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Abstract: Asthma is a complex chronic disorder of the airways, affecting immune and 
structural cells and inducing both protein and tissue remodeling. Heat shock proteins 70 kDa 
(HSP70s) are highly conserved members of the stress-induced family, possessing precisely 
described chaperone activity. There is growing evidence of a tight relationship between 
inflammatory diseases of different origins and the elevation of local HSP70 expression and 
secretion. Although extracellular HSP70 does not serve as a common marker of asthma, 
elevated HSP70 levels have been detected in the peripheral blood serum and sputum of 
patients with asthma, as well as in the bronchoalveolar lavage fluid of mice with induced 
allergic airway inflammation. Possessing diverse immunomodulating properties, extracellular 
HSP70 can manifest different activities in airway inflammatory processes and asthma, acting 
either as a pro-inflammatory trigger, or an anti-inflammatory agent. This review will discuss 
the effects and possible mechanisms concerning HSP70 implication in airway inflammation 
regulation in asthma. We examine ATPase and chaperone activities of HSP70 as potential 
modulators of immune responses in asthma. Given the crucial role of a chronic inflammatory 
response in asthma, understanding the effects of HSP70 on immune and structural cells may 
reveal new perspectives for the therapeutic control of inflammation. 
Keywords: heat shock protein 70 kDa, asthma, allergic airway inflammation, immune cells, 
ATP

Introduction
Asthma is a chronic inflammatory disease that includes several diverse phenotypes 
traditionally divided into “allergic” and “nonallergic” forms.1 Recently, based on 
molecular mechanisms, asthma phenotypes were combined into two basic endotypes: 
“T2-high” and “Non-T2”.2 The first is associated with the T helper 2 (Th2)-mediated 
response, and the other with a non-Th2-mediated response.2 T2-high and allergic 
asthma are also associated with eosinophilia and can be referred to as “eosinophilic,” 
while non-allergic asthma is mostly associated with neutrophil-mediated inflammation. 
However, cases of non-allergic eosinophilic asthma have also been reported.1–3

Each endotype is characterized by different cytokine sets. Thus, allergic asthma 
is mediated by IL-4, IL-5, IL-9, and IL-13, while the dominant cytokines in non- 
allergic asthma are IL-1b, IL-8, IL-17, and IL-23.3,4 However, some features are 
common to both endotypes. The initiation of inflammation is driven by tissue 
cytokines (TSLP, IL-25, and IL-33), and both allergic and non-allergic asthma 
switch to chronic inflammatory processes, which manifest with structural cell 
damage, followed by airway remodeling.1–4 Besides the typical cytokines asso-
ciated with asthma, some damage-associated molecular patterns (DAMP), including 
the 70-kDa heat shock protein (HSP70), reportedly play an essential role in 
asthma.5
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The HSP70 is a family of chaperone proteins, that 
consists of 13 members in humans: HspA1A, HspA1B, 
HspA1L, HspA2, HspA5, HspA6, HspA7, HspA8, 
HspA9, HspA12A, HspA12B, HspA13, HspA14.6 Eight 
of them are expressed constitutively, but HspA1A, 
HspA1B, HspA5, HspA6, and HspA14 are stress- 
inducible.6 Each HSP70 member has a definite intracellu-
lar location, and a number of these proteins were also 
found in the extracellular compartment, mostly in 
exosomes.6 All HSP70 members had some alternative 
names that were used before the unique nomenclature 
adoption.7 Hereafter the mentioned above HSP70 family 
members of humans and other species are referred to 
HSP70 if otherwise not purposely indicated by the authors.

Even though circulating HSP70 does not serve as 
a specific marker of asthma, it has been observed at high 
levels in the sputum and serum of patients with asthma, as 
well as in the bronchoalveolar lavage (BAL) fluid of mice 
in a model of induced allergic airway inflammation.8,9 

Several reports demonstrate both the pro-inflammatory 
and anti-inflammatory activity of HSP70 during the course 
of inflammation.10–14 However, a lot is yet to be under-
stood. This review will discuss the effects of HSP70 in the 
context of asthma and airway inflammation.

HSP70 as a Potential Trigger of 
Asthma
Several members of the HSP70 family detected in other 
species are reported as allergens (Table 1). This relation to 
allergens was determined, based on the presence of anti-
bodies to these proteins in the peripheral blood sera of 
patients with allergies. Most HSP70 allergens are listed as 
inhaled allergens, except Mala s 10 from Malassezia sym-
podialis yeast, which colonizes the skin, and Aed a 8 from 

the Aedes aegypti mosquito. Antibodies to Aed a 8 have 
been identified in allergic individuals with asthma and/or 
rhinitis, and those sensitized to mosquitoes.15 Despite the 
high homology among proteins of the HSP70 family, none 
is reported as an auto-allergen.16 Recently, HSP70 from 
Chinese birch pollen extract was found to be the dominant 
protein that induced a strong specific IgE-response in 
a mouse model of birch pollen airway inflammation, sug-
gesting it may play a role in Chinese birch pollen allergy.17

The antibodies that recognize recombinant human 
HSP70 have been found in the plasma of patients with 
asthma. Moreover, correlations were observed among 
asthma severity, increased IgE and IL-4 levels, and IgG to 
self (human) HSP70.18 Based on these findings, Hosseini 
and coauthors19 performed a clinical trial, in which they 
claimed that anti-HSP70 is a novel risk factor for asthma. 
They showed that anti-Hsp70 antibodies (IgG, IgA, and 
IgM) were elevated in the peripheral blood of placebo- 
treated patients with asthma. Signs of HSP70 involvement 
in allergic diseases have also been identified in patients with 
allergic dermatitis. In particular, serum Mala s 10-specific 
IgE, derived from patients with allergic eczema or allergic 
dermatitis, showed high levels of cross-reactivity to self 
HSP70.20

Thus, in accordance with the information above, upon 
inhalation, some exogenous proteins from the HSP70 
family can promote allergic airway inflammation in sensi-
tive people. Moreover, the data about the cross-reactivity 
of anti-HSP70 antibodies to self HSP70 in atopic 
patients20 give evidence that under certain conditions, 
exogenous HSP70 can trigger reactivity to self HSP70. 
One possible reason for this is the highly conserved struc-
tural sequences of exogenous allergic proteins of the 
HSP70 family and self HSP70 proteins.

