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Abstract: Mast cells are a type of innate immune cells, and have been considered to be related to the pathogenesis of allergic
and autoimmune diseases in the long term. However, in recent years, a number of studies have elucidated that mast cells play
an indispensable role in tumor development, metastasis, infiltration, and angiogenic, providing new ideas for tumor diagnosis
and immunotherapy. Once mast cells have infiltrated solid tumors, they are known as tumor-associated mast cells (TAMCs),
and one of the most controversial immune cells in tumor tissues with remarkable heterogeneity. In view of important role of
mast cells in solid tumor in inflammation and immune system, this paper reviews the mechanisms of mast cells in solid tumor
development and their relationship with angiogenesis and lymphangiogenesis, aiming to deepen the understanding of the
relationship between mast cells and tumors.
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The tumor microenvironment (TME) is a tumor

growth environment composed of many types of cells and
secreted factors. Mast cells are important immune cells in
the TME and influence tumor progression by regulating
the TME. It has been confirmed that the ability of mast
cells to promote or impede tumourigenesis is related to
the histological classification of the tumor, the stage of
neoplasia, the activation state of mast cells, their spatial
distribution within the TME, and net balance of pro- and
anti-tumorigenic effects in the tumour cells. Mast cell-
induced net balance of tumor-inhibiting and tumor-
promoting responses within the tumor, stromal and
immune microenvironment ultimately governs the impact
of TAMC:s on the tumor progression.

1 Overview of Mast Cells

1.1 Origin of mast cells

Mast cells are key effector cells in allergy and are
reliable sentinel cells against infection. Mast cells are
ancient components of the immune system, and there are
three hematopoietic sources of mast cells inherent in fetal
tissues: early erythro-myeloid progenitors (EMPs), late-
EMPs and fetal hematopoietic stem cells (HSCs)
produced in the aorto-gonadal-mesonephric region. They
are sequentially differentiated into integrin B7* cells, also
known by cell precursors of mast cells, which
subsequently complete their final maturation in peripheral
tissues. Mast cells from three different sources have
different tissue-resident preferences and shape the
heterogeneity of mast cells(!l.

1.2 1.2 Types of mast cells

In human bodies, mast cells are classified into two
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major subtypes based on specific proteases, which are
mucosal phenotype mast cells (MCrs) and conncective
tissue phenotype mast cells (MCrcs), respectively.
Among them, MCrs only contains tryptase-like enzymes
and is mainly distributed in mucosal tissues. MCrcs
expresses two tryptase (TPSAB1 and TPSB2),
carboxypeptidase A3, and chymase 1, and is mainly
distributed in connective tissues?l. In murine, mast cells
are categorized into two prominent subtypes based on
their histologic origin. MCrcs originated from yolk sac-
derived precursors, and are situated in small veins and
nerve endings and in the pleural cavity of most
connective tissues (i.e., skin, tongue, trachea, esophagus,
adipose esophagus and peritoneal cavity). The MCrts
derived from HSCs are primarily located in the
epithelium of intestinal and respiratory mucosal®l.

2 TAMCs

Mast cells have been implicated in many
inflammatory and physiological processes, most widely
known to be associated with IgE-mediated type 1
hypersensitivity. The hypersensitivity underlies many
allergic diseases. Additionally, mast cells have a variety
of additional functions in inflammation, innate and
adaptive host defense, wound healing, coagulation, and
cancer. The cytoplasm of mast cells is filled with
secretory granules, which are their dominant structural
feature. These granules contain numerous
immunomodulatory and vasoactive mediators, including
cytokines [vascular endothelial growth factor (VEGF),
nerve growth factor (NGF), fibroblast growth factor
(FGF), stem cell factor (SCF), tumor necrosis factor
(TNF), transforming growth factor- (TGF-B)], proteases
[matrix metalloproteinase (MMP), trypsin-like enzymes,
chymotrypsin-like enzymes, granzymes], biogenic amines
(histamine, serotonin), and chemokines [chemokine
ligand 3 (CCL3), CCL5, and CCL4] Bl. Some proteins
[e.g., interleukin( IL)-2, VEGF, interferon (IFN)-y, and
CCL2] and lipid products (e.g., prostaglandin D2,
leukotriene C4, platelet-activating factor, etc.) are
synthesized by de novo upon mast cell activation. They
can be released via the non-degranulation pathway. Mast
cells also spontaneously secrete extracellular vesicles
(EVs), such as microvesicles, exosomes, and apoptotic
bodies. The substances contained in these EVs include
proteins, enzymes, RNA, and miRNA, and they are
absorbed and transported to other cells in the
microenvironment®l,

