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1 |  INTRODUCTION

In the industrialized and developed countries, chronic ob-
structive pulmonary disease (COPD) is considered as one of 
the leading causes of morbidity and mortality.1 Beside well-
known risk factor tobacco smoking, other exogenous (air pol-
lution, occupational exposure, etc) and endogenous (age, sex, 
genetic factors, etc) factors determine the susceptibility for 

development of the disease.1,2 Furthermore, much evidence 
indicates the important role of the chronic inflammatory and 
immune responses in the development and progression of 
COPD.3

Chronic obstructive pulmonary disease is characterized 
by irreversible chronic airflow limitation that is the con-
sequence of defective tissue repair and chronic inflamma-
tion, leading to parenchymal destruction and small airway 
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Summary
Extracellular Hsp70 (eHsp70) exerts its biological actions via Toll-like receptors 2 
and 4, and is increased in sera of chronic obstructive pulmonary disease (COPD) 
patients. The aim of this study was to explore the pro-inflammatory effects and cyto-
toxicity of eHsp70 alone and in combination with bacterial components lipoteichoic 
acid (LTA) and lipopolysaccharide (LPS) on NCI-H292 airway epithelial cells. NCI-
H292 cells were treated with recombinant human Hsp70 protein (rhHsp70), LPS, 
LTA and their combinations for 4, 12, 24 and 48 hours. IL-6, IL-8 and TNF-α levels 
were measured by an ELISA method. Cell viability was determined by the MTS 
method, and caspase-3/7, caspase-8 and caspase-9 assays. rhHsp70 induced secretion 
of IL-6 and IL-8 in a concentration- and time-dependent manner, with the highest 
secretion at 24 hours. rhHsp70 combined with LTA had antagonistic and with LPS 
synergistic effect on IL-6 secretion, while the interactions between rhHsp70 and LPS 
or LTA on IL-8 were synergistic. TNF-α was not detected in the applied conditions. 
rhHsp70, LPS or LTA did not affect cell viability, and rhHsp70 even suppressed 
caspase-3/7 activities. We suggest that pro-inflammatory effects of eHsp70, together 
with other damaging molecules and/or COPD risk factors, might contribute to the 
aggravation of chronic inflammation in human bronchial epithelium.

K E Y W O R D S

COPD, extracellular Hsp70, LPS, LTA, NCI-H292 cells

www.wileyonlinelibrary.com/journal/iep
mailto:
https://orcid.org/0000-0002-5302-3770
mailto:lrumora@pharma.hr


   | 321HULINA-TOMAŠKOVIĆ eT AL.

fibrosis.4,5 In addition to the different types of cellular reac-
tion, many inflammatory mediators such as reactive oxygen 
and nitrogen species, interleukin (IL)-8, tumour necrosis 
factor (TNF)-α, IL-6 and interferon (IFN)-γ are involved 
in the process of inflammation in COPD.5 Danger signals, 
such as pathogen-associated molecular patterns (PAMPs) 
and damage-associated molecular patterns (DAMPs), acti-
vate families of pattern recognition receptors (PRRs) that in-
clude the Toll-like receptors (TLRs).6 PAMPs, represented 
by pathogen-derived proteins, nucleic acid and lipids such 
as lipopolysaccharide (LPS), peptidoglycan and lipoteichoic 
acid (LTA), can trigger an immune response to an infectious 
insult.7 On the other hand, DAMPs are secreted by damaged 
cells and can trigger an immune response to tissue injury 
that may occur in trauma, ischaemia-reperfusion injury and 
oxidative stress.7

Heat-shock proteins (Hsps) are molecular chaperones 
that can be up-regulated when cells are exposed to different 
kinds of stressors. It has been demonstrated that 72 kDa, the 
major inducible Hsp70 protein, possesses antagonistic ac-
tions, depending on its localization.5,7-9 While intracellular 
Hsp70 exerts a powerful protective and anti-inflammatory 
effect, extracellular Hsp70 (eHsp70) is considered as one of 
the DAMPs and therefore might be able to activate innate 
and inflammatory responses.8,10,11 eHsp70 can stimulate a 
pro-inflammatory effect through binding to several recep-
tors, most notably TLR2 and TLR4, followed by activation of 
mitogen-activated protein kinases (MAPKs) and/or nuclear 
factor κB (NF-κB) signal transduction pathways, resulting in 
cytokine production.8,12-15

