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Abstract

Background: Acute lung injury (ALI) is a syndrome with
a diagnostic criteria based on hypoxemia and a classical ra-
diological appearance, with acute respiratory distress syn-
drome at the severe end of the disease. Occurrence of rup-
ture of the basement membranes and interstitial matrix re-
modeling during ALI. Matrix metalloproteinases (MMPs)
participate in tissue remodeling related with pathological
conditions such as acute lung injury. We hypothesized the
interrelationships between extracellular matrix (ECM)
turnover as MMP-9 and indicator of angiogenesis such as
angiopoietin-2 (Ang-2) as well as plasma von Willebrand
factor (vWF) and their correlation with arterial partial pres-
sure of oxygen (Pa02), oxygen saturation (Sa02) and mor-
tality in ALI/ARDS. Methods: Eighty eight mechanically
ventilated patients (68 male, mean (SD) age 61 (10) years)
were compared to 40 healthy controls (36 male, mean (SD)
age 57 (10)). All biomarkers were measured by Enzyme
linked immunosorbent assay (ELISA). Oxygenation, body
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temperature, leucocytes, and platelet counts were noted.
Results: Plasma levels of all biomarkers were significantly
different,among ALI/ARDS subjects (p<0.001). They were
inversely related to PaO2 and SaO2 and positively related
to mortality. In addition, increased MMP-9, Ang-2 and
vWF levels were interrelated on the first day of admission.
Conclusions: The observed diversity in plasma levels of
MMP-9, Ang-2 and vWF in ALI/ARDS patients revealed
the activity and severity of the disease, shedding more light
onto the pathogenesis and/or presentation of ARDS.

Introduction

Acute lung injury (ALI) syndrome and acute respiratory
distress syndrome (ARDS) are defined by radiographic and
physiological changes that characterize patients with acute
lung failure (36). American-European Consensus Confer-
ence (AECC), defines ALI as “a clinical syndrome of severe
dyspnea of rapid onset, hypoxemia, and diffuse pulmonary
infiltrates leading to respiratory failure, a ratio of arterial
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oxygen tension to fraction of inspired oxygen (PaO2/Fi02)
of < 300, in the absence of cardiac failure” (4). Whereas
acute respiratory distress syndrome (ARDS) is a sequence
of the ALI, characterized by acute onset of tachypnea and
hypoxemia, bilateral pulmonary infiltrates on chest radiog-
raphy and reduced lung compliance, PaO2/FiO2 of < 200
mmHg, in completely healthy young individuals (13).

The pathogenesis of ARDS remains unknown. The cause
of disease transition from the acute inflammatory stage
to the fibrotic stage is undefined, and there is fibrosis and
immune impairment from the initial stage of ARDS (21).
Pro-inflammatory mediators, such as tumour necrosis
factor-a, interleukin-6, nitric oxide and prostaglandin E2,
play a crucial role in the progression of the disease (21,26).
This inflammatory response resulting in an increase in al-
veolar-capillary permeability leads to alveolar edema and
leukocyte infiltration, impaired surfactant function with al-
veolar collapse, and results in a severe impairment of gas
exchange (21).

Matrix metalloproteinases (MMPs) represent a family of
structurally related zinc-dependent enzymes, which are
capable of debasing all extracellular matrix components
of the basement membrane (20,23,25). MMPs are secreted
in an inactive form called proMMP. Subsequent activation
of proMMP occurs in response to a variety of stimuli
such as growth factors, cytokines and chemokines, and
endogenous inflammatory mediators (34). Based on their
structure and function, they are classified as collagenases,
gelatinases, stromelysins, matrilysins and membrane-type
MMPs (49). MMP-9 is a constituent of gelatinase subgroup
(11). MMP-9 is created by several lung cell types. These
include macrophages, Clara cells, alveolar type II cells,
smooth muscle cells, fibroblasts and bronchial epithelial
cells. Many studies have implicated the role of MMP-9 in
the injurious process of ALI (2), while others have shown
the protective role of MMP-9 in different models of ALI
(6,27,3747).

