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(7) ABSTRACT

A method for detecting or monitoring the presence of protein
fragments, cleaved at novel cleaving sites near the N-terminal
part of the collagen IX alpha 1 chain, close to the C-terminal
part of the NC4 domain, and at the COL3 domain close to the
NC3 domain. Neoepitope antibodies against the neoepitopes
were created by the cleavages and an epitope in the cleaved
N-terminal part of the NC4 domain unique to collagen IX. A
diagnostic kit and antibodies useful in carrying out such
methods are also presented
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Fig. 9
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Fig. 10
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Fig. 11 A
Protein Start - End M‘EB’;;H Delta (Da) | Miss Sequence Modification

Collagen IX at 381-399 2149.0860 0.0049 0 R-IGQDDLPGFDLISQFQIDK - A

gil 19901059 409-420 1235.7586 0.0593 0 R-VVGSTALQVAYK-L
421-428 9344733 0.0007 0 K-LGNNVDFR-I
433-450 281295 0.0536 0. R-HLYPNGLPEEYSFLTTFR-M
459471 15717896 0.0295 0 K-HWSIWQIQDSSGK -E
515-521 817.4416 00184 0 K-IMIGVER-S
515- 521 8334611 0.0062 0  K-IMIGVER-S Oxidation (M)
522-532 1269.6286 0.0394 0 R-SSATLFVDCNR-1

533541 1052.6529 0.0067 0 R-IESLPIKPR-G

542- 554 1318.7367 0.0366 0 R-GQIDVDGFAVLGK -L
555- 530 3159.6834 0.0604 0 K-LVDNPQVSVPFELQWMLIHCDPLRPR - R
581- 590 1245.6484 0.0480 1 R-RETCNELPAR -1

582-590 1089.5117 0.0124 0 R-ETCNELPAR-I
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Fig 11 B
Protein |Srt- MexgytH Delta (Da)[Miss Sequence Modifications
) End (Da)
Collagen1X al 381-399  2149.0944 00132 0 R-IGQDDLPGFDLISQFQIDK - A
Gill19901055 409-420  1235.7126 0013 0 R-VVGSTALQVAYK-L
a20-428 9344421 00319 0 K-LGNNVDFR-I
20-82 14017979 00383 1 K-LGNNVDFRIPTR -H
433 -450 2184.0906 0,0147 0 R-HLYPNGLPEEYSFLTTFR - M
484 - 490 817.4028 -0.0062 0 K-SVSFSYK-G
515-521 8334282 00267 0 K-IMIGVER-S Oxidation (M)
52252 1269.6242 00350 0 R-SSATLFVDONR-I
522-541 23032310 00135 1 R-SSATLFVDCNRIESLPIKPR -G
533-541 10526380 00082 O R-IESLPIKPR-G
542554 13187246 00245 0 R-GQIDVDGFAVLGK-L
581590 12456310 00306 1 R-RETCNELPAR -1
582-590  1089.5001 00008 0 R-ETCNELPAR-1
601-630 28194455 0.0861 1 R-GPPGEQGPPGPPGPPGVPGIDGIDGDRGPK - G 3 Hydroxylation (P)
601-630 28353742 0.0199 1+ R-GPPGEQGPPGPPGPPGVPGIDGIDGDRGPK -G | 4 Hydroxylation (P)
601-630 28513719 00227 1 R-GPPGEQGPPGPPGPPGVPGIDGIDGDRGPK - G 5 Hydroxylation (P)
631-672 37577917 00134 U K-GPPGPPGPPGEPGKPGAPGKPGTPGADGLTGPDGSPGSVGPR -G § Hydroxylation (P)
§31-672 3NN 0122 0 K-GPPGPPGPPGEPGKPGAPGKPGTPGADGLTGPDGSPGSVGPR -G 6 Hydroxylation (P)
690-705 18009658 00420 0 R-GIPGPPGPPGGAGLPGELGR -V 3 Hydroxylation (°)
690-709 18169402 ‘00215 0 R-GIPGPPGPPGGAGLPGELGR- V. 4 Hydroxylation (P)
690-709 18329246 00110 0 'R-GIPGPPGPPGGAGLPGELGR -V 5 Hydroxylation (P)
70-718  §55.4324 00246 0 R-VGPIGDPGK-R Hydroxylation (P)
710-719  101153%  -00205 1 R-VGPIGDPGKR-G Hydroxylation (P)
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Fig 11 C

Start - M(expt)+H Delta
End | (Da) |(Da)

81-399  2149.0553 -0.0258 0 R - IGQDDLPGFDLISQFQIDK - A

Protein Miss Sequence Modification

Collagen IX
3
al

g||119990105 409-420 12357345 00352 0 R-VVGSTALQVAYK-L

421-428  934.4945 0.0204
433-450  2184.0526  -0.0234
515-521  817.4383 -0.0217
522-532  1269.6251 0.0360

K - LGNNVDFR - |

R - HLYPNGLPEEYSFLTTFR - M
K - IMIGVER - § )

R - SSATLFVDCNR -1

533-541  1052.6653 0.0191 R - [ESLPIKPR -G
542-554  1318.7353 0.0353 R - GQIDVDGFAVLGK - L
581-590  1245.6500 0.0496 R -RETCNELPAR -1

582-590  1089.5213 0.0220 0 R - ETCNELPAR -1

e o o o o o

601-630 2787.3338 ~ -0.0358 1 R - GPPGEQGPPGPPGPPGVPGIDGIDGDRGPK -G Hydroxylation (P)
601-630 2819.3611 ) 0.0017 1 R - GPPGEQGPPGPPGPPGVPGIDGIDGDRGPK -G 3 Hydroxylation (P)
601-630 28353430 00113 |  R-GPPGEQGPPGPPGPPGVPGIDGIDGDRGPK -G 4 Hydroxylztion (P)
601 :630 2851.3430 -0.0062 1 R - GPPGEQGPPGPPGPPGVPGIDGIDGDRGPK -G 5 Hydroxylation (P)
690-709  1800.9159 -0.0079 0 R - GIPGPPGPPGGAGLPGELGR -V 3 Hydroxylation (P)
-690-709  1816.8818 -0.0369 0 R - GIPGPPGPPGGAGLPGELGR - V 4 Hydroxylation (P)
690-709  1832.8561 -0.0575 0 R - GIPGPPGPPGGAGLPGELGR - V 5 Hydroxylation (P)
719-751  3352.5827 0.0606 1 K - RGPPGPPGPPGPSGTIGFHDGDPLCPNSCPPGR - § 3 Hydroxylation (P)
720-751  3196.4349 0.0139 0 R - GPPGPPGPPGPSGTIGFHDGDPLCPNSCPPGR - § 3 Hydroxylation (P)
752-761  1066.5215 00229 0 R-SGYPGLPGMR-G 2 Hydroxylation (P)
752-761 10825136 0.0202 0 R - SGYPGLPGMR -G Oxidation (M); 2 Hydroxylation (P)
819-839 20349144  -0.0330 0  R-GLDGEPGPQGLPGAPGDQGQR -G 2 Hydroxylation (P)
815-839  2050.9366 -0.0058 0 R - GLDGEPGPQGLPGAPGDQGQR - G 3 Hydroxylation (P)
840 - 851 1179.6454 0.0338 1 R - GPPGEIGPKGDR - G
852-877 24152194 -0.0067 | R - GPQGSPGIPGLPGPKGDTGLPGVDGR - D 2 Hydroxylation (P)

960973  1276.6582 0.0051 0 R - GEVGPVGPPGPPGK - L 2 Hydroxylation (P)
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Fig.12 A

Iprotein ‘ S:;:-;' ‘ M(éxpt) ’ I();l:; ‘Miss Sequence lon score

gill 19901059 457466 1353.6852 00023 0 L-EKHWSIWQIQ-D 8
547556 1017.5858 00000 0 V.DGFAVLGKLV-D 13
557-574 22120394 00050 | V-DNPQVSVPFELQWMLIHC - D 13
566 - 574 12285726 00006 0 F-ELQWMLIHC-D 24

