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Abstract

Introduction. The  tumor microenvironment  (TME)  consisting of  non-tumor  cells  and other  components plays  a  crucial  role  in 
cancer development by promoting uncontrolled tumor growth.

Aim: to detail all the components in TME and their contribution to carcinogenesis by analyzing available publications.

Results. Currently, TME study  is of great  interest  in  the medical  field.  Its crucial  role  in  the  tumor  initiation, progression, and 
spreading is emphasized. Several constituents have been identified in TME including cancer-associated fibroblasts, neutrophils, 
adipocytes,  tumor  vasculature,  lymphocytes,  extracellular  matrix,  dendritic  cells,  neutrophil  extracellular  traps,  etc. 
Thromboinflammatory reactions are also considered an important TME element.

Conclusion. TME constituents can serve as new targets for both diagnostics and antitumor therapy.

Keywords: tumor microenvironment, TME, tumor progression, tumor growth, cancer, metastasis
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Роль микроокружения в росте и распространении опухоли
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Резюме

Введение. Микроокружение опухоли (МОО) играет одну из самых важных ролей в онкогенезе. В его состав помимо опухо-
левых клеток входят и неопухолевые клетки и другие компоненты, стимулирующие и способствующие неконтролируемой 
пролиферации опухоли. 

Цель: в статье подробно изложены все участники МОО и их вклад в онкогенез. Обзор основан на анализе предыдущих 
исследований по данной проблеме. 

Результаты.  Микроокружению  опухоли  в  настоящее  время  уделяется  большое  внимание  в  литературе.  Выделяют  его 
особую роль в инициации, прогрессии опухоли и метастазировании. В исследованиях описаны различные компоненты 
МОО,  такие  как  рак-ассоциированные  фибробласты,  нейтрофилы,  адипоциты,  сосудистая  сеть  опухоли,  лимфоциты, 
внеклеточный матрикс, дендритные клетки, внеклеточные ловушки и другие. Важную роль отводят участникам реакций 
тромбовоспаления как неотъемлемой части МОО. 

Заключение. Компоненты МОО могут выступать в роли новых мишеней как диагностики, так и противоопухолевой терапии.

Ключевые слова: микроокружение опухоли, МОО, прогрессия опухоли, рост опухоли, рак, метастазирование
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Егорова Е.С., Макацария Н.А., Самбурова Н.В., Серов В.Н., Ашрафян Л.А., Асланова З.Д., Лазарчук А.В., Кудрявцева Е.С., 
Солопова А.Е., Капанадзе Д.Л., Гри Ж.-К., Элалами И., Ай Д., Макацария А.Д. Роль микроокружения в росте и распростра-
нении  опухоли.  Акушерство, Гинекология и Репродукция. 2024;18(1):96–111.  https://doi.org/10.17749/2313-7347/ob.gyn.
rep.2024.489.
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Introduction / Введение

The  tumor  microenvironment  (TME)  is  a  complex 
and  dynamic  environment  consisting  of  both  cellular 
and  acellular  components  [1].  TME  includes  tumor-
surrounding  immune  cells,  blood  vessels,  extracellular 
matrix  (ECM),  fibroblasts,  lymphocytes,  inflammatory 
cells, and diverse signaling molecules [2]. Recent studies 
have  shown  that  TME  non-cancerous  cells  comprise 
about 50 % of  tumor tissue and  its metastases [3] and 
play  a  role  at  all  stages  of  carcinogenesis,  stimulating 
uncontrolled  cell  proliferation  [4].  TME  also  contains 
tumor  stem  cells  capable  of  self-reproduction  and 
stimulation  of  carcinogenesis.  Current  studies  have 
found  isolated  tumor stem cells  in patients with breast, 
colon,  lung,  and  brain  cancer  [5,  6].  TME  contains  a 
heterogeneous  population  of  tumor  and  stromal  cells 
involved in tumor progression. Cell-cell  interactions are 
regulated by multilayered, dynamic network of cytokines, 
chemokines, and growth factors, as well as inflammatory 
and  matrix  remodeling  enzymes  [7].  TME  components 
vary depending on cancer type and the individual patient 
characteristics [6].

Tumor microenvironment components / 
Состав микроокружения опухоли

Cellular components of tumor microenvironment / 
Клеточные компоненты микроокружения опухоли

Immune cells / Клетки иммунной системы

Immune cells are an  important TME component  that 
can either suppress or stimulate tumor growth. Infection-

triggered  inflammation  is  the  underlying  mechanism  in 
formation  of  several  tumor  types,  including  colorectal 
cancer, hepatocellular carcinoma, and cervical cancer.

The immune cells are presented by innate and acquired 
immune  cells.  Macrophages,  neutrophils,  dendritic 
cells,  and  natural  killer  cells  (NK-cells)  belong  to  the 
innate  immunity  that  comes  into  action  immediately 
after  interaction  with  an  antigen.  T-cells  and  B-cells 
belong  to  adaptive  immunity,  which  arise  in  response 
to diverse antigens followed by subsequent formation of 
immunological memory [1].

The  interaction  between  tumor  cells  and  TME  cells 
promotes the recruitment, activation, and reprogramming 
of immune and stromal cells in the extracellular space [8]. 
TME components and immune surveillance affect tumor 
progression. Assessment of immune TME has important 
prognostic  implications  and  can  complement  tumor 
histopathological  and  molecular  characteristics  while 
assessing patient response to therapy [8, 9].

At  the  initial  stages  of  tumorigenesis,  malignant-
specific T-cells are weak stimulators and targets for the 
immune response. Over time, such cells become resistant 
to and begin to suppress innate immune response [9].

T-lymphocytes / Т-лимфоциты

Each  T-lymphocyte  is  equipped  with  a  T-cell 
receptor  that  recognizes  a  specific  antigen.  Imposing 
immunosuppression  involves  compromised  function 
and  development  of  T-lymphocytes,  which  form  a 
crucial  TME  component.  While  some  T-cells  promote 
carcinogenesis, others exert an antitumor effect [10, 11]. 
TME consists of distinct T-cell subsets, which  infiltrate 

The role of the microenvironment in tumor growth and spreading

Основные моменты

Что уже известно об этой теме?

►  В  состав микроокружения опухоли  (МОО) входят клеточ-
ные  и  бесклеточные  компоненты,  составляющие  в  сово-
купности  динамичную  и  сложную  среду,  оказывающую 
большое влияние на поведение опухоли.

►  В  состав  МОО  входят  кровеносные  сосуды,  иммунные 
клетки, внеклеточный матрикс, лимфоциты, фибробласты, 
клетки-участники  реакций  воспаления,  сигнальные  моле-
кулы, а также опухолевые стволовые клетки.

Что нового дает статья?

►  Обобщена информация, полученная в результате исследова-
ний  последних  лет  в  этой  области,  посвященная  составу 
МОО, вкладу каждого из участников в онкогенез, метастази-
рование и прогрессию опухоли. 

Как это может повлиять на клиническую практику 
в обозримом будущем?
►  Участники  МОО  могут  являться  новыми  мишенями  для 

разработки  как  диагностических  стратегий,  так  и  новых 
видов противоопухолевой терапии.

Highlights

What is already known about this subject?

►  The tumor microenvironment (TME) includes cellular and acel-
lular  components,  which  together  constitute  a  dynamic  and 
complex environment primarily influencing on tumor behavior.

