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Abstract Antibodies against heat shock or stress proteins (Hsps) have been reported in a number of diseases in which
they may be involved in the pathogenesis of the disease or may be of use for prognosis. Heat-induced diseases, such
as heat cramps, heat exhaustion, or heat stroke, are frequent in hot working or living environments. There are still few
investigations on the presence and possible significance of autoantibodies against Hsps in heat-induced illnesses.
Using an immunoblotting technique with recombinant human Hsps, we analyzed the presence and titers of antibodies
against Hsp60, Hsp71, and Hsp90a, and Hsp90b in a group of 42 young male patients who presented with acute
heat-induced illness during training. We also examined the presence of antibody against Hsp71 in a second group of
57 patients with acute heat-induced illness and measured the changes in titers of anti-Hsp71 antibodies in 9 patients
hospitalized by emergency physicians. In the first group of young persons exercising in a hot environment, the occur-
rence of antibodies against Hsp71 and Hsp90a was significantly higher among individuals with symptoms of heat-
induced illness (P , 0.05) than in the matched group of nonaffected exercising individuals. Moreover titers of antibody
against Hsp71 were higher in individuals of the severe and mild heat-induced illness groups, the highest titer being
found in the most severe cases. The results from the second group of 57 heat-affected patients exposed to extreme
heat were similar. Again, patients with the more severe heat-induced symptoms showed a significantly higher incidence
of antibodies to Hsp71 than controls and the titer of anti-Hsp71 was higher in the severely affected group. Finally, in
a study of 9 patients, it was observed that the titer of anti-Hsp71 decreased during recovery from severe heat symptoms.
These results suggest that measurement of antibodies to Hsps may be useful in assessing how individuals are re-
sponding to abnormal stress within their living and working environment and may be used as one biomarker to evaluate
their susceptibility to heat-induced diseases.

INTRODUCTION

All organisms react to exposure to supraoptimal temper-
atures by inducing the synthesis of heat shock or stress
proteins (Hsps). Synthesis of Hsps is induced not only
by heat but also by a variety of noxious stimuli, including
physiological stresses such as ischemia, fever, viral infec-
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tion, and environmental xenobiotics or chemical stressors
such as heavy metals, free radicals, and carbon monoxide
(Craig 1985; Lindquist 1986; Lindquist and Craig 1988;
Morimoto et al 1994; Wu et al 1996). Many of these stim-
uli are common in the working or living environment.
The ubiquitous nature of this response and its phyloge-
netic conservation suggest that Hsps are essential for cell
survival. Hsps function as molecular chaperones, facili-
tating the synthesis, folding, assembly, and intracellular
transport of many proteins (Hightower 1991; reviewed in
Morimoto et al 1994; Bohen et al 1995; Hartl 1996). An-
other important function of Hsps is protection against cell
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and organ damage. This has been documented for the
acquisition of thermotolerance in cultured cells (Landry
et al 1982, 1989; Li and Werb 1982; Laszlo 1988; Angelidis
et al 1991; Li et al 1991; Rollet et al 1992; Mehlen et al
1995; Parsell and Lindquist 1994) and in transient protec-
tion from ischemic injury in whole organs such as the
heart, brain, and kidney (Currie et al 1993; Marber et al
1995; Plumier et al 1995; Krueger et al 1999; Beck et al
2000; Morrison et al 2000). In addition, Hsps also seem
to play roles in the processes of growth, differentiation,
and development (Arrigo and Tanguay 1991; Tanguay et
al 1993; Loones et al 1997; Michaud et al 1997).

Many observations have shown links between the ab-
errant expression of stress proteins and disease states
(Welch 1992; Minowada and Welch 1995). Some of the
Hsps can also present as self-antigens to the immune sys-
tem, resulting in the production of autoantibodies to
Hsps in patients with inflammatory diseases, autoim-
mune disorders, hypertension, or atherosclerosis or after
various infections caused by viruses, bacteria, mycobac-
teria, and parasites (reviewed in Burdon 1993; Kaufmann
and Schoel 1994; Schett et al 1995; Frosttegard et al 1997;
Xu et al 1993, 1999). It has been suggested that antibodies
against Hsps might be of significance in the pathogenesis
and/or prognosis of some diseases (Jarjour et al 1991;
Schett et al 1995; Shingai et al 1995; Wu et al 1998; Xu et
al 1993, 1999). However, it has been reported that Hsps
and antibodies to Hsps are found in the serum of normal
individuals (Pockley et al 1999).

