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Abstract: 

Cancer tumor development is the product of interactions between (1) genetically altered pre-cancerous epithelial stem cell and (2) 
its altered stromal microenvironment, including (a) bone marrow derived myofibroblasts (cancer associated fibroblasts), (b) 
tumor associated macrophages, and (c) some other altered stromal cells. Signals from the altered stromal cells promote 
epigenetical transformation of the pre-cancerous cell into a cancer cell, increase cancer cell invasive and metastatic capabilities, 
and promote neoangiogenesis. Together with the signals coming from the tumor cells, the stromal signals also trigger 
neoangiogenesis that is important for tumor existence and development. Stromal alterations that trigger pre-cancerous cell 
transformation may be a result of chronic inflammation. Inflammation also promotes migration of mast cells, mesenchymal stem 
cells and other neuroendocrine cells into the inflammation area. Neuroendocrine cells of the tumor and neurons that innervate 
the tumor secrete neurotransmitters. These neurotransmitters may increase cancer drug resistance and promote tumor growth 
and metastasis. This means that signaling molecules secreted by the neurons into the tumor matrix [alongside with some other 
molecules involved in cell communication e.g. cytokines and non-coding RNAs] support tumor integrity and stability.  If the cell 
communication is interrupted, the tumor becomes less aggressive and more sensitive to the therapeutic agents. The use of 
neurotransmission antagonists as a potential novel therapeutic strategy against human cancer is worth exploring through clinical 
trials. 
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1. TWOFOLD NATURE OF MALIGNANT 
TRANSFORMATION 

Cancer tumor development is the product of interactions 

between altered epithelial stem cells and their altered stromal 

microenvironment. This hypothesis was proposed by Paget as 

early as 1889. He called it „Seed and Soil‟ theory [1]. 

Subsequently, his insight was confirmed and developed in 

numerous papers. For details, please see our review [2] and 

reviews [3-7], which explain that genetic alteration in the 

epithelial stem cell is only a prerequisite for malignant 

transformation. A genetically altered stem cell has to go 

through multiple stages of malignant transformation: [1] a pre-

cancerous stem cell that can either undergo further malignant 

transformation or develop into healthy cells; [2] a cancer stem 

cell that is no longer capable of normal development; [3] an 

invasive cancer stem cell, and [4] a metastatic cancer stem cell. 

However, this transformation requires specific signals that 

stimulate proliferation and the altered behavior of the stem cell 

(„seed‟). These signals come from the stromal cells („soil‟), 

which form the cell niche of the pre-cancerous stem cell. To 

various degrees, these stromal cells and their secretory activity 

differ from those in healthy tissue. 

2. FUNCTIONAL UNITS OF THE TUMOR: CANCER 
STEM CELL NICHE AND CANCER TUMOR 
HISTION 

The cancer stem cell niche includes stromal cells, 

myofibroblasts, capillary blood vessels and components of the 

extracellular matrix. It is the cancer stem cell 

microenvironment. The plasticity of the pre-cancerous stem 

cells is high enough that it can produce healthy daughter cells, 

if influenced by healthy stromal secretions, or produce cancer 

cells, if the stromal cells of the niche are altered [8]. This means 

that the stromal cells of the niche support stem cell 

homeostasis, but can also stimulate or inhibit differentiation 

and/or proliferation of the stem cells. Niche 
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neovascularization depends on the circulating endothelial 

progenitors [9-11]. 

The cancer stem cell niche is an important component of the 

tumor. However, the elementary morpho-functional tissue unit 

of the tumor, as well as that of any other organ, is the histion 

[12]. The histion is a unit consisting of the parenchymal stem 

cell, connective tissue that surrounds the stem cell, and a 

capillary blood vessel. It also comprises various connective 

tissue cells and a neuron. Parenchymal cells are represented by 

epithelial cells of various degrees of differentiation and by 

neuroendocrine cells. Histion function is not limited to 

supplying nutrients to its parenchymal region and the removal 

of metabolic waste. Histions show a certain integrity and 

stability, because their cells exchange paracrine mediators. At 

the histion level, stroma and parenchyma demonstrate their 

structural and functional unity [12-14]. This idea was 

formulated 70 years ago by A.A. Zavarzin, who wrote that 

“epithelium cannot exist outside the epithelial-connective 

tissue system” [15]. The malignant tumor is a distinct and 

unusual system of the modified epithelial and connective 

tissues. 

Thus, cancer may be considered an outcome of histion disease, 

of both the epithelial and stromal cells. This disease also 

involves the extracellular matrix that serves as a cell 

communication medium [16, 17]. An equally important role in 

disease progression is played by other histion elements e.g. 

tumor blood vessels. It has been shown that tumor growth 

depends on tumor angiogenesis [18, 19]. 

The way the tumor emerges and develops is also influenced by 

chronic inflammation of the affected organ. Malignant 

transformation and tumor development are provoked by 

inflammation agents and inflammatory response cells. Both 

these agents and cells damage the basal membrane between 

epithelium and stroma and stimulate substitution of fibroblasts 

with myofibroblasts (also called „cancer-associated fibroblasts‟) 

[20]. Myofibroblasts are the major cell component of tumor 

stroma. It was shown that bone marrow myofibroblasts are 

one of the key factors of the malignant transformation process 

[21-25]. 

It is worthwhile to note that certain forms of stromal 

differentiation (e.g. mucinous or scirrhous) make cancer more 

resistant to the effect of antitumor drugs [26, 27]. It has also 

been shown that stromal fibrosis can make histopathologic 

signs of cancer less clear [28]. 

For a tumor to develop, both tumor components are required: 

altered epithelial cells and altered stromal cells. Changes in 

stromal cells (e.g. in response to inflammation) may precede 

the emergence of altered epithelial cells, or develop after the 

pre-cancerous cells emerge [29]. On the other hand, the 

progressing cancer is a system of interacting cells [30]. 

2.1. Cell Components of the Histion 

As has been noted, bone marrow-derived myofibroblasts of 

stroma are a key factor in the malignant transformation 

process. However, other tumor cells also support and regulate 

cancer cell functioning. 

Immune cells, including T- and B-lymphocytes, natural killer 

cells (NK), macrophages, mast cells, and neutrophils constitute 

the greater part of tumor cells [31].  

Tumor-associated macrophages (TAM) release vascular 

endothelial growth factor (VEGF) that stimulates tumor 

angiogenesis and facilitates metastatic spread. They also 

increase tumor resistance to chemotherapy and radiation 

therapy [32]. 

It has been emphasized that macrophages acquire these 

capabilities through synergistic cross-talk with cancer cells [33, 

34], in addition to tumor tissue hypoxia and the presence of 

dead cells [35]. Expansion of myeloid-derived cells into the 

tumor microenvironment increases the ability of the 

extracellular matrix to support the viability of the cells it 

surrounds [36], and to induce stem-like properties in 

differentiated cells (cancer cell stemness) [37]. 

Migration of mast cells into the tumor and their further 

degranulation (release of various mediators) stimulates growth 

and metastatic spread of the cancer cells [38]. Chronic 

inflammation of any organ is associated with the invasion of 

inflammation-related cells, such as neutrophils. These 

inflammation-related cells play an important role in the 

development of aggressive tumor cells, and thus participate in 

cancer initiation and progression [39]. 

Migration of mesenchymal cells into the tumor stroma is also 

important for cancer initiation, because of their pro-

tumorigenic influence on pre-cancerous cell transformation 

[40]. 

Natural killers (NK) are large, granular lymphocytes which are 

toxic to cancer cells. However, certain stromal cells [41] and 

stress [42] may impair this NK function. 

