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Abstract
The aim of this work was a study of the functional activity of neutrophils and
peripheral blood monocytes in rats with the transplanted Walker carcinosarcoma as potential predictors of the sensitivity of this tumor to doxorubicin
treatment. This study provides an evidence that such indices of the functional
activity of circulating phagocytes of the tumor-bearing rats as the quantity
and the phagocytosis intensity of monocytes, as well as the intensity of ROS
production by monocytes and neutrophils, may reflect the degree of sensitivity of the tumor to doxorubicin. So it was shown that the growth of the resistant tumor caused a significant increase of the number of circulating phagocytic cells and the intensity of phagocytosis by more than 100% (p < 0.001)
compared with the corresponding indices of intact rats and rats with the parental variant of the tumor. The ability of blood monocytes and neutrophils
of rats with a resistant tumor to produce ROS was also significantly different
from that in intact rats and animals with the parental carcinosarcoma variant.
The predictive value of these indices is especially important in the dynamic
monitoring of the development of tumor drug resistance during long-term
cancer chemotherapy. Considering the standard 2 - 3 week interval between
the courses of cancer therapy and the short lifetime of circulating phagocytes,
an assessment of the indices of their functional activity before each subsequent course can be considered as a pretreatment assessment. Meanwhile,
further studies are needed to determine the spectrum of malignant neoplasms
for which the degree of tumor drug resistance correlates with the functional
activity of circulating phagocytes.
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1. Introduction
Breast cancer (BC) is one of the most common forms of malignant neoplasms,
ranking first among women in cancer-related mortality worldwide [1]. Despite
the achievements in early diagnosis and the understanding of the molecular basis of the BC biology, progression of the disease is observed in almost 30% of patients with early stages of the disease [2].
Modern tactics for the treatment of cancer patients, including those with BC,
are based on three main approaches: surgical, radiation and medicamentous
therapy. Depending on the localization of the process, its prevalence, the histological type, and the clinical picture of the disease course, the type of treatment and its goals differ. This is especially true for medicamentous therapy,
which is characterized by a large variety and includes traditional cytotoxic
therapy, immunotherapy, hormone therapy, and biotherapy. It is the success of
medicamentous therapy for the last 20 years that significantly improved the
prognosis for BC patients [2].
In general, antitumor agents used in the treatment of patients with BC are effective at the beginning of therapy in about 80% of cases of early-stage primary
BC and 50% of cases of metastatic BC [3]. However, after some time there is observed the cancer progression. At this stage of the disease, the resistance to chemotherapy is expected and registered in almost all cases. Also, in addition to resistance to traditional chemotherapeutic agents, such as cytotoxic ones, cancer
cell resistance to targeted preparations is also observed [4].
Presently, acquired resistance is diagnosed during the long course of drug
administration. In clinical practice, the main feature of the formation of the drug
resistance of malignant tumors is the reduction of the treatment effectiveness.
It is known that the main index of the treatment effectiveness is the survival
rate of patients with malignant neoplasms. However, for the evaluation of the
direct response of the tumor process to therapy, the criterion of the effectiveness
of treatment for solid tumors (Response Evaluation Criteria in Solid Tumors;
RECIST) includes the determination of the minimum size of the measured lesions and the maximum number of lesions to be assessed in total and in each
particular organ [5]. For this purpose, there is used either computed tomography
(CT), or magnetic resonance imaging (MRI), or positron-emission tomography
(PET), or plain radiography. Each of these methods has its drawbacks and limitations. For example, PET and radiography, as a rule, are used to confirm the
presence, increase or decrease in the number of tumor foci, but not to measure
their size. Small tumor lesions (less than 10 - 15 mm in size) cannot be measured
DOI: 10.4236/jbm.2019.77001
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by CT and MRI.
In assessing the effectiveness of therapy, there are also used oncomarkers, whose
list grows with each passing year. The most commonly used markers are СА 15-3
(breast cancer), PSA—prostate specific antigen (prostate cancer), CA-125 (ovarian
cancer), CEA—cancer embryonal antigen (rectal cancer), AFP—alpha-fetoprotein
(hepatocellular carcinoma marker) [6].
Without addressing the problem of the oncological specificity of these markers, it should be noted that their use is ambiguous for assessing the degree of
sensitivity or resistance of the tumor to the particular therapy. Thus, a decrease
in the level of oncomarkers in the blood of a cancer patient after cancer therapy
is usually considered as evidence on its high efficacy and, accordingly, a low degree of resistance of the tumor process. Meanwhile, the high effectiveness of antitumor therapy can also lead to a significant increase of the tumor marker content in the blood due to the destruction of the tumor lesion and the following
release of a significant amount of metabolic protein products of tumor cells including tumor markers.
It is supposed that peripheral blood is not just one of the most important carriers of information about the physiological and pathological processes occurring in a body tissue structures, but is also the most accessible system for analyzing this information. Among the many soluble and insoluble elements of the
blood, an important place is occupied by the formed elements: leukocytes, erythrocytes, and platelets. It is known that leukocytes (lymphocytes, monocytes,
and neutrophils) play a major role in the specific and nonspecific defense of the
body against internal and external pathogenic agents, and also make a significant
contribution to many pathological processes, including malignant ones. Many
studies have shown the existence of an associative relation between certain peripheral inflammatory markers (such as the neutrophil to lymphocyte ratio (NLR)
and platelet to lymphocyte ratio) and the prognosis of BC. Based on the analysis
of overall survival (OS) and progression-free survival of cancer patients, some
authors conclude that there is a relation between the NLR and the resistance of
malignant tumors to the action of anticancer drugs [7] [8] [9]. However, it is
clear that such a statement requires a more specific evidence base.
Meanwhile, an objective assessment of the effectiveness of treatment of cancer
patients and dynamic monitoring of the process of the formation of resistance of
malignant tumors to the action of anticancer drugs is extremely important, as it
allows to change or stop chemotherapy on time if it is ineffective.
That is why there is an urgent need to develop new, easy-to-implement and
clinically significant methods for assessing the degree of susceptibility/resistance
of malignant tumors to the action of anticancer drugs.
The aim of this work was an experimental study of the functional activity of
neutrophils and peripheral blood monocytes in rats with the transplanted Walker carcinosarcoma as potential predictors of the sensitivity of this tumor to doxorubicin treatment.
DOI: 10.4236/jbm.2019.77001

