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[003] Aggrecan is a major extracellular component of articular cartilage. It
is a proteogiycan 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
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portion of aggrecan is thereby lost fromthe
extra-cellular matrix, resulting in deficiencies in
t he bi omechani cal characteristics of the cartil age.
[005] A proteolytic activity ternmed "aggrecanase" is
believed to be responsible for the cl eavage of
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enzymati c cl eavage sites have been identified within
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cl eavage results in the generation of an aggrecan
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Chem 267:1008-14 (1992); Fosang et al., Biochemical J. 304:347-351 (1994).
Cleavage at a second aggrecan cleavage site within aggrecan (Glu®"3-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®3-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



[006] Recently, identification of two enzynes,
aggrecanase-1 (ADAMIS- 4) and aggrecanase-2 ( ADAMIS-1

1) within the "Disintegrin-like and 2 Metall oprotease
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could contribute to aggrecan cl eavage in
demwainseandhithe spacaridamaip ése ctilical fomsubsttaie eecognitions Specifically,
coul d be synthesized by osteoarthritic human arti cul ar
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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



purify aggrecanase proteins in |large anmounts in order
to investigate their role in 3 disease states and al so
to devel op therapies and conpositions to treat

di seases invol ving aggrecan cl eavage. SUWARY OF THE
| NVENTI ON [ 008] The present invention is directed to
truncat ed aggrecanase proteins and variants and
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recanase-'1 and aggrecanase-2 enzynes,

respectively: nucleic aci ' .

i reed mbtifenpte Bnubed Bt e FEAROT Blo HHHEIGNS ang ypriants
fragnents and variants thereof-, and nethods of
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fragnments and variants thereof. [009] In one

aggrboanasas of the imwentiod aug dpiclogicaliy sclive amd havie gneaten stability
conpri se aggrecanases that have at | east one TSP

arstbARgher eepeiseidn Ievels tivam their fulikledgtesoduntérpartsativdore specifically,
aggrecanases of the invention conprise aggrecanases
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despite deletion of one or both TSP domains in the
sguensiesencoding 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.



4 [010] Truncated aggrecanases of the invention have
greater stability and are expressed at higher |evels
conpared with the full-1length aggrecanase proteins,
thereby facilitating isolation, purification, and use
of aggrecanases of the invention in the devel opnent
of inhibitors and therapies for treatnent of diseases.
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i ncluding osteoarthritis. In addition, the invention
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cartilage. In one enbodinment, inhibitors are fpepti de
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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 embodirﬁent, 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



5 (Pro) of SEQID NO 6; and fromamno acid # 1 (Met)
through amno acid # 628 (Phe) of SEQ ID NO 8, and
vari ants and fragnents thereof, including substitution
mut ants, that exhibit aggrecanase activity. [014] The
i nvention also features truncated aggrecanase-1

nol ecul es that have at | east one TSP domai n del et ed,;
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dond0td] ddiecineedntiaroaisoi featuges francateanadagrecanasesi anolecules that
with an ami no acid sequence fromanino acid # |
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aggrecanase enzynes. [017] _The invention al so
metants: that exiibitagorecanase eliVitYes t hat encode truncat ed
aggrecanases of the invention. For exanple, nucleic
aci dOnhg) douwnethercerobddiment; thedaventicnyteaturesdielogically-active
nmol ecul es of the invention include: nucleotide #1

truritagad é@g@@ahaseuzl proteins withdidedstawb TSP Jomaifs Neleted
(Figure 3), which encodes a pol ypeptide set forth in
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[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 aiso 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



6 8; and nucl eotide #1 (atg) through nucleotide # 1701
(cat) of SEQI D NO 9 (Figure 9), which encodes the
pol ypeptide set forth in SEQID NO 10. Nucleic acid
nol ecul es of the invention further include fragments
and variants of SEQID NGs: 3, 5, 7 and 9 which
encode truncat ed aggrecanase-2 nol ecul es of the
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di scl osed herein. [018] Nucleic acid nol ecul es
N@stc3dbng and Snwhich eregde dnmeated aggresppase-2nelectles of the

i nvention include, for exanple, nucleotides which
inegvttiogty riuckeotigesgnaphcekethad hybfiizeindes mdderaiedtolstringerit

forth in Figures 23 and 24 respectively, fragnents
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aggrecanase- 1 nol ecules of the invention, nucleotid

t
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truncated @%%hecanase 1 _nol ecul es gé q nt on
degsnesliy e %qtg?r}gegcqf@ggm "B‘Fetﬁ%ﬁi é@qﬁéh%ﬁ?d
24, or fragments and variants thereof, naturally
dlé@'@@&dl%ﬁelm |l el i c sequences and equi val ent
degener ati ve codon sequences of aggrecanase-|
encof@18) Nuclew acidoalesyigs encedingArimcated aggrecanase-1
sequence for full-length aggrecanase-1 nolecule is

mbfidufed 6f tﬁéﬂﬁ@éi‘ltloﬁﬂﬁ@lbdé@fb?%ibﬁplé%ucle&ﬂﬁé@w&h encode the

(Figure 22) Therefore, one skil ed inthe art can use
g e %*ﬁﬁ*ﬂ%f'ﬁaé%%%éﬁ?@?? :
BB PR S kOB SR e EDTE ncated
aégo rretcgngge-ﬁl n%gliagulle% o? rthe1 ?’nve'rzl?lcr)n,e?\(tzilc[.llrgclnt(ledenggc%ueeontcieilsethgt4 r(\)y7bridize
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 aégrecanase-1 molecule is found in Genbank under Accession No.:
NM_005099 (Figure 22) Therefore, one skilled in the art can use this sequence fo
generate a full-length aggrecanase-1 molecule set forth in SEQ ID 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



7 through nucl eotide #2132 of the published NMD05099
sequence (Figure 23) (SEQ ID NO 32) nay be used for
generating the truncated aggrecanase-1 protein of SEQ
IDNO 12. Simlarly, nucleotide #1 through nucl eotide
#1967 of the published NMD05099 sequence (Figure 24)
(SEQ ID NO 33) may be used for the generation of
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anot her aspect, the invention includes aggrecanase
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I n one (?rrbodi ment, the invention features an
theggenearatias of Funcéteddggredarasa molegtlecof Riguenidio aci d
411 (E411-411 nmutation) in the active site within

the (G} I anottheraspectTthe iAvEMLN RGiudes &k Mblecules
aggrecanase-2 nolecule with the E41 1 - 1 nmutation
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ead to I ncreased stabi recanase
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full -1 ength aggrecanase proteins. It is contenplated
AggERcaRaRas iR Mutalions n teicactiversiiep ase pegigUierkntselul for the

mol ecul es can be nmade within the catalytic domain of
synthegigrof inhibitersmf @ggrecamasest #cderdingly, lnatre gmbodiment, the
domai n. Aggrecanase proteins carrying such nutations

inveptidre féatured amaggmicanase2 molechie wigharmuifon at amino acid 411
artificially. One skilled in the art can test the

(B4 feQ4 19 mutatin) fH 1h@rhd¥i0ets'ﬁ8 \@'&ﬁ'ﬂ? the Eé(ta%ic%mai\r}. Jhe amino

aggrecanase nol ecul e by one of nmany assadys provi
a5 B o e R i e P B, R0 1
slf?gjvtvrz?1 tmI Blngsl.lrle 51%& ?ﬁrll\?(g:efofbeg%ogs 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



i nvention can be generated by nutagenesis, chem ca
alteration, or by alteration of DNA sequence used to
produce the pol ypeptide [020] Aggrecanase-1 nol ecul es
can al so be generated to include nutations in the
catal ytic domain in order to increase their stability.
For exanple, Figure 17 features flag-tagged truncated
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aggrecanase-1 protein, the sequence of which is set

muwations in theeatalylicddpmain inordeetxiggreasartheirstability. For example,
particul arly useful for the devel opnent as well as

Figleetli7ffeatire® flagtaggatbtrunoditelii dgorecariasegt besteimdshat include an
(021] The invention further features truncated and/or

EN¢-@HmiAB HCRE AiAston k! déti!?ﬁ@gbllﬁaﬁﬂgf truncated aggrecanase-1

aggrecanase-|1 ke proteins w el etions an
. . i . | ot .
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18 e roleadingoisinereaser aianilty ot UpiaRanasee] Deteins compared to
variants and equi val ent degenerative codon seguences
fHength wild-tyns dggreganase-d pretain,ithe senuence of whicheissstiforth in

bi ol ogically active truncated aggrecanase

SED YPp&ND:i tesThésklaggmeranbyes arepanicalarlyasefilfor thikedevelopment
nucl ei c acid nol ecul es that hybridi ze under noderate

abWwell 44 idanticatiopnst Adven mhilsitdrs of Bg‘%ﬂe‘éhﬁaé‘éé.ds of the
invention, allelic variants and substituti on and

del eidé’l"]‘l BTH%w&et%o@ﬁﬁ%ﬁtefat@%%qﬁn{%g&g%ﬁﬁ)r AGRGR B§Stecanase

her e n. unca ggrecanases
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invention are nore stable than the correspondi ng

myfetionss Md\qﬁe gg@glg&gm 85 an gnaineiasichsubstifutioremaitation 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



expressed at higher levels than the full-length
aggrecanase protein. In one enbodinent, nutations are
i ntroduced in nucleic acid nol ecul es encodi ng
aggrecanases of the invention that |lead to nutations;
for exanple, amno acid substitutions, in the protein
encoded by the nucleic acid carrying the nutation.

)@F@Sé@@éﬂhﬁh@f le§&Isthan e ﬂﬁll-léﬁgll'ﬁa%gr’%éhﬁéecpﬂﬁélﬂ in one
sequence encod |ng an aggrecanase proteln wth an

erﬁb&@g@ iécf%'ﬁs'%?etlﬂﬁo WA micidic %‘d"@b%%ﬂle% erfddding

ano Svention
recanas nuc Cld nol ecul.es t.hat enc
s the jherBpf Ffes 18 m@abﬂn% f%e@rnekea@mo acid
in_ the catalytic domain, thereby |eading
supstitutionsoin the prefein aneedad by the auelsic acid sarwnngyche mutation.
| onger half-lives and increased | evels of expression
Ons exampie efistich ameutafion is & angldic agigrsstpease entoding h
[023] It is expected that other species have DNA

aftaeaERs2 Phaleirpwith abl Fotd-&Y nutatisie i theddctive siteBmolecule. In
aggrecanase enzynes described herein. Accordingly,

ai&ﬁer‘ EBBHINEN tHd i g%nﬁﬁd?ﬁnﬁﬂﬁ%s%%énééér 1 ?\BE dé‘é&&

er nuclelrc aci ecules e truncate

| I .
mlssls it edode ﬂgﬁrmgﬁﬁgii?&rgf?a@%”‘ﬁ?ﬁx%ﬁéﬁi 3 Ertoz@ytation in
their biological activity, fromhumans as well as
thegatalytie dorainitarebyleartiag dapepermiian ofnalecHies with greater

isolating a nucleic acid sequence encodi ng an
stabilitys tanges dalftlivies andnineresised levels of expressioni s egmpared to the
nucl ei ¢ acid sequence di sclosed herein or variants or

fullllesgtarigyrébaiazel;1 4od 2exanpl e, SEQ ID NO 1 or a
fragment or a variant thereof; SEQID NO 3 or a

fr ag[%m Riis éxﬂ@dté@mattd?ﬁé erE@%\'/QD'Nﬁ ségtﬁ%r}c%g that are

frag or a varlant the I D NO
S RerF 4o o SR At
Apvra. 169 I an utiver Beides malbeds fngbtalncpthgr nuclelc
ac];izl ?r%]cgggltjleé%ncoding 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 disciosed 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



or a variant thereof, to design probes for screening
libraries for the corresponding gene from other
speci es or codi ng regions of genes that encode
protei ns/ peptides wth aggrecanase activity.
Therefore, the invention includes DNA sequences from
ot her species, which are honnlogous to human

oSBT SR P R S g

ences rOV|d d herein. n addj tion,
geie E@ ﬁ(/éﬂf’?' A N PO INSJSE TR 0 a&e@m{e Bratejpe/peptides
fragnents or variants of ag ecanases of the
wutmaslfeqamasequéy edbarefongy g‘m inventiay inglydes BNAIseguences from
functional fragnents of the aggrecanase protein, and

othdAspecies whitheare ddinmglogowhtd homianceRjreddrmayeesdquengss, or
wel |l as functional fragnents of other rel ated

fridjABRis 6r véF%t@Pdérbe =l c%%%‘e BbidifedBShgtal. Ieéét'?ﬁe' é?rihe DNA

i's determnable by an assay of the protern in one

s e pr@RuRa e oBfRf, HRfrardint bVBofs %@5%} BRa

I nvent| 26 ‘gr o ﬁ%gnxgtgﬁggért\{gg{qnﬁg,gﬂ%&é{%%apég%g% t?'ne invention.
errbodl ment, a human aggrecanase protein of the
The pegrant nﬂ\tﬁnt@n\may glao 1pelugle fynelinnal fregeentsraf thecaggrecanase
produced, for exanple, by culturing a cell transforned
proteih, anddRNA sgqaeenees émcmdin@sud:ha @unatiendllfragments) as well as
nucl eoti de #2259, set forth in SEQ ID NO 3; or from
fuRBtioRAltfidlfméntstdTathar rerited pedteilfs. #Pad Abilifesf Suth & fragment to

Figure 5; or fromnucl eotide #1 through ' nucleotid

fuﬁ%ﬁ 1%8859"%?]1;%{‘? 82 aEn 1%%9 of th@ r5t%ﬁ17hr6f@ 81051'&198 B?c}la%%lcal

rou nuc set ort ure
rin urifyvin romthe cult erredluman
adl B e Bed 0 i asehy &ﬁ&?eaeagﬁc?@asw&ﬁw ami no aci d
sequence set forth in: gure 4 fromamno acid #1

( Vet [02¢hr Buanotasr ABPOGL] @e#msgnthr@mwdes pethods for grrducing
amno acid #1 (Met) through am no acid # 752 (Pro);
ispiated trugcatedaaggrecamasesi af the igwantiont Hn mmgrerabbdimemtj a human
#628 (Phe); or Figure 10 fromam no 11
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 |



acid #1 (Met) through am no acid #567 (His).

Simlarly, nucleic acid sequences expressing
truncat ed aggrecanase-1 nol ecul es; for exanpl e,

nucl eic acid sequences set forth in Figures 23 and 24
can be used for the production of truncated
aggrecanase-1 proteins set forth in Figures 12 and 183,

SagEr(MEE threggh @RTR8 TR IshS i
Aree *rgﬁw ot hgr pr ot ei nd;ﬁg%ﬁgﬁﬁgt ﬂgﬁ@%ﬁéaﬁ!dﬁequences

< PRSI I o 0RH b
oD STRHL A 28 PeHh bbb LR uBion o

recovering truncated aggrecanase proteins from the
truneatedagdsecanasest peatainggiey fonth inhigueem 6 iamdnt3, where the
truncat ed aggrecanase-2 protein including amno acid

aggreCsieasetiprateimp ape subsidbitallyGree froaedthee prdteinac8bls materials
ID No: 4, is recovered fromthe culture nediumof a

witBlwhith s/ &g @sipiiduted. ful | - length nucleic acid
nol ecul e f'or aggrecanase-2; for exanple, nucleic acid

ol egi?érﬁnfrfég&?éf' Erﬂ%dﬁﬁ%f W Catelt qéd!’e%nﬁéeﬁpléoteins of the

enbo runcated aggrecanas
i oncl.udin mno.acid #1 (Met) to . am no aci,d #75

IV BRYSR i BT bR ERhY ui e P BRbARaRRHMWIELAffyl-length DNA
transformed with a nucleic acid nolecule for .
SeQYENGa:IoY BB JERFGINasanaRe recovering deunsatashagereganase proteins from
protein of SEQ ID NO 4 results fromcl eavage of the
tHeuculture mgediupg drceoedingly, iprarieeembodimeritpattiuricated 4§gretdnase-2
SEQID NO 2, at E -G, yielding a 55kDa protein. The

prateineiptiudgeditlindnadi@ #1a0iest) ERarRE 86id #753N&Iu), set forth in SEQ
full-length aggrecanase-2 nolecule are set forth in

L e
e el i P BAg TG A0 E5n e e er RSB ool
nfglgélegtsg forth i%tgédsalf)eﬁ&? 1. %earnio%liesr'erﬁbodiment, 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’83.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).

[0268] Truncated aggrecanases of the invention that are purified from a

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



12 recovered purified aggrecanase protein having at
| east one TSP domain deleted generally exhibits
proteol yti c aggrecanase activity by cl eavi ng aggrecan,
as disclosed. Therefore, truncated proteins of the
invention may be further characterized by the ability
to denonstrate aggrecan proteolytic activity in an
recgé/%?éé% @éﬂg g Fercgha ﬁmﬂ‘iﬁsﬁﬁ@%ﬂe&%& g% TSP gﬂmam deleted
r f |s mnthln t ow ed
geBgiAfly @&“Eoﬂstmefe@ﬁtc adyrihant SR 168a 3ot as
contacting an aggrecan substrate with a truncated
disglnsede atherefare, Eengated protats afdhe inyvantiongnay befudheror
aggrecan fragnments (see, for exanple, Hughes et a
ch&rantérizedlbsths: abibg-te enjared@ie agygrenan proteaytic, activitfsiman
Chem 274:32387-32395 (1999)). For production in

as idradetefhires the Phéserfirmfaitaggreetnidugrading esslecule. These
of  a truncat ed aggrecanase of the i nvention further

as é':o ﬁi%f]d g%gégﬂt‘gél%‘cﬁﬁg&ﬂm fﬁ%r ?B@@'o?one skilled in the
o S AR SR ST BB T

to isolated aggrecanase proteins, of the invention. nt
aggrReanassdNIgRYIe antt moafiorng s RIPducHan G& #9dTemanTadments (see,

antagoni zes aggrecanase acti vit The invention )
for xamele, Hegbeb oéa. JBoRbem § B05tHIeBd (19580 Meruri ef al, J. Bio
identifying inhibitors of aggrecanase activity
ChemP27432887432305¢1999). Fou Eﬂ@dwﬁoag negranvatien getis,ca DNA
with ami no aci d sequence chosen from for exanple,

se?ﬁ;@w%%&&%f%ﬁ%él% bfa tfuncakéd b%r@@anﬁse oFRel iRvetan further

. or SEQ I'D NG or a ragmentfor a
i A i rgc{bmt%gr@@@aodgbgﬁ 5% inces
I k5 59 B i oo

proteol ytic activity of aggrecanases wherei n the
conﬂngf/ Thesinvention 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



conprise at | east one antibody according to the
invention and at | east one pharmaceutical carrier.

The invention al so provides nethods for inhibiting
aggrecanase activity in a mamual conpri sing

adm nistering to the manmal an effective amount of a
phar maceuti cal conposition according to the invention
camprisehatlieastone anﬁmwdi,ea@ddrdmpttw thé fR&htibA aﬁﬂ%th@ést one
enbodi nent, the invention includes nethods ft

bl RidcEMied dﬁrrn&eVﬁ‘lé’gi(yéﬁtl C{‘PQISE eﬁrB(/ﬁeQ n&gﬁég ?&niﬂﬁ%ﬁmg

and the inhibitors pr

t of, the jnvention prev
AL oty 1 5 B sotprisE matataig ot mammal an
eéé’her enb diment, inhihitors of the invention
%’F ¥Remq \95590 rmaggHtical fopIPasifinneacansdiag tp dsejnvention to
net hod may entail the identification of inhibitors

iphibE @ggrecanasgsatyity.onpri si ng conbi ning at | east one
aggrecanase protein of this invention wth at | east

one t[629] dnrgrictheraarbdditment; thengveritidniackiges n@e?tﬁ@&@for
inhibits activity of the aggrecanase proteln

|H§ﬁﬁf¥|ﬁgfmlo%v%blﬁ§’imfblﬁﬁs EFS%’J\Q?%anr > dit ns ﬁ‘ﬁ‘ﬁé E;g"?% produced

and these sanples nay be pep

A BBl ki ko

|nd|V|dua i n ?@@ ?uch as froma library.
aﬂgée%ﬁ’}asﬁrt&ﬁ’lj%%gfe&aa ﬁﬁ@%e R apptherembkediment,inkibitors of the
could be easily utilized in such a nethod. Assays for
inygntioniRseventksieayags otagaracar by mggsecenaser e of

aggrecan and the inhibitor with an aggrecanase

ol ed03@ fldid methbdmayesrait thesidentificdtion of agribESRMRERd on an
inhibition; for instance, by detection and neasurenent

Bbapeomridhg éémbmét Iﬁbmﬁg%céhﬁéé/ ﬁeﬂfiﬁﬁ;pﬁﬂis invention

aggr ecanase- susce le site

53 o 4 i B oy o
RO BHG AR PG e ThO | &S 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



di mensi onal structure of aggrecanase, and optionally
aggrecan. Based on this information, one could
devel oping or identifying a candi date nol ecul e that
may inhibit aggrecanase activity based on a
structural analysis, such as predicted structura
interaction wwth the binding site. In one enbodi nent,

i | ei
o e e S

iy ol SeIq0pE orEbH iR aha@a%ez@%;énewhaq

inl'gﬁiggatgge&o%pfe\gélalc{] Y;@ Lo %:rg%rss f or&rgﬁ’%ﬁ%@sng such as predicted
thera‘peutl cal ly-effective anmount of aggrecanase

striugtural interection with the binding siéel Iyoae e iment, skich|amolecule
[ 033] Aggrecanase-nedi ated degradati on of aggrecan in

mayacompeige ahseptideeproteimp themicad compotindpar antibddys Gaddidate
other inflammatory di seases. Therefore, these

m&IBERES irhay B? |&Er b8y daviep brial ibiksdy lé%ﬁﬁty f fheeaggrecanase

t reat ment di seases characterized by t

enggg{eéggtdlg&sg%aggrecan_ and/ or an up regul at| on of

nase e conpositions may be used in the

nobaal Aingr Senect AL His N ol fsprors proviags RbefBaceutical

for treatin patlents suffering fromconditions
copmpsilianse Wganmg a thasgpedtigallyretigctiye @maugh ofaggrecanase
preventing such conditions. These nethods, according
inhibitofscini enplearmaneutiealtyaatceplablei whisléeng to a pati ent
needi ng such treatnent an effective amunt of a