Table 1 HSP70 Allergens of Different Species

HSP70 Allergens Species References

Alt a 3 Alternaria alternate (mold) Breitenbach & Simon-Nobbe 2002113

Pen c 19 Penicillium citrinum (mold) Shen et al 1997114

Mala s 10 Malassezia sympodialis (skin colonizing yeast) Andersson et al 200420

Der f 28 Dermatophagoides farina (American house dust mite) Aki et al 1994;115 An et al 2013116

Der p 28 Dermatophagoides pteronyssinus (European house dust mite) Liu et al 2018117

Tyr p 28 Tyrophagus putrescentiae (mold mite) Cui et al 2016118

Cor a 10 Corylus avellana (European hazel) Gruehn et al 2003119

Aed a 8 Aedes aegypti (yellow fever mosquito) Cantillo et al 201715

Cla h Hsp70 Cladosporium herbarum (mold) Breitenbach & Simon-Nobbe 2002;113 Zhang et al 1996120

Blo t Mag29 Blomia tropicalis (dust mite) Simon-Nobbe et al 2008121

Note: In accordance with the database AllFam (http://www.meduniwien.ac.at/allfam/).16
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Elevation of HSP70 Expression and 
Secretion in Asthma
More than 20 years ago, the increased expression of 
HSP70 in airway epithelial cells and alveolar macrophages 
of people with asthma was demonstrated by immunostain-
ing in vitro.21 Further, the elevated expression of HSP70 
mRNA was observed in peripheral blood mononuclear 
cells (PBMC) of patients with asthma during acute 
episodes.22 Later, the local and systemic elevation of 
extracellular HSP70 levels were shown to be correlated 
with the severity of inflammation in asthma.8 Furthermore, 
an association between increased plasma HSP70 levels 
and airway neutrophilia has been reported.8 In addition, 
a correlation between sputum HSP70 level and lympho-
cyte number has been detected in patients with asthma.8

Recently, Huang and coauthors5 compared the release of 
DAMP from structural airway cells and infiltrated immune 
cells in the sputum of patients with asthma, chronic obstructive 
pulmonary disease (COPD), and those with both asthma and 
COPD. Compared with the control group, the levels of HSP70 
were elevated in the sputum of all three experimental groups 
(asthma group, COPD group, as well as the asthma-COPD 
overlap syndrome group). Interestingly, multiparametric ana-
lysis indicated a correlation between the percentage of neu-
trophils and the concentrations of HSP70.5 Elevated levels of 
extracellular HSP70 in the airways have also been reported in 
other studies using animal models of allergic airway inflam-
mation. Thus, HSP70-rich exosomes have been identified in 
the BAL fluid of mice that received the olive pollen allergen 
24 h after intranasal allergen application.23 Interestingly, in this 
study, to detect HSP70 in exosomes authors used antibodies to 
Hsc70 (HspA8 according to the unique nomenclature)7 that is 
known to be constitutive, but not stress inducible.23 Elevated 
BAL HSP70 production has also been observed in an ovalbu-
min-induced asthma model in mice. The kinetics of extracel-
lular HSP70 levels indicated significant elevations at 24 and 
48 h after the allergen challenge, compared to control mice.9

In summary, the elevated expression (of both the 
mRNA and protein) and secretion of HSP70 are associated 
with asthma, and are mostly detected in the acute phase of 
inflammation or exacerbation.

Effects of HSP70 in Airway 
Inflammation
Both pro-inflammatory and anti-inflammatory effects have 
been reported for HSP70 in airway inflammation.10,14 The 
effects of HSP70 can vary based on the origin (self or 

exogenous) of the protein and the microenvironment, such 
as receptors that can bind HSP70, and cells that express 
those receptors. The study design, such as specific meth-
ods of HSP70 expression stimulation or the pathological 
conditions during HSP70 application, can also influence 
the effects of HSP70. Moreover, some conditions can 
affect both inflammation and HSP70 expression 
independently.9–14,24–29

Traditionally, it has been suggested that intracellular 
HSP70 are cytoprotective chaperones, which when 
secreted to the extracellular space, possess pro- 
inflammatory properties and serve as alarmins.24 Thus, 
besides the potential immunogenicity and allergenicity of 
exogenous HSP70, extracellular self HSP70 can also exhi-
bit pro-inflammatory effects during airway inflammation, 
which has been demonstrated in vitro using both primary 
cell cultures and various cell lines. The application of 
HSP70 to primary human lung fibroblasts can induce IL- 
8 production.25 Moreover, using small interfering RNA, 
researchers have demonstrated that HSP70 are implicated 
in the induction of IL-8 production, in response to other 
stimuli, such as cigarette smoke extract.25

The treatment of human bronchial epithelial cells 
(16HBE14o-) with recombinant Hsp72 (HspA1A)7 

induces a dose-dependent increase in IL-8 gene expres-
sion; and pretreatment of cells with polymyxin B to pre-
vent the side effects of endotoxins that contaminate 
recombinant Hsp72 does not alter the effects of Hsp72.26 

Wheeler and coauthors27 showed that recombinant Hsp72 
treatment leads to increased IL-8 and TNF-α production 
by both primary human neutrophils and differentiated (by 
the addition of DMSO) HL-60 cells. The authors also 
pretreated cells with polymyxin B to prevent the effects 
of endotoxins. Similarly, elevated expression of TNF-α 
and KC – the murine functional homolog of human IL- 
8 – has been observed in murine bone marrow neutrophils 
treated with human recombinant Hsp72.27 Using THP-1 
cells differentiated by phorbol-myristate-acetate (PMA) 
activation into macrophage-like cells, Hulina and 
coauthors28 showed dose-dependent and time-dependent 
production of IL-1a and IL-8, in response to treatment 
with recombinant human HSP70 (both HspA1A and 
HspA1B)7 containing low levels of endotoxin contamina-
tion. Later, the same group demonstrated the production of 
IL-6 and IL-8 by the human lung epithelial cell line NCI- 
H292, after incubation with extracellular recombinant 
HSP70.29
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Some in vivo experiments have demonstrated the pro- 
inflammatory activity of HSP70. In one study, BALB/c 
mice were challenged with a single intratracheal inhalation 
of recombinant human HSP72, and euthanized 4 h later.27 

