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The tumor microenvironment (TME) is a complex system composed of multiple cells, such as non-cancerous fibroblasts,
adipocytes, immune and vascular cells, as well as signal molecules and mediators. Tumor cells recruit and reprogram
other cells to produce factors that maintain tumor growth. Communication between cancerous and surrounding cells is a
two-way process and engages a diverse range of mechanisms that, in consequence, can lead to rapid proliferation,
metastasis, and drug resistance, or can serve as a tumors-suppressor, e.g., through tumor-immune cell interaction.
Cross-talk within the cancer microenvironment can be direct by cell-to-cell contact via adhesion molecules, electrical
coupling, and passage through gap junctions, or indirect through classical paracrine signaling by cytokines, growth
factors, and extracellular vesicles. Therapeutic approaches for modulation of cell-cell communication may be a promising
strategy to combat tumors. In particular, integrative approaches targeting tumor communication in combination with
conventional chemotherapy seem reasonable. Currently, special attention is paid to suppressing the formation of open-
ended channels as well as blocking exosome production or ablating their cargos. However, many aspects of cell-to-cell
communication have yet to be clarified, and, in particular, more work is needed in regard to mechanisms of bidirectional
signal transfer. Finally, it seems that some interactions in TEM can be not only cancer-specific, but also patient-specific,
and their recognition would help to predict patient response to therapy.
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| 1. Introduction

Despite many efforts, cancer is one of the main causes of human deaths. According to the World Health Organization, it
was responsible for approximately 9.6 million deaths in 2018. It is generally accepted that the fight against cancer must be
multidirectional and involve the development of new strategies for preventive action, early diagnosis, and treatment to
enhance effectiveness and precision of cancer therapy, increase patients survivability, and improve their quality of life 2]
B, However, current standards therapy often overlooked the assumption that cancer is an “ensemble production”. Apart
from malignant cells, there are lots of supporting players, including fibroblasts, pericytes, endothelial cells, adipocytes,
bone-marrow-derived mesenchymal stem cells, and immune cells. Each of these stromal cell types plays a role in tumor
proliferation, metastasis, and treatment failure &, The extracellular matrix (ECM) is a highly dynamic structure that
surrounds the above-mentioned cells and affects their proliferation and cell-cell communication via the transmission of
mechanical signals and cell adhesion &, ECM constituents mainly derive from the tumor cells themselves but also, to a
large degree, from cancer-associated fibroblasts (CAF). High amounts of metalloproteinases in the cancer niche process
ECM components and are involved in ECM remodeling, resulting in the release of various signaling molecules with both
pro- and anti-tumor activities .

Cell communication is required for proper cellular activities or movements, and both failure and excess of this cross-talk
can lead to tissue pathology. Normal and cancerous cells dynamically transmit reciprocal information, and, by contacting
the tumor stromal cells, acquire a pro-tumoral phenotype that can promote cancer progression. Cells in this
microenvironment are also involved in tumor suppression, and, for example, the accumulation of cytotoxic CD8+T cells
and Th1 cells in tumor stroma suggests that the immune system fights against cancer. However, some immune cells, such
as tumor-associated macrophages, can promote cancer development, indicating that immune cells have a multifaceted
role . Thus, increasing attention is being paid to fully understand the mechanism of interaction between cancer and the
surrounding cells.

