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Abstract

Synovial fluid and peripheral blood mononuclear cell prolif-
erative responses to the 60-kD human heat shock protein
(HSP60) were studied in 23 patients with juvenile chronic
arthritis (JCA) and 7 non-JCA control patients. All patients
showed active arthritis at the time of study. The patients
were divided into two groups according to the presence

(group A) or absence (group B) of T lymphocyte reactivity
to human HSP60. Weshow that reactivity to human HSP60
is primarily, though not exclusively, occurring in patients
with a remitting course of disease, i.e., the subgroup of HLA-
B27 negative JCA patients with an oligoarticular onset. Im-
munohistochemical analysis of HSPexpression in synovial
membranes showed a significantly higher intensity of stain-
ing in JCA patients than in non-JCA controls. The results
suggest that, in accordance with the earlier observation
made in experimental models, T lymphocyte reactivity to
human HSP60 in this subgroup of JCA patients may be
part of T cell regulatory mechanisms that control the devel-
opment of arthritis. (J. Clin. Invest. 1995. 95:934-940.) Key
words: juvenile chronic arthritis * heat shock proteins - T
lymphocytes

Introduction

Juvenile chronic arthritis (JCA)' encompasses a heterogeneous
group of rheumatic diseases. Three subgroups of JCA (oligoar-
ticular, polyarticular, and systemic onset) are recognized. They
can be distinguished on the basis of clinical features presenting
during the first 3 mo of the disease (1). The etiology of JCA is
still unknown and the pathogenetic mechanisms remain unclear.

Recent research in the field of rheumatology has focused
on the key position of T lymphocytes in the immunopathologic
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mechanisms leading to disease. Experimental models of arthri-
tis, such as adjuvant arthritis (AA), have been instrumental in
this respect (2). The mycobacterial 65-kD antigen (member of
the HSP60 heat shock protein family) was defined originally as
a crucial antigen associated with disease development (3). This
has initiated an analysis of the role of bacterial HSP60 or its
endogenous mammalian homologue HSP60 in various forms of
arthritis, both in animals and in humans. In the experimental
model of arthritis in animals it has become clear that immunity
to mycobacterial HSP60 develops irrespective of how the arthri-
tis was induced. This was seen not only in AA in rats but also
in pristane-induced arthritis in mice (4) and streptococcal cell
wall induced arthritis in rats (5). Subsequently, it has been
shown in these models and in collagen-induced arthritis (6)
that preimmunization with HSP60 itself or transfer of HSP60-
primed T lymphocytes induced resistance to arthritis. These
experimental data have been interpreted as indicating that T
lymphocyte reactivity against mycobacterial HSP60 is part of
regulatory mechanisms that control the development of arthri-
tis (2).

Recently, we showed that the 60-kD human heat shock pro-
tein (human HSP60) can be a target antigen for synovial fluid
and peripheral blood mononuclear cells (PBMC) in JCA pa-
tients (7). This finding prompted us to evaluate in more detail
the significance of in vitro reactivity to human HSP60 of mono-
nuclear cells (MNC) from patients with JCA. To this end, a
number of JCA patients with active arthritis were grouped ac-
cording to the presence or absence of anti-human HSP60 reac-
tivity, either of synovial fluid MNCor of PBMC. Apart from
clinical analysis, T lymphocyte subsets in peripheral blood and
synovial fluid were determined, next to expression of HSP60
in synovial membranes by immunohistochemistry (8). Wenow
show that JCA patients manifesting in vitro anti-human HSP60
reactivity of T lymphocytes have a relatively mild and usually
remitting subtype of JCA, i.e., oligoarticular onset of JCA. This
may indicate that T lymphocyte reactivity to human HSP60
may be part of a protective immunoregulatory response.

