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Increased heat shock protein 70 levels in induced sputum
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Abstract Damage-associated molecular pattern molecules
such as high-mobility group box 1 protein (HMGB1) and heat
shock protein 70 (HSP70) have been implicated in the
pathogenesis of asthma. The aim of our study was to examine
the induced sputum and plasma concentrations of HSP70 in
asthmatic patients to determine their relationship with airway
obstruction. Thirty-four healthy controls and 56 patients with
persistent bronchial asthma matched for gender and age were
enrolled in this study. Spirometry measurements were
performed before sputum induction. HSP70 levels in induced
sputum and plasma were measured using the ELISA Kit.
Sputum and plasma concentrations of HSP70 in asthmatics
patients were significantly higher than that in control subjects

(sputum, (0.88 ng/ml (0.27–1.88 ng/ml) versus 0.42 ng/ml
(0.18–0.85 ng/ml), p<0.001); plasma, (0.46 ng/ml
(0.20–0.98 ng/ml) versus 0.14 ng/ml (0.11–0.37 ng/ml),
p<0.001) and were significantly negatively correlated with
forced expiratory volume in 1 s (FEV1), FEV1 (percent
predicted), and FEV1/FVC in all 90 participants and 56
patients with asthma. There were no significant differences in
HSP70 levels between patients with eosinophilic and non-
eosinophilic asthma. HSP70 levels in plasma were positively
correlated with neutrophil count, and HSP70 levels in induced
sputum were positively correlated with lymphocyte count. In
multivariate analysis, independent predictors of sputum
HSP70 were diseases and disease severity but not smoking,
age, or gender, and independent predictors of plasma HSP70
were also diseases and disease severity. In conclusion, this
study indicates that induced sputum and plasma HSP70 could
serve as a useful marker for assessing the degree of airway
obstruction in patients with asthma. However, further inves-
tigation is needed to establish the role of circulating and
sputum HSP70 in the pathogenesis of asthma.
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Damage-associated molecular patterns

Inflammatory mediators play important roles in the devel-
opment of chronic inflammation like asthma. Recent
studies have demonstrated that apoptotic and necrotic cells
release damage-associated molecular pattern (DAMP) mol-
ecules such as high-mobility group box-1 (HMGB1), heat
shock proteins (HSPs), and S-100 proteins, which promote
early innate and adaptive immune responses through their
interaction with pattern recognition receptors (Kono and
Rock 2008; Srikrishna and Freeze 2009). DAMPs
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contribute to the induction of inflammation by activation
and recruitment of various inflammatory cells. Studies have
suggested an important role of DAMPs in the pathogenesis
of allergic disease (Willart and Lambrecht 2009). Recently,
we have reported that the HMGB1 level, one of the
important DAMPs, is increased in patients with asthma
and chronic obstructive pulmonary disease (COPD) (Hou
et al. 2011) and significantly negatively correlated with
pulmonary function index. We also reported that HSP
might be involved in the pathogenesis of asthma (Tong and
Luo 2000).Study also showed that S100A8/A9 may
maintain and strengthen the chronic airway inflammation
and airway remodeling in asthma by inducing effector
responses of resident and infiltrating airway cells (Halayko
and Ghavami 2009).