Angiopoietins (Angs) are growth factors that enhance
angiogenesis. Four members of Angs have been identified
including Ang-1, Ang-2, Ang-3 and Ang-4, which act by
binding to the endothelium-specific receptor tyrosine kinase
called Ties (38,48). Ang-2 acts as a “trigger” of vascular
remodeling as it “destabilizes” the vessel to be sensitive
to other angiogenic growth factors (24,38). Raised plasma
angiopitein-2 level is present in ARDS patients (10,17).
Additionally, von Willebrand factor (vWF) is a plasma
glycoprotein that mediates platelet adhesion to an injured
endothelial surface and carries clotting factor VIII in the
circulation to protect it from renal clearance (44 45). It is
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synthesized by endothelial cells and megakaryocytes (8).
It is documented to be a circulating marker of endothelial
damage/dysfunction (39).

The aims of this study were (1) to determine the
interrelationship between plasma MMP-9, Ang-2 and vWF
and their correlation with arterial partial pressure of oxygen
and oxygen saturation, and (2) to study the predictive value
of MMP-9, Ang-2 and vWF for ICU mortality.

Patients and Methods

Settings and Protocols

This study was carried out in the intensive care unit (ICU)
of Assiut University Hospital, Egypt, over an 18-month
period. The protocol was approved by the local ethics
committee and written informed consent was obtained
from all patients.

A total of 88 consecutive mechanically ventilated patients
were included in the present study. Ages ranged from 40 to
65 years. Of the 88 patients, 42 met the American-Europe
Consensus Definition for ALL: PaO2/FIO2 < 300 mmHg
regardless of the level of positive end expiratory pressure
(PEEP), bilateral pulmonary infiltrated visible on an ante-
rior/posterior chest radiograph with no clinical evidence of
left-sided heart failure. The remaining patients (46) were
suffering from ARDS with PaO2/FIO2 < 200 mmHg. In
addition, study indices were compared with 40 healthy con-
trol subjects who were either members of the hospital staff
or patient relatives. Each patient and control was subjected
to full clinical assessment including (a) demographic infor-
mation (b) clinical conditions associated with development
of ARDS, (c) routine laboratory measurements, including
kidney function tests, blood sugar level, plain X-ray, lab
panel and arterial blood gases. Patients with the following
criteria were excluded: cancer, concurrent systemic infec-
tion, inflammatory bowel disease, hepatic impairment, re-
nal failure, connective tissue disease, or those on hormone
replacement therapy. Healthy controls were healthy by vir-
tue of careful clinical history and examination, with normal
basic blood tests and ECG.

Laboratory methods

Patients admitted to the intensive care unit (ICU) of Assiut
University Hospital, were screened daily. Patients (or their
families) provided informed consent before they were
enrolled. Initial arterial blood gases and hemodynamic data
were obtained from each participant (10 cc fasting blood
samples obtained by venipuncture). On admission within
24 hours, and after one week, 10 cc of venous blood was
again obtained from the antecubital vein into citrated tubes
then centrifuged at 3,000 rpm (1,000 g) for 20 min at 4°C.
All aliquots were stored at —70°C to allow batch analysis of
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biomarkers. Plasma biomarkers were measured by enzyme-
linked immunosorbent assays (ELISA) using commercial
reagents with strict adherence to the manufacturers’
guidelines.

Statistical analysis

Following application of the Shapiro-Wilkes test to determine
normal distribution, non-categorical data distributed
normally are expressed as mean (standard deviation) and
data distributed non-normally are expressed as median
(interquartile range). Mann-Whitney test or ANOVA test
was used for comparison between groups. Demographic
and severity score data were analyzed by two factor analysis
of variance. Correlations were required by Spearman’s rank
method. A probability value of less than 0.05 was considered
statistically significant. The sample size estimate was
modeled in Graph pad prism 4.
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Results
Laboratory data

The routine laboratory data of study subjects were
summarized in Table 1. ALI/ARDS patients were grouped
into categories by survivor or non-survivor. All laboratory
data showed no significant difference between ALI/ARDS
patients and healthy controls except blood sugar, blood
urea and serum creatinine were significantly higher in non-
survivor ALI/ARDS patients compared to healthy controls
and survivor ALI/ARDS patients.

