
SayyedHGetal  ExtracellularMatrixandAcuteLungInjury

www.ijmbs.org   ISSN:1947-489X   

170

ARTICLE

Extracellular Matrix Turnover, Angiogenesis and Endothelial Func-
tion in Acute Lung Injury: Relation to Pulmonary Dysfunction and 
Outcome

Naglaa K Idriss1, Sherif Sayed2 and Hayam G Sayyed3

1DepartmentofMedicalBiochemistry,2DepartmentofAnaesthesiologyand3DepartmentofMedicalPhysiology,FacultyofMedicine,
AssiutUniversity,Assiut,Egypt

Abstract 
Background:Acutelunginjury(ALI)isasyndromewith
adiagnosticcriteriabasedonhypoxemiaandaclassicalra-
diologicalappearance,withacuterespiratorydistresssyn-
dromeatthesevereendofthedisease.Occurrenceofrup-
tureofthebasementmembranesandinterstitialmatrixre-
modelingduringALI.Matrixmetalloproteinases(MMPs)
participate in tissue remodeling relatedwith pathological
conditionssuchasacutelunginjury.Wehypothesizedthe
interrelationships between extracellular matrix (ECM)
turnoverasMMP-9andindicatorofangiogenesissuchas
angiopoietin-2(Ang-2)aswellasplasmavonWillebrand
factor(vWF)andtheircorrelationwitharterialpartialpres-
sureofoxygen(PaO2),oxygensaturation(SaO2)andmor-
talityinALI/ARDS.Methods:Eightyeightmechanically
ventilatedpatients(68male,mean(SD)age61(10)years)
werecomparedto40healthycontrols(36male,mean(SD)
age 57 (10)).All biomarkersweremeasured byEnzyme
linkedimmunosorbentassay(ELISA).Oxygenation,body

temperature, leucocytes, and platelet counts were noted.
Results: Plasmalevelsofallbiomarkersweresignificantly
different,amongALI/ARDSsubjects(p<0.001).Theywere
inverselyrelatedtoPaO2andSaO2andpositivelyrelated
to mortality. In addition, increased MMP-9, Ang-2 and
vWFlevelswereinterrelatedonthefirstdayofadmission.
Conclusions:The observed diversity in plasma levels of
MMP-9,Ang-2andvWFinALI/ARDSpatientsrevealed
theactivityandseverityofthedisease,sheddingmorelight
ontothepathogenesisand/orpresentationofARDS.

Introduction
Acute lung injury (ALI) syndrome and acute respiratory
distresssyndrome(ARDS)aredefinedbyradiographicand
physiologicalchangesthatcharacterizepatientswithacute
lung failure (36).American-EuropeanConsensusConfer-
ence(AECC),definesALIas“aclinicalsyndromeofsevere
dyspneaofrapidonset,hypoxemia,anddiffusepulmonary
infiltrates leading to respiratory failure, a ratioof arterial
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oxygentensiontofractionofinspiredoxygen(PaO2/FiO2)
of<300, in theabsenceofcardiac failure” (4).Whereas
acuterespiratorydistresssyndrome(ARDS)isasequence
oftheALI,characterizedbyacuteonsetoftachypneaand
hypoxemia,bilateralpulmonaryinfiltratesonchestradiog-
raphyandreducedlungcompliance,PaO2/FiO2of<200
mmHg,incompletelyhealthyyoungindividuals(13).
ThepathogenesisofARDSremainsunknown.Thecause
of disease transition from the acute inflammatory stage
tothefibroticstageisundefined,andthereisfibrosisand
immuneimpairmentfromtheinitialstageofARDS(21).
Pro-inflammatory mediators, such as tumour necrosis
factor-α, interleukin-6,nitricoxideandprostaglandinE2,
playacrucialroleintheprogressionofthedisease(21,26).
Thisinflammatoryresponseresultinginanincreaseinal-
veolar-capillarypermeability leads toalveolaredemaand
leukocyteinfiltration,impairedsurfactantfunctionwithal-
veolarcollapse,andresultsinasevereimpairmentofgas
exchange(21).
Matrixmetalloproteinases (MMPs) represent a family of
structurally related zinc-dependent enzymes, which are
capable of debasing all extracellular matrix components
ofthebasementmembrane(20,23,25).MMPsaresecreted
inaninactiveformcalledproMMP.Subsequentactivation
of proMMP occurs in response to a variety of stimuli
such as growth factors, cytokines and chemokines, and
endogenous inflammatorymediators (34).Basedon their
structureandfunction,theyareclassifiedascollagenases,
gelatinases, stromelysins,matrilysinsandmembrane-type
MMPs(49).MMP-9isaconstituentofgelatinasesubgroup
(11).MMP-9 iscreatedbyseveral lungcell types.These
include macrophages, Clara cells, alveolar type II cells,
smooth muscle cells, fibroblasts and bronchial epithelial
cells.ManystudieshaveimplicatedtheroleofMMP-9in
theinjuriousprocessofALI(2),whileothershaveshown
theprotective roleofMMP-9 indifferentmodelsofALI
(6,27,37,47).
Angiopoietins (Angs) are growth factors that enhance
angiogenesis.FourmembersofAngshavebeenidentified
includingAng-1,Ang-2,Ang-3 andAng-4,which act by
bindingtotheendothelium-specificreceptortyrosinekinase
calledTies (38,48).Ang-2actsasa “trigger”ofvascular
remodeling as it “destabilizes” the vessel to be sensitive
tootherangiogenicgrowthfactors(24,38).Raisedplasma
angiopitein-2levelispresentinARDSpatients(10,17).
Additionally, von Willebrand factor (vWF) is a plasma
glycoproteinthatmediatesplateletadhesiontoaninjured
endothelial surface and carries clotting factorVIII in the
circulationtoprotectitfromrenalclearance(44,45).It is

