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Abstract

Background: Heat shock proteins are highly conserved immunodominant antigens found in various species. Humoral immune
responses to mycobacterial HSP65 and human HSP60 have been
established in a number of human autoimmune diseases.
Objective: To assess the prevalence of antibodies to HSP60 kDa
and HSP65 kDa in patients with Sjögren’s syndrome as compared
to normal subjects.
Methods: Thirty-seven patients with SS were compared with
normal controls. The antibodies against human HSP60 were
measured by the Anti-Human (IgG/IgM) HSP60 ELISA kit. IgGs
and IgMs to mycobacterial HSP65 were determined using an enzyme-linked immunosorbent assay with mycobacterial recombinant
HSP65 antigens.
Results: The levels of both anti-HSP60 and -HSP65 were lower
in patients compared with controls. IgG autoantibodies to HSP60
were signiﬁcantly different between groups: 162 ± 55.1 ng/ml in
controls versus 112.3 ± 30.6 ng/ml in SS patients (P < 0.001).
The levels among controls of anti-HSP65 IgM isotype were also
signiﬁcantly higher than among the SS patients: 111.6 ± 33.4 U/ml
versus 96.1 ± 8.9 U/ml (P = 0.01).
Conclusions: The results of the present study show that the
levels of different isotypes of anti- HSP60 and HSP65 antibodies
were lower in patients with SS than in normal subjects. Additional
studies in larger patient populations are required to evaluate the
prevalence of these autoantibodies in SS patients.
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Sjogren’s syndrome is a chronic organ-speciﬁc autoimmune disease characterized by lymphocytic inﬁltration of the salivary and
lacrimal glands, leading to oral and ocular dryness as well as to
systemic manifestations such as renal, pulmonary and vascular
complications [1]. The etiopathogenesis of SS is largely unknown (although a role has been suggested for a few viruses),
but most of the available data suggest that both cellular and
humoral immune mechanisms are involved in the pathogenesis
of the disease. B cells isolated from SS patients are oligoclonally activated, resulting in hypergammaglobulinemia, elevated
levels of circulating immune complexes and non-organ-speciﬁc
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antibodies. The predominance of activated T cells within the
exocrine gland inﬁltrates in SS suggests that T cells play an
important role in initiating the disease. However, the putative
antigen(s) that trigger activation and generation of these autoreactive T cells are still unknown.
It has been established in recent years that members of the
heat shock protein family, especially mycobacterial HSP65 and
its human homology HSP60, represent target antigens of the
immune response [2]. HSP-speciﬁc cellular and humoral immune responses were demonstrated in a number of experimentally induced autoimmune diseases such as adjuvant arthritis
in rats [3] and insulin-dependent diabetes mellitus in NOD
mice [4]. Moreover, increased T cell response to mycobacterial
HSP65 [5] as well as raised levels of circulating antimycobacterial HSP65 and HSP60 antibodies were found in patients with
different autoimmune rheumatic diseases [6–14]. In the present
study we investigated the different isotypes of antibodies to
HSP65 and HSP60 in patients with SS as compared to healthy
subjects.

Patients and Methods
The study population comprised 37 consecutive SS patients, all
of whom fulﬁlled the criteria for classiﬁcation of SS [15]. The
sera of 11 age-matched apparently healthy women were obtained from the national blood bank.
Anti-HSP60 antibody determination

The antibodies against human HSP60 were measured by the
Anti-Human (IgG/IgM) HSP60 ELISA kit (Stressgen Biotechnologies Corp., Canada) according to the manufacturer’s instruction.
Concentration of antibodies was determined using the standard
anti-HSP60 curve (ng/ml).
Anti-HSP65 antibody determination

For antibody determination, ELISA plates were pre-coated
overnight at 4°C with 1 µg/ml (in phosphate-buffered saline) of
mycobacterial recombinant HSP65 antigens. Plates were blocked
with 1% bovine serum albumin for 2 hours at room temperature. After washing (three times) with PBS 0.05% Tween 20 soPBS = phosphate-buffered saline
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Figure 1. IgG and IgM anti-heat shock protein 60 (HSP60)
autoantibodies (ng/ml) in Sjögren’s syndrome patients and control
subjects. P < 0.05 only for IgG.

