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bstract

ackground: Extra domain A (EDA), splice-variant of fibronectin, is a Toll-like receptor 4 (Tlr4) ligand. Recently, EDA has been demonstrated
o enhance atherogenesis in mice but human data on the role of EDA in atherosclerotic disease are lacking. We hypothesized that EDA is
ssociated with unstable plaque phenotypes and that plasma EDA could serve as biomarker for atherosclerosis.
ethods: EDA levels were assessed in carotid endarterectomy specimen (206 patients) and related with plaque phenotype. In a second patient

ohort, systemic EDA levels in atherosclerotic patients (73 patients) were compared to risk-factor matched controls (68 patients).
esults: EDA plaque levels were associated with characteristics of stable plaques; more smooth muscle cells (P = 0.003), more collagen

P = 0.071) and less fat (P = 0.023). Concomitantly, asymptomatic patients showed higher EDA values in the plaque compared to symptomatic
atients (P = 0.004). EDA plasma levels did not differ between atherosclerotic patients versus controls (P = 0.134).
onclusion: EDA plaque levels are higher in asymptomatic patients and are associated with a stable plaque phenotype. EDA is not a plasma

arker for atherosclerotic disease. These results suggest that local presence of endogenous Tlr4 ligand EDA is not associated with in an

nstable plaque phenotype in humans.
2007 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Fibronectin is a major component of the extracellular

atrix (ECM). Fibronectins are high molecular weight gly-

oproteins, that play key roles in cell adhesion, migration,
rowth and differentiation [1]. Alternative splicing of the pri-
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ary transcript of the fibronectin gene results in the insertion
r exclusion of certain domains within the fibronectin protein
2]. Extra domain A (EDA or EIIIA) is a fibronectin domain
hat is included by alternative splicing during embryogenesis,
ound healing and cellular damage [2,3].
Expression of fibronectin containing EDA is increased

n pathophysiological conditions, for example, in graft ver-

us host disease leading to fibrosis of the skin, fibrosis in
ung, liver and kidney, diabetes, rheumatoid arthritis, cardiac
ransplantation, vascular intimal proliferation and vascular
ypertension [4–13].
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EDA is known to activate Toll-like receptor 4 (Tlr4) [14].
lrs are the first line of defense in the innate immune response

ollowing recognition of pathogen-associated molecular pat-
erns. To date, 10 human Tlrs have been identified. Tlr4
ecognizes exogenous ligands, like bacterial lipopolysaccha-
ide, but also endogenous ligands, like EDA and heat shock
rotein 60 [14–16].

The presence of Tlr4 has been documented in murine and
uman atherosclerosis [17]. Recently, we and others showed
hat Tlr4 activation accelerates arterial occlusion by neoin-
ima formation, plaque formation, geometrical remodeling
nd plaque destabilization [18–21]. It remains unclear which
igands activate Tlr4 and thereby promote atherosclerotic
uminal narrowing. Exogenous ligands are not obligatory
or development of murine atherosclerosis [22] and are not
nvolved in Tlr4 dependent flow induced expansive remodel-
ng [18].

The endogenous Tlr4 ligand EDA is expressed in human
nd murine atherosclerotic lesions [23]. Evidence that EDA
ay act as a trigger for atherogenesis is accumulating. EDA

evels are elevated in plasma of ApoE knockout mice [23] and
DA mRNA levels are increased during Tlr4-dependent out-
ard remodeling [18]. Furthermore, in atherosclerotic mice

acking EDA, atherosclerotic lesion areas were found to be
educed in number and size [23].

Human studies in which EDA levels are studied in
therosclerotic plaques and plasma in relation with clinical
resentation are lacking. We hypothesized that local EDA lev-
ls in the atherosclerotic plaque are associated with a more
nflammatory and advanced stage of atherosclerotic disease.

e therefore determined EDA levels in human atheroscle-
otic plaques and plasma samples obtained in two patient
ohorts to assess associations with plaque characteristics and
he presence of clinically manifest atherosclerotic disease.

