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Abstract

peripheral blood in patients with glioblastomas.

The inflammatory process is an important part of malignant brain gliomas progression mechanism. The inflammation induced
by tumor tissue necrosis is called tumor-associated inflammation (TAI). Taking into account the leading role of TAI in the gliomas
progression, the aim of the work was to study the correlation between the indicator of the inflammatory process and the number
of potential blood stem cells - lymphoblasts and monocytes. These cells are involved in the processes of tissue regeneration in
the wound focus after surgery for the removal of tumors. The wound tumor focus was named “non-healing wound” as a result
of the activation of TAI which prevents the formation of normal tissue cytoarchitectonics by blood stem cells, which are exposed
to the destructive effects of inflammation factors. Studies have found a negative correlation between the indicators of stage II
inflammation - the level of blood cells aggregation, measured in SPR (surface plasmon resonance) units using the highly sensitive
Plasmon biosensor, and the number of lymphoblasts, formed in the RBTL test in vitro, and Mid cells, containing monocytes in

Keywords: Glioblastomas; Tumor-Associated Inflammation; Regeneration; Blood Cells Aggregation; Lymphoblasts; Monocytes;
Negative Correlation

Introduction

The study of malignant tumors treatment problems encounters
difficulties due to the lack of a deep understanding of malignant
growth mechanisms. Many researchers assume that each type of
tumor has its own, tissue-specific mechanism, without taking into
account of the fundamental pathophysiological laws that postulate
a single mechanism for all types of malignant tumors, despite their
origin from different organs and tissues. Some authors suggest that
the heterogeneity of glioblastomas leads to the manifestation of a
systemic factors variety that can become prognostic markers [1-2],
which will facilitate the development of individual adjuvant therapy
for patients. Such an approach would greatly complicate the
treatment of patients with malignant brain tumors, while proving to
be ineffective. The difficulty of disclosing the mechanism of tumor
growth is that the mechanism of benign brain tumors formation
consists of the various mutations appearance in the cellular

genome, incl. and nonspecific for tumors; loss of heterozygosity in
cerebral gliomas exceeding 90% [3]; aneuploidy and premature
divergence of centromeres in chromosomes [4-5]. When a benign
process turns into a malignant one, an important condition is the
activation of a tumor-associated process, while the severity of these
anomalies increases and the main mechanism of malignant tumors
will be determined by the result of the interaction of reparative
(inflammatory genesis) and regenerative processes (with the
participation of stem cells) in damaged body tissues against the
background of a prolonged chronic inflammatory process of aseptic
origin. Inflammation in the second stage is characterized by a drop
in the transmembrane potential, which leads to large changes in
the biochemical and cellular composition of the peripheral blood.
The main cellular changes in inflammation have been known for
a long time and relate to the number of leukocytes, lymphocytes,
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neutrophils, platelets and other types of peripheral blood cells.
Recently, interest has appeared in the study of the relationship
between cellular fractions, for example, lymphocytes to monocytes,
leukocytes to granulocytes, etc., which, according to researchers,
makes it possible to more accurately determine the diagnostic and
prognostic capabilities of this approach [3-6].

The question arises, is the appearance of a certain number of
cells of various types in the peripheral bloodstream a random or
natural process, strictly conditioned by some factor? Most studies
are carried out taking into account the protective functions of
peripheral blood cells of an inflammatory nature. Of interest are
blood cells, which can also participate in regenerative processes,
in which tissue defects are replaced not by scar tissue, but by cell
mass, taking into account the cytoarchitectonics of the tissues of
this organ. Lymphoblasts formed under the action of PHA in the
RBTL test acquire the properties of stem cells, which are also
inherent in monocytes of the peripheral bloodstream. It has been
shown that blood mononuclear cells can be reprogrammed into
pluripotent stem cells [7-8]. Monocytes are the largest blood cells
[9]. Monocytes, which migrate from the bloodstream to other
tissues, then differentiate into tissue macrophages or dendritic cells.
Macrophages are responsible for protecting tissues from foreign
substances, but they are also thought to play an essential role in
the formation of important organs such as the heart and brain. For
successful postoperative adjuvant therapy of malignant gliomas,
it is necessary to search for indicators that are closely related to
the subsequent regulation of other links in the pathogenesis of
gliomas. The level of transmembrane potential claims to be such
an indicator. In the studies carried out, its ability to regulate the
number of potential peripheral blood stem cells for the processes of
tissue regeneration in the postoperative focus was studied.

