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Abstract: Background: The cells of the immune system are actively involved in the tumor development process and can
either suppress or stimulate tumor growth. Objective: to determine the role and significance of immunological indications of
patients with brain tumors of different histostructure before and after surgical treatment. Methods: The number of lymphocytes,
neutrophilic granulocytes, and platelets was analyzed in 246 patients with brain tumors of various histostructures. Results: It
was determined that there were significant fluctuations in the content of leukocytes in the blood of patients with brain tumors
of various histogenesis. The largest number of leukocytes was observed in neuroectodermal and mesenchymal tumors.
However, neuroepithelial tumors (pituitary adenomas) did not show a considerable increase in the number of leukocytes
compared with that in healthy individuals. Conclusions: It is revealed that the determination of the immune response is an
essential component of clinical examination. These immune response options allow to develop targeted immunotherapy. The
determination of immunoreactivity for these options was determined to be clinically feasible. In addition, belonging to a
particular group based on the immune status considerably determines the further course of the tumor process and the
effectiveness of the surgical treatment of brain tumors.
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1. Introduction
The cells of the immune system are actively involved in
the tumor development process and can either suppress or
stimulate tumor growth [1]. During the last decade,
considerable research efforts have been made to study the
role of innate immunity cells (e.g., neutrophilic granulocyte,
natural killer cells, and dendritic cells in tumorigenesis) [2, 3].
At the same time, considerable attention has been paid to
platelets, which are classified as immunoregulatory cells and
are involved in the processes of hemocoagulation of
thrombosis, adhesion of pathogens, suppression of the
function of immune cells, and stimulation of tumor growth
[4].
The molecular cellular mechanisms of the interaction of
platelets and neutrophilic granulocytes both with tumor cells
and with macrophages and lymphocytes has been previously
described [4]. For the practical use the data obtained, it is
recommended to determine both the absolute number of

leukocytes, lymphocytes, neutrophilic granulocytes, and their
ratio in the blood of cancer patients. The absolute and relative
content of innate and acquired immunity cells in peripheral
blood is already used to predict the duration of the remission
period of some oncological diseases, in particular in cancer
processes and brain tumors [5, 6]. In fact, there are many
problems in the field of neuroimmunology, but in a journal
article, it is very difficult to list all the existing problems, so
we limited ourselves to indicating the most relevant aspects
of humoral and cellular immunology in brain tumors).
In glioblastomas with more than 4 ng/lph ratio, the
duration of postoperative remission exceeds 11 months [7].
At the same time, the blood content of innate and acquired
immunity cells for many tumors, including brain tumors of
various origins and degrees of anaplasia, has not been studied
enough, and the prognostic value of the presented indicators
is controversial.
The goal of this study was to determine the role and
importance of immunological parameters in assessing the
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clinical and morphological features of brain tumors and the
effectiveness of their surgical treatment, as well as to study
the content of immune cells in peripheral blood in patients
with brain tumors of different histostructures.
In recent years, new data on the biology of malignant
gliomas have been obtained, a number of antigenic
characteristics of gliomas and their dependence on genetic
qualities have been established. The state within tumor and
systemic immune responses, as well as their dependence on
the degree of tumor malignancy, has been studied in detail [8,
9].
Very intensive and extensive researches are underway to
develop various methods of immunotherapy for the treatment
of malignant gliomas, at the same time, the study of the
heterogeneity of malignant gliomas at the genetic and
immunological level remains a challenge of the time [10-12].

surgery. Research results were subjected to statistical
processing using non-parametric criteria, which allowed to
perform statistical analysis with relatively small samples. The
reliability criterion (p) was determined according to the
Student table (p < 0.05). Immunoglobulins, damages to
neutrophils, agglomeration of neutrophils - these research
methods are widely used in general oncology (tumors of the
lungs, mammary gland, tumors of the stomach, bladder, etc.).
The indicated immune reactions in brain tumors were almost
never carried out, these reactions are indicators of the body's
immunoreactivity, and we were convinced that in brain
tumors they change depending on the histostructure and
severity of surgery and other reasons. Patients with
comorbidities were not included in these studies.

2. Methods

The content of leukocytes, neutrophilic granulocytes,
lymphocytes, and platelets in the peripheral blood in patients
with brain tumors of different histostructures is shown in
Table 1. The table shows that there are significant
fluctuations in the content of leukocytes in the blood of
patients with brain tumors of various histogenesis. The
largest number of leukocytes was observed for
neuroectodermal and mesenchymal tumors. However,
neuroepithelial tumors (pituitary adenomas) did not show a
considerable increase in the number of leukocytes compared
with those in healthy individuals. These differences in the
leukocyte count in tumors of various geneses can be
explained by the intense inflammatory response of the body
in the first two types of tumors and by possible tumor sizes,
which are much smaller for pituitary adenoma than with
meningioma. There are inflammatory reactions of the body in
malignant tumors, which can serve as additional factors
contributing to a more drastic damage to the body's immune
mechanisms. Therefore, our studies have shown that in
malignant brain tumors, sharper deviations in the parameters
of the body's immunoreactivity were established than in
pituitary adenoma and meningiomas.

