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Abstract Heat shock proteins (Hsps) can be found in two forms, intracellular and extracellular. The intracellular Hsps
are induced as a result of stress and have been found to be cytoprotective in many instances due to their chaperone
functions in protein folding and in protein degradation. The origin and role of extracellular Hsps is less clear. Although
they were suspected originally to be released from damaged cells (necrosis), their presence in most normal individuals
rather suggests that they have regulatory functions in circulation. As immunodominant molecules, Hsps can stimulate
the immune system, leading to the production of autoantibodies recognizing epitopes shared by microbial and human
Hsps. Thus, extracellular Hsps can influence the inflammatory response as evidenced by the production of inflammatory
cytokines. Antibodies to Hsps have been found under normal conditions but seem to be increased in certain stresses
and diseases. Such antibodies could regulate the inflammatory response positively or negatively. Here, we review the
literature on the findings of antibodies to Hsps in situations of environmental or occupational stress and in a number
of diseases and discuss their possible significance for the diagnosis, prognosis, or pathogenesis of these diseases.

INTRODUCTION these processes remain elusive in most cases (Welch 1992;
Kauffmann and Schooel 1994; Minowada and Welch 1995;
Favatier et al 1997; Frostegard et al 1997; Xu 2002; Todryk
et al 2003; Xiao et al 2003; Jin et al 2004a; Mandal et al
2004; Ciocca and Calderwood 2005). In the mid-1990s, the
presence of autoantibodies against Hsps was observed in
humans and in animal models of various diseases. In
many cases, these antibodies were associated with the
pathogenesis, prognosis, and/or severity of disease es-
pecially in the heart and brain fields. Here, we review the
present data on the presence of antibodies against Hsps
in environmental stress-associated diseases and discuss
their possible roles.

Heat shock proteins (Hsps) are highly conserved proteins
found in prokaryotes and eukaryotes (Lindquist and
Craig 1988; Morimoto et al 1994). The heat shock re-
sponse was initially described over 40 years ago as the
appearance of puffs in fly chromosomes induced by heat
or treatment with respiration uncouplers (Ritossa 1962,
1964) and characterized by the rapid induction of a lim-
ited subset of proteins (Tissiéres et al 1974). This response
and Hsps produced during this response continue to fas-
cinate many scientists from both basic and applied fields
because Hsps are important in the buildup of tolerance
and cytoprotection against many stresses such as ische-
mia, hypoxia, and exposure to numerous xenobiotics. It

has also been suggested that Hsps play a role in the path- INDUCTION OF Hsps AND THEIR POSSIBLE

ogenesis, prognosis, and treatment of many diseases, al-
though the exact mechanisms of how Hsps operate in
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ROLES

Most Hsps are expressed at a basal level under normal
physiological conditions. However, their amount rapidly
goes up when cells are submitted to a wide variety of
stresses such as exposure to heat, xenobiotics, or drugs;
to pathological stimuli such as viral, bacterial, or parasitic
infections, fever, inflammation, malignancy, or autoim-
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munity; and to physiological stimuli such as growth fac-
tors, cell differentiation, or hormonal stimulation. Al-
though many environmental xenobiotics induce the syn-
thesis of Hsps, some like benzo(a)pyrene, a ubiquitous
environmental pollutant and a potent procarcinogen and
mutagen that can elicit tumors, inhibits their synthesis.
This points to the special toxicity of these xenobiotics and
at potential mechanisms of diseases caused by this chem-
ical (Bartosiewicz et al 2001; Gao et al 2004).

Many Hsps act as molecular chaperones both in vitro
and in vivo. This is important as they provide cells with
a mechanism to prevent damage caused by misfolded,
damaged, aggregated, or insoluble proteins resulting in
the formation of toxic inclusion bodies and aggresomes
(Hightower 1991). These structures have been associated
with many neurodegenerative diseases and are thought
to be cytotoxic (Muchovski et al 2000; Barral et al 2004;
Muchovski and Walker 2005). Thus, misfolded or dam-
aged proteins must either be properly refolded by chap-
erones or degraded through proteolytic pathways like the
proteasome. This chaperone function of Hsps is also
thought to be at the basis of cell protection at the organ-
ismic level; thus overexpression of Hsps has been linked
to protection against ischemia-induced damages in brain,
heart, and kidneys in mammals including humans (Cur-
rie et al 1993; Marber et al 1995; Plumier et al 1997) (re-
viewed in Benjamin and McMillan 1998; Beck et al 2000;
Delogu et al 2001; Lachman 2001; Christians et al 2002;
Mehta et al 2005). The cytoprotective property of Hsps,
although beneficial in some cases, may be detrimental in
others as in tumor progression or in conferring resistance
to chemotherapy and apoptotic removal of tumor cells
(reviewed in Ciocca and Calderwood 2005).

Hsps have also been shown to modulate immunologi-
cal processes by acting at the level of antigen presentation
and in transport of peptides to the major histocompati-
bility complexes (MHC) (Basu and Srivastava 2000; Wells
and Malkovsky 2000).