Methods

Patients. The study included 23 patients with JCA (defined by the
criteria of the European League against Rheumatism [I]) (Table I, pa-
tients 1-23) who ranged in age from 3.3 to 16.3 yr. The mean duration
of the disease was 1.5 yr (range 0.2-13.3 yr). In 13 out of 23 patients,
both synovial membranes and peripheral blood and/or synovial fluid
were available for the study (patients 1-9 and 15-18). In the remaining
10 patients (Table I, patients 10-14 and 19-23), only the proliferative
response of synovial fluid- or peripheral blood-derived T lymphocytes
to human HSP60 could be assessed. 15 of the 23 patients had an oligoar-
ticular onset of JCA, 6 patients had a polyarticular onset, and 2 patients
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Table I. Clinical Characteristics of Patients with JCA

Age at onset JCA Duration Duration of Arthritis activity*/
Patient Sex of disease type RF ANA HLA-B27 of disease current arthritis functional class

yr yr yr

Group A 1 F 10.3 OA - + - 0.4 0.4 2/1
2 F 9.1 OA - - - 0.3 0.2 2/1
3 M 12.1 OA - - - 0.3 0.3 2/2
4 M 11.6 OA - + - 0.3 0.3 2/1
5 M 6.1 OA - - - 2.9 0.2 1/2
6 M 8.0 PA - - - 2.0 2.0 2/2
7 F 1.6 OA - + - 6.5 0.2 2/1
8 F 10.3 OA - + - 0.2 0.2 2/1
9 M 13.2 OA - - - 1.2 1.0 2/2

10 M 6.5 SO - - - 13.0 13.0 2/2
11 M 7.2 OA - - - 1.0 0.1 1/1
12 M 5.2 OA - + + 0.8 0.8 2/2
13 F 7.1 PA + + - 4.0 1.0 2/2
14 M 8.0 PA - - - 2.6 0.7 2/1

Group B 15 F 3.0 PA - + - 13.3 0.8 2/2
16 F 3.1 OA - - - 0.2 0.2 2/2
17 M 3.4 PA + + - 2.7 1.5 2/2
18 M 5.7 SO - - - 5.8 2.2 2/2
19 F 15.3 OA - - + 0.8 0.8 2/2
20 M 3.9 OA - - - 1.1 0.3 2/2
2 1 F 11.7 OA - - + 3.0 3.0 2/1
22 F 2.8 PA - + - 8.1 0.2 2/2
23 F 12.1 OA - - + 3.1 0.5 2/2

Groups A and B are defined by a positive and negative T lymphocyte proliferative response to human HSP60, respectively (i.e., stimulation index
> or < 3); patients 1-9 and 15-18 are patients from which synovial membranes, peripheral blood, and/or synovial fluid MNCwere available;
patients 10-14 and 19-23 are patients that were only tested for T lymphocyte response to human HSP60; OA, oligoarticular onset; PA, polyarticular
onset; SO, systemic onset; RF, rheumatoid factor (determined by Rose-Waaler and latex agglutination). ANAwere determined with immunofluores-
cence on Hep-2 cells and scored as -, negative tested at serum dilution 1:40, and +, positive. * Scored on basis of formal joint assessment (pain,
swelling, and limitation of motion). Functional class score was according to Steinbrocker (9).

had a systemic onset. The latter two patients developed a polyarthritis
later on in the study. None of the 23 patients had iridocyclitis at the
time of study nor did they develop it later on. Only two patients were

positive for rheumatoid factor (determined by Rose-Waaler and latex
agglutination). Eight patients had anti-nuclear antibodies (ANA; deter-
mined by immunofluorescence on Hep-2 cells). Four of the patients
were HLA-B27 positive. DNA analysis of MHCclass II DPB alleles
was performed by direct sequencing and DRB by oligotyping. All pa-
tients had an active arthritis at the time of study; in 14 patients a single
joint was involved, in 2 patients 2 joints (ankle and knee) were involved,
and in 7 patients 3 or more joints (knee, ankle, hip, and wrist) were
involved. The mean duration of the current arthritis was 0.5 yr (range
0.1-3.0 yr). Arthritis was scored on formal joint assessments, i.e., swell-
ing and/or tenderness, pain, and limitation of motion where 0 equals no
signs of arthritis, 1 equals mild arthritis, 2 equals moderate arthritis,
and 3 equals severe arthritis. The mean score of arthritis activity was
1.9 (range 1-2). The functional class was assessed according to Stein-
brocker (9). The mean score of the functional class was 1.6 (range 1-
2). Only two of the patients showed bone erosions upon x-ray examina-
tion (Table I, patients 10 and 15). Nine patients were studied before
treatment was started. 12 patients were under treatment with nonsteroidal
antiinflammatory drugs. Two patients were being treated with a combi-
nation of nonsteroidal antiinflammatory drugs and sulphasalazine. One
of the patients had received prednisone for constitutional symptoms of
the systemic form of JCA 2 yr before. None of the other patients had
ever received any form of immunosuppressive drugs. Synovial fluids
were available from 18 out of 23 patients. Synovial biopsy samples

were available from 13 patients (Table I, patients 1-9 and 15-18).
These were taken in a stage of active arthritis during arthroscopy of the
knee (n = 10), hip (n = 2), and ankle (n = 1). In two patients (patients
8 and 16), the synovial fluid, peripheral blood, and synovial biopsy were
taken in an early phase of the disease (0.2 yr). Follow-up showed that
the diagnosis of JCA was correct. Peripheral blood samples were taken
at the same time.