Some features of adipose tissue are also associated with cancer. 

First, obese adipose tissue hypoxia establishes a highly 

proinflammatory microenvironment, which is likely to breed 

tumors. Second, adipose cells secrete various cytokines, 

chemokines, and hormone-like substances capable of initiating 

cancer growth [43-45]. 

As has been mentioned, tumor angiogenesis, which is 

important for tumor growth and existence, depends on the 

circulating endothelial cells. These cells release angiocrine 

factors that stimulate tumor growth, make it more invasive, 

and thus contribute to tumor metastasis [46, 47]. 

Tumor angiogenesis is regulated by the cells of the tumor 

microenvironment through cues released by these cells [48]. An 

important role in angiogenesis stimulation is played by 

pericytes and the growth factors they secrete into the 

extracellular matrix [49, 50]. 

Neuroendocrine cells are another cancer tumor component; 

they release neuropeptides that facilitate tumor growth, 

angiogenesis, and metastasis [51, 52]. 

Some tumors are innervated by the ingrown nerve endings of 

the autonomic nervous system. These tumor-innervating nerve 

cells may release neurotransmitters that provide proliferative 

signals to the tumor cells [53, 54]. The effect of adrenergic and 
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cholinergic nerves on stromal and cancer cells has been 

discussed in a number of papers [55-57]. For example, the 

overall nerve densities are higher in high-risk prostate tumors 

relative to low-risk ones. Nerves also can serve as a route for 

cancer spreading through the process of perineural invasion. 

Perineural invasion is often associated with poor prognosis. 

Tumors can be innervated by sensory fibers in addition to the 

nerve endings of the autonomic nervous system. The possible 

involvement of sensory fibers in tumor progression and 

metastasis cannot be excluded [58]. In tumors, nerves are a 

source of neurotransmitters and neurotrophic factors, 

including various growth factors [59]. The nerve cells and 

neuroendocrine cells of the tumor may regulate the cancer 

genome [60]. Thus, the tumor nerve cells help preserve and 

support its integrity and development, and protect the tumor 

against damage [61]. 

2.2. Extracellular Matrix 

The extracellular matrix is another active component of the 

tumor microenvironment [62]. The extracellular matrix of a 

tumor differs from that of a healthy tissue [63]. It promotes 

proliferation and tumor growth and has a pro-survival effect, in 

particular, through changes in the collagen matrix. Altered 

extracellular matrix is associated with chronic inflammation 

[64] and facilitates malignant transformation of the 

precancerous cells, if they are present. In addition, senescent 

fibroblasts release into the matrix cues that can drive the 

progression of precancerous cells into cancer cells [65]. 

Biologically active substances released by various cells, in 

particular, stromal cells, are transported into cancer cells 

through the cancer cell-derived extracellular matrix [66]. The 

cancer cell-derived extracellular matrix supports cancer cell 

proliferation, whereas the extracellular matrix of healthy tissues 

inhibits their proliferation [67]. Various tumor growth-

promoting signaling molecules have been found in the 

extracellular matrix of tumors, among them, Vascular 

Endothelial Growth Factor and Epidermal Growth Factor. 

Upon binding to their receptors, they initiate various signaling 

pathways, for example, Ras/MARK, AKT/PKB, STAT-3 

[Signal Transducer and Activator of Transcription] and others 

that inhibit apoptosis and stimulate proliferation and 

neoangiogenesis. Metastatic cancer cells migrate to the 

extracellular matrix, where the stromal cells release 

metalloproteinases, collagenases, gelatinases and other 

substances that are required for this process [68, 69]. 

The extracellular matrix, which belongs to the cancer cell 

microenvironment, is formed by the cells of the altered stroma 

[70, 71]. At the same time, cancer cells release various 

substances that initiate and maintain the myofibroblast 

population, which promotes cancer cell progression [72]. 

Substances contained in the extracellular matrix cause pro-

malignant epigenetic alterations in cancer cells [73]. Another 

potential mechanism of malignant progression involves 

regulation of cancer cell behavior [invasiveness, migration, and 

ability to form metastases] through physical and chemical 

gradients within the matrix. In the metastatic process, specific 

roles are played by tissue hypoxia, changes in tissue pH and 

Na+ and Cl- concentrations, and by the disruptive effect these 

conditions have on the steadiness of the naturally occurring 

electrical fields within the matrix. For example, galvanotaxis 

promotes metastatic development of prostate cancer, breast 

cancers, lung cancer, and glioblastomas [74]. 

In addition, the authors hypothesize that tumor cell behavior 

may also be regulated by haptotactic, alignotactic, and 

durotactic gradients within the extracellular matrix. Haptotaxis 

is a type of chemotaxis in the non-liquid environment. It is a 

migration of cells along the gradients of substrate-bound cues 

within the extracellular matrix e.g. along the gradient of a 

specific glycoprotein. Alignotaxis is the tumor cell migration 

promoted by reorganization of collagen into straight-aligned 

fibers. Durotaxis is cell migration fostered by endogenous 

stiffness gradients [75, 76].  

Thus, the extracellular matrix is the location and immediate 

regulator of the cancer development process. 

2.3. Matrix Exosomes  

Tumor and stromal cells interact through gap junctions and 

exosomes. Another communication channel is represented by 

microvesicles, plasma membrane-derived particles that are 

released into the extracellular environment by the outward 

budding of the plasma membrane. Cell communication is the 

most important role of exosomes and microvesicles. Their 

membranes protect signaling molecules against lytic enzymes 

and help transport them to the target cells. Targeted delivery of 

the signals also depends on the structure of exosome and 

microvesicle membranes. This targeted microvesicle binding is 

important when it comes to the creation of artificial exosomes 

capable of delivering therapeutic active cargo into the target 

cells [77-82]. 

2.4. Biologically Active Molecules of the Extracellular 
Matrix Involved in Cell Communications 

The extracellular matrix is a medium of interaction between the 

connective tissue and epithelial cells, including cancer cells. 

Collagen is the major component of the extracellular matrix. 

Collagen, fibrin, elastin and hyaluronic acid are responsible for 

the structural function of the extracellular matrix. However, 

this is not its only function. The matrix is also a place where 

biologically active molecules released by stromal and epithelial 

cells are located. These substances are responsible for 

integrating the cells, tissues, and tumor into one complex 

system. The altered extracellular matrix may substantially 

increase tumor cell survival and decrease their response to 

chemo- and radiation therapy. 

Stromal alterations of this sort are associated with desmoplastic 

changes, increased numbers of cancer-associated fibroblasts 

(bone marrow-derived myofibroblasts), accumulation of beta-1 

integrin and PI 3-kinase activator, as well as collagen VI [83-

85]. Detachment of cells from the matrix integrins may lead to 

cell death [86]. Decorin ensures the integrity of the connective 

tissue in various organs, but also plays an important role in 

regulating cancer cell proliferation [87]. Its derivative, Leucine 

Rich Repeat 5 (LRR5), inhibits angiogenesis through 

suppressing the vascular endothelial growth factor (VEGF) 

and slowing down endothelial cell migration [88]. 
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Periostin is also important for tumor progression [89-91]. 

Clusterin is a widespread protein which participates in 

intracellular communication and regulates growth, 

invasiveness, and metastatic spread of cancer cells. It also helps 

these cells recover after damage and contribute to their 

resistance to chemo- and radiation therapy. It is released by 

both stromal and cancer cells. In the healing of wounds, 

connective tissue cells also release this cancer-stimulating 

protein [92]. 

Bone marrow-derived mesenchymal stromal cells that colonize 

the tumor produce chemerin. This protein increases the 

migration of mesenchymal stem cells into the tumor and their 

transformation into cancer-associated myofibroblasts. These 

myofibroblasts, in turn, promote cancer cell progression. 

