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identification of the autoantigenic. conponents that play a role in the
onset' of rheumatoid arthritis has so far remained el usi vell Béeftber 2002
inflammatory response resulting in the destruction of the cartilage can be
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11 Decenber 2002 G The peptides according to the invention can be prepared
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30 According to the invention, patients suffering fromT-cell nediated
destruction of the articular cartilage can be treated w tlH RecelnbeaP@O2 i cal
conposition conprising one or nore peptides according to the invention and
a pharmaceutical acceptable carrier. Adm nistration of the pharnmaceuti cal
conposition according to the invention will induce system c imunol ogi cal
tol erance, in particular tolerance of the Specific 11 Decenber 2002 s _
autoreactive T cells of these patients, to the autoantigenic proteins in

the articul ar g un tta ngd oj her self .antigens i ch display
the identifi edoplq-ll& J(B?‘ggg ﬁhgl%gqrga’% n‘gslé‘iﬂcgqu % wzgtiodlegf cﬂﬁ?%ﬁ&gfﬁéﬁ%r wi

m cl(;gad by rehesivityi moHﬁpgg-39_?_(ﬁﬂm&g)s YSI&LGB?F(M-ZTB) e; aheit hlniln[ifﬂm '(t;;iie@es in
according t inventiaon. .The induced tol erance thus wi ead s to a
reduction o?rh%ﬂgatf)@c hnl"ﬁipfué?ﬂ%t ory response in the articular cartil age

under attack_ Very suitable peptides to be used in a pharnmaceuti cal
conposition according to the invention are the peptides conprising the

YKL- 39 (268-276): - 6 , ' ] - p t
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intact as combadrefhofe of MRe NANRP AEId" béquehden ERSAYLRET f@EQ 9D NO: 1). More
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i nvent i dR wisP§cificalliag Reptifle acsordingite the Inyprtionsgompsises ﬁSFﬂ"Lééé\P?T.T\é?sQS@Q c
i mrunol ogi c@b NOI ®rance can be attained by administering high or |ow doses
of peptides according to the invention. The anmpbunt of peptide will depend

on the route ofAlsdwithinsthe atoperof théénviehtidh Bfe rAgltimeisSif thk ipepiiddsh@catigndto t he
neral health conditions

pati ent as ] as. 20 diet. In general, a
Gosage of o G1RYENESCUE 35 B CHRET A<TBEF ok BT He PgRUdeSREPERSh 1 s 0s
tg 500 pgi_ nmeetnmr.etfmuh}mqr ddcdkding td the imnidlbn Eﬂpéilhdfb&ﬁlgmh&mﬂﬁ_Q:ldflsigtil_lg oft )
Phar nac [ e carriers are we noWN .those skilled in the
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recurrent relapses, reminiscent of disease progression in arthritis, especially RA.

30 It was surprisingly found that the YKI.-39 266-278 peptide was effective as a
tolerogen. It will be clear to those skilled in the art that the peptides may be extended at
either side of the p-eptide or at both sides and still exert the same immunological
function. The extended part may be an amino acid sequence similar to the natural
sequence of the protein YKL-39.



met hod. Thus, the peptides according to the invention are also ve

suitable for use in a diagnostic nmethod to detect the prélsa?@@nbﬁﬂ%ggl vat ed
autoreactive T cells involved in the chronic inflammation and destruction
of the articular cartilage. The diagnostic nethod according to the

I nvention conprises the following steps: ~ s a) isolation of the peripheral
bl ood nmononucl ear cells (PBMC) from a bl ood sanpl e of an individual, b)
culture said PBMC under suitable conditions, c) incubation of said PBMC
culture in the presence of one or nore peptides according to the invention,

and 20 d) deteChé Qiépﬁﬂesaadceﬁﬁﬁ)g”‘w tf inbefigdd 8an b 'prépareivbe \@unm‘wﬁ Bfgahicve

response, | n i catin the resence of activated a toreac Ive gel s 1n the

i ndi vi dual . chemifial RAPtige ygthesis  sHopyas: ¢ 5666@8 Epfsolid-p @qespaahiebe
detected by syrftﬁb"snse&@diﬁﬁb&i f&mﬁ]stdi».@@wqr atman cqfenﬁ Fsdchwztﬂmqwa%l) SdWrthy.n

the scope o% t he nveni{ are test kits whic nprise one or nore 2s
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specific ctivatio ri donmas is
egpr essed a ?‘lfl %’p"d&glﬂé‘ﬁﬁ%‘g l}lﬁpgapéy ef%%\?ﬁ{r%“ el%\ﬂ? {)ggn wi th HC gp- 39
(263-275) or YKL-39 (266-278) t o Balb/c mce were tolerized by intranasal
application of 50, 10 or 2 mcrogramof HC gp-39 (263-275) or YKL-39

