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AbStrACt
The aim – to determine the role of vascular wall cells proliferation and apoptosis with the participation of immune inflam-
mation, and their impact on the development of cerebrovascular disease (CVD) development on the atherosclerosis (AS) 
background.
Materials and methods. We studied 50 cases of death with ischemic stroke and 50 cases of death with hemorrhagic 
stroke on the cerebral vessels AS background.
Outcomes. Lymphocytes are one of the atheroma components and are mainly localised at the sites of plaque rupture in 
close contact with macrophages and smooth muscle cells. Smooth muscle cells are able to synthesize important collagen 
and elastin for the vascular wall, but potentiated apoptosis of smooth muscle cells may contribute to destabilisation and 
plaque rupture. Smooth muscle cells apoptosis was triggered by proinflammatory factors and took place with the partic-
ipation of cytotoxic T-lymphocytes (T-killers) therefore in the atherosclerotic lesions focus we registered an accumulation 
of multitude cytotoxic T-lymphocytes.
Conclusions. The macrophages and smooth muscle cells susceptibility to apoptosis was significantly higher directly in the 
atheroma, but macrophage apoptosis is a useful process for the atherosclerotic plaque stability. Desquamation and en-
dothelial cell apoptosis are interrelated processes that play an important role in atheromatous plaque formation.
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INtrODuCtION

Cerebrovascular diseases (CVD) should be con-
sidered as a complex of various neurological, vege-
tovascular and metabolic disorders, the dynamics of 
which is mainly stipulated by the degree of vascular 
insufficiency, cerebral atherosclerosis, blood pres-
sure and risk factors influence [9,14,15,24]. Signifi-
cant prevalence, high mortality and disability of the 
population due to CVD developed against the back-
ground of atherosclerosis (AS), and their most se-
vere manifestation – cerebrovascular strokes – 
make prevention and treatment of these diseases 
one of the most pressing medical and social issues 
[6,12,14].

The development of acute and chronic cerebro-
vascular disorders is often preceded by AS. These 
conditions are accompanied by structural and func-
tional changes in the vascular wall, mainly in its en-
dothelial lining [6,12,14,19]. Vascular tone (total vas-
cular resistance, blood pressure), vascular wall 
atrombogenicity, platelet and coagulation system 
activity, inflammatory and oxidative process, as 
well as vascular wall layers structural preservation 
and atherogenesis depend on the endothelial cells 
adequate functioning [12,16]..

In physiological conditions endothelium has low 
proliferative activity, mainly because of its own ele-
ments, due to amitotic division of endothelial cells 
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[7,11]. It is able to maintain cell layer continuity 
through intact cells migration and division. Deen-
dothelialization caused by a pathological condition 
triggers reparative regeneration process by active 
proliferation of endothelial cells. Violation of this 
process, most often upon atherogenesis, leads to 
pathological regeneration, when the proliferation of 
subordinate smooth muscle cells with the formation 
of myointimal thickenings – atheroma precursors – 
takes place in deendothelialized areas of the vascu-
lar wall [12,17,22].

Immunocompetent cells play a key role in the 
atheromatous plaque formation and atherosclerosis 
progression. Foam cells are able to express surface 
receptors and produce inflammatory mediators 
that engage other monocytes, activate endothelial 
and smooth muscle cells. Lymphocytes are also 
present in all stages of atherogenesis [2,3]. 

If trigger agents are not neutralized by immuno-
competent cells, and the inflammatory response 
progresses, it changes from protective to damaging. 
Involvement of monocytes and lymphocytes occurs 
as a result of adhesion molecules activation on both 
endothelium and immunocompetent cells. Activa-
tion of monocytes and lymphocytes causes activa-
tion and possible plaque rupture. Lymphocytes are 
one of atheroma components and are mainly local-
ised at the plaque rupture points in close contact 
with macrophages and smooth muscle cells. Activat-
ed lymphocytes produce pro-inflammatory cy-
tokines that can enhance the inflammatory re-
sponse, and activated macrophages, in turn, release 
proteolytic enzymes that contribute to fibrous cap-
sule thinning and plaque destabilisation. Both lym-
phocytes and macrophages produce cytotoxic fac-
tors that potentiate apoptosis [2,5,8].