►  TME includes blood vessels, immune cells, extracellular matrix, 
lymphocytes,  fibroblasts,  inflammatory cells, signaling mole-
cules, and tumor stem cells.

What are the new findings?

►  This review summarizes the data obtained published recently 
on TME,  the contribution of each of  the players  to  tumorige- 
nesis, metastasis and tumor progression.

How might it impact on clinical practice in the foreseeable 
future?
►  TME constituents may represent new targets for development 

of  both  diagnostic  strategies  and  new  types  of  antitumor 
therapy.
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the  invasive  tumor  margin  and  reside  in  draining 
lymphatic reservoirs. 

In TME, cytotoxic CD8+ memory T-cells represent one 
of the most commonly found T-cell  types, which exhibit 
cytolytic effects on tumor cells by sensing aberrant tumor 
antigens  expressed  on  cancer  cells  and  stimulating 
immune  responses  [12].  Notably,  TME  cytotoxic  T-lym-
phocytes  are  associated  with  a  beneficial  prognosis  in 
cancer  patients.  In  addition  to  their  role  in  tumor  cell 
destruction, such T-cells also suppress angiogenesis via 
interferon-gamma (IFN-γ) production. TME CD4+ T helper 
1 (Th1) cells accompany CD8+ T-cells by releasing IFN-γ 
and interleukin-2 (IL-2). Elevated Th1 cell level in TME is 
associated with beneficial prognosis in some tumor types.

Other CD4+ cell subsets such as Th2 cells secrete IL-4, 
IL-5, and IL-13 to assist B-cell response [9, 12]. On the 
other  hand,  Th17  cells  produce  IL-17A,  IL-17F,  IL-21, 
and  IL-22  and  promote  tumor  growth  by  stimulating 
inflammation [12]. Therefore, CD4+ T-cells differentiate 
into multiple subsets and participate  in a wide range of 
TME immune responses. 

Regulatory T-cells / Регуляторные Т-клетки

Three  major  types  of  TME  immune  landscape  are 
distinguished.  In  the  first  type,  immune-infiltrated  TME 
and immune cells (e.g., cytotoxic T-cells) are distributed 
evenly  suggesting  about  actively  developing  immune 
response.  In the second type,  immune cells are  located 
on  the  tumor  periphery,  without  penetrating  the  tumor. 
Finally, in the third type of tumor TME, no infiltration of 
immune cells was observed, indicating the lack of tumor 
immune response. In cancer patients, regulatory T-cells 
(T-regs)  suppress  the  antitumor  immune  response  by 
establishing  immunosuppressive  TME  and  promoting 
cancer progression.

Regulatory  T-cells  (T-regs)  are  essential  for 
suppressing  inflammatory  responses  and  preventing 
autoimmune diseases [13]. T-regs are abundant in TME 
and  facilitate  tumor  development  and  progression  by 
attenuating antitumor immune responses. T-regs secrete 
IL-2,  which  modulates  NK-cells.  In  addition,  T-regs 
produce immunosuppressive cytokines such as IL-10 and 
transforming growth factor-beta (TGF-β) and mediate their 
immunosuppressive  effects  via  cytotoxic  T-lymphocyte 
antigen  4  (CTLA4).  T-regs  also  facilitate  tumor  cell 
survival by secreting growth factors and interacting with 
stromal  cells,  fibroblasts,  as  well  as  endothelial  cells. 
CD4+  T-cells  expressing  transcription  factor  forkhead 
box  P3  (FOXP3)  and  CD25  represent  T-regs  exerting 
pro-tumorigenic  effects  acting  as  immunosuppressive 
cells. A high T-regs number in TME correlates with poor 
prognosis in various cancer types [14]. However, studies 

have shown that depletion of T-regs can lead to regression 
of  metastatic  foci  in  advanced  melanoma.  Depletion  of 
T-regs  and  subsequent  vaccination  with  tumor  antigen 
can  initiate  antitumor  CD4+  T-cell  responses.  T-regs 
may also suppress tumor growth in some B-cell cancers, 
and their presence in Hodgkin lymphoma correlates with 
a good prognosis, presumably due to directly suppressed 
tumor cell growth [15, 16].

Gamma-delta-T-lymphocytes / Гамма-дельта-Т-
лимфоциты

Gamma-delta-T-lymphocytes (γδ-T-cells) are cytotoxic 
to  a  wide  range  of  malignant  T-cells,  including  tumor 
stem cells [17]. The effect of TME γδ-T-cells on disease 
prognosis is not fully elucidated.

B-lymphocytes / В-лимфоциты

B-cells  are  a  type  of  specialized  immune  cells  that 
play  an  essential  role  in  antibody  production,  antigen 
presentation,  and  cytokine  secretion.  They  are  mainly 
found  in  lymph  nodes  and  lymphoid  structures  close 
to  TME  as  well  as  invasive  margin  of  the  tumor  [18]. 
However,  compared  to  T-lymphocytes,  B-cells  are 
relatively  less  abundant  in  TME.  It  has  been  observed 
that  the  infiltration  of  B-cells  into  TME  is  associated 
with a favorable prognosis  in some types of breast and 
ovarian cancers [19].

Available publications  suggest  that B-cells may have 
contrasting  effects  on  tumor-specific  cytotoxic  T-cell 
responses  in  mouse  models.  While  some  studies  have 
reported  that  B-cells  can  suppress  antigen-specific 
responses,  recent  data  indicates  that  B-cells  may  also 
stimulate tumor growth in mouse models of skin cancer 
[20].  Specifically,  regulatory  B-cells  (B-regs),  also 
known  as  B10-cells  [21],  have  been  found  to  produce 
the  immunosuppressive  protein  IL-10,  which  promotes 
tumor  growth  and  suppresses  tumor-specific  immune 
responses  in  skin  cancer.  Furthermore,  B-regs  have 
also  been  found  to  promote  lung  metastasis  in  mouse 
breast  cancer  models.  In  addition,  mouse  lymphoma 
models showed that B-regs suppress the antitumor effect 
induced by anti-CD20 antibodies [22]. However, B-regs 
do  not  penetrate  TME  but  rather  impact  other  immune 
cells  in  the  surrounding  lymphoid  tissue  and  modulate 
the activity of myeloid cells [20].

B-lymphocytes  present  in  TME  play  a  crucial  role 
in  regulating  tumor  cell  survival  and  proliferation, 
additionally  contributing  to  arising  drug  resistance  and 
evasion  of  immune  surveillance  [23].  Controlling  the 
B-cells  in TME can aid  in disrupting  initiation of  tumor-
induced  immunosuppression  through  TGF-β-dependent 
conversion of FОХP3+ T-cells.

