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Abstract Background: Broncho-
alveolar lavage fluid (BALF) is an
important diagnostic source to inves-
tigate molecular changes occurring in
lung disorders. The objective of this
study was to assess and compare the
peptidomic profiles of BALF from
premature neonates with and without
bronchopulmonary dysplasia (BPD).
Methods: Samples were obtained
on the 3rd day of life from 34
neonates with gestational age
B32 weeks. Two pools of samples
from patients with and without BPD
were analyzed by high performance
liquid chromatography. Several dif-
ferentially expressed peptides were
collected and sequenced. Moreover,
samples from single donors were
analyzed by liquid chromatography-
electrospray ionization mass spec-
trometry to define the molecular mass
values of various peptides and to

quantify their expression. Levels of
some matrix metalloproteinases and
their tissue inhibitors were also
determined in single samples.
Results: Neonates of the BPD group
(N = 16) showed significantly lower
mean gestational age and birth weight
with respect to the no-BPD group
(N = 18; P \ 0.0001). Levels of six
peptides were significantly higher in
BPD patients (P \ 0.05). Two of
them were identified as the albumin
fragments 1–21 (2,428 Da) and
399–406 (956 Da). Levels of matrix
metalloproteinase-3 (MMP-3)
enzyme probably involved in albumin
fragment generation were also
significantly higher in the BPD group
compared to the no-BPD group
(P \ 0.05), whereas the levels of
tissue inhibitor of metalloproteinases-
1 were significantly lower (P \ 0.05).
Levels of albumin fragments and
MMP-3 showed a significant
correlation (P \ 0.05).
Conclusions: This study shows that
proteomic techniques can be applied
to investigate the involvement of
proteolytic enzymes on the airways of
mechanically ventilated premature
infants.
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Introduction

Bronchoalveolar lavage fluid (BALF) proteome analysis
in adults by comparative measuring of protein expression
both in normal and pathologic conditions has made an
important contribution to better understanding of the
molecular mechanisms underlying lung disorders [1–3].
At the moment, more than 100 proteins and derivatives
have been identified in adult human BALF by using dif-
ferent proteomic approaches, mainly based on two-
dimensional gel electrophoresis (2-DE) coupled to
matrix-assisted laser desorption ionization mass spec-
trometry [4–6]. The proteins identified may be either
released locally in the lung by inflammatory or epithelial
cells, or derived from the serum by diffusion across the
capillary-alveolar barrier. The BALF proteome showed
significant alterations in sarcoidosis, idiopathic pulmon-
ary fibrosis, allergic asthma, acute lung injury and chronic
obstructive pulmonary disease in adult patients [2, 4–13].

Apart from a previous report regarding surfactant
composition [14], proteomic approaches have not yet
been reported in the study of acute lung injury of pre-
mature neonates suffering from respiratory distress
syndrome and subsequent development of bronchopul-
monary dysplasia (BPD), which remains the most
frequent chronic morbidity afflicting prematurely born
infants. This analysis is challenging due to difficulties in
specimen collection, low sample volume as well as low
peptide and protein concentration [1].

However, the ability to identify peptides differently
expressed in the lower airways of preterm infants with
BPD as compared with preterm infants without BPD
might provide new insight into the molecular mechanisms
of disease development.

Therefore, the objective of this study was to compare
the peptide profile of BALF of the preterm infants that did
not develop BPD with that of newborns developing BPD.
The analytical approach was centered on a peptidomic
top-down strategy (i.e., detection of naturally occurring
peptides and proteins of BALF) carried out by reverse-
phase high performance liquid chromatography coupled
to electrospray ionization mass spectrometry.

Materials and methods

See the electronic supplementary material for a detailed
description of methods.