Hsp70 has been implicated in the pathogenesis of COPD. 
A case-control study reported that higher level of plasma 
Hsp70 might be associated with an increased risk of COPD 
among coal workers.16 In addition, Hacker et al17 measured 
increased concentrations of Hsp70 in sera of COPD patients 
compared with the healthy individuals. It is possible that 
eHsp70 may activate signal transduction cascades, lead-
ing to the activation of an immune response, by inducing 
production and release of various cytokines, which could 
cause continuous propagation of inflammation observed in 
COPD.

The aim of this study was to explore the pro-inflamma-
tory effects of extracellular Hsp70 alone and in combination 
with TLR2 and TLR4 agonists LTA and LPS, respectively, 
on NCI-H292 cell line, used as a well-established model of 
human tracheo-bronchial airways in COPD,18 by measuring 
IL-6, IL-8 and TNF-α concentration. As in vivo studies on 
COPD patients measured eHsp70 in peripheral blood mostly 
in nanogram per millilitre concentrations, we used recombi-
nant human Hsp70 protein (rhHsp70) in the range of con-
centrations from nanogram to microgram per millilitre for 
the treatment of NCI-H292 cells. Inflammation and cell 
death are crucial cellular processes that control organism's 

homoeostasis and viability. Therefore, the cytotoxicity 
of eHsp70, LTA and LPS was also assessed by measuring 
cellular metabolic activity and caspase-3/7, caspase-8 and 
caspase-9 activities.

2 |  MATERIALS AND METHODS

2.1 | Cell culture

The NCI-H292 human bronchial epithelial cell line 
(American Type Culture Collection) was cultured in RPMI 
1640 medium containing 10% foetal bovine serum, 2 mmol/L 
l-glutamine, 1 mmol/L pyruvate and 1% penicillin and strep-
tomycin, at 37°C in a humidified 5% CO2 atmosphere. Cells 
were grown in 75-cm2 culture flasks and subcultured using 
0.025% trypsin-EDTA every 3 or 4 days.

2.2 | Ethical approval

Appropriate ethical approval was obtained for this study and 
the study followed all ethical guidelines for cell lines cultur-
ing and treatments.

2.3 | Treatments of NCI-H292 cells

Cells were treated with low endotoxin rhHsp70 (Enzo Life 
Sciences). Endotoxin concentration in rhHsp70 was 2.7 EU/
mg, determined by Limulus amebocyte lysate (LAL) test by 
manufacturer. Equivalent amount of LPS was used as nega-
tive control in all experiments. Cells were also treated with 
LPS (positive control for TLR4 activation) and LTA (posi-
tive control for TLR2 activation). LPS was isolated from 
Escherichia coli O111:B4 (Sigma-Aldrich). LTA was iso-
lated from Staphylococcus aureus (Invivogen) and had endo-
toxin concentration of 10 EU/mg. Concentrations of rhHsp70 
(0.1-30 μg/mL), LPS (0.1 μg/mL) and LTA (1 μg/mL) were 
used in this study based on our preliminary results. Three in-
dependent experiments (n = 3) were performed for all analy-
sis (cytokines and viability measurements).

2.4 | Measurement of cytokine 
concentration

NCI-H292 cells were seeded on 12-well cell culture plates 
(1 × 106 cells per well) for 24 hours in 1 mL complete cell 
medium. Cells were treated with different concentrations of 
rhHsp70, 0.1 μg/mL LPS, 1 μg/mL LTA, and their combina-
tions for 4, 12, 24 and 48 hours. Cell medium was harvested 
and frozen at −80°C until analysis.
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Concentrations of IL-6, IL-8 and TNF-α were determined 
in cell medium by DuoSet ELISA kits (Human IL-6 DuoSet 
ELISA, Human CXCL8/IL-8 DuoSet ELISA, Human TNF-α 
DuoSet ELISA; R&D Systems).

