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ABSTRACT. The 60-kD heat shock protein (hsp60) has 
been implicated in the etiology and pathogenesis of both 
experimental and naturally occurring autoimmune diseases 
such as juvenile chronic arthritis (JCA). Human hsp60 is 
expressed in inflamed synovial tissue, and T lymphocytes 
both from peripheral blood and synovial fluid show reac- 
tivity to human hsp60. Because the anti-hsp60 B lympho- 
cyte response has been less well studied, we have deter- 
mined the occurrence of IgG anti-human hsp60 antibodies 
in patients with JCA and various other autoimmune dis- 
eases of childhood. Serum IgG anti-human hsp60 antibod- 
ies in JCA patients were significantly higher compared 
with control children (358 and 163 UImL, respectively). 
Within the group of JCA patients, the highest antibody 
titers were found in the subgroup with a polyarticular onset 
of JCA. IgG anti-human hsp60 antibody levels in synovial 
fluid were 3- to 4-fold higher compared with paired serum 
samples. Because this difference was not found for total 
IgC or for irrelevant antibodies (anti-polyribosylribitol 
phosphate), this suggests local anti-hsp60 antibody pro- 
duction in the synovial compartment. The occurrence of 
anti-hsp60 antibodies is not specific for JCA but also is 
found in children with systemic lupus erythematosus and 
in cystic fibrosis, whereas mixed connective tissue disease 
and insulin-dependent diabetes are negative in this respect. 
Whether the anti-human hsp60 antibodies are directed 
toward species-specific sequences or to conserved se- 
quences of the hsp60 molecule remains to be determined. 
(Pediatr Res 34: 424-428,1993) 
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The family of hsp comprises a set of proteins that serve 
important functions in maintenance of intracellular integrity 
under stressful conditions such as increased temperatures (I) .  
Hsp are found both in prokaryotic and eukaryotic organisms, 
including humans, and show an extremely high amino acid 
sequence homology throughout phylogeny (2, 3). Despite the 
considerable degree of sequence homology between bacterial and 
human hsp, hsp are immunodominant antigens in a variety of 
bacterial infections (4, 5). Furthermore, a large body of experi- 
mental data published over the last decade now provides com- 
pelling evidence that hsp constitute the link between infectious 
diseases and autoimmunity. In experimental animal models of 
autoimmune diseases. notably adjuvant arthritis in rats and 
IDDM in NOD mice, T-cell reactivity against hsp60 has been 
shown to be causally associated with development of autoim- 
munity (6). Also. in humans there are indications that hsp, in 
particular hsp60, play a role in autoimmune diseases such as 
JCA and to a lesser degree also RA. In arthritic synovial tissue 
of patients with RA or JCA, hsp60 is expressed in synovial lining 
cells. in endothelial cells of blood vessels, and in macrophages 
(7, 8). Moreover, T cells derived from SF of RA patients can be 
readily activated with mycobacterial hsp60 (9-1 1): in JCA pa- 
tients this also can be achieved with recombinant human hsp60 
(12). 

Whereas T-cell reactivity to human hsp60 thus clearly has 
been demonstrated in JCA patients. the anti-human hsp B-cell 
response has not yet been investigated extensively. Antibodies to 
microbial hsp60, hsp70, or both are detectable in various autoim- 
mune diseases of adulthood ( 13- 17). Antibodies to mycobacte- 
rial hsp65 have been detected in patients with JCA (18). No 
reports, however, are available on the occurrence of antibodies 
to human hsp60 in JCA. Using recombinant human hsp60, we 
therefore have determined IgG anti-human hsp60 antibodies in 
patients with JCA, as well as in various other autoimmune 
diseases of childhood, and in patients with CF. 