We report that EDA levels in the plaque are associated
ith a stable plaque phenotype. No association was observed
etween plasma EDA and the presence of clinically manifest
therosclerotic disease. Our results suggest that EDA is not
serological biomarker for atherosclerotic disease but that

laque EDA could serve as a potential local marker associated
ith a stable plaque phenotype.

. Materials and methods

.1. Clinical studies

.1.1. Athero-Express
Athero-Express is an ongoing longitudinal cohort study,

nitiated in 2002 by two Dutch hospitals [24]. The study
as been approved by the ethics committees of both hos-
itals and written informed consents were obtained from all

articipants. The study is designed to investigate the expres-
ion of atherosclerotic tissue derived biological markers in
elation to plaque phenotype and the long-term outcome of
atients undergoing carotid endarterectomy (CEA). Patients

2

t

rosis 195 (2007) e83–e91

ho undergo CEA fill in an extensive questionnaire and
iagnostic examinations are performed. The Athero-Express
iobank furthermore contains blood samples drawn before
urgery and freshly frozen atherosclerotic tissue to study
rotein and RNA expression. We used plaque samples from
he Athero-Express study to answer the research question
hether EDA plaque levels are associated with stable or
nstable plaques.

.1.2. SMART
The Second Manifestations of ARTerial disease (SMART)

tudy is an ongoing, single-center, prospective cohort study of
pproximately 3500 patients. The patients are referred to the
niversity Medical Center Utrecht for the first time because
f atherosclerotic vascular disease or treatment of atheroscle-
otic risk factors [25]. The study was approved by the ethics
ommittee of the University Medical Center Utrecht, and
ritten informed consent was obtained from all participants.
For the present study, patients were selected that fulfilled

he following three criteria: (1) a history of clinically manifest
therosclerotic disease (referral for percutaneus peripheral or
oronary intervention, surgery to treat aneurysm formation,
ABG, surgery to treat peripheral arterial disease, stroke);

2) atherosclerotic disease at the time of hospital-entry and
3) one cardiovascular risk factor (hypertension, diabetes
ellitus or hyperlipidemia). All patients had been screened

or the presence of clinically silent atherosclerotic lesions
n the carotid and femoral arteries and aorta using three
pproaches. First, atherosclerotic luminal narrowing in the
emoral artery was evaluated by measuring the ratio of the
ystolic blood pressure measured at the ankle to the sys-
olic blood pressure measured in both arms (ankle-brachial
ressure index, ABPI). When patients without symptoms
ad a lowered ABPI (≤0.9) they were classified as hav-
ng silent atherosclerosis. Second, stenosis of the common
nd internal carotid arteries was measured bilaterally with
oppler-assisted duplex scanning. When carotid stenosis

xceeded 70%, patients were diagnosed having clinically
ilent atherosclerosis. Third, ultrasonography of the abdomen
as performed to measure the anteroposterior juxtarenal
iameter and the distal anteroposterior diameter of the aorta.
hen distal anteroposterior diameter ≥3 cm or ≥1.5 times

nteroposterior juxtarenal diameter, patients were diagnosed
aving clinically silent atherosclerosis.

Control patients from the SMART study were frequency-
atched for sex, age and one of three major risk

actors (hypertension, diabetes mellitus and hyperlipidemia).
hese patients revealed neither clinically evident nor silent
therosclerosis.