synthesizedby endothelial cells andmegakaryocytes (8).
Itisdocumentedtobeacirculatingmarkerofendothelial
damage/dysfunction(39).
The aims of this study were (1) to determine the
interrelationshipbetweenplasmaMMP-9,Ang-2andvWF
andtheircorrelationwitharterialpartialpressureofoxygen
andoxygensaturation,and(2)tostudythepredictivevalue
ofMMP-9,Ang-2andvWFforICUmortality.

Patients and Methods

Settings and Protocols
Thisstudywascarriedoutintheintensivecareunit(ICU)
ofAssiut University Hospital, Egypt, over an 18-month
period. The protocol was approved by the local ethics
committee and written informed consent was obtained
fromallpatients.
Atotalof88consecutivemechanicallyventilatedpatients
wereincludedinthepresentstudy.Agesrangedfrom40to
65years.Ofthe88patients,42mettheAmerican-Europe
ConsensusDefinition forALI: PaO2/FIO2< 300mmHg
regardlessofthelevelofpositiveendexpiratorypressure
(PEEP),bilateralpulmonaryinfiltratedvisibleonanante-
rior/posteriorchestradiographwithnoclinicalevidenceof
left-sidedheart failure.The remainingpatients (46)were
suffering fromARDSwith PaO2/FIO2< 200mmHg. In
addition,studyindiceswerecomparedwith40healthycon-
trolsubjectswhowereeithermembersofthehospitalstaff
orpatientrelatives.Eachpatientandcontrolwassubjected
tofullclinicalassessmentincluding(a)demographicinfor-
mation(b)clinicalconditionsassociatedwithdevelopment
ofARDS,(c)routinelaboratorymeasurements, including
kidney function tests, blood sugar level, plainX-ray, lab
panelandarterialbloodgases.Patientswiththefollowing
criteriawereexcluded:cancer,concurrentsystemicinfec-
tion,inflammatoryboweldisease,hepaticimpairment,re-
nalfailure,connectivetissuedisease,orthoseonhormone
replacementtherapy.Healthycontrolswerehealthybyvir-
tueofcarefulclinicalhistoryandexamination,withnormal
basicbloodtestsandECG.

Laboratory methods
Patientsadmittedtotheintensivecareunit(ICU)ofAssiut
UniversityHospital,werescreeneddaily.Patients(ortheir
families) provided informed consent before they were
enrolled.Initialarterialbloodgasesandhemodynamicdata
wereobtained fromeachparticipant (10cc fastingblood
samplesobtainedbyvenipuncture).On admissionwithin
24hours,andafteroneweek,10ccofvenousbloodwas
againobtainedfromtheantecubitalveinintocitratedtubes
thencentrifugedat3,000rpm(1,000g)for20minat4°C.
Allaliquotswerestoredat–70°Ctoallowbatchanalysisof
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biomarkers.Plasmabiomarkersweremeasuredbyenzyme-
linked immunosorbent assays (ELISA)usingcommercial
reagents with strict adherence to the manufacturers’
guidelines.

Statistical analysis
FollowingapplicationoftheShapiro-Wilkes testtodetermine
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 orANOVA test
was used for comparison between groups. Demographic
andseverityscoredatawereanalyzedbytwofactoranalysis
ofvariance.CorrelationswererequiredbySpearman’srank
method.Aprobabilityvalueoflessthan0.05wasconsidered
statistically significant. The sample size estimate was
modeledinGraphpadprism4.