Chemerin synthesis suppression may slow down cancer 

progression [93].  

Bone marrow-derived myofibroblasts release matrix 

metalloproteinase 13, which also affects cancer cell 

invasiveness [94]. 

The family of AKT kinases plays a crucial role in oncogenesis 

[95]. Metastases develop after the epithelial-mesenchymal 

transition of cancer cells in situ; the PI3K/AKT signaling 

pathway [96] plays an important role in this process. In tumors, 

increased AKT activity is associated with the activity of stromal 

fibroblasts (CAFs, or myofibroblasts [97]). 

CAFs also produce hydrogen peroxide which leads to the 

malignant transformation of epithelial cells and the progression 

of those cancer cells that have been transformed [98]. 

3. OTHER NON-ENDOCRINE CELL-DERIVED 
MOLECULES THAT ENSURE HISTION INTEGRI-
TY, AND CONTROL THE FUNCTION OF OTHER 
CELLS 

3.1. Role of Cytokines in Cell Communication 

Cytokines are produced by both stromal and tumor cells. Many 

of them promote tumor progression and tumor resistance to 

chemo- and radiation therapy. For example, the levels of 

stromal cell-derived factor-1 are increased in tumors. This 

factor increases the proliferation, migration and invasiveness of 

cancer cells [99, 100]. 

Stromal cell-derived factor-1 (CXCL 12) binds chemokine 

receptor CXCR4. If this receptor is blocked by antibodies, the 

metastatic potential of the cancer cells decreases [101-106].  

Blocking chemokine receptors [107] and ligands [108] is a 

promising line of research in anti-cancer therapy.  

Other ligands and their receptors (e.g. CXCL16 and CXCR6) 

can also promote cancer cell proliferation [109]. 

Transforming growth factor beta 1 (TGF beta 1) also facilitates 

stromal and cancer cell communication. It induces 

transformation of fibroblasts into myofibroblasts and 

mobilization of bone marrow stromal stem cells into the 

tumor, with their further transformation into myofibroblasts 

that promote the growth of cancer cells and increase their 

invasiveness [110-113].  

Tumor growth factor beta 1 (TGF beta 1) is produced by both 

cancer cells and myofibroblasts [114, 115]. Blocking TGF beta 

1 can have a therapeutic effect on malignant neoplasms [116, 

117]. 

Bone marrow-derived myofibroblasts promote tumorigenesis 

and tumor growth through activating pro-inflammatory 

cytokines IL-1 and IL-6. Adipocytes and cells that are involved 

in chronic inflammation also produce these cytokines [118-

120]. Cyclo-oxygenase-2 (COX-2) is controlled by various 

growth factors and cytokines IL-1, IL-6, and TNF alpha [121]. 

COX-2 inhibition decreases the level of IL-6 [122] and slows 

down cancer progression [123]. 

3.2. Role of Non-coding RNA in Cell Communication 

MicroRNAs (miRNAs) of the extracellular matrix are another 

group of signaling molecules which participate in the 

interaction of stromal and cancer cells [124, 125]. It is believed 

that all types of non-coding RNAs (i.e. both long non-coding 

RNAs and microRNAs) can be regulatory messengers between 

stroma and cancer cells [126]. Their action is allegedly related 

to the epigenetic effect on the genome of epithelial cells [127, 

128]. Based on this hypothesis, it is supposed that non-coding 

RNAs participate in intratumor cell communications and may 

contribute to the resistance of cancer cells to anti-cancer 

therapy [129]. 

3.3. Neurotransmitters as cell-Signaling Molecules of 
Tumors 

Acetylcholine was one of the first neurotransmitters—chemical 

messengers that transmit signals across chemical synapses—to 

be discovered. Acetylcholine is synthesized by choline 

acetyltransferase in the pre-synaptic neural cell, whereas 

acetylcholinesterase degrades free acetylcholine in the synaptic 

cleft. Nicotinic (nAChR) and muscarinic (mAChRs) receptors 

are two main types of cholinergic receptors. Muscarinic 

receptors are so named because they are more sensitive to 

muscarine than to nicotine, whereas nicotinic receptors are 

more sensitive to nicotine. When bound to acetylcholine, 

mAChRs activate G-protein. This activation results, in turn, in 

the activation of certain ion channels. A number of nAChR 

subunits have been identified, and there are five types of 

mAChRs (М1, М2, М3, М4, М5) [130]. 

Acetylcholine also occurs in non-nerve tissues [131]. In these 

tissues, it controls many vital cell functions, such as gene 

expression, proliferation, differentiation, cytoskeletal anchoring 

and clustering, migration, secretion, and absorption. It also 

plays an important role in various pathological processes, such 

as inflammation and cancer [132]. Different non-nerve cells 

have different combinations of choline receptor subtypes. 

Certain endogenic substances can induce specific types of 

choline receptors. For example, choline induces synthesis of 

alpha 9 subtype, whereas bile acids induce M3 receptors. 

Cholinergic non-nerve cell communication does not correlate 

with the cholinergic or adrenergic type of tissue innervation. 

Acetylcholine can change signals from other cells through its 

effect on ion channels [133]. Acetylcholine promotes fibroblast 

proliferation and regulates synthesis of cytokines and 

extracellular matrix [134]. The cholinergic signaling system also 
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promotes mesenchymal stem cell migration into damaged 

tissues if it is required for tissue regeneration [135]. 

Neurotransmitters regulate embriogenesis at the early stages, 

even before nerve system development begins. Already at these 

early stages, embryo cells synthesize several transmitters that 

are present both on the cell membranes and inside the cells. 

Antagonists of neurotransmitters can block cell 

communication in sea urchin embryos at the very early stages 

of their development [136]. In chicken embryos, some 

cholinolytics impair embryonic development [137]. 

In addition to neuron signal transduction, neuropeptides and 

neurotransmitters are involved in various cell interactions. For 

example, enzymes responsible for the synthesis of 

neuropeptides, acetylcholine, catecholamines, glutamates, and 

their receptors have been found in keratinocyte cell culture. All 

these neurotransmitters are involved in the processes of cell 

proliferation, migration, angiogenesis, and regeneration [138]. 

nAChR, mAChRs, and serotoninergic receptors regulate the 

activity of natural killer cells [139]. Cytotoxicity and migration 

of NK cells and T-lymphocytes is regulated by endorphin, 

histamine, substance P, and a number of hormones, such as 

cortisone, testosterone and estradiol [140]. T-lymphocyte 

function is regulated by cytokines, but also by a number of 

peptides, neuropeptides, and neurotransmitters, such as 

somatostatin, calcitonin gene-related peptide, substance P, and 

dopamine. Neurotransmitters can effectively alter the cytokine-

dependent activity of T-lymphocytes [141]. For example, 

purinergic signaling mechanisms associated with Т-lymphocyte 

regulation were found in tissues affected by inflammatory 

bowel disease [142]. 

Macrophages are an important element of the immune system. 

Their cytostatic or cytotoxic activity is supported by the 

production of nitric oxide (NO), a neurotransmitter, which is 

synthesized by the NO synthases of the macrophages [143]. 

NO also stimulates synthesis of metalloproteinase-regulating 

mRNA; these enzymes are required for cell migration [144]. 

It has been shown that in adenocarcinomas of the mammaries, 

lungs, pancreas, and colon, synthesis of arachidonic acid 

[which regulates cancer cell growth] is controlled by beta-

adrenergic cues [145].  

