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Introduction

We have recently described a novel arthritis model in the Balb/c mouse with mild
and chronic features (Verheijden et al., 1997). Arthritis was induced by injection of a
cartilage-derived antigen, Human Cartilage glycoprotein-39 (HC gp-39), mixed in
Incomplete Freunds Adjuvant (IFA). A single injection of protein in female Balb/c
mice, induced clinical signs of arthritis first observed in forepaws and a few days
later in hind paws. Arthritis activity was followed for 250 days and was characterized
by regular peaks of clinical disease. The incidence of HC gp-39-induced disease was
100%. Very often a symmetrical distribution of afflicted joints was observed. Thus,
HC gp-39 mixed in adjuvant can trigger a chronic, pathological response resembling
RA. Moreover, inhalation of HC gp-39 led to tolerization of antigen-specific T-cells,
as assessed in a DTH assay, and more importantly to suppression of HC gp-39-
induced arthritis. The data suggest that HC gp-39 may be a relevant autoantigen for
immunotherapy of RA. For efficient downmodulation of the autoantigen-specific,
pathogenic response in genetically susceptible humans, the identification of T-cell
epitopes is required. Preferably, T-cell epitopes to be used for tolerization should be
disease-related, MHC class binding (with high affinity for the RA-associated DR
molecules), dominantly selected, and naturally processed by APC.

HC gp-39 autoantigen expression in RA

Regardless of what may trigger the autoimmune process in RA, clinical evidence
supports the notion that chronic inflammation is sustained by the mere presence of
articular cartilage (Laskin, 1990, Panayi, 1993). Proteins differentially expressed at
the site of chronic inflammation may, therefore, be involved in RA pathogenesis. HC
gp-39 mRNA is detected in synovial or cartilage specimens from RA patients but not
in normal articular cartilage obtained at surgery (Hakala et al., 1993). We reasoned
that altered expression of HC gp-39 would be associated with the outgrowth of
specific T cells in RA patients and might be responsible for maintaining chronic
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inflammation. Thus, epitopes of HC gp-39 could be involved in sustaining the chronic
inflammatory response.

DR4 (B1*0401)-restricted T-cell epitopes of HC gp-39

The strategy followed for identification of relevant autoepitopes within HC gp-39
was based on the assumption that the DR4 or DR1 molecules predispose to RA
(Gao et al., 1990) at two levels. Firstly, by shaping the T cell repertoire and secondly,
by determinant selection. The shared epitope found among the RA-associated DR
molecules might be involved in selection of similar sets of peptides for presentation
to T cells (Gregerson et al., 1987). Putative binding sequences within the primary
structure of HC gp-39 were identified by use of a DR4 (DRB1*0401) peptide binding
motif (Verheijden et al, 1997). HC gp-39, a protein of 362 aa, excluding the signal
sequence (Niyrkos & Golds, 1990), contains six regions accommodating this motif.
Since most MHC class II-restricted T-cell epitopes comprise 9-13 aa, we chose to
synthesize peptides with a minimal length of 13 aa. Four peptides thus selected were
synthesized and tested for binding the RA-associated DR1 and DR4 (DRB1*0401)
variants. All motif-based peptides, spanning residues 103-116, 259-271, 263-275
and 326-338 of HC gp-39, were found to bind with high relative affinity to DR4
(DRB1*0401) molecules. The same peptides bound with good or high (263-275)
relative affinity to DR1 (DRB*0101).

Subsequently, we examined recognition of these peptides by peripheral blood
T cells from RA patients and healthy donors (all positive for the RA-associated
DR molecules). Three motif-based peptides, 103-116, 263-275 and 326-338, were
preferentially recognized by PBMC from RA patients, thereby suggesting a higher
frequency of HC gp-39-specific T cells in RA. To characterize the T-cell response
to HC gp-39 at the level of MHC restriction, a T-cell clone (H243) was generated
following stimulation of PBMC with the 263-275 peptide. Recognition of the 263-
275 peptide by this clone was found to be DR4 (B1*0401)-restricted, thereby under-
scoring the value of the motif used (Verheijden et al., 1997).

Epitope selection and relative dominance in DRB1*0401 transgenic mice

The identification of T-cell epitopes within HC gp-39 was aided by the use of a DR4
(DRB1*0401) peptide binding motif. To test whether these epitopes are naturally
selected in vivo, we investigated the frequency of recognition of HC gp-39 epitopes
in DRB1*0401 (RA-associated DR molecule) transgenic mice (Fugger et al., 1994;
Cope et al., 1998). The data show that upon immunization of 0401 transgenic
mice with HC gp-39, T-cell hybridomas generated from popliteal lymph node cells
were found to respond dominantly, but not exclusively, to the 3 motif-selected,
HC gp-39 epitopes (103-116, 263-275 and 326-338) previously defined. These obser-
vations are fully in agreement with the notion that the motif-selected epitopes can
be naturally selected, processed and presented by APC in vivo. Further analysis of
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the HC gp-39-specific response at the cytokine level in these mice was indicative of
a Thl-type of response.

Is DRB1*0401-restricted recognition of HC gp-39 associated with an inflamma-
tory type of response in man?

