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ARTICLE

Significance of Serum Vascular Endothelial Growth Factor in Chronic 
Liver Disease and Hepatocellular Carcinoma: An Exploratory Study. 
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Abstract
Background and Objectives:Vascularendothelialgrowth
factor(VEGF)isthemostpotentdirectlyactingangiogenic
growth factor that plays an important role in inducing
tumor-associated angiogenesis.We evaluated the clinical
significance of the circulating VEGF in patients with
hepatocelluarcarcinoma(HCC)andchronic liverdisease
(CLD). Patients and Methods: The study included 65
patients [20 with chronic viral hepatitis (CVH), 20 with
liver cirrhosis (LC) and 25with HCC] and 15 age- and
gender- matched healthy subjects as controls. For each
studied subject, detection of hepatitis viral markers, and
assessmentofliverfunctiontests,α-fetoprotein(AFP)and
VEGFwereperformed.Results:Therewasasignificantly
higherVEGFlevelintheseraofHCCpatientsascompared
to other groups (p< 0.001). Serum VEGF level was
significantlyassociatedwithportalveintumorthrombosis
(p<0.01),butwasnotrelatedtotumorsize.Therewasno
significant differencebetween the serumVEGF levels in

eitherLCorCVHgroupswhencomparedtothecontrols.
Moreover,nosignificantdifferencewasdetectedbetween
the different Child-Pugh classes among LC patients.
Furthermore,nocorrelationwasfoundbetweenthelevelof
serumVEGFandAFP,serumalbumin,aminotransferases
or prothrombin time (PT) in all the studied groups.
Conclusions: Serum VEGF may be useful as a tumor
markerfordiagnosisofHCCandasaprognosticmarker
fortumorinvasion.Largestudieswithgreaternumbersof
patientsandcontrolsisrequiredtosupportourconclusion.
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Prothrombin time, VEGF: Vascular endothelial growth
factor

Introduction
Vascularendothelialgrowthfactor(VEGF)isa34-46kD
glycoproteinwithapotentangiogenicactivity(1).VEGF
has five molecular isoforms generated by alternative
splicing ofVEGFmRNA. They are 206, 189, 165, 145,
and 121 amino acid residues. VEGF121 and VEGF165 
are both secreted into the circulation, butVEGF165 is the
predominant isoform secreted by most tumors including
HCC(2).Theother isoformsdonotenter thecirculation 

in a significant amount because they are either bound to
the extracellularmatrix (ECM)(VEGF145)ornot secreted
(VEGF189and

 VEGF206)(3).VEGFmediatesthesecretion
andactivationofenzymesinvolvedindegradingtheECM.
Actingonendothelial cells,VEGF inducesexpressionof
plasminogenactivatoranditsinhibitor,urokinasereceptor,
matrix metalloproteinase, interstitial collagenase and
gelatinase A. VEGF also decreases the levels of tissue
inhibitorsofmetalloproteinases1and2(4).Furthermore,
it acts as a survival factor for endothelial cells through
inhibition of apoptosis and is essential for mobilization
of bone marrow-derived endothelial cell precursors in
the promotion of vascularization (5). VEGF production
is upregulated by several substances, including oxygen,
steroidhormone,reactiveoxygenmetabolitesandprotein
kinase C agonists (6). VEGF is significantly expressed
by sinusoidal endothelial cells and hepatocytes, whereas
modest and inconstant expression has been reported for
Kupffer cells (7). VEGF has been shown to induce the
proliferationofhepaticsinusoidalcellsthroughincreasing
expressionofitsreceptors;fms-liketyrosinekinase(FLt)
and fetal liver kinase (FLK-1) after experimental partial
hepatectomy(8).

VEGFexpressionincreasessignificantlyduringthecourse
of liver fibrosis development in experimental studies
and that VEGF participated in sinusoidal capillarization
in the liver (9). In addition to hepatocytes, activated
hepaticstellatecells,whichplayanimportantroleinliver
fibrogenesis,havebeenshowntoincreaseVEGFexpression
during activation (10). Establishment of neovasculature
tosupportHCCgrowthinvolvesmanycell typesasliver
sinusoidal cells. Kuppfer cells, hepatic stellate cells and
circulatingendothelialprogenitors(11).HCCisoneofthe
mostcommoncancersworldwideanditusuallydevelops
in chronically damaged liver (12). CVH, LC and HCC
arecommon inEgypt (13).Theaimof this studywas to

exploretheclinicalsignificanceofcirculatingVEGFlevels
inCVH,LCandHCC.
 