Bitsadze V.O., Slukhanchuk E.V., Solopova A.G., Khizroeva J.Kh., Yakubova F.E., Orudzhova E.A., Degtyareva N.D.,  
Egorova E.S., Makatsariya N.A., Samburova N.V., Serov V.N., Ashrafyan L.A., Aslanova Z.D., Lazarchuk A.V.,  

Kudryavtseva E.S., Solopova A.E., Kapanadze D.L., Gris J.-C., Elalamy I., Ay C., Makatsariya A.D. 
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NK- and NKT-cells / NK- и NKT-клетки

Cytotoxic  lymphocytes,  natural  killer  cells  (NK-cells), 
and  natural  killer  T  cells  (NKT-cells)  are  capable  of 
infiltrating tumor stroma, without encountering the tumor 
cells. NK-cells are equipped to identify virus-infected host 
cells or tumor cells in the circulation. The presence of NK- 
and NKT-cells is believed to be an indicator of favorable 
prognosis  for  multiple  cancer  types  such  as  colorectal, 
gastric, lung, kidney, and liver cancer. NK- and NKT-cells 
employ  various  receptors  to  recognize  cellular  targets 
and ignore healthy host cells. These receptors transduce 
signals  during  contact  with  TME  cells,  which  in  turn 
activate NK-cells. NK- and NKT-cells can detect changes 
in host tissues [24], leading to the subsequent activation 
of  TME  immune  cells.  Functionally,  NK-cells  can  be 
bifurcated  into  two  classes,  namely  antitumor  defense 
cells and proinflammatory cells that secrete inflammatory 
cytokines. Although NK-cells are highly efficient in tumor 
cell  lysis  and  can  prevent  metastasis,  they  are  less 
effective against the tumor microenvironment.

Tumor-associated macrophages /  
Опухоль-ассоциированные макрофаги

Tumor-associated  macrophages  (TAMs)  are  an 
essential  part  of  TME  [25].  TAMs  always  accompany 
tumor  cells  while  they  spread,  invade,  and  metastasize 
[26].  Macrophages  are  crucial  components  of  the 
innate  immune  system.  In  TME,  TAMs,  dendritic  cells, 
and  tumor-associated  fibroblasts  (TAFs)  play  a  role  in 
tumor  progression  [4].  Macrophages  regulate  immune 
responses  via  pathogen  phagocytosis  and  antigen 
presentation.  Moreover,  macrophages  are  critical  for 
tissue  regeneration.  Monocyte-derived  macrophages 
can  be  divided  into  two  types:  pro-inflammatory  M1 
macrophages  responsible  for  cell  phagocytosis  and 
immunosuppressive  M2  macrophages,  which  promote 
regeneration.  Despite  that  both  macrophage  types  are 
found  inside  tumor  tissue,  TME  stimulates  growth  of 
M2 macrophages due to hypoxia and cytokine secretion. 
In  some  tumor  types,  macrophages  can  comprise  up 
to  50  %  of  the  tumor  mass.  Research  has  revealed 
that  TAMs  in  TME  are  associated  with  poor  prognosis. 
Macrophages promote the extravasation of tumor cells to 
distant sites and suppress antitumor immune responses 
[4].  TAMs  counteract  antitumor  therapy  and  decrease 
the  effectiveness  of  radiation  therapy,  cytotoxic  drugs, 
and  checkpoint  inhibitors.  TAMs  support  tumor  cell 
invasion by producing various molecules, which promote 
tissue remodeling, including vascular endothelial growth 
factor (VEGF), metalloproteinases (MMPs) MMP-9, and 
MMP-2, as well as pro-inflammatory molecules such as 
IL-1β, chemokine (C-X-C motif)  ligand10 (CXCL10) and 

tumor  necrosis  factor-alpha  (TNF-α).  In  addition,  they 
also  secrete  growth  factors  and  cytokines  to  promote 
tumor  cell  growth,  spread,  and  survival  [27].  TAMs 
express the vascular cell adhesion molecule 1 (VCAM-1) 
and can differentiate  into  inflammatory monocytes [28]. 
Macrophages  are  an  important  contributor  to  tumor 
angiogenesis.  Tumor  tissue  recruits  TAMs  by  releasing 
hypoxia-induced chemoattractants  such as VEGF,  endo- 
thelins,  еndothelial  monocyte-activating  polypeptide  II 
(EMAP  II),  also  known  as  AIMP1.  Additionally,  human 
macrophages  were  also  identified  to  display  a  hypoxia-
induced pro-angiogenic phenotype.

Dendritic cells / Дендритные клетки

Dendritic  cells  (DCs)  play  a  critical  role  as  antigen-
presenting cells able to recognize, capture, and present 
antigens  to T-cells  in  secondary  lymphoid organs  (e.g., 
lymph nodes),  thereby bridging the  innate and adaptive 
immune  responses.  In  TME,  DCs  are  necessary  for 
antigen processing and presentation [29]. They migrate 
to  the  lymph  nodes  and  initiate  immune  response  by 
stimulating  T-  and  B-cells  [30].  However,  the  ability 
of  TME  DCs  to  stimulate  an  immune  response  against 
tumor-associated  antigens  is  compromised  by  hypoxia 
and cytokine proinflammatory effects within TME.

Tumor-associated neutrophils /  
Опухоль-ассоциированные нейтрофилы

The role of tumor-associated neutrophils (TANs) in the 
context  of  tumor  progression  and  metastasis  remains 
debated.  Available  studies  indicate  that  neutrophils 
promote  tumor growth  in mouse cancer models due  to 
their  potential  to  activate  angiogenesis  [31],  degrade 
the  extracellular  matrix  components,  and  induce 
immunosuppression [32]. Furthermore, neutrophils have 
been identified as key contributors to metastasis, because 
they  facilitate  formation  of  premetastatic  niches  [33]. 
Despite these findings,  it  is noteworthy that neutrophils 
possess  antitumor  activity  under  certain  conditions, 
e.g.,  immune-  or  cytokine-mediated  activation.  In  such 
circumstances, neutrophils can directly [34] or indirectly 
suppress TGF-β to destroy tumor cells. It is also important 
to note about a multifaceted nature of neutrophil-released 
components,  including  neutrophil  extracellular  traps 
(NETs), which actively participate  in both  tumor growth 
and metastasis.

Stroma / Строма

Tumor cells are able to recruit supportive cells from the 
stroma of neighboring tissues to facilitate their growth. The 
stroma plays a crucial role in controlling carcinogenesis, 
tumor cell growth, metastasis, and invasion. Furthermore, 

The role of the microenvironment in tumor growth and spreading
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the  stroma  promotes  the  growth  of  mesenchymal  cells 
[35].  The  composition  of  stromal  cells  can  significantly 
vary  depending  on  tumor  type,  including  vascular 
endothelial cells, fibroblasts, adipocytes, and stellate cells. 
Once recruited to TME, stromal cells secrete a variety of 
factors that influence angiogenesis, proliferation, invasion, 
and metastasis. For the tumor cells to form a significant-
sized  tumor,  they  must  penetrate  other  cellular  spaces 
by  disrupting  the  basement  membrane  and  separating 
the  tissue parenchyma  from  the epithelial  compartment. 
During the  invasion process, TME is regulated by tumor 
growth.  The  tumor-associated  stroma  provides  a  tumor 
with  nutrients,  oxygen,  enzymes,  and  matrix-associated 
growth  factors  that  promote  tumor  progression. 
Furthermore,  stromal  cells  divide  and  differentiate  into 
various cell lineages based on TME composition.

Adipocytes / Адипоциты

Adipocytes  are  specialized  body  cells  that  store 
excess  energy  in  a  form  of  fat  and  regulate  energy 
balance. However, in some tumor types, adipocytes can 
promote tumor cell growth by releasing adipokines and 
providing fatty acids to tumor tissue. Adipocytes deeply 
impact  on  TME  by  secreting  diverse  agents  such  as 
metabolites,  enzymes,  hormones,  growth  factors,  and 
cytokines.  Tumor  cells  stimulate  adipocytes  to  release 
free  fatty  acids,  which  they  use  for  energy  production, 
cell membrane formation, lipid bioactive molecules, and 
exosomes.  Leptin,  an  important  hormone  produced  by 
adipocytes,  can  promote  tumor  progression  directly 
by  influencing  the  proliferation  of  breast  cancer  cells 
and  indirectly  by  activating  macrophages.  Additionally, 
adipocytes  can  modify  the  extracellular  matrix  (ECM) 
by secreting metalloproteases such as MMP-1, MMP-7, 
MMP-10, MMP-11, and MMP-14. Obesity is a major risk 
factor for cancer, and more than 40 % of cancer patients 
are obese.

