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The invention relates to a novel autoantigen and proteins related thereto,
their use in treatment of chronic ddstruction of articular cartil age
i n autoi mune di seases, pharnaceuti cal - conposi tions conprising said
aut oanti gen and/ or proteins, a diagnostic method foor the detection
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aut oantigens (self antigens, derived fromthe individuals own body)
achieved by a build in tol erance agai nst the autoantigens. .
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histocompatibility complex (MHC) class II glycoprotein. The MHC-glycoprotein-antigen-

20 ﬁ'agment complex is presented to a T cell which by virtue of its T cell receptor recognizes the
antigen fragment conjointly with the MHC class II protein to which it is bound. The T cell
becomes activated, i.e. proliferates and/or produces interleukins, resulting in the expansion of
the activated lymphocytes directed to the antigen under attack (Grey et al., Sci. Am., 261:38-46,
1989). |

25 Self antigens are also continuously processed and presented as antigen fragments by the

" MHC glycoproteins to T cells (Jardetsky et al., Nature 353:326-329, 1991). Self recognition
thus is intrinsic to the immune system. Under normal circumstances the immune system is-
tolerant to self antigens and activation of the immune response by these self antigens is avoided. .

When tolerance to self antigens is lost, the immune system becomes activated against
30 one or more self antigens, resulting in the activation of autoreactive T cells and the production

of autoantibodies. This phenomenon is referred to as autoimmunity. As the immune response in
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general is destructive, i.e. nmeant to destroy the invasi V%E% 'Igﬁo?nt i gen,

aut oi ni NA&MPMonses ~ can cause destruction of the ¥y~ S own
.tissue. . The contribution pf T cells to autoi nmune di seases

has been established by several 5 stUdies. In nmice, experimental °

aut oi nmune encephal onyelitis (EAE) is nmediated by a highly
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(Eds) Springer-Verlag Berlin Heidel berg, 20 1992). Furthernore, renoval
of lQartiﬁlﬁg@ngKg%-i ents by surgery was shown to reduce the

I nfl ammatory process (G S. Panayi et al, din. Exp. Rheumatol. 11(suppl.8):
S1-S1, 1993). The cartilage proteins are therefore considered to be

target autoaniy gestfuchive GitcinemAR REPc3E HAS been implicdtbd ! vakibi dikessdk Isch as
Activation of these autoreactive T cells |leads to devel opment of
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15 and MHC class II expressing cells. The mere presence of cartilage appears necessary for

sustaining the local inflammatory response: it has been shown that cartilage degradation is

associated with the activity of cartilage-responsive autoreactive T cells in RA (Sigall et al.,

Clin. Exp. Rheumat. §:59, 1988; Glant et al., Biochem. Soc. Trans. 18:796, 1990; Burmester et

al., Rheumatoid arthritis Smolen, Kalden, Maini (Eds) Springer-Verlag Berlin Heidelberg,

20 1992). Furthermore, removal of cartilage from RA patients by surgery was shown to reduce the
inflammatory process (G.S. Panayi et al, Clin. Exp. Rheumatol. 11 (suppl.8): S1-S8, 1993). The
cartilage proteins are therefore considered to be target autoantigens which are competent of
stimulating T cells. Activation of these autoreactive T cells leads to development of
autoimmune disease. However, the identification of the autoantigenic components that play a

25 role in the onset of rheumatoid arthritis has so far remained elusory. -

The inflammatory response resulting in the destruction of the cartilage can be treated by
several drugs, such as for example steroid drugs. However, these drugs are often
immunosuppressive drugs that are nonspecific and have toxic side effects. The disadvantages of

30 nonspecific immunosuppression makes this a highly unfavourable therapy.
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sequence which exhibits sequence homology with the amino acid sequence of the target

autoantigen, to desensitize patients against the autoantigen that is activating the T cells
responsible for the inflammatory process.

20 It is an object of the invention to provide the autoantigen, and proteins having an amino
acid sequence which exhibit sufficient homology with the amino acid sequence of the
autoantigen, said autoantigen and/or protein being suitable to induce specific T cell tolerance to
the responsible cartilage antigen in patients suffering from T cell-mediated cartilage destruction.
It is a further object of the invention to provide arthritic animal testmodels which are suitable

25 for use in screening for novel drugs to suppress arthritic symptoms. It is another object of the
invention to provide a method for detecting autoreactive T cells involved in the destrqction of

articular cartilage and test kits to be used in said method.

It was surprisingly found that Human Cartilage glycoprotein 39 (herein after referred to
30 as HC gp-39) is a target autoantigen in RA patients which activates specific T cells, thus
causing or mediating the inflammatory process. The arthritogenic nature of HC gp-39 was
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Preferably, these arthritogenic proteins Conprise an am aci d sequence

whi ch exhi bi tRreferably, these art?mtogemc proteins comprise an amino acid sequence which exhibits
at least 70%, more preferably 80%, most preferably 90% homology with the amino acid
sequence of HC gp-39, more in particular with the amino acid sequence
YKLVCYYTSWSQYREGDGSCFPDALDRFLCTHITYSFANISND (SEQ ID NO: 1).

20 The percentage of sequence homql_ogy of the arthritogenic proteins according to the

invention with the amino acid sequnece of SEQ ID NO: 1 is understood to be measuered via
generally used sequence comparison programmes such as FASTA (W.R. Pearson and D.J.
Lipman, Proc. Natl. Acad. Sci. USA, 85 , 2444-2448, 1988).

Suitable arthritogenic proteins according to the invention are for example pig heparine-

25 binding 38kDa protein, bovine 39 kDa whey protein, human YKL-39 protein, murine breast
regressing 39kDa protein (brp39), human oviduct-specific glycoprotein, murine oviduct-
specific glycoprotein, hamster oviduct-specific glycoprotein, bovine oviduct-specific
glycoprotein, human chitotriosidase precursor protein and murine secretory protein YM-1
precursor. The arthritogenic proteins according to the invention are very suitable for inducing

30 systemic tolerance of the immune system to homologous autoantigens and can be used to delay

and/or suppress arthritic development in mammails.
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HC gp;39 can be found i owi al_speci.nens or ¢ |l age 5 bt ai ned .
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55 il ot w5 S s A
Db oL o et 1999 PLSHGLOS VU290, KESLZTSOR F356, IERASEPFy ngeion o
gp- 3915 nor ehe proteint wasidentified. (Thetisslation and clearsbtériation 6£bovine 39 kDa whey protein is
described in J.J. Rejman et al. (1988), Biochem.Biophys.Res.Comm. Vol. 150, No. 1, 329-334.

Murine breast regressing 39kDa protein (brp39) is described in Morrison and Leder, 1994,

Oncogene 9, 3417. Cloning of the cDNA encoding human oviduct-specific glycoprotein and the

corresponding amino acid sequence is described in Arias et al. (1994), Biology of Reproduction

20 51, 685-694. Other mammalian oviduct-specific glycoproteins such as murine- and hamster
oviduct-specific glycoprotein are disclosed in JP-A-07107979, Kinosei Pepﬁde Kenkyusho KX.

The purification and molecular cloning of the bovine oviduct-specific glycoprotein is described

in Y. Sendai et al, 1994, Biol. of Reprod. 50, 927-934. Human chitotriosidase precursor protein

is secreted by activated human marcophages and the cloning of the corresponding ¢cDNA and

25 amino acid sequence is described in Boot et al. (1995), J.Biol.Chem. Vol. 270, No. 44, 26252-
26256. The amino acid sequence of murine secretory protein YM-1 precursor was submitted to
EMBL Data Library, June 1992, Accession No. M94584 by Chané et al".,' unpublished. The
amino acid sequence of human chondrocyte protein YKL-39 is described in Hu et al. (1996),
J.Biol.Chem. Vol 271, No. 32, 19415-19420. None of the afore-mentidned publications
30. however hint or suggest towards the arthritogenic nature of the proteins according to the

invention nor to the fact that these proteins can be used as a medical substance in a therapy to
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man, suf Fatilagg under attacky om T-cel | nedi ated cartilage destruction, such as
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Nowhere do they hint or suggest towards the use of HC gp-39, or fragments thereof or T-cell

reactive peptides according to the present invention in the antigen specific therapy to induce T-

* cell specific tolerance to the HC gp-39 in the cartilage under attack.

20
HC gp-39, arthritogenic proteins comprising an amino acid sequence which exhibits at
~ least. 50% homology with the amino acid sequence of HC gp-39, more in particular with the
amino acid sequence YKLVCYYTSWSQYREGDGSC-FPDALDRFLCTHITYSFANISND
(SEQ ID NO: 1), and fragments derived from said arthritogenic proteins according to the
25 invention can be prepared with the aid of recombinant DNA techniques. For this purpose, a
nucleic acid sequence which codes for HC gp-39 or a protein comprising an amino acid
sequence which exhibits at least 50% homology with the amino acid sequence of HC gp-39,
more in particular with the amino acid sequence YKLVCYYTSWSQYREGDGSCFPDALDR-
FLCTHIIYSFANISND (SEQ ID NO: 1) or a fragment derived from the proteins according to
30 the invention or a multimer of said fragment is inserted into an expression vector. Suitable

expression vectors are, amongst others, plasmids, cosmids, viruses and YAC's (Yeast Artificial
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di f \HC 39 k f h
ar ?ﬁ??fé'géh#ie%n%ﬁapa vgFiofgar e BuPent 1o ciession & » fostotl Sudlablsdet gells are, for
Nowher e dg, tFHc'iEna?S'efs!‘Gafssiné ﬁmmh%lw%cnfte&#ﬁugﬁs%% well Knb®ARThe art

t her eof or T-c el reactive peptides according t he present

i.nvent i on($ambroek @ tal.gMoleqrar Cloningea hphoratory Mamal, TCold Spring Haibor dpaboratorg
t ol erance to t he HC gp 39 in the cartilage under attack. 20

HC gp- 39, Prassifeoldypsingdiaben &98R). conpri sing an amino aci d sequence which

op 39 nore i n Using ?*sﬁﬁa%?%?%{‘%@ 8SinitihdsThavilfe Iy roRi dnd SEAERE or Wniklh
YKLVCYY T SRR ERR R ssct Eh 63 PropXdiNaHBt cell. ~ (SEQ ID NO. 1), and

fragments derived fromsaid arthritogenic proteins according to the 25
i nvention can [hugythp presentinventioncalso prqyﬁdqsa'omsblalmbwmedmsutmmvmsmhey

;P;ferﬁf;ssewmwmmf SRS L b RSl S 8
50%
SO S, 4 AR 0 BSEHEDG S S, s, e of

FLCTHI | Y%ﬂﬁhﬂ\iﬁvﬁﬁ&@ The dain '!Bagmenﬂ' ﬁefetg teaty sequencecffantine atids thao isspars of the

according to 30 the invention or, a multiner of said fragnment is inserted
into an ePpteins haying semsion elgments of ongin, structurs,andsmechaniso 0f pctiofy hat ageowithin
others, p es and YAC s (Yeast Artificial [err]
oLhers: gl pe RSN pbidaS o -

conpri se the necessary control regions for
replication and expression.

