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Abstract: Mast cells have vital functions in allergic responses and parasite ejection, while the under-
lying mechanisms remain unclear. Meanwhile, MCs are essential for the maintenance of GI barrier
function, and their interactions with neurons, immune cells, and epithelial cells have been related to
various gastrointestinal (GI) disorders. An increasing number of investigations are being disclosed,
with a lack of inner connections among them. This review aims to highlight their properties and
categorization and further delve into their participation in GI diseases via interplay with neurons
and immune cells. We also discuss their roles in diseases like inflammatory bowel disease (IBD) and
irritable bowel syndrome (IBS). Based on the evidence, we advocated for their potential application
in clinical practices and advocated future research prospects.

Keywords: gastrointestinal; mast cell; neuron; diseases; immune

1. Introduction

Mast cells have caught scientists” curiosity since their discovery in 1878 as essential
subsets of immune cells present in a variety of organs and tissues [1]. Its distribution
in vascular tissues as well as the connective tissues of the organ mucosa is of particular
concern [2]. Unlike other hematopoietic-derived cells, MCs bear more resemblance to
macrophages and differentiate from yolk sac and bone marrow precursors [3]. Further
differentiation occurs in adjacent tissues under stimulation, where they secrete granules
and initiate immunological responses and cell proliferation [4]. In the meantime, they
could phagocytose bacteria and particles in response to Toll-like receptors (TLRs) [5,6].
Monoclonal antibody Ki-MCl1 is recognized as one marker of mast cells, and more de-
tailed classifications are also put forward to distinguish different functional subgroups of
them [7,8]. Two common subgroups of mast cells include mucosal mast cells (MMCs) and
connective tissue mast cells (CTMCs), which possess high immune similarity but differ in
growth rate [9] as well as mast cell proteases (MCP) expression profiles [10].

The gastrointestinal (GI) system is the largest immune organ in the human body
and a crucial location for food digestion [11]. GI diseases differ from one another and
have substantial impacts on patient life quality. However, most current therapies are
symptomatic, with patients waiting for more comprehensive and complete healing [12].
Meanwhile, most GI diseases exhibit alterations in GI neurons [13,14]. As a significant
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hub between the nervous system and the immune system, mast cells are of particular
importance in the interaction between pathological inflammation and clinical discomfort.
IBD and IBS are typical diseases in the GI system, and the involvement of mast cells and
the production of numerous bioactivators are reported in these diseases [15]. Considering
the intimate connections of mast cells with the GI microorganism and the nervous system,
improved understandings of them would be extremely beneficial in promoting optimal
therapy for gastrointestinal diseases [15,16].

After analyzing the biological properties of mast cells in the gastrointestinal tract,
we clarified essential roles of mast cells in maintaining the GI epithelial barrier. Further-
more, we summarized the roles of mast cells in the immune system and neuroinflam-
mation. Specifically, we provide in-depth descriptions of the mast cells involvement in
complications.

2. Biological Characteristics of Mast Cells in the Gastrointestinal Tract

Mast cells are distributed throughout the body and are abundant in the GI [17]. With a
mean diameter of 12.6-13.5 pum, they can vary in morphology between organs [18]. Agents
like compound 48/80 have the potential to degranulate 50-55% of the cytoplasm [19].
Considering the complex maturation states and classifications of mast cells, immunostain-
ing is utilized as an index for mast cell tryptase and c-Kit, and ultrasonic examinations
are also under evaluation [20]. Based on MC-specific proteases of chymase, tryptase, or
carboxypeptidase A(MC-CPA) type, mast cells can be classified into MCt and MCrc in
human beings [21,22] and MMC as well as CTMC in mice [23,24]. MCr is responsible for
tryptases « and (3(L, II, III) and MCrc is also responsible for chymases CMA1 and MC-PCA.
In mice, MMC is related to mMCP-1 and mMCP-2, and CTMC is responsible for mPCP-4,
mPCP-5, mPCP-6, mPCP-7, and mPCP-9. Moreover, both MCt and MCrc are found in
the mucosa of the GI and lung, whereas MCs are also identified in the skin and lymph
nodes [25].

3. Mast Cells in IBD: Initiating Immunity and Maintaining Epithelial Barrier
3.1. Interactions between MCs and Cytokines: Initiating Immunity

MCs interact with nearly all immune cells and play vital roles in pathphysiology [26,27].
In times of inflammation, stem-cell factor (SCF), also known as the ligand for the receptor
c-Kit (CD117), is considered the paramount survival and developmental factor for MCs [28],
and other ligands, such as CXC chemokine receptor 2 (CXCR2) and cytokines, are also
involved in MC maturation [29]. The chemokine (C-C motif) receptor 2 (CCR2)/chemokine
(C-C motif) ligand 2 (CCL2) axis is implicated in MC recruitment in several models, in-
cluding abdominal aortic aneurysm lesions [30] and increased in the gastric cancer cell
line BGC-823 via the SCF/c-Kit signaling pathway activated by PI3K-Akt [31]. Exogenous
intraperitoneal injection of IL-3 into human MCs during development could also result in
mastocytosis [32].

MC and MC-derived granules remain at a low level to regulate the balance of water
and electrolytes in healthy settings but are elevated in tissue inflammation, resulting in
a cascade of immunological responses both in the gut and throughout the body [33,34].
Mas-related GPCR-X2 (MRGPRX2, mouse ortholog, MrgprB2), a novel human G protein-
coupled receptor (GPCR) specifically expressed after IgE-mediated mast cell activation,
promotes bacterial clearance and mucosal healing [35].

Elevated numbers of MCs are associated with diarrhea in the IBD [36], and in the
SAMP1/YitFcs (SAMP1) mice model of spontaneous ileitis, an increased number of MC and
elevated levels of the degranulation marker, 3-hexosaminidase enzyme, were associated
with inhibition of an essential C1~ /HCO3~ exchanger (SLC26A3, also known as “down-
regulated in adenoma (DRA)) [37]. As mentioned above, MCs also contribute to intestinal
barrier dysfunction in ischemia reperfusion damage by activating the LR4-NF-«B/TNF-
o pathway [38], and ATP-P2X7 purinoceptor-mediated activation in MC activation is
involved in GI inflammation [39].
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Granules secreted from MCs play an essential role in regulating gut homeostasis.
Tryptase proteins stimulate the differentiation of human colon fibroblasts (CCD-18Co
fibroblasts) into myofibroblasts via the Protease-Activated Receptors-2 (PAR-2)/Akt/mTOR
pathway, allowing them to release more ECM proteins [40].

3.2. Roles of MCs in Maintaining Epithelial Barrier

Derived from monocytes, mast cells are capable of phagocytosis and protect the GI
against infection [6]. In the meantime, MCs are also responsible for the maintenance of tight
junctions and cytoskeletal proteins, which are essential for the GI epithelial barrier. MiR-
223, an exosome-mediated functional miRNA, is abundant in MC-derived exosomes [23,24]
and inhibits claudin-8 (CLDNS8) expression in intestinal epithelial cells (IECs) [41]. Apart
from directly down-regulating the epithelial barrier proteins, MCs also facilitated antigen
transportation across the epithelium via upregulation of CD23 [42]. In physiological
conditions, MCs promote migration and morphology-shifting of IECs and contribute to
epithelial barrier permeability via mcpt4 and normal crypt expression of CLDN3 [43].
Similar effects are witnessed in the duodenum and ileocecal, and the one in the duodenum
coincides with its involvement in functional dyspepsia (FD) [44], while clear mechanisms
in the ileocecal remain unknown [45].

In allergic responses, tryptase secreted by mast cells can suppress the production of
ubiquitin E3 ligase A20 (A20) in the intestinal epithelial cell lines, disturb the fusion of
antigen-carrying endosomes and lysosomes, and promote antigen transport across the
epithelial barrier, all of which contribute to intestinal epithelial barrier dysfunction [46].
And IL-9-deficient mice fail to develop oral-originated intestinal allergy via IL-9-mediated
anaphylaxis [47].

Induction of enterotoxigenic Escherichia coli K88 also elevated the concentration of
MC proteases (MCPs) and carboxypeptidase A3 (CPA3) mRNA levels, both of which are
known as MC activators, and resulted in intestinal epithelial dysfunction [48]. Bacteria
and other allergens are known as MC activators via Toll-like receptors (TLRs) and the
nucleotide-binding and oligomerization domain (NOD) [49,50]. Naive MC line human
MC-1(HMC-1) cells or monocyte cell line THP-1 cells are used as standard models for
investigations, and studies have corroborated their roles in pro-inflammatory cytokine
secretion via NF-«kB [51]. In allergic diseases, MC activation via the adenosine A3 receptor in
response to myenteric neurons is accompanied by vagal afferent and 5-HT signaling [52,53].

4. Roles of MCs in Defending against Infection

Interactions between MCs and gut bacteria and their metabolites are also worth men-
tioning, as bacterial peptidoglycan could result in the breakdown of intestinal tolerance
via TLR and NOD-mediated MC activation [49]. And bacteria overgrowth is related to
increased MCP-2 in mice’s small intestines [54]. These investigations establish the basis for
drug development and treatment for both neuronal and immune diseases [55,56]. Bacte-
ria, as well as their metabolites, could regulate MC activation and over-proliferation [57].
Meanwhile, MC activation by other immune cells initiated by bacteria via cytokines like
IL-33 and Fc receptors is also a significant protective measure in the GI [58]. These con-
trols are also mediated by IL-3, IL-5, and GM-CSF [59]. These interactions, on the other
hand, provide prospective targets for clinical therapy and medication research, such as
the utilization of metabolites by beneficial bacteria such as Lactobacillus paracasei [60]. MC
activation plays protective roles in pathological conditions, providing crucial mucosal
defense against Strongyloides venezuelensis [61] and facilitating worm expulsion [62]. And
reduced MC responses to bacterial antigen stimulation in C57BL /6 mice were confirmed
in recent studies [63]. Diabetic mice showed reduced IL-3 and MC number levels, which
could be induced by insulin, are associated with decreased immunity [64]. Other media-
tors, such as IL-4, stem cell factor, and nerve growth factor, have proven to suppress MC
apoptosis in the human intestine in times of infection [65]. These findings lay the founda-
tion for the pathological involvement of MCs in the gut and provide directions for future
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investigations. IL-33, associated with IL-3, is responsible for parasitic helminth expulsion
via ILC2-mediated IL-9 secretion, resulting in MC-driven intestinal anti-helminth immu-
nity [66]. It could also attenuate MC apoptosis via B-cell lymphoma-X large (BCLXL) [67].
Similar effects were seen in response to allergens and inflammation, with the involvement
of CXCL1 [68,69].

However, higher levels of MC also facilitate small bowel cancer in mice [70], accompa-
nied by improved epithelial permeability in IL-9 transgenic mice [71]. The double-edged
role of IL-9 indicates the significance of homeostatic balance in GI related to MCs, and a
better understanding of the underlying mechanisms might lead to more effective therapy.
Meanwhile, other potential pathways for MC differentiation in other organs are summa-
rized in previous reviews and have an indicative meaning for their uses in the GI [72,73]
(refer to Figure 1 for the roles of MCs in the GI).
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Figure 1. Underlying mechanisms of MC in the GI tract. MCs are pivotal regulators of GI via
interactions with immunological and neurological system cells. Triggers could be signals from both
parasites (A) and antigens presented in other immune cells by recognizing factors like TLRs and CDs
(©). Both epithelial cells and enteric neurons are involved in this regulation, primarily achieved by
granule secretion (B) via key molecules including CXCL3, IL-3, and IL-33, which further stimulates
MC proliferation, culminating in cascades of host reactions (D). In both physiological (E) and IBS
(F), MCs are significant regulators of the enteric nervous system, and their number increased in IBS.
However, detailed understandings of them remain elusive.