Arterial blood gas analysis

Arterial blood gas analysis were summarized in Table 2.
All indices showed no significant difference between ALI/
ARDS patients and healthy controls except PaO2 and
Sa02 were significantly lower in both survivor and non-
survivor ALI/ARDS patients compared to healthy controls

Table 1. Routine laboratory data in patients with acute lung injury/acute respiratory distress syndrome (ALI/ARDS) compared to
healthy controls. Values are mean (SD) or mean (interquartile range).

ALI/ARDS Patients (n = 88)
Indices Healthy controls (n = 40)
Survivor (n = 59) Non-survivor (n = 29)
o gz (ol 46+05 45+04 6.6 = 0. 3% kftt
Bl e (L) 0002 41203 73 = 11%k
S G (el 778 +24 70952 156.0 = 28 85
WECH 922 +0.52 925074 954 +0.83
(Bt 470 +029 4544022 4.63 +0.64
(1B (i) 1130 + 0.78 11.08 +0.29 11.16 + 0.40
HCT % 38.30 36.30 37.20
30.10 - 39.20 25.10 - 49.80 26.20 — 45.50
MCV (fL) 88.20 89.20 88.60
73.20 - 99.20 78.80 - 81.00 75.60 — 88.40
MCH (pg) 28.60 29.90 28.90
26.10 - 38.90 20.30 - 38.90 2420 — 38.10
MCHC (g/L) 28.70 29.10 29.00
2420 - 32.40 23.70 - 34.30 24.00 - 33.10
Platelet/cmm 292 268 280
235 - 640 135 - 631 200 — 620

P value by ANOVA, *#*: p < 0.001 (Tukey’s test) compared to healthy controls, ###: p < 0.001 compared to survivor ALI/ARDS.
Hb: hemoglobin; HCT: hematocrit value; RBCs: red blood cells; MCV: mean corpuscular volume; WBCs: white blood cells;
MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration.
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Table 2. Arterial blood gas analysis in acute lung injury/acute respiratory distress syndrome (ALI/ARDS) patients on admission (1*
day of admission) compared to healthy controls. Values are either median (interquartile range) or mean (Standard Deviation).

. Healthy controls ALI/ARDS Patients (n = 88)
Indices
(n = 40)
Survivor (n = 59) Non-survivor (n = 29)
- 74 74 74
P 7.1-7.6 71-75 71-74
34.9 36.9 372
PaCO, (mmFHg) 25.9-482 275-57.1 259-573
924 68 47 65 5%
P (£ ) 582-212 493-89.5 46-84
HCO, (mmol/L) 25.7(1.0) 27.3(1.0) 26.8(1.0)
Base Excess (mmol/L) 4.3(0.9) 4.5 (1.2) 4.3(1.0)
98.0
92 g 90 5%
SO (B 792-97.0 79.0-955

bicarbonate ion; Sa0,: oxygen saturation.

P value by ANOVA, ***p < 0.001 (Tukey’s test) compared to healthy controls
PaCO,: partial pressure of carbon dioxide in the arterial blood; PaO,: partial pressure of oxygen in arterial blood; HCO,:

(p <0.001).

Plasma levels of MMP-9, Ang-2 and vWF on the day of
admission

Plasma levels of MMP-9, Ang-2 and vWF on the day of
admission were summarized in Table 3. Plasma level
of MMP-9, Ang-2 and vWF were significantly higher in
ALI/ARDS patients compared to healthy controls (582.00
+ 87.36 vs. 90.23 + 17.94, p < 0.001, 297.30 + 52.51 vs.
12.48 £3.26,p <0.001,367.40 + 64.39 vs. 124.50 £38.69,
p <0.001, respectively).