The temperatures of the living and/or working envi-
ronments are particularly high in some instances, leading
to heat-induced illnesses and heat-related diseases. The
former includes heat syncope, heat rash, heat cramps, heat
exhaustion, and heat stroke in order of increasing sever-
ity. Heat stroke is a medical emergency characterized by
hyperpyrexia, impairment of the level of consciousness,
and occasionally multiorgan damage and dysfunctions
(Clowes et al 1974; Alzeer et al 1997). These conditions
may be related to the functions of Hsps.

We have previously reported that workers who expe-
rience abnormal chemical stress within their working en-
vironment showed a high incidence of antibodies against
Hsp71 and suggested that antibodies against Hsps could
potentially be useful biomarkers for environmental stress
(Wu et al 1995, 1996, 1998). Although Hsps were first
discovered in heat-shocked organisms and one of their
important functions shown to protect against thermal
stress, the possible significance and presence of Hsps
and/or antibodies against Hsps in heat-induced diseases
have not been documented previously. In the present
study, we investigated the presence of antibody against
Hsps in plasma from 2 groups of patients with acute
heat-induced illness and measured changes in the titer of

antibodies to Hsp71 before and after treatment of hos-
pitalized patients.

MATERIALS AND METHODS

Groups

The present study was conducted on 2 types of patients
differing in age and in activities (exercise). The first group
(group A) consisted of young (18- to 24-year-old) male
patients (42 patients) with heat-induced illnesses incurred
during exercise in a hot environment (Nanjing) and
matched controls (30 persons who exercised in the same
hot environment without any illness). The second group
(group B) was more heterogeneous, with ages ranging
from 25 to 81 years. Group B consisted of 57 patients (33
men and 24 women) with acute heat-induced diseases
who were seen and diagnosed by emergency physicians
from the 4 central hospitals in Nanjing. Controls consist-
ed of 30 individuals matched for sex (17 men, 13 women)
who voluntarily participated in the study and had no de-
tectable diseases after medical examination. All patients
were diagnosed according to diagnostic criteria and prin-
ciples of management of occupational heat illness (see be-
low). These patients were further divided under mild
heat-induced and severe heat-induced illness, including
heat cramps, heat exhaustion, and heat stroke, according
to their heat exposure, oral temperature, and clinical char-
acteristics. These characteristics included painful spasms
of the voluntary muscle of the abdomen and extremities,
nausea and vomiting, diarrhea, weakness, pale skin,
tachycardia, hypotension, headache, dizziness, visual dis-
turbances, confusion, hot and dry skin, and laboratory
examination.

Evaluation of health status

Health status was evaluated in all patients and matched
controls using a questionnaire and clinical and laboratory
examinations. The questionnaire designed according to
diagnostic criteria and principles of management of oc-
cupational heat illness (GB11508–89) and (Petersdorf and
Root 1987) also focused on disease history, lifestyle, and
the presence of possible inducing factors of acute heat-
induced illness. The questions were directly asked by the
emergency physicians to the patient when he or she was
conscious or to his or her relatives when the patient was
unconscious. The clinical examination included a general
examination (signs), determination of oral and rectal tem-
perature, pulse, respiratory rate, and blood pressure. The
physical examination was complemented by electrocar-
diography and chest x-ray examination. Hemoglobin,
blood typing, and white cell counts were determined in
blood from a finger puncture. Venous blood was also col-
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Table 1 Symptoms and characteristics of mild and severe heat-
induced illness in young male patients (group A, 18–24 years old)
exercising

Symptoms and signs

Severe
heat-induced

illness
(n 5 20)

Mild
heat-induced

illness
(n 5 22)

Dizziness
Headache
Nausea
Vomiting
Hyperthermia
Dry skin
Less urine
Pain in muscle
Spasm
Unconsciousness
Kidney failure

