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Abstract

The importance of the microenvironment in 
tumor development and their resistance to 
drugs is increasingly well known. This micro-
environment is composed of different cell 
types, among which cells with stemness prop-
erties such as cancer stem cells (CSCs) and 

mesenchymal stem cells (MSCs) are distin-
guished for their relevant role in tumor prolif-
eration, angiogenesis, metastasis, and drug 
resistance. The relationship between these 
stem cells (SCs) and tumor microenvironment 
is conducted by the secretome, consisting of 
several factors, cytokines, chemokines, and 
hormones released to the surrounding stroma, 
which plays a deterministic role in tumor hall-
marks. Knowing the intrinsic and complex 
communication network that SCs establish 
with the microenvironment will allow to 
address the tumor processes responsible for 
cancer progression and the generation of new 
targeted therapeutic approaches useful in the 
clinic arena.
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8.1	 �Introduction

Over the decades, tumor origin and development 
were attributed only to cancer cells; however, 
tumor cells do not act alone since they are 
immersed in a tumor microenvironment (TME) 
that comprises several cell types, a characteristic 
extracellular matrix (ECM) and a complex cyto-
kines and growth factors network. The TME 
consists of the niche where the tumor develops, 
and it is unique for each tumor and patient, and 
also highly dynamic over time [1, 2]. The role 
played by TME in tumor hallmarks [3] such as 
high proliferation, invasion, angiogenesis, 
metastasis, and resistance to drugs [4–7] is 
increasingly well known. The TME contains 
several cell types including the tumor cells, cells 
from the immune system, CSCs, MSCs, fibro-
blasts, endothelial precursors, and a series of 
chemical components and biophysical signals 
[2]. This niche participates in the carcinogenesis 
by a complex network of cytokines, growth fac-
tors, and inflammatory and matrix-remodeling 
enzymes [8].

An essential process that must be given in 
the TME is the new vessel formation. Tumor 
neovascularization allows tumor growth and 
involves both tube-forming endothelial cells 
and their supporting pericytes, as well as tumor 
and stromal cells [9]. The new branched ves-
sels of the existing vasculature and the devel-
opment of neovascularization from endothelial 
cells and their associated pericytes or from 
cancer stem cells (CSCs) (in a process called 
vascular mimicry) depend on angiogenic sig-
nals from hypoxia regions or soluble factors 
from the TME [10, 11]. The resulting vascula-
ture is chaotic and abnormally fulfills its func-
tions, which facilitates the metastatic spread of 
cancer cells, increases hypoxia in the tumor [2, 
8], and prevents the correct extravasation of 
immune cells and diffusion of drugs, helping 
tumor survival [12].

In TME development, cancer-associated 
fibroblasts (CAFs) are essential cells that secrete 
growth factors and cytokines, which stimulate 

the growth and survival of malignant cells [13–
15] and contribute to drug resistance [16–18]. 
CAFs secrete also factors with chemoattractant 
properties, which stimulate the migration of 
other types of stromal cells and their progenitors 
to the TME, and promote angiogenesis by 
attracting pro-angiogenic myeloid cells and 
stimulating endothelial recruitment [19, 20].

Furthermore, the TME presents a wide diver-
sity of infiltrating immune cells (IICs), among 
which are tumor-associated macrophages 
(TAMs), dendritic cells, lymphocytes, natural-
killers, and neutrophils, which as a whole can 
perform both protumor and antitumor functions 
depending on a large extent on the signals from 
the TME [21]. IICs deliver to the TME growth 
mediators that stimulate the proliferation of 
both tumor and stromal cells and activate angio-
genic processes [22]. Also, IICs promote inva-
sive cellular phenotypes, contribute to 
therapeutic resistance, and improve protumor 
inflammation [5, 8, 23].