3

Journal of Biosciences and Medicines

I. V. Prokhorova et al.

2. Materials and Methods
Experimental animals and tumors. The research was conducted on female
Wistar rats 2.5 months old weighing of 185.0 ± 13.8 g, bred in an animal facility
at R.E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology of the National Academy of Sciences of Ukraine. Animals were kept in
vivarium with the standard light and food regimen (water and nutrition ad libitum). In total, 70 animals were used (including rats that were used to development
of a doxorubicin-resistant variant of the Walker 256 carcinosarcoma strain).
The research was carried out per under the “Procedure for Conducting Scientific Experiments on Animals by the Scientific Institutions” (Ukraine, 2012),
which is per under the provisions of the European Convention on the Protection
of Vertebrate Animals Used for Experiments and Other Scientific Purposes
(Starburg, 1986).
In the study, two variants of Walker 256 carcinosarcoma were used the initial
parental strain and its variant resistant to doxorubicin. The development of
doxorubicin-resistant variant of the strain (DOX, Doxorubicin Teva, Pharmachemie BV, the Netherlands) was performed according to the procedure described in [10]. Briefly, at the first step, a 20% suspension of cells of the original
variant of Walker carcinosarcoma was transplanted in the thigh of animals.
When the tumor developed to a volume of 0.5 cm3, rats were administered with
DOX once daily for 6 days at a total dose of 9.0 mg/kg [10]. The next day after
treatment termination, anesthetized animals were slaughtered under anesthesia
(Sedazin, Biowet Pulawy, Poland), the tumors were withdrawn and used to prepare a 20% tumor cell suspension, which was transplanted to rats for the next
stage of resistance formation according to a scheme similar to the first step. In
total, 7 stages of tumor transplantation have been performed.
Assessment of tumor sensitivity to doxorubicin. To assess the sensitivity of
each variant of Walker carcinosarcoma to the action of DOX, we have used a
tumor growth inhibition coefficient (D), which was calculated by the formula: D
= (Vc − V)/Vc × 100%, where V is the average volume of tumor in a group of
animals after 6 consecutive daily administrations of DOX at a total dose of 9
mg/kg, and Vc is the mean tumor volume in a group of animals not administered with DOX. The volume of tumors in each group was determined on the
9th day of tumor growth (the day after the end of DOX therapy) by the formula
V = a × b × c, where a, b, c are the maximum diameters of the tumor node in
three mutually perpendicular planes.
Structure of research. The cell suspension of the original and resistant variant of Walker carcinosarcoma was transplanted into the thigh of the rats (5
rats for each variant of the tumor). At the 9th day of tumor growth, the animals
were decapitated under anesthesia. The tumors were withdrawn for further histological examination. Blood was collected for the determination of leukogram,
phagocytic activity and production of reactive oxygen species (ROS) by blood
neutrophils and monocytes.
DOI: 10.4236/jbm.2019.77001
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The indices of leukogram were determined using an automatic hematologic
analyzer Partical Counter PCE-210 (ERMA Inc., Japan).
To determine the spontaneous level of phagocytic activity of neutrophils and
monocytes, 90 μl of blood was collected in a cytometric tube, 20 μl of suspension
of inactivated and FITC-labeled staphylococcus (200 mln/ml) were added and
the specimens were incubated for 30 minutes in an incubator at 37˚C. After incubation, the samples were triply washed with phosphate buffer and fixed in
0.4% formalin solution for further cytofluorometric analysis. During the cytometry of each sample, at least 3 thousand cells in three replicates were analyzed.
The relative number of phagocytosis-active neutrophils and monocytes and the
rate of engulfed bacteria were determined [11].
To determine the level of ROS production by neutrophils and monocytes, 90 μl of
blood was placed in a cytofluorometer tube, 10 μl of 2’,7’-dichlorodihydrofluorescein
diacetate (DHF-DA, Sigma-Aldrich, USA) was added and the specimens were
incubated for 30 minutes in an incubator at 37˚C. After incubation, the samples
were triply washed with phosphate buffer and fixed in 0.4% formalin solution
for further cytofluorometric analysis. During the cytometry of each sample, at
least 3 thousand cells in three replicates were analyzed. The relative number of
neutrophils and monocytes producing ROS and the intensity of ROS production
were determined [11].
Histological study of Walker carcinosarcoma. The tumor biopsies of the
initial and resistant variants of Walker carcinosarcoma were fixed in 10% neutral
buffered formalin solution for 24 hours, dehydrated in alcohols of ascending
concentrations, and embedded into paraffin at a temperature of 56˚C.; then 5
μm thick histological sections were stained with hematoxylin and eosin [12]. Histological examination of the tumor structure and subsequent photography of the
preparations were performed using a microscope Axiostar Plus (Zeiss, Germany).
Statistical analysis. Statistical analysis of the data was performed using descriptive statistics, Students t-criterion, Mann-Whitney U-criterion using Microsoft Excel, Statistic and Microcal Origin software. All data are expressed as
the mean ± standard error.

3. Results
Characteristics of two variants of Walker’s carcinosarcoma, the original and
DOX-resistant variants. Transplantation of the parental and DOX-resistant variants of Walker carcinosarcoma resulted in the development of tumors in 100%
of cases. The tumors of both variants were characterized by infiltrative and rapid
growth.
One of the key differences between these tumor variants was their sensitivity
to the inhibitory effect of DOX. After 6 consecutive daily administrations of
DOX, the tumor volume of the parental variant was significantly reduced by
61% (p < 0.05), while the tumor volume of the resistant variant showed only a
tendency to decrease (Figure 1).
DOI: 10.4236/jbm.2019.77001
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Figure 1. Tumor volume of parental and resistant variants of Walker carcinosarcoma
White columns—without DOX treatment; grey columns—after 6 consecutive daily administrations of DOX.

