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Heat shock proteins (HSPs), also known as stress proteins, constitute a complex network of proteins
highly conversed across species that have been classified into different families according to their
molecular weight: HSP110, HSP90, HSP70, HSP60, HSP40 and the small HSPs [1]. Although they are
mainly known for their chaperone and cytoprotective properties, HSPs also participate in the regulation of
many cellular signalling processes [2]. These proteins have been involved in various physiological as well
as pathological conditions, including respiratory diseases such as asthma, chronic obstructive pulmonary
disease, sarcoidosis or pulmonary hypertension pathogenesis. HSPs have been extensively studied in the
cancer field thanks to their regulatory role for several proteins involved in carcinogenesis. Stress proteins
are often overexpressed in cancer cells, promoting phenotypic hallmarks of cancer such as cellular
reprogramming, sustaining proliferative signalling, supporting replicative immortality, evading growth
suppressor or resistance to cell death. Therefore, several studies have focused on the potential use of HSP
inhibitors concomitantly with chemotherapy in cancer patients [3, 4]. In particular, HSP90 has emerged as
an important target in cancer and besides 17-N-allylamino-17-demethoxygeldanamycin (17-AAG), the
first inhibitor targeting HSP90 tested in a clinical trial in 1999, several inhibitors targeting HSP90 have
been developed and are now being tested in humans [5].

Idiopathic pulmonary fibrosis (IPF) and cancer share many features, such as cellular reprogramming and
resistance to cell death [6, 7]. Several studies from our group and others described HSP overexpression in
experimental and human pulmonary fibrosis [8–17]. A growing body of evidence suggests that HSPs
might represent interesting therapeutic targets in lung fibrosis, mainly through transforming growth factor
(TGF)-β signalling regulation [18]. In the context of pulmonary fibrosis, the potential of small HSP
inhibition has been studied in different animal models of lung fibrosis. Mice deficient for the small HSP
αB-crystallin are protected from experimental fibrosis induced by several agents [14, 15]. In the same

Received: Dec 15 2017 | Accepted: Dec 21 2017

Conflict of interest: P. Bonniaud has received personal fees for acting on advisory boards from Roche, Boehringer,
Novartis, TEVA and AstraZeneca, and reimbursement for travel to the ERS congress from Chiesi, outside the submitted
work.

Copyright ©ERS 2018

https://doi.org/10.1183/13993003.02612-2017 Eur Respir J 2018; 51: 1702612

| EDITORIAL
BASIC SCIENCE AND INTERSTITIAL LUNG DISEASE

mailto:philippe.bonniaud@chu-dijon.fr
http://ow.ly/fHVP30hJUOl
http://ow.ly/fHVP30hJUOl
https://doi.org/10.1183/13993003.02612-2017
https://doi.org/10.1183/13993003.02612-2017
http://crossmark.crossref.org/dialog/?doi=10.1183/13993003.02612-2017&domain=pdf&date_stamp=


manner, the local injection of OGX-427, an antisense oligonucleotide targeting HSP27 expression,
interferes with TGF-β-induced subpleural fibrosis in rodent models [16]. Although several studies
demonstrate a role for HSPs in fibrogenesis mechanisms in vitro, the effect of HSP inhibition in
experimental lung fibrosis remains poorly investigated.

In this issue of the European Respiratory Journal, BELLAYE et al. [19] nicely uncovered a sophisticated
mechanism in which extracellular HSP90α regulates myofibroblast activation, highlighting a key role in
lung fibrosis, notably in IPF. In addition, they demonstrated that inhibition of extracellular HSP90, which
is increased in serum from patients with IPF compared with controls, hampers myofibroblast profibrotic
activities and TGF-β1 induced lung fibrosis in rodent and thereby identified a potential new therapeutic
target for IPF.

IPF is a progressive and lethal chronic lung disease from unknown origin [20]. Beside lung
transplantation, two drugs, pirfenidone [21] and nintedanib [22], which slow down but are unable to
hamper disease progression, have been approved for IPF management following decades of clinical trials
[23]. Therapeutic option for patients with IPF is therefore limited and novel therapeutic approaches need
to be developed. IPF patho-biology is complex and the most recent model proposes that repeated epithelial
injuries result in stimulation of an abnormal epithelium that, following impaired cross-talk, promotes
fibroblasts proliferation and activation leading to myofibroblast accumulation and subsequent collagen
over-production [20]. TGF-β is a key cytokine in the fibrotic process and is involved in differentiation and
activation of fibroblasts resulting in collagen accumulation and other extracellular matrix components
production.

