WO 03/ 066822 PCT/ US03/ 03554 TRUNCATED AGGRECANASE MOLECULES RELATED
APPLI CATI ONS [001] This application relies on the benefit of priority of
U. S. provwseiodmeds22 pat ent application Serial No.: 60/ 354, 522T/USag03s8t i r e
di scl osure of which is incorporated by reference herein. FIELD OF THE

| N\VENTI ON [ 002] The FRUYNCATED AGGRECANASEMOLEOPLEsScovery of truncated
aggrecanase nol ecul es, processes for produci ng them and net hods enpl oyi ng

these nolecules to devel op inhibitors to aggrecanase enzynes. The invention
further RELATED ARRIAGAT pnment of inhibitors of, as well as antibodies
to, aggrecanase enzynes. These inhibitors and antibodi es may be useful for
the treatnedPObF This ppplcaiiggrrelies an dhebenelitafgiodtynali i ovisiohati ng
osteoarthritis. BACKGROUND OF THE | NVENTI ON [ 003] Aggrecan is a nmjor

ext r acelpaiérirapplicptiore Serialfl Nar: 603849592, ahé ieh@gedistlosuissoPwhichtigogl ycan
responsi ble for providing cartilage with its nmechanical properties of

conpr esghddrpbtate@ s refersideChépgin. The | oss of aggrecan has been inplicated in
the degradation of articular cartilage in arthritic diseases such as
osteoarthritis. _}004}‘l Osteoarthritis is a debilitating di sease which
affects L | TION Anericans (MacLean et al., J Rheumat ol
25:2213-8 (1998)). OCsteoarthritis can severely reduce quality of life due
to degradati d002f Thet presealrinvention medetearta thddiscoesyidfitmmeatydoni ¢ pai n. An
early and inportant characteristic of the osteoarthritic process is |oss

of aggr eggnedanaFetmeleeilcs AeRIckses forprbducit@iEm ! am fhdriddd 8mpldvaidiogenesi s
of Osteoarthritis, in Tex?%ook of Rheumatol%gy, WB Saunder's mgor}']?)rgadr"]y,
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further relates to the development of inhibitors of, as well as antibodies to,

aggrecanase enzymes. These inhibitors and antibodies may be useful for the

treatment of various aggrecanase-associated conditions including osteoarthritis.

BACKGROUND OF THE INVENTION

[003] Aggrecan is a major extracellular component of articular cartilage. It
is a proteoglycan responsible for providing cartilage with its mechanical properties
of compressibility and elasticity. The loss of aggrecan has been implicated in the
degradation of articular cartilage in arthritic diseases such as osteoarthritis.

[004] Osteoarthritis is a debilitating disease which affects at least 30
million Americans (MacLean et al., J Rheumatol 25:2213-8 (1998)). Osteoarthritis
can severely reduce quality of life due to degradation of articular cartilage and the
resulting chronic pain. An early and important characteristic of the osteoarthritic
process is loss of aggrecan from the extracellular matrix (Brandt and Mankin,
Pathogenesis of Osteoarthritis, in Textbook of Rheumatology, WB Saunders

Company, Philadelphia, PA, at 1355-1373 (1993)). The large, sugar-containing



portion of aggrecan is thereby lost fromthe extra-cellular matrix,
resulting in deficiencies in the bionmechanical characteristics of the
cartil agewO[030&82A proteol ytic activity terned "aggrecana®P€T/uise3/mss4 eved to
be responsible for the cl eavage of aggrecan, thereby having a role in
cartilage degradation associated with osteoarthritis and inflamrmatory
joint disease. Research has been conducted to identify the enzynes

r esponspbhidnl HradghEcartiBahaddl/ |Gt fRim IO eREaEellMah HiEx Gt alAg Ik i ti C
cartilage. Aggrécan contains two N-term nal globular domains, Gl and &2,

separ at gge g e LEd Ve d r domain, followed by
a gl ycoggfr'r'\lj %%g?girgfrp%gt%l%@g&ﬁ%ﬁ%ﬁaf@ﬁééﬁeﬁ%ﬁa&glﬁ{e '?:I g?@%@%l gl obul ar donai n,

G3. At least t nz i.c cleavage sjtes have been identified within the
i nt er gl obul aﬁoo\é’\gn&m\é%ﬁﬂﬁﬂc‘fgﬁ?&@@ @ggmqa@edsgég}@aga WQiPfe within the

i ntergl obul ar domai n of aggrecan (Asn341-Phe342) has been observed to be
cl eavedraspossible far the sleavage of pogimcenetisseby bpvRa s fpletn eartilage Biol  Chem
267:1008- 14 (1992); Fosang et al., Biochem cal J. 304:347-351 (1994).

C eavagdegtadatior @ssdciatpgrwittaosieoasthetie and irflammbtory fojgt diseasg.d u373- Al a
874) due to IL-1 induced cartil age aggrecan cl eavage results in the

gener at RgBeffchaths BEEH esfuctéRRIBhtIfyHB @rizdndireBpsikieeifaf tid ui d (Sandy et
al., J din Invest 69:1512-1516 (1992); Lohmander et al., Arthritis Rheum
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[006] Recently, identification of two enzynes, aggrecanase-1 (ADAMIS- 4)
and aggiréergieiidardgmainfofowed)by,p QNWS@W@OQW‘@%%WWWQ'OQ@ WO
03/ 066822 PCT/ US03/ 03554
C-terminal globular domain, G3. At least two enzymatic cleavage sites have been
identified within the interglobular domain of aggrecan. One enzymatic cleavage
site within the interglobular domain of aggrecan (Asn*'-Phe®?) has been
observed to be cleaved by several known metalloproteases. Flannery et al., J Biol
Chem 267:1008-14 (1992); Fosang et al., Biochemical J. 304:347-351 (1994).
Cleavage at a second aggrecan cleavage site within aggrecan (Glu®"*-Ala®"*) due
to IL-1 induced cartilage aggrecan cleavage results in the generation of an
aggrecan fragment found in human synovial fluid (Sandy et al., J Clin Invest
69:1512-1516 (1992); Lohmander et al., Arthritis Rheum 36: 1214-1222 (1993);
Sandy et al., J Biol Chem 266: 8683-8685 (1991)). Aggrecan cleavage at (Glu>"-
Ala®*) has been attributed to aggrecanase activity (Sandy et al., J Clin Invest
69:1512-1516 (1992). This Glu®"-Ala®" cleavage site will be referred to as the
aggrecanase cleavage site.

[006] Recently, identification of two enzymes, aggrecanase-1 (ADAMTS-

4) and aggrecanase-2 (ADAMTS-11) within the "Disintegrin-like and
2



Met al | opr ot ease wi th Thronbospondin type 1 notif' (ADAMIS) fam |y, have
been identified which are synthesized by IL-1 stinulated cartilage and

cl eave agyoesaens2at the G u373- Al a374 site (Tortorell a et par/usoBeisenhce
284:1664-6 (1999); Abbaszade et al., J Biol Chem 274: 23443-23450 (1999)).
Aggrecanase-1 is reported to include at |east six domains: signal;
propeptide; catalytic; disintegrin; TSP type-1 notif and C-term nal.

AgQr ecanssticprofeadeswitt TREGrhb&§IBRdh t@/rlp@tﬂribtif'l (ADAVTS)Parhid halve diaye a

si gnal sequence; a prodonain; a netalloproteinase domain; a disintegrin
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aggrecanase-1 to the | ycosam nogl ycans of the aggrecan substrate." See
Tor t or elef al.ed Bigl Chem 24 63468 25466 41499)).9899TecR0635-1 6 reRORem ierp] at od
that there are other, related enzynes in the ADAMIS famly which are
capabl e imdfludd ebleastsiagpnesins: signalheropepBds-adtalyBd:disiotedyringa i@ Pctyped
contribute to aggrecan cleavage in osteoarthritis. It is possible that

these emgatiFemdOUsinihgl. SXGgrReahassi2hy apdtLArItidbMAINQroteMmNIt# Fdpotedr
cartilage. However, it has been difficult to develop inhibitors and

t t i t i i . |
reat meng h%b@%@%@%ﬁeﬁgéé@%eae R%o‘?f@ﬁ,sa H@%ﬂlddﬂﬂ nﬁ'se ey cl eavage

because aggrecan I'cu 0'1S0 and purify in large

anounts due to poor .stahbility of thes nol ec a ne |y | ow

expr oss 0B REMa el pedod ot BenV Rl 15 R AR TR for s of
aggrecanases and further devel op ways to isolate and urify_aggrecanase
pr ot ei ngNGtH in Higye-termingl of the Rrokip. ﬁd@%%‘%‘?ﬁa{%@@“?‘t‘@ atfeTeR 3 wo

03/ 066822 PCT/ US03/ 03554 disease states and al so to devel op therapies and
conposi tdooraing end thaspaceradanain are critical for substrate recognition. Specifically,

Tortorella et al reported that "[T]his region may serve to bind aggrecanase-1 to the
glycosaminoglycans of the aggrecan substrate." See Tortorella ef al., Science
284:1664-6 (1999).

[007] Itis contemplated that there are other, related enzymes in the
ADAMTS family which are capable of cleaving aggrecan at the Glu*"*-Ala®"* bond
and could contribute to aggrecan cleavage in osteoarthritis. It is possible that
these enzymes could be synthesized by osteoarthritic human articular cartilage.
However, it has been difficult to develop inhibitors and treatment therapies to treat
diseases that involve aggrecan cleavage because aggrecanases have been
difficult to isolate and purify in large amounts due to poor stability of these
molecules and generally low expression levels. Therefore, there is a need to
identify novel forms of aggrecanases and further develop ways to isolate and

purify aggrecanase proteins in large amounts in order to investigate their role in



i nvol vi ng aggrecan cl eavage. SUMVARY OF THE | NVENTI ON [ 008] The present
invention is directed to truncated aggrecanase proteins and variants and

f ragnment swoheest2 nucl eoti de sequences whi ch encode truRCAUSA3/@856+ ecanase
enzynes of the invention and fragnents and variants thereof; and processes
for the production of truncated aggrecanases. Truncated aggrecanases of
the invention are biologically active and have greater stability and

Hlen . . . !
I gher .&g%s%sﬁ‘aﬁ%eéﬁ 8§k tb @%‘s}??gf’chéraf d ah@ BS@@OEF%WS% Pifat diseBeS

specific vent1 on ures truncat aggrecanase-1 and

aggr ecanase- 2 enz%rres lt hat are nore stable and show hi gher |evels of
expr essIEAVINRAPF I PERYES® aggrecanase-1 and aggrecanase-2 enzynmes,
respectively; nucleic acid sequences encodi ng truncated aggrecanases-1 and

2 of thsyMMARY or BN INVEAOMON s and variants thereof; and nethods of
producimg truncated aggrecanases 1 and 2, or fragnents and variants

thereof. | OgggsLnrwsre%@hvagﬁﬂén id dirstead &sltragesteaaRFesatisel fretdify ent i on

conprise ag canases that have at |east one TSP domain del eted. |In another

mbodi Lo dor _
eTo0c B o EHOSRLA SIS TGRS bl FeRBLLUSATBAIR, 200t ccanases
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subsequently cl eave aggrecan, truncated aggrecanase proteipns of the
i nvent i bereafeand prasgisses for-the roductigasyfitiuncatad-ag@ecanagere biunestad Tsp
domains in the proteins. 4 WO 03/066822 PCT/ US03/03554 [010] Truncated
aggr ecanggresandsdsef thevreention arebéolggiealeactivesdnd haye greptenstabiiRpr essed at
hi gher | evels conpared with the full-Iength aggrecanase

and higher expression levels than their full-length counterparts. More specifically,

the invention features truncated aggrecanase-1 and aggrecanase-2 enzymes that

are more stable and show higher levels of expression than full-length

aggrecanase-1 and aggrecanase-2 enzymes, respectively; nucleic acid

sequences encoding truncated aggrecanases-1 and 2 of the invention and

fragments and variants thereof; and methods of producing truncated

aggrecanases 1 and 2, or fragments and variants thereof.

[009] In one embodiment, truncated aggrecanases of the invention

comprise aggrecanases that have at least one TSP domain deleted. In another

embodiment, truncated aggrecanases of the invention comprise aggrecanases

that have at least two TSP domains deleted. Although, TSP domains in

aggrecanases have been thought to be important for substrate recognition, and

therefore, for the ability of aggrecanase to recognize and subsequently cleave

aggrecan, truncated aggrecanase proteins of the invention are biologically-active

despite deletion of one or both TSP domains in the proteins.



proteins, thereby facilitating isolation, purification, and use of
aggrecanases of the invention in the devel opnent of inhibitors and

t her api eswbaps/otasent nent of di seases. Accordingly, in onepPemtusdi/osst, the
i nvention conprises nethods for producing |arge amounts of purified
truncated aggrecanases that nmay be used for devel opnent of inhibitors and
treatnent therapies. [011] The invention further includes conpositions

conpri sing t a AYBEGRARESePbf tHRSNVEMRIH | Bilitysatsd
conpositi ons[%ﬂ(;r'r} 't:rﬁ&ejncdevel g%rrent %f I nhi B{i/tors %%ﬂyéa%ﬂgééﬁgsels for

treatne o | < ' 1 k9. L1 the invention
I ncl udegFeng%(%%gé&?%rFﬁlldggﬁ[%ﬁ%’ﬂg%%%g\é@@moépf@deb%i %ygéés%gf aggr ecanase
whi ch bl ock. the enz ‘s activjty. The.invention al so includes tibodi es
Lo 1 hesBRURPNISToo e GiasisHIaER: PURISAUER AR LS o5 eonthadason el Mebl ock
aggrecanase activity. These inhibitors and antibodies may be used in

var i ousiryestior imihe denalepnest efgnhibiters anrtthesapiesdan reatment vhdiseeseszed by
the degradation of articular cartilage. In one enbodinent, inhibitors are
pept i de Acuoréiaglye in oheentbiatimeny tree ivestisn chbopRised methods értprodugingvi des

am no aci d sequences of biologically active truncated aggrecanase

ol ecul pigé Ratodiy of BuRREETruséaBH ldggyesemaras eidatvhal behsedffat | - | engt h
aggrecanase protein. [013] In one aspect, the invention features

bi ol ogi gal oAt YeidHibIRTaY Qtre%%éﬁfﬂ‘fé‘?‘éﬁég nol ecul es that have at | east

one TSP gomaPn depe{ edl,&l sucﬁ as a protein with an am no acid sequence from
' id # t.h h ] NO. agi #753 (4 f SEO | D ; f

i no aci d_#1 Unahe EHASRAHCHRPRBCERs DM ErnsBapiiteanketesos! 03554

(Pro) of SEQID NO 6; and fromamno acid # 1 (Met) .through amno acid #

628 ( PREgresengses pithadnventiamand Hee o s4ch gampesiieenfer wﬁqu%/@iqpm% udi ng

substitution
of inhibitors of aggrecanases for treatment of diseases including osteoarthritis. In

addition, the invention includes methods for identifying and developing inhibitors
of aggrecanase which block the enzyme's activity. The invention also includes
antibodies to these enzymes, in one embodiment, for example, antibodies that
block aggrecanase activity. These inhibitors and antibodies may be used in
various assays and therapies for treatment of conditions characterized by the
degradation of articular cartilage. In one embodiment, inhibitors are peptide
molecules that bind aggrecanases.

[012] This invention provides amino acid sequences of biologically active
truncated aggrecanase molecules that have greater stability compared with the
full-length aggrecanase protein.

[013] In one aspect, the invention features biologically active truncated
aggrecanase-2 molecules that have at least one TSP domain deleted, such as a
protein with an amino acid sequence from amino acid #1 (Met) through amino acid

#753 (Glu) of SEQ ID NO: 4; from amino acid # 1 (Met) through amino acid # 752
5



nmut ants, that exhibit aggrecanase activity. [014] The invention al so
features truncated aggrecanase-1 nol ecules that have at |east one TSP
dormai n dewetoadesstor exanpl e, an aggrecanase-1 protein w POTASORMSKD aci d
sequence fromamno acid # 1 (Met) through amno acid # 520 (Ala) of SEQ
ID NO 13; fragnments and variants thereof, including substitution nutants,
t hat exhi bit aggrecanase activity. [015] In another enbodi nent, the

i nventign .f KOk OQi 5 A6t t fRNAS oteins
W th at(Br@ég{%th@' éb%@ﬁéhﬁ%ﬁﬁde%ﬁd(ﬂwg?itﬁf&@%rﬁexam?g%zg protein
wi th an_am no id s ence from am aci d I 1nQaacid # 527
(H o) " apheres S8t NE Y ARG veuatls and Refiiants fiatedt FEYRIng SRt oor

i ncluding substitution nutants, that exhibit aggrecanase activity. [016]
Tr uncatredtaatyy that exhidbaggrenanage aetiiiyt h TSP dommi ns del eted are
biologically active and are nore stable than the full-1length aggrecanase

enzynmes. [ (G074] The inugetidn alsodestiréstiuncaied mggreganaser imalgasdes ®at ¢ hat
encode truncated aggrecanases of the invention. For exanple, nucleic acid

mol eculipfe ANsadione TSPRRAAA deedeefonasemplereineayyresamdse-heroteirent i on
i nclude: nucleotide #1 (atg) through nucleotide #2259 (gaa) of SEQ I D NO

3 (Fi g%‘ﬁbgﬁ?%{’ fga)%id[ & ug%a f?orﬁ%lnﬁﬁ(?%giogg ] g(ﬁﬁetf Hrbligh BrESatiad #6620 4;

nucl eot’ nucl eo 6 (cct) of SEQID NO 5 (Figure

(hi o) (VRSP Uy s FarafR 2 vairhsidtedh by s Bauliign =0, 52, 1

encodes the pol ypeptide set forth in SEQID NO 6 W 03/066822
PCT/ USOBLEEES 4hatexhibitiagarecapaseactiityt at g) t hrough nucl eotide # 1701 (cat)

of SEQID NGO 9 (Figure 9), which encodes the pol y%_epti_de set _forth in SEQ
| D NO 10. NO¢5Eiln another embodiment, the invention features iologically-active

truncated aggrecanase-2 proteins with at least two TSP domains deleted
comprising, for example, a protein with an amino acid sequence from amino acid
# 1 through amino acid # 527 (His) of SEQ ID NO: 10 (Figure 10), variants and
fragments of thereof, including substitution mutants, that exhibit aggrecanase
activity.

[016] Truncated aggrecanases with one or both TSP domains deleted are
biologically active and are more stable than the full-length aggrecanase enzymes.

[017] The invention also features nucleic acid molecules‘ that encode
truncated aggrecanases of the invention. For example, nucleic acid molecules
encoding truncated aggrecanase-2 molecules of the invention include: nucleotide
#1 (atg) through nucleotide #2259 (gaa) of SEQ ID NO: 3 (Figure 3), which
encodes a polypeptide set forth in SEQ ID NO: 4; nucleotide #1 (atg) through
nucleotide #2256 (cct) of SEQ ID NO: 5 (Figure 5), which encodes a polypeptide
set forth in SEQ ID NO: 6: nucleotide #1 (atg) through nucleotide #1884 (itt) of

SEQ ID NO: 7 (Figure 7), which encodes the polypeptide set forth in SEQ ID NO:
6



acid nol ecul es of the invention further include fragnents and variants of
SEQID NGs: 3, 5, 7 and 9 which encode truncated aggrecanase-2 nol ecul es
of the iIwWo®dWe@s nucl eotide sequences that hybridi ze unaem/usosiesst e to
stringent conditions with nucleotide sequences of SEQ ID NGs: 3, 5, 7 or 9
and fragnents or variants thereof, naturally occurring allelic sequences,
and equi val ent degenerative codon sequences of aggrecanase-2 nucleic acid

sequen i oty T i s €qdi ng
tr uncaf%? é’gg‘?&eéanaseh?@mm{@;glgc%‘%{jﬁﬁﬁ{/qe(%tapgirf [ nclqﬁdgO fgor exarrpl e,

nucl eot nco h I set
forth i Q’sffs\gﬁ p'f% %5%, ﬁ?@@&@%?ﬁ@‘%%g?%{@agﬁs@an varl an s of nucl ei c
aci ds that encode truncated a eca s - ul e of. the_i i on,

nucl eot@Gid n@@g%ﬁé@éth%'avenw q.nge%agr'ﬁ‘&Q sa?"% VB”%’P’? %ﬁn@ondi tions
to nucleic acid sequences that encode truncated aggrecanase-1 nol ecul es of
the i nviifst 8n5, T andékahishencadeltaincates aggrecanrsrcdnAecyieg @ &2 23 and 24,

or fragnments and variants thereof, naturally occurring allelic sequences

and equinvehton, rd@@ﬁdéa;‘ebuencwﬁmthyhﬂdizeemdef moaiggatedarsiirgehtencodi ng
nucl eic acid sequences. A nucleic acid sequence for full-length

aggr ecarstg@'ir% |tﬁ‘FMbl%oh§e fseanémtés Sesanb Nodes, ACT 6p it MNgrentsM 005099
e

(Fi gur erefore, one skilled in the art can use this sequence to

0L T RGO T BELofODARETS, D 10, 1

or use nce enera e runcat ed protein,
for exarrple th recanase proteln set f n QUL & q?or 13. For
exanpl e ‘Pﬁﬁﬂeé'éﬁ"?"?jéo SeqUER5E 5 FHFELANSEY ?:%‘il CRNFEESh nucl eoti de
#2132 of the published NM 005099 sequence (Fi gure 23) (SEQID NO 32) may
be useddisolosgdhereini ng the truncated aggrecanase-1 protein

[018] Nucleic acid molecules encoding truncated aggrecanase-1
molecules of the invention include, for example, nucleotides which encode the
polypeptides of SEQ ID NOs: 12 and 13; set forth in Figures 23 and 24
respectively, fragments and variants of nucleic acids that encode truncated
aggrecanase-1 molecules of the invention, nucleotide sequences that hybridize
under moderate to stringent conditions to nucleic acid sequences that encode
truncated aggrecanase-1 molecules of the invention, for example, nucleic acid
sequences of Figures 23 and 24, or fragments and variants thereof, naturally
occurring allelic sequences and equivalent degenerative codon sequences of
aggrecanase-1 encoding nucleic acid sequences. A nucleic acid sequence for
full-length anrecanase—1 molecule is found in Genbank under Accession No.:
NM_005099 (Figure 22) Therefore, one skilled in the art can use this sequence to
generate a full-length aggrecanase-1 molecule set forth in SEQ 1D NO: 11, or use
part of the nucleotide sequence to generate a truncated protein, for example, the

aggrecanase protein set forth in Figure 12 or 13. For example nucleotide #407
7



of SEQID NO 12. Simlarly, nucleotide #1 through nucl eoti de #1967 of the
publ i shed NM 005099 sequence (Figure 24) (SEQ ID NO 33) may be used for

t he generwDiodMneas2 t runcat ed aggrecanase nol ecul e of Fi gur @CTAIS0y/@BFSY | n
anot her aspect, the invention includes aggrecanase nol ecul es that conprise
mut ations that increase stability and expression | evels of truncated
aggrecanase nol ecul es conpared with their full-length counterparts.

Aggrecaﬂﬁ‘éﬁgh ﬁh&l_@oﬂ&é%ﬁzﬁgﬂﬁfiﬁb bitsishe@NMY80509P SeqlichdeaFidure!zm)| y usef ul
for the synhthesis of 1 nhibitors of aggreCanases. Accordingly, I'n one

erbod TRSEQ Wi, S0 8 S R RO SRRt AogRLERME HbRF,,
it t gt BRCLIEEE 1 Sitnisey, Buciefiey Bengh rutleptedtPRR e S0y | o ¢
Miutations that |ead to increased stabilit t he aggrecanase proteins in

of
conpar i publishiedNMh80B0YP isgqusine E@@Lﬂﬁ%déﬁ@ AN Ge33) raae be wispetfer t r uncat ed

as well as full-length aggrecanase proteins. It is contenplated that
mut at i otie ¢éradratibn ef trahebietidggredarmggrmolecaecofifigemul®s can be made within
the catalytic domain of an aggrecanase protein or outside the catalytic

domei n. Aggr Re@)aseaRbBler abpedtathieYinéntioiCicliidbd ldgeiscamayeigoleouled i n
nature or may bé generated artificially. One skilled in the art can test

th ff il : [ f le b
one of tBmpReTHLERLS 185 in{iEaS SR sndledfedder RBR R IRERY F >
exanpl e, am no _acid

sybstitutions.pr, nodifications., Amno acid nutations

in aggr @Qgﬁéggs%mqlﬁ%&igs Wf@gwggih@bﬁlﬂgﬂgﬁ%werﬁ%ent i on can be
generated by nutagenesis, chemcal alteration, or, b Z}Lt er atg’ 0 of DNA
sequencAogeaanases witoutatioas i thalaativesites 20¢ pﬁ(ﬁ%‘ﬁ@f wegfuhfoRiiRcul es can
al so be generated to include

synthesis of inhibitors of aggrecanases. Accordingly, In one embodiment, the

invention features an aggrecanase-2 molecule with a mutation at amino acid 411

(E411-Q411 mutation) in the active site within the catalytic domain. The amino

acid sequence of an aggrecanase-2 molecule with the E411-Q411 mutation is

shown in Figure 21 (SEQ ID NO: 30). Mutations that lead to increased stability of

the aggrecanase proteins in comparison with their wild-type counterparts can be

made in both truncated as well as full-length aggrecanase proteins. Itis

contemplated that mutations that alter stability of aggrecanase molecules can be

made within the catalytic domain of an aggrecanase protein or outside the

catalytic domain. Aggrecanase proteins carrying such mutations may be found in

nature or may be generated artificially. One skilled in the art can test the affect of

a mutation on the stability of an aggrecanase molecule by one of many assays

provided. Mutations of the invention include, for example, amino acid

substitutions or modifications. Amino acid mutations in aggrecanases of the



mutations in the catalytic domain in order to increase their stability. For
exanple, Figure 17 features flag-tagged truncated aggrecanase-1 proteins

t hat i nclwoe3mess2E-t0-Q am no acid nutation in the catal yPce/usosredsss of
truncated aggrecanase-1 nolecules, the wild-type sequences of which are
set forth in SEQID NGO 12 and 13, thereby leading to increased stability
of aggrecanase-1 proteins conpared to full-length wld-type aggrecanase-1

pr ot ei Nin Lhgo s 8gH ‘B@fq”erféfr?l‘g@: t&hmhﬁ%‘ﬁ%ﬁs? Eﬁﬁrgid&é afE(2tibR, Hby &I'JteralTiPﬁZ S

aggrecanases are particular use or t vel opnent as we

i dentifi ion of navel i.nhiDj 0 anases. [021] The invention
furt herofééhj?%osuet'qlpgrﬂ,sgpeta péﬁ@#%éw%%%r ecanase famly nenbers and
aggrecanase-|ike proteins with del etions and/or substjtutio mut at i ons,
where a del etq29h 899%5‘@@?%?5' EAS N lgei @rg‘?ﬂﬁraé 'B?:'Ha?s ina region
of the protein conparable to that of aggrecanases of the invention. [022]
The i nventaiionsfinthéeatalyt deresiniardrder to Iaer¢asq dheinstabilitne fjenexamplee  codon
sequences of nucleic acid sequences described herein that encode

bi ol ogi Fijury 1adtatuees flagtadgst myycated aggrecanbyeepprotens thatdncludaahl y, the
invention includes nucleic acid nolecules that hybridize under noderate to

stri ngeEtto-g%{s?ﬁbbiaféﬂﬁnﬁﬁaﬂd?ﬁn%é'cféitélyt#?@i&ﬁafhfoﬂthﬁda’fé’@ﬁbb@éené&é-@| ic

vari ants an ubstitution and deletion nmutants of nucl erc acids nol ecul es

descri b ﬁg%g‘gj |§§a:{p?’ iwnlgﬂgﬁe lsggggﬂéé?&l which &g @EF\%@%E{%@WBSIQ& 399/

aggreca one amno acrd's ution éncoded by
Cor r espdaaeEERUERAINGHgH HotEgaP S LAl 3pRER BoANaRer oA ES GORRLRY 56522
PCT/ US03/ 03554 expressed at higher levels than the full-Iength aggrecanase
pr ot ei nfulkengihewild- garecanasg-atreieln, dne searensauelwhich '$|§@\g fertbigcid
nol ecul es encodi ng aggrecanases of the invention that |lead to nutations;
for exa@H® D &0:nbl.aThese aggrecanases are particularly useful for the development
as well as identification of novel inhibitors of aggrecanases.
[021] The invention further features truncated and/or mutant aggrecanase
family members and aggrecanase-like proteins with deletions and/or substitution
mutations, where a deletion or an amino acid substitution mutation occurs in a
region of the protein comparable to that of aggrecanases of the invention.
[022] The invention further includes variants and equivalent degenerative
codon sequences of nucleic acid sequences described herein that encode
biologically active truncated aggrecanase polypeptides. Additionally, the invention
includes nucleic acid molecules that hybridize under moderate to stringent
conditions to the nucleic acids of the invention, allelic variants‘and substitution and
deletion mutants of nucleic acids molecules described herein. In one
embodiment, truncated aggrecanases and/or aggrecanases carrying at least one

amino acid substitution encoded by nucleic acid molecules of the invention are

more stable than the corresponding full-length aggrecanase protein and can be
9



substitutions, in the protein encoded by the nucleic acid carrying the

mut ati on. One exanple of such a nutation is a nucleic acid seguence
encodi ng W0 03a¢ggercanase-2 protein with an E-to-Q nut ati oRCirrusohessacti ve
site of nolecule. In another enbodi nent, the invention includes
aggrecanase-1 nucleic acid nolecules that encode aggrecanase-1 proteins
conprising an E-to-Q nutation in the catalytic domain, thereby leading to

gener atéx@)r??é)gem rﬁﬁHérelﬁvéfY'b&%ﬂfmflengha%qr%&ﬂage%}gﬁiq.hi’ﬂl bnéives and

I ncrease evel s oF expression as conpare | engt h aggr ecanases

1 and 2. [023] 1t is expected that ,other i uences t hat
are si‘?ﬂ*’%‘%‘“&ﬁ”ti '@Hfﬂtﬁoé"glar?quﬁgﬁddagpg@zc%@g?ﬁ%lg%g%y@ggrﬁ%bed her ei n.
Accordingly, the invention further includes me}hods fqQr obtai ni.ng ot her

nucl ei caggiecanassiscdfihe ventisaithal lead f Bmudationsy @@dﬁ@é@% %W'%@?'acanase-l i ke
mol ecul es or aggrecanases with am no acid substitutions that alter their

bi ol ogi stadstifutions| inythe protein eocnxtes! ks theenuclais avichcanying tag switation.| n one
enbodi ment, a nethod for isolating a nucleic acid sequence encodi ng an

aggr ecapag exampldef susteamutation vahueleiciditisequenee sncoding aaci d sequence
di scl osed herein or variants or fragnments thereof; for exanple, SEQ ID NO

1 or a éégﬂrglr{%rg%sé?%ggot]\éﬁf W%nt@%-@iﬁﬁutatﬁﬁdtﬁe Metive shé of nidlgéalientn or a

vari ant 5 or a fragment or a variant thereof; SEQID
NO 7 or fra t or var i ant f; I .2 fragnment or a
var i antaqu@?'ég'?‘fgggﬁfrfbwv@%& |E§ﬁ|?j§§gargeq§$80¢a@gl\ﬁayagﬁ{a? ereof; SEQ ID
NGO 32 or a fragnent or variant thereof; or SE&)S.I D Ngl)i 3;&%(” ta,ﬁjfra ment 10
VO 03/ OBeissplesdhatigherdmagarecanase-| Arpieins ¢oaPEYNg andde<dt JIBIYLES f or
screening libraries for the corresponding gene fromother species or
codi ng thegiatalytioflog@inshereky leadingdo pepewtios/qisprlpadses Wikth ereatfr ecanase
activity. Therefore, the invention includes DNA sequences from

stability, longer half-lives and increased levels of expression as compared to the

full-length aggrecahases 1 and 2.