Correlation and linear regression of plasma biomarkers
with PaO2 and Sa02

Correlation and linear regression of plasma levels of
MMP-9, Ang-2 and vWF with PaO2 (A) and SaO2% (B)
in ALI/ARDS patients on the first day of admission were
summarized in Figures 1-3. Plasma levels of MMP-9 were
negatively correlated with PaO2 and SaO2% in ALI/ARDS
patients (— 0.75, p < 0.0001 and r = — 0.81, p < 0.0001).
Also, plasma level of Ang-2 was negatively correlated with
Pa02 and SaO2% in ALI/ARDS patients (r = —0.68, p <
0.0001 and r =—-0.63, p < 0.0001). Plasma levels of vWF
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were negatively related with PaO2 and SaO2% in ALI/
ARDS patients (r=—0.76,p <0.0001 and r =-0.69, p <
0.001).

Association of plasma levels of MMP-9, Ang-2 and vWF
with outcomes

Comparisons of plasma levels of MMP-9 (A), Ang-2 (B)
and vWF (C) on first day and day seven between survivors
and non-survivor patients with ALI/ARDS were shown in
Figure 4. At the first day, plasma levels of MMP-9, Ang-2
and vVWF were significantly higher in non-survivors than
in survivors (635.8 + 73.39 vs. 528.3 + 64.37, p < 0.001,
3452 £ 2045 vs. 256.6 = 18.87, p < 0.01 and 407.8 +
5544 vs. 327.1 £ 45.56, p < 0.001, respectively). At day
seven, plasma levels of MMP-9, Ang-2 were significantly
decreased in survivors (391.3 + 69.57, p < 0.001, 163.1 +
47.54,p <001 and 259 + 2941, p < 0.05) while, in non-
survivors this remained high (611.1 £ 76.48,279.9 + 60.66
and 395.6 + 49.57, respectively).

The interrelation between MMP-9,Ang-2 and vWF levels
on the day of admission
MMP-9 levels were positively related to Ang-2 and vWF
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Table 3. Plasma levels of all biomarkers in all Cohort study on admission (1* day of admission).

Healthy Controls ALI/ARDS Patients
Mean (SD) (n=40) (n=88) p value
MMP-9 (ng/ml) *90.2 (17.9) 582.0 (87.4) p <0.001
Ang-2 (ng/mL) 112.5(3.3) 297.3 (52.5) p <0.001
vWF (U/mL) 4124.5 (38.7) 3674 (64.4) p <0.001

Data presented as mean (SD). MMP-9: matrix metalloproteinase-9; Ang-2: angiopiotein-2; vVWF: von Willebrand factor. p value
by Mann-Witney test. ALI/ARDS patients were significantly different compared to healthy controls. *: p < 0.001.
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Figure 2. Correlation and linear regression of plasma level of angiopoitein-2 (Ang-2) with partial pressure of oxygen in arterial blood
(PaO2) (A) and oxygen saturation (Sa02%) (B) in ALI/ARDS patients.
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Figure 3. Correlation and linear regression of plasma level of von Willwbrand factor (vWF) with partial pressure of oxygen in arterial
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levels (r = 0.78 and p < 0.0001, r = 0.65 and p < 0.01).
Also, Ang-2 levels were positively related to vWF levels (r
=0.67 and p <0.01), Figure 5.

Discussion

Protein rich alveolar edema, reduced lung compliance, and
acute severe hypoxemia are associated with ALI/ARDS
(35). Understanding the mechanisms that contribute to ALI/
ARDS may ultimately lead to the development of effective
therapeutic strategies.

We reported higher circulating levels of ECM turnover,
angiogenesis and endothelial dysfunction markers (MMP-9,
Ang-2 and vWEF, respectively) in patients with ALI/ARDS
and their relation to pulmonary dysfunction and outcomes
of the patients. Additionally, we found an interrelationship
between plasma levels of MMP-9, Ang-2 and vWF on the
day of admission.

