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The problem of the relationship of the tumor and 
organism for many centuries tied down close attention 
of the best representatives of ancient medicine with their 
amazing medical intuitive, thinkers of the Romantic period 
with the inherent breadth of erudition, masterly research 
methods and the courage of scientific generalizations. 
In the 20th century the first attempts to systematize the 
centuries-long experience in studying this issue have 
been made. It was as early as 1937 when R.E. Kavetsky 
noted, that the basis of carcinogenesis consists of two 
interrelated processes: the formation of local tumor germ 
and tumor disposition — general changes in the orga nism 
causing the possibility of transforming the primary focus 
into developing a tumor disease [1, 2]. The presen ce in the 
host organism special protective mechanisms that prevent 
the development of malignancy was testified by the results 
of studies Earle (1943), A.D. Timofeevskii (1947) and other 
authors [3, 4]. In «Steroid Hormones and Cancer» Lip-
schutz (1950) noted that «antitumor protection» is peculiar 
for the host organism, and only its absence contributes to 
the development of neoplasm [5]. Basing on the results 
of Ewing, Stewart and other researchers’ observations, 
Cowdry (1958) admitted the possibility of cancer cell 
differentiation, and in rare cases — complete regression 
of neoplasm caused by physiological mechanisms. For 
the first time the problem of the relationship between the 
tumor and host, anti-tumor protection was widely dis-
cussed at the VIII International Cancer Congress (Moscow, 
1962), chaired by R.E Kavetsky, and summarized in his 
monographs «The Tumor and the Host» (1962) [7] and 
«The Interaction of the Host and the Tumor» (1977) [8]. To 
date, the new evidence of basic research is accumulated, 
showing the versatility and variety of carcinogenesis and 
anticarcinogenesis mechanisms, which are realized at all 
levels of the organization of biological systems.

However, despite an avalanche-like discovering 
of new molecular biological markers of tumor growth, 
identification of potential targets of therapy, the problem 
approach still remains elusive. There is a paradoxical 
situation when the acceleration of the knowledge bases 
of tumor cell biology pushes horizons, beyond which is 
the key to solving problems. Such situation is caused by 
the increasing autonomy of experimental oncologists 
and clinicians. Excessive sequention of complicated 
medical and biological problem led to the substitution 

of categorical concepts of integrity and particularity as 
a single regulatory system that forms relationship of the 
tumor and the host. It would seem, the ideas about the 
autonomy of tumor growth have long been a thing of the 
history. It is axiomatic that the interaction between tumor 
and the host plays an important role in the development 
of neoplasm and its progression. In the meantime, the 
current tactics of treatment and its results remain in their 
former positions. So a natural question arises: Is the very 
posing of this question right? Is there in the very formula-
tion of the problem of a contrasting tumor and host? What 
factors streamline many rival systems?

To answer these and many other fundamental provi-
sions would be available after creation of a single inte-
grated model, which will be based on the logical mosaic 
of scientific data, on synchronization of terminology and 
on a new paradigm of the organism as a dynamic func-
tional system.

According to the theory of functional systems, a set of 
organs and tissues is self-regulating intelligent building, 
the constituent elements of which interact and contribute 
to the achievement of useful adaptive results for the or-
ganism. Such approach is widely used in the study of both 
normal and pathological manifestations of vital activity [9]. 
As a key element in this model, in what the researchers of 
the second half of 20th century had scarcely any doubt, is 
the gene, as a carrier of information about the structure 
and function of biological system.

To date, the human genome is decoded, and the 
theory, according to which the cells transformation with 
the subsequent formation of the tumor phenotype is the 
result of changes in structural components of the cell 
genome, is unified [10]. Hundreds of proto-oncogenes, 
genes-suppressors and mutator genes are identified. Pro-
to-oncogenes are involved in key processes of cells life: 
regulation, transcription, proliferation, and apoptosis. As a 
result of activation (mutation, amplification, translocation), 
they acquire oncogenic properties, which contributes to 
the violation of cell cycle control, changes in the cascade 
of signal transmission and the level of differentiation.