[023] It is expected that other species have DNA sequences that are

similar or identical to human aggrecanase enzymes described herein.

Accordingly, the invention further includes methods for obtaining other nucleic

acid molecules encoding truncated aggrecanases or aggrecanase-like molecules

or aggrecanases with amino acid substitutions that alter their biological activity,

from humans as well as non-human species. In one embodiment, a method for

isolating a nucleic acid sequence encoding an aggrecanase of the invention

involves utilizing a nucleic acid sequence disclosed herein or variants or

fragments thereof; for example, SEQ ID NO: 1 or a fragment or a variant thereof;

SEQ ID NO: 3 or a fragment or a variant thereof; SEQ ID NO: 5 or a fragment or a

variant thereof: SEQ ID NO: 7 or a fragment or a variant thereof, SEQ ID NO: 9 or

a fragment or a variant thereof, SEQ ID NO: 31 or a fragment or a variant thereof;

SEQ ID NO: 32 or a fragment or variant thereof; or SEQ ID NO: 33 or a fragment
10



ot her species, which are honol ogous to human aggrecanase sequences, or
fragnments or variants thereof, and can be obtai ned using at |east one of
the DNA weoegaeeses provided herein. In addition, the presec/usnyedssd on

i ncl udes DNA sequences that encode fragnents or variants of aggrecanases
of the invention. The present invention may al so include functi onal
fragnments of the aggrecanase protein, and DNA sequences encodi ng such

o 0 AT, ot LN gL btk dn o

pr ot ei nS. e abi agnmen unction 1I's determnable by an
assay of th rotein in one of. many. bi ol.ogi cal ) i . far the
assay oge'i%éo'g'g%[ﬁ‘gﬁﬁﬂ%@‘és Bt SPg'inﬂ.re%/'BEi]Of%%néﬁmq{:%%@g%eog&éﬁ{%ggﬁ#\? ntion
provi des net hods for producing _isolated truncated recanases of the

i nvent i With apgresaaasaigstvie n hergfgnthe 'n&%%'ﬁﬁ-%sggﬂﬁé%uﬁﬂc?%goﬂhventi on
or a variant or fragnment thereof may be produced, for exanple, by

cul t ur i olhenspedies,t which fave inetoldgdussioDumar gggresanase equanessedri de #1

t hrough nucl eoti de #2259, set forth in SEQID NO 3; or from nucleotide #1

t hr oughfragkRet ordRarizdtSthers6t, ahaicah beotitaedeusing at Idasbona ot treoDNde  #1
t hrough nucl eoti de #1884, set forth in Figure 7; or from nucleotide #1

throughge 'c@Q?ﬁGel\ﬁd%%ﬁgﬂein?% 358i'ﬁ5ﬁ, i@ fregehtinVentiBiincReRYEINAY and

purifying' trom ure medi um an aggrecanase-2 protein characterized

by the am no acid . sequ e for 10 I ! id #1 (Met)
t hr oughs%ﬂﬂeﬁgeﬁérﬂﬁt g@\?‘%’]‘&grﬁ%tspﬁe{éﬂgh% ?flr:%%q# é(%rﬁaosfeggclﬁ‘&ﬁé;w%@%. t hr ough
amno acid # 752 (Pro); Figure 8 fromamnp acid #1 t) through am no
aci d #62be prasent 'm@rlﬁpad?@g @%W'F@Hﬁ%ﬁﬁ'ﬂ?@%i‘&?@@?ﬂ?ﬁ%@% ﬁ)géﬁ‘?‘i%@g?ossm
acid #1 (Met) through amno acid #567 (Hs). Simlarly, nucleic acid
sequencpoteinxpnd ENA gequemess ebosing wnetianaldragroerts; as well@sanpl e,

nucl eic acid sequences set forth in Figures 23 and 24 can be used for the
pr oduct fupetiohal fragments of other related proteins. The ability of such a fragment to

function is determinable by an assay of the protein in one of many biological
assays described for the assay of the aggrecanase protein.

[024] In another aspect, the invention provides methods for producing
isolated truncated aggrecanases of the invention. In one embodiment, a human
aggrecanase protein of the invention or a variant or fragment thereof may be
produced, for example, by culturing a cell transformed with a DNA sequence: from
nucleotide #1 through nucleotide #2259, set forth in SEQ ID NO: 3; or from
nucleotide #1 through nucleotide #2256, set forth in Figure 5; or from nucleotide
#1 through nucleotide #1884, set forth in Figure 7; or from nucleotide #1 through
nucleotide #1701, set forth in Figure 9, and recovering and purifying from the
culture medium an aggrecanase-2 protein characterized by the amino acid
sequence set forth in: Figure 4 from amino acid #1 (Met) through amino acid #753
(Glu); Figure 6 from amino acid #1 (Met) through amino acid # 752 (Pro); Figure 8

from amino acid #1 (Met) through amino acid #628 (Phe); or Figure 10 from amino
11



truncated aggrecanase-1 proteins set forth in Figures 12 and 13, where the
aggrecanase-1 proteins are substantially free from ot her proteinaceous

mat er i al swowsobssahi ch t hey are co-produced. [025] |n anot ireT/tSobods4rent ,
truncat ed aggrecanase proteins of the invention may be produced by
culturing a cell transforned with a full-length DNA sequence for
aggrecanase, and recovering truncated aggrecanase proteins from the

cul ture, R %tg\?rgrenﬁﬁh BEhido 2l ﬁg{ sﬂft@?.d'smrﬁrby, ﬁu&léi&"ﬁé&l%@q@éﬂé@sﬁanas e-2

protein 1ncludi 0 acid #1 0 amno-acid #753 (GQu), set forth

L1 ans FoP RS RREr AT ESBRa o T REuE, ot SRRl STIdbioBekF L anase. 2

for exanple, nucleic acid nolegcule, set forth i ID.NQ 1..1n another
enbodi nE@guensesseh it 9‘955@%@%@55@-@%?%8%@?‘?rﬁggﬁpﬂggg% o acid #1
(Met) to.amno acid #752 (Pro), is recovered fromculture nmediumof cells

t r ansf otropdatedtaggsecanaser t peateins sebfatfuindFigyiest 12 and ddgivhesgy fiecanase- 2.
Truncat ed aggrecanase protein of SEQ ID NO 4 results fromcl eavage of the
ful | -1 eaggtecapgsedgrotingpar substasillyffoee flomroth&EQrat@inkCeoRds maters3- G754,
yi el ding a 55kDa protein. The nucleotide and am no acid sequences of the
ful'l - I egahwiRel igsPaRS&-gromiceaul e are set forth in SEQID NO 1 and SEQ
ID NO 2 respectively (Accession Nos: NMD07038 and NP_008969) (Figures 1

5, 239 2 NI S ey,

purified fro ture nedium aré su ree from ot her

protei naceoys materials, A, 12 03/ 066822 PCT/ U 0 C red
purifi eH’VQEng@@%ﬁ%@% PRRAcePYE I C?'ﬁﬁ@?SfBHBe&%g(ha%ﬁaﬁﬁnéﬁl @ ed
generally exhibits proteol ytic aggrecanase actjivity by cl eavi,n a%gr ecan,
as di s6Pauenie fonagerasenase and irEyepngeingateskaggreca PIOSRIN AP he
further

the culture medium. Accordingly, in one embodiment, a truncated aggrecanase-2

protein including amino acid #1 (Met) to amino acid #753 (Glu), set forth in SEQ
ID No: 4, is recovered from the culture medium of a cell transformed with a full-
length nucleic acid molecule for aggrecanase-2; for example, nucleic acid
molecule set forth in SEQ ID NO: 1. In another embodiment, a truncated
aggrecanase-2 molecule including amino acid #1 (Met) to amino acid #752 (Pro),
is recovered from culture medium of cells transformed with a nucleic acid
molecule for full-length aggrecanase-2. Truncated aggrecanase protein of SEQ
ID NO: 4 results from cleavage of the full-length aggrecanase protein, set forth in
SEQ ID NO: 2, at E’®-G™, yielding a 55kDa protein. The nucleotide and amino
acid sequences of the full-length aggrecanase-2 molecule are set forth in SEQ ID
NO: 1 and SEQ ID NO: 2 respectively (Accession Nos: NM_007038 and
NP_008969) (Figures 1A-1C and 2).

[026] Truncated aggrecanases of the invention that are purified from a

culture medium are substantially free from other proteinaceous materials. A
12



characterized by the ability to denonstrate aggrecan proteolytic activity
in an assay which determ nes the presence of an aggrecan-degradi ng

nol ecul e. wohasess2nassays or the devel opnment thereof is w tRcCa/ushgoisnow edge
of one skilled in the art. Such assays may involve contacting an aggrecan
substrate with a truncated aggrecanase nol ecule and nonitoring the
production of aggrecan fragnments (see, for exanple, Hughes et al., Biochem

. 799 - | | havid 2Bl !
(199 J5caronPyBt pas Rl par atedst ¥ TRE IdmaR SRS or

expression of a truncated aggrecanase of. the inventi rih conprises a
DNA segaeaEdlyaxbiiisRyo Og(ﬂct r%CWe?ﬁt'ivmé%y'CI‘?%"@éBQ'{e%ﬁédg%n frame to

t he nucl eoti de sequence encodi ng the agzﬁr_ecana_se enzgngl.a_ﬂg 027] The

i nvent idatladeso Therefatestrancated arasinsidtheinyentignindgy ae ggr ecanase
proteins of the invention. In one enbodinent, such an antibody reduces,

i nhi bi chafictaterbiontteesbitiydo eearasirabe aggiecan pratedlylieaativininian t her

provi des net hods for devel opi ng and identifying inhibitors of aggrecanase

act i Vi tiue ¢ IR 8bfREmiIMS tE Préderroet sftageécangiegradiag engleatlei Theseh ani no
acid sequence chosen from for exanple, SEQID NO 4, SEQID NO 6, SEQ ID

NO 8, RER B il evilon B hBrRiPis WtnirPthe NreWIEHAK S dife Skilad fif a@ent or a

he “enbodi ment, I bitors Of aggrecanase activity

revent cl eavage of aggrecan. 28] Addi ti I InF ' id
Phar macE Sedl AsesRT o Brianng B AOIE RNt LB Y OF
aggrecanases, wherein the conpositions 13 W) 03/066822 PCT/ USQ3/,03554
conpr i SggEecanasetmelesulenandBwitaies i AEPAUSTIoR of RAGWELAN SIRImEN 3(5%ast one

pharmaceutical carrier. The invention al so provides nmethods for inhibiting
aggr ecfopsearapld, Hughesret al.nBiochercd 3061 99§04dAPAD) Marcud ef 8.+ hiRammal  an
effecti ve anobunt of a pharnmaceutical conposition according to the invention
to Chem. 274:32387-32395 (1999)). For production in mammalian cells, a DNA

sequence used for expression of a truncated aggrecanase of the invention further

comprises a DNA sequence encoding a suitable propeptide 5' to and linked in

frame to the nucleotide sequence encoding the aggrecanase enzyme.

[027] The invention also provides antibodies that bind to isolated

aggrecanase proteins of the invention. In one embodiment, such an antibody

reduces, inhibits or antagonizes aggrecanase activity. The invention further

provides methods for developing and identifying inhibitoré of aggrecanase activity

comprising the use of a truncated aggrecanase protein with amino acid sequence

chosen from, for example, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID

NO: 10, SEQ ID NO: 12, or SEQ ID NO: 13 or a fragment or a variant thereof. In

one embodiment, inhibitors of aggrecanase activity prevent cleavage of aggrecan.

[028] Additionally, the invention provides pharmaceutical compositions for

inhibiting the proteolytic activity of aggrecanases, wherein the compositions
13



I nhi bit aggrecanase activity. [029] In another enbodi nment, the invention

I ncl udes nethods for identifying or devel oping inhibitors of aggrecanases
and t he iwbiobioéeses produced thereby. In one enbodi nent, iPaliusns/@ss4 of the
i nvention prevent binding of an aggrecanase to an aggrecan nol ecule. In
anot her enbodi ment, inhibitors of the invention prevent cleavage of
aggrecan by aggrecanase. [030] The nmethod may entail the identification of

i nhi bi t ayoniriseest |eastadhe astisBdyCATBRIdiAg R tHEORDERTIGIYaAd at Rt opBe aggr ecanase
protein of this invention wth at |east one test sanple; and determ ning

if the :g%m%@@@ﬂm%l 'cEFHé?' tﬁealﬁ‘i/ﬁr‘{t’ic}nyalgf) gréﬁ&e@ﬂ%ﬂé&ﬁﬁ%ﬁﬁﬂﬁﬁes The test

sanpl e may conprise known or nown : ese sanp rFy be
des d to
ﬁﬁf’tetu?e%%d?é%ﬁn%é%ﬁ%'xﬂfﬂr‘ga?ﬂ%@ %ﬁsg@é B ETS e PagTeAd dual 1y,

or in bat such as froma library. The art praqvides aggrecanase
activitye \é@/@n’t%‘é‘lt of g Aharmaceutisal QOG‘PPﬁit'QQ(PqCﬁr@G@FP theravaRin toassays for

inhibitors may involve contacting a m xture of aggrecan and the inhibitor
Wi t h an ielghit@ggrensmaselastivitys f ol | owed by nmeasurenent of the aggrecanase
I nhibition; for instance, by detection and nmeasurenent of aggrecan

fragments prdo2ejedn ayotierasmlysdintentthagiention ansdudes artods forsi te. [031]
The nethod may al so entail the determ nation of binding sites based on at

| east o 14 WO
| east_ongeriliyingor SRRty MhABKEBr AiGtboaMACATRRR ARMbiRpidM 88

di mensional™ structure o aggrecanase and
OBt o905 A orFSAf o, e o e PO oA BE BT, 70, o
W th t n@SrSATAedp 8, S0TobRR riales “mﬁrheﬁo@‘ét‘étrrﬁwﬁééﬂﬁ%w‘fbfors ofkie 2t
invention prevent cleavage of aggrecan by aggrecanase.
[030] The method may entail the identification of inhibitors based on an
assay comprising combining at least one aggrecanase protein of this invention
with at least one test sample; and determining if the test sample inhibits activity of
the aggrecanase protein. The test sample may comprise known or unknown
samples, and these samples may be peptides, proteins, chemical compounds
(often referred to as small molecules), or antibodies. They may be selected for
testing individually, or in batches, such as from a library. The art provides
aggrecanase activity assays that could be easily utilized in such a method.
Assays for inhibitors may involve contacting a mixture of aggrecan and the
inhibitor with an aggrecanase molecule followed by measurement of the
aggrecanase inhibition; for instance, by detection and measurement of aggrecan
fragments produced by cleavage at an aggrecanase-susceptible site.
[031] The method may also entail the determination of binding sites based

on at least one of the amino acid sequence of aggrecanase and the three-
14



may conprise a peptide, protein, chem cal conpound, or antibody. Candi date
nol ecul es may be | ater assayed for actual inhibitory activity of the
aggrecanaweo 03@6n82re, as di scussed. [032] Anot her aspect ofrCrhusod/omssent i on

t heref ore provi des pharnaceutical conpositions containing a

t herapeutically-effective anmount of aggrecanase inhibitors in a

phar maceuti cal | y-accept abl e vehicle. [033] Aggrecanase-nedi at ed degradati on

of aggrgcan in il LRI -G i 0 idd Hiand ot her
nt | amidraryobpC bR ditReon e, bR pfBhaN aderBEato gl M On my
be used in the treat t, of diseases ..character.ized he ation of
aggr ecdnfosmation. ene ecgﬁaQ&MP%?H%%@GHB@F&%ﬁé%‘é@a%]@ggeoﬁaﬁk%ﬁl%??@g may be
used in the treatnent of these conditions or in the prevention thereof.
[ 034] Thkibitpggrecanase @ctivier basrd 0o @sstrHatyahanalysis: st PR HT ?tieants
suffering fromconditions characterized by a degradati on of aggrecan or

pr eventgtigtisratinteraotich withrilse birtdise siteet hodse eatbodirdenty stieh ehBolesulent i on,
entail admnistering to a patient needing such treatnment an effective

amount gy JoAMRES péides PRREINS chEmicH) cagpoenanesantibtybi Candidaiech i nhi bits
t he prot e%l ?ltl o act?v‘iﬂty gf aggr ecanase ggfnzyrres. [ 035] The DNA sequences

of the rﬁh%%ﬁ%my %@tlétgfl a§§§yébsﬁ)fr ety ﬂ{hibigdfg.ré@{i\ﬁty GBthe' KRescdrtiset he

detecti encodl Nng aggr ecanase 1 n iven 15 WD 03/ 066822
PCT/ US03/ 03554 el | pul ati on. Thus, the present invention includes
met hodsSHAY M a8 '?%98%8- di agnosi ng genetic disorders invol ving
aggrecanases, or disorders involving

Ui oh aggoaghrAsainesarpeciql e Inyanin Bephea profies pReTRedURAE D
sequences may al so be useful for preparing vectors for

compositions containing a therapeutically-effective amount of aggrecanase

inhibitors in a pharmaceutically-acceptable vehicle.

[033] Aggrecanase-mediated degradation of aggrecan in cartilage has
been implicated in osteoarthritis and other inflammatory diseases. Therefore,
these compositions of the invention may be used in the treatment of diseases
characterized by the degradation of aggrecan and/or an up regulation of
aggrecanase. The compositions may be used in the treatment of these conditions
or in the prevention thereof.

[034] The invention further includes methods for tréating patients suffering
from conditions characterized by a degradation of aggrecan or preventing such
conditions. These methods, according to the invention, entail administering to a
patient needing such treatment an effective amount of a composition comprising
an aggrecanase inhibitor which inhibits the proteolytic activity of aggrecanase
enzymes.

[035] The DNA sequences of the present invention are useful, for

example, as probes for the detection of MRNA encoding aggrecanase in a given
15



gene therapy applications as described below [036] A further aspect of the
I nvention includes vectors conprising a DNA sequence as described above in
oper ati vewad3oeisat i on with an expression control sequenc@®Crhsp®63ss4 These
vectors may be enployed in a novel process for producing an aggrecanase
protein of the invention in which a cell line transformed wth a DNA
sequence encodi ng an aggrecanase protein in operative association wth an

expr essgaNpGNAieH. TRASAREDHréSEtfhRIntiohSnalbés iRdhods 8f Getebid er cul ture
medi um and an aggr ecanase protein is recovered and purified therefrom This

processdlgaxoaﬁa eﬁc%’%ﬁ?&%rs%v&{?lﬂ b‘?é&%}as@%t B & &FBFd%Vr%’ ﬂjia)o‘ﬁnqgﬂd eukaryotic

or|g| or ex r e pol ypep e vectors

ne t her tions. |In such .use vect. nay be
[ r anet cEain RrasTt R tsgap ABORES m G Poaeodndss RSV ABENRES ©
reintroduced into a patient. Alternatively, the vectors may be |ntroduced
into a PEEXAESEG Whe@mhﬁ@agﬁn%ﬁr@aw&o b%.'ﬁ@ﬁiétfﬁ" IR0 YECIARRIAT| onal
aspects of the disclosure will be set forth in part in the description,
and i n gané tHerappapplicationsrast descdbed befiiw.on, or nmay be | earned from
practicing the invention. The invention is set forth and particularly

poi nted out [036]t Agufthél 88pedtiaftieligventist melidessizetdrd doat (fr@mgtarmmued as
limting the scope of the <clains. The follow ng detail ed description

i ncl udegg % eSS LSHRlh Wperdtive 2R0cRMBNSERPIN %‘iglte%s%fn ddHirol

|nvent|on are not restrictive of the invention as 16 WD 03/ 066822

cpec by iniretor o her redbi PRRRS AllV TR 8BTbid Ct%%g P betrate

enbodi nents and not |limt the jnvepntion. DESCRI PTION DPAW lgGS
producing an aggrecanase protein of the invention in which a ce |ne tran me

with a DNA sequence encoding an aggrecanase protein in operative association
with an expression control sequence therefor, is cultured in a suitable culture
medium and an aggrecanase protein is recovered and purified therefrom. This
process may employ a number of known cells, both prokaryotic and eukaryotic in
origin, as host cells for expression of the polypeptide. The vectors may be used in
gene therapy applications. In such use, the vectors may be transfected into the
cells of a patient ex vivo, and the cells may be reintroduced into a patient.
Alternatively, the vectors may be introduced into a patient in vivo through targeted
transfection.

[037] Additional aspects of the disclosure will be set forth in part in the
description, and in part be obvious from the description, or may be learned from
practicing the invention. The invention is set forth and particularly pointed out in
the claims, and the disclosure should not be construed as limiting the scope of the
claims. The following detailed description includes exemplary representations of

various embodiments of the invention, which are not restrictive of the invention as
16



[038] Figures 1A-1C show the nucl eotide sequence of a full-length

aggr ecanase- 2/ ADAMIS-5 nolecule (SEQID NGO 1). [039] Figure 2 shows the
am no aciwodgmesere of a full |ength aggrecanase- 2/ ADAMI8CI/usos/assed e ( SEQ
ID NO 2) encoded by nucleotide #1 through nucl eotide #2915 of SEQ I D NO
1. [040] Figure 3 shows the nucl eotide sequence of a truncated
aggrecanase-2 protein of the invention fromnucleotide #1 (atg) through

nucl eOtdlgﬂ?eozzfﬁung&?}naéag%lﬂ UPQ c&*)s}ﬁdt@%arfb%‘ﬁ@sﬁe&ﬁ%ﬁ% am no acid

sequence” o canase-2 proteln of the invention from anino

acid #1 throu no acid #753 eoti de
sequen {_he gﬂ‘ihtatﬁle C% %'qrb%e %’Sﬁ%ﬁgfl\e%%%% @eg?gﬁg@g] ?ﬁmnc;’cﬁ{e:l eot i de
sequence of a truncated aggrecanase-2/ ADAMIS-5 of the invention from
nucl eotlnd@n'&fm (atg) through nucleotide #2256 (cct) (SEQ ID NGO 5). [043]

Figure 6 shows the am no aC| d sequence of a truncated aggrecanase-?2
AGeo acid #1 through amno acid #752 (SEQ

equence set forth in SEQID NO 5. [044]

e T oh Oﬁf‘?rg Agg#’fé @ﬁ”&d 'ﬁf‘ﬁ“"ﬁ? Bl '@i%‘?ﬁrougﬁpﬁ BB fe " s1884 (sEO
ID NO 7). 17 WO 03/066822 PCT/ USO 5584 5F 8h h
aci d se%ﬁ&rﬁéén%?e %/ADW%%\('P%E@% éggﬁé@)y ) t]ei nI g:‘”?he isn\?\e\ﬁt}oﬁ ?;nonmo

am no acid #1 through amino acid #628 (SEQ I D NO 8), encoded by the
nucl eot i de si@89knicigues® showsHhe engaoaciyl seqoienge of a full'length

aggrecanase-2/ADAMTS-5 molecule (SEQ ID NO: 2) encoded by nucleotide #1
through nucleotide #2915 of SEQ ID NO: 1.

[040] Figure 3 shows the nucleotide sequence of a truncated
aggrecanase-2 protein of the invention from nucleotide #1 (atg) through nucleotide
2259 (gaa) (SEQ ID NO: 3).

[041] Figure 4 shows the amino acid sequence of a truncated
aggrecanase-2 protein of the invention from amino acid #1 through amino acid
#753 (SEQ ID NO: 4), encoded by nucleotide sequence set forth in SEQ 1D NO: 3.

[042] Figure 5 shows the nucleotide sequence of a truncated
aggrecanase-2/ADAMTS-5 of the invention from nucleotide #1 (atg) through
nucleotide #2256 (cct) (SEQ ID NO: 5).

[043] Figure 6 shows the amino acid sequence of a truncated
aggrecanase-2 protein of the invention from amino acid #1 through amino acid
#752 (SEQ ID NO: 6), encoded by nucleotide sequence set forth in SEQ ID NO: &.

[044] Figure 7 shows the nucleotide sequence of a truncated
aggrecanase-2 molecule of the invention from nucleotide #1 through nucleotide

#1884 (SEQ ID NO: 7).
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[046] Figure 9 shows the nucl eotide sequence of a truncated aggrecanase-2
nol ecul e of the invention from nucl eotide #1 through nucleotide #1701 (SEQ
| D NO 9)wo[ie4&ds2Fi gure 10 shows the ami no acid sequence eCTaSV3/B364t ed
aggrecanase-2 protein of the invention fromamno acid #1 through am no
acid #567 (SEQ ID NO 10), encoded by the nucl eotide sequence set forth in
SEQID NO 9. [048] Figure 11 shows the am no acid sequence of a

full-length grecan - e Figure 12 shows
t he am no aé@%sf&%ﬁgszg@gwgﬁh%%ﬁ:@ é@ggaegg?@%%é)et[u{krgm ecul e including
am no acid #1 through am_no acid_ #575 (Pro D 50] Figure
13 sho@ng‘?f@Wr?oP%S?'ﬂ of dhe, Kyentigr ¥ré’"§ P%%%?é@%@?@ﬁéﬁ%q TL@N ecul e

i ncluding am no acid #1 through am no acid #520 (Al a% %'%IE?E%EEJIVQO 13).
[051] Fi6g6r(SEQL IR INDSBY, BBC by theiBudegtids seavance setderiin runcat ed
aggrecanase-2 protein conprising a peptide linker and a streptavidin tag

(SEQ I NIy, 14). 18 WD 03/ 066822 PCT/ US03/ 03554 [052] Figure 15 shows the
am no acid sequence of a reconbi nant truncated aggrecanase-2 protein (SEQ

ID NO 15), elelfgp%gumg BHEWE Bhd ABCleEBEs e86Eeses of DiruhcatedSEQ | D NO. 14,
[ 053] Figur shows aggrecanase activity of conditioned mediumfrom CHO

cells ex fggagdagg-wqq%émg%f (DAY och in, Ricistde’#1 BrbBgRHBRIOHEEDAMTS- 5

ASM ad e aggrecanase A assay.
#1701 (SEQ ID NO: 9).

[047] Figure 10 shows the amino acid sequence of a truncated
aggrecanase-2 protein of the invention from amino acid #1 through amino acid
#567 (SEQ ID NO: 10), encoded by the nucleotide sequence set forth in SEQ 1D
NO: 9.

[048] Figure 11 shows the amino acid sequence of a full-length
aggrecanase-1 molecule (SEQ ID NO: 11).

[049] Figure 12 shows the amino acid sequence of a truncated
aggrecanase-1 molecule including amino acid #1 through amino acid #575 (Pro)
(SEQ ID NO: 12).

[050] Figure 13 shows the amino acid sequence pf a truncated
aggrecanase-1 molecule including amino acid #1 through amino acid #520 (Ala)
(SEQ ID NO: 13).

[051] Figure 14 shows the nucleotide sequence of a recombinant
truncated aggrecanase-2 protein comprising a peptide linker and a streptavidin

tag (SEQ ID NO: 14).
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[054] Figure 17 shows a schematic representation of flag-tagged truncated
aggrecanase-1 nolecules with an E-to-Q nutation in the catalytic donain.

[ 055] Fi gepe3d&ssshows a schematic representation of streptratiutonoisagged
truncat ed aggrecanase-2 nol ecul es. [056] Figure 19 shows a western bl ot

W th expression of truncated aggrecanase-2 proteins in conparison with a
full-length aggrecanase-2 protein. [057] Figure 20 shows percent aggrecan

cl eavage by c Sl i iqQn in a 3B3

L1 oA acsay. | Fobe] e ABEEHRMEAncES toderite S ecRihed |

full-le - r LN W -1 0-Q nut at i at .no acid

posi ti oﬂghgﬁé?éyéﬁ?@%%gs&em[@‘%h@wLﬁ’ QQW%Q&QBC'E%W a nucl ei c

aci d sequence encaqdin full | ength aggrecanase-1 protein (SEQ ID NO 31).
[ 060] Fgﬁ‘a#@%ssegﬁ%?fhgﬁ&bl%i\@ia -d sequence encoding a truncated
aggrecanase-1 nol ecule; for exanple, the protein set forth in Figure 12
(SEQ | D NO [033) . Figoire\b6 Ghooscaire R sesdivitg 55 sondliiéndd Riagliura f&nshows a
nucl ei ¢ aci d sequence encodi ng a truncated aggrecanase-1 nol ecul e; for

exanpl eCHOMeelty expressiagtwifdotypb (ADAW DSV dr Sicfvé Bite MolitadB)AD META-LED
DESCRI PTION OF THE I NVENTION 1. Definitions [062] In order that the

DL LSS B b B egqrRABly MRS, | cerlaln Ler e i
description. o541 Figure 17 shows a schematic representation of flag-tagged
truncated aggrecanase-1 molecules with an E-to-Q mutation in the catalytic
domain.
[055] Figure 18 shows a schematic representation of streptavidin tagged
truncated aggrecanase-2 molecules.
[056] Figure 19 shows a western blot with expression of truncated
aggrecanase-2 proteins in comparison with a full-length aggrecanase-2 protein.
[057] Figure 20 shows percent aggrecan cleavage by truncated
aggrecanase-2 molecules of the invention in a 3B3 ELISA assay.
[058] Figure 21 shows the amino acid sequence for a full-length ADAMTS-
5 protein with an E-to-Q mutation at amino acid position 411 (SEQ IS NO: 30).
[059] Figures 22A and 22B show a nucleic acid sequence encoding a full-
length aggrecanase-1 protein (SEQ ID NO: 31).
[060] Figure 23 shows a nucleic acid sequence encoding a truncated
aggrecanase-1 molecule; for example, the protein set forth in Figure 12 (SEQ ID

NO: 32).
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[063] The term "aggrecanase” refers to a famly of polypeptides that are
capabl e of cleaving the aggrecan protein. CGenerally, these are proteins
that cl ewos3aggeecan at the G u373- Al a 374 aggrecanase CIPEINBYB0ISHL €.

Aggr ecanases of the present invention enconpass but are not limted to the
sequences of SEQ ID NO 11 (aggrecanase-1) and SEQ ID NO 2 _
(aggrecanase-2). The term "aggrecanase" includes naturally-occurring

variant s SEQIER] NPriurd 242w g Aficleleadid 8ol SRUTER GRS i cBRAYIENCeS

encoded by SEQ 11 a are ive in a he of the

assays i [ Jncluded in this f.inition . a 1.no acid
sequgncgéas 8%@9%%‘[1%?@?8@) kﬂ‘?lega"bqle’gtﬁﬁﬁrgﬁﬁ' S fggﬁdgﬁ{lglggﬁ @%éﬂb ani no
acid of LD NGs: 11 or 2 or fragments thereof; or an am no acid
sequenc@%g?’l)east about 50% about 55% about 60% about 65% about 70%
about 75% about 80% about 85% about 90% about 92% about Qg% abo:Jt
94% abg B 98% or about 99% i dentical to
theq ant 6%@25&%?2@?%%@% 2, or a fragnent thereof.

[ 064] The tefm agﬂ%ﬂﬁﬁ@f{ further includes the proteins encoded by the
nucl ei ¢ aci d 'sequéence 0 EQID NGO 31 and | (aggrecanase-1 and 2 20 WO

i .di d, f ] i
Cheroor -1 n 0eZ ool ihar i REESanY fvEhuoh ey 2B MarmaB LS iantnt 1 on fs
: . . . o ed 1 . A
\rllmalt {JI’ glog%{s gﬂsaég@s%egée@%&%%ﬁﬁc -g/él a@i,ﬁbégleoéer ﬁn?t'ei%r ‘§I Vr?éeﬁtseg Offghbtﬁoﬂr Qui*!m%a Fﬁerl' Ihfamt e?m 2

“antibody" refers to an immunoglobulin, or a fragnent thereof, and
enconpadeialied Ags@intiopept i de conprising an antigen-binding site. The term
includes but is not limted to polyclonal, nmonoclonal, nonospecific,

pol yspeci fi c[068pnThetarnf taggrevanaseadiersusartantiyndlpolyiitptides @RutmRei C,

synt heti c,

capable of cleaving the aggrecan protein. Generally, these are proteins that

cleave aggrecan at the GIu*"*-Ala®"

aggrecanase cleavage site. Aggrecanases of
the present invention encompass but are not limited to the sequences of SEQ ID
NO: 11 (aggrecanase-1) and SEQ ID NO: 2 (aggrecanase-2). The term
"aggrecanase” includes naturaily-occurring variants SEQ ID NOs: 11 and 2, as
well as fragments of the sequences encoded by SEQ ID NOs: 11 and 2 that are
active in at least one of the assays provided. For example, included in this
definition are amino acid sequences substantially similar or substantially identical
to the amino acid of SEQ ID NOs: 11 or 2 or fragments thereof; or an amino ac\id
sequence at least about 50%, about 55%, about 60%, about 65%, about 70%,
about 75%, about 80%, about 85%, about 90%, about 92%, about 93%, about
94%, about 95%, about 96%, about 97%, about 98% or about 99% identical to the
amino acid sequence of SEQ ID NO: 11 or 2, or a fragment thereof.

