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ABSTRACT

Introduction: In response to injury, epithelial cells release alarmins including thymic stromal lympho-
poietin (TSLP), high mobility group-box-1 (HMGB1), interleukin (IL)-33 and —25 that can initiate innate
immune responses. These alarmins are recognized as activators of T2-immune responses characteristic
for asthma, but recent evidence highlighted their role in non-T2 inflammation, airway remodeling, and
pulmonary fibrosis making them an attractive therapeutic target for chronic respiratory diseases (CRD).
Areas covered: In this review, firstly we discuss the role of TSLP, IL-33, IL-25, and HMGB1 in the
pathogenesis of asthma, COPD, idiopathic pulmonary fibrosis, and cystic fibrosis according to the
published data. In the second part, we summarize the current evidence concerning the efficacy of
the antialarmin therapies in CRD. Recent clinical trials showed that anti-TSLP and IL-33/R antibodies can
improve severe asthma outcomes. Blocking the IL-33-mediated pathway decreased the exacerbation
rate in COPD patients with more important benefit for former-smokers.

Expert opinion: Despite progress in the understanding of the alarmins’ role in the pathogenesis of
CRD, all their mechanisms of action are not yet identified. Blocking IL-33 and TSLP pathways offers an
interesting option to treat severe asthma and COPD, but future investigations are needed to establish
their place in the treatment strategies.
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1. Introduction ) ] . )
inflammation [5]. The alarmins are key players in asthma

The respiratory epithelium constitutes the first line of defense  pathogenesis, by stimulating Th2-cells, innate lymphoid

against inhaled environmental threats such as allergens,
microbes, cigarette smoke (CS), and other pollutants [1]. In
response to injury, airway epithelial cells (AECs) orchestrate the
immune response and mediate clearance of invading pathogens
to facilitate resolution of inflammation and restore tissue home-
ostasis. However, this process may become altered in many
respiratory diseases such as asthma, chronic obstructive pulmon-
ary disease (COPD), idiopathic pulmonary fibrosis (IPF), and cystic
fibrosis (CF), resulting in a persistent inflammatory response,
pathological repair with loss of functional tissue architecture,
and increased susceptibility for exacerbations (Figure 1) [1,2,3].

Following exposure to noxious agents, dysfunctional
epithelium releases three cytokines nicknamed ‘alarmins,
including thymic stromal lymphopoietin (TSLP), interleukin
33 (IL-33), interleukin 25 (IL-25), and high mobility group 1
(HMGBT1) that act as danger signals and promote/exacerbate
the inflammatory response [4]. These cytokines are well recog-
nized to primarily drive type 2 (T2) inflammation, but there is
increasing evidence for their role in non-T2 mediated

group 2 cells (ILC2s), mast cells, basophils, and eosinophils to
release large quantities of T2 cytokines (e.g. IL-4, IL-5 and IL-
13) and growth factors promoting airway inflammation and
remodeling [6]. Emerging data highlight the role of alarmins in
the pathogenesis of COPD, IPF, and CF [2,4,5,7].

TSLP, a member of the IL-2 cytokine family constitutively
expressed by AECs, is rapidly released following cell injury and
exerts its effects by binding to a high-affinity heterodimeric recep-
tor complex composed of TSLPR and IL-7a. There are two isoforms:
the long isoform actively involved in inflammation and the short
isoform, a potential splice variant [5,8]. TSLP promotes allergic
responses and airway remodeling by acting on dendritic cells
(DCs) with the differentiation of naive CD4+ T-cells into Th2-cells,
promoting the survival of ILC2s and inducing epithelial-
mesenchymal transition (EMT) in AECs. TSLP stimulates goblet
cell metaplasia, mucus secretion, collagen production by fibro-
blasts inducing reticular basement membrane fibrosis and pro-
motes the proliferation of airway smooth muscle (ASM) [8]. Beyond
Th2 differentiation, TSLP could activate eosinophils, mast cells,
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Article highlights

o The airway and alveolar epithelium act as the first line of defense for
the lungs against many environmental triggers.

¢ In response to injuries, the epithelial cells release the alarmins which
are important mediators of inflammation.

o Dysfunctional epithelium and persistent inflammation are the key
points in the pathogenesis of many chronic respiratory diseases.

e Current evidence showed important contribution of the epithelial
alarmins in the pathogenesis of asthma, COPD, IPF, and CF.

e Targeting the epithelial alarmins and their receptors by biotherapies
showed benefits for the severe asthma patients and selected patients
with COPD.

o Further investigation is needed to clarify all the mechanisms invol-
ving the epithelial alarmins in chronic respiratory disease pathogen-
esis and to develop adequate therapeutic approaches.

macrophages, neutrophils, NK T-cells, CD8+ T-cells and B-cells,
emphasizing that this cytokine plays a role in both T2 and non-
T2 inflammation (Figure 2) [5].

IL-33, a member of the IL-1 superfamily expressed by AECs and
alveolar type-2 epithelial cells, is a dual function cytokine that plays
a key role in both innate and adaptive immune responses. The full-
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length IL-33 is localized in the nucleus and acts as gene regulator,
while the cleaved mature IL-33 isoform is the extracellular cytokine
passively released after inflammatory and apoptotic protease pro-
cessing, secondary to CS, pollutants, allergens, viral, or bacterial
exposure [5,9,10]. Cleavage by proteases from various cell types
could lead to differing effects according to the microenvironment.
If the cleavage with caspase-1 in necrotic cells induces a very active
proinflammatory cytokine, the cleavage with caspase-3 and -7 in
apoptotic cells results in an inactive peptide [5,10]. Constitutive
signaling without additional protease processing was also
described in asthma and COPD. Inactivation of IL-33 activity occurs
by binding to soluble suppression of tumorigenicity 2 (ST2) recep-
tor that acts as decoy inhibiting the expansion of inflammation or
by oxidation of cysteine residues with formation of disulfide
bridges [9,10]. Following the attachment of IL-33 to ST2, the
corrector IL-1 receptor accessory protein IL-TRAcP is recruited
with the formation of a heterodimeric signaling complex that
activates NF-kB and mitogen-activated protein kinase pathways
promoting cell proliferation/survival, cytokine secretion (e.g. IL-4,
-5 and -13), and amphiregulin expression [10]. ST2 is expressed by
ILC2s, mast cells, DCs, myeloid cells, natural killer cells, Th1 and Th2
cells, cytotoxic T-cells, NK T-cells, basophils, and endothelial cells

