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Abstract

Background: Idiopathic pulmonary fibrosis (IPF) is a progressive, eventually fatal disease. IPF is characterized by
excessive accumulation of the extracellular matrix (ECM) in the alveolar parenchyma and progressive lung scarring.
The pathogenesis of IPF and whether the ECM involved in the process remain unknown.

Methods: To identify potential treatment target and ECM associated proteins that may be involved in the develop-
ment of IPF, we employed isobaric tag for relative and absolute quantitation (iTRAQ) combined liquid chromatog-
raphy—tandem mass spectrometry (LC-MS/MS) approach to examine protein expression in lung tissues from IPF
patients.

Results: A total of 662 proteins with altered expression (455 upregulated proteins and 207 downregulated proteins)
were identified in lung tissue of IPF patients compared with control. KEGG pathway enrichment analysis showed that
the altered proteins in lung tissue mainly belonged to the PI3K-Akt signaling, focal adhesion, ECM-receptor interac-
tion, and carbon metabolism pathways. According to the bioinformatic definition of the matrisome, 229 matrisome
proteins were identified in lung tissue. These proteins comprised the ECM of lung, of which 104 were core matrisome
proteins, and 125 were matrisome-associated proteins. Of the 229 ECM quantified proteins, 56 significantly differen-
tially expressed proteins (19 upregulated proteins and 37 downregulated proteins) were detected in IPF lung tissue
samples. In addition to proteins with well-known functions such as COLTA1, SCGB1AT, TAGLN, PSEN2, TSPANT, CTSB,
AGR2, CSPG2, and SERPINB3, we identified several novel ECM proteins with unknown function deposited in IPF lung
tissue including LGALS7, ASPN, HSP90AAT and HSP90AB1. Some of these differentially expressed proteins were fur-
ther verified using Western blot analysis and immunohistochemical staining.

Conclusions: This study provides a list of proteomes that were detected in IPF lung tissue by iTRAQ technology com-
bined with LC-MS/MS. The findings of this study will contribute better understanding to the pathogenesis of IPF and
facilitate the development of therapeutic targets.
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Background
Idiopathic pulmonary fibrosis (IPF) is a progressive
disease that is the most common and lethal type of idi-
opathic interstitial pneumonia. IPF is characterized by
scarring fibrosis with a median survival of 2—3 years after
diagnosis and has an unpredictable progression [1-3].
This high mortality rate and relatively few therapeutic
options are partly due to an incomplete understanding
of the molecular mechanisms behind the disease [4, 5].
High-throughput biotechnologies have enabled the col-
lection of unprecedented numbers of omics datasets to
uncover underlying mechanisms related to the genesis
and development of various diseases [6, 7]. Moreover,
recent key advances in transcriptomic studies have elu-
cidated new potential mechanisms and therapeutic tar-
gets and have also advanced the role of “omics” in IPF
[6-8]. For instance, MUC5B polymorphism was found
to increase the disease susceptibility of IPF. CCNA2 and
alpha-defensin genes were upregulated in IPF lung tis-
sues with acute exacerbations [9-11]. CD28, ICOS, LCK,
and ITK in peripheral blood mononuclear cells (PBMCs)
were discovered to be predictors of poor outcomes in IPF
by omics approaches [12—-15]. Recent study have focused
on metabolic changes in bleomycin-treated mouse lung
and IPF patient lung, proteomic analysis was performed
on these lung tissues. They observed reduced glycolysis/
gluconeogenesis and enhanced ascorbate and aldarate
metabolism, and the imbalanced metabolism can be
restored by pirfenidone [16]. Proteomic analysis also
have been applied to identify serum biomarkers for IPF,
they found that 97 out of total 394 proteins were asso-
ciated with IPF, C-reactive protein (CRP), fibrinogen- a
chain, haptoglobin, and kininogen-1 were useful candi-
date biomarkers for IPF [17]. Another proteome analysis
for serum of IPF patients also found that CRP is a bio-
marker for the diagnosis of IPF [18]. Different forms of
organ fibrosis may share common protein regulation,
identifying common and specific targets can promote the
treatment for tissue fibrosis. For example, proteome anal-
ysis for human lung and skin fibrosis reveals surprisingly
high prevalence of marginal zone B- and B1-cell-specific
protein (MZB1)-positive plasma B cells both in lung and
skin fibrosis [19].