Fig12 B

Protein ‘ S::anr(ti- ‘ M(expt) ‘ [()l;l;;l Miss [Sequence Ton score

gill19901059  582-590 . 1088.4938 00018 0 R-ETCNELPAR-I 43

Fig12 C

Protein Start - |M(expt) Delta Miss Sequence Maodifications {Ion score

End (Da)

gill19901059 363-378  1806.7726 -0.0003 0 R- FPVNSNSNGENELCPK -V 2 Deamidation (NQ) 13
365-378 15626468 -0.0049 O P-VNSNSNGENELCPK -V 2 Deamidation (NQ) 1
367-378 13435562 -0.0002 O N -SNSNGENELCPK -V Deamidation (NQ) 63
381-399 21430814 0.0076 O R-IGQDDLPGFDLISQFQIDK - A 41
409-420 12346974 00054 0 R-VVGSTALQVAYK-L 90
421.428 9334652 0.00IS O K-LGNNVDFR-I 56
421-428 9344522 0.0015 0 K-LGNNVDFR-I Deamidation (NQ) 2
433-450 21840481 -0.0046 0 R-HLYPNGLPEEYSFLTTFR-M \Deamidation (NQ) 13
459471 1570.7518 -0.0010 0 K- HWSIWQIQDSSGK - E 65
491-514 26182705 -0.0060 O K -GLDGSLQTAAFSNLPSLFDSQWHK -1 52
533-541 10516430 0.0041 O R-IESLPIKPR-G 54
542-554 13176970 0.0043 0 R-GQIDVDGFAVLGK-L 67

581-590 1244.5058 0.0027 1 R-RETCNELPAR -1 27
582-590 1088.4734 -0.0186 O R-ETCNELPAR-I 48
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Fig.13
. " Delta . e s
Protein {Start - End| M(expt) (Da) Miss Sequence Modification [Ion score
5‘1“990'05' 381-399 21480514 00224 0 R-IGQDDLPGEDLISQFQIDK - A 84
381 -399 21488932 -0.1647 0  R-IGQDDLPGFDLISQFQIDK -A  Deamidation (NQ) 21
405-419 1576.6094 02365 1 R-AIQRVVGSTALQVAY -K 2 Deamidation (NQ) 4
409 -420 1234.7914 0.0994 0 R-VVGSTALQVAYK-L 62
433 -450 2184.0082  -0.0445 0 R-HLYPNGLPEEYSFLTTFR-M  Deamidation (NQ) 76
522532 1268.6014 00195 0 R-SSATLFVDCNR -1 55
581 - 590 1244.7394 0.1463 1 R-RETCNELPAR -1 38

719 - 732 1273.6574 0.0524 1 K - RGPPGPPGPPGPSG - T 3 Hydroxylation (P) 53
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Fig.14

Protein Slt;al:l' M(expt) I()I‘;I;; Miss Sequence Modifications s:((::e
42-51 | 607.4550 | 02306 | 0 |N-ELCPKIRIGQ-D 12
58-65 | 4752800 | 0.0538 | 0 [F-DLISQFQV-D 34
213-224 | 6099730 | 0.2659 | 1 |I-DIDGFAVLGKLA-D 76
215-224 | 4959670 | 0.3649 | 0 (I-DGFAVLGKLA-D 38
225-233| 501.8790 | 02617 | 0 |A-DNPQVSVPF-E 40
225-242 | 7383790 | 0.0707 | 1 |A- DNPQVSVPFELQWMLIHC-D 31
234-242 | 6153340 | 0.0802 | 0 [F-ELQWMLIHC-D _ 52
234-242| 6234080 | 02333 | 0 |F-ELQWMLIHC-D Oxidation (M) | 46
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Fig.15

amino acids | sequence m/z missed | Ry Cleavage
(charge: +2) | cleavage site/control

254-263 ELPARITPSQ 556.3095 0 . 24.5-24.7 | novel

250-263 ETCHELPARITPSQ | 819.8995 1 24.2-24.5 novel

58-65 DLIQFQV ‘ 475.2460 0 38.2-38.4 | control

213-224 DIDGFAVLGKLA ] 609.8330 1 40.1-40.2 | control

250-258 ETCHELPAR 556.7620 1 unknown | bovine
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DIAGNOSIS OF COLLAGEN IX
DESTRUCTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from U.S. provi-
sional application Ser. No. 60/904,684 filed Mar. 2, 2007.

FIELD OF THE INVENTION

[0002] The present invention relates to methods directed to
detecting or monitoring disorders affecting connective tis-
sues, such as joint disease particularly, osteoarthritis, rheu-
matoid arthritis, reactive arthritis, tendon rupture, osteoporo-
sis, osteomalacia, fracture repair and arteriosclerosis, by
determining the levels of cleaved fragments of collagen IX,
mediated by IL-1, in serum and synovial fluids. More specifi-
cally, the present invention is related to detecting or monitor-
ing the presence of protein fragments, cleaved at novel cleav-
ing sites near the N-terminal part of the collagen IX alpha 1
chain or more specifically close to the C-terminal part of the
NC4 domain, and at the COL3 domain close to the NC3
domain. The invention also discloses neoepitope antibodies
against the neoepitopes created by the cleavages and an
epitope in the cleaved N-terminal part of the NC4 domain
unique to collagen IX. A diagnostic kit and antibodies useful
in carrying out such methods are also presented.

BACKGROUND

[0003] Inhyaline cartilage type IX collagen there is a minor
constituent of the fiber network having type II collagen as a
major constituent. The type IX collagen molecule is a het-
erotrimer consisting of polypeptide chains a1, a2, and a3 (2).
It belongs to the fibril-associated collagens with interrupted
triple-helix (FACIT). Each chain contain three triple-helical
(collagenous) domains COL 1, 2, and 3 surrounded by four
non-triple-helical domains, NC 1, 2, 3, and 4 (3), (see also
FIG. 9). The domain numbers are counted from the C-termi-
nal.

[0004] Using electron microscopy, it has been shown that
type IX collagen decorates the surface of type II collagen
fibrils and that the NC 4 domain forms a globular structure,
which together with the stalk like COL 3 domain protrudes
out from the type II collagen fibril (4).

[0005] Type IX collagen is covalently crosslinked to the
type II collagen fibrils through binding to both type II col-
lagen and other type IX collagen molecules (5-7). These
bonds render extraction of type IX collagen from mature
cartilage virtually impossible by agents that do not cleave
peptide bonds.

[0006] TheNC 4 domain has been shown to have an affinity
for a number of molecules, for example heparin and cartilage
oligomeric matrix protein (COMP) (8-10), whereas COL
domains interacts with matrilin-3 (11). Mutations in the inter-
active COMP, MATN-3, and COL9 have been found in
patients with multiple epiphyseal dysplasia, a rare inherited
heterogeneous range of diseases, affecting growth and ossi-
fication of the epiphysis (12).

[0007] NC4-fragments have now surprisingly been shown
to be biomarkers for cartilage destruction. The cleavage
occurs after aggrecan, a major structural component of carti-
lage is released, and prior to the major collagen degradation.
NC4-fragments are markers of the process leading to destruc-
tion before the “point of no return” in contrast to collagen-
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markers that are like x-rays observations a result of the late
stages of the destruction process. Aggrecan-related markers
are released in an early stage of the degradation progress and
also during normal adaptation of the tissue and therefore do
not specifically represent a pathological process. Further-
more aggrecan markers are often associated to inflammation.
[0008] After the cleavage of NC4, described in this inven-
tion, the large part of type IX collagen that remains
crosslinked to type II collagen is potentially further cleaved
and released at a later stage. The neoepitope antibody dis-
closed in the invention herein, against the new C-terminal of
the released fragment could detect such cleavage. Addition-
ally, neoepitope antiserum disclosed in the invention, could
be used in immunohistochemistry to determine were in the
cartilage (superficial-deep, pericellular-interterritorial) the
novel cleavage reported here has occurred. An antibody to the
newly formed N-terminal of the fragment initially remaining
in the tissue could detect a later stage release of such frag-
ments. Additional information on timing could be obtained
using the neoepitopes created by cleavage in the col3 domain.
A number of earlier publications and patent-applications
describe monoclonal antibodies that bind specifically to Type
IX collagen, but none of them mentions neoepitope antibod-
ies specifically against cleavage sites near NC4.

[0009] Patent application WO1990008195 Al discloses
oligopeptides corresponding to segments of human Type IX
collagen useful as antigens in producing monoclonal antibod-
ies which bind immunologically to human Type IX collagen
and fragments derived from it. However the segments men-
tioned in the patent application are not involved in pathologi-
cal destruction of collagen IX, and therefore not expected in
connection to arthritis.

[0010] In WO2004110475 A1, assigned, Inst of Nutraceu-
tical Research PTY, the invention relates to compositions
comprising the NC4 domain, for treatment and tolerance
induction to individuals with symptoms of arthritis. The
inventors are also describing methods for recovering
polypeptides from connective tissue, having anti-arthritic or
anti-inflammatory activity. As in the above-mentioned
patent-application the antibody is against uncleaved Collagen
IX and not a neoepitope antibody. Furthermore the applicants
do not mention NC4 as a marker for diagnosis.

[0011] The patent-application WO1999021011 Al,
assigned Fibrogen Inc, reveals a method for detecting or
monitoring autoimmune disorders and connective tissue dis-
orders by determining the levels of type IX collagen in serum.
When preparing antibodies against type IX collagen a
sequence in the N-terminal portion of the NC4 domain was
selected. This antibody is against uncleaved Collagen IX and
not to unique cleavage neoepitopes like in the invention
herein.