Results
Laboratory data
The routine laboratory data of study subjects were
summarizedinTable1.ALI/ARDSpatientsweregrouped
intocategoriesbysurvivorornon-survivor.Alllaboratory
datashowednosignificantdifferencebetweenALI/ARDS
patients and healthy controls except blood sugar, blood
ureaandserumcreatinineweresignificantlyhigherinnon-
survivorALI/ARDSpatientscomparedtohealthycontrols
andsurvivorALI/ARDSpatients.

Arterial blood gas analysis
Arterialbloodgasanalysiswere summarized inTable2.
AllindicesshowednosignificantdifferencebetweenALI/
ARDS patients and healthy controls except PaO2 and
SaO2weresignificantly lower inbothsurvivorandnon-
survivorALI/ARDSpatientscomparedtohealthycontrols

Table 1.Routinelaboratorydatainpatientswithacutelunginjury/acuterespiratorydistresssyndrome(ALI/ARDS)comparedto
healthycontrols.Valuesaremean(SD)ormean(interquartilerange).

Indices Healthycontrols(n=40)
ALI/ARDSPatients(n=88)

Survivor(n=59) Non-survivor(n=29)
Bloodsugar(mg/dl) 4.6±0.5 4.5±0.4 6.6±0.3***###
Bloodurea(mmol/L) 0.0±0.2 4.1±0.3 7.3±1.1***###
Serumcreatinine(mmol/L) 77.8±2.4 70.9±5.2 156.0±28.8***###

WBCs/cmm 9.22±0.52 9.25±0.74 9.54±0.83

RBCs/cmm 4.70±0.29 4.54±0.22 4.63±0.64
Hb(gm/dl) 11.30±0.78 11.08±0.29 11.16±0.40

HCT% 38.30
30.10-39.20

36.30
25.10-49.80

37.20
26.20–45.50

MCV(fL) 88.20
73.20-99.20

89.20
78.80-81.00

88.60
75.60–88.40

MCH(pg) 28.60
26.10-38.90

29.90
20.30-38.90

28.90
24.20–38.10

MCHC(g/L) 28.70
24.20-32.40

29.10
23.70-34.30

29.00
24.00–33.10

Platelet/cmm 292
235-640

268
135–631

280
200–620

PvaluebyANOVA,***:p<0.001(Tukey’stest)comparedtohealthycontrols,###:p<0.001comparedtosurvivorALI/ARDS.
Hb:hemoglobin;HCT:hematocritvalue;RBCs:redbloodcells;MCV:meancorpuscularvolume;WBCs:whitebloodcells;
MCH:meancorpuscularhemoglobin;MCHC:meancorpuscularhemoglobinconcentration.
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(p<0.001).

Plasma levels of MMP-9, Ang-2 and vWF on the day of 
admission
Plasma levelsofMMP-9,Ang-2andvWFon thedayof
admission were summarized in Table 3. Plasma level
ofMMP-9,Ang-2 and vWFwere significantly higher in
ALI/ARDSpatientscomparedtohealthycontrols(582.00
±87.36vs.90.23±17.94,p<0.001,297.30±52.51vs.
12.48±3.26,p<0.001,367.40±64.39vs.124.50±38.69,
p<0.001,respectively).

Correlation and linear regression of plasma biomarkers 
with PaO2 and SaO2
Correlation and linear regression of plasma levels of
MMP-9,Ang-2andvWFwithPaO2(A)andSaO2%(B)
inALI/ARDSpatientsonthefirstdayofadmissionwere
summarizedinFigures1-3.PlasmalevelsofMMP-9were
negativelycorrelatedwithPaO2andSaO2%inALI/ARDS
patients (‒0.75,p<0.0001andr=‒0.81,p<0.0001).
Also,plasmalevelofAng-2wasnegativelycorrelatedwith
PaO2andSaO2%inALI/ARDSpatients(r=‒0.68,p<
0.0001andr=‒0.63,p<0.0001).PlasmalevelsofvWF

were negatively related with PaO2 and SaO2% inALI/
ARDSpatients(r=‒0.76,p<0.0001andr=‒0.69,p<
0.001).

