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Tumours are characterized by a state of chronic inflammation and are regarded as wounds that never heal. Mesenchymal
stromal/stem cells (MSCs) are being considered as a possible treatment option. While MSCs can regulate the immune system,
migrate to sites of inflammation, and are naturally immune-privileged, there have been contradictory reports on the role of
these cells in the tumour microenvironment (TME). Some studies have suggested that MSCs promote tumourigenesis while
others have suggested the contrary. To better evaluate the role of MSCs in the TME, it may be helpful to understand the role of
MSCs in chronic wounds. Here, we discuss the role of MSCs in chronic wounds and extrapolate this to the TME. Chronic
wounds are stuck in the inflammatory phase of wound healing, while in the case of the TME, both the inflammatory and
proliferative phases are exploited. MSCs in chronic wounds promote a switch in macrophage phenotype from proinflammatory
(M1) to anti-inflammatory (M2), thereby suppressing T, B, and natural killer cells, consequently promoting wound healing. In
the case of the TME, MSCs are reported to promote tumorigenesis by suppressing T, B, and natural killer cells in addition to
dendritic cells, cytotoxic T cells, and Th1-associated cytokines, thereby promoting tumour growth. Some studies have however
suggested that MSCs inhibit tumourigenesis, depending on the source of the MSCs and the specific mediators involved.
Therefore, the role of MSCs in the TME appears to be complex and may result in variable outcomes. Compelling evidence to
suggest that MSCs are an effective treatment option against tumour progression is lacking.

1. Introduction

Mesenchymal stromal/stem cells (MSCs) are multipotent
cells that can be differentiated into bone, muscle, cartilage,
adipose, and other tissues of mesodermal origin [1, 2]. MSCs
are crucial for maintaining tissue homeostasis including for
example musculoskeletal tissue and fracture repair [3]. Some
characteristics of cultured MSCs include plastic adherence,
differentiation in vitro, and the differential expression of spe-
cific cell surface markers. MSCs are positive for CD105,
CD73, and CD90 and negative for CD45, CD34, and CD14
or 11b, CD79, or CD19, and HLA-DR [4]. MSCs from differ-

ent sources such as bone marrow (BM-MSCs) and adipose
tissue MSCs (AT-MSCs) secrete cytokines and chemokines.
They also express genes such as Sox2, Oct4, p53, and c-myc
albeit at different levels [5]. BM-MSCs have different subpop-
ulations with some expressing surface antigens that are not
expressed by others. This differential expression may be due
to the influence of cell culture conditions [6]. Perinatal MSCs
are derived from the umbilical cord, amniotic membrane,
maternal decidua, and chorionic villi [7]. Although MSCs
derived from umbilical cord blood (UCB) and umbilical cord
(UC) are similar, their gene expression profiles vary [8].
Some genes are highly or exclusively expressed by UC such
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as NRP, SYNP02, NPY, and CDH2, which may be related to
synaptic transmission or neurogenesis, while UCB exclu-
sively expresses osteoblast-specific factor and osteopontin
[8]. MSCs from various sources therefore share common
phenotypic properties even though they have different
genetic and cytokine profiles [9]. These differences should
be considered when using MSCs for research or clinical
applications [8]. In this review, the source of MSCs is not
mentioned but rather MSCs are spoken of generally based
on their shared characteristics.

MSCs migrate to sites of injury where they interact both
with the innate and adaptive immune systems leading to
tissue repair and regeneration [10, 11]. There is increasing
evidence from preclinical research and clinical trials that
MSC-based cellular therapies may soon become part of rou-
tine medical care. This is because MSCs can differentiate into
multiple lineages, secrete cytokines and growth factors,
migrate to sites of injury and inflammation, promote cell
proliferation and migration, and are considered immune-
privileged and lack costimulatory molecules [1, 9, 12]. How-
ever, recent evidence has suggested that MSCs do invoke an
immune response [13]. The ability of MSCs to regulate
inflammatory and immune responses is central to their role
in wound healing, particularly in chronic wounds [14, 15].

Cancer has been described as a “wound that never heals”
[16]. Several studies have reported that MSCs migrate to
tumour sites and promote tumorigenesis and metastasis [7,
17–21], while others have suggested the contrary [22–24].
The exact role of MSCs in the tumour microenvironment
(TME) therefore remains poorly understood. We propose
that understanding the role of MSCs in chronic wounds, par-
ticularly how MSCs influence the immune response, may
shed light on the function of MSCs in the TME. This narra-
tive review will therefore address how MSCs influence the
immune response in chronic wounds and the TME.

1.1. Immune Response in Acute Wounds. Acute wound heal-
ing involves an acute inflammatory response comprised of
four phases: haemostasis, inflammation, proliferation, and
tissue remodelling [25, 26]. Proper wound healing requires
the correct functioning of proinflammatory (M1) and anti-
inflammatory (M2) macrophages, as well as cytokines,
growth factors, proteases, and extracellular and cellular ele-
ments [27]. Of particular importance, M1 macrophages are
responsible for phagocytosing dead cells, where apoptosis is
induced by natural killer (NK) cells, while M2 macrophages
support wound closure and angiogenesis [28].

Macrophages and keratinocytes secrete chemoattractant
MCP-1, which recruits mast cells (MCs) to acute wound sites
to release proinflammatory mediators including histamine,
IL-6, IL-8, and VEGF [29]. These proinflammatory media-
tors facilitate the migration of neutrophils and monocytes
to the wound site and increase vasodilation and endothelial
permeability [29]. B and T cells are also crucial for wound
healing. Nishio et al. have shown that splenectomised nude
mice with acute wounds have fewer B and T cells in the
wound area but more antibodies bound to damaged tissue;
reintroducing B cells isolated from the spleen led to wound
healing [30].

In acute wound healing, the transition from a pro- to an
anti-inflammatory response depends on the presence of
foxp3-expressing regulatory T cells (Treg) [31]. Tregs con-
tribute to wound healing in two ways: immune-mediated
and non-immune-mediated. The immune-mediated mecha-
nism involves Tregs suppressing proinflammatory stimuli by
activating TGF-β and secreting IL-10. The non-immune-
mediated mechanism involves Tregs that secrete the
epidermal growth factor-like growth factor amphiregulin.
Amphiregulin stimulates cell differentiation in injured tissue
leading to tissue homeostasis, restoration and wound healing
[31]. A more elaborate representation of pro- and anti-
inflammatory cells and mediators involved in acute wound
healing is shown on Figure 1.

1.2. Immune Response in Chronic Wounds. Chronic wounds
fail to heal when one or more of the wound-healing phases
is disrupted [27] resulting in overlapping inflammatory and
proliferative phases [32]. The proinflammatory state is char-
acterised by impaired function of neutrophils, macrophages,
B cells, T cells [27], and the persistence of these cells in the
wound milieu.

Certain factors in chronic wounds such as iron overload
may prolong the presence of M1 macrophages, which are
responsible for inciting an inflammatory response, stalling
resolution of the inflammatory phase, and impairing the
function of M2 macrophages [28]. Stalling the resolution of
the inflammatory phase is linked to the inability of M1 mac-
rophages to phagocytize dead neutrophils which accumulate
at the wound site, thereby promoting the persistence of an
inflammatory environment [32]. The build-up of neutrophils
at chronic wound sites is therefore associated with a delayed
transition from M1 to M2 macrophages, leading to unre-
solved inflammation. Delayed wound healing causes an
exaggerated immune response that leads to further tissue
damage instead of restoration. Inflammation in distant loca-
tions may also be induced by reverse transendothelial migra-
tion (rTEM) which occurs as a result of neutrophils that
migrate away from the wound site back into circulation [33].

NK cells are rare or depleted at chronic wound sites both
in the early and late stages [33, 34], suggesting their presence
may inhibit wound healing. The absence of NK cells leads to
increased local production of monocyte/macrophage and
neutrophil chemokines [35]. On the subject of MCs, the
number increases in chronic wounds, and their degranula-
tion results in the release of heparin, histamine, and tryptase,
further stimulating chronic inflammation [29].