re
S

'13
"\\
J
—\\

Bacterial colonisation

Basal membrane =>

| Normalairway epithelium |

Alveolar epithelium

el Q

TSP
L2

1 DAMPs / \

™33

113 \
-4 IL-18

M2 macrophages M1 macrophages

’ Idiopathic pulmonaryfibrosis |

"\
Basal and goblet cell hyperplasia —C-—‘/b

[e=3]
©g _\' -

() () CM
L-33

vl o

e @@
=0 =
L (27

’ Cysticfibrosis

2 NE activity
IL-8/CXCL-8
TNF-a

IL-1B8

Figure 1. Epithelial airway altered structure in asthma, COPD, idiopathic pulmonary fibrosis and cystic fibrosis (adaptation of two previously published figures from [1,2].
DC: dendritic cells; Th: T-helper cells; TSLP: thymic stromal lymphopoietin; IL-33: interleukin 33; IL-25: interleukin 25; M1: macrophage type 1; NE: neutrophil; TNFa: tumor necrosis factor
alpha; IL-1B: interleukin-1 beta; IL-6: interleukin 6; CXCL-8: chemokine (C-X-C motif) ligand 8; GM-CSF: granulocyte-macrophage colony-stimulating factor; AEC2: alveolar type 2 epithelial
cells; DAMPs: damage-associated molecular patterns; ILC2: type 2 innate lymphoid cells; IL-4: interleukin 4; IL-13: interleukin 13; TGFB transforming growth factor beta; PDGF: platelet-
derived growth factor.
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Figure 2. Role of thymic stromal lymphopoietin (TSLP) in airway inflammation, remodeling and fibrosis.

ILC2: type 2 innate lymphoid cells; Th: T-helper cells; ASM: airway smooth muscle cell; IL-4: interleukin 4; IL-5: interleukin 5; IL-13: interleukin 13; IL-9: interleukin 9; IL-17A: interleukin 17A.

[5]. IL-33 activates ILC2s, induces T2 cytokines (e.g. IL-5 and IL-13)
but also non-T2 mediators (e.g. TNF-a, IL-8) production in mast
cells, collagen, and fibronectin release from fibroblasts [5,8].
According to stimuli, IL-33 promotes both T1 and T2 inflammation
and contributes to airway remodeling and lung fibrosis (Figure 3)
[2,5,10].

IL-25, also named IL-17E, is the unique cytokine of the IL-17
family produced by AECs [2,8]. Airborne allergens, ATP, and
virus infections increase IL-25 and its receptor IL-17RB expres-
sion in AECs [11-13]. IL-25 activates ILC2s, modulates EMT of
alveolar epithelial cells and local tissue remodeling, stimulates
fibroblast differentiation, and upregulates cytokines and
growth factor secretion (Figure 4) [2,8].

HMGB1 is a highly conserved nuclear protein present in all cell
types exerting functions both inside and outside of cells [14]. Inside
the nucleus, it helps nucleosome development, operates as a DNA
chaperone supporting DNA duplication and repair, but is also
involved in transcription and programmed cell death [15].
Mechanisms inducing HMGB1 release after cellular injury include
vesicular transport, inflammasome activation, necrosis, and
necroptosis [16]. Excessive quantities of extracellular HMGBT,
released passively after cell death or via active secretion from
immune cells, produce inflammation by interactions with innate
immunity effectors (e.g. ILC2, macrophages, DCs, neutrophils) [14].
The bioactivity of HMGB1 is determined by the redox state of the
three cysteines present in the molecule. Gentle oxidation of the
fully reduced form by a disulfide bond between Cys23 and Cys45
converts extracellular HMGB1 to a potent activator of pro-
inflammatory cytokine production (e.g. IL-4, IL-6, and TNF-q) via
Toll-like receptors 4 (TLR4) stimulation by binding MD-2 [14,17].
Disulfide HMGB1 loses its capacity to activate TLR4 when it is either

reduced or further oxidized, and its additional oxidation generat-
ing sulfonyl groups converts it in a molecule without any pro-
inflammatory capacity [14]. HMGB1 operates also via the receptor
for advanced glycation end products (RAGE) leading to a direct NF-
kB activation and subsequent cytokine formation [14,16]. RAGE
provides a transport route for HMGB1 and its partners by endocy-
tosis. Under acidic conditions, HMGB1 could act as a detergent in
the lysosomal membrane leading to a leak out from the permea-
bilized lysosomes into the cytosol with the activation of cytoplas-
mic receptors inducing inflammation [18]. By these mechanisms,
HMGB1 is an alarmin with dual functions: warning the extracellular
environment about cell distress and informing cells about hazar-
dous extracellular surrounding. Experimental data suggest the
activation of HMGB1 pathway in AECs after exposure to allergens,
viruses, and reactive oxygen species with T2 and non-T2 inflam-
matory responses [15].

The present review summarizes the current knowledge on
the role of these epithelial alarmins in chronic respiratory
disease (CRD) pathogenesis and the impact of biologics tar-
geting these molecules on clinical outcomes.

2. The role of epithelial alarmins in CRD
physiopathology

2.1. Asthma

Alarmins have been extensively studied for more than
a decade in asthma, a chronic inflammatory airway disease
(usually T2-mediated) characterized by airway hyperrespon-
siveness (AHR) and variable expiratory airflow limitation [8].
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Figure 3. Role of interleukin 33 (IL-33) in airway inflammation, remodeling and fibrosis.

Th: T-helper cells; NK: natural killer; DC: dendritic cells; ILC2: type 2 innate lymphoid cells; TNFa: tumor necrosis factor alpha; IL-1p: interleukin-1 beta; IL-6: interleukin 6; IL-13: interleukin 13;
IL-8: interleukin 8; IL-4: interleukin 4; IL-5: interleukin 5; ASM: airway smooth muscle cell.
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Figure 4. Role of interleukin 25 (IL-25) in airway inflammation, remodeling and fibrosis.
DC: dendritic cells; Th: T-helper cells; ILC2: type 2 innate lymphoid cells; ASM: airway smooth muscle cell; IL-4: interleukin 4; IL-5: interleukin 5; IL-9: interleukin 9; IL-13: interleukin 13.
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Increased number of cells expressing IL-25, IL-33, and TSLP
was demonstrated in bronchial biopsies from asthmatic
patients by clinical and experimental studies [19-22]. Both
airway structural cells and incoming inflammatory cells were
shown to produce alarmins. The expression of IL-33 and TSLP
was mainly detected in AECs, endothelial cells, fibroblasts,
mast cells, and neutrophils [19,21,22]. Elevated expression of
IL-25 was observed in AECs, fibroblasts, eosinophils, baso-
phils, and mast cells of asthmatic bronchial biopsies [19]. In
severe asthma patients, increased expression of IL-33 was
also found in ASM cells [23]. In asthmatic patients elevated
concentration of IL-25, IL-33, TSLP, and HMGB1 can be
detected in blood, sputum, and bronchoalveolar lavage
(BAL) fluid [24-33]. Similarly, enhanced expression of alarmin
receptors, including IL-17RB, ST2, TSLPR, and RAGE, was
demonstrated on cells from sputum or blood of asthmatic
patients [24,31,34].

