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Abstract: The immune system, and in particular leukocytes, play a complex and
contradictory role in cancer pathology. This article explores the dual nature of leukocytes in
cancer development - on the one hand, in tumor recognition and destruction, and on the other
hand, in supporting tumor growth and metastasis. The study analyzes scientific articles and
clinical trials published over the past decade (2015-2025) and examines the interactions of
different leukocyte subpopulations (macrophages, T-lymphocytes, neutrophils, myeloid
suppressor cells) in the tumor microenvironment. Tumor-associated macrophages (TAMs)
significantly contribute to cancer progression by promoting tumor growth and angiogenesis.
Also, regulatory T Ilymphocytes and myeloid-derived suppressor cells exert
immunosuppressive functions by forming an immunosuppressive environment. Meanwhile,
effector lymphocytes, such as cytotoxic T lymphocytes and natural killer cells, exert a strong
antitumor response. This article reveals the molecular mechanisms regulating the dual
properties of leukocytes, including the role of various cytokines, chemokines, and signaling
pathways. The dynamic nature of the tumor microenvironment and the processes by which it
becomes immunosuppressive are discussed in detail. The results of the study are aimed at
improving immunotherapy strategies, in particular, by inhibiting immunosuppressive
leukocyte populations and enhancing antitumor immunity. This article summarizes the latest
advances in the field of cancer immunology and considers the possibilities of their
implementation in clinical practice.
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Research Objective

The main objective of this study is to systematically analyze the dual role of leukocytes in
cancer development - on the one hand, their protective function, and on the other hand, their
support for tumor growth and metastasis, based on scientific data published between 2015 and
2025. The study aimed to determine how different leukocyte types are modulated in the tumor
microenvironment and their impact on cancer progression. [1]

Research Methods

The study used a systematic literature review method. Articles published between 2015
and 2025 from scientific databases such as PubMed, Scopus, Web of Science and Google Scholar
were identified using the search keywords ("leukocytes”, "cancer immunology”, "tumor
microenvironment”, "TAM", "MDSC", "immunotherapy"). The selected articles were assessed
according to their quality and relevance. A general conclusion about the dual role of leukocytes
was formed by synthesizing and analyzing the data. [2] The study also used the meta-analysis
method and compared the results of different studies. [3]
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Introduction

Cancer is a dynamic process that develops not only as a result of defects at the cellular
level, but also as a result of complex interactions between the body and the immune system.
Leukocytes, which are the main components and effector cells of the immune system, play an
important role in the pathogenesis of cancer. According to the traditional understanding, the
immune system protects the body from cancer by recognizing and destroying tumor cells.
However, recent studies have shown that leukocytes may play a dual role in cancer
development—protection on the one hand, and tumor growth and metastasis on the other. [4]

Leukocytes are nucleated blood cells that include neutrophils, eosinophils, basophils,
lymphocytes, and monocytes. Each type of leukocyte has a specific function in the development
of cancer. For example, T lymphocytes, particularly CD8+ cytotoxic T lymphocytes and CD4+
helper T lymphocytes, are the main mediators of antitumor immunity. Cytotoxic T lymphocytes
have the ability to directly recognize and destroy tumor cells. [5] B lymphocytes play a
protective role by producing antitumor antibodies. [6] Natural killer (NK) cells, on the other
hand, can destroy tumor cells that do not express MHC molecules. [7] However, during cancer
development, a tumor microenvironment is formed, and this microenvironment alters the
function of leukocytes. The tumor microenvironment is a complex system consisting of tumor
cells, immune cells, stromal cells, extracellular matrix, and various factors. [8] This
microenvironment has a profound effect on the activation, differentiation, and function of
immune cells. As a result, several leukocyte populations are converted to an
immunosuppressive phenotype and support tumor growth. [9] Tumor-associated
macrophages (TAMs) are a prime example of this process. TAMs typically have an M2
phenotype and produce cytokines and growth factors that promote angiogenesis, tissue
remodeling, and immunosuppression. [10] High levels of TAMs in many types of cancer are
associated with poor prognosis. [11] Similarly, myeloid suppressor cells (MDSCs) are
overexpressed in cancer patients, suppressing T-cell activation and function, creating an
immunosuppressive environment. [12] Regulatory T-cells (Tregs) are important in
maintaining the immunosuppressive environment. They are designed to control the immune
response and prevent self-immunity, but in the setting of cancer they suppress antitumor
immunity. [13] Treg cells are often overexpressed in tumors and are associated with poor
clinical outcomes. [14]

