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IL-25/IL-33/TSLP contributes to idiopathic pulmonary fibrosis: Do

alveolar epithelial cells and (myo)fibroblasts matter?
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Abstract
Idiopathic pulmonary fibrosis is a relentless fibrotic disease with largely unknown etiologies.

Currently, the crosstalk between alveolar epithelial cells and lung-resident mesenchymal cells

(especially [myo]fibroblasts) is considered to be the central pathogenesis to initiate and propa-

gate the fibrotic process. Unfortunately, the master switch hidden in the profibrotic milieu that

mediates pathogenic epithelial-mesenchymal interactions is still not well elucidated. Thus, the

definite treatment target that can block and cure idiopathic pulmonary fibrosis is now lacking.

Based on the previous studies, we proposed the notion that epithelium-derived triple type 2

cytokines, i.e. interleukin (IL)-25, IL-33, and thymic stromal lymphopoietin (TSLP) are important

pro-fibrotic mediators in idiopathic pulmonary fibrosis via two possible mechanisms: (1) para-

crine pathway: directly acting on (myo)fibroblast. There may exist a structural and functional axis

of (IL-25/IL-33/TSLP)þalveolar epithelial cells-(IL-25R/IL-33R/TSLPR)þ (myo)fibroblasts in fibro-

blastic foci of idiopathic pulmonary fibrosis patients. The crosstalk between alveolar epithelium

and the adjacent mesenchymal compartment is well established by the binding of IL-25/IL-33/

TSLP expressed on alveolar epithelial cells with their corresponding receptors (i.e. IL-17BR/

sT2L/TSLPR) expressed on (myo)fibroblasts; (2) autocrine pathway: directly acting on alveolar epithelial cells. Alveolar epithelial cells

may act as both cellular sources and targets of IL-25/IL-33/TSLP. Autocrine IL-25/IL-33/TSLP causes salient injury and phenotypic

changes of alveolar epithelial cells. Thus, epithelium-derived IL-25/IL-33/TSLP may be the novel promising treatment target for the cure

of idiopathic pulmonary fibrosis.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a progressive fibrotic
lung disease with unknown etiology and dismal progno-
sis.1 Since the late 1960s that Liebow and Carrington first
defined IPF, there is no available pharmacological treat-
ment for IPF patients for the longest time.2 The advent of
“two drugs era,” i.e. pirfenidone and nintedanib, has
brought us brand new promise in slowing disease
progression of IPF. Thus, these two drugs were

recommended for the treatment of IPF patients in the
2015 ATS/ERS/JRS/ALAT guidelines.2–4 However, the
definite cure pharmacology for IPF is still lacking. The
novel insights gained from the underlying pathophysiolo-
gy of IPF offer us new hopes for the promising intervention
targets and more efficacious therapies.2,5 In this review, we
hypothesize that the epithelium-derived triple cytokines,
i.e. interleukin(IL)-25, IL-33, and thymic stromal lympho-
poietin (TSLP) are the master switch hidden in the fibrotic
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milieu by mediating alveolar epithelial cells (AECs) injury
and the abnormal epithelial-mesenchymal interaction.
Targeted interventions on IL-25/IL-33/TSLP in further
studies will show great promise for preventing or halting
the continuous progressive nature of IPF.

What are IL-25, IL-33, and TSLP?

IL-25 (i.e. IL-17E), IL-33, and TSLP are pluripotent cyto-
kines that belong to IL-17, IL-1, and IL-2 cytokine family,
respectively. Multiple cells are the potential cellular sources
of these cytokines, including AECs. (Myo)fibroblasts, as
well as other cell types respond to IL-25, IL-33, and TSLP
by expressing receptor complex consisting of IL-17-
receptor A and B (IL-17RA/IL-17RB), receptor complex
composed of IL-1RL1 (i.e. ST2L) and IL-1RAcP, and recep-
tor complex that consists of TSLPR and an IL-7Ra subunit,
respectively. Despite from different cytokine families, IL-25,
IL-33, and TSLP are allocated together because they share
significant similarities in the biological functions.
Specifically, they all regulate a broad spectrum of the
innate and adaptive immune response and drive pro-
fibrotic type 2 cytokine reactions in a highly milieu-
dependent manner. The detailed introduction on the
biological functions of these triple cytokines is out of the
focus of the review and can be founded elsewhere.6–10

