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Mesenchymal stem cells (MSCs) represent a promising tool for cell therapy, particularly for their antitumor effects. This cell
population can be isolated from multiple tissue sources and also display an innate ability to home to areas of inflammation,
such as tumors. Upon entry into the tumor microenvironment niche, MSCs promote or inhibit tumor progression by various
mechanisms, largely through the release of soluble factors. These factors can be immunomodulatory by activating or inhibiting
both the adaptive and innate immune responses. The mechanisms by which MSCs modulate the immune response are not well
understood. Because of this, the relationship between MSCs and immune cells within the tumor microenvironment niche
continues to be an active area of research in order to help explain the apparent contradictory findings currently available in the
literature. The ongoing research aims to enhance the potential of MSCs in future therapeutic applications.

1. Introduction

The tumor microenvironment is composed of extracellular
matrix and nontumor stromal cells (fibroblasts, endothelial,
and immune cells). Communication between the tumor
and stromal cells plays a pivotal role in the progression of
cancer [1]. Mesenchymal stem/stromal cells (MSCs) [2] rep-
resent one population of cells that are found within the
tumor stroma and have shown potential for either promoting
or inhibiting tumor growth [3]. MSCs are often utilized for
their therapeutic potential since they have the capacity to
differentiate into nonhematopoietic cell lineages, promote
tissue repair and regeneration, and modulate immune
responses [4, 5]. AlthoughMSCs isolated from the bone mar-
row (BM-MSCs) are the most commonly studied, MSC pop-
ulations also can be obtained frommany other tissue sources,
including the placenta, skin, adipose tissue, and Wharton’s
jelly [6]. While the characteristics used to define these cells
vary by laboratory, generally, MSCs share an ability to adhere
to plastic in vitro and possess an immunophenotype that
includes detectable expression of cluster of differentiation
(CD) 105, CD73, and CD90 and negative expression of

CD45, CD34, CD14, CD19, CD3, and human leukocyte anti-
gen- (HLA-) DR surface markers [5–7]. In addition, MSCs
are characterized by their capacity to differentiate at a mini-
mum into adipogenic, chondrogenic, and osteogenic lineages
in vitro [5, 8]. MSCs have emerged over the last decade as a
promising modality for cell therapy, for applications ranging
from regenerative medicine to tumor therapy.

Some of the general advantages of using MSCs for cell
therapy include the ease of expansion and storage ex vivo
and their ability to avoid immune clearance [9]. In addition,
MSCs home to sites of injury, where they secrete extracellular
matrix components, chemokines, and cytokines [10]. The
secretome of these cells has functions associated with che-
moattraction and modulation of immune cells, angiogenesis,
and support of cellular growth and proliferation [11].
Because MSCs home towards tumors in a similar fashion as
they home to injury sites, they can be useful for delivering
cell-based therapeutics to tumor sites. The mechanisms uti-
lized by MSCs to home towards tumors include several sig-
naling axes, including stromal cell-derived factor (SDF-1 or
CXCL12), its receptors, C-X-C-chemokine receptor type 4
(CXCR4), and related chemokine signals (CXCL10, CXCR3),
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as well as the immune regulatory cytokine transforming
growth factor beta (TGFβ) [10]. However, despite progress
in understanding the nature and function of MSCs within
the tumor microenvironment, many questions remain unan-
swered regarding their safety and efficacy for clinical use.
This is due to the duality associated with MSC signaling once
they reach the tumor microenvironment. For example,
depending on the context and tumor type, MSCs have been
found to either support or inhibit tumor progression [12].

MSCs elicit many of these effects on other cells
through the release of paracrine factors, which can cause
primary tumor resensitization and cancer cell apoptosis
(Figure 1(a)). MSCs that infiltrate tumors come from local
or distant sources [13] and may differentiate and/or trans-
differentiate into normal resident cells in an attempt to
contribute to tissue repair (Figure 1(a)). Within the tumor
microenvironment, MSCs are able to induce cancer cell
survival, stemness, and chemoresistance following their
differentiation into cancer-associated fibroblasts (CAF)
and by their release of soluble factors favoring angiogenesis
and immune suppression (Figure 1(b)). Once MSCs have
infiltrated the tumor microenvironment, the presence of
tumor necrosis factor (TNF), interleukin- (IL-) 1, and inter-
feron γ (IFNγ) or hypoxic conditions all stimulate MSCs to
release proangiogenic and immunosuppressive factors
including epidermal growth factor (EGF), platelet-derived
growth factor (PDGF), fibroblast growth factor (FGF), vascu-
lar endothelial growth factor (VEGF), and IL-6 and IL-8 [14].
Some of these paracrine factors released by MSCs such as
IL-10 and TGFβ attract immune cells locally, where MSCs
can inhibit their activation and proliferation [15]. The
combination of angiogenic and immunosuppressive factors
allows for tumors to escape the immune surveillance, pro-
liferate, and metastasize [16]. However, contradictory evi-
dence has been shown also regarding the ability of MSCs to
inhibit tumor growth.

The discrepancies surrounding the ability of MSCs to
either promote or inhibit tumor progression include factors
such as tissue source, individual secretomes, nature of inter-
actions with cancer cells and immune cells, type of cancer
or cancer cell lines, and experimental conditions [10, 12].
Additionally, several studies are designed with MSCs from
healthy donors which are functionally different from MSCs
from cancer patients which likely undergo cellular and
molecular changes in direct or indirect (secretome) interac-
tions with cells in the tumor stroma [12, 17]. Therefore, there
needs to be a much better understanding of the mecha-
nism(s) regarding the communication between MSCs and
immune cells within the tumor microenvironment and how
that might impact tumor progression. Gaining a better
understanding of these factors might allow clinicians to
harness the MSC secretory phenotype in order to optimize
their therapeutic potential against cancer.

