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Oxidized fibrinogen was more potent than native fibrinogen in inducing interleukin-8 pro-
duction in primary culture of human endothelial cells. The optimal concentration of oxidized
fibrinogen was 3 mg/ml. The optimal time of UV irradiation was 17 min. Secretion of
interleukin-8 was maximum during culturing of endothelial cells in a serum-free medium.
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Recent studies showed that activation of free radical
processes plays a role in the pathogenesis of cardio-
vascular diseases and their complications [3,13]. Oxi-
dized low-density lipoproteins (LDL) are involved in
the main stages of atherogenesis: impairment of endo-
thelial permeability, transformation of macrophages
and smooth muscle cells into foam cells, proliferation
of smooth muscle cells, production of cytokines [3,5,
13], and dysfunction of blood cells [1,4,5]. Oxidized
LDL appear in tissues and blood flow during oxidative
stress [6,14]. It should be emphasized that other blood
proteins also undergo oxidative modification. Fibrino-
gen (FG) is involved in blood coagulation. Increased
FG content is an independent risk factor for athero-
sclerosis and its complications [9,10,15]. The patho-
genetic mechanisms of these disturbances in patients
with high FG content are poorly understood.

FG is very sensitive to free radicals in the blood
[12]. We hypothesized that oxidized FG (OFG) can

Laboratory for Biophysical Bases of Pathology, Institute of Physicoche-
mical Medicine, Russian Ministry of Health, Moscow. Address for corre-
spondence: oazizova@mail.ru. Azizova O. A., aseychev(@mail.ru. Asei-
chev A. V.

modulate functions of blood cells and vessels. Our
previous studies showed that OFG induces platelet
aggregation [2] and potentiates ADP-induced aggrega-
tion. We showed that OFG intensifies production of
reactive oxygen species in zymosan-stimulated leuko-
cytes. The effects of OFG on functional activity of
endothelial cells (EC) remain unknown. Here we stu-
died the ability of OFG to stimulate interleukin-8 (IL-8)
production by cultured EC from human blood vessels.
IL-8 acts as a chemokine recruiting neutrophils and
platelets.

MATERIALS AND METHODS

EC were isolated from human umbilical vein [11]. The
cells were grown in culture flasks with medium 199
containing 20 mM HEPES, 10% fetal bovine serum
(FBS), 2 mM glutamine, 1 mM sodium pyruvate, 100
U/ml penicillin, 100 pg/ml streptomycin (Gibco), and
50 pg/ml endothelial growth factor of human nervous
tissue. The medium was replaced every other day. The
monolayer of the primarily culture was trypsinized
(0.05% trypsin and 0.02% versen), passed in 24-well
plates, and assayed on day 5.
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OFG was obtained by UV-irradiation on a UV
light-generating FEK-56PM device. FG (Sigma) was
dissolved in phosphate buffer and irradiated in 24-well
plates over various periods of time. The solution was
mixed on a magnetic stirrer at a flow rate not causing
foaming. The degree of oxidative modification of FG
was estimated by the decrease in fluorescence of aro-
matic amino acids (Fig. 1) [2].

The initial and irradiated forms of FG were added
to the culture medium containing or not containing
FBS (dilution 1:2-1:3). The medium was sampled after
6 and 24 h, respectively.

The amount of IL-8 was measured by enzyme
immunoassay using special test systems (Proteinovyi
Kontur) [11].

RESULTS

The intensity of IL-8 production depended on the con-
centration of FG (Fig. 2). IL-8 secretion peaked after
6-h incubation with 1.4 mg/ml FG and 24-h incubation
with 3 mg/ml FG.

We studied the ability of OFG to induce produc-
tion of IL-8 in EC. Final concentrations of irradiated
FG corresponded to doses inducing the maximum pro-
duction of IL-8 (1.4 and 3 mg/ml). The intensity of
IL-8 production in EC after treatment with OFG and
oxidative modification of 10% aromatic amino acid
residues (5-min irradiation) was 10-30% higher than
that induced by FG (Fig. 3, a). IL-8 production was
most intensive in the early period after induction (6 h).

Increasing the degree of FG oxidation (10, 22, and
40% amino acid residues after irradiation for 5, 10,
and 17 min, respectively) led to intensification of IL-8
production (Fig. 3, b). The intensity of IL-8 secretion
increased by 200% after irradiation with oxidative
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Fig. 1. Changes in fluorescence of aromatic amino acid residues
depending on the time of UV irradiation.

modification of 40% aromatic amino acid residues.
IL-8 production was most intensive in the culture me-
dium not containing FBS. Increasing the time of irradia-
tion improved the ability of FG to induce IL-8. In these
experiments the final concentration of FG was 3 mg/ml.
Activation of IL-8 production was less pronounced
under the influence of FG in lower concentrations.
Adhesion of monocytes to vascular EC leading to
thickening of the intima is the initial pathogenetic
stage of atherosclerosis [3,5,13]. Previous studies sho-
wed that adhesion of monocytes to the endothelium
results from the interaction of complementary cell ad-
hesion molecules ICAM-1 and MCP-1 and chemokine
IL-8. It was also found that FG induces expression of
ICAM-1 and MCP-1 in EC [7,8]. Therefore, FG-indu-
ced thickening of the vascular intima is related to ex-
pression of ICAM and MCP-1 interacting with mono-
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Fig. 2. Production of IL-8 in culture of human vascular endothelial cells at various concentrations of fibrinogen: 6 (a) and 24 h after induction

of IL-8 (b).
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Fig. 3. Production of IL-8 in the culture of human vascular endothelial cells after induction with UV-irradiated fibrinogen: 6 and 24 h after
induction (a); without (shaded bars) and with fetal bovine serum (dark bars, b). Samples were taken 6 h after induction.

cytes. Our experiments showed for the first time that
FG initiates production of the chemoattractant IL-8 by
EC, which also can recruit monocytes. We conclude
that FG plays a role in the development of athero-
sclerosis by inducing IL-8 synthesis in EC. The inten-
sity of IL-8 production increased by 1.5-2.0 times after
treatment of EC with OFG. The data suggest that OFG
plays an important role in the pathogenesis of cardio-
vascular diseases.
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