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ABSTRACT

Carotid atherosclerosis may be associated with neuro-
symptoms including cerebral infarction. IL-10 exerts athero-
protective effects, but its role in carotid disease is not fully de-
fined. We aimed to investigate serum IL-10 levels in patients
undergoing endarterectomy and their relation to the degree
of carotid stenosis, plaque types and neurosymptoms.

Two hundred consecutive patients with atherosclerotic
carotid stenosis and 29 healthy controls were enrolled in this
study. Plaque types were classified according to AHA crite-
ria. Serum IL-10 levels were determined by ELISA.

Patients undergoing endarterectomy had significantly
higher circulating IL-10 levels (18.7 + 3.2 pg/ml) in compari-
son with healthy controls (7.2 + 1.8pg/ml; P=0.0001) and IL-
10 has good discriminatory efficacy between these two groups
(ROC curve, AUC = 0.723, P=0.0001). Patients with < 70%
and those with > 70% of carotid stenosis did not differ in terms
of age, sex, cardiovascular risk factors except hypertension,
neurosymptoms and AHA plaque types. Circulating IL-10
levels differed significantly among patients with different ca-
rotid plaque types (P = 0.002). Patients with uncomplicated
plaques had significantly higher serum levels of IL-10 (23.0 +
6.1 pg/ml) compared to those with complicated plaques (13.0
+1.4 pg/mi, P=0.035) and IL-10 can differentiate patients be-
tween these two groups (ROC curve, AUC = 0.413, P= 0.035).

Our findings reveal an important role for IL-10 in ca-
rotid atherosclerosis. IL-10 might be a potential biomarker
in discriminating patients with carotid disease from healthy
controls. Decreased serum levels of IL-10 are related to com-
plicated carotid plaques.

Keywords: carotid disease, atherosclerotic plaque, cyto-
kines, IL-10
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SAZETAK

Karotidna bolest se manifestuje aterosklerotskim suzenjem
karotidnih arterija i moZe biti udruzena sa neurosimptomi-
ma. IL-10 ispoljava atero-protektivna dejstva, ali njegova ulo-
ga u karotidnoj bolesti nije u potpunosti ispitana. Cilj studije
je bio ispitivanje nivoa IL-10 u serumu bolesnika podvrgnutih
endarterektomiji sa razlicitim tipovima karotidnih plakova,
stepenima karotidne stenoze i neurosimptomima.

U studiju je bilo ukljuceno 200 bolesnika sa aterosklerot-
skom stenozom karotidne arterije i 29 zdravih osoba. Atero-
sklerotski plakovi su klasifikovani prema AHA kriterijumima.
Serumske koncentracije IL-10 su odredivane ELISA metodom.

Bolesnici podrvgnuti endarterektomiji su imali znacajno
vise serumske vrednosti IL-10 (18.7 + 3.2 pg/ml) u poredenju
sa zdravim kontrolama (7.2 + 1.8pg/ml; P=0.0001) i serum-
ski IL-10 moze da diskriminise zdrave osobe i bolesnike sa
karotidnom bolesti (ROC kriva, AUC = 0.723, P=0.0001).
Bolesnici sa stepenom stenoze karotidne arterije <70% i
>70% se nisu razlikovali u odnosu na pol, starost, kardio-
vaskularne rizikofaktore izuzev hipertenzije, neurosimpto-
me i tip plaka. Serumski IL-10 se znacajno razlikuje izme-
du bolesnika sa razlicitim tipovima aterosklerotskog plaka
(P=0.002). Bolesnici sa nekomplikovanim plakom su imali
znacajno vise vrednosti serumskog IL-10 (23.0 +6.1 pg/ml)
u odnosu na bolesnike sa komplikovanim plakom (13.0 +1.4
pg/ml, P=0.035). Cirkulisuci IL-10 moze da diferencira bole-
snike sa komplikovanim plakovima od onih sa nekompliko-
vanim plakom (ROC kriva; AUC = 0.413, P=0.035).

