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Inflammation plays a key role in the pathogenesis of bronchopulmo-
nary dysplasia (BPD). Fatty acid-binding proteins (FABPs) 4 and 5
regulate the inflammatory activity of macrophages. Whether FABPs
4 and 5 could play a role in the pathogenesis of BPD via the
promotion of macrophage inflammatory activity is unknown. This
study sought to examine whether the expression levels of FABP4 and
FABP5 were altered in bronchoalveolar lavage fluid and lung tissue
in a baboon model of BPD. This study also sought to characterize
the cell types that express these proteins. Real-time PCR, immuno-
blotting, immunohistochemistry, and double immunofluorescence
were used to examine the expression of FABPs in samples of BPD.
Morphometric analysis was used to quantify FABP4-positive peri-
bronchial blood vessels in lung sections. FABP4 was primarily
expressed in macrophages in samples of BPD. In addition, FABP4
was expressed in the endothelial cells of blood vessels in peribron-
chial areas and the vasa vasorum, but not in the alveolar vasculature
in samples of BPD. FABP4 concentrations were significantly in-
creased in lungs and bronchoalveolar lavage fluid samples with
BPD. An increased density of FABP4-positive peribronchial blood
vessels was evident in both baboon and human BPD sections. FABP5
was expressed in several cell types, including alveolar epithelial cells
and macrophages. FABP5 concentrations did not show any signifi-
cant alterations in BPD. In conclusion, FABP4 but not FABP5 levels
areincreased in BPD. FABP4 s differentially expressed in endothelial
cells of the bronchial microvasculature, which demonstrates a pre-
viously unrecognized expansion in BPD.
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Bronchopulmonary dysplasia (BPD), a common complication
of prematurity, develops in 30-40% of preterm infants with
birth weights of less than 1,000 g (1). The etiology of BPD is
multifactorial, with oxygen toxicity, ventilator-related trauma,
and inflammation playing key roles (2-5). Infants with BPD
are at higher risk for developing long-term pulmonary sequelae
and other systemic problems, such as growth retardation and
impaired neurodevelopment (6-9). Knowledge regarding the
pathogenesis of BPD at the molecular level is limited, and
effective therapeutic strategies for BPD are still lacking.
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CLINICAL RELEVANCE

Inflammation and impaired angiogenesis play important
roles in the pathogenesis of bronchopulmonary dysplasia
(BPD). Fatty acid-binding proteins (FABPs) 4 and 5
regulate the inflammatory activity of macrophages. FABP4
is also expressed in a subset of endothelial cells, and is
a target of the vascular endothelial growth factor (VEGF)/
VEGEF receptor 2 pathway. Whether FABPs are involved
in the pathogenesis of BPD remains unknown. We found
that FABP4 concentrations had significantly increased,
whereas FABPS concentrations had not altered, in bron-
choalveolar lavage fluid and lung-tissue samples in a ba-
boon model of BPD. FABP4 was detected in a subset of
macrophages in BPD tissues. In addition, FABP4 was
uniquely expressed in endothelial cells of the bronchial
but not pulmonary microvasculature. A previously unrec-
ognized expansion of FABP4-positive peribronchial blood
vessels is evident in both baboon and human samples of
BPD.

Fatty acid-binding proteins (FABPs) 4 and 5 belong to the
family of highly homologous, low molecular weight, intracellu-
lar lipid-binding proteins (10-13). FABPs bind various hydro-
phobic ligands, such as long-chain fatty acids and retinoic acid,
and are involved in the regulation of important biologic pro-
cesses, including inflammation, lipid and glucose homeostasis,
and cell proliferation and differentiation. The FABP family con-
sists of nine proteins expressed with distinct tissue specificities,
but with some overlap. FABP4, also known as adipocyte-
FABP, was originally isolated from adipocytes, but was sub-
sequently also detected in macrophages. We recently reported
on the expression of FABP4 in a subset of endothelial cells (14).
FABPS, also known as epidermal FABP, is the most widely
expressed FABP, and is detected in a variety of cell types,
including macrophages, epithelial cells, and endothelial cells.