The aim of the research was to find a correlation between the
indicator of stage Il of the inflammatory process by determining the
level of aggregation of blood cells and the number of lymphoblasts in
the RBTL test and monocytes in the peripheral bed simultaneously
from the same blood samples from patients with neurosurgical
pathology.

Materials and Methods

The study was carried out in two parallel methods to confirm
the presence of a correlation between the level of aggregation of
blood cells and the number of lymphoblastic cells and monocytes
in view of the importance of this mechanism in understanding the
progression of malignant brain tumors. In our previous studies, it
was found that indicators of the level of aggregation of blood cells,
measured in modern units of surface plasmon resonance [10],
determined on a supersensitive biosensor of the Plasmon type, are
decisive in many processes associated with metabolic changes in the
body during inflammatory and tumor processes. The proliferative
activity of lymphocytes was studied in 21 patients with malignant
gliomas and in 15 patients with spinal hernias. Verapamil, an
NMDA-dependent calcium channel blocker, has been used to
decrease or increase the level of transmembrane potential (TMP)

mediated by the level of aggregation of blood cells. Modification of
the lymphocyte blast transformation reaction (LBTR) was carried
out in vitro experiments using 0.25% solutions of verapamil -
hydrochloride (Farmak). The solutions were prepared in dilutions
from 10-1 to 10-5 times immediately before culturing blood cells
in RPMI medium for 72 hours. To each Petri dish 2 cm in diameter
was added 2 ml of RPMI medium, 600 microliters (pl) of blood
cells without plasma, 60 pl of various concentrations of verapamil
- hydrochloride, 60 pl of phytohemagglutinin (PHA) (Sigma, 5 mg /
5 ml H20) and 20 pl of gentamicin. Determination of the absolute
number of peripheral blood cells was carried out on an automatic
hematological analyzer “Mindray - 3000”. Monocytes were detected
in the pool of Mid cells of the peripheral bloodstream. Statistical
studies were performed using the “Statistics-10v” package.
Standardization of diverse indicators was obtained by the formula:
Xn - XX / 0, where Xn is an individual value; XX - average value; o is
the standard deviation.

Method for Determining the Correlation Coefficient

Spearman’s rank correlation coefficient is a nonparametric
method that is used to statistically study the relationship between
phenomena. In this case, the actual degree of parallelism between
the two quantitative series of the studied features is determined
and an assessment of the tightness of the established relationship
is given using a quantitatively expressed coefficient. The statistical
significance of the obtained coefficient is assessed using the
Student’s t-test. If the calculated value of the t-test is less than
the tabular value for a given number of degrees of freedom, the
statistical significance of the observed relationship is absent. If
more, then the correlation is considered statistically significant
(Table 1).

Table 1: To assess the tightness of communication, use the

Chaddock scale.

Absolute value r, The tightness (strength) of the correlation
less than 0.3 weak
from 0.3 before to 0.5 moderate
from 0.5 before 0.7 noticeable
from 0.7 before 0.9 high
more than 0.9 very high

Results and its Discussion

The use of dilutions of verapamil - hydrochloride from 10 to 100
times led to an insignificant increase in the number of lymphoblasts
against the background of an increase in the level of aggregation
of blood cells (decrease in SPR indices) compared with the control
indices without verapamil in spinal hernias (Figure 1). In the
control blood samples of patients with glioblastoma, a decrease in
the percentage of lymphoblasts was noted against the background
of the same increase in the level of aggregation in spinal hernias
(Figure 1 and 2). At first glance, this result is a confirmation of
the immunosuppressive status in gliomas, when the proliferative
activity of lymphocytes decreases in response to PHA exposure.
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The effect of verapamil - hydrochloride on blood cells, diluted 10  aggregation of blood cells (a decrease in SPR indicators) leads to
times, revealed that immunosuppression is latent and depends on  a significant increase in the proliferation activity of lymphocytes
the level of TMP. In Figure 2 shows that an increase in the level of =~ when exposed to a dilution of verapamil by a factor of 10.
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Figure 1: Standardized indices of SPR of blood cells in comparison with the number of lymphoblasts (in%) cultured
using different dilutions of verapamil- hydrochloride for spinal hernias (in the RBTL test).

