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Introduction

Worldwide, breast cancer (BC) is considered
one of the most common types of cancer among women
and the second most common cancer worldwide. BC
is also more common in developed countries, with an
annual increase of 2% worldwide [1], [2]. In recent
years, BC has been regarded as a group of diseases
containing at least 21 distinct histological subtypes
and four major molecular subtypes that consistently
correlate with distinctive clinical manifestations and/
or outcomes [3]. BC is the most common malignant
neoplasm in women and is defined as a heterogeneous

Abstract

BACKGROUND: Globally, breast cancer (BC) is considered one of the most common cancers among women and
the second most common cancer worldwide. BC is also more common in developed countries, and its prevalence is
increasing globally by 2% each year.

AIM: The aim of this study is to determine the features of the state of cellular and humoral markers of the immune system,
as well as the relationship of specific and non-specific immunity in women in the compared groups in BC in Aktobe region.

METHODS: Statistical processing of this analysis was performed using licensed Statistica 10.0 and SPSS 25 software.
Methods of descriptive statistics with calculation of central tendencies and their range for quantitative variables were
used. Results were expressed as median and upper and lower quartiles. To compare the studied groups by quantitative
variables, we used non-parametric Spearman’s criterion for independent samples and to assess the relationship between
ordinal and quantitative signs. Differences were considered statistically significant at p < 0.05. The study was conducted
on 251 patients at Medical Center of West Kazakhstan Marat Ospanov Medical University with the established diagnosis
of BC. The study period was 3 years (2018-2020). The study is funded by the Ministry of Education and Science of the
Republic of Kazakhstan project IRN 0118RK01065. Two groups of patients were formed, among them in the control
group — BC before chemotherapy and in the main group — BC after chemotherapy. To address the objectives, in addition
to the general clinical study, all patients were conducted immune system study. Clusters of differentiation for determining
cellular immunity are (CD)3+CD19-, CD3-CD19+, CD4+CD8-, CD4-CD8+, IRI, CD3+HLA-DR+, NK (CD16+56+), CD3+/
CD16+56+; to determine humoral immunity, the content of JgM, JgG, and JgA was determined.

RESULTS: Correlation analysis revealed a strong positive relationship between IRI and T helper (CD4+CD8-) (r = 0.79;
p < 0.05) and a strong negative correlation between T cytotoxic lymphocyte (CD4-CD8+) and IRI (r = -0.8; p < 0.05) in
both patient groups. The ratio of the two T- cell subpopulations CD4+/T cell CD8+ is at the regulatory T-cell level (IRI).
A direct median correlation between T lymphocyte (CD3+CD19-) and T killer (CD3+/CD16+56+) r = 0.35; (p < 0.05)
was found, which indicates an integral regulatory role of natural killer cells in immune system function. The following
correlation analysis showed a weak negative association between cellular and humoral immunity in the control group of
women between T cytotoxic lymphocytes (CD4-CD8+) and IgG (r = —0.2; p < 0.05). Further, the relationship revealed
between cellular and humoral immunity in the main group between IGM and NK cells (r = -0.2; p < 0.05).

CONCLUSION: It can be assumed that identifying the possibility of altering the antitumor immune response
before and after chemotherapy in patients with a primary breast tumor may set the stage for its early detection and
application of targeted chemoprophylaxis.

disease at the molecular level. In recent years, it has
become obvious that BC is an immunogenic tumor [4],
[5].

Recent studies have shown that the growth of
most malignant tumors is accompanied by significant
disturbances in various parts of the body’s immune
response [6]. The immune system is active in BC,
playing a dual role in tumor progression and in immune
surveillance. Immune cell infiltration is both a prognostic
factor and an indicator of response to standard BC
treatments [7]. BC is a complex and heterogeneous
disease in which the body’s immune response plays
a significant role. The measurement of T-infiltrating
lymphocytes has been proposed as a powerful new
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tool for predicting the early evolution of BC, especially
in HER2-positive and triple-negative subtypes [8], [9].

In connection with the active introduction
of immunological approaches into clinical practice
in the treatment of cancer patients, it is relevant to
search for immunological disorders in the structure of
immunocompetent cells, including the linear structure
of lymphocytes and their T-cell link [10], [11].