5. Roles of Mast Cells in IBS via Neurotransmitters and Molecules

Apart from secreting cytokines [74], MCs can release neurotransmitters and interact
with the gastrointestinal nervous system [75]. MCs have intimate connections with GI
neurons, as the number of MCs rises in response to stress along with increased macromolec-
ular flux and epithelial mitochondrial swelling [76]. The enhanced corticotropin-releasing
hormone (CRH) produced by eosinophils via substance P (SP) interacting with neurokinin
receptors 1 and 2 on subepithelial mast cells could account for typical neurological dis-
eases in IBS [77]. CRH signaling is also responsible for MC initiation of the GI nervous
system [78]. MC stimulation improved the excitability of isolectin B4 (IB4)-positive colonic
neurons while suppressing A-type K* current (I(A)) density and shifting the inactivation
curves of I4) and [k, in the hyperpolarizing direction in neuron cells [79]. Apart from
neuron activation, MCs could also reduce enteric neuron survival in culture [80].
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Histamine derives from histidine decarboxylation during MC maturation and serves
as the initiator for angiectasis and tissue edema in response to pro-inflammatory factors [81].
Furthermore, it is involved in inflammation-associated colon carcinogenesis, in part by
allowing L. reuteri-mediated suppression of keratinocyte chemoattractant (KC), IL-22, IL-
6, Tnf, and IL-1a gene expression in the colonic mucosa [82] (refer to Box 1 for current
understandings of mast cells and GI cancer). Meanwhile, histamine down-regulates IL-
12p70 and CXCL10 production in mDCs after TLR2 and TLR4 stimulation via the small Rho
GTPase CdC42 and PAK1 pathway [83]. Histamine could be secreted from mast cells and
Gl bacteria, and targeting bacterial histamine could be used to treat visceral hyperalgesia in
IBS patients with chronic abdominal pain [84]. Apart from roles in inflammation and anti-
infection, histamine from mast cells is also a significant mediator in food allergies, as shown
in precision-cut intestinal slices (PCIS) [85,86], and leads to visceral hypersensitivity (VHS)
in IBS [87]. Botschuijver et al. reported that fungal-induced release of mast cell-derived
histamine could activate histamine-1 receptors on sensory afferents and induce sensitization
of the nociceptive transient reporter potential channel V1 (TRPV1)-ion channel, and drugs
targeting TRPV1 can be potential drugs for alleviating abdorminal pain [88]. However,
there are also researchers who consider the influences of histamine on GI inflammation to
be mediated via histamine receptor 4(H4R) but the concrete pathways underlying them
remain unclear [84].

Box 1 Controversial roles in colon cancer

Mast cell proliferation in colorectal cancer (CRC) is related to angiogenesis, the number
of malignant lymph nodes spreading, and the prognosis. Both angiogenic factors, including
VEGEF-A, CXCL 8, and MMP-9, and lymphangiogenic factors, including VEGF-C and
VEGE-D, can be stored in granules and secreted [89]. On the one hand, a lack of MC
showed enhanced CD8+T cell infiltration related to tumor proliferation [90]. On the
other hand, a higher density of perivascular mast cells was observed in adenomas [91].
Further investigations put forward different expression patterns of MCs in different phases
and areas of colorectal carcinoma [91]. Based on these findings, we suggest that more
investigations are required to control the number and activation of MCs in colorectal cancer.
Their interactions with other cells and underlying mechanisms should also be evaluated to
clarify the comprehensive roles of MCs in colorectal cancer [90].

Serotonin (5-HT) is also detected in MC granules, with an increase in patients with
mastocytosis [92], and dopamine storage is corroborated in rodent MCs and increased
throughout maturation from bone marrow precursors [93]. These discoveries have provided
major ramifications for the understanding of the complexities underlying the mechanisms of
MC function processes. 5-HT spontaneous release is markedly enhanced, which coincides
with the number of MCs and the severity of abdominal pain [94]. Gao et al. reported
that mucosal serotonin reuptake transporter expression in IBS is modulated by the gut
microbiota via mast cell-Prostaglandin E2(PGE2) [95]. This is also accompanied by the
activation of enteric neurons and is higher in cases of intestinal inflammation [47]. The
amount of muscularis tryptase-positive MC is also positively associated with GI transit time
(GITT) throughout the healing process [96]. Therefore, the roles of MCs in the immune and
nervous systems should be taken together in evaluating their roles in disease progression
and treatment development.

Chymotrypsin-like (chymase) is another kind of granule serine proteinase released by
MCs and is analogous to trypsin-like (tryptase). However, their expression patterns differ
from each other and vary among the species, disease models, and phases [97,98]. Mucosal
MCs of the rat express predominantly chymases, in particular rat mast cell proteinase
(rMCP-2, -3, -4), and the three members of the rMCP-8 subfamily (rMCP-§, -9, and -10). Rat
connective tissue MCs, on the other hand, express two chymases, rMCP-1 and -5, and two
tryptases, rMCP-6 and -7 [99]. Tryptase could cleave the bronchodilator VIP and decrease
the nonadrenergic neural inhibitory influence mediated by VIP [100], whereas ancestral
chymase reconstructed with the use of phylogenetic inference, total gene synthesis, and
protein expression are responsible for converting angiotensin I to angiotensin II [101].
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However, both chymase and tryptase are known as mast cell proteinases and regulate GI
tight junctions and gut permeability [99]. Increased cleavage specificity of mouse mast
cell proteinase-1 (mMCP-1), the major mucosal MC protease, is found in several parasite
mouse models [102,103] and indicates the high substrate selectivity they have. MCs are also
activated via the TLR4-NF-kB/TNF-« pathway in 3- and 7-day-old rats with small intestinal
ischemia-reperfusion(I/R) injury [104], resulting in increased mast cell carboxypeptidase A
(MC-CPA), which could degrade toxins and endothelin 1 (ET-1) [105]. Despite the research,
more detailed and comprehensive investigations of these granules would provide novel
insights into GI pathology and effective treatment for patients.

Previous research confirmed the intimate interactions between MCs and the nervous
system, which are primarily accomplished through granules secreted by MCs and receptors
on neurons (Table 1). This establishes the anatomical foundation for the involvement of
MCs in GI diseases and clinical symptoms in the nervous system. IBS is characterized
by neuroinflammation and irregular and recurring digestive problems resulting from
non-pharmacological or pathological stimuli as well as emotional feelings. Biopsies from
IBS patients revealed elevated CXCL11 levels in the duodenum along with enhanced
mast cell infiltration, suggesting relations between MC and micro-inflammation in IBS
while more concrete interactions remain unknown [106]. Meanwhile, research confirmed
that the amount of MC is associated with morphological changes in neuron densities
during nematode Nippostrongylus brasiliensis (Nb) infection in mice and could be one of the
underlying mechanisms for MC and inflammation [107]. These effects are also corroborated
by MC inhibition via antinociception of oxytocin through the Ca?*-NOS pathway [108],
accompanied by down-regulation of CXCL8, CCL2, CCL3, and CCL4 in human intestinal
MCs by Cinnamaldehyde (CA) [109]. Polydatin also attenuated food allergy in MC by
lowering the Ca®* channel [110], and IFN-o/ p showed similar effects, inhibiting intestinal
hypersensitivity through MC stabilization [111]. More investigations on roles of MCs on GI
diseases are summarized in Table 2 and detailed information on the mechanisms remains
to be elucidate.

Table 1. Summary of the functions and mechanisms of mast cells.

Model Findings Conclusions Possible Sense Refs
Increased MCs in Lactose or FOS could increase
Mice with lactose or FOS . MCs in colonic mucosa and Regulators of MCs [112]
colonic mucosa . .
affect the GI barrier functions
. . Increased MCs in Eosinophils and MCs are Effective regulators of FD
Functional dyspepsia (FD) colonic mucosa relative to FD MCs remain unclear [95]
. Inhibited expression of Mc r?gulat? d Gl bar.rler . .
Exosomes isolated from CLDNS, CD23, mcpt4 functions via regulating Potential drugs targeting [41]
HMCs-1or CaCO2 of IECs CLDN3, and A20 in IECs CLDNS, CD23, mcpt4, CLDN3  gut permeability
and A20
MCs modulate transport of . .
HT29 Upregu.l ated CD23 CD23/IgE/antigen complex Promoting antigen [42]
expression . . 11 . transportation
across intestinal epithelial barrier
Improved the excitability of
IB4* colonic neurons but Regulation of ion
Adult male SD rats MCs activated by pressing I A and shifting t.he transportation by MCs [79]
substance P (SP) inactivation of Ip and Ik in the :
. . . . remains unclear
hyperpolarizing direction in
neuron cells
Preclinical or IBS patients MCs and bacteria visceral hypersensitivity (VHS) Histamine is a marker and [113]

Polyposis-prone mice

secrete histamine
MCs secrete histamine
during maturation

Involved in Inflammation-
associated colon carcinogenesis

target for regulating VHS
/
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Table 1. Cont.
Model Findings Conclusions Possible Sense Refs
. MCs secrete serotonin Associated with Serotonin is a target'for the
C57Bl/6 mice . . . . treatment of abdominal [114]
with mastocytosis abdominal pain . .
pain and diarrhea
Male rabb}ts: with . BOAT1 and SN2 in crypts s BOATl'and SN2 as
intragastric inoculation of MCs regulated gut permeability — potential targets in MCs [115]
Lo are regulated by MCs
Eimeria magna oocytes related to IBS
WKY and IBS rat model MCs could secrete NGF . . . A more precise relationship
Expression of NGF is not in the .
by balloon catheter but are probably not between MC and enteric [116]
. . . . . same area of MCs . :
insertion directly associated with IBS neurons is required
IPC protected against I/R
SD rats CPA is secreted by MCs in ~ MC limit toxins and ET-1 in injury via the MC [104]
I/R injury I/R injury degranulation-mediated
release of MC-CPA
Enhanced level of CXCL11 Positive correlation between the CXCL11 as potential target
Specimens from patients . MCs number of duodenal and P & [106]
in IBS . L and marker for IBS
ileal IELs in diarrhea
Tryptase suppressed A20 in the .
IEC lines Lowering A20 production  IEC lines and lowered barrier Treatment targeting [46]
. allergens
dysfunction
Table 2. Key molecules related to MCs and their roles in typical diseases.
Diseases = Key Molecules Mast Cell Alterations Typical Symptoms Refs
IBS Advanced glycation end products Number increased 'Colo'mc mucus barrier dysregulation
(AGEs) in mice
5-HT and SERT Main sources Diarrhea and visceral hypersensitivity
5-HT signaling Number increased Stress parameters [55]
Histamine and HR4 MC activation Visceral hyperalgesia [84]
Serine Protease MC infiltration Functional dyspepsia (FD) [117]
Estrogen MC infiltration Stress-worsened intestinal alterations 511};]5’
Nrda3 Promoted MC activity .Stres.s—mduced visceral hyperalgesia [120]
in mice
+
Active VIP and VIP receptors Increased MC and VPACL Detrimental consequences to colonic
(VPAC1/VPAC2) MC numbers and decreased permeability [121]
VIP* MC
Acetylcholine Mast cell overactivation Visceral hypersensitivity (VH) [122]
Hereditary «-tryptasemia (H«T) Increased MC number IEC pyroptosis [123]
5-HT Increased MC activation Intestm?l dy‘sfunctlon‘and [124]
depression-like behaviors
IL-1p3, IL-6, PAR-2, and mast . e
cell tryptase Visceral hypersensitivity [125]
TLR4 Enhanced MCs activation Visceral hypersensitivity and barrier [126,
loss 127]
GI cancer Tryptase rel.easet after c-Kit Mast cell activation Increased number of metastatic lymph [128]
receptor activation nodes
Inflammatory responses MC density Benign cancer [129]
Anglogepesm and carcinoma MC density Patient malignancy [130]
progression
c-Kit receptor-related pathway MC number Early time intestinal tumor [131]
Colitis Ki-67 and f-catenin protein MC activation Gastrointestinal tumorigenesis [132]
MRGPRX2-mediated MC degranulation MC degranulation and activation [34,
modules 133]
Not mentioned MC counts and Gastrointestinal motility [134]

degranulation




Gastroenterol. Insights 2023, 14

644

Table 2. Cont.