15 | Suitable fragments derived from the arthritogenic proteins according to the invention
can also be prepared by.means of one of the known organic chemical methods for peptide
synthesis. The organic chemical methods for peptide synthesis are considered to include the
coupling of the required amino acids by means of | a condensation reaction, either in
homogeneous phase or with the aid of a so-called solid phase. The most common methods for

20 the above condensation reactions are: the carbodiimide method, the azide method, the mixed

| anhydride method and the method using activated esters, such as described in The Peptides,
Analysis, Synthesis, Biology Vol. 1-3 (Ed. Gross, E. and Meienhofer, J.) 1979, 1980, 1981

(Academic Press, Inc.). |
Preparation of suitable fragments of above-mentioned HC gp-;39 and arthritogenic

25 proteins according to the invention using the "solid phase" is for instance described in J. Amer.
Chem. Soc. 85:2149 (1963) and Int. J. Peptide Protein Res. 35:161-214 (1990).

A particulary suitable solid phase is, for example, the p—alkoxybeﬁiyl alcohol resin (4-
hydroxy-methyl-phenoxy-methyl-copolystrene-1% divinylbenzene resin), described by Wang
(1974) J. Am. Chem. Soc. 95:1328. After synthesis the peptides can be split from this solid

30 phase under mild conditions.



The .expressi on vector can be brought to expression in a host cell. Suitable

host cells are, for I nstance, bacteria, yeast cells and manmal i an
cells. Such techniques are well known in the art (Sanbrook et _al .,
Mol ecul aWO¥M4%y: a Laboratory Manual,” Cold Spring HarborPE 1893, 5
Press, Cold Spring Harbor, 1989). Usi ng these reconbi nant DNA.
t echni ques bovi ne whey protein, the sequeﬂ‘ce of whi ch has been -
discl osed herein, can be prepared in a host cell. Thus, the
present invention also provides for isolated cDNA encodi ng the bovi ne whey

protein as indicated,by SEQ ID NO. 3 as well as th oyi ne whey protein
according to ggénsbn%yxs olt:-%f Q?.m’ldt%“f’l Sequeage, %Fh'gg FzPﬁﬁ'é‘iﬁ 5'08%1”‘3
be prep I g&n e ' ' ; ' t igQn. o
Corm o1 risa, KM, K ottt 300 Mifufoatelt scid, conBBRE SraldliBR, o exciifie
-pr ot ei n, triisopropy] Gilang anisbknmretisanetithiol, thicanisolr uct ur e’ and nechani sm of

action that are within .the scoE)e of ,the present invention. 15
Sui t abl e fr agibetreactixe graupsvhich max ngi participstednithe eondensation seactioniarg; as statede

chem cal estivslysPRR LR, sfio? VAR Gl IR eciF0RE atind By Farly B, SRR RN bt
for pept hidefsaeid, Hhsé r #éductiBnSAdB6RexhsiviCadéBtnt! dFossible profedtifg igaﬁxﬂafcah%

required am no acids by nmeans of a condensation reaction, either i
honogenefoundindEee BeptideshAnhlysisj Synthesis,sBiotogyl, 3blsbl-i U (Exdsa GrossT idenfriend and

conmon hods f or above condepsatigon reactions are: the

car bodi | Medhogerh 979 ko8, Padadinie, Biesss e TR protective Sammay cian e it by

and the | ' . ' ' P i

o, 0 TR lo USLEE (R oS hed V1T Bl MRESBH o

1970, 19@f@th the&iid of trifluofohceticatid 6 by mild medyction, for example with hydrpgemiandra

of suitable fragnents of_ above-nenti oned HC gp-39 and arthritogenic 25

pr ot ei nscatalyst: suchyas palladium,oF avith HBr i glagial aeeticgeidi d phase” i.s for instance

described in J. Aner. Chem Soc. 8:2149 (1963) and Int. J. Peptide

Protein Res. 35:161-214 (1990). : " A particculary suitable solid

phase is, for exanple, the p-al koxybenzyl al cohol resin (4.

hydr oxy- net hyl - phenoxy- nmet hyl - copol ystrene- 1% di vi nyl benzene resin),

described by. \Adthpugh it seemg’ paradpxigal tandesepsitize hecimmmunel system Avitl thes yemyhsames

E: gﬁaf)? Pghg&genc'r%gpc{)n%iﬁg lfclart Lgt%gtl ' 'igﬁgtllﬂedsyggm, thiS d8sensitization 1Y l;acsied on the long-

PCT/ EP97 bBdet0éd phenomenon that animals which have been fed or have inhaled an antigen or epitope
are less capable of developping a systemic immune response towards said antigen or epitope
when said antigen or epitope is introduced via a systemic route. Hence, controlled
administration of HC gp-39, and/or proteins comprising an amino acid sequence which exhibits

20 at least 50% homology with the amino acid sequence of HC gp-39, more in particular with the
amino acid sequence YKLVCYYTSWSQYREGDGSCFPDALDRFLCTHIITYSFANISND
(SEQ ID NO: 1) can be effective in desensitization of the immune system. Fragments of the -
proteins according to the invention that are capable to desensitize patients against HC gp-39 are
also within the scope of the invention.

25 According to the invention, patients in which the cartilage is under attack of
autoresponsive T cells can be treated with a pharmaceutical composition comprising HC gp-39,
one or more proteins comprising an amino ‘acid sequence which exhibits at least 50% homology
with the amino acid sequence of HC gp-39, more in particular with the amino acid sequence
YKLVCYYTSWSQYREGDGSCFPDALDRFLCTHIIYSFANISND (SEQ ID NO: 1) or one or

30 more fragments derived from a protein according to the invention and a pharmaceutical



- 8- After synthesis of the desired am no acid sequence,
detaching of the peptide fromthe - resin follows, for exanple, with
trifluoroaggdrsesge’ d. containing scavengers, for exanple PCT/EP97/01903
triisopropyl silane, anisole or ethanedithiol,thioanisol. The
reactive groups which may not participate gl the condensation reaction are,
as stated 5 effectively protected by groups which can be renpved agains
very easily by hydrolisis with the aid of acid, base or reduction. A
nore extensive account of possible protecting groups can be found in
.The Pept i cieseptdlecxiies in Sider kefriake ¥ ieoific. awvreactive T Bel(d6iEthede siients tolerant to
Udenfriend and Mei enhofgmg 1979 - 1987 (Academi c Press, Inc.). The
prot ect i vaheHG ge-30 im thecastilage urder aack and to diménishythe inflammatary nespontet hods,

a0 of 11111 uoruAEld oy ofe b i pRemteniby composiien msrarcineta the ipvspben
acia oo piowms Ediprifig kb fnid dchd stflentl wihcH ollfbis 2 B 70%, gl 0%

i Mmurfe sy shem prefebabily GO%ehqmolagy with the antino geid seqaqres Df HE ghB9, awiré e partidular

t he i mmune system this desensitization jis based on the |on

observed pHdhontifon anHEe opfidal Seanepes, nEKLV(EXTWS ﬁlelgGSQEBDéJ-QBFLCT-

antigen Orgy I l s capabl e of devel opping a system c
SrsEpimm oo

I mune respons ant1'gen or epitope when said antigen

or epitope is ivefosiigdie graem 3 Yeciided 04 iphardiiRGfical CdnipdRitioddaccording to the
adm ni stration of HC gp-3 and/ or proteins conprising an amno acid
sequence Jhvertionxarefor sxample plaﬂ:epmbmdmmma)gtptm bovihe 32 rllDa)wkey grotein,
sequghce of HC u» nor. e

sequthce Fragides Q:Fgértlcm%ﬁlﬁ)th e I'(Buct'sl’ecﬁiné]m rpisimhamster
be eff
oot ot ns. S ﬁgﬁ‘aa?ge%qﬁé&ﬁ%‘éﬁﬁgﬁ"? b spBTHE PSR, AR 95, hlkian

patients au;adms-tspwmg [glgdpeotein, human chitotriosiddski pre¢ursossprotein aindt inerine secretory
I nventi on. According to the invention, patients in-which the
cartil age nrgtqnml BYSCHET-of aut oresponsive T cells can be treated

wi th a pharnmace oAl r:1.S

pr ot ei ns corrprlg‘liéng an am ngétéé g%%é%c%%&q E c?mpo?n? %&@Wée&le
homo} »gy invention et DN Gexpiéssionivectbrs eahprisgODNIACwhich38ncodes Fort HC gp-39 or a
‘particular with the amno acid seguence

YKLVCYYTS\BEoieiE \EsApeRcs\whick mahibis b least 50% bomology with the

rore [120cRbs, Aok’ YSfhehbo RS Ohhd) BER0" S Pkt "Gich "R Yk Bequence

YKLVCYYTSWS-QYREGDGSCFPDALDRFLCTHIIYSFANISND (SEQ ID NO: 1) or one
or more fragments derived from the proteins according to the invention. Upon delivery the

20 DNA (expression)vector can provide by expression a level of the recombinant HC gp-39 or
protein comprising an amino acid sequence which exhibits at least 50% homology with the
amino acid sequence of HC gp-39, more in particular with the amino acid sequehce
YKLVCYYTSWSQYREGDGSCFP-DALDRFLCTHIIYSFANISND (SEQ ID NO: 1) or
fragments according to the invention which is similar to the level which would be achieved by

25 direct administration of a pharmacettical composition comprising the HC gp-39 protein or
peptides. |

The autoantigen HC gp-39, arthritogenic proteins comprising an amino acid sequence
which exhibits at least 50% homology with the amino acid sequence of HC gp-39, more in
particular with the amino acid sequence YKLVCYYTSWSQYREGDGSCFPDALDR-

30 FLCTHITYSFANISND (SEQ ID NO: 1) and fragments derived from said arthritogenic proteins

according to the invention have the advantage that they have a specific tolerizing effect on the




WD 97/ 40149

PCT/ EP97/ 01903 _ _ : - 9- .
acceptable carrier in order to make the specific autoreact] | |.s of
t hese patWO40148| erant to the HC gp-39 in the cart%ﬁﬂ%’ﬁﬁa@?

attack and to dimnish the inflanmatory response. Sui tabl e
proteins to be used in a pharmaceutical td®position according to the -
i nvention are proteins conprising an am no acid sequence which

exhibits at |east 70% preferably 80% 5 nore preferably 90% honol ogy
with the am no acig sequence of, HC gp-39, nore in particul ar W th
the ani ncﬁ“&‘?,‘ieﬁ"tyéq&eﬁég smsm%wémm Lth¢. immune system intact as
HI | YSFANI (F ! amd): . Ve S Ui [ NS, 1. b
used in a phar na(?%u@cg&sgéerlrg%sslutp%ersls'gl% ceoﬁr.ea?/g’rgf tpo 't#g‘%&us&%ggﬁ%esﬁﬁglgnﬁggé
for exanplra@hdht heith the autvantigéig ob Shdprateint Rofpriging € arfink BRidVe&jaeRé Whidh
10 murine breast regressing 39 kDa protein (brp39), nurine ] .
ovi duct - s¢xhibits & lgasy 587 kamaolagy nithstheamino acid sgqueamge of H(: gp39cmore in particular
gl ycoprotein, bovine ovitgt?ct-specific l.ycoprotein, hu YKL- 39, hunan
. OVi ( ct.-s'ﬁ'ﬁgific gl ycoprdtein, human Btriosi dase FF¥ursos prot eFHAUSACE
muri ne Smtmmgwsqymwswbﬂmw?ﬁmwmsm sgglelﬁér: Y1) or
to be Ing to the 1

sui tabl e used 1 n-a pharmaceutical conposition accor
i nvent i onfragmerithlidcdoeding ¢ thednyention will beaaferandinogoXidldideteffebtsewitlastear. f or HC
gp-39 .0or a protein conmprisjng an amno acid sequence which exhibits

at | east 50% hoaisrangs capihe aaned by admipistering dugh 9&&9@ pf |the gptoantigen,pr