Dobijeni rezultati pokazuju znalajnu ulogu IL-10 u ate-
rosklerotskoj karotidnoj bolesti. Serumski IL-10 moZe biti
potencijalni biomarker za razlikovanje bolesnika sa karotid-
nom boleséu od zdravih osoba. NiZi nivoi IL-10 su povezani
sa prisustvom komplikovanih plakova.

Kljucne reci: karotidna bolest, aterosklerotski plak, ci-
tokini, IL-10
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ABBREVIATIONS

AHA - American Heart Association
CAD - coronary artery disease
CEA - carotid endarterectomy

ICA - internal carotid artery
IL — Interleukin
IFN-y — Interferon - gamma

INTRODUCTION

Atherosclerosis is a chronic inflammatory disease of
arterial blood vessels leading to complications including
stroke and myocardial infarction (1). Atherosclerosis is sys-
temic inflammatory disease that is initiated and regulated by
cells of the immune system. Plaques are formed when lipo-
proteins are deposited at specific sites of the arterial vessel
walls through intimal inflammation, necrosis, fibrosis, and
calcification (2). Carotid plaques may cause narrowing of
blood vessel lumen or they may rupture causing thrombosis
and life threatening clinical disease. Carotid disease is typi-
cally manifested as atherosclerotic stenosis and may be asso-
ciated with neurological complications including amaurosis
fugax, transient ischemic attacks (TIAs) and cerebral infarc-
tion. Plaques prone to rupture have thin fibrous cap and are
classified as unstable or vulnerable plaques, while those with
thick fibrous cap, less inflammation and small lipid and ne-
crotic core are stable plaques. Complicated plaques are de-
fined when they have features including intraplaque calcifi-
cation, hemorrhage, thrombi or plaque erosion.

The precise molecular and cellular mechanisms un-
derlying carotid plaque formation are incompletely de-
fined. Intraplaque expression of cytokines or their circu-
lating levels are associated with vascular events and the
stage of atherosclerotic disease (3). Circulating levels of
inflammatory biomarkers, including high-sensitivity C-
reactive protein (hs-CRP), interleukin (IL)-6, tumor ne-
crosis factor-a (TNF-a) or interleukin (IL)-18 are predic-
tive for vascular events (4-7), carotid plaque vulnerability
and higher intima-media thickness (8, 9). In contrast, el-
evated serum levels of the anti-inflammatory cytokine in-
terleukin (IL)-10 and Th2 cytokine interleukin (IL)-5 are
associated with a favorable prognosis of atherosclerotic
disease (10, 11).

IL-10, a type II cytokine, was initially described by Mos-
mann, Fiorentino and Bond in 1989, as a cytokine that in-
hibits synthesis and excretion of proinflammatory cytokines
by Thl lymphocytes (12). Its main biological action is in-
hibition of presentation of antigens by dendritic cells and
macrophages to Th1 cells, through inhibition of MHC class
II expression, as well as costimulatory molecules expression
(13-16). In this way antigen presenting cells are deprived of
stimuli to synthesize and excrete Thl associated cytokines
(IL-2, IFN-y). IL-10 also inhibits synthesis of proinflamma-
tory cytokines by macrophages and dendritic cells including
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MDCT - multi-detector computerized tomography
PAD - peripheral artery disease

ROC — Receiver’s operating characteristic curve
TIA - transient ischemic attacks

TNF-a — tumor necrosis factor-alpha

IL-1,IL-6,1L-12, and TNFa. Furthermore, it inhibits inflam-
mation by increasing the release of IL-1 receptor antagonist
by macrophages (17-19). However, not all effects of IL-10
are immunosuppressive as IL-10 costimulates B-cell activa-
tion, influences immunoglobulin class-type switching, and
prolongs survival of B-cells (20).

Most experimental data confirms atheroprotective role
of IL-10 in animal models of atherosclerosis (21-25). The
results obtained in experimental animal models, where
atherosclerosis is result of certain experimental conditions
may be opposing to the studies emerging from patients
with atherosclerosis that can be influenced by various ge-
netic and environmental factors.

