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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

20 state of the art treatments, 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 H or functional fragments or derivatives

thereof for identifying compounds that modulate pain and especially neuropathic pain.

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

mouse models of 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
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Chronic pain may be of nociceptive origin, inflammatory or neuropathic. Nociceptive
pain is judged to be commensurate with ongoing activation of somatic or visceral
pain-sensitive nerve fibers. Neuropathic pain is pain resulting from any kind of
damage to peripheral or central neuronal tissue; it is believed to be sustained by

20  aberrant somatosensory processes in the peripheral nervous system, the CNS, or
both. (For an overview of pain mechanisms, see for example Scholz and Woolf,
2002; Julius and Basbaum, 2001, Woolf and Mannion, 1999; Wood, J.D., 2000;
Woolf and Salter, 2000.)

25  Chronic neuropathic 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 to the
development of neuropathic pain. Present invention is based on extensive studies of
the inventors which aimed to identify pain susceptibility genes (i.e. genes that

30 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



injury) in rodent nodels of chronic pain. The rodent nodels and
experinental settings used by the inventors allowed for experinental
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dat basNGRIanesRIge W r%ﬁqeéwoeﬂwf&r Né&uPape 4. 6r(S N )i sof or s of
Cat hepsin H, if existing). If inthe followng, it is referred to the

Cat hepsin H codi ng sequence, this can nmean any of the above 30 nRNA or

codi ng 3bq@eneay;Cathepsisdtbhes@cBA bacand OfgA T-tesSEomoteNs] upstréaramd 4 bei ng

pr ef errggorezi

eI 8& bo. Two different forms of cathepsin H cDNA have been detected in
prostate tissues and cancer cell lines: a full-length form (CTSH) and a truncated form
with deletion of 12 amino acids at the signal peptide region (CTSHdelta 10-21) (see

20  Atlas of Genetics and Cytogenetics in Oncology and Haematology). The length of the
preproenzyme transcript is 1005 bp. The coding polynucleotide sequence of
Cathepsin H is publicly available at the NCBI nucleotide database under several
accession numbers, such as: BC006878 (CTSH, complete coding sequence, mus
musculus, SEQ ID NO.4, NM_004390.3 (Homo sapiens CTSH transcript variant1

25 mRNA (SEQ ID NO.2), NM_148979.2 (Homo sapiens CTSH, transcript variant 2
MRNA (SEQ ID NO.3)),. The skilled person knows how to retrieve further coding or
genomic sequences of Cathepsin H from the NCBI database (Cathepsin H of other
species; mutants or different isoforms of Cathepsin H, if existing). If in the following, it
is referred to the Cathepsin H coding sequence, this can mean any of the above

30  mRNA or coding sequences; with sequences according to SEQ ID. NOs. 2, 3 and 4

being preferred examples.
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NP_004381 (SEQ ID No.8); hs isoform b4precursor: NP:683880 (SEQ ID NO 9);
murine (mus nuscul us) Cathepsin H preproprotein: 5 NP 031827; nus nuscul us

i sof or nMTERAréteiFEbQRHYR, offTisthapsiat isputsithyoavaiebie 8t theMEBPploteinat (Rat t us
norvegicus) Cathepsin H NP 037071; cathepsin H isoform CRA a (Rattus

nor vegi eaéa)bassoﬁwyeder thedpliewingresiosspiraMuURbarsT hergpE@pjenst (heh SN H:
EDL7756 | abl
CDLT 7508 oG OBy cHO et RSLLAINBRAURO St BBy vl | abl

nunber sNFPB&:M) (SENAN NIDTH; rrimurnar(rr(ﬂzstmeswlus)l-(;atﬁEQsInD-lﬁ@e’@)opbrbtem t he

follo referred to. t ein or a
sequinc B 0382 2unghais P Githve BPbeBSdD Sadk sluluBisdBafs! at ec
Pr ot o NCRagUE IS AIATY AN AR YRl bR GANLDBNFNENGSTOT £ B dRId e

fol | ow ng sequences: CB! is the nat 1 onal
centre fsoforbi Gt%oear(alattgy nnonfegmst)l EBLWS%Z aSofa)dnr(éBA b (\&atttmad)rvegrws)a for

Bi ot ech | nf | Medi B
bothocd B CotessbA: EBsZBrantahindh rumiolel it oyshtn i AIER e nces
(e. 9. saqHietest G UMiFretkBaeBast (RivvEdEla. ms@t@tg»nunuabﬁé@éssm be
retrieved in the Uni Prot KB dat abase under www. bet a. uni prot. or

Ce g RS UM CA Tasen e NabhEaae
cvst o piP RN EE Telefois B G PRR it bREe i articp ast stO RIS SRy e of

335 am prearcatisofthe dauovegrbidin sadliondesasrarssthted proten seduereesiffomh ehechai n

i nside of endosones or |ysosones. In addition to the heavE and Ilght chain
(t oget haPowe HeigAcding $Qﬁ+§r@§§h%tﬂ% as i ledpwing $eAUENCEFNIER IELNELE Pef: ni ni
chain "EP T" that is derived fromthe propeptide. (For the structure of
Cat hepsi h™H, See also Turk et al., Biological Chem stry, 1997). The m ni
chain appears to be involved in the am ni pepti dase activity of Cathepsin H
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20 Cathepsin H is a lysosomal protease with aminopeptidase and weaker
endopeptidase function. It belongs to the family of C1 (papain-like) cystein proteases.
Cathepsin H protein is synthesized as a preproenzyme of 335 amino acids and
proteolytically processed into an active single chain inside of endosomes or
lysosomes. In addition to the heavy and light chain (together denominated long

25 chain), Cathepsin H contains a so-called mini chain “EPQNCSAT” that is derived
from the propeptide. (For the structure of Cathepsin H, see also Turk et al., Biological
Chemistry, 1997). The mini chain appears to be involved in the aminipeptidase
activity of Cathepsin H and play a key role in substrate recognition. A recombinant
form of human Cathepsin H lacking the mini-chain was shown to be an

30 endopeptidase (Valiljeva et al, 2003). Endopeptidase substrates of Cathepsin H are
e.g.: Bz-Arg+NHNap, Bz-Arg+NH-Mec, Bz-Phe-Val-Arg+NHMec,. It has dipeptidyl-
peptidase activity for the substrates: Pro-Gly+Phe and Pro-Arg+NHNap. It has



am nopepti dase activity for the substrates: H Arg-NH Mec, Bz- Arg- NH Mec,

Bz- ArgNH Mec and HCit-NH Mec (see e.g. Rothe and Dodt, 1992; Bz=benzoyl,
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in the processing of hydrophobic surfactant-associated protein C. It furthermore
appears to be involved in the development of unstable atherosclerotic plaques, and

20  possibly also in early atherogenesis.

The use according to present invention allows for the identification of novel
substances for the prevention and/or treatment of pain and especially of neuropathic
pain. The use according to present invention comprises the identification of
compounds with desired characteristics (i.e. lowering the pain sensation) as well as
25 the identification of compounds with undesired characteristics (i.e. increasing the
pain sensation). Moreover, present invention allows for the further characterisation of
compounds already identified of being useful for the prevention and/or treatment of
any disease or diseased state. In this case, present invention can e.g. be used for
excluding identified active compounds having unwanted side-effects (i.e. the increase
30 of pain sensation): Candidate compounds for a given disease can e.g. be profiled for



5aspects of present invention can be any bi ol ogi cal or chem cal substance
or natural product extract, either purified, partially purified,

synt hesi 2w0 20r11/0m873df act ured by neans of bi ochem cal or wrolr@peé@neiz2®l 0gi cal
met hods. A conpound consi dered as beifng active in nodulating pain in the
sense of the 10different aspects of present invention can be any substance
havi ng geit inflleecsen GathassioH (preteiniaatiopnsicleic d&itihersressibh @ndr t he

Cat hepsin H amount (protein or nucleic acid) in a cell, on Cathepsin H
expr ess{WIetioposiCt)r ans! ati onal nodi fication (e.g. Nglycosilation or
processing (e.g. cleavage), protein folding or activation. 15To this end,

t he substance can nodul ate any of the functions of Cathepsin H (e.g. those
as | i st Acdcarbpoundf telsetompouiat hefnse oordppund e'srtoa)etémplbyedém‘r the differehait ed by

t he subst ance e. by direct interaction and interfer of Cat heps
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el ongat 20procéssing, etcj, tra Ser pt g ty, translation.” Moreover

it can n‘t&:amlsalféalmd’f@nmoaltorrrao@atar(bvrQlOQIIIaldmethmilSL on, the processing fromthe
I nactive to the active form (cl eavage of the prepro-formto the the active
protein), as well as protein folding etc. of Cathepsin H The substance can

exert tpecorRghEEbRidéredi ds6ding aefive me@GIdtM?(deirf%tééhsWﬂhélg i.e. by
interfering (positively or negativel ural si i ng 25cascades
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speci fical wi th one or nore prote| n substrates (protein-protein

i nter ac9|y8ﬁ§'|at§’lﬁ‘c¢f R{QCe$RIRG (¢.0s6 éaV%ﬂﬁN@mt?'ﬁéb&!ﬁg P'E gctivatieneave and/ or
activate one or nore protein substrates, such as those |listed above; the
ability to process protein or peptide substrat es, such those listed above,
t hel&bi Motthistendyéhe sbibdiahesl chy noovulatke drtyeofi thaifbmdtions aiCdthepsid Hifmge.

those as listed above or below). Cathepsin H protein activity can be modulated by the
substance e.g by direct interaction and interference of Cathepsin H
polypeptide/protein or fragments thereof. The substance can also modulate
Cathepsin H expression, e.g. on the level of transcription (initiation, elongation,

20  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 the active protein), as well as protein folding etc.
of Cathepsin H. The substance can exert the above effects directly or indirectly
(indirectly meaning i.e. by interfering (positively or negatively) with natural signalling

25  cascades having influence on Cathepsin H function / protein activity / expression

etc.)

Functions of Cathepsin H comprise those as listed above, e.g. protease activity; the
ability of removing dipeptides from the amino terminus of one or more protein

30 substrates; the ability to interact specifically with one or more protein substrates
(protein-protein interaction), such as those listed above; the ability to cleave and/or
activate one or more protein substrates, such as those listed above; the ability to
process protein or peptide substrates, such those listed above, the ability to be
inhibited by one of the inhibitors as listed above.



WD 2011/ 023786PCT/ EP2010/ 062525 7 Functi ons of Cathepsin H conprise also
generally the ability of Cathepsin H protein or nucleic acid or fragnents
t her eof twoi2ntianass with ot her nol ecul es (conpri sing, becTmrRoliosisted t o:
proteins, peptides, nucleic acids, symthetic nolecules) and preferably
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Substrate of an enzyne is understood, within the terns of present

application, to be any nolecul e that can be nodified C\{ t he enzy
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i nventions, a fragnent or derivative of Cathepsin H can be used. A fragnent
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Cat hepStma stogd errenest inPamtiorssne mo@cutésethdp@@tétﬁomctbqr]efrom rewhrhas
listed in the description of Figure 7 (see below). 25A functional fragnent
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pol ynucl eoti de acid or an ollgonucleotide 30 carrying one or nore

end-ter nal &ﬁ and/or i nternal del etions of one, two or nore
nucl eot i' 4&MNO @PPQ:SﬂB%'Pé{P RecEy 1qure tQP%iBr‘r‘@mQ?%ﬁ S SPS(gees]@Ence. A
functi ogglin %é?%%ent of Cathepsin H nucleic acid is any fragnment having at

| east one 11/ 023786PCT/ EP2010/ 062525 8

15  According to one aspect of present group of inter-related inventions, a fragment or
derivative of Cathepsin H can be used. A fragment can be a fragment of a protein,

polypeptide or polynucleic acid.

A fragment of a protein or polypeptide is a protein or polypeptide that carries one or

20  more end-terminal (n- and/or c-terminal) and/or internal deletions of one, two or more
amino acids, when compared to the full-length Examples of Cathepsin H; fragments
comprise, e.g. the domains and/or fragments as listed in the description of Figure 7
(see below).

25 A functional fragment of Cathepsin H protein is any fragment of this protein having at
least one or more of the functional characteristics of the full-length protein, especially
as listed above.