Legend: ctrl - blood samples without vrapamil - hydrochloride added.
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Figure 2: Standardized indices of SPR of blood cells in comparison with the number of lymphoblasts (in%) cultured
using different dilutions of verapamil - hydrochloride for malignant gliomas (in the RBTL test).
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Figure 3: Inverse correlation of blood cells aggregation level indicators (SPR) and the number of Mid cells (the
correlation coefficient is - 0.51) in patients with glioblastomas.
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Comparison of the level of cell aggregation (increase in
SPR indicators) using the Plasmon biosensor-analyzer and the
number of Mid cells containing monocytes in their composition
made it possible to find a negative correlation between them
when examining blood samples in 16 patients with glioblastomas
before surgery (the correlation coefficient is - 0.51). The data
obtained may indicate a regulatory value of the transmembrane
potential of peripheral blood cells, mediated through the level
of aggregation of blood cells, measured in terms of SPR, on the
number of potentially stem cells of lymphoblasts, formed in cell
culture under the influence of phytohemagglutinin, and monocytes,
measured in the pool of Mid cells in the blood of patients with
glioblastomas. The revealed negative correlation shows that with
a decrease in the transmembrane potential on the cell membrane,
the number of monocytes, which are potential stem cells, increases.
These data are confirmed by the presence of the mechanism of
epithelial-mesenchymal transition (EMT) [11-13], which promotes

the beginning of damaged organ tissues restoration, provided that
the manifestations of the inflammatory process are inhibited, the
presence of which will adversely affect these processes in patients
with malignant tumors [14] (Figure 3).

In addition, the lack of correlation between the indices of the
monocytes number and lymphocytes indicates differences in the
protective and regenerative functions of these cell pools in the
peripheral bloodstream (Table 2). At the same time, the rest of
the cellular species have a positive correlation coefficient with
each other. A long-term decrease in the transmembrane potential
can contribute to the dysfunction of mesenchymal stem cells
- monocytes, which will further manifest itself in pathological
changes in the repair-regenerative relationship, leading to the
appearance of recurrent tumor growth both in patients with
glioblastomas and in other malignant tumors. The results obtained
indicate the important role of the TMP level regulation in the
adjuvant treatment of patients with glioblastomas.

Table 2: Lack of correlation when comparing the number of lymphocytes and Mid cells (monocytes) in patients with glioblastomas.

Spearman Rank Order Correlations
Variable Marked correlations are significant at p <,05000

WBC Lymph Mid Gran

WBC 1,00 0,63 0,78 0,98

Lymph 0,63 1,00 0,24 0,56

Mid 0,78 0,24 1,00 0,81

Gran 0,98 0,56 0,81 1,00

Conclusion culture and monoblasts in the peripheral blood increases, indicating

The presence of two mechanisms, apoptosis and epithelial-
mesenchymal transition (EMT),
implementation of the repair and regeneration processes in
living organisms. In this case, the inflammatory process is absent
in the embryonic period, when apoptosis predominates, so that
embryonic cells are not damaged by various phlogogenic factors
that arise during inflammation. The presence of these factors is also
undesirable during the regeneration of organs and tissues by stem
cells of various origins in the adult period, which is carried out by
blocking the inflammation of the EMT. In malignant brain tumors,
blocking of tumor-associated inflammation [14-19] does not occur
due to the constant presence of necrotic tissues in the tumor focus.

is vital for the normal

As a result, stem cells are damaged and cannot perform their
regenerative functions normally [20-23]. Instead of restoring the
cytoarchitectonics inherent in this tissue, a chaotic increase in cell
mass occurs in the form of a malignant neoplasm. At the same time,
the number of blood cells and their relationship between different
fractions differ from those in the norm and can serve as indicators
of tumor progression.

The work shows on two cell fractions with stem potential,
namely on lymphocytes and monocytes, that with a decrease in
the level of transmembrane potential, mediated by the level of
aggregation of blood cells, the number of lymphoblasts in the cell

a negative correlation between the membrane charge and number
of stem cells. The dependence of many indicators on the level of
transmembrane potential in the pathogenesis of tumor progression
indicates that the correlation of TMP can be very effective in
postoperative treatment, since the simultaneous correlation of
other indicators regulated by the level of TMP will help prevent the
early onset of relapses in patients with glioblastomas.
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