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ABSTRACT

Background and objective: Idiopathic pulmonary fibro-
sis (IPF) is a progressive fibrotic disease that has a poor
3-year median survival rate with unclear pathophysiol-
ogy. Radiological features include bibasal, subpleural
fibrosis and honeycombing while its pathology is char-
acterized by fibroblastic foci and honeycombing. Prote-
omic analysis of circulating molecules in plasma may
identify factors that characterize IPF and may assist in
the diagnosis, prognostication and determination of
pathogenic pathways in this condition.

Methods: Two independent quantitative proteomic
techniques were used, isobaric tags for relative and
absolute quantitation (iTRAQ) and multiple reaction
monitoring (MRM), to identify differentially expressed
plasma proteins in a group of IPF patients in compari-
son to healthy controls with normal lung function mat-
ched for age and gender.

Results: Five proteins were identified to be differen-
tially expressed in IPF compared to healthy controls
(upregulation of platelet basic protein and down-
regulation of actin, cytoplasmic 2, antithrombin-III,
extracellular matrix protein-1 and fibronectin).
Conclusion: This study further validates the combina-
tional use of non-targeted discovery proteomics
(iTRAQ) with targeted quantitation by mass spectrome-
try (MRM) of soluble biomarkers to identify potentially
important molecules and pathways for pulmonary dis-
eases such as IPF.
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SUMMARY AT A GLANCE

This study utilized a combination of non-targeted
discovery proteomics with targeted quantitation by
mass spectrometry of soluble plasma biomarkers to
identify potentially important molecules and path-
ways in idiopathic pulmonary fibrosis (IPF). Five
proteins were identified to be differentially
expressed in IPF compared to healthy controls.

Key words: idiopathic pulmonary fibrosis, isobaric tags for rel-
ative and absolute quantitation, multiple reaction monitoring,
proteomics.

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a progressive
fibrotic disease that has a 50% mortality at 3 years from
diagnosis." Increasingly, IPF is recognized to be a dis-
ease of the elderly (>65 years) with a male predilec-
tion."”? Radiological features of IPF include bibasal,
subpleural fibrosis with honeycombing while the
pathology of IPF is characterized by fibroblastic foci
and honeycombing.”

With the advent of ‘-omics’ research, there is grow-
ing data showing differences in proteins, RNA, lipids
and metabolites between healthy and IPF subjects.**
These differences have been documented in lung tis-
sue, bronchoalveolar lavage (BALF) and the
circulation.”” Identifying molecules that characterize
IPF would be helpful in the diagnosis, prognostication
and determination of pathogenic pathways in this
condition.

In this preliminary study, we demonstrate significant
differences in circulatory protein expression between
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healthy and IPF patients when analysed by a proteomic
biomarker discovery and validation workflow.

METHODS

Plasma samples were obtained from patients attending
interstitial lung disease (ILD) clinic at the Alfred Hospi-
tal (Melbourne), Royal Prince Alfred (RPA) Hospital
(Sydney) and Royal Perth Hospital (Perth). IPF was
diagnosed at ILD multidisciplinary discussion (MDD)
at each site. Blood from all IPF patients was collected
into Ethylenediaminetetraacetic acid (EDTA) tubes at
the time of initial diagnosis and plasma was isolated by
centrifugation and stored immediately at —80°C. Blood
from healthy volunteers at the Royal Perth Hospital
was collected into lithium heparin tubes and plasma
was isolated by centrifugation and stored immediately
at —80°C. The proteomic analysis was done in two
phases: discovery using isobaric tags for relative and
absolute quantitation (iTRAQ) on pooled samples
followed by validation using targeted mass spectrome-
try with multiple reaction monitoring (MRM) on indi-
vidual samples. All subjects were not -currently
smoking, and none had received anti-fibrotic treat-
ment. Study demographics are presented in Table S1 in
Supplementary Information. This study had ethical
approval from the Royal Perth Hospital Ethics Commit-
tee (HREC 2011-138) for Western Australia (WA)
plasma collection and proteomic analysis, and for
plasma collection at RPA (HREC/15/RPAH/28) and
Alfred (Alfred 417/11).