Several clinical and experimental studies showed that the
elevated expression of the alarmins in blood and airways was
associated with poor asthma control and outcomes
[20,25,28-37,39,40]. Elevated concentration of IL-33 in
induced sputum of asthmatic children and adults correlated
with asthma severity and fraction of exhaled nitric oxide
(FeNO) [25,35]. Higher serum IL-33 concentration (measured
by standardized enzyme-linked immunosorbent assay) was
found in patients with eosinophilic asthma than those with
non-eosinophilic asthma, and in patients with allergic asthma
compared to non-allergic asthma [36]. Conversely, low serum
IL-33 level was shown to be useful for predicting that an
adult’s asthma will remain in control for months to years
after a 50% reduction in the daily inhaled corticosteroid
(ICS) dose [37]. Similarly, increased TSLP concentration in
sputum correlated with intensity of eosinophilic inflammation
in asthmatic children and adults [29,34]. Children with
asthma have higher serum TSLP concentrations than healthy
controls, but TSLP does not seem to be a biomarker of
disease exacerbation or useful in asthma phenotyping [38].
Asthmatic patients with higher IL-25 concentration in sputum
and bronchial biopsies have poor asthma control and lung
function parameters, greater AHR, eosinophilic inflammation,
and increased serum IgE levels [39,40]. Serum IL-25 levels
correlated with epithelial IL-25 expression, airway eosinophi-
lia, and good responses to ICS treatment [40]. Higher levels
of HMGB1 and endogenous secretory RAGE in the sputum
were correlated with disease severity in adults and children
with asthma [31,32,41]. Several data showed positive correla-
tions between higher levels of HMGB1 in the sputum with
the percentage of neutrophils, while others with the number
of sputum eosinophils [31,42]. In asthmatic children, positive
correlations were found between sputum levels of HMGB1
and total serum IgE levels, while a good response to ICS was
associated with the decrease of the levels of HMGB1 in the
sputum [32,41].

Higher concentrations of IL-33 and TSLP in the BAL fluid
were inversely correlated with the forced expiratory volume in
the first second (FEV1) in asthmatics independently of corti-
costeroid therapy, and higher expression of TSLP in bronchial
biopsies was associated with airway obstruction [20,29]. An
inverse correlation between blood levels of IL-25 and IL-33
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and FEV1 was demonstrated in some clinical studies [30,35].
Similarly, higher levels of HMGB1 in the sputum were nega-
tively correlated with FEV1 values in both children and adults
with asthma [32,41,43].

Studies on asthma exacerbation induced by allergen chal-
lenge or experimental rhinovirus infection provided further
evidence of strong association between alarmin expression
and lung function in asthmatic patients [24,27,44,45].
Allergen challenge produced robust increase of IL-25, IL-33
and TSLP expression in the epithelium, submucosa, eosino-
phils, and basophils [19,45]. The magnitude of this increase
correlated with the extent of the late phase of airway obstruc-
tion [19]. Inhalation of a relevant allergen by allergic asth-
matics led to a rapid release of IL-33 by AECs and enhanced
expression of ST2 on eosinophils in blood and sputum
[19,21,44]. Rhinovirus infection enhanced expression of IL-25
and IL-33 on AECs in patients with asthma already treated by
ICS and the levels of these alarmins in the BAL is correlated
with Th2 cytokines: IL-4, IL-5 and IL-13 [27]. Experimental data
showed a high expression of HMGB1 by bronchiolar cuboidal
cells during the respiratory syncytial virus infection promoting
neutrophilic inflammation at 8-10 days and T2-inflammation
via ILC2 activation in the late stage (from days 14 to 30 post-
infection) [16,46]. HMGB1 signaling via the RAGE and TLR4 is
an important pathway for the sensitization of animals to
inhaled dust mite allergens [15]. RAGE production by lung
cells is essential for the accumulation of ILC2 and production
of IL-5, IL-13, respectively, IL-33 in a murine model of eosino-
philic airway inflammation [47].

Additional support for the role of alarmins in asthma comes
from the genetic studies which linked mutations within the
alarmin genes with risk of asthma [48-50]. The presence of
a rare mutation which resulted in loss of function of IL-33 was
associated with decreased risk of asthma [49]. Similarly, sub-
jects who carry mutations of TSLP gene leading to decreased
expression of TSLP have lower risk to develop asthma [50].

Asthmatic patients are characterized by elevated expres-
sion of epithelial alarmins and their receptors. Genetic and
environmental factors increasing alarmin expression are asso-
ciated with altered asthma control, airway inflammation, and
worse lung function.

2.2. COPD

COPD is another chronic respiratory disease characterized by
progressive irreversible airway obstruction reflecting inflam-
mation (predominantly T1) and remodeling associated with
alveolar destruction usually caused by significant exposure to
noxious particles or gases [5].

Despite that TSLP and its receptor are highly expressed in
the AECs of patients with COPD, its role in COPD is not yet well
understood and almost all current data are issues from experi-
mental studies. Overproduction of TSLP was observed in AECs
after viral infection, highlighting a role for TSLP in COPD
exacerbations [51]. Th17 may mediate TSLP production in
AECs in COPD, and anticholinergics could exert an anti-
inflammatory effect via TSLP-mediated pathway [52]. CS
induces TSLP release and TSLPR expression by ASM cells, and
these interactions are associated with increased airway
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contractility [53]. In COPD patients, TSLP release could be
induced by IL-1B and TNF-a, while TSLPR-mediated ASM acti-
vation promoted IL-6, —8, and eotaxin-1 production indicating
that TSLP pathway plays an important role in both Th2 and
Th1 airway inflammation [5].