15
15
14
9
5
5
8

14
5
5
4

22
20
10
4
0
3
5

19
0
0
0

Table 2 Symptoms and characteristics of heat-induced illness in
mixed-sex patients (group B, 25–81 years old)

Symptoms
and signs

Mild
heat-

induced
illness

(n 5 16)

Severe heat-induced illness
(n 5 41)

Heat
cramp
(n 5 5)

Heat
e x h a u s -

tion
(n 5 14)

Heat
stroke

(n 5 22)

Dizziness
Headache
Vertigo
Nausea
Vomiting
Feeling of weakness
Dry skin
Less urine
Pain in muscle
Spasm
Confusion
Unconsciousness
Shock
Heart and kidney

failure

16 (100)
13 (81.3)
16 (100)
13 (81.3)
9 (56.3)
8 (50)
8 (50)

13 (81.3)
1 (6.3)
0
2 (12.5)
0
0

0

4 (80)
2 (40)
2 (40)
4 (80)
1 (20)
3 (60)
1 (20)
4 (80)
3 (60)
4 (80)
0
0
1 (20)

0

12 (85.7)
9 (64.3)
9 (64.3)
8 (57.1)
3 (21.4)
5 (35.7)
7 (50)

11 (78.6)
2 (14.3)
6 (42.9)
2 (14.3)
8 (57.1)
5 (35.7)

2 (14.3)

17 (77.3)
12 (54.5)
11 (50)
13 (51.9)
11 (50)
15 (68.2)
22 (100)
13 (59.1)
8 (36.4)

13 (59.1)
4 (18.2)

13 (59.1)
7 (31.8)

4 (18.2)

Data are presented as number (percent) of patients.

lected and divided into 2 parts, one of which was mixed
with heparin to separate plasma. The second part was
used for the measurement of electrolytes (Na1, K1, Cl2,
Ca11, CO2), urea, glucose, hormones (growth hormone,
insulin, cortisol, aldosterone), and activities of alkaline
phosphatase (ALP), lactic dehydrogenase (LDH), and cre-
atine kinase (CK), using the corresponding kits from Bio-
chemical Reagents Company (Beijing).

Determination of antibodies to Hsps in plasma of
patients

Recombinant human Hsp60, Hsp71, Hsp90a, and
Hsp90b were obtained through the expression of the cor-
responding complementary DNAs in Escherichia coli BL2
(DE3) cells using a pET vector (Novagen) as described
earlier (Tanguay et al 1993). Approximately 10–15 mg of
each recombinant human Hsp was loaded on each sodi-
um dodecyl sulfate–polyacrylamide gel electrophoresis
without comb and transferred electrophoretically to ni-
trocellulose membranes (NCs). The transfer was moni-
tored by staining with rouge ponceau S (Carbajal et al
1986). The NC containing a specific Hsp was then cut into
2 by 2-mm pieces and marked with a small red dot on
the protein side of the NC. Membrane pieces were placed
in individual wells of enzyme-linked immunosorbent as-
say (ELISA) plates, rinsed with phosphate-buffered saline
(PBS), and saturated with 100 mL of blocking buffer (5%
skim milk in 0.05% PBS–Tween 80) for 1 hour at 378C
with gentle agitation. After washing with 0.05% PBS–
Tween 80 for 5 minutes, the plasma was diluted 1:10, 1:
20, 1:40, and 1:80 in 100 mL of blocking buffer, added to
the NC pieces containing the Hsps, and incubated at 378C
for 2 hours with gentle agitation. The membranes were
washed 6 times (10 minutes each) with 200 mL of 0.05%
PBS–Tween 80 before adding 100 mL of horseradish per-
oxidase–labeled goat anti-human immunoglobulin G
(Sigma, dilution 1:2500) in blocking buffer. After incuba-
tion at 378C for 1 hour with gentle agitation, membranes
were washed 6 times (10 minutes) with 200 mL of 0.05%
PBS–Tween 80. The presence of antibodies to Hsps was
revealed with 3,3-diaminobenzidine tetrahydrochloride
buffer for 3–5 minutes. A brown band on NC is regarded
as positive and no color on band as negative. The method,
which is basically a Western blot assay in an ELISA plate
to reduce volumes, is cost-effective and, although not the
most sensitive technique, gives reproducible and reliable
results under the laboratory conditions available.