(266-278) ol | st iiel IIYRLATALRRY M) B30 RO R AR cas R by ©

pretreated wt I'ne or Wer e were I nc
controls. idecRasmeNopsptidase catalysed hydrolysis. The modlﬁcatxons may include: C-terminal
15 acylation, (e.g. acetylation = Ac-peptide), N-terminal amide introduction, (e.g. peptide-
NH,) combinations of acylation and amide introduction (e.g. Ac-peptide-NH,) and
introduction of D-amino acids instead of L-amino acids (Powell et al., J. Pharm. Sci.,
81:731-735, 1992).

Other modifications are focussed on the prevention of hydrolysis by

20  endopeptidases. Examples of these modifications are: introduction of D-amino acids

instead of L-amino acids, modified amino acids, cyclisation within the peptide,

introduction of modified peptide bonds, e.g. reduced peptide bonds y[CH,NH] and e.g.

peptoids (N-alkylated glycine derivatives) (Adang et al, Recl. Trav. Chim. Pa)-zé'-Bas,
113:63-78, 1994 and Simon et al, Proc. Natl. Acad. Sci. USA, 89:9367-9371, 1992).

25

The peptides according to the invention are T-cell epitopes, which are recognized
by and are able to stimulate autoreactive T-cells. These autoreactive T cells may be
found e.g. in the blood of patients suffering from autoimmune diseases.

Thus, according to the invention the peptides, said peptides resembling the MHC

30 Class II restricted T-cell epitopes present on the target autoantigen comprising the
peptide of SEQ ID NO:1 or SEQ ID NO:2, are very suitable for use in a therapy to
induce specific T-cell tolerance to said autoantigen in mammals, more specifically
humans, suffering from T-cell mediated cartilage destruction, such as for example
arthritis, more specifically rheumatoid arthritis. Optionally such a treatment can be



Exanple 1 Alignnment of sequences The human chondrocyte protein, YKL-39
shares significant sequence identity with HC gp-39 (YKL- thecmlaﬁrﬁQQ?-
honol ogue of HC gp-39 is secreted by human 20 nacrophages and is terned
chitotriosidase (Boot et al., 1995). The sequences corresponding to
RSFTLASSETGVG (HC gp-39 (263-275), SEQ ID NO:3) were identified as
HSFTLASAETTVG wi thin the YKL-39 protein (266-278) and as RSFTLASSSDTRVG-
(SEQ I D NO: 4) vvi t hi n macr ophage chitotri osi dase (269-282) respectively

(Table 1 ). gg@ cont ai.ns the DRB.1 *0401 ﬁ)e i.de b| nd| ng 2s
motif whi ch SR S}’ed’g@dmﬁ%ﬁ’“%? FrgRedigamentseue @E WPLssase
proteins. | N@@iﬁlhgs%tftlhﬁeuﬂﬂm39)x€1§§6e §78s)ulfaﬁn&zme ﬂ@ﬁﬁ:aﬂﬁhlscmu&b@mhbl S
notif. All )@t i de Were ynt hewbiﬁe 1]1) %@&nber 2002 Tabl e i.gnment
of the HC gS‘ 5”‘(3'5 se‘é}lfé wet h aF r cEISHREFIRICr € |R9H‘°¥ R¢:- 39
and rracrophaaahiapnhet EyISSpBaRE rhg‘easgrhaﬂolaﬁ $-NRIAIGE @on sEraidhl mnmm%ﬁ@o@m H
SFTLAS 269- 282 R S.F,T
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wer e test ed abtimhivndipageritie DRB 1 *0401 encoded mol ecul es. HLA-DR4 (DRB 1
*0401 ) nolecules were purified fromthe honbzygous EBV-transfornmed human B
| ynmphobl astoid cell lines Hulyl38I C2 and the conpetition peptide HLA-DR

bi ndi ng assay was performed basically as described by Verheijden et al.,
1997. The affi fMiheyeplidas apcomimgpepthe devention bitmaiiscngeDRB to modiddte mepicbeydtes
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comprising the peptide according to the invention. Such patients may suffer from
diseases like Graves’ diseases, juvenile arthritis, primary glomerulonephritis,