Experimental studies suggest that IL-33 signaling in COPD
is complex. Epithelial damage signals via CS, viral infection, or
oxidative stress enhance the expression and release of IL-33
in AECs [10,54-56]. IL-33 stimulates apical IL-8 release from
goblet cells with an influx of neutrophils to the airways,
promotes mucus production, but also the differentiation of
macrophages toward an alternatively activated phenotype
involved in airway remodeling [9,10,54,57]. CS exposure and
oxidative stress highlighted an IL-33-driven Th1 inflammatory
response whose mechanisms remain unclear. The effect does
not seem to be ILC2-dependent as CS decreased ST2 expres-
sion on these cells but enhanced its expression on macro-
phages and natural killer cells [56]. The exposure to ultrafine
particles induces the release of IL-33 in a caspase-4-depen-
dent manner from peripheral blood mononuclear cells of
unstable COPD patients compared with healthy subjects,
suggesting a possible role in noninfectious acute exacerba-
tions and in pathogenesis of COPD independently from CS
[58]. IL-33 seems to play a key role in virus-induced exacer-
bations. Mice infected with influenza virus after CS exposure
had increased release of epithelial IL-33 and enhanced viral-
induced responses compared to virus infection alone [56].
A recent experimental study showed that IL-33 induces the
production of autoantibodies against AECs in mice and
humans, suggesting its involvement in another possible
mechanism for COPD pathogenesis [59]. Clinical studies
found increased levels of IL-33 in the serum and sputum
from stable non-atopic COPD patients that correlates with
BEC, while IL-33 gene polymorphism (rs1891385) was asso-
ciated with impaired lung function and early onset COPD
[60-62].

Increased serum levels of IL-25 were found in COPD
patients and its production seems to be promoted by
TSLP [4,63].

Clinical studies found increased levels of HMGB1 in
plasma, sputum, BAL, and bronchial biopsies from patients
with stable COPD compared to healthy-subjects smokers
and nonsmokers [33,64]. Experimental data reported
increased levels of HMGB1 and TLR4 in lung tissues and
airways of mice exposed to CS due to extracellular translo-
cation from the cytoplasm, while the HGMB1 inhibition
decreased the CS-induced inflammatory response [65].
A clinical study showed that patients with COPD active
smokers have higher concentrations of HGMB1-positive
cells in the bronchial mucosa and BAL than healthy smo-
kers. The expression of HMGB1 on AECs was associated with
an overexpression of RAGE in the AECs and the smooth
muscle. A positive correlation was found between BAL
levels of HMGB1 and TNF-RIl and IL-13 [64]. There were
positive correlations between HMGB1 levels in sputum and
plasma with neutrophil counts/percentage of neutrophils in
patients with COPD and negative correlation with FEV1 [33].
A randomized clinical trial showed increased serum levels of
HMGB1 in women with COPD during exacerbations [66].

Despite that all the mechanisms involving epithelial alar-
mins in COPD pathogenesis are not yet identified, according
to the current knowledge, blocking them or their receptors
represents a promising therapeutic avenue for COPD patients.

2.3. Other CRD

T2 immune responses mediated by TSLP, IL-33, and IL-25 have
been shown to play an important role in pulmonary fibrosis in
experimental models; however, their clinical implications
remain poorly understood [2,67-69]. Staining for TSLP in IPF
identified this protein in alveolar epithelial cells and fibroblasts
in fibrotic foci [2]. Bleomycin instillation induces the expres-
sion of TSLP in AECs and alveolar epithelial cells, and TSLP
participated in the macrophage-induced EMT of alveolar
epithelial cells promoting pulmonary fibrosis in mice [2,70].
Similarly, 1L-33 is upregulated in experimental lung fibrosis
and induces collagen deposition in both ST2 dependent and
independent manner [69]. However, peripheral recruitment of
ST2 positive cells by IL-33 seems to be very important, as
selective bone-marrow ST2 deficiency was sufficient to protect
mice from bleomycin-induced lung fibrosis [71]. TSLP and IL-
33 were found in increased concentrations in the BAL of
patients with IPF compared to controls [72]. Similarly, IL-33
levels in exhaled breath condensate (EBC) in patients with IPF
are significantly higher compared to controls and correlated to
lung diffusion capacity of carbon monoxide [7]. IPF patients
have elevated TSLP concentrations in the serum and EBC, and
in stable patients, the treatment by pirfenidone for 12 months
significantly decreased its levels in the lung compartment [72].
There is also increased pulmonary expression of IL-25 in
human IPF, and IL-25-deficient animals are protected from
bleomycin-induced lung fibrosis due to ILC2-related IL-13 pro-
duction [2]. Clinical and experimental data showed higher
expression of HMGB1 in bronchiolar and alveolar epithelial
cells in BAL and biopsies from patients with IPF as well in
the mice model of bleomycin-induced pulmonary fibrosis [73].
A recent clinical study reported high serum levels of HMGB1 in
patients with stable IPF vs controls with a significant increase
of its level during exacerbations. In addition, higher levels of
HMGB1 were associated with earlier onset of acute exacerba-
tions and with shorter survival in IPF patients [74].
Experimental data showed that HMGB1 enhances epithelial
permeability via p63/TGF-B signaling in lung and induces
fibroblast to myofibroblast differentiation of lung fibroblasts
via NFkBmediated TGFB1 release [75,76]. Taken together,
these data support the contribution of epithelial alarmins in
pulmonary fibrosis and several experimental data suggest that
targeting these molecules could be an interesting therapeutic
option in this pathology.

Several data suggest a role of IL-33 in the pathogenesis
of cystic fibrosis (CF), an autosomal recessive disease asso-
ciated with dysfunctional epithelium, due to altered con-
ductance of chloride across membrane [77-79]. An
increased expression of IL-33 in the nucleus of AEC was
reported in lung explant biopsies from patients with CF
compared to controls. Experimental data on bacteria-
stimulated AEC media showed that IL-33 enhanced
1.4-fold the neutrophil recruitment indirectly by stabilizing



the CXCR2 receptor [79]. Pseudomonas aeruginosa exposure
increased the expression of IL-33 in CF AEC line through
Toll-like receptors 2 and 5 signaling pathways [77]. A clinical
study showed that patients with CF have higher levels of IL-
33 in the LBA compared to controls that positively corre-
lated with levels of IL-8 and IL-13 but negatively correlated
with forced vital capacity (FVC) supporting its role in CF
airway inflammation and remodeling [80]. Targeting IL-33
pathway could be an interesting way to treat CF patients
with frequent exacerbations despite current therapies.
Clinical data showed increased serum and sputum levels
of HMGB1 in patients with CF compared to nonsmoking
healthy subjects. In addition, the elevation of serum levels
was associated with 5% increased risk of pulmonary disease
progression, whereas the augmentation of sputum levels
was related to a 10% increased risk of lung function decline
[81]. Several experimental data suggest that the inhibition
of HMGB1 could enhance the bacterial clearance and pro-
tect against Pseudomonas aeruginosa pneumonia in
CF [82].

