WO 03/ 004607 PCT/ US02/ 21056 AGGRECANASE MOLECULES RELATED APPLI CATI ON
[001] This application relies on the benefit of priority of U S.
provi si orab opab4snt application Nos. 60/303,051, filed on Pamyuss22@801, and
60/ 349, 133, filed January 16, 2002. FIELD OF THE I NVENTI ON [ 002] The
present invention relates to the discovery of nucleotide sequences
encodi ng novel aggrecanase nol ecul es, the aggrecanase proteins and
processes for producing them The invention further relates to the

devel opnment of inhibitors of, a | | t he aggrecanase
enzynes. These inhibitors and Ji@%g@%h’@%ﬁmmr t he treatnment of
vari ous aggr e (RRPATEISAPPLICATIONNdi tions including osteoarthritis.
BACKGROUND OF THE | NVENTI ON [ 003] Aggrecan is a nmjor extracellular

conponent of articUO8i] Thiswipphication relies oa the besefjt gicproritespbiSi bl e for
providing cartilage with its mechanical properties of conpressibility and

elasticity. Theroligiohadbategdapphcatiomido 3013031061 cfilbddn July Be2deyrastat i on of
articular cartilage in arthritic diseases. Osteoarthritis is a

debilitating cg(gg@gqyynf,@la ﬁﬁugw gsgagodeast 30 mllion Anericans (MaclLean
et al., J Rheunatoo! 12213 (1998)). Osteoarthritis can severely reduce

quality of i flﬂEiﬁOrFoqugqu@N of articular cartilage and the
ear

resulting chroniC pain y and i nmportant characteristic of the
romthe extrace | ul ar. matrix

(Brandt and Manki 0B o REeDt RARAESE BlnldeiBiihe SisooveBs shmpCaide

5?,?383%8;O%%T/a\ggméﬁggg%io%gpn%@yel aggrlelcgr?gslep mozliecullDéA\s tﬁé aéé?eia%lg;g p\pgems
and processes for producing them. The invention further relates to the
development of inhibitors of, as well as antibodies to the aggrecanase
enzymes. These inhibitors and antibodies may be useful for the treatment of
various aggrecanase-associated conditions including osteoarthritis.
BACKGROUND OF THE INVENTION

[003] Aggrecan is a major exiracellular component of articular

cartilage. It is a proteoglycan responsible for providing cartilage with its
mechanical properties of compressibility and elasticity. The loss of aggrecan
has been implicated in the degradation of articular cartilage in arthritic
diseases. Osteoarthritis is a debilitating disease which affects at least 30
million Americans (MaclLean 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 Osteoarthrifis, in Textbook of

Rheumatology, WB Saunders Company, Philadelphia, PA, at 1355-1373



(1993)). The large, sugar-containing portion of aggrecan is thereby |ost
from the extra-cellular matrix, resulting in deficiencies in the

bi omecharwoabB/oowhar act eri stics of the cartilage. [004] A pcatEso/ytose
activity terned "aggrecanase" is thought to be responsible for the

cl eavage of aggrecan thereby having a role in cartilage degradation
associated with osteoarthritis and inflanmatory joint disease. Wrk has
been conducted to identify the enzynme responsi ble for the degradation of

aggrecan in h S rthritic cartilage. .Two _enzynmati.c , cl eayage sites
hgge been idew)gdxrﬁg?ﬂpﬁ’ ?H%%’%‘{'E?'QMQ?}&‘P’HP”&SE&Q%EW Bé'@%fﬁ@i?ﬁ%@m
(Asn341- Phe34 i s observed to be cleaved by several known )

met al | opr ot ea¥iseXtFa-griigal matrdg resulfinginfdelgiensios in theogomechanea) : Fosang
et al., Biochemcal J. 304:347-351 (1994). The aggrecan fragnment found in
human synovi abhatagterjstisadf tfemeardilage. by 1 L-1 i nduced cartil age aggrecan
cleavage is at the G u373-A a374 bond (Sandy et aL, J din Invest

69: 1512-1516 ( 199R)04]L dhpraxetslyticactiity tertiddtadgrecatemisdtouyRifb B222
(1993); Sandy et al., J Biol Chem 266: 8683-8685 (1991)), indicating that

none of the kpadnsHik Yomfe ddav: %%@g%&ﬁﬁ%rg%gﬁﬁﬁﬁﬁgggﬁmwk%w vo.

[ 005] Recently, identification o nzynes, greca ase $ S 4)
and aggr ecanase: - 1. i hin t DS rin-like. . an
Met al Iggpr ot eagggﬁaﬁdt%ﬂa%%gﬂ%@i%do%b %S&P@Eﬁ{'t'%ﬂ%ﬁ Bratprydpint §rﬁq3§e' hgve

i i fi i i L-1 stinul ated ti e an
oheave agur ec VPR RESbE IS b Genaty theranayEna sppnable fostiance
284:1664-6 (1999); Abbaszade et al., J Biol Chem 274: 23443-23450 (1999)).
It is 2 WO 03feguwsialiopofaggreyamiossiman ssicopehtitiacartitrge Ewpyeneymatiol d be

synt hesi zed by osteoarthritic human
cleavage sites have been identified within the interglobular domain of

aggrecan. One (Asn**'-Phe®?) is observed to be cleaved by several known
metalloproteases. Flannery et al., J Biol Chem 267:1008-14 (1992); Fosang
et al., Biochemical J. 304:347-351 (1994). The aggrecan fragment found in
human synovial fluid, and generated by IL-1 induced cartilage aggrecan
cleavage is at the Glu**-Ala®" bond (Sandy et al., J Clin Invest 69:1512-1516
(1992); Lohmander ef al., Arthritis Rheum 36: 1214-1222 (1993); Sandy et al.,
J Biol Chem 266: 8683-8685 (1991)), indicating that none of the known
enzymes are responsible for aggrecan cleavage in vivo.

[005] Recently, identification of two enzymes, aggrecanase-1
(ADAMTS 4) and aggrecanase-2 (ADAMTS-11) within the “Disintegrin-like
and Metalloprotease with Thrombospondin type 1 motif’ (ADAM-TS) family
have been identified which are synthesized by IL-1 stimulated cartilage and
cleave aggrecan at the appropriate site (Tortorella et al., Science 284:1664-6

(1999); Abbaszade et al., J Biol Chem 274: 23443-23450 (1999)). Itis



articular cartilage. It is also contenplated that there are other, rel ated
enzynes in the ADAMTS fam |y which are capabl e of cleaving aggrecan at

t he G u3A80AaBikd7 bond and coul d contribute to aggrecan clPEINEBYB21066
osteoarthritis. There is a need to identify other aggrecanase enzynmes and
determ ne ways to block their activity. SUMVARY OF THE | NVENTI ON [ 006] The
present invention is directed to the identification of novel aggrecanase
protei n nol ecul es capabl e of cleaving aggrecan, the nucl eotide sequences
whi ch encode the a %re anase enzynes, and processes for the production of
aggr ecanasespoﬁf’ﬂ@'@g ah LY ESSHRWNBE fyBthasizaskby: asteaattbritic BHM&8 havi ng
proteol yti c aggrecanase activity. The invention further includes

conposi t i onsagshiaricsiriiggehédise algwrgoniemplaied thattberenarenothen relsded i ncl udes
anti bodies to these enzynes, in one enbodinent, for exanple, antibodies

that bl ock agorymesistheaBDANITS fantily ahidhtaregapable ofrtleaving Bggreecanadas
nmet hods for developing inhibitors of aggrecanase which bl ock the enzyne's

proteol yii c gel GUITYAIFIasSd Bd BHLRN oniMisto 19 bipbRstchsciEmyadeirsed in
f n

vari ous assays and therapies for treatnent o Itions characterized by

e degr ades oy ! SHERY soRbb Rerk2BheT BB BB 20
of SEQ I D NO. 1i5 from nuclemic% #1-#2270; SEQ ID NO. 7 from nucl eoti de
#1-#2339: SEEFIEANIRS WaV$ o Rlo 3[3%89 W8 #1 to #3899; SEQ ID NO 9 from
nucl eotide #1 to #5004; SEg. | D 3 WD 03/004607 PCT/ US02/ 21056 NO. 11 from
nucl eoti de #SUMMAREOF THE INMENERION occurring human allelic sequences

and equi val ent degenerative codon sequences.
[006] The present invention is directed to the identification of novel

aggrecanase protein molecules capable of cleaving aggrecan, the nucleotide
sequences which encode the aggrecanase enzymes, and processes for the
production of aggrecanases. These enzymes are contemplated to be
characterized as having proteolytic aggrecanase activity. The invention
further includes compositions comprising these enzymes.

[007] The invention also includes antibodies to these enzymes, in one
embodiment, for example, antibodies that block aggrecanase activity. In
addition, the invention includes methods for developing inhibitors of
aggrecanase which block the enzyme’s proteolytic activity. These inhibitors
and antibodies may be used in various assays and therapies for treatment of
conditions characterized by the degradation of articular cartilage.

[008] The invention provides an isolated DNA molecule comprising a
DNA sequence chosen from: the sequence of SEQ ID NO. 5 from nucleotide
#1-#2270; SEQ ID NO. 7 from nucleotide #1-#2339; SEQ ID NO. 3 from

nucleotide #1 to #3899; SEQ ID NO. 9 from nucleotide #1 to #5004; SEQ. 1D



[009] The invention also conprises a purified aggrecanase protein
conprising an am no acid sequence chosen from the am no acid sequence set
forth in wWBa@l@edNO. 6 from am no acid #1-#756; SEQ | D NO. P8Tfusom21086ri no
acid #1-#779; Figure 2 (SEQ ID NO 10) fromam no acid #1-#1057; Figure 5
(SEQ ID NO 13) fromam no acid #1-#1122; and honol ogous aggrecanase
proteins consisting of addition, substitution, and deletion nutants of the
sequences. [010] The invention al so provides a nethod for producing a
purified aggr ecanase protein produced by the steps of culturing a host

cel | transf0hedd Fpmyclepidad] - #B306% @St erthEallypachEinghbeman@ileliand

recovering and purifying fromsaid culture nmediuma protein conprising the
am no acid segushoss aet efuivalent degererafiveSEGrion Bedi@nces, 8, 10, and 13.
[011] The invention al so provides an anti body that binds to a purified

aggr ecanase pr ot ej0p9}f Thadnventiontaled combrisbs @ pUriieddffgracamiseastoldin
devel opi ng i nhibitors of aggrecanase conprising the use of aggrecanase

protein chose&ppfigaggﬁ%&c%@a@gﬁd Refendd chdden A8 Ind ARG Bbid i RAGe [ 012]

Addi tional ly, arnmaceut 1 cal conposition ting the

Peast one anered) MseRaPis: 8 ReREaribEhel e 4rab SR RRRtR M  pfeP ' e &
e eesrase S B BTG o eabac o s
effective amount of 4 WD 03/004607 PCT/ US02/ 21056 the pharnmaceuti cal
conposi ti on highrebl (GEQIPNR. tHrfpersiamion acid #i#19i22; and droevalogeus acti vity.
BRI EF DESCRI PTI ON OF THE DRAW NGS
aggrecanase proteins consisting of addition, substitution, and deletion
mutants of the sequences.
[010] The invention also provides a method for producing a purified
aggrecanase protein produced by the steps of culturing a host cell
transformed with a DNA molecule according to the invention, and recovering
and purifying from said culture medium a protein comprising the amino acid
sequence set forth in one of SEQ. ID NOs. 6, 8, 10, and 13.
[011] The invention also provides an antibody that binds to a purified
aggrecanase protein of the invention. It also provides a method for
developing inhibitors of aggrecanase comprising the use of aggrecanase
protein chosen from SEQ ID NOs. 6 8, 10, 13, and a fragment thereof.
[012] Additionally, it provides a pharmaceutical composition for
inhibiting the proteolytic activity of aggrecanase, wherein the composition
comprises at least one antibody according to the invention and at least one

pharmaceutical carrier. It also provides a method for inhibiting aggrecanase

in a mammal comprising administering to said mammal an effective amount of



[013] Figure 1 is the nucleotide sequence of an aggrecanase protein as set
forth in SEQID NO 9. [014] Figure 2 is the amno acid sequence (SEQ ID
NO. 10) oWoan/oogyr ecanase protein encoded fromthe nucl eeCrdsoyzysence as
set forthin SEQID NO 9. [015] Figure 3 is an extended nucl eoti de
sequence (SEQ ID NO 11) of EST14. [016] Figure 4 is an exon insert of 69
bases (SEQ ID NO 12) from nucleotide #2138(7) through #2206(7) for SEQ ID
NO. 11. [017] Figure 5 is the predicted protein translation (SEQ ID NO 13)
gure 6. is an am no acid sequence (SEQ ID NO 14)

of SEQ ID NO. 1*P1 n{‘%l%
cont ai ni ng E@@ Fpgse CHW@QO%WW and gllewiigethgrhampesiiions taighibit esul t - of
an additional exon. 5 WO 03/004607 PCT/US02/21056 BRI EF DESCRI PTI ON OF
THE SEQUENCESggreganasaactidtyaci d SEQUENCES FlI GURES DESCRI PTION | EST 14 2
a.a. seq. of EST 14 3 aggrecanase DNA 4 a.a. seq. of SEQIDNO 3 5
aggr ecanase BRAEP DESCRIPTIONTOBTRH DRAWINGS
[013] Figure 1 is the nucleotide sequence of an aggrecanase protein
as set forth in SEQ ID NO. 9.
[014] Figure 2 is the amino acid sequence (SEQ ID NO. 10) of an
aggrecanase protein encoded from the nucleotide sequence as set forth in
SEQ ID NO. 9.
[015] Figure 3 is an extended nucleotide sequence (SEQ ID NO. 11)
of EST14.
[016] Figure 4 is an exon insert of 69 bases (SEQ ID NO. 12) from
nucleotide #2138(7) through #2206(7) for SEQ ID NO. 11.
{017] Figure 5 is the predicted protein translation (SEQ ID NO. 13) of
SEQ ID NO. 11.
[018] Figure 6 is an amino acid sequence (SEQ ID NO. 14) containing

SEQ ID NO. 5 and 24 extra in frame amino acids as a result of an additional

exon.



5 7 aggrecanase DNA 8 a.a. seq. of SEQID NO 7 9 Figure 1 aggrecanase
DNA 10 Figure 2 a.a. seq. of SEQID NO. 9 11 Figure 3 aggrecanase DNA 12
Fi gure 4 wpon/omse! eotide insert 13 Figure 5 a.a. seq. of PEBE@QShizmMss 11 14
Figure 6 exon a.a. insert 15 zinc binding signature region of
aggrecanase-1 16 nucleotide insert 17 nucl eotide sequence containing an
insert with an Xhol site 18 a 68 by adapter nucleotide sequence 19 exon
nucl eotide insert 20 exon a.a. insert 21 prinmer 22 primer 23 prinmer 24

primer BRIEF DESCRIPTION OF THE SEQUENCES

a.a. = amino acid

SEQUENCES FIGURES DESCRIPTION
1 EST 14
2 a.a. seq. of EST 14
3 aggrecanase DNA
4 a.a. seq. of SEQ ID NO.
3
5 aggrecanase DNA
6 a.a. seq. of SEQ ID NO.
5
7 aggrecanase DNA
8 a.a. seq. of SEQ ID NO.
7
9 Figure 1 aggrecanase DNA
10 Figure 2 a.a. seq. of SEQ ID NO.
9
11 Figure 3 aggrecanase DNA
12 Figure 4 exon nucleotide insert
13 Figure 5 a.a. seq. of SEQ ID NO.
11
14 Figure 6 exon a.a. insert
15 zinc binding signature
region of aggrecanase-1
16 nucleotide insert
17 nucleotide sequence
' containing an insert with
an Xho1 site
18 a 68 bp adapter
nucleotide sequence
19 exon nucleotide insert
20 exon a.a. insert
21 primer
22 primer
23 primer
24 primer
25 primer
26 primer
27 primer
28 primer
29 primer
30 primer
31 synthesized nucleotides




25 primer 26 primer 27 primer 28 prinmer 29 prinmer 30 primer 31

synt hesi zed nucl eotides 6 WD 03/ 004607 PCT/ US02/ 21056 32 synt hesi zed

nucl eot i owe 0384687 nt hesi zed nucl eoti des 34 synthesized necrasp/2Lse

DETAI LED DESCRI PTI ON OF THE I NVENTION 1. Novel Aggrecanase Proteins [019]
I n one enbodi nent, the nucl eotide sequence of an aggrecanase nolecul e of
the present invention is set forth in SEQID NO 3, as nucleotides #1 to
#3899. It is contenplated that nucleotides #80-134 represent the pro

donmai n. The_ppe_t_a_l_[_g_p_r_%t_ea_s_%d_g;pal n hnnrnrl ses—-nuclegtides #135- #254- intron
nucl eot i des| #255- #3122 nucl eot i des #318- #560, intr SYRthesized; nicleotides
#561- #1264, | nucl eot i &8s #1265- #1372, intron nucl eot|isyathesizerdutiattidesard

nucl eot i des| #1802- #1846. The di §i ntegri n domai n conpyhtesizadoledotites
#1977-#2236. The t hronbospondin type I domain conprises am no acids

#2237- #2492. DETAIEEECDESCRIPTIONCOF THEINVENTION | ds #2493- #2636, intron
nucl eotides #2637-#2759, and nucleotides #2760-#3233. The thronbospondin

type | sub notif gonpr 5#3416. The invention further

i ncl udes eqU|vaIent degener sequences of the
[019] Inone embodlment, the nucleotide sequence of an aggrecanase

molecule of the present invention is set forth in SEQ ID NO. 3, as nucleotides
#1 to #3899. It is contemplated that nucleotides #80-134 represent the pro
domain. The metalloprotease domain comprises nucleotides #135-#254;
intfron nucleotides #255-#317, nucleotides #318-#560, intron nucleotides
#561-#1264, nucleotides #1265-#1372, intron nucleotides #1373-#1801, and
nucleotides #1802-#1976. The disintegrin do‘main comprises nucleotides
#1977-#2236. The thrombospondin type | domain comprises amino acids
#2237-#2492. The spacer region comprises amino acids #2493-#2636, intron
nucleotides #2637-#2759, and nucleotides #2760-#3233. The
thrombospondin type | sub motif comprises nucleotides #3234-#3416. The
invention further includes equivalent degenerative codon sequences of the
sequence set forth in SEQ ID NO. 3, as well as fragments thereof which
exhibit aggrecanase activity. The full length sequence of the aggrecanase of
the present invention may be obtained using the sequences of SEQ ID NO. 3
to design probes for screening for the full sequence using standard
techniques.

[020] The amino acid sequence of the isolated aggrecanase-like

molecule is set forth in SEQ ID. NO. 4, as nucleotides #1 to #807. The partial



sequence set forth in SEQID NO 3, as well as fragments thereof which
exhi bit aggrecanase activity. The full length sequence of the aggrecanase
of the pwegeamno46hnventi on may be obtai ned using the sequelceaS0i28E) | D NO.
3 to design probes for screening for the full sequence using standard
techni ques. [020] The am no acid sequence of the isol ated aggrecanase-|ike
nol ecule is set forth in SEQ ID. NO 4, as nucleotides #1 to #807. The
partial 7 WD 03/004607 PCT/ US02/ 21056 Pro domain conprises am no acids

#1418. A prohabl,e PACE processing site  C rises am no acids #15-#18. The
proposed net Er? gﬁm'%ﬁgg‘pﬂ'éﬁﬁ@m'ﬁe@ﬁﬂsi%'kg?g-nﬁﬂf ohablesPALb-progessing sitet i al
catalytic Zn binding domain conprises am no acids #145-#155. The Met turn

i s am no aci 60RAPESES BRUNO BEisisFEE# 8 s iThe ayepesatbmetallopootease deonmin no aci ds
#210-#298. The proposed thronbospondin type | donmain conprises am no acids
#299- #377. dbmppsepastdo ayikise 18.#20¢.hAgrattialyzitalytie Zpdddiag aoedaifomai n
conprises amno acids #378-#586. The proposed thronbospondin type |I sub

UL COMDY beihpriagh BfAS kRS UPAIL-#054. TATIVIG (@i HSariA6clRTesr gran intron

[ 020] sequence. The invention further includes fragnents o e amno acid

ZEE?‘EQ?ee“nﬂi)@fb,?e%%{é?’%ﬁﬂg@rﬂ‘ﬁ@f%of ?@@%@%&%ﬁ@%ﬁ@ %S‘f-ﬁ‘?%’ﬁé?ﬁ%mf ccul o of
' ' ' . . DNA . 0.S LD NO. 5
1 om nuct oot PRIPRECDISPOROSHRDAT, B A R ACR Besi TTpB et CAaZ

sequences obt ai ned using the sequences of SEQID NO. 5 to design probes
for screeni nghe PrePesRebFsteiReigh anst cysieing oo sgacsrdemain esgeisgsat i ve
codon sequences of the sequence set forth in SEQID NO 5, as
amino acids #378-#586. The proposed thrombospondin type | sub motif
comprises amino acids #587-#644. Amino acids #648-#807 are an intron

[020] sequence. The invention further includes fragments of the amino
acid sequence which encode molecules exhibiting aggrecanase activity.

