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Summary

Background: Vascular endothelia growth factor (VEGF)
has been implicated in both angiogenesisand ischemia. How-
ever, the relationship between plasmaVEGF level and coro-
nary artery disease remainsunknown.

Hypothesis: Plasma VEGF level may be associated with
severe coronary artery disease and other cardiovascular risk
factors.

Methods; We examined plasma VEGF concentration and
coronary risk factorsin 73 patients who underwent coronary
angiography and 70 apparently hedlthy control subjects.
According to the number of the three mgjor coronary vessels
with significant (= 75%) stenosis, we divided the patientsinto
two groups: themild stenosisgroup (0- and single-vessd dis-
ease, n = 36) and the severe stenosisgroup (double- and triple-
vessd disease, n=37).

Results: Thelog VEGF value of the severe stenosis group
was significantly higher than that of the mild stenoss (p<
0.05) and control groups (p< 0.05). Furthermore, therewasa
significant positive trend inthelog VEGF value according to
the number of vessals with significant stenosis (p = 0.016).
However, therewasno significant differenceinlog VEGF val-
ue between themild stenosisand control groups. Solublevas-
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cular cellular adhesion molecule, soluble intracellular adhe-
sion molecule, and other coronary risk factors werefound to
be associated with the presence of vessdl stenosis.

Conclusion: Unlike established coronary risk factors, the
plasmaVEGF level may be associated with only severe coro-
nary ischemiasuch asmultiple coronary vessel disease.

Key words. vascular endothdlia growth factor, ischemia,
atherosclerosis, severity, coronary artery disease, cytokine

Introduction

Vascular endothelia growth factor (VEGF) isaspecificand
potent mitogen of micro- and macrovascular endothelia cells
derived from arteriesand veins, aswell asan angiogenic fac-
tor.13 Its role in angiogenesis has been studied extensively
both in vivo and in vitro.3 Vascular endothelia growth factor
expressionisregulated by avariety of hormones, growth fac-
tors, and cytokinesincluding interleukin-6, epidermal growth
factor, transforming factor-B, prostaglandin E2, and nitric ox-
ide* However, hypoxiaisthe major inducer of VEGF expres-
sion;3 VEGF expressionisrapidly and reversibly induced by
exposure to low pO2 in avariety of normal and transformed
cultured cell types> 6 | schemiacaused by occlusion of theleft
anterior descending coronary artery resultsin adramatic in-
creasein VEGF mRNA level inthepig myocardium.”

To date, the plasmaor serum level of VEGF in conditions
including various cancersand inflammatory and gynecol ogi-
cal diseases has been well documented.812 However, littleis
known about theplasmaV EGF leve in patientswith coronary
artery disease (CAD), especidly with regard to the severity of
coronary ischemiaor atherosclerosis.

Therefore, we examined the rel ationship between plasma
VEGF level and severity of coronary ischemiain vivo using
venous samples. The severity of coronary ischemiawas ex-
pressed by the number of the three mgjor coronary vessels
with significant stenosis. In addition, the severity of athero-
sclerosis was expressed in terms of the Gensini score, 1 a-
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though these two assessments are closdly related. Assoluble
vascular cdllular adhesion molecule (s'VCAM-1), solublein-
tracellular adhesion molecule (sICAM-1), and hyperlipi-
demia have been shown to be associated with atherosclero-
sis 1519 wea so compared the plasmaV EGF level withthese
parametersaong with other cardiovascular risk factors.

Patientsand M ethods

Thisstudy included patientswho were scheduled to under-
go coronary angiography at the Nationa Defense Medical
College Hospital, Saitama, Japan. The study was approved by
thelngtitutional Review Board and dl patientsgavewrittenin-
formed consent. The control subjectswere apparently healthy
and underwent aroutinemedical checkup, that did notinclude
exercise stresstesting, at the Mitsukoshi Health and Welfare
Foundation. Most patients who were scheduled to undergo
coronary angiography showed objective evidence of myocar-
dial ischemiaon either treadmill exercisetesting or thalium
myocardia scintigraphy.

