Autoimmunity Against YKL-39, a Human Cartilage
Derived Protein, in Patients with Osteoarthritis
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ABSTRACT. Objective. Our previous study revealed that some patients with rheumatoid arthritis (RA) possessed
autoantibodies to YKL-39, a cartilage related protein. We investigated whether patients with
osteoarthritis (OA) also displayed autoimmunity to YKL-39.

Methods. Autoantibodies to recombinant YKL-39 as well as human cartilage glycoprotein-39 were
detected by ELISA and Western blotting. The tested serum samples were derived from 117 patients
with OA, 94 patients with RA, and 2 groups of 50 arthropathy-free healthy donors who matched the
OA and RA groups for age and sex. We determined autoepitopes on YKL-39 using 3 overlapping
fragments of YKL-39 (designated F1, F2, F3). T cell proliferation response to YKL-39 was analyzed
using the *H-thymidine incorporation assay.

Results. Autoantibodies to YKL-39 were detected in 13 (11.1%) patients with OA and 11 (11.8%)
with RA. In the epitope mapping, all the 3 fragments of YKL-39 were found to carry autoepitopes,
but F1 was recognized most frequently. Proliferative responses of peripheral blood mononuclear
cells against YKL-39 were detected in 6 (46%) of the 13 OA patients who were positive for the anti-
YKL-39 autoantibodies and in 2 (17%) of the 11 antibody positive RA patients.

Conclusion. These results show that autoimmunity to YKL-39 in patients with OA was present at
equal or somewhat higher frequency than in patients with RA. The cellular and humoral immune
responses to YKL-39 may be involved in the pathological process of OA as well as RA.

(J Rheumatol 2002;29:1459-66)
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OSTEOARTHRITIS
T CELL IMMUNITY

Osteoarthritis (OA) is a chronic joint disease widely distrib-
uted among aged populations. OA is characterized by carti-
lage surface irregularities such as fissures and fibrillation,
loss of the cartilage matrix, patchy chronic synovitis, and
osteophytes. Generally, OA has been accepted as a degener-
ative disease caused mainly by the aging process and by
overloading of the joints. However, there is a growing body
of evidence that supports an immunological involvement in
the pathogenesis of OA. First, an infiltration of immuno-
competent cells such as T lymphocytes, B lymphocytes, and
monocytes/macrophages into the OA synovial tissue has
been reported!'. Second, immunoglobulins and immune
complexes have been detected in OA cartilage occasion-
ally”. Third, autoantibody production®’, an association with
expression of the human leukocyte antigen (HLA)-A and -B
haplotypes, and an association with other autoimmune
diseases were documented in a subset of OA (i.e., nodular
generalized OA>#°), Finally, 2 studies, including ours, have
shown oligoclonal T cell expansion in synovial membranes
in OA!®!!| suggesting activation and proliferation of a
limited number of T cell clones with distinct antigen speci-
ficity. Taken together, these data indicate an involvement of
T and B cell mediated immunological mechanisms in the
pathogenesis of OA.

Indeed, the existence of autoimmune responses in OA
was described earlier. For example, autoimmune responses
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against collagens or proteoglycan in OA were reported'>?!.
In this regard, it was observed that small fragments of
proteoglycan were released into the joint fluid at a higher
level in early stage OA than in advanced OAZ?>?3. This
suggests that the cartilage components produced in OA
during early degradation stages might be recognized as
autoantigens, and that the subsequent immune responses to
the wide range of joint derived autoantigens enhance the
deteriorating process of joint destruction. Thus investigation
of the antigenicity and arthritogenicity of the individual
proteins that make up the joint structure would extend our
understanding of the autoimmune aspects of OA.

Recently, 2 chondrocyte derived proteins have been iden-
tified. Human cartilage glycoprotein-39 (HC gp-39, YKL-
40 or chondrex), a member of the chitinase protein family,
was reported to be an autoantigen in rheumatoid arthritis
(RA)?. Further, the concentrations of HC gp-39 in sera and
synovial fluid are related to the degree of joint destruction
observed in RA and OA?*%, YKL-39, which is produced by
articular chondrocytes, is another member of the chitinase
protein family and shares amino acid homology with HC
gp-39%%. However, unlike HC gp-39, the pathological char-
acteristics of YKL-39 are poorly understood at present.
Since the major source of HC gp-39 is thought to be the
liver, and not chondrocytes®®, whereas expression of YKL-
39 is mainly in cartilage chondrocytes, YKL-39 may be a
more specific cartilage autoantigen than HC gp-39. In
support of this suggestion, we recently found that a subset of
patients with RA more frequently have autoantibodies to
YKL-39 than to HC gp-39%.