Patients and Methods
Study population
Thestudyincluded40patientswithCLD,25patientswith
HCCand15 healthy age- and gender-matched controls.
Patients were selected from Menoufiya University
Hospital. Cases with chronic inflammatory diseases,
hematologicalmalignancy or cancers of any other organ
were excluded from the study.An informed consentwas
obtainedfromallsubjectsbeforeenrollmentinthestudy.
All patients were subjected to thorough history taking,
completeclinicalexamination,abdominalultrasonography,
computed tomography (CT) scan and liver biopsy. The
studiedpatientswereclassifiedinto3groupsaccordingto
theresultsofabdominalultrasonography,liverbiopsyand
alphafetoprotein(AFP),asfollows.CVHgroup: included
20patientswithchronicviralhepatitisBorC.Diagnosiswas
performedonthebasisofclinicalandlaboratoryfindings
(14) and cirrhosis was excluded by ultrasonography. LC
group: included 20 patientswith LC,whowere selected
on the basis of clinical and laboratory findings (14) and
cirrhoticultrasonographyfindings (shrunken liver, coarse
echo pattern, attenuated hepatic vein and fine regular
surface). HCC group: included 25 patients with HCC,
whowerediagnosedbyultrasonography,alphafetoprotein
level,CTscanandliverbiopsy.

Sampling
Venous blood (7ml)was obtained from each subject by
aseptic technique. Each blood samplewas distributed as
follows: 1.8 ml was delivered in a graduated vacutainer
plastic tube containing 0.2 ml trisodium citrate for
prothrombintime(PT).5.2mlofbloodweredeliveredin
avacutainerplaintesttube.Bloodwasleftforasufficient
timetoclot,serumwasthenseparatedaftercentrifugation
at3000rpmfor10minutes,thenliverfunctiontestswere
done immediately and the rest of the serumwas divided
intothreealiquotsandstoredat-80ºCtobetestedforviral
hepatitismarkers,AFPandVEGF.

Analytical Methods
Liverfunctiontestsincludingserumtotalbilirubin,direct
bilirubin,totalprotein,albumin,aspartateaminotransferase
(AST),alanineaminotransferase(ALP),gammaglutamyl
transferase (γGT) and alkaline phosphatase (ALP)were
determined using SynchronCX5 autoanalyzer (Beckman
instrumentation,CA,USA).HepatitisBSurfaceAntigen
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(HBsAg)wasdetectedbyasandwichEIAusingDia.Sorin
s.r.l kit (1340 Saluggia,Vercelli, Italy) (15). Hepatitis C
VirusAntibody (Anti-HCV)was detected by EIA, using
Murex anti-HCV  4th generation kit (MurexVK 47188,
England.) (16). Qualitative detection of HCV-RNA
by PCRwas performed by a directDNA probe test that
utilizesnucleicacidamplificationandhybridizationusing
amplicor kit (Roche Diagnostics, Branchburg, USA.).
The test is based on reverse transcription of the target
RNA to generate a complementary DNA (cDNA) and
amplification using primersKY78 andKY80 that define
a244nucleotidesequencewithinthehighlyconserved5’
untranslated region (17).Theampliconswere chemically
denatured to form single strands and were detected in a
microwellplatecontainingaspecificoligonucleotideprobe
KY150.An avidin-horseradish peroxidase conjugatewas
addedtotheplate.Theavidinbindstothebiotin-labelled
amplicons captured by the plate-bound probe KY150.
A substrate (TMB + hydrogen peroxide) was added and
thenthereactionwasstoppedandtheopticaldensitywas
measured at 450 nm in an automated microwell plate
reader(DynatechMR700).Theresultswerecomparedto
the supplied cut off value. SerumAFPwasmeasuredby
Cobas Core (Roche Diagnostics, Instrument center CH-
6343. Rotkreuz, Schweiz).Themethod usedwas a two-
step, solid phase EIA based on the sandwich principle
(18).SerumVEGFwasmeasuredbycompetitiveenzyme
immunoassay(EIA)usingtheAccucyteHumanVEGFkit
(CYTIMMUNE Sciences, Inc., College Park Maryland
20740.USA.)(19).

Statistical analysis
DatawereanalyzedusingstatisticalpackageSPSSversion
10.0.Kruskal-Wallis,Mann-Whitney(U),Spearman’srank
correlationcoefficient(r)Chi-square(X2)andANOVA(F)
testsweredoneat5%levelofsignificance(20).

