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a b s t r a c t

Introduction: Accurate diagnosis of idiopathic pulmonary fibrosis (IPF) has important therapeutic and
prognostic implications and would be greatly aided by reliable diagnostic biomarkers as IPF has some-
times overlapping features with other interstitial lung diseases (ILD).
Objectives: To explore the value of serum metalloproteinases (MMP) 1 and 7 levels in the differential
diagnosis of IPF with other ILD.
Methods: MMP-1/7 serum levels were measured using Luminex xMAP technology in 139 patients- 47
IPF, 36 non-IPF Usual Interstitial Pneumonia (UIP), 14 idiopathic Nonspecific Interstitial Pneumonia
(iNSIP), 29 secondary NSIP (secNSIP), 13 stage IV sarcoidosis- and 20 healthy controls, and compared
using the ManneWhitney U test.
Results: MMP-1 was significantly higher in IPF than non-IPF UIP (P ¼ .042) and sarcoidosis (P ¼ .027).
MMP-7 was significantly higher in IPF than controls (P < .001), non-IPF UIP (P ¼ .003), secNSIP (P < .001),
and sarcoidosis (P < .001). The Area Under the Curve for IPF versus other ILD was 0.63 (95%CI, 0.53e0.73)
for MMP-1, 0.73 (95%CI, 0.65e0.81) for MMP-7, and 0.74 (95%CI, 0.66e0.82) for MMP-1/MMP-7 com-
bined. Sensitivity and specificity for MMP-7 cutoff ¼ 3.91 ng/mL was 72.3% and 66.3%, respectively,
Positive Predictive Values ¼ 52.3% and Negative Predictive Values ¼ 82.4%.
Conclusions: MMP-1 and particularly MMP-7 serum levels were significantly higher in IPF than in non-
IPF UIP, the main entity in differential diagnosis. The value of these biomarkers as additional tools in a
multidisciplinary approach to IPF diagnosis needs to be considered and further explored.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic fibrosing lung
disease characterized by progressive functional deterioration and a
median survival of 2e3 years from the time of diagnosis [1e3]. It is
associated with a radiological and histological pattern of usual
interstitial pneumonia (UIP) and is the most common form of
idiopathic interstitial pneumonia [1,4]. Although its pathogenesis is
largely unknown, IPF is assumed to be caused by aberrant tissue
repair and remodeling following recurrent alveolar epithelial injury
Centro Hospitalar S~ao Jo~ao,
319, Portugal.
. Morais).
(the nature of which is currently unknown), leading to a persistent
and progressive disordered fibroproliferation [2,5,6]. Since the UIP
pattern is not pathognomonic, IPF is always a diagnosis of exclu-
sion, with ruling out of interstitial lung diseases related to con-
nective tissue lung disorders (CTD-ILDs), hypersensitivity
pneumonitis (HP), and drug lung toxicity [1,7,8]. Moreover, in cases
without typical radiological UIP features (e.g., possible UIP pattern),
it can be very difficult to distinguish between IPF and conditions
such as idiopathic or secondary fibrotic nonspecific interstitial
pneumonia (NSIP) [1,7]. An accurate diagnosis of IPF is of key
importance considering the therapeutic and prognostic implica-
tions, and surgical lung biopsy is required in cases with an incon-
clusive diagnosis [1,7]. Biopsy, however, is an invasive procedure,
with attendant risks (e.g, acute exacerbation in IPF), and
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furthermore, it is not feasible in patients with severe disease or
serious comorbidities [1,9,10].

Both clinicians and patients, therefore, would benefit greatly
from reliable IPF diagnostic biomarkers. While several recent
studies have identified and suggested a potential diagnostic or
prognostic role for certain peripheral blood biomarkers (e.g., Krebs
von den Lungen 6 antigen [KL-6], glycoprotein, surfactant proteins
A and D, chemokine CCL-18, vascular endothelial growth factor, and
glycoprotein YKL-40), none of these candidate markers has been
validated or clinically accepted [11,12].

The matrix metalloproteinases (MMPs) belong to the zinc-
dependent endoproteases that participate in extracellular matrix
remodeling, wound healing, and angiogenesis and have been
implicated in the pathogenesis of IPF [13,14]. Microarray studies
have shown several members of the MMP family to be highly
upregulated in IPF lungs, and elevated protein expression (MMP-
1,2,3,7,8,9) has been found in the bronchoalveolar lavage fluid
(BALF) and blood of IPF patients [13,15e20]. However, based on the
available data, MMP-1 and MMP-7 are the most significantly
overexpressed proteins in the lungs of patients with IPF compared
with healthy controls [14]. Moreover, using a panel of 49 plasma
proteins in a group of IPF patients, Rosas et al. [19] found increased
concentrations of both MMP-1 and MMP-7, suggesting not only a
determinant role in IPF pathogenesis but also potential utility as
biomarkers in the differential diagnosis of this disease.