The Hsp72 inhalation significantly elevated the production 
of TNF-α and KC. This in turn, attracted neutrophils to the 
airways and subsequently, increased levels of myeloperox-
idase were detected in the murine BAL fluid, 4 h after 
Hsp72 application.27 However, these in vivo experiments 
did not permit any distinguishing between the effects of 
Hsp72 and those of endotoxin contaminants. As is well 
known from the standard ovalbumin-induced asthma 
mouse model, endotoxin contamination can affect the 
immune response to antigens. Thus, lipopolysaccharide 
(LPS)-free ovalbumin administration can induce IL-4, IL- 
5, and IL-13 secretion and eosinophil infiltration, while 
LPS-rich ovalbumin application can also increase IL-1b, 
TNF-α, and KC, as well as the infiltration of both eosino-
phils and neutrophils.30

To clarify the role of Hsp70 in airway inflammation, 
Yombo and coauthors31 recently demonstrated that HSP70 
double knockout (Hsp70.1/.3-/-) mice that lack inducible 
HSP70 genes show significantly reduced Th2-mediated 
airway inflammation. Using the model of allergic airway 
inflammation induced by Schistosoma mansoni soluble 
egg antigen (SEA), those authors demonstrated that in 
the absence of inducible HSP70 gene expression, the 
total BAL cell number and eosinophil level, as well as 
IL-4, IL-5, and IL-13 cytokine levels, are significantly 
reduced. Simultaneously, the levels of neutrophils and 
lymphocytes in the BAL fluid of HSP70.1/.3-/- mice are 
significantly elevated in response to SEA administration, 
compared to those in the BAL fluid of wild type mice that 
received SEA.31 Notably, sensitization and challenge with 
SEA did not modify HSP70 gene expression in wildtype 
mice. Using bone marrow chimera and in vitro experi-
ments, those authors showed that the loss of HSP70 is 
critical for Th2 response, and the absence of T cell activa-
tion leads to the attenuated airway inflammation observed 
in HSP70.1/.3-/- mice.31

Using the same mouse strain (HSP70.1/.3-/-) and 
a model of induced respiratory distress syndrome, 
a significant increase in lung injury and elevated levels 
of IL-6 and TNF-α were observed in the absence of 
inducible HSP70.32 Thus, besides its pro-inflammatory 
effects, HSP70 can also display anti-inflammatory activity 
in the respiratory tract during inflammatory processes. 
Such activity has also been demonstrated in the murine 

model of bleomycin-induced lung fibrosis, where the 
induction of increased levels of HSP70 inhibits the pro-
gression of inflammation and fibrosis.33,34

Prado and coauthors23 detected increased levels of the 
constitutive form of Hsc70 (HspA8)7 in BALF-derived 
exosome that were yielded from mice with induced toler-
ance to the allergen. Moreover, preventive intranasal 
immunization of mice with HSP70-rich exosomes blocked 
the development of olive pollen allergen (Ole e 1)-induced 
allergic airway inflammation, and particularly, signifi-
cantly reduced IL-5, eosinophilia, and allergen-specific 
IgE.23 Using a mouse model of ovalbumin-induced aller-
gic airway inflammation, the direct protective effect of 
oropharyngeal HSP70 application in the acute phase of 
inflammation has been demonstrated.9 Particularly, the 
application of murine HSP70 prevents airway eosinophilia 
and suppresses the allergen-induced elevation of both the 
total BAL cell number and the levels of pro-allergic cyto-
kines, such as IL-4, IL-5, and IL-13.9 Notably, in this 
study, airway inflammation was induced with ovalbumin 
grade 5, which is contaminated with endotoxin, and there-
fore provoked mixed eosinophilic and neutrophilic inflam-
mation. Interestingly, the administration of HSP70 during 
the acute phase of inflammation in mice induced the reten-
tion of neutrophils in the BAL fluid, compared with mice 
affected by induced airway inflammation that did not 
receive HSP70.9 In vitro, HSP1A1 prevented neutrophil 
necrosis or NETosis and facilitated a proapoptotic neutro-
phil state.9

Thus, as it is shown above, several in vivo and in vitro 
models demonstrate both pro-inflammatory and anti- 
inflammatory effects of HSP70 in the airways. In the 
case of pro-inflammatory effects, the following events 
are suggested: HSP70 stimulates the production of IL-1 
alpha, IL-6, and IL-8 by the epithelial cells and alveolar 
macrophages, which attract neutrophils. The neutrophils in 
turn produce TNF-α and IL-8 (or KC in mice), which act 
as autocrine stimulators of the neutrophil-mediated 
response. Interestingly, in the case of anti-inflammatory 
activity, HSP70 also affects neutrophils, by preventing 
their hyperactivation. Regarding allergic inflammation, 
inducible HSP70 (among which HspA1A, HspA1B, 
HspA6, HspA7 and HspA14)7 contributes to direct Th2 
activation and the maintenance of a pro-allergic response, 
including eosinophilia, and elevated levels of IL-4, IL-5, 
and IL-13. However, exogenously supplied HSP70 down-
regulates eosinophilia, and levels of pro-allergic cytokines 
and allergen-specific IgE. To address the question about 
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the dualistic effects of HSP70 in airway inflammation, 
further, we will focus on the molecular and cellular 
mechanisms of HSP70 action.

HSP70 Binding Receptors and Their 
Role in Asthma
One key point in establishing the concept of the immuno-
modulatory effects of HSP70 is defining the receptor 
responsible for the recognition of HSP70 by immune or 
structural cells during airway inflammation. As HSP70 can 
be involved in interactions with a receptor in a membrane- 
bound or an extracellular form, in complex with a peptide 
and in ATP- and ADP-binding states, definition of the 
unique receptor is quite problematic. Calderwood et al35 

proposed that HSP70 mediates its activity by interacting 
with several cell surface receptors that can bind HSP70 or 
the HSP70-peptide complex. To date, these HSP70 bind-
ing receptors are represented as CD91, several scavenger 
receptors that belong to the family of C-type lectin recep-
tors (such as LOX-1 and SCARF1), C-type lectin-like 
receptor NKG2D, as well as the sialic acid-binding immu-
noglobulin-type lectins, Siglec-5 and Siglec-14.35–38 

Furthermore, a heterodimeric cluster of TLR2/TLR4 and 
CD14, with and without the contribution of SCARF1, is 
reportedly involved in the binding of HSP70.39,40 A recent 
study also provided the basis for the interaction between 
HSP70 and the receptor of advanced glycation end pro-
ducts (RAGE).41

With the exception of RAGE, little is known about the 
role of the above-mentioned receptors in airway inflamma-
tion and asthma. At the same time, RAGE is reportedly the 
“major mediator of pulmonary inflammatory responses.”42 