[0012] Noneofthe previous documents describes a specific
cleavage site occurring in the NC-4 domain leading to exclu-
sive release of this domain. Although the fact that tissues are
completely destroyed in certain diseases, the character of the
cleavage cannot be inferred or predicted. It was also unex-
pected that the cleavage of the molecule in bovine cartilage
and human cartilage is different, particularly in view of the
sequence similarities (FIG. 10).

[0013] Thus, the discovery of specific cleavage sites is
novel and opens up for the new diagnostic inventions.
[0014] Therefore we have developed a sensitive Western
blot technique and a sensitive inhibition ELISA as methods
for the identified novel cleavage site facilitating analysis of
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collagen IX destruction in any human sample, such as syn-
ovial fluid, serum, urine and any body fluids. This kind of
assay could be used to establish if and when the identified
cleavage appear in cartilage degradation and joint deteriora-
tion in patients. By using the specific neoepitope antibody of
the invention herein, the assay can be used for diagnosis of
disease progression and monitoring disease response of treat-
ment. For example to determine the optimal moment for a
sportsman with a healing bone fracture to return to the train-
ing program.

SUMMARY OF THE INVENTION

[0015] Interleukin-1 induced bovine nasal cartilage degra-
dation was used to study catabolic events in the tissue over a
16-day period. Culture medium was fractionated by 2D-elec-
trophoresis (isoelectric focusing and SDS PAGE). Identifica-
tion of components by peptide mass fingerprinting revealed
release of protein fragments such as the NC4 domain of the
type IX collagen a1 chain at days 12 and 16.

[0016] A novel peptide antibody against an epitope in the
N-terminal part of the NC4 domain confirmed the finding and
indicated the presence of one of the fragments already at day
9.

[0017] Mass spectrometric analysis of the two most abun-
dant fragments revealed that the smallest fragment contained
almost the entire NC4 domain, cleaved between arginine-258
and isoleucine-259 in the sequence gives a C-terminal end:
ETCNELPAR- (SEQ ID NO: 1) and a N-terminal end: -1TP-
GARSP (SEQ ID NO: 2) (ETCNELPAR**®-COOH and
NH,-ITPGARSP).

[0018] A larger fragment contained the NC4 domain and
the COL3 domain with a cleavage site located between gly-
cine-400 and threonine-401 in COL3 gives a C-terminal end:
RGPPGPPGPPGPSG- (SEQ ID NO: 3) and a N-terminal
end: -TIGFHDGD (SEQ ID NO:4) (RGPPGPPGP-
PGPSG*°-COOH and -NH,-TIGFHDGD) close to the NC3
domain. Presence of multiple collagen al (IX) N-terminal
sequences demonstrate that the released molecules are
cleaved at sites very close to the original N-terminal, either
prior to or due to 1L-1 treatment.

[0019] Ithas been shown (1) that matrix metalloproteinase
13 (MMP-13) is active and cleaves fibromodulin in this time
interval. Cartilage explants treated with MMP-13 were
shown to release, collagen al (IX) fragments with the same
sizes and with the same cleavage sites as those obtained upon
IL-1 treatment. The presented data describe a potentially
important degradation event apparently involving MMP-13
and that precedes the final type II collagen loss.

[0020] Further studies of cleavage of collagen IX in human
cartilage, revealed that there was specific cleavage sites also
of the human collagen IX a1 chain in the NC-4 domain but
this surprisingly occurred at a site different from that of the
bovine collagen. Cleavage in the site between glutamine-263
and threonine-264 in the CHELPARITPSQTTDERGPP
(SEQIDNO:5); of the human collagen IX alpha 1 chain inthe
NC-4 domain gives a C-terminal end: CHELPARITPSQ-
(SEQ ID NO: 6) and a N-terminal end: -TTDERGPP) (SEQ
ID NO: 7). (-CHELPARITPSQ***-COOH and NH,-TT-
DERGPP). The larger fragment, representing the site in the
COL3 domain, is of the same size derived from bovine and
human cartilage and cleavage occur at the same site between
G400 and T401 despite that the S399 in the bovine is
exchanged for R399 in the human RGPPGPPGPPGPRG**
TIGFHDGD**® (SEQ ID NO:8). The cleavage of the human
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RGPPGPPGPPGPRG*® TIGFHDGD™® (SEQ ID NQO:8),
results in two neoepitopes RGPPGPPGPPGPRG (SEQ 1D
NO:9) and TIGFHDGD**® (SEQ ID NQ:10). The antibodies
to all the new neo-epitope ends of the human NC4 and COL3
ware developed, using standard methods, and showed spe-
cific reactivity with the cleavage fragment. The antibodies
were used to develop ELISAs for the detection of the
epitopes. These ELISAs were used to show presence of the
epitopes in synovial fluid from patients with disorders affect-
ing connective tissues, such as joint disease particularly
osteoarthritis and rheumatoid arthritis, tendon rupture, frac-
ture repair and arteriosclerosis. The features of the present
invention will be more clearly understood by reference to the
following examples, which are not to be construed as limiting
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1. Shows proteins from IL-1 stimulated bovine
nasal cartilage medium day 16 separated using 2D SDS
PAGE. The first dimension, isoelectric focusing, was over a
pH range 3-10, and the second dimension utilized a 4-20%
gradient gel. The numbers to the left of the picture represents
the positions of reference marker proteins. Spots marked with
rings show those that have been identified as collagen al
(IX). The different type IX collagen fragments are in the text
referred to as the 28 kDa fragment, the 50 kDa fragment, and
100 kDa. In the picture examples of specific spots analyzed
have been marked 5, 8, and 14. The results from MALDI-TOF
MS (Matrix Assisted Laser Desorption Ionization Time Of
Flight Mass Spectrometry) of these spots are presented in the
FIGS. 11a, b, and ¢ below.

[0022] FIG. 2. Shows western blot with the NC4-antiserum
of IL-1 stimulated cartilage explants. Medium from day 6, 9,
12, and 16 of IL-1 stimulated cartilage cultures, were sepa-
ratedon 1D SDS PAGE gel. A positive signal at apparent mass
of 28 kDa, 40 kDa, and 50 kDa are clearly visible.

[0023] FIG. 3. Shows tandem mass spectrometric data from
the most C-terminal peptide ofthe 28 kDa NC4 fragment. The
28 kDa fragment was in-gel digested with AspN and analyzed
with reversed phase LC (liquid chromatography, C18 col-
umn) on line with ESI-Qtof MS (ElectroSpray lonization-
Quadrople time of flight mass spectrometry). The deduced
peptide sequence is ETCNELPAR (SEQ ID NO: 1). The
medium from IL-1 stimulated cartilage (day 16) had first been
separated on 2D SDS PAGE. This annotated spectrum was
produced in the BioLynx software (Peptide sequencing,
Waters Djupdalsvégen 12-14 Sollentuna Sweden). The pep-
tide delta mass is <0.01 Da, the average error for y-ions 0.01
Da, and the intensity threshold was set to 0.75%.

[0024] FIG. 4a. Shows western blot of media from IL-1 and
MMP-13 treated cartilage using the NC4-antiserum. Proteins
released from bovine nasal cartilage treated with 1L-1 (day
16) or MMP-13 were separated by 16%-SDS PAGE. The
equivalent positions on a Coomassie blue G-250 stained gel
were excised, in-gel digested and analyzed with by reversed
phase chromatography (C18 column) on line with ESI-lon-
Trap MS (ElectroSpray lonization Ion Trap mass spectrom-
etry). Both 28 kDa fragments contained the same most C-ter-
minal peptide ETCNELPAR (SEQ ID NO:1) (see FIG. 3).
The 50 kDa fragments shared a common most C-terminal
peptide RGPP*GPP*GPP*GPSG (SEQ ID NO:3) where P*
denotes hydroxyprolines (see FIG. 4b). The insert to the right
is an overexposed version of the same blot illustrating the 40
kDa band.
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[0025] FIG. 4b. Shows tandem mass spectrometry of the
most C-terminal peptide in the 50 kDa fragment of bovine
collagen IX. Tandem mass spectrometric data from the most
C-terminal peptide (RGPP*GPP*GPP*GPSG (SEQ ID
NO:3), where P* denotes Hydroxyproline residues) found
when the 50 kDa fragment was in-gel digested with trypsin
and analyzed with reversed phase chromatography on-line
with IonTrap MSMS. The MMP-13 digest solution had been
separated on 16%-SDS PAGE and stained with Coomassie
blue G-250. This annotated spectrum was produced in
BioTools (Bruker Daltonics Scandinavia AB, Polygonvagen
79 Téby Sweden). The tolerance error was 0.2 Da, average
error for b-and y-ions were 0.06 Da, and the intensity thresh-
old was set to 10.

