
Introduction

Idiopathic pulmonary fibrosis (IPF) is defined
as a specific form of chronic, progressively fibrosing
idiopathic interstitial pneumonias (IIPs), and is asso-
ciated with the histopathological and/or radiological
pattern of usual interstitial pneumonia (UIP) (1). It
is a life-threatening fibrotic lung disease of unknown
aetiology with significant morbidity and mortality.
The pathogenesis of IPF is not fully understood. Al-
though IPF was initially thought to result from gen-
eralised pulmonary inflammation leading to fibrosis,
the current paradigm has shifted towards alveolar

epithelial cell dysfunction and disordered fibropro-
liferation (2). Improvements in molecular techniques
have developed our understanding of IPF and with
it identified new pathways and potential targets for
therapeutic intervention. Current approaches look-
ing for new biomarkers may provide new insights of
underlying mechanisms of disease.

Diagnostic criteria rely on radiographic imag-
ing and/or surgical lung biopsies interpreted by
physicians with expertise in interstitial lung dis-
eases. This expertise is often found at tertiary care
centres, which may be geographically distant from
patients and their primary physicians. In addition,
although the median survival of IPF patients ranges
between 2-3 years, there is a wide spectrum of dis-
ease courses that can manifest as either long periods
of stability, a steady gradual decline, and/or periods
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of acute deterioration (3). This makes it difficult for
clinicians to predict the disease course for an indi-
vidual patient, as there are no accepted surrogates of
these clinical courses. The identification of accurate
and objective biomarkers that provide prognostic
information about disease status and/or and sur-
vival estimates would help clinical management and
individual treatment decision-making in patients
with IPF, particularly in cases where a surgical lung
biopsy cannot be obtained or access to dedicated in-
terstitial lung disease physicians is limited (4). Fi-
nally, the discovery of biomarkers that reflect dis-
ease activity would allow for serial monitoring as
well as an objective marker to assess treatment effi-
cacy.

Definition and need for biomarkers in IPF

Biomarkers may be defined as ‘a characteristic
that is objectively measured and evaluated as an indi-
cator of normal biologic processes, pathogenic processes,
or pharmacologic responses to a therapeutic interven-
tion’ (5). Biomarkers act as surrogates for clinically
meaningful outcomes and may or may not reflect
the pathogenesis underlying a disease. Peripheral

blood biomarkers in particular are easy to obtain,
can be measured longitudinally, and have the great-
est likelihood of achieving clinical utility) (6). Ideal-
ly, they should also provide an advantage over cur-
rently used clinical measures in ease, timeframe or
expense.

Currently there are no validated biomarkers
that are routinely used in the clinical care of pa-
tients with IPF. There are limited retrospective da-
ta on the predictive value of biomarkers in patients
with IPF (7, 8). To date, identification of biomark-
ers in IPF has been focused on single specific mol-
ecules. Studies have been retrospective and mono-
centric and included small cohorts of patients with-
out adequate controls (e.g. other IIPs), independent
validation, or adequate statistical analysis. However,
the advent of molecular analytic techniques, e.g.
microarray technology, has allowed the simultane-
ous monitoring of the transcriptional behaviour of
thousands of genes and proteins. This technology
has been repeatedly shown to be useful in the analy-
sis of the response of a variety of cellular systems to
stimuli, in the classification of human cancer, as
well as the characterisation of the transcriptional
profile of UIP (9-11).