It is believed that the immune system recognizes
the tumor process, forms specific antibodies and a
whole pool of specific cytotoxic immunocompetent
cells, which is an important condition for the activation
and implementation of antitumor immunity [12], [13].
Innate and adaptive immunity cells (NK, NKT, and T
cells) participate in the immune response to a tumor.
These populations are heterogeneous and contain both
cells with antitumor activity and regulatory (suppressor)
cells that suppress the immune response and promote
tumor progression [14], [15], [16]. The interaction
between a malignant tumor and the immune system of
a tumor carrier is described in modern literature by the
term “immune editing” [17]. A fundamental aspect of the
pathogenesis of cancer is recognized as a change in the
immune status. Presumably, the tumor is able to induce
immunosuppression, which can lead to the ineffectiveness
of antitumor immunotherapy [18]. The close relationship
between the mechanisms of non-specific resistance of the
body and the activity of the immune system is currently
beyond doubt [19]. Thanks to the widespread use of
modern methods of treatment, there is an improvement in
survival rates among women with this diagnosis. Despite
significant advances in the treatment of patients, early
diagnosis of this disease remains a serious problem [20].

The purpose of this study is to determine the
characteristics of the state of cellular and humoral
markers of the immune system, as well as the relationship
of specific and non-specific immunity in women in the
compared groups for BC in the Aktobe region.

Materials and Methods

Study design

This was a cross-sectional study.

Inclusion criteria
[-11l stages of BC (T1-3, NO-2, and MO0).
18-65 years old.

Exclusion criteria

° Women with BC of all ages with Stage IV
° Under 18 years old and over 65 years old

° A study of 251 patients at the Marat Ospanov
Medical Center of WKMU with a diagnosis
of BC was carried out. The study period was
3 years (2018-2020).

Authors declare the absence of conflict of interest.
The study is funded by the Ministry of Education and Science
of the Republic of Kazakhstan project IRN 0118RK01065.
Two groups of patients were formed, of which in the control
group - patients with BC before chemotherapy and in the
main group - patients with BC after chemotherapy. The
study was carried out in the scientific molecular genetic
laboratory on the basis of the Scientific and Practical
Center of the WKMU named after Marat Ospanov. The
project was approved by the local ethical committee of the
university (approval number: No. 20 dated 09/11/2017).
Written informed consent was obtained from all study
subjects. Immunological research methods included the
determination of lymphocyte subpopulations by the level of
expression of membrane antigens of lymphocytes using a
set of monoclonal antibodies specific to the differentiation
antigens CD3+CD19-, CD3-CD19+, CD4+CD8-,CD4-
CD8+, IRI, CD3+HLA-DR+, NK (CD16+56+), and CD3+/
CD16+56+. Samples were analyzed on a FacsCalibur
flow cytometer (Becton Dickenson, USA) using the
CellQuest software. Software The CellQuest FacsCalibur
flow cytometer analyzes up to 50,000 cells in one sample
simultaneously by several parameters: Forward scatter,
side scatter, and multicolor fluorescence - to conduct a
multiparameter analysis of cell populations and also to
determine humoral immunity was evaluated by the content
of IgM, 1gG, and IgA.

Statistical analysis

Statistical processing of this analysis was
carried out using the licensed program Statistica
10.0. Descriptive statistics methods were used with
the calculation of central trends and their range for
quantitative variables. Results were expressed as
median and upper and lower quartiles. To compare the
studied groups by quantitative variables, non-parametric
criteria were used using the Mann-Whitney U-test for
independent samples, and Spearman’s rank correlation
method was used to assess the relationship between
ordinal and quantitative characteristics. Differences
were considered statistically significant at p < 0.05.

Results

According to the results of the study, the average
age of all patients was 58 years, while this age was
different in the control group of patients. The following
are the average values of all parameters in the general
specified group, as well as in separate ranked groups,
as: The first group is the control group of patients before
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Table 1: Comparative analysis of immunological parameters in
breast cancer patients before and after chemotherapy

S.No.  Parameters Mean value p-value
Control group, n =90  Main group, n =161  p <0.05

Age women (years)

1 Age 60.0 (53.0; 67.0) 56.0 (47; 64)* 0.01

Humoral immunity (g/1)

2 IgM 1.1(0.8; 1.5) 1.2(0.9;1.7) 0.1

3 IgG 13.2 (11.9; 15.3) 13.4 (11.5; 15.1) 0.7

4 IgA 2.3(1.7;2.9) 23(1.7;3.2) 0.5

Cellular immunity (%)