Loots et al. found that chronic diabetic and venous ulcers
had more B cells and a reduced CD4/CD8 ratio compared to
acute wounds [36]. Chronic wounds are also characterised
by functionally impaired T cells [37]. A decrease in the num-
ber of B and T cells may be associated with delayed wound
healing, but the exact mechanism remains unclear [30].
Similarly, when B cells isolated from wild-type nondiabetic
mice were reintroduced into diabetic mice, the wound site
was rapidly reduced [38]. Tregs are important for the anti-
inflammation transition [39].

Chronic wound fluid contains increased levels of matrix
metalloproteinases (MMPs) and proinflammatory cytokines
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Figure 1: Summary of pro- and anti-inflammatory cells and mediators involved in acute wound healing. During haemostasis, platelets are the
first to arrive in the wound microenvironment and secrete TGF-β1, PDGF, FGF-2, and VEGF. These cytokines activate and recruit
neutrophils and macrophages [25, 43]. During the inflammatory phase, neutrophils secrete ROS, NO, proteases, VEGF, and IL-17 that
eliminate pathogens and microbes and promote neutrophil apoptosis [43, 44]. Neutrophils also secrete TNFα, IL-1β, and IL-6 and MCP-1
that attract monocytes, dendritic cells, and activate T cells causing a Th1 proinflammatory response [33, 45]. After neutrophil apoptosis,
macrophages undergo efferocytosis [46]. M1 macrophages secrete IL-1, VEGF, FGF-2, and PDGF that promote the proliferation of
fibroblasts, keratinocytes, and epithelial cells. In early wound healing, macrophages secrete TNFα, IL-6, and TGFβ [45]. Macrophages and
NK cells secrete IFN-γ that attract T cells to the wound site and increase their proliferation [33, 43]. NK cells appear early in wounds and
secrete IFN-γ and TNFα that increase the proliferation of CD4+ T cells. NK cells also release perforins and granzymes that are cytotoxic
to infected cells [47]. Mast cells secrete inflammatory cytokines such as IL-1, IL-5, IL-8, TNFα, TGFβ, and PDGF and granules [14, 48].
During the proliferative and remodelling phases, IL-4, IL-10, and IL-13 induce the transition of M1 to M2 macrophages [43, 47].
Dendritic cells act as APCs to CD4+ T cells via MHC II and costimulatory molecules [49]. Once activated, CD4+ and CD8+ T cells
migrate to the wound site and secrete IFN-γ, TGFβ, IL-10, IL-17, IL-22, and TGFβ [33, 50, 51]. B cells accumulate at the wound site and
differentiate into plasma cells that release IgG antibodies that aggravate inflammation. B cells act as APCs encouraging T cell activation
and secrete IL-6, IFNγ, GM-CSF, and IL-4 [52]. Tregs maintain homeostasis and secrete anti-inflammatory cytokines like IL-10 and
TGFβ that inhibit Th1 cells activity (indicated with an X) [53]. Key: TGF-β: transforming growth factor-beta; PDGF: platelet-derived
growth factor; FGF: fibroblast growth factor; VEGF: vascular endothelial growth factor; ROS: reactive oxygen species; NO: nitric oxide; IL:
interleukin; TNFα: tumour necrosis factor-alpha; MCP-1: monocyte chemoattractant protein-1; Th: T helper; IFN-γ: interferon-gamma;
M1: proinflammatory macrophage; M2: anti-inflammatory macrophage; APC: antigen-presenting cell; NK: natural killer; MHC: major
histocompatibility complex; IgG: immunoglobulin G; GM-CSF: granulocyte-macrophage colony-stimulating factor.
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such as TNFα, IL-1β, and IL-6, as well as decreased growth
factor activity [40, 41]. Extended expression of these proin-
flammatory molecules may lead to a persistent wound
environment. Excessive protease activity may potentially
destroy growth factors and connective tissue, thereby delay-
ing wound healing [41]. Chronic wounds may be further
exacerbated by microbial presence and infection, tissue hyp-
oxia, and other factors at the wound site [14, 32].

There is increasing evidence that acute and chronic
musculoskeletal injuries including articular cartilage injury,
osteoarthritis, and meniscus injury can be successfully
treated with MSCs [42]. We next examine how MSCs accel-
erate wound closure and whether MSCs influence immune
cells to promote the proliferation and tissue remodelling
phases in chronic wounds.

1.3. The Role of MSCs in Chronic Wounds. Numerous studies
have investigated the efficacy of MSC therapy in chronic
wounds including chronic ulcers and chronic bacterial infec-
tions [54, 55]. MSCs migrate to the site of injury as a result of
chemotaxis towards secreted cytokines and growth factors
including epidermal growth factor (EGF), platelet-derived
growth factor (PDGF), interferon-gamma (IFN-γ), interleukin
(IL-β1), TNFα, IL-8, vascular endothelial growth factor-alpha
(VEGF-A), insulin-like growth factor (IGF), erythropoietin
(EPO), stromal cell-derived factor-1 (SDF-1), and keratinocyte
growth factor (KGF) but lower amounts of TGF-β1 [56, 57].
MSCs upregulate chemokine receptors such as macrophage-
derived chemokine (MDC) receptors CCR2, CCR3, CCR4,
IGF-R, and chemokine ligand 5 (CCL5) that enables migration
[57]. At the injury site, exposure to proinflammatory cytokines
activates the immunosuppressive properties of MSCs [58].
MSCs directly modulate the inflammatory response by
decreasing proinflammatory cytokines TNF-α and IFN-γ,
while simultaneously stimulating the production of anti-
inflammatory cytokines IL-4 and IL-10, to restart the healing
process [14].

Neutrophils in chronic wounds secrete proteases such as
elastase and collagenase that destroy growth factors (TGF-β
and PDGF), break down the extracellular matrix (ECM),
and maintain the wound in an inflammatory state [54].
Raffaghello et al. showed that human MSCs inhibit neutro-
phil apoptosis in vitro and in vivo via soluble factors such
as IL-6 produced by MSCs and not by cell-to-cell contact
[59]. Although MSCs appear to promote the accumulation
of neutrophils by inhibiting neutrophil apoptosis, they also
promote the production of M2 macrophages, thereby pro-
moting wound healing [55].

Mice with chronic tissue injury treated with MSCs
express an M2 phenotype, while untreated mice express an
M1 phenotype [55]. Zhang et al. [55] demonstrated that
MSC soluble factors led to macrophage polarization towards
an M2 phenotype in vitro and in vivo, accelerating wound
closure. Mice with an M2 phenotype also secreted more
anti-inflammatory Th2-related cytokines such as IL-10 and
TGF-β and had a lower concentration of Th1-associated
cytokines such as IL-6 and TNF-α [60]. When mice with
chronic wounds were treated with BM-MSCs, they had more
macrophages at the wound site [56]. The MSCs in these mice

secreted chemoattractants such as macrophage infiltration
protein (MIP) and monocyte chemoattractant protein
(MCP), thereby promoting the infiltration of macrophages
into chronic wounds and support wound healing [56]. MSCs
also promote wound healing by modulating the production
of effector T cell cytokines. Thus, less of the proinflammatory
cytokine IFN-γ is produced by Th1 cells and more of the
anti-inflammatory cytokine IL-4 from Th2 cells, thereby pro-
moting an anti-inflammatory response [9]. MSCs have TNF
receptors that are able to bind TNF-α produced by T cells;
this then triggers the production of prostaglandin E2
(PGE2). PGE2 acts on T cells and blocks the secretion of
TNF-α [9]. MSCs promote the arrest of active T cells in the
G0/G1 phase of the cell cycle and promote apoptosis, but
protect quiescent T cells from apoptosis [9]. High concentra-
tions of MSCs in chronic wounds have also been shown to
suppress the proliferation of alloreactive T cells [61]. Simi-
larly, MSCs inhibit the proliferation of B cells by promoting
their arrest in the G0/G1 phase of the cell cycle, which further
limits the ability of B cells to secrete IgA, IgG, and IgM [61].