Tumor suppressors (anti-oncogenes) are in the per-
manent system of confrontation, trying to prevent the 
accumulation of genetic and some other anomalies in the 
cell through the launch of reparative processes in DNA and 
premature cell apoptosis. Inactivation of tumor suppres-
sors contributes to the development of morphogenetic 
responses of cells and activation of angiogenesis [11].

Under neoplastic transformation the cell acquires 
such properties, which are expressed in the formation 
of new antigenic parameters, which not only assist to 
identify it, but also contribute to the understanding of 
molecular mechanisms of escaping of tumor progres-
sion control [12].
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The concept of oncogenes and tumor suppressor 
genes has allowed coming together on a common 
scientific platform the authors of chemical, physical, 
viral, and genetic theory of carcinogenesis. This allowed 
molecular biologists to categorically declare: «cancer is 
a disease of genes».

However, the studies of epigenetic changes in tumor 
cell marked a new era in understanding the basic mecha-
nisms of carcinogenesis. Potentially reversible epigenetic 
changes do not affect the genes’ structure and function, 
but lead to heritable modification of their expression. 
The role of such changes was studied in a much lesser 
extent; however, it has been shown the interaction of 
epigenetic and genetic events, when some provoke the 
others appearance in the process of tumor initiation and 
progression. Epigenetic changes include three separate 
mutually reinforcing mechanisms: changes in DNA meth-
ylation, posttranslational modifications of histones and 
chromatin remodeling, expression of small interfering 
RNA (miRNA) [13, 14].

Of all the epigenetic modifications the most stud-
ied is hypermethylation, which represses transcription 
of the promoter regions of hundreds and thousands 
genes, including tumor suppressor genes, leading to 
their «silence».

Hypomethylation of DNA can lead to activation of 
oncogenes [15]. In tumor cells it may cause chromatin 
decondensation and chromosome rearrangements, 
which can lead to instability of the chromosomes. The 
characteristic feature of malignantly transformed cells 
is an imbalance of DNA methylation, which is reflected 
in the fact that in one type of tumor cells the aberrant 
promoter hypermethylation of zones of genes, involved 
in carcinogenesis, and the reduced methylation level of 
the rest of the genome are observed simultaneously. DNA 
methylation plays an important role in the modulation of 
chromatin structure, transcription regulation and genome 
stability [16, 17].

Interaction of processes of DNA methylation and 
acetylation, phosphorylation, citrylation, ADP-ribosylation 
of histones promotes the formation of combinations that 
make up the «histone code», which is realized in the form 
of specific events in the cell nucleus.

Methylation, acetylation or phosphorylation in inde-
pendent sites can work in tandem with other posttransla-
tional factors that provide unique biological phenomenon.

Recently, a special role in this process is given to a vast 
class of small, not protein-coding RNAs (microRNAs). Uni-
versal significance of micro-RNA appears both as a tumor 
suppressor oncogene and regulator of gene expression 
[18, 19]. Similarly to the coding genes, microRNAs also 
possess tissue specificity and particular time expression 
in the process of cells differentiation. Due to the reversible 
nature of epigenetic changes and their in-depth interaction 
with the genome functioning, it opens a new path, and 
perhaps the «conceptual bridge», for understanding the 
interaction of two basic regulatory systems, conventionally 
philosophical categories: order and chaos, on the border 
of which each cell has the chance to choose the existence 
of bipolar microcosm. It is estimated that almost every 
gene (roughly there are about 35 thousand in human cell) 
during the organism life undergoes spontaneous deterio-
rations about 1 million times [10]. According to the same 

data, every second about 25 million cell divisions occur 
in the human body.

At the same time in components, involved in this 
process, the interactions and relationships take on the 
character of mutual co-action, which contributes to the 
consolidation. This means that triggers events’ mecha-
nism, which displays the relationship of the tumor and 
the host to a new orbit of the dynamic adjustment, where 
mutually contradictory, competing functional systems 
tend to blur the distinction between physiological and 
pathological processes.

Conventionally, the new orbit, which acts as a regu-
lator of these relationships and the real start of tumor 
progression, is stroma. It is just this battles’ arena firstly 
Tischer, and later A.A. Bogomolets and R.E. Kavetsky 
gave crucial role.