Control subjectsand patientswererandomly selected from
subjects who satisfied the following criteria: (1) absence of
clinical and laboratory signs of acute or chronic inflammato-
ry iliness, (2) absence of overt neoplastic disease, (3) absence
of other ischemic arteries, and (4) postmenopausal statusfor
women. Women still undergoing menstrual cycleswere ex-
cluded becausethemenstrual cycleand pregnancy areknown
toinfluencethe plasmaVEGF level .10. 11 After recruiting, 73
patients who were scheduled to undergo coronary angiogra
phy (CAD group) and 70 control subjects remained after
theseexclusions. A fasting venous blood samplewas collect-
ed in a tube containing ethylene diamine tetraacetic acid
(EDTA). After being centrifuged at 3000 rpm a 4°C for 15
min, the plasma sample was separated and stored at —80°C
until analysis.

AngiographicAnalysis

The number of vessels with significant stenosis and the
Gensini scorewere estimated using acomputer-assisted car-
diovascular angiography analysis system (Cardio-500, Kon-
tron, Wanaque, N.J., USA) by an investigator blinded to the
patient information as previoudy described.2 Vessel edges
were determined by computerized algorithms, and luminal
diameterswere measured with adye-filled catheter of over 6F
indiameter asareference. The minimal lumen diameter, ref-
erence diameter, and percentage of stenosiswere caculated
from projections of the same view at the point of themost se-
verestenosis. Significant stenosiswasdefined asany stenosis
>75% of thelumen diameter.

The 73 patientswere divided into two ischemiagroups ac-
cording to the number of coronary vessels with significant
stenosis among the three major coronary vessels. The mild
stenosis group (n = 36) consisted of patients with one or no
vessel with significant stenosisaswell as patientswith minor
stenoses (25-70% stenosis in no more than two of the three

major coronary vessals). The severe stenosis group (n = 37)
included patientswith s gnificant stlenosesintwo or threeves-
sels. We also categorized the 73 patients into the following
two groups according to the Gensini score: the low Gensini
scoregroup (Gensini score 1-27, n=45) andthehigh Gensaini
score group (Gensini score 28-140, n = 28). We chose 28 as
the cut-off point of the Gensini score o asto maximize the
differencein plasmaV EGF level between the severe stenosis
and contral groups.

M easurement of PlasmaVascular Endothdial Growth
Factor Leve

The plasma VEGF level was measured using a commer-
cidly available competitive immunoassay kit (cytoKINE
VEGF, ARP Inc., Bemont, Mass.,, USA), which isdesigned
to measurethetotal amount of VEGF withinthe plasma. This
measurement includes free VEGF and VVEGF bound to solu-
ble receptors and binding proteins such as ax-macroglobu-
lin.2! It has been shown that the major forms of VEGF are
VEGF121 and VEGF165, while VEGF189 and VEGF206
arelargely boundto cell membranesand do not represent mea:
surable VEGF;% 21 VEGF121 has angiogenic and permesabili-
ty effects on endothelia cells, as does VEGF165.2% 22 Pre-
coated goat antirabbit antibodiesto platewere used to capture
aspecific cytokine complex in each sample, consisting of the
VEGF antibody, biotinylated VEGF, and sample/standard.
Theassay sensitivity was0.195 ng/ml, and thedynamic range
wasupto50ng/ml.

M easurement of sVCAM-1and sICAM-1

ThesVCAM-1landsICAM-1levelsweremeasured by an
enzymeimmunoassay kit (CytoscreenTM, Biosource, Cam-
arillo, Cdif., USA). The VEGF, sVCAM-1, and s I CAM-1
concentrationsin al control and patient samples were mea-
sured at the sametime. Thecholesterol and triglyceridelevels
were determined by enzymatic methods. The level of high-
density lipoprotein cholesterol (HDL-C) wasdetermined after
preci pitation of apolipoproteinB containing lipoproteinsusing
phosphotungatate and magnesium.

Statistical M ethods

Datawere expressed asmean + standard deviation. Asthe
plasmaVEGF leveswere skewed to lower levels, they were
al so expressed asmedians. The plasmaV EGF concentrations
weretransformedintologarithmic formsfor parametric setis-
tical analysesbecausethey werenot normally distributed.