Association of plasma levels of MMP-9, Ang-2 and vWF 
with outcomes
ComparisonsofplasmalevelsofMMP-9(A),Ang-2(B)
andvWF(C)onfirstdayanddaysevenbetweensurvivors
andnon-survivorpatientswithALI/ARDSwereshownin
Figure4.Atthefirstday,plasmalevelsofMMP-9,Ang-2
andvWFwere significantlyhigher innon-survivors than
insurvivors(635.8±73.39vs.528.3±64.37,p<0.001,
345.2 ± 20.45 vs. 256.6 ± 18.87, p < 0.01 and 407.8 ±
55.44vs.327.1±45.56,p<0.001, respectively).Atday
seven,plasmalevelsofMMP-9,Ang-2weresignificantly
decreasedinsurvivors(391.3±69.57,p<0.001,163.1±
47.54,p<0.01and259±29.41,p<0.05)while,innon-
survivorsthisremainedhigh(611.1±76.48,279.9±60.66
and395.6±49.57,respectively).

The interrelation between MMP-9, Ang-2 and vWF levels 
on the day of admission
MMP-9levelswerepositivelyrelatedtoAng-2andvWF

Table 2.Arterialbloodgasanalysisinacutelunginjury/acuterespiratorydistresssyndrome(ALI/ARDS)patientsonadmission(1st
dayofadmission)comparedtohealthycontrols.Valuesareeithermedian(interquartilerange)ormean(StandardDeviation).

Indices Healthycontrols
(n=40)

ALI/ARDSPatients(n=88)

Survivor(n=59) Non-survivor(n=29)

pH 7.4
7.1–7.6

7.4
7.1–7.5

7.4
7.1–7.4

PaCO2(mmHg)
34.9
25.9–48.2

36.9
27.5–57.1

37.2
25.9–57.3

PaO2(mmHg)
92.4
58.2–21.2

68.4***
49.3–89.5

65.5***
46–84

HCO3(mmol/L) 25.7(1.0) 27.3(1.0) 26.8(1.0)

BaseExcess(mmol/L) 4.3(0.9) 4.5(1.2) 4.3(1.0)

SaO2%
98.0
79.0–99.2 92.8***

79.2–97.0
90.5***
79.0–95.5

PvaluebyANOVA,***p<0.001(Tukey’stest)comparedtohealthycontrols
PaCO2:partialpressureofcarbondioxideinthearterialblood;PaO2:partialpressureofoxygeninarterialblood;HCO3:
bicarbonateion;SaO2:oxygensaturation.
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Table 3.PlasmalevelsofallbiomarkersinallCohortstudyonadmission(1stdayofadmission).

Mean(SD) HealthyControls
(n=40)

ALI/ARDSPatients
(n=88) pvalue

MMP-9(ng/ml) a90.2(17.9) 582.0(87.4) p<0.001

Ang-2(ng/mL) a12.5(3.3) 297.3(52.5) p<0.001

vWF(U/mL) a124.5(38.7) 367.4(64.4) p<0.001

Datapresentedasmean(SD).MMP-9:matrixmetalloproteinase-9;Ang-2:angiopiotein-2;vWF:vonWillebrandfactor.pvalue
byMann-Witneytest.ALI/ARDSpatientsweresignificantlydifferentcomparedtohealthycontrols.a:p<0.001.
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Figure 1. Correlation and linear regression
ofplasmalevelofmatrixmetalloproteinase-9
(MMP-9)with partial pressure of oxygen in
arterialblood(PaO2)(A)andoxygensatura-
tion(SaO2%)(B)inALI/ARDSpatients.
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Figure 2.Correlationandlinearregressionofplasmalevelofangiopoitein-2(Ang-2)withpartialpressureofoxygeninarterialblood
(PaO2)(A)andoxygensaturation(SaO2%)(B)inALI/ARDSpatients.
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Figure 4.ComparisonofplasmalevelsofMMP-9(A),Ang-2(B)andvWF(C)atthefirstdayandday7betweensurvivorsandnon-
survivorspatientswithALI/ARDS.pvaluebyANOVAtestfollowedbyTukeytest.AtthefirstdayplasmalevelsofMMP-9,Ang-2
andvWBfactorweresignificantlyhigherinnon-survivorthansurvivorALI/ARDSpatients.Onday7plasmalevelssignificantlyde-
creasedinsurvivorswhile,theydidnotchangeinnon-survivors.***:p<0.001,p<0.01comparedtosurvivorALI/ARDSpatients,
###:p<0.001,p<0.01comparedtothelevelatthefirstday.
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Figure 5. TheinterrelationshipbetweenMMP-9,Ang-2andvWFplasmalevelsinALI/ARDSpatientsatthefirstdayofadmission.
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levels (r=0.78 andp<0.0001, r=0.65 andp<0.01).
Also,Ang-2levelswerepositivelyrelatedtovWFlevels(r
=0.67andp<0.01),Figure5.