[064] The term aggrecanase further includes the proteins encoded by the

nucleic acid sequence of SEQ ID NO: 31 and 1 (aggrecanase-1 and 2
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reconmbi nant, hybrid, nutated, grafted, and in vitro generated anti bodi es.
It also includes, unless otherw se stated, antibody fragnents such as Fab,
F(ab') 2, Wo,03/06sE, Fd, dAb, and ot her antibody fragnmentsPariush3/exssai n the
antigen binding function. [066] The term "biological activity" refers to
at | east one cellular process interrupted or initiated by an aggrecanase
enzyne binding to aggrecan. GCenerally, biological activity refers to

proteol ytic .cleava f n e fid vities

i ncl udé%s%ﬁlvngdﬁgﬁsgpnﬁggﬁgﬁ ,a'ﬁ%/\r/l%'iién”gi g?ﬁ%ggglrne@ﬁg@@%? gﬁgrétgr ecan and
cl eavage of aggrecan by aggrecapase. Activity can also incl. a

bi ol oginegleiq acligs 9t ihe Bé‘%‘.ﬂeg?wef‘ AMMIhROSHER S iARFIUSNGP V@T"ég\'lsa‘gﬁgece;f aggr ecan
by aggrecanases of the invention. [067] The term"deletion” as used herein
i s t he dedived &lomyfords al vesient efhe naturahROGEFAN3SLANEAHENG 0ENSI ¥yt h ami no aci d
sequence of an aggrecanase. The termdeletion also refers to renoval of

nucl eofigg@serftitosnedf.nucl ei ¢ acid sequence encodi ng an aggrecanase, thereby
resulting in a nucleic acid that encodes a truncated protein. 21 WO

03/ 066822 PEIA4ISO3 O35 antiBeaY" AR ®tdPinilnaglobalisi o sfragment ecul e
encodi ng an "aggrecanase or an aggrecanase protern can be nade anywhere in

gt AR v DR S AR S TR (o g
- emovalThsrtedn inaluges Bibitlatieh B RO wA oiangc AR sl iET o bour s
am no acids, fromabout 5 to about 10 am no acids, from about 10 to about
20 ani molyapedific, hoorspepiict homanigedpaumanosingienenalei eimericoMMUBgiR 30 to
about 50 am no acids, from about 50 to about 100 ami no acids, from about
100 recombinant, hybrid, mutated, grafted, and in vitro generated antibodies. It also
includes, unless otherwise stated, antibody fragments such as Fab, F(ab')z, Fv,
scFv, Fd, dAb, and other antibody fragments which retain the antigen binding
function.
[066] The term "biological activity" refers to at least one cellular process
interrupted or initiated by an aggrecanase enzyme binding to aggrecan.
Generally, biological activity refers to proteolytic cleavage of aggrecan by
aggrecanase. Aggrecanase activities include, but are not limited to, binding of
aggrecanase to aggrecan and cleavage of aggrecan by aggrecanase. Activity can
also include a biological response resulting from the binding to or cleavage of
aggrecan by aggrecanases of the invention.
[067] The term "deletion" as used herein is the removal of at least one
amino acid from the full-length amino acid sequence of an aggrecanase. The
term deletion also refers to removal of nucleotides from a nucleic acid sequence

encoding an aggrecanase, thereby resulting in a nucleic acid that encodes a

truncated protein.
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to about 150 ami no acids, from about 150 to about 200 am no acids, from
about 200 to about 250 amino acids, from about 250 to about 300 ami no

aci ds, frwmosabser 300 to about 350 am no acids, from aborCTAB03/03550bout
400 am no acids, from about 400 to about 450 am no acids, from about 450
to about 500 amino acids, or greater than 500 am no acids. [069] Del etions
can al so be made in nucleic acid nol ecul es that encode aggrecanases of the

i nvention; fqne@xambRtioAM atriuisc 68i AsleBBRSendbdintPah @gpstan@bedrnucl ei ¢
acid that encodes for a TSP domai n of an aggrecanase. SuCh del etions

Lyl cal lop SRS blfor cah 95 ARATBWANTL B B lde AR feReg "9 2n

aggr ecanas € | nvention. Ver, IS conte €l etions
can be de ,anywhere in a_nucleic,acid expressing an aggreca nol ecul e.
e " kifip BEPEI 9 oS ratle aF O BaEmpleh ac R L GEbAttth aoU e e HRRPYIDE: | on
for activity in one of many assays disclosed. [070] An amino acid deletion
accor di rjolel; fereexanpie; Noterdis: Csiesminus orrambothier eartaf ancaggreearassni no
acid fromthe N-term nus of an aggrecanase protein. |In another enbodinent,

a del et iprotety gndi cesinchidevvemaval ef atl leasttorenamiid Héd PR @&8a7ke, FOMUS03/ 03554
amno acid fromthe Cterm nus of an aggrecanase protein. In yet another

enbodi Mejbout ¢ t6d@bBlt 8ANFIABRICIAS frohtaABYRI5 B alfeitN® adirtaditsrémrad@uen | yi ng
between N-term nal end and C-term nal end of an aggrecanase nolecule. In

one e”bmb@d?}utt ﬁé‘éﬁﬂin@ ét‘?&sff‘tf}c%g abBYOY Foéaﬁ@u@’(?émﬂ{o QEidE“Fr{)ﬁweaHi’Rﬁr%b” of an

aggrecanase of e 1 nvention. r exanp aggrecanases of the 1nvention

Gomai n dBRLBuES BMifE A6RE, 66 SRR E P il Fuer For bRl IR
del et ed, r aggrecanase-2 nol ecul es that have one TSP domai n del eted, or
aggr ec ar{gggout 756 amino acids, from about 150 to about 200 amino acids, from about
200 to about 250 amino acids, from about 250 to about 300 amino acids, from
about 300 to about 350 amino acids, from about 350 to about 400 amino acids,
from about 400 to about 450 amino acids, from about 450 to about 500 amino
acids, or greater than 500 amino acids.
[069] Deletions can also be made in nucleic acid molecules that encode
aggrecanases of the invention; for example, deletions can be made in the region
of a nucleic acid that encodes for a TSP domain of an aggrecanase. Such
deletions typically encompass the 3' region of a nucleic acid molecule encoding an
aggrecanase of the invention. However, it is contemplated that deletions can be
made anywhere in a nucleic acid expressing an aggrecanase molecule. One
skilled in the art can test truncated aggrecanases of the invention for activity in
one of many assays disclosed.
[070] An amino acid deletion according to the invention comprises the

removal of at least one amino acid from the N-terminus of an aggrecanase

protein. In another embodiment, a deletion comprises removal of at least one
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2 nmol ecul es that have two TSP domai ns del et ed. Aggrecanases according to
the invention may conprise deletion of all TSP domains within an
aggrecanawe 03p6aeein. It is contenplated that other domai RETWISOHDIFS4
aggrecanase nol ecules may also be deleted to generate biologically-active
truncated aggrecanases that are nore stable than the full-length
counterpart. [071] The term"fragnent" as used herein, refers to a portion

of an agghecrRrRFEeMIthet@itdrmsthus ¢ ahm Fédefmsefmbte‘ﬂ%amoi/@t arfoti& tion of
am no acid sequences set forth in S 4, 3, 10, 11, 12, and

S equenccegh?% ofiMRAdi BbtoA cBé@ﬁgﬁgtreﬁ’thQt cﬁre%ﬂb’%cﬁﬁ %ﬁt é?ei@é'n o acid

at has aggrecana activity in | ded. The
term"fr, i ncl ud nucl eoti de_sequences that re | gng enough to
encode 2%&?%2&\' ftaéﬁ'g't I&Wl (féatﬁﬂp@@gﬁ% 8@9%%(?‘3?“@38\/@9 qag)r?@nts of a
nucl eoti de sequence nay not encode protein fragrrents that retain
aggr ecarfRRO; PBgﬁU@BIa g%'?t"?” tqwolvq3rr@mvm ann eobreedemain af an agnent s of the
i nvention |nclude portions of other nucleic acid nolecules or proteins
t hat ar @ggigranaseiailtihg inveation c &lor ezampld, eggrecamasep af theinvehtiome nucl eot i de
sequences set forth in SEQID NGs: 1, 3, 5, 7, 9, 31, 32, 23 WO 03/066822
PCT/ USO30f§histhg a)lt:teﬂa’tlondnclatie |a@@$écameeﬂ0mblévmé§ th%IFhQOe Eclﬁtkadl‘ Srequences set

forth in SEQID NGs: 2, 4, 6, 8, 10, 11, 12, or respect ively.
Fragnmen C s t | east
about Z?rﬁ? ggﬁtgggr a??%r?ﬁ?gﬁga@?légg)c?&tthggﬁ nucvf)eot I des, s{’nr o&rﬁ?gﬁteal east

shovt PR ldhl 0 ofthe BB EGRL lboracl |22
obout 300 B SERevd ATEP hashe bl or st S SeSraty gy | o2t
about 7?r(1)verr]1ltjlg:1 ?r(tjett)ll ggr?tpn];e c()jrt]aqle(’%ltonl gfaaSIItTSaFt’)?jg}fnaslr?s(.) within an aggrecanase

protein. It is contemplated that other domains within aggrecanase molecules may

also be deleted to generate biologically-active truncated aggrecanases that are

more stable than the full-length counterpart.

[071] The term "fragment" as used herein, refers to a portion of an

aggrecanase protein of the invention, for example, a portion of amino acid

sequences set forth in SEQ ID NO: 2, 4, 6, 8, 10, 11, 12, and 13. In one

embodiment, a fragment of a protein refers to an amino acid sequence that has

aggrecanase activity in one of many assays provided. The term "fragment" also

includes nucleotide sequences that are long enough to encode peptides that

exhibit aggrecanase activity. However, fragments of a nucleotide sequence may

or may not encode protein fragments that retain aggrecanase biological activity.

Protein and nucleic acid fragments of the invention include portions of other

nucleic acid molecules or proteins that are substantially identical to at least one

portion of the nucleotide sequences set forth in SEQ ID NOs: 1, 3, 5, 7, 9, 31, 32,
23



nucl eotides, up to the entire length of the nucleic acid sequence set forth
in SEQ IDNO 1. In one enbodinent, nucleic acid fragnents encode pepti des
t hat havewoaggémsennase activity. Protein fragnments may ramga/ushae3sexanpl e,
fromat |east about 5 amno acids, fromat |east about 10 am no aci ds,
fromat |east about 20 am no acids, fromabout 30 am no acids, from about
40 am no acids, fromabout 50 am no acids, fromat |east about 100 am no

aci ds, {)F@ﬁn&tatllgﬁﬁtor%%io%gganﬁm Beidad snc%é 081 Rfthl IRBEQIBNDs2H0 am no

acids, fromat least a am no acl rom at | east about 300 ami no

acids, §r t l.eagt about 350 .am no i ds £l t 0 am no
aci ds, th’p 8,70, d%00e: S ’Jﬁa?%CtB’E%- h'ér%@m‘?{ﬁsQif‘gge@e%‘ld‘g%%é”@g%%f'gég h in SEQ
ID NO 2. Fragnments of nucleic acids _of the inve tior% c%n artéﬁ from3'

por t i onkangs, TxEane, semaatyeastpboub gl nusteolidgs.dramatieast aboylhafice.
Simlarly, protein fragnents can arise fromNterm nus portion, Ctermnus
por t i onnudeotiass, dtdneat jeast albdutal 4 nwaleotidasy foors aéieasdiabent 150 r agnment s of
proteins retain aggrecanase activity. |In another enbodi nent, protein

f r agmenhgclebtidds fiony anldaghabauiti 200 hucisotidas) float lebskalpouttason t hat has
aggrecanase activity. 24 WO 03/ 066822 PCT/ US03/ 03554 [072] The term

"ef fect hﬁ(&eéﬁ@éﬁ??ﬁ"ohn:i %f RSt SBod INPRISe MMM afleadt S9GIRATA | on at | east

one aggrecanase in Itor or anti bo'('j_y of fthg I nv?_ntl on that "i s sufficient
(0L BB N PR BRI BRGNS sl of B Bl of moar ecanae
i bi ¢ BROeBU49R e b loanh 8ot 1O RUdS: 15361 ALiast Hont 80T bi  Ton, o
di m nution of binding can be nmeasured by one of nmany assays provi ded.
| nhi bi t heeleofidesygictodha satieglength of tegwiaigie acisksaauence|sgt forth HaPEQa
conpl ete negation of aggrecanase activity. A reduction in

ID NO: 1. In one embodiment, nucleic acid fragments encode peptides that have

aggrecanase activity. Protein fragments may range, for example, from at least

about 5 amino acids, from at least about 10 amino acids, from at least about 20

amino acids, from about 30 amino acids, from about 40 amino acids, from about

50 amino acids, from at least about 100 amino acids, from at least about 150

amino acids, from at least about 200 amino acids, from at least about 250 amino

acids, from at least about 300 amino acids, from at least about 350 amino acids,

from at least about 400 amino acids, up to the entire length of the amino acid

sequence set forth in SEQ ID NO: 2. Fragments of nucleic acids of the invention

can arise from 3' portions, 5' portions or any other part of a nucleic acid sequence.

Similarly, protein fragments can arise from N-terminus portion, C-terminus portion

or any other part of a protein. In one embodiment, fragments of proteins retain

aggrecanase activity. In another embodiment, protein fragments of the invention

arise from a portion of a protein that has aggrecanase activity.
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activity can be, for exanple, at |east about 10% 20% 30% 40% 50% 60%
70% 80% 90% or nore. In one enbodinent, inhibition is nmeasured by a
reduct i orworespbs22zet ecti on of cl eavage products of aggrecaaT/usndoidsss ors of
the present invention include, but are not limted to, antibodies,
proteins, peptides, and chem cal conpounds (often referred to as small
nol ecul es). [074] The term "isol ated" describes a nucleic acid nolecul e or

pol ypept i de IS/ACHH thittvofrSciahfltaldikrd o2 dBkadd br BAkdungby #1vi Tonment

For instance, an iso proteln 1I's substantial ree of cellular
material or other contam natin r at el f th | . J .source
from vaQWthS'It'PQ %é‘??#é’(ﬁ‘.e qggge‘f%ﬁ%e--lp@b@{ g'rdg'q%osa& ﬁb%#@;@@bﬁﬁ@d%r ecanase
protein accordi ng_ to the invention which is free fromassociation with

ot her pebffisiesééo Haat adRleERs aggrecanase proteolytic activity. In addition,
the term"isolated" refers to nucleic acid nolecules that encode

aggr ecanases [@#3]t Akeitaredinhihithad"inhibifioptof aggnecahese oeagguresanasat er i al
and contam nants. 25 WD 03/ 066822 PCT/ US03/ 03554 [075] The term

" neoepi bepdtyareférsad e reédetasss, inbibRionaTiotierdisd bintinates bf tlebstorieecogni zes a
new N or Gtermnal am no acid sequence generated by proteolytic cleavage

but whi %gtlﬂ%@aﬁﬁfﬁgéﬁ%et @qét&ﬁnﬁﬁg%ﬁiéﬂﬂﬁibﬂﬁr e éﬁ%ﬂébanéé@é‘ﬂ eaved)

substrat e term " operative assocliation”™ w an expressi on

R e N b g T N R St

efficiency of a nucleotide nolecule |inked to the e,ugnce. For exanple, a
pr onpt eONE&Y RABLasTAYS Rrevidedc Arlibitign 9f Pegresanase Aclviey daesingt an
aggrecanase codi ng nucl eotide sequence may be in operative association
wi t h t heeagsparitymakicate mceatnplgtennegation efeggrecanase activity. A reduction in

activity can be, for example, at least about 10%, 20%, 30%, 40%, 50%, 60%,

70%, 80%, 90% or more. In one embodiment, inhibition is measured by a

reduction in the detection of cleavage products of aggrecan. Inhibitors of the

present invention include, but are not limited to, antibodies, proteins, peptides,

and chemical compounds (often referred to as small molecules).

[074] The term "isolated" describes a nucleic acid molecule or

polypeptide molecule that is substantially free of its natural environment. For

instance, an isolated protein is substantially free of cellular material or other

contaminating proteins from the cell or tissue source from which it is derived. The

term "isolated" also refers to an aggrecanase protein according to the invention

which is free from association with other proteases and retains aggrecanase

proteolytic activity. In addition, the term "isolated" refers to nucleic acid molecules

that encode aggrecanases of the invention and are free from other cellular

material and contaminants.
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sequence. Expression control sequences include, but are not |limted to, for
exanpl e, pronoters, enhancers, and other expression control sequences, or
any conbwoaioess2nf such el enents, either 5 or 3" to an REYrUSOROBASE
encodi ng nucl eotide sequence in order to control its expression. Not al

of these elenents are required, however. A skilled artisan can select the
appropriate expression control sequences, for exanple, depending on

Lorm ~spec, 1 BIb At BrodtaHt AR ERATR A ehiSalYEE . “"hinas 1o at

| east one aggrecanase nol ecul e of the present in ti body

a ] ention andth%da)p

will nepeeificallyaiepogniges ainawhN-19r Sutarging amine @fdseqyese 9§ Meast one
novel aggrecanase nol ecule. The termis al so applicable where, e.g., an
ant i geproteblytit mpavagaibut shicmdaes hoblindite suplenfaritopgronathedrtact ul ar
epitope, which is represented on a nunber of antigens, and the specific

bi ndi nguﬁ@ggg\%d)(stulbgtra@ti body) carrying the antigen binding domain wll be
able to bind to the various 26 WO 03/066822 PCT/ US03/ 03554 anti gens

carrying thgoeg! HeRGerERErMe abdoliation WRFIréAstebioh ddntrant i body of the

i nvention w 0 an epitope on nultiple novel aggrecanase proteins.

Typically, the binding s gconsi LELGe: Har onstant K
7 giretluebrageagaFatorsfi iR MEBE0S 8P shacid RACicl e Beblihed ob e, BT
antigen if, under appropriately selected, conditions, .such, bi.nding is not

e Ubst arseauENges it BpREA, Oraflach ranECHIONIZIROF & '%5‘8%-058&‘1"?‘?%""% nding is
inhibited. The conditions are usually defined in ternms of concentration of
ant i bodheleculedinked 40 thengequerice:. Heorseiamplena prareaies sgaUeace thakds al | owed for
bi ndi ng, concentration of additional nolecules associated with the binding
react i Qac4t8d ProxiF@ilyine ey ofan Bggaseanaje ceding riwigotidecediuenods are wel |

known in the art, and a skilled artisan using routine techniques
may be in operative association with the aggrecanase encoding nucleotide
sequence. Expression control sequences include, but are not limited to, for
example, promoters, enhancers, and other expression control sequences, or any
combination of such elements, either 5' or 3' to an aggrecanase encoding
nucleotide sequence in order to control its expression. Not all of these e]ements
are required, however. A skilled artisan can select the appropriate expression
control sequences, for example, depending on desired expression levels for the
aggrecanases of the invention.

[077] The term "specific binding" of an antibody means that the antibody
binds to at least one aggrecanase molecule of the present invention and the
antibody will not show any significant binding to molecules other than at least one
novel aggrecanase molecule. The term is also applicable where, e.g., an antigen
binding domain of an antibody is specific for a particular epitope, which is

represented on a number of antigens, and the specific binding member (the

antibody) carrying the antigen binding domain will be able to bind to the various
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can sel ect appropriate conditions. [078] The term"stability" as used
herein, generally refers to a decrease in the rate of degradation of a
protei n, wWbesetis2i ncreasing its half-life, solubility anaCorusexmsessi on

| evel s. Several factors affect protein stability in vitro and in vivo, for
exanple, pH, salt concentration, tenperature, protein degradation, for
exanpl e by proteases, netal ions, autocatalysis of proteins, hydrophobicity

tc. I | : ' t hat
ar o mor MENEAIRMAERY ealdH HﬂFF%*B*eS{‘h'é%%hﬁﬁ?‘sérﬁw%ﬁ%gﬁgaﬂm‘@es ]
nbodi t,.th t t t tants that

ar e mor Bvettiat 9l RE o 8 ep e N POLPREEV SBRr GBI s (hat make a
protein_nore stable generally include_ conditions that keep th rotein in
a f ol delyrisalyethebi gtsrcqr@w@éed sRasifiayhenl the afRiagnsiREdervinighar s

bi ol ogi cal activity for a |longer period of tinme. An increase in stability
of a prthiasi 10°Jdieral aytibadyris aaiestol spetifiallyl bind" dodneantigessf, ondeevel s,
thereby 27 WO 03/066822 PCT/ US03/03554 neking it possible to purify the

prot ei ”apﬂi‘ro'pﬁéﬁé?ﬁ/ Qméfécﬁcdrw tldrfseéa@@btridmgﬁsfrim%@bsta@ﬂdllyf Wmltﬂtedeklmil%nt of
i nhibitors 079] The term"highly stringent” or "high stringency"

descri bgsy,e ﬁhﬁ%?lh@ﬁoﬁ < eaff@bln‘éﬁrﬁa&;'lﬁﬁlbﬁ@@ Wﬁ%"&dﬁﬂltg}ﬁg%r@i{sugﬁ’} erm ni ng

nucl ei ¢ acl I nter lons. Nuclelc acid hybridization will be

ff h

o 333? e%f %ﬁ&m‘%gﬁ bhCHe . d 2iphaRE RRE Aty R RRF SOROR, vl creni ary
t t f i d b h b h

hybr 1 0 BrngeTAIElBeAloud BEDIINO. SenPeRERIGN S BRTAARICB)SEhose ki | ed

in the art. The stringency conditions are dependent on t he I engt h of the
nucl ei cassoaatedviththeplisdingaepatinn (eog, serun alvmaine milk geseindreic. hpe
determ ned by techniques well known in the art. Cenerally, stringency can

conditions are well known in the art, and a skilled artisan using routine techniques

can select appropriate conditions.

[078] The term "stability" as used herein, generally refers to a decrease

in the rate of degradation of a protein, thereby increasing its half-life, solubility

and/or expression levels. Several factors affect protein stability in vitro and in

vivo, for example, pH, salt concentration, temperature, protein degradation, for

example by proteases, metal ions, autocatalysis of proteins, hydrophobicity etc.

In one embodiment, the invention includes truncated aggrecanases that are more

stable than their full-length counterparts. In another embodiment, the invention

includes aggrecanase active-site mutants that are more stable than their wild-type

counterparts. Conditions that make a protein more stable generally include

conditions that keep the protein in a folded conformation for longer than normal,

thereby preserving its biological activity for a longer period of time. An increase in

stability of a protein generally increases its half-life and expression levels, thereby

27



be altered or controlled by, for exanple, manipulating tenperature and salt
concentration during hybridization and washi ng. For exanple, a conbination
of hi gh wermpes@eure and | ow salt concentration increasesP€sTiSnyedssy. Such
conditions are known to those skilled in the art and can be found in, for
exanple, "Current Protocols in Ml ecular Biology," John Wley & Sons, N.Y.
(1989), 6.3.1- 6.3.6. Both aqueous and nonaqueous conditions as descri bed

in the Wor:> : [ ' FShaeat | on
cond t 1 ke pAEIb kB Uy i bRfh &) Brgh el Ut 1o RIS 530 at
about 45C, .followed by at . one wash in 0.2X SSC, 0.1 % SDS at 50C. A
second Qggﬁ%’l%evﬁo\ewaﬁtlﬁ"g?'sﬁiéent hybri di zation conditions is

hybridi zation_in 6X SSC at about 45C, followed by at |east one wash in
0.2X SSC, 0. P78 sBSeé@mEé@thhﬁwe@xQFrp'mﬁ?" gpncy” deseribRont

hybridi zati on conditions is hybridization in 6X SSC at about 45C, 28 WO

03/ 06682anditiTis fo0 BybasEation ant ovashing used faraictersnivingasuclein agienucigic, 0.1 %
SDS at 60C. A further exanple of highly stringent hybridization conditions

i s hybr pidzateradtions. NUCESE aaid izatfoB, will dd affededpyatuchemsatitions asash in
0.2X SSC, 0.1 % SDS at 65C. Highly stringent conditions include

hybri di ' ' ' h v i | d by at
st ona B B e e ot at el

hat pernmeOstiaticPEpR & hy ol MaRrier$Baberid R AEhBPE ot MR o s
The. nucbase MEmaLChastietyPeatis hyRAHZBEAYS IDoFidacns MBS TE4Re nucl oi ¢ aci d
especially preferred. Mdderately stringent conditions conprise but are not
| i mi t edappreciated byaheseskiligbin tiezatt.i dhe isirirepncy conditions are dependeitt ' s
solution, 5X SSPE, 0.2% SDS at 42C., followed by washing in 0.2 X SSPE,
0.2% on the length of the nucleic acid and the base composition of the nucleic acid and

can be determined by techniques well known in the art. Generally, stringency can

be altered or controlled by, for example, manipulating temperature and salt

concentration during hybridization and washing. For example, a combination of

high temperature and low salt concentration increases stringency. Such

conditions are known to those skilled in the art and can be found in, for example,

"Current Protocols in Molecular Biology," John Wiley & Sons, N.Y. (1989), 6.3.1-

6.3.6. Both aqueous and nonaqueous conditions as described in the art can be

used. One example of highly stringent hybridization conditions is hybridization in

6X sodium chloride/sodium citrate (SSC) at about 45°C, followed by at least one

wash in 0.2X SSC, 0.1% SDS at 50°C. A second example of highly stringent

hybridization conditions is hybridization in 6X SSC at about 45°C, followed by at

least one wash in 0.2X SSC, 0.1% SDS at 55°C. Another example of highly

stringent hybridization conditions is hybridization in 6X SSC at about 45°C,
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SDS, at 65C. (see, e.g., Sanbrook et al., Mdlecular Coning A Laboratory
Manual , Cold Spring Harbor Laboratory Press, 1989). [081] The phrase
"subst antwaealoBgedsaent i cal " or "substantially simlar” nealR€TUsas/035he

rel evant am no acid or nucl eotide sequence will be identical to or have
I nsubstantial differences (through conserved am no acid substitutions) in
conpari son to the sequences which are disclosed. Nucleotide and

pol ypept jdes, of the inventian.ingl , r t at
oaet ” Iplsvecsyat least ok eshiB A5 S0 1 eaBE ML o890y Pl oo
65% at |east about 70% at |east about 75% at |east_ about 80% at |east
about ®6%ghdy stringent hytwidizaiion, cenditiansds hyhpdigatiop i 6X:SPeAbadbut 93% at
| east about 94% at | east about 95% at |east about 96% at |east about

97% aysheafdiioNeRUby F0¥astBneivakbe@s 0.2086C, W% $D8rtiESAC. iHighlyquence to
nucl ei ¢ acid nol ecul es and pol ypepti des di scl osed. 29 WD 03/ 066822

POTT USQURRERT tonbiBhs ifiaPRVMRARANGIFR.0.8 saifith HospRBte 70 S at of ore

am no conmpar e ween the origlnal polypeptide and the

vari ant_pol ypeptide that is substantiallyai ' o~the original. For
nucl ei @é@i’%{%ﬂp %a%‘?a%?n%’@?ﬁfgg;égéo%’oﬁgﬁ?g%kﬁgl otides will be
conpared between the original nucleic acid and the variant nucleic acid
that is subg0a@} i Eid phiagerimadgratelystdngentjiotamoderate sringene@ht coul d be
substantially identical in a region or regions, but divergent in others,
whi | e sfybriiZaBehireters kecsediiong thei pefmit suisdieioticid foybindent i cal . " Per cent

i dentity between two sequences is determ ned by standard alignnent

al gorit , : ' | | SHeBst adnn 7 50BLASE)
Goaor | IRpIBHEM AT nyclds ag.iaaﬁagﬁas %&?%?W?%Bﬂo& 410 (1990) . the

o0 AT Shaaoelilgg I Masadra gty
to the nucleic acid especially preferred. Moderately stringent conditions comprise
but are not limited to, for example, hybridization in 50% formamide, 5X Denhart's
solution, 5X SSPE, 0.2% SDS at 42°C., followed by washing in 0.2 X SSPE, 0.2%
SDS, at 65°C. (see, e.g., Sambrook et al., Molecular Cloning A Laboratory
Manual, Cold Spring Harbor Laboratory Press, 1989).

[081] The phrase "substantially identical" or "substantially similar"
means that the relevant amino acid or nucleotide sequence will be identical to or
have insubstantial differences (through conserved amino acid substitutions) in
comparison to the sequences which are disclosed. Nucleotide and polypeptides
of the invention include, for example, those that are at least about 50%, at least
about 55%, at least about 60%, at least about 65%, at least about 70%, at least
about 75%, at least about 80%, at least about 85%, at least about 90%, at least
about 92%, at least about 93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least about 99%

identical in sequence to nucleic acid molecules and polypeptides disclosed.
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[083] The term"treating” or "treatnent"” refers to both therapeutic
treatnment and prophylactic or preventative nmeasures. Those in need of

t r eat mrentworsagpedsez| ude i ndi vi dual s al ready havi ng a parti eararosrests<al

di sorder as well as those who may ultimately acquire the disorder (i.e.,
t hose needi ng preventative neasures). Treatnent may regul ate aggrecanase
activity or the level of aggrecanase to prevent or aneliorate clinical

Lo o O, AR e A SO 0910 O i roes

function by, ing nteraction or I ng of

aggrecanase to aggrecan, or by reduci or inhibiti (

act i vi O cqroprpdmaiwegn the PF'QK‘@LE’S’MpeQ@%Qﬁq}%Y%ﬁ'%&%&p}%ﬁggﬂﬁjgl eot i des
encodi ng aggrecanases of the invention that are m ssing é st . one

nucl eotsubietantially igytioaltodbe orignal.nEor AYIAIC W%r?ét'e%ﬁté%@ ilré&éioq east one
am no acid, which are 30 WD 03/066822 PCT/ US03/03554 found in a

ful | -1 enghdreaudiestiesseilhectanparadibtweee the eriginahnucleicagidiage farence,
respectively. Truncated proteins of the invention are generally shorter in

| engt hvaﬁaﬁpg{za icMdid thdias éuwbhﬁélgga_éﬁtimwtm@ﬂgihat. Tinusglal varidme to a

deletion o l'east one nucl eoti in a nucleic acid sequence encoding a
U arhb8 G BieRial bl e T e R e o e
conpr | s St meeRGe g demulih ol EbsER by REA AR RS 010 Pl ng
2q0r ccdmigeen tpaealiANces (s JaIPUTINGH bystenfasionTEnt Aprapms e 13~
conprising deletion of amno acid # 521 through the C-term nal end of the
full -1 fogtrampy, Besimiesd Aligatmeinh ToskBLAS Tdeseribggdn Atissiwl ef @/, ¥n anot her
enbodi nent, truncated aggrecanases of the invention

Mol. Biol., 215:403-410 (1990), the algorithm of Needleman et al., J. Mol. Biol.,

48:444-453 (1970), or the algorithm of Meyers et al., Comput. Appl. Biosci., 4:11-

17 (1988).

[083] The term "treating" or "treatment"” refers to both therapeutic

treatment and prophylactic or preventative measures. Those in need of treatment

may include individuals already having a particular medical disorder as well as

those who may ultimately acquire the disorder (i.e., those needing preventative

measures). Treatment may regulate aggrecanase activity or the level of

aggrecanase to prevent or ameliorate clinical symptoms of at least one disease.