The chi-sguare test was performed for comparison of cat-
egorical variables among the three groups (control, mild
genosis, and severe stenosis). One-way analysis of variance
(ANOVA) was used to compare other parameters, including
theplasmaVEGF level, according to the severity of coronary
stenosisand Gensini score. Post hoc analysiswas undertaken
using Scheffe’ stest. The Mann-Whitney U test was used to
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TaBLE | Characterigticsof thethreegroups

Control group Mild stenosisgroup Severe stenosisgroup
Number 70 36 37
Age, years 589+82 62.6+10.9 61.8+8.6
Body massindex, kg/m? 228+28 241+37 228+3.0
Male, % (n) 58.6 (41) 58.3(21) 78.4(29)
History of hypertension, % (n) 18.6(13) 50.0(18) 2 459(17)2
Current smoker, % (n) 27.1(19) 30.6(11) 189(7)
Prior angioplasty, % (n) 0 16.7(6) 459(17)°
Prior M1, % (n) 0 83(3 37.8(14)b
100% occlusion, % (n) — 11.1(4) 54.1(20)°
Gensini score — 8.9+ 16.7 453+338b

Variablesare expressed asmean + standard deviation or percentage (number) in each group.

3p<0.001vs. control group.
bp<0.001vs. mild stenosisgroup.
Abbreviation: Ml = myocardia infarction.

compare variables between the control and CAD groupsand
to evaluate the impact of cardiovascular risk factors in the
subjects on the plasma VEGF level. Pvalues of <0.05 were
considered to besignificant.

Reaults

The characteristics of the control, mild stenosis, and severe
stenosisgroupsaresummarizedin Tablel. Therewereno sig-
nificant differencesin age, body massindex, gender, and per-
centageof current smokersamong thethreegroups. Thesevere
stenosisgroup had asignificantly higher percentageof patients
with prior angioplasty, patients with prior myocardid infarc-
tion, and patients with 100% occlusion than the mild stenosis
group (p<0.001, p<0.001, and p< 0.001, respectively).

The log VEGF value increased in a stepwise fashion ac-
cording to the number of vessals with significant stenosis (p
for trend=0.016; Fig. 1). Asshownin Tablell, thelog VEGF
vaue in the severe stenosis group (0.54 + 0.26) was signifi-
cantly higher than that in themild stenosisgroup (0.42+ 0.21;
p=0.04) and control group (0.43+ 0.17; p=0.03). However,
therewasno sgnificant differenceinlogVEGF valuebetween
the mild stenosis and control groups. The sICAM-1 values
showed a pattern similar to VEGF among the three groups.
Althoughthe control group had significantly lower sVCAM-
1 and triglyceride levels and a higher HDL-C leve than the
mild stenosisand severe stenosisgroups, therewereno signif-
icant differencesin these parameters between these groups.

Furthermore, we compared various parametersinthe CAD
and control groups. There were significant differencesin the
sVCAM-1, sICAM-1, triglyceride, and HDL-C levels be-
tween the CAD and control groups. However, there was no
significant difference in the log VEGF vaue between the
CAD (0.48 £ 0.24) and control groups(Tablell).

When the severity of coronary atherosclerosis in the pa
tients was evaluated using the Gensini score, plasma VEGF

levelswere3.19+ 1.65 ng/ml, median, 2.89 ng/ml for thelow-
er Gensini score group (Gensini score< 28), and 4.06 + 2.73
ng/ml, median, 2.99 ng/ml for the higher Gensini scoregroup.
However, we obtained similar results for al variables as
shownin Tablell, except for thelog VEGF vaue (TablelIl),
namely, they showed significant associationswith the Gensini
score. There was no stetistically significant differenceinlog
VEGF value among the three groups. However, there was a
trend in the higher Gensini score group toward higher log
V EGF val ues compared with the control group (p=0.096).
To assesstheimpact of cardiovascular risk factorson plas-
maV EGF level, we examined plasmaV EGF concentrations
according to old age (> 60 yearsold), male gender, history of
hypertension, high sVCAM-1 level (>800 ng/ml), high
sICAM-1levd (>250 ng/ml), and dydlipidemiain the sub-
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Fic.1 Vascular endothelial growth factor (VEGF) levels (mean £
standard deviation) in plasma samples obtained from control sub-
jects and patients who underwent coronary angiography. C =
Control group, n=70; 0 = patientswith no vessel swith significant
stenosis, n=21; 1 = patientswith one vessel with significant steno-
gs, n=15; 2 = patientswith two vessd swith significant stenosis, n=
21; 3= patientswith three vessdl swith significant stenosis, n=16.
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TaBLE Il Levelsof log vascular endothelid grwoth factor (VEGF) valuesand other variablesin thefour groups