It is constitutively highly expressed in the lungs of healthy 
adults, on the airway epithelial, endothelial, and smooth 
muscle cells, as well as on immune cells, including macro-
phages, dendritic cells (DCs), eosinophils, T cells, and 
B cells.42 The levels of endogenous and soluble RAGE 
are increased in the sputum samples of patients with 
asthma.42 Furthermore, RAGE KO mice produce normal 
amounts of IL-4, in response to the house dust mite 
(HDM) but show attenuated IL-5 and IL-13 responses. In 
addition, RAGE promotes the expression of IL-33 and 
subsequent accumulation of ILC2s in the lungs of mice 
at the onset of allergic inflammation.42 Based on the facts 
above, we can conclude that although RAGE can mediate 
the pulmonary allergic inflammatory response, it is not 
known, whether HSP70-RAGE interaction triggers this 

response. The pro-inflammatory activity of RAGE is evi-
dently driven by binding with the RAGE ligand, HMGB1, 
the expression of which is also elevated in asthma.42,43 

Interestingly, the expression of HMGB1 in asthma is nega-
tively regulated by HSF1, the transcriptional factor respon-
sible for the expression of HSP70.43 Thus, although 
RAGE expression is associated with asthma, there is no 
direct proof that binding of HSP70 to RAGE can exacer-
bate asthmatic inflammation. Conversely, there is evidence 
that HSP70 expression can restrict the pro-inflammatory 
activity of RAGE by downregulating of HMGB1.42,43

Expression of CD91 has been observed on some struc-
tural cells, such as endothelial and smooth muscle cells 
and a wide range of immune cells, including DCs, mono-
cytes, macrophages, and B and T lymphocytes.44 

Interestingly, CD91 has been identified as a negative reg-
ulator of DC-mediated Th2 immune responses during 
HDM-induced eosinophilic airway inflammation.45 

Whether HSP70-CD91 interaction involves in such sup-
pression of the allergic immune response is currently 
unknown, however, it can be a hypothesis for the further 
research of the mechanisms of immunomodulatory activity 
of HSP70.

Both SCARF1 and LOX-1 are expressed on activated 
endothelium and antigen-presenting cells (APCs).38,40 

Recently, the role of C-type lectin receptors in asthma 
was highlighted.46 Some HDM or fungal allergens are 
recognized by C-type lectin receptors, mostly dectin recep-
tors and mannose receptors. However, no direct evidence 
exists of the implication of SCARF1 and LOX-1 in aller-
gic airway inflammation and asthma. Nevertheless, the 
expression of LOX-1 on the endothelium affects (slow 
down) neutrophil turnover, which could be important in 
the inflammatory process in the airway.47 These facts 
suggest the HSP70 interaction with SCARF1 or LOX-1 
on neutrophils can be responsible for the neutrophil reten-
tion, which was associated with the inflammation resolu-
tion in experiments describing the protective effects of 
HSP70 in the asthma mouse model.9 Moreover, both 
SCARF1- and LOX-1-mediated endocytosis of apoptotic 
cells is necessary step for the resolution of inflammation.38

Several Siglecs have been implicated in the pathogen-
esis of asthma, particularly Siglec-8 (Siglec-F in mice) in 
allergic asthma, and Siglec-9 in severe neutrophilic 
asthma.48–50 Neutrophils also express Siglec-5 and 
Siglec-14, both of which reportedly bind HSP70. Siglec- 
5 and Siglec-9 are thought to be inhibitory, while Siglec- 
14 is an activator that induces the production of IL-8 and 
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TNF-α upon interaction with sialic acid.48–50 In accor-
dance with this concept, the regulation of airway inflam-
mation through the interaction of HSP70 with Siglecs has 
been demonstrated. Particularly, HSP70 stimulation 
through Siglec-5 acts as an anti-inflammatory signal, 
while stimulation through Siglec-14 is pro- 
inflammatory.37 The facts indicated above support the 
hypothesis that the effect of HSP70 in airway inflamma-
tion depends on both the presence of the certain cell type 
(e.g. neutrophils or eosinophils) and the current level of 
the certain Siglec expression on these cells. Such 
a hypothesis gives the mechanistic explanation of the 
multidirectional effects of HSP70 in inflammatory 
processes.

The effects of TLR activation in asthma, particularly 
TLR2 and TLR4, are dependent on many factors.51 Thus, 
multiple studies of TLR4 activation in asthma mouse 
models have shown either protection against, or exacerba-
tion of asthma after exposure to endotoxins (LPS).30,51 

The effect is dependent on LPS concentration and the 
route of exposure. In general, the administration of low 
doses of LPS together with the allergen induces a mixed 
Th2 and Th17 response, and the infiltration of both eosi-
nophils and neutrophils to the airways; while the adminis-
tration of high doses of LPS with the allergen induces 
a strong Th1 response.51

Simultaneously, endotoxin-free HSP70 – TLR4 inter-
action remains a matter of debate. Thus, Hulina et al28 

demonstrated that HSP70, contaminated with a very low 
dose of LPS, can modulate the effects of LPS and lipotei-
choic acid (LTA) interactions with TLR4 and TLR2, 
respectively. However, other researchers have shown 
opposite responses to LPS-free HSP70. Thus, opposite to 
contaminated with LPS recombinant Plasmodium falci-
parum HSP70 obtained in E. coli XL1 Blue, LPS-free 
HSP70 obtained in E. coli ClearColi BL21 and in 
Brevibacillus choshinensis, did not stimulate production 
of IL-6 and IL-8 in murine bone marrow-derived DCs.52 

Furthermore, the addition of LPS-free HSP70 to LPS- 
activated human peripheral blood monocytes downregu-
lates TNF-α and IL-6 secretion.53 Notably, in the same 
study, the downregulation of TLR4 expression under LPS- 
free HSP70 exposure has not been demonstrated. Other 
researchers have identified HSP70 as an effector molecule 
downstream of TLR4 in the inflammatory signaling cas-
cade, and have shown that KC production in response to 
TLR activation is significantly reduced in B6-Hspa1a 
/Hspa1btm1Dix/NIEHS mice deficient in HSpA1A and 

HSPA1B genes.54 Thus, the controversial effects of TLR4 
activation in asthma and controversial data about HSP70- 
TLR4 interactions require more detailed analysis. 
Additional studies are necessary to determine a single 
consistent hypothesis about the effects of HSP70- 
mediated TLR4 activation in asthma.

