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INTERCELLULAR INTERACTIONS
AND THE LEVEL OF AGGREGATION
OF BLOOD CELLS IN THE AREA

OF INFLAMMATION IN PEOPLE LIVING
IN THE EUROPEAN NORTH

The immunological results of 242 people with bronchitis and 198 people with colitis, as well as 47 practically healthy people aged 21 to 55 years
at the time of examination were analyzed in order to study intercellular interactions and the relative proportion of neutrophil aggregation in the area
of inflammation in people living in the North. Against the background of neutropenia in the area of inflammation, the level of migration of monocytes
and lymphocytes is less pronounced. In conditions close to physiological, in the exudate of the "skin window", no significant differences in the level
of leukocyte migration were revealed. With neutropenia in peripheral venous blood, the content of neutrophil aggregates in the area of inflammation
is higher. Aggregation of neutrophils leads to significantly more active exosecretion, degranulation and lysis of aggregate cells, which may be one
of the mechanisms for the formation of neutropenia in people living in the North.
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Introduction. In response to any
change in the intercellular environment
that carries a potential threat to the cell
or blood loss, a reaction of changes in
the microcirculatory unit develops with a
change in blood filling, blood flow velocity.
In this case, the cells release a complex
complex of biologically active substanc-
es that cause reactions from a number
of humoral effector systems. The set of
lysosomal enzymes is highest in poly-
morphonuclear neutrophil granulocytes.
Neutrophil granules of neutrophil include
lysozyme, lactoferrin and alkaline phos-
phatase, active only in a neutral medium.
Reducing the pH value to 4 is optimal
for the activity of enzymes of azurophilic
granules — myeloperoxidase and acid hy-
drolases. Azurophilic granules contain a
large amount of elastase, which can be a
factor of destruction; two metalloprotein-
ases (collagenase and gelatinase) can
cause degradation of the extracellular
matrix [22, 28].

An increase in the content of proteolyt-
ic enzymes of active substances in the in-
tercellular medium and blood in the area
of trouble causes a reaction from the
plasma protease system with the activa-
tion of Hageman factor, the conversion of
precallikrein into kallikrein and the subse-
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quent formation of plasma bradykinin and
tissue kinin (lysyl-bradykinin or kallidin).
An increase in the content of kinin causes
the expansion of the vessel lumen in the
microcirculation area with an increase in
permeability, by contracting smooth mus-
cles and endothelial cells.

Serotonin, histamine, kinins and pros-
taglandins are involved in the formation
of edema during inflammation. The fur-
ther continuation of the reaction involves
the complement system; vasodilation and
elevation of the vascular wall reproduces
the product of activation of the C1, C4,
C2 complement system (C-kinin). C-kinin
differs from kinins in that it is inactivated
rather than initiated by trypsin. The com-
plement system also supplies the main
chemotaxis factor C5, which is formed
by neutrophil enzymes and enhanced by
platelet reaction.

Tissue hypoxia with a decrease in 02
partial pressure, changes in microcircula-
tion and vascular permeability cause an
increased level of neutrophil adhesion in
venules [24-26]. The adhesion of leuko-
cyte blood cells is enhanced by a whole
series of biologically active substances
produced by activated neutrophils them-
selves [19].

In the study of intercellular interactions
in peripheral venous blood in practical-
ly healthy residents of high latitudes, it
was previously found that the activity of
aggregation of peripheral venous blood
cells in Arctic residents is 1.5-1.7 times
higher than that of people living in more
favorable climatic conditions. Erythro-
cytes and platelets aggregate most often
(20.92 and 18.95%, respectively), periph-
eral blood leukocytes form aggregates
actually 2 times less often (neutrophil

granulocytes in 10.45%, lymphocytes in
7.19%) [21]. The level of neutrophil ag-
gregation activity is associated with a de-
crease in the content of these cells in the
circulating blood and an increase in the
concentration of sCD56 adhesion mole-
cules. The facts of the release of specific
leukocyte granules into the pseudopod
region associated with increased secre-
tion of adhesion molecules, selectins,
their ligands and chemotactic receptors
in the adhesion region are known [7, 20,
29, 31, 34]. In residents of high latitudes,
the content of the extracellular pool of
signaling molecules, receptors and their
ligands is significantly higher than in
people living in more favorable climatic
conditions. The dependence of this phe-
nomenon on northern climatic conditions
is demonstrated by the highest levels of
extracellular pool content in residents of
Arctic regions [2, 13]. Even in practical-
ly healthy people living in the North, the
concentrations of free adhesion mole-
cules and the L-selectin ligand (respec-
tively sCD54, sCD62 and sCD62L) are
significantly higher.