We investigated serum levels of IL-10 in 199 patients
submitted to elective carotid endarterectomy. Patients
were grouped according to the degree of carotid stenosis,
determined by color duplex scan of carotid arteries, those
with carotid stenosis less or equal to 70%, and those with
atherosclerotic plaques that narrowed carotid arteries
more than 70%. We analyzed the association of circulating
IL-10 levels with the grade of carotid stenosis, histologic
features of carotid plaques and neurosymptoms.

PATIENTS AND METHODS
Study population

We enrolled 200 consecutive surgical patients with ath-
erosclerotic carotid stenosis, admitted to IKVB Dedinje for
carotid endarterectomy. Color Doppler scan and MDCT
(multi-detector computerized tomography) were performed
on each patient, to obtain information on a degree of carotid
stenosis. We used North American Symptomatic Carotid
Endarterectomy Trial criteria to define the level of stenosis of
carotid artery. The patients selected for this operation were
either symptomatic, or asymptomatic. Symptomatic patients,
99 of entire group, had in their previous medical history some
form of neurological incident, weather as transient ischemic
attack (TIA), amaurosis fugax (AFX) or stroke, regardless of
the degree of stenosis at the time of surgery.

Blood samples were obtained from 200 patients who
underwent surgery, prior to the surgery. We also collected
blood from 29 healthy volunteers.
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Blood samples were collected from patients by a single
needle stick. Sera were separated, aliquoted and stored at
-20°C until assayed.

Histopathologic analysis of carotid
atherosclerotic plaques

Atherosclerotic plaques removed from patient's carot -
id artery were immediately frozen, and then submitted for
further histological examination. The frozen samples were
cut into sections of 5 um thicknesses and stained using a

<«— thin fibrous cap
O lipid cores

hematoxylin eosin staining by standard procedure (26).
After the staining all sections were examined using the
Olympus BX41 microscope. The grade of atherosclerosis
in observed plaques was established according to the clas-
sification of the American Heart Association Committee
on Vascular Lesions of the Council of Atherosclerosis (27).

The evaluation of plaques stability was performed ac-
cording to the criteria as previously described (28, 29).
Stable plaques (fibrous plaques and fibroatheroma) had
low lipid content, thick fibrous cap, low level of inflam-
mation and absence of plaque complications. Briefly, all
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Table 1. Demographic, clinical and histological characteristics of patients undergoing endarterectomy

Carotid stenosis <70%

Cardiovascular risk factors

Carotid stenosis >70%

and plaque histology” n=18(9.3%)

n=176 (90.7 %)

Age 66.3 + 6.8 66.4 + 8.0 0.994
Gender

Male 12 (11.2) 95 (88.8) 0.303
Female 6 (6.9) 81(93.1)

Diabetes mellitus

Yes 5(7.8) 59 (92.2) 0.566
No 13 (10.4) 112 (89.6)

Smoking

Yes 15 (10.6) 127 (89.4) 0.419
No 3(6.2) 45 (93.8)

Hypertension

Yes 14.(7.7) 168 (92.3) 0.003°
No 4 (50.0) 4 (50.0)

Neurosymptoms

Yes 109 (98.2) 2(1.8) 0.097
No 85 (96.6) 3(34)

Triglycerides

mmol/L, (SD) 1.42 + 0.46 1.54 + 0.55 0.400
Creatinine

mmol/L, (SD) 113.63 + 87.95 83.85 + 18.57 0.273
PAD

Present 4 (16.0) 21 (84.0) 0.259
Absent 14 (8.3) 155 (91.7)

CAD

Present 5(6.2) 76 (93.8) 0.207
Absent 13 (11.5) 100 (88.5)

Intraplaque inflammatory

infiltration

Present 1(14.3) 6 (85.7) 1.000
Absent 17 (9.1) 170 (90.9)

Intraplaque calcification

Present 7(9.7) 65 (90.3) 0.870
Absent 11 (9.0) 111 (91.0)