Currently, many studies have documented that the vital role in tumor progression plays on a complex system of
intercellular communication via direct cell-to-cell contact or through classical paracrine/endocrine signaling. The most
common type of signal transition to neighboring or long-distance cells is the secretion of soluble factors into the
extracellular space, like cytokines, chemokines, and growth factors. Another way of cell interaction is through adhesion
molecules and gap junctions. Recent research has also highlighted that non-cancer cells can donate healthy mitochondria
and other organelles by tunnel nanotubes to keep cancer cells alive, but it was also reported that horizontal mitochondrial



transfer is possible from cancer cells to surrounding cells (e.g., from cancer to stromal cells) R An important way of
cells to cross-talk is membrane vesicle secretion that does not need specific receptors to reach target cells. Moreover,
cancerous cells create a hypoxic and acidic microenvironment. Reduction of the pH (ranging between 6.0 and 6.5) can
impact surrounding cells and repress their antitumor activity 2. Hypoxia can support cancer growth through the
differentiation of fibroblasts into CAFs 3. However, the main mechanism of fibroblast activation is a cross-talk involving
Notch and JAK1/STAT3 signaling pathways, and another way is by a range of inflammatory signaling molecules, for
instance, IL-1 acting via NF-kB and IL-6 acting through signal STAT transcription factors. Similarly, transforming growth
factor B (TGFp) family ligands and lysophosphatidic acid are also involved in activating signals for fibroblasts, while
cytokine, a leukemia inhibitory factor (LIF), is known as a sustainer of their invasive phenotype [24I15I16][17]

| 2. Mechanisms of Cellular Communication

During evolution, many modes of cell-to-cell communication have developed. These appearing forms of intercellular
communication turn out to be essential for the maintenance of physiological cell functions and cellular response to
external stimuli. Due to the fundamental role of cell cross-talk, different cell-to-cell signaling mechanisms parallelly exist.
One way of cell signaling is direct intercellular communication, which includes direct cell-to-cell contact by electrical
coupling, direct passage through gap junctions, direct receptor—ligand binding of membrane proteins, or a mechanism that
relies on nanotubular cell-to-cell connections termed “membrane nanotubes” (MNTs; Figure 1). Cells also communicate
with each other indirectly via signal molecules and mediators, as well as transferring biological information by extracellular
vesicles (Figure 2).
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Figure 1. The schematic visualization of direct communication in the tumor microenvironment. The sharing of information
between cancer and stromal cells, such as non-cancerous epithelial cells, cancer-associated fibroblasts, immune cells,
and others, can occur in different ways, e.g., via gap junction, open-ended cytoplasmic channels (tunnel nanotubes), or
through direct ligand—receptor signaling and cell adhesion 18], These dynamic interplays effectively enable the exchange
of cellular cargos over short or long (tunnel nanotubes) distances. For instance, via tunnel nanotubes, mitochondria can
be donated from one cell to another in two directions. Gap junctions joint the same and different types of cells and consist
of connexions that include six connexins. They are able to transfer rather small molecules and metabolites (29], Similarly,
physical cell-cell attachments via adhesion proteins are impermeable for macromolecules.

Figure 2. The schematic visualization of indirect communication in the tumor microenvironment. The sharing of
information between cancer and stromal cells, such as non-cancerous epithelial cells, cancer-associated fibroblasts,
immune cells, and others, can occur in different ways, e.g., via extracellular vesicles or through signaling by cytokines,
chemokines, and growth factors as well as metabolites-mediated communication. Exosomes can transfer many bioactive
molecules over long and very long distances. Secreted signaling molecules can also travel to remote cells.

2.1. Direct Intercellular Communication

2.1.1. Gap Junctions



Gap junctions (GJs) are major contributors to the maintenance of cell homeostasis. When the cells are a short distance
apart, they can be connected with each other using gap junctions, which allow various molecules, ions, and electrical
impulses to pass directly between cells. The gap junction channel is composed of two connexons (hemichannels), which
connect cells across the intercellular space. The connexons are formed by hexameric oligomers of transmembrane
proteins, the connexins (Cxs) 2. Approximately 21 Cxs are identified in humans. Most cell types express multiple
connexin isoforms, which allow heteromeric hemichannels and heterotypic gap junctions to form, which could possibly
provide a structural basis for the selectivity of GJs and may have overlapping or distinct functions 1. The Cx43, being
more widespread than other Cxs, is expressed mainly in a few tissues only. The regulation of GJs can be modulated by
connexin-associated proteins, including regulatory phosphatases, cytoskeletal elements, and enzymes. Key regulatory
pathways act through phosphorylation/dephosphorylation of Cxs, mainly at the C-terminal domain. Phosphorylation
determines disassembly and internalization of the GJ, due to the disengagement of Cxs from the GJ, whereas
unphosphorylated proteins remain in GJ [22. Already in the 1970s, scientists have observed a loss of functional GJs in
cancer cells and considered that GJs were involved in carcinogenesis 2. A number of biological and chemical
substances (also suspected to participate in cancerogenesis), including toxins, organic solvents, pesticides,
pharmaceuticals, peroxides, metals, and phthalates, are able to inhibit GJs [24],