Diseases = Key Molecules Mast Cell Alterations Typical Symptoms Refs
Mannose receptor (MR) Mps/MC distribution Ms/MC distribution [96]
Kit-mediated MC activation Experimental colitis [135]
P2X7 purinoceptors MC activation Intestinal inflammation [39]
free-Ca?* and GTPyS MC activation Secretory responses [136]

AD Mast cell-glia axis and a MCs activation Aggravated AD pathology [137]

Fyn kinase

Based on the studies above, we infer that typical symptoms, including visceral hy-
persensitivity, are prevalent in IBS and are associated with mast cell overactivity and
over-proliferation. Signals from neurons and immune cells both stimulate aberrant ac-
tivities and provide novel avenues for treatment techniques and drug development via
neurotransmitters and cytokines. Moreover, the majority of these factors could initiate
various inflammatory pathways and lead to broader immune responses that are difficult to
manage, and more precise regulation of molecules in key pathways is required.

Box 2 Interactions between MCs and viruses

Apart from bacterial infection, Gl is also exposed to virus proliferation [138]. Some
viruses can directly infect MCs and activate them [139]. Research found that MCs might
enhance NK cell activities and upregulate the CD69 molecule and cytotoxicity-related
genes in response to virus-infected mast cells, demonstrating increased cytotoxic activity in
response to virus-infected mast cells. Also, mast cells express numerous pattern recognition
receptors (PRRs) and secrete inflammatory mediators that have historically been engaged
in the antiviral response in the gut. MC interactions with viruses and pathogen products,
on the other hand, are complicated and can have adverse and beneficial consequences.
MCs can limit viral infection by releasing antiviral mediators and interacting with y4 T
cells [140]. However, the detailed mechanisms between MCs and viruses in the gut are not
yet completely clarified.

In IBS and GI infection, the number of MCs increased [141] in accordance with the
number of neurons [142]. Morphological alterations in IBS [143] and their interactions
with the brain have also been put forward as part of the gut-brain axis [144]. However,
despite the higher level of mast cells in the gut-brain axis observed in IBS [145], no evidence
supports their roles in the gut-brain axis [116]. Mast cells could secrete nerve growth factor
(NGF) and contribute to IBS [146]. However, in the rat IBS model, NGF is localized more in
the mucosal enteric glial cells (EGCs) but not in the mucosa mast cells. And glial processes
in the submucosa of the colon showed bulbous swelling of terminals that overlapped with
neurons, known as glial hyperplasia [116]. An increased number of MCs is also seen in
several psychological diseases, including neonatal maternal deprivation and stress, and
indicates the similarities underlying them [147,148]. In IBS patients, enhancing mesenteric
nerve firing and mobilization of Ca?* in dorsal root ganglia neurons are related to the
activation of MC accompanied by histamine release and higher neuronal sensitivity to
capsaicin [149]. Moreover, BOAT1, Na*-dependent glutamine co-transporters, in villus
cells, and SN2 in crypt cells are also regulated by MCs, decreasing co-transporter numbers
in villus and enhancing affinity for glutamine in crypt cells [116]. SHIP, a hematopoietic-
specific lipid phosphatase, can dephosphorylate PI3K-generated PI(3,4,5)-trisphosphate and
suppress the activation of MC, alleviating Crohn’s disease in the GI [150]. And substance P
and other eicosanoids secreted by MCs could lead to neuron activation [151]. Based on the
summaries above, addressing an increased number of MCs might provide a novel aspect
in the prevention and treatment of Crohn’s disease in future research.

6. Conclusions and Future Perspectives

MCs encompass different kinds of bioactive molecules that are generated upon activa-
tion and participate in various biological functions. They could interact with cells of both
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immunological and nervous system cells, as well as microbes in the GI. These processes are
critical for GI homeostasis, and MC malfunction can result in severe disorders impairing
life quality (refer to Figure 2 for detailed information).
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Figure 2. Schematic summary of the MC function. MCs are multifunctional immune cells that
release multi-potent active molecules to regulate many physiological functions and immunological
responses. They have been found to impact vasodilation, vascular homeostasis, and angiogenesis and
possess close interactions with dendritic cells, macrophages, T cells, B cells, fibroblasts, eosinophils,
endothelial cells, and epithelial cells.

In this review, we provided a detailed illustration of MC properties and classifications,
as well as their involvement in maintaining GI barrier functions. We further analyzed their
interactions with immune cells and neurons and especially highlighted MCs’ prospective
applications in therapeutic development. These provide directions for future investigations
and have crucial roles in both clinical and pathological research.

Author Contributions: Y.G. and B.W. analyzed the reference and wrote the manuscript. Y.G., BW.
and R.H. polished the images. C.H., S.Z., X.L. and S.X. analyzed the data. H.G., S.Z. and ].X. revised
the manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the National Natural Science Foundation of China Grant (No.
82174056 JD Xu).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: All data available.

Conflicts of Interest: The authors declare no conflict of interest.



Gastroenterol. Insights 2023, 14 646

Abbreviations

BCLXL B-cell lymphoma-X large
CA cinnamaldehyde

CP carboxypeptidase
C-Cmotif  chemokine

CCL2 chemokine ligand 2
CCR2 chemokine receptor 2
CD117 c-Kit

chymase Chymotrypsin-like
CLDNS8 claudin-8

COX cyclooxygenase

CPA3 carboxypeptidase A3

CRC colorectal cancer

CRH corticotrophin-releasing hormone
CTMC connective tissue mast cells
CXCR2 CXC chemokine receptor 2

ET-1 endothelin 1

FD functional dyspepsia

FOS fructo-oligosaccharides

FD functional dyspHmm

GI gastrointestinal

GPCR G protein-coupled receptor

H4R histamine receptor 4

HMC-1 human mast cell-1

HMCs-1 human mast cells-1

I/R ischemia-reperfusion

IBD inflammatory bowel disease

IBS irritable bowel syndrome

IECs intestinal epithelial cells

IECs intestinal epithelial cells

IPC ischemic preconditioning

1B4 isolectin B4

KC keratinocyte chemoattractant

Me macrophage

MCP mast cell proteases

MMC mucosal mast cells

MRGPRX2 mMas-related GPCR-X2

Nb nippostrongylus brasiliensis
NGF nerve growth factor

NOD nucleotide-binding and oligomerization domain
NSAIDs non-steroidal anti-inflammatory drugs
PAR-2 protease-activated receptors-2
PCIS precision cut intestinal slices

PGs prostaglandins

SCF stem-cell factor

TLR Toll-like receptors

TRPV1 transient reporter. potential channel V1
VHS visceral hypersensitivity

viP vasoactive intestinal peptide

References

1. Ehrlich, P. Beitrage zur Theorie und Praxis der Histologischen Farbung. Inaugural-Dissertation, Universitit Leipzig, Leipzig,
Germany, 1878.

2. Asadi, S.; Theoharides, T.C. Corticotropin-releasing hormone and extracellular mitochondria augment IgE-stimulated human
mast-cell vascular endothelial growth factor release, which is inhibited by luteolin. . Neuroinflammation 2012, 9, 85. [CrossRef]
[PubMed]

3. Herbomel, P; Thisse, B.; Thisse, C. Ontogeny and behaviour of early macrophages in the zebrafish embryo. Development 1999,
126, 3735-3745. [CrossRef] [PubMed]


https://doi.org/10.1186/1742-2094-9-85
https://www.ncbi.nlm.nih.gov/pubmed/22559745
https://doi.org/10.1242/dev.126.17.3735
https://www.ncbi.nlm.nih.gov/pubmed/10433904

Gastroenterol. Insights 2023, 14 647

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Galli, S.J.; Kalesnikoff, ].; Grimbaldeston, M.A; Piliponsky, A.M.; Williams, C.M.; Tsai, M. Mast cells as “tunable” effector and
immunoregulatory cells: Recent advances. Annu. Rev. Immunol. 2005, 23, 749-786. [CrossRef] [PubMed]

Galli, S.J.; Borregaard, N.; Wynn, T.A. Phenotypic and functional plasticity of cells of innate immunity: Macrophages, mast cells
and neutrophils. Nat. Immunol. 2011, 12, 1035-1044. [CrossRef]

Soule, B.P.,; Brown, J.M.; Kushnir-Sukhov, N.M.; Simone, N.L.; Mitchell, ].B.; Metcalfe, D.D. Effects of gamma radiation on
FcepsilonRI and TLR-mediated mast cell activation. J. Immunol. 2007, 179, 3276-3286. [CrossRef]

Hamann, K.; Haas, N.; Grabbe, ].; Welker, P.; Czarnetzki, B.M. Two novel mast cell phenotypic markers, monoclonal antibodies
Ki-MC1 and Ki-M1P, identify distinct mast cell subtypes. Br. ]. Dermatol. 1995, 133, 547-552. [CrossRef]

Vogel, P; Janke, L.; Gravano, D.M.; Lu, M.; Sawant, D.V.; Bush, D.; Shuyu, E.; Vignali, D.A.A_; Pillai, A.; Rehg, J.E. Globule
Leukocytes and Other Mast Cells in the Mouse Intestine. Vet. Pathol. 2018, 55, 76-97. [CrossRef]

Benedé, S.; Cody, E.; Agashe, C.; Berin, M.C. Immune Characterization of Bone Marrow-Derived Models of Mucosal and
Connective Tissue Mast Cells. Allergy Asthma Immunol. Res. 2018, 10, 268-277. [CrossRef]

Xing, W.; Austen, K.F,; Gurish, M.E,; Jones, T.G. Protease phenotype of constitutive connective tissue and of induced mucosal
mast cells in mice is regulated by the tissue. Proc. Natl. Acad. Sci. USA 2011, 108, 14210-14215. [CrossRef]

Moreno, FJ. Gastrointestinal digestion of food allergens: Effect on their allergenicity. Biomed. Pharmacother. 2007, 61, 50-60.
[CrossRef]