5 CD3+CD19- 71.7 (65.5; 7.67) 71.3 (66.1; 76.7) 0.8

6 CD3-CD19+ 10.4 (7.8; 13.0) 7.9 (3.7;12.2)* 0.001

7 CD4+CD8- 40.0 (33.2; 44.1) 40.9 (32.7; 45.0) 0.6

8 CD4-CD8+ 28.6 (24.5; 36.5) 31.6 (25.9; 36.7) 0.1

9 IRI 1.3(1.0; 1.7) 1.3(0.9; 1.6) 0.6

10 CD3+HLA-DR+ 5.9 (2.0; 12.7) 8.6 (4.5; 14.5)* 0.02

1 NK (CD16+56+) 11.3(7.4; 18.1) 11.7 (8.2; 17.0) 0.9

12 CD3+/CD16+56+ 6.3 (4.3; 9.6) 5.9(3.3;9.1) 0.1

*- Significant differences between groups p < 0.05 Me — median, Q1 — 25% lower quartile, Q3 — 75% upper
quartile.

chemotherapy and the second group is the main group
of patients, the components after chemotherapy.

According to the data, the mean age was
58.0 years; whereas in the control group, there were
older women (60.0) than in the main group of women with
BC (56.0), a significant difference was found (p = 0.01).

120

s CD3+CD19-
5 = CD4+CD8-
0 1 2 3 4 5 6 % _CD4-CD8+
IRI “%_CD3+HLA-DR+
Figure 1: Correlation between IRl and subpopulations of T

lymphocytes in the main group of patients

Studies of peripheral blood parameters, which
were carried out before and after chemotherapy,
revealed an imbalance in immunopoiesis.

24

CD4-CD8+:1gG: n=90; r=-0,21; p <0,05

22 -

20

CD4-CD8+

Figure 3: Correlation between T cytotoxic lymphocyte and IgG in the
control group of patients

Among all examined women with BC, the results
showed that the parameters of cellular immunity such as
B lymphocytes clusters of differentiation (CD3-CD19+)
were lower than the reference values and T cytotoxic
lymphocytes (CD4-CD8+), on the contrary, there was
an increase in their content. All other populations of
T lymphocytes and humoral immunity were within the
normal range.

As can be shown in Table 1, a comparative
analysis of the parameters of humoral and cellular
immunity between the control and main groups
revealed significant differences in the following markers:
B lymphocyte (CD3-CD19+) p = 0.001 and activated T
lymphocytes (CD3+HLA+DR+) p = 0.02.

The results of our own study indicate that
immunoglobulins, being at normal values, play an
important role as mediators in the cascade development
of the immune response and may partially determine
the effectiveness of the final effector reactions of cellular
immunity in inactivation and elimination of mutant cells.
It is known that circulating antibodies are one of the

50 —

CD16+56+
CD3+/CD16+56+

100 DS CD16+56+
“E_CD3+/CD16+56+

-20 0 20 40 60 80
CD3+CD19-

50

[1gM:NK(CD16+56+): n = 161 r=-0,21; p < 0,05]

40

NK(CD16+56+)

IgM

Figure 2: Correlation between T lymphocyte and Killer cells in the
main group of patients

Figure 4: Correlation between T cytotoxic lymphocyte and IgM in the
main group of patients
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effector factors of immunity providing antigen-specific
protection [21], [22].

The study of the concentration of serum
immunoglobulins revealed a trend toward normal
fluctuations in all groups of patients with BC, when
compared, no significant differences were found.
Thus, the features of changes in the humoral immunity
in patients with BC were a reduced expression of B
lymphocytes (CD3-CD19+) and a significant tendency
to increase the T marker of cytotoxic lymphocytes
(CD4-CD8+) in venous blood.

BC in women over 40 occurs much more often
than in young women, from this point of view, with
increasing age, the frequency of this disease increases.
It is known that older patients have a less aggressive
course of the tumor process than younger patients.
According to many authors, the influence of age on the
development of tumors largely depends on the age-
related characteristics of the immune system, one of
the most important factors controlling tumor growth
and influencing the clinical efficacy of various types of
anticancer therapy [23], [24].