A fragment of a polynucleotide acid is a polynucleotide acid or an oligonucleotide

30 carrying one or more end-terminal (5’- and/or 3’-) and/or internal deletions of one, two
or more nucleotides, when compared to the full-length genomic or coding sequence.
A functional fragment of Cathepsin H nucleic acid is any fragment having at least one



or nore of the functional characteristics of the full-length polynucleic
acid (nRNA, genom c or codi ng sequence). The termderivative of Cathepsin H
conpri sesweanyitoepsesof nodification of Cathepsin 5H i n ceopapreeoneisest he
natural l y-occurring form and especiaBly in conparison to Cathepsin H
according to SEQIDs NO 5, 6, 7, 8 or 9, that is not a deletion. A

f unct i opamateof as funetiohal@hanegsristidd df&h@lﬁ)‘ll-@@lgthlgblknacl@fc ddid $mRNA el n
having at | east one and preferably two or nore of the functional

char act 8ENeMiGar eAdinG SEAUPREA) i ed protei n. Derivatives conprise, e.g.

nodi fications of the amno acid or nucl eotide 10sequence or any other kind
of nodification such as a chem cal or biological nodification | eading e.g.
to the Fheletm dativativeodf Chiepeinyid ephiptizes ranydlya o€ hedlificd¢iol S atlaspsin
phosphoor ot hi oat e nodi fi ca\g@_ow of the nucl er%vﬁf aci d backbone or aof
exchangsNAOMRAISOFHALNS Spleahy-QrRFHENG dPHd, anst e§PeqR!YIRA9MRRYISENdBeci fi ¢
targeti pgiodiney @éab?&ﬂp'té%,em IDENUS |Gt ig Q,Qhﬁ%tn?t 2| cﬁe‘?ét‘én.
faC|I|tat|ngF|ts entry into or 1ts 15uptake by cells (such as cell-pernenat
phosphofurstiodelsderivatite of Gaphépsin tois @xlyl derpyative ahthip ppateidenaning et leask. g.

based on the antenn di a/ penetrati TAT, and sj gnal - tide base

o aoconoBoe e T EIABR T PrRENELThe Mot Fnd FstaBledfes B EnaRTER, o

i mpor t epRdtein2DefNating cappass, f. MoaFRAatiohYLIMe AMineUGEbPAutIBEtigse of a
non- human transgeni c ani mal heterol ogously expressing Cathepsin Hor a

funtl i oBaAUEnCEPEANY other kil afanodifieatian sudyas e cheaigaliaidielegiselinds t hat

e any. RMchIBA IeadRG B! yub Yo SHHLARANEN B Ak BalvBpld ol BR ILERRY o™ poo
t ransge(guzhada prdsph®oddthiziteralodificitionsof tesnidleictacid BaokBorfeosedfign DNA,

whi ch has 30del i berately been transferred thereto. The introduction of the
forei gnemﬂ!@ﬂgﬁscpftth% b&ﬁﬂ%ﬁ’ﬁ“’@%’bﬁ@'%ﬁc'gé, %M%r@?@@“%@oﬁﬂﬁcﬁﬁ tergedingRfar d
procedu ; n ol i ; : ndb00O0k.
& HERBERIR & pdARGESRIE B cERSBERGIRN Y kBRI IRbbrIR" 000
(1 SBN:  Op2ke tyo6ESs. (sudiDag @i ll/e23 8 6 PaHoSEPRPERLiIOER T2tho coupling to cell-
permeant peptide vectors, e.g. based on the antennapedia/penetrating, TAT and
signal-peptide based sequences; or coupling to parts of ligands for specific

transporters or importers).

20
Another aspect of present invention concerns the use of a non-human transgenic
animal heterologously expressing Cathepsin H or a functional fragment thereof for
identifying or analyzing compounds that modulate pain and especially neuropathic
pain.

25
The non human animal can be any non human animal. Preferred are rodents, such

as rats or mice.

A transgenic animal is an animal that carries in its genome foreign DNA, which has

30 deliberately been transferred thereto. The introduction of the foreign DNA into the
animal genome can be performed according to standard procedures (see e.g.
Transgenic Animal Technology A Laboratory Handboook. C.A. Pinkert, editor;
Academic Press Inc., San Diego, California, 1994 (ISBN: 0125571658).



9 The term heterol ogous expression refers to an expression differing from
the normal gene expression in the the host organi sm (concerning steady
state | ewsD,20emBT86, timng or tissue distribution of tlreT@®PPIO®sEAS gene or
concerning the type of expressed gene9(i.e. the gene is normally not
expressed in the host at all)). The Sheterol ogous expression can be

const i t Thieternehetardlogolk @xpfedsicbiefersitd it Btpression eiifdring froratteemonnal vel |
known in the art (e.g. the Tetracycline inducible éstem or the like). The

or gani sBRBEFXBEESSIBLH theythe ast oS éﬁﬂr\%rmng\@ sigtetlgvelnamasntaspect ,
present tuhﬂ%’ﬁ{% S &Q%ﬁﬂéu&yﬁﬁweéséfpr%ﬁéd BBH Hcé'rﬂf rigfihe ﬁgnB fani mal

het er ol 0go y expressing si'n or “a unc I ona t thereof as a
nodel sgxpressédgeast{pachd gamens sensatly motgxpreswd:maﬂhlemds;eat aibhpt The pain
sensjti anot her aspect of present jnvepnti conc ns t he use of
2 hoh. hIRLEHOlegPHR BLPIESION Saruok COUSTHITS ST MOyP LI SR HGUGP nal yoi g
conpoungs AL Brodel KABArERRRE A (1o, 6 TeRBEMIMARYeipte - out
or gani sm suc{? nég)gan anlrma or ance ﬁ?a ers to an gérgaenlﬁglrjnllbn %(X%?éé)ﬂ t he
expr esspotheolikef) uhloe pm%mxa@dmmalcellpaetnm hyman arinmpl.et el y del eted and
conprises 20genom c as well as functional knock outs, inducible as well as
constitutive knock outs. The generation of knock out organisns is well

known i AckbRIifd fo afstheehspad, srekkft iBveBriTBOFcarhs e 8@ oPg nepatlirhar
generating knock out organisms. The generation of Cathepsin H - knock out

m c&0 i strapsgenipanimal riaralegausivexpressiog GahepsinM pep furgionel tagmess ent

el s RER 00 gkl Bufeptiot naNEE] e e uE pERETLF huBRe e

sensiti gems/mwﬂg}ne use of a cell heterol ogously expressing Cathepsin Hor a
functional fragnent 30thereof for identifying conpounds that nodul ate pain,
especi al | y neuropathic pain, is another aspect of present invention. The

cell ca r of
boi ng. P Enan 2L B O et AR AoE i R B B CRRRSE Uer
gené&5 THhelg®ck-out animal for identifying or analyzing compounds that modulate pain and

especially neuropathic pain.

A knock-out organism (such as an animal or a cell) refers to an organism in which the
expression or function of a gene is partially or completely deleted and comprises

20 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 generating knock out organisms. The generation of
Cathepsin H — knock out mice is described in Pham and Ley, 1999.

25  Afurther aspect of present invention concerns use of a non-human Cathepsin H
knock-out animal as a model system for lowered pain and especially lowered

neuropathic pain sensitivity.

The use of a cell heterologously expressing Cathepsin H or a functional fragment
30 thereof for identifying compounds that modulate pain, especially neuropathic pain, is

another aspect of present invention.

The cell can be any prokaryotic or eucaryotic cell, such as cells capable of being
transfected with a nucleic acid vector and of expressing a reporter gene. These



WD 2011/ 023786PCT/ EP2010/ 062525 10 conprise principally primary cells and
cells froma cell culture, such as a eukaryotic cell culture conprising

cel | s derwoediai2stser from nmulticellular organi sns and t ipesEP2(19061528S Hel A,
CHO, COS, SF9 or 3T3 cells) or singletocell organi sms such as yeast (e.g. s.
ponbe or s. cerevisiae), or a procaryotic cell culture, preferably Pichia

or 5E. cebmprielpripcipaty parre seleand eckifsrfm td csllusulitag, fuehgd aedkayotic
wel | - known techni ques, such as taking of blood, tissue punction or surgical
t echni qG@éCU'M@&OH”PTQS'@Q)C@F%d@W'MWO% mﬁiﬂﬁef”luéﬂi FGANISMSANhESHE ower

o P el EAAALE 0, COB YR IO S A i B TSl

enhance(ag. sqmmbeor Becérewisia), or a podcdr)gtiadal ctﬂtwel rafdraplyi Pickasmt i vity.
ubstances are abl e rformtheir

1 t Wh th t.h
Funet | B eal SR g SIS detes HoRy esLe @%E%sawqdrpxwgﬁéaevv@xt of anot her
i seaseftchhfl Rsosudh 56288lq oMok, RERIHnlor T SHaPRLNRERS! L1 Vi Y.

15The no ation can ny type fication stab e or transient,
preferably stabl e), that leads to a decrease of Cathepsin H activity ,

Cat hepsi,n H script steady stat ati on, of t hepsin
ot r ans EERpiih NG Byt 3 dbfined KBl i vicy adwRE el Rsth V) 88baay
state | gy@ipaféd ® itPinmetifieatdtae, &f usert. mppsivay Ht béﬁ@ﬁd; ajd @Bty ifithe
posttranslatlona rocessi ng; by modul ati on of Cathepsin H

20pbt t CAMPOENTD toabe igaipg iac@ ebtentognhanceariresiore heolowered of tsally sat i on or

02 ng aareldd GattepsOR9 AN B oddbR R e BTSRRI FEERLY | des,
RNAI  cofspeticins thiéur fGactiense.g. bbunbvo@@aaonabr egefl @rfah csrain e @ateriot

Cat hepsin H knock outs (which can _e.g. be induci blegl) or other suitable
t echni q@Bsthensiseared ﬁﬁa{eﬂﬁ@'%qa&@é'rbﬂ‘et%t%ttd lpyeregiPain seBsNIVIENW of the
above techni ques, see for exanple: Current protocols in Ml ecular biology
(2000) J. G Seidnman, Chapter 23, Supplentent 52, John Wley and Sons, Inc.;
Genés Taﬂ'getrha@jficatiqmrm be ahy aype ociod(fitads) (stetietartrankiént, peferably | RL

P | at f R t ' d Funct 000;
ant | SenSEDRle g HAGE 2 99695 CANGISIS | SONON . CAOPRH BT Koo
embodi Mfag %t&@tlbﬁéﬁl 8. by KERAKioR W C,?eﬁllwépélﬁ Wﬁﬁﬁscr@#nbﬁ%ﬁ't%r@%hbt lines for

t he generatlon of knock-outs are well known in the state of the art, see
e.g. Cetabdtsatupmboro@,atf@psm Ntgiretein aheaBy@Itaigye\(a(Q(;)@)by]a@vaSQm@nfrﬁ:rathemmmter

ggpr ggg iR Mtioior 1 post%nsl%tlona proceSsmg be Qodten & rcgaet‘ﬁ' nsq 2, pract i cal

20  posttranslational modification or by activation of its stabilisation or by inhibition of its
degradation). This can for example be achieved by using dominant negative mutants
of Cathepsin H, antisense oligonucleotides, RNAI constructs of Cathepsin H, by
generating functional or genomic Cathepsin H knock outs (which can e.g. be
inducible) or other suitable techniques known within the state of the art. For an

25  overview of the above techniques, see for example: Current protocols in Molecular
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 and Function, 2000; Antisense
Therapeutics, 1996; Scherr et al, 2003.

30 According to one embodiment, a Cathepsin H 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 practical approach.



WO 2011/ 023786PCT/ EP2010/ 062525 11 (1995) Ed. A. L. Joyner, IRL Press. The

generation of Cathepsin H (DPPl) knock-out cells is also published in Pham
and Ley, Ww09%911(2bmegenerati on of DPPlI murine enbryoni c stempe@blosispock out
cl ones, see page 8628, left colum, upper half). 5Anot her aspect of the

i nvention concerns thus the use of a Cathepsin knock-out cell for

i dent i f y1995)&Ed. #0B! Jtiyrie@ lmnlpmsed$hé tg@hermrdml (ﬂt@athépsln He$PRPI)lrogk-out

neur opat hi c_ pai n. re, the use of psi n_knock-out cell as

a model C@HﬁstSeaJﬁCf 8Hb|l'~°6\ﬁé‘r'@d°hmbéﬁﬁ Leé/sﬂ@@?é‘lhleﬂqrtﬂﬂéﬁ*féwh@ﬁ’%ﬁa{rmec pai n
sensi tiwhdhtyodie sfé(;ﬂtcléﬁrknet?l?%ﬁLclBﬁeQrsee}eﬁﬁé%egé@ 18t cb[Hn% @e"f“h%ﬁ)

i nventi ons. Acco I'ng to anot present tion, the cel
can have a hi gher anpbunt of Cathepsin H as conpared to a ref erence cel

(e.g. the same cell in its 15unnodified state). This cellular system can
serve t dnpthéraspackofdhe i@\feréi@hanmarrpsaﬁhu%mgse iof et yathapsinHemoskmuhcelbf
Catheps ression, is rel ated SItIVIt Present,, 1 nhventi on
ol at os I PHtR7EE W PP EoBBi AR R A SR strrttSPesinty SERRPtels hepsi
H or a pamectional fragnent thereof as a nodel systen1for enhanced pain
20sensitivity, especially neuropathic pain sensitivity. The use of a cel

het er ol ogously expressing a reporter gene expressibly linked to the

Cat heps HHLARAIO YRS a0 81cANBAYShofoul HETLE BBl AR 2R gprPoUnds

t hat nmodu arn, especra at Arc parn, i
pres@nt paf, eeibedényalomadd lneu&rnatmospaﬁ ben@tirmye isanstoer a$pgutes présantvent i on
is based on a typical reporter gene assay conmonly known in the art. To
this enfroymef 'BE/QSTF@P& d pvepHeTe is inserted into an expressi on 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
t he 30pAcoortdarg tcsarmzthéwembbdénemirm‘tpres&ntiirsve.srﬂimetheemllq/ari havedlogiteri nt o t he
host cell of . c t abl e _net hods r trans on _or transfection
e wel PMIEGLAT CatRsTh H A EoBRIEE 2 (e B te 1B 0. L Padk G VBTEon and
detesti Qﬁnﬁ’)ﬁ|ffé%jp§téfé§rTI9|§rt‘éIIGI>épé?§t§hP€er( §6|Q/e€togmrrﬁ&@ﬁc§@ét€ dfidnPaAbyd alr St ed
bel ow). Suitable conditions are well known in

sensitivity, as the amount of Cathepsm H expression |s related to pain sensitivity.