A number of studies have highlighted the role of Cxs and GJs in carcinogenesis and their involvement in numerous
diseases. The loss of GJ or Cxs is associated with abnormal cell proliferation, and the deregulation of GJs is observed in
cancer [29128]127]128][29] Additionally, Cxs themselves can promote tumor cell growth and invasiveness, contributing to the
overall tumorigenicity 3%, Some Cxs (as Cx26, Cx37, and Cx43) may be crucial in metastasis, and intact GJs may act as
tumor suppressors in the initial stages of tumorigenesis, controlling cell proliferation. Depending on the state and function
of a cell, inhibition of GJs may lead to uncontrolled proliferation (promotion). Re-expression of Cxs in migrating tumor cells
was found to promote tumor metastasis 1. It was also recognized that Cxs and GJs can protect cells from cancer 21,
Therefore, Cxs can act as both inhibitors of cell proliferation and inducers of cell migration, invasion, and activation of
cancer cell migration out of the tumor core B233],

2.1.2. Ligand-Receptor Pairs and Cell Adhesion

Adjacent cells can communicate through contact-dependent signaling. Physical contact of one cell with a recipient cell is
required. Receptors and ligands can occur as membrane-anchored molecules, and their interaction results in effective
membrane adhesion. The ligand binds to membrane receptors expressed by other cells, initiating a specific signaling
pathway and response in the target cell, but ligands rather do not diffuse from the producing cell B4BSl Adhesion
molecules take part in juxtacrine stimulation and are receptors that consist of an intercellular domain that interacts with
cytoplasmic proteins and an extracellular domain that binds to ligands B84, Adhesion molecules are commonly divided
into integrins, selectins, cadherins, and the members of the immunoglobulin superfamily. Different adhesion molecules
bind to different ligands. Cadherins, selectins, and immunoglobulin superfamily members are involved in cell—cell
adhesion. Integrins typically joint the cell with its extracellular matrix, but immune cell integrins also bind to soluble ligands
and ligands on other cells. Many proteins of ECM, in particular laminins, fibronectin, collagens, and vitronectin, are ligands
for integrins. Due to their function, adhesion molecules are part of an adhesive network. Their expression not only
changes in cancer cells but also in non-cancerous cells of TME 28],

Moreover, the epithelial barriers for cancer cell migration are made by intercellular adhesion complexes, including tight
junctions (TJs), adherens junctions (AJs), and desmosomes. These connections are mainly characteristic of epithelial and
endothelial cells. Networks called “tight junctions” are formed in areas where the cell membranes, joined by
transmembrane proteins and cell cytoskeletons, are fused. These connections mediate ion or other molecules transport
and osmosis as well as dictate cell polarity B4 Up- or downregulation of TJ proteins in cancers results in the loss of
cell-cell association, thus can lead to uncontrolled growth and metastasis [28. A correlation between the loss of TJs and
tumor differentiation has been observed 2. AJs are mainly composed of cadherins on adjacent cells, cadherin adhesion
receptors, and the catenin protein family 1. Downregulation of E-cadherin was found to be associated with progression,
promotion, and poor prognosis, and changes in E-cadherin expression were documented in gastric, prostate, liver, and
colon cancers 4214311441 |y addition, in prostate, gastric, colorectal, cervical, bladder, breast, skin, and endometrial cancer,
modifications of the expression of desmosomal elements have also been observed [£2146],