Endothelial cells / Эндотелиальные клетки

The vascular endothelium comprises a thin monolayer 
of  endothelial  cells  that  form  the  inner  lining  of  blood 
vessels. It serves a crucial role in maintaining the barrier 
between blood and tissue, facilitates the transport of water 
and nutrients, supports metabolism,  transports  immune 
cells,  and  contributes  to  neoangiogenesis.  During  the 
initial stage of tumor development, the cellular exchange 
of  gases  and  nutrients  occurs  via  a  simple  diffusion. 
However, as the tumor volume reaches 1–2 mm3, hypoxia 
and  acidosis  develop  within  TME,  resulting  in  de novo 
formation of blood vessels via neoangiogenesis.

Vascular endothelial growth factor (VEGF) is the main, 
but not the only stimulator of neoangiogenesis in TME. It 

is secreted by both malignant cells and proinflammatory 
leukocytes.  During  neoangiogenesis,  growth  factors  in 
TME,  such  as  fibroblast  growth  factor  (FGF),  platelet-
derived  growth  factor  (PDGF),  VEGF  and  chemokines, 
stimulate endothelial cells and their associated pericytes. 
Hypoxia  in  TME  leads  to  the  activation  of  hypoxia-
inducible  factors,  transcription  factors  critical  for 
coordinating cellular responses to low O2 level.

Activation  of  neoangiogenesis  occurs  under  hypoxic 
conditions, as well as when the intact endothelium senses 
an  angiogenic  signal  from  malignant  or  inflammatory 
cells. The de novo formed tumor vascular network has an 
aberrant structure, the blood vessels are heterogeneous, 
with  an  irregular,  branching  pattern  and  uneven  lumen, 
and are leaky. The latter property elevates interstitial fluid 
pressure, causing uneven blood  flow, oxygenation, and 
distribution  of  nutrients  and  drugs  in  TME.  Altogether, 
these properties of de novo formed vasculature increase 
hypoxia in TME and facilitate metastasis.

In  addition  to  angiogenesis,  ECs  play  a  role  in 
promoting  tumor  cell  spread,  invasion,  and  metastasis. 
ECs  undergo  endothelial-mesenchymal  transition  and 
develop  into  tumor-associated  fibroblasts  (TAFs).  The 
EC-to-TAF transition is accompanied by TGF-β and bone 
marrow-derived protein that leads to loss of intercellular 
connections,  migration  as  well  as  loss  of  properties  of 
endothelial cells. Tumor cells during metastasis spreading 
must first exits from the primary tumor site and enter the 
vascular  system  in  a  process  known  as  intravasation. 
Blood vessels formed in TME are usually  immature and 
have not proper intercellular connections, allowing tumor 
cells to easily extravasate. 

Lymphatic endothelial cells / Лимфатические 
эндотелиальные клетки

Tumor cells stimulate  lymphangiogenesis via VEGF-C 
or  VEGF-D  [37].  Tumor  cells  also  penetrate  existing 
lymphatic  vessels,  however,  in  the  presence  of  high 
VEGF-C  or  VEGF-D  concentrations,  the  number  of 
lymphatic  vessels,  collecting  lymphatic  vessels,  and 
lymph  node  hyperplasia  increases.  TME  lymphatic 
endothelial  cells  and  the  lymphatic  vessels  they  form 
favor tumor spread [38].

Tumor-associated fibroblasts / Опухоль-
ассоциированные фибробласты

Tumor-associated  fibroblasts  (TAFs)  are  a  major 
component of tumor stroma and play an important role 
in  the  interaction between tumor cells and TME. Tumor-
associated  fibroblasts  can  be  derived  from  various 
progenitor cells such as endothelial cells, smooth muscle 
cells, myoepithelial cells, or mesenchymal stem cells.

Bitsadze V.O., Slukhanchuk E.V., Solopova A.G., Khizroeva J.Kh., Yakubova F.E., Orudzhova E.A., Degtyareva N.D.,  
Egorova E.S., Makatsariya N.A., Samburova N.V., Serov V.N., Ashrafyan L.A., Aslanova Z.D., Lazarchuk A.V.,  

Kudryavtseva E.S., Solopova A.E., Kapanadze D.L., Gris J.-C., Elalamy I., Ay C., Makatsariya A.D. 
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When  tissue  is  damaged,  fibroblasts  undergo 
a  reversible  transition  to  myofibroblasts,  which 
actively  participate  in  tissue  regeneration.  Activated 
myofibroblasts become capable of participating in TGF-β-
related regeneration. Regenerative properties in this case 
include  the  ability  to  proliferate,  secrete,  and  form  the 
extracellular matrix. Thus, tumors are known as “wounds 
that never heal”.

In  TME,  TAFs  produce  most  of  the  extracellular 
components,  including  growth  factors,  cytokines,  and 
extracellular  matrix.  TME  fibroblasts  secrete  ECM 
components and ECM remodeling enzymes [39].

TAFs form TME in four main ways:
1. tumor proliferation and metastasis;
2. neoangiogenesis;
3. ECM remodeling;
4. immunosuppression.
In epithelial tumors, epithelial-mesenchymal transition 

is  a  critical  step  in  metastasis  [40,  41].  One  way  to 
control metastasis  is  secretion of  TAF TGF-β,  a  growth 
factor  required  for  EMT  and  angiogenesis.  TGF-β 
released  by  fibroblasts  triggers  epithelial-mesenchymal 
transition  in  tumor  cells  and  contributes  to  developing 
immunosuppressive microenvironment [39]. To facilitate 
tumor  cell  migration  through  TME,  TAFs  secrete  MMP-
3,  which  degrades  E-cadherin,  promoting  tumor  cell 
invasion.  TAFs  contribute  to  immunosuppression  via 
production of immunomodulatory chemokines, cytokines 
and growth factors such as fibroblast-secreted protein-1 
(FSP1),  which  is  known  to  initiate  metastasis  in  colon 
and  breast  cancer  [40,  42].  TAFs  promote  tumor  cell 
proliferation [40, 43]. TAFs secrete growth factors such as 
EGF, hepatocyte growth factor (HGF), insulin-like growth 
factor 1  (IGF1), VEGF and FGF, which are mitogenic  for 
tumor  cells.  Fibroblast-produced  chemokine  CXCL12 
promotes tumor cell growth and survival and also exerting 
chemoattractant effects favoring migration of other types 
of stromal cells and their precursors into TME.

In  some  types of  cancer,  TAFs are  located  scattered 
throughout  the  tumor  mass,  in  others  –  surround 
the  malignant  cells  with  a  dense  stroma,  limiting  the 
effectiveness  of  anticancer  drugs  [39].  The  effect  of 
removing  fibroblast  marker  –  fibroblast  activation 
protein-α (FAP)-positive cells in tumor-bearing mice was 
studied, with IFN-γ and TNF-α resulting in tumor necrosis. 
It was shown that FAP-positive TME cells are important 
mediators of immunosuppression [44].