However, it is still unknown how HSP70 (also named
HSPA1A, HSP70 refers to this protein later in the
manuscript) (Kampinga et al. 2009; Hageman and
Kampinga 2009), another one of DAMPs, was involved
in the pathophysiology of asthma. Heat shock or stress
proteins (HSPs) are a family of highly conserved proteins
found in cells of all organisms, from bacteria to mammals.
Of all heat shock proteins, the HSP70 family constitutes the
most conserved and best-studied class. Intracellularly, HSPs
function to stabilize the cell and maintain cellular homeo-
stasis (Hartl 1996). However, during the response to stress
or injury like temperature, exercise, and infection, HSP-70
may be released from dying cells that have lysed, as well as
from live cells via receptor-mediated exocytosis (Asea
2007; Clayton et al. 2005; Hunter-Lavin et al. 2004). When
HSPs are released into the extracellular compartment, they
are able to deliver a partial maturation signal to dendritic
cells, which may play a crucial role in pathogenesis of
asthma and activate the NF-kappaB pathway, and can
also stimulate pro-inflammatory cytokines production in
vitro (Asea et al. 2000; Basu et al. 2000). This suggests
that HSP70 may modulate and exert immune and
inflammatory responses and may be involved in the
pathogenesis and/or be markers of some diseases like
atherosclerosis, ischemia–reperfusion injury, preeclamp-
sia, and HELLP syndrome (Bielecka-Dabrowa et al. 2009;
Molvarec et al. 2007, 2009, 2010; Walsh et al. 2009).
Meanwhile, it has been found that extracellular HSP70
level is increased in patients with sarcoidosis and chronic
beryllium disease (Silva et al. 2007) and COPD patients
(Hacker et al. 2009). In Yang’s study, the presence of
autoantibodies against Hsp70 was associated with the
severity of asthma and was also correlated with higher
levels of total IgE and IL-4 in asthmatic patients (Yang et
al. 2005). Tamási et al. (2010) have recently reported that
the serum HSP70 levels increased in asthmatic pregnant
women compared to the control healthy pregnant and the
levels of serum HSP70 negatively correlated with the

maternal age and positively correlated with gestational age
in the group of healthy pregnant women. These data
suggest that the HSP70 may be involved in the pathogen-
esis and development of these diseases including asthma.
However, the induced sputum and plasma concentrations
of HSP70 have not been systematically evaluated in
patients with asthma.

We hypothesized that HSP70 expression is increased in
asthma and is related to disease severity. To test our
hypothesis, we have measured HSP70 concentrations in
induced sputum and plasma of control subjects, patients
with untreated asthma.

Materials and methods

Subjects

We selected 56 asthmatic patients from patients at the
Department of Respiratory Medicine of Southern Medical
University Nanfang Hospital (Guangzhou, China). Asthmatic
patients in our study were firstly diagnosed in our hospital
according to the Global Initiative for Asthma guidelines
(Bateman et al. 2008). Classification of asthma severity was
based on symptom and forced expiratory volume in 1 s
(FEV1) (Bateman et al. 2008). For mild asthma, FEV1≥80%
predicted and asthma symptoms more than once but less
than once a day or nocturnal symptoms more than twice a
month; for moderate asthma, FEV1=60%–80% predicted
and daily symptoms or nocturnal symptoms more than once
a week; and for severe asthma, FEV1≤60% predicted and
symptoms daily or frequent nocturnal asthma symptoms and
limitation of physical activities. Inclusion criteria included
patients or participants who had not taken corticosteroids
(oral or injected), nonsteroidal anti-inflammatory medica-
tions (cromolyn, ketotifen, leukotriene receptor antagonists),
long-acting beta-2-agonists, or aminophylline 3 months prior
to this study. Exclusion criteria included (1) respiratory tract
infection characterized by purulent sputum and infiltration
based on X-ray or computed tomography scans of the lungs
within the previous 6 weeks, (2) history of any other lung
disease except asthma, and (3) other diseases with increased
levels of HSP70 (atherosclerosis, multiple sclerosis, COPD).
Thirty-four healthy volunteers as the control subjects
included those without asthma or COPD, pneumonia. The
study was approved by the ethics committee of Southern
Medical University, and all subjects and patients provided
informed consent for participation.

Pulmonary function tests

Spirometry measurements were performed before sputum
induction. Spirometry was performed using the Jaeger
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Masterscope® spirometry system (Jaeger, Wuerzburg,
Germany) according to American Thoracic Society (ATS)
guidelines (Miller et al. 2005).