There were also detected some differences in the histological structure of the
parental and DOX variants of Walker carcinosarcoma. Histologic studies have
shown that tumors, both the parental variant of Walker carcinosarcoma and the
DOX-resistant variant, have a heterogeneous structure and consist of an epithelioid component (with small “dark” cells) and a sarcomatous component (with
light cells of a large size). Meanwhile, the DOX-resistant tumors (but not the
parental variant) are characterized by a higher content of connective tissue
component, containing a lesser amount of tumor cells (Figure 2(a), Figure
2(c)). In this layer, there are a large number of granulocytes and macrophages,
cell ghosts, and residual cell material. The number of cells in the state of apoptosis was increased. The layers of the epithelioid structures in the resistant variant
are determined in a smaller quantity compared with the parental variant (Figure
2(b), Figure 2(d)). In this case, the epithelioid part is represented by cells of a
larger size (than in the original version), which form a structured tissue with a
large number of newly formed blood vessels.
Blood parameters of rats with parental and DOX-resistant variants of
Walker 256 carcinosarcoma. The analysis of the results of the study showed
that in the absence of statistically significant differences in the leukocyte counts
in animals with tumors, compared with the corresponding indices of intact rats
(Table 1), significant changes in the leukocyte formula with a characteristic increase of the percentage of granulocytes and a decrease of the percentage of
lymphocytes were recorded. In particular, in rats with the parental tumor variant, the granulocyte counts increased by 64% (p < 0.05) compared with those
of intact animals. The development of the DOX-resistant tumors resulted in a
statistically significant increase of the granulocyte counts in rat blood by 136%
compared to intact animals and by 43.9% compared to this index in the rats with
transplanted parental (DOX-sensitive) tumors.
We have shown that the growth of Walker carcinosarcoma was associated
with an increase in the NLR in peripheral blood of animals: this index significantly
DOI: 10.4236/jbm.2019.77001
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Figure 2. Tumor histological section of parental and DOX-resistant variants of Walker carcinosarcoma; sarcomatous (a) and epithelioid (b) components of parental tumor; sarcomatous (c) and epithelioid (d) components of DOX-resistant variant of tumor. Hematoxylin and eosin stain, ×200.
Table 1. Leukogram indices of intact rats and rats bearing different variants of Walker
carcinosarcoma.
Rats with Walker 256 carcinosarcoma
Blood indices

Intact rats

Parental
(DOX-sensitive) variant

Parental
(DOX-sensitive) variant

WBC, ×103/µl

10.2 ± 1.8

9.8 ± 1.0

13.0 ± 1.4

Ly, ×103/µl

6.7 ± 1.3

4.9 ± 0.6

6.1 ± 0.9

Mo, ×10 /µl

1.0 ± 0.2

0.8 ± 0.2

1.0 ± 0.2

Gr, ×103/µl)

2.5 ± 0.7

4.1 ± 0.4*

5.9 ± 0.4*#

Ly, %

65.6 ± 4.6

49.9 ± 3.0

46.0 ± 2.1

Mo, %

9.2 ± 1.0

7.6 ± 0.9

8.0 ± 1.2

Gr, %

25.2 ± 5.4

42.5 ± 3.3

46.0 ± 1.5

3

*p < 0.05 vs. corresponding value of intact rats; #p < 0.05 vs. corresponding value of rats bearing sensitive
variant of tumor.