Statistical analyses

Analysis was carried using a statistical analysis software
(SAS/STAT release 6.03) package (SAS Institute Inc, Cary,
NC). Other analyses were carried out based on the x 2

test. Results are given as mean and SD. Statistical infer-
ences are based on the different levels of significance (P
, 0.05 or P , 0.01).

RESULTS

Characteristics and symptoms of patients

Tables 1 and 2 list some of the symptoms and signs in
the 2 groups of patients (group A, young males trainees
aged 18–24 years, and group B, mixed sex, aged 25–81
years) with acute heat-induced illness. The patients from
group B who were severely affected were further subdi-
vided into 3 groups, heat cramp, heat exhaustion, and
heat stroke. As shown in these tables, the main clinical
characteristics of these patients were painful spasms of
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Table 3 Biochemical characteristics of group B patients with acute heat-induced illness at hospital admission

Measurements

Mild heat-induced
illness

(n 5 16)

Severe heat-induced illness
(n 5 41)

Heat cramp
(n 5 5)

Heat exhaustion
(n 5 16)

Heat stroke
(n 5 22)

Oral temperature (8C)
Pulse rate/min
Respiratory rate/min

38.9 6 1.1
102.8 6 20.7
23.6 6 5.6

37.1 6 0.6
96.2 6 18.8
22.2 6 2.3

39.5 6 0.7
111.0 6 14.0
26.6 6 4.4

39.2 6 1.1
117.4 6 21.0
25.3 6 5.5

Electrolytes (mmol/L)
Na1

K1

Cl2
Ca21

CO2

Urea (mmol/L)
Glucose (mmol/L)
Insulin (mU/L)
Cortisol

128.3 6 34.2
3.65 6 1.26
99.0 6 5.80
1.11 6 0.56

30.11 6 12.31
4.93 6 1.97
6.45 6 3.83
5.86 6 4.56

207.8 6 116.0

121.2 6 42.7
3.68 6 0.54

103.2 6 5.7
1.09 6 0.15

26.67 6 7.02
8.80 6 5.49

11.03 6 6.96
9.96 6 9.56
82.3 6 39.1

130.7 6 7.8
3.64 6 0.67
99.5 6 6.29
0.87 6 0.30

28.08 6 7.41
7.77 6 6.16
7.81 6 2.99

14.22 6 14.03
212.0 6 105.0

127.1 6 28.3
3.38 6 0.90
96.0 6 14.4
1.24 6 0.80

30.64 6 11.15
8.80 6 4.62
9.88 6 5.52

30.11 6 52.85
208.9 6 102.3

Interleukin 2
Interleukin 2 receptor
Interleukin 6
Antinuclear factor
Growth factor
Alkaline phosphatase
Lactic dehydrogenase
Creatine kinase

64.78 6 33.41
51.07 6 29.11
10.80 6 4.28

182.55 6 65.16
1.69 6 0.48

126.50 6 60.77
149.89 6 48.18
259.43 6 348.81

63.68 6 23.33
38.64 6 14.26
19.87 6 20.84

198.20 6 24.89
1.50 6 0.71

256.0 6 57.6
157.67 6 50.52
167.33 6 79.56

66.85 6 26.93
64.05 6 33.59
10.01 6 2.04

174.31 6 59.23
1.33 6 0.50

147.13 6 62.41
262.50 6 73.21

1120.63 6 188.04

63.48 6 31.06
53.09 6 30.81
10.31 6 5.87

180.95 6 6.36
1.20 6 0.41

149.50 6 140.78
307.50 6 219.89
423.17 6 123.77

Table 4 Presence of antibodies against heat shock proteins in plasma of group A patients (18–24 years old) with heat-induced illness and
in a matched control group

Groups
No. of

samples

Anti-Hsp60

No.a %

Anti-Hsp71

No.a %

Anti-Hsp90a

No.a %

Anti-Hsp90b

No.a %

Heat-induced illness
Control

42
30

12
4

28.6
13.3

27
10

64.3b

33.3
23
7

54.7b

23.3
12
4

28.6
13.3

a The positive number of these antibodies at all dilutions.
b P , 0.05 compared with control.

