCCCGTG 30 GAGACGCGTGA- 3
(wher e under | i AB%chiesga ey Pereiwdischheveri sy ayéradinmedured, t he reactive
site | 00p) secdhsHhRBtPinlal¥B Speidh SRRANFhi0 sk iR akhidRIHENG HEFLONR
5' -TAC%:?CG}FTEA?AA -3' and 5'-

08t Cell.

H
ayg AT,

A wide variety of unicellular host cells are usefitl in expressing the chimerie inhibitor
proteins of this invention. These hosts may include well known eukaryotic and prokaryotic
hosts, such as straing of B. coli, Pseudomonas, Baeillus, Streptomyces, fungi such as yeasts,
and animal cells, such as CHO, YB/20, NSO, 8P2/0, Rl. ], B-W and L-M cells, African Green

30  Monkey kidney cells (e. g, COS 1, COS 7, BSC1, BSC40, and BMT10), insect cells {e. g.,
319), and human cells and plant cells in tissue culture. Preferably, the host cell is a bacterial

cell selected from the group comprising the genera Bacillus, Escherichia, Salmonella, and



29 TCACGCGIGICCAC-3'. PCR products were digested with Sac H and Mn
/restriction enzynes and then subcl oned into di gested r ACTw
construct. Reconbi nant serpins were produced in TGL E. colt strain.
Cells were grown at 37Cin 2 x TY nedia (16g tryptone, | Qg yeast
extract, 5g NaCl per L) containing 1004m anpicillin to A600=0. 5.

| sopropyl thio-P- 5 gal actoside (TPTG was then added to a final
concentration of 0.5nM all ow ng the ezxpressi on of reconbi nant serpins
for 16h at 16C. The cells from 100nl Bf culture were harvested by
centrifitgation, resuspended in cold PBS and then passed through a
french predgwing. Meegirbrablyiee gl hosiselliskeancE colptesmi ¢ proteins. Cel |
debris were renoved by centrifugation and N12+- nitilotriacetic
affinity agarose beads were added to supernatant for 90 min at 4C to
bi nd 10 r econbi Tigiformaasipn primnstertien of eppireprisie suketytrsagprelotic hvabdebawiti t h

50mMM Tri s ; J}}?I%I,--H %3{{% Flalal] ) roteins
were el ut eghi?%?%m&a%ig% 0] ; Tr P@S%aé‘gb@ﬁ@gﬁﬁﬁe‘&ﬁ@%ﬁ% 150mvi

| mi dazolde. ogEEn eedoppbdied brvaidsovoombiods bd typicallyTdepear en th by sferector

agai nst 500M; Rkrdus.pH: 8. 05, % Trit 400 for, 16h at
AC. The pr gs%\é Y Wt%%a%%%ﬁtﬂ%ﬁ ?%%%%ﬁeef; %]%rlﬁ’ 8445t alf;@gﬁ 1%‘fcjﬂg‘r"‘i‘ﬂfﬂi (élﬁji]?%n by
Br adf or d adslabpraamtiMamrihEbld Spiihg FarboyLatlenteiytaodetumerchily Gatabiasdiods,

Bl ue- st ai ned SDS- PAGE gel s (Laenunli UK 1970 "C eavage of structural
proteins during the assenbly of the head of bacteriophage T4" Nature
227, 680- 5). TabitkerpljecdOf tid iregenirventiof is RGirovidRea diapnoaticRettgide Loop) of

o o D e a bR oA SRATRL RS Bt oy BRheg it A irReq

Pept i de r ADRArsvateice Felgoterd Somithe\ ¢l conh@upSEQ USRAL VKA, 70, MMS 12 A VE T
ACT6. 2 RR ACT5.3 AMISE.V.K | R Gat S EL V:E
T rACTA. 7 %ﬁ%f?%ﬂl}ge ”tﬁﬁﬁg’%\’%ﬁ%’%}ﬁ% I?“i’é?%’i\)ff‘? U M RS NAVE T

ACT5.18 ER4NSP VKI T B R VS P VET Substrate peptides sel ected
by kal l'il aei nh i - dj I andam pent.apept | | i brary.
Plain type r es? a%%ivgl?’etﬁec%%argﬁwtg{ ct)l\%’%{%%\%?l ,Sm%glagm Na C&{?It %r%feld%%ﬁm o
resi dués capPesparfdpiinaybopisage cpepid ektopprehnofapretast rofBing of theACT
variants. @St Sid@hOYnE plohiSH BBl d 8T, b¥sctected
designated by -1. and putative c egvage site In Serprns I's marked by
asteri sks Beniheegieun spappsing D8 eMDAIdD 61,3006 nil b Clon assays and

Stoi chionetry afd-nhiLh td (Sl i chi tnhi hitign (ST)
val ues were det e?éﬁlﬁﬁggh’ft%eﬁa?hg%lﬁ%?ﬁ?ﬁgwn&g%&ﬁ%fgghﬁéﬁ imtcgh%ﬁaigi ants
Wit h hl C2 RiAiEeseliof ¢ eawente sotdde fos a pipteass. fo which miay hied the dhimeripdrdibiterde wi t h
a nol any5 g¥& : SA: : ypsin
(onti) pl e ng%itgﬁ ulbh e “’%%%ﬁ%%f?%ﬁé"éﬁ?ﬁ E/&%%%’H‘t% inafp H%@Bﬁ%p hile
el astase (BNE) enzynes. The reaction was cam ed out for 30m n at 25C

90 m t 37C o i ki i e 1o o. e el
(90 nin a Tk é&&m@( )rll%%@t: %syet B%Jbﬁ§g the o %gIPHHZw‘ﬁe n

150raMNaCl, 0,05% Triton X-100, 0,701% BSA)  and r esi enzyne

activity visotionatie enabyildensndiey the amsnetofpiieass plsssut ReesiznglZaphe- Ar g- AVC
for hK1l, MeRciad@sull Ganantpasble Qronak . . .
Z-Ady-dy- X\r S AI\/S[lé f@ oorl_ﬂ §§PA, %E%\gﬁsgﬁ %@g%%ﬂé}%gﬁ%oﬁ%\ﬁw% t5Jr;mllﬁlc\clll’:‘, and
CFP- TFRSA-fippipscetsyor papigescepigrdysts, pliesftion el rbarhaterisiios g Babswmptish of siibsisint or s
was conpardgehdia@hnthiiah L O react | n
i nhi bition was ggyg?? %'Se .,chﬁ n\%\]ggﬁ%&e@g%aﬁllﬁﬁfeeg%g@l&? !?]r%g %%ﬁ%l%glgf ferent
concent r atPBPREeR Profse Saisicerarncns mrphersdabels -ragadidiseay, arflegr@esi an
anal ySi S Qlzyfob AGhieRtk, AGklib betledClrQderoh- hsolcBiicihd, 6L S PANIB 1o
reaction! velocity of

particle and may be coupled either to the chimeric inhibitor protein or to the purified and

30 isolated DNA sequence present in this diagnostic kit.



15 uninhi bited enzyne reaction) versus the nolar ratio of the
inhibitor to enzyme ([I10i/[EQ]), the stoichionmetry of inhibition,
corresponding to the abscissa intercept, was obtained. Kinetics The
association rate constants for interactions of hX2, chynotrypsin, FTC
and HNE with 20 different rACTs were determ ned under pseudo-first
order conditions using the progress curve nmethod (Mrrison JF, Wl sh
CT 1988 "The behavi or and significance of slow binding enzyne

i nhi bitors" Adv. Enzynol, Bel ot Areas®Wt Biol 61, 201- 301) Under
these conditions, a fixed amunt of enzynme (2 nM was mxed with

di ff erent concehnally thepresedisplndurelso provides-a80gholvireating capreextess of

T p 7. Rt SRR AR AR POR b L EBG R b o

45m n and tfhermegguicabfomp esiftht comfizingw tdcanmbivasvinBgssergid ausi aifyeagdd." 800

fl uorescence 96-~mel.l m cropl r.eader (Biot.ek SA) . I n thi del ,
nhbr e on 1 s oot eEn R drREDRE by SB Lo ap el G
react i onS andn bédneelprio gpseths didrdee hzydiverdadi wWhith B2 kalliger oot dayimprgduct

formation ( inning .at a r.at 4) ;and .is.inhibited over tinme (t)
bt rot Bhtd Sl e el b BRam S phPerReh G SRR o) y
on i nhi bi t ofypermgetr paibhfectivus diddtdeEor each inhibitor, a kb s was

cal cul ated, for four different concentrations of inhibitors, by non

| i near regression of the data using equation 1. By plotting the kbs
ver sus i nhi bi t oFhedasgpizgticsatiitionwill Je,mofe SROEBGsIQIIGEH tfab@e @ARSt ant , k',
equal tp,t .one of the calve= Akob, / AM, was determned. Due to
Che- contet P EEe (e SEh s s Rt ey oS Bt s & £

bel ow i s ugedent avetion d tre hbidntseledpdmitticatopt af the @@AGsmnt k' by taki ng
in account the substrate concentration [S] and the Km of the enzyne
for its substrate, giving the ka. kir: (1 +[S] | Kia) x k'eq 2 10
The Km of hK2 for Z-FR-AMC, chynot migpsiemesf or Suc- AAPF- AMC, PK for