[0026] FIG. 5a. Shows western blot, with the NC4 antise-
rum, of MMP-13 or IL-1 treated human cartilage. Human
articular and bovine nasal cartilages were digested with
MMP-13 and the latter was also stimulated with IL-1 (day
16). The digest solutions and the medium were separated on
a 16% polyacrylamide-SDS gel.

[0027] FIG. 5b. Shows tandem mass spectrometric data
from the most C-terminal peptide of the human NC4 frag-
ment. The fragment was in-gel digested with Asp-N and
analyzed with LC-Qtof MS. Leucine and isoleucine have the
exact same mass, thus L in the spectrum represents either L or
1. The deduced peptide sequence is ETCHELPARITPSQ
(SEQ ID NO: 11). The medium from cartilage digested with
MMP-13 had been fractionated on a 16% polyacrylamide-
SDS gel prior to mass spectrometry.

[0028] FIG. 6. Shows western blot, using the neoepitope
antiserum, of the medium from MMP-13 digested human
articular cartilage. Human articular cartilages were digested
with MMP-13. The digest solution was separated on a 16%
polyacrylamide-SDS gel and electrophoretically transferred
to a nitrocellulose membrane, which was incubated with a
rabbit antiserum against an internal epitope in NC4 recogniz-
ing all variants (right panel) and the neoepitope antibody to
PARITPSQ?, left panel. Bound antibodies were detected
with a peroxidase conjugated anti-rabbit IgG antibodies. The
absence of neoepitope reactivity with the larger fragment
containing the continuous sequence over the cleavage site
demonstrates specificity for the cleaved fragment.

[0029] FIG.7. Showstandem mass spectrometric data (LC-
ESI-QT of MS) of the peptide SNSDGENELCPK (SEQ ID
NO:12) in the NC4 domain, that exhibits a non-tryptic N-ter-
minal cleavage. Bands were excised from the gel and digested
with trypsin followed by reversed phase chromatography
with on-line ESI-Qtof MS. The peptide is deamidated, such
that the D (aspartate) in this peptide sequence is an N (aspar-
agine) in the bovine sequence gil119901059). This annotated
spectrum was produced in BioLynx (Peptide sequencing,
Waters Djupdalsvigen 12-14 Sollentuna Sweden). The pep-
tide delta mass is 0.01 Da, the average error for y-ions <0.02
Da, and the intensity threshold was set to 2%. From the same
experiment as data presented in FIG. 12¢.

[0030] FIG. 8. A) [s a graph showing immunoassay using
the neoepitope antiserum, comparing RA and OA samples
with and without SDS. Synovial fluid from one RA and one
OA patient were analyzed with or without SDS. The samples
were diluted 1:10, 1:40, and 1:160.

[0031] B)Is a graph showing Western blot of synovial fluid
samples from patients with joint disease by SDS-polyacryla-
mide electrophoresis on 4-16% gels followed by electro-
phoretic transfer to a nitrocellulose membrane add staining
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with the antibody raised against the PARITPSQ (SEQ ID
NO:13) cleavage neoepitope. Bound IgG was detected using
a peroxidase conjugated anti-rabbit IgG antibody. Note the
presence of a 20 kDa fragment in select synovial fluids con-
taining the neoepitope. The fragment is somewhat smaller
than the one released from articular cartilage upon MMP-13
digestion.

[0032] FIG.9.Isaschematicpicture ofthe type IX collagen
molecule with indicated cleavage sites. The thin line repre-
sents the non-collagenous domains (NC) and the thick line
represents the collagenous domains (COL). The arrows indi-
cate the position of cleavage sites identified and described.
[0033] FIG. 10. Cleavage sequences of collagen IX in
human and bovine cartilage, respectively.

[0034] FIG. 11a. Is atable showing the MALDI MS analy-
sis result of spot 5 from the 2D gel in FIG. 1. Database
searches using the Mascot Peptide Mass Fingerprint software
(Matrix Science Inc, Boston, Mass., USA) identified collagen
al (IX). Only peptides from the NC4 domain were matched
to peaks in the spectrum. The matched peptides are tabulated
with start and end position relating to the bovine sequence:
gil119901059. M, ,,,,, is the measured monoisotopic mass of
the peptide, H is a hydrogen, “Delta” means the difference
between the measured and the theoretically calculated mass
ofamatching peptide. “Miss” shows how many missed cleav-
ages that are present in a matched peptide sequence.
“Sequence” shows the sequence of the matching peptide with
one extra amino acid on both the N- and the C-terminal
separated with a hyphen. “Modifications” describe modifica-
tions in a peptide sequence, required to match it to an M, ,,,
obtained with mass spectrometry. Allowed modifications
(variable) were oxidation of methionines and hydroxylation
of proline residues to form hydroxyproline. All cysteine resi-
dues were thought to be carbamidomethylated hence they
were not listed.

[0035] FIG. 115.Is atable showing the MALDI MS analy-
sis results of spot 8 from the 2D gel in FIG. 1. Subsequent
database search using the Mascot Peptide Mass Fingerprint
software identified collagen ol (IX). Peptides in both the
NC4 and the COL3 domain matched to peaks in the spectrum.
After the analysis of the 50 kDa fragment released from
MMP-13 treated cartilage explants (FIG. 4), this spectrum
was inspected for the presence of a peak matching the cleav-
age site peptide. It was also present in these MALDI data
(Observed mass=1274.628). The matched peptides are tabu-
lated with start and end position relating to the bovine
sequence: gil119901059. See description in FIG. 11a for
table explanation.

[0036] FIG. 11c. Is a table showing the MALDI MS analy-
sis results of spot 14 from the 2D gel in FIG. 1. Subsequent
database search using the Mascot Peptide Mass Fingerprint
software identified collagen al (IX). Peptides from NC4,
COL3, and COL2 domains matched to peaks in the spectrum.
The matched peptides are tabulated with start and end posi-
tion relating to the bovine sequence: gil119901059.

[0037] See description in FIG. 11a for table explanation.
[0038] FIG. 12a. Is a table showing peptides matching
bovine collagen a1 (IX) according to a database search using
Mascot “MSMS Ions search” (Matrix Science Inc. Boston,
Mass., USA). The 28 kDa fragment was cut out from a 2D gel,
in-gel digested with AspN, and analyzed using the reversed
phase nano-LC on-line with ESI-Qtof MS/MS. This repre-
sents data from the same experiment as shown FIG. 3.
“M(expt)” means the monoisotopic mass of the matching
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peptide, otherwise the notations are the same as in FIG. 11.
lon score is based on the probability that an observed match is
a random hit (41). Higher values indicate a better hit. The
matched peptides are tabulated with start and end position
relating to the bovine sequence: gil119901059.

[0039] FIG. 12b. Is a table showing absence of putative
trypsin generated sites in the AspN digest of the 28 kDa
bovine fragment. The same experiment as in FIG. 3 and FIG.
12a, but searching for peptides in the AspN digest matching
putative “tryptic” peptides reveals the cleavage site peptide.
No other peptides typical for trypsin digestion were identi-
fied. The matched peptides are tabulated with start and end
position relating to the bovine sequence: gil119901059.
[0040] FIG. 12¢. Is a table showing peptides matching
bovine collagen a1 (IX) in the 28 kDa band. The 28 kDa band
was cut out from a 2D gel, in-gel digested with trypsin, and
analyzed using the Qtof setup and data were used to search the
NCBI nr database with Mascot “MSMS lons search”. The
matched peptides are tabulated with start and end position
relating to the bovine sequence: gil119901059 (FIG. 7).
“Modifications” describe modifications in a peptide
sequence, required to match it to an m/z obtained with mass
spectrometry. Allowed modifications (variable) were oxida-
tion of methionines, deamidation (asparagine and glutamine)
and hydroxyprolines. All cysteine residues were thought to be
carbamidomethylated, hence they were not listed.

[0041] FIG. 13. Is a table showing peptides matching the
bovine collagen a1 (IX) chain. The 50 kDa MMP-13 gener-
ated sample was cut out from a 1D gel, in-gel digested with
trypsin, and analyzed using the reversed phase LC ESI-lon-
Trap MS setup. Data was further analyzed by a database
search using Mascot “MSMS lons search”. This was data
from the same experiment as FIG. 4b. The matched peptides
are tabulated with start and end position relating to the bovine
sequence: 2i1119901059. See FIGS. 124 and 12¢ for expla-
nation of the table.