Non-JCA control patients. Seven non-JCA patients with arthralgia
(n = 5) or arthritis (n = 2) were studied. Their age ranged from 8.1 to
15.1 yr. The two cases with arthritis showed a short duration (< 3 mo)
and osteoid osteoma, respectively, which were reasons to reject the
diagnosis of JCA. The mean duration of their symptoms was 1.1 yr.
Rheumatoid factor was negative in six non-JCA patients. Three non-
JCA patients were ANApositive. One out of six non-JCA patients was
HLA-B27 positive. Synovial biopsy samples were available for all seven
non-JCA patients taken during arthroscopy of the knee (n = 6) or the
hip (n = 1). The synovial fluid of the non-JCA patients did not contain
sufficient MNCto perform phenotyping and/or lymphocyte stimulation
studies. Peripheral blood samples were taken at the time of the biopsy.

Peripheral blood also was collected from nine healthy children (age
range 8.0-15.4 yr).

Peripheral blood and synovialfluid assays. MNCwere isolated from
heparinized blood or synovial fluid by Ficoll-Isopaque density gradient
centrifugation (Pharmacia AB, Uppsala, Sweden). The cells were sus-
pended at a density of 0.5 x 106/ml in RPMI 1640 tissue culture medium,
supplemented with 20% heat-inactivated (30 min, 56°C) human AB
serum, 100 1g/ml penicillin, 100 U/ml streptomycin, and 200 Mg/ml
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glutamine. Cultures of 200 /lA of suspension (0.1 x 106 cells) containing
mitogen or antigen were carried out in quadruplicate in 96-well flat-
bottomed polystyrene microplates (Nunc, Roskilde, Denmark). Cells
were cultured for 6 d at 37°C in 5% CO2 and 100% relative humidity.
1 tiCi (37 kBq) tritiated thymidine (specific activity 75 kBq/mmol;
Amersham International, Buckinghamshire, UK) was added to each well
during the last 16 h of culture. Radioactivity incorporated was measured
by liquid scintillation counting and expressed as counts per minute. The
proliferative response is expressed as stimulation index = the mean

counts per minute of cells cultured with mitogen or antigen, divided by
the mean counts per minute of cells cultured with medium only. A
positive response was defined as a stimulation index of 3 or more.

The antigens used for in vitro cultures were purified protein deriva-
tive (10 jig/ml; Statens Seruminstitut, Copenhagen, Denmark); heat-
killed Mycobacterium tuberculosis (MT, 10 jug/ml) (10); AP (the ace-

tone precipitable fraction of MT, 10 Xtg/ml) (10); purified GroEL, the
Escherichia coli equivalent of HSP60 (a kind gift of D. Young, MRC
Tuberculosis and Related Infections Unit, Royal Postgraduate Medical
School, Hammersmith Hospital, London); HPLC-purified recombinant
mycobacterial HSP60 (100 Ag/ml); synthetic peptide 183-188 of the
mycobacterial HSP60, prepared by solid phase synthesis (100 ,tg/ml)
(11); HPLC-purified human HSP60 fractions (10 tig/ml) and HPLC
control fractions for human HSP60 (10 ,ug/ml) as described previously
(7); tetanus toxoid (3.5 limit flocculation units/ml); and diphtheria toxoid
(3.5 tg/ml). Pokeweed mitogen (10 ,ug/ml; Calbiochem-Novabiochem
Corp., La Jolla, CA) was used as polyclonal activator.

The purity of the human HSP60 preparation was determined by
ELISA using a panel of mAbs that react with GroEL, the E. coli HSP60.
Optical density (OD) values of wells coated with 1 jug/ml human HSP60
and developed with IT31 (0.107), F67-13 (0.106), or IIH9 (0.109) did
not differ significantly from OD values of wells that were developed
with aDNAk (an anti-E. coli HSP70 mAb; 0.108) or the medium
control (0.107). Corresponding ODvalues for wells coated with 1 Hg/
ml GroEL were 0.498 (IT31), 1.183 (F67-13), 1.199 (IIH9), 0.111
(aDNAk), and 0.108 (medium control).