Z- FR- AMC and HNE for MeOSuc- AAPV-AMC were 671i M 145uM 170uM

audl130 respectively. Western blot analysis of conplex formation and
i nhi bi tor degradation. 15 Kallilaein bI§2 was incubated 3 hours at 37C
with different reconbi nant ACTs at—a—'%ﬁ-b:[E]O ratio of 100:1 in

50r aM Tr i g Pe2dpuivniNg GLomBn@EAAN inhiditorXsidifie tAnmiagihik2s@inp plege displey

heat ed at gg% Qs q]tgp separated by SDS-PAGE (12% acrylamd 19:1 T:C
rati o) and then ‘eli' ectrobl otted onto Hybond- ECL ( Arnersham Phar naci a)
nitrocel l ul ose. The free-hK2 and hK2- ACT conpl exes were detected

usi ng apMoyse., ANt i - hK2 nonocl onal anti body and an 90 al kal i ne
phosphat ase- conj ugat ed goat anti-nouse secondary anti body. Wstern

bl ot was vikuendibEe PSdg weng pruifeed BOR hdwtrsemnéno plevibusyAreribhidfeRitatmaci a

Bi ot ech) . : j j .3, A Q../30m.n_at 25C
Ok net 1% c el YoRaMig e, BEHORS R bl ctpRin b Rud SRl ofleed 05
NaCl, O, O5pemaratipesy Kallioen b of Ephis 987 e8)chatidiEP entl dnyi-PRA storeatonkll ot |
using art it 1 H ?ﬁ’% i || owed .by- de tion with

t he secondgt{ril%émﬁaér%'!t“ié %S‘ y E‘{a%gﬁ%?%%g%ﬁg%}égg"ra! ]gnel‘é?rsé%’o%me%&a roduct i on of
sol ubl &5 r edumbimein{Chiy, hlkingse elagmidogem rdtivater (VREY huitied kbllikyshehislehypian

al -anti chy L EHEE 1 fic inhibitars of the
kal filcrei a:ﬁBﬁf%‘P_&g@ﬁ esl| Iglﬁetélgol)ggté@%éggf%@fg%g The &RQ#&%I’G of
rA|CTvvr \C/ive Lléaarﬁpﬂaméwnmﬁmw%nﬁ@uThasﬂ mmﬂaamm%m&mz—m%mwa_ _

sel ecte echn scripe e. Sl x variants
of ract srREREdeAeD &Y o EaIRUE AT, ARGk e e Fire Pt e

sci ssi | e biomdCalioderhSIFPAIFBS AP filesscuns Subsitadtgns de@pel  bReolisty

Leu- 35?0- Sedeéc%ge%i (Mﬁa?an%%‘et 9; lﬁbeNgv%{lgﬁtQﬁt grréécﬁg\évrresce%%mtem protease

substrates reveal the activation of specific caspases during apoptosis” Chem Biol 6, 401-9).

The ¢cDNA for human c1-antichymotrypsin (ACT) was a generous gift from Dr. Harvey

Rubin (University of Pernsylvania).



and its variants were expressed in E. coli TGL as fusion proteins
containing an Hs tag in Ntermnal position. Each of them was _
produced at | ow tenperature allowi ng protein accunulation mainly in
active soluble fonn. Purified under native conditions, the |evel of
production varied between 1.0 to 2.5 ng/L. The purity of purified
serpins, such as for exanple 5 Variant 6.1 (lane 1) and wild type ACT
(lane 2), as estimted by SDS- PAGE aqgly5|s Is nore than 98% (figure
1). rACT variants are nmainly specific "to kall'ikrein hk2 A panel of
enzymes i ncluding human neutrophil elastase, chymotrypsin-Iike (Chtr,
PSA or 10 hK3) and trypsin-like (hK2, hKl, PIC, uPA) proteinases have

been screengd.. t; I nhibitory specificity of rACT variants
(Table V). %gy%gm%&%g{%%ﬂfmtory profile of rACTw and its variants.

ACTS, 20 ( L1i9llosRajite sykeiPain@of ARRAEING into pQBQExhrassipd te@bt I@Pﬁfggk %ﬁl\/allil)@8 20
(KIRI-TT) A% 9%) %dyﬁ I\}Eé(}él? n@%@gss ta%E t? eY I§telmngr WAC,@E:T, two restriction sifes

111D 6 2
Sac IT and Mul, were incorporated 18 bp upstream and 18 bp downstream of P1 codon in

RSL domain respectively. These sites were created by silent mutation using oligonucleotides

5*-GTGATTTTGACCGCGGTGGCAGCAG-3’ for Sac Hand 5°-

GCACAATGGTACGCGTC TCCACTAATG-3’ for Miu I site and following the quickchange
~ mutagenesis protocol supplied by Stratagene. |

10
Construction of the substrate phage display library
Substrate phage libraries were generated using a modified pHO0508b phagemid (Lowman et al.
1991 “Selecting high-affinity binding proteins by monovalent phage display” Biochemistry 12,
10832-8), The construction consists of a Hisg éag at either end of a Gly-Gly-Gly-Ser-repeat-

15 richregion that precedes the carboxyi-terminal domain (codons 249-406) of the M13 gene 1.
The random pentamers were generated by PCR extension of the template oligonucleotides
with appropriate restriction sites positioned on both side of the depenerate codons:
S'TGAGCTAGTCTAGATAGGTGGCGGTNNSNNSNNSNNSNNSGGGTCGACGTCGET
CATAGCAGTCGCTGCA-3' (where N is any nucleotide and S is either G or C) using

20 5'biotinylated primers corresponding to the flanking regions:
5'TGAGCTAGTCTAGATAGGTG-3 and 5-TGCAGCGACTGCTATGA-3",

PCR templates are digested and purified as described previously (Smith-G.P, Scort JK. 1993
“Libraries of peptides and proteins displayed on filamentous phage” Methods Enzymol, 217,
228-57), mserted into Xbal/Sall digested pHOS508b vector, and electroporated into XL1-Blue
25 (F7). The extent of the library was estimated from the transformation efficiency determined
by plating a small portion of the transformed cells onto Luria-Bertani plates containing
ampicillin and tetracycline (100 and 15 pgmL ™, respectively). The rest of the transformed
cells were used to prepare a phage library by incubating overnight by adding an M13K07
helper phage at a concentration giving a multiplicity of infection of 100 plaque forming units
30 (p.fu) permL. Phages were collected from the supernatant and purified by poly(ethylene
glycol) precipitation. Of these, 200 clones were selected arbitrarily for sequencing to verify the

randomization of the library.
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Phage-displayed pentapeptide library screening

This new pentapeptide library was subjected to eight rounds of screening with hK2. One
fundred microliters of Ni**-nitrilotriacetic acid coupled to sepharose beads (Ni?*-
nitrilotriacetic acid resin) was washed with lb mL NaCl/P; containing 1 mgmL ™ BSA,
Phage particies (10') were added to the equilibrated Ni**-nitrilotriasetic acid resin and
allowed to bind with gentle agitation for 3 h at 4 °C. The resin was subsequently washed
(NaCl/Py/BSA 1 mgmL ™", 5 mM tmidazole, 0.1% Tween 20) to remove unbound phages and
then equilibrated in NaCV/Pi. The substrate phage was exposed to 27 na7 (final concentration)
of hE2 for 45 min at 37 °C. A control selection without protease was also performed. The
cleaved phages released info the supematant were amplified using XI.1-Blue Bscherichia coli
and then used for subsequent rounds of selection. After eight rounds of panning, sbout 15
individual clones were picked fiom the fifih, sixth and eighth round of selection and plasmid

DNA were isolated and sequenced in the region encoding for the substrate,

Construction aud Expression of vecombinant wild type ACT and ifs variants.