2. Mesenchymal Stem/Stromal Cells and
Their Microenvironment

In recent years, as cellular therapy using MSCs has become a
therapeutic option to treat numerous diseases, several studies

have examined the role of the microenvironment on MSC
biology. When MSCs are introduced into a pathological
milieu, then, they can exhibit increased or reduced survival
and can alter their differentiation or immunomodulatory
characteristics based on the physical and biochemical fea-
tures of the microenvironment encountered. The response
of MSCs to environmental cues might alter their phenotype
towards proinflammatory or anti-inflammatory activities,
depending on the context, and this duality of function has
been compared to the polarization observed in macrophages.
It is well established that macrophages may become either
proinflammatory or anti-inflammatory depending on the
cytokine environment to which they are exposed [18]. IFNγ
plus LPS promotes predominantly M1 or proinflammatory
macrophages with a relative increase in TNFα production
and a reduction in IL-10 secretion. IL-4, on the contrary
(alone or with IL-10 and TGFβ), promotes M2 macrophages,
with a prominent anti-inflammatory phenotype with marked
IL-10 release. This has led investigators to pursue the concept
that MSCs, similar to macrophages, can be rendered either
proinflammatory or anti-inflammatory depending on the
cues they receive from their microenvironment. And this
plasticity may help to explain their ability to be both pro-
and antitumorigenic. Several environmental stimuli can
impact how MSCs alter their apoptotic, proliferative, migra-
tory, differentiation, and secretory profiles (Figure 2), and
these will be detailed in the following section.

2.1. Hypoxia. Oxygen tension within a tumor is highly
heterogeneous and can be found present at levels almost as
low as anoxic conditions (close to no oxygen). Increasing
hypoxia (low oxygen) within a tumor could be an indicator
of tumor progression and can lead to the selection of highly
invasive cancer cells with greater resistance to therapies.
Differences in the oxygen tension levels in the tumor
microenvironment have been associated with the modula-
tion of properties of tumor stromal components [19].
Often, MSCs are usually in vitro in normoxic conditions,
a higher oxygen tension level than what would be found
in vivo [20]. Studies suggest that differences in oxygen ten-
sions can lead to changes in the commonly studied properties
of MSCs such as stemness [21], differentiation [16, 22–24],
and secretome [25].

For example, hypoxia can promote MSC proliferation,
enhance their migration, and maintain their stemness
[21–23, 26–31]. The yield of differentiation into nonhemato-
poietic lineages is also altered in these cells as a result of
variable oxygen tensions. The osteogenic differentiation
potential has been reported to be increased under hypoxic
conditions when compared to that of normoxic-cultured
MSCs [23, 29, 30]. Chondrogenic differentiation has been
inhibited by culture under hypoxic conditions [25]. The adi-
pogenic differentiation potential has been reported to be
either enhanced [32] or inhibited [25, 29], and the difference
in findings could be attributed to differences in MSC sources,
as well as to differences in experimental conditions.

In laboratory settings, a wide variety of experimental pro-
tocols is used to study the effect of low oxygen tensions on
MSC behavior, leading to difficulties in the comparison of
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the data. However, as indicated by Buravkova et al., the avail-
able data can be divided into two main groups utilizing dura-
tion of exposure as a common ground: MSCs grown under
normoxic conditions and later exposed to acute short-term
hypoxia (up to 72 hrs) and MSCs cultured permanently
under hypoxic conditions [26]. From this perspective, the

effects of hypoxia on MSC properties seem to occur in two
phases; a short-term acute treatment under hypoxic condi-
tions causes cell damage involving apoptosis, followed by
adaptation mechanisms including a switch to an anaerobic
glycolysis metabolism [26, 27] and maintenance of an undif-
ferentiated multipotent state [26].
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Figure 1: The role of MSCs in the tumor microenvironment. (a) The antitumor effects of MSC. Circulating MSC may release antitumor
paracrine factors causing primary tumor resensitization and cancer cell apoptosis, while infiltrating MSCs may differentiate to contribute
to tissue repair. MSCs arrive at tumors following chemoattraction (1), home towards tumors (2), with the goal of performing damage
repair (3), and induce primary tumor resensitization and apoptosis (4). (b) The protumorigenic effects of MSCs. Infiltrating MSCs are
attracted to tumors via chemoattractants (1), home to tumors (2), participate in secretory crosstalk with tumor cells (3), release
proangiogenic and immune-suppressive soluble factors (4), and may support the growth of chemoresistant tumors (5).
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Paradoxically, pointing to a dual role for MSCs, some
studies suggest that hypoxia pretreatment can promote more
efficient cartilage repair [24], likely through induction of
hypoxia-inducible factor 1 alpha. Likewise, umbilical cord-
derived MSCs preconditioned with hypoxia can be more effi-
cient in treating mouse hind limb ischemia [33]. Hypoxia
may induce a significant increase in triglycerides, fatty acids,
and diacylglycerols in MSCs, whereas blocking hypoxia
might enhance production of angiogenic factors like VEGF
and angiopoietin-2 [34]. Hypoxic conditions might also
enhance the supportive role of MSCs on endothelial progen-
itors, for example, in diabetic rats with hind limb ischemia
[35], which might be detrimental in the context of tumors,
for example. However, the consequence of changes in oxygen
tensions within the tumor microenvironment in the context
of MSC interactions is not yet well understood. It is known
that several soluble molecules are upregulated by MSCs in
response to hypoxia, including cell cycle-regulating proteins
such as VEGF and IGF-II [23, 28] and hypoxia-inducible fac-
tors (HIFs) with roles in the promotion of macrophage
recruitment, primary tumor growth [32], and metastasis of
breast cancer [32, 36] and induction of proangiogenic and
chemotactic secretion factors such as MCP-1, IL-8, and
RANTES [25]. The altered MSC secretome would likely
impact promotion of tumor growth and alter infiltration of
immune cells.

2.2. MSCs and Cytokines. When exposed to TNFα, a major
proinflammatory cytokine, MSCs display reduced prolifera-
tion and caspase-dependent apoptotic pathways are activated
through p38 mitogen-activated protein kinase (MAPK) and
c-Jun N-terminal protein kinase (JNK) pathways [21]. Con-
versely, TNFα can stimulate MSC migration and ICAM-1
expression, a molecule important in transendothelial migra-
tion of MSC [20]. TNFα pretreatment also can induce secre-
tion of proangiogenic growth factors including fibroblast
growth factor (FGF) 2, VEGF, or IL-8, promoting microves-
sel formation [36], but reduces the ability of MSCs to block
neutrophil influx and improve perfusion of the jejunum in
another model [37]. Interestingly, TNFα also can modulate

anti-inflammatory effects onMSCs, enhancing prostaglandin
E2 (PGE2) release and promoting IL-10-expressing anti-
inflammatory macrophages [38]. Moreover, TNFα can
induce the release of a potent anti-inflammatory protein
called TNFα-stimulated gene 6 or TSG-6 [39].