IL-25, IL-33, and TSLP in allergic airway
diseases

Allergic airway diseases (AADs) are an array of type 2
immunity-mediated disorders characterized by chronic
airway inflammation and remodeling, including allergic
asthma, allergic rhinitis (AR), and chronic rhinosinusitis
(CRS). First, studies show that the expression level of
serum and/or tissue specific IL-25, IL-33, and TSLP is
increased in peripheral blood, bronchial mucosal epitheli-
um, nasal polyp epithelium or nasal epithelial cells in
patients with asthma, CRS, and AR, respectively. Second,
the expression level of IL-25, IL-33, and TSLP may reflect
disease severity of patients with AADs as indicated by their
significant correlation with FEV1 (forced expiratory volume
in 1 second) % predicted, Sinus CTscore, and upper airway
inflammation/remodeling biomarkers. Third, murine
models show that over-expression and/or exogenous
administration of IL-25, IL-33, and TSLP mimics features
of human AADs, including type 2 immunity response,
nasal/bronchial eosinophilic inflammation, and sub-
epithelial fibrosis. By contrast, blockade of IL-25, IL-33,
and TSLP reduces T-helper type 2 cytokine production
and nasal/bronchial inflammation/remodeling in
allergen-induced murine models of AADs. Collectively,
current studies support the notion that epithelium-
derived triple cytokines (IL-25/IL-33/TSLP) significantly
contribute to allergic nasal/airway inflammation and
remodeling. Important original studies and reviews about
the role of IL-25/IL-33/TSLP in AADs are listed here.11–18

IL-25, IL-33, and TSLP in IPF

In our opinion, IPF is a non-allergen driven, type 2
immunity-high disease characterized by immunologic
injury of AECs and abnormal remodeling of lung
parenchyma. AECs can respond to a variety of
pathogen-associated molecular patterns (PAMPs) by their
constitutively expressed toll-like receptors (TLRs). When
AECs are activated, they can produce various mediators
that act on different kinds of potential-targeted cells in
the surrounding environment in a paracrine-dependent
fashion. However, AECs-derived pro-fibrotic cytokine
milieu is largely uncovered.

Hams et al.19 firstly reported that bronchoalveolar lavage
fluid (BALF) level of IL-25 was significantly increased in
IPF patients. Also, they found that the group 2 innate lym-
phoid cells (ILC2s) may mediate lung fibrosis induced by
intra-nasally instillation of IL-25. Tajima et al.20 showed that
IPF patients with acute exacerbation had higher serum
level of ST2 (sST2), which was negatively correlated with
the percentage of predicted vital capacity (VC% pred.).
They also found that bleomycin (BLM) significantly aug-
mented soluble ST2 mRNA expression.21 Similarly, Luzina
et al.22 found that human (h)IL-33 was much higher in the
lungs of IPF patients. Intratracheally instillation with IL-33
induced remarkable collagen deposition, and exhibited a
synergistic effect on extracellular matrix (ECM) production
induced by BLM.23 Li et al.24 also showed that BLM-
induced lung fibrosis was significantly reduced in ST2L

�/�

mice or by using anti-IL-33 antibody. They first showed that
lung M2-macrophages (CD11bþF4/80þCD206þ) and
lineage�ICOS[inducible costimulator]�ST2L

þILC2 may
mediate IL-33’s pro-fibrotic effects. Datta et al.25 showed
that TSLP/TSLPR axis was remarkably upregulated in
patients with IPF, especially in AECs and myofibroblasts.
Taken together, the representative studies listed here high-
light the potential pro-fibrotic role and mechanism of IL-25,
IL-33, and TSLP in IPF.

However, these studies failed to uncover whether IL-25,
IL-33, and TSLP contribute to the pathogenesis of IPF by
modulating the phenotypic changes of AECs and (myo)
fibroblasts, two of the most important target cells for IPF.
It is well known that fibroblastic foci (FF) and honeycomb
cysts are the most remarkable histopathological feature in
IPF patients.26–28 FF are the interstitial aggregates of fully
activated fibroblasts and/or myofibroblasts embedded into
a basophilic myxoid stroma. (Myo)fibroblasts in FF are typ-
ically arranged parallel to the alveolar epithelium surface.
The epithelial layer often exhibits a cuboidal appearance,
indicating the hyperplasia of type 2 AECs. Spatial proxim-
ity of AECs and (myo)fibroblasts within FF indicates there
must be a close functional connection between them.2,29

The dysfunction of AECs is involved in the initiation of
the fibrotic process, while abnormal AECs-(myo)fibroblasts
crosstalk and the activation of (myo)fibroblasts are
involved in the maintenance and progression of lung fibro-
sis.2,5,29 The “young” active fibroblastic areas in lung are
initiated by FF. Progressive development of FF will eventu-
ally lead to the marked distortion of alveolar structure and
the formation of microscopic honeycombing characterized
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by clusters of small cysts. Honeycomb cysts are typically
covered by phenotypic abnormal, columnar-shaped type 2
AECs (bronchiolization of alveolar septa).30,31 It has been
proposed that bronchiolization of enlarged alveolar ducts,
cysts, and alveoli maybe the result of aberrant autonomous
remodeling of AECs in response to chronic/repetitive
micro-injury.30,31

In a recent study, we try to test whether IL-25, as the
potential AECs-derived cytokine, can promote lung fibrosis
by mediating AECs injury/phenotypic changes and AECs-
(myo)fibroblasts interaction. We first found that compared
with normal human subjects, IL-25 was over-expressed by
phenotypic abnormal AECs that cover the surface of FF in
IPF patients.32 On the other hand, IL-25 receptor (IL-17RB)
was found to be highly expressed in (myo)fibroblasts
underneath AECs in FF.32 This indicates that there
may exist a structural and functional axis of IL-
25þAECs-IL-25R(IL-17BR)þ(myo)fibroblasts in FF. This
was initially confirmed by our in vitro cell study
which showed that administration of exogenous IL-25 can
significantly facilitate the proliferation, differentiation, and
activation of human lung fibroblasts.32 Collectively, we
suggest that IL-25 has the potential to fully activate (myo)
fibroblasts in fibroblastic foci (FF) in a paracrine-dependent
manner.