Table 1 summarizes the current data on the expression of
epithelial alarmins in humans with CRD in vivo.

The next section is dedicated to discuss the efficacy and
safety of biological therapies targeting epithelial alarmins in
CRD according to current published data. At the moment,
there is no biotherapy targeting HMGB1 available and most
of the other biologics were studied in asthma and COPD.

3. The efficacy of biologics targeting epithelial
alarmins in CRD

3.1. Asthma

Many therapeutic options are currently available for patients
with refractory severe asthma driven by T2 inflammation.
Biologics including omalizumab, mepolizumab, reslizumab,
benralizumab, and dupilumab targeting IgE, IL-5 and IL-4/13
pathways showed benefits by reducing the annualized asthma

Table 1. Expression of epithelial alarmins in patients with chronic respiratory
diseases in vivo.

Asthma COPD IPF CF

Biopsy 1 t
Sputum
BAL
Serum
EBC
Biopsy
Sputum
BAL
Serum
EBC
Biopsy
Sputum
BAL
Serum
EBC
Biopsy
Sputum
BAL
Serum
EBC

BAL : bronchoalveolar lavage; EBC : exhaled breath condensate.

Alarmin
TSLP

Compartment

IL-33
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IL-25
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exacerbation rate (AER) and oral corticosteroids (OCS) use,
improving the FEV1 and asthma control [83]. However, there
is a proportion of patients with T2 asthma, who do not
respond to these biologics. In addition, there are limited treat-
ment options, and biologics are lacking for T2-low asthma.
Considering the central, upstream role of alarmins like TSLP,
IL-33 and IL-25, they became strong potential therapeutic
targets for addressing the treatment needs for patients with
both T2-high and T2-low asthma.

3.1.1. Anti-TSLP therapy

Tezepelumab, a fully human monoclonal antibody (IgG2A) that
specifically binds to TSLP, blocking it from interacting with its
heterodimeric receptor, was investigated in several clinical
trials.

The phase 2b PATHWAY trial evaluated the efficacy and
safety of tezepelumab in patients with moderate-to-severe
asthma that remained uncontrolled despite treatment with
long-acting beta-agonists (LABA) and medium-to-high doses
of ICS. This study included 550 patients randomized in four
groups, treated by subcutaneous injections of tezepelumab at
different doses of 70 mg every 4 weeks, 210 mg every 4 weeks,
or 280 mg every 2weeks or placebo every 2weeks for 52
weeks. The primary efficacy end point was the AER (events
per patient-year). Treatment with tezepelumab led to lower
AER in all groups, but higher efficacy was found for the dose
of 210 mg administered every 4 weeks with a reduction by
71% (90% Cl: 54-82; p<0.001) compared with placebo.
Similar results were observed in patients with both T2-low
and high disease using as threshold 250 cells/pL for blood
eosinophil count (BEC) or 24 ppb for FeNO. The prebroncho-
dilator FEV1 significantly increased in all three groups receiv-
ing tezepelumab compared with placebo (by =0.12L, all p <
0.015), effect observed as early as week 4 and maintained
throughout the duration of the study. The levels of BEC,
FeNO, and serum IgE were decreased in all treatment groups.
There was no significant difference between all treatment
groups and placebo regarding incidence of adverse events
(AEs) ([65.0-67.4%)] vs 65.9). The most common reported AEs
were asthma symptoms 19.7-27.7%, nasopharyngitis 10.9-
13.9%, headache 3.6-8.0%, and bronchitis 3.6-6.6%. Three
serious AEs were deemed by the investigator to be related
to the trial agent: pneumonia and stroke occurred in the same
patient in the low-dose tezepelumab group and a Guillain-
Barré syndrome in the medium-dose tezepelumab group. The
patient with stroke died 8 weeks after the treatment period
ended. The rates of discontinuation due to adverse events
were 1.2% among patients receiving tezepelumab and 0.7%
in the placebo group. No product-related anaphylactic reac-
tions were reported, neither neutralizing antibodies detected.
The maximum rate of injection-site reactions was 3.6% for the
patients receiving the treatment similar to those reported in
the placebo group [84].

The subsequent phase 3 NAVIGATOR trial investigated the
effect of tezepelumab on AER, lung function, Asthma Control
Questionnaire-6  (ACQ6), and Asthma Quality of Life
Questionnaire (AQLQ). Study enrolled 1061 patients of >12-
years old with severe uncontrolled asthma, treated by tezepe-
lumab at a dose of 210 mg or placebo every 4 weeks for 52



8 (&) D.NEDEVA ET AL.

weeks. The treatment significantly improved the primary end
point with an AER of 0.93 (95% Cl: 0.80-1.07) with tezepelu-
mab vs 2.10 (95% CI: 1.84-2.39) with placebo (rate ratio [RR],
0.44; 95% Cl: 0.37-0.53; p <0.001). In patients with a BEC of
<300 cells/yL, the AER was 1.02 in the tezepelumab group and
1.73 in the placebo group (RR, 0.59; 95% Cl: 0.46-0.75; p <
0.001). The benefit was greater in patients who had T2-high
asthma with BEC =300 cells/uL and FeNO =25 ppb. In addi-
tion, there were significant improvements in prebronchodila-
tor FEV1 (difference, 0.13L; 95% Cl: 0.08-0.18), ACQ-6 score
(difference, —0.33; 95% CI: —0.46 to—0.20) and AQLQ score
(difference, 0.34; 95% Cl: 0.20-0.47) (all p < 0.001). The studied
biomarkers BEC, FeNO, and serum IgE were reduced in
patients treated with tezepelumab. There was no difference
concerning the AEs reported in both groups [85].

The results from the phase 3 SOURCE trial that evaluated
the effect of tezepelumab on OCS reduction without loss of
asthma control at 48 weeks of treatment in adults with corti-
costeroid-dependent asthma were disappointed with compar-
able results for tezepelumab and placebo in the overall
population (odds ratio [OR] 1.28; 95% Cl: 0.69-2.35, p = 0.43).
However, 54% of the patients treated by tezepelumab and
46% in the placebo group discontinued OCS at week 48, while
74% of patients in the tezepelumab group and 70% in the
placebo group were able to decrease the dose by >50%.
Greater effect was recorded for the patients with BEC = 150
cells/uL than with placebo (2.58 [1.16-5.75]). Treatment with
tezepelumab led to reduction of AER at week 48 by 31%
compared to placebo [86]. There are two other ongoing stu-
dies investigating the OCS sparing effect of tezepelumab in
patients  with  OCS-dependent asthma. WAYFINDER
(NCT05274815) is a single arm, open-label study, enrolling
adults with OCS-dependent asthma (prednisone/prednisolone
5-40 mg/day or equivalent for at least 3 months before inclu-
sion) with the aim to reduce OCS dose during the 48 weeks of
treatment without loss of asthma control, based on
a predefined rapid titration schedule with the assessment of
adrenal insufficiency. SUNRISE (NCT05398263) is phase 3 pla-
cebo-controlled study evaluating the safety and efficacy of
tezepelumab in reducing OCS at week 28 with maintaining
asthma control in adult patients with corticosteroid-
dependent asthma.