Neutrophils also play a dual role in cancer development. In some cases they exert
antitumor effects, while in others they can promote tumor growth and metastasis. [15] Tumor-
associated neutrophils (TANs) can have both N1 (antitumor) and N2 (protumor) phenotypes,
similar to TAMs. [16]

The dual role of leukocytes in cancer development is important for the development of
immunotherapy strategies. To date, the most successful form of immunotherapy, immune
checkpoint inhibitors, is primarily aimed at restoring T-lymphocyte activation. [17] However,
new therapies targeting other leukocyte populations, such as TAMs or MDSCs, are also in
development. [18]

The aim of this article is to review the dual role of different leukocyte types in cancer
development, based on scientific data accumulated over the past decade. We will review the
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molecular mechanisms that regulate the protective and protumor effects of leukocytes, as well
as how this knowledge can be applied to the development of new immunotherapies.

Results

Dual role of T lymphocytes

T lymphocytes are the main effector cells of adaptive immunity and play a central role in
cancer immunosurveillance. CD8+ cytotoxic T lymphocytes (CTLs) are capable of recognizing
and killing tumor cells. Tumor cells express tumor-associated antigens (TAAs) on their surface,
which are presented by MHC I molecules. CTLs recognize these antigens through the T-cell
receptor (TCR) and release cytotoxic mediators such as perforin and granzymes, leading to
tumor cell apoptosis. [19]

As demonstrated by numerous clinical studies, the abundance of T lymphocytes,
particularly CTLs, within tumors is associated with a better prognosis in most types of cancer.
[20] For example, in patients with colorectal cancer, higher levels of CTLs within tumors are
associated with longer survival. [21] Similarly, in pancreatic cancer, infiltration of T
lymphocytes within tumors is a positive prognostic marker for response to therapy and overall
survival. [22]

However, the antitumor activity of T lymphocytes can be suppressed by various
mechanisms in the tumor microenvironment. Tumor cells can express immune checkpoints,
such as PD-L1, which bind to the PD-1 receptor on the surface of CTLs and inhibit T-cell
activation. [23] Inhibition of the PD-1/PD-L1 axis by immune checkpoint inhibitors allows for
the restoration of antitumor activity of T lymphocytes, which has been proven to be an effective
therapy in many types of cancer. [24]

CD4+ regulatory T lymphocytes (Treg) play a key role in shaping the immunosuppressive
environment. Treg cells express the transcription factor FoxP3 and are designed to regulate the
immune response. In the setting of cancer, Treg cells accumulate in the tumor
microenvironment and suppress antitumor immunity. [25] Treg cells exert
immunosuppressive effects through a variety of mechanisms, including inhibition of the
proliferation and cytotoxic activity of cytotoxic T lymphocytes and production of
immunosuppressive cytokines such as IL-10 and TGF-f. [26] In many types of cancer, including
lung cancer, gastric cancer, and melanoma, high levels of Treg cells within the tumor are
associated with poor prognosis. [27] Therapeutic strategies targeting Treg cells are being
developed, but targeted blockade of their immunosuppressive effects may increase the risk of
autoimmune complications. [28]

Tumor-associated macrophages (TAMs)

Macrophages are multifaceted cells of the immune system that can adopt different
phenotypes in response to different signals. Traditionally, classical activation of M1
macrophages occurs in response to inflammatory cytokines such as IFN-y and LPS, and they
have antitumor properties. In contrast, alternative activation of M2 macrophages occurs in
response to cytokines such as IL-4 and IL-13, and they promote tissue remodeling,
angiogenesis, and immunosuppression. [29]