MATERIALS A N D  METHODS 

The study included 21 patients ( I2  females and nine males) 
with JCA as defined by the criteria of the European League 
Against Rheumatism ( 19). Four patients had an OA-JCA. I 1 
had a PA-JCA, and six had a SO-JCA. We tested a total of 1 14 
serum samples for anti-human hsp60 reactivity. The age of the 
patients at the onset ranged from 3.8 to 18.8 y (mean 10.8 y). 
The mean duration of the disease by entry of the study was 4.8 
y (Table 1). The mean follow-up was 1.8 y (1.0 to 2.8 y). Six 
patients were rheumatoid factor positive as determined by 
Waaler-Rose and latex agglutination. Eleven of the patients had 
ANA as determined by immunofluorescence on Hep-2 cells. 
None of the patients was HLA-B27 positive. The geometric mean 
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Table 1.  Patient characteristics* 

Duration of 
No. 

- Age (y) disease (y)  
JCA 2 1 10.8 (3.8-18.8) 4.8 (0.5- 18.8) 
SLE I I 12.9 (8.6-17.3) 4.9 (0.1- 10.3) 
MCTD -- 77 2 1.7 ( 1  1.2-25.8) 9.9 (2.4-16.4) 
Dermatomyositis 4 8.5 (7.4-1 1.4) 3.1 ( 1.3-4.2) 
CF 24 12.6 (1.8-20.3) 9.8 (0-18.8) 
IDDM 3 3 1 1.6 (3.5-16.9) 6.8 (1.1-12.3) 
Healthy 

- -  ~ - -  
17 3.7 (0.4- 1 1.6) 

* Values in parentheses are means. 
t Significantly ( p  < 0.05) higher than other patient groups and healthy controls. 

Serum IgG (g/L) 

12.5 (5.4-27.9) 
12.6 (4.4-37.9) 
15.9 (10.2-26.6)t 
1 1.5 (9.7- 15.3) 
18.0 (6.3-29.0)t 
8.8 (4.7-22. I )  
8.9 (4.0-14.8) 

serum level of IgG of the whole group of JCA patients was 13.9 
p/L (range. 5.4-30.8 g/L). The geometric mean serum level of 
IgG at the entry of the study was 12.5 g/L (range. 5.4-27.9 g/L) 
and at the end was 12.5 g/L (range. 5.4-30.8 g/L). The mean 
score of arthritis activity was not different between the beginning 
and the end of the study ( 1.3 verslrs 1.2). Activity of the arthritis 
was scored on formal joint assessments (swelling and/or tender- 
ness, pain, and limitation of motion): 0. no signs of arthritis; 1. 
mild arthritis: 2. moderate arthritis: and 3, severe arthritis. The 
mean score of functional class was similar at the start and at the 
:nd (2.0 verslrs 1.9). The functional class was assessed according 
to Steinbrocker et a / .  (20). 

From six JCA patients (four with PA-JCA, two with SO-JCA). 
1 total of eight SF samples were analyzed for the presence of IgG 
inti-hsp60 antibodies. All SF samples were obtained during an 
active phase of the arthritis. The age of the patients from which 
SF was obtained as well as their mean duration of disease, 
irthritis score, functional class, and serum IgG did not differ 
iignificantly from that of the group of JCA patients as a whole. 
The geometric mean IgG level in the SF was 8.6 g/L (range. 2.6- 
15.5 g/L). 

Thirty-eight sera of I I patients (nine females and two males) 
with SLE defined by the criteria of the American Rheumatism 
4ssociation (2 I ) ,  22 patients ( 1  8 females and four males) with 
uvenile onset MCTD defined by the criteria of Kasukawa et a / .  
22), four patients (all females) with juvenile dermatomyositis 
lefined by Bohan ef a/. (23), 33 patients with IDDM, and 24 
~atients with CF also were included in the study. Sera from 17 
iealthy children, ofwhich 12 have been referred to the outpatient 
lepartment for evaluation of possible food allergy, served as 
:ontrols. All children were vaccinated with the diphtheria. teta- 
u s ,  cellular pertussis, poliomyelitis vaccine at 3, 4, 5, and 1 1  
n o  of age (24). The full-length human hsp60 gene was kindly 
~rovided by Dr. R. A. Young (Whitehead Institute, Cambridge, 
MA) as a phage X gt 1 1  clone isolated from a human cDNA 
ibrary prepared from HeLa cells by Dr. R. S. Gupta et a/ .  (2). 
\n Sphl restriction site was introduced through intermediate 
)Ex2-derived plasmids and subcloned into pRH90 I [constructed 
iom expression vector pNGS2O(+) (25)l. Subcloning of the 
luman hsp60 gene into pRH901 thus resulted in plasmid pRH 
I01 1 from which the hsp60 gene product could be expressed 
vith isopropyl-(I-D-thiogalactopyranoside induction. The hsp60 
was purified by (NH4)2S04 precipitation and reversed-phase 
iPLC as described before ( 12). The product of pRH90 1 was 
,ubjected to the same purification procedures and was used as 
,pecificity control. 