The long-term safety, tolerability, and efficacy of tezepelu-
mab are evaluated in DESTINATION study, a phase 3 trial
including patients who had completed either the
NAVIGATOR or SOURCE studies. The period of evaluation was
104 weeks (inclusive of the treatment period of either prede-
cessor study). There was no difference between the incidence
rates of AE between the groups receiving tezepelumab and
placebo. Tezepelumab reduced the AER over 104 weeks vs
placebo by 58% (95% Cl: 49-65) and 39% (95% Cl: 4-62) in
NAVIGATOR and SOURCE patients [87].

Two phase 2 studies, UPSTREAM and CASCADE, investi-
gated the impact of tezepelumab on airway inflammation
and AHR. In the UPSTREAM study, the administration of 700
mg tezepelumab intravenously every 4 weeks in patients with
uncontrolled asthma allowed a nonsignificant improvement of
AHR to mannitol at week 12 compared to placebo (p =0.06),
whereas airway biopsy and LBA eosinophils were significantly

suppressed in the treatment group [88]. Conversely, in the
CASCADE study, tezepelumab 210 mg administered subcuta-
neously every 4 weeks for 28 weeks led to a significant 1.15
doubling dose improvement in mannitol AHR (p=0.03) and
greater reduction in airway submucosal eosinophils vs placebo
(p <0.001) [89].

Tezepelumab is currently the only approved biologic tar-
geting TSLP, that is effective in patients with uncontrolled
moderate-to-severe asthma regardless of the phenotype,
with good tolerability and safety profile.

An inhaled anti-TSLP antibody, ecleralimab (CSJ117), has
been investigated in a phase 1 study and showed after 12
weeks of treatment significant reduction of allergen-induced
bronchoconstriction, sputum eosinophilia, and FeNO levels in
mild allergic asthmatics compared to placebo with good toler-
ability (NCT03138811) [90]. Another phase 2 study investigates
the safety and tolerability of CSJ117 as add-on therapy in
adults with moderate-to-severe asthma at 24 weeks of treat-
ment (NCT04410523).

3.1.2. Anti-IL-33/R therapy

Currently, biologics targeting IL-33 or IL-33 receptor/ST2 (IL-
33R) are still under study. In a phase 2 trial, an anti-IL-33
antibody, itepekimab, administered subcutaneously 300 mg
every 2 weeks was investigated as monotherapy and in com-
bination with dupilumab in patients with moderate-to-severe
asthma uncontrolled despite medium-to-high dose ICS and
LABA. The LABA was discontinued at week 4, and the ICS
tapered over 2 to 3 weeks starting at week 6. For the primary
end point of loss of asthma control after 12 weeks, the OR
compared to placebo were 0.42 (95% Cl: 0.20-0.88; p=0.02)
in the itepekimab group, 0.52 (95% Cl: 0.26-1.06; p = 0.07) in
the combination group and 0.33 (95% Cl: 0.15-0.70) in the
dupilumab group. Itepekimab as monotherapy led to
increase by 0.14L (95% Cl: 0.01-0.27) of pre-bronchodilator
FEV1 at week 12 when compared with placebo, similarly to
dupilumab group — 0.16 L (95% CI: 0.03-0.29), whereas the
combination was not better than placebo. Itepekimab mono-
therapy or in combination significantly improved the ACQ
and AQLQ scores (p < 0.05) compared with placebo concomi-
tantly with decrease of BEC. Itepekimab alone was also able
to reduce FeNO, serum IgE, periostin, and plasma eotaxin-4
levels, although these effects were inferior when compared
with dupilumab alone or combination therapy. The incidence
of AEs was similar among all four groups: 70% in each of the
itepekimab, combination, and placebo groups; 66% in the
dupilumab group. The most common AEs in the group trea-
ted by itepekimab were nasopharyngitis (18%), headache
(8%), nausea (5%), and back pain (5%). No serious adverse
event has been reported in the itepekimab group, and the
incidence of injection-site reaction was lower in the itepeki-
mab group compared to placebo (1% vs 5%) [91]. Another
anti-IL-33 antibody, tozorakimab (MEDI3506) is currently
investigated in a phase 2 study in patients with moderate-
to-severe asthma.

The development melrilimab (GSK3772847), an anti-ST2
antibody, was discontinued following a phase 2 trial where
66% of patients with moderate-to-severe uncontrolled asthma
receiving the treatment (10 mg/Kg, intravenously, every 4



weeks) experienced event indicating loss of asthma control at
week 16 vs 81% in the placebo group (p =0.045). There were
no differences between both groups regarding FEV1, morning
or evening peak expiratory flow (PEF), FeNO values, ACQ-5,
and St. George’s Respiratory Questionnaire (SGRQ) scores [5].
The efficacy and safety of astegolimab, a human IgG2 anti-
body targeting ST2, were evaluated in a phase 2b study
ZENYATTA in 502 patients with severe asthma receiving 70-
mg, 210-mg, 490-mg of treatment or placebo administered
subcutaneously every 4 weeks for 52 weeks. The most inter-
esting results were found for the group treated by 490-mg
astegolimab with a reduction of AER by 43% compared with
placebo (p =0.005), a longer time to the first exacerbation and
a higher proportion of patients with an improvement in the
AQLQ score (OR 1.79, 95% Cl: 1.01-3.18; p=0.046). A greater
effect of astegolimab was observed in patients with low BEC
(<300 cells/pL) with a reduction of AER over placebo by 54%
(p =0.002). BEC was reduced in all active arms groups, and this
was maintained throughout the treatment period. There was
no significant improvement in prebronchodilator FEV1 or
decrease in FeNO levels in any of the treatment groups. AEs
were similar in astegolimab and placebo groups ([70.9-72.2%]
vs 77.2%). The most common AEs reported by patients receiv-
ing the astegolimab were asthma symptoms (33.6-44.4%),
nasopharyngitis (9.4-16.7%), headache (5.6-11.5%), and
upper respiratory tract infection (4.9-7.1%). A higher rate of
injection-site reactions was registered in the treatment groups
than in placebo ([4.9-7.9%] vs 0.8%). The incidence of serious
AEs was 7.4% in the treatment group compared to 6.3% in the
placebo group. Two deaths considered unrelated to the study
drug were reported: one due to a severe asthma exacerbation,
and another unexplained [92].