MSCs suppress NK cells in various ways including via
inhibiting cytokine secretion, cytotoxicity, and proliferation.
NK cells secrete IFN-γ which induces MSC-derived suppres-
sive factor indoleamine 2,3-dioxygenase (IDO), and in the
presence of IL-2, NK proliferation is inhibited [9]. Other
MSC soluble factors that suppress the proliferation of NK
cells include TGF-β, PGE2, and human leukocyte antigen
G5 (HLA-G5) [9]. MSCs can inhibit the ability of NK cells
to lyse target cells by downregulating surface receptors natu-
ral killer group 2 member D (NKG2D), natural killer protein
30 (NKp30), and natural killer protein 44 (NKp44) [9, 62].
Conversely, NK cells can lyse autologous and allogeneic
MSCs [63]. Overall, the relative importance of these varied
effects on the suppression of NK cells by MSCs culminates
in chronic wound healing.

In contrast to chronic wounds that are seemingly stuck in
the proinflammatory phase of wound healing and are charac-
terized mostly by an M1 macrophage-associated inflammatory
response, the TME is characterised by being in an inflammatory
phase of wound healing marked by the presence of an M2
macrophage-associated inflammatory response. In the TME,
T cells andNK cells are key players, butMSCs have been shown
to inhibit these cells in chronic wounds. To assess the potential
role of MSCs in treating cancer, we need to understand how
MSCs interact with the immune response in the TME.

1.4. Immune Response in the Tumour Microenvironment. The
TME is a complex system comprised of numerous cell types
in addition to tumour cells, including endothelial cells,
pericytes, myofibroblasts, fibroblasts, smooth muscle cells,
neutrophils, MCs, T cells, B cells, dendritic cells (DC), mac-
rophages, and NK cells [64]. These cells communicate via
autocrine and paracrine signals in the form of cytokines
and chemokines. The cross-talk between these cells deter-
mines tumour progression or antitumor activity [65]. The
immune response to cancer is a dynamic process known as
immunosurveillance, which broadly encompasses the con-
cept of immunoediting. Immunoediting is composed of three
stages, namely, elimination, equilibrium, and escape [66].
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To better understand the effect of MSCs in the TME, this
review will use carcinoma as an example to discuss the
immune response to cancer. Carcinomas are the most fre-
quent form of malignancy and account for about 90% of all
human cancers [64, 67]. Immune cells are directed against
cancer in a variety of ways. One of the most important
antitumour cell types is cytotoxic CD8+ T cells. Antigen-
presenting cells (APCs) such as DCs use their MHC I recep-
tors to present antigens to cytotoxic CD8+ T cells [66, 68, 69].
Upon activation, CD8+ T cells differentiate into cytotoxic T
lymphocytes (CTLs). CTLs secrete granzymes and perforins
that attack tumour cells resulting in cell lysis [69]. NK cells
also recognize antigens of the NKG2D family on tumour cells
and release granzymes that kill tumour cells [66]. Antitu-
mour effects are mediated by IFN-γ that is secreted by
effector cells and that can induce macrophage cytotoxic
activity [66, 70].

CD4+ T helper cells can either inhibit or promote
tumour cell survival. CD4+ T helper cells are either Th1 or
Th2, with each secreting a specific set of cytokines [68, 70].
DCs stimulate Th1 to secrete proinflammatory cytokines
including IFNγ, TNFα, IL-2, and IL-12. These cytokines
work together to activate CTLs, M1 macrophages, and NK
cells, which increases the presentation of tumour antigens
[69–71]. In response, cytokines can induce the upregulation
of antigen processing in the proteasome, antigen display
cofactors in neoplastic cells, and the expression of MHC I
and II [70]. Therefore, Th1 and its secreted cytokines oppose
tumorigenesis. On the other hand, Th2 cells secrete pro-
growth factors IL-4, IL-5, IL-6, IL-10, IL-13, and TGFβ that
inhibit T cell mediated cytotoxicity, cause T cell anergy,
and enhance B cell function. Th2 cells further stimulate
myeloid-derived suppressor cells (MDSCs) and tumour-
associated macrophages (TAMs), which also secrete protu-
mour cytokines (IL-4, IL-5, IL-6, and IL-10) in the TME
[71]. Tregs are drawn into the TME through APCs that pres-
ent self-antigens and inhibit clonal expansion of CTLs [71].
Tregs may also inhibit NK cells, DCs, and B cells through
cell-to-cell contact, consequently promoting tumour pro-
gression [70, 72]. Elevated numbers of Tregs are associated
with a poorer prognosis in many cancers including lung
and ovarian cancer, pancreatic ductal adenocarcinoma, and
non-Hodgkin’s lymphoma [72]. Established tumours con-
tain functionally suppressive Tregs which correlate with
advanced tumour stage. Tregs also infiltrate metastatic sites
in a manner similar to the TME [72].

Th2 suppress antitumour immunity and improve protu-
mour humoral responses [70, 73]. Part of the humoral
response involves a subset of B cells, namely, regulatory B cell
(Bregs). Bregs produce IL-10 that suppresses CD4+ T cell
cytokine secretion and also suppress CD8+ T cell production
of IFN-γ. Bregs also encourage conversion of CD4+ into Treg
and inhibit NK-mediated immunity, thus promoting tumour
progression [73]. The TME facilitates cross-talk between M2,
Tregs, and Th2 cells, and this encourages immunosuppres-
sion, angiogenesis, and tumour progression [33]. In the
TME, neutrophils and MCs exert a proliferative effect [71].
Neutrophils produce high levels of reactive oxygen species
(ROS) in the TME, which may cause endothelial damage,

DNA mutations that may initiate cancer, cell proliferation,
and epithelial-mesenchymal transition (EMT), and favour
inflammation [74].

In contrast, although specific lymphocytes are associated
with either a pro- or anti-inflammatory response, some anti-
inflammatory lymphocytes may inhibit cancer progression.
For example, activated antitumour B cells differentiate into
clones of plasma cells that produce antibodies specific to
the antigens expressed on cancer cells. This leads to
antibody-dependent cell-mediated cytotoxicity (ADCC)
causing cell lysis via complement activation [68, 70]. In the
TME, neutrophils secrete ROS that can eliminate tumour
cells and inhibit cancer progression [74]. In summary, neu-
trophils and B cells may thus either promote or inhibit cancer
progression, depending on what they secrete as well as the B
cell type involved.

Tumours have other survival strategies including glucose
metabolism and tumour acidity. Both pro- and anti-
inflammatory cells compete for nutrients in the TME. Tumour
cells consume large amounts of glucose which affects the
metabolism of other cells in the TME [75, 76]. Lactate produc-
tion by tumour cells mediated by lactate dehydrogenase A can
limit IFN-γ production in tumour infiltrating T cells and NK
cell activation [75, 76]. Cancer-associated neutrophils use their
mitochondrial respiratory capacity to generate ROS, which
increases acidity, and in turn, suppresses T cells in the
nutrient-depleted TME [75]. Tumour acidity suppresses the
activity of DCs, NK, and T cells and supports an M2 pheno-
type, thus creating a hostile milieu for these cells [75]. Tumour
cells in the TME produce stem cell factor (SCF) which can
recruit MCs that accumulate near blood vessels. MCs produce
proangiogenic factors including VEGF, FGF-2, histamine,
heparin, TNF-α, and different proteases [77]. These factors
are important in initiating the angiogenic switch [77]. MC-
mediated ECM remodelling normally seen in wound healing
is corrupted in tumour growth, thus promoting tumour
migration and metastasis [77].

Apart from proinflammatory leukocytes that support
tumour growth, elements of the coagulation pathway further
exacerbate the already compromised TME. Tissue factor
(TF), which initiates coagulation, is expressed by tumour
cells and is increased in breast, glial, colon, and lung cancers.
TF expression has been associated with increased vascular
density, tumour grade, and a worse prognosis [78, 79]. Plate-
lets and thrombin within the TME are associated with
tumour growth, angiogenesis, and metastasis [79]. This is
because platelets release growth factors such as TGF-β which
is a key mediator of angiogenesis in the TME [25, 80]. It is
noteworthy that thrombosis is the second leading cause of
death in cancer [78], and understanding its role is therefore
crucial. Another factor that contributes to tumorigenesis is
whether the microenvironment is acidic or hypoxic, as this
compromises the antitumour activity of immune cells [75].
It is therefore important to examine other factors that con-
tribute to tumorigenesis and metastasis to obtain a better
understanding of the complex nature of the TME.