[021] [n another embodiment, the nucleotide sequence of an
aggrecanase molecule of the present invention derived from thymus DNA is
set forth in SEQ ID NO. 5 from nucleotide #1-#2270. The invention includes
longer aggrecanase sequences obtained using the sequences of SEQ ID NO.
5 to design probes for screening. The invention further includes equivalent
degenerative codon sequences of the sequence set forth in SEQ ID NO. 5, as
well as fragments thereof which exhibit aggrecanase activity.

[022] The nucleotide sequence of the thymus clones set forth in SEQ
ID NO. § encodes the amino acid sequence set forth in SEQ ID NO. 6 from
amino acid #1-#756. With respect to SEQ ID NO. 6 the domains are

contemplated as follows: The pro-domain comprises amino acid #1-#88. The

probable PACE site is represented by amino acids RERR, amino acids #85-



wel | as fragnents thereof which exhibit aggrecanase activity. [022] The
nucl eoti de sequence of the thynus clones set forth in SEQ ID NO 5 encodes
t he am nowesBdosenuence set forth in SEQID NO 6 from amCRASaw2®s6¢t1-#756.
Wth respect to SEQID NO. 6 the domains are contenplated as follows: The
pro-domai n conprises am no acid, #1-#88. The probable PACE site is
represented by am no acids RERR, am no acids #85 8 WO 03/ 004607

PCT/ US02/ 21056 #88. The netal | oprot ease domai n conpri ses am no aci ds
#89-#317 with__catalytic Zn binding domain at #264-265, and a Met turn at
#278. The dF8Pnildwringtallortatrase Apmair sompries anine aguisgtan#317 with

t hronbospondin type | domain conprises am no acids #409-#487. The cysteine
rich and cysataiyiie Hobindingadematoat#26426Hy arcba Meti tom at#288.#FR8- #695. The
proposed t hronbospondin type | sub notif conprises am no aci ds #696-#752.

The inventi odisiriiegthe doimth eoRprieaaminG sickls #31B-A0810 TRE itHrohRsBAPREirs et
forth in SEQID NO 6 which encode nol ecul es exhi biting aggrecanase

ivity. [023k |ldbrhai i | | egid f
activity. [ ﬁ,ﬁeldbrﬁa%%&rﬁ@ﬁsé@%ﬁid@&&s #0642 efﬁéd&ﬁtgﬁgﬂlﬁggaﬁwma”

aggrecanase ecule of t present invention ( _ _ is set
[orn 1 e I LHGKET Kool AR BB Tl 1S
degener at | vePERISROLBTRAGHOTGIN Ve | BRUCCB IS FRINGASERHRONE o2 as
wel | as fragnents thereof which exhibit aggrecanase activity. The invention
further incl lbednverdignettbepinctusesdragmentsio the quime aciklsseduente seh f@GEQ | D
NO. 8 which encode nol ecul es exhi biting aggrecanase activity. [024] The
nucl eoti de sEOSEQCKD Bl & which déntobEGhbIBchIes ekhibitmsiaggideanase activity.
[023] In a further embodiment, the nucleotide sequence of an

aggrecanase molecule of the present invention derived from liver DNA is set

forth in SEQ ID NO. 7 from nucleotide #1-#2339. The invention includes

longer aggrecanase sequences obtained using the sequences of SEQ ID NO.

7 to design probes for screening. The invention further includes equivalent

degenerative codon sequences of the sequence set forth in SEQ ID NO. 7, as

well as fragments thereof which exhibit aggrecanase activity. The invention

further includeé fragments of the amino acid sequence set forth in SEQ ID

NO. 8 which encode molecules exhibiting aggrecanase activity.

[024] The nucleotide sequence set forth in SEQ ID NO. 7 encodes the

amino acid sequence set forth in SEQ ID NO. 8 from amino acid #1-#779.

This sequence contains a 69 base insertion encoding from amino acid #578-

#601 found in the spacer domain. The domains are contemplated as follows:

The pro-domain comprises amino acid #1-#88. The probable PACE site is

represented by amino acids RERR , amino acids #85-#88. The



am no acid sequence set forth in SEQID NO. 8 fromamno acid #1-#779.

Thi s sequence contains a 69 base insertion encoding fromamno acid #578-
#601 f ourmtoion/ov4se7 spacer domai n. The dommi ns are cont enpl acedsaz21sd | ows:
The pro-domain conprises amno acid #1-#88. The probable PACE site is
represented by am no acids RERR , am no acids #85-#88. The 9 WD 03/ 004607
PCT/ US02/ 21056 netal | oprot ease domai n conprises am no aci ds #89-#317 with
catalytic Zn binding domain at #264-265, and a Met turn at #278. The

disintegrind j rises amno acids #318-#4 t hronp din
type | domai nﬂ{égélﬂ%fﬁge%ea RN |§§§O§pyggaﬁ|§sr%§9-#§3§ e\i‘"ﬂ?ec"?ﬁat?)ﬁ%%
cystei ne poor .spacer domain_conprises am no acids_#488-#577 and #602-#718.
The pr oposedPidingBeRBEhat %2@%”851 ardig Met furn ab#a?8.s dbeddisinteasiol drmain
#719-#776. [025] In a further enbodi nent, the nucl eotide sequence of an
aggrecanase noPEEHEes amindacisisatid-#408.emhe dhransbaspondar tyipei doBEgnl D NO. 9
from nucl eoti de #1-#5004. The invention further includes equival ent

degenerati ve comprisssauenc esidsf#40%#48TuTheystind Ath AnttySERd PodO. 9, as
wel | as fragnents thereof which exhibit aggrecanase activity. [026] The

nucl eot | de_segyangeicRkin' Qhiidds SFRI RidOkBs TR Kigs #TBN T RC1 d

sequence set forth in SEQ NO. 10 from am no aci he Pro

domain i s con i mi s , t hr ough. (
(probabl e PA r 3%g§gf&nrﬁbél e dl"iﬁ'tﬁ%dle% %@hpﬁ?ﬁéf@%ﬁ 3”5")'9 g?‘ﬁ’é%%‘ 0 d
met al | opr ot ease doygj omprises amno acids 159 (N through 378 (K) with
catal ytic zZn bi ndi @%oﬁhgﬁuﬁtﬂe‘%@ﬁgbg@?ﬁm qqg?gpta)e sesencef anyr oposed
di sintegrin domain conprises amno acid #379 g\/) through #478 (D). The
proposed t hr oR8@$E8nAsH Malgeule of S presepirpnvesten imseldorbiin SEQ D NO. 9

from nucleotide #1-#5004. The invention further includes equivalent
degenerative codon sequences of the sequence set forth in SEQ ID NO. 9, as
well as fragments thereof which exhibit aggrecanase activity.

[026] The nucleotide sequence set forth in SEQ ID NO. 9 encodes the
amino acid sequence set forth in SEQ ID NO. 10 from amino acid #1-#1057.
The Pro domain is contemplated to comprise amino acids #1(R) through
#158(R) (probable PACE processing site is underlined in Figure 2). The
proposed metalloprotease domain comprises amino acids 159 (N) through
378 (K) with catalytic Zn binding domain at #324-335, Met turn at #347. The
proposed disintegrin domain comprises amino acid #379 (V) through #478
(D). The proposed thrombospondin type | domain comprises amino acid #479
(G) through #557 (L). The proposed cysteine rich and cysteine poor spacer
domain comprises amino acids #558 (L) through #760 (Q). The proposed
thrombospondin type I sub motifs (4) comprise amino acids #761 (D) through

#990 (C). The proposed PLAC domain comprises amino acids #991(N)
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(G through #557 (L). The proposed cysteine rich and cysteine poor spacer
domai n conprises amno acids #558 (L) through #760 (Q. The proposed

t hr onbospwodBieo4eype | sub notifs (4) conprise am no aci dsPETABOY/ESE hr ough
#990 (O . The proposed PLAC donmai n conprises am no acids #991(N) 10 WO
03/ 004607 PCT/ US02/ 21056 through #1057 (S) (found in C term nus of
papilin, lacunin, PACE4 and PC5/6 proteases as well as ADAMIS2, ADAMIS3,
ADAMISI O ADAMISI 2 and EST16). The i nvention further includes fragnents

of the am no_aci rthlnS | D NO 10 ' enc

ol ecul os. oxdirsreh #305255F BolRaan 0 Eiefnlie T Repdi, Houin, HAG R AT Ere S Grent
t he nucl eoti de sequence of an recanase nol ecul e of the present

i nvention i speieages aswel %E%'PA PlQAl\ﬂfTﬁﬁwﬁ%Mé_&pdéDﬂM%é%@ndThe

i nvention further includes eqU|vaIent degenerative codon sequences of the
sequence set EBAreh iTheSEQentiénh Nther includes frabineats 6f thenamine adietr eof whi ch
exhi bit aggrecanase activity. [028] The nucl eoti de sequence set forth in

SEQ I D NO  ldequiftdesct foRR inSE®IRNQO. REAHRIMCENdRIe mheldcidsex@ising® NO. 13
fromam no acid #1- #1122. The proposed | eader sequence conprises ani no

acids #1(M . The proposed Pro domain conprises am no acids
#22 (L) thro%%%rgegaaag%k“gl%robabl e PACE processi ng site is underlined in

Figure 5). Am no 244 ose st net of .N-term nal
alternate splice a‘% %%W%B%‘Qﬁ'ﬁﬁgg g G{Eesfsgé'ealg’ﬁeﬂfﬁncorrprl ses
am no acids #224 thr oug]h #443 (K) with cat aI ytic Zn bindin dOITB.I n at
#389- 400, anggg{engpagea mplegile of ihe PW“EH’U&BH@@I igpet facthdn SEQ

conpri ses am no acids #444(V) through #543(D). The proposed thronbospondi n
type | domai frocomypclestide #1-#3369. The invention further includes equivalent

degenerative codon sequences of the sequence set forth in SEQ 1D NO. 11,
as well as fragments thereof which exhibit aggrecanase activity.

[028] The nucleotide sequence set forth in SEQ ID NO. 11 encodes
the amino acid sequence set forth in SEQ ID NO. 13 from amino acid #1-
#1122. The proposed leader sequence comprises amino acids #1(M) through
#21 (G). The proposed Pro domain comprises amino acids #22 (L) through
#223 (R) (probable PACE processing site is underlined in Figure 5). Amino
acid #244 (M) is the proposed first met of N-terminal alternate splice variant.
The proposed metalloprotease domain comprises amino acids #224 (N)
through #443 (K) with catalytic Zn binding domain at #389-400, and a Met turn
at #413. The proposed disintegrin domain comprises amino acids #444(V)
through #543(D). The proposed thrombospondin type | domain comprises
amino acids #544(G) through #522. The proposed cysteine rich and cysteine
poor spacer domain comprises amino acids #523(L) to #830(l). The proposed

thrombospondin type | sub motifs (4) comprises amino acids #831(W) to

11



am no aci ds #544(GQ through #522. The proposed cysteine rich and cysteine
poor spacer domain conprises am no acids #523(L) to #830(1). The proposed

t hr onbospwodBmo46ype | sub notifs (4) conprises am no aci deCFaBALYP5¢ 0 11 WO
03/ 004607 PCT/ US02/ 21056 #1055(C). The proposed PLAC donain conprises

am no acids #1056 (N) through #1022(S). NxS/ Tx proposed N-1inked

gl ycosyl ation conprise am no acids #167-169 (NNS), #812-814 (NRT) #817-819
(NQS), ami no acids #859- 861 (NKT), amino acids #866-868 (NDS) and ani no

aci ds #921- The i nven n further includes fragnments of the
amno acid Séi@g dde PErRaSE] L@%@Q“ﬁ?'ﬂl@onlﬁf's\ﬁﬁlaéﬂmgrﬁf%% FHRE N es
exhi bi ti ng aggrecanase activit [ 029] The invention includes nethods for
obt ai ni ng t hreugh #1823(S. s paopesechistliokat glycosylating coptprisecaminio: ai ned

by this nmethod and the protein encoded thereby. The nethod for isolation

of the full damdgb’#16§9’bﬁ»BEO¢NS) i#8/1@-86% (NRT) #3173 10HBGS)g veatind agisH#BPENCe
set forth in SEQID NGs. 3, 5, 7, 9, and 11 to design probes for

screeni ng, 086 P{NRTY KRN ESA65#8681988 (NS HamMPa6HY 2 1kINGT).t hose
skilled in the grtWThe preferred sequence for designing probes |s)the

or afr ZSﬂﬁﬁﬁeregﬁﬁ‘?fh%%ﬁ%@ggﬁ@g@%@g%hr@%%@ggﬁu@ﬁ%ﬁ%ﬁi B %t
1 an recoverlng

ond pur T e S EONPENS. Uvith BricaaP MolaSies exfibitHio e e S am 2o

aci d sequence set forth |n at least one of SEQID NGCs. 4, 6, 8, 10, and 13
substantial ly fref29 oFFh@tlmm\eentmprla@lédﬂ%mmdmr@ht@nmﬂheﬁumr@m|t is

co- produced. For production in manmalian cells, the DNA sequence further
conpri ses a ahifkesanassowlecuieoiticrigNA sgueabé ebtainqaxdabyitluie nbethod aanaldthei nked
in frame to the nucl eotide
protein encoded thereby. The method for isolation of the full length sequence
involves utilizing the aggrecanase sequence set forth in SEQ ID NOs. 3, 5, 7,
9, and 11 to design probes for screening, or otherwise screen, using standard
procedures known to those skilled in the art. The preferred sequence for
designing probes is the longer sequence of SEQ ID NOs. 5 or 7.
[030] The human aggrecanase protein or a fragment thereof may be
produced by culturing a cell transformed with a DNA sequence chosen from
SEQ ID NOs. 3, 5, 7, 9, and 11 and recovering and purifying from the cuilture
medium a protein characterized by an amino acid sequence set forth in at
least one of SEQ ID NOs. 4, 6, 8, 10, and 13 substantially free from other
proteinaceous materials with which it is co-produced. For production in
mammalian cells, the DNA sequence further comprises a DNA sequence

encoding a suitable propeptide 5' to and linked in frame to the nucleotide

sequence encoding the aggrecanase enzyme.
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sequence encodi ng the aggrecanase enzyne. 12 WO 03/ 004607 PCT/ US02/ 21056

[ 031] The hunman aggrecanase proteins produced by the nethod di scussed above
are char awDeiogssd? by having the ability to cl eave aggrecamCTarsd2/bmsé ng an
am no aci d sequence chosen fromSEQ ID NGs. 4, 6 , 8, 10, or 13 variants
of the am no acid sequence of SEQID NGs. 4, 6 , 8, 10, or 13 including
naturally occurring allelic variants, and other variants in which the
proteins retain the ability to cleave aggrecan characteristic of
aggrecanase prot erred otel ns inclJude a protein which is at

| east about 80% MI Egﬁ%m%ag P@nﬁ%%}tﬁl@ﬁwa@'w%éyt%mﬁ oo,

honol ogous, to the am no acid sequence shown in SEQ ID NGs. 4, 6, 8, 10,

or 13. Fi nal fligcusgadeabeve are charaetevized @Wtavmg)iﬂwetatuhtséqoawe@g@rre@m | D
NGs. 4, 6, 8 , 10, or 13 whether such am no acid changes are induced by
mut agenesi s, andhdavingl an aiey atideequencdyhasérefrai SEQID NS, segues)ci®, wsed to

produce the protein, where the peptide sequence still has aggrecanase
activity, ares %ﬁﬁnﬂs%'tHé%\%mb %c?d‘@edlfe?ﬁ:%rﬁf SEYeDINOS: 4Té§‘98p‘i@5
i nvention al so includes fragnments of am no acid sequénce o SEQ I D

NCs. 4, 6, 8 t rot ein.
N dent I fi |(’r:1§fu (&mné) ?&E%M‘#%&éﬂ@é %“%hrce\;c?gﬁgzscé dls\ﬁoétéleﬁ{s’a@%gg?%ﬁ&?%ht %dl ng
Them [ 032] It ex t hat i tional huna enc and ot her

Spect o5 havePiaiging SEGI Fi AP S B a A A R SI 2 2O0IRAARGSe  The

i nvention, therefore, includes nethods for obtaining the DNA sequences
encodi ng ot heioteiggr Eratesras piotias includena pralainswhichrs e lesst abaut8®% t hose

nmet hods, and the protein encoded by those DNA sequences. This nethod
homologous, and more preferably at least about 90% homologous, to the

amino acid sequence shown in SEQ ID NOs. 4, 6, 8, 10, or 13. Finally, allelic
or other variations of the sequences of SEQ ID NOs. 4, 6, 8, 10, or 13
whether such amino acid changes are induced by mutagenesis, chemical
altération, or by alteration of DNA sequence used to produce the protein,
where the peptide sequence still has aggrecanase activity, are also included
in the present invention. The present invention also includes fragments of the
amino acid sequence of SEQ ID NOs. 4, 6, 8, 10, or 13 which retain the
activity of aggrecanase protein.

Il Identification of Homologous Aggrecanase Proteins and
DNA Encoding Them

[032] Itis expected that additional human sequences and other
species have DNA sequences homologous to human aggrecanase enzymes.
The invention, therefore, includes methods for obtaining the DNA sequences
encoding other aggrecanase proteins, the DNA sequences obtained by those
methods, and the protein encoded by those DNA sequences. This method
entails utilizing the nucleotide sequence of the invention or portions thereof to

13



entails utilizing the nucl eoti de sequence of the invention or portions
thereof to 13 WD 03/004607 PCT/ US02/ 21056 design probes to screen

| i brari eswbas/ood4se7 cor r espondi ng gene from other species @®CTWSA2/2MY56
sequences or fragnments thereof fromusing standard techniques. Thus, the
present invention may include DNA sequences from other species, which are
honol ogous to the human aggrecanase protein and can be obtai ned using the
human sequence. The present invention nay al so include functional

fragments of ;the a fecanase tein DNA seguences cod ng such
functional f#&Y %ﬁ’?‘g ?Réfgrquﬁ?cfpf ﬂ??a?orf'? &aghe g’f’ﬁb? e?el at ed
proteins. The ablllty of such a fragnent to function is determ nable by
assay of theSRR@e®PRCPANGIREINEDFeY PEHRgRSHES Wegeeidlomdtingstandardissay of
the aggrecanase protein. [033] For exanple, the amno acid translation of
SEQ I D NO. 2echaiuessekhusytle present myantisn md)eindmdehh[slésseﬂaéwaes from sspr ot ,
NCBI NR, PIR, and geneseqp in a BLASTP 2.2.2 search. Several sequences

vere identifo@r speciesivhith dré RIAIbEoMNOto #Hb hethbh el nébanas)é protei@bihgi ng or

inconpl ete sequence. These sequences were identifie the foll owi ng

ggf?:ilegnt hg{f.@if[? é?gt@@gﬁen@s are aﬁﬁé g‘rﬁ?ﬁ%%e’?ﬁe sanme f am %Qi%%ﬁ]'
appears o naobdsp ﬁam%;%@é"‘éfée?%e %ﬁﬁ%& Mot %@%ﬁ‘?%?ﬂﬁ%ﬁ‘éégh
ADAMTS17 has been descrl bed in L, Gene, 283 (1-2 9-62
(2002). [ 034$NeENY BURDS uqoflqnagfras@&% ag Wha&fmpngtfr@meg@r@fﬁher
dat abase using BLASTN 2.2.2. SEQ ID NO. 11 was determ ned to have
related proteins. The ability of such a fragment to function is determinable by
assay of the protein in the biological assays described for the assay of the
aggrecanase protein.