. t . 1 | 1 ] . . . -
i Vo relatinospding o e fiePhitdh. MR ARRIRK o antonptigsn, g5 prpjein, will depend on the
or pore froatsTeNhémitdistration, theotimehsl aimihistration ahieage of the phtienti a3\well iad peneral

Upon delivery the 20 DNA (expression)vector can provide by expression a
| evel of hbealthregoditionsand diec gp- 39 or protein conprising an ani no

id i ch hi,bi 0% I i t,h jt he. ]
Sid sequonce DA Berergiya g8sas of 091513 Yoop e i Her pouly Weieby, preferdiydfis o
YKLVCYYT Y RERbIeS e frdd- DRtb Ghblg GipibkaNan besed.D: NO. 1) or

fragments according to the invention which is simlar to the | evel which -
“woul d be achi ePharniaceatical acogptable: cantiers areswelbknawn tof thasqukillediodbe at and include,
..compositign conprising-th iC gp- 39 protei,n or: d.des. . R L
SheT8ut ol GomBlE Heflecaiay aeiHRe IS FAIGNE Rboslats, BERHY SRdin; perapecin
seqguence . LERiexhi bt t 9 | ' adasd
sequence 8?“ﬂ&°b’b“@g%‘r‘rb§%h‘?‘ﬁ dil &id {'ﬁ&gaﬂé’%ﬁ ar V\nﬁ? Hté,lhie.&aér)rélaira?(g amg o

sequence wgledules]id\deshdd<hbsdde®idlipsomies.  FLCTHI | YSFANI SND (SEQ I D NO 1)
and fragnents derived from said ar_%ﬁri t ogenj ¢ prot.eins .according to

the invention Amndditioa thephamassutieal compoyition accerduigato the inyention may poniprise

effect on the&r more adjuvants. Suitable adjuvants include, amongst others, aluminium hydroxide,

20 aluminium phosphate, amphigen, tocophenols, monophosphenyl lipid A, muramyl dipeptide
and saponins such as Quill A. The amount of adjuvant depends on the nature of the adjuvant
itself. _

Furthermore the pharmaceutical composition according to the invention may comprise
one or more stabilizers such as, for example, carbohydrates including sorbitol, mannitol, starch,

25 sucrosedextrin and glucose, proteins such as albumin or casein, and buffers like alkaline
phosphates. | '

Suitable administration routes are intramuscular injections, subcutaneous injections,
intravenous injections or intraperitoneal injections, oral and intranasal administration. Oral and
intranasal administration are preferred administration routes.

30
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PCT/ EP97/ 01903 -10-
~aut or eact iwg olsbfilel S thus | eavi ng the other conponents of thg ﬁ@yst em
“inftact as conpared to the nonspecific suppressive effect of t
i mmunosuppr essi ve steroid drugs. Tcepd nent with the autoantigen or
the proteins conprising an am no aci d sequence whi ch exhi bits at
|.east 50% honol ogy with the am no acid sequence of HC gp-39, nore in
particular 5 with - . the am no acid
. sequence DK to/fiy i BMGgYic Glathe A0\ BB skl XSHANbrotihd S5fbiSindan ahino
or fragnents according to the invention will be safe and ho toxic

sjde ef fedeld mupnqycwmch exhibits at least 50%Thomelagy avithnthetamino tagidsaquence of HC gp-
adm ni st erdgng hi dos t he aut.oanti n or . pr ot ei ns
accordi ng jtgg thegﬁoﬁ?/entl n. ﬁ%‘ﬁ’l%aﬁnt ot oartlf gen PG ot eidGidyi | | Sequence
depend on mv@{YTSWSQitREGDGSCFPBtAmR% Tﬁﬁﬁgﬁw N/
' LC heal t cogglhg £ N0, g?can be

the age of the patient as well as general ons an

diet.5 used to induce climicgjearthritis, in aniinale.gépaf adinihistiation @F@niatlranheur®d oPHE £5-39
per kg bod referablg 0.5to 500 [err]g, nore preferably
0.1 to 10 '[‘é‘?‘er% IHPEFm IBRFsiRg aps amino acid sequence whigh gxhibise atileast 50%

t abl t L ud
5" ?‘orq‘é’%?f‘r%%ﬁ‘*ﬁ*ha%?r affing afiBbibipdribel SKNE 539, fiére il norfpis ) g Bt i
gel atin, deyiercs, mmcweswmmen-esmnmﬁncﬂmw%sm%ﬁe ' NO:

and vvater Q her carriers may be, for exanple MHC class ||
nol ecul es,1)i9r emss pr @!Pfem pf the proteine according to the mventldm axthdiitici signd kndll

0y D i 5 B A AR S0t rgaon
- alum ni Umdﬂﬂﬁ'ﬂiﬁxé%m 9rheun?dtbiﬂ‘ Msprﬂ%ﬂrﬁﬂﬁlc ATBR W ER nj &ﬁﬁ%nﬁﬂ%&mly with

nonophosphenyl 1ipid A nuranyl dipept and sa on| ns s

Quill A THiE ap&ﬁjptot@n ofidj protein calpprsiog annntihe acidiseqeence which exhivita at least 50%
I tself. Fur.t hergt)re t he phar maceut i cal, conposition according

to the i nhomalegy Wit %sm% acid sequence g{H( Epndd, deredpinaricalar with theyamineyacid

. |
G e RO SRR VISR OIS P RIBREP TIPSR INIERD. (36O D NO:
i ke1®l kalT)the animals deﬂ‘lﬁpﬂdfﬁﬂﬁ?ﬁw signs. The course of the FICT gp!3ocindéed disdaseht Y2l as

routes are i ntranuscul ar injections, subcutaneous injections,
the disease induced by the protein compnsmg an amino acid sequence which exhibits at least
50% homology with the amino acid sequence of HC gp-39, more in particular with the amino
~acid sequence YKLVCYYTSWSQYREGDGSCFPDALDRFLCTHITYSFANISND (SEQ ID
NO: 1) was characterized by relapses occuring periodically in fore paws and/or hind paws and
20 the gradually development from a mild arthritis into a more severe form. Also, a symmetrical
distribution of afflicted joints was observed which is, together with the obsewaﬁon of recurrent
relapses and nodule formation, reminiscent of disease progression in arthritis, especially RA.
Thus, these afflicted animals provide an adequate animal model to study the mechanism
underlying the initiation and progressiori of arthritic development. Additionally, said afflicted
25 animals can be used to search for new drugs to treat arthritis and to study the effect of these
drugs upon the arthritic development. Preferably mice are used as animal model for arthritis,
especially rheumatoid athritis.
To induce arthritis in said animals, suitable amounts of HC gp-39 or one or more of the
proteins accorc_ling to the invention have to be administered. Suitable amounts are 0.1-1000 pg,
30 preferably 1-100 pg, more preferably 10-50 pg per kg body weight. The amount of HC gp-39 or

proteins comprising an amino acid sequence which exhibits at least 50% homology with the




I ntravenous injections or intraperitoneal injections, oral and intranasal

admi ni stration. Oral and I ntranasal adm nistration are preferred
adm ni st ion routes. 30 WD 97/ 40149 .

PCT/ EP977‘%&?'8%"“9 PCT/EP97/01903

Due to its arthritogenic nature, HC gp-39_.as well|l as the proteins

conpri sing an am no aci d sequence"l\ghi ch exhibits at |east 50% -
hormol ogy with the am no aci d sequence of HC gp- 39, nor e in
particul ar with t he am no aci d sequence

YKLVCYYT )Y L Y NI SND (SEQ ID.NO.. 1) can be 5
used to In uc%ﬁ@éa%g(#%g bP’n%'g(ﬁan s?ag‘l‘}ﬂ 3’6‘#\'0 Fh%%anam ofid sequenae
anount s YKIVCYIYTEWSQYREGDGSURPIPALDRFE (AT eS PANISNEY |

' \Noy\aci d
sequence which exhibits at |east 50% horm?ogy Wt h@tgf-g % T%q(;e)‘acpd or
sequencefragmps ghereof willbdepend op she foutd affadminstration, tiie of admirdstration and the type

frg,

LVC S )Y GSCEPDALDRFLCTHI | YSFANI SND ( SEQ | D NG 1
R A e T X G
thriti ' amhtiti | | | i pal lting.in a di sease
g;t ? (ra Ir n | Efegérﬁt%isﬁ cent h%% Qdd‘} cétgggté@ pl‘rigg 3 g?%lg\’tﬁl & p%tgﬁglrjﬁqﬁ?r%‘%g, aﬁsﬂlﬁﬁpafs’?‘g .

r heumat oseduendenwhichsexhibfitsnatHeash/50%rhomotspyewith RS hithos g Weqiaiey 31-1%" gp39
HC gp-39 protein or a protein conprising an amno acid sequence iC ?
exhi bi t sST&® | eastM50%0 particular honp| Wil wi t hthehe anamineaci d saeiflence sefuéiGe

TR Vo TR R R e S PR RREIE ams sranstils BEG 0 v 1) o

ani mal s peptides peCordinghtd e irfiefition md}e coMpPHSE oﬁé Jrr}ﬁoﬁlcst?mi%i &dk'éiﬁganés as

di sease as well as t he di seasé induced by the protern conprirsin
amiflo acdescobeflbefore.whi ch exhibits at | east 50% honol ogy with the
am no aci d sequence of HC gp-39, nore in particular with the am no

aci d sequence YKLVCYYTSWSQYREGDGSCFPDALDRFLCTHI | YSFANI SND ( SEQ | D

o 1 ; prod _ _. > cal L
Nl of hnd paco b RS 1 pidleibE i ing i WplDhoRE L ey’ bl 3t AR 1o
T e o s bty W o STHCO 39, mote inPartEulit iR e hmine acid
a I Ccle ol n e | C IS oge er w e observation o

recurr enfeduence WQ&i‘g%m@SCBPP&WLWWSm (SEQIRNO: 1)

q9T €SSEP Rl te Lo d ' o T th : .

P ot cof Eapticfl'diérbt SocofERE ) thd favehition, are afse,very, sptablf P et T acagmestic
under | yi ngthiddeto rdetéctithe rprésesicd rof0ictivatedNantbreaétive T eIl SRR SN tthe chronic

Additional ly, said afflicted
inflammation of the articular cartilage.

