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Circulating Levels of Interleukin-8 and Vascular Endothelial Growth

Factor in Patients with Carotid Stenosis

Interleukin (IL)-8 and vascular endothelial growth factor (VEGF) are important
factors that induce the migration and proliferation of endothelial cells, increase
the vascular permeability, and the modulate chemotaxis of monocytes. These
molecules have been found in human atherosclerotic plaques. However, it is
not clear whether the circulating levels of IL-8 and VEGF correlate with the
extents of carotid stenosis. In this study, we investigated the relationship be-
tween circulating levels of IL-8 as well as VEGF and the extents of carotid
stenosis. Sera from 41 patients with carotid stenosis were assessed for con-
centrations of IL-8 and VEGF by enzyme-linked immunosorbent assay. The
degree of stenosis of extracranial carotid artery was calibrated by carotid B-
mode ultrasonography. The serum concentration of IL-8 (r=-0.04733, p>0.05)
was not correlated with the degree of stenosis. However, the serum concen-
tration of VEGF (r=0.4974, p<0.01) was significantly correlated with the degree
of carotid stenosis. These findings suggest that increased serum level of VEGF
might be a marker for higher degree of stenosis of extracranial carotid artery.
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Stenosis

INTRODUCTION

The pathogenesis of atherosclerosis is a complex pro-
cess, consisting of the accumulation of inflammatory cells,
fibroproliferation, deposition of extracellular matrix, and
angiogenesis, which lead to progressive fibrosis, calcifica-
tion, and eventual luminal occlusion (1-3). Angiogenesis
occuts in association with numerous conditions, including
atherosclerosis, stroke, ischemic heart disease, diabetic
retinopathy, and tumot metastasis (4). On the basis of
experimental data, angiogenesis is induced by vatious
chemical signals, which lead to DNA synthesis and mi-
tosis of vascular cell (5).

Interleukin (IL)-8 is a chemokine related with chemo-
taxis and activation of neutrophils (6, 7). Recently, it has
been reported that IL-8 regulates angiogenesis associated
with atherosclerosis, non-small cell lung cancer, and idio-
pathic pulmonary fibrosis (8-10).

Vascular endothelial growth factor (VEGE) is a hepa-
rin-binding, 46-kDa dimetic, endothelial cell-specific mi-
togen and angiogenic factor that potently increases vas-
cular permeability (11-13). This growth factor has been
demonstrated to be involved in normal and several path-
ological processes including tumor progtession, collateral
vessel formation in ischemic tissues, and inflammation
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(14-16). The serum concentration of VEGF is elevated
in patients with atherosclerosis ot acute ischemic stroke
(17, 18). Recently, it was suggested that the production
of IL-8 and VEGF might contribute to the pathogenesis
of atherosclerosis as well as to the angiogenesis (19). On
the basis of the previous repotts on the production of
IL-8 and VEGF by mononuclear cells from carotid athet-
osclerotic plaques (20, 21), we hypothesized that one or
both of these angiogenic factors may be correlated with
the extents of carotid stenosis. To vetify this, we inves-
tigated the telationship by measuring circulating levels
of IL-8 and VEGF and the extents of carotid stenosis
carotid B-mode ultrasonography.

MATERIALS AND METHODS

Subjects

Forty-one consecutive patients (25 men, 16 women,
mean age 57.2128.7 yr, range 29 to 79) with extra-
cranial carotid stenosis were enrolled. Exclusion critetia
for patients were presence of stenosis of vertebrobasilaty
ot intracranial carotid arteties, histoty of recent vascular
accident, for example stroke, angina, ot peripheral vas-
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cular disease (<1 month), recent infection, autoimmune
disease, or malignancy. All patients gave informed con-
sents for the use of their blood samples for an ex-
petimental study. The extent of extracranial carotid
stenosis was measuted by carotid B-mode ultrasono-
graphy on longitudinal section to demonstrate the most
severe stenosis. We measured the distance from the near
media-adventitia interface to the far media-adventitia
interface (A) and the distance from the near intimal
surface to the far intimal surface (B) at the most stenotic
point of artery. The degree of carotid stenosis was cal-
culated as (A-BYA X100. According to stenotic degree
of carotid artery, all patients wete divided into three
groups: mild (0-29%), moderate (30-69%), and severe
stenosis (70-99%). Also, to reveal the extents of diffuse
ot bilateral carotid stenosis, we used catotid stenosis scote
(CSS). The visualized carotid artery was divided into the
following three segments according to the modified
Espeland classification (22): internal carotid artery (ICA),
carotid bifurcation (BIF), and common carotid artery
(CCA). The ICA segment was defined as the pottion
distal to the flow divider. The BIF segment extends from
flow divider 8 mm proximally to the CCA. The CCA
segment extends proximally from BIF segment. The
most severe stenosis in each of these segments was then
scored, with O point for no stenosis, 1 for 1 to 29%,
2 for 30 to 69%, and 3 for 70 to 99% stenosis of the
segment. Scote for each segment wete added and there-
fore total score could range from 0 to 18 points. Relevant
data, such as tisk factors for atherosclerosis, wete ob-
tained from hospital records.