Fig. 1.Representative 2-DE maps of 400 µg of proteins extracted from lungs of IPF patients and control lungs (12). Reprinted (adapted)
with permission from Korfei M, et al. Comparative proteomic analysis of lung tissue from patients with idiopathic pulmonary fibrosis (IPF)
and lung transplant donor lungs. J Proteome Res 2011; 10: 2185-205. Copyright 2011 American Chemical Society
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Analytical techniques in identifying
molecular biomarkers

Protein electrophoresis

One comparative proteome analysis of lung tis-
sue from patients with sporadic IPF and human
donor lungs using two-dimensional gel elec-
trophoresis and MALDI-TOF-MS identified 89
differentially expressed proteins of which 51 were
up-regulated and 38 down-regulated in IPF (Figure
1) (12). Increased expression of markers for the un-
folded protein response (UPR), heat-shock proteins,
and DNA damage stress markers indicated a chron-
ic cell stress-response in IPF lungs. In contrast, up-
regulation of heat-shock protein 27 (Hsp27) was ex-
clusively observed in proliferating bronchiolar basal
cells and associated with aberrant re-epithelialisation
at the bronchio-alveolar junctions. Among the
down-regulated proteins in IPF were antioxidants,
members of the annexin family, and structural ep-
ithelial proteins. These results indicate that IPF is
characterised by epithelial cell injury, apoptosis, and
aberrant epithelial proliferation.

Microarray technology

One proof of concept study using oligonu-
cleotide microarrays demonstrated a clear distinction
between gene expression patterns of muscle markers,
extracellular matrix remodelling proteins, cytokines
and growth factors, complement, and immunoglobu-
lins in the lungs of patients with UIP and normal
control lung tissue (Figure 2). In particular, this study
demonstrated a coordinated induction of genes that
encode metalloproteases (MMP1, MMP2, MMP7,
MMP9), and identified matrilysin (MMP7) as a
gene that was most distinctive between fibrotic and
normal lungs (13).

Other studies have identified statistically signif-
icant differences in gene expression signatures char-
acterising IPF from hypersensitivity pneumonitis
(HP), and nonspecific interstitial pneumonia
(NSIP). The IPF signature was characterised by the
expression of tissue remodelling, epithelial, and my-
ofibroblast genes, whereas the HP gene expression
signature was enriched for genes that are functional-
ly associated with inflammation, T-cell activation,
and immune responses. Gene expression signatures

of NSIP, a histological pattern that is often difficult
to differentiate consistently from HP and IPF, was
less persuasive (14, 15). Similarly, studies employing
Serial Analysis of Gene Expression (SAGE) indicate
that molecular signatures from IPF lung parenchyma
are distinct from normal lung tissue and other
chronic lung diseases at the time of diagnosis and
may be beneficial in predicting disease progression
and/or further elucidating the pathophysiology of
IPF (16). Indeed, a further recent study used a
Bayesian probit regression statistical method to
analyse differences in multi-dimensional gene ex-
pression data to develop a provisional but validated
diagnostic model for IPF (17).

Microarray analyses have also been used to in-
vestigate the gene expression profiles of peripheral
blood RNA from IPF patients. Preliminary results

Fig. 2. Gene expression infogram in IPF and normal lung tissue
(13). From Zuo F, et al. Gene expression analysis reveals ma-
trilysin as a key regulator of pulmonary fibrosis in mice and hu-
mans. Proc Natl Acad Sci USA 2002; 99: 6292-7. Copyright
2002 National Academy of Sciences, USA

For all 7,129 genes (A) and for the 164 most informative genes (B).
To eliminate outlier effect, genes were normalised to a range of (0,1),
meaning that the maximum value for every gene was set to be 1, the
minimum value to be 0, and the rest of the values were linearly fitted
to this range. Yellow is maximal expression and blue is minimal.
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suggest that the peripheral blood transcriptome has
the potential to distinguish normal individuals from
patients with IPF, as well as extent of disease classi-
fied by percent predicted diffusing capacity of the
lung for carbon monoxide (DLCO), but not forced vi-
tal capacity (FVC) (18). Another study of the pe-
ripheral blood protein signature supports these find-
ings and also endorses the involvement of MMP7
and MMP1 as two main components of the IPF sig-
nature (Figure 3). Moreover, it suggests that in-
creased MMP7 concentration may be indicative of
asymptomatic ILD and reflect disease progression
(19).