2.1.3. Tunnel Nanotubes called “Intercellular Bridges”

Long-distance cell-to-cell communication is possible by the formation of tunneling nanotubes (TNTs) and tumor
microtubes (TMs), which allow cells to exchange different chemical and biological material between cells and also
facilitate electrical long-range coupling. TNTs are long and thin (50-200 nm) extensions of the cell cytoplasm formed by F-
actin filaments that form open-ended channels 24, They occur in many types of cells, e.g., immune cells (like



macrophages), two types of lymphocytes (natural killers and B-cells), and also in dendritic cells. It has been reported that
TNTs are formed between endothelial progenitor cells and endothelial cells, renal proximal tubular epithelial cells
(RPTEC), retinal pigment epithelial cells, and also between cardiac myocytes 2849 TNTs are also extensively used for
cancerous cell communication. Formation of those structures has been observed in vitro in cell lines of colon carcinoma
cells, MCF7 and MDA-MB-231 breast cancers, and also in bladder cancer cells BBl Described nanotubes either
connect cancer cells together or cancer cells with normal stromal cells (e.g., B-cell precursor acute lymphoblastic
leukemia cells and acute myeloid leukemia cells) 221,

TNTs have been recognized as a novel mode of intercellular communication, enabling the transfer of mitochondria,
cellular vesicles, miRNAs, viral particles, and some proteins. In cancer cells, TNT formation may correlate with
invasiveness. Moreover, factors that can be transferred by TNTs have been shown to promote chemoresistance 521541,

Little is known about TNT biogenesis, but it has been recognized that TNTs contain an array of cytoskeletal filaments of
which F-actin is the most abundant. The presence of calcium-sensitive dynamin-related Rho-GTPases (Mirol and Miro2),
KLF 5 kinesin motor protein, and accessory proteins like TRAK 1 and TRAK2 were reported in the structure of TNTs. Myo
19 and Myo 10 permit the efficient shipping of cargo between cells via an actin-myosin-dependent mechanism. The
transported cargo includes large organelles like mitochondria and lysosomes 531581, Dpifferent conditions may promote
TNT formation. Wang et al. demonstrated a significant contribution of p53, EGFR, Akt, PI3K, and also mTOR activation in
neurons and astrocytes. They also recognized that cells under stress conditions always develop TNTs with unstressed
cells 57, In this experimental study, hydrogen peroxide, serum depletion, and some cytokines are known as factors that
favor TNT formation. These structures, particularly under stress or injury conditions, transfer mitochondria and other
cellular components between numerous cell types, including endothelial, epithelial, cardiac, renal, and immune cells 281,
TMs are larger and longer-lived (active from several days to a month) than TNTs (active for minutes). TMs are composed
of Cx43 gap junction protein and were recognized to promote aggressiveness, invasion, and therapeutic resistance of
brain cancer cells 22169,

Both TNTs and TMs, and GJs, allow a direct exchange of cytoplasmic molecules between connected cells, therefore, they
participate in key biological processes, including development, immune response, and signaling, and are also involved in
the pathogenesis of several diseases, including HIV and neurodegenerative and cancerous diseases 1. However, there
are some differences between TNTs (TMs) and GJs. The distance required to establish cellular membrane contact must
be short in forming GJs, while TNTs allow long-distance communication. Secondly, these structures transport molecules of
varying sizes. GJs are able to transport only small molecules (up to 1.2 kDa), including second messengers and small
peptides, whereas TNTs are able to transfer both small molecules as well as mediate the exchange of large organelles
and vesicles. Although both TNTs and GJs are known to mediate cell-to-cell interactions, still little is known whether and
how these two direct intercellular communication systems interact with each other [€2],