Overall, these trials with biologics targeting IL-33/R showed
several promising results in severe asthma population. More
studies with different design and combination with other
biologics could be beneficial for this group of patients.

3.1.3. Anti-IL-25 therapy

Despite that blocking IL-25 in a murine model of allergic
asthma prevented allergen-induced AHR, reduced IL-5 and
IL-13 production, eosinophil infiltration, goblet cell hyper-
plasia, and serum IgE secretion [93], the results from
a phase 2a study with brodalumab, a human monoclonal
antibody which blocks its receptors IL-17-RA and IL-17-RB,
were disappointing. No improvements were observed in the
primary end point of ACQ after 12 weeks of treatment in
patients with uncontrolled moderate-to-severe asthma.
Only in the subgroup with high-reversibility (postbroncho-
dilator FEV1 improvement =20%), the ACQ change was
nominally significant (estimated treatment difference 0.53,
p=0.02) in the group treated by 210 mg subcutaneously
brodalumab every 2 weeks. Incidences of all AEs were com-
parable for the treatment groups and the placebo group
([59.2-63.5%] vs 56.6%), as well for the serious AEs ([1.3-
4.1%] vs 1.3%). No fatal reaction occurred. The most fre-
quent AEs reported in patients treated by brodalumab were
asthma symptoms (18.4-24.3%), upper respiratory infection
(5.3-10.8%), and nasopharyngitis (3.9-6.9%). The incidence
of injection-site erythema was 6.8-9.2% in the treatment
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groups, higher than those reported for the placebo group
2.6% [94].

Further studies are needed to assess the efficiency of anti-IL
-25 blockade in patients with asthma on other outcomes such
as AER, OCS dose reduction and its effect on FeNO, BEC, and
IgE, but currently there are no clinical trials in this domain.

3.2. COPD

Exacerbations of COPD represent a major cause of hospital
admissions, disease-related morbidity, and mortality, so the
decrease of their number is a priority in the management of
this disease. A recent Cochrane systematic review including six
studies with 5,542 participants showed that mepolizumab and
benralizumab are likely to reduce the rate of moderate/severe
exacerbations in the highly selected group of patients with
COPD and high levels of BEC [95]. However, targeting the
alarmins (TSLP, IL-25, and IL-33) or their receptors could be
a more effective strategy than cibling the Th2 cytokines, since
the blockage would occur earlier in the cascade of the
immune reaction.

3.2.1. Anti-TSLP therapy

Tezepelumab is under investigation in a phase 2a randomized
trial in patients with moderate-to-very severe COPD treated by
triple inhaled maintenance therapy, with =2 acute exacerba-
tions/year (NCT04039113). An inhaled anti-TSLP molecule
(CSJ117) is also currently evaluated in COPD patients
(NCT04882124).

3.2.2. Anti-IL-33/R therapy

A phase 2 study evaluated the impact of itepekimab, an anti-IL
-33 antibody (300 mg administered as two subcutaneous
injections every 2 weeks) in patients with moderate-to-severe
COPD, as an add-on to the standard of care on the exacerba-
tion rate at 52weeks of treatment and failed to show
a significant improvement compared to placebo [96].
However, in the analysis of the subgroup of former-smokers,
this treatment significantly reduced the exacerbation rate (RR
0.58 [95% Cl: 0.39-0.85]; p=0.006) and improved the FEV,
(least squares mean difference 0.09L [0.02-0.15], p=0.008)
compared with placebo, so itepekimab is currently under
investigation in two phase 3 trials to confirm these results in
this specific population (NCT04701983 and NCT04751487). AEs
occurred in 78% of patients treated by itepekimab and 80% of
patients included in the placebo group, with serious events
reported in 17% vs 20% of patients in the same groups. The
most common AEs in the treatment group were nasopharyn-
gitis (16%), bronchitis (10%), headache (8%), and upper
respiratory tract infection (8%). Three deaths occurred in the
itepekimab group and two in the placebo group during the
study. The rate of the AEs leading to permanent discontinua-
tion was comparable in the treatment and placebo groups (5%
vs 4%). Tozorakimab (MEDI3506), another anti-IL-33 antibody,
is in study in a phase 2a trial that evaluates its impact, com-
pared with placebo, on lung function after 12 weeks of treat-
ment in  patients with moderate-to-severe  COPD
(NCT04631016). There are also two ongoing studies assessing
the effect of two different doses of tozorakimab vs placebo on
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the exacerbation rate at 52-week of treatment (NCT05166889
and NCT05158387).

Furthermore, in individuals with moderate-to-severe COPD,
astegolimab, an anti-ST2 antibody administered 490 mg sub-
cutaneous every 4 weeks for 44 weeks did not significantly
reduce the exacerbation rate compared to placebo but
improved the SGRQ score (the mean difference between the
treatment group versus placebo was —3.3[95% Cl: —6.4 to
—0.2]; p=0.039). Significant differences in geometric mean
ratios between the two groups were found for BEC 0.59
(95% Cl: 0.51-0.69) and for sputum eosinophil counts 0.25
(95% CI: 0.19-0.33) (both p <0.001). Incidence of treatment-
emergent AEs was similar between the study groups [97].
Astegolimab is also under investigation to evaluate its efficacy
compared with placebo on the exacerbation rate over a 52-
week placebo-controlled treatment period (NCT05037929).

These data suggest that targeting the IL-33/R could be an
interesting therapeutic option in former-smokers by improv-
ing their quality of life, the exacerbation rate, and the lung
function.

Table 2. The effects of antialarmin therapies on asthma and COPD outcomes
according to current data from randomized controlled trials.

Anti-TSLP  Anti-IL33  Anti-IL33R  Anti-IL25R

Disease

Asthma ER
ACQ score
AQLQ score
FEV1 (L)
AHR
BEC (cells/uL)
FeNO (ppb)
Total IgE (IU/mL)
OCS sparing
COPD ER
FEV1
SGRQ - - ! -
BEC - - ! -

ER: exacerbation rate; ACQ: Asthma Control Questionnaire; AQLQ: Asthma
Quality of Life Questionnaire; FEV1: forced expiratory volume in 1second;
AHR: airway hyperresponsiveness; BEC: blood eosinophil count; FeNO: frac-
tional exhaled nitric oxide; IgE: immunoglobulin E; OCS: oral corticosteroids;
SGRQ: St. George's Respiratory Questionnaire; *: former-smokers.
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Table 2 summarizes the current data of the effects of anti-
alarmin therapies on asthma and COPD outcomes.