CO”HOQB} R%gré@ﬁﬁ’éseshf&ilatéd degadRthefadgrécdn inocantittigelhas
inhi'bits the proteolytic activity of aggrecanase

beee%zl @atéaoﬁ%st S@%@fﬁﬁﬂ&?\@? a‘i’ﬁmﬁfb‘ﬁé %%%8%. Theﬁefore

Ion are u exanp

thggé ?:Sanosmons of 'ﬂwlAe iAvention aygge T4 ﬁwe t?egtngénte& disehses

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 mMRNA encoding aggrecanase in a given
15



cell population. Thus, the present invention includes
nmet hods of detecting or diagnosing genetic disorders
i nvol ving aggrecanases, or disorders involving
cellular, organ, or tissue disorders in which
aggrecanase is irregularly transcribed or expressed.
The DNA sequences may al so be useful for preparing

cellqpamiatidror Thigss ke tpresent jnvaepitibn datludes masthdés of détedting or
bel ow. [036] A further aspect of the invention

dlé@ﬁééiﬁgﬁehéﬂé Gfs%r&é%@'ﬁﬁ\l'o?‘hﬁg a@g%na%%guspﬂl%oﬂfers involving

descri bed above in oper at ssocl at1on

oAU B s BB s oL oo

a eca S in of the inv ion ipn which a cell
O GARESE 5t o] 05 WS%W%@SM@%%W iyRriegating vectors for
aggrecanase protein in operative association wth an
genginesapyapelinations as«lipseribed belevef or, is cultured in a
suitable culture nmediumand an aggrecanase protein is

r ec 086} dA durdhgruasgece df thedneémtion in€hides ecters commising a DNA
errpl oy a nunber of known cells, both prokaryotic and

8@y dedcfibe@'dHdVE in éFeFHQ% é»‘s%bb?atlf)ﬁ (waﬁ(ﬁﬁ %%Ei’é%@ldﬁf control

t e polypeptide. The vectors nay be use
sqqUEER AnEiRidY °?*éﬁ%°’fce@5§§9“e§ﬁ5'g&F§#¥ Séﬁp‘”&?etb%g%ﬁor
PriAdEgA 9981 oaReS PELFBI ajGapA!R Siidha Selige qransfommed
patient in vivo through target ed transfection. [037]
Wuslaj di PNArRaquespe @neodingranagiresanass Pratein inmpesativer agaogsiation

in part in the description, and in part be obvious

with amexipeestiarn copirdlesequencetyeriefor| sasuiteded iroansuitable culture
practicing the invention. The invention is set forth

madiinp ahtlisragdreiaR@sd pfein s rédbve?é@aﬁh%di‘iﬁed@ﬁ‘&eﬁ’ﬁm This
di scl osure should not be construed as limting the

@EQQ@ iy, éfBlo Xﬁ Miber Ehﬁmﬁﬁll\ lc8Ig %tﬁ??@k%r?gtlc and eukaryotic in

escription | es exenplary repr

or@é,t %' §P§C€ecﬂgffgf E)tégrle%%lgh? 6!':1]9[] \é§ yixgp{J de.Wthe Vettors ™ 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



cl ai med. The acconpanying figures constitute a part of
this specification and, together with the
description, serve to illustrate enbodi mrents and not
limt the invention. DESCRI PTI ON OF THE DRAW NGS
[038] Figures 1A-1C show the nucl eotide sequence of a
full-length aggrecanase-2/ ADAMIS-5 nol ecule (SEQ ID

cld¥fed 1)Thel 42 3mparding figuBQenstiiiRe a0 of il sﬁ@@lﬁm and,
of a full length® aggrecanase-2/ ADAMIS-5 nol ecul e ( SEQ

toé}%%@vitﬁ)dﬁgg?w f@f{ﬁof}gfluﬂfagtggeem@mlﬁ%% aHé SPlitnftahe

nucl eotide sequence of a truncated aggrecanase-?2
'"‘ﬁ‘@'?@l n of the invention from nucleotide #1 (atg)
t hrough nucl eotide 2259 (gaa) (SEQ ID NO 3). [041]

D@@kﬁﬁ@ﬁ%@gmg&yl d sequence of a truncated

e invention fromam no acid

nucl[Q% u@ebtggg%ge %‘e‘{ﬁ? Ortﬁé&ﬁic&%&%&% o@é‘ﬁ[ﬂfg%g?w
aggHes 552832%%% oo |SEOTRIBRITG, " o

nucl eot| de #15 t hrough nucl eoti de #2256 (cct)
( SEQI3Y) igune)2 S[‘@W@]thGP:ﬁgU'ﬂ%aG'ds‘?ﬁﬂk@nPﬁ@ aniuderging
sequence of a truncated aggrecanase-2 protein of the

aggrecarnases2/ADAMZS+5 maledule £SECHIDNG 2)rencodadiby nucisstide #1
(SEQ ID NO 6), encoded by nucl eotide sequence set

thfcighuidlecHid@ #2B 19f SEQ IKD: Hi.gure 7 shows the

nucl eoti de sequence of a truncated aggrecanase-?2

ol 96H1° (S o BNRS PkEREL BéeBLS Bpathridatawon

aggrecanase-2 protein of the invention from nucleotide #1 (atg) through nucieotide

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: 8.

[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).
17



[045] Figure 8 shows the am no acid sequence of a
truncated aggrecanase-2 protein of the invention from
amno acid #1 through amino acid #628 (SEQ ID NO 8),
encoded by the nucl eoti de sequence set forth in SEQID
NO 7. [046] Figure 9 shows the nucl eotide sequence of
a truncated aggrecanase-2 nolecule of the invention

f I ' ; ] j I D
TR Al MMl ek oo B A rcafR |
coBlesiriabis Bl 43P0 FRRER Kb hotlel Dol a6 o
NO 10 encoded by the nucl eoti de sequence set forth
#6248 (§§@ IDNQHE), gncodeby theDreleptide sagurnaezetdarthdn SEQ ID
acid sequence of a full-length aggrecanase-1 nolecule

NQSEQ ID NO 11). [049] Figure 12 shows the amno acid
sequence of a truncated aggrecanase-| nol ecul e

inc I(gotﬂégn Figite @ shews thl nilbleotiad saquetcesf 4l triihcatedPr 0)
(SEQ ID NG 12). [050] Figure 13 shows the ami no acid

a@?%@%%%—?%&éﬁl& 3¢ g{e?g\vte GSH %Wﬁﬁ&ébti&@#?%%g? )&]ug)leotide

~ncluding am no aci rough amno aci d
| Iy 3 [051] Figure 14 shows the nucl eotide

m@&m@#\jé %’econ‘oi nant truncated aggrecanase- 2

protein conprising a peptide |inker and a _streptavidin

t ag (0480 frigures! 0 sligws 1ize aoung apidgarasiense o g isurigaded

am no acid sequence of a reconbi nant truncated
aggnecarasea praftep oft the inyedtiQnI fmi@mind)acick#t thretgbyamino acid

nucl eot i de
#567 (SEQ ID NO: 10), encoded by the nucleotide sequence set forth in SEQ ID
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 of 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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sequence set forth in SEQ ID NO 14. (053] Figure 16
shows aggrecanase activity of conditioned nmediumfrom
CHO cells expressing wild-type (ADAMIS-5 WI) or
active-site nutant (ADAMIS- 5 ASM as detected by the
aggrecanase ELI SA assay. [054] Figure 17 shows a
schematic representation of flag-tagged truncated

299" [E2FRyke T8l MM hinoALiEsbANh bR HOlhBinbhe

catalytic domain. [055] Figure OwWs a ScC
i f t @ A gged . truncat ed ,
AE R RCRa et BIIER AR NI H, entbaRE Bl Ficieotive
tern hl.ot, w sjon of truncated
Sé@%}@@aﬁé&&@ "btﬁgéﬁwzni‘bonpari son with a
full-1ength aggr@ecanase-Z protein. [057] Figure 20

show53¢r Elgwre ggrecanase astivity wicandifioned medium from
aggrecanase-2 nol ecul es of the invention in a 3133

CHO sellsaemssihgW]d-t?ng(A@Aﬂ\lTSl?@WT)th%oﬁVbFﬁ?teQﬁijfbnt SADAMTS-
sequence for a full-length ADAMIS- 5 protein with a

5ASM) & detcttedby ¥e aft ' Atdsegy411 (SEQ I'S NO
30) .) [ 059] Fi gYJr ees %Fﬁgﬂggg%ﬁﬁgﬁggy'nucl eic acid

( SECCPRF RO Pl & e REHS A REANES %‘gﬁa&?é’é&%oﬂ_
B SRS FSNAES Pl A ISCURR e R R ket e e
ID NGO 32). 19 (0611 Figure 24 shows a nucleic acid

d%@alﬁ‘ence encodi ng a truncated aggrecanase-1 nol ecul e;
for exanple, the protein set forth in Figure 13 (SEQ

| D [RG5] 3Biguredid Aho#d DESHEMETE @Préentation bIVENSHEVidin 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 1S 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 (SEQID

NO: 32).
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1. Definitions [062] In order that the present

i nvention may be nore readily understood, certain
terns are first defined. Additional definitions are
set forth throughout the detailed description. [063]
The term "aggrecanase" refers to a famly of

pol ypepti des that are capable of cleaving the

bR tei t pat
ol oa ] Pl 2% sHERRCE Bhblbin A 3RgMaR o sResuRG et ancates
[ f th ti ti
AR T hPreg B T o e otele Seb rEhinBgure SB(SEQ ID
Nléi) o 11 (aggrecanase-1) and SEQ ID NGO 2
e

canase-2). The term "aggrecanase" includes
natural | y-occurring variants SEQID NGs: | | and 2, as

29 HEICRBYH encoded by SEQ I D
; a2 are—a v | east one of the
assays prav .. For exanple, included in this
def i %i ti oﬁ\ét{ﬁ@ﬂmﬁ no aci d sequences substantially

sim of. substantially identical to the am no acid

of s“—_%&i D("r\?ﬂg?r &?%ﬁ’e Er%ﬁe’\%a@%ﬁw"% bpdaere r@adily understood,
%E%'ing aci d fsequence at | east about 50% about 55%
Ce s Aredystideiied. Additionalodsfinitionsuaredstforb throughout the
80% about 85% about 90% about 92% about 93% about
defailgd descnptionyy, about 96% about 97% about 98% or

about 99% identical to the am no acid sequence of SEQ

| D N0O83] Theterdh "aygr_écﬁhﬁﬂé'er'é‘f?]ﬂs%r@@mi#&ﬁ:ﬂl&%@k@gﬁﬂét are

aggrecanase further includes the proteins enc

il SLCk8io 54 SgE AR ot B S ol

var) apd S, tshereof . 1 n one enbodi nent, the
c'%éu%"@ﬁ@‘ eiéﬁg'g thig GG '%Peifﬁ&gf?%ﬁq ¢aaviage sitwsAggeecanases of
sequence which is either derived from or is a
th@zﬂg BSEt IByention angempPasgul ese ack limited do tiye segeences of SEQ ID
fragment thereof.
NO: 11 (aggrecanase-1) and SEQ ID NO: 2 (aggrecanase-2). The term

"aggrecanase" includes naturaliy-occurring variants SEQ ID NOs: 11 and 2, as
well as fragments of thé 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}d
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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[065] The term "anti body" refers to an i nmunogl obulin,
or a fragnent thereof, and enconpasses any

pol ypepti de conprising an antigen-binding site. The
termincludes -but is not limted to polyclonal,
nonocl onal , nonospecific, polyspecific, non-specific,
humani zed, human, single-chain, chineric, synthetic,

o e b 14 en. o

nucglt@g:gc\)llm@ss Sf: tea;targgpota #\%tlgrt\)t? |II 5 megtpfgegg%q%édwch is either

fragnents which retain the ant i gen binding function.
defiesbiromher iseavarisnbobynaturalaggrecanase encoding geae, or a

| east one cellular process interrupted or initiated
fragmenntreggofcanase enzyne binding to aggrecan.

Generally, biological activity refers to proteolytic

cle e In " r
ﬁ)ﬁ ThE t@@'ﬁuggﬁﬂgﬂy reled l%cé’rﬂﬁﬁﬁun%%ﬁﬁﬁrb?sﬁragment

act ies in are not limted to, binding of

e, 8RBy Hhuebyedif g <A YHiGRAZ Rdino site

ThegeadaG5S Hytjedionded 6 Polveonsl aRneBlonal, o jospRerc
term"deletion" as used herein is the rermval of at

polyspecifionron-gpeeificaunianized: hursanusinglesehain, chimegcagyrihetic,
sequence of an aggrecanase. The termdeletion also

redarhisihant, hybeidpraltatet!, grafieeobind és vitroogerrerated antiboalidsd it also
sequence encoding an aggrecanase, thereby resulting

indiﬁ}i%oglg{é%' cgmeﬁm@etsmad e&ﬂmﬁa rhéHtréfs%k%ChsOFéB F(8'),, Fv,

eletion in c acid nol ecul e

s o i Hhif e SRR bR R T Bl pRiho
rotein as desirable. For exanple, a deletion my
©ffr anywhere within the protein; for exan‘pl e,

N-terminus, Ctermnus or. any other part of an
aggl@aain e term "biological actlwty" refers to at least one cellular process

fu

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-iength amino acid sequencé 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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protein, and can include renoval of at |east one am no
acid; for exanple, from about 1 to about 5 am no
acids, fromabout 5 to about 10 am no acids, from
about 10 to about 20 amino acids, from about 20 to
about 30 amino acids, fromabout 30 to about 50 am no
acids, from about 50 to about 100 ami no acids, from

abougoeﬁgOA d81efBRH %Q%e?érhéiﬂ AGletile éﬁdﬁﬁlﬁgﬁ@Hta@ggcér%se or

abou 0 am no aC| rom about 200

SHRGRFod e A B 8RR PR TR i e o

350 to abouyt .4 api no aci from about 400 to about
thesproleings %?'Bé%’qef%ﬁ%%ﬂ , Biplelipn, BaY; 0csyis amamiere within the

acids, or greater than 500 am no acids. [069]
preteiey; farrrxarapleaNsierminusa feterminuscorsany attied pani ofan aggrecanase
t hat encode aggrecanases of the invention; for

pecteimplaad cdml intiudesenmvabef atddast ong bmlﬁcﬁamd nfor@xadnple, from
nucl eic acid that encodes for a TSP domain of an

aBear €€\ BBSEE 5 EHGHQ SRl Md&'@ﬁi éUOLgnRPHIPW atias, ffom about

regl on of a nucleic acl ecu € encodi ng an

R 20 B TS A6 o
QAL b R AT A B Aokt o 10

the invention for activity in_ one of many assay
teipBeyiokeaming eridanfram arow diS9 taabsut aﬁomloccam@s tfeom about

the invention conprises the renoval of at |east one

286ito @baut 250 ravint laeids, fremraborst 260 nabeigr3dfeamire acids, from
protein. In another enbodi ment, a deletion conprises

absiP360 t@ébé&t B5RaMIMS 8cids, RO bR I3%0 b ABILR 200 amlno acids,
C-termnus of an aggrecanase protein. In yet another

fr%ﬂpggbl{fﬁmo tdaaggutetquo i %H? %?oﬁi%@)m 560 HBP 500 amino

roma region ween term nal” end

bW Bt oA o T ol oo
entl r[(?690]|orl5&el~lgtlor§s 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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aggrecanase of the invention. For exanple,
aggrecanases of the invention conprising a deletion
i ncl ude aggrecanase-1 nol ecul es that have one TSP
domai n del eted or aggrecanase-1 nol ecul es that have
two TSP domai ns del eted, or aggrecanase-2 nol ecul es
that have one TSP donmi n del eted, or aggrecanase- 2

amihe aidldeforintthb dMetenihU® of SR RreddraseHreted. In yet another
Aggr ecanases according to thé™ invention nmay conprise

g, el SRS o S B oo v

recanase. nol ecul e . also be deleted to generate
G5 RABFRIER o s oolRiminal S8y §F ab sestesanasemalesdie. In one
more stable than the full-length counterpart. [071]
eftrodiaer, 'steh gnegletion inveives nesiaviahof aefestise domain of an
portion of an aggrecanase protein of the invention,

aggreaawasg lof theninventiomn Fof eaampie, agigtecarmpes uf e FBlention
forth in SEQID NO 2, 4, 6, 8, 10, 11, 12, and 13. In

comprisiigh® delstioh inclufié agaPsianabed MoRRilds fHt Pave ldhedfSP

am no acid sequence that has aggr ecanase acti vi .t.y : n

CBRF oA of g asaEeul ieclil 8 Fvd ASTRR ol deletes

S BGEERSRL it o b RIS Bl Olorocane
not encode protein fragnents that retain

Z?Qékeée'éﬁéeet AV By EBP demalnstdeleted; Aggracanasesiatasrding to the

cacid fragments of the invention include portions of
iention majccemprise deletioheafllsES R dopraine withint atiggrecanase
substantially identical to at | east one portion of

prateina Ut isectritelmptatad ¢matastheedormainsiwithin Sefgrééan¥se mdlecules may
3, 5, 7, 9, 31, 32, 23 or 33, or at |least one portion

afto %H@Q@t&ci@%??é}gfg‘ﬁigﬁg}%ﬂyféﬁﬁw tf"thche@ éggllgg%a%%s that are

4, 6, 8, 10, respective agnen
S st Wi R B SRR, O Sxar e Trom,

gtj C: E)%b di‘ggl};lrrg 5 gtgnlléerﬁ's'tas%%%gthe}'gi%, peufglrse%; gg?t'ionf cgfoarn
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,
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nucl eotides, fromat |east about 200 nucl eotides, from
at | east about 250 nucleotides, fromat | east about
300 nucl eotides, from at |east about 400 nucl eoti des,
fromat | east about 500 nucl eotides, from at | east
about 600 nucleotides, fromat |east about 700

nucl eotides, fromat |east about 800 nucleotides, up

oﬂ%t&%t%ﬁdtbﬁekﬁﬂf%rﬁ‘opénﬁﬁ@a&!@ néés deBRMHEIACSEQED NOs: 2,
forth in SEQ . I n one enbodi nent, nucleic

43814 {lof &}qn?o?%m 3 gﬁeaﬁ/@[)) dfet% it %?Kﬁcle@%u%%@ﬁéﬁces may

'aCt1'vity ragmen S rm range

| ea am n cid fro
religay 10T EXERTS TR A leatt BiRL20 NGO tEE S oAt Tanst About 50
acids, from about 30 ami no acids, from about 40 am no
nugleetides: from ableast alautA@0haLclestides, ffrom atleastabousAB0t
100 am no acids, fromat |east about 150 am no acids,
nicleotidgs, freas at leheh&bcﬂﬂ@%ﬂmmdeaﬁde& frobtm atieast bbast 250
about 250 amno acids, fromat |east about 300 am no

n@diesiided, from at Ie'a@ﬁéﬁo@ttguﬂ n@@oﬁﬁ&sﬁ #ron¢ blfeast BHER 4300

| east about 400 am no aci ds, to the entire length
"%'sﬁﬁrﬁieﬁ??%?aﬁ%??@%@@&%ﬁ%ﬂﬁgm@% ot 86 bbaoc.

nmqu%s By b B3t et 7dd fiieRiosy ot B [?aﬁ?aé%m@)

can arise fromMNterm nus portion, C-termnus porti
negleatigessupde the enties leagih @ ternualeic aeid sepancesat forth in SEQ

fragnents of proteins retain aggrecanase activity. In
IDaNQ:Her Ineorpdinbediment; oueleic dcid drapmentsfenchde ipeptides that have

arise froma portion of a protein that has aggrecanase

?@ﬁek:éhéye aétivily0 Protein deﬂﬁéﬁts ehd\eririgee faraxample! RbRrat least

0 a dosage or anount conposi tion at Ieast one

a?ﬂ&rf?éﬁﬂ?o% S?|PE hirbin! ANe 24t YUt 10%GmiRb éé‘d’ﬁ[ 5%1]‘? %%Lé%@:t about 20

fcient to treat a pat1 ent

o nh'a?"g%afg@m acﬁcc{‘ql? g ﬁgfaeq?%s,%%gg%% gg@ agano acids, from about

|nh|b|t|on f othervvlse di nut i on of | east on
50 amino acids, ? om at least about 1r80 am%no acids afrom at least %out 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 nucieic acids of the invention
can arise from 3' portions, &' 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 of aggrecanase due to binding of an inhibitor
to the aggrecanase or aggrecan. The reduction,

i nhibition, or dimnution of binding can be neasured
by one of nmany assays provided. Inhibition of
aggrecanase activity does not necessarily indicate a
conpl ete negation of aggrecanase activity. A reduction

in y1Vi " o ﬁiiﬂm" v
20% FI%'tozcl/o Wg%éﬂgo?/?egg% A% gggfé Bdogﬁ)%?%aﬁg?g%"ﬂ@ﬁ of a

oS TR A P Ry G AR i

| phj biiﬁo s of the  present invention include, but are
s\‘@F'elnit irgét?&at'ﬁm-i bodi es, proteins, peptides, and

chem cal conpounds (often referred to as small

mol efi3 s The[term]"inkibitt er finhihitioal' ef aggresanabe ©r aggrecanase
nucl eic acid nol ecule or polypeptide nolecule that is

astiitytrefdrsablayrdduetio®finhibRionasflotAérvisy dirfinEoh of BPleast one
i nstance, an isolated protein is substantially free of

. | I
ANty L adiBrfass ¥ [bifing S MR e pGhidoafase or
ived..T Lat ed” .al refers to an
aiffackR TrE Fech idh, ThBBiBiBr o e oF hidis B beimessured by
is free from assocj at,i W th aother proteases, and
°F%P$mﬁnya§§$3é’§£{ axléedp%}ﬁla@pptqf@%wanqsy.aqtlwty does not
addition, the term"isolated" refers to nucleic acid
neoessaniivindicatan complete segptionaofaggrecanasecactivityntA aduction in
and are free fromother cellular material and

activityacambet for example Ht |d2%t abeutr 0% Q0P 13096, 4090, 508, '60%,
refers to an anti body that specifically recognizes a