Beyond the contributions of different cell 
types to the TME, the ECM is another key com-
ponent, and involves not only the physical scaf-
folding of the cells in the niche, but also a source 
of different factors and cytokines that model 
tumor behavior. CAFs, TAMs, and tumor cells 
secrete heparanases and matrix metalloprotein-
ases (MMPs) that degrade the ECM, releasing 
these factors to the TME [14, 19, 24, 25]. Through 
them, ECM mediates in angiogenesis, inflamma-
tory processes, dysregulation of stromal cells, 
and tumor proliferation [26].

In addition to the cell types described above in 
the TME, main role is played by characteristics 
SCs such as MSCs and CSCs. Both kinds of SCs 
have several common features and participate 
actively in the TME, being essential for tumor 
growth. In this chapter, we first present the simi-
larities and specific characteristics of both SCs. 
Second, we describe the specific particularities of 
the secretome released by these cells and how it 
participates and regulates the TME and the patho-
genic processes associated with tumor 
development.
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8.2	 �Stem Cells in the Tumor 
Microenvironment

Stem cells are rare cells defined by the capacity 
to self-renew themselves and being able to dif-
ferentiate into mature cells from a tissue [27]. In 
the TME, these cells will acquire special impor-
tance as responsible to manage its origin and par-
ticular characteristics (Fig. 8.1).

In the first place, although there are different 
proposals about how a tumor is generated, there 
is evidence of the existence of a minority sub-
population in the TME called CSCs, responsible 
for tumor growth, metastasis, and cancer recur-
rence [28]. CSCs present similar characteristics 
to MSCs in terms of their capacity for self-
renewal, the expression of embryonic SCs tran-
scription factors, similar regulation of several 
signaling pathways, and gene expression modu-
lation by short noncoding miRNAs [29]. CSCs 
characterization is a complex challenge due to 
surface markers not being universal for any can-
cer type, the existence of heterogeneous CSC 
pools in the same tumor, and the instability of the 

phenotype [30]. However, several markers have 
been useful to identify CSCs like CD133 and 
CD44 [31], aldehyde dehydrogenase 1 (ALDH1) 
activity [32], and its ability to exclude Hoechst 
33342 (side population) [33].

The importance of CSCs in the TME also lies 
in tumor recurrence and metastasis [34, 35]. 
Moreover, CSCs provide tumor resistance to 
radio- and chemotherapy due to the overexpres-
sion of membrane proteins of multidrug resis-
tance (MDR) and their ability to detoxify or 
mediate the outflow of cytotoxic agents [33, 36], 
high ALDH1 activity [36, 37], rapid reparative 
response to DNA damage [38], and their ability 
to maintain a quiescent state [39]. However, 
CSCs require the TME to regulate their prolifera-
tion and self-maintenance, interacting closely 
with the cells that comprise it [40, 41]. It is known 
that CSCs not only get adapted to TME, but also 
contribute aggressively to its generation and cell 
composition; thanks to the development of a 
powerful interactive network composed of cyto-
kines, growth factors, chemokines, hormones, 
miRNA, microvesicles, and exosomes through 

Fig. 8.1  Schematic illustration of the differential and shared characteristics of both stem CSCs and MSCs
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which CSCs can recruit and activate different 
cells types like MSCs or vascular endothelial 
cells [41]. As well, the ECM is remodeled by the 
CSCs to maintain stem cell properties through 
anchorage, cell–cell and cell–ECM contact sig-
nals, and biomechanical properties [25].

On the other hand, one of the cell types 
recruited by the TME includes the MSCs, multi-
potent SCs that reside in many human organs and 
comprise a heterogeneous population with self-
renewal ability [42]. Although their morphology, 
immunophenotype, and differentiation potentials 
are dependent on their tissue of origin [42], three 
criteria have been defined for their identification: 
(i) must be plastic-adherent when maintained in 
standard culture conditions, (ii) must express cer-
tain membrane markers, and (iii) must differenti-
ate in  vitro to osteoblasts, adipocytes, and 
chondroblasts [43, 44].