Although significant differences have been described for MMP-1
and MMP-7 expression in IPF compared with other ILDs, namely
sarcoidosis and HP (mostly subacute forms), a direct comparison
has never been made with conditions that pose the main challenge
in the differential diagnosis of IPF [19]. The aim of our research was
to compare serum MMP-1 and MMP-7 levels in IPF, non-IPF UIP,
and fibrotic NSIP.

2. Material and methods

2.1. Patients and controls

We included 139 patients followed at the Interstitial Lung Dis-
eases outpatient clinic at Centro Hospitalar S~ao Jo~ao, a tertiary
referral center serving patients mostly from the north of Portugal.
The patients were classified into 3 groups: IPF (n¼ 47), non-IPF UIP
(n¼ 36), and fibrotic NSIP (n¼ 43). The non-IPF UIP group included
21 patients with HP (12 with bird fancier's disease, 6 with sube-
rosis, and 3 with unknown etiology), 13 with CTD (7 with systemic
sclerosis, 5 with rheumatoid arthritis, and 1 with undifferentiated
CTD), and 2 with amiodarone lung toxicity. In the fibrotic NSIP
group, there were 14 patients with idiopathic NSIP and 29 with
NSIP secondary to an underling CTD (13 with systemic sclerosis, 8
with rheumatoid arthritis, 3 with Sj€ogren syndrome, 2 with mixed
CTD, 2 with dermatopolymyositis, and 1 with systemic lupus ery-
thematosus). Additionally, we included 13 patients with stage IV
sarcoidosis and a control group of 20 healthy individuals (mean
[SD] age of 70.3 [6.4] years, 9 females [45%]) with no history of lung
disease or respiratory symptoms, or evidence of other diseases by
chest radiography. Written informed consent was obtained from all
individuals, and the study was approved by the hospital's ethics
committee.

Patients with IPF were diagnosed according to the 2011 Euro-
pean Respiratory Society (ERS)/American Thoracic Society (ATS)/
Japanese Respiratory Society/Latin American Thoracic Society
Guidelines [1]. CTDs were diagnosed following The European
League Against Rheumatism (EULAR) Recommendations [21]. All
patients with NSIP underwent surgical lung biopsy, with appli-
cation of the 2002 ATS/ERS International Multidisciplinary
Consensus Classification of the Idiopathic Interstitial Pneumonias
[22]. CTD-ILD diagnosis was based on high-resolution computed
tomography (HRCT) findings, BALF features, and a previous CTD
diagnosis [23]. HP was diagnosed using the criteria proposed by
Lacasse et al. [24] Eleven (84.6%) of the 13 patients with sarcoid-
osis had histological confirmation in a compatible clinical and
radiological context and the other 2 fulfilled criteria established in
the consensus statement on sarcoidosis by the ERS/ATS/World
Association of Sarcoidosis and Other Granulomatous Diseases
(WASOG) [25], namely compatible clinical and radiographic fea-
tures, a BALF CD4/CD8 lymphocyte ratio of >4.0, and a 2-year
observation period to exclude other medical conditions. All
radiological exams were evaluated by 2 radiologists and patho-
logic samples were analyzed by 2 pathologists, all trained in ILD
evaluation. All the diagnoses were discussed and established by a
multidisciplinary group including lung physicians, radiologists,
and pathologists.

2.2. Blood samples

Blood samples were collected by venipuncture using Terumo
Venosafe Serum-Gel tubes. Serum was separated within 30 min
of blood collection following centrifugation for 10 min at 400�
g. The serum samples were stored in aliquots at �80 �C until
use.

MMP-1 and MMP-7 were measured using a human multiplex
analysis assay (R&D Systems, Inc.) according to the manufacturer's
protocol. Briefly, the assay is based on the Fluorokine MAP multi-
plex technology (Luminex Corporation), which combines the
principle of a sandwich immunoassay with fluorescent-bead-based
technology. Appropriate standards and serum samples were
diluted (10-fold) in calibrator diluents and added to pre-wet filter-
bottomed microplates. Fluorescent beads containing MMP-1 and
MMP-7 antibodies were added and incubated on a plate shaker for
2 h at room temperature. After washing, biotinylated detection
antibodies were added to each well, incubated for 1 h at room
temperature, washed, and incubated for a further 30 min with a
streptavidin-phycoerythrin conjugate. After washing, the beads
were resuspended in wash buffer and analyzed on a Luminex 200
instrument. Mean fluorescent intensity data were analyzed using
the Luminex 100 Integrated System version 2.3. The generation of a
standard curve using standard MMP concentrations allowed the
measurement of each metalloproteinase individually. The mini-
mum detectable dose for MMP-1 and MMP-7 was 4.4 and 16.9 pg/
mL, respectively.