Smooth muscle cells proliferation is positive for 
atherogenesis, despite the fact that derived from 
smooth muscle cells macrophage-like cells promote 
an inflammatory response [1,4]. A number of stud-
ies have shown that smooth muscle cells that active-
ly express the main histocompatibility complex of 
class II antigens were identified in atherosclerotic 
plaques of blood vessels. These activation proteins 
are specific for T-lymphocytes and macrophages 
and are involved in the receptor transmission of im-
mune information that indicates the ability of SMC 
to participate in immune responses in AS [2,10,23].

Smooth muscle cells (SMC) are an important 
component of atherosclerotic formations that en-
sure the plaque stability. However, smooth muscle 
cells apoptosis is sufficient for the negative effects of 
AS, such as plaque rupture, inflammation and calci-
fication [14,19,23].

The aim of our study was to determine the role of 
vascular wall cells proliferation and apoptosis, and 
their impact on the CVD development on the AS 
background.

MAterIAlS AND MethODS

We studied 50 cases of death with ischemic stroke 
on the cerebral vessels AS background, 50 cases of 
death with hemorrhagic stroke on cerebral vessels 
AS background and 50 cases of death not related to 
CVD and AS (comparison group). We studied arter-
ies of two structural and functional levels: main – 
carotid arteries and extracerebral – cerebral floor 
arteries, where we took 2-3 segments with lipid and 
fibrous plaques, and in the comparison group we 
studied unchanged areas. We performed immuno-
histochemical (IHC) study using the following mark-
ers CD4 (CD4 Ab-8), CD8 (SP-16), CD68 (CD68/Mac-
rophage Marker Ab-4), p53 (Clone Y5), CD31/
PECAM-1 (Endothelial Cell Marker, Ab -1), Vimentin 
Ab-2 (Clone V9).

We fixed the material in a 10% solution of neu-
tral buffered formalin according to established pro-
cedure. To perform IHC reactions, sections 4-5 μm 
thick were mounted on Super Frost Plus adhesive 
slides (Menzel), dewaxed, hydrated, and treated 
with 3% hydrogen peroxide solution to block endog-
enous peroxidase. The Ultra Detection System kit 
(Thermo Scientific) was used as the second antibody. 
To separate non-specific structures, sections were 
additionally stained with Mayer’s haematoxylin.

The results of IHC reactions of the CD4 (CD4 Ab-
8) markers – T-helpers marker, CB8 (SP 16) – T-sup-
pressors marker and CD68 (CD68/Macrophage 
Marker Ab-4) were evaluated by counting cells with 
positive staining in 10 randomly selected micro-
scope fields of view at 400 magnification. In addi-
tion, staining intensity degree was evaluated: 0 – no 
staining, 1 (+) – weak staining of light brown colour, 
2 (++) – moderate staining of brown colour, 3 (+++) 
– pronounced staining of dark brown colour.

Vimentin Ab-2 (Clone V9) was used to determine 
mesenchymal cells and their derivatives – endothe-
liocytes, smooth myocytes, fibroblasts, pericytes, 
which were estimated as the specific volume of im-
munopositive cells per unit area. The results of the 
IHC reaction were appraised by the semi-quantita-
tive method by points from 0 to 6 according to the 
conventional method, taking into account the 
stained cells [66]. 0 points were rated in the absence 
of staining, 1 point – up to 10%, 2 points – up to 20%, 
3 points – up to 30%, 4 points – up to 40%, 5 points – 
up to 50%, 6 points – more than 50% cell staining. In 
addition, the degree of staining intensity was evalu-
ated: 0 – no staining, 1 (+) – weak staining of light 
brown colour, 2 (++) – moderate staining of brown 
colour, 3 (+++) – pronounced staining of dark brown 
colour.