Recent studies implicated FABP4 in the regulation of mac-
rophage inflammatory activity. FABP4-deficient macrophages
exhibit an impaired production of inflammatory cytokines and
chemokines, such as IL-18, TNFa, and monocyte chemotactic
protein-1, in part because of enhanced peroxisome proliferator-
activated receptor gamma (PPAR<y) and reduced inhibitory
kappa B (IkB) kinase activity (15). Consistent with these
findings, Reynolds and colleagues reported lower levels of pro-
inflammatory cytokine expression in the brain tissue of FABP4/
FABPS5 double knockout (FABP4/5~/~) mice in an experimental
model of autoimmune encephalomyelitis (16). Inflammation is
a major contributor to the pathogenesis of BPD, and FABP4-
regulated proinflammatory cytokines are important biomarkers
in the prediction of adverse pulmonary outcomes in preterm
infants (17, 18). Furthermore, transcriptional pathways that are
regulated by FABP4 (ie., PPARy and NF-kB) have been
implicated in the pathogenesis of BPD (19-21). In rat and
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murine lungs, FABP5 was detected in alveolar epithelial Type 2
cells, fibroblasts, and macrophages (22, 23). FABP3/FABP5~/~
mice demonstrate defective surfactant synthesis because of a
decrease in uptake and incorporation of palmitic acid into
glycerolipids, which can be ameliorated by a selective agonist
of PPARY (24).

The involvement of FABP4 and FABPS in the regulation of
inflammation suggests that they could play a role in the
pathogenesis of BPD. Here, we investigated whether altered
expression of FABP4 and FABP5 was associated with BPD,
and examined the cell types that expressed these proteins in
a well-characterized baboon model of BPD. We also used
samples of human BPD to corroborate our findings, which
demonstrate for the first time that the expression of FABP4 is
uniquely confined to the bronchial circulation—derived vascular
endothelial cells (ECs), and that this vascular bed undergoes an
expansion during BPD.

METHODS

Animal Models and Human Specimens

Baboon lung tissue samples were provided by the Southwest Foundation
for Biomedical Research (SFBR) Primate Center (San Antonio, TX).
Details of the baboon BPD model were described previously (25). All
baboon procedures were approved by the Institutional Animal Care and
Use Committee at the SFBR. Briefly, baboons that were delivered by
hysterotomy at 125 days of gestation developed the characteristic
features of the “new BPD” after surfactant replacement, mechanical
ventilation, and pro re nata (PRN) oxygen treatment for 14 days (BPD
group). Another group of baboons that were delivered at 140 days of
gestation and killed immediately served as the gestational control group
(140-day GC). Other control groups included baboons killed at 125 days
of gestation or at full term (180 days). Discarded human autopsy
specimens were obtained from the Department of Pathology at Boston
Children’s Hospital, with the approval of its Institutional Review Board.

RNA Isolation and Real-Time PCR

Total RNA was isolated from frozen proximal and distal baboon lung
samples. Real-time PCR analysis was performed using the 272ACT
method, as previously described (14). Cyclophilin A was used as an
internal reference to normalize the target transcripts. Real-time PCR
primers are listed in Table E1l in the online supplement.

Immunoblot Analysis

Frozen lung tissue samples were homogenized in phosphate buffer, and
immunoblotting was performed under reducing conditions, as pre-
viously described (26, 27).