Six variants, which correspond to a change in the reactive site loap in positions between P3
and P3’ (see Table IV below), were generated by PCR extension of the template
oligonueleotides:

rACTg 20, 5*-TACCGCGGTCAAAATCACCCICCGTTCTCGAGCAGTGGA
GACGCGT GA-3%;

1ACTga, 5 TACCGCGGTCAAAATCACCAGGAGGTCTATCGATGT
GGAGACGCGTGA-3;

rACTss, 5’-TACCGCGGTCAAAATCAGGGGGAGATCTGAGTTAGTG
GAGACGCGTGA-3%;

TACTs7, -TACCGCGGTCAAAATCAAGCTTAGAACAACATTAG
TGGAGACCGCTGA-3";

rACTs,, 5’-TACCGCGGTCAAAATCATGACAAGATCTAACTTAGT
GGAGACGCGTGA-3’;

rACTs,3, 5’-TACCGCGGTCAAAATCACCGAGCGTGTCTCGCCCGTG
GAGACGCGTGA-3’

(where underlined sequences encode new cleavage sites in the reactive site loop), using

primers corresponding to the flanking regions : 5°-TACCGCGGTCAAAATC-3’ and 5°-
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TCACGCGTGTCCAC-3’. PCR products were digested with Sac I and My I restriction
enzymes and then subcloned into digested rACTywr construct. Recombinant serpins were
produced in TG1 £. coli strain. Cells were grown at 37°C in 2 x TY media (16g iryptone, 10g
yeast extract, 5g NaCl per L) containing 100pg/ml ampicillin to Agw=0.5. Isopropylthio-B-

5  galactoside (IPTG) was then added to a final concentration of 0.5mM allowing the expression
of recombinant serpins for 16h at 16°C. The cells from 100ml of culture were harvested by
centrifugation, resuspended in cold PBS and then passed through a fiench press to recover the
total soluble cytoplasmic proteins. Cell debris were removed by centrifugation and Ni'-
nitilotriacetic affinity agarose beads were added to sﬁpemataut for 90 min at 4°C {o bind

16 recombinant serpins. The resin was snbsequently washed with 50mM Tris pH 8.0, 500mM
NaCl, 25mM Imidazole and the bound proteins were eluted for 10min with 50mM Tris pH
8.0, 500mM NaCl and 150mM Imidazole. Once pirification was completed, rACT were
dialysed against 50mM Tris pH 8.0, 500mM NaCl, 0,05 % Triton X-100 for 16h at 4°C. The
protein conceniration was determined for each purification by Bradford assay and normalized

15 by densitometry of Coomassie Blue-stained SDS-PAGE gels (Laemmli UK. 1970 “Cleavage
of structural proteins during the assembly of the head of bacteriophage T4” Nature 227, 680-

5).
Table IV

20 Aligoment of RSL (Reactive Serpin Loop) of recombinant serpin «1-antichymotrypsin (ACT)
and its varfants,

Serpin Selected” P6 PS5 P4 P3 Pz PI Pl P27 P3 P4 PS5 PG
Substrate Peptide
YACTwr v X I T L Lt $§ A L V E T
rACTyy LRISRA vV K I T L R* 8 R A V EBE T
rACT;, RRISID v K I T R R¢¥ 8§ 1 D V B T
rACTy, RGRISE Vv ¥ I R G R* S5 E L YV E T
tACT;; KIWRWIT v K I K L R* T T L V EBE T
rACTy; MTRLSN Vv K ] M T R* S N A V E T
ACTsy BRWVSP Vv K I T E R* V 8§ P V E T

* Substrate peptides selected by kallikrein B2 using a phage-displayed random pentapeptide library .
Plain type residues are common to rACT\y, bold and underlined residues correspond to substrate peptides

25 relocated in RSL of ACT variants. The scissife bond by hK2 in substrate peptides is designated by 4 and putative
cleavage sife in serpins is marked by asterisks between the P1-P1° residues.
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Inhibition assays and Stoichiemetry of inhibition (SI)

The stoichiometry of inhibition (SI) values were determined for the mhibition of tACTwr and
its variants with hK2 and different other enzymes. An initial test was made with a molar
excess of rACT (100 fold) over hK2, PSA, hX1, chymotrypsin (Chtr), plasma kallikrein (PK),
urokinase (uPA) and human nentrophile elastase (HINE) enzymes, The -reaction was carried
out for 30min at 25°C (90 min at 37°C for PSA) in reaction buffer (50mM Tris pH 7.5,
150mM NaCl, 0,05% Triton X-100, 0,01% BSA) and residual enzyme activity was measured
by adding fluorescent substrates (Z-Phe-Arg-AMC for h¥1, K2 and PX, Suc-Ala-Ala-Pro-
Phe-AMC for Chir, , Z-Gly-Gly-Arg-AMC for uPA, MeOSuc-Ala-Ala-Pro-Val-AMC for
HNE, and CFP-TFRSA-YFP for PSA). Activity of enzyme in presence of inhibitors was
compared to uninhibited reaction. For reactions where an inhibition was observed, SI was
determined by incubating different concentrations of recombinant serpins, Using linear
regression. analysis of fractional activity (velocity of inhibited enzyme reaction / velocity of
uninhibited enzyme reaction) versus the molar ratio of the inhibitor to enzyme ([T,}/[Bo]), the

stoichiometry of inhibitio, cotresponding to the abscissa intercept, was obtained.

Kinetics

The association rate constants for interactions of K2, chymotrypsin, PX and HNE with
different rACTs were determined nnder pseudo-first order conditions using the progress curve
method (Morrison JF, Walsh CT. 1988 “ The behavior and significance of slow-binding
enzyme inhibitors” ddv. Enzymol. Relat. Areas Mol. Biol 61, 201-301). Under these
conditions, a fixed amount of enzyme (2 nM) was mixed with different concentrations of
inhibiior (0-800 nM) and an excess of substrate (10pM). Hach reaction was made in reaction
buifer (S0mM Tris pH 7.5, 150mM NaCl, 0,05% Triton X-100, 0,01% BSA) at 25°C for
45min and the rate of product formation was measured using a FL,800 fluorescence 96-weil
microplate reader (Biotek, USA), In this model, inhibition is considered to be irreversible over
the course of reaction and the progress of enzyme activity is expressed by product formation
(P), beginning at a rate (v,) and is inhibited over time {7) at a first-order rate (fun.), raie

constant that is dependent only on inhibitor concentration.

P = (villegps) % [1 - e(-ft’uhst)] o



O0O0OO0OO0OO0OUoldnase 0 000000 a Amno acid sequence cl eaved
In RSL (Reactive Serpin Loop) of reconbi nant ACTs corresponding to
sel ected substrate peptide by hK2 20" Prot ease and serpins were

i ncubated for 30 min at 25C (90 mn at 37 for PSA) at a [1],/pO ratio
of 100: 1. Percent inhibition correspond to 100 x (1- (velocity in
presence of inhibitor / velocity of uninhibited control)).

I ncubating with an excess of inhibitors alb/[E],, of 100:1) for 30

m nutes, hK2 is conpletely 25 inhibited by rACT6, 2, rACT8. 3, rACT63
and r ACT6, L, whereas rACT820 and r ACT518i nhibited 33 95 %and 73 %
of enzynme ab¥Rishiubiiprede s eaisnited, thdur diffbiien comserdietione of inhibitocs, bype

r ACT showedy LA B el SRVIRAY L G 2. -f hese

vari ants, t%&(ﬂﬁg&é@&g@i‘ J?fh{aar%trg%%gséqﬁaéﬁ)ﬁ g\rﬁggggggiﬁ]’relj%s Vte{(%ﬁ%%g?l ° nhi bi ti ng
no ot her t esnesdiratiny fire secaheorddr e covsant, &ntqsal t6 AET6eHT hn curtcACFOAR A/
-type. ACT,

inhibited a |, PR N.and 100%.respectj.vely. As w ld

val i ant rA gﬁa dﬁ%{ﬂlﬁ%jl ége Ot%(go@?/e\gg%%g’rwg‘foﬁ-‘%éiﬂkee"“}ﬁFE}?’éa € Zhh-
and PSA butbsiddi tsedioabiept tad weonPlrdartste tNtan: Nomeal@fs it AeovmeGoOmbBizARNT
serpins showed .i nhi kit ar, ctivity against the kalli]crein hKl and
uPA. Ogﬁe]étﬁﬁngh@ ﬁ%é%’ ofiligi g’lrvs% s g Er theTs 0 1t1C2 are
I nproved drastically in 10 conparison to wld type ACT The

determ nation of the stoichiomety of inhibitory was acconplished '
under physiol ogi cal conditions of%pH ™Rl B=arikc strength for al ka2

enzynes to ensure the nost val uabl e conpari son.
10 The Xy of hK2 for Z-FR-AMC, chymotrypsin for Suc-AAPF-AMC, PK for Z-FR-AMC and
HNE for MeOSuc-AAPV-AMC were 67uM, 145uM, 170uM and130pM respectively,

Western blot analysis of complex formation and inhibitor degradation.