Discussion
Proteinrichalveolaredema,reducedlungcompliance,and
acute severe hypoxemia are associated withALI/ARDS
(35).UnderstandingthemechanismsthatcontributetoALI/
ARDSmayultimatelyleadtothedevelopmentofeffective
therapeuticstrategies.
We reported higher circulating levels of ECM turnover,
angiogenesisandendothelialdysfunctionmarkers(MMP-9,
Ang-2andvWF,respectively)inpatientswithALI/ARDS
andtheirrelationtopulmonarydysfunctionandoutcomes
ofthepatients.Additionally,wefoundaninterrelationship
betweenplasmalevelsofMMP-9,Ang-2andvWFonthe
dayofadmission.
MMP-9playsavitalroleinlunginjurybyremodelingthe
extracellularmatrix, increasing cellmigration, enhancing
angiogenesis, enhancing inflammatory cell migration by
modulating proinflammatory cytokines and chemokines
andcontributingtolungtissueremodeling(22).
OurresultsrevealedthatMMP-9plasmalevelsareelevated
inALI/ARDSpatientscompared tohealthycontrols, and
showaninverserelationtoPaO2andSaO2andapositive
relationtopatientmortality.
Studies in various models of lung injury showed that
MMP-9 is implicated in the pathogenesis of lung injury
(1,9).Michele,etal.(29),demonstratedup-regulationof
MMP-9activityinALIpatientsincomparisontocontrols.
Furthermore,Guillermo,etal.(20),reportedthatMMP-9is
relatedtotheseverityoflunginjury.Moreover,inhibition
of MMP-9 in lung injury has a protective role (1) and
improvedthepathologicalchangesoflungtissue(12,19).
However,thisresultiscontrarytotheresultsofO’Kane,
etal.(30),whoreportedthatup-regulationofMMP-9
activitybysalbutamol,betaagonist,invitroandinvivo
in patientswithARDSwas associatedwith reduced
extravascular lung water, and they concluded that
MMP-9hasavaluableroleindecreasingpulmonary
edema in ARDS. Ang-2 has been implicated in
neovascularization,amitogenforvascularendothelial
cells,andanactivatorofcertainproteasecascades(e.g.
matrixmetalloproteinasesandplasminogen-activated
pathways),allofwhichareproteases thathavebeen
relatedtothepathophysiologyofALI/ARDS(22,24,
38).
The present study showed thatAng-2 plasma levels are

elevated in ALI/ARDS patients compared to healthy
controls,andhaveaninverserelationwithPaO2andSaO2,
andapositiverelationwithmortality.
Thepresentstudyisinbroadagreementwithseveralstudies
thatsuggestedthatAng-2isamediatorinthemechanism
of pulmonary vascular permeability and injury and its
correlationwith severity andmortality of lung injury (5,
10,14,17,31,43).
Fiedler,etal.(15),reportedthatAng-2playsacentralrole
in the pathogenesis of the pulmonary inflammation and
permeability ofALI/ARDSby sensitizing the pulmonary
endotheliumtoproinflammatorycytokines.Recentstudies
documented that Ang-2 enhanced the hyperpermeability
response of cultured human pulmonary microvascular
endothelialcellsbydisruptingtheadherencejunctions(5,
43).
In addition,  vWF is amarker of pulmonary endothelial
injuryandisassociatedwithanincreasedriskofdeathin
ALI(7).ThepresentstudyshowedthatvWFplasmalevels
are elevated inALI/ARDS patients compared to healthy
controls,andshowaninverserelationwithPaO2andSaO2
andpositiverelationwithpatientmortality.
Thisresultisconcomitantwithseveralstudiessignifyingthat
baselinelevelsofvWFinpatientswithALIareassociated
withworseclinicaloutcomes(28,32,33).Moreover,Flori,
et al. (16), and Stapleton, et al. (39), found that plasma
vWFlevelsinALIwereassociatedwithanincreasedrisk
ofdeathandprolongedmechanicalventilation.
Our result is contrary to the result of Covarrubias, et al.
(8),whofoundnoassociationbetweenplasmavWFlevels
andacutelunginjuryoccurringwithin72hfollowinglung
transplantation.Moreover,Bajaj,etal.(3),andWare,etal.
(46),demonstratedfailureofvWFtoexpectthesequence
ofARDSinat-riskpatients.Inourstudy,increasedMMP-
9,Ang-2andvWFlevelswere interrelatedon thedayof
admission.Thisisconcomitantwiththefindingofprevious
studies (18, 40).  The relation betweenAng-2 and vWF
claimedtobetheirsecretiontogetherfromtheendothelial
Weibel-Paladebody(41).
In conclusion, our study revealed a gradation in all
biomarkers was inversely related to PaO2 and SaO2
and directly related to mortality inALI/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
moleculesinthepathophysiologyofALI/ARDS.
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