Lymphocyte cell surface markers. PBMCand synovial fluid MNC
were washed twice in minimum essential medium supplemented with
1% BSA and 0.05% sodium-azide. Subsequently, 0.5-1 x 106 cells
were incubated for 30 min at 4°C in 10 til appropriately diluted CD3
(Leu4), TCR a/I (TCR-1, WT31), TCR y6 (TCRy6), CD4 (Leu3a),
CD8 (Leu2a), CD20 (Leul6), HLA-DR (HLA-DR), or CD29 (4B4)
mAbs. All mAbs were from Becton Dickinson (Mountain View, CA),
except 4B4 which was from Coulter Corp. (Hialeah, FL). Next, MNC
were washed and incubated with FITC-conjugated goat anti-mouse
immunoglobulins (Becton Dickinson) for another 30 min at 4°C. For
two-color immunofluorescence, MNCwere incubated in a third step
with phycoerythrin-conjugated anti-HLA-DR or CD4. Stained MNC
were diluted in sheath fluid and run on a FACStar Plus® flowcytometer
(Becton Dickinson). From each sample 10,000 events were stored in
list-mode and analyzed using Consort 30 and Lysis I software (Becton
Dickinson).

Histology and immunohistochemistry. For histology, part of the sy-

novium biopsy samples was fixed in buffered formalin and embedded
in paraffin. 6-itm sections were stained with hematoxylin and eosin. All
sections of the JCA patients and the non-JCA control patients were

reviewed histologically for the degree of synovitis (scored as absent,
mild, moderate, and severe). For immunohistochemistry (see below)
another part was snap-frozen and stored at -70°C until analysis. For
detection of HSP, five murine monoclonal antibodies were used: F8,
raised against a synthetic peptide encompassing amino acid residues
180-188 of mycobacterial HSP60 (8); ML-30, raised against the myco-

bacterial HSP60 of M. leprae (8); N-27, a monoclonal antibody which
recognizes both the inducible and constitutive forms of human HSP70
(7); LKI, a murine monoclonal raised against human HSP60, which
binds only to mammalian HSP60 (12); and LK2, a murine monoclonal
raised against human HSP60, which binds to human HSP60 and bacterial
HSP60 as well (12). In addition, a monoclonal anti-HLA-DR antibody
was applied (Becton Dickinson). Frozen tissue sections of 8 ,tm were
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Figure 1. Proliferative response to human HSP60 in JCA patients, non-

JCA patients, and healthy control children. SF, synovial fluid; PB,
peripheral blood.

fixed in acetone. A three-step indirect immunoperoxidase method was

applied using a first incubation with monoclonal antibody, followed by
an incubation with rabbit antibodies to mouse immunoglobulins conju-
gated to horseradish peroxidase and, subsequently, swine antibodies to
rabbit immunoglobulins conjugated to horseradish peroxidase in the
third step (both conjugates from DAKOPAT1S, Glostrup, Denmark).
Staining was performed using 3-3' diaminobenzidine tetrahydrochloride
and H202 as substrate. The sections were counterstained with hematox-
ylin.

All sections were independently scored by two different observers
for intensity of staining (0 = no staining; 1 = minor staining; 2 = moder-
ate staining; 3 = strong staining). In each section the staining intensities
of the synovial lining layer, the endothelium cells and pericytes, the
connective tissue and the macrophages were scored separately. The
mean values of the scores of both observers of each monoclonal antibody
per section were calculated.

Statistical analysis. For comparison of the location of various groups

of data a Kruskal-Wallis test was performed because of skewly distrib-
uted data. To calculate the correlation between lymphocyte proliferation
induced by human HSP60 and the other antigens, a Spearman rank
correlation test was performed because of skewly distributed data.