Study subjects

The study was carried out in the Neonatal Intensive Care
Unit (NICU) of the Catholic University of Rome and
included 34 premature babies consecutively admitted

between January 2006 and January 2007. Neonates with
gestational age B32 weeks were studied. They were
eligible: (1) if they were born in our hospital; (2) if
endotracheal intubation was required at birth; (3) if on-
going intensive care and mechanical ventilation were
required. Newborns with major congenital malformations,
prenatal infection (positive blood and/or BALF culture at
birth), or infants enrolled in the study but who died before
BPD diagnosis was made were all excluded from final
analysis. Surfactant (a pig-derived, natural surfactant,
Curosurf, Chiesi Farmaceutici, Parma, Italy) was admin-
istered to all studied newborns at a dose of 200 mg/kg as
soon as possible after birth, always in the neonatal unit.
All the babies were ventilated in elective high-frequency
oscillatory ventilation modality with Draeger Babylog
8000 plus (Draeger, Lubeck, Germany), as previously
described [15], and received ibuprofen therapy if the
ductus arteriosus was hemodynamically significant [16].
BPD was defined as the need for supplemental oxygen at
28 days of life and a typical radiographic lung picture
[17]. The study protocol and consent forms were
approved by the Ethics Committee of the Department of
Pediatrics, and the parents gave their informed consent.

We also evaluated the incidence of some clinical out-
comes: sepsis (defined as the presence of clinical signs of
infection with a positive blood culture), pneumonia (proved
by worsening of respiratory status with radiological per-
sistent anomalies and a positive BALF culture), severe
intracranial hemorrhage (grade III or IV), necrotizing
enterocolitis and surgical ligation of the ductus arteriosus.

Bronchoalveolar lavage procedure, cell count
and sample processing

BALF samples were obtained on the 3rd day of life
according to a standardized procedure [15].

The flow-chart reported in Fig. 1 clarifies the whole
experimental design. After collection, specimens were
centrifuged at 1,000g for 3 min. Cells were suspended in
250 ll of 0.9% sodium chloride, and the absolute and
differential cell count was obtained by automatic analyzer
(Bayer-ADVIA 120, Hematology System) and by spin-
ning 25 ll of suspended cells onto two glass slides using
May-Grünwald-Giemsa stain, as previously described
[18]. Cell-free supernatants were divided into two
approximately equal aliquots. One aliquot was immedi-
ately frozen at -80�C without any treatment until its use
for the metalloproteinase and TIMP assays described in
the following sections. The other aliquot, utilized for
peptidomic analysis, was immediately mixed with an
acidic solution, 0.2% trifluoroacetic acid (TFA) in 1:1 v/v
ratio, centrifuged at 8,000g at 4�C for 5 min and the
acidic supernatant stored at -80�C until freeze-dried. The
acidic treatment reduced the action of BALF proteases
and thus the incidence of artifacts.
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The high performance liquid chromatography
electrospray ionization mass spectrometer
(HPLC–ESI-MS) analysis and peptide
characterization

The freeze-dried acidic supernatants were re-suspended in
300 ll of 0.2% TFA solution before the HPLC analysis;
100 ll of this soluble fraction from each sample was
analyzed by HPLC ESI-MS, which identified the molec-
ular mass values of various peptides. After BPD diagnosis
and inclusion of each sample in the proper group (either
BPD or no BPD group), the eXtracted Ion Current (XIC)
peak areas of some peptides were used to perform a sta-
tistical analysis, as reported in the following. The low

protein concentration of these samples precluded the
possibility to characterize peptide sequences both by MS/
MS and/or classical automatic Edman sequencing.

After the BPD diagnosis was made, namely after
28 days of life, the still available acidic solutions (ca.
200 ll) of BALF samples from the enrolled subjects were
combined into two pools. One pool included the samples
of all subjects with BPD diagnosis (BPD pool, N = 16),
and the other one included the samples of all those sub-
jects not developing BPD (no-BPD pool, N = 18). The
comparison between the preparative chromatographic
profiles of the BPD and no-BPD pools identified ten peaks
that were higher in the BPD group compared to the
no-BPD group. They were collected and freeze dried. A

Fig. 1 Experimental design of
the top-down peptidomic study;
TFA trifluoroacetic acid,
HPLC–ESI-MS high-
performance liquid
chromatography electrospray
ionization mass spectrometer;
XIC eXtracted ion current,
MEROPS peptidase database
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small part of the freeze-dried material was analyzed by
HPLC–ESI-MS in order to establish the mass of the
peptide(s) present in each peak. In order to verify if the
amounts of these ten peptides were statistically different
in the two groups, the already recorded HPLC–ESI-MS
profiles of the BALF from each subject (N = 34) were
analyzed by XIC peak area. Indeed, under the constant
general analytical conditions adopted in this study, the
integrated XIC peak area can be used as a label-free
method for an estimation of relative changes in protein
amount between two conditions [19, 20], in our case BPD
and no-BPD groups. At the same time, the freeze-dried
powders of these ten peaks were submitted to automated
Edman sequencing.