15 Kallikrein b2 was incubated 3 hours at 37°C with different recombinant ACTs at a o Els
ratio of 100:1 in 50ml Tris, 200mM NaCl, 0,05% Triton X-100. Protein samples were heated
at 95°C for Smin, separated by SDS-PAGE (12% acrylamid 19:1 T:C ratio) and then
electroblotted onto Hybond-ECL (Amersham Pharmacia) nitroceliulose. The free-hK2 and
hK2-ACT complexes were detected using a mouse anti-hK2 monoclonal antibody and an

20 alkaline phosphatase-conjugated goat anti-mouse secondary antibody, Western blot was
visualized using the ECL detection kit (Amershamn Pharmacia Biotech). hK2 was also
incubated with ACTg 3 or ACTs7 30min at 25°C (kinetic conditions) at a [[Je:[E], ratio of 10:1
in 50mM Tris, 200mM NaCl, 0,05% Triton X-100. Proteins were detected by western blot,
using an anti-Hiss monoclonal antibody followed by detection with the secondary antibody

25  and protocol described above,

Production of soluble recombinant wild type and variant ACTs
Wild type serpin el-antichymotrypsin was used to develop specific inhibitors of the kallikrein
bK2. Residues P3-P3’ located in RSL structure of rACTwr were replaced by substrate

30 pentapeptides, previously selected by phage display technology as described above. Six
variants of TACT shown in table I, have been designed and constructed. The scissile bond in

substrate peptides was aligned according to Leu-358-Ser-359 into RSL of the serpin. rACTwr



Reconbi nant wild type ACT gave a Sl value of 2 (table V1) with
chynmotrypsin which is identical to the value obtained with comerci al
ACT under simlar conditions (data not 15 shown). Table VI Conpari son
of stoichiometry of inhibition values and second-order rate constants
(ka) for the reaction of rACTw and its variants with hX2 and ot hers
prot ei nases. 20 ACT8, 20ACTG : ACT8ACT7ACT6. 1ACT5. 18ACTwr (1. 14SRA)*
(R124SI D) (RGR545E) (1 CL12447) (1'i TRI - SN) ( ER4V5P) ( LaSA)
1110820111062MDS311067W D61AI DSI S CcO sr of sr l.e Afifi SI kb SI

kb MS-1 sr k . SI frab Sikt .
and its varlants were expressed in F.coli TG1 as fusion proteins containing an His taginN-

terminal position. Each of them was produced at low temperature allowing protein
accummulation mainly in active soluble form. Purified under native conditions, the level of
production varied between 1.0 to 2.5 mg/L. The purity of purified serpins, such as for example

5 Variant 6.1 (lane 1) and wild type ACT (lane 2), as estimated by SDS-PAGE analysis is more
than 98% (figure 1).

rACT variants are mainly specific to kallikrein hK2

A panel of enzymes including human neutrophil elastase, chymotrypsin-like (Chir, PSA or
10 HK3) and trypsin-like (hK2, kK1, PX, uPA) proteinases have been screened to determine

inhibitory specificity of rACT variants (Table V).

Table V
15 Inhibitory profile of tACTywr and its variants.
ACTyq ACT,;, ACTy; ACTeq ACTs,1 ACTs1s ACTwr
(LRISRAY  RRISID) (RGRISEF (KLRITT)  (MTRISN) ERIVSPY  (LLISA)

MD 820 MD 62 MD §3 MD 67 MD 61 MD518

Protease
Inhibition %°®

K2 95 100 100 100 100 73 0
Chir 66 0 ¢ 0 0 1] 100
PK. 54 190 0 38 100 0 0
HNE 30 0 0 60 g 15
PSA 45 0 0 3] 0 0 80
(bK3)
hK1 0 0 0 o 0 0
Urckinase 0 0 0 0 0 0

* Amino acid sequence cleaved in RSL (Reactive Serpin Loop) of recombinant ACTs corresponding to selected

substrate peptide by hK.2, .
20 P Protease and serpins were incubated for 30 min at 25°C {90 wmin at 37° for PSA) at a [E],/[E], ratio of 100:1.
Percent inhibition correspond to 100 x (1- (velocity in presence of inhibitor / velocity of uninhibited control}).

Incubating with an excess of inhibitors ([IJo/[E], of 100:1) for 30 minutes, hK?2 is completely
25 inhibited by rACTs2, rACTya, TACT 47 and rACTy,, whereas rACTg 2 and tACTs g inhibited



Pr ot ease 111(.2 105 1779 25 6261 34 2439 9 8991 19 3442

KX]

95 % and 73 % of enzyme activity, respectively. Under this condition, wild type rACT showed
no inhibition activity toward hX2, Among these variants, two (tACTs 'andrACTs,ig) are
specific to hK?2, inhibiting no other tested enzyme. Two other variants, tACTg7 and tACTs2,
inhibited as well PK at 36 % and 100% respeciively. As wild-type ACT, variant rACTg g

5  inhibited the two chymotrypsin-like proteases Chir and PSA but additionally also PK and
HNE. None of the recombinant serpins showed inhibitery activity against the kallikvein hK1
and uPA,

Stoichiometries of inhibitory of variant ACTs for hK?2 are improved drastically in

10 comparison to wild type ACT
The determination of the stoichiometry of inhibitory was accomplished under physiological
conditions of pH and ionic strength for all enzymes to ensure the most valuable comparison,
Recombinant wild type ACT gave a SI value of 2 (table VI} with chymotrypsin which is
identical to the value obtained with commercial ACT under similar conditions {datanot

15  shown).

Table VI

Comparison of stoichiometry of inhibition values and second-order rate constants (i) for the
reaction of rACTyr and its vartants with hK2 and others proteinases.

20

A(l:Ts.ze ACiTs.z ACE&.@ A-CT"G.'J AC’{GJ A%Ts.w Acirwr
R4SRAY SID CRISE LR TRLSN ERVVSPE LI{SA
(LM\DS%) (R%DGZ} (RMDBB ) ¢ I\'ID\G?TJ (MMD?EI ) (MDSIS) ¢ L3 )

[ < e [ [3
SIS sTokE sTokp S ST &E STokE ST ORE
Mgt Mgt MisT M5! M5! My Mg

!

Protease

hK2 105 1779 25 6261 34 2439 9 8991 19 3442 139 595 - -
Chir 134 905 . - - - - - . - - - 2 61205
PX 150 424 18 6217 - - 277 20t 16 8024 - . - -
BNE 334 158 - . .- . - - 159 1192 - . - -

* SI values reported were determined using linear regression analysis to extrapolate the 1/E zatio (see figure 1)
® Second order rate constants for serpin-proteinase reactions were measured under pseudo-first- or second order
conditions as described in “Experimental Procedure”,

25 ° Amino acid sequence of P3-P3* residues in RSL (Reactive Serpin Loop) of recombinant ACT corresponding to
selected substrate peptide by hK2
-, No detectable inhibitory activity.
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In order to determine the ST values of all the recombinant variants, Applicants have incubated
hK2 (SuM) with different concentrations (6.25-500nM) of rACTg 20 (%), rACTs2 (), tACTs3
(A), TACTs7 (0), TACTG,1 (KD, tACTs.13 (), TACTywr (+), at 25°C for 30 min in reaction
buffer. Residual activities (velocity) for hK2, were assayed by adding the fluorescent substrate
(10pM) Z-FR-AMC, Fractional velocity corresponds to the ratio of the velocity of inhibited
enzyme (v}) to the velocity of the uninhibited control (v,). The SI was determined using linear
regression analysis to extrapolate the I/E ratio (i.e. the x intercept).