Ninety-six-well plate was coated with 100 μL per well of 
cytokine-specific capture antibody diluted in PBS and incu-
bated overnight at room temperature. Each well was washed 
three times with 400 μL of washing buffer. Then the plate 
was blocked with 300 μL of reagent diluent and incubated 
at room temperature for a minimum of 1 hour, followed by 
washing. 100 μL of diluted samples or standards was added 
and incubated at room temperature for 2 hours, followed by 
washing. After that, 100  μL of the specific detection anti-
body was added, and plate was incubated for 2 hours at room 
temperature. After washing, 100 μL of streptavidin-HRP was 
added, and plate was incubated for 20 minutes at room tem-
perature in the dark, followed by washing. 100 μL of substrate 
solution (equal volume of hydrogen peroxide and tetramethyl 
benzidine) was added, and plate was once again incubated 
for 20 minutes at room temperature in the dark. The reaction 
was stopped by adding 50 μL of stop solution (2 N sulphuric 
acid). The optical density was determined at 450 nm, using 
a microplate reader (VICTOR3 1420 Multilabel counter; 
Perkin Elmer).

2.5 | MTS assay

NCI-H292 cells were seeded on 96-well cell culture plates 
(5 × 103 cells per well) for 24 hours in 100 μL of complete 
cell medium. Cells were treated with rhHsp70, LPS, LTA and 
their combinations for 24 hours. Afterwards, 20 μL of MTS 
(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium; Promega) reagent was 
added, and cells were incubated for 4 hours in a humidified 
5% CO2 atmosphere. Absorbance was measured at 490 nm 
using a microplate reader (VICTOR3 1420 Multilabel coun-
ter; Perkin Elmer).

2.6 | Caspases' activity (caspase-3/7, 
caspase-8, caspase-9)

NCI-H292 cells were seeded on white 96-well cell cul-
ture plates (1  ×  104  cells per well for caspases-3/7, and 
1.5 × 104  cells per well for caspase-8 and caspase-9) for 
24 hours in 100 μL of cell medium. Cells were treated with 
rhHsp70 (0.3-3 μg/mL), 0.1 μg/mL LPS and 1 μg/mL LTA 
for 2, 4, 6 and 8 hours. After incubation, activities of cas-
pase-3/7, caspase-8 and caspase-9 were detected according 
to the manufactures' instructions by using the luminescent 
assay kits Caspase-Glo® 3/7 Assay, Caspase-Glo® 8 Assay 
and Caspase-Glo® 9 Assay (Promega). Briefly, 100 µl of 

reagent for each specific caspase was added to each well 
and the plate was gently mixed at 300-500 rpm for 30 sec-
onds. Then the plate was incubated at room temperature 
for 3 hours. Luminescence of samples was measured using 
a microplate reader (VICTOR3 1420 Multilabel counter; 
Perkin Elmer).

2.7 | Statistical analysis

Data are presented as the mean ± standard error of the mean 
(SEM). Unpaired t test or one-way analysis of variance 
(ANOVA) followed by post hoc testing by Sidak method 
was used for statistical analysis. The level of P < .05 was 
considered statistically significant. Data were analysed 
using graphpad prism 6.01 software (GraphPad Software 
Inc).

When calculating combined effects of rhHsp70 with 
LPS and LTA, we compared our measured values with cal-
culated (expected) values. The values were calculated as the 
mean value obtained after exposure to one substance alone 
(rhHsp70) plus the mean value obtained after exposure to the 
second substance (LPS or LTA)19:

The results were interpreted as follows: a synergistic ef-
fect was implied if the measured values were significantly 
above the expected values; an antagonistic effect was implied 
if the measured values were significantly below the expected 
values.