1.5. The Role of MSCs in the TME. MSCs migrate to tumour
sites in breast, colon, ovarian, brain, hepatocellular, and lung
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carcinomas as well as melanoma [17, 81, 82]. This has raised
the possibility that MSCs might serve as a potential delivery
vehicle for anticancer drugs [83–85]. The ability of MSCs to
influence the immune response in chronic wounds, thereby
promoting healing, has exciting prospects. It is important
therefore to understand how MSCs may affect various cell
types including leukocytes in the TME.

MSCs affect cytokine secretion, differentiation, the phe-
notype of mature and immature monocyte-derived DCs, as
well as immunostimulatory activity such as the induction of
T cell activation [9, 86]. Additionally, MSCs reduce the
expression of costimulatory molecules such as CD80 and
CD86 [9]. Hence, MSCs inhibit the function of DCs leading
to immunological tolerance [62]. MSCs also induce regula-
tory APCs that generate elevated levels of IL-10 and suppress
T cells [9]. Since different cancers behave differently, it is evi-
dent that the influence of MSCs on various cancers will differ.
For this reason, this section will focus on studies that have
looked at the influence of MSCs on breast cancer.

Patel et al. [62] demonstrated that MSCs interact with
lymphocytes that inhibit breast cancer cells in a manner
similar to chronic wounds. The presence of MSCs suppresses
NK cells and diminishes CTL responses. Consequently, less
granzyme is produced for tumour cell killing. Additionally,
MSCs produce IL-10 which inhibit T cell proliferation [62].
When MSCs were added to breast cancer cells, there was less
production of Th1 type cytokines IFN-γ and TNF-α, while
Th2 type cytokines were significantly increased [62]. MSCs
also secrete TGF-β1 which increases Tregs production [62].
An in vivo breast cancer study demonstrated that tumour-
derivedMSCs (T-MSCs) and TNF-α-activatedMSCs increased
neutrophil tumour infiltration. More neutrophils were also
observed in the blood and primary tumour [87]. Additionally,
TNF-α-activated MSCs mimicked T-MSCs by promoting
tumour growth and breast cancer metastasis to the lung [87].

There are other ways in which MSCs promote cancer
progression. In a breast cancer study, the presence of MSCs
in the TME acted as a stimulus to induce EMT [18]. EMT
promoted cancer progression including metastasis to other
tissues [18]. Cancer cell survival is also promoted by the
ability of MSCs to differentiate into cancer-associated fibro-
blasts (CAFs) [88]. CAFs promote Treg capacity to inhibit
effector T cell proliferation [89]. MSCs secrete exosomes that
enter dormant breast cancer cells (BCCs) and initiate cycling
thus increasing BCCs [90].

An in vitro study showed that MSCs inhibit cell cycle
progression in breast cancer cells and promote apoptosis by
downregulating the Stat3 signalling pathway [23]. This study
did not describe howMSCs affect lymphocyte function. Leng
et al. [22] demonstrated that UC-MSCs loaded with a suicide
gene (herpes simplex virus truncated thymidine kinase)
inhibited tumour growth and increased apoptosis, but com-
plete regression was not achieved [22]. An in vitro study
using the immortalized MSC line RCB2157 cocultured with
MDA-MB-231 and T47D cells further demonstrated that
MSCs are antimetastatic and antitumorigenic. In the first
24 hours, MSCs secreted MMPs that have a prometastatic
effect. After 5 days in culture, MSCs secreted tissue inhibitors
of metalloproteinase-1 and -2 (TIMP-1 and TIMP-2) which

have an antimetastatic effect [24]. Another study demon-
strated that even in the presence of MSCs, CD8+ T cells,
DCs, and CD4+/Foxp3 Treg remained normal [91]. Similar
studies have observed that MSCs inhibit cancer progression
both in vivo and in vitro [91–93]. Several factors including
specific pathways such as stat3 signalling, the source of
MSC, nature of MSCs (modified or naïve), choice of mouse
models (syngeneic, allogeneic, and xenogeneic), types of
breast cancer cell lines, and MSC secreted molecules such
as exosomes appear to be responsible for the inhibitory
effects on cancer [7, 91–94].

MSCs lack costimulatory molecules (CD40, CD80, and
CD86) and MHC II; however, these molecules can be
induced when MSCs are exposed to IFN-γ. When IFN-γ is
upregulated, MHC II expression is increased and accessory
adhesion molecules such as intracellular adhesion molecule
2 (ICAM-2) and vascular cell adhesion molecule 1 (VCAM-
1) are expressed [9, 63]. This is important because their
expression allows MSCs to act as APCs to memory T cells
[9]. This may also be the intercellular contact needed for
MSCs to exert a cytotoxic effect on NK cells [9], thereby
decreasing NK cells with antitumour activity.

MSCs thrive in hypoxic (2-9% O2) conditions such as
those found in the TME, and this environment therefore
resembles their natural niche (1-5% O2). When expanded
in vitro, MSCs are grown in 20% oxygen, and this may cause
DNA damage and early senescence [95, 96]. Consequently,
in vivo administration of possibly compromised MSCs may
not portray a true reflection of their influence on tumours
under natural conditions in vivo. Similarly, in in vitro studies
when MSCs were cocultured with a head and neck squamous
cell carcinoma cell line (FaDu), cancer cell viability and prolif-
eration decreased when incubated in conditioned media that
was derived from MSCs grown under hypoxic conditions.
Levels of anti-inflammatory cytokines such as IL-4, IL-5, and
IL-10 are reduced, and IL-6 is increased in this conditioned
medium [97]. This data suggests that despite the fact that
MSCs are expanded under normoxic conditions, they may
reestablish homeostasis in the hypoxic TME and still have an
effect on cancer cells. However, further investigation of the
ability of MSCs to reestablishing homeostasis is needed.

The effect of MSCs on the immune response in chronic
wounds is similar to that observed in the TME in that they
exhibit immunosuppressive characteristics [62, 87]. MSCs do
this by secreting immunosuppressive factors including IDO
and NO that suppress lymphocyte function, thereby promoting
tumour progression and metastasis [87]. The effect of MSCs on
different cancer types varies since different cancers behave dif-
ferently. MSCs inhibit the growth of human glioma cells, while
in human colorectal cancer cells, tumour growth is initiated and
promoted [98]. The TME has more lymphocytes and cytokines
that promote cancer growth than inhibitory factors. However,
there is also evidence that MSCs inhibit tumour progression
and metastasis. Therefore, the presence of MSCs in the TME
could either be beneficial or harmful to the host as there is no
clear evidence in support of one effect over the other.

1.6. Summary and Key Findings. This review has discussed
the role of MSCs and their influence on the immune response
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in chronic wounds and the TME. Chronic wounds are in a
continuous proinflammatory state due to the constant pres-
ence of immune cells whose function is impaired in the
wound environment. These cells include neutrophils, macro-
phages, B cells, and T cells. There is a decrease in the number
of lymphocytes while Treg increase and the transition from
M1 to M2 is delayed. MSCs induce a transition to an M2 type
inflammatory response and modulate effector T cell cyto-
kines which leads to reduced proinflammatory cytokine pro-
duction and an increase in anti-inflammatory cytokines.
MSCs promote the arrest of T and B cells at G0/G1 in the cell
cycle, thereby promoting T cell apoptosis and limiting
antibody secretion by B cells. MSCs also suppress NK cell
proliferation and cytokine secretion, which under normal
circumstances would enable chronic wounds to heal.