The natural killer (NK) cell receptor, NKG2D, and NK 
cells are activated in asthma.55 NKG2D-deficient mice 
show no signs of allergic airway inflammation after expo-
sure to the HDM allergen.56 However, several other stu-
dies showed that blocking of NKG2D by antibodies or 
genetic depletion have not significant influence on the 
development of asthma in different mouse models.55

The data shown above suggest, that most of the HSP70- 
binding receptors have other ligands besides HSP70. Data 
showing that binding of HSP70 to its cognate or other 
immune receptors affects inflammation in asthma do not 
yet exist. The effects of activation of HSP70-binding recep-
tors through interaction with HSP70 or other ligands in 
asthma depend on multiple factors such as the dose and 
nature of the ligand. The type of cell that expresses the 
HSP70-binding receptor is also very important in evaluating 
HSP70-mediated effects. Further studies are needed to 
explore whether HSP70 exerts its effects in asthma by 
binding to its cognate receptor or other immune receptors.

Effects of HSP70 on Neutrophils
The neutrophil-mediated response is mostly associated 
with non-allergic asthma and correlates with asthma sever-
ity and resistance to corticosteroid therapy.57 During the 
acute phase of allergic airway inflammation, as in any 
other inflammatory process, IL-8 secretion and subsequent 
neutrophil attraction is evident, as demonstrated by both 
clinical studies in human and experimental studies with 
mouse models of allergic airway inflammation.58,59 In 
cases of allergic asthma, neutrophils can suppress the 
progression of asthma.60

Besides the indirect neutrophil stimulation through altera-
tions in the expression of neutrophil-attracting cytokines that 
were reported above,27 some direct effects of HSP70 on 
neutrophils have been demonstrated in experiments that 
were unrelated to airway inflammation. Thus, the dose- 
dependent potential of stress-inducible Hsp72 (HspA1A)7 

to stimulate chemotaxis of human neutrophils has been pre-
viously reported in in vitro models.61 Particularly, the parti-
cipation of CD14 and TLR2 is reported to be associated with 
the mechanism of Hsp72-induced neutrophil chemotaxis.
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Another mechanism that can be implicated in HSP70- 
mediated neutrophil recruitment from the bone marrow to the 
site of inflammation might be caused by the ability of HSP70 to 
interact with tetratricopeptide repeat (TPR) domain-containing 
protein co-chaperones.62 One such protein, HSP interacting 
protein (Hip), can also interact with CXCR2, which is 
expressed on mature neutrophils and is responsible for neutro-
phil recruitment from the bone marrow to peripheral blood.63 

Moreover, the mutant Hip, which is unable to bind HSP70 
(particularly, heat shock cognate protein 71 kDa (Hsc70) or 
HspA8),7 induces attenuated chemotaxis of neutrophils.63 

Thus, the elevation of extracellular HSP70 concentration at 
the site of inflammation may affect the chemotactic activity of 
neutrophils.

Neutrophils recruited to the site of inflammation can neu-
tralize the pathogen through one of the following strategies: 
phagocytosis, reactive oxygen species (ROS) production, or 
neutrophil extracellular trap (NET) formation. Furthermore, 
ROS hyperproduction, as well as uncontrolled NETosis, are 
known to be important factors of asthma complications, in 
response to allergen provocation; while neutrophil apoptosis is 
advantageous for the resolution of inflammation.64–66 In vitro 

studies have demonstrated that HSP70 prevented bacterial 
antigen-induced ROS production and pro-inflammatory cyto-
kine secretion by both human peripheral blood and mouse 
bone marrow neutrophils.67,68 Furthermore, HspA1A sup-
presses PMA-activated and fMLP-activated bone marrow 
neutrophil hyperactivation and prevents NETosis and 
necrosis.9 Simultaneously, HspA1A facilitates spontaneous 
apoptosis in the primary culture of bone marrow 
neutrophils.9 Recently, the contribution of ATP to the 
NETosis amplification was demonstrated.69 Thus, the inherent 
ATPase activity of HSP70 can be considered as one of the 
potential mechanisms of NETosis prevention (Figure 1).

In addition, the indirect effects of HSP70 regarding the 
neutrophil-mediated immune response are noteworthy. Some 
of these effects have been described above and are related to 
the production of neutrophil-attractant cytokines, such as IL-8 
(or KC) and IL-1β by epithelial cells or macrophages.27,28 

Furthermore, it was recently shown, that the Th2-associated 
cytokine, IL-4, interacts directly with IL-4Rα on bone marrow 
neutrophils and blocks GMCSF-induced neutrophil recruit-
ment to the site of inflammation.70 Moreover, neutrophil 
depletion can lead to a significant increase in Th2 cytokine 

Figure 1 HSP70 prevents neutrophil hyperactivation at the site of inflammation. Production of reactive oxygen species (ROS) is one mechanism of neutrophil defense 
against pathogens; however, the trigger of ROS production can also cause damage to host tissues or damage-associated molecular patterns (DAMPS). ATP is known to 
stimulate ROS production. Uncontrolled ROS production leads to NETosis and inflammation progression. HSP70, as an ATPase, can dephosphorylate ATP to ADP, which is 
less pyrogenic than ATP, and thus prevent uncontrolled ROS production. Moreover, HSP70 was involved in switching from necrosis and NETosis of neutrophils to apoptosis. 
Apoptosis and efferocytosis of apoptotic neutrophils are associated with inflammation resolution.
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production by ILC2 during the early stages of allergic airway 
inflammation and amplifies the progression of inflammation.60 

By reducing IL-4 levels in BAL fluid (as reported for the anti- 
inflammatory effects of HSP70),9,71 HSP70 potentially pre-
vents neutrophil retention in the bone marrow and facilitates 
neutrophil recruitment (Figure 2).

Thus, the indirect effects of HSP70 on the neutrophil- 
mediated immune response can be the link between the pro- 
inflammatory and anti-inflammatory activity of HSP70 in 
allergic airway inflammation. By recruiting neutrophils, exo-
genous HSP70 suppresses the Th2-associated immune 
response in inflammation (Figure 2). At the same time, 
although elevated levels of extracellular HSP70 induce the 
recruitment of neutrophils, HSP70 prevents both neutrophil 
hyperactivation and the further progression of inflammation 
(Figure 1).