70%’}’8N°/|¢,,090%'6rﬁh6?é?ain GHE ERbB8|rerfiS MRS RERRL_LRA Y a

proteolytic cleavage but which does not bind to suc
B 5 B o ok PSS 7 koS BHT o B S
pgeosb%:g\ré g%\ﬁr@igﬂ Eﬁqﬂ@ﬁ@i 3 eargél bhﬁh@@g :tg, ér?tit}ola?esg rp(?gt%?ncs? pg,{)tides,
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 celiular

material and contaminants.
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sequences that control or affect transcription rate or
efficiency of a nucleotide nolecule Iinked to the
sequence. For exanple, a pronoter sequence that is
| ocated proximally to the 5 end of an aggrecanase
codi ng nucl eoti de sequence may be in operative
association wth the aggrecanase encodi ng nucl eoti de
seq ul
> ¢ doret erhgl%ﬁ ﬁféé’éhu&% éﬂgnp%g ?é?régssntndtée}?laHﬁﬁod)Pﬂbt
enhancers and ot her ex sion control equences
spagicaly sreRanies Naw N of Celasmungl amiap i Seaugicegengyated by
an aggrecanase encoding nucleotide sequence in order
proteolytimcleavage butwpichsdaaesnoikind 40 such aniapitopel amihe: igtact
are required, however. A skilled artisan can sel ect
(uniclhsaveapsabstratee expression control sequences, for
exanpl e, dependi ng on desired expression |evels for

th egoﬁ? 9TRE RS CopérativiCassociatioR with %?ﬂ;xﬁ@gsibﬁ rddntrol

I ndi ng of an anti body neans that the

seq.?w”ér'zq%ﬁ%}eé?fgﬂfe??i?‘v’tg%?&ﬁé‘%ﬁﬁfﬁgéé‘?ﬁéﬂgf"&@% SRhence or

show an nifi ca ndi n ecul.es oth r.th
sequencaadhabeRntralof esgtsae%q 353 SEerEengy X uiiibatice
al so applicable mhere .g., an antlgen bi ndi

matecte tinkéd mwtmeqmmgze; fqr@@mme, a afomoﬁ@arstenéan% that is
epitope, which is represented on a nunber of

locatdd Eﬂmmawltb thees' epelcdffarcapgredanaserendieg rudentide sequence
anti body) carrying the antigen binding domain will be

may’&)éu{ 8p é}* ﬂOe ta?.séélsndﬁwmltﬁe%@g@é&dr@%@%r@wrxg Adciebtde

tope. Therefore, It 1s contenplated that an
od d 0

seﬁsﬁéfeé’ |%xvﬁ%&é'l%ﬂacgdg?"éi%%é@%n%%%'bcm bR RRE o o

bi nding i s, considered s |c when t he ‘ '
ox8HS HPTRIS R SPGHTS: SR EebsIal st apleoss. or any

said to "specifically bind" to_an antigen if, unde
cogphination eftssioh %J@H@@tse@lfbéﬁ §! o1 3119 anagaresRnRIegNFAing

substantially inhibited, while at the sane tine
nuclotispeeiqliencédimdidey to sontrbl its expresaibe. Notdilkofdheseelements

usual 'y

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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defined in ternms of concentration of antibodies, ionic
strength of the solution, tenperature, tine allowed
for binding, concentration of additional nolecules
associated with the binding reaction (e.g., serum

al bumn, mlk casein), etc. Such conditions are well
known in the art, and a skilled artisan using routine

aﬂt %W%Sq g@ln?afapgcwhe%@aometcsnfé?ﬂ&h{é tah%%body of the

i
ter Ity" as used herein gene

in%?%%dﬁﬁ'r 3Ty briPe 'ﬁaﬁapaegﬁﬁvc@?af‘qtdr?%n%a RIHSing

and/ or expression |evels. Several factors affect

Txn'%@' : Fh% ging is,considgred spacific when the affinity cm&éa@ﬂ ks, is higher

% concentration, tenperature, protein
thae 1rOath4 o, antmodyeaamdte "spegifi oallgdsad" to@nadntigensf, under
aut ocatal ysis of proteins, hydrophobicity etc. |In one

apprbpratehnseletied ddﬂdﬁlﬁﬂsp@ucmblﬂdd’fgslstﬁd!fwﬁht%@\tlally inhibited, while
aggrecanases that are nore stable than their

atftHb!sanfO e, rir‘]dgrl%@élﬁé‘b?rfﬂin I8 iRRBIEG! TRERMRRS: ar&rb%ually

i nvention udes aggrecanase active-site nutant

o4 BB o BB lBotiak i g i souton

st abl e gener al cl condi tions that keep
temwem& img #‘8%’&93%5%‘1‘181%9[‘6‘?{‘?%}0” wthnﬁmolecules

normal , thereby preservi its biological activity
agsgciated wiletheaindiog reacttdmé,g.mewum atbusein milkasein), etg. Such
of a protein generally increases its half-life and

canditicresarenwvelbkedwn in the aiyaity arskKledaartisamp asisghrbetin@techniques
purify the protein in large anmounts for therapeutic

cé?%@l@éﬁéppréﬁﬂafeoéoﬁﬁﬁ@is‘)pnem of inhibitors. [079] The
term stringent” or "high stringency" describes

condj n Y. il 0

o S bl BB B ety oo
. clejc id bridjzati.on Il be affected such .
indbf dfte o eateddan of 4 Bretei, Marpby ndensisn Je el e olubilty

organi c solvents, in addition to the base
and/apexpression Ievelg: Sayeralfactocswpifestmrotaity stabiliy isyitrarand in

t he nunber of nucl eoti de
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
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base m smatches between the hybridi zing nucleic acids,
as Wwll be readily appreciated by those skilled in
the art. The stringency conditions are dependent on
the length of the nucleic acid and the base
conposition of the nucleic acid and can be determ ned
by techniques well known in the art. Generally,

rrfdkiﬂg‘lg 96§éﬁbl@8t6 d?ﬁy e ?fcﬂéﬁn(?ﬁ I&?Btérﬁbbﬁ@ f8Y thek&peutic purposes

exanpl e, nmani pu ating tenperature and sal

agggmeﬂéjrﬂgw gltgpébrl di zati on and washi ng. For

iron o6f high tenperature and | ow
sal t ceptratiq ases tri, Such
cond[qcli%j;ninﬁrt%mlngm "t'ﬂ%% $' P‘&ﬁlﬂs ringency:desgrbes
can be found in, for exanple, Current Protocols in
comditiens for hgbdtizgyion andiwashing ysed gemdstenmining nede)c, acid-nucleic

6.3.1- 6.3.6. Both aqueous and nonaqueous conditions

acigl inesactionsd Nurcléicackd hylsddizdtion wilisk affeeteetngich ednditions as
hi ghly stringent hybridization conditions is

sElﬁt’ Ebhéiérﬁ@tlbﬁntérﬁ r§°€f H%a‘?ﬁtlb%lvgﬁ{ S LHERIGH H m base

at about 4 1C fol y at | east one

]
5 g G B M o i
oD R S0 SRl e el
Anot her exanpl e of highly stringent hybridization
appreagiated Ry th@smﬁbﬂednrtma@ﬁ The sirirgsmcyt cantditions4sedependent

28 followed by at | east one wash in 0.2X SSC, 0.1 %

oSitSlemgtie 0Dthe Wudleictauid ard dmpbease cbripogition oftthe myeiic acid and
hybri di zati on conditions is hybridization in 6X SSC at

céﬁ@étdetélr‘ﬁﬂﬁ‘ed teeMSiduby wall Kne@at indRe dﬁ?SGehéréﬂy é&rlngency can
SSC, 0.1 % SIDS at 650C. Hi ghly stringent conditions

ol Ml °“%<?8@"e?34>{ o %*%'ﬁp' *‘ianifﬁﬂéﬁ@%*ﬁéﬁgﬁﬁfg& (Balt

oF R ekt S el S Gt o
refers to conditions that permit_ a nucleic acid to

highrigmperatype PeAdeW Salt m@eeﬁr@tmmmﬁqs $teisgency. eSgeh

about 60% at |east about 75% or at
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 chioride/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,

28



| east about 85% identity to the nucleic acid; with
greater than about 90% identity to the nucleic acid
especially preferred. Modderately stringent conditions
conprise but are not limted to, for exanpl e,

hybri di zati on in 50% f or mam de, 5X Denhart's
solution, 5X SSPE, 0.2% SIDS at 420C., followed by

shj in 0,2 X SS E 0 0 S
ol Blah e A o Ko B3P Ldab Tligpy example
Manual , Col d Spring Har bor Laboratory Press Cg
of higghiy strimgephhw&lzaimmwﬁma ig hylnsigizaéian in BX SSC at about
"substantially simlar"™ neans that the rel evant am no
45acl fblloweriUsy soieasicorrewashde 02X SSE; 0. 8% 8DSadt 659 Cor Highly
have i nsubstantial differences (through conserved

stifiR cBRficRl iilde higiizatidh i@ BRASOSAM pifodpte, 7% SDS at

uences |ch are osed eot |

oL B e e WBSRR b2 S of et BREET, ©

55% at | east about 60% at | east about 65% at I_east
abo0800% heaphiased modgrately Zringent’| erd'moderate stimgency”
| east about 85% at | east about 90% at |east about

hyDAlizatibn refess tebonditi®dthat peretH nadleigtacidHs biad a east
about 95% at | east about 96% at | east about 97% at

abid Akt ‘a&@% Ie@%?ﬂbo@tgé@%' Qﬂ@bbﬁébout”m%, or at

quence ThucT erc acl ecu es and pol ypeptid

o S%ﬁ%ﬁ%% ent 34 i hudBl AR Wf‘?@ge%% J&%ﬁséb%tﬂw‘demﬂv
tottném%&@% S ERRLRIY pystemen: Mosleraay ABNaBRAad o Fomprise
nucl eic acids, at |east 50, 100, 150, 300 or nore
butiare oot lihitedwp] for p¥amPih dwbddizetiondn 5ﬂ%fQﬁmag1ld§] 5X Denhart's

nucleic acid and the variant nucleic acid that is

sotuticri, &X SSPE; 0.2rsD8alt 426Ct, fellowed by avashirigim, 0.2 X SSPE, 0.2%
variant could be substantially identical in a region

SOS, BEE5T (sebYé.gdI SRTBRIBK dthlOMEIESular @Tdrin?e \ Létboratory

meét | ng the defl nition of substantl ally identical
VEfgE B P WrpBE ARG YRAsaLTRgy = et erm ned
[081] The phrase "substantlally 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.
29



for exanple, Basic Local Alignnent Tool (BLAST)
described in Altschul et al., J. Ml. Biol.
215:403-410 (1990), the algorithm of Needl eman et al.
J. Mol. Biol., 48:444-453 (1970), or the algorithm of
Meyers et al., Cbnput. Appl. Biosci., 4:11 - 17(1988).
[083] The term"treating" or "treatnment" refers to

or e S0 PhfongHes elRE AT SR BB iy Bmino agids il
beyRRBAIEA P aeaB e oGl DaYPoPHAS BndiBS vayst & P?'MB?@H? that is

acquire the disorder (i.e., those needing preventative
substantially jJdenticablortbatoriginal r £§0 |nupkelcag@¢i§c%mﬁ§§t 21108 150, 300
or the level of aggrecanase to prevent or aneliorate
or thorel mudiestjdgst witttbeoéorapareeidsatwera the oeigial nucleic acid and the
i nhibitors and/or antibodies nmay function by, for

vaPsATRUSeic?Add eat 8 SubStantiali |Géﬁﬁ<§alct6 t19¢ oflim@i.NTh@s, a variant
aggrecanase to aggrecan, or by redu0|ng or |nh|b|t|ng

coft?hé %gragt%ﬁltlg ntt|¥, | oﬁ\ %ué]g H‘S d%gﬁ' AfAk§eht ifSthers,

SR s i %g%e%f

invention that are m ssing at |east one am no
between twpSeguenees i deteanm@mby @ﬁgﬂﬁrda@}maﬁgorlthms such as,
nucl eic acid nol ecul e or am no aci d sequence,

for exarepte, Balsjc Lacal Adignetenp ook (BIAST) déscribeddntAltschakef al., J.
generally shorter in length conpared with their

MBN'BIOI' NG 4034401 2996Y, tife alddHitHrh of eRdleman @bk J.aviolkBiol.,
 east one nucleotlde in a nucleic acid sequence

4835334"1'5?9(9%768‘5?({%% hih %fffl\fl%rb'ét% CbRfst. Rﬁ@oggsaﬂ, 4:11-

orresp engt protel n

{1‘% enbodi ment, for exarrple truncated aggr ecanases
invention include truncated aggrecanase-1
prot ei ns con'pr sing an am no acid_ sequence

i n 4B88] Drivgiermy teeating'som dreatmantorefers tonhot tB@"acﬂ’eUEC
tr:asthGent 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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through the Ctermnal end of the full-length
aggrecanase-1 protein, set forth in SEQID NO 11;
and SEQ ID NGO 13 conprising deletion of amno acid #
521 through the CGtermnal end of the full-length
aggrecanase-1 protein, set forth in SEQID NGO 11. In
anot her enbodi nent, truncated aggrecanases of the

founckinta full-lengthradgrecataseradiarsactd Moleaae o ahhiRb Hcips
for exanple, as gsggt forth -in SEQID NG 4%%%0&6%%%%%,

L R R R N
oA R b o e AR S0 55 A0 St e

full- length aggrecanase-2 protein, set forth in SEQ

ong 'Né!ei'ag K3 lisieipaci seqHaNcessnegding atiunsatsd prieteio or in at

acid #629 through the Ctermnal end of the full-

laast gna angjoe ecithaktbexqrraspendingsiatl-lémgthiproteiiEQ | D NO

2; and SEQ ID NO 10 conprising deletion of am no

aci d [085}81rt bne eatbddiment, treF ﬁkémble,eﬂ@neéte?dhé“gsdErébénases of the
n QID NG

| engt h aggrecanase-2 protein, set forth i

PR 698 A B P RIS o Y i aci
sBheid se 3 In SER I W3k 14 BplpbRsind dRiatidio ainiC egid #576

ttgi5h o GelBiminel end or e i adth adoraganase-tayotein, setforth i
truncat ed aggrecanases thensel ves. Nucl eic acids

SER HIiNG 1o andr SEQa:N Qs 1@ eomprising dietetiomveframino avic# 521
depicted in SEQID NGs: 3, 5, 7, 9, 11, 32 and 33.

througis theeG-terminail BAd AT thé full-leigth agdreeanads-1PrBiehs SR forth in
as fusion proteins. [086] Truncated aggrecanases of

SET ID N1, Of Mﬁegé%bﬁfméﬁt‘?E{thé%dt%}ggﬁ‘%es of the invention

corresponding full-1ength aggrecanase

oGRS SRR SRR orbB KPP 18 o P s o
I\@g{]g?rhgﬁsiﬁg H@iegfogﬂgé%gir{gg:l‘aj\qliélgﬁzgg&gro%%%rtﬁgaé]-?esr%inal 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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the invention are biologically active and may incl ude
ot her alterations, such as, amno acid substitutions,
nodi fications, or deletions in other parts of the
protein. [087] The term™"variant" refers to nucleotide
and am no acid sequences that are substantially
identical or simlar to the nucleotide and am no acid

e HASIET 3o 343 BEBHT s RETBBD B N as

occurring humapn and non-hupan nucl eot.i de, se. )
enaoding fos Tgata,RioteIRR A2 e VagHPR &k S6RICteda Hr: D NOS: 3, 5.
or be generated artificially. Exanples of variants
7, Srid, 8gparet 3B aJesncated prataipsiafdhe inventioatcand e pxpressed as
of the aggrecanase nRNA, including both 3"and 5
fusill proesingar i ants of the aggrecanases of the
i nvention, point mutations and other nutations, or

pr Y q ket stability th
CL; 08B L caleragaectfanddo maanceaaaly ety stabily tan

B R SRl P R e o

theJByeaion ean alpe e ExpBPEHbAL Blopet EvaieShE Y MARRE L wtro than
optimally aligned éiWI th appropriate insertions or

thedzoreaspansing full-langthagarecanasqueroteins.r dsycated aggrecapases of

one enbodinent, there is at | east about 50% i dentity,

theaihveetiort arbbiolodicdiyi abtine iang, may irkdude athter alteratiopg8ysuch as,
identity, at |east about 65%identity, at |east about

amiYatidesiibstivutiona! moddrbtions Wr dedétioricintothern parts betetprotein.
about 80% i dentity, at |east about 85% identity, at

I t 0 . .04, i

at To73, ThE3Rm Baiant deterfto hEERpiAT Y AR beddences
thas@op subbienioly ERniedd simleh oghe sl ancEiing, 858

about 98% identity, or at |east about 99% identjty
seaentsspravides, sespestvely ndfasientecan bgmateially eccumiiang, for

i nvention and another nucleic acid nolecule or protein
exaepis aigtwelly ocebring prhamahtnon-higmad. nugtedtidatsequesces that

defined, include both naturally occurring nucleic
encode aggrecanase or aggrecanase-like proteins, or be generated artificially.
Examples of variants are aggrecanases resulting from alternative splicing of the
aggrecanase mRNA, including both 3' and 5' 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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aci d sequences as wel |l as equival ent degenerative
codon sequences of the aggrecanases of the invention.
Addi tionally, variants include proteins or

pol ypeptides that exhibit aggrecanase activity, as
defined. [088] To assist in the identification of the
sequences listed in the specification and figures,

least aboUt 60%ndentity] at IeAsbalsout)65% iduriiy, c&:deastv*‘amt 7094 Rientity,
the SEQID NGs, the figure location, and a brie

¢ Rt bBOLOTSRfidERRY), $98 %
el d SEQJENC%SM F'?@’JRES %ﬁ@”ﬁ@&m@g gt %{it)abfﬁ%g%
A 8 A o LES e SFRGER Gt st s
g g t of ADAMIS-5 encoded SEQ
bt ety stistisaneit S dentay aaldensiaast 463 Haniines leust
fromnucl eotide #123 to nucleotide #2382 of SEQ ID
akoHt 96%Hdentiy Nak leasirabput ©7% identity; ed least abolit 88% identity, or at
truncated aggrecanase-2 nolecule encoded by SEQ ID
|9t aBoGEED Yolideklity befivger @ ruckeis eeldePiblettils 8APRAER 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 inciude 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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from nucl eoti de #123 to
NO 1 SEQID NO 6 Figure 6 a.a.

nucl eotide # 2379 of SEQ
seguence .

ID
of a

truncat ed aggrecanase-2 nol ecule encoded by SEQ ID
NO 5 SEQID NO 7 Figure 7 a nucl eoti de sequence

from nucl eoti de #123 to
NO 1 SEQID NO 8 Figure 8 a.a.

nucl eoti de #2007 of SEQ
sequence of a

I D

truncat ed aggrecanase-2 nol ecule encoded by SEQ ID
NO 7 SEQID NO 9 Figure 9 a nucl eoti de sequence

from nucl eotide #123 to n*gléﬁoﬁi de
- a.

D NO 10 Figure

#1824 of SEQ 1D
sequence of a

NQ 1.SEQ J
a.3., [ ARURQ ClQggrecanase-z nol ecul e encoded by SEQ ID

NO 9 34 SEQJENCES

L GJRES._ _DESCRI PTIQON

SEQUENCES

FIGURES

DESCRIPTION

SEQID 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

SEQID NO: 3

Figure 3

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

SEQID NO: 4

Figure 4

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

SEQIDNO: 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
SEQIDNO: 5

SEQIDNO: 7

Figure 7

a nucleotide sequence
from nucleotide #123 to
nucleotide #2007 of SEQ
ID NO: 1

SEQ D NO: 8

Figure 8

a.a. sequence of a
truncated aggrecanase-2
molecule encoded by
SEQ ID 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
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SEQ ID NO 11 Figure |
aggrecanase- |
IDNO 12 Figure 12 a.a.
aggr ecanase- |

a.a #575

| a.a. sequence

protei n encoded by SEQ

sequence of t

protein including a.a #1

of full length
ID NO 31 SEQ
runcat ed

Met) through

(Pro) encoded by SEQID NO 32 SEQ ID NO
13 Flgure 13 a. a.

S

equence of

truncat ed aggrecanase-1

UENEEST MY T @ TR ooséﬂfhﬁ:“%’ T SDESCRIPTION
QU I tléle se éﬂﬁr@% a reconbi na

aggrecanase-

2 prot

9

in wth a peptide |

%}sfégﬂ@g Ge.q full-

recanase-1

streptavidin tag SEQ ID NO 15 Fi gure 15PERtain QJE@QSH@B’ SEQ
of a reconbi nant __lagarecanase-2 protei hiD&Qicied by
SEGE® IDMO: 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
SEQID NO: 15 Figure 15 a.a. sequence of a
recombinant
aggrecanase-2 protein
encoded by SEQ 1D 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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14. SEQID NO 16 Priner SEQ ID NO 17 Primer SEQ ID
NO 18 Prinmer SEQ ID NO 19 Prinmer SEQ ID NO 20

ol i gonucleotide SEQ ID NGO 21 oligonucleotide SEQID
NO 22 peptid linker SEQID NG 23 Figure 18
streptavidin -tag SEQ 1D NO 24 oligonucleotide .SEQ
ID NO 25 oligonucleotide SEQID NO 26 catalytic

ot | GEQUENCESVO  27] Nucl ecgy Essert EQ THESERPTION

DO fa¥a)

IagZpter fg rIQI(E:’) Ag F@E%f%‘? ag ecan:élélr%'?m ?Plﬁm'de

W th an E—to Q mut at at a. a. p03|t|<§ﬁqﬂ

| aggreganaser]
22A @ﬁ @@& 55 -len g?!gufﬁlggeot i de sequeMslegtide sequence of a

agarecanase-1__SEQ ID NQO 32 Fiqgure 23 Nudtuncategbaggrecanase-1

seqBF@dDdN0a33 | Figure 24 Nucleotide sequence of a
truncated aggrecanase-1

I 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 nucieotide
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 artificiaily 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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truncated aggrecanase-1 SEQ ID NO 33 Figure 24

Nucl eoti de sequence of a | truncated aggrecanase-1
1111. Novel Aggrecanase Mol ecul es [089] In one

enbodi nent, the nucl eoti de sequence of a truncated
aggrecanase-2 of the invention is set forth in SEQ ID
NGO 3, wherein the nucleic acid sequence includes

2]9 cl ¢9901den Andier %ﬂ%ﬁdirtn%?, %HE-’QMEAQE@%LS%E%P&% bt i&RYention

the full-1ength nuclelc aci
; e t forth in SEQID NQ 1. In another
S FRBRR"edld kel et Bagad bintrle Hansmcatane-{ molecules.
= recanase:2 is set forth in Figure 5 from_
Hg %%@B}H'%r@ ryncatad RogERRan@say! wrathiny set forth iniFigure 12, can be
(ata) t hrough nucl eotide #2256 (cct). In another
eBraded bitbe nhgleinsatid sequense getforth indfigaret 23:(BBQHD NO: 32).
aggrecanase-2 of the invention conprises nucl eotide #1

Yehegptherruncgtediddiftécanade- 19nbtdimof thd iRvEmtiH B st forth in Figure
whi ch conprises del etion of nucieotide sequence

18N PR CRIESRISHAMRI dF -2 Tgpyd‘émai?\‘?%@gc%fﬂoé?éib R4 ené@ fhat

nucleic acid sequence of a truncat aggr ecanase-

oS By i BRoBBY i R S e 24 sz 0

I\@gg:gﬁcanase-z protein having both TSI P domai ns
I*€¢t/ed. The invention further includes

natural | y-occurring nucleic acid sequences and

f r agtR9itls Therrrigoi agid sequenrseof an isolated lrunsatetbaggretanase-2
are artificially generated and equi val ent

mideeute insetforthdd Figureduromeamiro adid HeMstNErodgh #7580 ).
above as set forth in Figures 3, 5 7, and 9, as well