Plasma preparation and iTRAQ labelling
Individual plasma samples were pooled for each group
(n = 10 in each group) and technical replicates gener-
ated. Fourteen highly abundant proteins in plasma
were immunodepleted using a MARS14 chromatogra-
phy column (Agilent Technologies, Mulgrave, VIC,
Australia). The iTRAQ technique was carried out as
previously described.® Peptides were separated by
strong cation exchange (SCX) chromatography on an
Agilent 1100 HPLC system. A total of 95 fractions were
then analysed by electrospray ionization mass spec-
trometry using the Agilent 1260 Infinity HPLC system
coupled to an Agilent 1260 Chipcube Nanospray inter-
face on an Agilent 6540 mass spectrometer (Agilent
Technologies). Peptides were loaded onto a ProtID-
Chip-150 C18 column (Agilent Technologies) and sepa-
rated with a linear gradient of water/acetonitrile/0.1%
formic acid (v/v).

Multiple reaction monitoring

Using a separate cohort of patients, MRM was carried
out as previously described.? Samples from each group
(n = 15) were immunodepleted, reduced, alkylated and
trypsin-digested before being desalted on a Strata-X
33-pm polymeric reversed phase column
(Phenomenex, Torrance, CA, USA). Peptides were
analysed by electrospray ionization liquid chromatog-
raphy/mass spectrometry (LC/MS) using a Thermo
UltiMate 3000 RS nanoflow UHPLC system (Thermo
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Scientific, Scoresby, VIC, Australia) coupled to a 5500
Q-TRAP mass spectrometer (Sciex, Mt Waverley, VIC,
Australia). Unlabelled and '®0-labelled reference stan-
dard plasma peptides were loaded onto an Acclaim
PepMap 100 C18 LC Column, 2 pm particle size
X 150 mm (Thermo Scientific) and separated with a
linear gradient of water/acetonitrile/0.1% formic acid
(v/v) over 18 min.

Data analysis

Protein identification and quantification for iTRAQ data
were performed using ProteinPilot 4.5 Beta Software
(AB Sciex, Framingham, MA, USA) and spectra
searched against the human SwissProt database. All
identified proteins had an Unused Protscore of >1.3
(which corresponds to proteins identified with >95%
confidence), and differentially expressed proteins were
required to have at least two unique peptides and have
significantly different protein ratios in at least one of
the technical replicates (P-value of <0.05, as calculated
by the software) and a global false discovery rate (FDR)
of <0.1% determined at the protein level by the PSPEP
algorithm.

For MRM, all transition peaks for each target peptide
were analysed using Skyline (University of Washington,
Seattle, WA, USA). Unlabelled/ 80 labelled peptide
ratios were exported from Skyline for further statistical
analysis using SPSS for Windows (version 22; SPSS Inc.,
Chicago, IL, USA). Peptide ratios for each target protein
were combined to provide a ‘protein-based’ ratio that
was then compared between IPF patients and healthy
controls using a Student’s t-test. Age was compared
using the Mann-Whitney U-test, whilst the ratio of
male : female (M:F) was compared using the Fisher’s
exact test. A two-tailed level of significance of P < 0.05
was used throughout. Correlations were assessed using
the non-parametric Spearman’s rank correlation
coefficients.

RESULTS

The IPF patients were well matched for age and gender
with the controls (Table S1 in Supplementary Informa-
tion). A non-targeted approach (iTRAQ) was first per-
formed on pooled samples (n = 10 in each group) and
a total of 189 proteins were detected with >95% confi-
dence level in protein detection. Of these, 12 proteins
demonstrated significant differences (>10%) between
IPF patients and healthy controls. A targeted mass
spectrometry approach (MRM) was then performed in
a separate cohort of IPF patients versus healthy con-
trols (n = 15 in each group) for validation and only five
proteins (actin, cytoplasmic 2; antithrombin-III; extra-
cellular matrix protein-1, fibronectin and platelet basic
protein) were confirmed as significantly different in
levels of expression (Table 1). The only significant cor-
relations between the level of these proteins versus age
or lung function data were between plasma levels of
antithrombin-III with forced vital capacity (FVC)
(L) (r = 0.68, P = 0.005).
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Table 1 The relative expression levels of proteins in IPF versus healthy controls by iTRAQ and MRM

Molecules UniProt ID iTRAQ' P-value’ MRM?* P-value?