Pericytes / Перициты 

Perivascular  stromal  cells,  known  as  pericytes  is  an 
integral component of  the  tumor vasculature, providing 
structural support to blood vessels [45]. Clinical studies 

in bladder cancer, colorectal cancer, and invasive breast 
cancer showed that low pericyte level in the vasculature 
predispose to poor prognosis and activation of metastasis. 
Studies  in  mouse  models  also  revealed  that  pericyte 
depletion suppresses primary tumor growth but leads to 
elevated hypoxia [46] and metastasis.

Stellate cells (SCs)  are quiescent  stromal  fibroblasts 
in  the  liver  and  pancreas.  SCs  transforming  into 
myofibroblasts  are  activated  during  injuries.  TGF-β 
triggers  SCs  activation,  after  which  they  modify  the 
ECM and begin to secrete proangiogenic factors such as 
VEGF-A and MMP-2 [47].

Tumor stem cells / Опухолевые стволовые клетки

Tumor stem cells interact with TME through activation 
of pathways such as Notch-1 and PI3K [48]. Tumor stem 
cells survive hypoxic conditions by promoting production 
of  hypoxia-inducible  factor-1  alpha  (HIF-1α),  VEGF, 
and  proangiogenic  factors.  In  some  cases,  stem  cells 
induce  immune tolerance  in TME via production of anti-
inflammatory cytokines [49].

TME protects tumor stem cells via TAFs and epithelial-
mesenchymal  transition  (EMT).  TAFs  are  active  TME 
stromal components able to stimulate tumor progression 
via  secretion  of  soluble  factors,  modulate  ECM 
composition, and interact with other cell types. Moreover, 
these  cells  are  capable  of  driving  tumor-like  behavior 
in  TME  through  exosomes  secretion,  which  ultimately 
stimulate  cell  migration  [50].  In  patients  with  prostate 
cancer,  TAFs  in  TME  promote  the  growth  of  tumor 
stem cells  by  enhancing  cell  proliferation  and  spheroid 
formation  via  paracrine  signaling.  In  EMT,  epithelial 
cells  become  fibroblast-mesenchymal  cells  [50].  In 
TME,  higher  invasiveness  and  cell  motility,  as  well  as 
turnover  of  ECM  components,  accompany  EMT.  TME 
protects  tumor  stem  cells  through  EMT,  allowing  them 
to penetrate the basement membrane, migrate to distant 
sites, and form secondary tumors.

Typically,  tumor  cells  are  surrounded  by  a  dense 
extracellular  matrix  composed  of  collagen,  proteins, 
proteoglycans,  and  glycoproteins  [50],  and  their 
increased ECM deposition may reduce the effectiveness 
of antitumor therapy.

TME  plays  a  marked  role  in  protecting  tumor  stem 
cells  through  angiogenesis  [50].  The  latter  is  a  rapid 
event  that  occurs  when  endothelial  cells  and  pericytes 
interact.  Due  to  the  high  rate  of  cell  proliferation  and 
oxygen consumption, trophic deficiency and hypoxia may 
develop.  Under  hypoxic  conditions,  HIF-1α  is  activated 
and regulates alternative angiogenic signaling processes. 
Disorganized angiogenesis can result in insufficient blood 
flow  to  TME  shaping  a  unique  metabolic  environment. 

The role of the microenvironment in tumor growth and spreading
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The concentration of energy sources in tumor site leads 
to tumor cells switching to glycolysis for proliferation and 
enabling effect or  functions such as  IFN-γ  release  [51]. 
In  TME,  T-cells  and  glycolytic  tumor  cells  upregulate 
expression  of  glucose  transporters  such  as  sodium/
glucose cotransporter 1 (SGLT1) and facilitated glucose 
transporter  member  1  (GLUT-1).  Activated  T-cells 
can  uptake  glucose  from  tumor  environment  without 
prominent competition from tumor cells.

Non-cellular components of the tumor 
microenvironment  / Неклеточные компоненты 
микроокружения опухоли

Extracellular matrix / Внеклеточный матрикс

Extracellular  matrix  is  a  substrate  that  provides 
intercellular  structural  and  biochemical  scaffold 
consisting of water, proteins, proteoglycans, minerals 
[35],  and  macromolecules,  such  as  glycoproteins, 
collagens,  and  enzymes,  which  affect  cell  adhesion, 
proliferation, and intercellular communication [41, 52]. 
The ECM exhibits the properties of a living cell [35], and 
its composition varies depending on  the surrounding 
cells and the needs in specific tissue type. It undergoes 
remodeling when its primary components are modified 
and  degraded  by  proteinases.  The  presence  of  ECM 
cell  growth  factors  such  as  integrins  allows  tumor 
cells  to  interact  with  TME.  The  ECM  also  regulates 
production of vital proteins, including laminin, elastin, 
and collagen [41].

The  ECM  not  only  supports  the  physical  structure 
of  all  TME  cells  but  also  affects  tumor  metastasis  by 
influencing cell adhesion  to  the ECM. The properties of 
tumor  cells  are  modulated  by  the  ECM,  which  in  turn 
affects  their movement. Cells can migrate between  low-
to-high  ECM  areas  due  to  adhesion  gradient  [41]  that 
determines  the  rate  at  which  tumor  cells  migrate  from 
one area to another [35]. Too high ECM concentrations 
interfere with cell migration [53]. 

The ECM serves as a reservoir for transforming growth 
factor-beta [48], a protein that regulates various cellular 
processes,  including  nerve  and  epithelial  cell  growth, 
wound  healing,  and  immune  responses.  Almost  all 
human cells are sensitive to TGF-β that plays an important 
role  in  maintaining  tissue  homeostasis  and  preventing 
progression.  [48].  However,  due  to  genetic  instability 
tumor cells can evade TGF-β-related suppressive effect in 
TME. They can inactivate the TGF-β receptors, and thereby 
escape  its  influence  [41].  Additionally,  tumor-produced 
TGF-β  enhances  immune  tolerance  and  avoids  immune 
surveillance.  Tumor-associated  TGF-β  also  promotes 
recruitment of stromal cells such as myofibroblasts and 
osteoclasts, which in turn promotes carcinogenesis.

The  ECM  composition  and  biomechanical  charac- 
teristics affect integrin signaling, which in turn influences 
cancer-causing  mechanisms  like  the  Hippo  pathway 
and EMT [41]. Cells attach  to  the ECM through various 
receptors,  including  integrins,  which  play  a  prominent 
role  in  promoting  epithelial  differentiation  and  cell 
development [36, 37]. Loss of integrin subunits, such as 
α6 and α2, can  lead  to  tumor progression. The  integrin 
activity and  function rely on substances  like syndecans, 
which bind to ECM proteins like collagen and laminin.

Solid  tumors  consist  of  large  extracellular  matrix 
deposits  and  account  for  up  to  60  %  of  the  tumor 
mass.  The  presence  of  large  collagen  deposits  and 
a high percentage of  fibroblast  infiltration contribute  to 
chemotherapy resistance and poor patient prognosis.