[033] For example, the amino acid translation of SEQ ID NO. 20 was
used in a query against the databases TREMBL, swissprot, NCBI NR, PIR,
and geneseqp in a BLASTP 2.2.2 search. Several sequences were identified
as similar to SEQ ID NO. 20, differing only by splicing or incomplete
sequence. These sequences were identified by the following accession
numbers: AAE10350, AAE10347, AAU72894, AAE10349, AAE10348. ltis
believed that these sequences are all part of the same family of ADAMTS.
One member of this family has already been published as ADAMTS17, which
appears to have as its nearest family member ADAMTS19. The cloning of
ADAMTS17 has been described in Cal, S., ef al., Gene, 283 (1-2), 49-62
(2002).

[034] SEQ ID NO. 11 was used as a query against the genesqn

database using BLASTN 2.2.2. SEQ ID NO. 11 was determined to have

14



14 WO 03/004607 PCT/US02/ 21056 identity (with variable splicing or

i nconpl ete sequence) to several published sequences. For exanple, the

publ i shedweeguewsers were cited in EP-A2- 1134286 ( AADL749@CTAADITASO,
AAD17500, AAD17501, and AAD17502) and WD 20/0183782 (AAS97177). [035] Sone
exanpl es of honol ogous, non-human sequences include a nouse sequence
20834206 (found in the NCBI NR database), a rat sequence 13242316 (found
in the NCBI NR database), a worm sequence AAY53898 (found in the geneseqpl
dat abase), and cow . sequence 11131272 (found in the NCBI NR dat abase). It
i s expected {9 'M&‘@’%"aﬂ ERUGIRY of § BERAAITNSBEI savergl Ry 'Sﬁﬁﬂogous
to human aggrecanase' enzynes. [036] The aggrecanase proteins_provided
herei n al so $e@Uenrest darsp@mplacibedlighes sequgneascwsraseitad rEP-d\2-hose of
SEQID NGs. 3, 5, 7, 9 or 11, but into which nodifications or deletions
are natural |l 194286 (RAD(&498, ARD4r489, AADNAE00/AADN 760¢, and Add 175923 equence
which may result in amno acid changes in the protein) or deliberately

engi neered. HRg VYQFW0E83F8N(AREDE1PFPteins may whol ly or partially
duplicate continuous sequences of the amno acid residues of SEQ I D NGCs.

4, 6, 8 10, or 1@33]9%? éé%@@%}gé@&#g&% f¥n-h a@is%aueg&é@r ude

secondary, or ter ructur r et 1 ona haracteristics with

Cei C ol o . .
Chorow th. 1 B PRl Safnend 20 e Frnr B CHENK Fabotel 49t ani no aci d
substitutions are possible without significantly nodifying the structure

and conf or nese@Hee B34118 Houndh insthedNGBANRK Agfabasehidoreign saduance

AAY53898 (found in the geneseqp1 database), and a cow sequence
11131272 (found in the NCBI NR database). It is expected that these
sequences, from non-human species, are homologous to human
aggrecanase ‘enzymes.

[036] The aggrecanase proteins provided herein also include factors
encoded by the sequences similar to those of SEQ ID NOs. 3, 5,7, 9 or 11,
but into which modifications or deletions are naturally provided (e.g. allelic
variations in the nucleotide sequence which may result in amino acid changes
in the protein) or deliberately engineered. For example, synthetic proteins
may wholly or partially duplicate continuous sequences of the amino acid
residues of SEQ ID NOs. 4, 6, 8, 10, or 13. These sequences, by virtue of
sharing primary, secondary, or tertiary structural and conformational
characteristics with aggrecanase proteins may possess biological properties
in common therewith. It is 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
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WO 03/ 004607 PCT/ US02/ 21056 properties as well. For exanple, it is

recogni zed that conservative amno acid substitutions may be nmade anopbng
am no aciwe moo4s0basi ¢ si de chains, such as |ysine (Lys ®CTR)S02/zx08§6 ni ne
(Arg or R} and histidine (Hs or H; amno acids wth acidic side chains,
such as aspartic acid (Asp or D) and glutamc acid (G u or E); am no acids
w th uncharged pol ar side chains, such as asparagine (Asn or N), glutam ne
(Adnor Q, serine (Ser or S), threonine (Thr or T), and tyrosine (Tyr or

Y); and am noggaﬁéigee.vﬂgwéwwé{aﬁ@gﬁt Eﬁg?ﬂgiz%ﬁ?ﬁa%n&%@&@%nﬁiﬁb%c% A

glycine (Gy ine (Val or eu or Isoleucine (lle

or 1), prolin Pro..or P henyl al ani ne (.Phe or FE net hi pnine (Me

V. trybt ophanubatEighs ey sl Bris Bt it pEEL Sidh s, <t

nodi fications and del etions of the native aggrecanase nmay be enpl oyed as

bi ol ogi cal |y A8tysjae sussen Kliesginmne: (ArgonRaiang jgidine ity Qiddk @edRasisidsnd i n
the developnent of inhibitors or other proteins in therapeutic processes.
It can be rewithlacidietsidenchaios iushras aspaytic anid@spaotD)odndigptanmrnacie

mai ntains the biological activity of aggrecanase by subjecting both
aggrecanase a(@lu dveE); \emiinarcidy witly unehangedgolassitde chams, sudh B beparddies eof
to the assays described in the exanples. [037] O her specific nutations of

the sequences i, e egiaRAsife (BIPbPL)SsERRC(SHI A S)ethbonihe\(Physr n,and,

nodi fications of glyCoSylation sites. These nodifications may In

ke o BB 4P T4 A ReE 88 i Honel 0 Bag bR P AL

Sites.  The. asPEFUER (U1 Ne DG Fo0) PR oHRIMELIGOL Vorlour PBdLag ongs

03/004607 PCT{schJISeOuzc/ir?el (()"5660[' 1), proline (Pro or P), phenylalanine (Phe or F), methionine
(Met or M), tryptophan (Trp or W) and cysteine (Cys or C). Thus, these
modifications and deletions of the native aggrecanase may be employed as
biologically active substitutes for naturally-occurring aggrecanase and in the
development of inhibitors or other proteins in therapeutic processes. It can be
readily determined whether a given variant of aggrecanase maintains the
biological activity of aggrecanase by subjecting both aggrecanase and the
variant of aggrecanase, as well as inhibitors thereof, to the assays described
in the examples.

[037] Other specific mutations of the sequences of aggrecanase
proteins described herein involve modifications of glycosylation sites. These
modifications may involve O-linked or N-linked glycosylation sites. For
instance, the absence of glycosylation or only partial glycosylation results

from amino acid substitution or deletion at asparagine-linked glycosylation

recognition sites. The asparagine-linked glycosylation recognition sites
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conprise tripeptide sequences which are specifically recogni zed by
appropriate cellular glycosylation enzynes. These tripeptide sequences are
ei t her aswer)ago4se? X-t hr eoni ne or aspar agi ne- X-seri ne, whereTXsvz2wsawal |y
any amno acid. A variety of amno acid substitutions or deletions at one
or both of the first or third am no acid positions of a glycosylation
recognition site (and/or am no acid deletion at the second position)
results in non- glycosylation at the nodified tripeptide sequence.

Addi tionally, ef | pr i.on_of . rec el at ed tein wll
also result i %&gﬁégééﬂ?ﬁﬁéfseiﬁ%hgﬁg’ &‘1’&'@8@'&% %R%e%ﬁf%r"g?%?%,m%%{aﬁyi f the

gl ycosyl ation sites fre Hft unnodi fied. 111. _Hi?ﬁ\% Ag recanase Nucl eotide
Sequences [ 03@pPrepriafe gelivian glyrosylafion engymease iPSRtide serRneas@ences
coding for expression of an aggrecanase protein having aggrecanase
proteol ytic eiienasparagingvhtiireanisel Qfmaaagme%sgrme;ﬁmmjgsétsam@w agych
sequences include the sequence of nucleotides in a 5 to 3" direction

i | lustrated i amBiaciD. MOsaridy of amiro a@icasubstitutiond diNfelstionseaicase phbeth, but
for the degeneracy of the genetic code, are identical to the DNA sequence

of SEQ I D NGsof fBe fitst dr thitd Mo ekid® pOsifnRo e adylyRBYLEEAMEESy MG 8itd- [ 039]
Further included in the present invention are Sequences whi ch

VoL 2 el bt RS SR ol bR PRANGRSE o SEQ LD, s

1, 3, 5, 7, 9 an and” encode [ _ Ly
U1 ngeni_condVPPORRIYL AL IAPAL R 1Booplide MBI ar TNy PASEHED: at ory
Manual ), Cold Spring Harbor Laboratory, at 387-389 (1982)). Such stringent
condi ti ons coffEssionfafaggregaiIase-rglaidd grrteinowilalsspresulitin gedugtion ef a7 wo
03/ 004607 PCT/ US02/ 21056
non-glycosylated protein, even if the glycosylation sites are left unmodified.
ll. Novel Aggrecanase Nucleotide Sequences
[038] Still a further aspect of the invention are DNA sequences coding
for expression of an aggrecanase protein having aggrecanase proteolytic
activity or other disclosed activities of aggrecanase. Such sequences include
the sequence of nucleotides in a 5' to 3' direction illustrated in SEQ ID NOs. 3,
5,7, 9 and 11 and DNA sequences which, but for the degeneracy of the
genetic code, are identical to the DNA sequence of SEQ ID NOs. 3, 5,7, 9
and 11 and encode an aggrecanase protein.
[039] Further included in the present invention are DNA sequences
which hybridize under stringent conditions with the DNA sequence of SEQ ID
NOs. 1, 3, 5, 7, 9 and 11 and encode a protein having the ability to cleave
aggrecan. Preferred DNA sequences include those which hybridize under
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. ltis
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generally preferred that such DNA sequences encode a protein which is at

| east about 80% honol ogous, and nore preferably at | east about 90%

honol ogouws Boo46he sequence of set forth in SEQ I D NGs. 3PCH/USEH22050r 11.
Finally, allelic or other variations of the sequences of SEQ ID NGs. 1, 3,
5, 7, 9 or 11 whether such nucl eotide changes result in changes in the
pepti de sequence or not, but where the peptide sequence still has
aggrecanase activity, are also included in the present invention The

P 1 "3 BehSRT o SR DRI ergbs cbeathn SeEnn o " O
activity of aggrecanase. [0401] Simlarly, DNA sequences which code for
aggrecanase |@est abagt 8@ dwmelegous, ancbn@éqoéef@ wot eest abowi0%, 5, 7, 9

or 11 or aggrecanase proteins which conprise the am no acid sequence of
SEQ | D NGs. HomGlodghus] €y theoseduiznoetof\set fdrthdinf $EQ IDWNOsdBn5sEgendé¢. due to
t he degeneracies of the genetic code or allelic variations

(natural | y- oFfally | Akl sy tiedraraRiohs of it seRRGiRs ISEDIDI P0sWMi B nay or
may not result in an am no acid change) also encode the novel fact ors

d bed h
escri bed hepej i, wﬁéfh@}ggmnue|ebnset@h$n§n3+§gwm crBhaSER 1 NiFiae3: S 7

9 or 11 which are caused
(i ncluding insertlon t d substitution nhance the activity,
bl -1 1 o or SETISHAR oot Wﬁéﬁa@?&%@d&ﬁ?&&&a&sﬁh%ﬁé@ggémsssed '
t he i nvention. [041] The DNA sequences of the present invention are useful,
for exanpleaC@§Yp?6bé§0ﬂ6@Ugﬂ@'mﬂF@@ﬁﬁéﬂt@VGWNNM Ehe piestagandionalse in a
given cell population. Thus, the present invention includes nethods of 18
WO 03/ 004607iﬂéﬁiﬂ/els§wrﬂeﬁt§&f the {¥dA isequencalshomo ¢ BEQENNOE 1d8sDried s
i nvol vi ng the aggrecanase, or

or 11 which encode a protein which retains the activity of aggrecanase.

[040] Similarly, DNA sequences which code for aggrecanase proteins

coded for by the sequences of SEQ ID NO. 3, 5, 7, 9 or 11 or aggrecanase

proteins which comprise the amino acid sequence of SEQ ID NOs. 4, 6, 8, 10,

or 13 but which differ in codon sequence due to the degeneracies of the

genetic code or allelic variations (naturally-occurring base changes in the

species population which may or may not result in an amino acid change) also

encode the novel factors described herein. Variations in the DNA sequences

of SEQ ID NOs. 3, 5, 7, 9 or 11 which are caused by point mutations or by

induced modifications (including insertion, deletion, and substitution) to

enhance the activity, half-life or production of the proteins encoded are also

encompassed in the invention.

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

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

given cell population. Thus, the present invention includes methods of
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di sorders involving cellular, organ or tissue disorders in which
aggrecanase is irregularly transcribed or expressed. Antisense DNA
sequencesworg/oadé8D be wuseful for preparing vectors for gecg/ushs2@py
applications. Antisense DNA sequences are also useful for in vivo nethods,
such as to introduce the antisense DNA into the cell, to study the
interaction of the antisense DNA with the native sequences, and to test
the capacity of a pronoter operatively linked to the antisense DNA in a

vect or by stydyi the.interaction. of. anti sense. in the cell as a
measure of - hUREFIER ot diadaRit BROSRSSisiR, Ca VIR ie G0rPERTARE hopect of
the invention includes vectors conprising a DNA sequence as descri bed
above i n opefligordars daedeingtaedulayi arganor tissye disordersdomthieh aggrgganase is
therefor. These vectors may be enployed in a novel process for producing
an aggr ecanaseeguliar\eiransdritigdeon expeasseohn AmtissmselDNA seguentesmayralss ber med
with a DNA sequence encodi ng an aggrecanase protein in operative

associ ati on wbéfl fot (REPAESS VEBOEPIr fehe RSN EDNIIBEIIGHNT Antidehseubkiared in a

sui tabl e cul ture nmedi um and an aggrecanase protein is recovered and

purified t heéé@ﬁ At es AHeSal86 BsetP (dFmi gﬁ{@%?iﬁo@sneﬂaﬁaés 9 int#ﬂ&@h‘ﬁg tfig! ! s both

prokaryotic an aryotic as or ekxpression o protein.
The vectors nay be i ene er pl.i cat.i ons., I n _such , he
vectors my PateeePBE b fireeit RESERY 8 oGRYaRE e Brtisnzs Diiamitc
cells may be reintroduced into a Fati ent. Alternatively, the vectors may
be i ntroduck® nave sequancest and te [as thenparapityief @geiosrrter aperéivelydinkedo \Wo
03/ 004607 PCT/ US02/21056 |1V. Production of Aggrecanase Proteins [043]
Anot her aspeta thefantisenged3NAtin aneston yhstpdying des interastivodffantisepseDINA ng
novel aggrecanase proteins. The nmethod of the present invention

in the cell as a measure of how much antisense DNA was produced.

[042] A further aspect of the invention includes vectors comprising a

DNA sequence as described above in operative association with an

expression control sequence therefor. These vectors may be employed in a

novel process for producing an aggrecanase protein of the invention in which

a cell line transformed with a DNA sequence encoding an aggrecanase

protein in operative association with an expression control sequence therefor,

is cultured in a suitable culture medium and an aggrecanase protein is

recovered and purified therefrom. This process may employ a number of

known cells both prokaryotic and eukaryotic as host cells for expression of the

protein. The vectors may be used in gene therapy applications. In such use,

the vectors may be transfected into the cells of a patient ex vivo, and the cells

may be reintroduced into a patient. Alternatively, the vectors may be

introduced into a patient in vivo through targeted transfection.
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i nvol ves culturing a suitable cell line, which has been transformed with a
DNA sequence encodi ng an aggrecanase protein of the invention, under the
control wDokwewsn? r egul at ory sequences. The transfornmed hest/usertwsare
cultured and the aggrecanase proteins recovered and purified fromthe
culture nedium The purified proteins are substantially free from ot her
proteins with which they are co-produced as well as from other

contam nants. The recovered purified protei nis contenplated to exhibit
proteol ytic aggr ecanase activity cleaving recan. Thus, the proteins of
the invention maylVbe fBF?ﬁBPt'EHQfﬁQ@'PFQBES% rofeiBsapi | | ty to denonstrate
aggrecanase proteolytic activity in an assay which determ nes the presence
of an aggrecan-de@‘éﬂl pgotsrasgeet ofthe fsesrrddiyention RrRYidgs wemepiashiort her eof
is within the know edge of one skilled in the art. Such assays nmay involve
cont acti ng aproaggirecaove dggrecanaseaiproteinse Theoratbod af thenpiesent imvantion

noni toring the production of aggrecan fragnents (see for exanple, Hughes

et al., BiocimalvésIUuring2r fihb(cl88brie, Miich hbs ®eenatansforfied WiE DNA

274: 32387-32395 (1999)). [044] Suitable cells or cell lines nmay be
manmal i an ce tion
of suitable éé%’ﬁé éh&'r?(l)g ?s an%gﬁgr%%ﬁb?tg%qwéaﬂ? 6r?11g?ﬁ£‘% &ﬁh ture,

the art. (el ki&gﬁ%‘éﬁﬁwSé&i%ﬁctegﬁﬁﬁfoﬁéﬁs‘?f“ﬁgﬁéﬁg%%@ ciag@‘”“ "
Pat ent. 4. 416UIBRI0rCRABRHEPIOBIMOG GRITEL 607 BEFFOSEIN 1080t e uﬁ%@@h 45
mammal i an cell line, which is described in the acconpanying exanples
the nonkey CDBepugiied proteins aneesubstantiallyfreedromobhar prejeins with Vdaanglﬁlnesabl e.

are co-produced as well as from other contaminants. The recovered purified

protein is contemplated to exhibit proteolytic aggrecanase activity cleaving

aggrecan. Thus, the proteins of the invention may be further characterized by

the ability to demonstrate aggrecanase proteolytic activity in an assay which

determines the presence of an aggrecan-degrading molecule. These assays

or the development thereof is within the knowledge of one skilled in the art.

Such assays may involve contacting an aggrecan substrate with the

aggrecanase molecule and monitoring the production of aggrecan fragments

(see for example, Hughes et al., Biochem J 305: 799-804 (1995); Mercuri et

al, J Bio Chem 274:32387-32395 (1999)).

[044] Suitable cells or cell lines may be mammalian cells, such as

Chinese hamster ovary cells (CHO). The selection of suitable mammalian

host cells and methods for transformation, culture, amplification, screening,

product production and purification are known in the art. (See, e.g., Gething |

and Sambrook, Nature, 293:620-625 (1981); Kaufman et al, Mol Cell Biol,

5(7):1750-1759 (1985); Howley et al, U.S. Patent 4,419,446.) Another
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[ 045] Bacterial cells may al so be suitable hosts. For exanple, the various
strains of E. coli (e.g., HB101, MC1061) are well-known as host cells in

t he fi el dwofosbiwdrechnol ogy. Various strains of B. subtili #CTRSeuziws®NaS,
other bacilli and the like nay al so be enployed in this nethod. For
expression of the protein in bacterial cells, DNA encoding the propeptide
of aggrecanase is generally not necessary. [046] Many strains of yeast
cells known to those skilled in the art may also be avail able as host

cells for expL i.n h i nvention.