2.2. Indirect Intercellular Communication
2.2.1. Signaling by Extracellular Vesicles

Normal and cancerous cells secrete small membrane-bound particles in cup-shaped called extracellular vesicles (EVs),
which circulate in body fluids and are finally taken up by proximal or distal recipient cells. However, EVs are characterized
by a short half-life; a few minutes after infusion, up to 90% of them are eliminated from the bloodstream [€3]. Based on
particle diameter and mechanism of formation, three types of EVs have been identified: exosomes (with 40-120 nm
diameter), microvesicles (MVs, with 50-1000 nm diameter), and apoptotic bodies (Abs, with 500-2000 nm diameter) €4
651 Evs carry packages of information located inside or on their surface. Their cargo composition depends on the cell-
type origin and varies between cell conditions. As a result of fusion, receptor-mediated internalization or endocytosis of
the EVs with the plasmalemma of the recipient cell, transported proteins (enzymes, membrane proteins, heat shock
proteins, transcription factors), mRNA, tRNAs, non-coding RNAs (LncRNAs), microRNAs and DNA, and lipids (such as
sphingolipids, ceramides, cholesterol, and saturated fatty acids) are released, and affect the recipient cell’s metabolism
and can induce cell transformation (68167,

Available data indicate that different factors can modify EV release, and so, for example, in response to intracellular Cca%t
accumulation or microenvironment acidification, their secretion is increased 8189 |n the blood of cancer patients, twice
more exosomes were found than in the blood of healthy individuals E9Z, A high amount of cancer-derived exosomes is
associated with poor prognosis 72,

Exosome-mediated interaction between cancer and stromal cells leading to the transfer of tumor-derived bioactive
molecules can modify the TME. Tumor-derived EVs, called TEVs, play particular roles in cancer initiation, progression,
and metastasis, as shown in ovariant3, colorectal /4], breast [/, melanoma 8], and prostate cancer [ZZ. Moreover, TEVs



are suppliers of multidrug resistance-associated proteins involved in treatment failure development. Corcoran and
colleagues showed that in prostate cancer, EVs convey docetaxel resistance 8. This phenomenon was also observed in
lung, breast, and liver cancers (z9)[80][81] Simultaneously, communication via exosomes is bidirectional; EVs can be
donated from cancer cells, but can also reach malignant cells. Exosomes are secreted by different cells as intestinal
epithelial cells, platelets, mastocytes, antigen-presenting cells, fibroblasts, hepatocytes, and lymphocytes, and EVs of
different origins can interact with cancer cells 84, Exosomes derived from CAF can provide nutrients to malignant cells
and support tumor growth B3l Apart from the well-known effects of exosomes on the differentiation of surrounded cells,
TEVs can also mediate tumor-stem/progenitor cell communication to create pro-tumorigenic microenvironments [B4183 |t
was observed that through transfer of the oncoprotein MET, melanoma-derived exosomes stimulate vasculogenic and
hematopoietic bone marrow progenitor cells 8. Tumor-derived exosomes are also involved in tumor immune escape as
extracellular vesicles expressing FasL secreted from melanoma cells induce Fas-mediated apoptosis in T-cells. However,
it cannot be ruled out that at early stage of cancer, exosomes have antitumor functions &,

2.2.2. Signaling by Cytokines, Chemokines, and Growth Factors

Various cytokines, chemokines, and growth factors are involved in cell-cell cross-talk within tumor and cancer
environments, as well as in communication between cancerous and non-cancerous cells B8], Cytokines and chemokines
are key players in the development of cancer-related inflammation, with consequent direct and indirect effects on tumor
cells [, Cytokines are secreted in response to different cellular, developmental, and/or environmental stresses and act
via cytokine receptors on target cells, affecting certain intracellular signaling pathways to promote a specific cellular
response. They affect not only the above-mentioned closely adjacent cells, as well as acting at a distance, and may also
affect the cell of their origin. Cytokines can both inhibit cancer development and progression as well as promote its growth
and enhance invasion. Interleukins are produced not only by immune cells but also by cancer cells, and cancer cells
express interleukin receptors. There is strong evidence that interleukins such as IL-1, IL-4, and IL-6, as well as IL-8 and
IL-10, promote tumor development [RUBLIS293194] || 6 |evels are correlated with cancer progression and inversely
correlated with patient response to treatment and survival 22, Other interleukins as IL-2 and other members of this family,

