
The role of chemokines and cytokines in

lung fibrosis
M.P. Keane

ABSTRACT: Idiopathic pulmonary fibrosis (IPF) exhibits a complex and poorly understood

pathogenesis. Overt inflammation in the lungs of patients with established IPF is absent, and

classic anti-inflammatory therapies are inefficacious; however, inflammation may contribute to the

disruption of the normal alveolar architecture, allowing interaction between fibroblasts and the

epithelium. The polarisation of the inflammatory response toward a type-2 helper T-cell phenotype

may also be important in the development of pulmonary fibrosis, as fibroproliferation could be

favoured over repair. Furthermore, evidence has emerged regarding an imbalance between

angiogenic and angiostatic chemokine levels, leading to an overall angiogenic pattern of

expression in both animal models and tissue specimens from IPF patients. The precise role of

vascular remodelling in IPF remains to be determined. Therefore, numerous questions exist

regarding the role and importance of chemokines and cytokines in pulmonary fibrosis. Further

investigation is required to facilitate the elucidation of IPF pathogenesis and identification of

novel targets for treatment of this dismal disease.
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INTRODUCTION

Type-1 and type-2 T-cell response
The differentiation between type-1 and type-2
helper T-cell (Th1 and Th2) responses in humans
is not as straightforward as it is in mouse models.
Profiles of cytokines that fit these patterns are
known to exist, however, which suggests that the
polarisation of the inflammatory responses they
represent may be important in the development
of fibrosis. The Th1 response includes increased
expression of interferon (IFN)-c and interleukin
(IL)-2, IL-12 and IL-18, all of which support cell-
mediated immunity and in general promote
tissue restoration. In contrast, the classic Th2
cytokines, IL-4, IL-5, IL-10 and IL-13, are more
involved with antibody-mediated immunity, and
tend to promote fibroblast activation, matrix
development and, therefore, fibrosis (fig. 1).

Certain chemokine receptors predominate on either
Th1 or Th2 cells. In terms of Th1 cells, these include
CXCR3, which is expressed on lymphocytes and on
endothelial cells and also has been shown to have a
beneficial role in terms of limiting fibrosis as,
discussed hereunder. Cytokine receptors expressed
by Th2 cells include CC chemokine receptor
(CCR)4, CCR8 and CXCR4. There are data from
experimental models that support the importance
of the Th2 response in pulmonary fibrosis.
CC chemokine ligand (CCL)17 and CCL22 are

associated with a Th2 profile and are significantly
elevated in bleomycin-induced pulmonary fibrosis
[1]. In addition, their receptor CCR4 is significantly
elevated in bleomycin-treated mice, predominantly
on macrophages. Neutralisation of CCL17 leads to
a reduction in pulmonary fibrosis in this model.
Immunolocalisation of CCL17 in bleomycin-treated
and human lung tissue specimens from patients
with idiopathic pulmonary fibrosis (IPF) shows
that it is predominantly expressed on epithelial
cells (fig. 2) [1]. CCL22 levels are also raised
in lung tissue from patients with IPF, and
CCL22 is predominantly expressed on epithelium,
particularly hyperplastic epithelium.

These findings lend some support to a type-2
inflammatory response promoting fibrosis and
indicate a connection between this response and
epithelial cells, the primary site of damage in IPF.
It is possible to hypothesise that, at some time
before the patient presents, an initial epithelial
injury stimulates an acute inflammatory response
and release of early response cytokines. In the
‘‘normal’’ situation, the inflammatory response
may polarise toward a Th1-type response, with
inhibition of the Th2 response leading to stability
or resolution of the lung injury.

If a Th2 response develops, this could lead to a
robust fibroproliferative response and the pro-
gressive scarring and fibrosis seen in IPF.
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Some evidence against this model is the lack of effectiveness of
the prototypic type-1 cytokine, IFN-c, which has been shown
to have no effect on IPF in a large-scale clinical trial [2]. In
reality, it is unlikely that the inflammatory response in IPF fits
neatly into these two categories or is so polarised, although
consideration of this model and the various cytokines and
chemokines involved may help to define the process leading to
fibrosis in these patients.