HSP70-Mediated Effects on APCs, 
Antigen Presentation, and T Cell 
Activation: Implications in Allergic 
Asthma
APCs play a pivotal role in asthma, particularly in allergic 
airway inflammation. Professional APCs include DCs, 
macrophages, and B cells. APCs recognize, internalize, 
and present peptides derived from allergenic proteins in 
complex with major histocompatibility complex (MHC) II, 
and in this way, activate adaptive immunity by inducing 
clonal allergen-specific Th2 expansion.72 In the atopic 
phenotype, Th2 cells are key cells of the adaptive immune 
system responsible for the hyperimmune reaction.73,74 

Thus, the impact of HSP70 on APCs in allergic sensitiza-
tion and allergic airway inflammation is of great interest.

Figure 2 HSP70 induces neutrophil recruitment to the site of inflammation. Exogenous substance challenge induces neutrophil recruitment to the airways. However, inhaled allergen 
promotes IL-4 production by ILC2, and further by DC-activated Th2 cells. IL-4 concentration is increased locally and systemically. IL-4 blocks neutrophil recruitment, which promotes 
the recruitment of eosinophils and stimulates allergic airway inflammation. HSP70 activates the production of IL-1β and IL-8 by epithelial cells, which attract neutrophils to the periphery. 
Neutrophils block Th2 proliferation and allergic airway inflammation. HSP70 also prevents DC maturation and induces IL-10 production.
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In the early studies that examined the potential of 
HSP70 to stimulate antitumor immunity, it has been 
shown that extracellular HSP70 has significant stimulatory 
effects on APCs and subsequently facilitates the adaptive 
immune response. Particularly, HSP70 induces APC 
maturation and the secretion of pro-inflammatory cyto-
kines such as TNF-α, IL-1b, IL-12, IL-6, and 
GMCSF.14,75 These effects were served as a mechanistic 
explanation of antitumor effect of exogenous HSP70.76,77 

However, later, the results were not confirmed; opposite, 
the suppressive effect of HSP70 and the induction of the 
tolerogenic APC phenotype were demonstrated.13,78

The HSP70-mediated suppressive effects have been 
demonstrated by findings that demonstrate endotoxin-free 
recombinant mycobacterial, and human HSP70 prevents 
bone marrow-derived DC maturation and induces the tol-
erogenic phenotype in mature DCs.13,78 In the presence of 
endotoxin-free HSP70, immature monocyte-derived DCs 
show reduced capacity to prime T cells, and activate T cell 
proliferation. The proliferation rates of both total pools of 
activated CD3+CD25+ T cells and non-activated 
CD3+CD25− cells, including T helper CD4+CD25− and 
T cytotoxic CD8+CD25− cells, are significantly reduced 
in the presence of recombinant human endotoxin-free 
HSP70. Moreover, HSP70 inhibits the proliferation of 
T cells that have been pre-activated with IL-12 or 
phytohemagglutinin.13

Molecular mechanisms underlying the suppressive 
effects of HSP70 on the antigen-presenting activity of 
innate immune cells are still not completely understood. 
On one hand, HSP70–MHCII interaction does not affect 
the primary structure of the antigenic peptide, and there-
fore, cannot modulate specific T cell responses even in 
conditions of enhanced or suppressed antigen 
presentation.79 On the other hand, the observed effects 
can be caused by the antigenic properties of HSP70, as 
exogenous or endogenous HSP70 protein can undergo 
internalization, following the processing and presentation 
of different HSP70-derived peptides in the context of 
MHCII. Peptide fragments of HSP70 have been shown to 
be expressed in complexes with both MHCII and MHCI.80

Notably, peptides of both extracellular and intracellular 
HSP70 pools can accumulate on MHCII, either as a result 
of cross-presentation or autophagy.10,80 Thus, even when 
HSP70 enhances antigen presentation, the presentation of 
peptides from the extracellular HSP70 pool is simulta-
neously increased. As a result, the specificity of Th2 

cells shifts. Alteration of Th2 response specificity is asso-
ciated with the suppression of allergic inflammation during 
allergen-specific immune therapy.81,82 Altogether, the data 
above suggest the following: antigen-presentation of 
HSP70 peptides might modulate allergic airway inflamma-
tion by preventing a part of the intracellular pool of 
MHCII from participation in allergen processing and pre-
sentation by occupying the MHCII complex. In this way, 
HSP70 reduces the number of allergen-specific Th2 
clones, which, in turn, results in a reduced level of aller-
gen-specific IgE. Thus, the immune-modulatory activity of 
HSP70 might be exhibited by switching the allergic 
response to tolerance.

Moreover, HSP70 can inhibit the proliferation of 
T lymphocytes both indirectly, by downregulating the 
stimulatory activity of APCs, and by direct influence on 
previously activated T cells.10,83 In addition to the sup-
pressive effects on APCs and T cell proliferation, recent 
studies on the implications of HSP70 in the development 
of autoimmune disorders have demonstrated the potential 
of HSP70 to elevate the number of regulatory T cells (T 
regs). Injections of HSP70 upregulate total Foxp3 expres-
sion and increase the percentage of CD4+CD25+Foxp3+ 

cells in lymph nodes.83,84

Taken together, we can assume that under specific 
conditions, HSP70 promotes the differentiation of naïve 
T cells to CD4+CD25+Foxp3+ inducible regulatory T cells 
and prevents the differentiation of naïve T cells to the Th2 
phenotype.10,85 Thus, HSP70 can suppress the activation 
and proliferation of T cells and inhibit the differentiation 
of naïve T cells to the Th2 phenotype, which makes it one 
of the key features of allergic airway inflammation.