3 |  RESULTS

3.1 | Influence of eHsp70, LPS and LTA on 
cell viability

We wanted to investigate the cytotoxicity of eHsp70. First 
we measured the metabolic activity of NCI-H292 cells by 
MTS assay. Cells were treated with rhHsp70 (0.1, 0.3, 1, 
3, 10 and 30 μg/mL), 0.1 μg/mL LPS and 1 μg/mL LTA 
for 24  hours. Cells were also treated for 24  hours with 
combinations of rhHsp70 concentrations (0.3, 1 or 3  μg/
mL) and LPS or LTA. Results are presented as percent-
ages of absorbance of non-treated cells (expressed as 
100%). Compared to the control cells, different rhHsp70 

mean (expected for rhHsp70+LPS or LTA)=mean (rhHsp70)

+mean (LPS or LTA)−mean (non− treated)

SEM (expected for rhHsp70+LPS or LTA)=

[

(SEM for rhHsp70)2+(SEM for LPS or LTA)
2
]1∕2
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concentrations did not influence cell viability (P = .2245), 
nor did the treatment with LPS or LTA (P = .2574). In ad-
dition, when we compared combined rhHsp70 and LPS or 
LTA treatments with individual LPS and LTA treatments, 
we did not observe any significant differences in metabolic 
activity (P = .1877 and P = .9304 respectively; Figure 1).

3.2 | Caspase-3/7, caspase-8 and caspase-9 
activities after treatment with rhHsp70, 
LPS and LTA

In addition to MTS assay, eHsp70 cytotoxicity was also ex-
plored by luminometric determination of apoptotic caspase 
activities. Activities of caspase-3/7, caspase-8 and caspase-9 
were measured in NCI-H292 cells after treatment with dif-
ferent concentration of rhHsp70 (0.3, 1 and 3  μg/mL), 
0.1 μg/mL LPS and 1 μg/mL LTA for 2, 4, 6 and 8 hours. 
rhHsp70 did not activate pro-apoptotic caspases. On the 

contrary, rhHsp70 even suppressed caspase-3/7 activities at 
2 and 8 hours, compared to non-treated cells (Table 1). Cells 
treated with LPS or LTA had similar caspase-3/7 activities to 
non-treated cells (data not shown). In addition, caspase-8 and 
caspase-9 activities were similar in non-treated cells, cells 
treated with rhHsp70 as well as in cells treated with LPS or 
LTA at all time points examined.

3.3 | Concentration- and time-dependent 
effects of eHsp70 on cytokines' secretion

Concentration-dependent effects of eHsp70 on secretion of 
IL-6, IL-8 and TNF-α were determined after 24 hours treat-
ment of NCI-H292 cells with different concentration of 
rhHsp70 (0.1, 0.3, 1, 3, 10 and 30 μg/mL). Cytokine concen-
trations in cell culture media of non-treated (control) cells 
are expressed as 100%, and those of treated cells as percent-
ages of concentration of non-treated cells. Concentration 
of IL-6 was significantly higher compared to the control 
cells after treatment with 0.1  μg/mL (P  =  .0079), 0.3  μg/
mL (P < .0001), 1 μg/mL (P < .0001), 3 μg/mL (P < .0001) 
and 30 μg/mL rhHsp70 (P = .0077; Figure 2A). In addition, 
concentration of IL-8 significantly increased after treatment 
with 0.3 μg/mL (P = .0011), 1 μg/mL (P < .0001) and 3 μg/
mL rhHsp70 (P < .0001; Figure 2B). However, TNF-α was 
not detected either in control or in rhHsp70-treated cells.

Next, we wanted to explore time-dependent effects of eHsp70 
on cytokine secretion. Based on the results obtained in this 
study, we have selected 1 μg/mL rhHsp70 concentration, and we 
treated NCI-H292 cells for 4, 12, 24 and 48 hours. Compared 
to the non-treated cells, cells treated with rhHsp70 produced 

F I G U R E  1  Cytotoxicity of rhHsp70 (A), LPS and LTA alone, and their combinations with rhHsp70 (B), assessed by MTS assay. Data are 
presented as mean ± SEM from three independent experiments (n = 3). Dotted line represents viability of non-treated cells set as 100%. LPS, 
lipopolysaccharide; LTA, lipoteichoic acid
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T A B L E  1  Caspase-3/7 activities in NCI-H292 cells treated with 
rhHsp70