such as IL-15 and IL-21, as well as IL-12, have been recognized to activate host immune systems against cancer 281171
[98]

Tumor necrosis factor a (TNFa) and TGFf signaling affect the tumor environment, tumor progression, and drug resistance
(991 Current data underline a complex impact of these factors on tumorigenesis and cancer therapy 1101102 Tymor
necrosis factor-related apoptosis-inducing ligand (TRAIL) is able to selectively induce apoptosis in cancer cells 193],
Moreover, interferon-gamma (IFN-gamma) can protect against tumor development, affecting both innate and adaptive

host immune responses 194,

Chemokines, a large family of cytokines with chemotactic activity, mediate leukocyte migration and are relevant for
cancer-related inflammation. The majority of cancer cells produce chemokines, as well as their receptors. In general,
chemokine expression at the tumor site promotes leukocyte infiltration and anti-tumor immune responses 1931, while the
expression of chemokine receptors by cancer cells promotes their growth and metastasis. Therefore, tumor-derived
chemokines can both inhibit and stimulate tumor growth. Monocyte chemoattractant protein 1 (MCP-1, also known as
CCL2) and other chemokines as CXCL1, CXCL3, CXCL5, and CCL8 can act as mediators of angiogenesis and tumor
progression %8 while those without the ELR motif (CXCL4, CXCL9, CXCL10, CXCL11, and CXCL14) have been shown
to inhibit angiogenesis 224, Additionally, F-box proteins, which are subunit recruiting modules of SCF (SKP1-Cullin 1-F-
box protein) E3 ligase complexes, influence cell proliferation, invasion, and metastasis, therefore, are involved in cancer
development and progression [198],

Vascular endothelial growth factor (VEGF) and their receptors—VEGFR-1, VEGFR-2, VEGFR-3, neuropilin (NRP)-1, and
NRP-2—affect tumor angiogenesis by upregulation of expression of a variety of growth factors 222 EGF, a member of a
family of peptide growth factors and the EGF/EGF receptor signaling pathway, is involved in cell proliferation,
differentiation, and migration 119, Expressions of the EGF and its receptor (EGFR) are correlated with tumor growth and
metastasis 111 Additionally, placental growth factor (PIGF) is an important regulator involved in controlling angiogenic
and inflammatory responses by the formation of PIGF/VEGF homodimer/heterodimer and VEGF-competitive binding to
the VEGF receptors and sFlt-1 1121, Furthermore, the enhanced activity of platelet-derived growth factor (PDGF) receptor
signaling may promote tumor development 2131, Moreover, dysregulation of the IGF-axis (insulin-like growth factor) is

involved in the oncogenesis and metastasis of various solid tumors 1141,

Nowadays, modern tools, including transcriptome analyses, are used to map ligand and receptor protein expression. They
also identify cell types and ligand—receptor interactions, as well as cross-talk between TME cells and TME and cancer
cells [LSILI6N1L7] - Expression of some ligands and receptors has been recognized to be restricted to the specific cell



types, while some are broadly expressed. Recently, based on bulk RNA sequencing and single-cell RNA sequencing data
of more than six thousand glioma cells, the intercellular communication between cancer stem-like cells and macrophages
via ligand-receptor interactions have been identified 118 | igand-receptor pairs related to invasion and angiogenesis
have been recognized, as well as ligand—receptor pairs associated with clinical outcomes and patient survival risks.