These studies suggested that the use of omics analysis is
a strategic mean to unearth the molecular mechanisms,
diagnostic biomarkers and new therapeutic targets of
the disease. And integrated analysis to multi-omics data-
sets derived from genomics, transcriptomics, epigenom-
ics, proteomics, microbiome and metabolomics allow us
connect all the seemingly unrelated pieces of information
to build a mechanism model for IPF [20]. However, com-
pared with other omics analysis, proteomics data for IPF
lung tissue is relatively limited so far.
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The etiology and pathogenesis of IPF remain incom-
pletely understood. The pathophysiology of IPF features
a paradigm that involves injury, loss of the epithelial
cell barrier with aberrant re-epithelialization, fibroblast
activation and unregulated deposition of extracellu-
lar matrix (ECM) components in myofibroblasts [4, 5].
Excessive accumulation of ECM in the alveolar paren-
chyma and progressive scarring of lung tissue are major
characteristics of IPF [21]. ECM components influence
myofibroblast differentiation by modulating fibrogenic
growth factor activity (e.g. TGF-B) and mechanotrans-
ductive pathways, which in turn alter ECM mechanical
properties [22]. An understanding of the synthesis and
degradation of ECM components in IPF plays a key role
in identifying novel treatment targets for this chronic
debilitating disease. However, to the best of our knowl-
edge, limited proteomics studies have focused on IPF
lung tissues [23-27]. Several studies have elaborated
ECM compositions in IPF by studying biopsy samples,
resected tissue or autopsy samples taken from the lungs
[27]. Recently study has detected ECM deposition prop-
erties in IPF patient- derived fibroblasts/myofibroblasts
by mRNA, miRNA, and proteomic analysis. They found
that 227 matrisome were detected in at least one sample,
and ECM changes were the most predominant feature in
their results [28].

In this study, we applied a coupled iTRAQ/LC-MS/
MS-based technology to identify on a large number of
differentially expressed proteins in the lung tissue of IPF
patients compared with controls. We used this informa-
tion to describe the biological processes and molecu-
lar pathways involved in IPF pathogenesis. We further
analyzed the extracellular matrices in IPF lung tissues
and compared them to normal lung tissue. According to
the bioinformatic definition of the matrisome [29, 30],
altered ECM proteins were categorized as core matri-
some proteins and matrisome-associated proteins. Core
matrisome proteins comprise of ECM glycoproteins, col-
lagens and proteoglycans. Matrisome-associated proteins
include ECM-affiliated proteins, ECM regulators (ECM
remodeling enzymes and their regulators) and ECM-
associated secreted factors. The goal of this work was
to identify altered proteins and understand biological
pathways variations and aberrant ECM components -in
IPE. These results contribute toward discovering poten-
tial targets that interrupt IPF development and provide a
basis for understanding the role of ECMs in IPE.

Methods

Patient description

Human lung tissue samples were obtained from 20
patients with IPF (mean age+SD: 63.86+10.58 years;
1 female, 19 males) who had undergone lung
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transplantation surgery in the Lung Transplant Center
of Wuxi People’s Hospital (Wuxi, PR China). The diag-
nosis of IPF was verified by histological examination of
the explanted lungs by pathologists. All patients ful-
filled the diagnostic criteria for IPF as defined by the
ATS/ERS/JRS/ALAT statement for idiopathic pulmo-
nary fibrosis: evidence-based guidelines for diagnosis
and management. Control lung tissues (mean age & SD:
63.67 +8.27 years; 3 females, 17 males) were collected
from 20 patients undergoing surgery for cancer or pul-
monary nodules in the Thoracic Surgery Department of
Nanjing Drum Tower Hospital. Samples were stored at
— 80 °C after collection.