the voluntary muscle of the abdomen and extremities,
nausea and vomiting, diarrhea, weakness, pale skin,
tachycardia, hypotension, headache, dizziness, visual dis-
turbances, confusion, and hot and dry skin. However,
spasm, confusion, unconsciousness, shock, and failure of
heart and kidney were more frequently encountered in
patients with severe heat-induced illness than in patients
with mild heat-induced illness. This trend was seen in
both groups, the young group A patients training in a
hot environment (Table 1) and the group B patients (Table
2).

Physical and biochemical characteristics of group B
patients with heat-induced illness at admission

Table 3 lists the physical and biochemical characteristics
of patients from group B (aged 25–81 years) with heat-
induced diseases at admission. The physical analyses in-
cluded oral temperature, pulse, and respiratory rate. Sta-
tistical analysis shows that there are no significant differ-
ences in oral temperature, pulse, and respiratory rate
among these subgroups, although these indexes are high-

er than the normal level. Biochemical analyses included
the concentration of electrolytes such as Na1, K1, Cl-,
Ca11, and CO2; urea; glucose; hormones such as growth
hormone, insulin, cortisol, and interleukin 2; and activi-
ties of ALP, LDH, and CK. Again, there were no signifi-
cant differences in all these biochemical indexes among
these subgroups, although there were large differences
among individuals mainly in the levels of enzymes (ALP,
LDH, CK).

Presence of antibodies against Hsps in patients from
the 2 groups

To know whether antibodies against Hsps might have a
possible medical significance in patients with acute heat-
induced diseases, we investigated the presence and titers
of antibodies against Hsp60, the inducible member of the
Hsp70 family, Hsp71, and Hsp90a and Hsp90b in the
plasma of the 42 male patients in whom heat-induced
illness resulted from exercise in a hot environment and
in matched controls (group A). Table 4 shows that the
occurrence of antibodies against Hsp71 and Hsp90a was
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Fig. 1. Distribution of individual titers of antibodies against Hsp71
in patients of group A (18–24 years old) exercising in a hot environ-
ment. Serum samples of individuals were diluted 1:10, 1:20, 1:40,
and 1:80 and used in the miniblot assay with recombinant human
Hsp71 as the immunogen as described in the Materials and Methods
section. Each triangle represents the highest dilution giving a posi-
tive reaction in the assay for each individual within the group.

Fig. 2. Distribution of titers of antibodies against Hsp90a in pa-
tients of group A (18–24 years old) exercising in a hot environment.
Serum samples were diluted as described in the legend of Figure
1 and used in the miniblot assay with Hsp90a as the immunogen.
Triangles represents values for individuals as described in the leg-
end of Figure 1.

Table 5 Presence and titer of antibody against Hsp71 in plasma of
group B patients (25–81 years old) with acute heat-induced illness

Control
(n 5 30)

Mild heat-
induced
illness

(n 5 16)

Severe heat-induced illness

Heat
cramp
(n 5 5)

Heat
exhaustion

(n 5 14)

Heat
stroke

(n 5 22)

Nd
1:10
1:20
1:40
1:80

22
8 (27)
4 (13)
0
0

9
7 (44)
5 (31)
2 (12)
1 (6)

3
2 (40)
2 (40)
1 (20)
1 (20)

4
10 (71)
9 (64)
3 (21)
2 (14)

11
11 (50)
10 (45)
6 (27)
1 (4)

Data are presented as number (percent). Nd, nondetectable.

significantly higher in the heat-induced illness group (P
, 0.05) than in the matched control group. There was a
similar trend but no significance difference for antibodies
to Hsp60 and Hsp90b. The individual values for the titer
of antibodies against Hsp71 and Hsp90a are plotted in
Figures 1 and 2, respectively. The titer of antibody
against Hsp71 is higher in the plasma of individuals from
both the severe and mild heat-induced groups than in
controls. Interestingly, the highest titer of antibody to
Hsp71 measured (1:80) was only found in patients from
the disease groups. Figure 2 shows that there is no sig-
nificant difference in the distribution of antibody titers of
individuals between the control and mild or severe
groups, although the number of patients with antibodies
against Hsp90a is significantly higher in heat-induced ill-
ness groups than in the control one (P , 0.05).