ASSOCIATION OF ANTI-Hsps WITH
ENVIRONMENTAL STRESSES

There are 3 main types of environmental factors: (1) phys-
ical factors such as exposure to high temperature, noise,
ultraviolet light, radiation; (2) chemical factors with thou-
sands of industrial xenobiotics including carbon monox-
ide, heavy metal, and dust; and (3) biological factors such
as infection by viruses, bacteria, parasites, and fungi. Ex-
posure to these stresses not only contributes to the in-
duction of Hsps but may also result in production of au-
toantibodies against Hsps. Many factors can contribute
to the production of such autoantibodies: genetic factors,
infection, the denaturation and release of Hsps as a result
of cell damage (necrosis), and the presence of antigen-
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specific lymphocytes related to environmental stress ex-
posure. There are many observations suggesting that
long-term exposure to environmental stresses may result
in the production of antibodies against Hsps and such
antibodies can be associated with abnormal changes of
the body and with some diseases (Table 1). We first re-
ported the presence of antibodies to Hsp27, Hsp60,
Hsp70, and Hsp90 in plasma of workers in the steel in-
dustry who had long-term exposure to high temperature,
carbon monoxide, and other chemicals in coke ovens (Wu
et al 1996). It was suggested that the presence of such
antibodies might potentially constitute useful biomarkers
to assess whether workers were experiencing abnormal
stress within their working and/or living environments
(Wu et al 1996). We subsequently observed that there was
a significantly increased frequency of antibodies against
Hsp70 (anti-Hsp70) in workers exposed to benzene, dust,
heat, and noise, and that these stresses seemed to con-
tribute to the production of an antibody against Hsp70.
Interestingly, the presence of such antibodies was asso-
ciated with benzene-poisoning, hypertension, noise-in-
duced hearing loss, and abnormal changes of electrocar-
diography (Wu et al 1998, 2001b; Yang et al 2004b; Yuan
et al 2005). Equally interesting was the observation that
antibodies against Hsp70 occurred in higher titers in in-
dividuals who were more susceptible to heat-induced ill-
ness (Wang et al 2001; Wu et al 2001a). Jin et al (2003)
also reported that elevated levels of antibodies against
metallothionein and Hsp70 were associated with metal
allergy in atopic dermatitis patients. However, how en-
vironmental stresses cause the production of antibodies
against Hsps and how such anti-Hsp antibodies are in-
volved in the development of many environmentally re-
lated diseases remains unknown.

ASSOCIATION OF ANTI-Hsps WITH DISEASES

The involvement of Hsps and their antibodies and their
association with some diseases does not come as a sur-
prise because 3 genes encoding for members of the Hsp70
family are located within the MHC in humans and genes
coding for human leukocyte antigens (HLA) are associ-
ated with most diseases (Gunther 1991). Second, Hsps
have been suggested to play a central role in the response
to environmental stimuli, and possibly in autoimmune re-
sponses (Cohen and Young 1991). Third, many Hsps
function as molecular chaperones and are particularly
important in conformation diseases including most neu-
rodegenerative diseases (Barral et al 2004). Here, we focus
on data reporting the presence and the possible roles of
antibodies against Hsps in different types of diseases.
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Table 1 Antibodies against Hsps in environmental stresses and related diseases

Antibodies against

Hsps Author(s) Findings
Physical factors
Anti-Hsp27 Wu et al 1996 Elevated level in workers exposed to high temperature.
Anti-Hsp60 Wu et al 1996 Increased level in workers exposed to high temperature, noise;
Wu et al 2001a significant association with noise-induced hearing loss and
Yang et al 2004 electrocardiography abnormalities.
Yuan et al 2005
Wu et al 2001a No difference in heat stroke.
Anti-Hsp70 Wu et al 1996 Increased level in workers exposed to high temperature.
Wu et al 2001a Increase level in patients with heat stroke and one biomarker to
Wang et al 2001 evaluate the susceptibility to heat-induced diseases.
Yang et al 2004 Significant association with noise-induced hearing loss.
Yuan et al 2005 Independent risk factor of electrocardiography abnormalities.
Anti-Hsp90a Wu et al 2001a Elevated level in patients with heat stroke.
Anti-Hsp90B Wu et al 2001a No differences in patients with heat stroke.

Chemical factors

Anti-Hsp27 Wu et al 1996
Anti-Hsp60 Wu et al 1996
Ghayour-Mobarhan et al 2005
Anti-Hsp65 Ghayour-Mobarhan et al 2005
Anti-Hsp70 Wu et al 1996
Wu et al 1998
Wu et al 2001b
Anti-Hsp90 Wu et al 1996
Biological factors
Anti-Hsp65 Zhang et al 2001
Anti-Hsp70 Biswas et al 1991
Anti-Hsc70 Zhang et al 2001
Anti-Hsp90 Zhang et al 2001

Elevated level in workers exposed to carbon monoxide.