MSCs could be also found in the circulatory 
system and can arrive to inflammatory sites, 
where they seem to perform a restorative func-
tion, not only by structural repair of tissue, but 
also modulating the local environment due to its 
immunomodulatory and anti-inflammatory prop-
erties [42]. The role played by MSCs in the TME 
is not exempt from controversy [45]; however, in 
a relevant way, it has been shown that these cells 
are recruited by the TME [46–48]. It has been 
amply demonstrated that MSCs contribute to 
tumor growth and proliferation [48–51], increase 
the metastatic potential of tumor cells by promot-
ing their motility, invasiveness [52, 53], the 
epithelial-to-mesenchymal transition (EMT) 
[54], and angiogenesis [55, 56], and participate in 
the appear of CAFs in the TME [51, 57]. 
Moreover, they play a key role in the tumor niche 
formation and support CSCs maintenance [58, 
59]. Recently, our research group has shown that 
the MSCs secretomes, among which are interleu-
kine-6 (IL-6) and hepatocellular growth factor 
(HGF) stand out, support the selection of CMCs 
with specific chromosomal alterations character-
ized by a translocation in the long arm of chro-
mosome number 17 (17q25), that makes them 
more aggressive [58].

8.3	 �Stem Cell-Secreted Factors

In normal adult tissues, the presence of MSCs 
generates an environment termed as “stem cell 
niche,” and the communication between the 
MSCs and their microenvironment is fundamen-
tal for normal tissue homeostasis, SCs mainte-
nance, differentiation, and immunomodulation 
[60]. In cancer, this SC niche is modified with 
altered intercellular communication, be trans-
formed in a TME that allows tumor growth 
changes over tumor progression and re-adapting 
[60–62]. All cells that constitute the TME display 
altered or modified secretomes compared to nor-
mal tissues, with simultaneous up- and downreg-
ulation of several factors [63]. SCs communicate 
with their microenvironment through the release 
of microvesicles and exosomes, as well as a wide 
range of soluble factors that include chemokines, 
cytokines, growth factors, hormones, and metab-
olites [64]. Specifically, factors released by tumor 
SCs promote several associated tumor processes, 
including tumor growth, invasion, metastasis, 
and promotion of angiogenesis, in addition to 
other processes such as influencing in cell pheno-
type, homing, differentiation, inflammation and 
immunodulation processes, and drug resistance 
mechanisms [63] (Fig. 8.2).

8.3.1	 �Angiogenesis

A decisive factor in tumor development is the 
presence of blood vessels, which provide both 
the nutrients and oxygen needed, and offer sup-
port for the metastasis. Several studies show that 
tumor SCs secrete vascular endothelial growth 
factor (VEGF), which is the principal growth fac-
tor promoting vascularization [65, 66]. 
Furthermore, it has been observed that the 
secreted VEGF itself has the potential to induce 
differentiation of MSCs into endothelial cells 
(ECs) [66, 67]. However, this factor not only has 
this fundamental role in the TME, but it also 
stimulates CSCs proliferation and maintenance 
through the stimulation of neuropilin-1, a core-
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ceptor of VEGF receptor 2. In addition, VEGF 
overexpression accelerates tumor growth, pro-
moting CSCs division [65, 68, 69] (Fig. 8.1).

Nevertheless, VEGF is not the only factor 
related with angiogenesis, IL-6 secreted by 
MSCs increases the secretion of endothelin-1 
(ET-1) in cancer cells, which induces the activa-
tion of Akt and ERK pathways in ECs, leading to 
the development of mature vessels [70]. Also, a 
recent study situates another cytokine secreted by 
MSCs, the interleukin-8 (IL-8), as responsible 
for endothelial proliferation induction and tube 
formation, demonstrating the paracrine pro-
angiogenic effect of IL-8 [71] (Fig. 8.1).