Present invention relates thus also to the use of a cell heterologously expressing
Cathepsin H or a functional fragment thereof as a model system for enhanced pain

20  sensitivity, especially neuropathic pain sensitivity.

The use of a cell heterologously expressing a reporter gene expressibly linked to the

Cathepsin H promoter and/or enhancer for identifying or analyzing compounds that

modulate pain, especially neuropathic pain, is another embodiment of present set of
25  related inventions.

The above aspect of present invention is based on a typical reporter gene assay
commonly known in the art. To this end, the promoter of choice is inserted 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
30 promoter is active. The construct is 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 below). Suitable conditions are well known in the



WO 2011/ 023786PCT/ EP2010/ 062525 12 art as well as vectors, reporter genes
and necessary reagents, which are also comercially avail able. A vector is
a circul avoaniliemar pol ynucl eoti de nol ecul e, e.g. a DNACpIERsmio@62525

bact eri ophage or cosm d, by aid of whizch pol ynucl eotide fragnents (e.g. cut
out from 5o0ther vectors or anplified by PCR and inserted in the cloning

vect or) aftads wekas vecwlrs yrepert hdd &ed hBcssHdrpbéayarts |\8hieh apé @R SNs.
Expressi on vectors enabl e the heterol ogous expression of a gene of interest
(e.g. acee@pweally gyatablei n the host cell or organism The type of cell or
organisml argely depends on the aimand the choice lies within the

Toanpt i A YSH9R Bthtardh et RDpugReiae pTofdR 308 DIV cidlidy, gani sms
wi t h hi phcteriephags at cosmicabysaid bf Waich hlyhasiéstidefragmeatste.g. Suit babfrem

organi sns can also be cells isolated and cultivated frommnulticel]lular

t i ssuesotharwectorg or ggplified hySgRndanserted shingi cenisg veckpihramsreefieallysro
cells f i ) i I j veet ors are known
in the é??@ﬁ?a@?ﬁbn%éﬁé.ﬁél 993)32’. s Ex i\%@@e‘%é’?‘%{?e@é‘%g'seug‘%l iers 15li ke,
e. g. Robbterfloggos ekpressioNesi EgghantlinBerestiesg. #repoetsn gedie) dhdlgehesieall many

nmore. Suitable cell lines are e.q. comerci al l vai |l abl e at the Anerican
e Cubt GRaAnissT: Do histe olAhicr OriaRISTT B oY SPBEBS 08 a5 Bire 260dRS shoie

prot ei r‘Ii%# \Aﬁ’cﬂlrﬁ/ﬂﬁ%mﬂoq\ﬁ?déc@& %!élﬂ%%ﬁar"ﬂ@:r‘nﬁ%ui%@éél‘ Hidrs or tﬁgcaryoti c cell

capabl e being transtfected with a nucleic acid vector 20and of expressing
t hel@enangiificaticer @ka nueley. acd rep org. enosilyrsng|Ehoed orgampmissaeitiphighci pal |y

i Ils.and cells f ell cul f erapl i | |
Pul ¢ or oPEdarBieh ieeS el GePpdietitarofdet ool FoBbirs pdh s bl ang
tissue (spufBdanddERR%d RohMr MbiticEaliAr tis3ias, %eg%%nq)ihe%éné@té@}rom single

cel|l organi snms such as yeast (e.g_. S. ponbe or S. cerevisiae), or a
pr ocar y@ivieeseerganiams (g-8, Sb8peds &oabBpodoptera Faigiperdeoktc. ). Selitablesgianisagnpl es

derived S e ] - t echni h aki ng
of bl oot B ateRitTnE R asP A Efribter e dPHHRe A UV Blore P E0RARA S of
present likp.g CROLIRN Diddrosties,MIEw Eapd s Biokbs, Febeicyal Strateyenetarefimahnion of
a nucleic acid vector 1nto a host cell (either prokaryotic or_eucaryotic)

30and cBHpFi adisahle ¢ell lines pee mo: cPAMREGINIEVaHableridhe AMRTCER: TYR® can be a
stabl e @ultbFé‘@Bilé’&Font(AaT@é)eC“ on. WO 2011/023786PCT/ EP2010/ 062525

For the heterologous expression of a protein or polypeptide, the cell can be any
prokaryotic or eucaryotic cell capable of being transfected with a nucleic acid vector

20  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 multicellular organisms and tissue (such
as HEK293, RIN-5F, HeLA, CHO, COS, SF9 or 3T3 cells) or single cell organisms
such as yeast (e.g. S. 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.

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)
30 and comprises thus the term “transformation”.

The transfection can be a stable or transient transfection.



13 The Cathepsin H pronoter is a part of the Cathepsin H gene able to drive
expression of a gene product of interest if introduced into a suitable

expr essi onoverims7sgpst ream of the codi ng sequence of thecgareopnepet. The
cathepsin H pronoter is part of the gBnom c upstream of 5'-sequence of the
Cat hepsin H gene that steers transcriptional 5activation of the downstream

transcriThedC4tagpsin Hprorneter & g pabteofdee iCeridepdiom geme dble ttdrive.ex on
|l etters, 1989 or Ishidoh et al, Bioned. Biochim Acta, 1991, 50(4): 541-7.

A repor PER GgBRPEANCH infgles]dribtrofigechinte AsuitableAxnERSSIOR aFor HPsEeadn of
A . . OF i
or ok v 3l Hekfing seatéikie oihe FehedlrolFEl ThE (ol [rofider Kikrfolthe | ¢

are knogenomid hyesteedm aif 8’-sequarcel afl thg GathepsiblHged & staarpitiasecepiipna he

genes of beta Lactanmase (lacZ), Luciferase, Geen or Bl He.flg}prescent

protei napEEsiop0 BRePOWASHERM, iieg§Cr %%g'qfhﬁb@(_*&P”LeﬁsﬂJ?% CHERG oM

Gal act Oférﬁd”c?r?et %h, S fdtfesrs © &r Rhid®! él)sal,"\ﬁfo?r‘ibcﬁfm é}ﬁrrﬁfil]%‘t ygtat ected by
['e t ?e g. lacz,

nmeans of a visi col our or lum nescen reaction . g.
15Luci f 60eed41-These conpri se gene-products which can be easily detected by
means of a visible (colour or Ium nescent) reaction or gene-products

conferring resi stance towards anti bigtics |like Ampicill]in or Kananycin when
o1 osCATEPEN AL B R8P Do STy o L0 WS Sl BatnBUeNicaber R e GRTE t o or ow

under C?F%cgjcg. A Q88 J4rRdy of teforer $n?§’ﬁcﬂiélﬂ&w icgﬁ'gﬁéka%ti@hw&céé \%ﬁ‘laéshat

fragnmen reporter gene i s a% ragnent o iven'reporter gene
al | tws fletection esathods andirfeiceasaryieagents argdénewpriodine art and coromeocially

fragnent. o reporter gene is _any fra t of .a given reporter gene that
e Pufiate R MO e ot 1B denes BLBga 2 aalts fRc2E kP Rsthe  cont ext
of presehbedbPBltlicrascéMerbRim GEPastHER) D¥Red, #ISBSURAZ, MRPNbF oduct i on
of a nucleic acid vector into a host cell (either prokaryotic or

eucar yotEYR eieeta drglactosislaspushesregeremieneodmpioteinawhie carhe aasinsf ect i on

can b Bkl el B LARIST el ARRRIGFRIBREE Cr20i0r 00257

t r ansf ectieiterabe ) TheBE Cofiprisadjehevprodactsanbichfcaexiy essilyrdetectedpy meangene.
These conprise principally primary cells and cells froma cell culture,
pr ef er aBf § ViSIRIGKELIPHE PLlugineseant} gastion or gene-products conferring resistance

towards antibiotics like Ampicillin or Kanamycin when expressed. Other reporter
gene-products enable the expressing cells to grow under certain conditions like e.g.

auxotrophic genes.

20  Afunctional fragment of a reporter gene is any fragment of a given reporter gene that

allows for an easy quantification of its gene product.

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.
25  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 term “transformation”.

The transfection can be a stable or transient transfection.



conprising cells derived either fromnulticellular organi sns and tissue

(such as 5HelLA, CHO COs, SF9 or 3T3 cells) or single cell organisns such
as yeast we.2gi/®378ponbe or s. cerevisiae), or a procaryeCrEre@blosisest ure,
preferably Pichia or E.coli. Cells and sanples derived fromtissue can be
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t o anot hed spmpies derlwechfnommmtdwpm gaidegriynwelk-knoendectigesyrsugh@sher
st andar gq@lqogﬁter The functional vector, and the control vector can 20al so

be tran b|98 t%%suseat?@c ][ jor SH{H'C?He%mgH Tase the reporter genes need

to be di fferent The identification of conpounds according to the above
uses can e.g. be performed according to assays as described bel ow or as

KnoWh | WVithia the contest aithaabeyeiaspaatot grpeeat nvention thesgoniiel Meetobear Pet em t o
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pat hol oputwhe e dédrtsry enceexpression etoti driveal by @Un@rodmlpc:bmﬁpsm H(in
vitro) systens._The pharmacol ogical activity of a poten
30phar mREXVPIEE alhig @ﬁﬁcﬂj%dnéaﬂ thaf fe lﬁépré@reQQﬁ%%rdeQEH@?QilfW@”ﬂ%“ thgreof is
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For the use screening, especla eni ng for
novéd phevodad @ Cathlepsiong puortieior; bempeses ameadantiiorz Gatipepsin¢l ptoenated i s
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or gromoter ragment or wherein the coupling of promoter and reporter gene is not

functional). Another possibility is that the reporter gene or functional fragment thereof

is operationally coupled to another promoter than the Cathepsin H promoter (e.g.

SV40 or another standard promoter). The functional vector and the control vector can

20 also be transfected to the same cell, but in which case the reporter genes need to be

different.

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.

25
An assay is any type of analytical method or system to monitor a biological process.
Suitably, 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

30 pharmaceutical compound can thus be determined according to its capability of
interfering with or modulating these cascades or mechanisms.