Sample preparation

For the proteome analysis, frozen lung tissue samples
(size 1 cm®) from IPF patients, and normal lung tissues
were used. SDT buffer (4% SDS, 100 mM DTT, 150 mM
Tris—HCI pH 8.0) was added to the samples, and the mix-
ture was transferred to 2 ml tubes with quartz sand. The
lysate was homogenized using an MP Fastprep-24 auto-
mated homogenizer (24 x 2, 6.0 M/S, 60 s, twice). The
homogenate was sonicated, and then it was boiled for
15 min. After centrifuging at 14,000xg for 40 min, each
lung homogenate was filtered with a 0.22 um filter. The
protein concentration of the filtrate was quantified using
a BCA protein assay kit (P0012, Beyotime). The sam-
ples were stored at —80 °C. To reduce biological varia-
tion from patient to patient, 4 pooled samples both in the
IPF group and the control group were used. Each pooled
sample contained 5 lung tissues from patients with IPF or
control subjects undergoing surgery for cancer or pulmo-
nary nodules, respectively.

Filter-aided sample preparation (FASP digestion)

and iTRAQ labeling

Prior to the iTRAQ labeling experiments, equal quanti-
ties of 200 pg proteins from each sample were incorpo-
rated into 30 pl SDT buffer. The detergent, DTT, and
other low molecular weight compounds dissolved in
UA buffer (8 M urea, 150 mM Tris—HCI, pH 8.5) were
removed by repeated ultrafiltration (Sartorius, 30kD).
Then, 100 pl iodoacetamide (100 mM IAA in UA buffer)
were added to block reduced cysteine residues; the result-
ant solution was incubated for 30 min in darkness. Filters
were washed with 100 pl UA buffer three times and then
100 pl dissolution buffer (DS buffer) twice. The protein
suspensions were digested with 4 pg trypsin (Promega)
in 40 ul DS buffer overnight at 37 °C. Peptides were col-
lected by filtration. Peptide content was estimated by UV
light at 280 nm spectral density using an extinction coef-
ficient of 1.1 of 0.1% (g/l) solution that was calculated
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based on the frequency of tryptophan and tyrosine in
vertebrate proteins.

Subsequently, 100 pg peptide mixture of each sam-
ple were performed using an 8-plex iTRAQ labeling kit
(Applied Biosystems) according to manufacturer’ pro-
tocols. Four pooled control samples were labelled with
iTRAQ reagents 113, 114, 115 and 116, respectively,
whereas 4 pooled IPF samples were labelled with iTRAQ
reagents 117, 118, 119 and 121. The concentrated iTRAQ
reagent-labeled digested samples from the eight groups
were solubilized in 250 ul of loading buffer A (20 mM
ammonium formate, pH 10) and combined into one tube
prior to fractionation.

Peptide fractionation with reversed phase (RP)
chromatography

Fractionation of iTRAQ labeled peptide mixture was
performed by RP chromatography using an Agilent 1260
infinity II HPLC instrument. Dried peptide mixture was
reconstituted with buffer A (10 mM HCOONH4, 5%
ACN, pH 10.0) and loaded onto a XBridge Peptide BEH
C18 Column, 1304, 5 ym, 4.6 mm x 100 mm column.
Peptides were eluted at a flow rate of 1 ml/min with a
gradient of 0-7% buffer B (10 mM HCOONH4, 85%
ACN, pH 10.0) for 5 min, 7-40% buffer B for 5-40 min,
40%—-100% bufter B for 45—50 min, and 100% buffer B for
50—-65 min. The elution was monitored by a UV absorb-
ance at 214 nm/280 nm, and fractions were collected
every 1 min from 5 to 50 min. Collected fractions were
dried using vacuum centrifugation and separated into ten
fractions.

Mass spectrometry easy nLC

Each fraction was prepared for nano LC-MS/MS anal-
ysis. The peptide mixtures were loaded onto a C18-
reversed phase analytical column (Thermo Scientific,
Acclaim PepMap RSLC 50 pum x 15 cm, nano viper, P/
N164943) in buffer A (0.1% formic acid) and separated
with a linear gradient of buffer B (80% acetonitrile and
0.1% formic acid) at a flow rate of 300 nl/min controlled
by IntelliFlow Technology with a linear gradient: 6%
buffer B for 5 min, 6-38% buffer B for 45 min, 38—100%
buffer B for 5 min, and hold in 100% buffer B for 5 min.