The ifvereiBrfuRthEPRIZBRE s Wi a%ﬂ&@é&%@éﬁ&iﬁw&e hli@botide

exhi bit aggrecanase activity. 36 n anotfter
SBROTN ol 8110 LR S UHBHAS el ed A
pPRGISC BRASS adid RqTEHCS 3 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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For exanple, a truncated aggrecanase-1 protein, set
forth in Figure 12, can be encoded by the nucleic
acid sequence set forth in Figure 23 (SEQ ID NO 32).
Yet anot her truncated aggrecanase-1 protein of the
invention is set forth in Figure 13, which includes
del etion of a TSP domain. A nucleic acid sequence that

enco@@l]s UchumanragyratathsaqgoRIMBRER: thvBhBGIE O alf
forth in Figure of SEOTDNG 35 C Myghfet ohalfadhiint thereof

nfey Be @%ﬂlﬂé@%)ﬂéulﬁﬁidﬁ%’ bél?:ﬁgnéibi'méﬁtvﬁﬂw Q@{lﬁ%%ﬂlﬂgﬁgéof Figure 3

nol ecule is sét forth in Figure 4 Tromamno ac

. invention furthe .
i plelBlide T (Bl infoHlol a2o8dBant iR e vertiol it purdying from
sequences of Figures 5 7, and 9, which encode
the gH’ FéBe‘g'tjg} %%&ﬂmcfzafaﬁﬁeazéﬂ wY theamiso:anid sequrnaecset forth
,O0f which are set forth in: Figure 6 including am no
imEigure:4 frovaeminarasidyfil 4VeD) thrugh #753)(Gle) Subsiantidyee from
amno acid #1 (Met) through am no acid #628 (Phe);
othrett pFotginaceblsimatevidisgitawhith ieiy cb-plodudeld) t hr ough
am no acid #567 (His). The invention further includes

am ngogs]i th aRGMRR ePtbddihent, %h’é‘éﬁ%l{?&ﬁ@r@é Trofi o tl}g invention

nol ecul es. The am no acid sequ a‘trunca

AT RS by UG, b S8 srhlhed Witk e sedugnee of Figure
5 st oieloyes ot AB) Effonuh ricieotde A22a6: (rov egerrecarsring and
i ch may be encoded by the nucleic acid sequence of

PH{IfyiNGtheaggrasanasapratein comprising amamide sicid segusmcs of Figure 6
and variants of the am no acid sequences of

frool gméne acidsi1t (Met) ¢xoubgh aning BeIBRHESE (P! i ahdthef émbodiment,
[092] A human aggrecanase protein of the invention or

the é$maaﬁésé proteinl of tHE hventieh PRI gh%?ﬁgo; by EU@JI’F}H‘% cel

cell transformed with a DNA sequenc

trﬁﬁ%ﬁo@ﬂ%ﬁj?f@}lﬁ%ﬁeg I?fal%) sddiiendd ot Egnd 5 #87 niiSol e #Y Bt 'S
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 (SEQID
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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the culture nediuma protein characterized by the

am no acid sequence set forth in Figure 4 fromam no
acid #1 (Met) through #753 (A u) substantially free
from other proteinaceous materials with which it is
co- produced. [093] In another enbodi nent, the
aggrecanase protein of the invention my be produced

oRUGBAEISR 18 56! ok Fh LTy YR ARG 1) or

agﬁ@é 58@'?35 a@ﬁﬁgﬁbééé: @ﬁ%&%&c 3\,59&; b;%ﬁga%pggrp%{glpgyplrgt%ms are

sequence of Figure 6 fromamno acid #1 (Met) through
sabpstaptiallyi feeerfrom othes proteinageous srateriais dvitrewhich they are co-
aggrecanase protein of the invention may be produced

ploducetf as wed a5 fearhl othér earthovimarits WA fecbierdaBurfR@UR oSN is
of Figure 5 fromnucleotide #1 (atg) to nucleotide

ctiriépiplatedttd enhibh proteigtid é%ba% éﬁtdilg"ﬂy"&e&;ﬁﬂ Hrecan.

recovering and purifylng aggrecanase "pro f
o F . A Fi 4 oML
TR oG o heOR O Ay SRR Berasteed Rng) iy to
et apot her enbodi mamJ a ﬁr,&(j_anase roteins of the
dEMOOE RIS FHALRERD RToIR, VG SHUBGAD BySavuhich deterings the
transformed with the DNA sequence of Figures 1A-1C

p{esence of anaggrgcamdegesingmolecwed These Bgsays ar the development
truncat ed aggrecanase protein fromthe culture nedium

theweni is svithin the knowletde #F onbrskiligd inthe arta S ubhtasshys P8y involve
IDNO 6), or amno acid # 1 through am no acid #753

coaelindah@ggfecarPsaskiehs mﬁi'mfthé%gg?ééh?ié%%%ﬁfeic%légﬂg mgnitoring

full -1'engt h "aggrecanase-2 protein set fort _
. [ p [ ;
throduckdP o aqdheBah fiadfiontS 568, (EPkamPieb ilaBe® st ah  Biochem J
i 1gh_#628 (SEQJ.D NO _8).  api i ds

385" {mi0a(1985) MetstrConah 9 Chinmrdy 4 32381 S23bR T1gm)

575& SEQ I D NO 12) or amno acids #1 through 520

( SEQLO98] Nopr prpductian in mammsajiar selis) the BINA sequerce further

substantially free from other proteinaceous materials
coinprisesa NA lseguenee eacoding 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 (cet);
Figure 7 from nucleotide #1 (atg) through nucleotide #1884 (ttt); Figure 9 from

nucleotide #1 (atg) through nucleotide #1701 (cat); Figure 23 from nucleotide #
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produced, as well as from other contam nants. A
recovered purified protein is contenplated to exhibit
proteol yti c aggrecanase activity by cl eavi ng aggrecan.
Thus, proteins of the invention may be further
characterized by their ability to denonstrate
aggrecan proteolytic activity in an assay which

PR3P0l 80l 11795 o 8 PRGN ke 1 et
o3} B oA BG5S et i S e

6% the a grecanase nol ecul e and nonitoring the

YcRrioyisdesk (e g alaligvariatigne in the rueleotide sequensieswhich may
ﬁhes et a/., BiochemJ 305: 799-804(1995); Mercuri

dh angino Bicid changesdn Ahe paB/peplidopor déltdrately O9Gihebrad. For
production in mammal i an cells, the DNA sequence

examples synihelip pohgeptid 88\ H@H\,Eér pagiaNy GGcha’ié'cbﬁEh@ous
propeptldeSto and | i nke frane to the nucleotid

SARHBEDIE BIRG Bl r@gmgad?%g U 1B anﬁﬂﬁ{]@a%&ﬁet

p oteins o I nvention recov roma culture

oSS o2 S TP R R ARG AT vouon 75

&o-'pﬁ_oducg?r and from other contam nants present. The
(RregiHigwee 8 fomaming aaid # ddet) darovah aveinerraicdi#1G28 (Rhe); Figure

by the ability to cleave aggrecan substrate. [096]
10\grgme emine acish 6t 6vies) troughdarinoeaaid # 587s(His)) Eigute 12 from
proteins encoded by the sequences simlar to those of

amirguacid3# 1 (Metthedia ardino’dcid 3t §75 (ProuerFi ure2?§$rom amino
(gaa); Figure 5 from nucl eotide #1 (atg) t hrough

adiy @1emét?i%r’6§§ﬁ%n&ﬁé"a): id # %ggA%ﬁ ﬁ;é%@é]éé@eﬁegé dt?y W‘tue of

(atQ) ough™nucl eot i ttt

cat
SR GRAAA Shc e%@e?& sl Erow
nucl ot i.de #1725 é ca ure 24 from nucl eoti de
G BSOS W AL HTHSe g P RS UlEks Bty BRISESSRlogisabproPertes
V\/nl ch nodifi catl ons or deI etions are naturally
conBandberewity, . allelic variations in the nucleotide
sequence whi ch may
[097] 1tis 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 (Gln 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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result in amno acid changes in the pol ypeptide) or
del i berately engi neered. For exanple, synthetic

pol ypepti des nmay wholly or partially duplicate

conti nuous sequences of the am no acid residues of
Figure 4 fromanmno acid #1 (Met) through am no acid
# 753 (A u); Figure 6 from am' no acid #1 (Met) through

VIt (Mo ) 5 %@sé Y PHR6 st or ek HatiEE (Phe
N 56 12
o MBS0, %%n éﬁé s Wk B8 e o)
gure 13 fromamno acid #1 (Met) through am no
Ttw;ﬁ éhaﬁeamdmaaqns and slelelions & dke native aggracangse may be
sharing primary, secondary, or tertiary structural and

eroplofed msthialogically-hative sebstituiesfonnaturalygoenaring mggrecanase
nol ecul es, nay possess biol ogical properties in

arkonrne deberopmédl of ittfiBitorstothér alppeptidedinanerapetitic Phddesses.

numer ous conservative am no acid substitutions are

It EQFT' Sb%&?lmaé@%w@dgﬂhéfh‘é?? QI\YerV?%ﬁéch'd?%ﬁ{g'?@céﬁééécrhﬂfn?ams the

con mat 1 on of pro al nin

“3‘8@5%% B3 %E%ﬁ%@w%@m%b%&@'@%@@@%@MH@ variant

be made anmpng am no acids with basic side chains,
eGANASPs AR évedqu;ssmblblws t"tﬂ"@@fn tothe asspysaiesgribgddn the
hIStIdIne(HIS or H; amno acids with acidic side
exgmaples., such as aspartic acid (Asp or D) and glutamc
acid (Qu or E); amno acids with uncharged polar

si d{0e8Ri Tive inventiorm alsasipeludes Rggfesnase mblecalestcomprising
(Gnor Q, serine (Ser or S) threonine (Thr or T

arfite éd(d §§b§tﬁuﬁ5|¥§ tHat intrea Bmtyaéﬂ [?‘EI é{{iﬁgtrgc%ase molecules.

nonpo ar side chains, suc anlne

= Seie P sprlehty Saéxﬁgpgéqaﬁ%s%%a PR i
B T8 AR 2R
futgggfs nggloi%feslq%%;iigsre%?gsedn%t%r:sogfsargifnot athd rr]'r?Ltltia;/igns 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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enpl oyed as bi ol ogi cal |l y-active substitutes for
natural | y-occurring aggrecanase and in the

devel opnent of inhibitors other polypeptides in

t herapeutic processes. It can be readily determ ned
whet her a given variant of aggrecanase naintains the
biological activity of aggrecanase by subjecting both

R b S AR AT RS e
e e i ilefio biakas L pfesiBie Brasie Anc isolate arge

substlt tions that increase the stability of the

AmRKNSE oh agarensnase naalecules foresubasiquentiusé in thei development of
sequence of an aggrecanase-2 nolecule with an E-to-Q
inhibiersdar treatmanttof disekbsofTHenE-tp+Qineitatiorn mxi@sitied i n
SEQ ID NO 30. Figure 17 further provides schematic

aggpecaraska hislogically mactive ahbrebLéRABIRRDURREAtSH N’ f3ctive protein
the catalytic domains of truncated aggrecanase-1

ITERGE TS for e Ryehe Rfad.in pieh B HT alstftor dhleiBbment of
inbiY to prevent degradation of aggrecanases of the
Invention, and to thereby increase stability and

hal f- L] f .aggr ecanas I.S contenpl ated that

am nébté(ﬁﬁewgaﬁmwﬁﬁueﬁﬂmﬁg@s (whethaeeonsayvative of non-
the protein that increase stability of aggrecanase
crpseyalive) carobe determined byithaserekiied icthievart at the time such
mutations are introduced into aggrecanases to
substitationnatd glesitert: KFbhexaraplel, vimino aeld stibstitforsn be used to
enzyme. This is especially useful for the purposes of

iRy ﬁhbd)ﬂéﬂt'é?ﬁmé%léi’ééi&ﬁég &t th@eﬂrgfé"fhé‘??‘ b8|288étlde§ of the

aggrecanases and subsequently to ‘i ent|d a
t t
ifVERBh S a@faé%e éfégé.@fe%@%iﬁéﬁf*'“%ﬁﬁﬁga&%‘gérése%@the
i nventi S ssible to,purjfy and i sol ate
VBT BRcHRSE® Exbaliisy.amigecdi Fubatitudons mressal o inTable 2.

use in the develo ment of
able 2: Amino Acid Substitutions

Original Exemplary More

Residues | Substitutions Conservative
_ Substitutions

Ala (A) Val, Ley, lie Val

Arg (R) Lys, GIn, Asn Lys

Asn (N) Gin Gin

Asp (D) Glu Glu

Cys (C) Ser, Ala Ser

Gin (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, Gln, 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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inhibitors for treatnment of diseases. The E-to-Q

mut ati on nakes the aggrecanases biol ogically

i nactive, thereby enabling purification of inactive
protein in large anounts for use in gene therapy in
patients and al so for devel opnent of inhibitors.
[0100] Desired am no acid substitutions (whether
ConSEfAREH Ve Pig _n-LFonse[vaErYS)grgn be dEicS%}ncd

LILIL LIL}

SR S AT T SIS DU il i1 T —
subsit LY, in)nns I&Mﬁ% identify inportahi€anino

aci d_YaldMlues | de, Meb Lo Phien Al Nerdgugiret | des | beut he
invention or to increase or decrease the activity of

t he Ed@rtbecertain evhbddiments)consemvative aeninbedid substitutions also
Exenpl ary am no acid substitutions are set forth in

erlédthgass nJﬁWa%r&Q-ﬁ&btﬁ\ﬁn@@n‘ﬁn@%d rdidhewhidh e%.r’tgﬂéically

Exenpl ary Mre esi dues Substitutions Conservati

Byt o Bk e o S ool
%? ’Ser, Ala Ser Gn (Q Asn Asn dy (G Pro, Ala
S SHis HAsn, Gn, Lys, Ar Arg Ile | Leu, Val, Met,
Al a, Phe. Norleucine Leu Leu (L) Norleucine, lie,
val , [030R) Otper spacifiq mutatipps of ke Beguencessof aggrecanase proteins
Di am no-butyric Acid, A@n, Asn Arg
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
recognition 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 resuilt 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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Met (M Leu, Phe, lie Leu Phe (F) Leu, Val, Ile, Al a,
Tyr Leu Pro (P) Ala dy Ser (S) Thr, Ala, Cys Thr
42 Thr (T) Ser Ser Trp (W --Tyr, Phe Tyr Tyr (Y)
Trp, Phe, Thr, Ser Phe Val (V) lie, Met, Leu, Phe,
Al'a, Norieucine Leu [0101] In certain enbodiments,
conservative amno acid substitutions also enconpass

drs@lbseatuﬁd@lr bnQEi6HS of ﬁ%o@?@t@%@ﬁ% Ffrﬁ@'eﬂ& Em%fo? high

typically incorporated chem pti e syn esi s

SHfpRey hEpsiel 30 ki ate %ﬁ%ﬁé}é&nw{a‘? employ

a Fcanas rote crlbed herei n i nvol ve
higher fermpieh @Sﬁn@py@m t soneantsatians. Adgitienally, inclusion of
nodi fi cati ons i nvol ve O linked or Wnked
fymaraige adaq mr%aa%sstnmncm sterexamplechytiridizationodonditions at 60-
gl ycosylation or only partial glycosylation results

66?0 in the alzsemcedffotmsamide ooat 42°C with S0RpforAfamide, are both high
aspar agi ne-1inked gl ycosyl ati on recognition sites. The

sBrRehe@conrditibhgiked gl ycosyl ation recognition sites
conprlse tripeptide sequences which are specifically

r eco [y I X
ey FRCATE e REERE e EL A R Bhaeros i
ragi ne- X- eoni, ne, or, as e- X-serine
nEAaEE Snges Gichip TedtatawRoBR! idians wih ik RovAssadence of
substitutions_or deletions at one or both of the
SEQ 2 NQs:thi5 d, BnBA 6r 88 andhersadeoa funcated@ggreegmass pmtein
recognition site (and/or am no acid deletion at the
hadiagribe pbiity toodpave agytecann in@me erhpodimdndt DNA séquenees
nodi fied tripepti de sequence. Additionally, bacterial
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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expressi on of aggrecanase-related protein will also
result in production of a non- glycosylated protein,
even if the glycosylation sites are |eft unnodified.
111111. Aggrecanase Nucl eoti de Sequences [0103]

Nucl eic acids within the scope of the invention

i nclude isolated DNA and RNA sequences that hybridize

to t G105 Ooneditiens r@m@t@mngeﬁwsa@eﬁno\ﬁﬁ iftRCAR SR are

under conditions of noderate to high strlngency

e G S ok eh el Bdecd é?ffﬁ’ Repré@ syt Vol 1, Cold
SR8 HarhB PGS, (e Timely 1R B et lor praple, conditons

ét ri ng@ec% For exanpl e, hybridization conditions at

mogerte;stringraCyiREHde Use Gf 6 Prewashing salutiarpot5Xi3$C/0.5%
50% f ormam de, are both high stringency conditions.

SDSL 040 iV DIEA (piH8.0pand hybtidizatiore semditiomy ehabout 38°€-60°C
DNA sequences which hybridize under high to noderate

teshpenagestartondshing ovemight in'sx BIYE 6RsHRIM &t Qboutsgﬁ‘d Drhe
NOs: 3, 5, 7, 9, 32 or 33 and encode a truncated

skilld BARBASAIl Péé&g%ir}?bﬂ%ql‘rfrlg% Qoﬁ%ﬂxﬁ@ Hda} e 5811&&?%5 fgcessary

aggrecan I n one ence |nc

o ol B i B A e

I\/anual , CoI d Spring Harbor Laboratory, at 387 389
: Such stringent conditions conprise; for
exanple, 0.1X SSC, 0.1 % SDS, at 65" C. DNA sequences
i denfQ406:8tibg fusthen aspent iobthe imventien afeoDN/Aesequereces@voding
sequences that encode a protein which is at |east

trabcated SQkfredahases habingaéggreaamaﬁ)ﬁndﬁecﬂ% heipAtyi &adthepyet

at | east about 95% identical to t sequence of th

uindistiosad of indiBoversarddtvtiesdt" ani no acid
sequences set forth in Slesdi'ag%}gdﬁ?w'zge% 8, 10, 12

a”d,\@07B}¥°3getta?:%ilb@§988g¢ﬁ’§{§eﬁ&ﬂqﬁ?k%cgc{} of fpeiiny %rglon Ritclude

dera
nié e|c ic adid molecu?egl 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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stringent conditions to the DNA sequence encodi ng the
pepti de sequence of SEQ ID NO 4, 6, 8, 10, 12 or 13,
respectively. It is understood, however, that under
certain conditions, nucleic acid nol ecul es that encode
truncated proteins will hybridize to nucleic acid
mol ecul es encoding full-length proteins. 44 [01051

A AL B R

Coning: A Laborator Manyal

whighrmay mn&\sn?tzrﬁémwy an ggymo acmo ela@gﬁ%bal? def F dgvel
exanpl e, conditions of noderate stringency include

aggreeanases gesstitsid heyeiso| Vatiationsfingixe Smﬁtseamenmf Higgres 1, 3,
mM EDTA (pH 8.0) and hybridi zati on conditions of about

5, 559Gt @2G&nd 88pehichuare candedvdypohat mutationg fdr byrindicesSC
over ni ght at about 550C. The skilled artisan wll

mddfic28Bhg finthifin oqm%eﬁ%db%le%ﬁ HRY shBstutios) ®erifance the

necessar according to factors such as the length and

| Oh Rl b R QR i eRePigBR BIERGET erpglel”

uence enchln truncat ed aggrecanases havi ng
eng P@§ ietheiBY@IBiafk i ¢ activity or other yet
undi scl osed or undi scovered activities of )
agg Gt Avether aspert of theypresenonventiamingtudes yectors for use in a
nucl eic acids of the invention include nucleic acid

methbé of brprastivn cfitheske newy raggrecaresecpoippeptides. Preferably,
mutations that lead to increase in stability of such

vefPrs BPfI‘%Slnvéﬁtldrp%ntElrﬂéﬂ DA sb4®erice @ésc@iﬂéﬁfabove WhICh

vari ations of the seq uences of the invention;

engﬁﬁﬁ%h Hngs%dqé)% an ?r?or tcﬁve §ﬁ§%ﬂﬁé€’ﬁﬂgﬁéﬁﬁﬁé§@d the
st b S F reSerIEPPLSTLE0E secuonces

recanase activity, are also included in the
pepm tieg EXPraSSIAN SrAgdigeAnaserRPigin seaEensas;ehiheiiRvaHicnon
i ncl udes

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 (itt), 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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fragnents of the DNA sequences of the invention and
variants of such sequences that encode a protein with
aggrecanase activity. [0109] Simlarly, DNA seguences
whi ch code for aggrecanase proteins but which differ

i n codon sequence due to the degeneracies of the
genetic code or 45 allelic variations

nat ural,l.y-occurri e_.C ' [
frargf 50 PN <UUATIER SN IR SRS R oreRaaSs RBGRelde A DNA
acid change), als code no reganases .
moleeuler 35,56t REdN SEQD NOS oD % AL BRI B 3RSt of fregment
Figures 1, 3, 5,7, 9, 31, 32 and 33, which are
thersoismaytbe ke eitherdy oodstoca DINA malecwa enegadingi arathens
(including insertion, deletion, and substitution) to
agdtebamsse. the activity, half-life, or production of the
pol ypepti des encoded, are also enconpassed in the

i nvﬁf?t#%ué@?ﬁﬁg?%%:gﬁésfﬁ%ﬂingf the present

i nvention I nc or use in a nethod of

eXPiq3 3] Afofer HRPSE: GG 8GRI BIRVIRRThbHY

s for
Pretferaply, Vvectors o e Invention contain a | DNA

sequence descri bed, above whic S
Profgrecieeacrea progey i e e dfifhEcs MethHg ST i present
. the invention. ﬁ@ditLonallé .vectors contain .
invaptieminvolues euliwiags switatls eebling.ulichhas begr trapsfopged with a
expressi on of aggrecanase protein seg;;nces .of the
DNAsegquerme. encddirg a@govecanasequotais of inventien wigder the control
nodi fi ed sequences as described above are also

of R reBUIatore seliiendyse SEN transfontiedrhostddlls Brsmedltyred and the
the sequence of Figure 3 fromnucleotide #1 (atgQ)

agéltaé{cgbg%ﬁggutéﬁ%#é@g%b?v%d R @ified frof Meduidke ffedidm. The

cct), or Figure 7 from nucl eotide

oy oo A BB oo B deide yii MBS aro o
(cat), or Figure 23 fromnucleotide #1 (atg) through
prqdmeéoasd%el%aiggreabt?t F CRNGMIREBLE. fr om nucl eoti de #1