All serum samples were stored at -80°C until use. IgG anti- 
lodies to human hsp60 were measured by ELISA. To that end, 
nicrotiter plates (Greiner-Labortechnik, Langenthal, Germany) 
vere coated directly with human hsp60 [HPLC purified recom- 
)inant hsp60 ( 1  2)] or with the purified pRH90 1 product, both 
~t a concentration of 2 pg/mL in PBS at 37°C during 16 h. For 
letection of IgG antibodies against PRP, the capsular polysac- 
:haride of Harmopllilus influenzae type b, plates were coated 
vith 5 pg/mL tyraminated PRP (26). Subsequently. the coated 

plates were washed three times with 0.05% (vol/vol) Tween-20 
in PBS and incubated for 1 h at 37°C with I % (wt/vol) BSA in 
PBS. Thereafter, the plates were washed again. After incubation 
with serial dilutions of serum samples in diluting buffer (PBS, 
0.05% (vol/vol) Tween-20,0.5% BSA) for 2 h at 37'C, the plates 
were washed again and incubated with peroxidase labeled rabbit 
anti-human IgG (Dako, Glostrup, Denmark). The plates were 
washed again and finally incubated with 0.1 mg/mL tetrame- 
thylbenzidine dihydrochloride (Sigma Chemical Co., St. Louis, 
MO) in 0.05 M phosphate-citrate buffer with 0.03% sodium 
perborate (Sigma). After an incubation of 15 to 30 min, the 
reaction was stopped by adding 1M H2S04 and absorbance at 
450 nm was read on an ELISA Titertek Multiscan Spectropho- 
tometer (Flow, Irvine, UK). All antibody titers are expressed 
relative to a high titered anti-human hsp60 serum, which was 
assigned 1000 U/mL. This standard serum was withdrawn from 
a patient with OA-JCA with active arthritis. An anti-PRP hyper- 
immune serum containing 32.5 pg/mL antibody (27) was used 
as a standard in the anti-PRP assays. 

The IgG anti-human hsp60 antibody concentration in the 
reference serum was estimated by comparing the OD evident 
from the binding with a human hsp60-coated ELISA plate with 
the OD of the same serum. captured on an anti-lgG-coated 
ELISA plate. The plates were incubated with alkaline phospha- 
tase-conjugated anti-IgG and developed with 1 mg/mL para- 
nitrophenylphosphate (Sigma) in diethanolamine buffer pH 9.8. 
After 30 to 60 min incubation at room temperature, the reaction 
was stopped by 2.4 M NaOH, and absorbance was read at 405 
nm. This procedure resulted in an estimated antibody concen- 
tration of approximately 1 pg IgG anti-human hsp60/mL in the 
reference serum. 

The average IgG anti-human hsp60 antibody levels are ex- 
pressed as geometric means. In statistical tests for the individual 
patient, the mean of all follow-up data was used. For comparison 
of the location of various groups of data, a Kruskal-Wallis test 
was performed because of skewed data. To calculate correlations, 
c.g. serum IgG and IgG anti-human hsp60 antibody levels, a 
Spearman rank correlation test was performed because of skewed 
data. 