Th1 via proinflammatory cytokines activate CTLs, DCs,
and NK cells in the TME to attack tumour cells. In contrast,
Th2 produce anti-inflammatory cytokines that inhibit T cell
cytotoxicity and increase B cell function. Tregs inhibit CTLs,
DCs, NK, and B cells while Bregs suppress CD8+ T cells and
encourage conversion of CD4+ T cells to Tregs. All of the
above support tumour progression and metastasis. The pres-
ence of MSCs in the TME encourages tumour progression via
several mechanisms: (a) monocytes fail to differentiate into
DCs, delaying the activation of T cells; (b) MSCs inhibit T cell
proliferation and suppress NK and CTL responses; (c) MSCs
induce Th2 cytokine production and decrease Th1 cytokine
production; (d) MSCs induce EMT and differentiate into
CAFs that secrete angiogenic growth factors. Together, these
observations suggest that MSCs support cancer growth and
metastasis, and this is based primarily on the immunosup-
pressive properties of MSCs. Conversely, other studies have
demonstrated that MSCs can inhibit tumour growth and
metastasis by (a) downregulating the Stat3 pathway and (b)
MSCs producing TIMP-1 and TIMP-2.

Despite MSCs exhibiting similar immunosuppressive
characteristics in both chronic wounds and the TME, several
studies have observed that MSCs inhibit cancer progression.
In chronic wounds, the application of MSCs is beneficial
while in the TME, their application could be either beneficial
or detrimental. Various factors such as immunosuppression,
glucose metabolism, and Th2 associated leukocytes and cyto-
kines may result in a net effect in which tumour progression
outweighs inhibition. The use of MSCs in the clinical setting
for therapeutic purposes unrelated to cancer should be
approached with this in mind and requires long-term fol-
low-up/monitoring as MSCs may promote cancer cell sur-
vival and stimulate the progression of a latent tumour.

2. Conclusion

The TME is similar to chronic wounds in that the phases of
healing, inflammation, and proliferation are either hijacked
or stalled. In chronic wounds, the constant inflammatory
state can be corrected by applying MSCs to downregulate T
cells, NK cells, and B cells, resulting in enhanced wound heal-
ing. In the TME, different lymphocyte subtypes promote
rather than inhibit cancer progression. Tumour cells also
secrete immunosuppressive molecules and compete for

nutrients. All these factors contribute to the complex nature
of the TME. While a few studies have suggested that MSCs
inhibit cancer progression, a greater number suggest that
MSCs increase tumour progression and metastasis. Hence,
based on the available literature on the role of MSCs in the
TME, the use of MSCs for the treatment of cancer is not sup-
ported, as MSCs in the TME suppress inflammation and the
immune response that is required for wound healing.

Abbreviations

ADCC: Antibody-dependent cell-mediated cytotoxicity
APC: Antigen-presenting cell
AT-MSCs: Adipose tissue mesenchymal stem cells
BCCs: Breast cancer cells
bFGF: Basic fibroblast growth factor
BM-MSCs: Bone marrow mesenchymal stem cells
Bregs: Regulatory B cells
CAFs: Cancer-associated fibroblasts
CCL 5: Chemokine ligand 5
CCR: C-C chemokine receptor
CD: Cluster of differentiation
CTLs: Cytotoxic T cells
DCs: Dendritic cells
DNA: Deoxyribonucleic acid
ECM: Extracellular matrix
EGF: Epidermal growth factor
EMT: Epithelial-mesenchymal transition
EPO: Erythropoietin
FGF: Fibroblast growth factor
GM-CSF: Granulocyte-macrophage colony-stimulating

factor
HLA-DR: Human leukocyte antigen-DR isotype
ICAM-2: Intracellular adhesion molecule 2
IFN-γ: Interferon-gamma
IDO: Indoleamine 2,3-dioxygenase
Ig: Immunoglobulin
IGF: Insulin-like growth factor
IGF-R: Insulin-like growth factor 1
IL: Interleukin
KGF: Keratinocyte growth factors
M1: Proinflammatory macrophages
M2: Antimacrophages
MCs: Mast cells
MCP-1: Monocyte chemoattractant protein-1
MDC: Macrophage-derived chemokine
MDSCs: Myeloid-derived suppressor cells
MHC: Major histocompatibility complex
MIP: Macrophage infiltration protein
MMPs: Matrix metalloproteinases
MSCs: Mesenchymal stem/stromal cells
NK: Natural killer
NKG2D: Natural killer group 2 member D
NKp: Natural killer protein
NO: Nitric oxide
O2: Oxygen
Oct4: Oct-4 (octamer-binding transcription factor 4)
p53: Tumor protein P53
PDGF: Platelet-derived growth factor

7Journal of Immunology Research



PGE2: Prostaglandin E2
ROS: Reactive oxygen species
rTEM: Transendothelial migration
SCF: Stem cell factor
SDF-1: Stromal cell-derived factor-1
Sox2: SRY (sex determining region Y)-box 2S
Stat3: Signal transducer and activator of transcription 3
TAMs: Tumour-associated macrophages
TGF-β: Transforming growth factor-beta
TF: Tissue factor
Th: T helper
TIMP: Tissue inhibitors of metalloproteinases
T-MSCs: Tumour-derived mesenchymal stem cells
TME: Tumour microenvironment
TNFα: Tumour necrosis factor alpha
Treg: Regulatory T cells
VCAM-1: Vascular cell adhesion molecule 1
VEGF: Vascular endothelial growth factor
UC: Umbilical cord
UCB: Umbilical cord blood.

Data Availability

The data supporting the results cited in the text can be found
in the relevant articles cited in the References.

Disclosure

The funders had no role in the preparation of the manuscript
and the decision to publish.

Conflicts of Interest

The authors have no conflicts of interest to declare.

Acknowledgments

The authors would like to thank Dr Cheryl Tosh for critical
review in the early stages of the preparation of this manu-
script. M.S.P is supported by grants from the South African
Medical Research Council University Flagship Project
(SAMRC-RFA-UFSP-01-2013/STEM CELLS), the SAMRC
Extramural Unit for Stem Cell Research and Therapy, and
the Institute for Cellular and Molecular Medicine of the
University of Pretoria; M.A.A and K. T. P are supported by
the South African Medical Research Council Self-Initiated
Research Grant (grant no. A1A982); and M.A.A by the
National Research Foundation Competitive Support for
Unrated Researchers (grant no. 114044).

References

[1] A. I. Caplan, “Adult mesenchymal stem cells for tissue engi-
neering versus regenerative medicine,” Journal of Cellular
Physiology, vol. 213, no. 2, pp. 341–347, 2007.

[2] M. K. Majumdar, M. A. Thiede, J. D. Mosca, M. Moorman,
and S. L. Gerson, “Phenotypic and functional comparison of
cultures of marrow-derived mesenchymal stem cells (MSCs)
and stromal cells,” Journal of Cellular Physiology, vol. 176,
no. 1, pp. 57–66, 1998.

[3] R. Bielby, E. Jones, and D. McGonagle, “The role of mesenchy-
mal stem cells in maintenance and repair of bone,” Injury,
vol. 38, no. 1, pp. S26–S32, 2007.

[4] M. Dominici, K. le Blanc, I. Mueller et al., “Minimal criteria for
defining multipotent mesenchymal stromal cells. The Interna-
tional Society for Cellular Therapy position statement,”
Cytotherapy, vol. 8, no. 4, pp. 315–317, 2006.

[5] U. Kozlowska, A. Krawczenko, K. Futoma et al., “Similarities
and differences between mesenchymal stem/progenitor cells
derived from various human tissues,” World Journal of Stem
Cells, vol. 11, no. 6, pp. 347–374, 2019.

[6] K. C. Elahi, G. Klein, M. Avci-Adali, K. D. Sievert, S. MacNeil,
and W. K. Aicher, “Human mesenchymal stromal cells from
different sources diverge in their expression of cell surface pro-
teins and display distinct differentiation patterns,” Stem Cells
International, vol. 2016, 9 pages, 2016.

[7] A. Papait, F. R. Stefani, A. Cargnoni, M. Magatti, O. Parolini,
and A. R. Silini, “The multifaceted roles of MSCs in the tumor
microenvironment: interactions with immune cells and
exploitation for therapy,” Frontiers in Cell and Developmental
Biology, vol. 8, pp. 447–447, 2020.