Exosomes / Экзосомы

Exosomes are microvesicles  ranging  in size  from 30 
to 200 nm. Their contents depend on the source cell and 
include protein, RNA, DNA, and lipids. In TME, exosomes 
are  involved  in  interaction  between  tumor  and  stromal 
cells.  TME  exosomes  play  a  crucial  role  in  promoting 
inflammation, tumor progression, neoangiogenesis, and 
metastasis. Hypoxia enhances exosome production and 
facilitates stromal cell-to-TAF conversion.

Growth factors / Факторы роста

Tumor microenvironment contains various growth fac-
tors, such as granulocyte-macrophage colony-stimulating 
factor  (GM-CSF)  and  VEGF,  which  down  modulate  acti- 
vity of anti-tumor T-cells  [50]. Leukocytes and TME fac-
tors, such as TGF-β, GM-CSF, and PDGF, stimulate tumor 
growth,  enhance  angiogenesis,  and  interfere  with  signa- 
ling molecule release. TME protects tumor stem cells by 
regulating the activity of signaling molecules and immune 
cells. TME components secrete cytokines, growth factors, 
and chemokines that promote tumor cell migration.

Tumor acidosis / Опухолевый ацидоз

Mutations and modifications of genes primarily drive 
tumor  growth.  It  is,  however,  known  that  metabolic 
reprogramming  also  plays  a  role  in  this  event  [54]. 
Metabolic reprogramming is a multilayered phenomenon 
that  involves  interplay  between  tumor  cells  and  the 
surrounding stroma. Presently,  there  is marked  interest 
in  understanding  the  metabolic  adaptations  that  occur 
during TME acidosis. Acidosis is a critical factor in tumor 
progression  [54]  because  it  affects  tumor  behavior, 
determines  the  rate  of  metastasis  and  invasion,  and 
regulates immune surveillance mechanisms.

Consequently, tumor acidosis represents an important 
therapeutic  target  and  is  no  longer  considered  a  mere 

Bitsadze V.O., Slukhanchuk E.V., Solopova A.G., Khizroeva J.Kh., Yakubova F.E., Orudzhova E.A., Degtyareva N.D.,  
Egorova E.S., Makatsariya N.A., Samburova N.V., Serov V.N., Ashrafyan L.A., Aslanova Z.D., Lazarchuk A.V.,  

Kudryavtseva E.S., Solopova A.E., Kapanadze D.L., Gris J.-C., Elalamy I., Ay C., Makatsariya A.D. 
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side effect of tumor growth. Tumor acidosis is associated 
with extracellular accumulation of lactic acid and hypoxia 
[54]. Tumor cells metabolic activity leads to a markedly 
accumulated H+ level in TME. The disorganized nature of 
the  tumor vasculature prevents  the effective and  timely 
elimination of H+ ions from the extracellular environment 
resulting in development of tumor hypoxia and a shift in 
glycolytic metabolism. Decreasing pH in TME enhances 
tumor  cell  motility  and  alters  cytoskeletal  dynamics 
that  affect  macrophage  and  fibroblast  polarization  and 
activity. Alkalinization of intratumoral pH level promotes 
increased cell migration involving actin-binding proteins. 
Conversely,  extracellular  acidification  leads  to  activated 
proteases and intercellular interactions. Tumor areas with 
the  lowest  pH  have  been  shown  to  have  peak  rates  of 
tumor invasion, and vice versa.

According  to  available  data,  lysosomal-associated 
membrane protein 2 (LAMP2) has been found to enhance 
tumor  cell  survival  in  acidic  conditions  [54].  LAMP2 
plays a crucial role  in protecting  lysosomal membranes 
from  proteolysis  during  carcinogenesis.  The  increased 
TME  acidity  triggers  expression  of  autophagy  regulator 
5  (ATG5)  in preinvasive  tumor cells.  Furthermore,  cells 
exposed  to  a  low  pH  environment  for  extended  period 
exhibit  higher  level  of  autophagy  biomarkers  such  as 
ATG5 and BCL-2. However,  the mechanisms underlying 
such changes have not yet been fully analyzed.

Tumor microbiome / Опухолевый микробиом

Microbiomes are a source of various metabolites that 
systemically  and  locally  promote  carcinogenesis.  They 
affect disease progression and may determine response 
to  therapy.  Currently,  the  relationship  between  tumor 
phenotypes and tumor-colonizing microbial species have 
been extensively studied. Microbiota deeply  impacts on 
the  effectiveness  of  immunotherapy  [50].  The  effect  of 
intestinal  microbiota  on  cancer  development  depends 
on  its  crosstalk  with  human  immune  system  and  TME 
components.  The  tumor  microbiota  in  TME  influences 
xenobiotics  biotransformation  and  metabolism  [50], 
which  account  for  the  rate  of  tumor  cell  growth  and 
spread in vivo. Assessing fecal microbiota transplantation 
in Clostridium difficile infection suggests a success in the 
treatment of complex cancer cases [55].

Effect of tumor on microenvironment / 
Влияние опухоли на микроокружение 

Cells  within  TME  interact  with  each  other  and  with 
tumor  cells,  affecting  tumor  invasion,  growth,  and 
metastasis.  TME  remains  an  important  battleground 
between host immune system and tumor. The wide range 

of  TME  cellular  interactions  determines  host  tolerance 
and tumor response.

Mesenchymal  cells  play  an  important  role  in  the 
interaction between tumors and TME [56]. This stromal 
cell  type  influences  tumor  biology  by  acting  on  its 
ability  to  differentiate  into  pericytes  and  TAFs  [43,  49]. 
Peptide signaling molecules, stromal cell-derived  factor 
1 (SDF-1), monocyte chemoattractant protein 1 (MCP-1), 
leucine-37 (LL-37), TGF-β [17, 32] as well as nitric oxide 
(NO)  and  exosomes  are  released  by  tumor  cells  and 
facilitate mesenchymal cell recruitment and destruction.

Tumor  cells  activate  fibroblasts,  promoting  cancer 
progression  [48].  Fibroblasts  can  be  activated  via 
vascular endothelial growth factor A (VEGF-A) signaling. 
Thus, stromal-activated fibroblasts play an important role 
in tumor growth and can be used to treat various cancer 
types.

Targeting tumor microenvironment as a new therapeutic 
approach / Влияние на микроокружение опухоли как 
новый терапевтический подход

The investigation of TME holds promise for developing 
novel therapeutic antitumor strategies. Currently, surgical 
procedures,  chemotherapy,  and  radiation  therapy  are 
the  most  widely  employed  treatment  options  in  cancer 
patients. However, selective depletion of TME regulatory 
T-cells can enhance  function and vaccine production of 
induced memory CD8+ T-cells in cancer patients [16, 20]. 
Furthermore,  in  the case of Hodgkin  lymphoma, T-regs 
have been  found  to  improve patient survival by directly 
impeding tumor cell division and growth [57].

The current  focus  in  the  field  is  to  regulate protumor 
activity  of  TME  cells,  including  NK-  and  NKT-cells. 
Additionally,  the  functionality  of  mesenchymal  cells 
presents  a  prominent  target  for  developing  novel 
therapeutic strategies. The  regulation of  these  functions 
can be utilized to enhance tumor immunosurveillance. The 
efforts  to  investigate  such  areas  hold  great  promise  for 
development of effective and innovative cancer therapies.

Tumor  acidosis  may  be  targeted  therapeutically  by 
neutralizing the acidic environment applying buffers and 
suppressing hydrogen ion production.