Bronchiolitis obliterans syndrome as a model of the
continuum of inflammation and fibrosis
Bronchiolitis obliterans syndrome after lung transplantation is
characterised by progressive airway obstruction associated with
fibrosis of the small airways [3]. The histological pattern varies
depending on when lung tissue is examined, with marked
inflammatory infiltration in the early, acute phase and extensive
fibrosis without obvious infiltration at the end stage of disease
[4]. This model demonstrates that, although inflammation may
not be present in the later stages of the disease, it clearly plays an

important role in its pathogenesis. Therefore, the absence of
inflammation reported in IPF does not necessarily rule out a
potential role at an early stage before patients present. However,
by the time they do present, inflammation is certainly less
prominent, which probably accounts for the lack of efficacy of
current anti-inflammatory regimens.

Macrophages and fibrosis
Macrophages are an important source of growth factors,
cytokines and metalloproteases involved in fibrosis. An early
study showed that the degree of staining of CD60-positive
interstitial macrophages correlated with the degree of clinical
impairment and collagen deposition in patients with IPF [5].
As in the Th1/Th2 system, macrophages also show two
polarised phenotypes termed M1 and M2 cells, which are
selected by microenvironmental factors. Classically, M1
macrophages are induced by IFN-c alone or in combination
with microbial factors, such as lipopolysaccharide, or cyto-
kines, including tumour necrosis factor (TNF) and
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FIGURE 1. An illustration of type-I and type-II T-cell responses arising from alveolar injury. IL: Interleukin; TNF: tumour necrosis factor; TLR: Toll-like receptor;

IFN: interferon; TGF: transforming growth factor.
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granulocyte-macrophage colony-stimulating factor [6]. The
alternative M2 form of macrophage activation is mediated by
a range of factors, including IL-4 or IL-13, immune complexes
and IL-10. M1 macrophages promote strong IL-12-mediated
Th1 responses and are proficient producers of effector
molecules (reactive oxygen and nitrogen intermediates) and
inflammatory cytokines (IL-1b, TNF-a, IL-6), whereas M2 cells
support Th2 effector functions, and are also proposed to have a
role in the control of cell growth and collagen deposition [7].
Therefore, the macrophage is an inflammatory cell that
potentially has a role to play in the pathogenesis of IPF, and
deserves further investigation.

Lymphoid neogenesis in IPF
Ectopic formation of secondary lymphoid tissue has been linked
to chronic inflammation in mouse models and human diseases,
and has also been demonstrated in IPF [8]. Interestingly, these
lymphoid aggregates did not contain CCR7-positive naı̈ve T-
cells, proliferating lymphocytes or germinal centres, suggesting
that antigen-experienced lymphocytes and newly recruited
mature dendritic cells can drive lymphoid neogenesis.
Lymphadenopathy is a relatively common finding on computed

tomography (CT) scans of patients with IPF, and tends to be
dismissed as a reactive finding. Whether there is an association
between lymphadenopathy and lymphoid neogenesis or whether
this is just an epi-phenomenon remains to be established.

Implications for therapy
Despite the fact that corticosteroids have been considered the
mainstay of IPF treatment for decades, there is a lack of
conclusive evidence supporting their efficacy [9]. Although
other anti-inflammatory agents have been used, it is generally
recognised that conventional anti-inflammatory therapy has
very little role in the management of IPF [9]. However, this lack
of responsiveness may be a reflection of the nonspecific nature
of current anti-inflammatory agents, e.g. steroids inhibit both
Th1 and Th2 responses and also limit prostaglandin E2, which
would actually be beneficial as it prevents fibroblast prolifera-
tion and collagen production. It is possible that, if anti-
inflammatory agents are to be of any use at all, more
discriminatory regimens are needed, although given the
apparent lack of inflammation when patients with IPF present,
it may be that even this strategy is too late and that
inflammation at that time may not be a very important target.
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FIGURE 2. Photomicrograph showing immunolocalisation of CC chemokine ligand (CCL)17 from idiopathic pulmonary fibrosis (IPF) lung tissue specimens. a) IPF lung

section stained with anti-CCL17 antibodies, demonstrating immunolocalisation to epithelial cells. b) IPF lung section stained with control antibodies, demonstrating the lack of

nonspecific staining. Reproduced with from [1] with permission from the publisher.