4. Conclusion

Current evidence suggests that epithelial alarmins play an
important role in CRD pathogenesis and exacerbations.
However, despite progress in the understanding of their role
as inducers of immune responses, all the mechanisms of
action of epithelial alarmins are not yet identified and need
future investigations. Several clinical trials showed benefits of
biologics targeting TSLP and IL-33/R in both T2-high and T2-
low severe asthma outcomes, and this is an important advan-
tage compared to currently available biologics targeting only
T2-inflammation. More limited data exists in COPD, but the
former-smokers seem to have more benefits from antialarmin
therapies. Despite the role of the epithelial alarmins in IPF and

CF, there are no studies investigating the impact of the biolo-
gics targeting these molecules on their clinical outcomes. It
could be interesting to study the impact of biologics targeting
the epithelial alarmins in T2-mediated fibrosis but also in CF
patients who do not respond as well to current antifibrotic
therapies, respectively, to elexacaftor-tezacaftor-ivacaftor asso-
ciation in terms of exacerbations.

5. Expert opinion

The respiratory epithelium is considered as the first line of
defense in the lungs against environmental insults such as
antigens, pathogens, toxins, and pollutants. In response to
injury, epithelial cells are required to coordinate the innate
immune response and mediate the clearance of invading
pathogens and damaged cells to promote resolution of
inflammation and restoration of normal tissue homeostasis.
However, evidence from the last decades showed that in
asthma, COPD, CF, and pulmonary fibrosis, this process
becomes dysregulated inducing a persistent inflammatory
response, pathological repair, and loss of functional tissue
architecture, crucial mechanisms in this CRD pathogenesis.
One of the consequences of the epithelial injury is the release
of danger signals called alarmins including IL-25, IL-33, TSLP,
and HMGBI1. These cytokines are well recognized as potent
activators of T2 immune responses characteristic for asthma,
but recent evidence has highlighted their role in non-T2
inflammation, airway remodeling, and pulmonary fibrosis,
making them an attractive therapeutic target.

Despite that current data suggest a role of IL-25 in asthma,
COPD, and lung fibrosis pathogenesis, all the mechanisms
involving this cytokine are not yet understood. Viral infections,
exposure to airborne allergens and oxidative stress upregulate
IL-25 and its receptor expression in AECs. IL-25 activates ILC2,
stimulates fibroblast differentiation but also modulates EMT of
alveolar epithelial cells promoting local tissue remodeling and
fibrosis. The administration of a monoclonal antibody target-
ing the IL-17-RA and -RB, brodalumab, in patients with mod-
erate-to-severe asthma failed to significantly improve asthma
control score after 12 weeks of treatment excepting the sub-
group with a high reversibility. Future studies are needed to
better explore the role of this cytokine in CRD pathogenesis
and the interest to block the IL-25 mediated pathway in these
specific populations.

IL-33 is a key player in both innate and adaptive immune
responses, able to produce T2 and T1 inflammation accord-
ing to stimuli, involved in airway remodeling and pulmon-
ary fibrosis. IL-33 seems to be involved in allergic and non-
allergic asthma, airway remodeling in asthma and COPD, as
well as in T2-immunity mediated fibrosis. Current data sug-
gest that IL-33 is involved in virus-induced exacerbations of
asthma and COPD, respectively, bacteria-induced exacerba-
tions in CF patients. In this context, blocking the IL-33
pathway represents an interesting therapeutic option for
the clinicians. The results issues from phase 2 clinical trials
with biologics targeting this pathway are more interesting
for the patients with asthma and in the subgroup former-
smoker of the patients with COPD with a significant reduc-
tion of the exacerbation rates and, for some products,



a positive impact on the lung function, symptoms’ control,
and/or patients’ quality of life. Understanding the complex
role of IL-33/ST2 pathway in CRD pathogenesis and the
effects of its blockade on the disease evolution should
represent a priority area of research in the future.

TSLP has a broad immune effect, activating multiple cell
types involved in T2 and non-T2 inflammation, but also
promotes mucus secretion by the goblet cells, smooth mus-
cle contraction/hyperreactivity, and airway remodeling in
asthma and COPD. TSLP seems to play a role in pulmonary
fibrosis and virus-induced exacerbations in COPD patients.
The anti-TSLP antibody, tezepelumab, showed undeniable
effectiveness as an add-on therapy in severe asthma by
decreasing exacerbation rates, improving asthma control,
patients’ quality of life and lung function but failed to
prove an evident benefit on OCS sparing. Tezepelumab is
therefore the only one anti-alarmin therapy approved and
available as a treatment for asthma. The lack of apparent
efficacy in OCS-dependent patients requires further investi-
gation. The effect of anti-TSLP blockade in COPD is still
under investigation. As for the other epithelial alarmins, all
the mechanisms of action of TSLP are not yet identified, and
future studies are needed to evaluate its role in CRD patho-
genesis but also to understand how its blockade influences
long-term disease evolution.

Increasing data showed that HMGB1 plays not only
a key role in the nucleus and cytoplasm as a DNA chaper-
one, chromosome gatekeeper, autophagy maintainer, and
protector from apoptotic cell death but can also act as
extracellular alarmin. After cellular injuries, HMGB1
released passively by lytic cell death or secreted actively
by viable cells that modulate cell stress responses and
inflammation. Experimental data suggest its involvement
in the pathogenesis of T2-lung diseases such as asthma by
activating ILC2 and DCs but also in non-T2 responses
induced by reactive oxygen species, bacterial and viral
infections via ferroptosis or pyroptosis and secretion of
proinflammatory cytokines involved in lung fibrosis, can-
cer, and COPD. Treatment with anti-HMGB1 antibody
showed promising anti-inflammatory results in an animal
model of asthma but these data should be verified by
clinical trials.

Targeting epithelial alarmins in CRD seems to be an
interesting avenue to treat these CRD in the future.
However, many questions remain unanswered about their
mechanisms of action and the effects of their blockade on
CRD evolution. Concerning the anti-alarmin therapies,
more data exist for severe asthma and COPD patients, so
future investigations are needed for the other CRD. Head-
to-head trials of monoclonal antibodies against IgE, T2
cytokines, and alarmins are required to determine their
comparative effectiveness in patients with severe asthma
and to help us to apply the precision medicine in this
domaine.
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