The inhibitors and/or’antibodies may function by, for example, preventing the

interaction or binding of aggrecanase to aggrecan, or by reducing or inhibiting

aggrecanase activity.

[084] The term "truncated" as used herein, refers to nucleotides encoding

aggrecanases of the invention that are missing at least one nucleotide, or

aggrecanases of the invention that are missing at least one amino acid, which are
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conpri se aggrecanase-2 truncated proteins; for exanple, as set forth in SEQ
ID NO 4 conprising deletion of amno acid #754 through the Cterm nal end
of the fwblo3loedsgt h aggrecanase-2 protein, set forth in SEQTIUSOMRS5L; SEQ
ID NO 6 conprising deletion of am no acid #753 through the C-term nal end
of the full- length aggrecanase-2 protein, set forth in SEQ ID NO 2; SEQ
ID NO. 8 conprising deletion of amno acid #629 through the Cterm nal end

of the ffb'uH\d ml @ﬂgltlbngﬂgé@gr@aaﬁ@s@naélerceadu niskécul® o Bnlifo 96 3 déﬁceZ and

SEQ I D conprising del etion of am no acid #568 through
Ct f I h SE
o kgl 7 aed i MO SRR M R, S50

encodes an ag rec made in t t sIf su uent to the
For mat 1 Sameron ai g f-eRaet Pt neted 0 bspldaieanan o e,
refers to nucl e| c acids that encode aggrecanases that 31 WD 03/066822

PCT/ USoDNgInsdeotisiedn @ niwdeicagichgeqignceanoodinga trepcaiag Roigia 964 dhensel ves.
Nucl eic acids encoding for truncated proteins of the invention are

depi ct ededst cBEQ@rIDONGd oBthesgorregpomdinpifulldengthgre®in. Tr uncat ed pr ot ei ns of
the invention can be expressed as fusion proteins. [086] Truncated

aggr ecanases [085]t e ohs\ernbodimendvior ex@aplky; treihedied dggretamasdshf the
corresponding full-length aggrecanase nol ecule. Truncated aggrecanases of

the i ”V‘?ﬁ\FérRi'&H(iﬁélu&é %n@ﬁ%gﬁé?% eng? Bﬂs dotising aharhiflo\dcip and in

vitro tha e correspon aggrecanase” proteins. Truncated

other _areopapponel PR SR BN T2 S Re Hudr bt ER R TAETE on. - or
nuct cot Ra0UIHANS - 1BTAA Pskel IBR BB ol O deE GRB ANPIEI 3P OB cal or
stmlar StEOC.)tIBeNCr;:u %: % ;eaontdI gEQalnDd N%n:1 1%Oc§r(r:l;)filsing deletion of amino acid # 521
through the C-terminal end of the full-length aggrecanase-1 protein, set forth in
SEQ ID NO: 11. In another embodiment, truncated aggrecanases of the invention
comprise aggrecanase-2 truncated proteins; for example, as set forth in SEQ ID
NO: 4 comprising deletion of amino acid #754 through the C-terminal end of the
full-length aggrecanase-2 protein, set forth in SEQ ID NO: 2; SEQ ID NO: 6
comprising deletion of amino acid #753 through the C-terminal end of the full-
length aggrecanase-2 protein, set forth in SEQ ID NO: 2; SEQ ID NO: 8
comprising deletion of amino acid #629 through the C-terminal end of the full-
length aggrecanase-2 protein, set forth in SEQ ID NO: 2; and SEQ ID NO: 10
comprising deletion of amino acid #568 through the C-terminal end of the full-
length aggrecanase-2 protein, set forth in SEQ ID NO: 2. Such a deletion can be
made either in a nucleic acid that encodes an aggrecanase or be made in the

protein itself subsequent to the formation of the protein. Accordingly, the term

"truncated" as used herein refers to nucleic acids that encode aggrecanases that
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sequences provided, respectively. Variants can be naturally occurring; for
exanpl e, naturally occurring human and non- human nucl eoti de sequences t hat
encode agyo@sA6®IE Or aggrecanase-|i ke proteins, or be geRETAiSe303554
artificially. Exanples of variants are aggrecanases resulting from
alternative splicing of the aggrecanase nRNA, including both 3' and 5
spliced variants of the aggrecanases of the invention, point nutations and

ot her nutations, or 0 i f g qar ot ei n.

Var i anf®¥ @\"n%%ﬁﬁ @(%%%L@%ﬁgbg%thé aﬁﬁ%@%ﬁgiﬂﬁ%@gggé&nuci ei %ﬁgg?d nol ecul es
or fragments thereof and am no_acid seqguences and , fr { hgrgof, that
are suBBRERMiNg fon juncaied Pﬁoé?méro@'i‘?ﬂqvgpﬂ?% akt ﬁSP'CEﬁ?C'F‘e‘ﬁgagg lg(s)% ?’og their
conpl ementary strands when they are optinmally alig edﬁ%&rvi tg%q? gropri ate

i nsert 7pAs1tr32iahe Blongyncaied pvteinsasefithe dRvadiqpLany B 5 In one
enbodi ment, there is at |east about 50%identity, at |east about 55%

i dent i fysioprotdingD 03/ 066822 PCT/ US03/ 03554 | east about 60%identity, at
| east about 65% identity, at |east about 70%identity, at |east about 75%

i dentity, atpdeiasghuskaud a§9fécarasss b thedhvemts halwgtealinstabititytthay, at

| east at | east "about 90% “at | east about 92%identity, at |east about 93%
i denti at | east U 0p 1 i RASTrneatdd cagaddstof, at
| east 'i%%%;[re%%%qﬁr&@ﬁﬁﬁkg,tﬁa%dqqggés¢§§§brg§£edg7%T ent i ty?ég(fte | east about 98%
identity, or at |east about 99%i dentit . A EC. a0 | ecul e
or protie iventionsaninehe Bairesied 2h Sltet eals BPE Y e vt tﬂ?ﬁgr otein
respectively, when optimally aligned. Vari ané_s, a? (gefi ned, incl Pde bot h
nat ur althe cotesponding fidtleapth agapaaRasRRIARIES o d ryRGated 20aHHHRADPAPEH P
degenerative codon sequences of the aggrecanases of the invention.
Addi t i eR@iiventivaErabicogicallyativerandenay nglude ethesalieraions: aaeh akhni bi t
aggrecanase activity, as defined. [088] To assist in the identification of
the seqygiReesid sgbstAutidhs, hiodifications, or deletions in other parts of the protein.
[087] The term "variant" refers to nucleotide and amino acid sequences

that are substantially identical or similar to the nucleotide and amino acid

sequences provided, respectively. Variants can be naturally occurring; for

example, naturally occurring human and non-human nucleotide sequences that

encode aggrecanase or aggrecanase-like proteins, or be generated artificially.

Examples of variants are aggrecanases resulting from alternative splicing of the

aggrecanase mMRNA, including both 3"and o' spliced variants of the aggrecanases

of the invention, point mutations and other mutations, or proteolytic cleavage of

the aggrecanase protein. Variants of aggrecanases of the invention include

nucleic acid molecules or fragments thereof and amino acid sequences and

fragments thereof, that are substantially identical or similar to other nucleic acids

(or their complementary strands when they are optimally aligned (with appropriate

insertions or deletions)) or amino acid sequences respectively. In one

embodiment, there is at least about 50% identity, at least about 55% identity, at
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specification and figures, the followng table (Table 1) is provided, which
lists the SEQ ID NGOs, the figure location, and a brief description of each
sequence.WBI3MMB8RB/ 066822 PCT/ US03/ 03554 Table 1 a.a. = RaTS0H06ISH
SEQUENCES Fl GURES DESCRIPTION SEQ ID NO 1 Figures 1A-1C full-length

nucl eoti de sequence of ADAMIS-5 a recanase-2 SEQID NO 2 Figure 2
full-length a.a. sequence of ADAMIS-5 encoded b SEQID NO 1 SEQID NO 3

Fi gure 3egstrpoleedysiden aﬂl@%st ABEUN6BYE licksmtitd et fd st aibbut 0% @@hm?e #2382
of SEQ IDNO 1 SEQID 4F|gure4aa sequence of a truncafed

200" s east ool £ AR CHRaBop APt SRR IR T 02 8 2,

NG 1 S'?‘(%rjlt?y N(t)least atgeaset‘ a%out @0% B b&ﬁt &% identity, at least about
93% identity, at least about 94% identity, at least about 95% identity, at least
about 96% identity, at least about 97% identity, at least about 98% identity, or at
least about 99% identity between a nucleic acid molecule or protein of the
invention and another nucleic acid molecule or protein respectively, when
optimally aligned. Variants, as defined, include both naturally occurring nucleic
acid sequences as well as equivalent degenerative codon sequences of the
aggrecanases of the invention. Additionally, variants include proteins or
polypeptides that exhibit aggrecanase activity, as defined.

[088] To assist in the identification of the sequences listed in the

specification and figures, the following table (Table 1) is provided, which lists the

SEQ ID NOs, the figure location, and a brief description of each sequence.
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truncated aggrecanase-2 nolecule encoded by SEQID NO 5 SEQ ID NO 7
Figure 7 a nucl eotide sequence from nucleotide #123 to nucl eotide #2007
of SEQ |WON®06aB25EQ I D NO 8 Figure 8 a.a. sequence of aPCrrusnyedsed
aggrecanase-2 nol ecul e encoded by SEQID NO 7 SEQID NO 9 Figure 9 a
nucl eoti de sequence from nucleotide #123 to nucleotide #1824 of SEQ ID
NO 1 SEQID NO 10 Figure 10 a.a. sequence of a truncated aggrecanase-?2

nol ecul e encoded by SEQ ID NGO 9 34 WO 03/066822 PCT/ US03/ 03554 SEQUENCES
FI GURES DESCRIPTION SEQ ID NGO 11 Figure 11 a.a. sequence of full length

aggrecanase-1 protein encoded by ‘?gl()?e ,f D NO 31

a.a. = amino acid

SEQUENCES FIGURES DESCRIPTION
SEQ ID NO: 1 Figures 1A-1C full-length nucleotide
sequence of ADAMTS-5
(aggrecanase-2)

SEQ ID NO: 2 Figure 2 full-length a.a. sequence
of ADAMTS-5 encoded
by SEQ ID NO: 1

SEQ ID NO: 3 Figure 3 a nucleotide sequence
from nucleotide #123 to
nucleotide #2382 of SEQ
ID NO: 1

SEQ ID NO: 4 Figure 4 a.a. sequence of a
truncated aggrecanase-2
molecule encoded by
SEQ ID NO: 3

SEQID NO: 5 Figure 5 a nucleotide sequence
from nucleotide #123 to
nucleotide # 2379 of SEQ
ID NO: 1

SEQ ID NO: 6 Figure 6 a.a. sequence of a
truncated aggrecanase-2
molecule encoded by
SEQID NO: 5
SEQIDNO: 7 Figure 7 a nucleotide sequence
from nucleotide #123 to
nucleotide #2007 of SEQ
ID NO: 1

SEQID NO: 8 Figure 8 a.a. sequence of a
truncated aggrecanase-2
molecule encoded by
SEQID NO: 7
SEQIDNO: 9 Figure 9 a nucleotide sequence
from nucleotide #123 to

( nucleotide #1824 of SEQ
ID NO: 1

SEQ ID NO: 10 Figure 10 a.a. sequence of a
truncated aggrecanase-2
molecule encoded by
SEQ ID NO: 9

34



SEQ ID NO 12 Figure 12 a.a. sequence of truncated aggrecanase-1 protein
including a.a #1 Met) through a.a #575 (Pro) encoded by SEQ ID NGO 32
SEQ | D NGwoDb3/&isgure 13 a.a. sequence of truncated aggreeamases/dsssprot ei n
including a.a. #1 (Met) through a.a. #520 (Al a) encoded by SEQ ID NO 33
SEQ ID NO 14 Figure 14 a nucl eoti de sequence of a reconbinant truncated
ﬁggricagase 2 E)'r:otel n wth a peptide | inker and a streptavidin tag SEQ ID
encoded h\% QUEﬂQES bwu g'b;\ 'UIDFm IREQT: .[:i.n Sggg=u%?; pq-m,uolr?'t reI nSEQ
ID NO| 18 MEGHP NQEH!| D R AT8eH mor a.3-sequence of flll- '

length aggrecanase-1
protein encoded by SEQ
ID NO: 31

SEQ ID NO: 12 Figure 12 a.a. sequence of
truncated aggrecanase-1
protein including a.a #1
Met) through a.a #575
(Pro) encoded by SEQ ID
NO: 32

SEQ ID NO: 13 Figure 13 a.a. sequence of
truncated aggrecanase-1
protein including a.a. #1
(Met) through a.a. #520
(Ala) encoded by SEQ ID
NO: 33

SEQ ID NO: 14 Figure 14 a nucleotide sequence of
a recombinant truncated
aggrecanase-2 protein
with a peptide linker and
a streptavidin tag

SEQ ID NO: 15 Figure 15 a.a. sequence of a
recombinant
aggrecanase-2 protein
encoded by SEQ ID NO:

14.
SEQ ID NO: 16 Primer
SEQ ID NO: 17 Primer
SEQ ID NO: 18 Primer
SEQ ID NO: 19 Primer
SEQ ID NO: 20 oligonucleotide
SEQ ID NO: 21 oligonucleotide
SEQ ID NO: 22 peptide linker
SEQ ID NO: 23 Figure 18 streptavidin -tag
SEQ ID NO: 24 oligonucleotide
SEQ ID NO: 25 oligonucleotide
SEQ ID NO: 26 catalytic motif
SEQ ID NO: 27 Nucleotide insert
SEQ ID NO: 28 insert containing Xho1
site
SEQ ID NO: 29 68 bp adapter
SEQ ID NO: 30 Figure 21 aggrecanase-2 protein

with an E-to-Q mutation
at a.a. position 411
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SEQ I D NO 20 oligonucleotide SEQ ID NO 21 oligonucleotide SEQ ID NO 22
peptide linker SEQ ID NO 23 Figure 18 stre tavidin -tag SEQID NGO 24

ol i gonuclwotmdess25EQ | D NO 25 oli onucl eotide SEQ | D NOPCTAISoR03E4/t i C
nmotif SEQ ID NO 27 Nucleotide insert SEQID NO 28 insert containing
Xhol site SEQID NGO 29 68 bp adapter SEQ ID NO 30 Figure 21
aggrecanase-2 protein with an E-to-Q nutation at a.a. position 411 35 WD

03/ 066422 PCEEGUBNGES?  SERUENCESFIJURESS DESCR PTTHESCRIPTIBN 3!

=%

Fi e TG SEQ
PO e SR e i e e
I D NO |33 Figure 24 Nucl eoti le sequence of a truﬁgﬂyg'?f: 2\ gr1ecanase 1 I1.

Novel / ggr-ecanase Mol ecul es an'l lL.A-one nrﬂ'\n[‘llﬁj{g@ggram | eot i de
sequende. of acek Ehilgk &2 Figure 23 Nucleotide sequence of a
truncated aggrecanase-1
SEQ ID NO: 33 Figure 24 Nucleotide sequence of a

truncated aggrecanase-1

. Novel Aggrecanase Molecules

[089] In one embodiment, the nucleotide sequence of a truncated
aggrecanase-2 of the invention is set forth in SEQ ID NO: 3, wherein the nucleic
acid sequence includes nucleotide # 123 (atg) through nucleotide # 2382 (gaa) of
the full-length nucleic acid sequence of aggrecanase-2, set forth in SEQ ID NO: 1.

In another embodiment the nucleotide sequence of a truncated aggrecanase-2 is
set forth in Figure 5 from nucleotide #1 again beginning with the "A" of the (atg)
through nucleotide #2256 (cct). In another embodiment the nucleotide sequence
of a truncated aggrecanase-2 of the invention comprises nucleotide #1 (atg)
through #1884 (ttt) set forth in Figure 7, which comprises deletion of nucleotide
sequence encoding a TSP domain. In yet another embodiment, the nucleic acid
sequence of a truncated aggrecanase-2 protein of the invention comprises
nucleotide #1 (atg) through nucleotide #1701 (cat) which encodes an
aggrecanase-2 protein having both TSP domains deleted. The invention further
includes naturally-occurring nucleic acid sequences and fragments and variants
thereof, as well as those that are artificially generated and equivalent
degenerative codon sequences of the sequence described above as set forth in
Figures 3, 5, 7, and 9, as well as fragments thereof which encode polypeptides

that exhibit aggrecanase activity.
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aggrecanase-2 of the invention is set forth in SEQID NO 3, wherein the
nucl eic acid sequence includes nucleotide # 123 (atg) through nucl eotide #
2382 (gaaywoamBioedshe ful |l -1 ength nucleic acid sequence of aggramsanessss+ 2, set
forth in SEQID NGO 1. |In another enbodi nent the nucl eotide sequence of a
truncated aggrecanase-2 is set forth in Figure 5 from nucl eoti de #1 again
beginning with the "A" of the (atg) through nucleotide #2256 (cct). In

anot her enboqpomntin ety Enfidifiens HE pieRotiae sBqlithtisrbaficddifiibAnase- 2 of
the invention conprises nucleotide #1 (atg) through #1884 (ttt) set forth

rsp domysce AULEL S0RERBSR AR bAPLdk rlHEarBR BeEFaed UL IRIARECE: "] °

acl of a
t runcat aggrecanase-2 protein of the inventio Q i ses . nucleotide #1
() "t b eIAMRS Bt GatBh Bagteoatiass - CAdEne ne et B O Rgche Caiiee. o
protein having both TSP domai ns del eted. The invention further includes
nat ur al 19icededbyithg nYgleieaeid senyenes sehlosd iadigyreZShQ IBMNOVE2). ant s
thereof, as well as those that are artificially generated and equival ent

degener atetamotimatdrurcatpcbaggrecanasdrd pelgire ot thedngentidmneid seib forth msFigate fort h
in Figures 3, 5, 7, and 9, as well as fragnments thereof which encode

pol ypeptizdemicH iafudesiiditiontdid FSPN@sAaIRC tA Wutic #éd VYeqa8hESHHE2
PCT/ US03/ 03554 [090] In another enbodi ment, the nucl eoti de sequences of

the inv j i j i 1 ; 3
agar ccanncets S iR ot ne I DR i o (oS PRue 2038 e
set forh\n%_i Figure 12, can be encoded by the nucleic acid sequence set
forth i ig%)re 23 (SEQ ID NO 32). Yet another truncated aggrecanase-1

protein of the invention is set forth jn Figure 13, which includes
del etion of 409Hp Thenamino acie sepeprRceel an gd dincated aggiesaRasesdch a

truncated aggrecanase-1 protein is set forth in Figure 24 (SEQ ID
molecule is set forth in Figure 4 from amino acid #1 (Met) through #753 (Glu).

The invention further features amino acid sequences encoded by nucleotide
sequences of Figures 5, 7, and 9, which encode truncated aggrecanase-2
proteins, amino acid sequence of which are set forth in: Figure 6 including amino
acid #1 (Met) through #752 (Pro); Figure 8 including amino acid #1 (Met) through
amino acid #628 (Phe); and Figure 10 including amino acid #1 (Met) through
amino acid #567 (His). The invention further includes amino acid sequences for
truncated aggrecanase-1 molecules. The amino acid sequence for a truncated
aggrecanase-1 molecule is set forth in Figure 23, which may be encoded by the
nucleotide sequence of Figure 12. Yet another truncated aggrecanase-1
molecule of the invention is featured in Figure 13, which may be encoded by the
nucleic acid sequence of Figure 24. The invention further includes fragments and
variants of the amino acid sequences of polypeptides that exhibit aggrecanase

activity.
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NO 33). [091] The am no acid sequence of an isolated truncated
aggrecanase-2 nolecule is set forth in Figure 4 fromamno acid #1 (Met)
t hrough #¥B33(6&ise) . The i nvention further features am noPaTiuboyesFsLnces
encoded by nucl eoti de sequences of Figures 5, 7, and 9, which encode
truncated aggrecanase-2 proteins, am no acid sequence of which are set
forth in: Figure 6 including amno acid #1 (Met) through #752 (Pro);

Fi gure 8 inclioginea Bainad ajrécahaseiibleirt Bf MédiRveriber a%ia@nitdd thdérkBe) ; and
Figure 10 including amno acid #1 (Met) through amno acid #567 (H's). The

;3;?22;2‘2@2 H%b@%dcéﬁé%’g@%rﬁ@ Qeelﬁﬁgﬂs@ﬁﬂéﬂ Wifsa ONA sg&#é‘r‘f@é gﬁzigure 3

€ am no acl sequence for runcate

aggr eca - .ecul.e | et in Figure 23. which may .be encoded by
e O adRES pgEBLEE el ok 2o BagL A il B LA IRE e canase, 1
nol ecul e of the invention is featured in Figure 13, which may be encoded by
the nudh@rultyeimedivgamretedt chargalesized bythe amipeaddbsequanceeset forth udes
fragnents and variants of the am no acid sequences of pol ypeptides that
exhi bi t imfiguse drfseye ansiopiadid #1 (BRH)WraAghEEER (GIRTTubiSasfialStee frpan2] A
human aggrecanase protein of the invention or a fragnent thereof may be

pr oducedttir proteingdevyisamairialg witn 9ihiohies vs-produdeA sequence of Figure 3
fromnucl eotide #1 (atg) through #2259 (gaa) and recovering and purifying

from the CU'[@%‘]eIﬁ%ﬂbﬂi@r%nﬁ’édﬁiﬁbﬂt,%@é%@%??@ lpgqtetrhﬁr@%@%@hgi sequence

set forth in Filgure 4 fromamno acid rough 7 ( o
SUDSt A b S O 2 AR SRR PR St BL R 15
Vet | ool 955) Mot HHcledfod 385 (- IR HOL ey nd e VA
purifying the aggrecanase protein comprising an amino acid sequence of Figure 6
from amino acid #1 (Met) through amino acid #752 (Pro). In another embodiment,
the aggrecanase protein of the invention may be produced by culturing a cell
transformed with the DNA sequence of Figure 5 from nucleotide #1 (atg) to
nucleotide #2256 (cct) with an additional GAA following CCT and recovering and
purifying the aggrecanase protein comprising an amino acid sequence of Figure 4
from amino acid #1 (Met) through amino acid #753 (Glu). In yet another
embodiment aggrecanase proteins of the present invention may be produced by
culturing a cell transformed with the DNA sequence of Figures 1A-1C (SEQ ID
NO: 1) and recovering and purifying a truncated aggrecanase protein from the
culture medium comprising amino acid #1 through amino acid #752 (SEQ ID NO:
6), or amino acid # 1 through amino acid #753 (SEQ ID NO: 4), produced due to
cleavage of the full-length aggrecanase-2 protein set forth in SEQ ID NO: 2.

[094] In a further embodiment, a protein recovered from a cell culture

medium includes amino acids #1 through #628 (SEQ ID NO: 8); amino acids #1
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5 fromnucleotide # 1 (atg) through nucl eotide #2256 (cct) and recovering
and purifying the aggrecanase protein conprising an am no acid sequence of
Fi gure 6 wbrooms@ei no acid #1 (Met) through ami no aci d #752PCTRIS03/0355h

anot her enbodi nent, the aggrecanase protein of the invention may be
produced by culturing a cell transforned with the DNA sequence of Figure 5
fromnucleotide #1 (atg) to nucleotide #2256 (cct) with an additional GAA

fol | ow pg GHIEEFNGES 980! 16): 3idno %#fdérﬁéﬂ @IQroEfBﬁf SHEQMBNOPISf & N

conprising~an am no aci d sequence 0O ure romamno acid #1 (Met)

t hrough_am no_aci 753 . ( i t her... enbodi nent recanase

prot ei n8MyFo ?H@S&ﬂetgé%gh %@Q’FJBHD@@ ggﬁp?ﬂﬁ%cgax%ﬂ?ssgaIp{%gﬁﬁgar cel l
transfornmed with the DNA sequence of Figures 1A-1C (SEQ ID NO 1) and

r ecover Ppstantiellydres frompother piaieinpeaous fradeniate ¥ethovicBithey pEhe®he culture
medi um conprising amno acid #1 through am no acid #752 (SEQ ID NO 6), or
am no apratiuget, asnell@gs frommtherccantamiiantSES reCowdedurifipdquaisdtlisdue t o

cl eavage of the full-length aggrecanase-2 protein set forth in SEQ ID NO

2. [ 094tohtensplatedtid @xhibitisrdigtiytic aggrecatiaicnadtivitp byratcbvingaggrevanl cul ture
medi um i ncl udes am no acids #1 through #628 (SE% ID NO 8); am no acids #1

38 VO 0?@@%%%(5‘?%{ M%QEO&%ﬁﬁﬂmagMRhéPZhér%@risz théﬂ)ébilggité‘o acids # |

t hr ough NG 12) or m no aclds #1 through 520 (SEQ ID NO 13).

or ot e naeERtiSt A ddefa RRRRBh e aRRLD ) el WABRAAEMREE e, | oq 1o om

e
proteins of the invention may be further characterized by their ability to
denonst trareokiggyithia thepkravderge iof oaetskiliedyin ithe ar. Schyasaaysmaeteplyenes t he
presence of an aggrecan-degradi ng nol ecul e. These assays or the devel opnent
contacting an aggrecan substrate with the aggrecanase molecule and monitoring
the production of aggrecan fragments (see, for example, Hughes et al., Biochem J
305: 799-804(1995); Mercuri et al, J. Bio Chem. 274:32387-32395 (1999)).
[095] For production in mammalian cells, the DNA sequence further
comprises a DNA sequence encoding a suitable propeptide 5' to and linked in
frame to the nucleotide sequence encoding an aggrecanase enzyme.
Aggrecanase proteins of the invention recovered from a culture medium are
purified by isolating them from other proteinaceous materials with which they are
co-produced and from other contaminants present. The isolated and purified
proteins may be characterized by the ability to cleave aggrecan substrate.
[096] Aggrecanase proteins provided herein also include proteins encoded
by the sequences similar to those of Figure 3 from nucleotide #1 (atg) through #
2259 (gaa); Figure 5 from nucleotide #1 (atg) through nucleotide #2256 (cct);
Figure 7 from nucleotide #1 (atg) through nucleotide #1884 (tit); Figure 9 from

nucleotide #1 (atg) through nucleotide #1701 (cat); Figure 23 from nucleotide #
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thereof is within the know edge of one skilled in the art. Such assays may
i nvol ve contacting an aggrecan substrate with the aggrecanase nol ecul e and
noni t ori MyO oBlesspr oduct i on of aggrecan fragnments (see, forPCEABNPIISS4 Hughes
et al., BiochemJ 305: 799-804(1995); Mercuri et al, J. Bio Chem
274:32387-32395 (1999)). [095] For production in manmalian cells, the DNA
sequence further conprises a DNA sequence encodi ng a suitable propeptide

5" to amgastgj Mﬁucl%ﬁd@#qmﬁa Lb‘tg?%c?ﬂdu@@ﬂ%ﬂﬁ%@le%e@%r@t@“

aggr ecan Aggr ecanas otelns of the iInvention recovered froma

cul ture I re. By ' I : t ol I naceous
mat er i a}rﬁ%&#l’ejﬁh&]ﬁ?)gﬂgk&ﬂgébZ&cét?%cdﬁr&l)mggHﬁ%ﬁ@%’t(oﬁ%}o&c%ﬁéﬂo@g%{r m nant s
present. The isol ated and purifie ot ei ns be characterized by the
Dbty ralvetestiedd ataluvet ipas i Be o SRS BTN FSYpr v ded
herein al so include proteins encoded by the sequences simlar to those of
Fi gure Besultdmamiop&sid deanges(iatiog pofyp@gé@e)ﬁor qelibergighygnaimegiade Forf r om
nucl eotide #1 (atg) through nucl eotide #2256 (cct); Figure 7 from

nucl eot examisle, Gghietit potypeiptides eyt wilellydigartialy dliplidate sortirtudusom
nucl eotide #1 (atg) through nucl eotide #1701 (cat); Figure 23 from

nucl eot kglguéhcdd MehOIhIRE 3R RETHESAH FAGHE4Y frdfPh@ind Asi@wahWuty! eot i de
#1725 (cca); and Figure 24 from nucl eotide #1 (atg) through nucl eotide

#1560 ( o [ difJ [ : j r |y
or ovi dedpiary aHiing B #4768 (B HiouFEE!RER afindlcft 4E 0l BrolkM s Y
result i m.no agi.d changes .in t | ypept i de) ot iL,ber at el.
engi neeklﬁr&in@gpre gi‘%?mﬁ%%?’%@t {@e'ggfﬂ'éﬁeﬁﬁ"afa %gﬁ‘%l (ﬁhe&f}{'légrre[i ally
duplicate continuous, segﬁences of the am ng acid residues of Figure 4 from
am no adPdrom amiee gcid #1 6Vigh threugh axeing acidEPa7dHIS); Figware fsemr om ani no
acid #1 (Met) through #752 (Pro); Figure 8 fromamno acid #1 (Met)
t hr oughaminmacidct d (Metpbréwrireamirt acidéf 575 (Pro); or Figure 13 from amino
acid #1 (Met) through amino acid # 520 (Ala). These sequences, by virtue of
sharing primary, secondary, or tertiary structural and conformational
characteristics with aggrecanase molecules, may possess biological properties in
common therewith.
[097] Itis known, for example, that numerous conservative amino acid
substitutions are possible without significantly modifying the structure and
conformation of a protein, thus maintaining the biological properties as well. For
example, it is recognized that conservative amino acid substitutions may be made
among amino acids with basic side chains, such as lysine (Lys or K), arginine (Arg
or R) and histidine (His or H); amino acids with acidic side chains, such as
aspartic acid (Asp or D) and glutamic acid (Glu or E); amino acids with uncharged
polar side chains, such as asparagine (Asn or N), glutamine (GIn or Q), serine

(Ser or S), threonine (Thr or T), and tyrosine (Tyr or Y); and amino acids with

nonpolar side chains, such as alanine (Ala or A), glycine (Gly or G), valine (Val or
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10 fromamno acid #1 (Met) through amno acid # 567 (H s); Figure 12 from
amno acid # 1 (Met) through amno acid # 575 (Pro); or Figure 13 from

am no acwo 08@eqskeet ) t hrough am no acid # 520 (Ala). Thes@CTaoRmses, by
virtue of sharing primary, secondary, or tertiary structural and
conformati onal characteristics with aggrecanase nol ecul es, may possess

bi ol ogi cal properties in common therewith. [097] It is known, for exanple,

that n c ervat 1 j : | i ' wi t hout
Si g 11 ChI e Bt B et iete B 5 niRlihe /o) L prahsichaR®e Bl . Pk
mai ntai ni ng the bj ol ogi cal  properties._as l{ .. For . ex |e. At is
r ecogni ¥et ,m%?‘woe Qﬁﬁrng taﬁ%a&c@gpQm)t?'?‘gw%ﬁ@eﬁ@sbdé de anong
am no acids with basic side chains, such as |ysine (Lys or , arginine
(Arg ofhug), these modificatiars apf slelgtionp of the Rt PAgrerPNASR &Y R€ si de chai ns,
such as aspartic aci p or and gl utam c aci u or ; am no acids
h i id (As D) d gl ' id (4 E) ' id

wi t h unehploged asfoiblagicailgactihasubstitstesoasatasgibragiundng aggrepansfe gl ut ani ne
(G@n or Q? serine (Ser or S), threonine (Thr or T), and tyrosine (Tyr or

Y); andylinRedevEfopiérit of iIBRb@Iothédsolgheptites if tisdrapeutit processésll a or A),
glycine (@y or G, valine (Val or 40 WO 03/066822 PCT/ US03/ 03554 V),

e T S by PR B oy e e v

cystei ng s.or,.Q) . Thus, these nodi.fi i ons {] native
aggr ec aWQ@%?C%\@?y RIS RN ﬁ%ﬁ?t@ #@Baﬁggﬂﬁu{?&'ﬁﬁ}e@gﬂ o‘rF
natural | y-occurring aggrecanase and in thertegevel opnent., of .iphi bitors other
pol ypep®f apgsecanasee payerlt a% inhikitoss theyeof, fq t ﬁsﬁ?é'sr%flpﬁddfé m ned
whet her a given variant of aggrecanase naintains the biological activity
of aggrexamples. by subj ecting both aggrecanase and the variant of
aggrecanase, as well as inhibitors thereof, to the assays described in the
[098] The invention also includes aggrecanase molecules comprising

amino acid substitutions that increase the stability of the aggrecanase molecules.

