WO 2009/118137PCT/EP2009/002091 Use of Cathepsin C Present invention concerns the use of
Cathepsin C. Other aspects of the invention concern 5methods for screening pharmaceuticals, for
diagnosing pain susceptibility and for the treatment of pain. In the western world, chronic pain is a
major unsolvedthsaithiprablem undermining the health and welfare of millibos/pfmit@ensyChronic pain
severely afflicts the well-being of the individual 103experiencing it and it is frequently accompanied or
followed by vegetative signs, which often result in depression. Chronic pain results in individual
suffering and social economic costs of tremendous extent. Existing pharmacological pain therapies are
widely unsatisfying both in terms of efficacy and of safety. 15In light of the severe drawbacks
connected Wigh&tafthsiii@ @rt pain treatments, there is a great need for novel options for treatment of
ongoing pain, and for diagnosis and prognosis concerning the potential development of chronic pain.
Especially in light of the vast gap between the fast advancing understanding of the neurobiology of
pain and the unmet clinical need to provide effective treatments without the drawbacks of state of the -
art treatmeRtes20eifioeistine edriosoes dhected ¢ duthdisdoverDiiareagdecets tbe hoxeltidaseascof

analgesics Jhuis:dtls eohicehrtihe RIesent mvanfionda provide. a.naw:means donihe develgpment

and provision of new classes of pain modulating drugs. 25This object is solved by the use of
Cathepsin & 8flinctional fragments or derivatives thereof for identifying compounds that modulate
pain. The invention is based on the surprising finding of the inventors, demonstrating for the first time

that Cathensin e FUaLssIBnC BRElCor RISS U) B SUB SRR MOBE MBI ooy

30neuropathic pain. Pain is, per definition of the international association for th f pain, an

unpleasant?EEn¥eigra i Bitiens RhFd%pRtidriveric seiaR e iphhafbaRils weldaing psdir indivtugd, or

descrilfed inxssriesohguchndamadgeqbaitiyisoasmpsdly b et enpesdenc eetatiac bupiiomaicierten
resuit in depression. Chronic pain results in individual suffering and social economic costs of
tremendous extent. Existing pharmacological pain therapies are widely unsatisfying both in

terms of efficacy and of safety.

15 in light of the severe drawbacks connected with state of the art pain freatments, there is a
great need for novel options for treatment of ongoing pain, and for diagnosis and prognosis
concerning the potential development of chronic pain. Especially in light of the vast gap
between the fast advancing understanding of the neurohiology of pain and the unmet clinical
need to provide effective treatments without the drawbacks of state of the art treatments,

20  efforts need to be directed to the discovery of new targets for novel classes of analgesics.

Thus, it is the object of the present invention to provide a new means for the development and

provision of new classes of pain modulating drugs.

25  This object is solved by the use of Cathepsin C or functional fragments or derivatives thereof
for identifying compounds that modulate pain.

The invention is based on the surprising finding of the inventors, demonstrating for the first
time that Cathepsin C expression closely correlates with pain susceptibility in mouse models of
30  neuropathic pain,

-Pain is, per definition of the international association for the study of pain, an unpleasant
sensory and emotional experience associated with actual or potential tissue damage, or
described in terms of such damage. Pain is normally the consequence of an activation of the

35 nociceptive nervous sytem, that is specialized to detect and ‘encode damage or potential



35nociceptive nervous sytem, that is specialized to detect and encode damage or potential WO
2009/118137PCT/EP2009/002091 damage of tissue. Pain is thus part of a warning system of the body
to initiate reactions for minimizing actual or potential damage to the body. Pain can be the primary
symptom of évfiedivalietridition or can be secondary effect of a diseased stEEErofi@uyyighout any
biological meaning. Pain may be acute or chronic.?Acute pain is a physiological signal indicating a
potential or actual injury. It occurs accompanying tissue damage, infection, inflammation or other acute
causes, alerting the individual after bodily damage or malfunction. If acute pain is not treated properly,
it may lead to chronic pain. Chronic pain is a diseased state with varying origin, duration, intensity and
specific syfipsiae. ClifsH pain ﬁ]é@‘ﬁ@ﬁ?‘rﬁéc@ﬁfﬂ)@goﬁgﬁﬁmnﬂfa‘f’?ﬁn@?&yt@r“ﬂ@@fﬁ)[fﬁﬁféﬂs for
Nociceptiverpamiisjdgedi torbsotonun easuraeovite argeingeactivation pesprnaiy envisestal a
pain-sensitiyg feie e iess < e Hoaible g as iy SR T, Ae e L AANATE D ca
peripheral or central neuronal tissue; it Is believed to be sustamed5 y aberrant somato ensogry
processes [H4A& Feripheral nervous system, the CNS, or both. (For an overview of pain mechanisms,
see fosexample Scholz and Woolf, 2002; Julius and Basbaum, 2001, Woolf and Mannion, 1999;
Wood, J.D.,,2000; Woolf and Salter, 2000.) 20 Chronic neuropathic pain js variable from patient to
patient. Rebant G4t Tdieate ﬁ%ﬂa?ﬁﬂl'Fldtﬂ'\{/:l‘d'g%&J %aﬁ? 'gugc%p%ﬁi&gﬁ'é@i Bh SSPERNP o R RBIHE Fhount of
individual sefféingiune. thesewrs AssamrATYInh BsRab|dasreds gotsititrn (onfammatiticatackpeo shete
developmepsi@eaeHIBR i PAlVIRISSATEIBWaN e Ba R draf RS e stislies Pl hspusiiers

which 25 airpgedertlo il(ti%ngif)(eggi%% sce tigjility genes (i.e. genes that determine the amount of pain felt
in the presgncpe of'a given, fixed egreé3 of tissue injury) in rodent models of chronic pain. The rodent

model§ and experimental settings used by the inventors allowed for experimental conditions where

among the @iffg amygdas@g%éaaﬂmw%wmﬂ%%m&@ﬁumél%%%%%@&@g&g@%@ﬁmtm"ed

and b) genetic and environmental variability can be minimized. 30 Cathepsin C (CTSC; alternative
titles: dipeptidyl (amino)peptidase |, DPPI; (EC 3.4.14.1)), is a lysosomal protease.. WO

2009/11818HRGTE/BRZGAY05200 hdW\aLpBds L2 itgenminin SBALBNeR GoRHMis Nddhe:sek oaReiof
human Cat j : . 0] omic.DNA sequence comprising mouse
Cathepsin5%?%%@%35%9’%’%5%%5 ?é%%%]ﬁ?gq?fg g%%@fﬁ%ﬁ 58 rp\ﬁ |crl?/?g\?gﬁ'3%rlleig\ﬁr? f\(ol:=]

nuclebtide BRgEb R IS SR P RB GBI INGN S 2 (A NI TREES trv ReTiph s B i smstral
cathepsin Gdramsoriisuarians bailRNA)BE143807dcanpipienadibg.seguanss (resdebEamasapiens

cathepsin Getiansgript variant &eARNALBCI09330 gtf'&#% RIeER HBERILG SN Lomplete

cds), NM_009982 (mus musculus cathepsin C mRNA). The ed person Knows how taG retrieve
further codfGBRGuEARERE GNeatieptireOfotvike WB@WB&S@QE&IH@EQE WHINRRBICSpSER;
mutants or\¥iffetehDis@fminy/obiCathiepsieC2a0axisting). If in the 10 following, it is referred to the
cathepsin C coding sequence, this can mean any of the above mRNA or coding sequences;
preferably, the sequence according to reference numbers NM 001814 (human) (SEQ ID NO: 1) or
NM_ggggg@W@f@jgs@gqgoﬁ?@aﬁt_pain is variable from patient to patient. Recent data indicate that

individual pain susceptibility plays an important role for the amount of individual suffering, i.e.
there is an important heritable predisposition to pain, particularly o the development of
neuropathic pain. Present invention is based on extensive studies of the inventors which

25  aimed to identify pain susceptibility genes (i.e. genes that determine the amount of pain felt in
the presence of a given, fixed degree of tissue injury) in rodent models of chronic pain. The
rodent models and experimental settings used by the inventors allowed for experimental
conditions where among the different individuals a) nature and uniformity 6f the neural lesion
can be precisely controlled and b) genetic and environmenta! variability can be minimized.

30

Cathepsin C (CTSC; alternative titles: dipeptidyl (amino)peptidase 1, DPP; (EC 3.4.14.1)}, is a
lysosomal protease. .

The gene locus of Cathepsin C is on chromosome 11q14.1-g14.3 (see Rao et al., 1997). The

genomic sequence of Cathepsin C is publicly available at the NCBI nucleotide database under:



The protein sequence of Cathepsin C is publicly available at the NCB' protein database, e.g. under the
following accession numbers: homo sapiens (hs): complete cds: CAA6067, 15 AAL48191, AAL48192,
AAL38195, AAH54028, AAQ08887, AAIO0893, AAIO0894, AA100892, AAIO0895, AAIN9387,
AAI10072, ARI®3881tIRE Tsoform CRA _b: EAW59364; hs isoform CRA __ {EAWESBB3INs cathepsin
C isoforrn a preproprotein: NP_001805; hs isoform b precursor AAI13898 or NP_680475. Murine (mus
musculus) cathepsin C: AAH67063; preproprotein: NP_034112; isoform CRA-b (mus musculus): '
EDL06796; isoforms CRA-a (mus 20 musculus): EDL06795. Moreover the protein sequence is publicly
available at the UpiProtKB database (www.beta.uniprotoro) under gccession numbers; P&? 34
HomAN R R T R D eor BPRot (AT SES i B thepsin
C). If in theNOHMANY WL 10 tERHEQ teenteriatidhsinGpestedmorisingimoasidCGadoprsie€) this can mean
any of the above protein sequences; preferably, the sequence according to reference numbers 25
P53634 (for the human se uence&é)r P97821 (far the murine sequence). NCB! is the national centre
for biotechriBRod HBrPRKORE R UE) SERRISE KacRIaPeshL for BOIESH R B i Riational
Library of Medsiivs Beiddimg: 38We Bethwstiacddiia0 804 HdSAsvebbeadrds SHWTEA. tigbivehsagighsov).

More sequUeREeSHR-8-(RERUAPCRSHSAITY IRBNYISSET 98 S47E MR RECESSID LUNT éga% Reydeved in
the UniProtKB database under 30www. beta. un iprot. orq. WO 2009/118137PCT/EP2009/002091 4

The cloninGB¥YHE CalERh ¢ KahaRiRh% ) ParfBRA)., BE6RSIAE ey BrirtsicatRaRiEnsin C is
published byRPHtarmosipieie 1987, Wive EXH28KimyusemicsT (o rastepsinhamBiAS. JuleliskiéedbyeRaa et. al,

1997 (see gabRsiakw PBoRHReO Juflasr e durid dhn.detaliest texiapdinedost RALt RbeaIdnagsvhich is
incorporated herein by reference; e.g. the gene sequence a starting from -1127 up to to +1). Cathepsin
g TR PR KR R B

C is expresSBHERI > KRR P o Rat O eriseR iR ktef Eisingariet) Beother
orgarid) incdleiinipgelissoffrerdminihe syibensinRatodinalket087)e CathepsiméisamnyysOsenagbpeotease

g:apable of mvigg g&gﬁ@ti@%agmgpep@ém%g@rm@%%&jg{géegbwﬂgaq%sr g}%gsiﬁhgggr@volved

in the activ &)& oigqr ule serzé%ﬁro‘ﬁgéles 10 which are expressed in Bone marrow-derived effector

cells of the% & & R ARG NS EPFO b RREER RHEPARITER of the T-lymphocyte

‘granzymes A (GZMA) and B (GZMB) and granzyme C; further functions are the processing of different

lysosomal %@SMSH&%@Q@@%@%W@@ SR BIMERES{ Y EEY BRIRsIke.sq5ne nroteases)
Ip

by removal of an inhikitory N-terminal dipeptide residue (such as the above granzymes, 15 Cathepsin

C itself, nelBBhiN8Ia 09 GRARSIRN3 THIRRE BeI MO S8R Ridta BEmesetchA490, pham
and LHy 1998, 481K LAl 4002, HahBii§Sssdvh 540220028 ERTIr eAAI ISR 82,1 0Nakis 0~ 0a852002;

]yvoltters et ah306ds Phamossa! zﬂtﬂ@b@fﬂt@@tﬁ @éﬁ';@gof_&,b%ﬁ%ﬂgzﬁ@b%%%v%g&?t %sa'jso«’f’ém? )- Its
exopepidas oo DAt 4B G T s R BORRIE A edh. S SR ninatthe
following: elestarsel:cahEgSREGoantiyedlAhediarimad B)useumanciridgaseatimgp$actOr X AAHEEIBRPSin C
is a 200kD gripaspriisimrRieindbans gbrkmIORR)s \iEhRIsAdsd EBNHERSE0YUMMPs CRA-a (mus
20  musculus): EDLOB795. Moreover the protein sequence is publicly available at the UniProtKB
database {www.beia.uniprot.org), under accession numbers: P53634 (HUMAN_CATC, human
Cathepsin C, SEQ ID NO:2), or P87821 (CATC_MOUSE, murine Cathepsin C). If in the
following, it is referred 1o the cathepsin C protein or amino acid sequence, this can mean any

of the above protein sequences; preferably, the sequence according io reference numbers
25  P53634 (for the human sequence) or P7821 (for the murine seguence).

NCBI is the national centre for biotechnology information {postal address: National Centre for
Biotechnology Information, National Library of Medicine, Building 38A, Bethesda, MD 20894,

USA; web-adress: www.nebinhm.nih.gov). More sequences {e.g. sequences carrying
SwissProt or EMBL accession numbers) can be retrieved in the UniProtKB database under
30 www.beta uniprot.org. '




cathepsins (e.g. cathepsin B; H, t@and S) being small monomeric enzymes. The cathepsin C protein is
processed from a prepro-form to a proteolytically active enzyme. The mature 25 monomeric form of
cathepsin C consists of a heavy chain, a light chain and a propeptide remaining associated with the
active enzym® QAfEH&I81&T al., 1998; Cigic et al., 2000); four of such cathe PEFEEX1$8M0HHErs forming
the proteolytically active, 200kD cathepsin C tetrather. The generation of cathepsin C knock-out mice
(Dppi-knock out mice) is published by Pham and Ley, 1999 (see materials and methods part, from p.
8627 go 8629 and esp. p. 8627, 30second half of right column to p. 8628, first half of left column for

constructl oft e DPP vectar and fDPPI -[-m e as well H use] et al,
1994; Mansour eq Wo"ét%lfgf fé%gfkﬁ%g@?gol}bgf%sa? é%%dé ri ?88‘ T@@le to
which Pharetapsire, s 90dlisbs Pior banbaloaic &M Ded génekatmraglﬂfhénmcaederdmg:@d present

invention adguysniay spea@@@{Ifmaﬁ@qu%@@\é@béelw%@@slMs@ef[wé/@%m@&’é%ﬂg&%%%Htteé pain,
especially [edropa hl?g (5; The use ccordln %ae ent Sin hyvg%tlon comprises the identification of

compound$With"Esietf! grggteWs{? 5. "(—30? i IHGR) 59WBR 8RS RIUATIRRation of
compound§fWFtﬁGLfmeSFréa7cﬁ‘aﬁadféﬁéﬁc@ﬁ{t*@pﬁt@r@asmmesgalﬁfémgbamﬁ) iMbrep\gingy esent

invention agigwsnier she furheisebr@eianisationptgopranads alieadyddanifiesholpainginsaitk for the
prevention an /or reatment %gfg disease or diseased state. In this case, present invention can e.g.
nti

be used fof 10 6x Iu8|ng |dé active compounds having unwanted side-effects (i.e. the increase
of pain sensation): Candidate compounds for a given disease can e.g. be profiled for their influence on

Cathepsin @a(pé@smrca@@/wsegsiﬁm gme%%%wbmwemtﬁ&% Frdn BT R

compound / actlve CO@QO”n 6}56%% loyed for the different aspects of 15 present invention can
be any biofSgREAPEr BRHRIET s BLIERTR ﬁaﬂ)’r%}'%qdﬂJEFe%&T%@{'O@|tﬁfe9rﬁﬂﬁlﬁeﬁer5§rt?éﬂ§}eﬁﬁ§ﬂed
synthsizedtiemase eharrasat by berensafbicdbrvaitaffectnotetsilel tiolbovalarathieds. ahdcarypound
conSIderedr@gmngaia%@e@;ﬁp%@tmmwrb#hﬁé@:ﬂ%ﬁﬁé&%@lﬁ%ﬁ%@&ﬁ@@ﬂm ) PERFaE!

invention ¢ % ubstance h %‘a{i influence on one of the functions of Cathepsin C or on the
P? lei %‘f

Cathepsin proteincor hu G) HPigas, 8??Ctzs}fhe’ﬂfgﬁ?ff'Qﬁpfgsgigﬁreﬁé)slﬁﬁaﬁ%fonal
modificatio@ﬁ(@egsﬂ\ﬁ-gﬂ%@ﬁlaﬁmﬂmfMﬁ@mlﬁg’l(@ grarEseadetymtiemiclisiceiienars ases)dtyposition
58 or 61)), rehasareszalipn-etsheMenemars RIPKIRIOIRG0E AGHVALIGR- the above granzymes,

15 Cathepsin C itself, neutrophil elastase, proteinase-3, mast cell chymase and tryptase (Toomes
et al,, 1899, Pham and Ley 1999, Turk et al, 2000, Henningsson et al, 2003; McGuire et al.,
19893; Adkison et al,, 2002; Wolters et al, 2001; Pham et al, 2004; DeHaar et al, 2004; Sheth et
al, 2003, Methot et al., 20067). Its functions in general comprise: protease activity, peptidase
activity, e.g. dipeplidylpeptidase, exopeptidase or endopeptidase activity, activation of serine

20  proteases (e.g. one or more of the following: elastase, cathepsin G and granzymes A and B,
neuraminidase and factorXiil),

Cathepsin C is a 200kD tetrameric protein (Paris et al., 1995), which stands in contrast to other
cathepsins (e.g. cathepsin B, H, L and S) being small monomeric enzymes. The cathepsin C
protein is processed from a prepro-form to a proteolytically active enzyme. The mature
25  monomeric form of cathepsin C consists of a heavy chain, a light chain and a propeptide
remaining associated with the active enzyme (Wolters et al.,, 1998; Cigic et al., 2000); four of
such cathepsin C monomers forming the proteolytically active, 200kD cathepsin C tetramer.