Another example of a cytokine with effects on MSCs is
interferon gamma or IFNγ. MSCs get “licensed” with T cell
inhibitory properties when this cytokine is produced by
CD4+ helper T cells and cytotoxic CD8 T lymphocytes. There
seems also to be some species-specific changes in MSCs in
response to IFNγ, leading to upregulation of IDO in human
MSCs and upregulation of iNOS in murine MSCs. The net
result is that IDO ultimately depletes tryptophan in the local
microenvironment, rendering lymphocytes inactive and
unable to proliferate, while iNOS increases local NO concen-
tration, leading to inactivation of several proinflammatory
genes in lymphocytes [40]. IFNγ also upregulates ICAM1
and VCAM1 in MSCs [41], assisting these cells in contacting
lymphocytes and other immune cells for a maximized effect.
MSCs treated with IFNγ also can express inhibitory costimu-
latory molecules such as B7 family coregulatory molecules
B7-H1 [42], which can interact with CD4+ lymphocytes
and block cell proliferation, promoting T cell anergy. Inter-
estingly, there appears to be a critical threshold of an IFNγ
concentration that can activate the immunosuppressive
MSC effects [43], a threshold that might help explain differ-
ences among studies, even though differences in donor
sources or culture conditions also may play a role in modify-
ing the impact of IFNγ on MSCs. IFNγ can induce MHC
classes I and II on MSCs, rendering them immunogenic
[44]. Finally, another cytokine shown to block the anti-
inflammatory properties of MSCs by reducing iNOS expres-
sion is TGFβ [45], pointing to a feedback mechanism in the
microenvironment whereby TGFβ induction might promote
the resolution of inflammation and/or tissue regeneration.

2.3. MSCs and Damage-Associated Molecular Pattern
Molecules (DAMPs) or Pathogen-Associated Molecular
Patterns (PAMPs). DAMPs include nuclear high-mobility
group box 1 protein (HMGB1), a chromatin-associated
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Figure 2: Interactions of MSCs with the microenvironment. Summary of environmental factors that can influence cellular responses of MSCs
in the tumor microenvironment and/or tissue regeneration settings.
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protein; cytosolic proteins such as S100 and purine metabo-
lites (adenosine triphosphate, uric acid); and extracellular
matrix (ECM) elements such as hyaluronic acid fragments.
These proteins and ECM components are typically released
into the microenvironment following tissue damage due to
inflammation or other physical, chemical, or biological
insults [46]. These molecules are sensed through binding to
either Toll-like receptors TLR2 and 4 or receptors for
advanced glycosylation products by MSCs, augmenting in
many cases the trafficking and proliferation of MSCs.
HMGB1 also can modulate the expression of IDO by MSCs,
an immunomodulatory enzyme. Additionally, uric acid and
S100A4 can act as chemoattractants of MSCs and enhance
their immunomodulation effects by stimulating the expres-
sion of IL-10 and IDO in immune-suppressive lymphocytes
[47]. For PAMPs, molecules produced by invading microor-
ganisms, the detection by MSCs can occur via cytosolic
membrane-bound pattern recognition receptors (PRR) [46].
TLRs are a subset of these PRR and are abundant in several
immune and epithelial cells. TLRs will be discussed in more
detail in Section 3 of this review.

2.4. Mesenchymal Stem/Stromal Cells and Drugs. It is
important to also understand the effect that drugs can
have on MSCs, since cells infused during regenerative
therapies might be coadministered with agents such as
corticosteroids or nonsteroidal anti-inflammatory drugs.
The immunomodulatory properties of MSCs depend on their
production of sufficient amounts of prostaglandins (PGE2)
[48]. Coadministration with NSAIDs, for example, might
reduce the effects of PGE2 and modify the effects of MSCs
at sites of inflammation. On the other hand, tumor therapy
applications might use gene-modified MSCs in coadminis-
tration with chemotherapeutics or immunotherapies to
enhance their effects. MSCs loaded with chemotherapeutics
can be used as delivery vehicles to tumors, as cultured MSCs
are capable of selectively homing to and surviving in a variety
of preestablished solid tumors (breast, colon, melanoma,
and others) while being excluded from normal tissues
[49]. The safe use of MSCs to treat cancer or noncancer
diseases in patients that have undiagnosed, early-stage cancer
requires understanding the fate and functions of MSCs
and their interactions with tumors. Interestingly, instead
of gene-modified MSCs, incorporation of drug-laden nano/
microparticles inside the cell or on the cell surface also can
be done [49].

The next sections of this review will focus on the changes
MSCs impart onto the tumor microenvironment that relate
to immune cell changes and also on the mechanisms of
MSC polarization, which may help explain the dual antitu-
morigenic and protumorigenic nature of these cells as they
interact and modulate various effects on tumor cells.

3. The Interaction of MSCs and the Immune
System in the Tumor Microenvironment

The primary role of the immune system is to defend the body
against the external environment and pathogens. The induc-
tion of specific immune responses, such as the production of

antibodies to a particular pathogen, is known as an adaptive
or acquired immune response and is typically acquired dur-
ing the lifetime of an individual as an adaptive response to
a specific pathogen. This distinguishes such responses from
innate immunity, which is a type of inborn defense in that
its action does not depend upon prior exposure to a particu-
lar pathogen. Innate immunity and adaptive immunity are
orchestrated by sets of interacting but distinct cell types,
and both responses are found to be important in tumor elim-
ination or relapse, depending on the context. MSCs can
impact both innate and adaptive immune responses within
tumor of various types.

3.1. Innate Immunity Changes Mediated by MSCs in the
Tumor Microenvironment. Without a properly functioning
innate immune system, aberrant cell populations run the risk
of going unchecked within an immunosuppressive environ-
ment conducive for the progression of cancer. Cell types of
the innate immune system, including macrophages, natural
killer (NK) cells, and dendritic cells (DC), possess mecha-
nisms optimized for the detection and removal of tumor
cells. The coordinated activation and response of the innate
immune system are quite complex, involving the recruitment
and maturation of a wide range of cell types. The inflamma-
tory tumor microenvironment plays a key role in the recruit-
ment of many of these innate immune cells through the
release of proinflammatory cytokines [50]. Upon recruit-
ment, these cells are then further differentiated in order to
properly carry out their designated functions to restore a
homeostatic microenvironment. The initiation of the proin-
flammatory signal may depend on local expression of IFNβ
by DC to promote initial innate recognition of tumors [51].
Infectious disease models have indicated at least three
pathways of innate immune sensing that can drive IFNβ
upregulation at the transcription level. These are Toll-like
receptor (TLR) signaling, retinoic acid-inducible gene 1
(RIG-I) sensing of cytosolic RNA, and the stimulator of
interferon genes (STING) pathway sensing of cytosolic
DNA from dying tumor cells [26]. In the case of tumors,
the same mechanisms can be utilized to activate the innate
system by “sterile immunity” with the participation of these
innate immune sensing pathways, which involve stress-
associated or damage-associated molecular patterns trigger-
ing innate immune activation.