Chaperone Activity of HSP70 in 
Asthma
While extracellular HSP70 reveal both pro-inflammatory 
and anti-inflammatory activity, intracellular HSP70 are 
traditionally considered to be cytoprotective 
chaperones.24 Functional chaperone activity of HSP70 is 
due to their ability to interact with the hydrophobic regions 
of denaturing (unfolded or misfolded) proteins.86 The sub-
strate-binding domain of HSP70 that can recognize dena-
turing proteins is located at the C-terminus of the 
molecule. This domain is represented by the 15 kDa β- 
sheet region, that contains the hydrophobic groove.62,87 

Interacting with hydrophobic regions of newly synthesized 
or damaged denatured proteins, HSP70s participate in the 
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stress-induced cellular responses, that can lead to the 
reparation of cellular homeostasis or cell death.88

As HSP70 are localized in the different cell compart-
ments including the nucleus, mitochondria, cytosol,6 they 
also administrate the translocation of the polypeptide 
chains into different cell organelles, including the endo-
plasmic reticulum (ER).88 In the ER, HSP70 (particularly, 
HspA5)7 are involved in the mechanisms of the ER stress 
and the unfolded protein response (UPR) that reportedly 
play a sufficient role in asthma and airway 
inflammation.89,90 The ER stress was shown to contribute 
to such asthma features as airway remodeling and mucus 
hyperproduction.91 Moreover, the overexpression of UPR 
sensors (that are localized in the ER membrane – inositol 
requiring enzyme (IRE) 1, activating transcription factor 
(ATF) 6, and PKR-like ER kinase (PERK)) was demon-
strated in both ovalbumin-induced and HDM-induced ani-
mal asthma models as well as in the tissue samples of 
asthma patients.91,92 In the absence of the ER stress, 
IRE1α, ATF6, and PERK bind HspA5. During the 
unfolded protein accumulation in ER, HspA5 binds the 
unfolded proteins and dissociates from the interaction 
with the UPR sensors; the loss of the interaction triggers 
the UPR activation.90–92

In the case when the UPR is not sufficient to repair the 
damage, the fragment of ER can be degraded via 
macroautophagy.93 HSP70 (particularly, Hsc70 or 
HspA8) plays an essential role in protein degradation 
through the ubiquitin–proteasome system (UPS) and in 
all three types of autophagy: chaperon-mediated, microau-
tophagy and macroautophagy.88,94 Co-expression of 
HSP70 and the autophagy marker LC3 was detected in 
the airway cell culture A549 under the exposure of carbon 
nanoparticles and reported as an indicator of chaperon- 
mediated autophagy.95 In certain conditions, carbon nano-
particles can trigger or exacerbate airway inflammation in 
asthma, and chaperon-mediated autophagy can be poten-
tially involved in inflammation regulation.95,96

The role of autophagy in asthma is widely discussed 
and thought to be associated with airway remodeling and 
severe asthma.97,98 Single nucleotide polymorphisms in 
autophagy-related gene Atg5 are associated with reduced 
lung function and airway remodeling.93,96 Also, the 
expression of Atg5 product was higher in lung tissue 
samples of asthma patients compared with nonasthmatic 
samples.97 Furthermore, in the ovalbumin-induced mouse 
model of asthma, the treatment with Atg5 short hairpin 
RNA inhibited autophagy together with asthma features 

such as airway hyperreactivity and eosinophilia.98 

Activation of autophagy is also involved in the NET for-
mation (that implication in asthma was described above) 
and in neutrophilic airway inflammation.65,96

Thus, the facts above indicate that intracellular HSP70 
contribute to ER stress-induced UPR, UPS, and autophagy. 
All these processes are observed in asthma, particularly 
severe asthma. Taking into account elevated expression of 
HSP70 in airway epithelial and immune cells of people 
with asthma,21,22 we can assume that the protective cha-
perone activity of intracellular HSP70 during the severe 
inflammation in asthma plays an essential role in the 
degradation of the damaged proteins and the removal of 
destroyed organelles from the cells.

Potential Suppressive Effects of 
HSP70 ATPase Activity in Systemic 
and Local Allergic Airway 
Inflammation
One of the main functional characteristics of the HSP70 
family is ATPase activity.86,99 The nucleotide-binding 
domain (45 kDa) belongs to the highly conserved region 
of the primary amino acid sequence of HSP70 proteins. It 
is in close proximity to the N-terminus of the molecule and 
typically contains the actin-like ATPase protein superfam-
ily (sugar kinase/heat shock protein 70/actin superfamily) 
ATP-binding center.100 The ATP-binding center of HSP70 
is mainly represented by proline, tyrosine, phenylalanine, 
arginine, and glutamine, which are positioned at the spe-
cific places relative to each other.101 For different mem-
bers of the HSP70 family, the positions can be shifted by 
one or two amino acid residues; however, the shift does 
not affect domain conformation.101

Moreover, HSP70 can bind to ATP with nanomolar 
affinity.99,102 Consecutive interaction of HSP70 with 
ATP, followed by interaction with a peptide or denatured 
protein in the presence of co-chaperone and adapter pro-
teins, induces the ATPase activity of HSP70, and hydro-
lysis of ATP to ADP.103 The difference in peptide binding 
of ATP-bound and ADP-bound HSP70 isoforms is the 
basis of chaperone activity.88 However, chaperone activity 
can also be manifested by HSP70 alone in the presence of 
co-chaperones. The most well-described co-chaperones are 
members of the J-protein family, which facilitate ATP 
dephosphorylation, and the nucleotide exchange factors 
(NEFs), which are responsible for the removal of ADP 
from the HSP70-nucleotide complex as well as the TPR 
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domain-containing proteins.62 Both J-proteins and NEFs 
have binding sites in the region of the nucleotide-binding 
domain.62,87

Recent studies demonstrate that ATP plays an impor-
tant role in the activation of APCs.104 Release of ATP to 
the extracellular space, as a result of damage, stress, or 
cell death, has been implicated in the development of 
allergic airway inflammation.105 In particular, a sharp 
increase in ATP levels in the BAL fluid of persons 
with asthma and in mouse models has been detected 
shortly after allergen provocation.106 Extracellular ATP 
binding to the P2X7 receptor can activate different types 
of cells and increase the production of pro-inflammatory 
cytokines such as: IL-1, IL-6, IL-18, and TNF-α by 
macrophages; IL-1β, IL-18, TNF-α, and IL-23 by DCs; 
IL-8 and eosinophil cationic protein (ECP) by eosino-
phils; as well as histamine secretion by mast cells. Taken 
together, extracellular ATP upregulation can facilitate 
Th2-activation and hyperimmune reactions.107 Direct 
neutralization of ATP through the administration of the 
ATP-hydrolyzing enzyme apyrase can significantly 
reduce inflammatory cell infiltration and conducting air-
way obstruction in induced allergic airway 
inflammation.106

Under non-inflamed steady-state physiological condi-
tions, exoferments ectonucleoside triphosphate diphospho-
hydrolases (E-NTPD)s regulate extracellular ATP 
levels.108 Both E-NTPD and HSP70 belong to the sugar 
kinase/heat shock protein 70/actin superfamily and possess 
similar conformations of the ATP-binding domain, which 
is sensitive to Ca2+ or Mg2+. 109 The E-NTPDs manifest 
ATPase activity; however, owing to their membrane-bound 
location, they can only act on the cell surface, but not 
within the extracellular matrix, unlike HSP70.108,110 The 
role of HSP70 in the regulation of extracellular ATP con-
centrations has not yet been determined in vivo. However, 
in vitro studies have shown a reduction in extracellular 
ATP levels in the presence of HSP70 in culture filtrates of 
bone marrow-derived DCs.111 Taken together, increased 
extracellular HSP70 concentration at the site of allergic 
airway inflammation and ATPase activity of the protein 
support the hypothesis that HSP70 can downregulate 
extracellular ATP levels and suppress P2X7 activation by 
reducing the activation stimulus.