Cannabinoid neurotransmitters inhibit the growth of colon 

cancer cells through the destruction of one of the microRNAs 

[146]. Neurotransmitters belong to the complex target cell-

regulating network of signaling pathways [147]. It is also worth 

noting that only some beta-adrenergic antagonists can block 

the pathogenic effect of beta-adrenergic agonists [148]; 

effective antagonists must be selected by trial and error. 

Synthesis of neurotransmitters is regulated by nucleic acids, 

microRNAs in particular [149, 150]. 

Cytokine-mediated cancer parenchyma and stromal cell 

interactions lead to tumor progression. Cytokine-blocking 

therapy slows this process down. Cytokines are regulated by 

neurotransmitters. Moreover, neurotransmitters, such as the 

catecholamines dopamine, norepinephrine and epinephrine, as 

well as nicotine, their agonist, promote cancer cell migration 

and enhance their metastatic potential. Norepinephrine and 

epinephrine are typical stress hormones. Their beta-blockers 

can inhibit migration of cancer cells. Gamma-aminobutyric 

acid also inhibits norepinephrine‟s pro-migratory effect. 

Inflammation-associated neurotransmitters, such as histamine, 

bradykinin, and substance P, exert a tumor-progressive effect 

[151-155]. 

Nicotine increases cancer cell migration through PI3K/AKT 

signaling pathway activation [156]. 

Beta-adrenergic blocking agents may reduce cancer cell 

migration and thus improve treatment outcomes. This 

hypothesis was confirmed in a mid size clinical trial, where 

beta-blocker treated patients showed a significant reduction in 

metastasis development, tumor recurrence, and longer disease 

free interval [157]. 

4. SUMMARY 

Interactions of the tumor parenchyma cells and stromal cells 

are a continuous, mutually supportive process. These cells 

form an aberrant histion, a complex ecological system [158] 

that supports its own stability, viability, and resistance to 

therapies. Cells that constitute this system interact through 

secretion of cytokines, miRNAs, and neurotransmitters—in 

this context, it may be better to call them cytotransmitters. To 

some extent, neurotransmitters control the synthesis of 

cytokines and nucleic acids. 

Cancer development requires both damage to the epithelial 

stem cell genome to transform it into a precancerous cell, and 

altered secretory activity of the stromal cells, primarily of the 

bone marrow-derived myofibroblasts. Altered stromal signals 

transform precancerous stem cells into cancer stem cells. 

Stromal and cancer cells communicate through regulatory 

pathways that include various ligands produced by the stromal 

cells, and their receptors located on or in target cells. It is very 

likely that if the main pathway is blocked, then other pathways 

get activated. These alternative pathways use different ligands 

and receptors. Thus, it is possible to speak of a regulatory 

network that integrates different regulatory pathways. This 

means that the effective blocking of target cell interactions can 

only be achieved through switching off as many elements of 

the regulatory network as possible. 

The above considerations allow us to assume that research into 

neurotransmitters, their agonists and antagonists may be a 

promising line of inquiry and may help develop methods for 

cancer histion integrity disruption. Such methods could be a 

helpful addition to chemo- and radiotherapy and may improve 

therapy outcomes. It should also be mentioned that 

neurotransmitters, their agonists and antagonists are readily 

available substances, thus the development of 

neurotransmitter-based therapeutic agents may be a relatively 

easy task. 

ACKNOWLEDGEMENTS 

I deeply appreciate the friendly support and critiques received 

from Dr. David E. Burstein. I am also grateful to Mrs. Rachel 



 Interaction of Various Cancer Tissue Components      11 

Pinotti. As a librarian, she helped me a great deal in compiling 

the list of references. 

CONFLICT OF INTEREST 

The authors declare no conflicts of interest. 

REFERENCES 

[1].  Paget S. The distribution of secondary growths in cancer of the breast. 
Cancer Metastasis Rev 1989; 8: 98-101. 

[2].  Shtilbans V. Role of stromal-epithelial interaction in the formation 
and development of cancer cells. Cancer Microenviron 2013; 6: 193-
202. 

[3].  Kaminska K, Szczylik C, Bielecka ZF, et al. The role of the cell-cell 
interactions in cancer progression. J Cell Mol Med 2015; 19: 283-96. 

[4].  Bizzarri M, Cucina A. Tumor and the microenvironment: a chance to 
reframe the paradigm of carcinogenesis? BioMed Res Int. 2014; 2014: 
934038. 

[5].  Tarin D. Cell and tissue interactions in carcinogenesis and metastasis 
and their clinical significance. Semin Cancer Biol 2011; 21: 72-82. 

[6].  Tarin D. Clinical and biological implications of the tumor 
microenvironment. Cancer Microenviron 2012; 5: 95-112. 

[7].  Gillette JM, Larochelle A, Dunbar CE, Lippincott-Schwartz J. 
Intercellular transfer to signaling endosomes regulates an ex vivo bone 
marrow niche. Nat Cell Biol 2009; 11: 303-11. 

[8].  Borovski T, De Sousa EMF, Vermeulen L, Medema JP. Cancer stem 
cell niche: the place to be. Cancer Res 2011; 71: 634-9. 

[9].  Lin EH, Jiang Y, Deng Y, Lapsiwala R, Lin T, Blau CA. Cancer stem 
cells, endothelial progenitors, and mesenchymal stem cells: "seed and 
soil" theory revisited. Gastrointest Cancer Res 2008; 2: 169-74. 

[10].  Lin EH, Jiang Y, Deng Y, Lapsiwala R, Lin T, Blau CA. Cancer stem 
cells, endothelial progenitors, and mesenchymal stem cells: "seed and 
soil" theory revisited. Gastrointest Cancer Res 2008; 2: 169-74. 

[11].  Fazilaty H, Gardaneh M, Bahrami T, Salmaninejad A, Behnam B. 
Crosstalk between breast cancer stem cells and metastatic niche: 
emerging molecular metastasis pathway? Tumour Biol 2013; 34: 2019-
30. 

[12].  Klochkov ND. The histion as the elementary morphofunctional organ 
unit. Morfologiia [Saint Petersburg, Russia] 1997; 112: 87-8. 

[13].  Gossner W. Target cells in internal dosimetry. Radiat Prot Dosimetry 
2003; 105: 39-42. 

[14].  Savost'ianov GA. The origin of elementary units of multicellularity 
and development of a spatial organization of cell layers. Izv Akad 
Nauk Ser Biol 2012: 164-74. 

[15].  Zavarzin, A. A. Izbrannye trudy : [v 4 tomach] : ocerki evolucionnoj 
gistologii krovi i soedinitel'noj tkani [Vol. 4]. Moskva 1953 

[16].  Chung LW, Baseman A, Assikis V, Zhau HE. Molecular insights into 
prostate cancer progression: the missing link of tumor 
microenvironment. J Urol 2005; 173: 10-20. 

[17].  Castano Z, Fillmore CM, Kim CF, McAllister SS. The bed and the 
bugs: interactions between the tumor microenvironment and cancer 
stem cells. Semin Cancer Biol 2012; 22: 462-70. 

[18].  Folkman J. Tumor angiogenesis: therapeutic implications. N Engl J 
Med 1971; 285: 1182-6. 

[19].  Udagawa T, Wood M. Tumor-stromal cell interactions and 
opportunities for therapeutic intervention. Curr Opin Pharmacol 
2010; 10: 369-74. 

[20].  Bhowmick NA, Neilson EG, Moses HL. Stromal fibroblasts in cancer 
initiation and progression. Nature 2004; 432: 332-7. 