Increased level in workers exposed to carbon monoxide.

Vitamin C and E and total fat intake were the major predictor in
dyslipidemic patients.

Vitamin C was the major predictor in dyslipidemic patients.

Increased level in workers exposed to carbon monoxide.

High incidence in workers with benzene poisoning and useful
biomarker to assess experienced abnormal stresses.

Increased level in workers exposed to harsh working conditions
and associated with hypertension.

No difference in workers exposed to carbon monoxide.

Increased level of IgA in malaria infection.
No increased level in malaria attack.
Increased level of IgM in malaria infection.
Increased level in malaria infection.

IMMUNE AND AUTOIMMUNE DISEASES

A role of Hsps in autoimmunity has been implicated from
many studies and a role for Hsps as facilitators of im-
mune response to proteins and peptides has been widely
documented both in vivo and in vitro (Yang and Feige
1992; Kauffmann and Schooel 1994; Basu and Srivastava
2000; Srivastava 2000; Prohaszka et al 2002). Recent evi-
dence from studies in animal models and in patients with
autoimmune diseases has clearly suggested the involve-
ment of Hsps in both the pathogenesis and the immu-
noregulation of these diseases; this may have important
therapeutic implications for the treatment of human au-
toimmune diseases (Yang and Feige 1992). A list of au-
toimmune diseases presenting antibodies against Hsps is
presented in Table 2.

The first report of antibodies against Hsps in a human
disease is that of Jarjour et al (1991), who suggested that
the difference in the levels of anti-Hsps antibodies seen
in sera of patients with various rheumatoid and other in-
flammatory diseases compared to normal controls, could
merely reflect disease-associated polyclonal B cell acti-
vation. Subsequent investigations have suggested that

such antibodies or specific T cells against Hsps were as-
sociated with immune and autoimmune diseases. For ex-
ample, Panchapakesan et al (1992) reported on the ele-
vated levels of antimycobacterial Hsp65 in systemic lupus
erythematosus (SLE) and rheumatoid arthritis (RA).
Gruber et al (1996) did not observe any significant dif-
ference in the concentration of anti-Hsp65 between pa-
tients with SLE and controls, but antibodies were higher
in patients with atherosclerosis and vasculitis. Conroy et
al (1996) found that there was a similar increase of anti-
Hsp70 and anti-Hsp90 antibodies in children with SLE
as in adult patients and suggested that SLE in children
and adults might share a similar pathological mechanism
of disease. Horvath et al (2001) investigated the presence
of antibodies against both human Hsp60 and mycobac-
terial Hsp65 in patients with systemic lupus erythema-
tosus, systemic sclerosis, undifferentiated connective tis-
sue diseases (UCTD), primary Raynaud syndrome, rheu-
matoid arthritis, polymyositis; they found that the levels
of anti-Hsp60 and anti-Hsp65 antibodies were signifi-
cantly higher only in the UCTD patients. Shinghai et al
(1995) reported the presence of antibodies to Hsps in pa-
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Table 2 Antibodies against Hsps and autoimmune diseases

Antibodies against Hsps Author(s)

Findings

Systemic lupus erythematosus
Anti-Hsp65 Panchapakesan et al 1992

Gruber et al 1996

Conroy et al 1996

Horvath et al 2001

Anti-Hsp70, Hsp90
Anti-Hsp60, Hsp65

Anti-Hsp70 Arora et al 1995
Rheumatoid arthritis
Anti-Hsp65 Panchapakesan et al 1992

Oda et al 1994
Horvath et al 2001
Hayem et al 1999

Anti-Hsp60, Hsp65
Anti-Hsp70, Hsp90

Atherosclerosis
Anti-Hsp65 Hoppichler et al 2000
Xu et al 1999
Gruber et al 1996
Anti-Hsp60 Veres et al 2002

Schett et al 1995

Zhu et al 2001

Diabetes mellitus

Anti-Hsp65
Anti-Hsp90

Weitgasser et al 2003
Qin et al 2003

Immune thrombocytopenic purpura

Anti-Hsp70 Xiao et al 2004
Asthma

Anti-Hsp60, Hsp70 Yang et al 2005
Autoimmune liver diseases

Anti-Hsc70 Shinghai et al 1995
Autoimmune inner ear diseases

Anti-Hsp70 Billings et al 1995

Shin et al 1997

Elevated level.

No difference compared with controls.

Increased level.

No differences.

Increased, but no direct relationship to the pathogenesis.

Elevated level.

Increased level.

No differences.

IgGs to Hsp90 kDa may be related to the articular prognosis in
RA.

Anti-Hsp65 titers might be of prognostic value for coronary artery
disease.

Anti-Hsp65 was predictive for mortality in subjects with severe
atherosclerosis.

Elevated level.

High CA anti-Hsp60 levels can be considered to be a novel fami-
ly risk factor of coronary heart disease.

Human serum anti-Hsp65 antibodies are able to mediate endo-
thelial cytotoxicity.