For the use in drug screening, especially the high throughput screening for novel

pharmaceutical compounds, the assay needs to be reproducible and is preferably



15 al so scal abl e and robust. In the scope of present invention, high

t hroughput screen neans, that a nethod according to present invention is
per f or medwonoa/ozersy smal |l scale, e.g. on 96, 386 or 153®cwairkoploadses in

sanples of very small volunme in the rignge of fewmllilitres down to few
nanoliters or even less. Thus, a very |large anount 5of sanples can be

anal ysedisorscalatieahdtrobest. Hi mfe stdafpeug‘rmeéer&crmmmonghg@sthrougr@mpscreea t he
screeni ng of approxi mately 500. 000 different conpounds for a certain

abi | i t yMgansedia agnetied %QW'@Q&@@&%/SG”TW%@WS perigimaed imdNenssmalpl e f or
hi gh thé&’éi@hﬁg;t on U BB} 1%‘:363”?[@% sﬁ%@?&%ﬂ% sthAfL61LAR {n thy of

nmodul atrng t activity of th € un I’ nvesti gation. The
type of rarsyeayf fdepeiliires.dpwroto 0t handslyere afevicarigss. Trszeau,leey targel apeount

oI ptide o ol ynucl eot net er,

D P R S Plasr & B angberd i o Bort e 14Eh doaiiohenkis@erhGahaei nog. (see

bel t at

ol ow. comprisEs KB HRA B oSHEG D SOR P RERATERRIbBRU: 3 Bokiy St at e

of the art and 15commer ci e from comer ci suppl irers. Suitable
assays fbilitydby frraaeustof;mmrem@@e aesapn’ﬁasessadrscprewalpiycsudabﬂel faohighcent

f le f | h ffered
commer cHupngi Riserupd ' SieBREE sfRe Bneas ot BRMkEo REBABR0 BTy For
20rreas u ébtf\gtythQhe rér@e@ﬁtdréweh ndet ﬂbé&@bti@?ﬁ”ﬂfﬁé tY]]!bé bf @smrué@vebeéig ngirber

the interaction of |abeled proteins with eir unl

pr o?@er nthe yaad®d Yargebmolesuierpsed (¢ 8 Palyeeptide Oba@l&audega@%) arrm%\eere.ach cel |

expr eascl bt BB AT PRk RSP PR O R AE Rrbe M e 2.
reporteaemnmas@@yesbewmar ein the regul ation of a certain pronotor or a

signal transduction pathway of a nenber of a signal transduction cascade is
nmeasured according to the activity of a reporter enzyne, the expression of

whi ch i ptder y e o QL Bkss Sl Sith) khddlPIDbRIstalEds thilest dpe of

assay, a reco nant cel I'ne” has ructe cont ar ni ng

r epds t ecogpemerciatig @vailditde 3@oooomoherafal aupigifersed pronotor that is to be

I nvestigated itself or that is regulated by the signaling cascade under
i nvestigation. Suitable reporter enzynmes are commonly known within the

state OfSuFtQSIeaésfsa?Q%rCcﬂﬁ@r’eﬁ9uf-¢ds%fs'éﬁchFﬂafs@rééi%rsoﬁ&dlb b fubiesicbrf ase (e. g.
commerci al ly avai Packard reagents) | act osi dase. Suitable cell
| i nes assays, for example quorescence polarization assays (such as those offered
commercially by Panvera) or Packard BioScience (HTRF; ALPHAScreen™) for
20  measuring the interaction of a labeled member with a non-labeled member (e.g. the

interaction of labeled proteins with their unlabeled protein-ligands).

More examples include cell based assays, wherein a cell line stably (inducibly or not;
chromosomal or episomal) or transiently expresses a recombinant protein of interest.

25 These assays comprise e.g. reporter gene assays, wherein the regulation of a certain
promotor or a signal transduction 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 certain promotor. For this type of assay, a
recombinant cell line has to be constructed containing the reporter gene under the

30 control of a defined promotor that is to be investigated itself or that is regulated by the
signaling cascade under investigation. Suitable reporter enzymes are commonly
known within the state of the art and comprise firefly luciferase, renilla luciferase (e.g.

commercially available by Packard reagents), 3-Galactosidase. Suitable cell lines
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cul tivat eyoucim2ams e.g. HelLA, COS, CHO N H 3T3, etc. Por/mbedi0onsiseati on of
protease activity, typical protease assay formats are known: e.g. 5using a
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suitable conditions to allow for the 10cl eavage of the substrate |leading to
t he em Fsr datesmiratidetafqratelase Actnidy, tyicgl. protagse- assmysferinmat}s arb&oawseeqf. t he
assays and ot her
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Rut t ger i oTechni ques Assays according to present invention
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nodul atin nd/ or revenin 2 in,.pr er bl ero thic.ai
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sanpl € gQbsteatBliith hepwith Jat 0 EEHEIY W hey €
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Other types of assays and other types of “read out” are well known in the state of the
art. One assay for the detection of cathepsin H activity in cells can e.g. be gained
15  from Ruttger et. Al,, BioTechniques, 2006.

Assays according to present invention concern e.g.:

A method of identifying or analyzing compounds modulating and/or preventing

20 pain, preferably neuropathic pain, comprising the steps
a. Providing at least two samples;
b. Contacting one sample containing Cathepsin H or a functional

fragment or derivative thereof with a compound,
c. determining the activity of Cathepsin H in the presence of compound,
25 d. determining the activity of Cathepsin H in the absence of compound,
and
e. comparing the activity of Cathepsin H according to ¢) with that
according to d).

30 A method for identifying or analyzing compounds that modulate and/or prevent
pain, preferably neuropathic pain, comprising:
a. Contacting a Cathepsin H protein or functional fragment or derivative
thereof with a test compound; and



30A nethod for identifying or anal yzi ng conpounds that nodul ate and/ or
prevent pain, preferably neuropathic pain, conprising: a. Contacting a

Cat hepsi nwbl2priaegise or functional fragnent or derivati vecrhre@ofslses h a
test conpound; and WO 2011/ 023786PCT¥7EP2010/ 062525 17 b. Determ ni ng

whet her the test conpound nodul ates the activity of the Cathepsin H protein

or functional fi5apeegimiehgdetiethai theetebhesrapbund modulated tiiehbiddtyf sfithe
identifying or analyzing conpounds that nodul ate and/ or prevent 5pain,

pref erabl y neur op%ﬁﬂ@%ﬁm‘?m&%wifléricr‘i@ﬂabfra%ﬁf‘b@'t‘ij@fg\/aé'VééWr,eo%i ch has a
detect abl e anobunt or activity of Cathepsin H or of a functional fragment or
derivative thereof, with a test conpound; b. Determ ning whether the
t est conpolnukthed &drligentifyimgdorl aatatyAitge campoohdd Gt needulziet andibr Gatvbapsi n H
or the functional ment derivative thereof present in the cell. A

fra or.
met hdd forp@'ﬂle(?f?fef@&'ﬁ{ Wof_éﬂblcy%'ﬂgc%%ﬁﬂ%s that nodul ate and/ or prevent
pain, preferably @%Wfﬂgi@ M EelPWHIcIS AERG! Fet8 ébpéﬁnoagﬁﬂk%%tlvﬂgo? nucl ei ¢

acid coding for a Cat in Hproteirn or a function ragment or

derivative thereofCathhegsimH esof atunstional fragraentrairdsrivative dreaboly valtt & tast
system and b. Determ ning the anbunt of nRNA coding for the
Cat hepsin H prot epﬂmBPuPﬂe functional fragnment or derivative thereof

present in 20sa dDeyshRAngwistAELMeetesf coribdus® aniado nfdtiliSte tRB@RdliMI ng
whet her the conpound is capable of nodul ating the amount of nRNA coding for

t hel@at hepsi n H ppoeasiivitydf Gathepsioihpr thealyrehenal fragerentaridesivetiegent in
id t 25A IR IO ti t i bi ochem cal
said system \A}{fe?ﬁéﬁé"e%ﬁa@mhéﬁeﬁc ive systemis any biochemnical or

cellular system he ability to performa transcription
reaction of a transcription unit. Such systens are well known in the art

and conprise cells as wel| as in vitro transcription systens or kits (e.g.
on basis o‘?‘”&%h@dé@&'ﬂﬁ'&tﬂqugc%rﬁ?é‘@%g pgmgpanqj%lg]aé_modulate and/or prevent

pain, preferably neuropathic pain comprising:

15 a. Contacting a nucleic acid coding for a Cathepsin H protein or a
functional fragment or derivative thereof with a test compound in a
transcriptionally active system, and
b. Determining the amount of MRNA coding for the Cathepsin H
protein or the functional fragment or derivative thereof present in

20 said system in presence of said compound, and
c. Determining whether the compound is capable of modulating the
amount of MRNA coding for the Cathepsin H protein or functional

fragment or derivative present in said system.

25  Atranscriptionally 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 cells as well as in vitro transcription systems

or kits (e.g. on basis of cell extracts) commercially available.

30 A method for identifying compounds or analyzing compounds that modulate and/or

prevent pain, preferably neuropathic pain, comprising:

a. Providing a cell transfected with a nucleic acid vector comprising the

promoter of a Cathepsin H gene or a functional fragment thereof



30 A nethod for identifying conpounds or anal yzi ng conpounds that nodul ate
and/ or prevent pain, preferably neuropathic pain, conprising: WO

2011/ 023'A86RGI/(BFPA610/ 062525 18 operational |y coupl ed t @ca/pre@ontsRs gene or
a functional fragnment thereof: 18 b. Providing a cell transfected
with a control vector which conprises a reporter gene or a functional

fragment thereof opératiehaity cngied iwaabportercgeny eda functiohaneagraeal Cat hepsin
H pronmoter; c¢. Determining the reporter gene activity of the cell

according to a) amr%?fii n the presence of a test conpound; d. Determ ning
the reporter gene activity of the cell according to a) and b) in absence of

the test conpound : Q I AV Yzl nd t hat
nodul at es pai n, ppeé%rvgeglﬁr@tarﬁceeﬂrtf)ag{eﬂ%q%&B‘}é{hyné ggﬂ@@n&%ﬁ% @'8@@6’@?@5%
conpound that nodtdpartes gehe oret fuvttionfragaidrepséreofhesbeéing @perationaaynd, and
15b. Adm nistering said test conpound to a subject in sensation of pain to
det e} ni ne whet her Cotled 40 A furctiahal CathapsimbnrioRsiensf i denti fying or

anal yzing a conpound that nodul ates and/or prevents pain, preferably

ot vi Ty of Cat nepapRertBliig e RERNSh 9BMp A0ty PR sl R B WP RERRR 1
the presence of opgindthelPESeriRSHf £RFPeOMPOUNE; | dentify one or nore
nodul ati ng conpounds that nodul ate the biological activity of Cathepsin H,

and d. Testing one or nore of the nodul ating pongounds for their ability to
25r educe pai n (esfebetarmning theenaiies geaeractivtypvinemxsliraccordingitoa) and

(especi ally neur OB)aitnhésze%%ie%f%?@%%tt icgmpoﬁp]g{ or pain sensitivity
10
A method for identifying or analyzing a compound that modulates pain, preferably
neuropathic pain comprising
a. Selecting a compound that modulates the activity of Cathepsin H as a test
compound, and
15 b. Administering said test compound to a subject in sensation of pain to
determine whether the pain is modulated.

A method of identifying or analyzing a compound that modulates and/or prevents
pain, preferably neuropathic pain in a subject comprising:

20 c. Assaying a biological activity of Cathepsin H 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 H, and

d. Testing one or more of the modulating compounds for their ability to

25 reduce pain (especially neuropathic pain) and/or pain sensation

(especially neuropathic pain sensation) and/ or pain sensitivity

(especially neuropathic pain sensitivity) in a subject.

Further aspects of present invention concern pharmacogenomic methods for
3

o

classifying patient groups and assisting the physician to adapt/improve his treatment
of individual patients, such as:



(especially neuropathic pain sensitivity) in a subject. Further aspects of

present invention concern pharmacogenom ¢ net hods for 30cl assifying patient
groups amsloassi/@sisag t he physician to adapt/inprove hi spCTaERRo®OE2505

i ndi vi dual patients, such as: WO 201/ 023786PCT/ EP2010/ 062525 19 A net hod
for analyzing the pain (especially neuropathic pain) threshold in an

i ndi vi daahetr@uior ahalgzingathy pang (ddpecrig weiuraiathitgzemsthredtioldireart aken sanpl e
of said |nd|V|duaI in conparison to one or_ nore reference sanples as to

whet her INd\ddgghs@mPrisingcanalypianrih e anreunt Hh Gradhersinteinm ipkesaampla of saig
sanpl e { =g £|‘%ﬁ%8hﬁa{]%8htt&%e% c{i%c Senb@55n] ?é&é?gf@héﬁ@gkﬁéam%% e'“

t he presenceé of a er anount es an°Tner ease pal especl al
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a decreased pain ec aII neur opat ain ensj t t n | d
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prevent bann@adsed érneekggawhe@@gaoq.egem) % Yukxﬁ'y‘?hd tl‘f@gf%v%he@t%

conpri ses exam ni g a taken sanpl nin | dual as t %er t he
anount EfweTarhepstiindicateRNAdecreased padt Eispepiady aptrapathiaipdiryagpisdivity in
d|fferent fra et of one or nore reference sanples, said dosage being
adapt ed 89 B\ eﬂdﬁ’r@ on whet her the anount of protein and/or 15nRNA in the
t aken sanple of the individual is different fromthat of the one or nore
reference sanples, wherein a higher anount of Cathepsin Hin the taken

sampl e &imethwdi fatpdppting thesdo&age@fta pharsraceutisaldor Bre aravegtien agdos and a

of o noB§irhetonRl i habisgan AR TBHbaoh B SrtiMRLa vl i 1 ' Ve
refers sampleoDhoFidhdtusiaioevihetkhentrrepabahest CatbeptineH boRMAGNdIoe or nore

I ndi vi dual bei ngs (humans or nonhurman aninmals). Biol ogical material and
bi ol ogi @Qte@a%gﬁ@%t ip et %@P'Qe'sgj'ﬁ%@ﬂ gron'pt,h@bgf ane 8F1§”Q519 refererce$ampesue or

organs L&igyq e'&.?&gag&ed n?%r?%’etﬁ%rqﬁé%m gr@%fﬁo ygesel s,

etc.), prefer "y 1 erlve vertebrate pre erablyfrom
a mfrmamRMAlinthentpkentsamepie oﬁ:mmmdmduanaeddﬂesmtdmm $hétrm‘rthaocueldr neoret ur e,

referably a eukaryotic, cell culture conpr.li cel er|ved either_from
DLt colteSlIce SRS e Sain paNl agim ol CHBGRS BB Mecakerasgmal® afrs
cells) e ﬁbﬂﬁk‘l@al%e'n'dlc%rtlgé'ﬂif%ﬁ’fe%ﬁ“ aalfﬁ N&addse Sndla Iéwetpé’r%Gn%f S.

cerevisiae), or a procaryotic cell cul ture preferably Pichia or E.coli.
Cells aﬁ?@tfwnm Ekindbe isaoplé obthet ingivickuat iminbieative of a need for a lower dose.