The SMART cohort was used to answer the research ques-
ion whether EDA could serve as a plasma biomarker for the
resence of atherosclerotic disease.
.1.3. Handling of atherosclerotic specimens
Atherosclerotic specimens obtained by carotid endarterec-

omy were dissected in segments of 0.5 cm in length. The
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egment with the largest plaque size (numbered 0) was
xated in formaldehyde 4% and paraffin embedded. The
djacent segments (numbered + or −1,2,3, etc.) were imme-
iately frozen in liquid nitrogen and stored at −80 ◦C.
araffin sections of the atherosclerotic plaques were immuno-
istochemically stained and scored for the presence of
acrophages (CD68), smooth muscle cells (alpha actin),

ollagen (picro Sirius red) and fat. Collagen staining was
etermined using polarized light microscopy on picro Sirius
ed stainings and scored as (1) no or minor staining = staining
long part of the luminal border; (2) moderate or heavy stain-
ng = staining along the entire luminal border. The percentage
theroma of the total area of the plaque is visually estimated
sing haematoxylin stains. Three groups were considered
ased on the percentage of atheroma in the plaque: fibrous
laques containing <10% fat; fibro-atheromatous, 10–40%;
r atheromatous, >40% fat. The CD68 (macrophage) and
mooth muscle alpha actin staining were analyzed quanti-
atively by computerized analyses using Analysis® software.
olor thresholds were set and adjusted until the computer-

zed detection met the visual interpretation. The stained areas
ere scored quantitatively as a percentage of the plaque area.
ll semiquantitative scores were performed independently by

wo observers.
Proteins were isolated from the adjacent (+1) seg-

ents using 1 mL TripureTM Isolation Reagent (Boehringer,
annheim) according to the manufacturer’s protocol.

.1.4. Mammary arteries
Mammary arteries were used as non-atherosclerotic con-

rol arteries. Segments of mammary arteries (n = 6) were
btained during bypass surgery. Levels of EDA protein in
he mammary arteries were compared to nine Athero-Express
rotein samples, measured all together on one ELISA plate.

.1.5. Immunohistochemistry
Sections of atherosclerotic lesions were immunohisto-

hemically stained for EDA (IST-9, Abcam, Cambridge),
gG1 as isotype control, macrophages (CD68), SMCs (alpha-
ctin) and endothelial cells (CD31).

EDA and IgG1 stainings were developed with fast blue,
acrophages with fast red, the endothelial cells and SMCs
ith AEC. Haematoxylin was used for counterstaining.

.1.6. EDA enzyme-linked immuno sorbent assay
Fibronectin containing EDA was measured with an

nzyme-linked immunosorbent assay (ELISA) developed
t the University Medical Center Utrecht [8]. Microtiter
lates were coated overnight with IgG1 monoclonal anti-
ody IST-9 (1.06 �g/mL) directed against Extra domain A
f fibronectin (Abcam, Cambridge, UK) in carbonate buffer
Na2CO3 15 mM, NaHCO3 35 mM, pH 9.6) at 4 ◦C. Wells

ere washed with PBS/0.1% Tween and then blocked with
hosphate-buffered saline (PBS)/3% bovine serum albumin
BSA)/0.1% Tween. Samples were diluted to an appropri-
te concentration with PBS/0.1% Tween/3% BSA (1:20 for

a
r
t
r

rosis 195 (2007) e83–e91 e85

lasma and 1:100 for protein extracts in 1% SDS). Ligand
apture was detected by addition of peroxidase-conjugated
abbit-anti-human fibronectin antibodies (1.3 �g/mL) (Dako,
lostrup, Denmark). Binding of the antibody was detected
y adding 1 �g/mL O-phenylene-diamine in 0.05 M citrate-
hosphate buffer (pH 5) with 2.5 mM H2O2. The reaction was
topped by adding 1 M sulfuric acid. Absorbance was read at
90 nm on microplate reader model 550, Biorad, 655 nm filter
as used as reference-filter. As a standard, cellular fibronectin
as purified from cultured human fetal lung fibroblasts [26].
DA levels measured by ELISA were corrected for protein
oncentrations of the samples.

.1.7. MMP, IL and Emmprin measurements in plaques
MMP-2, MMP-9 are most intensively studied MMPs in

elation to atherosclerosis and have been associated with
atrix degradation in unstable lesions. MMP-8 has been

elated with thrombus formation. Recently we demonstrated
n increase of MMP-8 and MMP-9 activity levels in unstable
laques, whereas MMP-2 activity levels are higher in stable
esions [27].