Addi tionally, ﬁﬁ%‘? §r}8§@"ﬂ5?’g§“ eﬂé@@t alpgql"l %‘%&gh %‘?m I"q %%Cé’“&%aw&q cells in
the nethod of the present inventiaon, MIller et al Genetic

Engi neeri ng, 8X3mplesyds the RRDke YIS 11%‘65”3 %waammﬁ‘@? Cﬁ%ﬁ%’ci’ neay alse
present invention prOV|des vectors for use in the nmethod of expression of
t hese novel algrséétahlese proteins. Preferably the vectors contain the full
novel DNA sequences descri bed above which encode the novel factors of the
invention. Additiof@45]y Badcterial eslionmycaisd bersuitabler logsts aFer exampks ithe
control sequences permtting expression of the aggrecanase protein

sequences. Al {8i5ad bl\féi‘n!é of YR oI g., r}QBﬂ @PVMCHOQWBFB WeRANoAAHELRESR TS

descri bed above are al so enbodi nent's of the present invention.
Addi tionally, I Y/
sequences encé)rtlilwr%e ﬁ&ﬂ%?ggcgﬁtgli% g%tgaﬁ]éﬁ%gﬁ lggboécB S%bw’ egidf)m(gﬁpl’ess 21

\é\?egga'?oillg%ng ﬁ( ghe@ﬁg Oysélg%ﬁ% P@ Erbeghﬂé ggpg;grgggnase

protein conprising a fragnent from SEQ | D NGCs. 3 5, 7, 9 or 11 linked in
correct readi RYPIEsSian efdheproiin Kekreiada aals cBNAyeReRsting thexgippeptida of
pr ot ei n.

aggrecanase is generally not necessary.

[046] Many strains of yeast cells known to those skilled in the art may
also be available as host cells for expression of the proteins of the present
invention. Additionally, where desired, insect cells may be utilized as host
cells in the method of the present invention. See, e.g., Miller et al., Genetic
Engineering, 8:277-298 (Plenum Press 1986).

[047] Another aspect of the present invention provides vectors for use
in the method of expression of these novel aggrecanase proteins. Preferably
the vectors contain the full novel DNA seguences described above which
encode the novel factors of the invention. Additionally, the vectors contain
appropriate expression control sequences permitting expression of the
aggrecanase protein sequences. Alternatively, vectors incorporating modified
sequences as described above are also embodiments of the present
invention. Additionally, the sequence of SEQ ID NOs. 3, 5, 7, 9 or 11 or other

sequences encoding aggrecanase proteins could be manipulated to express
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[ 048] The vectors may be enployed in the nmethod of transformng cell [|ines
and contain selected regulatory sequences in operative association with

t he DNA cwoidgosenuences of the invention which are capablPeTafSoz2re€t i ng
the replication and expression thereof in selected host cells. Regulatory
sequences for such vectors are known to those skilled in the art and may be
sel ect ed dependi ng upon the host cells. Such selection is routine and does
not formpart of the present invention. V Generation of Antibodies [049]
The purifiedggrotelns of theﬁgresent [ tlons may . be used to, generate

anti bodi es MRePI¢BABIEEHE (5’|r°t65]5yc |he PESEIGivERHaR I Clid®or ot her

aggrecanase-rel ated ﬁrot eins, using nethods that are known in the art of
ant i body pr oeliiarisnDNAnmsleculas ¢raeding an agerrsanaselpsoteimepuEsingra i bodi es
to aggrecanase or other related proteins. The anti bodies include both those
t hat bl ock afjggeeatfsen SEQ ID NOsardl 5t FpSertiidinked ina@brre¢heagling fraghiect® nay
be useful for detection and/or purification of aggrecanase or related

proteins, org HiQA sediehté eRBo@hgRirdttsiddifetditasef protdin. of aggrecanase. The
aggrecanase of the invention or portions thereof may be utilized to

prepar e anti bodi e ddia a8l id) bY it d PrPBYREHIAE v AR lie

"ant i body" as use rein ers 0 an obu her eof ,

and enconpas ein c ris an anti en bi ndi 03/, 04607
BT/ USo2) 21 08tes A eBnBS sHleEtay rcﬂgu{aﬁarvsﬁﬂuegc 4 ﬂsar%wgasaaﬂvf)%w't
characteri stl cs. The termincludes but is not |imted to cl gnal ,

monocl onal , HgnBbipeerding SGQB%‘P%Sp@fcﬂ“ﬁ'BVGWWWW@B|W¢@apﬂb||$d?flcg’@@tmg the
singl e-chain, chimeric, synthetic, reconbinant, hybrid, nutated,

DCR-gr af t ed aaﬂlibatixm asd elXpregsian theceofdaselected host cells. Regulatory

sequences for such vectors are known to those skilled in the art and may be
selected depending upon the host cells. Such selection is routine and does
not form part of the present invention.

V. Generation of Antibodies V

[049] The purified proteins of the present inventions may be used to
generate antibodies, either monoclonal or polyclonal, to aggrecanase and/or
other aggrecanase-related proteins, using methods that are known in the art
of antibody production. Thus, the present invention also includes antibodies
to aggrecanase or other related proteins. The antibodies include both those
that block aggrecanase activity and those that do not. The antibodies may be
useful for detection and/or purification of aggrecanase or related proteins, or
for inhibiting or preventing the effects of aggrecanase. The aggrecanase of
the invention or portions thereof may be utilized to prepare antibodies that
specifically bind {o aggrecanase.

[050] The term “antibody” as used herein, refers to an immunoglobulin

or a part thereof, and encompasses any protein comprising an antigen binding
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unl ess otherw se stated, antibody fragnents such as Fab, F(ab')2, Fv, scFv,
Fd, dAb, and other antibody fragnments which retain the antigen binding
functi on.wp@®3a946#nt i bodi es can be nade, for exanple, via Pcadisn?/zrnsd

hybri doma techni ques (Kohler and M| stein, Nature 256:495-499 (1975)),
reconbi nant DNA nethods (U.S. Pat. No. 4, 816,567), or phage display

techni ques using antibody libraries (C ackson et al., Nature 352: 624-628
(1991); Marks et al, J. Bi ol . 222:581-597 (1991)). For various other

Mol .

anti body prodyction techniques, see Antibodies: A Laboratory Nanual, eds.
o | ow ot el StS tegatciess of B iivicsr et o Biopicionegic odsriskistan: 1hsdy
"speci fi cal I%&' binds to at |east one novel aggrecanase nolecul e of the
present i nvelermonclses kuids aet limitep tawpelyclesal, nsorswlens), mogaspecifi;mt bi ndi ng
to nmol ecul es other than at | east one novel aggrecanase nol ecule. The term
i s al so appl polgbpecifibanan-spedific, rmmamzed,esinglbiahaim ghilnerd, syinthetioeci fic for
a particular epitope, which is carried by a nunber of antigens, in which

case the spegidontbiRandhBridembeited tbe rleachntiboBiRis! Wit ABotih@uadad,i gen
bi ndi ng domain will be able to bind to the various antigens carrying the

epitope. 1N {ifjess iAWY slatdd avmaaaglsf@gpro s 8073 i%%dxtl@sy’)z, FCsdpvent i on

will bind to nmultiple novel adgrecan elrns. Typl ca "WO

03/ 004607 PCI/,USP2/ 2105 bi ndi is considered.s ific when the affinity
const ant Kac\?g’ %éh@rﬂgpﬁ?ﬁ af@gogﬁirfgnﬁpt% '%W'B%%é‘ﬁﬁg?%%‘%i fically
bi nd" or "specifically react” to an antigen if, under appropriately

sel ected continNctiBRs, such bi ndi ng is not substantially inhibited, while at
the sane tinme non-specific binding is inhibited. Such conditions are well
known in the art, [Ga1d Antkodiesdanrtd sadeyfireyample,ivia traditional hybridoma

techniques (Kohler and Milstein, Nature 256:495-499 (1975)), recombinant
DNA methods (U.S. Pat. No. 4,816,567), or phage display techniques using
antibody libraries (Clackson et al., Nafure 352: 624-628 (1991); Marks et al, J.
Mol. Biol. 222:581-597 (1991)). For various other antibody production
technigues, see Antibodies: A Laboratory Manual, eds. Harlow et al., Cold
Spring Harbor Laboratory (1988).

[052] An antibody “specifically” binds to at least one novel
aggrecanase molecule of the present invention when 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 is specific for a particular epitope, which is carried by a
number of antigens, in which case the specific binding member (the antibody)
carrying the antigen binding domain will be able to bind to the various
antigens carrying the epitope. In this fashion it is possible that an antibody of

the invention will bind to multiple novel aggrecanase proteins. Typically, the
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techni ques can sel ect appropriate conditions. The conditions are usually
defined in terns of concentration of antibodies, ionic strength of the

sol uti on,wotosspmpat ure, tinme all owed for binding, concent Pamiusn2/ofose
non-rel ated nolecules (e.g., serumalbumn, mlk casein), etc. [053]
Proteins are known to have certain biochem cal properties including
sections which are hydrophobic and sections which are hydrophilic. The
hydr ophobi ¢ sections would nost likely be |ocated in the interior of the
structure of the protein while the hydrophilic sections would npst |ikely
be |ocated blﬁdtr}@smﬂ%@d gpegifie whien fbe @finibs canstamyrte igihigherithag ng i eved
that the hydr1ophi lic regions of a protein would then correspond to

anti geni c relfi onAn antibody isssaid & rspetifically binsh o Hsredifjcally rexd’ tano. 11 was
determ ned using GCG PepPlot. The results indicated that the n-term nus
was hydr ophobntigerpif esnderdppromiztelysaiéctad sogditions esptnsiadinglis neevel oprment
of Inhibitors [054] Various conditions such as osteoarthritis are known to

be char act egiggntilydaBibREEL WAl 8f tHROSHIRE Ffhe ﬁ&%ﬁé@iﬁ@birﬂﬂn%@iﬁﬁﬁﬁfé@?e
protein of the present invention which cleaves aggrecan may be useful for

he devel g ; Tha | iy .

brovi des conggncBhatBt Bro et ilon HGE 268 3fa LI HRaP PR hRL o1 <

may be 24 WO 03/ 004607 PCT/ US02/ 21056 d%vel opergwusi ng.the a re?lanase in
c eav%("ﬁ

screeni ng as$SPBIGUSTSAN SRS FARIPRAAE FoNdLiogse ] Yhe
i nhi bitor followed by exposure to aggrecan. Inhibitors can be screened
usi ng hi gh t@efingshisierps of 69seantrafiprhofantippdiess ianie plignathl ofihe spluion,
inhibitors. Inhibitors can al so be nade using three- dinensional structural
anal ysi s andieonperaigret Bmeaalidastddion indkirsg, poncdhieation of non-related molecules
(e.g., serum albumin, milk casein), etc.
[053] Proteins are known to have certain biochemical properties
including sections which are hydrophobic and sections which are hydrophilic.
The hydrophobic sections would most likely be located in the interior of the
structure of the protein while the hydrophilic sections would most likely be
located in the exterior of the structure of the protein. It is believed that the
hydrophilic regions of a protein would then correspond to antigenic regions on
the protein. The hydrophobicity of SEQ ID NO. 11 was determined using
GCG PepPlot. The results indicated that the n-terminus was hydrophobic

presumably because of a signal sequence.

VL Development of Inhibitors

[054] Various conditions such as osteoarthritis are known to be
characterized by degradation of aggrecan. Therefore, an aggrecanase
protein of the present invention which cleaves aggrecan may be useful for the
development of inhibitors of aggrecanase. The invention therefore provides

compositions comprising an aggrecanase inhibitor. The inhibitors may be
24



conpositions may be used in the treatnent of osteoarthritis and ot her

condi tions exhibiting degradati on of aggrecan. [055] The nethod nay entail

t he det erwDmawdwn7 of binding sites based on the three di mremgiSonziose
structure of aggrecanase and aggrecan and devel oping a nolecule reactive
with the binding site. Candidate nolecules are assayed for inhibitory
activity. Additional standard nethods for developing inhibitors of the
aggrecanase nol ecule are known to those skilled in the art. Assays for the
i nhibitors igvol ve (gontac ina&gg m Xt ur.e of%%g&recan and the in ibit?r W th
an aggr ecanalSE HBPEY YERG R FAREeCHIRSRE SGF q agpaysHavolyiigr 3 FiKYER ©

I nhibition, for instance by detection and neasurenent of aggrecan
fragnents praagresanisybstraia wiile the indvpitey doliawarhby expeswptipmgsTeean .

I nhibitors may be proteins or small nolecules. VII. Adm nistration [056]
Anot her aspebthilgtors lcanibe/secreened ukimgdiigh thnoughpudiesrocessesysach bisds/
conpositions containing a therapeutically effective anbunt of aggrecanase

anti bodi es agebeehingdiibidrg bsinhilittors PIHHIBESE thhGAsd Ye F65@PLISRGENraeehi cl e.
Aggr ecanase- nedi at ed 'degradati on of aggrecan in cartilage has been

| npl i cated 1 ginQsd SHuichral é‘ﬁg}lﬁé ré‘?l%l{/dr’bfdn?s’[ggf; ?%d%rﬁ?%@%lﬁ% efore,

t hese conpositions of the I nvention may be n the Yrea of

R LA T R L A T R
be used in the treatnment. of these conditions or in the prevention thereof.
[057] The in?f‘é’?fi'{'%'?\s ?ﬁ'&'k’ﬁ'ﬂ‘@ qgé’f‘ﬁ%t&“ 9@@991@6%@4 ng patients suffering from

conditions characterized by a degradation of aggrecan or preventing
[0565] The method may entail the determination of binding sites

based on the three dimensional structure of aggrecanase and aggrecan and
developing a molecule reactive with the binding site. Candidate molecules
are assayed for inhibitory activity. Additional standard methods for developing
inhibitors of the aggrecanése molecule are known to those skilled in the art.
Assays for the inhibitors 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. Inhibitors may be proteins or small molecules.

VII. Administration

[056] Another aspect of the invention therefore provides
pharmaceutical compositions containing a therapeutically effective amount of
aggrecanase antibodies and/or inhibitors, in a pharmaceutically acceptable
vehicle. Aggrecanase-mediated degradation of aggrecan in cartilage has
been implicated in osteoarthritis and other inflammatory diseases. Therefore,

these compositions of the invention may be used in the treatment of diseases
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such conditions. These net hods, according to the invention, entai

adm nistering to a patient needing such treatnent, an effective anount of a
conposi t iwp 0sMmMsdT si ng an aggrecanase anti body or i nhibit@cTwsorhosahi bits
the proteolytic activity of aggrecanase enzynes. [058] The anti bodi es and
inhibitors of the present invention are useful to prevent, diagnose, or
treat various nedical disorders in humans or animals. |n one enbodi nent,
the anti bodies can be used to inhibit or reduce one or nore activities

associ at ed vvltht . aggr ecanase rotel relative to an recan

protein not Wﬁ& &7-68%3/ r&%ﬂ&?%ﬂ? %?Pa'btagg(é?’ﬁl%r?gﬁﬂa Iofhe bod| es
and inhibitors inhibit or reduce one or nore of the activities of
aggrecanase R@UECRNASE.0 ThRCoRPLIieNTvaY thieaisadkindbe tipatmenbof tiesant i body .
In certain enbodinents, the activity of aggrecanase, when bound by one or

nore of the porditons pr th thel preedntior tHeoeofes, is inhibited at | east 50%
preferably at |east 60, 62, 64, 66, 68, 70, 72, 72, 76, 78, 80, 82, 84, 86,

or 88% nore pref bfl'he&iﬁvénﬂ@ﬁhn@l@de@hetﬂads%’rtréﬁtlng%tleﬁhws@ff@fﬁhqme _
preferably at |east 95%to 100%rel ative to an aggrecanase protein th i

not bound b f I i WO

03/ 004607 PCIP @E@%ﬁﬁ%@“f‘%géﬁ"%&é ﬁPFé*%éﬁgﬁﬁggéﬁéﬁ“ agﬁlab?%”t”?gs

adm ni stered_sq tha tlgntl di e%t,c e|r bi ndi. ng nent are |lven at a dose
between 1 poSHahca % M S48, AFoaring o0 o, nzél and 1 kg

10 pg/ kg and 1 ng/ kg % and, 100 pg/ kg, 100 pg and 1 ? and 500
pg/ kg and 1 %W@sterlpgép& nesdingnyabioee @W@@Pﬂ@ﬁt"@sa'ﬁoﬁﬁ ekadose,

to maxi m ze the circulating I evel s of antibodies for the greatest length
of time aftecompesiioseom@ising an@ggréceEnase@antivaygy ar sthibitoruskidh dfhikits t he
bol us dose.
the proteolytic activity of aggrecanase enzymes.
[058] The antibodies and inhibitors of the present invention are useful
to prevent, diagnose, or treat various medical disorders in humans or animals.
In one embodiment, the antibodies can be used to inhibit or reduce one or
more activities associated with the aggrecanase protein, relative to an
aggrecanase protein not bound by the same antibody. Most preferably, the
antibodies and inhibitors inhibit or reduce one or more of the activities of
aggrecanase relative to the aggrecanase that is not bound by an antibody. In
certain embodiments, the activity of aggrecanase, when bound by one or
more of the presently disclosed antibodies, is inhibited at least 50%,
preferably at least 60, 62, 64, 66, 68, 70, 72, 72, 76, 78, 80, 82, 84, 86, or
88%, more preferably at least 90, 91, 92, 93, or 94%, and even more

preferably at least 95% to 100% relative to an aggrecanase protein that is not

bound by one or more of the presently disclosed antibodies.
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[060] In another enbodi nent and for adm nistration of inhibitors, such as
proteins and small nol ecul es, an effective anmount of the inhibitor is a
dosage wwohisiosséosef ul to reduce the activity of aggrecan&se/uso2/z1obé eve a
desi red bi ol ogi cal outcone. Cenerally, appropriate therapeutic dosages for
adm nistering an inhibitor may range from5 ng to 100 ng, from15 ng to 85
ng, from30 ng to 70 ng, or from40 ng to 60 ng. Inhibitors can be

adm nistered in one dose, or at intervals such as once daily, once weekly,

and once nonthly sage schedul es can..be adjusted depending on the
A fintty. for tholQsl: Ganrabp e Eomggntnan A SOMTUEEToT AR B 11 fe of the
inhibitor, and the severity of the patient's condition. Cenerally,

i nhi bi tors agetikegiesitkaiebiadingfragmpebisiarediven at @ deakibetween Aqicikga@rdat i ng
| evel s of inhibitor. Continuous infusions may al so be used after the bol us

dose. [061] Zoxhg/kyy1amrkd aed apengikg, ¢figikepand dfmgikgh10 pgayans 10ag/Kee

determ ned by standard pharmaceutical procedures in cell cultures or
exper i ment al 1@ d 808 pg/k@ 1 APHE BRUM RGMD anHRD (4 al to
50% of the popk‘gpgq ?gn) arlJcig t%’e EI% (t he'l?%og::de:I tnher ap%%t ?cﬁ@?ﬁn{g‘gi’ct ive in
50% of the 2 : 210 I he e ratio
bet ween t oxi %r%ﬁ?ﬁﬁ&ﬂé%gﬁlp :gé;;ggﬁ gé{“ge]r] gg?@?&%@%gg)&?ﬁ’%ﬁﬁ?ﬁ@% and it can
be expressed as the ratjo / ED50 nti bodi e d .i.nhi biptors, which
oxhi bt 1 ar g8 SuaiiG eloTantinasies for 87, ptaetestdend Py Ime ARSI ai ned
fromthe cell culture assays and animal studies can be used in fornulating
a range of dEoatBuews influzion Mayatsade ysrd alirsthgdalis doeth conpounds i es
preferably within a range of circulating concentrations that include the
ED50 with little [060joln axothiet gmbbuimdntaryd foreadminastiation tdfiinhibitors, saslge
dependi ng upon the dosage form enpl oyed and the

as proteins and smail molecules, an effective amount of the inhibitor is a

dosage which is useful to reduce the activity of aggrecanase to achieve a

desired biological outcome. Generally, appropriate therapeutic dosages for

administering an inhibitor may range from 5 mg to 100 mg, from 15 mg to 85

mg, from 30 mg to 70 mg, or from 40 mg to 60 mg. Inhibitors can be

administered in one dose, or at intervals such as once daily, once weekly, and

once monthly. Dosage schedules can be adjusted depending on the affinity

for the inhibitor to the aggrecanase target, the half-life of the inhibitor, and the

severity of the patient’s condition. Generally, inhibitors are administered as a

bolus dose, to maximize the circulating levels of inhibitor. Continuous

infusions may also be used after the bolus dose.