  0.3 µg/mL Hsp70 1 µg/mL Hsp70 3 µg/mL Hsp70

CASPASES-3/7

2 h 75.77 ± 0.70* 77.79 ± 2.25* 79.91 ± 1.35*

4 h 86.76 ± 7.56 86.02 ± 3.16 90.28 ± 5.68

6 h 106.00 ± 11.74 106.00 ± 3.89 120.50 ± 2.82

8 h 93.45 ± 3.72 34.01 ± 10.89* 31.28 ± 11.06*

Note: Results are expressed as percentages of relative light units (RLU) of non-
treated cells (expressed as 100%) and are presented as mean ± SEM.
*Statistically significant (P < .05) vs non-treated cells. 
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significantly higher level of IL-6 after 12 hours (P = .0004) and 
24 hours (P = .0024), but after 48-hour secretion of IL-6 was re-
duced (P = .0432; Figure 3A). The level of IL-8 was not detect-
able after 4-hour treatment with 1 μg/mL rhHsp70. On the other 
hand, the level of IL-8 was significantly increased after 12-hour 
(P < .0001) and 24-hour (P < .0001) treatment with rhHsp70, 
but concentration of IL-8 decreased after 48 hours (P = .0003), 
compared to control cells (Figure 3B).

3.4 | Inflammatory effects of eHsp70 in 
combination with LPS or LTA

LTA and LPS are constituents of Gram-positive and Gram-
negative bacteria that might trigger TLR2 and TLR4 

activation, respectively, and consequently cytokine pro-
duction. Thus, we wanted to determine cytokine secretion 
by LPS and LTA alone as well as in combination with 
rhHsp70. Based on our previous preliminary results (data 
not shown), we have selected 0.1 μg/mL LPS and 1 μg/mL 
LTA concentrations, and we have treated NCI-H292 cells 
for 4, 12, 24 and 48.

In individual LPS and LTA treatments, secretion of IL-6 
increased after 4-hour treatment with both LPS (P < .0001) 
and LTA (P  =  .0104) as well as after 12-hour treatment 
(P < .0001 and P = .0001, respectively), in comparison with 
control cells. However, only cells treated with LPS, but not 
with LTA, showed significantly higher concentration of IL-6 
compared to non-treated cells after 24 hours (P = .0036) and 
48 hours (P = .0306; Figure 4). As for IL-8, NCI-H292 cells 
treated with LPS or LTA secreted higher concentrations of 
IL-8 after 12 hours (P < .0001 for LPS, and P < .0001 for 
LTA), and 48 hours (P < .0001 for LPS, and P < .0001 for 
LTA), when compared to controls (Figure 5). Treatment of 

F I G U R E  2  Concentration-dependent effects of rhHsp70 
on production of IL-6 (A) and IL-8 (B). Data are presented as 
mean ± SEM from three independent experiments (n = 3). Dotted line 
represents concentrations of cytokines in non-treated cells set as 100%. 
*Statistically significant (P < .05) vs non-treated cells
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F I G U R E  3  Time-dependent effects of 1 μg/mL rhHsp70 
on production of IL-6 (A) and IL-8 (B). Data are presented as 
mean ± SEM from three independent experiments (n = 3). Dotted line 
represents concentrations of cytokines in non-treated cells set as 100%. 
*Statistically significant (P < .05) vs non-treated cells
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cells with LPS also induced production of IL-8 after 24 hours 
of treatment (P = .0085). After 4-hour treatment, we could 
not measure detectable level of IL-8 in cell supernatants. 
Once again, TNF-α was not detected in LPS- or LTA-treated 
cells.

In our combined treatments, we compared the values 
obtained from cells treated with combination of rhHsp70 
and LPS or LTA to those obtained from cells treated 
with LPS or LTA alone. IL-6 secretion was higher in the 
cells treated together with rhHsp70 and LPS for 12 hours 
(P = .0145) compared to the cells treated with LPS alone 
(Figure 4A). In contrast, cells treated with combination 
of rhHsp70 and LTA for 12-hour (P = .012) and 24-hour 
(P =  .0227) treatment produced significantly lower con-
centrations of IL-6 compared to the cells treated with LTA 
alone (Figure 4B). IL-8 secretion was higher in the cells 
treated with rhHsp70 and LPS for 12 hours (P <  .0001) 
and 48  hours (P  <  .0001) compared to the cells treated 

with LPS alone (Figure 5A). Similar results were observed 
for combined treatment with rhHsp70 and LTA after 12 
and 48 hours (P < .0001 for 12 hours, and P = .0002 for 
48 hours; Figure 5B).