For example, amino acid sequence of an aggrecanase-2 molecule with an E-to-Q

mutation at position 411 of the protein is provided in SEQ ID NO: 30. Figure 17

further provides schematic representations of amino acid mutations E-to-Q within

the catalytic domains of truncated aggrecanase-1 molecules of Figures 12 and 13.

Although the E-to-Q mutation is in the active site of the molecule and serves to

prevent degradation of aggrecanases of the invention, and to thereby increase

stability and half-life of aggrecanases, it is contemplated that amino acid

mutations can be made in other regions of the protein that increase stability of

aggrecanase molecules.

[099] In one embodiment, active site mutations are introduced into
aggrecanases to intentionally block the catalytic activity of the enzyme. This is

especially useful for the purposes of crystallization and structural determination of

aggrecanases and subsequently to identify and develop inhibitors of
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exanpl es. [098] The invention also includes aggrecanase nol ecul es
conprising amno acid substitutions that increase the stability of the
aggr ecanaweo opobaseul es.  For exanpl e, amino aci d sequence ®CTAI$03/03554
aggrecanase-2 nolecule with an E-to-Q nutation at position 411 of the
protein is provided in SEQ ID NO 30. Figure 17 further provides schematic
representations of amno acid nutations E-to-Qwthin the catalytic

domai ns éééﬁa‘s%%.ednaaé@&@mﬁy of Rh&stebe a‘&fivgjsﬂé?ﬁ?ﬁ??at? and 13.

r
Al t hough ghe E-to-Qnutation 1s 1n the active site o e nol ecul e and

serves t V. I ! j.an, and to
ther oby PEEEs Y35 FREDHER e Iep A0 By bilf e TRl

contenpl ated that am no acid tati ons can be made in, other regions of the
r ot of n &GN 4 ASRERCAdR RS FHIEGLIBs o COHREC N e S SIOTORReT n one
enbodi nent, active site nutations are introduced into aggrecanases to

i nt ent i dpRibitgrsdopbratmentiidisgases. dde kiteQ siutatien makgsdhe This i s
especially useful for the purposes of crystallization and structural

det er m regygrecandsesdigogicaihainastive cdherdyesnabiing putificatimnof ingctivedpibtsial op

I nhibitors of 41 WD 03/066822 PCT/ US03/ 03554 aggrecanases. |ncreased

stabi | i tiy |ftheldnie\a#s ¢6t e iRGJdneetherd sy iMiaithts A EROABASBFIBpnidheof Nvention
makes it possible to purify and isolate |arge anpounts of aggrecanase
nnleculqﬁmgﬁarsubsequent use in the devel opnent of inhibitors for
treatment o I seases. The E-to-Q nutation nmakes the aggrecanases

bi ol ogically tive, thereby.enaplin urification of inactive protein
"l arge. amunfaBiRgStd AT e SRatioRs nidif ot sob et S ars,

devel opment of _inhibitors. [0100] Desired am no acid substitutions
(whet hercopsaB@tival carebe defgymined by those skilled in the art at the time such

substitutions are desired. For example, amino acid substitutions can be used to
identify important amino acid residues of the proteins or polypeptides of the
invention or to increase or decrease the activity of the aggrecanases of the
invention described. Exemplary amino acid substitutions are set forth in Table 2.

Table 2: Amino Acid Substitutions

Original Exemplary More

Residues | Substitutions Conservative
Substitutions

Ala (A) Val, Leuy, lle Val

Arg (R) Lys, GIn, Asn Lys

Asn (N) Gln Gln

Asp (D) Glu Glu

Cys (C) Ser, Ala Ser

Gln (Q) Asn Asn

Gly (G) Pro, Ala Ala

His (H) Asn, GIn, Lys, Arg Arg

lle (1) Leu, Val, Met, Ala, Phe, Norleucine Leu

Leu (L) Norleucine, lle, Val, Met, Ala, Phe lle

Lys (K) Arg, 1, 4 Diamino-butyric Acid, GIn, Asn | Arg

Met (M) Leu, Phe, lle Leu

Phe (F) Leu, Val, lle, Ala, Tyr Leu

Pro (P) Ala Gly

Ser (S) Thr, Ala, Cys Thr
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conservative) can be determned by those skilled in the art at the tine
such substitutions are desired. For exanple,
be used twOBdessei fy i nportant am no acid residues of thePpratses/omssor

pol ypepti des of the

t he aggrecanases of the

anm no acid substitutions can

i nvention or to increase or decrease the activity of

I nvention described. Exenplary am no acid

substitutions are set forth in Table 2. Table 2: Am no Acid Substitutions

Ori gi nal Exemglamy Vo Se RESTUES SUbSTT TUTTONS CONSE[gaf Ve Subgti tuti ons
Ala (A Val 5 et )Iﬂle I._:,-\ R—tyss—Gn—Asntys F\Ty\,\l\l) G @ n  Asp
(D)Guc;uﬁy sVl Sor g (o AenAsh G S Pro—Al a Al a
Hs (H Asn, r,{Y)“,Q T rPhﬁJﬁr’|$%r| Leu Val Mt Q_Bhe,——l,xlo;leuci ne
Leu Leu (L) ¥@r(Mduci 56, Meb LeyaPhepdia, Noriguc lle (k4 (K) Argl 1, 4

Di am no-butyric Acid, Qn,

Val, Ile,

03/ 066822 PCT/ US03/ 03554
encompass non-naturally-occurring amino acid residues which are typically

Asn Arg Mt (M Leu, Phe,
Al [010Ty M tertain RntbddiheAtsa cGhservSive Sniltio acidlsubstipsiomdialsod2 WO

Ile Leu Phe (F) Leu,

incorporated by chemical peptide synthesis rather than by synthesis in biological

systems.

[0102] Other specific mutations of the sequences of aggrecanase proteins

described herein involve modifications of glycosylation sites. These modifications

may involve O-linked or N-linked glycosylation sites. For instance, the absence of

- glycosylation or only partial glycosylation results from amino acid substitution or

deletion at asparagine-linked glycosylation recognition sites. The asparagine-

linked glycosylation recognition sites comprise tripeptide sequences which are

specifically recognized by appropriate cellular glycosylation enzymes. These

tripeptide sequences are either asparagine-X-threonine or asparagine-X-serine,

where X is usually any amino acid. A variety of amino acid substitutions or

deletions at one or both of the first or third amino acid positions of a glycosylation

recoghnition site (and/or amino acid deletion at the second position) results in non-

glycosylation at the modified tripeptide sequence. Additionélly, bacterial

expression of aggrecanase-related protein will also result in production of a non-

glycosylated protein, even if the glycosylation sites are left unmodified.

lll. Aggrecanase Nucleotide Sequences

[0103] Nucleic acids within the scope of the invention include isolated DNA

and RNA sequences that hybridize to the native aggrecanase DNA sequences
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Thr T Ser Ser Trp (W Tyr, Phe Tyr Tyr (Y) Tr p, Phe, Thr, Ser Phe Val
(V) I'le, Met, Leu, Phe, Ala, Norleucine Leu [0101] In certain enbodi nents,
conser vatwoa3aeisen aci d substitutions al so enconpass PCT/US03/03554
non-natural |l y-occurring amno acid residues which are typically

I ncorporated by chem cal peptide synthesis rather than by synthesis in

bi ol ogi cal systens. [0102] OQther specific nutations of the sequences of

agar eCapRYSdRHrRich SopRBAS b ThdiatitB Hiéwﬁngi;ﬁ@eﬂeﬂi CoRitidie ot Algh

gl ycosylation sites. These no I cations I nvol ve I nked or N-1inked
gl ycosyl ation sites, P ) e 0 .Y CO | or only
parti al Sﬁh%&’gi 985%‘&?}{'53‘8&5&6%‘% ﬁ@'ﬁ?@({’h ﬂﬁgi}fﬁ%ﬁﬁ&%@ﬂ%ﬁ %%’It §{J{p?(§/el etion at
asparagi ne-1inked gl ycosy|ation recognition sites. Eﬂe aspar agi he- |inked
gl ycosyhighes iereeiiwies; i @meé§aﬁ&9ﬁ3¢r§@twpe&ﬁw Wy ich are
specifically recogni zed by appropriate cellular glycosylation enzynes.
These formanideddss inguearassstingensyt Heor exapaplaghylidizationeentiditionsrat 60-

asparagi ne- X-serine, where X is usually any amno acid. A variety of am no

aci d sulBStCtinthiensisserce sfdforhamide at atofR2Cowitlip60k ffrmidneidé| atbath high rd ami no
acid positions of a glycosylation recognition site (and/or amno acid

del et i oRyfgehb@ c8RE@BAsPOSI tion) results in non- glycosylation at the
nodi fied trilpeptide sequence. Additionally, bacterial expression of

aggr ecanase- 4@/ 034{] %ﬂnﬂ%ﬂﬁ%ﬁd&#& ibhg@lﬁé’sén‘? entibf 76 BK %EQU?@%@W%H'

gl ycosyl ated*protein, "even 1 ycosylation srtes ar unnodi fi ed.
o RS o Bl oo PR S hodl LR im BRLK Rath i e o0
the nat iSVEeQ ?lg r8§:a3r:a53,e7, BI,\IQZSoer u36anncdegncoda?()a\ a truncated aggrecanase protein

having the ability to cleave aggrecan. In one embodiment, DNA sequences

include those which hybridize under high stringent conditions (see Maniatis et al.,

Molecular Cloning (A Laboratory Manual), Cold Spring Harbor Laboratory, at

387-389 (1982)). Such stringent conditions comprise; for example, 0.1X SSC,

0.1% SDS, at 65°C. DNA sequences identified by hybridization include, for

example, DNA sequences that encode a protein which is at least about 80%

identical, at least about 90% identical, or at least about 95% identical to the

sequence of the proteins of the invention; for example, amino acid sequences set

forth in SEQ ID NOs: 4, 6, 8, 10, 12 and 13. DNAs that are equivalents to the

DNAs of SEQ ID NOs: 3, 5,7, 9, 32, or 33 will also hybridize under moderately-

stringent conditions to the DNA sequence encoding the peptide sequence of SEQ

ID NO: 4, 6, 8, 10, 12 or 13, respectively. It is understood, however, that under

certain conditions, nucleic acid molecules that encode truncated proteins will

hybridize to nucleic acid molecules encoding full-length proteins.
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WO 03/ 066822 PCT/ US03/ 03554 di scl osed under conditions of noderate to high
stringency. Conditions of high stringency generally refer to hybridization
and washiwg o6t i ons t hat enpl oy higher tenperatures amdTiuso®03554al t
concentrations. Additionally, inclusion of fornmam de also increases
stringency. For exanple, hybridization conditions at 60- 65C in the absence
of formam de or at 42C with 50% formam de, are both high stringency

condi ti ons. W]Cd:rfdﬁ rof'n‘?&éiél‘éf‘éjsﬂhm{;éﬁ%afeel%%?/% iRk QRq ke DNA

sequences whi hybri di ze under erate stringent conditions with
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condi ti @iﬁmadem@hel sidngengy ingladpluse af alpressshingrsadyi@DS] 54t
sequences identified by hybridization include, for exanple, DNA sequences

that enSRis, A0t EDTAWH30) anathybrdizttio oondi®is of alemiti 352C-66AC | east
about 90% i dentical, or at |east about 95%identical to the sequence of

the prO‘t&hRj@éﬂuréé}ﬁj wagﬁﬁg'd%@zmlbﬁf m@%S@Cﬁov&mgMa@‘ébQuﬁmn?ﬁé set forth
in SEQ ID ) that are equalentstothe

DNAs  of ?ﬁ@d'ﬁéﬁwrll%cé rHZ? ti¥at tﬁ%’coﬁﬁltlgwéy b&bafistePaL !e?:é’s#ﬁg peptl de

noder at e ent CO I ons uen e enco

f 13, t
3%3?2?%&5 cﬁ@%@,{@p’m@ ﬁHPh 3ﬁ(§@? 1e'l£¢9QF%r‘Por 'th e eé¥@ Qm d nol ecul es

that encode truncated proteins will hybridize to nucl ei ¢ acid nol ecul es
encodi n§eAUeNCqSengt h proteins. 44 WD 03/ 066822 PCT/ US03/ 03554

[0106] Still a further aspect of the invention are DNA sequences encoding
truncated aggrecanases having aggrecanase proteolytic activity or other yet
undisclosed or undiscovered activities of aggrecanases.

[0107] In yet another embodiment, nucleic acids of the invention include
nucleic acid molecules that encode aggrecanases comprising mutations that lead
to increase in stability of such molecules.

[0108] Finally, allelic or other variations of the sequences of the invention;
for example, SEQ ID NOs: 3, 5, 7, 9, 32 and 33, encoding amino acid sequences
set forth in SEQ ID NOs: 4, 6, 8, 10, 12 and 13 respectively, or peptide sequence
variants of aggrecanases of the invention that have aggrecanase activity, are also
included in the present invention. Additionally, the present invention includes
fragments of the DNA sequences of the invention and variants of such sequences
that encode a protein with aggrecanase activity.

[0109] Similarly, DNA sequences which code for aggrecanase proteins but

which differ in codon sequence due to the degeneracies of the genetic code or
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[0105] Conditions of noderate stringency are known in the art and are
defined by Sanbrook et al., Ml ecular Coning: A Laboratory Manual, Vol. 1,
Cold Sprwog3kedsbknr Press (2nd ed. 1989). In one enbodi mne®CI/Uisos/0xszanpl e,
conditions of noderate stringency include use of a prewashing solution of
5X SSC/0.5% SDS, 1.0 nM EDTA (pH 8.0) and hybridization conditions of
about 55C-60C tenperature and washing overnight in 5X SSC overni ght at

about 55C The. skilled artis ] | i ons may be
2 ust alplievatiteds tryralfiogcithg base HFRRE Bank BeckRpriiian 210
conposition of the nucleic acid sequences. 106] Still rt her aspect
of t hewhighemay &1 raaxenm\wsgﬁmjan@&n@@&!sﬁ?wg[@r ﬂlﬁbﬁngadggﬁq\éeganases havi ng
aggrecanase proteolytic activity or other yet undisclosed or ungiscovered
act i vi bygmeoahasegdesanitzskisere]no 1\damationsyiathe RiNA SLAEeRSAS Arergurasy 1%i ¢ aci ds
of the invention include nucleic acid nolecules that encode aggrecanases

conpr i si pgg N3t a3d ang 3Bhahichesrd cauised by rpoistenitationaler bytigdegedsuch nol ecul es.
[0108] Finally, allelic or other variations of the sequences of the

i nvent | onis S0 in2ERInDdEion3and sustitBtiod2toasrtha®ade tkacodi ng ami no
aci d séﬁd@éf#\%gé@“g@ iy jreef SEQ 1D NOs: 4, 6, 8,6)%0, 12 and 13

respective r:c0ept i u ' raega@ses of the

i nvent iaBHV'MQ@ﬁﬂgée&aﬁgﬁgétgog‘a@gﬁg&o;@ﬁpa%iregt:g SO §ri6ncl uded in the present
i nvention. Additional I%, t he present invention includes fragnents of the
DNA se§BEAEWassed imthe iRyeMY9Ton and variants of such sequences that encode

a protein with aggrecanase activity. [0109] Sim|arly, sequences whi ch
code for agd®etifsther asnsichef '@@tpreﬁﬁ'ﬂfc'HV@I'Ptfqrb‘rnclLﬁleéd’(%%}lg&f ® Yue to
t he degeneracies of the genetic code or 45 WD 03/066822 PCT/ US03/ 03554

method of expression of these novel aggrecanase polypeptides. Preferably,

vectors of the invention contain a | DNA sequence described above which

encodes a truncated aggrecanase or an active site mutant aggrecanase of the

invention. Additionally, vectors contain appropriate expression control sequences

permitting expression of aggrecanase protein sequences of the invention.

Alternatively, vectors incorporating modified sequences as described above are

also embodiments of the present invention. Additionally, the sequence of Figure 3

from nucleotide #1 (atg) through # 2259 (gaa), or Figure 5 from nucleotide #1

(atg) through #2256 (cct), or Figure 7 from nucleotide # 1 (atg) through nucleotide

# 1884 (ttt), or Figure 9 from nucleotide #1 (atg) through nucleotide # 1701 (cat),

or Figure 23 from nucleotide #1 (atg) through nucleotide # (cca), or Figure 24

from nucleotide #1 (atg) through nucleotide # (gct), or other sequences encoding

aggrecanase proteins could be manipulated to express composite aggrecanase

molecules. Thus, the present invention includes chimeric DNA molecules

encoding an aggrecanase protein comprising a fragment from nucleotide

sequences set forth in SEQ ID NOs: 3, 5, 7, 9, 32, and 33 linked in correct reading
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allelic variations (naturally-occurring base changes in the species
popul ati on which may or may not result in an am no acid change), also
encode nowelo3/oegsar ecanases descri bed herein. Variations i RCTRS0ENNAS4
sequences of Figures 1, 3, 5, 7, 9, 31, 32 and 33, which are caused by
poi nt nutations or by induced nodifications (including insertion,

del etion, and substitution) to enhance the activity, half-life, or

production of ol ypept i des.. en SRHNA the
vent e Peubbf SRR atpRu BRofHLaGhEeahase pONRRPRaE A Vector s
for use in a nethod of expression_o noygl aqggreca epti des.
Pr ef er aiglgcule assebiasttpin $RE DN i'?’o%' i:ﬁt%‘%’ Rr§%r Obal%(%@aﬂéﬂfﬁ%&ﬁéégri bed
above which encodes a truncated aggrecanase or an active site nutant

aggr ecgnasef, afayt be linke eitherds! or &4th a Diwhmalecule @nepgingAIUNS appr opri at e
expression control sequences permtting expression of aggrecanase protein

sequenféggréganggg_ invention. Alternatively, vectors incorporating nodified
sequenc as descri bed above are also enbodi nents of the present

i nvention. dipt] VA RRanasePreteinsgure 3 fromnucl eotide #1 (atg)
t hrough # Zg\g'gbﬁggg?{,lbﬁrc’fé%%re 5 from nucl eotide #1 (atg) through #2256

(t11), or HELHARoH e ol e o e e te # 1701
(220)  prchind o SreRane Mo 3 ol oy Aty gl emicsdy # (o),
conposiimeriigoneves el turBIcEe aneable FRdNS: WBCh saen aBrel R M Stes
i oncaos AR S i % Hhepiot il g
32, Ot 33 Timkeed im oorrect 1 ead ng 46 WD 03/ 066822 PCT/US03/ 03554
of known regulatory sequences. The transformed host cells are cultured and the
aggrecanase proteins are recovered and purified from the culture medium. The
purified proteins are substantially free from other proteins with which they are co-
produced, as well as from other contaminants.
[0112] Suitable cells or cell lines may be mammalian cells, such as Chinese
hamster ovary cells (CHO). The selection of suitable mammalian host cells and
methods for transformation, culture, amplification, screening, product production,
and purification are known in the art. See, e.g., Gething and Sambrook, Nature,
293:620-625 (1981), Kaufman et al., Mol. Cell. Biol., 5(7):1750-1759 (1985), or
Howley et al., U.S. Patent 4,419,446. Another suitable mammalian cell line, which
is described in the accompanying examples, is the monkey COS-1 cell line. The
mammalian cell line CV-1 may also be suitable.
[0113] Bacterial cells may also be suitable hosts. For example, the various

strains of E. coli (e.g., HB101, MC1061) are well-known as host cells in the field of

| biotechnology. Various strains of B. subtilis, Pseudomonas, other bacilli and the
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frame to a DNA sequence encodi ng anot her aggrecanase pol ypeptide. A DNA
nol ecul e as set forth in SEQID NGs: 3, 5, 7, 9, 32, or 33, or a variant or
fragment wohenest2 may be |linked either 5° or 3' to a DNAPEBIGSoudIsse£ncodi ng
anot her aggrecanase. |V. Production of Aggrecanase Proteins [0111] Anot her
aspect of the present invention provides nethods for producing aggrecanase
proteins. In one enbodi nent, a nethod of the present invention involves

cul turigg ﬁaitﬁl%%‘f}é%angﬂ;{)%e& infis 1¥RUFY. NPS, BRREsdioR B babMREANMEEN @  DNA

sequence enc canase proteln of tthe inventFon under the control
of known requl atory seguences., The tr foor med. host cel | s.. | tured and
t he ag@fpé?faﬁgg %%HFB' ' p%ct?g%&pilﬁgﬁﬁé]@mqqoﬁ‘@dﬁqqu t'&‘%g)f%ﬁl ture
medium The purified proteins are substantially free from other proteins
Wi t h whaggrecpBgsaiscoansralb Befuiec®ssay-wel | as from ot her contani nants.

[0112] Suitable cells or cell lines may be manmalian cells, such as Chi nese

hanst er ovar [01dd] Many@Hajns dhyeast cells knownto thoseakilledninthelartamay@’o cel | s
and nethods for transformation, culture, anplification, screening, product

product heBvailaslé aBHdst ces for expressiorpeipdlypdptitlesrdf thSpessent thveniohhi ng and
Sanbr ook, Nature, 293:620-625 (1981), Kaufrman et al., M. Cell. Biol.,

5(7): 17)&86%@3“3{, %@ic\e%[r?ﬂgﬂ% yceﬁ% rRay be Ytifzed as BBSt delblifl 1446. Anot her

sui tabl e mammali’an ce ich Is descrlebed in the acconpanyi ng
a1 oo beeyidd b e TBSEH MaRtehet Pt 4B MIE G e oGERO BrbEicerhinc, & For™
ol |- kit 220 B8N em Figsp SRS anflsp BTa1oc S BUMBRI oGy Vari bus strains of
B. subtilis, Pseudononas, other bacilli and the 47 WD 03/ 066822
PCT/ US03/ 035fM 15] Various vectors disclosed may be employed in the method of
transforming cell lines and usually contain selected regulatory sequences in
operative association with the DNA coding sequences of the invention which are
capable of directing the replication and expression thereof in selected host cells.
Regulatory sequences for such vectors are known to those skilled in the art and
may be selected, depending upon the host cells. Such selection is routine and
does not form part of the present invention.
[0116] One skilled in the art can construct mammalian vectors by
employing a nucleic acid sequence disclosed; for example, SEQ ID NOs: 1, 3, 5,
7,9, 31,32, and 33.
[0117] Truncated aggrecanase proteins of the invention can also be
expressed as fusion proteins including the protein sequence; for example, the
sequence set forth in SEQ ID NO: 4, 6, 8, 10, 12 or 13, or a fragment or a variant
thereof, and, for example, a tag; i.e., a second protein or at least one amino acid,

from about 2 to 50 amino acids, or from about 50 to about 100 amino acids, which

are added to the amino terminus of, the carboxy terminus of, or any point within
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i ke may al so be enployed in this nmethod. For expression of aggrecanase
proteins of the invention in bacterial cells, DNA encoding the propeptide
of an agyo@sac®3E i s generally not necessary. [0114] ManpcCstusad/mssof yeast
cells known to those skilled in the art may al so be avail abl e as host
cells for expression of polypeptides of the present invention.
Additionally, where desired, insect cells may be utilized as host cells in

t he nmet t he [nvent i . \ari netic
Engi neéﬁg%&koé}%ﬁ]gég@%ﬁ&@r@u@é#&%@%{%@elghg% iliagfn eén?ﬁg;‘ Vgln?éﬁ t herein.
[0115] Varioqus vectors disclosed, may be enpl oyed in t .

t r ansf dhRTeRS- Erélpicqﬁlyn% INRREL Rﬁl%%rﬁtrggﬁegé§ga@glgg tﬁgdgggpﬁgfﬁé%ﬁuences
in operative association with the DNA coding sequences of the invention
whi ch apretein oo sinplify guriticationpfrareexripssechiscomRIRRNIREP & t hereof in
sel ected host cells. Regulatory sequences for such vectors are known to
t hose stdrrésponding degrecanasedproteip dva fsagraentar; a sapemdfimychgyateime host
cells. Such selection is routine and does not formpart of the present

i nvent i ggudiryl 361 exifpiekaltupdatet fohe offdn agrecamsse proteimaiitied i an vectors by
enpl oying a nucleic acid sequence disclosed; for exanple, SEQ ID NGs: 1, 3,

[
5 7, .i%ver"fﬂnn.?’sucﬁfﬂggs?’ére ki ih tﬁétépeaﬁas rRABAIRLBAGM IS eI Rigst he
SO Db usi

i nvention’can ‘a expressed as oh proteins including the protein

LS ol RS en R e B bR eRgOER O gkt .10
i o 648G, fi s BBlRx SCRS OB, DB SRR RIS RN BEe  added to
the amno term nus of, the carboxy term nus of, or any point within 48 WO
03/ 0668aDtEIRTSiuspEN RSB or glutathione S-transferase. In one embodiment, a

nucleic acid sequence encoding a tag is linked in frame to a nucleic acid

sequence encoding an aggrecanase of the invention for subsequent production of

a recombinant or fusion aggrecanase protein including the tag. Such recombinant

or fusion aggrecanase proteins include, for example, truncated aggrecanase-1

enzymes with a C-terminal FLAG tag, as shown in Figure 17, and truncated

aggrecanase-2 enzymes with a C-terminal Streptavidin tag, as shown in Figure

18. A nucleic acid sequence encoding a truncated aggrecanase-2 protein

comprising a streptavidin tag is set forth in Figure 14 (SEQ ID NO: 14), which

encodes a truncated aggrecanase-2 fusion protein set forth in Figure 15.

[0118] Similarly, aggrecanases that contain amino acid mutations which
lead to increased stability, expression levels, and/or half-lives can also be
produced as fusion proteins using, for example, the amino acid sequence set forth

in SEQ ID NO: 30, or a fragment or variant thereof, and, for example, a tag as

discussed above. Examples of aggrecanase-1 and -2 fusion proteins of the
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the am no acid sequence of an aggrecanase protein, or a fragment or variant
thereof. Typically, such amno acid tags are made to stabilize the

resul ti ngwbuwsioeds22 protein or to sinplify purification of ®&aTasps/exssed
reconmbi nant form of the correspondi ng aggrecanase protein or a fragment or
a variant of such protein, including, for exanple, a truncated formof an
aggrecanase protein of the invention. Such tags are known in the art.

Repr ese i Lncl : i code a

el oo opRitER, RERThG 30Qfocaarks AR arhilt' 4 mUERMR AR GERIARCT T, 2,

gl ycoprotein D, beta-qgalagtosi dase to binding protein, streptavidin
tag or %W%{Ph?'@n%etggﬁﬁérhg*gé’f%%@’ T%F@n@n‘iﬁﬁodi ment, a nucleic acid
sequence encoding a tag is linked in frane to a nucleic acid sequence
encodi ng an aggBengratian of Antibadiesnti on for subsequent production of a
reconbi nant or fusion aggrecanase protein including the tag. Such

reconbi nant [8119lUselatechigieins abte pieseet inventipnaumey beossaskigngenerater uncat ed
aggrecanase-1 enzynes with a C-termnal FLAG tag, as shown in Figure 17,
and t r urendibediesagifinercaoasdeofalenpaiycdonal} fo @gdtetemadenanid/6t oteravi di n tag, as
shown in Figure 18. A nucleic acid sequence encoding a truncated

aggr eC&fa@‘g@eé’ar{ys@tr%idted PRBINSS LisSiiganéthbaB ol uhelbody pbduetisfthdtareh 1 n Figure
14 (SEQ I'D NO 14), which encodes a truncated aggrecanase-2 fusion protein

set for tdén!epalfj Iﬁﬁv@h@ggag@ 1Bhusthd 'g?éédéﬁst g@%ﬁi?ﬁ%ﬁ&ﬁ&éﬁarﬁfﬁ?ﬁ@s%am no

aci d muttation: to ircrease I'ty, expression l'evels,
eanpl o CORROANASR S g SLBR Aol “fios ARtootieSigidd et aBofsa fr agment
or variant thereof, and, for exanple, a tag as discussed above. Exanples
of aggr dealeek aggre¢anase gsiivity Frbarlihadiey thay doswtybheznibedies may be
PCT/ US03/ 03554 invention, including aggrecanases with am no acid nutations
i n t hei ruseful dorydetection and/or purification of aggrecanase or related proteins, or for
inhibiting or preventing the effects of aggrecanase. Aggrecanases of the invention
or portions thereof may be utilized to prepare antibodies that specifically bind to
aggrecanase.
[0120] Antibodies can be made, for example, via traditional hybridoma
techniques (Kohler and Milstein, Nature 256:495-499 (1975)), recombinant DNA
methods (for example, U.S. Pat. No. 4,816,567), or phage display techniques
using antibody libraries (Clackson et al., Nature 352: 624-628 (1991); Marks et al.,
J. Mol. Biol. 222:581-597 (1991)). For various antibody production techniques,
see Antibodies: A Laboratory Manual, eds. Harlow et al., Cold Spring Harbor
Laboratory (1988).
[0121] Antibodies of the invention may be used in the treatment of the

diseases described below. Antibodies can also be used in the assays and

methods of detection described.
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domain, are set forth in Figures 14, 15, 17 and 18. V. Ceneration of

Anti bodies [0119] Isolated proteins of the present inventions nay be used
t o gener awe o3aesebodi es, either nonocl onal or pol ycl onal , PCa/GBgs03E6aNase
and/ or other aggrecanase-related proteins, using nethods of antibody
production that are generally known in the art. Thus, the present

I nvention also includes anti bodies to aggrecanase or other related

proteins. The,am.i Les i.nel . h anti bodies that bl ock aggrecanase
activity and%hﬁ%‘%@?é_&'%%&l'ﬁgﬁﬁ&% The antibodies may be useful for
it bi t1 g ofd AT s enR st T BB i ncos of the

i nvention or portions thereof nmay be utilized to prepare anti bodi es that
speci f i CARIACBIZRA by degipsladion 04 880rqaete o heiptare davieanted RUBESGRRAESS Pbr
exanple, via traditional hybridoma techniques (Kohler and MIstein, Nature
256: 495 tH® hventias and aggrecdriasaatwitbNmutatisnisdtiat keadrto dncrapsed stabdlity ead. No.