A higher level of adhesion activity and
subsequent migration of activated neu-
trophil granulocytes in the inhabitants of
the North is necessary due to the low lev-
el of vascular permeability and clearance
of metabolic products [5, 8]. Neutrophils
are involved in the clearance of cell waste
products and their apoptosis. Phagocyto-
sis of apoptotic bodies by granulocytes
occurs very quickly and does not cause
inflammatory reactions [4]. A high lev-
el of chemoattractants contributes to a
constant migration flow of granulocytes,
which is often manifested by a decrease
in the content of circulating and actively



phagocytic neutrophils in the blood [18].
If there is a sufficient concentration gra-
dient of the chemoattractant, the location
of the receptors on the surface of the cell
membrane becomes asymmetric, con-
centrates on one of the poles in the form
of a cap (capping) and determines the di-
rection of its movement [23].

Leukocytes normally have a fairly
significant viscosity, compared, for ex-
ample, with the level of this property in
erythrocytes and platelets. Studies have
shown that the mouth of the capillaries
is not so rare, even normally, leukocytes
clog, but after a short time the blood flow
is restored. With inflammation, such ef-
fects are recorded much more often [16].
During inflammation, accumulations of
leukocytes are recorded near the walls of
blood vessels (venules), which is asso-
ciated with an unfavorable course of the
inflammatory process. The phenomenon
of granulocytes sticking to the vascular
endothelium in the area of inflammation
with the formation of cell aggregates is
the earliest manifestation of the neutro-
phil reaction to changes in homeostasis
or tissue damage. The phenomenon of
clumping (aggregation) of granulocytes
has been proven in vivo in pulmonal vas-

cular leukostasis, interstitial edema and
pulmonary insufficiency, as well as in
Arthus phenomenon and complications
of hemodialysis [24-26]. Irreversible ag-
gregation of neutrophils is involved in the
formation of leukostasis and leukopenia
due to a decrease in the content of cells
in the circulating pool and their transition
to marginal. A high level of aggregation
(clumping) involving C5a is already asso-
ciated with neutrophil lysis and can lead
to granulocytopenia [16].

In connection with the above, the aim
of the study was to study intercellular in-
teractions and the relative proportion of
neutrophil aggregation in the area of in-
flammation in people living in the North.

Materials and methods. The immu-
nological results of the preanalytical and
analytical stages of the examination of
242 people with bronchitis and 198 peo-
ple with colitis living in Arkhangelsk who
applied to the Biolam center for profes-
sional diagnostics with a previously es-
tablished diagnosis, as well as 47 practi-
cally healthy people aged 21 to 55 years
at the time of the examination were an-
alyzed. The survey was carried out with
the written consent of the respondents
in compliance with the basic norms of
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biomedical ethics in accordance with the
document "Ethical principles for medi-
cal research involving human subjects"
(WMA Declaration of Helsinki 1964,
amended in 2013), and also approved
and approved by the Commission on Bio-
medical Ethics at the Institute of Physi-
ology of Natural Adaptations of FECIAR
UrB RAS (Protocol No. 5 of 11.02.2022).