We next investigated the presence and titers of anti-
Hsp71 in the plasma of 57 patients from a group of mixed
patients with acute heat-induced illness, whose ages
ranged from 25–81 years (group B). Illness in these pa-
tients occurred in a different hot living or working en-
vironment (not exercise). Table 5 summarizes the data on
the presence and dilution of antibody against Hsp71 in
the plasma of these patients. Antibodies to Hsp71 were
found more frequently in the severe (23/41) and mild (7/
16) subgroups than in controls (8/30). As shown in Fig-

ure 3, the average titer of antibodies to Hsp71 is higher
in the severely affected group. However, the distribution
of titers in these patients is similar to that found in group
A (Fig 1). This figure also shows the distribution of an-
tibody titer according to the sex of the patient. There were
more men affected (33) than women (24). There are no
clear reasons for this difference. We, therefore, used a
matched control group with a similar ratio of men to
women. As can be seen in Figure 3, there are no signifi-
cant differences between sexes with respect to the anti-
body titers. The number of patients being limited, it was
not possible in the present study to divide them into age
classes.
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Fig. 3. Distribution of titers of antibodies against Hsp71 in group B
patients (25–81 years old). Serum samples were diluted as de-
scribed in the legend of Figure 1 and used in the miniblot assay
using human Hsp71 as the immunogen. Titers are plotted for indi-
viduals. The sex of the patient is indicated n, (male); V, (female).

Table 6 Changes in the titer of anti-Hsp71 in plasma of 9 patients
with acute heat-induced illness at admission in hospital and on re-
lease

Patient
No.

Dilution of anti-Hsp71

Before After Duration (days)

1
2
3
4
5
6
7
8
9

1:40
Nd*
1:20
1:40
1:80
1:10
1:40
Nd
1:80

1:20
Nd
Nd
1:20
Nd
Nd
1:20
Nd
1:80

5
3
2
7
4
5
6
4
Died

Nd, nondetectable.

The titer of antibody against Hsp71 in plasma changes
during health recovery

Finally, we investigated changes in the titer of antibody
against Hsp71 in the plasma of a limited group of 9 pa-
tients during their recovery from heat-induced illness. Ta-
ble 6 shows the titer of anti-Hsp71 in individuals at ad-
mission and release and their recovery time. In most pa-
tients, the titer was higher at admission and decreased

during recovery. One patient (No. 9) with a high titer (1:
80) showed no changes and died after 2 days.

DISCUSSION

On the basis of our previous data that showed the pres-
ence of antibodies to Hsps in workers exposed to toxic
chemicals (Wu et al 1996, 1997, 1998), we examined
whether antibodies would also be found in patients ex-
posed to severe heat stresses. Our results show that in a
group of young men exercising in a hot environment
(group A), the occurrence of antibodies against Hsp71
and Hsp90a was significantly higher among individuals
with symptoms of heat-induced diseases (P , 0.05) than
in a matched group of nonaffected individuals exercising
in the same environment. Moreover, analysis of results
from individuals shows that the titers of antibody against
Hsp71 are higher in the plasma of patients from both the
severe and mild heat-induced diseases subgroups, the
highest titer being found in the most severe cases. A
study of a second group of 57 heat-affected patients of
mixed sex and age (group B, aged 25–81 years) exposed
to an extremely hot living environment and/or having
different activity intensity gives highly similar results.
Again, patients with the more severe heat-induced symp-
toms show a significantly higher incidence of antibodies
to Hsp71 than matched controls. Moreover, the titer of
anti-Hsp71 is higher in the severely affected subgroup.
Finally, in a study of 9 hospitalized patients, it was ob-
served that the titer of anti-Hsp71 decreased during re-
covery from severe heat symptoms.

