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ABSTRACT
Aim. Vascular endothelial growth factor (VEGF) is a potent angiogenic and endothelial factor, which is abundantly
found in the normal lung tissue. The objective of the study was to assess the VEGF levels in lung tissue and plasma in
acute respiratory distress syndrome (ARDS) patients compared with controls who died from non-ARDS causes.
Methods. Plasma and tissue samples were prospectively collected from 20 patients with ARDS within 6 hours after
intubation (VEGF in plasma and tissue samples) and on the day of extubation (plasma VEGF) or postmortem (lung
tissue). We used an ELISA to measure the VEGF level in plasma. Lung specimens were obtained by bronchoscopic biopsy or by open biopsy during autopsy. All lung samples were stained for standard histopathological analysis and for
immunohistochemical methods. Biomarker levels were compared between survivors (N=12), non-survivors (N=8)
and controls (N=10).
Results. Compared with the levels in controls, in the early stages of ARDS, plasma VEGF levels rose and intrapulmonary
levels fell, but during recovery, these levels went back to normal levels.
Conclusion. The initial phase of ARDS is associated with a decrease in VEGF in the lung and an increase in the plasma. This down-regulation may represent a protective mechanism aimed at limiting endothelial permeability and may
participate in the decrease in the capillary number that is observed during early ARDS. A persistent elevation of plasma VEGF over time predicts poor outcome. (Minerva Anestesiol 2010;76:609-16)
Key words: ARDS - Vascular Endothelial Growth Factor - Lung - Endothelium.

A

cute respiratory distress syndrome (ARDS) is
the most severe form of acute lung injury
(ALI) that remains as a devastating condition. It is
characterized by the diffuse injury of the alveolocapillary wall and alveolar and interstitial edema
associated with increased pulmonary vascular permeability. The incidence is 1.5-8.3 cases in every
100 000 patients, and there is a significant mortality of 30% to 50% despite improvements in the
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management of sepsis and lung-protective ventilation strategy.1 Admission to intensive care units
is usually planned for these patients at high risk
of mortality and morbidity.2 Moreover, survival
analyses have shown that the group with delayed
extubation (ARDS patients usually have a prolonged ventilation) had an eight-fold higher mortality rate after 180 days compared with patients
with early extubation.3 There is a heterogeneous
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group of conditions, both direct or indirect insults,
such as sepsis, trauma, aspiration, massive blood
transfusion or burns which predispose to ARDS.
The pathogenic basis of ARDS and factors governing susceptibility are incompletely understood.
Great attention has been recently paid on the
potential of determining the possible genetic determinants of more susceptible endothelium, and
the onset, severity and outcome of septic syndrome
with ALI/ARDS.4
Markers of both epithelial and endothelial
injury have been correlated with outcome, whereas the severity of ARDS depends significantly
on the balance between alveolar epithelial and/or
vascular endothelial injuries and their repair
False text sources
mechanisms.5, 6
Vascular endothelial cell growth factor (VEGF)
increase endothelial permeability and acts as a cellular growth factor, hence its potential for a key
role in the pathogenesis of ALI/ARDS. The VEGF
family has several members, and each acts through
specific receptors. The human VEGF gene family includes VEGF-A, VEGF-B, VEGF-C, VEGFD, VEGF-E, and placenta growth factor (PlGF),
all with multiple and diverse biological functions.
The VEGF family members’ genes also rely on
alternative exon splicing to confer various isoforms
for biological and functional specificity.7,8 The
most studied molecule of the VEGF family is
VEGF-A. Its dual effects as both permogen and
mitogen induce vascular endothelial cell proliferation and promote survival by induction of antiapoptotic proteins bcl-2 and A1.9, 10 VEGF increases microvascular permeability, but it also exerts
bioactivity outside the vascular endothelium:
macrophages, type II pneumocytes, and monocytes, for which it may be chemotactic.11 The biological activity of VEGF is dependent on its interaction with specific receptors (VEGF-R1, 2, and
3), which are expressed not only by endothelial
cells, but also by activated macrophages and alveolar type II epithelial cells.12 VEGF acts also on a
family of co-receptors, the neuropilins.13
The objective of this study was to assess the
VEGF levels in lung tissue and plasma from acute
respiratory distress syndrome (ARDS) patients
compared with controls who died from non-ARDS
causes.
False text source
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Materials and methods
We evaluated prospectively 20 patients according to the international American-European consensus conference criteria for ARDS.14 The study
has been approved by the ethics committee, and
informed consent was obtained.
The SOFA score was obtained daily for all the
patients and was compared with the score obtained
on the first day of the ARDS diagnosis.
Plasma and tissue samples were prospectively
collected from 20 patients with ARDS without
any previous lung diseases before admittance in
ICU, within 6 hours after intubation (plasma
VEGF and tissue samples) and on the day of extubation (plasma VEGF) or postmortem (lung tissue). Lung specimens from ARDS patients were
obtained by bronchoscopy or by autopsy in controls. The control group was comprised of 10
patients who died from causes other than ARDS.
Pulmonary tissue samples were retrieved at autopsy and processed similarly to the samples from the
ARDS patients.
All lung samples were stained in a standard manner using hematoxylin-eosin and were examined
to assess the histopathological diagnosis of ARDS:
presence of hyaline membranes and type II pneumocyte proliferation associated with myofibroblast proliferation. Right text source
The determination of VEGF expression in the
pulmonary tissue was performed using specific
monoclonal antibodies VEGF, clones VG1 and
JH 121 produced by the LabVision company. A
charge-coupled video camera connected to an optical microscope was used to view the sections and
to digitize images on a PC host computer, using a
program of assisted quantification. For angiogenesis quantification, we chose the most relevant
regions, and we realized the digital photo captures
at 400x high power fields. The pictures were taken with the optical microscope Nikon 800E that
was coupled to a color video camera. The count
was made using NIH’s ImageJ software for image
processing. We batch-measured the stained surface versus total tissue area ratio. We eliminated
the ulcerated regions and also the regions rich in
lymphocytes. At least 10 fields per section were
analyzed, and the results were given as the ratio
(%) of the stained surface area over the total field
surface area.
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TABLE I.—Causes of ARDS.
Cause