Immunohistochemistry

Immunohistochemistry was performed on formalin-fixed, paraffin-
embedded tissue sections, as previously described (26). All primary
antibody incubations were performed overnight at 4°C. The primary
antibodies included rabbit polyclonal anti-FABP4 (Abcam, Cam-
bridge, MA), diluted 1:200; murine monoclonal anti-FABP5 (R&D,
Minneapolis, MN), diluted 1:50; monoclonal anti-CD31 (DAKO,
Carpenteria, CA), diluted 1:50; monoclonal anti-a-smooth muscle
actin (aSMA; Sigma, St. Louis, MO), diluted 1: 800; monoclonal
anti-CD68, diluted 1:200 (DAKO); and monoclonal anti-CD163, di-
luted 1:100 (AbDSeroTec, Raleigh, NC). Antigen retrieval was per-
formed for CD31 with Tris-EDTA buffer, pH 9, at 95°C for 15 minutes,
and for CD68 and CD163 with citrate buffer, pH 6, at 95°C for 10
minutes. For double immunofluorescence, secondary antibodies in-
cluded Alexa Fluor 594 goat anti-mouse IgG and Alexa Fluor 488 goat
anti-rabbit IgG (Molecular Probes, Inc., Eugene, OR).

Morphometric Analysis

Peribronchial vessel density was analyzed in paraffin-embedded ba-
boon and human lung samples immunostained for FABP4. Airways
surrounded by hyaline cartilage that comprised 30-80% of their
perimeters were included in the analysis. Images of airways and the
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surrounding area with FABP4-positive blood vessels were captured at
X200 magnification. Total numbers of vessels located between the
inner surface of the cartilage and the airway lumen were quantified and
then normalized to the perimeter of each airway, using NIS-Elements
Basic Research software (Nikon, Tokyo, Japan).

Statistical Analysis

All results are presented as mean = SEM from a minimum of three
independent experiments. Group means were compared using the
nonparametric Mann-Whitney U test (two-tailed). P < 0.05 was
considered significant.

RESULTS

FABP4 and FABP5 mRNA and Protein Expression in BPD

Whole lung relative mRNA expression levels of FABP4 and
FABP5 were examined according to real-time PCR (Figure
1A). FABP4 mRNA levels demonstrated a significant increase
in BPD tissues compared with gestational controls (GCs, P <
0.01), whereas FABP5 mRNA levels were similar in both
groups. A comparison of lung FABP4 and FABPS mRNA
levels demonstrated that FABP5 mRNA levels were more than
100-fold and 10-fold higher than FABP4 mRNA levels in GC
and BPD samples, respectively (not shown). Next, whole lung
homogenates and necropsy bronchoalveolar lavage fluid
(BALF) samples of GC and BPD group baboons were exam-
ined by immunoblotting and densitometry. FABP4 protein
levels were very low in the lung homogenates of GC lungs,
and were significantly increased in samples of BPD (P < 0.05,
Figure 1B). Consistent with the mRNA results, FABP5 protein
levels did not show a significant alteration in BPD (Figure
1B). Necropsy BALF samples from GC baboons did not reveal
any FABP4 immunoreactivity, whereas strong FABP4 bands
were detected in all BPD samples (Figure 1C). In contrast,
FABPS protein was detected in both GC and BPD samples at
similar levels (Figure 1C, densitometry not shown). To exam-
ine whether FABP4 could be detected in BALF at earlier time
points during the development of BPD, we analyzed necropsy
BALF samples from BPD group baboons obtained 2, 6, 14,
and 21 days after birth (Figure 1D). FABP4 levels in BALF
increased with increasing days of BPD-inducing treatments in
premature baboon lungs, starting on the second day of life.
The highest levels were observed at the end of 21 days of
treatment.