Intraplaque hemorrhage

Present 2(12.5) 14 (87.5) 0.648
Absent 16 (9.0) 162 (91.0)

Rupture of plaque

Present 4(7.1) 52(92.9) 0.514
Absent 14 (10.1) 124 (89.9)

AHA classification of carotid plaques

v 0(0.0) 13 (100.0)

Va 3(15) 17 (85)

Vb 3(10.3) 26 (89.7) 0.737
Ve 7 (10.9) 57 (89.1)

Via 3(5.9) 48 (94.1)

VIb 2(13.3) 13 (86.7)

Vic 0(0.0) 2 (100.0)

PAD, peripheral artery disease; CAD, coronary artery disease
“Values are expressed as mean + SE or absolute numbers with calculated percentage
b Statistically significant (Chi-Square, Independent-Samples T, Mann-Whitney U and Kruskal-Wallis H tests; P <

0.05)

¢Data for six patients on the degree of stenosis were not available

other plaques contained large, lipid-rich necrotic core
with a thin and inflamed cap (< 65 um of thickness) and
other features such as expansive remodeling, plaque
hemorrhage, neovascularization, adventitial inflamma-
tion, and "spotty" calcifications. The evaluation of plaque
stability was done by two independent investigators in a
blinded fashion (S.M., L.T.).

Carotid plaques were classified as complicated (fi-
broatheroma with calcifications Vb, ruptured atheroma
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with calcifications VIa, fibroatheroma with hemorrhage
VIb, ruptured atheroma with thrombus VIc) or uncompli-
cated plaques (atheroma IV, fibroatheroma Va and fibrotic
plaques Vc).

Quantification of IL-10 in sera

Cytokine levels were measured using highly sensitive
enzyme-linked immunosorbent assay (ELISA) kits (R&D
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Systems Minneapolis, MN) specific for the human IL-10
according to the manufacturer’s instruction. The standard
stock was serially diluted in Reagent Diluent to generate
seven points for the standard curves. After incubation with
diluted sera and standards, 100 pl of the Detection Anti-
body was added to each well and incubated for 2 hours at
room temperature followed by Streptavidin-HRP (100 pl).
The incubation was terminated after 20 min at room tem-
perature and 100 pl of Substrate Solution was added. Then,
50 ul of Stop Solution was added to each well, and the opti-
cal density of each well was immediately determined using
a microplate reader. Absorbance was measured on ZENY-
TH 3100 apparatus, at 590nm, and obtained data was then
processed by Software for Anthos Multimode Detectors.
The results were expressed in pg/ml. (30).

Statistical analysis

Results are expressed as median and ranges (25 and 75
percentiles) or mean + SE. Clinical and plaque histological
features were compared between groups of patients with
>70% or <70% of carotid artery stenosis by x2 test. The
Kruskal-Wallis and Mann—Whitney non-parametric tests
or independent Student t-test were used to investigate the
significance of differences between groups depending on
the normality of the data.

Receiver’s operating characteristic (ROC) curve was
constructed to determine the discriminating efficacy of the
circulating IL-10 between healthy individuals and patients
with carotid disease and between patients with complicat-
ed and uncomplicated plaques.

A P value < 0.05 was considered statistically significant.
All statistical calculations were performed with the IBM
SPSS statistics version 20.

RESULTS

Demographic, clinical and histologic plaque char-
acteristics of patients with carotid atherosclerosis. Se-
rum levels of IL-10 are increased in patients undergo-
ing endarterectomy

This study of the 200 patients that underwent carotid
endarterectomy was composed of 110 males (55%) and 90
females (45%), ranging from 43 to 83 years old (mean 66.5
+ 7.9). Our data show that average serum IL-10 level in
healthy subjects was 7.2 + 1.8 pg/ml. There was a signifi-
cantly higher serum level of IL-10 in patients with carotid
atherosclerosis compared with healthy subjects (Fig 1A).
Patients undergoing endarterectomy had substantially
higher average level of IL-10 (18.7 + 3.2 pg/ml; P=0.001)
in comparison to healthy subjects. The ROC curve showed
that serum IL-10 levels exhibited a good discriminatory ef-
ficacy between healthy individuals and patients with ca-
rotid disease (AUC = 0.723, P = 0.0001) (Fig 1B).