[21].  Shtilbans, V. Role of bone marrow stem cells and bone marrow stem 
cell derived myofribroblasts in carcinogensis and cancer development, 
and ways of inhibit the process of malignization. In: Martinez, A [ed] 
Myofibroblasts : origin, function and role in disease.  Hauppauge, 
New York: Nova Science Publisher's 2016; pp. 67-108. 

[22].  Yeung TM, Buskens C, Wang LM, Mortensen NJ, Bodmer WF. 
Myofibroblast activation in colorectal cancer lymph node metastases. 
Br J Cancer 2013; 108: 2106-15. 

[23].  Shiga K, Hara M, Nagasaki T, Sato T, Takahashi H, Takeyama H. 
Cancer-associated fibroblasts: their characteristics and their roles in 
tumor growth. Cancers 2015; 7: 2443-58. 

[24].  Lucio PS, Cavalcanti AL, Alves PM, Godoy GP, Nonaka CF. 
Myofibroblasts and their relationship with oral squamous cell 
carcinoma. Braz J Otorhinolaryngol 2013; 79: 112-8. 

[25].  Cuiffo BG, Karnoub AE. Mesenchymal stem cells in tumor 
development: emerging roles and concepts. Cell Adh Migr 2012; 6: 
220-30. 

[26].  Ermilova VD, Sokolova IG. Drug pathomorphosis of breast cancer 
(proceedings). Arkh Patol 1980; 42: 9-12. 

[27].  Jiang H, Hegde S, DeNardo DG. Tumor-associated fibrosis as a 
regulator of tumor immunity and response to immunotherapy. Cancer 
Immunol Immunother 2017; 66: 1037-48. 

[28].  Malik N, Lad S, Seely JM, Schweitzer ME. Underestimation of 
malignancy in biopsy-proven cases of stromal fibrosis. Br J Radiol 
2014; 87: 20140182. 

[29].  Hemmings C. Is carcinoma a mesenchymal disease? The role of the 
stromal microenvironment in carcinogenesis. Pathology 2013; 45: 371-
81. 

[30].  Ben-Jacob E, Coffey DS, Levine H. Bacterial survival strategies 
suggest rethinking cancer cooperativity. Trends Microbiol 2012; 20: 
403-10. 

[31].  Pollard JW. Tumour-educated macrophages promote tumour 
progression and metastasis. Nat Rev Cancer 2004; 4: 71-8. 

[32].  Goswami KK, Ghosh T, Ghosh S, Sarkar M, Bose A, Baral R. Tumor 
promoting role of anti-tumor macrophages in tumor 
microenvironment. Cell Immunol 2017; 316: 1-10. 

[33].  Gout S, Huot J. Role of cancer microenvironment in metastasis: focus 
on colon cancer. Cancer Microenviron 2008; 1: 69-83. 

[34].  Lewis CE, Harney AS, Pollard JW. The multifaceted role of 
perivascular macrophages in tumors. Cancer Cell 2016; 30: 18-25. 

[35].  Dehne N, Mora J, Namgaladze D, Weigert A, Brune B. Cancer cell 
and macrophage cross-talk in the tumor microenvironment. Curr 
Opin Pharmacol 2017; 35: 12-9. 

[36].  Sangaletti S, Chiodoni C, Tripodo C, Colombo MP. Common 
extracellular matrix regulation of myeloid cell activity in the bone 
marrow and tumor microenvironments. Cancer Immunol 
Immunother 2017; 66: 1059-67. 

[37].  Sica A, Porta C, Amadori A, Pasto A. Tumor-associated myeloid cells 
as guiding forces of cancer cell stemness. Cancer Immunol 
Immunother 2017; 66: 1025-36. 

[38].  Faustino-Rocha AI, Gama A, Neuparth MJ, Oliveira PA, Ferreira R, 
Ginja M. Mast cells in mammary carcinogenesis: host or tumor 
supporters? Anticancer Res 2017; 37: 1013-21. 

[39].  Galdiero MR, Varricchi G, Loffredo S, Mantovani A, Marone G. 
Roles of neutrophils in cancer growth and progression. J Leukoc Biol 
2018; 103: 457-64. 

[40].  Papaccio F, Paino F, Regad T, Papaccio G, Desiderio V, Tirino V. 
Concise review: cancer cells, cancer stem cells, and mesenchymal stem 
cells: influence in cancer development. Stem Cells Transl Med 2017; 6: 
2115-25. 

[41].  Hasmim M, Messai Y, Ziani L, et al. Critical role of tumor 
microenvironment in shaping NK cell functions: implication of 
hypoxic stress. Front Immunol 2015; 6: 482. 

[42].  Ben-Eliyahu S, Yirmiya R, Liebeskind JC, Taylor AN, Gale RP. Stress 
increases metastatic spread of a mammary tumor in rats: evidence for 
mediation by the immune system. Brain Behav Immun 1991; 5: 193-
205. 

[43].  Wang M, Zhao J, Zhang L, et al. Role of tumor microenvironment in 
tumorigenesis. J Cancer 2017; 8: 761-73. 

[44].  Cozzo AJ, Fuller AM, Makowski L. Contribution of adipose tissue to 
development of cancer. Compr Physiol 2017; 8: 237-82. 

[45].  Robado de Lope L, Alcibar OL, Amor Lopez A, Hergueta-Redondo 
M, Peinado H. Tumour-adipose tissue crosstalk: fuelling tumour 
metastasis by extracellular vesicles. Philos Trans R Soc Lond B Biol 
Sci 2018; 373 pii: 20160485. 

[46].  Maishi N, Hida K. Tumor endothelial cells accelerate tumor 
metastasis. Cancer Sci 2017; 108: 1921-6. 

[47].  De Palma M, Biziato D, Petrova TV. Microenvironmental regulation 
of tumour angiogenesis. Nat Rev Cancer 2017; 17: 457-74. 

[48].  De Palma M, Biziato D, Petrova TV. Microenvironmental regulation 
of tumour angiogenesis. Nat Rev Cancer 2017; 17: 457-74. 

[49].  Davis GE, Norden PR, Bowers SL. Molecular control of capillary 
morphogenesis and maturation by recognition and remodeling of the 
extracellular matrix: functional roles of endothelial cells and pericytes 
in health and disease. Connect Tissue Res 2015; 56: 392-402. 

[50].  Caporali A, Martello A, Miscianinov V, Maselli D, Vono R, Spinetti 
G. Contribution of pericyte paracrine regulation of the endothelium to 
angiogenesis. Pharmacol Ther 2017; 171: 56-64. 

[51].  Amorino GP, Parsons SJ. Neuroendocrine cells in prostate cancer. 
Crit Rev Eukaryot Gene Expr 2004; 14: 287-300. 

[52].  Lupu M, Caruntu A, Caruntu C, et al. Neuroendocrine factors: The 
missing link in nonmelanoma skin cancer [Review]. Oncol Rep 2017; 
38: 1327-40. 

[53].  Entschladen F, Palm D, Drell TLt, Lang K, Zaenker KS. Connecting 
a tumor to the environment. Curr Pharm Des 2007; 13: 3440-4. 



12    Viktor Shtilbans  

[54].  Hanoun M, Maryanovich M, Arnal-Estape A, Frenette PS. Neural 
regulation of hematopoiesis, inflammation, and cancer. Neuron 2015; 
86: 360-73. 

[55].  Dorosevich AE, Abrosimov S, Golubkov MA. Autonomic nerve 
endings and their cell microenvironment as one of the integral parts of 
the stromal component in breast dysplasia and cancer. Arkhiv Patol 
1994; 56: 49-53. 

[56].  Zhao C, Hayakawa Y, Kodama Y, Muthupalani S, Westphalen C, 
Chen D. Vagal innervation is necessary for gastric tumorigenesis. 
Cancer Discov 2014; 4: OF15. 