Results

Patients and definition of groups. T lymphocyte proliferative
responses to human HSP60 were tested for synovial fluid or

peripheral blood from 23 children suffering from JCA (Fig. 1).
To evaluate the significance of this response to human HSP60,
the JCA patients were divided into two groups (A and B). A
positive response of either synovial fluid or peripheral blood T
lymphocytes (i.e., stimulation index above 3) was observed in
14 patients (Table I, group A, patients 1-14). Nine patients
showed a stimulation index below 3 (Table I, group B, patients
15-23). In addition, the proliferative response to human HSP60
was assessed in seven non-JCA control patients as well as in
nine healthy children (Fig. 1). One non-JCA patient (a HLA-
B27-positive boy with a transient arthralgia) and one healthy
child also had a positive response. The other non-JCA controls
and healthy children showed a negative response. To exclude
that the observed in vitro proliferative anti-HSP60 T cell re-
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Table I. Lymphocyte Cell Surface Markers in Synovial Fluid or
Peripheral Blood of Patients and Controls*

Non-JCA
JCA patients controls

SF (n = 9) PB (n = 13 PB (n = 6)

CD3 71.7 59.8 64.1
TCRa,6 58.4 54.0 56.4
TCRy6 4.7 6.8 6.1
CD4 43.1 30.3 42.8
CD8 32.5t 25.1 23.5
CD4+DR+ 27.1 8.0 6.5
CD8+DR+ 32.1§ 12.0 8.4
CD20 6.3 4.5 5.4
CD4+CD29+ 66.9§ 15.6 19.9

* Geometric mean values expressed as percentage of lymphocytes. SF,
synovial fluid; PB, peripheral blood. t P < 0.01; § P < 0.05, signifi-
cant difference between SF and PB of JCA patients and non-JCA con-
trols.

sponse would have been caused by contaminating trace amounts
of GroEL in the purified recombinant human HSP60 prepara-
tion, T cells were also cultured with GroEL. In only three out
of nine from group A JCA patients that were selected for this
purpose, an in vitro proliferative T cell response could be in-
duced with GroEL. However, this required a dose of 10 ,ug/
ml GroEL, and the magnitude of the response, in terms of
[3H]thymidine incorporation, was only 20% of that of the anti-
human HSP60 response.

The significance of T lymphocyte reactivity to human
HSP60 was evaluated by multiparameter analysis of the 13
patients, for which data were available on membrane phenotyp-
ing of MNCin synovial fluid and/or peripheral blood; prolifera-
tive responses of synovial fluid and peripheral blood T lympho-
cytes to HSP60 and other antigens; histology and immunohisto-
chemistry of synovial membranes; and data on the clinical
course of the disease. Of these 13 JCA-patients available for
multiparameter analysis, 9 (patients 1-9 in Table I) fell in group
A and 4 (patients 15-18) fell in group B. All but one of the
nine patients of group A had an oligoarticular onset of JCA. The
four patients of group B available for multiparameter analysis
encompassed two patients with a polyarticular onset of JCA,
one patient with a systemic onset, and one patient with an
oligoarticular onset of JCA.

Lymphocyte cell surface markers of mononuclear cells in
synovial fluid and peripheral blood. The membrane phenotyp-
ing of MNCin synovial fluid and peripheral blood of all patients
in group A and B and non-JCA controls is shown in Table II.
The percentage of CD8+, CD4+DR+, and CD8+DR+MNCin
the synovial fluid of the JCA patients was significantly higher
than in the peripheral blood of these patients and the non-JCA
controls. Two-color staining for CD4 and CD29 showed that
the fraction of CD29+ cells within the CD4+ population, which
represent memory T cells (13), is significantly higher in synovial
fluid (70.1%) than in peripheral blood of patients (16.7%) and
controls (19.9%). This is in accordance with reports on adult
RApatients (14). No differences in synovial fluid and peripheral
blood lymphocyte subsets were observed between patients of
group A and group B. However, the fraction of CD4+CD29+

Table III. In Vitro Proliferative Response of Synovial Fluid
Mononuclear Cells to Various Antigens*

Group A Group B

Purified protein derivative 5.9 2.2
MT 49.1t 6.5
AP 2.6 1.5
Mycobacterial HSP60 4.9 0.7
183-188 3.3 1.1

Human HSP60 3.6k 0.7
Control HSP60 1.1 0.9

* Geometric mean expressed as stimulation index. Groups A and B are
defined by a positive and negative T lymphocyte proliferative response
to human HSP60, respectively (i.e, stimulation index > or < 3). AP,
the acetone precipitable fraction of MT. t P < 0.05, statistical signifi-
cance between groups A and B is indicated.

cells in peripheral blood of group B was significantly higher
than in group A (36.1 [n = 4] vs 10.2% [n = 9]; P < 0.05).
Also in synovial fluid CD4+CD29+ cells were higher in group
B than in group A (93.1 [n = 2] vs 56.7% [n = 4]; no significant
difference).