Figure 2. IgG and IgM anti-heat shock protein 65 (HSP65)
autoantibodies (U/ml) in Sjögren’s syndrome patients and control
subjects. P < 0.05 only for IgM.

lution, sera of patients diluted 1:200 were added and incubated
for 2 hours at room temperature. After additional washings
afﬁnity-puriﬁed goat anti-human IgG or IgM antibodies conjugated with alkaline phosphatase (Jackson ImmunoResearch,
USA) were added for 1 hour at room temperature. The plates
were developed using phosphatase substrate (Sigma, USA) and
read on an ELISA reader (Anthos HT2, Austria). Results were
expressed as arbitrary units per ml (U/ml) using the corresponding standard curve.

antibodies against Helicobacter pylori and its speciﬁc HSP60 was
higher in 53 SS patients than among controls. Of note is that a
similar incidence of anti-HSP60 antibodies was detected in SS
patients infected with H. pylori and in patients without infection.
In another study that included patients with different autoimmune rheumatic diseases, high levels of antibodies against
HSP60 were observed in nine SS patients [14].
The relation between HSPs and autoimmune rheumatic diseases has been extensively investigated in recent years. HSP
synthesis is increased in order to protect prokaryotic or eukaryotic cells from various insults during periods of stress caused
by infection, inﬂammation, or similar events. Consequently, in
several infections and autoimmune diseases, HSPs represent
prominent antigens in the humoral and cellular immune response mediated by antibodies and T cells [2]. For instance, a
critical role of HSP60 and HSP65 in induction of T cell response
has been proved by the involvement of αβ T cells speciﬁc for
HSP602 in Behcet’s disease [5] and CD4 T cell proliferation induced by HSP65 and HSP60 in Takayasu’s arteritis [13]. Humoral
immune responses to HSP were established in a number of
human autoimmune diseases [6–14]. Increased levels of HSP60speciﬁc antibodies in serum were found in atherosclerosis [7],
systemic sclerosis [8], psoriasis [9], Kawasaki disease [10], Behcet’s disease [11], juvenile chronic arthritis [12], and Takayasu
arteritis [13]. Similarly, elevated levels of other HSP-reactive
antibodies were detected in some autoimmune diseases. For
example, over-expression of HSP90 was found in B and T cells
in 20% of patients with systemic lupus erythematosus, and
this ﬁnding correlated with active central nervous system and
cardiorespiratory disorders [18]. In addition, increased antibody
levels to HSP90 were found in a group of SLE patients [19],
high titers of antibodies against HSP70 were identiﬁed in the
sera and cerebrospinal ﬂuid of multiple sclerosis patients [20],
and a high prevalence of autoantibodies to HSP47 antigen was