Mast cells are known to pervade numerous solid
neoplasms, and once they are infiltrated, they will be
designated as tumor-associated mast cells (TAMCs)!.,
TAMCs are recognized as distinct contributors, and
regulators of both pro-tumorigenic and anti-tumorigenic
responses, positioning them among the most contentious
immune cellular entities within the oncological milieu.
On one flank, they are adept at fostering myriad processes
that expedite neoplastic progression, inclusive of
angiogenesis, lymphangiogenesis, fibrosis, and metastatic

dissemination. Furthermore, TAMCs can secrete a cadre
of mediators that potentiate the infiltration of additional
immune cells into the neoplastic framework. These
mediators may exert influences that span the spectrum of
tumor-promoting to tumor-inhibiting activities®]. There
are complex interactions between tumor cells and mast
cells, and in TME, TAMCs are exposed to and activated
by multiple factorsll.

Adenosine produced by neoplastic cells and mast
cells is significantly increased in TME and enhances the
production of angiogenic factors by human mast cells and
macrophages. One of the main characteristics of TME is
hypoxia, which activates human mast cells to release IL-6
and VEGF-A.

Prostaglandin E2 is produced by cyclooxygenase 2
(COX-2), which is overexpressed in tumors and
stimulates angiogenic and lymphangiogenic factors in
human mast cells. Chemokines, such as CXCLI,
CXCL10, and CXCLI12, activate mast cells and enhance
their secretion, thus promoting the cancer cells' epithelial-
to-mesenchymal transition (EMT)!', In a mouse model
of melanoma, it was discovered that increased expression
of immunoglobulin-free light chains (FLCs) activated
mast cells and stimulated tumor growth. Gastric cancer-
derived adrenal medulla induces mast cell degranulation
through the PI3K/Akt pathway, which effectively
promotes neoplastic cell proliferation, inhibits apoptosis,
and promotes tumor growth in vivol'l. TAMCs regulate
other immune cells' recruitment and activity of tumor. For
instance, myeloid-derived suppressor cells (MDSCs),
primarily through immunosuppressive qualities, can
stimulate tumor growth when mobilized into TAMCs. In
addition, mast cells enhance the function of MDSCs in
vitro and in vivol'?],

3 Role of mast cells in tumor angiogenesis and
lymphangiogenesis

3.1 Role of mast cells in tumor angiogenesis

Angiogenesis is essential to promote solid tumors'
development, invasion, and metastasis!'3l. Mast cells are
associated with tumor angiogenesis. Mast cells are
attracted to tumor-associated macrophages in the TME.
They are promoted by releasing classical angiogenic
factors (VEGF, FGF) and non-classical angiogenic
factors (proteases) to generate tumor angiogenesis. Tumor
angiogenesis is reduced in mast cell-deficient micel!4l,
Activation of mast cells releases the bioactive mediators
chymotrypsin and trypsin-like enzymes, which can
increase endothelial cell permeability!!sl. In breast cancer
patients, mast cells are implicated in the facilitation of
neoplastic proliferation and metastasis. These factors and

proteases activate growth factors isolated in the
extracellular ~ matrix, which  promote fibroblast
proliferation and angiogenic responses, induces

extracellular matrix degradation, and favors tumor cell
invasion(!®l, In gastric cancer, mast cells play a pro-
tumorigenic role by releasing angiogenic factors (VEGF-
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A, CXCL9, MMP-9)Il,

Mast cells are potent inductors of angiogenesis,
capable of synthesizing and releasing common
angiogenic components!!”). Currently, plenty of evidence
suggests that mast cell density (MCD) is closely related to
angiogenesis in different human cancer types. The
relationship between microvessel density (MVD) and
MCD has been demonstrated in various human tumors!'®,
In the cases of pulmonary neoplasia and oral squamous
cell carcinoma, a positive correlation has been observed
between MCD and MVD. Furthermore, in gastric cancer,
MCD is associated with angiogenesis, growth, and tumor
progression. In breast cancer patients, high serum level of
tryptase-like enzymes is correlated with high numbers of
TAMC:s, strongly correlated with MVD, supporting the
involvement of mast cell-derived tryptase-like enzymes in
tumor angiogenesist'l.