increased by 122.2% (p < 0.05), and by 167.2 % in animals with parental or
DOX-resistant variants respectively, compared with intact control (Table 2). At
the same time, there was no significant difference in the NLR values between the
groups of animals with two tumor variants.
DOI: 10.4236/jbm.2019.77001
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The effect of development of Walker carcinosarcoma variants with different sensitivity to doxorubicin on the indices of functional activity of
neutrophils and monocytes. The results of the study showed that the growth of
the parental and resistant variants of Walker carcinosarcoma caused significant
changes in the functional activity of blood neutrophils and monocytes.
The development of the parental tumor variant led to a significant increase in
the percentage of phagocytic monocytes by 107.5% (p < 0.01) compared with
intact animals (Figure 3(a)). In this case, the absolute count of phagocytic monocytes and the intensity of phagocytosis did not differ from the corresponding
indices of intact rats (Figure 3(b), Figure 3(c)). At the same time, the growth of
the resistant tumor caused a significant increase of the percentage of phagocytic
monocytes (by 445% and 162.7%), the absolute count (by 445% and 162.7%) and
the intensity of phagocytosis (by 16.6 and 14.4 times) compared with the corresponding indices of intact rats and rats with the parental variant of the tumor
(Figures 3(a)-(c)).
Table 2. Neutrophil/lymphocyte ratio in peripheral blood of Wistar rats bearing sensitive
and resistant to doxorubicin tumors.
Rats

Tumor sensitivity

M

m

0.396

0.104

Sensitive

0.880*

0.13

Resistant

1.058*

0.1

Without tumor
Tumor bearing

*p < 0.05 vs. corresponding value of intact rats.

*p < 0.05 vs. corresponding value of intact rats; #p < 0.05 vs. corresponding value of rats bearing sensitive variant of carcinosarcoma.

Figure 3. Indices of phagocytic activity of monocytes and neutrophiles in peripheral blood of intact rats (white column), rats
bearing sensitive variant of the tumor (grey column) and rats bearing resistant tumors (columns with diagonal hatch): percentage
of monocytes (a) and neutrophils (d); absolute counts of monocytes (b) and neutrophils (e); intensity of monocyte (c) and neutrophils (f) phagocytosis.
DOI: 10.4236/jbm.2019.77001
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Despite the significant increase of the neutrophil count in the blood of rats
with the parental variant of Walker carcinosarcoma, the percentage of phagocytic neutrophils, their absolute counts and intensity of phagocytosis did not
differ from the corresponding indices of intact animals (Figures 3(d)-(f)). On
the contrary, the development of the DOX-resistant tumor was accompanied by
an increase of the percentage of phagocytic cells by 56.6% (p < 0.05) and by
111.0% (p < 0.01) compared with the corresponding indices of intact rats and
rats with the parental tumor, respectively (Figure 3(d)). Against the background
of significant granulocytosis in animals with the DOX-resistant tumor, an increase of the percentage of phagocytic neutrophils caused a significant increase
of an absolute count of phagocytic neutrophils more than 3-fold (Figure 3(e)).
At the same time, these cells did not differ significantly by the intensity of phagocytosis (Figure 3(f)).
The study has shown that the ability of blood monocytes and neutrophils of
animals with a resistant tumor variant to produce ROS was significantly different
from that in intact rats and animals with the parental carcinosarcoma variant.
It should be noted that all neutrophils in the blood of intact rats, rats with the
parental and resistant variants of the tumor produced ROS (Figure 4(a)). The
increase of the absolute count of ROS generating neutrophils and the intensity of
ROS production in animals with the parental tumor variant was proportional to
the increased neutrophil counts (Figure 4(b)). The intensity of ROS production
by neutrophils in rats with a resistant carcinosarcoma variant was by 642.4% (p
< 0.001) higher compared to the index of intact control, and by 344% (p < 0.001)

*p < 0.05 vs. corresponding value of intact rats; #p <0.05 vs. corresponding value of rats bearing sensitive variant of carcinosarcoma.

