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disease (PAD). In the present study, 94 patients with
CAD or PAD and 94 healthy volunteers were enrolled.
Antiendothelial cell antibodies were detected by
immunofluorescence. Compared with findings in
the control subjects, anti-human umbilical vein
endothelial cell (anti-HUVEC) antibodies were sta-
tistically significantly more numerous in the patients
with CAD or PAD.

Occlusive arterial disease is generally defined as
disease occurring as a result of stenosis or occlusion
of the arteries. Its degenerative etiology usually par-
allels that of classic atherosclerosis. Inflammatory
angiopathies often cause occlusive lesions in the
arterial endothelium by formation of intimal hyper-
plasia and fibrinoid necrosis. In recent years, it has
been increasingly accepted that atheroma plaque for-
mation in an arterial wall should be considered an
inflammatory process. A better understanding of this
process (including the accumulation of macrophages
and T lymphocytes) has led to the hypothesis that

Introduction

Antiendothelial cell antibodies (AECAs) have a role
in initiating vascular lesion formation in vasculitis.
The formation of atheroma in an arterial wall is
increasingly recognized as an inflammatory process
that includes the accumulation of macrophages and T
lymphocytes, suggesting that autoimmune factors
directed against the vascular endothelium may play a
role in the initiation and acceleration of atherogene-
sis. The objective of this study was to investigate the
association between AECAs and the development of
coronary artery disease (CAD) and peripheral artery

Occlusive lesions in the arterial endothelium are often
caused by formation of intimal hyperplasia and fibri-
noid necrosis. The objective of this study was to inves-
tigate the association between antiendothelial cell
antibodies (AECAs) and the development of coronary
artery disease (CAD) and peripheral artery disease
(PAD). In this study, 94 patients with CAD or PAD and
94 healthy volunteers serving as control subjects were
examined. Frozen sections of human umbilical vein
endothelial cells and primate smooth muscle cells were
used to detect the presence of AECAs, which were found
in 52 of 94 patients (55%) and in 15 of 94 controls (16%)

(P < .001). Endothelial structure tissue damage is a
major factor in arterial diseases. In the present study, a
statistically significant relationship was found between
AECAs and the development of CAD and PAD. The
presence of AECAs has been identified as a risk factor
for these diseases. According to this study, AECAs are
reliable prognosticators for the development of CAD
and PAD. Further studies with large numbers of serum
samples are under way.
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autoimmune factors against endothelial cells have a
role in developing and accelerating atherogenesis.1

The finding of progressive atherosclerosis in patients
with antiphospholipid antibodies and systemic scle-
rosis supports this hypothesis.2 Antibodies against
endothelial cells are considered to be a heteroge-
neous group that react in various ways to endothelial
cell-dependent antigens.3 These antibodies are more
common in patients having autoimmune disease with
vascular interactions.4 In addition to the frequent
findings of these antibodies in hemodialysis patients
with end-stage renal disease who develop vascular
access thromboses, they are common in nonimmune
thrombosis-related diseases. Furthermore, AECAs
are associated with accelerated CAD in patients who
have undergone cardiac transplantation.5,6

Methods

Patients

We investigated the association between AECAs and
the development of CAD and PAD. We studied 94
patients diagnosed as having CAD or PAD, all of
whom had been treated using revascularization meth-
ods (coronary artery bypass graft surgery, peripheral
bypass surgery, or angioplasty) at the Department of
Cardiovascular Surgery, Baskent University, Ankara,
Turkey. The control group was composed of 94 healthy
blood donor volunteers without evidence of CAD,
PAD, or connective tissue disease. All serum samples
were collected and stored at –80°C until testing.
Each sample was diluted 1:10 in phosphate-buffered
saline-Tween. We used slides containing biochips
coated with frozen sections of HUVECs and capil-
lary-rich tissue such as skeletal muscle (FB 1960-
1005-2; Euroimmun, Luebeck, Germany). The test
specificity is 100% for HUVECs and for primate
skeletal muscle; the test sensitivity is 100% for
HUVECs and 97% for primate skeletal muscle.

Test Procedure

Frozen sections of primate skeletal muscle and cul-
tivated HUVECs covering the reaction areas of the
biochip slides were incubated with a diluted serum
sample. A positive reaction was considered to occur
if specific antibodies (IgA, IgG, and IgM) attached
to the antigens. The attached antibodies were then
stained with fluorescein-labeled antihuman antibodies
and were visualized using fluorescence microscopy

(Figure 1 and Figure 2). Results were determined
qualitatively and quantitatively.

We evaluated other autoantibodies (antinuclear,
antimitochondrial, anti-Golgi, and antineutrophil cyto-
plasmic antibodies) using fluorescence microscopy and
recorded data for age, sex, sedimentation rate, C-reactive
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Figure 2. Antiendothelial cell antibody positivity in primate
skeletal muscle.

Figure 1. Antiendothelial cell antibody positivity in human
umbilical vein endothelial cells.
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protein level, and the presence of hypertension, dia-
betes mellitus, and smoking.

Statistical Analysis

Statistical analyses were performed using Epi Info
version 3.2.2. (Centers for Disease Control and
Prevention, Atlanta, Georgia). The distribution of
AECA positivity was compared between patients and
controls using χ2 or Fisher exact test. P < .05 was
considered statistically significant. Odds ratios
(ORs) and 95% confidence intervals (CIs) also were
calculated when the results of the χ2 or Fisher exact
test were statistically significant.