STROMA — CONTROLLER OF TUMOR CELLS 

PROGRESSION

Advances in the study of the biology of malignant 
tumors highlighted the importance of stromal cells, as 
well as the factors produced by the latter, as regulators of 
carcinogenesis, particularly tumor progression. In fact, 
the established view that the phenotype and biological 
characteristics of each tumor are formed by cells to com-
municate properly tumor and its stroma [20, 21].

The components of tumor stroma are the connective 
tissue cellular elements, blood vessels, nerves, extracel-
lular matrix (ECM).

Stroma is occupied by a variety of cell types, includ-
ing immune system cells (lymphocytes, dendritic cells), 
cells involved in inflammatory processes (monocytes, 
neutrophils), miofibroblasts, myocytes, stem cells, and 
blood vessels cells (capillaries endotheliocytes, etc.). 
The sympathetic and parasympathetic nervous systems 
patterns are involved in the regulation of this process.

Quantitative and qualitative characteristics of the stro-
ma are the result of the interaction of the host — the tumor 
cell; they are very variable in different types of tumors. For 
example, the stroma may take up to 90% (or even more) 
of mass tissue of breast, stomach, and pancreas adeno-
carcinomas, whereas in the medullar breast cancer and 
lymphoma the content of the stroma is minimal. Clones of 
leukemic cells normally induce the stroma development 
in the bone marrow similar to that in solid tumors, and in 
ascites tumors in the tissues that are lining the peritoneal 
cavity. Thus, it was found that in the stroma require virtually 
all solid and ascitic tumors, and leukemia as well. Stroma, 
while providing vital communications necessary for tumor 
growth, to a certain point imposes restrictions on the dis-
semination of tumor cells.

Three main blocks communication between the tumor 
and the multipotent stromal cells (especially fibroblasts) 
are identified, namely: growth factors, ECM molecules 
and proteinases. Thus, for example, tumor cells produce a 
number of growth factors: transforming growth factor beta 
(TGF-β), platelet growth factor (PDGF), basic fibroblast 
growth factor (bFGF), ligand of epidermal growth factor 
receptor (L-EGFR), a vascular endothelial growth factor 
(VEGF), which affects both the fibroblasts and epithelial 
and endothelial cells.

Endothelial cells produce the connective tissue growth 
factor (CTGF), which together with TGF-β and PDGF not 
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only attracts stromal cells in the tumor area, but also 
regulates their functional activity, so it largely influence the 
formation of the tumor metabolic environment. Tumor-
induced growth of stroma is accompanied by production 
of additional growth factors, in particular, insulin-like 
growth factor-1, hepatocyte growth factor, CTGF, and 
VEGF, which also enhance the stroma growth, and in some 
cases — and tumor cells also.

The organization and architecture of ECM is very 
dynamic. Metabolism of ECM molecules (synthesis, bal-
anced by degradation) is an important aspect of tissue 
homeostasis. Synthesis or degradation of any group of 
ECM molecules can change the behavior of tumor cell. 
ECM molecules that are the part of neoplastic tissue, 
may contribute to cell proliferation, angiogenesis, cells 
migration in the ectopic compartments, production of 
proinflammatory cytokines. The predominant stromal 
cell, responsible for producing components of the ECM 
(including different types of collagen and structural pro-
teoglycans, different classes of proteolytic enzymes and 
their inhibitors, growth factors), is the fibroblast.

Architecture of tumors ECM substantially differs from 
the architecture of the normal cells stroma layer. Surround-
ing directly transformed cells or tumor cells, ECM ensures 
the signals that control their proliferation, cytomorphologi-
cal features, and the nature of interaction. Being insoluble, 
ECM possesses a feature similar to that of soluble growth 
factors. In addition, the ECM is a substrate, to which tumor 
and untransformed cells could attach and mechanically 
fix. The dense cellular structure of ECM can serve as a 
barrier to cells migration.