[8] M. Secco, Y. B. Moreira, E. Zucconi et al., “Gene expression
profile of mesenchymal stem cells from paired umbilical cord
units: cord is different from blood,” Stem Cell Reviews and
Reports, vol. 5, no. 4, pp. 387–401, 2009.

[9] R. E. Newman, D. Yoo, L. R.MA, and A. Danilkovitch-Miagkova,
“Treatment of inflammatory diseases with mesenchymal stem
cells,” Inflammation & Allergy-Drug Targets (Formerly Current
Drug Targets-Inflammation & Allergy), vol. 8, no. 2, pp. 110–
123, 2009.

[10] A. Uccelli, L. Moretta, and V. Pistoia, “Mesenchymal stem cells
in health and disease,” Nature Reviews. Immunology, vol. 8,
no. 9, pp. 726–736, 2008.

[11] D. Jiang, Y. Qi, N. G.Walker et al., “The effect of adipose tissue
derivedMSCs delivered by a chemically defined carrier on full-
thickness cutaneous wound healing,” Biomaterials, vol. 34,
no. 10, pp. 2501–2515, 2013.

[12] A. Nuschke, “Activity of mesenchymal stem cells in therapies
for chronic skin wound healing,” Organogenesis, vol. 10,
no. 1, pp. 29–37, 2014.

[13] J. A. Ankrum, J. F. Ong, and J. M. Karp, “Mesenchymal stem
cells: immune evasive, not immune privileged,” Nature Bio-
technology, vol. 32, no. 3, pp. 252–260, 2014.

[14] S. Maxson, E. A. Lopez, D. Yoo, A. Danilkovitch-Miagkova,
andM. A. LeRoux, “Concise review: role of mesenchymal stem
cells in wound repair,” Stem Cells Translational Medicine,
vol. 1, no. 2, pp. 142–149, 2012.

[15] A. M. Hocking and N. S. Gibran, “Mesenchymal stem cells:
paracrine signaling and differentiation during cutaneous
wound repair,” Experimental Cell Research, vol. 316, no. 14,
pp. 2213–2219, 2010.

[16] H. F. Dvorak, “Tumors: wounds that do not heal. Similarities
between tumor stroma generation and wound healing,” The
New England Journal of Medicine, vol. 315, no. 26, pp. 1650–
1659, 1986.

[17] M. Timaner, N. Letko-Khait, R. Kotsofruk et al., “Therapy-
educated mesenchymal stem cells enrich for tumor-initiating
cells,” Cancer Research, vol. 78, no. 5, pp. 1253–1265, 2018.

[18] F. T. Martin, R. M. Dwyer, J. Kelly et al., “Potential role of mes-
enchymal stem cells (MSCs) in the breast tumour microenvi-
ronment: stimulation of epithelial to mesenchymal transition

8 Journal of Immunology Research



(EMT),” Breast Cancer Research and Treatment, vol. 124,
no. 2, pp. 317–326, 2010.

[19] X.-l. Yan, C.-j. Fu, L. Chen et al., “Mesenchymal stem cells
from primary breast cancer tissue promote cancer prolifera-
tion and enhance mammosphere formation partially via
EGF/EGFR/Akt pathway,” Breast Cancer Research and Treat-
ment, vol. 132, no. 1, pp. 153–164, 2012.

[20] R. H. Goldstein, M. R. Reagan, K. Anderson, D. L. Kaplan, and
M. Rosenblatt, “Human bone marrow–derived MSCs can
home to orthotopic breast cancer tumors and promote bone
metastasis,” Cancer Research, vol. 70, no. 24, pp. 10044–
10050, 2010.

[21] H.-S. Hsu, J. H. Lin, T. W. Hsu et al., “Mesenchymal stem cells
enhance lung cancer initiation through activation of IL-6/JAK2/-
STAT3 pathway,” Lung Cancer, vol. 75, no. 2, pp. 167–177, 2012.

[22] L. Leng, Y. Wang, N. He et al., “Molecular imaging for assess-
ment of mesenchymal stem cells mediated breast cancer ther-
apy,” Biomaterials, vol. 35, no. 19, pp. 5162–5170, 2014.

[23] N. He, Y. Kong, X. Lei et al., “MSCs inhibit tumor progression
and enhance radiosensitivity of breast cancer cells by down-
regulating Stat3 signaling pathway,” Cell Death & Disease,
vol. 9, no. 10, article 1026, 2018.

[24] M. R. Clarke, F. M. Imhoff, and S. K. Baird, “Mesenchymal
stem cells inhibit breast cancer cell migration and invasion
through secretion of tissue inhibitor of metalloproteinase-1
and -2,” Molecular Carcinogenesis, vol. 54, no. 10, pp. 1214–
1219, 2015.

[25] T. A. Wilgus, “Immune cells in the healing skin wound: influ-
ential players at each stage of repair,” Pharmacological
Research, vol. 58, no. 2, pp. 112–116, 2008.

[26] T. N. Demidova-Rice, M. R. Hamblin, and I. M. Herman,
“Acute and impaired wound healing: pathophysiology and
current methods for drug delivery, part 1: normal and chronic
wounds: biology, causes, and approaches to care,” Advances in
Skin & Wound Care, vol. 25, no. 7, pp. 1–21, 2012.

[27] S. Enoch and P. Price, “Cellular, molecular and biochemical
differences in the pathophysiology of healing between acute
wounds, chronic wounds and wounds in the aged,” World
Wide Wounds, vol. 13, pp. 1–17, 2004.

[28] S. Ellis, E. J. Lin, and D. Tartar, “Immunology of wound heal-
ing,” Current Dermatology Reports, vol. 7, no. 4, pp. 350–358,
2018.

[29] D. E. A. Komi, K. Khomtchouk, and P. L. Santa Maria, “A
review of the contribution of mast cells in wound healing:
involved molecular and cellular mechanisms,” Clinical Reviews
in Allergy and Immunology, vol. 58, no. 3, pp. 298–312, 2020.

[30] N. Nishio, S. Ito, H. Suzuki, and K. I. Isobe, “Antibodies to
wounded tissue enhance cutaneous wound healing,” Immu-
nology, vol. 128, no. 3, pp. 369–380, 2009.

[31] D. M. Zaiss, C. M. Minutti, and J. A. Knipper, “Immune- and
non-immune-mediated roles of regulatory T-cells during wound
healing,” Immunology, vol. 157, no. 3, pp. 190–197, 2019.

[32] E. A. Grice and J. A. Segre, “Interaction of the microbiome
with the innate immune response in chronic wounds,”
Advances in Experimental Medicine and Biology, vol. 946,
pp. 55–68, 2012.

[33] Y. Hua and G. Bergers, “Tumors vs. chronic wounds: an
immune cell’s perspective,” Frontiers in Immunology, vol. 10,
no. 2178, pp. 1–11, 2019.

[34] K. Rosner, C. Ross, T. Karlsmark, A. A. Petersen, F. Gottrup,
and G. L. A. N. G. E. Vejlsgaard, “Immunohistochemical char-

acterization of the cutaneous cellular infiltrate in different
areas of chronic leg ulcers,” APMIS, vol. 103, no. 1-6,
pp. 293–299, 1995.

[35] A. L. Brubaker, D. F. Schneider, and E. J. Kovacs, “Neutrophils
and natural killer T cells as negative regulators of wound heal-
ing,” Expert Review of Dermatology, vol. 6, no. 1, pp. 5–8, 2011.

[36] M. A. M. Loots, E. N. Lamme, J. Zeegelaar, J. R. Mekkes, J. D.
Bos, and E. Middelkoop, “Differences in cellular infiltrate and
extracellular matrix of chronic diabetic and venous ulcers ver-
sus acute wounds,” Journal of Investigative Dermatology,
vol. 111, no. 5, pp. 850–857, 1998.

[37] A. Toulon, L. Breton, K. R. Taylor et al., “A role for human
skin–resident T cells in wound healing,” Journal of Experimen-
tal Medicine, vol. 206, no. 4, pp. 743–750, 2009.