Results

Antiendothelial cell antibodies were present in 52 of
94 patients (55%) and in 15 of 94 control subjects

(16%) (P < .001). Compared with controls, anti-
HUVEC antibodies were statistically significantly
more numerous in patients with CAD and PAD (χ2 =
30.05, P < .001; OR, 6.5 [95% CI, 3.1-13.8]), in
patients with CAD only (χ2 = 14.08, P < .001; OR, 6.5
[95% CI, 3.1-13.8]), in patients with PAD only (χ2 =
20.39, P = .002; OR, 7.9 [95% CI, 2.9-22.0]), and in
patients with vasculitis (χ2 = 8.32, P = .004; OR, 7.9
[95% CI, 1.7-39.0]) (Table 1 and Table 2). Except for
smoking status, no statistically significant differences
were found between the 2 study groups in any vari-
ables. Positive autoantibody findings are summarized
in Table 3 and in Figure 3. We found a correlation
between progression of CAD and PAD (except for
stage IV) and AECA positivity.

Antiendothelial Cell Antibodies in CAD and PAD / Aslim et al 211

Figure 3. Positive autoantibodies in patients and in control
subjects. AECA indicates antiendothelial cell antibody; AMA,
antimitochondrial antibody, and ANA, antinuclear antibody.

Table 1. Relationship Between Coronary
Artery Disease (CAD) and Peripheral Artery

Disease (PAD) and Antiendothelial Cell
Antibody (AECA) Positivity

Total No. of
Patients (No. AECA

Variable Positive) P Value or %

Only CAD 44 (21) <.001
Only PAD 30 (18) .002
Buerger disease 10 (6) .004

vasculitis
CAD and PAD 20 (10) .002
Only PAD 30 (18) .002

Grade II 30 (19) 63
Grade III 10 (7) 70
Grade IV 9 (2) 22

Table 2. Characteristics Among 94 Patients

HUVEC HUVEC 
Positive Negative 

Characteristic (n = 42) (n = 52) P Value

Male-female ratio 32:10 43:9 >.05
Diabetes mellitus 16 36 >.05
Hypertension 38 27 >.05
Smoking 40 24 .04
C-reactive protein 25 18 >.05

level >10 mg/mL

NOTE: HUVEC = human umbilical vein endothelial cell.
Data are given as number of patients. The mean patient age was
61.9 years (age range, 30-88 years). To convert C-reactive pro-
tein level to nanomoles per liter, multiply by 9.524.

Table 3. Positive Autoantibody Findings
in Patients and in Control Subjectsa

Autoantibody Patients Control Subjects

Antiendothelial cell 51 16
Antinuclear 6 16
Antimitochondrial 2 4
Anti-Golgi 4 1

aData are given as percentages.
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Discussion

The initiation and progression of vascular wall injury
comprise a complicated process involving macrophages,
endothelial cells, lymphocytes, and smooth muscle
cells. Endothelial cells, which play a major role in this
process, demonstrate functional and phenotypic differ-
ences with regard to their anatomic location or the ves-
sel type in which they are located.7 Recent studies8,9

demonstrate that the immune system may be responsi-
ble for changes in the vascular wall. Antigenic bodies,
which are targets for AECAs, are located on the outer
surfaces of endothelial cells. Therefore, they can be
easily recognized by the antibodies in circulation.10

Antiendothelial cell antibodies have a role in a comple-
ment system or antibody-related endothelial cell cyto-
toxicity.11-13 They are detected in serum samples from
patients with certain diseases (such as Wegener granu-
lomatosis, Takayasu arteritis, and Kawasaki syndrome)
in which varying degrees of vascular wall injury are asso-
ciated. Vasculitis is rare in patients without AECAs who
have positive antineutrophil cytoplasmic antibodies,
while the presence of AECAs is associated with an
increased incidence of vasculitis.14 We found a rela-
tionship between AECA positivity and stage of PAD
(except for stage IV) in the patient group. We believe
that this is the result of different medications used
during therapy or of the small number of patients
with stage IV PAD included in our study; in these
patients, the percentage of antineutrophil cytoplas-
mic antibody positivity was less than that for AECAs.

Our results confirm the hypothesis that AECAs
have important effects on vascular wall injury.15,16

Furthermore, we found a correlation between anti-
HUVEC antibody positivity and the development of
CAD and PAD. Using enzyme-linked immunosor-
bent assay, George and colleagues17 studied AECA
positivity in patients with coronary atherosclerosis
and found no statistically significant differences in
AECA levels among patients with coronary artery
involvement vs subjects without coronary artery
involvement. Differences between their results and
our findings may be related to technical differences
(ie, the use of enzyme-linked immunosorbent assay
vs biochip technology).

The presence of antibodies against endothelial
structures causes inflammatory cells of the immune
system to localize by forming an antigen-antibody
complex and by activating the complement system.
Tissue damage may occur as a result of inflamma-
tion. This endothelial structure damage is a major
factor in arterial diseases.

Therefore, AECAs are a risk factor for the devel-
opment of CAD and PAD. We found a statistically sig-
nificant relationship between the presence of AECAs
and CAD and PAD (which are common in the general
population). We conclude that early diagnosis or pre-
diction of disease risk may prevent damage and facil-
itate treatment before patients become symptomatic.
Sixteen percent of our control subjects were positive
for AECAs, and these patients were prophylactically
started on 300 mg/d of acetylsalicylic acid and were
scheduled for follow-up. Based on the results of this
study, AECAs are reliable prognosticators for the
development of CAD and PAD.
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