Results
Table (1) shows comparison between different studied
groups regarding age, gender, viral markers, and liver
functiontests.Thehighestlevelsofserumbilirubin,AST,
ALT, ALP and γ-GT were found among HCC patients.
On the other hand, the lowest levels of total protein and
albuminweredetectedamongLCpatients.Table(2)shows
that therewas a significantly higher serum level ofAFP
amongHCC(p<0.001)andLC(p<0.01)patientscompared
withCVHandcontrolgroups.Table(2)showsthat there
wasasignificantly(p<0.001)higherlevelofserumVEGF
in sera of patients with HCC compared to that of other

groups. However, no significant differencewas detected
among LC, CVH and control groups. There was no
significantrelationbetweenserumlevelofVEGFandsize
of the tumor.On the other hand, therewas a significant
(p<0.01) association with portal vein tumor thrombosis
as shown in table (3). There was no significant relation
betweenVEGF and stage of cirrhosis as determined by
Child-PughclassificationofLC(table3).Moreover,there
wasnosignificantcorrelationbetweenthelevelsofVEGF
andAFP,albumin,aminotransferasesorPTamongallthe
studiedgroups,suggestingthatVEGFreflectsneitherthe
hepatic synthetic functionsnor the inflammatoryactivity
(table4).

Discussion
Inthisstudy,therewasasignificantincreaseintheserum
level of VEGF in HCC patients compared with LC,
CVHandcontrolgroups.ThepreoperativeserumVEGF
wasreported tobehigheramongpatientswithHCC (1).
ThesefindingsindicatethatVEGFmayplayasignificant
role in angiogenesis, growth and development of HCC
(2).An et al (22) reported thatVEGFwas expressed in
HCC cells and hepatocytes and on vascular endothelial
cells. It was found thatVEGFwas about 7 times more
commonlydetectedincarcinomaareascomparedtonon-
carcinoma areas, suggesting that it is a very important
angiogenesisfactorforHCCgrowth.Itwasreportedthat
theexpressionofVEGFwasupregulatedbyHCCtumor
andthattherewasapositivecorrelationbetweentheserum
VEGF level and tumor VEGF expression evaluated by
immunohistochemicalstaining,suggestingthattheserum
VEGF level, at least in part, reflects the tumor VEGF
expression (23). In addition, overexpression of VEGF
mRNAandproteininHCCcomparedwithLCandnormal
liverwasreported(1).

Hypoxiawassuggestedasacentralstimulusofangiogenesis
and liver carcinogenesis through upregulation of VEGF
gene expression by at least two distinct molecular
mechanisms:activationofVEGFgenetranscriptionandan
increaseinVEGFmRNAstability(24).Theexpressionof
VEGFisalsopotentiatedbyactivationofoncogenessuch
asras,orinactivationoftumorsuppressorgenes,suchas
P53,bycytokines,suchastransforminggrowthfactorbeta
(TGF-β)andnitricoxide,andbyupregulationofnuclear
factorκB/hypoxia-induciblefactor(25).

Therewasnosignificantdifferencebetweenpatientswith
small and largeHCC tumors according toMilan criteria
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(21). Similar results were previously reported by some
investigators who demonstrated an association between
high VEGF expression in HCC and portal vein tumor
thrombosisbutnodifferencebetweenlargeandsmallHCC
tumors(26).Ontheotherhand,Zhao et al (1)andKamel
et al (13) reported that there was a positive correlation
betweenserumlevelofVEGFandtumorsize.Moreover,
otherinvestigatorshavereportedhigherVEGFexpression
in small andwell-differentiatedHCC and suggested that
VEGF plays itsmost important role in a relatively early
stage of angiogenesis (24,26). Angiogenesis plays an
importantroleinthedevelopmentandprogressionofHCC
andothertumors(9).Therelationbetweentumorsizeand
VEGFexpressionmightbecomplexanddynamicbecause
HCChasdifferentvasculargrowthpatterns(9,27).
AmongourHCCpatients,therewasasignificantincrease

inserumlevelofVEGFinpatientswithportalveintumor
thrombosiscomparedtopatientswithoutthiscomplication.
ItwasshownthattheplasmalevelofVEGFwascorrelated
withclinicopathologicparametersandpooroverallsurvival
(28,29). Some investigators (23) reported that in HCC,
a high serum VEGF level was significantly correlated
with absence of tumor capsule, presence of intrahepatic
metastasis,presenceofmicroscopicvenousinvasion,and
advancedstage.Theassociationbetweenincreasedserum
level of VEGF and portal vein tumor thrombosis may
beattributed to the fact thatVEGF- transducedcellshad
a marked increase in their invasive activity (26). More
expression of VEGF in HCC was more evident with
vascularandcapsularinvasion(30). VEGFmayincreasethe
permeabilityofmicrovessels,causingasignificantvascular
leakiness.Anincreaseintumorvesselpermeabilitycould

Table 1.Generalcharacteristicsandliverfunctiontestsofthedifferentstudiedgroups.