Results
The comparison of anti-HSP autoantibodies level between patients with SS and normal subjects showed that levels of IgM
autoantibodies to HSP60 were higher in controls than in SS
patients (82 ± 37.9 versus 67.9 ± 17.5 ng/ml, respectively; P >
0.05). Nonetheless, the levels of IgG autoantibodies to HSP60
were signiﬁcantly different between groups: 162 ± 55.1 ng/ml in
controls versus 112.3 ± 30.6 ng/ml in SS patients (P < 0.001)
[Figure 1]. A Similar trend was found regarding levels of IgM
autoantibodies against HSP65: the levels of the IgM isotype
were signiﬁcantly higher among controls than among patients:
111.6 ± 33.4 versus 96.1 ± 8.9 U/ml (P = 0.01). On the other
hand, while levels of IgG anti-HSP65 also differed between
groups, this difference did not reach statistical signiﬁcance due
to the high standard deviation (98 ± 108.4 versus 61.7 ± 41 U/
ml in controls and patients, respectively) [Figure 2].
Discussion
These results emphasize that levels of IgG and IgM autoantibodies against human HSP60 and mycobacterial HSP65 are
lower in sera obtained from patients with SS as compared to
control subjects. There are only a few studies detailing these
autoantibodies in SS patients. Jarjour et al. [16] also found a
comparable prevalence of autoantibodies against HSP in sera
from SS patients and controls [16]. In contrast, it was demonstrated by Aragona and colleagues [17] that the prevalence of
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found in patients with mixed connective tissue disease [21]. It
should be noted, however, that inconsistent levels of self-HSPreactive antibodies among patients with rheumatoid arthritis
and SLE were reported in other studies [12,22].
Because of controversial reports about the prevalence of HSP
antibodies in human autoimmune disease and because these
antibodies are occasionally found among healthy subjects [23],
their signiﬁcance with respect to autoimmune disease pathogenesis remains to be determined. It is possible, however, that
they play a major role in a given autoimmune disease while
playing a minor or no role in another. The results in the present study of decreased IgG HSP60 and IgM HSP65 antibodies
in patients with Sjogren’s syndrome cast doubt on the real
signiﬁcance of previous partially contrary ﬁndings. It is also
possible that since anti-HSP antibodies have been reported in
association with enhanced atherosclerosis [24,25], their lower
levels in SS might imply that they have a protective role in that
respect. The implications of immune responses against HSP are
still not fully understood, yet they provide additional evidence
for the association between infections and autoimmunity.

References
1. Cervera R, Shoenfeld Y. Pathogenic mechanisms. In: Peter JC,
Shoenfeld Y, eds. Autoantibodies. Amsterdam: Elsevier, 1996:607–17.
2. Zügel U, Kaufmann SHE. Role of heat shock proteins in protection from and pathogenesis of infectious diseases. Clin Microbiol
Rev 1999;12:19–39.
3. van Eden W. Heat-shock proteins as immunogenic bacterial antigens with the potential to induce and regulate autoimmune arthritis. Immunol Rev 1991;121:5–28.
4. Elias D, Markovits D, Reshef T, Van der Zee R, Cohen IR. Induction and therapy of autoimmune diabetes in the non-obese diabetic (NOD/Lt) mouse by a 65-kDa heat shock protein. Proc Natl
Acad Sci USA 1990;87:1576–80.
5. Lehner T, Childerstone A, Pervin K, et al. Stress proteins in Behcet’s disease and experimental uveitis. In: van Eden W, Young
D, eds. Stress Proteins in Medicine. New York: Marcel Dekker,
1996:163–83.
6. Kaufmann SHE, Schoel B. Heat shock proteins as antigens in
immunity against infection and self. In: Morimoto RI, Tissieres
A, Georgopoulos C, eds. The Biology of Heat Shock Proteins and
Molecular Chaperones. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press, 1994:495–531.
7. Xu Q, Wick G. Surface expression of heat shock protein 60 on
endothelial cells. Immunobiology 1993;189:131–2.
8. Danieli MG, Candela M, Ricciatti AM, et al. Antibodies to mycobacterial 65 kDa heat shock protein in systemic sclerosis (scleroderma). J Autoimmun 1992;5:443–52.
9. Rambukkana A, Das PK, Witkamp L, Yong S, Meinardi MM, Bos
JD. Antibodies to mycobacterial 65-kDa heat shock protein and
other immunodominant antigens in patients with psoriasis. J Invest Dermatol 1993;100:87–92.
10. Yokota S, Tsubaki K, Kuriyama T, et al. Presence in Kawasaki
disease of antibodies to mycobacterial heat shock protein hsp65
and autoantibodies to epitopes of human hsp65 cognate antigen.
Immunol Immunopathol 1993;2:163–70.