To extend our understanding of the immunological
aspects of OA, we investigated the humoral and cellular
autoimmunity to YKL-39 in patients with OA and
compared the findings to those of patients with RA. Our
results revealed existence of an immune response to YKL-
39 in a subset of OA patients with a frequency similar to the
immune response to YKL-39 in RA patients. These data
thus suggest that an immune response to the cartilage
derived protein contributes to joint degradation in both OA
and RA.

MATERIALS AND METHODS

Patients and controls. One hundred seventeen patients with OA (101
women, 16 men, ages 54 to 96 yrs, mean age 78) and 94 patients with RA
(78 women, 16 men, ages 39 to 86 yrs, mean age 67) were enrolled.
Patients were studied at St. Marianna University, Kawasaki; Nishioka
Clinic, Mie; Nihon Medical School, Tokyo; and the University of Mie, Mie,
Japan. Patients with RA were different from those tested in our previous
study?®. As controls for the OA patients, 50 healthy individuals (42 women,
8 men, ages 70 to 89 yrs, mean age 78) with no obvious clinical features of
arthritic diseases were studied. Another group of 50 healthy individuals (43
women, 7 men, ages 39 to 86 yrs, mean age 67) was used as a control for
the RA patients. OA was diagnosed by criteria reported previously?®.
Severity of OA was evaluated by Kellgren-Lawrence radiographic
grading”. RA was diagnosed according to the revised criteria of the
American College of Rheumatology®'. All the samples were obtained with

informed consent, and the ethical committee of St. Marianna University
School of Medicine approved this study.

Preparation of recombinant proteins for HC gp-39 and YKL-39. The
recombinant proteins of HC gp-39 and YKL-39 used in this study (rHC gp-
39 and rYKL-39, respectively) were prepared as described?’. Briefly, 2
cDNA fragments encoding HC gp-39 and YKL-39 were amplified from
RNA extracted from a human chondrosarcoma cell line (HCS-2/8)*! by the
reverse transcription polymerase chain reaction (PCR). For epitope
analysis, YKL-39 was further subdivided into 3 fragment regions (F1, F2,
and F3). The nucleotide sequences of the primers for PCR were as follows:
F1, sense: 5-TTTGGATCCTACAAACTGGTTTGCTACTTTACC-3’,
antisense: 5-AAAGTCGACAGTGAAATGAGTGTTTTCTTTCTG-3;
F2, sense: 5-TTTGGATCCGTAAGCTGGATCTACCCAGATCAG-3’,
antisense: 5-AAAGTCGACGTGCCCATATGTGGGGATGCCCAT-3";
and F3, sense: 5-TTTGGATCCATGCCATCAGAGAAGGTGGTCATG-
3’, antisense: 5-AAAGTCGACCAAGGAGCCAAGGCTTCTCTTGAC-
3’ where the recognition sites for the restriction enzymes used are
underlined. Nucleotide sequences of PCR products were confirmed by
sequencing.

The cDNA fragments that encode F1 (390 bp), F2 (390 bp), and F3 (402
bp) regions were each subcloned into a plasmid expression vector of
pPMAL-eHis, which carried 6 consecutive histidine residues (His), at the C-
terminus of the cloning sites for affinity purification?’. The 3 cDNA frag-
ments were then subcloned into the plasmid expression vector pMAL-eHis.
From these constructs, recombinant proteins containing an N-terminal
fusion to a maltose-binding protein (MBP) and a C-terminal histidine tag
were produced in Escherichia coli.

Enzyme linked immunosorbent assay. The ELISA to detect the autoanti-
bodies was as described®?. Antibody binding reactivity with a fusion
protein, measured by ELISA, was expressed in binding units according to
the formula: sample (binding units) = [OD sample/(mean OD sample + 3
SD of normal serum)] X 100. In each sample, the OD value of MBP was
subtracted from the OD value of the fusion protein to obtain the OD of the
sample. According to this formula, 100 binding units were used as the
cutoff point [OD: optical density].

Western blotting. Western blotting was performed as described®. Briefly, 5
ug of the purified fusion proteins (HC gp-39, YKL-39, or F1, F2, F3 of
YKL-39) or MBP were separated using 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis and then transferred onto nitrocellulose
membranes. After blocking and washing, the membranes were incubated
with the respective serum samples. The membranes were then washed and
incubated with horseradish peroxidase conjugated goat anti-human IgG
(Zymed, San Francisco, CA, USA). Finally, the membrane-bound serum
antibodies were visualized using diaminobenzidine as a substrate for the
horseradish peroxidase.