[0042] FIG. 14. Is a table showing human peptides match-
ing collagen a1 (IX) in the 30 kDa fragment. Database search
result from the IonTrap analysis of the Asp-N digested 30 kDa
band originating from the MMP-13 digestion medium sepa-
rated on a 16% SDS PAGE

[0043] FIG. 15. Is a table showing the “include mass list”.
Five peptide masses originating from the amino acid
sequence of human collagen a1(IX) NC4 were chosen for
MSMS analysis by the reversed phase LC ESI-Qtof MS
setup. The two first are the two most C-terminal peptides
found in the Asp-N digest of the 30 kDa band ofthe MMP-13
digestion medium. The third and the fourth were easily
detected by the reversed phase LC ESLIonTrap MS run in
parallel and were included as controls. The fifth and last
represents the C-terminal peptide expected if the cleavage site
would have been the same as in bovine.

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS THEREOF

[0044] Initially bovine work is discussed and further down
the details of the invention in humans.

[0045] Interleukin-1 induced degradation of bovine nasal
cartilage revealed release of fragments, such as the NC4
domain of the type IX collagen cc chain. The novel peptide
antibody of the invention, against the epitope in the N-termi-
nal part of the NC4 domain confirmed the finding.

[0046] Mass spectrometric analysis of the two most abun-
dant fragments revealed that the smallest fragment contained
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almost the entire NC4 domain, cleaved at a novel site between
arginine-258 and isoleucine-259 in the sequence ETCNEL-
PAR (SEQ ID NO: 1) (-ETCNELPAR**%-COOH) and -ITP-
GARSP (SEQ ID NO:2) (NH,-ITPGARSP). A larger frag-
ment contained the NC4 domain and the COL3 domain with
anovel cleavage site located between glycine-400 and threo-
nine-401 in COL3, RGPPGPPGPPGPSG- (SEQ ID NO: 3)
(RGPP(OH)GP(OH)PGPP(OH)GPSG**-COOH) and NH.-
TIGFHDGD (SEQ ID NO:4), (NH,-TIGFHDGD-) close to
the NC3 domain.

[0047] Results of Bovine Study
[0048] Bovine Amino Acid Sequence
[0049] The amino acid sequence of bovine collagen al

(IX) that matched to mass spectrometric analysis in this study
can be found in the non-redundant (nr) database from
“National Center for Biotechnology Information” (www.
ncbi.nlm.nih.gov) under the name: gil119901059 (22 Dec.
2006). Alignment of this sequence from NCBI with the
human al (IX) sequence (SwissProt P20849 (http://www.
expasy.ch/sprot/) reveals major discrepancies N- and C-ter-
minally (Suppl. 1). The N-terminal part of the bovine
sequence is 332 amino acids longer than the human sequence.
In this study, no mass spectrometric data matched to any parts
of this “additional” sequence. The bovine sequence shows
90% similarity to the first 642 amino acids of the human
counterpart, while 279 amino acids in the C-terminal are
missing. This bovine sequence is likely to represent an artifact
to be replaced. We have therefore chosen to number annota-
tions in this text referring to the human sequence. Database
search results maintain their bovine sequence numbers.
[0050] Bovine Nasal Cartilage Explant Culture

[0051] Proteins released into the medium from IL-1 stimu-
lated cartilage explants (3, 6, 9, 12, and 16 days) were sepa-
rated using 2D SDS PAGE and identified through peptide
mass fingerprinting. Gels from day 3 and day 6 showed
irregular separations particularly at the top part, typical of
samples containing large amounts of intact and fragmented
aggrecan thatis too large to enter the gel. In this project focus
was on the subsequent degradation after aggrecan release, but
before the major collagen release (42). Collagen a1 (IX) was
identified at different positions on 2D gels of mediums from
day 12 and 16 (a typical gel shown in FIG. 1). The same spots
were not present in the control samples incubated without
IL-1 (data not shown). A set of faster migrating protein spots
had an apparent mass of 28 kDa and the sequence coverage as
found by peptide mass fingerprinting (13 peaks matched pep-
tides, FIG. 11a) indicated that they represented a major por-
tion of the NC4 domain of collagen a1 (IX). Peptide mass
fingerprinting of the collagen a1l (IX) fragment migrating
with an apparent mass of approximately 50 kDa revealed 23
peaks that matched peptides (F1G. 114), whereof ten were
from the COL3 domain and the remaining from NC4. The
peptide coverage of the slowest migrating spot identified as
collagen a1 (IX) (apparent mass 100 kDa) included in addi-
tion to NC4 and COLS3, parts of the COL2 domain (25 peaks
matched peptides, FIG. 11¢). It might represent crosslinked
parts or the full size collagen al (IX), and was not further
studied (the bovine C-terminal sequence not known).

[0052] Peptide Antibody

[0053] In order to confirm and further enable the study of
the identified collagen al (IX) fragment, a peptide (NH,-
CGQDDLPGFDLISQFQ%*-CONH,) (SEQ ID NO:14) from
the N-terminal part of the a1 (IX) NC4 domain was synthe-
sized with an added cysteine coupled to Key limpet hemocya-
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nin and used to immunize a rabbit. This NC4-antiserum
showed binding to the NC4-peptideinsolid state ELISA (titer
1:50000). The binding was inhibited by addition of the NC4-
peptide. A peptide concentration of 0.3 ng/ml showed effi-
cient inhibition of the binding.

[0054] Western Blot

[0055] Western blots using the polyclonal NC4-antiserum
confirmed the presence of collagen a1 (IX) fragments at 28
kDa and 50 kDa in medium from IL-1 stimulated cartilage
cultures separated on SDS PAGE. An additional band at a
position corresponding to 40 kDa indicated the presence of
another collagen a1 (IX) entity initially released somewhat
earlier than the other two (FIG. 2). These three fragments are
referred to as the 28 kDa, 40 kDa, and 50 kDa fragments
respectively.

[0056] Identification of Cleavage Sites

[0057] The presence of collagen al (IX) fragments
released into the medium from bovine nasal cartilage stimu-
lated with IL-1 encouraged us to search for cleavage sites. 2D
gel pieces containing the 28 kDa fragment were treated with
trypsin or AspN prior to LC MSMS (Qtof). Mascot database
searches (Matrix Science Inc. Boston Mass., USA) using
NCBI non-redundant (nr), carbamidomethyl (C), variable
oxidation (M), and variable hydroxylation (P, K) only iden-
tified peptides from the NC4 domain. The most C-terminal
peptide found in both the trypsin and AspN digested samples
was ETCNELPAR>*® (SEQ ID NO:1) (FIG. 3). This would
represent a peptide cleaved correctly at both its terminals by
trypsin and a peptide cleaved correctly by AspN at its N-ter-
minal whereas the C-terminal cleavage has to be mediated by
another enzyme prior to processing. In FIGS. 2a and 26
peptides matched to MSMS data from the AspN digested
sample is tabulated. A Mascot MSMS Ion search for peptides
in the AspN digest using trypsin specificity showed only the
“cleavage” ETCNELPAR?*® (SEQ ID NO:1) peptide, dem-
onstrating that there had been no trypsin attack on the iden-
tified fragment. Tryptic digests of a 28 kDa spot contained, in
addition to other NC4 peptides, three N-terminal peptides,
covering amino acids Phe®-Lys*®, Val>>-Lys*®, and Ser -
Lys*® respectively (FIG. 12¢ and FIG. 7). The two latter, both
have non-tryptic cleavages N-terminally, indicating that two
new N-terminals are present. Existence of different N-termi-
nals have previously been reported in NC4 isolated after
collagenase digestion (43;44), but we observed none of these
cleavages in our set of data.

[0058] The 50kDacollagen ol (IX) fragment was digested
in-gel with trypsin and analyzed by reversed phase ESI-lon-
Trap MS. Nine peptides were sequenced and matched to the
NC4-COL3 domains of collagen a1 (IX), whereof the most
C-terminal peptide (RGPP*GPP*GPP*GPSG**®) (SEQ ID
NO:3) had a C-terminal cleavage not generated by the trypsin
used (P* denotes hydroxyproline residue. Data not shown).
[0059] The minor 40 kDa fragment was identified as col-
lagen al (IX) with sequence coverage in the NC4 domain
only. It was not further studied.

[0060] MMP-13 Digestion of Bovine Nasal Cartilage
[0061] Digestion of bovine nasal cartilage with MMP-13
for 24 hours had a visual impact on the cartilage, similar to the
IL-1 incubation, such that the tissue started to become trans-
parent. Western blot of the medium using the NC4-antiserum
indicated that two collagen a1 (IX) fragments containing the
NC4 domain were present. Upon SDS-PAGE, they migrated
identically to the 28 kDa and 50 kDa fragments, as demon-
strated by Western blot using the anti NC4 peptide-antiserum
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(FIG. 4a). Upon long exposure, also a weak 40 kDa band
appeared, similar to the one found in medium from IL-1
treated cartilage (FIG. 4a inset). The gel pieces with the two
bands at 28 kDa and 50 kDa from a Coomassie stained gel
were digested with AspN and trypsin, respectively. Analysis
by reversed phase L.C ESI-IonTrap MS identified N-terminal
fragments of collagen a1 (IX). The most C-terminal peptide
found in the 28 kDa fragment was ETCNELPAR>'® (SEQ ID
NO:1), the same peptide as in IL-1 stimulated bovine carti-
lage medium samples from day 12 and 16 (FIG. 3). The
peptides identified (by reversed phase LC IonTrap MS) for
the MMP-13 generated 50 kDa collagen al (LX) fragment are
listed in FIG. 13. The most C-terminal peptide had a C-ter-
minal cleavage not generated by the trypsin (FIG. 4b), indi-
cating a newly identified cleavage site. The same peptide was
detected in the sample of IL-1 treated cartilage (data not
shown), in addition to another COL 3-domain peptide (the
same m/z, charge state, and retention time was found in the
MMP-13 sample, but no MSMS was performed).