An important role in communication between the 
tumor and the stroma play proteases causing activation 
or inactivation of various cytokines and growth factors, 
modification of adhesion molecules, promoting tumor in-
filtrative growth. Within this group of proteins two families 
of proteases are important: matrix metalloproteinases 
(collagenases, gelatinases) and cathepsins (aspartic, 
cysteinsc, and serinic). It is well known, that latent forms 
of metalloproteinases-2 and -9, which possess special 
role in changing the ECM properties, are activated in 
intercellular matrix under the influence of chymase, 
as well as superoxide radicals, which are produced in 
the mitochondrias of tumor cells and/or produced by 
neutrophils [22].

As it is well known, the normal cells produce most of the 
growth factors, cytokines, neurotransmitters, neuropep-
tides, hormones, enzymes and their inhibitors. Significant 
imbalances in the interaction of these factors contribute 
pro- or inflammatory processes, which can significantly 
increase tumor cells survival.

INFLAMMATION AND CANCER

Even in the XIX century, R. Virchow, basing on the 
facts of frequent occurrence of tumors in areas of chronic 
inflammation or the detection of inflammatory cells in the 
tumor tissue, pointed the link between inflammation and 
activation of carcinogenesis processes. Unfortunately, 
only in recent years the interest to that phenomenon 
renewed. Epidemiological studies conducted over the 
past two decades, shown that inflammation contributes 
to the development of at least 15% of the cases of many 
cancer forms [23, 24]. Chronic inflammation induced by 

biological, chemical and physical factors, is associated 
with increased risk of tumors development in various 
organs and tissues. Association of cancer with chronic 
inflammation has been described, in particular, in patho-
logical processes in the organs of the digestive system, 
where the risk of carcinogenesis increases in chronic 
inflammation (esophagitis, gastritis, hepatitis etc). The 
same could be observed in cervical cancer, caused by 
papillomavirus, lymphomas, associated with Epstein-Barr 
virus. At the same time it is shown that the incidence of 
stomach and liver cancers decreases with of infectious 
factor elimination.

Mediators of inflammation, to a large extent contribut-
ing the process of transformation, affect many aspects of 
malignant growth, including proliferation, differentiation 
and apoptosis. The cells growth, their proliferation and 
survival are regulated by a set of networks of intra- and 
extracellular signal transduction cascades. Activation of 
nuclear factor-KappaB (NF-κB) plays an important role 
in the regulation of these processes. Although there are 
a lot of evidences showing that chronic inflammation may 
contribute to carcinogenesis, the mechanisms of these 
complex interactions are still poorly understood.

Recent studies have shed light on the relationship 
between inflammation and the process of carcinogenesis, 
especially at the stage of promotion. Inflammation contrib-
utes to initiation, progression of malignant transformation 
of normal cells and tumor growth due to production of both 
proinflammatory cytokines and various forms of reactive 
oxygen and nitrogen.

At the molecular level, reactive forms of oxygen and 
nitrogen, as well as aldehydes, produced during chronic 
infection, may induce gene mutations and posttrans-
lational modifications of key proteins associated with 
carcinogenesis. Other inflammation products, including 
cytokines, growth factors, transcription factors, such as 
NF-κB, control the expression of tumor genes, such as 
suppressor genes and oncogenes, as well as key enzymes 
of inflammation, such as nitric oxide synthases, catalyzing 
the formation of nitric oxide.

Significant activation of NF-κB can stimulate malig-
nant transformation, providing antiapoptotic and pro-
liferative signals. Function of NF-κB in carcinogenesis, 
associated with inflammation, is critical, and in the future 
it should be expected to obtain NF-κB inhibitor for clini-
cal trials.

A special role in this process is given to hypoxic regula-
tory transcription factors, since they are the coordinators 
of the expression of large number of genes.

There are still deep gaps in our knowledge concerning 
activity, characteristics of expression and involvement of 
all these different molecules at different stages of tumor 
development and disease course itself. It is important 
to note that so far it is not been established how similar 
or dissimilar receptors relate to each other in signaling 
complexes, which they form, how initiate and how interplay 
various growth factors, as well as by what means different 
cells responses are induced.