In 119 protein samples from a randomly selected sub-
roup of the Athero-Express study, matrix metalloproteinase
MMP)-2, MMP-8 and MMP-9 activities were measured
sing the Biotrak activity assays RPN 2631, RPN 2635 and
PN 2634 (Amersham Biosciences), respectively.

Extracellular matrix metalloproteinase inducer (Emm-
rin) expression levels were determined by Western blotting
27] (sc-9753, Santa Cruz Biotechnology).

Interleukin (IL)-6 and IL-8 are pro-inflammatory
ytokines that have been associated with enhanced inflam-
atory response in atherosclerotic lesions. We measured

L-6 and IL-8 levels by a multiplex suspension array system
ccording to the manufacturer’s protocol (Bio-Rad Labora-
ories).

.1.8. Statistics
The Mann–Whitney U or Kruskal–Wallis test was per-

ormed to compare different variables. Linear regression
nalyses were performed to correlate plasma and plaque
DA. A P < 0.05 was regarded significant.

. Results

.1. Baseline characteristics of Athero-Express and
MART study population

The baseline characteristics of the Athero-Express and
MART study population are presented as Supplementary
ata. Besides the difference in intima media thickness as mea-
ure of extent of atherosclerotic disease, which is higher in

therosclerotic patients, the cholesterol levels in atheroscle-
otic patients are lower than in the controls. This is probably
he result of statin treatments the atherosclerotic patients
eceived. No differences were observed in the other baseline
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haracteristics (age, gender, body mass index, hyperten-
ion, hyperlipidemia, diabetes mellitus, smoking, choles-
erol, triglycerides, HDL-cholesterol, glucose) between
therosclerotic patients and controls in the SMART study
opulation.

.2. EDA levels in the atherosclerotic plaque

.2.1. EDA expression levels in plaques compared to
on-atherosclerotic arteries

Atherosclerotic plaques revealed higher EDA levels
ompared to non-atherosclerotic mammary arteries (n = 9
nd n = 6, respectively, 22.9 ± 5.5 �g/mL versus 6.8 ±
.7 �g/mL, P = 0.003, Supplementary data, Fig. 1). Mam-
ary arteries did not show EDA staining, confirming

he difference in EDA expression measured by ELISA
Supplementary data, Fig. 1b–e). To determine which cells do

xpress EDA in the plaque, sections were immunohistochem-
cally stained for EDA. EDA expression was predominantly
bserved in the extracellular matrix around macrophages, but
lso in SMC-rich areas and around endothelial cells (Fig. 1).

m
o
a
a

ig. 1. EDA expression in atherosclerotic lesions. EDA staining (a, d, g) is predo
bserved in smooth muscle cell rich areas (alpha actin, e) and around endothelial ce
00× magnification.
rosis 195 (2007) e83–e91

.2.2. EDA levels and plaque phenotype
Atheromatous plaques (n = 63) showed significantly

ower EDA values compared to fibrous (n = 67) and
broatheromatous plaques (n = 72), (15.5 ± 3.0, 19.4 ± 2.3
nd 20.8 ± 2.2 �g/mL, respectively, P = 0.023, Fig. 2a).

Fibrous plaques are commonly associated with strong
ollagen and smooth muscle cell staining, while the athero-
atous plaque is associated with an inflammatory unstable

laque phenotype. Fig. 2b and c show that plaques with higher
DA expression, contain more collagen (although not signifi-
antly different, there is a strong trend towards more collagen
n plaques with more EDA in the plaque) and more smooth