4,816,567), or phage display techniques wusing antibody libraries (C ackson

et al ., dNpragstordferelsttbadyiéedritees) inakBlitksosziblalto gendratdggrédiaplase
222:581-597 (1991)). For various antibody production techni ques, see

Ant i bOdin?&égtﬂek%iHr %Wmi\‘ﬁ%ﬂ%r’de??édeg?bt)%iﬁﬁo@tozagg?éngayr%bbng Har bor

Laboratory (1988). [0121 nt | bodi es he 1 nventi e used in the

the-assays. alh 2 RSt BREPREFrEl borOsilRfS fomkieBadt " o= "

PCT/ US03/ 03554 VI.. Pevel o nt of Inhibitors [0122] Vari diti
such as a@g{%qsﬁrmlglggo%rlgﬂﬁtg%w he.developed Lsmg Jn aéiérleggrslascé) ndartions

molecule of the invention in screening assays involving a mixture of aggrecan
substrate with an inhibitor of aggrecanase activity followed by exposure to
aggrecan. Inhibitors can be screened using high throughput processes, such as
by screening a library of inhibitors. Inhibitors can also be made using three-
dimensional structural analysis and/or computer aided drug design. The method
may entail determination of binding sites for inhibitors based on the three
dimensional structure of aggrecanase and aggrecan and developing molecules
reactive with a binding site on aggrecanase or aggrecan. Candidate molecules
are assayed for inhibitory activity. Additional standard methods for developing
inhibitors of aggrecanase molecules are known to those skilled in the art. An
assay for identification and develbpment of aggrecanase inhibitors involves, for
example, contacting a mixture of aggrecan and an inhibitor with an aggrecanase
molecule followed by measurement of the degree of aggrecanase inhibition; for
instance, by detection and measurement of aggrecan fragments produced by
cleavage at an aggrecanase susceptible site. Inhibitors may be proteins,

peptides, antibodies, or chemical compounds. In one embodiment, inhibitors are
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characterized by degradation of aggrecan. Therefore, truncated aggrecanases
of the invention and aggrecanases with nmutations that lead to increased
stabi | i t ywand/oeaszpr essi on | evel s of aggrecanases, make it Ppodsobiasss o
generate aggrecanase nolecules in |large anmounts in order to devel op

i nhibitors to aggrecanases. [0123] The invention therefore provides
conpositions conprising an aggrecanase inhibitor. Inhibitors may be

devel oPeboabiifoRRURIINSCANASH oSt dh BlarbBEndav I Afbd TESET eeni ng

assays involvin an i1n |b|tor of

f hi b b
O canelaaAG R Yoy %9%9 é’ﬁé%ee 1 ARG e SRRRYS Bl ary

of inhibitors, Inhibitors can al so be made using three- dinensional

struct urgl U%ﬁ?hf%ﬁ'ﬂ% daMelopmend ehpertideningiitons. u@QGEG;Qa@ﬁSG Thaolasuirsithabay
entail determi nation of binding sites for inhibitors based on the three

di mensi @oatpriser are EdtoeQaEminggoid anange withindbgroatalptiaddmaey ateosetigriimin ecul es
reactive with a binding site on aggrecanase or aggrecan. Candi date

nol ecul g¥gurer £7 .astayaty, bein abidddienca f iani dggreésitise-2 idledule el sh met hods
for developlng i nhi bi'tors of aggrecanase nol ecul es are known to those

skilledg h&}] at’%&bsltﬂﬁfﬂ %ﬂh%tﬁ%@a‘télk%?&b%n@%dse@%r% RPERMe O

aggrecanase In Itors 1 nvol ves exa contacti ng a m-xture of

aggr ecagﬁﬁt@@ﬂqrﬁgbl tor with an aggrecanase nolecule followed by

measur e egree of aggrecanase inhibition; for instance, by
detecti on and, neasurenent of a%grecan fragnents produced by cleavage at an
aggr ecanase bcPinease-Teqatment apdPiagnosisy pe proteins, ~pepti des,

anti bodi es, or chem cal conmpounds. |In one enbodi nent, i nhi bitors are 51 WO
03/ 066822 PCIPlhHnbib#grs ofrgarecrNans activitsnanhe Useddn the keatmentaft e on
aggrecanase nol ecul es. For exanple, active site nutants of aggrecanase-1
and aggrdissasesalescnbeddelae. thhibitors can also be used in the assays and methods

of detection described. Various diseases that are contemplated as being treatable
by using inhibitors of aggrecanases of the invention include, but are not limited to,
osteoarthritis, cancer, inflammatory joint disease, rheumatoid arthritis, septic
arthritis, periodontal diseases, corneal ulceration, proteinuria, coronary thrombosis
from atherosclerotic plaque rupture, aneurysmal aortic disease, inflammatory
bowel disease, Crohn's disease, emphysema, acute respiratory distress
syndrome, asthma, chronic obstructive pulmonary disease, Alzheimer's disease,
brain and hematopoietic malignancies, osteoporesis, Parkinson's disease,
migraine, depression, peripheral neuropathy, Huntington's disease, multiple
sclerosis, ocular angiogenesis, macular degeneration, aortic aneurysm,
myocardial infarction, autoimmune disorders, degenerative cartilage loss following
traumatic joint injury, head trauma, dystrophobic epidermolysis bullosa, spinal
cord injury, acute and chronic neurodegenerative diseases, osteopenias, tempero

mandibular joint disease, demyelating diseases of the nervous system, organ
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be used for the devel opnent of peptide inhibitors. Aggrecanase-1 nol ecul es
that conprise an E-to-Q am no acid change within the catalytic domain are
set forthwpm3/oédsgure 17. Simlarly, am no acid sequence ofPCarusagjgisécanase- 2
nol ecule with an E to Q change at position 411 within the catal ytic domain
is set forth in Figure 21 (SEQID NG 30). VII. D sease Treatnent and
Di agnosi s [0124] Inhibitors of aggrecanase activity may be used in the

Lr eat mertrargplariite fampand sjeciidte ¢apRbAY aldigy DidsionicaBiahs GelRrbsRd 1 n the

assays and nethods ‘of det'ection described”™ Various di seas

vent) o e el ChEfcRiA ol pltTelBdod bl iy POSRERAS *° ' "

i nfl armfﬁt org%%oi ntI dilsease, rheumatoid arthritis, septic arthritis,

per i odortH CH GBS corneal ul ceration, proteinuria, coronary thronbosis
from atherosclerotic plaque rupture, aneurysnmal aortic disease,

i nfl anmat ory [Oﬁ%@\]ean'Qié@@? antibpdies aiitee inventientihgtdeihibit aativityeof espi r at ory
di stress syndrone, asthma, chronic obstructive pul nonary di sease,

Al zhei maiggsecnasas end/dir compeurdisHtbeblonsriexpressiad o t&fasedShagmper esi s,
Par ki nson' s di sease, mgraine, depression, peripheral neuropathy,

Hunt i ngtuseddn dhe traatmenidftdny dsesd iRrPRiaFamartafinvdi@s S§Aton Ol ar
degeneration, aortic aneurysm nyocardial infarction, adtol nmune

di sor deresrademaaehtiY CAR %Ffﬁeb{i\?é?ﬁ%'{oyﬁfof %t'ul}aﬁg‘f Ok of é@ﬁﬁg%'é%?é ornt injury,

head trauma, dystrophobic epider SI'S 0sa,  Spi d injury, acute

and chr qni. r ative,di seases, ,ost eopeni as, .tenpero mandi bul ar
Foint arbuBeBRYRIABRGI 4 Poatt et R e BcRaRE By S TR g wid i9p v
03/ 0668%2 CT/ USD3/ 03554 transplant toxicity and rejection, cachexia,

al | er gy regiae(kol fiseashs. sHh asostegmstiriis, onales dissasas disstasedamaichct er i zed

by altered aggrecanase activity or altered
are characterized by degradation of matrix proteins, such as aggrecan, by

aggrecanases and aggrecanase-related proteins.

VIIl. Administration

[0126] Another aspect of the invention provides pharmaceutical
compositions containing a therapeutically effective amount of an éggrecanase
inhibitor or antibody. Therefore, these compositions of the invention may be used
in the treatment of diseases characterized by the degradation of aggrecan by an
aggrecanase enzyme or a protein with aggrecanase-like activity.

[0127] The invention includes methods for treating patients suffering from
conditions characterized by a degradation of aggrecan. These methods,
according to the invention, entail administering to a patient needing such
treatment, an effective amount of a composition comprising an aggrecanase
inhibitor which inhibits the proteolytic activity. It is contemplated that inhibitors of
the invention may function either by inhibiting aggrecanase activity or simply by

regulating levels of aggrecanases in a disease state.
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aggrecanase |evel. [0125] Inhibitors and anti bodies of the invention that

i nhibit activity of aggrecanases and/or conpounds that | ower expression of
aggr ecanawesmeng2be used in the treatnment of any di seasePCa/usonedssal t hat

i nvol ves degradation of the extracellular matrix. An effective anmount of
at | east one of aggrecanase antibodies or inhibitors, in a pharmaceutically
accept abl e vehicle can be used for treatnent of diseases, such as

oo N | 10428 InfkbiteFs 6f heareselinimRAbraNlsetl B Lh iR At erkzod by

degradation of matrix protelins, such as aggrecan, and

aggreca T : LS. . Administration [0126 not her aspect

of the ir‘%?/@rl{té?%%&lg%odjlé@'gg%ﬁahﬁ%%%ﬂ ér&'fnaq%'ohbg'g?fe '@EJ\%QF% ng a

t her apeuti.cal.l ffective anount of an aggrecanase inhibitor or antibody.
Ther ef o%i‘,t'gsﬂ@éeo%é%?rﬁli’&nﬁ% ﬁ’é‘”gﬁ Ysedl ﬁodogﬁ’lti%ﬁe%@e Btlegstane aptivitye
treatment of diseases characterized by the degradati on of aggrecan by an
aggr ecar®§ecigid with an aggieeanase pibtain aglptivedoaneaddreearads priotein no®127] The

i nvention includes nmethods for treating patients suffering from conditions

char act &oupddyihesates antiaodyo nnanesgabediatent TiRGStRE bNPRSnvedfdiPEsi ng to
the invention, entail admnistering to a patient needing such treatnent,

an ef f eddhibie oaraditie siflegstcsHESthé i@hyi bal ! lifohi bi tor
which inhibits the proteolytic acti V\i/@g@f?&@@E%@%%lrﬁ@gg&%ﬁrae{dtiﬁ}gm bitors

oi mpl - by e SRl | hothlS al bbby I gl R EBeeTas vo
usel ol SRt LAbd e ast. WieH bodnd Byt lnaspue o e rasonthrieiasedan; mal <.
N, one e infibfed at least 50%, may be inhibited at least 60, 62, 64, 66, 68,
70,72,72,76, 78, 80, 82, 84, 86, or 88%, may be inhibited at least 90, 91, 92, 93,
or 94%, or may be inhibited at least 95% to 100% relative to the aggrecanase
protein that is not bound by at least one of the presently disclosed antibodies.
[0129] Generally, compositions of the present are administered to a patient
so that antibodies or their binding fragments are administered at a dose ranging
from about 1 pg/kg to about 20 mg/kg, about 1 Hg/kg to about 10 mg/kg, about 1
Hg/kg to about 1 mg/kg, about 10 ug/kg to about 1 mg/kg, about 10 ug/kg to about
100 pg/kg, about 100 pg to about 1 mg/kg, or about 500 ug/kg to about 1 mg/kg.
Antibodies are administered as a bolus dose, to maximize the interval of time that
the antibodies can circulate in the patient's body following their administration to
the patient. Continuous infusion may also be used after an initial bolus dose
[0130] In another embodiment, the invention is directed to administration of
inhibitors of aggrecanases, such as proteins, peptides, antibodies, and chemical

compounds. The effective amount of an inhibitor is a dosage which is useful for

reducing activity of aggrecanases to achieve a desired biological outcome.
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anti bodi es of the invention can be used to inhibit or reduce at |east one
activity associated with an aggrecanase protein, relative to an
aggrecanawe opioeiset n not bound by the same anti body. | n omeTarsbdaissent ,
inhibitors of the invention can inhibit or reduce at |east one of the
activities of an aggrecanase nolecule relative to the aggrecanase that is
not bound by an anti body. In certain enbodi nents, an activity of an

aggr ecagifralih Rﬁ)‘f‘%@emér elitRAGds f@ifa@ﬂﬁhﬁ@ﬁﬁgfﬁn'Mhﬁ&téﬁh@%ﬁd
anti bodies, Is |n |b|ted at least 50% nay be inhibrted at | east 60, 62,

64, 66, 7 : bi t ed
at Ieas{ggﬂf féroexag“éple éom gnmé%)n 60[0 a%éyt Eg@lﬁifﬁ?ﬁ a@%g;[ 1?1?%%?& Sg%n{to 100%
relative_to t a nas rot n t ha ot und east one of
the pr egérﬂ‘gy %fpsag%%b'géﬁ ?‘? BBBWB ”[QDPQ&]O taﬁ){)"g @o%lb dt O788s of the
present are adm nistered to a patient so that antibaodies or thel r -bi ndi ng
f r agmenirhibiters s@nibe adminisieead iy isdosen giah itervatnsuBbas once 88y t o about
20 ng/ kg, about 1 fag/kg to about 10 ng/kg, -about 1 fag/kg to about 1

my/ kg, aboetwebkly, agbkge nwortblyutDdsagy saheddlesdor adminigiradon of about 100

| ag/ kg, about 100 |lag to about 1 ngy/kg, or about 500 |ag/kg to about 1

N/ Kg.  ahtéd2@ebe sntalbitorashm e atiestdi baserl ool fosedamaple, tioe atfiityiof thd he
interval of tinme that the antibodies can circulate in the patient's body

fol I ow W’llﬁlﬁ‘ﬁ" {)t 5 Hggl'e%tahﬁéé odF EP thé REIFMRL bﬁt‘ﬁb mﬁ@ﬂéi HiRUhelsalvVERiysT May

al so be use initrial o us dose [0130] In another enbodi'ment, the

i nventi re 0 I ’ f ses,
such as 7 BRUFHHS TER il LRI PLBHEER Sle pdfliictelt & SboRRasea g
effective ampunt of .an i.nhibitor s _.a dosage.which i eful edum ng
et vi TRt sradetng evan: CRiRugEFRERT Ryt Posltectler s
03/ 066822 PCT/ US03/ 03554 GCenerally, appropriate therapeutic dosages for
adni ni sbelsEesen i nhibitor may range, for exanple, fromabout 5 ng to
about 100 ny, from about 15 ng to about

[0131] Toxicity and therapeutic efficacy of such compounds can be

determined by standard pharmaceutical procedures in cell culture or experimental
animal models, e.g., for determining the LDs (the dose lethal to 50% of the
population) and the EDsg (the dose therapeutically effective in 50% of the
population). The dose ratio between toxic and therapeutic effects is the
therapeutic index and it can be expressed as the ratio LDso/EDsg. Inhibitors,
which exhibit large therapeutic indices, are generally preferred.

[0132] The data obtained from cell culture assays and animal studies can
be used in formulating a range of dosages for use in humans. The dosage of
such compounds may lie within a range of circulating concentrations that exhibit
an EDsq with little or no toxicity. The dosage may vary within this range depending
upon the dosage form employed and the route of administration utilized. For any
inhibitor used according to the present invention, a therapeutically effective dose

can be estimated initially from cell culture assays. A dose may be formulated in
55



85 ny, fromabout 30 ng to about 70 ng, or from about 40 ng to about 60 ny.
| nhi bitors can be adm nistered in one dose, or at intervals such as once
daily, owoe3meskiy, or once nonthly. Dosage schedul es foPCadrsoniasss ati on
of an aggrecanase inhibitor can be adjusted based on, for exanple, the
affinity of the inhibitor for its aggrecanase target, the half-life of the
inhibitor, and the severity of the patient's condition. Generally,

inhibitors are I ni stered as a.. LI Wil Fecul ating
| cvel s, SR MGG AT eon g uguag el Bnobrlra B refbe Tady EniSL ' B 5T
Toxicity and therapeutic efficacy of sugch conpounds.can b det ermi ned by
st andarah Krealh@c et c@rwerty@ae@@mfét%ﬁaew@fkmcﬁr%c V%B?F’M"@Q ani mal
nodel s, e.g., for determning the LD50 (the dose |ethal to 50% of the

popul atinhibjticeanaf dymeptBME) astdeterduned byioel peliureassaysefliavels MlasMms0% of t he
popul ation). The dose ratio between toxic and therapeutic effects is the

t her apeyhi bel MgsurRddfdrtexafiplécoyehighgrsieimance fiquidathiromabegraghBo The
I nhi bitors, which exhibit l'arge therapeutic indices, are generally

pref er [ &fbord B 7Y AR idbsale SRtk oAb by suftdnke icissays. and ani mal

studi es can I ornul ating a range of dosages for use in humans.

The d ' ' f ci | ati

concent 5B eRBR S s D AP R 2805rS i city. The dosage
ithin thi d di the d f dth

Fout o HHaBRRHPHPBIAREHGIFoaYS. BB ETORTR SHRPIOn PO Y SoU CALRS RS Lo the

present invention, a therapeutically effective dose can be estimated

i ni ti al hssayspassayls basgd e gmeapbé‘awilama@é praragipeeytes: assanskpses g5 wo

03/ 066822 PCT/ US03/ 03554 aninmal nodels to achieve a circulating plasna
concent glatbse uptakesin tauigooyes, Bnt sSmamurioRficgliassayst he concentration of the

test anti body which achi eves a hal f - maxi nal
[0133] Therapeutic methods of the invention include administering an

aggrecanase inhibitor composition topically, systemically, or locally as an implant
or a device. The dosage regimen for the administration of composition will be
determined by the attending physician based on various factors which modify the
action of the aggrecanase protein, the site of pathology, the severity of disease,
the patient's age, sex, and diet, the severity of any inflammation, time of
administration and other clinical factors. Generally, systemic or injectable
administration will be initiated at a QOse which is minimally effective, and the dose
will be increased over a preselected time course until a positive effect is observed.
Subsequently, incremental increases in dosage will be made limiting to levels that
produce a corresponding increase in effect, while taking into account any adverse

affects that may appear. The addition of other known factors, to a final

composition, may also affect the dosage.
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i nhibition of synptons) as determ ned by cell culture assays. Levels in

pl asma may be neasured, for exanple, by high performance liquid

chr omat ogwapbyessThe effects of any particul ar dosage canPo@/usonidses ed by
sui t abl e bi oassays. Exanples of suitable bioassays include DNA replication
assays, transcription-based assays, CGDF protein/receptor binding assays,
creatine kinase assays, assays based on the differentiation of

pre-adi pocyt g4 M%&aﬁfbg%orﬁ o\"é’d)Bg p‘éﬂbﬁf&‘?és’é}s@ﬁ%ﬂ?ﬁ%@é?s@nd

i mmunol ogi cal” assays her apeut | e Irnvention include

admi ni st 0, Sit] t opi ca

system c@bb&%sﬁh ﬂgpﬁﬁggggﬂn @ﬁﬂﬁ%rﬁfforeﬁ,rpg%é p@ by?ﬁéa)ﬁ%é\é&ao? egi nen for
the adm nj strati on of osition wll be determ ned by the attending
physi ci a&h%ra@@ﬂ'% mf%qa(flaa yRevs! ﬂumralﬁ/%cﬁnd?ort M@Icaé@waawaﬂone he
aggrecanase protein, the site of pathol ogy, the severity of disease, the
patient's agdX. s‘&S@amﬂndil\éethOLdseofs@e'hectibyl of any inflammation, tine of
adm ni stration and other clinical factors. Generally, systemc or

i nj ectabl e dAh3%li Ehe ihibilorsvaht antibodies icé tlelinventionl car behisel inassays mal | y
effective, and the dose w Il be increased over a preselected tinme course
until a grmbmethotisedfidatéctioh Rhgstermifle thSphsesiitendr absehaedf&wintifyncr eases

in dosage will be nmade limting to |evels that produce a correspondi ng
I ncreas (¥ t t hat may
appear . CHICSREln A hBie, SRR 8 eHbodiE e bRtenfiBhion * )

al so aff 5 66822 PCT/ UUS03/.03554 0134] .Prqogress can
pe- mon t'ﬁ&:ggﬁ'@ §q§%%§?% SR PO L4 %l@gf@%sﬁkﬁow?#émg?ﬂ fress
can be nonitored, a ys, MRl or _other inmaging nodalities,
synovi alPTEFeNE @H&V?Is‘?fstéeggﬂfgﬁ'”élwlm 2 siseasanpnact skl in the aks3lys and
Met hods of Detection

diagnose the associated disease or determine its severity. Diseases that may be

diagnosed by the presently disclosed inhibitors and antibodies are set forth above.
[0136] Detection methods for use with antibodies are well known in the art
and include ELISA, radioimmunoassay, immunoblot, western blot,
immunofluorescence, immuno-precipitation, and other comparable techniques.
The antibodies may further be provided in a diagnostic kit that incorporates at
least one of these techniques to detect a protein (e.g., an aggrecanase protein).
Such a kit may contain other compqnents, packaging, instructions, or other
material to aid the detection of an a/ggrecanase protein, and instructions regarding
use of the kit. When protein inhibitors, for example, peptide inhibitors, are used in
such diagnostic assays, protein-protein interaction assays can be employed.
[0137] Where inhibitors are intended for diagnostic purposes, it may be
desirable to modify them; for example, with a ligand group (such as biotin) or a
detectable marker group (such as a fluorescent group, a radioisotope or an

enzyme). If desired, the antibodies (whether polyclonal or monoclonal) may be
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[0135] The inhibitors and anti bodies of the invention can be used in assays
and net hods of detection to determ ne the presence or absence of, or
guanti fy waggnesanase in a sanple. The inhibitors and ant iPbodisey03s64 t he
present invention my be used to detect aggrecanase proteins, in vivo or
invitro. By correlating the presence or level of these proteins wth a

di sease, one of skill in the art can diagnose the associ ated di sease or

determ i Ver i I t i ed b he presently
i sol st b BEFNEntChaRERTALES:, STRdB Tanelb AEIRES uokophated et cct i on
nmet hods for use with antibodies ar |1 known in the art and include

ELI Sa,  rChIPBORR ag%fg%ctlvmﬁrﬂm slechinpsiense rspaents, premes) anst igrdsce,

i mruno-preci pitation, and other conparable techniques. The antibodies may
furt her having speciicbinding RRrNgIss EnzyRies aradypicallyodglecteddsy their aasinity. one of
t hese techniques to detect a protein (e.g., an aggrecanase protein). Such

a kit nijorexangle, lwrseradisinpenozitase qaadicadéteoted s its abllityotscornerot her
material to aid the detection of an aggrecanase protein, and instructions

regar di netramethyMerdZ@n&i(TMBMS B tﬂﬁ@bﬁtirﬁeﬁt’,‘ahgﬁﬁﬁ%{b?e witrg exanpl e, peptide
inhibitors, are used in such diagnostic assays, protein-protein
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pur poseés, e exanpl e,
with a |jigand.gro syuch as bhioti or a detectable rker group (such as
& 11 uor SUSBRVgRo s S8 BiiBl &, B e, RlmrodssyspRb{bm IBeng corpied Kk
anti bodi.es (whet her polyclonal or nonoclonal) may be 57 WO 03/ 066822
PCT/ USO3N 83584 | abel ed” usi ng conventional techni ques. Suitable |abels
i nclude fluorophores, chronophores, radioactive atons, electron-dense
reagents, enZQh38] Therfollowipgrelamplasilhugtrapepidctice bf tidi pgseat invention Enzynes
are typically detected by their activity. For exanple, horseradish
per oxi dassatay 2l clelrectefidinghunian agbtdchrias® af@iest aggrecanase-related

proteins, obtaining the human proteins and expressing the proteins via

recombinant techniques.

EXAMPLES
Example 1: Cloning of ADAMTS-5 (Aggrecanase-2)

[0139] PCR primers were designed to the published sequence for human
ADAMTS-5 (GenBank Accession # AF142099). The full-length coding sequence
for ADAMTS-5 was amplified from a human uterus cDNA library (Genetics
Institute/Wyeth Research) using the Advantage-GC PCR kit (Clontech).

[0140] ADAMTS-5 was isolated using PCR. Tissue expression pattern of
aggrecanase-5 was determined by PCR amplification of 7 different oligo dT-
primed human cDNA libraries including placenta, brain, muscle, lung, heart,
uterus and spinal cord. PCR primers that amplified 5' and 3' regions of the

ADAMTS-5 cDNA were used. Primer sequences for amplifying the 5' portion of
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tetramet hyl benzidine (TMB) to a blue pignent, quantifiable with a
spectrophotoneter. Qther suitable binding partners include biotin and
avi di n orwogsnegseavi din, 1gG and protein A and the nuner ®a%/US03/03554
receptor-ligand couples known in the art. [0138] The foll ow ng exanples
il lustrate practice of the present invention in isolating and
characterizing human aggrecanase and ot her aggrecanase-related proteins,

obt ai ni g ressing the. proteins via reconbi nant
t echni ques. m&i%ﬁgﬂéﬁ&% Bnqmﬁéoon' ng of ADAMIS-5 (Aggrecanase-2)

ADAVILS ‘5@@#@%@@2@@3&%&%%@5%@?&%Zﬁ%g‘@é@ab?&gt‘ﬁgﬁﬂence

for ADAMIS-5 was a ified froma hunan uterus cDNA |i brar %Genetics
|Gt 1 il noerperatad ah hisialg el GAGIH AbacBmBA Hia (GANGRCRCh) [ 0140]

ADAMIS-5 was isol ated using PCR Tissue expression pattern of
aggr ecangstreBmnalisthdestant coden (ATGIPORhenpDAMT2HS sequehca ahidf 3' @rievar: 61 i go dT-
pri med hunman cDNA |ibraries including placenta, brain, nuscle, |lung, heart,

ut erus TRGSBORTAGATGCREBANTGETSG @EQQDWOM?F ﬁrm@atéeauerﬁ@éﬁ fps of the
ADAMIS-5 cDNA were used. Priner sequences for anplifying the 5 portion of

5 GhCTCATS R AR ES AR AR RITLE F ey STEACCAGEATTC ©
of the. AeATEIABAET (e R AR sLyDREE %ﬁé*?é%é&%yw oA
AT A T BN AT AT SRR L PR e H AT (8B 15 KBTS Sinich

incorporated an 8 bp tail (AAATGGGC) and a Not1 site (GCGGCCGC)

downstream of the stop codon (TAG) for ADAMTS-5. PCR products of the
appropriate size, 5' amplification product of 1404 bp and 3' amplification product of
1519 bp were found using a uterus cDNA library as substrate. The Advantage-
GC PCR Kit from Clontech was used for the PCR reactions. Reaction conditions
were those recommended by the manufacturer; with the following exceptions: the
amount of GC Melt used was 10 pl per 50 ul reaction; the amount of Not1
linearized library used was 0.2 ng/pl reaction; and the amount of each oligo used
was 2 pmol/ul reaction. Cycling conditions were as follows: 95°C for 1 min, one
cycle; followed by 30 cycles consisting of 95°C for 15 sec/68°C for 2 min. The 2
overlapping PCR products resulting from the amplifications were digested with
EcoR1 énd Nsi1 (5' product) or Nsi1 and Not1 (3' product) and ligated into the
CHO expression vector pHTop_new, digested with EcoR1 and Not1 using
standard ligation enzyme, buffers and conditions. Ligated products were used to
transform ElectroMAX DH10B cells from Life Technologies (Carlsbad, CA).

Cloned PCR fragments of ADAMTS-5 were sequenced to verify sequence.
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anplifying 3" portion of ADAMIS-5 were as follows: 5 priner: 5
TACCAGCATTG ATGCATCTAAGCCCT (SEQ ID NGO 18) and 3' primer 5 AAATGGGCGCGEC
CCCTGCATCEOIG0Ad82ATCCTCCAGTTATCT (SEQ I D NO 19), which, PCcmasopasst ed an 8
bp tail (AAATGGEC) and a Notl site (GCGECCEC) downstream of the stop codon
(TAG for ADAMIS-5. PCR products of the appropriate size, 5 anplification
product of 1404 bp and 3' anplification product of 1519 bp were found

usi ng a uterus | i brar s su e. P Kit from
Cl ont ech vvas[lédéiwg P@n"es g’(tﬁﬂﬂ@ gﬁe’&@ﬁ“&ﬁggowﬁ?‘?m re those
recommended by the manuf actur er with the foll ow ng exceptions: the anount

of GC Meonsansys sequence geriyrst from the RGR orodusts H'éloaﬂ{%‘ﬁp BRggpere
| inearized |ibrary used was 0.2 ng/pl reaction; and the anpunt of each

ol i go usdidctatkia tRispmjubnte meavnmpared Gy the pablisbedisequescedorrARAMISE-Fows: 95C
for 1 mn, one cycle; followed by 30 cycles consisting of 95C for 15

sec/ 68C'I*Hérse%h5hges W%@e% Gy &h ABPhidebidR Aradusidan @std 4iGngt from the
anplifications were digested with EcoR and Nsil (5 product) or Nsil and

ot 1 (31, 0600Hek oaBdnl rBBHRE shafOat Dior 1TER GG POARaN B6EH fpHTOP_new.

di geste using standard li1gation enzyne, buffers and

From Li RDAERA dhedulictind SRR, 35tinbcen bR ReB PR IEME) ¢ D/i‘&?s"? .

wer e sequenced to veri f% sequence. 59 WO 03/ OZ %22 PCT/ USO03/ 03 [0141]
Nucl eot ABAMEGHRBE ard Stand 3| WHEANSIteAraaions G dRs). W subslen H'g%nsus

sequence derived fromthe PCR products. Two silent changes were reflected
i n thistreegaemaiasexpepsiopdectortpiddpdpt2.shed sequence for ADAMIS-5. These
changes were a Gto an A at nucleotide # 711 and an Ato a G at nucl eotide
# 2046 (nuNbEyi4R9ASIBNA xpredsid@thet fol-léhgth huhandgietanase@dbAggor

2)/ADAMTS-5 protein was cloned into the expression plasmid pHTop. This

plasmid was derived from pED (Kaufman, et al., Nucleic Acids Res. 19:4485-4490

(1991) by removing the majority of the adenomajor late promoter and inserting six

repeats of the tet operator (Gossen and Bujard, Proc. Natl. Acad. Sci. U.S.A.

89:5547-5551 (1992)). A CHO cell line stably expressing hAgg-2 was obtained by

transfecting pHTop/hAgg-2 into CHO/A2 cells and selecting clones in .05 uM

methotrexate. Clones were screened for Aggrecanase-2 expression by western

analysis of conditioned media using a polyclonal antibody specific for

Aggrecanase-2. The CHO/A2 cell line was derived from CHO DUKX B11 cells

(Urlaub and Chasin, Proc. Natl. Acad. Sci. U.S.A. 77:4216-4220 (1980)) by stably

integrating a transcriptional activator, a fusion between the tet repressor and the

herpes virus VP16 transcription activation domain (Gossen and Bujard, Proc.

Natl. Acad. Sci. U.S.A. 89:5547-5551 (1992)).

[001] A truncated ADAMTS-5 protein including a C-terminal protein

purification tag was constructed using 3 DNA fragments from the full-length
60



ADAMIS-5). The full-length cDNA, including an open reading frame (ORF) for
ADAMIS-5 ORF and 5' and 3' untranslated regions (UTRs), was subcloned into
t he manmmawDan/0es8pr essi on vect or pED6-dpc2. [0142] A cDNA expruseyoise t he

full-1ength hurman aggrecanase-2 (hAgg- 2)/ ADAMIS-5 protein was cloned into
the expression plasm d pHTop. This plasmd was derived from pED (Kauf man,
et al., Nucleic Acids Res. 19:4485-4490 (1991) by renoving the najority of

the ad ' ' ' e f t

(Goscen A By P et BBt bR An . Wil elo PIORRER ADRBIF 5,05 ' X
CHO cel | i I ' hAgg- t ai ned t fecti

pHTop) MAGE-BNCAISH eVRkD 3 raddiia’ S2i(BEa)aldne FuhEboltaggstpRrss |

met hotrexate. Clones were screened for Aggrecanase-2 expression by western
anal ysi praseinc drigiine ahéa2 irethesfull dengih preteiny sl Ndenminat el glpaypae site dn f or

Aggr ecanase-2. The CHO A2 cell line was derived from CHO DUKX 1311 cells

( Ur I aubtrenfilillTeagthmroféimc Théldt DNAANcaghmeSisi condisted\of @ 5777 1 83§201/Nb9B0) ) by
stably integrating a transcriptional activator, a fusion between the tet

I epr ess gy gAfet _bbﬁtaimgg mprerSném@cidrmkbbrﬁé bAA 298 tgoreé en _domai n
(CGossen and Bujard, Proc. NatT. Acad. Sci. U S. A 89:5547-5551 (1992)).