MicroRNA microarrays

MicroRNAs are small, non-coding, post-tran-
scriptional RNA gene regulators. MicroRNAs can
be found in the peripheral blood (20). They function
by binding to specific sequences, typically in the un-
translated region of the target mRNAs and blocking
translation or causing the rapid degradation of the
target transcript (21). Considering that the lung in
IPF is characterised by profound changes in the phe-
notype of lung fibroblasts and epithelial cells, as well
as by drastic changes in global patterns of gene ex-
pression (22, 23), analyses suggest a role for microR-
NAs in epithelial-mesenchymal transition (EMT) in
IPF (24-27). Two such studies have demonstrated

that let-7d, a microRNA abundantly expressed in
epithelial cells in normal lungs, is down-regulated in
IPF while its target molecule, high-mobility group
AT-hook 2 (HMGA2), a protein that belongs to the
non-histone chromosomal high-mobility group
(HMG) protein family, is over-expressed. The ex-
pression of let-7d is inhibited by transforming
growth factor-β1. These results suggest that down-
regulation of let-7 microRNAs may be important in
determining the lung phenotype in IPF, as well dis-
tinguishing between rapidly versus slowly progress-
ing IPF, and although currently only a research tool,
may have some future clinical use (28, 29).

Composite biomarker indices

The notion that peripheral blood proteins may
be informative in IPF has recently gained significant
momentum (30). The use of peripheral blood pro-
teins as potential biomarkers is supported by recent
studies that demonstrate reduced survival in IPF pa-
tients with high serum concentrations of MMP-7,
mucin 1 (KL-6), (31) CCL-18 (32), or surfactant
protein A (33). Using a combination of five protein
markers (MMP-7, VCAM-1, S100A12, ICAM-1,
and IL-8), a risk score, the Personal Clinical and
Mortality Index (PCMI), has recently been derived
that accurately distinguishes IPF from other lung
diseases (chronic obstructive pulmonary disease, sar-
coidosis, and HP), and predicts survival, transplant-
free survival, and progression-free survival (34, 35).

Discussion

Despite major advances in our understanding
of IPF, the diagnosis and management of the condi-
tion continues to pose significant challenges. The
treatment of IPF remains unsatisfactory due to lim-
ited availability of effective drug therapies (only one
drug, pirfenidone, is currently approved for the
treatment of patients with mild-to-moderate IPF),
a lack of accurate indicators of disease progression,
and an absence of simple short-term measures of
therapeutic response. The identification of more ac-
curate surrogate predictors of diagnosis, prognosis
and monitoring of disease course in IPF is critical
for physicians and would be useful to facilitate

Fig. 3. Peripheral blood proteins distinguish IPF patients from
controls
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counselling of patients and their families, to aid
communication among providers, and to guide op-
timal timing of transplantation. The availability of
protein biomarkers and validated integrated risk
scores should lead to better evaluation and stratifi-
cation of patients with IPF for research, and for
transplant prioritisation.

While several biomarker candidates have been
proposed, it seems unlikely that a single biomarker
will serve these multiple purposes; however, a panel
of several biomarkers may accomplish these goals
(36). Careful longitudinal phenotyping of individu-
als with IPF, together with the application of novel
‘-omics’-based technology, should provide important
insights into disease pathogenesis and should ad-
dress some of the major issues holding back drug de-
velopment in IPF (37). The PROFILE (Prospective
Observation of Fibrosis in the Lung Clinical End-
points) study is a currently enrolling, prospective co-
hort study designed to tackle these issues.The PRO-
FILE trial is generating longitudinal data to identify
specific biomarkers that enable diagnosis without
biopsy, predict IPF patients with more aggressive
and progressive disease, and also to identify response
to treatment in future clinical trials (38). The study
is also designed to assess the use of daily home lung
function measurement and a computerised tech-
nique for analysing lung sounds to predict the devel-
opment of worsening lung fibrosis. This study is due
to complete in September 2013.
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