[061] Toxicity and therapeutic efficacy of such compounds can be
determined by standard pharmaceutical procedures in cell cultures or

experimental animals, e.g., for determining the LDs (the dose lethal to 50% of

the population) and the EDsg (the dose therapeutically effective in 50% of the

27



route of admnistration utilized. For any antibody and inhibitor used in
the present invention, the therapeutically effective dose can be estinated
i nitiallywofosoemeorl | culture assays. A dose nmay be fornul CeaSommné mal
nodels to achieve a circulating plasnma concentration range that includes
the 1C50 (i.e., the concentration of the test antibody which achieves a
hal f - maxi mal inhibition of synptons) as determned in cell culture. Levels
in plasna may be neasured, for exanple, by high performance liquid

chr omat ogr aphy. The fects of,.an articul ar, dosage .can be nmgpitored by a
Ui Labl o b cSRugomExte fbse iR Rk e EHE e de e A el | cat i on
assays, transcription-based assays, GDF protein/receptor binding assays,
creatine kithesapeiticapdex agéavéarbé@@apmseﬂ@sdhw@fﬂ@hgadwem pnptibodies

pre- adi pocytes, assays based on glucose uptake in adipocytes, and

i mrunol ogi cahnd#gulyitors] @hRh eiibit laegathenapeuticanticds, afe preéerred.ent i on

i nclude adm nistering the aggrecanase inhibitor conpositions topically,

systenically, or ntoazqil Mite A2t Bbtdined BB PE &\dulitre A5&a gnihegdi men wi ||
be determ ned by the attending 28 WD 03/004607 PCT/ US0Z/ 21056 physi ci an

consi der i g eildisad BELRES INRIALIRG £ Yl deofdod A RF B haRRIEC S

protein, the si pat hol ogy, veri ease, the patient’s
| apmat i on

age, sex, and diet..the severit f any | . tie of ..
S ot at | SpadROLYE EaPRuAds frs Rt eBhe BB A BhoesFehiating,
injectable admnistration will be initiated at a dose which is mninmally
effective, afRnaandratignsdhatiineluge the&EDsewdh litleer Ro fxaity. cEhedosag MaYur se
until a positive effect is observed. Subsequently, incremental increases
i n dosage wi Varylygthindhis range depgnding upondhe siosage fome eopdeyed andtheh | evel s
that produce a corresponding increase in effect, while taking into account
any adverse gfuteof administration utilized. For any antibody and inhibitor used in the

present invention, the therapeutically effective dose can be estimated initially

from cell culture assays. A dose may be formulated in animal models to

achieve a circulating plasma concentration range that includes the IC5; (i.e.,

the concentration of the test antibody which achieves a half-maximal inhibition

of symptoms) as determined in cell culture. Levels in plasma may be

measured, for example, by high performance liquid chromatography. The

effects of any particular dosage can be monitored by a suitable bioassay.

Examples of suitable bioassays include DNA replication assays,

transcription-based assays, GDF protein/receptor binding assays, creatine

kinase assays, assays based on the differentiation of pre-adipocytes, assays

based on glucose uptake in adipocytes, and immunological assays.

[063] The therapeutic methods of the invention include administering

the aggrecanase inhibitor compositions topically, systemically, or locally as an

implant or device. The dosage regimen will be determined by the attending
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that may appear. The addition of other known factors, to the final
conposition, may also affect the dosage. [064] Progress can be nonitored by
peri odi c wevasessent of di sease progression. The progressPcaUShz21w6Mi t or ed,
for exanple, by x-rays, MRl or other imaging nodalities, synovial fluid
anal ysis, patient perception, and/or clinical examnation. VIII. Assays
and Met hods of Detection [065] The inhibitors and anti bodi es of the

i nvention can be used in assays and nethods of detection to determ ne the

presence or sence of , or. quantify aggrecanase.in a sanple, The

"nhi bi tors ARSI ISEASiEETian YaRaUS GHtBhich fasdihbiRerasioneiibed to det ect
aggrecanase proteins, in vivo or in vitro. By correlating the presence or
| evel of thedggiecanase Pratein the aiteiptpatholagydthe severiyof disegkelthein the art
can di agnose the associated nmedical condition or determne its severity.

The medi cal patietitlsi ages sexaandmdiet bibhe2® VA0S A0AIGAAMACETIdSHR1e24056
di agnosed by the presently disclosed inhibitors and anti bodi es are set

forth aboveadmifisiratiirAnd etigidiftaMRicksds Gétertdhe sYstdmidbriimegizee are wel |

known in the art and include ELISA radi oi munoassay, | munoblot, western

bl ot, imun L PP | RILL AL OF e
Cecnni ques.  SHEMSFREETAR:be G Bt SR LAl MR, | oy
i ncor por at es_,one qL nore of these techj%#u({fﬁ t 0o _det ect E\ gro ein. (e g., an
aggr ecanase $PER Wilhhe ngieased RYgr aRIESEFReT MG ¢RUTSE SRtiba 18 '}’e&g%ﬁg% ng,
instructions, or other material to aid the detection of the protein and use
of the kit.okgRiMedr stubsgavanilbin@gementd ingeasesinsdespasswithe made
protein-protein

limiting such incremental increases to such 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 the final
composition, may also affect the dosage.

[064] Progress can be monitored by periodic assessment of disease
progression. The progress can be monitored, for example, by x-rays, MRI or
other imaging modalities, synovial fluid analysis, patient perception, and/or
clinical examination.

VIll. Assays and Methods of Detection

[065] The inhibitors and antibodies of the invention can be used in
assays and methods of detection to determine the presence or absence of, or
quantify aggrecanase in a sample. The inhibitors and antibodies of the
present invention may be used to detect aggrecanase proteins, in vivo or in
vitro. By correlating the presence or level of these proteins with a medical
condition, one of skill in the art can diagnose the associated medical

condition or determine its severity. The medical conditions that may be
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interaction assays can be used. [067] Were the anti bodies and inhibitors
are intended for diagnostic purposes, it may be desirable to nodify them
for exanpwe,03mi46b7 a |i gand group (such as biotin) or a deceatsSabbwsérar ker
group (such as a fluorescent group, a radioisotope or an enzyne). |If
desired, the antibodi es (whether polyclonal or nonoclonal) may be | abel ed
usi ng conventional techniques. Suitable |abels include fluorophores,
chronmophores, radi oactive atons, electron-dense reagents, enzynes, and

| i gands havi eC| bi ndi n artn are typically_detected
by thet 1 act Ronseby tos mgraty digiessd Gneti B iBetis B et ettt od by
its ability to convert tetranethylbenzidine (TMB) to a blue pignent,
quantifi abl e@RP¥h a spectrophotoneter. Cther suitable binding partners

i nclude biotin and avidin 30 WD 03/ 004607 PCT/ US02/ 21056 or streptavidin,

| gG and protei n AO0G6SHdSubk detestionusethedsfoousé withrahtibodjEseare Wwelbkmown t he
art. EXAMPLES EXAMPLE 1: Isolation of DNA [068] Potential novel

aggrecanase jnafielart aRAMeHGdSMBELESA deiidifnfshodsshp dinfndadba SsResieihasBt, Ng
approach. Aggrecanase-1 (Science 284:1664- 1666 (1999)) has at |east six

domai ns: 1 OfyihunBigpeRbeAGe, 1§ MILbldkitiRmBhDand SR tRgsdabid op and

c-termnal. The cata tains a zinc bindin S|gnature regi on,

prot case. act ﬁ?ﬁﬁﬂuegutfw Ao s RrdfEinb R prougl in S RRRRRR A o

nunber of the positions still allow protease activi tc¥ but the histidine
(H and gl ut BePEPAatIes QMg of &qrﬁ@ééhefﬁ?stﬁcbﬁlqw%%ﬁﬁte Reprotein (e.g., an

aggrecanase protein). Such a kit may contain other components, packaging,
instructions, or other material to aid the detection of the protein and use of the
kit. When protein inhibitors are used in such assays, protein-protein
interaction assays can be used.

[067] Where the antibodies and 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 labeled using conventional techniques.
Suitable labels include fluorophores, chromophores, radioactive atoms,
electron-dense reagents, enzymes, and ligands having specific binding
partners. Enzymes are typically detected by their activity. For example,
horseradish peroxidase can be detected by its ability to convert
tetramethylbenzidine (TMB) to a blue pigment, quantifiable with a

spectrophotometer. Other suitable binding partners include biotin and avidin
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t hronbospondi n domai n of Aggrecanase-1 is also a critical domain for
substrate recognition and cleavage. It is these two domains that determ ne
our cl asswbiogaedéon of a novel aggrecanase fam |y menber. PoE/USODLWEG
sequence of the Aggrecanase-1 DNA sequence was used to query agai nst the
GeneBank ESTs focusing on human ESTs using TBLASTN. The resulting
sequences were the starting point in the effort to identify full |length
sequence for potential fam |y nenbers. The nucl eotide sequence of the

aggrecanase of the present inventi.on is conprised of an EST that cgntains
honol ogy ove?’ %tr@?egﬂmyﬁgéémﬂn%@nﬂi tﬁ@ NAMRCHY rﬁ%‘?ﬁtpr'!ﬂgarl&gﬁ?lé‘gﬁﬁase- 1.
EST14 (SEQ I D NO. 12, a conpilation of three ESTs (GenBank accessi on
AWG75922, AFTMTIN the/®41169) was used to predict a peptide, SEQID NO 2,
having simlarity to a portion of the Pro and Catal ytic domains of 31 WD
03/ 004607 PEXAMPLES056 ADAMIS4. In SEQ ID NO. 1, bases #20-#581 are nopst
honol ogous to ADAMIS 7 with a 37% identity. The predicted transl ation of
nucl eoti des #21- EXAMPRDECHERobation of DN Pro donmai n (bases #21-#317); PACE
processing site; and partial netall oprotease domai n (bases #318-#581).

EST14 was | ocat efhe) PREniAovE eRfECdaaeTamilPrisnperswensidentiidpckyill e,
MD, USA) and Celera”s associ at ed dat abases) and preconput ed gene

dicti - 3 in SE
"ono a1 yoE bl SEraity B abA AdbiForhREt 0GEndR 28R A4 fe
t ' [ be t d.. [069] Th e f T14
TS e PR e R LR 5Bk PRl BT e oy
prelimnary PCR Using 5 priner sequence CCGGCTCCCTCGICTCGCTCAG (SEQ ID
NO. 21) and @singegniftsp and c—term‘lnal. The catalytic domain contains a zinc binding

signature region, TAAHELGHVKF (SEQ. ID NO. 15) and a “MET turn” which
are responsible for protease activity. Substitutions within the zinc binding
region in the number of the positions still allow protease activity, but the
histidine (H) and glutamic acid (E) residues must be present. The
thrombospondin domain of Aggrecanase-1 is also a critical domain for
substrate recognition and cleavage. It is these two domains that determine
our classification of a novel aggrecanase family member. The protein
sequence of the Aggrecanase-1 DNA sequence was used to query against
the GeneBank ESTs focusing on human ESTs using TBLASTN. The
resulting sequences were the starting point in the effort to identify full length
sequence for potential family members. The nucleotide sequence of the
aggrecanase of the present invention is comprised of an EST that contains
homology over the catalytic domain and zinc binding motif of Aggrecanase-1.
EST14 (SEQ ID NO. 1), a compilation of three ESTs (GenBank accession
AW575922, AW501874, AW341169) was used to predict a peptide, SEQ ID

NO. 2, having similarity to a portion of the Pro and Catalytic domains of
31



sequence AGCAGAAGGGCTGGGGGTCAAGGAC (SEQ ID NO. 22) on nine different

Mar at hon- Ready cDNAs from C ontech (Palo Alto, CA USA), al72 bp fragnent
corr espormprg/oo4sonucl eoti de # 52-224 of SEQ ID NO. | was Pgensnatees usi ng

t he Advantage-GC2 PCR kit from C ontech. Reaction conditions were those
recomended in the user manual and included 0.5ng cDNA and 20pnol e of each
primer per 50 | reaction. Cycling conditions were as follows: 94C for 1
mn, one cycle; followed by 35 cycles consisting of 94C for 30 sec/68C for

A e R
DL encec 18 AP R T B BB SRR

nucl eotide # 3416 of EST14 FgenesH prediction in SEQ 1D NO_3 were

gener at ed usi#@%en?ﬁdﬁﬁelﬁaré@g%@@ @@@?@éﬁ(’ﬁ’@&ﬂ cessingio
21)and 3' priner sequence ACGTGACTGGCAGGGGTGCAAGIT (SEQ ID NO 23) from
human t hynus difgpahddgdriiamdtattapeteast domaim(bmse€diid8s#581)) ETEE WAsNO. 5)
or human liver (1 male Caucasian) (SEQ ID NO. 7) Marathon-Ready (from

G ontech) cDNAcatelsdr fecruman Yeleice(CulBra- Didovéryd®ystém d(ﬁ’ﬂckﬁﬂécmm PCR ki t

from Epi centre Technol ogi es (Madi son, W, USA) was used for t he

reactions. PrgghX fqQeid é‘@é@ﬂd{ﬁﬁéd%t g%ﬁg r@cérﬂ@ute‘és% {?fé‘b‘?éuo‘ﬂst h

0.5ng cDNA and 20pnol e o each prinmer per eact i

d |l e; foll
cycles 22%.“’5@%&56895’%@#8?3%65%@#%%*?%?853%5# il RSB B o
68C for 6 min, The PCR products resultln%fromthese anplifications were

ligated into $h '?)‘FW\WP)@@OHP hesirigeatad DR TE oapesand dhe foterininyseis

expected to be truncated.

[069] The gene for EST14 was isolated using a PCR strategy with
tissue sources initially determined by preliminary PCR. Using 5’ primer
sequence CCGGCTCCCTCGTCTCGCTCAG (SEQ ID NO. 21) and 3’ primer
sequence AGCAGAAGGGCTGGGGGTCAAGGAC (SEQ ID NO. 22) on nine
different Marathon-Ready cDNAs from Clontech (Palo Alto, CA, USA), a172
bp fragment corresponding to nucleotide # 52-224 of SEQ ID NO. 1 was
generated using the Advantage-GC2 PCR kit from Clontech. Reaction
conditions were those recommended in the user manual and included 0.5ng
cDNA and 20pmole of each primer per 50 pl reaction. Cycling conditions were
as follows: 94°C for 1 min, one cycle; followed by 35 cycles consisting of 94°C
for 30 sec/68°C for 3 min; followed by one cycle of 68°C for 3 min.

[070] To initiate cloning of EST14, a 2270 bp fragment (SEQ D NO.
5) or a 2339 bp fragment (SEQ ID NO. 7) encoding the middle portion of

EST14 beginning at nuclectide #52 of the EST compilation in SEQ ID NO. 3

32



manuf acturer's instructions (C ontech). Ligated products were transforned
into El ectroMAX DH5a-E cells fromliInvitrogen (Carl sbad, CA USA). d ones
ori gi nat iwg oBoewobot h |ibraries were sequenced to determ meTfisdeRiossy. Thi s
fragnent's location in the full-length clone (SEQ ID NO 11) is between
nucl eoti des # 404 and 2674. The 69 base insertion in SEQID NO 7 (from
liver tissue) is also present in pancreas, kidney, and liver, but not
thymus, testis, or |leukemia MOLT 4 cDNA. [071] A full determ nation of ~

EST14 tissue, distributi j eved rabj.ng. a . d ont ech Human

Mil tiple Ti s@dé“%%’%#%%%r%ﬂﬁg?nea}( pg?@ﬁ@’?ﬁsgﬁ)e'rﬂ}\ﬁé-\ﬁa‘é’e'@ener at ed
froma PCR product anplifying the C 33 WO 03/ 004607 PCT/ US02/ 21056

term nal enddenergxiusingihgriger sennence g feqbd CUCHXEGTO T CEACHAGRERCA
(SEQ ID NO 24) and 3' primer sequence ACGIGACTGGECAGGGGTIGCAAGIT (SEQ I D
NO. 23) (nuclebO.dH)an@33primer £8¢uéncy AESTIBAEIEGESAGBEETGCAAGTT SEQ I D
NO. 3) on human thynus Marat hon- Ready cDNA. The Master Anp Hi gh Fidelity

Extra-Long (EQHDINO! 28) frbhCiihaR tHARhe pbesiEe Froned HartriP féhald"CR
reactions using premx 4 and standard conditions as descri bed above. [072]

The PCR d ti f t kN i il i j i h

o7 Adv vect o SRS ENL RN, Y SRR I ECH PRI Py AP EQ I NOY

i qesti on of 7) NG00 FaTT P Rl oK BHIESw b MAREATRR HIGE i on
endonucl eases, Bip | and EcoR | (NEMUCI eotide #1842 to #2410 of Figure
3) using conﬁid@ilg(réxtr%@ﬁﬁf&%dﬂttfsp ieaireahechnalegins (Madisen Wi, MEA) usa) .

The 568bp fragnment was isol ated using a 5% nondenat uri ng
was used for the PCR reactions. Premix 4 or 8 were used as described in the

user manual with 0.5ng cDNA and 20pmole of each primer per 50 pl reaction.
Cycling conditions were as follows: 94°C for 3 min, one cycle; followed by 35
cycles consisting of 94°C for 30 sec/68°C for 4 min and; followed by cycle of
68°C for 6 min. The PCR products resulting from these ampilifications were
ligated into the pT-Adv vector using the AdvanTAge PCR Cloning Kit per
manufacturer's instructions (Clontech). Ligated products were transformed
into ElectroMAX DH5a-E celis from Invitrogen (Carlsbad, CA, USA). Clones
originating from both libraries were sequenced to determine fidelity. This
fragment's location in the full-length clone (SEQ ID NO. 11) is between
nucleotides # 404 and 2674. The 69 base insertion in SEQ ID NO. 7 (from
liver tissue) is also present in pancreas, kidney, and liver, but not thymus,
testis, or leukemia MOLT 4 cDNA.