RESULTS 

The availability of recombinant hsp60 enabled the quantita- 
tion of IgG anti-human hsp60 antibodies in sera of juvenile 
patients with various autoimmune diseases. In the majority of 
serum samples, OD values obtained on plates coated with the 
product of pRH90I were below 5% of that obtained on human 
hsp60 coated plates. In five samples (including four from JCA 
patients) out of 26 1 tested, the OD values on pRH9OI-coated 
plates were higher than that on human hsp60-coated plates: these 
samples were excluded from further analysis. When more than 
two samples of an individual patient were available. the geomet- 
ric mean of all follow-up data was used in statistical analysis. 
From a series of 21 patients with JCA, a total of 114 serum 
samples were obtained. The number of samples per patient 
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ranged from three to seven; the interval over which serum 
samples were collected ranged from 1 to 3 yr. In patients with 
JCA, geometric mean serum IgG anti-human hsp60 antibody 
levels were significantly higher than in control children (358 and 
163 U/mL, respectively; p < 0.05; Fig. I). 

IgG anti-human hsp60 antibodies also were detectable in all 
SF samples analyzed (geometric mean, 1463 U/mL: range, 3 15- 
3274 U/mL). In six of eight cases, the level of IgG anti-human 
hsp60 antibodies was even higher in SF than in matched serum 
samples. A significant correlation was found between the level 
of IgG anti-human hsp60 in serum and SF (Fig. 2) (r' = 0.707: 
p = 0.017). Because these data suggest local IgG anti-hsp60 
antibody production by SF B lymphocytes, we determined levels 
of IgG antibodies against an irrelevant polysaccharide antigen, 
PRP, in the same set of matched serum and SF samples. Serum 
IgG anti-PRP antibody levels were higher as in SF: there was no 
correlation between the level of anti-hsp60 and anti-PRP anti- 
bodies (Fig. 2). 

The occurrence of high serum IgG anti-human hsp60 antibody 
concentrations was not restricted to JCA but was also found in 
four of I I patients with SLE. The geometric mean of IgG anti- 
human hsp60 antibodies of all SLE patients was 650 U/mL 
(range, 59-3677 U/mL; Fig. 3), being significantly higher in SLE 
patients than in healthy controls ( p  < 0.05). In 2 1 of 22 patients 
with juvenile MCTD and four of four with juvenile dermato- 
myositis, serum IgG anti-human hsp60 antibodies were not 
significantly different from healthy control children [geometric 
mean for MCTD patients, 241 U/mL (range, 34-990 U/mL) 
and for juvenile dermatomyositis patients, 75 U/mL (range, 26- 

JCA healthy control children 

Fig. I. Geometric mean values of ELISA IgG anti-human hsp60 
antibodies in JCA patients and controls. Different symbols represent the 
subtype of JCA: triangle, polyarticular onset: circle. systemic onset: and 
stars, oligoarticular onset of JCA. 

137 U/mL), Fig. 31. In comparison with healthy controls, serum 
IgG anti-human hsp60 antibodies of patients with IDDM were 
not significantly different (geometric mean. 172 U/mL: range. 
30-474 U/mL: Fig. 3). There was no difference in the levels of 
IgG anti-human hsp60 between recent-onset IDDM patients (<2 
yr after onset) and those with longer disease duration [(geometric 
means, 100 U/mL (range, 30-396 U/mL) and 1 19 U/mL (range, 
33-474 U/mL). respectively: p = 0.7442)]. For the total group 
of IDDM patients, there was no correlation between duration of 
the disease and IgG anti-human hsp60 titer (r' = 0.00 134: p = 
0.52). Levels of serum IgG anti-human hsp60 antibodies in 
patients with CF were significantly higher than those of healthy 
controls [geometric mean of CF patients, 1052 U/mL (range, 
196-3317 U/mL) and that for healthy controls, 163 U/mL 
(range, 78-376 U/mL); p < 0.001; Fig. 31. 