Thestudiedparameter HCC
(No=25)

LC
(No=20)

CVH
(No=20)

Controls
(No=15)

Testof
significance pvalue

Age(years)mean+SD 53.0+5.6 48.8+6.5(*) 47.9+3.2(*) 47.3+3.8(*) F=3.54 <0.05

Gender:male/female 7/6 8/6 6/7 8/7 X2=0.34 >0.05

HBsAg:-ve/+ve 8/5 7/7 8/5 15/0 X2=9.79 <0.05

HCV:-ve/+ve 0/13 4/10 0/13 15/0 X2=42.36 <0.001

AST(IU/L) (a,b,c)
168±152

(c)
95±79 44±21 17±9 F=8.35 <0.001

ALT(IU/L) (a,b,c)
78±39

(c)
50±42

34±16 17±4 F=10.8 <0.001

Totalbilirubin(mg/dl) (a,b,c)
14.2±12.6 3.3±3.3 0.76±0.31 0.62±0.23 F=13.6 <0.001

Directbilirubin(mg/dl) (a,b,c)
11.7±11.1

2.3±2.8 0.20±0.15 0.19±0.23 F=12.9 <0.001

Totalprotein(gm/dl) (b,c)
6.4±1.0

(b,c)
6.1±0.7

7.3±0.5 7.3±0.47 F=11.4 <0.001

Albumin(gm/dl) (b,c)
2.4±0.53

(b,c)
2.2±0.5

4.2±0.43 4.4±0.4 F=83.1 <0.001

Alkalinephosphatase
(IU/L)

(a,b,c)
265±267 97±39 74±22 57±12 F=7.1 <0.01

γGT(IU/L) (a,b,c)
235±196

59±29 61±33 21±13 F=12.9 <0.001

ProthrombinTime% (b,c)
48.7±20.0

(b,c)
49.9±15.2 80.8±8.8 99.3±1.1 F=50.1 <0.001

(a) significantly different from LC,  (b) different from CVH, (c) significantly different from, * significance of difference from HCC. 
ANOVA (F) and Chi-square (X2) tests were all done at 5% level of significance.
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Table 2. SerumlevelofAFPandVEGFinthedifferentstudygroups

Studyparameter HCC
No=25

LC 
No=20

CVH
No=20

Controls
No=15

Kruskal-
Wallis pvalue

SerumAFP(ng/ml):

Mean (a,b,c)
12017

(b)
32 10 3

32.5 <0.001StandardDeviation 13070 19 6 1
Minimum 1234 12 4 2
Maximum 42433 63 26 4
SerumVEGF(ng/ml):

Mean (a,b,c)
1.4 0.4 0.3 0.4

23.5 <0.001

StandardDeviation 0.8 0.2 0.2 0.2
Minimum 0.4 0.0 0.0 0.1
Maximum 3.2 0.8 0.7 0.7

(a) More significant than LC (b) More significant than CVH (c) Much more significant than controls.
The serum level of VEGF was significantly (p< 0.001) higher in patients with HCC compared to the other groups.

Table 3. SerumlevelsofVEGFinrelationtoportalveintumorthrombosisandsizeofthetumorinHCCpatientsandtoChild-
PughclassinLCpatients.

Studyparameter

VEGF
(ng/ml) M a n n -W h i t n e y

U-test p-value
Mean±SD Range

Sizeofthetumor(cm)
<5(n=11)
>5(n=14)

1.4±0.9
1.4±0.6

0.4–3.2
0.6–2.1

0.3 >0.05

Portalveintumorthrombosis
Positive(n=9)
Negative(n=16)

2.3±0.6
1.1±0.4

1.9–3.2
0.4–1.7 2.8 <0.01

Child-PughclassinLCpatients
ChildclassB(n=8)
ChildclassC(n=12)

0.5±0.3
0.3±0.2

0.2-0.8
0.0-0.6

1.2 >0.05

Table 4. CorrelationofserumlevelofVEGFtoliverfunctiontestsandAFPamongthedifferentgroupsofpatients.