LC-MS/MS analysis

LC-MS/MS analysis was performed on a Q Exactive
mass spectrometer (Thermo Scientific) coupled with
Easy nLC (Thermo Fisher Scientific) for 60 min. The mass
spectrometer was operated in positive ion mode. MS data
were acquired using a data-dependent top 10 method
dynamically choosing the most abundant precursor ions
from the survey scan (350-1800 m/z) for hot carrier
diode (HCD) fragmentation. The automatic gain control



Tian et al. Clin Proteom (2019) 16:6

(AGC) target was set to 3e6, and the maximum injection
time was set at 50 ms. Survey scans were acquired at a
resolution of 70,000 at m/z 200. The HCD spectra resolu-
tion spectra was set to 17,500 at m/z 200, and the isola-
tion width was 2 m/z. Normalized collision energy was
30eV.

Data analysis

MS/MS spectra were searched using MASCOT engine
(Matrix Science, London, UK; version 2.5) embedded
into Proteome Discoverer 2.1(Thermo Fisher Scientific
Inc). Protein database uniprot_HomoSapiens was used
in this project. For protein identification, thresholds of
20 ppm for precursor mass tolerance and 0.1 Da for frag-
ment mass tolerances were set. The analyses allowed for
two missed cleavages from trypsin digest. Oxidation (M),
acetyl (Protein N-term), and deamidated (NQ) were set
as potential variable modifications; carbamidomethyl
(C) was set as static modifications. The spectra against
a decoy database to estimate the false-discovery rate of
our identified peptides was 1%. Proteome Discoverer 2.1
software was used to determine the peak integration of
peptides through the Most Confident Centroid.

Bioinformatics analysis

Gene Ontology (GO) annotation, biological process (BP),
cellular component (CC) and molecular function (MF)
analyses were performed on differentially expressed pro-
teins. The KEGG database (http://www.genome.jp/kegg/)
was used to classify the identified proteins. The Search
Tool for the Retrieval of Interacting Genes/Proteins
(STRING) database of physical and functional interac-
tions was used to analyze the protein—protein interaction
(PPI) of selected proteins.

Validation of differentially expressed proteins

To verify the results of the proteomes study, significantly
altered proteins were selected for Western blot and
immunohistochemistry in the samples, which have been
used in proteomics analysis.

Western blot

Total proteins in lung tissue were extracted follow-
ing manufacturer’s instructions (Keygene, China).
Protein samples were loaded on 10% SDS-PAGE gels,
transferred onto PVDF membranes (Merck Millipore,
Germany), blocked with 5% nonfat milk in TBST and
incubated with primary antibody at room temperature
for 4 h or overnight at 4 °C. The gels were subsequently
incubated with HRP-conjugated secondary antibody for
one hour. Protein expression was detected using ECL
(Merck Millipore, Germany). Primary antibodies, i.e.,
COL1Al, CTSB, AGR2, SCGB1A1, LGALS7, DMBT],

Page 4 of 11

MME and CAV1, were purchased from Abcam (United
Kingdom), and HSP90AA1 was purchased from Enzo
Life Science (United States).

Immunohistochemistry

Fresh lung tissue was fixed by formalin and embed-
ded in paraffin. Immunohistochemical staining for
target proteins and hematoxylin—eosin staining (HE)
were performed. Paraffin Sections (4 um) were depar-
affinized in xylene and rehydrated in decreasing con-
centrations of ethanol followed by distilled water.
Endogenous peroxidase was quenched with aqueous
3% hydrogen peroxide for 15 min. Antigen retrieval was
performed in a pressure cooker filled with 1 mM EDTA
buffer (PH 8.0). After incubating in primary antibodies
incubated overnight at 4 °C, horseradish peroxidase-
conjugated secondary antibody was added for 20 min
and 3,3-diaminobenzidine tetrahydrochloride (DAB)
for 10 min at room temperature.