The patients were stratified into two groups based on
the degree of carotid stenosis: those with less or equal to
70% or greater than 70% of stenosis as shown in Table 1.
There were no significant differences between the two
groups of patients in terms of age, sex, cardiovascular risk
factors: dyslipidemia, smoking status, and diabetes, pres-
ence of peripheral artery disease (PAD), coronary artery
disease (CAD) or neurosymptoms, but there was a signifi-
cantly higher number of patients with hypertension with
carotid stenosis greater than 70%.

Based on carotid plaque histological characteristics, pa-
tients were classified into groups IV, V and VI according to
AHA criteria. Out of 200 analyzed carotid plaques, 13 were
atherosclerotic plaques in the stage of atheroma (type IV le-
sion), 20 were at the stage of fibroatheroma (type Va), 30
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Table 2. Serum levels of Interleukin-10: Comparison between patients
with different clinical features

Variable * Serum level of IL-10 (pg/ml) P

(%)

Age

<65 124 (7.2 -232)
92 (47.4) 627

>65 10.8 (4.6 — 16.6)
102 (52.6)

Gender
Male

12.3 (7.3-22.2)

109 (54.8) 520
11.0 (3.9 - 17.1)

90 (45.2)

Female

Smoking
Yes 11.3 (5.6 —20.19)
146 (74.9) .701
No 13.2 (6.3 —20.4)
49 (25.1)
Diabetes Mellitus
Yes 11.0 (4.0 — 22.8)
66 (34.0) 551
No 12.0 (6.4 — 19.8)
128 (66.0)

Hypertension
Yes 11.6 (5.7 —20.2)
187 (95.9) .658
No 125 (8.5-29.7)
8(4.1)

Degree of carotid stenosis
<70% 9.9 (6.2 - 18.6)

18(9.2) 839

12.3 (5.7 - 21.4)

176 (90.8)

CAD

Present

>70%

15.7 (7.9 — 25.6)
85 (42.7)
9.4 (4.8 — 15.5)
114 (57.3)

PAD
Present

.031°
Absent

9.8 (4.2 -16.7)

26 (13.1) 524
Absent 12.2 (6.0 — 16.7)

173 (86.9)

Neurosymptoms
Yes 11.0 (5.4 — 17.5)
111 (55.8) 918
No 13.4 (6.1 —23.7)
88 (44.2)
PAD, peripheral artery disease; CAD, coronary artery disease;
“Values are presented as median and range/25th — 75th percentiles or
absolute numbers with calculated percentage
b Statistically significant (Mann-Whitney U test; P <0.05).

were at the stage of fibroatheroma with calcifications (Vb
lesion), 67 were fibrous plaques (type Vc lesion), 51 were
at the stage of ruptured atheroma with calcifications (type
VIa) and 16 plaques were atheroma complicated by previous
rupture, thrombosis or hemorrhage (type VIb lesion) and
3 plaques were VIc (Fig 2B). Table 1 shows morphological
plaque features and analyzes revealed no significant differ-
ences between the two groups in terms of plaque inflamma-
tory infiltration, intraplaque calcification, hemorrhage and
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rupture and carotid plaque types. Representative images of
carotid plaque types are shown in Fig 2A.

Serum levels of Interleukin-10 in patients with

different clinical features

There were no significant differences in serum levels of
IL-10 in patients in terms of age, sex, cardiovascular risk fac-
tors: hypertension, dyslipidemia, smoking status and diabe-
tes, and the degree of carotid stenosis or neurosymptoms.
Patients with CAD had significantly higher serum levels of
IL-10 in comparison to patients without CAD (25.8 + 7.1
pg/mlvs. 12.1 +1.2, P = .031), while patients with PAD has
similar serum levels of IL-10 compared to those without
PAD. These results are summarized in Table 2.