BALF matrix metalloproteinases (MMPs) and tissue
inhibitors of metalloproteinases (TIMP-s) assays

Primary sequence data were analyzed by BLAST similarity
search (Expasy-Swiss-Prot/TrEMBL; http://us.expasy.org
), and the enzymes potentially responsible for fragment
generation were suggested by consulting the MEROPS
peptidase database (http://merops.sanger.ac.uk/). On the
basis of MEROPS suggestions, in the absence of a unique
commercial array that could measure at the same time all
the proteinases of potential interest, the Chemiluminescent
Array kit (Human MMP array, Thermo Scientific Search-
Light) for the simultaneous measurement of seven
metalloproteinases (MMP-1, MMP-2, MMP-3, MMP-8,
MMP-9, MMP-10 and MMP-13) and the two tissue
inhibitors TIMP-1 and TIMP-2 was chosen for the best cost/
efficacy ratio. The results regarding the MMP-3 concen-
trations were confirmed by a specific sandwich ELISA kit
(Biosource- Invitrogen Corporation, Camarillo, CA). The
minimum detectable concentration of Hu MMP-3 is
\0.1 ng/ml. Intra-assay coefficient of variation was
\6.7%. The assay measures total Hu MMP-3 (pro-MMP-3,
activated MMP-3 and MMP-3 in complex with TIMP-1 or
TIMP-2).

Data treatment and statistical analysis

Quantification of specific peptides was based on the XIC
peak area. XIC analysis allows revealing selectively a
peptide/protein in the chromatographic profile by
extracting the ion current associated to its characteristic
multicharged ions. Deconvolution of averaged ESI-MS
spectra was automatically performed by using the Bio-
works Browser software provided with the Deca XP
instrument.

In order to normalize the dilution bias resulting from
the BALF collection practice and to obtain epithelial
lining fluid (ELF) concentration for the different mole-
cules, including MMPs levels and XIC peak area of

different peptides, the urea method was used on each
sample (N = 34) according to the following equation:
ELF = BALF MMPs concentration (or XIC peak
area) 9 (serum urea/BALF urea) [21] (see Fig. 1).

Categorical variables were compared by using a two-
tailed Fisher’s exact test. Testing for differences of con-
tinuous variables between groups was accomplished by
Mann–Whitney U test for non-parametric data and Stu-
dent’s t test for parametric data, as appropriate. The
statistical software used included Instat (GraphPad
PRISM Version 3.02). A P value \0.05 was considered
statistically significant. Exact logistic regression, based on
permutation resampling, was used to determine the
association of BPD and some studied variables. Gesta-
tional age and birth weight were entered in the model to
account for confounding variables. The results are pre-
sented as odds ratios with exact 95% confidence intervals
and exact P values. Exact logistic regression was per-
formed with Stata/IC 10.

Results

During the study period, 42 neonates met the entry cri-
teria. Two neonates were excluded for later diagnosis of
congenital pneumonia, three babies died before 28 days
of life, one baby had a major congenital malformation,
and in two cases BALF samples were not analyzed for
technical problems. The BALF samples of the remaining
34 neonates were utilized for the study. As reported in
Fig. 1, 16 newborns developed BPD (BPD group) and 18
did not (no-BPD group). Table 1 reports baseline char-
acteristics and some outcome variables of these infants.
The BPD group had significantly lower gestational age
and birth weight compared to the no-BPD group
(P \ 0.0001). No episodes of early onset sepsis (B72 h of
life) occurred in the studied babies. The incidence of late-
onset sepsis ([72 h of life), pneumonia and ductus arte-
riosus requiring surgical ligation was more represented in
the BPD group compared to the no-BPD group, but the
difference was not statistically significant (Table 1). No
significant differences were found between the two
groups for both mean airway pressure and fraction of
inspired oxygen (FiO2) at the time of BALF procedure
(Table 2). Concerning the BALF cytology, the absolute
cell count, the neutrophils and alveolar macrophages
absolute number resulted in being higher in the BPD
group, although this difference did not reach statistical
significance (Table 2).