Results

Identification and functional ontology classification

of differentially expressed proteins

A total of 4241 proteins were identified in the lung tis-
sue samples from IPF patients and controls, matched
in database (uniprot_HomoSapiens), more details were
supplied in Additional file 1: Table S1. Among the 4241
identified proteins, we identified 662 significantly dif-
ferentially expressed proteins (207 downregulated and
455 upregulated) in comparison between IPF patients
and controls (Additional file 2: Table S2). A volcano
plot based on the 662 differentially expressed proteins
is shown in Fig. 1.

Among the 662 differentially expressed proteins, 229
ECM proteins were identified as matrisome proteins in
normal and IPF lungs (as defined by [29, 30]), including
104 core ECM proteins (glycoproteins, collagens, and
proteoglycans) and 125 ECM-related proteins (Table 1).
More details can be found in Additional file 3: Table S3.
This set of 229 proteins were composed of 104 core
matrisome proteins (68 ECM glycoproteins, 22 collagen
chains and 14 proteoglycans) and 125 ECM-associated
proteins (59 ECM regulators, 42 ECM-affiliated pro-
teins and 24 secreted factors). Out of the 229 ECM pro-
teins, 56 proteins were expressed significantly different
in IPF lung tissue samples compared with the controls.
Among these altered ECM proteins, 19 proteins were
upregulated and 37 proteins were downregulated. The
distribution of these altered matrisome proteins is pre-
sented in Table 1 and Additional file 4: Table S4.
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Fig. 1 Volcano plot of differentially expressed proteins in lung tissue. This is a volcano plot of the log2 fold-change (x-axis) versus —log10 p value
(the y-axis represents the probability that the protein was differentially abundant). The red points in the upper right (ratio > 1.2) and upper left
(ratio < 0.80) sections with p <0.05 represent proteins that were significantly dysregulated in IPF patients

Table 1 Numbers of matrisome proteins in lung tissue
samples

Matrisome class Number of ECM  Number of differentially
proteins expressed ECM proteins?

Collagens 22 11

Glycoproteins 68 15

Proteoglycans 14 1

Affiliated proteins 42 11

Secreted factors 24 6

Regulators 59 12

Total 229 56

@ More details can be found in Additional files 3 and 4: Tables S3 and S4

Pathway enrichment analysis of differentially expressed
proteins

KEGG pathway enrichment analysis showed that the
upregulated proteins in IPF lung tissue mainly belonged
to the PI3K-Akt signaling, phagosome, focal adhesion,
ECM-receptor interaction, carbon metabolism, human
papillomavirus infection and ribosome pathways (Fig. 2
and Additional file 5: Table S5). The PI3 K-Akt signaling
pathway was the most representative pathway, encom-
passing 40 differentially expressed proteins, followed by
the focal adhesion and ECM-receptor interaction path-
ways, encompassing 35 and 26 differentially expressed
proteins, respectively.

Proteins networks analysis
IPF is characterized by the redundant deposition and
remodeling of the ECM. The KEGG pathway enrichment

analysis showed that some of the differentially expressed
proteins belonged to the focal adhesion and ECM-recep-
tor interaction pathways. To further our understand-
ing of the regulatory role of ECM in IPF, all disordered
ECM proteins were used to build a regulatory network
using String software. The result (Fig. 3) demonstrated
that these screened differentially expressed ECM pro-
teins formed a complex regulatory network containing
87 nodes and 243 edges with an average node degree of
5.01 and a clustering coefficient of 0.246. The number of
expected edges was 12, which was less than the actual
243 edges found. This result indicated that the regula-
tory ECM network had more interactions than expected,
which further indicated that these proteins at least
partially biologically connected as a group. COL1Al,
COL15A1, ITGAland ITGA7 were found to be impor-
tant hubs and were implicated a disorganized ECM pro-
tein network in IPFE.

Additionally, a regulatory network of focal adhesion
proteins in altered ECM proteins were built using String
software. The results demonstrated that the differentially
expressed ECM proteins formed a complex regulatory
network containing 28 nodes and 141 edges with an aver-
age node degree of 10.071 and a clustering coefficient of
0.294 (Fig. 4).