2.2.3. Metabolites-Mediated Communication

Cancer cells during development alter their biochemical pathways towards increased glucose usage and promote its
fermentation to lactate regardless of the amount of oxygen. The accumulation of lactate leads to acidification of the
microenvironment. It is hypothesized that lactate is a stimulator of M2 tissue-associated macrophage polarization 119 and
also activates the secretion of VEGF, TGF-f3, as well as hypoxia-inducible factors (HIF-1). Moreover, cancer cells via
intensified glycolysis limit glucose availability for tumor-infiltrating lymphocytes. In turn, the lack of glucose reduces the
effector functions of immune cells 129, To meet the high energy requirements, cancer cells need other fuel sources. It was
documented that exosomes derived from CAF deliver metabolite cargo to prostate cancer cells. Among them, there are
acetate, lactate, and TCA cycle metabolites: citrate, pyruvate and fumarate 221, Tumor cells use these energy-rich
metabolites in the TCA cycle to produce ATP. Highly glycolytic CAFs can donate their mitochondria to neighboring cancer
cells, enhance their respiration, and facilitate tumor growth [122] Additionally, CAF-derived cytokines like CCL5, IL6, and
CXCL10 can promote the TCA cycle and thus favor the proliferation of cancer cells 223 |n addition to changes in glucose
metabolism, cancer cells are characterized by changing the rates of fatty acid synthesis.

Bioactive lipids and fatty acids are mediators in the cross-talk between cancer cells and stroma 224, Fatty acids and other
lipids can be transported from stroma cells, especially from adipocytes present in the cancer microenvironment, to cancer
cells by lipoproteins or exosomes. Fatty acids taken up by cancer cells and transported by fatty acid-binding proteins
(FABPs) are used for energy production for rapid tumor growth and synthesis of prostaglandins, known as potent
signaling molecules, and other lipid-derived molecules, which may contribute to cancer development 222 Upregulation of
FABP4 in omental metastases compared to the primary ovarian tumor was reported 2281, High FABP3 and FABP4
expressions observed in non-small cell lung cancer were associated with tumor metastasis and negatively affect patient
survival 222, prostaglandins promote tumor growth in the paracrine mode and coordinate complex interactions between
tumor cells and surrounding stromal cells 2281, Cyclooxygenase 2-derived prostaglandin E2 is a potent inducer of the
angiogenic switch during mammary cancer progression 229, PGE2 induces increased proliferation, migration, and
invasiveness of colorectal carcinoma cells by phosphorylation of epidermal growth factor receptor EGFR and activation of
the PI3K/AKT/mTOR signaling pathway 23%. |t was shown that prostaglandin E2 (PGE2) induced the activation of
suppressor cells of myeloid origin, which in turn promoted tumor progression of breast cancer 234, Furthermore, PGE2
promoted the differentiation of monocytes into tumor-associated suppressing macrophages in cervical cancer 232, Tumor-
derived PGE2 can also activate CAF to enhance the secretion of kynurenine, a tryptophan metabolite, which, in turn,
increases cancer cell invasiveness 233, |eukocyte-derived leukotrienes were reported to selectively expand the group of
breast cancer cells with high tumorigenic potential and support metastasis 234,

Enhanced levels of lysophosphatidic acid, found in the blood and ascites of ovarian cancer patients, can promote the
formation of inflammatory cytokines, which favor the survival of malignant cells and predetermine their more aggressive
behavior 238, Sphingosine-1-phosphate (S1P), an important bioactive sphingolipid, is involved in angiogenesis and
lymphangiogenesis, facilitating tumor growth and metastasis 238, High levels of extracellular S1P induced by enhanced
expression of a regulatory sphingosine kinase increase migration and efficiency of vessel formation upon combined
cultivation of tumor cells and lymphatic endothelial cells 232,
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