Number of patients

Pulmonary
— Chest trauma
— Bronchopneumonia

6
4
2

Extrapulmonary
— Sepsis
— Liver dysfunction
— Massive transfusion
— Acute pancreatitis

14
6
4
2
2

Age (yr)
range
Male/Female (number)
PaO2/FiO2
Period of mechanical ventilation
(days)
ICU stay (days)
SOFA score (day of the ARDS diagnosis)
Mortality (%)

*
**

40
30
20
10
0

A

B

C

yellow highlighted words & values are coincidental with
those of Solomon2009 (a study on different patient groups)

Value

52.6 (31.1-71.3)
12/8
134.6 (56 -198)
11.4 (4.8-26.3)
18.3 (4.1-39.5)
6.4 (4.7-9.3)
40% (8/20)

Data are expressed as median (interquartile range).

values very close to those of Solomon2009
(a study on different patient groups)

The plasma VEGF level was determined using
the ELISA method, at the same as the tissue sampling of the ARDS patients, and during the hospital stay in the case of the control group of nonARDS patients. Plasma samples were acquired for
VEGF measurement using the Human VEGF
ELISA kit with crossed reactivity for VEGF 165
(BioLife Group), according to the manufacturer’s
instructions. Biomarker levels were compared
between survivors, non-survivors and control
group.
Statistical analysis
The statistical analysis of the data was conducted using media and the standard deviation through
soft GraphPadPrism, version 5. The results are
presented as medians (interquartile range) in the
text. The data are presented as box-plots indicat-
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Figure 1.—The lung tissue expression of VEGF in ARDS
patients.

TABLE II.—Demographic and clinical data of ARDS patients.
Parameters

VEGF pulmonary expression (%)
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ing the median and the 10th, 25th, 75th and 90th
percentiles. The differences between groups were
estimated using the Kruskal-Wallis test with post
hoc Mann-Whitney analysis. P-values <0.05 were
considered statistically significant. coincident values with those
Results

of Solomon2010 (a study
on different
different patient
patient groups)
groups)
on