Validation of differentially expressed proteins

To validate the findings from the proteomics study,
several significantly upregulated proteins (COL1Al,
CTSB, AGR2, SCGB1A1, HSP90AA1l, LGALS7, and
DMBT1) and two significantly downregulated proteins
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Fig. 2 KEGG pathway enrichment analysis of differentially expressed proteins in lung tissue from IPF patients and controls

(MME and CAV1) were selected for verification in the findings in the proteomics study, Western blot revealed

lung tissue samples by Western blot and immunohisto- that COL1A1, CTSB, AGR2, SCGB1A1l, HSP90AAI,

chemistry. As presented in Fig. 5, consistent with the LGALS7, and DMBT1 were upregulated, whereas MME
and CAV1 were downregulated.



Tian et al. Clin Proteom (2019) 16:6

\

O]
%
Al

\
h

A\
%
v,

k \ ‘;“‘ ‘ ‘\ .\ .l\‘;‘
AN
Q

X

Y, =
ALOAT]
N\

1\\ N
’ ﬁ \ b
N

Fig. 3 ECM protein interaction network generated using STRING
software. Protein—protein interaction regulatory network of
differentially expressed ECM proteins between IPF and controls. A
dual-color code was used, with red and green indicating up- and
down regulation, respectively

2
1
\
cat L
cafldas L ! Acr
,I

/

cdli /!

\ /

R \ A
LAM N
HE®) 76
L
"\ '/ \\\\
LAM N

\\

1
M
LAM / .
LAM

Fig. 4 ECM down- and upregulated proteins were collected to build
a regulatory network of focal adhesion using STRING software. A
dual-color code was used, with red and green indicating up- and
down regulation, respectively

To identify the cellular sources and locations of dif-
ferentially expressed proteins in lung tissue, immu-
nohistochemical analyses of LGALS7, DMBT1, MME
and CAV1 were performed. Strong positive staining of
both LGALS7 and DMBT1 were observed in abnormal
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bronchiolar structures overlying fibroblast foci and in
the hyperplastic bronchioles of IPF lungs, whereas they
were much less expressed in the bronchiolar epithelium
of control lungs (Fig. 6). As depicted in Fig. 6, consistent
with the Western blot results, strong positive expressions
of both MME and CAV1 in alveolar epithelial cells were
detected in control lungs but were almost absent in IPF
lungs.

Discussion

IPF is a progressive and incurable chronic disease; the
discovery of a treatment target is important to IPF
patients. A proteomics study of IPF lung tissue is a more
accurate way to close the pathogenesis of IPE. A bioin-
formatics analysis of the proteomics data provides us
with many directions to further our study and may help
us find a treatment target to prolong the overall survival
of IPF patients. However, to the best of our knowledge,
relatively limited proteomics studies have focused on IPF
lung tissue [23-26]. We applied iTRAQ technology com-
bined with LC-MS/MS to IPF and control lung tissues to
obtain proteome profiles of IPF lung tissue. We identified
662 significantly differentially expressed proteins (207
downregulated and 455 upregulated) in IPF lung tissues
compared with controls. Briefly, 229 ECM proteins were
identified in our proteomics data. Due to the importance
of ECM in the pathogenesis of IPF, we studied the char-
acterization of altered ECM proteins in-depth.

To verify the results of the proteomics data, several
significantly upregulated proteins previously reported
to play roles in the pathology of IPF were chosen
[31-39]. Proteins such as SCGB1A1, TAGLN, PSENZ2,
TSPAN1, CTSB, AGR2, SERPINB3, CSPG2, ASPN [26],
HSP90AA1 and HSP90AB1 were included [38]. These
proteins are known to be involved in IPF through dif-
ferent mechanisms. For example, SCGB1A1 (CCl6,
clara cell secretory protein) is a small secreted protein
belonging to the secretoglobin family and is a putative
anti-inflammatory protein primarily produced by clara
cells in the distal airway. Control and IPF lungs showed
positive staining in epithelial cells of the airway. Previ-
ous studies have also revealed that in addition to clara
cells, activated alveolar epithelial cells also contributed to
SCGBI1A1 production in IPF lung. Compared with non-
IPF patients and healthy controls, SCGB1A1 was sig-
nificantly increased in the serum and BAL fluids of IPF
patients, suggesting higher local productions. This find-
ing also indicated that dysfunctional alveolar epithelium
played critical roles in aberrant injury/remodeling pro-
cesses in sporadic and familial IPF [33].