Thus, the neutralization of extracellular ATP (the pro- 
inflammatory stimulus activating APCs to promote allergic 
airway inflammation) by HSP70 from the extracellular 

pool can be considered one of the molecular mechanisms 
associated with the anti-inflammatory potential of HSP70.

Discussion
In the presented review, we surveyed the published results 
related to effects and potential regulatory mechanisms of 
HSP70 in asthma.

The literature data demonstrated that under certain 
conditions, some exogenous HSP70 can trigger specific 
IgE production and even autologous allergic-like 
response to self HSP70. Regarding these findings, it 
would be of great interest to investigate the potential of 
some exogenous HSP70, for example, Pen c 19, to 
induce allergic airway inflammation in the murine 
model. As it was shown, murine HSP70 (yielded from 
the homogenate of mouse liver and kidney) was not 
potent to induce eosinophilia and pro-allergic cytokine 
production when was injected and inhaled to mice in 
accordance with the scheme similar to ovalbumin- 
induced allergic airway inflammation.9 Mouse model of 
Pen c 19-induced airway inflammation would help to 
investigate the mechanisms of cross-reactivity and self- 
protein tolerance. In fact, tolerance is of great importance 
as the elevated HSP70 mRNA expression and HSP70 
protein secretion were found in asthma patient cell and 
tissue samples.

Despite the clear implication of HSP70 in asthma, 
there is no a unique concept about the role of HSP70 in 
asthma. Both pro-inflammatory and anti-inflammatory 
activities of HSP70 are reported. The ambiguous effects 
are detected in experiments with animal models of allergic 
airway inflammation and even with in vitro cell cultures. 
One explanation of such effects comes from the findings of 
Fong et al37 who demonstrated that HSP70 stimulation 
through Siglec-5 acts as an anti-inflammatory signal, 
while stimulation through Siglec-14 is pro-inflammatory. 
Thus, the current cell state, particularly the level of expres-
sion of certain receptor interacting with HSP70, can be 
a determinant in triggering the pro-inflammatory or anti- 
inflammatory effects.

The other explanation of the dualistic effects can be 
related to the HSP70 protein characteristics. While the 
traditional concept suggests intracellular HSP70 to be 
cytoprotective chaperones, and extracellular HSP70 act 
as alarmins, both of these forms are elevated in asthma, 
and some studies reported the suppressive effects of extra-
cellular HSP70. Due to cell and tissue damage during the 
inflammatory processes, it is quite difficult to discriminate 
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the effects of physiologically released HSP70 (secreted as 
a component of exosomes) and effects of HSP70 that 
appeared in the extracellular space due to cell necrosis. 
Moreover, exosomal HSP70 can be represented with the 
different HSP70 family members at the different phases of 
allergic airway inflammation and in nonallergic response. 
Some experiments directed to precise characterization of 
the certain HSP70 function in the inflammatory processes 
in asthma could be of great importance. Such experiments 
should also take into account the state of the protein (ATP- 
bound or ADP-bound), and therefore, not only LPS con-
tamination, but also the concentration of ATP, and Ca2+, 
and Mg2+ in HSP70 preparations should be verified.

The estimation of ATP contamination in HSP70 pre-
parations is of great importance in the studies of the 
ATPase activity of HSP70. Due to inherent ATPase activ-
ity, HSP70 can be involved in the neutralization of extra-
cellular ATP, which is known to trigger the inflammatory 
response in both Th2- and T17-mediated asthma inflam-
mation. Thus, the potential of the extracellular HSP70 to 
neutralize ATP and subsequently suppress the inflamma-
tion in asthma must be further in detail investigated. 
Additionally, the application of HSP70 inhibitors, particu-
larly, ATP analogs and ATPase activity modulators, is very 
valuable in the investigation of the suppressive potential of 
ATPase activity in the inflammation in asthma. Such inhi-
bitors can be applied in both animal models and in vitro 
experiments with asthma patient primary cell cultures and 
tissue samples.112

It can also be suggested, that some stimulatory HSP70 
effects that are referred to as pro-inflammatory, in some 
situations, can prevent the inflammation. In particular, the 
observed in vitro pro-inflammatory HSP70 effects that are 
directed at structural (primarily epithelial) and innate 
immune cells, act through the stimulation of IL-1 alpha, 
IL-6, TNF-α, and IL-8 production, in vivo can trigger the 
neutrophil infiltration. In the case of allergic airway 
inflammation, stimulation of neutrophil response can sup-
press eosinophilia and Th2 proliferation. Thus, the neutro-
phil-mediated response and activation of HSP70 can 
downregulate allergic airway inflammation (Figure 2). 
Regarding this suggestion, the estimation of a shift in 
cytokine production under the HSP70 exposure in the 
mouse models of allergic airway inflammation should not 
be restricted to common pro-allergic cytokines (IL-4, IL-5, 
IL-13), but neutrophil-attracting cytokine (IL-1b, IL8 or 
KC, as well as GMCSF) production should also be 
estimated.

Conclusion
Many facts are confirming the involvement of HSP70 in 
the inflammatory processes in asthma, however, the 
mechanisms of this involvement require further study. In 
mouse models of airway inflammation, both intracellular 
and extracellular HSP70 exhibit the anti-inflammatory 
activity that characterizes the protein as a promising mole-
cule for the development of new therapeutic approaches to 
managing asthma. However, some facts demonstrate a pro- 
inflammatory activity that HSP70 can display in different 
experimental models. In this review, we provided evidence 
that both pro-inflammatory and anti-inflammatory effects 
resulted from the unique mechanisms of HSP70 action. 
Further understanding of the molecular mechanisms of the 
HSP70-mediated regulatory functions in airway inflamma-
tion may reveal new therapeutic possibilities for the treat-
ment of patients with asthma.
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