8.3.2	 �Hypoxia

A hallmark in solid TME is hypoxia, which is 
directly related with tumor progression and ther-
apeutic response failure. Within the tumor, the 
oxygen concentration is variable, appearing in 
distinct areas with different oxygen contents. The 
responsible for the adaptation to hypoxic micro-
environment is the hypoxia-inducible factor 
(HIF) family of transcription factors, and plays 
crucial roles in diverse tumor processes such as 
angiogenesis, treatment and immune system 

resistance, proliferation, tumor cell plasticity, 
metastasis, and maintenance of CSCs [72]. It was 
observed that under hypoxic conditions, MSCs 
increase HIF-1α secretion and their proliferative 
capacity. In addition, elevated release of energy 
metabolism-associated genes such as lactate 
dehydrogenase, GLUT-1, and PDK1 was 
observed, thereby leading to acidosis in the tumor 
microenvironment, and all this results in a feed-
back of the hypoxia environment [73]. On the 
other hand, the expression of HIF-1α and HIF-2α 
is different between non-SCs and CSCs. HIF-1α 
is produced by stem and nonstem tumor cells, 
and is only stabilized under acute hypoxic condi-
tions, but HIF-2α is significantly secreted by 
CSCs and is accumulated under low levels of 
hypoxia or even normal physiological oxygen 
levels [74]; so, the role of the two HIF isoforms 
depends on the timely characteristics of the TME. 
In addition, HIF-1α produced by SCs stimulates 
tumor angiogenesis through the enhanced expres-
sion of angiogenic proteins like VEGF [75]. Also, 
several studies evidence that hypoxia plays a 
determinant role in CSCs maintenance, enhanc-
ing the self-renewal capacity, and retaining the 
undifferentiated state of CSCs, state that is 
reversible when normoxic conditions are reset-
tled [76–78].

Fig. 8.2  Schematic overview of SCs secretome released to TME and the pathways and tumor processes it regulates
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8.3.3	 �Metastasis

Cells from the primary tumor present intravasa-
tion capacity, which allows them to enter into the 
surrounding blood and lymphatic vessels, and 
around 0.2% of these cells survive in circulation 
and have extravasation ability; finally, they colo-
nize distant organs producing metastasis [79]. As 
can be seen, metastasis is a very complex process 
that requires a set of factors that support it to 
achieve success. MSCs present different roles in 
the metastatic process, on the one hand, they 
increase the metastatic potential of tumor cells, 
and on the other hand, they present the ability to 
prepare the metastatic niche in the distant tissue 
[48]. Related to the increment of metastatic 
potential, the release of chemokine CCL5 by 
MSCs activates its receptor CCR5 on breast can-
cer cells thereby promoting altered breast cancer 
development and metastasis [52]. In addition, 
ovarian CSCs present CCR1, CCR3, and CCR5 
upregulated, being more sensitive to CCL5 
induction, enhancing invasiveness through 
nuclear factor κB (NF-κB) activation and the 
consequently elevated MMP9 secretion [80]. 
Others MMPs are highly secreted in the TME, 
such as MMP10 and MMP13 that are released by 
CSCs, and this fact promotes ECM degradation 
and remodeling, which enhances metastatic 
behavior [81, 82]. As other factors described, 
MMPs also perform different functions, such as 
MMP10 that has an essential role in CSCs main-
tenance and treatment resistance through the acti-
vation of Wnt signaling [83]. Main factors of 
other tumor processes also participate in metasta-
sis, for example, hypoxia promotes metastasis 
through the activation and enhancement expres-
sion of HIF, which mediates paracrine signaling 
between cancer cells and MSCs mediated by 
CXCL10 and CCL5 and its respective receptors 
CXCR3 and CCR5 in cancer cells [84].