Control group  Mildstenosisgroup  Severestenosisgroup ~ CAD group pVaues

VEGF, ng/ml 2.66 2.85 307 292
CvsM 0.95

Log VEGF 043+£0.17 042021 0.54+0.26 048024 Cvs. S 0.03
Mvs. S 004
Cvs.CA 0.06
Cvs M 0.02

sVCAM-1, ng/ml 601+ 167 7714220 819+ 477 795+ 370 Cvs. S 0.002

Mvs. S 0.03
Cvs.CA <0.0001

Cvs M 0.89
sICAM-1, ng/ml 215+68.3 225+97.9 287+135 256+ 121 Cvs. S 0.002

Mvs. S 0.03

Cvs.CA 0.04

Cvs M 0.005
Triglyceride, ng/ml 101+45.1 141+£78.0 157+58.6 149+ 69.0 Cvs S <0.0001

Mvs. S 0.52

Cvs.CA <0.0001

Cvs M <0.0001
HDL cholesterol, ng/ml 68.0+18.9 478+133 387+11.2 435+134 Cvs S <0.0001

Mvs. S 0.06

Cvs CA <0.0001

Vauesareexpressed asmean + standard deviation.

PlasmaVEGF levelsare expressed asmedian.

Abbreviations: C= contral, M = mild stenosisgroup, S= severestenosisgroup, CA = CAD group, CAD = coronary artery disease, sVCAM-1=
solublevascular adhesion molecule, s-1CAM-1 = solubleintracel lular adhesion molecule, HDL = high-density lipoprotein.

TaBLE Il Levelsof logvascular endothdia grwoth factor (VEGF) vauesand other varigblesinthelower and higher Gensini scoregroups

Lower Gensini scoregroup Higher Gensini score group pVaues

Number 45 28

VEGF, ng/ml 2.89 3.00
Cvs.L 0.92

LogVEGF 0.45+0.23 0.53+0.25 Cvs H 0.096
LvsH 025
CvsL 0.02

sVCAM-1, ng/ml 762+ 354 854+ 388 CvsH 0.001
Lvs.H 041
Cvs.L 044

sICAM-1, ng/ml 239+102 282+ 144 Cvs.H 0.01
LvsH 020
CvsL <0.0001

Triglyceride, mg/di 148+ 72.7 149+ 63.3 CvsH <0.0001
Lvs.H 0.99
CvsL <0.0001

HDL cholesterol, ng/ml 465+13.7 38.7+10.7 CvsH <0.0001
Lvs.H 0.13

Vauesareexpressed asmean + standard deviation.

PlasmaVEGF levelsare expressed asmedian.

Abbreviations. C=control, L =lower Gensini scoregroup (Gensini score< 28), H = higher Gensini scoregroup (Gensini score= 28 or = 28). Other
abbreviationsasin Tablell.
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jectsstudied. We defined thehigh sV CAM-1and s-ICAM-1
concentrations to be high based on previous reports.16: 17 As
shown in Table 1V, the patientswith ahigh sVCAM-1 level
had asignificantly higher plasmaV EGF level than thosewith
alowsVCAM-1leve (p=0.03).

Of note, therewere seven subjectswith high VEGF concen-
tretions (>4 ng/ml) in the control group. They had significant-
ly higher sVCAM-1levels(714+ 147 mg/dl) thanthe 63 oth-
ers(589+ 165 mg/dl) inthe control group (p < 0.01)

Discussion

Thisstudy was designed to eval uate the plasma VEGF lev-
el invenous samplesfrom patientswith CAD and to compare
themwith other risk factorsand control subjects.