Blood sampling and measurement of IL-8 and VEGF

Venous blood from patients was collected into syringes
by needle aspiration. Blood was kept at 4C for 40 min

Table 1. Baseline characteristics of study subjects
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to clot and was centrifuged at 3,000 tpm for 15 min.
Serum was stoted at -70C until use. Concentrations of
IL-8 and VEGF were measured by quantitative “sand-
wich” enzyme-linked immunosotbent assay (ELISA) tech-
nique. Briefly, standards and test samples were dispensed
in duplicate into wells of 96-well mictotiter plates, which
had been pre-coated with monoclonal anti-human IL-8
(Endogen®, Woburn, MA, U.S.A.) and VEGF (Endogen®)
antibodies. Then, hotseradish peroxidase (HRP)-conju-
gated detection antibodies were added into the wells
followed by HRP-conjugated streptavidin (Endogen®).
For colot reaction, 100 yL of 3,3',5,5'-tecramethylbenzi-
dine substrate was added and the wells were incubated
for 15 to 30 min. The absorption at 450 nm was detet-
mined using an automated ELISA mictoplate reader (Bio-
Tech®, EL312e, Winooski, VT, U.S.A.).

Statistical analysis

All data are expressed as mean*tstandard deviation
(SD). Difference between groups was analyzed by paired
two-student t-test. Spearman’s cortelation test was used
to assess relations between variables. p values less than
0.05 was regarded as stastiscally significant.

RESULTS

Clinical characteristics

Among the 41 patients with carotid stenosis, less than
30% stenosis on either side was found in 10, modetate
stenosis (60 to 70%) of at least one carotid artery was
present in 17, and the remaining patients showed severe
stenosis of more than 70% unilaterally or bilaterally.
Mean CSS was 5.572.5 in patients with mild carotid

Severe stenosis Moderate stenosis Mild stenosis
Number of cases 14 17 10
Sex (male) 13 10 2
Mean stenosis (%) R.5 48.2 229
Mean carotid stenosis score 1.6 72 55
Hypertension 9 8 6
Diabetes mellitus 4 6 1
Smoking 9 8 5
Cholesterol (mg/dL) 211+48 218+45 198140
Triglyceride (mg/dL) 157+£55 145+62 147158
LDL-cholesterol (mg/dL) 134+31 129+34 124136
HDL-cholesteral (mg/dL) 39+10 3712 40+8
Old myocardial ischemia 5 7 1
Use of aspirin 10 15 9
Lipid lowering agent 4 6 1

LDL, low density lipoprotein; HDL, high density lipoprotein
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stenosis, 8.111.6 with moderate stenosis, and 11.6=£2.0 The mean serum level of IL-8 in patients with carotid

with severe stenosis. The clinical characteristics of the stenosis was 16+112.5 pg/mL. There was no significant

patients in this study are given in Table 1. difference in the serum levels of IL-8 among the three

groups according to the degtee of carotid stenosis (Fig.

IL-8 in patients with carotid stenosis 1A). Also, IL-8 levels were not correlated with the
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Fig. 1. A: Comparison of IL-8 levels between patients with severe, moderate, and mild carotid stenosis. There is no significant
difference among the three groups. B: Comparison of VEGF levels between patients with severe, moderate, and mild carotid stenosis.

Paired two-student test reveals significantly increased VEGF level in the severe versus moderate carotid stenosis (p<0.05) and
in the severe versus mild carotid stenosis (p<0.01). IL-8, interleukin-8; VEGF, vascular endothelial growth factor.
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Fig. 2. Relationships between IL-8 and the extents of carctid stenosis (A), and CSS (B). IL-8-levels are not correlated with the
extents of carotid stenosis and CSS. Relationships between VEGF and the extents of carotid stenosis (C), and CSS (D). VEGF
levels are significantly correlated with the extents of carotid stenosis and CSS. IL-8, interleukin-8; VEGF, vascular endothelial growth
factor; CSS, carotid stenosis score.
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extent of carotid stenosis (r=-0.04733, p>0.05, Fig.
24) and CSS (t=0.077, p>0.05, Fig. 2B).