2.3. Statistical analysis

Analysis of variance or KruskaleWallis tests (for nonnormally
distributed variables) were used to compare continuous variables
and the c2 test was used to compare proportions of demographic
characteristics and MMP distributions according to diagnosis. The
ManneWhitney U test was used for pairwise comparison of the
distribution of MMP-1 and MMP-7 serum levels in IPF patients
versus controls and patients with other diagnoses. To calculate the
associations of MMP-1 and MMP-7 independently with each dis-
order we computed logistic regression models adjusting for age,
sex, and smoking history (never vs former or current smokers). A P
value of less than 0.05 was considered significant and all P values
were 2-sided.

Receiver operating characteristic (ROC) analysis was used to
determine the area under the curve (AUC) for MMP-1, MMP-7, and
MMP-1/MMP-7 combined with regard to IPF diagnosis versus any
other diagnosis (excluding controls). Sensitivity, specificity, and
positive and negative predictive values (PPV and NPV, respectively)
were calculated for the cutoffs of MMP-1 and MMP-7, and the
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Youden index (J ¼ max[sensitivity þ specificity�1]) was used to
establish the best cutoff for IPF diagnosis.
Fig. 1. White circles represent mild outliers and black circles represent extreme out-
liers. MMP-1 levels in patients and controls. Levels were significantly higher in IPF than
in non-IPF UIP (P ¼ .042) and sarcoidosis (P ¼ .027). MMP indicates matrix metal-
loproteinase; IPF, idiopathic pulmonary fibrosis; non-IPF UIP, non-IPF usual interstitial
pneumonia; iNSIP, idiopathic nonspecific interstitial pneumonia; secNSIP, NSIP sec-
ondary to a connective tissue lung disorder; UIP, usual interstitial pneumonia.
3. Results

Patient demographics and characteristics according to diagnosis
are presented in Table 1, together with statistically significant
between-group differences based on the expected clinical charac-
teristics of each group [21]. Healthy controls and IPF patients had a
similar mean (SD) age (70.3 [6.4] vs 70.6 [9.5] years, P ¼ .865) and
sex distribution (9 females [45.0%] vs 17 [36.2%], P ¼ .686) and
similar proportions of smokers (11 [55.0%] vs 28 [62.2%], P ¼ .583).

A significant difference was found for the mean serum con-
centration of MMP-7 but not MMP-1 across the groups (Table 1).
MMP-1 concentration, however, was significantly higher in IPF
than in non-IPF UIP (P ¼ .042) and sarcoidosis (P ¼ .027) (Fig. 1).
MMP-7 levels were significantly higher in IPF patients than in
controls (P < .001) and patients with non-IPF UIP (P ¼ .003), sec-
ondary NSIP (P < .001), and sarcoidosis (P < .001) (Fig. 2).

In the multivariate logistic regression models for each diagnosis
(Table 2), MMP-7 was independently associated with IPF
(OR ¼ 1.34; 95% CI, 1.17e1.54) and an inverse associationwas found
for sarcoidosis (OR ¼ 0.66; 95% CI, 0.45e0.96), ie, lower levels of
MMP-7 were associated with the diagnosis of sarcoidosis. The as-
sociation between MMP-7 and IPF remained significant after
adjusting for sex, age and smoking history. No further significant
associations were observed.

The AUC of the ROC curve for the diagnosis of IPF versus all other
diagnoses was 0.63 (95% CI, 0.53e0.73) for MMP-1, 0.73 (95% CI,
0.65e0.81) for MMP-7, and 0.74 (0.66e0.82) for MMP-1 and MMP-
7 combined (Fig. 3)

The best combination of sensitivity and specificity for MMP-7
was obtained for the cutoff of 3.91 ng/mL (72.3% and 66.3%,
respectively), with a PPV of 52.3% and a NPV of 82.4%
(Supplementary Table). As lower cutoffs were selected, higher NPVs
were achieved, demonstrating better performance for each MMP in
ruling out IPF.

4. Discussion

We evaluated the potential value of MMP-1 and MMP-7 as
diagnostic biomarkers for IPF by comparing serum concentrations
in IPF patients and patients with other ILDs that pose a challenge in
the differential diagnosis (non-IPF UIP and secondary and idio-
pathic fibrotic NSIP). Both MMP-1 and MMP-7 serum levels were
significantly higher in IPF patients than in patients with non-IPF
UIP and sarcoidosis. Moreover, MMP-7 levels were significantly
higher in IPF patients than in patients with secondary NSIP and
healthy controls (with a similar age, sex distribution and smoking
habits). MMP-7 performed better than MMP-1 for the diagnosis of
Table 1
Patients characteristics according to diagnosis.