The causes of ARDS are shown in Table I. The
demographic and clinical data of the ARDS
patients are shown in Table II.
The mortality of ARDS patients was 8 out of 20
patients.
The mean period of ICU stay was 18.3 days
(with a maximum of 39.5 days), and the mean
ventilation period was 11.4 days (with a maximum of 26.3 days). The mean SOFA score
acquired on the first day of ICU stay was 6.4 with
similar values for survivors and for the non-survivors.
The PaO2/FiO2 ratio was lower than 200 for
all the ARDS patients according to one of the diagnostic criteria, but this ratio would be subsequently modified for the survivors (assessed in the day
of extubation) compared with the non-survivors
(assessed in the day of death), with a mean of 247.2
(167-342) for survivors versus 115.8 (67-156) the
non-survivors (P<0.05)
Patients in the early phase of ARDS (day of
intubation) had a VEGF pulmonary expression
significantly decreased compared with non-ARDS
patients: 8.5 (4.1-10.7) (Figure 1, column A) versus 26.7 (9.5-38.6) (P<0.05) (Figure 1, column
C). The lower VEGF expression was observed
mainly in patients who died of ARDS: 8.05 (5.411.2) (Figure 1, column B). The plasma VEGF
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Figure 2.—The plasma VEGF level in ARDS patients.

levels of ARDS patients were 234.4 pg/mL (140323 pg/mL) (Figure 2, column A) in the early
phase of ARDS (day of intubation) compared with
non-ARDS patients: 141 pg/mL (76-209 pg/mL)
(Figure 2, column B) (P<0.05). The level remained
high until the day of death (mean: 262.8 pg/mL),
(Figure 2, column C) but this level decreased at
the day of extubation (mean: 138.5 pg/mL) (Figure
2, column D) for the patients with a favorable
evolution, compared with the patients from the
control group (P>0.05).
Alveolar macrophages were immunopositive in
both groups.
No significant statistical differences were noted
between the two groups regarding age, gender,
period of ARDS condition, and number of ICU
days.
Discussion
In the normal lung tissue, VEGF is highly compartmentalized, with levels within the alveolar
space being 500 times more than those in plasma,
even though VEGF production is closely associated with the hypoxia response element.4 In vitro
studies have demonstrated an abundance of VEGF
especially in the alveolar epithelium (including
the A549 cell line and primary human cultured
type II pneumocytes), which suggests that the alveolar epithelium is the predominant source.12, 15-17
The expression of VEGF in ARDS varies, depending on epithelial and endothelial damage.18, 19 Our
results showed that in the early stages of ARDS,
plasma VEGF levels rose and intrapulmonary levels fell, and during recovery, both levels showed
normalization. A possible explanation for this vari-