Proliferative responses of synovial fluid and peripheral
blood mononuclear cells. Synovial fluid MNCof patients in
group A showed significantly higher responses to MTand my-
cobacterial HSP60 than synovial fluid MNCof patients in group
B (Table III). For PBMCthese responses were not significantly
different between groups A, B, and the non-JCA controls (data
not shown). For synovial fluid MNCa significant correlation
was observed between the anti-human HSP60 responses and
the response to MT(r = 0.900; P = 0.002) and to mycobacterial
HSP60 (r = 0.842; P = 0.004). When the correlation was
analyzed for synovial fluid MNCof patients of group A, we
found only a significant correlation between the response to
human HSP60 and mycobacterial HSP60 (r = 0.821; P
= 0.028). For PBMCa correlation was found between the re-
sponse to human HSP60 and to MT (r = 0.726; P = 0.009).
The in vitro response of synovial fluid MNCto the antigens
tetanus toxoid and diphtheria toxoid was higher in patients of
group A than in those of group B (data not shown). However,
the difference was not statistically significant. Moreover, no
correlation existed with lymphocyte reactivity to any of the
HSP-related antigens.

Immunohistochemistry. Data on expression of HSP60 or re-
lated molecules in synovial membranes are presented in Table
IV and Fig. 2. In the group of JCA patients (groups A and B
together) and non-JCA controls, a cytoplasmic staining pattern
was observed for the antibodies F-8, N-27, LK-1, and LK-2.
The staining patterns of the various antibodies to HSP were
not essentially different, but differences were observed in the
intensity of labeling. On macrophages a higher expression of
HLA-DR was found in JCA patients as compared with non-
JCA controls (Fig. 2). When staining of the synovial lining
layer, connective tissue, macrophages, and endothelium of
blood vessels were scored together, significant differences in
intensity were noted between samples of groups A, B, and the
non-JCA controls (Table IV). Lowest intensity was found in
the group of non-JCA control specimens. In addition, the score
of staining of the synovial lining layer, connective tissue, macro-
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Table IV. Immunohistochemistry: Mean Sumof Score of Staining
the Synovial Lining Layer, Endothelium of Blood Vessels,
Connective Tissue, and Macrophages in Synovial Membranes

Group A Group B Non-JCA controls

F-8 4.8* 6.8* 0.9
ML-30 6.3* 6.0* 1.7
N-27 4.0* 3.0* 1.3
HLA-DR 7.3 7.5 5.0
LKI 5.3* 3.8 2.3
LK2 5.5* 3.3 2.5

* P < 0.05, in statistical analysis of differences between groups A and
B and non-JCA controls. Groups A and B are defined by a positive and
negative T lymphocyte proliferative response to human HSP60, respec-
tively (i.e., stimulation index > or < 3).

phages, and endothelium of blood vessels was analyzed sepa-
rately for the different antibodies (Fig. 2). A significant higher
intensity of staining of the lining layer was found for F-8
(groups A and B versus controls, respectively; both P < 0.05),
ML-30 (group A versus controls; P < 0.001), and for LK-2
(group A versus B and group A versus controls, respectively;
both P < 0.05). The intensity of staining by F-8 of the endothe-
lium of the blood vessels was also significant higher (group A
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Figure 2. Analysis of intensity of staining in immunohistochemistry of
synovial tissue sections with LKl (a-c), LK2 (d-f), and anti-HLA-
DR (g-i). Groups A and B are defined by a positive and negative T
lymphocyte proliferative response to human HSP6O (i.e., stimulation
index > or < 3). Data are expressed as mean values + 1 SEM.

and B versus controls, respectively; both P < 0.05). For the
connective tissue, a significant higher intensity of staining was
found for ML-30 (group A and B versus controls, respectively;
both P < 0.05), N-27 (group A versus controls; P < 0.05), and
LK-1 (group A versus controls; P < 0.05). Macrophages
showed significant differences for F-8 (group A and B versus
controls, respectively; P < 0.001 and 0.05, respectively), ML-
30 (group A and B versus controls, respectively; both P < 0.05),
and HLA-DR (group A and B versus controls, respectively; both
P < 0.05; Fig. 2 and data not shown).