Anti-Hsp60 was associated with the presence and severity of
coronary artery disease.

Higher level in patients with retinopathy.
No significant difference found in two groups, but IgG1 and 1gG3
isotypes of Hsp90AA were higher in patients.

More commonly present in cases than controls.

Commonly present in asthma, and anti-Hsp70 may contribute to
the pathogenesis and outcome of asthma.

Anti-Hsc70 antibodies were an indicator for the disease activity of
primary biliary cirrhosis.

Unique association with ulcerative colitis and progressive sensori-
neural hearing loss
Increased antibody to Hsp70 in Meiniere’s disease.

tients with autoimmune liver diseases and suggested that
the presence of anti-Hsc70 antibodies was an indicator
for the disease activity of primary biliary cirrhosis. Xiao
et al (2004) found that antibodies against Hsp70 are more
common in immune thrombocytopenic purpura (ITP) pa-
tients (15 of 29) than in control children (5 of 30). The
prevalence of antibodies against Hsp70 (51.7%) in ITP-
affected children is as high as antibodies against platelet
membrane glycoproteins (58.3%). Recently, Yang et al
(2005) reported that antibodies to Hsp60 and Hsp70 are
commonly present in asthma patients and more so in
subjects with the most severe symptoms, suggesting that
such antibodies and especially anti-Hsp70 may play a
role in the pathogenesis and outcome of asthma.

The presence of anti-Hsps in patients with multiple
sclerosis, Grave’s diseases, sarcoidosis, or insulin-depen-
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dent diabetes mellitus (IDDM) was also observed (Table
2). Antibodies to Hsp65 were suspected to be involved
in the pathophysiological mechanisms of B-cell destruc-
tion in diabetes (Jones et al 1990). Tun et al (1994) found
that serological reaction to mycobacterial Hsp65 occurred
in type 1 diabetes, but was neither a characteristic nor a
specific feature of the disease. Child et al (1995) suggest-
ed that the low levels of anti-Hsp65 found in patients
with established type 1 and type 2 diabetes were prob-
ably a manifestation of impaired immunity induced by
the diabetic disease. Mackay et al (1996) found that there
was lack of autoimmune serological reactions in rodent
models of IDDM. Horvath et al (2002) found that anti-
body levels to a specific peptide found in Mycobacteria
bovis Hsp65 and human Hsp60 were significantly higher
in a group of 83 children with type 1 diabetes than in



healthy children. Antibodies to two epitope regions of
Hsp60 were also detected in the diabetic children, and it
was suggested that the presence of antibodies to these
specific peptides might play a possible role in the auto-
immune diabetogenic process of the early diabetes. In a
study on 138 patients with type 1 diabetes, Weitgasser et
al (2003) found that the Hsp65 antibody titer was posi-
tively related to the patient age but not to glycemic con-
trol and that patients with retinopathy had higher anti-
body titers than those without retinopathy. Sims et al
(2002) found that median titers to Hsp70 were signifi-
cantly higher in patients with type 1 diabetes/periodon-
titis than in nondiabetic controls and suggested that pre-
treatment profiles of serum antibody titers to Hsp65,
Hsp70, and Hsp90 might be useful to predicting which
patients with diabetes/periodontitis would have a poor
response to nonsurgical periodontal therapy. Recent re-
sults from Qin et al (2003) suggested that there was a
higher level of IgG1 and IgG3 isotypes of Hsp90 in pa-
tients with type 1 diabetes and first-degree relatives of
these patients than in controls, and that autoimmunity
leading to type 1 diabetes significantly altered anti-
Hsp90 autoantibody isotype to autoantigen.

In summary, antibodies against Hsps have been de-
tected in various autoimmune diseases, but they were nei-
ther a characteristic nor a specific feature of these immune
diseases. Whether antibodies against Hsps are directly
involved in the pathogenesis or can regulate the course
of these autoimmune diseases remains to be clarified.