[0062]

[0063] This model of tissue breakdown in joint disease
where cartilage degradation is induced by IL-1 stimulation
has been frequently used in studies of fragmentation and
release of tissue macromolecules. It has been shown that
aggrecan fragments are initially released, followed by
COMP, Fibromodulin, and last collagen (45-47). In medium
from cartilage cultured in the presence of IL-1 we found,
using 2D gel electrophoresis followed by MALDI MS,
release of collagen ol (IX) fragments. The most abundant
fragment detected on 2D gels, with an apparent MW of 28
kDa, represented large parts of the globular NC4 domain. The
trailing of the 28 kDa fragment spots on 2D gel over a large
interval of isoelectric points, might be due to deamidation of
asparagine residues (48). Indeed one of the peptides
sequenced appeared to exhibit deamidation (FIG. 7). This
phenomenon was not further investigated. The larger 50 kDa
fragment was shown to contain NC4 as well as large parts of
the COL3 domain.

[0064] While type IX collagen domains COL 1, 2, NC 1,
and 2 are tightly associated with the type II collagen fibril,
COL 3 and the globular NC4 protrude out from the fiber
surface (49). This part of the type IX collagen may serve arole
as a connector between type II fibrils and other extracellular
structural entities. In support, it was recently shown that the
absence of type IX collagen could make the cartilage more
vulnerable to an autoimmune attack by pathogenic antibodies
(50) and reduce its ability to retain matrilin-3 (51). Fragmen-
tation of type IX collagen and loss of the functional NC4
domain from the tissue might thus reflect an important and
early step in the process of dismantling cartilage.

[0065] Thecollagen a1 (IX) peptide antibody, as described
above, was raised against the synthetic peptide (C)GQD-
DLPGFDLISQFQ®* (SEQ ID NO:14) representing a
sequence close to the N-terminal of the NC4 domain. The
peptide was chosen to be C-terminal of one previously used as
the immunogen for an antibody against the NC4 domain (52)
since these authors described the existence of multiple N-ter-
minals, where some were located in the immunogen sequence
they used. Their antibody has been used to describe changes
of type IX collagen particularly in the growth plate (53-56).
Our mass spectrometry data also demonstrated presence of
multiple cleavages at the N-terminal of the NC4 domain (12¢
and FIG. 7), but none correspond to those previously

Discussion
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described. It is not known if these cleavages are the results of
IL-1 stimulation or if they are already present in the tissue
prior to stimulation.

[0066] Western blots with our new NC4-antiserum clearly
indicated the presence of three different type IX collagen
fragments in medium from day 9, 12, and 16 (FIG. 2). The
apparent masses of two of them match earlier identified spots
from 2D gels corresponding to approximately 28 kDa and 50
kDa. The third fragment with an apparent mass of 40 kDa was
observed already in day 9 medium. Upon trypsin digestion
and mass spectrometry of the 40 kDa fragment found in
medium from IL-1 stimulated cartilage at day 12, the NC4
domain of collagen a1 (IX) was identified. The apparent mass
suggests a fragment larger than the NC4 domain, but data
from mass spectrometry shows limited coverage and did not
include any peptides from the COL3 domain. The most abun-
dant 28 kDa fragment was selected for more extensive char-
acterization. The larger fragments were expected to be more
complex to study due to the collagenous domains and their
heterogeneity in hydroxylation of proline residues and the
difficulty for enzymes such as trypsin to cleave N-terminally
of proline.

[0067] Digestion with trypsin and endoprotease AspN
combined with reversed phase liquid chromatography on-line
with electrospray mass spectrometry (LCMSMS) revealed a
neocleavage in the C-terminal part of NC4, a few amino acids
N-terminal to the COL 3 domain. The most C-terminal frag-
ment found with trypsin was ETCNELPAR?*® (SEQ ID
NO:1) (I). In order to search for peptides covering parts
further to the C-terminal, the NC4 containing fragment was
cleaved with AspN. It produced the same most C-terminal
peptide ETCNELPAR>® as trypsin, despite that the enzyme
will not produce a cleavage between the PAR*® and the
following isoleucine (FIG. 3). The AspN digest did not con-
tain any other peptides that could have been generated by
trypsin, excluding any contamination by this enzyme. As
another control, AspN digestion of the longer 50 kDa col-
lagen a1 (IX) fragment did not produce an ETCNELPAR
(SEQ ID NO:1) peptide detectable with reversed phase LC
ESI-TonTrap MS, whereas trypsin indeed cleaved at the argi-
nine residues to produce this fragment (data not shown).
Trypsin digestion of the 50 kDa collagen al (IX) fragment,
subsequently analyzed by reversed phase LC ESI-lon-
TrapMS identified two peptides in the COL3 domain in
medium from IL-1 day 16. The most C-terminal of them has
a C-terminal non-tryptic cleavage (-RGPPGPPGP-
PGPSG™°-COOH (SEQ ID NO:3), NH,-TIGFHDGD-)
(SEQIDNO:4), suggesting that this cleavage had occurred in
the tissue during I1-1 stimulation (FIG. 13 and FIG. 45). The
28 kDa and the 50kDa fragments are released simultaneously
from the tissue (FIG. 2) and are thus likely cleaved in parallel,
with formation of the 40 kDa fragment preceding.

[0068] In previous experiments (57) it was shown that
MMP-13 appeared in an active form and cleaved fibromodu-
lin starting around day 9 when cartilage was treated with 1L-1.
Although the cleavage site in fibromodulin (between -PAY®
A*Y@-) differs from the one found in type IX collagen
(-PAR T*°TP-), we decided to test whether digestion of
cartilage with MMP-13 could generate the cleavage of col-
lagen al (IX) NC4 that we found in medium from IL-1
stimulated cartilage explants.

[0069] Bovine nasal cartilage explants were digested with
MMP-13 and indeed the enzyme cleaved collagen a1 (IX).
The appearance of NC4 containing fragments in the medium

Sep. 11,2008

as shown by Western blot using the NC4-antiserum was very
similar to those from IL-1 induced cleavage (FIG. 4a). The
two fragments, 28 kDa and 50 kDa from collagen al (IX)
NC4 previously observed upon IL-1 stimulation, were
released from the bovine cartilage into the medium upon
MMP-13 digestion. The 40 kDa band that was seen in IL-1
treated cartilage at day 9, 12, and 16, could be seen as a faint
band in this blot upon longer exposure times (FIG. 4a inset).
The 28 kDa fragment in medium from MMP-13 digested
bovine cartilage was subsequently identified as the NC4
domain of collagen a1l (IX) by reversed phase L.C ESI-lon-
Trap MS. It contained the same most C-terminal peptide
(ETCNELPAR?%®) (SEQ ID NO:1), as previously found in
the medium from IL-1 stimulated bovine cartilage.

[0070] The 50 kDa fragment observed in media from both
IL-1 stimulated bovine cartilage from day 16 and MMP-13
digested bovine cartilage were shown to contain peptides
from the NC4 as well as the COL3 domains. Preliminary
analyses of the 50kDa fragment released both upon IL-1 and
MMP-13 treatment of cartilage revealed in both cases the
same C-terminal cleavage peptide (R**7
GPP*GPP*GPP*GPSG*°-COOH (SEQ ID NO:3) with
three hydroxylated residues) generated, in the C-terminal
parts of the COL3 domain, prior to our analyses. It is probable
that MMP-13 being a collagenase induced this cleavage also
in the IL-1 treated sample. It is likely that the enzyme causing
the cleavage in the I1.-1 stimulated cartilage indeed is MIMP-
13, since one substrate site defined represents one for a col-
lagenase and a second is for a different enzyme, such as a
gelatinase. MMP-13 represents an enzyme known to have
these two activities.

