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Azamfirei2010-ICM (a study on the same patient groups under different Title and fewer authors)
Objective: To investigate the changes both of the VEGF expression and of the specific receptors (VEGF-R1 and VEGF-R2) in the
exudative and the proliferative stage of ARDS patients compared to normal pulmonary tissue.
Material and methods: Lung specimens from 61 ARDS patients in the exudative or proliferative stage, obtained by bronchoscopy
(11 patients), or by autopsy (50 patients) were examined immunohistochemical and histopathological and were subsequently compared to a control group.
grammatical mistake
Results: For the bioptic lung samples, following the time frame for the exudative stage of ARDS we noted a VEGF-R1 decrease. It
was still expressed in some alveolocytes. As for VEGF, its expression decreased in the pulmonary tissues (p < 0.01). In the proliferative stage, after the appearance of the hialyne membranes, VEGF is expressed in the alveolocytes, but the expression of VEGF-R1
decreased significantly, except for some alveolocytes located in pulmonary areas free of hyaline membranes which continued to be
positive for VEGF-R1. VEGF-R2 was marked out only in the bronchial epithelium, both in the exudative and the proliferative stage.
The same alterations were observed for the necroptic lung samples, but the number of alveolar cells positive for VEGF-R1 was lower
compared to the bioptic ones (p < 0.01).
Conclusions: The persistence of VEGF-R1 in the alveolar cells located in pulmonary areas free of hyaline membranes proves that only
a part of these cells were destroyed in ARDS. The number of non-damaged alveolar cells seems to be critical for the survival.
Keywords: ARDS, VEGF, VEGF-R1 and VEGF-R2

Identical conclusions with those reported in Azamfirei2010-ICM

Introduction
Vascular endothelial growth factor (VEGF) is known to be
an important angiogenic factor and it is incriminated in
the adjustment of vasculature permeability of the different
organs, including the lungs. The VEGF is expressed both
in physiological and pathological conditions. Although
its name refers to its expression on vascular endothelium,
VEGF is also incriminated in mitogenesis, migration of monocytes and macrophages, development of nervous tissue,
urothelium and tumoral tissue. The survival of the newly
formed endothelial cells is also VEGF dependent [1].
The gene for VEGF family members relies on alternative exon splicing to confer various isoforms for biological
and functional specificity [2]. The human VEGF gene
family includes VEGF-A, VEGF-B, VEGF-C, VEGF-D,
VEGF-E, and placenta growth factor (PlGF). The most
studied molecule of the VEGF family is VEGF-A.
The individual biologic effects of VEGF depend on the interaction with specific tyrosine kinase receptors (VEGF-R)
expressed on angioblast or endothelial cells. VEGF-A and
-B bind Flt-1/VEGF-R1 (fms-like tyrosine kinase), VEGF-A and -C bind Flk-1/VEGF-R2, VEGF-C and -D
bind Flt-4/VEGF-R3. VEGF acts also on a family of coreceptors, the neuropilins [3].
VEGF-R1 is also expressed on trophoblastic cells, monocytes and mesangial renal cells. In tumoral angiogenesis, its

binding to VEGF seems to be mediated by the monocytes
migration, and is ten times less expressed than the VEGFR2 binding [4].
In adults, VEGF-R2 is also expressed on hematopoietic
stem cells, megakaryocytes and retinian progenitor cells.
Although the affinity for VEGF is less strong than that
of VEGF-R1, it seems that the VEGF effects are mainly
transmitted through the VEGF-A/VEGF-R2 couple [1].
The binding of VEGF165 to VEGF-R2 seems to be stimulated by heparin [5]. As opposed to VEGF-R1, VEGF-R2
does not mark the monocytes.
VEGF-R3 is expressed mainly on the endothelium of lymphatic vessels and is specific for VEGF-C and VEGF-D.
In the acute respiratory distress syndrome the specific role
of these receptors is not yet elucidated.
The objective of this study was to investigate the changes
both of the VEGF expression and of the specific receptors
(VEGF-R1 and VEGF-R2) in the exudative and the proliferative stages of ARDS patients compared to the normal
pulmonary tissue.
Material and methods
Lung specimens from 61 ARDS patients were obtained by
bronchoscopy (11 patients), or by autopsy (50 patients)
in case of deceased patients. In this study we included patients who accomplished the ARDS diagnosis criteria as
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Table I. Distribution of patients according to the stage of ARDS,
and the way of sampling the pulmonary tissue.