20 The term “taken sample” as used herein, refers to a biological sample
taken/separated from the body of one or more individual beings (humans or non-
human animals). Biological material and biological samples comprise, e.g. cells,
preparations or parts of tissue or organs (e.g. brain, blood, liver, spleen, kidney,
heart, blood vessels, etc.), preferably if derived from a vertebrate, and more

25  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
multicellular organisms and tissue (such as HeLA, CHO, COS, SF9 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

30 gained by well-known techniques, such as taking of blood, tissue punction or surgical
technigues. 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).



30gai ned by wel | -known techni ques, such as taking of blood, tissue punction
or surgical techniques. The preparation of reconbi nant nol ecul es and the
puri fi catworronfo2embur al | y occuring nol ecul es from cel | spon/HPe®s062528S Wel |
as the preparation of cell- or tissueoextracts is well known to the person
of skill in the art (see e.g. also the standard literature |listed bel ow).
WO 2011/ 023786PCT/ EP2010/ 062525 20 The term "reference sanple” refers to a

bi ol ogi cal sanple taken fromone or nore individuals with a known given
pai n phéR&tigihe “eferepcasampleyi refers e @l kigiosinal samplectakendrons 08ga5IMeor&€t enmi ng
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acti vi t g,saamme steromirgx froesisi wing celb oatigsueeculhae riejgheoibivaize dedisy).artd gh pain
sensjtivity or |ow pain . sensitivity). Yet another aspect of present
veht | ARG ] SerlaiS ENBracatith o oyts G 28 et BRATO R RSk, HBRYTH 1
for det L M-8 b WiVt : i N £ pain
sensi 115 B o R e (e, G BT S S B R 2 ' o
t he bodgenditiaty)i ndi vi dual to be exam ned. The neans for the detection of

Cat hepsin H can be any neans able to specifically detect Cathepsin H
pol ypeptide/ protein or nucleic acid present in a biological sanple. 15 A

Teans t geflghsitler G8HOBRT e bR iBnLoReh PRl Cam dARsag EEans abl e to

specifically detect eit dtype t hepsin prot el n/ pol ypepti de and can
al st0 bedeatatian©f Catlepsic H ©peeidrinor@ing yenBanbegppam sermitotityi(espediglipept i de

S equencBeToRENE BB B4 i1 7 PR B e OB AR BPal G SATBIRGIAePed
exanpl y g #Hebbdy, G Rdvid@) tebbidx@dinadl e to 20specifical ly detect
Cat hepsin H protein, e.g. for use in inmunohistol ogical or

i munohi st ochem cal techni ques (e.g. detection of Cathepsin H protein or
cert ai nThetracamn®orthe detefction of Catlodsin ebtan be ang seats alle torsp€atifivelhsi N H

T T e e
nmeans to detect 25 Cathepsin H nmRNA /cDNA or genom ¢ DNA, either w | dtype

or ?‘gesoA%éaﬂé”Eé 88te%P€.a9¥eéf§'ﬁr{p A ottt ioPBQler%%?ga%gg b%awmbgﬁghmé){o their

nuclei ¢ acrd sequence i n arison to tHepsin nucl ei c

aci d. Theecibeally dsacteitner maldéypee@athepsinsid gcoteirdpblypepitdecand aad/atso giant i fy

cat hepsimneaﬁsqﬁ%téachsp%%ﬁiggﬁf Bla}/hecp%mr){-li bsrgfeir?/rpolypeptide harbouring one or more
mutations 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

20  specifically detect Cathepsin H protein, e.g. for use in immunohistological or

immunohistochemical techniques (e.g. detection of Cathepsin H protein or certain
mutations thereof in histological tissue sections or Cathepsin H protein immobilized

on suitable carriers like membranes, chips, ELISA plates etc.).

The means to detect Cathepsin H nucleic acid can e.g be a means to detect

25  Cathepsin H mRNA /cDNA or genomic DNA, either wildtype or also harbouring one
or more mutations regarding their length or their nucleic acid sequence in
comparison to a wild type Cathepsin H nucleic acid. The means can e.g. be a means
to specifically detect and/or quantify Cathepsin H mRNA and preferably comprises or
is a specific Cathepsin H nucleic acid probe or a primer set capable of amplifying

30 Cathepsin H DNA or, e.g. for use in PCR sequencing (for the detection of Mutations
in the nucleotide sequence) or capable of amplifying Cathepsin H cDNA, e.g. for use
in RT PCR (for the detection and/or quantification of Cathepsin H mRNA expression).
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human CBEQ (D NGB, [ 3ydr badit7, B=ddd@on0cl eot i des) : Forward prinmer
5' - GCGCTCCCAGITGACCCTCT- 3" (SEQ I D NO. 10) 15Reverse primer

5' - CACCCACAGITCGECGEGEC- 3" (SEQ ID NO 11) Set 2: (Product length for
det ect | dRestesidimand enshesis i seitable priarerarie wellknowm iRdbe &6t (sgelsdr oduct

For var dope P2k FFiet el (R B Re kRt AT Rfep b (R0 B e SEISBELEY o7 e
5' - OACGIONGABIgEICAECGEC- 31 (SEQ 1D NO 13) .  According to one enbodi nent of

present invention, the nmeans is a priner set for the anplification of
Cat hepsin H nuclelc acid, and preferably a_set of primers conprising at

Ieastd;)ﬁ;@t 61‘(Rrﬁéuﬁt‘l"Bﬁﬁtﬂ“sf’OééétﬁCélpﬂ@fhé”@@-@'ﬂ@nsqlﬂt varanttogddter set 1),
12
enboa P earde dbdFE: 2fdh for et UtpRd ETSH HahSSo Vg 52118, on o

nmeans 1S a
Cat hepsnocIHotldI@é)m c acid. The design and synt he5| s of suitable probes is

well known in the art (see also standard literature bel ow).

Forward primer 5-GCGCTCCCAGTTGACGCTCT-3" (SEQ ID NO.10)

15 Reverse primer 5-CACGCACAGTTCGGCGGC-3’ (SEQ ID NO.11)

Set 2: (Product length for detection of human CTSH transcript variant 1 = 153
nucleotides, product lengh for detection of human CTSH transcript variant 2=117

nucleotides):

Forward primer 5-CGCTCCCAGTTGACGCTCTGG-3' (SEQ ID NO.12)

20 Reverse primer 5-CACGCACAGTTCGGCGGC-3’ (SEQ ID NO.13).

According to one embodiment of present invention, the means is a primer set for the
amplification of Cathepsin H nucleic acid, and preferably a set of primers comprising
at least one of the primers according to SEQ ID NOs. 10, 11 (together set 1), 12
and/or 13 (together set 2).

25  According to a further preferred embodiment of present invention, the means is a
probe for the detection of Cathepsin H nucleic acid. The design and synthesis of
suitable probes is well known in the art (see also standard literature below).



WO 2011/ 023786PCT/ EP2010/ 062525 22 According to yet another preferred
enbodi nent of present invention, the neans is an antibody for the specific
det ect i onwof20Gakbmpsi n H protein or pol ypeptide. The pr epaEebi0neshs

sui tabl e anti bodies or functional fragnments thereof is well known in the
art as well, e.g. by imunizing a manmal , for exanple a rabbit, with

Cat hepsjaacoidiny © pétrandther prefegranémbbeinesiit,of Wiesentam@rdiphi tdeemieins an
presence of, for exanple, Freund s adjuvant and/or al um ni.um hydroxi de gels

(see, fantikadinioréhe ppegiicdetestian ofCathepsin bbarpteih ©r ROWPEREAGNd Jour nal  of
Medi ci ne: 1344-1349). The pol yclonal antibodies which are fornmed in the

ool at ed P REET AL OB R SRR R RBRPRS R h R BRe R eSS e g
purifieth e areasswedf egployrmmnalnizing togaanhal, fdvneehmeal radbit] WildiGghgsdin  f or

exanpl e, be prepared in accordance with the knowm nethod of Wnter &
M1 steiH pregin & a fragreem thereafnwhere anropsiaiuin e presencenfziop @¥RMPYi t abl e

pr ocedu ' | £ I b as
Rert (s bt BRRLRCaTRORa R Bl GelR e Tor o MR, Plarplifig i

cont ext ebél. pt¥SiYrthe NeerEngiand toerriat ofiMEginine 0@l - 034 BN Thé oy dorey ment
conprises,al so antibodi es or .antigen-hindin arts thereqgf, which have been
o obar o HGRdIas MRS £ 2HAS0 i LIS G5 e G TG TOIYEH TS3CHRR mmer §
ant i bodj | ahi ' j [ 1l [ ' i gpeci fic or
ol i gospgﬁﬁ?@%ﬁrﬁ%%%@%g?@ @%ﬁ%@gggﬁtﬁﬁgh?@gh gﬁ%ﬂg ig?e’oﬁF( ab) 2

f r atPrenesampke pufifed byanpars obmIBINCCB6@ atsytaphis MpBadpsaIantibediessis, 397,

21 50 ol aiTIp, b BEAHALER in Scnfteaee Wih PR hg e R ARk MRRRIRLs ogx
BAF1013 ;Wﬁ&@r,@.s& st onﬂam? INBturdSA%9, f@c&-zégg.isdm%%p@%bh@@i o H,

Cat al og# MAB1013, R&D Systens (M nneapolis, USA), Goat Anti-Muse Cathepsin
H, Cat abmgtcarnongaclenalrpivodiesrare-welhisrovaaimiesarh agiweti{see eg3t [iBIelIe5430

or ous i anecheh is R BT R Y F Bl RSB Rl REL AR 0 e
Grbts  Gantisdy) or gﬂitﬁndmé/dﬁhgiﬁémrbdbﬁpr%sf‘eﬂ% lantibbéias iobadtigen-dittitdipadet ecti on

of human Cat hepsin H from human tissue cytosols and sera is e.g. described
i n det athereqf, S&%h@‘é@ baen &regar%lﬁ@mb@ﬁntlmﬁowagm:@mpm@flﬁ@dénodzm, p.

105 1726368 o€ cAimBerid G Red, Hurtdifiz6t BRitSdi8S SmaLiBabRaibodks,

2011/ 02
bispecific or oligospecific antibodies, single-stranded antibodies and F(ab) or F(ab).

fragments (see, for example, EP-B1-0 368 684, US 4,816,567, US 4,816,397,

20 WO 88/01649, WO 93/06213 or WO 98/24884). Cathepsin H antibodies are also
commercially available, such as Goat Anti-Mouse Cathepsin H, Catalog# BAF1013,
R&D Systems (Minneapolis, USA), Rat Anti-Mouse Cathepsin H, Catalog# MAB1013,
R&D Systems (Minneapolis, USA), Goat Anti-Mouse Cathepsin H, Catalog# AF1013
or Rabbit Anti-Human Cathepsin H, Catalog# ABIN285430 (antibodies-online GmbH,

25  Germany, see http://www.antikoerper-online.de) or Mouse Anti-Human Cathepsin H,
Catalog#ABIN165388 (antibodies-online GmbH, Germany).

The production of Cathepsin H antibodies and the detection of human Cathepsin H

from human tissue cytosols and sera is e.g. described in detail in Schweiger et al.,

Journal of Immunological Methods, 2001, p. 165-172(see e.g. p. 166-167 for the
30 materials and methods).

Another aspect of present invention concerns a diagnostic kit for determining the pain
and especially neuropathic pain sensitivity in an individual, which test kit comprises at



23 | east one nmeans for the detection of Cathepsin Hin a biological sanple
and its use. In the context of the present invention, a test kit is

under st ooslot2011@3 WAy conbi nati on of the conponents ipdempPrdio@csesn t hi s
application, which are conbi ned, coexisting 5spatially, to a functional
unit, and which can contain further conponents. In the context of present

i nvent i ast ané eséants for danpeicstion af CatdsisiHNAaNsiofoyicalehaglié and ot Usat hepsi n
H (e.g. anount/or nutation) in a biological sanple, suitably together with
suitabl e buffers and/or reagents for perform ng a detection reaction (e.g.