[071] A full determination of EST14 tissue distribution was achieved
by probing a Clontech Human Multiple Tissue Expression Array (MTE). A

probe for the MTE was generated from a PCR product amplifying the C-
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pol yacryl am de gel using standard nol ecul ar bi ol ogy techniques found in
Mani atis's Mol ecular Coning A Laboratory Manual. The fragnment was

el ect r oelwDad/oowd7 of the gel slice using Sanpl e ConcentraPCoruseup®sé r om
Isco (Little Blue Tank). The purified spacer donain probe was

radi ol abel | ed using the Ready-To-CGo DNA Labelling Beads (dCTP) from
Amer sham Pharmacia Biotech (Piscataway, NJ, USA) per the manufacturer's
instructions. The radiolabelled fragment was purified away from priners
and uni ncorp rate dj ggﬁlﬁﬂeotl des usi ng a Nick colum from Anersham
Phar maci a Bi ;f‘é’fda#t MSINECP RTBPeSSeGHANCECt i ons and then used to
probe the MIE. 34 WO 03/004607 PCT/ US02/ 21056 Manufacturer's conditions
for hybri di z&GGAGHATEEQRACGHIAGAL TIGEAJSESRID NO. 2DNmdB gpimerr e

foll owed. EST14 was found to be expressed in the follow ng tissues and cell
l'i nes: thynuseqliendeeACGTVEATE GEGCAGGBST GRAACTES (SERIIDING, 28 ehalklddtidaus,
and liver. For cloning the remaining portions of EST14 C ontech

Mar at hon- Rea#zzg@wmﬁfomﬁmul Pg\érﬁ&I-FBPédléﬂd?ﬁﬁ SPEQtIDSN@e%) ¥R Himased:
human t hynus pool ed.from4 nale and 1 femal e Caucasi ans, human pancreas

e sotro RN AGE RONITIE BN N RlA AR 5
' h h DNA Ki

Shymis and. PR REAE Epirenok Leholagiy wascised fof s RRRuaasions Hajor Duas

as substrates. 3' RACE priners used were: GSP1l- TCTGGCTCTCAAAGACTCGGGTAA
(SEQ I D NO Q@m%rﬂjenéétaru%arﬁpemdltms apgiepcriRed@bov® NO. 5) and GSP2-

GCAGGCACAACTGTITCGCTATGT (SEQ 1D NO. 26) (nucleotide #1887 to 1909 in SEQ
ID NO 5). The Adiit]adbe®2R product resulting from this amplification was ligated

into the pT-Adv vector using the AdvanTAge PCR Cloning Kit (from Clontech)
and sequenced. A probe encoding only the spacer domain was obtained after
digestion of the plasmid containing the PCR product with the restriction
endonucleases Blp | and EcoR | (NEB)(nucleotide #1842 to #2410 of Figure
3) using conditions reéommended by New England Biolabs (Beverly, MA,
USA). The 568bp fragment was isolated using a 5% nondenaturing
polyacrylamide gel using standard molecular biology techniques found in
Maniatis's Molecular Cloning A Laboratory Manual. The fragment was
electroeluted out of the gel slice using Sample Concentration Cups from Isco
(Little Blue Tank). The purified spacer domain probe was radiolabelled using
the Ready-To-Go DNA Labelling Beads (dCTP) from Amersham Pharmacia
Biotech (Piscataway, NJ, USA) per the manufacturer's instructions. The
radiolabelled fragment was purifiecj away from primers and unincorporated
radionucleotides using a Nick column from Amersham Pharmacia Biotech per

the manufacturer's instructions and then used to probe the MTE.
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PCR Kit from G ontech was used to set up nested RACE reactions follow ng
instructions in the user manual for the Marathon cDNA Anplification Kit:
the anouwD 080046 nelt used was 5 | /501 reaction, and thePpamasnr/2wse GSP
ol i gos used was 0. 2pnol e4Ll. GSP1 prinmer was used for the first round of
PCR and GSP2 prinmer was used for the nested reactions. Information from
the 3' RACE is found between nucl eotide #2095 and 5004 in SEQ ID NO. 9 /
Figure 1 and includes an frame term nation codon (TGA) at nucleotide # 3172

to 3174. 35 03/ 004607 PCT/ USQ2/ 21056 ,[074] A Ctermnal 1079 bp
fragment of '\ég‘?ﬁé‘;&\"ﬂﬁﬂf’ﬂ lORS %rthyér'gl?@@i%”\ﬁgih%yﬁé Heing asadigjabeligs i rer
sequence GCAGGCACAACTGITCGCTATGT éSEQ I D NO. 26) (nucleotide #2095 to
2117 of SEQADNNAroleg were falowsd. neB T4 4 gasfoend TCAEEEIFSEEIGHTEEC (SEQ | D
NO. 27) (nucleotide #3156 to 3174, conplenent, of SEQ ID NO 9) on human

t hynus, pandokawingrtidstieseadicll linegnhlyatisaukem@MOKBTS €kl liheNBancreas,
Mar at hon- Ready cDNAs used in the RACE reactions. The MasterAnp Hi gh

Fi del ity ExtkigndyomataPHyriid, ahtiameER Geilbrifg tHE FAManRY SSrtibRs ovggg\gw the

PCR reactions using Prém x 4 and standard “conditions descri be ove. The
PCR pr oduct tN | éif&séb bef d i | i i,ntqQ the

pT- Adv vect (i(%lbﬁ{?:éhgﬂ/'l? ﬁ%ﬁiﬁ\%n ge IE%%BIF @éo@ﬁhgﬂﬁ?g@ﬁesn%nﬁ%g% M&ég S

i nstructions | ontech). Ligated,products were _.transfornmed i nto El ectroMAX
DH5a- E cel | s”sgegoﬁyw VB&'@?ROO%%E@Q" %l"i1 ?ﬁ&'@ih&emsl? UFasiang a8Mabr ari es
were sequenced to determne fidelity. This fragment's location in the

ful | -1 engt h RANGRAY PPeladdramy 6 male-taueasiang pedhuman leukomi,and  3369.

lymphoblastic MOLT-4 cell line ATCC#CRL1582.

[073] The C-terminal sequence of EST14 was determined by 3' RACE
using the Clontech Marathon cDNA Amplification Kit and human thymus and
leukemia, lymphoblastic MOLT-4 cell line Marathon-ready cDNAs as
substrates. 3’ RACE primers used were: GSP1-
TCTGGCTCTCAAAGACTCGGGTAA (SEQ ID NO. 25) (nucleotide #1811 to
1834 in SEQ ID NO. 5) and GSP2- GCAGGCACAACTGTTCGCTATGT (SEQ
ID NO. 26) (nucleotide #1887 to 1909 in SEQ ID NO. 5). The Advantage-GC2
PCR Kit from Clontech was used to set up nested RACE reactions following
instructions in the user manual for the Marathon cDNA Amplification Kit: the
amount of GC melt used was 5 ul/50ul reaction, and the amount of GSP
oligos used was 0.2pmole/ul. GSP1 primer was used for the first round of
PCR and GSP2 primer was used for the nested reactions. Information from
the 3' RACE is found between nucleotide #2095 and 5004 in SEQ ID NO. 9/
Figure 1 and includes an frame termination codon (TGA) at nucleotide # 3172

to 3174.
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[075] The N-term nal sequence of EST14 was determ ned by 5 RACE wusing the
Cl ontech Marathon cDNA Amplification Kit and human thynmus and | eukem a,

| ynphobl aw0iog/oddenT- 4 cell |ine Marat hon-ready cDNAs as sulpsTran®siosé’ RACE
primers used were; GSP1- TCGGCCACCACCAGGGICTCCAC (SEQ I D NO. 28)
(nucleotide # 297 to 319, conplenment, in SEQ ID NO. 5) and GSP2-
GITCCTCCGCTCCCGCCAGTCCC (SEQ I D NO. 29) (nucl eotide #247 to 36 WD 03/004607
PCT/ US02/ 21056 269, conplenent, in SEQ ID NO 5). The Advantage- GC2 PCR

st ruct oﬁf's°?ﬁechfﬂﬁusé¢?%£ﬁ'ﬂsf‘?¢%%‘8&> ek oA TRRbAT HReB¥on i o

t he amount of (g) melt used Was | /501 reaction, and the am)unt of GSP

ol i gos used GRION WasganeLated L@Fg5p?”rﬂ‘érrs%éerl‘}§ed for the first round of
PCR and GSP2 prinmer was used for the nested reactions. Information from
the 5' RACE GG&&&@@A@AAGJGBTQG&T&T%KSEM&HO(-RBGandewdmﬁZ(B&& teeen
nucleotide # 1 and 672 in Figure. 3. [076] A Ntermnal 685 bp fragnent of
EST14 i ncl ud2hy7 oh SEMID NG .09) arlde8hprimensequehcgener at ed using 5 pri ner
sequence GGICCCGGGTACCATGIGIGAC (SEQ ID NO. 30) (nucleotide #1 to 9 of

Figure. 3) andAPGRGORIGETHESTEEE(SEQ BNO CFFEhREADidE#s P58xo BIP7RO.  29)
(nucl eotide # 650 to 672, conplenent, of Figure. 3) on human thynus

ot o e B [RGB

Rose  ecomE e 1% RIS g DB FoR RGO
reactions. The MasterAmp High Fidelity Extra-Long PCR kit from Epicentre
Technologies was used for the PCR reactions using Premix 4 and standard
conditions described above. The PCR products resulting from these
amplifications were ligated into the pT-Adv vector using the AdvanTAge PCR
Cloning Kit per manufacturer's instructions (Clontech). Ligated products were
transformed into ElectroMAX DH5a-E celis from Invitrogen. Clones originating
from all three libraries were sequenced to determine fidelity. This fragment's
location in the full-length clone (Figure 3) is between nucleotides # 2290 and
3369.

[075] The N-terminal sequence of EST14 was determined by 5 RACE
using the Clontech Marathon cDNA Amplification Kit and human thymus and
leukemia, lymphoblastic MOLT-4 cell line Marathon-ready cDNAs as
substrates. 5’ RACE primers used were; GSP1-
lI'CGGCCACCACCAGGGTCTCCAC (SEQ ID NO. 28) (nucleotide # 297 to
319, complement, in SEQ ID NO. 5) and GSP2-

GTTCCTCCGCTCCCGCCAGTCCC (SEQ ID NO. 29) (nucleotide #247 to
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as follows; 94C for 2 mn, one cycle: followed by 35 cycles consisting of
94C for 20 sec/68C for 3 mn; followed by one cycle of 68C for 3 mn.
[077] ThewBGRopsoducts resulting fromthese anplificati on®Crarse22105gat ed
into the pPCR-Scri.pt AMP vector using the PCR-Script AMP Cloning Kit per
manuf acturer's instructions (Stratagene, La Jolla, CA USA). Ligated 37 WO
03/ 004607 PCT/ US02/ 21056 products were transfornmed into El ectroMAX DH5a- E
cells fromlnvitrogen. Cones were sequenced to determ ne fi delity. [078]
Cl oned PCR f ments of EST1 e se ed to deternine idelity. The
FulT< engt h 280 EbRle st Be B ARND o) c iR AHLARoGerG L e T GRAH WG EST14
FgenesH sequence (SEQ ID NO 3) and the PCR products (T:lenerat ed for EST14
from the t hr elonteenwesHisastarses nipomsied REELE reagtions fellowingdmetrudtignsén3) . A
full-1ength version of EST14 was constructed by noving the PCR products of

t he three fr#gmesgranantdl foothrechiarathqn DN Amlificpflo\&it: the apBGRt SEGIPt  AMP
vectors into Cos expressi on vector pEDascl as follows. Two dupl exes

encoding a v i (RE0 JEGedRE

sequencg ( é]sogtélfes%]-of thg ?ﬁ?{ﬂﬁg?ﬁpu‘ﬁpgf?@??@to the ST14
N-t er m nal

ol i gonucl eotABéQénOI@}lﬁC?%g &

TGCCCGTGCTGCTGCTGCTGGT(SEQIDNO 31) and conplenentary Ilgo 5'
A B\ oogiedacacimyacimeanation from the 5° RACE
AGGGCGCCGTCACACATGGTGGCGGCT (SEQ | D NO 32) 5'-
Aot @IS fArd between nucleotide # 1 and

672 in Figure. 3.

[076] A N-terminal 685 bp fragment of EST14 including the initiator
Methionine was generated using 5’ primer sequence
GGTCCCGGGTACCATGTGTGAC (SEQ ID NO. 30) (nucleotide #1 to 9 of
Figure. 3) and 3’ primer sequence GTTCCTCCGCTCCCGCCAGTCCC (SEQ
ID NO. 29) (nucleotide # 650 to 672, complement, of Figure. 3) on human
thymus Marathon-Ready cDNA used in the RACE reactions. The Advantage-
GC2 PCR kit from Clontech was used for the PCR reactions. Reaction
conditions were those recommended in the user manual and included 0.5ng
cDNA and 20pmole of each primer per 50 pl reaction. Cycling conditions were
as follows; 94°C for 2 min, one cycle: followed by 35 cycles consisting of 94°C
for 20 sec/68°C for 3 min; followed by one cycle of 68°C for 3 min.

[077] The PCR products resulting from these amplifications were
ligated into the pPCR-Script AMP vector using the PCR-Script AMP Cloning

Kit per manufacturer's instructions (Stratagene, La Jolla, CA, USA). Ligated
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TGGAGGT GGTGCTCCCGT GECCEGTGCECCCCGACGACG (SEQ ID NO. 33) conpl enentary
oligo 5 TGCACGICGICGGGEECECACCCECCACGEGAGCACCACCTCCACGTCG
GCCGCCCCCAVOGRuIBCAGCTGTGCCCGGEGTCCA (SEQ 1D NO. 34) . 38 WOPQI/UB028076

PCT/ US02/ 21056 These dupl exes were joined with the ApaL 1 - SgrA 1
fragnent of the N- term nus of EST14, SgrA 1 -Bgl Il fragnent of the mddle
portion of EST14 and a Bgl2 - Spe | fragnment containing the C-term nus and
stop codon (TGA) of EST14 [079] The aggrecanase nucl eotide sequence of
the invention c n be o d sl probe furth screepning for full

| engt h cl oneBr ﬁ‘fSaY"ﬁf‘?\ an§ [REME dT‘ 8%@'&1‘2’@%@%‘50@%1"6 fRrpr WVItIBSRM may be
used to locate snaller ESTs isolated froma variety of cDNA |ibraries.
Exanpl es of €latesBgars sequaticeditagletérenigefielity. accessi on nunber and their
library origins are as follows: AA884550-- Soares testis_NHT; A1808729-

Soares_NFL T GBC_Ri78]potdrest PCRYrAginehtd ofeSNpdHwER¥\setiashcsd M-Hetefiithe
B-cel | NCI _CGAP _GCB1); A1871510-- NCI_CGAP Brn25 (anapl astic

ol i godendr oghaagg ThOIREALh secﬁﬂe%%?féﬁaEsW‘élwme_&@%%sﬁé%ﬂb@&wo%

ol i godendroglio from brain 573-- NCl col on

ger m nal &e%%"‘i’é%ﬁe%%%fg <bﬁ3%?%@y‘§§%%o€wsh%ﬁ%®% centor
Coss) ) Bruo8GHeTAteY [oET 14 Go0HRATeE Blontash MAahoBEBYASSEQURNGE. 100
(Eg‘?'azr ? lr oﬁql ![ lﬁzé |\émec|i lF%ng g@l Alflljllnleength \9(333}03lon-l-ch]feEfSII’?Zl lwansuc(::cl)n%?rtulc?e% g}(/a g‘luo?/rl]r?ge °
the PCR products of the three fragments with correct sequences from pT-Adv
or pPCR-Script AMP vectors into Cos expression vector pEDasc1 as follows.
Two duplexes encoding a vector Xbal site (TCTAGA) at the 5’ end, optimized
Kozac sequence (GCCGCCACC) upstream of the initiator Met (ATG), to the
EST14 N-terminal ApalL | site (GTGCAC) were synthesized in the following
oligonucleotides; 5’-
CTAGAGCCGCCACCATGTGTGACGGCGCCCTGCTGCCTCCGCTCGTCC
TGCCCGTGCTGCTGCTGCTGGT (SEQ ID NO. 31) and complementary
oligo 5'-
GTCCCCAAACCAGCAGCAGCAGCACGGGCAGGACGAGCGGAGGCAGC
AGGGCGCCGTCACACATGGTGGCGGCT (SEQ ID NO. 32), 5'-
TTGGGGACTGGACCCGGGCACAGCTGTCGGCGACGCGGCGGCCGACG
TGGAGGTGGTGCTCCCGTGGCGGGTGCGCCCCGACGACG (SEQ ID NO.
33) complementary oligo 5'-

TGCACGTCGTCGGGGCGCACCCGCCACGGGAGCACCACCTCCACGTCG

GCCGCCGCGTCGCCGACAGCTGTGCCCGGGTCCA (SEQ ID NO. 34).
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codon is set forth in SEQID NO 11. In alternate splice variants exon 2 is
m ssing 371 nucl eotides from nucl eotide #79 to #449 set forth in SEQ ID NO
11 (countwog3nbmsoexon with the initiator Met as exon 1) wrCTUSIiizwds t he
frame 39 WD 03/ 004607 PCT/ US02/ 21056 off at the N-term nus so the
initiator Met is not in frame with the remainder of the protein. Mis the
first met found in sequence of this alternate splice variant. As seen
above, the | eader sequence and pro domain are mssing fromthis truncated

form An additional exon can.he found in cerjfain iV ancr eas,

ki dney) ¢ hat TSRS AuaISKSs wit® isifed Wl the Ao T Sr A iRorotet Sfibe ok SEG 1 0
NO 14 fromamno acid #113(V) to #136(C) following the cysteine rich
spacer donaiferminus aidEShi¢, BatA 1 mBaldl fragwentrfithainigdle rotipa of &R nes.
These extra cysteines are not found in any of the ADAMIS fam |y nenbers.
[081] The exameaBgd -Bp | fragheohcditammdviie Cdeeninius snd sepicoden hGAN r ay
and Multiple Tissue Northerns fromContech is as follows: noderate

expression igfEgyng. i n | ynphobl astic | eukem a nolt4 cell line and thynus.
Lower expression is found in pancreas, kidney, and fetal thynus. Wak but

node, col or eet al (UAdbnong SR eArRs oot sifharof o lyEhfbn adbl, ¥R
or der o pr olRELIRIPT R PO SR e naaar A o AR b Ly "
oo Dbl ss s SRR LT o ecd e St o
ZEE;$§§L?2 Xr prokaryotic hosfs i ncl udi ng i nsect host céll culture

ESTs isolated from a variety of cDNA libraries. Examples of such ESTs,

including the genbank accession number and their library origins are as

follows: AA884550-- Soares_testis_NHT; Al808729--

Soares NFL_T_GBC_S1 (pooled from fetal lung NbHL19W, testis NHT, and

B-celi NCI_CGAP_GCB1); Al871510-- NCI_CGAP_Brn25 (anaplastic

oligodendroglioma from brain); Al937739-- NCI_CGAP_Brn25 (anaplastic

oligodendroglioma from brain); AW293573-- NCI_CGAP_Sub4 (colon),

AW341169-- NCI_CGAP_Lu24 (carcinoid lung); AW501874-- NIH_MGC_52

(lymph germinal center B cells); AW575922-- NIH_MGC_52 (lymph germinal

center B cells); BF529318--NCI_CGAP_Brn67(anaplastic oligodendroglioma

with 1p/19q loss); BI828046-- NIH_MGC_119 (medulla brain); and

BQ053458-- NIH_MGC_106 (natural killer cells, cell line).

[080] The final nucleotide sequence of EST14 from the Met to stop
codon is set forth in SEQ ID NO. 11. In alternate splice variants exon 2 is

missing 371 nucleotides from nucleotide #79 to #449 set forth in SEQ 1D NO.