Eypasch, E.; Williams, J.I.; Wood-Dauphinee, S.; Ure, B.M.; Schmtilling, C.; Neugebauer, E.; Troidl, H. Gastrointestinal Quality of
Life Index: Development, validation and application of a new instrument. Br. |. Surg. 1995, 82, 216-222. [CrossRef] [PubMed]
Norton, C.; Czuber-Dochan, W.; Artom, M.; Sweeney, L.; Hart, A. Systematic review: Interventions for abdominal pain
management in inflammatory bowel disease. Aliment. Pharmacol. Ther. 2017, 46, 115-125. [CrossRef] [PubMed]

Defrees, D.N.; Bailey, J. Irritable Bowel Syndrome: Epidemiology, Pathophysiology, Diagnosis, and Treatment. Prim. Care 2017, 44,
655-671. [CrossRef] [PubMed]

Cheng, L.; Luo, Q.Q.; Chen, S.L. The role of intestinal mast cell infiltration in irritable bowel syndrome. J. Dig. Dis. 2021, 22,
143-151. [CrossRef] [PubMed]

Klooker, T.K.; Braak, B.; Koopman, K.E.; Welting, O.; Wouters, M.M.; van der Heide, S.; Schemann, M.; Bischoff, S.C.; van den
Wijngaard, R.M.; Boeckxstaens, G.E. The mast cell stabiliser ketotifen decreases visceral hypersensitivity and improves intestinal
symptoms in patients with irritable bowel syndrome. Gut 2010, 59, 1213-1221. [CrossRef] [PubMed]

Nanagas, V.C.; Kovalszki, A. Gastrointestinal Manifestations of Hypereosinophilic Syndromes and Mast Cell Disorders: A Com-
prehensive Review. Clin. Rev. Allergy Immunol. 2019, 57, 194-212. [CrossRef]

Yong, L.C.J. The mast cell: Origin, morphology, distribution, and function. Exp. Toxicol. Pathol. 1997, 49, 409—424. [CrossRef]
Bloom, G.D.; Haegermark, O. Studies on morphological changes and histamine release induced by bee venom, n-decylamine and
hypotonic solutions in rat peritoneal mast cells. Acta Physiol. Scand. 1967, 71, 257-269. [CrossRef]

Uvniés, B. Chemistry and Storage Function of Mast Cell Granules. J. Investig. Dermatol. 1978, 71, 76-80. [CrossRef]

Goldstein, S.M.; Kaempfer, C.E.; Proud, D.; Schwartz, L.B.; Irani, A.M.; Wintroub, B.U. Detection and partial characterization of a
human mast cell carboxypeptidase. J. Immunol. 1987, 139, 2724-2729. [CrossRef]

Meurer, S.K.; Ne, M.; Weiskirchen, S.; Kim, P; Tag, C.G.; Kauffmann, M.; Huber, M.; Weiskirchen, R. Isolation of Mature
(Peritoneum-Derived) Mast Cells and Immature (Bone Marrow-Derived) Mast Cell Precursors from Mice. PLoS ONE 2016, 11,
e0158104. [CrossRef] [PubMed]

Schwartz, L.B. Analysis of MC(T) and MC(TC) mast cells in tissue. Methods Mol. Biol. 2006, 315, 53—62. [PubMed]

Pejler, G.; Ronnberg, E.; Waern, I.; Wernersson, S. Mast cell proteases: Multifaceted regulators of inflammatory disease. Blood
2010, 115, 4981-4990. [CrossRef] [PubMed]

Byrne, S.N.; Limén-Flores, A.Y.; Ullrich, S.E. Mast cell migration from the skin to the draining lymph nodes upon ultraviolet
irradiation represents a key step in the induction of immune suppression. J. Immunol. 2008, 180, 4648-4655. [CrossRef]
Takeuchi, M.; Sato, Y.; Ohno, K.; Tanaka, S.; Takata, K.; Gion, Y.; Orita, Y.; Ito, T.; Tachibana, T.; Yoshino, T. T helper 2 and
regulatory T-cell cytokine production by mast cells: A key factor in the pathogenesis of IgG4-related disease. Mod. Pathol. 2014,
27,1126-1136. [CrossRef]

Brown, M.A.; Weinberg, R.B. Mast Cells and Innate Lymphoid Cells: Underappreciated Players in CNS Autoimmune Demyeli-
nating Disease. Front. Immunol. 2018, 9, 514. [CrossRef]

Da Silva, C.A.; Reber, L.; Frossard, N. Stem cell factor expression, mast cells and inflammation in asthma. Fundam. Clin. Pharmacol.
2006, 20, 21-39. [CrossRef]

Ryan, ].].; Kashyap, M.; Bailey, D.; Kennedy, S.; Speiran, K.; Brenzovich, J.; Barnstein, B.; Oskeritzian, C.; Gomez, G. Mast cell
homeostasis: A fundamental aspect of allergic disease. Crit. Rev. Immunol. 2007, 27, 15-32. [CrossRef]

Zhang, J.; Chen, H.; Liu, L.; Sun, J.; Shi, M.A; Sukhova, G.K.; Shi, G.P. Chemokine (C-C motif) receptor 2 mediates mast cell
migration to abdominal aortic aneurysm lesions in mice. Cardiovasc. Res. 2012, 96, 543-551. [CrossRef]

Zhong, B.; Li, Y.; Liu, X.; Wang, D. Association of mast cell infiltration with gastric cancer progression. Oncol. Lett. 2018, 15,
755-764. [CrossRef]

Abe, T.; Ochiai, H.; Minamishima, Y.; Nawa, Y. Induction of intestinal mastocytosis in nude mice by repeated injection of
interleukin-3. Int. Arch. Allergy Appl. Immunol. 1988, 86, 356-358. [CrossRef] [PubMed]


https://doi.org/10.1146/annurev.immunol.21.120601.141025
https://www.ncbi.nlm.nih.gov/pubmed/15771585
https://doi.org/10.1038/ni.2109
https://doi.org/10.4049/jimmunol.179.5.3276
https://doi.org/10.1111/j.1365-2133.1995.tb02702.x
https://doi.org/10.1177/0300985817705174
https://doi.org/10.4168/aair.2018.10.3.268
https://doi.org/10.1073/pnas.1111048108
https://doi.org/10.1016/j.biopha.2006.10.005
https://doi.org/10.1002/bjs.1800820229
https://www.ncbi.nlm.nih.gov/pubmed/7749697
https://doi.org/10.1111/apt.14108
https://www.ncbi.nlm.nih.gov/pubmed/28470846
https://doi.org/10.1016/j.pop.2017.07.009
https://www.ncbi.nlm.nih.gov/pubmed/29132527
https://doi.org/10.1111/1751-2980.12971
https://www.ncbi.nlm.nih.gov/pubmed/33511763
https://doi.org/10.1136/gut.2010.213108
https://www.ncbi.nlm.nih.gov/pubmed/20650926
https://doi.org/10.1007/s12016-018-8695-y
https://doi.org/10.1016/S0940-2993(97)80129-7
https://doi.org/10.1111/j.1748-1716.1967.tb03733.x
https://doi.org/10.1111/1523-1747.ep12544425
https://doi.org/10.4049/jimmunol.139.8.2724
https://doi.org/10.1371/journal.pone.0158104
https://www.ncbi.nlm.nih.gov/pubmed/27337047
https://www.ncbi.nlm.nih.gov/pubmed/16110148
https://doi.org/10.1182/blood-2010-01-257287
https://www.ncbi.nlm.nih.gov/pubmed/20233968
https://doi.org/10.4049/jimmunol.180.7.4648
https://doi.org/10.1038/modpathol.2013.236
https://doi.org/10.3389/fimmu.2018.00514
https://doi.org/10.1111/j.1472-8206.2005.00390.x
https://doi.org/10.1615/CritRevImmunol.v27.i1.20
https://doi.org/10.1093/cvr/cvs262
https://doi.org/10.3892/ol.2017.7380
https://doi.org/10.1159/000234597
https://www.ncbi.nlm.nih.gov/pubmed/3261278

Gastroenterol. Insights 2023, 14 648

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Caughey, G.H. Mast cell tryptases and chymases in inflammation and host defense. Immunol. Rev. 2007, 217, 141-154. [CrossRef]
[PubMed]

Chen, E.; Chuang, L.S.; Giri, M,; Villaverde, N.; Hsu, N.Y,; Sabic, K.; Joshowitz, S.; Gettler, K.; Nayar, S.; Chai, Z.; et al. Inflamed
Ulcerative Colitis Regions Associated With MRGPRX2-Mediated Mast Cell Degranulation and Cell Activation Modules, Defining
a New Therapeutic Target. Gastroenterology 2021, 160, 1709-1724. [CrossRef] [PubMed]

Chompunud Na Ayudhya, C.; Roy, S.; Thapaliya, M.; Ali, H. Roles of a Mast Cell-Specific Receptor MRGPRX2 in Host Defense
and Inflammation. J. Dent. Res. 2020, 99, 882-890. [CrossRef] [PubMed]

Gerbaulet, A.; Wickenhauser, C.; Scholten, J.; Peschke, K.; Drube, S.; Horny, H.P,; Kamradt, T.; Naumann, R.; Miiller, W.; Krieg, T.;
et al. Mast cell hyperplasia, B-cell malignancy, and intestinal inflammation in mice with conditional expression of a constitutively
active kit. Blood 2011, 117, 2012-2021. [CrossRef]

Rahman, M.M.; Afroz, S.; Arthur, S.; Sundaram, U. Mast Cell Mediated Regulation of Small Intestinal Chloride Malabsorption in
SAMP1/YitFc Mouse Model of Spontaneous Chronic Ileitis. Cells 2021, 10, 697. [CrossRef]

Junxiu, Z.; Yu, F; Yanyan, H.; Yin, Z.; Yi, L.; Minghui, Y.; Shaodan, L. Mast cell activation, TLR4-NF-«B/TNF-« pathway variation
in rats’ intestinal ischemia-reperfusion injury and Tongxinluo’s therapeutic effect. Pak. J. Pharm. Sci. 2020, 33, 1599-1608.
Kurashima, Y.; Amiya, T.; Nochi, T.; Fujisawa, K.; Haraguchi, T; Iba, H.; Tsutsui, H.; Sato, S.; Nakajima, S.; lijima, H.; et al.
Extracellular ATP mediates mast cell-dependent intestinal inflammation through P2X7 purinoceptors. Nat. Commun. 2012, 3, 1034.
[CrossRef]

Liu, B,; Yang, M.Q.; Yu, T.Y;; Yin, Y.Y,; Liu, Y.; Wang, X.D.; He, Z.G; Yin, L.; Chen, C.Q.; Li, ].Y. Mast Cell Tryptase Promotes
Inflammatory Bowel Disease-Induced Intestinal Fibrosis. Inflamm. Bowel Dis. 2021, 27, 242-255. [CrossRef]

Li, M.; Zhao, J.; Cao, M; Liu, R.; Chen, G.; Li, S;; Xie, Y.; Xie, J.; Cheng, Y.; Huang, L.; et al. Mast cells-derived MiR-223 destroys
intestinal barrier function by inhibition of CLDNS8 expression in intestinal epithelial cells. Biol. Res. 2020, 53, 12. [CrossRef]