Emerging mechanisms associated with infiltrations of
innate immune cells into tumors have shown an important
functional role for another component of the tumor micro-
environment—stromal cells. The supportive stromal cell
populations contribute their own cytokines that impact the
innate immune response. MSCs are one of the stromal cell
populations being actively studied in order to elucidate the
effects they have on innate immune cell recruitment and
functionality, due to their ability to influence multiple types
of innate immune cells (Figure 3) [52]. Here, we highlight a
few of the mechanisms in which MSCs influence the specific
cell populations of the innate immunity.

3.1.1. Immune-Activating Effects of MSCs on Innate
Immunity Cells within the Tumor Microenvironment. The
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literature has few reports on immune-activating effects of
MSCs on the innate immunity within tumors. Some
immune-activating effects might include the effects of MSCs
in increasing the phagocytic ability of cocultured macro-
phages. One study showed that macrophages cocultured with
MSCs expressed high levels of CD206 and IL-10 and low
levels of IL-12, suggesting development of alternatively acti-
vated macrophages [53]. Although the cocultured macro-
phages also expressed high levels of IL-6 and low levels of
TNFα compared to controls, functionally, they displayed a
higher level of phagocytic activity. These MSC-educated
macrophages might represent a unique type of alternatively
activated macrophage with a potentially significant role
in tissue repair. Whether this macrophage type can be
promoted within the tumor microenvironment following
interaction with MSCs is not known.

Although far less is known about the role of neutrophils
in interaction with MSCs, some studies suggest that polariza-
tion of MSCs via TLR3 (but not so much TLR4) activation
preserves viable and functional neutrophils by amplifying
the antiapoptotic effects that resting BM-MSCs would nor-
mally exert on these cells [54]. In addition, TLR3- and
TLR4-activated BM-MSCs enhance the function of neutro-
phils, and the mechanism appears to be via the MSC secre-
tome, as there was an absence of cell contact during
incubation. Neutralizing experiments with MSC from vari-
ous tissue sources revealed that the biological effects exerted

on neutrophils by TLR3-activated MSC were mediated by
the combined action of IL-6, IFNβ, and granulocyte macro-
phage colony-stimulating factor (GM-CSF), while those
exerted by TLR4-activated MSC mostly depended on GM-
CSF. MSC thus can sustain and amplify the functions of neu-
trophils in response to TLR3 and TLR4 triggering and may
consequently contribute to inflammatory disorders. Another
study determined that BM-MSCs can enhance the ability of
neutrophils to phagocytize bacteria and to promote bacterial
clearance in the peritoneum and blood [55]. The beneficial
effects of MSCs could be reversed upon neutrophil depletion,
demonstrating the importance of neutrophils for this MSC
response in a model of sepsis. The role of any interactions
between neutrophils and MSCs in the tumor microenviron-
ment is unknown, but these studies would suggest that MSCs
might be able to enhance the respiratory burst and other
functions of neutrophils, which could act in a tumor-
inhibitory manner.

3.1.2. Immune-Suppressive Effects of MSC on Innate
Immunity Cells within the Tumor Microenvironment. The
majority of the effects reported in the literature for the inter-
action of MSCs with innate immunity cells are of an
immune-suppressive nature and involve several cell types,
including macrophages, natural killer cells, and dendritic
cells. Macrophages represent a major cell population
involved in the innate immune response. The importance
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of macrophages and immunosurveillance of tumors has been
well established [56]. However, these cells can have drasti-
cally different functions depending on their polarization
state. In fact, macrophages can elicit anti-inflammatory
(M1) or inflammatory (M2) properties following exposure
to different polarization signals [18]. Many of these polariza-
tion signals come from cytokines released within the niche of
the tumor microenvironment. Their recruitment and matu-
ration are tightly regulated to ensure proper control and
remove aberrant cell populations.

MSCs actively influence the function of macrophages by
influencing their polarization status (Figure 4) [57]. For
example, MSCs shift the polarization of macrophages from
a TNFα-secreting M1 signature to an immunosuppressive
IL-10-expressing phenotype which may be mediated through
a prostaglandin- (PGE-) 2-based mechanism [58]. Wolfe et
al. also demonstrated that conditioned media collected from
MSCs were able to induce an M2 phenotype in macrophages
indicative of an upregulation of arginase 1 and CD206 [59].
This shift was also accompanied by an increase in IL-6 pro-
duction by MSCs following coculture with M2 macrophages.
While the duality of IL-6 expression is still under investi-
gation, its expression has been associated with a range of
protumorigenic functions including increased proliferation,
angiogenesis, and immunosuppression [60]. Furthermore,
MSCs isolated from neoplastic pancreatic tissue polarized
macrophages into an M2 phenotype to a greater extent than

“normal” or naïve MSCs [61]. This suggests that MSCs
isolated from tumors change in response to the tumor
microenvironment. Collectively, these studies suggest that
the presence of MSCs can influence the fate of macro-
phages, which may alter their ability to detect and eliminate
cancer cells, and this would create a more immunosuppres-
sive environment.

Natural killer (NK) cells are a lymphatic cell population
involved with the innate immune response. They play an
essential role in the detection of cancer by discriminating
healthy from unhealthy cell populations in order to properly
mitigate a cytotoxic immune response [62]. The differential
expression of CD56 has suggested that NK cells are present
as a heterogeneous cell population within tumors, with
distinct cytokine profiles and cytotoxic potential [63]. And
similar to macrophages, MSCs can influence NK cell func-
tion through a range of processes. For instance, MSCs from
umbilical cord, bone marrow, and adipose tissues have
shown immunomodulatory effects by inhibiting activation
of the CD56low subset of NK cells, which was accompanied
by a decrease in TNFα expression [64]. MSCs also were able
to decrease the proliferation and NK cell function by increas-
ing the expression of the suppressor of cytokine signaling 3 in
a recent model of sepsis [65]. MSCs isolated from acute
myeloid leukemia and lung cancer tissues or cultured in the
presence of conditioned media from HeLa cells showed an
increase in TLR4 expression compared to naive MSCs. This
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Figure 4: Interaction between macrophages and the MSCs in promoting tumor growth. M1 macrophages could activate the MSCs to adopt a
regulatory phenotype, and the MSCs with an altered secretory profile promoted tumor growth by iNOS andMCP1 and induced macrophages
toward M2-like macrophages.
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resulted in decreased cytotoxic function of NK cells poten-
tially through the decreased release of the proinflammatory
cytokines IL-6 and IL-8 by these MSCs compared to naïve
BM-MSCs [66].