ANTI-Hsps AND INFECTIOUS DISEASES

Another type of environmental aggression is exposure to
biological factors such as viruses, bacteria, parasites, and
fungi. The immune system has a bias toward recognition
of microbial antigens for protecting the host from infec-
tion at birth. Much data suggest that an important initial
line of defense in this regard involves autologous heat
shock proteins, especially highly conserved Hsp60s (Zu-
gel and Kauffmann 1999). Given the high degree of ami-
no acid sequence homology between Hsps of different
species, the presence of antibodies against Hsps may, on
the one hand, be helpful to protect the host from recur-
ring infection; on the other hand, presence of such anti-
bodies may contribute to autoimmunity through cross-
reactivity between Hsps and tissue-specific proteins con-
taining similar epitope motives. Therefore, it is no sur-
prise that Hsps and/or their antibodies can be involved
in the development of many autoimmune and/or inflam-
matory diseases such as SLE, IDDM, rheumatoid arthritis,
multiple sclerosis, Hashimoto’s thyroiditis, glomerulone-
phritis, scleroderma, pemphigoid, Addison’s disease,
chronic active hepatitis, primary biliary cirrhosis, and ath-
erosclerosis (see Table 2). For example, Colebrook and
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Lightowlers (1997) reported that antibodies to Echinococ-
cus granulosus Hsp70, but not to human Hsp70, were
more frequent in sera of patients with hydatid diseases
than in matched controls. Al-Shamma et al (1997) showed
that there were higher mean titers of serum anti-human
Hsp27 and Hsp90 IgG in patients with cystic fibrosis than
in controls and higher anti-Hsp27 antibodies in cystic fi-
brosis patients with arthritis than patients without ar-
thritis. They suggested that arthritis-associated cystic fi-
brosis was associated with more severe lung disease and
with a greater inflammatory response to Hsps. In con-
trast, Lopatin et al (1999) reported that periodontal pa-
tients with higher anti-Hsps (Hsp90, Dnak, and GroEL)
antibody levels tended to have significantly healthier
periodontal tissues, reflecting the protective effects of
anti-Hsp antibodies. Prohaszka et al (1999) reported that
there was an increase of anti-hHsp60 and mycobacterial
Hsp65 and a strong positive correlation between the lev-
els of autoantibodies against C1q and antibodies to these
Hsps in the sera of HIV-infected patients. There have
been reports of an increase in serum Hsp70 and antibod-
ies to Hsp70 in HIV-infected patients (Kocsis et al 2003).
Antibodies to the Hsp70 cochaperone HspB1 have also
been found in HIV-infected subjects but also in uninfect-
ed controls consistent with the absence of any relation-
ship between the autoantibodies and clinical parameters
(Papp et al 2005). Yunoki et al (2000) suggested that mea-
surement of antibodies to Helicobacter pylori Hsp60 in se-
rum of patients with H pylori—infected peptic ulcers was
useful for early monitoring of effectiveness of eradication
therapy. Kalabay et al (2002) reported that infection with
the Helicobacter pylori bacterium in connective tissue dis-
orders was associated with increased concentrations of
antimycobacterial Hsp65. Zhang et al (2001) found that
the antibodies IgG, IgM, and IgA to Hsp90, IgM to
Hsp?70, IgA to Hsp65 were significantly increased in pa-
tients with malaria, suggesting that the antigenic poten-
tial of Hsp90 was higher than those of Hsp70 and Hsp65
in malaria. Although many studies show that Hsp70 pu-
rified from virally infected cells can transfer and deliver
antigenic peptides to antigen-presenting cells to elicit
peptide-specific immunity and the administration of re-
combinant Hsp70 can attenuate experimental autoim-
mune disease, the exact role(s) and mechanisms of action
of anti-Hsps antibodies in autoimmune and infectious
diseases remain to be examined in more detail.

CARDIOVASCULAR DISEASES AND CEREBRAL
INJURY

Cardiovascular and cerebral diseases are a leading cause
of morbidity and death. Several studies in animal models
have documented the cytoprotective activity of Hsps
against ischemia and reperfusion-associated damage in
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the heart, and the brain. Excellent reviews have been writ-
ten on the roles for Hsps and anti-Hsp60/Hsp65 anti-
bodies in cardiovascular diseases (Frostegard et al 1997;
Wick and Xu 1999; Latchman 2001; Pockley 2002; Xu
2002; Mandal et al 2004; Mehta et al 2005). Interestingly,
data from many laboratories have demonstrated that se-
rum antibodies against human Hsp60 or mycobacterial
Hsp65 are associated with the pathogenesis, diagnosis,
prognosis, and even possible treatment of cardiovascular
diseases such as coronary heart diseases, hypertension,
carotid atherosclerosis, and vascular diseases. However,
no association between antibodies to Hsp70 and cardio-
vascular diseases was observed in investigations from
distinct laboratories including our own (Portig et al 1997;
Yang et al 2004a), although Hsp70 is known to play a key
role in cytoprotection of heart from ischemia and other
harmful stimuli. Recently, antibodies to Hsp70 were
found in patients with severe angina, but not chronic an-
gina, and interestingly, the former patients had an im-
proved outcome following coronary artery bypass graft-
ing (Vogt et al 2004).