Analysis of clinical characteristics of the disease. The dura-
tion of the disease and of the current arthritis and the severity
of the arthritis and functional class score were compared be-
tween all patients from groups A and B and the control group
(Fig. 3). The duration of the disease was not significantly differ-
ent between JCA patients of groups A and B and the non-JCA
controls. The duration of the arthritis was significantly shorter
for group A than the non-JCA controls (P < 0.05). The score
of arthritis activity was significantly higher in group A (mean
score 1.8; range 1-2) and group B (mean score 2 for all patients)
than in the non-JCA controls (score 1 for all non-JCA controls;
both P < 0.05). The score of the functional class of the patients
of group A (mean score 1.4; range 1-2) differed significantly
from group B (mean score 1.8; range 1-2; P < 0.05). The
score of the functional class of group B was significantly differ-
ent from the non-JCA controls (median score 1; range 1-2;
P < 0.05).

Discussion

Heat shock proteins have received ample attention as possible
target antigens of the immune response in both infectious and
autoimmune diseases (15-19). The proteins are highly evolu-

938 de Graeff-Meeder et al.

A

--A

AA

A



tionarily conserved and they behave as dominant immunogens.
In the experimental model of AA, mycobacterial HSP60 has
been identified as the key antigen. The crucial epitope was
located at amino acid positions 180 to 188 (3). The amino acid
sequence of this epitope shows sequence homology with rat
proteoglycan link protein, which supports earlier suggestions
that rat proteoglycan is a target antigen in AA (20). However,
the alternative possibility of endogenous HSP as a potential
target antigen in arthritis in rats remains to be substantiated.
Recently, we could document T lymphocyte reactivity to human
HSP60 in patients with JCA (7) and the same phenomenon was
found in reactive arthritis (21). Since bacterial and human
HSP60 show a 60% sequence identity at the amino acid level
(22), this has led to the hypothesis that a response originally
triggered by bacterial HSPmight induce T lymphocytes which
recognize epitopes shared by bacterial and self HSP (15, 23).
Alternatively, it is possible that the antibacterial HSPreactivity
is secondary to the reactivity against endogenous HSPs, overex-
pressed in the joint during inflammation.

Recently it was shown that T cell clones from synovial fluid
of HLA-B27+ JCA patients that were raised against mycobacte-
rial HSP65 also could be induced to proliferate to GroEL or
human HSP60 (24), and it was suggested that the response to
both mycobacterial HSP65 and human HSP60 could be caused
by contaminating GroEL in those preparations. In our studies,
we have used HPLC-purified recombinant human HSP60. Al-
though during the production procedure recombinant human
HSP60 is insoluble while GroEL is a soluble protein, and al-
though there was no reactivity with GroEL recognizing mAbs,
we cannot rule out that the recombinant product is contaminated
with trace amounts of GroEL, the E. coli equivalent of human
HSP60. In vitro culture of JCA T cells with GroEL in doses
up to 10 Mg/ml, however, induced only modest responses in 3
out of 11 patients studied for that purpose. Furthermore, it
should be noted that in vitro culture with the control preparation
(HPLC-purified material from mock-transfected bacteria [7]) in
no case induced T cell proliferation above the medium control.
This indicates that the T cell proliferation to human HSP60 as
observed in primary cultures of peripheral blood lymphocytes of
HLA-B27-JCA patients cannot be attributed to contaminating
GroEL.

To investigate the significance of a positive T lymphocyte
proliferative response to human HSP60, we made a comparison
between JCA patients with a positive response (group A) and
patients with a negative response (group B) with regard to lym-
phocyte subset distribution, expression of HSP in synovial
membranes, and clinical characteristics. As far as the lympho-
cyte phenotyping is concerned, we observed a significant in-
crease in CD4+DR+and CD8+DR+T lymphocytes in the syno-
vial fluid of both group A and B. This underscores the role of
T lymphocytes in the inflammatory process in the joint. A num-
ber of previous studies have characterized lymphocyte subsets
in the synovial fluid and peripheral blood of patients with JCA
by analyzing MNCfor cell surface markers and several activa-
tion markers (for review see reference 25). Generally, synovial
fluid lymphocytes showed a decrease in CD4' T cells, an in-
crease in CD8+ T cells, and an increase in T cells with varying
activation markers. Data in JCA patients are similar to those of
patients with the adult form of RA (14, 26). Wedocumented
an increase of CD4+CD29+memory T cells (13) in the synovial
fluid and peripheral blood of patients with JCA (Table II). The