UIP NSIP

IPF (n ¼ 47) Non-IPF (n ¼ 36) iNSIP (n ¼ 14)

Age, mean (SD), y 70.6 (9.5) 65.4 (11.5) 62.4 (12.1)
Female, No. % 17 (36.2) 24 (66.7) 10 (71.4)
Ex/current smokers, No. (%) 28 (62.2) 5 (13.9) 4 (28.6)
Never smokers, No. (%) 17 (37.8) 31 (86.1) 10 (71.4)
MMP-1, mean (SD), ng/mL 5.79 (5.20) 4.02 (3.85) 4.43 (3.59)
MMP-7, mean (SD), ng/mL 5.79 (3.07) 4.07 (2.73) 4.32 (2.90)

Abbreviations: iNSIP, idiopathic NSIP; MMP, matrix metalloproteinase; NSIP, nonspecific i
UIP, usual interstitial pneumonia.

a Comparing all groups.
IPF, as measured by the AUC, with a cutoff of 3.91 ng/mL providing
maximum sensitivity and specificity and an NPV of 82.4%.

IPF is the most severe of the idiopathic interstitial pneumonias,
with a distinctive therapeutic approach and a poor prognosis.
Consequently, a confident diagnosis and a clear distinction from
other fibrotic ILDs have important clinical implications in terms of
patient outcome and treatment options. Approximately one-third
of IPF patients require surgical lung biopsy, which has inherent
risks and is not always feasible [1]. Clinicians, therefore, need bio-
markers not only to predict outcome and survival, but also to
establish a reliable diagnosis.

An ideal biomarker should be easily accessible, amenable to
reliable measurement, and suitable for use in longitudinal assess-
ment [11,12]. Increasing evidence is being amassed on the potential
value of MMPs in IPF [14,16]. Rosas et al. [19] analyzed 49 potential
IPF serummarkers and found 5MMPs (includingMMP-1 andMMP-
7) among the 12 proteins that were differentially expressed.
Moreover, MMP-1 and MMP-7 were significantly overexpressed in
IPF patients compared with patients with sarcoidosis or chronic
obstructive pulmonary disease (COPD), and enhanced MMP-7
expression was seen in both lung tissue and BALF.

In addition to experimental data [26,27], several investigations
with lung tissue, BALF, and peripheral blood support a possible role
of MMPs in the pathogenesis of IPF, namely through their
Sarcoidosis (n ¼ 13) Controls (n ¼ 20) P Valuea

secNSIP (n ¼ 29)

61.1 (9.5) 53.9 (12.6) 70.3 (6.4) <.001
26 (89.7) 7 (53.8) 9 (45.0) <.001
8 (27.6) 4 (30.8) 11 (55.0) <.001

21 (72.4) 9 (69.2) 9 (45.0)
4.93 (5.25) 3.22 (2.96) 4.89 (3.11) .200
3.76 (2.62) 2.39 (1.68) 1.52 (0.77) <.001

nterstitial pneumonia; secNSIP, NSIP secondary to a connective tissue lung disorder;



Fig. 2. White circles represent mild outliers and black circles represent extreme out-
liers. MMP-7 levels in patients and controls. Levels were significantly higher in IPF
patients than in controls (P < .001), patients with non-IPF UIP (P ¼ .003), secondary
NSIP (P < .001), and sarcoidosis (P < .001). MMP indicates matrix metalloproteinase;
IPF, idiopathic pulmonary fibrosis; non-IPF UIP, non-IPF usual interstitial pneumonia;
iNSIP, idiopathic nonspecific interstitial pneumonia; secNSIP, NSIP secondary to a
connective tissue lung disorder; UIP, usual interstitial pneumonia.

Fig. 3. Receiver operator characteristic (ROC) curves for MMP-1 and MMP-7
comparing idiopathic pulmonary fibrosis and all other diagnoses. *The combined
variable (MMP-1 & MMP-7) is the predicted probability extracted from a logistic
regression model fitted for IPF diagnosis vs other, using MMP-1 and MMP-7 as
covariates.
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contribution to extracellular matrix remodeling. In fact, MMPs are
involved not only in the degradation of matrix components, but
also in the modulation of a variety of bioactive mediators, such as
cytokines and chemokines [13,14]. MMPs are regulated at tran-
scriptional and posttranscriptional levels by inhibitors and in-
ducers, creating a delicate balance in extracellular matrix
remodeling [13,14]. Their expression, usually modest under physi-
ological conditions, increases in repair processes such as wound
healing, and uncontrolled MMP activity results in tissue damage
and functional changes [14].

MMP-7, the smallest member of the MMP family, has a profi-
brotic profile with diverse biological functions, ranging from innate
immunity to inflammation, apoptosis, and fibroproliferation
[27,28]. It is also able to process numerous bioactive substrates and
activate proteases, including itself. The release of preformed TGF-b
from extracellular matrix is the main regulation process related to
TGF bioactivity, one of the presumptive mediators in IPF patho-
genesis. In an animal model, MMP-7 knockout mice treated with
bleomycin did not develop lung fibrosis [29]. Additionally, MMP-7
has been found on the surface of epithelial cells and alveolar
macrophages in IPF lung tissue, but not in healthy lung tissue
[30,31]. Interestingly, enhanced levels of serum MMP-7 were also
Table 2
Odds ratios (95% CI) for the association of MMP-1 and MMP-7 with each diagnosis.