The top-down peptidomic approach utilized for the
analysis of the BALF samples is shown in the flow chart
of Fig. 1.

Only the sequence of three (out of ten) peptides
collected by preparative HPLC was unambiguously
determined (Fig. 2).
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Peptide-1: GEYKFQNA (956.0 ± 0.3 Da)
Peptide-2: DAHKSEVAHRFKDLGEENFKA
(2428.0 ± 0.5 Da)
Peptide-3: VLSPADKTNVKAAWGKVGAHAGEY
(2469.3 ± 0.5 Da)

The theoretical masses of these peptides exactly cor-
responded to the experimental masses determined by
HPLC–ESI-MS analysis of the purified peaks. A simi-
larity search carried out with BLAST (Expasy-Swiss-Prot/
TrEMBL; http://us.expasy.org) revealed that the first
peptide (M 956.0 Da) corresponded to the fragment 399–
406 of human serum albumin (Swiss-Prot Code P02768),
the second one (M 2,428.0 Da) corresponded to the
fragment 1–21 of the same protein, and the third one
(M 2,469.3 Da) corresponded to the fragment 1–24 of the
a-globin chain of human hemoglobin (Swiss-Prot code
P69905). Automated Edman sequencing experiments of
the other seven peptides differentially detected in the two
pools (Table 3) did not give definitive results due to the
scarcity of peptide amount and the presence of other
contaminant peptides.

The XIC procedure applied to the HPLC–ESI-MS
profiles registered on the BALF from each subject
(N = 34) immediately after sample collection allowed
performing the quantification of the ten peptides in each

sample. Figure 3 shows the application of the XIC proce-
dures for the quantification of fragment 1 and 2 (fragments
399–406 and 1–21 of albumin). To take into account the
dilution factor the XIC peak areas were multiplied by the
ratio serum/BALF urea [19]. The statistical analysis
showed significantly higher levels for six peptides in the
BPD group compared to the no-BPD group (P \ 0.05)
(Table 3): the unknown peptides with masses 1,499.0,
2,022.1, 2,260.6, 5,481.9 Da and the fragments 399–406
and 1–21 of albumin. Quantification of intact albumin did
not show significant differences between the two groups
(data not reported). The statistical analysis of the other four
remaining peptides, a-globin chain fragment 1–24 com-
prised, showed higher median levels in the BPD group, but
the differences were not statistically significant.

The two albumin fragments originated from a similar
Ala;Leu cleavage at the C-terminus. By consulting the
MEROPS peptidase database (http://merops.sanger.ac.uk/),
the enzymes potentially responsible for this cleavage
were: matrix metalloproteinase-1 (MMP-1), MMP-2,
MMP-3, MMP-7, MMP-9, MMP-11, MMP-12, MMP-13,
MMP-20, MMP-26, cathepsin N, cathepsin D and
cathepsin E.

The results obtained using our Chemiluminescent
Array kit showed that MMP-1, MMP-10 and MMP-13
were not detectable in the majority of the samples of both

Table 1 Characteristics of the newborns studied: baseline variables and major outcomes

Basal variables No-BPD (n 18) BPD (n 16) P value

Gestational age (weeks) 30.4 ± 1.6 25.7 ± 1.4 \0.0001
Birth weight (g) 1621 ± 471 740 ± 238 \0.0001
Antenatal steroids 11 (61) 14 (87) 0.12
Apgar score 1’ 6 [5–7] 5 [5–7] 0.06
Apgar score 5’ 8 [6–9] 8 [6–9] 0.06
Male 11 (61) 7 (43) 0.49
Appropriate for gestational age 18 (100) 14 (87) 0.21
Cesarean section 17 (94) 11 (69) 0.29
Major outcomes
Sepsis 4 (22) 9 (56) 0.07
Necrotizing enterocolitis 1 (5) 3 (19) 0.32
Pneumonia 7 (44) 11(69) 0.1
Ductus arteriosus surgically ligated 1 (5) 4 (25) 0.16
Intracranial hemorrhage grade III or IV 1 (5) 4 (25) 0.16
Survival to discharge 18 (100) 14 (87) 0.21