Peripheral venous blood, sputum, and
feces were examined. A hemogram was
determined in peripheral venous blood
using the XS-1000i hematological ana-
lyzer (Sysmex, Japan). The deficiency
of neutrophil granulocytes (neutropenia)
was established at a content of <2.0%x109
cells/l in peripheral venous blood. Prepa-
rations for microscopy of feces were pre-
pared after preliminary preparation of an
emulsion with a saline solution (1/1), both
the sediment and the supravaginal fluid
were examined [10]. Cytological exam-
ination of sputum was studied after cen-
trifugation of 1 ml of sputum and applica-
tion of 0.5 ml of sediment to a slide [12].
Cytogram and phagocytosis were studied
in smears stained according to Roma-
novsky-Giemse and Gram; counting was
performed at the rate of 100 cells. Leu-
kocyte aggregation was studied by light

Table 1

Comparative analysis of the content of cells and their phagocytic activity in peripheral venous blood and biomaterial
from the area of inflammation, depending on the presence or absence of neutropenia in the examined (M=+m)

Bronchitis Colitis
Parameters studied Neutropenia, n=124 Normal nerlllir;)%)élil content, Neutropenia, n=135 Normal nellllti%%hﬂ content,
1 2 3 4 5
Venous blood
Neutrophils, % 45.93+0.38 56.18+0.54 46.29+0.43 59.25+0.37
% of active phagocytes 44.3240.57**23 55.37+0.52 42.5540.68**45 59.31+0.56
Phagocytic number 8.61+0.27%%3 6.23+0.32 12.234£0.31%*45 7.46+0.44
Monocytes, % 10.29+0.21 6.87£0.25 12.69+0.45 8.34+0.46
% of active phagocytes 19.29+0.13 18.87+0.25 23.23+0.34 21.32+0.46
Phagocytic number 8.52+0.22%23 5.34+0.33 9.85+0.31%4+3 6.71+£0.41
Lymphocytes, % 29.42+0.58 27.51+0.53 37.39+0.48 29.22+0.53
Sputum Feces
Neutrophils, % 31.36+1.22%%23 36.24+0.78 32.4241.23%%43 39.23£1.35
% of active phagocytes 51.24+]1.53%%23 58.36+1.24 49.83+1.12%%*43 56.45+1.32
Phagocytic number 9.53+0.56*>3 7.32+0.43 11.64+0.62%*45 8.32+0.79
Monocytes, % 9.5240.47%**23 19.36+0.52 15.23+0.51%*43 21.43+0.65
% of active phagocytes 22.24+1.05%%23 29.53+0.73 25.37+0.66%4° 28.42+0.69
Phagocytic number 6.23+0.26*>3 5.08+0.32 7.93+0.34%45 6.32+0.42
Lymphocytes, % 29.45+0.61 25.31+0.67 34,4241 21%+5 38.23+1.65
Aggregation of neutrophils, % 25.86:+0.92%#%23 13.64+0.63 31.34+1.53%**43 23.48+1.45

* p<0.05, ** p<0.01, *** p<0.001.
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microscopy [3, 9]. The study of neutrophil
migration in physiological conditions was
carried out by the "skin window" method
[33].

Statistical processing of the obtained
data was carried out using the application
software package "Statistica 10.0" (Stat-
Soft, USA). The level of statistical signif-
icance of the differences (p) in the work
was assumed to be 0.05.

Results and discussion. At the initial
stages of the development of inflamma-
tion, neutrophils and mononuclears are
mobilized, which can be manifested by
a decrease in the total content of leuko-
cytes in the blood due mainly to neutro-
phils and monocytes.

It was of interest to study in compara-
tive terms the content of leukocytes and
their phagocytic activity in the area of in-
flammation (table 1).

The inflammatory exudate clearly
shows the ability of cells to stick together
with the formation of aggregates of 3-5
cells. When calculating the number of
neutrophil aggregates per 200 neutro-
phils, it was found that with neutrope-
nia, the ability of granulocytes to stick
together is noticeably higher. In sputum
smears of patients with bronchitis, the
differences in the activity of the formation
of aggregates from neutrophils are on av-
erage almost 2 times greater (fig. 1, 2).
Against the background of neutropenia in
the area of distress, the level of migration
of monocytes and lymphocytes is less
pronounced. It is known that the rate of
chemotaxis of polymorphonuclear granu-
locytes into the area of trouble is at first
much higher, and then it drops rapidly;
the process of penetration of monocytes
into the lesion is slow, but longer. The mi-
gration of lymphocytes cannot actually be
differentiated by morphological methods
of investigation from the recirculation that
these cells are capable of [35].