Interestingly, MSCs isolated from cancer patients do
not always attenuate the function of NK cells. In fact,
MSCs isolated from acute lymphoblastic leukemia patients
increased the cytotoxic functionality of NK cells to a
greater extent than healthy MSCs [67]. The influence of
MSCs on the recruitment of NK cells has also been consid-
ered a potential therapeutic strategy. Genetically manipu-
lated MSCs overexpressing sirtuin 1 have been shown to
decrease tumor size in a subcutaneous tumor mouse model
partly through the recruitment of NK cells [68].

Dendritic cells (DCs) play an important role in maintain-
ing the activation of both the innate and adaptive immune
response partially by being an important antigen-presenting
cell (APC) type [69]. MSCs have shown the ability to alter
the function of DCs. MSCs are able to suppress the matura-
tion of DCs through the secretion of IL-10 and through acti-
vation of the signal transducer and activator of transcription
(STAT)3 signaling, promoting decreased IL-12 production
by DCs [70]. MSCs isolated from placental tissue were shown
to attenuate the maturation process of human DCs as well as
to alter the DC secretome by decreasing the secretion of IL-12
and IL-23 [71]. Within the tumor microenvironment, MSCs
suppressed the ability of DC-mediated T cell mechanisms
including IFNγ secretion and tumor cytotoxicity by reduc-
ing the amount of available cysteine excretion through a
STAT3 mechanism [72]. MSCs isolated from chronic mye-
loid leukemia patients induced secretion of higher levels of
TGFβ from DCs which in turn increased the differentia-
tion of regulatory T (Treg) cell populations [73]. While
still an active area of research, Tregs have been shown to
be important in immunosuppression and have been linked
to cancer progression [74].

The maturation and recruitment of cells associated
with the innate immune response are tightly regulated by
cell-to-cell and paracrine communication within the tumor
microenvironment. MSCs represent a biologically active
stromal population that has been shown to influence these
processes in a range of innate cell populations, highlight-
ing the importance MSCs have in the regulation of the
innate immune response even when not directly involved
in the immune response.

3.2. Changes in the Adaptive Immunity Response Mediated
by MSC in the Tumor Microenvironment. Tumors are anti-
genic, and some display hundreds of mutations in coding
exons, representing a large repertoire of antigens as poten-
tial targets for immune system recognition. But despite
expression of abundant antigens, most cancers progress
and evade destruction by the immune system. Analysis of
the tumor microenvironment in patients with a variety of
solid tumors has revealed that a major subset of tumors
shows evidence of a CD8 T cell-infiltrated phenotype, but
these become functionally inhibited by several mechanisms.
These include programmed death ligand 1, expressed on
tumor cells to limit activated T cell development and

response; indoleamine-2,3-dioxygenase (IDO); and FoxP3+

Treg cells. The development of this phenotype appears, in
part, to be promoted by type I interferon signaling and
DCs. Another interaction that appears to have a role in
driving adaptive immune cell infiltration and persistence
is the presence of stromal cells, such as MSCs, in the tumor
microenvironment. MSCs impact adaptive immune cell
recruitment and phenotypes in different ways, by promot-
ing either immune activation or immune suppression
within the tumor microenvironment (Figure 5).

3.2.1. Immune-Activating Effects of MSCs on Adaptive
Immunity Cells within the Tumor Microenvironment.
Immune activation by MSCs stems from the ability of these
cells to activate allogeneic T cells in mixed leukocyte reac-
tions (MLR) [4], an assay that assesses how T cell populations
react to external stimuli by activation and proliferation. In a
similar coculture model, MSCs have the ability to stimulate
resting T cells to become activated and to proliferate [75].
Also, MSCs can behave as conditional APC in syngeneic
immune responses [76], whereby TLR-activated MSCs
recruit and activate immune inflammatory cells, likely
through the secretion of proinflammatory cytokines by
MSCs [77]. The clinical implications of this immune-
activating phenotype are unknown, and whether these obser-
vations can be extended to MSC derived from other tissues is
unclear at this time.

A very interesting report showed that human adipose-
derived MSCs (ASCs) could induce what the authors called
an “explosive” T cell proliferation, effectively activating rest-
ing immune cells [75]. When cocultured with peripheral
blood mononuclear cells (PBMC), ASCs upregulated IL-6,
IL-8, TNF, FGF, and VEGF, as well as IDO, suggesting strong
crosstalk between cell populations. Following removal of
ASC from the coculture, PBMC showed a large increase in
proliferation, with a 25-fold increase after 7 days. The prolif-
erating fraction of PBMC consisted of CD4 T cells with high
CD25 expression, with FoxP3 cells increasing from 5 to 8.5%.
These results suggest that ASCs can stimulate the activation
and proliferation of Treg-type cells. Treg could be associated
with tumor promotion or tumor inhibition, depending on
the context. For example, another study reported the increase
in Treg cells when ASCs isolated from breast cancer tissue
were used in coculture with PBMC lymphocytes [78], and
the effect was promotion of what appeared to indicate an
anti-inflammatory reaction within breast tumors based on
cytokine expression (IL-4, IL-10, TGFβ, CD25, and CCR4).
It remains to be seen whether the net effect would have been
tumor suppression or promotion, but the authors suggested
that the likely effect would be tumor promotion. Other
anti-inflammatory effects were observed in a clinical study
where inflammatory nasal polyps (sometimes precancerous)
were treated with ASCs. In ASC-treated patients, the propor-
tions of CD4 and CD8 T cells decreased, with reductions in
levels of Th2-type cytokines (IL-4 and IL-5) and significant
increases in levels of Th1 cytokines (IFNγ and IL-2), as well
as of regulatory cytokines (TGFβ and IL-10) [79]. Also, ASCs
appeared to have immune regulatory effects by reducing the
eosinophilic inflammation of nasal polyps. Downregulation
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of activated T lymphocytes and a Th2 immune response and
upregulation of a Th1 and eosinophilic inflammation could
prevent progression of those nasal polyps predisposed to
becoming tumors.