10i mmungy g &ﬂ{teﬁ%ﬁﬁé bPEs et .ir%‘h@gﬁsé Redt kA% ﬂﬁ?@r%t(?c;d ﬁ‘ﬁb?%ﬁﬂl QBﬂéginé%lbn
enzymati c reaction for "assayi ng hepsi n actrvity or e’ lI'tTke), and/or
sanpl e pf theagcarhpomentaiderified om it ypalidetio, winichhareuedmibioed pesdxistingng t he
respective.detection technique. Qher aspects of present invention concern
ot P s SBRUA e FCiOBE N BTSN AR e B R ERTRGOREIA. | n & 'subj oot
that is experiencing pain conprising admnistering to said subject a
therapeutically effective amount of a conmposition |owering the anmount or
acti vi t In thfe cattéxdpafiptesentrineatitions abgsidtit corhprisesaat 1basttchmeamsdort detechian i vity

f Cathepsin H al th ' tain ti L e.qg. in |, 20t ,
' ympRbePiherstL HdBe apgitiosindafiSilf A uoliicl sefint, silehflibleniers, >
nacr opha@fssuitaBlé bpmdts lahd/oFreagbsts forsérfaenikgBidete 6 Bacti6h ¢e.g. Wherein a
t herapeutically effective anount conprises an amount sufficient to

amel 0 or p@UNR®gREl fetrationtal sratbepsie sby maang qfaspenrtitadyy aniengymeéspect to

espec, al Ty iR Ehsidhis el BPLL ReRtvir By e otng B oo BB bl aha (21
adni ni sbptidmaglyterhgadithgsmbheaslforpetemaipgné cedpectiot idetddtion taomigteof a

conposition |owering the amount (e.g. expression, half life) or activity of
Cathepsin Hin said subject (e.g. in lynphatic or neural tissue or cells of

o covm A o1 ST o PP A SERRL ATl o
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 H in said subject. This can be the
amount or activity of Cathepsin H altogether or in a certain tissue, e.g. in neural

20  tissue, in lymphatic tissue or cells of the immune system such as mast cells,
macrophages, neutrophils, T-cells (such as CD8+ T-cells), etc., wherein a
therapeutically effective amount comprises an amount sufficient to ameliorate the
pain sensation or sensitivity (especially with respect to neuropathic pain) in the
individual.

25
A method for lowering the pain (and especially neuropathic pain) sensitivity in a
subject comprising administering to said subject a therapeutically effective amount of
a composition lowering the amount (e.g. expression, half life) or activity of Cathepsin
H in said subject (e.g. in lymphatic or neural tissue or cells of the immune system),

30 concerns yet another aspect of present invention.

Moreover, present invention concerns a method for modulating the pain (and
especially neuropathic pain) sensitivity in an offspring from a non-human female
subject comprising transferring (e.g. electroporating) a nucleic acid conferring a



especially neuropathic pain) sensitivity in an offspring froma non-human
femal e subject conprising transferring (e.g. electroporating) a nucleic

aci d confwornng2arse WO 2011/ 023786PCT/ EP2010/ 062525 24 mpdulreb@d/ofsbhepsin H
expression into Zygotes, transferring4the Zygotes into a nonhuman foster
not her and el ecting offspring according to its Cathepsin H expression

char act efdduldted GdthepsindH exprabsionshedZ ygites nransfdtriay Rhe Zygotesi intacanpaF i son
with wild type subjects, such as mce). 5 Another aspect of present

i nvent | BHMEBHEEIERNAINELANS GIRFINAATSPENABICEORN (ks CelapsipsHhemrension ty
d/ f t
pai . 10 aachT{sgbs Bivefdf of BBAIGFRR o aheRSH BRI ool LRI <

e.g. Rutypgesubg¢cta) sychBaoifeed)ni ques, 41: 469-473, 2006) and Kirschke, H et

al, 1995, Protein Profile 2: 1581-1643). For the production of the
medi Tanent the nodul ators of Cat hepsin H of the present 15invention can be

formul ah%@tﬁ’ér‘d%g??ﬂ 6@6}5 eﬁHH{/éhﬂéﬁﬁccﬂ{ce%%(h'do You glbc%?{é%?ﬁe tG Mfpibras

physi ol ogi cal er 'so ut| on, sodi um ¢ e solution, dem neralized
wat er , ﬁaﬁmpsuzélraqtuvw@ndax qmpoemfmsrthatrelahrae@t ofmalrmlandr&spepuaﬁy erably

apr otinin m nocaproic acid or pepstatin A or sequestering agents such
as EDTAneB'Eﬂ aﬁ?ﬂ?r‘?@ Wtions, such as white vaseline, |ow viscosi ty paraffin
and/ or yell ow wax, etc. 20dependi ng on the kind of adm nistration. Suitable
further additives are, for exanple, detergents, such as, for_exanple,

Tri t®n Jehilitorgof %hmlrdbb&@edﬁmvm @ thewart, a;lugb E\@di“@éﬂs(se% ech Riglger@t al.,
|
cucr oso BT RldES "R, My AT D0S AREKB G #PECR TUE. Dt PralE ™ o no

aci ds sugB1-aAB48) yC| ne or in particular taurl ne or betaine and/or a protein,
such as, for exanple, bovine or human serum al bum n. Detergents, polyols
and/ or zvm' tterionic corrpounds are preferred. The physiol ogi cal buffer

S0l ut | ORaPER! SIcARCON 8PS ELRbAARIAR e oy GAPRBLA S SBRERE

appr ox. |cu rox or an o
apptdx. ikedtiddeane foasmaitédl mmtbrswtpblefm‘chthﬂqs @faumlmrpsub%@eéé,&;uch as

il | /| H f th t i i dj d
Cui t oo BRusiglagioal Brnsr SalBon.cc Gyt GiireSoluber ArnRsrdrematgr an v o

usi ng aspiMizeRaisRichYs sibtedsel o Mididdde inhibitdkd) prER¥ALIF BRYthT nonet hane) ,
HEPES buf f er

g-aminocaproic acid or pepstatin A or sequestering agents such as EDTA, gel
formulations, such as white vaseline, low-viscosity paraffin and/or yellow wax, etc.

20 depending on the kind of administration.

Suitable further additives are, for example, detergents, such as, for example, Triton
X-100 or sodium deoxycholate, but also polyols, such as, for example, polyethylene
glycol or glycerol, sugars, such as, for example, sucrose or glucose, zwitterionic

25  compounds, such as, for example, amino acids such as glycine or in particular
taurine or betaine and/or a protein, such as, for example, bovine or human serum

albumin. Detergents, polyols and/or zwitterionic compounds are preferred.

The physiological buffer solution preferably has a pH of approx. 6.0-8.0, expecially a
30 pH of approx. 6.8-7.8, in particular a pH of approx. 7.4, and/or an osmolarity of
approx. 200-400 milliosmol/liter, 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



WD 2011/ 023786PCT/ EP2010/ 062525 25

([ 4- (2- hydr oxyet hyl ) pi per azi no] et hanesul phoni ¢ acid) or MOPS buffer

( 3- nor phovonoivpsmpanesul phoni c acid). The choi ce of thecreppaosises buff er
in general depends on the desired buff¥er nolarity. Phosphate buffer is
suitable, for exanple, for injection and infusion solutions. 5 The

medi Canqﬂt(ZChiﬁir@@aﬁmmpéﬁaﬂrﬁﬂbthan@slﬂFhWrﬂOTaICQT)Qir M@PSeuffe.(8-mbyphakiass of
oral dosage fornms, such tabl ets or capsul es, by neans of

t he rruc&t@oﬁé'ﬁ%"l&m%mcﬁ6|d)e-§fé\$rﬁh@0€@éthﬁ)@p@ﬁt"t’%@uﬁ?@n Q@é\ﬁrﬁi')ﬂeﬂﬂﬁ‘dﬁr%‘ form
of disp

nf us; oo SPo AU AGRH, SHESPReRRIErts sHalBaRE cRamplk, 361 hRtler

i nventi and nthsuosl dolutidmsr possi bl e to adm ni ster the nmedi canent topically
and locally in order to treat the particular joint disease as descri bed

above, if appropriate, in the formof |iposonme conpl exes. Furthernore, the
treatney BEmEAL et BetitimiRIdRRANS adlordehliGATRA TR LRCLIRRLAMLOEYSt em
(TTS), |ec g rg% pg{gs?g | e al %éeén]:%graacgo cgntlw : rel gg‘;g?ofé% hsgol

medi canergl ﬁosﬁg@f@nm lsnolvast tar exammie etablets or Eﬁp@l@&zbmeam of iR 0 916 336
A, EP Q 889 723 P 5 | i |
G 1 1 MkOps Fsptaris, R kerian dumpese pr HELGRL Ru B e Bl o e O
exanpl edrpelitorled ithpdetet 1A dieftthe aue.ﬁ b@n@%n@(ﬂﬂ.ﬂbéﬁ&f@%f&@.oﬁb%r@@@

20l nfusion solutions are in general used if a l'arger anmount of sol ution
or Qs péﬁmwnta@rth@mﬂ@pémﬁtﬁ aecargding tpithe ewentioe. It is fethad ﬁOﬁ$lb|tGetped.

Si nce, m‘fr?Qt‘er?r? rnte%l e tbHR AR ARG A9 T oI Pto Frelaf Whd bhticliat i 2" €
t %'Jf’ ﬁé ?ﬁségt|8ns, Qi er r?césﬁ‘

adm ni s case romthe

pH and Hrse@iséfae dwfmt)e@ abbe@sma@pr@brutata il treofbroroftiibesdmesseenplexésl i n t he
i njection do not make thensel ves notjceabl e or onI]y make 25t hensel ves
not i ceablENEENQT®. thasirgaimmeniHan kecamed\aut Pyrespreef @ & aﬁﬁﬂﬁr%@ﬁ@%@p@Ht'C

Dl uti ngéﬁ Qef §3°Wh%b?@s ESQQBQ' Pen [?%thg chHSlrEq ﬂeneé)%fm fheuse s

t herefo fal not necessar ase o ni st rati on of
rel &fi vaieﬂlctalngetsaﬂﬁﬁerare knbmma’meexampe,ffrmmﬁlPa(D Rda 398cAt PG 916 BB& A1,

that - anCh0 BBASR b b R HACERATEb oni ¢ Sol Ui on i 5 300Dt ai ned. An_exanpl o
of an isotonic solution is a 0 9% strength sodi um chl oride solution. In the
case of infusion, the dilution can be carried out, for exanple, using
st eri | elnjecton slitiens &re ing@eneratusediibonly aelabecly smaleamounts df@r seutombe, vi a
a so- Ca!sbsegensYc?n B¢ example about 1 to about 20 ml, are to be administered to the body.
20 Infusion solutions are in general used if a larger amount of a solution or suspension,
for example one or more litres, are to be administered. Since, in contrast to the
infusion solution, only a few millilitres are administered in the case of injection
solutions, small differences from the pH and from the osmotic pressure of the blood
or the tissue fluid in the injection do not make themselves noticeable or only make
25 themselves noticeable to an insignificant extent with respect to pain sensation.
Dilution of the formulation according to the invention before use is therefore in
general not necessary. In the case of the administration of relatively large amounts,
however, the formulation according to the invention should be diluted briefly before
administration to such an extent that an at least approximately isotonic solution is
30 obtained. An example of an isotonic solution is a 0.9% strength sodium chloride
solution. In the case of infusion, the dilution can be carried out, for example, using
sterile water while the administration can be carried out, for example, via a so-called

bypass.