IPF Non-IPF UIP

MMP-1a 1.07 (0.99e1.15) 0.94 (0.85e1.04)
MMP-1 adjustedb 1.04 (0.96e1.13) 0.95 (0.85e1.05)
MMP-1 adjustedc 1.05 (0.97e1.14) 0.94 (0.85e1.04)
MMP-7 1.34 (1.17e1.54)a 1.00 (0.88e1.13)
MMP-7 adjustedb 1.39 (1.18e1.63)a 1.00 (0.87e1.14)
MMP-7 adjustedc 1.40 (1.18e1.66)a 1.00 (0.87e1.14)

Abbreviations: IPF, idiopathic pulmonary fibrosis; MMP, matrix metalloproteinase; NSIP
lung disorder; UIP, usual interstitial pneumonia.

a P < .05.
b Adjusted for age and sex.
c Adjusted for age, sex, and smoking status (smoking status variable was dichotomize
found in patients with asymptomatic IPF (although at lower levels
than in symptomatic patients), pointing to its possible value as a
marker for both early disease and progression [28]. In fact, BALF and
serum MMP-7 levels showed not only a negative correlation with
forced vital capacity and diffusing capacity but also an independent
association with IPF mortality [3,19,20,31].

The potential role of MMP-7 as a differential biomarker in IPF is
still unclear, particularly when clinically similar ILDs are involved.
In fact, Rosas et al. compared IPF with sarcoidosis and COPD, which
clearly have distinct clinical and radiological features. Although the
study included patients with HP mostly with subacute presenta-
tion, the major confounding diagnosis is chronic advanced HP
associated with fibrosis, particularly with UIP pattern. Our study,
which showed significantly higher serum MMP-7 levels in IPF
compared with non-IPF UIP, is the first, to our knowledge, to
investigate the value of this marker in distinguishing IPF from other
ILDs with the UIP pattern.

Vuorinen et al. [18] described a higher level of MMP-7 in the
BALF of IPF patients compared with controls, with no significant
differences for idiopathic NSIP or sarcoidosis. In our series, while
we did not find significant differences for serum MMP- 7 levels
between IPF and idiopathic NSIP, we did observe significantly
NSIP secNSIP Sarcoidosis

0.98 (0.85e1.12) 1.01 (0.92e1.10) 0.86 (0.68e1.08)
1.00 (0.88e1.14) 1.06 (0.97e1.15) 0.88 (0.68e1.13)
1.00 (0.88e1.14) 1.06 (0.96e1.15) 0.88 (0.69e1.12)
1.03 (0.86e1.23) 0.95 (0.82e1.10) 0.66 (0.45e0.96)a

1.06 (0.88e1.28) 1.00 (0.85e1.17) 0.72 (0.48e1.08)
1.06 (0.88e1.28) 1.00 (0.85e1.17) 0.73 (0.49e1.09)

, nonspecific interstitial pneumonia; secNSIP, NSIP secondary to a connective tissue

d: former or current smokers vs never smokers).
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higher levels in IPF than in NSIP with underlying CTD. Interestingly,
similar gene expression patterns have been found in IPF and some
NSIP cases, but there are clear differences when other ILDs that can
nevertheless express an UIP or NSIP pattern are considered [15].
Moreover, all the patients with idiopathic NSIP included had
thoracic HRCT features alike UIP instead of HP or organizing
pneumonia like features, the two other possible patterns described
in this entity. Vuorinen et al. showed lung MMP-7 immunoreac-
tivity in some fibroblastic foci, vascular smooth muscle cells, and
areas of hyperplastic epithelium in IPF samples; in NSIP samples
immunoreactivity was observed in areas of inflammation beneath
the alveolar epithelium. These findings suggest that MMP-7 may
have relevant but different roles in the pathophysiologic processes
involved in different ILDs, but the differences might not be quan-
titatively detectable. Moreover, although idiopathic NSIP is associ-
ated with a better prognosis, it is sometimes difficult to clearly
distinguish from IPF on HRCT. Furthermore, the 2 entities have a
similar BALF profile and some patients with IPF show NSIP areas in
their surgical biopsy. The above observations suggest that IPF and
NSIP may possibly be connected.

Our results concerning sarcoidosis contrast with those of
Vuorinen et al. [18] since we found significant lowMMP-7 levels in
comparison with IPF. They are in agreement with Rosas et al. [19]
and Zhou et al. [32] findings, but our study is the first to include
only sarcoidosis patients with lung fibrosis. Themajority of patients
studied by Vuorinen et al. did not have significant lung disease,
while those studied by Zhou et al. had stage II sarcoidosis. In
another study, Huh et al. [33] found no significant differences in
BALF MMP-7 levels between patients with IPF and cryptogenic
organizing pneumonia (COP) although it included few patients and
COP is rarely confused with UIP.