TGF-p is considered one of the most potent inducers
of fibroblast activation and pulmonary fibrosis patho-
genesis. TGF-B binding to cell surface receptors activates
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Smad-dependent or Smad-independent pathways. TGF-f3
induces the translocation of the SMAD2-SMAD3 complex
of transcription factors into the nucleus, where it directly
promotes the expression of ECM genes, such as COL1A1,

COL3A1 and TIMP1, and approximately 60 other ECM-
related genes [40]. Consistent with previous researches, we
found that some differentially expressed proteins coded by
ECM-related genes were regulated by TGF-p. For example,
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CTSB (cathepsins B) is a member of 11 cysteine cathepsins
of the human genome (cathepsins B, H, L, S, C, K, O, E,
V, X, and W). Increasing evidence indicate that cysteine
cathepsins may be involved in fibrogenesis. The inhibition
of murine cathepsins B diminished hepatic inflammation
and fibrogenesis [35]. The expression of cathepsins B was
increased during the differentiation of stellate cells; these
results indicated that cathepsins B participated in liver
fibrogenesis [36]. Additionally, the inhibition of cathepsins
S may impair the TGF-B1-dependent differentiation of car-
diac fibroblasts in a model of myocardial infarction [37].
Kasabova et al. observed that the silencing of cathepsins
B or L reduced a-SMA expression; both proteases may
be involved in TGF-B1-driven fibroblast differentiation in
IPF [34], suggesting that impairment of the cathepsins-
dependent proteolytic activity could induce excessive
accumulation of collagens and ultimately ECM deposi-
tion in the lung. Another protein, TAGLN (transgelin), is
a direct target of TGFB-/Smad3-dependent epithelial cell
migration in lung fibrosis [32]. Calabrese et al. reported a
strict correlation between TGF-p and squamous cell carci-
noma antigen (SCCA) expression in the parenchymal lung
tissue of IPF patients [39].

Interestingly, in this study, several proteins of galec-
tins, including galectin-10, galectin-7, galectin-9 and
galectin-1, were identified in lung tissues. Among these
identified galectins, galectin-7 was significantly increased
in IPF patients compared with controls. This was fur-
ther confirmed by Immunohistochemical staining and
Western blot. The galectins belong to a family of beta-
galactoside-binding proteins implicated in modulating
cell-cell and cell-matrix interactions. These gene prod-
ucts may act as autocrine negative growth factors that
regulate cell proliferation. However, many of the effects
of galectins are highly tissue specific and context depend-
ent. For example, the genetic deletion of galectin-3 shows
different effects in skin compared with lung, heart, and
kidney remodeling [41]. Previous studies have reported
that galectin-1 and galectin-3 participate in pulmonary
fibrogenesis and are mainly regulated by the TGF-p sign-
aling pathway [42, 43]. Multiple cellular functions have
been attributed to galectin-7, most of which are related
to epithelial integrity maintenance. Galectin-7 has been
previously implicated in cell migration during re-epithe-
lialization events after corneal or epidermal injury [44]
and in promoting invasiveness during cancer progression
[45]. Moreover, galectin-7 has been shown to interfere
with transforming growth factor-B (TGF-f) signaling in
response to hepatocyte growth factor (HGF) by promot-
ing smad3 export from the nucleus and thus preventing
liver fibrosis [46]. Immunohistochemical analysis for
identifying cellular localization showed an intense stain-
ing for galectin-7 in alveolar and bronchiolar epithelium,
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alveolar septum and interstitial spaces of IPF lungs. Mild
staining was observed in the bronchiolar epithelium of
control lungs. These data suggested that increased galec-
tin-7 in lung tissues may be involved in lung remodeling.
However, the specific pathophysiological functions of
galectin-7 remains to be elucidated in IPF.