In order to explore the type of interactions between 
eHsp70 and LPS or LTA, we calculated the effects on cy-
tokine secretion in those combined treatments. For IL-6, 
combination of 1  μg/mL rhHsp70 and 0.1  μg/mL LPS 
showed significant synergistic effect after 12  hours  and 
24 hours (P  =  .0249  and P = .0001 respectively; Figure 
4C), while combination of 1 μg/mL rhHsp70 and 1 μg/mL 
LTA showed significant antagonistic effect after 12 hours 
(P = .0004; Figure 4D). On the other hand, both combina-
tions of 1 μg/mL rhHsp70 with 0.1 μg/mL LPS or 1 μg/mL 
LTA showed significant synergistic effect on IL-8 secre-
tion after 12 hours (P = .0002 and P < .0001, respectively) 
and 48  hours (P  <  .0001 and P  =  .0001 respectively; 
Figure 5C,D).

F I G U R E  4  Production of IL-6 after 4-, 12-, 24- and 48-h treatment with LPS (A) and LTA (B) alone and in combination with rhHsp70. Data 
are presented as mean ± SEM from three independent experiments (n = 3). Dotted line represents concentrations of cytokines in non-treated cells 
set as 100%. *Statistically significant (P < .05) LPS or LTA alone vs non-treated cells. **Statistically significant (P < .05) combination of rhHsp70 
with LPS or LTA vs LPS or LTA alone. rhHsp70 and LPS (C) or LTA (D) interactions on IL-6 secretion. Dark bars represent the measured values 
and grey bars the expected (calculated) values. Data are presented as mean ± SEM from three independent experiments (n = 3). #Statistically 
significant (P < .05) synergistic effect. ##Statistically significant (P < .05) antagonistic effect. LPS, lipopolysaccharide; LTA, lipoteichoic acid
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4 |  DISCUSSION

In this study, we explored the pro-inflammatory and cyto-
toxic effects of extracellular Hsp70 on a COPD cellular 
model, human bronchial epithelial cell line NCI-H292, that 
expresses both TLR2 and TLR4 receptors,20,21 by using re-
combinant human Hsp70 protein. Furthermore, we also in-
vestigated those effects triggered by two well-known PAMP 
molecules, LPS and LTA, alone and in combination with 
rhHsp70.

We have demonstrated that rhHsp70, LPS or LTA alone 
and in combinations did not influence metabolic activity of 
NCI-H292 cells. In agreement with our results, it was re-
ported that eHsp70, LPS and LTA do not exert toxic effects 
on various cell types.22-25 For instance, Hsp70 treatment did 
not alter cell viability of A549 human lung cancer cells,14 
HL-60 promyelocytic leukaemia cells22 and neutrophils.25 
In addition, treatment of human bronchial epithelial cell line 
BEAS-2B with LPS did not affect cell viability24 as well as 

treatment of human lung carcinoma type II epithelial cells 
A549 with LTA.23

Apoptosis or programmed cell death is a vital process for 
normal cell turnover or proper development and function of 
the immune system, and inappropriate apoptosis is associated 
with different disorders and diseases.26 Caspases are the cen-
tral players of the apoptotic machinery. Activation of intrinsic 
or mitochondrial apoptotic pathway results in activation of 
initiator caspase-9. On the other hand, activation of extrin-
sic or death receptor apoptotic pathway results in activation 
of initiator caspase-2, caspase-8 and/or caspase-10. Both 
pathways converge on downstream executioner caspase-3, 
caspase-6 and/or caspase-7; when activated, those caspases 
cleave numerous substrates, leading to apoptotic cell death.27 
In our study, activities of caspase-8 and caspase-9 were 
similar in non-treated cells and cells treated with different 
concentrations of rhHsp70, LTA or LPS. Interestingly, we 
observed significantly lower activity of caspases-3/7 in NCI-
H292 cells treated with 0.3, 1 or 3 µg/mL rhHsp70. This is in 