éﬁf:%gﬁ‘utﬂ?rS?Jlth%rt])Ienggl{segrtci:eolllelin#efs(r%g)t/ )bé nc‘)l;m?rtmglsarn c?éeﬂ%l,J gﬂgﬁ 25 Chinese
hamster ovary cells (CHO). The selection of suitable mammalian host cells and
methods for transformation, culture, ampilification, screening, product production,
and purification are known in the art. See, e.g., Gething and Sambrook, Nature,
203:620-625 (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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aggrecanase proteins could be mani pul ated to express
conposi te aggrecanase nolecules. Thus, the present

i nvention includes chineric DNA nol ecul es encodi ng an
aggrecanase protein conprising a fragnment from

nucl eoti de sequences set forth in SEQ ID NGs: 3, 5,

7, 9, 32, and 33 linked in correct reading 46 frane to

W BRI ARG ORI B anpgcppeso
Pt Bf thérayenien Frhadersl oeus! DB Siestinefte ioppte of an

encodi ng anot her aggrecanase. |V. Production of
ageghgeanaseisgenemlly iy nesessaryanot her aspect of the

present invention provides nmethods for producing

aggr[8d d4H¥any strainsnaf. yelast oells kemdwnl torthose skilleel indHe @it may also

the present invention involves culturing a suitable

becaVaildbieas hobt 66lisfes eRpRIBsidrPaBpAYpEtides tof tl@eh pk&¥&nt invention.

sequence encodi ng a aggrecanase protein of the
AR s ity Beskf JRScec il ey BERMA LA haedls n he
b e BRI FrBiofm e o, iRY £LEF 360eR Enghgering
substantially free fromother proteins with which they
8:47 £-288.(Rleryirn Feass 198Grand zeferensesdsited thet@iR.ani nant s.
[0112] Suitable cells or cell lines may be manmmal i an

cel 1 [©118] ¢ariaiss Gdtorssdisclbaed neay be amplayed in themopthodhaf
sel ection of suitable mammali an host cells and

travesfomingfosll lines amdaisiaily @ontainiskigctad @galdtbhcsddi®hces in
screeni ng, product production, and purification are

e st 51 BB BBl i o
il B8 T e e R e b Bt cots
e ARGkt e TS B e rt an

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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mammal i an cell line CV-1 may al so be suitable. [0113]
Bacterial cells may al so be suitable hosts. For
exanple, the various strains of E. co/l (e.g., HB1
01, MC1 061) are well-known as host cells in the field
of biotechnol ogy. Various strains of B. subtilis,

. Pseudononas, other bacilli and the 47 |ike nmay al so be

themhimsestid Ee@%@&éﬁélf%w@?:ﬁn%%??&éi O'dr for@ﬂ%mmﬁnt

proterns o e I nven erral cel

tEReSr vl St aaiia ol el ase C‘??ﬁ?af\‘?"&e%\e%%'ﬂg fusion

cells known to those skilled in the art may al so
prafein|og e siraplify, pyrifieatiansoffan exxessed repprobingot f;oa@mﬂ thes
of the present invention. Additionally, where
cafeasponding aggrecanase pratein drea fraginentdr avariant ofcstidhsprotein,
the nethod of the present invention. See, e.g. Mller

ineludig, forGerghple, Etaineatyd foem ofirtdggrétanasd e/fdthBfQﬁé

1986) 'and references cited therein. [0115] Vari ous

|ny§§ﬁ 2rsgnbl'r°r] 841%5?1% erﬁl tﬁgfﬁrPyR?PMée‘hﬁnfé‘?é)&?ﬁp % of such tags

es and usua y contain sel ec

bRt eP s ioncn BRAERbY NRyBRRTEAARB IS, srltope tag

capabl e of directi ng the replication and expression

FLAB: ths Herassimplesdiyeaprotain b, betzgaiacieddgse dpakkerskinding
for such vectors are known to those skilled in the art
protein, stigptavidietagoereglutatiipee &-tignsfecase. hin sresembetisent, a
Such selection is routine and does not form part of

niidleicracis sequenveceridoding &@dd [ linked inkrdrhe to amudiic atid
can construct manmalian vectors by enploying a

sé'&gérﬁﬂecerﬂf"ddg?gsﬁg ?@gf&gﬁb% 'of’ﬂ’%jmvéﬁﬁorﬁgﬁ"g%b%%r q& priduction of

and uncat e

< SRR o ap Y TP o eeombi

%%Vo%ngggre];gﬁas%xggﬁelné mclude 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 aiso 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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sequence set forth in SEQID NGO 4, 6, 8, 10, 12 or
13, or a fragnent or a variant thereof, and, for
exanple, a tag; i.e., a second protein or at |east one
amino acid, fromabout 2 to 50 am no acids, or from
about 50 to about 100 ami no acids, which are added to
the am no term nus of, the carboxy term nus of, or any
: | s . .
'@?gfﬁ'gé‘;“ﬁé"“seﬁgé BobfeaAgkag W SmEREEE N uBliofifin their catalytic
T apino, acid tags are made to
sta ﬁl %r?e %ﬁ@ﬁﬁéﬂéfm’%@q#u@’ ﬁaﬂij Bein or to si mplify
puri fi ion of an expressed reconbi nant form of the
corr %ﬁdﬁeﬁg tign pf Antikediesr otein or a fragment or a
variant of such protein, including, for exanple, a
trund@i & lﬁ@ﬂﬁﬁﬁ%ﬂ%"&@ﬁﬂ@cm&ﬁ@et inventioms ofaytbesused to generate
i nvention. Such tags are known in the art.

artipodiesneitheénmongelopalesr prilyciosdl, tcﬁa%grelcaﬁéwlénd/or other
sequences whi ch encode a series of histidine residues,

ag@ﬂema‘is@wé@@ profedls, using mbtheRs nog'dﬁﬂb86¥ glrdﬂifbﬂbﬁttﬁét”are

bet a- gal act osi dase, i ng

nbﬁéémrrégr?s\y rﬂﬁﬁ‘\% e?hbg %gp equeﬁ@%ﬁbﬁ%ﬁﬁlcyc{eggaﬁpodles to
g Etese a1ty %e?qtﬁsrﬁl#ﬁi{?ﬁﬁflﬁeéﬁavbgﬂeewg&% antibodies

r ciuct on of a recgaonbi nant or fusion aggrecanase
ﬂ%\t&t RFhagaracanasg achdtyang afiRadies thatisionot: Therantinodias may be
l‘I§gg‘llflecanase proteins include, for exanple, truncated

érrdetectian andioy padfication af dggrecanast orfiefffed pooteltss, or for
shown in Figure 17, and truncated aggrecanase-2

lrd‘riblﬂngsmr\pre\t’enﬁlrgmerdﬂeﬁfé offég BEavash. ”Ag%%cgﬁéséésg%e invention

in Figure nucl ei ¢ aci sequence

of Péﬁﬁﬁsetﬂe?élﬂrrﬁ Bé%‘?infecfgo?é%p?ﬁe Eﬂﬂp&hgﬁﬂ%(t ecffigajypind to

reptavidin tag 1s set ure
encodes a truncated aggrecanase-2 fusion
aéé?&%cgﬂé%éet forth in Figure 15. [0118] Simlarly,

T eaat A Awads Gibs tah%q%m T praadeonaiiianal Aieridema
tgc?:nﬁddesv(el(sohﬁgrnar?cli Mllsteln 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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produced as fusion proteins using, for exanple, the
am no acid sequence set forth in SEQID NO 30, or a
fragnent or variant thereof, and, for exanple, a tag
as discussed above. Exanpl es of aggrecanase-1 and -2
fusion proteins of the 49 invention, including
aggrecanases with amno acid nutations in their

cat akyti i n set forth in Figures 14, 15, 17

and ﬁ iﬁveﬁéﬁ&%’iﬁﬁm bodi es [0119] Isol at ed

pr ot el I he present inventiqns may, be used to
genef@@]vﬁ'ﬂuﬁéﬁpagﬂonﬁiwﬁ@@ geadhilis e Wi ha |

t 0 aggrecanase and/or other aggrecanase-rel ated

CB?@C%FW@,C’ ki degragatien ot aggresan; %Uweiﬂfedﬁnumccaiad taggrecanases of
are generally known in the art. Thus, the present
theningantiom andsggrecanases witht mbitatiors that leaddodnereased etability and
other related proteins. The anti bodi es include both

eRpicisBiM I@Selsth%‘ggbéﬁHéséﬁ rhaRre Masessisb ity igenerité aggrecanase

anti bodi es that do not. The antibodi es may be

nidiécules ﬁ?Fajrgé‘ APt Ine it ;icﬁﬁlék@pp‘?ﬁhiBﬁgrrsetBadﬁ%@{qqgg.

related proteins, or for ng or prev

effe adar ecanase. Aggrecapases of the inventjon
or oo TERI LSRR BB O RS PBoslicRs pembrising an
antibodi es that specifically bind to aggrecanase.
aggresenagainyBidere dnbiitorsamay de devalopedinping an/aggrecanase
tradi tional hybridoma techniques (Kohler and
maleculeiof thevinventior f6sereBningagsayE Mvyalving @ombituenof aldkecan
nmet hods (for exanple, U S. Pat. No. 4,816,567), or

spbstestediitiphaynhibitdrmofeigesecarisetactivity felibivdd by éﬁl\(g%ure to
(C ackson et al., Nature 352: 624-628 (1991); rks et

adfrecan’ - InhBitorEEsH be %3%@%'&%9 ﬁm?q@%ipg@é%éﬁ such as

anti body production techni ques,

o SR K9 o o e B e
dgrﬁlgﬁsqg)ﬁglnstr%%urgFarlfglggis ia%d}cl)qrecc}ntngx?ttepgpdtedogrutghdeesign. 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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di seases descri bed bel ow. Antibodies can al so be used
in the assays and nethods of detection described. 50
Vi . Devel opnent of Inhibitors (0122] Various
conditions such as osteoarthritis are known to be
characterized by degradati on of aggrecan. Therefore,
truncat ed aggrecanases of the invention and

PRPMIEFRISaSES métfblﬁ%ﬂtdcao sita%n égfg’rgcéﬁaéé‘ﬁ{o?é’c?ﬁé’s For

ty and expression eve S ggr ecanases,
oA B S 8 eGSR S B aH g moeculs oan

canases. w%0123 The invention therefore provides
bégf%&fpf thendevelapmest ﬁbpwldea@@rmt@aﬁaé\sgreqmaseﬂomolecules that
I nhibitors may be devel oped using an aggrecanase
camipsiselan bitot@aniing awcid charge withiegthe mgtalgiagemain are set forth in
involving a m xture of aggrecan substrate with an

Figure 0i7t. oBintifariggaminasisiesetticnde tof ahcédg?é@ﬁéﬁé-zméwlé with an
to aggrecan. Inhibitors can be screened using high

EttBrCIQ %:é@pté gﬁ g%ff@ﬁe‘ﬁlﬂ \ﬁ}rt'@'ﬂ the ca@xﬁcﬁ&@ﬁ% Oﬁ‘% <kt 'fbnj?ﬁ # Pigure 21

can a
e ) sional structural analysis and/or conputer
(%EQ lg)%l ?jesi gn The nethod may entail
detegﬂLgﬁtlon blndlng sites for inhibitors based on
t he isegsgclreabment apd Riagnosis aggrecanase and
aggrecan and devel opi ng nol ecules reactive with a
bi ndit24iinkibdersfAcarecrnaseActivijymayhe usaddn the treatment of
nmol ecul es are assayed for inhibitory activity.
disedises aestribecibelowd Inbibitods canralstebe uspd g the assdyistandsmethods
of aggrecanase nol ecul es are known to those skilled in

of Heteztibn ddscribsd.ayafieus dikaskes ltﬁ@ttar@%owl’é#nél%\f@dl a8'Heftg treatable
of aggrecanase inhibitors involves, for exanple,

bg‘%{égr%fpggtgg% gf éﬁ%{e@gﬁ%f#’g e Hvéﬁ%rﬁﬂcldﬂé‘ Bt ?Fe r}’l\bttl'?mted to,

wed by neasuréne
oA oo SNEERARR PR i o HUARES sovtc

BAAEL S o i -
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, ostecpenias, tempero

mandibular joint disease, demyelating diseases of the nervous system, organ
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cl eavage at an aggrecanase susceptible site.

I nhibitors may be proteins, peptides, antibodies, or
chem cal conpounds. In one enbodi ment, inhibitors are
51 peptide nol ecules that bind an active site on
aggrecanase nol ecul es. For exanple, active site

mut ants of aggrecanase-1 and aggrecanase-2 nol ecul es

treamsplare tosdeity And réjB@ticSH%%bﬁ%?é‘lﬂ@yfﬁ%ﬂe@g%}ipg% restenosis,

i nhi bitors. Aggrecanase-1 nolecu

it ' hr L Pibhin the catal ytic gdomai
dref e} 8RR eherE AR Bl AlkeBiabfrscinitat sivig paaltered

C f an aggrecanase-2 nolecule with an E to Q

@ﬁg%‘g%‘ag“?qﬁ‘é@r tion 411 within the catalytic domain is
set for in Figure 21 (SEQID NO 30). Vill. D sease
Tr eat[m Knibitars gad sntibpdies 4f the invention thatf inhibit activity of
aggrecanase activity may be used in the treatment of
aggreranased ancrormeurus. thahlowerexbrestich af 8§gra8anaSsh may be
in Ehe assays and nmethods of detection described.
usediimtive tleatraeitsoftdhytdissseCinry I%P%a?ﬁw\fb?\}éggd%g@g]%ﬁon of the

treatable by using inhibitors of aggrecanases 0
ShUGaa malth, 'Af efieklive' ol of eSS i bt apareganase

[ hritis. ., septic arthritis, periodontal
ahﬁ@%@?ég’f Tufbhats) ing PB?%{E@QﬁHt'%hb?GPMﬁ\b  valtislesanybe used for
t hy onbos; from at heroscl erotic plaque rupture,
tr&ﬁ&ﬂ?% ISgR74S, suah a8 psteoartimitisnarothey disemses disclosed which
di sease, Crohn's disease, enphysemn, acute respiratory
afR gharasterizedrhy degradatiom ohmatiix proteinsbstichias aygrecan, by
pul nonary di sease, Al zheiner's disease, brain and
apgrexaopsestnd aggrécHiaReetedpr@aRR, esi s, Parkinson's
di sease, mgraine, depression, peripheral neuropathy,

Hunt ypgt ﬂ@nﬁirﬁéﬁﬁﬂﬁﬁ' multiple sclerosis, ocular
angi ogenesi s, nacul ar degeneration, aortic aneurysm

Ty o bR bt 4ol ALV B Fimacrtioa o
c%rﬂbﬁ%@ngngggﬂ}%rﬁlﬁa réafhegaYpseturti%ghV g*fgct?\}oel gn%[lrg’l gfsénséggrecanase

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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cord injury, acute and chroni c neur-odegenerative

di seases, osteopenlas, tenpero nmandi bul ar joint

di sease, denyel ating di seases of the nervous system
organ 52 transplant toxicity and rejection, cachexia,
al l ergy, tissue ulcerations, restenosis, and other

di seases characterized by altered aggrecanase activity

| . i bit q
o L PRI R et hver Ve R bl b reat
. , ds_that | i f
VRS PRAAEE SN efL in BT A ehibas o Jabm orpocment, the
s ' mamml that i | d dat i f th
BUBBRE A RRIah e e 4BeClr e o st o vy

one of ag%recanase anti bodies or inhibitors, in a
t

ashaeiAtacbwith enl aggrecangseqirotein clelative toain Sggrésasaddprotein not
treatment of di seases, such as osteoarthritis, or '

botihd bydhs ezses adtib@dyosmcbnd‘étﬁbodﬁ‘ﬁé’rllqt‘,: MM S of ﬁ%dingéntion can

degradation of matrix proteins, such as aggrecan,

. b ins. Vill. .
T S o1 e eR A, B lfocuia thieciie relatve

Vi NI C Qsitiong containing a
PR CRRg BRI bt AP AR nyBodn” T srealarmatodiments, an
LA bidor _or antibody. Therefore, these conpositions
aéWbﬁ#?%@Wﬁcaﬂa%ﬁw 8@%@ by @t {east oneanftee presently disclosed
d',scgﬁses_ characterized by the degradati on of aggrecan
aﬁbb essdé@?@b%@ble@_ﬁ&?@%, mayabe inftilsited af lebst 60, 62, 64, 66, 68,
aggrecanase-li ke activity. [0 127] The invention

70nC2, % 5 6778} 80582,084, 196 0F BO%, MA4Y BBLSHBHES Bt [aeBégF ggggﬁ 92, 93,

conditions characterized by a degradation o

0T94%e ofPAdIOBS inhiBitsPadbast 9524t IGI rqg%’ ‘?é\%{i\‘?c? Foegﬁﬁérgc%q@se

adm ni stering to a patient nee Such 1
PRICIRIhAL'S (TRIdhally & 1TRER iR aF eSSty iigdapes pytibadies.

acti fd1§§] Gleheirasily? 88rtn%ggljtiglt1§ gf %hheaérésgwt' giret g&%in?étered 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 ug/kg to about 10 mg/kg, about 1
Hg/kg to about 1 mg/kg, about 10 Hg/kg to about 1 mg/kg, about 10 pg/kg to about
100 pg/kg, about 100 ug 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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the invention may function either by inhibiting
aggrecanase activity or sinply by regulating |evels
of aggrecanases in a disease state. 53 [01281

I nhibitors of the present invention are useful to

di agnose or treat various nedical disorders in humans
or animals. In one enbodi nent, the antibodies of the

Gemepally, BppFoptiabs thisapeliti déﬁédféstfoﬁ bdffsseringtan RdMitor may
one activity associated with an aggrecanasé protein,

A R g PP ARAR TR 18 itk 08 e, '?ors % (g toabou
5%53%2@%@?39' R0 45 pbolthzd B i 28501 4075 abolien mo.

grecanase that is not bound by an antlbod I n

Qs capReadministeredin orzﬁzﬂowtqr aéﬂntsﬁ/aé@gu@?s asense daily,
mhen bound by at |east one of the presently disclosed

onne wWestklye or onse inndntbiyt ddosagd schadutefor mdmibistration of an
inhibited at | east 60, 62, 64, 66, 68, 70, 72, 72,

adfrecéPasthhibitor dih bS8 adjustedBBasedrdy, foe ekampld, ttRg aaﬁnlty of the
east 90, 91, 92, 93, or 94% or may be inhibited at

inHisir 19Pie bE %Qg%%@ 'tél?b}’ &hé Paltllfe Bfﬂ{eelﬁﬁ%? rﬂ1 i dVerity of

that is not oun east one of the present
o SR S i gy I on.
mxw%ﬂ@éﬁrc%hgfq‘ﬁébﬁwbea%d'gg%u%ﬂ% NS oRS M0 4t Used after the

rrgJ % about | pg/kg to about 10 nmg/ kg, . about | pg/ kg
1 ng/ kg, about 10 pg/kg to about 1 ng/ kg,

about 10 pg/ kg to about 100 pg/kg, about 100 pg to
abou{013 Tigiokigity @nddhersapebli efficdoy df suah @ompourgiskean be
Anti bodi es are adm ni stered as a bol us dose, to

deterhithad by Rearidaire phatmatedtio® prdtdidurdd i ¢HIl diREe @F exBBrimental
circulate in the patient's body followng their

aﬁﬁ‘ﬂél%é&él@t & ‘Sf; eng dgle'?ﬁnrﬂﬁé e i_Ds?C&Eé lfade géth'af‘fds%‘gogofltﬂe

rmyaso ter aninitia ol us dose

PH8RleER) 5@? FishEDR (e 3%?@9'&?95%@ Hecfiedt o or e

p%a a% jc' Tﬁe %tolscda ergflo %e%webé)nd OXIC and %e?ggé?.ltlc 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
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conmpounds. The effective anmount of an inhibitor is a
dosage which is useful for reducing activity of
aggrecanases to achieve a desired biol ogical outcone.
54 Generally, appropriate therapeutic dosages for
adm ni stering an inhibitor may range, for exanple,
fromabout 5 ng to about 100 ng, fromabout 15 ng to

about 8 from abaout .. 7.0 (i -
arigh inoseis §scrieion 2reub b P ePiGH it Boo® hal SRivits
adm ni stered in one dose, or at intervals such as, once
anyléyso ;(I,-e-, M@WH@QMPT‘ 6%? thentest %Hb@éwwh&fb%@e‘é%é dglt4gaximal
for admi nistration of an aggrecanase inhibitor can be
inbitjtiost afcsybeptothsyas deterniredbyecelltauiucd assaysy ledvelhin plasma
inhibitor for its aggrecanase target, the half-life of
may el Basired! for@xaniphe, BeNighi parfapantcBdiquii comatography. The
condition. Generally, inhibitors are admnistered as a

effftts'Bf ngga Eapfg@lar.’ﬁ@ébﬁb %%nttféegfonﬁbfﬁ%ﬁ‘gp fsblk %E%S%EXF s

ntinu usi ons”may al so be use ter t

e [ LClt | Coeff] of such
EXfss i tbancHbiona e TR B auBh Hesafy,
har maceuti cal proce es in cell cultuyre or . .
tr%as‘@ptlﬁe ed a&%ﬁ»ﬁ%ﬂgﬁkﬁp@,m/ée@p}orf bipding: assavsi frgating kinase
LD50 (the dose lethal to 50% of the population) and
assaysFassaysthasedanetherdiffatentiation of pre-atiipocytes, rasayhasged on
the population). The dose ratio between toxic and

glubssenptakiedn eldippeytes, ant hemurtegicalddsaysndex and it
can be expressed as the ratio LD50o/ ED50. |nhibitors,

whi Crmsgi;'_m&fﬂgfgg?@ %ﬁg@fgﬁgﬁ iRveMBrCRRIud SdrERIKEARG ¥n

preferr ained fromcell culture

aGp E{3aSl P BorolftofiiobRAny, Fekafitall ¢Jdlyres 8 implant
such compqunds may lie within a range.of circul atjng .
orc% R, Gt eoksiah f9rhe AruBRg aiph et comAaBsh gy be
toxicity. The dosage may vary within this range =
d@sﬂnmcﬁy thepattending pbysigiantaasedanyarias @eters nehieh magify the
of administration utilized. For any
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 dose 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 nhi bitor used according to the present invention, a
therapeutically effective dose can be estimated
initially fromcell culture assays. A dose may be
fornmulated in 55 animal nodels to achieve a
circulating plasma concentration range that exhibits
an 1C50 (Le., the concentration of the test anti body

e by EHRERrSS 22| be RS0 ol Beibic 48 5%% [ 4Ease
F’F@%feg o e o2 BRnGTioRba o7 GBI i Kiraum R or