In the context of cancer, macrophages in the tumor microenvironment typically adopt
properties resembling the M2 phenotype and are referred to as tumor-associated macrophages
(TAMs). TAMs produce a variety of factors that promote tumor progression, including
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angiogenesis-promoting factors (VEGF, FGF), tumor cell proliferation and survival-promoting
factors (EGF, TGF-B), and extracellular matrix-processing enzymes (MMPs). [30] TAMs also
play a key role in shaping the immunosuppressive environment. They produce
immunosuppressive cytokines, such as IL-10 and TGF-f, and also express enzymes, such as
arginase-1 and inducible nitric oxide synthase (iNOS), that suppress T-cell activation and
function. [31] TAMs can also express PD-L1, which directly inhibits T-cell activation. [32]

In many cancers, including breast cancer, lung cancer, and glioblastoma, high levels of
TAMs are associated with poor clinical outcomes. [33] Therefore, therapeutic strategies
targeting TAMs are being developed. These strategies include inhibiting the accumulation of
TAMs in tumors (inhibition of the CCL2 /CCR2 axis), switching TAM activation from an M2 to an
M1 phenotype, or eliminating TAMs. [34]

Myeloid suppressor cells (MDSCs)

Myeloid suppressor cells (MDSCs) are a pathologically activated population of
hematopoietic stem cells that proliferate in cancer, inflammation, and other pathological
conditions. MDSCs are divided into granulocytic (G-MDSCs) and monocytic (M-MDSCs)
subgroups. [35] MDSCs exert their immunosuppressive effects through a variety of
mechanisms, including altering L-arginine metabolism by increasing arginase-1 and iNOS
activity, producing reactive oxygen species (ROS) and reactive nitrogen species (RNS), and
suppressing T-lymphocyte proliferation and activation. [36]

MDSCs are often elevated in peripheral blood and tumor microenvironments in cancer
patients and are associated with poor prognosis. [37] MDSCs also enhance the
immunosuppressive environment by promoting the differentiation and expansion of Treg cells.
[38]

Therapies targeting MDSCs aim to inhibit their expansion or immunosuppressive
function. Phosphodiesterase-5 inhibitors, such as sildenafil, can reduce the
immunosuppressive activity of MDSCs. [39] Hematopoietic inhibitors, such as sunitinib, have
also been shown to reduce MDSC levels. [40]

Natural killer (NK) cells

Natural killer (NK) cells are the main effector cells of innate immunity, and they can Kkill
tumor cells that do not express MHC class I molecules. NK cells are activated by a balance of
activating and inhibitory receptors. [41] Tumor cells often express low levels of MHC class |
molecules, which makes them less likely to be recognized by NK cells. NK cells play an
important role in cancer immunosurveillance. Low levels of NK cells are associated with poor
prognosis in many types of cancer. [42] NK cells also produce cytokines, particularly IFN-y, to
modulate the antitumor immune response. [43] However, the tumor microenvironment can
suppress NK cell function. Inmunosuppressive cytokines such as TGF-§ can downregulate NK
cell activation receptors and inhibit their cytotoxic function. [44] Tumor cells can also express
ligands that bind to NK cell inhibitory receptors, preventing NK cell activation. [45]

NK cell therapy is a promising approach to cancer immunotherapy. Adoptive transfer of
autologous or allogeneic NK cells, or the use of cytokines that enhance NK cell activity (e.g., IL-
15), has shown promising results in various types of cancer. [46]

Role of neutrophils

Neutrophils are the most abundant cells of the innate immune system and play a complex
role in cancer development. Tumor-associated neutrophils (TANs) are neutrophils found in the
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tumor microenvironment. Like TAMs, TANs can have N1 (antitumor) and N2 (protumor)
phenotypes. [47]