Thehigh VEGF levelsinsomeof the control subjects, most
of which were accompanied by high-level sVCAM-1, may
have been dueto the presence of silentischemiclesions. It has
been reported that silent coronary ischemiaiscommonin ap-
parently healthy subjects, especialy when accompanied by
coronary risk factors. 2324

Although the plasma VEGF level is elevated in patients
with multivessdl disease, it was not associated with coronary
atherosclerosis as defined by the Gensini score. With respect
to the lack of association between plasma VEGF level and
Gengini score, there is a possibility that the Gensini score
itself is not suitable for evaluating coronary atherosclerosis
and that the modified Gensini score?® or extent score?® may be
better. However, the most likely reason isthat plasmaVEGF
level may beassociated with severeischemiarather thanwith
atherosclerosis.

With regard to the rel ationship between plasmaVEGF | ev-
el and atheroscleros's, it isunclear whether VEGF accdl erates
the progression of atherosclerosis.2”- 2 Given that V EGF may
promote neovascularization in atherosclerotic plague,® any
cause—€ffect relationship between VEGF and atherosclerosis
remainsto be determined.

Multivessel coronary disease has severd complex patholo-
gies, including hypoxia, inflammeation, atherosclerosis, and
plaque formation, as well as angiogenesis and tissue repair.
Recently, several investigators have reported that serum
VEGF levelswereincreased after acute myocardid infarction
(AM1).30. 31 They suggested that the extent of myocardial
damage contributesto theelevation of serum VEGF levelsin
AMI, and that VEGF plays arole as an endogenous activator
of coronary collaterd formation in the human heart. In addi-
tion, Servos et al 32 postul ated that VEGF provides vascular
protection viaincreased nitric oxideand prostaglandin 12 pro-
duction in the adult vasculature. Taken together, the plasma
VEGF leve in patientswith multivessel diseasemight beele-
vated for the purposes of angiogenesis, tissuerepair, or vascu-
lar protection, since micromyocardia infarction may occur
eveninthechronic stage.

Current results aso suggest that the plasma VEGF leve
may berelatedtosVCAM-1and s ICAM-1levels. Ml der et
al B reported that VEGF promotesVCAM-1and ICAM-1 ex-

TaBLE IV Plasmavascular endothelid growth factor (VEGF) con-
centrationsaccording to cardiovascul ar risk factors

Cardiovascular risk factors + - p Vaues
Age>60(n) 285(92) 2.84(51) 0.24
Male(n) 284(91) 2.86(52) 0.%4
Hypertension (n) 286(48) 2.78(95) 0.12
Smoking (n) 270(39) 290(104) o011
s VCAM-1>800ng/ml (n) 302(32) 277(111) 0.3
s1CAM-1>250ng/ml (n) 276(52) 2.88(91) 0.52
Triglycerides> 150 mg/dl (n) 285(37) 283(106) 0.76
HDL cholesterol <40mg/dl (n) 2.84(110) 2.85(33) 0.69

PlasmaV EGF concentrationsare expressed asmedian.
Abbreviationsasin Tablell.

pressoninendothdial cdls. Furthermore, Swerlick and Swer-
lick3* reported that a variety of cytokines and growth factors
induce new blood vessel formationinvivo. Therefore, severd
complex associations between VEGF and cytokines are pre-
sumed to existintermsof angiogenesis.

Conclusion

The current study indicatesthat plasmaVEGF level issig-
nificantly associated with coronary ischemia Unlikeother cor-
onary risk factors, plasmaVEGF level may serveasamarker
of severe coronary ischemiasuch asmultivessel coronary dis-
ease. These findings may support angiogenesis and possibly
tissuerepair astheroleof VEGFin CAD accompanied by Sg-
nificant ischemia. However, the degree of these associations,
theunderlying mechanismincluding therelationshipto VEGF
receptor, soluble Flt-1, and the source of elevated VEGF, as
well asitsetiologicrole, remainto bedetermined.
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