Asthma patients’ symptom score

Asthma patients were instructed to record daytime symp-
toms of cough, chest tightness, wheeze, sputum production,
breathlessness, grading each from 0–3 (no symptoms=0,
mild=1, moderate=2, and severe=3) (Santanello et al.
1997) and nocturnal symptoms for the preceding 24 h, how
many times they woke up with asthma symptoms, grading
each from 0–3 (none=0, once=1, more than once=2,
awake all night=3) (Fletcher et al. 1959).

Blood sample preparation

Blood was drawn, handled, and stored by the same
researcher in the same department. Blood samples were
collected in ethylenediamine tetraacetic acid-anticoagulated
PB tubes and stored at 4°C. Blood samples were centri-
fuged at 1,000×g at 4°C for 15 min and were stored in
microfuge tubes at −80°C until the measurements were
taken.

Sputum induction and processing

For the sputum induction and processing, we used the
guidelines suggested by the Task Force on Induced
Sputum of the European Respiratory Society (Paggiaro
et al. 2002).Subjects and patients were told to periodi-
cally spit saliva into one container and sputum into
another. The sputum was weighed and diluted four times
in fresh 0.1% dithiothreitol (Sigma-Aldrich; St Louis,
USA) in distilled water. The suspension was shaken in a
vortex mixer for a few seconds and incubated in a shaking
water bath at 37°C (150 cycles/min) for 15 min with
aspiration every 5 min for homogenization. Samples were
centrifuged at 750×g for 10 min. The supernatant was
aspirated and stored, and total cell number and cell
viability were determined by the trypan blue dye
exclusion method in a Neubauer chamber. Slides were
prepared for differential cell counts by cytospin staining
with hematoxylin–eosin.

HSP70 measurement

Plasma and sputum HSP70 were quantified using commer-
cial HSP70 ELISA kit (Hyperheal, Shanghai, China). The
detection limit of these kits was 0.05 ng/mL for HSP70.
Each sample was run in duplicate and compared with a
standard curve. The mean concentration was determined for
each sample.

Statistical analysis

Results are expressed as median (range) unless otherwise
specified. The normality of continuous variables was assessed
using the Shapiro–Wilk’sW test. As the continuous variables
were not normally distributed, nonparametric statistical were
performed. Significant variation in the data among multiple
groups was investigated using Kruskal–Wallis test. The
Mann–Whitney U test (with Bonferroni’s correction) was
used to compare difference between two groups. Frequency
data (e.g., sex) were analyzed by the Chi-square test.
Correlations were assessed by spearman rank correlation
coefficients. A receiver operating characteristic (ROC) curve
with its area under the curve was computed to evaluate the
diagnostic accuracy of plasma and induced sputum HSP70
measurements. Multiple regressions analysis was performed
for the evaluation of HSP70 predictors, using HSP70 in
plasma or induced sputum as dependent variable and sex,
age, smoking pack-years, control/asthma, and FEV1%
predicted as independent variables. P values <0.05 were
considered statistically significant.

Results

Clinical data

Demographic characteristics of the patients with asthma
and control subjects are shown in Table 1. All patients and
subjects were matched for gender, age, BMI, and smoking
pack-years. The number of patients with a family history of
asthma (16 of 56 patients) and allergic rhinitis (17of 56
patients) in asthma patient group was higher compared with
those of healthy controls (4 of 34 participants and 3 of 34
participants, respectively). There was no difference in the
total number of cells in induced sputum (not including the
squamous cell) and peripheral white blood cells between
patients with asthma and health controls. Asthma patients
had higher percentage of sputum and blood eosinophils and
lower percentage of sputum macrophages compared with
healthy controls (p<0.05). While asthma patients had
higher percentage of sputum lymphocytes compared with
healthy controls (p<0.05).