[38] R. F. Sîrbulescu, C. K. Boehm, E. Soon et al., “Mature B cells
accelerate wound healing after acute and chronic diabetic skin
lesions,” Wound Repair and Regeneration, vol. 25, no. 5,
pp. 774–791, 2017.

[39] A. H. Ameri, S. Moradi Tuchayi, A. Zaalberg et al., “IL-33/reg-
ulatory T cell axis triggers the development of a tumor-
promoting immune environment in chronic inflammation,”
Proceedings of the National Academy of Sciences, vol. 116,
no. 7, pp. 2646–2651, 2019.

[40] P. Krzyszczyk, R. Schloss, A. Palmer, and F. Berthiaume, “The
role of macrophages in acute and chronic wound healing and
interventions to promote pro-wound healing phenotypes,”
Frontiers in Physiology, vol. 9, pp. 419–419, 2018.

[41] C. Chen, G. S. Schultz, M. Bloch, P. D. Edwards, S. Tebes, and
B. A. Mast, “Molecular and mechanistic validation of delayed
healing rat wounds as a model for human chronic wounds,”
Wound Repair and Regeneration, vol. 7, no. 6, pp. 486–494, 1999.

[42] J. Yang, S. Fang, L. Xu et al., “Clinical applications of mesen-
chymal stromal cells (MSCs) in orthopedic diseases,” in Stro-
mal Cells-Structure, Function, and Therapeutic Implications,
IntechOpen, 2018.

[43] J. Larouche, S. Sheoran, K. Maruyama, and M. M. Martino,
“Immune regulation of skin wound healing: mechanisms and
novel therapeutic targets,” Advances in Wound Care, vol. 7,
no. 7, pp. 209–231, 2018.

[44] A. S. MacLeod and J. N. Mansbridge, “The innate immune sys-
tem in acute and chronic wounds,” Advances in Wound Care,
vol. 5, no. 2, pp. 65–78, 2016.

[45] L. Chen, H. Deng, H. Cui et al., “Inflammatory responses and
inflammation-associated diseases in organs,” Oncotarget,
vol. 9, no. 6, pp. 7204–7218, 2018.

[46] M. R. Elliott, K. M. Koster, and P. S. Murphy, “Efferocytosis
signaling in the regulation of macrophage inflammatory
responses,” The Journal of Immunology, vol. 198, no. 4,
pp. 1387–1394, 2017.

[47] A. Tosello-Trampont, F. A. Surette, S. E. Ewald, and Y. S. Hahn,
“Immunoregulatory role of NK cells in tissue inflammation and
regeneration,” Frontiers in Immunology, vol. 8, pp. 1–10, 2017.

[48] B. C. Wulff and T. A. Wilgus, “Mast cell activity in the healing
wound: more thanmeets the eye?,” Experimental Dermatology,
vol. 22, no. 8, pp. 507–510, 2013.

[49] A. Agrawal, S. Agrawal, and S. Gupta, “Role of dendritic cells
in inflammation and loss of tolerance in the elderly,” Frontiers
in Immunology, vol. 8, no. 896, pp. 1–8, 2017.

[50] N. Strbo, N. Yin, and O. Stojadinovic, “Innate and adaptive
immune responses in wound epithelialization,” Advances in
Wound Care, vol. 3, no. 7, pp. 492–501, 2014.

9Journal of Immunology Research



[51] L. Chen, N. D. Mehta, Y. Zhao, and L. A. DiPietro, “Absence of
CD 4 or CD 8 lymphocytes changes infiltration of inflamma-
tory cells and profiles of cytokine expression in skin wounds,
but does not impair healing,” Experimental Dermatology,
vol. 23, no. 3, pp. 189–194, 2014.

[52] Y. Iwata, A. Yoshizaki, K. Komura et al., “CD19, a response
regulator of B lymphocytes, regulates wound healing through
hyaluronan-induced TLR4 signaling,” The American Journal
of Pathology, vol. 175, no. 2, pp. 649–660, 2009.

[53] X. Xue and D. M. Falcon, “The role of immune cells and cyto-
kines in intestinal wound healing,” International Journal of
Molecular Sciences, vol. 20, no. 23, pp. 1–19, 2019.

[54] R. F. Diegelmann, “From the selected works of Robert F. Die-
gelmann Ph. D,” Frontiers in Bioscience, vol. 9, pp. 283–289,
2004.

[55] V. Johnson, T. Webb, A. Norman et al., “Activated mesenchy-
mal stem cells interact with antibiotics and host innate
immune responses to control chronic bacterial infections,” Sci-
entific Reports, vol. 7, no. 1, pp. 1–18, 2017.

[56] L. Chen, E. E. Tredget, P. Y. G. Wu, and Y.Wu, “Paracrine fac-
tors of mesenchymal stem cells recruit macrophages and endo-
thelial lineage cells and enhance wound healing,” PLoS One,
vol. 3, no. 4, pp. 1–12, 2008.

[57] M. S. Hu, M. R. Borrelli, H. P. Lorenz, M. T. Longaker, and
D. C. Wan, “Mesenchymal stromal cells and cutaneous wound
healing: a comprehensive review of the background, role, and
therapeutic potential,” Stem Cells International, vol. 2018,
Article ID 6901983, 13 pages, 2018.

[58] D. Kyurkchiev, I. Bochev, E. Ivanova-Todorova et al., “Secre-
tion of immunoregulatory cytokines by mesenchymal stem
cells,” World Journal of Stem Cells, vol. 6, no. 5, pp. 552–570,
2014.

[59] L. Raffaghello, G. Bianchi, M. Bertolotto et al., “Humanmesen-
chymal stem cells inhibit neutrophil apoptosis: a model for
neutrophil preservation in the bone marrow niche,” Stem Cells,
vol. 26, no. 1, pp. 151–162, 2008.

[60] Q. Z. Zhang, W. R. Su, S. H. Shi et al., “Human gingiva-derived
mesenchymal stem cells elicit polarization of m2 macrophages
and enhance cutaneous wound healing,” Stem Cells, vol. 28,
no. 10, pp. 1856–1868, 2010.

[61] A. Corcione, F. Benvenuto, E. Ferretti et al., “Human mesen-
chymal stem cells modulate B-cell functions,” Blood, vol. 107,
no. 1, pp. 367–372, 2006.

[62] S. A. Patel, J. R. Meyer, S. J. Greco, K. E. Corcoran, M. Bryan,
and P. Rameshwar, “Mesenchymal stem cells protect breast
cancer cells through regulatory T cells: role of mesenchymal
stem cell-derived TGF-β,” The Journal of Immunology,
vol. 184, no. 10, pp. 5885–5894, 2010.

[63] H. K. Salem and C. Thiemermann, “Mesenchymal stromal
cells: current understanding and clinical status,” Stem Cells,
vol. 28, no. 3, pp. 585–596, 2010.

[64] A. Albini and M. B. Sporn, “The tumour microenvironment as
a target for chemoprevention,” Nature Reviews Cancer, vol. 7,
pp. 1–9, 2007.

[65] S. I. Grivennikov, F. R. Greten, and M. Karin, “Immunity,
inflammation, and cancer,” Cell, vol. 140, no. 6, pp. 883–899,
2010.

[66] D. Mittal, M. M. Gubin, R. D. Schreiber, and M. J. Smyth,
“New insights into cancer immunoediting and its three com-
ponent phases – elimination, equilibrium and escape,” Current
Opinion in Immunology, vol. 27, pp. 16–25, 2014.

[67] L. Hinck and I. Nathke, “Changes in cell and tissue organiza-
tion in cancer of the breast and colon,” Current Opinion in Cell
Biology, vol. 26, pp. 87–95, 2014.

[68] J. K. Adam, B. Odhav, and K. D. Bhoola, “Immune responses
in cancer,” Pharmacology & Therapeutics, vol. 99, no. 1,
pp. 113–132, 2003.

[69] H. Gonzalez, C. Hagerling, and Z.Werb, “Roles of the immune
system in cancer: from tumor initiation to metastatic progres-
sion,”Genes &Development, vol. 32, no. 19-20, pp. 1267–1284,
2018.