Immunolocalization of FABP4 and FABP5 in BPD

Immunohistochemistry was performed on paraffin-embedded
baboon lung tissues to identify the cell types that expressed
FABP4 and FABPS in BPD (Figure 2). Control lung tissues
contained very few macrophages, and these were FABP4-
negative (Figure 2, red arrowhead), whereas strong FABP4
immunoreactivity was detected in the majority of alveolar
macrophages in BPD samples. FABP4 was also detected in
the endothelial cells of peribronchial vessels in both control and
BPD lungs (Figure 2, black arrows). In contrast, no FABP4
immunoreactivity was evident in alveolar capillary endothelial
cells in either the control or BPD tissues. In some samples of
human BPD that also showed changes consistent with pulmo-
nary hypertension, FABP4 was detected in vasa vasorum
endothelial cells in the adventitia of pulmonary artery branches
(Figures E1A and E1B in the online supplement). Some pleural
blood vessels (Figures E1E and E1F) and lymphatics (Figure
E1G and E1H) also contained FABP4-positive endothelial
cells. This was evident in both BPD and control samples. In
some samples of human BPD with severe fibrotic changes,
FABP4 was also detected in microvascular ECs in fibrotic and
subpleural areas (not shown).
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Figure 1. The expression of fatty acid-binding protein 4 (FABP4) is
increased in bronchopulmonary dysplasia (BPD). (A) Real-time RT-PCR
for FABP4 and FABP5 was performed on total lung RNA, isolated from
control and BPD group baboons (n = 6-7 samples per group). Relative
expression levels were normalized to B-actin by the 2744C€T method. An
arbitrary level of 1 was assigned to the control group. (B) FABP4 and
FABP5 protein expression in whole baboon lung homogenates was
analyzed by immunoblotting. B-actin was used as a loading control.
(C) FABP4 and FABP5 were detected by immunoblotting in necropsy
bronchoalveolar lavage fluid (BALF). (D) Time course of FABP4 de-
tection in necropsy BALF samples.

FABP4

Consistent with its expression pattern in mouse and rat lungs,
FABPS5 was detected in alveolar epithelial Type 2 cells in both
GC and BPD samples (Figure 2, red arrows). In addition, strong
FABPS5 immunoreactivity was present in bronchiolar epithelial
cells, and this immunoreactivity became weaker in bronchial
epithelial cells. Macrophages also demonstrated FABPS immu-
noreactivity in samples of BPD (Figure 2, black arrowhead).
Occasional FABPS immunoreactivity was detected in endothe-
lial cells, including those in peribronchial areas.

To characterize the expression patterns of FABP4 and FABP5
further, double immunofluorescence (IF) was performed on
samples of baboon and human BPD. Representative images are
shown in Figure 3. Double IF using antibodies against CD68
(a marker of macrophages) and FABP4 revealed that FABP4 was
expressed in the majority, but not all, of CD68-positive macro-
phages (Figure 3, row I). A similar pattern was evident after
double IF using antibodies against CD163, another macrophage
marker, and FABP4 (Figure E2E) (28). No preferential expression
of FABP4 was evident in CD68 macrophage or CD163 macro-
phage subsets. Double IF with antibodies against CD31, a pan-EC
marker, and FABP4 demonstrated colocalization in the majority
of vascular ECs in peribronchial areas and in vasa vasorum ECs,
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Figure 2. Immunolocalization of FABP4 and FABP5 in a baboon model
of BPD. Representative images are shown. FABP4 was detected in
macrophages in BPD, but not in control samples (first row, red arrow-
head). FABP4 was also detected in peribronchial vascular endothelial cells
in both control and BPD samples (second row, black arrowheads). FABP5
was localized to bronchiolar (third row, green arrowheads) and alveolar
epithelial Type 2 cells (fourth row, red arrowheads), as well as macro-
phages (fourth row, black arrowhead). Scale bars = 50 pm.

whereas both microvascular and larger vascular ECs in alveolar
areas expressed CD31 but not FABP4 (Figure 3, rows 2—4, and
Figure E2). aSMA and FABP4 double IF revealed aSMA-
expressing cells (pericytes or smooth muscle cells) around some,
but not all, of the FABP4-positive peribronchial and perivascular
microvessels (Figure 3, row 5, and Figure 2E). In general, an
inverse correlation between FABP4 and «aSMA immunoreactivity
was evident: the vessels with the brightest FABP4 signal had weak
or no aSMA expression. Double IF with FABP4 and FABPS
antibodies revealed diffuse FABPS5 immunofluorescence, deriving
from airway epithelial and pulmonary endothelial cells as well as
macrophages in the lung parenchyma, whereas FABP4 was
detected only in macrophages (Figure 3, row 6).