Like MMP-7, MMP-1 has multiple biological functions that may
be involved in the pathogenesis of IPF, such as cytokine processing,
cell migration and growth regulation. MMP-1 expression in IPF
seems to be primarily in the alveolar epithelium and is not
observed in fibroblastic foci or in the interstitial compartment,
where interstitial collagens are secreted and accumulated, respec-
tively [13,28]. It has also been suggested that MMP-1 might
contribute to the formation of cystic spaces, resulting in the char-
acteristic honeycombing pattern seen in IPF [14]. MMP-1 has been
shown to be upregulated in the lung tissue of IPF compared to HP
patients and healthy controls [15,34]. To our knowledge, ours is the
first report to show significantly higher serum MMP-1 levels in IPF
compared with non-IPF UIP. The significantly lower MMP-1 levels
detected in sarcoidosis are consistent with the findings of Rosas
et al. [19].

The relatively small sample size for some of the clinical entities
considered in our analysis, particularly idiopathic NSIP, is the main
limitation of this study. The cutoff values used were based on the
distribution of MMPs in this particular sample of patients and thus
could vary in other groups. Replications of our findings are there-
fore needed. While it is largely believed that a combination of
biomarkers has a greater likelihood of becoming a reliable diag-
nostic tool for IPF than any single biomarker, combinations can be
difficult to implement for methodological and economic reasons.
Our data show that MMP-7 is clearly the best differentiator but,
unlike previous studies, we found that its specificity improved only
marginally when MMP-1 was added.

In conclusion, our results provide additional support for the
potential value of serum MMP-1 and MMP-7 concentrations as
diagnostic biomarkers in IPF. Since non-IPF UIP poses the main
challenge in the differential diagnosis of IPF, the implications of
significantly higher levels of MMP-1 and, in particular, MMP-7 in
IPF patients need to be carefully considered as potential tools in the
multidisciplinary diagnostic approach to IPF.
Authors contribution

AM, LD and AM elaborated the study conception and design,
analysis of data, manuscript preparation and revision.

MB and OS performed the laboratory proceedings.
NM and PM assisted the patients in the Interstitial Lung Diseases

unit, cooperated in the data acquisition and drafted themanuscript.
DC participated in the data acquisition and performed the sta-

tistic evaluation.
All authors read and approved the final manuscript.

Conflict of interests statement

The authors declare that they do not have any conflict of in-
terests to declare.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.rmed.2015.06.003.

References

[1] An official ATS/ERS/JRS/ALAT statement: idiopathic pulmonary fibrosis: evi-
dence based guidelines for diagnosis and management, Am. J. Respir. Crit. Care
Med. 183 (2011) 788e824.

[2] T.E. King Jr., A. Pardo, M. Selman, Idiopathic pulmonary fibrosis, Lancet 378
(2011) 1949e1961.

[3] R. Putman, I. Rosas, G. Hunninghake, Genetics and early detection in idiopathic
pulmonary fibrosis, Am. J. Respir. Crit. Care Med. 189 (2014) 770e778.

[4] B.T. Larsen, T.V. Colby, Update for pathologists on idiopathic interstitial
pneumonias, Arch. Pathol. Lab. Med. 136 (2012) 1234e1241.

[5] M. Selman, T.E. King, A. Pardo, Idiopathic pulmonary fibrosis: prevailing and
evolving hypotheses about its pathogenesis and implications for therapy, Ann.
Intern. Med. 134 (2) (2001) 136e151.

[6] D.F. Zoz, W.E. Lawson, T.S. Blackwell, Idiopathic pulmonary fibrosis: a disorder
of epithelial cell dysfunction, Am. J. Med. Sci. 341 (2011) 435e438.

[7] A.U. Wells, N. Hirani, Interstitial lung disease guideline, Thorax 63 (2008)
v1ev58.

[8] A. Caminati, S. Harari, IPF: new insight in diagnosis and prognosis, Respir.
Med. 104 (2010) S2eS10.

[9] Riitta Kaarteenaho, The current position of surgical lung biopsy in the diag-
nosis of idiopathic pulmonary fibrosis, Respir. Res. 14 (2013) 43.

[10] M. Blanco, G.A. Obeso, J.C. Dur�an, J.E. Rivo, E. García-Font�an, E. Pe~na,
M. Rodríguez, J. Albort, M.A. Ca~nizares, Surgical lung biopsy for diffuse lung
disease. Our experience in the last 15 years, Rev. Port. Pneumol. 19 (2013)
59e64.

[11] Y. Zhang, N. Kaminski, Biomarkers in idiopathic pulmonary fibrosis, Curr.
Opin. Pulm. Med. 18 (5) (2012 Sep) 441e446.