The'generation of cathepsin C knock-out mice (Dppi-knock out mice) is published by Pham
and Ley, 1999 (see materials and methods part, from p. 8627 go 8629 and esp. p. 8627,
30 second half of right column to p. 8628, first half of left column for construction of the DPPI
targeting vector and generation of DPPI -/- mice; see as well Heusel et al, 1994; Mansour et



25 To_this end, the substance can modulate any of the functions of Cathepsin C (e.g. those as listed
above or below). Cathepsin C protein activity can be modulated by the substance e.g by direct
interaction and interference of Cathepsin C polypeptide/protein or fragments thereof. The substance
can also mod}igt€E#EEDsin C expression, e.g. on the level of transcriptid¢ BEXMigtesrelongation,
processing, etc), transcript stability, translation. Mareover it can modulate the posttranslational
modification, the processing from the inactive to the active form (cleavage of the prepro-form to the
three polypeptides forming the active monomer) and/or the oligomerization from the monomeric to the
tetrameric form, ggﬁ]well rotelg \%% etc. of Cathepsin C. The substance can exert the above '

offocts diretly SPmANER ARRIFL R S TSP BB OPUET BHERTESBY

interfering @@igigveztonhegatively) W|th natural signalling cascades having influence on Cathepsin C
function / protein activity / expression etc.) Functions of Cathepsin C comprise those as listed above,
e.g. protease activity; the ability of 5 removing dipeptides from the amino terminus of one or more

protein subSRaHEE FRECHHNAY AP TREPA T ERLETELRY ik BRSSP IBREPBaRVEL Bdages for the
(protein-prateivenitenatior) frsacheas dhpsie, |stpebatipvethestiidinate Tleavecandiotimgtivaieone or

more pfote|n BuRSH A6 Sy RENAS :Hé‘?ﬁﬁdé’i@rgé%\‘ﬁpénr‘?dé%w &&FQ&%ﬁﬁrQ&?&ﬁ ! %” émﬁ

those listed above. 10Funct|ons of Cathepsin C comprise also generally the abl ty o epsi
protein or nUEIER LRI R IR ATHEL ﬁ%?@%ﬁ%%?&?&@?\ﬁftﬁ%ﬂﬁ’@f‘% {E‘Iég“@@émﬁri@?ﬁffoé‘?}tsﬁ% limited
to: proteinsii.ructeiasis, togn et csaralatierie s Maneopeefepaddgrionverntidts edipability: othmtérgicding and

cleaving protgin SRstiatess %Hh%ﬁi@@fa%ﬂyzw@w%&r}s#eaém&%sw%M%é FRSRkBreSEd,r

application, to be any 15 molecule that can bé modified by the énzyme. Naturally occurring substrates

in the scopgﬁﬁﬂgﬁﬁm\faﬁ?@? Sréiraeed gt ie gb?r%%*?forﬁ’éeﬁ?ﬂﬁg“f’ﬁﬂ?\% RRBE tRBYVHRE in the
naturaPphysiologirgaidsmp itk dotreatccoptent$sumlingsugreanitel SitenefierddcasetheGddvbas&aNB) and

which are %éﬁsgaa%b@a%ta%&@%m%uﬁ& by theilesRRstie eaasé@ebé%Ié}ﬁe%ﬁi%@mﬁ'rleé&?é%&an be

either a decre% e or ncre se. According to one aspect of present grou of inter-related inventions,
a fragment 6#t %?R}%t ﬂﬁ@@lﬁ%%‘&ﬁﬂg 3§8E?Sﬁ\‘ iﬂﬂp {429 rbgment of a protein,

polypeptide or polynuclelc acid. 25 A fragment of a protein or polypeptide is a protein or polypeptide

that carries;0ps@omer e eadssaipaing K%nﬁ;bdéeﬁﬁéaﬁ%@& 8aQninieH R ﬂ%%l@&%ﬁfa%%m% or
more%nlno aC|d?ﬂWhen cc{;ﬂggred to the full-length Cat sin C; fragments comprise, e.g

Cathepsin & PSRRI S AYE ﬂﬁ?ﬁ%r GRGRLS b&fﬁ@ﬁ%&é%&ﬁ%%’"ﬁﬁ%‘”ﬁﬁ% S'B‘ﬁ\mlno
Acid chain,pgffssiafigrigitepuniing nsyeihdsized) ormigsyfoctivma oyZaeadssRrbbidatiathepsini@dtagment
in which thg@tgj@]mﬁggsmmmo Acids 1-24 of the Amino Acid chain) is deleted or Cathepsin C
fragment consisting of amino acids 25-463

A compound considered as being active in modulaling pain in the sense of the different

20  aspects of present invention can be any substance having an influence on one of the functions
of Cathepsin C or on the Cathepsin C amount (protein or nucleic acid) in a cell, on Cathepsin
C expression, postiransiational modification {e.g. N-glycosilation or processing (e.g. cleavage
og the exclusion domain, e.g. at position 58 or 61)), oligomerization of the monomers, protein
folding or activation.

25
To this end, the substance can modulate any of the functions of Cathepsin C (e.g. those as
listed above or below). Cathepsin C protein activity can be modulated by the substance e.g by
direct interaction and interference of Cathepsin C polypeptidefprotein or fragments thereof.
The substance can also modulate Cathepsin C expression, e.g. on the level of transcription

30 (initiation, elongation, processing, etc), transcript stability, translation. Moreover it can
modulate the posttranslational modification, the processing from the inactive to the active form
(cleavage of the prepro-form to the three polypeptides forming the active monomer) and/or the
oligomerization from the menomeric 1o the tetrameric form, as well as protein folding etc. of

Cathepsin C. The substance can exert the above effects directly or indirectly (indirectly



3. 'a Cathepsin C fragment comprising or consisting of positions 25-134 of the Amino Acid chain
according to SEQ ID NO:2 (dipeptidyl-peptidase 1 exclusion domain chain) WO
2009/118137PCT/EP2009/002091 7 4. a Cathepsin C fragment in which the propeptide (Amino Acids
135-230 is détéreto/5i8a3Tathepsin C fragment comprising or consisting FERAEMPENIAIpeptidase 1
heavy chain (Amino Acids 231-394); 6.a Cath‘%psm C fragment comprising or consisting of the
dipeptidyl peptidase 1 light chain 5(Amino acids 395-463) 7. a Cathepsin C fragment comprising the
dipeptidyl peptidase 1 Iight chain (Amino acids 395- 463) and heavy chain (Amino Acids 231-394); 8.
a Cathepsm C fra merg co rls the. EH]) tld éi S il"b tc aln A |no acids 395- 463) and
heavy cham?ﬂmlﬁo ci ( PRG' eﬁ)os %n o7 frag ?e?grs%(a)% YIS'%IO :2;
preferred eﬂﬁmpr@soof%@w@ fiﬂﬁ@ﬁﬁéh‘t@f@éﬁi%@ﬁil\ﬂ*a@]@Pmﬁ@%wk@qa}otem according to SEQ ID
NO:2. A functional fragment of Cathepsin C protein is any fragment of this protein having at least one
or more of ne functl | charac I‘IS'[ICS oft e full-le protein, espec |ally as list 15.A
fragment o b po nrsluoélqgo@ Rt a0|t§|s a f’yng‘geou epgg%l oEroé're] 0 |aoﬁué egf*2 e {c‘:\g yfﬁ o\{?‘ﬁétyonmore
end-tePminES\izthdirrridpafiaraiintemarderations Sfurectwesr prerdritlsistigesthwissiittdmpared

to the full- |ﬂﬂ€ﬁ£’cg€&§&'ﬂ&‘aw @Qﬁ‘iBﬂessﬂM@%r&éﬁﬂ@ﬁ@!ﬁﬂt&@%@h%r@t@m&ﬂ%ﬁ%&}cﬂw&u@aé‘éd is

any fragm(mt haV| % eas of thef nctional 20characteristic [ X of the full- Ien
O ceave and Qr ac IV O e rawore g{ fS& %ﬁa’{es
polynucleic aC|d ﬁ eno c INg Sequence). &rm dervalivE orta epsin comprlses

any type oihﬁ%@jiﬁé%ﬁléh%@d%ﬁf?@démmﬂ%ﬁﬁ%pm’ﬁ%rﬁ@@&?ﬁ@tﬁmﬂ#éﬂ)ﬁtﬁéédﬁi% dopMe: and especially in
comparison to Cathepsin C according to SEQ ID NO:1 or SEQ ID NO2, that is not a deletion. A

functﬁﬁwal rlvgmve 9 Cath sin C.is aq derlvat e oft roTt aV| t Ie st one apd
s comglraslglt o &n d?.#at 8 SI prB {
preferably wo or more 6] ﬁ% unction aract rls cs o e un rotein. Deriva |ves comprlse

e.g. modifiéatibRs Brawreaimiieraeidierinigersdith selfjaefudastigny (eaenrieng. dpyhoalfitaiieh Such as a

chemical ophieiagicatmedificationieadingonauite thactréitizalipboptihe robepeptidedsipabaiugleotide

(such as pggg ?eoa(\)ﬁ%hd(r)o é@n@&%{rggtéons of the nucleic acid backbone or of

Substrate of an enzyme is understood, within the terms of present application, to be any
15 molecule that can be modified by the enzyme. Naturally occurring substrates in the scope of
present invention are molecules that correspond to the form in which they occur in the natural
physiciogical or pathological context (such as granule serine proteases, GZMA, GZMB), and

which are also capabie of being modified by the respective enzyme.
20  The modulation of pain can be either a decrease or an increase.

According to one aspect of present group of inter-related inventions, a fragment or derivative of
Cathepsin C can be used. A fragment can be a fragment of a protein, polypeptide or
polynucieic acid,
25 _
A fragment of a protein or polypeptide is a protein or polypeptide that carries one or more end-
terminal (n- and/or c-terminal) and/or infernal delefions of one, two or more amino acids, when
compared to the full-length Cathepsin C,; fragments comprise, e.g.
1. a Cathepsin C fragment carrying an n-terminal detetion of the dipeptide Xaa-Yaa, Zaa- in its
30  Amino Acid chain,especially except when Xaa is Arg or Lys, or Yaa orZaa is Pro;
2. a Cathepsin C fragment in which the Signal peptide (Amino Acids 1-24 of the Amino Acid
chain) is deleted or Cathepsin C fragment consisting of amino acids 25-463
3. a Cathepsin C fragment comprising or consisting of positions 25-134 of the Amino Acid
chain according to SEQ ID NO:2 (dipeptidyi-peptidase 1 exciusion domain chain)



30 exchanges of the'bonds between amino acids, etc), or enabling a specific targeting of the
plypeptide or polynucleotide to certain cells or facilitating its entry into or its uptake by cells (such as
cell-permenat phosphopeptides, ortho coupling to cell-permeant peptide vectors, e.g. based on the
antennapedidfFcHBHEAE, TAT and signal-peptide based sequences; or CSUpFHES/ 4 of ligands for
specific transporters or importers). WO 2009/118137PCIAP2009/002091 Present invention also
comprises functional derivatives of fragments of Cathepsin C. Another aspect of present invention
concerns the use of a non-human transgenic animal heterologously expressing Cathepsin C or a

functional fragment thereof for identifying or 5analyzing compounds th ulate pajn. The non
uman aniinal CATBEHG MR HA A PRAETHER (B RARS, LR S f A hice. 10
transgenicarfirfraifisramdhiiiampat carmeising its gerristiecfofdigndidRigidwinehiidasalélizeratehaiveen
transferred shgrRtAciiBedntredyction of the foreign DNA into the animal genome can be performed

according o standard prqcedures (see e.q. Transgenic Ani Technology A Laboratory HandbOOOK.
G Pinkort. S e BT PP SN Bl g0 ot TR O RERIE2SE Il R e
term Heter(ogooeesprSSsttidrefers to an expression differing from the normal gene expression in the
host organisra (eERSRNiRing siaady: SHIWe ’tﬁé@b@ﬂti@WH&MagéWﬁwQHtmnmdQ%i@(%ssed

gene or congerning the type.of expresse e (i.e. the gene is normally not expressed in the host at
all)). The h%%gp(ﬁ% ous'® p?é%é%}ﬁ %ﬁ%%s%ggnéﬁ%fﬁive or 20inducible. Suitable inducible expression
systems afe éltkeooin ihfragmatt eqgiptieretracietinédih gapiisleseysiigint ohaire(MkeiioTvids Anism
can be a caDradeeaiBAam aninH. AchscardiYg fo another aspect, present invention concems the
use qf.a nan-human transgenic animal heterolggous essing Cathepsin C or a fynctional
s v b S e S R SR T
invention dorgephtsthenoee SpameisiierrGiainassiordniro SkatRMifa. for identifying or analyzing
compounds that modulate pain. 30A knock-out organism (such as an animal or a cell) refers to an

organism iﬁ up]i&h tth ex res{sig)%&(l)thfuncti n of agene isﬂpartiallyo?r com {etel{}/ delet ﬂ an

d
comprises genor’rﬁeaasr%gelfegs unc{lgr?gm(no%ﬁ?%htés, M UERIe s wél’sag CONStfutiy % %%?é Blts. The

generation%bFIPTe &k hetiorgbenenebasamensinewhiite fulb-angthwiginaserdiialy aailatsd svieish can be
used4fer generating knock out organisms. The generation of cathepsin C - knock out mice is described

35in Phanl‘?%%rl’igv)(f cgfg aggblynucleotide acid is a polynucleotide acid or an oligonucleotide carrying one
or more end-terminal (5'- and/or 3'-} and/or internal deletions of one, two or more nuciectides,
when compared {o the full-length genomic or coding sequence. A functional fragment of
Cathepsin C nucleic acid is any fragment having at least one or more of the functional

20 characteristics of the fuli-length polynucleic acid (mRNA, genomic or coding sequence).

The term derivative of Cathepsin C comprises any type of maodification of Cathepsin C in
comparison to the naturally-occurring form, and especially in comparison o Cathepsin C
according to SEQ ID NO:1 or SEQ ID NO2, that is not a deletion. A functional derivative of

25  Cathepsin C is any derivative of this protein having at least one and preferably two or more of
the functional characteristics of the unmodified protein. Derivatives comprise, e.g.
modifications of the amino acid or nucleotide sequence or any other kind of modification such
as a chemical or biological madification leading e.g. to the stabilization of the polypeptide or
poiynucleotide (such as phosphcoorothioate modifications of the nucleic acid backbone or of

30  exchanges of the bonds between amino acids, efc), or enabling a specific targeting of the
plypeptide or polynucleotide to certain cells or facilitating its entry into or its uptake by celis
{such as cell-permenat phosphopeptides, ortho coupiing to cell-permeant peptide vectors, e.g.
based on the antennapedia/peneirating, TAT and signal-peptide based sequences; or coupling
to parts of ligands for specific transporters or importers).

35



WO 2009/118137PCT/EP2009/002091 A further aspect of present invention concerns use of a
non-human Cathepsin C knock-out animal as a model system for lowered pain sensitivity. 5The use of
a cell heterologously expressing Cathepsin C or a functional fragment thereof for identifying
compounds tH4t HEHURE pain, is another aspect of present invention. ThB(GEHEAP 882881y prokaryotic
or eucaryotic cell, such as cells capable of being tfansfected with a nucleic acid vector and of
expressing a reporter gene. These comprise principally 10 primary cells and cells from a cell culture,
such as a eukaryotic cell culture comprising cells derived either from multicellular organisms and

tissue (sucgrggelrj{aLA HQ, COS. SF9 or 3T3 cqllg or mgle (];ell organi

oo onst e A rivafives of fragm oﬁa‘sat uch as yeast (e.g. s.
pombe or s. cereV|S|aer5, ora proca?yo iIc cenl curl?ure, preiyeragﬁy chia or EZColi: Qfeqls and samples

derived from tissue can be gained by well-known techniques, such as taking of blood, tissue punction

or surgical tegirtifuesedbAqnesdingitospnereareime e age0difigtealk haNing ahiuek Gathgpsin C
activity as ¢o red to its unmadifi tate, is used. This way, if can e.g. be tested, if the chemical
compoundg1 ?gégc’z‘ogg&sg 878 able’ egﬁ‘??gﬂ%ig or r%rst%rfg?ﬁtéofbgvai?a &r”to%%‘ﬁi‘r’ gﬁ%?fsﬁd;e@@?ﬁe%in C
activity? Oranebine sy ipsctRe mpdLbidsaifces are able to perform their 20function (e.g. pain
modulation or even a function in the context of another diseased state or disease) in the context of

lowered pain sensitivity. The modification can be any type o o?ifica ion (stable or transient,
oreforably SEO BN e Srodet B e e T e e A P oy
state level ("€2by 25 activation of Cathepsin C transcription or transcript stabilisation) or Cathepsin C

protein steady state level (i.e. by activation of Cathepsin C translation or its posttranslational

processing; by. modulation of .Cathepsi osttranslational modificatio by activatign of it
stabiiic@tiorﬁ\ %%B?ﬁ%ﬁ?b%t%ﬁ%ﬁt%ﬁe@%% agheg r?%r Sls’ncgsng%?oeﬁea%ﬁﬁg %Ies %?c %%% l[E)aySuge‘efllt!gger gerjr‘i'i nant
negative mbRaRtEAFEEERTEPSIIPC, Shtidarddirpalitiedows) RNAIRorse aiiesf Boaagiwepdia C, by

generating fefistionsl rcgenumnic Caifensinldsanrksowse(WhichraasgsaicbRrm Cilehanaghes

suitable teghni ithinthe ft rt. For an averview oé?t]h above techniques, see for
cxample: o e sl her e R RE, Tl S o2,
John Wiley NSt IhtE58ene Targeting: a practical approach (1995), Editor: A.L. Joyner, IRL
PresstdGenetic Manipulation of Receptor Expression 35and Function, 2000; Antisense Therapeutics,

1996; SCheﬁ[‘]eeQ%ZQ&%rO%Q£OQ%@S§%%7%%y§E 2:59102{(%9@5%%’1 differing from the normal gene
expression in the host organism (concerning steady state level, amount, timing or tissue
disiribution of the expressed gene or concerniﬁg the type of expressed gene (i.e. the gene is
normally not expressed in the host at ali}). The heterologous expression can be constitutive or

20 inducibie. Suitable inducible expression systems are well known in the art {e.g. the

Tetracycline inducible system or the like). The organism can be a cell or & non-human animal.

According to another aspect, present invention concemns the use of a non-human transgenic
animal heterologously expressing Cathepsin C or a functional fragment thereof as a model
25  system for enhanced pain sensitivity.

Yet another aspect of present invention concerns the use of a non-human Cathepsin C knock-

out animai for identifying or analyzing compounds that modulate pain.

30 A knock-out organism (such as an animal of a cell) refers to an organism in which the
expression or function of a gene is partially or completely deleted and comprises genomic as
well as functional knock outs, inducible as well as constitutive knock outs. The generation of
knock out organisms is well known in the art, as well as cells or animals which can be used for
genefating knock out organisms. The generation of cathepsin C - knock out mice is described

35  in Pham and Ley, 1989,



10 According to one embodiment, a Cathepsin C knock-out cell is used. Suitable cell lines for the
generation of knock-outs are well known in the state of the art, see e.g., Current protocols in Molecular
Biology (2000) J.G. Seidman, Chapter 23, Supplement 52, John Wiley and Sons, Inc; or Gene
Targeting a piatia dpisroach. (1995) Ed. A.L. Joyner, 1RL Press. The F§eH@R4HHHIPCathepsin C
(DPPI) knock-out cells is also published in Pham and Ley, 1999 (the generation of DPPI murine
embryonic stem cell knock out clones, see page 8628, left column, upper half).  Another aspect of
the invention concerns thus the use of a Cathepsin knock-out cell for 10identifying or analyzing
compounds that modulate pain. Furthermore, the use of a Cathepsin knock-out cell as a model system
for lowered pain sensitivity, is another aspect of present group of inter-related inventions. 15According
to another &nfiB8ginREPEET PrEseFRThIVENERN theneeheaist S @ hpighenamoaiiestC Lhivpsin®tas
compared ippktaranssdectyttth thasamnsigrlldrdssigomodified state). This cellular system can serve
to mimick a state of enhanced pain sensitivity, as the amount of Cathepsin C expression is related to

pain sensitivity. 20Present invention relates thus also to the use of a cell heterologously expressing
Cathefs n Theras@@iephhaiamiosar shepabrfessiadierberyisténdfer npiinsd drpairestisitaatyior The

use of a celidiRiorUQaRIMRXAFRSSHOE AtE RRIE IaNArRX REpEsily dlskest taubigisrathepsin C promoter
and/or enhancer or a functional fragment thereof for identifying or 25analyzing compounds that

modulate pain. The above aspect of present invention is based on a typical reporter gene assay
commonly ki@ & iBath&anyTerehaae, aheusasistteed cheicasisalisaapabistofdreiagpressieniedector

suitable foriie typadibesicelbelbpseia, BPSKeARPLIRE aRPIieBRBE BiEROIs P ChrRd¥alas to

allow for an ex ression of the reporter g}e e if the promoter is ctiveﬁThe"co struct is 30 subﬁequently

introcfuced‘?rff{g t'ﬁec‘ﬁoss?ré%ll% %h%%ne.a SI efﬁjlléuFﬁéﬁ%}g saFo? ter’gnas%?hrﬁa(’?iaonc P anSIBRIE RS FE Rell

known in tifedred sl tnisiwprareanistiaatdisaisd ssees diebir &t §8n 8 prédsion
(see e.g. stanepod difeietuse raaideiombnSadtabietcendiiopsnase well kaewsida the arpazanellias

vectors, reporter es e ary r n hich are also com cially available. WO
2009/1181%%’%%56%3%@58%%& ,&%ae%?()rtésé iY;SI &reu gﬁgﬁfne%{‘é_"r%‘féﬁa% SOt ecraﬁo?’eec%?érfeéi .g.a
DNA plasniid WAt ePkip FsGaidaso SHTR 2B yeiacoPiineH. Hshusuriasiriedt syiaeatieanjaees  out from

otherngectors or amplified by PCR and inserted in the cloning vector) can specifically be amplified in

suitable ce I anis ression, vectors.enable the heterologous ression.of a.gene of
interest (e.g\.%él%é&re égteg%elr%é% %ﬁtﬁfﬁ%ﬁio%t_t{ge Fﬁ're%rgkgiliifrﬁy'?ﬂea&pg%f%’)é oF %‘Pgacnig%%gt\fgaeﬁy
depends oRYREHAR EhdtHETREIBRiERRitHinHERE kAOWIBEYe briiesskilled elsan Ioratiendeganisms

for the amplifinptieniefia bacleiteacitearvrgomostyisinglereat erganimmsrudtiohighprolifenatien rates,
ike e.0. baglafig,onveastay!ieis eprgEmscaAnMsRge e belaied and SHING'SE oM neir
multicellular tissues, like e.g. cell lines generated from diverse organisms (e.g. SF9 Rells

function {e.g. pain modulation or even a function in the context of another diseased state or

disease) in the context of lowered pain sensitivity.