FABP4-Positive Peribronchial Blood Vessels in Baboon
and Human Samples of BPD

BPD is associated with the impaired capillary growth of lung
parenchyma, which was postulated to underlie alveolar hypo-
plasia (29). However, the status of the bronchial vasculature in
BPD was not examined previously, to the best of our knowl-
edge. Our detailed characterization of FABP4 expression in
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FABP4

baboon and human lungs indicated that FABP4 can be used
reliably as a marker to differentiate between pulmonary and
bronchial circulation—derived vasculature in the lung. Further-
more, the pattern of FABP4 immunostaining in the peribron-
chial vasculature suggested that a difference may exist in the
density of peribronchial vessels between control and BPD
samples. To confirm these initial observations, we quantified
FABP4-positive peribronchial blood vessels, first using the
baboon model of BPD, and then verified our findings in human
samples. The patient characteristics are provided in Table
1. The gestational and chronologic ages at death were signifi-
cantly greater in the control group (P < 0.01), but there was no
difference in the postconceptional age at death. Quantitative
analysis demonstrated a significantly higher number of FABP4-
positive peribronchial vessels in both baboon and human lungs
with BPD, compared with the GC samples (P < 0.05, Figure 4).

DISCUSSION

Inflammation plays a key role in the pathogenesis of BPD and
in several other chronic lung diseases, such as chronic obstruc-
tive pulmonary disease and asthma. Although substantial evi-
dence suggests a role for FABPs in regulating inflammation, this
hypothesis has been addressed in only a limited number of
studies involving lung disease (30). Here, we characterized the
expression levels of FABP4 and FABP5 at the mRNA and
protein levels, using a well-characterized baboon model of

merge
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Figure 3. Double immunofluorescence analysis
for FABPs, CD31, CD68, and a-smooth muscle
actin (aSMA) on baboon and human BPD sec-
tions. Representative images are shown. First row
(baboon BPD): FABP4 is colocalized with CD68
in most, but not all, alveolar macrophages.
White arrows indicate CD68-positive, but FABP4-
negative, cells. Second row (human BPD): CD31
and FABP4 are colocalized in vasa vasorum ECs in
the adventitia (Ad) of a pulmonary artery (white
arrows), but not in pulmonary arterial ECs (white
arrowheads) or alveolar vessels (AV). Internal
elastic lamina (IEL) demonstrates autofluores-
cence. Third row: Higher magnification of the
boxed area in row 2 demonstrates CD31 expres-
sion in alveolar vasculature and vasa vasorum
ECs, but FABP4 expression only in vasa vasorum
o ECs (white arrows). Fourth row (human BPD):
BrM CD31 and FABP4 are colocalized in small vascular
ECs in the bronchial mucosa (BrM, white arrows).
Fifth row (human BPD): aSMA, a marker of mature
pericytes and smooth muscle cells, is detected
around some FABP4-positive peribronchial ves-
sels. Larger vessels with continuous coverage of
aSMA-expressing cells do not express FABP4
(asterisk). Sixth row (human BPD): In contrast to
the widespread expression pattern of FABP5 in
several cell types, including alveolar epithelial
and endothelial cells lining pulmonary vessels (v)
in the lung parenchyma, FABP4 is detected only
in FABP5-positive alveolar macrophages. Scale
bars = 25 pm.

BPD, and found that FABP4 mRNA and protein concentra-
tions in the lung were significantly higher than in control
samples. FABP4 levels were also higher in necropsy BALF
samples in the BPD group. In contrast, FABP5 concentrations
did not demonstrate any significant alterations in either BALF
or lung-tissue lysates. FABP4 was primarily expressed in macro-
phages and a subset of vascular endothelial cells, whereas FABP5
was detected in multiple cell types, including macrophages,
epithelial cells, and endothelial cells. Interestingly, we noted
a novel expansion of FABP4-positive peribronchial blood ves-
sels in the baboon model of BPD, and confirmed this finding
using samples of human BPD.