Under conditions close to physiologi-
cal, in the exudate of the "skin window",
no significant differences in the level of
leukocyte migration were revealed (ta-
ble 2). Consequently, the significant de-
crease in the migration activity of neutro-
phils and monocytes to the focus of in-
flammation in neutropenia is associated
with a decrease in the content of their cir-
culating pool. An increase in the content
of aggregated neutrophils and monocytes
in neutropenia indicates an increase in
the level of irreversible aggregation or
inability to dissociate aggregates under
these conditions. Since the dissociation
of the aggregate occurs before the secre-
tion of acid hydrolases and cathepsin [30,
32], it can be assumed that the process
of reversibility of aggregation is disrupt-

Table 2

Comparative composition of blood cells in the exudate of the "skin window"
of practically healthy people 12 hours after scarification, depending on the level
of neutrophils in the blood (M+m)

Indicator Neutropenia, n=22 | Normal neutrophil content, n=25
Neutrophils, % 67.34+2.18 62.77+2.38
Monocytes, % 14.52+0.38%* 17.43+0.33
Lymphocytes, % 16.23+0.64* 18.65+0.52
Eosinophils, % 1.41£0.28 1.15£0.22
Aggregation of neutrophils, % 22.13+0.27%*** 14.53+0.19
Aggregation of monocytes, % 19.53+0.31*** 11.23+0.26

* p<0.05, ** p<0.01, *** p<0.001.
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Fig. 1. A smear of sputum at bronchitis with
neutropenia. Gram staining. x 1000. Neutro-
phil aggregation
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Fig. 2. A smear of sputum at bronchitis with
normal neutrophil content. Gram staining.
x 1000. Neutrophils

ed in neutropenia. Glucocorticoids are
involved in this process, which prevent
the degranulation of enzymes working in
an acidic environment and the release of
cathepsin and elastase.

Cell adhesion on the surface of the
endothelium or other surface of the ex-
tracellular matrix and their aggregation
may be related processes. The adhesion
of leukocytes to the endothelium, which
regulates the size of the marginal pool,
on the one hand, is initiated by the aggre-
gation of cells on the surface of the endo-
thelium, on the other hand, is determined
by the production of various adhesion
molecules, selectins and their ligands

by endotheliocytes [7, 29, 34]. Adhesion
ensures the attachment of neutrophils to
the endothelium and other surface of the
extracellular matrix, then aggregation is
assimilated with the release of biological-
ly active substances by neutrophils with
subsequent activation of enzymatic sys-
tems, including the complement system.

The formation of sockets is based
on the interaction of cells under the in-
fluence of C3 activation products, which
initiate not only adhesion, conglutination,
but also the formation of sockets. Activat-
ing factors can be trypsin-like enzymes,
lipopolysaccharides,  polysaccharides,
C-reactive protein, Fc-aggregated Ig.
Cluster-forming cells can be neutrophils,
monocytes and lymphocytes [1, 11].
Upon contact of cells with cluster-forming
cells, proteolytic and hydrolytic enzymes
and reactive oxygen species are released
[6, 15, 36]. Enzymes and biologically ac-
tive substances in cases of rosette lysis
are also isolated by platelets (hydrolases,
cathepsins, collagenases) [14]. Intercel-
lular interactions of neutrophils, mono-
cytes, erythrocytes and platelets are one
of the forms of participation of these cells
in preventive reactions and inflammation.
Cytolysis and phagocytosis, which follow
the formation of rosettes, are a mecha-
nism for protecting organs and tissues
from the damaging influence of factors
and actions that activate the complement
system [17, 27].

Conclusion. So, with neutropenia in
peripheral venous blood, the content of
neutrophil aggregates in the area of in-
flammation is higher. Aggregation of neu-
trophils leads to significantly more active
exosecretion, degranulation and lysis of
aggregate cells, which may be one of the
mechanisms for the formation of neutro-
penia in people living in the North.

The study was performed under the
program of fundamental scientific re-
search, Ne 122011800217-9.
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