[0071] Removal of type IX collagen as a step in tissue
maturation has been discussed in earlier studies (58;59). The
latter reported that the NC4 domain was removed at the ini-
tiation of mineralization, and as the mineralization pro-
gressed both type II and IX collagen were removed from the
matrix. The cleavage was not identified and it is not possible
to conclude whether it was the same as any of those observed
here. The presence of MMP-13 in hypertrophic chondrocytes
has previously been observed using in situ hybridization (60;
61). Combined with the results reported in our present study,
it seems plausible that collagen IX is removed from growth
plate fibrils by MMP-13, as a step in endochondral bone
formation.

[0072] The presented data elucidates the degradation of an
important cartilage component in a model system and pin-
points MMP-13 as a protease with the ability to accomplish
specific cleavages in collagen IX (FIG. 9, 10). Sites of non-
triple helix as well as such for triple helical parts were found.
The new sites disclosed in the invention, can be used to
develop antibodies only recognizing cleaved molecules and
could be used in the development of new diagnostics proce-
dures by molecular marker technology.

[0073] Results of Human Study

[0074] Digestion of Human Articular Cartilage with MMP-
13 and Determination of Novel Cleavage Site

[0075] Human articular cartilage showed no visible signs
of degradation upon MMP-13 digestion, in contrast to bovine
nasal cartilage. Even so, as the digestion medium was ana-
lyzed with Western blots (using the NC4 antiserum) it showed
reactivity (FI1G. 5a). The band had an apparent mass of30kD,
which distinguished it from the previously described bovine
fragment. A band corresponding to that stained in Western
blot was cut out from Coomassie stained gels, digested with
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Asp-N or Glu-C, and analyzed with reversed phase LC ESI-
TonTrap MS. In both digests type [X collagen ol NC4 was
identified (Asp-N result in FIG. 11), as well as a peptide
representing a potentially new cleavage site CHEL-
PARITPSQ*®-COOH (SEQ ID NO:6) NH,-TTDERGPP-
(SEQ ID NO:7). The new cleavage site is five amino acids
C-terminal of the bovine cleavage site, -ETCNELPAR>%%-
COOH (SEQ ID NO: 1) NH,-ITPGARSP- (SEQ ID NO:2)
found in the 28 kD fragment. No masses matching a fragment
cleaved at the bovine cleavage site were found in the human
sample.

[0076] Inorderto improve and confirm the sequence data of
the potential cleavage site peptide, the ESI-Qtof mass spec-
trometer was used. In our hands the Qtof system is 5x less
sensitive compared to the IonTrap, thus three gel bands were
pooled and digested with endoproteinase Asp-N in ammo-
nium bicarbonate buffer to yield cleavages N-terminal of
aspartic acid (D) and glutamic acid (E).

[0077] To avoid that the instrument was occupied running
MSMS on an arbitrary peptide eluting prior or at the same
time as the potential cleavage site peptide the instrument was
set to identify and perform MSMS sequencing on a limited
number of peptide masses (FI1G. 12). The following peptides
were chosen: two internal control NC4 peptides known to
elute late, two potential novel cleavage site peptides with zero
or one missed Asp-N cleavage, and the human peptide equiva-
lent to the previously identified cleavage site peptide in
bovine cartilage. The control peptides and the two potentially
novel cleavage site peptides had been detected using ESI-
lonTrap mass spectrometry, and we now set out to use ESI-
Qtof mass spectrometry to confirm the MSMS data of the two
latter peptides. In the Qtof experiment both control peptides
and the two peptides originating from the new human cleav-
age site were sequenced and found to match the type IX
sequences (MSMS data from one peptide shown in FIG. 55).
The human peptide equivalent to the bovine cleavage site
peptide was not present in the Qtof analyses (nor in TonTrap
analysis).

[0078] Neoepitope Peptide Antiserum (CPA-Antiserum)
[0079] Western blots of the medium from the human carti-
lage digested with MMP-13 was performed by separating the
digest on 16% SDS PAGE and identification using the
neoepitope peptide antiserum. A band at the same position as
that observed with the antibody to NC4 was identified (FIG.
6). Synovial fluid from an osteoarthritis patient (in contrast to
an rheumatoid arthritis patient) showed strong inhibitionin an
Inhibition ELISA using the affinity purified CPA-antiserum
(FIG. 8). The experiment also showed that the addition of
SDS was essential for the synovial fluid epitope to be recog-
nized by the CPA-antiserum.

Example 1
Bovine, Collagen a1 (TX) NC4-Peptide Antiserum

[0080] A 15-mer peptide sequence of the N-terminal por-
tion of the type IX collagen a1 NC4 domain showing poten-
tial as an immunogen and no homology to other sequences
foundina BLAST search was selected for immunization. The
sequence is identical in human, mouse, rat, cow, chicken, dog,
chimpanzee, and rhesus monkey and was represented in
medium from IL-1 stimulated cartilage. An N-terminal cys-
teine was added for coupling, giving the sequence for immu-
nization NH,-CGQDDLPGFDLISQFQ®**-CONH, (SEQ ID
NO: 14). The peptide coupled to Keyhole Limpet Hemocya-
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nin (KLH) was used for immunization of a rabbit. Peptide
synthesis and antibody production were custom services pro-
vided by Innovagen AB (Lund, Sweden). The peptide and the
antiserum will be referred to as NC4-peptide and NC4-anti-
serum respectively.

Example 2
Neoepitope Peptide Antiserum (Human)

[0081] The peptide (C)-PARITPSQ***-COOH (SEQ ID
NO: 13), representing the C-terminal part of the released a1
(IX) fragment, was synthesized, coupled to Keyhole Limpet
Hemocyanin (KLH), and used to immunize a rabbit. The
antiserum was affinity purified using a column with peptide
coupled to agarose. Peptide synthesis, peptide column pro-
duction and antibody production were custom services pro-
vided by Innovagen AB (Lund, Sweden).

Example 3
Western Blot (Bovine)
FIGS. 2.4 and 5a

[0082] Samples of medium from bovine cartilage digested
with MMP-13 were separated by 16% polyacrylamide-SDS
gel electrophoresis and then transferred to a nitrocellulose
membrane (Hybond-C, Amersham Biosciences) (38). Block-
ing was performed overnight with 3% (w/v) low-fat dry milk
in Tris-buffered saline (TBS), pH 7.4 and 0.2% (v/v) TWEEN
20™ at 4° C. The membrane was rinsed with the blocking
solution (described above) omitting milk and incubated at
room temperature with the NC4-antisera diluted 1:1000 in
2% (w/v) milk, TBS, and 0.2% Tween 20 for 1 hour. After
rinsing, the nitrocellulose membrane was incubated for 1
hour at room temperature with a peroxidase-conjugated sec-
ondary antibody diluted 1:30000 (AffiniPure donkey anti-
rabbit IgG Jackson ImmunoResearch) in 2% milk/TBS/
Tween 20. Blots were activated for 1 minute using home made
ECL-reagents (20 ml 0.1 M Tris-HCl pH 8.5, 48 ul 250 mM
Luminol in DMSQ, 48 ul 40 mM p-coumaric acid in DMSQO,
and 14 ul H,0,). Agfa CRONEX 5 medical X-ray films were
exposed to the membranes for an appropriate time period and
automatically developed with an Agfa Curix 60.

Example 4
Western Blot (Human)

[0083] The affinity purified neoepitope antiserum used in
Western blotting of medium from human cartilage digested
with MMP-13 was diluted 1:100, while all other conditions
are described in example 4.

Example 5
Inhibition ELISA

[0084] A Nunc Maxisorp (no 446612) was coated with 0.1
ng/ml GGGPARITPSQ**-COOH (SEQ ID NO:15) peptide
in PBS at room temperature over night in a humid box. Oval-
bumin, 2 mg/ml, in PBS was used to block further binding.
The peptide standard (0-10 pg/ml) or synovial fluid from
osteoarthritis (1:10, 1:40, and 1:160) was dissolved in 0.8%
SDS, 0.5% ovalbumin, and 1% pig serum and preincubated
on a sterilin plate over night at room temperature in a humid
box. Each peptide concentration and synovial fluid dilution
was repeated in triplicates. The affinity purified neoepitope
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antiserum was diluted 1:1000 in 4% triton, 1% pig serum and
mixed with the preincubated peptide standard and synovial
fluids, prior to transfer to the Nunc plate. Secondary antibody
was pig anti rabbit immunoglobulins coupled to alkaline
phosphatase (Dako-306) at 1:1000 in 1% pig serum. Para-
dinitropheny] phosphate at 1 mg/ml was used as substrate
(9.7% diethanolamine, 0.01% MgCl,x6H,0, 0.02% NaNs).
The absorbance reading at 405 nm was done immediately
after substrate addition and then after one hour incubation.
The first reading (zero reading) was subtracted from the sec-
ond reading, the results from three wells treated similarly
were averaged, and plotted against peptide concentration or
sample dilution.