Rea et al (2001) observed that Hsp60, Hsp70, anti-
Hsp60, anti-Hsp65, and anti-Hsp70 were detectable in 60
healthy individuals aged from 20 to 96 years. There was
a progressive decline in Hsp60 and Hsp70 levels and an
increased trend in Hsp70 antibody levels with age. Chan
et al (1999) showed that there was a significant correlation
between anti-Hsp70 antibody and different vascular dis-
eases such as lower limb claudication and critical ische-
mia, abdominal aortic aneurysms, which suggested that
Hsp70 and anti-Hsp70 might be involved in the patho-
genesis and propagation of atherosclerosis. Gromadzka et
al (2001) noted that humoral immunity to Hsp70 was
common in patients (in the first 48 hours after stroke on-
set) with ischemic stroke mainly caused by the develop-
ment of vascular lesions and that elevated levels of anti-
Hsp70 antibody could be triggering factors for stroke. Re-
cently, Jin et al (2004b) found that anti-Hsp70 antibodies
in patients with cerebral infarction were significantly
higher in the first 24 hours after stroke onset and then
decreased and even disappeared after a recovery for 30
days (Table 3). Yuan et al (2005) found that there was a
significant dose-response increase of plasma anti-Hsp70
in workers exposed to noise (without any treatment) and
that the increase of anti-Hsp70 was associated with the
independent risk of increased electrocardiography abnor-
mality types, including sinus arrhythmia, chronic myo-
cardial ischemia, or ectopic rhythm (odds ratio, 2.67;
95%confidence interval, 1.54-4.62; P = 0.000); this sug-
gested that enhanced anti-Hsp70 might be involved in
progression of abnormal electrocardiography changes
and possibly cardiovascular diseases.

In summary, the results of anti-Hsp70 antibody mea-
surements in cardiovascular and cerebral diseases are still

Cell Stress & Chaperones (2006) 11 (1), 1-12

Table 3 Dynamic changes of antibodies against Hsp70 in patients
with mild, intermediate, and severe cerebral infarction on different
days after infarction and in controls

Positive number and
percentage (%) of antibodies
against Hsp70

Subtypes 1st 15th 30th
Mild patients (n = 22) 2(9) 0 (0) 0
Intermediate patients (n = 21) 4 (19) 1(5) 0
Severe patients (n = 22) 5 (23) 3 (14) 1(5)
Control (n = 34) 1(3)

Modified from Jin et al 2004b.

controversial. The frequency of this antibody varies in
different studies and this may be dependent on different
methods of detection and classification of disease states
including stages, duration, and treatment of these diseas-
es. So far, there have been no attempt to standardize these
methods, and therefore the significance of these data
should be cautiously interpreted for the time being.

ORGAN TRANSPLANTATION

During transplantation, the allograft undergoes a stress
response, which results in an increased expression of
Hsps and the recruitment and activation of Hsp-reactive
lymphocytes. In early studies on animal models of car-
diac allografts, a higher activation and expression of Hsps
was accompanied by a higher rate of rejection of allo-
grafts (Moliterno et al 1995; Qian et al 1995). Lee et al
(1995) reported the presence of antibodies to both induc-
ible Hsp72 and constitutive Hsp73 in 3 of 14 allogeneic
bone marrow transplant recipients, but not in autologous
peripheral blood stem cell transplant recipients. Goral et
al (2002) reported a significant increase of IgM anti-
Hsp70 and/or anti-Hsp90, but not anti-Hsp60 in patients
with graft-vs-host disease (GVHD) early (30-90 days) af-
ter transplantation, and this increase preceded or accom-
panied chronic GVHD and returned to normal with the
next 400 days in the majority of these patients; this sug-
gested that monitoring levels of anti-Hsp70 and anti-
Hsp90 antibodies in stem cell transplant recipients might
serve as a diagnostic tool and help to predict the onset
of GVHD. Recently, Morgun et al (2004) found that there
was significantly higher anti-myosin and anti-Hsps IgG
antibodies in adult pretransplant cardiac allograft recip-
ients than in controls. However, there was no significant
difference of anti-Hsps during acute rejection than dur-
ing the rejection-free period, suggesting a more patho-
genic role for anti-myosin antibodies in cardiac trans-
plant rejection than for anti-Hsps antibodies. In a mouse
knockout model of Hsp70.1, Oh et al (2004) noted that
the survival of skin grafts was longer when the donor
had a disrupted Hsp70.1 gene suggesting that this gene



product up-regulated graft rejection. Antibodies to
Hsp70 were not measured in this study.

Although a number of investigations suggest that there
is an association of Hsps and anti-Hsp reactivity with
allograft rejection, the balance between protective and
damaging effects and the precise influence of the heat
shock response and the generation of autoantibodies to
Hsps on graft outcome remains unclear (for a recent re-
view, see Pockley and Muthana 2005).