In our study, there is a tendency for an age
range of more than 60 years without aggressive
changes in the pre-chemotherapy group. Whereas in
the main group who received chemotherapy at the age
of 56, there is a 2-fold change in the cellular immune
response, which reacts in contrast to the control group.

T lymphocytes are those cells that are able
to activate CD4-CD8+ independent mechanisms of
innate immunity with the help of natural killers and
macrophages. In patients with BC before chemotherapy,
cytotoxic T cells (CD4-CD8+) showed themselves in
the active form, and T helpers (CD4+CD8-) did not
show significant changes in the immune response
activity formula. Furthermore, after chemotherapy,
these same patients showed activation of the anti-
inflammatory response of a significant part of T
lymphocytes (CD4-CD8+), which really appeared only
during chemotherapy, but before the start of specific
antitumor therapy (chemotherapy), these same cells
were in a semi-active state.

The humoral link of immunity was studied
by the expression of the CD3-CD19+ marker on
B-lymphocytes and the serum concentration of the
main classes of immunoglobulins — IgA, 1gG, and IgM.
Expression of CD3-CD19+ on B-lymphocytes was
significantly higher in the main group of patients with
BC compared to the control group. Thus, the relative
number of B lymphocytes (CD3-CD19+) in the group
of patients with BC was 1.1 times higher than in the
control group p = 0.001, which is shown in the table.

In our study, in the main group of patients, strong
and weak positive correlations were found between IR
and T helpers (CD4+CD8-) r = 0.8 (p = 0.0000), also
T lymphocytes r = 0.2 (p = 0.03), and between IRI and
T cytotoxic lymphocyte (CD4-CD8+) strong r= -0.8

(p = 0.0000) and medium negative correlation with
activated T lymphocytes r= -0.3 (p = 0.0002). In this
regard, it can be seen and assumed that IRI, the ratio
of two subpopulations of CD4+T cells/CD8+T cells, is at
the regulatory level of T cells and is the main predictor
of immune surveillance and tolerance, including
subpopulations that are highly correlated with each
other (Figure 1).

In the scatterplot representing the relationship
in the main group of patients after chemotherapy,
a direct average correlation was found between
T lymphocyte (CD3+CD19-) and T killer (CD3+/
CD16+56+) r=0.3; (p = 0.00001), as well as the inverse
average correlation between natural killers (CD16+56+)
r= —-0.5; (p = 0.0000), which indicates an integral
regulatory role in the functioning of the immune system
by natural killers, since they combine the functions
of cells involved in adaptive and innate immunity
by increasing the absolute number of mature NKT-
lymphocytes (CD3+CD56+CD16+), the tendency of
bilateral auxiliary the response of the cells themselves
as T killers and T lymphocytes (Figure 2).

A weak negative relationship was found
between cellular and humoral immunity in the control
group of women between T cytotoxic lymphocyte
(CD4-CD8+) and IgG (r = —-0.2; p =< 0.05), and in the
main group between Ig M and NK cells (r= -0.2; p <
0.05) (Figures 3 and 4).

Discussion

Among immune cells, NK cells are part of a
large and diverse cluster of innate lymphoid cells. It
is also known that they are able to control the growth
of some tumors and can regulate the function of other
immunocompetent cells: Macrophages, dendritic and
endothelial cells, and B and T lymphocytes [25], [26].

In this study, a strong negative correlation was
found between the number of T cells (CD3+CD19-) and
the number of NK cells (CD16+56+) (r=-0.82; p < 0.05)
before chemotherapy, and the average -correlation
(r=-0.56; p < 0.05) was detected after chemotherapy.
The revealed negative relationship suggests that a
comparative increase in the activity of T lymphocytes
leads to a decrease in antitumor immunity.

Along with this, an important response of NK
cells, natural killers in the mode of an adequate response
to subsequent activating stimuli, is in the process of
the effector response of innate immunity, that they are
able to control the growth of some tumors, and can
also regulate the function of other immunocompetent
cells: Macrophages, dendritic and endothelial cells,
and B and T lymphocytes. Accordingly, this makes it
possible to identify activated NK cells (cytotoxic and
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cytokine producing), which allows us to reconsider
their role in the antitumor immunity system. In addition,
lymphocytes are considered the main effector cells
in the formation of an effective immune response. An
adaptive immune response to a tumor antigen requires
both T-cell cytotoxicity (CD4-CD8+) and functional
T-helper activity (CD4+CD8-). A special subpopulation
of lymphocytes with a high immunoregulatory potential
of innate and adaptive immunity are NK cells that are
stimulated without prior antigenic stimulation [27].