E)S?H‘ [ éﬁ‘tﬁu%mn?%ﬁdé‘m%ﬁ?@?ﬁi@é?%ﬁ%%ﬁ‘gﬂEﬁﬁ‘t irng‘ﬁé% _rE)Hrjhra'EJi E:é ?811I -l ength
Cynt het PR B3RA' UBSHGHL PobiaOr coaiailpd AP S T at olRbC6lesite oot due 752
(Pro) of the full-length aggrecanase protein. Proline at 752 in the full
| engt h free@mants psediiq gwhal gl 114 bp synibglia giplaxiwereas falewsy| | - | engt h
protein. The 3 DNA fragnents consisted of a 5777 bp SgrAl/Notl fragnent
cont ai nohigonudieqiidEdpagreentytd@' GiT ACRAAGAd TATI GCHRAGIOT T TAATAAGAAAA
GTAAGGGTTACACTGACGTGGTGAGGATTC (SEQ ID NO: 20); oligonucleotide
fragment 2: 5' CTGGATCCGGATCTGCTTGGAGCCACCCGCAGTTCGAAA
AATAAGGC (SEQ ID NO: 21) which encodes a GSGSA (SEQ ID NO: 22)
peptide linker followed by a WSHPQFEK (SEQ ID NO: 23) Strep-tag |l protein
purification tag from IBA fused C-terminus to amino acid 752 of the truncated
ADAMTS-5 protein, oligonucleotide fragment 3: &'
GGCCGCCTTATTTTTCGAACTGCGGGTGGCTC
CAAGCAGATCCGGATCCAGGAATCCTCAC (SEQ ID NO: 24) and
oligonucleotide fragment 4: &'
CACGTCAGTGTAACCCTTACTTTTCTTATTAAAGGTTCCAACA
ATCTTT (SEQ ID NO: 25). Each oligonucleotide fragment was diluted to a final
concentration of 10 pmol/ul with sterile water. Equal volumes (10 ul each) of
oligonucleotide fragments 1 and 4 were mixed. Equal volumes (10 ul each) of

oligonucleotide fragments 2 and 3 were mixed. Mixtures were heated to 95°C for

5 minutes and then allowed to cool to room temperature. 1 pl of each mixture was
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ADAMTS-5, a 1756 bp Sgr Al/BspHl fragnent containing ADAMIS-5, and a 304 bp
BspH / Bsrd@ fragnment contai ning ADAMIS-5. The 4 oligonucl eotide fragnents
used to bwblod/otdse2 110 bp synt hetic dupl ex were as foll owsPCTaiSogassc! eoti de
fragment 1: 5' GTACAAAGATTGITGGAACCTTTAATAAGAAAA
GTAAGGGTTACACTGACGTGGTGAGGATTC (SEQ I D NGO 20); oligonucl eotide fragnent

2: 5 CTGGATCCGGATCTGCTTGGAGCCACCCGCAGTTCGAAA  AATAAGCGC (SEQ ID NGO 21)

whi ch ( ) . ' ' fall:

o o SRR RESSAT D e PRSP A s cblPE b o
el 3nd o e Erl B rilon W s BB Bl "
CAAGCAGATCCGGATCCAGGAATCCTCAC (SEQ I D NGO 24) and ol igonucl eotide fragnment
4: 5' meawmmw@w@wmmx?mﬁm@gwmm TERONPipgieSEQ | D NO 25) .

Each ol i gonucl eotide fragnment was diluted to a final concentration of 10
pnol / ul (Garisbast, @A)l eTheatlened Eynthktiv oligorsclédtitigsl wercdgqueincedito gonucl eot i de
fragnents 1 and 4 were m xed. Equal volunes (10 pl each) of

ol i gonugbreirtefiddlg BRA ViR %@Jeﬁclé’.eﬁ?lﬁﬁexﬂiis Abdethatc vejresdratiesof o 95C

for 5 mnutes and then all'owed to c to roomtenperature. 1 pl of each

. | emperature. L pl of each
The. 3 ASiER e indgd dOleean e 2 IR Rne RAd 1S 1 G2t on aneyme,

buffers and conditions were used. Ligated products were used to transform
El ectro DH1QB cel | s from ki nal 0gl e Car] shad he, cl oned
synt het ?;‘amﬂlﬁgﬁ Pﬁ?ﬂ?&%”é’ﬁ‘@gﬁ%@épﬁp@”ﬂFé\dn{f‘ﬁﬁ"?ngQ Mf‘@a'gtnd verify
sequence. Figure Lk a schematic representation of
[0143] CHO/AZ2 cells were transfected with ADAMTS-5-WT or ASM

expression vectors using Lipofectin (Life Technologies, Inc.). The cells were

plated in the presence of .02, .05, and 0.1 mM Methotrexate (MTX) selection and

incubated at 37°C, 5% CO, for 2 weeks. Colonies were picked and expanded into

cell lines while cultured in selection medium.

[0144] In another experiment, CHO cells were transfected with active site

mutants for aggrecanase-1, as depicted in Figure 17.

Example 3: Subcloning of ADAMTS-5 Active Site Mutant

[0145] The E411-Q411 point mutation in ADAMTS-5 was generated using
the QuickChange Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA).
Mutagenesis was performed on pHTop/Agg-2 using the QuickChange Site
Directed Mutation Kit (Stratagene, catalog # 200518). The single base pair
mutation, 2597-G to 2597-C resulted in a single amino acid change at position
411 (E-to-Q) in the catalytic domain of aggrecanase-2 protein (SEQ ID NO: 30).

This mutation was shown to inactivate the catalytic activity of mini-stromelysin-1
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Streptavidin-tagged aggrecanase-2 proteins of the invention. Exanple 2:
Expressi on of ADAMIS-5-wi |l d type(W) and Active Site Mutant (ASM [0143]
CHO A2 ceWba3medse2 t ransfected with ADAMIS-5-WE or ASM  expCEASO®OBS5Lct or S
using Lipofectin (Life Technologies, Inc.). The cells were plated in the
presence of .02,.05, and 0.1 nM Methotrexate (MIX) selection and i ncubated
at 37C, 5% CO2 for 2 weeks. Col onies were picked and expanded into cell

|1 nes whBtenie vt bl PbteiR ExRlifedin11 9897052001 Al CHRNGHING. GXBR/ | Nt CHO

cells were transfected acti've site or —aggr 1, as
depi ct eq,,/ i y Le.3: subcloning of ADAMIS:5 Active Site Mitant
[ 0145] %hxgp?:fﬂr%lﬁ@qg%ﬁ@%?% ?'E%Rﬁ%a'ﬁdﬂ%r%b@"?ﬁ@@wﬁaéfﬁ @using the
Qui ckChan i te-Di . Mut esis Kit (Stratagene, La Jolla, CA).

Mut agené&?ﬁo‘%ég%'z(égfﬁgmﬂ Fﬁ?/ RJts-and sglagfinchelongs bk HamMe Sit e
Directed Mutation Kit (Stratagene, catal og # 200518). The single base pair
mut at i ofmethgtiexater Clogey were ssiganed fonAggesicaghse-@néxpressiod byheexiernat

position 411 (E-to-Q in the catalytic donmain of aggrecanase-2 protein

( SEQ | DaNalys&09f. contiitionedimatiisosing s pohwlendl antibeay spetific fée catal ytic
activity of mni-stronelysin-1 62 WO 03/066822 PCT/ US03/ 03554 (Steele et
al ., Pr@igjrécdrzgereering 13:397-405(2000)). A CHO cell line stably
expressi ng hAgg-2(E411 Q active site nutant was obtai ned by transfecting

ot hot r exat o cofiongly, ExG- ATt R B Ak Sia W et AR PPt or
233'r YS! 9t e BOBRGH RGShTBRL ML 719 sUSemate réesaniationiare | ¢ for
recombinant truncated aggrecanase-1 molecules of the invention that include an
E-to-Q mutation in the catalytic domain. Nucleic acid sequences encoding these
aggrecanase-1 molecules are cloned into an appropriate vector; for example,
pHTop disclosed, and subsequently transfected into an appropriate cell line; for
example, CHO cells. Stable transfectants for aggrécanases of the invention can
be selected as described above. Expression levels of active site aggrecanase

mutants can be detected using an antibody specific for the aggrecanase being

expressed.

Example 4: Western Blotting

[0146] Conditioned medium from CHO cells expressing ADAMTS-5 WT or
ASM were loaded on a 12% SDS-PAGE gel under reducing coﬂnditions. The
samples were then transferred to a nitrocellulose membrane. ADAMTS-5 protein
was detected by a polyclonal antibody against ADAMTS-5, followed by goat-anti-

rabbit IgG-HRP and a chemiluminescent substrate (Pierce, Milwaukee, WI).
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Additionally, E-to-Q nutation in the active site of aggrecanase-1 nol ecul es
of the invention is generated. Figure 17 is a schematic representation of
reconbi nawo osiensent ed aggrecanase-1 nol ecul es of the i nverCirarsod/ozss4 i ncl ude
an E-to-Q mutation in the catalytic domain. Nucleic acid sequences
encodi ng these aggrecanase-1 nolecules are cloned into an appropriate
vector; for exanple, pHTop disclosed, and subsequently transfected into an

appropriate L ne: r I . e ectants for
2001 coanases 1471 ieienexpBHERt Gondilngl bt AR ECHE o e
Expression | evels of .active site recanase tants c e tected using
o ant ;55 S FitaBl robfecinge L HieE RS R igaded Bring 32 AsiSie o
Western Blotting [0146] Conditioned nmedi um from CHO cel | s expressing
ADAMTS- BARE orThessstilie pEsudinae @xparimentasesswnee-igere 4Ad&risfiydGiGhg
conditions. The sanples were then transferred to a nitrocellul ose

menbr aneellABEKE Sabsfactedwith avaswcleietaeid encdding eftoéryitlmezdéd agyrdvatgsagai nst
ADAMIS-5, followed by goat-anti- rabbit 1gGHRP and a chem | um nescent

subst r aRefr¢rRi@niang, addl Enakteegh afhiho £k #&ﬁ,%&ﬁﬁ&%?ed’%?ﬂé%@ﬁé@é@%m[ 0147]
e

I n anot her experinent, conditioned nmediumfrom CHO c S expressing

| Lant o HhiAGIERAANARRPAAR 40 ¥BD8: RATCRR! B0l pibrelishibs siREngn (S

results of suc n experinent are shown n Figure cells

t j £ h i i di ith t t ed
2"t rom apreangra L dkionBs FE1G B Tes verg by FRed e Canase- 2
from ampo acid # 1 through am no acid #628, or a nucleic acid expressing
a full - IG‘EHE'E A09regaRBmMLEUD 2mipe aeid #1 thspHgh S6¢Hey Fram amingeacidéile devel oped

expressing either aggrecanase-2 fromam no acid #1 through 567, or from
am no athreugh 628, or full-length aggrecanase-2 molecule. Cells were subsequently

harvested for proteins and expression levels for the various aggrecanase-2
molecules was determined by Western blot analysis using an antibody specific to
aggrecanase-2. As demonstrated by the experiment set forth in Figure 19,
truncated aggrecanase proteins are expressed at higher levels, due to higher

stability, as compared with the full-length aggrecanase-2 protein.

64



t hrough 628, or full-length aggrecanase-2 nolecule. Cells were subsequently
harvested for proteins and expression |levels for the, various aggrecanase-?2
nol ecul eswaas/oakseer m ned by Western bl ot anal ysis using amCarusoboasys
specific to aggrecanase-2. As denonstrated by the experinent set forth in
Figure 19, truncated aggrecanase proteins are expressed at higher |evels,
due to higher stability, as conpared with the full-Iength aggrecanase-?2

pr ot ei n. Exéfinpie $3MMie ﬁ% Hgg'c@o n?@gmgf M crocapillary

HPLC- Mass Spectronetry WI or ASM proteins were

purified by ;[!?14 Et&cﬁ‘ﬁﬁnéH{Abﬂ'ivl?é‘%' Z%d&%g\//ljgfgt ??m}é%%ﬁﬁéé& @?‘ . gel

el ect rophor esi Protelns were visua nmassi e ni ng, and

protein f manpal .|y, uced al kyI at ed
nd ai gddaa 2 fH”t‘%%@ﬁ%ﬁ%ﬁﬁ%@ﬁfi?‘ﬂ&%%ly@@dé@P BORR son, W) i
situ usi an aut onat e di gestion robot. After d| estion, the

pepti de @8’&%%@%&8&6@%%@%&0@%6%@ L@eﬁamm@r@pr@i@n nd&pfospray
rever sed- phase HPLC. Peptide anal yses were done on a Finnigan LCQ ion trap
mass spdaierestware extisedmanealty, tearediosed, alkyptedrand digiestbdawith yrypsinof  MS/ V5
data was perfornmed using the SEQUEST conputer algorithmincorporated |nto
the Fi nrdr@@doﬁepwws}eeu@cqp@mbga; Wadigankagpir Ji heum@aﬁ%utoﬁétb&ms@

usi ng the database of proteins derived fromthe conpl ete genone arrpl e

6: Biol Qg%éﬁbn%bbt‘/ | Affercdig B3R 39 e HRE §ﬁ?ékﬁ§9ve{rgjc6ﬁ]:eﬂ_l?atgﬁ%ﬁw e the

bi ol ogi c activity of the expressed aggrecanase roteins or exanpl e,

t t I roteins are
eoover SEPERALS BRIARRRIS 0ok PR AP S S RFRTS Espﬁ% Aednes werd ©
? ﬁg;eca da ?18 Orneé mnlggn Eba E)Sn t];arr? magts g%recp tgr%teteérn% ngqururggte’ rSla%I Jsos\gl, th which

CA). Automated analysis of MS/MS data was performed using the SEQUEST
computer algorithm incorporated into the Finnigan Bioworks data analysis
package (ThermoQuest, San Jose, CA) using the database of proteins derived

from the complete genome.

Example 6: Biological Activity of Expressed Aggrecanase

[0149] To measure the biological activity of the expressed aggrecanase
proteins; for example, truncated aggrecanases of the invention disclosed, the
proteins are recovered from the cell culture and purified by isolating the
aggrecanase-related proteins from other proteinaceous materials with which they
are co-produced as well as from other contaminants. Purification is carried out
using standard techniques known to those skilled in the art. The isolated protein
may be assayed in accordance with the following assays:

[0150] Assays specifically to determine if the protein is an enzyme capable

of cleaving aggrecan at the aggrecanase cleavage site:
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are co-produced as well as fromother contam nants. Purification is carried
out using standard techniques known to those skilled in the art. The

i sol at ed WOOBM6G822 nay be assayed in accordance with the f@®Crasongsassays:

[ 0150] Assays specifically to determne if the protein is an enzyne capabl e
of cleaving aggrecan at the aggrecanase cl eavage site: 65 WO 03/ 066822

PCT/ US03/ 03554 [0151] Fluorescent peptide assay: Expressed protein is

i ncubat ed w n L i Ni ] [ at the
agar ccanase [11aq1ENBHEhEnBSiRlE SS5al EXhuBRERIPERSRY: FEARIEENE e
C-termnus of the synthetic peptide is |apel e{g wWth a rourP hore and the
ot her t@fhelispeptideybishenge §6S amie 2¢kls At he pRArecanNasa £1eaYE9Rat es t he
f1 ourophore and quencher and elicits flourescence. Fromthis assay it is
det er m sitadof aggrecar Eitherthedd-tamminus on e C-lerminsisrofdae syntglie pegidecan at

t he aggrecanase site, and relative fluorescence is a determ nation the

rel ati vig lalséledivith @flotitlopherearg siesl othed teiminug hthitlesNegapntiogre west er n:
Expressed aggrecanase protein is incubated wth intact aggrecan. After

sever al Ciéa‘i’/‘égérgf% Pﬁ@ﬁ@é@@érbf@ﬁh@“ﬂoﬁ?@pﬁ&é whbli qiencharBhe efiéital ysi s,

chondroitinaSe trea , l'yophilization and reconstitution) the sanple is
run on . 8.4 t Al J i

speci fi @6@§P§en§%§ﬁ§ﬁ# t%%_rgg%%ﬁ\ﬁ“a%%ﬂﬁgﬁ ?ntﬁgt fe”f p%(soggs%l{ %Q&géabé;%éangze

cl eavage. . The | is transferred t itrocell . dd I d
Usi ng. PURDARA e RIBHsN oL M4 e0OTeCaBRE e OCPRIR, T et ont 1y

results in a banding pattern indicative of products with a nol ecul ar

wei ght adleterminationdherelediye activity ef theesrdrassey potgidage product s of
aggrecan. This assay results in the finding that the expressed aggrecanase
prot ei n cl eaj0iéh2h MNeoepitapne vessternatExpressaghaggranasase pratevadginaibatgd and al so
gi ves the nol ecul ar wei ght of the cl eavage products.

with intact aggrecan. After several biochemical manipulations of the resulting

sample (dialysis, chondroitinase treatment, lyophilization and reconstitution) the
sample is run on an SDS PAGE gel. The gel is incubated with an antibody that is
specific to a site on aggrecan which is only exposed after aggrecanase cleavage.
The gel is transferred onto nitrocellulose paper and developed using a secondary
antibody (called a western assay) which subsequently results in a banding pattern
indicative of products with a molecular weight consistent with aggrecanase
generated cleavage products of aggrecan. This assay results in the finding that
the expressed aggrecanase protein cleaved native aggrecan at the aggrecanase
cleavage site, and also gives the molecular weight of the cleavage products.
Relative density of the bands can give an indication of relative aggrecanase
activity.

[0153] Assay to determine if an expressed protein can cleave aggrecan

anywhere in the protein (not specific to the aggrecanase site).
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Rel ative density of the bands can give an indication of relative
aggrecanase activity. [0153] Assay to determine if an expressed protein
can cl eavwwoOaggé@sean anywhere in the protein (not specifi ®@Crasohesss4
aggrecanase site). 66 WD 03/066822 PCT/ US03/ 03554 [0154] Aggrecan ELI SA
Expressed protein is incubated with intact aggrecan which had been
previously adhered to plastic wells. The wells are washed and then

i ncubat ed wi ant i bo at ct l e devel oped
with a secon@;r‘r’aféﬂgfecgesé.ﬁ'h%?" t@&fﬁ% egqs RWQ%@R&“%&@%M@%@ remains in
the wells, the antibody staining is dense, \Wereas, if aggrecan was

di gest e@ggrl?(}a&d‘(ﬂ%Bﬁg&eﬁcﬁ?‘(}%@y@ﬂﬂ?Fﬁge@W?ﬁ%Wﬁll%géhﬁ%léﬁepr otein, the
aggrecan cones off the plate and the subsequent staining of the

aggr ecawashed addte¢n incupatadwittaaniantibpdy thatettieed agurecanasEig/ wells bse whet her
an expressed protein is capable of cleaving aggrecan (anywhere in the

pr ot ei ndevesidpedivthal sédthdadgariisoths df thd enginalnemoant dftagdrecardedraaimsne

rel ative aggrecan cleavage. [0155] The results of one such experinent are
shown i@ (ReGHEIR ?r%a?‘i‘ﬂlt%og staPHEs Yensb e AYASR4EF HRtstdrofladtiigistédicubat i on
of aggrecan wth truncatéd agdrecanase-2 nol ecul €S using a 3B3 ELI SA

|

A f .S : A S ELISA
oo ocal BolEDaSe Bt PR PRl Eraca FRM bR B bl o ace.
;?L me);?ﬁ; 'Sgg%%ﬂrgiﬁ@ “?%‘epg efr ?eaénerﬂgﬁ#%@m% gﬁhtp%%gg%ﬁggqtgagﬁa}ggg yecanase-z

aggrecanases of the invention havi n(]:;I one or both TSP domains del eted are
bi ol ogi thel antikeelyiiy seduaerb eThipassay tellavdigibesan Expessad sHotginisaanables
conducted using standard techniques such as SIDS-PACE acryl am de (Laemm i,
Nat ur e @Rdle&dng @L@rédan (anywhere in the protein, not only at the aggrecanase site)

and can further determine relative aggrecan cleavage.

[0155] The results of one such experiment are shown in Figure 20, where
aggrecan cleavage was detected after incubation of aggrecan with truncated
aggrecanase-2 molecules using a 3B3 ELISA assay. The results of such an
experiment, shown in Figure 20 include % aggrecan cleavage subsequent to
incubation with truncated aggrecanases; for example, aggrecanase-2 from amino
acid #1 through 567 and aggrecanase-2 from amino acid #1 through 628. As
shown in Figure 20, truncated aggrecanases of the invention having one or both
TSP domains deleted are biologically active.

[0156] Protein analysis of isolated proteins is conducted using standard
techniques such as SDS-PAGE acrylamide (Laemmli, Nature 227:680 (1970))
stained with silver (Oakley, et al., Anal Biochem. 105:361 (1980)) and by
immunoblot (Towbin, et al., Proc. Natl. Acad. Sci. USA 76:4350 (1979)). Using

the above described assays, expressed aggrecanase-related proteins are
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stained with silver (Cakley, et al., Anal Biochem 105:361 (1980)) and by

| mmunobl ot (Towbin, et al., Proc. Natl. Acad. Sci. USA 76:4350 (1979)).

Usi ng thwoabows2zescri bed assays, expressed aggrecanase- IPE€TAISes0336Dt ei ns
are 67 WO 03/066822 PCT/ US03/ 03554 evaluated for their activity and useful
aggrecanase-rel ated nol ecules are identified. [0157] Activity Assay:
Mrotiter plates (Costar) were coated with hyaluronic acid (ICN), followed

by chondroitinas Sei kagaku . Chem - i ecan.

Condi t i tﬁ%g‘?rﬁﬁﬁg'f PSﬁY' Lgpetdh é%%?éé%%%t%ﬁﬁ%&“ﬁ% ADAMTS-5 ASM
was added to the aggrecan-coated plates. Aggrecan cleaved at the E373-A374
wi t hi n idertifiegk er gl obul ar domai n was washed away. The remmining uncl eaved
aggrecan was detected with the 3B3 anti body (ICN), followed by anti-

| gM HRP secdAtiarhAdiivity Besay( Stitatiier plalisdCastad Wegg roatedwith syalyFonic

devel opmrent was with 3,3", 5,5" tetranethyl benzidine (TMB, Bi oFx

Labor at#yid GEN), foNde8H YOAMdIErbitinase (BeikagakeGhemitdis)-ireatedi boyine o- f or m (- 90
kDa) and can be processed by furin to yield the mature species of -70 kDa.

condi 1 a0edcaftebngtbhed it fi6h SHONEISEeRtd WPABRKPSEXpr essed a

smal |l a _ active, mature protein. The predom nant species expressed
brot o rROPBIEYS AsMares 8HBe KEHCART b AT R RS R Rk B et
KDn,  NBEE LsBss maihet e ErolouB s S e e 20y oot or e
reveal ed that the cleavage occurred between E753-G754 residues in the
spacer uhgteaved aggrepan wasddaigetedoritretbe3B3 aptibeey @9@61’ fﬂ"ewﬁag%ycﬁ(ﬁ'ﬁat e
netal | oprotease inhibitor, the full length mature, -70 kDa protein, was
pr eser vigh-HRP secdreravpgatibsdy(8adthem Biotechnology). Final color development

was with 3,3", 5,5" tetramethylbenzidine (TMB, BioFx Laboratories).

[0158] ADAMTS-5 is synthesized in the inactive pro-form (~90 kDa) and

can be processed by furin to yield the mature species of ~70 kDa. Conditioned

medium from CHO lines transfected with ADAMTS-5 expressed a small amount of

active, mature protein. The predominant species expressed was a protein of ~ 55

kDa, representing a cleavage product of the mature protein.

[0159] Conditioned medium from the CHO stable lines transfected with

ADAMTS-5 showed that the enzyme was cleaved to yield a species of ~55 kDa.

Mass spectrometry and N-terminal sequencing of the clipped form revealed that

the cleavage occurred between E"%-G™* residues in the spacer domain. In the

presence of EDTA or a non-specific hydroxamate metalloprotease inhibitor, the

full length mature, ~70 kDa protein, was preserved. This cleavage is autocatalytic

and not due to an enzyme present in the CHO conditioned medium. Site-specific

mutagenesis was performed to mutate the E*''-Q*'" within the catalytic HELGH

motif (SEQ ID NO: 26) of ADAMTS-5. Stable CHO lines were made with this
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and not due to an enzynme present in the CHO conditioned nedi um
Site-specific mutagenesis was perforned to nutate the E411- 411 within the
catal yti cwbHEB@Hés2270t i f (SEQ | D NO 26) of ADAMIS-5. Stabl ®@CTHS0$/03566 wer e
made with this 68 WO 03/066822 PCT/ US03/ 03554 ADAMIS-5 active site-nutant
(ADAMTS-5 ASM . Conditioned nmediumfrom CHO stable lines transfected with
ADAMTS-5 ASM | acked aggrecanase activity as shown by ELISA (Figure 16). The

br edont NSRS 2chie BheuTiPal AAroRliTisas ASNE (CRbRRRP) Tk Trees
expressin ADAMI'S—S ASM [0\],'956;81\ The _above descri bed exangl est denonstrate
that r ilinas transfgsigdowih MISc8 M lacked 3geeRNqRs aCtMtE 8Fage at

resi due E753_Gr54 in the spacer domain. This cl eavage reduced the size of
t he matshorpppERISA (Bigufs1&DaT haafull-leagth mi0 kDaguotejn FElirer thed thenon- speci fi ¢
hydr oxamat e netal | oprotease inhibitor. A point nutation in the catalytic

dormai n GhpAPANT® FHidrineidsvsreadmitent ieaayesteircblat bf sonditioied medfx fiowi n and
protected the full-length protein from cleavage. It is therefore

contem:&l_arbe&"ts régg?nq)ﬁ tqm-g_tg' ,ﬁ_SR/T.OCGSSi ng was autocatal ytic and not due

to a protease present e conditioned nediumof the CHO cells. Exanple

7. EX [ 6 i h
ot her  mammaitDAR01 HEPBRANAEE et Cerent o S o BoRL FRKSERATENER, T
el AAADEISS Y575 SHSHBPUO BT pIRINA RSP VRE & Rk ar Yo b Migsts

including insect host cell culture systems by conventional genetjc
engi neespacgr teutain.qlibis. cleayageseduned jha sizeradthe masuisgpreieinjo Fepikka
reconmbi nant human aggrecanase is contenplated to be stably
and was inhibited by EDTA and a non-specific hydroxamate metalloprotease
inhibitor. A point mutation in the catalytic domain of ADAMTS-5 inactivated the
enzymatic activity of the protein and protected the full-length protein from
cleavage. It is therefore contemplated that the proteolytic processing was
autocatalytic and not due to a protease present in the conditioned medium of the

CHO cells.

Example 7: Expression of Aggrecanase

[0161] In order to produce murine, human or other mammalian
aggrecanase-related proteins, the DNA encoding it is transferred into an
appropriate expression vector and introduced into mammalian cells or other
preferred eukaryotic or prokaryotic hosts including insect host cell culture systems
by conventional genetic engineering techniques. Expression system for
biologically active recombinant human aggrecanase is contemplated to be stably

transformed mammalian cells, insect, yeast or bacterial cells.
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transfornmed mammal i an cells, insect, yeast or bacterial cells. 69 WO

03/ 066822 PCT/ US03/ 03554 [0162] One skilled in the art can construct

manmal | arwexpnesei on vectors by enpl oyi ng the nucl eoti de Ps&qisesiexssof
Figure 3 fromnucleotide #1 (atg) through # 2259 (gaa); nucl eoti de sequence
of Figure 5 fromnucleotide #1 (atg) through nucl eotide #2256 (cct);

nucl ei ¢ acid sequence of Figure 7 fromnucleotide #1 (atg) through

| eotide # I
nuel oot e ARG agh i eo?ﬁgbﬂﬁ%wﬂwan B -
CDeene by B RARE  BlecRE SEURRSES HEr P o8 ) G o1
2:161-170 198@&& pJL3 pJL4 (Cough et aI , EMBO J., 4:645-653 (1985))
and pMrihroxgh # {gerenvelpetige seausnsead Higwrek Foar npwaotidedi (aigh
derivative of p91023(b) (Wng et al., Science 228:810-815, 1985) differing

f r om t héhroagh enuclevotideh256t (cchntudleis aciteseae el ¢fi Figues? fbenceclgetids i n
pl ace of the tetracycline resistance gene and further contains a Xhol site

for i nsert(agy) tﬁfou@ﬁ'%cﬁé&més# %uegttf %Fﬁhbl@i‘tﬁém@'s‘é@i@@hée of F@W@ 9@8»41 have

been descri bed (Kaufman, Proc. Acad. Sci .

?ipffiaﬁ%?ﬁ@ﬁ%#JS@“‘@W%@M}% #”WOWQ‘@%J“EPBN@ g5,

p ennancer enovi r us ] or | at e

pr onot er |n Iud 5 splice site and the ori e, adenqvi rus
Pr ¥ par ¢ eneoang e Sanhsaity pbnidrsiiia ufisns Loty Sodi SEGCes 7 oo
accept or S|te a DHFR insert, the Sv40 ear yM%oF_é/aden Iatlon S|te (Sv40),
and pBR#Pd '@@éﬁ‘ﬁb\‘@“é@rs suelag NGy Qk@){?d'gﬁﬁté’ﬁ eltBidl., 2[1616W40 Pl asni d

pMI2 CXMis obtained by EcoRl digestion of pMI2-VWF, Whl ch has been
deposi t €t982)),ipdLi%e pAbt (Coagh B pé, EMBQide 4@45-658|(d)985»daﬁd)pMT226}9W1 lle, MD
(USA) under accession nunber ATCC 67122. EcoRl digestion
[0163] The mammalian expression vector pMT2 CXM is.a derivative of
p91023(b) (Wong et al., Science 228:810-815, 1985) differing from the latter in
that it contains the ampicillin resistance gene in place of the tetracycline
resistance gene and further contains a Xhol site for insertion of cDNA clones. The
functional elements of pMT2 CXM have been described (Kaufman, R.J., 1985,
Proc. Natl. Acad. Sci. USA 82:689-693) and include the adenovirus VA genes, the
SV40 origin of replication including the 72 bp enhancer, the adenovirus major late
promoter including a 5' splice site and the majority of the adenovirus tripartite
leader sequence present on adenovirus late MRNAs, a 3' splice acceptor site, a
DHFR insert, the SV40 early polyadenylation site (SV40), and pBR322 sequences
needed for propagation in E. coli.
[0164] Plasmid pMT2 CXM is obtained by EcoRI digestion of pMT2-VWF,
which has been deposited with the American Type Culture Collection (ATCC),
Rockville, MD (USA) under accession number ATCC 67122. EcoRI digestion

excises the cDNA insert present in pMT2-VWEF, yielding pMT2 in linear form which
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excises the cDNA insert present in pM2-WWF, yielding pMI2 in linear form
whi ch 70 WD 03/ 066822 PCT/ US03/ 03554 can be ligated and used to transform
E. coli HBOMM6e2 DH 5 to anpicillin resistance. Plasm dPpVIBoBENASLan be
prepared by conventional nethods. pMI2 CXMis then constructed using

| oopout/in nmutagenesis (Mrinaga, et al., Biotechnology 84: 636 (1984)).
This renoves bases 1075 to 1145 relative to the Hnd Ill site near the

SV40 ori gi f replicati nd .enhanhcet. f . oe I n addition it
"nser  scath e fenfn S b AR BN Bl R R e oty B0 27)
nucl eoti de 1145. This sequence contains t recognji.tion sjte for the
rest ri cesistarged dilasmicipM hehBNA can bgdrerale Qﬂ“vg @{M’e#ﬂ"gﬁﬁed pMr23,
contains recognition sites for the restriction endonucl eases Pstl, EcoR,
Sal | anpMXRACXMRE dsen dopsimEctakmsingdoopantin npNagenssis éMeriepaa.crf aby
conventional nethods. [0165] pEMC2al derived from pMI2l may al so be

sui tabl Bidtébmfoﬁ%ﬁ&ﬁ 636 (1984)). "Mestrémovepbists 1675ty 1 ¥45 rélative oMz whi ch i s
derived fromp -VW. As described above EcoR digestion excises the cDNA

| gat edh e e e SYA0 oo of LBl ol o on T P °°
[o1es] pmositel DhetRlS RIS TTIEER the Yol Iowing two modi fi cati ons.
Streteh of |1 PO-CiGealhGEIRGAE HIBRRE Bo-2aRa tidhen 1 WaieBea’ i
this process, .a Xhol site is inserted to obtain the follow ng sequence
i medi asequenpestonézins the reqgritionsite forrthenesticlionendenrtieas cAYCATG ( SEQ
oo ggr)ivative of pMT2CXM, termed pMT23, contains recognition sites for the
restriction endonucleases Pstl, EcoRil, Sall and Xhol. Plasmid pMT2 CXM and
pMT23 DNA may be prepared by conventional methods.
[0165] pPEMC281 derived from pMT21 may also be suitable in practice of
the invention. pMT21 is derived from pMT2 which is derived from pMT2-VWF. As
described above EcoRI digestion excises the cDNA insert present in pMT-VWF,
yielding pMT2 in linear form which can be ligated and used to transform E. Coli
HB 101 or DH-5 to ampicillin resistance. Plasmid pMT2 DNA can be prepared by
conventional methods.
[0166] pMT21 is derived from pMT2 through the following two
modifications. First, 76 bp of the 5' untranslated region of the DHFR cDNA
including a stretch of 19 G residues from G/C tailing for cDNA cloning is deleted.
In this process, a Xhol site is inserted to obtain the following sequence

immediately upstream from DHFR: &' -

CTGCAGGCGAGCCTGAATTCCTCGAGCCATCATG (SEQ ID NO: 28)

Pstl EcoRI Xhol
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Pstl EcoR Xhol 71 WD 03/066822 PCT/ US03/ 03554 [0167] Second, a uni que
Clal site is introduced by digestion with EcoRV and Xbal, treatnment with
Kl enow f ragmemneesed DNA pol ynmerase |, and ligation to a Clralr/usosnbasss
(CATCGATG . This deletes a 250 bp segnment fromthe adenovirus associated
RNA (VAI') region but does not interfere with VAI RNA gene expression or
function. pMr2l is digested wwth EcoRI and Xhol, and used to derive the

onT2- EChTL (B 1RT Sofiig %eﬁﬁévé?ﬁa%e A B Bhe S e gest i on

wi th EcoR and Pst | res nent. This fragnent |s
AR, Ewilh fiedarart PAINA palyAESe ) FBLIaCRPe

glugrglefs;[:d by el :ﬁﬁrxﬁoresﬁg on | ow melt|§q ag gyrose gel . A%?g bp adapter

and |tsCtacbﬂrpkeh(@AEﬁgaAs‘te)aannadelei@maR@@umbae@ment fremshe pelgnowiFes r udi ng end
and a 3' Xhol protruding end which has the following sequence: 5 CGAG

GI TAAAAALol4te ABRICCCANGA§ichAUBAC eeCEInEETéreT Wit VAI RNA@eneGAAAAACACGATTGC
3" (SEQ ID NGO 29) Xhol [0169] This sequence matches the EMC virus | eader

sequencgy rﬁrb@?bnf&#%ﬁatdndepmﬂ i@d@%@ted‘Wnt@E@@R?BﬁBQ@}%Itéhii Addd &8 position

10 withi virus lTeader to an ATT and is followed by a Xhol site. A

t hree ti pMr21 EcoRl - 16hol fragnent, the EMC virus
EcoRl - yl@%m/éf &%g‘(?gdx?%%wgﬁt 1e 68 bp
[0168] A portion of the EMCV leader is obtained from pMT2-ECAT1 (S.K.