20  osteoarthritis, Sjogren’s syndrome, myasthenia gravis, rheumatoid arthritis, Addison’s
disease, primary biliary sclerosis, uveitis, systemic lupus erythematosis, inflammatory
bowel disease, multiple sclerosis or diabetes. The peptides according to the present
invention therefore can be used in the preparation of a pharmaceutical to induce
tolerance in patients suffering from these diseases.

25 Treatment of autoimmune disorders with the peptides according to the invention
makes use of the fact that bystander suppression is induced to unrelated but co-localized
antigens. The regulatory cells secrete in an antigen specific fashion pleiotropic proteins
such as cytokines which may downmodulate the immune response.

30 According to the invention, patients suffering from T-cell mediated destruction of
the articular cartilage can be treated with a therapeutical composition comprising one or
more peptides according to the invention and a pharmaceutical acceptable carrier.
Administration of the pharmaceutical composition according to the invention will
induce systemic immunological tolerance, in particular tolerance of the specific



Exanpl e 3 Stinulation T-cell hybridomas Hybridomas speci f| c for HC 85)
(263-275) were tested for recognition of the correspondl

test the cross reactivity of the 3 different, HC gp-39- speC|f|c hybrldona
cell s lines with the YKL-39 or the chitotriosi dase peptide, 5 x 104

hybri doma cells and 2 x 10S irradiated (12(%00 RAD), EBV-transfornmed B cells
carrying the DRB1*0401 specificity were incubated in 150 p.l volunes in-
wel I s of a round-bottoned microtiter plate. Peptide antigen (HC gp-39
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utilized by three different hybridoma$ do t s not discrimnate between HC
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a 24 well plate in a concentration of 5 x 105 cells per m. Cells were
incubated i n nite peptadesaeconding ro theenyenase hoe thé advantage that theghave pepcifite
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150 p, 1 vol systan dritactensi apmpaees! tditbe nphepeeific isupptessiot dffeet wﬁemrsumﬁumarwmel I
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[ 3H] t hym di ne £ ater cor porated radioactivity was
measur etf. Feide fgctasnléhmm intable 3 are expressed as stinulation indices
(SI) (antigen-specific counts/background counts) 34 From Table 3a it can be
concluded that the YICL-39 (266-278) epitope is readily recognized in RA
patients. Table 3b jndicates that recognition of YKL-39 (266-278)) by 11
Decenber 2002 Swstepprinupunplegieal talerance £ap dsjattaigad §y adoupistenye bvgfsopdoy angd

HC gp- 39 angbstsibf Eaftmeg Gcdobdihg i ERUAVANtiBA. m‘e a}%una 7@6‘1@: &m)iep&udgﬁﬂ%al Iy
nore pronounced (%f s Table

n.recognition of |j§ g é
Recogni ti orfoyte pha mw*ﬂraggn@seﬂ@? BilpigigRtio r%pﬁﬁefﬁa&% \yﬁllsas
Donor  tyopi ngenétal bkalfiDcdaditivns 2fd digt. m
242-0. 2NR04041 153<2337-0. 2R0401/ 021958338- 0. 1NR03/ | 4<2<2454- 0R0401/ 99456- OR

ND154457- ONRNCHZgenéial - DiRNBEL RGO ORNIBOR2 5l 6ChephiliNg3 &2 body weight, preferably
0.05 to 500 pg, more preferably 0.1 to 100 pg of peptide can be used.

r

Pharmaceutical acceptable carriers are well known to those skilled in the art and

include, for example, sterile saline, lactose, sucrose, calcium phosphate, gelatin, dextrin,

25  agar, pectin, peanut oil, olive oil, sesame oil and water. Other carriers may be, for
example MHC class II molecules, if desired embedded in liposomes.