Immunopositivity of the CD31 marker is ob-
served in the cytoplasm and cell membrane. The re-
sults of the IHC reaction CD31/PECAM-1 (Endothelial 
Cell Marker) Ab-1 were apprised by a semi-quantita-
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tive method by points from 0 to 6 according to the 
conventional method, taking into account the 
stained cells [1]. 0 points were rated in the absence 
of staining, 1 point – up to 10%, 2 points – up to 20%, 
3 points – up to 30%, 4 points – up to 40%, 5 points – 
up to 50%, 6 points – more than 50% stained cells. In 
addition, the staining intensity degree was evaluat-
ed: 0 – no staining, 1 (+) – weak staining of light 
brown colour, 2 (++) – moderate staining of brown 
colour, 3 (+++) – pronounced staining of dark brown 
colour.

The p53 (Clone Y5) marker was used to deter-
mine cerebral arterial walls cells apoptosis. The IHC 
reaction results were appraised by a semi-quantita-
tive method. The cell nuclei staining intensity de-
gree was determined: 0 – no staining, 1 (+) – weak 
staining, 2 (++) – moderate staining, 3 (+++) – pro-
nounced staining of nuclei. We determined the area 
occupied by immunopositive structures. The rela-
tive area of expression (S,%) was calculated by the 
formula: S=S immunopositive nuclei/S nuclei x100 
[332].

Histological examination and micropreparations 
photographing were performed on an AxioScop 40 
microscope (Zeiss). Data from morphometric stud-
ies were subject to statistical processing on a per-
sonal computer using the standard Microsoft Excel 
program; the results were processed by the varia-
tion statistics method and considered reliable at p< 
0,05.

OutCOMeS

In recent years, the AS origin and development 
are considered from the standpoint of monoclonal 
proliferation of smooth muscle cells (SMC), immune 
inflammation and apoptosis, where great impor-
tance is attached to immunocompetent, smooth 
muscle cells and endothelium role. Upon atherogen-
esis we observed apoptosis of endothelial cells, 
mononuclear cells and smooth muscle cells at all 
stages of atherosclerotic lesions formation.

We noted SMC proliferation and connective tis-
sue fibers hyper production, which explains the 
cause of the intima thickening with the subsequent 
fibrous plaque formation.

Immunomorphological analysis of the arterial 
walls showed that, with the exception of the en-
dothelium, all intima and media cells react with an-
tibodies to Vimentin (Figure 1). In the study of Vi-
mentin in the arterial wall in the group of patients 
with ischemic stroke on the background of AS, its 
expression constituted 59.6 ± 4.8% (p >0.05) against 
the total area; in the group with hemorrhagic stroke 
on the AS background – 52.8 ± 3.7% (p >0.05), so 
there is no significant difference in the quantitative 
content of Vimentin in the study groups. In the com-

parison group the expression of Vimentin was 24.2 ± 
6.4 (p >0.05).

At IHC reaction with Vimentin we noted the pres-
ence of connective tissue components, and also the 
expressed artery wall fibrosis.

FIGure 1. Intensive expression of the Vimentin Ab-2 
marker in the artery wall of a patient with ischemic stroke 
(↑). Staining: IHC procedure with primary antibodies of 
Vimentin Ab-2 positive cells. Magnification: ocular lens 
10, field lens 20

Vimentin expression showed that vascular wall 
fibrosis increases as the underlying disease pro-
gresses. We observed the activation of SMC prolifer-
ation in blood vessels intima, the myocytes migra-
tion from the middle membrane and an increase in 
their number, which depends on fibroblast and en-
dothelial factors.

We also detected the synthesis of the connective 
tissue matrix components, i.e. collagen and elastin, 
which subsequently led to intima thickening and fi-
brous plaque formation.

In the process of atherogenesis in the developed 
atheroma, along with the smooth muscle cells prolif-
eration we also noted their apoptosis (Figure 2). The 
expression of p53 in the arterial wall in the group of 
deceased of ischemic stroke averaged 25.7% (p <0.05), 
of hemorrhagic stroke – 17.9% (p <0.05).