0%52% Can be n| tored bﬁ Sui tabl e bi oassays. o
legingomadaiiiem syngyigh uig\@nalysis, ang/onalinies) iexaminagion.
assays, transcription-based assays, CDF
pr ot éX-nAstptand Methiodg of Detestioar eat i ne ki nase
assays, assays based on the differentiation of

pr e- waﬁd'yneahlbdewaad aatibotlies of thelinventiontcakded used in assays
adi pocytes, and i mmunol ogi cal assays. [0133]

ahdenetpeds iof detddlioftoUetéming BNE Presthde S abitence Qf or quantify
adm ni stering an aggrecanase i nh| bitor composit

d’g BRACERESY i in. ssén%ﬂbc ey mh%rto]'s? tlﬁéccij%g #fﬂiﬁ% gﬁsgﬁ?hventlon

devi ce. e dosage regi nmen
detern1ned by the attend
*%C@?@%éﬂ?ﬁgét%& 3050aGA58E ralains. WO e y By serretating the
action of tq aggﬁgcanase protein, the site of
PreRance A eve!inf taesa prateing it @ disease, one of skilldmthesart can
age, sex, and diet, the severity of any inflanmmtion,

diagnesetthe asancintad disease andeteride ité severity. Dis¢ases that may be
CGenerally, systemic or injectable admnistration wll

dizgriosid! ibytthd presentiiogisclobed mhilsitars @nmaéﬁtsbo@ﬁéseéﬂé é@.‘?’forth above.

and the dose w |l be increased over a presel ected

ti e (@6 Pteetidrd matRasy fof YiSe %l{hegﬁtIBO%I%Q% YEf i kppwp in the art

Subseque tly, 1ncremental increases 1n

RAAUATEISR, fioifjfods Bl iR BB Qe ahToRE) " "

dverﬁ affects that maé: %%ear The addition of
igRpTlYorsRRenceIptraune-precipiation. apd aeen saraparabls teshsigues.
affect the dosage

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 components, packaging, instructions, or other
material to aid the detection of an alggrecanase 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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56 [0134] Progress can be nonitored by periodic

assessnent of disease progression. The progress can

be nonitored, for exanple, by X-rays, MRl or other

i magi ng nodalities, synovial fluid analysis, and/or

clinical examnation. [|X Assays and Mt hods of

Det ection [0135] The inhibitors and anti bodi es of the

aAYS, A 0
ARG L) R ahfonen e e hiaBR 86 1T hyoropppres,
] ecanase in S | e. The inhibitors and

cffeifinsres 403 Hivtr, SiediEhidense TRagens. easanes and ligands
det ect aggrecanase proteins, in vivo or in vitro. By
ha¥Pgsipg INEBg F}ﬁ"&@&rc Engymes\ase typicallyedeteptiedt by their activity.
with a disease, one of skill in the art can diagnose
Fonexampls: inorseradisheparoxidase eaerbe detectes ekt ablity to convert

Di seases that may be diagnosed by the presently
tetiameéhytbbnzidmd (TMBS _t@a<blt§’élﬁld3ﬁént?§uaﬁtﬁia%ﬂ9é witA'd h

above. [0136] Detection nethods for use wth
o ik St yefinre, Bl lSipfind avidin or

j A - np- precipitation, and other
St 0 S B o A 3 L B RuieRatp et couples known
.d%bov“ged in a diagnostic kit that incorporates at
NY&AMone of these techniques to detect a protein

(e.g., an_aggrecanase protein). Such a kit may

cont K138 Therolbawipgrexamples iitistratenpractios of thet present iavention in
~other material to aid the detection of an aggrecanase
ispladingi and ahdractetizing huaen aggrecdnase abd otitdr ddifekantase-related
When protein inhibitors, for exanple, peptide

piotsing! bBtaming e HER@N frotetns anai%@gwggtgéjﬁnfg}/eg% yia

proteln-proteln Interaction assa

r ﬁ%ﬁhaﬂﬁgpﬁmhgggbitors are intended for diagnhostic

pur poses, be desirable to nodify them for
exanple, with a ligand group (such as biotin) or a

| e marker group (such as a fluorescent group,
Egﬁ@@f'g sotope or an enzyne). If desired, the

anti bodi es (whet her polyclonal or nonoclonal) may be
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 ampilification of 7 different oligo dT-
primed human cDNA libraries including placenté, brain, muscle, lung, heart,
uterus énd 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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57 | abel ed using conventional techniques. Suitable

| abel s i nclude fluorophores, chronophores,

radi oacti ve atons, el ectron-dense reagents, enzynes,
and |igands having specific binding partners. Enzynes
are typically detected by their activity. For

exanpl e, horseradi sh peroxi dase can be detected by its

ATRAMTISNS iwbre GaviBlidws:t 5t% get hyl benzi dine (TMB) to a
bl ue pignment, quantifiable wth a spectrophotoneter.

, I s . do. hiot i
AT A T R AT e T ARRET L SCAEIT SRBCA (SERuD No: 16),
tor-li I k inth t. [O
whiT IpEpBThaR Apr LS GACTS: A Bn HaRft| S (PAARIC)
present invention in isolating and characterizing
upstraameefthe sdard sedem (A HGHof tl‘@ggDéMTﬁéesecmemecand 3' primer: 5'
proteins, obtaining the human proteins and expressing
CACGBOTEAGATGRATEAATIBORGG (SEQIDINGS 17). ERANRrsaquences for
Exanpl e 1: C oning of Al DAMIS-5 (Aggrecanase-2) [0139]
. . f .
P e TR S e S eCATTC

A MR8 R 00161385 e P AAPH NRE G hcscc
R TREATC O CoTBAChalAR Y Ca i WP QT ol wiieh

.PCR. Tissue expression cgattern of aggrecanase-5 was
incoreerated anid birtal AMATEEER) and eaNat ¢itef(GCEECLTEEd
dT- prinmed human cl DNA |ibraries including placenta,

dowmistreanmuetthe, stbpiogdom EBAG) for ABAMT Sx6( BORprbdaets df the
PCR priners that anplified 5 and 3' regions of the

a lat&shzes BNAmpHficatie §tod et oFer. ificati
g@pﬁ?‘fyi skzef BN SPﬁf?Jorlti gﬁ‘oof . 403%618'8RE B° aflification 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 il per 50 pi reaction; the amount of Not1
linearized library used was 0.2 ng/p! 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 resuiting 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.
59



ADAMTS-5 were as follows: 5 priner:

5' GACTGACTGAATTCATACCCATAAAGTCCCAGTCGCGCA (SEQ I D NO
16), which incorporated an 8 bp tall (GACTGACT), and
an EcoRl site (GAATTC) wupstream of the start codon
(ATG of the ADAMIS-5 sequence and 3' priner: 5
CAGGGCTTAGATGCATCAATCGCTGG (SEQ ID NO 17). Priner

se fQr .. Lifying 3% portjo f S—5vvere
asqf“@‘?%muagqu?%%?qu%nc#faa&&%%ﬂ%i\éﬁ%ﬂ
(SEQ ID NO 18) and 3 prlrrer 5" AAATGCCECCCGEC
cansensxssegusnoeTdgivedfrandne POR produatsy hwasilendchanges were
which incorporated an 8 bp tall (AAATGGEEC) and a Notl

reflected(ictitssegpncel agcompszed b6 thehpulsiishe dsetiuence 4@) ADAMTS-5.
for ADAMIS-5. PCR products of the appropriate size,

Theséthahfes aer®a BOAndA aphudlébtdd# 7aMdarid an Ato a G at
anplification product of 1519 bp were found using a

nﬂ’é&é&étw‘et # rom(mb)’n StartPat { g:SrEtheﬂ1 tﬁ% G245t cHion for

tec was used for t reactlons.

ATERES:B0.TBR it cBRUA bl Q@E&F‘.”r%ﬁﬂmgtyfﬁ%% (ORF) for

unt of GC Melt used was 10 reacti on;
AP@%LQRFcﬁnd\étand 3l unteansiatel |regupa$ UT w@as sebeloned into
ng/ pl reaction; and the anount of each oligo used was
the rpammajianr@me’ssion vegptoripidpedpel.t i ons were as
follows: 950C for 1 min, one cycle; followed by 30

cycl [@442pATDNA egprdssiiy theffall-lerigtis dahfe' é‘g?l@caﬁaﬁé-a-(hAgg-
The 2 overl apping PCR products resulting fromthe

{ d=56Tb (
T i e e e R IR T T (P

Pl B ek et PER ﬁﬂ@ﬂfﬁ%ﬁaﬁaéﬁﬁeﬁ?%ﬁ%ﬂ% 583y g vaes-4400
(RS oGRS R b SR PTols RS SR htng o

Technol ogi es (Carl shad, CA). Coned PCR fragnents of
repBALITSE the et eperatard@nssen@ndddujard, S5gaeNat. Asad. 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 inciuding a C-terminal protein

purification tag was constructed using 3 DNA fragments from the full-length
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(0141 ] Nucl eotide sequence for full-length ADAMIS-5
protein was the consensus sequence derived fromthe
PCR products. Two silent changes were reflected in
this sequence as conpared to the published sequence
for ADAMIS-5. These changes were a Gto an A at

nucl eotide # 711 and an Ato a G at nucleotide # 2046

ADRISD Chefif ool el & SEhe SR G, apanrs

wis affEdet Ao ARt a2 Mol e 2UPleDith Sagcanase
into _the manmaljan expression vector pED6-dpc2.

prptein Pralinespiy @iy tesJuth ienglfe pretein isdvrdemminahefa cleavage site in
aggrecanase-2 (hAgg- 2)/ ADAMIS-5 protein was cl oned

therfulblangth erqteins sThe 3D MA fragnpefitsconsisted obh 8377 bpr8grA1/Not1
derived from pED (Kaufman, et alL, Nucleic Acids Res.

fragiéritiordihg theXH Topheve vertoR BakkborihRd bty portidhsr

adenomaj or | ate pronoter and inserting six repeats of

t j I
ARAFITSES BRS04 BRI EED. M Iadto oo ABAMT S Snd a 304
' - 2. WA j b transfect.i.n

P - ~Se i n
o BSOS S aREn CeaBntE RPN T8Y ¢ igBBisieeles

.05, UM nethotrexate. Cl ones were screened for
fragrpenlstseddobuild she Jd0kp synthetic dunlexvereas follows:

condi tioned nedia using a polyclonal antibody specific

oligonuclagtjde dragasant 1. STHEACHAAGATEFGTTGRAAGGT TEAATAAGAAAA
from CHO DUKX 1311 cells (U laub and Chasin, Proc.

GRAAGGBITACATTGACGTBGTGAGEIATICI8EQLABRIO: 4n); sligdHutieotide

integrating a transcriptional activator, a fusion

frifthages 4 @r@ew@@emmw@éodm&e&cg%@ﬁgéem

tTanscription activation domain ssen an

ARERASGCSERLIT N STt et AR A5 22
paRtRy e hrolMeshia ISPk 8B 7 NERcad Steep-tag f protein
purification tag from IBA fused C-terminus to amino acid 752 of the truncated
ADAMTS-5 protein, oligonucleotide fragment 3: 5
GGCCGCCTTATTTTTCGAACTGCGGGTGGCTC
CAAGCAGATCCGGATCCAGGAATCCTCAC (SEQ ID NO: 24) and
oligonucleotide fragment 4: 5'
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 pl 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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ADAMIS-5 construct descri bed above and a synthetic DNA
dupl ex. ADAMIS-5 was truncated at am no acid residue
752 (Pro) of the full-length aggrecanase protein.
Proline at 752 in the full length proteinis

N-term nal of a cleavage site in the full-length
protein. The 3 DNA fragnents consisted of a 5777 bp

o Rl G 156 3 A R R eR5Bc above.
SIRdata i AeRn enAnaghITars ek e URneArIoEsesl, tigatat products
ol i gonucl eotide fragnents used to build the 110 bp

weimused fatraogiosn ElecicolAXt BHI16Bscelisdrom duifiecT eahniottiies
fragment 1: 5' GTACAAAGATTGTTGGAACCTTTAATAAGAAAA

(CEFSAAAST R CATEGACRBEETIIAERE Bligor SEadides Were?8dquenced to

ol i gonucl eoti de fragnent

2.
ikl e S
SEEBE K et pullecf S Bl BhRElg Yo 1 oa f used

C-termnus to amno acid 752 of the truncated

ADAMI'S-.5 tein, ] tide fr nt 3. 5
Ekaifie 2, Xprossianoich BANES Savid typoWT) Bind Active Site Mutant

CAAGCAGATASMIATCCAGGAATCCTCAC (SEQ 1D NO 24) and
ol i gonucl eoti de fragnent 4: 5

cACARdARGTEHAEetiawiere tarpiaated AABTABSMTS: 5-WICDTASM
(SEQ I D NO 25). Each oligonucl eotide fragnent was

expireasiod vestars fusirg Lipofaectie fLifelechnoibgikd, )./ The velidwere
sterile water. Equal volunes (10 pl each) of

platédiiontel resénts 6 8AMREL and NN M’éfr%tr@xé%ngfﬂz‘ gélgction and

vol unes (10 pl each) of = oligonucleotide fragnmen
i [370 I r 0. r .
b 570, 8 Ol e 2R ol BRRE L prpinced
cdll el &t ik s81e885n Sedium.
[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).
Mﬁtagenesis 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 aggrgcanase-z protein (SEQ ID NO: 30).

This mutation was shown to inactivate the catalytic activity of mini-stromelysin-1
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used in the final ligation wth the 3 ADAMIS-5 DNA
fragnments descri bed above. Standard |ligation enzyne,
buffers and conditions were used. Ligated products
were used to transform El ectroMAX DHLIOB cells from

Li fe Technol ogi es (Carl sbad, CA). The cl oned synthetic
ol i gonucl eoti des were sequenced to determne fidelity

(Brsble/6r &, &Pr&iéiH‘E?fg%eé:rirg"f @3%?#0?&%%@(@? ﬂt@aﬁ%@ line,stably

representation of = Str avi

R e At W&%ﬂ&ﬁtmf V&Zﬁ egﬁin%cﬁé'y tensiopting
' ADAMTS- 5- WI'
Pt oREiAcE L ERuTe EHGIAY calisrand. selesiing vionesiin <05 4
Technol ogies, Inc.). The cells were plated in the

mathateexate o Clomss weks saregned forAgtecantises2anrobdish by western
sel ection and incubated at 370C, 5% C02 for 2 weeks

analysisi af conditienptl chediaausing ¥ puNtishdl 'éhﬂbo&? 'sFebnhE ?&r

while cultured in selection nedium n anot her
Aggmuanﬁggiz CHO cells were transfected with active
S|te nmut ants for aggrecanase- 1, as depicted in Figure

I\/Ut ant aﬁgh%&g]aﬁ%@éﬁé@' &tli'é%% eﬂjtalg\éf%ﬁsmt%e"[ molecules

enerated..usin t he Qui ckChange
0@%%6'3@5&@ %t&Qn doured ' i Bpehamatio copresetation, of
Mut agene5| s was perfornmed on pHTop/ Agg-2 using
rqqngt@a Keteaérd spgeecapasedt moladutas oftheHnvention that include an
(Stratagene, catalog # 200518). The single base pair

ErtotQmutatior otheGatalyBboniin e Nuded at:rd s’bqi.léWJeS éh@oﬂf?\ these
acid change at position 411 (E-to-Q he catal yt1i g

agyreeanasy-1 a961L6GR_ATE clorSdPint tﬁg (a?ﬁ%dr%t@@etct?bq) for e&ghﬁ)Ie

mut ati on was shown to inactiva al yti

T | eele et al
PIITLD thictose, Bhd subseqUenietdidelRaumte i aeprortlas cpl fae: or
eﬂrﬁﬁ’lE}ICHO cells. Stable transfectants for aggrecanases of the invention can
bé 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 celis expressing ADAMTS-5 WT or
ASM were loaded on a 12% SDS-PAGE gel under reducing conditions. 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, W1).
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expressing hAgg-2(E41 1Q active site nutant was
obt ai ned by transfecting pHTop/hAgg-2(E41 1 Q into
CHO A2 cells and selecting clones in .05 /1M

met hotrexate. Clones were screened for Aggrecanase-?2
expression by western analysis of conditioned nedia
usi ng a pol yclonal antibody specific for

AQUT EPRITAHE aRothis @kb&%@hi,huﬁg@gg rggaragi f??wieeH@‘Sells

active site of aggrecanasé-| A
' ' ' [ A7 1 i
eSS et BRI B anerablcfeils wrdBadSthkee Jrecsns-

P@gcﬁes of thF i nvention that include an E—to-%‘

t iR TPRULS BT sugh.a1) experimpat are shrwrinFigyrei19. Briefly, CHO
sequences encodi ng these aggrecanase-l nolecules are

celiswete traaﬁestechwgm @piucieie acittencading eiteerctngheated pgrazanase
di scl osed, and subsequently transfected into an

2dyom epinaaeid# thiougkantino ackk#567 cor triated h§greshfls&2 from
transfectants for aggrec anases of the invention can

afins atied ¢dnRugheRfinolfdd 2895 Sor #ﬁ%@%&é@g téé(@fe:ég?nlg% f-length

active site aggrecanase mutants can be

<R3 8B Sl OB Rl oorossin
oA R 0 5P 0 Bt B s s

reduci ng conditions. The sanples were then
tfve%ﬁagrerdfwldeagthiaggme@anaa aoledileaRallsAmmESbSequently

protein was detected by a polyclonal antibody agai nst
hamestes for proteins/ant! expressibnasvels foretheivariotSagore@téisa-2

chem | um nescent substrate (Pierce, MIwaukee, W). 63

miolctifds Was eRérhtined by aNVESRM bidt &hal 'isonﬁﬁg 'éﬁgéﬁglpgidg;%@'gciﬁc to

CHO cells expressing truncated agdrecanasSe

adrechRfsieg . oy Heﬁloﬁﬁtrgfeﬁ' Iegéﬁ‘%rifgé}ﬁg%?zcﬁ@&r S

experi nent are shown

truncated aggrecanase proteins are expressed at higher levels, due to higher

stability, as compared with the full-length aggrecanase-2. protein.
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cells were transfected with a nucleic acid. encoding
ei ther truncated. aggrecanase 2 fromamno acid #1
t hrough am no acid #567, or truncated aggrecanase-?2
from amno acid # 1 through am no acid #628, or a
nucl eic acid expressing a full-length aggrecanase-?2
nol ecul e. Stable CHO cell lines were devel oped

: o ] 1 _ . . d #1
S SR ClIaR RTINS SoebBIREbE: G2, or
full p I ) -
cubs 9 F o e PR RDAMT o KA o ASME hitaltF eyt by -

ks\vel s, of __variou recanase-2 . ol ecul es was

3R e BB Sl Py BV BIEERBRaRY R ruidecad] lestronbomssis.

F§B cific to, aﬁgrecanase-z As denonstrated by the

d %é@q Yerg visualized by, Gaenpmassie blge stainingcandprotein bands of
.aggrecanase proteins are expressed at higher |evels,

lefatest were gixeisedgnabialiy, herereduceypakkglatéd And kiftyested with trypsin
full-1ength aggrecanase-2- protein. 64 Exanple 5:

dvlendopeptiddse lyys-EL{PrdMmaga e ' -
Recorrg?'gﬁant A%yAMTLS(- 5- V\ﬂ'ggr Ag‘ﬁ@m'zméwmgréﬂégpau"r??t%“c? ted in-gel

S o A Ing PaoHET et were congeairgted anc
SBPaudl DY G cHogrR RV BER T BheSe FUT.L BiBe pnatymes were

.drgeduced wﬁ d, and digested with trypsin or

RA &R @& en e mags speelrasier rineQsiest; San Jose,
using an automated in-gel digestion robot. After
Ch)gduitpmeted Baalysis:ofddSAUS data wasgrerfarnmedausing tivsl SEQUEST
separated by m croel ectrospray reversed-phase HPLC.
compuiatealgorthys ironsuratedinfethel FidnigaiBioMdriks B taCahdly sl

mass spectroneter (ThernoQuest, San Jose, CA)

ik TR o8l L 01 iiio 95 BEIALTB U gorvec
fréhpmfgé’d?nﬁ%%{‘ﬁéhém%?t a anal ysi s package (ThernmoQuest,
an Jose,

using the database of proteins derived
fromthe conpl ete genone.