The diagnostic method according to the invention comprises the following steﬁs:

a) isolation of the peripheral blood mononuclear cells (PBMC) from a blood sample of
20 an individual,

by culture said PBMC under suitable conditions,

¢) incubation of said PBMC culture in thé presence of the autoantigen or proteinﬁ

according to the invention and fragments thereof, and

d) detection of a response of T cells, for example a proliferative response, indicating the

25 presence of activated autoreactive T cells in the individual.
In case of detection of a response by measuring the proliferative response of the
autoreactive T cells, the incorporation of a radioisotdpe such as for example 3H-thymidine is 2
measure for the proliferation. A response of the autoreactive T cells present in the PBMC can
also be detected by measuring the cytokine release with cytokine-specific ELISA, or the
30. | cytotcxicity with *'Chromium release. Another detection method is the measurement of

expression of activation markers by FACS analysis, for example of II-2R. A diagnostic



i

25 animals can be used to search for new drugs to treat arthritis and to

study the effect of these drugs upon the arthritic devel opnent. .
Pref er abl. ywwiissRe@be used as animal nodel for arthritis, PCT/EROPRLIGAl | y
rheumatoid athritis. To induce arthritis in said aninals,
sui tabl e anpunts of HC gp-39 or one or morg of the pr ot ei ns

according to the invention have to be adm nistered. Suitable anpunts are
0.1-1000 jig, 30 preferably 1-100 [err]g, nore preferably 10-50 [err]g
per kg body weight. The anpunt of HC gp-39 or proteins conprising an
am no acl ggﬁ%HﬁBﬁ%oMyrﬁihg%v & tnBreféf hePeptids’aceeriing Y thel ihVerltidfh and a suitable
PCT/ EP97/ @e80ting agent thus forms part of the invention. Depending on the type of dection,the detection
am no acid sequence of HC gp-39, nore

in partigular wth the an,no acid .
sequence 2gent can\Re gRdipEAIBeRERSASEEORT PRithASIEY W @Qﬁeﬁ ace) afgctiyation
or r{la{rﬁ nts thereof will depend on the route of adm nstration, tine
of administration and the type of animal used. Suitable

adni rsstrati on rAlsbedithdn ehe scope ofthednvention ardxest Kigfvwliich cdimiptis¥ioncor ore feptides
effect of arthritis inducton, the HC gp-39 protein, or proteins conprising

an am no aeterding to the invgntiern here test ki isuitable forcusein 8aliognostic mgthodi according
am no aci q ﬁgqluenctgz of HC gp- 39, nor e in parti cul ar
with P e mventiotly; o - aci d sequence

YKLVCYYTSWEQYREfRS e Riihventich preViabl B meled! to ddttct Whettier qutoaggressive T

peptides according to the invention nmay conprise one or nore sta S or
adj uvant s calls péactive tbawards HEgrp39 arecpresent in patients sufferingi@romp TGl mbdiatedaartilage

conpy.i sing, an am no aci d sequepce whjch exhihits at | east 50% )
ool gy " HERRIEHRS Sioh 6 for XA S ATINIS, By PAHRE}r DommloICar g FEHE aps39-specifi

(SEQ 11D NG Cof g presenl phiaRATon O¥ 10T P WA T i Bpdal o et bl

al so very HQi ghb orfsife oS more afthfitoggmioSproeins comprisiiy A Chnkifio ARiE 8équehte which
presence of activated autoreactive T cells involved in the chronic .
i nf | anmat ieshibits at deash $0Y%chamelogy with thg amino acid sequence of H(z gpri3Qgmese in-particular

net hod accordi to the invention. c I ~ ' X
oy ool at e oft b sl SEdas 0 YR E YIS QYRR DRFL Y s-
~ sanpjs of FANISND (SEQ ID NO: 1) or peptides according to the present invention or combinations

thereof can delay or suppress arthritis development.

The following examples are illustrative for the invention and should in no way be

interpreted as limiting the scope of the invention.

20
LEGENDS TO THE FIGURES
Figure 1: Initiation and progression of arthritis in HC gp-39 tolerized and non-tolerized
Balb/c mice. AS = total arthritic score of the afflicted animals per day following sensitization. N
25 = number of afflicted animals per day following sensitization.

Figure 2: Initiation and progression of arthritis in Balb/c mice upon administration of
0.2 ug, 1 pg, 5 ug and 25 pg bovine 39 kDa whey protein respectively. Initiation/progression is
presented as accumulative score (total arthritic score of afflicted animals) per day following

30 sensitization.



20 an indi vi dual , b) cul ture said PBMC under suitable
condi ti ons, c) incubation of said PBMC culture in the

presence of the autoantigen or proteins ' according t ' ntion
and fragWah 40491 eof , and ' d) detection of agthgg%@§&gf T
cells, for exanple a proliferative respoqﬁg, I ndicating the 25 presence
of activated autoreactive T cells in thé&'ndividual . I n case
of detection of a response by nmeasuring the proliferative response of the
autoreactive T cells, the incorporation of a radioi sotope such as for
exanpleéégg&agghﬂtne s a nmeasure for the proliferation. A response
of the e T cells present in the PBMC can al so be detected
by neasuring the cytokine release with cytokine-specific ELISA or the 30

cytotoxicity with [err] Chrom umrel ease. Another detection nethod is the
nmeasur eneiBTHODS expressi on of activation markers by FACS anal ysi s,

]I;(C):[I'/ Eﬁgg}o loiggﬁul-ilﬁczatlz\i)bn Aof ﬂ(? SB-%itirSm the MG63 osteo\é\gc%ﬁaélgejﬁ ne - 13-
conposition c i S [ i ~teriec |
CovEos on’ang 6L ISR SRR s ATECIERL lpg) 570G P clf ytore i

I nvent i ODMENYHAMBF 12 senith frecpnediunt (T igp39 was purified fioan the culture sgperdatann
be a -radi oi sotope, an enzyne, or antibodies specific for cell surface or

act i vat i oy heparin affintyQhremnatography folllowed hyswpes dex 75t siromatngranhy. diyety was

accor df nEPeEled 1Y SRV I PARER, hfechitfa B i FhleFie pmimpd ghat the

di agnost e fiEd protkiA Was idtnfidal to the protéin HBstribed 89 Hakala et al. Thus,
the present invention provides for a nethod to detect whether
aufl0aggressive T cells reactive towards HC gp-39 are present in

atients suffering fromT- nmed| at artilage 10 destruction such as
1I‘Dor exanpl e aﬁt’ﬁ“\gf‘?@!"ﬁ"ﬁ %ﬁ#l%&w ﬁg@szﬁ dgart hritis. If HC
gp- 39- speci fi Gg or 50 HE %fc;fnmg-ldeﬁ_ﬁé"ggpsgeﬁlq'ieo LPL@M&%*#CSJ(MM Nae3,20.01 $£kddium

w th a pharmaceutic ostion~Conpri sing gp-39 or one or nore
- arthrit oghéspbater biffer) PH ongy intiked 1ah innincompletel Fsamds neijuvant (IFA) was injected

more | n_ pistnepusly In the chept FPET WA Rt demales Baihin acs (arian OB, B5idt The
YK CYY T R R GG s 3Gk G injected with PBS (1:1 in IFA). Mice were examined
daily for clinical signs of arthritis. Severity of arthritis was assessed by scoring each paw from
0-3 (according to the article by Glant et al). In short, score 0 = no changes, score 1 = erythema
and swelling, score 2 = swelling and appearance of deformities, score 3 = immobility due to
loss of flexion and extension. '
20 |
Tolerance induction by intranasal administration of HC gp-39
Twenty eight pg of protein was administered intranasally (2 x 10 pl) to 10 female
Balb/c mice (anesthetized lightly with Enflurance) using a PT45 micro conduit and a Hamilton
syringe. Antigen was administ_ered on day -15, -10 and -5 prior to arthritis induction. Controls
25 (n = 10) were submitted to the same procedure but recieved the vehicle (PBS) only (T able 1).
Immunological tolerance was evaluated by measuring delayed type hypersensitivity -
(DTH) responses following sensitization as described above on day 0, using 10 pg of protein.
Sensitization on day 0 was followed by an injection of 10 pg HC gp-39 in 50 pg volume in the
left hind footpad on day 8 (chalienge). DTH reactions were measured as the increase in footpad
30 ([swelling left (mm x 107) -swelling right (mm x 10?))/swelling right (mm x 10)) x 100%.
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15 FANI SND (SEQ ID NO 1) or peptides according to the present invention

-or conbi nations t hereof can delay or suppress arthritis

devel opnegly ons014 The foll owi ng exanpl es are il PCIMPITPIN3 { or.
the invention and should in no way be interpreted as limting the
scope of the invention. 20 -1$=CENDS TO THE FI GURES _
Figure.1: Initiation and progression of arthritis in HC gp-39 tolerized and
non-tol eri zed Bal b/c mce. AS = total arthritic score of the .
afflicted animal s per day follow ng sensitization. N 25 = nunber of

af f1i ct edTheifostpad peellihgywisoineasuredusing an tinlitaise designed umeter at 0, 24 and 4§ heufter
2: Initiation and progression of arthritis in Balb/c mce upon
adni ni st r ghallenges 0.2 [err]g, 1 [errlg, 5 [err]g and 25 [err]g

o, 35 K0 B SEKT a Bbt R OAP 8 o st o

ani nal s)  BefolEWingchsitizatibn3dhd miceaRéreexaminedtaily for clinical sigm.\fs}‘%wllg&%ﬁﬁs

PCT/ EP97/ 01903

EXAMBLE | was assessed dsEné¢igivBed above. Purification of HC gp-39 fromthe
M>%63 osteosarconma cell line 5 M%63 cells (human osteosarcona
ATCC CRL 1427) were cultured in cell factories in DVEM HAM s F12
serum fregu BB Yo Has iR soknes purified fromthe culture supernatant

DAY HC gp-39 tolerized non-tolerized

-15 28 pg HC gp-39 intra nasal PBS

-10 28 ug HC gp-39 intra nasal PBS

5 28 pg HC gp-39 intra nasal PBS

10 pg HC gp-39 subcutaneous | 10 ug HC gp-39 subcutaneous

10 pg HC gp-39 footpad - 10 pg HC gp-39 footpad
24 hour DTH 24 hour DTH
10 48 hour DTH 48 hour DTH
0-31 score arthritic signs score arthritic signs

- DTH = delayed type hypersensitivity. PBS = 0.5 M NaCl, 0.01 M.sodium phosphate buffer, pH 7.5

10 RESULTS
Arthritogenicity of HC gp-39
Following one injection of 50 ug HC gp-39 mixed with IFA, all mice gradually
developed a severe arthritis (Table 2). Signs of arthritis were observed first at day 15-20 after
sensitization, in the fore paws of 3 out of 4 animals. The mouse that did not show any signs in
15 the fore paws developed arthritis in the hind paws by day 34 upon sensitization. The course of
HC gp-39-induced disease was characterized by relapses occuring periodically in fore paws or
hind paws and gradually develloped from mild arthritis into a more severe arthritis (disease
progression was followed for 62 days). Very often (>50%) a symmetrical distribution of
~ afflicted joints was observed, meaning that both fore paws or both hind paws showed arthritic
20 signs at the same time. '




by héparin affinty chromat ography folil owed by super dex 75 chromat ography.