Study Groups

 Serum VEGF

AST ALT Total 
bilirubin

Direct
bilirubin

Total
Protein

Albumin Alkaline
phosphatase

GGT PT AFP

HCC (n=25) 0.28 0.29 0.27 0.28 -0.03 -0.47 0.31 0.21 -0.30 0.20
LC (n=20) 0.23 0.34 -0.20 -0.16 0.04 0.30 0.16 -0.18 -0.11 -0.06

CVH  (n=20) 0.04 0.10 0.21 0.01 0.38 0.48 -0.29 -0.15 0.02 -0.42

Spearman’s rank correlation coefficient test was done at 5% level of significance.  There was no significant correlation between 
serum levels of VEGF and liver function tests or AFP
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increasethechanceoftumorcellentryintothecirculation,
and newly formed vessels or capillariesmay have leaky
andweakbasementmembranesthroughwhichtumorcells
couldpenetratemoreeasily thanthoseofmaturevessels,
thus accelerating the hematogenous metastasis (31).
Others postulated that platelets adhering to circulating
tumorcellsmaybeactivatedtoreleaseVEGFatpointsof
adhesiontoendothelium,leadingtohyperpermeabilityand
extravasationoftumorcells(23).

In the present study, the serum level of VEGF among
patientswith CVH or LCwas not significantly different
comparedto thatof thecontrols.Moreover, therewasno
significant associationbetween the serum levelofVEGF
andstageofLCorbiochemicalindicesofhepatocyteinjury
and/or function. Despite absence of correlation between
the levels ofVEGFand liver function tests, ourfindings
showed that the levels of AST, ALT, bilirubin, alkaline
phosphatase and γGTwere significantly higher inHCC
patients compared to those with LC.A marked increase
was found in the levels of bilirubin (mainly the direct
bilirubin), alkaline phosphatase and γ GT among HCC
patients,afindingwhichmaybeattributed tocholestasis
ortopresenceoftumor(32).However,DesideriandFerri
(7)reportedthatserumVEGFlevelsdecreaseaccordingto
Child–PughclassificationinLCpatients,andtoseverityof
histologicfindingsinpatientswithCVH.Meanwhile, Shi 
et al (33)reportedthatVEGFhasatendencytoincreasein
CVHandtodecreaseinLCbothintissueexpressionand
circulatinglevels.Ontheotherhand, itwasreportedthat
hepatic VEGF expression significantly increased during
LC(10,33).AnincreasedVEGFlevelinbothHCCandLC
wasreportedbyGadelhaket al (34). Apositivecorrelation
wasfoundbetweenserumlevelofVEGFandgradeofthe
diseaseinpatientswithCVH(35).

Angiogenesis has a role in progression of various liver
diseases (9). It was shown that neovascularization
significantly increased during the development of liver
fibrosis in both human and animal experimental studies
(36).Furthermore,asemisyntheticanalogueoffumagillin,
TNP-470, which possesses antiangiogenic activity,
suppressed experimental liver fibrosis development (37).
Theseresultssuggestthatangiogenesisplaysanimportant
role in the development of liver fibrosis (24). VEGF is
responsible for LC-associated angiogenesis in which
intrahepatic shunts and capillarization of sinusoids are
well-establishedcharacteristicsofLC(6,7).Inadditionto
itsangiogenesisactivity,VEGFmayinduceextravasation

ofplasmaproteinsandincreasemRNAlevelsofconnective
tissuegrowthfactorleadingtoincreasedECMproduction
(38). VEGFalsostimulatesproliferationofbothactivated
hepaticstellatecellsandsinusoidalendothelialcells(10).
Hepatic stellate cells are the primary ECM producing
cells but sinusoidal endothelial cells also produce ECM
components, such as type IV collagen and several
proteoglycans(39).Therefore,VEGFwassuggestedtobe
involvedinpathogenesisofCLDinadditiontodevelopment
ofHCC(40).
 
In conclusion, VEGF was higher among HCC patients
ascomparedtothosewithCVHorLC,andtherewasan
association with portal vein tumor thrombosis in HCC,
suggestingthatitcanbeusedasausefulbiologicalmarker
of tumor invasiveness and a prognostic factor in HCC.
However,furtherstudyisneededonalargescaleinpatients
withHCCandfollowupaftertumorresection.
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