[57].  Rabben HL, Zhao CM, Hayakawa Y, Wang TC, Chen D. Vagotomy 
and Gastric Tumorigenesis. Curr Neuropharmacol 2016; 14: 967-72. 

[58].  Magnon C, Hall SJ, Lin J, et al. Autonomic nerve development 
contributes to prostate cancer progression. Science 2013; 341: 
1236361. 

[59].  Demir IE, Friess H, Ceyhan GO. Nerve-cancer interactions in the 
stromal biology of pancreatic cancer. Front Physiol 2012; 3: 97. 

[60].  Cole SW. Nervous system regulation of the cancer genome. Brain 
Behav Immun 2013; 30 (Suppl): S10-8. 

[61].  Fernandez EV, Price DK, Figg WD. Prostate cancer progression 
attributed to autonomic nerve development: potential for therapeutic 
prevention of localized and metastatic disease. Cancer Biol Ther 2013; 
14: 1005-6. 

[62].  Runa F, Hamalian S, Meade K, Shisgal P, Gray PC, Kelber JA. Tumor 
microenvironment heterogeneity: challenges and opportunities. Curr 
Mol Biol Rep 2017; 3: 218-29. 

[63].  Raave R, van Kuppevelt TH, Daamen WF. Chemotherapeutic drug 
delivery by tumoral extracellular matrix targeting. J Control Release 
2018; 274: 1-8. 

[64].  Sangaletti S, Chiodoni C, Tripodo C, Colombo MP. The good and bad 
of targeting cancer-associated extracellular matrix. Curr Opin 
Pharmacol 2017; 35: 75-82. 

[65].  Powell DW, Adegboyega PA, Di Mari JF, Mifflin RC. Epithelial cells 
and their neighbors I. Role of intestinal myofibroblasts in 
development, repair, and cancer. Am J Physiol Gastrointest Liver 
Physiol 2005; 289: G2-7. 

[66].  Lecomte J, Masset A, Blacher S, et al. Bone marrow-derived 
myofibroblasts are the providers of pro-invasive matrix 
metalloproteinase 13 in primary tumor. Neoplasia 2012; 14: 943-51. 

[67].  Worthley DL, Giraud AS, Wang TC. Stromal fibroblasts in digestive 
cancer. Cancer Microenviron 2010; 3: 117-25. 

[68].  Leber MF, Efferth T. Molecular principles of cancer invasion and 
metastasis [review]. Int J Oncol 2009; 34: 881-95. 

[69].  Guan X. Cancer metastases: challenges and opportunities. Acta Pharm 
Sin B 2015; 5: 402-18. 

[70].  Sangaletti S, Chiodoni C, Tripodo C, Colombo MP. Common 
extracellular matrix regulation of myeloid cell activity in the bone 
marrow and tumor microenvironments. Cancer Immunol 
Immunother 2017; 66: 1059-67. 

[71].  Zhang Q, Peng C. Cancer-associated fibroblasts regulate the biological 
behavior of cancer cells and stroma in gastric cancer. Oncol Lett 2018; 
15: 691-8. 

[72].  De Boeck A, Hendrix A, Maynard D, et al. Differential secretome 
analysis of cancer-associated fibroblasts and bone marrow-derived 
precursors to identify microenvironmental regulators of colon cancer 
progression. Proteomics 2013; 13: 379-88. 

[73].  Lin HJ, Zuo T, Chao JR, et al. Seed in soil, with an epigenetic view. 
Biochim Biophys Acta 2009; 1790: 920-4. 

[74].  Oudin MJ, Weaver VM. Physical and chemical gradients in the tumor 
microenvironment regulate tumor cell invasion, migration, and 
metastasis. Cold Spring Harb Symp Quant Biol 2016; 81: 189-205. 

[75].  Harland B, Walcott S, Sun SX. Adhesion dynamics and durotaxis in 
migrating cells. Phys Biol 2011; 8: 015011. 

[76].  Lachowski D, Cortes E, Pink D, et al. Substrate rigidity controls 
activation and durotaxis in pancreatic stellate cells. Sci Rep 2017; 7: 
2506. 

[77].  Roma-Rodrigues C, Fernandes AR, Baptista PV. Exosome in tumour 
microenvironment: overview of the crosstalk between normal and 
cancer cells. BioMed Res Int 2014; 2014: 179486. 

[78].  Barcellos-Hoff MH, Lyden D, Wang TC. The evolution of the cancer 
niche during multistage carcinogenesis. Nat Rev Cancer 2013; 13: 511-
8. 

[79].  Takasugi M. Emerging roles of extracellular vesicles in cellular 
senescence and aging. Aging Cell 2018; 17: doi: 10.1111/acel.12734. 
Epub 2018 Feb 1. 

[80].  Paolillo M, Schinelli S. Integrins and exosomes, a dangerous liaison in 
cancer progression. Cancers 2017; 9: pii: E95. 

[81].  Marjon KD, Gillette JM. Measurement of intercellular transfer to 
signaling endosomes. Methods Enzymol 2014; 534: 207-21. 

[82].  Kahlert C, Kalluri R. Exosomes in tumor microenvironment influence 
cancer progression and metastasis. J Mol Med (Berl) 2013; 91: 431-7. 

[83].  Sherman-Baust CA, Weeraratna AT, Rangel LB, et al. Remodeling of 
the extracellular matrix through overexpression of collagen VI 
contributes to cisplatin resistance in ovarian cancer cells. Cancer Cell 
2003; 3: 377-86. 

[84].  Rintoul RC, Sethi T. Extracellular matrix regulation of drug resistance 
in small-cell lung cancer. Clin Sci (Lond) 2002; 102: 417-24. 

[85].  Nielsen MF, Mortensen MB, Detlefsen S. Key players in pancreatic 
cancer-stroma interaction: cancer-associated fibroblasts, endothelial 
and inflammatory cells. World J Gastroenterol 2016; 22: 2678-700. 

[86].  Jean C, Gravelle P, Fournie JJ, Laurent G. Influence of stress on 
extracellular matrix and integrin biology. Oncogene 2011; 30: 2697-
706. 

[87].  Zhang W, Ge Y, Cheng Q, Zhang Q, Fang L, Zheng J. Decorin is a 
pivotal effector in the extracellular matrix and tumour 
microenvironment. Oncotarget 2018; 9: 5480-91. 

[88].  Fan H, Sulochana KN, Chong YS, Ge R. Decorin derived 
antiangiogenic peptide LRR5 inhibits endothelial cell migration by 
interfering with VEGF-stimulated NO release. Int J Biochem Cell 
Biol 2008; 40: 2120-8. 

[89].  Ratajczak-Wielgomas K, Dziegiel P. The role of periostin in neoplastic 
processes. Folia Histochem Cytobiol 2015; 53: 120-32. 

[90].  Liu GX, Xi HQ, Sun XY, et al. Isoprenaline induces periostin 
expression in gastric cancer. Yonsei Med J 2016; 57: 557-64. 

[91].  Moniuszko T, Wincewicz A, Koda M, Domyslawska I, Sulkowski S. 
Role of periostin in esophageal, gastric and colon cancer. Oncol Lett 
2016; 12: 783-7. 

[92].  Pucci S, Mazzarelli P, Nucci C, Ricci F, Spagnoli LG. CLU "in and 
out": looking for a link. Adv Cancer Res 2009; 105: 93-113. 

[93].  Kumar JD, Holmberg C, Kandola S, et al. Increased expression of 
chemerin in squamous esophageal cancer myofibroblasts and role in 
recruitment of mesenchymal stromal cells. PloS ONE 2014; 9: 
e104877. 