The meodification can be any type of modification (stable or transient, preferably stable), that
ieads to a decrease of Cathepsin C activity , Cathepsin C transcript steady state level {i.e. by
25  activation of Cathepsin C transcription or transcript stabilisation) or Cathepsin C protein
steady state level (i.e. by activation of Cathepsin C translation or its posttransiational
processing; by modulation of Cathepsin C postiransiational modification or by activation of ifs
stabilisation or by inhibition of its degradation). This can for example be achieved by using
dominant negative mutants of Cathepsin C, antisense oiigonucieotides, RNAi constructs of
30  Cathepsin C, by generating functiona! or genomic Cathepsin C knock outs (which can e.g. be
inducible) or other suitable techniques known within the state of the art. For an overview of the
above techniques, see for example: Current protocois in Molecuiar biology (2000) J.G.
Seidman, Chapter 23, Supplemtent 52, John Wiley and Sons, Inc.; Gene Targeting: a practical
approach (1995}, Editor: A.L. Joyner, IRL Press; Genetic Manipulation of Receptor Expression
35  and Function, 2000; Antisense Therapeutics, 1996; Scherr et al, 2003.



10 from Spodoptera Frugiperda, etc.). Suitable cloning vectors are known in the art and commercially
available at diverse biotech suppliers like, e.g. Roche Diagnostics, New England Biolabs, Promega,
Stratagene and many more. Suitable cell lines are e.g. commercially available at the American Type
Culture Colle¥RAAXTREY. For the heterologous expression of a protein oPGURRZERRIhe cell can be
any prokaryotic or 15 eucaryotic cell capable of bé?ng transfected with a nucleic acid vector and of
expressing the gene of interest, e.g. a reporter gene. These comprise principally primary cells and
cells from a cell culture, preferably an eukaryotic cell culture comprising cells derived either from
multcelluay oragpistas.A0d issHi (34D AsHEKRSS RIN SR HELA,CHQ, 608 SE9ar ST cells) or
single cell organisms such as yeas ree.g. ) pc?mBe or S cerevisiae), or a procaryo%c Doee Ircu?ture,
preferably PeeiatoneS dopclcals v walplews éitedstadencfidse edaseBe gaifatiByt welidealsvim
techniquesiisiguias takiieg efdUopd.dissuRIPEACTRAMESHRYISabIRGHBIAES. JHNINIBE Santxof
present application, the term “transfection” refers tq the | uction of a nucleic acid yector into a host
cell (either%Fbk%rr;%ﬁgeo:% ) %%'rn ti%) 2R ug(a)fren%?f)srgg ﬂug‘l t%ge%e?r?? " rains%’#ﬁ%'ﬁoﬁz The tﬁ‘nesfection
can béa seerafanatisiedibensirsie it rkaccaMe Fsie dspHsmetdishedparCpthe chiitpdRPE gene
able to drivenexgsrseinshobiaogen eruiasiehafripteteskihiripareed dtocauiabie @sgEcss) uactor
upstream %‘Om% Igolgingr?%gglence of the gene product. Preferably, the Cathepsin C promoter
comprises or con’s&g of the sequence according to nucleotides -1127 to 41 of the sequence as
published by Rao et al., 30 1997, page 10263, figure 4. A functional fragment of the Cathepsin C
promoter is\aax fragepent of the GOLRERIRGIADHEE that inable 1o ddve SIPTRSSIRNLGF 2ene

product of interest if introduced into a suitable expression vector upstream of the coding sequence of
the geHe \HENBHHE 21 BIRANS FRERPSHNEFHIDTL 15 G3iTkt. Preferable fragments comprise
functional fragments of the Cathepsin C promoter as published by Rao et al., 1997, p. 10263, figure 4.

A reporter ggRgR-AABre ABY.EENS hat allensHorRricasy GHamtificationPkiisgangPIaduel Axast

variety of reporter genes for eukaryotic or prokaryotic hosts as well as detection methods 5 and
necessary TERYLAR SranalRlATRTHS RS0 Bim et iR SRS NS FRBEe comprise e.g. the genes

of beta Lactamase (lacZ), Luciferase, Green or Blue fluorescent protein (GFP or BFP), DsRed, H1S3,

URA3sTRRAL Ok difH2 arbsia GalReinridaseptoeseigRmeS e deiPtaieiRivhich canhe easll

detected bl\émeans of a visible (colour orIJumlnesc?nt) reaction (e.g. lacZ, Luciferase). These comprise

gene-prod AN HHRIEH-cBH T RAER, 'HALRIBF ISP Mbb' F A ik tchidtisdtintrédedntiifeaction
or gene-prodlidas epsifarricapresistalicatoiglrdstatrisibtiobdiked\ paiiclinwinGanssripeiamvhen of

expressed cthaisiE ROLIG)-SaNs Y pdbels Bnaiadhgifgressing cells to grow under certain conditions
like e.g. auxotrophic genes. A functional fragment of a reporter gene is any fragment of a given

reporter gene that allows for an easy quantification of its gene product. 15A functional fragment of a
reportéy genessrnyvRalipnesietstdyivaisedoche vgené el dikdersiogously expressing Cathepsin C

or a functional fragment thereof as a model system for enhanced pain sensitivity.

The use of a cell heterologously expressing a reporter gene expressibly iinked to the
Cathepsin C promoter and/or enhancer or a functional fragment thereof for identifying or

25  analyzing compounds that modulate pain.

The above aspect of present invention is based on a typical reporter gene assay commonity
known in the art. To this end, the promoter of choice is inseried into an expression vector
suitable for the type of host cell chosen, upstream of the reporter gene of choice in such a way
as to allow for an expression of the reporter gene if the promoter is active. The construct is

30  subsequently introduced into the host cell of choice. Suitable methods for transformation or
transfection are well known in the art as well as conditions for cell cultivation and detection of
reporter gene expression (see e.g. standard literature listed beiow). Suitable conditions are
well known in the art as well as vectors, reporter genes and necessary reagents, which are
also commercially available.



for an easy quantification of its gene product. Within the context of present application, the term
"transfection” refers to the introduction of a nucleic acid vector into a host cell (either prokaryotic or
eucaryotic) and comprises thus the 20term "transformation”. The transfection can be a stable or
transient transfBA1$H& cell can be any prokaryotic or eucaryotic cell cEFABIBX1¥¥MGransfected
with a nucleic acid vector and of expressing a rep“&rter gene. These comprise principally primary cells
and cells from a cell culture, preferably a eukaryotic cell culture comprising cells derived either from
25 multicellular organisms and tissue (such as HeLA, CHO, COS, SF9 or 3T3 cells) or single cell

i , .Sy iSi tic_cell culture, preferabl
Pichia or e e e B, 8 R et v g, sucr

as taking oT95106 Priit @ pHpishdPBrtipglida feamagises. oot 200 JametsrPedtarouasriiedol 13

reporter gesjerexprassinBda«airdtiesidning (fanehobst) SpathiRRsin Se RIOMBLRY i RisieaB edsmean that
the reporte ne-ar gi r reof is operationally coupled to a functional Cathepsin
C promote(rgr %.%T%ie%éa%#%&%%%f%%%ﬁﬁ%ﬁ?# %5'8%’%% o ,rgg?ﬁoﬁ]ricgeasgfﬁ%ﬁflf{l?r%crﬁo&r{igl%gthepsin

C promotefaPPRORRIRY fatiit ERB RIS RIsaIHE™ 5 CBLMRSBISEHOPA SRR refsste AeRendssofot
functional)trnoithenpassivibiydsissaiithie mpariesgege sihenstineabhiaamesiitheseatisrererasionally
coupled to apainspIRmOiRARINC,CRNEPSR C BIAMOIEI(@ g SYAQ [ tangard promoten).

{TJ?I (?egl organ %saﬂ%mee hI ro?i
The functional vector and the control vector ca e trans ectedgto { € same C%| ,pbu{ in"'which case

the reporteP§End& i@ PrREGERIforRAR! Rk geraiivas st Rshisotridwizieriang ithataBove
uses can ergrbenpideinme disgee! dicg 4@ asapiiseag cesatet el oneaiaskaaRsifethe st Ansassay is
any type of apalyfi . e man| i ical ess. Suitably, 1 5 molecular
cascgges :f{n mgeggr%g%%]sﬁ r'g%gr%t'i%{%grtgsﬂc,)%%{%@”ggéca\f%iegt%bgﬁ% gg%wv%% Eﬁﬁ eﬁsoaoq!81
pathologicSPEHIRRINPEaRIB Rcivaras P iRl auBPIsGCHEmfca BRdAer&)jag aelins. Naw England
pharmacolBgieatactivithecd,a foieniabphatmaseutinatecopuiabird ean ithes be deteraingsbarssgrding to
its capability, of interferiog with. or Wﬁg%}iﬂ%@ﬁﬁ%@?%@or mechanisms. For the use in drug

screening, especially the high throdghput screening for novel 20 pharmaceutical compounds, the
assay needs to be reproducible and is preferably also scalable and robust. In the scope of present

invention, ARJHRRRSIGRINGCLE B SHEan ST thafiEin RRlvaeebfaintspcashemm RiBkaR PR rmed in
a veryssmailissatsicecgl onrB6/e386m@irtbBenafeliplatéth in sanptesdf veryosmedl sobymessithen@nge of
few millilitrgs Aowp g ewsNANOEES O RUEMRSSe CMBHEVRNIBIG A LeiSAMRIER GRS
analysed Irée?E Sgu?tﬁrgmg%eferably an eukaryotic cell culture comprising cells derived either from
multicettular organisms and tissue (such as HEK283, RIN-5F, HeLA, CHO, COS, SF9 or 3T3
cells) or single cell organisms such as yeast (e.g. 8. pombe or S. cerevisiae), or a procaryotic
20  cell cuiture, preferably Pichia or E. coli. Cells and samples derived from tissue can be gained

by well-known techniques, such as taking of blood, tissue punction or surgicat techniques.

Within the context of present application, the term “transfection” refers 1o the introduction of a
nucieic acid vector into a host cell (either prokaryotic or eucaryotic) and comprises thus the
term “transformation”.

25  The fransfection can be a stable or transient transfection.

The Cathepsin C promoter is a part of the Cathepsin C gene able to drive expression of a gene
product of interest if introduced into a suitable expression vector upstream of the coding
sequence of the gene product. Preferably, the Cathepsin C promoter comprises or consists of
the sequence according to nucleotides -1127 to +1 of the sequence as published by Rao et al.,
30 1997, page 10263, figure 4. A functional fragment of the Cathepsin C promoter is any fragment
of the Cathepsin C promoter that is able to drive expression of a gene product of interest if
infroduced into a suitable expression vector upstream of the coding sequence of the gene



25 High throughput screening mostly comprises the screening of approximately 500.000 different
compounds for a certain ability by means of one single assay. The assay is preferably suitable for high
throughput screening of chemical substances for their ability of modulating the activity of the target
molecule und¥P iH¥@3iRfafion. The type of assay depends e.g. on the typeBSIEER8¢419BI8%Ule used (e.g.
polypeptide or polynucleotide) and the "read out"!fe. the parameter, 30according to which the activity
of the target molecule is determined (see below). WO 2009/118137PCT/EP2009/002091 14 Suitable
assays for different purposes encompass radioisotopic or fluorescent assays, for example

fluorescence polarjization assays (sych as those offered commercially by Panvera) or Packard
BioSciencé rﬁgﬁ? ; fﬁ%—??&gf:r%@%ﬁ%)c%?%seea&% 'ﬁntéﬁjle%ﬁﬁg}%%ﬁo aqgg'g%sdnn?e RBEPRItA%
non-labeleptiishsioery(Bap ehelini@stior Bi8aldget groteins with their Sunlabeled protein-ligands).

More examples include cell based assays, wherein a cell line stably (inducibly or not; chromosomal or
episomat) Arrigie gENLXRansanAJaOMAIRABLE R Qb)Y RIRRkICARSS FOSAYSHOFIBIIRE. A T-
reporter gene assa sb%/vrhegglg theng% gllaéb n Oft? cerrtel}lrg(g)rowotor or a 10]F|a%n§d tra}cr_klsductton gathway
of a membétot a tsénal FANSAUISH casca &R ﬁ]%a%l?redrygdgor}%ﬁﬁsgat%‘%’ﬁe ac |\':7’|"'t‘§/c ?%W?;h?r? r
enzynie, tHre@xeReSsRoYN GRARIEhES dnden thdsopitrengfosaithetsiglivy prailaieor Rse thbsyise efcassay, a
recombinajpecgdriiednas o a-eansisugireConLHEAg therEeRastas genrRiBsa-ihe-srrat e adefined

promotor that e investi qtﬁg's that i ulated by the signaling.cascade under
investigatit?r%gguﬁgﬁl%d?egggr ghgl/%n%s %rre]z' %c{%gn%rgﬂég rée\]/?lc\%gﬁﬁls 1e Stite BFtHS éaﬁcgﬁﬁ
comprise fREAgINGcaiRiseandlsi|RRRiiReRstetely. Beah of clalipibigalRutdersy Ratkesgarihgedid)n
fl-GalactosiglgseicB Uiladier salh Imessdepaipriengdit ARt o ashan R Bk radnestly, Geiklies that
are efsy 0ransiegt andeacy to cullhals, such s & goHeLA, G0S, CHONIRATS, e, 20ker
determination o proet ase ac |vif§/, {yplca{'aro ease assay ofmats are nownge.g. using YBbStrate
carrying a pegpaigstiike(érgriaiimiinEscanitoMstesirop stk reioeraieseralirappr aeidistpticRbEr entity)

- at one positier@riksisy bSEAERON anaueashan RASILIY e ¢ gnetharpartiadahibiting the signal
emission of the reporter tag as long as the substrate is intact/uncleaved) at another position; the

substrate ig incubated. with Cat in C under 25suitable congditions.to allow for the cleayage of the
cubatrats B e e S B A e Shee R R RRRHRR. S aon
of quenchépueasySHaptitgation ehilssrayperrgssays and other types of "read out" are well known

in the state of the art. 30Assays according to present invention concern: A method of identifying or

o ORGP BRI L F5RE P ERAE L AP R R AR L LN S5ERE S S oo
for’ an easy quantification of its gene product.

Within the context of present application, the term “transfection” refers to the introduction of a
nucleic acid vector intc a host cell {either prokaryotic or eucaryotic) and comprises thus the
20  term “transformation”.

The fransfection can be a stable or transient {ransfection.

The cell can be any prokaryotic or eucaryotic cell capable of being tfransfected with a nucleic -
acid vector and of expressing a reporter gene. These comprise principally primary cells and
celis from a cell culture, preferably a eukaryotic celt culture comprising cells derived either from

25  muiticeliular organisms and tissue (such as Hel A, CHO, COS, SF8 or 3T3 cells) or single cell
organisms such as yeast (e.g. s. pombe or s. cerevisiae), or a procaryotic cell culture,
preferably Pichia or E.coli. Cells and samples derived from tissue can be gained by well-known
techniques, such as taking of bicod, tissue punction or surgical technigues.

30 Within the context of the above aspect of present invention the control vector can be any

suitable vector which comprises a reporier gene or functional fragment thereof, but wherein



WO 2009/118137PCT/EP2009/002091 15 b. Contacting one sample containing Cathepsin C or a
functional fragment or derivative thereof with a compound, c. determining the activity of Cathepsin C in
the presence of compound, d. determining the activity of Cathepsin C in the absence of
compound, aWd’é@‘?gﬁimﬁéring the activity of Cathepsin C according to c) RETHERa4EE1Ying to d). A
method for identifying or analyzing compounds that modulate and/or prevent pain comprising:

a. Contacting a Cathepsin C protein or functional fragment or derivative thereof with 10a test
compound; and b. Determining whether the test compound modulates the activity of the Cathepsin C

npound; and b. her the test co ates the .
Compounde Tt DA eor iy Set ot R 2 SR R Ap P e o

detectable BAHURELIPAFARTIYT Eathepsurdicsiebiragmastiditierialgrieheee@ERTaliveasede with a
test comporAgionaib CRetgiEminDgondresher the teshsompamnddsoableftanostiyiarnhe ainewbor
activiy of CBISRAD & AbiMR fastiona' iagrentor daivalive DSIRalpresentll (he Gel 20 g nethod
for identifying or analyzing compounds fhat modildte andlor prgven? pain comprising: a. Contacting a

nuclei® aci@BHNIPIF AT MBS TRROBTO8ERR AP Bt HBHEHE FrAgaiesT RsabITAlR B ah Ble BTnRItH a test
compound geri tearfaatpsienatycaasietsysiems aneraichaeteupiaing thacsinee yibebmRINA: aading for
the Cathepsi e Ct} r rivative thereqf present in said system in
presence or e e S e T e b B RS iing
the amountIMRRRAESEN GRS IRrenivsissicchs 6&Me SetuRetishaicigracntior mRawEnEEesent in
30said systerd & tradgsksigsionally active system is any biochemical or cellular system which at least
has thg ability to perform a transcription reaction of a transcription unit. Such systems are well knewn

in the art and comprise cells as well as in vitro transcription systems or kits (e.g. on basis of
The identification of compounds according to the above uses can e.g. be performed according

to assays as described below or as known in the art.

An assay is any type of analytical method or systemn to monitor a biological process. Suitably,
15 molecular cascades and mechanisms representing parts of physiological metabolic pathways
but also of pathological conditions are reproduced in cellular or biochemical (in vitro) systems.
The pharmacological activity of a potential pharmaceutical compound can thus be determined

according to its capability of interfering with or moduiating these cascades or mechanisms.

For the use in drug screening, especially the high throughput screening for novel
20  pharmaceutical compounds, the assay needs to be reproducible and is preferably also
scalable and robust. In the scope of present invention, high throughput screen means, that a
method according to present invention is performed in a very small scale, e.g. on 96, 386 or
1536 well plates in samples of very small volume in the range of few milillitres down fo few
nanoliters or even iess. Thus, a very large amount of samples can be analysed in a short time.
25  High throughput screening mostly comprises the screening of approximately 500.000 different
compounds for a certain ability by means of one single assay. The assay is preferabiy suitable
for high throughput screening of chemical substances for their ability of moduiating the activity
of the target molecule under investigation. The type of assay depends e.g. on the type of target
molecule used (e.g. polypeptide or polynuclectide) and the “read ouf’, i.e. the parameter,
30  according to which the activity of the target molecuie is determined (see below).

Different types of such assays are commonly known in the state of the art and commercially o
available from commercial suppliers.