EMT phenomenon and the intravasation are 
essential processes in metastasis, and are pro-
cesses driven by a complex network of cytokines 
and factors. For example, MSCs secretome in 
general, and IL-6, IL-8, and TGFβ in particular, 
have the capacity to upregulate EMT specific 
markers (N-cadherin, Vimentin, Twist, and Snail) 

via activation of PI3K/AKT pathway [85–87]. 
Once the cells are in the blood vessel, they have 
to perform the extravasation to be able to colo-
nize the new tissue, and TGFβ displays an indis-
pensable role in this process [88]. TGFβ induces 
angiopoietin-like 4 via the Smad signaling path-
ways in cancer cells, and these cells enter the cir-
culation to metastasize to the lungs. After that, 
circulating cells that retain angiopoietin-like 4 
release this cytokine and disrupt endothelial cell–
cell adhesions in lung capillaries, facilitating the 
target organ invasion [89].

The TME also includes the metastatic niche, a 
niche in which there are also SCs and the factors 
secreted by them, making metastasis a successful 
process. Kaplan et al. first described the forma-
tion of a premetastatic niche where MSCs that 
express VEGFR1 present the capacity to migrate 
and form premetastatic niches through the pro-
duction of MMP9, preparing it before the arrival 
and establishment of tumor cells [90]. Also, peri-
ostin (an ECM molecule) is highly expressed in 
CSCs [91] and when it binds to Wnt ligands, pro-
motes stemness [92] so that the first CSCs that 
reach the premetastatic niche could favor the 
stemness of the new cells through this molecule. 
All these data together show that metastasis is a 
process induced by original TME secretome, 
where SCs are a principal player that can handle 
such complex processes as traveling through 
blood and lymphatic vessels and establishing a 
new tumor in a different organ.

8.3.4	 �Inflammation 
and Immunomodulation 
Processes

Inflammation and immunomodulation play a crit-
ical role in tumor development through the pro-
duction of several molecules that participate in 
diverse tumor processes [93, 94]. In the TME 
there are several immune system cellular types 
including macrophages, neutrophils, mast cells, 
eosinophils, and myeloid-derived suppressor 
cell, which are attracted by TME through the 
tumor cell secretome, as well as ECM-degrading 
enzymes that allow invasion [75, 95]. The tran-
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scription factors NF-κB and Stat3 regulate mul-
tiple aspects and serve as a central inflammatory 
mediator that responds to a large variety of 
immune stimulus [93, 94, 96], and as described 
in previous sections, these factors are very active 
in tumors. MSCs constitutively secrete several 
factors implicated in the immune suppressive 
role of these cells which include IL-1β, IL-6, 
IL-8, IL-10, HGF, TNFα, GM-CSF, TGFβ-1, 
prostaglandin E2, human leukocyte antigen-G5, 
and tryptophan-degrading enzyme indoleamine 
2,3- dioxygenase (IDO) [97, 98]. In addition, 
CSCs have been demonstrated to have immuno-
modulatory properties through the release of 
inflammatory factors like IL-6, IL-17, and TGFβ, 
inducing Foxp3-positive regulatory T cells and 
pathogenic Th17 cells that can make the TME 
unresponsive to the recognizance of immune 
cells [99].

8.3.5	 �Homing

As described in the introduction section, the 
TME is composed of different cell types that 
interact to create the most optimal TME, as well 
as the different processes associated with tumor 
evolution; but to achieve this, it is necessary that 
the tumor “recruits” these cells. MSCs are 
attracted and activated by IL-6 released by differ-
ent cell types, among them the CSCs, and in turn, 
the MSCs recruited produce CXCL7 that favors 
the maintenance of CSCs, generating a positive 
feedback loop [100]. Also, IL-1β, that shows 
higher expression in CSCs compared to their 
more differentiated counterparts [101], promotes 
MSCs migration through the expression of 
MMP1, which then activates the PAR1 and 
G-protein-coupled signal pathways [102].