Example 6

Study Comparing the Absence/Presence of NC4 with
Bone Mineral Density

[0085] 5 postmenopausal women with a distal radius frac-
ture, are studied. The patients are treated with a plaster splint
for 4 weeks. The bone mineral density (BMD) of the forearm
bones is measured with dual-energy x-ray absorptiometry
(DEXA) 2, 4, 6 and 8 weeks after the fracture. At the same
occasions serum samples are taken. The results of BMD are
compared to the presence or absence of NC4 in the serum
samples. The detection of NC4 is done according to example
5.

[0086] The bone mineral density at fracture site was 28%,
46%, 86%, 103% of the value obtained of the control limb 2,
4, 6 and 8 weeks after the fracture. In all the 5 cases the change
of bone mineral density at the fracture site exhibited a corre-
lation with the presence/absence of NC4. At the 2, 4, 6 weeks
occasions NC4 is detected while it is absent at the 8 week
occasion. The presence/absence of NC4 can accurately deter-
mine when the fracture is fully repaired. In conclusion, the
amount of NC4 can be used as a new technique in monitoring
fracture healing.

[0087] Therefore, the foregoing is considered as illustrative
only of the principles of the invention. Further, since numer-
ous modifications and changes will readily occur to those
skilled in the art, it is not desired to limit the invention to the
exact construction and operation shown and described, and
accordingly, all suitable modifications and equivalents,
including functional unimportant variations of sequences,
may be resorted to, falling within the scope of the invention,
and minor variations are deemed to be equivalent to the par-
ticular sequences herein set forth.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 15

<210> SEQ ID NO 1
<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Bovine

<400> SEQUENCE: 1
Glu Thr Cys Asn Glu Leu Pro Ala Arg

1 5

<210> SEQ ID NO 2
<211> LENGTH: 8
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<212> TYPE: PRT
<213> ORGANISM: Bovine

<400> SEQUENCE: 2

Ile Thr Pro Gly Ala Arg Ser Pro
1 5

<210> SEQ ID NO 3
<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Bovine

<400> SEQUENCE: 3

Arg Gly Pro Pro Gly Pro Pro Gly Pro Pro Gly Pro Ser Gly
1 5 10

<210> SEQ ID NO 4
<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Bovine

<400> SEQUENCE: 4
Thr Ile Gly Phe His Asp Gly Asp

1 5

<210> SEQ ID NO 5
<211> LENGTH: 20
<212> TYPE: PRT

<213> ORGANISM: Human

<400> SEQUENCE: 5

Cys His Glu Leu Pro Ala Arg Ile Thr Pro Ser Gln Thr Thr Asp Glu

1 5 10

Arg Gly Pro Pro
20

<210> SEQ ID NO 6
<211> LENGTH: 12
<212> TYPE: PRT

<213> ORGANISM: Human

<400> SEQUENCE: 6

Cys His Glu Leu Pro Ala Arg Ile Thr Pro Ser Gln
1 5 10

<210> SEQ ID NO 7
<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Human

<400> SEQUENCE: 7
Thr Thr Asp Glu Arg Gly Pro Pro

1 5

<210> SEQ ID NO 8
<211> LENGTH: 22
<212> TYPE: PRT

<213> ORGANISM: Human

<400> SEQUENCE: 8

Arg Gly Pro Pro Gly Pro Pro Gly Pro Pro Gly Pro Arg Gly Thr Ile

1 5 10
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Gly Phe His Asp Gly Asp
20

<210> SEQ ID NO 9
<211> LENGTH: 14
<212> TYPE: PRT

<213> ORGANISM: Human

<400> SEQUENCE: 9

Arg Gly Pro Pro Gly Pro Pro Gly Pro Pro Gly Pro Arg Gly
1 5 10

<210> SEQ ID NO 10
<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Human

<400> SEQUENCE: 10

Thr Ile Gly Phe His Asp Gly Asp
1 5

<210> SEQ ID NO 11
<211> LENGTH: 14
<212> TYPE: PRT

<213> ORGANISM: Human

<400> SEQUENCE: 11

Glu Thr Cys His Glu Leu Pro Ala Arg Ile Thr Pro Ser Gln
1 5 10

<210> SEQ ID NO 12
<211> LENGTH: 12
<212> TYPE: PRT

<213> ORGANISM: Human

<400> SEQUENCE: 12

Ser Asn Ser Asp Gly Glu Asn Glu Leu Cys Pro Lys
1 5 10

<210> SEQ ID NO 13
<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Human

<400> SEQUENCE: 13
Pro Ala Arg Ile Thr Pro Ser Gln

1 5

<210> SEQ ID NO 14
<211> LENGTH: 16
<212> TYPE: PRT

<213> ORGANISM: Human

<400> SEQUENCE: 14

Cys Gly Gln Asp Asp Leu Pro Gly Phe Asp Leu Ile Ser Gln Phe Gln

1 5 10
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-continued

<210>
<211>
<212>
<213>

SEQ ID NO 15
LENGTH: 11
TYPE: PRT
ORGANISM: Human

<400> SEQUENCE: 15
Gly Gly Gly Pro Ala Arg Ile Thr Pro Ser Gln

1 5 10

What is claimed is:

1. A method of detecting or monitoring a human disorder
affecting connective tissues, comprising determining the lev-
els of cleaved protein fragments of the alpha-1 chain of col-
lagen IX in blood and synovial fluids.

2. The method of claim 1, wherein the disorder is selected
from the group consisting of joint diseases, osteoarthritis,
rheumatoid arthritis, reactive arthritis, tendon rupture,
osteoporosis, osteomalacia, fracture repair and arteriosclero-
sis.

3. The method of claim 1, wherein NC4 is used as a marker
for diagnosis.

4. The method of claim 1, wherein the fragments are
formed by cleavage at a site in the N-terminal NC4-domain of
the collagen IX alpha 1 chain close to the C-terminal part of
this NC4 domain, and at the COL3 domain, close to the NC3
domain.

5. The method of claim 1, wherein the determining com-
prises using an antibody having a specific reactivity with a
cleavage neoepitope created by the cleavage of collagen TX.

6. The method of claim 1, wherein the levels of cleaved
protein fragments are determined using Western blot tech-
nique.

7. The method of claim 1, wherein the levels of cleaved
protein fragments are determined using inhibition ELISA
analysis

8. The method of claim 1, wherein the fragments are
selected from the group created by a cleavage at a novel site
between glutamjne-263 and threonine-264 in the
CHELPARITPSQ TTDERGPP?"* (SEQ ID NO: 5); of the
human collagen IX alpha 1 chain in the NC-4 domain.

9. The method of claim 1, wherein the fragments are
selected from the group created by a cleavage at a novel site
between glycine-400 and threonine-401 in the RGPPGPPG-
PPGPRG**® TIGFHDGD**® (SEQ ID NO:8) of the human
collagen IX alpha 1 chain in the COL3 domain.

10. A cleavage neoepitope in the C-terminal part of the
NC4 domain created by the cleavage of collagen IX by a
pathological process in cartilage involving proteolytic activ-
ity.

11. The cleavage neoepitope of claim 10, comprising
PARITPSQ (SEQ ID NO: 13) where the Q-residue
(glutamine) has to be free and is an absolute requirement.

12. The cleavage neoepitope of claim 10, comprising
TTDERGPP (SEQ ID NO 7) where the terminal T-residue
(threonine) has to be free and is an absolute requirement.

13. The cleavage neoepitope of claim 10, comprising RGP-
PGPPGPPGPRG (SEQ ID NO: 9) where the G-residue (gly-
cine) has to be free and is an absolute requirement.

14. The cleavage neoepitope of claim 10, comprising T1G-
FHDGD (SEQ ID NO: 10) where the T-residue (threonine)
has to be free and is an absolute requirement.

15. An antibody having specific reactivity with a cleavage
neoepitope selected from the group consisting of PARITPSQ
(SEQ ID NO: 13), TTDERGPP (SEQ ID NO 7), RGPPGP-
PGPPGPRG (SEQIDNO: 9) and TIGFHDGD (SEQ ID NO:
10).

16. A diagnostic kit useful in detecting or monitoring a
human disorder affecting connective tissues, comprising an
antibody of claim 15.

17. A method of locating collagen cleavage in tissue, com-
prising detection for the neoepitope PARITPSQ** (SEQ ID
NO:13) where the Q**? represents the terminal amino acid.

18. A method of locating collagen cleavage in tissue, com-
prising detection for the necepitope T***TDERGPP (SEQ ID
NO:7) where the T>** represents the terminal amino acid.

19. A method of locating collagen cleavage in tissue, com-
prising detection for the neoepitope RGPPGPPGPPGPRG**
(SEQ ID NO:9) where the G**° represents the terminal amino
acid.

20. A method of locating collagen cleavage in tissue, com-
prising detection for the neoepitope T**' IGFHDGD (SEQ ID
NO:10) where the T** represents the terminal amino acid.
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