Serum levels of IL-10 are related to histological

features of carotid plaques

There were no significant differences in serum levels
of IL-10 in patients in terms of the presence of intraplaque
inflammation, hemorrhage, rupture or calcification (Table
3). There was a significant difference in serum levels of IL-
10 among patients with different types of carotid plaques
according to AHA criteria as shown in Fig 3. When serum
IL-10 level was analyzed in relation to histological features
of the carotid plaques the highest level of IL-10 was found
in the group of patients with fibrotic plaques (26.8 + 9.0
pg/ml), followed by those with fibroatheromatous plaques
(18.0 £ 3.5 pg/ml). Patients with fibroatheroma complicat-
ed with hemorrhage had serum level of IL-10 of 15.1 + 2.4
pg/ml; patients with ruptured atheroma with calcifications
13.1 + 1.6 pg/ml, patients with fibroatheroma with calci-
fications 11.5 + 3.3 pg/ml and the lowest serum level of
IL-10 was detected in the group of patients with atheroma
complicated by previous thrombosis (10.3 + 2.3 pg/ml) and
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Figure 3. Circulating IL-10 levels depend on carotid plaque type
A. Serum IL-10 significantly differ among patients with different
types of carotid plaques (AHA classification)); “type IV vs. Vc P
=.081; “type Vavs. Vb P = .014; ‘type Vb vs. Vc P = .004; © type Vb
vs. VIb P = .035; “ type Vc vs. VIa P = .068
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atheroma (10.9 + 3.2 pg/ml). The results of the circulating
IL-10 levels between patients with different types of carot-
id plaques are summarized in Table 3.

Next, we analyzed the difference in serum IL-10 lev-
els in patients with stable and unstable carotid plaques.
Patients were divided according to the presence of stable
carotid plaques (fibrous plaques and fibroatheroma) (87
patients; 43.5%) and those with unstable carotid plaques
(atheroma, atheroma and fibroatheroma with compli-
cations including calcification, hemorrhage, rupture or

thrombosis (113 patients; 56.5%)). Serum level of IL-10 was

significantly higher in patients with stable plaques com-
pared to those with signs of plaque instability (24.8 + 7.0
vs. 14.0 £+ 1.8 pg/ml; P = 0.005).

One of the clinical criteria for performing elective ca-
rotid artery surgery is stenosis of internal carotid artery
(ICA) greater than 70%. The group of patients with <70%
stenosis had mean IL-10 serum level 16.2 + 5.07 pg/ml,
while patients with >70% stenosis had mean IL-10 level
18.30 + 3.59 pg/ml, without statistically significant differ -
ence between groups (P > 0.05).

Patients undergoing endarterectomy were grouped in
relation to the presence or absence of neurological symp-
tomatology prior to surgery. Patients with neurosymptoms
had mean serum IL-10 level of 18.30+ 5.50 pg/ml, while pa-
tients without previous neurological symptomatology had
mean serum IL-10 level of 17.62 +1.77 pg/ml. Again, no
statistically significant difference was observed (P > 0.05).

Circulating IL-10 differentiate patients with
complicated plaques from patients with
uncomplicated plaques

Patients were divided in two groups based on the his-
tological characteristics of plaques. Group of patients with
any form of complication in the plaque itself, like the rup-
ture of the plaque, hemorrhage in the plaque, recanaliza-
tion of the plaque or the thrombosis of the plaque, and also
presence of large lipid core with thin fibrous cap or calcifi-
cation and patients whose plaques were without aforemen-
tioned features.

Serum IL-10 concentrations were significantly lower
in patients with complicated plaques as compared to the
patients with uncomplicated plaques (13.03 +1.36 pg/ml
vs. 23.04 +6.15 pg/ml; P = .035) (Fig 4A). The ROC curve
for serum IL-10 levels showed a significant discriminatory
efficacy between patients with complicated plaques from
patients with uncomplicated plaques (AUC = 0.413, P =
0.035) (Fig 4B).