Increased serum IgG anti-human hsp60 antibodies were not 
observed in all patients with JCA or SLE and, moreover, the 
level of IgG anti-hsp60 antibodies was found to vary (up to 4- 
fold) over time within a given patient. Therefore, potential 
correlations of serum IgG anti-human hsp60 antibody titer with 
age of the patients, JCA subtype, the presence of ANA and RF, 
duration of disease, arthritis score, functional class, and serum 
IgG concentrations were analyzed by Spearman rank correlation 
test. For the group of JCA patients and SLE patients, we observed 
a correlation between the level of IgG anti-human hsp60 anti- 
bodies and serum IgG level ( r  = 0.69, p < 0.05 and r = 0.85. p 
< 0.002 respectively). This latter correlation is statistically signif- 
icant for the PA-JCA and SO-JCA subgroup ( r  = 0.79, p < 0.05 
and r = 0.73. p < 0.05. respectively) and not for the OA-JCA 
group. For the other evaluated items including arthritis score 
and functional class, no correlation was found. 

The highest levels of IgG anti-human hsp60 antibodies were 
found in the PA-JCA patients. Five of the six patients with SO- 
JCA and three of four patients with OA-JCA had serum IgG 
anti-human hsp60 antibody levels within the range of normal 
control children. The one patient with SO-JCA and high serum 
IgG anti-human hsp60 antibodies differed from the other SO- 
JCA patients in that a proven mycobacterial infection existed. 
In this patient, a correlation was found between arthritis activity 
and level of IgG anti-human hsp60 antibodies (Fig. 4). 

DISCUSSION 

In this study, we investigated the occurrence of IgG anti- 
human hsp60 antibodies in patients with JCA and various other 
autoimmune diseases. patients with CF and healthy control 
children. 

In patients with JCA, a significant higher level of IgG anti- 
human hsp60 antibodies was found compared with healthy 
controls. The group of PA-JCA did account for the highest level 

serum IgG anti-HSP6O lU/ml) serum lgG anti-PRP [Ulmll  synovial f lu~d IgG anti-PRP lU/ml) 

Fig. 2. Correlation between IgG anti-human hsp60 (I(;$ pan(./) and IgG anti-PRP (middle panel) matched pairs of serum and SF samples. Right 
panel shows absence of correlation between IgG anti-hsp60 and IgG anti-PRP in SF samples. 
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JCA SLE MCTD IDDM CF normal 

Fig. 3. Geometric mean values of ELlSA IgG anti-human hsp60 
antibodies in patients with JCA. SLE. MCTD. IDDM. CF. and normal 
control children. 

time (years) 

Fig. 4. Correlation in time between arthritis activity and level of IgG 
anti-human hsp60 antibodies in a patient with a systemic onset of JCA 
and a proven mycobacterial infection. Square sj~mbo1.s. IgG anti-human 
hsp60 antibody levels: dorred bars, arthritis activity. 

of IgG anti-human hsp60 antibodies. In two other subtypes of 
JCA (OA-JCA and SO-JCA), the levels of IgG anti-human hsp60 
antibodies did not differ significantly from normal children. 
Detailed analysis revealed in JCA patients no correlation between 
the level of IgG anti-human hsp60 antibodies and JCA subtype, 
presence of ANA or RF, duration of disease, disease activity or 
disablement. In particular, we found no correlation between 
disease activity and IgG anti-human hsp60 antibody titer. Anti- 
bodies to mycobacterial hsp65 have been found in OA-JCA and 
particularly during active disease ( 1  8). 

We documented a significant increase of IgG anti-human 
hsp60 antibodies in comparison with healthy children in only 
one of the other tested autoimmune diseases: i.e. in the group of 
SLE patients ( p  < 0.05). The highest levels of IgG anti-human 
hsp60 antibodies were documented in the group of CF patients. 
It should be noted that CF patients are exposed chronically to 
high levels of bacterial antigens, including bacterial hsp. 

Data from literature show that in nearly all sera from adult 
patients with RA, SLE, MCTD, Sjogren syndrome, and Reiter's 
disease but also in normal controls, antibodies to (human) hsp6O 
can be detected ( 17). Furthermore, antibodies to bacterial hsp60 
and hsp70 are reported in these autoimmune diseases also (13- 
15, 28). Apart from methodologic differences, the specificity of 
these antibodies (real autoantibodies to human hsp or antibac- 
terial hsp antibodies) remains to be assessed. 