The analysis covered the number of lymphocytes,
neutrophilic granulocytes, and platelets in 246 patients with
brain tumors of various histostructures. In addition, the level
of the main classes (e.g., A, M, and G) of neutrophil
damaging immunoglobulins (MDI) was determined
according to Kitaev’s modifications. The leukocytes
agglomeration reaction (LAR) was determined according to
modifications of David et al. An additional objective was to
determine anti-brain autoantibodies using the complement
consumption reaction according to Morozov’s modifications
and to determine circulating immune complexes.
According to the international classification (2016), brain
tumors are divided into neuroectodermal tumors - glial 134
(gliomas, astrocytoma,
glioblastomas)
mesenchymal
(meningiomas - 59), ectodermal (pituitary adenomas
(craniopharyngioma, germinoma) - 31, others - 22).
A total of 172 (69.9%) patients with brain tumors
underwent surgical treatment. The reaction of the body of the
patients with brain tumors was studied in dynamics by
monitoring a set of humoral and cellular immune responses:
before surgery, on the 2nd-5th day, and one month after the

3. Results and Discussion

Table 1. Content of immune cells in patients with brain tumors of various histogenesis.
Tumor histostructure
Neuroectodermal (n-87)
Mesenchymal (n-32)
Ectodermal tumors (n-28)
Control group (n-29)

Value of the indicator (M ± m)
PLT, ×109 in 1 L
Leukocytes, ×109 in 1 L
236.5 ± 6.8
8.7 ± 0.36
248 ± 12.4
8.9 ± 1.5
229 ± 9.2
6.4 ± 0.86
213.8 ± 7.2
5.2 ± 0.34

Lph, ×109 in 1 L
2.4 ± 0.09
2.9 ± 0.20
1.95 ± 0.10
1.60 ± 0.09

NG, ×109 in 1 L
5.91 ± 0.36
6.09 ± 0.52
3.92 ± 0.60
3.93 ± 0.56

Table 2. Content of immune cells in patients with brain tumors of various histogenesis.
Tumor histostructure
Neuroectodermal tumors
Mesenchymal tumors
Ectodermal tumors
Control group

Value of the indicator, standard unit (M ± m)
PLT/Lph
PLT/NG
138.2 ± 9.2
48.9 ± 2.1
121.42 ± 11.4
54.7 ± 6.4
126.38 ± 9.8
73.5 ± 7.2
138.12 ± 5.46
65.6 ± 5.8

Thus, the research results showed that leukocytosis and
neutrophilia were occurring by the presence of a relatively

NG/Lph
2.56 ± 0.31
2.53 ± 0.41
2.52 ± 0.64
2.16 ± 0.22

small increase in the level of lymphocytes and platelets for
neuroectodermal (in particular with glioblastomas) and
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mesenchymal (meningioma) tumors. For neuroepithelial
(pituitary adenoma) tumors, the number of leukocytes,
platelets, and neutrophilic granulocytes did not change, while
the lymphocyte content increased. Thus, different brain
tumors were characterized by different changes in the content
of the immune system cells.
By studying the ratio of individual cell types (Table 2), the
changes in the ratio of immune cells were identified
depending on the histology of brain tumors, which to some
extent reflects the activity of the body’s immune system. The
ratio of neutrophilic granulocytes and lymphocytes was the
highest for gliomas and glioblastomas, while for
mesenchymal and neuroepithelial neoplasms we observed a
slight increase in them compared with those in the control
group. Our studies showed that the growth of tumors of
neuroectodermal and mesenchymal origin was accompanied
by changes both in the number and ratio of cells of innate and
acquired immunity, which is consistent with the data on the
immunosuppression of T-cell immunity and the inflammatory
response in the tumors. Our studies have shown ambiguous
changes in the ratio of immune cells depending on the
histology of brain tumors, which may, to a certain extent,
reflect the activity of the body's immune system. The
difficulty in understanding the interaction of a tumor with the
immune system is that there is a classical idea that the
immune system can control the development of a tumor and
is even capable of causing its death. But there is also the
opposite opinion (based on data from numerous studies) that
can promote and even stimulate tumor growth. Attempts to
have an immunostimulating effect on the immune system did
not lead to the cessation of tumor growth, but, on the contrary,
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to the rapid progression of the tumor disease. Therefore, the
results of our studies have shown ambiguous changes in
immune responses in various tumors (hyper - hyporeactive
options of the body's immune status) of the brain.
Previous immunological studies on humoral cell types
identified immunity deviation either towards suppression or
activation [13, 14]. Our studies have shown that both for
malignant and benign tumors, the existence of anti-brain and
antineoplastic anti-self antibodies was identified in the blood
[15].
For malignant tumors, 76% of patients had anti-brain and
antineoplastic anti-self antibodies and in benign tumors - in
48% of patients. The antibody titer with antigen from the
white matter was 6.7 ± 1.7 and that from the benign tumor
tissue was -5.9 ± 1.3. The most apparent changes were
noticed with the antigen from the gray matter and with
antigen from malignant tumor, and antibody titers were
corresponding to antibodies 14.9 ± 2.7 and 15.1 ± 2.6,
respectively. Therefore, the rate of development of
neurosensitization was almost the same for both to antigens
from the white matter of the brain, and to antigens from
tumors Whereas the level of antibodies to antigens from gray
matter and to antigens of malignant tumors would be
significantly high (Table 3). In our work, we expected to find
out the presence and level of deviation of immunological
parameters of patients with brain tumors, which could serve
as the basis for targeted immunotherapy [16]. In literature
there is information about the interaction and interaction of
lymphocytes, immunoglobulins and platelets in the process
of autosensitization and a decrease in the body's
immunoreactivity in some pathological processes.