[12] R. Vij, I. Noth, Peripheral blood biomarkers in idiopathic pulmonary fibrosis,
Transl. Res. 159 (4) (2012 Apr) 218e227.

[13] R.C.A. Dancer, A.M. Wood, D.R. Thickett, Metalloproteinases in idiopathic
pulmonary fibrosis, Eur. Respir. J. 38 (2011) 1461e1467.

[14] A. Pardo, M. Selman, Role of matrix metaloproteases in idiopathic pulmonary
fibrosis, Fibrogenesis Tissue Repair 5 (Suppl. 1) (2012) S9.

[15] M. Selman, A. Pardo, L. Barrera, A. Estrada, S.R. Watson, K. Wilson, N. Aziz,
N. Kaminski, A. Zlotnik, Gene expression profiles distinguish idiopathic pul-
monary fibrosis from hypersensitivity pneumonitis, Am. J. Respir. Crit. Care
Med. 173 (2006) 188e198.

[16] S. McKeown, A.G. Richter, C.O. Kane, D.F. McAuley, D.R. Thickett, MMP
expression and abnormal lung permeability are important determinants of
outcome in IPF, Eur. Respir. J. 33 (2009) 77e84.

[17] M. Suga, K. Iyonaga, T. Okamoto, Y. Gushima, H. Miyakawa, T. Akaike, M. Ando,
Characteristic elevation of matrix metalloproteinase activity in idiopathic
interstitial pneumonias, Am. J. Respir. Crit. Care Med. 162 (2000) 1949e1956.

[18] K. Vuorinen, M. Myllarniemi, L. Lammi, P. Piiril€a, P. Rytil€a, K. Salmenkivi,
V.L. Kinnula, Elevated matrilysinlevels in bronchoalveolar lavage fluid do not
distinguish idiopathic pulmonary fibrosis from other interstitial lung diseases,
APMIS 115 (2007) 969e975.

[19] I.O. Rosas, T.J. Richards, K. Konishi, Y. Zhang, K. Gibson, A.E. Lokshin,
K.O. Lindell, J. Cisneros, S.D. Macdonald, A. Pardo, F. Sciurba, J. Dauber,
M. Selman, B.R. Gochuico, N. Kaminski, MMP1 and MMP7 as potential pe-
ripheral blood biomarkers in idiopathic pulmonary fibrosis, PLoS Med. 5
(2008) e93.

[20] T.J. Richards, N. Kaminski, F. Baribaud, S. Flavin, C. Brodmerkel, D. Horowitz,
K. Li, J. Choi, L.J. Vuga, K.O. Lindell, M. Klesen, Y. Zhang, K.F. Gibson, Peripheral
blood proteins predict mortality in idiopathic pulmonary fibrosis, Am. J.
Respir. Crit. Care Med. 185 (1) (2012) 67e76.

http://dx.doi.org/10.1016/j.rmed.2015.06.003
http://dx.doi.org/10.1016/j.rmed.2015.06.003
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref1
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref1
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref1
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref1
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref2
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref2
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref2
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref3
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref3
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref3
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref4
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref4
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref4
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref5
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref5
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref5
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref5
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref6
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref6
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref6
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref7
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref7
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref7
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref8
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref8
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref8
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref9
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref9
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref10
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref10
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref10
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref10
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref10
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref10
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref10
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref10
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref10
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref11
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref11
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref11
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref12
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref12
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref12
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref13
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref13
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref13
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref14
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref14
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref15
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref15
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref15
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref15
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref15
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref16
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref16
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref16
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref16
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref17
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref17
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref17
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref17
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref18
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref18
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref18
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref18
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref18
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref18
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref18
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref19
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref19
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref19
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref19
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref19
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref20
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref20
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref20
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref20
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref20


A. Morais et al. / Respiratory Medicine 109 (2015) 1063e10681068
[21] http://www.eular.org/index.cfm?framePage¼/recommendations_home.cfm.
[22] American Thoracic Society; European Respiratory Society, American thoracic

society/European respiratory society international multidisciplinary
consensus classification of the idiopathic interstitial pneumonias, Am. J.
Respir. Crit. Care Med. 165 (2) (2002) 277e304.

[23] A. Fisher, R. du Bois, Interstitial lung disease in connective tissue disorders,
Lancet 380 (9842) (2012) 689e698.

[24] Y. Lacasse, M. Selman, U. Costabel, J.C. Dalphin, M. Ando, F. Morell,
R. Erkinjuntti-Pekkanen, N. Muller, T.V. Colby, M. Schuyler, Y. Cormier, Clinical
diagnosis of hypersensitivity pneumonitis, Am. J. Respir. Crit. Care Med. 168
(8) (2003 Oct 15) 952e958.