The different levels of HSP70 in induced sputum
and plasma

Differences in HSP70 between all subgroups of controls
and asthma patients are presented in Fig. 1. Compared with
controls (0.42 ng/ml (0.18–0.85 ng/ml)), in patients with all
severities of asthma (0.88 ng/ml (0.27–1.88 ng/ml)), HSP70
in induced sputum was significantly increased (p<0.001).
Compared with controls (0.14 ng/ml (0.11–0.37 ng/ml)), in
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patients with all severities of asthma (0.46 ng/ml
(0.20–0.98 ng/ml)), HSP70 in plasma was also significantly
increased (p<0.001). Similarly, compared with controls
(0.14 ng/ml (0.11–0.37 ng/ml)), HSP70 in plasma was
significantly higher in patients with mild asthma(0.36 ng/ml
(0.24–0.64 ng/ml); n=21; p<0.001), in patients with
moderate asthma(0.44 ng/ml (0.20–0.98 ng/ml); n=20;
p<0.001) and severe asthma (0.57 ng/ml (0.38–0.98
ng/ml); n=15; p<0.001) (Mann–Whitney U test with
Bonferroni’s correction).The plasma and sputum HSP70
level significantly increased in patients with severe asthma
compared with mild asthma (p<0.001; p<0.001). The
HSP70 levels in plasma were significantly higher in
patients with severe asthma than those with moderate
asthma (p=0.031). Similarly, the HSP70 level in induced
sputum was higher in patients with severe asthma (1.24
ng/ml (0.78–1.88 ng/ml)) compared with moderate asthma
(0.72 ng/ml (0.27–1.68 ng/ml); p<0.001) (Fig. 1b).There
was no difference in plasma and induced sputum between
patients with mild asthma and moderate asthma (p=1.000;
p=1.000).

Although non-eosinophilic asthma patients had higher
HSP70 level in plasma and sputum compared with eosino-
philic asthma patients’ plasma and sputum, differences were

not significant (p=0.573; p=0.717, respectively). (Table 2).A
cutoff point of 3% eosinophils in induced sputum was
applied to distinguish eosinophilic from non-eosinophilic
asthma patients (Simpson et al. 2010).

Using the ROC curve analysis, we determined a cutoff
value of HSP70 concentration (0.65 ng/ml) in induced
sputum, which can discriminate asthmatics from healthy
control with 67.9% sensitivity and 97.1% specificity and a
cutoff value of HSP70 concentration (0.26 ng/ml) in
plasma, which can discriminate asthmatics from healthy
control with 94.6% sensitivity and 91.2% specificity.

Correlation of HSP70 levels with lung function or other
parameters

HSP70 levels in plasma and induced sputum in all subjects
and patients showed significant negative correlation with
lung function parameters such as FEV1, FEV1 (percent
predicted) and FEV1/FVC. In all participants, plasma
HSP70 levels showed stronger negative correlation with
pulmonary function index than HSP70 levels in induced
sputum.

HSP70 levels in all groups and the plasma from the
asthma group were positively correlated with neutro-

Characteristic Control subjects Asthma patients P value

N 34 56

Gender, male/female 22/12 30/26 0.140

Age, years 39 (24–70) 39 (18–62) 0.733

BMI 22.13±4.35 21.80±2.77 0.873

Never/current/ex-smokers 29/5/0 41/6/9

Smoking history, pack-years 0 (0–30) 0 (0–30) 0.760

Induced sputum

TCCa (106/ml) 3.55 (1.62–6.60) 4.20 (1.74–11.36) 0.141

Macrophages, % 52.5 (31.0–80.0) 42 (8.0–90.50)* 0.012

Neutrophils, % 43.75 (20.0–65.0) 37.5 (1.0–70.0) 0.061

Lymphocytes, % 2.0 (0.0–12.0) 3.5 (0.0–24.0)* 0.044

Eosinophils, % 1.0 (0.0–8.0) 7.50 (0.0–83.0)* 0.000

FVC(L) 3.51 (1.72–5.82) 2.85 (1.36–4.57)* 0.000

PEF(L/s) 7.97 (4.72-12.10) 4.99 (1.42-10.75)* 0.000

FEV1(L) 3.07 (2.00-4.14) 2.14 (0.86-4.09)* 0.000

FEV1, % predicted 102.70 (88.00–121.90) 74.45 (24.40–116.30)* 0.000

FEV1/FVC 92.0 (78.07–111.2) 81.02 (44.99–100) 0.000

Daily score 6 (1–12)