As shown in Figure 2 all newly constructed variants of ACT showed lower SI values with kK2
than wild type ACT. From these variants rACTsz, tACTs; and rACT;, had the lowest
stoichiometry of inhibition values for hK2 (9, 19 and 25 respectively). Whereas rACTg, and
rACTj,; had also the lowest SI values (18 and 16) for PK, the SI for rACT6.7 was much higher
(277). The two recombinant ACTs specific for hK2, rACTg3 and tACTs.;¢ had a higher ST
ratio of 34 and 139, respectively. The SI value 0f tACTy 5 inhibitor was superior to 100 fox all
tested proteases including h¥2,

Variant ACTs form stable complexes with hX2 without degradation of inhibitors

bX2 was incubated 3h at 37°C with tACTg a0, rACTs2 , tACTg3 , tACT 67 , TACT6s , rACTs 18
and wild type rACT , at a I:E ratio of 100:1. Western Blot analysis of the reaction products of
tACTs with hK2 (rACTgag (lane 1), rACTs (lane 2), tACTs 3 (lane 3), rACTs7 (lane 4),
TACTs, (lane 5), rACTs .15 (lane 6) and wild type rACT (lane 7)), has been done under
reducing conditions using a mouse anti-hK2 antibody to determine the fate of inhibitors after
the interaction with the enzyme, Figure 3A shows that when hK?2 is incubated with ACT
variants, free hK2 (E) disappeared completely to form a covalent complex-(BI). This cova-.lent
complex demonstrated a high stability as it did not break down over a 16h incubation period
(data not shown), Wild type ACT inhibited more slowly hK2, which was mainly uncomplexed
after 3 hours of incubation. Elevated SI values measured with hK2 were not due to non-

complex forming degradation of ACT variant inhibitors.

Further on ACT33 (lane 1) or ACTg7 (lane 3) were incubated with hK2 (Jane 2 znd 4
respectively on the western blot) under kinetic conditions (30min at 25°C) at 2 I:E ratio of
10:1. The complex formation was analysed by western blot under reducing conditions using a

mouse monoclonal anti-his tag (figure 3B). All inhibitor proteins were either complexed with



201 16 8024 El NE 334 158 - 159 1192 a Sl values reported
were determ ned using |linear regression analysis to extrapol ate the
1/Eratio (see figure |). b Second order rate constants for
serpin-protei nase reactions were neasured under pseudo-first- or
second order conditions as described in "Experinental Procedure”.
25Am no acid sequence of P3-P3' residues in RSL (Reactive Serpia
Loop) of reconbi nant ACT correspondiqg to sel ected substrate peptide
by h1C2 -, No detectable inhibitory activity.

hK? or present as uncleaved form, indicating that the possible subsirate pathway for the

serpin-enzyme interaction is marginal,

Variant ACTs showed highest association constants with hIK2
5  The rate of inhibitory reaction with varjant ACTs was determined for each protease showing

reactivity with these inhibifors. To that end, interaction of hK2 and recombinant serpins was
roeasured under pseudo-first order conditions using progress curve method. hi2 (20M) and
substrate Z-FR-AMC (10pM) were added to varying amounts (20n-B00nM) of inhibitors
rACTs70(0), TACTs 15 (+) (Figure 4A) and inhibitors 1tACTs, (0), rACTs 5 (o) tACTs 7 (A),

10 rACTs; (%) (Figure 4B). Representative progress curves were subjected to non linear
regression analysis using eq 1 and the rate (ko) was plotted against the serpin concentrations.
After determination of kobs, association constants (ka) were calculated using K, of the
proteases for their corresponding substrates (table VI), The ka value of wild type ACT with
chymotrypsin was identical as to published data (Cooley et al, 2001 “The serpin MNEI

15  inhibits elastase-like and chymotrypsin-like serine proteases through efficient reactions at two
active sites” Biochemistry 40, 15762-70). The recombinant tACTs, showed a highest ka
{8991 M’ls") with hK2 whereas that obtained with PK. was 45 fold inferior. In conirast,
recombinant tACTs, gave equivalent ko with hK2 and PX. demonstrating a lack of
discrimination between the two proteases. kz values of kK2 specific recombinant inhibitors

20 rACTg; and rACTs, g were lower, 2439 and 595 Mg respectively, whereas non specific
ACTj g exhibited a ka of 1779 M''s™, for hK2, superior compared to Chir, PK, and HNE. One
of the recombinant serpins, rACTs.1, was reacting at higher velocity with PK. than with hi2.

Example 2:
25  Development of recombinant ACT inhibitors specific to human hK2 and hK3 proteases.

Residues P3-P3’ located in RST, shructure of rACTwy were replaced by substrate pentapeptide
coding for the RSL of Protein C Inhibitor (PCI) (Table VII) as described in example 1,
30



34 In order to determ ne the SI values of all the reconbi nant
variants, Applicants have incubated hK2 (5nM wth different
concentrations (6.25-500nM of rACTS8, 20 (x), rACI62 (o), rACT8.3 (A,
rACT6.7 (0), rACT6.1 (K), rACT5.18 (0), rACTwr (+), at 25C for 30 mn
in reaction buffer. Residual activities (velocity) for hK2, were
assayed by adding the fluorescent substrate 5 (10uM Z-FR- AMC.
Fractional velocity corresponds to the ratio of the velocity of

i nhibited enzyne (vi) to the velocity of the uninhibited control

(va). The SI was determ ned using |linear regression analysis to
extrapolate the T/Eratio (i e the kaihYHrcept). As shown in Figure 2
all newWy constructed variants of ACT showed | ower SI values with hKk2
than wld typAdg#Ehof RED (RebdtiesSerpal.scaNéfFeco b3 seriAGITAPENEd AAGER2 had
the | owest 10 stoichionetry of inhibition values for hK2 (9, 19 and
25 respectively). Wereas rACT6 and r ACT61 had al so the | owest Sl
values (18 and 16) for PR the SI Tor TArdGefeddas nmuch higher (Z277).
The two recamhinant ACIS sggecirbi cpdf O3 LI Clps r AGISprandsr A4To r5b hgd a
hi gher SI ratio of 34 and 139, respectively. The SI value of rACIT820
i nhi bitor wagergpperior to 100 4 orjal Iy tested proteases, i ngl udgng
111C2. 15 Variant “AE1¥4 orm stabl e conpl exes with WJ wi t hout

degradati on of inhi Bitors 111(2 was i ncubated 3h at 37C with

r ACT8. 20, rACT6. 2 , DYACTsSTC 4ARCHEC ACC FRCTBT1TGIACTS . T4 §HY $49 SOy pe
rACT , at a LE ratf@ 8! 100:1 Western Blot analysis of the reaction
products of—r ACTs \&Af hl C2 f\rA(‘TR?ﬂ (Ianp 1), rACTR8.2 (Iane 2),
rACT83 (lane 3), rACT67 (lane 4), 20 rACT61 (lane 5), rACT5As (Il ane
6) and wi | d™XGpe ra@Ts=c{d arfe 7)), has Tbeeh dane under mreduci ngvi S
conditions using asf@yse anti-hK2 antibody to determne the fate of-

i nhi bi t or s—¢ th 'd f . —Fi

that when bKX'1% ificubiat ed’ wi th AET Varifint® % eefh
di sappear ed®Ypl et*®F%° to form a coval ent conplex .(El). This

coval ent conpl ex ohenodel relttedhsa Arghacst Biln Mgk yTESs GE4 ThdGTOtGAl eak
.dOW.n over Btaik B 1dsiBGIHRALninB Ko Q&%J;ngldaéw(dgﬁagcﬁcsﬂ&g coRd3RNHY subsM(elp?ﬁJey pe ACT
i nhi bited mbr@dBRRIVIYCTGRS. ThakEsGIRbOWBS subkRitapkpyidebiD GORMIOX B pafite@Eavae
hours of i sitdiyartssmekeEbayaitex8in thwBl-Rlasidmeasur ed with hl C2 were not
due to nonconplex form ng degradation of ACT variant inhibitors.