A provocative new idea to explain the dichotomy
between the pro- and antitumor effects of MSCs may depend
not only on how they recruit components of the immune
system but on their localization within the body when the
tumor first starts to develop. A recent study showed oppo-
site effects on breast tumor growth when MSCs were coin-
jected or injected distantly [80]. Interestingly, in a 4T1
model of breast tumor development, the only variation
was the site of injection of MSCs, demonstrating opposite
effects on tumor growth for the first time in the same ani-
mal model (Figure 6). When injected locally with 4T1
tumor cells (coinjection), MSCs could initially promote
the migration and invasion abilities of tumor cells but no
significant difference was observed in late-stage lung
metastasis. Coinjection of MSCs promoted angiogenesis
by participating in the establishment of the tumor stroma.
The distant injection of MSCs resulted in tumor-specific

migration, presumably to provide structural and functional
support to the tumor via differentiation into fibroblastic-
like cells and pericytes. However, distant injection inhib-
ited tumor progression and appeared to be directly related
to promoting altered immune cell populations within the
tumor. Treg and myeloid-derived suppressor cells (MDSC)
were decreased significantly; CD8 T cells and APC were
increased as a trend (although not significantly). Gene
expression profiles of immune cells in the spleen and cyto-
kine analyses of serum suggested that upregulation of
TNF, IFNγ, TLR3, and IL-12 might explain the antitumor
activity of distantly injected MSCs [80]. These interesting
findings suggest that naïve MSCs are a double-edged
sword in the modulation of tumor growth. In order to
harness the potential of MSCs, several groups have genet-
ically modified these cells with the goal of assessing their
potential therapeutic effectiveness for a variety of cancers.

Tumor microenvironments are very similar to active sites
of chronic inflammation. Since MSCs are able to home to
inflammatory sites, researchers explored the possibility of
using genetically engineered MSCs as delivery vehicles for
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antitumor therapies. The first studies utilized MSC engi-
neered to express anticancer genes such as IFNβ, showing
that MSC can engraft and release their therapeutic products
within the tumor microenvironment. MSCs that were
gene-modified to deliver the immune-stimulating factor
(LIGHT), a member of the TNF superfamily, also could
induce breast tumor regression in vivo [9]. MSC-LIGHT
retained tropism towards tumors and stimulated a potent

antitumor response that promoted an influx of T cells
into tumors and inhibited tumor growth. CD4 T cells
were found to play a role in the induction phase of the
immune response, and CD8 T cells were essential for the
effector phase.

Gene-modified ASCs also can display antitumor activ-
ity in vivo, and this ability has been shown for a variety of
gene products. For example, ASCs stably modified to
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express IFNγ promote significant antimelanoma effects as
compared to recombinant IFNγ treatment alone [81], sug-
gesting that the mode of delivery of an antitumor cytokine
in the tumor microenvironment is critical to its effective-
ness. Also, this study showed that ASCs have immune
modulatory properties that enhance the effects of IFNγ
in the tumor microenvironment. ASC-IFNγ engrafted into
the tumor stroma inhibited tumor growth and angiogene-
sis, prevented a systemic increase of Treg, increased CD8+

T cell infiltration (but not IL-2+ cells), and prolonged the
survival of mice. A study by our group with ASC stably
expressing the glycoprotein and antiangiogenic protein
pigment epithelial-derived factor (PEDF) also has shown
strong antitumor effects in vivo [82]. Like the IFNγ study,
our group also observed that delivery of molecules
secreted by gene-modified ASCs to tumors appears to be
more potent than delivering recombinant proteins, as in
the case of PEDF. These are interesting observations, but
it remains unknown why molecules secreted from ASC
are more potent in their antitumor activity—perhaps this
can be attributed to the combination of cytokine produc-
tion with a high production of extravesicles (exosomes)
by ASCs. Exosomes bud from the cell to carry mediators
which include proteins, miRNA, and mRNA [51], convey-
ing regenerative signals during normal homeostasis, as well
as relaying immune modulatory and therapeutic signals
during tissue damage between tumor and stromal cells.
The role of MSC-derived exosomes is being heavily inves-
tigated for therapeutic applications and holds promise for
cancer therapy.

3.2.2. Immune-Suppressive Effects of MSCs on Adaptive
Immune Cells within the Tumor Microenvironment. The
effect of MSC on immune suppression is also well defined
in the literature. These effects emerge from cell-cell inter-
actions between MSCs, including ASCs, and both innate
and adaptive immune cells [83–85] and are partly medi-
ated through TLR pathways typically through inhibition
of T cell proliferation [86]. TLR4 activation has immune-
suppressive effects involving vascular cell adhesion mole-
cule 1- and intercellular adhesion molecule 1-mediated
binding of immune cells and TLR3 activation via hyaluro-
nic acid interactions [54, 87]. MSC immune-suppressive
abilities also can be mediated by the release of soluble
factors with anti-inflammatory effects, including TGFβ,
IDO, inducible nitric oxide synthase (iNOS), PGE2, and
G-CSF [10]. MSCs also can prevent autoimmunity, as seen
in a CCL2-dependent recruitment of myeloid-derived sup-
pressor cells (MDSC), in a mouse model of experimental
autoimmune uveitis [88]. Several reports point to a role
for ASCs in inducing Treg cells, including those under
lower oxygen (5% O2) conditions, and other physiologi-
cally relevant mechanisms thought to involve cell-cell
contact [89].

An alternative source of MSCs is perirenal ASCs, and
these have been shown to enhance the percentage of
induced Treg cells (iTreg) from effector cells through
methylation of a region of the FoxP3 gene promoter [90].
iTreg had immunosuppressive capacities comparable to

those of natural Treg (nTreg), and their induction was
IL-2 receptor-dependent. The mechanisms employed by
MSCs to inhibit effector T cell proliferation seem to overlap
with the mechanisms involved in Treg induction, yet they
do not interfere with this cell type’s function. The inflamma-
tory state also influences which types of chemokines ASCs
express, potentially influencing the types of immune cells
recruited to the tumor microenvironment. A study examined
a coculture of ASCs with alloactivated PBMC in MLR, with
proinflammatory cytokines IFNγ, TNFα, and IL-6 or under
control conditions. In the presence of proinflammatory
cytokines, ASC upregulated (by >200-fold) the expression
of T lymphocyte attractants C-X-C chemokine ligand
motif- (CXCL) 9, CXCL-10, and CXCL-11 and also upregu-
lated the neutrophil, monocyte, and eosinophil attractants
CXCL1 and CXCL6 (by >7-fold). The pattern of chemokine
induction by ASC appeared to depend on the inflammatory
stimulus. In ASC cultured with MLR, the expression of
CCL-2, CCL-5, CCL-13, CCL-20, and CCL-28 was increased
significantly compared to that in control ASC. Culture of
ASC with proinflammatory cytokines strongly increased
the expression of CCL-2, CCL-5, CCL-7, CCL-8, and
CCL-13 but had no effect on the lymphocyte attractants
CCL-20 and CCL-28 [91]. Thus, ASCs can be altered by
different inflammatory conditions and, importantly, can
be preconditioned in vitro for potential clinical immune
therapy use.