Table 3. Rate of detection of autoantibodies in patients with brain tumors.
Types of tumors

n

Glial tumors
Meningiomas
Adenomas
Neurinomas
Control

21
13
10
6
20

Rate, %
Brain antibody
76.2
54.2
40.0
35.6
17.4

Tumor antibody
71.4
69.2
60.0
50.0
-

In patients with malignant brain tumors, the antibody titer
decreased 2-3 days after the operation, while it increased in
those with benign tumors. When the general state of patients
worsened during the postoperative period, a drop in the level
of autoantibody titer was also observed regardless of the
nature of the brain tumor. The low titer of antibodies and its
weak dynamics in patients with malignant tumors may
indirectly indicate the suppression of the function of
immunocompetent cells, which can be considered as the
effect of toxicity of metabolites and antigens on
immunogenesis [17-19], which is an indicator of a decrease
in the reactivity of the body and the level of autoimmunity.
One month after the surgery, anti-brain and anti-tumor
antibodies continued to exist in 30-43% of patients with all
types of antigens. The antibody titer noticeably decreased in
the blood of patients with benign tumors. Only after the total
removal of brain tumors by the end of the month after the

Antibody titers M ± m
With brain antibodies
13.2 ± 4.2
8.9 ± 3.6
7.3 ± 2.4
6.2 ± 2.3
2.3 ± 0.9

With tumor antibodies
9.3 ± 2.4
10.4 ± 3.2
8.2 ± 3.4
9.4 ± 2.9
2.14 ± 0.7

R.
<0.01
<0.1
>0.05
<0.05
-

surgery, the antibody titer became similar to the indicators of
the control group, which was not observed after the partial
removal of neoplasms.
A study on T-B blood lymphocytes of patients with benign
tumors showed that the level of T-lymphocytes was slightly
reduced (36.6 ± 4.9), and the absolute number was
considerably reduced (721.9 ± 62.2) compared with the
control data. However, there was no noticeable deviation in
В-lymphocyte indicators compared with that of the standard.
The average value of T-ROC (rosette-forming cells) in
malignant tumors is significantly lower than that of the
control data. At the same time, patients with malignant
tumors were found to have increased B-ROC [20, 21].
It is known that there is a separation of tumors according
to standard histopathology, but we relied on the conclusion of
histological studies of a remote tumor of our patients, but
unfortunately, we could not deviate from the classification
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versions existing in the literature.
On the 2nd-5th day after surgery, for the patients with
benign tumors, the number of T-lymphocytes remained
unchanged, while that of B-lymphocytes increased. For
malignant tumors, the content of T-lymphocytes became
somewhat higher, and that of B-lymphocytes remained
unchanged. At the end of one month after surgery, there was
an increase in the content of B-lymphocytes (Table 4). The
relative number of B-lymphocytes increased when the
absolute number decreased in patients with malignant
neoplasms during the postoperative period.
Thus, the table shows that with malignant brain tumors

there was a significant violation of the T-cell immunity.
The course of all types of tumors was accompanied by a
decrease in the levels of M and G immunoglobulins
compared with the control data and a significant increase in
the A immunoglobulin content, which is consistent with data
from other authors of the study [15]. It is an important
observation that in patients with malignant brain tumors, the
ratio of immunoglobulins to each other is significantly
disturbed. Thus, if the IgG/A ratio is 8-9 in healthy people,
then the IgG level decrease was observed in patients with
benign neoplasms and the IgG/A ratio was 5.6-6; however,
the same ratio was less than 5 for malignant tumors.