Furt herjgon ACT8.3 (lane 1) or ACT6.7 (lane 3) were incubated with hK2
(lane 2 and 4 30 respectively on the western blot) under kinetic
condi t i ons Brgbnioproducesimaycogbingt priteingtG Tpc: dMDLD; TG1 cpHewee himkssned
formation vag thae@eyp%%n%mnéeﬁatoﬁ{ﬁn&&e@fb BRGn pgﬁj;!ﬁaty&wﬁe ik | QRS

usi ng a nmouse nonocl onal anti-his tag }(’ igure 3B). Al inhibitor

prot ei ns wiFE thep imdesed oA prtEsabepngilytinexpEss rpgembigant pihibien for 48 AT Ceaved
form i ndi aadoinpBlad: Bt MECTROS S DkR1e8 B LHElIRRRALEWAN SePhrall DV affinity

serpin-enzyme interaction is marginal._ Variant ACTs showed hi ghest
associ af i offr¥eARE Rkt wingN-NTAcplpmm asydeeeripeg for thf previys piampley react i on
with variant ACTs was determ ned for each protease showi ng reactivity
with these inhibitors. To that end, interaction of hlC2 and

r ecombi nant B of secomhinsps AL Treasprespirardyy SPESAREf i r st order conditions
USi NG Pr QTR SrifGYF Medi i - VA 62 0PM
wer e added k?e?)ﬁ.vtf’i}r yt?ﬁg%%&%?g%ﬁl_%%ﬁ%q%@%i n il‘g%sﬁegir%ggﬁACT& g%( 0),
rACTs. i s (Zpbyfisyugerreineing copditons pshesim bFiemreACT62 (0), rACTS, 3 (0)
rACT67,§A), 10 rACT6.i (x) (Figure 4B). Representative progress
curves were subjected to non linear regression analysis using eq 1
and t he r abval@aiemyl theishipiiasst ed agai nst the serpin concentrations.

These inhibitors were further analysed to assess their specificity and affinity to inhibit the

- human kallikreins hK2 and hK3 (Figures 6) and plasma kallikrein, trypsin, urokinase, elastase,
thrombin, hK14 and human kallikrein 8 (Table VIO). These two enzymes possess different



After determ nation of kobs, association constants (ka) were

cal cul ated using Km of the proteases for their correspondi ng
substrates (table VD. The Ica value of wild type ACT with
chynotrypsin was identical as to published data (Cooley et al. 2001
"The seipin M\BI 15inhibits el astase-Iike and chynotrypsin-like
serine proteases through efficient reactions at two active
sites"Birochenastly 40, 15762-70). Thes; econbi nant r ACT6. 7 showed a

hi ghest Ica (8991 M 111) with hK2 whereas that obtained with PK was
45 fold inferior. In contrast, reconbinant rACT62 gave equi val ent ka
wi t h hK2 anéiZPretigsseifieitissahiisn gynain kel gt ohpmelopsimiikelbut v nseelscehibited e
two proteas ( | ; | Jad ' knhi hitors 20
FACTE, 3 and e HE ATt Rl b B ea EGRNRN Ahop BRLRLLPES )
wher eas noninbigiden ¢5bE2 orskep0 exhibited a Ira of 1779 M 111, for 13K2,
superior conpared to Chtr, PK and EINE. One of the reconbi nant
serpins, rACT6.1, was reacting at higher velocity with PK than with
hK2. Exa#pl éuaysis oihialibitagpresation eetwaee oAdis aurkihe huAGHT killiwilsi vteor apalgpéci f i C
to human 11 [ . P3- P3 l,oc N RSL
structure oﬁ%%%ﬁ%%%ﬁ%@%&%@kgﬁg%agg?g&p%rll %‘%Ié”gl?’ﬂ* e Codi ng
for the RSLngfatelwitheliOp ngrfsithir bK2 orhKBRGINg 1(liTatk &7°Vnhder ghysicleget | bed in
exanple 1, . 3&;Jable VI1 Alignnment. of RSL (Reactive Se phi Loop) of
reconbi nant serpins ACT, PCl and ACTpa. rACTra (MD C) Anmino acid V
| Cl TER S. AlheveEtlisoéie detergon using the monodBNA aiitodpan)i HET COAAASIARE AT TT
AGA TCT4CA ITA GIG GAG GTC Pl ain type residues are comon to rACTw,
bol d and underlined residues correspond to substrate peptides

rel ocat ed ilrESEEGPuIACT commerainlt ACT THER, 8 cwEGiyheAGDALKL, 4 : HISS + AKZ
peptides i s;.deskgnated. . t, cl eavage site in serpins is
mar ked by zsass.'?\g?dl;sks bgt%génlﬂlﬂ%% -f%f'hk?’esi dues. 10 Briefly, to
produce t heFigecohionait dyretiomdfKACTEcomplvDGE anihGly aptHlis(tagpregent on
transf or W@eé&nﬁ;ﬂaﬁtﬁm‘éﬁ%ﬁﬁpondi ng constructions foll owed by growh
in appropriate culture nmedia. Cells were then induced to an opti nal
densi t y13 o Iésedr BYS 2r RohBLhanwild vhe HCT 0 PEAFOMIEA +@SALBDRRCBINI nant
i nhi bi tor ACTRSRwasAeXt Bt €gsfrom cytopl asm bacteria and separated
by affinity 15 chromatography using N -NTA colum as described for

t he previous exanple. Analysis of reconbi nant ACT expression by

SCS- PAGE. 2Bt hekdVer@eed Wit g6 hod LRk B oSN : !
RS ariHlé %c’icﬁt; thé Sts‘?lg%%aéﬂ ShiShod ik BinkREs %%Y 6l 2pagh dfopmézxa”p e

1 and 2 was teste AGE anal ysi's under reducing conditions as
shown i n Fisgpgieitgransiormes; ACT &nte avinlgitor highly spedifin oo, MD820, MD6],
20 MDG62) without inhibiting hi3. Thess results confinn those previously shown in Table IV.
Only MDCI, based on the reactive loop of the inhibitor of the Protein C (PCI) is able to inhibit

both kallikreins tested (hK2 and hK3).

MD61 and MD62 are inhibitors with very high affinity for hK2 inhibiting all hK2 protein in
25 less than 3 minutes (under the same conditions) compared to wild type or comumercial o1~

antichymotrypsin, which requires more than 12 hours of incubation to inhibit the same amount
of hK2 (data not shown).

30



These inhibitors were further analysed to assess their specificity
and affinity to inhibit the human kallilcreins hlC2 and hK3 (Fi gures
6) and plasma kallikrein, trypsin, uroldnase, elastase, thronbin,
11.1(14 and hurman kallikrein 8 (Table VII1). These two enzynes
possess different 37 enzymatic specificities (hK2. trypsin-Iike,
hK3: chymotrypsin-like) but are naturally inhibited by ACT. Wile ACT
is considered to be the natural hK3 iphibitor in blood circulation,
its inhibition of 1,K2 is weaker. 5 Analysis of the inhibitory

reacti on between rACTs and the human kallilcreins were anal ysed by
Western Bl ot as shown in Figures 6._Faor_each variants of ACT, |ug of
i nhi bitor was incubated with 100 ngT't'ﬁiem her fin or hK3 during 1
hour at 37C under physiol ogi cal .conditions The results of the
det ect i 08 using the monocl onal hitoEoHYiapkYDer 2 9D5 are shown in
Figure 10 6A. Line 1:111(2 only, 2: commercial ACT +111C2, 3 : wld
type ACT + hlC2, 4 MD820 + hlC2, 5 : MDCl + 111C2, 6 : MD62 + Ui, 7
: MD61 + 111(2, _Eigure 6 B shows the detection of |iK3-ACT conpl ex
using anti bpdyaanti-H's (tag present on recordli nant ACT pymt’elns). 15
Line 1: PSA—2—PSA =+ ACT MMibiipn 4" type ACT + PSA,__4: MDB20 + PSA, 5
. MDCl + PSAVmgHYPSDG2 +PSA, 7 (98MD61 - 1- PSA. 1 The ani no asdzth changes
wi thin the I;Iesac&g ,ygrjoop usi ng sblbstrate sequences sel ected for hK2
specificity tranaiorfied ACT intd%an inhi bitofthighly spec?®t for Era
(MD820, I\/D615|ryps 0 MD62) wi thout i%ﬂ biting HO.IThese results confirm
t hose previously shown in Table Only MDCl," based on t RE¥%act i ve

| oop of theghpiusdi tor of the Projein C (PCl) is able to inhibit both
kallilcreins tested (hK2 and 111(3). MD61 and MD62 are inhibitors
with very H8lghsaffinity for hK2 g nhibiting all 111C2 protein in 25+

| ess than 3 m nutes (under the sane conditions) conpared to wld type
or commer ci'@ronghit ant i chynot rypsith, which requires nore than 12 hours
of incubation to inhibit the same anount of hK2 (data not shown). 38
Table VI11 %}hibitory profile of%weier. 5 P#dtease | nhi BBBPON % S

Human Kallikrein 8 ~25 ~180

10 Example 3:
Inhibitien of tumor growth by MD inhibitors

3.1 Inhibition of tumor growth by MIDG62 and MD 67 inhibitors

The androgen-independent human prostate adenocarcinoma cell line DU-145 was obtained
15 from American Type Culture Collection, Retroviral technology was used to obtain DU145 cell
transfected with hK2 gene (DU145/bK2).