Purity was checked by SDS-PACGE. In addition, N-term nal am no acid
sequenci ng confirmed that the purified protein was identical to the
prot ei n WOSIMPHE] by Hakal a et al. 10 Art hr RGPS of HC

gp-39 in Balb/c mce : 10 o_gé'SO[err]g of purified HC gp-39 in
a 100 [err]l volune PBS (0.5 M Nad, - 0. 0& "M sodi um phosphat e buffer,
pH 7.5) mxed 1:1 i.n inconplete Freunds adjuvant (lIFA) was injected

subcut aneously in the chest region in 2 x 4 femmale Bal b/c m ce (Harlan CPB,

(11 i | P PUARPIREIGH das SRALATackicRl el 10" mfbad S0 M i B39

art hri t msixedSewithy IRA,. Aufthriti¢ boorés, howesera 9/&s soinevhat $6\0ér (dataditst thowi). FTHIER out
0-3 (acc?rdin ‘0 the article by ant et al). In short, score O = no

changes °f 4381 developpd a severe arthritis. Opg,moyspshowed only mild signs duririg the glusativn
! 1 ki = | bility d t . | f
P oer on 0Lt Extindrl. W By the teheth oF We ypeiifactt Eoreip uicr showsed PR siEnsfa

ad$i ni starthtition of HC gp- 39 Twenty eight [err]g of protein
was adm ni stered intranasally (2 x 10 [err]l) to 10 fenale Bal b/ c

ni ce (anest hdnisgsegatethotly 16 and SAf kg of preteini wierey suffiLiBAD toriinduee o pebigréssived
a Hamlton.. . - syringe. Antigen was. administered on day -15, -10 and -5
o o t gt in Balb/q s L6 sk gAtuie ot atrts indyotion by Heo &l 30 aHeractsized oy
the sanPedurn s o 1CL & S Tahl.e. .

I mrunolnggi cal ?? gﬁgﬁﬁe%g%sglﬁggﬁgﬂ %Tﬁélééstﬁoﬁ ég?ﬁgﬁa%’e%g Séém of discase

hyper sepsogressian/in rheumatoid gribritys (R#&)ponses fol | owi ng sensitization as
deﬁcri bed above on day O,.using 10 [err]g of protein.
sdf¥sitization on day 0 was fotllowed by an injection of 10 [err]g HC gp-39

OTH 1 eadtiiss Tseon aAd pharession efertiisdn HC b PRekRlie BABE mict e |1 g

R A e ML o
PCT/ EP$7/ 01903 FP - HP none mild - | Osevere
PBS contr. S S B - 4 -0 0
10 pg HC gp-39 - 13, 15,57 | 32,34,36,43 | O - 1 3
50 pg HC gp-39 13,15,15,48 | 29,34,34,53 | © 0 4

FP = fore paw. HP = hind paw. contr. = controls. Arthritis signs: none: score = 0, mild: score per animal does
not exceed 2, severe: score per animal is > 3.

15 | Immunological tolerance measured in the DTH assay
Control mice injected with HC gp-39 at day 0 showed a strong, antigen-specific DTH
response, which suggests that a cellular immune response to HC gp-39 was elicited upon
sensitization (Table 3). Intranasal administration of HC gp-39, however, completely abrogated
DTH responses upon challenge with the autoantigen, thereby showing that the HC gp-39-
20 specific T-cells were indeed tolerized. ‘
Notably, 4 out of 10 animals of the non-tolerized group developed arthritis in the ankle
adjacent to the site of challenge. In contrast, the tolerized group did not develop an arthritis in
the joints neighbouring the challenged site, thereby suggesting that immunological tolerance to

HC gp-39 resuits in protection against arthritis development.



The footpad swelling was neasured using an i nhouse designed [err]neter at
0, 24 and 48 hr after chal | enge. Tol erance to

arthritisydehsdiaPn - i n these sane nice was then further noniRCIVERITOROS| day
31 followi ng sensitization and mce were exanm ned daily for clinical signs.

Severity of arthritis 5 was assessed asiyentioned above. Tabl e
1. Tolerization schene. DAY HC gp- 39
tolerized ~ non-tolerized -15 28
[err]g HC gp-39 intra nasal PBS -10

28 [err]g HC gp-39 intra nasal PBS -5

28 [err]g HC gp-39 intra nasal PBS . .0
10 [err] g Xablgp RBHawnonsestedils st elloyipeiclegiation bynasdl sdavnistration.
8 - 1.0 1

teatment ' Vg | TP fiean % Ewemg ; b4 ]h Ogupmﬁs”inkle

A8—troor— bt
48 hr score arthritic

f oot pad
24 hour
48 hour

si gns scor eomrblsr(nt= 10)si gns .3 DT} qye3B.6yYpe hypersensfipi vity.
PBS = 0.4 M NaCl. 0.01) M sodi um phosph ‘ SpH 7.5 10

RESULTS tolerized (M= i t ogeni-@06y fof L gp- 39- 0f%1 | owi ng
one Inje et e s ) A . Doy '

devel oped a severe arthritis (Table 2). Signs of a’rthritis wer e observed

first at day 1?;;3&,@.{&%%rg{ﬁg,iym%htdﬁgp&shhn the fore paws of 3 out

of 4 animals. e nouse t not sho y signs in 15 the fore paws

devel®ped art hrhée HC gp-3baolkerinet artheorrioferizéd Badbiic ntios werg dienofarthéMonitored
course of - HC gp-39-induced di sease was characterized by rel apses

occuring per indtation and pragressien parhritis. hi nd paws and gradual |y
devel | oped fromm, d.artheitis, jnto rensever e,.ar LtLs..(d.sease .. .
or ogr esst on wasit 8 FGELDE oo rutolttiaRe ¥R el e HibHIBRR gpsitzasion
di stributiwih®C ﬁp—39 (TabRf4)| Sedepdmicei gthdualipdeblopéd & Bevei® anhAis wihktéasBirdt mice
fore paws or both hind paws showed arthritic 20 signs at the sane tine.
showed only mild signs (highest score 2). In contrast, five mice of the HC gp-39-tolerized
10 group were protected against disease development during the course of the experiment.
Furthermore, two animals of the tolerized group showed only mild signs for brief periods of
time. Three animals developed a more severe arthritis with scores of 4.
Interestingly, in tolerized animals, arthritis onset was delayed in both hind and fore paws
by a minimum of 7-9 days respectively (Figure 1 ). Although fewer animals were affected in the
15 tolerized group, the arthritic score per animal of the fore paws was comparabe to the arthritic
score in the non-tolerized animals. The arthritic score per animal of the hind paws however, was

somewhat iower in the tolerized animals (Figure 1).

Table 4. Initiation and progression of arthritis in HC gp-39-tolerized and non-tolerized Balb/c

20 mice.
animals arthritis onset (day) arthritis signs
| : none mild severe
controls (n = 10) 13-16 0 3 7
tolerized (n = 10) 23-24 5 2 3

Onset arthritis: first signs appear - highest number of animals affected. Arthritis signs: no signs: score = 0, mild:

score per animal does not exceed 2, severe: score per animal is > 4.




WO é?/ 40149
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Arthritis induction was similarly achieved using 10 [err]P%Hj nsteag% of 50

[err] g WO #0809 mxed with |FA Arthritic scoresYHIGHEVRI03 \er e
~sonmewhat |ower (data not shown). Three out of 4 mce devel oped a

severe arthritis. One nmouse showed onl yi&i1d signs during the duration
of the experinment. Al through the length of the experinment control mce
showed no signs of 5 arthritis.- I n aggregate, both 10
and 50 [err]g of protein were sufficient to i nduce a progressive

arthritis in Balb/c mce. The chronic nature of arthritis induction by HC

gp- 39, chara A SetY aftfili ' | ol .
symetri cal g??le?é??gﬁ%gfabjo‘é? r(liflsl{ol S rtée%ﬁ%n sceﬂ’?&gﬁ l£d'| seg‘ssfelt-ltogp'1538 in Balb/c
pr ogr esmicen The chemsarshdHC agp-39-indused Rjeasel Gvas characterlaidl By 2reldpBés iRt
and progression of arthritis in HC gp-39 sensitized Balb/c mce.
sensi t i BeAtodiplly in forgypaws andier hind pavés andegradyaliyydeveloped from smiMdrarthiritissntgres
Egsn { ore severe form. Also, a s%%mcal [ﬂs&%uﬁorsx ot Gtflicted jojnts was obseryed E;v%lslch iy

10 [ ef ripgettiGr 9AtS%he observationl 8 rddurrea relads, Mnindent! ion 3
50 [er 1T re gp-39 . gt 1518 s’ g%,s gé";'m%g',m%gf dfjease proglession in

FP =f orrheparatoidarthritis. ithepfievce anthfitogehic nature afi HC gp-39 whasiitlustratedyby a single;

3
4

S0 bl 5540 710 b St i e 000 o
the DT . i i.0i i - .at..
. hgwe d"gﬁ’a;iff?% 13% ﬁ{ﬁcxﬁc T cells Qﬁ‘{crfd%%s}_{gh&%d' xﬂjrﬁgéﬁge W e %39 %eﬁs?nﬁnogg‘xl at

gen- speci Sponse, rchsugges

aléel | ushown byrimiuctions pf HE gh39HipecificDTHaesponses. Theseudurd were further confirmed
sensitization (Table 3). Intranasal admnistration of HC gp-39, however,

conpl ety ythedlesenstration of HC rap39-sperific dovisten proliferativg creopanises Hip animals
aut oant fngﬁﬂniz&pﬁ{ &x%yfogtlﬂw& ﬁ&aép-ﬁﬁ] ?da'fa!tcn&pshggvh). Importantly, non-tolerized animals

developed arthritis in the ankle néighbouring the injection site, thereby indeed suggesting an

involvement of HC gp-39-specific T cells in arthritis induction.
15 - Intranasal administration of peptide antigen has been used to induce antigen-specific
' immune tolerance. The experiments showed that intranasal administration of HC gp-39 leads to
immunological non-responsiveness. DTH mponses'following sensitization were completely
abrogated in HC gp-39-tolerized mice whereas control mice showed an antigen-specific
swelling. These observations indicate that adminstration of HC gp-39 leads to peripheral
20 immune tolerance.
| - In non-tolerized animals DTH responses were accompanied by arthritis in the ankle
(adjacent to the challenged site) in four out of ten mice. In contrast, the ankles of HC gp-39-
tolerized animals were indeed fully protected, thereby suggesting that autoreactive T-cells have
been effectively silenced. The notion that tolerization with HC gp-39 protects against disease
25 developement was taken further by the observation that 5 out of 10 animals in the tolerized
group were entirely protected throughout the length of the experiment. Although the other five
animals in the group did eventually develop clinical signs, the onset of arthritis was
considerably delayed. Hence it can be concluded that HC gp-39-specific T cells are involved in
the arthritogenic process and more importantly, that by tolerization of these T cells with a

30 pharmaceutical composition according to the present invention arthritis development can be

delayed or suppressed.