[94].  Lecomte J, Masset A, Blacher S, et al. Bone marrow-derived 
myofibroblasts are the providers of pro-invasive matrix 
metalloproteinase 13 in primary tumor. Neoplasia 2012; 14: 943-51. 

[95].  Shtilbans V, Wu M, Burstein DE. Current overview of the role of Akt 
in cancer studies via applied immunohistochemistry. Ann Diagn 
Pathol 2008; 12: 153-60. 

[96].  Xu W, Yang Z, Lu N. A new role for the PI3K/Akt signaling pathway 
in the epithelial-mesenchymal transition. Cell Adh Migr 2015; 9: 317-
24. 

[97].  Cichon AC, Pickard A, McDade SS, et al. AKT in stromal fibroblasts 
controls invasion of epithelial cells. Oncotarget 2013; 4: 1103-16. 

[98].  Jezierska-Drutel A, Rosenzweig SA, Neumann CA. Role of oxidative 
stress and the microenvironment in breast cancer development and 
progression. Adv Cancer Res 2013; 119: 107-25. 

[99].  Kong L, Guo S, Liu C, et al. Overexpression of SDF-1 activates the 
NF-kappaB pathway to induce epithelial to mesenchymal transition 
and cancer stem cell-like phenotypes of breast cancer cells. Int J 
Oncol 2016; 48: 1085-94. 

[100].  Mognetti B, La Montagna G, Perrelli MG, Pagliaro P, Penna C. Bone 
marrow mesenchymal stem cells increase motility of prostate cancer 
cells via production of stromal cell-derived factor-1alpha. J Cell Mol 
Med 2013; 17: 287-92. 

[101].  Guleng B, Tateishi K, Ohta M, et al. Blockade of the stromal cell-
derived factor-1/CXCR4 axis attenuates in vivo tumor growth by 
inhibiting angiogenesis in a vascular endothelial growth factor-
independent manner. Cancer Res 2005; 65: 5864-71. 

[102].  Muller A, Homey B, Soto H, et al. Involvement of chemokine 
receptors in breast cancer metastasis. Nature 2001; 410: 50-6. 

[103].  Arya M, Patel HR, McGurk C, et al. The importance of the CXCL12-
CXCR4 chemokine ligand-receptor interaction in prostate cancer 
metastasis. J Exp Ther Oncol 2004; 4: 291-303. 

[104].  Wang Z, Sun J, Feng Y, Tian X, Wang B, Zhou Y. Oncogenic roles 
and drug target of CXCR4/CXCL12 axis in lung cancer and cancer 
stem cell. Tumour Biol 2016; 37: 8515-28. 

[105].  Jung Y, Kim JK, Shiozawa Y, et al. Recruitment of mesenchymal stem 
cells into prostate tumours promotes metastasis. Nat Commun 2013; 
4: 1795. 

[106].  Muders MH, Baretton GB. The metastatic niche. Mechanisms and 
prognostic implications. Pathologe 2015; 36 (Suppl 2): 185-8. 

[107].  Wang Y, Xie Y, Oupicky D. Potential of CXCR4/CXCL12 
chemokine axis in cancer drug delivery. Curr Pharmacol Rep 2016; 2: 
1-10. 



 Interaction of Various Cancer Tissue Components      13 

[108].  Kast RE. Profound blockage of CXCR4 signaling at multiple points 
using the synergy between plerixafor, mirtazapine, and clotrimazole as 
a new glioblastoma treatment adjunct. Turk Neurosurg 2010; 20: 425-
9. 

[109].  Takiguchi G, Nishita M, Kurita K, Kakeji Y, Minami Y. Wnt5a-Ror2 
signaling in mesenchymal stem cells promotes proliferation of gastric 
cancer cells by activating CXCL16-CXCR6 axis. Cancer Sci 2016; 107: 
290-7. 

[110].  Alili L, Sack M, Puschmann K, Brenneisen P. Fibroblast-to-
myofibroblast switch is mediated by NAD[P]H oxidase generated 
reactive oxygen species. Biosci Rep 2014; 34: pii: e00089. 

[111].  Jia SS, Li WY, Liu X, Li LY. Transforming growth factor-beta1 
induces differentiation of bone marrow-derived mesenchymal stem 
cells into myofibroblasts via production of reactive oxygen species. 
Beijing Da Xue Xue Bao Yi Xue Ban 2015; 47: 737-42. 

[112].  Ao M, Franco OE, Park D, Raman D, Williams K, Hayward SW. 
Cross-talk between paracrine-acting cytokine and chemokine pathways 
promotes malignancy in benign human prostatic epithelium. Cancer 
Res 2007; 67: 4244-53. 

[113].  Zhu L, Cheng X, Shi J, et al. Crosstalk between bone marrow-derived 
myofibroblasts and gastric cancer cells regulates cancer stemness and 
promotes tumorigenesis. Oncogene 2016; 35: 5388-99. 

[114].  Kim W, Barron DA, San Martin R, et al. RUNX1 is essential for 
mesenchymal stem cell proliferation and myofibroblast differentiation. 
Proc Natl Acad Sci U S A 2014; 111: 16389-94. 

[115].  Castellone MD, Laukkanen MO. TGF-beta1, WNT, and SHH 
signaling in tumor progression and in fibrotic diseases. Front Biosci 
(Schol Ed) 2017; 9: 31-45. 

[116].  Noma K, Smalley KS, Lioni M, et al. The essential role of fibroblasts 
in esophageal squamous cell carcinoma-induced angiogenesis. 
Gastroenterology 2008; 134: 1981-93. 

[117].  Kaminska B, Kocyk M, Kijewska M. TGF beta signaling and its role 
in glioma pathogenesis. Adv Exp Med Biol 2013; 986: 171-87. 

[118].  Tarasiuk A, Mosinska P, Fichna J. The mechanisms linking obesity to 
colon cancer: an overview. Obes Res Clin Pract 2018; 12: 251-9. 

[119].  Zhu L, Cheng X, Ding Y, et al. Bone marrow-derived myofibroblasts 
promote colon tumorigenesis through the IL-6/JAK2/STAT3 
pathway. Cancer Lett 2014; 343: 80-9. 

[120].  Al-toub M, Almusa A, Almajed M, et al. Pleiotropic effects of cancer 
cells' secreted factors on human stromal [mesenchymal] stem cells. 
Stem Cell Res Ther 2013; 4: 114. 

[121].  Sobolewski C, Cerella C, Dicato M, Ghibelli L, Diederich M. The role 
of cyclooxygenase-2 in cell proliferation and cell death in human 
malignancies. Int J Cell Biol 2010; 2010: 215158. 

[122].  Zhao Y, Usatyuk PV, Gorshkova IA, et al. Regulation of COX-2 
expression and IL-6 release by particulate matter in airway epithelial 
cells. Am J Respir Cell Mol Biol 2009; 40: 19-30. 

[123].  Echizen K, Oshima H, Nakayama M, Oshima M. The inflammatory 
microenvironment that promotes gastrointestinal cancer development 
and invasion. Adv Biol Regul 2018; 68: 39-45. 

[124].  Su Y, Li X, Ji W, et al. Small molecule with big role: MicroRNAs in 
cancer metastatic microenvironments. Cancer Lett 2014; 344: 147-56. 

[125].  Kohlhapp FJ, Mitra AK, Lengyel E, Peter ME. MicroRNAs as 
mediators and communicators between cancer cells and the tumor 
microenvironment. Oncogene 2015; 34: 5857-68. 