Duration, growth and aggressiveness of local phenom-
ena and their synchronization violate the coordinating role 
of the immune and neuroendocrine systems that form the 
memory settings of the pathological process. The function 
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of the «legislator» of dynamic processes is likely to assume 
the primary focus and its microenvironment.

It remains a mystery еру loss of the proinflammatory 
cytokines’ role in the initiation of pain symptoms.

In other words, the initiative in relations between the 
host and the tumor belongs to the latter, which is becom-
ing the center of «onco-synergistic» cause-effect rela-
tionships. The term «synergy», which means in Greek — 
«a joint action», was proposed by K. Haken in 80-ies 
of XX century to reflect the simultaneous processes in 
physiological systems. Onco-synergetics allows us to 
understand and describe the dominant processes of 
emergence and progression of neoplastic disease that 
is accompanied by violation of the proliferative-apop-
totic balance and activation of the migration program 
of transformed cells. This means that the process of 
primary tumor focus forming ends with the subsequent 
transformation of the physiological systems that are 
implemented in waterway of pathological process. And 
almost blurring the distinction between physiological 
and pathological systems is occurring. Arisen pathologi-
cal morpho-functional formations with higher adaptive 
capacities through the system of cytokine-growth and 
neuro-endocrine factors create information-adaptive 
field, which provides the appropriate proliferative-
apoptotic processes. Under these circumstances, the 
pool of stem and pluripotent cells shall decide upon the 
best way to implement the program functions.

At this stage the third and final phase of the scenario in 
the formation of the relationship of the tumor and the host 
begins. Who, how and when breaks the defense of reserve 
protective forces of the organism and is a key point when 
entering into the terminal stage of tumor — host relation-
ship development?

For today, it is recognized as axiomatic that the de-
velopment of metastases — is clinically the last step of 
tumor progression. Acquisition of metastatic properties 
by neoplastic cells begins before they migrate from the 
primary tumor mass. Not all tumors are metastasizing, 
and within the metastatic tumors, not all cells are able to 
metastasize. An important stage of metastatic process is 
the stimulation of angio-and lymphangiogenesis. About 
80% of solid tumors form metastasis primarily by infiltration 
of tumor cells into the lymphatic system, 20% — through 
the blood vessels.

Metastases spread of tumor cells is «inefficient» 
process (<0,05% of circulating in blood or lymph cancer 
cells provide the formation of metastatic colonies). Nev-
ertheless, just the successful prevention of metastasis 
development is the key to curing cancer patients.

Despite the comprehensive investigations of the 
biological properties of tumor cells, causes of metastasis 
are not fully understood. This is largely due to insufficient 
study of the role of «second-party process» — the pri-
mary tumor microenvironment and/or target-tissues for 
metastatic process.

Currently, were obtained the data that malignant 
tumors can begin to create appropriate conditions for 
colonization in distant tissues, forming the so-called 
«pre-metastatic niche», which is the metabolic changes 
in the microenvironment, developing before the tumor 
cells disseminate there. For example, tumor cells can 
penetrate through the barrier tissues (including vascular 

wall) using enzymes, produced by normal cells of the 
organism, but locally activated by tumor cells. The ap-
pearance of malignant cells in the target tissue is due to 
local rearrangement of the stroma, local adjustments to 
the growth signals, cytokine regulation, the reactions of 
nonspecific and specific immunity, metabolism in general. 
Circulating tumor cells can interact with soluble growth 
factors, locally expressed in potential target-tissues. For 
example, high levels of insulin-like growth factor 1 (IGF-1) 
in liver and lung contribute to metastazing in these organs 
the breast cancer cells. Recently, it was also shown that 
for the directional migration of tumor cells in lymph nodes 
contributes the higher expression in the nodes of chemo-
kines CCL-19 and CCL-21 [25, 26].

Thus, molecular and biochemical regulation of the 
metastatic process is no longer fully «black box». How-
ever, there remain unresolved fundamental questions: 
why within the primary tumor cancer cells acquire the 
ability to invasion and metastasis in varying degrees? 
What determines the colonization of cells of various tu-
mors a particular target organ? Why the occult (latent, 
dormant) metastases can develop, what determines the 
duration of their rest-period, and what factors contrib-
ute to secondary tumor growth? What are the reasons 
for the lack of progress in combating metastasis? And 
finally, could be a source of metastatic process the cells 
of nontumoral origin?