Figure 4. Indices of ROS generating cells in peripheral blood of intact rats (white column), rats bearing sensitive variant of tumor
(grey column) and rats bearing resistant tumors (columns with diagonal hatch): percentage of neutrophils (a) and monocytes (d);
absolute count (b) of ROS generating neutrophils (b) and monocytes (e), as well as the intensity of ROS production by neutrophils
(c) and monocytes (f).
DOI: 10.4236/jbm.2019.77001
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higher compared to the index in rats with the parental variant of the tumor
(Figure 4(c)).
The effect of the growth of the DOX-resistant tumor on the ability of blood
monocytes to generate ROS differed from the revealed patterns of neutrophils.
First of all, we have observed a significant reduction (more than 75%) of the counts
of ROS-producing monocytes in the blood of rats with the DOX-resistant tumor
compared with the corresponding indices of intact animals and rats with the parental tumor variant (Figure 4(d)). Despite this decrease of the ROS-generating
monocyte counts, the development of the DOX-resistant Walker carcinosarcoma was associated with an increased intensity of ROS production in these cells
by 86%, (p < 0.05) compared to the index in rats with the parental tumor variant
and by 263.8% (p < 0.001) compared with intact control (Figure 4(e)). It should
be noted that the number of ROS-generating monocytes and the intensity of ROS
production in rats with the parental variant of Walker carcinosarcoma did not differ significantly from the corresponding indices of intact animals (Figure 4(f)).