Table 4. Dynamics of T- and B-lymphocytes after the surgical treatment of patients with brain tumors.
Examination time
А) Benign tumors
Before surgery
On the 2nd-5th day after the surgery
P
A month after the surgery
P
Control
B) Malignant tumors
Before surgery
On the 2nd-5th day after the surgery
One month after the surgery

T-lymphocytes
%

Absolute number

B-lymphocytes
%

Absolute number

20

36.6 ± 4.9
31.8 ± 4.6
<0.05
42.8 ± 6.2
<0.05
55.1 ± 8.18

721.9 ± 64.3
778.8 ± 69.6
<0.05
880.8 ± 57.3
<0.05
1116.2 ± 64.1

10.8 ± 2.2
13.7 ± 2.3
0.1
12.1 ± 2.6
10.6 ± 1.5

205.1 ± 29.3
316.6 ± 25.4
<0.05
253.7 ± 22.3
0.05
208.4 ± 16.4

25
19
14

32.3 ± 4.9
28.6 ± 7.3
17.3 ± 6.7

550.3 ± 37.4
665.2 ± 51.2
711.1 ± 62.4

16.3 ± 3.7
13.6 ± 3.2
19.0 ± 3.6

283.5 ± 26.7
283.3 ± 36.4
186.2 ± 20.2

n
43
32
24

On the 2nd-5th day after the surgical treatment, the content of M and G immunoglobulins decreased compared with presurgical indicators, and their levels were 79.2 ± 12.4 and 856.4 ± 58.4, respectively. A considerable increase in all main classes
of immunoglobulins was observed one month after the tumor removal. Their content became larger than that before the surgery
and even approached the indicators of the control group (Table 5).
Table 5. Content of immunoglobulins in the blood of patients with brain tumors.
Group of examined people

n

Donors
With benign tumors
With malignant tumors

20
34
22

Immunoglobulin M ± m
A
M
168.4 ± 18.0
122.1 ± 6.8
119.1 ± 12.3
89.2 ± 2.4
263.9 ± 22.6
67.9 ± 5.2

After analyzing the data on humoral and cellular immune
responses and the degree of autosensitization, we were able
to establish” four variants of the body's immunoreactivity in
brain tumors.
The first option is the hyperergic state of immunity, which
was characterized by high rates of immunological reactions.
The detected immunological changes were notable for their
considerable reversibility during the postoperative period.
The second option is the hypoergic type of the course of
immune reactions, which is characterized by reduced rates of
both humoral and cellular immune tests. The reversibility of
impaired immune processes in the postoperative period is
negligible.
The third option is the anergic type of body immunity
towards tumor growth.
This type of immune response is primarily characterized
by reduced immunological parameters such as the absence of
a skin reaction to tuberculin, low level of antibodies and
immunoglobulins in the blood, and low percentage of Tlymphocytes.

Y
1604.1 ± 30.0
1274.8 ± 74.7
779.0 ± 29.0

P
<0.05
<0.05
<0.01

The fourth option is the “paradoxical” type, which was
encountered in several patients with both benign and
malignant tumors. These patients had low indicators of
humoral immunity, and the cellular reactions of these patients
were at low levels.

4. Conclusions
Thus:
1. Our studies have shown that with brain tumors,
significant violations of both cellular and humoral
immunity are observed. The level of indicators of
immune disorders depends on the degree of malignancy
of the tumors and the effectiveness of the surgical
treatment of brain tumors.
2. We believe that it is essential to determine the immune
response as a component of clinical examination.
3. These immune responses allow to develop targeted
immunotherapy [16, 22].
4. The determination of immunoreactivity for these options
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was clinically feasible because belonging to a particular
group by immune status largely determines the further
course of the tumor process and the effectiveness of the
surgical treatment of brain tumors [23].
5. In terms of immune responses, we identified the stages
of the immune response. As brain tumor progresses, one
state of immunoreactivity can transition into another
(e.g., from hyperergic to anergic and vice versa), which
confirms the dynamic nature of immune responses upon
the surgical treatment of brain tumors.
6. Based on the results of our research, we could
recommend possible immunotherapy options depending
on the orientation and type of the body's immune
response to tumor growth.
With this work, we wanted to study the state and level of
immunity in patients with brain tumors, depending on the
histological structure of the tumors. We tried to establish the
dynamics of immune responses at different times after
surgical treatment of brain tumors and to determine the
effectiveness of surgical treatment. We believe that such
work opens up prospects for the development of methods of
targeted immunotherapy.
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