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Expression of Basic Fibroblast Growth Factor
in the Course of Neoangiogenesis Stimulated
by High-Intensity Laser Irradiation
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We studied the dynamics of expression of basic fibroblast growth factor during neoangio-
genesis in ischemic myocardial, muscle, and liver tissue stimulated by high-intensity laser
irradiation. The increase in growth factor expression depended on activity of satellite cell pop-
ulations involved in healing of laser-damaged tissues.
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The formation of new vessels (neoangiogenesis) is
observed in both health (ovulation and healing of dam-
aged tissues) and disease (tumor growth, rheumatic
diseases, etc.). There are two main conditions for neo-
angiogenesis: 1) the presence of growth factors (spe-
cific cytokines stimulating the mitotic, proliferative,
and migration activities of endothelial and smooth
muscle cells) in tissues and 2) activity of proteolytic
enzymes providing conditions for cell migration and
formation of new vascular structures.

Basic fibroblast growth factor (bFGF) belongs to
a large family of fibroblast growth factors possessing
a high angiogenic potential. bFGF is a key regulator
of neoangiogenesis acting as an intracellular messen-
ger on the nucleus of the cell where it was produced.
A characteristic feature of bFGF is the absence of a
signal sequence responsible for its secretion from cells
into the extracellular matrix, i.e. bFGF can be relea-
sed only from destroyed cells [3]. bFGF is stored in
the extracellular matrix in the form of inert complexes
with heparan sulfate proteoglycan and activated when
necessary. Target cells for bFGF are endothelial cells,
vascular smooth-muscle cells, fibroblasts, macropha-
ges, hepatocytes, and myocytes [7].

Chelyabinsk State Institute of Laser Surgery

Stimulation of neoangiogenesis in ischemic tis-
sues by direct injections of exogenous bFGF or the
corresponding DNA in tissues was recently used in
clinical experiments [6]. Another way for inducing tis-
sue revascularization is the use of laser technologies,
e.g. transmyocardial revascularization, correction of
ischemia in lower extremities and portal hypertension in
liver cirrhosis. Morphological analysis of myocardial,
muscle, and liver tissues exposed to laser irradiation re-
vealed the formation of the connective tissue with nu-
merous capillaries at the site of laser channels, some ca-
pillaries later differentiate into small arteries and veins.
This vascular network forms anastomoses with blood
vessels in the adjacent areas and compensates for defi-
cient blood supply [2]. It is obvious that active angio-
genesis is stimulated by increased local concentration
of endogenous growth factors.

We studied the dynamics of bFGF expression in
ischemic myocardial, muscle, and liver tissues ex-
posed to high-intensity laser irradiation.

MATERIALS AND METHODS

Experiments were carried out on 180 random-bred rats
(180-200 g). Alto 300 (A=805 nm) diode laser was used
as the source of radiation, the energy was delivered via
a monofiber quartz light guide. Two channels 5 mm
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deep were formed in ischemic liver and muscle tissues
and 1 laser channel penetrating the left ventricle was
formed in the myocardium. The animals were sacrificed
1-2 min and 1, 5, 10, and 30 days after exposure.

The expression of bFGF was evaluated on cryo-
stat sections by indirect immunofluorescent method
with specific antibodies to bFGF (Sigma) and FITC-
labeled secondary antibodies (Sigma). The index of
bFGF expression was calculated using an ocular grid
with 100 equidistant light points (%980, oil immersion)
[1]. Fluorescent objects coinciding with the grid points
were counted and the result was expressed in percent
of the total number of the grid points.

RESULTS

When evaluating the expression of bFGF, we paid
special attention to registration and identification of
maximally fluorescing cells in histological prepara-
tions: mast cells and vascular walls in zones exposed
to high-intensity laser irradiation.

Fluorescent granules were seen in the cytoplasm
of mast cell and also around degranulated mast cells.
Completely destroyed mast cells looking as scattered
fluorescent granules were seen in the focus of laser
damage at the early terms of the experiment. Masto-
cyte nuclei did not fluoresce.

Large fluorescent objects protruding into the ca-
pillary lumen were seen at the site of laser exposure in
the majority of capillaries; electron microscopy showed
that these objects are proliferating endothelial cells.

The content of bFGF in organ-specific cells (myo-
cytes, cardiomyocytes, and hepatocytes) was low, but
enhanced fluorescence was seen in tissues directly
exposed to laser irradiation.

The index of bFGF expression increased starting
from day 1 after laser exposure and peaked (more than
5-fold surpassed the control) by day 10 of the experi-
ment. bFGF expression in the myocardium and mus-
cles was more intensive that in the liver. On day 30
bFGF expression decreased and by day 90 returned to
normal (Fig. 1).

Comparison of these results with morphological
findings showed that the detected increase in the index
of bFGF expression correlated with the dynamics of
repair processes in the laser wound [2]. bFGF at the
initial stages was first produced by laser-activated
mast cells with signs of degranulation [5], and then
(with progression of the inflammatory reaction) by
macrophages, endotheliocytes, and smooth-muscle cells.

Morphological transformation of cells, reorgani-
zation of the cytoskeleton, and mitogenic activity of
cells induced by bFGF at the site of laser exposure
determined early and active proliferation of fibroblasts,
endothelial cells, and smooth-muscle cells in vessels
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Fig. 1. Dynamics of expression of basic fibroblast growth factor in
ischemic tissues after high-intensity laser irradiation. Light bars:
myocardium; dark bars: muscles; cross-hatched bars: liver.

and proliferation of ductal epithelial cells and hepato-
cytes in the liver.

It should be noted that function of bFGF is not
confined to stimulation of proliferation, mitoses, and
cell migration. This cytokine exhibits also a histopro-
tective effect and improves cell survival under con-
ditions of hypoxia and tissue damage. For example,
myocardial infarction zone decreased within the first
hours after the start of intravenous infusion of bFGF,
when new vessels were not yet formed [7]. This histo-
protective effect of bFGF probably minimizes damage
and ensures early recovery of specific functions of the
adjacent tissues after laser irradiation.

Interesting results were obtained in studies of bFGF
interactions with other growth factors and proteolytic
enzymes. bFGF induces expression of vascular endo-
thelial growth factor (VEGF) and its cell receptors [4].
VEGF stimulates plasmin-dependent matrix proteo-
lysis and increases collagenase production in cells [7].
Proteolytic enzymes, in turn, activate bFGF fraction
stored in the extracellular matrix [3,8]. This deter-
mines the peak of bFGF expression on days 5-10 of
the experiment. Completion of healing processes in
the laser wound by day 90 of the experiment corre-
sponded to normalization of bFGF expression index.

The direct dependence of bFGF expression on
activity of cell and enzymatic reactions during inflam-
mation and regeneration in the zone exposed to high-
intensity laser irradiation suggests that neoangiogene-
sis in response to laser irradiation is a stereotypical
adaptive reaction of ischemic tissues to damage.
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