N1 neutrophils express high levels of TNF-«, ICAM-1, and low levels of arginase, and they
can stimulate the activation of cytotoxic T lymphocytes. In contrast, N2 neutrophils express
high levels of arginase, VEGF, and MMP-9, and they can promote angiogenesis and tumor
growth. [48]

TGF- is an important factor in the transition from the N1 to the N2 phenotype. Inhibition
of TGF-f3 promotes the N1 phenotype, thereby enhancing antitumor immunity. [49] High levels
of TANs are associated with poor prognosis in many types of cancer, but this association varies
depending on the type of cancer and the context. [50]

B-lymphocytes and humoral immunity

B-lymphocytes are the main mediators of humoral immunity, producing antitumor
antibodies. Antitumor antibodies act as a protective factor by recognizing and destroying tumor
cells. [51] In some cases, B-lymphocytes can stimulate the activation of T-lymphocytes by
presenting antigens. [52]

However, B lymphocytes can also play an immunosuppressive role in the form of
regulatory B lymphocytes (Breg). Breg cells exert their immunosuppressive effects by
producing immunosuppressive cytokines such as IL-10 and TGF-.[53] Breg cells can stimulate
the differentiation and expansion of Treg cells. [54]

In cancer patients, increased Breg cells have been observed in a number of cancer types
and may be associated with poor prognosis. [55] Therefore, the role of B lymphocytes varies
depending on the type and context of cancer, and they can perform both protective and
immunosuppressive functions.

Discussion

The dual role of leukocytes in cancer development is important for the development of
immunotherapy strategies. The success of immune checkpoint inhibitors has demonstrated the
possibility of restoring the antitumor potential of T lymphocytes. However,
immunosuppressive leukocyte populations, including TAMs, MDSCs, and Treg cells, may be an
important factor in resistance to immune checkpoint inhibitors.[56]

Future immunotherapy strategies should include targeting different leukocyte
populations simultaneously. For example, targeted depletion of TAMs or switching their
phenotype from M2 to M1 may enhance the efficacy of immune checkpoint inhibitors. [57]
Similarly, suppression of MDSCs may help restore antitumor activity of T lymphocytes. [58] NK
cell therapy remains a promising avenue for cancer immunotherapy. The cytotoxic potential of
NK cells and their independence from MHC restriction make them attractive as a universal cell
therapy platform. [59] However, overcoming the immunosuppressive effects of the tumor
microenvironment is an important challenge to enhance the efficacy of NK cell therapy. The role
of neutrophils in cancer progression is relatively poorly understood and this area requires
future research. Harnessing the antitumor potential of N1 neutrophils or inhibiting the
protumor effects of N2 neutrophils could provide novel immunotherapeutic approaches. [60]

Conclusion

Leukocytes play a complex and contradictory role in cancer development. On the one
hand, they have the ability to mount a strong antitumor immune response, and on the other
hand, they can convert into immunosuppressive populations that support tumor growth and
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metastasis in the tumor microenvironment. This duality is characteristic of various leukocyte
types, including T lymphocytes, macrophages, myeloid suppressor cells, natural killer cells,
neutrophils, and B lymphocytes.

The tumor microenvironment profoundly influences leukocyte differentiation, activation,
and function, resulting in an immunosuppressive environment and suppression of antitumor
immunity. This process is regulated by various cytokines, chemokines, growth factors, and
signaling pathways.

Research over the past decade has provided a deeper understanding of the role of
leukocytes in cancer development, leading to the development of new immunotherapy
strategies. Immunocheckpoint inhibitors have already revolutionized cancer treatment, but
immunosuppressive leukocyte populations remain an important resistance mechanism.

Future research should focus on identifying the interactions between different leukocyte
populations, as well as the molecular mechanisms that regulate their function. Combination
therapy strategies that simultaneously target different leukocyte types may significantly
increase the efficacy of immunotherapy. Personalized immunotherapy approaches should also
be developed based on the immune profile of individual patients.

In conclusion, the dual role of leukocytes in cancer development is important for
understanding the success and limitations of immunotherapy. This knowledge can be used to
develop new and effective cancer treatments in the future.
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