WO 2011/ 023786PCT/ EP2010/ 062525 26 According to one preferred enbodi nent of
the different aspects of present invention, Cathepsin H, the derivative or
fragment wbeonsaR23an be used as an isol ated nol ecul e. | mcrher2@00t525  Of
this invention, the term"isol ated nodéecul e", especially with respect 5to
Cathepsin H, refers to Cathepsin H polynucl eoti des or pol ypeptides purified

f r om napgteldirptt 6@ pasfermed lenssodiment oeherdifiomsht Bepéctsof pﬁeﬁemur(vdnaolel n the
termpurified conprises a partial purification as well as a conp

puri fi c&Ethepsin héhedepwtive asiragmertdbataoch gap b@d-l‘%ﬁ?e@ﬁ ﬁﬂég%@teﬁdT‘?'ﬁGH'Ieeot i de
nmol ecul es and the 10purification of naturally occurring nolecules from
cells or tissue, as well as the preparation of cell- or tissue extracts is
wel | knbowinet corttéret gfehisamverftiosktHd term “isoéatedtmdleeeled,. aspealadlp witherespaaotdar d

literature listed below se ¢ ri se a oti des of
Hos: § outd BRSPS - (oo GERRsE 1 RabRUCEatieS AT PRuRsPIRES AU Famof & he
publi sh i uent
oA 1 ShagBETEN ot SRA APIRTIBUICAARH 41 aseaE e ATIhd AR

| i t er at comprises adpartalgwirification he \Acefolrasaatcorrfplepiemrﬁcaimv)ent ion, the term

"pol ypeptide" refers to a nol ecul e conprising am no acids bound to
eachot her by peptide bonds containing at |east 50 am no acids coupled to

eachot hqrhelme@arlahaﬁ@f ré@stRbihant QélVbébtidd drpmym@tﬁe@m Mol 2UBYERE O] ecul es

of this kind are referred to as peptides. The term"protein” refers to

mol &l euritieation efinagurally peagtringriaoleskigsdiam eelle pafissusuasouell aethe al so to

o cachpromsratee 5O AR iBa0d BRspRE 1 N BERM B BCBREStRrAoL B Rl do” "as

well. 2fseee.g.also the standard literature listed below).

These comprise e.g. amplifying polynucleotides of desired length via the polymerase
chain reaction (PCR) on the basis of the published genomic or coding polynucleotide

15 sequences and the subsequent cloning of the produced polynucleotides in host cells
(see e.g. standard literature listed below).

In the context of present invention, the term ,polypeptide” refers to a molecule
comprising amino acids bound to eachother by peptide bonds containing at least 50
amino acids coupled to eachother in a linear mode to form a polypeptide chain.

20  Shorter molecules of this kind are referred to as peptides. The term ,protein® refers to
molecules comprising at least one polypeptide chain but can refer also to molecules
comprising more than one polypeptide chains associated or bound to eachother.
Thus, the term ,protein® comprises the term ,polypeptide” as well.

25
30
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30 WD 2011/ 023786PCT/ EP2010/ 062525 27 Exanpl es: Materials and Met hods:
5Mouse strains used: Five different inbred nouse strains were used: AKR/J
(AKR), CBRODo{1@B89ss C3H HeJd (C3H), C57BL/6J (B6) and C5®cd/mpo&8le2shs ce were
obtai ned from The Jackson Laboratory x7Bar Harbor, Mg, USA). For these mce
strains it has been shown that 10they differ significantly concerning
sever al Examyple® neasures of pain (Mgil et al 1999) Total RNA Isolation:
Total RNA from DRGs (dorsal root ganglia) was isolated with the PicoPureTM

RNA | so | i rus) followi ng the manufacturer's instructions. RNA
qual i ty%%ﬁﬁgggge“gég@tdg'si ng the 2100 Bi oanal yzer and RNA 6000 Nano

LabChi pTM kit (Agilent). Affynetrix GeneChi pTM M croarrays: First-strand
cDN® sy Mauwsei sdrajigsusrd:f or ned using 500ng total RNA with a 100pM T7- (dT)24
ol i gonmer ( GGCCAGTGAATTGTAATACGACTCACTATAGGGAGECGG dT24 20SEQ | D NO 14)

accordi to _Baugh, L.R Hll, A A, Brown i d er, C P, 001
ol e ¢ P d5SReY Mosg Niosisessiteias peresnpep AR HARDRD CBRbGRA, Castrie)

fol |l ow y §5lan t 5 S

syt hest e T B B e e Sl an

et hanol Lpbeatqiyt(Bar blarisere ME AISARh Rartthese macessiraipsiitdmas leeen slhowndsat
performed w.t.h the _doubl estranded cDNA.25sanpl e using the, Bi aArray H.gh

et & RRdey LB EEREH BaieRG SeverIERyBp Receitan ag rel NS EfAT gl er - s
i nstructions. Transcription reactions were incubated at 37C for 16h. cRNA

was pur ifi [ : RNeasyTM M ni kit (Q agen) protocol for RNA cl eanup
and quaﬂjta?%el\l!ﬁtl)gﬁ/&%%s}gect rophot oneter. The biotin-|abel ed cRNA was
f r agnenTethl RNAdom BRGS (dsaimbat gang|ta) Was isoResdvitithe PicoRuae B! RBPOMV
K
e, Isolation Kit (Arcturus) following the manufacturer’s instructions. RNA quality was

15 assessed using the 2100 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-dTa4

20 SEQID NO:14) according to Baugh, L.R, Hill, A.A., Brown, E.L. and Hunter, C.P.
(2001) Nucleic Acids Res. 29, €29 and SuperScript || 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

25 sample using the BioArray High Yield RNA Transcription Labeling kit (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 a RNA fragmentation buffer (200mM Tris-acetate, 500mM KOACc,

30 150mM MgOACc, pH 8.1). Hybridization and staining of Mouse Genome 430 2.0
GeneChips™ (Affymetrix) was 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 Biosoftware).

35



30 150mM MgOAc, pH 8.1). Hybridization and staining of Muse Genone 430 2.0
GeneChi psTM (Af fynmetri x) was perfornmed according to the manufacturer's

I nst ruct iwoR11i0287861 cr oar rays were scanned usi ng a CGene@urEPMi18068325canner,
and the scanned data were inported ams$ anal yzed usi ng Resol ver v5.1
expression data anal ysis software (Rosetta Biosoftware). WO

2011/ 0283 8pirfal neRa it KTtioAmdBsHem spidiedl precaduresansecti on and sham
surgical procedures: In anesthetized mce, the left L5 spinal nerve was

exposed mAvesthetizechmisee the 195 b2 sainalnervenkas papases a7d EFRYETSE t er
separ at PFB?:eEE%EsI fh Qm‘brﬁéﬂyf‘rt%lgncﬂ%g\’&t& BEpLr2tidR ifRh gféfl’_x %B}@?‘T nbAAHREE -

Sham sufgery was | I ca sprnal” nerve ans on surgery,
however spinbendéiyespasithnsentee. Seamrsotrgényanss idieaticdlte eh®ebepired! narve 2000) . .
Det er mi pati on. of paw w t hdr awal reshgl d: Paw wi t hdrawal threshol ds (PW's)
wor & asSauselichs RGeh HoNGED i hshel oot RS Mohdrareqeddoes D egrety)
2005) . ﬁq‘_tngogpcl imation in a conpartment with nmetal mesh floor, the

stinmul ator was positioned under the animal's hindpaw, a straight netal
filament driven by an el ectrodynam c actuator touched the plantar surface

and exerted an_increasing, upward force until the animal renoved the paw

(paw wi g@@v@?t'cﬂm?g@%\%Iv\gghdgi’)ﬂ‘?ﬂhm?%re assessed for hindpaws of the

15i psi | g @lthdrame ﬂir@ghéldQ?PWTT%l)QiFeerﬁssé@ﬁd 85iAb e &narhidplaftaeh ani mal was
n a

used at one occasion only. ani mal experinments the ethics guidelines

f or 10 nvassingaomeier (seecozang @tu@ a%%ﬂﬁeméﬁ@if’@@i@biﬂl,a agmpartqus\t M&@dur es
ver .o Ret gblE he SRl s RS- SRER Al SRRl = T
ner vet r girsighc hdalaameht dihamigy anigedtiodypakdic actbatormbetieed the plantar
surface and exerted an increasing upward force until the animal removed the paw
(paw withdrawal threshold, PWT). PWTs were assessed for hindpaws of the
15 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
conscious animals were obeyed, and the procedures were approved by the local

Ethics Committee

20  Correlational analysis:

For correlational analysis, the “pain phenotype” was defined for each nerve-
transsected animal (Chung animal) as C1 — S7, where

C1 = In(ipsilateral PWT / contralateral PWT) and

S1 = meanajy sham animals within same strain IN(ipSilateral PWT / contralateral PWT).

25  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 a specific gene and Chung animal as /n(C2/ S2),

30 where C2 = Chung expression intensity and S2 = meanay sham animals within same strain
Sham expression intensity.

Before correlations were computed, the set of genes was filtered to 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



C = In(ipsilateral PW / contralateral PW) and S1 = neana sham ani mal s
within sane strain In(ipsilateral PW / contralateral PW). 25Two neasures
of differwot2oalo2sTsanscri ptional regul ati on were defi nedptomEre@oheiEhsing

ani mal and each rreasured gene based a? its intensity expression data. The
"raw intensity neasure" was taken as the intensity neasure conputed by the

Resol veanetigbres If(ﬂﬂ dﬂ@hge&ﬁw yor i sbbyer0 (of Thlingfarimialewltie spesisolge gene
and aninmal. The ' rati o measure” was conputed for a specific gene and

Chung afaléehange I—ﬁ@@ Alsg0rresponFingeIRne eXTREHEN Hesr e deteriabidisi ty and

Before @@rre@pmgw\ﬁe@?%\ghm%lgﬁﬁg%?; {%@r?é@éwa@ﬁ?hfpé}ragﬁﬁgldgﬁc| ude

genes ht RFatrsuer «at)rﬁeda1nc§ilsé ls@eﬁlgllehts/\foneasle gle?egjet\&eeln \the: bgmtpkmr;gxtyp‘m: s?asrtgggh u ?g
am req t i,gi bl e genes nust .be re ed in a % 0

Ghurky aAMHEre ahth defiees Hepeosdn tﬁ@ﬁt@ﬁ@@%‘ﬂ@%é@@ﬂwrsﬁogb@ﬁﬁipémg

fol d chanor so?’t%/va'?e‘E)racké‘gé1 ht &pr/i’cgéct% gBééVédTBh %he‘%}é %ig plute

f ol d- change =>2. orrespondi ng gene expression det ect abl e
(" pr eseantatiptical smmm@eme and/@)reeapmldmgablsﬂaedlsnewbmya@sr(éﬂ%ﬁtwere intensity

p- val ue 001. . Pearso corr el ation coeffi Gl s~for e en the
bai'n pharoeiAre earid e o Rralslal i restts BRdORAD QELAGE onal
regul at jgg ris MeeRURNRHinishdly rhBgsRes Qfefré\/@bﬁs@éﬁé@aﬁgnlﬂcantly correlated.
(http://wmv. r-project.org/). Based on these, p-values of statistical

sig fi cance and correspondi ng fal se-discovery rates (FDRs) were generated
fol | ow th Storey et al. (2002). Genes with FDR< 0. 05 under
"l og rapggé&igﬁr e'g PJS intensity nmeasure" were considered significantly

correl aFgfire 10 Legembp‘sm HheCbirgtatien: P16t gure 1: Cathepsin H - Correl ation
Plot Figure 1 shows for every individual nouse its neuropathic pain
phenot yg@l{r fecHaior engpeindividyal mausg, 'ts)@%!%%?t%ﬂa'ﬂ@%ﬂ%pondl ng gene

regul at ( axis) in
[ haUL 2" ot ca Ry 13 Hriddh b bBnd YRR Rlton of &1 ©)
Peat s onCathepslirmt (tog eatel @busg hasSheremqmﬂoi)onBds)amdhe &bdalRed I\/tousegjatﬁl cant
positive correlatlon of the two paraneters enotype and Cat hepsin H
Gene. r o8 SPPORCOYE SeRRARIED Br B SED I, A E8SaR-GoTT S Bar BRRVSBIER S DRG
expr essp@agn %terfs%eeréﬁurrevgé@d %QSm@QﬁF&ﬁtﬂ/é‘wwﬁﬁéﬁbﬁh%%ocﬁeﬁéﬁ?eteﬁshe
nmore pronounced the mechanical hyperalgesia as exhibited in th

pain phenotype and Cathepsin H gene regulation. This means for |nd|V|duaI mice that

the higher the L5 DRG expression of Cathepsin H in Chung-operated neuropathic

20  mice was, the more pronounced the mechanical hyperalgesia as exhibited in the
behavioral test.
This significant correlation indicates a causal relationship of Cathepsin H gene

expression for the induction of the neuropathic pain phenotype.

25
Figure 2: Cathepsin H — Intensity data
Absolute values of Cathepsin H expression in L5 ganglia of the individual mice of the
strains AKR, CBA and C57 after chung or sham surgery.