3.2 Role of mast cells in tumor lymphangiogenesis

Lymphatic vessels can act as a channel for spreading
tumor cells and promote the growth of lymph node
metastases in malignant tumors. Human mast cells are a
source of both pro-angiogenic and pro-lymphangiogenic
factors. Mast cells synthesize VEGF-C and VEGF-D,
which stimulate lymphangiogenesis. Human mast cells
are both a source and a target of VEGF. VEGFs produced
at sites of inflammation and tumor may promote mast cell
infiltration by interacting with vascular endothelial
growth factor receptors 1 and 2 (VEGFR-1 and VEGFR-2)
or both?%],

Recent evidence suggests a positive correlation
between TAMCs and lymphangiogenesis. It has been
shown that in breast cancer, as tumor size increases, there
is a corresponding increase in MCD of the metastatic
lymph nodes and elevated intratumoral and peritumoral
lymphatic vessel density (LVD)?2!. There is a notable
positive correlation between lymphovascular invasion,
nerve invasion, and the positivity of estrogen receptors
(ER) with the MCD. Intratumoural LVD becomes higher
with increasing nuclear grading!??). A recent investigation
analyzed the association between TAMCs and
lymphangiogenesisacross diverse molecular phenotypes
of breast carcinoma. It showed a conspicuous correlation
between an abundance of peritumoral mast cells and the
emergence of novel lymphatic vessels in the ductal within
the tubulointerstitial Type A and basal-like subcategories.
Intriguingly, the basal-like subgroup exhibited distinctive
patterns of interaction between TAMCs and LVD. This
subtype was the only one that showed a significant
correlation between overall MCD (peri- and intratumoral
mast cell counts) and LVD3, These findings suggest that
TAMCs respond specifically to each breast cancer
molecular subtype and that different subtypes may
influence lymphovascular invasion®. However, much
evidence indicates that the lymphatic system also eases
inflammation. It has also been found that lymphatic
vessels may play an immunomodulatory role and
participate in immunosurveillance.

In summary, more studies are needed to verify that

the production of lymphangiogenic factors by TAMCs
may contribute to metastasis formation, and lead to the
relief of tumor-associated inflammation in some cases!?*.

4 Tumor-promoting effects in mast cells

Mast cells promote oncogenesis by facilitating
angiogenesis, and contributing to tissue reconfiguration
[26], Mast cells can secrete a cohort of cytokines and
growth factors [FGF-2, VEGF, NGF, platelet-derived
growth factor (PDGF), IL-8, and IL-10], histamine,
proteolytic enzymes, and chylus, further bolstering their
role in tumor progression?’l. The following is a list of the
tumor-promoting roles of mast cells in some common
tumors.

(1) Bladder cancer: Interactions between mast cells
and bladder tumor cells may lead to mast cell activation
and mediator release. Mast cells produce a variety of
growth factors, angiogenic factors, and pro-inflammatory
chemicals after being activated, leading to an aggressive
phenotype of tumor cells. In addition, mast cells infiltrate
the tumor and promote its proliferation and invasion, and
their recruitment into the tumor increases the interaction
between ERs and CCL2. Among them, CCL2 promotes
EMT and MMP, which elucidated that the activation of
the ERB/CCL2/EMT/MMP axis by mast cells increases
bladder cancer invasion?®.