highest percentage was found in group B, i.e., in those patients

with a tendency for longer duration of disease and symptom;s
(Fig. 3). These results suggest an ongoing lymphocyte-mediated
process in patients of group B. Since these patients are by
definition nonreactive to human HSP60, the results of T cell
phenotyping may suggest more profound defective immunoreg-
ulation than in patients of group A. However, whether the results
of phenotyping are directly related to human HSP60 reactivity
remains to be clarified. In adult RA patients it is shown that
the percentage of CD4+CD29+ is higher in synovial fluid than
in peripheral blood (14). The finding of the highest number of
CD4+CD29+ cells in group B is interesting since these patients
most resemble the seronegative adult RA patients in mainy as-
pects.

The pattern of expression in the synovial membranes of
human HSP60 as detected by the monoclonal antibody LK- I
paralleled expression of HSP-related molecules as demonstrated
by the crossreactive antibodies LK-2, F-8, and ML-30 (7, 8).
The results showed that the JCA patients of both groups showed
a higher intensity of labeling of the antibodies than the controls
(Table IV). The pattern of staining and the localization (Fig. 2)
were similar to our earlier findings in RA patients (8), where
only crossreactive antibodies were used. In one patient (Table
I, patient 4), we observed immunohistochemical expression of
human HSP60 or crossreactive molecules in a very early phase
of the disease while the proliferative response to human HSP60
was not yet positive. 2 mo later while the disease was still
active, a proliferative response to human HSP60 developed. In
three other patients with JCA (not included in this study), we
observed expression of HSP60 and crossreactive molecules in
the synovial membranes after only 6 wk of arthritis, preceding
the development of a positive response to human HSP60 in
PBMC.

All but four of the patients of group A had an oligoarticular
onset of JCA. The mean duration of the disease and the meani
duration of the current arthritis were shorter in group A than in
group B. In addition, the patients of group A had a less severe
course of the disease, which is reflected in a significantly lower
functional class as compared with the patients of group B (Fig.
3). Group B consists of the majority of patients with either a
polyarticular onset of JCA or HLA-B27-positive patients with
an oligoarticular onset of JCA. These are exactly the groups
with a nonremitting course of disease. Group B comprised two
HLA-B27-negative patients with oligoarticular onset (patients
16 and 20), who both were tested early in the course of the
arthritis. It is conceivable that if they were tested in a later stage
they could have belonged to group A. It is known that patients
with an oligoarticular JCA generally have a short and benign
course of their disease. Follow-up studies of four of the patients
of group A show that the response to human HSP60 disappears
when the arthritis came in remission (Prakken, A. B. J., W. van
Eden, G. T. Rijkers, W. Kuis, E. A. Toebes, E. R. de Graeff-
Meeder, R. van der Zee, and B. J. M. Zegers, manuscript in
preparation).

Taken together our results show that in vitro T cell response
to human HSP60predominantly, though not exclusively, occurs
in JCA patients of the HLA-B27-negative oligoarticular sub-
group with an active arthritis. Since patients from this subgroup
of JCA usually show a short term of disease and favorable
outcome it is tempting to hypothesize that T cell reactivity to
human HSP60 in these patients is associated with immunoregu-
latory control rather than with progression of disease. Our re-
sults also show that T cell reactivity to human HSP60 is not
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strictly confined to the subgroup of patients with an oligoarticu-
lar onset but may occur in polyarticular JCA patients as well
(this study and our unpublished results). The selection of HSP
epitopes for T lymphocyte activation, that may determine pro-
gression and outcome of the disease, may be different for pa-
tients with either the oligoarticular onset type or the polyarticu-
lar type of disease. The finding that the various JCA subtypes
show different HLA associations supports this concept (27). In
our group of patients, the frequency of HLA susceptibility al-
leles (e.g., 41% HLA-DPBI*0201) corresponded with known
HLA associations in JCA (28). There was, however, no relation
between any particular HLA haplotype or allele and the in vitro
anti-human HSP60 T cell response (data not shown). As such,
this is not surprising because we have used the full-length re-
combinant HSP60 molecule. Future studies should be directed
to establish the epitopes of human HSP60 selected by T cells
in the various subgroups of JCA patients.
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