ation is that the alveolar injury is the primary modulator of the alveolar level of VEGF in ARDS.
This variation is probably the consequence of
VEGF degradation by proteases released from the
infiltrated neutrophils and other inflammatory
cells in the alveolar space.20, 21
VEGF release takes place in 3 phases paralleling
the development of ARDS. The initial injury of the
lung and the pro-inflammatory cytokines stimulate the production and the release of VEGF from
type II pneumocytes, alveolar macrophages and
marginal neutrophils.22, 23
Subsequently, the endothelial-alveolar barrier is
exposed to a high concentration of VEGF, which
False
False text
text source(s)
source(s)
alters the adherence junction complexes (AJC)
leading to microvascular injury and interstitial edema.24 As the ARDS lesions develop, there is a
destruction of type I and II alveolar epithelium,
with a release of proteases from neutrophils that
leads to the decrease of VEGF concentration in
the alveolar compartment. This pulmonary compartment deprivation of VEGF, independent from
the release of VEGF from other organs, increases
the VEGF plasma concentration, as ARDS represents only the pulmonary manifestation of a widespread endothelial injury in multiple organs.25, 26
During the early stage of ARDS, plasma crosses the capillary and alveolar walls, subsequently
flooding the alveoli. VEGF is present in higher
concentrations than normal in plasma. It is a
proven fact that in early stages of ARDS, the level of VEGF decreases.18
VEGF signaling is required for the maintenance
of adult lung alveolar structures, 27 and the withdrawal of VEGF leads to endothelial cell apoptosis. The increased septal cell death in the lungs is
associated with reduced lung expression of VEGF
and VEGFR-2.28 This is consistent with diminished lung perfusion, suggesting a protective mechanism for endothelial cell survival. This was proven False text source
by some authors in experimental models who
observed that endothelial cell survival was increased
through increases in oxidative stress, alveolar
enlargement and alveolar cell apoptosis following
the blocking of VEGF.29 In neonatal and preterm
mice with respiratory distress syndrome generated by the hypoxia inducible factor (HIF) knockout, the administration of VEGF increased surfactant biosynthesis and improved survival rates.30
puzzled fragments of phrase
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Likewise, the over-expression of pulmonary IL13 protected mice from hyperoxic lung injury
through a VEGF-dependent pathway, and adenoviral-delivered VEGF has been reported to
increase survival from hypoxic pulmonary hypertension.31, 32 VEGF protects endothelial cells from
apoptotic cell death through the coordinate signaling of phosphatidyl 3-kinase/Akt and inhibition
of p38 MAPK.33, 34 Furthermore, insufficient
maintenance of VEGF levels has been reported to
inhibit capillary formation in neonatal mice and
to lead to regression of newly formed vessels in
the retina, heart, and liver.35-37
In our study, the lung tissue expression of VEGF
in ARDS patients was low on the day of intubation
as well after death, and these results point to the
potential importance of this factor. The presence
of VEGF has a pro-survival and anti-apoptotic
role in endothelial cells. The failure of pulmonary
endothelial cell survival induced by VEGF receptor blockade results in lung alveolar septal cell
apoptosis and may contribute to the genesis of
vascular injury. A vicious circle might be established, because cells undergoing apoptosis display
increased oxidative stress, which further contributes
to the apoptosis.38 Our result supports the idea
that the protective effect of VEGF depends on the
existing reserves of VEGF on lung tissue.
At the same time, the decrease in VEGF may
protect lungs from alveolar flooding. In a previous study using an adenovirus-mediated gene transfer, Kaner et al. has shown that VEGF over-expression induces pulmonary edema.39 Because VEGF
increases the permeability, the decreased VEGF
production does not exclude its involvement in
the early increase of endothelial permeability that
may occur concomitantly with extravascular neutrophil migration at the onset of ARDS.40
Potential explanations for the reduction in intrapulmonary VEGF levels in early ARDS are manifold and not mutually exclusive. They include
increased membrane-bound rather than soluble
isoforms, changes in isoform expression and damage to the alveolar-capillary membrane with consequent leakage of intrapulmonary VEGF into
the vascular bed.41 The intrapulmonary VEGF
levels are known to be lower also in non-survivors
with ARDS.29
In patients in the early ARDS stage, intubation

induces the secretion of hypoxic inducing factors
like HIF-1-α or HIF-2-α, and NO. They all contribute to the release of VEGF and to the genesis
of endothelial cells as a consequence. The role of
hypoxia in releasing VEGF and angiogenesis initiation was observed in tumors, especially in breast
and colorectal carcinomas in which the anti-angiogenic treatment was approved by the US Food and
Drug Administration (FDA) in 2004 and 2008,
respectively.42, 43 So, after intubation (including
the day of death), the level of VEGF could be slowly increased compared with the level before intubation, although it was still not enough for a protective effect. However, VEGF tissue expression
is lower compared with the normal lung.
The ARDS patients who passed on died of
MSOF induced by the initial morbidity, thus, they
did not live enough to reach the late ARDS stage.
During the recovery period of ALI (when it
does appear), type I and II alveolar epithelial cells
begin to reappear, and the VEGF production rises, which may lead to VEGF stimulating angiogenesis, an important component of lung repair.44
The over-expression of pulmonary VEGF leads
to increased vascular pulmonary permeability and
subsequent pulmonary edema.39 Nevertheless, the
VEGF expression in human alveolar epithelial
cells also facilitates neovascularization, contributFalse text source
ing to endothelial injury repair.7
The three receptors of VEGF-A (VEGF-R1, R2 and –R3) are present in different types of cells,
such as tumor cells, endothelial cells, activated
macrophages or alveolar type II cells.12, 45 In normal lung tissue, VEGF-R1 and -R2 are expressed
by alveolar cells.26 VEGF-R2 mediates endothelial
survival in relationship with KDR (Kinase insert
domain-containing receptor) and in this way,
VEGF plays an important role in the regulation of
alveolar-capillary permeability.46 Although the
mechanism remains unclear, in vitro studies have
shown that VEGF can increase the rate of alveolar cell proliferation after acidic injury and at the
same time, can stimulate surfactant production
from alveolocytes.30, 47
In our study, the low VEGF pulmonary levels
were associated with the severity of ARDS, whereas high VEGF levels were associated with the recovery from ARDS, signaling the role of VEGF in
the pulmonary injury repairing process.