Interestingly, although the research on MSCs has
mainly focused on their effects on T cells [17] with data
regarding the modulatory effects of MSCs on alloantigen-
specific humoral response in humans being scarce, it has
been demonstrated recently that MSCs significantly affect
B cell functioning [92]. ASCs support the survival of qui-
escent B cells and target B cell differentiation towards B
regulatory cells (Breg, CD19+CD24hi CD38hi). Such an
effect could impact B cell responses in immune diseases
such as rheumatoid arthritis, but the effect in the solid
tumor microenvironment is currently unknown. The effect
on blood tumors such as chronic lymphocytic leukemia
(CLL) appears to be bidirectional activation between bone
marrow MSC and tumorigenic B cells. Coculture of MSCs
protected CLL B cells from both spontaneous and drug-
induced apoptosis [1]. The CD38 expression was upregu-
lated in CLL B cells with MSC coculture. In MSC, ERK
phosphorylation and AKT phosphorylation were detected
when CLL B cells and MSC were separated by a transwell,
indicating soluble factor activation of MSC. This study
adds to the evidence that in human tumors, including
hematological malignancies, stromal cell interaction with
tumor cells significantly impacts the critical features of
both cell types.

4. Polarization of MSC Can Help Explain
Their Dual Effect on Tumorigenesis and
Immune Modulation

There is increasing evidence that the activity of humanMSCs
is greatly modulated by the stimulation of TLRs. TLRs are a
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family of pattern recognition receptors that act upon recogni-
tion of pathogen-associated molecular patterns. These trig-
gers act to promote intracellular signaling mechanisms
leading to the synthesis and secretion of cytokines by leuko-
cyte subsets and nonimmune cells. Eleven TLRs (TLR1–11)
have been identified so far in human cells [93]. Several of
these TLRs have been reported to be expressed by MSCs, at
different levels depending on the tissue of origin. BM-MSCs
have been reported to express TLR1-2 [94–98], TLR3 [86,
94–99], TLR4 [66, 86, 94–99], TLR5-6 [95–99], TLR7 [94–
96], TLR9 [94–97], and TLR10 [97]. Wharton jelly-derived
MSCs have been reported to express a similar TLR profile
than BM-MSCs with the notable absence of TLR4 [95].
And ASCs have been reported consistently to express
TLR1–6 and TLR9 [95, 97, 100] and less consistently to
express TLR7 [100] and TLR10 [97, 100]. These receptors
have been associated with the modulation of multiple MSC
properties, including differentiation capability [86], migra-
tion [86, 94], extracellular matrix deposition [86], secretome
[3, 66, 86, 94–101], immunomodulation [3, 86, 94, 102], and
modulation of tumor progression [66, 101]. However, incon-
sistent reports of the modulation of these properties are
found in the literature. As we have discussed in previous sec-
tions, the role of MSCs in immunomodulation is primarily
achieved by the secretion of cytokines that affect the activity
of immune cells. Thus, multiple groups have examined the
role of changes in the secretome of MSCs upon TLR ligation
(primarily TLR3 and TLR4) in order to understand the role
of TLR2 in MSC-mediated immunomodulation.

Multiple studies report similar responses from the stimu-
lation of TLR3 or TLR4 on BM-MSCs and ASCs with their
respective agonists LPS and polyinosinic:polycytidylic acid
(poly(I:C)). Stimulation with these ligands has been reported
to promote the expression of cytokines and chemokines with
roles in immunomodulation and inflammation such as
CXCL10 [94], IL-6 [86, 94–97, 100, 101], IL-8 [86, 94–96,
100], CCL5 [95, 96], IL-12 [94, 95, 97], IL-27 [95], IL-23

[95], IL-1β [96], MIP3α [97], TNFα [94, 97], and CCL2
[97]. Similarly, TLR ligation with poly(I:C) and LPS has been
associated with activation of NFκB signaling [100]. Although
many of the upregulated cytokines have roles in the modula-
tion of immune cells, including neutrophils, lymphocytes,
DCs, macrophages, and NK cells, there is little to no consen-
sus on the effect of TLR ligation on immunomodulation. In
2009, Lombardo et al. concluded that TLR ligation did not
have a significant effect on the immunogenic properties of
hASCs when they evaluated the immune-modulating activity
on peripheral blood lymphocyte proliferation or activation
[100]. In contrast, Cassatella et al. and Liotta et al. reported
a reduction in the immunosuppressive activity of MSCs that
promoted the T cell and neutrophil survival, activation, and
response upon TLR ligation [54, 102].