SMC can synthesize collagen and elastin impor-
tant for the vascular wall, but potentiated SMC ap-
optosis may contribute to the plaque destabilisation 
and rupture [19,21,23].

SMC apoptosis was triggered by proinflammato-
ry factors and took place with the participation of 
cytotoxic T-lymphocytes (T-killers) therefore in the 
atherosclerotic lesions focus we registered an accu-
mulation of multitude cytotoxic T-lymphocytes (Fig-
ure 3). T-lymphocytes (CD8, membrane expression) 
in atherosclerotic lesions constituted 8.56 ± 1.16 (p 
>0.05) in the group with ischemic stroke and, respec-
tively, 9.12 ± 1.64 (p >0.05) in the group with hemor-
rhagic stroke.
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Multitude immunocompetent cells, i.e. mac-
rophages and T-lymphocytes, were observed suben-
dothelially and in the fibrous capsule, with apopto-
sis being common, possibly to suppress the 
inflammatory response.

We observed monocytes adhesion on the luminal 
surface of the arteries, presence of multitude mono-
cytes under the endothelium, and more mature 
macrophages in the intima depths, that indicate 
these cells entry into the arterial wall from the 
blood.

In atherosclerotic lesions formation, we noted a 
significant number of CD68-positive cells with mark-
er expression in the cytoplasm (Figure 4), which 
constituted 16.68 ± 1.82 (p >0.05) in the group with 
ischemic stroke and 14.56 ± 1.28 (p >0.05) in the 
group with hemorrhagic stroke. In the comparison 
group, there was no expression of markers in the 
artery wall, in some cases it was observed in the 
form of single cells.

Multitude macrophages contain extensive apop-
totic material, which indicates the apoptotic cells 
phagocytosis. However, the apoptosis development 
in such macrophages and the presence of multitude 
apoptotic material extracellularly may indicate in-
sufficient mechanisms of apoptotic cells neutraliza-
tion in atherosclerotic vascular lesions.

However, at present, it is impossible to reliably 
determine whether this process is due to a pro-
nounced inflammatory response and active cell pro-
liferation, with potentiated apoptosis, lack of mech-
anisms of apoptotic material neutralization, or 
possibly due to a combination of all these factors.

The expression of p53 in the arterial wall in the 
group of deceased of ischemic stroke averaged 
25.7% (p< 0.05), of hemorrhagic stroke – 17.9% (p< 
0.05). In the arterial wall in the group of deceased of 
hemorrhagic stroke, the level of p53 expression was 

FIGure 2. Moderate expression of the p53 marker in artery 
wall cells of a patient with hemorrhagic stroke (↑). 
Staining: IHC procedure with primary antibodies p53 of 
positive cells. Magnification: ocular lens 10, field lens 40.

FIGure 3. Intense expression of the CD8 marker in the 
artery wall of a patient with ischemic stroke (↑). Stain-
ing: IHC procedure with primary antibodies of CD8 
positive cells. Magnification: ocular lens 10, field lens 40

FIGure 4. Intensive expression of the CD68 marker in the 
artery wall of a patient with ischemic stroke (↑). Stain-
ing: IHC procedure with primary antibodies of CD 68 
positive cells. Magnification: ocular lens 10, field lense 40

FIGure 5. Intense expression of the p53 marker in mono-
nuclear cells of the artery wall around the atherosclerotic 
plaque of a patient with ischemic stroke (↑). Staining: 
IHC procedure with primary antibodies of p53 positive 
cells. Magnification: ocular lens 10, field lens 40
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probably lower as compared to the group of de-
ceased of ischemic stroke; immunopositive cells 
usually allocated diffusely (Figure 5).

In lipid atherosclerotic plaques, apoptotic cells 
were found both around the atheroma and among 
the foam cells. Individual apoptotic cells were also 
localised below the atheroma at the edge of the mid-
dle membrane. More pronounced expression of ap-
optosis p53 marker was observed in the marginal 
parts and around atherosclerotic plaques.