35cell extracts) commercially available. WO 2009/118137PCT/EP2009/002091 16 A method for
identifying compounds or analyzing compounds that modulate and/or prevent pain comprising: a.
Providing a cell transfected_with a nucleic acid vector comprising the promoter of a Cathepsin C gene
or a functiona ffa§iiiéHt fereof operationally coupled to a reporter gene JFEEREIHHREMRgment
thereof: b. Providing a cell transfected with a cont 81 vector which comprises a reporter gene or a
functional fragment thereof not being operationally coupled to a functional Cathepsin C promoter;
10c.Determining the reporter gene activity of the cell according to a) and b) in the presence of a test

compound gl ermini : e Cljvi I ing. t ).in_absence of
e oo com L Lt o o oA e o

comprisingtXSBle AHAFSCERFRRNRTEIHER ARSaURRIcines dbasmptrred ansperieaiisty Ranvesmpound,
and b. AdnmaistarinBisaitbtest (6TRFouACFIaAcstkintl)in@ensatonnglf painitedeteimiseavihethes the

pain is modilatgd. o gw%mfzg@g@emmgg@fe@a%@naqg O&&%ﬁoé’f'?ﬁ’aﬂé?%dgf%%%gs\@&d’z%n

prevents pain in a subject comprising:  c. Assaying a biological activity of Cathepsin C or a
functichal AR BIRGERVERIESIhereof in the presence of one or more test compounds to identify one
or more 25modulating compounds that modulate the biological activity of Cathepsin C, and d. Testing

one or mor@&@t@%ﬁwanexg&eor@ap%agé@sé@%%9%@4&% reduge pawn s&a&ggg{@ggﬁm of R%i%;r(‘) 45 for

sensitivity in a subj Further aspects of present invention concern pharm ic me

classifying $BRRAEATEHG SO S s SIS HATSRRY YRS PR ARGIRINRSY BRI A tRierash ThERAdual

patients, sashags:comprise e.g. reporter gene assays, wherein the regulation of a certain promotor or a
10 signal fransduction pathway of a member of a signal transduction cascade is measured
' according to the activity of a reporter enzyme, the expression of which is under the control of
said ceriain promoior. For this type of assay, a recombinant cell iine has tc be constructed
containing the reporter gene under the control of a defined promotor that is to be investigated
itself or that is regulated by the signaling cascade under investigation. Suitable reporter
15 enzymes are commonly known within the state of the art and comprise firefly luciferase, renilia
luciferase (e.g. commercially available by Packard reagents), R-Galactosidase. Suitable cell
lines depend on the aim of the assay but comprise mostly cell lines that are easy to transfect
and easy 1o cuitivate, such as, e.g. HelLA, COS, CHO, NiM-3T3, etc. '

20  For determination of protease activity, typical protease assay formats are known: e.g. using a
substrate carrying a reporter tag (e.g. 2 luminescent/flucrescent or other signal emitting
protein/peptide or entity) at one position of the substrate and a quencher (an entitiy (e.g.
another peptide inhibiting the signal emission of the reporter tag as long as the substrate is
intact/uncleaved) at another position; the substrate is incubated with Cathepsin C under

25 suitable conditions to allow for the cleavage of the substrate leading to the emission of a
detectable signal (e.g. light-emission), because of the separation of quencher and reporter tag.

Other types of assays and other types of “read out” are well known in the state of the art.
30 Assays according to present invention concern:
A method of identifying or analyzing compounds moduiating and/or preventing pain,

comprising the steps

a. Providing at least two samples;



WO 2009/118137PCT/EP2009/002091 17 A method for analyzing the pain threshold in an individual
comprising analyzing the amount of Cathepsin C in a taken sample of said individual in comparison to
one or more reference samples as to whether the amount of Catnepsin C mRNA and/or protein
present in satf@affitléd5 different from that of one or more reference samp{E¥ERheYedntthe presence
of a Shigher amount indicates an increased pain slénsitivity and the presence of a lower amount
indicates a decreased pain sensitivity in said individual. A method for adapting the dosage of a
pharmaceutical for the prevention and/or treatment of pain in an individual, which method comprises
examining a takep sa . an individual as to 10 whether the. amount of Catge in. C mRNA and/or
protein present inB'sai §é?%%%}8%soé}?fesrgﬁﬂ?or%o g%if’ SFoné %‘P H%&?’re%r@né%ﬂ ?ﬁ)ﬁier}é?ggﬂ'ﬁt%age
being adapted dependRity@ivahethel wit aswoprsidorotein and/or mRNA in the taken sample of the
individual is different fgetsrthaingftHaeaenenpenaaindeierenparsaplessadasipahigher amount of
Cathepsin C in thg talé%? rsr%rngleﬂ% taré%\j@di i %ﬁ! isg%d' atit e o[}a needffor a hi%her dose and a lower
amount of 15Cathepsin in the sample of the Thditidual 2 med%a'_s‘fle\;1 P CRERGHY £18wer dose. The
term "faken sampfle” £9MBEHNSLRE ACE el toalhsRAtficarsadinteeakavi dprirateerdingricide body of
one or more individual beings (humans or non-human animals). Biological material and biological

samples cgmpi] .g. cells, preparations ,or.parts of tissue or organ é)e . 20 prain, blood, liver,
spleen, ki ney,Eﬁﬁ_oaléret,QB'I'O(')CE Q&g}és?retca.'}?!ﬁé graq&%)fo Hg(ﬁleﬁ'ﬁ{or‘ﬁc’é 8F%et§% é)faﬁ'ffYﬁBYepﬁr‘@ferably
from a mafiBI #efiding a human. Comprised are also cells from a cell culture, preferably a
eukaryotic cell cuiturecepiaptising Celiesan\edrsithe birmcamicrilsha-eganismsanddisssgiguch as
HeLAl,OCHO, (6{O SléQteosrtg(']I'% %%Ils ] %gingle cell organisms such as yeast (e.g. s. pombe or s.
cerevisiae), or a procaryotic cellcul ure, 25 preferably Pichia or E.coli. Cells and samples derived from
tissue can be gaified BEENNPDWHABERHIE (e suBRcasdarastyiatesiSsdasisdepiciiahensiufyical
techniques. The preparation®fiiacambinagioaleculssand thergsrification of naturally occuring
molecules from cells or tissue, as well as the preparation of cell- or tissue extracts is well known to the
person of skill in the art (see e.g. also the standard literature listed below). 30 The term "reference
sample” refer®&a%hifbgiReMEL RISt aReFEOR SREBUNGTe thitlivithiMieRitaNSlonoRraMgVe PFiaIN
phentdypecarigrigingn vitro biological sample (e.g. a sample stemming from in vitro cell or tissue culture
(e.g. cultivated cels)) gicariesRandigein ceriai chaletenalies (e gl eyl of Ganensin G activiy,
amount or expressmn? to a given pain 35phenotype (e.g. highpain sens&l%l?y Or Tow pain sensﬁlvny).
unctional fragment or derivative thereof, with a test compound;
b.  Determining whether the test compound is able to modulate the amount or activity

of Cathepsin C or the functional fragment or derivative thereof present in the cell.

20
A method for identifying or analyzing compounds that modulate and/or prevent pain
comprising:
a. Contacting a nucleic acid coding for a Cathepsin C protein or a functionaf fragment
' or derivative thereof with a test compound in a transcriptionally active system, and
25 b. Determining the amount of mRNA coding for the Cathepsin C protein or the
functional fragment or derivative thereof present in said system in presence of said
compound, and
¢ Determining whether the compound is capable of moduiating the amount of mMRNA
coding for the Cathepsin C protein or functional fragment or derivative present in
30 said system.

A transcriptionally active system is any biochemical or cellular system which at least has the

ability to perform a transcription reaction of a transcription unit. Such systems are well known

in the art and comprise celis as well as in vitro transcription systems or kits (e.g. on basis of
35  cell extracts) commercially available.



WO 2009/118137PCT/EP2009/002091 18 Yet another aspect of present invention concerns the use of
a means for the detection of Cathepsin C for determining enhanced pain sensitivity in an individual by
analyzing a biological sample taken from the body of an individual to be examined. 5The means for the
detection of CHAEALHEE3Ean be any means able to specifically detect CaffeFERROYBRAIE ptide/protein
or nucleic acid present in a biological sample. A méans to specifically detect Cathepsin C protein or
polypeptide can be any means able to specifically detect either wildtype Cathepsin C
protein/polypeptide and can also be a means to detect specifically Cathepsin C protein/polypeptide
harbouring one or more mutations 10 regarding the size or the amino acid sequence in comparison to
a wild type polypeptide/protein. A preferred examply of such a means is an antibody able to
specifically’ dERIBEPE L0 &FRHHINBr6REOWIGS fEF A5a/YANMImeMBRisdGRiaMeinasUABHRS GEsHeRTical
techniqueséngofigiesitign of Cathepsin C protein or certain mutations thereof in histological tissue
sections or cathepsin C protein immobilized on suitable carriers like membranes, chips, ELISA plates
etc.). 15 CathepsinC antihodi Ve, [ vailabl t%% t Anti- an Cathepsin C,
Catalog# AF1071‘13,‘ R&%@Qﬁﬁ_ r%ée%ﬁlzﬂt?n neapéﬁéa,J{%S%Aﬂédgtaé%{ §&§§%"§ﬁéﬁgﬁ1@8f°8'§?§ié’§ﬁ
BAF1é4, R&D SystehX @fithdassng, IS uTHEmE firemeahdsfrellpresadieneitropslndCihicleic
acid can e.g be a meaasoitetigteet (Cathepsonsl fragthhyef2Aror genomic DNA, either wildtype or also
harbouring one or more 20 mutations regarding their length or their nucleic acid sequence in
comparison to a wild , ' j % 2.0, eans to specifically
detect and/or quzgltiwwciga%ﬁgéﬁe%r}ﬁ%%%grﬁ%&e e%ﬁﬁ%%n%é%@%ﬁghfps%%iﬁg%gﬁ% Sinc
nucleic acid probe or ¥ (FitHEFIREL 5ABIEGAFHAIAG e SRl BlACSERES . hrulsBiepet R
sequencing (for the de=bepriroCMutakis in the nucleotide sequence) or capable of amplifying 25
Cathepsin C cDNA, e.g. for use in RT PCR (for the detection and/or quantification of Cathepsin C
MRN#yexpressiop). - [=Y] id_pr specifically. hybridise to
Cathipei G mRIA o O s e R e
hybridisation techniqu¥&Ser$#ha B APV RPEYefers to the genotype or phenotype that is found in
nature or in the 30standard laboratory stock for a given organism. According to one preferred
embodiment, thedwildfYeersegue tive sspbBathepsacitigroftite setjuengdnaacaiding b iSEEIdEENOS: 1,

2,3. WO 2009/11813¢R{ TAER2ANGAR091 19

15 A method for identifying or analyzing a compound that modulates pain comprising
a, Selecting a compound that modulates the activity of Cathepsin C as a test
compound, and
b.  Administering said test compound to a subject in sensation of pain to determine

whether the pain is modulaied.

20
A method of identifying or analyzing a compound that modulates and/or prevents pain in a
subject comprising:
¢.  Assaying a biclogical aclivity of Cathepsin C or a functional fragment or derivative
thereof in the presence of one or more test compounds to ideniify one or more
25 moedulating compounds that modulate the biological activity of Cathepsin C, and

d. Testing one or more of the moduiating compounds for their ability to reduce pain,

pain sensation or pain sensitivity in a subject.

Further aspects of present invention concern pharmacogenomic methods for classifying
30  patient groups and assisting the physician to adapt/improve his treatment of individual patients,
such as:



The design and synthesis of suitable primers is well known in the art (see also above). According to a
preferred embodiment of present invention, the means is a primer set for the amplification of
Cathepsin C nucleic acid, such as human Cathepsin C nucleic acid, preferably a set of primers
comprising at{@2ENEBF the primers according to SEO ID No.4 and/or 5PSAESGAN 26 B further
preferred embodiment of present invention, the means is a probe for the detection of Cathepsin C
nucleic acid and preferably a probe having the sequence according to SEQ ID No.6. The design and
synthesis of suitable probes is well known in the art (see also standard literature below). According to

yet anothe, p red e diment of present inyention, the means is an antihody 1 O for the specific
detection oi} é%ﬁ&eosgﬁ %%&S&rgn{%er %%Py%?er% |}1gt.yﬁrh%nptpésb\é{?gﬁiﬁogfpéﬁl@o?@ Hﬁg%(ﬁii’?sag?%ﬁﬁonal
fragments §RMEBHTS weN RnGkenisampiarehsaikin@vdus) imenmpziitpa inaamenal, fovrexafarsieca rabbit,
with C(?themnp' l@spé@tem\mﬁéﬁéagﬁéeﬁﬁﬁ@ﬁed d@f, @élméeéapr]gfoam.tﬁ ialdéwerpﬁecﬁeﬁ%r@&eiﬁr ;ﬁi@iwlt%), )
Freund's ad] . a aluminiym roxide gels (see, for example, Djamond, B.A. et al. (1981) The
Now Engia e o o8 A RS e S ST W SRS AL m e
animaP as BIgBSURBPYM iivfisaiRjicarrezsambRaiarreusitetuentyisenmsated bm veshlondunsing

well-knowmmeitedsqaeh fosEpampasnuiiindshy megreaf column chromatography. Monoclonal
antibodies can, for example, be prepared in accordance with the known method of Winter & Milstein
(Winter, G. & Milstein, C. (1991) Nature, 349, 293-299). Suitable procedures to 20 produce
monoclondt S1RiBRII1ESE 2Farie ksaiesanctet anhasrorsryted ythrarsiretifor atdfddrestmettiads listed
belpt;/v). In ﬂamcmatemqﬁmﬁswamdﬁvié&iaﬂ ,cﬂsrﬁp_ﬁeg@ﬁ areéixgmygca @RHP%@WB?@%E&H‘KWQS%?@ISO
antibgglies - [ reof, w ave been prepared recombinantly and, where
apprggriate@{ r%?gg ifle%,%ﬁ%fwﬂgéﬁ 2%%3 ?I% én%%& ieg?ﬂ%h%rﬁ?gpg’d A %d?e%?’%ﬁﬂm?i%fﬁ)#gleé?ﬁﬁbodies,

bispecific §PBliHESFEE I AMMP§IRIgraing RRBsHARIbdosAEBbEIRS atrPRGIIIENRIRDIP Whghients

(see, for exanmpienRRBikale368na8H, hiNA, fiL 616 takdd ShBlbod U WERIGEH 648\ 13082 3 or
WO 98/24884) A[é@%}% 8 %f pLesen Iigsvemio%gonﬁernsadia nostj Et for determining the pain
& € one ) n s h .
sensitivity In an in |V|dua%%\_/?/h|c test El_t c%mprlségs At least éerﬁe_a Teghe ?ébrc g%gé'%e%ﬁ%hgft epsin C
in a biologf@ATREMpIke3BY it EntedcaimebrsereifveAibEher tdsskiersuadensto amaiectiny
comiihatidietiefinddinpioneatspidentifie thinibisiap plivasivr, ovhiabar camhigeghseoexisting spatially,
to a functional unit, and which can contain further components. WO
2009/118137PCT/EP2009/002091 20 In the context of present invention, a test kit comprises at least a
means for H&RTBN BFBRAEREN B (&S5 AFTGiTBiemutafdigiroisaisrRptamnsrRRasaRabPbgether
with suitatifes hoffersf aned/or reag entsitos pesfogmningnaade eationHeastenie:g) BHYERIGiIkRkietection
of 5 CatheRain Gy ALABANIRYL aneey Al (RACIAY o Asseying Cathepsin G activity or
the like), and/or sam&ole. preparation, and optionally a handling manual for pertorming the re p%ctlve
deteétion @%IE{%} , liver, ‘spieen, kldney. heart, blood vessels, etc.), preferably if derived from a
vertebrate, and more preferably from a mammal including a human. Comprised are also cells
from a cell culture, preferably a eukaryotic cell culture comprising cells derived either from
multiceliular organisms and tissue (such as HeLA, CHO, COS, SF¢ or 373 celis) or single cell
organisms such as yeast (e.g. 5. pombe or s. cerevisiae), or a procaryotic cell culture,

25  preferably Pichia or E.coli. Cells and samples derived from tissue can be gained by well-known
techniques, such as taking of blood, tissue punction or surgical techniques. The preparation of
recombinant molecules and the purification of naturally occuring molecules from cells or tissue,
as well as the preparation of cell- or tissue extracts is well known to the person of skill in the art
{see e.g. also the standard literature listed below).

30
The term “reference sample” refers to a biciogical sample taken from one or more individuals
with a known given pain phenotype or to an in vitro biclogical sample (e.g. a sample stemming
from in vitro cell or tissue culture (e.g. cuitivated cells)) and corresponding in certain
characteristics (e.g. its ievel of Cathepsin C activity, amount or expression) to a given pain

35 phenotype (e.g. high pain sensitivity or low pain sensitivity).



Other aspects of present invention concern methods of treatment, such as: 10 A method for treating
pain in a subject that is experiencing pain comprising administering to said subject a therapeutically
effective amount of a composition lowering the amount or activity of Cathepsin C in said subject. This
can be the af\GUItBHE R Vity of Cathepsin C altogether or in a certain tisKfe/EFGOIH 19Ul tissue, in
lymphatic tissue or cells of the immune system suéh 15 as mast cells, macrophages, neutrophils,
1-cells (such as CD8+ T-cells), etc. wherein a therapeutically effective amount comprises an amount
sufficient to ameliorate the pain sensation or sensitivity in the individual. A method for lowering the
pain sensitivity in a subject comprising administering to said subject 20 a therapeutically effective
amount of a composition lowering the amount (e.g. expression, half life) or activity of Cathepsin C in
said subject¥e M) AR CO PRSI BN COFSBE iR L eas Ra8ns) [oleefigtegiarasbther
aspect of prasenisinefticktdvoioy enfaresentansatidiviepneasnssvinel tod-tenyrad W ainegtba pain
sensitivity iébﬁ(%s@é@&%iﬂ%(‘}%? W%W%&;F@%?e%%%%fompriSing transferring (e.g.

[ [ ulated Cat

electroporating) a nucleic acid conferring a mo epsin C expression into Zygotes,
transferring the Zygotes into a non-human foster mother and electing offspring according to its

Cathepsin C'&:BrEBSIST dRerdRiRAion s ofibrRaR Cardh PR @ BatheREmaBie {prarasicallyceptrsarison
with wild tyPetisersiedispsystpiderpiotsirdt Avothescds pesteni pressabiivantianpeoncerns a compound
that is able to lower Cathepsin C activity and/or expression for the treatment of pain. WO 2009/1 8

37PCT/EP B | in Grinhibj
Gly Phe UK. G| %%S?ﬁ“é'%%5}%32%”%%%ﬁ?éﬁégﬁé?ﬁép%%@%?°§§!§’%’§b‘?ége§é*§t & Bcucton

Gly4-(1 . ! : . :
of the medﬁﬁfm%%"vh%%ﬂa%rgﬂawe% BherPe GrrileiHesReRiirs R St AT D RTGr ERRRE with
suitable addities speatiixdiaryGaibspainces, pughiae@inattizgicaHniffegsohsion, engrsosiutatiahioride

solutigg, d%gmer@i%eedswst&rtr%amfz@r;c;&%@B@%&%@ﬁ%gﬁgm@a%amwpétsféwﬁ?éﬁ%@ﬂpfoﬂ”in1

e-aminocaproic acid or&%apstatin A or sequestering agents such as EDTA, gel ons, such as

g age |/ .
white vasefhBSi6HEdi SXBEIRM I SHAY SndRFFelfod? \ﬁﬁ%@%‘ﬁf.%’éﬁ)éﬁaﬁ?&‘ﬂ?ﬁ HRIRE STeleRRRstration.
- 10 Suitablefotehe e gd ditives dresnfonextzsigteick ter femis)Sushadeambiamplesd (ian deklboor

sodium degrysiolate, busalsm ra@Ix@ﬂ@;ﬁm@@n@m@wm%@&B@@W&@ﬁ@%&%ﬂé ghegrabehaars,

such as, for. example, sucg%sedc[)ré;%ucose, zwitterionic_ compounds, such as, for example, amino acids
a

such as glycirfEo8tin PERRCUETtalPine B BE taAT KR dMsF S P BRAN S chMBasErdPRxAlSR, Bovine or
humdr® serGaingirindirarbecdieeats, pulyolraaly/@vaietierionth as Goat Anti-Human Cathepsin C,

Catalog# AF1071, R&D Systems (Minneapolis, USA), Goat Anti-Mouse Cathepsin C, Catalog#
BAF1034, R&D Systems (Minneapolis, USA). ‘

The means to specifically detect Cathepsin C nucleic acid can e.g be a means to detect
Cathepsin C mRNA /cDNA or genomic DNA, either wildtype or also harbouring one or more

20 mutations regarding their length or their nucleic acid sequence in comparison to a wild type
Cathepsin C nucleic acid. The means can e.g. be a means to specifically detect and/or
quantify Cathepsin C mRNA and preferably comprises or is a specific Cathepsin C nucleic acid
probe or a primer set capable of amplifying Cathepsin C DNA or, e.g. for use in PCR
sequencing (for the detection of Mutations in the nucleotide sequence) or capabte of amplifying

25 Cathepsin C cDNA, e.g. for use in RT PCR (for the detection and/or quantification of Cathepsin
C mRNA expression). Another means can e.g. be a nucleic acid probe able to specifically
hybridise to Cathepsin C mRNA or ¢cDNA under standard conditions, e.g. for use in Northern
Blot or Chip hybridisation technigues.