Immune checkpoint inhibitors are a new and important 
approach  for  treating  various  cancer  types,  which 
target programmed death 1 (PD-1) on healthy cells and 
programmed  death  ligand  1  (PD-L1)  on  tumor  cells. 
Tumor  cells  express  PD-L1,  which  activates  PD-1  and 
suppresses  the  immune  response  of  PD-1-expressing 
cells.  However,  PD-1  and  PD-L1  inhibitors  prevent  the 
interaction  between  PD-L1  and  its  cognate  receptors 
assisting  to  preserve  immune  responses  [52].  These 
inhibitors  have  been  clinically  tested  in  melanomas, 

The role of the microenvironment in tumor growth and spreading

Да
нн
ая

 и
нт
ер
не
т-
ве
рс
ия

 с
та
ть
и 
бы

ла
 с
ка
ча
на

 с
 с
ай
та

 h
ttp

://
w

w
w

.g
yn

ec
ol

og
y.

su
. Н

е 
пр
ед
на
зн
ач
ен
о 
дл
я 
ис
по
ль
зо
ва
ни
я 
в 
ко
м
м
ер
че
ск
их

 ц
ел
ях

. 
И
нф

ор
м
ац
ию

 о
 р
еп
ри
нт
ах

 м
ож

но
 п
ол
уч
ит
ь 
в 
ре
да
кц
ии

. Т
ел

.: 
+7

 (4
95

) 6
49

-5
4-

95
; э
л.

 п
оч
та

: i
nf

o@
irb

is
-1

.ru
. 



105

2024 • V
ol. 18 • №

 1
O

bstetrics, G
ynecolog

y and  R
eproduction

renal  cell  carcinoma, non-small  cell  lung  cancer,  colon 
cancer,  and bladder cancer  [55].  Immunotherapy using 
checkpoint  inhibitors  has  been  shown  to  reduce  tumor 
size and provide durable responses with low toxicity.

Dendritic  cells  activation  by  vaccination  has  been 
successfully  used  in  the  treatment  of  prostate  cancer. 
The “Provenge” protocol is based on monocyte collection 
from  prostate  cancer  patients  followed  by  monocyte, 
differentiation  into  DCs,  activation  with  рrostatic  аcid 
рhosphatase (PAP) antigen, and subsequently inoculated 
back to the patients.

Integrins  are  cell  membrane  receptors  for  diverse 
ECM proteins that affect differentiation, proliferation, and 
survival of tumor cells [58]. Integrins and their effectors are 
among the most promising markers and targets for tumor 
therapy. Integrin antagonists, such as the avβ3 and avβ5 
integrin antagonists cilengitide, successfully block  tumor 
progression and demonstrate high antitumor efficacy.

Analogies  have  been  drawn  between  inflammation/
wound  healing  and  tumor  growth  due  to  activation  of 
oncogenic mutations,  altered  immune cell  function,  and  
the  initiation  of  angiogenesis.  Apart  from  providing  
a  physical  scaffold  promoting  tumor  growth,  TME 
comprises  a  range  of  growth  factors,  including 
chemokines  and  angiogenic  factors,  that  interact  with 
various cell surface receptors.

Several  studies  indicate  that  mutations  in  the  genes 
associated  with  the  TGF-β  family  can  contribute  to 
tumor  development.  Mutations  in  the  genes  encoding 
transforming  growth  factor  beta  receptor  type  II  
(TGFBR2),  activin  receptor  type  2A  (ACVR2A)  and 
SMAD4 receptor can influence tumor development [55]. 
Activin  and  TGF-β  are  crucial  TME  components  and 
play  a  prominent  role  in  regulating  cell  differentiation, 
migration,  proliferation,  and  apoptosis.  TGF-β  triggers 
activin  secretion  by  tumor  stromal  cells,  which  in  turn 
promotes metastasis in epithelial cells.

It was previously believed that primary activin-related 
function  is  to  stimulate  release  of  follicle-stimulating 
hormone by the pituitary gland. However, recent studies 
suggest  that  it  also  plays  a  key  role  in  inflammation, 
immunity, fibrosis, and angiogenesis. Activin is a crucial 
regulator  of  carcinogenesis  and  regeneration  [59]. 
Animal  models  have  demonstrated  that  upregulated 
activin expression results  in  formation of  larger  tumors 
and cancer cachexia [54].

Antiangiogenic  therapy  is  aimed  at  targeting  the 
VEGF/VEGF-R  signaling  axis.  Types  of  antiangiogenic 
therapy  include  neutralizing  antibodies  against  VEGF-A 
(bevacizumab);  decoy  receptors  for  VEGF-A  or  B 
(aflibercept);  tyrosine  kinase  inhibitors  (sorafenib);  and 
neutralizing  antibodies,  which  block  VEGF  binding  to 

cognate  receptor  (ramucirumab).  Monotherapy  with 
antiangiogenic drugs is not effective enough, and greater 
success is achieved by combination with other drugs.

It has been found that certain cells and substances are 
present in all tumor types, even though TME composition 
can  vary.  Therefore,  some  treatment  options  may  be 
effective for all tumor types in the future. Recent studies 
have shown that immunotherapy with CTLA4 antibodies 
can effectively treat advanced cancer.

Thromboinflammation and tumor microenvironment / 
Тромбовоспаление и микроокружение опухоли

The  concept  of  “thrombus  inflammation”  was 
introduced  in  2004.  It  describes  the  interplay  between 
hemostatic  and  inflammatory  responses  that  occur  in 
various  pathophysiological  conditions  such  as  sepsis, 
disseminated  intravascular  coagulation,  stroke,  cancer, 
etc.  Thromboinflammation  is  represented  by  mutual 
interactions and reciprocal activation between endothelial 
cells,  subendothelium,  leukocytes,  platelets,  as  well  as 
reactions  of  innate  immunity,  complement  cascade, 
coagulation,  and  fibrinolysis.  The  crosstalk  between 
thrombosis  and  inflammation  stems  from  an  cardinal 
response  to  infectious  agents  and  tissue  damage.  In 
some  invertebrates,  "clotting" occurs  in  the hemolymph 
being  supported  by  hemocytes,  the  precursors  of 
vertebrate platelets. The impact of bacteria on hemocytes 
or  hemolymph  leads  to  rapid  hemolymph  coagulation, 
detaining  pathogens  and  limiting  further  spread.  Later, 
this  early  cardinal  response  became  more  specialized. 
Altogether,  a  role  for  hemostasis,  inflammation,  and 
immunity also became differentiated.

In  addition  to  cardiovascular  diseases  and  compli- 
cations,  the  role  of  thromboinflammation  in  cancer 
progression  has  been  proven.  In  this  field,  tumors  are 
treated as non-healing wounds. In this scenario, platelets 
are  intimately  involved  in  a  vicious  cycle  of  activating 
tumor  cells,  which  in  turn  activate  platelets.  Mutual 
activation entails  the development of cancer-associated 
thrombosis, activation of neutrophils along with release 
of  neutrophil  extracellular  traps  as  well  as  strengthens 
proinflammatory  microenvironment  promoting  tumor 
growth and metastasis.