Values are expressed as mean ± SD, median [range] and number (%)

Table 2 Ventilatory setting and BALF cell count in the studied newborns at the time of BALF procedure

No-BPD (n 18) BPD (n 16) P value

MAP (cm H2O) 7.7 [4.6–10] 8.0 [4.5–12] 0.79
FiO2 0.24 [0.21–0.30] 0.25 [0.21–0.60] 0.33
Cells (9109/l) 2.29 [0.09–19.75] 3.95 [0.13–23.00] 0.24
Neutrophils (9109/l) 1.53 [0.20–18.56] 2.45 [0.20–21.39] 0.29
Alveolar macrophages (9109/l) 0.25 [0.1–2.54] 0.38 [0.1–2.66] 0.70

MAP mean airways pressure, FiO2 fraction of inspired oxygen; values are expressed as median [range]
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groups. No significant differences were found in the levels
of MMP-2, MMP-8 and MMP-9 in the two groups
(Table 4), whereas the levels of MMP-3 and tissue
inhibitor 1 of MMPs (TIMP-1) were respectively signif-
icantly higher and lower in the BPD group compared to
the no-BPD patients (P \ 0.05, Table 4). TIMP-1 is the
specific inhibitor of MMP-9 with overlapping inhibitor
effects on other MMPs, including MMP-3. The MMP-9/
TIMP-1 ratio was significantly higher in infants who went
on to develop BPD compared to the no-BPD subjects
(Table 4). Because of the scarcity of BALF samples still

available, confirmation by ELISA of the array results
were possible only for MMP-3 (P \ 0.05, Table 4).

A significant positive correlation between the levels of
the two albumin fragments and MMP-3 amounts was
found (P \ 0.05, Fig. 4). A significant positive correla-
tion between levels of TIMP-1 and MMP-3 was also
found (r = 0.39, P = 0.02).

Exact logistic regression was applied to account for
confounding by gestational age or birth weight for the
MMP-3 significant difference between the groups. It
revealed that both gestational age and MMP-3 are

Fig. 2 Typical HPLC
preparative ultraviolet profiles
of the two BALF pooled
samples of the BPD group (a)
and the no-BPD group (b)
detected at 214 nm: arrows
indicate the retention time (RT)
and the primary structure
determined for three peptides
differentially expressed in the
BPD group. NL normalization
level, MA measured area,
AU arbitrary unit
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independent significant risk factors for BPD [MMP-3 OR
1.07 95% CI (1.01; ? ?); gestational age OR 0.68 95%
CI (0.01–0.96)].

Discussion

Apart from a previous report regarding surfactant com-
position [14], to our knowledge this is the first study
evaluating the peptide content of the BALF from pre-
mature neonates by a proteomic approach. In fact,
information deriving from the study of only adults patients

are actually available [6, 11]. Also these studies reported
the presence of different fragments of albumin, although
the antibody recognition didn’t allow elucidation of their
structure [11]. Fietta et al. [6] found by 2D electrophoresis
13 spots corresponding to serum albumin fragments that
are significantly different in two groups of patients suf-
fering from systemic sclerosis with or without functional,
clinical and radiological signs of lung fibrosis. Also, these
authors were not able to establish the exact molecular
weight and the cleavage site of these fragments.