[70] D. G. DeNardo and L. M. Coussens, “Inflammation and breast
cancer. Balancing immune response: crosstalk between adap-
tive and innate immune cells during breast cancer progres-
sion,” Breast Cancer Research, vol. 9, no. 4, pp. 1–10, 2007.

[71] M. L. Disis, “Immune regulation of cancer,” Journal of Clinical
Oncology, vol. 28, no. 29, pp. 4531–4538, 2010.

[72] B. Chaudhary and E. Elkord, “Regulatory T cells in the tumor
microenvironment and cancer progression: role and therapeu-
tic targeting,” Vaccine, vol. 4, no. 3, p. 28, 2016.

[73] A. Sarvaria, J. A. Madrigal, and A. Saudemont, “B cell regula-
tion in cancer and anti-tumor immunity,” Cellular & Molecu-
lar Immunology, vol. 14, no. 8, pp. 662–674, 2017.

[74] L. Wu, S. Saxena, M. Awaji, and R. K. Singh, “Tumor-associ-
ated neutrophils in cancer: going pro,” Cancers, vol. 11,
no. 4, pp. 1–20, 2019.

[75] S. Cassim and J. Pouyssegur, “Tumor microenvironment: a
metabolic player that shapes the immune response,” Interna-
tional Journal of Molecular Sciences, vol. 21, no. 1, p. 157, 2020.

[76] I. Terrén, A. Orrantia, J. Vitallé, O. Zenarruzabeitia, and
F. Borrego, “NK cell metabolism and tumor microenviron-
ment,” Frontiers in Immunology, vol. 10, no. 2278, pp. 1–9,
2019.

[77] S. Maltby, K. Khazaie, and K. M. McNagny, “Mast cells in
tumor growth: angiogenesis, tissue remodelling and immune-
modulation,” Biochimica et Biophysica Acta (BBA)-Reviews
on Cancer, vol. 1796, no. 1, pp. 19–26, 2009.

[78] L. G. Lima and R. Q. Monteiro, “Activation of blood coagula-
tion in cancer: implications for tumour progression,” Biosci-
ence Reports, vol. 33, no. 5, pp. 701–710, 2013.

[79] B. Zhang, Z. Pang, and Y. Hu, “Targeting hemostasis-related
moieties for tumor treatment,” Thrombosis Research, vol. 187,
pp. 186–196, 2020.

[80] S. Liu, S. Chen, and J. Zeng, “TGF-β signaling: a complex role
in tumorigenesis (review),” Molecular Medicine Reports,
vol. 17, no. 1, pp. 699–704, 2018.

[81] T. Doucette, G. Rao, Y. Yang et al., “Mesenchymal stem cells
display tumor-specific tropism in an RCAS/Ntv-a glioma
model,” Neoplasia, vol. 13, no. 8, pp. 716–725, 2011.

[82] B. G. Cuiffo and A. E. Karnoub, “Mesenchymal stem cells in
tumor development: emerging roles and concepts,” Cell Adhe-
sion & Migration, vol. 6, no. 3, pp. 220–230, 2012.

[83] X. Wang, J. Q. GAO, X. Ouyang, J. Wang, X. Sun, and Y. Lv,
“Mesenchymal stem cells loaded with paclitaxel-poly(lactic-
co-glycolic acid) nanoparticles for glioma-targeting therapy,”
International Journal of Nanomedicine, vol. 13, pp. 5231–
5248, 2018.

[84] B. Layek, T. Sadhukha, J. Panyam, and S. Prabha, “Nano-engi-
neered mesenchymal stem cells increase therapeutic efficacy of
anticancer drug through true active tumor targeting,”Molecu-
lar Cancer Therapeutics, vol. 17, no. 6, pp. 1196–1206, 2018.

10 Journal of Immunology Research



[85] T. Sadhukha, T. D. O'Brien, and S. Prabha, “Nano-engineered
mesenchymal stem cells as targeted therapeutic carriers,” Jour-
nal of Controlled Release, vol. 196, pp. 243–251, 2014.

[86] G. M. Spaggiari, H. Abdelrazik, F. Becchetti, and L. Moretta,
“MSCs inhibit monocyte-derived DCmaturation and function
by selectively interfering with the generation of immature
DCs: central role of MSC-derived prostaglandin E2,” Blood,
vol. 113, no. 26, pp. 6576–6583, 2009.

[87] P. F. Yu, Y. Huang, Y. Y. Han et al., “TNFα-activated mesen-
chymal stromal cells promote breast cancer metastasis by
recruiting CXCR2+ neutrophils,” Oncogene, vol. 36, no. 4,
pp. 482–490, 2017.

[88] P. J. Mishra, P. J. Mishra, R. Humeniuk et al., “Carcinoma-asso-
ciated fibroblast-like differentiation of human mesenchymal
stem cells,” Cancer Research, vol. 68, no. 11, pp. 4331–4339,
2008.

[89] A. Costa, Y. Kieffer, A. Scholer-Dahirel et al., “Fibroblast het-
erogeneity and immunosuppressive environment in human
breast cancer,” Cancer Cell, vol. 33, no. 3, pp. 463–479.e10,
2018.

[90] S. A. Bliss, G. Sinha, O. A. Sandiford et al., “Mesenchymal stem
cell–derived exosomes stimulate cycling quiescence and early
breast cancer dormancy in bone marrow,” Cancer Research,
vol. 76, no. 19, pp. 5832–5844, 2016.

[91] X. Ling, F. Marini, M. Konopleva et al., “Mesenchymal stem
cells overexpressing IFN-β inhibit breast cancer growth and
metastases through Stat3 signaling in a syngeneic tumor
model,” Cancer Microenvironment, vol. 3, no. 1, pp. 83–95,
2010.

[92] B. Sun, K. H. Roh, J. R. Park et al., “Therapeutic potential of
mesenchymal stromal cells in a mouse breast cancer metastasis
model,” Cytotherapy, vol. 11, no. 3, pp. 289–298, 2009.

[93] J.-K. Lee, S.-R. Park, B.-K. Jung et al., “Exosomes derived from
mesenchymal stem cells suppress angiogenesis by down-
regulating VEGF expression in breast cancer cells,” PLoS
One, vol. 8, no. 12, article e84256, 2014.

[94] Y. Zhu, Z. Sun, Q. Han et al., “Human mesenchymal stem cells
inhibit cancer cell proliferation by secreting DKK-1,” Leuke-
mia, vol. 23, no. 5, pp. 925–933, 2009.

[95] N. Haque, M. T. Rahman, N. H. Abu Kasim, and A. M. Alabsi,
“Hypoxic culture conditions as a solution for mesenchymal
stem cell based regenerative therapy,” The Scientific World
Journal, vol. 2013, 12 pages, 2013.

[96] B. Antebi, L. A. Rodriguez, K. P. Walker et al., “Short-term
physiological hypoxia potentiates the therapeutic function of
mesenchymal stem cells,” Stem Cell Research & Therapy,
vol. 9, no. 265, pp. 1–15, 2018.

[97] C. Wilhelm, A. Scherzad, M. Bregenzer et al., “Interaction of
head and neck squamous cell carcinoma cells and mesenchy-
mal stem cells under hypoxia and normoxia,”Oncology Letters,
vol. 20, no. 5, pp. 1–9, 2020.

[98] W. Lin, L. Huang, Y. Li et al., “Mesenchymal stem cells and
cancer: clinical challenges and opportunities,” BioMed
Research International, vol. 2019, Article ID 2820853, 12
pages, 2019.

11Journal of Immunology Research


	Similarities between Tumour Immune Response and Chronic Wound Microenvironment: Influence of Mesenchymal Stromal/Stem Cells
	1. Introduction
	1.1. Immune Response in Acute Wounds
	1.2. Immune Response in Chronic Wounds
	1.3. The Role of MSCs in Chronic Wounds
	1.4. Immune Response in the Tumour Microenvironment
	1.5. The Role of MSCs in the TME
	1.6. Summary and Key Findings

	2. Conclusion
	Abbreviations
	Data Availability
	Disclosure
	Conflicts of Interest
	Acknowledgments