T cell proliferation assay. Peripheral blood mononuclear cells (PBMC)
were isolated by the standard gradient centrifugation method using Ficoll-
Paque (Pharmacia Biotech AB, Uppsala, Sweden), and then maintained in
RPMI medium supplemented with 10% fetal calf serum. The proliferation
of PBMC after incubation with tHC gp-39, rYKL-39, or MBP was quanti-
fied using the [*H] labeled thymidine assay®. For each sample, the counts
per minute (cpm) value obtained by MBP stimulation was used as a back-
ground and subtracted from the stimulation obtained with the fusion
protein. According to this formula, a 2-fold stimulation index (SI) was used
as the positive cutoff point. Results are expressed as mean cpm or SI units.

RESULTS

Detection of autoantibodies to rHCgp-39 and rYKL-39 in
OA and RA. We reported?’ the presence of autoantibodies to
rHC gp-39 and rYKL-39 in 1% and 10%, respectively, of
patients with RA. Here we extended our study to investigate
the presence of the autoantibodies in patients with OA using
the same series of recombinant proteins (Figure 1). To
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Figure 1. Purification of HC gp-39 and YKL-39 recombinant proteins. The
recombinant proteins and maltose binding protein (MBP) were separated
by 10% SDS-PAGE and stained with Coomassie blue. Lane 1: molecular
weight markers. Lane 2: MBP as control. Lane 3: recombinant HC gp-39.
Lane 4: recombinant YKL-39.

further generalize our earlier results from RA, RA patients
of a different cohort from that tested in our previous study?’
were examined.

In agreement with our previous findings?’, we detected
only a low frequency of autoantibodies against rtHC gp-39:
only one of the 117 OA serum samples (0.9%) and one of
the 94 RA samples (1.1%) were positive (Figure 2A). In
contrast, autoantibodies to rYKL-39 were detected in 13
(11.1%) of the 117 OA serum samples and 11 (11.8%) of the
94 RA serum samples (Figure 2B). None of the control sera
were positive for anti-rYKL-39 or anti-rHC gp-39 (Figures
2A, 2B). The 2 samples positive for anti-rHC gp-39 (one in
OA and one in RA; Figure 2A) were found to be negative for
anti-rYKL-39 reactivity (Figure 2B), suggesting that the
antigenicities of these 2 proteins were quite different. Thus,
it was found that the frequency of autoantibodies to rYKL-
39 was much higher than the frequency of autoantibodies to
rHC gp-39 among both OA and RA patients.

To confirm the specific antibody reactivity to YKL-39 in
the OA and RA patients, the autoantibodies in serially
diluted serum samples were titrated by ELISA. As shown
by the representative results in Figure 2C, the antibody
reactivity to rYKL-39 increased in a serum concentration
dependent manner, but the reactivity against MBP did not.
Further, the existence of YKL-39-specific autoantibodies

was also confirmed by Western blotting. As shown in
Figure 2D, rYKL-39, but not MBP alone, was bound by
the serum samples. This result indicates that there is a
YKL-39-specific immune response in the OA and RA
patients.

Epitope mapping of YKL-39. We next tried to determine the
antigenic regions of rhYKL-39. For this purpose, we
constructed 3 pMAL-eHis plasmids with cDNA fragments
of F1, F2, or F3, which together covered the entire protein
coding region of YKL-39 (Figure 3). These proteins were
produced as MBP fusion proteins and then purified as
shown in Figure 4A.

Serum samples of 17 patients who were positive for the
anti-YKL-39 antibodies were then tested for reactivity to the
3 fragments using ELISA. The summary of the results is
shown in Table 1. It was found that 2 of the 17 serum
samples (11.8%) reacted to all fragments (OA-5, RA-1),
while 12 (70.6%) serum samples reacted to only one frag-
ment. In total, F1, F2, and F3 fusion proteins were recog-
nized by 12 (70.6%), 7.5 (44.1%), and 3.5 (20.6%),
respectively, of the 17 serum samples. When the reactivity
was compared between anti-YKL positive OA and RA
patients, the F1 fragment was found to carry autoepitopes of
anti-YKL-39 in 53.8% of OA patients and in 50% of RA
patients. The presence of each fragment autoantibody was
also confirmed by Western blotting. As shown in Figure 4B,
rYKL-39, but not MBP alone, was bound by the serum
samples. This result indicates that there is a YKL-39-
specific immune response in OA and RA patients, especially
to epitope(s) in the F1 fragment.

Table 1. Summary of the reactivity of anti-YKL-39 antibody positive sera
to the 3 truncated fusion proteins of YKL-39 by ELISA. Sample numbers
denote individual patients.