(2) Gastric cancer: In patients with gastric cancer,
mast cells are implicated in the facilitation of
angiogenesis and the metastasis of neoplastic cells. A
discernible positive correlation has manifested among
mast cell infiltration, IL-17 production, and MVD
association with intermediate numbers of neutrophils and
regulatory T cells (Tregs). Amount of mast cells increase
with tumor progression and predict a decrease in overall
survival in patients with gastric cancer!?®). Through the
deployment of macrophages, IL-33-mediated mast cell
activation stimulates gastric cancer progression. Tumor-
derived TNF-a induces mast cells to express programmed
cell death ligand (PD-L1), suppressing T-cell immunity
and promoting gastric tumor growth. MCTs and tumor-
associated macrophages, in a synergistic manner,
contribute to tumor angiogenesis in gastric cancer
patientst30],

(3) Pancreatic cancer: Mast cells release IL-13 and
trypsin-like enzymes that promote the proliferation and
invasion of cancer cells. Peripheral mast cells interact
with pancreatic cancer cells in a mouse model, and high
MCD indicates poor prognosis. By activating the
angiopoietin-1 pathway, MCTs play an important role in
the angiogenesis and development of tumors in pancreatic
cancer®!,

(4) Breast cancer: Mast cells may play a role in
primary breast cancer angiogenesis. Infiltrating mast cells
secrete trypsin-like enzymes to promote stromal
remodelling and oa-smooth muscle actin-positive
myofibroblast differentiation in breast cancer patients.
The killer cell Ig-like receptor 2DL4 expressed in human
mast cells promotes cancer invasion and metastasis©?],

(5) Lung adenocarcinoma: Intratumoral mast cells
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suggest poor prognosis in advanced human lung
adenocarcinoma and advanced tumor. Mast cell-derived
exosomes can facilitate the transfer of CD117 to enhance
proliferative capabilities!**,

(6) Prostate cancer: MMP-9 is secreted by mast cells
to encourage angiogenesis and invasion. In mouse and rat
models, mast cells release significant amounts of FGF-2.
In human and mouse models, mast cells promote
metastasis by regulating the IncRNA-HOTAIR-PRC2-
AR-MMP9 signaling complex. Periprostatic mast cells
are an early biomarker of prostate tumors, indicating a
poor prognosisi¥. Protein kinases can enhance mast cell
recruitment and  angiogenic  factor  expression,
contributing to tumor angiogenesis. Mast cells regulate
the immunoreactivity of polymorphonuclear leukocytes-
MDSCs through CD40L-CD40 interaction, contributing
to immunosuppression and tumourigenesis(>*].

(7) Colorectal cancer: Perivascular mast cells
promote early and late angiogenesis and tumor
progression.  Protease-activated receptor 2-positive
perivascular mast cells are associated with advanced
colorectal cancer, and the number of mast cells is a
prognostic marker for advanced colorectal cancer®°l,
Mast cells are recruited and promote human colorectal
cancer growth through bidirectional crosstalk3”!,

(8) Hepatocellular carcinoma: Mast cell density
positively correlates with the number of Tregs in patients
with hepatocellular carcinoma. Mast cells contribute to
tumor progression and angiogenesis by secreting 1L-170381,

(9) Melanoma: Perivascular mast cells secrete VEGF
to promote angiogenesis, which correlates with tumor
progression and metastasis in a mouse model. Hypoxia-
inducible factor-la secreted by mast cells induces mast
cell migration and contributes to tumor growth. IgE
induces mast cells to secrete VEGF and enhances tumor-
promoting activity through a pathway dependent on Fyn
kinasel3],

(10) Renal cell carcinoma: In human and mouse
models, intratumor mast cells promote tumor
angiogenesis and accelerate tumor growth. Mast cells are
associated with cell growth and recurrence in individuals
with renal cell carcinomal®. Tumor-infiltrating mast cells
are associated with immunosuppression by mediated
hypoxia-inducible factor-2a in renal clear cell carcinoma.
In renal cell carcinoma, mast cells promote tumor
angiogenesisby activating PI3K-Akt-GSK3p signaling!*!.

(11) Thyroid cancer: Human mast cells secrete
histamine, CXCL1 and CXCL10 to encourage the growth,
survival, and metastasis of cancer cells, as well as
angiogenesis in vitro. Through the IL-8-Akt-Slug
pathway, mast cells induce EMT and stem cell features,
increasing human thyroid cancer's invasiveness*?l,

(12) Oral squamous cell carcinoma: MCTCs
upregulate the expression and catalytic activation of
melanoma inhibitory activity (MIA) and MIA2. This
upregulation is implicated in facilitating both
angiogenesis and lymphangiogenesisl.