Nighttime score 1 (0–3)

Peripheral blood counts

TCCb (109/ml) 7.31 (5.58–8.21) 6.74 (4.41–16.38) 0.859

Lymphocytes, % 35.60 (28.20–42.80) 29.55 (6.80–53.20) 0.292

Neutrophils, % 56.30 (48.20–60.90) 59.95 (35.10–85.40) 0.943

Macrophages, % 6.95 (4.70–7.20) 6.00 (1.25–17.20) 0.519

Eosinophils, % 2.10 (1.40–2.90) 5.20 (0.00–9.40)* 0.045

Table 1 Patient and subject
demographics

Data are presented as median
(range), except BMI is
expressed as means±SEM

BMI body mass index, TCC
total cell count, FVC forced vital
capacity, PEF peak expiratory
flow, FEV1 forced expiratory
volume in 1 s

*P<0.05 versus control group
a Total number of cells in in-
duced sputum (not include the
squamous cell
b Total number of peripheral
white blood cells
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phil count and its percentage. HSP70 levels in all
groups and the induced sputum from the asthma group
were positively correlated with lymphocyte count and

its percentage. Although HSP70 levels in induced
sputum were positively correlated with eosinophil
count, no significant correlation was found in the
asthma group.

In addition, in the asthma group, HSP70 levels in
plasma correlated positively with the nighttime score, but
not with daily score; in contrast, HSP70 levels in
induced sputum correlated positively with the daily
score, but not with nighttime score, in the asthma group
(Tables 3 and 4).

Evaluation of HSP70 predictors with multiple regressions
analysis

Predictors of HSP70 in plasma, provided by multiple
regression analysis, are presented in Table 5. Disease
severity and control/asthma but not sex, age, and smoking

Table 2 The HSP70 levels in plasma and induced sputum of healthy
subjects, non-eosinophilic asthma patients and eosinophilic asthma
patients

Group Number Plasma
(ng/ml)

Induced sputum
(ng/ml)

Control 34 0.14 (0.11–0.37) 0.42 (0.18–0.85)

Non-eosinophilic asthma 19 0.56 (0.23–0.98)* 0.95 (0.34–1.88)*

Eosinophilic asthma 37 0.42 (0.20–0.65)* 0.81 (0.27–1.88)*

P value <0.001 <0.001

Results are expressed as median (range)

*P<0.001vs control group

Fig. 1 a HSP70 concentration
in plasma from healthy control
and asthma patients of different
severity. b HSP70 concentration
in induced sputum from healthy
control, asthma patients of dif-
ferent severity. Kruskal–Wallis
test (among multiple groups)
and Mann–Whitney U test
(between groups; with
Bonferroni’s correction) were
used. The line represents the
median
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pack-years were independent predictors of HSP70
(R2=0.639, adjusted R2=0.617). And predictors of HSP70
in sputum were also disease severity and control/asthma
(R2=0.404, adjusted R2=0.368) (Table 6).