Interestingly, we found that IL-17RB staining was also
prominent in AECs lining the surface of FF, indicating that
AECs are both the potential cellular sources and targets of
IL-25. We also showed that nasal instillation of IL-25 signif-
icantly changed the phenotype of murine AECs.
Specifically, the immunoreactivity for collagen I/III, fibro-
nectin, and connective tissue growth factor (CTGF) was
evident in injured AECs after intranasal instillation of IL-

25. Thus, AECs-derived IL-25 may have the potential in
promoting the injury and pro-fibrotic phenotypic changes
of AECs in an autocrine-dependent manner. This may
eventually lead to the formation of bronchiolized alveolar
septa.

Herein, based on the redundancy of cytokine’s action,
we proposed a novel modality that epithelium-derived IL-
25, IL-33, and TSLP are important pro-fibrotic mediators in
IPF via two possible mechanisms: (1) directly acting on
(myo)fibroblast. Damaged AECs express and secrete high
level of IL-25/IL-33/TSLP, and act on the adjacent (myo)
fibroblasts within FF by binding with their corresponding
receptors (i.e. IL-17RB/sT2L/TSLPR). There may exist a
structural and functional axis of (IL-25/IL-33/
TSLP)þAECs-(IL-25R/IL-33R/TSLPR)þ (myo)fibroblasts
in FF of IPF patients (Figure 1); (2) directly acting on
AECs. AECs may act as both cellular sources and targets
of IL-25/IL-33/TSLP. Autocrine-IL-25/IL-33/TSLP causes
salient injury and phenotypic changes of AECs in favor of
bronchiolar-like and more pro-fibrotic pattern.

Future directions

In this review, we propose a novel paradigm that
epithelium-derived IL-25/IL-33/TSLP may be the master
switch for IPF by mediating AECs injury and the abnormal
AECs-(myo)fibroblasts interactions in FF. However, a lot of
further work should be done to verify this hypothesis. First,
double immunohistochemistry assay should be conducted
on lung sections from large IPF cohort to further confirm
that AECs express high level of IL-25, IL-33, and TSLP,
while (myo)fibroblasts adjacent to AECs express the recep-
tors of IL-25/IL-33/TSLP, i.e. IL-17BR, sT2L, and TSLPR.
This will confirm the actual existence of the basic structural

Figure 1. IL-25/IL-33/TSLP are the key mediators involving abnormal AECs-(myo)fibroblasts interaction. Impaired AECs express and secrete abundant IL-25/IL-33/

TSLP, which directly act on and activate the adjacent interstitial (myo)fibroblasts by binding their corresponding receptors, i.e. IL-17BR/sT2L/TSLPR. Thus, the

structural and functional axis of (IL-25/IL-33/TSLP)þAECs-(IL-25R/IL-33R/TSLPR)þ (myo)fibroblasts within fibroblastic foci (FF) is developed. Ultimately, IL-25/IL-33/

TSLP promotes the constant formation of FF and progressive pulmonary fibrosis by modulating AECs- (myo)fibroblasts crosstalk. Intervention targeting IL-25/IL-33/

TSLP may have the great promise to block the abnormal epithelial-mesenchymal communication and the progression of pulmonary fibrosis. (A color version of this

figure is available in the online journal.)
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and functional unit mediated by (IL-25/IL-33/
TSLP)þAECs-(IL-25R/IL-33R/TSLPR)þ (myo)fibroblasts
axis in FF. Second, BLM-induced mice lung fibrosis
models (or other lung fibrosis murine models) should be
used to further certificate whether IL-25/IL-33/TSLP pro-
motes lung fibrosis via mediating AECs injury and AECs-
(myo)fibroblasts interaction. Third, in vitro cell study
should be used to confirm the following issues: (1) whether
AECs can express and secrete excessive IL-25/IL-33/TSLP
following different kinds of damage (e.g. BLM, smoke and
pathogenic microorganism); (2) whether AECs respond to
exogenous administration of IL-25/IL-33/TSLP; (3) wheth-
er injured AECs can directly activate the nearby fibroblasts
by paracrine secretion of abundant IL-25/IL-33/TSLP.

Conclusions

In this review, we suggest a novel modality in terms of IL-
25/IL-33/TSLP’s pro-fibrotic role in IPF. Specifically, IL-25/
IL-33/TSLP contributes to lung fibrosis by acting directly
on the two most important cells in the fibrotic process, i.e.
AECs and (myo)fibroblasts. We support the notion that bio-
logical therapies targeting IL-25/IL-33/TSLP will shed new
light on the definite cure of IPF patients.
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