Tu, YH.; Oluwole, C,; Struiksma, S.; Perdue, M.H.; Yang, P.C. Mast cells modulate transport of CD23/IgE/antigen complex across
human intestinal epithelial barrier. N. Am. |. Med. Sci. 2009, 1, 16-24. [PubMed]

Groschwitz, K.R.; Ahrens, R.; Osterfeld, H.; Gurish, M.F; Han, X.; Abrink, M.; Finkelman, ED.; Pejler, G.; Hogan, S.P. Mast cells
regulate homeostatic intestinal epithelial migration and barrier function by a chymase/Mcpt4-dependent mechanism. Proc. Natl.
Acad. Sci. USA 2009, 106, 22381-22386. [CrossRef] [PubMed]

Wang, J.; Gu, S.; Qin, B. Eosinophil and mast cell-derived exosomes promote integrity of intestinal mucosa via the NEAT1/miR-
211-5p/glial cell line-derived neurotrophic factor axis in duodenum. Environ. Toxicol. 2023, 8, 2595-2607. [CrossRef]

Yang, Y.; Zhou, D.; Zhang, W. Mast cells of ileocecal junction in irritable bowel syndrome. Zhonghua Nei Ke Za Zhi 1997, 36,
231-233. [PubMed]

Li, M.Y; Zhu, M.; Zhu, B.; Wang, Z.Q. Tryptase disturbs endocytic allergen degradation in intestinal epithelial cells. Anal. Biochem.
2013, 434, 54-59. [CrossRef]

Grabauskas, G.; Wu, X.; Gao, J.; Li, ].Y,; Turgeon, D.K.; Owyang, C. Prostaglandin E(2), Produced by Mast Cells in Colon Tissues
From Patients With Irritable Bowel Syndrome, Contributes to Visceral Hypersensitivity in Mice. Gastroenterology 2020, 158,
2195-2207.e6. [CrossRef] [PubMed]

Xu, C; Yan, S.; Guo, Y,; Qiao, L.; Ma, L.; Dou, X.; Zhang, B. Lactobacillus casei ATCC 393 alleviates Enterotoxigenic Escherichia
coli K88-induced intestinal barrier dysfunction via TLRs/mast cells pathway. Life Sci. 2020, 244, 117281. [CrossRef]

Wu, L,; Feng, B.S.; He, S.H.; Zheng, P.Y.; Croitoru, K.; Yang, P.C. Bacterial peptidoglycan breaks down intestinal tolerance via
mast cell activation: The role of TLR2 and NOD2. Immunol. Cell Biol. 2007, 85, 538-545. [CrossRef]

Zhang, P; Shi, Y.; He, X.; Sun, W.; Ly, Y.; Hou, X. Study on screening potential allergenic proteins from infant milk powders based
on human mast cell membrane chromatography and histamine release assays. J. Pharm. Anal. 2019, 9, 55-61. [CrossRef]

Hong, M.H,; Lee, ].Y,; Jung, H.; Jin, D.H.; Go, H.Y.; Kim, ].H.; Jang, B.H.; Shin, Y.C.; Ko, S.G. Sophora flavescens Aiton inhibits the
production of pro-inflammatory cytokines through inhibition of the NF kappaB/IkappaB signal pathway in human mast cell line
(HMC-1). Toxicol. Vitr. 2009, 23, 251-258. [CrossRef]

Yashiro, T.; Ogata, H.; Zaidi, S.F; Lee, J.; Hayashi, S.; Yamamoto, T.; Kadowaki, M. Pathophysiological Roles of Neuro-Immune
Interactions between Enteric Neurons and Mucosal Mast Cells in the Gut of Food Allergy Mice. Cells 2021, 10, 1586. [CrossRef]
[PubMed]

Yan, X.J.; Feng, C.C.; Liu, Q.; Zhang, L.Y,; Dong, X,; Liu, Z.L.; Cao, ZJ.; Mo, J.Z.; Li, Y,; Fang, ].Y.; et al. Vagal afferents
mediate antinociception of estrogen in a rat model of visceral pain: The involvement of intestinal mucosal mast cells and
5-hydroxytryptamine 3 signaling. . Pain. 2014, 15, 204-217. [CrossRef] [PubMed]

Norkina, O.; Burnett, T.G.; De Lisle, R.C. Bacterial overgrowth in the cystic fibrosis transmembrane conductance regulator null
mouse small intestine. Infect. Immun. 2004, 72, 6040-6049. [CrossRef]

Gamal, N.G.; Abd El-Salam, R.M.; Gadelrub, L.N.; Ahmed-Farid, O.A.; Khayyal, M.T. The herbal preparation STW 5 affects sero-
tonergic pathways in the brain and colon as well as stress parameters in experimental irritable bowel syndrome. Neurogastroenterol.
Motil. 2022, 34, €14301. [CrossRef] [PubMed]

Conti, P; Carinci, E; Caraffa, A.; Ronconi, G.; Lessiani, G.; Theoharides, T.C. Link between mast cells and bacteria: Antimicrobial
defense, function and regulation by cytokines. Med. Hypotheses 2017, 106, 10-14. [CrossRef]

Kirshenbaum, A.S.; Swindle, E.; Kulka, M.; Wu, Y.; Metcalfe, D.D. Effect of lipopolysaccharide (LPS) and peptidoglycan (PGN) on
human mast cell numbers, cytokine production, and protease composition. BVMIC Immunol. 2008, 9, 45. [CrossRef]


https://doi.org/10.1111/j.1600-065X.2007.00509.x
https://www.ncbi.nlm.nih.gov/pubmed/17498057
https://doi.org/10.1053/j.gastro.2020.12.076
https://www.ncbi.nlm.nih.gov/pubmed/33421512
https://doi.org/10.1177/0022034520919107
https://www.ncbi.nlm.nih.gov/pubmed/32392433
https://doi.org/10.1182/blood-2008-11-189605
https://doi.org/10.3390/cells10030697
https://doi.org/10.1038/ncomms2023
https://doi.org/10.1093/ibd/izaa125
https://doi.org/10.1186/s40659-020-00279-2
https://www.ncbi.nlm.nih.gov/pubmed/22666666
https://doi.org/10.1073/pnas.0906372106
https://www.ncbi.nlm.nih.gov/pubmed/20018751
https://doi.org/10.1002/tox.23895
https://www.ncbi.nlm.nih.gov/pubmed/10374283
https://doi.org/10.1016/j.ab.2012.11.005
https://doi.org/10.1053/j.gastro.2020.02.022
https://www.ncbi.nlm.nih.gov/pubmed/32084424
https://doi.org/10.1016/j.lfs.2020.117281
https://doi.org/10.1038/sj.icb.7100079
https://doi.org/10.1016/j.jpha.2018.08.004
https://doi.org/10.1016/j.tiv.2008.12.002
https://doi.org/10.3390/cells10071586
https://www.ncbi.nlm.nih.gov/pubmed/34201851
https://doi.org/10.1016/j.jpain.2013.10.012
https://www.ncbi.nlm.nih.gov/pubmed/24231720
https://doi.org/10.1128/IAI.72.10.6040-6049.2004
https://doi.org/10.1111/nmo.14301
https://www.ncbi.nlm.nih.gov/pubmed/34817922
https://doi.org/10.1016/j.mehy.2017.06.018
https://doi.org/10.1186/1471-2172-9-45

Gastroenterol. Insights 2023, 14 649

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.
76.

77.

78.

79.

80.

81.

82.

Lv, Y.P; Teng, Y.S.; Mao, EY,; Peng, L.S.; Zhang, ].Y.; Cheng, P; Liu, Y.G.; Kong, H.; Wang, T.T.; Wu, X.L.; et al. Helicobacter
pylori-induced IL-33 modulates mast cell responses, benefits bacterial growth, and contributes to gastritis. Cell Death Dis. 2018,
9, 457. [CrossRef]

Nishiya, K.; Sawada, M.; Dijkstra, ].M.; Miyamae, J.; Okano, M.; Katakura, F.; Moritomo, T. A fish cytokine related to human IL-3,
IL-5, and GM-CSEF, induces development of eosinophil /basophil /mast-cell type (EBM) granulocytes. Dev. Comp. Immunol. 2020,
108, 103671. [CrossRef]

Cassard, L.; Lalanne, A.l; Garault, P,; Cotillard, A.; Chervaux, C.; Wels, M.; Smokvina, T.; Daéron, M.; Bourdet-Sicard, R.
Individual strains of Lactobacillus paracasei differentially inhibit human basophil and mouse mast cell activation. Immun.
Inflamm. Dis. 2016, 4, 289-299. [CrossRef]

Kobayashi, T.; Tsuchiya, K.; Hara, T.; Nakahata, T.; Kurokawa, M.; Ishiwata, K.; Uchiyama, F.; Nawa, Y. Intestinal mast cell
response and mucosal defence against Strongyloides venezuelensis in interleukin-3-hyporesponsive mice. Parasite Immunol. 1998,
20, 279-284. [CrossRef]

Abe, T.; Nawa, Y. Worm expulsion and mucosal mast cell response induced by repetitive IL-3 administration in Strongyloides
ratti-infected nude mice. Immunology 1988, 63, 181-185. [PubMed]

Vukman, K.V,; Visnovitz, T.; Adams, PN.; Metz, M.; Maurer, M.; O’'Neill, S.M. Mast cells cultured from IL-3-treated mice show
impaired responses to bacterial antigen stimulation. Inflamm. Res. 2012, 61, 79-85. [CrossRef] [PubMed]

Carvalho Vde, E; Barreto Ede, O.; Farias-Filho, F.A.; Gomes, L.H.; Mendonga Lde, L.; Cordeiro, R.S.; Martins, M.A.; Rodrigues e
Silva, PM. Reduced expression of IL-3 mediates intestinal mast cell depletion in diabetic rats: Role of insulin and glucocorticoid
hormones. Int. ]. Exp. Pathol. 2009, 90, 148-155. [CrossRef] [PubMed]

Sellge, G.; Lorentz, A.; Gebhardt, T.; Levi-Schaffer, F.; Bektas, H.; Manns, M.P.; Schuppan, D.; Bischoff, S.C. Human intestinal
fibroblasts prevent apoptosis in human intestinal mast cells by a mechanism independent of stem cell factor, IL-3, IL-4, and nerve
growth factor. J. Immunol. 2004, 172, 260-267. [CrossRef]

Meiners, J.; Reitz, M.; Riidiger, N.; Turner, J.E.; Heepmann, L.; Rudolf, L.; Hartmann, W.; McSorley, H.J.; Breloer, M. IL-33
facilitates rapid expulsion of the parasitic nematode Strongyloides ratti from the intestine via ILC2- and IL-9-driven mast cell
activation. PLoS Pathog. 2020, 16, €1009121. [CrossRef]

Wang, ].X; Kaieda, S.; Ameri, S.; Fishgal, N.; Dwyer, D.; Dellinger, A.; Kepley, C.L.; Gurish, M.F; Nigrovic, P.A. IL-33/ST2 axis
promotes mast cell survival via BCLXL. Proc. Natl. Acad. Sci. USA 2014, 111, 10281-10286. [CrossRef]

Hsu, C.L.; Chhiba, K.D.; Krier-Burris, R.; Hosakoppal, S.; Berdnikovs, S.; Miller, M.L.; Bryce, P.J. Allergic inflammation is initiated
by IL-33-dependent crosstalk between mast cells and basophils. PLoS ONE 2020, 15, 0226701. [CrossRef]