CANCERS

Cancer prediction and outcome is an important facet of
environmental and occupational stresses. Hsps are in-
volved in the acquisition of tolerance to heat, chemother-
apeutic drugs, oxidative stress, toxins, and radiation, and
protect cells against injury including DNA damage and
apoptosis caused by these stimuli (Buzzard 1998; Jdatteld
et al 1998; Xiao et al 2002). Therefore, investigating the
roles of Hsps in development, prognosis, and treatment
of cancers is an important issue (Cornford et al 2000; Tod-
ryk et al 2003). Ciocca and Calderwood (2005) recently
surveyed the literature for the implications of various
Hsps in cancer: in general Hsp levels are not informative
at the diagnostic level but can be useful markers of prop-
erties like aggressiveness and response to chemotherapy
in some tissues. There are a few investigations on the
presence of anti-Hsps antibodies in the tumor process.
Conroy et al (1998a, 1998b) showed that antibodies to
Hsp27, Hsp70, and Hsp90 were detectable in patients
with breast cancer and that anti-Hsp27 and anti-Hsp90
antibodies were detectable only in patients, not in con-
trols; they suggested that the increased levels of antibod-
ies to Hsp27 were correlated with an improved survival,
whereas high levels of antibodies to Hsp90 were corre-
lated with the reduced survival of these patients. Kornee-
va et al (2000) also reported that there was a common
prevalence of anti-Hsp27 IgA (but not IgG) in the genital
tract of women with endometrial and with ovarian cancer
before and after treatment, but not in 25 women with
benign diagnoses nor in 46 healthy women; moreover, in
the same study, IgA antibodies to Hsp70 were not cancer-
specific, but IgA to Hsp90 were present in one-third of
patients with ovarian cancer. Thus, cervical IgA antibod-
ies to Hsp27 may be indicators of gynecologic malignan-
cy. These data seem to be related with properties of dis-
tribution and possible functions of Hsp27 and Hsp90 in
hormonal response.

ANTI-Hsps IN OTHER DISEASES

Hsps are present in almost all types of cells and tissues,
and thus anti-Hsp antibodies may be associated with
many types of diseases. Qureishi et al (1995) reported a
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significant increase of antibodies to Hsp70 in patients
with thermal burns, implicating the presence of this an-
tibody and its possible influence on the immune system.
Freidank et al (1995) showed by immunoblot that there
was significantly higher anti-Chlamydia trachomatis Hsp
antibody rate in infertile female patients with complete
tubal occlusion than in such patients with normal fallo-
pian tubes. An increased presence of anti-Hsp70 and
anti-Hsp90 was observed in patients with schizophrenia
by Schwarz et al (1999) and Kim et al (2001), suggesting
that these two antibodies, especially anti-Hsp70 antibody,
might be involved in the pathogenesis of schizophrenia.

Antibodies to Hsp70 were also noted in sera of patients
with idiopathic, progressive, bilateral sensorineural hear-
ing loss (Bloch et al 1995). The presence of anti-Hsp70
antibody is significantly higher in patients with Meniere’s
diseases than in controls, but the association of this an-
tibody with clinical features or course of Meniere’s dis-
eases is limited because of the high prevalence of the an-
tibody found in healthy controls of this study (Rauch et
al 2000). Moreover, another study of 27 patients with sud-
den deafness showed that there was no significant in-
crease of anti-Hsp70 antibody in patients compared with
controls, suggesting there was no clinical utility for di-
agnostic screening in this disease (Samuelsson et al 2003).
Recently, Yang et al (2004b) examined the prevalence of
antibodies to Hsp70 and Hsp60 in workers with noise-
induced hearing loss: antibodies to both proteins were
more prevalent in such workers, but curiously anti-Hsp70
was associated with high-frequency hearing loss, whereas
anti-Hsp60 was associated with moderate low-frequency
loss.

Finally, De Smet and Ramadan (2001) reported that lev-
els of antibodies to human inducible Hsp70 were signif-
icantly higher in Behcet’s disease, sarcoidosis, and pars
planitis than in controls, suggesting that the circulating
levels of this antibody might reflect the extent of disease
involvement with the eye.

CONCLUSION AND PERSPECTIVES

Antibodies against Hsps are found under normal physi-
ological conditions, after exposure to environmental
stresses, and in many diseases. The data accumulated so
far suggest that the presence of such antibodies may be
more foe than friend in humans. However, many of these
data are still contradictory and the frequency or levels of
anti-Hsps antibodies vary in different studies; one pos-
sible reason for this variance may be the use of different
methods of detection. Most of the present data has been
obtained using Western blot-based assays, a technique
that lacks sensitivity and is rather imprecise for quanti-
fication. Because antibodies to Hsps are present in normal
individuals, it will be important to establish antibody ti-
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Table 4 Epitopes of different Hsps and possible functions

Fragments of Hsps

Author(s)

Findings

Microbial Hsp70

Amino acids 407-426
Amino acids 457-496

Wang et al 2005
Wang et al 2005

hHsp70

Amino acids 450-463 (TKD) Gastpar et al 2004

Amino acids 504-617 Botzler et al 1998
Bovine Hsp70

Amino acids 427-461 Bloch et al 1999
Hsc70

Amino acids 106-114

Amino acids 233-241
Hsp60

Amino acids 481-500

Azuma et al 2003

Habich et al 2004

Amino acids 409-424 Woysocki et al 2002

Amino acids 394-413
Amino acids 435-454

Chlamydial Hsp60
Amino acids 260-271

Horvath et al 2002

Witkin et al 1998

Hsp90a
Amino acids 227-310
Amino acids 702-716
Amino acids 1-400
Amino acids 401-615
Amino acids 621-732

Nemoto 1997

Nemoto 1997

Stimulated cytokines production and DC maturation.
Inhibited cytokines production and DC maturation.