MMP-9 plays a vital role in lung injury by remodeling the
extracellular matrix, increasing cell migration, enhancing
angiogenesis, enhancing inflammatory cell migration by
modulating proinflammatory cytokines and chemokines
and contributing to lung tissue remodeling (22).

Our results revealed that MMP-9 plasma levels are elevated
in ALI/ARDS patients compared to healthy controls, and
show an inverse relation to PaO2 and SaO2 and a positive
relation to patient mortality.

Studies in various models of lung injury showed that
MMP-9 is implicated in the pathogenesis of lung injury
(1, 9). Michele, et al. (29), demonstrated up-regulation of
MMP-9 activity in ALI patients in comparison to controls.
Furthermore, Guillermo, et al. (20), reported that MMP-9 is
related to the severity of lung injury. Moreover, inhibition
of MMP-9 in lung injury has a protective role (1) and
improved the pathological changes of lung tissue (12, 19).
However, this result is contrary to the results of O’Kane,
et al. (30), who reported that up-regulation of MMP-9
activity by salbutamol, beta agonist, in vitro and in vivo
in patients with ARDS was associated with reduced
extravascular lung water, and they concluded that
MMP-9 has a valuable role in decreasing pulmonary
edema in ARDS. Ang-2 has been implicated in
neovascularization, a mitogen for vascular endothelial
cells, and an activator of certain protease cascades (e.g.
matrix metalloproteinases and plasminogen-activated
pathways), all of which are proteases that have been
related to the pathophysiology of ALI/ARDS (22, 24,
38).

The present study showed that Ang-2 plasma levels are
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elevated in ALI/ARDS patients compared to healthy
controls, and have an inverse relation with PaO2 and SaO2,
and a positive relation with mortality.

The present study is in broad agreement with several studies
that suggested that Ang-2 is a mediator in the mechanism
of pulmonary vascular permeability and injury and its
correlation with severity and mortality of lung injury (5,
10, 14, 17,31, 43).

Fiedler, et al. (15), reported that Ang-2 plays a central role
in the pathogenesis of the pulmonary inflammation and
permeability of ALI/ARDS by sensitizing the pulmonary
endothelium to proinflammatory cytokines. Recent studies
documented that Ang-2 enhanced the hyperpermeability
response of cultured human pulmonary microvascular
endothelial cells by disrupting the adherence junctions (5,
43).

In addition, vWF is a marker of pulmonary endothelial
injury and is associated with an increased risk of death in
ALI (7). The present study showed that vWF plasma levels
are elevated in ALI/ARDS patients compared to healthy
controls, and show an inverse relation with PaO2 and SaO2
and positive relation with patient mortality.

This resultis concomitant with several studies signifying that
baseline levels of vWF in patients with ALI are associated
with worse clinical outcomes (28, 32, 33). Moreover, Flori,
et al. (16), and Stapleton, et al. (39), found that plasma
vWEF levels in ALI were associated with an increased risk
of death and prolonged mechanical ventilation.

Our result is contrary to the result of Covarrubias, et al.
(8), who found no association between plasma vWF levels
and acute lung injury occurring within 72 h following lung
transplantation. Moreover, Bajaj, et al. (3), and Ware, et al.
(46), demonstrated failure of vWF to expect the sequence
of ARDS in at-risk patients. In our study, increased MMP-
9, Ang-2 and vWF levels were interrelated on the day of
admission. This is concomitant with the finding of previous
studies (18, 40). The relation between Ang-2 and vVWF
claimed to be their secretion together from the endothelial
Weibel-Palade body (41).

In conclusion, our study revealed a gradation in all
biomarkers was inversely related to PaO2 and SaO2
and directly related to mortality in ALI/ARDS subjects.
Moreover, we found positive correlations between their
levels which might reflect a common pathway of their
alteration. This may reflect the relative roles of these
molecules in the pathophysiology of ALI/ARDS.
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