30 Figure 3: Genomic DNA sequence of homo sapiens Cathepsin H on chromosome
15 according to NCBI Reference Sequence: NG_009614.1 (SEQ ID NO. 1).



behavioral test. This significant correlation indicates a causal

rel ati onship of Cathepsin H gene expression for the induction of the

neur opat hwo 2pain3meenot ype. 25 Figure 2: Cat hepsin H - | pCemrphity/oczts
Absol ute val ues of Cathepsin H expres®ion in L5 ganglia of the individual
m ce of the strains AKR, CBA and C57 after chung or sham surgery. WO

2011/ ozswew&m%m&»mm gaipiend Caloehbgig HoeauseHpe vafiahtoSEapi ens
Cat hepsin H transcript va according to NM 004390. 3

havi ng P INGYgY Reerdingoio Wﬁﬂd%@\édbﬁww @H@Wgté@éﬁ%mmdﬁm@@ Ingcfighepsi n
var i ant SUEEETE RS SRS g To N 14679, 2 having & | ength of 1458 bp
and encodi ng the shorter isoformB of Cathepsin H According to the above
Mo oo SIS 585 el b B g Lo B o™
conpar eﬂDND'gZ?Eé’ér% WW"?%QYQ@W?Wéng{ﬁrdfa}%sjo%]edwdTﬁan ] heesul t in

a protein (1 orm B)” that Thay nore a secre ysosonal
pr ot ei nsFo@emeo’@rmdb@lf ﬁ‘@tfmqalrehlcé\coordhngtoﬂhwoabm@ &Bihepty nthis ((SERrPD NO. 4)

accordi ng o} ng hm§m06%8 1. 15 Figure 7: human the in. H proteln
sequencé drl s ete B S e en G "EﬂB@@é‘éo‘@é@“ ’}gl{b rising
335 am BRomé&r ﬂ@t@ﬁfé.s@fﬁ?m B} thﬁgzoh%réd wrﬁm@nddd@arby@aémjﬁ@t Qarthnt

(|soformA% This sequence is furt eriﬁtocessed into a mature form it is

cl el¥edli Mbis mag resll iovd p@tgndiseiars Briah epry more hikely bermbecretathdigsian H 20

heavy c in Hlight chain (light and heavy chain together nay be
referrenggomgif} g@ chain); all chains are held together by disulfide

bonds. Am no Acids 1-22 constitute the signal pepti de (22 aa long), am no

acids 23-97 constitute the activation peptide (75 aa g;}\)l am noaci ds
98- 105 E#NEE0: GPRINGIREOEENAR 06 MYSHNKHPEHIUE fathersn ’5';3(3'%9@5) Qi) Rscading

106- 115, cfﬂ@f%]letn& é@@Gé’f peptide (10 aa long), ami no acids 116- 25335
u

constit epS|n 1ong chain (220 aa | ong) consisting of the heavy
andl$ight chain held together by disulfi de bonds, am no acids 116-292
A SR L A I RN IT  CE E e
P09668 (SEQ ID NO.5) comprising 335 amino acids and constituting the preproform
of Human Cathepsin H (isoform A). This sequence is further processed into a mature
form; it is cleaved into the following 3 chains: Cathepsin H mini chain Cathepsin H
20  heavy chain, Cathepsin H light chain (light and heavy chain together may be referred
to as large chain); all chains are held together by disulfide bonds. Amino Acids 1-22
constitute the signal peptide (22 aa long), amino acids 23-97 constitute the activation
peptide (75 aa long), aminoacids 98-105 constitute the Cathepsin H mini chain (8 aa
long), amino acids 106-115 constitute the propeptide (10 aa long), amino acids 116-
25 335 constitute the Cathepsin H long chain (220 aa long) consisting of the heavy and
light chain held together by disulfide bonds, amino acids 116-292 constitute the
Cathepsin H heavy chain (177 aa long), amino acids 293-335 constitute the

Cathepsin H light chain (43 aa long).

30 Figure 8: Human isoform A prepro protein according to NM_004390.3 (SEQ ID NO:6;

translated amino acid sequence of SEQ ID NO.2).

Figure 9: Human isoform B prepro protein according to NM_148979.2 (SEQ ID NO:7,;

translated amino acid sequence of SEQ ID NO:3).



30 Figure 8: Human isoform A prepro protein according to NM 004390.3 ( SEQ
ID NO 6; translated am no acid sequence of SEQ ID NO 2). WO

2011/ 023A86RGI/EPZ010/ 062525 31 Figure 10: protei n sequenTEPaiiosaFRN

Cat hepsin Hisoforma preproprotein aacording to NP_004381.2 (SEQ ID NO 8).
5Figure 11: protein sequence of human Cat hepsin H isoformb precursor
protein according to NP_683880.1 (SEQ ID NO.9). WO

2011/ 023786PCT/ EP2010/ 062525 32 References; DeLeo JA et al (2000)
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Literature for standard laboratory methods

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

20  Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual. Second edition.
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Current Protocols in Molecular Biology; regularly updated, e.g. Volume 2000; Wiley &
Sons, Inc; Editors: Fred M. Ausubel, Roger Brent, Robert Eg. Kingston, David D.
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Standard Literature for Laboratory Methods:

If not indicated otherwise, laboratory methods were or can be performed according to
standard methods listed in the below standard literature:

30
Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual. Second edition.
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY. 545 pp or Current
Protocols in Molecular Biology;



209. The use of a Cathepsin knock-out cell as a nodel systemfor |owered
neuropat hic pain sensitivity. 10.The use of a cell heterol ogously

expr essi ngoaorpsmsser gene expressibly linked to the CarbegeRonoldsyzeonot er
and/ or enhancer or a functional fragment thereof for identifying or

anal yzi ng conpounds that nodul ate neuropathic pain. 11.A nethod of

i dent i f Yun@no Pretaadlgzn Molemﬂpﬂlmtsg(}rmdgulatly ngdard, elg. Maw@Bta000; gekii opat hi c
i sing the steps Pr ovi east two sanples; 9. Contacting
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t her eof \gv}dﬂDaw%pgoyédgema “E)th A1 Sidg ggma%ﬁ,uml ty of Cathepsin Hin

t he presence of conpoun rmning the activity of Cathepsin Hin the
absence of conpound, and j. conparing the activity of Cathepsin H accordl ng

to ¢ th that accor.d 12. A thodfor den n
compbun{FSTERAE HBAGIR VAR SIensHiEs REUIaHE URAAIPE o6 So WP EROB 30 dER L o5 35
neur 0paligy REohSCHEDEGRHRINEnolEDT! THEbAIR HEHNRAP LIHEIrBEO BRI R Korl

functional “fragment or derivative thereo a test conpound; and

Det er m Qiynthiake ti@nton, Hehristise ko dsgidmad, dﬁu&@gmnt Peuglasi Ri Smltbf t he

Cat hepsin H protein or functional fragnent or derivative thereof.

13. A Method for identifying or analyzing conpounds that nodul ate and/or

prevent ClPrew Pepdtbisin m&bt@wsmérnlcél f@uléﬂy GsaHteg é govaluped QOOBVFUdHh has a
detectabl e anpunt or activity of Cat hepsi'’n H or of ~a functi onal Vmgmsnt or

der 1¥at Wl@yt&]&O@@f InopFdioes: debn B érhigandBen M.pauri.rHlidoad . ieegie Davie VW .est
corrpoyn% % If Ede the amount or activity of Cathepsin H or the
R Pt P

functio I'vative thereof present in the cell.

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 (1995), Editor: A.L. Joyner, IRL Press
Remington’s Pharmaceutical Sciences, Edition 17, 1985.
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14. A nethod for identifying or analyzing conpounds that nodul ate and/or
prevent neuropathic pain conprising: a. Contacting a nucleic
aci d codiwg 20owo237s€at hepsin H protei n or a 20functi onal ptragpos0ioc3Ls
derivative thereof with a test conpowtd in a transcriptionally active
system and b. Determning the amount of nRNA coding for the Cathepsin H
prot ei n@aimshe functional fragnment or derivative thereof present in said
systemin presence of said conmpound, and c. Determ ning whether the

d i bl f dul.at i .t he. t of nR di f t he .
Cat hopsin Tt piBecish SCATRRYNShET LR COGPE o ae: HedPLs BRUIaRAtS o
system 15p#innet hod for identifying conpounds or anal yzi ng conpounds t hat

modul at e and/or prevent neuropathic pain conprising: 30a. Providing a cell
transf ect ed viihenuse ofie hehduaardtraesgeasic soimalinsterglagesisiy exasessingf a

Cat hepsin H : neti.onal fr t 0 tionall dto
ot hene o, " SeRein ) [HAGAIRb o ZERTR o FES o gt MacRhab neutsiRhe
2011/ 023786P@aIzP2010/ 062525 39 b. Providing a cell transfected with a
control vector which conprises a reporter gene or a functional fragnent

t her eof no®- Uéierpeopict BONBWANIY trapsgarielantne alerolaaswaly @raeysdn H

ter: hogk v L di
Po’ay and by GaToneTsa88 mofe A% Hr SERCRE dethpafle Sdif seigtvARCCr ¢! Mo
repoot er gendhaaisevofty nof-huinearc€hthepsiroHdinogktout ahiraaldobjdentifyddggence of t he

test conpound. 16, A nethod for identifying or apalyzing a conmpound that
modul at es ne@ P& %O’BB?W%%W@F m%téd@ r@%"l‘tg@tﬁ B- a conmpound t hat

nodul ates £&h i Vi _ i ; S
3 Qh%cdé(? dt>fte§}5’{18ifg Qmmuﬁggtﬁbdé.@ﬁ khocRdut SRR, rq?cgqa gglstr?rr% for

Adm ni stering sal to a subject 1 n sensatio
det er mi ne whétvmenedtrisurppathid gainseobdividyl. 17. A met hod of identifying or

anal yzing & compoungt & B3l noRAL3HGy Besily EEFERME S PRSH2 " 10 2
fragment thereof for identifying compounds that modulate neuropathic pain.
7. The use of a cell heterologously expressing Cathepsin H or a functional
fragment thereof as a model system for enhanced neuropathic pain sensitivity.
8. The use of a Cathepsin knock-out cell for identifying or analyzing compounds
that modulate neuropathic pain.
20 9. The use of a Cathepsin knock-out cell as a model system for lowered
neuropathic pain sensitivity.
10.The use of a cell heterologously expressing a reporter gene expressibly linked
to the Cathepsin H promoter and/or enhancer or a functional fragment thereof
for identifying or analyzing compounds that modulate neuropathic pain.
11.A method of identifying or analyzing compounds modulating and/or preventing
neuropathic pain, comprising the steps
f. Providing at least two samples;
g. Contacting one sample containing Cathepsin H or a functional
fragment or derivative thereof with a compound,
30 h. determining the activity of Cathepsin H in the presence of compound,
i. determining the activity of Cathepsin H in the absence of compound,
and
j. comparing the activity of Cathepsin H according to c) with that
according to d).
12.A method for identifying or analyzing compounds that modulate and/or prevent



a. Assaying a biological activity of Cathepsin H or a functional fragnent
or derivative thereof in the presence of one or nore test conpounds to

i denti fy woeonro2zemsse nodul ati ng conpounds that nodul at e pClrEprbitoloemieal
activity of Cathepsin H, and 20b. Tesi8si ng one or nore of the nodul ating
conpounds for their ability to reduce pain, pain sensation or pain
sensitivity NGUECRAIRICAAIN comprising:

c. Contacting a Cathepsin H protein or
functional fragment or derivative thereof
with a test compound; and

d. Determining whether the test compound
modulates the activity of the Cathepsin H
protein or functional fragment or
derivative thereof.

13.A Method for identifying or analyzing compounds that modulate and/or prevent
10 neuropathic pain comprising:

a. Contacting a cell, which has a detectable amount or activity of
Cathepsin H 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 of Cathepsin H or the functional fragment or derivative
thereof present in the cell.

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

neuropathic pain comprising:
a. Contacting a nucleic acid coding for a Cathepsin H protein or a
20 functional fragment or derivative thereof with a test compound in a

transcriptionally active system, and
b. Determining the amount of mMRNA coding for the Cathepsin H
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 MRNA coding for the Cathepsin H protein or functional
fragment or derivative present in said system.

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

and/or prevent neuropathic pain comprising:

30 a. Providing a cell transfected with a nucleic acid vector comprising the
promoter of a Cathepsin H gene or a functional fragment thereof
operationally coupled to a reporter gene or a functional fragment
thereof:
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b. Providing a cell transfected with a control vector which comprises a
reporter gene or a functional fragment thereof not being operationally

coupled do a functional Cathepsin H promoter;

c. Determining the reporter gene activity of the cell according to a) and

b) in the presence of a test compound;

d. Determining the reporter gene activity of the cell according to a) and
b) in absence of the test compound.
16.A method for identifying or analyzing a compound that modulates neuropathic
pain comprising
c. Selecting a compound that modulates the activity of Cathepsin H as a test
compound, and
d. Administering said test compound to a subject in sensation of pain to
determine whether the pain is modulated.
17.A method of identifying or analyzing a compound that modulates and/or
prevents neuropathic pain in a subject comprising:

a. Assaying a biological activity of Cathepsin H 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 H, and

b. Testing one or more of the modulating compounds for their ability to

reduce pain, pain sensation or pain sensitivity in a subject.