20 "'speci fic T-cells were indeed tol eri zed. Not ably, 4
out of 10 aninmals of the non-tolerized group devel oped arthritis in the

ankl e . 97%§i@cent to the site of challenge. In contrasteci/hre7es®esri zed
group did N& Vel op.an arthritis in the joints nei ghbouring the
chal | enged site, thereby suggesting that i#¥nol ogical tolerance to

HC gp-39 results in protection against arthritis devel opnent. WO

97/ 40149 WD 97140149

PCT/ EP97/ 01903 -17-

Tabl e 3. DTH responses to HC gp-39 follow ng tolerization by nasal
adm ni st ra;"gggmmi2 t eat nent mean % swel | i ng
arthritis 0 hr 24hr |

48hr METHODgontrols (n = 10) -1.3 31 4 38.6

4/ 10 tolerized (n = 9) -0.05 1.5

0/9 Tol erance to arthritis induction ordgrogressi on 5

The HC gp- 39 t ol Arthritegenicity ofBoxine 38 kira whey preteincinBalb/cmice t hen further

el B mce of (Gt kohPl 2t M boRitamahg 33 X0, he bloikh 100 41 yolpms 05 M
upon sensi INgA! ODIM sodium Phbsphiste Biffe) pH 75)miked ﬁ?\flﬁrhn%ﬁﬁl&é %hk s Yadjuvant

devel oped a severe arthrtis whereas three m cCe showed” onl y
S| gns ( hi gi{EA) was injectyd subcutansously in the cheshregionin 4helm€ergple&lb/cl mmez(@lkarl&e

of the oxpdiiriesblateld, GémanyT Rherean 16 comals e pieie with ¢S5} b iAo Kb were
showed onl \eyBinkfbdSdveRy oftet day 'f6e cm‘ﬁ&éloéién%res tns4.§e¥/9i’?ty I Bt WP hSsessed by

devel oped a nore severe arthritis wth

| nt erdst i ngboring eantlobswu‘md mal(wdcsdmgrmfthetarﬁcler\qeGlam&t @bl dy etloit)sdvee 10 = no
hind and fore paws m_ni mum of 7-9 days_respectively (Figure 1).
Al t hough f CHBRESSNICOES & -vmemaf@é{@ dnild, swglling, score 2 = severe swelling and/or appearance

of deformities, score 3 = immobility due to loss of flexion and extension.

| Cloning of the bovine whey gp39 cDNA
15 A Cow mammary gland Lambda Bluemid(-) cDNA library (oligo dT and random-primed,

. custom made by Clontech Laboratories Inc.) was amplified using the XL.1 Blue MRF strain as a
host and library plating and preparation of filter replicas were performed according to the
manufacturers instructions. Filters were hybridised with a Pvull fragment from HC gp-39
cDNA after P labelling using an oligolabelling kit (Pharmacia). Positive plaques were

20 amplified, rescreened and insert DNA of the corresponding phages were sequenced using a
Thermosequenase kit (Amersham). The sequence is indicated in SEQ ID NO: 3. At nucleotide

position 954 one clone contained a C whereas another contained a T.

25  RESULTS

Arthritogenicity of Bovine 39 kDa whey protein

Following one injection of 25 pg Bovine 39 kDa whey brotein mixed with IFA, all mice
gradually developed arthritis (Table 5). Signs of arthritis were 6bserved first at 8-20 days after
sensitization in fore- or hind paws. The course of Bovine 39 kDa whey protein-induced arthritis

30 was characterized by relapses occurring periodically in hind paws and gradually developed from



15 tolerized group, the arthritic score per animal of the fore paws was

conparabe to the arthritic score in the non-tolerized aninmals. The
arthritic score per ani mal of the hind paws however, was sonmewhat -
| over | nMYM4OMO%r i zed animals (Figure 1). Tabl e BCT/ERYY1893 on and
progression of arthritis in HC gp-39-tolerized and non-tolerized Balb/c 20
m ce. ani mal s -20- arthritis onset (day)-
arthritis signs _ _

none mld severe controls (n =10)

13-16 Ierlzed (n

10) mild arthritis into a n})ge sgvere arthntls (disease progressron was lelowea or 40 days). Very
Onset aphbi aldyfiméthesl!distoRGoRBP &fflicred *[iﬁlﬂﬁeﬁs HbseRRA, ﬂi‘eaxm tsb&f)ffgfe e@%
ani 0€s,

Arthritis signs: no signs: score=0 score pe

not excerboth hindpaweshoyedrarthpitic sagnsmathelsanmmne : - WD 97/ 40149
PCT/ EP97/ 01903 - 18-

The ex per i me n‘\@r&w@uemm& sigpilarly H’Sh‘&}'?‘hr‘#lﬂ&éeh i0F Oxainstead of 25q1gyBogimei 39
Bal b/ c CFYBB"SE" ﬁerf HC gp- 39-i nduced di sease was
characterlze apses occurlng : periodically in fore paws and/ or

hind paws anMﬁédﬂMchWﬂQ%&h&ppdr 020y Bovined39 kDA wh é}SPtdiéxﬁ devefoped aMbfe
severe form Also, a symetrical distribution of afflicted joints was

obser vemxldqfom ofearthritis: 7 and §emise respectiveln devaboped\eamild aribtitis cwbereamonly 3 and
rel apseg ﬁnl scecgt of disease progression in r heumat oi d
arthrlt CTREVHPRICEVER: 8‘gen|c nature of HC gp-39 was illustrated by a

singl e, At the 85 OR BROPpetifleft fillablve A0ores pet‘icbRhE iy g%r_ &l &@ BrLAG:

initiated arthritic signs in all "animals. That " H
cdldl s amere paleuldted| (Figure2). |Rollowmg)munmt&dﬁ with 25 pgBwiine 3% kDarwheysprbtein, a
' ' c, DTH resp nses., These data were

h b d H 39-
T e e SO R SON
Pr ol i T englby Gosa PS8 Evint 30 ¥ Whéy protein were used for immunization, animals showed a

somewhat lower arthritis score compared with mice induced with the 25pug dose. Although
lower scores were achieved, a relapsing pattern of arthritis was found in all groups.

15 - ‘In control, PBS treated mice sometimes a slight and transient swelling of hind paws was
observed. This phenomenon was also observed in naive, non-injected animals. This mean
cumulative swelling per scoring day for these groups of mice had a mean value of 3.4 and was
considered as biological background vafiation.

In conclusion, Bovine 39 kDa whey protein (both 25, 5, 1 and 0.2 pg) is capable to

20 induce a progressive arthritis in female Balb/c mice. The chronic nature of arthritis induction by
Bovine 39 kDa whey protein, characterized by recurrent relapses in addition to symmetrical

affliction of joints, is reminiscent of disease progression in rheumatoid arthritis (RA).
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HC gp- 39 f ?ﬁ%ﬁ Lovol ved ih tlae art i t oge ess
and nore § ?tslgn aﬁﬁ%%g tolerizati Dgﬁgf‘o%ohesetaT cell g withla 30
pharnaceutlcal conposi tion acc@ﬂaﬂﬁbzlf) Hel6g8288%d i nvengion arfhritis
devel opmeas g%n Bpe39 kDa whégllayed, or supgseseed. |o 1 9

PCT/ EP97 WD 97/ 403149 14,14,18.18.20

-19- protem EXAMPI E 2 -~ WETHODS Achri togeni citf of
Bovi ne 3ﬂ—kDa_uh2¥7§$QLEL£hJJLJﬁi,hLP el oL

[err]g of FRavPreEreh ovfuﬁép@g%ﬁf“\m*y"womn ’ﬁ"”a"’fﬂ’(l"-”[‘&"ﬂ’ foem'mfeed(—’oseserm

5

score per animal > 3.



NaC['e.rr.] , 0. OlM sodi um phosphate buffer, pH 7.5) mxed 1:1 in inconplete

Freunds adj uvant (I'FA) was injected subcutaneously in the chest
region in 4 x 10 female Balb/c mce (Charles Ri ver, 1819%‘?
Ger many )WasaHeH@ 10 controls were injected with PBS (1:1 |PFT ce were

exam ned every other day for clinical signs of arthritis. Severity of
arthritis was assessed by 10 scoring edéh paw from0-3 (according to the
article by Gant et al). In short, score 0 = no changes, score 1 =
.erythema and/or mild swelling, scor eg %Q §T§i6§| | i ng and/ or appear ance
of deformties, score 3 = immobility due to I'0sS of flexion and extension.
Cl oni ng of the bovine whey gp39 cDNA 15 A Cow manmary gl and Lanbda

Bl uem d(1)) GEBERALi BNEPEMATHONgo dT and random pri ned, cust om nmade by
Cl ont ech Laboratories Inc.) was anplified using the XLI Blue MRF strain as
a - gﬂ i?ﬁﬁ{'y pl ati ng and preparation of filter replicas were
per for med acco I'n rranuf acturers instructions. Filters were
hybri di sed w t h & WET r’ﬁ?ﬂ?eﬁp ot e gp- 39 cDNA after 32p

| abel | i ng usi ng aa)oSTgm'h:bétellpngwtagtu Pharmaci a). Positive plaques were 20
anplified, rescrqegpedrend AmigRm DNA of tHe correspondi ng phages were
sequenced using an Wthrh@ﬁﬁgﬂgp%ﬁ? kit (Amrersham). The sequence is

i ndi cated in SEQ position 954 one cl one

contai ned a C whdFeaBOSTM: ({OPEC JRERTY helP2t BM 25  RESULTS
Arthritogenicity (G) TELEPRONID 10BA2WAE§3TH Ot ei n Fol | owi ng one
i njection of 25 [(gljri-gl,ﬁppﬂ:nq)ﬁ& kBasusey protein mxed wth IFA all mce

gradual Iy devel o i ity T 5 Signs of arthritis were observed
first at 8-20 da3 a?%éﬁ' 37505 g%ﬁ%l II'ZatIOI’l in fore- or hind paws. The

course of Bovine 39 kDa whey protein-induced arthritis 30 was

char act eri zled )b ITBEaPE e BNVRNIUIONi: nyopel|pnbma1elsydemmdtcfmvmuaoalngt@’l-uzﬁdry
devel oped from  yge in immundhd£af014P autoimmune diseases

PCT/ EP97/ 01903 : : - 20-

(iii) NUMBER OF SEQUENCES: 3

(iv) COMPUTER READABLE FORM:
- {A) :MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS -
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30 (EPO)

(2) INFORMATION FOR SEQ ID NO: 1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 42 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

Tyr Lys Leu Val Cys Tyr Tyr Thr Ser Trp Ser Gln Tyr Arg Glu Gly
1 5 - 10 15




mld arthritis into a nore severe arthritis (di sease progression was

foll owed for 70 days). Very often a symmetrical distribution of
af f1 i ct edwigdpofaonas observed, nmeaning that both fore paws PCYEPI7Z/O0DHOL h
hi nd paws showed arthritic signs at the sane tine. ' Arthritis .
i nduction was sinmilarly achieved using 5, “h3r 0.2 instead of 25 [err]g
Bovine 39 5 kDa whey protein m xed with | FA M ce i nduced
with either 1 or 0.2 pg Bovine 39 kDa whey protein devel oped a nore

mld formof arthritis: 7 and 6 mce respectively developed a mld
arthritis, whereas only 3 and 4 m ce devel oped severe arthritis.