According to modern concepts, stem cells are not only 
a key link in the stages of embryonic and postembryonic 
periods in the organism’s life, but also the source for the 
development of a neoplastic process. More than 150 years 
ago R. Virchow in his famous concept suggested the pos-
sibility of tumor arising from a limited population of cells. 
Nowadays, the model of carcinogenesis, associated with 
tumor stem cells, has drawn increasing attention from re-
searchers. In the classical stochastic model all neoplastic 
cells possess the tumorogenic potential. In contrast, the 
concept of tumor stem cell suggests that only a small 
number of solid tumor cells (about 1%) are tumorogenic. 
Tumorogenesis possess also and human embryonic stem 
cells. In transplantation in vivo of undifferentiated human 
embryonic stem cells into mice teratomas, teratocarci-
nomas are formed

Clonal by its nature solid tumors are histologically 
heterogeneous and include tumor and tumor-associated 
host cells, the cells of inflammatory infiltrates and vascular 
structures, while, as it was already indicated, the stroma 
is often a significant part of tumor tissue.

On the question of cancer stem cells origin, there are 
several assumptions. One of them is that the tumor stem 
cells are formed as a result of repeated mutations and 
selective genes expression from normal stem cells of the 
corresponding tissues, which are long live and have the 
ability to self-maintenance and high efficiency of DNA 
reparation. For example, currently it is considered that 
stem cells in acute myeloid leukemia arise from normal 
pluripotent hematopoietic stem cells. According to an-
other hypothesis, tumor stem cells derive from unipotent 
precursor cells acquiring the characteristic for stem cells 
ability to self-maintenance. In favor of this hypothesis 
evidences the fact that the development of blast crisis of 
chronic myeloid leukemia originates from committed pre-
cursor cells of granulocyte-macrophage series. It is not 
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excluded also that some forms of tumors arise from more 
mature cells, which are de-differentiated and acquire 
properties of cancer stem cells. Theoretically another 
option is also possible. In some forms of gastric cancer 
the cells of bone marrow origin are transformed into 
cancerous stem cells of the gastric mucosa as a result 
of chronic inflammation, associated with Helicobacter 
pylori infection. This hypothesis can be extended to 
other tumors of epithelial nature, associated with chronic 
inflammation, including esophageal cancer, colorectal 
cancer and ovarian cancer. Horizontal gene transfer by 
phagocytosis of fragmented DNA from apoptotic cells 
may also lead to the acquisition by cell-recipients the 
properties of tumor stem cells. For example, invasive 
glioma cells possess high phagocytic capacity.

Tumor stem cells, surrounded by other cells, comprise 
their microenvironment or an entity called «niche» within 
a given tissue [27–29]. Functions of tumor stem cells, 
including the ability to self-maintenance, differentiation, 
and the ability to adhesion, division and survival, are con-
trolled, supported and stimulated by extracellular signals 
from the «niche», and an internal genetic program of stem 
cell itself. The changes in «niche» as a result of infection, 
inflammation, tissue damage caused by the action of 
chemical agents or radiation, can activate the proliferation 
of stem cells, initiating the neoplastic process.

Thus, an important step in the development of a ma-
lignant process was understanding of the interaction of 
signaling pathways, metabolic processes and stromal 
microenvironment factors, involved in the stem cells 
«culturing».

Today, therefore, priority researches becoming those 
studying the basic characteristics, structure and functions 
of tumor stem cells «niche», which may shed light on the 
nature of the signals of «niche» itself and indicate areas 
for further investigations.

Thus, the new concept represents a logical model of 
«tumor and organism» interaction as a dynamic process 
in which on the phases of cell transformation, the patho-
logical focus formation initiation, the metastasis process 
generalization the specific markers and parameters for 
the diagnosis and prevention could be determined, and 
schemes and regimes of etiopathogenetic therapy could 
be developed that will significantly improve cancer pa-
tients’ life quality.
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