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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Exanpl e 6: Biological Activity of Expressed
Aggrecanase [0149] To neasure the biological activity
of the expressed aggrecanase proteins; for exanple,
truncat ed aggrecanases of the invention disclosed, the
proteins are recovered fromthe cell culture and
purified by isolating the aggrecanase-related

P Ol BTG RA A e SLASF Y BBLFEIRLR Wit it o
contam nants. Purification is carrjed qut using
systhaiieapeptidecmhich @asompanres amine aeidsiat the agoreqanasgdeavage
The isolated protein may be assayed in accordance
sitei afraggrecdro| Eithenthedd4erysinué or 150 C-tasminpus of the isyntheiticypeptide
to determine if the protein is an enzyne capable of

is (aisEied DGthaD B6wophors ahd thengtiies tarnsings fHoRRIER0E qaieheherdS
[0151] Fluorescent peptide assay: Expressed protein is

CI%%Q%@@EE &%ﬁ%{%ﬁo?hsédﬁ?éfé‘étthé le%Pécp'?ﬁB?e %H‘Hhﬁ&@%g?ﬁ& Hicits

€ ‘aggrecanase eavage  Si

nRRSERB, 45 Bl 05 ALY oSG Rgpoanase

and the other term nus includes a quencher. O eavage .
Pretein gan AV ROBEAN at e agareraRes PR raé‘daﬁ?éﬁfh’@efﬁ-!ﬂ\' gcence 1s
and elicits flourescence. Fromthis assay it is
a determinatian theaelative actipityeetihe expiessedproteinpr ot ei n can
cl eave aggrecan at the aggrecanase site, and rel ative

f 1 uoi0d 52 Nepebitope wissterni hgiressed aggrechnase pratein igiingubated
of the expressed protein. [0152] Neoepltope western:

withf fHt§ ragaH .%ﬁ@%@vé%épbi%bﬁ?hﬁcél mgﬁon%f the resulting

I ntact aggrecan. After several bio
i 2 E L o ; - d : o

SRS R bra iU PBDEuG s Yabnattuton) the

reconstitution le.is ruyn.on a I PAGE, .
s4yBbis Igiiun §ian SOSEAGETGR. vitichod® inibalhe withan sioody that i

specific to a site on aggrecan which is only exposed
speaifier toagy gﬁ@@am@wmg@.s onfyexpeaed; afteraggseeanasg cleavage.

onto nitrocel |l ul ose paper and devel oped using a
Tise gehigdransferred 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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anti body (called a western assay) which subsequently
results in a banding pattern indicative of products
with a nol ecul ar wei ght consistent with aggrecanase
gener ated cl eavage products of aggrecan. This assay
results in the finding that the expressed aggrecanase
protein cleaved native aggrecan at the aggrecanase

| TS S SonELIh "B e SR Bl

can give, an indication of relative ag&recanase
agsman which hagshgenprayipusly adhereditaPlasticayels:pfae wells are

protein can cl eave aggrecan anywhere in the protein
washed anskthieni incubated avithcayr antibedycthat detectsagfmean] The wells are
Aggrecan ELI SA: Expressed protein is incubated with

devaloped witlggrsecondayi atitibbag. ifetee drigingl emountast agigestdnoremains

I 3 s g V533 BB o Dt
o ek Bt S e

di ges aggrecanase activity of the expresse
coa@ﬁﬁ@f% al@ﬁaggéh%wbm stalnifg oémggerercanr@amv@"s by

and t he subsequent staining of the aggrecan-coated
thevantibody is neducadt Thistgssay telsiwbether Ein expressgd protein is capable
whet her an expressed protein is capable of cleaving

of aiavingpagdrecantianpwheretih ¢he prdteln) nohohiyaatl thie aiggtdranase site)
aggrecanase site) and can further determne relative

arﬂg@rﬁmeﬁ;b@wﬁﬁﬁe rél&@%g&@%ah%ﬂ\ﬁ%eﬁ one such

experinment are shown in Figure 20 ere aggrecan

i ¢ AT PO sy B Bfe %&%ﬁg@@ﬂ@\‘é@iéf@sﬁévvﬁﬁ@ FIgUi8 20, where
aggeceny Heevie s driecioD 208 EIRANE of 2GBrasAo RTcRIge

i ncubation with truncated aqggrecanases; for exanple,
aggeranasead aaleeulesrisingri3B3 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, ef 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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acid #1 through 567 and aggrecanase-2 from am no acid
#1 through 628. As shown in Figure 20, truncated
aggrecanases of the invention having one or both TSP
domai ns del eted are biologically active. [0156]
Protein analysis of isolated proteins is conducted
usi ng standard techniques such as Sl DS- PAGE

. . .
evBfialecl} bt BRana (6] Sodrafafifls [dREY Motk e
'q&éi?‘sg)) and by inmunobl ot (Towbin, et al., Proc.
idedified. Acad. Scl. USA 76: 4350 (1979)). Using the above
descri bed assays, expressed aggrecanase-rel at ed
pr of®:157§ AgtiviteAssavil Mircsiteriplates{Giostar) were coatedawith hyaluronic
useful aggrecanase-rel ated nol ecules are identified.

acld(16N), féswead by okeondyoitivse(SdikagakiaChencais)-treatedeyovine
coated with hyal uronic acid (ICN), followed by

aggp&ﬁﬂr Cdhdidsited ﬁﬁédﬁﬂﬁqm%d’eﬂbgggé%g?ﬁmﬂﬁm S-5 or

ggrecan. Conditioned nediumfrom IS expressing

A%&lﬁgﬂéﬁ X\{Hg qamgfhé ﬁﬁ}%c‘é%ﬁ c@‘?@g&)léfbst rﬁqq}rec%n cleaved at
theu Xty i aloBhEr Sl M@%n%?@%a%r@mammg

W t h the 3133 anti body é owed by ant
unclgaveRRggERATIWARS detedts wth(tbelﬁﬁiieantmdx @thoﬂOngd by anti-
Fi nal col or devel opment was with 3,3", 5,5"

Ighelt Rensgicoptiapnantibody (SoutherBi BiEtedhnbmgyt)o Firead coldr @kylopment
ADAMIS-5 is synthesized in the inactive pro-form (-90

wadRith 3M8*, 5@&eﬁanmt@qséﬁﬁdmbxm | BioF® Ldbkratotigs).

mat ure speci es of kDa. Conditioned medium from

amo SO I ABARTE B3 & n%g&eé%W§.raF§6@ 336 i-G0RbA) and

active, ture protel

capils boERBe a0k T o Hil FieTBRifeSpepies %1%@ Goagioned
me&é%}gﬁ?&%&dﬁ&f&ar@gcgg V]:IIEI'?QDPI\]\%T(S}\’)IO ei;t)r%glseed IaI snrﬁgll 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 E7*%-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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ADAMIS-5 showed that the enzyne was cleaved to yield a
species of -55 kDa. Mass spectronetry and N-term nal

sequenci ng of the clipped formrevealed that the

cl eavage occurred between E 753 -G M4 residues in the
spacer domain. In the presence of EDTA or a

non-speci fic hydroxamate netal | oprotease, inhibitor,

full .l ength tu - 0jel N.. Wa .
AT S8 aitive At tBat aboaind 8.5 Al b5 hfoRgs megumfram CHO
to an enzyne present in the CHO conditioned nedium |
stahlle dnep Hensfestedhyith fIAMITS-9 45N dagkpdragrecanarexaetivityas
E 41 1 Q411 within the catalytic HELGH notif (SEQ ID
shb@n BEELISA MEQWESI6). Thaxfulldeapth +70 kDaproteimtatbenthan the
this 68 ADAIVITS-5 active site-nutant (ADAMIS-5 ASM .

clif98d 551 nefbrite fid¢predemindrPin alwdstern bloesf tomditibred rtbdia from
w th ADAMIS-5 ASM | acked aggrecanase activity as

Q ' _ The full-length -70 kDa

C%@O#@gls?klpg%%s?fg ppg%hT§e51§§M'pped 55 kDa form was

pre ] t inh a ,western blot of conditiope L.a.

Pr ortpTegid e pbalt ogREbEH R AnteR debTitaialT B8 sp Bt finant

above described exanpl es denpnstrate that . r;sggpicg@m
ADAMTIRs5 vamsusaeptible pretacly i deavaga aldesid@ageGt In the

residue E 753 -G 714 in the spacer domain. This
spaicendammin.eThisareavegesieduced theésizewmfihe matotecprotein to5%H5 kDa

kDa and was inhibited by EDTA and a non-specific

anty@Was eibitsd BE‘EEDTA) Bhdtzererespedific iytiroxamate ehetalloprotease
mutation in the catal ytic domain of ADAMIS- 5.

. : _ . i ;  eteh i
nhBAEL KA (0B TF UGB, ot A ATer )ty e
iS t f t at t ti .
el el e BB PR T ARG protein from
clbevags. L ingreore coniRNaRahet MRgPRaVEYOpesRRe NaY,
order to produce nurine, human or other manmali an
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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aggrecanase-rel ated proteins, the DNA encoding it is
transferred into an appropriate expression vector and
i ntroduced into manmalian cells or other preferred
eukaryotic or prokaryotic hosts including insect host
cell culture systens by conventional genetic

engi neering techni ques. Expression system for

cont SASPACRE ?@‘%“Zﬂ@%&“ﬁ'??ﬁﬁ%*f“ﬁ%ﬁﬂﬁ?&%%&% vectors
o BnefaghB e huoikPie sRbudf Bt EBurd miain mitisaiiedky (6

vectors by enpl oying, t he nucl eotide sequence of |
theoygh # @5@/ (sagg;uwt‘éeﬁqld@es&ﬂyemﬁg;f Figuredufiamnicigotide #1 (atg)
(gaa); nucleotide sequence of Figure 5 from nucl eoti de
thraugmnygyleotitde #2806 {act)cutdiele atitséqyence)of FigateeT éroatndcleotide
sequence of Figure 7 fromnucleotide #1 (atg) through

#M }aaﬂge)mﬁod?h#m%tiﬁtet#vsamﬁ no¢ hatkidgdid seguends ef Pigure 9 from
Figure 9 from nucleotide #1 (atg) through nucl eotide

ndiéBildé &3t (atd)'th ﬁrn%tﬂ%meﬁragfée}fﬁgbggN& seguences

aggrecanases or adggrecanase- I ke

ol RS ERE8 ;B sPBUB B Bl 360D g soconces

SRR it s ot o Gl Bg-o7
M2 CXM i s, a derivative of 91023(b) (Wng et al .,

(&ﬁ%h@dmzadmocsmb eieasil\/laé) tlard:645-663 (11 988))lamct VT2 CXM.

in that it contains the anpicillin resistance gene in

pl acf01g3] The rhamnaalianl expeessions vetion o T2 OXM fslafderivhtve of
contains a Xhol site for insertion of ¢ DNA cl ones.

PSS i oo g BSOS Yo et

i coneging thegihicifh /BRI e Intiade SEE fetgYoine
e BEPR 5 e BS54l BAS o B R R cones. oo
adenovirus tripartite |eader sequence present on

funedinnal elemeanis ef pMURSCXM Bavesbeen deacriked (faufman, Rad., 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-VWF, yielding pMT2 in linear form which
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DHFR i nsert, the SvV40 early pol yadenylation site
(Sv40), and pBR322 sequences needed for propagation
in E. coli. [0164] Plasmd pMI2 CXMis obtained by
EcoR di gestion of pMr2-VW, which has been deposited
with the American Type Culture Collection (ATCC),
Rockville, MD (USA) under accessi on nunber ATCC 67122.

RI di gest XCI S t C ,pser resent j
cmﬁe 45 itha 5 Bangtom . <olid #B7 o i b aheleflinge
%at ed and used to transformE. coll HB 101_ or DH-5
rets@ angsa- dliesmid pMI2 BiNdhean beipiepargd hvrconyeatieaal methods.
prepared by conventional nethods. pMI2 CXMis then
pMstBXMds ¢hieru somsjrucied asing loopoattig emetagenésdib (Mosigagaeet al.,
aI Bi ot echnol ogy 84: 6.36 (1984)).. This renoves

the 5\7%’ 584 636L4D84Y), armyeemevé@aaséré ng75 kd 1345 ela6ds to the

ori grn of rep i cati on and enhancer sequences

"l o oS R PR W ot
nucl uence contains the
cti on endonucl ease Xho
! B80RRN it Breds The falphind SSUENE:
A derivative of Q%'Q@é I\éétermad MI23, contai ns

réco':gﬁ’q O GRLAS G 3'4SEQ 1 N&x2&habhueleetide4145. This
Pstl, EcoRl, Sall and Xhol. Plasmd pMI2 CX™M and

sqgﬂﬂlél&emmtaing thee renognitiondsiteyfoc thes rastriciionl endanuctease Xho . A
[0165] pEMC2fl | derived from pMI21l may al so be

derivdtivelof PIMTI' ZCHRM, iterensd pMT23, contalis r@@ogﬁ%ﬁklttaﬁ for the
derived from pMT2 whi ch is derived from pMI2- V\WF

re‘iﬁ?&fdn%oﬁ'ﬂeré%sgé@%tl %{%R?%éﬂ‘ fif RS Lék‘?wefﬁmfrz CXM and

I'nsert present yie d|ng p
ol 23 10A Mey B8 et*épé"ﬁ%f??ﬂ&%é?ﬂréﬁp SR

o201 GERGEAT deraciora AVIN 31 g RSoitth Sutabie I getice 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 §' 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: 5" -
CTGCAGGCGAGCCTGAATTCCTCGAGCCATCATG (SEQ ID NO: 28)

Pstl EcoRI Xhol
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nodi fications. First, 76 bp of the 5 wuntranslated
region of the DHFR cDNA including a stretch of 19 G
residues fromGC tailing for cDNA cloning is del eted.
In this process, a Xhol site is inserted to obtain the
foll owi ng sequence imediately upstreamfrom DHFR: 5’
CT GCAGGCGAGCCT GAATTCCTCGAGCCATCATG (SEQ I D NGO 28)

"3 ek Laﬂé»cg@:@;@éﬁﬁﬁfwe@ﬁ%a%g%ﬁq ith Ecorv
i lnﬁawﬁét{*vwmﬁ%wﬁ“ oP oA S BLeHEEL 55 igaton to &

deletes _a 250 b ment fromthe adenovi rus
Claklinker 4cAd QBAT WAl isrdaeten 240 bpesearentifrare the agenovirus
with VAl RNA gene expression or function. pMI21 is
assogatadeRNAL (VAIEcegibn botidoée hot inberfersawlith YAI RNA genehe
vector pEMC21311. (0168] A portion of the EMCV | eader

exeﬁes@iﬁrﬁbﬂﬁﬁcﬁbﬁng - iEehgdstéSwlith EoRban@®Xhal, anyl used to
irol 63:1651-1660 (1989)) by digestion with EcoR and

a 2752 bp fragnent. This fragnent
delplgééllne ?1%3 M’%Z#qu yi el ding an EcoR -Taqgl fragnent

o ﬁ&ﬁ@ﬁ%@@hfp@e'@g&rﬁg&gﬁeﬁé’r e gmgm&dm (SK.

conpl enent ar are synthesized with a
Jupgost @ldungnreﬁ@a%ﬁanaegoxma% SDibidiGestien wi ERoRl AndRSt,

the followi ng sequence:
re BAREIT ALXA2ANEragmect Fgroenidsaipsteat adhTagiyiatding an
T Tagl GAAAAACACGATTGC 3' (SEQ I D NO 29)

EcoRI-Taqgl 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
CGAGGTTAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTT
T

Taq!

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-Taql fragment, and the 68 bp

oligonucleotide adapter Taql-16hol adapter resulting in the vector pEMC231.
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Xhol [0169] This sequence matches the EIVIC virus

| eader sequence from nucleotide 763 to 827. It also
changes the ATG at position 10 within the EMC virus

| eader to an ATT and is followed by a Xhol site. A
three way ligation of the pMI21 EcoRI-1 6hol
fragnment, the EIVIC virus EcoRI-Taqgl fragnent, and the

Fos 7 g etiar Gbieeie YiERSH Pt 21 rBPRAPAHH Eonnancer, the

vector contains the SV40 origin of replication and
adgRpyifismalariate RIGEISH ARPDING APy quttée PajRptyof the aderavirus

copy of the majority of the adenovirus tripartite
tripastiled eadensegiuanceaasmall hybrisk intervening\seguegce camu SVES,

an SV40 pol yadenyl ation signal and the adenovirus VA

polyagenglatibhisigrahantilthé adeasvinss VAErdehe; DHER aindiactamase
sequence, in appropriate relations ps to direct the

mé;frlél&té AFURIE F@e‘i‘?%h@@ lﬁfap%‘_ﬁ‘gpr‘i’ﬁ‘é'ré%%ﬁ%s'@ direct the high

|an ce 171 ] construct vectors

| at ed
VBBt CordRE sl PR Pl BB o
PJIEEITER SRRebeidR St Loon ek e
regi on. The del eted non-codi ng nucl eoti des nmay or may
aggracapasedplaied DN sequeicese JuiripatancaoasDINA Bacoding an
beneficial for expression. These vectors are

aggrevahiageoan hemodifigy byrémovingdsé noatdagligpnueleptidssomthe 5'
of aggrecanase or aggrecanase-|ike proteins.

andd 'ehtl@rb’\"thé/ codjin ré@ﬁ:‘rhe”mé QéletdIH68-cadl n?qmcleotldes may or may
nucl eoti de #1 (af'g) "t hrough nucl eoti de #2259 (gaa), or

nofbg46BleBet ?f‘aotﬁaé%@ééﬁ?s%ov‘fﬁfeﬁeﬁé’f@% BHELGSHER. These
veies &tk raBSfores i MTDtYAe st sals f SXpTassiop Spgarecanase
or fragnments of variants thereof or other seguences

or @ggma@sed&grm@sﬂva%eé\démonﬂu-y,.the spavenrce el Higsre 3feom
t hat have aggrecanase activity can be

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
nucleotide #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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mani pul ated to express an aggrecanase or
aggrecanase-li ke protein by deleting aggrecanase
encodi ng propeptide sequences and replacing themwth
sequences encoding the conpl ete propeptides of other
aggrecanase proteins. [0172] One skilled in the art
can mani pul ate the sequences of Figure 3 from

nugléGRE 8B dhor Bt Flke IS dEgeAt ﬁéﬁ%@%@iﬂ?’&@de

#2256 qgcct) or  Figure 7 fromnucl eotide #1 P
#1¢ R dog ow%@&«#wn@fg@mcpam)agqsecwgiﬁsem 4%% of

nucl eotide #1 (atg) through nucleotide #1701 (cat);
Figuresul® anut 13 eetfartheindtigurasc2diand 24gor Fregments and variants
nol ecul es of Figures 12 and 13 set forth in Figures

thér@of s} &lifminating bageplatingdhd nvamiraiian regbleteryfsequences flanking
elimnating or replacing the manmal i an regul atory

the e8HRRE®Y uthgé Wlﬁgoaétéﬁal%uﬁﬂcééfwm Waktbrizf G Storsfor

sequernces to create bacterial vectors for

0B P TS L i fpt 5. o

ences could be further ul at ed, . ligated
exegnRIeHBp CoRingeatienaseca e durther g )efdd pg® TSt to other
non-codi ng sequences therefromor altering
knowa knersi os madifias! by ggledingarorkersling seauﬁneﬁﬁetnereﬂspm or altering
nodi fi ed aggrecanase encodi ng sequence could then be
nucheatides dheéneiroby okmrenimavat teehniguesk cAanodified @ggrecanase
procedures such as described in T. Taniguchi et a

erfdoRing deuenteabulBtien bShsertéd:ibidWkRGWA Hakbsidl ve"c'fdriﬁsmg

exenpl ary bacterial vector could then be transforned

prbEé@’ r%@cs'ijﬁﬁ teﬁ dék%?lbe G "I"ST‘EHIQ‘?P&W&‘SQ ﬁoegﬁéﬂ%%m. USA,

protern o elnvenlon Strate

77 é%%%?ﬁggi%“ﬁa'a Pl 3R 4 Bror cquichen b rgpstorme

. European patent ap |IC‘atI on EPA 177,343. 0173¥
m@ hacptgnahmﬁt galistq eweéa@nb@qsgmnﬁﬁwomn of the invention. For a

construction of an insect vector (see, e.g.
strategy forrpreddeing reixtradellulapexpression oEalgpmnqsat-r@&ated proteins in
application 155,476) for expression in insect cells.
bactEgaldelly esde le.§.0BUbpRaAPatentcappiitation 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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enpl oyi ng yeast regul atory sequences for intracellular
or extracellular expression of the factors of the
present invention by yeast cells. (See, e.qg.,
procedures described in published PCT application
W86100639 and European patent application EPA

123,289). [0174] A nethod for producing high I evels of
recan se-re

. t.ein he i | on |

invRyerecanstiael ate Gsafing mPlipld BopgE Bt g He*er"o'ogous
systenms may 74 involve the constructiaogn of cel

aggmmaaaeﬁglatﬁﬂ geng.c The heterolroausens isdipked & an ampllflable
aggrecanase-rel ated gene. The heterol ogous gene is

madrkerk edy.| theadihyanolfolateatedaictaser (D REggne farnwhich cells containing
di hydrofol ate reductase (DHFR) gene for which cells

incF&ae Gomd copiBs 'caAIRIsdleseddor pRsparptiondn ﬂﬁir@@éﬁgl for
propagation in increasing concentrations of

R s b
ana @,I}Saésgﬂ I\ﬂggﬁlcﬁ? nl@ 6(?%5%@?8%)31’@;%@@%‘?{ c%{ be employed

contai ning_a DNA sequence for an aggrecanase or
Wl@g@ﬂéﬁ&%@édlﬁ%@tﬂwpﬂs -of the invention in operative

association wth other plasnm d sequences enabling
exp{@+&5]dror exampdd, anpkisntied corfeining gpPAfssetuancadal an
pAdA26SV(A) 3 (Kaufman and Sharp, M. Cell. Biol.

aggrectirthse (CkHgrecarizseklikecsrotath rof thie inventiom in operative association
FR-defi ci ent CHO cell s, DUKX-1311, by various

wdﬁeééi%%ﬁ %@guen Shabl Ba4iBn GRErERE | Iaﬁd 56 DMFR

el ectroporation or protopl ast

ex%gs'sgc?w@g ﬁ%z\%@%ﬁgm ST SUAFA10 . 2100

(1§FENeHn b soEin tl@éﬁéﬁl’fé?fecgﬁ%toé@%&'% pgocEh. By
sequential steps in 0.02, 0.2 0 and 5 pM MIrX) as

vagios's methods rmqlmjﬂgmlcmmmhosphm cereripiiation and t@pgﬁactlon

(1983). Transformants are cl oned, and biol ogically
eléctrdptration or protoplast fusion. DHFR expressing transformants are selected
for growth in alpha media with dialyzed fetal calf serum, and subsequently
seleéted for amplification by growth in increasing concentrations of MTX (e.g.
sequential steps in 0.02, 0.2, 1.0 and 5 uM 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 355 methionine or cysteine

and polyacrylamide gel electrophoresis. Similar procedures can be followed to

produce other aggrecanases or aggrecanase-like proteins.
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aggrecanase expression is nonitored by at |east one of
t he assays descri bed above. Aggrecanase protein
expression should increase with increasing | evels of
MI'X resi stance. Aggrecanase pol ypeptides are
characterized using standard techniques known in the
art such as pulse labeling with 35S nethi oni ne or

cys} ei and pol yacryl ani de gel el ectr.qphoresis.