uscle cells (Fig. 2b and c, P = 0.071 and P = 0.003, respec-
ively). The lower percentage of SMC of plaques in quartile
, expressing the lowest EDA levels, differs from the SMC
ercentages of the plaques in the other quartiles. No statistical
elation is observed between EDA levels and the inflamma-
ory macrophage cell content (Fig. 2d, P = 0.517). Smooth
uscle cells mostly outnumber the macrophages. This might
bscure a possible relation between macrophage presence
nd EDA. Therefore, we assessed the relation of macrophages
nd EDA expression in the plaques that contained low

minantly co-localized with staining for macrophages (CD68, b), but also
lls (CD31, h). IgG controls are negative (c, f, i). All pictures are taken with
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Fig. 2. (a–d) Relation of local EDA levels with amount of collagen, fat, macrophages and smooth muscle cells in the plaque. The plaques were divided into
three groups; fibrous (F, n = 67), fibroatheromatous (FA, n = 72) and atheromatous (A, n = 63), based on fat content (<10%, <40% or >40% fat, respectively).
Higher local EDA levels were detected in the fibrous plaques (a, P = 0.023). EDA levels in plaques with no/minor collagen staining (n = 52) are compared to
plaques with moderate/heavy collagen staining (n = 147). Local EDA levels are associated with more collagen content (b, P = 0.071) and a higher number of
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mooth muscle cells in the plaque (c, P = 0.003). No relation is found betwe
rror bars in (a–d) represent the standard error of the mean (S.E.M.).

umbers of smooth muscle cells. Also in this group no
elation between EDA levels and macrophage content was
bserved in the plaques (data not shown).

In the atherosclerotic plaque samples the expression levels
f MMPs, MMP inducer Emmprin, IL-6 and IL-8 were deter-
ined (Table 1). Emmprin is expressed in two glycosylated

orms in plaques; 45 and 58 kDa. Previously, smooth muscle
ell rich, stable lesions were associated with high Emmprin
5 kDa and MMP-2 levels. In contrast, unstable inflammatory
esions were associated with Emmprin 58 kDa and MMP-9
evels [27]. The expression of 45 kDa variant of MMP inducer
mmprin was positively correlated with EDA in the plaque,
hile the 58 kDa variant showed a trend to correlation with
DA (45 kDa, P < 0.001; 58 kDa, P = 0.072). In Table 1, the
DA levels in �g/mL (±S.E.M.) are shown for the different
omponents divided into quartiles. EDA expression increased

hen more MMP-2 was expressed in the plaque (P = 0.001).
o association between EDA expression levels and MMP-8

nd -9 was observed in the plaques (P = 0.929 and P = 0.121).
low ratio of Emmprin 45/58 kDa is an indicator of the

s
p
a
o

number of macrophages in the plaque and local EDA levels (d, P = 0.517).

ctivity status of Emmprin. This ratio was positively asso-
iated with higher EDA expression levels (P = 0.010).
e observed no relation between IL-6 and EDA levels

P = 0.138). IL-8 levels showed an inverse relation with EDA
xpression in the plaques (P = 0.002).

.2.3. EDA levels in symptomatic versus asymptomatic
ubjects

Verhoeven et al. [28] reported that patients with vulnera-
le plaque phenotypes more often suffered from symptoms
elated with cerebral ischemia compared to patients with sta-
le plaques. We investigated whether plaques obtained from
ymptomatic versus asymptomatic showed different EDA
xpression levels. Patients undergoing carotid endarterec-
omy who had suffered from any clinical symptom related
o carotid atherosclerosis, like TIA, stroke or amauro-

is fugax, were considered symptomatic. Concomitantly,
atients who did not suffer from clinical symptoms were
symptomatic: their indication for surgical therapy depended
n co-morbidity and vertebral-basilar (in)sufficiency.
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Table 1
Plaque EDA levels in �g/mL (±S.E.M.) in quartiles of inflammatory components