Table III.

Causes of ARDS

Cause
Exudative stage
(n=12)

Proliferative stage
(n=47)

Bronchoscopy

9

2

Autopsy

3

47

recommended by the International American-European
Consensus Conference, and who were in the exudative
(day 0-4) and the proliferative stage (day 2-8) of ARDS
(Table I), excluding the patients in the fibrotic stage.
In the control group were included 61 patients, deceased
from other causes than ARDS, from whom necroptic pulmonary tissue samples were obtained and processed as for
concatenated text
the ARDS patients.
The obtained lung samples were prepared in order to assess
a histopathological standard examination and an immunohistochemical analysis using specific monoclonal antibodies, as it follows:
ff Haematoxylin Eosine standard stain - in order to assess
the histopathological diagnosis of ARDS: presence of
hyaline membranes, type II pneumocyte proliferation
associated with myofibroblast proliferation.
ff Determination of VEGF expression in the pulmonary
tissue - using specific monoclonal antibodies VEGF-A,
clones VG1 and polyclonal antibodies Flt-1/VEGFR1
and Flk-1/KDR/VEGFR2.
The image evaluation was done using a computer assisted
quantification program. At least 10 fields per section were
analyzed and the results were given as the ratio (%) of stained surface area over the total field surface area.
Data were analyzed using Graph Pad Prism 5. Results are
presented as medians (interquartile range) in the text. Data
are presented as columns indicating the median. Differences between groups were estimated using the KruskalWallis test with post hoc Mann-Whitney analysis. p-values
<0.05 were considered statistically significant.

Ideas reported in Azamfirei2010-ICM
Results
The demographical and clinical data of these patients show
that PaO2/ FiO2 ratio was lower than 200 for all the ARDS
patients according to one of the diagnostic criteria. This ratio was mentained at a low level in both cases: patients ith
Table II. Demographic and clinical data of ARDS patients
Parameters

Value

Age (yr) – median/interquartile range

56.6 (23.6-74.5)

Male/Female (number)

34/27

PaO2/FiO2 (median/interquartile range)
At admittance in ICU

134 (56 -198)

Day of transbronchial biopsy

162 (78 – 210)

Day of death

124 (65 – 204)

Period of mechanical ventilation (days) (median/interquartile range)

18.4 (4.8 – 27.1)

ICU stay (days) (median/interquartile range)

21.4 (4.1-39.5)