11 (counting the exon with the initiator Met as exon 1) which throws the frame
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systens by conventional genetic engineering techniques. Expression systens
for biologically active reconbi nant human aggrecanase are 40 WO 03/ 004607
PCT/ US02/\20®380466DNnt enpl ated to be stably transfornmed mamralien2/zwbé s,

i nsect, yeast or bacterial cells. [083] One skilled in the art can
construct manmal i an expression vectors by enploying a sequence conpri sing
SEQID NGs. 3, 5, 7, 9, 11 or other DNA sequences encodi ng
aggrecanase-rel ated proteins or other nodified sequences and known

vectors, such.a Ckayama gt .al.. |.. Cell Biol, 2:161-170 (,1982)),
boLa. piLa (e HRER-Gm R s Aiiatordetis Rot imBaie wila tiaierenier pbbsl
The mammal i an expression vector pMI2 CXMis a derivative of p91023(b)
(Wong et al .thequptgaise M istherfirstmst foumgisn)segienee ohéhis phainatespiga er in
that it contains the anpicillin resistance gene in place of the

t et racycl i nevanagi #tsasean geone, dnel Idader isequence and pradihwin sre migsing
insertion of cDNA clones. The functional elenents of pMI2 CXM have been:

descri bed (Kpofnam trifiédted foleh.| Anfsifition26 exohBAnDe BBAMER SetiaRBSDNABN

i ncl ude the adenovirus VA genes, the SvV40 origin of replication including

the 72 bp e”Qﬁ%ﬁﬁ]ag%%ﬁr@?‘@ﬂét{’ﬁg@ﬁf& ol XA MEmhe 5%5&%’51& ft°

splice site . denovirus tripartite l'eader sequence
Mneert, e SooMes Ry BN, TAarn anflon okl FR56758lc Toleuisd BB Cences
needed for propagation in E coli. {,085] Plasm d pM2 CXMis obtained by
EcoR di gest f¥siciBe riparsraogndomain dhlivesdus ehthyspiseld¥A inpludingd exfrar i can
Type Culture Collection (ATCC), Rockville, MD (USA) under accession nunber
ATCC 67122. €&steines. These extra cysteines are not found in any of the ADAMTS family
members.
[081] The expression profile from Human Multiple Tissue Expression
Array and Multiple Tissue Northerns from Clontech is as follows: moderate
expression is found in lymphoblastic leukemia molt4 cell line and thymus.
Lower expression is found in pancreas, kidney, and fetal thymus. Weak but
detectable expression is found in liver, salivary gland, fetal brain, lymph node,
colorectal adenocarcinoma SW480 cell line, fetal lung, trachea, fetal spleen,
and testis.
EXAMPLE 2: Expression of Aggrecanase
[082] In order to produce murine, human or other mammalian
aggrecanase-related proteins, the DNA eﬁcoding 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

systems for biologically active recombinant human aggrecanase are
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di gestion excises the cDNA insert present in pMI2-VW, yielding pMI2 in 41
WO 03/ 004607 PCT/ US02/ 21056 |inear formwhich can be ligated and used to

t ransf or nwlB.030ei607 HB 101 or DH5 to anpicillin resistanc@®CTRISazmods pMr2
DNA can be prepared by conventional nethods. pMI2 CXMis then constructed
usi ng | oopout/in nutagenesis (Mrinaga, et al., Biotechnology 84: 636
(1984)). This renoves bases 1075 to 1145 relative to the Hnd IIl site

near the SvV40 origin of replication and enhancer sequences of pMI2. In

addition it inserts the followng sequence: 5' PO CATGEGCAGCTCGAG 3" (SEQ

| D NO. 16) a?o’?tﬁmé‘i‘;ﬁadg bpﬁigmy-lt?ﬁrﬁgr m?ff%még?ﬂ §eYS IRSRCLMRASER tion site
for the restriction endonuclease Xho |I. A derivative of pMIi2CXM ternmed
pMr23, cont abagieriskerlsiti on sites for the restriction endonucl eases Pstl,
Eco RI, Sall and Xhol. Plasm d pMI2 CXM and pMI23 DNA nay be prepared by

conventional et h[g$ld] DPoeGkKilEEANEZNE hridearn gadkstfucd marivhalianaxpessiorbe
suitable in practice of the invention. pMT21 is derived frompMI2 which is

deri ved frow@t’&?gbw&ﬁ\ Vc\&kﬁngigsg‘erqu@ﬂde@e isERPSEQUIIRTS. 9156700588 of he cDNA

insert present in yi el di ng pMr i near form whi ch can be

i gated and %?’dr\? 954 Bh o lar[é%a Lo 9b1aftd BrckOng T itid |
s bﬁ@ botde

resi st ance. asm can con | onal” net hods.
[087] pMI21 | ved from pMI2 t hrough the d|f| tions.
Erel P2 h D AR il 3P saﬁhﬂ%@%@kema 0 eCn

stretch of 19 Gre5|duesf G Ctailing for cDNA clonin deleted In

this processCeH BiglpP: 15ﬁ1t‘?37(? éW&?é)arRJé@ poLoeavah ehal. il n@ 45kRience

i mredi ately upstream from DHFR 5" - CTGCAGGCGAGCCTGAATTCCTCGAGCCATCATG 3’
(SEQ | D NO. (198p)) and pMT2 CXM.

[084] The mammalian expression vector pMT2 CXM is a derivative of
p91023(b) (Wong et al., Science 228:810-815 (1985)) differing from the latter
in that it contains the ampicillin resistance gene in place of the tetracycline
resistance gene and further contains a Xhol site for insertion of cDNA clones.
The functional elements of pMT2 CXM have been described (Kaufman, Proc.
Natl. Acad. Sci. USA 82:689-693 (1985)) 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.

[085] Plasmid pMT2 CXM is obtained by EcoRI digestion of pMT2-
VWEF, which has been deposited with the American Type Culture Collection
(ATCC), Rockville, MD (USA) under accession number ATCC 67122. EcoRl

digestion excises the cDNA insert present in pMT2-VWF, yielding pMT2 in
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42 WO 03/ 004607 PCT/ US02/ 21056 Pstl Eco RI Xhol [088] Second, a unique
Clal site is introduced by digestion with EcoRV and Xbai, treatnent with
Kl enow f ragreeno460f DNA pol ynerase |, and ligation to a Crar/usonkese
(CATCGATG . This deletes a 250 bp segnment from the adenovirus associ ated
RNA (VAI') region but does not interfere with VAI RNA gene expression or
function. pMr2l is digested wwth EcoRI and Xhol, and used to derive the
vect or pEMC2B1. [089] A portion of the EMCV | eader is obtained from

pMr2- ECAT1 S. K, Jung, et at, J. Vjrol63:1651-1660 989)),, by, di tion
Pt Eco R Unear fedh M%%gamiorer{kgar an%m&g%%rﬁpa . Coppig oGRS i s
digested with Tagl yielding an Eco Ri-Tagl fragment of 508 bp which is
purified by to@mptcrlbpmm%nge.ol?laamdrm\ﬂ?%%@ancb@pr@@aredabﬁsoawam er
and its conplenentary strand are synthesized with a 5 Tagi protruding end

and a 3" Xhekthods! rpldiradCXkids where bohsteudide ubivigl lovpogl/in equiegeresis' -
CGAGGTTAAAAAACGT CTAGGCCCCCCGAACCACGEEGACGTGGITTTCCTTT  Tadgl

CAAAAACACCATM&riragd, SEQ1., BidtdEhndlSgy s&dede (1)), Thiis remavespase@tofissot he

EMC virus | eader sequence from nucleotide 763'to 827. It also changes the

AT, 2L 2 F ) e iy nd 38T i B8 o ol L ovec
the EMC vi rue?nl%n?c%'r-s-le_%%lenéersa 8%3!%"2 qlq%ddaﬁion it inserts the following sequence:
5' PO-CATGGGCAGCTCGAG-3' (SEQ. ID NO. 16) at nucleotide 1145. This
sequence contains the recognition site for the restriction endonuclease Xho I.
A derivative of pMT2CXM, termed pMT23, contains recognition sites for the
restriction endonucleases Pstl, Eco RI, Sall and Xhol. Plasmid pMT2 CXM '
and pMT23 DNA may be prepared by conventional methods.

[086] PEMC2B1 derived from pMT21 may also be suitable in practice
of the invention. pMT21 is derived from pMT2 which is derived from pMT2-
VWEF. As described above EcoRlI digestion excises the cDNA insert present
in pMT-VWEF, 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.

[087] pMT21 is derived from pMT2 through the following two
modifications. First, 76 bp of the 5' untranslated region of the DHFR cDNA
including a stretch of 19 G residues from G/C tailing for cDNA cloning is
deleted. In this process, a Xhol site is inserted to obtain the following

sequence immediately upstream from DHFR:

5' -CTGCAGGCGAGCCTGAATTCCTCGAGCCATCATG-3' (SEQ. ID NO. 17)
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WO 03/ 004607 PCT/ USO02/ 21056 the 68 bp oligonucl eotide adapter Tagl - Xhol
adapter resulting in the vector pEMZ2[31. [091] This vector contains the
SV40 ori gwo oafossepl i cati on and enhancer, the adenovirus majrarsod/ates
pronoter, a cDNA copy of the majority of the adenovirus tripartite |eader
sequence, a small hybrid intervening sequence, an SV40 pol yadenyl ati on
signal and the adenovirus VA | gene, DHFR and [3-I|actamase markers and an
EMC sequence, in appropriate relationships to direct the high | evel

expressi on of tngnﬁ;gesi red cDNA 'ﬁ%ﬁﬁmk an cells. [092] The construction

of vectors may i | ve nodi ficat aggrecanase-rel at ed DNA
sequences. For instance, aggrecanase cDNA can be nodified by renoving the
non- codi ng nucl ed@88kesSenpndha uniquamEladsiteriginterduced bycigestiprrwigh on.  The
del et ed non-codi ng nucl eotides may or nmay not be replaced by other
sequences krmaRY endXizdeéatmanit withr Klerpwefsagment GiieNA polpateise laaad
transforned into appropriate host cells for expression of

aggr ecanase-jgatieh sl arciat Fikes (CATEGEATPER Mhis aéslete%emso% (?rﬁeﬁ@frd?nNCB- 3,

5, 7, 9, 11 or other sequences encodi ng aggrecanase-rel ated proteins can be

i pul at ed o BKRBERS sdERidted RIGATOARIRNGI SIARL RINEIBIYIRIAN | 19

aggrecanase encodil ng pro e seq ences an acl n

(093] Gne SHINAGE e SR ﬁ-e%i\hﬁf@é’(ﬁfggéfgﬁwﬁ?%é%?”@%% B Noe.

3, 5 7, 9, or 11 by elimnating or_replacing the mammalian regul atory
sequences flaéﬂﬁ'kli'erﬂji rdiedhayestfMe2RiTt h bacterial sequences to create
44 WD 03/ 004607 PCT/ US02/ 21056

[089] A portion of the EMCV leader is obtained from pMT2-ECAT1

(S.K. Jung, et al, J. Virol 63:1651-1660 (1989)) by digestion with Eco RI and
Pstl, resulting in a 2752 bp fragment. This fragment is digested with Taql
yielding an Eco RI-Taql fragment of 508 bp which is purified by
electrophoresis on low melting agarose gel. A 68 bp adapter and its
complementary strand are synthesized with a 5' Tagl protruding end and a 3'
Xhol protruding end which has the following sequence:
5.
CGAGGTTAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTT
Taql
GAAAAACACGATTGC-3' (SEQ. ID NO. 18)
Xhol
[090] 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 Eco RI-Xhol fragment, the EMC virus EcoRI-Taql fragment, and
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bacterial vectors for intracellular or extracellular expression by
bacterial cells. For exanple, the coding sequences could be further

mani pul atwo ogeoo7 |igated to other known |inkers or nodipCirasobylosel et i ng
non- codi ng sequences therefromor altering nucleotides therein by other
known techni ques). The nodified aggrecanase-rel ated codi ng sequence coul d
then be inserted into a known bacterial vector using procedures such as
described in Taniguchi et al., Proc Natl Acad Sci USA, 77:5230-5233
(1980). This,e Yy bacte vector uld,then be transforned into
bacterial hold¥ @B "éﬂﬂu‘é'ﬁo{'%BF’@E?HQ—%QL'%BPL?@@IMGF RN I MEEIPT her eby .
For a strategy for producing extracellular expression of

aggr ecanase-PEM&2f.proteins in bacterial cells, see, e.g., European

pat ent application EPA 177,343. [094] Sim | ar mani pul ati ons can be
perfornmed for the[0&dihsThisctsotor cdntaias the S&H0 orggin of réieatioe agd procedur es
descri bed in published European patent application EPA 155,476) for

expressi on i @nhAFRe! theeddénoviul Pagjbr 88 bESmoted Ua DN /S Bop\E of HlaShbéf Ft)r—‘
enpl oyi ng yeast regul atory sequences for i ntracel I uI ar or extracellul ar

expression Qr g@(% ells. (See,
e.g., pr ocegf;r es cﬂascrl tﬁ%&%té lé%d %@ugg@gll | on h@p00639 and
European pat ent li¢ A 12 89 95 t hod f roduci ng hi gh
Fevel s of "a. Soian 25 V47 RpliAepaf %n%%%?@nﬁ th%gﬁﬁ'a%w SYATaRos 1 an,
bacterial, yeast or insect host cell stens_may involve the constr uct ion
of cells conPhifi} Agd ﬁalﬁptaﬁn@sebmr&rscﬁn %EMfétSS%Wﬁﬁ)d% appropriate
aggrecanase-rel ated gene. The heterol ogous gene is linked to an
anpl i fi abl e redationships . diradhéhel higphdevé it xprressien ot thesdegi@dFe)NAdne for 45 WO
03/ 004607 PCT/ US02/ 21056 which cells containing increased gene copies can
be sel ected freimmpakaageld.on
[092] The construction of vectors may involve modification of the

aggrecanase-related DNA sequences. For instance, aggrecanase cDNA can

be modified by removing the non-coding nucleotides on the 5' and 3' ends of

the coding region. The deleted non-coding nucleotides may or may not be

replaced by other sequences known to be beneficial for expression. These

vectors are transformed into appropriate host cells for expression of

aggrecanase-related proteins. Additionally, the sequence of SEQ ID NOs. 3,

5, 7, 9, 11 or other sequences encoding aggrecanase-related proteins can be

manipulated to express a mature aggrecanase-related protein by deleting

aggrecanase encoding propeptide sequences and replacing them with

sequences encoding the complete propeptides of other aggrecanase proteins.

[093] One skilled in the art can manipulate the sequences of SEQ ID

NOs. 3,5, 7,9, or 11 by eliminating or replacing the mammalian regulatory

sequences flanking the coding sequence with bacterial sequences to create
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in increasing concentrations of nethotrexate (MIX) according to the
procedures of Kaufman and Sharp, J Md! Biol, 159:601-629 (1982). This
appr oach wensjpetsenpl oyed with a nunber of different cell Pepas02R086] For
exanple, a plasm d containing a DNA sequence for an aggrecanase-rel ated
protein of the invention in operative association wwth other plasmd
sequences enabling expression thereof and the DHFR expression plasmd
pAdA26SV(A) 3 (Kaufman and Sharp, Mol Cell Biol2:1304 (1982)) can be

co-introduced int.o DHER-defici ent CHO cel s, KX-Bl |, b vari oys net hods
i ncl udi ng cagé?tGH?bYﬁféBWaffe’é"EE?ﬁﬁhH'iabe 5%‘%%??'%% ‘%%%%%‘%%V&?, terial ells.

el ectroporation or protoplast fusion. DHFR expressing transformants are
sel ect ed f or Fgr @¥@mples the padingesgiddencescald befuthee manipuatedserginligated
subsequently selected for anplification by growth in increasing

concent r at i otesothef kMdWn (limkgrs siemodificdady deletisg non&odhg equente® and 5uM
MIX) as described in Kaufman et al., M Cell Biol., 5:1750 (1983).

Transf or mant hereRofl Ebring uclddtiledherdih Yy BihéM AUVIRPANARS) SXREESS] ON
is nonitored by the assays described above. Aggrecanase protein expression

or ot i ns. ar o A ey DB SR Rt iR B e AN RN e, IR RNE AT

proteins are characterized Using sl _ W T the art such
S (T e A
rel ated aggrecanase-related proteins. 46 WO 03/ 004607 PCT/ US02/ 21056
[097] | n onedkx3ias Mall Acad i buhakieo4ePre28f (1 B0} i exemplary thasieriyt
forth in SEQID NO 11 nay be cloned into the expression vector pED6
(Kauf man et wéctor dlogldeghen Ael tthréernmed g ®actetiadhosiosdls)andcas and CHO
aggrecanase-related protein expressed thereby. For a strategy for producing
extracellular expression of aggrecanase-related proteins in bacterial cells,
seeg, e.g., European patent application EPA 177,343.
[094] Similar manipulations can be performed for the construction of
an insect vector (see, e.g. procedures described in published European
patent application EPA 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).
[095] A method for producing high levels of a aggrecanase-related
protein of the invention in mammalian, -bacterial, yeast or insect host cell
systems may involve the construction of cells containing multiple copies of the

heterologous aggrecanase-related gene. The heterologous gene is linked to

an amplifiable marker, e.g., the dihydrofolate reductase (DHFR) gene for
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DUKX 1311 cells are transiently transfected with the aggrecanase sequence
of the invention (+/- co-transfection of PACE on a separate pED6 plasm d)
by |i pofwotmome(1F2000, | nvitrogen). Duplicate transfectipocmassaz/zioperfor ned
for each gene of interest: (a) one for harvesting conditioned nedia for
activity. assay and (b) one for 35-S-nmeth ion ine/cystei ne netabolic

| abeling. [098] On day one nedia is changed to DVE(COS) or al pha(CHO
nmedia + 1 % heat-inactivated fetal calf serumt/- 100pg/m heparin on

wel ls(a) to be harvested for activity assay. After 48h (day 4), ]

condi ti oned WeHinCalls caniaiping igaraased ganesaniensanpe setrmed &y iapagatiame
duplicate wells (b) are changed to MEM (nethionine-free/cysteine free)
medi a + 1 % ineiacraasing corgandrationalof gegthokexaten(MH)@dcawing théeari n + 100
pC /m 35S-net hi oi ne/ cystei ne (Redivue Pro m x, Anmershanm). Follow ng 6h

i ncubat i on apretégureofiKaifmadand Srarp,s/ Mol Bisit €50:6anb20u198R). SPRiIsPAGE gel s
under reducing conditions. Proteins are visualized by autoradi ography.

EXAMPLE 3: Biaﬁbfwcﬁadarﬁsé bMididyeRf wiek B RAss Mﬁéf@%@ﬁ!yd&loo] To measure

t he biological activity of the expresse aggrecanase-re€l ated proteins
obtai ned in Exanp e I . r f he cel |
culture and purif t@éﬁbgg%g?‘%‘ﬁéngaoé'ﬁéﬁ’?;g?@é@wéi§W§|3§g&85§%‘§%‘i‘ms from
ot her protei naceous nater 'haflr S with V\Hi ch they.are co- produced as well as
from ot her cBA9ECPRERELCIamRE Prateinafdne invepLpp i areiative assgciatonwihs/ 004607
PCT/ US02/ 21056 standard techni ques known to those skilled in the art. The
purified proftiai plasgidmecuensee enphling expression thereef and theDHWRng assays:
[0101] Assays specifically to determne if the protein is an enzyne
expression plasmid pAdA26SV(A)3 (Kaufman and Sharp, Mol Cell Biol 2:1304
(1982)) can be co-introduced into DHFR-deficient CHO cells, DUKX-BII, by
various methods including calcium phosphate coprecipitation and transfection,
electroporation or protoplast fusion. DHFR expressing transformants are
selected for growth in alpha media with dialyzed fetal calf serum, and
subsequently selected for amplification by growth in increasing concentrations
of MTX (e.g. sequential steps in 0.02, 0.2, 1.0 and 5uM MTX) as described in
Kaufman et al., Mol Cell Biol., 5:1750 (1983). Transformants are cloned, and
biologically active aggrecanase expression is monitored by the assays
described above. Aggrecanase protein expression should increase with
increasing levels of MTX resistance. Aggrecanase proteins are characterized
using standard techniques known in the art such as pulse labeling with %S
methionine or cysteine and polyacrylamide gel electrophoresis. Similar

procedures can be followed to produce other related aggrecanase-related

proteins.
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capabl e of cl eaving aggrecan at the aggrecanase cl eavage site: [0102] 1.

Fl ourescent peptide assay: Expressed protein is incubated wth a synthetic
pepti de wWwD®b/eweDNpasses am no aci ds at the aggrecanase PCramoagwseite of
aggrecan. One side of the synthetic peptide has a flourophore and the

ot her a quencher. C eavage of the peptide separates the flourophore and
quencher and elicits flourescence. Fromthis assay it can be determ ned
that the expressed protein can cleave aggrecan at the aggrecanase site,
and rel ative flou e e ce tells the relative activity of the expressed
protein. [0103] 2 ppgsxa A0YIRERRATECHT Byﬁ'lerp"%eﬂwé‘%'&fﬂ% with
i ntact aggrecan. After several biochem cal mani pul ations of the resulting
sanpl e (di al g&fiforthdh&tdPtN@adé makbe stomed inirolbiei dxpressiom vectdr pED6
reconstitution) the sanple is run on an SDS PAGE gel. The gel is incubated

w th an ant (Keufynarhet algriVycleie Al Ress! 2488534490 4099 Hy.aCEXpad GHOf t er
aggrecanase cleavage. The gel is transferred to nitrocellul ose and

devel oped wi plyKex qu%un@aerr& t@i‘fsle?fﬂg)fraﬁw%fédt@djw?th"bﬁé%%b?ec?aﬁ%%@sebﬂeﬁ@éB'ft in

bands running at a nolecul ar weight consistent w th aggrecanase generat ed

cl eavage proguci B, I ei

cl eaveg ngt i f/Heé 'bgap@é:%ﬁggEﬁq%gfe;%goﬁeoganas% o@léeg\e/%%teeﬁﬁg)? @ﬁ%mgc{);bé/ tells

t he nol ecul a 48 WO Q3/ CT/ USOZ/ 21056 _cl eav

product s. %&%9@ Qﬂ;sgd(ib dpvifrage '8 rﬁ‘é‘ﬂ QZ?E Nefections argRerirmed: ﬁogtl ve
aggr ecanase actl vity. [0104] Assay to determne if an expressed protein can
cleave aggr e@@eh 98nGWHEeress (@henpifor kamvesting cepdiioned meglia for agywitecanase

site): [0105] 3. Aggrecan ELISA: Expressed protein is incubated with intact
assay and (b) one for 35-S-methionine/cysteine metabolic labeling.