[126].  Catana CS, Pichler M, Giannelli G, Mader RM, Berindan-Neagoe I. 
Non-coding RNAs, the Trojan horse in two-way communication 
between tumor and stroma in colorectal and hepatocellular carcinoma. 
Oncotarget 2017; 8: 29519-34. 

[127].  Fabbri M, Calore F, Paone A, Galli R, Calin GA. Epigenetic regulation 
of miRNAs in cancer. Adv Exp Med Biol 2013; 754: 137-48. 

[128].  Malumbres M. miRNAs and cancer: an epigenetics view. Mol Aspects 
Med 2013; 34: 863-74. 

[129].  Jafri MA, Zaidi SK, Ansari SA, Al-Qahtani MH, Shay JW. 
MicroRNAs as potential drug targets for therapeutic intervention in 
colorectal cancer. Expert Opin Ther Targets 2015; 19: 1705-23. 

[130].  Wessler I, Kirkpatrick CJ, Racke K. Non-neuronal acetylcholine, a 
locally acting molecule, widely distributed in biological systems: 
expression and function in humans. Pharmacol Ther 1998; 77: 59-79. 

[131].  Whittaker VP. Identification of acetylcholine and related esters of 
biological origin. In: Koelle GB, editor. Cholinesterases and 
anticholinesterase agents. Berlin, Heidelberg: Springer Berlin 
Heidelberg; 1963. p. 1-39. 

[132].  Wessler I, Kilbinger H, Bittinger F, Kirkpatrick CJ. The biological role 
of non-neuronal acetylcholine in plants and humans. Jpn J Pharmacol 
2001; 85: 2-10. 

[133].  Wessler I, Kirkpatrick CJ. Acetylcholine beyond neurons: the non-
neuronal cholinergic system in humans. Br J Pharmacol 2008; 154: 
1558-71. 

[134].  Meurs H, Dekkers BG, Maarsingh H, Halayko AJ, Zaagsma J, Gosens 
R. Muscarinic receptors on airway mesenchymal cells: novel findings 
for an ancient target. Pulm Pharmacol Ther 2013; 26: 145-55. 

[135].  Schraufstatter IU, DiScipio RG, Khaldoyanidi SK. Alpha 7 subunit of 
nAChR regulates migration of human mesenchymal stem cells. J Stem 
Cells 2009; 4: 203-15. 

[136].  Buznikov G. Neurotransmitters in embryogenesis. Chur, Switzerland: 
Harwood Academic; 1990. 

[137].  Shtilbans VI. The effect of amyzil and gangleron on chicken 
embryogenesis. Biull Eksp Biol Med 1970; 69: 106-9. 

[138].  Sloniecka M, Le Roux S, Boman P, Bystrom B, Zhou Q, Danielson P. 
Expression profiles of neuropeptides, neurotransmitters, and their 
receptors in human keratocytes in vitro and in situ. PloS ONE 2015; 
10: e0134157. 

[139].  Hsueh CM, Chen SF, Lin RJ, Chao HJ. Cholinergic and serotonergic 
activities are required in triggering conditioned NK cell response. J 
Neuroimmunol 2002; 123: 102-11. 

[140].  Lang K, Drell TL, Niggemann B, Zanker KS, Entschladen F. 
Neurotransmitters regulate the migration and cytotoxicity in natural 
killer cells. Immunol Lett 2003; 90: 165-72. 

[141].  Levite M. Nerve-driven immunity. The direct effects of 
neurotransmitters on T-cell function. Ann N Y Acad Sci 2000; 917: 
307-21. 

[142].  Longhi MS, Moss A, Jiang ZG, Robson SC. Purinergic signaling 
during intestinal inflammation. J Mol Med (Berl) 2017; 95: 915-25. 

[143].  Bogdan C. Nitric oxide synthase in innate and adaptive immunity: an 
update. Trends Immunol 2015; 36: 161-78. 

[144].  Ishii Y, Ogura T, Tatemichi M, Fujisawa H, Otsuka F, Esumi H. 
Induction of matrix metalloproteinase gene transcription by nitric 
oxide and mechanisms of MMP-1 gene induction in human melanoma 
cell lines. Int Cancer 2003; 103: 161-8. 

[145].  Cakir Y, Plummer HK, 3rd, Tithof PK, Schuller HM. Beta-adrenergic 
and arachidonic acid-mediated growth regulation of human breast 
cancer cell lines. Int J Oncol 2002; 21: 153-7. 

[146].  Sreevalsan S, Safe S. The cannabinoid WIN 55,212-2 decreases 
specificity protein transcription factors and the oncogenic cap protein 
eIF4E in colon cancer cells. Mol Cancer Ther 2013; 12: 2483-93. 

[147].  Delgado AV, McManus AT, Chambers JP. Production of tumor 
necrosis factor-alpha, interleukin 1-beta, interleukin 2, and interleukin 
6 by rat leukocyte subpopulations after exposure to substance P. 
Neuropeptides 2003; 37: 355-61. 

[148].  Fishman PH, Nussbaum E, Duman RS. Characterization and 
regulation of beta 1-adrenergic receptors in a human neuroepithelioma 
cell line. J Neurochem 1991; 56: 596-602. 

[149].  Martinetz S. MicroRNA's impact on neurotransmitter and 
neuropeptide systems: small but mighty mediators of anxiety. Pflugers 
Arch 2016; 468: 1061-9. 

[150].  Greco SJ, Rameshwar P. MicroRNAs regulate synthesis of the 
neurotransmitter substance P in human mesenchymal stem cell-
derived neuronal cells. Proc Natl Acad Sci U S A 2007; 104: 15484-9. 

[151].  Voss MJ, Entschladen F. Tumor interactions with soluble factors and 
the nervous system. Cell Commun Signal 2010; 8: 21. 

[152].  Lang K, Drell TL 4th, Lindecke A, et al. Induction of a 
metastatogenic tumor cell type by neurotransmitters and its 
pharmacological inhibition by established drugs. Int J Cancer 2004; 
112: 231-8. 

[153].  Entschladen F, Drell TL 4th, Lang K, Joseph J, Zaenker KS. 
Neurotransmitters and chemokines regulate tumor cell migration: 
potential for a new pharmacological approach to inhibit invasion and 
metastasis development. Curr Pharm Des 2005; 11: 403-11. 

[154].  Lang K, Entschladen F, Weidt C, Zaenker KS. Tumor immune escape 
mechanisms: impact of the neuroendocrine system. Cancer Immunol 
Immunother 2006; 55: 749-60. 

[155].  Entschladen F, Drell TLt, Lang K, Joseph J, Zaenker KS. Tumour-cell 
migration, invasion, and metastasis: navigation by neurotransmitters. 
Lancet Oncol 2004; 5: 254-8. 

[156].  Wang C, Gu W, Zhang Y, Ji Y, Wen Y, Xu X. Nicotine promotes 
cervical carcinoma cell line HeLa migration and invasion by activating 
PI3k/Akt/NF-kappaB pathway in vitro. Exp Toxicol Pathol 2017; 69: 
402-7. 

[157].  Powe DG, Voss MJ, Zanker KS, et al. Beta-blocker drug therapy 
reduces secondary cancer formation in breast cancer and improves 
cancer specific survival. Oncotarget 2010; 1: 628-38. 



14    Viktor Shtilbans  

[158].  Ramon YCS, Capdevila C, Hernandez-Losa J, et al. Cancer as an 
ecomolecular disease and a neoplastic consortium. Biochim Biophys 
Acta Rev Cancer 2017; 1868: 484-99. 

 

 
 
 

 

 

This is an open access article licensed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License 

(Attribution-NonCommercial 4.0 International CC-BY-NC 4.0)
© 2018 Mesford Publisher INC