[25] Statement on sarcoidosis. Joint statement of the American Thoracic Society
(ATS), the European Respiratory Society (ERS) and the World Association of
Sarcoidosis and Other Granulomatous Disorders (WASOG) adopted by the ATS
Board of Directors and by the ERS Executive Committee, February 1999, Am. J.
Respir. Crit. Care Med. 160 (2) (1999) 736e755.

[26] X.S. Puente, L.M. Sanchez, C.M. Overall, C. L�opez-Otín, Human and mouse
proteases: a comparative genomic approach, Nat. Rev. Genet. 4 (2003)
544e558.

[27] G.A. Limb, K. Matter, G. Murphy, A.D. Cambrey, P.N. Bishop, G.E. Morris,
P.T. Khaw, Matrix metalloproteinase-1 associates with intracellular organelles
and confers resistance to lamin A/C degradation during apoptosis, Am. J.
Pathol. 166 (2005) 1555e1563.

[28] A. Pardo, M. Selman, N. Kaminski, Approaching the degradome in idiopathic
pulmonary fibrosis, Int. J. Biochem. Cell. Biol. 40 (2008) 1141e1155.
[29] F. Zuo, N. Kaminski, E. Eugui, J. Allard, Z. Yakhini, A. Ben-Dor, L. Lollini,
D. Morris, Y. Kim, B. DeLustro, D. Sheppard, A. Pardo, M. Selman, R.A. Heller,
Gene expression analysis reveals matrilysin as a key regulator of pulmonary
fibrosis in mice and humans, Proc. Nat. Acad. Sci. U. S. A. 99 (2002)
6292e6297.

[30] S. Fujishima, T. Shiomi, S. Yamashita, Y. Yogo, Y. Nakano, T. Inoue,
M. Nakamura, S. Tasaka, N. Hasegawa, N. Aikawa, A. Ishizaka, Y. Okada, Pro-
duction and activation of matrix metalloproteinase 7 (matrilysin 1) in the
lungs of patients with idiopathic pulmonary fibrosis, Arch. Path Lab. Med. 134
(2010) 1136e1142.

[31] J.W. Song, K.H. Do, S.J. Jang, T.V. Colby, S. Han, D.S. Kim, Blood biomarkers
MMP-7 and SP, Chest 143 (5) (2013) 1422e1429.

[32] L.F. Zhou, L. Jiang, Z.H. Li, J. Kang, Change of matrix metalloproteinase-1 and
matrix metalloproteinase-7 in serum and bronchoalveolar lavage fluid of
patients with idiopathic pulmonary fibrosis and sarcoidosis, Zhonghua Jie He
He Hu Xi Za Zhi 33 (2010) 441e444.

[33] J.W. Huh, D.S. Kim, Y.M. Oh, T.S. Shim, C.M. Lim, S.D. Lee, Y. Koh, W.S. Kim,
W.D. Kim, K.R. Kim, Is metalloproteinase-7 specific for idiopathic pulmonary
fibrosis? Chest 133 (2008) 1101e1106.

[34] K. Konishi, K.F. Gibson, K.O. Lindell, T.J. Richards, Y. Zhang, R. Dhir,
M. Bisceglia, S. Gilbert, S.A. Yousem, J.W. Song, D.S. Kim, N. Kaminski, Gene
expression profiles of acute exacerbations of idiopathic pulmonary fibrosis,
Am. J. Respir. Crit. Care Med. 180 (2009) 167e175.

http://www.eular.org/index.cfm?framePage=/recommendations_home.cfm
http://www.eular.org/index.cfm?framePage=/recommendations_home.cfm
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref21
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref21
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref21
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref21
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref21
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref22
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref22
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref22
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref23
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref23
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref23
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref23
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref23
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref24
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref24
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref24
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref24
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref24
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref24
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref25
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref25
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref25
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref25
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref25
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref26
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref26
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref26
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref26
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref26
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref27
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref27
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref27
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref28
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref28
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref28
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref28
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref28
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref28
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref29
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref29
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref29
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref29
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref29
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref29
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref30
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref30
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref30
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref31
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref31
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref31
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref31
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref31
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref32
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref32
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref32
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref32
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref33
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref33
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref33
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref33
http://refhub.elsevier.com/S0954-6111(15)30007-X/sref33

	Serum metalloproteinases 1 and 7 in the diagnosis of idiopathic pulmonary fibrosis and other interstitial pneumonias
	1. Introduction
	2. Material and methods
	2.1. Patients and controls
	2.2. Blood samples
	2.3. Statistical analysis

	3. Results
	4. Discussion
	Authors contribution
	Conflict of interests statement
	Appendix A. Supplementary data
	References