Exponentially growing DU145/hK2 cells were collected and resuspended at a concentration of
7.5 x 107 cells/ml in DMEM (Invitrogen) containing 1 or 10ug of inhibitors, This cell

20 suspension was mixed with matrigel (BD Biosciences) at a 1:2 ratio and injected
subeutaneously (3 x 10° cells/4041) into the right and left flank of 8 week old male athymic

Swiss nude mice (twa mice/group). Bach mouse was inoculated at two sites.
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At days 6, 12 and 18 following tumor inoculation, 50 or 10ug of MD62, MD67 or 100pg or
10ng of ACT-WT were injected subcutaneously. At days 24, 30, 33, 36, 39 and 41 following
tumor inocnlation, 25 or Spg of inhibitors (VD62 and MDG7) or 50 pg or 5 ug of ACT-WT

were injected subcutaneously.

Figure 10A shows the Inhibition of fumor growth by MD 62. Prostate cancer cells DU-145 (3
x 10° cells), transfected with humen kallikrein 2, were implanted in nude mice and then

treated with MD 62 (5 or 25pg/injection).

Fignre 108 shows the inhibition of tumor growth by MD 67. Prostate cancer cells DU-145 (3
x 10 cells), transfected with human kallikrein 2, were implanted in nude mice and then

treated with MD 67 (5 or 25pg/injection).

3.2 Inhibition of tumov growth by MDCT junhibitor.

The androgen-independent human prostate adenocarcinoma cell line DU-145 was obtained

from American Type Culture Collection. Retroviral technology was used to obtain DU145 cell
transtected with hiK2 gene (DU145/hK2).

Exponentially growing DU145/hK2 cells were collected and resuspended at a concentration of
7.5 % 107 cells/m1 in DMEM (Tnvitrogen) containing 1 or 10ug of inhibitors. This cell
suspension was mixed with matrigel (BD Biosciences) at a 1:2 ratio and injected
subcutaneously (3 x 10° cells/40ul) into the right and left flank of 8 week old male athymic
Swiss nude mice {two mice/group). Each mouse was inoculated at two sites.

At days 6, 12 and 18 following tumeor inoculation, 100ug or 10pg of MDCI or ACT-WT were
injected subcutansously. At days 24, 30, 33, 36, 39 and 41 following tumor incculation, 50 ug
or 5 pg of MDCI or ACT-WT were injected subcntaneonsly.

Figure 11 shows the inhibition of tumor growth by MD CI. Prostate cancer cells DU-145 (3 x

10° cells), fransfected with human kallikrein 2, were implanted in nude mice and then treated

with MD CI (5 or 50ug/injection).
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I nhibition of tunmor growh by MDinhibitors 3.1 Inhibition of tunor
grom h by 1VID62 and MD 67 inhibitors The androgen-i ndependent hunman
prostate adenocarcinoma cell line 1)115145 was obtained 15 from
Anerican Type Culture Collection. Retroyiral technology was used to
obtain 1)11145 cell transfected with hl C2 gene (DU145/ hK2)
Exponentially grow ng DU145/ hK2 cells were col |l ected and resuspended
at a concentration of 7.5 x 107 cel (LARISin DVEM (I'nyitrogen)
containing 1 or 10itg of inhibitors. This cell 20 suspension was
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Figure 1013 shows the inhibition of tunor row h by MD 67. Prostate
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2. The recombinant inhibitor protein of a Kallikrein of claim 1, characterised in

15 that the Kallikrein is an hK2 Kallikrein protein.

3. The recombinant inhibitor protein of a Kallikrein of claim 1 or 2,
characterized in that the Reactive Serpin Loop P6-P6’ of the serpin sequence is selected
from the group comprising the SEQ ID No 16, 17, 18, 19, 20, 21, 22, biologically active

20  fragments thereof, molecular chimeras thereof, and/or combinations thereof.

4. The recombinant inhibitor protein of a Kallikrein according to any one of
claims 1 to 3, characterized in that the serpin sequence is selected from the group
comprising the e—lantichymotrypsin (ACT), protein C inhibitor (PCI), e~lantiproteinase
25 (AAT), human o-lantitrypsin-related protein precursor (ATR), o—2-plasmin inhibitor
(AAP), human anti-thrombin-III precursor (ATIII), protease inhibitor 10 (PI10), human
collagen-binding protein 2 precursor (CBP2), protease inhibitor 7 (PI7), protease inhibitor
leuserpin 2 (HLS2), human plasma protease C1 inhibitor (C1 INH), monocyte/neutrophil
elastase inhibitor (M/NEI), plasminogen activator inhibitor-3 (PAI3), protease inhibitor 4
30  (PI4), protease inhibitor 5 (PIS), protease inhibitor 12 (P112), human plasminogen activator
inhibitor-1 precursor endothelial (PAI-1), human plasminogen activator inhibitor-2
placental (PAI2), human pigment epithelium-derived factor precursor (PEDF), protease
inhibitor 6 (P16}, protease inhibitor 8 (PI8), protease inhibitor 9 (P19), human squamous cell

carcinoma antigen 1 (SCCA-1), human squamous cell carcinoma antigen 2 (SCCA-2), T4-



3.2 Inhibition of tunor growth by MDCl inhibitor. 15 The

andr ogen- i ndependent human prostate adenocarci noma cell |ine DU 145
was obtained from Anerican Type Culture Col |l ection. Retroviral

t echnol ogy was used to obtain D1J145 % Il transfected with hl C2 gene
(DU145/ hK2) . Exponentially grow ng DUL45/hK2 cells were collected and

ded at i f 20 7.5 107 [ 1 i DIVE] V.
(Tt Frgine "goReiar ERE) Mlaeodaprofans satibier” LD, eeielso terent
was m xgdlevhh el ds IRdred B BhOSHhERARAM: tddrest. 102 ratio and injected

subcut aneously (3 x 106 cells/40pl) into the right and left flank of
8 week old male athym c Swi ss nude mce (two mice/group). Each nouse

was i nogul ated attwo sites.. . . At days.6,.1 18 foll ow t r
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i nocul ation, 50 jig or 5 isg of MDCI or ACT-W were injected

subcut affeBRspRprising F’flegﬁﬁ(é@%%%cﬂﬁ: {thand Khi bition of tumor growth by
MD Cl. Prostate cancer cells DU-145 (3 x | 06 cells), transfected
with human kallilcrein 2, were inplanted in nude mce and then
treated.30 with NbheGecdibbiaantSahigitomprectn on) Kallfi@ei@loRldMom 3, .chéracterized in
reconbi pnant i nhibitor pratein of Kal|ilcrein, conprising a serpin
sequende?EhG AP XA, HL %?FW@HS&&H‘?W‘]E@BHSIS@Q’ %4 $d serpin
seq@ence conprises at | east one substrate active site consisting in a
pent apepti de sequence sel ected anong SSRTE, KTRSN, | SPRS, GVFRS,
GIVRS, ETKRS, LGR3Ie, reR@ERSEantRARSbIpr MBRGPef PERBEreRSCBMdingRARSy oSBRT A
g;ETR'\I'/ RAA e (ggAPM h DVRAA%G d-F'l':\l/ P:at II\?/E%FQAéa SQBAS% ac{ilge %IﬁgRV E!?}{?It?ér
SCRLA, (G KRl QMANS, suRMRI- pepRNRAc ERBSAK a Fil@RRPusiEY lh e c- 4T Bifed RIS
specific for the Kallikrein, biologically active fragnents thereof, a
nol ecul RentapePies labefier eof , and/ or a combi nation thereof 2. The

recenbi nant inhibitor protein of a Kallikrein of claiml,
characterised in 15that the Kallilcrein is an hK2 Kallikrein protein.
3. The g.econbi nam purifiedizndrisqlatet @NAfeqaei! duckdi@i thefreewhedinant istibRor
characterized_ in {hat. the Reactive Serpin Loop P6-P6' of the serpin
sequenddofedn ek Batlidkein perarding torept ReppicednaSiaHe SEQ ID No 16, 17,
18, 19, 20, 21, 22, biologically active 20 fragnents thereof,

nol ecul ar chi neras thereof, and/or conbinations thereof 4. The

r econbi‘hant i nhi Biteqrurifiedtani nsaddted DREA Isedquenet of demo B déngadterizad yin o the

of glains 1 to 3, characterized in that rpin i o
ce Dt eirdsi redroltcBhefa slpris SRR neEOIHIRRE Sy v s,
pr ot ef ISIEIDNTDYIGHQ (FE9, FEQIBRE N QUEESS N5 L AAT) | hunan

al antitrypsin-related protein precursor (ATR), a-2-plasmn inhibitor
(AAP), human anti-thronmbin-I11 precursor (ATIII1), protease inhibitor
10 (PI1Q), human I - bi_ndj I in.2 precursor (CBP2), .