In a microarray study by Kompass and colleagues, FABP4
was also identified as one of the up-regulated genes in a sample
of baboon BPD (31). The increased FABP4 concentrations in
samples of BPD are likely attributable primarily to the macro-
phage influx in the airways, because we found macrophages to
be the predominant cell type expressing FABP4 in BPD lungs.
Interestingly, the expression of FABP4 was not uniform in all
macrophages in samples of BPD. Using two different markers,
CD68 and CD163, for Ml-type and M2-type macrophages,
respectively, we found that FABP4 was expressed in some,
but not all, alveolar macrophages, and no preferential expres-
sion of FABP4 was evident in either of these macrophage
subsets. Our observations, taken together with previous studies
(15, 16, 32), suggest that FABP4 expression levels may correlate
with the inflammatory activity of alveolar macrophages. Endo-
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TABLE 1. PATIENT CHARACTERISTICS

Gestational Chronologic Age Postconceptional Age  Autopsy
Patient Age (Weeks) at Death (Days) at Death (Weeks) Diagnosis
Control
1 39 6 40 HIE
2 31 17 34 NEC
3 41 1 41 HIE
4 40 28 44 SIDS
5 40 60 49 SIDS
Mean = SD 38.2 = 4.0 22.4 =235 41.6 = 5.5
BPD
1 24 150 46 BPD, PHtn
2 26 165 51 BPD, PHtn
3 24 59 32 BPD
4 28 920 41 BPD, IUGR
5 29 240 61 BPD
Mean = SD 26.2 = 2.3 140.8 = 70.3 46.2 = 10.8
P value* <0.01 <0.01 NS

Definition of abbreviations: BPD, bronchopulmonary dysplasia; HIE, hypoxic
ischemic encephalopathy; IUGR, intrauterine growth restriction; NEC, necrotiz-
ing enterocolitis; NS, nonsignificant; PHtn, pulmonary hypertension; SIDS,
sudden infant death syndrome.

* Versus control group.

thelial FABP4 may also have influenced the mRNA concentra-
tions of FABP4 in our analysis, especially insofar as we used
both proximal and distal lung samples for RNA isolation. In
BALF samples, FABP4 was detected in significantly higher
amounts in the BPD group. The mechanism by which FABP4 is
released into BALF is not clear. However, several FABPs,
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Figure 4. FABP4-positive peribronchial blood vessel density is in-
creased in BPD. (A) Representative images of immunohistochemistry
for FABP4 demonstrate FABP4-positive peribronchial vessels (black
arrowheads) in baboon and human lungs with and without BPD. Scale
bars = 50 pm. (B) Peribronchial blood vessel density was quantitated
and normalized to the airway perimeter in baboon and human infants
with BPD (n = 5 samples per group).

including FABP4, were detected in urine and sera, and were
elevated in various pathologic conditions (33, 34). Given the
low molecular weight of FABPs (~ 14 kD), leakage out of cells
under certain circumstances, such as cell injury, may be one
potential mechanism by which FABP4 is released into BALF.
The findings of increased FABP4 concentrations in BALF as
early as 2 days and the progressive increase through 21 days in
the BPD group baboons suggest that airway FABP4 concen-
trations could serve as a biomarker of lung injury in BPD.

A role for FABPS in surfactant synthesis was implicated,
based on previous studies in murine and rat lungs. Recent
studies also demonstrated an important role for FABPS in the
regulation of retinoic acid signaling (35). In the lung, FABP5
was detected at much higher concentrations compared with
FABP4 because of its expression in multiple resident cell types,
including bronchiolar and alveolar epithelial Type 2 cells. Based
on this pattern of expression, we expected to find increased
FABPS concentrations in BPD, because BPD is associated with
alveolar epithelial Type 2 cell hyperplasia. However, this was
not the case. In contrast with FABP4, FABPS5 concentrations
remained steady in both lung tissue and BALF samples with
BPD.