At the end ofasph@&19xBeti Opdtphet Wid &stvﬁlscﬁé@%s&ﬁm:@CQhénﬂeﬂadyé Othreash
group of mce 10 were,gal cul ated (Figure g) ol I owi ng |nnu§1$zat|on W th
25[err] g Bovine 39 kDa V\%ey protein, a : maxi mum score of~ 27 (25
[err]g) was reached after 30 days, foI | owed by distinct rel apses. Wen
l.ower dosageslle IBeviTwe S€r KEke Kiey AgnofdenSewerAsmudep for i nmuni zation,

ani mal s showed a 35 sSsomewhat | ower gpthritis score conpared with m ce

i nduced with the 25[err]g dose. Although | ower scores were achi eved
a rel apsi nggpattern of arthritis was found in all groups. 15

control, NEQRHATEOM: BQR TR 130 a24) i ght and transient swelling of h| nd

paws was observed. This phenonmenon was al so observed in naive,
non-inj ected gni Eﬁlmgglsﬂcs cumul ative swel ling per scoring day

for these groups Jean val f 3.4 and was consi dered
as bi ol ogi cal bac oung Val’lfc';ﬁl Shne adiag I n concl usi on, Bovine.39

kDa whey protein (dtR¥PE: amino a¢dd. 2 [err]g) is capable to 20 i nduce
a progressive artHd)t STRANDERNESS> Bwuble nmice. The chronic nature of
arthritis inductigm)byoporLocy: BRdaze 39 kDa whey protein, characterized by
recurrent relapses in addition to symetrical affliction ofjoints,

i's remniscent of disease rogre55| on in rheumatoid arthritis (RA).
WD 97/ 40149 (ii) MOLECULE TYPE: cDNA

PCT/ EP97/ 01903 ' -21-
Table 5: Initiation and progression of arthri tis in BOVI ne 39 kDa whey
protein sensitized Bal b/c m ce.

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Met Gly Leu Arg Ala Ala Gln Thr Gly Phe Val Val Leu Val Leu Leu
1 5 10 15

Gln Ser Cys Ala Ala Tyr Lys Leu Ile Cys Tyr Tyr Thr Ser Trp Ser
20 : 25 30

Gln Tyr Axg Glu Gly Asp Gly Sexr Cys Phe Pro Asp Ala Ile Asp Pro
35 40 45

Phe Leu Cys Thr His Val Ile Tyr Ser Phe Ala Asn Ile Ser Asn Asn
50 55 60

Glu Ile Asp Thr Trp Glu Trp Asn Asp Val Thr Leu Tyr Asp Thr Leu
65 ' 70 75 : 80

Asn Thr Leu Lys Asn Arg Asn Pro Asn Leu Lys Thr Leu Leu Ser Val
' 85 . 90 95

Gly Gly Trp Asn Phe Gly Ser Gln Arg Phe Ser Lys Ile Ala Ser Lys
100 105 110



sensitization (n=10)

si gns
none

8, 14, 14 ‘1’991501490

, 14,18

-8,12,12, 16

8, 10, 10, 12,

8,8, 10 12 1%hr

A«thrltls si gns:

sever e:

, 18
6, 6, 8, 10, 10

8,8,8

0
14

PCT/ EP97/ 0193 545 6

(A) NAME: AKZO NE%EL N V.

SEQUENCE LI

~ His Gly

severe
6

0

arthritis onset (day)
FP

18, 18, 18, 30, 54
181 81
8, 14, 16, 18, 18

0

16 16, 18, 20, 30

0.2

animal [err]
Phe Asp Gl
GENERAL | NF,

4

10
25

3. 5

Leu Aﬁp Leu Ala Trp

3

[err]g B 39 kDa whe
protein

l_ifrr]g B 39
5 [err]g B. 39 kDa whey protein

PCT.
kDa whey protein

WD 97/ 40149

B N ABEE | CA

arthritis

HP

7/01903

[err]g B 39 kDa whey

A%y §or AFe drgoThr Phe Tieiyp o ael Bxg Prp; Re ey Aro

nokk® score =0, mild:1%core per anlnal 488s not exceed 2.
score per

Pro Gly Trp

B) STREET: Vel perifeg 76

Arg Asp Lys Arg His Leu Thr Thr Leu Val Lys Glu Met Lys Ala

145

Phe Val arg

Ala Val Pro

Gln Ile Ser

195

Ala

210
Gly Gln Glu
225

Val Ser Tyr

Glf-Ile Pro

Asp Val Gly

275

Lys Glu
290

Lys

Gly Ala
305

Lys Gly

Thr Thr

Asn Gln

Glu Ala

165

Ala Gly

-180

Arg His

Txrp Arg

Asp Ala

Met Leu

245

Thr
260

Phe
Ala Pro
Gly Ile

His

Txp
325

150

Gln

Lys

Leu

Gln

Ser

230

Arg

Gly

Ile

Leu

Arg

310

val

Ala

Ile

Asp

215

Ser

Leu

Arg

Ser

Ala

295

Phe

Ala

Gly Thr

Ala Ile
185

Phe Ile
200

Val Gly
Asp Arg
léiy'Ala
Ser Tyr

265

Gly Pro
280

Tyr Tyr
Arg Asp

Tyr Asp

Glu

170

Asp

Ser

His

Phe

Pro

250

Thr

Gly

Glu

Gln

Asp
330

155

Gln Leu Leu

Gly Tyr

Leu Leu Thr

205
Ser Pro
220

His

Ser Asn

235

Ala

Ala Asn Lys

Leu Ala Ser

Ile Pro Gly

285
Ile Cys
300

Asp

Gln
315

Val Pro

Gln Glu Serxr

Leu

Asp

190

Leu

Asp

Leu

Ser

270

Gln

Phe

Tyr

val

Ser

175

Ile

Asp

Phe

Tyx

val

255

Lys

Phe

Leu

Ala

Lys
335

Glu
160
Ala
Ala
Phe
Arg
Ala

240

Met

Thr
His
Thr

320

Asn



(C) Cl TY: Arnhem (E) " COUNTRY: The Net herl ands (F)

POSTAL CODE (ZI P): 6824 BM (G TELEPHONE: 0412 666376 _
(H TELEFW 650592 (1) TELEX: 37503 akpha nPCT/EPS7/01903 )
TITLE OF | I Novel peptides derived from autoantigen for

use in inmmunot herapy of autol mune di seasesss.
3 *-(iv) COWUTER READABLE FORM (A) MEDI UM TYPE: Fl oppy di sk
(B) COWPUTER: | BM PC conpati bl e (C) OPERATI NG SYSTEM
PC- DOS/ Ms- DOS (D) SOFTWARE: Patentln Rel ease #1.0, Version #1.30
( EPO) (2) | NFORVMATION FOR SEQ ID NO 1: (i) SEQUENCE

CHARACTER! STI NDe@Ci E:
oo acid | bYs ala N %TRANDE%:ESS pd;%nglig Bed AL Gly B ﬁ%c?_%;v
(ii) NCLECU%é TYPE: pepti de :

(iii) NUMBER OF SEQUENCES:

|'i near

Ala Leu Asp Leu Asp Asp Phe Arg Gly Thr Phe Cys Gly Gln Asn Leu
355 360 365

Ala Phe Pro Leu Thr Ser Ala Ile Lys Asp Val Leu Ala Glu Val

370 375 380
(2) INFORMATION FOR SEQ ID NO: 3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1152 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
{xi) SEQUENCE DESCRIPTION: SEd ID NO: 3:
ATGGGGCTGA GGGCGQCTCA GACAGGTTTT GTGGTCCTGG TGCTGCTCCA GAGCTGTGCT 60
GCATACAAGC TGATCTGCTA CTACACCAGC TGéTCCCAG;I' ACCGGGAéGG TGATGGGAGC 120
TGCTTCCCAG ACGCCATCGA CCCCTITCCTG TGCACCCATG TCATCTACAG CTTTGCCAAC 180
ATAAGCAACA ATGAGATCGA CACCTGGGAG TGGAATGACG TGACGCTCTA TGACACACTG 240
AACACACTCA AGAACAGGAA CCCCAACCTG AAGACCCTCC TATCTGTTGG AGGATGGAAC 300
TTCGGTTCTC ARAGATTTITC CAAGATAGCT TCCAAGACéC GGAGTCGCAG GACTTTCATC 360
AAGTCGGTGC CACCATTTCT GCGGACCCAf GGCTTTGATG GACTGGACCT AGCATGGCTC 420
TACCCCGGGT GGAGAGACAA GCGGCATCTC ACCACTCTGG TCAAGGAAAT GAAGGCTGAG 480
TTTGTAARGGG AAGCCCAAGC AGGCACAGAG CAGCTTCTGC TCAGTGCAGC AGTACCTGCA 540



(xi) SEQUENCE DESCRI PTION: SEQ ID NO 1: Tyr Lys Leu Val Cys Tyr
5

Tyr Thr Ser Trp Ser An Tyr Arg Qu Ay 1

10 15 WO 97/40149 .

PCT/ EPQ7WP1976#9149 _ ' -23- PCT/EPSTINGQ G y

Ser Cys Phe Pro Asp Ala Leu Asp Arg Phe L_%g?_Q/S Thr Hi's 20

25 30 lle Ile Tyr Phe Ala Asn Ile Ser Asn Asp

35 40 (-2) I NFORVATION FOR SEQ I D NO 2: (1)

SEQUENCE CHARACTERI STI CS: (A) LENGTH 383 ami no acids

(B) TYPE: amino acid (C) STRANDEDNESS: doubl e (D)

TOPOLORYGGAAEKERYe CTATTGACAG AGGCTATGAC ATCGCCCAGA TATCCCGACA CCTGGACTTC 600
ATCAGCCTTT TGACCTATGA CTTTCACGGA GCCTGGCGCC AGACAGTCGG ACACCACAGC 660
CCCCTGTTTC GAGGCCAGGA AGATGCAAGT TCTGACAGAT TCAGTAACGC TGACTACGCT 720
GTGAGCTACA TGCTGAGGCT GGGGGCTCCA GCCAATAAGC TGGTGATGGG TATCCCCACT 780
TTTGGGAGGA GCTACACTCT GGCCTCTTCC AAGACAGATG TGGGAGCCCC CATCTCAGGG 840
CCAGGAATTC CAGGCCAGTT CACCAAGGAG AAAGGGATCC TTGCCTATTA TGAGATCTGT ~ 800
GACTTCCTCC ACGGAGCCAC CACCCACAGA TTCCGTGACC AGCAGGTCCC CTATGCCACC 960

AAGGGCAACC AGTGGGTGGC“ GTATGACGAC CAGGAGAGTG TCAAAAACAA GGCACGGTAC 1020
CTGAAGAACA GGCAGCTGGC TGGCGCCATG GTGTGGGCCC TGGACTTGGA TGACTTCCGG 1080
GGCACCTTCT GTGGGCAGAA CCTGGCCTTT CCTCTCACAA GTGCCATCAA AGATGTGCTT = 1140

GCTGAGGTGT AG 1152



(| [ ) I\/O_ECULE TYPE: SEQJENCE DESCRI PTI ON: SEQ I D NO 2:

1y Lew g A W - %ﬂm -
20

Lys Leu I_W@%{/‘é’ 4?yr Tyr Thr Ser 'Trp Ser

25 -30 Gn Tyr Argagfdu Gy Asp Gly Ser Cys Phe Pro
- Asp Ala Ile Asp Pro 35 45
Phe Leu %i Thr His VaI Ile Tyr Ser Phe Ala Asn lle Ser Asn Asn 50 -
AQu Ile Asp Thr Trp A u Trp Asn Asp Val Thr
Leu Tyr Asp Thr Leu 65 70 75
gg 1.Asn ﬁMelheambﬁsmé%n afififio 46iA sE’di&n&smebxhsbstsEhreahesoT ",kgumgﬁi \éailthG
Ay rp n rne Gy
Ser An Arg Ph&efwnneysld|sb@1mbaY$'d$VC¥§TSWSQYREGDGSCFPDNG)RFLCTHIIYS-
105 5 _ FANISNi)l&EQ IDNO: 1) foruseasa therapeutlca! substance.