Although most studies report similar results following
stimulation with poly(I:C) or LPS, contrasting phenotypes
have been described for the stimulation of these TLRs in
BM-MSCs. These phenotypes were described as the proin-
flammatory MSC1 and the immunosuppressive MSC2 [86]
(Figure 7). Characterization of these phenotypes led to
the understanding that the low-level exposure of MSCs to
the TLR4 ligand generates the MSC1 phenotype, whereas
the ligation of TLR3 to double-stranded RNA or poly(I:C)
generates the MSC2 phenotype. MSC1 shows an increased
synthesis and secretion of proinflammatory cytokines and
chemokines, such as IL-6 and IL-8, whereas MSC2 has
increased production of immunosuppressive mediators
such as IP-10 and CCL5. Other phenotypes are polarized
as well. For instance, MSC1 has been reported to permit
T lymphocyte activation and attenuate the tumor progres-
sion relative to naïve MSCs. On the contrary, MSC2 has been
associated with the suppression of T lymphocytes and the
promotion of tumor growth and metastasis [3, 86]. Multiple
factors account for the variability of responses seen upon the
stimulation of TLRs in MSCs, including tissue of origin [95],
species of origin, and environmental conditions [97, 98].
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TLR3 priming
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Figure 7: Interactions of MSC with the microenvironment leading to polarization. MSC polarization by different stimuli such as LPS or
poly(I:C) through stimulation of either TLR4 or TLR3 receptors, respectively. Two polarized MSC phenotypes emerge from TLR
stimulation, which represent a proinflammatory phenotype (MSC1, antitumorigenic) and immune-suppressive phenotype (MSC2,
protumorigenic).
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Exposure to inflammatory cytokines has been reported to
alter the TLR profile of MSCs [96, 98], causing an upregula-
tion of TLR2-3 [95, 96, 98], TLR4 [95, 98], and TLR7 [96]
and a downregulation of TLR6 [98] which causes a change
in the responsiveness of the cells to TLR stimulation [98].
Additionally, Romieu-Mourez et al. reported that the combi-
nation of TLR3 and TLR4 stimulation with inflammatory
cytokines increases the response of the MSCs and can syner-
gistically upregulate the secretion of certain cytokines and
enzymes [96]. IFNα and poly(I:C) synergistically upregulated
IL-12, TNFα, CCL5, IFNβ, and iNOS. Similarly, the two
ligands acted in synergy with IFNγ for the upregulation of
CCL5, TRAIL, TNFα, IL-12, and iNOS. Additionally,
increased neutrophil chemotaxis was observed when attract-
ing the cells with conditioned media from hMSCs treated
with IFNγ and LPS. This increased chemotaxis was associ-
ated with the increased secretion of IL-6 and IL-8 resulting
from this combined treatment.

In 2015, tumor-derived MSCs from acute myeloid leuke-
mia and lung cancer tissues and cells cultured in conditioned
media from HeLa cells were reported to present a higher
expression of TLR4 compared to unsorted MSCs [66]. These
MSCs were also found to have a lower secretion of IL-6 and
IL-8 than other MSCs. However, the secretion of these cyto-
kines experiences a more significant expression enhancement
upon LPS stimulation. Additionally, NK cell proliferation
was suppressed by these TLR4+ MSC, and the suppression
was enhanced by the activation of the cells with LPS.

The study of TLR ligation effects on MSCs could provide
key information relevant to the development of treatments
for the targeting of different types of cancer [103] and
inflammatory diseases [104–106]. However, the current
understanding of these phenomena is challenging due to
the variability in stimulation conditions (i.e., ligand concen-
tration, base media, time of exposure), sources (i.e., donor,
tissue of origin, species), and culture conditions (i.e., media
passaging) of cells among the multiple studies, resulting in
the inconsistent phenotypes currently found in the literature.

5. Harnessing the Power of MSC for
Immune Therapy

Understanding and harnessing the polarization of MSCs in
the tumor might provide us with tools to augment effective-
ness of current and future immune therapies. Eight current
or recent clinical studies point to the promise of using MSCs
(naïve or gene-modified) for cancer therapy. These studies
include several phase I trials including MSC expressing IFNγ
or MSC bearing the sodium symporter gene for ovarian
cancer therapy, as well as allogeneic BM-MSC for localized
prostate cancer, andMSC bearing GX-051 for advanced head
and neck cancer. Phase 1-2 trials are being held for MSC
coinfused with hematopoietic stem cells for treating leukemia
and other myeloproliferative disorders and MSC bearing
CRAd (oncolytic adenoviruses) for children and adults with
multiple types of metastatic and refractory solid tumors.

Additionally, since MSCs (and ASC) are found in stromal
cell niches of various tumor types, it is possible that MSC can
exploit the properties related to tissue repair to promote

tumorigenesis and/or protect epithelial cells from the effects
of chemotherapy. By restoring the MSC ability to modulate
anticancer immunity, perhaps one can hijack the tumor to
favor infiltration of immune cells and reduce tumor bulk or
reduce metastasis.

6. Conclusions

MSC biology exhibits high plasticity and thus should be
studied in a relevant environmental context. The several
studies we have reviewed here only begin to shed light
on the effects of each variable in the microenvironment
on tumor progression, as each variable is usually tested
and reported in isolation. In reality, MSCs either are in
their natural environment or are homing to new environ-
ments to encounter various signals at the same time and
in various sequences. The complexity of tumor microenvi-
ronments, for example, makes the interpretation of studies
that focus on a few molecules difficult, and it is important
to remember to draw limited conclusions about each
study. The same principle goes for tumor-derived MSCs
or stromal cells being used to deliver anticancer therapy
or modulate cancer immunity. Once MSCs arrive at the
cancer site, they meet epithelial tumor cells and stromal
cell-derived factors in high concentrations, including cyto-
kines, chemokines, other immunomodulatory small mole-
cules, and various DAMPs coming from dying malignant
cells. Ultimately, the result of all these environmental fac-
tors will determine how MSCs will actually behave in vivo.
Different cells contribute to tumor development, including
the classically described tumor stromal cell components
and also MSC in the local tumor stroma, interconnected in
a network of crosstalk and mutual modulation. The network
includes cell-cell contact and a specific secretory profile
acquired by MSCs during this interaction, enabling them to
perform as proinflammatory cells or as anti-inflammatory
cells and to alter the tumor microenvironment. The appli-
cation of MSC for cell therapy purposes will have several
benefits over that of other stem cells including induced
pluripotent stem cells including the possibility of easy avail-
ability, low in vitro manipulation requirements, potential
autologous application, and a lower risk of tumorigenicity.
MSCs have high plasticity in adapting to different tumor
microenvironments, raising the possibility of experimental
modulation or priming of their “phenotype.” The therapeutic
potential of MSCs offers enormous hope for treating tissue
defects and numerous diseases, including cancer.

7. Future Directions

MSCs can self-renew, differentiate into multiple lineages,
and exhibit proangiogenic and immunomodulatory effects.
Along with these intrinsic properties, MSCs exhibit natural
tropism toward inflamed tissue, which has led to the clinical
application of these cells in different therapies. However, a
significant barrier is the inability to localize the cells to the
tissue of interest due to low homing efficiency, poor engraft-
ment, and low cell retention. To circumvent these challenges,
it is critical to develop engineering strategies that can
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improve tissue engraftment as well as enhance the therapeu-
tic potential of these cells. The therapeutic application of
MSC (or ASC) will require a relatively long-term culturing
method, which can result in senescence of cells and a
potential reduction in the therapeutic activity of transplanted
cells. If the immune-suppressive or immune-stimulatory
capacity of MSC can be restored via careful and purposeful
“polarization,” their application might be harnessed to its full
therapeutic potential.
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