Stimulated cytolysis and chemotaxis in CD3~ CD56+CD94+ NK
cells

Amino acids 504-617, localized extracellularly and might be of
importance for an NK-mediated antitumor immune response.

Amino acid segment 427-461 of the bovine Hsp70 reacted with
Hsp70 antibody in sera of inner ear disease patients.

Induced HLA-B46-restricted and peptide-specific CTLs, which
are reactive to tumor cells.

A single C-terminal region, amino acids 481-500, accounted for
the binding of Hsp60 to macrophages.

Recognized by serum antibodies of patients with acute coronary
syndromes.

Antibodies to these two epitope regions on Hsp60 were detect-
ed in high titers in sera of children with diabetes mellitus.

Immunity to cHsp 260-271 is more prevalent in women than in
men, is associated with autoimmunity to human Hsp60, and
may be an immunological marker for spontaneous abortion.

The major immunogenic domains of Hsp90«.
Three domain structures of Hsp90.

ters cutoff lines and variance between “normality”” and
disease states using more sensitive and quantifiable tech-
niques. This would be facilitated by methods that can be
automated to assess and titrate antibodies levels in nu-
merous samples. Such methods should be accessible in
terms of costs for routine work especially in developing
countries. Another important aspect is the nature and
specificity of the antigens recognized by these antibodies.
Thus, many studies refer to Hsp70 without clearly spec-
ifying whether they are referring to the inducible member
Hsp71 or to the constitutively expressed member, Hsc73.
Because there are at least 8 members in the family of
Hsp70 in humans, knowledge on the epitopes recognized
by the anti-Hsp70 antibodies in different diseases is im-
portant for deciphering their functions. This is particu-
larly important because the different members of the
Hsp70 family seem to have distinct functions in processes
such as cancer cell growth (Rohde et al 2005). Because
Hsps are immunodominant molecules, identification of
epitopes in some bacterial and human Hsps has begun
and regions of Hsp70 involved in the modulation of cy-
tokine production and in the natural killer (NK) immune
response have been identified (Botzler et al 1998; Gastpar

Cell Stress & Chaperones (2006) 11 (1), 1-12

et al 2004, Wang et al 2005). Table 4 lists some of the
epitopes identified in Hsp70, Hsp60, and Hsp90. For ex-
ample, the C terminus of Hsp70 seems particularly im-
portant in the immune response, but it is also notable that
very few Hsp70 epitopes have been defined in diseases
with the exception of patients with inner ear and Meni-
eére’s disease (Bloch et al 1999). This is slightly better de-
fined in the case of Hsp60 where acute coronary syn-
drome patients and children with diabetes have been ex-
amined (Table 4). Thus, identifying the epitopes in spe-
cific diseases remains a priority, because it will aid in the
understanding of immunological events leading to the
production of such autoantibodies and the identification
of their functions and fate in the disease process. Whether
antibodies to Hsp70, for example, in different patients
with different diseases recognize the same epitopes is
presently unknown. Epitope mapping would also lead to
substantial progress in the development of simple specific
and sensitive assays. The peptide array field is rapidly
expanding and could provide such precious information
(Maercker 2005).

Another reason for the variability of results from dif-
ferent laboratories is that diseases are very complex, es-



pecially for chronic and multifactorial diseases, suggest-
ing that it is essential to consider disease states such as
stage, duration, and extent of treatment, and to investi-
gate more critically the risk factors related to the corre-
sponding disease. From the present data, it is not always
possible to assess these variables in different reports.

There is a reactivity or/and cross-reactivity among
anti-Hsp antibodies, exogenous Hsps from infecting mi-
croorganism, and host endogenous Hsps including cir-
culating Hsps in plasma, Hsps on the surface of cells,
Hsps within cells, and denatured Hsps, suggesting that
it will also be very important to detect different types
and different characteristics of both Hsps and anti-Hsp
antibodies in future research. Thus, it was recently re-
ported that increased titers of antibodies against human
Hsp60 indicated an adverse prognosis in patients with
acute chest pain, whereas antibodies against mycobacte-
rial Hsp65, a protein highly homologous to human
Hsp60, were not predictive (Birnie et al 2005; and see
editorial comment by Pockley and Frostegard 2005). Fi-
nally, do antibodies against Hsps neutralize circulating
Hsps, activate complement, or target surface antigens on
specific cells? Hsp70 in particular has been reported to
be exposed at the surface of tumor cells where it can exert
immunomodulatory functions (Multhoff et al 1995; Gast-
par et al 2004). Specific members of the Hsp70 family
may also present at the surface in different cells; thus
hspAS8 is specifically expressed at the surface of human
embryonic stem cells and disappears during differentia-
tion (Son et al 2005). Although a few investigations have
preliminarily shown that antibodies against Hsps can
down-modulate immune response via a self-Hsp-reactive,
Th2-type mechanism, the unknown effects of this cross-
reactivity on healthy individual and in patients with dif-
ferent diseases, and their precise mechanisms of action
should continue to fascinate scientists from numerous dis-
ciplines.
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