DISCUSSION

The results obtained in this study imply that IL-10 may
have substantial influence on the evolution of atheroscle-
rotic process in carotid arteries. That is, our work shows
higher levels of circulating IL-10 in the group of patients
with carotid disease in comparison to healthy subjects.

Table 3. Serum levels of Interleukin-10: Comparison between patients
with different histological features of carotid plaques

Carotid plaque histology® Serum level of IL- P
10 (pg/ml)

n (%)

Intraplaque inflammatory infiltration
Present 21.4 (13.8 — 26.8)

7(3.9)

(8.0-70.2)

192 (96.1)

.640
Absent

Intraplaque calcification
Present 11.1 (3.8 —15.7)

73 (36.7) 189

13.0 (6.6 — 23.4)

126 (63.3)

Absent

Intraplaque hemorrhage
Present 13.0 (8.6 —21.8)

17 (8.5) .808

11.6 (5.4 — 20.0)

182 (91.5)

Absent

Rupture of plaque
Present 11.1 (6.5 - 15.5)

56 (28.1) 351

12.5 (5.7 - 23.0)

143 (71.9)

Absent

AHA classification of carotid plaques
IV 7.3(0.3 - 18.0)
13 (6.5)
Va 14.7 (7.3 — 23.00)
20 (10.0)
Vb 7.3 (1.3 - 15.6)
30 (15)
Vc 14.9 (6.4 — 24.6)
67 (33.7)
11.3 (4.8 - 15.7)
51 (25.5)
11.9 (8.5 -21.9)
16 (8.0)
10.4 (8.1 — 12.6)
3(1.5)
“Values are presented as median and range/25th — 75th percentiles or
absolute numbers with calculated percentage
b Statistically significant (Mann-Whitney U and Kruskal-Wallis H tests;
P <0.05).

.041°

Via

ViIb

Vic

Recent papers show association between reduced serum
IL-10 levels and the risk of cerebral infarction (31). Study
of Ambrosius W. et al (32) show lower levels of IL-10 in
patients which had higher values of carotid intima-media
thickness (IMT), which is an ultrasound marker of the lev-
el of atherosclerosis. Our results are not in agreement with
these studies. In our study patients who underwent surgi-
cal repair of carotid artery had significantly higher serum
levels of IL-10 when compared to control subjects. Our
findings are in line with recent evidence of higher levels of
IL-6 and IL-10 in patients with progressive carotid sclero-
sis (33). Moreover, in this study IL-6 and IL-10 were found
to be independent variables for the unfavorable dynamics
of changes in the morphology of atherosclerotic carotid
plaques. Atherosclerotic plaques may be influenced by al-
terations in systemic levels of circulating cytokines includ-
ing IL-10. We can conclude that, according to our data,
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Figure 4. Serum levels of IL-10 in patients with complicated and uncom-
plicated plaques
A. Serum levels of IL-10 are increased in patients with uncomplicated
plaques
B. ROC curve for serum IL-10 in patients with complicated and un-
complicated plaques

higher circulating levels of IL-10 do not reflect atheropro-
tective action in carotid artery disease.

Our results show that stage of carotid artery disease
and structure of plaque does depend on the circulating
level of IL-10. Our paper shows that patients with stable
plaques enriched with fibrous tissue, like fibroma and fi-
broatheroma (type Va and Vc lesions) had significantly
higher levels of circulating IL-10 than patients who had
unstable plaques. This may be the reflection of the pro-
pensity of IL-10 to induce Th2 immune response in lo-
cal milieu, and to drive tissue macrophages towards type
2 inflammatory response, and stimulation of tissue repair
and activation of fibroblasts. This would potentially lead to
beneficial outcome of atherosclerotic process since these
types of plaques are less prone to rupture, then vulnerable
plaques. They, however, do cause narrowing of blood ves-
sel diameter, and in that way compromise inflow of blood
to the brain. In the work of Pinderski et al, (22), decrease
in accumulation of lipids in experimental model of athero-
sclerosis was observed, regardless of circulating levels of
IL-10. Possible mechanisms might be imbalance between
pro-inflammatory and anti-inflammatory cytokines.