Discussion

We report here for the first time that the sputum HSP70
concentrations in asthma and plasma HSP70 concentrations

Table 4 Correlations between HSP70 concentration and lung function, cells in induced sputum and peripheral blood and symptom score in
asthmatic patients

Asthma patients (n=56)

Index rs P value Index rs P value

P-HSP70 FVC −0.472 0.000 S-HSP70 FVC −0.409 0.002

P-HSP70 PEF −0.500 0.000 S-HSP70 PEF −0.406 0.002

P-HSP70 FEV1 −0.479 0.000 S-HSP70 FEV1 −0.455 0.000

P-HSP70 FEV1% pred −0.335 0.012 S-HSP70 FEV1% pred −0.437 0.000

P-HSP70 FEV1/FVC −0.356 0.008 S-HSP70 FEV1/FVC −0.332 0.011

P-HSP70 B-neu% 0.349 0.009 S-HSP70 S-neu% 0.136 0.319

P-HSP70 B-neu 0.321 0.016 S-HSP70 S-neu 0.090 0.509

P-HSP70 B-eos −0.106 0.438 S-HSP70 S-eos −0.071 0.601

P-HSP70 B-lym% −0.154 0.258 S-HSP70 S-lym% 0.278 0.038

P-HSP70 B-lym −0.070 0.606 S-HSP70 S-lym 0.266 0.048

P-HSP70 Daily score 0.152 0.263 S-HSP70 Daily score 0.421 0.001

P-HSP70 Night time score 0.356 0.007 S-HSP70 Night time score 0.166 0.223

P-HSP70 S-HSP70 0.497 0.000

Data are presented as Spearman rank correlation coefficients

P-HSP70 the HSP70 level in plasma, S-HSP70 the HSP70 level in sputum, FVC forced vital capacity, PEF peak expiratory flow, FEV1 forced
expiratory volume in 1 s, B-neu neutrophils in peripheral blood, B-eos eosinophils in peripheral blood, B-lym lymphocyte in peripheral blood, S-
neu neutrophils in induced sputum, S-eos eosinophils in induced sputum, S-lym lymphocyte in induced sputum

Table 3 Correlations between HSP70 concentration and lung function and cells in induced sputum and peripheral blood in all study subjects

Including all subjects (n=90)

Index rs P value Index rs P value

P-HSP70 FVC −0.570 0.000 S-HSP70 FVC −0.331 0.001

P-HSP70 PEF −0.659 0.000 S-HSP70 PEF −0.366 0.000

P-HSP70 FEV1 −0.667 0.000 S-HSP70 FEV1 −0.400 0.000

P-HSP70 FEV1% pred −0.578 0.000 S-HSP70 FEV1% pred −0.433 0.000

P-HSP70 FEV1/FVC −0.483 0.000 S-HSP70 FEV1/FVC −0.436 0.000

P-HSP70 B-neu% 0.327 0.011 S-HSP70 S-neu% 0.008 0.937

P-HSP70 B-neu 0.251 0.049 S-HSP70 S-neu 0.033 0.757

P-HSP70 B-eos 0.008 0.953 S-HSP70 S-eos 0.282 0.007

P-HSP70 B-lym% −0.192 0.141 S-HSP70 S-lym% 0.308 0.003

P-HSP70 B-lym −0.139 0.289 S-HSP70 S-lym 0.312 0.003

P-HSP70 S-HSP70 0.549 0.000

Data are presented as Spearman rank correlation coefficients

P-HSP70 the HSP70 level in plasma, S-HSP70 the HSP70 level in sputum, FVC forced vital capacity, PEF peak expiratory flow, FEV1 forced
expiratory volume in 1 s, B-neu neutrophils in peripheral blood, B-eos eosinophils in peripheral blood, B-lym lymphocyte in peripheral blood, S-
neu neutrophils in induced sputum, S-eos eosinophils in induced sputum, S-lym lymphocyte in induced sputum
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in asthma without pregnancy were increased, dependent of
disease severity. We also show that the concentrations of
HSP70 positively and significantly correlated with neutro-
phil counts and percentage of neutrophils in peripheral
blood and lymphocyte count and its percentage in induced
sputum. Finally, consistent with a recent findings by Tamási
et al. (2010), our reports confirmed that HSP70 concen-
trations are elevated in asthma patients and positively and
significantly correlated with the asthma symptom scores.