VEGF in patients with carotid stenosis

The mean serum level of VEGF in patients with
carotid stenosis was 1439.6736.4 pg/mL. Patients with
severe carotid stenosis (1947.11884.0 pg/mL) showed
significantly higher VEGF levels than patients with
moderate (1279.1+469.5 pg/mL, p<0.05) or mild ca-
rotid stenosis (1001.91476.9 pg/mL, p<0.01), whereas
no significant difference was noted between groups with
moderate and mild carotid stenosis (Fig. 1B). VEGF con-
centrations wete significantly related with the extents of
carotid stenosis (r=0.4974, p<0.01, Fig. 2C) and CSS
(r=0.388, p<0.01, Fig. 2D).

DISCUSSION

VEGF plays an impottant role in vasculogenesis, athet-
ogenesis, and vascular remodeling in response to injuty
(23). This peptide stimulates endothelial cells to prolifet-
ate and to express collagenase in atherogenesis (24). Also
called as vascular permeability factor, VEGF has the po-
tential to induce extravasation of fluid and protein (25,
26). Clauss et al. (27) also documented that VEGF in-
duces momnocyte activation and migration. This data
strongly suggest that VEGF play a role in the chemotaxis
of monocytes/macrophages, which is crucial in inflam-
matoty reactions of atherosclerosis. Also, VEGF could in-
directly modulate the contraction and growth of smooth
muscle cells (28). These facts raise the possibility that
VEGF may relate with the progression of atherosclerosis.
A previous repott (19) showed that VEGF could con-
tribute to aggravation of coronary athetosclerosis in vivo
and in vitro. The results of this showed that the increased
concentration of VEGF had a significant correlation with
extents of carotid stenosis and CSS. Our observations are
consistent with previous repott by Martin et al. (17) who
showed the relationship between the increased concen-
tration of VEGF and the extents of cotonaty artety dis-
eases. Particulatly, Lazarous et al. (23) reported that
VEGF administration exacerbated neointimal thickening
after vascular injuty in dogs. Therefore, our results along
with others’ findings might reflect that VEGF is an
impottant factor to promote the catotid atheroma. How-
ever, we cannot exclude the possibility that the increased
levels of VEGF according to the extents of carotid ste-
nosis may be due to secondary vascular remodeling in
response to injuty on atherogenesis. Further studies will
be needed. To the best of our knowledge, this is the first
report on the relationship between serum levels of VEGF
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and carotid atheroma.

IL-8 is secreted from local endothelium and macro-
phages (29), and has several roles in atherogenesis, in-
cluding chemotaxis, neovascularization, and proliferation
of smooth muscle cells (6, 7). In the present study, serum
levels of IL-8 showed no significant difference among the
groups with different extents of catrotid stenosis. QOur
observations are also consistent with previous repotts,
which showed no increase of serum level of IL-8 in pa-
tients with carotid stenosis (30) or stable angina (31).
However, in patients with acute myocardial infarction
(32), ot acute stroke (33), increased serum levels of IL-8
have been repotted. These findings are suggested that the
serum levels of IL-8 might be related with acute events
of vascular disorders. Considering IL-8 detected in coto-
naty ot carotid atheroma, we thought that the lack of
increase of levels of IL-8 might be due to the dilution
in peripheral blood. This interpretation is supported by
other studies (34), which failed to detect proinflamma-
tory cytokines in peripheral blood even after extensive
inflammatoty stimuli.

In this study, we had a limitation in the measurement
of the severity of atheroma. Although we exactly esti-
mated the sevetity of carotid stenosis, we could not ex-
press the whole severity of atherosclerosis, such as the
degtee of petipheral artety or cotonaty artety stenosis.

Taken togethet, this is the first study to demonstrate
the cortelation between VEGE levels and the extents of
carotid stenosis. We think that circulating level of VEGF
may teflect the progression of atherogenesis. Recently,
VEGEF has been used as a potential new therapeutic agent
for occlusive vascular disease (35). Of course, totally oc-
cluded atteties may provide further rationale for such
clinical trials. However, because our observation and
other studies suggest that VEGF itself may aggravate the
process of atheroscletosis, we should be cautious about
the therapeutic use of VEGF on atherosclerosis.
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