Chen, C.Y; Lee, ].B; Liu, B.; Ohta, S.; Wang, P.Y.; Kartashov, A.V.; Mugge, L.; Abonia, J.P.; Barski, A.; Izuhara, K.; et al. Induction
of Interleukin-9-Producing Mucosal Mast Cells Promotes Susceptibility to IgE-Mediated Experimental Food Allergy. Immunity
2015, 43, 788-802. [CrossRef]

Saadalla, A.M.; Osman, A.; Gurish, M.F,; Dennis, K.L.; Blatner, N.R.; Pezeshki, A.; McNagny, K.M.; Cheroutre, H.; Gounari, F,;
Khazaie, K. Mast cells promote small bowel cancer in a tumor stage-specific and cytokine-dependent manner. Proc. Natl. Acad.
Sci. USA 2018, 115, 1588-1592. [CrossRef]

McDermott, J.R.; Bartram, R.E.; Knight, P.A.; Miller, H.R.; Garrod, D.R.; Grencis, R K. Mast cells disrupt epithelial barrier function
during enteric nematode infection. Proc. Natl. Acad. Sci. USA 2003, 100, 7761-7766. [CrossRef]

Johnson, C.; Huynh, V.; Hargrove, L.; Kennedy, L.; Graf-Eaton, A.; Owens, J.; Trzeciakowski, ].P.; Hodges, K.; DeMorrow, S.;
Han, Y,; et al. Inhibition of Mast Cell-Derived Histamine Decreases Human Cholangiocarcinoma Growth and Differentiation via
c-Kit/Stem Cell Factor-Dependent Signaling. Am. . Pathol. 2016, 186, 123-133. [CrossRef] [PubMed]

Nakano, N.; Kitaura, J. Mucosal Mast Cells as Key Effector Cells in Food Allergies. Cells 2022, 11, 329. [CrossRef] [PubMed]
Magadmi, R.; Meszaros, J.; Damanhouri, Z.A.; Seward, E.P. Secretion of Mast Cell Inflammatory Mediators Is Enhanced by
CADM1-Dependent Adhesion to Sensory Neurons. Front. Cell. Neurosci. 2019, 13, 262. [CrossRef] [PubMed]

Schwartz, L.B.; Austen, K.F. Enzymes of the mast cell granule. J. Investig. Dermatol. 1980, 74, 349-353. [CrossRef]

Santos, J.; Yang, P.C.; Soderholm, J.D.; Benjamin, M.; Perdue, M.H. Role of mast cells in chronic stress induced colonic epithelial
barrier dysfunction in the rat. Gut 2001, 48, 630-636. [CrossRef]

Sagami, Y. Effect of a corticotropin releasing hormone receptor antagonist on colonic sensory and motor function in patients with
irritable bowel syndrome. Gut 2004, 53, 958-964. [CrossRef]

Tache, Y.; Larauche, M.; Yuan, P.Q.; Million, M. Brain and Gut CRF Signaling: Biological Actions and Role in the Gastrointestinal
Tract. Curr. Mol. Pharmacol. 2018, 11, 51-71. [CrossRef]

Qian, A.H,; Liu, X.Q.; Yao, W.Y.; Wang, H.Y.; Sun, ].; Zhou, L.; Yuan, Y.Z. Voltage-gated potassium channels in IB4-positive colonic
sensory neurons mediate visceral hypersensitivity in the rat. Am. J. Gastroenterol. 2009, 104, 2014-2027. [CrossRef]

Sand, E.; Themner-Persson, A.; Ekblad, E. Mast cells reduce survival of myenteric neurons in culture. Neuropharmacology 2009, 56,
522-530. [CrossRef]

Branco, A.C.C.C.; Yoshikawa, FS.Y,; Pietrobon, A.J.; Sato, M.N. Role of Histamine in Modulating the Immune Response and
Inflammation. Mediat. Inflamm. 2018, 2018, 9524075. [CrossRef]

Gao, C; Ganesh, B.P; Shi, Z; Shah, R.R.; Fultz, R.; Major, A.; Venable, S.; Lugo, M.; Hoch, K.; Chen, X; et al. Gut Microbe-Mediated
Suppression of Inflammation-Associated Colon Carcinogenesis by Luminal Histamine Production. Am. . Pathol. 2017, 187,
2323-2336. [CrossRef] [PubMed]


https://doi.org/10.1038/s41419-018-0493-1
https://doi.org/10.1016/j.dci.2020.103671
https://doi.org/10.1002/iid3.113
https://doi.org/10.1046/j.1365-3024.1998.00142.x
https://www.ncbi.nlm.nih.gov/pubmed/3258270
https://doi.org/10.1007/s00011-011-0394-6
https://www.ncbi.nlm.nih.gov/pubmed/22068549
https://doi.org/10.1111/j.1365-2613.2008.00620.x
https://www.ncbi.nlm.nih.gov/pubmed/19335553
https://doi.org/10.4049/jimmunol.172.1.260
https://doi.org/10.1371/journal.ppat.1009121
https://doi.org/10.1073/pnas.1404182111
https://doi.org/10.1371/journal.pone.0226701
https://doi.org/10.1016/j.immuni.2015.08.020
https://doi.org/10.1073/pnas.1716804115
https://doi.org/10.1073/pnas.1231488100
https://doi.org/10.1016/j.ajpath.2015.09.016
https://www.ncbi.nlm.nih.gov/pubmed/26597881
https://doi.org/10.3390/cells11030329
https://www.ncbi.nlm.nih.gov/pubmed/35159139
https://doi.org/10.3389/fncel.2019.00262
https://www.ncbi.nlm.nih.gov/pubmed/31275114
https://doi.org/10.1111/1523-1747.ep12543620
https://doi.org/10.1136/gut.48.5.630
https://doi.org/10.1136/gut.2003.018911
https://doi.org/10.2174/1874467210666170224095741
https://doi.org/10.1038/ajg.2009.227
https://doi.org/10.1016/j.neuropharm.2008.10.007
https://doi.org/10.1155/2018/9524075
https://doi.org/10.1016/j.ajpath.2017.06.011
https://www.ncbi.nlm.nih.gov/pubmed/28917668

Gastroenterol. Insights 2023, 14 650

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Aldinucci, A.; Bonechi, E.; Manuelli, C.; Nosi, D.; Masini, E.; Passani, M.B.; Ballerini, C. Histamine Regulates Actin Cytoskeleton
in Human Toll-like Receptor 4-activated Monocyte-derived Dendritic Cells Tuning CD4+ T Lymphocyte Response. |. Biol. Chem.
2016, 291, 14803-14814. [CrossRef] [PubMed]

De Palma, G.; Shimbori, C.; Reed, D.E.; Yu, Y.; Rabbia, V.; Lu, ]J.; Jimenez-Vargas, N.; Sessenwein, J.; Lopez-Lopez, C.; Pigrau, M.;
et al. Histamine production by the gut microbiota induces visceral hyperalgesia through histamine 4 receptor signaling in mice.
Sci. Transl. Med. 2022, 14, eabj1895. [CrossRef] [PubMed]

Hung, L.; Celik, A.; Yin, X.; Yu, K; Berenjy, A.; Kothari, A.; Obernolte, H.; Upton, ].E.M.; Lindholm Begh, K.; Somers, G.R.; et al.
Precision cut intestinal slices, a novel model of acute food allergic reactions. Allergy 2023, 78, 500-511. [CrossRef]

Schirmer, B.; Neumann, D. The Function of the Histamine H4 Receptor in Inflammatory and Inflammation-Associated Diseases
of the Gut. Int. . Mol. Sci. 2021, 22, 6116. [CrossRef]

Carco, C.; Young, W.; Gearry, R.B,; Talley, N.J.; McNabb, W.C.; Roy, N.C. Increasing Evidence That Irritable Bowel Syndrome and
Functional Gastrointestinal Disorders Have a Microbial Pathogenesis. Front. Cell Infect Microbiol. 2020, 10, 468. [CrossRef]
Botschuijver, S.; van Diest, S.A.; van Thiel, .A.M.; Saia, R.S.; Strik, A.S.; Yu, Z.; Maria-Ferreira, D.; Welting, O.; Keszthelyi, D.;
Jennings, G.; et al. Miltefosine treatment reduces visceral hypersensitivity in a rat model for irritable bowel syndrome via multiple
mechanisms. Sci. Rep. 2019, 9, 12530. [CrossRef]

Liu, X;; Li, X.; Wei, H.; Liu, Y.; Li, N. Mast cells in colorectal cancer tumour progression, angiogenesis, and lymphangiogenesis.
Front. Immunol. 2023, 14, 1209056. [CrossRef]

Sakita, J.Y.; Elias-Oliveira, J.; Carlos, D.; de Souza Santos, E.; Almeida, L.Y.; Malta, T.M.; Brunaldi, M.O.; Albuquerque, S.; Aratjo
Silva, C.L.; Andrade, M.V; et al. Mast cell-T cell axis alters development of colitis-dependent and colitis-independent colorectal
tumours: Potential for therapeutically targeting via mast cell inhibition. J. Immunother. Cancer 2022, 10, e004653. [CrossRef]
Meloti-Fiorio, L.; Silva-Sinara-Alves, I.; Rohor-de-Souza, F.; Grassi-Bautz, W.; Silva-Souza-Ribeiro, F.; Pinto-Nogueira-da-Gama,
L.; Nogueira-da-Gama-de-Souza, L. Perivascular mast cells and expression of vascular endothelial growth factor, laminin-332 and
matrix metalloproteinase-9 in human colorectal neoplasms. Rev. Gastroenterol. Mex. 2022, 6, S2255-534X(22)00067-6. [CrossRef]
Israelyan, N.; Del Colle, A.; Li, Z.; Park, Y.; Xing, A.; Jacobsen, ].PR.; Luna, R.A,; Jensen, D.D.; Madra, M.; Saurman, V,; et al.
Effects of Serotonin and Slow-Release 5-Hydroxytryptophan on Gastrointestinal Motility in a Mouse Model of Depression.
Gastroenterology 2019, 157, 507-521.e4. [CrossRef] [PubMed]

Roénnberg, E.; Calounova, G.; Pejler, G. Mast cells express tyrosine hydroxylase and store dopamine in a serglycin-dependent
manner. Biol. Chem. 2012, 393, 107-112. [CrossRef] [PubMed]

Graeff, F.G.; Guimaraes, ES.; De Andrade, T.G.; Deakin, ].E. Role of 5-HT in stress, anxiety, and depression. Pharmacol. Biochem.
Behav. 1996, 54, 129-141. [CrossRef] [PubMed]

Gao, J.; Xiong, T.; Grabauskas, G.; Owyang, C. Mucosal Serotonin Reuptake Transporter Expression in Irritable Bowel Syndrome
Is Modulated by Gut Microbiota Via Mast Cell-Prostaglandin E2. Gastroenterology 2022, 162, 1962-1974.e6. [CrossRef]

Kodani, M.; Fukui, H.; Tomita, T.; Oshima, T.; Watari, J.; Miwa, H. Association between gastrointestinal motility and
macrophage/mast cell distribution in mice during the healing stage after DSS-induced colitis. Mol. Med. Rep. 2018, 17, 8167-8172.
[CrossRef]

Friend, D.S.; Ghildyal, N.; Gurish, M.E;; Hunt, J.; Hu, X.; Austen, K.F,; Stevens, R.L. Reversible expression of tryptases and
chymases in the jejunal mast cells of mice infected with Trichinella spiralis. J. Immunol. 1998, 160, 5537-5545. [CrossRef]

Miller, H.R.; Pemberton, A.D. Tissue-specific expression of mast cell granule serine proteinases and their role in inflammation in
the lung and gut. Immunology 2002, 105, 375-390. [CrossRef]

Fernandez-Blanco, J.A ; Estévez, J.; Shea-Donohue, T.; Martinez, V.; Vergara, P. Changes in Epithelial Barrier Function in Response
to Parasitic Infection: Implications for IBD Pathogenesis. | Crohns Colitis. 2015, 9, 463—476. [CrossRef]

Caughey, G.H,; Leidig, F; Viro, N.F.,; Nadel, ].A. Substance P and vasoactive intestinal peptide degradation by mast cell tryptase
and chymase. J. Pharmacol. Exp. Ther. 1988, 244, 133-137.