Definitely, MSCs homing to tumor requires 
the participation of a complex molecule network 
that includes several cytokines and factors 
released by CSCs such as TGFβ1, VEGF, FGF, 
CCL2, CXCL8, and TNFα [103]. But MSCs do 
not respond only to signals from other cell types; 
for example, autocrine signaling of SDF-1 leads 
to the activation of Jak2/STAT3 and ERK1/2 sig-
naling, thereby promoting FAK activation that 

finally promotes MSCs’ migration to the TME 
[104]. TAMs also are critical modulators of the 
TME and support tumor progression; their 
recruitment is done through the chemokine CCL2 
and its receptor CCR2, secreted by MSCs, as 
well as VEGF in a HIF-1α-dependent manner 
released by both SCs [105, 106].

8.3.6	 �Cell Phenotype Maintenance 
or Differentiation Induction

The maintenance or alteration of the cell pheno-
type or the stemness state is highly influenced by 
the TME.  CSCs phenotype, proliferation, and 
invasiveness are regulated by MSCs and the 
CSCs themselves that activate NF-κB pathway 
through the release of several growth factor and 
cytokines, such as CXCL12, CXCL7, IL-6, IL-8, 
HGF, VEGF, HIF, and Gremlin 1 (see previous 
sections) [59, 100, 107, 108]. TGFβ is one of the 
key factors produced by the CSCs, and helps to 
transform fibroblasts and MSCs to cancer-
associated fibroblasts (CAFs); thanks to the acti-
vation of TGFBR1/Smad pathways, and these 
CAFs participate in several TME process through 
its secretome network, like angiogenesis, EMT, 
and metastasis [62, 109, 110]. Moreover, MSCs 
also present the capacity to differentiate into peri-
cytes and ECs under the effect of VEGF produced 
by both SCs [111]. The balance between the 
differentiated-dedifferentiated state of the CSCs 
is essential for tumor evolution and treatment 
resistance, and the balance between both states 
depends of NF-κB signaling (and related mole-
cules describes above), enhancing Wnt activation 
that drives tumor cells dedifferentiation [112].

8.4	 �Future Trends

CSCs are responsible for tumor development, 
metastasis, and relapses, but the entire responsi-
bility of a tumor process should not be associated 
only with a single cell type, since the TME is 
composed of different cell types that are inter-
connected by a complex network of chemokines, 
cytokines, growth factors, hormones, and metab-
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olites. MSCs and CSCs create the stem niche and 
participate in several indispensable tumor pro-
cesses such as angiogenesis, hypoxia, cell recruit-
ment, inflammation, undifferentiated phenotype 
maintenance or cell differentiation, and metasta-
sis. The potential of future therapeutic approaches 
is based on the knowledge of the TME, and espe-
cially of both types of SCs, as well as the com-
plex communication network between them and 
with the rest of tumor subpopulations. For exam-
ple, both SCs release VEGF to induce angiogen-
esis that supports CSCs maintenance and 
metastasis, and many novel approach drugs are 
focused on disrupting this growth factor pathway, 
including tyrosine kinase inhibitors [113, 114]. 
In the same way, high HIF expression correlates 
with poor glioma patient survival [115], so new 
therapies against this factor and its signaling 
pathway will allow the disruption of the hypoxic 
environment that affects several tumor processes 
and characteristics, including angiogenesis. A 
key factor in future therapeutic approaches is to 
avoid CSCs maintenance/protection. As 
described in this chapter, the entire TME in gen-
eral, and the SCs in particular, has developed a 
complex cellular communication directed to 
CSCs preservation; therefore, new therapies 
should focus on this connection, and, in fact, 
there are already several studies and clinical trials 
aimed at these cytokines and specific factors, 
such as IL-6 [116, 117], IL-8 [118], HGF [119], 
and TGFβ [120]. In conclusion, the molecules 
released in the TME form a complex network that 
determines the success of the hallmarks of cancer 
[3], and may constitute a powerful tool in the 
therapeutic targeting of precision and personal-
ized oncology.
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