Quartiles P-value

1 2 3 4

MMP-2 9.6 (±1.8) 17.3 (±2.6) 19.3 (±3.1) 29.3 (±4.6) 0.001
MMP-9 20.4 (±2.3) 18.2 (±2.7) 24.7 (±5.2) 12.4 (±2.2) 0.121
MMP-8 18.0 (±2.9) 16.2 (±2.4) 20.7 (±3.6) 20.8 (±4.5) 0.929
Emmprin 45 kDa 10.5 (±3.6) 17.3 (±2.9) 22.2 (±3.2) 24.8 (±3.2) <0.001
Emmprin 58 kDa 14.1 (±3.5) 21.8 (±2.9) 17.6 (±2.2) 21.4 (±4.3) 0.072
Ratio emmprin 45/58 kDa 13.6 (±3.6) 18.7 (±3.9) 17.9 (±2.3) 26.5 (±3.6) 0.010
IL-6 25.0 (±4.0) 14.1 (±2.0) 16.3 (± 2.9) 19.0 (±3.1) 0.138
IL-8 24.0 (±3.1) 19.9 (±3.5) 19.3 (± 3.2) 11.2 (±2.3) 0.002
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e also determined the correlation (Spearman test) between EDA expression
MP9, rho = −0.222, P = 0.015; MMP8, rho = −0.031, P = 0.740; Emmpri

mmprin 45/58 kDa, rho = 0.329, P = <0.001; IL-6, rho = −0.082, P = 0.253

Higher EDA plaque values were found in asymptomatic
ubjects compared to symptomatic subjects (27.0 ± 3.8
g/mL versus 17.1 ± 1.6 �g/mL, P = 0.004, Fig. 3).

.3. Systemic EDA levels

.3.1. EDA levels in plasma from atherosclerotic
atients and controls (SMART)

Having established that EDA levels are increased in
therosclerotic specimen compared with non-atherosclerotic
rteries, we investigated whether systemic EDA levels in
lasma were related with clinical manifestation of atheroscle-
otic disease.

EDA levels were measured with ELISA in plasma of

3 atherosclerotic patients and 68 risk-factor matched con-
rols. All control patients scored negative when screened
or the presence of clinically silent peripheral atheroscle-
otic disease (see Section 2). Plasma EDA levels did not

ig. 3. EDA levels in plaques from asymptomatic versus symptomatic sub-
ects from the Athero-Express study. Asymptomatic patients show higher
DA plaque values compared to symptomatic patients (27.0 ± 3.8 �g/mL
ersus 17.1 ± 1.6 �g/mL, P = 0.004). Error bars represent S.E.M.
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nd the levels of inflammatory components. MMP2, rho = 0.377, P = <0.001;
a, rho = 0.424, P = <0.001; Emmprin 58 kDa, rho = 0.137, P = 0.131; Ratio
ho = −0.257, P = <0.001.

iffer between patients and controls (6.4 ± 0.5 �g/mL versus
.6 ± 0.6 �g/mL, respectively, P = 0.134, Fig. 4a).

All patients in the SMART cohort underwent duplex
ltrasound measurements to assess carotid intima media
hickness. SMART subjects were divided in quartiles based
n their measured carotid intima-media thickness, which
s representative for the severity of atherosclerotic disease.
lthough a tendency was suspected towards an inverse

elation between intima media thickness and EDA levels,
o significant difference was found in EDA plasma levels
etween intima media thickness quartiles (P = 0.182, Fig. 4b).

. Discussion

Extra domain A is incorporated in fibronectin during
mbryogenesis and repair processes after tissue-injury. In this
tudy, we investigated whether human EDA levels local in
he plaque and systemic in plasma could be associated with
laque characteristics and used as marker for atherosclerotic
isease.