Chandrasekharan, U.M.; Sanker, S.; Glynias, M.].; Karnik, S.S.; Husain, A. Angiotensin II-forming activity in a reconstructed
ancestral chymase. Science 1996, 271, 502-505. [CrossRef]

Ghildyal, N.; McNeil, H.P; Stechschulte, S.; Austen, K.F,; Silberstein, D.; Gurish, M.F,; Somerville, L.L.; Stevens, R.L. IL-10 induces
transcription of the gene for mouse mast cell protease-1, a serine protease preferentially expressed in mucosal mast cells of
Trichinella spiralis-infected mice. J. Immunol. 1992, 149, 2123-2129. [CrossRef]

Andersson, M.K.; Pemberton, A.D.; Miller, H.R.; Hellman, L. Extended cleavage specificity of mMCP-1, the major mucosal mast
cell protease in mouse-high specificity indicates high substrate selectivity. Mol. Immunol. 2008, 45, 2548-2558. [CrossRef]

Xing, D.; Zhang, R.; Li, S.; Huang, P; Luo, C.; Hei, Z.; Xia, Z.; Gan, X. Pivotal role of mast cell carboxypeptidase A in mediating
protection against small intestinal ischemia-reperfusion injury in rats after ischemic preconditioning. J. Surg. Res. 2014, 192,
177-186. [CrossRef]

Dobson, J.T.; Seibert, J.; Teh, EM.; Da’as, S.; Fraser, R.B.; Paw, B.H.; Lin, T.].; Berman, ].N. Carboxypeptidase A5 identifies a novel
mast cell lineage in the zebrafish providing new insight into mast cell fate determination. Blood 2008, 112, 2969-2972. [CrossRef]
Yoshimoto, T.; Oshima, T.; Huang, X.; Tomita, T.; Fukui, H.; Miwa, H. Microinflammation in the intestinal mucosa and symptoms
of irritable bowel syndrome. J. Gastroenterol. 2022, 57, 62—69. [CrossRef]


https://doi.org/10.1074/jbc.M116.720680
https://www.ncbi.nlm.nih.gov/pubmed/27226579
https://doi.org/10.1126/scitranslmed.abj1895
https://www.ncbi.nlm.nih.gov/pubmed/35895832
https://doi.org/10.1111/all.15579
https://doi.org/10.3390/ijms22116116
https://doi.org/10.3389/fcimb.2020.00468
https://doi.org/10.1038/s41598-019-49096-y
https://doi.org/10.3389/fimmu.2023.1209056
https://doi.org/10.1136/jitc-2022-004653
https://doi.org/10.1016/j.rgmxen.2022.06.004
https://doi.org/10.1053/j.gastro.2019.04.022
https://www.ncbi.nlm.nih.gov/pubmed/31071306
https://doi.org/10.1515/BC-2011-220
https://www.ncbi.nlm.nih.gov/pubmed/22628305
https://doi.org/10.1016/0091-3057(95)02135-3
https://www.ncbi.nlm.nih.gov/pubmed/8728550
https://doi.org/10.1053/j.gastro.2022.02.016
https://doi.org/10.3892/mmr.2018.8926
https://doi.org/10.4049/jimmunol.160.11.5537
https://doi.org/10.1046/j.1365-2567.2002.01375.x
https://doi.org/10.1093/ecco-jcc/jjv056
https://doi.org/10.1126/science.271.5248.502
https://doi.org/10.4049/jimmunol.149.6.2123
https://doi.org/10.1016/j.molimm.2008.01.012
https://doi.org/10.1016/j.jss.2014.05.050
https://doi.org/10.1182/blood-2008-03-145011
https://doi.org/10.1007/s00535-021-01838-4

Gastroenterol. Insights 2023, 14 651

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Stead, R.H.; Kosecka-Janiszewska, U.; Oestreicher, A.B.; Dixon, M.E; Bienenstock, J. Remodeling of B-50 (GAP-43)- and NSE-
immunoreactive mucosal nerves in the intestines of rats infected with Nippostrongylus brasiliensis. ]. Neurosci. 1991, 11,
3809-3821. [CrossRef]

Gong, L.; Li, J; Tang, Y.; Han, T.; Wei, C.; Yu, X.; Li, J.; Wang, R.; Ma, X,; Liu, K,; et al. The antinociception of oxytocin on colonic
hypersensitivity in rats was mediated by inhibition of mast cell degranulation via Ca?*-NOS pathway. Sci. Rep. 2016, 6, 31452.
[CrossRef]

Hagenlocher, Y.; Kiessling, K.; Schaffer, M.; Bischoff, S.C.; Lorentz, A. Cinnamaldehyde is the main mediator of cinnamon extract
in mast cell inhibition. Eur. J. Nutr. 2015, 54, 1297-1309. [CrossRef]

Yang, B.; Li, ].J.; Cao, J.].; Yang, C.B,; Liu, J.; Ji, Q.M.; Liu, Z.G. Polydatin attenuated food allergy via store-operated calcium
channels in mast cell. World ]. Gastroenterol. 2013, 19, 3980-3989. [CrossRef]

McKay, D.M.; Bienenstock, J.; Perdue, M.H. Inhibition of antigen-induced secretion in the rat jejunum by interferon alpha/beta.
Reg. Immunol. 1993, 5, 53-59.

Kamphuis, J.B.J.; Reber, L.; Eutamene, H.; Theodorou, V. Increased fermentable carbohydrate intake alters colonic mucus barrier
function through glycation processes and increased mast cell counts. FASEB J. 2022, 36, €22297. [CrossRef]

Aguilera-Lizarraga, J.; Florens, M.; Hussein, H.; Boeckxstaens, G. Local immune response as novel disease mechanism underlying
abdominal pain in patients with irritable bowel syndrome. Acta Clin. Belg. 2022, 77, 889-896. [CrossRef]

Brandt, E.B.; Strait, R.T.; Hershko, D.; Wang, Q.; Muntel, E.E.; Scribner, T.A.; Zimmermann, N.; Finkelman, F.D.; Rothenberg, M.E.
Mast cells are required for experimental oral allergen-induced diarrhea. . Clin. Investig. 2003, 112, 1666-1677. [CrossRef]
Singh, S.; Arthur, S.; Talukder, J.; Palaniappan, B.; Coon, S.; Sundaram, U. Mast cell regulation of Na-glutamine co-transporters
BOATT1 in villus and SN2 in crypt cells during chronic intestinal inflammation. BMIC Gastroenterol. 2015, 15, 47. [CrossRef]
Fujikawa, Y.; Tominaga, K. Enhanced neuron-glia network in the submucosa and increased neuron outgrowth into the mucosa
are associated with distinctive expressions of neuronal factors in the colon of rat IBS model. Neurogastroenterol. Motil. 2023,
35, €14595. [CrossRef]

Ceulemans, M.; Jacobs, I.; Wauters, L.; Vanuytsel, T. Immune Activation in Functional Dyspepsia: Bystander Becoming the
Suspect. Front. Neurosci. 2022, 16, 831761. [CrossRef]

Accarie, A.; Toth, J.; Wauters, L.; Farré, R; Tack, J.; Vanuytsel, T. Estrogens Play a Critical Role in Stress-Related Gastrointestinal
Dysfunction in a Spontaneous Model of Disorders of Gut-Brain Interaction. Cells 2022, 11, 1214. [CrossRef]

So, S.Y.; Savidge, T.C. Sex-Bias in Irritable Bowel Syndrome: Linking Steroids to the Gut-Brain Axis. Front. Endocrinol. 2021, 12,
684096. [CrossRef]

Sun, H.; Ma, Y; An, S.; Wang, Z. Altered gene expression signatures by calcitonin gene-related peptide promoted mast cell activity
in the colon of stress-induced visceral hyperalgesia mice. Neurogastroenterol. Motil. 2021, 33, €14073. [CrossRef]

Meira de-Faria, F.; Casado-Bedmar, M.; Marten Lindqvist, C.; Jones, M.P.; Walter, S.A.; Keita, A.V. Altered interaction between
enteric glial cells and mast cells in the colon of women with irritable bowel syndrome. Neurogastroenterol. Motil. 2021, 33, e14130.
[CrossRef] [PubMed]

Jin, X.; Gharibani, P; Yin, J.; Chen, ].D.Z. Neuro-Immune Modulation Effects of Sacral Nerve Stimulation for Visceral Hypersensi-
tivity in Rats. Front. Neurosci. 2021, 15, 645393. [CrossRef] [PubMed]

Konnikova, L.; Robinson, T.O.; Owings, A.H.; Shirley, ].E; Davis, E.; Tang, Y.; Wall, S; Li, J.; Hasan, M.H.; Gharaibeh, R.Z,;
et al. Small intestinal immunopathology and Gl-associated antibody formation in hereditary alpha-tryptasemia. J. Allergy Clin.
Immunol. 2021, 148, 813-821.e7. [CrossRef] [PubMed]

Li, X.; Liu, Q.; Yu, J.; Zhang, R,; Sun, T,; Jiang, W.; Hu, N.; Yang, P; Luo, L.; Ren, J.; et al. Costunolide ameliorates intestinal
dysfunction and depressive behaviour in mice with stress-induced irritable bowel syndrome via colonic mast cell activation and
central 5-hydroxytryptamine metabolism. Food Funct. 2021, 12, 4142-4151. [CrossRef] [PubMed]

Liu, Y;; Xiao, W.; Yu, L.; Tian, F,; Wang, G.; Lu, W.; Narbad, A.; Chen, W.; Zhai, Q. Evidence from comparative genomic analyses
indicating that Lactobacillus-mediated irritable bowel syndrome alleviation is mediated by conjugated linoleic acid synthesis.
Food Funct. 2021, 12, 1121-1134. [CrossRef]

Spiller, R. Impact of Diet on Symptoms of the Irritable Bowel Syndrome. Nutrients 2021, 13, 575. [CrossRef]

Singh, P.; Grabauskas, G.; Zhou, S.Y.; Gao, J.; Zhang, Y.; Owyang, C. High FODMAP diet causes barrier loss via lipopolysaccharide-
mediated mast cell activation. JCI Insight 2021, 6, €146529. [CrossRef]