Pulmonary
Chest trauma
Bronchopneumonia
Extrapulmonary

Number of patients (n=61)
22
14
8
39

Sepsis

20

Liver dysfunction

7

Massive transfusion

4

Acute pancreatitis

8

transbronchial biopsy, assessed in the day of lung parenchyma sampling (162±13.75), and non-survivors assessed
in the day of their death (124±12.80) (p > 0.05) (Table
II).
The ARDS etiology of the patients included in the study
was mainly extrapulmonary (Table III).
The expressions of VEGF, VEGF-R1 and VEGF-R2 according to the exudative or the proliferative stage of ARDS
are shown in Figure 1.
In the exudative stage of ARDS, on the bioptic lung samples, compared to controls, both VEGF and VEGF-R1,
were expressed in the endothelium and the alveolocytes.
Subsequently, compared to controls, VEGF-R1 was expressed only in some alveolocytes (18.50±5,03 vs. 14.72±3,63,
p < 0.05), but the VEGF expression decreased in the pulmonary tissue (26.83±3.43 vs. 7.52±1.41, p < 0.01).
In the proliferative stage, after the appearance of the hialyne membranes, VEGF is expressed in the alveolocytes
(7.12±1.45), but the expression of VEGF-R1 decreased
significantly (7.28±1.40). Only some alveolocytes, located
in pulmonary areas free of hyaline membranes continued
to be positive for VEGF-R1.
VEGF-R2 was expressed only in the bronchial epithelium,
both in the exudative and the proliferative stage, with a lack
of expression in the alveolocytes or hyaline membranes.
All the necroptic pulmonary samples had hyaline membranes, and expressed the VEGF and its receptors in a similar
manner to the proliferative stage of similar samples obtained
by transbronchial biopsy. The number of alveolar cells positive for VEGF-R1 was lower for the necroptic lung samples
compared to the bioptic ones (7.21±2.11 vs. 14.55±3.72,
p < 0.01).
Discussions
In the pathogenesis of ARDS three phases could be described: the decreasing VEGF expression in the alveolocytes,
the increasing VEGF seric level; the destruction of the surfactant and formation of hyaline membranes followed by
the apoptosis of the alveolar cells in those regions.
VEGF release takes place in 3 phases paralleling the development of ARDS. The initial injury of the lung and the
proinflammatory cytokines stimulates the production and
the release of VEGF from type II pneumocytes, alveolar
macrophages and marginal neutrophils [6].
The persistence of VEGF-R1 in the alveolar cells located

Red highlighted values coincide with corresponding values from
Table II in Azamfirei2010 (a study on different patient groups)
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The soluble form of VEGF-R1 is present in bronchial lavage fluid and it could be an antagonist for soluble form
of VEGF. So, VEGF165 decrease in plasma in early stages
of ARDS and at the same time VEGF121 and VEGF-R1
increase in bronchial fluid and bronchial epithelium. Probably one of these forms of VEGF can stimulate VEGF-R2
and it could promote endothelial activation. [14].

Fig. 1. The VEGF, VEGF-R1 and VEGF-R2 expression in normal
and ARDS lung tissues

in pulmonary areas free of hyaline membranes proves that
only a part of these cells were destroyed in ARDS. The
number of non-damaged alveolar cells seems to be critical
for survival.
puzzled text
The exact role of VEGF receptors in ARDS was not yet
clarified.
Although VEGF-R1 has a greater affinity for VEGF, it seems that the main receptor for bioactivity of VEGF in the
lung is VEGFR2. This aspect was proved by experimental
studies which showed that in R2 knock-out rats the developement of endothelial islands was not possible but in R1
knock-out rats an excessive proliferation of angioblasts was
observed [7].
The identification of VEGF-R1 in the distal pulmonary
epithelium suggests a possible autocrine role for the VEGF
in the proliferation and differentiation of alveolar epithelium [7]. VEGF-R1 plays a dual role: a negative role
in the embryonic angiogenesis and a positive role in the
adult’s angiogenesis [9], being expressed not only on the
endothelial cells, but also on the cells of the macrophagic
line. Experimental studies suggest that VEGF-R1 mediates
vascular reorganizing, as the VEGF-R1 inactivation causes
a severe derangement of the vascular system [10].
VEGF-R2 mediates the VEGF activity concerning endo[11] in Kasahara2000
thelial permeability.
VEGF signaling is required for the maintenance of adult
lung alveolar structures [11] and the withdrawal of VEGF
leads to endothelial cell apoptosis. The increased septal cell
death in lungs is associated with reduced lung expression of
VEGF and VEGFR-2 [12].This is consistent with a diminished lung perfusion, suggesting a protective mechanism
for endothelial cell survival. This aspect was proven by
some authors in experimental models who observed that
endothelial cells survival was increased through oxidative
stress increasing, alveolar enlargement and alveolar cell
apoptosis following VEGF blocking [13].

Conclusions
The persistence of VEGF-R1 in the alveolar cells located
in pulmonary areas free of hyaline membranes proves that
only a part of these cells were destroyed in ARDS. The
number of non-damaged alveolar cells seems to be critical
for the survival.
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