False text source
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Elevated plasma VEGF levels in ARDS probably
reflect multiple cellular sources. VEGF has been
demonstrated to induce fenestrations in previously non-fenestrated capillaries. These actions are
dependent on intracellular third messenger production and the release of nitric oxide.48 Elevated VEGF
levels in ARDS plasma would, therefore, be expected to contribute to abnormal capillary permeability, which is a characteristic feature of ARDS. The
elevated VEGF levels in hypotensive patients with
ARDS would also support a role for tissue hypoxia in determining plasma levels.20
This study has demonstrated that VEGF levels
are significantly greater in non-survivors with
ARDS than non-ARDS. Furthermore, changes in
VEGF appear to be associated with either a good
outcome if VEGF levels fall, or a bad outcome if
VEGF levels rise. These findings, therefore, need
further confirmation before they can be considered useful as a clinical marker of poor outcome in
Right text source
patients with ARDS.
The soluble form of VEGF-R1 is present in the
bronchial lavage fluid, and it could be an antagonist for the soluble form of VEGF. Therefore,
VEGF165 decreases in plasma in the early stages
of ARDS, and there are concurrent VEGF121 and
VEGF-R1 increases in bronchial fluid and
bronchial epithelium. It is possible that one of
these forms of VEGF can stimulate VEGF-R2 to
promote endothelial activation.49
Endothelial activation refers to a specific change
in endothelial phenotype, characterized most
notably by an increase in endothelial-leukocyte
interactions and permeability, which is pivotal to
inflammatory responses in both physiologic and
pathologic settings.50 VEGF has been well characterized as an endothelial survival factor, and it
prevents microvascular apoptotic cell loss.51 VEGF
survival signals in endothelial cells (ECs) are mediated by VEGFR-2 through the phosphatidylinositol 3-kinase/Akt signal transduction pathway. A
constitutively active Akt is sufficient to promote
survival of serum-starved endothelial cells in transient transfection experiments. In contrast, the
over-expression of a dominant-negative form of
Akt blocks the survival effect of VEGF. These
findings identify the Flk-1/KDR receptor and the
PI3-kinase/Akt signal transduction pathway as
important elements in the processes leading to

614

endothelial activation and cell survival induced
by VEGF.52
VEGF also promotes the expression of antiapoptotic proteins Bcl-2 and A1 in vascular ECs
and can specifically block extrinsic signal-induced
apoptosis of ECs, mediated by TNF receptors and
Fas. Pro-survival signaling by VEGF may, therefore,
alter the threshold level of ECs susceptibility to
intrinsic and extrinsic inducers of apoptosis.51
On the other hand, VEGF recruits lactosylceramide (a member of the glycosphingolipid family, which has been implicated in the inflammatory process and in the vascular lesion formation)
to induce endothelial cellular adhesion molecules
(CAMs) expression.53 CAMs play an essential role
in tethering circulating leukocytes to the vascular
endothelium activation at sites of inflammation.
They are also instrumental in enabling leukocytes
to transmigrate from blood vessels into adjacent
inflamed tissues. In the absence of signals to stimulate expression of CAMs, the adhesive forces
between leukocytes and the vascular endothelium
are below the threshold level required to tether
leukocytes. Several cytokines, including tumor
necrosis factor alpha (TNFα) and interleukin-1β
(IL-1β), potently increase the expression of many
CAMs and, thus, increase the adhesiveness between
leukocytes and the endothelium. The CAM-inducing activity of these cytokines is crucial to the regulation of the inflammatory processes.54
false text source

Conclusions
The initial phase of ARDS is associated with a
decrease in VEGF in the lung and with an increase
in the plasma, suggesting that VEGF in the alveolar space may reflect the development of, and the
recovery from, ARDS in a manner opposite to
that in plasma. This down-regulation may represent a protective mechanism aimed at limiting
endothelial permeability and may participate at
the decrease in capillary number that is observed
during early ARDS. Persistent elevation of plasma VEGF over time predicts a poor outcome, and
increased production of VEGF may contribute to
the resolution of inflammation in the lung.
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