As is well known, a wide variety of stressful stimulus
including some drugs like estrogen (Stice and Knowlton
2008) can affect the expression and levels of HSPs, so in
this study, we enrolled asthmatic patients who were firstly
diagnosed in our hospital and had not taken corticosteroids,
nonsteroidal anti-inflammatory medications, long-acting
beta-2-agonists, or aminophylline 3 months prior to this
study. Compared with healthy control, HSP70 levels in
induced sputum were significantly increased in asthmatic
patients, even after proper adjustments of gender, age, BMI,
and smoking pack-years (data were not presented). The fact
that disease severity was an independent predictor of
plasma and sputum, HSP70 further supports a potential
role for HSP70 as a new biomarker for asthma.

Tamási et al. (2010) reported a significant increase in the
serum levels of HSP70 in asthmatic women during
gestation. And Yang et al. (2005)demonstrated a significant

increase of autoantibodies against HSP70 in patients with
asthma. Also, elevated serum levels of HSP70 have
recently been demonstrated in patients with COPD.
However, to the best our knowledge, no studies have been
performed yet to evaluate the sputum HSP70 levels in
patients with asthma. And comparing results of the present
study to those of Tamási et al. (2010), they investigated
pregnant women.

It has been demonstrated that induced sputum is more
concentrated and richer in airway secretions than BAL
samples (Fahy et al. 1995), and samples from induced
sputum are valid in assessing conditions involving airway
inflammation, and sputum testing is safe and noninvasive.
Although our results need further clarification, they indicate
that HSP70 in induced sputum may be a novel and useful
marker for reflecting disease severity of asthma.

Non-eosinophilic and eosinophilic asthma are likely
produced by different immunological mechanisms, includ-
ing a difference in cytokine production (Quaedvlieg et al.
2006). Accordingly, we compared the concentration of
HSP70 in these two phenotypes. However, in this study, we
did not find significant differences between non-
eosinophilic asthma and eosinophilic asthma patients, a
finding that needs further investigation. One reason for this
may be that there were different sources of HSP70 such as
from mast cells, lymphocyte, and neutrophils (Asea 2007;
Clayton et al. 2005; Hunter-Lavin et al. 2004).

Our finding that HSP70 in plasma correlated positively
with neutrophil count and its percentage in all participants
and in asthma group is also supported by the findings that
neutrophils contribute to increased levels of HSP70
(Giraldo et al. 2010; Persson et al. 2008), and extracellular
Hsp72 released from virally infected airway epithelial cells
can result in the recruitment and activation of neutrophils
(Vignola et al. 1995; Wheeler et al. 2009).These findings
suggest that neutrophils may be an important source of
HSP70, and there may exist a positive feedback loop
between HSP70 and neutrophils, an area we intend to
explore in future studies. It was reported that HSP70 has
been shown to be released by B cells which is consistent
with our finding that the count and percentage of
lymphocyte correlated positively with HSP70 levels in
induced sputum from asthma patients (Clayton et al. 2005).
One study suggests the mast cells may also be a potential
source of HSP70 (Mortaz et al. 2006).

Understanding the role of HSP70 in asthma is complex,
and much remains to be clarified. HSP70 has been
suggested to play a role in asthma (Bertorelli et al. 1998;
Willart and Lambrecht 2009). Airway cells (epithelial cells
and alveolar macrophages) as well as peripheral blood
mononuclear cells showed increased expression of HSP70
in asthma (Bertorelli et al. 1998; Tong and Luo 2000).
HSP70 displays a wide range of immunological effects in