Excessive deposition of heterogeneously distributed
ECM components in the alveolar parenchyma is a major
characteristic of IPF [5, 21]. In addition to the above-
mentioned differentially expressed proteins, many ECM
components were detected in this study. Recently, the
matrisomes of both rodent and human lungs has been
identified [24, 29, 30]. While qualitative differences
between rodent and human lung ECM were observed,
the bulk of matrisome constituents were conserved
between the two species. Several studies have addressed
ECM compositions in chronic lung diseases such as
asthma, COPD and IPF [23-26]. It is comprehensible
that different matrisome constituents were indeed identi-
fied in these different studies due to the use of different
tissue processing methods and ECM protein enrichment
methods [27]. For example, although obvious collagen
deposition was observed by trichrome staining in IPF
lung tissue, the upregulation of collagen type I or III
was not detected in acellular human normal and fibrotic
lungs by trichrome staining [23, 24]. Conversely, various
transcriptome studies of IPF lungs revealed the upregula-
tion of COL1A1 and COL1A2 and of many other colla-
gen genes (e.g., COL3A1, COL5A2, COL6A3, COL14Al,
and COL18A1) [12, 13]. Consistent with the above tran-
scriptome studies,22 collagens were identified in our
study, and the upregulation of COL1A1 and COL1A2
and other collagens, including COL14A1 and COL15A1
were observed in IPF lungs.

A few studies have focused on the ECM analysis of
acellular normal and fibrotic human lung using differ-
ent detergents, which resulted in the variable loss of pro-
teins, growth factors, and matrix-associated molecules
[47]. Previous studies have shown that mild decellulari-
zation techniques allow for the near-native retention of
laminins, proteoglycans, and other basement membrane
and ECM-associated proteins. These near-native reten-
tion matrix components bind cells and support biological
activity [48]. Recently, Krasny et al. reported that ECM
enrichment could lead to systematic increases in core
matrisome proteins but result in significant losses of
matrisome-associated proteins, including the cathepsins
and proteins of the S100 family [49].

Extracellular vesicles (EVs) derived from fibroblast have
been identified as an important component of ECM in
pulmonary fibrotic disease. Proteomic analysis on EVs
extracted from senescent or non-senescent ECM have
been performed, the results indicated that the number of
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EVs in senescent ECM increased significantly compared
with non-senescent group. These sequestered EVs medi-
ated fibroblast invasion depending on fibronectin located
on its surface [50]. This kind of deep analysis on ECM
could increase the possibility to discover therapeutic tar-
gets in pulmonary fibrosis.

In our study, we found more ECM proteins than in
previous studies [24, 25]. Among the 229 matrisome
proteins identified according to the silico definition of
the matrisome [29, 30], there are 22 collagens, 68 ECM
glycoproteins, 59 ECM regulators, 42 ECM-affiliated
proteins, 14 proteoglycans and 24 secreted factors. Fur-
thermore, 56 of the 229 ECM proteins were significantly
altered, including 11 collagens, 15 ECM glycoproteins, 12
ECM regulators, 11 ECM-affiliated proteins, 1 proteogly-
cans and 6 secreted factors.

We further compared the ECM components identified
in the current study with other IPF related proteomic
datasets [23, 26]. For example, Korfei et al. reported that
comparative proteomic analyses between IPF lung tis-
sues and donor lung for transplantation, 89 differentially
expressed matrisome proteins were identified; 51 out of
the 89 were upregulated, and 38 were downregulated in
IPE. Among these 89 differentially expressed matrisome
proteins, 16 proteins were also found in our identified
matrisome proteins. Ahrman et al. established a com-
prehensive lung tissue proteomics dataset comprising
3621 proteins from an analysis of IPF, COPD and con-
trol specimens using a label-free proteomic approach
[26]. Consistent with their study, many ECM proteins
(e.g., COL1A1, COL14A1, COL15A1, ASPN, COL6A1,
COL6A2, SERPINAISERPINB3,SERPINB9, ADAMOY,
LAMBI1, LAMCI1, NID1, ITIH2, CTSB, CTSG and CTSC
et al.) were also identified in our ECM proteins.

Not surprisingly, quantitative differences between IPF
and control lung tissues were observed in our study. The
partial overlap of the ECM components between our study
and previous reports supported the feasibility of using
iTRAQ technology combined with LC-MS/MS to charac-
terize the ECM composition in lung tissue samples from
IPF patients. This method may provide further insights
into the molecular mechanisms in pathogenesis of IPFE.
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