NETs  components  have  been  found  to  be  highly 
effective  in combating  tumors. Myeloperoxidase (MPO), 
for instance, has been shown to be harmful to melanoma 
cells.  In  case  of  MPO  deficiency,  the  likelihood  of 
tumor  relapses  and  progression  increases  [60].  NETs 
histones  have  the  ability  to  damage  tumor  vasculature, 
destroy  epithelial  and  tumor  cells,  attract  dendritic 
cells  to  the  tumor,  and  exert  antiangiogenic  properties. 
However,  NETs  proteases  can  also  promote  metastasis 
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by destroying  the extracellular matrix components. The 
matrix  metalloproteinase  9  (MMP-9)  released  from 
NETs blocks  tumor cell apoptosis,  facilitating migration, 
invasion,  and  metastasis  [61,  62].  NETs  bearing  DNA 
strands  attached  to  the  vascular  endothelium  may 
capture tumor cells from the bloodstream. After 48 hours, 
micrometastases begin to be detected in the liver [63].

There has been a long-standing hypothesis stating that 
the interaction between neutrophils and platelets plays a 
role in ischemia-reperfusion injury, even before the term 
thrombus inflammation was coined [64]. The focus has 
been put on the von Willebrand factor (vWF) and its role 
in  the  thromboinflammatory  response.  Studies  showed 
that  vWF  concentration  increases  in  the  blood  plasma 
of  individuals  with  malignant  growth,  proportional  to 
disease  stage.  The  interaction  between  vWF,  tumor 
cells,  platelets,  and  endothelial  cells  contributes  to 
hematogenous  dissemination  and  the  formation  of 
metastatic foci. This is thought to be a consequence of the 
deficiency  or  dysfunction  of  ADAMTS-13  (a  disintegrin 
and metalloprotease with  thrombospondin  type 1 motif, 
member  13),  the  vWF-degrading  protease  activity, 
which  regulates  platelet-tumor  adhesive  interactions  in 
the  metastatic  process  [65].  There  is  ongoing  debate 
on  the  anti-  or  prometastatic  vWF  role.  Some  studies 
suggested that vWF plays a protective role against tumor 
spread,  as  vWF-deficient  mice  exhibited  an  increased 
number  of  lung  metastases.  However,  another  study 
found  that  vWF  promoted  the  formation  of  pulmonary 
metastases  through  a  hematogenous  route  in  mouse 
models.  Interestingly,  the  lack  of  Weibel-Palade  bodies 
and dysregulated secretion of prometastatic factors were 
observed  in  vWF-deficient  mice,  which  may  activate 
prometastatic potential.

In  cancer  patients,  the  vWF  concentration  is  higher 
and  the ADAMTS-13 concentration  is  lower  than  in  the 
general  population,  and  such  changes  depend  on  the 
disease stage. A relationship has been identified between 
vWF concentration, ADAMTS-13 activity, and the risk of 
thrombosis  in cancer patients  [66].  vWF  level  is higher 
in  those  patients  who  developed  thrombosis  within 
6  months.  It  has  been  shown  that  patients  with  tumor 
progression had significantly higher vWF concentration, 
but lower ADAMTS-13 activity [67].

Approximately 5 % of patients with  idiopathic  throm- 
bosis  exhibit  malignancies  within  a  year  following  the 
thrombotic  episode.  Conversely,  hypercoagulation 
is  detected  in  cancer  patients  at  the  time  of  disease 
diagnosis.  In  comparison  to  the  general  population, 
cancer  patients  exhibit  higher  hypercoagulability  level 
and  the  incidence of genetic  thrombophilia  [68]. These 
findings  suggest  a  relationship  between  hemostasis 

dysregulation  and  tumor  growth,  suggesting  about  a 
plausible  role  for  hemostasis  gene  polymorphisms  and 
mutations  in cancer  initiation. A study by R. Pihusch et 
al.  showed  that  prothrombin  mutation  is  a  risk  factor 
for gastrointestinal malignancies.  [69]. The mechanism 
behind  this  is  prothrombin  activation  resulting  in 
formation of thrombin that interacts with the proteinase-
activated  receptor  1  (PAR-1),  ensuring  tumor  cell 
survival, proliferation, and adhesion [70]. C.Y. Vossen et 
al. noted about the carcinogenic role of factor V Leiden 
mutation  and  prothrombin  mutation  [71].  Furthermore, 
E.C.  de  Haas  et  al.  demonstrated  that  the  plasminogen 
activator inhibitor-1 (PAI-1) 4G/4G genotype is linked to 
an increased risk of early disease relapse and decreased 
survival  during  platinum-containing  chemotherapy 
for  testicular  cancer  [72].  PAI-1  enhances  tumor 
neoangiogenesis  and blocks  endothelial  and  tumor  cell 
apoptosis, thereby promoting tumor progression [73]. A 
study on breast cancer  revealed a  relationship between 
tissue  factor  pathway  inhibitor  (TFPI)  polymorphisms 
and  tumor  size,  subtypes,  and  the  presence  of  lymph 
node  metastases.  TFPI  regulates  the  activity  of  tissue 
factor  (TF),  which  triggers  the  extrinsic  coagulation 
pathway.  Oncogene-induced  tumor  TF  expression 
promotes  cell  proliferation  and  invasion,  angiogenesis, 
and  metastasis.  TFPI  exhibits  antimetastatic  properties, 
and  its  upregulated  expression  correlates  with  a  better 
prognosis  in  breast  cancer  patients.  Considering  the 
role of the hemostatic system in carcinogenesis, genetic 
markers  of  hereditary  thrombophilia  may  serve  as 
prognostic markers for tumor progression [74].

The  role  for  antiphospholipid  antibodies  (APLAs)  in 
interaction  between  immune  system,  hemostasis,  and 
inflammatory  reactions  cannot  be  ignored.  However, 
the  APLAs  prevalence  in  the  general  population  is  not 
fully clarified due  to  the  lack of population-wide studies. 
In  a  prospective  study  with  healthy  subjects,  10  %  of 
individuals had circulating APLAs, whereas 1 % had lupus 
anticoagulant (LA) [75]. In cancer patients, the circulation 
of APLAs level varies from 1.4 to 74 % [76]. It is believed 
that APLAs play a role in the oncological process by cau- 
sing immune-mediated thrombosis in response to tumor 
antigens,  immunotherapy,  or  a  systemic  inflammatory 
response  [77]. During  tumor growth, APLAs production 
increase  due  to  excessive  tumor  cell  proliferation  and 
aberrant  apoptosis  [77].  The  autoantibody  production 
is  triggered  by  the  externalization  of  phosphatidylserine 
to  cell  outer  membrane  during  apoptosis,  which  leads 
the  recognition of surface epitopes consisting mainly of 
phospholipids  and  β2-glycoprotein  1  upon  removal  of 
dying cells. Cancer patients may also develop catastrophic 
antiphospholipid  syndrome  (CAPS),  which  can  lead  to 

The role of the microenvironment in tumor growth and spreading
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lethal  outcome  due  to  thrombosis  and  multiple  organ 
failure. Study data reveal that 16 % of patients with CAPS 
have cancer, mainly lymphomas and leukemia [78].

Conclusion / Заключение

Tumor  cells  exist  in  close  interaction  with  the 
microenvironmental constituents, being part of the whole 
organism. TME plays a critical role in tumor cell existence 

and  survival.  Dynamic  and  reciprocal  interactions  bet- 
ween tumor cells and related environment play a crucial 
role in tumorigenesis, tumor progression and metastasis. 
The  level  of  the  current  science  allows  not  only  to 
investigate TME composition and evaluate this crosstalk, 
but also in the future to develop new diagnostic tools and 
treatment strategies for oncological diseases by affecting 
tumor microenvironment.
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