TABLE 1 Structural and functional differences of ELR-positive CXC chemokines in the regulation of vascular remodelling

Chemokine Effect on angiogenesis Relevant structural motif Receptor through which effects on angiogenesis

are mediated

CXCL1 Angiogenic A-T-E-L-R-C-Q-C CXCR2

CXCL2 Angiogenic A-T-E-L-R-C-Q-C CXCR2

CXCL3 Angiogenic V-T-E-L-R-C-Q-C CXCR2

CXCL5 Angiogenic L-R-E-L-R-C-V-C CXCR2

CXCL8 Angiogenic A-K-E-L-R-C-Q-C CXCR2

ELR motif: a conserved amino acid sequence of Glu-Leu-Arg in the amino terminus of CXC chemokines. Reproduced from [11] with permission from the publisher.
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VASCULAR REMODELLING AND ANGIOGENESIS IN IPF
Vascular remodelling in IPF was originally identified over 40 yrs
ago by TURNER-WARWICK [10], who demonstrated extensive
vascular remodelling in the lungs of patients with widespread
interstitial fibrosis leading to anastomoses between the systemic
and pulmonary microvasculature. These sites of remodelling
were observed to correlate with the subpleural regions where
fibrosis would be more marked. The role this remodelling plays
still remains to be determined.

Further studies have found that the bronchoalveolar lavage
fluid (BALF) and lung tissue from patients with IPF exhibit
marked angiogenic activity that is almost entirely attributable
to overexpression of angiogenic chemokines and the relative
downregulation of angiostatic chemokines.

The family of CXC motif chemokines is unique in that different
family members regulate vascular remodelling in a disparate
manner [11]. Immediately preceding the conserved CXC motif is
a second structural domain that dictates their functional activity
in regulating angiogenesis. Several family members contain a
three amino acid sequence (Glutamate-Leucine-Arginine),
known as the ELR motif. ELR-positive CXC chemokines
promote angiogenesis (table 1). CXC cytokines lacking the
ELR motif (ELR-negative) are IFN-inducible and inhibit
angiogenesis (table 2). The difference in response to ELR-
positive and ELR-negative CXC chemokines results from their
binding to different CXC chemokine receptors (CXCRs) on
endothelial cells; ELR-positive CXC cytokines bind to CXCR2,
whereas ELR-negative CXC chemokines bind to CXCR3.

In IPF there is increased angiogenic activity in the BALF.
Various groups have shown that the levels of the ELR-positive
chemokines CXCL5 and CXCL8 are increased, and levels of
ELR-negative chemokines CXCL10 and CXCL11 are decreased,
leading to an imbalance that tends to favour an angiogenic
response [12, 13]. In a murine model of bleomycin-induced
pulmonary fibrosis, extensive neovascularisation has often
been observed to follow the airways and the sites of the injury
[14]. The amounts of CXCL2 and CXCL3, and of CXCL10 and
CXCL11, in the lung during bleomycin-induced pulmonary
fibrosis have been found to be directly and inversely
correlated, respectively, with measures of fibrosis [15, 16].
Administration of the ELR-negative CXCL10 [16] or CXCL11
[17] to these animals during exposure to bleomycin attenuates
pulmonary fibrosis by a process that is attributable to reduced
angiogenesis.

Further evidence for the importance of chemokines and their
receptors in pulmonary fibrosis comes from CXCR3- and
CXCL10-deficient mice models. Mice deficient for CXCR3 show
increased mortality and progressive interstitial fibrosis relative
to controls [18]. They demonstrate a decreased expression of
CXCL10 and a reduced early burst of IFN-c production
following lung injury, suggesting that the innate production of
IFN-c may be important in limiting fibrosis [18]. CXCL10 is
highly expressed in a mouse model of pulmonary fibrosis
induced by bleomycin. Mice deficient in CXCL10 show
increased pulmonary fibrosis after administration of bleomycin,
while transgenic mice overexpressing CXCL10 exhibited
decreased fibrosis and mortality after bleomycin exposure [19].

TABLE 2 Structural and functional differences of ELR-negative CXC chemokines in the regulation of vascular remodelling

Chemokine Effect on angiogenesis Relevant structural motif Receptor through which effects on angiogenesis

are mediated

CXCL4 Angiostatic D-G-D-L-Q-C-L-C CXCR3

CXCL9 Angiostatic V-R-K-G-R-C-S-C CXCR3

CXCL10 Angiostatic S-R-T-V-R-C-T-C CXCR3

CXCL11 Angiostatic F-K-R-G-R-C-L-C CXCR3

ELR motif: a conserved amino acid sequence of Glu-Leu-Arg in the amino terminus of CXC chemokines. Reproduced from [11] with permission from the publisher.
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FIGURE 3. Immunohistochemistry for CD31 counterstained with haematoxylin, demonstrating positive staining in a) organising pneumonia and b) usual interstitial

pneumonia (UIP). c) Within structurally distorted areas in UIP, termed honeycomb lung, abnormal, large-diameter vessels were apparent (arrows). FF: fibroblastic foci; MB:

Masson bodies. Reproduced from [20] with permission from the publisher.
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The levels of CXCL10 expression were associated with the
degree of fibroblast accumulation seen following bleomycin
exposure, with a dramatic increase in CXCL10-deficient mice
and a decrease in CXCL10 transgenic mice, compared with wild-
type controls. These data suggest an important role for CXCL10/
CXCR3 in the development of fibrosis, at least in the mouse
model, although they did not indicate an effect on angiogenesis.