F I G U R E  5  Production of IL-8 after 12-, 24- and 48-h treatment with LPS (A) and LTA (B) alone and in combination with rhHsp70. Data are 
presented as mean ± SEM from three independent experiments (n = 3). Dotted line represents concentrations of cytokines in non-treated cells set 
as 100%. *Statistically significant (P < .05) LPS or LTA alone vs non-treated cells. **Statistically significant (P < .05) combination of rhHsp70 
with LPS or LTA vs LPS or LTA alone. rhHsp70 and LPS (C) or LTA (D) interactions on IL-8 secretion. Dark bars represent the measured values 
and grey bars the expected (calculated) values. Data are expressed as mean ± SEM from three independent experiments (n = 3). #Statistically 
significant (P < .05) synergistic effect. LPS, lipopolysaccharide; LTA, lipoteichoic acid
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agreement with Franco et al28 who reported that extracellular 
exposure to Hsp70 reduced apoptotic cell death induced by 
hydrogen peroxide, and that eHsp70 suppressed caspase-3 
activation. Anti-apoptotic function of Hsp70 was also con-
firmed in Schwann cells, and observed results indicated that 
Hsp70 function as a negative regulator of cytochrome c-de-
pendent activation of caspase-3 and caspase-9.29

In our study, treatment of NCI-H292 cell with rhHsp70 
showed concentration-dependent pro-inflammatory ef-
fects on IL-6 and IL-8 secretion. As for time-dependence, 
significantly higher concentrations of IL-6 and IL-8 after 
12- and 24-hour treatment with rhHsp70 were produced. 
Interestingly, we measured significantly lower concen-
trations of both cytokines after 48-hour treatment. Pro-
inflammatory effects of extracellular Hsp70 seem to be 
impaired after prolonged period, and we could only specu-
late that this might be due to the insensitivity of receptors 
to eHsp70 that might develop in time or due to inhibition 
of eHsp70 with some molecules secreted from the cells or 
already present in extracellular milieu. Indeed, some au-
thors suggested that eHsp70 may also down-regulate the 
innate immune response. In the absence of infection, re-
petitive binding of eHsp70 to TLR2/4 receptors may lead 
to unresponsiveness of the receptors to more dangerous 
pro-inflammatory TLR activators.30

The potential immune regulatory role of extracellular 
Hsp70 has been challenged due to the possibility that the 
observed pro-inflammatory effects might actually be reflect-
ing bacterial LPS contamination of rhHsp70 preparations.31 
Therefore, we used highly purified rhHsp70 with low levels 
of LPS for the treatments of NCI-H292 cells (2.7  EU/mg, 
ie, 0.27 ng/mL LPS per mg of purified Hsp70 was detected 
by LAL test). We performed preliminary experiments using 
polymyxin B, boiling of rhHsp70, specific antibodies against 
Hsp70, TLR2 and TLR4, and we excluded the possibility 
that the effects on cytokine secretion and cell viability might 
be from endotoxin or some other contaminants rather than 
from rhHsp70 itself. In addition, we included in all our ex-
periments 0.27  pg/mL LPS treatment, which represent the 
amount of endotoxin in 1  µg/mL rhHsp70. However, the 
results obtained with 0.27 pg/mL LPS did not significantly 
differ from non-treated cells in any of the analysis performed 
(data not shown), meaning that eHsp70 alone is responsible 
for the observed pro-inflammatory and anti-apoptotic effects, 
and that this could not be the consequence of LPS contam-
ination. Thus, our results are in accordance with previously 
published papers that showed the pro-inflammatory effects 
of extracellular Hsp70 on different types of cells, including 
human bronchial epithelial cells.7,22,32-34