780

O. Shovman et al.

11. Lehner T, Lavery E, Smith R, van der Zee R, Mizushima Y, Shinnick T. Association between the 65-kilodalton heat shock protein,
Streptococcus sanguis, and the corresponding antibodies in Behcet’s disease. Infect Immun 1991;59:1434–41.
12. De Graeff-Meeder ER, van Eden W, Rijkers GT, Prakken BJ, Zegers
BJ, Kuis W. Heat shock proteins and juvenile chronic arthritis.
Clin Exp Rheumatol 1993;11(Suppl 9):S25–8.
13. Chauhan K, Tripathy K, Sinha N, Singh M, Nityanand S. Cellular
and humoral immune response to mycobacterial heat shock protein-65 and its human homologue in Takayasu’s arteritis. Clin Exp
Immunol 2004;138:547–53.
14. Yokota SI, Hirata D, Minota S, et al. Autoantibodies against
chaperonin CCT in human sera with rheumatic autoimmune diseases: comparison with antibodies against other Hsp60 family
proteins. Cell Stress Chaperones 2000;5:337–46.
15. Vitali C, Bombardieri S, Jonsson R, et al. Classiﬁcation criteria
for Sjogren’s syndrome: a revised version of the European criteria proposed by the American-European Consensus Group. Rheum
Dis 2002;61:554–8.
16. Jarjour WN, Jeffries BD, Davis JS 4th, Welch WJ, Mimura T,
Winﬁeld JB. Related autoantibodies to human stress proteins.
A survey of various rheumatic and other inﬂammatory diseases.
Arthritis Rheum 1991;34:1133–8.
17. Aragona P, Magazzu G, Macchia G, et al. Presence of antibodies against Helicobacter pylori and its heat-shock protein 60
in the serum of patients with Sjogren’s syndrome. J Rheumatol
1999;26:1306–11.
18. Erkeller-Yueksel FM, Isenberg DA, Dhillon VB, Latchman DS, Lydyard PM. Surface expression of heat shock protein 90 by blood
mononuclear cells from patients with systemic lupus erythematosus. J Autoimmun 1992;5:803–14.
19. Conroy SE, Faulds GB, Williams W, Latchman DS, Isenberg DA.
Detection of autoantibodies to the 90 kDa heat shock protein in
SLE and other autoimmune diseases. Br J Rheumatol 1994;33:923–
6.
20. Cohen IR, Young DB. Autoimmunity, microbial immunity and the
immunological homunculus. Immunol Today 1991;12:105–10.
21. Yokota S, Kubota H, Matsuoka Y, et al. Prevalence of HSP47 antigen and autoantibodies to HSP47 in the sera of patients with
mixed connective tissue disease. Biochem Biophys Res Commun
2003;303:413–18.
22. Panchapekesan J, Daglis M, Gatenby P. Antibodies to 65 kDa and
70 kDa heat shock proteins in rheumatoid arthritis and systemic
lupus erythematosus. Immunol Cell Biol 1992;70:295–300.
23. Pockley AG, Bulmer J, Hanks BM, Wright BH. Identiﬁcation of human heat shock protein 60 (Hsp60) and anti-Hsp60 antibodies in
the peripheral circulation of normal individuals. Cell Stress Chaperones 1999;4:29–35.
24. George J, Shoenfeld Y, Afek A, et al. Enhanced fatty streak
formation in C57BL/6J mice by immunization with heat shock
protein-65. Arterioscler Thromb Vasc Biol 1999;19:505–10.
25. Shoenfeld Y, Sherer Y, George J, Harats D. Autoantibodies associated with atherosclerosis. Ann Med 2000;32(Suppl 1):37–40.

Correspondence: Dr. Y. Shoenfeld, Department of Medicine B,
Sheba Medical Center, Tel Hashomer 52621, Israel.
Phone: (972-3) 530-2652
Fax: (972-3) 535-2855
email: Shoenfel@post.tau.ac.il

•

Vol 7

•

December 2005