The term wild type refers to the genotype or phenotype that is found in nature or in the
30  standard iaboratory stock for a given organism. According {o one preferred embodiment, the
wildtype sequences of Cathepsin C are the sequences according to SEQ ID NOs: 1, 2, 3.



compounds are preferred. The physiological buffer solution preferably has a pH of approx. 6.0-8.0,
expecially a pH of approx. 6.8-7.8, in particular a pH of approx. 7.4, and/or an osmoiarity of approx. 20
200-400 milliosmol/liter, preferably of approx. 290-310 milliosmol/liter. The pH of the medicament is in
general adjusté {&Hge4 Suitable organic or inorganic buffer, such as, for BXAMRIRRIMESably using a
phosphate buffer, tris buffer (tris(hydroxymethyl)aﬁ%inomethane), HEPES buffer
([4-(2-hydroxyethyl)piperazinojethanesulphonic acid) or MOPS buffer
(3-morpholino-1-propanesulphonic acid). The choice of the respective buffer in general 25depends on
the desired gl ARty haSRIALS Buflalds syanis, formample o iegtionanduofision,
solutions. The me_ol cament can be administered in a conventional manner, €.9. %y means of oPaI
dosage forMeCHaRR i afrdaripfenRapioanbPLassarR IS firsaiReoMeRNFIE CREMsE Firan ke for 30
example themsiseativthsf GeahepsityC inudieideisn of dis pesitarias daplssiRcoLndasithriakinRyameans of
injections, ipfysions. ! In,t i ts according t inyention, It is further
possible to %(éjérimﬁﬁ%‘z&?ﬁe@%&%%?ﬁ%éEﬁ?@iﬁ%ﬁ(ﬂ% f)? f’nc%%dé?g[gotrgeéagf[ﬁmpoaét%ﬁ/aorrj%‘int disease
as described above, if appropriate, in the form of liposome complexes. Furthermore, the treatment can
be carfed AGERIRGER R RReH BIRERRERH Aot &l heespstdmeuion. Wsicteanalas parisiins the
temporally derttitedireltasesol haulR 360%41d §1EEREIT/EBRABRNWA0RGM22HrediramentsinglS are

known for gxaspglen @/, Erﬁeodgléﬁr?’gﬁd'%'yrﬁr%gsg&ﬁsﬁ%@'?;%geg 8%

23 Al or 't:'np o(gfz 49‘3 Al.
. . J ; NOW, {n g arr(see aisg .
Injection solutions are in general Used If only relatively small amounts o# a solution or 5'suspension,

for exampl&@BRTE IE5EAHE RSV, are to be administered to the body. Infusion solutions are in
general used if a larger amount of a solution or suspension, for example one or more litres, are to be
administerektcSidiog tinyebatratsetptbierirtisobcsthdinnf prdyenfewanildilines ateadmigistetpddn the

case pbinjaghon: solutinpsesmab-Iifecsnnes fromiheptand iamhe Rmal

i RIgssure of.ﬁ blood or
the tissue fluid in the m@ion do not make 10 themselves noticeable or on e?%a themselves

. ( ‘ ) y make themselves
noticeable BHPHRS ghitosHeERe AR dhgraet Wl krasiniBic. et brEet mnHERe

according toahvenaly dotiemarefir eausabisitthertfobatiregsinetal protateces safadméhe paseonf iere
administratiof,BhyglBtiKehAGe AL URTNBURYSL, IR IRIIUAIRRACSAIBNY I REN HERaNEhould

be diluted briefly before administration to such an extent that an at least approximately isotonic

solution is SBAIER: IKh SL8MREN PRGNS FobtcrticbAItan 108 DeNRapanstasard drstiins:
solutidf. InibretcE@d@)of Théusiipe!timalddutibzanvirécbarne doutedome kamgmenatsing stasdaiwdter while
the adminisyAAB GaEPeSAKISH ouh (QILRXAIRAE. W8 AREalsd YRS AT IpuedusTerred

embodimerg}]ec%{]t resent invention, Cathepsin C, the derivative or rragment

Ee different as ect§ of pre:s
thereof can BANGE8 o g aio{sgl)%g@ ofg%tﬂ%‘.’ by means of column chromatography. Monoclonal
antibodies can, for example, be prepared in accordance with the known method of Winter &
Milstein (Winter, G. & Milstein, C. {1991) Nature, 349, 293-299). Suitable procedures to
20  produce monoclonal antibodies are well known in the art as well (see e.g. literature for
standard methods listed below). In the context of present invention, the term antibody or
antibody fragment comprises also antibodies or antigen-binding parts thereof, which have
been prepared recombinantly and, where appropriate, modified, such as chimaeric antibodies,
humanized antibodies, muitifunctional antibodies, bispéciﬁc or oligospecific antibodies, single-
25 stranded antibodies and F(ab) or F(ab)z fragments {see, for example, EP-B1-0 368 6884,
US 4,816,567, US 4,818,387, WO 88/016849, WO 93/06213 or WO 98/24884).

Another aspect of present invention concerns a diagnostic kit for determining the pain
sensitivity in an individual, which test kit comprises at least one means for the detection of
Cathepsin C in a biclogical sampie.

30
In the context of the present invention, a test kit is understood to be any combination of the
components identified in this application, which are combined, coexisting spatially, to a
functional unit, and which can cantain further components.



In the context of this invention, the term "isolated molecule", especially with respect to Cathepsin C,
refers to Cathepsin C polynucleotides or polypeptides purified from natural sources as well as purified
recombinant molecules (wherein the term purified comprises a partial purification as well as a
complete purth@8HI & RE preparation of recombjpant polypeptide or polyrfdREGHtR fBIEcules and
the purification of naturally occurring molecules from cells or tissue, as well as the preparation of cell-
or tissue extracts is well known to the person of skill in the art (see e.g. also the standard literature
listed below). 30These comprise e.g. amplifying polynucleotides of desired length via the polymerase
chain reaction (PCR) on the basis of the published genomic or coding polynucleotide sequences and
the subsequent cloning of the produced polynucleotides in host cells (see e.g. standard literature listed

below). W SBDEPIBY £ FESFRED INGHRR Go osl3kih IREREtRe @ JeBrE seASATRARbHetneiears
"polypeptidestrefeis 0 emoteculettomprising jammbiccigisddeunthity eaicimihen by aeptice babrEs
containing giBRSLAAAMIABSRRLF BURSHhIR, 2 IRUBRLIN A RSRI NP iy R Uuiepdilg chain

Shorter molecules, of this kind are referred to'as peptides. The term "protein” reférs to molecules

comprising RSN &S PERs S RIREHRA b A Gl ERiICIRAF oM BT SSSREEIn AT RIRY Maréian one
polypeptidecheinik ss sodiateshopleopreg 4 éac hath erpfidnadly thesedinipraiainl éonparisesitjetterm

"polypepti "sp@:ﬁb@ &Q@ﬁgﬁ%gﬂgi%\é@ntion is explained in more detail by means of examples without
meaning to be limited by them. 10 WO 2009/118137PCT/EP2009/002091 24 Examples: Materials

and Methods: 5 Mouse strains used: Five different inbred mouse strains were used: AKR/J (AKR),
CBA/J (CBRY, 4T 3blieies) dGBEEE € BivBhiiIc@E6 k6«8 58k (Tha)nEmteswerasobtained from The
Jacksen Laboratory (Bar
A method for treating pain in.a subject that is experiencing pain comprising administering to
said subject a therapeutically effective amount of a composition lowering the amount or activity
of Cathepsin C in said subject. This can be the amount or activity of Cathepsin C altogether or
in & certain tissue, e.g. in neural tissue, in lymphatic tissue or cells of the immune system such
15 as mast cells, macrophages, neutrophils, T-cells (such as CD8+ T-cells), efc. wherein a
therapeutically effective amount comprises an amount sufficient to ameliorate the pain

sensation or sensitivity in the individual.

A method for lowering the pain sensitivity in a subject comprising administering to said subject
20 a therapeutically effective amount of a composition lowering the amount (e.g. expression, half
life) or activity of Cathepsin C in said subject (e.g. in lymphatic or neura! tissue or cells of the

immune system), concerns yet another aspect of present invention.

Moreover, present invention concerns a method for moduiating the pain sensitivity in an
25  offspring from a non-human fémaie subject comprising transferri'ng (e.g. eteétroporating) a
nucleic acid conferring a modulated Cathepsin C expression into Zygotes, transferring the
Zygotes into a non-human foster mother and electing offspring according to its Cathepsin C
expression characteristics {lowered or abolished cathepsin C expression in comparison with
wild type subjects, such as mice).
30
Another aspect of present invention concerns a compound that is able to iower Cathepsin C

activity and/or expression for the treatment of pain.

inhibitors of Cathepsin C are known in the art, such as peptide nitrile inhibitors (see e.g.
35 Methot et al., 2007, which is incorporated herein by reference, see especially page 20839,



Harbor, ME, USA). For these mice strains it has been shown that they differ significantly 10concerning
several in vivo measures of pain (Mogil et al 1999) Total RNA Isolation:  Total RNA from DRGs
(dorsal root ganglia) was isolated with the FicoPureTM RNA Isolation Kit (Arcturus) following the
manufacturer¥GrifRitfdis. RNA quality was assessed using the 2100 15BFFAHERALE01E RNA 6000
Nano LabChipTM kit (Agilent). Affvmetrix Genect%llpTM Microarravs: First-strand cDNA synthesis was
performed using 500ng total RNA with a 100pM T7-(dT)24 oligomer
(GGCCAGTGAATTGTAATACGACTCACTATAGGGAGGCGG-dT24 SEQ ID NO:4) 20 according to

Baugh, L. ' , ter, C.P.(2001) Nucleic Aci S. n
SuperScriﬁ#%e@g&mg@?ﬁ%gg%}{g@eg%) cl)@vﬁﬁg fRe %3’%?&8@@#&% rg%f%ﬁsf @%’6%2@@{@#386 cDNA
was synthe34ERahaAnenueLirasie e phen 6f-eabfistgrh followed by an ethanol precipitation step.

An in vitro transcription reaction was performed with the doublestranded cDNA sample using the

BioArray Hj ield RNA Trapgcription Labeling kit 2 nz%){ ccording to manufacturer's
instructions. rér%s%ﬁ%ﬂoéﬁo?ecfc%t?gn%ev%%raéq%%!u%%tgg %SI IE]E’ orﬁ%ﬂ?%ﬂilé ?/%%edffﬁﬁgat J%‘fﬁ@t’ﬂﬁ‘e

RNeasy TMVRIkEferoMajesh miFotd e prtifises aapuliiand bsiented. iy eh sscetmsistegsal dtefeThe
biotin-labeleshaRi /A yasdagmeniaceusingionRbnfragimantatiaer bufienEPOna T Hs-pestate, 00mM
KOAc, 150rr&c el\a/l Oﬁ‘ﬁg Ilgrg.l}égg%%ﬁidigaggn.anq staining of Mouse Genome 430 2.0 GeneChipsTm
(Affymetrix) Wag 30 performed according 1o the: rhanurRctrels TRstrbASREBHRE MicPaHER R RRre
scanned u§iag s Gurie eh Vi 3p8 dostaiatiensa adcth essediin odwdite Wevne vistosite dantinasdyaed

using Resglupsw dxexpressionifataainalysis spiwsriBasetta Biosoftware). L5 spinal nerve
transegtion and sham surgical procedures: WO 20091 18137PCT/EP2009/002091 25 In anesthetized

mice, the left L5 spinal nerve was exposed and the transverse process was then partially removed.
After separddiirbledhiittiee diiyhtaiiveipe srerph spiaiaselvesids dsa feerethpBh amiteuG ety was

identical todb@-b apiRatmese HansestRisraish BOWSVeLkathed- DAl R g SO ransected
(see DelLeq etaarlé. 29%%9)'53 s5 etermination of paw withdrawal thref‘shold: Paw withdrawal thresholds

(PWTs) were asseS8Ed G%ing a dynamic plantar aestiesiom&tar (888" S 2885 S 2518, FnndP
acclimatiorE?ERBnATAPR RIS Mestalveies pfisgrattirutar taurine or betaine and/or a protein, such
15 as, for example, bovine or human serum albumin. Detergents, polyols andfor zwitterionic

compounds are preferrad.

The physiological buffer solution preferably has a pH of approx. 6.0-8.0, expecially a pH of
approx. 6.8-7.8, in particular a pH of approx. 7.4, and/lor an osmolarity of approx.

20 200-400 milliosmolfliter, preferably of approx. 290-310 milliosmol/liter. The pH of the
medicament is in general adjusted using a suitable organic or inorganic buffer, such as, for
example, preferably using a phosphate buffer, tris buffer (tris(hydroxymethyl)aminomethane),
HEPES buffer ([4-(2-hydroxyethyl)piperazinojethanesulphonic acid) or MOPS buffer
(3-morpholine-1-propanesulphonic acid). The choice of the respective buffer in general

25  depends on the desired buffer molarity. Phosphate buffer is suitable, for example, for injection
and infusion solutions.

The medicament can be administered in a conventional manner, e.g. by means of oral dosage
forms, such as, for example, tablets or capsules, by means of the mucous membranes, for
30  example the nose or the oral cavity, in the form of dispositories implanted under the skin, by
means of injections, infusions or gels which contain the medicaments according to the
invention. 1t is further possible to administer the medicament topically and.iocaliy in order fo
reat the particular joint disease as described above, if appropriate, in the form of liposome
complexes. Furthermore, the treatment can be carred out by means of a transdermal

35 . therapeutic system (TTS), which makes possible a temporally controlied release of the



stimulator was positioned under the animal's hindpaw, a straight metal filament driven by an 10
electrodynamic actuator touched the plantar surface and exerted an increasing upward force until the
animal removed the })aw paw withdrawal threshold, PWT). PWTs were assessed for hindpaws of the
ipsilateral, op®fat&ePLid&iand of the contralateral side. Each animal was uBEd/EFBH&W2¢4sion only. In
all animal experiments the ethics guidelines for imzlzestigations in conscious animals were obeyed, and
the procedures were approved by the local Ethics 15 Committee Correlational analysis: For
correlational analysis, the "pain phenotype" was defined for each nerve-transsected animal (Chung
animal) as S r = Inapsilateral P tgaévP Tand Sl = h
animals Wit’ﬁ#\ag%m\%%%gl’r?%ng%i&%%a F';%\;V'Iewgé%%a atera?P %¥4Tv3\%@r#§é55igg$ﬁ}%3rﬁén%g
transcriptioRBI4E8§8atd A WEERfréd frahch Chung animal and each measured gene based on its
intensity expression data. The "raw intensity measure" was taken as the intensity measure computed
by the Resglver. ] a.an | r 1 ther ctive.gene and animal. The "log
ratio measﬁéa%%vc%%(s%gﬁrﬁgﬁe%q%o%g %ﬁséf)afu |cy (geﬁ;léy ”gﬁd)r%:%ﬂ% a%élr%@ll %@% 29?53)?%%8;% 2=
ChungPexpPeERRSHI ARteRE BRI AR AP AR ThiRIgI Rt ATBiHste s Baderux|iesson
intensity. Bejartecoarel ationssvee e ebinplied tiacet of georsoras Siligsessionexel edengmaendhat were
expressed .NOIS I It igndjcant : ion,, Eligible genes must be
P helaval %J&‘f? @@%MH%@@& gﬁé‘é‘ ;?bso utg’ﬁoﬁijﬁg@aﬁ%i% e 3%7@ S

regulated in at least 60% of Chung animals with an a ] nge =>1.5or in t least 20% of
Chung aniffdléRIPEPABYRIEEERHIN-Of75E 25PiBCiRR Soktres SRl TgEnsasxisras i Haddo be
detectable fipregentisnid lpasilive ahimalsiasdefined bysadepeciivehntensition-values fLR1.

Pearﬁ(gﬁ copglatipneoeticients B?r&a?m%%e&?&wx%@s%@@m%ng% %Sgn?g%gﬂ wihe

defined measures of transcriptional regulation were computed using the R software 35package
(http:/ww SBRSTEEL R EIIF eRERIER- IAHRIREO R IRRB AR RSEOsTIRR Mg Eweatien wefpre use is
2009/1181 &ErIar 5 R 26024 02084c26sa0yT dspancing fatte-sliscaisantivates-ERliRg) Wwere genergied

following the,merodal SIRERYALA! 42003 S eReHY TR ERRS ORBUNAR! " IABERHLIAGSHERG8"
"intensity measure" were considered S|{gn|f|cantl correlated. 5Le9e.nd to the Figures:
administration to such an exten{that an at least approximately isotonic solufion is obtained. An

15  example of an isotonic solution is a 0.9% strength sodium chioride solution. In the case of
infusion, the diiution can be carried out, for example, using sterile water while the

administration can be carried out, for example, via a so-called bypass.

According to one preferred embodiment of the different aspects of present invention,
Cathepsin C, the derivative or fragment thereof can be used as an isolated molecute.

20
In the context of this invention, the term ‘“isolated molecule”, especially with respect io
Cathepsin C, refers to Cathepsin C polynuclectides or polypeptides purified from natural
sources as well as purified recombinant molecules (wherein the term purified comprises a
partial purification as well as a complete purification).

25

The preparation of recombinant polypeptide or polynucleotide molecules and the purification of
naturally occurring molecuies from celis or tissue, as well as the preparation of cell- or tissue
extracts is well known to the person of skill in the art (see e.g. also the standard literature listed
below).

30 These comprise e.g. ampiifying polynuciectides of desired length via the polymerase chain
reaction (PCR) on the basis of the published genomic or coding polynucleotide sequences and
the subsequent cioriing of the produéed polynuclectides in host cells {see e.g. standard
literature listed below).



Figure 1:CathepsinC - Correlation Plot Figure 1 shows for every individual mouse its neuropathic pain
phenotype (mechanical hypersensitivity, X-axis) and the corresponding gene regulation of Cathepsin C
(log 10 ratlor(whung vs. Sham control), Y-axis) in the L5 DRG. Mouse data are colour-coded
depending on'fi&dgétFsifain. A Pearson correlation analysis has been p&¥dyEra8ahtreelealed a
significant positive correlation of the two parametérs pain phenotype and Cathepsin C gene regulation.
This means for individual mice that the higher the L5 DRG expression of Cathepsin C in
Chung-operated neuropathic mice was, the more pronounced the mechanical 15 hyperalgesia as

extiited Mg Ebmuarel st Hhih Al snb Rl dicaisa e so efalonenip 8 Gl opei

C gene expression for the induction of the neuro enotype. Figure 2:

Intensity dARDPAGES DRAIRLEIRhap SRPE R R AR Rinimo el o raiitdRAks AowRkEs of the
strains AKRy eAotred GSriiatier cladegofcshaampsyiggidd-giate. ShsagmesieolisaotrsiCaiieasin C

MRNA, de';%%ﬁgdox&hgsﬂg@/anséex PB%bF‘eﬁﬁt 1eRea 4t M?y%%o %G% %?‘ﬁgg;%ﬁg% [YN{SEQ

IDNO.7) Figure 4: Cathepsin C A sequence according to NM_ |gure 5:

Cathepsin @Hﬁﬁ@iﬂ%éaﬁ@n%ta%rﬁfﬁ@ BBV SIPRSH IS MPNPTEIRT P36 @E@PRyRed)ids Figure
6: Primer setidios DetentistecidnubaandC athepsintiec Ditisaceer dinentradiéht Debiebrib4SER IRMNOS 4
and 5). Flgy F%TB gbe for detecting mouse Cathepsin C cDNA (SEQ ID NO.6). WO

2009/118137 /EP2009/002091 27 References: DeLeo JA et al (2000) Transgenic expression of
TNF by astrocytes increases mechanical allodynia in a mouse neuropathy model. Neuroreport

11:599-602n the following, the invention is explained in more detail by means of examples without
meaning to be limited by them.
10



5Storey JD. (2002) A direct approach to false discovery rates. Journal of the Royal Statistical Society,
Series B, 64: 479-498. Szabo A et al. (2005) Role of transient receptor potential vanilloid 1 receptors
in adjuvant-induced chronic arthritis: in vivo study using gene-deficient mice. J. Pharmacol. Exp. Ther.
10314:111-1¥8 2M4h(1483%d Basbaum " Molecular mechanisms of nocicep&SA'EREIBIOZYTIume 413,
13. September 2001, pp. 203 - 209; 15Scholz and*Woolf "Can we conquer pain” , Nature
neuroscience supplement, volume 5, November 2002, pp. 1062 - 1067; Wood, J.D. "Pathobiology of
Visceral Pain: Molecular Mechanisms and Therapeutic Implications Il. genetic approaches to pain
therapy' , American Journal pf Physiological 20Gastrointestinal Liver Physiology, 2000, volume 278,
G507-G512x¥uqgidsand Mannion "Neuropathic pain: aetiology, symptoms mechanisms, and
management”, The LANCET, volume 353, June 5, 1999, pp. 1959- 1964; 25Woolf J. and Salter M.W.
"Neuronal Plasticity: Increasing the Gain in Pain", Science, volume 288, June 9, 2000, pp. 1765-1768;
Cigic, B.; D&¥ErSIsgndidatisH. "The residual pro-part of cathepsin C fulfills the criteria required for
an intramolecular chaperone in folding and stabilizing the human proenzyme". 30Biochemistry 39:
12382:-12390, 2000 WO 2009/118137PCT/EP2009/002091 28 Pham, C. T. N.; Armstrong, R. J.;
Zimonflc, CASHSRSHANSUREY: - payan, D. G.; Ley, T. J. "Molecular cloning, chromosomal localization,
and expression of murine dipeptidyl peptidase I" J. Biol. Chem. 272: 10695-10703, 1997. 5Pham, C. T.