Ammendola, M.; Sacco, R.; Donato, G.; Zuccala, V.; Russo, E.; Luposella, M.; Vescio, G.; Rizzuto, A.; Patruno, R.; De Sarro, G.;
et al. Mast cell positivity to tryptase correlates with metastatic lymph nodes in gastrointestinal cancer patients treated surgically.
Oncology 2013, 85, 111-116. [CrossRef]

Mukherjee, S.; Bandyopadhyay, G.; Dutta, C.; Bhattacharya, A.; Karmakar, R.; Barui, G. Evaluation of endoscopic biopsy in gastric
lesions with a special reference to the significance of mast cell density. Indian. ]. Pathol. Microbiol. 2009, 52, 20-24. [CrossRef]
Ribatti, D.; Guidolin, D.; Marzullo, A.; Nico, B.; Annese, T.; Benagiano, V.; Crivellato, E. Mast cells and angiogenesis in gastric
carcinoma. Int. J. Exp. Pathol. 2010, 91, 350-356. [CrossRef]

Sinnamon, M.].; Carter, K.J.; Sims, L.P,; Lafleur, B.; Fingleton, B.; Matrisian, L.M. A protective role of mast cells in intestinal
tumorigenesis. Carcinogenesis 2008, 29, 880-886. [CrossRef] [PubMed]


https://doi.org/10.1523/JNEUROSCI.11-12-03809.1991
https://doi.org/10.1038/srep31452
https://doi.org/10.1007/s00394-014-0810-0
https://doi.org/10.3748/wjg.v19.i25.3980
https://doi.org/10.1096/fj.202100494RRR
https://doi.org/10.1080/17843286.2021.1996069
https://doi.org/10.1172/JCI19785
https://doi.org/10.1186/s12876-015-0275-5
https://doi.org/10.1111/nmo.14595
https://doi.org/10.3389/fnins.2022.831761
https://doi.org/10.3390/cells11071214
https://doi.org/10.3389/fendo.2021.684096
https://doi.org/10.1111/nmo.14073
https://doi.org/10.1111/nmo.14130
https://www.ncbi.nlm.nih.gov/pubmed/33797165
https://doi.org/10.3389/fnins.2021.645393
https://www.ncbi.nlm.nih.gov/pubmed/34276280
https://doi.org/10.1016/j.jaci.2021.04.004
https://www.ncbi.nlm.nih.gov/pubmed/33865872
https://doi.org/10.1039/D0FO03340E
https://www.ncbi.nlm.nih.gov/pubmed/33977961
https://doi.org/10.1039/D0FO02616F
https://doi.org/10.3390/nu13020575
https://doi.org/10.1172/jci.insight.146529
https://doi.org/10.1159/000351145
https://doi.org/10.4103/0377-4929.44956
https://doi.org/10.1111/j.1365-2613.2010.00714.x
https://doi.org/10.1093/carcin/bgn040
https://www.ncbi.nlm.nih.gov/pubmed/18258601

Gastroenterol. Insights 2023, 14 652

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

Lee, ].H.; Jeon, Y.D.; Xin, M.; Lim, J.Y,; Lee, YM.; Kim, D.K. Mast cell modulates tumorigenesis caused by repeated bowel
inflammation condition in azoxymethane/dextran sodium sulfate-induced colon cancer mouse model. Biochem. Biophys. Rep.
2022, 30, 101253. [CrossRef] [PubMed]

Hizay, A.; Keles-Celik, N.; Acar, N.; Comak-Goger, E.M.; Sekerci, R.; Oz, N.; Golal, E.; Elpek, G. Probiotics in Experimental
Ulcerative Colitis: Mast Cell Density and Neuronal Hypertrophy. Turk. ]. Gastroenterol. 2022, 33, 822-830. [CrossRef] [PubMed]
Chi, Z.; Xu, J.; Saxena, R. Increased Mast Cell Counts and Degranulation in Microscopic Colitis. Gastroenterol. Res. Pract. 2020,
2020, 9089027. [CrossRef]

Matsukawa, T.; Izawa, K.; Isobe, M.; Takahashi, M.; Maehara, A.; Yamanishi, Y.; Kaitani, A.; Okumura, K.; Teshima, T.; Kitamura,
T.; et al. Ceramide-CD300f binding suppresses experimental colitis by inhibiting ATP-mediated mast cell activation. Gut 2016, 65,
777-787. [CrossRef]

Balletta, A.; Lorenz, D.; Rummel, A.; Gerhard, R.; Bigalke, H.; Wegner, F. Clostridium difficile toxin B inhibits the secretory
response of human mast cell line-1 (HMC-1) cells stimulated with high free-Ca?* and GTPYS. Toxicology 2015, 328, 48-56.
[CrossRef]

Folch, J.; Petrov, D.; Ettcheto, M.; Pedr6s, I.; Abad, S.; Beas-Zarate, C.; Lazarowski, A.; Marin, M.; Olloquequi, J.; Auladell, C.; et al.
Masitinib for the treatment of mild to moderate Alzheimer’s disease. Expert. Rev. Neurother. 2015, 15, 587-596. [CrossRef]
Huang, H.; Li, Y. Mechanisms controlling mast cell and basophil lineage decisions. Curr. Allergy Asthma Rep. 2014, 14, 457.
[CrossRef]

Marshall, ].S.; Portales-Cervantes, L.; Leong, E. Mast Cell Responses to Viruses and Pathogen Products. Int. J. Mol. Sci. 2019,
20, 4241. [CrossRef]

Mantri, C.K,; St John, A.L. Immune synapses between mast cells and yd T cells limit viral infection. . Clin. Investig. 2019, 129,
1094-1108. [CrossRef]

Buhner, S; Li, Q.; Vignali, S.; Barbara, G.; De Giorgio, R.; Stanghellini, V.; Cremon, C.; Zeller, F.; Langer, R.; Daniel, H.; et al.
Activation of human enteric neurons by supernatants of colonic biopsy specimens from patients with irritable bowel syndrome.
Gastroenterology 2009, 137, 1425-1434. [CrossRef] [PubMed]

Grant, A.; Amadesi, S.; Bunnett, N.W. Frontiers in Neuroscience Protease-Activated Receptors: Mechanisms by Which Proteases Sensitize
TRPV Channels to Induce Neurogenic Inflammation and Pain, in TRP Ion Channel Function in Sensory Transduction and Cellular Signaling
Cascades; Liedtke, W.B., Heller, S., Eds.; CRC Press/Taylor & Francis: Boca Raton, FL, USA, 2007.

Skrobisz, K.; Piotrowicz, G.; Naumczyk, P.; Sabisz, A.; Markiet, K.; Rydzewska, G.; Szurowska, E. Imaging of Morphological
Background in Selected Functional and Inflammatory Gastrointestinal Diseases in fMRI. Front. Psychiatry 2020, 11, 461. [CrossRef]
[PubMed]

Quigley, E. The Gut-Brain Axis and the Microbiome: Clues to Pathophysiology and Opportunities for Novel Management
Strategies in Irritable Bowel Syndrome (IBS). J. Clin. Med. 2018, 7, 6. [CrossRef]

Theodorou, V.; Beaufrand, C.; Yvon, S.; Laforge, G.; Burmeister, Y.; Miiller, A.; Seilheimer, B.; Bueno, L.; Eutamene, H. The
multicomponent medication Spascupreel attenuates stress-induced gut dysfunction in rats. Neurogastroenterol. Motil. 2020,
32, e13798. [CrossRef] [PubMed]

Ayyadurai, S.; Gibson, A.J.; D'Costa, S.; Overman, E.L.; Sommerville, L.].; Poopal, A.C.; Mackey, E.; Li, Y.; Moeser, A.]. Frontline
Science: Corticotropin-releasing factor receptor subtype 1 is a critical modulator of mast cell degranulation and stress-induced
pathophysiology. J. Leukoc. Biol. 2017, 102, 1299-1312. [CrossRef]

Ravnefjord, A.; Pettersson, M.; Rehnstrom, E.; Martinez, V. Acute colonic ischaemia in rats results in long-term structural changes
without alterations of colonic sensitivity. Int. |. Exp. Pathol. 2008, 89, 476—489. [CrossRef]

van den Wijngaard, R.M.; Klooker, T.K.; Welting, O.; Stanisor, O.1.; Wouters, M.M.; van der Coelen, D.; Bulmer, D.C.; Peeters,
PJ.; Aerssens, ].; de Hoogt, R.; et al. Essential role for TRPV1 in stress-induced (mast cell-dependent) colonic hypersensitivity in
maternally separated rats. Neurogastroenterol. Motil. 2009, 21, 1107-e94. [CrossRef]

Barbara, G.; Wang, B.; Stanghellini, V.; de Giorgio, R.; Cremon, C.; Di Nardo, G.; Trevisani, M.; Campi, B.; Geppetti, P.; Tonini, M.;
et al. Mast cell-dependent excitation of visceral-nociceptive sensory neurons in irritable bowel syndrome. Gastroenterology 2007,
132,26-37. [CrossRef]

Dobranowski, P; Sly, L.M. SHIP negatively regulates type Il immune responses in mast cells and macrophages. J. Leukoc. Biol.
2018, 103, 1053-1064. [CrossRef]

Pang, X.; Boucher, W.; Triadafilopoulos, G.; Sant, G.R.; Theoharides, T.C. Mast cell and substance P-positive nerve involvement in
a patient with both irritable bowel syndrome and interstitial cystitis. Urology 1996, 47, 436—438. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.bbrep.2022.101253
https://www.ncbi.nlm.nih.gov/pubmed/35378739
https://doi.org/10.5152/tjg.2022.21550
https://www.ncbi.nlm.nih.gov/pubmed/35946877
https://doi.org/10.1155/2020/9089027
https://doi.org/10.1136/gutjnl-2014-308900
https://doi.org/10.1016/j.tox.2014.12.006
https://doi.org/10.1586/14737175.2015.1045419
https://doi.org/10.1007/s11882-014-0457-1
https://doi.org/10.3390/ijms20174241
https://doi.org/10.1172/JCI122530
https://doi.org/10.1053/j.gastro.2009.07.005
https://www.ncbi.nlm.nih.gov/pubmed/19596012
https://doi.org/10.3389/fpsyt.2020.00461
https://www.ncbi.nlm.nih.gov/pubmed/32508692
https://doi.org/10.3390/jcm7010006
https://doi.org/10.1111/nmo.13798
https://www.ncbi.nlm.nih.gov/pubmed/32059072
https://doi.org/10.1189/jlb.2HI0317-088RR
https://doi.org/10.1111/j.1365-2613.2008.00623.x
https://doi.org/10.1111/j.1365-2982.2009.01339.x
https://doi.org/10.1053/j.gastro.2006.11.039
https://doi.org/10.1002/JLB.3MIR0817-340R
https://doi.org/10.1016/S0090-4295(99)80469-5

	Introduction 
	Biological Characteristics of Mast Cells in the Gastrointestinal Tract 
	Mast Cells in IBD: Initiating Immunity and Maintaining Epithelial Barrier 
	Interactions between MCs and Cytokines: Initiating Immunity 
	Roles of MCs in Maintaining Epithelial Barrier 

	Roles of MCs in Defending against Infection 
	Roles of Mast Cells in IBS via Neurotransmitters and Molecules 
	Conclusions and Future Perspectives 
	References