In addition the pharmaceutical composition according to the invention may
comprise one or more adjuvants. Suitable adjuvants include, amongst others, aluminium
hydroxide, aluminium phosphate, amphigen, tocophenols, monophosphenyl lipid A,

30  muramyl dipeptide and saponins such as Quill A. Preferably, the adjuvants to be used in
the tolerance -therapy according to the invention are mucosal adjuvants such as the
cholera toxine B-subunit or carbomers, which bind to the mucosal epithelium. The
amount of adjuvant depends on the nature of the adjuvant itself.



SI = antigen-specif c¢ countslbackground counts. SI ? S are regarded
positive R = responder, NR = non-responder |, 11 Decenbét Deogipber2093b| e
3b. Recognition of YKL-39 (266-278) coincides with recognition of HC
gp39(263-27S) and HC gp-39 protein. Donor R/'N YKL-39(266-278) HC
gp-39(263-27S) HC gp-39 SI SI SI SI SI SI pg/m 10 50 10 50 10 50 169 R 27
32 10 27 24 44 45S R 20 35S 1 1S 4S9S 447 NR1 21111327 R6 S3S12
19 SI = antigen-specific counts/background counts. SI > 5 are regarded
positive. R = responder, NR = non-responder. NT = not tested. Donor 447
responds to Tet Entthermorei the sphanmacetienl ceommosition naccordingnip eths inyewtiom dnay
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was found tophfrersiike GikaMse ¢ I{bsfzaﬁ'ﬁeé. nduction of a DTH response foll ow ng
chal l enge with the HC gp- 63-275) peptide. This peptide-based DTH

system was UsedSﬁx@aUl'@ta%ﬁﬁm'ﬁi?Mxﬁtrbtﬁ& Qfe tehe 1%%ﬁ%lwnﬁﬁedﬁbn@a§lﬁicutaneous
application of HC gp-39 (263-275) peptide. . It was found tﬂ nasal

appl i cati on BYeqtieny jnsayepousinisotions p, ingraperilener SACHORE: AfghAdminstration and

downnmodul at eflasalh@intibistRiAPsucRRS spraps. 275) - i nduced DTH response. Nasal
application of YKL-39 (266-278), however, resulted in a nore enhanced
downnodul ati on of the DTH response, indicating that YKL-39 (266-278) can
efficiently tolerize a peptide-specific response induced with HC gp-39
(263-27S) ( Tabl B islanofhey ubjec2af, the ifventionltd pEami:dimtJmethB@(ﬁ& degecliap awtoseactive T
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chal | enge toleran
method. Thus, the peptides according to the invention are also very suitable for use in a

diagnostic method to detect the presence of activated autoreactive T cells involved in the

chronic inflammation and destruction of the articular cartilage.
The diégnostic method according to the invention comprises the following steps:

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

b) culture said PBMC under suitable conditions,

¢) incubation of said PBMC culiture in the presence of one or more peptides
according to the invention, and

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

the presence of activated autoreactive T cells in the individual.
The detection of a proliferative response of T cells can be detected by, for example,
the incorporation of 3H-thymidine.

Also within the scope of the invention are test kits which comprise one or more
25 peptides according to the invention. These test kits are suitable for use in a diagnostic

method according to the invention.

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

interpreted as limiting the scope of the invention.

30



none HC gp-39 (263-275) HC gp-39 (263-275) no saline HCgi - 39 26%- 7S) HC
gp-39 (263-275) no HC gp-39 (263-275) HC gp-39 (263-275) 1HeecsEbssZ)Be3. 279
yes YKL-39 (266-278) HC gp-39 (263-275) HC gp-39 (263-275) yes 11
Decenber 2002 16 Clains 1. Peptide having an am no aci d sequence of 9-55
am no acid residues conprising the am no acid sequence FTLASAETT (SEQ I D
NG 1). s 2. Peptide according to claim1l ggnprising the amno acid sequence
HSFTLASAETTVG (SEQ I D NO: 2). 3. Peptide according to claim1l or 2 having an
am no acid sequence of up to 25 amino acid residues. 4. Peptide according
toclaim1l or 2 having the amno acid sequence FTLASAETT to (SEQ ID NO 1)
or HSFTLASAETTMé‘géﬁE@tthN(ﬁgﬁre§. Pepti des according to any of the clains
1-4 for use as a therapeutical substance. 6. Pharitiaceutical conposition
conpri si ng one,_or re of the peptides according to clains 1-4, and a

phar maceut i cal Figik&bt abl e carrier. 7. Use of one or nore of the peptides
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Examples