Tables 5 Parameters associated with HSP70 level in plasma

Variables Unstandardized
coefficients(95% CI),

Standardized
coefficients

P value

Gender 32.26 (3.15∼61.37) 0.079 0.271

Age 3.653 (2.434∼4.872) 0.101 0.104

Smoking
pack-years

−0.386 (−2.286∼1.514) −0.015 0.840

Control/
asthma

242.55 (208.54∼276.56) 0.585 0.000

FEV1, %
predicted

−2.040 (−2.724∼−1.356) −0.246 0.004

Constant −59.380 (−171.27∼52.51) 0.597

Tables 6 Parameters associated with HSP70 level in induced sputum

Variables Unstandardized
coefficients (95% CI)

Standardized
coefficients

P
value

Gender 102.81 (24.94∼180.68) 0.121 0.190

Age 4.535 (1.274∼7.796) 0.120 0.168

Smoking
pack-years

0.517 (−4.595∼5.629) 0.009 0.920

Control/
asthma

239.88 (148.89∼330.87) 0.278 0.010

FEV1, %
predicted

−6.901 (−8.732∼−7.07) −0.400 0.000

Constant 542.99 (243.65∼842.33) 0.073
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addition to its cytokine effects, and it can be considered an
alarm that alerts our defense system of an impending
danger. To better describe the unique function as both
chaperone and cytokine, extracellular HSP70 (eHSP70)
was named as chaperokine by Asea (2003, 2005). eHSP70
can induce the antigen presenting cells (APC) maturation
by augmenting the surface expression of CD40, CD83,
CD86, and MHC class II molecules on APC and migration
of APC (Asea 2005; Asea et al. 2002; Srivastava 2002); on
the other hand, after exposure of APC to exogenous
eHSP70, there is significant release of cytokines including
TNF-α, IL-1β, IL-6, and IL-12 (Srivastava 2002), and
chemokines including MIP-1, MCP-1, and RANTES. In
addition, eHSP70 has been shown to stimulate monocytes
and macrophages to produce pro-inflammatory cytokines
such as TNF-, IL-6, and IL-12p40 (Rico et al. 1999) and to
stimulate the proliferation of T cell and proliferation on B
cell populations (Rico et al. 1999, 2002). These data and
our results support the hypothesis that the HSP70 over-
expression may play a potential and important role in the
initiation and maintenance of chronic airway inflammation
in asthma.

However, many studies also showed that HSP70 had an
anti-inflammatory role in various inflammatory conditions
such as infection, ischemia/reperfusion injury, and cardio-
vascular diseases (Bielecka-Dabrowa et al. 2009; Chen et
al. 2007). This special phenomenon was described by Chen
et al. (2007) as “heat shock paradox.” Rha et al. (2002)
have reported that administration of Mycobacterium leprae
HSP prevented both development of airway hyperreactivity
(AHR) as well as bronchoalveolar lavage fluid (BALF)
eosinophilia in a dose-dependent manner and the produc-
tion of IL-4 and IL-5 in BALF. Although it is still unknown
how to explain this phenomenon, some researches suggest
that some factors play a crucial role in the effect of HSP.
First of all, it is the time; HSPs induction before a pro-
inflammatory stimulus is clearly beneficial; however, HSPs
induction after a pro-inflammatory stimulus is cytotoxic.
The second factor is place and sources; HSPs from
extracellular or intracellular and different microorganisms
may have different role (Galloway et al. 2008; Chen et al.
2007; Rha et al. 2002). Nevertheless, our results definitely
support HSP70 as a new biomarker for evaluating the
degree of airway obstruction in asthma; however, the
source of HSPs in healthy individuals, as well as in patients
with pathological conditions, and its exact mechanisms in
allergic asthma have not been completely determined yet.

In conclusion, our finding that increased induced sputum
and circulating HSP70 levels in patients with asthma are
associated with disease severity and asthmatic symptom’
scores supports the hypothesis that HSP70 may play an
important role in the pathogenesis of asthma and HSP70
may be an attractive therapeutic target for asthma. Also,

plasma HSP70 may be a diagnostic tool for diagnosis of
asthma. Further investigation will be necessary to determi-
nate the sites, mechanisms, and source of HSP70 in asthma.
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