Halvorsen et al (35) show, however, that IL-10 stimulates
lipid accumulation in oxLDL treated macrophages and in-
hibits their apoptosis. When apoptosis is inhibited, there
are less free cholesterol crystals and fatty acids which could
potentially induce inflammatory response in local environ-
ment. When apoptosis is abundant, as shown in some recent
papers, atherosclerotic plaque becomes more susceptible to
rupture (36-38). In this way, as authors explain, IL-10 dimin-
ishes the size of necrotic core of atherosclerotic plaque. This
may stabilize the plaque itself, making it less prone to rup-
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ture. It has been shown that IL-10 modulates lipid metabo-
lism in macrophages, both by stimulating cholesterol uptake
and efflux from cells (39). There are reports showing that
efficient efflux of cholesterol is mostly confined to M2 mac-
rophages, induced in Th2 immune response (40, 41). Our
work also concurs with these findings, since we found high-
er levels of IL-10 in patients with uncomplicated plaques.
We now may conclude that higher levels of IL-10 are related
to plaque structure less prone to rupture, and, in that way,
this cytokine may exert atheroprotective activity.

As mentioned above, numerous experimental data show
atheroprotective role of IL-10 in highly controlled environ-
ment and in knock-out animals lacking IL-10, where it ex-
erts unquestionable favorable influence on atherosclerotic
process both through inhibition of inflammation, and by
stimulation of restorative action of fibroblasts (21, 23-25).
However, there are recent papers showing no benefit of IL-
10 in slowing down atherosclerotic process (42) in different
animal models, the findings that reflect multifactorial back-
ground in atherogenesis. Also, experimental results cannot
be simply translated to human pathology. This is shown in
our findings that levels of IL-10 are significantly higher in
patients with coronary artery disease, but not in patients
with peripheral artery disease. It is well known that myo-
cardial infarction and angina pectoris are accompanied by
various alterations in levels of pro- and anti-inflammatory
cytokines (43, 44). This may be due to the fact that myocar-
dial disease may provoke systemic inflammatory response,
as seen in severe bacterial infections, only without microbi-
ological stimuli (45, 46). This type of systemic inflammation
may sometimes occur in severe cerebral infarction, but nev-
er occurs during the development of atherosclerotic lesion.
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Moreover, it is well established that prognosis of ath-
erosclerosis outcome relates more to the structure of
atherosclerotic lesion, its cellular content and level of in-
flammation within the plaque (47). These characteristics
determine whether undesirable event may occur, with
possible fatal consequences, disabilities, prolonged hos-
pitalization, and need for various medical interventions.
Degree of artery stenosis remains one of stable indications
for medical interventions, since narrowing of blood vessel
occurs independently from plaque structure, and different
types of plaques may cause the same blood flow impair-
ment if there is similar degree of stenosis.

All these facts imply that process of atherosclerosis may
be influenced by altering immune reactions which could
possibly lead to preferred outcome, stabilization of athero-
sclerotic lesion and reduction of its size. There are pioneer
projects towards this aim, and results need to be evaluated
only after longtime follow-up (48).

This work clearly shows that differences in IL-10 serum
levels reflect differences in types of atherosclerotic lesions,
rather than size of the lesion. We have also shown that
different clinical parameters do not relate to the degree
of stenosis or type of atherosclerotic lesion. According to
our findings, IL-10 could be employed in atheroprotective
manner, as the highest serum IL-10 levels were found in
patients with uncomplicated plaques.

Atherosclerotic process results from numerous en-
vironmental and intrinsic factors, and represents the dy-
namical and complex process which pathogenesis is only
partly defined. Investigating the roles of cytokines in the
development, growth and destabilization of atherosclerot-
ic lesions is necessary in search of drugs that by affecting
the concentration of certain cytokines may be important
for inhibition of atherosclerosis progression.
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