Example 1 Alignment of sequences
The human chondrocyte protein, YKL-39 shares significant sequence identity with
HC gp-39 (YKL-40). Another homologue of HC gp-39 is secreted by human
20  macrophages and is termed chitotriosidase (Boot et al., 1995). The sequences
comresponding to RSFTLASSETGVG (HC gp-39 (263-275), SEQ ID NO:3) were
identified as HSFTLASAETTVG within the YKL-39 protein (266-278) and as
RSFTLASSSDTRVG (SEQ ID NO:4) within macrophage chitotriosidase (269-282)
respectively (Table 1). Chi (269-282) contains the HLA-DRB1*0401 peptide binding
25 motif which was previously used for selection of T-cell epitopes within proteins. In
contrast, the YKL-39 (266-278) peptide does not contain this motif. All peptides were
synthesized.
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Example 2 Binding of peptides to HLA-DRB1*0401
The peptides from example 1 were tested for binding the DRB1*0401-encoded
5 molecules. HLA-DR4 (DRB1*0401) molecules were purified from the homozygous
EBV-transformed human B lymphoblastoid cell lines Huly138IC2 and the competition
peptide HLA-DR binding assay was performed basically as described by Verheijden et
al., 1997. The affinity of a given peptide for binding DRB1*0401-encoded molecules
was related to competition with a marker peptide. This relative binding affinity was
10 defined as the peptide concentration at which the signal was reduced to 50% (IC50). The
HA-F peptide is a positive control (Hemagglutinin 307-319; PKFVKQNTLKLAT; at
position 309 Y is substituted by F; SEQ ID NO:5). The peptide is known to have a high
affinity for DRB1*0401 molecules.

As expected, the Chi(269-282) peptide was found to bind with high affintiy to

15 DRB1*0401 (see table 2). The YKL-39 (266-278) peptide, which does not

accommodate the effective DRB1*0401 peptide binding motif, bound with very hlgh
affinity to DR4 (B1*0401).

Table 2 Peptide binding to HLA-DRB1*0401-encoded molecules

1C50 values
peptide batch Exp. A Exp.B Exp. C
YK139(262-274) KV0431A |0.006 0.005 ND
YKL39(266-278) KV432B 0.035 0.032 0.12
HCgp39(263-275) CVR271B |ND 0.008 0.038
Chi(269-282) ' CC0332B {0.053 0.11 0.16
HA-F AE0690A | 0.20 0.14 0.20

20 ND = not determined
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To test the cross reactivity of the 3 different, HC gp-39-specific hybridoma cell

5 lines with the YKL-39 or the chitotriosidase peptide, 5 x 10* hybridoma cells and 2 x 10°

irradiated (12000 RAD), EBV-transformed B cells carrying the DRB1*0401 specificity

were incubated in 150 pl volumes in wells of a round-bottomed microtiter plate. Peptide

antigen (HC gp-39 (263-275), YKL-39 (266-278), chitotriosidase (269-282) or a control

peptide) was added in 50 pl volumes to duplicate wells. Forty-eight hr later 100 pl of

10 the culture supematant was assayed for IL-2 production using a sandwich ELISA with
Pharmingen antibodies specific for mouse IL-2.

It was found that the synthetic peptide YKL-39 (266-278) generated a response

similar to HC gp-39 (263-275) whereas the Chi (269-282) did not generate a response.