2. Use according to claim 1, characterized in that said protein is bovine 39 kDa whey
protein or human YKIL-39 protein.

3. Pharmaceutical composition comprising one or more proteins comprising an amino acid
sequence which exhibits at least 50% homology with the amino acid sequence
10 YKLVCYYTSWSQYREGDGSCFPDALDRFLCTHITYSFANISND (SEQ ID NO: 1),

and a pharmaceutical acceptable carrier.

4. Parmaceutical composition according to claim 3, characterized in that said protein is

bovine 39 kDa whey protein or human YKL-39 protein.

5. Use of the protein comprising an amino acid sequence which exhibits at least 50%
15 homology with the amino acid sequence YKLVCYYTSWSQYREGDGSCFPDALDR-
FLCTHITYSFANISND (SEQ ID NO: 1) for the manufacture of a pharmaceutical
preparaﬁon for the induction of specific T-cell tolerance to the homologous autoantigen

in mammals suffering from T-cell mediated cartilage destruction.

6. Use according to claim 5, characterized in that said protein is bovine 39 kDa whey |
20 protein or human YKIL-39 protein.
7. One or more proteins comprising an amino acid sequence which exhibits at least 50%

homology with the amino acid sequence YKLVCYYTSWSQYREGDGSCFPDALDR-
FLCTHITYSFANISND (SEQ ID NO: 1) for use in a method to induce arthritis in

animals, preferably mice.

25 8. A method according to claim 7, characterized in that said protein is bovine 39 kDa whey

protein or human YKL-39 protein.

9. Animals which suffer from arthritis, whereby said arthritis was induced by the method

according to claim 7 or 8.



WD 97/ 40149 PCT/ EP97/ 01903

- 24- Thrﬁﬂ“‘“H“I“ﬁ“HHmH”m Phe I1e Lys Ser Val Pro Pro Phe Leu

Arg 120 125 Thr Hi's
dy Phe ‘X&?’@'W’Leu Asp Leu Ala Trp Leu Tyr Pro Gy Trp PCI/EPI70393

135 140 Arg Asp L § Arg H s Leu Thr Thr Leu Val Lys
Au Met Lys Ala Qu 145 <% 150 155
160 : Phe Val Arg Gu Ala G n Ala Gy Thr Qu G n Leu Leu Leu Ser Al a
165 170 - 175 .Ala Val Pro Ala Ay Lys

lle Alggle ‘ : : : 0

185 0.1 © Osdof¥ié a%al;%cdgﬁ’l&g #’ ﬁa@h %efPr An I!ﬁ'%sml%%fw&l fugs forthe o,

Leu Thr Tyr wedimeheof arthritis, especially theumatoid arthritis. 200 205
11.  Protein having the amino acid sequence of SEQ ID NO: 2.

12,  Isolated DNA encoding the amino acid sequence according to claim 11.

5 13.  Isolated DNA according to claim 12 having the DNA sequence of SEQ ID NO: 3.



215

Ser .

240
245
Arg
265
Pro
285
290
Phe
315

335

Arg
Ser

Ala Trp Arg Gn Thr Val Ay Hs Hs Ser Pro Leu Phe Arg
Ay An du Asp Ala Ser

220

Ser Asp Arg Phe

SUBSTITUTE SHEET (RULE 26)

AlwoAaRetky" Al a 225 230 PCT/EP97/0190335
Val Ser Tyr Met Leu Arg Leu Gy Ala Pro Ala Asn Lys Leu Val Met
' 250 ‘ 255 Ay lle Pro Thr Phe Ay
"Tyr Thr Leu Ala Ser Ser Lye Thr 260
: 270 Asp Val Ay Ala Pro lle Ser Ay Pro Gy Ile
G n Phe Thr 275 5 280
LysGIu‘LysGIyIIeLeuAIa'I’)/r Tyr Au Ile Cys Asp Phg Leu Hi s
295 300 dy Ala Thr Th Hg Arg
Asp Gn @n Val Pro Tyr Ala Thr 305 - 10
320 Lys Ay Asn Gn Trp Val- Ala Tyr Asgg Asp @ n
Val Lys Asn 325 33
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-25-

Trp 340 345 350 Al a
Leu Asp LewoAds@edsp Phe Arg Gy Thr Phe Cys Ay A n Asn Le '
355 " 360 365 Ala Phe BEBERLIOME,. S
Ala Ile Lys Asp Val Leu Ala G u Val 370 375 -
380 (2) | NFORVATION FOR SEQ I D NO 3: (i) SEQUENCE :
CHARACTERI STI CS: . ~ (A) LENGTH: 1152 base pairs (B) TYPE:
nucl ei ¢ acid (C) STRANDEDNES2/8i ngl e (D) . TOPOLOGY:
i near (ii) MOLECULE TYPE: cDNA (xi) SEQUEN TEbESCRl PTI ON:
SEQ I D NO 3:
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SUBSTITUTE SHEET (RULE 26)

Lys Ala Arg Tyr Leu Lys Asn Arg G n Leu Ala Ay Ala Mt -\-}al




ATGGGEECTGA GGECGEECTCA GACAGGITTT GIGGTCCTGG TGCTGCTCCA GAGCTGIGCT
GCATACAAGC TGATCTGCTA CTACACCAGC TGGICCCAGT ACCGGGAGGG TGATGGGAGC
TCCTTCCCACWEBABHPCGA CCCCTTCCTG TGCACCCATG TCATCTACAG CTTTete/kesr/01903
ATAAGCAACA ATGAGATCGA CACCTGGGAG TGGAATGACG TGACGCTCTA TGACACACTG .
AACACACTCA AGAACAGGAA CCCCAACCTG AAGACCGTGEC TATCTGTTGG AGGATGGAAC
TTCGGTTCTC AAAGATTTTC CAAGATAGCT TCCAAGA! GGAGTCGCAG GACTTTCATC
AAGTCGGTGC CACCATTTCT GCGGACCCAT GGCTTTGATG GACTGGACCT AGCATGGCTC

TACCCCGGEGT GGAGAGACAA GCGGCATCTC ACCACTERTGG TCAAGGAAAT GCCTGAG

WO 97/ 40149
- 26-
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FIG. 1C
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SUBSTITUTE SHEET (RULE 26)

days after sensitization

60
120
180

240

300
360
420
480
540



GCGAAGATTG CTATTGACAG AGGCTATGAC ATCGCCCAGA TATCCCGACA CCTGGACTTC
ATCAGCCTTT TGACCTATGA CTTTCACGGA GCCTGECECC AGACAGICGG ACACCACAGC 660
CCCCT 'G'I'TTC‘W GGA AGATGCAAGT TCTGACAGAT TCAGIAACGC TGA 1903 720
GIGAGCTACA GGGGECTCCA GCCAATAAGC TGGTGATGEG TAT 780
TTTGGGAGGA GCTACACTCT GGCCTCTTCC AAGACAGATG TGGEGAGCCCC CATCTCAGGEG © 840
CCAGGAATTC CAGGCCAGTT CACCAAGGAG AAAGGGATCC TTGCCTATTA TGAGATCTGT © 900
GACTTCCTCC ACGGAGCCAC CACCCACAGA TTCCGIGACC AGCAGGTCCC CTATGCCACC 960
AAGGGCAACC AGTGGEGTGEC GTATGACGAC: CAGGA TCAAAAACAA GGCA 1020

CTGAAGAACA GGCAGCTGGEC TGGECGCCATG GIGIGEECCC TGGACTTGAA TGACTT 1080

GCCACCTTCT GTGGEGCAGAA CCTGGECCTTT CCTCTCACAA GTGCCATCAA AGATGT o1140

GCTGAGGTGT AG ™ 1152

25

tolerized

20

Arthritis score hind paw
days after sensitization

FIG. 1D:

-s- humber of animals afflicted
&
15

—e— arthritic score

30
25 |
20
15
10

5

0

SUBSTITUTE SHEET (RULE 26)



WD 97/ 40149
-27-

: 1.
exhi bits at W@4%d01490,
YKLVCYYTSWEQYRECDGSCFPDALDRFLCTHI | YS- 58§78
for use as a therapeutical

protein or human YKL-39 protein. 3.
conpri sing one or
sequence whi ch exhibits at
10 YKLVCYYTSWEQYREGDGSCFPDAL DRELCH-
and a pharnmaceuti cal

the protein conprising an amno acid seg¥ience
15 honol ogy with the amg® aci ¢

YKLVCYYTSWEQYREGDGSCFPDAL DR-

for the manufacture of a pharnmaceuti cal

i nduction of specific T-cell

honol ogy with

6.  Use according to claimb5,
bovi ne 39 kDa whey 20

at | east 50%
YKLVCYYTSWEQY!
for use in a

preferably mc&

25

PCT/ EP97/ 01903

Protein conprising an am no aci d sequence which

t he am no a®CI/EPSTOI0S €
FANI'SND (SEQ ID NO 1)

subst goce. : sUse accqrdingfo claim
1, characterized in that said profein is bovine 39 kDo eyJ ~
Phar mac&t®cgl cenposition
nore proteins conprisi Ng~a@._am Tesaci dy &
| east 50% honol ogy W t he™ag mhac d sequence
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SFANI SND{(SEQ | D NO. 1)
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(57) Abstract

The present invention relates to the use of antoantigen HC gp-39, and proteins comprising an amino acid sequence which
exhibits at least 50 % homology with the amino acid sequence of HC gp-39, more particular with the amino acid sequence
YKLVCYYTSWSQYREGDGSCFPDA[DR-FLC’I‘HHYSFANISND (SEQ ID NO:I) in antigen-specific treatment of articular cartilage
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YKLVCYYTSWSQYREGDGSCFPDALDR-FLCI‘!HIYSFANISND (SEQ ID NO:1) are also suitable to induce arthritis in animals,
preferably mice. The invention furthermore relates to pharmaceutical compositions comprising said autoantigen and/or said asthritogenic
proteins, a diagnostic method for the detection of autoreactive T cells in a test sample and test kits to be used in said method.