Jung, et al, J. Virol 63:1651-1660 (1989)) by digestion with EcoRI and Pstl,
resulting in a 2752 bp fragment. This fragment is digested with Tagl yielding an
EcoRlI-Taql fragment of 508 bp which is purified by electrophoresis on low melting
agarose gel. A 68 bp adapter and its complementary strand are synthesized with
a 5' Taql protruding end and a 3' Xhol protruding end which has the following
sequence:
5
@AGGTTAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTT
T

Taql

GAAAAACACGATTGC 3' (SEQ ID NO: 29)

Xhol
[0169] This sequence matches the EMC virus leader sequence from

nucleotide 763 to 827. It also changes the ATG at position 10 within the EMC
virus leader to an ATT and is followed by a Xhol site. A three way ligation of the
pMT21 EcoRI-16hol fragment, the EMC virus EcoRI-Taq! fragment, and the 68 bp

oligonucleotide adapter Taql-16hol adapter resulting in the vector pEMC251.
72



ol i gonucl eoti de adapter Tagl-16hol adapter resulting in the vector
pEMC2/31. 72 WD 03/066822 PCT/ US03/ 03554 [0170] This vector contains the
SV40 ori gwo oefeasepl i cati on and enhancer, the adenovirus nRCOUSOH03E54
pronoter, a cDNA copy of the majority of the adenovirus tripartite |eader
sequence, a snmall hybrid interveni ng sequence, an SV40 pol yadenyl ati on
signal and the adenovirus VA | gene, DHFR and f 3-lactamase markers and an

EMC sequence, .in _appropriate relatiQnships. ta direct the hi I
expr essi on &@119']3-'6%% TQHCeMRNS; tﬁeéﬁﬁj;?ﬁg'ﬁ @é??'&a?'ﬁafﬁf ?nr%%gebgﬁgt ruction
of vectors may involve nodification of the aggrecanase-rel ated DNA
sequenceienovious majerdatsepromeienia eddaRy alihe MpjedlyAid8e adaRCYWE!Sodi fi ed by

renovi ng the non-codi ng nucl eotides on the 5° and 3' ends of the coding

r egi on.trijdviteliebdbe dequence) @i srgalhybriebinietesnimgyseguenag, amé4be repl aced by
ot her sequences known to be beneficial for expression. These vectors are

transf i%ﬁén?{(a@ioﬁ%@gtﬁr%rdn@ttﬁe%@@hoﬁﬂié YA IQJeres DHER iopd Pfactggassanase  or
aggrecandse-| ke proteins. Additionally, the sequence of Figure 3 from

nucl eot | ) C e L= : HirBl i@hfrom

el coretkelnand sEHE UflenBU Bl dridte 30RubpsTps WrBAMEISn | L DT

nucl eotide # 1 (at hr ough eotide #1884 (ttt); or Figure 9 from
nucl eot'?Y)é %Er%éﬂ@?%ﬁﬁﬁ&%gﬁ%eﬂlf@%m H@m%%ﬁ"‘?@%n , or fragments of
variants thereof or other sequences encodin a gr,ﬁ(;:%nase of the invention
or proteins [0h&1] T eongieiciion ehyeciors MAvIPvea ”%@j” mrb‘?flsta?ed to express

an aggrecanase or aggrecanase-like protein by deleting aggrecanase
encodi ngygrecaregsic-iated NAceguances. dpdrdostegcehe ePMA Bneedjig®Pes  encodi ng
t he conpl ete propeptides of other aggrecanase proteins. [0172] One skilled

b R tosss e e A feomenn e o
and 3' ends of the coding region. The deleted non-coding nucleotides may or may
not be replaced by other sequences known to be beneficial for expression. These
vectors are transformed into appropriate host cells for expression of aggrecanase
or aggrecanase-like proteins. Additionally, the sequence of Figure 3 from
nucleotide #1 (atg) through nucleotide #2259 (gaa), or Figure 5 from nucleotide #1
(atg) through nucleotide #2256 (cct), or Figure 7 from nucleotide # 1 (atg) through
nucieotide #1884 (ttt); or Figure 9 from nucleotide #1 (atg) through nucleotide
#1701 (cat), or fragments of variants thereof or other sequences encoding
aggrecanases of the invention or proteins that have aggrecanase activity can be
manipulated to express an aggrecanase or aggrecanase-like protein by deleting
aggrecanase encoding propeptide sequences and replacing them with sequences
encoding the complete propeptides of other aggrecanase proteins.

[0172] One skilled in the art can manipulate the sequences of Figure 3 from

nucleotide #1 (atg) through nucleotide #2259 (gaa); or Figure 5 from nucleotide #1

(atg) through nucleotide #2256 (cct); or Figure 7 from nucleotide #1 (atg) through
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(atg) through nucleotide #2256 (cct); or Figure 7 from nucl eotide #1 (atg)
through 73 WD 03/066822 PCT/ US03/ 03554 nucl eotide #1884 (ttt); or Figure
9 from nuwbDedwsase2 #1 (atg) through nucl eotide #1701 (cat pcTarsosessseoti de
sequences encodi ng aggrecanases nol ecul es of Figures 12 and 13 set forth
in Figures 23 and 24, or fragnents and variants thereof, by elimnating or
repl aci ng the mammal i an regul atory sequences fl anking the codi ng sequence

wi th bacteri al ences to cr e bacterial,vectors faor jntracellular or
ext r acdlUGFY eéi@%&@ﬁbﬁf%&%f?@?ﬁi%é&‘c &pgﬁén@@%m@hpg@g&@ exanpl e,
t he codi ng sequences could be further manipulated (e.g. ligated to other
known I#170dr(cabr onmgleotide sgauRnNCesiangodne-agsprRNasasUBRESY ISR ef r om or

altering nucleotides therein by other known techniques). A nodified
aggr ecFigares thand i 8ges tartreincieigumd 28 ahé24ber fragmentsiand variantenown
bacterial vector using procedures such as described in T. Taniguchi et

al ., Pripgrediaby efmiin§or repldbing thé rhadmahian Jegliatity seqhencestanking y

bacterial vector could then be transforned into bacterial host cells to

expr es%ﬂé%@?ﬂ%ééﬂéﬁ%@ IPHELB AN s %@nh@é’ fEicRile bEeferidl vastbrs Y for

pr oduci ul"ar expression aggrecanase-rel ated proteins in
bacteri,al ce|lls, se e.q. European i ] 3 [0173]
Si i | arn AR AT aclan SXBRF O B T op bRy R A isfeckdds Lot

vector (see, e.g., procedures descrjbed. in published, European patent

appl i canampleiLB‘@,Qﬁﬁg)g §©@U%3%T%Hei wrihey, @'E"pb'gg?‘g (&4 5&%@8 tg@&f%r coul d
al so be constructed enploying yeast regul atory sequences for intracellular
or ext riamatn limkers ex maditiédby defetingedraceding sefuencespinesefremiangiatingn by

yeast cells. (See, e.g., procedures described in published PCT application
W86/ 00h e stitibsRHERME BY diadrekowrafathhitalesRnARRAdIfied ap@egcarfa8e74] A net hod

for producing high I evels of a aggrecanase-related protein
encoding sequence could then be inserted into a known bacterial vector using
procedures such as described in T. Taniguchi et al., Proc. Natl Acad. Sci. USA,
77:5230-5233 (1980). This exemplary bacterial vector could then be transformed
into bacterial host cells to express an aggrecanase protein of the invention. For a
strategy for producing extracellular expression of aggrecanase-related proteins in
bacterial cells, see, e.g. European patent application EPA 177,343.

[0173] Similar manipulations can be performed for construction of an insect
vector (see, e.g., procedures described in published European patent application
155,476) for expression in insect cells. A yeast vector could also be constructed
employing yeast regulatory sequences for intracellular or extracellular expression
of the factors of the present invention by yeast cells. (See, e.g., procedures
described in published PCT application WO86/00639 and European patent
application EPA 123,289).

[0174] A method for producing high levels of a aggrecanase-related protein

of the invention in mammalian, bacterial, yeast or insect host cell systems may
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of the invention in mammualian, bacterial, yeast or insect host cell systens
may 74 WO 03/ 066822 PCT/ US03/ 03554 involve the construction of cells

cont ai ni ryoreBlo6dspt e copi es of the heterol ogous aggrecana®PeTrsShaIBA gene.
The heterol ogous gene is linked to an anplifiable marker; e.g., the

di hydrof ol ate reductase (DHFR) gene for which cells containing increased
gene copies can be selected for propagation in increasing concentrations

of methotrexate (MIX) according to. the procedures of Kau n __and Sharp, J.
Voi | Bitbioive Dscodnietn ot ga St phIIE RORER e g1 REol b a
nunber of different cell tyg_es. [0175] For exanple, a plasnid containing a
DNA seaggresaniase-refatediggnec dhadwteiolegpyiscaensaisdinked do gnaraplfiale t he

i nvention in operative association wth other plasm d sequences enabling

expr esghaRek;eg e de dingdtdielald-Feluctage (Bi$F R gehaori whipAdalls SY0AjrBNg Kauf man
and Sharp, Mdl. Cell. Biol., 2:1304 (1982)) can be co-introduced into

DHFR- dgdd ehedy g%@cegiés%an%%‘e@b{ed fov Prd‘pﬁdaﬂdﬁ imidieaksing ncl udi ng cal ci um

phosphat e copré&ci pitation and transfection, electroporation or protoplast

e s e e L R

and“subsequent sel ected for

anplification by hoind i oncent rati ons ,

sequentdngl Skarppd. %?\Clg'glz’ ﬂ%ﬁé&%@é (?\ﬁéfknﬁﬂyﬁ I@IP%oaacz] %%Lg%e%&% Kauf man et
al., Ml Cell Biol., 5:1750 (1983). Transfornmants are cloned, and

bi ol ogivitil &yuathenad diffeygrieeslhBeSexpression is monitored by at |east one of
t he assays descri bed above. Aggrecanase protein expression should increase
wi t h i ncr ead0ng5) Foredxangile, a/plasnddicontainiog aNghfesequensefer gpept i des are
characterized using standard techniques known in the art such as pul se

| abel i bédhARSonRidreeaMarR-IiKe Sotdiriofithe mivenpion jraoperiative desgeibtion

el ectrophoresis. Simlar procedures can be followed to
with other plasmid sequences enabling expression thereof and the DHFR

| expression plasmid pAdA26SV(A)3 (Kaufman and Sharp, Mol. Cell. Biol., 2:1304

(1982)) can be co-introduced into DHFR-deficient CHO cells, DUKX-BII, by
various methods including calcium phosphate coprecipitation and transfection,
electroporation or protoplast fusion. DHFR expressing transformants are selected
for growth in alpha media with dialyzed fetal calf serum, and subsequently
selected for amplification by growth in increasing concentrations of MTX (e.g.
sequential steps in 0.02, 0.2, 1.0 and 5 yM MTX) as described in Kaufman et al.,
Mol Cell Biol., 5:1750 (1983). Transformants are cloned, and biologically active
aggrecanase expression is monitored by at least one of the assays described
above. Aggrecanase protein expression should increase with increasing levels of
MTX resistance. Aggrecanase polypeptides are characterized using standard
techniques known in the art such as pulse labeling with *°S methionine or cysteine

and polyacrylamide gel electrophoresis. Similar procedures can be followed to

produce other aggrecanases or aggrecanase-like proteins.
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produce ot her aggrecanases or aggrecanase-like proteins. 75 WO 03/ 066822
PCT/ US03/ 03554 [0176] As one exanpl e an aggrecanase nucl eoti de sequence of
the presewD nesati on is cloned into the expressi on vect olPCpREB63/(Isauf man et
al., Nucleic Acid Res. 19:44885-4490 (1991)). COS and CHO DUKX Bl11 cells
are transiently transfected with an aggrecanase sequence of the invention
(+/ - co- transfection of PACE on a separate pED6 plasm d) by |ipofection

LF2000, Invitrogen). Duplicate transfections..are f f h
Eml ecul e of [@Hfﬂrpgss@%e e(%'?‘pl?n@" poQrRCPBES? GHC@QP&F 3P8ﬁé'?q()ﬁregﬁ?‘ﬁgocr:oﬁgicti oned

media for activity assay and (b) one transfection set for
35- S- mprésentiimesntipstieiclanedsntadbeiaxpregsion wector pEPP| (Kewfmay eb@é, nedi a is
changed to DVE(COS) or alpha (CHO nedia + 1 % heat-inactivated fetal calf

ser um NyucldieA\drd Reks. hepaagss-4a90ve b $))ofCR8tandaHOOD UK Bad wells ade f or
activity assay. After 48h (day 4), conditioned nedia is harvested for

activi g%@%tréﬁ%ﬁbd Wﬂhdﬁry?g%rekﬁﬁagé‘ BEGGEH R dfethb Sndntivet(+(-o-ver e

change I onl ne- /cysteine free) nedia + 1 %
heat - i nact i.vat ed f al f eh h/ m
355 et En S GR 7T ReBfeEbEES bRt giRRfecton EEERED; T ¢,
i ncubation at 37C, conditioned nedia is haryested,and ru - PACE gel s
under rléﬂtf@gﬁ@)-cBHBﬁ‘qqt%ﬁ@.r‘S%rcg?%? AE a?éofiﬁ‘%% f 8%9'605{%§ﬂ3§P§%r aphy.
Exanpl e 8: Biological Activity of Expressed Agg,r ecanase [0179] To asure
the bi dapgne #ansfactiontsgt fir haneessingreansitioneggnediarias activity| agsay anddlei ns
obtai ned in the exanpl es above, the proteins are recovered from the cell
cul t ur erRNdamsfetiioresetofpr B58-atathigninedcysigine naetabelic labelirgl prot ei ns from
ot her proteinaceous materials with which they are co-produced as well as
from [0177] On day one media is changed to DME(COS) or alpha (CHO) media

+ 1% heat-inactivated fetal calf serum +/- 100 pug/ml heparin on wells of set (a) to

be harvested for activity assay. After 48h (day 4), conditioned media is harvested

for activity assay.

[0178] On day 3, the duplicate wells of set (b) were changed to MEM

(methionine-free/cysteine free) media + 1% heat-inactivated fetal calf serum

+100pg/ml heparin + 100uCi/ml 35S-methionine/ cysteine (Redivue Pro mix,

Amersham). Following 6h incubation at 37°C, conditioned media is harvested and

run on SDS-PAGE gels under reducing conditions. Proteins are visualized by

autoradiography.

Example 8: Biological Activity of Expressed Aggrecanase

[0179] To measure the biological activity of the expressed aggrecanase-
related proteins obtained in the examples above, the proteins are recovered from
the cell culture and purified by isolating the aggrecanase-related proteins from

other proteinaceous materials with which they are co-produced as well as from
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76 WD 03/ 066822 PCT/ US03/ 03554 other contam nants. The purified protein
may be assayed in accordance with assays described above. Purification is
carried owD0a®6asg2 st andard techni ques known to those ski lPCa&dSosoishe art.
[0180] Protein analysis is conducted using standard techni ques such as
SDS- PACE acryl am de (Laemm i, Nature 227:680 (1970)) stained with silver
(Cakl ey, et al. Anal. Biochem 105:361 (1980)) and by i nmunobl ot (Towbi n,

et al. di@ccoriinant$athe Skif : ( ; The .f or egoi ng
descriptions detail pr esent%lw{/I I%??@%@eﬁég%o%ﬁ%ég%ésm Lag%grzjkgc%y"éi‘ent

i nventi QW@ i fjcabi . variations.in practice thereof are -
expect e%@tS 0 oc%ﬁﬁe@l} é)dseéqgwﬁ}%gg'q?%c?rﬁ@ M uﬁB@nSth&%ﬁdd@P%@'ﬂHﬁS of these
descri pti.qQns. ose difications and variations are believed to be
encorrpai(bgwn %I{}ﬂ?%s'?'ﬁ%d ! ﬁ\en%’?-appended hereto. 77 WD 03/ 066822

PCT/ US03/ 03554 W claim 1. A biologically-active aggrecanase protein,

wher ei n t he #YHUEsRRIRanalysisds aondugied sieingestertiand toohnitiues kueh ag por ti on
of at |east one TSP domain. 2. An aggrecanase protein according to claim1,

wher ei n SDE:PAGE eicrylamitepfliosasmiy, Matuas 221680 (ADY0YstAnd®Withryaf one TSP
domain. 3. An aggrecanase protein according to claim2, wherein the protein

Compr | s¢Sakley et a10ARS) BiGATRRITE: SOERIBO) A %%%%téfgwﬁw,ggagnd 13,

or a fragnent or variant. 4. An aggfecanase protein acc laim1,

wher ei NPHEE NSRRI, SERTRSA TBHB0Yqb98j)on of all or a portion of two TSP

donmi ns.

[0181] The foregoing descriptions detail presently preferred embodiments
of the present invention Numerous modifications and variations in practice thereof
are expected to occur to those skilled in the art upon consideration of these

descriptions. Those modifications and variations are believed to be encompassed

within the claims appended hereto.
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5. An aggrecanase protein according to claim4, wherein the protein

conpri ses an am no acid sequence chosen from SEQ ID NO. 10, or a fragnent
or vari awD.0386682n anti body that binds to an aggrecanase PCOES0R0IBF4 any one
of clains 1-5. 7. An antibody of claim®6, wherein the antibody is chosen
fromat |east one of polyclonal, nonoclonal, nonospecific, polyspecific,
non-specific, humani zed, human, single-chain, chineric, synthetic,
reconbi nant , V\FB/H%! nut at ed, grafted, and in vitro generated anti bodi es.
8. An anti body 0 cI al m 6, wherel n the antibody specifically binds to the
aggr ecanase prot e)é\ 03( 066822 PCT/ US03/ 03554 9. An anti body of
claim6, wherein tli’éc"Qﬂ'P s8GUYSageEsanase pratains whereis e I@QQFﬁqa%ﬁ? Fab,
F(ab')2, Fv, scFv, Fd, and dAb. 10. An isolated DNA nol ecul e conprising a
nucl eot ProdeiBEQmUtses aeqd@l@tmgf ather agpridonatatdeast eneTSPoflorobimi m 1. 11. An
i sol ated DNA nol ecul e of claim 10, wherein the DNA nol ecule conprises a
nucl eoti de sequence chosen from a) the sequence of SEQ ID NO 3 from
nucl eoti de #2. (atAy) aghrenayiase#2aEh agemingtth ddim $egbersietaf pdtsh! D NO 5
fromnucl eotide #1 (atg) through #2256 (cct); c) the sequence of SEQ ID

NO 7 fesrmpnsesd @@blsﬂ@n#ﬁaﬂlfﬁr@péﬂﬁbﬁl&ﬁne#l@ﬂﬂloﬁéiﬁ) d) the sequence of SEQ
ID NO 9 fromnucleotide #1 (atg) through

3. An aggrecanase protein according to claim 2, wherein the protein
comprises an amino acid sequence chosen from SEQ ID NOs: 4, 6, 8, and 13, or

a fragment or variant.

4. An aggrecanase protein according to claim 1, wherein the protein

comprises a deletion of all or a portion of two TSP domains.

5. An aggrecanase protein according to claim 4, wherein the protein

comprises an amino acid sequence chosen from SEQ ID NO. 10, or a fragment or

variant.

6. An antibody that binds to an aggrecanase protein of any one of |
claims 1-5.

7. An antibody of claim 6, wherein the antibody is chosen from at least

one of polyclonal, monoclonal, monospecific, polyspecific, non-specific,
humanized, human, single-chain, chimeric, synthetic, recombinant, hybrid,

mutated, grafted, and in vitro generated antibodies.

8. An antibody of claim 6, wherein the antibody specifically binds to the

aggrecanase protein.
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#1701 (cat); e) the sequence of SEQ ID NO 32 from nucl eotide #1 (atg)
through # (cca); f) the sequence set forth in SEQ ID NO 33 from

nucl eot i dwo#d/o¢@ey) through # (gct); g) sequences that hypomiuozessander
stringent conditions with SEQID NGs: 3, 5 7, 9, 32, and 33; and h)
fragnents and variants of (a) - (g). 79 WO 03/066822 PCT/US03/03554 12. A
vector conprising a DNA nol ecule of claim 11l in operative association with

an expressign control,sequence. 13. A host cell fr. j a DNA
equence. of tI ai i Nt o il Gavpient is-iaiangV 8 SEbFeT BB L a¢ ca
aggrecanase protein, said nmethod conprising: (a) culturing a host cell

t r ansf demgitl antibpdy, lfmbaﬁfeb%&wesgl&‘éo%iaﬁ@d - claim 10; and (b) recovering
and purifying said aggrecanase protein encoded by the DNA nolecule from
the culture medium 15. A nethod for producing a purified truncated

aggr ecanase . ot éhmisolated ONA tndecule epripsising a nukleotide sepHenee host cel |,
transforned with a DNA nolecule of at |east one of SEQID NGs: 3, 5, 7, 9,

32, 33.erRbdihd thedtecaticagspretin obeldingh) recovering and purifying said
aggrecanase protein fromthe culture nediumw th am no acid sequence of at
| east one of SEQ ID NGs: 4, 6, 8, 10, 12, and 13, respectively, or
fragment or qari i\ isolated DNA molecule of claim 10, wherein the DNA molecule
comprises a nucleotide sequence chosen from:
a) the sequence of SEQ ID NO: 3 from nucleotide #1 (atg) through
#2259 (gaa);
b) the sequence of SEQ ID NO: 5 from nucleotide #1 (atg) through
#2256 (cct);
c) the sequence of SEQ ID NO: 7 from nucleotide #1 (atg) through
#1884 (ttt);
d) the sequence of SEQ ID NO: 9 from nucleotide #1 (atg) through
#1701 (cat);
e) the sequence of SEQ ID NO: 32 from nucleotide #1 (atg) through #
(cca);
f) the sequence set forth in SEQ ID NO: 33 from nucleotide #1 (atg)
through # (gct);
9) sequences that hybridize under stringent conditions with SEQ ID
NOs: 3, 5,7, 9, 32, and 33; and

h) fragments and variants of (a) — (g).
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16. An anti body that binds to a purified truncated aggrecanase protein of
claim14 or 15. 17. An antibody of claim 16, wherein the anti body is chosen
fromat weaswesar of a pol ycl onal, nonocl onal, nonospeci PCE/USPBHOIFSPpeci fi c,
non-specific, 80 WD 03/066822 PCT/US03/03554 humani zed, human,

singl e-chain, chinmeric, synthetic, reconbinant, hybrid, nutated, grafted,
and in vitro generated anti bodies. 18. An anti body of claim 16, wherein the
anti body specifically binds to the aggrecanase protein. 19. An antibody of

claim 16, whekein i | S liq . anti body, Fab,
F(ab')2, Fv, q?c‘:Fv,A \2%"62{?1@“@9\%'9 b%oﬁhl% @@l%‘%?"%@&éﬂdﬁ?’@gww% bitors of
aggr ecanase .c ri.si ng: (a) _.combipi at | east one aggrecanase protein set
forth iﬁsg‘ﬁff‘ﬁ%?@ az{’g exé@%‘PB%&[}OQ\?‘e%\?@CPD NO 8, SEQID NO 10, SEQ ID
NO 12, SEQID NO 13, or a fragnent or variant, with at |east one test
sanpl e; and (13) determining if the test sanple inhibits activity of the

aggr ecanase 1pr ot é hogrcelldiansfarmerhwitha: YA ssauense @f s@imider ei n t he t est
sanpl e conprises at |east one of a peptide, protein, chem cal conpound, or
antibody. 22. A nmethod of devel oping inhibitors of aggrecanase conprising:
(a) utilizind4at Pemethashier@rodycing apusified druncatedsaggressrass prteineast one
aggrecanase protein set forth in SEQID NO 4, SEQID NO 6, SEQID NO 8,
SEQ | D Naid rhethcsEc@rhprising 12, SEQ ID NO 13, or a fragnment or a variant;
(i1i) a three-dinmensional structure of at |east one aggrecanase protein

(@)  culturing a host cell transformed with a DNA molecule according to

claim 10; and
(b)  recovering and purifying said aggrecanase protein encoded by the

DNA molecule from the culture medium.

15. A method for producing a purified truncated aggrecanase protein,
said method comprising:

(@)  culturing a host cell transformed with a DNA molecule of at least one
of SEQ ID NOs: 3, 5, 7, 9, 32, 33, or a fragment or variant; and

(b)  recovering and purifying said aggrecanase protein from the culture
medium with amino acid sequence of at least one of SEQ ID NOs: 4, 6, 8, 10, 12,

and 13, respectively, or fragment or variant.

16.  An antibody that binds to a purified truncated aggrecanase protein of

claim 14 or 15.

17.  An antibody of claim 16, wherein the antibody is chosen from at

least one of a polyclonal, monoclonal, monospecific, polyspecific, non-specific,
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set forth in SEQID NO 4, SEQID NO 6, SEQID NO 8, SEQ ID NO 10, SEQ
ID NO 12, SEQID NO 13, or a fragnent or a variant; 81 WO 03/066822
PCT/ US03/W8334648k) i dentifying candi dates that may i nhi bi PCaggonaessnse
activity based on a structural analysis. 23. The nethod of claim 22
further conprising: (c) conbining at | east one aggrecanase protein set
forth in SEQIDNGC 4, SEQIDNO 6, SEQID NO 8, SEQID NO 10, SEQID

NGO 12, SEQ D NGO 13, . 0 f.ragment. or variant . wth at |east one
candi da“ﬂ‘émﬁﬂ‘z@gg\ﬁ"(@?’ ﬁ@gkr'%’i‘cﬂ'ﬂn 'mfe”f:h%y'g%t&ﬁ'&g?%hpmngi WOygr ecanase
activity. 24. The nethod of claim 22, wherein the candidate conprises at

| east wtatefl, grafiedt anchin yigprgensratedantibaniesonpound, or antibody. 25. A
met hod of inhibiting aggrecan cleavage in a nanmal, the method conprising
adm nistering to said mammal an effective ambunt of a conposition

conpri si ng am8i nhAbiantibody ofalain e winessio the aotidodiyspeciticaliyrhinds 6. The

nmet hod of claim 25, wherein the inhibitor conprises at |east one of a

pr ot ei nthe%rbd@qaméjﬁj conmpound, or antibody. 27. An aggrecanase
protein, wherein the protein conprises a nutation that increases stability
of the aggrecanase protein relative to the native aggrecanase protein. 28.

The aggrecanage PRALRI; £ bR 137 wHihEin @he ahfiBod siéhiduen fRHT fuies an
am no acid szgstigﬁ:a?fggf)egg. The ag’gngr ecanase protdgl:dn of claim 28, wherein

t he am %ﬁgg‘?!ﬁﬁ%t%":%%%btggab% f_—a ?d?v'?FH?ér% ghgnge in active site of the

aggreca

20. A method of developing inhibitors of aggrecanase comprising:

(a) combining at least one aggrecanase protein set forth in SEQ ID NO: 4,
SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 13,
or a fragment or variant, with at least one test sample; and

(b) determining if the test sample inhibits activity of the aggrecanase

protein of (a).

21. The method of claim 20, wherein the test sample comprises at least

one of a peptide, protein, chemical compound, or antibody.

22. A method of developing inhibitors of aggrecanase comprising:
(a) utilizing at least one of:
(i) an amino acid sequence of at least one aggrecanase protein set
forth in SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID
NO: 12, SEQ ID NO: 13, or a fragment or a variant;
(ii) a three-dimensional structure of at least one aggrecanase protein
set forth in SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID

NO: 12, SEQ ID NO: 13, or a fragment or a variant;
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WO 03/ 066822 PCT/ US03/ 03554 30. The aggrecanase protein of claim 29,
conprising the amno acid sequence set forth in SEQ ID NO 30. 83
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(b) identifying candidates that may inhibit aggrecanase activity based on a

structural analysis.

23.  The method of claim 22 further comprising:

(c) combining at least one aggrecanase protein set forth in SEQ 1D NO: 4,
SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 13,
or a fragment or a variant, with at least one candidate in (b);

(d) determining if the candidate inhibits aggrecanase activity.

24. The method of claim 22, wherein the candidate comprises at least

one of a protein, peptide, chemical compound, or antibody.

25. A method of inhibiting aggrecan cleavage in a mammal, the method
comprising administering to said mammal an effective amount of a composition

comprising an inhibitor of an aggrecanase according to claim 1.

26. The method of claim 25, wherein the inhibitor comprises at least one

of a protein, peptide, chemical compound, or antibody.

27.  An aggrecanase protein, wherein the protein comprises a mutation
)
that increases stability of the aggrecanase protein relative to the native

aggrecanase protein.

28.  The aggrecanase protein of claim 27, wherein the mutation

comprises an amino acid substitution.

29.  The aggrecanase protein of claim 28, wherein the amino acid

substitution is an E-to-Q change in active site of the aggrecanase protein.
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30. The aggrecanase protein of claim 29, comprising the amino acid

sequence set forth in SEQ 1D NO: 30.
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