The data suggest that the three different TCRs utilized by three different hybridomas do

15 not discriminate between HC gp-39 (263-275) or YKL-39 (268-278) when presented by

DRB1*0401-encoded molecules (Figure 1a, b, ¢) but do discriminate between HC gp-39

(263-275) and Chi (269-282). The data indicate that YKL-39 (266-278) is a mimicry
epitope of HC gp-39 (263-275). (Fig 1a,b,c)

Example 4 Recognition of YKL-39 (266-278) by PBMC

20 Peripheral blood mononuclear cells (PBMC) were isolated from heparinized
peripheral blood by standard centrifugation on Ficoll-Paque (Pharmacia, Uppsala,
Sweden). Cells were suspended in wells of a 24 well plate in a concentration of 5 x 10°
cells per ml. Cells were incubated in medium alone or in the presence of 10 or 50 pg/ml
peptide antigen (YKL-39 (266-278)). Cultures were incubated for 6 days at 37 °C in a

25 humidified atmosphere of 5% CO2. Cells were then suspended and 100 or 150 ul
volumes of medium was distributed in 4-fold in wells of a 96-well roundbottomed plate.
Celis were then pulsed with 0.5 pCi (1.85 x 10*Bq) [3H]thymidine ((3H]TdR) and 18 hr
later incorporated radioactivity was measured. Resuits as shown in table 3 are expressed
as stimulation indices (SI) (antigen-specific counts/background counts)

30

From Table 3a it can be concluded that the YKL-39 (266-278) epitope is readily
recognized in RA patients. Table 3b indicates that recognition of YKL-39 (266-278)) by
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patients.
Donor typing SI SI

10 pg/mi 50 pg/ml

242-0.2 NR 0404/15 3 <2
337-0.2 R 0401/02 19 58
338-0.1 NR 03/14 <2 <2
454-0 R 0401/ 9 9

456-0 R ND 15 4

457-0 NR ND <2 <2
458-0 R ND 4 27
459-0 R ND <2 25
460-0 NR ND 3 <2

SI = antigen-specific counts/background counts. SI > 5 are regarded positive R =

responder, NR = non-responder
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Table 3b. Recognition of YKL-39 (266-278) coincides with recognition of HC gp-
39(263-275) and HC gp-39 protein.

Donor R/N  YKL-39(266-278) HC gp-39(263-275)  HC gp-39

SI SI SI SI SI SI

pg/mt 10 50 10 50 10 50

169 R 27 32 10 27 24 44

455 R 20 35 1 15 45 95
447 NR 1 2 1 1 1 1

327 R 6 5 3 5 12 19

SI = antigen-specific counts/background counts. SI > 5 are regarded positive. R =
responder, NR = non-responder. NT = not tested. Donor 447 responds to Tetanus toxoid
5 and Candida Albicans.

Example 5 Tolerance induction
A HC gp-39 (263-275)-specific DTH assay suitable to monitor tolerance induction
with peptide antigens was developed. Immunisation of Balb/c mice with HC gp-39
10 (263-275) in incomplete Freunds adjuvant (IFA) was found to be effective in the
induction of a DTH response following challenge with the HC gp-39 (263-275) peptide.
This peptide-based DTH system was used to detect modulation of the DTH respons;e by
nasal application of HC gp-39 (263-275) peptide. It was found that nasal application of
HC gp-39 (263-275), in a dose-dependent manner, downmodulated the HC gp-39 (263-
15 275)-induced DTH response. Nasal application of YKL-39 (266-278), however, resuited
in a more enhanced downmodulation of the DTH response, indicating that YKL-39
(266-278) can efficiently tolerize a peptide-specific response induced with HC gp-39
(263-275) (Table 4, Figure 2a,b,c).
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the amino acid sequence FTLASAETT (SEQ ID NO:1).
5 2.  Peptide according to claim 1 comprising the amino acid sequence
HSFTLASAETTVG (SEQ ID NO:2).
3.  Peptide according to claim | or 2 having an amino acid sequence of up to 25
amino acid residues.
4.  Peptide according to claim 1 or 2 having the amino acid sequence FTLASAETT
10 (SEQ ID NO:1) or HSFTLASAETTVG (SEQ ID NO:2).
5. Peptides according to any of the claims 1-4 for use as a therapeutical substance.
6.  Pharmaceutical composition comprising one or more of the peptides according to
claims 1-4, and a pharmaceutical acceptable carrier.
7. Use of one or more of the peptides according to claims 1-4 for the manufacture of
15 a pharmaceutical preparation for the induction of specific T-cell tolerance to an
autoantigen in patients suffering from autoimmune disorders, more specifically
arthritis.
8.  Diagnostic composition comprising one or more of the peptides according to any

of the claims 1-4 and a detection agent.
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