In addition, in oncoimmunology studies, the
expansion of NKT cells is an urgent task, due to the
possibility of using these cells to achieve a cytotoxic
antitumor effect [28], [29].

In addition, Savchenko et al. (2017) noted
an increase in the level of NKT cells and observed an
inverse relationship between a decrease in T cytotoxic
cells (CD4-CD8+) and an increase in the relative
content of T regulatory cells [30] in peripheral blood in
patients with kidney cancer.

According to some authors reporting that
despite the decrease in the number of B cells and NK
cells, the response to chemotherapy may be negative
in neoadjuvant treatment of BC, as there is a decrease
in the number of Treg and T cells (CD4+CD8-), but
non-T cells (CD4-CD8+); in addition, the CD8/Treg ratio
increases, especially in Her2+, and this, accordingly,
may open up a new tool for monitoring the immune
response in BC receiving chemotherapy in neoadjuvant
therapy [31].

In our study, correlations were revealed — a
strong positive correlation between IRl and T helper
(CD4+CD8-) (r = 0.79; p < 0.05), and a strong negative
correlation between T cytotoxic lymphocyte (CD4-CD8+)
and IRI (r = -0.8; p £ 0.05) in both groups of patients.
In this regard, it can be seen and assumed that IRI
the ratio of two subpopulations of CD4+CD8- T-cells/
CD4- CD8+ T-cells is at the regulatory level of T-cells
and is the main predictor of immune surveillance and
tolerance, including strongly correlate with each other.
Basically, CD4-CD8+ T cells lyse and eliminate cancer
cells directly, but after they are primed by CD4+CD8- T
cells, the interaction of these T cells is part of the cancer
immune cycle, which is supported by our assumptions
based on the data obtained.

Aweak negative relationship was found between
cellular and humoral immunity in the control group of
women between T cytotoxic lymphocyte (CD4-CD8+)
and IgG (r = -0.2; p < 0.05), and in the main group
between IgM and NK cells (r = -0.2; p < 0.05).

In addition, studies of recent years have shown
thatthe growth of most malignant tumors is accompanied
by significant disturbances in various parts of the body’s
immune response. The role of the immune system in
the pathogenesis of oncological diseases is considered
in terms of its interaction with the tumor, aimed at
rejecting a malignant neoplasm, or contributing to its

growth and progression. The main role in antitumor
immunity is played by the cellular immune response,
the key participants of which are T-lymphocytes.
T-lymphocytes express differentiation antigens, which
are combined into CD. Subpopulations of CD cells differ
in their functions, stages of development, and activation
of T-lymphocytes and can serve as immunological
markers of oncogenesis, including BC [32].

In our study, in the group of patients after
chemotherapy, a direct average correlation was
found between T lymphocyte (CD3+CD19-) and T
killer (CD3+/CD16+56+) r = 0.35; (p < 0.05), which
indicates an integral regulatory role in the functioning
of the immune system by natural killers, since they
combine the functions of cells involved in adaptive and
innate immunity by increasing the absolute number of
mature NKT-lymphocytes (CD3+CD56+CD16+) by the
tendency of bilateral auxiliary response reactions of the
cells themselves as T killers and T lymphocytes.

Conclusion

With the development of the pathology of BC in
the course of treatment, there are problems of the toxic
effect of the chemotherapy drugs used, which entails a
decrease in their dosage or even the complete abolition
of chemotherapy. Ultimately, there is a failure of the
chosen treatment tactics and, accordingly, undesirable
results of the disease with its progression.

Monitoring of the state of the immune
status suggests that cytotoxic cells, B-lymphocytes
(CD3-CD19), T-lymphocytes (CD3-CD19), and serum
NK levels can be used as a predictor to determine the
response to chemotherapy in BC.

It can be assumed that the identification of
the possibility of changing the antitumor immune
response before and after chemotherapy in patients
who have been diagnosed with a primary breast
tumor can create prerequisites for its early detection
and the use of targeted chemoprophylaxis, which can
be recommended for prevention and treatment for
doctors of a large circle at the level PHC, oncological
hospitals, and employees of educational and scientific
organizations.
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