pr ot easlg?'i nhi bi to}‘r&?fk?%?g?l? %?%? gcélgléa%%e%h%il ot?'gﬁ gug%rp%liflsﬁgézt%% &%‘fﬁeﬁ and
human pkelated INAtseqsncEbf claimhds to9. (C [ NH), nonocyt e/ neut r ophi |

el gstase inhibitor (MNElI), plasm nogen activator inhibitor-3 (PAI3),
pratease inhibitor 4 30 (Pl14), protease inhibitor 5 (PI5), protease

i nhi bitor 12 (PI , ] ' P, nhibi :
precur s@r' endot hé‘l@leaﬁxm(—%%?l} %&aﬂﬁﬂg%ﬂg}g’scér}r]l!a%ag{geglﬁeggﬁh\%%{t géﬁﬂer comprises a
i nhi bi tom2tgylopeabtyainkeRAd He, punidied rng igibeeat DEPA tdymencem deri ved fact or
precursor (PEDF), protease inhibitor 6 (PI6), protease inhibitor 8
(PI8), protease inhibitor 9 (PI9), human squanous cell carcinoma
antigemal (SCCA-1J .culd9Biic §ﬂ%ﬁﬂ€ﬁﬂ%ﬁ€fﬂoht £A1 GhiPORe AN hIED e2pleSES vedtor
T4- 41 binding globulin (TBG, Megsin, and protease inhibitor 14
(PI304) , offdlaigwdifta lilher eof , nol ecul ar chi meras thereof, and/ or

conbi nations thereof 5. The reconbinant inhibitor protein of a



6. The reconbi nant inhibitor protein of a Kallikrein of claimb5,
characterized in that the reconbinant inhibitor protein of a
Kallikrein is SEQID No 4 or 8. 7. The reconbi nant inhibitor
protein of a Kall krein according to y one of the preceding clains,
characterised in that at | east one substrate active site sequence

speci fi for t he |kre| is a substrat‘ﬁ]h ﬁ% sel { % bg .

Kal I'i | cbein usi nglfap MEsIcE] }céﬁl CRPRRPSHATY %@ Zhepth d r §PYPISE. @
A puri fjcgéhnBindnt ﬁﬁﬂbﬁbﬁﬁmgﬂ‘f\ﬁ 8 QUEINERIrESCRY TG 1R 1&687051&%%&% agent, and
inhibitor protein of a Kallikrein according to any of the prece i ng

cl ai ms. optionaldy inT¢rentynation; widh amgior @ot%ﬂlmnwtis@bmqﬁaldt celrigisn 8,
characterized in that the 20 sequence is selected fromthe group
conmprising SEQID N1, SEQIDN3, SEQIDNS5, SEQIDN 7, SEQID N
9, SEQ 1D N 11 antheSERQok BhdbhikBmacehbical NdngHopities Hif @MhiMeGt BF the 1epa1at10n of
characterized in that it conprises the purified and isolate

sequenci TTicamgnigog theotroatmest of preverEoRqir 2 PsItent ysizesswriag é!salidﬁf 1p,a
characgﬁ&hﬁgg inthat it further conprises a pronoter operably |inked
to the purified and isol ated DNA sequence. 12. A eukaryotic or
prokaryotic host cell transfected with the expression vector 30of

cl ai ns 10 or 11. 42 13. A pharnmaceutical conposition characterized in

that itltonpriseshs qﬁéé&%ﬂlﬁl&ﬁ? clanRi gy taragieiotediin et the dspidpkises Hssler
any oof 19'@&18?%1%2%@&11?@%&1 a%ﬂvﬁﬂd Ye#i@gfal, and optionally in

conmbi nation W th one or nore pharmaceutically acceptable carriers.

514. The use of the pharnaceutlcal conposition of claim13 for the

preparajjon of a.gedi canent.for he tr eat nen

Dt o 0l b <- ass ok 5 HFgieaP ST Tamer. chespst R T et hectiediiys »
to cl ai gndéd, af habaghehd di86kdes) ahh@ﬂarﬁrﬁﬁtogy SQR5MSF off M RfEtioRd giesrddi n

whi ch hK2 Kal |'i krein act|V|ty is detrinmental. 16. The use according
to clainms 14 or 15, characterized in that the disorder is a cancer,

an to ne di fla r i f u

it B el 507, Tre gt ol IEEHEh el b Bl PR AL LARH R frgprare
t he canefter BrepstQahed @r a ansstasidddast cancer or a netastasi c cancer.
18. The use according to claim 16, characterized in that the

i nfl ammatory di sorder is Benign Prostatic Hypertrophy. 20

18. The use according to claim 16, characterized in that the inflammatory

disorder is Benign Prostatic Hypertrophy.
20
19. A method for producing the recombinant inhibitor protein of a Kallikrein of

claims 1 to 7, comprising the steps of

a) selecting a polynucleotidic sequence encoding a substrate active site specific for said
Kallikrein,
25 b) introducing said polynucleotidic sequence into a sequence encoding a serpin sequence,

so as to obtain a recombinant inhibitor protein of the Kallikrein,
c) allowing expression of said recombinant inhibitor protein of the Kallikrein in a cell
expression system under suitable conditions,
d) and recovering the recombinant inhibitor protein of the Kallikrein.
30
20. The method of claim 19, characterized in that step a) is performed by phage-

displayed library screening.



19. A nethod for producing the reconbinant inhibitor protein of a
Kallilcrein of clainms 1 to 7, conprising the steps of a)selecting a
pol ynucl eoti di ¢ sequence encoding a substrate active site specific
for said 25 b)introducing said polynugbeotidic sequence into a
sequence encodi ng a serpin sequence, sO as to obtain a reconbinant

i nhi bi t protein.of the Kallikrejn, Ilomﬁn ex ressi on aof sai
oo Aot Tt PrRgpedea BREains T faa B0 il F BRE IR ishsiir catifans
syst em gdRt mSé:UlﬁlﬁFlF Mok Q8% s9dte@Nd artéiﬁg ﬁlwget%v@@n ww@ 'dﬁﬁﬂg 10-
i nhibitor protein of the Kallikrein. 30 43 21. The nethod of clains

19 and 3bhowkar acterized in that the suitable conditions consist in
culturing the cell expression systemat a tenperature between 10-40C
during 10- 30 hours. 522. The nmethod of claim?21, characterized in

t hats t hg2.sui t abl erzonethbi @%]40M8|, SharhétedzddeiRBARthy keitMle 461diGdHsi dddsist
16 hours. 23. The method of clains 19 to 22, characterized in

that sti@m @mprmtue if 0%ddeinasEphewsi on after extraction of said
reconbi nant inhibitor protein of the Kallikrein fromthe 10cel
expression system 24. The nethod of claim 23, characterized in that

the sepzirati on ofTigandthbéadrddimantd tordd, khiattefival 8 thadftep A is achleved by
Kallilcrein is achieved by affinity chronatography 1525. The neth

of cl ai ifRaRYOR éﬁg@,ext@?apla@f Sl Z8ePBINRIAPNIPHET PROSHRSTE HagKall Wl&ff%m the

profei Nedf exphi@silélsldibgrein is further assayed for its ability to
P R exprsiOd #y of the Kallikrein. 26. The method of clainms 19

to 23, characterized in that the cell expression 20systemis a

bacteri cell. 7. A di ostic t for the . detectiogn of a
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SEQIDN1, 3, 5 7, 13, a sequence conplenentary thereo

and/or functional fragnents thereof 28. A diagnostic kit for the

det oan of a K e n racterl ed
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1 to 7.inhibitor protein of the Kallikrein is further assayed for its ability to inhibit the activity of
the Kallikrein.

26. The method of claims 19 to 23, characterized in that the cell expression

20  system is a bacterial cell.

27. A diagnostic kit for the detection of a Kallikrein in a specimen characterized

in that it comprises any suitable purified and isolated DNA sequence selected from the

group comprising SEQ ID N° 1, 3, 5, 7, 9, 11, 13, a sequence complementary thereof,
25  and/or functional fragments thereof.

28. A diagnostic kit for the detection of a Kallikrein in a specimen characterized

in that it comprises a recombinant inhibitor of a Kallikrein according to claims 1 to 7.