[098] On day one media is changed to DME(COS) or alpha(CHQ)
media + 1% heat-inactivated fetal calf serum+/- 100ug/ml heparin on wells(a)
to be harvested for activity assay. After 48h (day 4), conditioned media is
harvested for activity assay.

[099] On day 3, the duplicate wells (b) are changed to MEM
(methionine-free/cysteine free) media + 1% heat-inactivated fetal calf serum
+100pg/ml heparin + 100pCi/ml 35S-methioine/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 3: Biological Activity of Expressed Aggrecanase

[0100] To measure the biological activity of the expressed
aggrecanase-related proteins obtained in Example 2 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 other contaminants. Purification is carried out using
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aggrecan whi ch had been previously adhered to plastic wells. The wells are
washed and then incubated with an anti body that detects aggrecan. The
wel | s arewoesebwped with a secondary antibody. |If there i ®CrhEsoneiogs nal

anount of aggrecan remaining in the well, the antibody will densely stain
the well. If aggrecan was digested off the plate by the expressed protein,
the antibody w | denonstrate reduced staining due to reduced aggrecan

concentration. This assay tells whether an expressed protein is capabl e of
cl eavi ng aggrecan . (anywhere in the protejn, not onl)ﬁ_ at the aggrecanase

site) and cafieleaetl achbiques krowretodhgra skiled ik g Ag. Thewgfiedrgotain

analysis of the purified proteins is conducted using standard technigues
such as SDS- Pagbheassdyad id@ccbrtance) with\bteuioowl®7ass@9s( 1970)) stained with
silver (QCakley, et al., Anal Biochem 105:361 (1980)) and by i mrunobl ot
(Towbin, et al., priod]Abeays speciicalipad detémind f.tHS pPotedPiéBn enkgheg t he

above descri bed assays, expressed aggrecanase-related proteins are

eval uated fo ! iV T d nol ecul es are
i dentified. %a ﬁﬁgfﬁ%‘rﬁgﬁg%?%ﬁ%;ﬂgﬁ @%géﬁ%%ﬁ%%%?é %ﬁé!’anti body agai nst

of i ni bi ¢ ng.agoraoandsd fufesle R EoE assey o SRLE R AGR sl ©
o iR RVEED SR e
i mruni zations, and inconplete Freunds adjuvant thereafter. Throughout the
i muni zat i onclpavagrisiigobaggresans £ime siglenfdhe synihetic peptide hasesence of
circulating anti bodies. At week 9, an animal with circulating antibodies
i s sel ect ed, floumophozednd dhe bthree @ queTbeut Cleavage of the peptide separates the
flourophore and quencher and elicits flourescence. From this assay it can be
determined that the expressed protein can cleave aggrecan at the
aggrecanase site, and relative flourescence tells the relative activity of the
expressed protein.
[0103] 2. Neoepitope western: Expressed protein is incubated with
intact aggrecan. After several biochemical manipulations of the resulting
sample (dialysis, chondroitinase treatment, lyophilization and reconstitution)
the sample is run on an SDS PAGE gel. The gel is incubated with an
antibody that only recognizes a site on aggrecan exposed after aggrecanase
cleavage. The gel is transferred to nitrocellulose and developed with a
secondary antibody (called a western assay) to resuit in bands running at a
molecular weight consistent with aggrecanase generated cleavage products

of aggrecan. This assay tells the expressed protein cleaved native aggrecan

at the aggrecanase cleavage site, and also tells the molecular weight of the
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days, and sacrificed. The spleen is renpoved and honogeni zed into cells. |,
The spleen cells are fused to a nyel oma fusion partner (line

P3- x63- AgS0®38)460usi ng 50% PEG 1500 by an established proeeanrse2/210656 &

Her zenberg, Selected Methods in Cellular Imunology, W J. Freeman Co.,
San Francisco, CA, at 351 (1980)). The fused cells are plated into 96-wel |
mcrotiter plates at a density of 2 x 105 cells/well. After 24 hours, the
cells are subjected to HAT selection (Littlefield, Science, 145: 709

(1964)) effectivel killing any unfused and unproductively fused nyel oma
cel I's. [ 0108fle8yage pEPdHats. %ﬂaﬁtﬁf’etﬁﬂiﬁ't&l&%%@ﬁn@s gae give shaidea afgr ecanase
anti bodies are identified by solid and solution phase ELI SAs. Novel

aggr ecanase [glativs aggrecpnagapetivityr om CHO cel | s as descri bed above and
coated on pol ystyrene (for solid phase assays) or biotinylated (for a

solution based afsk4)]Asbeyts dbiermig: Aanaspressedad®teifBBhaIesiabgsecan
aggrecan is coated on a polystyrene plate and biotin aggrecanase activity

i s inhi bi t edafywhéreeinadgiprb@ih GfotRpBEIKE W HHe He§IRahatt sitpsul ts identify

hybri domas expressing aggrecanase antibodi es™ These posi‘tive clones are
xpanded and cel 1 iteigs Aedrden FLISAY Bor AP at o BRebRRRoPyTiies vea.
ant | bodi es. | SOUEFENGHBEN PAADREIEHIOLY JATEER g B A EC SRS Bl ns.
| sotype of the antibodies is determ ned using a nouse i munogl obulin
i sotypi ng ki waghgeaatnhen ambated wib an antibodsthatrdetectssaggreca).. TEEAVPLE 5:
Met hod of Detecting Level of Aggrecanase [0110] The anti-aggrecanase
anti body preweliedreadeveldped with &sacmhdary antibody. If there is the original amount
of aggrecan remaining in the well, the antibody will densely stain the well. If
aggrecan was digested off the plate by the expressed protein, the antibody
will demonstrate reduced staining due to reduced aggrecan concentration.
This assay tells whether an expressed protein is capable of cleaving aggrecan
(anywhere in the protein, not only at the aggrecanase site) and can determine
relative aggrecan cleaving.
[0106] Protein analysis of the purified proteins is conducted using
standard techniques such as SDS-PAGE acrylamide (Laemmli, Nature
227:680 (1970)) stained with silver (Oakley, et al., Anal Biochgm. 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 evaluated for their activity and useful
aggrecanase-related molecules are identified.
EXANPLE 4: Preparation of Antibodies

[0107] An antibody against a novel aggrecanase molecule is prepared.

To develop an antibody capable of inhibiting aggrecanase activity, a group of
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4 can be used to detect the | evel of aggrecanase in a sanple The anti body
can be used in an ELISA, for exanple, to identify the presence or absence,
or quantwby3wsoanount of, aggrecanase in a sanple. The anfriusony0se

| abeled with a fluorescent tag. In general, the | evel of aggrecanase in a
sanple can be determ ned using any of the assays disclosed in Exanple 3.
EXAMPLE 6: Method of Treating a Patient [0111] The anti body devel oped
according to Exanple 4 can be admnistered to patients suffering froma
di sease or disorder related to the |oss of aggrecan, or excess aggrecanase
activity. PafMieaEe tamenized evesyrbye weeks vithea NPMe! aggracanasedprotgia mixedh as
once daily, and the synptons and signs of their disease or disorder

i nprove. For irekeeynids, canasisteofdjegamtdfonthe fivstitvb themueizations, arebimecamdete
degradation of articular cartilage would decrease or cease. Synptons of
ost eoart hri t Feewigl adjbeantaHeremtcdr Thedudhoudtesdimmbhzagbe weribhablobbgs

conposition of the invention is useful for the treatnent of di seases or

di sor ders 1 ebaipted fnd Restb@ Tr b RESERLAG cifduid iboRfl. SRANBSE 926h! VI Y-

The anti bodi es can al so be use patients suUscepti

i tLs; - Ly hi s Kk of th
ai sease, but 2 ith Sl ARTRINRIE B BiedRl i gttalted Bailute |
i i st at | BRVRAI SRR C AALHIPEY & TR IISOON SR Aoy |

Decrease in synptons 1 ng/kg Weekly it Intramuscular 500 pg/kg Daily It
The spleen cells are fused to a myeloma fusion partner (line P3-x63-Ag8.653)

using 50% PEG 1500 by an established procedure (Oi & Herzenberg,
Selected Methods in Cellular Inmunology, W. J. Freeman Co., San
Francisco, CA, at 351 (1980)). The fused cells are plated into 96-well
microtiter plates at a density of 2 x 10° cells/well. After 24 hours, the cells are
subjected to HAT selection (Littlefield, Science, 145: 709 (1964)) effectively
killing any unfused and unproductively fused myeloma cells.

[0108] Successfully fused hybridoma cells secreting anti-aggrecanase
antibodies are identified by solid and solution phase ELISAs. Novel
aggrecanase protein is prepared from CHO cells as described above and
coated on polystyrene (for solid phase assays) or biotinylated (for a solution
based assay). Neutralizing assays are also employed where aggrecan is
coated on a polystyrene plate and biotin aggrecanase activity is inhibited by
the addition of hybridoma supernatant. Results identify hybridomas
expressing aggrecanase antibodies. These positive clones are cultured and
expanded for further study. These cultures remain stable when expanded

and cell lines are cloned by limiting dilution and cryopreserved.
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1 ng/ kg Weekly cc Intravenous 500 p /k Daily it 1 ng/kg Weekly it Famly
Hi story of Subcutaneous 500 pg/ kg Daily Prevention of Osteoarthritis

condi t i orwOI0B/00480T anuscul ar 500 pg/ kg Daily it |ntravenou®CFAGoplokg Dail y
[0112] The foregoing descriptions detail presently preferred enbodinents
of the present invention. Nunmerous nodifications and variations in
practice thereof are expected to occur to those skilled in the art upon
consi deration of these descriptions. Those nodifications and vari at [ ons
are believed to be en assed wi thin the cl ai ns. appended hereto. of
the docunents cit 1q9ign$')m§h§?ﬁ)9¢'iﬁ‘t"ﬂ5ﬁsa$ sanakrarsiogdias 'Eﬁet\'él‘o@ﬁéribétl n
their entirety. Additionally, all sequences cited in databases and all

ref erences am%@ﬂ@ﬁbfcreabgnnza@@gmmaea rogteinst eisetype dfihe laatibodiesiis et y. 52
WO 03/ 004607 PCT/ USO02/ 21056 What is clainmed is: 1. An isolated DNA

ol ecul e congeiesiirgedusiNg ssegues damtimegsbulin dsbtypia klit gyArgaence of SEQ ID
NO. 5 from nucl eotide #1-#2270 ; b) the sequence of SEQID NO 7 from

nucl eoti de #gaﬁé&%@ﬂes qﬁctggnﬁgﬁgggg ©A) SEQ ID NO. 3 fromnucleotide #1 to
#3899: and d) the sequence of SEQ I . 9 fromnucleotide #1 to #5001; e)

naturally occur i RaMBkR 3 f“étf'éaggef%%%@f'bi%ﬁia‘f?ﬁéﬁ?ﬂﬁ%ﬂgnéi ative

codon sequences Of 1(1?ﬂ TEQ ?H%g(rgéanase antibody prepared according to Example

4 can be used to detect the level of aggrecanase in a sample The antibody
can be used in an ELISA, for example, to identify the presence or absence, or
quantify the amount of, aggrecanase in a sample. The antibody is labeled
with a fluorescent tag. In general, the level of aggrecanase in a sample can
be determined using any of the assays disclosed in Example 3.

EXAMPLE 6: Method of Treating a Patient

[0111] The antibody developed according to Example 4 can be
administered to patients suffering from a disease or disorder related to the
loss of aggrecan, or excess aggrecanase activity. Patients take the
composition one time or at intervals, such as once daily, and the symptoms
and signs of their disease or disorder improve. For example, loss of aggrecan
would decrease or cease and degradation of articular cartilage would
decrease or cease. Symptoms of osteoarthritis would be reduced or
eliminated. This shows that the composition of the invention is useful for the
treatment of diseases or disorders related to the loss of aggrecan, or excess
aggrecanase activity. The antibodies can also be used with patients
susceptible to osteoarthritis, such as those who have a family history or

markers of the disease, but have not yet begun to suffer its effects.
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2. A vector conprising a DNA nol ecule of claim1 in operative association

Wi th an expression control
wi th t he DNAsegoence of claiml.

sequence

t herefor.

4. A host cell

3. A host cel

| transforned
t r ansf oPaEdISe2/2105@ DNA

sequence of claim2. 5. A nethod for producing a purified human aggrecanase
transfornmed with

protein,
a DNA nol ecul e according
aggrecanase protein fromthe

to claim1;

and b)

said nethod conprising: a) culturing a host cel
recovering and purifying said
culture nedium 6. The met hod of claimb5,

wher ei n—sai-d-host cell -is an insect_cell — 7 A purified ein
conpri s| Rgt&Rt s no a¢RPWRGfience | RA%RIH fr omFrE3UeRSY)3/ 0g4Yedicted
PCT/ UsopL2ndiion a) t he AgMiRSa8PA |sequence set| forth in SEQReSWS. 6 from
ami no pOisteosrttriie; b) Subeutaneousach@D petigence RBaily fort h i n (REQeAEE MO, §
fromanno acid #1-#779; c) the am no acid sequence set forgymptomSEQ | D
NO. 10 from antno acid #1-#1057; |d) nigieg am ng \Weellysequence set forth iin
SEQ I D 13 #rom am NraAGsclIF - BdF gg/kgnd e)Dé]R/m)' 0gous |aggrecanase
prot ei ns consi st Mg Of—audl & om, — SHRlkd Ut OTT\aagy detetion n_ut amt bAUf t he
E;qtjﬁgC :Ew —or }c) AT oY A hous®” 5 rlug kl €t %Fballaoc pirotetn—produced
' * 1 mg/kg Weekly “
Family History of | Subcutaneous | 500 ug/kg Daily Prevention of
Osteoarthritis condition
“ Intramuscular | 500 ug/kg Daily “
“ Intravenous 500 pa/kg Daily “
[0112] The foregoing descriptions detail presently preferred

embodiments of the present invention. Numerous modifications and

variations in practice thereof are expected to occur to those skilled in the art

upon consideration of these descriptions. Those modifications and variations

are believed to be encompassed within the claims appended hereto. All of

the documents cited in this application are incorporated by reference in their

entirety. Additionally, all sequences cited in databases and all references

disclosed are incorporated by reference in their entirety.
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a) culturing a cell transformed with a DNA nol ecul e according to claima1,;
and b) recovering and purifying fromsaid culture nediuma protein

conpri si /yoan/oesdno aci d sequence chosen from SEQ | D NO PEI/B02/2108¢ and
13. 9. An antibody that binds to a purified aggrecanase protein of claim?7.
10. The anti body of claim9, wherein the antibody inhibits aggrecanase
activity. 11. A nmethod for identifying inhibitors of aggrecanase conprising
a) providing an aggrecanase protein chosen from i) SEQID NO. 6 or a
fragnment th of; iJ) SEQID NO. 8 or a fragnment thereof; 54 WO 03/004607
PCT/ US02/ 210863t Is;glgi S-1D NO. 10 or a fragnent thereof; and iv) SEQ ID
NO. 13 or a fragnent thereof; b) conbining the aggrecanase with a potenti al
i nhibitor arld c) Avigolated iNAmeolreuletdomprising aiRINAissiguente chosén fions
aggrecanase activity. 12. The method of claim 11 wherein the method

conpri ses eval uatd)ng tthe segugnes ah SEQ 1D NI Hifrom wiseldofide #1HPoge
di nensi onal structural analysis prior to conbining with the potenti al

i nhibi tor. 13. Thy nmetiadealicAtaosER WG NirbREnIBESRE 89! 33@65

eval uating the aggrecanase protein is used in a conputer aided drug design

Ot 1 or T8, ik spAEABEL TSR N L b Bt g
d) the sequence of SEQ ID NO. 9 from nucleotide #1 to #5001;
e) the sequence of SEQ. ID NO. 11 from nucleotide #1 to #3369;
and
f) naturally occurring human allelic sequences and equivalent
degenerative codon sequences of (a) through (e).

2. A vector comprising a DNA molecule of claim 1 in operative association

with an expression control sequence therefor.

3. A host cell transformed with the DNA sequence of claim 1.
4, A host cell transformed with a DNA sequence of claim 2.
5. A method for producing a purified human aggrecanase protein, said

method comprising:
a) culturing a host cell transformed with a DNA molecule according
to claim 1; and
b) recovering and purifying said aggrecanase protein from the
culture medium.

6. The method of claim 5, wherein said host cell is an insect cell.

7. A purified aggrecanase protein comprising an amino acid sequence

chosen from:
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aggrecanase, wherein the conposition conprises an antibody according to
claim9 and a pharmaceutical carrier. 15. A nethod for inhibiting

aggr ecanawe ooomoTramral conprising administering to sai dPoanrsat/2mse
effective anount of the conposition of claim14 and allow ng the
conposition to inhibit aggrecanase activity. 16. The nethod of claim 15,
wherein the conposition is adm nistered intravenously, subcutaneously, or
i ntramuscul arly. 17. The method of claim 15, wherein the conposition is

admi ni stered at aa) OIOS’ﬁ*(rlt—}ear(?ﬁfinc%c et sSeggeRc% légt %o?thlln@ééqD ﬁé 6 from amino

acid #1-#756;
b) the amino acid sequence set forth in SEQ ID NO. 8 from amino
acid #1-#779;
C) the amino acid sequence set forth in SEQ ID NO. 10 from amino
acid #1-#1057;
d) the amino acid sequence set forth in SEQ ID NO. 13 from amino
acid #1-#1122; and
e) homologous aggrecanase proteins consisting of addition,
substitution, and deletion mutants of the sequences of (a) through (d).

8. A purified aggrecanase protein produced by the steps of
a) culturing a cell transformed with a DNA molecule according to
claim 1; and
b) recovering and purifying from said culture medium a protein
comprising an amino acid sequence chosen from SEQ. ID NO. 6, 8,
10, and 13.

9. An antibody that binds to a purified aggrecanase protein of claim 7.

10. The antibody of claim 9, wherein the antibody inhibits aggrecanase
activity.

11. A method for identifying inhibitors of aggrecanase comprising a)
providing an aggrecanase protein chosen from:
i) SEQ ID NO. 6 or a fragment thereof;

i) SEQ ID NO. 8 or a fragment thereof;
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12.

13.

14.

15.

16.

17.

iii) SEQ. ID NO. 10 or a fragment thereof; and

iv) SEQ. ID NO. 13 or a fragment thereof;

b) combining the aggrecanase with a potential inhibitor and

c) evaluating whether the potential inhibitor inhibits aggrecanase
activity.

The method of claim 11 wherein the method comprises evaluating the
aggrecanase protein is used in a three dimensional structural analysis
prior to combining with the potential inhibitor.

The method of claim 11 whereih the method comprises evaluating the
aggrecanase protein is used in a computer aided drug design prior to
combining with the potential inhibitor.

A pharmaceutical composition for inhibiting the proteolytic activity of
aggrecanase, wherein the composition comprises an antibody
according to claim 9 and a pharmaceutical carrier.

A method for inhibiting aggrecanase in a mammal comprising
administering to said mammal an effective amount of the composition
of claim 14 and allowing the composition to inhibit aggrecanase
activity.

The method of claim 15, wherein the compoéition is administered
intravenously, subcutaneously, or intramuscularly.

The method of claim 15, wherein the composition is administered at a

dosage of from 500 ug/kg to 1 mg/kg.
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