Studies have shown decreased concentrations of vascular
endothelial growth factor (VEGF)-A in baboon and human
lungs with BPD, in association with dysmorphic alveolar micro-
vessels (36, 37). The importance of disrupted VEGF signaling
and the impaired growth of alveolar capillaries in BPD are also
supported by studies of rodent models, where the exogenous
supplementation of VEGF can rescue not only capillary growth,
but also alveolarization in the lung (38-40). Interestingly, the
spectrum of dysmorphic vasculature in BPD includes the up-
regulation of some vascular endothelial cell-specific molecules,
such as endoglin (41, 42). Thus far, BPD-related vascular
research has focused primarily on alveolar capillaries, which
arise from the pulmonary vascular bed. The lung also receives
a blood supply from the bronchial circulation, which primarily
perfuses the peribronchial areas, the visceral pleura, and the
vasa vasorum (43, 44). In this study, we found that FABP4 was
expressed in endothelial cells in all these areas, but not in the
pulmonary vasculature, thus confirming its specificity for the
first time as a bronchial circulation—specific marker.

Although the bronchial circulation is known to be far more
angiogenic than the pulmonary circulation, the mechanisms
underlying this difference remain poorly understood (43, 45).
Furthermore, the status of bronchial circulation—derived vessels
in BPD was not, to the best of our knowledge, investigated
previously. We took advantage of FABP4 as a differentially
expressed marker of the bronchial vasculature, and examined
the density of peribronchial vessels in samples of baboon and
human BPD. This analysis demonstrated for the first time that
BPD is associated with an expansion of peribronchial blood
vessels.

Several important questions and implications relevant to the
pathogenesis of BPD were raised by our observations. First, the
two vascular beds in the lung appear to give distinct and
opposing responses to the injury that occurs in BPD, with the
bronchial vasculature eliciting an angiogenic response, in con-
trast to the impaired angiogenic response of the pulmonary
microvasculature. Second, the expansion of the peribronchial
vasculature in BPD may represent pathologic rather than
physiologic angiogenesis, and may contribute to airway obstruc-
tion in BPD (46) by causing increased vessel leakiness and
mucosal edema. The lack of aSMA-positive cells around some
FABP4-positive vessels supports this concept. Similar hypoth-
eses were proposed regarding the functional consequences of
increased peribronchial vessel density in asthmatic airways (45,
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47, 48). Interestingly, infants with BPD are at higher risk for
developing asthma-like symptoms in later life (49), and peri-
bronchial pathological angiogenesis could serve as a link be-
tween these two diseases.

Another intriguing question raised by our findings is whether
FABP4 is simply a marker of the bronchial microvasculature, or
a mediator that contributes to the regulation of the angiogenic
activity of bronchial vascular ECs. We recently reported that
FABP4 is strongly induced by VEGF-A via VEGF receptor 2,
and showed that it promotes the proliferation of human umbilical
vein and dermal microvascular endothelial cells in vitro (14).
Consistent with our data, FABP4 was identified as the most up-
regulated EC gene, with an impressive, approximately 100-fold
induction in a study that examined gene expression patterns
associated with neoangiogenesis in a wound-healing model (50).
These findings, taken together with our present observations,
strongly suggest that FABP4 may play a novel role in enhancing
the angiogenic capacity of the bronchial microvasculature. Con-
sistent with this role, lack of FABP4 expression in alveolar
capillary ECs may account, at least in part, for the relatively sup-
pressed angiogenic response of these cells, as occurs in BPD.
Studies are underway to address this hypothesis as well as the role
of FABP4 in the inflammatory activity of macrophages in BPD.
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