Actin, cytoplasmic 2 P63261 0.09 0.08 0.17 <0.001
0.04 0.03

Antithrombin-III P01008 0.95 0.009 0.59 0.002
0.16 0.005

Extracellular matrix protein Q16610 0.25 0.80 0.51 <0.001
0.15 0.019

Fibronectin P02751 0.73 0.02 0.42 0.002
0.51 <0.001

Platelet basic protein P02775 4.29 0.29 2.28 <0.001

22.7 0.005

Fold change expression levels and P-values in IPF in comparison to healthy controls by iTRAQ performed in technical replicates.
*Adjusted fold change expression levels and P-values by MRM from multiple peptides that represented a protein of interest.
IPF, idiopathic pulmonary fibrosis; iTRAQ, isobaric tags for relative and absolute quantitation; MRM, multiple reaction monitoring.

DISCUSSION

This study identified five proteins that were differen-
tially expressed in IPF disease compared to healthy
controls when employing two independent quantitative
proteomic techniques. There was upregulation of plate-
let basic protein, which is derived from pro-platelet
basic protein, a chemokine (CXCL7) enriched in plate-
lets, neutrophils and macrophages.’ No previous stud-
ies have identified this protein as being upregulated in
IPF; however, it has derivatives such as connective tis-
sue activating peptide III that acts as a fibroblast mito-
gen and hence may promote fibrotic pathways.'

There was significant downregulation of actin, cyto-
plasmic 2, which strengthens crosslinks between the
cytoskeleton and the sarcolemmal membrane in
myocytes."! The downregulation of this protein may
correspond with the increased myofibril formation and
increased smooth muscle actin formation by myo-
fibroblasts in IPF,'' although this protein has not been
identified in the circulation of IPF patients.

We  also demonstrate downregulation  of
antithrombin-III, extracellular matrix protein-1 and
fibronectin in IPF patients. Antithrombin-III is a mole-
cule that inhibits clotting by binding to thrombin. The
coagulation pathway has been implicated in the patho-
genesis of IPF and a fall in antithrombin-III may be due
to its anticoagulant effects through the inhibition of
thrombin-mediated cleavage of fibrinogen to fibrin in
fibrosis."” Extracellular matrix protein-1 is implicated in
angiogenesis and increased proliferation of endothelial
cells.” There are no current data for extracellular matrix
protein-1 in relation to IPF but it is known to inhibit
matrix metalloproteinase-9 which is implicated in lung
remodelling.'**® Fibronectin is a mediator of cell matrix
adhesions by binding extracellular matrix proteins
(e.g. collagen). It promotes myofibroblast differentiation
and has been shown to be elevated in the lungs of IPF
patients.'® Lower levels of circulating antithrombin-III,
extracellular matrix protein-1 and fibronectin may reflect
their consumption or increased homing of these mole-
cules to the lungs as they play a major in fibrosis.

Our study shows the power of a proteomic workflow
for biomarker discovery in relatively small cohorts.

Respirology (2019)

First, 12 protein candidates were shown to be differen-
tially expressed in pooled samples using iTRAQ mass
spectrometry. Of these, five proteins were validated in
individual patients with IPF compared to healthy con-
trols using targeted (MRM) mass spectrometry assays.
Search Tool for the Retrieval of Interacting Genes/Pro-
teins (STRING) analysis demonstrated enrichment in
biological processes involved in defence, inflammatory
and platelet pathways as well as extracellular compo-
nents that potentially promotes IPF (Fig. S1 in Supple-
mentary Information)."”

Proteins (e.g. platelet basic protein and actin, cyto-
plasmic 2) that were identified in this study but not
described in previous IPF studies may be due to several
factors such as differences in the experimental design
and instrumentation used (e.g. this study validated by
MRM vs Niu et al. validated by ELISA)* and differences
in collection and type of samples used (plasma vs
serum). The challenge is how to interpret and contex-
tualize the new molecules identified by proteomic anal-
ysis and to determine the significance of new pathways
and inter-relationships.>®'""** Furthermore, changes in
the level of proteins identified in our study may be
influenced by co-morbidities prominent in IPF
(e.g. increased platelet activation or plasma
antithrombin-III in patients with hypertension or car-
diovascular diseases). The influence of co-morbidities
will require a larger study.

It will also be important to confirm the proteomic
results by an extended population study to determine
the robustness of the protein expression in a different
IPF cohort with a comparison to cohorts of other non-
ILD chronic lung diseases, such as COPD, and by alter-
native methodologies. The repeated expression of mol-
ecules in international multicentre studies will identify
the most important molecules and pathways for future
studies.
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Figure S1 STRING analysis demonstrated enrichment of
extracellular matrix protein pathways.
Table S1 Subject demographics.
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