Proteins in BALF may originate from a broad range
of sources, such as diffusion from serum across the air–
blood barrier (i.e., albumin), secretion from different lung
cell types or release from cellular debris. However, the
higher concentration of albumin fragments found in the
BPD group could not be ascribed to an enhanced diffu-
sion of the albumin molecule from serum because the
values observed for the entire protein in the two groups
were not significantly different. Until now, a physiolog-
ical function of albumin fragments is not known.
Nevertheless, the two albumin fragments characterized in
this study represented a clue to investigate the levels of
the enzymes responsible of the specific cleavage. A sig-
nificantly higher concentration only of MMP-3 was found
in BALF of the BPD neonates. Therefore, the higher
number of albumin fragments in the BPD group could be
ascribed to the greater activity of MMP-3, as also sug-
gested by the significant correlation between albumin
fragments and MMP-3 levels. MMP-3, also called transin
or stromelysin 1, is a proteoglycanase with a wide range
of substrate specificities. It is a secreted metalloproteinase
predominantly produced by connective tissue cells and,

Table 3 Epithelial lining fluid levels of ten (three identified and
seven unidentified) peptides of different molecular weight in the
studied newborns

Peptide No-BPD (n 18) BPD (n 16) P value

Albumin fragment
956.0 Da 0.5 [0–36.9] 4.1 [0.1–66.2] 0.03
2,428.0 Da 15.0 [0–267.7] 575.9 [0.5–574.1] 0.04
a Globin chain fragment
2,469.3 Da 7.4 [0–90.6] 22.3 [0–4,520.0] 0.19

1,499.0 Da 0.001 [0.001–15.7] 0.8 [0.001–82.2] 0.04
2,022.1 Da 0.8 [0–11.6] 7.7 [0–1,760.0] 0.007
2,260.6 Da 0.7 [0–14.9] 5.7 [0–1,74.0] 0.004
3,894.2 Da 0.001 [0.001–23.0] 3.2 [0.001–41.8] 0.07
4,120.4 Da 4.4 [0–63.2] 10.4 [0.1–778.0] 0.18
5,035.6 Da 4.8 [0–91.1] 8.5 [0–1,880.0] 0.23
5,481.9 Da 1.3 [0–81.9] 15.3 [0–154.0] 0.01

Values are expressed as median [range] and measured as arbitrary
unit (9108) numerical value, corresponding to the integrated area
under the extracted ion current peak, corrected by the urea method

Fig. 3 Typical BALF HPLC–
ESI-MS total ion current profile
in the 10.65–21.75 min range is
reported (a). b The ion peak of
the albumin fragment 1–21
evidenced by eXtracted Ion
Current strategy, searching the
two- and three-charged ions at
1,215.1 and 810.4 m/z. c The
ion peak of the albumin
fragment 399–406 evidenced by
eXtracted Ion Current strategy,
searching the mono- and
two-charged ions at 957.0 and
479.0 m/z. The area of the
XIC peaks and the retention
times (at the peak apex) are
reported. RT retention time,
NL normalization level,
MA measured area
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together with other metalloproteinases, can synergisti-
cally degrade the major components of the extra cellular
matrix [22]. Nerusu et al. [23] demonstrated that experi-
mental lung injury induced by immunoglobulin G
immune complexes is reduced in rodents lacking MMP-3
(MMP-3 -/- mice) as compared to their normal coun-
terparts. The importance of the patho-physiological role
of MMP-3 in lung injury is suggested also by a clinical
study [24] based on the analysis of BALF samples from

adult patients affected by acute respiratory distress syn-
drome. The overall mortality and disease severity were
greater in patients with detectable MMP-1 and MMP-3
than in patients where these enzymes were not-detectable.
Another study showed that the protective effect in the
lung of MMP-3-deficient mice is associated with a
reduction in leukocyte recruitment, suggesting that this
protease is involved in neutrophil and macrophage
recruitment into sites of inflammation, with possible
direct effect on the extracellular matrix [25]. Moreover, a
direct role for MMP-3 in the generation of chemotactic
activity for leukocytes has been demonstrated in a
dinitrofluorobenzene-induced model of contact hyper-
sensitivity [26]. According to the latter observation, the
cytology of our BALF samples showed that the absolute
number of neutrophils and alveolar macrophages was
higher in the BPD neonates compared to the no-BPD
group, although this difference did not reach statistical
significance (Table 2).