The endothelium of the cerebral vessels in is-
chemic and hemorrhagic strokes on the AS back-
ground assumes structural changes in the form of 
rupture, desquamation and exfoliation (Figure 6). In 
many cases we noted on sections that the endotheli-
al cells are distinctly elongated, the cell thickness is 
very small and the nuclei are elongated. An accumu-
lation of desquamated apoptotic endotheliocytes is 
observed in the vascular lumen, as indicated by 
their intense expression.

Iimmunopositivity of the CD31 marker is ob-
served in the cytoplasm and cell membrane. In the 
study of the CD31 marker in the arterial wall in the 
group of patients with ischemic stroke we revealed 
uneven antigen deposition in the endothelium – 3.2 
± 0.3 (p >0.05) points.

Uneven expression was also observed in the 
group with hemorrhagic stroke, at that, high-focal 
expression approached to its absence, averaging 3.8 
± 0.2 points (p >0.05).

IHC studies have shown that there is a close rela-
tionship between structural changes in endothelial 
cells and intima damage. The endothelium func-
tions are aimed at permeability regulating and 
adapting to external factors, and at the same time at 
maintaining its integrity.

We observed different degrees of CD31 marker 
expression in the arterial walls, ranging from mod-

erate with uneven antigen deposition to high-focal, 
combined with its complete absence in large areas.

Deendothelial areas showed no antigen expres-
sion or single endothelial cells expression. Desqua-
mated endothelial cells clusters were noted in the 
vessels lumen, as indicated by their intense expres-
sion (Figure 7).

Morphologically, the results obtained in the 
study did not differ from the data presented in other 
modern studies. The data obtained indicate and co-
incide with the foreign authors’ data that the en-
dothelial barrier plays an active role in the develop-
ment of atherosclerotic plaque by regulating the 
endothelial cover permeability and vasoactive me-
diators local secretion [12,16,22].

At present, it is necessary to develop methods 
that will accurately quantify apoptosis in the vascu-
lar wall. A clear understanding of the inducing 
mechanisms will help to find ways to suppress cell 
death in the vessel wall, and specify directions for 
further medicinal treatment development.

It is obvious that disorders in the vascular wall 
upon AS will lead to changes in organs and systems 
that are the pathogenetic basis for many pathologi-
cal processes, such as cerebrovascular and cardio-
vascular pathology. That is, the development of an 
individual program for AS modification should still 
be based on an objective quantitative assessment of 
the risk factors spectrum and concentration, which 
shape the AS prognosis.

CONCluSIONS

1. The number of apoptotic cells increased as the 
underlying disease progressed. And the intima cells 

FIGure 6. Intense expression of the CD31 marker in the 
arterial endothelium of a patient with ischemic stroke. 
Staining: IHC procedure with primary antibodies to CD31 
positive cells. Magnification: ocular lens 10, field lens 100

FIGure 7. Intensive expression of the CD31 marker in the 
arterial endothelium of a patient with hemorrhagic 
stroke – the presence of endothelial cells in the vessel 
lumen (↑). Staining: IHC procedure with primary 
antibodies of CD31 positive cells. Magnification: ocular 
lens 10, field lens 40
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apoptosis is actively involved in atherosclerotic 
changes development.

2. The macrophages and SMC susceptibility to ap-
optosis was significantly higher directly in the ath-
eroma as compared to other atherosclerotically 
changed vascular wall areas.

3. Increase in the immunocompetent cells num-
ber and their apoptosis in the fibrous capsule, re-
duced number of the fibrous capsule cells, increased 
proliferation and intense SMC apoptosis in athero-
ma contribute to atheromatous plaque destabilisa-
tion and rupture.

4. Apoptosis of macrophages is a useful process 
for the atherosclerotic plaque stability, provided 
that there are mechanisms of apoptotic material 
neutralisation.

5. Desquamation and endothelial cell apoptosis 
are interrelated processes. Reduction in the number 
of endothelial precursor cells that are actively in-
volved in endothelial regeneration plays an impor-
tant role in the formation of atheromatous plaque. 
The endothelial dysfunction severity has a prognos-
tic value for the CVD development.
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