N Ley, T. gy RRSBHEMRERILARG |G SRS IREING REITIRRRY FUAACIBHO CatyHed (C3H),
C57BL/6J (B6) and C58/J (C58). Mice were obtained from The Jackson Laboratory (Bar
Harbor, ME, USA). For these mice strains it has been shown that they differ significantly

10 concerning several in vivo measures of pain (Mogil et al 1999)

Total RNA Isolation:
Total RNA from DRGs (dorsal root ganglia) was isolated with the PicoPure™ RNA Isolation Kit

{(Arcturus) following the manufacturer’s instructions. RNA quality was assessed using the 2100
15  Bioanalyzer and RNA 6000 Nano LabChip™ kit (Agilent).

Affymetrix GeneChip™ Microarrays:
First-strand cDNA synthesis was performed using 500ng total RNA with a 100pM T7-(dT)24
oligomer (GGCCAGTGAATTGTAATACGACTCACTATAGGGAGGCGG-dT,, SEQ ID NO:4)
20  according to Baugh, L.R, Hill, A.A., Brown, E.L. and Hunter, C.P. (2001} Nucleic Acids Res. 28,
e29 and SuperScript Il Reverse Transcriptase following the manufacturer’s instructions.
Double-stranded cDNA was synthesized and then extracted using phenol-chloroform followed
by an ethanol precipitation step. An in vitro transcription reaction was performed with the
doublestranded cDNA sample using the BicArray High Yield RNA Transcription Labeling kit
25  (Enzo) according to the manufacturer's instructions. Transcription reactions were incubated at
37°C for 16h. cRNA was purified using the RNeasy™ Mini kit (Qiagen) protocol for RNA
cleanup and quantified by a spectrophotometer. The biotin-labeled cRNA was fragmented
using @ RNA fragmentation buffer (200mM Tris-acetate, 500miM KOAc, 150mM MgOAc, pH
8.1). Hybridization and staining of Mouse Genome 430 2.0 GeneChips™ (Affymetrix) was
30  performed according to the manufacturer’s instructions. The microarrays were scanned using a
GeneChip™ 3000 Scanner, and the scanned data were imported and analyzed using Resolver
v5.1 expression data analysis software (Rosetta Biosofiware).

L5 spinal nerve transection and sham surgical procedures:




of granzymes A and B in vivo". Proc. Nat Acad. Sci. 96: 8627-8632, 1999. Rao, N. V.; Rao, G. V,;
Hoidal, J. R. :"Human dipeptidyl-peptidase I". J. Biol. Chem. 272: 10260-10265, 1997. Toomes, C.;
James, J.; Wood, A. J.; Wu, C. L.; McCormick, D.; Lench, N.; Hewitt, C.; Moynihan, L.; Roberts, E.;
Woods, C. GWRARAAM3'A.; Wong, M.; and 10 others : "Loss-offunction nii&GtHESHEMHE cathepsin C
gene result in periodontal disease and palmoplan%gr keratosis". Nature Genet. 23:421424, 1999.
Wolters, P. J.; Raymond, W. W.; Blount, J. L.; Caughey, G. H. :"Regulated expression, processing,
and secretion of dog mast cell dipeptidyl peptidase I." J. Biol. Chem. 273: 15514- 15520, 1998
20Heusel, J.W, mi , est . Russel, J & Ley, T.J.. 'Cytotoxic tes require
granzyme é’t%?%?ﬁ%%%%%ﬁ‘gﬁ%fb%% ﬁggrl}]e& avt\f%% %’f?g ?Sgoﬁ't‘és?é‘?r%%h%%%%é?%ﬁ%%%t ‘g%éﬁs
1994, Cell thengeartiglyr remorash At SeRBRRDN KOR thad-€ spiBetinevertha d@osrilrigithwithe
proto-oncogemnedrid? SHimsedesyanabrerdrEvedistens eplisa angererahsbalegydajdgroringer,
mutations §0 nen- sel I . ture, 336, 348-352. |[aRo, PI, Montgomery, C., Geske, R.,
and Bradle%,e k%%@%ﬁﬁ%%&%egg %fléﬂ%%%owne%?%ﬁg %g%%%t%ﬁgﬁcsc%éne leads to osteopetrosis in mice",
Cell 6%, 693-702. 30 Turk, B., Turk, D., and Turk, V., Lysosomal cysteine proteases: more than
scavengergetiaakiatiBiophya \with 00 MaegHudd7 (1-2):98-111. WO
200911818 R0 ORI IO WiRe Moskeok PR IE 0 AN TR e SR APIO)

, I id and lymphoi

Chem., 268, 2458-2467, GGeneration of active myelol granule serine proteases requires
processing$fFtRERARIIth*AGPotéEeE a%‘%fﬁﬁgw pBpfideRiBresIRMnHEs Sopfak Mehitdeorpthe
Chapman, dirdulaGangiBeyediidhenaiBe her aGim42003)3i0). a Ghaght3B4ial HimdhBdrivdasiycel
cathepsins trol. | f | rotease
o AR RanR A e e peRlR ALY B SRR Sanals el el
10371, Dipéptidif pefrIdsepsctitiaeswdaay prind@mrb ol o FiiddsBYVA s avRsg @atessatkior

hindpaws of the ipsilateral, operated side and of the contralateral side. Each animal was used

at one occasion only. In all animal experiments the ethics guidelines for investigations in
conscicus animals were obeyed, and the procedures were approved by the local Ethics
15 Committee

Correlational analysis:

For correlational analysis, the “pain phenoty;)e" was defined for each nerve-transsected animal
{Chung animal) as C71 ~ 81, where CT = In(ipsilateral PWT / contralateral PWT) and S1 =
20 mMean.ai sham animals within same stain IN(IpSilateral PWT / contralateral PWT).
Two measures of differential transcriptional regulation were defined for each Chung animal
and each measured gene based on its intensity expression data. The “raw intensity measure”
was taken as the intensity measure computed by the Resolver expression data analysis
software (v5.1) for the respective gene and animal. The “log ratio measure” was computed for
25  a specific gene and Chung animal as In{C2 / S2), where C2 = Chung expression intensity and
S2 = M2aN a1 sham snimals within same sirain SHAM expression intensity.
Before correlations were computed, the set of genes was filtered {o exclude genes that were
expressed below noise level and without significant Chung vs. sham regulation. Eligible genes
must be regulated in at least 60% of Chung animals with an absolute fold-change =>1.5 or in
30  atleast 20% of Chung animals with an absolute fold-change =>2.0. Also, corresponding gene
expression had to be detectable ("present”) in at least five animals as defined by a respective
intensity p-value< 0.001.
Pearson correlation coefficients for each gene between the pain phenotypic scores and cne of
the defined measures of transcriptional regulation were computed using the R software
35  package (bttp//www.r-project.org/). Based on these, p-values of statistical significance and




development of acute experimental arthritis. Wolters, P.J., Pham, C.T.N., Muilenburg, D.J., ley, T.J.,
and Caughey, G.H., (20019 j: Biol: Chem., 276, 18551-18556, Dipeptidyl peptidase | is essential for
activation of mast cell 15chymases, but not tryptases, in mice. Pham, C.T.N., lvanovich, M.L., Raptis,
S.Z., Zehnbati€r2i8%14#d L ey, T.J., (2004) J. Immunol., 173, 7277-7281, PAF{IERILER8E syndrome:
correlating the molecular, cellular, and clinical cor’fgequences of cathepsin C/dipeptidyl peptidase |
deficiency in humans. 20 De Haar, S.F., Jansen, D.C., Schoenmaker, T., De Vree, H., Everts, V., and
Beertsen, W. (2004) Hum. Mutat. 23, 524-524, Loss-of-function mutations in cathepsin C in two

families wi ilon- e [ ith deficiepcy. of serine protei in,PMNs.
Z5Sheth, P B e A e ie S e e S Al
2251-22622!Int#EiFon Grap ety PRptidiseUriethdoguinlim meatusell fheimaneity rrserEr] d@®ation of
tryptase, busnudetihagpmaomirantehymotryptic activity. Literature for standard laboratory methods
30If not indicated otherwise, standard laboratory methods were or can be performed according to the
following standard literature: WO 2(109/118137PCT/EP2009/002091 30 Current Protocols in
Molectlar BesigRgiedbaIBareMated, e.g. Volume 2000; Wiley & Sons, Inc; Editors: Fred M. Ausubel,
Roger Brent, Robert Eg. Kingston, David D. Moore, J.G. Seidman, John A. Smith, Kevin Struhl. 5
Current Prﬁgg@lq:in Humﬂe&%@tlc&bp@é“gm@%ptdated; Wiley & Sons, Inc; Editors: Nicholas C.

Dracopoli, Honathan L. Haines, Bruce R. Korf, Cynthia C. Morton, Christine E. Seidman, J.G.
Seigman, DEYfad RNt 1 B¢y d BHYR CBIRUPEPIB IO SRR  ARIgUPRe Rt EBeYintiga, Sons,
Inc; EditorsiydetserisitiioljgahaBsen adDtien, ddidspdndtige gen® andguiltidpeichestiasinT . OViggtield.

10 ratio(Chung vs. Sham control), Y-axis) in the L5 DRG. Mouse data are colour-coded

depending on the used strain. A Pearson correlation analysis has been performed and
revealed a significant positive correlation of the fwo parameters pain phenotype and Cathepsin
C gene regulation. This means for individual mice that the higher the 1.5 DRG expression of
Cathepsin C in Chung-operated neuropathic mice was, the more proncunced the mechanical

15 hyperalgesia as exhibited in the behavioral test. This significant correlation indicates a causal
retationship of Cathepsin C gene expression for the induction of the neuropathic pain
phenotype.

Figure 2: Cathepsin C — infensity data
20  Absolute values of Cathepsin C expression in L5 ganglia of the individual mice of the strains
AKR, CBA and C57 after chung or sham surgery.

Figure 3: Fragment of mouse Cathepsin C mRNA, detected by the Affymetrix probe set
1416382_at (Mouse Genome 430 2.0 microarray) (SEQ IDNO.7)

25
Figure 4: Cathepsin C cDNA sequence according to NM_001814 (SEQ ID NO.1)
Figure 5. Cathepsin C protein sequence according to Swiss-Prot HUMAN _CATC P53634
(SEQ ID NO.2)

30

Figure 6: Primer set for Detection of human Cathepsin C ¢cDNA according to SEQ ID NO. 1
(SEQ ID NOs 4 and 5).

Figure 7: Probe for detecting mouse Cathepsin C ¢cDNA (SEQ ID NO.6).



Molecular Biology of the Cell; third edition; Alberts, B., Bray, D., Lewis, J., Raft, M., Roberts, K.,
Watson, J.D.; Garland Publishing, Inc. New York & London, 1994; Short Protocols in Molecular
Biology, 5th edition, by Frederick M. Ansubel (Editor), Roger Brent (Editor), Robert E. Kingston
(Editor), DavRiTPREIG&¥&3{Editor), J.G. Seidman (Editor), John A. Smith (BYHEBFREWE2Suhl (Editor),
October 2002, John Wiley & Sons, Inc., New York” Transgenic Animal Technology A Laboratory
Handb0O0Ok. C.A. Pinkert, editor; Academic Press Inc., San Diego, California, 1994 (ISBN:
0125571658) Gene targeting: A Practical Approach, 2nd Ed., Joyner AL, ed. 2000. IRL Press at
Oxford 25University Press, New York; Manipulating the Mouse Embryo: A Laboratory Manual. Nagy,
A, GertserBeigieREeS intersten, K., Behringer, R., 2003, Cold Spring Harbor Press, New York;
30Remingmsl ed’ Hareiaaie(RiCa) Scmrsgesicl Zipreskionpfll 986 (fyr attysipleyitailyaaieraisiehaaits!

(anorganic RNl REREFRuRALH PSRN LGy bghoratory Methods: WO 2009/
8137PCT/EP2009/002091 31 If not indicated otherwise, laboratory methods were or can be performed

according to standard methods listed in the below standard literature: Sambrook et al. (1989)
Molechlar SiaeindbA(RGER)ratdimedl appalaSetofasedittony€y I BpridoGidadi ondRogeh Biatifieds, Cold
Spring Haigqtie N Ys S40 RP&Y: rilesys Protocols in Molecular Biology — Current Protocols in Molecular
Biology; regularly updated, e.g. Volume 2000; John Wiley & Sons, Inc; Editors: Fred M. Ausubel,
Roger Brent, Robert Eg. Kingston, David D. Moore, J.G. 10Seidman, John A. Smith, Kevin Struhl.
Current Pr8tabol f\ietHilm 20 (Ge iatie Hfrrg otdetyt optelatte dhaentivolani@Z00 3¢ datioriMileydnGots, Inc;

Editors: Nighalag %h%m&%?mhatilg!qna\mnskudvsq&eﬁ@ BEHEQ R A Trf¥ntNid farMQULpne (o rigiine E.

Seid%am, J.G. Seigman, Douglas R. Smith. 1
314:111-119.

Julius and Basbaum “ Molecular mechanisms of nociception”, Nature, volume 413, 13.
September 2001, pp. 203 - 209;

15  Scholz and Woolf “Can we conquer pain” , Nature neuroscience supplement, volume 5,
November 2002, pp. 1062 ~ 1067;

Wood, J.D. “Pathobiology of Visceral Pain: Molecular Mechanisms and Therapeutic
Implications |l. genetic approaches to pain therapy” , American Journal pf Physiological
20  Gastrointestinal Liver Physiology, 2000, volume 278, G507-G512;

Woolf and Mannion “Neuropathic pain. aeticlogy, symptoms mechanisms, and management”,
The LANCET, volume 353, June 5, 1999, pp. 1959 — 1864,

25  Woolf J. and Salter M.W. “Neuronai Plasticity: Increasing the Gain in Pain”, Science, volume
288, June 9, 2000, pp. 1765-1768,;

Cigic, B., Dahl, S. W., Pain, R. H. “The residual pro-part of cathepsin C fulfills the criteria
required for an intramolecular chaperone in folding and stabilizing the human proenzyme”.
30  Biochemistry 39: 12382-12390, 2000

Paris, A.; Strukelj, B.; Pungercar, J.; Renko, M., Dolenc, |.; Turk, V. ;"Molecular cloning and
sequence analysis of human preprocathepsin C°. FEBS Left, 369: 326-330, 1995



Current Protocols in Protein Science; regularly updated, e.g. Volume 2003; John Wiley & Sons, Inc;
Editors: John E. Coligan, Ben M. Dunn, Hidde L. Ploegh, David W. Speicher, Paul T. Wingfield.
20Molecular Biology of the Cell; third edition; Alberts, B., Bray, D., Lewis, J., Raff, M., Roberts, K.,
Watson, J.D.WEa48Ht$gblishing, Inc. New York & London 1994; Gene W@@?ﬁ@ﬂf’a}m@tlcal
approach (1995), Editor: AL. Joyner, IRL Press Zgﬁemlngton s Pharmaceutical Sciences, Edition 17,
1985. WO 2009/118137PCT/EP2009/002091 32 Claims 1. The use of Cathepsin C or functional
fragments or derivatives thereof for identifying 5compounds that modulate pain. 2. The use of a

non- huma rans aI hetero (Eg % re athepsm C or a functignal fragment thereof
for |dent|fy g‘r%tp%% t‘ﬁa dﬁfat% pr% 2B hd uSe %ﬁg% h%m %rgnsjgenic
animal hetei\mtﬁwl@slyl@){p@esémg@amédgwi@abioa f@h@mn@lSh@gmémuﬂf@rémgfbﬂm@M@yslf’em for
enhanced pagisensiivity7#.1bbesussros aiggn-human Cathepsin C knock-out animal for identifying or
analyzing compounds that modulate pain. 15 5. The use of a non-human Cathepsin C knock-out
animal as a model system for lowered pain sensitivity. 6. The use of a cell heterologously
expressingRbathepsin & drex. flindticRildptigyheep it Héo feoritadriafhegreorapang dedetivatdulate

pain. 7. Therypereiaash Brisialoaessivexpeesina L atiensiBesRsgiungdgnal fragment thereof as a
model system for enhanced pain sensitivity.

Rao, N. V,; Rao, G. V,; Hoidal, J. R. "Human dipeptidyl-peptidase {". J. Biol. Chem. 272
10260-10265, 1997.

10
Toomes, C.; James, J; Wood, A. J,; Wu, C. L.; McCormick, D.; Lench, N.; Hewitt, C.;
Moynihan, L.; Roberts, E.; Woods, C. G.; Markham, A.; Wong, M.; and 10 others : “Loss-of-
function mutations in the cathepsin C gene result in periodontal disease and palmoplantar
keratosis”. Nature Genet. 23: 421-424, 1999,

15

Wolters, P. J.; Raymond, W. W.; Blount, J. L.; Caughey, G. H. :"Regulated expression,
processing, and secretion of dog mast cell dipeplidyl peplidase 1.” J. Biol. Chem. 273 15514-
15520, 1998

20  Heusel, JW., Wesselschmidt, R., Shresta, 8., Russel, J & Ley, T.J. “Cytotoxic lymphocytes
require granzyme B for the rapid induction of DNA fragmentation and apoptosis in allogeneic
target cells”, 1994, Cell 76, 977-987.

Manour, 8., Thomas, K.R., and Capecchi, M.R., 1889, “ disruption of the proto-oncogene Int-2
25 in mouse embryo-derived stemn cells: a general sirategy for targeting mutations so non-
selectabie genes”, Nature 336, 348-352.

Soriano, Pl, Montgomery, C., Geske, R., and Bradley, A., 1991, “Targeted disruption of the c-
src proto-oncogene leads to osteopetrosis in mice”, Cell 65, 693-702.

30
Turk, B., Turk, D., and Turk, V., Lysosomal cysteine proteases: more than scavengers.
Biochim Biophys Acta. 2000 Mar 7;1477(1-2):98-111.



258. The use of a Cathepsin knock-out cell for identifying or analyzing compounds that modulate pain.
9. The use of a Cathepsin knock-out cell as a model system for lowered pain sensitivity. 3010. The use
of a cell heterologously expressing a reporter gene expressibly linked to the Cathepsin C promoter
and/or enhar¥@28p%H1dnttional fragment thereof for identifying or analyzimg targounessthat modulate
pain. 11. A method of identifying or analyzin$ compounds modulating and/or preventing pain,
35comprising the steps WO 2009/118137PCT/EP2009/002091 33 a. Providing at least two samples;
b. Contacting one sample containing Cathepsin C or a functional fragment or derivative thereof with a
compound ¢. determining the activity of Cathepsin C in the presence of compound, 5d.
dete?minin&ﬁ%“ﬁ%ti%y f dﬁfﬁ@bsfﬁ% ifMfe AenEe b 3RS uhBjhddeBompaing PR 4&iity of
Cathepsin Geaecafitingf tactyavitlyeinid acdosumpbdio dyah@elsenathpobfendde nédyines qiracedyinindgy
compoundg,thalAesl wRie,AREAIE BISVSREPaUp fURIPTIsing: 10a. Contacting a Cathepsin C protein or

functional fragment or derivative thereof with a test compound; and b. Determining whether the test
compound modulates the activity of the Cathepsin C protein or functional fragment or derivative
thereo$. 1588nAngksitrodFfomidiattfyingGhaanapzind\cobapgbey sGhat mmat Blelierad/arpoayeibpain

Chem. 384, 1527-1531, Mast cell cathepsins C and S control levels of carboxypeptidase A and
the chymase, mouse mast cell protease 5.

Adkison, A.M., Raptis, S.Z,, Kelley, D.G., and Pham, C.T.N., {2002), J. Clin. Invest. 109, 363-
10 371, Dipeptidyl peptidase | activates neutrophil-derived serine proteases and regulates the
development of acute experimental arthritis.