More evidence for a potential role of angiogenesis in the
pathogenesis of IPF has come from work on pigment
epithelium-derived factor (PEDF), a 50-kD protein with
angiostatic and neurotrophic activities that regulates vascular
development in the eye. COSGROVE et al. [20] found that PEDF
expression was increased in the lungs of patients with IPF
based on microarray analyses. They also found regional
decreased vascularity within fibroblastic foci that correlated
with increased PEDF expression and decreased expression of
vascular endothelial growth factor. Surrounding these foci
were areas of honeycombing that showed dilated and
abnormal vasculature (fig. 3). PEDF was also shown to co-
localise with transforming growth factor (TGF)-b and, further-
more, PEDF was shown to be a TGF-b1 target gene. Together
these findings implicate PEDF as a regulator of pulmonary
angiogenesis and a potential mediator of fibrosis in IPF [20].
Interestingly, COSGROVE et al. [20] also compared cryptogenic
organising pneumonia (COP) and found that, in contrast to
IPF, there was increased vascularity within fibrotic foci, and
that the amount of vasculature was significantly different
between these two diseases (fig. 4). Whether these differences
in vascularity play a role in the greater responsiveness of COP
to therapy compared with that of IPF remains to be
determined. Similar findings of decreased vascularity in
fibroblastic foci in fibrotic lung disease and increased
abnormality of the vasculature surrounding these foci have
also been reported by other groups [21, 22].

The question that arises is whether the degree of vascular
remodelling seen in IPF is appropriate. There is certainly
regional heterogeneity with regard to vascular remodelling,
which is seen whether CT scans or biopsies are examined.
There is no doubt that there is an abnormal vasculature in the
lungs of patients with IPF, including pulmonary systemic
anastomosis, which may have a role in the refractory
hypoxaemia seen in some of these patients.

CONCLUSIONS
Despite the lack of overt inflammation in the lungs of patients
with established disease, the inflammatory response may still
play an early role in the pathogenesis of IPF. Inflammation
may set the stage for fibrosis in IPF and may contribute to the
disruption of the normal alveolar architecture, allowing
interaction between fibroblasts and epithelium, and it may
result in the activation of profibrotic Th2 and M2 phenotypes.
The presence of lymphoid neogenesis in IPF is interesting and
evocative, although its true role remains to be determined. The
possibility that the inflammatory response may be important in
the initiation of the pathogenesis of IPF, and the potential
complexities of that response, may explain the lack of efficacy
of current anti-inflammatory regimens. Indiscriminate anti-
inflammatory agents may equally affect beneficial Th1-type
cytokines as well as potentially detrimental Th2-type cyto-
kines. More discriminatory regimens may be helpful, but it
may prove to be that, by the time patients present, even
targeted anti-inflammatory therapies will be insufficient.

Evidence suggests that the balance between angiogenic and
angiostatic CXC chemokines is important in the management
and control of vascular remodelling and angiogenesis. Given
the close association between angiogenesis and fibrotic
disorders, an imbalance in these various cytokine profiles
may be associated with the development of fibrosis. This raises
a number of questions regarding the importance of vascular
remodelling in idiopathic pulmonary fibrosis. For example,
does it vary with the stage of the disease? Is it just an
epiphenomenon or is it directly involved in the pathogenesis?
Does it, perhaps, contribute to hypoxia? Might it contribute to
the vascular remodelling that leads to pulmonary hyper-
tension, which is increasingly recognised in around one-third
of patients with idiopathic pulmonary fibrosis [23]?
Importantly, does it also have implications for the access of
systemic treatments to poorly vascularised fibrotic foci or their
overlying epithelium? Answering some of these questions may
help elucidate the pathogenesis of idiopathic pulmonary
fibrosis and may lead to novel targets for therapies for this
dismal disease.
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