4. Discussion
It is known that the tumor during its growth affects normal organs, tissues and
regulatory systems of the body, imposing the peculiarities of its metabolism.
That is why the most promising is the development of methods of personalization of medical therapy using extratumoral markers and systems. Blood and its
components, which carry information about the general physiological and pathophysiological state of the body, can be considered as a convenient test system
for the study of many tumor-related variables. This is especially true for blood
cells such as monocytes and neutrophils whose functional status quickly responds to endogenous and exogenous factors, which include humoral factors
produced by malignant tumors.
High phenotypic plasticity of neutrophils was noted by many authors [13]
[14]. Numerous studies have shown that tumor development can significantly
change both the number of circulating and tumor-associated neutrophils and the
nature of their effect on the growth and invasiveness of cancer cells [15] [16]
[17]. Along with this, a large quantity of soluble factors produced by tumor affects granulopoiesis and causes an appearance of the subset of neutrophils with
different migration capacity, and various anti- or pro-tumor properties [18].
In our study, there was also observed a significant increase of the absolute
neutrophil counts in the peripheral blood of animals with tumors, more pronounced in a case of a DOX-resistant variant. In general, the growth of both
Walker carcinosarcoma variants was accompanied by a change of the leukocyte
formula towards a decrease of the lymphocyte percentage and an increase of the
granulocyte percentage.
Considering the important role of lymphocytes and neutrophils in many pathological processes, including cancer, some authors consider the diagnostic,
prognostic and/or predictive value of the neutrophil-to-lymphocyte ratio. In
DOI: 10.4236/jbm.2019.77001
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particular, the groups of researchers [19] [20] showed that a decrease of the NLR
is associated with a positive prognosis for patients with recurrent BC. Recent
studies [21] [22] [23] established an association between the NLR and the sensitivity of tumors of different genesis to chemotherapeutic agents. Most of these
studies have analyzed an association between NLR and recurrence-free survival
(RFS) in cancer patients, and high NLR value was considered as a marker or
predictor of tumor resistance to anticancer therapy [24] [25].
In our study, we have analyzed the existence of a direct relationship between
the NLR and the degree of sensitivity (resistance) of the Walker carcinosarcoma
to doxorubicin.
According to our data, the development of both carcinosarcoma variants was
accompanied by a significant increase of the NLR (compared with the intact
control), but there was no correlation between the NLR and the sensitivity of the
tumor to doxorubicin. This is indicated by the absence of a significant difference
between the NLR values in two groups of tumor-bearing animals.
So, it is clear that the use of the NLR to assess the degree of tumor resistance
to chemotherapy is inadequate and requires additional data. In this work, we
have analyzed another potential marker of tumor sensitivity to cytotoxic drugs,
in particular, the functional state of peripheral blood phagocytes assessed by the
ability of these cells to engulf inactivated staphylococci and ROS products.
In the course of the research, we revealed significant differences between some
indices of functional activity of neutrophils and monocytes of peripheral blood
of rats with a resistant Walker carcinosarcoma variant and animals with a parental variant of the tumor.
Regarding the indices of phagocytic activity, the most informative markers of
DOX-resistance were the counts (relative and absolute) of phagocytic monocytes
and the intensity of phagocytosis. The levels of these indices of phagocytic activity of peripheral blood monocytes in rats with the DOX-resistant variant was
several times higher than the corresponding indices of tumor-free rats and rats