S1 iOHZ0T peeuerariPle an BGOTPGRNgse UEONIES SaKENGH Akine
aggrecanases or aggrecanase-like proteins. 75 [0176]
presenbinyestianis cloasdanigribe sxamssion veetor sEDSdHasfvandt al.,
the present invention is cloned into the expression
Nuciedd AtidoRES. {%44885:4400 (4891)). COSeaind GEICIDEEX B11 cells are
19: 44885- 4490 (1991)). COS and CHO DUKX 1311 cells are

o . . X BRI/ Co-
tra%%ép ﬁ%ﬁ?h\é?rﬁ?%ﬁm??@éc%%?ﬁ%ﬁfs ection of ﬁgACE on g - co

nafigfRfgh SR RO B Breralt R DBRET I by ipesttien, (LE 2000,

InviGoeriy JERIGRLE bahdetl G areRaaltes fardacy iy eglielq intorest:
and (b) one transfection set for . »

(a)3mesiransiiection sef foy hesvestingwomsitianed media; fagactivityassgy and (b)
On day one nedia is changed to DVE(COS) or al pha (CHO

onetrdinsfectioh $étlfends-S-metitioninelcystdine mhetabblic labelimg.+/ -
100 pg/mM heparin on wells of set (a) to be harvested

f or [@F7)\On YagoheYmedibtie EhdlGed ¢ DME(COSNEI dlibhagEHO) media
media i s harvested for activity assay. [0178] On day

+ 1(?% I{%@-iﬁ&&ldaﬁé& fotifd |15sé?ﬁmf5$ﬁ- 1)@@) Judifl ‘F\fﬁ?ﬂlﬁ%@ﬁ%&% &t (a) to

methi oni ne-free/cystelne free eat-1n

ctivat fetal. calf serum ni PN+ .
oo it RtoL S8l ety 4P ach GBI oSl g arvestec
Anersham). Fol l owi ng 6h incubation at 370C,
forcagtyityia§eY- nedia i s harvested and run on SDS- PAGE
gel s under reducing conditions. Proteins are
vi s i1 78]40n kiay 3 the duplicade wetig of set (b) were changed to MEM

(methionine-free/cysteine free) media + 1% heat-inactivated fetal caif 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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Exanpl e 8: Biological Activity of Expressed
Aggrecanase [0179] To neasure the biological activity
of the expressed aggrecanase- rel ated proteins
obtained in the exanpl es above, the proteins are
recovered from the cell culture and purified by

i solating the aggrecanase-rel ated proteins from other

offtartasimbarnirants. TRhe puAfied prtBink e bel d834vBHN accordanca with

co-produced as well as from 76 other contamn
ML o . q .
B S6SorieR iy a3 Y Bl i el taRgard fachmiques

[ dar. echni gues known to those skilled in
kﬂévgﬂgﬁﬁ@{%%g@?é ﬂ@‘?eﬁ anal ysis i s conducted using
st anﬁcﬁ{do h%éhni ques such as SDS-PAGE acryl am de
( Lae HM80] Featein analysis ésoondigctey usigastandara telehnmiquesisuch as
Cakl ey, et al. Anal. Biochem 105:361 (1980)) and by
Sb‘ﬁrﬁ’ ecrylamids (haeeimiyINatufs 027:680((1 978D a%ainSa with -Sifver
76: 4350 (1979)). [0181 ] The foregoi ng descriptions

(@aklay) otoaleAnal, BiodHert, e105236 £ [Hunb) 1B By ;&Qdﬁb%l&?(j%%ﬁn, ef al.

i nventi on Nunerous nodificatlons“and vari 1 ons i

PRIGNd: AdaleBeRUSA 8. 43685408 0 Occur to those

skilled in the art upon consi deration of these

descfiqris se nodifications, and variations are

bel i @v@a ! ?@%@%@%g%ggg&:oqﬁ ‘i)egﬁlh pEasently preferregrmbediments
ﬂg‘r eto. 77 CLAIMS: | A biol o_?i cal ly-active
OLIB§RIESARISBVERtan: INmenees snedificationgarevariationsrinpeactice thereof
conprises a deletion of all or a portion of at |east

argrRXPested meequr to those siditpdinathesrt opon ebmsidestion dfdhéss
claim1, wherein the protein conprises a deletion of

desariptions. Jhosé onodifications BAA viRiERibAs afe bAle FSHIES BAcSmpassed

protein according to claim2, wherein the proteln
within the claims appended hereto.
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conprises an am no acid sequence chosen from SEQ ID
NGs: 4, 6, 8, and 13, or a fragnent or variant. 4. An
aggrecanase protein according to claim1, wherein the
protein conprises a deletion of all or a portion of
two TSP domains. 5. An aggrecanase protein according
CtHIMPai m 4, wherein the protein conprises an am no
acid 1sequ<2{1ge chos?n from SEQ ID NO. 10, or a fragnent

or vari aft Plojogisalaaciivragoresanase paeteirs varerein the aggrecanase
aggrecanase protein of any one of clains 1-5. 7. An
PERIEITheRIMPESES halaleiion whall er a ddmioraof abledst bAe 8T @Bmain.
fromat |east one of polyclonal, nonoclonal,

nonospeci fic, polyspecific, non-specific, humanized,

huma, si Al eg@leeanasé ProRid Secatiitd téléimﬁe%{égéﬂqﬂé’protein

hybrid, nutated, grafted, and in Vitro genéra

j [ [ L Qf [ Wwherein the

RSt Biton B oo e ot SR TS i ace

protein. 78 9. An antibody of claim®6, wherein the

anti gody i osen froma full |ength antibody, Fab,

F( abe) 2, f:\?? g@%ﬁ&?”@%‘? Pé‘%&'”d%&ﬁm 4ip0 1A Flalgy Rawbarainthe protein
nol ecul e conprising a nucl eoti de sequence encodi ng
COmPIIagY AR AANPARCIB SeaEPRCe Ehesen from SEQ IDINDs:4,8,6] and 13, or
DNA nol ecul e of claim 10, wherein the DNA nol ecul e
adagméntes variaot| eot i de sequence chosen from a) the

sequence of SEQ ID NO 3 fromnuc |eotide #1 (atg)
through #2259 (gaa); b) the sequence of SEQ ID NO 5

frominu. chacdgiecardse prteth 4dH0PHBY 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 polycional, 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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. #2256 (cct); c) the sequence of SEQID NO 7 from

nucl eotide #1 (atg) through # 1884 (ttt); d) the

sequence of SEQ ID NO 9 from nucleotide #1 (atQg)

through #1701 (cat); e) the sequence of SEQ ID NO 32
fromnucl eotide #1 (atg) through (cca); f) the

sequence set forth in SEQ ID NO 33 from nucl eoti de #1

(at g) 9. t hr dwgantibogy s claing) 6, subgreitthe antibodyysehaserefrom a full
under stringent conditions with SEQID NGs: 3, 5, 7,

Rngiranttvedy, F3ib, #igb') Fi| e Mds andddAMar i ants of (a) -
(g?. 79 12. A vector conprising a DNA nol ecul e of
claim1l in operative association with an expression

contr gp, Se%ma&gtedl@mﬁn%mt@ebmptﬁﬁgﬁ AGEBEAY S8gdence

DNA sequence of claim11l. 14. A ne or producing a

S the PUBEERER OB AR 8171 ™ andit or mect i th

a DNA nol ecul e according to claim 10; and (b)

recovering ,and rjfyin ai d aggrecanas I.0t ei

encod by AinHémgédAE)ﬁl& %Efﬂcé'?q Pgﬁﬂrﬂ 3%0 m?‘ﬁfﬁ'%t“ﬁ%ﬁ%mmew'e
15, A nethod for producing, a purified truncated
eqppesemaduigaaiide sequesss ghagemI@onpri si ng: (a)

culturing a host cell, transformed with a DNA nol ecul e

of ata) easthesequence 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: 8 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);

g) 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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of SEQID NGs: 3, 5, 7, 9, 32, 33, or a fragnment or
variant; and (b) recovering and purifying said
aggrecanase protein fromthe culture nediumwth

am no acid sequence of at |east one of SEQ ID NGs: 4,
6, 8, 10,12, and 13, respectively, or fragnment or
variant. 16. An anti body that binds to a purified
truncat ed aggrecanase protein of claim14 or 15. 17.

An ahk.i boAyestorctarnpridifig anDblfemlddide af idhody '|r$operat|ve
chosen fromat |east one of a polyclonal, rmnoc onal ,

adsorRARACKth @n SPr¥SA6HK icbhir I fic,
humani zed, hur;‘a%réJ Si ngce c Ig&ﬁhc | meric, synt heti c,

reconbi nant, hybrid, nutated, grafted and in vitro

Spner ! et Bl e W DA Kol bt 11

aggrecanase protein. 19. An antibody of claim 16,

wher ntheatlbod chosen froma full Ilength

ant i ﬁ%dy, ArDB hoﬁ(fﬁb%ﬁ&%& aRurifiedrpuncaied @agrecanasa protein,
met hod of devel oping inhibitors of aggrecanase

sai¢methed memprigingionbi ni ng at | east one aggrecanase
protein set forth in SEQ ID NGO 4. SEQ ID NGO 6, SEQ

ID N@) 8, cERirg: Nost 36l trSFSorReQuitd 2. Dﬁﬁanl%dN@ adcbrding to

or a fragnent or variant, with at | east one tes
clgipimbean@nd (b) determining if the test sanple
|nh| b|ts activity of the aggrecanase protein of (a)

I 20. wh t he test
corrp |ses a{& Q/?égéta%dgtl?@fgpgasaﬁégbg%c r%ls@ﬁ%mé'% encoded by the
ti bod 22. A net hod of
D@E\f@ %‘ﬁ“l'\eg?rgﬁh#ﬁ Qlﬂaéegfpeé@a}gcanase cgenprlosn gg (a)

utilizing at |east one of:

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 SEQID NOs: 3,5,7,9, 32,33, 0ra 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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(i) an am no acid sequence of at |east one aggrecanase
protein set forth in SEQID NO 4, SEQID NO 6, SEQ
IDNO 8 SEQIDNO 10, SEQID NO 12, SEQ ID NG

13, or a fragnent or a variant; (ii) a

t hree-di nensi onal structure of at |east one
aggrecanase protein set forth in SEQID NO 4, SEQID
hiitanizedSEQMaD, SiDigls-chSEQchPnéiz, s;zﬁtheSE,QdoBmU}lﬁéntlBybnd
SEQ ID NO 13, or a fragnment or a variant; 81 (b)

st Pbﬁﬂ%@i 6A8%h dfCGehdrdtedBitibdHiéd t aggr ecanase

activity based on a Structural anal ysis. 23. The
nmet hod of claim 22 further conprising: (c) conbining

at I jg_st S%%%,%@%@g%@%?%@(}ﬂ?%ﬁlﬁg%nngtﬂ%éégbbgyh@egﬁgaﬁyggbds to

I.D NO 13, or a fragnent or a variant,

ﬂ'\ﬁ qlggrggan%so@s@rg&?fg candidate in (b); (d) deternmining if
t he candi date inhibits aggrecanase activity. 24. The

met hod of claim 22, wherein the candidate conprises at

| easfl9. onén@ntihogy ef &laim Hoprherein thaamtibady doapesarirom a ful
or antibody. 25. A nethod of inhibiting aggrecan

lecptraaatimdynFabnBtatd),, FvhechetFtodnd cdédmpri si ng
adm nistering to said mammal an effective amount of a
conposition conprising an inhibitor of an aggrecanase

accopgli ngAteethbdidndevelspind Ihitikirs of agfredankge %5m£rising:

wherein the inhibitor conprises at |east one

pr Otgal '&orrﬁﬁmh AR 1o S YNHC %ger%em? GrotQh sfé‘P‘fér‘Pr?WsF@ 1P NO: 4,

recanas proteln, e proteln compr

S P {4 SEQIPHS: 12 cE0 Do 1

g_recanase grotel n. 28. The aggrecanase protein of
ord Hagment ofMahanty Witheatipast orsmiest 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;
(i) 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, SEQID

NQO: 12, SEQ ID NO: 13, or a fragment or a variant;
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conprises an am no acid substitution. 29. The

aggrecanase protein of claim 28, wherein the am no

acid substitution is an E-to-Q change in active site

of the aggrecanase protein. 82 30. The aggrecanase

protein of claim29, conprising the am no acid

sequ e forth 31. An isol ated,

r ecoﬁﬁfwgﬁ?fw"%fﬁaa@é@&esgﬁ b i RiE 20pramass setyty based on a
grecanase consisting of an am no acid sequence at

Sﬁ@ﬁgﬂabﬁmﬁy$@entlcal to an am no aci d sequence

sel ected fromthe group consisting of SEQID NGs: 4,

6 and 8, or fragnents thereof, wherein said fragments

r et ai28. aggirecavesed ofclain 2yfuriBEr cémprigilgat ed,

reconbi nant| y-produced or chem cal |l y-synt esi zed

aggr ?@)%tﬂﬁﬁmlﬁg‘ibtjle%g%ﬁég@@?&éfﬁsﬁ?rﬁ é@é%{?fbgﬁﬁaeeq ID NO: 4,

version of the amno aci sequenc

SEQ I NOMEnpRER KIND AL S0 kol sE M Bon T S o no: 13,

sai d am no aci d sequence, Wwherein said at |east 10

o & fFROMRM LN @ ¥AHRERL Witheati lpastene candidatenal (bho a

di sintegrin domain of said am no acid sequence. 33.
An i $@) tebmlmregdfr’rbem:andldmeprrﬂnlbltsadg@rrecanase activity.
chem cal | y-synt hesi zed aggrecanase, sai d aggrecanase
being a nmutated version of the amno acid sequence of

SEQ bB. NOThe metitbdwoift @lémﬁizzemleﬁélmﬁ%ahﬁldége 8omprises at least
del etion of at Ieast 10 am no aC| d reS| dues

oﬁéb?%rﬂraﬁilntﬁesé‘h %Eﬁgél'da Brioss n rﬁil%fj?m no acid

sequence When o8 gned, the
amno acid sequence of SEQID NO2 and the anm no acid
at least 70%

f
 dentPeal %‘fﬁa\%ﬁhﬁﬂvr& 55@ SPDIRG 39T MEamal, the method
cor%%rngfr:mgna%smlmsqnﬁng? gnd 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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(a) combining at |east one aggrecanase protein
according to any of clains 31, 32, or 33 with at

| east one test sanple; and (b) determining if the test
sanple inhibits activity of the aggrecanase protein

of (a). 35. The nethod of claim 34, wherein the test
sanpl e conprises at |east one of a peptide, protein,

chem g@ C‘PH@@Iggfécaﬁésé‘Pthdeéf-clﬁﬁ 24\ d?)'?ﬁrrp&r}lf%g}%e ar?igu)o acid

devel opi ng i nhibitors of aggrecanase 'cO

%’%dda%n%is%%tf&rtﬂ ﬁ@é%cfﬁei\j f'%_(i) an anino aci d sequence

east one aggr ecaha protein according to any
of claims 31, 32, or 33; or (ii) a three-dimensiona
strucfure of said at |east one aggrecanase protein;
and (%ij i d’gﬁt'ﬁP%tﬁﬁ"dﬁﬁﬂmt{mﬁmﬂﬁyed (i ¢hemically-
aggrecanase activity based on a structural analysis.
Sy thReéz e taggrieesinase gonsBEng wf ehemicorgeid sequencect least 95%
conmbi ning said at | east one aggrecanase protein with

identiesi 16 aoraminoamnitl seduerice {8icteaidnt the goUBTdBNBIsHAG icF SEQ ID
the candi date inhibits aggrecanase activity. 38. An

Neg! 3t@dnd B?épﬁ&jrﬂéﬁ‘t&'tHer’_ébF?ngn%raiocﬁﬁ;ﬂgéﬁtjslrééfain aggrecanase

synt hesi zed fusion protein conprising agr ecana
iviy @i m31 and at least 84 one peptide tag. 39. The
aggrecanase of claim 32, wherein said at | east 10
amno acid residues conprise at |east 100 am no

[ 40. The aggrecanase of claim 32, wherein said
gf ! F:%\%-t 100 54l 8a@cgmbmantly-produced or chemically-synthesized

aggrecanase, said aggrecanase being a truncated version of the amino acid
sequence of SEQ ID NO:2, said truncated version comprising a truncation of

at least 10 amino acid residues from the C-terminus of said amino acid sequence,
wherein said at least 10 amino acid residues are located C-terminal to a disintegrin

domain of said amino acid sequence.

33.  Anisolated, recombinantly-produced or chemically-synthesized
aggrecanase, said aggrecanase being a mutated version of the amino acid
sequence of SEQ ID NO:2, said mutated version comprising a deletion of at least 10
amino acid residues C-terminal to a disintegrin domain of the amino acid sequence
of SEQ ID NO:2, wherein, when aligned, the amino acid sequence of SEQ ID NO:2

and the amino acid sequence of the mutated version are at least 70% identical.

34. A method of developing inhibitors of aggrecanase comprising:
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resi dues conprise at |east 300 ami no acids. 41. The
aggrecanase of claim 32, wherein said at |east 10
amno acid residues conprise a thronbospondin (TSP)
domai n of said ami no acid sequence. 42. The
aggrecanase of claim 32, wherein said at |east 10

am no acid residues conprise two TSP donai ns of said

ani no(z Cothtsiming e kast 6Re afygredrReprolef Ac&Raifgb! :
of: the aggr eganase of gﬁgi m 32, egj;d at ?easﬁgghedm of claims

BERIS, 4 dolith Afleadlionall eLABRS GG Cl @l m 33, wherein

sai east 10 am no acl conprise a TSP domai n of

2a0r ol RS S RelR aribEs Y ofdhe pofipcanase proten

I o acids conprise two TSP domai ns of said am no
3’2@33 sequence of SEQ ID NO 2. 46. The aggrecanase of
claim 33, wherein said at |east 10 am no acids
conprise at |east 100 am no acids. 85 47. The
aggr e¥anasthemethad of @aim Bdewakereirs thedtest sarapkt colfiprises at least
am no acids conprise at |east 300 am no acids. 48. A

énis bba peptidesiprotedm shekiicd cdfipound@coP@stitRegnase of
claim 33; and at |east one peptide tag. 49. The fusion
protein of claim48, wherein said peptide tag is

oot 536, AR PR EURARS TP sbresapgeg comprsng

gl ycopro .Ei.n D, a Pet a- gal act osi dase, a naltose

bi ndi‘%ﬁub Hngahleastope Oft avidin tag, and a

gl ut at hi one  S-transferase. 50. An isol ated,

r econhi #hAMIRC Aeid deguanee of atieastoneg aggrecanase protein according to

any of claims 31, 32, or 33; or

(ii) a three-dimensional structure of said at least one aggrecanase protein;

and

(b) identifying candidates that may inhibit aggrecanase activity based on a

structural analysis.

37.  The method of claim 36 further comprising:

(c) combining said at least one aggrecanase protein with at least one

candidate in (b); and

(d) determining if the candidate inhibits aggrecanase activity.

38. An isolated, recombinantly-produced or chemically-

synthesized fusion protein comprising the agrecanase of claim 31 and at least
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synt hesi zed fusion protein consisting of: an am no
aci d sequence selected fromthe group consisting of
SEQ ID NOs: 4, 6, 8, and 10; at |east one peptide
tag; and at | east one peptide |inker connecting the
am no acid sequence to the at |east one peptide tag.
51. The fusion protein of claimb50, wherein the am no
s Pepstieiggce is SEQ ID NO 4. 86 52. The fusion
(gf%tgei n of gcI aim 50, wherein the am no acid sequence
is SEQID NO 6. 53. The fusion protein of claim50,

wher &3 t hep@g) gféc%ﬁ%g% F’S?ﬁﬁﬁgﬁ \X*]%rrgiﬁﬁ%e{i(ﬁa{\gagt 1§%ni1irao acid

The fusion protéin o € anm no ac

BEMER By B P oant Hdba s or 2l & m 32, ot 1 cast

one peptide tag; and at | east one peptide |inker
connecting_the aggrecanase to the at |east one . _
pept i H& t afhe segresanase ehclipira @i wherrinisaid atgeast: 10 améno acid
aggrecanase of claim 33; at |east one peptide tag; and
residueasomprisesd peasi S0Diamhiao acmisnect i ng t he aggr ecanase

to the at | east one peptide tag.

41.  The aggrecanase of claim 32, wherein said at least 10 amino acid

residues comprise a thrombospondin (TSP) domain of said amino acid sequence.

42. The aggrecanase of claim 32, wherein said at least 10 amino acid

residues comprise two TSP domains of said amino acid sequence.

43. A fusion protein consisting of:
the aggrecanase of claim 32; and

at least one peptide tag.

44. The aggrecanase of claim 33, wherein said at least 10 amino acids

comprise a TSP domain of said amino acid sequence of SEQ ID NO:2.

45. The aggrecanase of claim 33, wherein said at least 10 amino

acids comprise two TSP domains of said amino acid sequence of SEQ ID NO:2.

46. The aggrecanase of claim 33, wherein said at least 10 amino

acids comprise at least 100 amino acids.
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57. The aggrecanase of claim 31, wherein the
aggrecanase consists of the am no acid sequence of
SEQ I D NOA. 87 58. The aggrecanase of claim 31,

wherei n the aggrecanase consists of the amno acid
sequence of SEQ ID NO 6. 59. The aggrecanase of claim
31, wherein the aggrecanase consists of the am no
aci d sequence of SEQ ID NO 8. 60. The aggrecanase of

cl ai 1, r.ej j. . t .
am not Rt o B2 audte e iy AL EERARE \RERIT 3kl 168F 10 amino
a%ﬁrecanase ?f cl gw 31, V\:h%)éei n the aggrecanase

TIHS COMPTiSE atigast AP B AGdSequence of SEQ ID NO 15,

62. The fusion protein of claim38, wherein the am no
acid sequence is SEQ ID NOA. 63. The fusion protein

of cl48.m 38 fusipemsdiein pensisiinmofici d sequence is SEQ

ID NO 6. 64. The fusion protein of claim38, wherein

t he aferaggrecahaseqofatigien 38saEQ | D NGO 8. 65. The
fusion protein of claim38, wherein the am no acid

sequesdgast sneFpiida &g 10. 88

49.  The fusion protein of claim 48, wherein said peptide tag is selected
from the group consisting of a poly-histidine tag, a FLAG tag, a Herpes simplex
glycoprotein D, a beta-galactosidase, a maltose binding protein, a streptavidin tag,

and a glutathione S-transferase.

50.  An isolated, recombinantly-produced or chemically-
synthesized fusion protein consisting of:

an amino acid sequence selected from the group consisting of SEQ ID NOs:
4,6, 8, and 10;

at least one peptide tag; and

at least one peptide linker connecting the amino acid sequence to the at

least one peptide tag.

51.  The fusion protein of claim 50, wherein the amino acid sequence

is SEQ ID NO:4.

86



52.  The fusion protein of claim 50, wherein the amino acid sequence

is SEQ ID NO:6.

53.  The fusion protein of claim 50, wherein the amino acid sequence

is SEQ ID NO:8.

54.  The fusion protein of claim 50, wherein the amino acid sequence

is SEQ ID NO:10.

55. A fusion protein consisting of:

the aggrecanase of claim 32;

at least one peptide tag; and

at least one peptide linker connecting the aggrecanase to the at least one

peptide tag.

56. A fusion protein consisting of:

the aggrecanase of claim 33;

at least one peptide tag; and

at least one peptide linker connecting the aggrecanase to the at least one

peptide tag.

97.  The aggrecanase of claim 31, wherein the aggrecanase consists of

the amino acid sequence of SEQ ID NO:4.
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58.  The aggrecanase of claim 31, wherein the aggrecanase consists of

the amino acid sequence of SEQ ID NO:6.

99.  The aggrecanase of claim 31, wherein the aggrecanase consists of

the amino acid sequence of SEQ ID NO:8.

60. The aggrecanase of claim 31, wherein the aggrecanase consists of

the amino acid sequence of SEQ ID NO:10.

61.  The aggrecanase of claim 31, wherein the aggrecanase consists of

the amino acid sequence of SEQ ID NO:15.

62.  The fusion protein of claim 38, wherein the amino acid sequence

is SEQ ID NO:4.

63.  The fusion protein of claim 38, wherein the amino acid sequence

is SEQ ID NO:6.

64. The fusion protein of claim 38, wherein the amino acid sequence

is SEQ ID NO:8.

65.  The fusion protein of claim 38, wherein the amino acid sequence

is SEQ ID NO:10.
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