.1. Local EDA levels in the plaque

In atherosclerotic lesions, EDA expression levels were
igher compared to non-atherosclerotic mammary arteries.
ifferent cell types in the atherosclerotic lesions have been

o-localized with EDA expression, like endothelial cells,
acrophages and smooth muscle cells [2,12,23,29].
Local EDA levels were associated with a more stable

laque phenotype. Fibrous and fibroatheromatous lesions
xpress higher EDA levels compared to atheromatous
laques. Furthermore, EDA expression is associated with
ore collagen and more smooth muscle cells, characteristic

or a stable plaque phenotype. Concomitantly, higher EDA
xpression levels were observed in asymptomatic patients
ompared to patients with clinical symptoms related to

therosclerosis. This is in accordance with Verhoeven et al.
28], who showed that patients with vulnerable plaque pheno-
ypes exhibit more symptoms related to atherosclerosis than
atients with stable plaque phenotypes.
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Fig. 4. EDA levels in plasma in �g/mL of atherosclerotic patients (n = 73) and risk-factor matched controls (n = 68) from the SMART study. No difference is
f 0.5 �g/m
E d on int
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ound between the patient and control-group (7.1 ± 0.7 �g/mL versus 6.9 ±
DA levels was found in the SMART population divided into quartiles base
.8 ± 0.8 �g/mL, P = 0.182 (b). Error bars represent S.E.M.

The finding that local EDA levels are higher in atheroscle-
otic specimen compared to a healthy vessel wall and
onsidering the association of EDA with plaque phenotypes,
uggests a role for EDA in atherosclerosis. The dual role of
DA in fibronectin as major component of the ECM and
s activator of the immune system via Tlr4 [14] make EDA
good candidate to be involved in the initiation and pro-

ression of atherosclerosis, in which both inflammation and
atrix turn-over are important processes.
As a ligand of Tlr4 [14] and with atherosclerotic EDA

ull mice having less atherosclerosis and a more stable plaque
henotype [23], we expected a correlation between high EDA
laque levels and a more inflammatory and unstable plaque
henotype. However, in plaques with atheromatous pheno-
ypes the EDA levels were found to be lower and EDA levels
ere not associated with the presence of macrophages. These

urprising observations might be explained by the possi-
le differences in the mechanisms for atherosclerotic lesion
evelopment between mice and humans. In the present study,
therosclerotic lesions have been investigated that resulted
n a clinical syndrome, which is not observed in genetically

odified atherosclerotic mice. In these lesions high EDA lev-
ls were related with stable, non-inflammatory plaques. This
bservation does not exclude an inflammatory role for EDA
uring the initiation and early progression of the atheroscle-
otic plaque as shown in EDA KO mice [23], which points to
DA as a key molecule in the initiation phase of atheroscle-

osis.
Damage to arterial wall cells, for example, to the endothe-

ium, is one of the first triggers to atherosclerosis. The
esponse of the arterial wall to damage is scarring, which
ncludes ECM formation, SMC proliferation and also EDA
roduction as shown by Dubin et al. [11]. EDA in the plaque

ay activate Tlr4 and initiate an inflammatory response,

ike a fraction of EDA is able to activate Tlr4 and ini-
iate an inflammatory cascade [14]. But Tlr4 activation
s also important for collagen turnover [20] and VSMC

I
i
d
m

L, respectively, P = 0.192 (a). Error bars represent S.E.M. No difference in
ima-media thickness (8.8 ± 1.2 �g/mL; 6,6 ± 0.8 �g/mL; 7.0 ± 0.6 �g/mL;

roliferation [30]. EDA might trigger SMC proliferation via
lr4 activation, leading to stabilization and reorganization
f the plaque, which results in conversion of an unstable
nflammatory plaque into a stable, smooth muscle cell rich
laque. Tlr4 expression has been described in macrophages in
urine and human atherosclerotic lesions [17,31]. Immuno-

istochemistry showed EDA-staining around macrophages in
he lesions, however, no association was observed between
he number of plaque macrophages and plaque EDA lev-
ls. In contrast to smooth muscle cells, the more SMC,
he more EDA is measured in the plaque, suggesting that
ot macrophages but smooth muscle cells are the dominant
DA producing cells in the human atherosclerotic plaque.
lukhova et al. [12] demonstrated that EDA is expressed

n the intima of human and experimental animal arteries by
MC that underwent a phenotype switch; from contractile