Many studies have shown that Hsps are involved in
cell survival under stressful conditions. Tolerance to
stresses such as heat, endotoxin, heavy metals exposure,
and oxidants increases as the synthesis of Hsps goes up
(Landry et al 1982, 1989; Li and Werb 1982; Laszlo 1988;
Angelidis et al 1991; Li et al 1991; Hotchkiss et al 1993).
Protection has also been shown to operate in whole or-
gans such as the heart, brain, and kidneys. Currie et al
(1993) showed that a hyperthermic pretreatment inducing
the expression of Hsp70 in the rabbit myocardium was
beneficial in preventing tissue necrosis and improved re-
covery from ischemia during occlusion/reperfusion in-
jury. Transgenic expression of the human inducible
Hsp70 in a mouse model reduced the extent of damage
in hippocampal neurons following permanent middle ce-
rebral artery occlusion (Plumier et al 1997). Harmful con-
ditions such as exposure to mercury, CdCl2, heat stress,
and osmotic stress also induce Hsps in the kidneys, and
some Hsps may have protective functions against these
stresses (Gagnon et al 1999; Somji et al 1999; Beck et al
2000; Goering et al 2000).

Hsps are protective in organs such as the brain, heart,
kidneys, all of which are involved in the regulation of the
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human body temperature. As body temperature rises sig-
nificantly as a result of work, exercise, and/or climatic
factors, blood and skin temperature also rise. Skin sensors
and the direct effect of warm blood stimulate the ther-
mostatic set point in the hypothalamus, which in turn
activates the autonomic nervous system to bring about
changes of several systems: nervous, respiratory, circulat-
ing, endocrine, and urinary. Whether heat-induced stress
in these systems induces Hsps that could then become
antigens is unknown. Many investigations have suggest-
ed that autoantibodies against Hsps might be of signifi-
cance in the generation, formation, and prognosis of dif-
ferent diseases. For example, a direct relationship be-
tween antibodies against Hsp65 and carotid wall athero-
sclerosis was documented in a study in which these
antibodies were associated with the most severe degree
of atherosclerosis and were demonstrated to predict 5-
year mortality (Xu et al 1993, 1999). Interestingly, the
main systems involved in heat-induced diseases are the
nervous, circulating, endocrine, and urinary systems,
whose functions and protection are related to Hsps, and
the main characteristics and main death causes of heat-
induced diseases are the dysfunctions of these systems
and organs.

It is reasonable to think that the conditions of extreme
heat incurred by the patients under study here are suf-
ficient to induce some Hsps, such as Hsp71 in blood leu-
kocytes and/or in endothelial cells. Heat-induced dam-
age may then trigger an inflammatory response, which
may cause necrosis of damaged cells with the release of
cellular proteins, including Hsp71. Release of Hsp71 by
cell killing and necrosis caused by chemical exposure has
been suggested on the basis of high DNA damage and
superoxide dismutase levels in workers exposed to ben-
zene (Wu et al 1998). Because Hsp71 somewhat acts as a
chemokine when it is outside of the cell, neutralization of
this Hsp by antibodies may be a part of a downregulation
mechanism of Hsp71 action. Since most persons have had
inflammatory responses due to viral, bacterial, or para-
sitic infection, the immune system is likely primed by
Hsps and can rapidly mount an immune response. Al-
though the detailed significance and mechanism of gen-
eration of these autoantibodies against Hsps in heat-in-
duced diseases remain to be determined, an interesting
alternative model in which Hsps act as danger signals in
stressed cells modulating the immune response has re-
cently been proposed to explain the role of exercise in
altering immune functions (Moseley 2000). Whether an-
tibodies to Hsps have a physiological role in the response
of an individual to stress such as extreme heat remains
an intriguing question.

Heat-induced and heat-related illnesses remain high in
many working environments. These illnesses include heat
syncope, heat rash, heat cramps, heat exhaustion, and

heat stroke in order of increasing severity (Alzeer et al
1997). Such diseases can also occur during a sudden in-
crease of ambient temperature or heat wave when accli-
matization of the human body to heat is not established.
Such adaptation is likely to be related to the roles and
functions of Hsps. It will, therefore, be important to un-
derstand the mechanisms involved in the generation of
antibodies against Hsps and their possible use in diag-
nosis, prevention, or prognosis of heat-related diseases.
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