5 Tumor suppression in mast cells

Mast cells exert tumor suppressive effects by
generating relevant immune responses to tumors. They
can suppress tumor progression through the release of
various cytokines and mediators such as interleukins (IL-
1, IL-2, IL-4, IL-6, and IL-10, albeit IL-10 is usually
expressed at low levels), monocyte chemotactic proteins
3 and 4 (MCP-3 and MCP-4), cytokines (IFN-a, TGF-f,
TNF-a and leukotriene B4) and histamine. The following
is a list of tumor suppressive roles played by mast cells in
some common tumors.

(1) Melanoma: CXCL10 secreted by mast cells upon
activation with lipopolysaccharides (LPS), plays a pivotal
role in the recruitment of effector T cells to the tumoral
milieu. This mechanism is critical in the immune
surveillance of melanomas. In addition, CXCLI10
upregulation and mast cell signaling at melanoma sites
are biomarkers for improved patient survival®l To
destroy hnRNP A2/B1, trypsin-like enzymes secreted by
mast cells translocate to the nucleus of melanoma cells,
which is followed by the down-regulation of the
oncogene EGRI1 expression and other non-coding RNAs
to inhibit the growth of tumor cells™3,

(2) Colorectal cancer: Mast cells inhibit colorectal
cancer cell growth and induce apoptosis in vitro and in
vivo, but do not affect normal colorectal epithelial cells.
Mast cells have been shown to preferentially induce
endoplasmic reticulum stress and activate unfolded
protein responses in colorectal cancer cells but not in
normal cells, which inhibits the progression of colorectal
cancer in vivo. In addition, secreted cystatin C protein is
identified as a key factor in mast cell-induced
endoplasmic reticulum stress in colorectal cancer cells!l,
A genetically modified mouse model revealed that
different immune responses alter mast cell activity, which
directly alters colorectal tumorigenesis. Mast cells
produce celiac to attract macrophages, neutrophils, and
other immune cells, which improve host immunity to
cancer in colorectal cancer patients*7].

(3) Non-small cell lung cancer: The cytotoxicity of
TNF-a from mast cells can enhance the survival of
patients with non-small cell lung cancer!®®l. Mast cells
exhibit proinflammatory and chemotactic properties in
lung adenocarcinomas enriched with features of ground-
glass nodules, whereas mast cells from radiologically
solid lung adenocarcinoma are associated with tumor
angiogenesis. Mast cells are an important source of CCL2
and correlate with the recruitment of its receptor CCR2*
cytotoxic T lymphocytes*. Pronglonged survival is
linked to high mast cell abundance in patients with early-
stage lung adenocarcinomal®®l,

(4) Oral squamous cell carcinoma: A higher density
of tumor-infiltrating mast cells can be associated with a
more favorable prognosis®!.

(5) Pancreatic neuroendocrine tumors (pNETs): In
patients diagnosed with pNETs , a high MCD is
prognostic of favorable clinical outcomes. Conversely, a
low MCD correlates with high-grade tumor histology, the
non-insulinoma phenotype, and the advanced tumor stage.
Moreover, an increased infiltration of mast cells is
concomitant with augmented counts of CD4" T
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lymphocytes and CD15" neutrophils®2!,

(6) Esophageal adenocarcinoma: The high presence
of mast cells was significantly associated with a less
tumor stage and a lower frequency of lymph node
metastasis. Furthermore, mast cells are associated with a
favorable prognosis in individuals with lymph node
metastases>3l.

6 Conclusion

Mast cells contribute significantly to forming the
inflammatory response and solid tumors. There is
ongoing debate on mast cell involvement in
malignancies. To develop novel treatment strategies
that precisely target mast cells and treat tumors, further
thorough research on the involvement of mast cells in
malignancies must be conducted. As research into mast
cells progresses, an expanded repertoire of
pharmacological agents is anticipated to substantially
enhance the efficacy of treatments for autoimmune
disorders and solid neoplasms.
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