Wolters, P.J., Pham, C.T.N,, Muilenburg, D.J., ley, T.J., and Caughey, G.H., (20019 | Biol:
Chem., 276, 18551-18556, Dipeptidyl peptidase | is essential for activation of mast cell
15 chymases, but not tryptases, in mice.

Pham, C.T.N., lvanovich, M.L., Raptis, S.Z., Zehnbauer, B., and Ley, T.J., (2004) J. Immunol.,
173, 7277-7281, Papillon-Lefévre syndrome: correlating the molecular, cellular, and clinical
consequences of cathepsin C/dipeptidyl peptidase | deficiency in humans.

20
De Haar, S.F., Jansen, D.C., Schoenmaker, T., De Vree, H., Everts, V., and Beertsen, W.
(2004) Hum. Mutat. 23, 524-524, Loss-of-function mutations in cathepsin C in two families with
Papilion-Lefévre syndrome are associated with deficiency of serine proteinases in PMNs.

25 Sheth, P.D., Pedersen, NM., Walls, A.F., and McEuen, A.R. (2003) Biochem., Pharmacol., &6,

2251-2262, Inhibition of dipeptidyl peptidase | in the human mast cell line HMC-1: blocked
activation of tryptase, but not of the predominant chymotryptic activity.

Literature for standard faboratory methods

30 If not indicated otherwise, standard laboratory methods were or can be performed according to
the following standard literature:

Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual. Second edition. Cold Spring
Harbor [.aboratory Press, Cold Spring Harbor, NY. 545 pp;



comprising: a. Contacting a cell, which has a detectable amount or activity of Cathepsin C or of a
functional fragment or derivative thereof, with a test compound; b. Determining whetherthe
test compound is able to modulate the amount or activity 200f Cathepsin C or the functional fragment
or derivative Weretff' pisént in the cell. 14. A method for identifying or an&NEBEREHHFGANhdS that
modulate and/or prevent pain comprising: 3a. Contacting a nucleic acid coding for a Catheps n
C protein or a functional fragment 25o0r derivative thereof with a test compound in a transcriptionally
active system, and b. Determining the amount of mRNA coding for the Cathepsin C protein or the
functional fragment or derivative thereof present in said system in presence of said compound, and
c. Determining whether the compound is capable of modulating the amount of mMRNA 30coding for the
Cathepsin QupeoteititedardiioMalaeagmBiolasly o estusanie yrédedt mGsaidluyutetR00,5WAsm Stifstigor
identifying gempa@itiels Breanply 208.6eMrded Haat nrepdlate AN SRV ETHVRAID COBRFSINGs. 34 a.
Providing a%c;ell ggnﬂg%t dé?/rl]g e&cl@gu ?id vector comprising the promoter of a Cathepsin C gene
or a functio ea‘i"i‘?agjment hereor bpérationally coupled to a reporter gene or a functional fragment
thereo® 5b. Providing a cell transfected with a control vector which comprises a reporter gene or a
fugctiona! f@ﬂ@%ﬂ%M@l@fiﬂ@i@ﬁéﬂg}éﬂ@t}}@gﬂ%ulivawwﬁgdté@ @ﬁ@@%@b%ﬂ?w&i RiEpRRLET;
c.Determining-the reporter gene actiyity of the cellacco Q a)a in the. pres of a test
compound#l%jé?ﬁg e’rmkﬁ’l?rggj %ne%'eggﬁg?'g%’ﬁgeagivi ?/rgd’)#ﬁgét%gllbacﬂfgp |?1’g 8%%‘%%%% M absence of
the test comBogf@man. Daglias Redith of identifying or analyzing a compound that modulates and/or
prevents pain

10 Current Protocols in Protein Science; regularly updated; Wiley & Sons, Inc; Editors: John E.

Coligan, Ben M. Dunn, Hidde L. Ploegh, David W. Speicher, Paul T. Wingfield.

Molecular Biology of the Cell; third edition; Alberts, B., Bray, D., Lewis, J., Raff, M., Roberts, K.,
Watson, J.D.; Garland Publishing, Inc. New York & London, 1894,

15
Short Protocois in Molecular Biology, 5th edition, by Frederick M. Ansubei (Editor), Roger
Brent (Editor), Robert E. Kingston (Editor), David D. Moore (Editor), J.G. Seidman (Editor),
John A. Smith (Editor}, Kevin Struhi (Editor), October 2002, John Wiley & Sons, Inc., New
Yori"

20

Transgenic Animal Technology A Laboratory Handboook. C.A. Pinkert, editor; Academic Press
Inc., San Diego, California, 1984 (ISBN: 0125571658)

Gene targeting: A Practical Approach, 2™ Ed., Joyner AL, ed. 2000. IRL Press at Oxford
25  University Press, New York;

Manipulating the Mouse Embryo: A Laboratory Manual. Nagy, A, Gertsenstein, M., Vintersten,
K., Behringer, R., 2003, Cold Spring Harbor Press, New York;

30 Remington’s Pharmaceutical Sciences, 17" Edition, 1985 (for physiclogically tolerable salis
{(anorganic or organic), see esp. p. 1418)

Standard Literature for Laboratory Methods:

35



15in a subject comprising: a. Assaying a biological activity of Cathepsin C or a functional fragment or
derivative thereof in the presence of one or more test compounds to identify one or more modulating
compounds that modulate the biological activity of Cathepsin C, and b. Testing one or more of
the modulatifgfcifdéi#ds for their ability to reduce pain, 20pain sensatidi¢ SEFHMLESItivity in a
subject. 17. A method for analyzing the pain threstlold in an individual comprising analyzing the
amount of Cathepsin C in a taken sample of said individual in comparison to one or more reference
samples as to whether the amount of Cathepsin C mRNA and/or 25protein present in said sample is
different from that.of pne or more reference samples, wherein the presence of a higher amount
indicates ;Prf:pqlﬁcirneda}l%aearap%%egméﬁgItf@ﬂ?/rg%crly the ¥|§rﬁ'%jg:‘se\'ir"f?;ree of zfa:lal?)vt?/eelB gr'sé‘&“ﬁsiﬁ%%’é‘@gz" e{%? grsded pain
sensitivity Meseadshigiotindhel Belpwstandardoiteiai®ing the dosage of a pharmaceutical for the
prevention and/or 30 35 treatment of pain in an individual, which method comprises examining a
taken sample of an indiyi o.Whether the amqunt of Cathepsi MRNA and/o in present
i saic sar Lo e e i R B e RS S s R e
depending!tHRRhEERSFatREYaRiBEmt &l rershoanenn RN 4R BRerakerepioesihin iMeigeil Sis
different fr@migagt of the one or more reference samples, wherein a higher amount of Cathepsin C in
the taken sample of the individual is indicative of a need for a higher dose and a lower amount of
Cathepsin C in the sample of the individual is indicative of a need for a lower dose. 1019. The use of

means for HHEBRIEERINTUF TatiRipsiter Binleaxgrrasiagye Hpdriedd Hain/obmei¢RGh dahmdWrRILEl by
analyzing adrie|agic@sarepledakendeubéapgey mean Rshvid & ikfexAMIRID. Moore20.cA test kit

for diwnogjtg%rpﬁ{{] §§{hsl{iV§%-@ﬂ_iR§b{hd§§{§ﬂ_WhiCh test kit comprises at least one 15means for the

detection of Cathepsin C in a biological samples. 21. Use of a composition lowering the amount or
activity of Cathepsin C in a subject in the manufacture of a medicament for treating existing pain. .
Current Protocols in Human Genetics; regularly uptdated, e.g. Volume 2003; John Wiley &

Sons, inc; Ed_itors: Nicholas C. Dracopoli, Honathan L. Haines, Bruce R. Korf, Cynthia C.
Morton, Christine E. Seidman, J.G. Seigman, Douglas R. Smith.

15
Current Protocols in Protein Science; regularly updated, e.g. Volume 2003; John Wiley & Sons,
inc, Editors: John E. Coligan, Ben M. Dunn, Hidde L. Ploegh, David W. Speicher, Paul T.
Wingfield.

20  Molecular Biology of the Cell; third edition; Alberts, B., Bray, D., Lewis, J., Raff, M., Roberts, K.,
Watson, J.D.; Garland Publishing, inc. New York & London, 1994;

Gene Targeting: a practical approach (19295), Editor: A.L. Joyner, IRL Press

25 Remingion’s Pharmaceutical Sciences, Edition 17, 1985.



2022. Use of a composition lowering the amount or activity of Cathepsin-C in a subject in the
manufacture of a medicament for lowering pain sensitivity. 23 A method for modulating the pain
sensitivity in an offspring from a non-human female subject comprising transferring a nucleic acid
conferring a MéHHEEBBAthepsin C 25expression into Zygotes Selecting bEBARYEEoing to its
Cathepsin C expression characteristics (modulate‘&) 24 A compound able to lower Cathepsin C
activity and/or expression for the treatment of pain ,wherein said compound is selected from
Gly-Phe-DMKGly-4-(I)Phe-DMKCompound 1*Compound 2* " TFA salts 25. The use according to
one of the claims 1-3, 6, 8 and 10 or the method according to one of the claims 11- 16, wherein the
modulatiorCGigisglecrease, abolishment or prevention 350f pain. 36 26. The use according to claims
one of the claims 1-3, 6, 8 and 10 or the method according to one of the claims 11- 16, wherein the
modulation is an increase. 27. The use or the method according to claim 26 wherein the
compounds are compounds 5for the prevention or treatment of pain. 28. The use, the test kit or the
method according 16 serecdfibbensove QrémnsthiaéMT@athngm:@iwaatmmaﬂmn idankifyieferably

humarg Cathepsint&mpounds that modulate pain.

2. The use of a non-human transgehéc animal heterologously expressing Cathepsin Cor a
functionai fragment thereof for identifying or analyzing compounds that modulate pain.

10 3. The use of a non-human transgenic animai heterologously expressing Cathepsin C or a
functional fragment thereof as a mode! system for enhanced pain sensitivity.

4. The use of a non-human Cathepsin C knock-out animal for identifying or analyzing
compounds that modulate pain. |
15
3. The use of a non-human Cathepsin C knock-out animal as a model system for lowered
pain sensitivity.

8. The use of a cell heterologously expressing Cathepsin C or a functional fragment
20 thereof for identifying compounds that modulate pain.

7. The use of a cell heterologously expressing Cathepsin C or a functional fragment
thereof as a model system for enhanced pain sensitivity.

25 8. The use of a Cathepsin knock-out cell for identifying or analyzing compounds that
modulate pain.

8. The use of a Cathepsin knock-out cell as 2 model system for lowered pain sensitivity.
30 10. The use of a celi heterologously expressing a reporter gene expressibly linked to the
Cathepsin C promoter and/or enhancer or a functional fragment thereof for identifying

or analyzing compounds that modulate pain.

11. A method of identifying or analyzing compounds modulating and/or preventing pain,
35 comprising the steps



1029. The use, test kit, method or compound according to one of the above claims, wherein the pain is
acute or chronic pain and preferably chronic pain. 30. The use, test kit, method or compound
according to one of the above claims, wherein the pain is osteoarthritic, inflammatory or neuropathic
pain. 15 31. THE ¥/ HEEDrding to one of the claims 1-3, 6, 8 and 10 or therREEReehaeEwading to one of
the claims 11- 16, wherein Cathepsin C is used as?n isolated protein or polynucleotide. 2032. The
use one of the claims 1-3, 6, 8 and 10 or the method according to one of the claims 11- 16, wherein
Cathepsin C is a. a polypeptide or functional fragment thereof comprising or consisting of the
sequence according to SEQ ID NO.2, or,25b. a polypeptide that is encoded by a polynucleotide
comprising or corfisting of the SRHUERAEE 'SRELMMTFIBPEEQ ID NO 1, or c. a polypeptide that is
encoded by a polgnucleotide abtetarindonkzeamite apddymoglCetide it (uottBELD HBMNENL under

stringent conditions. 3033[h&49%Ans Rhthe LlRiMs A3, 6, 8 and 10 or the method according to one
of the claims 11- 16, wherein Cathepsin C is_a. a polynucleotide comprising or consisting of the

sequence accordffig td2EE THNBEELV 9505738 $PFE SIS RFS SR R with a
polynugleotide cofisistirteohiSBEIND adtvitysfdertsepaied it trditisasc®pf compound, and

e. comparing the activity of Cathepsin C according to ¢) with that according to d).

12. A method for identifying or analyzing compounds that modulate and/or prevent pain
comprising:
10 a. Coniacting a Cathepsin C prdtein or functional fragment or derivative thereof with
a test compound; and
D.  Determining whether the test compound modulates the activity of the Cathepsin C
protein or functional fragment or derivative thereof.-

15 13. A Method fof identifying or analyzing compounds that modulate and/or prevent pain
comprising. '
a. Contacting a cell, which has a detectable amount or activity of Cathepsin C or of a
functional fragment or derivative thereof, with a test compound;
b. Determining whether the test compound is able to modulate the amount or activity
20 of Cathepsin C or the functional fragment or derivative thereof present in the call.

14. A method for identifying or analyzing compounds that modulate and/or prevent pain
comprising:
a. Contacting a nucleic acid coding for a Cathepsin C protein or a functional fragment
25 or derivative thereof with a test compound in a transcriptionally active system, and
b. Determining the amount of mMRNA coding for the Cathepsin C protein or the
functional fragment or derivative thereof present in said system in presence of said
compound, and
¢.  Determining whether the compound is capable of modulating the amount of mRNA
30 coding for the Cathepsin C protein or functional fragment or derivative present in

said system.

15. A method for identifying compounds or analyzing compounds that modulate and/or

prevent pain comprising:



c. a polynucleotide coding for Cathepsin C according to SEQ ID NO 2 or for a functional fragment
thereof. 34. The method according to claim 13 or 14, wherein a cell expressing recombinant Cathepsin
C is used. 1035. The method according to one of the claims 11- 16, wherein the determination of
Cathepsin C activity concerns its protease activity. 36. The use according to one of the claims 6-10 or
the method according to one of the claims 13 or 14, wherein the cell is a mammalian and preferably a
rodent cell. 15 37. The use according to one of the claims 2-5 or the method according to claim 23,

wherein the non-humanapimAl bRrATITEL I Rrelembla 58&8%&95#@%%%@?&%@@0%“0“59-
2038. The use a(:(:ordéer‘ght?()asc[i aim 10 or the method accordln% to claim 15, wherein the reporter gene

is.  39. The use acc 197RSSY 2 tHBHRAR G HeRB HIRG b oREmHorg b operkidiest kit as

claimed in claim 21, wheed# deessamapladtiarahtirameitidheaeel: preferably a human 25sample. 40. The
use according to claim 20 , the method according to claim 18 or 19 or the test kit as claimed in claim
21, wherein the samplerdsidirigistelngianéeamplatadaionsy sarplenisrcalhaxisast ape moke cells or

taken body fluid. 30 43, The 4se Aeeordingd e A%AL NS IeslkhACCRIdng '3 £aim 4. wherein the
%%r t%e ?%gat \gN . Xﬁ

means for the detection Is a means etection o epsin e use or test
kit according to claim %3G SIPIPREREans is a primer or set of 35primers, a suitable probe or a
sequence-specific anti-DNA antibody. 38 43. The method as claimed in one of the claims 14, 18 or
19, wherein the chandeeiarthieratuurepofienBiha &Eiaitalyizbd cplieferaidivaising atid pinhere suitable
primers for the amplifiatiopcefEatbansinfedrdNA or one or more probes suitable for hybridization with
Cathepsin C cDNA or mRNA at standard conditions. 5

10 d. Determining the reporter gene activity of the cell according to a) and b) in absence
of the test compound.

16. A method of identifying or analyzing a compound that modulates and/or prevents pain
15 -in a subject comprising:

a. Assaying a biological activity of Cathepsin C or a functional fragment or derivative
thereof in the presence of one or more test compounds to identify one or more
modulating compounds that modulate the biological activity of Cathepsin C, and

b. Testing one or more of the modulating compounds. for their ability fo reduce pain,

20 pain sensation or pain sensitivity in a subject.

17. A method for analyzing the pain threshold in an individual comprising ahaiyzing the
amount of Cathepsin C in a taken sample of said individual in comparison to one or
more referance samples as to whether the amount of Cathepsin C mRNA and/or

25 protein present in said sample is different from that of one or more reference samples,
wherein the presence of a higher amount indicates an increased pain sensitivity and

the presence of a lower amount indicates a decreased pain sensitivity in said individual.

18. A method for adapting the dosage of a pharmaceutical for the prevention and/or
30



44. The-method according to claim 43, wherein the amount of mRNA is analysed by means of PCR,
Northern Blot, Array- or Chip-hybridisation.  45. The use as claimed in claim 20 or the test kit as
claimed in claim 20, wherein the 10means for detection is a means for detecting Cathepsin C mRNA
and/or protein present in a biological sample. 46. The use or test kit as claimed in claim 45, wherein

the means for gelacling:Gahersinévaiatalnis AABIROCY IR 4/ Thfethadaccarding to one of the
claims 14, 18 ardhuahrreinibeshiangadmtbecamepdt ef Lathenpsin. GRmieindsAstermined. 48.
The method aceersling desaing ¢ rahergio shepeaisindsdetpaird Wilb dbegid of atefleastone
antibody. 49. Theaisereetiiether tesdnkilasclaiaekinclairdy iRi8amherRipdhe Helestanis carried
out by way of EL4BeMiesterriidhobpseteibenifedpEsaHhad sensnaihodaeteshlit:as claimed in
claim 47 or 48 OathepsimGlettetiokeissearried outibyvineansiafiimmusichistachemigabofose and a
immunoradiochereiealadetetietrenatiDoghs tarkpie shethpdacesidingdaiene ofte fladms.do or 17,
wherein the ardeemt of Cathepsin C is lowered. 30 52. The method according to claim 51, wherein the
amount of Cathepsin C is lowered in neuronal tissue. 53. The method according to one of the
claims!6 or 179wiheresin ahassenimisf GtetliopStCasenis Gierdaardsii/erThecedathiodeasarding to
claim 53 wherein tha"§\Weea! KRRy arCalngsiia Sasrihdasrotendastdity! 55BdTheaietizod
according to clain?$8" ) erein the Cathepsin C activity is lowered in

20. A testkit for diagnosing pain sensitivity in individuals, which test kit comprises at least one
15 means for the detection of Cathepsin C in a biological samples.

21. Use of a compasition lowering the amount or activity of Cathepsin C in a subject in the
manufacture of & medicament for treating existing pain. .

20 22. Use of & composition lowering the amount or activity of Cathepsin C in a subject in the
manufaciure of 2 medicament for lowering pain sensitivity.

23. A-method for modulating the pain sensitivity in an offspri'ng from a non-human female
subject comprising transferring a nucieic acid conferring a modulated Cathepsin C
25 expression into Zygoies Selecting offspring according to its Cathepsin C expression
characteristics (modutated).

24. A compound abie to lower Cathepsin C activity and/or expression for the treatment of pain
wherein said compound is selected from

30
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* TFA salts
25. The use according to one of the claims 1-3, 6, 8 and 10 or the method according to one
of the claims 11- 16, wherein the modulation is a decrease, abolishment or prevention
35 of pain.

40



neuronal tissue. 56. The method according to claim 18, wherein the expression is modulated in
neuronal or lymphatic tissue. 57. The use according to one of the claims 21 or 22 or the compound
according to claim 24, wherein the compound is a reversible peptide nitrile inhibitor of Cathepsin C and
preferably a dipeptide alpha-aminoacetonitrile inhibgr of Cathepsin C. DE2008-026.5725.txt

SEQUENCE LISTING, sd 10zl Busiias 12 Uah OF CATIRPRIN 6 1305 PE200RI026

<150> 08290285.9 < at ntin' version 3,
<212> DNA <213§) I(—)I?(’)%n%gtsgégpgeﬁss <40§1 Vig‘grg%ggc?attcﬁjcc%gia?a{g 66?8?: E(':Sgec ctgccaactg gttcccagcg

accttcagaa tttaca ca ataaagﬁl]aga atgtgtt agaatgtgta tctacaagta caactacata gccacagtcg agattttgca

gtcctgttcg tagad gc G2 G R aTacty shEeNiG s SrEggedatierRRRR S HCtg ctgt

acagctgggg for the prevention or treatment of pain.

28, The use, the test kit or the method according to one of the above claims, wherein
Cathepsin C is mammalian and preferably human Cathepsin C.