with a parental tumor variant. At the same time, changes of the phagocytic activity indices of peripheral blood neutrophils did not correlate with the degree of
sensitivity of the tumors to the action of doxorubicin.
The study has revealed an evident relation between the degree of sensitivity/resistance of the tumor to the action of doxorubicin and the ability of both
monocytes and neutrophils of peripheral blood to generate ROS. In particular,
the level of ROS in neutrophils and monocytes in the blood of rats with the
DOX-resistant variant was significantly higher than the corresponding index in
rats with a parental tumor type and intact animals.
Interestingly, the growth of the DOX-resistant tumors caused a 4-fold decrease in the counts (relative and absolute) of ROS generating monocytes. Taking into account the simultaneous increase of the phagocytic monocyte counts,
one may conclude on the polarization of these cells against the background of
the development of the DOX-resistant tumors.
DOI: 10.4236/jbm.2019.77001
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It is well known that monocytes are highly plastic and heterogeneous. Due to
the expression of various receptors, they monitor and sense environmental
changes and readjust their functional phenotype in response to monocyte microenvironment [26]. A significant impact into this microenvironment is made
by tumor-derived factors (TDFs) which are produced by tumor cells and tumor-associated stromal network, and are involved in monocyte polarization,
their recruitment to tumor and differentiation into distinct TAM subsets [27]
[28]. These TDFs include numerous chemokines, cytokines, and various growth
factors. A high production level of some TDFs is associated with the resistance
of malignant tumors to the action of anticancer drugs. One could mention such
TDF as pleiotropic cytokine interleukin-6 (IL-6), one of the major mediators of
inflammation. The level of IL-6 expression was shown to be elevated in different
cancer cells resistant to anticancer agents including doxorubicin [29] [30] [31].
It should be noted that a significant decrease of the number of ROS producing
monocytes was accompanied by a nearly twofold increase of the total ROS level
in peripheral blood monocytes of rats with a resistant tumor variant. This indicates a significant intensification of the generation of radicals in each monocyte.
It was reported that ROS plays a critical role in the monocyte/macrophage
differentiation to M2 phenotype and the occurrence of tumor-associated macrophages (TAM) [32]. Such a subset of tumor-associated myeloid cells shows
an ability to enhance inflammation, to promote resistance against cytotoxic
agents (including extracellular pathogens), angiogenesis, tissue remodeling and
repair [27]. The emergence of a subset of circulating monocytes with high ROS
generation in the rats bearing DOX-resistant tumors correlated with an increase
of the TAM counts recorded during histological studies of the tumor tissue.

5. Conclusion
We conclude that our study provide an evidence that such indices of the functional activity of circulating phagocytes of the tumor-bearing rats as the quantity
and the phagocytosis intensity of monocytes, as well as the intensity of ROS
production by monocytes and neutrophils, may reflect the degree of sensitivity
of the tumor to doxorubicin, and the increase in these indices could serve as a
predictor of the formation of tumor drug resistance. The predictive value of
these indices is especially important in the dynamic monitoring of the development of tumor drug resistance during long-term cancer chemotherapy. Considering the standard 2 - 3 week interval between the courses of cancer therapy
and the short lifetime of circulating phagocytes, an assessment of the indices of
their functional activity before each subsequent course can be considered as a
pretreatment assessment. Meanwhile, further studies are needed to determine
the spectrum of malignant neoplasms for which the degree of tumor drug resistance correlates with the functional activity of circulating phagocytes.
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