Patient Sample Fl F2 F3

OA-1
OA-2
OA-3
OA-4
OA-5
OA-6
OA-7
OA-8
0OA-9
OA-10
OA-11
OA-12
OA-13 - + -
(9/13) (5.5/13) (2.5/13)

+

|
I+ +

R T T T e S

+ —
+

RA-1
RA-2
RA-3
RA-4 + - -
(3/4) (2/4) (1/4)

+
+

+ 1+

+: > mean OD + 2 SD of control, + : > mean OD + 3 SD of control.
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Figure 2. Autoantibody response to the chondrocyte produced proteins. A. Prevalence of antibodies to recombi-
nant HC gp-39 by ELISA. B. Prevalence of antibodies to recombinant YKL-39 by ELISA. Each circle indicates
a result from one serum sample. Results are expressed in binding units. Bars (100 binding units) represent the
positive cutoff level. C. Specificity of the ELISA analysis. Six representative OA or RA serum samples that were
positive for anti-YKL-39 antibody were serially diluted and analyzed by ELISA. Results from 2 representative
cases, OA-1 and RA-1, are shown. One control sample was also analyzed. D (opposite page). Western blotting.
Recombinant YKL-39 and the fusion partner MBP were separated by 10% SDS-PAGE. Serum samples with an
ELISA positive anti-YKL-39 antibody titer were tested by immunoblotting. Control membranes were stained
with Ponceau S. Four patients samples and control are shown.
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Figure 3. Constructs of YKL-39 fusion proteins (YKL-39, F1, F2, and F3). The numbers denote the nucleotide
numbering of the human YKL-39 cDNA fragments that encoded YKL-39 (1092 base pairs, molecular weight 39
kDa), F1 (390 bp, MW 13.9 kDa), F2 (390 bp, MW 13.9 kDa), and F3 (402 bp, MW 14.4 kDa). All peptides
were expressed as maltose binding protein (MBP) fusion proteins in E. coli.

T cell response to HC gp-39 and YKL-39. As autoantibodies
to YKL-39 were detected in a subset of the OA and RA
patients, we questioned whether a cellular response to YKL-
39 was detectable in these patients. To this end, PBMC from
the patients who were positive for the anti-YKL-39 antibody
and from controls were stimulated with rYKL-39, rHC gp-
39, or MBP, and then their proliferation responses were
analyzed. PBMC from 6 (46.1%) of the 13 OA patients
carrying the anti-YKL-39 antibody showed a significantly
increased incorporation of [*H] labeled thymidine in
response to rYKL-39. In contrast, only 2 (16.7%) of the 11
RA patients carrying the antibody showed a T cell response
to rYKL-39 (Figure 5 and Table 2). Thus, a detectable
proliferative response of PBMC to YKL-39 was more
frequent in the antibody positive patients with OA than in
those with RA.

Clinical features of OA patients who carry anti-YKL-39

antibody. We compared the clinical features, including radi-
ographic grading®, of the anti-YLK-39 antibody positive
and negative OA patients. As shown in Table 3, there was no
significant correlation between the clinical grading and the
presence of the anti-YKL-39 antibody. The laboratory data
of the anti-YKL-39 antibody positive and negative patients
also were not significantly different.

DISCUSSION

Our main findings are as follows: first, autoantibodies to
YKL-39 were present in over 10% of the patients with OA
and RA; second, autoantibodies to HC gp-39 were rare
among the OA and RA patients; third, a proliferative
response of PBMC to YKL-39 was detected more frequently
in OA than in RA patients with anti-YKL-39 antibody; and
finally, each fragment of YKL-39 carries autoepitopes,
among which F1 was the most frequently recognized.
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A MW MBP FI F2 F3 To our knowledge, this is the first report demonstrating
that YKL-39 was recognized with similar frequencies in
both OA and RA patients. Recent studies on cartilage related
proteins have focused on their antigenic properties, and the
proteins have been suggested to be involved in the immunity
mediated pathophysiology of OA. Although there is no
direct evidence that OA is caused by an autoimmune reac-
tion, the pathological process of cartilage degradation may
be enhanced by the immune responses occurring within the
joint space. Indeed, a variety of cartilage or chondrocyte
derived proteins are reported to be recognized as antigens in

S0kD— Figure 4. Separation and analysis of fragment proteins. The purified F1,

F2, and F3 fragment proteins and MBP were separated by 8% SDS-PAGE.