10 29. The use, test kit, method or compound according to one of the above claims, wherein
the pain is acute or chronic pain and preferably chronic pain.

30. The use, test kit, method or compound according to one of the above claims, wherein
the pain is osteoarthritic, inflammatory or neuropathic pain.

15
31. The use according to one of the claims 1-3, 8, 8 and 10 or the method according 1o one
of the claims 11- 16, wherein Cathepsin C is used as an isolated protein or
polynucleotide.
20 32. The use one of the claims 1-3, 6, 8 and 10 or the method according to one of the

claims 11- 16, wherein Cathepsin C is

a. a polypepiide or functional fragment thereof comprising or consisting of the
-sequence according to SEQ ID NO.2, or
25 b. a polypeptide that is encoded by a polynucleotide comprising or consisting of
the sequence according to SEQ ID NO 1, or
¢. a polypepfide that is encoded by a polynucleotide able to hybridize with a
polynucleotide consisting of SEQ 1D NO.1 under stringent conditions.

30 33. The use one of the claims 1-3, 8, 8 and 10 or the method according to one of the
claims 11- 18, wherein Cathepsin C is

a. a polynucleotide comprising or consisting of the sequence according to SEQ 1D
No.1, or

40



tcaaggcgcg ttcttcacct cgecctectg cacctatctt cgatgtcaac getggataca aggctttgag gggcagcaag gggecggaac
tgtcaacata tgatcacaac catggaatat aaaaatccca tttgccaaca aaaccaagca aatccgtata ttgtagccag
cgcccaagat atgcaaaatg tttctatgga ggcagttgcet cactggtcta gggctatgge caccggetgg cgcectcgtgg cttttctcag
ctgcttctct gacctgetgg tgctcggtta geatatgatg attgtgttgagtgaccactt tgggcttgtt gcacacctta tttgtgaaag
gagactctta aggcccaaac tcttgggact tcctgtggea ctaaccaaca tatgctcaag tttgggcetgg aaggaagact ggetgcaatg

ttgaagtat agagacccitaclgagican aaieadnaty HagAeicqns GleeRasag,659959ag %F%I;‘&E%gt

tgggaccaca accttggcaa atgactacaa actgcaacga tcaccggaaa adaattctca ctatcaatgt cccigggaga
ctgcaccact ggagaaatgt gty bHEE SR SR MRSa¥gg tggaagaagce getttcgtta aagecctgat atgatgactt
tcaacccctt cctctgggatyceaptiztgcBeiide bodiomrdgbapgrgtleygedialigg §EQRt Dggteaseriregccgtgcge
tgcgacacac cttccaggty ggeiarAEce-agRaRMaAAR gtagtggtgt ttctggecat ttcaccatca gtggtttgcc ttitttaagt
gacaatgact gggtgggtgc gaaggtggga actgcctctg ggaaaagtat tctaataggc cattcagaag tcttggactg tatgattagg
agaagtggty gactgctgaa atacagcaaa tcatggtatc aatttigtca atttgctict atgggtatge cccaatccta agecctcagg
cggcttccca tacCtatiiptioRifted cstpisisaggiaimddtecid whgratoneehayetteyrtggiboate cctccactac
aaaaagggga tgagctgaspsaiCaigetg ggattactgg attgttaaaa gatccgcaga ggaactgatg
OE2008-026.ST25.txt gcagtggcag ccacaccaat tcctaaattg tagggtatgc1500 tctgcatcag ttgtaaaggg
gaattggtat attcacagac1560 ctcagaagct tacaaataga tttccatgaa gatatttgtc1620 taattttaat atacctttca

atcggddact ggctatitt88H YRRty faigeidigd hytherip el delemaatznelc tatatttttt
aaaatcaatg tgaaaseditapsB00 saatyacaag seiataditggccadtagtitat caaaactttt1860 taaaataaag ttttaaaaat
aactgcaaaa aaaaaaaaaal920 1924
36. The use according to one of the claims 6-10 or the method according to one of the
claims 13 or 14, wherein the cell is a mammalian and preferably a rodent cell,
15
37. The use according to one of the claims 2-5 or the method according to claim 23,
wherein the non-human animal is a mammal and preferably a rodent and more

preferably a mouse.

20 38. The use according to claim 10 or the method according to claim 15, wherein the
reporier gane is.

39. The use according to claim 20 , the method according to claim 18 or 18 or the test kit
as claimed in ciaim 21, wherein the sample is a mammalian and preferably a human

25 sample.

4C. The use according to claim 20 , the method according to claim 18 or 19 or the test kit
as claimed in claim 21, wherein the sample is a histological sample, a biopsy sample,
a cell extract, one or more cells or taken body fluid.
30
41. The use according 1o claim 20 or the test kit acsording fo claim 21, wherein the means
for the detection is a means for the detection of Cathepsin C DNA.

42. The use or test kit according to claim 41, wherein the means is a primer or set of

35 primers, a suitable probe or a sequence-specific anti-DNA antibody.



<210> 2 <211> 463 <212> PRT <213> Homo sapiens <400> 2 Met Gly Ala Gly Pro Ser Leu Leu Leu
Ala Ala Leu Leu Leu Leu Let, 151015 Ser Gly Asp Gly Ala Val Arg Cys Asp Thr Pro Ala Asn Cys Thr
Tyr 202530 Leu Asp Leu Leu Gly Thr Trp Val Phe Gin Val Gly Ser Ser Gly Ser 354045 Gin Arg Asp
Val Mn Cys Ser Val Met Gly Pro Gin Glu Lys Lys Val 505560 Val Val Tyr Leu Gin Lys Leu Asp Thr Ala
Tyr Asp Asp Leu Gly Asn 65707580 Ser Gly His Ph&gThr lle lle Tyr Asn Gin Gly Phe Glu lle Val Leu
859095 Asn ASpl g malbotrpsRit@ndd TheoPhefltys diginsy$4Gill 83io BlywBere® 008t @ yrstval Thr Thr

Tyr Cys Asn Glu, T, Mek HtiralsTERaY3bHIS RRRably using one or more suitable primers for the

10

15

20

25

30

35

44,

45.

46.

47.

48.

49,

50.

51.

52,

53.

amplification of Cathepsin C cDNA or one or more probes suitable for hybridization with
Cathepsin C cDNA or mRNA at standard conditions.

The method according to claim 43, wherein the amount of mRNA is analysed by
means of PCR, Northern Blot, Array- or Chip-hybridisation.

The use as claimed in claim 20 or the {est kit as claimed in claim 20, wherein the
means for detection is a means for detecting Cathepsin C mRNA and/or protein

present in a biological sample.

The use or test kit as claimed in claim 45, wherein the means for detecting Cathepsin C

protein is an antibody.

The method according to one of the claims 14, 18 or 19, wherein the change in the

amount of Cathepsin C protein is determined.

The method according to claim 47, wherein the protein is detected with the aid of at

least one antibody.

The use, method or test kit as claimed in claim 47 or 48, wherein the detection is

carried out by way of ELISA, Western blot or protein chip.

The use, method or test kit as claimed in claim 47 or 48, wherein detection is carried

out by means of immunochistochemical or immunoradiochemical detection methods.

The method according to one of the claims 16 or 17, wherein the amount of Cathepsin

C is lowered.

The method according fo claim 51, wherein the amount of Cathepsin C is lowered in

neuronal tissue.

The method according to one of the claims 16 or 17, wherein the activity of Cathepsin
C is lowered.



115120125 val Leu Gly Arg Asn Trp Ala Cys Phe Thr Gly Lys Lys Val Gly Thr 130135140 Ala Ser Glu
Asn val Tyr Val Asn Thr Ala His Leu Lys Asn Ser Gin 145150155160 Glu Lys Tyr ser Asn Arg Leu Tyr
Lys Tyr Asp His Asn Phe Val Lys Seite 2 0E2008-026.ST25.txt 165170175 Ala he Asn Ala lle Gin Lys
Ser Trp Thr Ala Thr Thr Tyr met Glu 180185190 Tygéslu Thr Leu Thr Leu Gly Asp met lle Arg Arg ser
Gly Gly His 195200205 Ser Arg Lys lle Pro Arg Pro Lys Pro Ala Pro Leu Thr Ala Glu IIe 210215220

Gin Gin Lys lleg P E% r T Tr sn val 225 5240 His, Gly lle Asn Phe
val Ser Pro Val %?Ehg\?ne%:ﬁ Aga%%[} ool P‘Aﬁ"he 2t He%were By of & %epsm
protease activity.

5 55. The method according to claim 53, wherein the Cathepsin C activity is lowered in

neuronal tissus.

56. The method according to claim 18, wherein the expression is modulated in neuronal or
fymphatic tissue.
10
57. The use according to one of the claims 21 or 22 or the compound according fo claim
24, wherein the compound is a reversible peptide nitrile inhibitof of Cathepsin C and

preferably a dipeptide alpha-aminoacetfonitrile inhibitor of Cathepsin C.

15



245250255 Ser Cys Tyr Ser Phe Ala Ser Met Gly Met Leu Glu Ala Arg lle Arg 260265270 lle Leu Thr
Asn Asn Ser Gin Thr Pro lle Leu Ser Pro Gin Glu Val 275280285 val Ser Cys Ser Gin Tyr Ala Gin Gly
Cys Glu Gly Gly Phe Pro Tyr 290295300 Leu lle Ala Gly Lys Tyr Ala Gin Asp Phe Gly Leu val Glu Glu
Ala 305310315320 Cys Phe Pro Tyr Thr Gly Thr Asp Ser Pro Cys Lys Met Lys Glu Asp 325330335
cys Phe Arg Tyr Tyr Ser Ser Glu Tyr Hiss#ysasabszlys@ly Phe Tyr 340345350 Gly Gly Cys Asn Glu Ala
Leu met Lys Leu Glu Leu val His HE{GNCBSFIHED8E5 Pro Met Ala Val Ala Phe Glu Val Tyr Asp Asp
Phe Leudig.TyE 13340345380 Lys Gly lle Tyr His His Thr Gly Leu Arg Asp Pro Phe Asn Pro Phe

3853903<91§61>00 USE OF CATHEPSIN C

<130> DE2008/026

<150> 08290285.9

<151> 2008-03-26

<160> 6

<170> Patentin version 3.3

<210> 1

<211l> 1924

<212> DNA

<213> Homo sapiens

<400> 1

cgtagetatt teaaggegeg cgcctegtygg tggactcace gotageecge agegotegge o0
ttcetggtaa ttettocacet Ccttttetcag ¢iCcctgeag catgggract gggecctect 120
tgetgoetege cgecetccty ctgettetet ccggegacgg cgeocgtgege tgcgacacac 180
ctgocaacty cacctatctt gacctgetgg geacctgggt crtecagygtg ggotccageg 240
gttceeagey cgatgtcaac tgetcggtta tgggaccaca agaaaasaaa gtagtggtyt 300
accttcagaa getggataca gcatatgatg accttggeaa ttcotggecat ticaccatca 360
{ttacaacca aggcettigag attgtgttga atgactacaa gtggtttgec trttttaagt 420
ataaagaaga gggcagcaag gtgaccactt actgcaacga gacaatgact gggtgggtgce 480
atgatgtgtt gggecggaac tgggettgtt tcaccggaaa gaaggtggga actgectcig 540
agaatgtgta tgtcaacata gcacaccita agaattcica ggaaaagtat tctaataggce 600
tctacaagta tgatcacaac tttgtgaaag ctatcaatge cattcagaag tottggactg 660
caactacata catggaatat gagactdtta coctgggaga tatgatiagy agaagtggtg 720
gccacagtcg aaaaatccca aggoccaaac ctgeaccact gactgetgaa atdcageaaa 780
agatttigeca tttgccaaca tcttgggact ggagaaatgt tcatggtatc aattttgtca 840
gtcctgttcg aaaccaagca tcctgtggea gcotgotactc atttgettct atgggtatgce 200
tagaagcgag aatccgtata ctaaccaaca attctcagac cccaatecta ageectcagqg 960
aggttgtgtc ttgtagccag tatgctcaag gctgtgaagg cggcttccca taccttattg 1020
caggaaagta cgcccaagat tttgggctgg tggaagaage ttgcttcccc tacacaggea 1080
ctgattctce atgcaaaatg aaggaagact gcotttegtta ttactectct gagtaccact 1140
atgtaggagg titctatgga ggctgcaatg aagccctgat gaagottgag ttggtecatce 1200
atgggcecat ggoagriget ttigaagtat atgatgactt cctccactac aaaaagggga 1260
tctaccacca cactggtcta agagaccctt tcaacccctt tgagcetgact aatcatgetg 1320
ttctgertgt gggetatggo actgacteag cotctgggat ggattactgg attgttaaaza 1380
acagctgggg caccggctgg ggtgagaatg getacttcog gatccgcaga ggaactgatg 1440
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Glu Leu Thr Asn HiS Ala val Leu Leu Val Gly Tyr Gly Thr Asp ser 405410415 Ala Ser Gly Met Asp Tyr
Trp lle Val Lys Asn Ser Trp Gly Thr Gly 420425430 DE2008-026.ST25.txt 435440445 Ala lle Glu Ser
lle Ala val Ala Ala Thr Pro lle Pro Lys Leu 450455460 <210> 3(Desciption ID 110.4) <211> 30 <212>
DNA <213> Homo sapiens (forward) <400> 3 gctccctgea gecatgggtgce tgggecctce30 <210> 4(Desciption

ID mo.5) <211> 30 <212> DNA <213> Hpapaapiens {feyerse)
agtgtgcaat tgagagcata gcagtggcag ccacaccaat tcctaaattg tagggtatge 1500
cttccagtat ttcataatga tctgcatcag ttgtaaaggg gaattggtat attcacagac 1560
tgtagacttt cagcagcaat ctcagaaget tacaaataga tttocatgaa gatartigte 1620
ttcagaatta aaactgccct taattttaat atacctttca atcggocact ggecattttt 1680
ttctaagrat tcaattaagt gggaattttc tggaagatgg tcagetatga agtaatagag 1740
tttgettaat catttgtaat tcaaacatge tatatttttt aaaatcaatg tgaaaacata 1800
gacttatttt taaattgtac caatcacaag aaaataatgg caataattat caaaactttt 1860
aaaatagatg ctcatatttt taaaataaag ttttaaaaat aactgraaaa adaaaaasaa 1920
aaaa _ 1924
<210> 2
<21l> 463
<212> PRT
<213> Homo sapiens
<400> 2
Met Gly Ala Gly Pro Ser Leu Leu teu Ala Ala Leu Leu Leu teu Leu
1 5 10 15

Ser Gly Asp g&y Ala val Arg Cys Asp Thr Pro Ala Asn %ys Thr Tyr
25 0

Leu Asp Leu Leu Gly Thr FTrp val phe GIn val Gly sgr ser Gly Ser
35 40 4

Gin ?59 Asp val Asn Cys Ser val Met Gly Pro ¢in Glu Lys Lys val
55 60

val val Tyr Leu GIn Lys Leu Asp Thr Ala Tyr Asp Asp Leu Gly Asn
63 70 75 B0

Ser Gly His Phe Thr Ile Ile Tyr Asn Gin Gly Phe Glu Ile val Leu
85 90 95

Asn Asp Tyr Lys Trp Phe aAla Phe Phe Lys Tyr Lys Glu Glu Gly Ser
100 105 110

Lys val Thr Thr Tyr Cys Asn Glu Thr Met Thr Gly Trp val His Asp
115 120 125

val Leu Gly Arg Asn Trp Ala Cys Phe Thr Gly Lys Lys val Gly Thr
130 135 140

Ala ser Glu Asn val Tyr val Asn Thr Ala His Leu Lys Asn Ser ¢1n
145 150 155 160

Glu Lys Tyr Ser Asn Arg Leu Tyr Lys Tyr Asp His Asn Phe val Lys
. Seite 2



<400> 4 gcatacccta caatttagga attggtgtgg30 <210> 5(Desciption ID N0.6) <211> 40 <212> DNA
<213> mus musculus <400> 5 ggccagtgaa ttgtaatacg actcactata gggaggcggt40 <210> 6(Desciption ID
mo,7) <211> 360 <212> DNA <213> Mus musculus <220> <221> misc_feature <222> (157)..(157)
<223>nis a, c, g, or t <400> 6 gctgttttgc ttgtgggcta tggaagagat ccagttactg ggatagaata ctggattata60
aagaacagct ggggctctaa ctggggggag agtggeiagt geeaaiccgxeagaggaact120 gatgaatgtg caattgagag
tatagccgtg gcggecnata cdgattccta aattatagga®86 catagctcec agtgtth€at acgggtcttt atcactcaca
gagtgattta gtcacatgct240 gaagactttt tcagagcaat atcagaagct taccactaag catctttaaa gaattttgtc300
tttgaacttaiaaa&&ﬁtt%ﬁﬁm@mﬁa&ta%%@@c’%{tf: bdtETgERRER; et CT

Tyr Glu Thr Leu Thr Leu Gly Asp Met ITe Arg Arg Ser Gly Gly His
185 200 . 203

Ser Arg Lys Ile Pro Arg Pro Lys Pro Ala Pro Leu Thr ala Glu Ile
210 215 220

GIn Gin Lys Ile Leu His Leu Pro Thr Ser Trp Asp Trp Arg Asn val
225 230 235 240

His Gly Ile Asn Phe val Ser pro val Arg Asn Gin Ala Ser Cys Gly
245 250 : 255

ser Cys Tyr Ser Phe Ala Ser Met Gly Met Leu Glu Ala Arg Ile Arg
260 265 270

Ile Leu Thr Asn Asn Ser Gln Thr Pro Ile Leu Ser Pro GIn Glu val
275 280 285

val Ser Cys Ser GlIn Tyr ala Gin Gly Cys Glu Gly Gly Phe Pro Tyr
290 295 300

Leu Ite Ala Gly Lys Tyr Ala 61n Asp Phe Gly Leu val Glu Glu Ala
305 310 315 320

Cys pPhe Pro Tyr Thr Gly Thr Asp Ser Pro Cys Lys Met Lys Glu Asp
325 330 335

Cys Phe Arg Tyr Tyr Ser Ser Glu Tyr His Tyr val Gly Gly Phe Tyr
340 345 350

Gly Gly Cys Asn Glu Ala Leu Metr Lys Leu Glu Leu val His His Gly
355 360 365

Pro Met Ala val Ala Phe Glu val Tyr Asp Asp Phe Leu His Tyr Lys
370 375 380

Lys Gly Ile Tyr His His Thr Gly Leu Arg Asp Pro Phe Asn Pro Phe
385 390 395 400

Glu Leu Thr Asn His Ala val Leu Leu val Gly Tyr Gly Thr Asp Ser
405 410 415

Ala ser Gly Met Asp Tyr Trp Ile val Lys Asn Ser Trp Gly Thr Gly
420 425 430

Trp Gly Glu Asn Gly Tyr Phe Arg ITe Arg Arg Gly Thr Asp Glu Cys
seite 3



Seite 4

DE2008-~026.5725.txt

435 440

445

Ala Ile G¢lu Ser Ite Ala val Ala ala Thr Pro Ile Pro Lys tLeu

450 455
<210> 3 (Desciption ID No.4)
<211> 30
<212> DNA
<213> Homo sapiens (forward)
<4Q0> 3

gctcectgca geatgggrge tgggecctee

<210> 4 (pesciption ID ND.5)
<211> 30

<212> DNA

<213> Homo sapiens (reverse)

<400> 4
gcatacccta caatttagga attygtgtagg

<210> 5 (Desciption ID No.6)
<211l> 40

<212> DNA

<213> Mus musculus

<400> 5
ggccagtgaa ttgtaatacg actcactata

<210> 6 {(Descipticen ID No.7)
<211> 360

<212> DNA

<213> Mus musculus

<220

<221> misc_Ffeature

<222>  (157)..(157>

<223> nisa, ¢, g, or t

<400> 6
grtgrittge ttgtgggeta tggaagagat

aagaacagct ggggcotctaa ctgogyggag
gatgaatgtg caatrgagag tatagccgtg
catagctccc agtgttacat acgggtcttt
gaagactttt tcagagcaat atcagaaget

tttgaacita aaaccatcct tgattttttt

460

gggaggcggt

ccagttactg ggatagaata
agtggctact tccgtarccg
gcggeonata ccgattocta
atcactcaca gagtgattta
taccactaag catctttaaa

crtttaatat cttocccatc

Seite 4

ctggattata
cagaggaact
aattatagga
gtcacatgct
gaatttigtc

aactactgaa

30

30

40

60
120
180
240
300
360