The effect of extracellular Hsp70 is mediated through cell 
surface receptors such as c-type lectin receptors, scavenger 
receptors and pattern recognition receptors for advanced gly-
cation end products (RAGE) as well as TLR2 and TLR4. It 

was demonstrated that eHsp70 can stimulate the production 
of pro-inflammatory cytokines through activation of NF-κB 
and MAPKs pathways when acting as TLR2/4 receptors ago-
nist.13,14,22,30,35,36 Furthermore, signalling cascades triggered 
by various TLRs are known to interfere with each other, and 
cross-talk between different signalling pathways activated by 
DAMPs or PAMPs may represent a regulatory mechanism 
that can control a potentially harmful immune response.30 In 
order to simulate an in vivo situation where different dam-
age- and/or pathogen-associated molecular patterns might be 
present at the same time, such as for instance during COPD 
exacerbations, we combined rhHsp70 treatments with LPS or 
LTA representing Gram-negative and Gram-positive bacte-
rial infection respectively. When used alone, LPS treatment 
induced production of IL-6 and IL-8 at all measured time 
points. On the other hand, LTA triggered secretion of IL-6 
after 4 and 12 hours, and IL-8 after 12- and 48-hour treatment. 
In addition, in our experimental setting LPS has emerged as 
a stronger agonist of TLR that induced higher levels of IL-6 
and IL-8 than LTA. Our results are in accordance with sev-
eral published papers. Hutchison et al37 have shown that LPS 
from different Gram-negative bacteria releases pro-inflam-
matory cytokines, such as IL-6 and IL-8. Other groups of au-
thors also reported significantly increased production of IL-8 
and IL-6 by NCI-H292 cells treated with LPS.38 LTA was 
also showed to induce, among other cytokines, expression of 
IL-6 and IL-8 in bronchial epithelial cells BEAS-2B.39 

In our study, combination of LPS and rhHsp70 induced 
significantly increased production of IL-6 after 12  hours, 
and LPS or LTA applied together with rhHsp70 provoked 
significantly higher secretion of IL-8 after 12 and 48 hours, 
compared to the cells treated with LPS or LTA alone. Those 
interactions between eHsp70 and LPS or LTA were shown to 
have a significant synergistic effect. In contrast, cells treated 
with combination of rhHsp70 and LTA for 12 and 24 hours 
produced significantly lower concentrations of IL-6 compared 
to the cells treated with LTA alone, and calculated interac-
tion was shown to be antagonistic. We also conducted similar 
study on another type of cells, THP-1 monocytic cell line, 
and in comparison between those two studies, it is interesting 
to note that slightly lower concentrations of rhHsp70 were 
needed to induce cytokine secretion from NCI-H292 cells. 
Cytokine secretion in THP-1 cells seems to reach maximum 
at earlier time points than in NCI-H292 cells. In the THP-1 
cell line, antagonistic type of interactions between rhHsp70 
and LTA is more pronounced on all cytokine secretion.19

Our results confirmed that the interactions of eHsp70 with 
TLR2/4 receptors could be influenced by other extracellular 
molecules, in our case PAMPs LTA and LPS, and this might 
alter the sensitivity of the affected cells and provoke reduced 
or enhanced biological response through eHsp70 binding on 
its other receptors, but further investigation is needed to clar-
ify the underlying mechanisms of pro-inflammatory effects 
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caused by extracellular Hsp70 alone as well as by interaction 
of eHsp70 with other DAMPs and/or PAMPs.

In conclusion, we demonstrated that extracellular Hsp70 
induced concentration- and time-dependent production of 
IL-6 and IL-8 in human bronchial epithelial cell line NCI-
H292. Moreover, combined treatment with LPS or LTA has 
led to a significantly increased secretion of IL-8. However, 
while interaction of eHsp70 with LPS was synergistic for 
IL-6, the one with LTA was antagonistic. It seems that ele-
vated cytokines' levels were not the outcome of cells dying 
by apoptosis or its destruction by necrosis either primary 
or secondary, (ie, the ultimate fate of cells dying by apop-
tosis when cultured in vitro), as we have established that 
eHsp70 did not influence cell viability and did not increase 
caspase activities, nor did so LPS or LTA. It has been re-
ported that concentration of eHsp70 is elevated in sera of 
COPD patients.16,17 We suggest that pro-inflammatory ef-
fects of extracellular Hsp70, together with other risk fac-
tors and/or damaging molecules, might contribute to the 
aggravation of chronic inflammation in human bronchial 
epithelium and might produce unwanted consequences in 
COPD patients.
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