A. The control membrane was stained with Ponceau S. B. Serum samples

with an ELISA positive antibody titer against F1, F2, F3, or all 3 fragments

were tested by immunoblotting. Autoantibody against YKL-39 fragments

37kD— . F1, F2, and F3 was detected in anti-YKL39 autoantibody positive OA and
' RA serum. Four representative samples are shown.
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Table 2. Proliferative responses to YKL-39 in patients with osteoarthritis
(OA), rheumatoid arthritis (RA), and healthy controls. Values are the
median (range) stimulation index (SI) and counts per minutes (cpm).

OA. For example, in addition to proteoglycans and colla-
gens, proteins such as cartilage oligometric matrix protein
(COMP) or cartilage intermediate layer protein (CILP) are

YKL-39 reported to be recognized in OA3-%, In regard to CILP, we
SI CPM reported that immunity to CILP in immunized mice may

. 3 . .
Patients with OA, n= 13 2.06%* (1.02-4.39) 2545 (52-5421) lead to cartilage pathology™, suggesting an important
Patients with RA, n = 11 1.49 (1.03-2.33) 3173 (35-4950) contribution of such an immune response to the pathogen-
Controls, n = 8 1.19 (0.73-1.97) 112 (51-282) esis of arthropathy. Because the frequency of YKL-39

antigen recognition was similar in OA and RA (Figure 2B),
but much lower in other autoimmune diseases?’, YKL-39
should be considered another candidate autoantigen with
significant relevance to arthropathy.

**: p <0.01 Student’s t test vs controls.

Table 3. Correlation of joint destruction by Kellgren-Lawrence radi-
ographic grade *° and frequency of anti-YKL-39 antibody in patients with

OA. The frequency of the autoantibody to rHC gp-39 was
found to be around 1% in the patients with OA or RA. This
Radiographic Grade Positive,n =9 (%)  Negative, n = 44 (%) frequency is as low as that seen in our previous study of a

different group of RA patients?’. These results appear to

? 20 ((202)) 13 8)2) contrast with those of Verheijden, et al*’, who showed
| 4 (44) 12 27) significant proliferation of peripheral blood T cells in
il 2(22) 9 (20) response to a synthetic HC gp-39 derived peptide with a
v 11D 511 DR4 binding motif in 8 of 18 patients with RA (44%). There
Mean 2.25 1.93

are several possible explanations for this apparent discrep-
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Figure 5. T cell proliferation in response to YKI.-39 and HC gp-39 was tested in patients positive for the YKL-
39 antibody and in controls. The bar indicates the cutoff value. The mean + SD of the mean stimulation index in

each group is shown. **p < 0.01, Student t test vs controls.

ancy. First, an autoimmune response to HC gp-39 may be
directed toward cellular rather than humoral immunity.
Second, the recombinant form of HC gp-39 used in our
study may lack the natural epitope structure because of
incorrect folding due to synthesis as a nonglycosylated form
by E. coli. However, this explanation appears less likely,
since rabbit anti-HC gp-39 antibodies generated against the
native form of HC gp-39 (data not shown) reacted to rHC
gp-39, indicating that it exhibits at least part of the natural
epitope. Third, the peptide region tested by Verheijden, ef al
may be cryptic within the HC gp-39 molecule but be recog-
nized by a cross-reaction of T cells, since T cell subpopula-
tions apparently specific for one antigenic peptide have been
shown to recognize other nonhomologous peptides. Thus,
the responses observed by Verheijden, et al may not be
wholly specific for HC gp-39.

Finally, we investigated the presence of epitopes in each
fragment of YKL-39, utilizing 3 overlapping recombinant
proteins. We found that the N-terminal F1 region was most
frequently recognized in the serum of anti-YKL-39 antibody
positive patients. Specifically, 69% of the OA and 75% of
the RA patients who were positive for anti-YKL-39 anti-
bodies reacted with the F1 fragment. Five patients also
reacted with F2 and/or F3, in addition to F1. Only 5 of 17
patients reacted exclusively with F2 or F3. These data indi-
cate that the F1 fragment does include a specific, immun-
odominant epitope of thYKL-39, and that antigens are being
recognized in the F2 and F3 fragments. To date, we have not
found any amino acid sequence homology between F1 and
other known antigens, nor any correlation between antigen
recognition and patients’ clinical status. The latter may be

due to the small number of patients analyzed. Identification
of the antigenic peptides within YKL-39, and especially
within the F1 fragment, may lead to development of a
therapy for arthropathy based on antigen-specific
immunomodulation.

This is the first study to demonstrate the autoimmune
responses to YKL-39 in both OA and RA patients. The
specific immune response to a chondrocyte derived protein
such as YKL-39 may be an important modulator of the
pathologic process of cartilage degradation.
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