BELLAYE et al. [19] present a novel mechanism impacting myofibroblast differentiation and suggest that
HSP90 might be an interesting target in pulmonary fibrosis. HSP90 is, with HSP70, the main chaperone
system for protein folding. Two isoforms of HSP90 have been described: HSP90α and HSP90β, and within
the cell, HSP90 chaperone acts as a dimer. Although the role of each isoform remains poorly understood
at the moment, two recent studies have highlighted the beneficial role of HSP90 global inhibition using
geldanamycin-derived compounds in pulmonary fibrosis. Previously this year in the European Respiratory
Journal, the therapeutic potential of 17-dimethylaminoethylamino-17-demethoxygeldanamycin
(17-DMAG, a 17-AAG analogue) was tested in a murine model of pulmonary fibrosis [13]. This approach
interfered with bleomycin-induced lung fibrosis. Mechanistically, HSP90β stabilised TGF-β receptor II,
thus contributing to enhanced TGF-β profibrotic activities. These findings were later confirmed using
17-AAG in TGF-α overexpressing transgenic mouse model [17]. In that study, authors showed using
siRNA approaches that HSP90β (but not HSP90α) was required to drive migratory properties and
proliferation of fibroblasts. BELLAYE et al. [19] have confirmed the importance of HSP90β in myofibroblast
activation through stabilisation of the LRP1 surface receptor. Further, this study nicely demonstrated a key
role for the other HSP90 isoform, HSP90α, in myofibroblast biology and provides evidence that HSP90α
(but not HSP90β) is secreted by myofibroblasts upon mechanical stress ex vivo. The authors observed that
extracellular HSP90α activates myofibroblast differentiation in a LRP1-dependent manner.

Importantly, the work from BELLAYE et al. [19] also shows that circulating levels of HSP90α increased in
patients with IPF compared with controls. Moreover, patients with severe IPF have a significantly higher
level of circulating HSP90α compared to those with moderate IPF with a negative correlation between
serum level of HSP90α and lung function in these patients. Altogether, the demonstration that HSP90α
levels increase in blood and bronchoalveolar lavage fluid of patients with IPF and that this extracellular
HSP90 has an important role in IPF development, opens the possibility of its use both as a biomarker for
diagnostic purposes and as a therapeutic target. Nevertheless, further studies are needed before suggesting
the potential use of extracellular HSP90α as biomarker for IPF progression. Theranostic medicine has
already been proposed for other HSPs in different pathological contexts. In this way, circulating HSP70
plasma level is a marker of metastasis and inhibition of this extracellular HSP, by blocking its function
activating myeloid-derived suppressive cells, induces the development of an efficient anticancer immune
response [24, 25]. Similarly, circulating HSP27 serum levels increase during myelofibrosis development
and its inhibition blocks medullary fibrosis [26].

Many different inhibitors of HSP90 are available and some are in advanced clinical trials in cancer [5].
Most of these molecules are geldanamycin derivatives (such as 17-AAG or 17-DMAG) that block both
isoforms of HSP90. Given the fact that HSP90 has a broad spectrum of activity impacting several
signalling and physiological processes, the caveat will be that HSP90 inhibition will most likely come along
unwanted side-effect. Furthermore, histological staining clearly shows that HSP90 expression is not only
localised in fibroblasts but also in hyperplastic epithelium in IPF lung. One answer to these concerns
might come from the study from BELLAYE et al. [19]. Contrary to other studies demonstrating the potential
effect of HSP90 inhibition using geldanamycin derivatives, BELLAYE et al. [19] used the non-permeable
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inhibitor of HSP90 HS30 to target the extracellular form of HSP90α. They showed that specific inhibition
of extracellular HSP90α has an antifibrotic effect in an ex vivo precision-cut lung slice model of
TGF-β1-induced lung fibrosis. Although HSP90 extracellular activities are not fully understood at the
moment, the approach taken by BELLAYE et al. [19] might have several advantages in case of long-term
treatments with HSP90 inhibitors, which will be most likely the case in chronic conditions such as IPF.
Moreover, these findings have recently been confirmed in mice with 1G6-D7, a cell impermeable antibody
raised against HSP90α, which hampered bleomycin-induced pulmonary fibrosis [27]. However, the
authors injected 1G6-D7 starting the following day post-bleomycin thus before lung fibrosis has occurred.
Therefore, the potential therapeutic role of extracellular HSP90α inhibition remains to be fully
demonstrated in vivo.

Despite the crucial need for more complete studies in animal models to confirm the recent findings, we
witness the emergence of a growing body of evidence suggesting HSPs, and notably HSP90, as interesting
targets for potential future therapies in pulmonary fibrosis (figure 1). As shown by BELLAYE et al. [19],
HSP90α can be measurable both in the blood and bronchoalveolar lavage fluid of the patients and
correlates with clinical parameters. This pioneering study enlarges the landscape of HSPs in pulmonary
fibrosis and opens the way to their use as biomarkers, which will be useful to select the population of
patients which might benefit the most from this targeted therapy in the modern era of personalised
medicine.
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FIGURE 1 Heat shock protein (HSP)90 inhibition hampers profibrotic signalling at different levels. a) HSP90β stabilises type II TGF-β receptor
(TGF-βRII) promoting transforming growth factor (TGF)-β profibrotic signalling. HSP90 also interferes with LRP1 proteasomal degradation. Tissue
stiffness induces secretion of HSP90α in the extracellular milieu. Extracellular HSP90α further signals through LRP1 to enhance myofibroblast
differentiation and profibrotic properties. b) HSP90 inhibition by geldanamycin derivatives (such as 17-DMAG) interferes with TGF-βRII and LRP1
stabilisation by intracellular HSP90, triggering their proteasomal degradation and decreasing both TGF-β and LRP1 fibrotic signals. In addition,
the specific inhibition of extracellular HSP90α using the non-permeable HSP90 inhibitor HS-30 blocks HSP90α interaction with LRP1.
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