Based on clinical arguments, JCA is considered a T-cell me- 
diated autoimmune disease. Reasons in favor of this concept are 
the clinical observations that viral infections, which can induce 
suppression of cellular immunity, may lead to remission of 

disease activity (29-3 1). In patients with primary B-cell disorders 
(e.g. common variable immunodeficiency. agammaglobuline- 
mia), chronic arthritis indistinguishable from that occumng in 
B-cell competent patients with JCA has been documented (32, 
33). In patients with primary T-cell disorders ( c . ~ .  severe com- 
bined immunodeficiency), chronic arthritis has not been ob- 
served. In healthy humans, naturally acquired anti-human hsp60 
antibodies will be present. The above suggests that the B-cell 
compartment is not primarily involved in the development of 
JCA. A role of anti-human hsp60 antibodies in the pathogenesis 
of JCA therefore seems unlikely. 

High concentrations of IgG anti-human hsp antibodies were 
found in SF of patients with JCA. Total IgG levels and IgG anti- 
PRP antibodies in SF were not higher as in serum, suggesting 
the local production of anti-hsp60 antibodies. Whereas these 
antibodies probably do not directly contribute to the pathogen- 
esis of JCA for reasons outlined above, they may modulate the 
T-lymphocyte response to hsp60. The uptake and processing by 
monocytes/macrophages may be facilitated when hsp60 is com- 
plexed with anti-hsp antibodies. 

From studies in experimental animals, it has become clear that 
next to adjuvant arthritis (34, 35) the spontaneous development 
of diabetes mellitus in so-called NOD mice also is causally 
associated with autoimmunity to hsp60 (36.37). This association 
has not yet gained experimental support for diabetes mellitus in 
humans. In patients with IDDM, no increase in serum IgG anti- 
human hsp60 could be documented (Fig. 3). Serum of NOD 
mice with diabetes has been shown to contain hsp60 (36). If this 
would hold true for IDDM patients also, anti-hsp antibodies 
could be present complexed with hsp60, causing false-negative 
results in this group of patients. 

For patients with JCA and SLE but not for patients with CF, 
a correlation has been observed between the level of serum IgG 
and IgG anti-human hsp60 antibodies. Presently, the significance 
of this phenomenon is unclear. The fact that in patients with CF 
and in patients of one subtype of JCA (OA-JCA) such a corre- 
lation has not been observed argues against the explanation that 
a polyclonal B-cell activation as such is the underlying mecha- 
nism for this correlation. Furthermore, in other juvenile autoim- 
mune disease such as MCTD, dermatomyositis, and IDDM, a 
correlation between serum IgG and IgG anti-human hsp60 an- 
tibodies also was not observed. 

In this study, we have determined IgG antibodies that bind to 
recombinant human hsp60. Because of the high degree of amino 
acid homology between human and bacterial hsp60, it cannot 
be concluded directly whether these antibodies are true auto- 
antibodies or whether they are directed against sequences shared 
by human and bacterial hsp60. In this respect, it should be noted 
that immunization of mice with cellular pertussis vaccine does 
induce anti-hsp60 antibodies that cross-react with semipurified 
human hsp60 from HeLa cell mitochondria (38). Routine vac- 
cination with diphtheria, tetanus, cellular pertussis, poliomyelitis 
vaccine containing cellular pertussis induces antibodies that 
cross-react with bacterial hsp60 but also with human hsp60. IgG 
anti-human hsp60 antibody levels attained are within the range 
of that observed in our healthy control group (39). It can be 
concluded that the presence of IgG anti-human hsp60 antibodies 
reflects in vivo exposure to bacterial and/or human hsp. Clearly. 
further analysis, including binding studies with synthetic peptides 
encompassing human specific sequences and conserved se- 
quences, will be required to resolve this issue. 
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