o synthetic/fibroblast-like SMCs. Synthetic SMCs do have a
igh proliferation and migration rate and produce extra cellu-
ar matrix components. These capacities are important during
he initiation of atherosclerosis when SMCs migrate from
he medial layer into the intima, where they will prolifer-
te and produce extracellular matrix components. In more
dvanced atherosclerotic lesions these synthetic SMCs may
ave a different role. These smooth muscle cells produce
ext to fibronectin containing EDA [2,3] also collagen [32]
nd other matrix molecules for repair of the arterial wall.
his is in agreement with the previously observed correla-

ions between EDA, collagen content, MMP2 and Emmprin
5 kDa levels [27] in the plaque. SMC proliferation and their
roduction of ECM components may stabilize or reorganize
he plaques from unstable into more stable atherosclerotic
esions.

The absence or even inverse relation between EDA and

L-8, IL-6, MMP-8 and MMP-9 supports the idea that local
nflammation is not associated with local EDA levels. Ten-
encies towards inverse associations between the presence of
acrophages, IL-8 and EDA were observed. Therefore, this
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tudy is not likely underpowered to support the hypothesis of
positive association between local inflammation and EDA.

.2. EDA levels in plasma

Although plaque EDA levels are associated with plaque
henotype, EDA plasma levels did not correlate with the
everity of atherosclerosis, measured as the intima-media
hickness in the SMART population. In addition, EDA lev-
ls did not differ between atherosclerotic patients and risk
actor-matched controls.

EDA is a high molecular weight protein associated with
he extracellular matrix. This may explain why EDA is not
eleased from the arterial wall during atherosclerosis. How-
ver, in diabetic patients EDA is released from the vessel
all into the circulation and EDA levels are associated with
iabetes [8]. EDA is involved in many other processes and
isorders related to pathophysiological circumstances in the
essel wall [4–13]. EDA levels in plasma may also represent
ther pathological or physiological changes and might mask
he changes due to atherosclerosis. Furthermore, also pro-
essing of EDA into smaller fragments might be necessary
o get an immune reaction. These are two possible explana-
ions why we did not find a difference in EDA containing
bronectin levels between atherosclerotic subjects and risk
actor matched controls. In Athero-Express plasma samples
DA levels were also assessed. The systemic levels did not
orrelate with EDA plaque levels, or with plaque phenotype
data not shown), which indicates that plasma EDA levels are
ot useful as marker for atherosclerosis.

.3. Limitations of the study

Internal mammary arteries have been used as control arter-
es, since they are spared from atherosclerosis possibly due to
iochemical or flow mediated reasons. The mammary arteries
re not the optimal control compared to non-diseased arter-
es prone to develop atherosclerosis. However, availability of
on-diseased carotid artery is a drawback.

We did not execute a specific fat stain. However, the fat
ontent of the plaques was clearly visible in the used HE
tainings.

In summary, we show that levels of plaque EDA in human
therosclerotic lesions are associated with stable plaque phe-
otypes probably due to the higher number of smooth muscle
ells that are the potential producers of human plaque EDA.
his observation implies that the detection of endogenous
lr ligand not necessarily represent an inflammatory envi-

onment destabilizing the vulnerable plaque, but also may
rigger the stabilization of atherosclerotic lesions.

This is an observational study and therefore inferences
egarding causality cannot be made. However, considering

revious results from our own laboratory (unpublished data)
nd from Tan et al. [23] we feel that our data support the
oncept that EDA is actively involved in atherogenesis and
hould not be considered an innocent bystander.

[

rosis 195 (2007) e83–e91

No differences were found in plasma levels of EDA
etween groups investigated, suggesting that EDA in plasma
annot be used as diagnostic or prognostic plasma marker for
therosclerosis. The difference in EDA levels between stable
nd vulnerable plaque phenotypes identify EDA as a potential
ocal plaque marker to image atherosclerotic plaques.
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