Antigen-specific stimulation of clone H243 reactive to HC gp-39 (263-275) resulted
in secretion of high amounts of IFNy as opposed to IL-4 (Verheijden et al., 1997).
The cytokine production profile of the H243 clone is thus characteristic of a Th1-like
function. We next investigated whether the polyclonal response to HC gp-39 was
associated with an inflammatory type of response in DRB1*0401-positive individu-
als. For this purpose an Elispot assay for detection of antigen-specific IFNy and
IL-4 production by PBMC from DRB1*0401-positive individuals was employed.
Our preliminary data show that stimulation of PBMC with HC gp-39 favours a Thl
type of response which could be of relevance to RA pathogenesis (Miltenburg et al.,
1992; Quayle et al, 1993; Simon et al, 1994).

In conclusion, our data indicate that there is a higher frequency of HC gp-39 reactive
T cells in DRB1*0401-positive RA patients when compared to DRB1*0401-matched
healthy controls. In addition, preliminary data show that the response to HC gp-39
in DRB1*0401-positive individuals is associated with the production of proinflam-
matory mediators, thereby suggesting that HC gp-39 recognition may be involved
in perpetuation of the chronic inflammatory process as seen in RA. Consequently,
HC gp-39 is a prime candidate for antigen-specific immunotherapy of RA.

Acknowledgements

We thank Filip deKeyser and Eric Veys (Rheumatology, University Hospital, Ghent,
Belgium) for their contribution to the work described above. We are indebted to
I. Joosten and H. Tijssen from the Transplant Serology Laboratory, University Hos-
pital, Nijmegen, The Netherlands for HLA-DR typing of blood samples. We further
acknowledge the contribution of Peter Steenbakkers, Lilian Engels, Leontien den
Hoed and Katja van Staveren (NV Organon, Oss, The Netherlands).

References

1. Verheijden, G.F., A.W. Rijnders, E. Bos, C.J. Coenen de Roo, C.J. van Staveren, A.M.M. Miltenburg,
J.H. Meijerink, D. Elewaut, F. de Keyser, E. Veys and A.M.H. Boots, 1997. Human cartilage gp-39
is a candidate autoantigen in rheumatoid arthritis. Arthritis and Rheum 40, 1115-1125.

2. Laskin, R.S., 1990. Total condylar knee replacement in patients who have rheumatoid arthritis.
J Bone Joint Surgery (Am) 72:529-535.

3. Panayi, G.S., 1993. The second international symposium on the immunotherapy of rheumatic dis-
eases: concepts and an overview. Clin Exp Rheumatol 11: (suppl. 8) S1-S3.

4. Hakala, B.E., C. White and A. Recklies, 1993. Human cartilage gp-39, a major secretory product
of articular chondrocytes and synovial cells, is a mamalian member of a chitinase protein family.
J Biol Chem 268: 25803-25810.

A.M.H. Boots et al. 95



10.

11.

12.

. Gao, X., N.J. Olsen, T. Pincus and P. Stastny, 1990. HLA-DR alleles with naturally occurring

amino acid substitutions and risk for development of rheumatoid arthritis. Arthritis Rheum 33:939-
946.

. Gregerson, P.K., J. Silver and R.J. Winchester, 1987. The shared epitope hypothesis. An approach

to understanding the molecular genetics of susceptibilty to rheumatoid arthritis. Arthritis Rheum
30:1205-1213.

. Nyirkos, P. and E.E. Golds, 1990. Human synovial cells secrete a 39 kDa protein similar to a

bovine mammary protein expressed during the non-lactating period. J Biochem 268:265-268.

. Fugger, L., S.A. Michie, I. Rulifson, C.B. Lock and G. Sgnderstrup-McDevitt, 1994. Expression of

HLA-DR4 and human CD4 transgenens in mice determines the variable region B-chain T-cell
repertoire and mediates an HLA-DR-restricted immune response. Proc. Natl. Acad. Sci. USA 91,
6151-6155.

. Cope, A.P., S.D. Patel, F. Hall, M. Congia, H. Hubers, G.F. Verheijden, A.M.H. Boots, A.W.M. Rijn-

ders and G. Se¢nderstrup-McDevitt, 1998. A molecular basis for susceptibility to rheumatoid arthritis.
(submitted).

Miltenburg, A.M., J.M. van Laar, R. de Kuiper, M.R. Daha and F.C. Breedveld, 1992. T cells
cloned from human rheumatoid synovial membrane functionally represent the Thl subset. Scand J
Immunol 35:603-610.

Quayle, A.J., P. Chomarat, P. Miossec, J. Kjeldsen-Kragh, O. Forre and J.B. Natvig, 1993. Rheuma-
toid inflammatory T-cell clones express mostly Thl but also Th2 and mixed (ThO-like) cytokine
patterns. Scand J Immunol 38:75-82.

Simon, A.K., E. Seipelt and J. Sieper, 1994. Divergent T cell cytokine patterns in inflammatory
arthritis. Proc Natl Acad Sci USA 91:8562-8566.

NV Organon, Departments of Pharmacology and Target discovery, Oss, the Nether-
lands, ! Stanford University School of Medicine, Stanford, USA.

96

HC gp-39 as Candidate Autoantigen in RA