In our experience no significant differences were
found between the two groups in terms of other detectable
MMPs levels, whereas the amount of TIMP-1 resulted in
being significantly higher in the no-BPD group compared
to the BPD patients. Finally, the MMP-9/TIMP-1 ratio
was significantly higher in infants who went on to develop
BPD compared to the no-BPD patients, according to
previous studies [27, 28]. It has to be taken into account
that some differences exist between our study and pre-
vious reports [27–32] evaluating MMPs in the BALF of
premature neonates in relation to BPD development. In
fact, different postnatal days of sampling, specific tech-
niques used for detecting molecules and finally the
different internal markers used for ELF estimation may, at
least in part, justify different results.

There are some limitations to our pilot study: (1) we
did not collect BALF samples after the 3rd day of life. In
fact, most of our patients (25/34 = 73%) were extubated
during the 1st week. (2) The number of patients was
limited, even if the differences observed were statistically
confirmed. (3) A possible confounding effect due to the
significantly younger gestational age of the BPD patients

Table 4 Epithelial lining fluid values of some studied matrix-metalloproteinases and their tissue inhibitors in the studied newborns

Marker No-BPD (n 18) BPD (n 16) P value

MMP-2 (ng/ml) 331.8 [108.5–2,125.8] 420.7 [40.5–1,526.6] 0.96
MMP-3 (ng/ml) 9.5 [1.0–98.5] 25.5 [2.0–182.0] 0.01
MMP-3 (ng/ml)* 7.9 [2.8–88.8] 30.0 [4.1–90.0] 0.01
MMP-8 (ng/ml) 1,148.8[157.9–13,912.0] 871.8 [3.2–10,664.0] 0.46
MMP-9 (ng/ml) 1,466.2 [65.6–12,318.0] 2,634.1 [39.4–23,811.0] 0.73
TIMP-1 (ng/ml) 10,858.0 [143.7–38,215.0] 5,121.3 [449.2–10,952.0] 0.01
TIMP-2 (ng/ml) 283.4 [43.9–2,074.5] 276.2 [19.1–1,421.4] 0.74
MMP-9/TIMP-1 0.12 [0.01–2.25] 0.29 [0.03–6.70] 0.04

MMP-2 Matrix-metalloproteinase 2, *MMP-3 matrix-metalloproteinase 3 evaluated with the specific ELISA system kit, MMP-8 matrix-
metalloproteinase 8, MMP-9 matrix-metalloproteinase 9, TIMP-1 tissue inhibitors of MMPs 1, TIMP-2 tissue inhibitors of MMPs 2.
Values are expressed as median [range]

Fig. 4 Correlation between levels of MMP-3 and albumin frag-
ment 399–406 (a) and albumin fragment 1–21 (b) in BALF of the
studied neonates on day 3 of life. The values of the molecules are
corrected by the urea method. The least mean squares regression
line is indicated
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might indeed be responsible for higher levels of MMP-3 if
this proteinase was developmentally regulated. A gesta-
tional age-dependent expression of plasma MMP-2 and
MMP-9 activities has been found by Schulz et al. [33], but
only in healthy neonates. Until now a correlation between
gestational age and MMP-3 has not been reported.
However, the employment of the exact logistic regression
revealed that the increased MMP-3 levels in our patients
are associated with an increased risk of BPD indepen-
dently of gestational age. (4) The methods employed in
this report could only detect the total levels of MMP-3 in
BALF, including active enzyme, pro-enzyme and also
MMP-3 bound to TIMPs. Therefore, our results do not
allow making any conclusion about the net activity of this
enzyme in vivo. (5) Other proteinases could be respon-
sible for the albumin cleavage.

In conclusion, this study shows that proteomic tech-
niques can be applied to investigate the involvement of
proteolytic enzymes and their cleavage products on the

inflammatory milieu that exists in the alveoli and smaller
airways of premature infants undergoing mechanical
ventilation. We believe that the observations reported in
this work may be useful to address future experiments to
explore some of the mechanisms involved in the BPD
pathogenesis.

Further studies will be necessary to establish the
sequence of the other not characterized peptides differ-
ently expressed in BPD and no-BPD groups (Table 3) and
to define their possible role in the BPD pathogenesis.
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